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APRESENTAÇÃO 

 
 
 
A aplicação ao Agronegócio é hoje um tópico central de todas as iniciativas 

brasileiras para o desenvolvimento da Nanotecnologia no Brasil. A Rede de 

Pesquisa em Nanotecnologia aplicada ao Agronegócio – Rede AgroNano – como 

pioneira nesta temática, estabeleceu ao longo de sua existência fóruns adequados 

para a discussão dos vários aspectos necessários para a efetiva adoção destes 

conhecimentos, como produtos e serviços pela sociedade. Assim, não somente 

aspectos da excelência técnica vêm sido buscados, mas a integração entre 

diferentes atores – tanto instituições de pesquisa quanto do setor privado – e a 

formação de pessoal capacitado, para atender estas demandas. 

A transversalidade do tema resultou em equipes de pesquisa 

transdisciplinares, inseridas em várias áreas do conhecimento e capazes de produzir 

continuamente resultados inovadores. Hoje, o desafio está em trazer à sociedade 

estes avanços, na forma de produtos e serviços, e alimentar a conexão entre áreas 

aparentemente tão díspares de forma a buscar contínua sinergia de esforços. 

Os trabalhos deste Workshop são testemunha desta sinergia. Aplicações de 

sensores e biossensores no monitoramento de alimentos, solos e águas; filmes finos 

comestíveis e embalagens inteligentes para alimentos; bionanocompósitos; sistemas 

de liberação controlada de fármacos e insumos; estratégias de valoração de 

produtos agrícolas; avaliações de ciclo de vida e aspectos toxicológicos de 

nanopartículas e nanoestruturas; entre outros são exemplos que trazem 

imediatamente a importância de continuamente investir neste tema de fronteira 

aplicado a um dos setores econômicos de maior dinamismo e impacto para o país. 

 

Desejamos a todos um bom Workshop 2014! 
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PREFÁCIO 

 

A Nanotecnologia é uma ciência multidisciplinar emergente com potencial para 

trazer soluções inovadoras para diferentes setores estratégicos da economia, como 

por exemplo o Agronegócio. O aumento da demanda de alimentos e energia 

gerados em quantidade suficiente, de forma segura, com base em boas práticas 

agrícolas, e de formas sustentáveis, tornam-se desafios cada vez maiores para 

países em que a agricultura é a espinha dorsal da economia, como o Brasil. Neste 

cenário, a Nanotecnologia representa a oportunidade de revolucionar os sistemas 

agrícolas e alimentares. A sua ampla aplicabilidade permitirá inovações 

transformadoras gerando impactos nas áreas de segurança alimentar, qualidade e 

rastreabilidade de produtos, melhoria nos sistemas de distribuição inteligentes para 

nutrientes, pesticidas e medicamentos de uso animal, embalagens com maior 

desempenho, controle de precisão, redução da incidência de doenças, catalizadores 

para redução de poluição e limpeza de poluentes, entre outros. 

A Embrapa foi uma das principais responsáveis pelo desenvolvimento de uma 

agricultura baseada em ciência, capitaneando juntamente com nossos parceiros, 

ações de pesquisa e desenvolvimento que nos levaram de nação importadora a 

grande produtora e exportadora de alimentos. Dentro dos novos desafios que se 

projetam no presente e futuro, a Embrapa tem exercido novamente participação 

fundamental nos avanços científicos e tecnológicos em Nano, uma vez que foi a 

responsável por catalisar e incubar a Rede de Pesquisa em Nanotecnologia aplicada 

ao Agronegócio – Rede AgroNano. Esta ampla Rede de Pesquisa materializou-se 

dentro da Embrapa na carteira de projetos do Macroprograma 1 – Grandes Desafios 

Nacionais no ano de 2006. Atualmente a Rede agrega pesquisadores, especialistas 

e estudantes de diferentes instituições de pesquisa e ensino de todo o Brasil, e 

colaboradores de importantes instituições internacionais. Este grupo vem se 

destacando por seu pioneirismo em aplicar a Nanociência na resolução dos 

problemas do Agronegócio – permeando desde o desenvolvimento de pesquisa 

básica à aplicada; produção e treinamento de força de trabalho em Nano; e forte 



interlocução com um setor privado emergente altamente demandante de novas 

soluções.  

Como toda iniciativa de fronteira do conhecimento, a Nanotecnologia também 

trará fortes questionamentos por parte da sociedade, sobre a segurança de suas 

aplicações. Novamente a Rede AgroNano se antecipa e já tem em andamento 

pesquisas em toxicologia e avaliação de riscos, evidenciando a seriedade e 

compromisso de seus pesquisadores e colaboradores com a sociedade. 

O VIII Workshop da Rede de Nanotecnologias Aplicado ao Agronegócio reúne 

em seus Anais os resultados mais recentes dos esforços de pesquisa desta rede. 

Neste livro, poderemos encontrar trabalhos desenvolvidos com aplicação da 

nanotecnologia em sensores e biossensores, filmes, revestimentos comestíveis e 

embalagens funcionais, bionanocompósitos, novos materiais e processos, e 

aspectos de segurança, inovação e transferência de tecnologias em 

Nanotecnologias: uma amostra do potencial futuro que a nanociência pode 

proporcionar. 

 

Patrícia Ianella 

Gestora do Macroprograma 1 – Grandes Desafios Nacionais. 

Departamento de Pesquisa e Desenvolvimento – DPD 

Embrapa 
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SenSoreS de químicoS de PAni/PSS: reProdutibilidAde 
dAS SuAS ProPriedAdeS elétricAS e SenSibilidAde

*G.S. braga1,2, F.J. Fonseca2, l.H.c. mattoso1

1EMBRAPA Instrumentação. 2Escola Politécnica da Universidade de São Paulo.
*gbraga@lme.usp.br

&ODVVL¿FDomR� Sensores e Biossensores.

resumo
Os sensores químicos usados neste trabalho são compostos por microeletrodos interdigitados de ouro 
UHFREHUWR�FRP�XP�¿OPH�SROLPpULFR�DXWRPRQWDGR�GH�SROLDQLOLQD��3$1,��H�SROL�HVWLUHQR�VXOIRQDWR�GH�Vy�
GLR���366���2LWR�VHQVRUHV�IRUDP�IDEULFDGRV�D�¿P�GH�VH�HVWXGDU�D�UHSURGXWLELOLGDGH�GH�VXDV�SURSULHGDGHV�
HOpWULFDV�H�VXD�VHQVLELOLGDGH��'XDV�VROXo}HV�GH�3$1,��GH�PHVPD�FRQFHQWUDomR�H�S+��IRUDP�XVDGDV�SDUD�
IDEULFDU�RV�VHQVRUHV����FRP�D�SULPHLUD�H���FRP�D�VHJXQGD��2V�VHQVRUHV�IRUDP�LQWHUURJDGRV�HP�UHJLPH�GH�
FRUUHQWH�FRQWtQXD�SDUD�GHWHUPLQDU�VXD�FRQGXWLYLGDGH�HOpWULFD��D�TXDO�HUD�PXLWR�VHPHOKDQWH�LQGHSHQGHQ�
WHPHQWH�GR�ORWH�GH�IDEULFDomR������������������������6�FP���$GLFLRQDOPHQWH��VXD�VHQVLELOLGDGH��PHGLGDV�
GH�FDSDFLWkQFLD��TXDQGR� LPHUVRV� DOWHUQDGDPHQWH�HP�iJXD�GHVWLODGD�H�1D&O��0�� IRUDP�PRQLWRUDGDV��
'XUDQWH�D�UHDOL]DomR�GH�����FLFORV�GH�LPHUV}HV��D�FDSDFLWkQFLD�GH�WRGRV�RV�VHQVRUHV�UHGX]LX�QD�PHVPD�
SURSRUomR��LQGHSHQGHQWHPHQWH�GR�ORWH�GH�IDEULFDomR��2V�UHVXOWDGRV�REWLGRV�DWp�R�PRPHQWR�LQGLFDP�TXH�
p�SRVVtYHO�IDEULFDU�VHQVRUHV�TXtPLFRV�GH�3$1,�366�FRP�DOWR�JUDX�GH�UHSURGXWLELOLGDGH�GH�VXDV�SURSULH�
GDGHV�HOpWULFDV�H�GH�VXD�VHQVLELOLGDGH�H��R�XVR�SURPLVVRU�GHVVHV�¿OPHV�HP�ODUJD�HVFDOD�
Palavras-chave��6HQVRUHV�TXtPLFRV��$XWRPRQWDJHP��3ROLDQLOLQD��&RQGXWLYLGDGH�HOpWULFD�H�0HGLGDV�GH�
capacitância.

PAni/PSS cHemicAl SenSorS: electricAl And SenSinG ProPertieS rePro-
ducibilitY
Abstract
&KHPLFDO�VHQVRUV�XVHG�LQ�WKLV�SDSHU�DUH�FRPSRVHG�RI�JROG�LQWHUGLJLWDWHG�PLFURHOHFWURGHV��FRDWHG�ZLWK�D�
SRO\DQLOLQH��3$1,��VRGLXP�VXOIRQDWHG�SRO\VW\UHQH��366��SRO\PHULF�¿OP�GHSRVLWHG�YLD�WKH�OD\HU�E\�OD\�
HU� WHFKQLTXH��(LJKW�VHQVRUV�ZHUH�IDEULFDWHG� WR�VWXG\�WKHLU�HOHFWULFDO�DQG�VHQVLQJ�SURSHUWLHV�UHSURGXF�
LELOLW\��7ZR�3$1,�VROXWLRQV�ZLWK�WKH�VDPH�FRQFHQWUDWLRQ�DQG�S+�ZHUH�XVHG�WR�IDEULFDWH�WKH�VHQVRUV��VL[�
VHQVRUV�ZHUH�SUHSDUHG�ZLWK�WKH�¿UVW�VROXWLRQ�DQG���VHQVRUV�ZLWK�WKH�VHFRQG��6HQVRUV�ZHUH�LQWHUURJDWHG�LQ�
FRQVWDQW�FXUUHQW�UHJLPHQ�WR�GHWHUPLQH�WKHLUV�HOHFWULFDO�FRQGXFWLYLW\��ZKLFK�ZDV�YHU\�VLPLODU�UHJDUGOHVV�
EDWFK�GHSRVLWLRQ������������������������6�FP���$GGLWLRQDOO\��WKHLU�VHQVLQJ��FDSDFLWDQFH�PHDVXUHPHQWV��
HZKHQ�LPPHUVHG��DOWHUQDWLYHO\��LQ�GLVWLOOHG�ZDWHU�DQG�1D&O��0�ZDV�PRQLWRUHG��'XULQJ�WKH�H[HFXWLRQ�RI�
����LPPHUVLRQ�FLFOHV��WKH�FDSDFLWDQFH�RI�DOO�VHQVRUV�GHFUHDVHG�LQ�WKH�VDPH�SURSRUWLRQ��UHJDUGOHVV�EDWFK�
GHSRVLWLRQ��5HVXOWV�VR�IDU�LQGLFDWH�WKDW�LW�LV�SRVVLEOH�WR�IDEULFDWH�3$1,�366�FKHPLFDO�VHQVRUV�ZLWK�KLJK�
UHSURGXFLELOLW\�UHJDUGLQJ�WKHLU�HOHFWULFDO�DQG�VHQVLQJ�SURSHUWLHV�DQG�PRVWO\�LPSRUWDQW��WKH�SURPLVLQJ�XVH�
RI�3$1,�366�FKHPLFDO�VHQVRUV�LQ�ODUJH�VFDOH�
Keywords: &KHPLFDO� VHQVRUV�� /D\HU�E\�OD\HU�� 3RO\DQLOLQH�� (OHFWULFDO� FRQGXFWLYLW\� DQG� &DSDFLWDQFH�
measurements.

1 introduÇÃo

6HQVRUHV�TXtPLFRV�QmR�HVSHFt¿FRV��TXH�VmR�HPSUHJDGRV�QD�OtQJXD�HOHWU{QLFD��/(��>�@��VmR�XVD�
GRV�QD� DQiOLVH�GH�GLYHUVRV� WLSRV�GH� OtTXLGRV� FRPR�VRMD� >�@�� iJXD� >�@�� VXFR�GH� IUXWDV� >�@�� YLQKRV� >�@��
FRPEXVWtYHO�>�@��HQWUH�RXWURV��1HVVHV�HVWXGRV�GHPRQVWURX�VH�R�JUDQGH�SRWHQFLDO�GH�XVi�ORV�QD�LQG~VWULD��
SULQFLSDOPHQWH�QR�PRQLWRUDPHQWR�GD�TXDOLGDGH�GD�iJXD�>�@��&RQWXGR�SDUD�TXH�HVVHV�VHQVRUHV�SRVVDP�VHU�
XVDGRV�HP�DSOLFDo}HV�LQGXVWULDV�p�QHFHVViULR�TXH�SRVVDP�VHU�SURGX]LGRV�HP�ODUJD�HVFDOD�FRP�DOWR�JUDX�
GH�UHSHWLELOLGDGH�H�UHSURGXWLELOLGDGH��SRVVLELOLWDQGR�D�VXEVWLWXLomR�GH�VHQVRUHV�GHIHLWXRVRV�RX�DQWLJRV��
DVVLP�FRPR�D�PXOWLSOLFDomR�GH� VLVWHPDV� Mi�RSHUDQWHV��(P�XPD�FRQWULEXLomR�DQWHULRU�� GHPRQVWUDPRV�
TXH�HUD�SRVVtYHO�SURGX]LU�¿OPHV�FRP�DOWR�JUDX�GH�UHSHWLELOLGDGH�H�UHSURGXWLELOLGDGH�GH�VXDV�SURSULHGD�
GHV�PRUIROyJLFDV��SULQFLSDOPHQWH�SDUD�¿OPHV�GH�SROLDQLOLQD��3$1,��H�SROL�HVWLUHQR�VXOIRQDWR�GH�VyGLR��
�366��>�@��&RQWXGR�QmR�IRUDP�HQFRQWUDGRV�HVWXGRV�VREUH�D�UHSHWLELOLGDGH�H�UHSURGXWLELOLGDGH�GDV�SUR�
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SULHGDGHV�HOpWULFDV�GHVVHV�VHQVRUHV��DVVLP�FRPR�GH�VXD�VHQVLELOLGDGH��$VVLP�QHVWH�HVWXGR�SURS}H�VH�D�
DQiOLVH�VLVWHPiWLFD�GH�VHQVRUHV�TXtPLFRV�GH�3$1,�366��DYDOLDQGR�D�UHSHWLELOLGDGH�H�UHSURGXWLELOLGDGH�
GDV�SURSULHGDGHV�HOpWULFDV�H�PRUIROyJLFDV�GRV�VHQVRUHV�GHVGH�VXD�IDEULFDomR�DWp�VHX�GHVJDVWH�FRP�R�XVR��
DVVLP�FRPR�D�VXD�VHQVLELOLGDGH�GXUDQWH�D�H[HFXomR�GH�GLYHUVRV�FLFORV�GH�LPHUV}HV�HP�iJXD�GHVWLODGD�H�
XPD�VROXomR�VDOLQD��1D&O��0��

2 mAteriAiS e métodoS

2.1 materiais

3ROLDQLOLQD��3$1,��0Z��������J�PRO����H�SROL�HVWLUHQR�VXOIRQDWR�GH�VyGLR���366��0Z��������J�
mol����IRUDP�FRPSUDGRV�GD�$OGULFK�&R��(8$��H�XVDGRV�FRPR�UHFHELGRV��7RGRV�RV�RXWURV�SURGXWRV�TXt�
PLFRV�XVDGRV�SDUD�OLPSDU�RV�PLFURHOHWURGRV�H�QD�SUHSDUDomR�GRV�VHQVRUHV�HUDP�GH�JUDX�DQDOtWLFR�H�IRUDP�
XVDGRV�FRPR�UHFHELGRV��ÈJXD�XOWUDSXUD��UHVLVWLYLGDGH����0:�FP��XVDGD�QD�IDEULFDomR�GRV�VHQVRUHV�IRL�
REWLGD�FRP�XP�VLVWHPD�GH�SXUL¿FDomR�0LOOL�4�

2.2 )DEULFDomR�GRV�VHQVRUHV

2V�PLFURHOHWURGRV�GH�RXUR�XVDGRV�QD�IDEULFDomR�GRV�VHQVRUHV�FRQWpP����SDUHV�GH�GtJLWRV�FRP�
��+P�GH�HVSDoDPHQWR����+P�GH�ODUJXUD�H��PP�GH�FRPSULPHQWR�>�@��(OHV�IRUDP�UHFREHUWRV�FRP�XP�
¿OPH�SROLPpULFR�XOWUD¿QR�GH�3$1,�366�GHSRVLWDGRV�SHOD�WpFQLFD�GH�DXWRPRQWDJHP�YLD�DWUDomR�HOHWURV�
WiWLFD�>�@�FRP�R�DX[tOLR�GH�XP�VLVWHPD�GH�GHSRVLomR�DXWRPDWL]DGR��+DXEHQWHXHU��9�&RPSDQ\�GR�%UDVLO���
GHVFULWR�DQWHULRUPHQWH�>�@��3DUD�DV�GHSRVLo}HV��VROXo}HV�DTXRVDV�GH�3$1,�H�366�IRUDP�SUHSDUDGDV�FRP�
D�PHVPD�FRQFHQWUDomR����J�/����H�S+��������2V�VHQVRUHV�IDEULFDGRV�SRVVXHP����ELFDPDGDV��7RGDV�DV�
GHSRVLo}HV�IRUDP�IHLWDV�HP�WHPSHUDWXUD�DPELHQWH�����&��

2.3 Amostras de água

$PRVWUDV�GH�iJXD�GHVWLODGD�H�1D&O����0��SUHSDUDGDV�FRP�iJXD�GHVWLODGD�IRUDP�XVDGDV�QR�HVWXGR�
GD�VHQVLELOLGDGH�GRV�VHQVRUHV�TXtPLFRV��7RGDV�DV�DPRVWUDV�IRUDP�SUHSDUDGDV�HP�WULSOLFDWDV�H�DUPD]HQD�
GDV�QD�JHODGHLUD�DWp�R�XVR�

2.4 6LVWHPD�GH�PHGLo}HV

2V�VHQVRUHV�TXtPLFRV�IRUDP�LQWHUURJDGRV�HP�UHJLPH�GH�FRUUHQWH�FRQWLQXD�H�DOWHUQDGD��1R�SUL�
PHLUR�R�REMHWLYR�IRL�GHWHUPLQDU�D�FRQGXWLYLGDGH�HOpWULFD�GRV�¿OPHV�GH�3$1,�366��DWUDYpV�GDV�FXUYDV�GH�
FRUUHQWH�HP�IXQomR�GD�WHQVmR�HOpWULFD�SDUD�FDGD�XP�GRV�VHQVRUHV��3DUD�WDQWR�VH�XVRX�R�SRWHQFLRVWDWR�GD�
$XWRODE�3*67$7���1��DFRSODGR�D�XP�FRPSXWDGRU�FRP�R�software 1RYD������2�SRWHQFLDO�GH�YDUUHGXUD�
IRL�GH�±���D��9��FRP�SDVVR�GH������9�H�XPD�WD[D�GH�YDUUHGXUD�GH�����9�V��3DUD�VH�FDOFXODU�D�FRQGXWLYLGDGH�
GRV�¿OPHV��PRVWUDGRV�QD�7DEHOD����IRL�XVDGD�D�(TXDomR����2V�YDORUHV�GH�UHVLVWrQFLD�VmR�REWLGRV�GLUHWD�
PHQWH�GDV�FXUYDV�,[9��HQTXDQWR�TXH�RV�YDORUHV�GH�HVSHVVXUD�VmR�PRVWUDGRV�QD�7DEHOD���

ı� �$/5�[�%�[�&�[�������� ���

2QGH�
$� �(VSHVVXUD�GRV�GtJLWRV����+P��
%� �&RPSULPHQWR�GRV�GtJLWRV���������+P��
&� �(VSHVVXUD��QP�

1R�VHJXQGR�R�REMHWLYR� IRL�YHUL¿FDU� D� VHQVLELOLGDGH�GRV� VHQVRUHV�TXtPLFRV�FRP�D� UHSHWLomR�GH�
GLYHUVRV�FLFORV�GH�LPHUVmR��iJXD�GHVWLODGD�±�1D&O���3DUD�LVVR�RV�VHQVRUHV�IRUDP�PRQWDGRV�QD�IRUPD�GH�
XP�DUUDQMR�H�FRQHFWDGRV�D�XP�PHGLGRU�GH�LPSHGkQFLDV��62/$57521�6,�������DWUDYpV�GH�XP�PXOWL�
SOH[DGRU�GH����FDQDLV��TXH�SRVVLELOLWD�D�LQWHUURJDomR�GH�WRGRV�RV�VHQVRUHV�VHT�HQFLDOPHQWH��$V�PHGLo}HV�
H�DTXLVLomR�GRV�GDGRV�IRL�IHLWD�SRU�XP�FRPSXWDGRU�DWUDYpV�GH�XPD�SODWDIRUPD�GHVHQYROYLGD�QR�software  
/DE9LHZ��$V�PHGLo}HV�IRUDP�IHLWDV�D�WHPSHUDWXUD�DPELHQWH�����&���HP���N+]�H�FRP����P9�GH�DPSOL�
WXGH�GR�VLQDO��$GLFLRQDOPHQWH��DV�PHGLo}HV�HUDP�LQLFLDGDV�DSyV�R�DFRQGLFLRQDPHQWR�GRV�VHQVRUHV�QDV�
DPRVWUDV�SRU���PLQXWR��SDUD�HVWDELOL]DomR���(QWUH�FDGD�FLFOR��RV�VHQVRUHV�HUDP�OLPSRV�FRP�D�LPHUVmR�HP�
iJXD�XOWUDSXUD��FRP�DJLWDomR��SRU���PLQXWRV��&DGD�PHGLomR�GXUDYD�HP�PpGLD���PLQXWRV��R�TXH�FRUUHV�
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SRQGH�D����PHGLo}HV�VHT�HQFLDLV�SDUD�FDGD�VHQVRU��$�PpGLD�GHVVDV����PHGLo}HV�HUD�FDOFXODGD�H�R�YDORU�
REWLGR�IRL�XVDGR�QD�LQWHUSUHWDomR�GRV�UHVXOWDGRV�

3 reSultAdoS e diScuSSÃo

$V�YDULDo}HV�GH�HVSHVVXUD�H�FRQGXWLYLGDGH�HOpWULFD�GH�WRGRV�RV�VHQVRUHV�IDEULFDGRV�VmR�DSUHVHQ�
WDGDV�QD�7DEHOD����(OHV�HVWmR�DJUXSDGRV�SRU�ORWHV�GH�IDEULFDomR��HP�IXQomR�GD�VROXomR�SROLPpULFD�XVDGD�
HP�VHX�SUHSDUR�H�WRGRV�MXQWRV��GLIHUHQWHV�VROXo}HV�GH�3$1,���&RPR�VH�SRGH�REVHUYDU��RV�¿OPHV�DSUHVHQ�
WDUDP�DOWD�UHSHWLELOLGDGH�GD�HVSHVVXUD�������SRUpP�EDL[D�UHSURGXWLELOLGDGH��������GHYLGR�D�XPD�JUDQGH�
YDULDomR�GH�HVSHVVXUD�HQWUH�RV�GRLV�SULHPLURV�ORWHV�H�R�WHUFHLUR��1R�FDVR�GD�FRQGXWLYLGDGH�HOpWULFD��RV�
¿OPHV� DSUHVHQWDUDP�SRXFD� UHSHWLELOLGDGH� ������ H� SRXFD� UHSURGXWLELOLGDGH� ������� SRUpP�RV� YDORUHV�
PpGLRV�GH�FRQGXWLYLGDGH�VmR�EHP�VLPLODUHV�H�GH�PHVPD�RUGHP�GH�JUDQGH]D��$�FRQGXWLYLGDGH�HOpWULFD�
GRV�VHQVRUHV�GH�3$1,�������6�FP��p�PXLWR�VHPHOKDQWH�D�GHVFULWD�SRU�3DORKHLPR�������j������6�FP��>�@��
$GLFLRQDOPHQWH��FRP�D�H[HFXomR�GRV�FLFORV��RFRUUH�XPD�UHGXomR�QD�FRQGXWLYLGDGH�HOpWULFD�GRV�VHQVRUHV��
LQGR�GH������j������6�FP��(VVH�HIHLWR�Mi�HUD�HVSHUDGR�SHOD�SHUGD�GH�GRSDJHP�GD�3$1,�FRP�D�H[HFXomR�GRV�
FLFORV�DOpP�GD�UHPRomR�GD�SUySULD�3$1,�GRV�VHQVRUHV��

tabela 1. 9DORUHV�PpGLRV�GH�HVSHVVXUD�H�FRQGXWLYLGDGH�HOpWULFD�GRV�VHQVRUHV�GH�3$1,�IDEULFDGRV�HP�GLIHUHQWHV�
ORWHV��ORWHV���D����XVDQGR�GXDV�VROXo}HV�GH�3$1,�GLVWLQWDV��VROXo}HV���H����GH�PHVPD�FRQFHQWUDomR�H�S+��(QWUH�

SDUrQWHVHV�VmR�DSUHVHQWDGDV�DV�YDULDo}HV�HP�SHUFHQWXDO�
Sensores de PAni espessura (nm) condutividade (S/cm)

/RWH����VROXomR��� ��������������������� ������������������������������

/RWH����VROXomR��� ����������������������� ������������������������������

/RWH����VROXomR��� ������������������� ������������������������������

/RWHV�GD�VROXomR�� ����������������������� ������������������������������

Todos os lotes ���������������������� ������������������������������

1D�)LJXUD���p�PRVWUDGR�D�FXUYD�GH�FDSDFLWkQFLD�HP�IXQomR�GR�Q~PHUR�GH�DPRVWUDV�GH�WRGRV�RV�
SULPHLURV�����FLFORV������DPRVWUDV���1HVVD�¿JXUD��DV�PHGLo}HV�QD�VROXomR�VDOLQD�HVWmR�QD�SDUWH�PDLV�SR�
VLWLYD�GR�HL[R�y��HQTXDQWR�TXH�DV�GH�iJXD�GHVWLODGD�HVWmR�PDLV�SUy[LPDV�GR�HL[R�x��1HVVH�JUi¿FR�SRGH�VH�
REVHUYDU�TXH�WRGRV�RV�VHQVRUHV�DSUHVHQWDUDP�D�PHVPD�WHQGrQFLD�FRP�R�GHFRUUHU�GDV�FLFODJHQV��R�YDORU�
GD�FDSDFLWkQFLD�PHGLGD�GLPLQXL��2XWUR�DVSHFWR�PXLWR�LQWHUHVVDQWH�p�TXH�RV�VHQVRUHV�*����*���H�*���
QmR�IRUDP�PHGLGRV�GH�IRUPD�LQLQWHUUXSWD��$SyV�����PHGLo}HV�����FLFORV��HOHV�IRUDP�JXDUGDGRV�H�DSyV�
D�H[HFXomR�GH�����FLFORV�IRUDP�UHFRORFDGRV�HP�XVR��&RPR�VH�SRGH�QRWDU��RV�QRYRV�YDORUHV�GH�FDSDFL�
WkQFLD�PHGLGRV�VmR�SUDWLFDPHQWH�RV�PHVPRV�GH�DQWHV�GD�LQWHUUXSomR��LQGLFDQGR�TXH�R�DUPD]HQDPHQWR�
GRV�VHQVRUHV�QmR�DIHWD�D�VXD�UHVSRVWD�HOpWULFD��2�VHQVRU�*���SRU�VXD�YH]��IRL�DUPD]HQDGR�LPHGLDWDPHQWH�
DSyV�VXD�IDEULFDomR�¿FDQGR�JXDUGDGR�DWp�D�H[HFXomR�GH�����FLFORV��TXDQGR�IRL�FRORFDGR�HP�XVR��DSUR�
[LPDGDPHQWH���PHVHV���(VVH�VHQVRU�IRL�IDEULFDGR�MXQWDPHQWH�GRV�RXWURV�VHQVRUHV�GH�FyGLJR�*��&RPR�
se pode observar os valores de capacitância medidos com esse sensor são muito similares aos obtidos 
FRP�RV�GHPDLV�VHQVRUHV��LQGLFDQGR�TXH�D�DUPD]HQDJHP�GR�VHQVRU�DSyV�VXD�IDEULFDomR�QmR�DFDUUHWD�HP�
QHQKXPD�SHUGD�GH�VHQVLELOLGDGH�RX�GH�VXDV�SURSULHGDGHV�HOpWULFDV��$GLFLRQDOPHQWH��DR�DQDOLVDUPRV�RV�
VHQVRUHV�)���H�)����TXH�IRUDP�IDEULFDGRV�HP�XP�WHUFHLUR�ORWH��SRGH�VH�QRWDU�TXH�RV�YDORUHV�LQLFLDLV�GH�
FDSDFLWkQFLD�VmR�GLVWLQWRV�GRV�GHPDLV��SRUpP�DSUHVHQWDP�D�PHVPD�WHQGrQFLD�TXH�RV�RXWURV��UHGXomR�GD�
FDSDFLWkQFLD�FRPD�H[HFXomR�GRV�FLFORV��(�WDPEpP��SDUHFHP�FRQYHUJLU�SDUD�R�PHVPR�YDORU�TXH�RV�RXWURV�
VHQVRUHV��'D�)LJXUD���SRGH�VH�FRQFOXLU�TXH�LQGHSHQGHQWHPHQWH�GH�TXDQGR�RV�VHQVRUHV�IRUDP�IDEULFDGRV�
RX�GH�VXD�IRUPD�GH�XVR��LPHGLDWR�RX�QmR��FRQWtQXR�RX�QmR���WRGRV�HOHV�DSUHVHQWDP�R�PHVPR�FRPSRUWD�
PHQWR�FRP�D�H[HFXomR�GRV�FLFORV��DVVLP�FRPR�YDORUHV�GH�FDSDFLWkQFLD�VLPLODUHV��LQGLFDQGR�TXH�p�SRVVt�
YHO�VXEVWLWXLU�XP�VHQVRU�HP�XVR�SRU�XP�RXWUR�DUPD]HQDGR��VHP�SHUGD�GH�LQIRUPDomR�

(VVHV�UHVXOWDGRV�GHPRQVWUDUDP�TXH�R�GHVJDVWH�GRV�¿OPHV�GH�3$1,�366��DVVLP�FRPR�DV�PXGDQ�
oDV�GH�VXDV�SURSULHGDGHV�HOpWULFDV�VmR�PXLWR�VHPHOKDQWHV�HP�WHUPRV�SHUFHQWXDLV��LQGHSHQGHQWHPHQWH�GH�
TXDQGR�VmR�IDEULFDGRV��FRQWXGR�R�SURFHVVR�GH�IDEULFDomR�GRV�VHQVRUHV�SUHFLVD�VHU�PHOKRU�RWLPL]DGR�SDUD�
UHGX]LU�DLQGD�PDLV�DV�GLIHUHQoDV�HQWUH�VHQVRUHV�GH�XP�PHVPR�ORWH�H�GH�ORWHV�GLIHUHQWHV�
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Figura 1. 9DORUHV�GH�FDSDFLWkQFLD�HP�IXQomR�GR�Q~PHUR�GH�DPRVWUDV�DQDOLVDGDV�SDUD�WRGRV�RV�VHQVRUHV�FRP�DWp�
����FLFORV�GH�H[HFXomR��2V�PDLRUHV�YDORUHV�QR�HL[R�\�FRUUHVSRQGHP�DV�DPRVWUDV�GH�VDO�HQTXDQWR�TXH�RV�YDORUHV�

PDLV�SUy[LPRV�GH�]HUR�FRUUHVSRQGHP�DV�DPRVWUDV�GH�iJXD�GHVWLODGD�

4 concluSÃo

2V�VHQVRUHV�GH�3$1,�366�IDEULFDGRV�DSUHVHQWDUDP�DOWR�JUDX�GH�UHSHWLELOLGDGH�GH�VXDV�SURSULH�
GDGHV�PRUIROyJLFDV��FRP�YDULDo}HV�SUy[LPDV�j����HP�XP�PHVPR�ORWH��SRUpP�SRXFD�UHSURGXWLELOLGD�
GH��FRP�YDULDomR�GH�FHUFD�GH�����HQWUH�ORWHV�GLIHUHQWHV��6XDV�SURSULHGDGHV�HOpWULFDV��FRQGXWLYLGDGH��
DSUHVHQWDUDP�SRXFD�UHSHWLELOLGDGH��YDULDo}HV�HQWUH����H������H�SRXFD�UHSURGXWLELOLGDGH��YDULDomR�GH�
������LQGLFDQGR�TXH�R�SURFHVVR�GH�IDEULFDomR�GRV�VHQVRUHV�GH�3$1,�366�SUHFLVD�VHU�PHOKRU�RWLPL]DGR��
$GLFLRQDOPHQWH��D�UHVSRVWD�HOpWULFD��FDSDFLWkQFLD��GH�WRGRV�RV�VHQVRUHV�DSUHVHQWRX�XP�FRPSRUWDPHQWR�
SDUHFLGR�FRP�D�H[HFXomR�GH�FLFORV�GH�LPHUV}HV�HP�iJXD�GHVWLODGD�H�1D&O��0��TXHGD�GR�YDORU�PHGLGR�
FRP�R�GHFRUUHU�GDV�LPHUV}HV��FRP�WRGRV�RV�YDORUHV�FRQYHUJLQGR�SDUD�XPD�PHVPD�IDL[D�GH�FDSDFLWkQ�
FLD��LQGHSHQGHQWHPHQWH�GH�TXDQGR�IRUDP�IDEULFDGRV�RX�VH�VHX�XVR�IRL�FRQWtQXR�RX�QmR��(VVH�UHVXOWDGR�
GHPRQVWURX�TXH�RV�VHQVRUHV�SRGHP�VHU�DUPD]HQDGRV�DSyV�D�VXD�IDEULFDomR�RX�DSyV�XP�XVR�LQLFLDO�VHP�
SHUGD�GH�VXDV�SURSULHGDGHV�HOpWULFDV��(VVD�REVHUYDomR�p�PXLWR�LPSRUWDQWH�SRUTXH�LQGLFD�D�SRVVLELOLGDGH�
GH�VH�VXEVWLWXLU�XP�VHQVRU�SUHVHQWH�QD�/(�SRU�XP�RXWUR�VLPLODU�VHP�SHUGD�GH�LQIRUPDomR�RX�QHFHVVLGDGH�
de se substituir o banco de dados criado previamente.

AGrAdecimentoS

2V�DXWRUHV�JRVWDULDP�GH�DJUDGHFHU�DV�DJrQFLDV�)$3(63���������������&$3(6��(GLWDO5HGH1D�
QRELRWHF%UDVLO����������H�(0%5$3$�,QVWUXPHQWDomR�SHOR�VXSRUWH�¿QDQFHLUR�

reFerÊnciAS

>�@�1�.�/��:,=,$&.��HW�DO��(IIHFW�RI�¿OP�WKLFNQHVV�DQG�GLIIHUHQW�HOHFWURGHV�JHRPHWULHV�RQ�WKH�SHUIRU�
PDQFH�RI�FKHPLFDO�VHQVRUV�PDGH�RI�QDQRVWUXFWXUHG�FRQGXFWLQJ�SRO\PHU�¿OPV��6HQV��DQG�$FW��%�����
���������������

>�@�&��*5(*2587��HW�DO���$SSOLFDWLRQ�RI�HOHFWURQLF� WRQJXH�LQ� LGHQWL¿FDWLRQ�RI�VR\EHDQV��$,3�&RQI��
3URF����������������������

>�@�*�6��%5$*$��HW�DO���3HUIRUPDQFH�RI�DQ�HOHFWURQLF�WRQJXH�GXULQJ�PRQLWRULQJ���PHWLOLVRERUQHRO�DQG�
JHRVPLQ�LQ�ZDWHU�VDPSOHV��6HQV��$FWXDWRUV�%��&KHP�������������������������

>�@�$��5,8/��HW�DO���$Q�DUWL¿FLDO�WDVWH�VHQVRU�EDVHG�RQ�FRQGXFWLLQJ�SRO\PHUV��%LR�	�%LR����������������
����
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resumo

%LRVVHQVRUHV�SODVP{QLFRV�XWLOL]DQGR�GH�6(56�H�/635�WrP�VLGR�XVDGRV�FRPR�IHUUDPHQWDV�HP�YiULDV�
DSOLFDo}HV�UHODFLRQDGDV�D�GLDJQyVWLFR�QRV�~OWLPRV�DQRV��3RVVXHP�DOWR�GHVHPSHQKR��UDSLGH]�GH�DQiOLVH�
H�EDL[R�FXVWR��2�REMHWLYR�GHVVH�WUDEDOKR�p�D�FRQVWUXomR�H�DSOLFDomR�GHVVHV�ELRVVHQVRUHV�EDVHDGRV�HP�
QDQREDVW}HV�GH�$X�PRGL¿FDGRV�SRU�SURWHtQDV�SDUD�HQVDLRV�GH�UHFRQKHFLPHQWR�PROHFXODU��2V�UHVXOWDGRV�
SUHOLPLQDUHV�QRV�PRVWUDP�TXH�DV�$X15V�VLQWHWL]DGDV�VmR�SURPLVVRUDV�QD�FRQVWUXomR�GHVWHV��
Palavras-chave��%LRVVHQVRUHV�6(56�/635�$X13V�3ODVP{QLFD�

develoPment oF PlASmonicS bioSenSorS

Abstract

6(56�DQG�/635�SODVPRQLF�ELRVHQVRUV�KDYH�EHHQ�XVHG�DV� LPSRUWDQW� WRROV� IRU�GLDJQRVWLFV� LQ� WKH� ODVW�
\HDUV��7KLV�KDV�EHHQ�SRVVLEOH�EHFDXVH�WKRVH�VHQVRUV�DUH�IDVW�DQG�ORZ�FRVW��ZLWK�D�KLJK�GHWHFWLRQ�SHUIRU�
PDQFH��7KH�SUHVHQW�ZRUN�UHSRUWV�WKH�FRQVWUXFWLRQ�DQG�DSSOLFDWLRQ�RI�ELRVHQVRUV�EDVHG�RQ�$X�QDQRURGV�
PRGL¿HG�E\�SURWHLQ�DLPLQJ�PROHFXODU�UHFRJQLWLRQ�HYHQWV��7KH�SUHOLPLQDU\�UHVXOWV�LQGLFDWH�WKDW�WKH�$X1�
5V�DUH�YHU\�SURPLVLQJ�IRU�WKH�FRQVWUXFWLRQ�RI�SODVPRQLF�EDVHG�ELRVHQVRUV�
Keywords: %LRVHQVRUV�6(56�/635�$X13V�3ODVPRQLFV

1 introduÇÃo

%LRVVHQVRUHV�VmR�GLVSRVLWLYRV�DQDOtWLFRV�TXH�SRGHP�QRV�GDU�LQIRUPDo}HV�GH�XPD�UHVSRVWD�ELR�
OyJLFD�DWUDYpV�GH�XP�VLQDO�HOHWU{QLFR��3DUD� LVVR�� WHP�VH�XP�ELR�UHFHSWRU�TXH�UHFRQKHFH�R�DQDOLWR�HP�
TXHVWmR�H�XP�WUDQVGXWRU�TXH�FRQYHUWH�D�UHVSRVWD�ELROyJLFD�HP�XP�VLQDO�HOHWU{QLFR�PHQVXUDO��(VWH�ELR
�UHFHSWRU�SRGH�VHU�XP�PLFURUJDQLVPR��RUJDQHOD��HQ]LPD��FpOXOD��DQWLFRUSR��iFLGR�QXFOHLFR�HQWUH�RXWURV�
�9HOXVDP\ et al.�������

(VWHV�VHQVRUHV�VmR�IHUUDPHQWDV�GH�GHWHFomR�LPSRUWDQWHV�SDUD�PXLWDV�DSOLFDo}HV�FRPR�DOLPHQWD�
omR��ELRPHGLFLQD��FXLGDGRV�FRP�D�VD~GH��IDUPDFrXWLFD�H�FRQWUROH�GH�PHLR�DPELHQWH��3pUH]�/ySH]�DQG�
0HUNRoL��������

7DPEpP�p�SRVVtYHO�D�DSOLFDomR�GH�ELRVVHQVRUHV�QR�GLDJQyVWLFR�GH�FkQFHU��'HYLGR�j�DOWD�SUHYD�
OrQFLD��D�FDGD�GLD�WHP�VH�D�QHFHVVLGDGH�GH�QRYDV�WHFQRORJLDV�WDQWR�SDUD�SUHYHQomR�TXDQWR�SDUD�R�GLDJ�
QyVWLFR�GHVVD�GRHQoD �/HLWH�et al, ������'H�PDQHLUD�VLPLODU��H[LVWH�D�SRVVLELOLGDGH�GH�VH�XWLOL]DU�ELRV�
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VHQVRUHV�SDUD�LGHQWL¿FDU�D�RFRUUrQFLD�GH�GRHQoDV�QHJOLJHQFLDGDV�RX�GRHQoDV�WURSLFDLV�QHJOLJHQFLDGDV��
1HVVH�FRQWH[WR�GD�QHFHVVLGDGH�GH�GHVHQYROYHU�PpWRGRV�GH�SUp�H[DPHV�RX�GLDJQyVWLFR�UiSLGR�

SDUD�GRHQoDV�GHVVH�WLSR��HVWi�LQVHULGD�D�FRQVWUXomR�GRV�ELRVVHQVRUHV�SODVP{QLFRV�TXH�XWLOL]DP�GD�UHVVR�
QkQFLD�GR�SODVPRQ�GH�VXSHUItFLH�ORFDOL]DGR��/635���$�FDSDFLGDGH�GH�GHWHFomR�GHVVH�HIHLWR�VH�EDVHLD�QR�
GHVORFDPHQWR�GD�EDQGD�/635�FRP�D�PRGL¿FDomR�GR�DPELHQWH�HP�TXH�DV�QDQRSDUWtFXODV�GH�PHWDLV�FRPR�
$X���$J�H�&X�HVWmR�LPHUVRV��R�TXH�SHUPLWH�D�GHWHFomR�GH�HVSpFLHV�HP�FRQFHQWUDo}HV�EDL[tVVLPDV��0D\HU�
DQG�+DIQHU��������$�/635�UHVXOWD�HP�JUDQGH�LQWHQVL¿FDomR�GR�FDPSR�HOHWURPDJQpWLFR�ORFDO�0D\HU�DQG�
+DIQHU���������(VVH�HIHLWR�GH�LQWHQVL¿FDomR�SHUPLWH�D�RFRUUrQFLD�GH�IHQ{PHQRV�HVSHFWURVFySLFRV�LQWHQ�
VL¿FDGRV��FRPR�R�HIHLWR�GH�HVSDOKDPHQWR�5DPDQ�LQWHQVL¿FDGR�SRU�VXSHUItFLH��6(56��H�D�ÀXRUHVFrQFLD�
LQWHQVL¿FDGD�SRU�VXSHUItFLH��6()���$URFD��������2�HIHLWR�6(56�DXPHQWD�GH�����D�����YH]HV�D�LQWHQVLGD�
GH�GR�HVSDOKDPHQWR�5DPDQ�GH�DGVRUEDWRV��2�WDPDQKR�H�D�IRUPD�GDV�QDQRHVWUXWXUDV�HVWmR�GLUHWDPHQWH�
OLJDGRV�jV�SURSULHGDGHV�GH�/635�GH�QDQRSDUWtFXODV�PHWiOLFDV�GHYLGR�jV�PXGDQoDV�QD�SRODUL]DomR�GD�
VXSHUItFLH��$WXDOPHQWH�YiULDV�IRUPDV�GH�QDQRHVWUXWXUDV�SRGHP�VHU�REWLGDV��HQWUH�HODV�QDQRHVIHUDV��QD�
QRWULkQJXORV��QDQRFXERV��QDQRSULVPDV��QDQREDVW}HV��QDQRVKHOOV��QDQREUDQFKHV��QDQRELSLUkPLGHV�HQWUH�
RXWURV��3HWU\D\HYD�DQG�.UXOO�������

(VWH�WUDEDOKR�WHP�FRPR�REMHWLYR�JHUDO�D�FRQVWUXomR�GH�ELRVVHQVRUHV�QDQRHVWUXWXUDGR�EDVHDGR�
QDV�WpFQLFDV�GH�/635�H�6(56�SDUD�D�XWLOL]DomR�QR�GLDJQyVWLFR�SUHFRFH�GH�GRHQoDV�

2 mAteriAiS e métodoS

$�FRQVWUXomR�GH�XP�ELRVVHQVRU�SODVP{QLFR�XWLOL]DQGR�QDQRSDUWtFXODV�FRQVLVWH�HP�DOJXQV�SDVVRV�
DSUHVHQWDGRV�GH�PDQHLUD�UHVXPLGD�D�VHJXLU�

2.1 Síntese de nanoestruturas anisotrópicas de Au

8PD�VXVSHQVmR�GH�QDQRSDUWtFXODV�SUHFXUVRUDV��VHHG��p�SUHSDUDGD�D�SDUWLU�GH�XPD�VROXomR�GH�
&7$%��EURPHWR�FHWLOWULPHWLODP{QLR�����P/��������PRO�/�����H���P/�GH�+$X&O����������PRO�/

�����$�VH�
JXLU��p�DGLFLRQDGR������P/�GH�������PRO�/���1D%+��HP�EDQKR�GH�JHOR��VRE�DJLWDomR�YLJRURVD��PDQWLGD�
SRU���PLQ��$�VXVSHQVmR�PDUURP�HVYHUGHDGD�REWLGD�p�PDQWLGD�HP� WHPSHUDWXUD�DPELHQWH�SRU����PLQ��
$�VROXomR�GH�FUHVFLPHQWR�GRV�QDQRURGV�FRQVLVWH�QD�DGLomR�GH�&7$%���P/������PRO�/����D�GLIHUHQWHV�
YROXPHV�GH�VROXomR��������PRO�/���GH�$J12�������������������������RX������P/���$�HVVD�VROXomR�VmR�
DGLFLRQDGRV���P/�GH�������PRO�/���GH�+$X&O���H�VROXomR�GH�iFLGR�DVFyUELFR��������P/����������PRO�
/�����)LQDOPHQWH��VmR�DGLFLRQDGRV����ȝ/�GD�VROXomR�VHHG�QD�WHPSHUDWXUD�HQWUH�������&��D�FRORUDomR�GD�
VROXomR�PXGD�SDUD�YHUPHOKR�HP�FHUFD�GH�������PLQXWRV��1LNRREDNKW�DQG�(O�6D\HG�������

2.2 ,PRELOL]DomR�GH�%6$�H�SURWHomR�VXSHU¿FLDO�

e�XWLOL]DGD�XPD�SURWHtQD�PRGHOR��D�DOEXPLQD�GH�VRUR�ERYLQR��%6$���$�PRGL¿FDomR�GD�VXSHUItFLH�
FRQVLVWH�HP�DGLFLRQDU�j�VXVSHQVmR�GH�$X13V�XPD�VROXomR�GH�iFLGR�PHUFDSWRXQGHFDQRLFR��08$���SDUD�
REWHU�XPD�FDPDGD�PROHFXODU�OLJDGD�DR�$X�FRP�XP�JUXSR�FDUER[LOD�GLVSRQtYHO�HP�VROXomR��$�VHJXLU��
DV�$X13V�VmR�LQFXEDGDV�HP�XPD�VROXomR�����GH�1�KLGUR[LVXFFLQDPLGD��1+6��H�1�HWLO1����GLHWLODPL�
QRSURSLO��FDUERGLLPLGD��('&��SRU���K��)LQDOPHQWH��XPD�VROXomR�DTXRVD�GH�%6$�p�DGLFLRQDGD�jV�QDQR�
SDUWtFXODV�GH�$X�FRP�D�VXSHUItFLH�PRGL¿FDGD��TXH�UHDJH�FRP�D�FDPDGD�PRGL¿FDGD�SRU�1+6�('&��D�
¿P�GH�LPRELOL]DU�D�SURWHtQD�PRGHOR��0RQWHLUR et al.��������3DUD�RV�WHVWHV�HQYROYHQGR�R�HIHLWR�6(56��
DV�QDQRSDUWtFXODV�VmR�WDPEpP�PRGL¿FDGDV�FRP�R�FRUDQWH�WLSR�LQGRFLDQLQD�,5������$SyV�D�PRGL¿FDomR�
GDV�$X13V�FRP�D�SURWHtQD�%6$��VmR�XWLOL]DGRV�FRPR�SURWHWRUHV�TXLWRVDQD�H�SROLHWLOHQR�JOLFRO�WLRODGR�
�3(*�6+��

2.3 'HWHFomR�GH�DQWLFRUSRV��DQWL�%6$��

$�GHWHFomR�SRU�/635�FRQVLVWH�HP�DGLFLRQDU�DV�$X13V�PRGL¿FDGDV�SRU�%6$�FRP�D�VXSHUItFLH�
SURWHJLGD�HP�XPD�VROXomR�GH�DQWL�%6$�HP�WDPSmR�VDOLQR�GH�IRVIDWR��3%6��H�DQiOLVH�GRV�GHVORFDPHQWRV�
GD�EDQGD�/635�FRP�R�HYHQWR�GH�UHFRQKHFLPHQWR�PROHFXODU��3DUD�GHWHFomR�SRU�6(56��DV�$X13V�PRGL�
¿FDGDV�VHUmR�FRORFDGDV�HP�FRQWDWR�FRP�R�VOLGH�GH�YLGUR�DQWL�%6$���3RUWHU et al.�������

$�LPRELOL]DomR�GR�DQWL�%6$�VHUi�UHDOL]DGD�DWUDYpV�GD�PRGL¿FDomR�GD�VXSHUItFLH�GH�YLGUR�XWLOL�
]DQGR�DPLQRSURSLO�WULPHWy[LVLODQR��$3706���(P�VHJXLGD��VHUi�UHDOL]DGR�XP�SHUtRGR�GH�FXUD�D����o&��$�
VHJXLU��R�VOLGH�VHUi�H[SRVWR�D�XPD�VROXomR�GR�DQWL�%6$�HP�3%6�SRU�XP�SHUtRGR�GH���K��4LQ et al.�������
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3 reSultAdoS e diScuSSÃo
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Figura 1. (VSHFWUR�/635�GRV�$X15V�XWLOL]DQGR�GH����ȝ/�GH�$J12�.

2�HVSHFWUR�QR�89�YLVtYHO�GH�QDQREDVW}HV�GH�$X��$X15V��HVWi�DSUHVHQWDGR�QD�)LJXUD����1RV�
HVSHFWURV�GD�)LJXUD���p�SRVVtYHO�REVHUYDV�GXDV�EDQGDV��XPD�HP����QP�H�RXWUD�GH�PDLRU�LQWHQVLGDGH�
HP�����QP��(VVDV�EDQGDV�VmR�FDUDFWHUtVWLFDV�GRV�$X15V��H�FRUUHVSRQGHP�j�UHVVRQkQFLDV�GH�SODVPRQ�
GH�GXDV�GLIHUHQWHV�GLPHQV}HV�GRV�EDVW}HV��ORQJLWXGLQDO�H�WUDQVYHUVDO��1LNRREDNKW�DQG�(O�6D\HG�������

$�SUHVHQoD�GDV�GXDV�EDQGDV�FDUDFWHUtVWLFDV�QR�HVSHFWUR�/635�p�XP�IRUWH�LQGLFDWLYR�GD�IRUPDomR�
GH�$X15V��$�)LJXUD���DSUHVHQWD�LPDJHQV�0(9�FDUDFWHUtVWLFDV�SDUD�RV�$X15V�REWLGRV�QHVVH�WUDEDOKR��e�
SRVVtYHO�YHUL¿FDU�QDV�LPDJHQV�DSUHVHQWDGDV�QD�)LJXUD���TXH�RV�SURFHGLPHQWRV�GH�VtQWHVH�UHVXOWDUDP�HP�
DOWR�UHQGLPHQWR�GH�QDQREDVW}HV��FRP�DSHQDV�SHTXHQD�SDUWH�GDV�QDQRSDUWtFXODV�DSUHVHQWDGRV�IRUPDWRV�
GLIHUHQWHV��HVIpULFRV��SRU�H[HPSOR��

Figura 2. 0(9�GRV�$X15V

1D� SUHSDUDomR� GRV�$X15V� REWrP�VH� XPD� VXVSHQVmR� FRP� DV� QDQRSDUWtFXODV� UHFREHUWDV� FRP�
JUDQGH�H[FHVVR�GH�&7$%��R�GLUHFLRQDGRU�GD�IRUPDomR�GH�EDVW}HV��3DUD�TXH�KDMD�XPD�ERD�LQWHUDomR�HQWUH�
RV�$X15V�H�DV�HVSpFLHV�GH�LQWHUHVVH��p�QHFHVViULR�UHWLUDU�HVVH�H[FHVVR��,VVR�p�IHLWR�FRP�D�FHQWULIXJDomR�
GHVVHV�EDVW}HV�H�UHGLVSHUVmR�HP�iJXD�GHLRQL]DGD��(VVH�SURFHGLPHQWR�SUHFLVD�VHU�RWLPL]DGR�SDUD�TXH�D�
PRGL¿FDomR�GRV�$X15V�VHMD�PHOKRUDGD��2�GLDJQyVWLFR�SDUD�D�UHWLUDGD�GR�&7$%�H�PHOKRUD�GR�DFHVVR�GH�
DGVRUEDWRV�IRL�UHDOL]DGR�XWLOL]DGR�R�HIHLWR�6(56�GR�FRUDQWH�,5������$�)LJXUD���DSUHVHQWD�RV�HVSHFWURV�
6(56�GR�,5�����HP�VXVSHQV}HV�GH�$X15V�TXH�IRUDP�VXEPHWLGDV�D�GLIHUHQWHV�Q~PHURV�GH�FHQWULIXJD�
o}HV�
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Figura 3. (VSHFWURV�5DPDQ�GR�,5���������0��YDULDQGR�R�Q~PHUR�GH�FHQWULIXJDo}HV�GD�VXVSHQVmR�GH�$X15V��
5DGLDomR�H[FLWDQWH�HP�����QP

2EVHUYD�VH�QD�)LJXUD���TXH�Ki�XPD�GLPLQXLomR�GD�ÀXRUHVFrQFLD�GR�FRUDQWH�FRP�R�Q~PHUR�GH�
FHQWULIXJDo}HV��R�TXH�LQGLFD�TXH�PDLV�FRUDQWH�WHP�DFHVVR�j�VXSHUItFLH�GRV�$X15V��VXSULPLQGR�D�ÀXRUHV�
FrQFLD�GR�FRUDQWH��H�IDYRUHFHQGR�D�REVHUYDomR�GR�HVSHFWUR�6(56�

4 concluSÃo

)RUDP�VLQWHWL]DGRV�$X15V�H�D�FDUDFWHUL]DomR�SRU�/635�H�0(9�FRQ¿UPDRX�DOWR�UHQGLPHQWR�GRV�
SURFHGLPHQWRV�GH�SUHSDUDomR�XWLOL]DGRV��DOpP�GLVVR��YHUL¿FRX�VH�TXH�D�DWLYLGDGH�6(56�GHSHQGH�GR�Q~�
PHUR�GH�FHQWULIXJDo}HV��YHUL¿FDQGR�VH�TXH�TXDWUR�SURFHGLPHQWRV�VmR�VX¿FLHQWHV��&RP�HVWHV�UHVXOWDGRV�
SUHOLPLQDUHV�SXGHPRV�REVHUYDU�TXH�RV�$X15V�SRGHP�VHU�XWLOL]DGRV�SDUD�D�FRQVWUXomR�GH�ELRVVHQVRUHV�
6(56�H�/635�D�SDUWLU�GD�RWLPL]DomR�GRV�SDVVRV�GH�PRGL¿FDomR�VXSHU¿FLDO�
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LQ�WUDQVPLVVLRQ�PRGH��6HQVRUV�DQG�$FWXDWRUV�%��&KHPLFDO��Y�������Q�����S�����������������
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resumo
2�XVR�GH�VHQVRUHV�GR�WLSR�/tQJXD�(OHWU{QLFD�FRP�EDVH�HP�¿OPHV�QDQRHVWUXWXUDGRV�YHP�DSUHVHQWDQGR�
H[FHOHQWHV�UHVXOWDGRV�SDUD�D�GLIHUHQFLDomR�GH�VXEVWkQFLDV�TXH�FRQVWLWXHP�RV�SDODGDUHV�EiVLFRV�H�QD�GH�
WHFomR�GH�LPSXUH]DV�HP�DPRVWUDV�OtTXLGDV��1HVWH�VHQWLGR��QHVVH�WUDEDOKR�DSUHVHQWDPRV�D�REWHQomR�GH�
XQLGDGHV�VHQVLWLYDV�XWLOL]DQGR�VH�QDQRSDUWtFXODV�GH�RXUR��$X13��UHFREHUWDV�FRP�SROL�FORULGUDWR�GH�DOL�
ODPLQD���3$+��H�IWDORFLDQLQDV�GH�QtTXHO�H�GH�FREUH�WHWUDVVXOIRQDGDV��1L7V3F�H�&X7V3F��HP�¿OPHV�/E/��
&DUDFWHUL]DomR�GD�PRUIRORJLD�GD�VXSHUItFLH��UXJRVLGDGH�H�RXWUDV�SURSULHGDGHV�ItVLFR�TXtPLFDV�GRV�¿OPHV�
REWLGRV�IRUDP�UHDOL]DGDV�SRU�HVSHFWURVFRSLD�QD�UHJLmR�GR�LQIUDYHUPHOKR�H�89�9LV��PLFURVFRSLD�HOHWU{QL�
FD�GH�YDUUHGXUD��PLFURVFRSLD�GH�IRUoD�DW{PLFD�H�PHGLGDV�HOpWULFDV��2V�UHVXOWDGRV�REWLGRV�GHPRQVWUDUDP�
TXH�RV�¿OPHV�QDQRHVWUXWXUDGRV�GH�$X#3$+�07V3F�IRUDP�REWLGRV�FRP�VXFHVVR�H�VH�PRVWUDUDP�SRWHQ�
FLDLV�SDUD�DSOLFDo}HV�FRPR�VHQVRUHV�H�ELRVHQVRUHV�
Palavras-chave��/tQJXD�HOHWU{QLFD��)LOPHV�/E/��1DQRSDUWtFXODV�GH�RXUR�

nAnoStructured FilmS bASed on Gold nAnoPArticle/PHtHAlocYAnine 
For APPlicAtion in electronic tonGue SenSorS
Abstract
7KH�XVH�RI�HOHFWURQLF�WRQJXH�GHYLFHV�EDVHG�RQ�SRO\PHULF�PDWHULDOV�WR�HYDOXDWH�DQG�GLVWLQJXLVK�OLTXLGV�
KDV�JURZQ�ODUJHO\�LQ�WKH�ODVW�GHFDGH�GXH�WR�LWV�VHQVLWLYLW\�DQG�YHUVDWLOLW\��+HUHLQ�ZH�UHSRUW�WKH�LQFRUSR�
UDWLRQ�RI�JROG�QDQRSDUWLFOHV��$X13��LQ�WKH�SRO\PHULF�PDWUL[�RI�SRO\�DOO\ODPLQH�K\GURFKORULGH���3$+��
WR�HQKDQFH�WKH�SURSHUWLHV�RI�WHWUDVXOIRQDWHG�QLFNHO�DQG�FXSSHU�SKWKDORF\DQLQH��1L7V3F�DQG�&X7V3F��LQ�
/E/�¿OPV��&KDUDFWHUL]DWLRQ�RI�WKH�VXUIDFH�PRUSKRORJ\��URXJKQHVV�DQG�RWKHU�SK\VLFRFKHPLFDO�SURSHUWLHV�
RI�QDQRVWUXFWXUHG�¿OPV�ZHUH�FDUULHG�RXW�E\�89�9LV�DQG�,QIUDUHG�VSHFWURVFRS\��VFDQQLQJ�HOHFWURQ�PL�
FURVFRS\��DWRPLF�IRUFH�PLFURVFRS\�DQG�HOHFWULFDO�PHDVXUHPHQWV��7KH�REWDLQHG�UHVXOWV�GHPRQVWUDWHG�WKDW�
WKH�JURZWK�RI�$X#3$+�07V3F�/E/�¿OPV�ZDV�VXFFHVVIXOO\�DFKLHYHG�DQG�WKHUHIRUH�WKHVH�¿OPV�FRXOG�EH�
used in sensing and biosensing applications.
Keywords: (OHFWURQLF�WRQJXH��/E/�¿OPV��*ROG�QDQRSDUWLFOHV�

1 introduÇÃo

2�GHVHQYROYLPHQWR� GH� VHQVRUHV� H� ELRVVHQVRUHV� EDVHDGRV� HP�¿OPHV� QDQRHVWUXWXUDGRV� WHP� VH�
PRVWUDGR�FRPR�XPD�IHUUDPHQWD�PXLWR�H¿FD]�SDUD�D�DQiOLVH�GH�OtTXLGRV��SROXHQWHV�H�FRQWDPLQDQWHV��GH�
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YLGR�j�VXD�YHUVDWLOLGDGH�H�VHQVLELOLGDGH���6č,:,1ĝ.$�HW�DO����������$�DOWD�VHQVLELOLGDGH�GHVVHV�VLVWHPDV�
HVWi�UHODFLRQDGD�FRP�D�QDWXUH]D�QDQRHVWUXWXUDGD�GRV�¿OPHV��D�TXDO�SHUPLWH�XP�FRQWDWR�tQWLPR�HQWUH�D�
FDPDGD�VHQVLWLYD�H�D�VXEVWkQFLD�GH�LQWHUHVVH��DQDOLWR����5,8/�HW�DO���������9iULRV�WLSRV�GH�PDWHULDLV�WrP�
VLGR�XWLOL]DGRV�FRPR�FDPDGDV� VHQVLWLYDV�� LQFOXLQGR�SROtPHURV� VHPLFRQGXWRUHV� VLQWpWLFRV�H�SROtPHURV�
QDWXUDLV��QR�HQWDQWR��ID]�VH�QHFHVViULR�R�GHVHQYROYLPHQWR�GH�QRYRV�PDWHULDLV�SDUD�PHOKRUDU�DLQGD�PDLV�
D�VHQVLELOLGDGH�GRV�VHQVRUHV��1HVWH�VHQWLGR��QHVWH� WUDEDOKR�DSUHVHQWDPRV�D�VtQWHVH�� IXQFLRQDOL]DomR�H�
FDUDFWHUL]DomR�GH�QDQRSDUWtFXODV�GH�RXUR�FRP�SROL�FORULGUDWR�GH�DOLODPLQD��H�D�XWLOL]DomR�GHVWH�PDWHULDO�
MXQWDPHQWH�FRP�IWDORFLDQLQDV�SDUD� IDEULFDomR�GH�¿OPHV�DXWRPRQWDGRV�SDUD�PRGL¿FDomR�GH�HOHWURGRV�
interdigitados.

2 mAteriAiS e métodoS

1DQRSDUWtFXODV�GH�RXUR�IRUDP�VLQWHWL]DGDV�DGLFLRQDQGR�VH��VRE�DJLWDomR��XPD�VROXomR�GH�1D%+�� 
j�XPD�PLVWXUD�FRQWHQGR�3$+�H�+$X&O���$SyV�D�REWHQomR�H�FDUDFWHUL]DomR�GDV�QDQRSDUWtFXODV��RV�VHQVR�
UHV�IRUDP�SUHSDUDGRV�D�SDUWLU�GD�GHSRVLomR�GH�ELFDPDGDV�SROLPpULFDV�VREUH�HOHWURGRV�LQWHUGLJLWDGRV�GH�
SODWLQD�SRU�PHLR�GD�WpFQLFD�GH�DXWRPRQWDJHP��/E/���1HVWD�WpFQLFD��FDPDGDV�DOWHUQDGDV�GR�SROLFiWLRQ�
�$X#3$+�RX�3$+��H�GR�SROLkQLRQ��IWDORFLDQLQD�GH�FREUH���&X7V3F�RX�IWDORFLDQLQD�GH�QtTXHO���1L7V3F��
IRUDP�GHSRVLWDGDV�VREUH�R�VXEVWUDWR�DWUDYpV�GH�LPHUV}HV�VXFHVVLYDV�QDV�UHVSHFWLYDV�VROXo}HV��2V�VHQ�
VRUHV�REWLGRV�IRUDP�FDUDFWHUL]DGRV�XWLOL]DQGR�VH�DV�WpFQLFDV�GH�HVSHFWURVFRSLD�QD�UHJLmR�GR�XOWUDYLROHWD�
YLVtYHO��89�9LV��H�GR�,QIUDYHUPHOKR��)7,5���PLFURVFRSLD�GH�IRUoD�DW{PLFD��$)0��H�PHGLGDV�HOpWULFDV�

3 reSultAdoS e diScuSSÃo

2�PRQLWRUDPHQWR�GR�FUHVFLPHQWR�GRV�¿OPHV�IRL�IHLWR�DWUDYpV�GD�GHSRVLomR�GH���D���ELFDPDGDV�
GH��$X#3$+�&X7V3F�H�$X#3$+�1L7V3F�VRE�VXEVWUDWRV�GH�TXDUW]R��1D�)LJXUD���SRGH�VH�REVHUYDU�XP�
DXPHQWR�GR�YDORU�GD�DEVRUEkQFLD�HP�IXQomR�GR�Q~PHUR�GH�ELFDPDGDV�GHSRVLWDGDV��$WUDYpV�GR�PRQLWR�
UDPHQWR�GD�EDQGD�FHQWUDGD�HP�WRUQR�GH�����QP��DWULEXtGD�jV�WUDQVLo}HV�/�/��p�SRVVtYHO�REVHUYDU�XPD�
GHSHQGrQFLD�OLQHDU�GD�DEVRUomR�FRP�R�Q~PHUR�GH�ELFDPDGDV�GHSRVLWDGDV�SDUD�RV�GRLV�¿OPHV��LQGLFDQGR�
XP�FUHVFLPHQWR�XQLIRUPH�GR�¿OPH�VREUH�R�VXEVWUDWR�

Figura 1. (VSHFWUR�GH�DEVRUomR�QD�UHJLmR�GR�89�9LV�SDUD�GLIHUHQWHV�Q~PHURV�GH�ELFDPDGDV��Q ��D����GRV�¿OPHV�
GH��D��$X#3$+�&X7V3F�H��E��$X#3$+�1L7V3F��Inset:�YDULDomR�GD�DEVRUomR��FRQVLGHUDQGR�D�EDQGD�HP�����H�

����QP��HP�IXQomR�GR�Q~PHUR�GH�ELFDPDGDV�

2�FUHVFLPHQWR�H�D�IRUPDomR�GRV�¿OPHV�QDQRHVWUXWXUDGRV�WDPEpP�IRUDP�DQDOLVDGRV�SRU�LPDJHQV�
GH�$)0�HP�XPD�iUHD�GH����XP�[����XP��FRPR�PRVWUDGR�QD�)LJXUD����$V�LPDJHQV�REWLGDV�PRVWUDUDP�
TXH�WDQWR�D�UXJRVLGDGH�TXDQWR�D�HVSHVVXUD�GRV�GRLV�VLVWHPDV�DXPHQWDUDP�FRP�R�Q~PHUR�GH�ELFDPDGDV��
FRQIRUPH�HVSHUDGR�
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Figura 2. ,PDJHQV�GH�$)0�GRV�¿OPHV�GH������H���ELFDPDGDV�GH�$X#3$+�&X7V3F�

'H�DFRUGR�FRP�GDGRV�GH�)7,5��)LJXUD�����SRGH�VH�REVHUYDU�D�SUHVHQoD�GH�EDQGDV�UHIHUHQWHV�
jV�GHIRUPDo}HV�GRV�SROLFiWLRQV�H�GRV�SROLkQLRQV��FRQ¿UPDQGR�D�IRUPDomR�GR�¿OPH��3RU�HVVD�WpFQLFD��
SRGH�VH�YHUL¿FDU�TXH�R�FUHVFLPHQWR�GRV�¿OPHV�/E/�p�FRQGX]LGR�SRU�LQWHUDo}HV�HOHWURVWiWLFDV�HQWUH�RV�
grupamentos SO���GDV�IWDORFLDQLQDV�H�RV�JUXSRV�1+�

+�GR�3$+��

Figura 3. (VSHFWUR�GH�)7,5�GRV�¿OPHV�IRUPDGRV�SRU����ELFDPDGDV�GH�$X#3$+�&X7V3F��D]XO��$X#3$+�
1L7V3F��SUHWR��

2�FRPSRUWDPHQWR�HOpWULFR�GRV�¿OPHV�DXWRPRQWDGRV�REWLGRV�IRL�DYDOLDGR�DWUDYpV�GH�PHGLGDV�GH�
LPSHGkQFLD�HOpWULFD��)LJXUD�����QD�IDL[D�GH���+]�D���0+]��H�RV�UHVXOWDGRV�UHYHODUDP�XPD�PHOKRUD�GD�
UHVSRVWD�UHVLVWLYD�GR�PDWHULDO��GHYLGR�j�SUHVHQoD�GH�QDQRSDUWtFXODV�GH�RXUR��

Figura 4. 5HVSRVWD�HOpWULFD��UHVLVWrQFLD���GRV�HOHWURGRV�LQWHUGLJLWDGRV�PRGL¿FDGRV�FRP�¿OPHV�FRQWHQGR��OLQKD�
SUHWD��RX�QmR��OLQKD�YHUPHOKD��$X#3$+��)LOPHV�XVDQGR�FRPR�SROLkQLRQ��D��&X7V3F�H��E��1L7V3F�

4 concluSÃo

1HVWH�WUDEDOKR�PRVWURX�VH�TXH�XWLOL]DQGR�VH�D�WpFQLFD�GH�DXWRPRQWDJHP�IRL�SRVVtYHO�IXQFLRQD�
OL]DU�FRP�VXFHVVR�D�VXSHUItFLH�GH�HOHWURGRV�LQWHUGLJLWDGRV�FRP�QDQRSDUWtFXODV�GH�RXUR�H�IWDORFLDQLQDV�
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REWHQGR�VH�¿OPHV�SROLPpULFRV�XQLIRUPHV��(VWHV�VHQVRUHV�DXWRPRQWDGRV�VHUmR�XWLOL]DGRV�FRPR�FDPDGD�
VHQVLWLYD�SDUD�DSOLFDomR�VHQVRULDO�HP�VLVWHPDV�EDVHDGRV�QD�/(�
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resumo

$�HOHWUR¿DFmR�p�XPD�WpFQLFD�TXH�YHP�VHQGR�PXLWR�XWLOL]DGD�SDUD�D�IDEULFDFmR�GH�PLFUR��H�QDQR¿EUDV��
devido à sua versatilidade e potencial para aplicac �HV�HP�GLYHUVRV�FDPSRV��$V�¿EUDV�¿DGDV�SRU�HVWH{
SURFHVVR�RIHUHFHP�YiULDV�YDQWDJHQV��FRPR�HOHYDGD�iUHD�GH�VXSHUItFLH�HP�UHODFmR�DR�YROXPH��DOWD�SR�
rosidade e a capacidade de manipular a composic �mR�GH�QDQR¿EUDV��D�¿P�GH�REWHU�DV�SURSULHGDGHV�H
IXQF}HV�GHVHMDGDV��1HVWH�WUDEDOKR��IRL�LQYHVWLJDGD�D�HOHWUR¿DF �3$���FRP����mR�GH�EOHQGDV�GH�SROLDPLGD
SROL�FORULGUDWR�GH�DOLODPLQD���3$+��SDUD�D�REWHQomR�GH�QDQR¿EUDV�SDUD�DSOLFDomR�HP�VHQVRUHV�TXtPLFRV��
)RUDP�LQYHVWLJDGRV�RV�HIHLWRV�GD�FRQFHQWUDFmR�GD�SROLDPLGD����GD�WHQVmR�H�GD�GLVWkQFLD�GD�DJXOKD�DR�
FROHWRU�QR�SURFHVVR�GH�REWHQomR�GDV�¿EUDV��$V�QDQR¿EUDV�REWLGDV�IRUDP�FDUDFWHUL]DGDV�SHODV�WpFQLFDV�
GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD� �0(9���HVSHFWURVFRSLD�QD� UHJLmR�GR� LQIUDYHUPHOKR� �)7,5��H�
GLIUDomR�GH�UDLRV�;��'5;���
Palavras-chave��(OHWUR¿DomR��1DQR¿EUDV��%OHQGDV�SROLPpULFDV�

electroSPun nAnoFiberS oF PA6/PAH blendS For cHemicAl SenSor APlicA-

tionS

Abstract

7KH�HOHFWURVSLQQLQJ�LV�UHFRJQL]HG�DV�DQ�HI¿FLHQW�WHFKQLTXH�IRU�WKH�IDEULFDWLRQ�RI�SRO\PHULF�PLFUR��DQG�
QDQR¿EHUV�GXH�WR�LWV�YHUVDWLOLW\�DQG�SRWHQWLDO�IRU�DSSOLFDWLRQV�LQ�PDQ\�¿HOGV��7KH�¿EHUV�VSXQ�E\�WKLV�SUR�
FHVV�RIIHUV�VHYHUDO�DGYDQWDJHV�VXFK�DV�KLJK�VXUIDFH�DUHD�UHODWLYH�WR�YROXPH��KLJK�SRURVLW\�DQG�WKH�DELOLW\�
WR�PDQLSXODWH�WKH�FRPSRVLWLRQ�RI�QDQR¿EHUV�LQ�RUGHU�WR�REWDLQ�WKH�GHVLUHG�SURSHUWLHV�DQG�IXQFWLRQV��,Q�
WKLV�ZRUN��ZH� LQYHVWLJDWHG� WKH�HOHFWURVSLQQLQJ�RI�SRO\DPLGH��� �3$���SRO\�DOO\ODPLQH�K\GURFKORULGH��
�3$+��WR�REWDLQ�QDQR¿EHUV�IRU�FKHPLFDO�VHQVRUV��7KH�HIIHFWV�RI�3$��FRQFHQWUDWLRQ��WKH�YROWDJH�DQG�WKH�
GLVWDQFH�EHWZHHQ�WKH�QHHGOH�DQG�¿EHU�FROOHFWRU�ZHUH�LQYHVWLJDWHG��7KH�QDQR¿EHUV�REWDLQHG�ZHUH�FKD�
UDFWHUL]HG�E\�;�UD\�GLIIUDFWLRQ��;5'���VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0��DQG�LQIUDUHG�VSHFWURVFRS\�
�)7,5��
Keywords: (OHFWURVSLQQLQJ��1DQR¿EHUV��3RO\PHULF�%OHQGV�
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1 introduÇÃo

'HQWUH�DV�PHWRGRORJLDV�SDUD�D�SURGXomR�GH�QDQRPDWHULDLV��D�WpFQLFD�GH�HOHWUR¿DomR�VH�GHVWDFD�
GHYLGR�j�SRVVLELOLGDGH�GH�REWHQomR�GH�¿EUDV�FRP�GLIHUHQWHV�IXQFLRQDOLGDGHV�H�FRP�GLkPHWURV�H�IRUPDV�
DMXVWiYHLV��$*$5:$/$�HW�DO����������$V�¿EUDV�SURGX]LGDV�SRU�HVVD�WpFQLFD�VmR�GD�RUGHP�GH�PLFU{PH�
WURV�D�QDQ{PHWURV�H�SRGHP�DSUHVHQWDU�FDUDFWHUtVWLFDV�LPSRUWDQWHV�SDUD�DSOLFDo}HV�ELRPpGLFDV�H�WHFQR�
OyJLFDV��FRPR�PLFUR¿OWUDomR��GLVSRVLWLYRV�yWLFRV�H�HP�VHQVRUHV��//25(16�HW�DO�������H�%+$5':$-�
HW� DO��� �������1HVWH� WUDEDOKR� DSUHVHQWDPRV� D�REWHQomR� H� FDUDFWHUL]DomR�GH�QDQR¿EUDV� HOHWUR¿DGDV�GH�
EOHQGDV�SROLPpULFDV�GH�SROLDPLGD����3$���FRP�SROL�FORULGUDWR�GH�DOLODPLQD���3$+��

2 mAteriAl e métodoS

)RUDP�SUHSDUDGDV�VROXF}HV�FRQWHQGR����H������P�Y��GH�3$��HP�iFLGR�IyUPLFR��(P�VHJXLGD��
IRL�DGLFLRQDGR�R�3$+�QD�SURSRUomR�GH������P�P���$OpP�GD�FRQFHQWUDomR�GD�3$���YDULRX�VH�WDPEpP�D�
WHQVmR�DSOLFDGD���������H����N9��H�D�GLVWkQFLD�HQWUH�D�DJXOKD�H�R�FROHWRU�������H����FP���$V�RXWUDV�FRQGL�
c}HV�HPSUHJDGDV�GXUDQWH�D�HOHWUR¿DFmR�GDV�EOHQGDV�IRUDP��YD]mR�GH������P/�K�H�GLkPHWUR�GD�DJXOKD�GH�
��PP��$V�QDQR¿EUDV�REWLGDV�IRUDP�FDUDFWHUL]DGDV�SHODV�WpFQLFDV�GH�PLFURVFRSLD�HOHWURޛnica de varredura 
�0(9���HVSHFWURVFRSLD�QD�UHJLmR�GR�LQIUDYHUPHOKR��)7,5��H�GLIUDomR�GH�UDLRV�;��'5;���

3 reSultAdoS e diScuSSÃo

(VWXGRV�WrP�PRVWUDGR�TXH�SDUkPHWURV�FRPR�FRQFHQWUDomR�GR�VROYHQWH�H�WHQVmR�DSOLFDGD�SRGHP�
DIHWDU�FRQVLGHUDYHOPHQWH�R�WDPDQKR�H�D�PRUIRORJLD�GDV�¿EUDV�REWLGDV�SHOR�SURFHVVR�GH�HOHWUR¿DomR��1D�
)LJXUD���VmR�DSUHVHQWDGDV�DV�LPDJHQV�GH�0(9�GDV�QDQR¿EUDV�GH�3$��3$+�REWLGDV�DSyV�D�YDULDomR�GD�
FRQFHQWUDomR�GH�3$���3RGH�VH�REVHUYDU�TXH�R�DXPHQWR�QD�FRQFHQWUDomR�GR�3$��OHYRX�D�REWHQomR�GH�
¿EUDV�FRP�PRUIRORJLD�XQLIRUPH�H�FRP�GLkPHWUR�GH�DSUR[LPDGDPHQWH����QP��

              

Figura 1. ,PDJHQV�GH�0(9�GH�QDQR¿EUDV�REWLGDV�D�SDUWLU�GD�HOHWUR¿DomR�GH�EOHQGDV�GH�3$��3$+�XWLOL]DQGR�VH�
����GH�3$���HVTXHUGD��H�����GH�3$���GLUHLWD��

0DQWHQGR�VH�DV�GHPDLV�YDULiYHLV�¿[DV�H�DQDOLVDQGR�VH�DSHQDV�R�HIHLWR�GD�YDULDomR�GD�WHQVmR�
DSOLFDGD��QRWRX�VH�XPD�GLPLQXLomR�GR�GLkPHWUR�PpGLR�GDV�¿EUDV�j�PHGLGD�TXH�VH�DXPHQWRX�D�WHQVmR�
DSOLFDGD��1HVWH�HVWXGR��SRGH�VH�REVHUYDU�WDPEpP�XPD�GLPLQXLomR�QR�GLkPHWUR�GDV�QDQR¿EUDV�FRP�D�
DGLomR�GR�3$+��FRPSRUWDPHQWR�TXH�SRGH�VHU�H[SOLFDGR�SHOR�DXPHQWR�GD�FRQGXWLYLGDGH�GD�VROXomR��2V�
HVSHFWURV�GH�)7,5�GDV�QDQR¿EUDV�GH�3$��3$+�FRQ¿UPDUDP�D�SUHVHQoD�GRV�JUXSDPHQWRV�TXtPLFRV�GRV�
dois polímeros no material obtido.

4 concluSÃo

1DQR¿EUDV�GH�EOHQGDV�GH�3$��3$+�FRP�GLkPHWUR�HP�WRUQR�GH����QP�H�PRUIRORJLD�XQLIRUPH�
IRUDP�REWLGDV�FRP�VXFHVVR�XWLOL]DQGR�VH�D�WpFQLFD�GH�HOHWUR¿DomR��$V�QDQR¿EUDV�REWLGDV�VHUmR�XWLOL]DGDV�
SDUD�PRGL¿FDomR�GH�HOHWURGRV�LQWHUGLJLWDGRV�SDUD�DSOLFDomR�HP�VHQVRUHV�TXtPLFRV�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�j�)$3(63��3URFHVVR�Qo����������������&13T�H�j�(0%5$3$�SHOR�DSRLR�
¿QDQFHLUR�
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resumo

)LOPHV�QDQRHVWUXWXUDGRV�FRQWHQGR�TXLWRVDQD�WrP�DSUHVHQWDGR�ERP�GHVHPSHQKR�FRPR�SODWDIRUPD�VHQ�
VRULDO�QR�GHVHQYROYLPHQWR�GH�ELRVVHQVRUHV��1HVVH�FRQWH[WR��R�SUHVHQWH�WUDEDOKR�WHYH�FRPR�REMHWLYR�D�
IDEULFDomR�GH�¿OPHV�QDQRHVWUXWXUDGRV�DWUDYpV�GD�WpFQLFD�FDPDGD�SRU�FDPDGD��/E/��IRUPDGRV�SHOR�SR�
OLHOHWUyOLWR�FDWL{QLFR�TXLWRVDQD��4XL���R�DQL{QLFR�SROL�����HWLOHQRGLR[LWLRIHQR��±�SROL�HVWLUHQRVXOIDQDWR��
�3('27�366��H�)WDORFLDQLQD�GH�&X�,,�WHWUDVXOIRQDGD��)W���SDUD�SRVWHULRU�XVR�FRPR�SODWDIRUPD�QD�LPR�
ELOL]DomR�GH�HQ]LPDV��$�IRUPDomR�GRV�¿OPHV�IRL�PRQLWRUDGD�SRU�HVSHFWURVFRSLD�QD�UHJLmR�GR�89�9LV�H�
LQIUDYHUPHOKR��TXH�WDPEpP�IRUDP�XWLOL]DGDV�SDUD�DQiOLVH�GD�HVWUXWXUD�TXtPLFD�GRV�¿OPHV��$�PRUIRORJLD�
GRV�¿OPHV�VHUi�DYDOLDGD�SRU�PLFURVFRSLDV�GH�IRUoD�DW{PLFD��$)0���HOHWU{QLFD�GH�YDUUHGXUD��0(9��H�GH�
WUDQVPLVVmR��0(7��
Palavras-chave��)LOPHV�QDQRHVWUXWXUDGRV��4XLWRVDQD��3('27�366��)WDORFLDQLQD��%LRVVHQVRU�

nAnoeStructured FilmS contAininG cHitoSAn APPlied AS SenSoriAl PlAt-

Form

Abstract

1DQRVWUXFWXUHG� ¿OPV� FRQWDLQLQJ� FKLWRVDQ� KDYH� VKRZQ� D� JRRG� SHUIRUPDQFH� DV� VHQVLQJ� SODWIRUP� IRU�
WKH�GHYHORSPHQW�RI�ELRVHQVRUV��,Q�WKLV�FRQWH[W��WKLV�ZRUN�DLPV�DW�PDQXIDFWXULQJ�QDQRVWUXFWXUHG�¿OPV�
WKURXJK�WKH�OD\HU�E\�OD\HU�WHFKQLTXH��/E/���7KH�¿OPV�DUH�IRUPHG�E\�FDWLRQLF�SRO\HOHFWURO\WH�FKLWRVDQ�
�&KL���WKH�DQLRQLF�SRO\�����HWK\OHQHGLR[\WKLRSKHQH���SRO\��HVWLUHQRVXOIRQDWH���3('27�366��DQG�WHWUD�
VXOIRQDWHG�&X�,,�SKWKDORF\DQLQH��)W���ZKLFK�ZLOO�EH�XVHG�DV�SODWIRUP�IRU�HQ]\PHV�LPPRELOL]DWLRQ��7KH�
IRUPDWLRQ�RI�WKH�¿OPV�ZDV�PRQLWRUHG�E\�89�YLVLEOH�DQG�LQIUDUHG�VSHFWURVFRS\��ZKLFK�ZDV�DOVR�XVHG�DV�
VWUXFWXUDO�DQDO\VLV�RI�WKH�¿OPV��7KH�PRUSKRORJ\�RI�WKH�¿OPV�ZLOO�EH�HYDOXDWHG�E\�DWRPLF�IRUFH��$)0���
VFDQQLQJ�HOHFWURQ��6(0��DQG�WUDQVPLVVLRQ��7(0��PLFURVFRS\�
Keywords: 1DQRVWUXFWXUHG�¿OPV��&KLWRVDQ��3('27�366��3KWKDORF\DQLQH��%LRVHQVRU��

1 introduÇÃo

$�WpFQLFD�GH�DXWRPRQWDJHP��/E/��GR� LQJOrV�Layer-by-Layer��p�XPD� WpFQLFD�GH� IRUPDomR�GH�
¿OPHV�QDQRPpWULFRV��EDVHDGD�QD�LQWHUDomR�HQWUH�RV�PDWHULDLV�XWLOL]DGRV��$V�LQWHUDo}HV�SRGHP�VHU�OLJD�
o}HV�FRYDOHQWHV��DGVRUomR�TXtPLFD��IRUoDV�GH�9DQ�GH�:DDOV�RX��PDLV�UHFHQWHPHQWH�SURSRVWD�SRU�'HFKHU�
H�VHXV�FRODERUDGRUHV��LQWHUDo}HV�HOHWURVWiWLFDV��'(&+(5��*HUDUG�et al����������$�IRUPDomR�GH�¿OPHV�
/E/�� WHQGR�FRPR�IRUoD�PRWUL]� LQWHUDo}HV�HOHWURVWiWLFDV��EDVHLD�VH�QD� LQWHUDomR� ItVLFD�GH�PDWHULDLV�GH�
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FDUJD�HOpWULFD�RSRVWD��2V�¿OPHV�VmR�HQWmR�IRUPDGRV��UHRUJDQL]DQGR�HVSRQWDQHDPHQWH�RV�FRPSRQHQWHV�
HP�VXEVWUDWR�VyOLGR��OHYDQGR�D�IRUPDomR�GDV�PXOWLFDPDGDV�QDQRPpWULFDV��$V�FDPDGDV�VH�IRUPDP�SHOD�
LPHUVmR�VXFHVVLYD�GR�VXEVWUDWR�HP�VROXo}HV�GH�PDWHULDLV�FRP�FDUJDV�RSRVWDV��VHQGR�RV�PDWHULDLV�PDLV�
IUHTXHQWHPHQWH�XWLOL]DGRV�RV�SROLHOHWUyOLWRV�FDWL{QLFRV�H�DQL{QLFRV��2�IDWR�GD�TXLWRVDQD�VHU�XP�SROLHOH�
WUyOLWR�OLQHDU�FRP�DOWD�GHQVLGDGH�GH�FDUJD�SRVLWLYD�H�FRP�FDSDFLGDGH�GH�IRUPDU�¿OPHV�FRP�IDFLOLGDGH��D�
WRUQD�XP�PDWHULDO�DSURSULDGR�SDUD�FRQIHFomR�GH�¿OPHV�DXWRPRQWDGRV��.,0��6H�.ZRQ��et al.���������$�
IRUPDomR�GH�¿OPHV�XOWUD¿QRV�DXWR�RUJDQL]DGRV�p�HVVHQFLDO�SDUD�R�GHVHQYROYLPHQWR�GD�SODWDIRUPD�VHQ�
VRULDO��VHQGR�DVVLP��R�REMHWLYR�GHVVH�WUDEDOKR�IRL�GHVHQYROYHU�DUTXLWHWXUDV�DGHTXDGDV�SDUD�LPRELOL]DomR�
GR�VtWLR�VHQVRULDO�H�SRVWHULRU�GHWHFomR�GR�DQDOLWR�

2 mAteriAiS e métodoS

2V�¿OPHV�QDQRHVWUXWXUDGRV�IRUDP�IRUPDGRV�SHOD�WpFQLFD�GH�DXWRPRQWDJHP��/E/��HP�VXEVWUDWRV�
GH�TXDUW]R�H�VLOtFLR��$V�DUTXLWHWXUDV�XWLOL]DGDV�IRUDP�4XL�3('27�366�H�4XL�)W�VHQGR�RV�¿OPHV�IRUPD�
GRV�SRU���ELFDPDGDV�GRV�PDWHULDLV��)RUDP�XWLOL]DGDV�VROXo}HV�GH�4XL��3('27�366�H�)W�QD�FRQFHQWUDomR�
GH�����PJ�P/�H�R�WHPSR�LPHUVmR�GR�VXEVWUDWR�QDV�VROXo}HV�IRL�GH����PLQXWRV�SDUD�VROXo}HV�GH�4XL�H�
��PLQXWRV�SDUD�VROXo}HV�GH�3('27�366�H�)W��2�PRQLWRUDPHQWR�GD�IRUPDomR�GDV�ELFDPDGDV�IRL�IHLWR�
DWUDYpV�GD�WpFQLFD�GH�HVSHFWURVFRSLD�QD�UHJLmR�GR�89�9LV�HQTXDQWR�TXH�D�FDUDFWHUL]DomR�HVWUXWXUDO�IRL�
IHLWD�DWUDYpV�GD�HVSHFWURVFRSLD�QD�UHJLmR�GR�LQIUDYHUPHOKR��

3 reSultAdoS e diScuSSÃo

2�FUHVFLPHQWR�GRV�¿OPHV�IRL�DFRPSDQKDGR�SRU�HVSHFWURVFRSLD�QD�UHJLmR�GR�89�9LV��DWUDYpV�
GH�PHGLGDV� GR� DXPHQWR� GD� DEVRUEkQFLD� HP� IXQomR� GR� Q~PHUR� GH� ELFDPDGDV� GHSRVLWDGDV��$� )LJXUD�
��$��PRVWUD�RV�HVSHFWURV�REWLGRV�SDUD�RV�¿OPHV�DXWRPRQWDGRV�IRUPDGRV�SRU���D���ELFDPDGDV�GH�4XL�
3('27�366��$WUDYpV�GR�PRQLWRUDPHQWR�GD�EDQGD�HP�����QP��DWULEXtGD�j�WUDQVLomR�ʌ�ʌ*�GR�FRPSOH[R�
�3('27�366����IRL�SRVVtYHO�YHUL¿FDU�XPD�GHSHQGrQFLD�OLQHDU�GD�DEVRUomR�FRP�R�Q~PHUR�GH�ELFDPDGDV�
GHSRVLWDGDV��LQGLFDQGR�XP�FUHVFLPHQWR�XQLIRUPH�GRV�¿OPHV�SROLPpULFRV�VREUH�R�VXEVWUDWR��e�REVHUYDGD�
WDPEpP�QR�HVSHFWUR�XPD�EDQGD�FHQWUDGD�HP�����QP�FDUDFWHUtVWLFD�GR�3('27�QR�HVWDGR�GRSDGR��
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Figura 1. (VSHFWUR�GH�DEVRUomR�QD�UHJLmR�GR�89�9LV�SDUD�GLIHUHQWHV�Q~PHURV�GH�ELFDPDGDV�GRV�¿OPHV�GH�4XL�
3('27�366��$��H�YDULDomR�GD�DEVRUomR��FRQVLGHUDQGR�SLFR�HP�����QP��HP�IXQomR�GR�Q~PHUR�GH�ELFDPDGDV��

PRVWUDQGR�R�FRPSRUWDPHQWR�OLQHDU��52� ��������%��

2�PHVPR�FRPSRUWDPHQWR�OLQHDU�GH�FUHVFLPHQWR�IRL�REVHUYDGR�SDUD�RV�¿OPHV�4XL�)W��2�HVSHF�
WUR�GH�LQIUDYHUPHOKR�SDUD�R�¿OPH�4XL�3('27�366�p�PRVWUDGR�QD�)LJXUD����DSUHVHQWDQGR�DV�EDQGDV�GH�
WUDQVPLVVmR�FDUDFWHUtVWLFDV�GR�3('27�366��HP������FP����& &��������FP����&�&�������FP����6�2���H�
����FP����&�6��UHIHUHQWHV�DV�OLJDo}HV�GR�DQHO�WLRIrQLFR��HQTXDQWR�TXH�D�EDQGDV�HP������FP���H������FP�� 
VmR�UHIHUHQWHV�DR�HVWLUDPHQWR�GD�OLJDomR�&�2�&�QR�JUXSR�GLR[LHWLOHQR��$OpP�GHVVDV��R�HVSHFWUR�DSUHVHQWD�
LQWHQVD�EDQGD�HP������FP���UHIHUHQWH�j�GHIRUPDomR�DQJXODU�1�+�GH�DPLGD�,,�GD�TXLWRVDQD��FRPSURYDQGR�
D�SUHVHQoD�GH�DPERV�RV�PDWHULDLV�QR�¿OPH��2�HVSHFWUR�QD�UHJLmR�GR�LQIUDYHUPHOKR�SDUD�R�¿OPH�GH�4XL�)W�
WDPEpP�DSUHVHQWRX�DV�EDQGDV�GH�WUDQVPLVVmR�FDUDFWHUtVWLFD�GRV�PDWHULDLV�IRUPDGRUHV�GR�¿OPH�
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Figura 2. (VSHFWUR�QR�LQIUDYHUPHOKR�SDUD�R�¿OPH�4XL�3('27�366�FRP���ELFDPDGDV�
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WHQGR�TXLWRVDQD��2�FUHVFLPHQWR�GRV�¿OPHV�4XL�3('27�366�H�4XL�)W��PRQLWRUDGR�DWUDYpV�GR�DXPHQWR�
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resumo
2�SUHVHQWH�HVWXGR�YLVRX�R�GHVHQYROYLPHQWR�GH�¿OPHV�FRP�DUTXLWHWXUDV�QDQRHVWUXWXUDGDV�SDUD�XWLOL]D�
omR�HP�ELRVVHQVRUHV��)RUDP�GHSRVLWDGRV�¿OPHV�QDQRHVWUXWXUDGRV�DWUDYpV�GD�WpFQLFD�GH�DXWRPRQWDJHP�
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�OD\HU�E\�OD\HU� WHFKQLTXH� �� /E/�� XWLOL]DQGR� DV� HQ]LPDV�� OLVR]LPD�� SHSVLQD� H� WULSVLQD� H� RV� SROtPHURV�
KLGURFORUHWR�GH�SROLDOLODPLQD��3$+��FRPR�SROLFiWLRQ�H�3ROLHVWLUHQR�VXOIRQDWR��366��FRPR�SROLkQLRQ��2�
FUHVFLPHQWR�GRV�¿OPHV�IRL�FDUDFWHUL]DGR�SHOD�WpFQLFD�HVSHFWURVFySLFD�QD�UHJLmR�GR�89�9LV�H�D�DQiOLVH�
PRUIROyJLFD�SHOD�WpFQLFD�GH�0LFURVFRSLD�GH�)RUoD�$W{PLFD��2EWLYHUDP�VH�¿OPHV�XQLIRUPHV�H�FRP�ERP�
UHFREULPHQWR�VXSHU¿FLDO�
Palavras-chave��%LRVVHQVRU��/D\HU�E\�/D\HU��3ROtPHURV��(Q]LPDV�

develoPment oF nAnoStructured ArcHitectureS to electrocHemicAl 
bioSenSorS uSinG SelF-ASSemblY tecHnique
Abstract
7KH� SUHVHQW�ZRUN� DLPV� DW� GHYHORSLQJ� ¿OPV�ZLWK� QDQRVWUXFWXUHG� DUFKLWHFWXUHV� WR� XVH� LQ� � ELRVHQVRUV��
/D\HU�E\�OD\HU�QDQRVWUXFWXUHG�¿OPV�ZHUH�REWDLQHG�ZLWK�WKH�IROORZLQJ�HQ]\PHV��O\VR]\PH��SHSVLQ�DQG�
WU\SVLQ�DQG�WKH�SRO\PHUV��SRO\DOO\ODPLQH�K\GURFKORULGH��3$+��DQG�SRO\VW\UHQH�VXOIRQDWH��366��ZKLFK�
DUH�WKH�SRO\FDWLRQ�DQG�SRO\DQLRQ��UHVSHFWLYHO\��7KH�¿OP�JURZWK�ZDV�FKDUDFWHUL]HG�E\�89�9LV�VSHFWUR�
VFRSLF� WHFKQLTXH�DQG� WKH�PRUSKRORJLFDO�DQDO\VLV�E\�$WRPLF�)RUFH�0LFURVFRS\��8QLIRUPV�¿OPV�ZLWK�
JRRG�VXUIDFH�FRYHUDJH�ZHUH�REVHUYHG�
Keywords: %LRVHQVRU��/D\HU�E\�/D\HU��3RO\PHU��(Q]\PH�

1 introduÇÃo

2�GHVHQYROYLPHQWR�GH�VHQVRUHV�H�ELRVVHQVRUHV�SURGX]LGRV�FRP�PDWHULDLV�QDQRHVWUXWXUDGRV�VH�
WRUQDUDP�XPD�IHUUDPHQWD�LPSUHVFLQGtYHO�QD�DYDOLDomR�GH�LQVXPRV�H�QD�GHWHFomR�GH�FRQWDPLQDQWHV��1D�
DJURLQG~VWULD��FRQWXGR��D�DSOLFDomR�GH�ELRVVHQVRUHV�HQFRQWUD�VH�DLQGD�LQFLSLHQWH�H�FRP�ODUJR�HVSDoR�SDUD�
H[SORUDomR�

%LRVVHQVRUHV�VmR�JHUDOPHQWH�GH¿QLGRV�FRPR�GLVSRVLWLYRV�TXH�XWLOL]DP�XP�ELRUHFHSWRU�VHOHWLYR�
FRP�D¿QLGDGH�SDUD�XPD�DPRVWUD�RX�XP�DQDOLWR�GH� LQWHUHVVH��2�ELRUHFHSWRU��JHUDOPHQWH�XPD�HVSpFLH�
ELRTXtPLFD�FRPR�DQWLFRUSRV��ROLJRQXFOHRWtGHRV�RX�HQ]LPDV��p�DFRSODGR�D�XP�WUDQVGXWRU�TXH�XWLOL]D�XP�
WtSLFR�PHFDQLVPR�ELRTXtPLFR�GH�UHFRQKHFLPHQWR�H�FRQYHUWH�R�UHVXOWDGR�GH�LQWHUDomR�HP�XP�VLQDO�PHQ�
VXUiYHO��2�XVR�GH�XPD�HQ]LPD�DVVRFLDGD�D�XP�HOHWURGR�p�XPD�GDV�PDLV�VLPSOHV�H�H¿FLHQWHV�FODVVHV�GH�
ELRVVHQVRUHV��(VWD�DSUR[LPDomR�FRPELQD�D�HVSHFL¿FLGDGH�GH�XPD�UHDomR�HQ]LPiWLFD�FRP�D�IRUoD�DQDOt�
WLFD�GH�XPD�GHWHFomR�HOHWURTXtPLFD��$�HQ]LPD�p�QRUPDOPHQWH�LPRELOL]DGD�VREUH�XP�WUDQVGXWRU�FRQGXWRU�
H�R�VLQDO�HOpWULFR�REWLGR�p�FRUUHODFLRQDGR�FRP�D�HVSpFLH�RX�FRQFHQWUDomR�GR�VXEVWUDWR�D�VHU�GHWHFWDGR�
�&255($��������

1HVWH�WUDEDOKR�VHUi�DSUHVHQWDGD�D�SUHSDUDomR�H�FDUDFWHUL]DomR�GH�DUTXLWHWXUDV�HQ]LPiWLFDV�SROL�
PpULFDV�QDQRHVWUXWXUDGDV�SDUD�D�GHWHFomR�GH�SDWRJrQLFRV��SDUD�IXWXUD�XWLOL]DomR�HP�ELRVVHQVRUHV��

2 mAteriAiS e métodoS

7RGDV�RV�UHDJHQWHV�HPSUHJDGRV�QHVWH�WUDEDOKR�IRUDP�DGTXLULGRV�GD�6LJPD�$OGULFK��/LVR]LPD��
FyGLJR�/������7ULSVLQD��FyGLJR�7�����H�3HSVLQD��FyGLJR�3������DVVLP�FRPR�RV�SROtPHURV�XWLOL]DGRV�
SDUD�R�FUHVFLPHQWR�GRV�¿OPHV��KLGURFORUHWR�GH�SROLDOLODPLQD��3$+���SROLFiWLRQ��H�SROLHVWLUHQR�VXOIRQDWR�
�366���SROLkQLRQ��

3DUD�SUHSDUR�GDV� HQ]LPDV� IRUDP�XWLOL]DGDV�DV� VROXo}HV��/LVR]LPD��S+� ����� WDPSmR� IRVIDWR��
7ULSVLQD��S+� �����WDPSmR�WUL]PD��3HSVLQD��S+� �����WDPSmR�IRVIDWR�

2V�¿OPHV�DXWRPRQWDGRV� IRUDP�GHSRVLWDGRV�VREUH� OkPLQDV�GH�TXDUW]R�XWLOL]DQGR�D� WpFQLFD�GH�
/E/��'(&+(5���������$QWHV�GR�FUHVFLPHQWR�GDV�ELFDPDGDV�FRP�DV�HQ]LPDV��GHSRVLWDUDP�VH���FDPDGDV�
SROLPpULFDV�GH�3$+�366�SDUD�IDYRUHFHU�R�FUHVFLPHQWR�GRV�¿OPHV�HQ]LPiWLFRV��)RUDP�HVWXGDGRV�WUrV�
DUUDQMRV�GH�¿OPHV��3$+�3HSVLQD��3$+�/LVR]LPD�H�3$+�7ULSVLQD��FRP�GLVWLQWDV�ELFDPDGDV����D����

2�FUHVFLPHQWR�GRV�¿OPHV�DXWRPRQWDGRV�IRL�DFRPSDQKDGR�XWLOL]DQGR�VH�D�WpFQLFD�GH�HVSHFWURV�
FRSLD�89�9LV��3HUNLQ�(OPHU�±�/DPEGD�����H�D�FDUDFWHUL]DomR�PRUIROyJLFD�SHOD�WpFQLFD�GH�0LFURVFRSLD�
GH�)RUoD�$W{PLFD�FRP�R�HTXLSDPHQWR�'LPHQVLRQ�9��9HHFR���XWLOL]DQGR�SRQWDV�GH�VLOtFLR�DQH[DGDV�D�XP�
PLFURFDQWLOHYHU�GH�FRQVWDQWH�GH�PROD������1�P�H�IUHTXrQFLD�GH�UHVVRQkQFLD�GH�������.+]��7RGDV�DV�
LPDJHQV�IRUDP�REWLGDV�HP�PRGR�WDSSLQJ70�FRP�YHORFLGDGH�GH�YDUUHGXUD�GH�����+]��$�UDL]�TXDGUDGD�GD�
PpGLD�GD�UXJRVLGDGH��5PV��H�D�HVSHVVXUD�IRUDP�FDOFXODGDV�XVDQGR�R�VRIWZDUH�*Z\GGLRQ��9HUVmR�������
1RYHPEUR�������



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014.44

3 reSultAdoS e diScuSSÃo

(VWXGRX�VH�D�IRUPDomR�GH�¿OPHV�DXWRPRQWDGRV�FRP�DV�HQ]LPDV�SHSVLQD��WULSVLQD�H�OLVR]LPD�HP�
OkPLQDV�GH�TXDUW]R��VHQGR�DFRPSDQKDGR�D�FLQpWLFD�GH�FUHVFLPHQWR�GRV�¿OPHV��RX�VHMD��D�YDULDomR�QD�
FRQFHQWUDomR�GH�PDWHULDO�DGVRUYLGR�QD�VXSHUItFLH�GR�TXDUW]R�HP�IXQomR�GR�LQFUHPHQWR�GD�DEVRUEkQFLD�
REVHUYDGR�HP�����QP��)RUDP�GHSRVLWDGDV�ELFDPDGDV�366�HQ]LPD��YDULDQGR�VH�D�FRQFHQWUDomR�GDV�HQ�
]LPDV�

Figura 1. *Ui¿FR�GD�DEVRUEkQFLD�GH�GLIHUHQWHV�ELFDPDGDV�GH�HQ]LPDV��7ULSVLQD��/LVR]LPD�H�3HSVLQD��
UHVSHFWLYDPHQWH��VREUH�TXDUW]R�YDULDQGR�VH�D�FRQFHQWUDomR�HQ]LPiWLFD�

3RGH�VH�REVHUYDU�XP�FUHVFLPHQWR�FRQVWDQWH�H�OLQHDU�HP�WRGRV�RV�FDVRV�DQDOLVDGRV��2�FUHVFLPHQ�
WR�QRV�YDORUHV�GH�DEVRUEkQFLD�FRPSURYDUDP�TXH�D�GHSRVLomR�SRU�/E/�UHVXOWD�QD�DGVRUomR�GDV�ELFDPDGDV�
SROtPHUR�HQ]LPD�

6HJXQGR�HVWXGRV��-,1���������D�GHSHQGrQFLD�GD�UHVSRVWD�GR�HOHWURGR�FRP�R�Q~PHUR�GH�FDPDGDV�
HQ]LPiWLFDV�p�DOFDQoDGD�FRP�D�GHSRVLomR�GH�DWp�����FDPDGDV��RQGH�REVHUYRX�D�WUDQVLomR�GD�GHSHQGrQFLD�
FLQpWLFD�SDUD�D�GLIXVLRQDO��REWHQGR�XPD�UHVSRVWD�HOpWULFD�FRQVWDQWH��3DUD�R�QRVVR�HVWXGR��GHWHUPLQRX�VH�
D�XWLOL]DomR�GH�QR�Pi[LPR���FDPDGDV�HQ]LPiWLFDV��3RGH�VH�WDPEpP�REVHUYDU�D�YDULDomR�GR�FUHVFLPHQWR�
GRV�¿OPHV�FRP�DV�GLIHUHQWHV�FRQFHQWUDo}HV��GDV�TXDLV�RSWRX�VH�SRU�XWLOL]DU�D�FRQFHQWUDomR�GH�����PJ�
P/��SRU�VHU�XPD�FRQFHQWUDomR�PpGLD�H�DSUHVHQWDU�XP�FDUiWHU�RWLPL]DGR�IUHQWH�D�PDLRUHV�FRQFHQWUDo}HV�

1D�)LJXUD���� HVWmR�DSUHVHQWDGDV�DV�PLFURJUD¿DV�GH� IRUoD�DW{PLFD�FRPSDUDQGR�³VXEVWUDWR�GH�
TXDUW]R�FDPDGD�FROFKmR´�FRP�³VXEVWUDWR�GH�TXDUW]R�FDPDGD�FROFKmR���FDPDGD�HQ]LPiWLFD´��2V�YDORUHV�
GH�UXJRVLGDGH�HVWmR�LQGLFDGRV�DEDL[R�GH�FDGD�LPDJHP�

6XEVWUDWR���FDPDGD�FROFKmR 1 camada enzimática
tripsina

rq = 2,38 nm rq = 1,55 nm

Pepsina

rq = 3,65 nm rq = 1,7 nm
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6XEVWUDWR���FDPDGD�FROFKmR 1 camada enzimática
lisozima

rq = 2,75 nm rq = 4,78 nm

Figura 2. 0LFURJUD¿DV�GH�IRUoD�DW{PLFD�

3RGH�VH�REVHUYDU�TXH�D�GHSRVLomR�GD�FDPDGD�FROFKmR�UHFREULX�WRWDOPHQWH�R�VXEVWUDWR��SRUpP�
GH�IRUPD�LUUHJXODU��$�GHSRVLomR�GH�WULSVLQD�H�SHSVLQD�GLPLQXtUDP�R�YDORU�GD�UXJRVLGDGH�GRV�¿OPHV�DXWR�
PRQWDGRV��HQTXDQWR�D�OLVR]LPD�WHYH�HIHLWR�FRQWUiULR��DXPHQWDQGR�D�UXJRVLGDGH�

4 concluSÃo

2�HVWXGR�UHDOL]DGR�GHWHUPLQRX�RV�SDUkPHWURV�SDUD�R�FUHVFLPHQWR�GH�¿OPHV�SROLPpULFRV�HQ]LPi�
WLFRV�XWLOL]DQGR�D�WpFQLFD�GH�/E/��DVVLP�FRPR�D�FRQFHQWUDomR�GDV�HQ]LPDV�D�VHUHP�XWLOL]DGDV��(VWXGRV�
SRU�$)0�GHPRQVWUDUDP�D�H¿FLrQFLD�GH�UHFREULPHQWR�GD�DUTXLWHWXUD�SURSRVWD��1RYRV�HVWXGRV�H�FDUDFWH�
UL]Do}HV�ItVLFR�TXtPLFDV�HVWmR�HP�DQGDPHQWR�SDUD�DSOLFDomR�GHVWHV�¿OPHV�HP�ELRVHQVVRUHV�
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resumo
1HVWH�WUDEDOKR�PLFUR��H�QDQR¿EUDV�IRUDP�SURGX]LGDV�SHOD�WpFQLFD�GH�HOHWUR¿DomR�XWLOL]DQGR�RV�SROtPHURV�
SROLPHWLOPHWDFULODWR� �300$�� H� SRO\>��PHWKR[\������HWK\OKH[\OR[\������SKHQ\OHQHYLQ\OHQH@� �0(+
�339���$�GLVVROXomR�GRV�SROtPHURV�IRL�IHLWD�HP�FORURIyUPLR�SRU��DSUR[LPDGDPHQWH���K�FRP�D�DGLomR�GR�
VXUIDFWDQWH�FDWL{QLFR��&7$%��$�DGLomR�GH�VXUIDFWDQWH�YLVD�D�REWHQomR�GH�¿EUDV�FRP�PRUIRORJLDV�PDLV�
XQLIRUPHV�H�GLkPHWURV�PHQRUHV��DWUDYpV�GLPLQXLomR�GD�WHQVmR�VXSHU¿FLDO�GD�VROXomR�SROLPpULFD��2�SUR�
FHVVR�IRL�UHDOL]DGR�j�WHPSHUDWXUD�DPELHQWH�H�R�DSDUDWR�H[SHULPHQWDO�FRQVLVWLX�GH�XPD�IRQWH�GH�DOWD�YROWD�
JHP��XPD�ERPED�LQMHWRUD��XP�WXER�FDSLODU�FRP�XPD�DJXOKD�GH�SHTXHQR�GLkPHWUR�H�XP�FROHWRU�PHWiOLFR��
$�VROXomR�GH�300$�����P�P��������0(+�339�P�P��H�����&7$%�P�P��HP�FORURIyUPLR�SHUPLWLX�D�
REWHQomR�GH�¿EUDV�FRP�EDL[D�UXJRVLGDGH�VXSHU¿FLDO��FRP�GLkPHWUR�PpGLR�GH�����QP��H�DSUHVHQWDQGR�D�
ÀXRUHVFrQFLD�LQWHQVD�FHQWUDGD�HP�����QP�
Palavras-chave��(OHWUR¿DomR��300$��0(+�339��&7$%

PolY(metHYlmetHAcrYlAte) micro- And nAnoFiberS contAininG lumi-
neScente PolYmer meH-PPv
Abstract
,Q�WKLV�ZRUN��PLFUR�DQG�QDQR¿EHUV�RI�SRO\�PHWK\OPHWKDFU\ODWH���300$��DQG��SRO\>��PHWKR[\������HWK�
\OKH[\OR[\������SKHQ\OHQHYLQ\OHQH@��0(+�339��ZHUH�SURGXFHG�E\�HOHFWURVSLQQLQJ�WHFKQLTXH��3RO\�
PHU�VROXWLRQV�ZHUH�SUHSDUHG�E\�GLVVROYLQJ�WKHP�LQ�FKORURIRUP�IRU��DSSUR[LPDWHO\���K�DQG�&7$%�VXUIDF�
WDQW�ZDV�DOVR�DGGHG�WR�WKH�VROXWLRQ�WR�KHOS�REWDLQLQJ�300$�0(+�339�QDQR¿EHUV�ZLWK�VPDOO�GLDPHWHUV�
DQG�VPRRWK�VXUIDVVH�E\�GHFUHDVLQJ�WKH�VXUIDVVH�WHQVLRQ�RI�WKH�SRO\PHULF�VROXWLRQ��7KH�H[SHULPHQWH�ZDV�
FDUULHG�RXW�DW�URRP�WHPSHUDWXUH�DQG�WKH�H[SHULPHQWDO�VHWXS�FRQVLVWHG�RI�D�KLJK�YROWDJH�SRZHU�VXSSO\��
DQ�LQMHFWLRQ�SXPS��D�V\ULQJH�ZLWK�D�QHHGOH�RI�VPDOO�GLDPHWHU�DQG�D�PHWDOOLF�FROOHFWRU���7KH�VROXWLRQ�LQ�
FRQFHQWUDWLRQV�RI�����Z�Z��300$�������0(+�339�Z�Z��DQG�����&7$%�Z�Z��ZDV�GLVVROYHG� LQ�
FKORURIRUP��ZKLFK�DOORZHG�XV�WR�REWDLQ�QDQR¿EHUV�ZLWK�VPRRWK�VXUIDFH�DQG�DYHUDJH�GLDPHWHU�RI����QP��
LQDGGLWLRQ�WR�D�LQWHQVH�ÀXRUHVFHQFH�DW�����QP��
Keywords: (OHFWURVSLQQLQJ��300$��0(+�339��&7$%

1 introduÇÃo

2�SURFHVVR�GH�HOHWUR¿DomR�EDVHLD�VH�QD�DSOLFDomR�GH�XP�FDPSR�HOpWULFR�LQWHQVR�HP�XPD�JRWD�GH�
VROXomR�SROLPpULFD�TXH�VH�PDQWpP�FRHVD�SHODV�IRUoDV�GH�WHQVmR�VXSHU¿FLDO��HP�XP�WXER�FDSLODU��2�FDPSR�HOp�
WULFR�LQGX]�XPD�GHQVLGDGH�GH�FDUJD�QD�VXSHUItFLH�GR�OtTXLGR��D�TXDO�GHYLGR�j�UHSXOVmR�HOHWURVWiWLFD��FULD�XPD�
IRUoD�HP�GLUHomR�RSRVWD�j�WHQVmR�VXSHU¿FLDO��&RP�R�DXPHQWR�GD�LQWHQVLGDGH�GR�FDPSR�HOpWULFR��D�VXSHUItFLH�
QD�SRQWD�GR�FDSLODU�VH�DORQJD�IRUPDQGR�XPD�HVWUXWXUD�FRQKHFLGD�FRPR�FRQH�GH�7D\ORU��$�WUDMHWyULD�GR�MDWR�GH�
VROXomR�p�FRQWURODGD�SHOR�FDPSR�HOpWULFR��R�VROYHQWH�p�HYDSRUDGR�H�DV�¿EUDV�FDUUHJDGDV�VmR�GHSRVLWDGDV�HP�
VXSHUItFLH�PHWiOLFD��3LSHUQR�HW�DO����������)LEUDV�QDQRPpWULFDV�REWLGDV�SHOD�HOHWUR¿DomR�SRVVXHP�SURSULHGD�
GHV�PHOKRUDGDV�HP�UHODomR�jV�PLFURPpWULFDV��FRPR�HOHYDGD�UD]mR�iUHD�VXSHU¿FLDO�YROXPH��PDLRU�UHVLVWrQFLD�
j�WUDomR�H�WDPEpP�SRVVLELOLGDGH�GH�IXQFLRQDOL]DomR�GD�VXSHUItFLH�GDV�¿EUDV�FRP�PROpFXODV�GH�LQWHUHVVH�FRP�
DSOLFDo}HV�GLYHUVDV�QDV�iUHDV�GH�HQJHQKDULD��PHGLFLQD��HWF��/L�HW�DO����������1R�SUHVHQWH�HVWXGR��PLFUR��H�QD�
QR¿EUDV�SROLPpULFDV�IRUDP�SUHSDUDGDV�D�SDUWLU�GD�GLVVROXomR�GH�300$��0(+�339�H�&7$%�HP�FORURIyUPLR�

2 mAteriAiS e métodoS

,QLFLDOPHQWH�VROXo}HV�GH���300$�����FORURIyUPLR�H���300$�����FORURIyUPLR����&�
7$%�IRUDP�SUHSDUDGDV�SHOD�GLVVROXomR�GR�300$�SRU��DSUR[LPDGDPHQWH���K�H��HP�VHJXLGD��HOHWUR¿DGDV�
VHP�GRSDJHP�GH�0(+�339��SDUD�DQiOLVH�PRUIROyJLFD���3RVWHULRUPHQWH��jV�PHVPDV�VROXo}HV��IRL�DFUHV�
FHQWDGR�DSUR[LPDGDPHQWH������GR�SROtPHUR�HOHWUROXPLQHVFHQWH��3DUkPHWURV�UHODFLRQDGRV�j�FRQFHQWUD�
omR�GH�0(+�339��SURSRUomR�GH�VROYHQWHV��WD[D�GH�HMHomR�GR�SROtPHUR��GLVWkQFLD�DJXOKD�FROHWRU�H�WHQVmR�
DSOLFDGD��IRUDP�YDULDGRV�D�¿P�GH�VH�YHUL¿FDU�D�LQÀXrQFLD�GHVVDV�YDULiYHLV�QD�PRUIRORJLD�GDV�¿EUDV��$V�
¿EUDV�GRSDGDV�FRP�0(+�339�IRUDP�HOHWUR¿DGDV�GLUHWDPHQWH�HP�VXEVWUDWR�YtWUHR��HQTXDQWR�DV�¿EUDV�
VHP�GRSDJHP�IRUDP�HOHWUR¿DGDV�HP�IROKD�GH�DOXPtQLR��DPERV�FRODGRV�DR�FROHWRU�PHWiOLFR����2�SURFHVVR�
IRL�UHDOL]DGR�j�WHPSHUDWXUD�DPELHQWH�H�R�DSDUDWR�H[SHULPHQWDO�FRQVLVWLX�GH�XPD�IRQWH�GH�DOWD�YROWDJHP��
XPD�ERPED�LQMHWRUD��XP�WXER�FDSLODU�FRP�XPD�DJXOKD�GH�SHTXHQR�GLkPHWUR�H�XP�FROHWRU�PHWiOLFR�±�FL�
OLQGUR�URWDWLYR�GH�DOWD�YHORFLGDGH�SDUD�TXH�DV�QDQR¿EUDV�REWLGDV�SXGHVVHP�VHU�RULHQWDGDV�FLUFXQIHUHQ�
FLDOPHQWH��$�PRUIRORJLD�H�R�GLkPHWUR�GDV�DPRVWUDV�GH�¿EUDV�REWLGDV�IRUDP�FDUDFWHUL]DGDV�H�DQDOLVDGDV�
SRU�LPDJHQV�GH�0LFURVFRSLD�(OHWU{QLFD�GH�9DUUHGXUD��0(9��GD�PDUFD�-(2/�-60�PRGHOR������
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3 reSultAdoS e diScuSSÃo

3HORV�HVWXGRV�SRGH�VH�REVHUYDU�TXH�D�QDWXUH]D�GR�SROtPHUR�H�GR�VROYHQWH�LQÀXHQFLD�VLJQL¿FDWL�
YDPHQWH�QR�UHVXOWDGR�GR�SURFHVVR�GH�SURGXomR�GH�¿EUDV�D�SDUWLU�GD�WpFQLFD�GH�HOHWUR¿DomR��$WUDYpV�GD�
UHDOL]DomR�GH�GLIHUHQWHV�WHVWHV�REVHUYRX�VH�TXH�R�GLkPHWUR�GDV�¿EUDV�YDULD�SURSRUFLRQDOPHQWH�j�FRQFHQ�
WUDomR�GH�SROtPHUR�QD�VROXomR�H�D�SUHVHQoD�GH�beads�DXPHQWD�FRP�D�GLPLQXLomR�GD�FRQFHQWUDomR��'HVVH�
PRGR��D�XWLOL]DomR�GR�VXUIDFWDQWH�&7$%�DX[LOLRX�QD�HOLPLQDomR�GDV�LPSHUIHLo}HV�QD�VXSHUItFLH�GDV�¿EUDV�
H�REWHQomR�GH�¿EUDV�FRP�GLkPHWURV�PHQRUHV��$�7DEHOD���DSUHVHQWD�RV�YDORUHV�GRV�GLkPHWURV�REWLGRV�H�
HP�VHJXLGD�VXDV�UHVSHFWLYDV�PLFURJUD¿DV��2EVHUYD�VH�QD�)LJXUD��D��D�SUHVHQoD�GH�beads QDV�¿EUDV�VHP�
D�DGLomR�GH�&7$%�H�HP�VHJXLGD�QD�)LJXUD��E��DV�¿EUDV��SURGX]LGDV�QD�PHVPDV�FRQGLo}HV��FRP�D�DGLomR�
GH�&7$%��

tabela 1. 'LkPHWURV�REWLGRV�SDUD�DV�QDQR¿EUDV�GH�300$�H�GH�300$�0(+�339
PmmA (m/v) meH-PPv (m/m) ctAb (m/m) diâmetro (nm)

�� � � ���������

�� � ��� ��������

�� ���� ��� ��������

Figura 1. 0LFURJUD¿D�GDV�QDQR¿EUDV�GH��D�����300$���E����300$������&7$%���F�����300$������
&7$%�������0(+�339

4 concluSÃo

$�VROXomR�GH�300$�����P�P��������0(+�339�P�P��H�����&7$%��P�P��HP�FORURIyUPLR�
SHUPLWLX�D�REWHQomR�GH�¿EUDV�FRP�EDL[D�UXJRVLGDGH�VXSHU¿FLDO�H�FRP�GLkPHWUR�PpGLR�GH�����QP��$�
SUHVHQoD�GH�&7$%�QD�VROXomR�SROLPpULFD�SURSRUFLRQRX�D�REWHQomR�GH�¿EUDV�VHP�beads�H�FRP�EDL[RV�
GLkPHWURV� GHYLGR� j� GLPLQXLomR� GD� WHQVmR� VXSHU¿FLDO� GD� VROXomR� SROLPpULFD��$V� ¿EUDV� GRSDGDV� FRP�
0(+�339�FRP�H�VHP�DGLomR�GH�&7$%�DSUHVHQWDUDP�ÀXRUHVFrQFLD�LQWHQVD�FHQWUDGD�HP����QP��FXMD�
SURSULHGDGH�p�LQWHUHVVDQWH�SDUD�DSOLFDo}HV�HP�VHQVRUHV�ySWLFRV�QDQRHVWUXWXUDGRV�
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determinAÇÃo voltAmétricA de iSoFlAvonAS totAiS e 
rutinA em GrÃoS, FolHAS e rAiZeS de SoJA utiliZAndo 

eletrodo de cArbono vítreo 
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resumo
1HVWH�WUDEDOKR��RV�WHRUHV�GH�LVRÀDYRQDV�WRWDLV�H�UXWLQD�IRUDP�GHWHUPLQDGRV�HP�VHPHQWHV��IROKDV�H�UDt]HV�
GH����JHQyWLSRV�GH�VRMD�GD�(PEUDSD��XWLOL]DQGR�VH�PpWRGR�YROWDPpWULFR�GH�SXOVR�GLIHUHQFLDO�YDOLGDGR�H�R�
HOHWURGR�GH�FDUERQR�YtWUHR��2V�JHQyWLSRV�IRUDP�SUHSDUDGRV�SRU�PHLR�GH�H[WUDo}HV�VyOLGR�OtTXLGR��HWDQRO�
�����H�HP�IDVH�VyOLGD��63(��H�DV�FRQFHQWUDo}HV�GH�LVRÀDYRQDV�WRWDLV�H�UXWLQD�IRUDP�GHWHUPLQDGDV�QDV�
VHJXLQWHV�FRQGLo}HV�H[SHULPHQWDLV��HOHWUyOLWR�VXSRUWH��WDPSmR�IRVIDWR��S+� ����DPSOLWXGH�GH�SXOVR�GH�
���P9�H�YHORFLGDGH�GH�YDUUHGXUD�GH����P9�V����$V�FRQFHQWUDo}HV�GH�LVRÀDYRQDV�WRWDLV�QD�VRMD�YDULDUDP�
QDV�VHPHQWHV�GH���������������J�J����%56������D��������������J�J����%56������H�QDV�UDt]HV�GH���������
������J�J����%56������D�������J�J����%56�������1DV�IROKDV��DV�FRQFHQWUDo}HV�GH�UXWLQD�YDULDUDP�GH������
mg g����%56������D�����PJ�J����%56�����H�������(VWHV�UHVXOWDGRV�PRVWUDP�TXH�RV�JHQyWLSRV�%56������
%56������%56�����H�%56������SRU�DSUHVHQWDUHP�DOWRV�WHRUHV�GH�LVRÀDYRQDV�QDV�VHPHQWHV��SRGHP�VHU�
XWLOL]DGRV�QR�SURFHVVDPHQWR�GH�DOLPHQWRV�IXQFLRQDLV�j�EDVH�GH�VRMD��$OpP�GLVVR��RV�JHQyWLSRV�%56�����
H�%56������SRU�WDPEpP�DSUHVHQWDUHP�DOWRV�WHRUHV�GHVVHV�FRPSRVWRV�QDV�UDt]HV��H�RV�JHQyWLSRV�%56������
%56�����H�%56������SRU�DSUHVHQWDUHP�UXWLQD�QDV�IROKDV��SRGHP�VHU�IRQWHV�GH�HVWXGRV�SDUD�WROHUkQFLD�RX�
UHVLVWrQFLD�GH�VRMD�D�SUDJDV�H�GRHQoDV��
Palavras-chave��6RMD��)ODYRQRLGHV��9ROWDPHWULD�GH�SXOVR�GLIHUHQFLDO��(OHWURGR�GH�FDUERQR�YtWUHR��

voltAmetric determinAtion oF totAl iSoFlAvoneS And rutin in SoYbeAn 
leAveS, SeedS And rootS bY uSinG GlASSY cArbon electrode 
Abstract
,Q�WKLV�VWXG\��WKH�WRWDO�LVRÀDYRQH�DQG�UXWLQ�FRQWHQWV�ZHUH�GHWHUPLQHG�LQ�VHHGV��OHDYHV�DQG�URRWV�RI����
JHQRW\SHV�RI�(PEUDSD��E\�XVLQJ�DQ�RSWLPL]HG�DQG�YDOLGDWHG�GLIIHUHQWLDO�SXOVH�YROWDPPHWULF�PHWKRG�DQG�
D�JODVV\�FDUERQ�HOHFWURGH��*HQRW\SHV�ZHUH�SUHSDUHG�E\�VROLG�OLTXLG�H[WUDFWLRQ������HWKDQRO��DQG�VROLG�
SKDVH�H[WUDFWLRQ��63(��DQG�WKH�WRWDO�LVRÀDYRQH�DQG�UXWLQ�FRQFHQWUDWLRQV�ZHUH�GHWHUPLQHG�E\�VWDQGDUG�
DGGLWLRQ�PHWKRG�XVLQJ�WKH�IROORZLQJ�H[SHULPHQWDO�FRQGLWLRQV��VXSSRUWLQJ�HOHFWURO\WH��SKRVSKDWH�EXIIHU��
S+� ����SXOVH�DPSOLWXGH�RI����P9�DQG�VFDQ�UDWH�RI����P9�V����7KH�FRQFHQWUDWLRQ�RI�WRWDO�LVRÀDYRQHV�LQ�
VR\EHDQ�VHHGV�UDQJHG�IURP���������������J�J����%56������WR��������������J�J����%56������DQG�LQ�VR\�
EHDQ�URRWV�UDQJHG�IURP���������������J�J����%56������WR�������J�J����%56�������,Q�VR\EHDQ�OHDYHV��UXWLQ�
FRQFHQWUDWLRQ�YDULHG�IURP������PJ�J����%56������WR������J�J����%56�����DQG�������7KHVH�UHVXOWV�VKRZ�
WKDW�%56������%56������%56�����DQG�%56�����JHQRW\SHV�FDQ�EH�XVHG�LQ�WKH�SURFHVVLQJ�RI�VR\�EDVHG�
IXQFWLRQDO� IRRGV�EHFDXVH� WKH\�SUHVHQWHG�KLJK� OHYHOV�RI� LVRÀDYRQHV� LQ� VHHGV��)XUWKHUPRUH��%56������
%56������%56������%56�����DQG�%56�����JHQRW\SHV�FDQ�EH�XVHG�DV�PRGHOV�LQ�WROHUDQFH�RU�UHVLVWDQFH�
VR\EHDQ�VWXGLHV�WR�SHVWV�DQG�GLVHDVHV�EHFDXVH�WKH\�DOVR�KDYH�KLJK�OHYHOV�RI�WKHVH�FRPSRXQGV�LQ�URRWV�RU�
rutin in leaves. 
Keywords: 6R\EHDQ��)ODYRQRLGV��'LIIHUHQWLDO�SXOVH�YROWDPPHWU\��*ODVV\�FDUERQ�HOHFWURGH

3XEOLFDo}HV�UHODFLRQDGDV��
0$*$5(//,��*���/,0$��/��+��&���6,/9$��-��*���628=$'(��-��5���&$6752��&��6��3��5XWLQ�DQG�WRWDO�
LVRÀDYRQHV�GHWHUPLQDWLRQ�LQ�VR\EHDQ�DW�GLIIHUHQW�JURZWK�VWDJHV�E\�XVLQJ�YROWDPPHWULF�PHWKRGV��0LFUR�
FKHPLFDO�-RXUQDO��'2,����������M�PLFURF�������������
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1 introduÇÃo

$�VRMD�p�XPD�GDV�FXOWXUDV�PDLV�FXOWLYDGDV�QR�PXQGR��VHQGR�RV�SULQFLSDLV�SDtVHV�SURGXWRUHV��
(8$��������%UDVLO��������$UJHQWLQD�������H�&KLQD�����������2�XVR�GD�VRMD�FRPR�IRQWH�GH�DOLPHQWR�
WHP�DXPHQWDGR�GHYLGR�D�VXDV�SURSULHGDGHV�QXWULFLRQDLV�H�VXDV�FDUDFWHUtVWLFDV�IXQFLRQDLV��DWULEXtGDV�j�
SUHVHQoD�GRV�ÀDYRQRLGHV��'HQWUH�RV�ÀDYRQRLGHV�SUHVHQWHV�QD�VRMD��DV�LVRÀDYRQDV�H�D�UXWLQD�VmR�DTXHOHV�
PDLV�UHODWDGRV�HP�JUmRV�H�IROKDV�GH�VRMD�H�WrP�VLGR�DVVRFLDGRV�j�UHVLVWrQFLD�GD�VRMD�D�SUDJDV����������
$OJXQV�JHQyWLSRV�GH�VRMD�EUDVLOHLURV��FRP�DOWDV�FRQFHQWUDo}HV�GH�UXWLQD�H�JHQLVWLQD��DSUHVHQWDUDP�UH�
VLVWrQFLD�DFHQWXDGD�SDUD�Anticarsia gemmatalis������2�JHQyWLSR�GH�VRMD�3,���������TXH�SRVVXL�D�PDLRU�
FRQFHQWUDomR�GH�JHQLVWLQD�H�GDLG]LQD��IRL�FRQVLGHUDGR�R�PDLV�SURPLVVRU�SDUD�XVR�HP�SURJUDPDV�GH�PHO�
KRUDPHQWR�GH�VRMD�FRPR�IRQWH�GH�UHVLVWrQFLD�D�SHUFHYHMRV������(VWH�WUDEDOKR�WHP�FRPR�REMHWLYR�D�DSOLFD�
omR�GH�GRLV�PpWRGRV�VHQVtYHLV��EDVHDGRV�QD�9ROWDPHWULD�GH�3XOVR�'LIHUHQFLDO��'39��H�HP�XP�HOHWURGR�
GH�FDUERQR�YtWUHR��QD�GHWHUPLQDomR�GH�ÀDYRQRLGHV��UXWLQD�H�LVRÀDYRQDV�WRWDLV��HP����JHQyWLSRV�GH�VRMD�
EUDVLOHLUD�H�HP�GLIHUHQWHV�SDUWHV�GDV�SODQWDV�GH�VRMD��VHPHQWHV��IROKDV�H�UDt]HV���2V�UHVXOWDGRV�GHVWH�WUD�
EDOKR�VmR�EDVWDQWH�LPSRUWDQWHV��SRLV�SRGHP�VXEVLGLDU�DV�SHVTXLVDV�DSOLFDGDV�DR�PHOKRUDPHQWR�GD�VRMD�H�
HP�SURJUDPDV�GH�PDQHMR�LQWHJUDGR�GH�SUDJDV�

2 mAteriAiS e métodoS

2V����JHQyWLSRV�GH�VRMD��%56������%56������%56������%56������%56������%56������%56�
�����%56������%56������%56������%56������%56������%56������%56������%56������%56������%56�
�����%56������%56������%56������%56������%56������%56�����H�(PEUDSD�����IRUDP�VHPHDGRV�HP�
GXSOLFDWDV�� HP�FDPSRV� H[SHULPHQWDLV�GD�(PEUDSD�6RMD� �/RQGULQD�35��� HP�������1R�HVWiGLR�GH�GH�
VHQYROYLPHQWR�5���VHPHQWHV�FRPSOHWDPHQWH�GHVHQYROYLGDV��PDV�DLQGD�LPDWXUDV���RV�JHQyWLSRV�IRUDP�
FROKLGRV�H�VXDV�IROKDV��UDt]HV�H�VHPHQWHV�DFRQGLFLRQDGRV�VHSDUDGDPHQWH�HP�VDFRV�SOiVWLFRV�H�PDQWLGRV�
VRE�FRQJHODPHQWR�D�����o&�DWp�R�PRPHQWR�GD�DQiOLVH��2�SUHSDUR�GRV�JHQyWLSRV�GH�VRMD�IRL�UHDOL]DGR�SRU�
H[WUDomR�VyOLGR�OtTXLGR����P/�HWDQRO�������GH�����J�GH�VHPHQWHV��IROKDV�H�UDt]HV�GHVLGUDWDGRV�H�WULWXUD�
GRV��FRP�SRVWHULRU�VRQLFDomR�����PLQ���H�FHQWULIXJDomR�GR�H[WUDWR�����PLQ�j��������USP���(P�VHJXLGD��
IRL�UHDOL]DGR�XPD�H[WUDomR�GH�IDVH�VyOLGD�GR�VREUHQDGDQWH��XWLOL]DQGR�VH�FDUWXFKR�FRP�����PJ�GH�IDVH�
VyOLGD�SROLPpULFD��3HUNLQ�(OPHU���FRP�DV�VHJXLQWHV�HWDSDV��SUp�FRQGLFLRQDPHQWR�GR�FDUWXFKR�FRP���P/�
GH�iJXD�XOWUDSXUD�H�PHWDQRO����������HOXLomR�GRV�LQWHUIHUHQWHV�H�GD�DPRVWUD�FRP���P/�GH�PHWDQRO�����
H���P/�GH�PHWDQRO�H�DFHWRQLWULOD����������UHVSHFWLYDPHQWH��$V�PHGLGDV�YROWDPpWULFDV�IRUDP�UHDOL]DGDV�
SRU�PHLR�GR�DQDOLVDGRU�YROWDPpWULFR�����9$��0HWURKP��H�XPD�FpOXOD�HOHWURTXtPLFD�FRPSRVWD�SHORV�HOH�
WURGRV��FDUERQR�YtWUHR��¡� ���PP���WUDEDOKR���$J�$J&O��.&O�����0���UHIHUrQFLD��H�SODWLQD��DX[LOLDU���2V�
SDUkPHWURV�YROWDPpWULFRV�H�GH�DQiOLVH�DGRWDGRV�IRUDP��7pFQLFD�GH�3XOVR�'LIHUHQFLDO��'39���DPSOLWXGH�
GH�SXOVR�GH����P9��YHORFLGDGH�GH�YDUUHGXUD�GH����P9V����SRWHQFLDO�LQLFLDO� �������9��SRWHQFLDO�¿QDO�
 �������9��WDPSmR�IRVIDWR��S+������$�TXDQWL¿FDomR�GDV�LVRÀDYRQDV�WRWDLV�H�GD�UXWLQD�QDV�DPRVWUDV�IRL�
UHDOL]DGD�SRU�PHLR�GH�DGLo}HV�VXFHVVLYDV�GH����������/�GH�JHQLVWHtQD������î������0��H�����/�GH�UXWLQD�
�����î������0��QD�FpOXOD�HOHWURTXtPLFD�FRQWHQGR����P/�GH�WDPSmR�IRVIDWR��S+������H�����������P/�GRV�
H[WUDWRV�GRV�JHQyWLSRV�GH�VRMD��2V�PpWRGRV�YROWDPpWULFRV�GH�GHWHUPLQDomR�GH�UXWLQD�H�GDV�LVRÀDYRQDV�
WRWDLV�IRUDP�YDOLGDGRV�VHJXQGR�R�GRFXPHQWR�RULHQWDWLYR�GR�,QVWLWXWR�1DFLRQDO�GH�0HWURORJLD��4XDOLGDGH�
H�7HFQRORJLD��,10(752�������3DUD�D�DQiOLVH�GH�FOXVWHUV��PpWRGR�KLHUiUTXLFR��HQWUH�RV�JHQyWLSRV�DQDOL�
VDGRV��IRL�XWLOL]DGR�R�VRIWZDUH�OLYUH�³$FWLRQ´��KWWS���ZZZ�SRUWDODFWLRQ�FRP�EU���

3 reSultAdoS e diScuSSÃo

2V�SDUkPHWURV�GH�YDOLGDomR�GRV�PpWRGRV�REWLGRV�SRU�PHLR�GDV�FXUYDV�GH�FDOLEUDomR�GD�JHQLVWH�
tQD�H�GD�UXWLQD�VmR�PRVWUDGRV�QD�WDEHOD����$�SUHFLVmR�GRV�PpWRGRV�DSUHVHQWRX�FRPR�UHVXOWDGRV��UHSHWL�
WLYLGDGH��LQWUD�GLD���'HVYLR�3DGUmR�5HODWLYR��'35�����D�����±�UXWLQD�H���D�������JHQLVWHtQD���SUHFLVmR�
LQWHUPHGLiULD��LQWHU�GLD���'35�����D�����±�UXWLQD�H����D�������JHQLVWHtQD���2V�UHVXOWDGRV�UHIHUHQWHV�j�
H[DWLGmR�GR�PpWRGR�IRUDP��UHFXSHUDomR�GH�����������SDUD�D�JHQLVWHtQD�H�GH����±������SDUD�D�UXWLQD��
1R�FDVR�GRV�WHVWHV�GH�UHFXSHUDomR�GD�JHQLVWHtQD�H�UXWLQD��TXDQWLGDGHV�FRQKHFLGDV�GHVWHV�SDGU}HV�IRUDP�
DGLFLRQDGDV�QRV�H[WUDWRV�GDV�VHPHQWHV�H�GDV�IROKDV��UHVSHFWLYDPHQWH��2V�SHU¿V�GRV�YROWDPRJUDPDV�GRV�
SDGU}HV�H�GDV�DPRVWUDV�PRVWUDUDP�SLFRV�GH�FRUUHQWH�VHQVtYHLV�H�OLYUHV�GH�LQWHUIHUHQWHV��R�TXH�GHPRQVWURX�
D�ERD�VHOHWLYLGDGH�GRV�PpWRGRV�
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tabela 1. 3DUkPHWURV�GH�YDOLGDomR�GR�PpWRGR
Parâmetro Genisteína rutina

(TXDomR�GD�FXUYD�H�FRH¿FLHQWH�
GH�FRUUHODomR

,pa��$�� ������[���
�����������

>JHQLVWHtQD@�0��U ��������
,pa��$�� ������[���

�����������
>UXWLQD@�0��U �������

)DL[D�OLQHDU�IDL[D�GH�WUDEDOKR�
�0�

����[������±�����[����� ����[������±�����[�����

/LPLWH�GH�GHWHFomR��0� ����[����� ����[�����

/LPLWH�GH�TXDQWL¿FDomR��0� ����[����� ����[�����

2V�H[WUDWRV�GH�VHPHQWHV�H�UDt]HV�GH�VRMD�DQDOLVDGRV�DSUHVHQWDUDP�YROWDPRJUDPDV�FRP�D�SUHVHQ�
oD�GH�VRPHQWH�XP�SLFR�GH�FRUUHQWH�GH�R[LGDomR��,pa��HP�SRWHQFLDLV�GH�������9�±�������9��)LJXUDV���$�H�
%���(VWH�SHU¿O�YROWDPpWULFR�p�FRLQFLGHQWH�FRP�R�SHU¿O�YROWDPpWULFR�GH�XPD�PLVWXUD�GH�LVRÀDYRQDV��JH�
QLVWHtQD��GDLG]HtQD��JOLFLWHtQD��JHQLVWLQD��JOLFLWLQD�H�GDLG]LQD���TXH�DSUHVHQWD�WDPEpP�VRPHQWH�XP�SLFR�
GH�FRUUHQWH�GH�R[LGDomR�HP�XPD�IDL[D�GH�SRWHQFLDLV�GH�������9�H�������9��FRPR�UHVXOWDGR�GD�R[LGDomR�
GR�JUXSR��¶��KLGUR[L�ORFDOL]DGR�QR�DQHO�%�GDV�LVRÀDYRQDV������2V�H[WUDWRV�GDV�IROKDV�GH�VRMD�DSUHVHQWD�
UDP�XP�SLFR�GH�FRUUHQWH�GH�R[LGDomR�HP�SRWHQFLDO�GH�������9��FRLQFLGHQWH�FRP�R�SRWHQFLDO�GH�SLFR�GH�
FRUUHQWH�GD�UXWLQD��)LJXUD��&��

Figura 1. 9ROWDPRJUDPDV�GH�SXOVR�GLIHUHQFLDO�GH�(A) ��P/�GR�H[WUDWR�GH�VHPHQWH�GH�VRMD��%56������HP����P/�
GH�WDPSmR�IRVIDWR��S+������FRP��DGLo}HV�VXFHVVLYDV�GH�����/�GH�JHQLVWHtQD�����[������0��(b)�����+/�GR�H[WUDWR�
GD�UDL]�GH�VRMD��%56������HP����P/�GH�WDPSmR�IRVIDWR��S+������FRP�DGLo}HV�VXFHVVLYDV�GH�����/�GH�JHQLVWHtQD�

����[������0��(c) ��P/�GR�H[WUDWR�GD�IROKD��%56������HP����P/�GH�WDPSmR�IRVIDWR�S+�����FRP�DGLo}HV�
VXFHVVLYDV�GH�����/�GH�UXWLQD�����[������0��

(P�WRGDV�DV�YDULHGDGHV�GH�VRMD�DQDOLVDGDV�IRUDP�HQFRQWUDGDV�LVRÀDYRQDV�QRV�JUmRV�H�QDV�UDt]HV�
GH�VRMD��1DV�VHPHQWHV��DV�PpGLDV�GH�FRQFHQWUDo}HV�YDULDUDP�GH���������������J�J����%56������D���������
�����J�J����%56�������1DV�UDt]HV��DV�PpGLDV�GH�FRQFHQWUDo}HV�IRUDP�PDLRUHV�H�YDULDUDP�GH��������������
�J�J����%56������D�������J�J����%56�������(P�WUrV�JHQyWLSRV�GH�VRMD��D�UXWLQD�IRL�GHWHFWDGD�QDV�IROKDV�
HP�FRQFHQWUDo}HV�GH������PJ�J����%56������������PJ�J����%56������H�����PJ�J����%56�������$�¿JXUD���
PRVWUD�R�JUi¿FR�GDV�FRQFHQWUDo}HV�GH�LVRÀDYRQDV�WRWDLV�GHWHUPLQDGDV�QDV�VHPHQWHV�H�QDV�UDt]HV�H�UXWLQD�
QDV�IROKDV�GRV�JHQyWLSRV�GH�VRMD�HVWXGDGRV��&RQVLGHUDQGR�TXH�RV�DOWRV�WHRUHV�GH�LVRÀDYRQDV�QDV�UDt]HV�H�
QDV�VHPHQWHV�SRGHP�FRQIHULU�UHVLVWrQFLD�jV�SODQWDV�GH�VRMD�D�SUDJDV�H�GRHQoDV��UHDOL]RX�VH�XPD�DQiOLVH�
GH�FOXVWHUV�WRPDQGR�DV�FRQFHQWUDo}HV�GH�LVRÀDYRQDV�WRWDLV�QDV�VHPHQWHV�H�QDV�UDt]HV�FRPR�YDULiYHLV��
1HVWD�DQiOLVH��YHUL¿FRX�VH�D�IRUPDomR�GH�TXDWUR�JUXSRV��*UXSR�����JHQyWLSR�%56������FRP�FRQFHQ�
WUDo}HV�DOWDV�GH�LVRÀDYRQDV�QDV�VHPHQWHV�H�UDt]HV��������H����������J�J����UHVSHFWLYDPHQWH���*UXSR���
��JHQyWLSR�%56������FRP�FRQFHQWUDomR�PXLWR�HOHYDGD�GH�LVRÀDYRQDV�QDV�UDt]HV���������J�J�����*UXSR�
����JHQyWLSRV�%56���������������������FRP�FRQFHQWUDo}HV�DOWDV�GH�LVRÀDYRQDV�QDV�VHPHQWHV��������D�
�������J�J����H�*UXSR�����R�UHVWDQWH�GRV�JHQyWLSRV��FRP�FRQFHQWUDo}HV�PDLV�EDL[DV�GH�LVRÀDYRQDV�QDV�
VHPHQWHV�H�QDV�UDt]HV������D��������J�J���H�������D���������J�J����UHVSHFWLYDPHQWH���
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Figura 2. &RQFHQWUDo}HV�GH�ÀDYRQRLGHV�WRWDLV���J�J����QDV�VHPHQWHV��LVRÀDYRQDV���UDt]HV��LVRÀDYRQDV��H�IROKDV�
�UXWLQD��GDV�SODQWDV�GRV�GLIHUHQWHV�JHQyWLSRV�GH�VRMD��

4 concluSÃo

2V�UHVXOWDGRV�REWLGRV�GHPRQVWUDP�TXH�RV�PpWRGRV�YROWDPpWULFRV�YDOLGDGRV�IRUDP�H¿FLHQWHV�QD�
GHWHUPLQDomR�GH�LVRÀDYRQDV�WRWDLV�QRV�JUmRV�H�QDV�UDt]HV�H�UXWLQD�QDV�IROKDV�GH����JHQyWLSRV�GH�VRMD�H�VmR�
VHQVtYHLV��EDL[RV�OLPLWHV�GH�GHWHFomR�H�TXDQWL¿FDomR���SUHFLVRV��VHOHWLYRV�H�H[DWRV��$V�DQiOLVHV�PRVWUD�
UDP�FRQFHQWUDo}HV�PDLRUHV�GH�LVRÀDYRQDV�WRWDLV�QDV�UDt]HV�GR�TXH�QRV�JUmRV�GD�VRMD�H��DOpP�GLVVR��D�SUH�
VHQoD�GD�UXWLQD�QDV�IROKDV��$SyV�D�DQiOLVH�HVWDWtVWLFD��IRL�SRVVtYHO�DJUXSDU�RV�JHQyWLSRV�TXH�DSUHVHQWDUDP�
PDLRUHV�FRQFHQWUDo}HV�GH�ÀDYRQRLGHV��FRPR��%56������%56������%56������%56������%56�����H�%56�
�����LVRÀDYRQDV�WRWDLV�QDV�UDt]HV�H�QRV�JUmRV�GH�VRMD���H�%56�����H�%56������UXWLQD�QDV�IROKDV���7DLV�
UHVXOWDGRV�SRGHUmR�VHU�~WHLV�SDUD�VXEVLGLDU�SHVTXLVDV�GH�PHOKRUDPHQWR�GH�SODQWDV�H�PDQHMR�LQWHJUDGR�GH�
SUDJDV��EHP�FRPR�HVWXGRV�VREUH�PDWpULD�SULPD�SDUD�SURFHVVDPHQWR�GH�DOLPHQWRV�IXQFLRQDLV���

AGrAdecimentoS

$R�&OHYHUVRQ�5LWWHU�8UUXWLD��(PEUDSD�6RMD��SHOR�SODQWLR�H�FROHWD�GRV�JHQyWLSRV�GH�VRMD��¬�(0�
%5$3$��&$3(6��8Q%�H�&13T�SHODV�EROVDV�GH�HVWXGDQWHV�H�SHORV�DX[tOLRV�¿QDQFHLURV�

reFerÊnciAS

����6HFUHWDULD�GD�$JULFXOWXUD�H�$EDVWHFLPHQWR��6�2�-�$���GLVSRQtYHO�HP��ZZZ�DJULFXOWXUD�SU�JRY�EU�
DUTXLYRV�)LOH�GHUDO�����VRMDBB����B���SG!�$FHVVR�HP�����GH�MXO�������

����3,8%(//,��*�&���+2))0$1�&$032��&�%���026&$5',��)���0,<$.8%2��6�+���2/,9(,5$��
0�&�1��$UH�FKHPLFDO�FRPSRXQGV�LPSRUWDQW�IRU�VR\EHDQ�UHVLVWDQFH�WR�$QWLFDUVLD�JHPPDWDOLV"�-RXUQDO�RI�
&KHPLFDO�(FRORJ\��Q������S������±�����������

����3,8%(//,��*��&���+2))0$11�&$032�&��%���$558'$��,��&���/$5$��)��0��1\PSKDO�GHYHORS�
PHQW��OLSLG�FRQWHQW��JURZWK�DQG�ZHLJKW�JDLQ�RI�Nezara viridula��/����+HWHURSWHUD��3HQWDWRPLGDH��IHG�RQ�
VR\EHDQ�JHQRW\SHV��1HRWURSLFDO�(QWRPRORJ\��Q������S����������������

����,10(752��2ULHQWDomR�VREUH�YDOLGDomR�GH�PpWRGRV�DQDOtWLFRV��'24�&*&5(������S�����������

����0$*$5(//,��*���/,0$��/���+��&���6,/9$��-��*���628=$'(��-��5���&$6752��&��6��3��5XWLQ�DQG�
WRWDO�LVRÀDYRQHV�GHWHUPLQDWLRQ�LQ�VR\EHDQ�DW�GLIIHUHQW�JURZWK�VWDJHV�E\�XVLQJ�YROWDPPHWULF�PHWKRGV��
0LFURFKHPLFDO�-RXUQDO��'2,����������M�PLFURF�������������
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*vanessa.scagion@gmail.com

&ODVVL¿FDomR��Sensores e Biossensores.

resumo
(VWH�WUDEDOKR�YHUVD�VREUH�D�FDUDFWHUL]DomR�GH�QDQR¿EUDV�SROLPpULFDV�GH�1\ORQ����3$���H�GH�XPD�EOHQ�
GD�SROLPpULFD�GH�3$���3ROLDQLOLQD��3$QL��HPSUHJDGRV�QD�PRGL¿FDomR�GH�HOHWURGRV�LQWHUGLJLWDGRV�SDUD�
VHUHP�HPSUHJDGRV�HP�VHQVRUHV�TXtPLFRV��$�PRGL¿FDomR�GR�HOHWURGR�IRL�UHDOL]DGD�DWUDYpV�GD�WpFQLFD�GH�
HOHWUR¿DomR�YDULDQGR�DV�FRQFHQWUDo}HV�GH�3$QL�HP�UHODomR�D�PDVVD�GH�3$���$�PRUIRORJLD�GDV�QDQR¿�
EUDV�IRL�DQDOLVDGD�SRU�PHLR�GD�WpFQLFD�GH�0LFURVFRSLD�(OHWU{QLFD�GH�9DUUHGXUD��0(9���2V�UHVXOWDGRV�
PRVWUDUDP�XPD�ERD�GLVSHUVmR�GDV�QDQR¿EUDV��H�HYLGHQFLDUDP�TXH�R�DXPHQWR�GD�FRQFHQWUDomR�GH�3$QL�
RFDVLRQRX�XP�GHFUpVFLPR�QR�GLkPHWUR�GDV�QDQR¿EUDV��
Palavras-chave��1DQR¿EUDV�GH�3$���(OHWUR¿DomR��3ROLDQLOLQD�

PA6 And PA6/PAni PolYmeric nAnoFiberS For APPlicAtion AS SenSitive lAY-
erS in nAnoStructured SenSorS.
Abstract
7KLV�ZRUN�UHSRUWV�WKH�FKDUDFWHUL]DWLRQ�RI�SRO\PHULF�QDQR¿EHUV�EDVHG�RQ�1\ORQ����3$���DQG�3$���3RO\�
DQLOLQH��3$QL��EOHQG�XVHG�WR�PRGLI\�LQWHUGLJLWDWHG�HOHFWURGHV�WR�EH�XVHG�LQ�FKHPLFDO�VHQVRUV���7KH�HOHF�
WURGH�PRGL¿FDWLRQ�ZDV� FDUULHG� RXW� E\� WKH� HOHFWURVSLQQLQJ� WHFKQLTXH� YDU\LQJ�3$QL� FRQFHQWUDWLRQV� LQ�
UHJDUGLQJ� WR�3$��PDVV��7KH�QDQR¿EHU�PRUSKRORJ\�ZDV� DQDO\]HG�E\�6FDQQLQJ�(OHFWURQ�0LFURVFRS\�
�6(0��WHFKQLTXH��7KH�UHVXOWV�VKRZHG�D�JRRG�GLVSHUVLRQ�RI�QDQR¿EHUV�DQG�HYLGHQFHG�WKDW�WKH�LQFUHDVH�RI�
SRO\DQLOLQH�FRQFHQWUDWLRQ�FDXVHG�D�GHFUHDVH�LQ�WKH�GLDPHWHU�RI�WKH�QDQR¿EHUV�
Keywords: 3$��1DQR¿EHUV��(OHWURVSLQQJ��3RO\DQLOLQH�

1 introduÇÃo

1RV�~OWLPRV�DQRV�WHP�VH�REVHUYDGR�XP�DXPHQWR�QR�LQWHUHVVH�HP�QDQRWHFQRORJLD��SRU�VHU�XP�
FDPSR�GH�SHVTXLVD�PXOWLGLVFLSOLQDU��SRGHQGR�VHU�DSOLFDGR�HP�GLYHUVDV�iUHDV��FRPR�QR�DJURQHJyFLR��QD�
LQG~VWULD� IDUPDFrXWLFD��PHGLFLQD�� HOHWU{QLFD�� HQWUH� RXWUDV�� 6HJXQGR�5RVVL�%HUJPDQQ��%�� ������� HVWD�
FLrQFLD�WHP�FRPR�SULQFtSLR�R�IDWR�TXH�RV�QDQRPDWHULDLV�SRGHP�DSUHVHQWDU�SURSULHGDGHV�TXtPLFDV��It�
VLFR�TXtPLFDV�H�FRPSRUWDPHQWRV�GLIHUHQFLDGRV�GRV�PHVPRV�HP�HVFDODV�PDLRUHV��'HYLGR�D�HVWH�FRP�
SRUWDPHQWR��RV�PDWHULDLV�QDQRHVWUXWXUDGRV�HVWmR�VHQGR�FDGD�YH]�PDLV�HVWXGDGRV�H�XWLOL]DGRV� 8PD�GDV�
SRVVtYHLV�DSOLFDo}HV�SDUD�HVWHV�PDWHULDLV�p�QR�GHVHQYROYLPHQWR�GH�VHQVRUHV�H�ELRVVHQVRUHV��2V�VHQVRUHV�
SURGX]LGRV�FRP�PDWHULDLV�SROLPpULFRV�QDQRHVWUXWXUDGRV�WrP�VH�PRVWUDGR�XPD�IHUUDPHQWD�EDVWDQWH�SUR�
PLVVRUD�SDUD�GHWHFWDU�H�TXDOL¿FDU� LQVXPRV��FRPR�SURGXWRV�DOLPHQWtFLRV�H� OtTXLGRV��GHYLGR�D�VXD�DOWD�
VHQVLELOLGDGH�H�FDSDFLGDGH�GH�GHWHFomR��

1HVWH�FRQWH[WR��WHPRV�R�VXUJLPHQWR�GD�OtQJXD�HOHWU{QLFD��5,8/�et al.���������XP�VLVWHPD�TXH�
FRPSUHHQGH�XP�FRQMXQWR�GH�VHQVRUHV�FRP�FDPDGDV�VHQVLWLYDV�GLIHUHQFLDGDV��TXH�MXQWRV�RULJLQDP�XPD�
UHVSRVWD�JOREDO�VREUH�R�DQDOLWR��$�PRGL¿FDomR�GRV�HOHWURGRV�SRGH�VHU�IHLWD�GH�YiULDV�IRUPDV��GHQWUH�DV�
TXDLV�SRGHP�VHU�GHVWDFDGDV�D�GHSRVLomR�GLUHWD�GH�QDQR¿EUDV�VREUH�RV�HOHWURGRV��FRPR�GHVFULWR�QR�WUDED�
lho de Oliveira et al.���������RX�DWUDYpV�GD�IRUPDomR�GH�¿OPHV�/E/�VREUH�DV�QDQR¿EUDV��FRPR�GHVFULWR�
por Oliveira et al.����������

'HQWUH�RV�SROtPHURV�TXH�SRGHP�VHU�XWLOL]DGRV�QR�SURFHVVR�GH�HOHWUR¿DomR�GHVWDFD�VH�R�1\ORQ����
XP�WHUPRSOiVWLFR�WDPEpP�FRQKHFLGR�FRPR�3ROLDPLGD����3$�����R�TXDO�YHP�VHQGR�EDVWDQWH�HPSUHJDGR�
GHYLGR�DV�VXDV�yWLPDV�SURSULHGDGHV�PHFkQLFDV��HOpWULFDV�H�WpUPLFDV��DOpP�GH�ERD�UHVLVWrQFLD�D�DJHQWHV�
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TXtPLFRV��-i�HQWUH�RV�SROtPHURV�FRQGXWRUHV�ODUJDPHQWH�XWLOL]DGRV�WHPRV�D�SROLDQLOLQD��3$QL��GHYLGR�D�
VXD�HVWDELOLGDGH�TXtPLFD�HP�FRQGLo}HV�DPELHQWHV��EDL[R�FXVWR�H�IiFLO�FRQWUROH�GH�VtQWHVH��PDLRU�JUDX�GH�
VROXELOLGDGH�HP�DOJXQV�VROYHQWHV�H�SRU�WHU�VHX�JUDX�GH�FRQGXWLYLGDGH�FRQWURODGR�DWUDYpV�GR�SURFHVVR�GH�
GRSDJHP�SURW{QLFD�RX�UHGR[��2XWURV�SROtPHURV�FRQGXWRUHV�TXH�WDPEpP�VmR�EDVWDQWH�HPSUHJDGRV�VmR�
SROL�HVWLUHQR�VXOIRQDWR�GH�VyGLR���366��H�R�SROLSLUURO��33\���GHYLGR�D�SURSRUFLRQDUHP�XPD�PHOKRUD�QD�
UHVSRVWD�HOpWULFD�GRV�VHQVRUHV�TXtPLFRV�

'HVWD�IRUPD��D�PRGL¿FDomR�GH�HOHWURGRV�DWUDYpV�GR�DFRSODPHQWR�GD�FDPDGD�VHQVLWLYD�DR�PHLR�
ItVLFR�p�PXLWR�LPSRUWDQWH��YLVWR�TXH�HVWD�LQWHUDomR�WHUi�XP�SURIXQGR�HIHLWR�VREUH�D�VHOHWLYLGDGH�H�VHQVL�
ELOLGDGH�GR�VHQVRU��RX�VHMD��VREUH�VHX�GHVHPSHQKR��9LVDQGR�D�PRGL¿FDomR�GH�HOHWURGRV�LQWHUGLJLWDGRV�GH�
SODWLQD��SDUD�SRVWHULRU�XWLOL]DomR�FRPR�VHQVRUHV�TXtPLFRV�QR�VLVWHPD�GH�OtQJXD�HOHWU{QLFD��HVWH�SURMHWR�
WHP�FRPR�REMHWLYR�JHUDO�PRGL¿FDU�HVWHV�HOHWURGRV�FRP�QDQR¿EUDV�SROLPpULFDV�GD�EOHQGD�1\ORQ���3$QL��
REWLGD�FRP�D�WpFQLFD�GH�HOHWUR¿DomR��FRPR�WDPEpP�FRP�D�IRUPDomR�GH�ELFDPDGDV�/E/�GH�33\�366�
VREUH�DV�QDQR¿EUDV�SROLPpULFDV�GH�1\ORQ����REWLGDV�FRP�D�HOHWUR¿DomR���

2 mAteriAl e métodoS

3DUD�REWHQomR�GDV�QDQR¿EUDV�GH�3$��IRL�SUHSDUDGD�XPD�VROXomR�GH�����P�Y��GH�3$��HP�UHODomR�
DR�VROYHQWH�������������KH[DÀXRUR���SURSDQRO��+),3���3RVWHULRUPHQWH��IRUDP�LQFRUSRUDGDV�TXDQWLGDGHV�
GH�GLIHUHQWHV�FRQFHQWUDo}HV�GH�3$1,�HP�UHODomR�j�PDVVD�GH�3$���DV�TXDLV�IRUDP�������������������
�����������H�������$V�FRQGLo}HV�XWLOL]DGDV�QD�HOHWUR¿DomR��HP�WRGDV�DV�VROXo}HV�� IRUDP�� WHQVmR�GH�
��N9��WD[D�GH�HMHomR�GH�����P/�K���H�GLVWkQFLD�GH�WUDEDOKR�GH��FP�

3 reSultAdoS e diScuSSÃo

2�DXPHQWR�GD�LQFRUSRUDomR�GD�3$QL�QR�3$��UHVXOWRX�HP�XPD�GLPLQXLomR�SURJUHVVLYD�QR�GLkPH�
WUR�PpGLR�GDV�¿EUDV��*Ui¿FR���%����SRUpP�QmR�IRL�REVHUYDGR�XPD�VLJQL¿FDQWH�DOWHUDomR�QD�GLVWULEXLomR�
H�KRPRJHQHLGDGH�GDV�PHVPDV��*Ui¿FR���$����%DJKHUL�et al., �����REWLYHUDP��FRP�D�WpFQLFD�GH�HOHWUR¿D�
omR��QDQR¿EUDV�GH�3$��3$QL�FRP�GLkPHWUR�PpGLR�GH����QP��R�TXH�HVWi�GH�DFRUGR�FRP�DV�REWLGDV�QHVWH�
HVWXGR��$�GLPLQXLomR�SURJUHVVLYD�GR�GLkPHWUR�FRP�R�DXPHQWR�GD�FRQFHQWUDomR�GD�3$1,�SRGH�VHU�GHYLGD�
j�LQWHUDomR�GHVWD�FRP�R�VROYHQWH��R�TXH�GLPLQXL�D�YLVFRVLGDGH�GD�VROXomR��$�GLPLQXLomR�GD�YLVFRVLGDGH�
IDFLOLWD�R�HVWLUDPHQWR�HP�DOWD�WHQVmR��GLPLQXLQGR�R�GLkPHWUR�GD�¿EUD�

Figura 1. 0LFURJUD¿DV�GDV�QDQR¿EUDV�GH�3$���H�3$���3$1,���$��3$������P�9�HP�UHODomR�j�+),3��%��3$������
P�9���������3$1,�P�P�HP�UHODomR�DR�3$�����&�3$������P�9���������3$1,�P�P�HP�UHODomR�DR�3$�����'�3$���
���P�9��������3$1,�P�P�HP�UHODomR�DR�3$�����(�3$������P�9��������3$1,�P�P�HP�UHODomR�DR�3$�����)�3$�

�����P�9��������3$1,�P�P�HP�UHODomR�DR�3$���
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Figura 2. 'LVWULEXLomR�1RUPDO�GR�GLkPHWUR�PpGLR�GDV�QDQR¿EUDV��$���H�YDULDomR�GR�GLkPHWUR�PpGLR�GH�DFRUGR�
FRP�R�DXPHQWR�GH�FRQFHQWUDomR�GH�3$QL��%��

4 concluSÃo

$�IRUPDomR�GH�QDQR¿EUDV�GD�EOHQGD�SROLPpULFD�PRVWURX�VH�VDWLVIDWyULD��SRLV�IRUDP�REWLGDV�PDQ�
WDV�KRPRJrQHDV�� VHP�D�SUHVHQoD�GH�beads��RV�TXDLV� UHSUHVHQWDULDP�XP�SUREOHPD��SULQFLSDOPHQWH�QD�
DSOLFDomR�GHVWDV�HP�VHQVRUHV��2V�beads�SRGHP�EORTXHDU�RV�HVSDoDPHQWRV�HQWUH�RV�¿QJHUV do eletrodo 
LQWHUGLJLWDGR�FDXVDQGR�XPD�SHUGD�GH�VHQVLELOLGDGH�H�H¿FLrQFLD�GR�VHQVRU��GLPLQXLQGR�D�LQWHUDomR�GR�DQD�
OLWR�FRP�R�HOHWURGR��$�GLPLQXLomR�GR�GLkPHWUR�PpGLR�GD�¿EUD�FRP�R�DXPHQWR�GD�3$1,�p�PXLWR�LQWHUHV�
VDQWH�SDUD�D�DSOLFDomR�GHVWDV�FRPR�FDPDGDV�VHQVLWLYDV�HP�VHQVRUHV��XPD�YH]�TXH�DXPHQWD�D�VXSHUItFLH�
GH�FRQWDWR��PHOKRUDQGR�D�VHQVLELOLGDGH�GH�GHWHFomR�GR�VLVWHPD�

AGrAdecimentoS

'HSDUWDPHQWR�GH�%LRWHFQRORJLD�GD�8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��(PEUDSD�,QVWUXPHQWD�
omR��&$3(6��&13T�

reFerÊnciAS

5266,�%(5*0$11��%��$�QDQRWHFQRORJLD��GD�VD~GH�SDUD�DOpP�GR�GHWHUPLQLVPR�WHFQROyJLFR��$UWLJRV�
H�HQVDLRV��S��������������

5,8/��$��-U���6272%��$�0�*���0(//2&��6�9���%21(%��6���7$</25%�'�0���0$77262��/�+�&��$Q�
HOHFWURQLF�WRQJXH�XVLQJ�SRO\S\UUROH�DQG�SRO\DQLOLQH��6\QWKHWLF�0HWDOV��Y�������S����±����������

2/,9(,5$��-��(����*5$66,��9���6&$*,21��9��3����0$77262��/��+��&����*/(11��*��0���0('(,526��
(��6��6HQVRU�$UUD\�IRU�:DWHU�$QDO\VLV�%DVHG�RQ�,QWHUGLJLWDWHG�(OHFWURGHV�0RGL¿HG�:LWK�)LEHU�)LOPV�RI�
3RO\�/DFWLF�$FLG��0XOWLZDOOHG�&DUERQ�1DQRWXEHV��,(((�6(16256�-2851$/��Y������Q�����S�����������
�����

2/,9(,5$��-��(���6&$*,21��9��3���*5$66,��9���&255($��'��6����0$77262��/��+��&���0RGL¿FDWLRQ�
RI�HOHFWURVSXQ�Q\ORQ�QDQR¿EHUV�XVLQJ�OD\HU�E\�OD\HU�¿OPV�IRU�DSSOLFDWLRQ�LQ�ÀRZ�LQMHFWLRQ�HOHFWURQLF�
WRQJXH��'HWHFWLRQ�RI�SDUDR[RQ�SHVWLFLGH�LQ�FRUQ�FURS��6HQVRUV�DQG�$FWXDWRUV��%��&KHPLFDO ��Y�������S��
��������������

%$*+(5,��+���$*+$.+$1,��$���3RO\DQLOLQH�Q\ORQ���HOHFWURVSXQ�QDQR¿EHUV�IRU�KHDGVSDFH�DGVRUS�
WLYH�0LFURH[WUDFWLRQ��$QDO\WLFD�&KLPLFD�$FWD��Y�������S����±����������
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&ODVVL¿FDomR��Sensores e Biossensores.

resumo
2�GHVHQYROYLPHQWR�H�SHVTXLVD�GH�QRYRV�PDWHULDLV�REWLGRV�SRU�PHLR�GD�LQVHUomR�GH�PDWUL]HV�LQRUJkQL�
FDV�HP�PDWHULDLV�SROLPpULFRV�IRUPDQGR�QDQRFRPSyVLWRV�KtEULGRV�WHP�DWUDtGR�JUDQGH�DWHQomR�GHYLGR�D�
SRVVLELOLGDGH�GH�DMXVWH�GD�UHODomR�HQWUH�DV�SURSULHGDGHV�H�HVWUXWXUD�GRV�PDWHULDLV��2�$J&O�3$1,�WHP�
HPHUJLGR�FRPR�XPD�H[FHOHQWH�DOWHUQDWLYD�SDUD�HYLWDU�R�SURFHVVR�GH�GRSDJHP�GHVGRSDJHP�GD�3$1,��
DOpP�GH�DSUHVHQWDU�EDL[D�GHSHQGrQFLD�FRP�R�S+��1HVWH�WUDEDOKR�UHSRUWDPRV�D�IDEULFDomR�GH�¿OPHV�/E/�
GH�$J&O�3$1,�366��VHQGR�TXH�R�QDQRFRPSyVLWR�KtEULGR�IRL�REWLGR�FRP�VtQWHVH�³RQH�VWHS´��2�SURFHVVR�
GH�FLQpWLFD�GH�DGVRUomR�IRL�PRGXODGR�SRU�PHLR�GD�HTXDomR�GH�-RKQVRQ�0HO�$YUDPL��FRUUHVSRQGHQGR�D�
XP�FUHVFLPHQWR��'��R�TXH�LQGLFD�QXFOHDomR�GRV�HVIHURLGHV�GXUDQWH�R�SURFHVVR�GH�DGVRUomR��FXMRV�GDGRV�
FRUURERUDUDP�FRP�DV�PHGLGDV�GH�0)$��
Palavras-chave��$J&O�3$1,��1DQRFRPSyVLWRV�KtEULGRV��)LOPHV�/E/��FLQpWLFD�GH�DGVRUomR��$)0�

cHArActeriZAtion oF AGcl /PAni HYbrid nAnocomPoSite FilmS
Abstract
7KH�GHYHORSPHQW�DQG�UHVHDUFK�RI�QHZ�PDWHULDOV�REWDLQHG�E\�PHDQV�RI� LQVHUWLRQ�RI�DQ�LQRUJDQLF�PD�
WUL[� LQWR�SRO\PHULF�PDWHULDOV��\LHOGLQJ�K\EULGV�QDQRFRPSRVLWHV��KDV�DWWUDFWHG�PXFK�DWWHQWLRQ�GXH� WKH�
SRVVLELOLW\�RI�WDLORULQJ�WKH�PDWHULDOV�VWUXFWXUH�SURSHUW\�UHODWLRQVKLS��$J&O�3$1,�KDV�HPHUJHG�DV�DQ�H[�
FHOOHQW� DOWHUQDWLYH� WR� DYRLG� WKH� HDV\�GRSLQJ�GH�GRSLQJ�SURFHVV� RI�3$1,�� SUHVHQWLQJ� ORZ�GHSHQGHQFH�
ZLWK�WKH�S+��+HUH�ZH�UHSRUW�IRU�WKH�¿UVW�WLPH�WKH�IDEULFDWLRQ�RI�/E/�¿OPV�REWDLQHG�IURP�$J&O�3$1,�
K\EULG�QDQRFRPSRVLWHV�V\QWKHWL]HG�E\�RQH�VWHS�URXWH��.LQHWLFV�RI�DGVRUSWLRQ�SURFHVV�ZDV�PRGHOHG�E\�
-RKQVRQ�0HO�$YUDPL�HTXDWLRQ�\LHOGLQJ�D��'�JURZWK��LQGLFDWLQJ�VSKHURLGV�QXFOHDWLRQ�GXULQJ�DGVRUSWLRQ�
SURFHVV��ZKLFK�ZDV�FRUURERUDWHG�E\�$)0�PHDVXUHPHQWV�
Keywords: $J&O�3$1,��+\EULGV�1DQRFRPSRVLWHV��/E/�¿OPV��.LQHFWV�RI�DGVRUSWLRQ��$)0�

1 introduÇÃo

2V�SROtPHURV�FRQGXWRUHV�VmR�ODUJDPHQWH�XWLOL]DGRV�HP�VHQVRUHV�TXtPLFRV�GHYLGR�j�FDSDFLGDGH�
GH�DOWHUDU��GH�PDQHLUD� UHYHUVtYHO�� VHXV�QtYHLV�GH�FRQGXWLYLGDGH�HOpWULFD�TXDQGR�H[SRVWRV�D�GLIHUHQWHV�
substâncias químicas e ambientes diversos. 3RU�PXGDU�R�QtYHO�GH�GRSDJHP��D�FRQGXWLYLGDGH�GD�SROLDQL�
OLQD�SRGH�VHU�PRGL¿FDGD�SDUD�DMXVWDU�VH�D�DSOLFDo}HV�HVSHFt¿FDV�HQWUHWDQWR��LVWR�p�XP�SUREOHPD�TXDQGR�
DSOLFDGD�HP�VHQVRU�SDUD�OtTXLGRV��VHQGR�VHX�XVR�UHVWULWR�D�PHLRV�iFLGRV��,5,0,$�9/$'8�et. al.,��������
3RU�HVWD� UD]mR��R�GHVHQYROYLPHQWR�H�D�SHVTXLVD�GH�QRYRV�PDWHULDLV�REWLGRV�SRU�PHLR�GD� LQVHUomR�GH�
SROtPHURV�RUJkQLFRV�HP�PDWUL]HV�LQRUJkQLFDV��IRUPDQGR�QDQRFRPSyVLWRV�KtEULGRV��WHP�HPHUJLGR�FRPR�
XPD�H[FHOHQWH�DOWHUQDWLYD�SDUD�HYLWDU�R�IiFLO�SURFHVVR�GH�GHVGRSDJHP��WRUQDQGR�SRVVtYHO�D�XWLOL]DomR�GRV�
VHQVRUHV�HP�PHLRV�QHXWURV�RX�DWp�PHVPR�EiVLFRV��(VWHV�VHQVRUHV�VmR�JHUDOPHQWH�REWLGRV�FRP�D�GHSRVL�
omR�GH�XPD�FDPDGD�DWLYD�VREUH�XP�HOHWURGR�SDUD�LQWHUDJLU�FRP�XP�DQDOLWR��3RU�LVWR��PXLWDV�WpFQLFDV�GH�
IDEULFDomR�GH�¿OPHV�WrP�VLGR�XVDGDV��PDV�D�WpFQLFD�GH�/D\HU�E\�/D\HU��/E/��p�XPD�GDV�TXH�PDLV�WHP�
DWUDtGR�DWHQomR�GHYLGR�D�VLPSOLFLGDGH�H[SHULPHQWDO�SDUD�IDEULFDU�PXOWLFDPDGDV�QDQRHVWUXWXUDGDV�GHVWHV�
PDWHULDLV��DOpP�GH�VHX�EDL[R�FXVWR��65,9$67$9$�et. al.��������
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2 mAteriAiS e métodoS

2.1 3UHSDUDomR�GRV�¿OPHV�GH�$J&O�3$1,�366�FRP�D�WpFQLFD�GH�/D\HU�E\�/D\HU��/E/�

$�REWHQomR�GDV�ELFDPDGDV�GH�$J&O�3$1,�366�IRL�IHLWD�FRP�D�WpFQLFD�GH�/D\HU�E\�/D\HU��/%/���
FRP�GHSRVLomR�DOWHUQDGD�GRV�SROtPHURV�GH�FDUJDV�RSRVWDV��$J&O�3$1,�H�366��VREUH�OkPLQDV�GH�TXDUW]R��
VHQGR�TXH�DSyV�FDGD�LPHUVmR�QDV�VROXo}HV�SROLPpULFDV�RV�VXEVWUDWRV�IRUDP�ODYDGRV�FRP�LPHUVmR�HP�
VROXomR�+&O�S+���H�VHFRV�HP�ÀX[R�GH�QLWURJrQLR��

2.2 &DUDFWHUL]DomR�GRV�¿OPHV�/E/�GH�$J&O�3$1,�366

2V�¿OPHV�/E/�GH�$J&O�3$1,�366�IRUDP�FDUDFWHUL]DGRV�FRP�DV�WpFQLFDV�

2.2.1 (VSHFWURVFRSLD�GH�$EVRUomR�QR�89�9LV

)RL�XWLOL]DGR�XP�HTXLSDPHQWR�GD�3HUNLQ�(OPHU��/DPEGD����H�VXEVWUDWRV�GH�OkPLQDV�GH�TXDUW]R�
SDUD�GHSRVLomR�GRV�¿OPHV��(VWD�WpFQLFD�IRL�XWLOL]DGD�SDUD�DYDOLDU�R�PHFDQLVPR�GH�DGVRUomR�GRV�QDQR�
FRPSyVLWRV�GH�$J&O�3$1,�GXUDQWH�D�GHSRVLomR�GR�¿OPH�/E/��(VWD�DYDOLDomR�IRL�IHLWD�SRU�PHLR�GH�XP�
PRGHODPHQWR�PDWHPiWLFR�GD� FLQpWLFD� GH� DGVRUomR� FRP�D� HTXDomR�GH� -RKQVRQ±0HKO±$YUDPL� �-0$��
�5$3262��0��et. al.,��������D�TXDO�p�XPD�GHVFULomR�IHQRPHQROyJLFD�GR�SURFHVVR�GD�FLQpWLFD�GH�DGVRU�
omR�H� WHP�VLGR�DGHTXDGDPHQWH�XVDGD�SDUD�H[SOLFDU�R�FUHVFLPHQWR�GRV�¿OPHV�SROLPpULFRV��$�HTXDomR�
-0$�p�GDGD�SRU��

 

 

���

2QGH�$�p�D�DEVRUEkQFLD�VHOHFLRQDGD��N�H�Q�VmR�FRQVWDQWHV��o1 e o2 são os tempos característicos. 
$�SULPHLUD�H[SRQHQFLDO�FRUUHVSRQGH�D�XPD�FLQpWLFD�GH�SULPHLUD�RUGHP�FRP�o1�DWULEXtGR�j�QXFOHDomR�
GRV�GRPtQLRV�SROLPpULFRV��HQTXDQWR�D�VHJXQGD�H[SRQHQFLDO�p�DWULEXtGD�DR�FUHVFLPHQWR�GRV�Q~FOHRV�Mi�
IRUPDGRV��

2.2.2 0LFURVFRSLD�GH�)RUoD�$W{PLFD��0)$�

(VWD�WpFQLFD�IRL�XWLOL]DGD�SDUD�FDUDFWHUL]DU�¿OPHV�/E/�GH�$J&O�3$1,�366�FRP������H���ELFD�
PDGDV�HP�UHODomR�D�PRUIRORJLD�H�D�UXJRVLGDGH��$V�DQiOLVHV�IRUDP�IHLWDV�HP�XP�PLFURVFySLR�GH�IRUoD�
DW{PLFD�'LPHQVLRQ�9��9HHFR���XWLOL]DQGR�SRQWDV�GH�VLOtFLR�DQH[DGDV�D�XP�PLFURFDQWLOHYHU�GH�FRQVWDQWH�
GH�PROD������1�P�H�IUHTXrQFLD�GH�UHVVRQkQFLD�GH�������.+]��7RGDV�DV�LPDJHQV�IRUDP�REWLGDV�HP�PRGR�
tapping70�FRP�YHORFLGDGH�GH�YDUUHGXUD�GH�����+]��$�UDL]�TXDGUDGD�GD�PpGLD�GD�UXJRVLGDGH��5PV��H�D�
HVSHVVXUD�IRUDP�FDOFXODGDV�XVDQGR�R�software�*Z\GGLRQ��9HUVmR�������1RYHPEUR��������

3 reSultAdoS e diScuSSÃo

3.1 &DUDFWHUL]DomR�GRV�¿OPHV�GH�$J&O�3$1,�366�REWLGRV�FRP�D�WpFQLFD�GH�/D\HU�E\�/D\HU��/E/�

$�)LJXUD���PRVWUD�D�FXUYD�H[SHULPHQWDO�H�D�REWLGD�SRU�PHLR�GR�PRGHODPHQWR�PDWHPiWLFR�FRP�
D�HTXDomR�-0$�SDUD�R�¿OPH�/E/�GH�$J&O�3$1,�366��3RU�PHLR�GD�)LJXUD���IRL�SRVVtYHO�REVHUYDU�TXH�D�
VDWXUDomR�GD�DGVRUomR�GR�SROtPHUR�RFRUUHX�DSyV�RV�����V��R�TXH�p�FRQ¿UPDGR�SHOR�SDUkPHWUR�REWLGR�o2 
 �����V��)RL�REWLGR�XP�YDORU�SDUD�R�SDUkPHWUR�Q�LJXDO�D����TXH�p�FRUUHVSRQGHQWH�D�XP�FUHVFLPHQWR��'�
GRV�HVIHURLGHV�SROLPpULFRV�����$�SDUWLU�GD�REWHQomR�GR�WHPSR�GH�VDWXUDomR�GR�SROtPHUR������V��IRL�SRVVt�
YHO�ID]HU�XP�HVWXGR�GR�FUHVFLPHQWR�GR�¿OPH�/E/�GH�$J&O�3$1,�366�VREUH�VXEVWUDWR�GH�TXDUW]R�FRP�D�
WpFQLFD�GH�HVSHFWURVFRSLD�GH�DEVRUomR�QR�89�9LV��FXMRV�UHVXOWDGRV�VmR�PRVWUDGRV�QDV�)LJXUDV����D��H��E���
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Figura 1. &XUYD�GD�FLQpWLFD�GH�DGVRUomR�SDUD�R�¿OPH�/E/�GH�$J&O�3$1,��$�OLQKD�VyOLGD�UHSUHVHQWD�R�DMXVWH�
PDWHPiWLFR�REWLGR�FRP�R�PRGHOR�-0$�

1D�)LJXUD����D��p�SRVVtYHO�REVHUYDU�GRLV�SLFRV�GH�DEVRUomR�HP�����H�����QP��RV�TXDLV�VmR�DWUL�
EXtGRV�D�WUDQVLomR�ʌ�ʌ�UHVSHFWLYDPHQWH�GRV�DQpLV�EHQ]HQyLGH�H�TXLQyLGH�QD�FDGHLD�GD�SROLDQLOLQD����1D�
)LJXUD����E��IRL�SRVVtYHO�REVHUYDU�D�GHSHQGrQFLD�OLQHDU�GD�DEVRUEkQFLD�PHGLGD�D�����QP�FRP�R�Q~PHUR�
GH�ELFDPDGDV�GHSRVLWDGDV��R�TXH�LQGLFD�XPD�DGVRUomR�UHJXODU�GR�PDWHULDO�HP�FDGD�ELFDPDGD��OHYDQGR�D�
XP�FUHVFLPHQWR�XQLIRUPH�GR�¿OPH�/E/�VREUH�R�VXEVWUDWR�

Figura 2. �D� (VSHFWUR�GH�DEVRUomR�89�9LV�SDUD�R�¿OPH�/D\HU�E\�/D\HU�GH�$J&O�3$1,�366��REWLGR�GH���D�
���ELFDPDGDV�H��E��$EVRUomR��FRQVLGHUDQGR�R�SLFR�D�����QP��FRPR�XPD�IXQomR�GR�Q~PHUR�GH�ELFDPDGDV�

GHSRVLWDGDV��PRVWUDQGR�D�GHSHQGrQFLD�OLQHDU�

$�)LJXUD���PRVWUD�RV�DVSHFWRV�PRUIROyJLFRV�GRV�¿OPHV�/E/�GH�$J&O�3$1,�366�REWLGRV�FRP����
��H���ELFDPDGDV�XWLOL]DQGR�D�WpFQLFD�GH�PLFURVFRSLD�GH�IRUoD�DW{PLFD��3RU�PHLR�GHVWD�)LJXUD�IRL�SRVVt�
YHO�REVHUYDU�XP�UHFREULPHQWR�XQLIRUPH�GRV�¿OPHV�GH�$J&O�3$1,�366�REWLGRV�FRP������H���ELFDPDGDV�
VREUH�R�VXEVWUDWR��FRP�PRUIRORJLD�JOREXODU�WtSLFD�GDV�SROLDQLOLQDV����)RL�SRVVtYHO�REVHUYDU�R�FUHVFLPHQWR�
GRV�Q~FOHRV�Mi�IRUPDGRV�FRP�R�Q~PHUR�GH�ELFDPDGDV�GHSRVLWDGDV�QR�¿OPH��R�TXDO�IRL�DFRPSDQKDGR�FRP�
XP�DXPHQWR�GD�UXJRVLGDGH��5rms���5rms� ����QP�������QP�H����QP�UHVSHFWLYDPHQWH�SDUD������H���ELFDPD�
GDV��2�DXPHQWR�WDQWR�GD�UXJRVLGDGH�H�GD�KRPRJHQHLGDGH�QD�FDPDGD�VXSHU¿FLDO�FRQ¿UPD�R�FUHVFLPHQWR�
�'�GR�¿OPH�/E/�GH�$J&O�3$1,�366��FRPR�GHWHUPLQDGR�FRP�R�PRGHODPHQWR�-0$�

Figura 3. ,PDJHP��'�REWLGD�FRP�D�WpFQLFD�GH�0)$�GD�VXSHUItFLH�GRV�¿OPHV�/E/�GH�3$1,�$J&O�366�IRUPDGRV�
FRP��D������E����H��F����ELFDPDGDV��
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4 concluSÃo

2V�QDQRFRPSyVLWRV�KtEULGRV�GH�$J&O�3$1,�DGHTXDGDPHQWH�REWLGRV�FRP�D�VtQWHVH�³RQH�VWHS´�
IRUDP�XWLOL]DGRV�SDUD�IDEULFDU�¿OPHV�/E/�QDQRHVWUXWXUDGRV��RV�TXDLV�IRUDP�FDUDFWHUL]DGRV�FRP�DV�WpF�
QLFDV�GH�HVSHFWURVFRSLD�89�9LV�H�0)$��HQTXDQWR�RV�SDUkPHWURV�SDUD�R�SURFHVVR�GH�DGVRUomR�IRUDP�
HVWDEHOHFLGRV�XVDQGR�R�PRGHOR�-0$�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�R�VXSRUWH�¿QDQFHLUR�GD�)$3(63��&13T��&$3(6�H�(0%5$3$�GR�%UDVLO�

reFerÊnciAS

,5,0,$�9/$'8��0��)(5*86��-��:��,PSHGDQFH�VSHFWURVFRS\�RI�WKLQ�¿OPV�RI�HPHUDOGLQH�EDVH�SRO\D�
QLOLQH�DQG�LWV�LPSOLFDWLRQV�IRU�FKHPLFDO�VHQVLQJ��6\QWKHWLF�0HWDOV��Y�������S������±�����������

65,9$67$9$��6���.2729��1��$��&RPSRVLWH�/D\HU�E\�/D\HU��/%/��$VVHPEO\�ZLWK�,QRUJDQLF�1DQR�
SDUWLFOHV�DQG�1DQRZLUHV��$FFRXQWV�RI�&KHPFLDO�5HVHDUFK��Y������S������������������

5$3262��0���3217(6��5��6���0$77262��/��+��&���2/,9(,5$�-U���2��1��.LQHWLFV�RI�$GVRUSWLRQ�RI�
3RO\�R�PHWKR[\DQLOLQH��6HOI�$VVHPEOHG�)LOPV��0DFURPROHFXOHV��Y������S������������������

eStudoS de otimiZAÇÃo de etAPAS dA conStruÇÃo de um 
bioSSenSor PArA detecÇÃo de SAlmonellA SPP. em leite

Aíris maria Araújo melo1, dalila lima Alexandre2, maria de Fatima borges3, evânia Altina 
teixeira de Figueiredo1, carlucio roberto Alves2, *roselayne Ferro Furtado3

18QLYHUVLGDGH�)HGHUDO�GR�&HDUi��)RUWDOH]D��&(��28QLYHUVLGDGH�(VWDGXDO�GR�&HDUi��)RUWDOH]D��&(���
�(PEUDSD�$JURLQG~VWULD�7URSLFDO��)RUWDOH]D��&(�

URVHOD\QH�IXUWDGR#FQSDW�HPEUDSD�EU

&ODVVL¿FDomR��6HQVRUHV�H�%LRVVHQVRUHV�

resumo
'XUDQWH�R�GHVHQYROYLPHQWR�GH�LPXQRVVHQVRUHV�SDUD�D�GHWHFomR�GH�SDWyJHQRV�HVWXGRV�GH�RWLPL]DomR�GDV�
HWDSDV�GH�PRQWDJHP�VmR�FRQGX]LGRV�YLVDQGR�PHOKRU�GHVHPSHQKR�GD�UHVSRVWD�DQDOtWLFD��1HVWH�WUDEDOKR��
WUrV�SURFHGLPHQWRV�GH� OLPSH]D� H�GLIHUHQWHV� FRQFHQWUDo}HV�GH�ELRPROpFXODV� �SURWHtQD�$�H� DQWLFRUSR���
IRUDP�WHVWDGRV�SDUD�D�PRQWDJHP�GH�XP�GLVSRVLWLYR�FDSD]�GH�GHWHFWDU�Salmonella�VSS��HP�OHLWH��)RL�PRQ�
WDGR�XP�VLVWHPD�D�SDUWLU�GD�PRGL¿FDomR�GD�VXSHUItFLH�GH�RXUR�FRP�PRQRFDPDGD�DXWRPRQWDGD�GH�WLRO��
8WLOL]RX�VH�D�SURWHtQD�$�SDUD�GLUHFLRQDU�D�LPRELOL]DomR�GR�DQWLFRUSR�SULPiULR�H�D�UHVSRVWD�DQDOtWLFD�IRL�
REWLGD�SRU�PHLR�GD�OLJDomR�GR�DQWLFRUSR�VHFXQGiULR�PDUFDGR�FRP�HQ]LPD�SHUR[LGDVH��$V�PHGLGDV�HOH�
WURTXtPLFDV�IRUDP�DYDOLDGDV�SRU�YROWDPHWULD�FtFOLFD��9HUL¿FRX�VH�TXH�D�OLPSH]D�PHFkQLFD�FRP�DOXPLQD�
VHJXLGD�GH�VRQLFDomR�HP�EDQKR�FRP�HWDQRO�IRL�PDLV�H¿FLHQWH�SDUD�D�OLPSH]D�GD�VXSHUItFLH��1RV�HVWXGRV�
GH�RWLPL]DomR�GD�FRQFHQWUDomR�GH�SURWHtQD�$��PHOKRU�UHVSRVWD�IRL�REWLGD�D�SDUWLU�GD�FRQFHQWUDomR�GH�
����PJ�PO����3DUD�D�HWDSD�GD�DYDOLDomR�GD�PHOKRU�FRQFHQWUDomR�GH�DQWLFRUSR�SULPiULR�IRL�HQFRQWUDGD�D�
FRQFHQWUDomR�GH������PJ�P/��. Estes resultados estão sendo aplicados no desenvolvimento de um imu�
QRVVHQVRU�SDUD�GHWHFomR�GH�Salmonella spp. em leite.
Palavras-chave��%LRVVHQVRU��6HJXUDQoD�GH�DOLPHQWRV��Salmonella��3DWyJHQRV��0RQLWRUDPHQWR

oPtimiZAtion StudieS For tHe develoPment oF A bioSenSor For detec-
tion oF SAlmonellA SPP. in milK
Abstract
,Q�WKH�GHYHORSLQJ�LPPXQRVHQVRUV�IRU�SDWKRJHQV�GHWHFWLRQ��WKH�RSWLPL]DWLRQ�VWXGLHV�RI�FRQVWUXFWLRQ�VWHSV�
DUH�QHHGHG� LQ�RUGHU� WR�REWDLQ�EHWWHU�DQDO\WLFDO� UHVSRQVH�� ,Q� WKLV�ZRUN�� WKUHH�FOHDQLQJ�SURFHGXUHV�DQG�
GLIIHUHQW�FRQFHQWUDWLRQV�RI�ELRPROHFXOHV��SURWHLQ�$�DQG�DQWLERG\��ZHUH�WHVWHG�WR�HQKDQFH�WKH�DQDO\WLFDO�
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response in the Salmonella�VSS��GHWHFWLRQ�LQ�PLON��)LUVWO\��JROG�VXUIDFH�ZDV�PRGL¿HG�ZLWK�VHOI�DVVHPEO\�
PRQROD\HU�WHFKQLTXH�XVLQJ�WKLRO���3URWHLQ�$�ZDV�XVHG�WR�GLUHFW�LPPRELOL]DWLRQ�RI�SULPDU\�DQWLERG\�DQG�
WKH�DQDO\WLFDO�UHVSRQVH�ZDV�REWDLQHG�DIWHU�ELQGLQJ�RI�VHFRQGDU\�DQWLERG\�ODEHOHG�ZLWK�KRUVHUDGLVK�SHU�
R[LGDVH��(OHFWURFKHPLFDO�PHDVXUHPHQWV�ZHUH�HYDOXDWHG�E\�F\FOLF�YROWDPPHWU\�WHFKQLTXH��,W�ZDV�IRXQG�
WKDW�PHFKDQLFDO�WUHDWPHQW�ZLWK�DOXPLQD�IROORZHG�E\�VRQLFDWLRQ�LQ�HWKDQRO�ZDV�PRUH�HI¿FLHQW�WR�FOHDQ�RI�
JROG�VXUIDFH��,Q�WKH�RSWLPL]DWLRQ�VWXG\�RI�WKH�FRQFHQWUDWLRQ�RI�SURWHLQ�$��WKH�EHVW�UHVSRQVH�ZDV�REWDLQHG�
IURP�FRQFHQWUDWLRQ�RI�����PJ�PO����0RUHRYHU��LQ�WKH�VWXG\�RI�WKH�DQWLERG\�FRQFHQWUDWLRQ��WKH�EHVW�UHVXOW�
ZDV������PJ�P/����7KHVH�UHVXOWV�KDV�EHHQ�XVHG�LQ�WKH�GHYHORSPHQW�RI�DQ�LPPXQRVHQVRU�IRU�GHWHFWLQJ�
Salmonella�VSS��LQ�PLON�
Keywords: %LRVHQVRU��)RRG�VDIHW\��Salmonella��3DWKRJHQV��0RQLWRULQJ

3XEOLFDo}HV�UHODFLRQDGDV��0HOR��$�0�$���$OH[DQGUH��'�/���%RUJHV��0�)���)LJXHLUHGR��(�$�7���$OYHV��
&�5���)XUWDGR��5�)��(OHWURFKHPLFDO�FKDUDFWHUL]DWLRQ�RI�DQ� LPPXQRVHQVRU� IRU�GHWHFWLRQ�RI�Salmonella 
VSS��,Q��$QDLV�GR���WK�,QWHUQDWLRQDO�%LRWHFKQRORJ\�6\PSRVLXP�DQG�([KLELWLRQ��)RUWDOH]D�&(�������

1 introduÇÃo

$�LGHQWL¿FDomR�GH�PLFURUJDQLVPRV�SDWRJrQLFRV�p�GH�IXQGDPHQWDO�LPSRUWkQFLD�QR�FRQWUROH�GD�
TXDOLGDGH�GR�SURFHVVR�SURGXWLYR�SDUD�D�SUHYHQomR�GH�VXUWRV�DOLPHQWDUHV��%DFWpULDV�GR�JrQHUR�Salmo-
nella�WrP�VLGR�UHODWDGDV�FRPR�RV�SULQFLSDLV�DJHQWHV�HWLROyJLFRV�GH�GRHQoDV�WUDQVPLWLGDV�SRU�DOLPHQWRV�
�&'&���������2V�PpWRGRV� FRQYHQFLRQDLV� GH� LGHQWL¿FDomR� VmR�GHPRUDGRV�� FDURV� H� UHTXHUHP�SHVVRDO�
TXDOL¿FDGR�SDUD�UHDOL]DomR�GDV�DQiOLVHV��1HVVH�FHQiULR��HVIRUoRV�WrP�VLGR�GLUHFLRQDGRV�SDUD�R�GHVHQ�
YROYLPHQWR�GH�PHWRGRORJLDV�DQDOtWLFDV�UiSLGDV�H�SUiWLFDV��7UDEDOKRV�UHFHQWHV�UHODWDP�GHVHQYROYLPHQWR�
GH�ELRVHQVRUHV�FDSD]HV�GH�GHWHFWDU�SUHVHQoD�GH�EDFWpULDV�RX�VHXV�PHWDEyOLWRV��WR[LQDV��GH�IRUPD�UiSLGD��
HVSHFt¿FD�H�FRP�OLPLWHV�GH�GHWHFomR�PHQRUHV�TXH�RV�PpWRGRV�FRQYHQFLRQDLV��9(/86$0<���������8P�
ELRVVHQVRU�FDSD]�GH�GHWHFWDU�D�SUHVHQoD�GH�Salmonella�VSS��SRGH�VHU�XPD�IHUUDPHQWD�GH�JUDQGH�LPSRU�
WkQFLD�QR�FRQWUROH�GH�TXDOLGDGH�QD�LQG~VWULD�GH�DOLPHQWRV�

1R�GHVHQYROYLPHQWR�GH�XP�LPXQRVVHQVRU�VmR�YiULDV�DV�HWDSDV�GH�PRQWDJHP�DWp�VH�FRQVHJXLU�XP�
VLVWHPD�HVWUXWXUDGR�H�FDSD]�GH�FRQKHFHU�XP�DQDOLWR��3DUD�DOFDQoDU�R�Pi[LPR�GH�H¿FLrQFLD�HP�WHUPRV�
GH�UHVSRVWD�DQDOtWLFD��HVWXGRV�GH�RWLPL]DomR�VmR�QHFHVViULRV�SDUD�DYDOLDomR�H�VHOHomR�GRV�PHOKRUHV�SUR�
FHGLPHQWRV�H�FRQFHQWUDo}HV�GH�ELRPROpFXODV�TXH�VHUmR�XWLOL]DGRV�QD�PRQWDJHP�GR�LPXQRVVHQVRU��$Q�
WHULRUPHQWH�DV�HWDSDV�GH�PRQWDJHP�GR�GLVSRVLWLYR��D�OLPSH]D�DGHTXDGD�GD�VXSHUItFLH�p�GH�IXQGDPHQWDO�
LPSRUWkQFLD�QD�UHPRomR�GDV�VXMLGDGHV�H�SUHSDUDomR�GD�VXSHUItFLH��3DUD�VLVWHPDV�TXH�XWLOL]DP�D�WpFQLFD�
GH�PRQRFDPDGD�DXWRPRQWDGD��XPD�OLPSH]D�GD�VXSHUItFLH�LQH¿FLHQWH�GHFRUUH�HP�DOWHUDo}HV�QD�FLQpWLFD�
GH�PRQWDJHP�GDV�PRQRFDPDGDV�IRUPDGDV�SRU�WLyLV��UHGX]LQGR�DVVLP�D�UHSURGXWLELOLGDGH�GHVWHV�VLVWHPDV�
�0(1'(6���������$�PRQWDJHP�GR�ELRVVHQVRU�LQLFLD�VH�FRP�D�OLJDomR�GH�ELRPROpFXODV�GLUHWD�RX�LQGLUH�
WDPHQWH��%LRVVHQVRUHV�WrP�DSUHVHQWDGR�PHOKRUHV�UHVXOWDGRV�TXDQGR�ELRPROpFXODV�WrP�VLGR�LPRELOL]DGDV�
GH�IRUPD�RUGHQDGD�H�QmR�DGVRUYLGDV�GLUHWDPHQWH�D�VXSHUItFLH��1R�SUHVHQWH�WUDEDOKR��D�VXSHUItFLH�GH�RXUR�
IRL�PRGL¿FDGD�FRP�WLRO��SURWHtQD�$�H�DQWLFRUSR�SULPiULR�TXH�DSyV�D�OLJDomR�FRP�R�DQWtJHQR�IRL�IRUPDGR�
XP�VDQGXtFKH�FRP�DQWLFRUSR�VHFXQGiULR�FRQMXJDGR�D�SHUR[LGDVH��5HVVDOWD�VH�TXH��SURWHtQD�$�H[WUDtGD�
de cepas de Staphylococcus aureus�p�XP�UHFHSWRU�GH�PHPEUDQD�DOWDPHQWH�HVWiYHO�TXH�OLJD�VH�D�IUDomR�
)F�GH�LPXQRJOREXOLQDV��HVSHFLDOPHQWH�,J*V��IXQFLRQDQGR�FRPR�PROpFXOD�GH�RULHQWDomR�GH�DQWLFRUSRV��
(VVD�RULHQWDomR�p�LPSRUWDQWH�SDUD�R�DXPHQWR�GD�HVSHFL¿FLGDGH�H�VHQVLELOLGDGH�GR�LPXQRVVHQVRU��%$�
%$&$1���������

(VWXGRV�GH�RWLPL]DomR�QDV�VHJXLQWHV�HWDSDV�GH�GHVHQYROYLPHQWR��OLPSH]D�GD�VXSHUItFLH�GR�HOH�
WURGR�� GH¿QLomR�GD� FRQFHQWUDomR�GH� SURWHtQD�$� H� GD� FRQFHQWUDomR�GR� DQWLFRUSR� IRUDP� UHDOL]DGRV�QR�
presente trabalho. Os resultados dos estudos estão sendo aplicados na montagem de um imunossensor 
FDSD]�GH�GHWHFWDU�Salmonella spp. em leite.

2 mAteriAiS e métodoS

2�HVWXGR� IRL� UHDOL]DGR� FRP�FHSDV�GH� UHIHUrQFLD�Salmonella enterica subsp. enterica serovar 
7\SKLPXULXP�$7&&®������70��FUHVFLGDV�HP�FDOGR�LQIXVmR�FpUHEUR�FRUDomR�D����&�SRU����K��)RUDP�XWL�
OL]DGRV�FRPR�DQWLFRUSRV��VRURV�SROLYDOHQWHV�DQWL�Salmonella�2�3ROL�$�,�H�9L�DGTXLULGRV�GD�'LIFR70. Os 
DQWLFRUSRV�IRUDP�SXUL¿FDGRV�SRU�SUHFLSLWDomR�FRP��1+��2SO��FRP�����GH�VDWXUDomR��*5(11��+8*6��
������H�VXD�FRQFHQWUDomR�IRL�GH¿QLGD�SHOR�PpWRGR�GH�%UDGIRUG���������3DUD�D�REWHQomR�GR�DQWLFRUSR�
VHFXQGiULR��R�DQWLFRUSR�SULPiULR�IRL�FRQMXJDGR�FRP�D�HQ]LPD�SHUR[LGDVH�GH�UDL]�IRUWH���+RUVHUDGLVK�
�+53���6LJPD�$OGULFK®��FRQIRUPH�PHWRGRORJLD�GH�$YUDPHDV��������



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014.60

7UrV�GLIHUHQWHV�SURFHGLPHQWRV�GH�OLPSH]D�GD�VXSHUItFLH�IRUDP�WHVWDGRV�SDUD�VHOHFLRQDU�DTXHOH�
TXH�UHVXOWRX�HP�PDLRU�iUHD�HOHWURDWLYD�GR�HOHWURGR�SDUD�D�IRUPDomR�GD�PRQRFDPDGD�DXWRPRQWDGD�GH�
FLVWHDPLQD����P0��(VWH�UHVXOWDGR�IRL�REWLGR�SRU�PHLR�GD�WpFQLFD�GH�YROWDPHWULD�FtFOLFD�HP�VROXomR�GH�
.�>)H��&1��@��P0�H�.&O��0�FRP�MDQHOD�GH�SRWHQFLDO�GH�������D������9�H�YHORFLGDGH�GH�YDUUHGXUD�GH�
���P9�V����2V�SURFHGLPHQWRV�WHVWDGRV�IRUDP�RV�VHJXLQWHV��D��SROLPHQWR�FRP�DOXPLQD�����P��GXUDQWH�
��PLQ��VHJXLGD�SRU�OLPSH]D�HP�HWDQRO�����HP�EDQKR�XOWUDVV{QLFR�GXUDQWH���PLQ��E��SURFHGLPHQWR�D�
VHJXLGR�GH�LPHUVmR�HP�VROXomR�SLUDQKD������±�+2O2�+2SO���GXUDQWH���PLQ��F��SURFHGLPHQWR�E�VHJXLGR�
GH�OLPSH]D�HOHWURTXtPLFD�GH����FLFORV�FRP�+2SO������0�H�IDL[D�GH�SRWHQFLDO�GH���D�����9��'H¿QLGD�D�
HWDSD�GH�OLPSH]D�D�VXSHUItFLH�GH�RXUR�IRL�PRGL¿FDGD�FRP�FLVWHDPLQD�����P0���VXEPHWLGD�DV�HWDSDV�GH�
LPRELOL]DomR�GH�SURWHtQD�$�H�DQWLFRUSR�SULPiULR��

$�UHVSRVWD�DQDOtWLFD�IRL�REWLGD�XWLOL]DGR�VH�XP�LQyFXOR�GH�Salmonella�FRP�����8)&�P/���3DUD�
GHWHFomR�GR�VLQDO�HOHWURTXtPLFR�XP�DQWLFRUSR�VHFXQGiULR�PDUFDGR�SHOD�HQ]LPD�SHUR[LGDVH�IRL�XWLOL]DGR�
QR�IRUPDWR�GH�XP�VLVWHPD�VDQGXtFKH��$�UHVSRVWD�DQDOtWLFD�GR�ELRVVHQVRU�IRL�DYDOLDGD�SRU�PHLR�GH�PpWRGRV�
YROWDPpWULFRV�XWLOL]DQGR�VLVWHPD�HOHWURTXtPLFR�GH�WUrV�HOHWURGRV��FRP�XP�HOHWURGR�$J�$J&O�FRPR�UHIHUrQ�
FLD��XP�HOHWURGR�KHOLFRLGDO�GH�SODWLQD�FRPR�DX[LOLDU�H�HOHWURGR�GH�RXUR���int  �������FP

2��FRPR�WUDEDOKR��
)RL�HPSUHJDGR�XP�SRWHQFLRVWDWR�JDOYDQRVWDWR��$XWRODE�3*67$7����FRP�R�VRIWZDUH�*3(6��$V�UHVSRVWDV�
YROWDPpWULFDV�IRUDP�JHUDGDV�DSyV�D�DGLomR�GH�SHUy[LGR�GH�KLGURJrQLR�H�KLGURTXLQRQD��1RV�HVWXGRV�GH�RWL�
PL]DomR�SDUD�D�GH¿QLomR�GDV�FRQFHQWUDo}HV�GH�ELRPROpFXODV��D�UHVSRVWD�DQDOtWLFD�IRL�DYDOLDGD�QDV�VHJXLQWHV�
FRQFHQWUDo}HV�GH�SURWHtQD�$����������������H����PJ�P/���H�GH�DQWLFRUSR�SULPiULR�������������H�����PJ�P/��.

3 reSultAdoS e diScuSSÃo

$�IRUPDomR�GD�PRQRFDPDGD�GH�FLVWHDPLQD�VREUH�VXSHUItFLH�GH�RXUR�SRGH�VHU�PRQLWRUDGD�SRU�
PHLR�GH�UHGXomR�QD�DPSOLWXGH�GH�FRUUHQWH�GRV�SLFRV�FDWyGLFRV�H�DQyGLFRV�GR�YROWDPRJUDPD��&RQIRUPH�
SRGH�VHU�YLVWR�QD�¿JXUD���HVWH�FRPSRUWDPHQWR�IRL�DSUHVHQWDGR�DSHQDV�SHOR�SURFHGLPHQWR�GH�OLPSH]D�
FRP�SROLPHQWR�PHFkQLFR�GXUDQWH���PLQ��VHJXLGD�SRU�OLPSH]D�HP�HWDQRO�HP�EDQKR�XOWUDVV{QLFR�GXUDQWH�
��PLQ��¿JXUD��D���VHQGR�HVWH�HVFROKLGR�SDUD�GDU�FRQWLQXLGDGH�DR�WUDEDOKR�

$YDOLDomR�GDV�FRQFHQWUDo}HV�GH�SURWHtQD�$�QR�GHVHPSHQKR�GR�ELRVVHQVRU�LQGLFRX�D�SUHVHQoD�
GH�SLFRV�PDLV�UHVROXWRV�H�FRP�PDLRU�FRUUHQWH�QR�SLFR�FDWyGLFR�D�SDUWLU�GH�����PJ�PO����¿JXUD��D���1D�
DQiOLVH�GH�RWLPL]DomR�GD�FRQFHQWUDomR�GH�DQWLFRUSR�SULPiULR��REVHUYDQGR�R�PHVPR�FRPSRUWDPHQWR�GR�
UHVXOWDGR�REWLGR�SDUD�SURWHtQD�$��D�FRQFHQWUDomR�GH�DQWLFRUSR�LQGLFDGD�IRL����PJ�P/���¿JXUD��E���

Figura 1. 9ROWDPHWULD�FtFOLFD�GR�ELRVVHQVRU�SDUD�RV�WUrV�SURFHGLPHQWRV�GH�OLPSH]D�WHVWDGRV��D��SROLPHQWR�FRP�
DOXPLQD������P��GXUDQWH���PLQ��VHJXLGD�SRU�OLPSH]D�HP�HWDQRO�����HP�EDQKR�XOWUDVV{QLFR�GXUDQWH���PLQ��E��
SURFHGLPHQWR�D�VHJXLGR�GH�LPHUVmR�HP�VROXomR�SLUDQKD������±�+2O2�+2SO���GXUDQWH���PLQ��F��SURFHGLPHQWR�E�
VHJXLGR�GH�OLPSH]D�HOHWURTXtPLFD�GH����FLFORV�FRP�+2SO������0�H�IDL[D�GH�SRWHQFLDO�GH���D�����9��$V�OHLWXUDV�
IRUDP�UHDOL]DGDV�HP�VROXomR�GH�.�>)H�&1��@��P0�H�.&O��0��IDL[D�GH�SRWHQFLDO�GH�������D������9�D����P9�V��.
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Figura 2. 9ROWDPHWULD�FtFOLFD�GR�ELRVVHQVRU�YDULDQGR�FRQFHQWUDo}HV��D��3URWHtQD�$����������H����PJ�P/��E��
$QWLFRUSR�SULPiULR��������H�����PJ�P/����/HLWXUDV�UHDOL]DGDV�HP�WDPSmR�3%6��S+������HP�SUHVHQoD�GH�

KLGURTXLQRQD���P0��H�+2O2 �����P0���IDL[D�GH�SRWHQFLDO�GH������D����9�D�����P9�V��.

4 concluSÃo

2V�HVWXGRV�GDV�HWDSDV�GH�RWLPL]DomR�GD�PRQWDJHP�GR�ELRVVHQVRU�GHPRVWUDUDP�TXH�D�OLPSH]D�GD�
VXSHUItFLH�GR�HOHWURGR�GH�RXUR�DWUDYpV�GR�SROLPHQWR�FRP�DOXPLQD�������P��GXUDQWH���PLQXWRV�VHJXLGD�GD�
VRQLFDomR�HP�HWDQRO�SRU���PLQXWRV�SHUPLWLX�D�IRUPDomR�PDLV�H¿FLHQWH�GD�PRQRFDPDGD�GH�FLVWHDPLQD��
3RU�VXD�YH]��FRQFHQWUDo}HV�GH�SURWHtQD�$�GH�����H����PJ�P/���H�GR�DQWLFRUSR�GH����PJ�P/����UHVXOWDUDP�
HP�PHOKRU�UHVSRVWD�DQDOtWLFD�GR�GLVSRVLWLYR��(VWHV�UHVXOWDGRV�HVWmR�VHQGR�XWLOL]DGRV�QR�GHVHQYROYLPHQWR�
GH�XP�LPXQRVVHQVRU�SDUD�GHWHFomR�GH�Salmonella spp. em leite.

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�D�&$3(6�H�&134�SHOR�VXSRUWH�¿QDQFHLUR�

reFerÊnciAS

$95$0($6��6��&RXSOLQJ�RI�HQ]\PHV�WR�SURWHLQV�ZLWK�JOXWDUDOGHK\GH��8VH�RI�WKH�FRQMXJDWHV�IRU�WKH�
GHWHFWLRQ�RI�DQWLJHQV�DQG�DQWLERGLHV��,PPXQRFKHPLVWU\��Y�����Q�����S��������������

%$%$&$1��6���3,9$51,.��3���/(7&+(5��6���5$1'��$�*��(YDOXDWLRQ�RI�DQWLERG\�LPPRELOL]DWLRQ�
PHWKRGV�IRU�SLH]RHOHFWULF�ELRVHQVRU�DSSOLFDWLRQ��%LRVHQVRUV�DQG�%LRHOHFWURQLFV��Y������Q���������S������
����������

%5$')25'��0��0��$�UDSLG�DQG�VHQVLWLYH�PHWKRG�IRU�WKH�TXDQWLWDWLRQ�RI�PLFURJUDP�TXDQWLWLHV�RI�SUR�
WHLQ�XWLOL]LQJ�WKH�SULQFLSOH�RI�SURWHLQ�G\H�ELQGLQJ��$QDO\WLFDO�%LRFKHPLVWU\��Y������S������������

&(17(56�)25�',6($6(�&21752/�$1'�35(9(17,21��&'&���8�6��'HSDUWPHQW�RI�+HDOWK\�DQG�
+XPDQ�6HUYLFH��6XUYHLOODQFH�IRU�)RRGERUQH�'LVHDVH�2XWEUHDNV�²�8QLWHG�6WDWHV������±������0RUEL�
GLW\� DQG�0RUWDOLW\�:HHNO\�5HSRUW� ������ YRO� ����'LVSRQtYHO� HP���KWWS���ZZZ�FGF�JRY�PPZU�SGI�VV�
VV�����SGI!��$FHVVR�HP�����RXW�������

*5((1��$��$���+8*+6��:��/��0HWKRGV�LQ�(Q]\PRORJ\��Y�����1HZ�<RUN��$FDGHPLF�3UHVV�������

0(1'(6��5��.��,QYHVWLJDomR�GRV�HIHLWRV�GRV�SURFHGLPHQWRV�GH�LPRELOL]DomR�HP�PRQRFDPDGDV�DXWR
�RUJDQL]DGDV�GD�HQ]LPD�SHUR[LGDVH�QR�GHVHQYROYLPHQWR�GH�XP�ELRVVHQVRU��7HVH��'RXWRXUDGR�HP�4XtPL�
FD��±�,QVWLWXWR�GH�4XtPLFD��8QLYHUVLGDGH�(VWDGXDO�GH�&DPSLQDV��&DPSLQDV��6mR�3DXOR�������

9(/86$0<��9���$UVKDN��.���.RURVW\QVND��2���2OLZD��.���$GOH\��&���$Q�RYHUYLHZ�RI�IRRGERUQH�SDWKR�
JHQ�GHWHFWLRQ��,Q�WKH�SHUVSHFWLYH�RI�ELRVHQVRUV��%LRWHFKQRORJ\�$GYDQFHV��Y������S����������������
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resumo
Ï[LGR�GH�]LQFR��=Q2��p�XP�VHPLFRQGXWRU�GR�WLSR�Q�FRP�HVWUXWXUD�FULVWDOLQD�KH[DJRQDO�GR�WLSR�ZXUW�
]LWD��FRQVLGHUDGR�XP�PDWHULDO�GH�EDL[R�FXVWR��QmR�Wy[LFR�H�ELRFRPSDWtYHO��e�XP�PDWHULDO�DWUDWLYR�SDUD�
DSOLFDo}HV�ySWLFR�HOHWU{QLFDV�HP�GHFRUUrQFLD�GD�HOHYDGD�PRELOLGDGH�HOHWU{QLFD�H�GD�IRWROXPLQHVFrQFLD�
QD�UHJLmR�GR�XOWUDYLROHWD�H�YLVtYHO��$V�SURSULHGDGHV�ItVLFR�TXtPLFDV�GR�=Q2�SRGHP�VHU�DMXVWDGDV�SHOR�
FRQWUROH�GD�GLPHQVmR�H�PRUIRORJLD�PLFURHVWUXWXUDO��SDUkPHWURV�IRUWHPHQWH�LQÀXHQFLDGRV�SHOR�PpWRGR�
GH�SUHSDUDomR��1HVWH�FRQWH[WR��UHVLQDV�SROLPpULFDV�H�SyV�GH�=Q2�IRUDP�VLQWHWL]DGRV�DWUDYpV�GR�PpWRGR�
GRV�SUHFXUVRUHV�SROLPpULFRV��FRP�R�LQWXLWR�GH�REWHU�¿OPHV�¿QRV�SHODV�WpFQLFDV�GH�dip-coating e evapo�
UDomR�SRU�FDQKmR�GH�HOpWURQV��39'���&RPR�HWDSD�LQLFLDO�GD�FDUDFWHUL]DomR�GRV�¿OPHV�REWLGRV�SRU�GHSR�
VLomR�TXtPLFD�H�ItVLFD��LPDJHQV�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��H�PLFURVFRSLD�GH�IRUoD�
DW{PLFD��$)0��PRVWUDUDP�TXH�RV�¿OPHV�GHSRVLWDGRV�SRU�39'�DSUHVHQWDP�VXSHUItFLH�PDLV�XQLIRUPH�H�
FRP�PHOKRU�TXDOLGDGH�ySWLFD��1R�HQWDQWR��D�UXJRVLGDGH�GHVWHV�¿OPHV�DXPHQWRX�GH����SDUD�����QP�DSyV�
WUDWDPHQWR�WpUPLFR�D����o&��&RP�EDVH�QDV�FRQGLo}HV�LQLFLDLV�GH�VtQWHVH�SRU�dip-coating��GHSRVLomR�GH���
FDPDGDV��YLVFRVLGDGH�GH����H����F3��WHPSR�GH�HPHUVmR�GR�VXEVWUDWR�GH��V���QmR�IRL�SRVVtYHO�REWHU�¿OPHV�
HVSHVVRV�H�XQLIRUPHV��GH�PRGR�TXH�RV�SDUkPHWURV�GH�GHSRVLomR�GHYHUmR�VHU�RWLPL]DGRV�IXWXUDPHQWH��
Palavras-chave�� Ï[LGR� GH� ]LQFR�� )LOPHV� ¿QRV�� 0pWRGRV� GRV� SUHFXUVRUHV� SROLPpULFRV�� 39'�� 'LS�
coating. 

SYntHeSiS And cHArActeriZAtion oF Zno tHin FilmS dePoSited bY diP-coAt-
inG And electron beAm evAPorAtion
Abstract
=LQF�R[LGH��=Q2��LV�D�Q�W\SH�VHPLFRQGXFWRU�FU\VWDOOL]LQJ�LQ�KH[DJRQDO�ZXUW]LWH�VWUXFWXUH�DQG�LV�FRQVLG�
HUHG�D�ORZ�FRVW��QRQ�WR[LF�DQG�ELRFRPSDWLEOH�PDWHULDO��,W�LV�DQ�DWWUDFWLYH�PDWHULDO�IRU�RSWR�HOHFWURQLF�DS�
SOLFDWLRQV�DV�D�UHVXOW�RI�WKH�KLJK�HOHFWURQ�PRELOLW\�DQG�WKH�SKRWROXPLQHVFHQFH�UHVSRQVH�LQ�WKH�XOWUDYLROHW�
DQG�YLVLEOH�UHJLRQ��7KH�SK\VLFRFKHPLFDO�SURSHUWLHV�RI�=Q2�FDQ�EH�WDLORUHG�E\�FRQWUROOLQJ�GLPHQVLRQ�DQG�
PRUSKRORJ\��SDUDPHWHUV�WKDW�DUH�JUHDWO\�LQÀXHQFHG�E\�WKH�SUHSDUDWLRQ�PHWKRG��,Q�WKLV�FRQWH[W��SRO\PHU�
LF�UHVLQV�DQG�=Q2�SRZGHUV�ZHUH�V\QWKHVL]HG�E\�WKH�SRO\PHULF�SUHFXUVRU�PHWKRG�LQ�RUGHU�WR�REWDLQ�WKLQ�
¿OPV�XVLQJ�WKH�GLS�FRDWLQJ�DQG�HOHFWURQ�EHDP�HYDSRUDWLRQ��39'��WHFKQLTXHV��$V�DQ�LQLWLDO�FKDUDFWHUL�
]DWLRQ�RI�WKH�¿OPV�GHSRVLWHG�E\�FKHPLFDO�DQG�SK\VLFDO�PHWKRGV��LPDJHV�RI�HOHFWURQ�PLFURVFRS\��6(0��
DQG�DWRPLF�IRUFH�PLFURVFRS\��$)0��VKRZHG�WKDW�WKH�¿OPV�GHSRVLWHG�E\�39'�KDYH�D�XQLIRUP�VXUIDFH�
ZLWK�EHWWHU�RSWLFDO�TXDOLW\��+RZHYHU��WKH�VXUIDFH�URXJKQHVV�RI�WKHVH�¿OPV�LQFUHDVHG�IURP����WR�����QP�
DIWHU�KHDW�WUHDWPHQW�DW����o&��&RQVLGHULQJ�WKH�LQLWLDO�FRQGLWLRQV�E\�GLS�FRDWLQJ�GHSRVLWLRQ��GHSRVLWLRQ�
RI�WKUHH�OD\HUV��YLVFRVLW\�RI����DQG����F3��VXEVWUDWH�HPHUVLRQ�WLPH�RI��V���LW�ZDV�QRW�SRVVLEOH�WR�REWDLQ�
D�WKLFN�DQG�XQLIRUP�¿OP��FRQFOXGLQJ�WKDW�WKH�GHSRVLWLRQ�SDUDPHWHUV�VKRXOG�EH�RSWLPL]HG�LQ�WKH�IXWXUH�
Keywords: =LQF�R[LGH��7KLQ�¿OPV��3RO\PHULF�SUHFXUVRU�PHWKRG��39'��'LS�FRDWLQJ� 

1 introduÇÃo

Ï[LGR�GH�]LQFR��=Q2��p�XP�VHPLFRQGXWRU�GR�WLSR�Q�FRP�HVWUXWXUD�FULVWDOLQD�KH[DJRQDO�GR�WLSR�
ZXUW]LWD��e�XP�PDWHULDO� DWUDWLYR�SDUD�DSOLFDo}HV�ySWLFR�HOHWU{QLFDV�GHYLGR�j� VXD�HOHYDGD�PRELOLGDGH�
HOHWU{QLFD�H�UHVSRVWD�IRWROXPLQHVFHQWH�QD�UHJLmR�GR�XOWUDYLROHWD�H�YLVtYHO��+8$1*��0��+���������&D�
UDFWHUtVWLFDV�FRPR�EDL[R�FXVWR��ELRFRPSDWLELOLGDGH��QmR�WR[LFLGDGH��HOHYDGD�WUDQVSDUrQFLD��HOHYDGD�UH�
VLVWrQFLD�j�UDGLDomR��EDL[D�WHPSHUDWXUD�GH�SURFHVVDPHQWR��HVWDELOLGDGH�TXtPLFD�H�WpUPLFD�SHUPLWHP�D�
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DSOLFDomR� GHVWH� VHPLFRQGXWRU� HP� XPD� JUDQGH� YDULHGDGH� GH� GLVSRVLWLYRV�� FRPR� VHQVRUHV� TXtPLFRV� H�
ELROyJLFRV��&$5862��)�������(�.80$5��6���������GLRGRV�HPLVVRUHV�GH�OX]��GLRGRV�ODVHU��IRWRFDWDOL�
VDGRUHV��FpOXODV�VRODUHV�H�VHQVRUHV�GH�JiV��

$V�SURSULHGDGHV�ItVLFR�TXtPLFDV�GR�=Q2�SRGHP�VHU�DMXVWDGDV�SHOR�FRQWUROH�GD�GLPHQVmR�H�PRU�
IRORJLD�PLFURHVWUXWXUDO��SDUkPHWURV�IRUWHPHQWH�LQÀXHQFLDGRV�SHOR�PpWRGR�GH�SUHSDUDomR���/,1��-���������
'HQWUH� RV� YiULRV�PpWRGRV� TXtPLFRV�� R�PpWRGR� GRV� SUHFXUVRUHV� SROLPpULFRV� FRPELQD� D� IRUPDomR� GH�
FRPSOH[RV�PHWiOLFRV� FRP� D� SROLPHUL]DomR� GH� RUJkQLFRV�� SHUPLWLQGR� D� VtQWHVH� GH� FRPSRVLo}HV� FRP�
SURSULHGDGHV�~QLFDV�WDQWR�QD�IRUPD�GH�UHVLQDV�SROLPpULFDV��SyV�H�PRQROLWRV��'HQWUH�RV�PpWRGRV�ItVLFRV�
GH�GHSRVLomR�GH�¿OPHV�¿QRV��D�WpFQLFD�GH�HYDSRUDomR�SRU�FDQKmR�GH�HOpWURQV��Physical Vapour Depo-
sition�39'��SHUPLWH�D�HYDSRUDomR�GH�PDWHULDLV�FRP�GLIHUHQWHV�WHPSHUDWXUDV�GH�IXVmR��6HQGR�DVVLP��R�
REMHWLYR�SULQFLSDO�GHVWH� WUDEDOKR�IRL�UHDOL]DU�XPD�SULPHLUD�HWDSD�GH�FDUDFWHUL]DomR��PRUIROyJLFD��GRV�
¿OPHV�VLQWHWL]DGRV�SRU�dip-coating�H�39'��FRP�R� LQWXLWR�GH�UHDOL]DU�XP�SURFHVVR�GH�RWLPL]DomR�GDV�
FRQGLo}HV�GH�GHSRVLomR�

2 mAteriAiS e métodoS

2.1 Síntese das amostras: pós e resinas poliméricas

5HVLQDV�SROLPpULFDV�H�SyV�GH�=Q2�IRUDP�VLQWHWL]DGRV�DWUDYpV�GR�PpWRGR�GRV�SUHFXUVRUHV�SROL�
PpULFRV��XWLOL]DQGR�VH�DFHWDWR�GH�]LQFR�>=Q(C2H�O2)2, Synth@�FRPR�SUHFXUVRU���&RQVLGHUDQGR�D�SURSRU�
omR�PRODU�GH�=Q���iFLGR�FtWULFR�LJXDO�D������R�DFHWDWR�GH�]LQFR�IRL�DGLFLRQDGR�j�VROXomR�DTXRVD�GH�iFLGR�
FtWULFR�DQLGUR��&�+�O���9HWHF��VRE�DJLWDomR�FRQVWDQWH��(WLOHQRJOLFRO��C2H�O2, J.T. Backer��IRL�DGLFLRQDGR�
j�VROXomR�GH�FLWUDWR�GH�=Q�FRQVLGHUDQGR�D�UD]mR�HP�PDVVD�GH�iFLGR�FtWULFR���HWLOHQRJOLFRO�LJXDO�D������
(VVD�VROXomR�IRL�PDQWLGD�HP�DJLWDomR�FRQVWDQWH�H�DTXHFLGD�j�WHPSHUDWXUD�GH������o&�D�¿P�GH�SURPRYHU�
D�UHDomR�GH�SROLHVWHUL¿FDomR�H�HYDSRUDomR�GR�H[FHVVR�GH�VROYHQWH�SDUD�R�DMXVWH�GD�YLVFRVLGDGH�GD�UHVLQD��
3DUD�D�REWHQomR�GRV�SyV�GH�=Q2��SDUWH�GHVVD�UHVLQD�UHVXOWDQWH�IRL�FDOFLQDGD�D����o&�SRU��K�FRP�WD[D�
GH�DTXHFLPHQWR�GH���o&�PLQ��2�Sy�UHVXOWDQWH�IRL�PDFHUDGR�HP�DOPRIDUL]�GH�iJDWD�H�GLYLGLGR�HP�WUrV�
SRUo}HV��DV�TXDLV�IRUDP�WUDWDGDV�WHUPLFDPHQWH�D����������H����o&�SRU��K��FRP�WD[D�GH�DTXHFLPHQWR�GH�
��o&�PLQ��

2.2 6tQWHVH�GRV�¿OPHV

$�SDUWLU�GD�UHVLQD�SROLPpULFD��FRP�YLVFRVLGDGH�GH����H����F3��¿OPHV�IRUDP�GHSRVLWDGRV�HP�VXEV�
WUDWRV�GH�VRGD�OLPD�SUHYLDPHQWH�OLPSRV�XWLOL]DQGR�VH�D�WpFQLFD�GH�dip-coating��2�VXEVWUDWR�IRL�LPHUVR�H�
HPHUVR�QD�UHVLQD�SROLPpULFD�FRP�YHORFLGDGH�FRQWURODGD��FRQVLGHUDQGR�XP�WHPSR�WRWDO�GH��V��3DUD�FDGD�
¿OPH�IRUDP�GHSRVLWDGDV���FDPDGDV��(QWUH�D�GHSRVLomR�GH�XPD�FDPDGD�H�RXWUD��RV�¿OPHV�IRUDP�VXEPH�
WLGRV�D�XP�WUDWDPHQWR�WpUPLFR�D����o&�SRU��K�FRP�WD[D�GH�DTXHFLPHQWR�GH��o&�PLQ��VHJXLGR�SRU�XP�
WUDWDPHQWR�D����o&�SRU��K�FRP�WD[D�GH�DTXHFLPHQWR�GH��o&�PLQ��2V�¿OPHV�IRUDP�UHVIULDGRV�OHQWDPHQWH�
DWp�D�WHPSHUDWXUD�DPELHQWH��FRP�WD[D�GH���o&�PLQ�

&RQVLGHUDQGR�R�PpWRGR�ItVLFR�GH�HYDSRUDomR��39'���VXEWUDWRV�GH�VRGD�OLPD�H�VLOtFLR�GHYLGD�
PHQWH�OLPSRV�IRUDP�FRORFDGRV�QR�VLVWHPD�GH�HYDSRUDomR�HP�XP�VXSRUWH�D����FP�GR�FDGLQKR�GH�WkQWDOR��
RQGH�D�SDVWLOKD�GR�Sy�D�VHU�HYDSRUDGD�IRL�GHSRVLWDGD��)RUDP�XWLOL]DGDV�SDVWLOKDV�GR�Sy�GH�=Q2�WUDWDGR�
D����o&��2�FDQKmR�GH�HOpWURQV�IRL�DFLRQDGR�FRP�XPD�WHQVmR�GH�a��N9�SDUD�DFHOHUDU�R�IHL[H�GH�HOpWURQV�
VREUH�D�SDVWLOKD�GR�PDWHULDO�SUHFXUVRU�TXH�HVWi�QR�FDGLQKR��$�FRUUHQWH�GR�IHL[H�IRL�PDQWLGD�FRQVWDQWH�H�
LJXDO�D����P$�GXUDQWH�R�SURFHVVR�GH�HYDSRUDomR��2�WHPSR�GH�HYDSRUDomR�p�XP�SDUkPHWUR�LPSRUWDQWH�
QHVWH�SURFHVVR�GH�GHSRVLomR�H�GHYH�VHU�WDPEpP�RWLPL]DGR��$SyV�D�GHSRVLomR��RV�¿OPHV�IRUDP�VXEPHWL�
GRV�D�XP�WUDWDPHQWR�WpUPLFR�D����o&�SRU��K��FRP�WD[D�GH�DTXHFLPHQWR�GH��o&�PLQ��

2.3 7pFQLFDV�GH�FDUDFWHUL]DomR

�$SHQDV�FRPR�HWDSD�LQLFLDO�GR�SURFHVVR�GH�FDUDFWHUL]DomR��GXDV�WpFQLFDV�GH�PLFURVFRSLD�IRUDP�
FRQVLGHUDGDV�SDUD�D�DYDOLDomR�GD�VXSHUItFLH�GRV�¿OPHV�� �8P�PLFURVFySLR�HOHWU{QLFR�GH�YDUUHGXUD�GH�
HIHLWR�GH�FDPSR��0(9�)(*���-(2/�-60�����)��IRL�XVDGR�SDUD�LQYHVWLJDU�D�PLFURHVWUXWXUD��HQTXDQWR�
TXH�XP�PLFURVFySLR�GH�IRUoD�DW{PLFD��$)0���'LPHQVLRQ�9��9HHFFR���IRL�XWLOL]DGR�QD�DYDOLDomR�GD�UX�
JRVLGDGH�GD�VXSHUItFLH�GRV�¿OPHV�VLQWHWL]DGRV�
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3 reSultAdoS e diScuSSÃo

$�)LJXUD���PRVWUD�DV�PLFURJUD¿DV�REWLGDV�SRU�0(9�)(*�SDUD��D��¿OPH�GHSRVLWDGR�SRU�39'�
�HVSHVVXUD�a����QP����E��¿OPH�DQWHULRU�DSyV�WUDWDPHQWR�WpUPLFR�D����o&�SRU��K�VRE�ÀX[R�GH�DU�VLQWpWLFR�
H��F��¿OPH�GHSRVLWDGR�SRU�dip-coating��8P�DXPHQWR�GD�UHVROXomR�PRVWUD�TXH�RV�¿OPHV�H[LEHP�PLFURHV�
WUXWXUDV�QDQRPpWULFDV��$V�LPDJHQV�REWLGDV�SRU�$)0�WDPEpP�HVWmR�DSUHVHQWDGDV�QD�¿JXUD�

Figura 1. 0LFURJUD¿DV�REWLGDV�SRU�0(9�)(*�H�LPDJHQV�GH�$)0�SDUD��D��¿OPH�GHSRVLWDGR�SRU�39'��HVSHVVXUD�
a����QP����E��¿OPH�DQWHULRU�DSyV�WUDWDPHQWR�WpUPLFR�D����o&�SRU��K�H��F��¿OPH�GHSRVLWDGR�SRU�dip-coating 

�HVSHVVXUD�a���QP��

&RUUHODFLRQDQGR�DV�LPDJHQV�GD�)LJXUD����p�SRVVtYHO�FRQFOXLU�TXH��HPERUD�D�XQLIRUPLGDGH�GD�VX�
SHUItFLH�H�D�TXDOLGDGH�ySWLFD�GRV�¿OPHV�GHSRVLWDGRV�SRU�39'�VHMDP�PHOKRUHV��D�UXJRVLGDGH�GHVWHV�¿OPHV�
p�PDLRU�HP�FRPSDUDomR�DR�¿OPH�GHSRVLWDGR�SRU�dip-coating��SURYDYHOPHQWH�GHYLGR�j�PDLRU�HVSHVVXUD��
$�UXJRVLGDGH�p�DLQGD�PDLRU�DSyV�R�WUDWDPHQWR�WpUPLFR�GHVWHV�¿OPHV��UHVXOWDGR�GR�DXPHQWR�GD�DJUHJD�
omR�GDV�SDUWtFXODV�H�FRQVHTXHQWH�DXPHQWR�GR�WDPDQKR�GH�JUmR��e�LPSRUWDQWH�UHVVDOWDU�TXH�R�WUDWDPHQWR�
WpUPLFR�p�QHFHVViULR�SDUD�D�UHFXSHUDomR�GD�HVWHTXLRPHWULD�GR�=Q2��)LOPHV�FRP�HVSHVVXUD�VXSHULRU�D���
�P�WULQFDUDP�DSyV�D�UHDOL]DomR�GHVWH�WUDWDPHQWR�WpUPLFR��)DWRUHV�FRPR�D�HVSHVVXUD��DGHUrQFLD�GR�¿OPH�
RX�DWp�PHVPR�R�FRH¿FLHQWH�GH�GLODWDomR�GR�VXEVWUDWR�SRGHP�LQÀXHQFLDU�HVWH�WLSR�GH�FRPSRUWDPHQWR��

1R�FDVR�GRV�¿OPHV�GHSRVLWDGRV�SRU�GLS�FRDWLQJ��p�LPSRUWDQWH�UHVVDOWDU�D�LPSRUWkQFLD�GD�HVSHVVX�
UD��D�TXDO�p�EHP�PHQRU�HP�FRPSDUDomR�DRV�¿OPHV�GHSRVLWDGRV�SRU�39'��GH�PRGR�TXH�PDLRU�Q~PHUR�GH�
FDPDGDV�GHYH�VHU�GHSRVLWDGR��3DUWLQGR�GDV�FRQGLo}HV�FRQVLGHUDGDV�LQLFLDOPHQWH��GHVFULWDV�QR�VXE�LWHP�
������QmR�IRL�SRVVtYHO�REWHU�¿OPHV�XQLIRUPHV��XPD�YH]�TXH�RV�¿OPHV�QmR�DGHULUDP�EHP�j�VXSHUItFLH�GRV�
VXEVWUDWRV��6HQGR�DVVLP��QmR�Vy�D�HVSHVVXUD��PDV�WDPEpP�RV�GHPDLV�SDUkPHWURV�GH�VtQWHVH��FRPR�D�YLV�
FRVLGDGH�GD�UHVLQD��YHORFLGDGH�GH�HPHUVmR�GR�VXEVWUDWR��WLSR�H�OLPSH]D�GR�VXEVWUDWR�GHYHUmR�VHU�YDULDGRV�
VLVWHPDWLFDPHQWH�FRP�R�LQWXLWR�GH�REWHU�¿OPHV�FRP�ERD�TXDOLGDGH�ySWLFD��1RYRV�WHVWHV�GH�GHSRVLomR�
WDPEpP�VHUmR�IHLWRV�SDUDOHODPHQWH�

4 concluSÃo

5HVLQDV�SROLPpULFDV�H�SyV�GH�=Q2�IRUDP�VLQWHWL]DGRV�DWUDYpV�GR�PpWRGR�GRV�SUHFXUVRUHV�SROL�
PpULFRV�H�XWLOL]DGRV�QD�GHSRVLomR�GH�¿OPHV�SRU�39'�H�dip-coating��3RU�39'��IRL�SRVVtYHO�REWHU�¿OPHV�
XQLIRUPHV�H�FRP�ERD�TXDOLGDGH�ySWLFD��DR�FRQWUiULR�GD�GHSRVLomR�SRU�dip-coating��3DUD�DPEDV�DV�WpFQL�
FDV��RV�SDUkPHWURV�GH�GHSRVLomR�GHYHUmR�VHU�RWLPL]DGRV�FRP�R�LQWXLWR�GH�REWHU�¿OPHV�XQLIRUPHV��FRP�
ERD� TXDOLGDGH� ySWLFD� H� FRP� UHVSRVWD� IRWROXPLQHVFHQWH� VDWLVIDWyULD� SDUD� TXH� SRVVDP� VHU� IXWXUDPHQWH�
DSOLFDGRV� FRPR�ELR� H�RX� LPXQRVVHQVRUHV�ySWLFRV��1HVWD� HWDSD�� DV�SURSULHGDGHV�ySWLFDV�� HVWUXWXUDLV� H�
PRUIROyJLFDV�GHVWHV�¿OPHV�VHUmR�FDUDFWHUL]DGDV�H�FRUUHODFLRQDGDV�
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AGrAdecimentoS

*RVWDUtDPRV�GH�DJUDGHFHU�j�(0%5$3$��&13T�H�&$3(6�SHOR�VXSRUWH�¿QDQFHLUR�D�HVWH�SURMHWR�
GH�SyV�GRXWRUDGR��

reFerÊnciAS

+8$1*��0��+���0$2��6���)(,&.��+���<$1��+���:8��<���.,1'��+���:(%(5��(���58662��5���<$1*��
3���5RRP�WHPSHUDWXUH�XOWUDYLROHW�QDQRZLUH�QDQRODVHUV��6FLHQFH��Y�������Q��������S�������������������

&$5862��)��1RQHQJLQHHULQJ�RI�SDUWLFOH�VXUIDFH��$GYDQFHG�0DWHULDOV��Y������Q�����S��������������

.80$5��6���&+(1��6��1DQRVWUXFWXUHG�]LQF�R[LGH�SDUWLFOHV�LQ�FKHPLFDOO\�PRGL¿HG�HOHFWURGHV�IRU�ELR�
VHQVRUV�DSSOLFDWLRQV��Y������Q�����S���������������

/,1��-���<8��0���/,1��&���/,8��;��0XOWLIRUP�R[LGH�RSWLFDO�PDWHULDOV�YLD�WKH�YHUVDWLOH�3HFKLQL�W\SH�VRO�
JHO�SURFHVV��6\QWKHVLV�DQG�FKDUDFWHULVWLFV��-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�&��Y�������Q������S�������������
�����





Capítulo 2

fILMES, REVESTIMENTOS COMESTíVEIS E 
EMBALAGENS fuNCIONAIS PARA ALIMENTOS
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AdiÇÃo de quitoSAnA em FilmeS A bASe de GomA 
de cAJueiro: eFeito Sobre AS cArActeríSticAS de 

molHAbilidAde e microScóPicAS 

*odilio b. G. Assis2, carla S. martins1, daniella l. morgado2

1�8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��JUDGXDomR�HP�%LRWHFQRORJLD���2�(PEUDSD�,QVWUXPHQWDomR��
*odilio.assis@embrapa.br

&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
)RUPXODo}HV�PLVWDV�GH�JRPD�GH�FDMXHLUR�H�TXLWRVDQD��FRP�SHTXHQDV�DGLo}HV�GH�JOLFHURO�IRUDP�HODER�
UDGDV�H�¿OPHV�SURFHVVDGRV�SRU�casting. 2V�¿OPHV�IRUDP�FDUDFWHUL]DGRV�FRP�UHVSHLWR�j�KLGUR¿OLFLGDGH�
VXSHU¿FLDO�H�REVHUYDo}HV�SRU�0(9��2V�UHVXOWDGRV�LQGLFDP�D�UHGXomR�GD�PROKDELOLGDGH�FRP�R�DXPHQWR�
GR�WHRU�GH�TXLWRVDQD�H�XP�OHYH�HIHLWR�GD�DGLomR�GH�JOLFHURO�FRPR�SODVWL¿FDQWH��WRUQDQGR�RV�¿OPHV�PLVWRV�
PDLV�KLGURIyELFRV��$�PLFURVFRSLD�UHYHORX�D�YDULDomR�HQWUH�IUDWXUDV�WLSLFDPHQWH�IUiJHLV��JRPD�SXUD��SDUD�
IUDWXUDV�SOiVWLFDV��FRP�SODVWL¿FDQWH��D�XPD�FRQGLomR�GH�WRWDO�DXVrQFLD�GH�IUDWXUDV��¿OPHV�FRP�TXLWRVD�
QD��
Palavras-chave��*RPD�GH�FDMXHLUR��4XLWRVDQD��)LOPHV�¿QRV��0ROKDELOLGDGH��$QiOLVHV�PLFURVFySLFDV�

cHitoSAn Addition in bASed cHASHew-Gum FilmS: eFFect on wetAbillitY 
And microScoPic cHArActeriSticS
Abstract
%OHQGV�FRPELQLQJ�FDVKHZ�JXP�DQG�FKLWRVDQ��ZLWK�VPDOO�DGGLWLRQV�RI�SODVWLFL]HU�ZHUH�SUHSDUHG�IRU�¿OP�
SURFHVVLQJ�E\�FDVWLQJ��DQG�FKDUDFWHUL]HG�FRQFHUQLQJ�WKH�K\GURSKLOLFLW\��VHVVLOH�ZDWHU�GURS�PHWKRG��DQG�
WKH�VXUIDFHV�REVHUYHG�E\�6(0��7KH�UHVXOWV�VKRZ�D�UHGXFWLRQ�RQ�ZHWWDELOLW\�DV�WKH�FKLWRVDQ�FRQWHQW�LQ�
FUHDVHV�LQ�WKH�¿OPV�DQG�D�VOLJKW�HIIHFW�RI�WKH�JO\FHURO�DGGLWLRQ�DV�SODVWLFL]HU�UHVXOWLQJ�LQ�PRUH�K\GURSKR�
ELF�¿OPV��7KH�PLFURVFRSLF�DQDO\VLV�UHYHO�D�FKDQJH�RQ�WKH�¿OP�IUDFWXUHV�
Keywords: &DVKHZ�JXP��&KLWRVDQ��7KLQ�¿OPV��:HWWDELOLW\��0LFURVFRS\�DQDO\VLV�

1 introduÇÃo

$�JRPD�GH�FDMXHLUR��*&��FRQVLVWH�HP�XP�H[VXGDGR�H[WUDtGR�GR�WURQFR�GR�FDMXHLUR��Anacardium 
occidentale /���H�FDUDFWHUL]DGR�como um KHWHURSROLVVDFDUtGHR�UDPL¿FDGR�FRP�alta massa molar e com�
SRVLomR�PpGLD�FRQVWLWXtGD�GH�JDODFWRVH�������JOXFRVH��������DUDELQRVH���������UDPQRVH��������H�iFLGR�
JOXFXU{QLFR���������GH�3DXOD�HW�DO����������$OJXQV�DXWRUHV�DSRQWDP�D�*&�FRPR�HIHWLYD�QD�UHGXomR�GH�
DOJXQV�IXQJRV�H�EDFWpULDV��0DUTXHV�HW�DO���������7RUTXDWR�HW�DO���������H�UHFHQWHPHQWH�WHP�VLGR�DYDOLDGD�
HP�XPD�VpULH�GH�DSOLFDo}HV�GH�FXQKR�PpGLFR�IDUPDFrXWLFR��$SHVDU�GH�VXD�ERD�FRPSDWLELOLGDGH�D�*&�
DSUHVHQWDP�XPD�GHVYDQWDJHP�FRP�UHODomR�D�RXWURV�SROLVVDFDUtGHRV�SRU�DSUHVHQWDU�XPD�DOWD�D¿QLGDGH�
FRP�iJXD��R�TXH�UHVXOWD�HP�DOWD�PROKDELOLGDGH�H�UiSLGD�DEVRUomR�GH�iJXD��(VWDV�FDUDFWHUtVWLFDV�WUDGX]HP�
HP�XPD�UiSLGD�SHUGD�GD�HVWDELOLGDGH�PDWULFLDO�TXDQGR�HP�FRQWDWR�FRP�PHLR�DTXRVR��$�IRUPDomR�GH�
EOHQGDV�RX�HQWUHFUX]DPHQWR�FRP�PDWHULDLV�VLPLODUHV�SRGH�YLU�D�VHU�XPD�VROXomR�SDUD�UHGX]LU�HVVDV�FD�
UDFWHUtVWLFDV�H�DPSOLDU�D�DSOLFDELOLGDGH�GD�*&��1HVWH�VHQWLGR�QHVWH�WUDEDOKR�p�DYDOLDGR�R�HIHLWR�GD�DGLomR�
GH�SHTXHQDV�TXDQWLGDGHV�GH�TXLWRVDQD�QD�IRUPXODomR�GH�EOHQGDV�SDUD�R�SURFHVVDPHQWR�GH�¿OPHV�D�EDVH�
GH�*&�

2 mAteriAiS e métodoS

$�JRPD�GH�FDMXHLUR��*&��IRL�IRUQHFLGD�SHOR�&13$7��)RUWDOH]D��H�IRL�SXUL¿FDGD�VHJXLQGR�R�SUR�
FHGLPHQWR�EiVLFR�DSUHVHQWDGR�SRU�&267$�H�FR�DXWRUHV���������$�&KL�HPSUHJDGD��PpGLD�PDVVD�PRODU��
6LJPD�$OGULFK��H�R�JOLFHURO�GD�6\QWK��2V�JpLV�IRUDP�SUHSDUDGRV�VHJXQGR�DV�IRUPXODo}HV�GLVSRVWDV�QD�
7DEHOD���H�RV�¿OPHV�REWLGRV�SRU�GHSRVLomR�VREUH�SODFDV�GH�DFUtOLFR�
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tabela 1. )RUPXODo}HV�HPSUHJDGDV�QR�SURFHVVDPHQWR�GRV�¿OPHV�
Filme Gc (%wt) quitosana (%wt) Glicerol (%wt)

$ � � �

B � ��� �

& � ��� 1

' � ��� �

E � ��� 1

) � ��� �

$V�DOWHUDo}HV�QD�PROKDELOLGDGH�IRUDP�HVWLPDGDV�HP�IXQomR�GDV�FRQFHQWUDo}HV�SRU�PHGLGD�GR�
kQJXOR�GH�FRQWDWR�GH�iJXD�GHLRQL]DGD��VHVVLOH�ZDWHU�GURS�PHWKRG���HP�JRWDV�HP�YROXPHV�SUy[LPRV�D�
���/��2V�kQJXORV�IRUDP�HVWDWLVWLFDPHQWH�UHJLVWUDGRV�HP�VLVWHPD�&$1����2SWLFDO�&RQWDFW�$QJOH�0HWHU�
�.69�,QVWUXPHQWV���)LQODQG���FRPR�D�PpGLD�GH�VHLV�PHGLGDV�VREUH�FDGD�VXSHUItFLH��$V�DQDOLVHV�PLFURV�
FySLFDV�IRUPDP�UHDOL]DGDV�HP�PLFURVFySLR�HOHWU{QLFR�GH�YDUUHGXUD�-HRO�-60�����/9�HP�WLUDV�UHFREHU�
WDV�FRP�RXUR�VRE�D�YROWDJHP�GH�����N9�

3 reSultAdoS e diScuSSÃo

3.1 molhabilidade 

$�KLVWHUHVH�UHODWLYD�DRV�kQJXORV�GH�FRQWDWRV�PHGLGRV�VREUH�DV�VXSHUItFLHV�GRV�¿OPHV�HVWmR�DSUH�
VHQWDGDV�QD�)LJXUH����3RGHP�VHU�REVHUYDGRV�GRLV�FRPSRUWDPHQWRV�GLVWLQWRV�UHODWLYRV�DRV�¿OPHV�$�H�)��
$�TXLWRVDQD�SXUD��¿OPH�)��WHP�XP�kQJXOR�LQLFLDOPHQWH�KLGURIyELFR��DR�UHGRU�GH����o��FRP�XPD�GHSHQ�
GrQFLD�FRP�R�WHPSR�WtSLFD�SDUD�HVWH�WLSR�GH�PDWHULDO�FRP�XP�FRPSRUWDPHQWR�UHFHVVLYR�FRP�WHQGrQFLD�
GH�HVWDELOLGDGH�SDUD�kQJXORV�HQWUH������o��7DO�FRPSRUWDPHQWR�HVWi�HP�ERD�FRQFRUGkQFLD�FRP�RV�YDORUHV�
HQFRQWUDGRV�QD�OLWHUDWXUD���������([SOLFDo}HV�SDUD�HVWH�FRPSRUWDPHQWR�LPSOLFDP�XPD�VpULH�GH�PHFDQLV�
PRV�DWXDQGR�FRQMXQWDPHQWH�FRPR�DSUHVHQWDGRV�SRU�)$55,6�HW�DO��������

3RU�RXWUR�ODGR��RV�¿OPHV�GH�*&�SXUR��$��DSUHVHQWD�LQLFLDOPHQWH�XP�kQJXOR�GH�FRQWDWR�EDVWDQWH�
HOHYDGR��SUy[LPR�D���o���SRUpP�HVWH�PXGD�LPHGLDWDPHQWH�DSyV�D�GHSRVLomR�GD�JRWD�FRP�HVWDELOL]DomR�
DR�UHGRU�GH���o��(VWH�YDORU�FDUDFWHUL]D�XP�PDWHULDO�KLGURItOLFR�H�D�TXHGD�LPHGLDWD�GR�kQJXOR�SRGH�VHU�
LQWHUSUHWDGD�FRPR�D�SHQHWUDomR�HVSRQWkQHD�GH�iJXD�QD�PDWUL]�YLD�SHUFRODomR��FRQVLVWHQWH�FRP�R�PRGHOR�
DSUHVHQWDGR�SRU�)$55,6�HW�DO��������

&RPSDUDQGR�RV�¿OPHV�$�H�)�¿FD�HYLGHQWH�TXH�D�TXLWRVDQD�p�FRQVLGHUDYHOPHQWH�PDLV�KLGURIyELFD�
TXH�D�JRPD��&RP�R�DXPHQWR�GR�WHRU�GH�TXLWRVDQD�QD�EOHQGD��)LOPHV�%�H�'��DV�VXSHUItFLHV�WHQGHP�D�XP�
FRPSRUWDPHQWR�PDLV�KLGURIyELFR�FRP�JRWDV�HVWDELOL]DQGR�SDUD�RV�kQJXORV�HP�WRUQR�GH���o�H���o para o 
¿OPH�'��3RGH�VH�REVHUYDU�TXH�D�DGLomR�GH�DSHQDV������Z�Z�GH�TXLWRVDQD�UHGX]�VLJQL¿FDPHQWH�R�GHFDL�
PHQWR�LQLFLDO�UHIHWLQGR�XPD�UHGXomR�QD�FDSDFLGDGH�GH�VRUomR�GD�EOHQGD��

8P�LQWHUHVVDQWH� UHVXOWDGR�SRGH�VHU�REVHUYDGR�TXDQGR����ZW�GH�JOLFHURO�p�DGLFLRQDGR�FRPR�
SODVWL¿FDQWH��¿OPHV�&�DQG�(���LQGLFDQGR�TXH�LQGHSHQGHQWHPHQWH�GD�SURSRUomR�GH�TXLWRVDQD�R�JOLFHURO�
LQWURGX]�FRPSRUWDPHQWR�LGrQWLFR�QRV�¿OPHV��FRP�XP�kQJXOR�LQLFLDO�GH�DSUR[LPDGDPHQWH�����VHJXLGR�
GH�GHFDLPHQWR�H�HVWDELOL]DomR�HP�WRUQR�GH������o. 

3.2 2EVHUYDomR�PLFURVFySLFD

$V�REVHUYDo}HV�SRU�0(9�GRV�GLIHUHQWHV�¿OPHV�GHPRQVWUDP�VLPLODULGDGHV�QDV�WRSRJUD¿DV�GRV�
¿OPHV�QRV�TXDLV�R�HIHLWR�GD�DGLomR�GH�TXLWRVDQD�H�GH�JOLFHURO�SRGHP�VHU�LGHQWL¿FDGRV��

&RPR�YLVWR�QD�VpULH�GH�LPDJHQV�GD�)LJXUD����H[HPSOR�GH�¿OPH�SURFHVVDGR�D�SDUWLU�GH�*RPD�
SXUD��)LOPH�$��DSUHVHQWD�XPD�VXSHUItFLH�SODQD�UHJXODU��HPERUD�FRP�WULQFDV�VH�SURSDJDQGR�DR�ORQJR�GD�
PDWUL]��(VVDV�IUDWXUDV�DSUHVHQWDP�DOLQKDPHQWRV�FRQWtQXRV�H�IRUPDomR�GH�SRQWHV�HQWUH�DV�WULQFDV�HYLGHQ�
FLDQGR�XP�FRPSRUWDPHQWR�IUiJLO��VHJXQGR�DQiOLVHV�VLPLODUHV�DSUHVHQWDGDV�SRU�5RFKD�5DQJHO��������$�
DGLomR�GH�����Z�Z�GH�TXLWRVDQD�QD�IRUPXODomR��¿OPH�%��FRQIHUH�XPD�UHGXomR�QD�GHQVLGDGH�GH�WULQFDV�
FRQWXGR��VHP�D�HOLPLQDomR�FRPSOHWD��)UDWXUDV�DLQGD�VmR�REVHUYDGDV�VREUH�D�VXSHUItFLH�DLQGD�HP�SDGUmR�
IUiJLO�



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 71

Figura 1. 9DULDomR�GR�kQJXOR�GH�FRQWDWR�FRP�R�WHPSR��FRQIRUPH�PpGLDV�PHGLGDV�VREUH�DV�VXSHUItFLHV��$V�OHWUDV�
FRUUHVSRQGHP�jV�IRUPXODo}HV�DSUHVHQWDGDV�QD�7DEHOD���

Figura 2. 0LFURIRWRJUD¿DV�SRU�0(9�GDV�VXSHUItFLHV�GRV�¿OPHV��$V�OHWUDV�FRUUHVSRQGHP�DV�IRUPXODo}HV�
apresentadas na Tabela 1.

2�DVSHFWR�GDV�IUDWXUDV�p�DOWHUDGR�TXDQGR����ZW�GH�JOLFHURO�p�DGLFLRQDGR��)LOPH�&���1HVWHV�DV�
trincas não se apresentam mais lineares e contínuas mas sim irregularmente distribuídos na estrutura em 
IRUPDWRV�FXUYLOtQHRV�H�FRP�GHVFRQWLQXLGDGHV��UHYHODQGR�XPD�QtWLGD�WHQGrQFLD�D�XP�FDUiWHU�G~FWLO��(P�
QHQKXP�¿OPH�IRUPDGR�p�REVHUYDGR�VHSDUDo}HV�GH�IDVHV�LQGLFDQGR�TXH�WDQWR�RV�SROLVVDFDUtGHRV�TXDQWR�D�
SUHVHQoD�GH�SODVWL¿FDQWH�VmR�FRPSDWtYHLV�SDUD�D�IRUPDomR�GH�PLVWXUDV�KRPRJrQHDV�

4 concluSÃo

)LOPHV�KRPRJrQHRV�SRGHP�VHU�REWLGRV�SRU�FDVWLQJ�DWUDYpV�GR�DMXVWH�DGHTXDGR�GDV�FRQFHQWUD�
o}HV�GH�JRPD�GH�FDMXHLUR�H�TXLWRVDQD��e�SRVVtYHO�D¿UPDU�TXH�WDQWR�D�DGLomR�GH�TXLWRVDQD�FRPR�D�GH�
JOLFHURO�LQWHUIHUH�QR�FRPSRUWDPHQWR�KLGURItOLFR�GRV�¿OPHV��DOWHUDQGR�DV�VXSHUItFLHV�SDUD�XP�FRPSRUWD�
PHQWR�PDLV�KLGURIyELFR��7RGDV�DV�IRUPXODo}HV��FRP�H[FHomR�GR�¿OPH�GH�JRPD�SXUD��)LOPH�$��DSUHVHQ�
WDP�UD]RiYHO�PDQHDELOLGDGH��$�DGLomR�GH�SODVWL¿FDQWH�DOWHUD�R�DVSHFWR�GDV�IUDWXUDV�GH�IUiJLO�SDUD�G~FWLO��

AGrAdecimentoS
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(YDOXDWLRQ�RI�DQWLPLFURELDO�DFWLYLW\�RI�FDVKHZ�WUHH�JXP��:RUOG�-RXUQDO�RI�0LFURELRORJ\�DQG�%LRWHFK�
QRORJ\��Y������S�����±���������

cArActeriZAÇÃo eStruturAl e térmicA de blendAS de 
GomA de cAJueiro e quitoSAnA 

*odilio b. G. Assis2, carla S. martins1, daniella l. morgado2

1�8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��JUDGXDomR�HP�%LRWHFQRORJLD���2�(PEUDSD�,QVWUXPHQWDomR�
*odilio.assis@embrapa.br

&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
)RUPXODo}HV�PLVWDV�GH�JRPD�GH�FDMXHLUR�H�TXLWRVDQD��FRP�SHTXHQDV�DGLo}HV�GH�JOLFHURO�FRPR�SODVWL�
¿FDQWH�IRUDP�HODERUDGDV�H�¿OPHV�SURFHVVDGRV�SRU�casting. 2V�¿OPHV�UHVXOWDQWHV�IRUDP�FDUDFWHUL]DGRV�
SRU�)7,5�H�SRU�7*$��2V�UHVXOWDGRV�LQGLFDP�D�SOHQD�FRPSDWLELOLGDGH�HQWUH�RV�SROtPHURV�H�DXPHQWR�GD�
HVWDELOLGDGH�FRP�R�DXPHQWR�GR�WHRU�GH�TXLWRVDQD�QD�FRPSRVLomR��$V�LQWHUDo}HV�GR�SODVWL¿FDQWH�RFRUUHP�
SUHIHUHQFLDOPHQWH�FRP�RV�JUXSRV�KLGUR[LODV�GD�TXLWRVDQD��
Palavras-chave��*RPD�GH�FDMXHLUR��4XLWRVDQD��)LOPHV�¿QRV��&DUDFWHUL]DomR�HVWUXWXUDO�

StructurAl And tHermAl cHArActeriZAtion oF cASHew-Gum cHitoSAn 
blendS
Abstract
)RUPXODWLRQ�FRPELQLQJ�FDVKHZ�JXP�DQG�FKLWRVDQ��ZLWK�VPDOO�DGGLWLRQV�RI�SODVWLFL]HU�ZHUH�SUHSDUHG�IRU�
¿OP�SURFHVVLQJ�E\�FDVWLQJ��DQG�FKDUDFWHUL]HG�E\�)7,5�DQG�7*$��7KH�UHVXOWV�VKRZ�D�FRPSOHWH�FRPSDWL�
ELOLW\�EHWZHHQ�SRO\PHUV�DQG�DQ�LQFUHDVLQJ�LQ�WKH�VWUXFWXUH�VWDELOLW\�DV�WKH�FRQWHQW�RI�FKLWRVDQ�LQ�WKH�EOHQG�
LV�LQFUHDVHG��7KH�LQWHUDFWLRQV�ZLWK�WKH�SODVWLFL]HU�WDNH�SODFH�SUHIHUHQWLDOO\�ZLWK�WKH�K\GUR[\O�JURXSV�RI�
chitosan. 
Keywords: &DVKHZ�JXP��&KLWRVDQ��7KLQ�¿OPV��6WUXFWXUDO�FKDUDFWHUL]DWLRQ�

1 introduÇÃo

)LOPHV�¿QRV�SURFHVVDGRV�D�SDUWLU�GH�SROtPHURV�QDWXUDLV�WrP�DVVXPLGR�XP�SDSHO�HVWUDWpJLFR�HP�
GLYHUVDV�DSOLFDo}HV�ELRWHFQROyJLFDV��'LIHUHQWHV�WLSRV�GH�SROLVVDFDUtGHRV�WrP�VLGR�DYDOLDGRV�SDUD�HVWHV�
¿QV��HQWUH�HOHV�D�JRPD�GH�FDMXHLUR��*&���TXH�FRQVLVWH�HP�XP�H[VXGDGR�H[WUDtGR�GR�WURQFR�GR�FDMXHL�
ro �Anacardium occidentale /��. Esta apresenta alta massa molar e estruturalmente descrita como um 
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KHWHURSROLVVDFDUtGHR� UDPL¿FDGR� FRP� FRPSRVLomR� TXtPLFD�PpGLD� GH� JDODFWRVH� ������ JOLFRVH� �������
DUDELQRVH���������UDPQRVH��������H�iFLGR�JOLFXU{QLFR���������3DXOD�HW�DO����������,VRODGDPHQWH��D�*&�
QmR�DSUHVHQWD�ERDV�FDUDFWHUtVWLFDV�¿OPRJrQLFDV��VHQGR�DOWDPHQWH�KLGURItOLFD�H�TXHEUDGLoD��(VWXGRV�SUH�
OLPLQDUHV�LQGLFDP�TXH�D�IRUPDomR�GH�EOHQGDV�FRP�SROtPHURV�VLPLODUHV�H�R�XVR�GH�SHTXHQDV�FRQFHQWUD�
o}HV�GH�SODVWL¿FDQWHV�SRGHP�PHOKRUDU�FRQVLGHUDYHOPHQWH�DV�FDUDFWHUtVWLFDV�PHFkQLFDV�H�D�HVWDELOLGDGH�
HVWUXWXUDO��%ULWWR�HW�DO���������

1HVWH�VHQWLGR��D�TXLWRVDQD��&KL��p�XP�IRUWH�FDQGLGDWR�j�IRUPDomR�GH�EOHQGDV�FRP�D�*&��1R�SUH�
VHQWH�WUDEDOKR�¿OPHV�IRUPDGRV�D�SDUWLU�GH�IRUPXODo}HV�FRPELQDGDV�GH�*&�&KL�H�FRP�SHTXHQDV�DGLo}HV�
GH�JOLFHURO��*OL��IRUDP�SURFHVVDGRV�SRU�FDVWLQJ�H�DYDOLDGRV�FRP�UHVSHLWR�jV�FDUDFWHUtVWLFDV�HVWUXWXUDLV�H�
WpUPLFDV�SRU�)7,5�H�7*$�

2 mAteriAl e métodoS

$�JRPD�GH�FDMXHLUR��*&��IRL�IRUQHFLGD�SHOD�(PEUDSD�$JURLQG~VWULD�7URSLFDO��)RUWDOH]D��&(��
FROKLGDV�GH�iUYRUHV�FXOWLYDGDV�GH�A. occidentale�/��(VWD�JRPD�IRL�SXUL¿FDGD�VHJXLQGR�R�SURFHGLPHQWR�
EiVLFR�DSUHVHQWDGR�SRU�&267$�H�FR�DXWRUHV���������$�&KL�HPSUHJDGD��PpGLD�PDVVD�PRODU��6LJPD�$O�
GULFK��H�R�JOLFHURO�GD�6\QWK��2V�JpLV�IRUDP�SUHSDUDGRV�VHJXQGR�DV�IRUPXODo}HV�GLVSRVWDV�QD�7DEHOD���H�
RV�¿OPHV�REWLGRV�SRU�GHSRVLomR�VREUH�SODFDV�GH�DFUtOLFR��

tabela 1. )RUPXODo}HV�HPSUHJDGDV�QR�SURFHVVDPHQWR�GRV�¿OPHV�
Filme Gc (%wt) quitosana (%wt) Glicerol (%wt)

$ � � �

B � ��� �

& � ��� 1

' � ��� �

E � ��� 1

) � ��� �

$V� DQiOLVHV� SRU� LQIUDYHUPHOKR� IRUDP� UHDOL]DGDV� HP� HVSHFWU{PHWUR� 6SHFWUXP� ���� GD� 3HUNLP�
(OPHU�DR�DU��HP�SDVWLOKDV�GH�.%U��$V�PHGLGDV�WHUPRJUDYLPpWULFDV�IRUDP�UHDOL]DGDV�HP�XP�7*$�GD�7$�
,QVWUXPHQWV��4�����HP�WD[D�GH�DTXHFLPHQWR�GH����ƕ&�PLQ����DWPRVIHUD�GH�1�2��

3 reSultAdoS e diScuSSÃo

3.1 Análise espectrocópica 

1D�)LJXUD���HVWmR�RV�HVSHFWURV�GH�)7,5�SDUD�RV�¿OPHV�GD�7DEHOD����$V�EDQGDV�UHIHUHQWH�j�TXLWR�
VDQD�SXUD��¿OPH�)��WrP�VLGR�DPSODPHQWH�LGHQWL¿FDGDV�QD�OLWHUDWXUD��6LOYD�HW�DO��������H�FRUUHVSRQGHP�
D�SDGU}HV�YLEUDFLRQDLV�WLSLFDPHQWH�HQFRQWUDGRV�QD�PDLRULD�GRV�SROLVVDFDUtGHRV��3DUD�RV�¿OPHV�GH�*&�
SXUR��)LOPH�$��p�REVHUYDGR�XPD�ODUJD�EDQGD�FHQWUDGD�HP������FP���LGHQWL¿FDGD�FRPR�HVWLUDPHQWR�GDV�
KLGUR[LODV�±2+��YLVXDOL]DGD�HP�WRGDV�DV�HVWUXWXUDV�SROLVVDFDUtGHDV��8PD�EDQGD�PHQRV�LQWHQVD�ORFDOL�
]DGD�SUy[LPD�D������FP���SRGH�VHU�DWULEXtGD�DR�HVWLUDPHQWR�VLPpWULFR�H�DVVLPpWULFR�GRV�JUXSRV�&�+�GR�
DQHO�JOLFRVDPLQD��&����WDPEpP�XPD�WtSLFD�YLEUDomR�SROLVVDFDUtGHD��$�EDQGD�DR�UHGRU�GH������FP���p�FD�
UDFWHUtVWLFD�GH�YLEUDo}HV�GRV�JUXSRV�& 2�H�&�&�GR�iFLGR�JOLFXU{QLFR��FRQ¿UPDQGR�D�SUHVHQoD�GR�JUXSR�
±&22��$EVRUo}HV�VXEVHTXHQWHV�HP�WRUQR�GH������FP���VmR�FDUDFWHUtVWLFDV�GD�YLEUDomR�DQJXODU�VLPpWULFD�
QR�SODQR��WHVRXUD��GR��&+2��H�XPD�DEVRUomR�LUUHJXODU�H�ODUJD�EDQGD�REVHUYDGD�QD�UHJLmR�GH������FP

�� 
SRGH�VHU�DWULEXtGD�DR�HVWLUDPHQWR�GR�&2+�GDV�OLJDo}HV�JOXFRVtGLFDV�&+2�2�&+2�H�GR�GREUDPHQWR�2�+��
(VWD�EDQGD�p�SURSRUFLRQDOPHQWH�PDLV�LQWHQVR�SDUD�SROLVVDFDUtGHRV�H[VXGDGRV�VHJXQGR�D�FDUDFWHUL]DomR�
DSUHVHQWDGR�SRU�027+e�HW�DO���������

1RV�¿OPHV�GH�&KL��)LOPH�)��R�HVSHFWUR�DSUHVHQWD�EDQGDV�VLPLODUHV�FRP�DOJXPDV�UHGXo}HV�RX�JD�
QKRV�QDV�LQWHQVLGDGHV�DEVRUYLGDV��3RGH�VH�QRWDU�D�VREUHSRVLomR�GD�EDQFD�GD�JOXFRVDPLQD��HP������FP�

1���FXMR�SLFR�p�PHOKRU�GH¿QLGR�SDUD�D�*&��H�XPD�GH¿QLomR�PDLV�FODUD�GR�GRXEOHW�HP������FP����DWULEXtGR�
DR�iWRPR�QD�SRVLomR�&��GR�JUXSR�1+2 GD�DPLGD�,��H�XP�VLQDO�WtSLFR�HP������FP

����TXH�FRUUHVSRQGH�DR�
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GREUDPHQWR�1+�GD�DPLGD�,,�PRGR�YLEUDFLRQDO���8P�RPEUR�REVHUYDGR�HP������FP���p�FDUDFWHUtVWLFR�GRV�
JUXSRV��2+���1+2�RX��&2�H�YLVXDOL]DGR�DSHQDV�QR�HVSHFWUR�GD�&KL�

3HTXHQDV�TXDQWLGDGHV�GH�&KL�QD�PLVWXUD��)LOPH�%��QmR�LQWURGX]HP�DOWHUDo}HV�VLJQL¿FDWLYDV�QR�
HVSHFWUR�GD�**��)LOPH�$���9DULDomR�QDV�LQWHQVLGDGHV�GDV�EDQGDV�QRV�GRLV�HVSHFWURV�VmR�QRWDGDV�SULQ�
FLSDOPHQWH�QDV�DEVRUEkQFLDV� UHODWLYDV�DR�±2+�HP������FP���FRPR�WDPEpP�D�UHGXomR�GDV�YLEUDo}HV�
FRUUHVSRQGHQWHV�DRV�JUXSRV�&+�H�2+�DR�UHGRU�GH������FP����4XDQGR�R�WHRU�GH�&KL�p�GH������Z�Z��)LO�
PH�'���P~OWLSORV�SLFRV�FDUDFWHUtVWLFRV�GD�DPLGD�,�H�,,�������D������FP����WRUQDP�VH�PDLV�LQWHQVRV�H�DV�
YLEUDo}HV�DQJXODUHV�VLPpWULFD�QR�SODQR��WHVRXUD��GRV�JUXSRV�&+2�QD�UHJLmR�GH������FP

�� aparecem com 
XPD�~QLFD�EDQGD�PDLV�GH¿QLGD��(VWHV�UHVXOWDGRV�VXJHUHP�D�FRQVROLGDomR�HQWUH�RV�GRLV�SROLVVDFDUtGHRV�

$�LQFRUSRUDomR�GH����Z�Z�GH�*OL�FRPR�SODVWL¿FDQWH��)LOPHV�&�H�(��UHVXOWD�HP�GLIHUHQWH�HIHLWR�
GHSHQGHQWH�GD�FRQFHQWUDomR�GH�&KL������RX������Z�Z���1R�HVSHFWUR�GR�)LOPH�&��EDL[D�TXDQWLGDGH�GH�
&KL��QmR�VmR�REVHUYDGRV�DOWHUDo}HV�QR�IRUPDWR�GRV�HVSHFWURV��&RP�R�DXPHQWR�GR�WHRU�GH�&KL��)LOPH�(���
EDQGDV�WtSLFDV�GD�&KL�HQWUH������H������FP���VmR�PDUFDGDPHQWH�UHGX]LGDV��(VVHV�SLFRV�HVWmR�DVVRFLDGRV�
FRP�RV�JUXSRV�±1+�GD�DPLGD�,�H�DPLGD�,,��'H�DFRUGR�FRP�.2�HW�DO�����������DV�EDQGDV�GH�DPLGD�GD�
&KL�WHQGHP�D�GHVDSDUHFHU�TXDQGR�RV�JUXSRV�DFHWDPLGRV�VmR�VXEVWLWXtGRV�SRU�DPLQDV�SULPDULDV��(VVDV�
REVHUYDo}HV�VXSRUWDP�TXH�DOWHUDo}HV�QDV�HVWUXWXUDV�GRV�¿OPHV�SRGHP�RFRUUHU�GHYLGR�D�LQWHUDo}HV�HQWUH�
DV�PROpFXODV�GH�*OL�H�RV�JUXSRV�DPLQR�H�KLGUR[LODV�QD�PDWUL]�GD�&KL��HIHLWR�HVWH�QmR�REVHUYDGR�QR�FRP�
D�HVWUXWXUD�GD�*&�

Figura 1. (VSHFWURV�GH�)7,5�SDUD�¿OPHV�GH�*&�H�&KL�H�VXDV�FRPELQDo}HV�6HJXQGR�LGHQWL¿FDo}HV�DSUHVHQWDGDV�
na Tabela 1.

3.2 Análise térmica 

$V�FXUYDV�WHUPRJUDYLPpWULFDV�SDUD�RV�¿OPHV�GH�*&�H�&KL�SXURV�HVWmR�UHSUHVHQWDGRV�QD�)LJXUD�
���$V�FXUYDV�WUDFHMDGDV�FRUUHVSRQGHP�jV�GHULYDGDV�GD�PDVVD��'7*��TXH�SHUPLWHP�D�LGHQWL¿FDomR�GD�
RFRUUrQFLD�GH�FDGD�HYHQWR�WpUPLFR�FRPR�D�WHPSHUDWXUD�GH�GHFRPSRVLomR�Pi[LPD��7G��GH�FDGD�DPRVWUD��
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Figura 2. &XUYDV�7*�H�'7*�GRV�¿OPHV�*&�SXUD��)LOPH�$���&KL�SXUD��)LOPH�)��H�GDV�EOHQGDV�*&�&KL�FRP�H�VHP�
SODVWL¿FDQWH��*OL�D����Z�ZQ���7D[D�GH�DTXHFLPHQWR�GH�����&�PLQ�

$PERV�PDWHULDLV�VHJXHP�XP�PHVPR�SDGUmR�FRP�XP�SHUGD�FRQWtQXD�GH�PDVVD�HP�XP�HVWiJLR�
LQLFLDO�GH�GHVLGUDWDomR�VHJXLGR�SRU�HYHQWRV�DVVRFLDGRV�j�GHFRPSRVLomR�SROLPpULFD�

$�FXUYD�7*�SDUD�R�¿OPH�$��*&�SXUD��UHYHOD�WUrV�HYHQWRV�GLVWLQWRV��2�SULPHLUR�LGHQWL¿FDGR�D�
���&�FRUUHVSRQGH�j�GHVVRUomR�GH�iJXD�TXLPLFDPHQWH�OLJDGD��2�VHJXQGR�HVWiJLR�D�����&�H�XP�WHUFHLUR�
HYHQWR�PDLV�LQWHQVR�D�����&��HVWmR�UHODFLRQDGRV�j�GHVSROLPHUL]DomR��GHVFDUERQL]DomR�H�D�GHFRPSRVLomR�
SLUROtWtFD�FRP�IRUPDomR�GH�iJXD�&2��H�&+�.

&RP�UHVSHLWR�jV�EOHQGDV��R�FRPSRUWDPHQWR�WpUPLFR�p�SUy[LPR�DR�UHJLVWUDGR�SDUD�R�¿OPH�GH�*&�
SXUR��7RGDV�DV�EOHQGDV�DSUHVHQWDP�GHVLGUDWDomR�HP�WHPSHUDWXUDV�VXSHULRUHV�D�DTXHODV�UHJLVWUDGDV�SDUD�R�
)LOPH�)�LQGLFDQGR�XPD�PDLRU�LQWHUDomR�FRP�D�iJXD�SURYDYHOPHQWH�HP�IXQomR�GH�XPD�PDLRU�GHQVLGDGH�
GH�VtWLRV�SRODUHV�SUHVHQWHV�QD�HVWUXWXUD�GD�*&��8P�DXPHQWR�GD�PDVVD�UHVLGXDO�D�����o&�WDPEpP�p�REVHU�
YDGR�QDV�EOHQGDV�TXDQGR�FRPSDUDGDV�FRP�R�¿OPH�GH�TXLWRVDQD�SXUD��)��

AGrAdecimentoS
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=HtQDV�VmR�DV�SULQFLSDLV�SURWHtQDV�GH�DUPD]HQDJHP�GR�PLOKR�FRP�IRUWH�KLGURIRELFLGDGH�H�VROXELOLGDGH�
~QLFD�H�WHP�VLGR�FRQVLGHUDGD�FRPR�XP�ELRSROtPHUR�DOLPHQWDU�YHUViWLO��1HVWH�HVWXGR��RV�¿OPHV�GH�]HtQDV�
IRUDP�SUHSDUDGRV�D�SDUWLU�GH�VROXo}HV�DOFRyOLFDV��2V�HIHLWRV�GRV�GLIHUHQWHV�WLSRV�GH�VROYHQWHV��(WDQRO��
,VRSURSDQRO��0HWDQRO�H�1D2+��VREUH�DV�SURSULHGDGHV�FULVWDORJUi¿FDV�GRV�¿OPHV�GH�]HtQDV�IRUDP�LQYHV�
WLJDGRV�SHOD�WpFQLFD�GH�GLIUDomR�GH�UDLR�;��2V�kQJXORV�GH�GLVSHUVmR�GH�UDLRV�;�PRVWUDUDP�SDGU}HV�GH�
HVSDoDPHQWRV�G�GH�§�����H�§������c��TXH�IRUDP�DWULEXtGDV�D�GLVWkQFLD�PpGLD�GD�HVSLQKD�GRUVDO�GHQWUR�GD�
HVWUXWXUD�GH�XPD�Į�KpOLFH�GH�]HtQDV�H�DR�HVSDoDPHQWR�GH�HPSDFRWDPHQWR�LQWHU�KpOLFH��UHVSHFWLYDPHQWH��
$�PRGL¿FDomR�GR�VROYHQWH�LQÀXHQFLRX�QRV�HVSDoDPHQWRV�FULVWDORJUi¿FRV��
Palavras-chave��=HtQDV��'LIUDomR�GH�UDLR�;��,VRSURSDQRO��0HWDQRO��(WDQRO��

eFFect oF Solvent on crYStAlloGrAPHic ProPertieS oF Zein FilmS
Abstract
=HLQ�LV�WKH�PDMRU�VWRUDJH�SURWHLQ�IURP�FRUQ�ZLWK�VWURQJ�K\GURSKRELFLW\�DQG�XQLTXH�VROXELOLW\�DQG�KDV�
EHHQ�FRQVLGHUHG�DV�D�YHUVDWLOH�IRRG�ELRSRO\PHU��,Q�WKLV�VWXG\��]HLQ�¿OPV�ZHUH�SUHSDUHG�E\�FDVWLQJ�IURP�
DOFRKROLF� VROXWLRQV��7KH� HIIHFWV� RI� GLIIHUHQW� VROYHQWV� �HWKDQRO�� LVRSURSDQRO��PHWKDQRO� DQG�1D2+�� LQ�
FU\VWDOORJUDSKLF�SURSHUWLHV�RI� WKH�]HLQ�¿OPV�ZHUH� LQYHVWLJDWHG�E\� WKH� WHFKQLTXH�RI�;�UD\�GLIIUDFWLRQ��
7KH�DQJOHV�RI�GLVSHUVLRQ�;�UD\�SDWWHUQ�VKRZHG�VSDFLQJV�RI�§�����DQG�G�§������c��ZKLFK�ZHUH�DVVLJQHG�
WKH�DYHUDJH�GLVWDQFH�ZLWKLQ�WKH�EDFNERQH�VWUXFWXUH�RI�D�Į�KHOL[�]HLQ�SDFNDJLQJ�DQG�VSDFLQJ�LQWHU��KHOL[��
UHVSHFWLYHO\��7KH�PRGL¿FDWLRQ�RI�WKH�VROYHQW�LQÀXHQFHV�WKH�FU\VWDOORJUDSKLF�VSDFLQJV�
Keywords: =HLQ��;�UD\�GLIIUDFWLRQ��LVRSURSDQRO��PHWKDQRO��HWKDQRO�

1 introduÇÃo

$�]HtQD�HQJORED�XP�JUXSR�GH�SURWHtQDV�VRO~YHLV�HP�iOFRRO�HQFRQWUDGR�QR�HQGRVSHUPD�GR�PLOKR��
TXH�p�UHVSRQViYHO�SRU�����RX�PDLV�GD�SURWHtQD�WRWDO�GR�HQGRVSHUPD�>�@��

$WXDOPHQWH��DV�DSOLFDo}HV�GH�]HtQD�VmR�OLPLWDGDV�D�IRUPXODo}HV�GH�DJHQWHV�GH�UHYHVWLPHQWR�SDUD�
DV�LQG~VWULDV�DOLPHQWDU�H�IDUPDFrXWLFD��2�LQWHUHVVH�UHQRYDGR�HP�]HtQD�FRPR�XP�PDWHULDO�SROLPpULFR�p�
UHVXOWDGR��HP�SDUWH��DR�LPSDFWR�QHJDWLYR�GH�SOiVWLFRV�j�EDVH�GH�SHWUyOHR�VREUH�R�PHLR�DPELHQWH�>�@�

=HtQDV�VmR�FRQVLGHUDGDV�SURWHtQDV�JOREXODUHV�H�FRQVWLWXtGDV�GH�IUDo}HV�FODVVL¿FDGDV�GH�DFRUGR�
FRP�VXD�PDVVD�UHODWLYD�H�VROXELOLGDGH��FRPR�]HtQDV�Į��Ȗ��ȕ�H�į��$V�]HtQDV�Į�VmR�DV�PDLV�DEXQGDQWHV�FRQV�
WLWXLQGR�DSUR[LPDGDPHQWH�����GH�WRGDV�DV�]HtQDV�>�@��(VVDV�SURWHtQDV�FRQWrP����VHJPHQWRV�KHOLFRLGDLV�
VXFHVVLYRV�GLVSRVWRV�GH�IRUPD�DQWLSDUDOHOD�TXH�VmR�HVWDELOL]DGRV�SRU�OLJDo}HV�GH�KLGURJrQLR�>�@�

$� VXSHUItFLH� GD�PROpFXOD� GH� ]HtQD� FRPSUHHQGH� GRPtQLRV� KLGUyIRERV� �!� ����� H� KLGURItOLFRV�
>�@��$�SURSULHGDGH�KLGUyIRED�GD�]HtQD�p�DOWDPHQWH�UHODFLRQDGD�FRP�D�HOHYDGD�SHUFHQWDJHP�GH�UHVtGXRV�
GH�DPLQRiFLGRV�QmR�SRODUHV��WDLV�FRPR��D�OHXFLQD��SUROLQD�H�DODQLQD�>�@��7UDGLFLRQDOPHQWH��D�SUHVHQoD�
GH�PLVWXUDV�ELQiULDV�GH�HWDQRO�DTXRVR����������Y�Y��H�iJXD�SHUPLWH�D�PHOKRULD�GD�VROXELOLGDGH�H�GLV�
SHQVDELOLGDGH�GH�SDUWtFXODV�GH�]HtQD�>���@��$�PLFURHVWUXWXUD�GD�]HtQD�HVWi�DOWDPHQWH�UHODFLRQDGD�FRP�D�
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FRQFHQWUDomR�GH�]HtQD��D�FRQFHQWUDomR�GH�HWDQRO�DTXRVR�H�R�HPSUHJR�GH�DJHQWHV�WHQVRDWLYRV�QDV�PLVWXUDV�
>���@��&RPR�DOWHUQDWLYD��GXUDQWH�D�HYDSRUDomR�GD�VROXomR�GR�ELQiULR��D�PRUIRORJLD�GD�HVWUXWXUD�GH�DXWR�
PRQWDJHP�GD�]HtQD�SRGH�YDULDU�GHSHQGHQGR�GR�WLSR�H�FRQFHQWUDomR�GH�VROYHQWHV�H�VROXWRV�>�@�

2�REMHWLYR�GHVWH�WUDEDOKR�IRL�LQYHVWLJDU�R�HIHLWR�GH�GLIHUHQWHV�VROYHQWHV�VREUH�DV�SURSULHGDGHV�
FULVWDORJUi¿FDV�GRV�¿OPHV�]HtQD�SRU�GLIUDomR�GH�UDLRV�;�

. 

2 mAteriAiS e métodoS

$V�DPRVWUDV�GH�]HtQDV��&$6�1XPEHU������������IRUDP�REWLGDV�GD�6LJPD�$OGULFK��2V�VROYHQWHV�
XWLOL]DGRV�QD�REWHQomR�GRV�¿OPHV�IRUDP��ÈOFRRO�HWtOLFR�DEVROXWR�3�$�� �(W2+��H�ÈOFRRO�PHWtOLFR�3�$��
�0H2+��GD�)0$,$��ÈOFRRO�LVRSURStOLFR�3�$���,3$��GD�&,1e7,&$�H�R�+LGUy[LGR�GH�VyGLR��1D2+��H�D�
iJXD�GHVWLODGD�IRUDP�DGTXLULGRV�QR�/DERUDWyULR�GH�6ROLGL¿FDomR�5iSLGD��/65��

2V�¿OPHV�IRUDP�REWLGRV�SRU�GLVVROXomR�GD�]HtQD�D������P�Y��HP�XPD�PLVWXUD�GH�iJXD�VROYHQWH�
�����Y�Y��H�KRPRJHQHL]DGR�SRU�DJLWDomR�PRGHUDGD��$V�VROXo}HV�IRUDP�GHSRVLWDGDV�HP�SODFDV�GH�WHÀRQ��
$SyV�HYDSRUDomR�HVSRQWkQHD�GR�VROYHQWH�QD�WHPSHUDWXUD�DPELHQWH�������&���RV�¿OPHV�IRUDP�PDQXDO�
mente destacados.

$�GLIUDWRPHWULD�GH�UDLRV�;��'5;��IRL�XWLOL]DGD�SDUD�DFRPSDQKDU�D�HYROXomR�GDV�IDVHV�GRV�GL�
IHUHQWHV�¿OPHV�D�EDVH�GH�]HtQDV��8WLOL]RX�VH��SDUD�WDQWR��R�GLIUDW{PHWUR�GH�UDLRV�;�6,(0(16�'������
VHQGR�HPSUHJDGR�D� UDGLDomR�GH�&X.�Į���FXMR�FRPSULPHQWR�GH�RQGD�p�Ȝ� �����c��2V�HQVDLRV� IRUDP�
UHDOL]DGRV�j�WHPSHUDWXUD�DPELHQWH��FRP�GLIHUHQoD�GH�SRWHQFLDO�GD�RUGHP�GH���N9�H�XPD�FRUUHQWH�GH�
��P$��)RL�XWLOL]DGR�XP�SDVVR�GH��������WHPSR�SRU�SDVVR�GH��V�H�R�kQJXOR��ș����WKHWD��YDULDQGR�HQWUH�
GH���H����JUDXV��$�GLIUDomR�GH�UDLRV�;�IRL�UHDOL]DGD�FRP�D�DPRVWUD�HP�IRUPD�GH�¿OPH��FRP����[����PP�
de dimensão.

3 reSultAdoS e diScuSSÃo

6mR�DSUHVHQWDGRV�QD�)LJXUD���RV�GLIUDWRJUDPDV�GH�UDLRV�;�GRV�¿OPHV�GH�]HtQD�VROXELOL]DGRV�HP�
(W2+��,3$��0H2+�H�1D2+�

2V�¿OPHV�j�EDVH�GH�]HtQD�DSUHVHQWDUDP�GRLV�SLFRV�FDUDFWHUtVWLFRV�GH�GLIUDomR��R�SULPHLUR�SLFR�IRL�
REVHUYDGR�HP��ș�������H�R�VHJXQGR�SLFR�HP��ș���������HVVHV�SLFRV�FRUUHVSRQGHP�D�GRLV�HVSDoDPHQWRV�
G��G1 e d2��UHVSHFWLYDPHQWH�

2�¿OPH�VROXELOL]DGR�FRP�(W2+�DSUHVHQWRX�HVSDoDPHQWR�G1�GH����c�H�G2�GH����c��9DORUHV�EHP�
SUy[LPRV�IRUDP�REWLGRV�SRU�+$1�HW�DO��>��@�HP��ș� ��������G1� ����c��H���ș� �������G2� ����c��

2V�¿OPHV�VROXELOL]DGRV�FRP�0H2+��,3$�H�1D2+�DSUHVHQWDUDP�HVSDoDPHQWR�G1�GH����������H�
���c��UHVSHFWLYDPHQWH��H�HVSDoDPHQWR�G2�GH�����������H�����c��UHVSHFWLYDPHQWH��

2�HVSDoDPHQWR�G1�DWULEXtGR�DR�HVTXHOHWR�GH�XPD�Į�KpOLFH��)LJXUD����QmR�VH�DOWHURX�GH�IRUPD�
VLJQL¿FDWLYD�FRP�RV�VROYHQWHV�XWLOL]DGRV��R�TXH�LQGLFD�TXH�D�HVWUXWXUD�KHOLFRLGDO�GD�]HtQD�SHUPDQHFHX�
HVWiYHO�VRE�DV�FRQGLo}HV�H[SHULPHQWDLV�GR�HVWXGR���,VVR�SRGH�VHU�H[SOLFDGR�SHOR�IDWR�GD�Į�KpOLFH�VHU�D�
HVWUXWXUD�VHFXQGiULD�PDLV�DEXQGDQWH�H�PDLV�HVWiYHO�HP�SURWHtQDV��H�SRU�HVWD�FRQ¿JXUDomR�VH�UHDOL]DGD�
SRU�OLJDo}HV�GH�KLGURJrQLR�LQWUDPROHFXODUHV�>��@���1R�HQWDQWR��R�HVSDoDPHQWR�G2 relacionado com o em�
SDFRWDPHQWR�GDV�LQWHU�KpOLFHV��VH�PRVWURX�PDLV�VHQVtYHO�FRP�D�PXGDQoD�GRV�VROYHQWHV��(VVH�DXPHQWR�
QR�YDORU�GR�HVSDoDPHQWR�G2�LPSOLFD�HP�LQWHU�KpOLFHV�PHQRV�HPSDFRWDGDV��,VVR�VXJHUH�TXH�KRXYH�XPD�
PRGL¿FDomR�QD�HVWUXWXUD�WHUFLiULD�GD�]HtQD�FRQIHULQGR�PDLRU�PRELOLGDGH�PROHFXODU��(VVD�PRGL¿FDomR�
SRGH�VHU�H[SOLFDGD�SHOD�GLPLQXLomR�GDV�LQWHUDo}HV�HOHWURVWiWLFDV�H�GH�YDQ�GHU�:DDOV�H[LVWHQWHV�QD�HVWUX�
WXUD�WHUFLiULD�
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Figura 1. 'LIUDWRJUDPDV�GH�UDLRV�;�GRV�¿OPHV�GH�]HtQD�VROXELOL]DGRV�HP�(W2+��,3$��0H2+�H�1D2+�

$FUHGLWD�VH�TXH�D�GLVWkQFLD�PpGLD�GD�HVSLQKD�GRUVDO�GHQWUR�GD�HVWUXWXUD�GH�XPD�Į�KpOLFH�GH�]HtQD�
SRGH�HVWDU�UHODFLRQDGD�FRP�R�FXUWR�HVSDoDPHQWR�G�HP�WRUQR�GH����c��DR�SDVVR�TXH�R�PDLRU�HVSDoDPHQWR
�G�GH�FHUFD�GH���c�p�FRQVLGHUDGR�R�HVSDoDPHQWR�GH�HPSDFRWDPHQWR�LQWHU�KpOLFH�RX�D�GLVWkQFLD�PpGLD�GH�
DSUR[LPDomR�GDV�KpOLFHV�YL]LQKDV�WDO�FRPR�GHVFULWR�QD�OLWHUDWXUD�>�@��8PD�YH]�TXH�R�HVSDoDPHQWR�G�GH�
FHUFD�GH���c�HVWi�UHODFLRQDGR�FRP�R�HPSDFRWDPHQWR�LQWHU�KpOLFH�RX�DSUR[LPDomR�GH�KpOLFHV�YL]LQKDV��D�
GLPLQXLomR�GD�VXD�LQWHQVLGDGH�LPSOLFD�D�UXSWXUD�GH�DJUHJDGRV�PROHFXODUHV�GH�]HtQD�>��@�

Figura 2. 0RGHOR�HVWUXWXUDO�SDUD�XP�DJUHJDGR�PROHFXODU�GH�]HtQD��EDVHDGR�HP�>��@��

2�SDUkPHWUR�XWLOL]DGR�SDUD�DYDOLDU�D�LQWHQVLGDGH�UHODWLYD�IRL�D�UD]mR�GD�iUHD�GRV�SLFRV�HP��ș���
�����H������$2�$1���$�7DEHOD���DSUHVHQWD�RV�HVSDoDPHQWRV�G�H�D�UD]mR�GH�iUHD��$2�$1��SDUD�RV�¿OPHV�GH�
]HtQD��

2V�YDORUHV�GH��$2�$1��VmR�VHPHOKDQWHV�SDUD�RV�GLIHUHQWHV�¿OPHV�DQDOLVDGRV��FRP�H[FHomR�GR�
¿OPH�VROXELOL]DGR�FRP�,3$��:DQJ�HW�DO��>��@�REWHYH�UD]mR��$2�$1��GH������SDUD�]HtQD�HP�Sy��2OLYLHUR�HW�
DO��>��@�HVWXGDQGR�GLIHUHQWHV�ORWHV�GH�]HtQD�VROXELOL]DGRV�FRP�SROLHWLOHQRJOLFRO�REWHYH�XPD�UD]mR��$2/
$1��GH������H������SDUD�RV�ORWHV�GH�]HtQD����.������H�����.�������UHVSHFWLYDPHQWH�
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tabela 1. (VSDoDPHQWRV�G�H�UD]mR�GH�iUHD��$2�$1��SDUD�RV�¿OPHV�GH�]HtQD�VROXELOL]DGRV�FRP�(W2+��0H2+��,3$�
H�1D2+��REWLGRV�GRV�JUi¿FRV�GH�'5;�

Filmes d1 d2 A2 /A1

=HtQD�(W2+ ��� ��� ����

=HtQD�0H2+ ��� ��� ����

=HtQD�,3$ ��� ���� ����

=HtQD�1D2+ ��� ���� ����

4 concluSÃo

2V�UHVXOWDGRV�LQGLFDP�TXH�RV�VROYHQWHV�QmR�DOWHUDUDP�D�HVWUXWXUD�VHFXQGiULD�GD�]HtQD��GHYLGR�j�
EDL[D�YDULDomR�GR�YDORU�GH�G1��3RUpP��DOWHUDUDP�D�HVWUXWXUD�WHUFLiULD�GD�]HtQD�LPSOLFDQGR�HP�PRGL¿FDomR�
QR�HPSDFRWDPHQWR�HQWUH�DV�KpOLFHV��2V�VROYHQWHV�,3$�H�1D2+�FRQIHULUDP�PDLRU�PRELOLGDGH�DRV�¿OPHV�
GH�]HtQD�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T������������������/DERUDWyULR�GH�6ROLGL¿FDomR�5iSLGD��/65
�8)3%���)LQHS��&DSHV�H�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD���

reFerÊnciAS

&526721��&��%���(9$16��&��%���µµ7KH�,QGXVWULDO�8VHV�RI�&RUQ�3URWHLQV¶¶��LQ��&URSV�LQ�3HDFH�DQG�:DU��
7KH�����±�����<HDUERRN�RI�$JULFXOWXUH��86'$��:DVKLQJWRQ��'&�������S������

/$:721��-��:��&HUHDO�&KHP��������������

%,&8'2��5��&���%,&8'2��7��&���)25$72��/��$���&2/1$*2��/��$��	�/$1d$6��)��0����³$QiOLVH�GH�
]HtQDV�Į�GR�PLOKR�SRU�/&�(6,�4�72)´��&RPXQLFDGR�7pFQLFR�Q�����(PEUDSD�,QVWUXPHQWDomR��&13',$��
6mR�&DUORV���S���������

0$7686+,0$��1���'$112��*��,���7$.(=$:$��+��	�,=80,��<����%LRFKLP��%LRSK\V��$FWD��������
S����KWWS���G[�GRL�RUJ���������6������������������������������

/$,��+��0���*(,/��3��+���3$'8$��*��:��-��;�UD\�GLIIUDFWLRQ�FKDUDFWHUL]DWLRQ�RI�WKH�VWUXFWXUH�RI�]HLQ±
2OHLF�DFLG�¿OPV��-RXUQDO�RI�$SSOLHG�3RO\PHU�6FLHQFH��9RO������������������������

6+8./$��5���&+(5<$1��0��=HLQ�� WKH� LQGXVWULDO�SURWHLQ�IURP�FRUQ��,QG��&URS��3URG���������±�����
�����

.,0��6���;8��-��$JJUHJDWH�IRUPDWLRQ�RI�]HLQ�DQG�LWV�VWUXFWXUDO�LQYHUVLRQ�LQ�DTXHRXV�HWKDQRO��-��&HUHDO�
6FL�������±��������

:$1*��<��� 3$'8$��*�:�� )RUPDWLRQ� RI� ]HLQ�PLFURSKDVHV� LQ� HWKDQRO±ZDWHU�� /DQJPXLU� ���� �����±
�����������

4,1��:���/(,/(,��<���3$'8$��*�:��(IIHFW�RI�K\GURSKLOLF�DQG�OLSRSKLOLF�FRPSRXQGV�RQ�]HLQ�PLFUR�
VWUXFWXUHV��)RRG�%LRSK\V��������±����������

+$1��<,�/21*����;8��4����/8��=+,�4,$1���:$1*��-,1�<(��3UHSDUDWLRQ�RI�WUDQVSDUHQW�]HLQ�¿OPV�IRU�
FHOO�FXOWXUH�DSSOLFDWLRQV��&ROORLGV�DQG�6XUIDFHV�%��%LRLQWHUIDFHV�9RO���������±���������

:$1*��<���),/+2��)��/���*(,/��3���3$'8$��*��:��(IIHFWV�RI�3URFHVVLQJ�RQ�WKH�6WUXFWXUH�RI�=HLQ�2OHLF�
$FLG�)LOPV�,QYHVWLJDWHG�E\�;�5D\�'LIIUDFWLRQ��0DFURPRO��%LRVFL���������±�����������
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<$2��&���/,��;���621*��7��3UHSDUDWLRQ�DQG�&KDUDFWHUL]DWLRQ�RI�=HLQ�DQG�=HLQ�3RO\�/�ODFWLGH�1DQR¿EHU�
<DUQV��-RXUQDO�RI�$SSOLHG�3RO\PHU�6FLHQFH��9RO�����������±�������������

2/,9,(52��0���',�0$,2��(���,$11$&(��6��(IIHFW�RI�0ROHFXODU�6WUXFWXUH�RQ�)LOP�%ORZLQJ�$ELOLW\�RI�
7KHUPRSODVWLF�=HLQ��-RXUQDO�RI�$SSOLHG�3RO\PHU�6FLHQFH��9RO����������±�����������

AvAliAÇÃo do comPortAmento mecÂnico de FilmeS 
comeStíveiS incorPorAdoS com microAlGA CHLORELLA 

vULGARIS 

Amanda vieira da Silva1��,VDTXH�-HU{QLPR�3RUWR1, eliton Souto medeiros1, Jose Franciraldo de 
lima2, *Juliano elvis de oliveira1

18QLYHUVLGDGH�)HGHUDO�GD�3DUDtED��'HSDUWDPHQWR�GH�(QJHQKDULD�GH�0DWHULDLV��3%��
28QLYHUVLGDGH�)HGHUDO�GH�&DPSLQD�*UDQGH��'HSDUWDPHQWR�GH�(QJHQKDULD�GH�$JUtFROD��3%�

MXOLDQR�PDWHULDLV#JPDLO�FRP

&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
2V�¿OPHV�FRPHVWtYHLV�VmR�HPSUHJDGRV�Ki�PXLWR�WHPSR�FRPR�IRUPD�GH�FRQVHUYDomR�GH�DOLPHQWRV��$WX�
DOPHQWH��SROtPHURV�ELRGHJUDGiYHLV��FRPR�R�SROL�YLQLO�iOFRRO���39$��YHP�VHQGR�XWLOL]DGRV�SDUD�IRUPD�
omR�GHVVHV�¿OPHV�GHYLGR�jV��VXDV�ERDV�FDUDFWHUtVWLFDV�H�IDFLOLGDGH�QD�IRUPDomR�GH�¿OPHV��$�PLFURDOJD�
Chlorella vulgaris��TXH�FRPS}H�XPD�iUHD�GH�FUHVFHQWH�HVWXGR��DSUHVHQWD�DOpP�GH�IDFLOLGDGH�GH�FXOWLYR��
HOHYDGRV�tQGLFHV�SURWHLFRV��$VVLP��R�SUHVHQWH�WUDEDOKR�WHP�FRPR�REMHWLYR�DYDOLDU�R�HIHLWR�PHFkQLFR�GD�
LQFRUSRUDomR�GD�PLFURDOJD�Chlorella vulgaris HP�¿OPHV�GH�39$�REWLGRV�SHOR�PpWRGR�GH�HYDSRUDomR�
GH�VROYHQWH��DWUDYpV�GR�HQVDLR�GR�¿OPH�GH�39$�SXUR��GR�¿OPH�GH�39$�HP�FRQMXQWR�FRP�D�PLFURDOJD�
SDVVDGR�SRU�GXSOD�¿OWUDomR��H�GR�¿OPH�GH�39$�H�PLFURDOJD�VHP�D�¿OWUDomR��&RP�RV�UHVXOWDGRV�REWLGRV�
SRGH�VH�REVHUYDU�TXH�D�LQFRUSRUDomR�GD�PLFURDOJD�DIHWRX�DV�SURSULHGDGHV�PHFkQLFDV�GRV�¿OPHV�GH�39$�
SXUR��TXH�DSUHVHQWDUDP�XP�DXPHQWR�QD�UHVLVWrQFLD�PHFkQLFD�TXDQGR�VXEPHWLGRV�DR�HQVDLR�GH�WUDomR��
Palavras-chave��)LOPHV�FRPHVWtYHLV��3ROLDOFRRO�YLQLOLFR��Chlorella vulgaris.

evAluAtion oF mecHAnicAl beHAvior oF edible FilmS incorPorAted witH 
CHLORELLA vULGARIS
Abstract
(GLEOH�¿OPV�DUH�XVHG�DV�D�ZD\�RI�SUHVHUYLQJ�IRRG��&XUUHQWO\��ELRGHJUDGDEOH�SRO\PHUV�VXFK�DV�SRO\��YLQ\O�
DOFRKRO���39$��LV�EHLQJ�XVHG�IRU�SURGXFHG�WKHVH�¿OPV�GXH�WR�LWV�JRRG�IHDWXUHV�DQG�HDVH�RI�¿OP�IRUPDWLRQ��
The microalgae Chlorella vulgaris��ZKLFK�FRPSULVHV�D�UHVHDUFK�DUHD�RI� ��LQFUHDVLQJ�VWXG\�LQ�PDWHULDOV�
VFLHQFH�DQG�HQJLQHHULQJ��7KHQ�WKLV�VWXG\�DLPV�WR�HYDOXDWH�WKH�PHFKDQLFDO�HIIHFW�RI� WKH�LQFRUSRUDWLRQ�
RI�PLFURDOJDH�Chlorella vulgaris�LQ�39$�¿OPV�REWDLQHG�E\�VROYHQW�HYDSRUDWLRQ�PHWKRG��E\�WHVWLQJ�QHDW�
39$�¿OP�DQG�39$�PLFURDOJDH�¿OPV��%\�UHVXOWV�LW�FDQ�EH�REVHUYHG�WKDW�WKH�LQFRUSRUDWLRQ�RI�PLFURDOJDH�
DIIHFWHG�WKH�SXUH�39$�¿OPV�WKDW�VKRZHG�D�LQFUHDVH�LQ�VWUHQJWK�ZKHQ�VXEMHFWHG�WR�VWUDLQ��
Keywords: (GLEOH�¿OPV��39$��Chlorella vulgaris.

1 introduÇÃo

&RPR�IRUPD�GH�UHWDUGDU�D�GHVLGUDWDomR�H�FRQVHTXHQWH�DXPHQWR�GD�FRQVHUYDomR�GH�IUXWDV�H�KRUWD�
OLoDV�SRU�ORQJDV�GLVWkQFLDV�GXUDQWH�VHX�WUDQVSRUWH��GHVGH�R�VpFXOR�;,,,��QD�&KLQD�YHP�VHQGR�HPSUHJDGD�
D�XWLOL]DomR�GH�¿OPHV�H�UHYHVWLPHQWRV�FRPHVWtYHLV��$66,6�HW�DO����������

2V�¿OPHV�FRPHVWtYHLV�VmR�SHOtFXODV�¿QDV�H�ÀH[tYHLV�TXH�SRVVXHP�HVSHVVXUDV�GLVWLQWDV��IRUPDGRV�
SRU�PDFURPROpFXODV�ELROyJLFDV��025$(6�HW�DO����������(VVHV�¿OPHV�VmR�FRQVWLWXtGRV�SRU�VXEVWkQFLDV�
QmR�GDQRVDV�j�VD~GH�H�GHVHPSHQKDP�IXQomR�GHSHQGHQWH�GR�WLSR�GH�DOLPHQWR�D�VHU�UHFREHUWR��DOpP�GR�
WLSR�GH�GHJUDGDomR�D�TXH�HVWH�p�VXVFHSWtYHO��0$,$�HW�DO����������

3DUD�D�SURGXomR�GH�¿OPHV�ELRSROLPpULFRV�FRP�PHOKRUHV�SURSULHGDGHV�PHFkQLFDV�DOJXPDV�YH]HV�
VmR�PLVWXUDGRV�ELRSROtPHURV�FRP�SROtPHURV�ELRGHJUDGiYHLV��025$(6�HW�DO����������
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'HQWUH�HVWHV�SROtPHURV��R�SROL��YLQLO�iOFRRO���39$��p�XPD�GRV�PDLV�XWLOL]DGRV��SHOR�IDWR�GH�SRV�
VXLU�H[FHOHQWHV�SURSULHGDGHV�H�FDUDFWHUtVWLFDV��FRPR�SRU�H[HPSOR��SURSULHGDGHV�GH�UHVLVWrQFLD�H�EDUUHLUD�
D�JDVHV��0$5$1*21���������DJHQWH�GH�DXPHQWR�GH�YLVFRVLGDGH��DOpP�GH�VHU�XP�GRV�SRXFRV�SROtPHURV�
VHPLFULVWDOLQRV�VRO~YHLV�HP�iJXD�TXH�SRVVXL�ERDV�FDUDFWHUtVWLFDV�PHFkQLFDV�H�IDFLOLGDGH�GH�IRUPDomR�GH�
¿OPHV��-81,25��������0$5$*21��������

$V�PLFURDOJDV�FRQVWLWXHP�XP�JUXSR�GH�PLFURUJDQLVPRV�QmR�PXLWR�HVWXGDGRV�H��SRUWDQWR��DSHQDV�
DOJXPDV�FHQWHQDV�GHQWUH�DV�GH]�PLO�HVSpFLHV�H[LVWHQWHV�IRUDP�SHVTXLVDGDV��GHVVD�IRUPD��FRPS}HP�XPD�
iUHD�D�VHU�H[SORUDGD�GH�PDQHLUD�PDLV�DSURIXQGDGD��6$1726��������

$�PLFURDOJD�Chlorella vulgaris SHUWHQFHQWH�j�FODVVH�&KORURSK\FHDH��RUGHP�&KORURFRFFDOHV�H�
IDPtOLD�2RF\VWDFHDH��6$1726�HW�DO����������YHP�GHVSHUWDQGR�R�LQWHUHVVH�HFRQ{PLFR�GHYLGR�j�IDFLOL�
GDGH�GH�FXOWLYR�H�HOHYDGR�FRQWH~GR�SURWHLFR��(VWD�HVSpFLH�DSUHVHQWD�DLQGD�D�FDSDFLGDGH�GH�HVWLPXODU�R�
VLVWHPD�LPXQROyJLFR��H�GH�VLQWHWL]DU�FRPSRVWRV�FRP�SURSULHGDGHV�WHUDSrXWLFDV��7(,;(,5$�HW�DO��������

2V�¿OPHV�FRPHVWtYHLV�GHYHP�DSUHVHQWDU�ÀH[LELOLGDGH�H�UHVLVWrQFLD�j�UXSWXUD�GH�IRUPD�D�VH�DGH�
TXDU�jV�VXSHUItFLHV�GR�DOLPHQWR�UHYHVWLGR��JDUDQWLQGR�FREHUWXUD�WRWDO�DR�PHVPR��$VVLP��DV�SURSULHGDGHV�
PHFkQLFDV�GH�WUDomR�H[SUHVVDP�D�UHVLVWrQFLD�GR�¿OPH�TXDQGR�HVWH�IRU�VXEPHWLGR�DR�DORQJDPHQWR�GXUDQWH�
D�WUDomR��5,*2��������

¬�YLVWD�GLVWR��R�SUHVHQWH�WUDEDOKR�SRVVXL�FRPR�REMHWLYR�DYDOLDU�R�HIHLWR�PHFkQLFR�GD�LQFRUSRUD�
omR�GD�PLFURDOJD�Chlorella vulgaris HP�¿OPHV�GH�39$��SRU�PHLR�GR�HQVDLR�GH�WUDomR�GRV�¿OPHV�GH�39$�
SXUR��GH�39$�HP�FRQMXQWR�FRP�D�PLFURDOJD�SDVVDGR�SRU�GXSOD�¿OWUDomR��H�GR�¿OPH�GH�39$�H�PLFURDOJD�
VHP�D�¿OWUDomR��&RP�HVWH�SURSyVLWR��D�UHVLVWrQFLD�PHFkQLFD�GRV�¿OPHV�IRL�DYDOLDGD�SRU�HQVDLR�GH�WUDomR�
GH�DFRUGR�FRP�DV�QRUPDV�$670�SDUD�HQVDLR�GH�WUDomR�HP�SROtPHUR�

2 mAteriAiS e métodoS

2V�¿OPHV�ELRSROLPpULFRV�IRUDP�IHLWRV�XWLOL]DQGR�D�PLFURDOJD�Chlorella vulgaris e o polímero 
39$�SHOR�PpWRGR�GH�HYDSRUDomR�GH�VROYHQWH��)RUDP�IHLWRV�¿OPHV�GH�39$�SXUR��39$�LQFRUSRUDGR�FRP�D�
PLFURDOJD�H�39$�LQFRUSRUDGR�FRP�D�PLFURDOJD�VHP�¿OWUDomR�GD�VROXomR��

8VDQGR�EDOmR�YROXPpWULFR�IRL�PHGLGR�����P/�GH�iJXD�GHVWLODGD�H�FRORFDGR�QXP�EpTXHU�VREUH�
XP�DJLWDGRU�FRP�DTXHFLPHQWR��3DUD�REWHQomR�GH�¿OPHV�GH�39$�SXUR��j�DSUR[LPDGDPHQWH����&��SDUD�
PHOKRU�VROXELOL]DomR���HUD�DGLFLRQDGR����J�GH�39$��H�SDUD�REWHQomR�GRV�¿OPHV�GH�39$�FRP�PLFURDOJD��
D�TXDQWLGDGH�GH����J�GH�PLFURDOJD�HUD�DGLFLRQDGD�j�iJXD�GHVWLODGD�H�DJLWDGD�FRP�WHPSHUDWXUD�SRU�DSUR�
[LPDGDPHQWH����PLQXWRV��3DVVDGR�HVVH�WHPSR��D�VROXomR�IRL�¿OWUDGD�GXDV�YH]HV�FRP�DX[tOLR�GH�IXQLO�GH�
%XFKQHU�H�.LWDVVDWR��$SyV�¿OWUDomR��D�VROXomR�IRL�FRORFDGD�QR�DJLWDGRU�FRP�DTXHFLPHQWR�HP�DSUR[LPD�
GDPHQWH����&�H�HUD�DGLFLRQDGD�D�PHVPD�TXDQWLGDGH�GH�39$�QHFHVViULD�SDUD�REWHQomR�GRV�¿OPHV�SXURV�
DWp�TXH�KRXYHVVH�GLVVROXomR�FRPSOHWD�GDV�SDUWtFXODV�QD�VROXomR��1D�REWHQomR�GRV�¿OPHV�GH�39$�FRP�
PLFURDOJD�VHP�¿OWUDomR��IRUDP�VHJXLGRV�RV�PHVPRV�SDVVRV�DQWHULRUHV��SRUpP��VHP�D�¿OWUDomR��

7HUPLQDGR�R�SURFHVVR��D�VROXomR�IRL�GHVSHMDGD�VREUH�EDQGHMDV�GH�YLGUR�H�HP�PROGHV�GH�FRUSRV�
GH�SURYD�GH�WUDomR�SDUD�VXEVHTXHQWHV�HQVDLRV�H�DQiOLVHV��H�SRVWRV�SDUD�VHFDU�GXUDQWH����KRUDV�SDUD�D�
IRUPDomR�GRV�¿OPHV�DWUDYpV�GD�HYDSRUDomR�GR�VROYHQWH��

2�FRPSRUWDPHQWR�PHFkQLFR�GRV�UHYHVWLPHQWRV�GH�]HtQD�IRUDP�DYDOLDGRV�DWUDYpV�GH�HQVDLRV�GH�
WUDomR�XWLOL]DQGR�R�HTXLSDPHQWR�$872*5$3+�$*�;���.1�GD�6KLPDG]X�H�VHJXLQGR�D�QRUPD�WpFQLFD�
$670�'�����)RL�DQDOLVDGR�R�PyGXOR�GH�UHVLVWrQFLD�j�WUDomR�H�R�OLPLWH�GH�UXSWXUD�SDUD���FRUSRV�GH�SURYD�
SRU�DPRVWUDV��$�YHORFLGDGH�GH�HQVDLR�XWLOL]DGD�IRL�GH��PP�PLQ�

3 reSultAdoS e diScuSSÃo

$�¿JXUD���LQGLFD�D�PRUIRORJLD�GD�PLFURDOJD�DGLFLRQDGD�QRV�¿OPHV�GH�SROL�iOFRRO�YLQLOLFR���3R�
GHPRV�QRWDU�SHOD�)LJXUD���D��D�GLVSHUVmR�QR�GLkPHWUR�GDV�SDUWtFXODV��VHQGR�TXH�DV�PDLRUHV�SDUWtFXODV�GH�
C. vulgaris�VH�HQFRQWUDYDP�QD�IDL[D�GH����P��
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�D��������������������������������������������������������������������������������������E�
Figura 1. 0LFURJUD¿DV��0(9��GD�Chlorella vulgaris

2�HIHLWR�GD�DGLomR�GD�PLFURDOJD�QR�FRPSRUWDPHQWR�PHFkQLFR�GRV�¿OPHVGH�39$�SRGH�VHU�DYD�
OLDGR�QD�)LJXUD���

Figura 2. (IHLWR�GD�DGLomR�GH�PLFURDOJD�QR�FRPSRUWDPHQWR�PHFkQLFR�GRV�¿OPHV�GH�39$

2V�¿OPHV�GH�39$�DSUHVHQWDP�LQLFLDOPHQWH�XP�FRPSRUWDPHQWR�QmR�OLQHDU�VHJXLGR�SRU�XP�UHJL�
PH�SOiVWLFR��$�DGLomR�GH�SDUWtFXODV�GD�PLFURDOJD�DRV�¿OPHV�GH�39$�LQGX]LX�D�XP�DXPHQWR�QD�UHVLOLrQFLD�
H�QD�GXFWLOLGDGH�GRV�¿OPHV��1R�HQWDQWR��D�WHQVmR�GH�UXSWXUD�VH�PDQWHYH�LQDOWHUDGD�

4 concluSÃo

)LOPHV�GH�39$�H�GH�39$� C. vulgaris�IRUDP�SURGX]LGRV�GH�IRUPD�H¿FLHQWH�SHOD�WpFQLFD�GH�HYD�
SRUDomR�GR�VROYHQWH��$�DGLomR�GD�PLFURDOJD�C. vulgaris OHYRX�D�XP�DXPHQWR�QD�UHVLOrQFLD�H�GXFWLOLGDGH�
GRV�¿OPHV�GH�39$��$OpP�GLVVR��QmR�KRXYH�DOWHUDomR�HP�VXD�WHQVmR�GH�UXSWXUD�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�D�)D]HQGD�7DPDQGXi��3DWRV�3DUDtED��SHOD�GRDomR�GD�PLFURDOJD��DR�/DER�
UDWyULR�GH�6ROLGL¿FDomR�5iSLGD�GD�8)3%��D�(PEUDSD�H�DR�&13T��3URFHVVR����������������

reFerÊnciAS

$66,6��2��%��*���%5,772��'���)25$72��/��$���2�XVR�GH�ELRSROtPHURV�FRPR�UHYHVWLPHQWRV�FRPHVWt�
YHLV�SURWHWRUHV�SDUD�FRQVHUYDomR�GH�IUXWDV�in natura H�PLQLPDPHQWH�SURFHVVDGDV��6mR�&DUORV��(PEUDSD�
,QVWUXPHQWDomR�$JURSHFXiULD�����������S��

025$(6��,��&���6,/9$��*��*��'���&$59$/+2��5��$���+$%,7$17(��$��0��4��%���%(5*2��3��9��$���
62%5$/��3��-��$���,QÀXrQFLD�GR�JUDX�GH�KLGUyOLVH�GR�SROL�YLQLO�iOFRRO��QDV�SURSULHGDGHV�ItVLFDV�GH�¿OPHV�
j�EDVH�GH�EOHQGDV�GH�JHODWLQD�H�SROL�YLQLO�iOFRRO��SODVWL¿FDGRV�FRP�JOLFHURO��&LrQFLD�H�7HFQRORJLD�GH�
$OLPHQWRV��&DPSLQDV������������������MXO��VHW������
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0$,$��/��+���3257(�$���628=$��9��)���)LOPHV�FRPHVWtYHLV��DVSHFWRV�JHUDLV��SURSULHGDGHV�GH�EDUUHLUD�
D�XPLGDGH�H�R[LJrQLR��%�&(33$��&XULWLED��Y������Q�����S����������MDQ��MXQ������

0$5$1*21��$�$�6���&RPSyVLWRV�GH�SYD�FDXOLQLWD�H�SYD�FDXOLQLWD�IXQFLRQDOL]DGD�����S�

'LVVHUWDomR��0HVWUDGR�HP�&LrQFLD�H�(QJHQKDULD�GH�0DWHULDLV���8QLYHUVLGDGH�)HGHUDO�GR�3DUDQi��&XUL�
WLED�������

-81,25��(��6��&���'HVHQYROYLPHQWR�GH�PDWUL]�GH�4XLWRVDQD�39$��TXLPLFDPHQWH�UHWLFXODGD�SDUD�DSOLFD�
omR�SRWHQFLDO�HP�HQJHQKDULD�GH�WHFLGR�HSLWHOLDO��'LVVHUWDomR��'RXWRUDGR�DSUHVHQWDGD�DR�&XUVR�GH�3yV�
*UDGXDomR�HP�(QJHQKDULD�0HWDO~UJLFD�H�GH�0LQDV���8QLYHUVLGDGH�)HGHUDO�GH�0LQDV�*HUDLV��'H]HPEUR��
�����

6$1726��/��%��*���&$/$=$16��1��.���0$5,1+2��<��)���6$1726��$��3��)���1$6&,0(172��5��
0��1���9$6&21&(/26��5��)��/���'$17$6��'��0��0���*È/9(=��$��2���,QÀXrQFLD�GR�IRWRSHUtRGR�
no crescimento da Chlorella vulgaris��FKORURSK\FHDH��YLVDQGR�SURGXomR�GH�ELRGLHVHO��'LVSRQtYHO�HP��
�KWWS���ZZZ�HYHQWRVXIUSH�FRP�EU�MHSH[�����FG�OLVWDBDUHDB���KWP!��$FHVVR�HP�����DEU�������

7(,;(,5$��&���6,/9$��(���&58=��0���1$9$552��$�&���$�H¿FiFLD�GD�&KORUHOOD�FRPR�LQLELGRU�GH�DSH�
WLWH�DVVRFLDGD�DR�H[HUFtFLR�ItVLFR�H�GLHWD�EDODQFHDGD�DOWHUDQGR�D�FRPSRVLomR�FRUSRUDO��5HYLVWD�EUDVLOHLUD�
GH�REHVLGDGH��QXWULomR�H�HPDJUHFLPHQWR��,VVQ�����������

5,*2��/��1���'(6(192/9,0(172�(�&$5$&7(5,=$d2�'(�),/0(6�&20(67Ë9(,6��'LVVHU�
WDomR��0HVWUDGR�HP�(QJHQKDULD�GH�$OLPHQWRV���8QLYHUVLGDGH�5HJLRQDO�,QWHJUDGD�H�GDV�0LVV}HV�85,��
&DPSXV�GH�(UHFKLP��(UHFKLP��56�������
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18QLYHUVLGDGH�)HGHUDO�GD�3DUDtED��'HSDUWDPHQWR�GH�(QJHQKDULD�4XtPLFD��3%��28QLYHUVLGDGH�)HGHUDO�
GD�3DUDtED��'HSDUWDPHQWR�GH�(QJHQKDULD�GH�0DWHULDLV��3%���(PEUDSD�,QVWUXPHQWDomR��/DERUDWyULR�

1DFLRQDO�GH�1DQRWHFQRORJLD�$SOLFDGD�DR�$JURQHJyFLR��6mR�&DUORV��63�
MXOLDQR�PDWHULDLV#JPDLO�FRP

&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
$V�FLFORGH[WULQDV��&'V��VmR�ROLJRVVDFDUtGHRV�FtFOLFRV��FRQVWLWXtGRV�SRU�XQLGDGHV�GH�JOLFRVH�����OLJDGDV��
H�VmR�GHQRPLQDGDV�DOID��Į�����XQLGDGHV���EHWD��ȕ�����XQLGDGHV��H�JDPD��Ȗ��FLFORGH[WULQDV����XQLGDGHV���
(VWDV�PDFURPROpFXODV��TXH�SRGHP�VHU�UHSUHVHQWDGDV�FRPR�DQpLV�KLGURIyELFRV�H�JUXSRV�KLGUR[LOD�SULPi�
ULRV��SRGHP�HQFDSVXODU�XPD�JUDQGH�YDULHGDGH�GH�FRPSRVWRV��(VWHV�FRPSOH[RV�GH�LQFOXVmR�VmR�GH�HVSH�
FLDO�LQWHUHVVH�GHYLGR�jV�VXDV�SURSULHGDGHV�DQWLPLFURELDQDV�GH�JUDQGH�LQWHUHVVH�HP�DSOLFDo}HV�HQYROYHQGR�
HPEDODJHQV�ELRPpGLFDV�H�DOLPHQWDUHV��&RPSOH[RV�GH�LQFOXVmR�FRP�DWLYLGDGH�DQWLPLFURELDQD�SRGHP�VHU�
LQFRUSRUDGRV�HP�¿OPHV�ELRSROLPpULFRV��1HVWH�HVWXGR��R�FRPSOH[R�GH�LQFOXVmR�HQWUH�D�ȕ�FLFORGH[WULQD�H�
R�yOHR�GH�DOKR�IRUDP�VLQWHWL]DGRV�SHOR�PpWRGR�GH�VROXomR��(P�VHJXLGD��WRGDV�DV�DPRVWUDV�IRUDP�FDUDFWH�
UL]DGDV�SRU�HVSHFWURVFRSLD�GH�LQIUDYHUPHOKR��2V�HVSHFWURV�GH�LQIUDYHUPHOKRV�LQGLFDP�D�LQWHUDomR�HQWUH�
ȕ�FLFORGH[WULQD�H�iFLGR�DOKR��(P�HWDSDV�IXWXUDV�GR�SURMHWR��HVWHV�FRPSOH[RV�GH�LQFOXVmR�FRP�DWLYLGDGH�
DQWLPLFURELDQD�VHUmR�LQFRUSRUDGRV�HP�¿OPHV�GH�]HtQD�SDUD�UHYHVWLPHQWR�GH�TXHLMR�FRDOKR�
Palavras-chave��FRPSOH[R�GH�LQFOXVmR��yOHR�GH�DOKR��FDUDFWHUL]DomR��)7,5



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014.84

rePArAtion And cHArActeriZAtionS oF incluSion comPlex oF GArlic oil 

:,7+�ȕ�&<&/2'(;75,1
Abstract

&\FORGH[WULQV��&'V��DUH�F\FOLF�ROLJRVDFFKDULGHV�FRQVLVWLQJ�RI�����OLQNHG�JOXFRVH�XQLWV��DQG�DUH�
QDPHG�DOSKD��Į�����XQLWV����EHWD��ȕ�����XQLWV��DQG�JDPPD��Ȗ��F\FORGH[WULQV����XQLWV���7KHVH�PDFURPRO�
HFXOHV��ZKLFK�FDQ�EH�VSDWLDOO\�UHSUHVHQWHG�DV�D�K\GURSKRELF�ULQJV�DQG�SULPDU\�K\GUR[\O�JURXSV��FDQ�
HQFDSVXODWH�D�ODUJH�YDULHW\�RI�FRPSRXQGV�GXH�WR�WKH�K\GURSKRELF�FKDUDFWHU�RI�WKHLU�LQWHUQDO�FDYLW\��7KHVH�
LQFOXVLRQ�FRPSOH[�DUH�RI�VSHFLDO�LQWHUHVW�LQ�WKLV�FRQWH[W�EHFDXVH�RI�WKHLU�DQWLPLFURELDO�SURSHUWLHV�ZKLFK�
DUH�XVHIXO�IRU�PHGLFDO�DQG�IRRG�SDFNDJLQJ�DSSOLFDWLRQV��$QWLPLFURELDO�LQFOXVLRQ�FRPSOH[�FDQ�EH�ORDGLQJ�
LQWR�ELRSRO\PHUV�¿OPV��,Q�WKLV�VWXG\��LQFOXVLRQ�FRPSOH[�ZHUH�V\QWKHWL]HG�E\�VROXWLRQ�PHWKRG��7KHQ��DOO�
VDPSOHV�ZHUH�FKDUDFWHUL]HG�E\�LQIUDUHG�VSHFWURVFRS\��,QIUDUHG�VSHFWUD�LQGLFDWH�WKH�LQWHUDFWLRQ�EHWZHHQ�
ȕ�F\FORGH[WULQ�DQG�JDUOLF�DFLG��,Q�WKH�QH[W�VWHSV��WKHVH�DQWLPLFURELDO�LQFOXVLRQ�FRPSOH[HV�ZHUH�ORDGLQJ�
LQWR�]HLQ�¿OPV�IRU�FKHHVH�SDFNDJLQJ�DSSOLFDWLRQV�
Keywords: LQFOXVLRQ�FRPSOH[��JDUOLF�RLO��FKDUDFWHUL]DWLRQ��)7,5

1 introduÇÃo

1RUPDOPHQWH�DV�FLFORGH[WULQDV��&'V��FRQVWLWXHP�XPD�QRYD�FODVVH�GH�H[FLSLHQWHV�IDUPDFrXWLFRV�
XVDGDV�SDUD�DOWHUDU�DV�SURSULHGDGHV�ItVLFR�TXtPLFDV�H�ELROyJLFDV�LQGHVHMiYHLV�GH�FHUWRV�IiUPDFRV�DWUDYpV�
GD�FRPSOH[DomR�GRV�PHVPRV�FRP�DV�&'V��$�FDUDFWHUtVWLFD�PDLV�LPSRUWDQWH�GDV�&'V�p�D�VXD�KDELOLGDGH�
GH�IRUPDU�FRPSOH[RV�GH�LQFOXVmR�FRP�GLYHUVDV�PROpFXODV��1R�JHUDO��DV�FLFORGH[WULQDV�SRGHP�DSUHVHQWDU�
WUrV�GLIHUHQWHV�WLSRV�GH�HVWUXWXUDV��)LJXUD����FRQVWLWXtGDV�SRU�VHLV��VHWH�RX�RLWR�XQLGDGHV�GH�JOLFRVH��GH�
QRPLQDGDV��UHVSHFWLYDPHQWH��Į��ȕ�H�Ȗ�±�FLFORGH[WULQ��4LDQ��������

Figura 1. (VWUXWXUD�TXtPLFD�GDV�FLFORGH[WULQDV

'HYLGR� D� VXD� FDYLGDGH� KLGURIyELFD� DV� FLFORGH[WULQDV� SRGHP� FRPSOH[DU� GLVWLQWRV� FRPSRVWRV�
QXPD�HVWHTXLRPHWULD�XVXDO�GH�����PROV��$�UHDomR�GH�FRPSOH[DomR�IDFLOLWD�D�VROXELOL]DomR�GH�VXEVWkQFLDV�
OLSRVVRO~YHLV�VHP�SHUFD�GH�VXD�DWLYLGDGH�ELROyJLFD��(P�VROXomR��D�PROpFXOD�KyVSHGH�YDL�HVWDU�ORFDOL]DGD��
LQWHJUDO�RX�SDUFLDOPHQWH�GHQWUR�GD�FDYLGDGH�GD�FLFORGH[WULQD��HVWDQGR�R�FRPSOH[R�VROYDWDGR�RX�URGHDGR�
SRU�PROpFXODV�GR�VROYHQWH��JHUDOPHQWH�D�iJXD�4LDQ��������$V�PROpFXODV�LQFOXtGDV�QRUPDOPHQWH�¿FDP�
RULHQWDGDV�GH�PRGR�TXH�VH�DOFDQFH�R�Pi[LPR�FRQWDWR�HQWUH�D�SDUWH�KLGURIyELFD�GD�PROpFXOD�KyVSHGH�H�
D�FDYLGDGH�GD�FLFORGH[WULQD�GH�QDWXUH]D�DSRODU��9iULDV�WpFQLFDV�GH�SUHSDUDomR�IRUDP�GHVHQYROYLGDV�SDUD�
IRUPDomR�GH�FRPSOH[RV�GH�LQFOXVmR�FRP�&'V��'HVWDFDP�VH�RV�SURFHVVRV�GH�OLR¿OL]DomR�H�DWRPL]DomR��
SRU� SRVVLELOLWDU� D� REWHQomR� GH� FRPSOH[RV� HP� HVWDGR� VyOLGR� FRP� HOHYDGD� H¿FLrQFLD� GH� FRPSOH[DomR�
HP�HVFDOD�LQGXVWULDO�6LQJK��������$�XWLOL]DomR�GH�QRYDV�WpFQLFDV�GH�HQFDSVXODPHQWR�GH�PROpFXODV�TXH�
IDYRUHoDP�D�LQWHUDomR�HQWUH�VHXV�FRPSRQHQWHV��FRPR�YDULDo}HV�QRV�SURFHGLPHQWRV�GDV�WpFQLFDV�PDLV�
WUDGLFLRQDLV��WrP�VLGR�SHVTXLVDGDV��

$V�IHUUDPHQWDV�GLVSRQtYHLV�SDUD�FDUDFWHUL]DomR�GHVWHV�VLVWHPDV�FRPSOH[RV�YHP�VHQGR�DPSOLD�
GDV��SRVVLELOLWDQGR�VXD�FRPSUHHQVmR�H�FRQWUROH��1HVWH�VHQWLGR��WpFQLFDV�GH�REVHUYDomR�LQGLUHWD�GRV�IHQ{�
PHQRV�GH�HQFDSVXODPHQWR��FRPR�RV�WUDGLFLRQDLV�GLDJUDPDV�GH�VROXELOLGDGH�GH�IDVHV��VmR�FRPSOHPHQWD�
GDV�SHOD�LQWURGXomR�GH�PpWRGRV�GH�501��GLIUDomR�GH�UDLRV�;�H�D�DQiOLVH�WpUPLFD�4LDQ�������

2V�DYDQoRV�QD�WHFQRORJLD�LQGXVWULDO�SHUPLWHP�SURGX]LU�FRPSOH[RV�HQWUH�&'V�H�SURGXWRV�QDWX�
UDLV�FRP�HOHYDGR�JUDX�GH�UHQGLPHQWR��$SHVDU�GLVVR��R�FDUiWHU�KHWHURJrQHR�GHVWDV�&'V�FRQWULEXL�SDUD�VXD�
HOHYDGD�VROXELOLGDGH�DTXRVD�H�QmR�FRQVWLWXL�XP�IDWRU�TXH�OLPLWH�VXD�XWLOL]DomR�LQGXVWULDO��4LDQ��������

(VWXGRV�UHFHQWHV�GHPRQVWUDP�D�SRVVLELOLGDGH�GH�XWLOL]DU�HVVDV�VXEVWkQFLDV�HP�GLYHUVDV�DSOLFD�
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o}HV�ELRPpGLFDV��FRPR�YHtFXORV�SDUD�HQWUHJD�GH�IiUPDFRV�H�DJHQWHV�ELROyJLFRV��WHQGR�FRPR�SURSyVLWR�D�
OLEHUDomR�VXVWHQWDGD�GR�SULQFLSLR�DWLYR��$GLFLRQDOPHQWH��DWUDYpV�GD�LQFOXVmR��RV�FRPSRVWRV�SRGHP�¿FDU�
SURWHJLGRV�FRQWUD�R[LGDomR��GHJUDGDomR�SHOD�OX]��FDORU�H�HOHYDGD�YRODWLOLGDGH�D�WHPSHUDWXUD�DPELHQWH�
�6LQJK�������

2 mAteriAiS e métodoS

2.1 mAteriAiS

2�yOHR�GH�DOKR�H�D�ȕ�FLFORGH[WULQD�HPSUHJDGRV�QHVWH�WUDEDOKR�IRUDP�DGTXLULGRV�GD�6LJPD�$O�
GULFK��2V�VROYHQWHV�XWLOL]DGRV�QD�REWHQomR�GRV�¿OPHV�VHUmR��iJXD�GHVWLODGD�H�iOFRRO�HWtOLFR�3$��)0DLD��

2.2 métodoS

2.2.1 )RUPDomR�GRV�&RPSOH[RV�yOHR�GH�DOKR�ȕ�FLFORGH[WULQD

2�SURFHGLPHQWR�GH�SUHSDUDomR�PDLV�KDELWXDO�FRQVLVWH�QD�VROXELOL]DomR�GD�&'�HP�iJXD�H�SRVWH�
ULRU�DGLomR�GR�FRPSRVWR�DWLYR�HP�H[FHVVR��$�FLFORGH[WULQD�IRL�GLVVROYLGD�HP����PO�GH�iJXD�GHVWLODGD��
D����&�SRU����PLQ�VRE�IRUWH�DJLWDomR�PDJQpWLFD��(P�VHJXLGD�IRL�DGLFLRQDGR�R�yOHR�GH�DOKR��������PO��
G ������J�PO��SDUD�SURGX]LU�XPD�UD]mR�PRODU�HQWUH�KyVSHGH�H�KRVSHGHLUR�GH������P�P���$�PLVWXUD�IRL�
DJLWDGD�D����&�GXUDQWH���K��2�SURGXWR�IRL�FRQJHODGR�D���o&�H�OLR¿OL]DGR�SDUD�REWHQomR�GR�FRPSOH[R�GH�
LQFOXVmR�QR�HVWDGR�VyOLGR�

2.2.2 &DUDFWHUL]DomR�GRV�&RPSOH[RV�yOHR�GH�DOKR�ȕ�FLFORGH[WULQD

$SyV�D�SURGXomR��RV�FRPSOH[RV�GH�LQFOXVmR�IRUDP�FDUDFWHUL]DGRV�DWUDYpV�GD�WpFQLFD�GH�HVSHF�
WURVFRSLD�GH�LQIUDYHUPHOKR��)7,5��FRP�R�LQWXLWR�GH�DYDOLDU�R�JUDX�GH�H¿FLrQFLD�GD�UHDomR�GH�FRPSOH[D�
omR��$OpP�GLVVR�IRL�LQYHVWLJDGR�D�DWLYLGDGH�DQWLPLFURELDQD�GR�FRPSOH[R�IUHQWH�D�Staphylococcus aureus 
DWUDYpV�GH�HQVDLRV�SDGURQL]DGRV�GH�GLIXVmR�HP�iJDU�

3 reSultAdoS e diScuSSÃo

2�HVSHFWUR�GH�LQIUDYHUPHOKR�SDUD�R�yOHR�GH�DOKR�VH�HQFRQWUD�QD�)LJXUD����

Figura 2. (VSHFWUR�GH�,QIUDYHUPHOKR�GR�yOHR�GH�DOKR

2� HVSHFWUR� GR� yOHR� GH� DOKR� FRQVLVWH� GH� XPD� EDQGD� GH� DEVRUomR� GR� HVWLUDPHQWR� DVVLPpWULFR�
GD�OLJDomR�GXSOD�QR�JUXSDPHQWR�TXtPLFR� &+2������FP

����H�GR�HVWLUDPHQWR�VLPpWULFR�GR�JUXSDPHQWR�
 &+2������FP

����H�GR�HVWLUDPHQWR�GRV�JUXSDPHQWRV�±&+2������FP
�����2�SLFR�SRU�YROWD�GH�����FP���p�

DWULEXtGR�D�YLEUDomR�GD�OLJDomR�GXSOD�& &�QR�JUXSDPHQWR�DOLO��2V�SLFRV�SRU�YROWD�GH������H�����FP�� 
SRGHP�VHU�DWULEXtGRV�DR�HVWLUDPHQWR�&+2��2V�SLFRV�SRU�YROWD�GH����FP

���VmR�DWULEXtGRV�D�YLEUDomR�GR�HV�
WLUDPHQWR�GR�JUXSDPHQWR�&�6�&��$GLFLRQDOPHQWH�R�HVSHFWUR�GH�LQIUDYHUPHOKR�DSUHVHQWD�SLFRV�QD�UHJLmR�
HQWUH�����H����FP���TXH�HVWmR�DVVRFLDGRV�DR�HVWLUDPHQWR�GD�OLJDomR�6�&�

2V�H[SHULPHQWRV�GH�GLIXVmR�HP�iJDU�SDUD�DYDOLDomR�GD�DWLYLGDGH�DQWLPLFURELDQD�IRUDP�UHDOL]D�
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GRV�EDVHDGRV�QD�1RUPD�0��$��GR�0DQXDO�&OLQLFDO�DQG�/DERUDWRU\�6WDQGDUGV�,QVWLWXWH��&/6,��1&&/6�
GH������ 3DUD�WDQWR�IRL�XWLOL]DGR�R�PLFURUJDQLVPR�*UDP�SRVLWLYR�Staphylococcus aureus��$7&&���������
1D�IDVH�SUHOLPLQDU�GRV�H[SHULPHQWRV�IRL�FRQVWDWDGR�TXH�R�yOHR�GH�DOKR��DVVLP�FRPR�R�FRPSOH[R��DSUH�
VHQWRX�DomR�DQWLPLFURELDQD�FRQWUD�R�PLFURRUJDQLVPR�LQYHVWLJDGR�

4 concluSÃo

1HVWH�WUDEDOKR�IRL�SURGX]LGR�FRP�VXFHVVR�R�FRPSOH[R�GH�LQFOXVmR�ȕ�FLFORGH[WULQD�yOHR��$QiOL�
VHV�HVSHFWURVFySLFDV�SRVVLELOLWDUDP�DYDOLDU�D�H¿FLrQFLD�GD�UHDomR�GH�FRPSOH[DomR�H�HQVDLRV�GH�DYDOLDomR�
PLFURELROyJLFD�LGHQWL¿FDUDP�D�DomR�DQWLPLFURELDQD�GRV�FRPSOH[RV�FRQWUD�S. aureus. 

AGrAdecimentoS

2V� DXWRUHV� JRVWDULDP�GH� DJUDGHFHU� DR�/DERUDWyULR�1DFLRQDO� GH�1DQRWHFQRORJLD�$SOLFDGD� DR�
$JURQHJyFLR��D�(PEUDSD�H�DR��&13T��3URFHVVR����������������

reFerÊnciAS

4LDQ�� /��� *XDQ��<��� ;LDR�� +��� ,17(51$7,21$/� -2851$/� 2)� 3+$50$&(87,&6� �� ����������
S����������������

4LDQ��/���*XDQ��<���=LDHH��=���HW�DO���&(//8/26(���������S���������������
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18QLYHUVLGDGH�)HGHUDO�GR�3LDXt��28QLYHUVLGDGH�)HGHUDO�GR�&HDUi���(PEUDSD�$OJRGmR���(PEUDSD�±�
6HFUHWDULD�GH�5HODo}HV�,QWHUQDFLRQDLV�
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&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
)LOPHV�FRPHVWtYHLV�IRUDP�SUHSDUDGRV�D�SDUWLU�GH�YiULDV�SURSRUo}HV�GH�g�FDUUDJHQDQD��f�FDUUDJHQDQD�H�
DOJLQDWR��VHJXQGR�XP�GHOLQHDPHQWR�GH�PLVWXUDV��FHQWURLGH�VLPSOH[���$�g�FDUUDJHQDQD�IRL�R�FRPSRQHQWH�
TXH�PDLV�FRQWULEXLX�SDUD�D�EDUUHLUD�j�XPLGDGH�H�DV�SURSULHGDGHV�PHFkQLFDV��H[FHWR�D�HORQJDomR���HQ�
quanto a f�FDUUDJHQDQD�SUHMXGLFRX�WDLV�SURSULHGDGHV��2�DOJLQDWH�PHOKRURX�D�XQLIRUPLGDGH�H�WUDQVSDUrQ�
FLD�GRV�¿OPHV��HQTXDQWR�D�SUHVHQoD�GH�f�FDUUDJHQDQD�SURPRYHX�D�IRUPDomR�GH�DJUHJDGRV�H�SUHMXGLFRX�
D�WUDQVSDUrQFLD�
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Abstract
(GLEOH�¿OPV�KDYH�EHHQ�SUHSDUHG�ZLWK�GLIIHUHQW�SURSRUWLRQV�RI�g�FDUUDJHHQDQ��f�FDUUDJHHQDQ�DQG�DOJL�
QDWH��DFFRUGLQJ�WR�D�VLPSOH[�FHQWURLG�PL[WXUH�GHVLJQ��g�FDUUDJHHQDQ�ZDV�WKH�FRPSRQHQW�ZKLFK�PRVW�
FRQWULEXWHG�WR�PRLVWXUH�EDUULHU�DQG�RYHUDOO�WHQVLOH�SURSHUWLHV��H[FHSW�HORQJDWLRQ���ZKLOH�f�FDUUDJHHQDQ�
PRVWO\�LPSDLUHG�WKRVH�SURSHUWLHV��$OJLQDWH�HQKDQFHG�¿OP�XQLIRUPLW\�DQG�WUDQVSDUHQF\��ZKLOH�f�FDUUD�
JHHQDQ�SURYLGHG�D�KLJK�GHQVLW\�RI�FOXVWHUV�DQG��DFFRUGLQJO\��WKH�KLJKHVW�HIIHFW�RQ�RSDFLW\�
Keywords: %LRSRO\PHUV��(GLEOH�¿OPV��6XOIDWHG�JDODFWDQV�
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1 introduÇÃo

&DUUDJHQDQDV�VmR�XPD�IDPtOLD�GH�SROLVVDFDUtGHRV�SURGX]LGRV�SRU�FHUWDV�DOJDV�YHUPHOKDV��5KR�
GRSK\WD��FRPR�SULQFLSDO�PDWHULDO�GH�SDUHGH�FHOXODU� �&DPSR�HW�DO����������6mR�JDODFWDQDV�VXOIDWDGDV��
FRQVLVWLQGR�GH�VHTXrQFLDV� OLQHDUHV�DOWHUQDGDV�GH�ȕ�JDODFWRVH�H�Į�JDODFWRVH��HVWD�JHUDOPHQWH�QD�IRUPD�
����DQLGUD��&DPSR�HW�DO���������<DQJ�HW�DO����������$V�DOJDV�EUDVLOHLUDV�6ROLHULD�¿OLIRUPLV e Hypnea mus-
ciformis�VLQWHWL]DP��UHVSHFWLYDPHQWH��f��H�ț�FDUUDJHQDQDV��$UD~MR�HW�DO���������$]L]D�HW�DO����������2V�
DOJLQDWRV��LVRODGRV�GH�DOJDV�SDUGDV��VmR�FRSROtPHURV�OLQHDUHV�GH�iFLGRV�PDQXU{QLFR�H�JXOXU{QLFR��'RQDWL�
HW�DO����������

2�REMHWLYR�GR�HVWXGR�IRL�DYDOLDU�RV�HIHLWRV�GDV�SURSRUo}HV�UHODWLYDV�GH�ț�FDUUDJHQDQD��f�FDUUDJH�
QDQD�H�DOJLQDWR�VREUH�DV�SURSULHGDGHV�GH�¿OPHV�

2 mAteriAiS e métodoS

2.1 ([WUDomR�GDV�FDUUDJHQDQDV

$V�DOJDV�Hypnea musciformis e 6ROLHULD�¿OLIRUPLV�IRUDP�FROHWDGDV�QDV�SUDLDV�GR�3DFKHFR��&DX�
FDLD��&(��H�GH�)OH[HLUDV� �7UDLUL��&(��� UHVSHFWLYDPHQWH��2�DOJLQDWR�GH�VyGLR� �*ULQGVWHG��)'����� IRL�
IRUQHFLGR�SHOD�'DQLVFR�%UDVLO�/WGD�

3DUD�D�H[WUDomR�GH�FDUUDJHQDQDV��DV�DOJDV�IRUDP�DJLWDGDV�D�����USP�SRU����K�HP�iJXD�����P�Y���
$SyV�¿OWUDomR��PDOKD�GH�Q\ORQ�����PHVK���R�UHVtGXR�IRL�VXEPHWLGR�D�H[WUDomR�FRP�iJXD����Û&����K��H�
QRYDPHQWH�¿OWUDGR��2�¿OWUDGR�IRL�DGLFLRQDGR�GH�HWDQRO����YROXPHV��SRU����K��¿OWUDGR�HP�PDOKD�GH�Q\ORQ��
H�R�SUHFLSLWDGR�IRL�GLDOLVDGR�FRQWUD�iJXD�GHVWLODGD�H�OLR¿OL]DGR�

2.2 3UHSDUDomR�GRV�¿OPHV

'H]�¿OPHV�IRUDP�SUHSDUDGRV��FRP�GLIHUHQWHV�SURSRUo}HV�HQWUH�RV�FRPSRQHQWHV��VHJXQGR�XP�
GHOLQHDPHQWR�GH�PLVWXUDV��3DUD�FDGD�IRUPXODomR����J�GD�PLVWXUD�GH�SROLVVDFDUtGHRV�IRL�DGLFLRQDGD�GH�
JOLFHURO�������J���GLOXtGD�HP�����P/�GH�iJXD�GHVWLODGD�H�KRPRJHQHL]DGD��8OWUD�7XUUD[�7�����,ND��������
USP�����PLQ���$V�GLVSHUV}HV�IRUDP�GHJDVDGDV�D�YiFXR��GHSRVLWDGDV�VREUH�SODFDV�GH�YLGUR�H�QLYHODGDV�
SDUD�XPD�HVSHVVXUD�¿QDO��VHFD��GH�����PP��$SyV�VHFDJHP����Û&�����K���RV�¿OPHV�IRUDP�FRUWDGRV��GHV�
WDFDGRV�H�FRQGLFLRQDGRV�SRU����K�D����&�HP�DPELHQWH�D�����85� 

2.3 &DUDFWHUL]DomR�GRV�¿OPHV

2V�¿OPHV�IRUDP�VXEPHWLGRV�jV�GHWHUPLQDo}HV��RSDFLGDGH��PHGLGD�SHOD�iUHD�VRE�D�FXUYD�GH�XP�
HVSHFWUR�GH�DEVRUEkQFLD�����±����QP��GH�DPRVWUDV�FRORFDGDV�VREUH�D�IDFH�LQWHUQD�GD�FXEHWD��SHUSHQ�
GLFXODUPHQWH�DR�IHL[H�GH�OX]��3HUPHDELOLGDGH�DR�YDSRU�GH�iJXD��EDVHDGD�QR�PpWRGR�(�������$670��
�������3URSULHGDGHV�PHFkQLFDV�� VHJXQGR�PpWRGR�'��������$670���������HP�PiTXLQD�XQLYHUVDO�GH�
WHVWHV��(PLF�'/�������FRP�FpOXOD�GH�FDUJD�GH�����1��)7,5��HP�HVSHFWURIRW{PHWUR�9DULDQ�����,5��QD�
IDL[D�GH�Q~PHURV�GH�RQGD�GH������D�����FP����FRP�UHVROXomR�GH���FP����HP����YDUUHGXUDV��,PDJHQV�GH�
PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��7(6&$1��9(*$�;08���FRP�YROWDJHP�GH�DFHOHUDomR�GH����N9��
H�DXPHQWR�GH�����YH]HV�

3 reSultAdoS e diScuSSÃo

$V�LPDJHQV�GH�0(9��)LJXUD����LQGLFDP�D�GLIHUHQoD�GH�KRPRJHQHLGDGH�GD�VXSHUItFLH�GRV�¿O�
PHV��2�DOJLQDWR�IRUPRX�R�¿OPH�PDLV�KRPRJrQHR��VHQGR�WDPEpP�R�FRPSRQHQWH�TXH�PDLV�IDYRUHFHX�D�
WUDQVSDUrQFLD��)LJXUD�����HQTXDQWR�D�f�FDUUDJHQDQD��,&��IRUPRX�R�¿OPH�PDLV�KHWHURJrQHR�H�PDLV�RSDFR��
$�KHWHURJHQHLGDGH�GRV�¿OPHV�GH�,&�HVWi�SURYDYHOPHQWH�UHODFLRQDGD�DRV�VHXV�HIHLWRV�QHJDWLYRV�VREUH�DV�
SURSULHGDGHV�PHFkQLFDV�H�EDUUHLUDV�GRV�¿OPHV��FRPR�LQGLFDGR�QD�)LJXUD����$�g�FDUUDJHQDQD��.&���SRU�
RXWUR�ODGR��IRL�R�FRPSRQHQWH�PDLV�HIHWLYR�SDUD�PHOKRUDU�D�EDUUHLUD�D�YDSRU�GH�iJXD��D�UHVLVWrQFLD�H�R�
PyGXOR��HQTXDQWR�R�DOJLQDWR�IDYRUHFHX�D�HORQJDomR�
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Figura 1. ,PDJHQV�GH�0(9�GH�¿OPHV�GH�ț�FDUUDJHQDQD��$���f�FDUUDJHQDQD��%���DOJLQDWR��&��H�GH�EOHQGD�������
�'��

Figura 2. 5HSUHVHQWDomR�JUi¿FD�GRV�PRGHORV��

2�HVSHFWUR�GH�)7,5�GRV�¿OPHV��)LJXUD����DSUHVHQWDP�EDQGDV�FRPXQV��DVVRFLDGDV�D�HVWLUDPHQWR�
GH�JUXSRV�2+�D�����������FP���H�HVWLUDPHQWR�GH�&�+�D�����±�����FPí���3DúFDOăX�HW�DO����������2�¿O�
PH�GH�DOJLQDWR�DSUHVHQWD�IRUWHV�EDQGDV�D������FPí��H������FPí���DWULEXtGDV�D�HVWLUDPHQWR�DVVLPpWULFR�H�
VLPpWULFR�GH��&22í��3DúFDOăX�HW�DO����������HQTXDQWR�DV�EDQGDV�D�����H������FP���GHYHP�VH�DRV�iFLGRV�
PDQXU{QLFR�H�JXOXU{QLFR��UHVSHFWLYDPHQWH��*yPH]�2UGyxH]�	�5XSpUH]���������2V�¿OPHV�FRP�FDUUDJH�
QDQDV�WrP�XPD�EDQGD�FDUDFWHUtVWLFD�D�����������FPí���DVVRFLDGD�DR�HVWLUDPHQWR�DVVLPpWULFR�GH�2 6 2�
�3DúFDOăX�HW�DO����������PDLV�LQWHQVR�SDUD�,&����JUXSRV�VXOIDWR���2�RPEUR�D������FP���GHYH�VH�DR�HVWLUD�
PHQWR�VLPpWULFR�GH�6 2��1DQDNL�HW�DO����������$PEDV�DV�FDUUDJHQDQDV�WrP�XPD�EDQGD�D����±����FPí� 
SDUD�R�VXOIDWR�HP�&��GR�DQHO�GH�JDODFWRVH��HQTXDQWR�D�,&�WHP�XPD�EDQGD�DGLFLRQDO�D�����FP����GHYLGD�DR�
VXOIDWR�HP�&��GD�����DQLGURJDODFWRVH��3UDGR�)HUQiQGH]�HW�DO����������2XWUDV�EDQGDV�FDUDFWHUtVWLFDV�GH�
FDUUDJHQDQDV�VmR��HVWLUDPHQWR�DVVLPpWULFR�GH�&�2�&�D������FP����HVWLUDPHQWR�VLPpWULFR�GH�6�2�D������
�����FP����HVWLUDPHQWR�GH�&�2�&�QD�����DQLGURJDODFWRVH�D�����FP����1DQDNL�HW�DO���������

Figura 3. (VSHFWUR�GH�)7,5�GH�¿OPHV�GH�ț�FDUUDJHQDQD��N�FDU���f�FDUUDJHQDQD��L�FDU���DOJLQDWR��DOJ��H�GH�EOHQGD�
GRV�SROLVVDFDUtGHRV���������
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4 concluSÃo

2V�SROLVVDFDUtGHRV�DSUHVHQWDUDP�GLIHUHQWHV�HIHLWRV�VREUH�RV�¿OPHV�IRUPDGRV��$�f�FDUUDJHQDQD��
TXH�IRUPRX�¿OPHV�RSDFRV�H�KHWHURJrQHRV��SUHMXGLFRX�DV�SURSULHGDGHV�PHFkQLFDV�H�GH�EDUUHLUD�GRV�¿O�
PHV��2�DOJLQDWR�IDYRUHFHX�D�WUDQVSDUrQFLD�H�D�HORQJDomR�GRV�¿OPHV��H�D�g�FDUUDJHQDQD�IRL�R�FRPSRQHQWH�
PDLV�HIHWLYR�SDUD�PHOKRUDU�D�EDUUHLUD�D�YDSRU�GH�iJXD��D�UHVLVWrQFLD�H�R�PyGXOR�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�R�VXSRUWH�¿QDQFHLUR�GD�(PEUDSD��+�0�&��$]HUHGR�DJUDGHFH�DR�&13T�
SHOD�%ROVD�GH�3URGXWLYLGDGH�HP�3HVTXLVD�����������������

reFerÊnciAS

$5$Ò-2��,�:�)���52'5,*8(6��-�$�*���9$1'(5/(,��(�6�2���3$8/$��*�$���/,0$��7�%���%(1(9,�
'(6��1�0�%��,RWD�FDUUDJHHQDQV�IURP�6ROLHULD�¿OLIRUPLV��5KRGRSK\WD��DQG�WKHLU�HIIHFWV�LQ�WKH�LQÀDPPD�
WLRQ�DQG�FRDJXODWLRQ��$FWD�6FLHQWLDUXP�±�7HFKQRORJ\��0DULQJi��Y������S����������������

$670�� 6WDQGDUG� WHVW�PHWKRGV� IRU� ZDWHU� YDSRU� WUDQVPLVVLRQ� RI�PDWHULDOV�� (�������$QQXDO� %RRN� RI�
$670�6WDQGDUGV��3KLODGHOSKLD��$PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV��������

$670��6WDQGDUG�WHVW�PHWKRG�IRU�WHQVLOH�SURSHUWLHV�RI�WKLQ�SODVWLF�VKHHWLQJ��'��������$QQXDO�%RRN�RI�
$670�6WDQGDUGV��3KLODGHOSKLD��$PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV�������

$=,=$��0���*,9(51$8'��7���&+,.+$28,�.+$<��0���%(11$66(5��/��6HDVRQDO�YDULDWLRQ�RI�WKH�
JURZWK��FKHPLFDO�FRPSRVLWLRQ�DQG�FDUUDJHHQDQ�H[WUDFWHG�IURP�Hypnea musciformis��:XOIHQ��/DPRX�
URX[�KDUYHVWHG�DORQJ�WKH�$WODQWLF�FRDVW�RI�0RURFFR��6FLHQWL¿F�5HVHDUFK�DQG�(VVD\��Y�����S�����������
�����

&$032��9�/���.$:$12��'�)���6,/9$�-5���'�%���&$59$/+2��,��&DUUDJHHQDQV��%LRORJLFDO�SURSHU�
WLHV��FKHPLFDO�PRGL¿FDWLRQV�DQG�VWUXFWXUDO�DQDO\VLV�±�$�UHYLHZ��&DUERK\GUDWH�3RO\PHUV��/RQGRQ��Y������
S����������������

'21$7,��,���+2/7$1��6���0�5&+��<�$���%25*2*1$��0���'(17,1,��0���6.-c.�%5�.��*��1HZ�
K\SRWKHVLV�RQ� WKH�UROH�RI�DOWHUQDWLQJ�VHTXHQFHV� LQ�FDOFLXP�DOJLQDWH�JHOV��%LRPDFURPROHFXOHV��6WRFN�
KROP��Y�����S������������������

*Ï0(=�25'Ïf(=��(���583e5(=��3��)7,5�$75�VSHFWURVFRS\�DV�D�WRRO�IRU�SRO\VDFFKDULGH�LGHQWL¿�
FDWLRQ�LQ�HGLEOH�EURZQ�DQG�UHG�VHDZHHGV��)RRG�+\GURFROORLGV��$PVWHUGDP��Y������S������������������

1$1$.,��6���.$5$9$6��(���.$/$17=,��/���%,.,$5,6��'��0LVFLELOLW\�VWXG\�RI�FDUUDJHHQDQ�EOHQGV�
DQG�HYDOXDWLRQ�RI�WKHLU�HIIHFWLYHQHVV�DV�VXVWDLQHG�UHOHDVH�FDUULHUV��&DUERK\GUDWH�3RO\PHUV��/RQGRQ������
����������������

3$ù&$/Ă8��9���323(6&8��9���323(6&8��*�/���'8'(6&8��0�&���%2525',��*���',1(6&8��$���
3(5+$,ğ$��,���3$8/��0��9��7KH�DOJLQDWH�ț�FDUUDJHHQDQ�UDWLR¶V�LQÀXHQFH�RQ�WKH�SURSHUWLHV�RI�WKH�FURVV�
OLQNHG�FRPSRVLWH�¿OPV��-RXUQDO�RI�$OOR\V�DQG�&RPSRXQGV��Y�����6��S��6����6����������

35$'2�)(51È1'(=��-���52'5Ë*8(=�9È=48(=��-�$���72-2��(���$1'5$'(��-�0���4XDQWLWD�
WLRQ�RI�ț���f��DQG�Ȝ�FDUUDJHHQDQV�E\�PLG�LQIUDUHG�VSHFWURVFRS\�DQG�3/6�UHJUHVVLRQ��$QDO\WLFD�&KLPLFD�
$FWD��$PVWHUGDP��Y�������S��������������

<$1*��%���<8��*���=+$2��;���-,$2��*���5(1��6���&+$,��:��0HFKDQLVP�RI�PLOG�DFLG�K\GURO\VLV�RI�
JDODFWDQ�SRO\VDFFKDULGHV�ZLWK�KLJKO\�RUGHUHG�GLVDFFKDULGH�UHSHDWV�OHDGLQJ�WR�D�FRPSOHWH�VHULHV�RI�H[FOX�
VLYHO\�RGG�QXPEHUHG�ROLJRVDFFKDULGHV��)(%6�-RXUQDO��&DPEULGJH��Y�������S������������������
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&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
$�FDUDFWHUtVWLFD�KLGURItOLFD�GRV�ELRPDWHULDLV�D�EDVH�GH�DPLGR�UHVXOWD�HP�DOWD�LQVWDELOLGDGH�GLDQWH�GH�GL�
IHUHQWHV�FRQGLo}HV�DPELHQWDLV��2�DPLGR�GH�DYHLD��SRU�SRVVXLU�XP�FRQWH~GR�PDLRU�GH�OLStGLRV��WRUQD�VH�
XPD�IRQWH�LQWHUHVVDQWH��XPD�YH]�TXH�D�KLGURIRELFLGDGH�DXPHQWDGD�SRGH�DWXDU�UHGX]LQGR�VXD�FDSDFLGDGH�
GH�VRUomR�GH�XPLGDGH��2�REMHWLYR�GR�WUDEDOKR�IRL�LQYHVWLJDU�DV�SURSULHGDGHV�PHFkQLFDV�GH�SHUIXUDomR�GH�
¿OPHV�H�ODPLQDGRV�GH�DPLGR�GH�DYHLD��SURGX]LGRV�SRU�casting H�H[WUXVmR��UHVSHFWLYDPHQWH��SODVWL¿FDGRV�
FRP�JOLFHURO��VRUELWRO�H�XUHLD�H�DUPD]HQDGRV�HP�GLIHUHQWHV�FRQGLo}HV�GH�XPLGDGH�UHODWLYD��0HVPR�FRP�D�
SUHVHQoD�GR�OLStGLR�QDWLYR��RV�PDWHULDLV�DLQGD�PRVWUDUDP�LQVWDELOLGDGH�GLDQWH�GR�DXPHQWR�GD�XPLGDGH�UH�
ODWLYD��VHQGR�REVHUYDGR�XP�GHFUpVFLPR�QD�IRUoD�H�XP�DXPHQWR�QD�GHIRUPDomR�QRV�WHVWHV�GH�SHUIXUDomR��
Palavras-chave��([WUXVmR��&DVWLQJ��3ODVWL¿FDQWH��3HUIXUDomR��

eFFect oF ProceSSinG And environmentAl conditionS in tHe mecHAnicAl 
ProPertieS oF oAt StArcH biodeGrAdAble mAteriAlS 
Abstract
7KH�K\GURSKLOLF�FKDUDFWHU�RI�VWDUFK�EDVHG�ELRPDWHULDOV�JHQHUDWHV�KLJK�LQVWDELOLW\�XQGHU�GLIIHUHQW�HQYL�
URQPHQWDO�FRQGLWLRQV��2DW�VWDUFK�VKRZV�DQ�LQWHUHVWLQJ�DOWHUQDWLYH�IRU�VWDUFK�¿OPV�EHFDXVH�LW�FRQWDLQV�
higher lipid content than other common starches. This increased hydrophobicity can act reducing the 
PRLVWXUH�VRUSWLRQ�FDSDFLW\��7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�SXQFWXUH�PHFKDQLFDO�SURS�
HUWLHV�RI�RDW�VWDUFK�¿OPV�DQG�VKHHWV�SURGXFHG�E\�FDVWLQJ�DQG�H[WUXVLRQ��UHVSHFWLYHO\��SODVWLFL]HG�ZLWK�
JO\FHURO��VRUELWRO�DQG�XUHD�DQG�VWRUHG�DW�GLIIHUHQW�UHODWLYH�KXPLGLW\��(YHQ�ZLWK�WKH�SUHVHQFH�RI�QDWLYH�
OLSLG�� WKH�PDWHULDOV� VWLOO� VKRZHG� LQVWDELOLW\� XSRQ� LQFUHDVLQJ� WKH� UHODWLYH� KXPLGLW\� IRU� VWRUDJH��8QGHU�
KLJKHU�KXPLGLW\��D�GHFUHDVH�LQ�VWUHQJWK�DQG�DQ�LQFUHDVH�LQ�GHIRUPDWLRQ�LQ�SXQFWXUH�WHVWV�ZHUH�REVHUYHG��
Keywords: Extrusion; Casting; Plasticizer; Puncture. 

3XEOLFDo}HV�UHODFLRQDGDV�
*$/'($12��0�&���0$/,��6���*52660$11��0�9�(���<$0$6+,7$��)���*$5&Ë$��0�$��(IIHFWV�
RI�SODVWLFL]HUV�RQ�WKH�SURSHUWLHV�RI�RDW�VWDUFK�¿OPV��0DWHULDOV�6FLHQFH�	�(QJLQHHULQJ��&��%LRPLPHWLF�
0DWHULDOV��6HQVRUV�DQG�6\VWHPV��Y������S����������������

*$/'($12�� 0�&��� *52660$11�� 0�9�(��� 0$/,�� 6��� %(//2�3(5(=�� /�$��� *$5&,$�� 0�$���
=$08',2�)/25(6��3�%��(IIHFWV�RI�SURGXFWLRQ�SURFHVV�DQG�SODVWLFL]HUV�RQ�VWDELOLW\�RI�¿OPV�DQG�VKHHWV�
RI�RDW�VWDUFK��0DWHULDOV�6FLHQFH�	�(QJLQHHULQJ��&��%LRPLPHWLF�0DWHULDOV��6HQVRUV�DQG�6\VWHPV��Y������
S����������������

1 introduÇÃo 

2V�PDWHULDLV�SOiVWLFRV�FRQYHQFLRQDLV�SURGX]LGRV�D�SDUWLU�GH�SROtPHURV�VLQWpWLFRV�VmR�LQHUWHV�DR�
DWDTXH�GH�PLFURUJDQLVPRV��(VWD�SURSULHGDGH�ID]�FRP�TXH�HVVHV�PDWHULDLV�DSUHVHQWHP�ORQJD�YLGD�~WLO�
PDV�� SRU�RXWUR� ODGR�� RFDVLRQD� VpULRV�SUREOHPDV� DPELHQWDLV� DSyV�R� VHX�GHVFDUWH��(VVD� UHDOLGDGH�YHP�
HVWLPXODQGR�DV�SHVTXLVDV�SDUD�R�GHVHQYROYLPHQWR�GH�HPEDODJHQV�ELRGHJUDGiYHLV��0$/,�HW�DO����������

(QWUH�RV�SROtPHURV�QDWXUDLV��R�DPLGR�WHP�VLGR�EDVWDQWH�HVWXGDGR��2�DPLGR�DSUHVHQWD�FRPSRU�
WDPHQWR�WHUPRSOiVWLFR��PDV��DR�VHU�XWLOL]DGR�SXUR��IRUPD�¿OPHV�TXHEUDGLoRV�H�FRP�EDL[D�ÀH[LELOLGDGH��
(VWH�SUREOHPD�SRGH�VHU�UHVROYLGR�SHOR�HPSUHJR�GH�SODVWL¿FDQWHV��&+(1�	�/$,���������2�DPLGR�GH�
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DYHLD�p�GH�SDUWLFXODU�LQWHUHVVH�SRU�SRVVXLU�SURSULHGDGHV�~QLFDV�FRPR�XP�WHRU�OLStGLFR�DWp�TXDWUR�YH]HV�
PDLRU�TXH�RXWURV�DPLGRV��*$/'($12�HW�DO����������$�SUHVHQoD�GHVWH�PDWHULDO�SRGH�GL¿FXOWDU�D�VRUomR�
GH�XPLGDGH�GRV�¿OPHV�H�UHÀHWLU�HP�PHQRU�YDULDomR�GDV�SURSULHGDGHV�PHFkQLFDV�GLDQWH�GLIHUHQWHV�FRQ�
GLo}HV�DPELHQWDLV��

'RLV�SURFHVVRV�WHFQROyJLFRV�VmR�DPSODPHQWH�XWLOL]DGRV�SDUD�SURGXomR�GH�PDWHULDLV�ELRGHJUD�
GiYHLV��XP�SURFHVVR� ODERUDWRULDO�~PLGR��casting���EDVHDGR�QD�GLVSHUVmR�GR�DPLGR�HP�VROXomR�H��XP�
SURFHVVR�D�VHFR��H[WUXVmR���EDVHDGR�QDV�SURSULHGDGHV�WHUPRSOiVWLFDV�GR�DPLGR��628=$�	�$1'5$'(��
�������1R�SURFHVVR�GH�³Fasting´�R�SROtPHUR�p�GLVVROYLGR�H�DTXHFLGR�H�D�VROXomR�UHVXOWDQWH�p�WUDQVIHULGD�
SDUD�XP�VXSRUWH��RQGH�VHFD�DWp�WRWDO�HYDSRUDomR��(PERUD�HVWH�SURFHVVR�DSUHVHQWH�D�YDQWDJHP�GH�SURGX�
]LU�¿OPHV�TXH�SRGHP�VHU�VXEPHWLGRV�D�GLYHUVRV�WHVWHV��HOH�DSUHVHQWD�GHVYDQWDJHQV�HP�UHODomR�DR�scale 
up LQGXVWULDO�H�DR�DOWR�FXVWR�GH�SUHSDUR�GDV�VROXo}HV��=+$,�HW�DO����������

2�REMHWLYR�GHVWH�WUDEDOKR�IRL�SURGX]LU�¿OPHV�SRU�casting H�ODPLQDGRV�SRU�H[WUXVmR�GH�DPLGR�GH�
DYHLD�H�LQYHVWLJDU�RV�HIHLWRV�GR�SURFHVVDPHQWR�H�GDV�FRQGLo}HV�DPELHQWDLV�QDV�SURSULHGDGHV�PHFkQLFDV�
dos biomateriais. 

2 mAteriAiS e métodoS

2.1 ([WUDomR�GR�DPLGR�

$�H[WUDomR�GR�DPLGR�GH�DYHLD�IRL�UHDOL]DGD�SHOD�WpFQLFD�SURSRVWD�SRU�/LP�HW�DO����������

2.2 3URGXomR�GRV�¿OPHV�H�ODPLQDGRV�

2V�¿OPHV�IRUDP�SURGX]LGRV��VHJXQGR�D�WpFQLFD�GH�casting, XVDQGR�JOLFHURO������S�S�GH�DPLGR���
VRUELWRO������S�S�GH�DPLGR��H�XUHLD������S�S�GH�DPLGR��FRPR�SODVWL¿FDQWHV��$V�GLVSHUV}HV�GH�DPLGR�
������VyOLGRV��H�R�SODVWL¿FDQWH�IRUDP�DTXHFLGRV�DWp����&�H�PDQWLGDV�SRU����PLQXWRV�QHVWD�WHPSHUDWXUD��
XWLOL]DQGR�XP�YLVFRDPLOyJUDIR�%UDEHQGHU�3W������$OHPDQKD���$V�VROXo}HV�¿OPRJrQLFDV�IRUDP�HVSD�
OKDGDV�VREUH�D�SODFD�GH�DFUtOLFR�H�R�PDWHULDO�IRL�VHFR�D�����&��$�HVSHVVXUD�GRV�¿OPHV�IRL�FHUFD�GH�����
ȝP��2V�ODPLQDGRV�IRUDP�SURGX]LGRV�DWUDYpV�GH�GXDV�SDVVDJHQV�SHOR�H[WUXVRU��2�DPLGR�H�R�SODVWL¿FDQWH�
�QD�PHVPD�FRQFHQWUDomR�XVDGD�SDUD�RV�¿OPHV��IRUDP�FRQGLFLRQDGRV�D�����GH�XPLGDGH�H�H[WUXVDGRV�
HP�HTXLSDPHQWR�PRQRURVFD��%(87(/63$&+(5�6�$���0p[LFR��FRP�FDQKmR�GH���PP�GH�GLkPHWUR�H�
PDWUL]�GH���PP��/�'�GH�������URWDomR�GR�SDUDIXVR�GH����USP�H���]RQDV�GH�WHPSHUDWXUDV����������������
����&���2V�SHOHWHV�IRUDP�UH�H[WUXVDGRV�HP�H[WUXVRU�PRQRURVFD��%(87(/63$&+(5�6�$���FRP����PP�
GH�GLkPHWUR��/�'������H�PDWUL]�SDUD�¿OPHV������PP�î���PP���$�WHPSHUDWXUD�GH�H[WUXVmR�YDULRX�GH�
DFRUGR�FRP�R�SODVWL¿FDQWH��JOLFHURO���������������������&���VRUELWRO���������������������&��H�XUHLD������
��������������&���$�HVSHVVXUD�GRV�ODPLQDGRV�IRL�UHGX]LGD�SRU�XPD�FDODQGUD��1RV�ODPLQDGRV�FRP�JOLFHURO�
D�HVSHVVXUD�¿QDO�IRL�����ȝP��3DUD�RV�ODPLQDGRV�FRP�VRUELWRO�H�XUHLD��D�HVSHVVXUD�IRL������ȝP�H������
ȝP��UHVSHFWLYDPHQWH��(VWD�GLIHUHQoD�p�LQHUHQWH�DR�PRGR�FRPR�RV�FRPSRQHQWHV�VmR�HVWUXWXUDGRV�HP�FDGD�
PDWUL]�SROLPpULFD��

2.3 &DUDFWHUL]DomR�GRV�PDWHULDLV�

2.3.1 7HVWHV�PHFkQLFRV�GH�SHUIXUDomR�

)RUDP�GHWHUPLQDGDV�D�IRUoD��1��H�R�GHVORFDPHQWR��PP��QD�SHUIXUDomR�XWLOL]DQGR�XP�7$�7;�L�
6WDEOH�0LFUR�6\VWHPV��,QJODWHUUD���$V�DPRVWUDV��HTXLOLEUDGDV�QDV�85V������������H�����SRU����K�D�����&��
IRUDP�SHUIXUDGDV�SRU�XP�SUREH�FLOtQGULFR�GH���PP�GH�GLkPHWUR�D�XPD�YHORFLGDGH�GH�����PP�V��

2.3.2 Análise estatística 

5HDOL]RX�VH�DQiOLVH�GH�YDULkQFLD��$129$��XWLOL]DQGR�R�SURJUDPD�67$7,67,&$������6WDWVRIW��
2NODKRPD���'LIHUHQoDV�VLJQL¿FDWLYDV��S���������IRUDP�GHWHUPLQDGDV�XVDQGR�R�WHVWH�GH�7XNH\�
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3 reSultAdoS e diScuSSÃo

3.1 )RUoD�QD�SHUIXUDomR�

2V�¿OPHV� H� RV� ODPLQDGRV� VRIUHUDP� UHGXomR� QD� IRUoD� GH� SHUIXUDomR� FRP�R� DXPHQWR� GD�85��
LQGHSHQGHQWH�GR�WLSR�GH�SODVWL¿FDQWH�XWLOL]DGR��)LJXUD������$�SUHVHQoD�GH�iJXD�RFDVLRQRX�DXPHQWR�GD�
PRELOLGDGH�GDV�FDGHLDV�SROLPpULFDV��UHVXOWDQGR�HP�GHFUpVFLPR�GDV�LQWHUDo}HV�LQWHUPROHFXODUHV�H�UHGX�
omR�QD�IRUoD�GH�SHUIXUDomR��)2566(/�HW�DO����������2�JUDX�GR�GHFUpVFLPR�QD�IRUoD�GH�SHUIXUDomR�IRL�
GHSHQGHQWH�GR�WLSR�GH�SODVWL¿FDQWH��0DVVD�PRODU��FRQFHQWUDomR��KLGUR¿OLFLGDGH��FRQ¿JXUDomR�H�Q~PHUR�
WRWDO�GH�JUXSDPHQWRV�KLGUR[LODV�GRV�SODVWL¿FDQWHV�VmR�IDWRUHV�TXH�SRGHP�DIHWDU�DV�LQWHUDo}HV�HQWUH�RV�
SODVWL¿FDQWHV�H�RV�SROtPHURV��UHVXOWDQGR�QHVWDV�GLIHUHQoDV��&84�HW�DO����������

(P�JHUDO�QmR�KRXYH�GLIHUHQoD�HQWUH�RV�¿OPHV�SODVWL¿FDGRV�FRP�JOLFHURO�H�VRUELWRO��(VWH�FRPSRU�
WDPHQWR�SRGH�VHU�DWULEXtGR�jV�VLPLODULGDGHV�HVWUXWXUDLV�GRV�UHDJHQWHV��6RE�DOWD�85��������R�HIHLWR�SODV�
WL¿FDQWH�GD�iJXD�QHXWUDOL]RX�R�HIHLWR�GRV�UHDJHQWHV��LJXDODQGR�DV�SURSULHGDGHV�GRV�¿OPHV��)LOPHV�FRP�
XUHLD��HP�EDL[D�85��������DSUHVHQWDUDP�DOWD�UHVLVWrQFLD�GH�SHUIXUDomR����1���R�TXH�SRGH�VHU�GHYLGR�j�
IRUPDomR�GH�LQWHUDo}HV�PDLV�HVWiYHLV�HQWUH�DPLGR�XUHLD��&+8<�	�%(//���������

2V�ODPLQDGRV�FRP�XUHLD�DSUHVHQWDUDP�VH�IUiJHLV�VRE�����GH�85��$�SUHVHQoD�GH�XUHLD�QmR�KL�
GUDWDGD��HP�FRQGLomR�GH�EDL[D�85��SRGH�H[SOLFDU�HVWH�FRPSRUWDPHQWR��'H�DFRUGR�FRP�0D�HW�DO����������
FHUFD�GH������J�GH�XUHLD�OLJDP�VH�D���J�GH�DPLGR�H��D�XUHLD�H[FHGHQWH�DJLQGR�FRPR�XP�VyOLGR�HQIUDTXHFH�
D�HVWUXWXUD��SURGX]LQGR�PDWHULDLV�TXHEUDGLoRV��&RP�R�DXPHQWR�GR�WHRU�GH�iJXD�RFRUUH�D�GLVVROXomR�GD�
XUHLD��LPSHGLQGR�HVWH�HIHLWR��

2V�ODPLQDGRV�IRUDP�PDLV�UHVLVWHQWHV�j�SHUIXUDomR�TXH�RV�¿OPHV��R�TXH�SRGH�HVWDU�UHODFLRQDGR�jV�
HVSHVVXUDV�GRV�PDWHULDLV�H�QmR�VRPHQWH�DR�WLSR�GH�SURFHVVR�XWLOL]DGR��

$�WpFQLFD�GH�casting HYLGHQFLRX�XPD�WHQGrQFLD�GLIHUHQFLDGD�GD�REVHUYDGD�SDUD�D�H[WUXVmR�HP�
UHODomR�DR�HIHLWR�GH�FDGD�SODVWL¿FDQWH��LQGLFDQGR�TXH�RV�SURFHVVRV�LQGX]HP�UHVSRVWDV�GLVWLQWDV��

Figura 1. (IHLWR�GD�XPLGDGH�UHODWLYD�H�WLSR�GH�SODVWL¿FDQWH�QD�IRUoD�GH�SHUIXUDomR�HP�¿OPHV��D��H�ODPLQDGRV��E��
GH�DPLGR�GH�DYHLD��Ÿ�JOLFHURO��î�VRUELWRO��Ƒ�XUHLD�

3.2 'HVORFDPHQWR�QD�SHUIXUDomR�

$�GHIRUPDomR�DXPHQWRX�FRP�R�DXPHQWR�GD�85��)LJXUD����GHYLGR�j�GLPLQXLomR�GDV�LQWHUDo}HV�
LQWHUPROHFXODUHV��2V�¿OPHV�PRVWUDUDP�EDL[D�GHIRUPDomR��������PP��HP�85�PHQRU�TXH������$�����
GH�85��RV�YDORUHV�GH�GHIRUPDomR�GRV�¿OPHV�HQFRQWUDUDP�VH�HQWUH�����H�����PP��)LOPHV�FRP�JOLFHURO�
DSUHVHQWDUDP�RV�PDLRUHV�YDORUHV��VHJXLGRV�SHORV�¿OPHV�FRP�XUHLD��VRE�85�GH�����D�GHIRUPDomR�IRL�
�����PP���2V�ODPLQDGRV�FRP�JOLFHURO�DSUHVHQWDUDP�PDLRU�GHIRUPDomR��6RE�����GH�85��RV�ODPLQDGRV�
FRP�XUHLD�IRUDP�RV�PDLV�GHIRUPiYHLV�������PP���VHQGR�QHVWD�FRQGLomR��D�SUHVHQoD�GD�iJXD�IRL�GHFLVLYD��
FRPR�Mi�GLVFXWLGR�DQWHV��

e�SRVVtYHO�HYLGHQFLDU�GLIHUHQoD�QD�GHIRUPDomR�GRV�PDWHULDLV�HQWUH�RV�SURFHVVRV�GH�casting e 
H[WUXVmR��1R�SULPHLUR��RFRUUHX�XPD�HVWDELOLGDGH�DWp�DOFDQoDU�����GH�85��VHJXLGR�GH�XP�DXPHQWR�DFHQ�
WXDGR�H��QR�VHJXQGR�FDVR��R�DXPHQWR�REHGHFHX��HP�JHUDO��D�XP�FRPSRUWDPHQWR�OLQHDU��
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Figura 2. (IHLWR�GD�XPLGDGH�UHODWLYD�H�WLSR�GH�SODVWL¿FDQWH�QR�GHVORFDPHQWR�QD�SHUIXUDomR�HP�¿OPHV��D��H�
ODPLQDGRV��E��GH�DPLGR�GH�DYHLD��Ÿ�JOLFHURO��î�VRUELWRO��Ƒ�XUHLD�

4 concluSÃo

$�SUHVHQoD�GRV� OLStGLRV�QDWLYRV�QmR� IRL� VX¿FLHQWH�SDUD� HYLWDU� DV� DOWHUDo}HV�QDV�SURSULHGDGHV�
PHFkQLFDV�IUHQWH�jV�GLIHUHQWHV�FRQGLo}HV�DPELHQWDLV��2�VRUELWRO�IRL�R�SODVWL¿FDQWH�PDLV�HIHWLYR��SRLV�SUR�
GX]LX�PDWHULDLV�FRP�SURSULHGDGHV�PHFkQLFDV�VLPLODUHV�jV�GRV�RXWURV�SODVWL¿FDQWHV��HPERUD�WHQKD�VLGR�
XVDGR�HP�PHQRU�FRQFHQWUDomR�PRODU��2V�SURFHVVRV�XWLOL]DGRV�DSUHVHQWDP�GLIHUHQoDV�QRV�SDUkPHWURV�GH�
IXQFLRQDPHQWR��FRPR�WHPSHUDWXUD��HVIULDPHQWR�GR�PDWHULDO��WLSR�GH�ÀX[R��HQWUH�RXWURV��R�TXH�SRGHULD�
H[SOLFDU�DV�GLIHUHQoDV�HQFRQWUDGDV��

AGrAdecimentoS

$JUDGHFHPRV�j�HPSUHVD�6/�&HUHDLV�H�$OLPHQWRV�SHOR�DSRLR�QD�SHVTXLVD�

reFerÊnciAS
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RI�SODVWLFL]HUV�RQ�WKH�SURSHUWLHV�RI�RDW�VWDUFK�¿OPV��0DWHULDOV�6FLHQFH�	�(QJLQHHULQJ��Y�����S����������
�����

/,0��:�-���/,$1*��<�7���6(,%��3�$���5$2��&�6����,VRODWLRQ�RI�RDW�VWDUFK�IURP�RDW�ÀRXU���&HUHDO�&KHPLV�
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0$/,��6���*52660$11��0�9�(����<$0$6+,7$��)��)LOPHV�GH�DPLGR��SURGXomR��SURSULHGDGHV�H�SR�
WHQFLDO�GH�XWLOL]DomR��6HPLQD��&LrQFLDV�$JUiULDV��Y������S����������������
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628=$��5�&�5���$1'5$'(��&�7��,QYHVWLJDomR�GRV�SURFHVVRV�GH�JHODWLQL]DomR�H�H[WUXVmR�GH�DPLGR�GH�
PLOKR���3ROtPHURV��&LrQFLD�H�7HFQRORJLD��Y�����Q����S�������������

=+$,��0���<26+,,��)���.80(��7���5DGLDWLRQ�PRGL¿FDWLRQ�RI�VWDUFK�EDVHG�SODVWLF�VKHHWV���&DUERK\GUDWH�
3RO\PHUV��Y�����S���������������
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resumo
$�SULQFLSDO�GHVYDQWDJHP�GH�PDWHULDLV�ELRGHJUDGiYHLV�D�EDVH�GH�DPLGR�p�VXD�FDUDFWHUtVWLFD�KLGURItOLFD��R�
TXDO�UHVXOWD�HP�EDL[D�HVWDELOLGDGH�VRE�GLIHUHQWHV�FRQGLo}HV�DPELHQWDLV��2�PDLRU�WHRU�GH�OLStGLR�GR�DPLGR�
GH�DYHLD�SRGHULD�FRQIHULU�FDUDFWHUtVWLFD�PDLV�KLGURIyELFD�DRV�PDWHULDLV��UHVXOWDQGR�HP�UHGXomR�GD�FDSD�
FLGDGH�GH�VRUomR�GH�XPLGDGH��2�REMHWLYR�GHVWH�WUDEDOKR�IRL�HVWXGDU�R�FRPSRUWDPHQWR�GH�¿OPHV�H�ODPLQD�
GRV�GH�DPLGR�GH�DYHLD��SURGX]LGRV�SRU�casting�H�H[WUXVmR��UHVSHFWLYDPHQWH��H�SODVWL¿FDGRV�FRP�JOLFHURO��
VRUELWRO�H�XUHLD�VRE�GLIHUHQWHV�XPLGDGHV�UHODWLYDV��0HVPR�QD�SUHVHQoD�GH�OLStGLR�QDWLYR��RV�PDWHULDLV�
DLQGD�PRVWUDUDP�LQVWDELOLGDGH�QDV�GLIHUHQWHV�XPLGDGHV�GH�DUPD]HQDJHP��2V�PDWHULDLV�SODVWL¿FDGRV�FRP�
JOLFHURO�PRVWUDUDP�PDLRU�FDSDFLGDGH�GH�VRUomR�GH�iJXD��4XDQGR�RV�GRLV�SURFHVVRV��casting H�H[WUXVmR��
IRUDP�FRPSDUDGRV�IRL�REVHUYDGD�WHQGrQFLD�VLPLODU�VREUH�R�HIHLWR�¿QDO�
Palavras-chave��([WUXVmR��&DVWLQJ��3ODVWL¿FDQWH��

eFFect oF ProceSSinG And environmentAl conditionS in tHe moiSture 
SorPtion oF oAt StArcH biodeGrAdAble mAteriAlS 
Abstract
7KH�PDLQ�GLVDGYDQWDJH�RI�ELRGHJUDGDEOH�VWDUFK�EDVHG�PDWHULDOV� LV� WKHLU�K\GURSKLOLF�FKDUDFWHU��ZKLFK�
OHDGV� WR� ORZ�VWDELOLW\�ZKHQ� WKHVH�PDWHULDOV�DUH� VXEPLWWHG� WR�GLIIHUHQW�HQYLURQPHQWDO�FRQGLWLRQV��7KH�
KLJKHU�OLSLG�FRQWHQW�RI�RDW�VWDUFK�FRXOG�LPSDUW�PRUH�K\GURSKRELF�FKDUDFWHULVWLFV�WR�LWV�PDWHULDOV��WKHUH�
by FRXOG�DFW�UHGXFLQJ�WKH�PRLVWXUH�VRUSWLRQ�FDSDFLW\��7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�
EHKDYLRU�RI�RDW�VWDUFK�¿OPV�DQG�VKHHWV�SURGXFHG�E\�FDVWLQJ�DQG�H[WUXVLRQ��UHVSHFWLYHO\��SODVWLFL]HG�ZLWK�
JO\FHURO��VRUELWRO�DQG�XUHD�DQG�VWRUHG�DW�GLIIHUHQW�UHODWLYH�KXPLGLW\� (YHQ�ZLWK�WKH�SUHVHQFH�RI�QDWLYH�
OLSLG��WKH�PDWHULDOV�VWLOO�VKRZHG�LQVWDELOLW\�XSRQ�LQFUHDVLQJ�WKH�UHODWLYH�KXPLGLW\�IRU�VWRUDJH��0DWHULDOV�
SODVWLFL]HG�ZLWK�JO\FHURO�VKRZHG�KLJKHU�ZDWHU�VRUSWLRQ�FDSDFLW\��:KHQ�WKH�WZR�SURFHVVHV��FDVWLQJ�DQG�
H[WUXVLRQ��ZHUH�FRPSDUHG�VLPLODU�WUHQGV�ZHUH�REVHUYHG�RQ�WKH�¿QDO�HIIHFWV�
Keywords: Extrusion; Casting; Plasticizer. 

3XEOLFDo}HV�UHODFLRQDGDV�
*$/'($12�� 0�&��� *52660$11�� 0�9�(��� 0$/,�� 6��� %(//2�3(5(=�� /�$��� *$5&,$�� 0�$���
=$08',2�)/25(6��3�%��(IIHFWV�RI�SURGXFWLRQ�SURFHVV�DQG�SODVWLFL]HUV�RQ�VWDELOLW\�RI�¿OPV�DQG�VKHHWV�
RI�RDW�VWDUFK��0DWHULDOV�6FLHQFH�	�(QJLQHHULQJ��Y�����S���������������

1 introduÇÃo 

$SHVDU�GH�ID]HUHP�SDUWH�GH�QRVVR�GLD�D�GLD��RV�SOiVWLFRV�VmR�SDUWH�VLJQL¿FDQWH�GR�YROXPH�GH�OL[R�
SUHVHQWH�HP�DWHUURV��(VWD�UHDOLGDGH�HVWi�HVWLPXODQGR�R�GHVHQYROYLPHQWR�GH�PDWHULDLV�DOWHUQDWLYRV�SDUD�
PLQLPL]DU�R�LPSDFWR�DPELHQWDO�FDXVDGR�SHOR�VHX�XVR�H[FHVVLYR��0$/,�HW�DO���������
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2V�HVWXGRV� WrP�IRFDGR�QR�GHVHQYROYLPHQWR�GH�HPEDODJHQV�ELRGHJUDGiYHLV�D�SDUWLU�GH�IRQWHV�
UHQRYiYHLV�H�R�DPLGR�p�XP�GRV�PDLV�SURPLVVRUHV�FDQGLGDWRV�GHYLGR�D�VXD�DOWD�GLVSRQLELOLGDGH�H�EDL[R�
FXVWR��2�SULQFLSDO�GHVD¿R�QD�SURGXomR�GH�PDWHULDLV� j�EDVH�GH�DPLGR�p� UHGX]LU� VHX�FDUiWHU�KLGURItOL�
FR�H�PHOKRUDU�D�HVWDELOLGDGH�GLDQWH�GLIHUHQWHV�FRQGLo}HV�DPELHQWDLV��3RUWDQWR��R�DPLGR�GH�DYHLD�SRGH�
DSUHVHQWDU�YDQWDJHP�HP�FRPSDUDomR�D�RXWURV�DPLGRV�XPD�YH]�TXH�FRQWpP�FHUFD�GH���D����GH�OLStGLR�
�*$/'($12�HW�DO���������(VWH�PDWHULDO�KLGURIyELFR�SRGH�DJLU�FRPR�XPD�EDUUHLUD�DR�YDSRU�GH�iJXD��
UHGX]LQGR�D�VRUomR�GH�XPLGDGH�H�UHVXOWDQGR�HP�PDWHULDLV�PDLV�HVWiYHLV�

$OpP�GD�QDWXUH]D�GR�DPLGR��R�WLSR�GH�SURFHVVDPHQWR�H�R�SODVWL¿FDQWH�GHWHUPLQDP�DV�SURSULHGD�
GHV�GRV�PDWHULDLV��'RLV�SURFHVVRV�WHFQROyJLFRV�VmR�DPSODPHQWH�XWLOL]DGRV�SDUD�SURGXomR�GH�PDWHULDLV�
ELRGHJUDGiYHLV��XP�SURFHVVR�ODERUDWRULDO�~PLGR��casting���EDVHDGR�QD�GLVSHUVmR�GR�DPLGR�HP�VROXomR�
H��XP�SURFHVVR�D�VHFR��H[WUXVmR���EDVHDGR�QDV�SURSULHGDGHV�WHUPRSOiVWLFDV�GR�DPLGR��628=$�	�$1�
'5$'(���������2�REMHWLYR�GR�WUDEDOKR�IRL�SURGX]LU�¿OPHV��casting� H�ODPLQDGRV��H[WUXVmR��GH�DPLGR�
GH�DYHLD�H�LQYHVWLJDU�RV�HIHLWRV�GR�SURFHVVDPHQWR�H�GDV�FRQGLo}HV�DPELHQWDLV�QDV�SURSULHGDGHV�GH�VRUomR�
de umidade. 

2 mAteriAiS e métodoS

2.1 ([WUDomR�GR�DPLGR�

$�H[WUDomR�GR�DPLGR�GH�DYHLD�IRL�UHDOL]DGD�SHOD�WpFQLFD�SURSRVWD�SRU�/LP�HW�DO����������

2.2 3URGXomR�GRV�¿OPHV�H�ODPLQDGRV�

2V�¿OPHV�IRUDP�SURGX]LGRV��SRU�casting, XVDQGR�JOLFHURO��������VRUELWRO�������H�XUHLD�������
FRPR�SODVWL¿FDQWHV��$V�GLVSHUV}HV�GH�DPLGR�������VyOLGRV��H�R�SODVWL¿FDQWH�IRUDP�DTXHFLGRV�DWp����&�
XWLOL]DQGR�XP�YLVFRDPLOyJUDIR�%UDEHQGHU�3W������$OHPDQKD���$V�VROXo}HV�IRUDP�HVSDOKDGDV�VREUH�XPD�
SODFD�GH�DFUtOLFR�H�R�PDWHULDO�IRL�VHFR�D�����&��$�HVSHVVXUD�GRV�¿OPHV�IRL�FHUFD�GH�����ȝP��2V�ODPLQDGRV�
IRUDP�SURGX]LGRV�SRU�H[WUXVmR��2�DPLGR�H�R�SODVWL¿FDQWH��QD�PHVPD�FRQFHQWUDomR�XVDGD�SDUD�RV�¿OPHV��
IRUDP�FRQGLFLRQDGRV�D�����GH�XPLGDGH�H�H[WUXVDGRV�HP�HTXLSDPHQWR�PRQRURVFD��%HXWHOVSDFKHU�6�$���
0p[LFR��FRP�FDQKmR�GH���PP�GH�GLkPHWUR�H�PDWUL]�GH���PP��/�'�GH����������USP�H���]RQDV�GH�WHPSHUD�
WXUDV��������������������&���2V�SHOHWHV�IRUDP�UHH[WUXVDGRV�HP�H[WUXVRU�PRQRURVFD��%HXWHOVSDFKHU�6�$���
FRP����PP�GH�GLkPHWUR��/�'������H�PDWUL]�SDUD�¿OPHV������PP�î���PP���$�WHPSHUDWXUD�GH�H[WUXVmR�
YDULRX�GH�DFRUGR�FRP�R�SODVWL¿FDQWH��JOLFHURO���������������������&���VRUELWRO���������������������&��H�
XUHLD��������������������&���$�HVSHVVXUD�GRV�ODPLQDGRV�IRL�UHGX]LGD�SRU�XPD�FDODQGUD��1RV�ODPLQDGRV�
FRP�JOLFHURO�D�HVSHVVXUD�¿QDO�IRL�����ȝP��3DUD�RV�ODPLQDGRV�FRP�VRUELWRO�H�XUHLD��D�HVSHVVXUD�IRL������
ȝP�H������ȝP��UHVSHFWLYDPHQWH��(VWD�GLIHUHQoD�p�LQHUHQWH�DR�PRGR�FRPR�RV�FRPSRQHQWHV�VmR�HVWUXWX�
UDGRV�HP�FDGD�PDWUL]�SROLPpULFD��

2.3 &DUDFWHUL]DomR�GRV�PDWHULDLV�

2.3.1 &LQpWLFD�GH�VRUomR�

2V�PDWHULDLV�IRUDP�GHL[DGRV�SRU����GLDV�VRE�85��XPLGDGH�UHODWLYD��GH����H�GHSRLV�FRQGLFLRQD�
GRV�QDV�85V�GH����������������H������2V�SHVRV�IRUDP�DQRWDGRV�D�FDGD�KRUD�H�D�XPLGDGH�IRL�GHWHUPLQDGD�
HP�HVWXID�D������&��2V�GDGRV�GH�VRUomR�GH�XPLGDGH�IRUDP�DMXVWDGRV�GH�DFRUGR�FRP�R�PRGHOR�GH�3HOHJ�
�3(/(*���������

2.3.2 Análise estatística 

5HDOL]RX�VH�DQiOLVH�GH�YDULkQFLD��$129$��XWLOL]DQGR�R�SURJUDPD�67$7,67,&$������6WDWVRIW��
2NODKRPD���'LIHUHQoDV�VLJQL¿FDWLYDV��S���������IRUDP�GHWHUPLQDGDV�XVDQGR�R�WHVWH�GH�7XNH\��



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014.96

3 reSultAdoS e diScuSSÃo

3.1 &LQpWLFD�GH�VRUomR�GH�iJXD�

e�SRVVtYHO�GLIHUHQFLDU�GXDV�]RQDV�HYLGHQFLDQGR�DV�GLIHUHQWHV�FLQpWLFDV�GH�VRUomR��XPD�VRUomR�GH�
XPLGDGH�PDLV�UiSLGD�QRV�HVWiJLRV�LQLFLDLV�H�XPD�PHQRU�TXDQWLGDGH�GH�iJXD�VRUYLGD�GXUDQWH�R�SURORQJD�
PHQWR�GR�WHPSR��)LJXUDV���H�����

3DUD�RV�¿OPHV�DUPD]HQDGRV�DWp�����GH�85��R�WHRU�GH�XPLGDGH�DOFDQoRX�XP�SODW{��LQGLFDQGR�
TXH�HOHV�VH�HTXLOLEUDUDP�FRP�D�85�GH�DUPD]HQDJHP��)LJXUD�����(VWH�FRPSRUWDPHQWR�QmR�IRL�YHUL¿FDGR�
SDUD�RV�¿OPHV�DUPD]HQDGRV�D�����GH�85�H�SDUD�RV�ODPLQDGRV�DUPD]HQDGRV�DFLPD�GH�����GH�85��2�
WHPSR�GH�HTXLOtEULR�GD�XPLGDGH�H�R�WHRU�GH�iJXD�DGVRUYLGD�IRUDP�LQÀXHQFLDGRV�SHOD�85�GH�DUPD]HQD�
JHP�H�R�WLSR�GH�SODVWL¿FDQWH��

Figura 1. &XUYDV�GH�VRUomR�GH�XPLGDGH�GRV�¿OPHV�GH�DPLGR�GH�DYHLD�HP�GLIHUHQWHV�85V�������D��������E�������
�F��������G��H������H���Ÿ�JOLFHURO��î�VRUELWRO��Ƒ�XUHLD��$V�OLQKDV�VmR�GR�PRGHOR�3HOHJ�
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Figura 2. &XUYDV�GH�VRUomR�GH�XPLGDGH�GRV�ODPLQDGRV�GH�DPLGR�GH�DYHLD�HP�GLIHUHQWHV�85V�������D��������E���
�����F��������G��H������H���Ÿ�JOLFHURO��î�VRUELWRO��Ƒ�XUHLD��$V�OLQKDV�VmR�GR�PRGHOR�3HOHJ�

2V�GDGRV�DMXVWDGRV�DR�PRGHOR�GH�3HOHJ��4XDGUR����PRVWUDUDP�TXH�RV�¿OPHV�SODVWL¿FDGRV�FRP�
JOLFHURO�DSUHVHQWDUDP�PDLRU�YHORFLGDGH�GH�VRUomR��PHQRU�k���HP�PHQRUHV�85V�����H�������R�TXH��SRGH�
HVWDU�UHODFLRQDGD�DR�VHX�PHQRU�WDPDQKR�IDFLOLWDQGR�VXD�LQFRUSRUDomR�QD�PDWUL]�SROLPpULFD��(P�85V�
PDLRUHV�TXH������RV�¿OPHV�FRP�JOLFHURO�FRQWLQXDUDP�DSUHVHQWDQGR�YDORUHV�EDL[RV�GH�k���(P�WRGD�IDL[D�
GH�85�HVWXGDGD������D�������RV�¿OPHV�FRP�VRUELWRO�IRUDP�RV�TXH�DGVRUYHUDP�PDLV�OHQWDPHQWH��PDLRU�
k����(VWH�FRPSRUWDPHQWR�SRGH�VHU�H[SOLFDGR�SHOR�SURYiYHO�HIHLWR�DQWLSODVWL¿FDQWH��IRUWH�LQWHUDomR�FRP�
DPLGR��GHVWH�UHDJHQWH��3DUD�RV�ODPLQDGRV��HP�WRGDV�DV�85V��RV�PDWHULDLV�SODVWL¿FDGRV�FRP�JOLFHURO�DSUH�
sentaram menores k1 e k���VHJXLGRV�SHORV�ODPLQDGRV�SODVWL¿FDGRV�FRP�XUHLD�H�RV�FRP�VRUELWRO��6RPHQWH�
D�����GH�85��RV�PDWHULDLV�FRP�XUHLD�PRVWUDUDP�PDLRU�FDSDFLGDGH�GH�VRUomR��PHQRU�k2��TXH�RV�ODPLQD�
GRV�FRP�JOLFHURO��$V�H[SOLFDo}HV�SDUD�HVWDV�GLIHUHQoDV�SRGHP�HVWDU�UHODFLRQDGDV�DR�WDPDQKR�GD�PROp�
FXOD�GR�SODVWL¿FDQWH��SUHVHQoD�GH�JUXSDPHQWRV�DPLQRV�GD�XUHLD�H�RX�HIHLWR�DQWLSODVWL¿FDQWH�GR�UHDJHQWH��

2V�¿OPHV�DSUHVHQWDUDP�PHQRU�FDSDFLGDGH�GH�VRUomR�GH�iJXD�TXH�RV�ODPLQDGRV� 
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quadro 1. 3DUkPHWURV�GR�PRGHOR�GH�3HOHJa GRV�¿OPHV�H�ODPLQDGRV�GH�DPLGR�GH�DYHLD�

a M (t) = m0 + (t/ (k1 + k2t)), onde Mt é a umidade após o tempo, m0 é o conteúdo de umidade inicial, k1 é a constante de veloci-
dade de Peleg (h / (g água / g sólidos)) e k2 é a constante de capacidade de Peleg (g água/g sólidos).

4 concluSÃo

$�SUHVHQoD�GRV�OLStGLRV�QDWLYRV�QmR�IRL�VX¿FLHQWH�SDUD�HYLWDU�DV�DOWHUDo}HV�QD�VRUomR�GH�iJXD�
IUHQWH�jV�GLIHUHQWHV�FRQGLo}HV�DPELHQWDLV��2V�ELRPDWHULDLV�SODVWL¿FDGRV�FRP�JOLFHURO�DSUHVHQWDUDP�PDLRU�
YHORFLGDGH�H�FDSDFLGDGH�GH�VRUomR�GH�iJXD��2�SURFHVVR�GH�H[WUXVmR�UHVXOWRX�QD�IRUPDomR�GH�HVWUXWXUDV�
PDLV�DEHUWDV�RX�IUDJPHQWDGDV��R�TXH�p�FRQ¿UPDGR�SHOD�PDLRU�FDSDFLGDGH�GH�VRUomR�GH�iJXD��

reFerÊnciAS

*$/'($12��0�&���0$/,��6���*52660$11��0�9�(���*$5&Ë$��0�$��(IIHFWV�RI�SODVWLFL]HUV�RQ�WKH�
SURSHUWLHV�RI�RDW�VWDUFK�¿OPV��0DWHULDOV�6FLHQFH�	�(QJLQHHULQJ��Y�����S���������������

/,0��:�-���/,$1*��<�7���6(,%��3�$���5$2��&�6����,VRODWLRQ�RI�RDW�VWDUFK�IURP�RDW�ÀRXU���&HUHDO�&KHPLV�
WU\��Y�����Q����S���������������

0$/,��6���*52660$11��0��9��(�� ��<$0$6+,7$��)��)LOPHV�GH�DPLGR��SURGXomR��SURSULHGDGHV�H�
SRWHQFLDO�GH�XWLOL]DomR��6HPLQD��&LrQFLDV�$JUiULDV��Y������S�����������������

3(/(*��0��$Q�HPSLULFDO�PRGHO�IRU�WKH�GHVFULSWLRQ�RI�PRLVWXUH�VRUSWLRQ�FXUYHV���-RXUQDO�RI�)RRG�6FLHQ�
FH��Y�����S�����������������

628=$��5�&�5���$1'5$'(��&�7��,QYHVWLJDomR�GRV�SURFHVVRV�GH�JHODWLQL]DomR�H�H[WUXVmR�GH�DPLGR�GH�
PLOKR���3ROtPHURV��&LrQFLD�H�7HFQRORJLD��Y�����Q����S�������������
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&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
)LOPHV�REWLGRV�SRU�casting�D�SDUWLU�GH�IRUPXODomR�GH�TXLWRVDQD�H�H[WUDWR�HWDQyOLFR�GH�FDVFD�GH�SHTXL��
QD�SURSRUomR��������Y�Y���IRUDP�FDUDFWHUL]DGRV�SRU�PLFURVFRSLD�GH�IRUoD�DW{PLFD��$)0��H�PLFURVFRSLD�
HOHWU{QLFD�GH�YDUUHGXUD��0(9���$V�DQiOLVHV�SRU�$)0�UHYHODUDP�TXH�D�WRSRJUD¿D�GD�EOHQGD�TXLWRVDQD
�H[WUDWR�DSUHVHQWD�XPD�PDLRU�UXJRVLGDGH�QD�VXSHUItFLH��SRVVLYHOPHQWH�GHYLGR�j�GLIHUHQoD�GH�HYDSRUDomR�
GR�VROYHQWH�HP�FDGD�FRPSRQHQWH��$QDOLVHV�SRU�0(9�FRQWXGR��PRVWUDP�XPD�HVWUXWXUD�UHODWLYDPHQWH�
KRPRJrQHD��FRP�DXVrQFLD�GH�IRUPDomR�DSDUHQWH�GH�IDVHV��HPERUD�FRP�DOJXPDV�WULQFDV�SULQFLSDOPHQWH�
SDUD�R�¿OPH�PLVWR�VXJHULQGR�D�SRVVtYHO�QHFHVVLGDGH�GH�SODVWL¿FDQWH�SDUD�D�PHOKRULD�GDV�SURSULHGDGHV�
mecânicas.
Palavras-chave��%OHQGDV�SROLPpULFDV��Caryocar brasiliense��)LOPHV�FRPHVWtYHLV��4XLWRVDQD�

AFm And Sem AnAlYSeS oF cHitoSAn-etHAnolic extrAct oF Pequi Peel 
blend 
Abstract
)LOPV�SURFHVVHG�E\�FDVWLQJ�IURP�D�PL[WXUH�RI�FKLWRVDQ�DQG�HWKDQROLF�H[WUDFW�RI�SHTXL�SHHO��LQ�WKH�SURSRU�
WLRQ�RI��������ZHUH�FKDUDFWHUL]HG�E\�DWRPLF�IRUFH�PLFURVFRS\��$)0��DQG�E\�VFDQQLQJ�HOHFWURQ�PLFURV�
FRS\��6(0���7KH�$)0�DQDO\VHV�UHYHDO�D�PRUH�LUUHJXODU�WRSRJUDSK\�LQ�WKH�EOHQGHG�FKLWRVDQ�H[WUDFW�¿OP�
ZLWK�HOHYDWH�URXJKQHVV�YDOXHV��ZKDW�LV�VXSSRVHG�WR�RFFXU�GXH�WR�WKH�GLIIHUHQW�VROYHQW�HYDSRUDWLRQ�IURP�
HDFK�FRPSRQHQW��6(0�REVHUYDWLRQV�KRZHYHU��VKRZHG�D�UHODWLYHO\�UHJXODU�VWUXFWXUH�LQ�ERWK�¿OPV��ZLWK�
DSSDUHQW�DEVHQFH�RI�SKDVH�IRUPDWLRQ��WKRXJK�VRPH�FUDFNV�DUH�YLVXDOL]HG��PDLQO\�IRU�WKH�EOHQGHG�¿OP�
VXJJHVWLQJ�WKH�QHFHVVLW\�RI�SODVWLFL]HU�DGGLWLRQ�LQ�RUGHU�WR�LPSURYH�WKH�PHFKDQLFDO�SURSHUWLHV�
Keywords: 3RO\PHULF�EOHQGV��Caryocar brasiliense��(GLEOH�¿OPV��&KLWRVDQ

1 introduÇÃo

$�SURGXomR�H�FDUDFWHUL]DomR�GH�¿OPHV�FRPHVWtYHLV�D�SDUWLU�GH�ELRSROtPHURV�p�XPD�iUHD�HP�IUDQ�
FD�H[SDQVmR�FXMRV�LQWHUHVVHV�HVWmR�YROWDGRV�QD�DJUHJDomR�GH�FDUDFWHUtVWLFDV�FRPR�ELRGHJUDGDELOLGDGH��
EDL[R�FXVWR�H�SRWHQFLDO�HPSUHJR�QD�FRQVHUYDomR�H�LQG~VWULD�GH�DOLPHQWRV��*,26$)$772�HW�DO����������
$OpP�GH�SURSRUFLRQDUHP�HIHLWR�GH�EDUUHLUD��HVVHV�¿OPHV�SRGHP�DWXDU�FRPR�VLVWHPDV�GH�WUDQVSRUWH�GH�
DGLWLYRV�VLQWpWLFRV�RX�QDWXUDLV��FRPR�RV�H[WUDWRV�YHJHWDLV��6,/9$�:(,66�HW�DO����������

5HFHQWHPHQWH��R�XVR�GH�H[WUDWRV�YHJHWDLV�FRPR�DJHQWHV�FRQVHUYDQWHV�YHP�JDQKDQGR�DWHQomR�
GHYLGR�jV�VXDV�SURSULHGDGHV�DQWLEDFWHULDQD��DQWLI~QJLFD�H�DQWLR[LGDQWH��'(�52'5Ë*8(=�HW�DO����������
QR�HQWDQWR��DLQGD�VmR�HVFDVVRV�RV�WUDEDOKRV�TXH�DSOLTXHP�H�FDUDFWHUL]HP�RV�FRQVHUYDQWHV�H[WUDtGRV�GH�
HVSpFLHV�QDWLYDV�GR�FHUUDGR�EUDVLOHLUR��'HQWUH�HVVDV�HVSpFLHV��R�SHTXL��&��brasiliense��DSUHVHQWD�JUDQGH�
SRWHQFLDO�FRPHUFLDO��6HX�IUXWR�Mi�p�SOHQDPHQWH�HPSUHJDGR�QD�DOLPHQWDomR�H�D�H[WUDomR�GH�VHXV�yOHRV�
WHP�VLGR�XWLOL]DGD�QD�HODERUDomR�GH�FRVPpWLFRV��$0$5$/�HW�DO����������FRQWXGR��DV�VXDV�FDVFDV��FXMR�
UHQGLPHQWR�FRUUHVSRQGH�D�����GR�SHVR�WRWDO��XVXDOPHQWH�VmR�GHVFDUWDGDV�DSyV�R�SURFHVVDPHQWR�

$VVLP��R�REMHWLYR�GR�SUHVHQWH�WUDEDOKR�IRL�R�GH�HODERUDU�¿OPH�GH�TXLWRVDQD�DFUHVFLGR�GH�H[WUDWR�
HWDQyOLFR�GD�FDVFD�GR�SHTXL�H��QHVWD�HWDSD��FDUDFWHUL]i�OR�HVWUXWXUDOPHQWH�SRU�PLFURVFRSLD�GH�IRUoD�DW{�
PLFD��$)0��H�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��

2 mAteriAiS e métodoS

2.1 2EWHQomR�GR�H[WUDWR�HWDQyOLFR�

2�H[WUDWR�IRL�REWLGR�D�SDUWLU�GD�PLVWXUD�GH����J�GDV�FDVFDV�GH�SHTXL�VHFDV�H�UHGX]LGDV�HP�Sy��
FRP�����P/�GH�HWDQRO�DEVROXWR��VHJXLGR�GH�DJLWDomR�D�����USP�HP�DJLWDGRU�WLSR�PHVD�URWDWyULD�D����
�&�GXUDQWH���KRUDV��'HFRUULGR�HVWH�SHUtRGR��R�H[WUDWR�IRL�¿OWUDGR�H�R�UHVtGXR�UHVXOWDQWH�UHH[WUDtGR�FRPR�
DQWHULRUPHQWH��3RU�¿P��R�PDWHULDO�UHVXOWDQWH�GD�VHJXQGD�H[WUDomR�IRL�ODYDGR�FRP�����P/�GH�HWDQRO�H�
RV�¿OWUDGRV�FRPELQDGRV�H�HYDSRUDGRV�D�YiFXR�D�����&��DWp�WRWDO�YRODWLOL]DomR�GR�VROYHQWH�� OHYDQGR�j�
REWHQomR�GR�H[WUDWR�VHFR�
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2.2 3UHSDUR�GRV�JpLV�H�¿OPHV

$� VROXo}HV� GRV� ¿OPHV� FRPHVWtYHLV� IRUDP� SUHSDUDGDV� D� SDUWLU� GD� GLVVROXomR� GH� TXLWRVDQD� GH�
PpGLD�PDVVD�PRODU��6LJPD��QD�FRQFHQWUDomR�SUHYLDPHQWH�HVWDEHOHFLGD�GH���J�/�HP�iFLGR�DFpWLFR�D����
�Y�Y���VHJXLGRV�GH�DJLWDomR�SRU�XP�SHUtRGR�GH����K�D�����&��$�IRUPXODomR�GR�¿OPH�DFUHVFLGR�GH�H[WUDWR�
IRL�SURGX]LGD�D�SDUWLU�GD�PLVWXUD�GR�JHO�FRP�H[WUDWR�GD�FDVFD�GR�SHTXL����PJ�P/��SUHYLDPHQWH�VROX�
ELOL]DGR�HP�iJXD�GHVWLODGD�H�KRPRJHQHL]DGR�HP�XOWUDVVRP�SRU���PLQXWRV��$SyV�D�DGLomR�GR�H[WUDWR��D�
PLVWXUD�IRL�KRPRJHQHL]DGD�SRU����PLQXWRV�HP�DJLWDGRU�PDJQpWLFR��

2V�¿OPHV�IRUDP�SURFHVVDGRV�SHOD�WpFQLFD�GH�casting, QD�TXDO����P/�GH�FDGD�VROXomR�IRUDP�GLV�
SRVWRV�HP�SODFDV�GH�3HWUL�GH�SROLSURSLOHQR�FRP�����FP�GH�GLkPHWUR�H�VXEPHWLGRV�j�VHFDJHP�HVSRQWkQHD�
QD�WHPSHUDWXUD�DPELHQWH�SRU�FHUFD�GH����GLDV�H�SRVWHULRUPHQWH�GHVWDFDGRV�PDQXDOPHQWH��2V�UHDJHQWHV�
HPSUHJDGRV�QHVWH�WUDEDOKR�IRUDP�DGTXLULGRV�GD�6\QWK�

2.3 Análises das superfícies por AFm e mev

$V�DYDOLDo}HV�PRUIROyJLFDV�IRUDP�UHDOL]DGDV�GLUHWDPHQWH�QRV�¿OPHV�XWLOL]DQGR�XP�$)0�9HHFR��
'LPHQVLRQ�9��HP�iUHDV�DOHDWyULDV�GH������P�[������P�HP�PRGR�LQWHUPLWHQWH��8WLOL]RX�VH�R�SURJUDPD�
*Z\GGLRQ�Y�������QR�SURFHVVDPHQWR�H�DQiOLVH�GDV�LPDJHQV��3DUD�R�0(9�DV�DPRVWUDV�IRUDP�PHWDOL]DGDV�
FRP�RXUR�H�REVHUYDGDV�HP�PLFURVFySLR�-HRO�-60�����/9�

3 reSultAdoS e diScuSSÃo

$V�LPDJHQV�WRSRJUi¿FDV�JHUDGDV�SRU�$)0�GRV�¿OPHV�UHVXOWDQWHV�HVWmR�DSUHVHQWDGDV�QD�)LJXUD�
���$�H�%���3RGH�VH�REVHUYDU�TXH�R�¿OPH�FRQWHQGR�DSHQDV�TXLWRVDQD��$��DSUHVHQWD�XPD�VXSHUItFLH�FRP�
DVSHFWR� UXJRVR��SRUpP�FRP� LUUHJXODULGDGHV�KRPRJrQHDV�H�YDULDo}HV�GH�DOWXUD�QmR�PXLWR�DFHQWXDGDV�
�SLFR�Pi[LPR�D����QP���$�DQiOLVH�GD�UXJRVLGDGH�PpGLD�TXDGUiWLFD�GD�iUHD�YDUULGD�UHVXOWD�HP�XP�YDORU�
GH�506� ������QP��3DUD�D�EOHQGD��TXLWRVDQD�H[WUDWR��DQiOLVH�HP�iUHD�VLPLODU�DSUHVHQWD�XPD�PHQRU�KR�
PRJHQHLGDGH�FRP�ÀXWXDo}HV�GH�DOWXUD�DWp�����QP�H�PDLRU�UXJRVLGDGH�PpGLD�TXDGUiWLFD�506� ������QP��
RX�VHMD��DSUR[LPDGDPHQWH���YH]HV�VXSHULRU�j�PHGLGD�UHDOL]DGD�SDUD�R�¿OPH�GH�TXLWRVDQD�SXUD�

$V�IRWRPLFURJUD¿DV�REWLGDV�SRU�0(9��GLVSRVWDV�QD�)LJXUD����DSUHVHQWDP�D�DSDUrQFLD�JHUDO�GH�
XP�¿OPH�GH�TXLWRVDQD�H�GD�EOHQGD�HP�GXDV�DPSOLDo}HV�GLVWLQWDV��2EVHUYD�VH�TXH�DPERV�RV�¿OPHV�HP�
EDL[D�DPSOLDomR��$�H�&���DSUHVHQWDP�VXSHUItFLHV�EDVWDQWH�KRPRJrQHDV�FRP�DOJXPDV�SHTXHQDV�LUUHJXOD�
ULGDGHV��SURYDYHOPHQWH�GHFRUUHQWHV�GR�FRQWDWR�H�FXUD�GHQWUR�GR�PROGH�RX�GD�IRUPDomR�GH�EROKDV�GXUDQWH�
D�HYDSRUDomR�GR�VROYHQWH�

Figura 1. ,PDJHQV�WRSRJUi¿FDV�SRU�$)0�WtSLFDV�REWLGDV�QRV�¿OPHV�GH�TXLWRVDQD��$��H�EOHQGD�TXLWRVDQD�H[WUDWR�
�%���iUHD�GH���[���+P��

3DUD�XP�DXPHQWR�PDLRU��%�H�'��Mi�VH�WRUQD�SRVVtYHO�REVHUYDU�DOJXPDV�WULQFDV�QD�PDWUL]��PDLV�
LQWHQVDV�QD�IRUPXODomR�PLVWD��R�TXH�SRGH�LQGLFDU�D�QHFHVVLGDGH�IXWXUD�GD�DGLomR�GH�SODVWL¿FDQWH�SDUD�D�
IRUPDomR�GH�XP�¿OPH�FRP�PHOKRUHV�SURSULHGDGHV�PHFkQLFDV�

'H�XP�PRGR�JHUDO��HPERUD�DV�DQiOLVHV�SRU�PLFURVFRSLD�DW{PLFD�PRVWUHP�TXH�D�VXSHUItFLHV�YD�
ULDP�FRP�LQFRUSRUDomR�GR�H[WUDWR�HWDQyOLFR��QmR�¿FDP�HYLGHQFLDGDV�D�IRUPDomR�RX�VHSDUDomR�GH�IDVHV�
TXDQGR�REVHUYDGDV�SRU�PLFURVFRSLD�HOHWU{QLFD��(VVHV�UHVXOWDGRV�HVWmR�HP�FRQFRUGkQFLD�FRP�R�WUDEDOKR�
GH�*QLHZRV]�HW�DO����������R�TXDO�PRVWUD�TXH�RV�H[WUDWRV�YHJHWDLV�VmR�FRPSDWtYHLV�FRP�PDWUL]HV�j�EDVH�
GH�KLGURFROyLGHV��
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Figura 2. )RWRPLFURJUD¿DV�0(9�GDV�VXSHUItFLHV�GH�¿OPHV�GH�TXLWRVDQD��$�H�%��H�GD�EOHQGD�FRP�H[WUDWR�GD�FDVFD�
GH�SHTXL��&�H�'���HP�DPSOLDo}HV�GLVWLQWDV������H�������[��

4 concluSÃo

)LOPHV�SURFHVVDGRV�D�SDUWLU�GH�PLVWXUDV�GH�TXLWRVDQD�H�H[WUDWR�HWDQyOLFR�GH�FDVFD�GH�SHTXL�DSUH�
VHQWDP��VHJXQGR�DQiOLVHV�PLFURVFySLFDV��XPD�HVWUXWXUD�UHJXODU�FRP�DOJXPDV�GLIHUHQoDV�FRP�UHVSHLWR�j�
WRSRJUD¿D�GDV�VXSHUItFLHV��2V�¿OPHV�FRPELQDGRV�UHVXOWDP�HP�XPD�VXSHUItFLH�PDLV�UXJRVD�H�XPD�PDLRU�
GHQVLGDGH�GH�WULQFDV��VXJHULQGR�XPD�SURYiYHO�QHFHVVLGDGH�GH�DGLomR�GH�SODVWL¿FDQWHV�SDUD�D�PHOKRULD�
GDV�SURSULHGDGHV�PHFkQLFDV��'H�XPD�IRUPD�JHUDO�QmR�IRUDP�GHWHFWDGDV�IRUPDomR�RX�VHSDUDomR�GH�IDVHV�
HQWUH�RV�FRPSRVWRV��$�SHVTXLVD�HQFRQWUD�VH�HP�HVWiJLR�LQLFLDO�H�GHPDLV�DQiOLVHV�HVWmR�HP�IDVH�GH�UHDOL�
]Do}HV�SDUD�XPD�SOHQD�FDUDFWHUL]DomR�GHVVDV�EOHQGDV�H�GH¿QLo}HV�GH�SRWHQFLDLV�DSOLFDo}HV�

AGrAdecimentoS

¬�)XQGDomR�GH�$PSDUR�j�3HVTXLVD�GR�(VWDGR�GH�6mR�3DXOR�SHOD�FRQFHVVmR�GH�EROVD�j�SULPHLUD�
DXWRUD��3URFHVVR�Q����������������H�j�(0%5$3$��5HGH�$JUR1DQR��

reFerÊnciAS

$0$5$/��/��)��%���025,(/��3���)2*/,2��0��$���0$==2/$��3��*��Caryocar brasiliense supercriti�
FDO�H[WUDFW�SRVVHVVHV�DQWLPLFURELDO�DQG�DQWLR[LGDQWH�SURSHUWLHV�XVHIXO�IRU�SHUVRQDO�FDUH�SURGXFWV��%0&�
&RPSOHPHQWDU\�	�$OWHUQDWLYH�0HGLFLQH��Y������Q�����������

'(�52'5Ë*8(=��'��-���*$5&,$��5��5���&$67,//2��)��'��+���*21=$/(=��&��1��$���*$/,1'2��
$��6���48,17$1,//$��-��$��9���=8&&2/2772��/��(��0��In vitro DQWLIXQJDO�DFWLYLW\�RI�H[WUDFWV�RI�
0H[LFDQ�&KLKXDKXDQ�'HVHUW�SODQWV�DJDLQVW�SRVWKDUYHVW�IUXLW�IXQJL��,QGXVWULDO�&URSV�DQG�3URGXFWV��Y������
S����������������

*,26$)$772��&��9��/���3,(552��3��'���*811,1*��3���0$&.,(��$���3257$��5��0$5,1,(//2��
/��&KDUDFWHUL]DWLRQ�RI�Citrus SHFWLQ�HGLEOH�¿OPV�FRQWDLQLQJ�WUDQVJOXWDPLQDVH�PRGL¿HG�SKDVHROLQ��&DU�
ERK\GUDWH�3RO\PHUV��Y�������S����������������
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*1,(:26=�� 0��� 6<12:,(&�� $��� .5$ĝ1,(:6.$�� .�� 35=<%<à�� -�� /��� %Ą&=(.�� .��� :ĉ�
*/$5=��=��7KH�DQWLPLFURELDO�DFWLYLW\�RI�SXOOXODQ�¿OP�LQFRUSRUDWHG�ZLWK�PHDGRZVHHW�ÀRZHU�H[WUDFWV�
�)LOLSHQGXODH�XOPDULDH�ÀRV��RQ�SRVWKDUYHVW�TXDOLW\�RI�DSSOHV��)RRG�&RQWURO��Y������S����������������

/23(6��3��6��1���3(5(,5$��(��%��&���3(5(,5$��$��9���0$57,16��(��5���)(51$1'(6��5��&��3HTXL��
,Q��9,(,5$��5��)���$*267,1,�&267$��7��6���6$12��6��0���)(55(,5$��)��5���(GV����)UXWDV�QDWLYDV�GD�
UHJLmR�&HQWUR�2HVWH�GR�%UDVLO��(PEUDSD��%UDVtOLD��������3����������

6,/9$�:(,66��$���,+/��0���62%5$/��3��-��$���*20(=�*8,//(1��0��&���%,)$1,��9��1DWXUDO�DGGL�
WLYHV�LQ�ELRDFWLYH�HGLEOH�¿OPV�DQG�FRDWLQJV��IXQFWLRQDOLW\�DQG�DSSOLFDWLRQV�LQ�IRRGV��)RRG�(QJLQHHULQJ�
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&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
8PD�DOWHUQDWLYD�SDUD�GULEODU�R�DOWR�GHVFDUWH�GH�HPEDODJHQV�D�SDUWLU�GH�SROtPHURV�GHULYDGRV�GR�SHWUyOHR�p�
D�SURGXomR�GH�HPEDODJHQV��¿OPHV�GH�UHYHVWLPHQWR�SDUD�DOLPHQWRV��D�SDUWLU�GH�SROtPHURV�ELRGHJUDGiYHLV�
H�GH� IRQWHV� UHQRYiYHLV��'HYLGR�jV�EDL[DV�SURSULHGDGHV� ItVLFDV�GHVVHV�SROtPHURV��QDQRHVWUXWXUDV�YrP�
VHQGR�DGLFLRQDGDV�j�PDWUL]��GH�IRUPD�D�LQFUHPHQWDU�WDLV�SURSULHGDGHV��2�WUDEDOKR�WHYH�FRPR�REMHWLYR�
SURGX]LU�¿OPHV�GH�KLGUR[LSURSLO�PHWLOFHOXORVH��+30&��FRP�SROSD�GH�JRLDED��3*��H�HVWXGDU�R�HIHLWR�GD�
DGLomR�GH�QDQRSDUWtFXODV�GH�TXLWRVDQD��1346��QD�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD��39$��GH�WDLV�¿OPHV��
$V�1346�IRUDP�VLQWHWL]DGDV�FRP�GRLV�WDPDQKRV�GLIHUHQWHV��DPERV�LQIHULRUHV�j����QP��2V�¿OPHV�IRUDP�
SURGX]LGRV�SRU�“casting”��3DUD�WRGRV�RV�¿OPHV�IRUDP�IHLWDV�PHGLGDV�GH�HVSHVVXUD�H�39$��2V�¿OPHV�GH�
+30&�3*�FRP�DV�1346�GH�PHQRU�WDPDQKR�DSUHVHQWDUDP�PHQRU�39$�GHYLGR�D�PDLRU�KRPRJHQHLGD�
GH�QD�GLVSHUVmR�GDV�1346�QD�PDWUL]�GH�+30&�3*��7DLV�UHVXOWDGRV�PRVWUDP�TXH�RV�QDQRFRPSyVLWRV�
+30&�3*�1346�SRGHP�VHU�IXWXUDPHQWH�DSOLFDGRV�HP�HPEDODJHQV�SDUD�DOLPHQWRV��
Palavras-chave��)LOPHV�&RPHVWtYHLV��+30&��4XLWRVDQD��1DQRSDUWtFXODV��3ROSD�GH�*RLDED�

bArrier ProPertieS oF HidroxYProPYl metHYlcelluloSe edible FilmS 
witH GuAvA Puree And cHitoSAn nAnoPArticleS. 
Abstract
$�QRYHO�RI�SUHYHQWLQJ�WKH�KLJK�LPSDFW�RI�SHWUROHXP�EDVHG�SDFNDJLQJ�GLVFDUG�LV�WKH�SURGXFWLRQ�RI�FRDW�
LQJV�DQG�¿OPV�IURP�ELRGHJUDGDEOH�SRO\PHUV�DQG�UHQHZDEOH�VRXUFHV��+RZHYHU��GXH�WR�WKH�ORZ�SK\VLFDO�
SURSHUWLHV�RI�VXFK�PDWHULDOV��QDQRVWUXFWXUHV�KDYH�EHHQ�DGGHG�WR�SRO\PHU�PDWULFHV�LQ�RUGHU�WR�LPSURYH�
WKHVH�SURSHUWLHV��7KH�JRDO�RI�WKLV�ZRUN�ZDV�WR�SURGXFH�HGLEOH�¿OPV�IURP�K\GUR[\SURS\O�PHWK\OFHOOXORVH�
�+30&��DQG�JXDYD�SXUHH��3*��DV�ZHOO�DV�WR�VWXG\�WKH�HIIHFW�RI�WKH�DGGLWLRQ�RI�FKLWRVDQ�QDQRSDUWLFOHV�
�1346��LQ�WKHLU�ZDWHU�YDSRU�SHUPHDELOLW\��39$���7KH�1346�ZDV�V\QWKHVL]HG�LQ�WZR�GLIIHUHQW�VL]HV��ERWK�
RI�WKHP�EHORZ�����QP��7KH�¿OPV�ZHUH�REWDLQHG�WKURXJK�FDVWLQJ�DQG�ZHUH�DQDO\]HG�DV�WR�WKLFNQHVV�DQG�
39$��7KH�¿OPV�KDYLQJ�+30&�3*�DQG�1346�RI�WKH�VPDOOHVW�VL]H�VKRZHG�WKH�EHVW�LPSURYHPHQW�LQ�WKH�
EDUULHU�SURSHUWLHV��GHPRQVWUDWLQJ�WKDW�WKH�FRPSRVLWHV�+30&�3*�1346�FDQ�EH�DSSOLHG�LQ�WKH�SURGXFWLRQ�
RI�IRRG�SDFNDJLQJ�ZLWK�GHVLUDEOH�SK\VLFDO�SURSHUWLHV�
Keywords: (GLEOH�)LOPV��+30&��&KLWRVDQ��1DQRSDUWLFOHV��*XDYD�SXUHH��



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 103

1 introduÇÃo

�$�SURGXomR�GH�HPEDODJHQV�D�SDUWLU�GH�GHULYDGRV�GH�SHWUyOHR��FXMR�GHVFDUWH�p�LQGLVFULPLQDGR�H�D�
GHJUDGDomR�DLQGD�p�PtQLPD��WHP�LPSXOVLRQDGR�SHVTXLVDV�QD�SURGXomR�GH�HPEDODJHQV�D�SDUWLU�GH�PDWH�
ULDLV�ELRGHJUDGiYHLV�H�GH�IRQWHV�UHQRYiYHLV��

�2�KLGUR[LSURSLO�PHWLOFHOXORVH��+30&��H�D�TXLWRVDQD��46���DPERV�SROLVVDFDUtGHRV��YrP�VHQGR�
UHSRUWDGRV�QD�OLWHUDWXUD�FRPR�XPD�DOWHUQDWLYD�QD�IDEULFDomR�GH�HPEDODJHQV��(QWUHWDQWR��DV�EDL[DV�SUR�
SULHGDGHV�ItVLFDV��PHFkQLFDV�� WpUPLFDV�H�GH�EDUUHLUD��GHVVDV�QRYDV�HPEDODJHQV�YHP�VHQGR�UHIRUoDGDV�
FRP�D�DGLomR�GH�QDQRHVWUXWXUDV��FRPR�QDQRSDUWtFXODV�GH�TXLWRVDQD��1346���FXMRV�WUDEDOKRV�GH�0$5�
7(//,�HW�DO����������/25(9,&(�HW�DO���������H�/25(9,&(�HW�DO���������GHPRVWUDUDP�LQFUHPHQWR�HP�
WDLV�SURSULHGDGHV�ItVLFDV�FRP�D�DGLomR�GH�1346��$OpP�GH�DGLFLRQDU�SURSULHGDGHV�QXWULWLYDV�DRV�¿OPHV�
FRP�DGLomR�GH�SROSDV�GH�EDQDQD��JRLDED�H�PDPmR��UHVSHFWLYDPHQWH��

�6HQGR�DVVLP��R�REMHWLYR�GHVWH�WUDEDOKR�IRL�SURGX]LU�¿OPHV�GH�+30&�H�SROSD�GH�JRLDED��3*��
DGLFLRQDQGR�1346�SDUD�PHOKRULDV�QDV�SURSULHGDGHV�GH�EDUUHLUD�DR�YDSRU�GH�iJXD��

2 mAteriAiS e métodoS

$V�13V�GH�46�IRUDP�VLQWHWL]DGDV�SHOR�PpWRGR�GH�JHODWLQL]DomR�LRQRWUySLFD�FRP�46�H� WULSR�
OLIRVIDWR�GH�VyGLR��733���VHJXQGR�PpWRGR�UHSRUWDGR�SRU�/25(9,&(�HW�DO���������)RUDP�IHLWDV�GXDV�
VtQWHVH�GH�13V��WDPDQKRV�GLIHUHQWHV�D�SDUWLU�GH�TXDQWLGDGHV�GLIHUHQWHV�GH�46��2�WDPDQKR�GDV�13V�IRL�
DQDOLVDGR�QR�=HWDVL]HU�1DQR�=6��0DOYHUQ�,QVWUXPHQWV�,QF��,UYLQH��&DOLI���8�6�$���2�¿OPH�FRQWUROH�GH�
+30&�IRL�SUHSDUDGR�XWLOL]DQGR�R�PpWRGR�³FDVWLQJ´�D�SDUWLU�GH�XPD�VROXomR�GH�UD]mR�������GH�+30&�
iJXD��DGLFLRQDQGR�DLQGD����P�9�GH�SROSD�GH�JRLDED��3*��REWLGD�SHOD�'H�0DUFKL��)LOPHV�FRQVWLWXtGRV�
VRPHQWH�GH�SROSD�QmR�DSUHVHQWDUDP�SURSULHGDGHV�VDWLVIDWyULDV�GH�PRGR�TXH�R�+30&�IRL�DGLFLRQDGR�DR�
¿OPH�FRQWUROH��9DORUHV�GH�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD��39$��IRUDP�GHWHUPLQDGRV�D�SDUWLU�GR�Pp�
WRGR�PRGL¿FDGR�$670�(�������XWLOL]DGR�SDUD�GHWHUPLQDU�D�XPLGDGH�UHODWLYD��5+��GR�¿OPH��GHVFULWR�QD�
OLWHUDWXUD�SRU�0&+8*+�HW�DO��������

3 reSultAdoS e diScuSSÃo

$V�1346�IRUDP�VLQWHWL]DGDV�FRP�VXFHVVR��REWHQGR�GRLV�WDPDQKRV�GLVWLQWRV��$�SDUWLU�GD�7DEHOD�
���FRQVWDWD�VH�TXH�D�FRQFHQWUDomR�GH�46�LQWHUIHUH�VDWLVIDWRULDPHQWH�QR�WDPDQKR�PpGLR�GDV�13V��XPD�
YH]�TXH��R�DXPHQWR�HVVH�UHSRUWDGR�SRU�0285$�HW�DO���������H�/25(9,&(�HW�DO����������FXMD�PDLRU�
FRQFHQWUDomR�GH�46�IDYRUHFH�D�IRUPDomR�GH�SDUWtFXODV�PDLRUHV��2�SRWHQFLDO�]HWD�SRVLWLYR�VH�GHYH�DRV�
JUXSRV�1+�

+�SURYHQLHQWHV�GD�46��2V�YDORUHV�PRVWUDUDP�VH�VDWLVIDWyULRV��XPD�YH]�TXH�YDORUHV�DFLPD�GH�
��P9�GHPRQVWUDP�HVWDELOLGDGH�GD�VROXomR�FRORLGDO�GDV�1346�

tabela 1. &DUDFWHUL]DomR�GDV�13�GH�46��
&RQFHQWUDomR�46 tamanho médio e Potencial Zeta das nPs

quitosana nanopartículas tamanho médio (nm) Potencial Zeta (mv)

����PJ�P/ 1346� ������� ����������

����PJ�P/ 1346� ���������� ����������
Para diferenciar as sínteses, utilizou-se a nomenclatura NPQS e os números 1 e 2.

2V�¿OPHV�GH�+30&�FRP�3*�IRUDP�REWLGRV�FRP�VXFHVVR�H�DSUHVHQWDUDP�SURSULHGDGHV�VDWLVID�
WyULDV��PDQXVHDELOLGDGH��KRPRJHQHLGDGH�H�FRQWLQXLGDGH��FDUDFWHUtVWLFDV�HVWDV��HQFRQWUDGDV�QRV�¿OPHV�
GH�+30&�3*�H�QRV�¿OPHV�+30&�3*�1346��$�HVSHVVXUD�GRV�¿OPHV�FRP�H�VHP�1346�QmR�DSUHVHQWRX�
YDULDomR�VLJQL¿FDWLYD��������������P��¿OPHV�+30&�3*��H�������������P��¿OPHV�+30&�3*�1346���

�$�)LJXUD���PRVWUD�RV�UHVXOWDGRV�GH�39$�GH�WRGDV�DV�DPRVWUDV�IHLWDV��$�SULPHLUD�FRQVWDWDomR�p�R�
DXPHQWR�GD�SHUPHDELOLGDGH�FRP�D�DGLomR�GH�3*�D�PDWUL]�GH�+30&�

 6HJXQGR�/25(9,&(�HW�DO���������LVVR�VH�GHYH�DR�HIHLWR�SODVWL¿FDQWH�GD�3*�QD�PDWUL]��TXH�DX�
PHQWD�D�GLVWkQFLD�PpGLD�HQWUH�DV�FDGHLDV�GR�SROtPHUR��SHUPLWLQGR�DVVLP��XP�WUiIHJR�PDLRU�GH�PROpFXODV�
GH�iJXD��DXPHQWDQGR�SRUWDQWR�D�39$�GRV�¿OPHV�GH�+30&�FRP�3*��$LQGD�VHJXQGR�/25(9,&(�HW�DO��
��������GHYLGR�DR�PpWRGR�XWLOL]DGR�SDUD�REWHU�YDORUHV�GD�39$��SRU�SHUGD�GH�PDVVD�GH�iJXD�GR�PHLR�
LQWHUQR�SDUD�R�PHLR�H[WHUQR�SRU�GLIXVmR�HP�XPD�iUHD�FRQKHFLGD�GR�¿OPH��D�3*��SRU�SRVVXLU�JUDQGH�TXDQ�
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WLGDGH�GH�Do~FDUHV��JUXSRV�KLGUR[LODV���H��IDFLOLGDGH�GH�LQWHUDJLU�FRP�PROpFXODV�GH�iJXD��SRGH�DXPHQWDU�
D�TXDQWLGDGH�GH�iJXD�GLIXQGLGD�QR�¿OPH��H�FRQVHTXHQWHPHQWH��DXPHQWDU�R�YDORU�GD�39$��PHVPR�TXH�
QHP�WRGDV�PROpFXODV�GH�iJXD�DWUDYHVVHP�R�¿OPH��3RU�HVWH�PRWLYR��QRV�¿OPHV�FXMD�3*�IRL�DGLFLRQDGD��R�
FRUUHX�XP�DXPHQWR�QRV�YDORUHV�GD�39$��

Figura 1. 9DORUHV�GH�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD��:93��GH�¿OPHV�GH�+30&��3*�H�1346��(1) Filmes de 
HPMC com PG; (3) Filmes de HPMC com NPQS 1; (5) Filmes de HPMC com NPQS 2; (7) Filme de HPMC 

com NPQS 1 e PG; (9) Filme de HPMC com NPQS 2 e PG.; (11) Filme de HPMC (2%)

 
�3RGHPRV�REVHUYDU�WDPEpP��TXH�D�DGLomR�GH�1346�j�PDWUL]�GH�+30&�GLPLQXLX�D�39$��UHVXO�

WDGR�HVWH��Mi�UHSRUWDGR�SRU�0285$�HW�DO����������(VWH�PHVPR�FRPSRUWDPHQWR�IRL�REVHUYDGR�SDUD�RV�
¿OPHV�GH�+30&�3*�1346�FRP�R�PHQRU�WDPDQKR��HQTXDQWR�DV�1346�GH�PDLRU�WDPDQKR�DXPHQWDUDP�
D�39$�GRV�¿OPHV��6HJXQGR�/25(9,&(�HW�DO����������1346�FRP�PHQRU�WDPDQKR��WHQGHP�D�SUHHQFKHU��
GH��IRUPD�PDLV�KRPRJrQHD��RV�HVSDoRV�HQWUH�DV�FDGHLD�GD�PDWUL]�SROLPpULFD��GL¿FXOWDQGR�D�SDVVDJHP�
GH�PROpFXODV�GH�iJXD��$V�1346�GH�PDLRU�WDPDQKR�WHQGHP�D�VH�DJORPHUDU�H�VXD�GLVWULEXLomR�QD�PDWUL]�
SROLVVDFDUtGLFD�p�PHQRU��R�TXH�UHVXOWD�YDORUHV�PDLRUHV�GH�39$��

4 concluSÃo

 $V�1346�IRUDP�VLQWHWL]DGDV�FRP�VXFHVVR�H�REWLYHUDP�VH�YDORUHV�GH�WDPDQKR�PpGLR�DEDL[R�GH�
���QP�DOpP�GR�SRWHQFLDO�]HWD�DFLPD�GH����P9��LQGLFDQGR�HVWDELOLGDGH�GD�VROXomR�FRORLGDO�GH�1346��
2V�¿OPHV�SURGX]LGRV�FRP�+30&�3*�VH�IRUPDUDP��DVVLP�FRPR�RV�¿OPHV�GH�+30&�3*�1346��DPERV�
DSUHVHQWDQGR�SURSULHGDGHV�VDWLVIDWyULDV�TXDQWR�j�PDQXVHDELOLGDGH��KRPRJHQHLGDGH�H�FRQWLQXLGDGH��$�
DGLomR�GH�3*�DXPHQWRX�RV�YDORUHV�GH�39$��HQWUHWDQWR�D�DGLomR�GH�1346�DRV�¿OPHV�GH�+30&�3*�LQ�
FUHPHQWDUDP�RV�YDORUHV�GH�39$�GRV�¿OPHV��GHPRQVWUDQGR�DVVLP��TXH�WDO�QDQRFRPSyVLWR�SRGH�VHU�XPD�
DOWHUQDWLYD�SDUD�SURGXomR�GH�QRYDV�HPEDODJHQV��ELRGHJUDGiYHLV�H�UHQRYiYHLV��

AGrAdecimentoS

�2V�DXWRUHV�DJUDGHFHP�j�)$3(63��3URMHWR��������������SHOR�DX[tOLR�j�SHVTXLVD��j�(PEUDSD�H�
')4�)(,6�81(63�SHOD�HVWUXWXUD�GH�SHVTXLVD�H�DRV�GHPDLV�yUJmRV�GH�IRPHQWR�H�¿QDQFLDPHQWR�j�SHV�
TXLVD�),1(3�0&7��&$3(6��&13T��

reFerÊnciAS

$670��6WDQGDUG�WHVW�PHWKRGV�IRU�ZDWHU�YDSRU�WUDQVPLVVLRQ�RI�PDWHULDOV��6WDQGDUGV�'HVLJQDWLRQ��(���
����,Q�$QQXDO�%RRN�RI�$670��$670�����������3KLODGHOSKLD��3$��

/25(9,&(��0��9���0285$��0��5��GH��$28$'$��)��$���0$77262��/��+��&��'HYHORSPHQW�RI�1RYHO�
*XDYD�3XUHH�)LOPV�&RQWDLQLQJ�&KLWRVDQ�1DQRSDUWLFOHV��-RXUQDO�RI�1DQRVFLHQFH�DQG�1DQR7HFKQRORJ\��
Y�����S�������������������

/25(9,&(��0��9���0285$��0��5��GH��0$77262��/��+��&��1DQRFRPSyVLWR�GH�SROSD�GH�PDPmR�H�
QDQRSDUWtFXODV�GH�TXLWRVDQD�SDUD�DSOLFDomR�HP�HPEDODJHQV��4XLPLFD�1RYD��1R�3UHOR��������
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0$57(//,�0��5���%$5526��7��7���0285$��0��5��GH��0$77262��/��&��+���$66,6��2��%��*��(IIHFW�
RI�FKLWRVDQ�QDQRSDUWLFOHV�DQG�SHFWLQ�FRQWHQW�RQ�PHFKDQLFDO�SURSHUWLHV�DQG�ZDWHU�YDSRU�SHUPHDELOLW\�RI�
EDQDQD�SXUHH�¿OPV��-RXUQDO�RI�)RRG�6FLHQFH��Y�����1���±�1����������

0&+8&+��7��+���$9(1$�%867,//26��5���.52&+7$��-��0��+\GURSKLOLF�HGLEOH�¿OPHV��0RGL¿HG�
SURFN�QHVV��-RXUQDO�RI�)RRG�6FLHQFH��Y������S�����������������

0285$��0��5��GH��$28$'$��)�$���$9(1$�%867,//26��5��-���0&+8*+��7��+���.52&+7$��-��
0���0$77262��/��+��&��,PSURYHG�EDUULHU�DQG�PHFKDQLFDO�SURSHUWLHV�RI�QRYHO�K\GUR[\SURS\O�PHWK\O�
FHOOXORVH�HGLEOH�¿OPV�ZLWK�FKLWRVDQ�WULSRO\SKRVSKDWH�QDQRSDUWLFOHV�-RXUQDO�RI�)RRG�(QJLQHHULQJ��Y�����
S������������������

2721,��&��*���0285$��0��5�GH��$28$'$��)��$���&$0,//272��*��3���&58=��5��6���/25(9,&(��
0��9���62$5(6��1��GH�)��)���0$77262��/��+��&��$LQWLPLFURELDO�DQG�SK\VLFDO�PHFKDQLFDO�SURSHUWLHV�RI�
SHFWLQ�SDSD\D�SXUHH�FLQQDPDOGHK\GH�QDQRHPXOVLRQ�HGLEOH�FRPSRVLWH�¿OPV��)RRG�+\GURFROORLGV��Y�����
S���������������

nAnoPArtículAS de quitoSAnA utiliZAdAS nA melHoriA 

dAS ProPriedAdeS mecÂnicAS de FilmeS comeStíveiS 

marcos vinicius lorevice
1,4

, marcia regina de moura
2
, caio Gomide otoni

3,4
, luiz Henrique 

capparelli mattoso
4

1'HSDUWDPHQWR�GH�4XtPLFD���8)6&DU��6mR�&DUORV��63��2'HSDUWDPHQWR�GH�)tVLFD�H�4XtPLFD��)(,6��
81(63��,OKD�6ROWHLUD��63���'HSDUWDPHQWR�GH�(QJHQKDULD�GH�0DWHULDLV��8)6&DU��6mR�&DUORV��63��

�/11$��(PEUDSD�,QVWUXPHQWDomR��6mR�&DUORV��63�
*marcos.lorevice@gmail.com

&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo

2�GHVFDUWH�GH�HPEDODJHQV�GH�GLItFLO�GHJUDGDomR�WHP�PRWLYDGR�SHVTXLVDV�TXH�SURGX]DP�HPEDODJHQV�D�SDUWLU�
GH�SROLVVDFDUtGHRV�SRU�VHU�ELRGHJUDGiYHO�H�GH�IRQWHV�UHQRYiYHLV��(QWUHWDQWR�VXDV�EDL[DV�SURSULHGDGHV�ItVL�
FR�TXtPLFDV��PHFkQLFD��WpUPLFD�H�GH�EDUUHLUD��WHP�LQWHQVL¿FDGR�R�HVWXGR�QD�DGLomR�GH�QDQRHVWUXWXUDV�TXH�
LQFUHPHQWHP�WDLV�SURSULHGDGHV��'HVWH�PRGR�R�WUDEDOKR�WHYH�FRPR�REMHWLYR�SURGX]LU�¿OPHV�GH�KLGUR[LSURSLO�
PHWLOFHOXORVH��+30&��H�SROSD�GH�JRLDED��3*��FRP�QDQRSDUWtFXODV��13V��GH�TXLWRVDQD��46���$V�13V�GH�IRUDP�
VLQWHWL]DGDV�SRU�LRQL]DomR�LRQRWUySLFD��2V�¿OPHV�IRUDP�SURGX]LGRV�SHOR�PpWRGR�³casting´��$V�13V�DSUHVHQ�
WDUDP�GRLV�WDPDQKRV�GLVWLQWRV�DEDL[R�GRV�����QP��2V�¿OPHV�FRP�+30&��3*�H�13V�VH�IRUPDUDP�H�DSUHVHQ�
WDUDP�SURSULHGDGHV�VDWLVIDWyULDV��3DUD�WDLV�¿OPHV�IRUDP�IHLWDV�DQiOLVH�GH�WHQVmR�Pi[LPD�GH�UXSWXUD�H�GH�HORQ�
JDomR�Pi[LPD��2V�¿OPHV�GH�+30&��3*�H�13V�FRP�WDPDQKR�PHQRU�DSUHVHQWDUDP�SURSULHGDGHV�PHFkQLFDV�
PDLV�VDWLVIDWyULDV��SHUPLWLQGR�TXH�HVWHV�¿OPHV�SRVVDP�VHU�DSOLFDGRV�HP�IXWXUDV�HPEDODJHQV�GH�DOLPHQWRV�
Palavras-chave��)LOPHV�&RPHVWtYHLV��+30&��4XLWRVDQD��1DQRSDUWtFXODV��3ROSD�GH�*RLDED�

mecHAnicAl ProPertieS oF edible FilmS witH GuAvA Puree And cHitoSAn 

nAnoPArticleS.

Abstract

7KH�GLVSRVDO�RI�KDUGO\�GHJUDGDEOH�SDFNDJLQJ�KDV�PRWLYDWHG�QRYHO� UHVHDUFKHV� LQ� WKH�GHYHORSPHQW�RI�
SDFNDJLQJ�IURP�SRO\VDFFKDULGHV�GXH�WR�WKHLU�UHQHZDEOH�DQG�ELRGHJUDGDEOH�SURSHUWLHV��+RZHYHU��WKHLU�
ORZ�SK\VLFRFKHPLFDO�SURSHUWLHV�KDYH�HQFRXUDJHG�WKH�LQFRUSRUDWLRQ�RI�QDQRVWUXFWXUHV�WKDW�FDQ�LPSURYH�
WKH�SDFNDJLQJ�SURSHUWLHV��7KHQ��WKH�JRDO�RI�WKLV�ZRUN�ZDV�WR�SURGXFH�HGLEOH�¿OPV�IURP�K\GUR[\SURS\O�
PHWK\OFHOOXORVH� �+30&��DGGHG�E\�JXDYD�SXUHH� �3*�� DQG� FKLWRVDQ� �46��QDQRSDUWLFOHV� �13V���7KHVH�
13V�ZHUH�V\QWKHVL]HG�EDVHG�RQ�WKH�LRQLF�JHODWLRQ�RI�46�ZLWK�VRGLXP�WULSRO\SKRVSKDWH��733���7KH�¿OPV�
ZHUH�REWDLQHG�WKURXJK�FDVWLQJ��7KH�VL]H�RI�13V�VKRZHG�WZR�GLIIHUHQW�YDOXHV��ERWK�RI�WKHP�EHLQJ�EHORZ�
����QP��7KH�¿OPV�FRQWDLQLQJ�+30&��3*�DQG�13V�GLVSOD\HG�JRRG�YLVXDO�DQG�WH[WXUDO�SURSHUWLHV��7KH�
PHFKDQLFDO� DWWULEXWHV� WHQVLOH� VWUHQJWK� �70��DQG� HORQJDWLRQ� DW� EUHDN� �(��ZHUH�GHWHUPLQHG��7KH�¿OPV�
comprise +30&��3*�DQG�13V�RI�WKH�VPDOOHVW�VL]H�GHPRQVWUDWHG�WKH�EHVW�LPSURYHPHQW�LQ�WKH�PHFKDQLFDO�
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SURSHUWLHV��GHQRWLQJ�D�PHDQV�RI�SURGXFLQJ�QRYHO�SDFNDJLQJ�ZLWK�WKHVH�PDWHULDOV��
Keywords: (GLEOH�¿OPV��+30&��&KLWRVDQ��1DQRSDUWLFOHV��JXDYD�SXUHH

1 introduÇÃo

2�FUHVFLPHQWR�QR�FRQVXPR�GH�DOLPHQWRV� LQGXVWULDOL]DGRV�H�QDWXUDLV� WHP�OHYDGR�D�XP�GHVFDUWH�
H[FHVVLYR�GH�HPEDODJHQV�SURGX]LGDV�D�SDUWLU�GH�SROtPHURV�FXMDV�GHJUDGDomR�H�PDWpULD�SULPD�VmR�OLPLWDGD��
'HVWH�PRGR��SURGX]LU�WDLV�HPEDODJHQV�D�SDUWLU�GH�PDWHULDLV�UHQRYiYHLV�H�GHJUDGiYHLV�WHP�VH�PRVWUDGR�XPD�
ERD�DOWHUQDWLYD�SDUD�D�OLPLWDomR�GDV�HPEDODJHQV�DWXDLV��%LRSROtPHURV��FRPR�SROLVVDFDUtGHRV�GH�RULJHP�YH�
JHWDO�H�DQLPDO��WDLV�FRPR�K\GUR[\SURS\O�PHWK\OFHOOXORVH��+30&��H�4XLWRVDQD��46��DSUHVHQWDP�FDUDFWH�
UtVWLFDV�TXH�SRGHP�VXSULU�WDLV�OLPLWDo}HV��HQWUHWDQWR�DSUHVHQWDP�SURSULHGDGHV�ItVLFDV�TXtPLFDV��PHFkQLFDV��
WpUPLFDV�H�GH�EDUUHLUD��LQIHULRUHV�TXDQGR�VmR�DSOLFDGDV�QD�IDEULFDomR�GH�HPEDODJHQV���(63,7,$�HW�DO��������

8P�FDPLQKR�HQFRQWUDGR�WHP�VLGR�LQFUHPHQWDU�DV�SURSULHGDGHV�GDV�HPEDODJHQV�ELRGHJUDGiYHLV�
DGLFLRQDQGR�D�HVWDV�QDQRHVWUXWXUDV�±�QDQRSDUWtFXODV��13V����FXMD�SUHVHQoD��QD�PDWUL]�SROLPpULFD��WHP�DX�
PHQWDGR�VDWLVIDWRULDPHQWH�WDLV�SURSULHGDGHV��PHFkQLFDV��WpUPLFDV�H�GH�EDUUHLUD���7UDEDOKRV�UHFHQWHV�WrP�
PRVWUDGR�TXH�D�DGLomR�GH�13V�GH�46�j�PDWUL]�GH�SROLVVDFDUtGHRV�FRPR�+30&�LQFUHPHQWRX�DV�SURSULHGD�
GHV�PHFkQLFDV��(VVH�UHVXOWDGR�DLQGD�IRL�YHUL¿FDGR�TXDQGR�WDLV�13V�GH�46�IRUDP�DGLFLRQDGDV�D�PDWUL]HV�
GH�+30&�FRP�SROSD�GH�IUXWDV�FRPR�EDQDQD��JRLDED�H�PDPmR��FRP�REMHWLYR�GH�SURSRUFLRQDU�SURSULHGDGHV�
QXWULWLYDV�H�RUJDQROpSWLFDV�DRV�¿OPHV��0$57(/,�HW�DO��������/25(9,&(�HW�DO��������2721,�HW�DO���������

6HQGR�DVVLP��R�SUHVHQWH�WUDEDOKR�WHYH�FRPR�REMHWLYR�SURGX]LU�HPEDODJHQV��¿OPHV��D�SDUWLU�GH�
XPD�PDWUL]�GH�+30&�H�SROSD�GH�JRLDED�DGLFLRQDU�13V�GH�46�GH�PRGR�D�HVWXGDU�R�LQFUHPHQWR�QD�SUR�
SULHGDGH�PHFkQLFD�TXH�DV�13V�SRGHP�SURPRYHU��

2 mAteriAl e métodoS

$V�13V�GH�46�IRUDP�VLQWHWL]DGDV�SHOR�PpWRGR�GH�JHODWLQL]DomR�LRQRWUySLFD�FRP�46�H�WULSROL�
IRVIDWR�GH�VyGLR��733���VHJXQGR�PpWRGR�UHSRUWDGR�SRU�&$/92�HW�DO��������H�/25(9,&(�HW�DO���������
)RUDP�IHLWDV�GXDV�VtQWHVH�GH�13V��WDPDQKRV�GLIHUHQWHV�D�SDUWLU�GH�FRQFHQWUDo}HV�GLIHUHQWHV�GH�46��2�
WDPDQKR�GDV�13V�IRL�DQDOLVDGR�QR�=HWDVL]HU�1DQR�=6��0DOYHUQ�,QVWUXPHQWV�,QF��,UYLQH��&DOLI���8�6�$���
2�¿OPH�FRQWUROH�GH�+30&�IRL�SUHSDUDGR�XWLOL]DQGR�R�PpWRGR�³FDVWLQJ´�D�SDUWLU�GH�XPD�VROXomR�GH�UD]mR�
������GH�+30&�iJXD���)RL�XWLOL]DGD�SROSD�GH�JRLDED�GD�'H�0DUFKL��)LOPHV�FRQVWLWXtGRV�VRPHQWH�GH�SRO�
SD�QmR�DSUHVHQWDUDP�SURSULHGDGHV�VDWLVIDWyULDV�GH�PRGR�TXH�R�+30&�IRL�DGLFLRQDGR�DR�¿OPH�FRQWUROH��
$V�DQiOLVHV�PHFkQLFDV�GRV�¿OPHV�IRUDP�UHDOL]DGDV�FRP�EDVH�QR�PpWRGR�$670�'���������FRUWDQGR�RV�
HP�IRUPD�UHWDQJXODU�FRP�GLPHQV}HV�FRQWURODGDV��(P�VHJXLGD��UHDOL]RX�VH�R�HQVDLR�GH�WUDomR�SDUD�REWHU��
D�WHQVmR�Pi[LPD��70��H�HORQJDomR�Pi[LPD��(��GH�FDGD�XP�GRV�¿OPHV��

3 reSultAdoS e diScuSSÃo

 $V�1346�IRUDP�VLQWHWL]DGDV�FRP�VXFHVVR��REWHQGR�GRLV�WDPDQKRV�GLVWLQWRV�SDUD�FDGD�FRQFHQ�
WUDomR�GH�46�XWLOL]DGD��$�SDUWLU�GD�7DEHOD����FRQVWDWD�VH�TXH�D�FRQFHQWUDomR�GH�46�LQWHUIHUH�VDWLVIDWRULD�
PHQWH�QR�WDPDQKR�PpGLR�GDV�13V��XPD�YH]�TXH�FRQFHQWUDo}HV�PDLV�HOHYDGDV�DXPHQWDP�D�YLVFRVLGDGH�
GD�VROXomR��GL¿FXOWDQGR�D�LQWHUDomR�HQWUH�RV�SUHFXUVRUHV�GDV�13V��IRUPDQGR�13V�PDLRUHV�FXMD�HQHUJLD�
GH�IRUPDomR�p�PHQRU��R�TXH�WRUQD�D�IRUPDomR�GHVWD�PDLV�IDYRUiYHO���/25(9,&(�HW�DO�������

tabela 1. 9DORUHV�GH�WDPDQKR�PpGLR�SDUD�GLIHUHQWHV�QDQRSDUWtFXODV�GH�4XLWRVDQD��
&RQFHQWUDomR�46 tamanho médio e Potencial Zeta das nPs

quitosana nanopartículas tamanho médio (nm) Potencial Zeta (mv)

����PJ�P/ 1346� ������� ����������

����PJ�P/ 1346� �������� ����������

Para diferenciar as sínteses, utilizou-se a nomenclatura NPQS e os números 1 e 2.
�2V�¿OPHV�SURGX]LGRV�DSHQDV�FRP�3*�QmR�VH�IRUPDUDP��6HQGR�DVVLP��R�¿OPH�FRQWUROH�XWLOL]DGR�

IRL�GH�+30&�FRP�3*��$�DGLomR�GR�+30&�SHUPLWLX�D�IRUPDomR�GH�¿OPHV�FRP�HVSHVVXUD�PpGLD�GH������
�������P�H�FRP�13V�H�3*�DSUHVHQWRX�YDORUHV�������������P��7DLV�¿OPHV�DSUHVHQWDUDP�SURSULHGDGHV�
VDWLVIDWyULDV�TXDQWR�j�KRPRJHQHLGDGH��FRQWLQXLGDGH�H�PDQXVHDELOLGDGH��$�)LJXUD���DSUHVHQWD�RV�YDORUHV�
GDV�SURSULHGDGHV�PHFkQLFDV�GH�WHQVmR�Pi[LPD�GH�UXSWXUD��70��H�SRUFHQWDJHP�GH�HORQJDomR�QD�UXSWXUD�
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�(��GRV�¿OPHV��&RQVWDWD�VH�XPD�GLPLQXLomR�QD�70�TXDQGR�VH�DGLFLRQD�3*�DRV�¿OPHV��,VVR�VH�GHYH��VH�
JXQGR�/25(9,&(�HW�DO���������j�H[LVWrQFLD�GH�Do~FDUHV�QD�3*��R�TXH�UHVXOWD�HP�XP�HIHLWR�SODVWL¿FDQWH�
QRV�¿OPHV��GLPLQXLQGR�DV�LQWHUDo}HV�VHFXQGiULDV�GDV�FDGHLDV�GR�+30&��7DO�GLPLQXLomR�p�FRPSHQVDGD�
FRP�D�DGLomR�GH�13V�GH�46��6HJXQGR�0285$�HW�DO���������H�/25(9,&(�HW�DO����������D�SUHVHQoD�GH�
13V�GH�46�QD�PDWUL]�GH�+30&�LQFUHPHQWD�DV�LQWHUDo}HV�LQWHUPROHFXODUHV�HQWUH�DV�FDGHLDV�GR�SROtPHUR��
WRUQDQGR�DVVLP��D�PDWUL]�FRPSDFWD��R�TXH�UHVXOWD�HP�YDORUHV�PDLRUHV�GH�70��

�2�WDPDQKR�GDV�13V�LQÀXHQFLRX�QRV�YDORUHV�GH�70��$V�13V�PHQRUHV�VH�GLVSHUVDP�GH�IRUPD�
PDLV�KRPRJrQHD�VREUH�D�PDWUL]��UHVXOWDQGR�HP�YDORUHV�PHOKRUHV�GH�70��HQTXDQWR�DV�13V�PDLRUHV�WHQ�
GHP�D�VH�DJORPHUDU�H�IRUPDU�³VtWLRV´��UHJL}HV�GH�DJORPHUDGRV�GH�SDUWtFXODV��GH�IRUPD�QmR�KRPRJrQHD��
R�TXH�UHVXOWD�HP�SRQWRV�FRQFHQWUDGRUHV�GH�WHQVmR��DFDUUHWDQGR�DVVLP�HP�PHQRUHV�GRV�YDORUHV�GH�70��

Figura 1. &RPSDUDWLYR�GH�YDORUHV�GH�7HQVmR�0i[LPD�H�GH�(ORQJDomR�GH�¿OPHV�GH�+30&�H�SROSD�GH�JRLDED�
FRQWHQGR�RX�QmR�13V�GH�46���)���HPMC+polpa���)���HPMC + NPQS1���)���HPMC + NPQS2����)���HPMC + 

NPQS1+polpa���)���HPMC + NPQS2+ polpa���)����HPMC.

 2XWUD�SURSULHGDGH�DQDOLVDGD�IRL�D�HORQJDomR�GR�¿OPH�DWp�D�UXSWXUD��RX�VHMD��TXDQWR�R�¿OPH�SRGH�
VH�GHIRUPDU�DQWHV�TXH�VH�URPSD��2EVHUYD�VH�SHOD�)LJXUD���TXH�Ki�XPD�GLPLQXLomR�QD�HORQJDomR�GRV�¿O�
PHV�WDQWR�TXDQGR�VH�DGLFLRQD�13V��TXDQGR�VH�DGLFLRQD�3*��$�DGLomR�GH�3*�DRV�¿OPHV�GH�+30&�H�13V�
GH�46�QR�WUDEDOKR�GH�/25(9,&(�HW�DO���������UHVXOWRX�HP�XP�HIHLWR�SODVWL¿FDQWH�QRV�¿OPHV��HP�TXH�D�
70�GLPLQXL�H�D�HORQJDomR�QD�UXSWXUD�DXPHQWD��

�1RV�¿OPHV�REWLGRV�QHVWH�WUDEDOKR��D�3*�GLPLQXLX�D�70��WRGDYLD�D�HORQJDomR�WDPEpP�VRIUH�XPD�
GLPLQXLomR���R�TXH�RFRUUH�WDPEpP�FRP�D�DGLomR�GH�13V�GH�46��1R�FDVR�GD�DGLomR�GDV�13V��D�HORQJDomR�
GLPLQXL��SRLV�DV�LQWHUDo}HV�HQWUH�DV�FDGHLDV�DXPHQWDP��GL¿FXOWDQGR�R�HVFRDPHQWR�H�HVWLUDPHQWR�GHVVDV�
FDGHLDV��IUDWXUDQGR�R�¿OPH�VHP�TXH�HVWH�VH�GHIRUPH��WRUQDGR�DVVLP�R�¿OPH�PDLV�UtJLGR��

�1R�FDVR�GD�DGLomR�GH�3*��D�GLPLQXLomR�GD�HORQJDomR�VH�GHYH�D�SRVVtYHLV�LQWHUDo}HV�GDV�KLGUR�
[LODV�GRV�Do~FDUHV�GD�3*�FRP�DV�FDGHLDV�GR�+30&��TXH�QmR�LQFUHPHQWDP�D�70��PDV�WRUQDP�R�¿OPH�
SRXFR�VXVFHWtYHO�D�GHIRUPDomR��$�SUHVHQoD�GH�3*�QD�PDWUL]�SRGH�WHQFLRQDU�DV�FDGHLDV�GR�SROtPHUR��GH�
IRUPD�TXH�TXDOTXHU�IRUoD�H[HUFLGD�VREUH�R�¿OPH�QmR�VHMD�WUDQVIHULGD�SDUD�HVWLUDPHQWR�GH�FDGHLDV��PDV�
SDUD�R�URPSLPHQWR�GHVVDV��IUDWXUDQGR�DVVLP�R�¿OPH����

4 concluSÃo

$V�13V�GH�46�IRUDP�VLQWHWL]DGDV�FRP�VXFHVVR��REWHQGR�VH�GRLV�WDPDQKRV�GLIHUHQWHV��)LOPHV�GH�
+30&�H�3*�VH�IRUPDUDP��DSUHVHQWDQGR�SURSULHGDGHV�VDWLVIDWyULDV�TXDQWR�j�PDQXVHDELOLGDGH��FRQWLQXL�
dade e homogeneidade. 

$�LQFRUSRUDomR�GDV�13V�GH�46�DRV�¿OPHV�QmR�PRGL¿FRX�DV�FDUDFWHUtVWLFDV�YLVXDLV�GRV�¿OPHV��
(QWUHWDQWR�DXPHQWRX�DV�SURSULHGDGHV�PHFkQLFDV�GRV�¿OPHV��70��$�HORQJDomR�QmR�VRIUHX�GLPLQXLomR�
FRP�D�DGLomR�GH�3*�H�13V�GH�46���7DLV�UHVXOWDGRV�GHPRQVWUDP�XPD�ERD�DOWHUQDWLYD�SDUD�SURGXomR�GH�
HPEDODJHQV�GH�DOLPHQWRV�TXH�DSUHVHQWHP�SURSULHGDGHV�ELRGHJUDGiYHLV��

AGrAdecimentoS

�2V�DXWRUHV�DJUDGHFHP�j�)$3(63��3URMHWR��������������SHOR�DX[tOLR�j�SHVTXLVD��j�(PEUDSD�H�
')4�)(,6�81(63�SHOD�HVWUXWXUD�GH�SHVTXLVD�H�DRV�GHPDLV�yUJmRV�GH�IRPHQWR�H�¿QDQFLDPHQWR�j�SHV�
TXLVD�),1(3�0&7��&$3(6��&13T��
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&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV

resumo
$�FUHVFHQWH�GHPDQGD�SRU� LQRYDomR�PRWLYD�R�GHVHQYROYLPHQWR�GH�HPEDODJHQV�DWLYDV�SDUD�DOLPHQWRV��
&LQDPDOGHtGR��FRPSRQHQWH�DQWLPLFURELDQR�PDMRULWiULR�GR�yOHR�HVVHQFLDO�GH�FDQHOD��SRGH�VHU�OLEHUDGR�
SRU�¿OPHV�DWLYRV�H� VXEVWLWXLU� FRQVHUYDQWHV� VLQWpWLFRV��2�SUHVHQWH� WUDEDOKR� WHYH�SRU�REMHWLYR�SURGX]LU�
QDQRHPXOV}HV�GH�FLQDPDOGHtGR�FRP�SDUWtFXODV�GH�GLIHUHQWHV�WDPDQKRV�H�DYDOLDU�HVWH�HIHLWR�QR�GHVHP�
SHQKR�DQWLPLFURELDQR�GH�¿OPHV�GH�SHFWLQD�H�SROSD�GH�PDPmR��0DLRUHV�YHORFLGDGHV�GH�DJLWDomR�UHGX]L�
UDP�PDLV�R�WDPDQKR�GDV�SDUWtFXODV��&LQDPDOGHtGR�H[LELX�HIHLWR�DQWLPLFURELDQR�FRQWUD�Escherichia coli��
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Salmonella enterica��Listeria monocytogenes e Staphylococcus aureus��$�PLQLDWXUL]DomR�GDV�SDUWtFXODV�
SRWHQFLDOL]RX�R�HIHLWR�LQLELWyULR�GHYLGR�j�PDLRU�iUHD�VXSHU¿FLDO�H�j�PDLRU�PLJUDomR��
Palavras-chave��(PEDODJHQV�$WLYDV��1DQRHPXOVmR��&LQDPDOGHtGR��3HFWLQD

droPlet miniAturiZAtion oF cinnAmAldeHYde nAnoemulSionS imProveS 
tHe AntimicrobiAl PerFormAnce oF Active bioPolYmer FilmS
Abstract
7KH�ULVLQJ�GHPDQG�IRU�LQQRYDWLRQ�HQFRXUDJHV�WKH�GHYHORSPHQW�RI�DFWLYH�SDFNDJLQJ�IRU�IRRG��&LQQDPDO�
GHK\GH��WKH�PDMRU�DQWLPLFURELDO�FRPSRQHQW�RI�FLQQDPRQ�HVVHQWLDO�RLO��PD\�EH�UHOHDVHG�E\�DFWLYH�¿OPV�
DQG�UHSODFH�V\QWKHWLF�SUHVHUYDWLYHV��7KLV�ZRUN�DLPHG�DW�SURGXFLQJ�FLQQDPDOGHK\GH�QDQRHPXOVLRQV�RI�
GLIIHUHQW�GURSOHW�VL]HV��DV�ZHOO�DV�DVVHVVLQJ�LWV�HIIHFW�RQ�WKH�DQWLPLFURELDO�SHUIRUPDQFH�RI�SHFWLQ�SDSD\D�
SXUHH�¿OPV��,QFUHDVHG�VWLUULQJ�HQHUJLHV�UHGXFHG�GURSOHW�GLDPHWHU�WR�KLJKHU�H[WHQWV��&LQQDPDOGHK\GH�LQ�
hibited Escherichia coli��Salmonella enterica��Listeria monocytogenes��DQG�Staphylococcus aureus. The 
UHGXFWLRQ�RQ�GURSOHW�VL]H�LPSURYHG�EDFWHULDO�LQKLELWLRQ�GXH�WR�WKH�LQFUHDVHG�VXUIDFH�DUHD�DQG�PLJUDWLRQ��
Keywords: $FWLYH�3DFNDJLQJ��1DQRHPXOVLRQ��&LQQDPDOGHK\GH��3HFWLQ

3XEOLFDo}HV�UHODFLRQDGDV��
&DLR�*��2WRQL��0iUFLD�5��GH�0RXUD��)DX]H�$��$RXDGD��*HDQ\�3��&DPLOORWR��5HQDWR�6��&UX]��0DUFRV�
9��/RUHYLFH��1LOGD�GH�)��)��6RDUHV��/XL]�+��&��0DWWRVR��$QWLPLFURELDO�DQG�SK\VLFDO�PHFKDQLFDO�SURSHU�
WLHV�RI�SHFWLQ�SDSD\D�SXUHH�FLQQDPDOGHK\GH�QDQRHPXOVLRQ�HGLEOH�FRPSRVLWH�¿OPV��)RRG�+\GURFROORLGV�
������������������

1 introduÇÃo

0DWUL]HV�ELRSROLPpULFDV�WrP�VLGR�DPSODPHQWH�H[SORUDGDV�QR�GHVHQYROYLPHQWR�GH�HPEDODJHQV�
SDUD�DOLPHQWRV��$�SHFWLQD�p�XP�ELRSROtPHUR�TXH��TXDQGR�DGLFLRQDGR�GH�SROSDV�GH�IUXWDV�H�FRQVHUYDQ�
WHV��WHP�JUDQGH�SRWHQFLDO�SDUD�D�SURGXomR�GH�HPEDODJHQV�DWLYDV�DQWLPLFURELDQDV�FRPHVWtYHLV��DV�TXDLV�
OLEHUDP�JUDGDWLYDPHQWH�FRQVHUYDQWHV�SDUD�RV�DOLPHQWRV��ÏOHRV�HVVHQFLDLV�GH�SODQWDV�WrP�VLGR�IRFR�GH�
HVWXGRV�GHYLGR�j�RFRUUrQFLD�QDWXUDO�H�jV�SURSULHGDGHV�DQWLPLFURELDQDV�FRQWUD�PLFUR�RUJDQLVPRV�SDWRJr�
QLFRV�H�GHWHULRUDGRUHV�GH�DOLPHQWRV��%857���������2�yOHR�HVVHQFLDO�GH�FDQHOD��Cinnamomum zeylani-
cum��GHVWDFD�VH�FRPR�XP�SRWHQFLDO�VXEVWLWXWR�GH�FRQVHUYDQWHV�VLQWpWLFRV�HP�DOLPHQWRV��6HX�FRPSRQHQWH�
PDMRULWiULR��FLQDPDOGHtGR��p�R�UHVSRQViYHO�SHODV�SURSULHGDGHV�DQWLPLFURELDQDV��R�TXH�Mi�IRUD�FRPSUR�
YDGR�HP�HPEDODJHQV�DWLYDV��52-$6�*5$h��$9(1$�%867,//26��)5,('0$1��+(1,.$��0$5�
7Ë1�%(//262��0&+8*+���������8PD�GDV�PDQHLUDV�GH�LQFRUSRUDU�FRPSRVWRV�KLGURIyELFRV��FRPR�R�
FLQDPDOGHtGR��HP�PDWHULDLV�KLGURVVRO~YHLV�VHP�TXH�KDMD�VHSDUDomR�GH�IDVH�p�D�SURGXomR�GH�HPXOV}HV�GH�
yOHR�HP�iJXD��4XDQWR�PHQRUHV�IRUHP�DV�SDUWtFXODV�GD�IDVH�GLVSHUVD��PDLRUHV�VHUmR�VXDV�iUHDV�VXSHU¿�
FLDLV�H�VXDV�FDSDFLGDGHV�GH�PLJUDomR��+8$1*��<8��58���������1DQRHPXOV}HV��FXMDV�SDUWtFXODV�YDULDP�
HP�GLkPHWUR�GH����D�����QP��DSUHVHQWDUDP�PDLRU�DFHVVLELOLGDGH�H�GLVSRQLELOLGDGH�TXH�HPXOV}HV�FRQ�
YHQFLRQDLV��FRP�SDUWtFXODV�HQWUH���H�����ȝP��62/$16��,=48,(5'2��12//$��$=(0$5��*$5&,$�
&(/0$���������2�SUHVHQWH� WUDEDOKR� WHYH�SRU�REMHWLYR�SURGX]LU�QDQRHPXOV}HV�GH�FLQDPDOGHtGR�FRP�
SDUWtFXODV�GH�GLIHUHQWHV�WDPDQKRV�H�DYDOLDU�HVWH�HIHLWR�QR�GHVHPSHQKR�DQWLPLFURELDQR�GH�¿OPHV�DWLYRV�
de pectina e polpa de mamão contra Escherichia coli��Salmonella enterica��Listeria monocytogenes e 
Staphylococcus aureus.

2 mAteriAl e métodoS

2.1 material

&LQDPDOGHtGR��SXUH]D�VXSHULRU�D������3HWLWH�0DULH��,WDTXDTXHFHWXED��63���7ZHHQ�����6\QWK��
'LDGHPD��63���SHFWLQD��&3�.HOFR��$WODQWD��(8$���SROSD�GH�PDPmR��'H�0DUFKL��-XQGLDt��63��H�iJXD�
XOWUDSXUD�IRUDP�XWLOL]DGRV�QDV�IRUPXODo}HV�GDV�HPXOV}HV�H�GRV�¿OPHV��&DOGR�76%��$FXPHGLD�0DQX�
IDFWXUHV�,QF���/DQVLQJ��(8$��H�PHLRV�GH�FXOWXUD�76$��$FXPHGLD�0DQXIDFWXUHV�,QF���H�0XHOOHU�+LQWRQ�
�%HFWRQ��'LFNLQVRQ�DQG�&R���6SDUNV��(8$��IRUDP�XVDGRV�QRV�HQVDLRV�PLFURELROyJLFRV�
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2.2 (PXOVL¿FDomR

¬�iJXD�XOWUDSXUD��IDVH�FRQWtQXD��IRUDP�DGLFLRQDGRV�����P�P��GH�FLQDPDOGHtGR��IDVH�GLVSHUVD��
H�������P�P��GH�7ZHHQ�����HPXOVL¿FDQWH���VHJXLGRV�GH�DJLWDomR�D�������������RX�������USP�SRU���PLQ�
em T25 Ultra-Turrax��,.$�:HUNH�*PE+�	�&R��6WDXIHQ��$OHPDQKD���

2.3 tamanho das partículas

2� WDPDQKR�PpGLR� H�R� tQGLFH�GH�SROLGLVSHUVLYLGDGH� �3G,�� GDV�SDUWtFXODV�GH� FLQDPDOGHtGR� HP�
HPXOVmR�IRUDP�GHWHUPLQDGRV���K�DSyV�D�HPXOVL¿FDomR�DWUDYpV�GH�HVSDOKDPHQWR�GH�OX]�HP�HTXLSDPHQWR�
Zetasizer Nano Series��0DOYHUQ�,QVWUXPHQWV�,QF���:RUFHVWHUVKLUH��,QJODUHUUD���

2.4 &RQIRUPDomR�HP�¿OPHV

6ROXo}HV�DTXRVDV�FRQWHQGR�����P�P��GH�SHFWLQD�H�����P�P��GH�SROSD�GH�PDPmR�IRUDP�GLOXtGDV�
������QDV�HPXOV}HV�SURGX]LGDV��SURGX]LQGR�VROXo}HV�¿OPRJrQLFDV�FRP�FRPSRVLo}HV�PiVVLFDV�GH�������
GH�SHFWLQD�����GH�SROSD�GH�PDPmR�������GH�FLQDPDOGHtGR�H�������GH�7ZHHQ�����$SyV��IRUDP�HVSD�
OKDGDV�VREUH�VXEVWUDWR�SROLPpULFR�SDUD�SROLPHUL]DomR�SRU�HYDSRUDomR�GR�VROYHQWH�D���������&�SRU����K��

2.5 Propriedades antimicrobianas

&XOWXUDV�GH�E. coli��$7&&���������S. aureus��$7&&��������L. monocytogenes �$7&&��������
e S. enterica�VHURYDU�&KROHUDHVXLV��$7&&��������IRUDP�LQRFXODGDV�HP�WXERV�FRQWHQGR�FDOGR�76%�H�
DUPD]HQDGDV�SRU����K�D�����&�DWp�VHUHP�WUDQVIHULGDV�SDUD�QRYRV�WXERV�FRQWHQGR�FDOGR�76%��RQGH�FUHV�
FHUDP�SRU�PDLV����K�D�����&��$V�VXVSHQV}HV�IRUDP�HVWULDGDV�HP�PHLR�76$�HP�SODFDV�GH�3HWUL��DV�TXDLV�
IRUDP�LQFXEDGDV�D�����&�SRU�������K��&RO{QLDV�LVRODGDV�IRUDP�LQRFXODGDV�HP�VROXo}HV�VDOLQDV��������
P�Y��DWp�TXH�D� WXUELGH]�FRLQFLGLVVH�FRP�D�GR�SDGUmR�0F)DUODQG����� �����8)&ÂP/�����$V�VXVSHQV}HV�
IRUDP�SODTXHDGDV�FRP�swabs�HP�iJDU�0XHOOHU�+LQWRQ��2V�¿OPHV�IRUDP�FRUWDGRV�HP�GLVFRV�GH���FP�GH�
GLkPHWUR��HVWHULOL]DGRV�VXSHU¿FLDOPHQWH�SRU�UDGLDomR�89�H�SRVLFLRQDGRV�QR�FHQWUR�GDV�SODFDV�GH�3HWUL����
GLVFR�SRU�SODFD��FRQWHQGR�R�PHLR�GH�FXOWXUD�LQRFXODGR��$V�SODFDV�IRUDP�LQFXEDGDV�D�����&�SRU�������K�
�&/6,���������2V�GLkPHWURV�GDV�]RQDV�GH�LQLELomR�HP�WRUQR�GRV�¿OPHV�IRUDP�PHGLGRV�FRP�SDTXtPHWUR�
�0LWXWR\R�&RUS���.DQRJDZD��-DSmR��

2.6 tratamento estatístico dos dados

2V�GDGRV�REWLGRV�IRUDP�DQDOLVDGRV�QR�SURJUDPD�Minitab����������6WDWH�&ROOHJH��(8$��DWUDYpV�
GH�DQiOLVH�GH�YDULkQFLD��$129$��H�WHVWH�GH�7XNH\�D����GH�SUREDELOLGDGH�

3 reSultAdoS e diScuSSÃo

3.1 tamanho das partículas

$�7DEHOD���DSUHVHQWD�RV�YDORUHV�GH�WDPDQKR�H�3G,�GDV�SDUWtFXODV�GH�FLQDPDOGHtGR�HP�HPXOVmR�
DQWHV�GD�LQFRUSRUDomR�jV�VROXo}HV�¿OPRJrQLFDV�H�GD�FRQIRUPDomR�GHVWDV�HP�¿OPHV�

tabela 1. 'LkPHWUR�PpGLR��D��H�tQGLFH�GH�SROLGLVSHUVLYLGDGH��3G,��GH�SDUWtFXODV�GH�FLQDPDOGHtGR�
9HORFLGDGH�GH�DJLWDomR��USP� D (nm) Pdi

���� ��������������a �������������a

����� �������������b �������������b

����� ������������c �������������b

 a-c numa mesma coluna, valores médios ± desvios padrões diferentes (p < 0,05) antecedem letras diferentes 

0DLRUHV�WD[DV�GH�FLVDOKDPHQWR�LPSRVWDV�SRU�PDLRUHV�YHORFLGDGHV�GH�URWDomR�GXUDQWH�D�HWDSD�GH�
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DJLWDomR�OHYDUDP�D�SDUWtFXODV�PHQRUHV��p����������1HVWH�HVWXGR��WRGDV�DV�YHORFLGDGHV�GH�DJLWDomR�PLQLD�
WXUL]DUDP�DV�SDUWtFXODV�DWp�D�HVFDOD�QDQRPpWULFD��7DEHOD����

2�3G,�p�XP�LQGLFDWLYR�GH�FRPR�D�GLVWULEXLomR�GR�WDPDQKR�GDV�SDUWtFXODV�p�HVSDOKDGD��$V�SDUWtFX�
ODV�GH�FLQDPDOGHtGR�DSUHVHQWDUDP�GLVWULEXLo}HV�GH�WDPDQKR�HVWUHLWDV��Mi�TXH�RV�YDORUHV�GH�3G,�QmR�IRUDP�
VXSHULRUHV�D������7DEHOD�����e�UHOHYDQWH�PHQFLRQDU�TXH�RV�YDORUHV�PpGLRV�GH�3G,�QmR�IRUDP�GLIHUHQWHV�
�p !��������H[FHWR�QR�FDVR�GD�HPXOVmR�DQDOLVDGD���K�DSyV�VHU�SUHSDUDGD�D������USP��7DEHOD�����,VWR�p�
DWULEXtGR�DR�IRUQHFLPHQWR�GH�PHQRU�HQHUJLD�DR�VLVWHPD�GXUDQWH�D�HPXOVL¿FDomR��WRUQDQGR�D�GLVWULEXLomR�
de tamanho mais larga. 
 

3.2 Propriedades antimicrobianas

$V�iUHDV�GDV�]RQDV�GH�LQLELomR�GRV�TXDWUR�PLFUR�RUJDQLVPRV�WHVWDGRV��PHGLGDV�HP�WRUQR�GRV�
GLVFRV�GH�¿OPHV�SURGX]LGRV��HVWmR�DSUHVHQWDGDV�QD�7DEHOD���

tabela 2. ÈUHDV�GDV�]RQDV�GH�LQLELomR�GH�Escherichia coli��Salmonella enterica��Listeria monocytogenes��H�
Staphylococcus aureus�SHORV�¿OPHV�DWLYRV

Filme ÈUHD�GD�]RQD�GH�LQLELomR��PP2)

E. coli S. enterica L. monocytogenes S. aureus

$ ���������a ����������a �����������a ������������a

B ����������� ����������a �����������b �����������b

& ����������b ������������b �����������c ������������c

a-c numa mesma coluna, valores médios ± desvios padrões diferentes (p < 0,05) antecedem letras diferentes

2V�¿OPHV�DGLFLRQDGRV�GH�QDQRHPXOV}HV�GH�FLQDPDOGHtGR�OHYDUDP�j�IRUPDomR�GH�]RQDV�GH�LQLEL�
omR��7DEHOD�����FRQ¿UPDQGR�VHX�SRGHU�LQLELWyULR��)LOPHV�LQFRUSRUDGRV�FRP�SDUWtFXODV�PHQRUHV�WLYHUDP�
PHOKRUHV��p���������GHVHPSHQKRV�DQWLPLFURELDQRV��LQGLFDGRV�SRU�PDLRUHV��p���������]RQDV�GH�LQLELomR�
�7DEHOD�����(VWH�FRPSRUWDPHQWR�p�LOXVWUDGR�QD�)LJXUD���

*RWtFXODV�HP�QDQRHPXOV}HV�WrP�iUHDV�VXSHU¿FLDLV�VXSHULRUHV�jTXHODV�HP�HPXOV}HV�FRQYHQFLR�
QDLV��OHYDQGR�D�PDLRU�GLVSRQLELOLGDGH�GR�FRPSRVWR�GLVSHUVR��+8$1*��<8��58���������2V�PHOKRUHV�
GHVHPSHQKRV�DQWLPLFURELDQRV�GH�SDUWtFXODV�PHQRUHV�HQFRQWUDGDV�QR�SUHVHQWH�HVWXGR�VmR��SRUWDQWR��DWUL�
EXtGRV�jV�PDLRUHV�KDELOLGDGHV�GH�PLJUDomR�GR�FRPSRVWR�DWLYR�GRV�¿OPHV�SDUD�DV�FpOXODV�PLFURELDQDV��
(VWD�WHVH�p�VXSRUWDGD�SRU�+XDQJ��<X�H�5X���������TXH�DSRQWDP�FRPR�SULQFLSDO�YDQWDJHP�GH�QDQRHPXO�
V}HV�VREUH�HPXOV}HV�FRQYHQFLRQDLV�R�WUDQVSRUWH�IDFLOLWDGR�GH�FRPSRVWRV�¿WRTXtPLFRV�SHODV�PHPEUDQDV�
FHOXODUHV��UHVXOWDQGR�HP�PDLRU�FRQFHQWUDomR�GH�¿WRTXtPLFRV�QR�SODVPD�H��ORJR��HP�PDLRU�ELRGLVSRQL�
bilidade.

Figura 2. =RQDV�GH�LQLELomR�GH�Salmonella enterica�HP�WRUQR�GRV�¿OPHV�VHP�FLQDPDOGHtGR��$��H�FRP�HPXOV}HV�
DTXRVDV�GH�FLQDPDOGHtGR�REWLGDV�SRU�DJLWDo}HV�D�������%����������&��H�������USP��'���

4 concluSÃo

3RGH�VH�FRQFOXLU��FRP�EDVH�QR�SUHVHQWH�HVWXGR��TXH�R�WDPDQKR�GDV�SDUWtFXODV�HP�QDQRHPXOV}HV�
GH�FLQDPDOGHtGR�SRGH�VHU�FRQWURODGR�SHOR�QtYHO�GH�HQHUJLD�PHFkQLFD�IRUQHFLGR�GXUDQWH�D�HPXOVL¿FDomR�



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014.112

H�TXH�D�PLQLDWXUL]DomR�GHVWDV�SDUWtFXODV�SRWHQFLDOL]D�VHXV�GHVHPSHQKRV�DQWLPLFURELDQRV�TXDQGR�LQFRU�
SRUDGRV�HP�¿OPHV�DWLYRV��

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�&$3(6��)$3(63���������������&13T��81(63�)(,6��/$%(0�8)9�H�
(0%5$3$�

reFerÊnciAS

%857��6��(VVHQWLDO�RLOV��WKHLU�DQWLEDFWHULDO�SURSHUWLHV�DQG�SRWHQWLDO�DSSOLFDWLRQV�LQ�IRRGVíD�UHYLHZ��,Q�
WHUQDWLRQDO�-RXUQDO�RI�)RRG�0LFURELRORJ\��Y������Q�����S����������������

&/,1,&$/�$1'�/$%25$725<�67$1'$5'6�,167,787(��&/6,���3HUIRUPDQFH�VWDQGDUGV�IRU�DQ�
WLPLFURELDO�GLVN�6XVFHSWLELOLW\�WHVWV��DSSURYHG�VWDQGDUG����th�HG���:D\QH��3$��86$��&OLQLFDO�DQG�/DER�
UDWRU\�6WDQGDUGV�,QVWLWXWH��&/6,�GRFXPHQW�0���$����������ZZZ�FOVL�RUJ�

+8$1*��4���<8��+���58��4��%LRDYDLODELOLW\� DQG� GHOLYHU\� RQ� QXWUDFHXWLFDOV� XVLQJ� QDQRWHFKQRORJ\��
-RXUQDO�RI�)RRG�6FLHQFH��Y������Q�����S��5���5���������

52-$6�*5$h��0��$���$9(1$�%867,//26�� 5�� -��� )5,('0$1��0��� +(1,.$�� 3�� 5���0$57Ë1
�%(//262��2���0&+8*+��7��+��0HFKDQLFDO��EDUULHU�DQG�DQWLPLFURELDO�SURSHUWLHV�RI�DSSOH�SXUHH�HGL�
EOH�¿OPV�FRQWDLQLQJ�SODQW�HVVHQWLDO�RLOV��-RXUQDO�RI�$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\��Y������Q������S��
����������������

62/$16��&���,=48,(5'2��3���12//$��-���$=(0$5��1���*$5&,$�&(/0$��0��-��1DQRHPXOVLRQV��
&XUUHQW�2SLQLRQ�LQ�&ROORLG�	�,QWHUIDFH�6FLHQFH��Y������Q�������S����������������

reFinAmento de emulSõeS de óleo eSSenciAl de 
oréGAno AtrAvéS de ultrASonicAÇÃo inFluenciA AS 

ProPriedAdeS mecÂnicAS de FilmeS de metilceluloSe
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0DWHULDLV��8)6&DU��6mR�&DUORV��63���/$%(0��'HSDUWDPHQWR�GH�7HFQRORJLD�GH�$OLPHQWRV��8)9��
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&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
&RPR�RV�FRQVXPLGRUHV�GHPDQGDP�FDGD�YH]�PDLV�DOLPHQWRV�OLYUHV�GH�FRQVHUYDQWHV�VLQWpWLFRV��R�yOHR�
HVVHQFLDO�GH�RUpJDQR��Origanum vulgare���2(2��WHP�VLGR�LQFRUSRUDGR�DWUDYpV�GH�HPXOV}HV�D�PDWUL]HV�
SROLPpULFDV�KLGURVVRO~YHLV��$�HVWDELOLGDGH�GDV�HPXOV}HV�p�DXPHQWDGD�PLQLDWXUL]DQGR�VH�DV�SDUWtFXODV�
DWp�D�HVFDOD�QDQRPpWULFD��(VWH� WUDEDOKR�REMHWLYRX�SURGX]LU�¿OPHV�GH�PHWLOFHOXORVH��0&��DGLFLRQDGRV�
GH�HPXOV}HV�GH�2(2�UH¿QDGDV�SRU�XOWUDVRQLFDomR��DVVLP�FRPR�DYDOLDU�R�HIHLWR�GR�2(2�H�GH�VHX�UH¿�
QDPHQWR�QDV�SURSULHGDGHV�PHFkQLFDV�GRV�¿OPHV��$�XOWUDVRQLFDomR�PLQLDWXUL]RX�DV�SDUWtFXODV�GH�2(2�
H�HVWUHLWRX�D�VXD�GLVWULEXLomR�GH�WDPDQKRV��2�2(2�UHGX]LX�D�ULJLGH]�H�DXPHQWRX�D�H[WHQVLELOLGDGH�GRV�
¿OPHV�GH�0&��2�UH¿QDPHQWR�GD�HPXOVmR�SRWHQFLDOL]RX�HVWH�HIHLWR�
Palavras-chave��(PEDODJHQV�$WLYDV��1DQRHPXOVmR��2UpJDQR��0HWLOFHOXORVH��8OWUDVRQLFDomR

reFininG oreGAno eSSentiAl oil emulSionS tHrouGH ultrASonicAtion 
AFFectS tHe mecHAnicAl ProPertieS oF metHYlcelluloSe FilmS
Abstract
$V�FRQVXPHUV�LQFUHDVLQJO\�GHPDQG�V\QWKHWLF�SUHVHUYDWLYH�IUHH�IRRGV��RUHJDQR��Origanum vulgare��HV�
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VHQWLDO�RLO��2(2��KDV�EHHQ�LQFRUSRUDWHG�WKURXJK�HPXOVLRQV�LQWR�ZDWHU�VROXEOH�SRO\PHU�PDWULFHV��7KH�
VWDELOLW\�RI�VXFK�HPXOVLRQV�LV�LQFUHDVHG�E\�UHGXFLQJ�GURSOHW�VL]H�XS�WR�WKH�QDQRVFDOH��7KLV�ZRUN�DLPHG�
DW�SURGXFLQJ�PHWK\OFHOOXORVH��0&��¿OPV�DGGHG�E\�2(2�HPXOVLRQV�UH¿QHG�E\�XOWUDVRQLFDWLRQ��DV�ZHOO�DV�
HYDOXDWLQJ�WKH�HIIHFW�RI�ERWK�2(2�DGGLWLRQ�DQG�UH¿QLQJ�RQ�WKH�¿OPV¶�PHFKDQLFDO�SURSHUWLHV��8OWUDVRQLFD�
WLRQ�PLQLDWXUL]HG�2(2�GURSOHWV�DQG�QDUURZHG�WKHLU�VL]H�GLVWULEXWLRQ��2(2�SODVWLFL]HG�0&�¿OPV��UHGXF�
LQJ�WKHLU�VWLIIQHVV�ZKLOH�LQFUHDVLQJ�WKHLU�H[WHQVLELOLW\��2(2�GURSOHW�PLQLDWXUL]DWLRQ�LPSURYHG�WKLV�HIIHFW�
Keywords: $FWLYH�3DFNDJLQJ��1DQRHPXOVLRQ��2UHJDQR��0HWK\OFHOOXORVH��8OWUDVRQLFDWLRQ

3XEOLFDo}HV�UHODFLRQDGDV��
&DLR�*��2WRQL��6LOYDQLD�)��2��3RQWHV��(EHU�$��$��0HGHLURV��1LOGD�GH�)��)��6RDUHV��(GLEOH�¿OPV�IURP�
PHWK\OFHOOXORVH�DQG�QDQRHPXOVLRQV�RI�FORYH�EXG��Syzygium aromaticum��DQG�RUHJDQR��Origanum vul-
gare��HVVHQWLDO�RLOV�DV�VKHOI�OLIH�H[WHQGHUV�IRU�VOLFHG�EUHDG��-RXUQDO�RI�$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\�
��������������������

1 introduÇÃo

$�GHPDQGD� FUHVFHQWH�GRV� FRQVXPLGRUHV�SRU� DOLPHQWRV� FRP�PHQRUHV� FDUJDV�GH� FRQVHUYDQWHV�
VLQWpWLFRV�PRWLYD�R�GHVHQYROYLPHQWR�GH�WpFQLFDV�DOWHUQDWLYDV�GH�FRQVHUYDomR��$QWLPLFURELDQRV�QDWXUDLV��
FRPR�R�yOHR�HVVHQFLDO�GH�RUpJDQR��Origanum vulgare���2(2���WrP�VLGR�LQFRUSRUDGRV�HP�HPEDODJHQV�
DWLYDV�FDSD]HV�GH�OLEHUi�ORV�SDUD�R�DOLPHQWR��JDUDQWLQGR�D�VHJXUDQoD�GH�VHX�FRQVXPR��'X�HW�DO����������
$�LQFRUSRUDomR�GH�VXEVWkQFLDV�DSRODUHV�FRPR�R�2(2�HP�VROXo}HV�SROLPpULFDV�DTXRVDV�FDXVD�VHSDUDomR�
GH�IDVH�HVSRQWkQHD��Mi�TXH�D�HVWDELOLGDGH�p�DWLQJLGD�TXDQGR�D�iUHD�LQWHUIDFLDO�HQWUH�DV�IDVHV�LPLVFtYHLV�p�
PtQLPD��,VWR�p�LQGHVHMiYHO�SRU�IRUPDU�¿OPHV�KHWHURJrQHRV��ORJR�VXUIDFWDQWHV�VmR�DGLFLRQDGRV�SDUD�JD�
UDQWLU�D�HVWDELOLGDGH��2XWUD�PDQHLUD�GH�DXPHQWDU�D�HVWDELOLGDGH�p�DWUDYpV�GD�PLQLDWXUL]DomR�GDV�PLFHODV�
HP�HPXOVmR�DWp�D�HVFDOD�QDQRPpWULFD��SURGX]LQGR�QDQRHPXOV}HV�FRP�SDUWtFXODV�GH�GLkPHWURV�HQWUH����
H�����QP��2WRQL�HW�DO����������2EMHWLYRX�VH��FRP�R�SUHVHQWH�WUDEDOKR��SURGX]LU�¿OPHV�GH�PHWLOFHOXORVH�
�0&��DGLFLRQDGRV�GH�HPXOV}HV�GH�2(2�UH¿QDGDV�SRU�XOWUDVRQLFDomR��DVVLP�FRPR�DYDOLDU�R�HIHLWR�GR�
2(2�H�GH�VHX�UH¿QDPHQWR�QDV�SURSULHGDGHV�PHFkQLFDV�GRV�¿OPHV�

2 mAteriAl e métodoS

2.1 material

2(2� �)HUTXLPD� /WGD���� 7ZHHQ� ��� �/DEV\QWK���0&� �6LJPD�$OGULFK� /WGD���� 3ROLHWLOHQRJOLFRO�
�3(*���,VRIDU�/WGD���H�iJXD�IRUDP�XWLOL]DGRV�QDV�IRUPXODo}HV�GDV�HPXOV}HV�H�GRV�¿OPHV��

2.2 (PXOVL¿FDomR

$GLFLRQDUDP�VH�����P�Y��GH�2(2������P�Y��GH�7ZHHQ����H�������P�Y��GH�3(*�D�iJXD�XOWUD�
SXUD��DJLWDQGR�VH�SRU���PLQ�D������USP�SDUD�SURGX]LU�HPXOV}HV�FRQYHQFLRQDLV��(&���DV�TXDLV�IRUDP�
XOWUDVRQLFDGDV�SRU����PLQ�HP�HTXLSDPHQWR�'(6�����8QLTXH�*URXS��j�IUHTXrQFLD�GH����N+]�H�SRWrQFLD�
GH�����:�SDUD�SURGX]LU�QDQRHPXOV}HV��1(���

2.3 tamanho das partículas

2�GLkPHWUR�PpGLR�H�R�tQGLFH�GH�SROLGLVSHUVLYLGDGH��3G,��GDV�SDUWtFXODV�GH�2(2�HP�HPXOVmR�
IRUDP�GHWHUPLQDGRV�SRU�HVSDOKDPHQWR�GH�OX]�HP�HTXLSDPHQWR�Nanophox �6\SDWHF�*PE+���

2.4 &RQIRUPDomR�HP�¿OPHV

¬V�HPXOV}HV�SUHYLDPHQWH�SURGX]LGDV�IRUDP�DGLFLRQDGRV�����P�Y��GH�0&�FRPR�PDWUL]�SROL�
PpULFD��$V�VROXo}HV�IRUDP�KRPRJHQHL]DGDV�SRU����PLQ�D���USP�H�HVSDOKDGDV�VREUH�SODFDV�GH�YLGUR�SDUD�
VHFDUHP�D���������&�SRU����K��3DUD�¿QV�GH�FRPSDUDomR��¿OPH�FRQWUROH�IRL�SURGX]LGR�GD�PHVPD�IRUPD��
SRUpP�DSHQDV�FRQWHQGR�0&��3(*�H�7ZHHQ����
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2.5 0LFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9�

$�PRUIRORJLD�GRV�¿OPHV�IRL�DYDOLDGD�HP�PLFURVFySLR�70������+LWDFKL��,QF����RSHUDQGR�FRP�
YROWDJHP�GH�DFHOHUDomR�GH����N9�H�PDJQL¿FDomR�GH������;�

2.6 Propriedades mecânicas

2V�¿OPHV�IRUDP�FRUWDGRV�HP�FRUSRV�GH�SURYD�GH�����PP�î����PP��5HVLVWrQFLD�j�WUDomR��57���
PyGXOR�GH�HODVWLFLGDGH��0(��H�HORQJDomR�QD�UXSWXUD��(5��IRUDP�GHWHUPLQDGRV�HP�PiTXLQD�XQLYHUVDO�GH�
HQVDLRV�PHFkQLFRV��PRGHOR�������,QVWURQ�&RUS���FRP�FpOXOD�GH�FDUJD�GH���N1�H�FRP�JDUUDV�LQLFLDOPHQWH�
HVSDoDGDV�GH����PP�H�TXH�VH�DIDVWDYDP�D����PPÂPLQí�. 

2.7 tratamento estatístico dos dados

2V�GDGRV�REWLGRV�IRUDP�DQDOLVDGRV�QR�SURJUDPD�SAS������6$6�,QVWLWXWH��,QF���DWUDYpV�GH�DQiOLVH�
GH�YDULkQFLD��$129$��H�WHVWH�GH�7XNH\�D����GH�SUREDELOLGDGH�

3 reSultAdoS e diScuSSÃo

3.1 tamanho das partículas

$�7DEHOD���DSUHVHQWD�RV�YDORUHV�GH�WDPDQKR�H�3G,�GDV�SDUWtFXODV�GH�2(2�

tabela 1. 'LkPHWUR�PpGLR��D��H�tQGLFH�GH�SROLGLVSHUVLYLGDGH��3G,��GH�SDUWtFXODV�GH�yOHR�HVVHQFLDO�GH�RUpJDQR�HP�
HPXOVmR�FRQYHQFLRQDO��(&��H�QDQRHPXOVmR��1(�

(PXOVmR D (nm) Pdi

(& �����������������a �����

1( ��������������b �����
 a-b numa mesma coluna, valores médios ± desvios padrões diferentes (p < 0,05) antecedem letras diferentes

 
(&V��SURGX]LGDV�DWUDYpV�GH�DJLWDomR�D�EDL[D�YHORFLGDGH��DSUHVHQWDUDP�SDUWtFXODV�FRP�GLkPHWURV�

GH�DOJXQV�PLFU{PHWURV��PDLRUHV��p���������TXH�DTXHODV�SUHVHQWHV�QDV�1(V��7DEHOD�����$�PLQLDWXUL]DomR�
GH�PLFHODV�HP�HPXOVmR�p�XP�SURFHVVR�QmR�HVSRQWkQHR�TXH�H[LJH�D�DSOLFDomR�GH�HQHUJLD�VX¿FLHQWH�SDUD�
DXPHQWDU�VXDV�iUHDV�VXSHU¿FLDLV�XPD�YH]�VXSHUDGD�D�HQHUJLD�OLYUH�GH�VXSHUItFLH��$EEDV�HW�DO����������$�
HQHUJLD�DSOLFDGD�GXUDQWH�D�DJLWDomR�D�EDL[D�YHORFLGDGH�QmR�IRL�VX¿FLHQWH�SDUD�PLQLDWXUL]DU�DV�SDUWtFXODV�
GH�2(2�DWp�D�HVFDOD�QDQRPpWULFD��$�XOWUDVRQLFDomR��FRQWXGR��FULRX�IRUoDV�GLVUXSWLYDV�H[WUHPDV�RULXQ�
GDV�GH�XP�LQWHQVR�FDPSR�DF~VWLFR��OHYDQGR�j�UiSLGD�IRUPDomR�H�FRODSVR�GH�PLFUREROKDV�QDV�LQWHUIDFHV�
GDV�SDUWtFXODV��0DVRQ�HW�DO����������(VWH�FRODSVR��FRQKHFLGR�SRU�FDYLWDomR��LQGX]LX�WXUEXOrQFLD�H�RQGDV�
GH�FKRTXH�TXH�PLQLDWXUL]DUDP�DV�SDUWtFXODV�GH�2(2�DWp�D�HVFDOD�QDQRPpWULFD��2XWUD�GLIHUHQoD�QRWyULD�
HQWUH�RV�PpWRGRV�GH�HPXOVL¿FDomR�UHIHUH�VH�DR�3G,��(&V�DSUHVHQWDUDP�YDORUHV�GH�3G,�SUy[LPRV�j�XQL�
GDGH��7DEHOD�����LQGLFDQGR�XPD�ODUJD�H�PXOWLPRGDO�GLVWULEXLomR�GH�WDPDQKRV��$V�1(V��SRU�RXWUR�ODGR��
DSUHVHQWDUDP�GLVWULEXLomR�GH� WDPDQKRV� HVWUHLWD�� VXJHULGD� SRU� EDL[RV� YDORUHV� GH�3G,� �7DEHOD� ����(VWD�
GLIHUHQoD�p�DWULEXtGD�DR�PDLRU�IRUQHFLPHQWR�GH�HQHUJLD�QD�XOWUDVRQLFDomR�TXDQGR�FRPSDUDGR�j�HPXOVL�
¿FDomR�FRQYHQFLRQDO��GDGR�TXH�DV�PLFHODV�WHQGHP�D�DVVXPLU�XP�GLkPHWUR�GH�HTXLOtEULR�j�PHGLGD�TXH�R�
IRUQHFLPHQWR�GH�HQHUJLD�p�DXPHQWDGR��OHYDQGR�j�IRUPDomR�GH�HPXOV}HV�PDLV�XQLIRUPHV�H��SRUWDQWR��FRP�
PHQRUHV�YDORUHV�GH�3G,��2WRQL�HW�DO���������

3.2 0LFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�

$V�LPDJHQV�GH�0(9�HVWmR�DSUHVHQWDGDV�QD�)LJXUD����
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Figura 1. ,PDJHQV�WtSLFDV��REWLGDV�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��GH�¿OPHV�GH�PHWLOFHOXORVH��$��
DGLFLRQDGRV�GH�HPXOVmR�FRQYHQFLRQDO��%��RX�QDQRHPXOVmR��&��GH�yOHR�HVVHQFLDO�GH�RUpJDQR��

2�¿OPH�FRQWUROH�DSUHVHQWRX�VXSHUItFLH�KRPRJrQHD�H�VHP�D�HYLGrQFLD�GH�JRWtFXODV�HP�HPXOVmR�
�)LJXUD��$���3RU�RXWUR�ODGR��JRWtFXODV�VmR�IDFLOPHQWH�REVHUYDGDV�QRV�¿OPHV�HPXOVLRQDGRV��)LJXUD��%�
H��&���2�¿OPH�GH�0&�DGLFLRQDGR�GH�(&�GH�2(2�DSUHVHQWRX�SDUWtFXODV�PXLWR�PDLRUHV�H�XP�SHU¿O�GH�
GLVWULEXLomR�GH�WDPDQKRV�GH�SDUWtFXODV�PDLV�KHWHURJrQHR�TXH�R�¿OPH�GH�0&�DGLFLRQDGR�GH�1(�GH�2(2��
,VWR�YDOLGD�RV�YDORUHV�GH�WDPDQKR�GH�SDUWtFXOD�H�GH�3G,�REWLGRV�SRU�HVSDOKDPHQWR�GH�OX]��7DEHOD����H�
LQGLFD��DLQGD��TXH�DV�HPXOV}HV�SHUPDQHFHUDP�HVWiYHLV�QR�WRFDQWH�GR�WDPDQKR�GH�VXDV�SDUWtFXODV�GXUDQWH�
D�SROLPHUL]DomR�GRV�¿OPHV�GH�0&�

3.3 Propriedades mecânicas

2V�DWULEXWRV�PHFkQLFRV�57��0(�H�(5�HVWmR�DSUHVHQWDGRV�QD�7DEHOD���

tabela 2. 3URSULHGDGHV�PHFkQLFDV�GH�¿OPHV�GH�PHWLOFHOXORVH��0&��DGLFLRQDGRV�GH�HPXOVmR�FRQYHQFLRQDO��(&��
RX�QDQRHPXOVmR��1(��GH�yOHR�HVVHQFLDO�GH�RUpJDQR

Filme rt (mPa) me (mPa) er (%)

0& �����������a ��������������a ������������a

(& ������������ �������������a ������������b

1( �����������a �������������b ������������c

a-c numa mesma coluna, valores médios ± desvios padrões diferentes (p < 0,05) antecedem letras diferentes

2�2(2�WHYH�HIHLWR�SODVWL¿FDQWH�VXJHULGR�SHOD�FODUD�WHQGrQFLD�QD�UHGXomR�GR�0(�H�SHOR�DXPHQ�
WR��p���������GD�(5�HP�UHODomR�DR�¿OPH�FRQWUROH��7DEHOD�����$�57�QmR�IRL�DIHWDGD��p�!��������$OJXQV�
WUDEDOKRV�UHSRUWDP�R�PHVPR�HIHLWR�SODVWL¿FDQWH�GH�yOHRV�HVVHQFLDLV��TXH�HQIUDTXHFH�DV�LQWHUDo}HV�LQWHU�
PROHFXODUHV�HQWUH�FDGHLDV�SROLPpULFDV�DGMDFHQWHV�H�UHVXOWD�HP�¿OPHV�PHQRV�UtJLGRV�H�PDLV�ÀH[tYHLV��'X�
HW�DO���������%LOEDR�6iLQ]�HW�DO����������$�PLQLDWXUL]DomR�GDV�SDUWtFXODV�GH�2(2�SRWHQFLDOL]RX�R�HIHLWR�
SODVWL¿FDQWH��SDUWtFXODV�PHQRUHV�DXPHQWDUDP��p���������D�(5�H�UHGX]LUDP��p���������R�0(�GRV�¿OPHV��
(VWH�HIHLWR�p�DWULEXtGR�j�PDLRU�FDSDFLGDGH�GH�SDUWtFXODV�PHQRUHV�HP�VH�DORFDUHP�HQWUH�DV�FDGHLDV�SROL�
PpULFDV��FRPSURPHWHQGR�DV�LQWHUDo}HV�LQWHUPROHFXODUHV�

4 concluSÃo

(P�VtQWHVH��¿OPHV�HPXOVLRQDGRV�FRP�2(2�IRUDP�SURGX]LGRV�FRP�VXFHVVR��$�XOWUDVRQLFDomR�IRL�
HIHWLYD�QD�PLQLDWXUL]DomR�GDV�SDUWtFXODV�GH�2(2�H�QR�HVWUHLWDPHQWR�GD�GLVWULEXLomR�GRV�WDPDQKRV�GHVWDV��
2�2(2�DJLX�FRPR�SODVWL¿FDQWH�QR�¿OPH�GH�0&��UHGX]LQGR�VXD�ULJLGH]�H�DXPHQWDQGR�VXD�H[WHQVLELOLGD�
GH��$�PLQLDWXUL]DomR�GDV�SDUWtFXODV�GH�2(2�SRWHQFLDOL]RX�HVWH�HIHLWR��R�TXH�p�SURPLVVRU�SDUD�D�SURGXomR�
GH�¿OPHV�SDUD�DSOLFDo}HV�QDV�TXDLV�D�ÀH[LELOLGDGH�p�HVVHQFLDO�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�R�&13T�H�R�/$%(0�8)9�
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resumo
$�PLFURDOJD�YHUGH�D]XODGD do grupo Cyanobacter denominada Spirulina platensis tem sido alvo de pes�
TXLVD�H�H[SORUDomR�HP�GLYHUVDV�iUHDV��FRPR�VXSOHPHQWDomR�SURWHLFD�GH�GLHWD�KXPDQD�H�GH�DQLPDLV��RE�
WHQomR�GH�VXEVWkQFLDV�ELRDWLYDV�SDUD�GHVHQYROYLPHQWR�GH�IiUPDFRV��SURGXomR�GH�¿OPHV�GH�HPEDODJHQV�
H�SDUD�XVR�WHUDSrXWLFR�QR�WUDWDPHQWR�GH�GHWHUPLQDGDV�GRHQoDV��(P�VXD�FRPSRVLomR�HVWmR�DPLQRiFLGRV�
HVVHQFLDLV�H�RXWURV�FRPSRVWRV�GH�DOWR�YDORU�QXWULFLRQDO��HQWUHWDQWR�UHODWRV�VREUH�D�FDUDFWHUL]DomR�TXtPLFD�
GD�DOJD�SURGX]LGD�QR�%UDVLO�DLQGD�QmR�VmR�FRQKHFLGRV��1HVWH�WUDEDOKR��D�6SLUXOLQD��FXOWLYDGD�QR�(VWDGR�
GD� 3DUDtED�� IRL� FDUDFWHUL]DGD� TXDQWR� D� VXD� FRPSRVLomR� GH� OLStGHRV�� FORUR¿OD�� SURWHtQD�� FDUERLGUDWRV��
XPLGDGH��FLQ]DV�H�DQiOLVH�TXtPLFD�HOHPHQWDU�SRU�HVSHFWURVFRSLD�GH�HQHUJLD�GLVSHUVLYD��('6���5HVXOWD�
GRV�PRVWUDP�TXH�D�6SLUXOLQD�EUDVLOHLUD�SRVVXL�����GH�SURWHtQD������GH�FDUERLGUDWRV�����GH�OLStGHRV�
H�����GH�FLQ]DV��$QiOLVH�TXDOLWDWLYD�GH�HOHPHQWRV�GHPRQVWURX�D�SUHVHQoD�GH�PHWDLV�H�PLFURHOHPHQWRV�
SHUWHQFHQWHV�j�GLHWD�KXPDQD��FRPR�.��0J��=Q��H�1D��H�WDPEpP�D�SUHVHQoD�GH�DOXPtQLR�HP�SHTXHQDV�
TXDQWLGDGHV��R�TXH�SRGH�VHU�UHVXOWDGR�GH�FRQWDPLQDomR�GH�VROR�RX�iJXD�GH�FXOWLYR��LQGLFDQGR�TXH�GHYH�
VHU�HVWDEHOHFLGR�OLPLWH�SDUD�R�FRQVXPR�GLiULR�GHVWH�PDWHULDO��'HVWD�IRUPD��D�FRPSRVLomR�TXtPLFD�GD�
6SLUXOLQD�EUDVLOHLUD�p�IDYRUiYHO�DR�VHX�XVR�HP�GLYHUVDV�iUHDV��LQFOXLQGR�DOLPHQWDomR�KXPDQD��
Palavras-chave��Spirulina platensis��PLFURDOJD��FDUDFWHUL]DomR�TXtPLFD��('6�

cHemicAl cHArActeriZAtion oF SpIRULInA pLAtEnSIS
Abstract
7KH�EOXH�JUHHQ�PLFURDOJDH�Spirulina platensis�IURP�WKH�&\DQREDFWHU�JURXS�KDV�EHHQ�VXEMHFW�RI�UHVHDUFK�
DQG�H[SORUDWLRQ�LQ�YDULRXV�DUHDV��VXFK�DV�IRU�XVH�DV�SURWHLQ�VXSSOHPHQW�LQ�KXPDQ�DQG�DQLPDO�GLHWV��WR�
REWDLQ�ELRDFWLYH� VXEVWDQFHV� IRU�SKDUPDFHXWLFDO�GHYHORSPHQWV�� LQ�¿OP�DQG�SDFNDJLQJ�SURGXFWLRQ�DQG�
IRU�WKHUDSHXWLF�XVH�LQ�WKH�WUHDWPHQW�RI�FHUWDLQ�GLVHDVHV��,W�FRQWDLQV�HVVHQWLDO�DPLQR�DFLGV�DQG�RWKHU�FRP�
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SRXQGV�RI�KLJK�QXWULWLRQDO�YDOXH��5HSRUWV�RQ� WKH�FKHPLFDO�FKDUDFWHUL]DWLRQ�RI� WKLV�DOJDH�SURGXFHG� LQ�
%UD]LO�DUH�QRW�\HW�NQRZQ��,Q�WKLV�ZRUN��6SLUXOLQD�FXOWLYDWHG�LQ�WKH�VWDWH�RI�3DUDtED�ZDV�FKDUDFWHUL]HG�E\�
PRLVWXUH��DVK��OLSLGV��FKORURSK\OO��SURWHLQ�DQG�FDUERK\GUDWHV�FRQWHQWV�DQG�FKHPLFDO�HOHPHQWV�E\�HQHUJ\�
GLVSHUVLYH�VSHFWURVFRS\��('6���5HVXOWV�VKRZHG�WKDW�6SLUXOLQD�KDV�D�IDYRUDEOH�FKHPLFDO�FRPSRVLWLRQ�IRU�
IRRG�DSSOLFDWLRQV�DPRQJ�RWKHU�DSSOLFDWLRQV�
Keywords: 6SLUXOLQD��PLFURDOJDH��FKHPLFDO�FKDUDFWHUL]DWLRQ��('6�

3XEOLFDo}HV� UHODFLRQDGDV��&DUDFWHUL]DomR� GD Spirulina platensis por termogravimetria,�9,� -RUQDGD�
FLHQWt¿FD�±�(PEUDSD�6mR�&DUORV

1 introduÇÃo

$�6SLUXOLQD�p�XPD�PLFURDOJD�YHUGH�D]XODGD�SHUWHQFHQWH�DR�JUXSR�Cyanobacter��GH�PLFUR�RUJD�
QLVPRV�IRWRVVLQWHWL]DQWHV�TXH��DSHVDU�GH�VHUHP�XQLFHOXODUHV��DJUXSDP�VH�IRUPDQGR�¿ODPHQWRV��2�JUDQGH�
LQWHUHVVH�SHOR�HVWXGR�GHVVD�PLFURDOJD�VH�GHYH�DR�VHX�DOWR�SRWHQFLDO�GH�DSOLFDomR��SRLV��DOpP�GH�FRQWHU�
HQWUH����H������HP�PDVVD�VHFD��GH�SURWHtQDV�H�DPLQRiFLGRV�HVVHQFLDLV��H�SRVVXLU�OLStGHRV��YLWDPLQDV�H�
PLQHUDLV�GH�LPSRUWDQWH�YDORU�QXWULFLRQDO��HVWXGRV�LQGLFDP�TXH�HOD�SRVVXL�SURSULHGDGHV�WHUDSrXWLFDV�QR�
WUDWDPHQWR�GH�DOJXPDV�GRHQoDV��$OpP�GH�XVR�SDUD�VXSOHPHQWDomR�GH�GLHWD�KXPDQD�H�GH�DQLPDLV��DOJXPDV�
iUHDV�GH�DSOLFDomR�GD�6SLUXOLQD�VmR��WUDWDPHQWR�GH�HÀXHQWHV��REWHQomR�GH�HQHUJLD�H�REWHQomR�GH�VXEVWkQ�
FLDV�ELRDWLYDV�SDUD�XVR�HP�IiUPDFRV�H�FRVPpWLFRV��+DELE�HW�DO����������2XWUD�SRVVtYHO�DSOLFDomR�p�QD�iUHD�
GH�PDWHULDLV��QD�SURGXomR�GH�¿OPHV�FRPHVWtYHLV�H�GH�HPEDODJHQV�ELRGHJUDGiYHLV��HP�VXEVWLWXLomR�DR�
XVR�GH�PDWHULDLV�GHULYDGRV�GH�SHWUyOHR��,VVR�SRUTXH�¿OPHV�SURGX]LGRV�j�EDVH�GH�SURWHtQDV�FRVWXPDP�WHU�
SURSULHGDGHV�VXSHULRUHV�GH�EDUUHLUD�D�JDVHV��&22 e O2��HP�FRPSDUDomR�FRP�¿OPHV�ELRGHJUDGiYHLV�j�EDVH�
GH�OLStGHRV�H�FDUERLGUDWRV��=HOOHU�HW��DO���������2X�HW��DO����������$�FDUDFWHUL]DomR�TXtPLFD�GH�6SLUXOLQD�
FRPHUFLDO�H�QmR�FRPHUFLDO�Mi�IRL�UHDOL]DGD�SRU�DOJXQV�DXWRUHV��2UWHJD�&DOYR�������DQDOLVDUDP�DOJXPDV�
HVSpFLHV�GH�DOJDV�YHQGLGDV�FRPR�VXSOHPHQWDomR�DOLPHQWDU�QD�(VSDQKD��H�*DHVH�������DQDOLVRX�6SLUXOLQD�
SODWHQVLV�FXOWLYDGD�QR�ODJR�(O�.KDGUD��QR�(JLWR��$PERV�YHUL¿FDUDP�TXH�D�PLFURDOJD�SRVVXL�WHRUHV�GH�
SURWHtQDV�DFLPD�GH������OLStGHRV�HP�WRUQR�GH����H�FDUERLGUDWRV�HP�WRUQR�GH������DOpP�GH�FLQ]DV��FRP�
FHUFD�GH������1R�HQWDQWR��QmR�Ki�UHODWRV�GHVVD�FDUDFWHUL]DomR�UHDOL]DGD�SDUD�D�PLFURDOJD�QR�%UDVLO�

1HVWH�WUDEDOKR��D�FDUDFWHUL]DomR�TXtPLFD�GD�Spirulina platensis�FXOWLYDGD�QD�)D]HQGD�7DPDQGXi��
3%��IRL�UHDOL]DGD��'HWHUPLQRX�VH�D�XPLGDGH��R�WHRU�GH�OLStGLRV��FORUR¿OD��SURWHtQDV��FDUERLGUDWRV��FLQ]DV�
H�GH�HOHPHQWRV�TXtPLFRV�SRU�HVSHFWURVFRSLD�GH�HQHUJLD�GLVSHUVLYD��('6���

2 mAteriAl e métodoS

2.1 material 

Spirulina platensis�FRPHUFLDO�QD�IRUPD�GH�Sy�VHFR�IRL�FHGLGD�SHOD�)D]HQGD�7DPDQGXi��3%��%UD�
VLO��2V�SDGU}HV�GH�FDUERLGUDWRV�GH�JUDX�GH�+3/&�IRUDP�DGTXLULGRV�GD�6LJPD�$OGULFK��FHORELRVH��JOLFRVH��
[LORVH��iFLGR�JOXFRU{QLFR��iFLGR�JDODFWXU{QLFR�H�DUDELQRVH��2XWURV�UHDJHQWHV�IRUDP�JUDX�3$��

2.2 métodos 

2.2.1 'HWHUPLQDomR�GR�WHRU�GH�XPLGDGH

2�WHRU�GH�XPLGDGH�IRL�GHWHUPLQDGR�XVDQGR�XPD�EDODQoD�GH�XPLGDGH�GH�PDUFD�0DUWH��PRGHOR�
,'����RSHUDQGR�D������&�DWp�SHVR�FRQVWDQWH��$PRVWUDV�DQDOLVDGDV�FRQWLQKDP�����J�H�DV�PHGLGDV�IRUDP�
UHDOL]DGDV�HP�WULSOLFDWD�

2.2.2 'HWHUPLQDomR�GH�H[WUDWLYRV

([WUDo}HV�VROYHQWHV�VHTXHQFLDLV�XVDQGR�pWHU�GH�SHWUyOHR�H�DFHWRQD�IRUDP�XWLOL]DGDV�SDUD�GHWHU�
PLQDU�OLStGLRV�WRWDLV�H�WHRU�GH�FORUR¿OD�GD�6SLUXOLQD��([WUDo}HV�IRUDP�IHLWDV�XVDQGR�PpWRGR�GH�H[WUDomR�
VyOLGR�OtTXLGR�FRP�H[WUDWRU�WLSR�6R[KOHW��3DUD�R�HQVDLR����J�GH�DPRVWUD�IRUDP�HQYROWRV�FRP�XP�¿OWUR�
GH�SDSHO�H�SRVLFLRQDGR�VREUH�R�H[WUDWRU�����P/�GH�VROYHQWH�IRUDP�FRORFDGRV�HP�IUDVFRV�SUHYLDPHQWH�
SHVDGRV�SDUD�H[WUDomR�FRQWtQXD�GH���KRUDV�FRP����FLFORV�SRU�KRUD��$SyV�UHPRomR�FRPSOHWD�GR�VROYHQWH�
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QXP�IRUQR�D�����&��R�IUDVFR�IRL�SHVDGR�H�R�WHRU�GH�H[WUDWLYRV�FDOFXODGR��$V�DPRVWUDV�IRUDP�VHFDV�H�XVDGDV�
SDUD�D�FDUDFWHUL]DomR�GH�FDUERLGUDWRV��

2.2.3 'HWHUPLQDomR�GH�FDUERLGUDWRV

$�GHWHUPLQDomR�GD�FRPSRVLomR�GH�FDUERLGUDWRV�IRL�UHDOL]DGD�SRU�FURPDWRJUD¿D�OtTXLGD�GH�DOWD�
H¿FLrQFLD� �+3/&���VHJXLQGR�R�SURFHGLPHQWR�GHVFULWR�QD�QRUPD�$670�(��������SDUD�GHWHUPLQDomR�
GH�FDUERLGUDWRV�HP�ELRPDVVD��8PD�PDVVD�GH�����J�GH�6SLUXOLQD�OLYUH�GH�H[WUDWLYRV�IRL�SHVDGD��)RUDP�
DGLFLRQDGRV�����P/�GH�iFLGR�VXOI~ULFR�D������VRE�DJLWDomR�j�WHPSHUDWXUD�DPELHQWH�GXUDQWH����PLQXWRV��
2�PDWHULDO�p� VXEPHWLGR�D�DXWRFODYH�D������&�GXUDQWH����PLQXWRV�H�GHL[DGR�UHVIULDU�DWp� WHPSHUDWXUD�
DPELHQWH��2�PDWHULDO�IRL�¿OWUDGR�H�R�S+�IRL�DMXVWDGR�D������¿OWUDGD�H�DQDOLVDGD�SRU�+3/&��XWLOL]DQGR�XP�
HTXLSDPHQWR�GH�FURPDWRJUD¿D�9DULDQ�������/&��$JLOHQW��(8$��FRP�GHWHFWRU�GH�5,'�����GH�WURFD�L{QLFD�
XPD�FROXQD�$PLPH[�+3;����+��%LR���5DG��(8$��H�IDVH�PyYHO�+�62���P0��D�����&��ÀX[R�GH�����P/�
min����2V�FURPDWRJUDPDV�IRUDP�DQDOLVDGRV�H�RV�FDUERLGUDWRV�TXDQWL¿FDGRV�SRU�PHLR�GD�FXUYD�GH�FDOLEUD�
omR�GHWHUPLQDGR�SDUD�FDGD�FRPSRVWR�SDGUmR��FHORELRVH��JOLFRVH��[LORVH��DUDELQRVH��iFLGR�JDODFWXUyQLFR�
H�iFLGR�JOXFXUyQLFR���

2.2.4 'HWHUPLQDomR�GR�WHRU�GH�FLQ]DV

$�GHWHUPLQDomR�GH�FLQ]DV�IRL�UHDOL]DGD�GH�DFRUGR�FRP�D�QRUPD�15(/�73�����������SDUD�ELR�
PDVVD������PJ�GH�6SLUXOLQD�IRUDP�FRORFDGRV�HP�FDGLQKRV�SUp�SHVDGRV�H�OHYDGRV�D�XP�IRUQR�WLSR�0XÀD��
2�WHRU�GH�FLQ]DV�IRL�FDOFXODGR�SHVDQGR�VH�RV�FDGLQKRV�QR�¿QDO�GR�SURFHGLPHQWR�

2.2.5 'HWHUPLQDomR�GR�WHRU�GH�SURWHtQD

2�WHRU�GH�QLWURJrQLR�IRL�GHWHUPLQDGR�SRU�PHLR�GH�DQiOLVH�HOHPHQWDU��&+1��FRP�XVR�GH�HTXL�
SDPHQWR�GD�3HUNLQ�(OPHU��PRGHOR�������$�SRUFHQWDJHP�GH�SURWHtQD�SUHVHQWH�QR�PDWHULDO�IRL�FDOFXODGD�
PXOWLSOLFDQGR�D�SRUFHQWDJHP�GH�QLWURJrQLR�SRU������� FRPR�GHVFULWR�QD�QRUPD�15(/�73�����������
SDUD�GHWHUPLQDomR�GH�SURWHtQD�HP�ELRPDVVD�

2.2.6 espectroscopia de energia dispersiva (edS)

('6�p�XPD�WpFQLFD�DQDOtWLFD�XWLOL]DGD�SDUD�D�DQiOLVH�HOHPHQWDU�GH�XPD�DPRVWUD��(VWD�DQiOLVH�IRL�
UHDOL]DGD�FRP�R�XP�PLFURVFySLR�GH�YDUUHGXUD�GD�PDUFD�-HRO��PRGHOR�-60������RL�RSHUDGR�HP�PRGR�
('6��UDLRV�;��H����N9��$�SUHSDUDomR�GDV�DPRVWUDV�IRL�IHLWD�D�GHSRVLomR�GH�FDUERQR�SHOR�PpWRGR�GH�
³6SXWWHULQJ´��XWLOL]DQGR�VH�XP�HTXLSDPHQWR�/HLFD�(0�6&'�����6SXWWHU�&RDWHU�

3 reSultAdoS e diScuSSÃo

3.1 &RPSRVLomR�4XtPLFD�

$�6SLUXOLQD�DSUHVHQWRX���������������GH�XPLGDGH��$�FRPSRVLomR�TXtPLFD�FRPSOHWD�HP�SRU�
FHQWDJHP�GH�PDVVD�VHFD�p�DSUHVHQWDGD�QD�7DEHOD����$�SRUFHQWDJHP�GH�SURWHtQD�GD�DOJD�UHSUHVHQWD�PDLV�
GH�����HP�EDVH�VHFD��R�TXH�HVWi�GH�DFRUGR�FRP�R�GHVFULWR�SHOD�OLWHUDWXUD��+DELE�HW�DO���������=HOOHU��HW��
DO���������

tabela 1. &RPSRVLomR�TXtPLFD�GD�6SLUXOLQD�SODWHQVLV�HP�PDVVD�VHFD�
componente Porcentagem (% massa seca) 'HVYLR�SDGUmR����

Proteína ���� ���

carboidratos ���� ���

lipídeos ���� ����

&ORUR¿OD ���� ����

cinzas ���� ����
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componente Porcentagem (% massa seca) 'HVYLR�SDGUmR����

total �����

$QiOLVH�FURPDWRJUi¿FD�SRU�+3/&�DSUHVHQWRX�RV�VHJXLQWHV�FDUERLGUDWRV�SDUD�D�6SLUXOLQD��FHOR�
ELRVH��������iFLGR�JOXFRU{QLFR��������iFLGR�JDODFWXU{QLFR��������JOLFRVH��������[LORVH��������DUDEL�
QRVH��������,VVR�VLJQL¿FD�TXH�D�6SLUXOLQD�FRQWHP�������GH�FHOXORVH��������GH�KHPLFHOXORVH�H������GH�
SHFWLQD��HP�PDVVD�VHFD��$XWRUHV�UHIHUHP�VH�j�FRPSRVLomR�SUHYDOHFHQWH�KHPLFHOXOyVLFD�H�PHQRV�FHOXOy�
VLFD�GH�FDUERLGUDWRV�GH�DOJDV�YHUGHV��'RPR]\N�HW��DO����������

$�DQiOLVH�GH�H[WUDWLYRV�UHDOL]DGD�HP�GXDV�HWDSDV�WHYH�FRPR�REMHWLYR�D�FDUDFWHUL]DomR�GH�OLStGHRV�
H�FORUR¿ODV��RX�H[WUDWLYRV�QmR�OLStGLFRV��VHSDUDGDPHQWH��6HQGR�R�VROYHQWH�GH�EDL[D�SRODULGDGH��R�pWHU�
GH�SHWUyOHR�GHYH�H[WUDLU�RV�OLStGHRV�H�FHUWDV�YLWDPLQDV�OLSRItOLFDV�GD�6SLUXOLQD��2�PpWRGR�PDLV�XWLOL]DGR�
SDUD�H[WUDomR�GH�OLStGHRV�WRWDLV�p�D�H[WUDomR�)ROFK��HPSUHJDQGR�XPD�PLVWXUD�����FORURIyUPLR�PHWDQRO��
1R�HQWDQWR��GHYLGR�j�WR[LFLGDGH�GR�FORURIyUPLR��RXWURV�VROYHQWHV�RX�PLVWXUDV�XWLOL]DQGR�VROYHQWHV�GH�
DOFDQRV�FRP�iOFRRLV�SRGHP�VHU�H¿FLHQWHPHQWH�XWLOL]DGRV��8WLOL]D�VH�pWHU�GH�SHWUyOHR�RX�pWHU�HWtOLFR�SDUD�D�
GHWHUPLQDomR�URWLQHLUD�GH�OLStGHRV��GHQRPLQDGD�WDPEpP�FRPR�H[WUDWR�HWpULFR���$NRK���������$�FORUR¿OD��
SRU�VXD�YH]��SRGH�VHU�VHOHWLYDPHQWH�H[WUDtGD�SRU�DFHWRQD��.RED\DVKL�HW�DO���������

$�FRPSRVLomR�GH�HOHPHQWRV�TXtPLFRV�HQFRQWUDGRV�QD�6SLUXOLQD�SHOD�WpFQLFD�GH�('6�p�PRVWUDGD�
QD�7DEHOD����3RU�VHU�XPD�ELRPDVVD��D�PLFURDOJD�FRQWpP�PDMRULWDULDPHQWH�RV�HOHPHQWRV�RUJkQLFRV�&��1�
H�2��2XWURV�HOHPHQWRV�SUHVHQWHV�FRPR�6�H�3��WDPEpP�ID]HP�SDUWH�GD�FRQVWUXomR�GDV�SURWHtQDV�H�FpOXODV��
&X��=Q��0J��.��1D�H�&O�HVWmR�HQWUH�RV�PLQHUDLV�H�PLFURHOHPHQWRV�HVVHQFLDLV�j�LQJHVWmR�KXPDQD��1R�
HQWDQWR��RV�OLPLWHV�GH�LQJHVWmR�GLiULRV�SDUD�FDGD�HOHPHQWR�GHYHP�VHU�REVHUYDGRV�SDUD�TXH�HVWH�QmR�VH�
WRUQH�Wy[LFR��2�OLPLWH�GH�LQJHVWmR�GH�FREUH�SDUD�XP�KRPHP�DGXOWR��VHJXQGR�R�&RQVHOKR�UHJXODWyULR�GR�
*RYHUQR�GRV�(VWDGRV�8QLGRV�SDUD�DOLPHQWRV�H�QXWULomR��U.S. Food and Nutrition Board of the Natio-
nal Academies Institute of Medicine �,20���p�GH����PJ�SRU�GLD�H�SDUD�R�]LQFR�p�GH����PJ��2�DOXPLQR��
WDPEpP�GHWHFWDGR�SHOD�DQiOLVH�TXDOLWDWLYD�GH�('6��p�FRQVLGHUDGR�Wy[LFR��6HJXQGR�D�)$2��R�OLPLWH�GH�
LQJHVWmR�GLiULD�Pi[LPD�p�GH���PJ�.J�GH�PDVVD�FRUSRUDO��)$2�:+2�'HVWD�IRUPD��D�SUHVHQoD�GH�$O�QD�
6SLUXOLQD�QmR�LPSHGLULD�VHX�FRQVXPR�FRPR�DOLPHQWR��GHVGH�TXH�UHVSHLWDGRV�RV�OLPLWHV�GH�LQJHVWmR�GLi�
ULRV�$�6SLUXOLQD�SRGH�FRQFHQWUDU�tRQV�HQFRQWUDGRV�QR�VHX�DPELHQWH�GH�FXOWLYR��iJXD�H�VROR���(OD�FUHVFH�
SUHIHUHQFLDOPHQWH�HP�iJXD�DOFDOLQD��LQFRUSRUDQGR�PLQHUDLV�H�HOHPHQWRV�TXtPLFRV��TXH�LQFRUSRUD�HP�VXD�
FRQVWLWXLomR�TXtPLFD��3RU�HVVH�PRWLYR��D�DOWD�FDSDFLGDGH�GH�ELRVVRUomR�GD�6SLUXOLQD�GHYH�VHU�OHYDGD�HP�
FRQVLGHUDomR�TXDQGR�VH�HVFROKH�R�PHLR�GH�FXOWLYR��SRLV�HOD�SRGH�WDPEpP�DEVRUYHU�PHWDLV�SHVDGRV�FRPR�
FKXPER�H�PHUF~ULR��FDVR�SUHVHQWHV�QR�PHLR�GH�FXOWLYR��*DHVH��������

tabela 2. Elementos químicos presentes na Spirulina platensis e seu teor em porcentagem.
c n o na mg Al P S cl K cu Zn

����� ���� ����� ���� ���� ���� ���� ���� ����� ����� ���� ����

4 concluSÃo

$�6SLUXOLQD�SODWHQVLV�FRPHUFLDO�FXOWLYDGD�QR�%UDVLO��ID]HQGD�7DPDQGXi��IRL�FDUDFWHUL]DGD�QHVWH�
WUDEDOKR��5HVXOWDGRV�PRVWUDP�TXH�D�6SLUXOLQD�EUDVLOHLUD�SRVVXL�����GH�SURWHtQD������GH�FDUERLGUDWRV��
���GH�OLStGHRV�H�����GH�FLQ]DV��$QiOLVH�TXDOLWDWLYD�GH�HOHPHQWRV�SRU�('6�GHPRQVWUD�D�SUHVHQoD�GH�.��
0J��=Q��H�1D��&O��&X��RV�TXDLV�SHUWHQFHQWHV�j�GLHWD�KXPDQD��(QWUHWDQWR�GHPRQVWUD�D�SUHVHQoD�GH�DOXPt�
QLR��HOHPHQWR�FRQVLGHUDGR�Wy[LFR��JHUDOPHQWH�RULJLQiULR�GH�FRQWDPLQDo}HV�GR�PHLR��VROR��iJXD���LQGL�
FDQGR�TXH�GHYH�VHU�HVWDEHOHFLGR�OLPLWH�SDUD�R�FRQVXPR�GLiULR�GHVWH�PDWHULDO��'HVWD�IRUPD��D�FRPSRVLomR�
TXtPLFD�GD�6SLUXOLQD�p�IDYRUiYHO�DR�VHX�XVR�QD�DOLPHQWDomR�H�HP�RXWUDV�DSOLFDo}HV��FRPR�D�GH�SURGXomR�
GH�¿OPHV�ELRGHJUDGiYHLV��GHYLGR�j�DOWD�TXDQWLGDGH�GH�SURWHtQDV�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�j�&DSHV��DR�&13T��),1(3�H�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD�
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resumo
2�SUHVHQWH�HVWXGR�SURS{V�FDUDFWHUL]DU�XPD�HPXOVmR�FRPHUFLDO�GH�FHUD�GH�FDUQD~ED��7DQZD[®��H�DYDOLDU�
D�LQÀXrQFLD�GH�GLIHUHQWHV�FRQFHQWUDo}HV�GHVWD�HPXOVmR�FRPHUFLDO������H�������FRPR�UHYHVWLPHQWR�SDUD�
PDP}HV�µ*ROGHQ¶�GXUDQWH�R�DUPD]HQDPHQWR��$QiOLVHV�ItVLFR�TXtPLFDV�IRUDP�UHDOL]DGDV��WDLV�FRPR�SHUGD�
GH�PDVVD�IUHVFD��FRORUDomR�GD�FDVFD��tQGLFH�GH�GRHQoDV��¿UPH]D��S+��WHRU�GH�VyOLGRV�VRO~YHLV��DFLGH]�
WLWXOiYHO��ratio�H�WHRU�GH�iFLGR�DVFyUELFR��$�FDUDFWHUL]DomR�GD�HPXOVmR�GH�FHUD�GH�FDUQD~ED�DSUHVHQWRX�
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SDUkPHWURV�GH�HVWDELOLGDGH�FRQVLVWHQWHV�FRP�QDQRSDUWtFXODV��$�DSOLFDomR�GH�FHUD�GH�FDUQD~ED��������
DWUDVRX�R�DPDGXUHFLPHQWR�HP�PDP}HV��UHGX]LX�D�LQFLGrQFLD�GH�GRHQoDV��SHUGDV�GH�PDVVD�IUHVFD�H�¿U�
PH]D��DOpP�GH�SURSRUFLRQDU�PDLRU�EULOKR�
Palavras-chave��Carica papaya�/���5HYHVWLPHQWR��1DQRSDUWtFXODV��&HUD�GH�FDUQD~ED��$QiOLVHV�ItVLFR�
químicas.

PoStHArveSt quAlitY oF ‘Golden’ PAPAYAS uSinG cArnAubA wAx nAnoemul-
Sion
Abstract
7KLV�VWXG\�DLPV�WR�FKDUDFWHUL]H�D�FRPPHUFLDO�HPXOVLRQ�RI�FDUQDXED�ZD[��7DQZD[®��DQG�HYDOXDWH�WKH�
LQÀXHQFH�RI�GLIIHUHQW�FRQFHQWUDWLRQV�RI�WKLV�FRPPHUFLDO�HPXOVLRQ������DQG�������DV�D�SURWHFWLYH�FRDWLQJ�
IRU�µ*ROGHQ¶�SDSD\DV�GXULQJ�VWRUDJH��3K\VLFRFKHPLFDO�DQDO\VHV�ZHUH�SHUIRUPHG��ZKLFK�LQFOXGH��IUHVK�
ZHLJKW� ORVV��SHHO�FRORU��GHFD\� LQGH[��¿UPQHVV��S+��VROXEOH�VROLGV�FRQWHQW�� WLWUDWDEOH�DFLGLW\��PDWXULW\�
LQGH[� DQG� DVFRUELF� DFLG� FRQWHQW��7KH� FKDUDFWHUL]DWLRQ� RI� FDUQDXED�ZD[� HPXOVLRQ� SUHVHQWHG� VWDELOLW\�
SDUDPHWHUV�FRQVLVWHQW�ZLWK�QDQRSDUWLFOHV��&DUQDXED�ZD[�DSSOLFDWLRQ��������GHOD\HG�SDSD\DV�ULSHQLQJ��
UHGXFHG�GHFD\�LQFLGHQFH��IUHVK�ZHLJKW�DQG�¿UPQHVV�ORVVHV��LQ�DGGLWLRQ�SURYLGLQJ�KLJKHU�EULJKWQHVV�
Keywords: Carica papaya�/���&RDWLQJ��1DQRSDUWLFOHV��&DUQDXED�ZD[��3K\VLFRFKHPLFDO�DQDO\VHV�

3XEOLFDo}HV�UHODFLRQDGDV��
(IHLWR�GR�5HYHVWLPHQWR�GH�&HUD�GH�&DUQD~ED�HP�0DP}HV�µ*ROGHQ¶��,Q��9,,�:RUNVKRS�GH�1DQRWHFQROR�
JLD�$SOLFDGD�DR�$JURQHJyFLR��������6mR�&DUORV��63��

4XDOLGDGH�)tVLFR�4XtPLFD�GH�0DP}HV�5HYHVWLGRV�FRP�&HUD�GH�&DUQD~ED��,Q��,9�6LPSyVLR�%UDVLOHLUR�
GH�3yV�&ROKHLWD�GH�)UXWDV��+RUWDOLoDV�H�)ORUHV�H�9,,�(QFRQWUR�1DFLRQDO�VREUH�3URFHVVDPHQWR�0tQLPR�
GH�)UXWDV�H�+RUWDOLoDV��������5LEHLUmR�3UHWR��63�

1 introduÇÃo

2�PDPmR��Carica papaya�/���p�XP�GRV�IUXWRV�PDLV�SRSXODUHV�H�HFRQRPLFDPHQWH�LPSRUWDQWHV�GH�
SDtVHV�WURSLFDLV�H�VXEWURSLFDLV��1R�HQWDQWR��FRPR�XP�IUXWR�FOLPDWpULFR��R�PDPmR�p�DOWDPHQWH�SHUHFtYHO��
PRVWUDQGR�DOWDV�WD[DV�GH�SHUGD�GHYLGR�D�FRQWDPLQDo}HV�PLFURELROyJLFDV��GLVW~UELRV�¿VLROyJLFRV��GDQRV�
PHFkQLFRV��PDWXUDomR�H[FHVVLYD��PDQXVHLR�LQDGHTXDGR�H�SHUGD�GH�LQWHJULGDGH�HVWUXWXUDO��(VVHV�IDWRUHV�
SRGHP�VH�PDQLIHVWDU�LVRODGDPHQWH�RX�HP�FRPELQDomR��SURSRUFLRQDQGR�SHUGDV�TXDQWLWDWLYDV��TXDOLWDWL�
YDV�H�RX�QXWULFLRQDLV��6$1.$7�	�0$+$5$-���������$VVLP��R�FRQWUROH�GR�DPDGXUHFLPHQWR�GXUDQWH�R�
DUPD]HQDPHQWR�H�GLVWULEXLomR�p�LPSRUWDQWH�SDUD�PDQWHU�D�DOWD�TXDOLGDGH�GRV�IUXWRV�DWp�FKHJDU�DR�FRQVX�
PLGRU��52+$1,�HW�DO���������+$0=$+�HW�DO����������

$�FHUD�GH�FDUQD~ED�WHP�PRVWUDGR�VHU�XPD�ERD�DOWHUQDWLYD�SDUD�D�PHOKRULD�GR�DUPD]HQDPHQWR�GH�
IUXWRV��$�DSOLFDomR�GH�FHUD�GH�FDUQD~ED�PHOKRUD�D�DSDUrQFLD�H�FRQWUROD�D�WD[D�GH�WUDQVSLUDomR�GRV�IUXWRV��
R�TXH�UHGX]�D�SHUGD�GH�PDVVD�H�PDQWHP�D�¿UPH]D��.$3/$1���������FRP�FRQVHTXHQWH�DXPHQWR�GD�YLGD�
~WLO�GRV�IUXWRV��+$*(10$,(5�	�%$.(5��������%$50$1�HW�DO����������$�QDQRWHFQRORJLD�WHP�DSOL�
FDo}HV�LPSRUWDQWHV�HP�WRGRV�RV�DVSHFWRV�GD�FDGHLD�DOLPHQWDU��LQFOXLQGR�DUPD]HQDPHQWR��PRQLWRUDPHQWR�
GD�TXDOLGDGH��SURFHVVDPHQWR�H�HPEDODJHQV�GH�DOLPHQWRV��1((7+,5$-$1�	�-$<$6���������

1R�HQWDQWR��D�LQÀXrQFLD�GH�QDQRFHUD�GH�FDUQD~ED�VREUH�RV�DWULEXWRV�GH�TXDOLGDGH�H�YLGD�~WLO�GH�
PDP}HV�DLQGD�QmR�IRL�LQYHVWLJDGD��3RUWDQWR��HVWH�HVWXGR�SURS{V�DYDOLDU�D�LQÀXrQFLD�GD�HPXOVmR�FRPHU�
FLDO�GH�FHUD�GH�FDUQD~ED� �7DQZD[®��QDV�FDUDFWHUtVWLFDV� ItVLFR�TXtPLFDV�GH�PDP}HV� µ*ROGHQ¶� �Carica 
papaya�/���GXUDQWH�R�DUPD]HQDPHQWR�

2 mAteriAiS e métodoS

2V�PDP}HV�µ*ROGHQ¶��Carica papaya�/���IRUDP�REWLGRV�D�SDUWLU�GH�FXOWXUDV�FRPHUFLDLV�ORFDOL]DGDV�
HP�/LQKDUHV��(6��FRP�R�HVWiJLR���GH�PDWXUDomR�H[WHUQD��FRUUHVSRQGHQWH�D�ó�GR�DPDGXUHFLPHQWR�GRV�IUXWRV��
FRP����D�����GD�VXSHUItFLH�GD�FDVFD�DPDUHOD���86'$���������2V�IUXWRV�IRUDP�VHOHFLRQDGRV�SDUD�HOLPLQDU�
DTXHOHV�FRP�TXDOTXHU�GDQR�PHFkQLFR�H�GRHQoD��VHQGR�ODYDGRV�FRP�GHWHUJHQWH�QHXWUR�H�PDQWLGRV�D�����&�
GXUDQWH�XP�GLD��$�HPXOVmR�GH�FHUD�GH�FDUQD~ED������7DQZD[�7$��&����$�GD�(PSUHVD�7DQTXtPLFD��6mR�
3DXOR��IRL�XVDGD�FRPR�VROXomR�EDVH�SDUD�DV�GLOXLo}HV��2V�WUDWDPHQWRV�FRQVLVWLUDP�QD�GLOXLomR�HP�iJXD�GHVWD�
HPXOVmR�FRPHUFLDO�HP�GXDV�FRQFHQWUDo}HV�GLIHUHQWHV������VROXomR�7DQZD[�������Y�Y��SRU�LPHUVmR�GRV�IUX�
WRV�LQWHLURV�GXUDQWH���PLQ������VROXomR�7DQZD[�������Y�Y��SRU�LPHUVmR�GRV�IUXWRV�LQWHLURV�GXUDQWH���PLQ��H�
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����FRQWUROH��IUXWRV�ODYDGRV��2�H[FHVVR�GH�FHUD�IRL�HVFRDGR�SRU����PLQXWRV�H��HP�VHJXLGD��R�UHYHVWLPHQWR�IRL�
IRUPDGR�SRU�VHFDJHP�j�WHPSHUDWXUD�DPELHQWH�GXUDQWH����PLQXWRV�H�DUPD]HQDGR�HP�FkPDUD�IULD�D���������&�
H��������85��$V�DPRVWUDV�IRUDP�DQDOLVDGDV�D�FDGD�WUrV�GLDV�HP�XP�WRWDO�GH���GLDV�GH�DUPD]HQDPHQWR�D�IULR�

$�WpFQLFD�GH�HVSDOKDPHQWR�GLQkPLFR�GH�OX]�IRL�XVDGD�SDUD�DYDOLDU�D�SDUWtFXOD�PpGLD��GLkPHWUR�
KLGURGLQkPLFR��H�R�tQGLFH�GH�SROLGLVSHUVmR��2�YDORU�GH�SRWHQFLDO�]HWD�HP�P9�IRL�GHWHUPLQDGR�XWLOL]DQ�
GR�R�DQDOLVDGRU�=HWDVL]HU�1DQR�=6��1DQR�6HULHV��0DOYHUQ�,QVWUXPHQWV�/WG��)UDQoD���$V�DQiOLVHV�IRUDP�
UHDOL]DGDV�SRU�GLOXLomR���������GD�HPXOVmR�GH�FHUD�GH�FDUQD~ED�HP�iJXD�0LOOL�4®�H�RV�UHVXOWDGRV�IRUDP�
H[SUHVVRV�FRPR�D�PpGLD�GH�FLQFR�UHSHWLo}HV��9(1.$75$0$1�HW�DO���������

$V�DYDOLDo}HV�ItVLFR�TXtPLFDV�UHDOL]DGDV�IRUDP��SHUGD�GH�PDVVD�IUHVFD�FRP�R�DX[tOLR�GH�XPD�
EDODQoD�GLJLWDO�H�FDOFXODGD�HP���FRP�UHODomR�DR�SHVR�QR�GLD����FRORUDomR�GD�FDVFD�XWLOL]DQGR�XP�UHÀHF�
W{PHWUR�+XQWHU�/DE��PRGHOR������/��H[SUHVVRV�HP�YDORUHV�GH�/��FURPD�H�kQJXOR�KXH��tQGLFH�GH�GRHQ�
oDV�DWUDYpV�GR�PpWRGR�GHVFULWR�SRU�&DR�HW�DO����������¿UPH]D�XWLOL]DQGR�XP�WH[WXU{PHWUR�7$�;7SOXV�
7H[WXUH�$QDO\VHU��HTXLSDGR�FRP�XPD�VRQGD�LQR[LGiYHO�GH���PP�GH�GLkPHWUR��S+�GHWHUPLQDGR�HP�S+�
PHWUR�3+6��%��$2$&���������WHRU�GH�VyOLGRV�VRO~YHLV�FRP�XP�UHIUDW{PHWUR�GLJLWDO�$WDJR�5;�����F[�
H�H[SUHVVRV�HP�JUDXV�%UL[��DFLGH]�WLWXOiYHO�GHWHUPLQDGD�SRU�WLWXODomR�GH����J�GH�DPRVWUD�GLOXtGD�HP����
P/�GH�iJXD�GHVWLODGD�H����GH�IHQROIWDOHtQD�FRP�����1�GH�KLGUy[LGR�GH�VyGLR��1D2+��DWp�D�PXGDQoD�GH�
FRU��$2$&���������ratio�FDOFXODGD�GD�UHODomR�HQWUH�VyOLGRV�VRO~YHLV�H�DFLGH]�WLWXOiYHO��H�WHRU�GH�iFLGR�
DVFyUELFR�GHWHUPLQDGR�SHOR�PpWRGR�GH�WLWXODomR�SRU�����GLFORURIHQROLQGRIHQRO��$2$&���������

2�GHOLQHDPHQWR�H[SHULPHQWDO�XWLOL]DGR�IRL�R�LQWHLUDPHQWH�FDVXDOL]DGR��FRP�HVTXHPD�IDWRULDO���[�
���WUrV�WUDWDPHQWRV�[�TXDWUR�GLDV�GH�DPRVWUDJHP��H�WUrV�UHSHWLo}HV��WRWDOL]DQGR����DPRVWUDV��WHQGR�FRPR�
XQLGDGH�H[SHULPHQWDO�FDGD�PDPmR��2V�UHVXOWDGRV�IRUDP�VXEPHWLGRV�j�DQiOLVH�GH�YDULkQFLD�XWLOL]DQGR�VH�
R�SURJUDPD�6WDWLVWLFDO�$QDO\VLV�6\VWHP��$V�PpGLDV�IRUDP�FRPSDUDGDV�HQWUH�VL�SHOR�WHVWH�/6'��DGRWDQGR�
VH�R�QtYHO�GH�VLJQL¿FkQFLD�GH����

3 reSultAdoS e diScuSSÃo

$�FHUD�GH�FDUQD~ED�DQDOLVDGD�WHP�WDPDQKR�GH�SDUWtFXOD�GH�FHUFD�GH����QP�FRP�HVWUHLWD�SROLGLV�
SHUVmR��LQGLFDQGR�XPD�ERD�KRPRJHQHLGDGH�GH�WDPDQKR�GHVWD�HPXOVmR��2V�YDORUHV�GH�SRWHQFLDO�]HWD�GD�
DPRVWUD�LQGLFDP�TXH�DV�QDQRSDUWtFXODV�IRUDP�HVWiYHLV���HP�VROXomR��SRLV�RV�YDORUHV�PHQVXUDGRV�IRUDP�
PDLRUHV�GR�TXH������P9�HP�PyGXOR��$77$0$�HW�DO���������

$�SHUGD�GH�PDVVD�IUHVFD�DXPHQWRX�VLJQL¿FDWLYDPHQWH�HP�WRGRV�RV�WUDWDPHQWRV�GXUDQWH�R�SHUtR�
GR�GH�DUPD]HQDPHQWR��1R�HQWDQWR��RV�WUDWDPHQWRV�GH�PDP}HV�µ*ROGHQ¶�UHYHVWLGRV�FRP�QDQRSDUWtFXODV�
GH�FHUD�GH�FDUQD~ED�HP�DPEDV�FRQFHQWUDo}HV�GH�����H�������SURPRYHUDP�PHQRU�SHUGD�GH�PDVVD�HP�
UHODomR�DR�WUDWDPHQWR�FRQWUROH�DR�ORQJR�GRV�GLDV�GH�DUPD]HQDPHQWR��2XWURV�HVWXGRV�WrP�PRVWUDGR�TXH�R�
UHYHVWLPHQWR�GH�FHUDV�HP�IUXWRV�p�H¿FD]�SDUD�UHGX]LU�D�SHUGD�GH�PDVVD��SURSRUFLRQDQGR�PHQRU�PXUFKD�
PHQWR�H�WD[D�GH�GRHQoD�H�DVVLP��PDQWHU�D�TXDOLGDGH�GRV�SURGXWRV��%$50$1�HW�DO���������

$� OXPLQRVLGDGH�H�R� FURPD�PRVWUDUDP�GLIHUHQoDV� VLJQL¿FDWLYDV� HVWDWLVWLFDPHQWH��SRUpP�� FRP�
SRXFD� YDULDomR� H� SHUFHSomR� YLVXDO��2V�PDP}HV� WUDWDGRV� FRP� FHUD� GH� FDUQD~ED� DSUHVHQWDUDP�PDLRU�
EULOKR��PHOKRUDQGR�D�DSDUrQFLD�HP�UHODomR�DR�FRQWUROH��FRPR�HP�.DSODQ���������+DJHQPDLHU�H�%DNHU�
��������

2V�WUDWDPHQWRV�FRP�FHUD�GH�FDUQD~ED�LQLELUDP�R�DXPHQWR�GR�tQGLFH�GH�GRHQoDV��HVSHFLDOPHQWH�
QD�FRQFHQWUDomR�GH�������(VWH�IDWR�SRGH�WHU�RFRUULGR�GHYLGR�j�DWPRVIHUD�PRGL¿FDGD�SURPRYLGD�SHOD�
FHUD��R�TXH�UHWDUGRX�R�DPDGXUHFLPHQWR�H�VHQHVFrQFLD�GRV�IUXWRV��UHGX]LQGR�D�VHQVLELOLGDGH�GRV�WHFLGRV�j�
LQIHFomR�SRU�DJHQWHV�SDWRJrQLFRV��3(75$&(.�HW�DO���������

(PERUD�D�SHUGD�GH�¿UPH]D�GRV�PDP}HV�WHU�VLGR�REVHUYDGD�HP�WRGRV�RV�WUDWDPHQWRV��RV�IUXWRV�
UHYHVWLGRV�FRP�FHUD�GH�FDUQD~ED������DSUHVHQWDUDP�PHQRU�SHUGD��S����������7DEHOD����GHYLGR�j�EDUUHLUD�
ItVLFD�FDXVDGD�SHOR�UHYHVWLPHQWR��R�TXH�UHGX]LX�DV�WURFDV�JDVRVDV�H�IUHT�rQFLD�UHVSLUDWyULD�GRV�IUXWRV�
DWUDYpV�GD�DWPRVIHUD�PRGL¿FDGD��.$3/$1���������

2V� YDORUHV� GH� S+� DXPHQWDUDP�SDUD� WRGRV� RV� WUDWDPHQWRV�� VHPHOKDQWH� DR� REVHUYDGR� SDUD� RV�
OLP}HV�UHYHVWLGRV�FRP�QDQRSDUWtFXODV�GH�TXLWRVDQD��+$6+(0,�	�7$*+,1(=+$'���������$V�DPRV�
WUDV�WUDWDGDV�FRP�FHUD�GH�FDUQD~ED������DSUHVHQWDUDP�RV�PDLRUHV�YDORUHV�GH�S+��7DEHOD�����GLIHULQGR�
VLJQL¿FDWLYDPHQWH�GRV�GHPDLV�WUDWDPHQWRV��S����������2�YDORU�PDLV�HOHYDGR�GH�S+�SRGH�FRUUHVSRQGHU�j�
PHQRU�DFLGH]�WLWXOiYHO��

2�XVR�GH�QDQRSDUWtFXODV�GH�FHUD�GH�FDUQD~ED�QmR�PRVWURX�QHQKXP�HIHLWR�VLJQL¿FDWLYR�VREUH�RV�
SDUkPHWURV�GH�VyOLGRV�VRO~YHLV��DFLGH]�WLWXOiYHO�H�ratio�HP�PDP}HV��S����������7DEHOD�����$V�SHTXHQDV�
GLIHUHQoDV�QDV�DPRVWUDV�SRVVLYHOPHQWH�LQGLFDP�XPD�HVWDELOLGDGH�TXtPLFD�GD�TXDOLGDGH�GRV�IUXWRV��FRP�
PXGDQoDV� ItVLFDV�DSDUHQWHV�H�H¿FD]HV�GHYLGR�DR�XVR�GD�FHUD��2XWURV�HVWXGRV�HQFRQWUDUDP�UHVXOWDGRV�
VHPHOKDQWHV��-$&20,12�HW�DO���������-2�HW�DO���������
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tabela 1. )LUPH]D��S+��VyOLGRV�VRO~YHLV��DFLGH]�WLWXOiYHO��ratio�H�iFLGR�DVFyUELFR�HP�PDP}HV�UHYHVWLGRV�FRP�
7DQZD[��XPD�HPXOVmR�FRPHUFLDO�GH�FHUD�GH�FDUQD~ED�GLOXtGD�HP�����H������GXUDQWH�R�DUPD]HQDPHQWR�SRU���GLDV�

D���������&�H��������85

0pGLDV�VHJXLGDV�GH�OHWUDV�GLIHUHQWHV�QD�YHUWLFDO�GLIHUHP�VLJQLILFDWLYDPHQWH�SHOR�WHVWH�GH�/6'��S���������

4 concluSÃo

2�XVR�GD�QDQRHPXOVmR�GH�FHUD�GH�FDUQD~ED������SDUD�PDP}HV�IRL�D�PDLV�H¿FLHQWH�HP�PDQWHU�D�
TXDOLGDGH�H[WHUQD��UHGX]LU�D�SHUGD�GH�PDVVD�GRV�IUXWRV�GXUDQWH�R�SHUtRGR�GH�DUPD]HQDPHQWR�H�SURORQJDU�
D�YLGD�~WLO��$�FHUD�GH�FDUQD~ED������DSUHVHQWRX�H¿FLrQFLD�LQIHULRU�QD�FRQVHUYDomR�GH�PDP}HV��PHVPR�
TXDQGR�FRPSDUDGD�DR�WUDWDPHQWR�FRQWUROH��GHPRQVWUDQGR�OLPLDUHV�GH�VDWXUDomR�GR�VROXWR�H�UHVXOWDQGR�
HP�HIHLWRV�DGYHUVRV��2V�ELR¿OPHV�H�UHYHVWLPHQWRV�EDVHDGRV�HP�QDQRSDUWtFXODV�VmR�yWLPDV�DOWHUQDWLYDV�
SDUD�D�FRQVHUYDomR�GH�DOLPHQWRV��SRGHQGR�VXEVWLWXLU�DV�HPEDODJHQV�FRQYHQFLRQDLV�RX�VHUHP�DSOLFDGDV�
HP�FRPELQDomR�FRP�HODV��PHOKRUDQGR�RV�VHXV�HIHLWRV�

AGrAdecimentoS

¬�(PEUDSD�,QVWUXPHQWDomR�H�j�&DSHV��1DQR%LRWHFQRORJLD��SHOR�DX[tOLR�GD�EROVD�������������

reFerÊnciAS

$2$&��$VVRFLDWLRQ�RI�2I¿FLDO�$QDO\WLFDO�&KHPLVWV��2I¿FLDO�PHWKRGV�RI�DQDO\VLV�RI�WKH�$2$&������HG��
�����5HYLVLRQ����*DLWKHUVEXUJ��$2$&�,QWHUQDWLRQDO����������Y�

$77$0$��$��$���6&+,&.(��%��&���3$(3(10h//(5��7���0h//(5�*2<0$11��&��&��6ROLG�OLSLG�
QDQRGLVSHUVLRQV�FRQWDLQLQJ�PL[HG�OLSLG�FRUH�DQG�D�SRODU�KHWHUROLSLG��&KDUDFWHUL]DWLRQ��(XURSHDQ�-RXUQDO�
RI�3KDUPDFHXWLFV�DQG�%LRSKDUPDFHXWLFV��Y������S��������������

%$50$1��.���$65(<��5���3$/��5��.��3XWUHVFLQH�DQG�FDUQDXED�ZD[�SUHWUHDWPHQWV�DOOHYLDWH�FKLOOLQJ�
LQMXU\��HQKDQFH�VKHOI�OLIH�DQG�SUHVHUYH�SRPHJUDQDWH�IUXLW�TXDOLW\�GXULQJ�FROG�VWRUDJH��6FLHQWLD�+RUWLFXO�
WXUDH��Y�������S����������������

&$2��6���+8,��=���3$1*��%��2SWLPL]DWLRQ�RI�SRVWKDUYHVW�XOWUDVRQLF�WUHDWPHQW�RI�VWUDZEHUU\�IUXLW��3RVW�
KDUYHVW�%LRO��7HFKQRO���Y������S����������������

+$*(10$,(5��5��'���%$.(5��5��$��:D[�PLFURHPXOVLRQV�DQG�HPXOVLRQV�DV�FLWUXV�FRDWLQJ��-RXUQDO�
RI�$JULFXOWXUH�)RRG�&KHPHVWU\��Y������S����������������

+$0=$+��+��0���260$1��$���7$1��&��3���*+$=$/,��)��0��&DUUDJHHQDQ�DV�DQ�DOWHUQDWLYH�FRDWLQJ�IRU�
SDSD\D��Carica papaya�/��FY��(NVRWLND���3RVWKDUYHVW�%LRO��7HFKQRO���Y������S����������������

+$6+(0,��-���7$*+,1(=+$'��(��(IIHFWV�RI�1DQR�&RPSRVLWH�&RDWLQJ�RQ� WKH�/HPRQ�4XDOLW\�� ,Q��
,QWHUQDWLRQDO�&RQIHUHQFH�RI�$JULFXOWXUDO�(QJLQHHULQJ��9DOHQFLD��6SDLQ�������

-$&20,12��$��3���2-('$��5��0���./8*(��5��$���),/+2��-��$��6��3RVWKDUYHVW�FRQVHUYDWLRQ�RI�JXDYDV�
WKURXJK�FDUQDXED�ZD[�HPXOVLRQ�DSSOLFDWLRQV��%UD]LOLDQ�0DJD]LQH�RI�)UXWLFXOWXUH��Y�� ����S�����������
�����

-2��:���621*��+���621*��1���/((��-���0,1��6��&���621*��.��%��4XDOLW\�DQG�PLFURELDO�VDIHW\�RI�µ)XML¶�
DSSOHV�FRDWHG�ZLWK�FDUQDXED�VKHOODF�ZD[�FRQWDLQLQJ�OHPRQJUDVV�RLO��)RRG�6FLHQFH�DQG�7HFKQRORJ\��Y��
����S����������������
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.$3/$1��+��-��:DVKLQJ�ZD[LQJ�DQG�FRORU�DGGLQJ��,Q��:$5'2:6.,��:��)���1$*<��6���*5,(5621��
:���(GV����)UHVK�&LWUXV�)UXLW��1HZ�<RUN��$9,�3XEOLVKLQJ��������S����������

1((7+,5$-$1��6���-$<$6��'��6��1DQRWHFKQRORJ\�IRU�WKH�)RRG�DQG�%LRSURFHVVLQJ�,QGXVWULHV��)RRG�
%LRSURFHVV�7HFKQRO���Y�����S��������������

3(75$&(.��3��'���'28��+���3$2��6��7KH�LQÀXHQFH�RI�DSSOLHG�ZD[HV�RQ�SRVWKDUYHVW�SK\VLRORJLFDO�
EHKDYLRU�DQG�SLWWLQJ�RI�JUDSHIUXLW��3RVWKDUYHVW�%LRORJ\�DQG�7HFKQRORJ\��Y������S���������������

52+$1,��0��<���=$,381��0��=���125+$<$7,��0��(IIHFW�RI�PRGL¿HG�DWPRVSKHUH�RQ�WKH�VWRUDJH�OLIH�
DQG�TXDOLW\�RI�(NVRWLND�SDSD\D��-RXUQDO�RI�7URSLFDO�$JULFXOWXUH�DQG�)RRG�6FLHQFH��Y������S�����������
�����

6$1.$7��&��.���0$+$5$-��5��3DSD\D��,Q��0,75$��6��.���(G����3RVWKDUYHVW�3K\VLRORJ\�DQG�6WRUDJH�
RI�7URSLFDO�DQG�6XEWURSLFDO�)UXLWV��&DE�,QWHUQDWLRQDO��8.��������S����������

86'$��86'$�$JULFXOWXUH�+DQGERRN��86'$��$JU��0NWJ��6HUY���:DVKLQJWRQ��'&�������

9(1.$75$0$1��6��6���-,(��3���0,1��)���)5(''<��%��<���/(21*�+8$7��*��0LFHOOH�OLNH�QDQRSDUWL�
FOHV�RI�3/$�3(*�3/$�WULEORFN�FRSRO\PHU�DV�FKHPRWKHUDSHXWLF�FDUULHU��,QW��-��3KDUP��Y�������S�����������
�����

mudAnÇA nA colorAÇÃo em FilmeS de Amido AcreScidoS 
com nAnoFibrAS de eucAliPto e Pó de AÇAí 

*camila miriam morais1,thaís Ferreira da Silva2, Gustavo denzin tonoli3, Kelen cristina dos 
reis3

&HQWUR�8QLYHUVLWiULR�GH�/DYUDV���81,/$95$61��'HSDUWDPHQWR�GH�&LrQFLD�GRV�$OLPHQWRV��'&$���
8)/$2��'HSDUWDPHQWR�GH�&LrQFLDV�)ORUHVWDLV��'&)�ñ��8QLYHUVLGDGH�)HGHUDO�GH�/DYUDV��8)/$��0*�

PLODPLULDQ����#KRWPDLO�FRP

&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV

resumo
)LOPHV�GH�DPLGR�GH�PLOKR�DFUHVFLGRV�FRP�QDQR¿EUDV�GH�HXFDOLSWR�H�Sy�GH�DoDt�IRUDP�DQDOLVDGRV�TXDQWR�
jV�SURSULHGDGHV�QD�PXGDQoD�GH�FRORUDomR�HP�SUHVHQoD�GH�GLIHUHQWHV�S+¶V��2V�¿OPHV�IRUDP�REWLGRV�SH�
OR³SURFHVVR�FDVWLQJ´�H�FRQVWDWRX�VH�TXH�HP�PHLR�iFLGR�RV�¿OPHV�WHQGLDP�DR�URVD�H�HP�PHLR�EiVLFR�DR�
PDUURP��HVWD�GLIHUHQoD�QD�FRORUDomR�VH�Gi�GHYLGR�D�SUHVHQoD�GH��DQWRFLDQLQDV�TXH�VmR�SLJPHQWRV�UHVSRQ�
ViYHLV�SRU�XPD�YDULHGDGH�GH�FRUHV�DWUDWLYDV�GH�IUXWDV���ÀRUHV�H�IROKDV�TXH�YDULDP�GR�YHUPHOKR�DR�D]XO��
Palavras-chave��)LOPH��$PLGR��S+��&RU��1DQR¿EUDV

cHAnGe in colourinG in FilmS witH StArcH Addition eucAlYPtuS nAnoFi-
berS And AcAi Powder 
Abstract
)LOPV�RI�FRUQVWDUFK�DGGHG�WR�HXFDO\SWXV�QDQR¿EHUV�DQG�DFDL�SRZGHU�ZHUH�DQDO\]HG�IRU�WKHLU�SURSHUWLHV�LQ�
FRORU�FKDQJH�LQ�WKH�SUHVHQFH�RI�GLIIHUHQW�S+¶V��7KH�¿OPV�ZHUH�REWDLQHG�E\�WKH�³FDVWLQJ�SURFHGXUH´�DQG�
LW�ZDV�REVHUYHG�WKDW�LQ�DFLGLF�¿OPV�WHQGHG�WR�SLQN�WR�EURZQ�DQG�EDVLF�PHGLXP��WKLV�GLIIHUHQFH�LQ�FRORU�
LV�GXH�WR�DQWKRF\DQLQ�SLJPHQWV�ZKLFK�DUH�UHVSRQVLEOH�IRU�D�YDULHW\�RI�DWWUDFWLYH�FRORUV�IUXLW��OHDYHV�DQG�
ÀRZHUV�UDQJLQJ�IURP�UHG�WR�EOXH��
Keywords: )LOP��6WDUFK��S+��&RORU��1DQR¿EHUV

1 introduÇÃo

2V�¿OPHV�ELRGHJUDGiYHLV�SRGHP�VHU�FDUDFWHUL]DGRV�D�EDVH�GH�PDFURPROpFXODV�TXH�VmR�SROtPH�
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URV�QDWXUDLV��2�DPLGR�WHP�VLGR�FRQVLGHUDGR�FRPR�XP�GRV�FDQGLGDWRV�PDLV�SURPLVVRUHV��SULQFLSDOPHQWH�
SRU�VXD�GLVSRQLELOLGDGH�GH�SUHoR�EDL[R�H�SURGXomR�D�SDUWLU�GH�IRQWHV�UHQRYiYHLV��1R�%UDVLO��DV�FLQFRV�
HVSpFLHV�FRQVLGHUDGDV�FRPR�IRQWHV�GH�DPLGR�FRPHUFLDO�VmR�R�PLOKR�� WULJR�DUUR]��EDWDWD�H�PDQGLRFD��
&267$�������

$�DSOLFDomR�GH�QDQR¿EUDV�HP�¿OPHV�SDUD�HPEDODJHQV�SURPHWH�DEULU�QRYDV�SRVVLELOLGDGHV�SDUD�
PHOKRUDU�QmR�Vy�DV�SURSULHGDGHV��PDV�WDPEpP�D�H¿FLrQFLD��FRQWULEXLQGR�SDUD�D�SUHVHUYDomR�GH�DOLPHQWRV�
IUHVFR�DR�HVWHQGHU�VXD�YLGD�~WLO��DOpP�GH�UHGX]LU�RV�UHVtGXRV�GH�HPEDODJHQV��6255(17,12�HW�DO��������

2V�¿OPHV�LQWHOLJHQWHV�FRQVLVWHP�HP�VLVWHPDV�RQGH�D�FRPXQLFDomR�FRP�R�FRQVXPLGRU�p�SRVVt�
YHO��SRU�H[HPSOR��DWUDYpV�GH�LQIRUPDo}HV�UHODFLRQDGDV�D�TXDOLGDGH�H�VHJXUDQoD�GR�SURGXWR�DWUDYpV�GDV�
HPEDODJHQV��,VVR�HQYROYH�D�LQFRUSRUDomR�GH�VHQVRUHV�RX�LQGLFDGRUHV�TXH�UHVSRQGHP�SRU�VLQDO��HOpWULFR�
RX�FRORULPpWULFR��DV�DOWHUDo}HV�GDV�FRQGLo}HV�LQLFLDLV��'$,1(//,���������(QWUH�RV�GLIHUHQWHV�WLSRV�GH�
HPEDODJHQV�LQWHOLJHQWHV��HQFRQWUDP�VH�DV�LQGLFDGRUDV�GH�S+��TXH�LQGLFDP�D�FRUUHODomR�HQWUH�R�SURGXWR�
HPEDODGR�H�VHX�S+�DWUDYpV�GH�VHQVRUHV��TXtPLFRV�RX�¿VLFDPHQWH�DVVRFLDGRV�D�HPEDODJHQV��(VVH�WLSR�GH�
HPEDODJHP�p�XPD�DOWHUQDWLYD�LQWHUHVVDQWH�SDUD�D�LQG~VWULD�GH�DOLPHQWRV��VHQGR�XWLOL]DGRV�HP�FDUQHV�H�
IUXWDV�DOpP�GH�RXWURV�SURGXWRV��SRLV�H[LVWH�XP�LQWHUHVVH�HP�GHVHQYROYHU��PpWRGRV�SDUD�D�DYDOLDomR��GD�
IUHVFXUD�GHVWHV�GH�WDO�IRUPD��TXH�R�SUySULR�FRQVXPLGRU�SRVVD�DYDOLDU�DV�FRQGLo}HV�GH�FRQVXPR��PHGLDQWH��
D�LQGLFDomR��GH�DOWHUDo}HV�GH�S+��GR�DOLPHQWR��+(55<��2¶*5$<��+2*$1���������$�PXGDQoD�QR�S+�
DOWHUD�D�FRU�GHYLGR�DV�DQWRFLDQLQDV�TXH�VmR�SLJPHQWRV�GHULYDGRV�GH�VDLV�ÀDYLOLFRV�VRO~YHLV�HP�iJXD�H�
UHVSRQViYHLV�SHOD�DPSOD�YDULHGDGH�GH�FRUHV�D]XO��YLROHWD��YHUPHOKD�H�URVD�QD�PDLRULD�GH�ÀRUHV�H�IUXWRV�

3RU�WDQWR��R�REMHWLYR�GR�SUHVHQWH�WUDEDOKR�IRL��GHVHQYROYHU�¿OPHV�ELRGHJUDGiYHLV�IRUPXODGRV�D�
EDVH�GH�DPLGR�GH�PLOKR�H�UHIRUoDGRV�FRP�QDQR¿EUDV�GH�HXFDOLSWR��DOpP�GR�UHIRUoR�IRL�LQFRUSRUDGR�SLJ�
PHQWR�QDWXUDO�DQWRFLDQLQD��QHVWH�FDVR�R�Sy�GH�IUXWRV�GH�DoDt��RQGH�R�WHRU�GH�DQWRFLDQLQDV�WRWDLV�QD�FDVFD�
p�GH�����PJ�����J��%2%%,2���������2V�¿OPHV�ELRGHJUDGiYHLV�DWLYRV�REWLGRV�IRUDP�HVWXGDGRV�TXDQWR�
DV�SURSULHGDGHV�yWLFDV�H�DYDOLRXV�H�R�SRWHQFLDO�GD�PXGDQoD�GH�FRU�GR�¿OPH�HP�IXQomR�GD�DOWHUDomR�GH�
S+�GR�PHLR�DSyV�PHUJXOKDU�RV�¿OPHV�HP�VROXo}HV�WDPS}HV�GH�S+�iFLGR��EiVLFR�H�QHXWUR�

2 mAteriAiS e métodoS

2.1 2EWHQomR�GH�FDUDFWHUL]DomR�GDV�QDQR¿EUDV�FHOXOyVLFDV

3DUD�REWHQomR�GH�QDQR¿EUDV�IRL�SUHSDUDGD�XPD�VROXomR�FRQWHQGR������GH�SROSD�EUDQTXHDGD�FR�
PHUFLDO�GH�(XFDOLSWR��HP�iJXD��VDWXUDGD�SRU�QR�PtQLPR����K�H�DJLWDGD�PHFDQLFDPHQWH�SRU����PLQ��3DUD�
REWHQomR�GDV�QDQR¿EUDV�XWLOL]RX�VH�XP�GHV¿EULODGRU�PHFkQLFR��*ULQGHU�VXSHUPDVVFRORLGHU�0.&$�����
0$68.2�6$1*<28�&R���/WGD���FRP�YHORFLGDGH�GH�WUDEDOKR�GH������USP�H�FRUUHQWH�HOpWULFD�GH��$��
$�VXVSHQVmR�GH�QDQR¿EUDV�HP�DVSHFWR�JHODWLQRVR�IRL�REWLGD�DSyV����SDVVDJHQV�SHOR�PRLQKR��FROHWDGDV�H�
DUPD]HQDGDV�HP�DPELHQWH�UHVIULDGR�

2.2 (ODERUDomR�GR�¿OPH

2V�¿OPHV�GH�DPLGR�IRUDP�HODERUDGR�SHOR�SURFHVVR�³FDVWLQJ´��62%5$/�������D�SDUWLU�GH��J�GH�
PLOKR������JOLFHURO�SODVWL¿FDQWH���Sy�GH�DoDt�FRP�GLIHUHQWHV�FRQFHQWUDo}HV������������H������HP�UH�
ODomR�D�PDVVD�GR�DPLGR�����P/�GH�DJXD�GHVWLODGD��2�Sy�FRP�DQWRFLDQLQD�IRL�REWLGR�D�SDUWLU�GH�IUXWRV�GH�
DoDt�PDFHUDGRV�H�HVWH�IRL�PLVWXUDGR�j�VXVSHQVmR�GH�DPLGR�HP�iJXD�FRP�DTXHFLGR�H�DJLWDomR�FRQVWDQWH�
����&�SRU���PLQ���$SyV�UHVIULDPHQWR�D�PLVWXUD����P/��IRL�YHUWLGD�HP�SODFDV�GH�SHWUL�H�OHYDGD�HP�HVWXID�
FRP�YHQWLODomR�IRUoDGD������&�SRU����KRUDV��SDUD�VHFDJHP��$�PXGDQoD�GH�FRU�GR�¿OPHV�REWLGRV�IRUDP�
DQDOLVDGRV�XWLOL]DQGR�VH�VROXo}HV�SDGU}HV�GH�S+� ����iFLGR���S+ ����QHXWUR��H�S+� ������EiVLFR��

2.3 3URSULHGDGHV�yWLFDV�GRV�¿OPHV�

$V�OHLWXUDV�IRUDP�UHDOL]DGDV�FRP�HVSHFWURIRW{PHWUR�GH�FRU��FRORUtPHWUR�.RQLFD�0LQROWD��&0�
����FRP�kQJXOR�GH�REVHUYDomR�����H�LOXPLQDQWH�'���SDUD�REWHU�DV�FRRUGHQDGDV�/DE��/� �OXPLQRVL�
GDGH��IDL[D�GH����SUHWR��D������EUDQFR���SDUkPHWUR�D� �YDULDomR�QR�HL[R�YHUGH�YHUPHOKR���D�D��H�R�
SDUkPHWUR�E �YDULDomR�QR�HL[R�D]XO�DPDUHOR���E�E������$V�OHLWXUDV�IRUDP�UHDOL]DGDV�QR�SDGUmR�&�,�(��
/DE��RQGH�RV�YDORUHV�/�D��E�VmR�XVDGRV�SDUD�FDOFXODU�D�GLIHUHQoD�GH�FRU��R��&�� �FURPD��UHSUH�
VHQWDQGR�D�LQWHQVLGDGH�GD�FRU�RX�VDWXUDomR��H�R�+ �kQJXOR�+XH��YHUPHOKR�D������DPDUHOR�D������YHUGH�
D�������H�D]XO�D��������

$V�DOWHUDo}HV�HP�FDGD�SDUkPHWUR�LQGLYLGXDO�GH�FRU�IRUDP�FDOFXODGDV�GH�DFRUGR�FRP�DV�(T����D�
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���+817(5/$%��������

ǻL LíL*�� ���

ǻa aía*��� ����

ǻb bíb*�� ���

2QGH��L*���a*�e b*�UHIHUHP�VH�DR�SDUkPHWUR�LQLFLDO�GH�FRU�GD�DPRVWUD��$�GLIHUHQoD�WRWDO�GH�FRU�
�ǻ(��IRL�GHWHUPLQDGD�XVDQGR�D�(T����GH�DFRUGR�FRP�+817(5/$%��������

ǻ(� ��¥��ǻD�2 ���ǻE�2 ���ǻ/�2� ���

$�FURPDWLFLGDGH�RX�FURPD��&��IRL�REWLGD�SHOD�HTXDomR�� �QD�TXDO��D�H�E�VmR�SDUk�
PHWURV�GH�/DE��2�kQJXOR�+XH�p�GH¿QLGR�FRPR�LQLFLDQGR�QR�HL[R��D�H�p�H[SUHVVR�HP�JUDXV��VHQGR�TXH�
���FRUUHVSRQGH�D��D��YHUPHOKR�������FRUUHVSRQGH�D��E��DPDUHOR��������FRUUHVSRQGH�D�±D��YHUGH��H������
FRUUHVSRQGH�D�±E��D]XO���2�YDORU�GH�+XH�p�D�YDULiYHO�TXH�PHOKRU�UHSUHVHQWD�D�HYROXomR�GH�FRORUDomR�

3DUD�R�FiOFXOR�GH�WRQDOLGDGH�HPSUHJRX�VH�D�IyUPXOD�GR�kQJXOR�+XH��+���GH�DFRUGR�FRP�RV�YD�
ORUHV�GH�D�H�E�REWLGRV��GD�VHJXLQWH�IRUPD�

D�� 9DORUHV�GH�D�H�E!���+� �DUFWJ��E�D�
E�� 9DORUHV�GH�D���H�E!���+� �������DUFWJ��E�D�
F�� 9DORUHV�GH�D�H�E!���+� ��������DUFWJ��E�D�
G�� 9DORUHV�GH�D�H�E!���+� ��������DUFWJ��E�D�

3 reSultAdoS e diScuSSÃo

3.1 0XGDQoD�GH�FRU�QRV�¿OPHV�

2V�¿OPHV�¿FDUDP�HVFXURV�H�RSDFRV�SRU�FDXVD�GD�DGLomR�GR�Sy�GH�DoDt��&RQVWDWRX�VH�TXH�HP�PHLR�
iFLGR�RV�¿OPHV�WHQGLDP�D�FRU�URVD�H�HP�PHLR�EiVLFR�D�FRU�PDUURP�FRQIRUPH�)LJXUD������H���DEDL[R��(VWD�
GLIHUHQoD�QD�FRORUDomR�VH�Gi�GHYLGR�D�SUHVHQoD�GH��DQWRFLDQLQDV�

Figura 1. )LOPHV�GH�DPLGR�UHIRUoDGRV�FRP�QDQR¿EUDV�GH�HXFDOLSWR�H�DGLFLRQDGRV�GH�Sy�GH�DoDt�

Figura 2. )LOPHV�GH�DPLGR�UHIRUoDGRV�FRP�QDQR¿EUDV�GH�HXFDOLSWR�H�Sy�GH�DoDt�VXEPHWLGRV�j�VROXomR�SDGUmR�GH�S+ ���
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Figura 3. )LOPHV�GH�DPLGR�UHIRUoDGRV�FRP�QDQR¿EUDV�GH�HXFDOLSWR�H�Sy�GH�DoDt�VXEPHWLGRV�j�VROXomR�SDGUmR�GH�
S+ ���

3.2 3URSULHGDGHV�ySWLFDV�GRV�¿OPHV�SROLPpULFRV�

2V�UHVXOWDGRV�REWLGRV�SRU�PHLR�GD�DQiOLVH�GH�FRU�XWLOL]DQGR�R�HVSHFWURIRW{PHWUR�HVWmR�DSUHVHQ�
tados na Tabela 1.

tabela 1. 9DORUHV�PpGLRV�GRV�SDUkPHWURV�GH�FRU�SDUD�¿OPHV�GH�DPLGR�UHIRUoDGRV�FRP�QDQR¿EUDV�H�DGLFLRQDGRV�
GH�GLIHUHQWHV�FRQFHQWUDo}HV�GH�Sy�H[WUDtGR�GH�IUXWRV�GH�DoDt�

L (luminosidade) 0=preto e 100=branco, a (-verde, + vermelho) e b (-azul, +amarelo), seguindo a metodologia de Ghoparde et al. 
(1995).

&URPD�p�SDUWH�GD�FRU��QD�TXDO�QmR�Ki�SDUWLFLSDomR�GD�OXPLQRVLGDGH��UHSUHVHQWDGD�QR�HVSDoR�EL�
GLPHQVLRQDO��2�PDWHULDO�p�FRQVLGHUDGR�WUDQVSDUHQWH�TXDQGR�D�OX]�LQFLGHQWH�R�DWUDYHVVD�FRP�PtQLPR�GH�
DEVRUomR�H�UHÀH[mR��2�RSRVWR�GD�WUDQVSDUrQFLD�p�D�RSDFLGDGH��RQGH�R�REMHWR�DEVRUYH�RX�UHÀHWH�WRGD�OX]�
QHOH�LQFLGHQWH��VHP�TXH�RFRUUD�D�WUDQVPLVVmR�GH�OX]��$�FRU�GDV�DPRVWUDV�WUDQVSDUHQWHV�p�DYDOLDGD�SHOD�
WUDQVPLVVmR�GD�OX]��ID]HQGR�D�OHLWXUD�GD�OX]�WUDQVPLWLGD��2�FURPD��C��GH¿QH�D�LQWHQVLGDGH�GH�FRU��RX�
VHMD��YDORUHV�SUy[LPRV�D�]HUR�VmR�LQGLFDWLYRV�GH�FRUHV�QHXWUDV��EUDQFR�H�RX�FLQ]D��H�YDORUHV�DR�UHGRU�GH�
���LQGLFDP�FRUHV�YtYLGDV�H�RX�LQWHQVDV��)(51$1'(6�et al���������2�kQJXOR�KXH�UHSUHVHQWD�D�FRORUDomR�
RX�WRQDOLGDGH��2V�¿OPHV�GH�DoDt�DSUHVHQWDUDP�FRUHV�LQWHQVDV�PDLV�YROWDGDV�SDUD�R�YHUPHOKR�DPDUHOR�
FRPR�LQGLFD�RV�YDORUHV�GH�/DE�H��FRQIRUPH�DXPHQWD�VH�D�FRQFHQWUDomR�GR�Sy�GH�DoDt��DV�FRUHV�¿FDP�
mais intensas.

4 concluSÃo

2�UHVXOWDGR�HVSHUDGR�QR�H[SHULPHQWR�IRL�DOFDQoDGR�FRP�r[LWR��1R�PHLR�iFLGR�RV�¿OPHV�¿FDUDP�
URVD�H�QR�PHLR�EiVLFR�PDUURP�H�FRP�R�DXPHQWR�GD�FRQFHQWUDomR�GR�Sy�GH�DoDt�DV�WRQDOLGDGHV�¿FDUDP�
PDLV�LQWHQVDV��SRGHQGR�HVWHV�VHUHP�XWLOL]DGRV�SDUD�D�IDEULFDomR�GH�HPEDODJHQV�LQWHOLJHQWHV��

AGrAdecimentoS

8)/$��)$3(0,*��&13T�H�&$3(6�SHOR�DSRLR�¿QDQFHLUR��

reFerÊnciAS

%2%%,2��)�2���'58=,$1�-���$%52��3�$���%2%%,2�3�$���)$'(//,�6��,GHQWL¿FDomR�H�TXDQWL¿FD�
omR�GDV�DQWRFLDQLQDV�GR�IUXWR�GR�IUXWR�GR�DoDL]HLUR���HXWHUSH�2OHUDFHD�0DUW���&LHQF��7HFQRO��$OLPHQW��
Y����Q��������
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&267$��'��/��0��*��3URGXomR�SRU�H[WUXVmR�GH�¿OPHV�GH�DOWR�WHRU�GH�DPLGR�WHUPRSOiVWLFR�GH�PDQGLRFD�
FRP�SROL�EXWLOHQR�DGLSDWR�FR�WHUHIWDODWR���3%$7�����������S��'LVVHUWDomR��0HVWUDGR�HP�&LrQFLD�GH�$OL�
PHQWRV��±�&HQWUR�GH�&LrQFLDV�$JUiULDV��8QLYHUVLGDGH�(VWDGXDO�GH�/RQGULQD��/RQGULQD��������

'DLQHOOL��'���*RQWDUG��1��� 6S\URSRXORV��'���=RQGHUYDQ��(��	�7REEDFN�� 3�� ��7UHQGV�)RRG�6FL��7HFK�
QRO�������S�6�����������

.(55<��-�3���2¶*5$'<��0�1���+2*$1��6�$��3DVW��FXUUHQWH�DQG�SRWHQWLDO�XOWLOLVDWLRQ�RI�DFWLYH�DQG�
LQWHOOLJHQW�SDFNDJLQJ�V\VWHPV�IRU�PHDW�DQG�PXVFOH�EDVHV�SURGXFWV��$�UHYLHZ��0HDW�VFLHQFH��Y�����S������
����������

6255(17,12��$���*255$6,��*���9,7725,$��9��3RWHQWLDO�SHUVSHFWLYHV�RI�ELR�QDQRFRPSRVLWHV�IRU�
IRRG�SDFNDJLQJ�DSSOLFDWLRQV��7UHQGV�LQ�)RRG�6FLHQFH�	�7HFKQRORJ\��$PVWHUGDQ��Y������Q�����S���������
������KWWS���G[�GRL�RUJ���������M�WLIV�������������
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resumo 
$�PDQXWHQomR� GD� TXDOLGDGH� H� UHGXomR� GH� SHUGDV� HP� IUXWDV� H� KRUWDOLoDV� VmR� RV� SULQFLSDLV� LQWHUHVVHV�
GDV� WHFQRORJLDV� DSOLFDGDV� j� SyV�FROKHLWD��2�XVR�GH� UHYHVWLPHQWRV� FRPHVWtYHLV�PRVWUD�VH� H¿FLHQWH�QD�
PDQXWHQomR�GD�TXDOLGDGH�GH�IUXWRV��XPD�YH]�TXH�SRGH�SURPRYHU�DOWHUDomR�GD�SHUPHDELOLGDGH�GH�YD�
SRU�GH�iJXD��UHGXomR�GD�FRQWDPLQDomR�SRU�PLFUR�RUJDQLVPRV�H�DXPHQWR�GD�YLGD�~WLO�GRV�IUXWRV��(VVHV�
UHYHVWLPHQWRV�TXDQGR�QDQRHVWUXWXUDGRV�WrP�VXDV�SURSULHGDGHV�PHFkQLFDV��WpUPLFDV�H�GH�EDUUHLUD�PH�
OKRUDGDV��(VWH�WUDEDOKR�REMHWLYRX�D�REWHQomR�GH�QDQRHPXOVmR�GH�FHUD�YHJHWDO�H�SRVWHULRU�DSOLFDomR�QD�
FRQVHUYDomR�SyV�FROKHLWD�GH�IUXWRV��$�QDQRHPXOVmR�IRL�REWLGD�DWUDYpV�GR�DTXHFLPHQWR�GDV�IDVHV�ROHRVD�
H�DTXRVD��DGLomR�GH�XPD�VRE�D�RXWUD�H�FLFOR�GH�KRPRJHQHL]DomR��$V�DPRVWUDV�IRUDP�FDUDFWHUL]DGDV�SRU�
PHLR�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��PHGLGDV�GH� WDPDQKR� �GLkPHWUR�KLGURGLQkPLFR��� tQGLFH�
GH�SROLGLVSHUVmR�H�SRWHQFLDO�]HWD��$V�QDQRSDUWtFXODV�DSUHVHQWDUDP�WDPDQKR�GH����QP��FRPSDWtYHO�FRP�
QDQRHPXOV}HV�H�tQGLFH�GH�SROLGLVSHUVmR�HVWUHLWR��$V�PHGLGDV�GH�SRWHQFLDO�]HWD�DSUHVHQWDUDP�PRGHUDGD�
HVWDELOLGDGH�FRORLGDO������P9���$�REWHQomR�GH�QDQRHPXOVmR�GH�FHUD�YHJHWDO�FRP�ERQV�SDUkPHWURV�GH�
HVWDELOLGDGH��DWUDYpV�GR�SURFHVVR�GH�KRPRJHQHL]DomR�j�DOWD�SUHVVmR��SRVVLELOLWD�D�VXD�XWLOL]DomR�QD�FRQ�
VHUYDomR�SyV�FROKHLWD�GH�IUXWRV�
Palavras-chave�� )LOPHV� 1DQRHVWUXWXUDGRV�� 1DQRSDUWtFXODV� /LStGLFDV�� &HUD� 9HJHWDO�� 5HYHVWLPHQWR�
&RPHVWtYHO

PlAnt wAx nAnoemulSion SYntHeSiS And evAluAtion PoSt-HArveSt Fruit
Abstract
7KH�TXDOLW\�PDLQWHQDQFH�DQG�ORVV�UHGXFWLRQ�LQ�IUXLWV�DQG�YHJHWDEOHV�DUH�RI�JUHDW�LQWHUHVW�IRU�WKH�SRVW�KDU�
YHVW�WHFKQRORJ\�DSSOLFDWLRQ��(GLEOH�FRDWLQJV�VKRZHG�WR�EH�HIIHFWLYH�LQ�PDLQWDLQLQJ�IUXLW�TXDOLW\��EHFDXVH�
WKH\�FDQ�FKDQJH�WKH�SHUPHDELOLW\�RI�ZDWHU�YDSRU��UHGXFH�FRQWDPLQDWLRQ�E\�PLFURRUJDQLVPV�DQG�LQFUHDVH�
IUXLW�VKHOI�OLIH��%\�XVLQJ�QDQRVWUXFWXUHG�HGLEOH�FRDWLQJV��PHFKDQLFDO��WKHUPDO�DQG�EDUULHU�SURSHUWLHV�DUH�
LPSURYHG��7KH�ZRUN�DLPHG�DW�REWDLQLQJ�SODQW�ZD[�QDQRHPXOVLRQ�DQG�XVH�LW�DV�SRVW�KDUYHVW�WUHDWPHQW�
LQ�IUXLWV��7KH�QDQRHPXOVLRQ�ZDV�REWDLQHG�E\�KHDWLQJ�XS�WKH�RLO�DQG�DTXHRXV�SKDVHV��DGGLQJ�RQH�XQGHU�
WKH�RWKHU�DQG�WKHQ�E\�SHUIRUPLQJ�D�KRPRJHQL]DWLRQ�F\FOH��7KH�VDPSOHV�ZHUH�FKDUDFWHUL]HG�E\�VFDQQLQJ�
HOHFWURQ�PLFURVFRS\��6(0���PHDVXUHPHQWV�RI�VL]H��SRO\GLVSHUVLRQ�LQGH[�DQG�]HWD�SRWHQWLDO��1DQRSDU�
WLFOHV�ZLWK�����QP�ZHUH�REWDLQHG��FRPSDWLEOH�ZLWK�QDQRHPXOVLRQV�DQG�QDUURZ�SRO\GLVSHUVLRQ�LQGH[��
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WKH�]HWD�SRWHQWLDO�PHDVXUHPHQWV�VKRZHG�PRGHUDWH�FROORLGDO�VWDELOLW\��������P9���7KH�V\QWKHVLV�RI�QD�
QRHPXOVLRQ�SODQW�ZD[�ZLWK�JRRG�VWDELOLW\��E\�D�KLJK�SUHVVXUH�KRPRJHQL]DWLRQ�SURFHVV��HQDEOHV�LWV�XVH�
LQ�SRVW�KDUYHVW�WUHDWPHQW�RI�IUXLWV���
Keywords: 1DQRVWUXFWXUHG�)LOPV��/LSLG�QDQRSDUWLFOHV��3ODQW�ZD[��(GLEOH�FRDWLQJ

1 introduÇÃo

$�PDQXWHQomR�GD�TXDOLGDGH�ItVLFR�TXtPLFD�GH�IUXWDV�H�KRUWDOLoDV�HQWUH�D�FROKHLWD�H�R�FRQVXPR�p�
R�SULQFLSDO�LQWHUHVVH�GDV�WHFQRORJLDV�SyV�FROKHLWD��DV�TXDLV�EXVFDP�DXPHQWDU�D�FRQVHUYDomR�H�D�TXDOLGD�
GH�GRV�SURGXWRV��UHGX]LQGR�SHUGDV�TXDOLWDWLYDV�H�TXDQWLWDWLYDV��'HQWUH�HVVDV�WHFQRORJLDV��UHYHVWLPHQWRV�
SRGHP�VHU�XVDGRV�HP�IUXWRV�H�KRUWDOLoDV�SDUD�PHOKRUDU�RX�VXEVWLWXLU�DOJXPDV�IXQo}HV�UHDOL]DGDV�SHODV�
FDPDGDV�GD�HSLGHUPH�QDWXUDO��)LOPHV�H�UHYHVWLPHQWRV�FRPHVWtYHLV�VmR�DSOLFDGRV�HP�¿QDV�FDPDGDV�GH�
PDWHULDO�VREUH�RV�DOLPHQWRV��H�DSyV�D�HYDSRUDomR�GR�VROYHQWH��R�GHSyVLWR�IRUPD�XPD�¿QD�SHOtFXOD�VREUH�
D�VXSHUItFLH��&$59$/+2�),/+2��������

&HUD�YHJHWDO�WHP�VLGR�DSOLFDGD�VREUH�IUXWRV�H�KRUWDOLoDV�GHVGH�D�GpFDGD�GH������FRP�D�¿QDOLGDGH�
GH�GLPLQXLU�D�SHUGD�GH�XPLGDGH��UHGX]LU�D�DEUDVmR�GD�VXSHUItFLH�GR�IUXWR�GXUDQWH�R�VHX�PDQXVHLR��PH�
OKRUDU�D�LQWHJULGDGH�PHFkQLFD�H�FRQWURODU�D�FRPSRVLomR�JDVRVD�LQWHUQD�GRV�IUXWRV��/,1�H�=+$2���������

2�XVR�GH�UHYHVWLPHQWRV�FRPHVWtYHLV�PRVWUD�VH�H¿FLHQWH�QD�PDQXWHQomR�GD�TXDOLGDGH�GH�IUXWRV��
Mi�TXH�SRGHP��DOWHUDU�D�SHUPHDELOLGDGH�GH�YDSRU�GH�iJXD��GLPLQXLU�D�GHSRVLomR�GH�PLFUR�RUJDQLVPRV��
DXPHQWDU� D�YLGD�~WLO� GRV� IUXWRV�� FRQIHULU�PDLRU�EULOKR�H� DWUDWLYLGDGH�YLVXDO��5HYHVWLPHQWRV�QD� IRUPD�
QDQRHVWUXWXUDGD� SRGHP�SURPRYHU�PHOKRUDV� HP� VXDV� SURSULHGDGHV�PHFkQLFDV�� WpUPLFDV� H� GH� EDUUHLUD�
�:$1*�et al���������%(/%(.+28&+(�et al����������6HQGR�DVVLP��XPD�HVWUDWpJLD�LQWHUHVVDQWH�p�XWLOL�
]DU�URWDV�ItVLFDV�RX�TXtPLFDV�TXH�FRQVLJDP�GLPLQXLU�R�WDPDQKR�GH�DOJXQV�VLVWHPDV�H�REWHU�DV�QDQRHPXO�
V}HV�� DV� TXDLV� SRGHP�DSUHVHQWDU� FDUDFWHUtVWLFDV�GLIHUHQFLDGDV� HP� UHODomR� jV� HPXOV}HV� FRQYHQFLRQDLV�
SDUD�UHYHVWLPHQWR�GH�IUXWRV�

$SHVDU�GDV�FHUDV�YHJHWDLV�VHUHP�H[WHQVLYDPHQWH�XWLOL]DGD�SDUD�IRUPDomR�GH�UHYHVWLPHQWRV�FRQ�
YHQFLRQDLV��HVWH�SROtPHUR�QDWXUDO�IRL�SRXFR�HVWXGDGR�SDUD�IRUPDomR�GH�¿OPHV�QDQRHVWUXWXUDGRV��%5,7�
72��$66,6��������0285$�et al����������(VWH�HVWXGR�WHYH�FRPR�¿QDOLGDGH�D�REWHQomR�GH�QDQRHPXOVmR�
GH�FHUD�YHJHWDO�SDUD�DSOLFDomR�QD�FRQVHUYDomR�GD�TXDOLGDGH�SyV�FROKHLWD�GH�IUXWRV��

2 mAteriAl e métodoS

$�REWHQomR�GD�QDQRHPXOVmR�IRL�UHDOL]DGD�DWUDYpV�GD�DGLomR�GD�IDVH�ROHRVD�DTXHFLGD��HPXOVL�
¿FDQWH�H�FHUD�YHJHWDO���VREUH�D�IDVH�DTXRVD��iJXD�GHLRQL]DGD��� OHQWDPHQWH�H�VRE�DJLWDomR�UiSLGD��VRE�
WHPSHUDWXUD�FRQWURODGD�GH�DPERV�RV�VLVWHPDV��$SyV�DGLomR��R�VLVWHPD�IRL�PDQWLGR�VRE�DJLWDomR�GXUDQWH�
��PLQXWRV��0(+1(57�H�0$'(5��������62872�H�0h//(5��������'$6�H�&+$8'+85<��������

$V�PHGLGDV�GH�WDPDQKR��GLkPHWUR�KLGURGLQkPLFR���SRWHQFLDO�]HWD��HVWDELOLGDGH�FRORLGDO��H�tQ�
GLFH�GH�SROLGLVSHUVmR�GDV�DPRVWUDV�IRUDP�UHDOL]DGDV�GLOXLQGR�DV�QD�UD]mR�GH�������HP�iJXD�0LOOL�4�H�
SRVWHULRUPHQWH� DYDOLDGDV� HP� DQDOLVDGRU� GH� SDUWtFXODV� GD�0DOYHUQ� ,QVWUXPHQWV�=HWDVL]HU�1DQR�=6���
�1DQR�6HULHV��0DOYHUQ�,QVWUXPHQWV�/WG��)UDQFH���DFRSODGR�D�XP�GHWHFWRU�GH�kQJXOR�¿[R�GH�����H�����&�
GH�WHPSHUDWXUD��'LVWULEXLo}HV�GH�WDPDQKR�H�GH�SROLGLVSHUVmR�IRUDP�GHWHUPLQDGDV�H�H[SUHVVDV�FRPR�D�
PpGLD�GH�FLQFR�UpSOLFDV��*|UQHU�HW�DO��������9HQNDWUDPDQ�HW�DO��������

$�DQiOLVH�PRUIROyJLFD�GD�QDQRHPXOVmR�GH�FHUD�YHJHWDO�IRL�UHDOL]DGD�HP�PLFURVFySLR�HOHWU{QLFR�
GH�YDUUHGXUD�GH�DOWR�YiFXR��)(*�6(0�-(2/�-60�����)����GLVWULEXLQGR�VH�XPD�JRWD�GD�VROXomR�GL�
OXtGD�������VREUH�XP�ZDIIHU�GH�VLOtFLR�H�VHFD�HP�GLVVHFDGRU�D�YiFXR�GH�SROLFDUERQDWR�GXUDQWH����K��$V�
DPRVWUDV�IRUDP�FRORFDGDV�HP�VWXEV�H�UHYHVWLGDV�FRP�XPD�FDPDGD�GH�FDUERQR��SRU�HYDSRUDomR��6SXWWHU�
&RDWHU���6&'����/(,&$��FRP�DFHVVyULR�SDUD�HYDSRUDomR�GH�FDUERQR��

$V�DYDOLDo}HV�SyV�FROKHLWD�ItVLFR�TXtPLFDV��PLFURELROyJLFDV�H�¿VLROyJLFDV�GH�IUXWRV�UHYHVWLGRV�
FRP�D�QDQRHPXOVmR�GH�FHUD�YHJHWDO�VHUmR�UHDOL]DGDV�HP�SUy[LPD�HWDSD�GR�SURMHWR�

3 reSultAdoS e diScuSSÃo

7DPDQKR�KLGURGLQkPLFR��tQGLFH�GH�SROLGLVSHUVmR��3',��H�SRWHQFLDO�]HWD�VmR�LQIRUPDo}HV�VREUH�
D�HVWDELOLGDGH�GH�XPD�HPXOVmR��'H�PRGR�JHUDO��R�3',�DSUHVHQWD�D�GLVWULEXLomR�GH�WDPDQKR�GDV�QDQR�
SDUWtFXODV�H��IUHTXHQWHPHQWH��VXVSHQV}HV�FRORLGDLV�FRP�YDORUHV�GH�DWp�����VmR�FRQVLGHUDGDV�FRPR�ERQV�
LQGLFDGRUHV�GH�HVWDELOLGDGH��/(0$5&+$1'�et al����������-i�R�SRWHQFLDO�]HWD��ȗ��p�XP�SDUkPHWUR�TXH�
LQGLFD�D�FDUJD�VXSHU¿FLDO�GDV�SDUWtFXODV�H��JHUDOPHQWH��YDORUHV��HP�PyGXOR��DFLPD�GH����P9�HYLGHQFLDP�
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HVWDELOLGDGH�HP�VXVSHQVmR��Mi�TXH�D�FDUJD�GD�VXSHUItFLH�LPSHGH�D�DJUHJDomR�GH�SDUWtFXODV��02+$15$-�
(�&+(1���������$�WDEHOD���DSUHVHQWD�RV�YDORUHV�GH�WDPDQKR�KLGURGLQkPLFR��tQGLFH�GH�SROLGLVSHUVmR�H�
SRWHQFLDO�]HWD�GD�QDQRHPXOVmR�REWLGD�

tabela 1. 9DORUHV�GH�WDPDQKR�KLGURGLQkPLFR��QP���tQGLFH�GH�SROLGLVSHUVmR��3',��H�R�SRWHQFLDO�]HWD��ȗ��REWLGRV�
para a nanoemulsão de cera vegetal.

&DUDFWHUL]DomR�1DQRHPXOVmR�GH�FHUD�GH�YHJHWDO

Parâmetro 1DQRHPXOVmR�GH�FHUD�GH�YHJHWDO

'LkPHWUR�KLGURGLQkPLFR��6L]H��QP� ���

ËQGLFH�GH�SROLGLVSHUVmR��3',� ������

3RWHQFLDO�]HWD��ȗ���P9� ������

Os resultados apresentados na Tabela 1 evidenciam que a nanoemulsão de cera de vegetal obtida 
DSUHVHQWD� WDPDQKR��GLkPHWUR�KLGURGLQkPLFR��GH�����QP�H�SROLGLVSHUVmR�HVWUHLWD�� LQGLFDQGR�XPD�ERD�
KRPRJHQHLGDGH�GH�WDPDQKR�GDV�SDUWtFXODV��/(0$5&+$1'�et al����������$V�PHGLGDV�GH�SRWHQFLDO�]HWD�
DSUHVHQWDUDP�PRGHUDGD�HVWDELOLGDGH�FRORLGDO�HP�VROXomR��������P9���XPD�YH]�TXH�YDORUHV�GH�ERD�HVWD�
ELOLGDGH�GHYHP�VHU�HP�PyGXOR��PDLRUHV�TXH����P9��*87(55(6�et al���������$77$0$�et al���������

$�LPDJHP�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�0(9��)LJXUD����FRQ¿UPD�R�SHTXHQR�GLkPH�
WUR�H�D�KRPRJHQHLGDGH�GH�WDPDQKR�GDV�QDQRSDUWtFXODV�GH�FHUD�YHJHWDO��REWLGDV�DWUDYpV�GD�QDQRHPXOVmR�
VLQWHWL]DGD�

Figura 1. ,PDJHP�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9���HYLGHQFLDQGR�D�PRUIRORJLD�GDV�QDQRSDUWtFXODV�
GH�FHUD�YHJHWDO�REWLGRV�D�SDUWLU�GD�QDQRHPXOVmR�VLQWHWL]DGD���(VFDOD������QP��DXPHQWR�GH�������[. 

4 concluSÃo

$WUDYpV�GR�SURFHVVR�GH�HPXOVL¿FDomR�IRL�SRVVtYHO�D�REWHQomR�GH�QDQRHPXOVmR�FRP�ERQV�SDUk�
PHWURV�GH�HVWDELOLGDGH��3RVWHULRUPHQWH��D�QDQRHPXOVmR�REWLGD�VHUi�DYDOLDGD�QD�FRQYHUVDomR�SyV�FROKHLWD�
GH�IUXWRV��(VSHUD�VH�TXH�D�FRQWLQXLGDGH�GHVWH�WUDEDOKR�SHUPLWD�DSULPRUDU�D�SURGXomR�GH�IHUUDPHQWDV�GH�
FDUDFWHUL]DomR�GHVWDV�QDQRHPXOV}HV��DLQGD�SRXFR�HVWXGDGDV�SDUD�DOJXQV�OLStGLRV�YHJHWDLV��TXH�SRGHUmR�
VHU�HVWHQGLGDV�SDUD�D�DQiOLVH�GD�SUHVHUYDomR�GH�GLYHUVRV�IUXWRV��

AGrAdecimentoS

&13T�3URFHVVR����������������&DSHV�H�(PEUDSD�,QVWUXPHQWDomR

reFerÊnciAS

$77$0$��$�$���6&+,&.(��%�&���3$(3(10h//(5��7���0h//(5�*2<0$11��&�&���������6ROLG�
OLSLG�QDQRGLVSHUVLRQV�FRQWDLQLQJ�PL[HG�OLSLG�FRUH�DQG�D�SRODU�KHWHUROLSLG��&KDUDFWHUL]DWLRQ��(XURSHDQ�
-RXUQDO�RI�3KDUPDFHXWLFV�DQG�%LRSKDUPDFHXWLFV������������



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 131

%(/%(.+28&+(��6���%5$6��-���6,48(,5$��*���&+$33(<��&���/(%581��/���.+(/,),��%���0$�
5$,6��6���'8)5(61(��$��:DWHU�VRUSWLRQ�EHKDYLRU�DQG�JDV�EDUULHU�SURSHUWLHV�RI�FHOOXORVH�ZKLVNHUV�DQG�
PLFUR¿EULOV�¿OPV��&DUERK\GUDWH�3RO\PHUV��%DUNLQJ��Y������S������������������

%5,772��'���$66,6��2�%�*��6\QWKHVLV�DQG�PHFKDQLFDO�SURSHUWLHV�RI�TXDWHUQDU\�VDOWV�RI�FKLWRVDQ�EDVHG�
¿OPV�IRU�IRRG�DSSOLFDWLRQ��,QWHUQDWLRQDO�-RXUQDO�RI�%LRORJLFDO�0DFURPROHFXOHV��Y������S����������������
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/���FY��$PEUXQpV��FRP�D�8WLOL]DomR�GH�&REHUWXUDV�&RPHVWtYHLV������������I��7HVH��'RXWRUDGR�HP�(QJH�
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/(0$5&+$1'��&���&2895(85��3���9$87+,(5��&���&267$17,1,��'���*5()��5���������6WXG\�RI�
HPXOVLRQ�VWDELOL]DWLRQ�E\�JUDIW�FRSRO\PHUV�XVLQJ�WKH�RSWLFDO�DQDO\]HU�7XUELVFDQ��,QWHUQDWLRQDO�-RXUQDO�
RI�3KDUPDFHXWLFV�������������

/,1��'���=+$2��<�� ,QQRYDWLRQV� LQ� WKH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�HGLEOH�FRDWLQJV�IRU� IUHVK�DQG�
PLQLPDOO\�SURFHVVHG�IUXLWV�DQG�YHJHWDEOHV��&RPSUHKHQVLYH�5HYLHZV�LQ�)RRG�6FLHQFH�DQG�)RRG�6DIHW\��
Y�����Q�����S��������������

0(+1(57��:���0$'(5��.��6ROLG�OLSLG�QDQRSDUWLFOHV��SURGXFWLRQ��FKDUDFWHUL]DWLRQ�DQG�DSSOLFDWLRQV��
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����������
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&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
3DUD�DYDOLDU�R�HIHLWR�GD�LQJHVWmR�GH�DOLPHQWRV�UHYHVWLGRV�FRP�¿OPHV�D�EDVH�GH�]HLQD�FRP�DGLomR�GH�QD�
QR¿EUDV�GH�FHOXORVH��IRL�UHDOL]DGR�XP�H[SHULPHQWR�FRP�GRLV�JUXSRV�GH�UDWRV�:LVWDU��2�SULPHLUR�JUXSR�
IRL�DOLPHQWDGR�FRP�UDomR�UHYHVWLGD�FRP�R�¿OPH�GH�]HLQD�H�QDQR¿EUD�GH�FHOXORVH�H�R�VHJXQGR�FRP�UDomR�
VHP�UHYHVWLPHQWR��(VVHV�DQLPDLV�IRUDP�DFRPSDQKDGRV�GLDULDPHQWH�TXDQWR�D VHXV�KiELWRV�¿VLROyJLFRV�
H��DSyV�D�HXWDQiVLD��DQDOLVRX�VH�DOJXQV�yUJmR�H�UHDOL]RX�VH�WHVWH�VDQJXtQHR��2V�UHVXOWDGRV�LQGLFDUDP�TXH�
D�LQJHVWmR�GD�UDomR�UHYHVWLGD�FRP�D�VROXomR�¿OPRJrQLFD�DSHQDV�DOWHURX�D�TXDQWLGDGH�KtGULFD�LQJHULGD�
SHORV�UDWRV��LVVR�GHYLGR�D�UDomR�DSyV�UHYHVWLGD�WHU�XP�DOWR�WHRU�GH�SURWHtQD��DOpP�GLVVR��D�WD[D�GH�FROHVWH�
URO�GRV�DQLPDLV�TXH�VH�DOLPHQWDUDP�FRP�UDomR�UHYHVWLGD�DSUHVHQWRX�XP�SHTXHQR�DXPHQWR��DXPHQWDQGR�
DVVLP�R�WDPDQKR�GR�EDoR��&RP�LVVR��FRQFOXL�VH�TXH�DSHVDU�GH�WHU�DXPHQWDGR�DV�FRQFHQWUDo}HV�VpULFDV�GR�
FROHVWHURO�WRWDO�H�SHVR�GR�EDoR�GRV�UDWRV�H[SHULPHQWDLV�HP�UHODomR�DRV�UDWRV�FRQWUROHV��QmR�IRL�REVHUYDGR�
DOWHUDo}HV�QRV�RXWURV�SDUkPHWURV�DQDOLVDGRV��R�TXH�p�XP�LQGLFDWLYR�GH�TXH�D�UDomR�QmR�FDXVRX�SUREOHPDV�
j�VD~GH�GRV�DQLPDLV�
Palavras-chave��)LOPHV�FRPHVWtYHLV��1DQR¿EUDV�GH�FHOXORVH��=HtQD��1DQRWR[LFLGDGH�

evAluAtion oF cHronic interAction oF Zein FilmS witH celluloSe nAno-
FiberS Addition in tHe orGAniSm oF wiStAr mAle rAtS 
Abstract
7R�HYDOXDWH�WKH�HIIHFW�RI�LQWDNH�EDVHG�¿OPV�FRDWHG�ZLWK�]HLQ�ZLWK�DGGHG�FHOOXORVH�QDQR¿EHUV��IRRG��DQ�
H[SHULPHQW�ZDV�FRQGXFWHG�ZLWK�WZR�JURXSV�RI�:LVWDU�UDWV��7KH�¿UVW�JURXS�ZDV�IHG�FRDWHG�ZLWK�]HLQ�¿OP�
DQG�FHOOXORVH�QDQR¿EHU�DQG�WKH�VHFRQG�ZLWK�XQFRDWHG�IHHG�UDWLRQ��7KHVH�DQLPDOV�ZHUH�PRQLWRUHG�GDLO\�
IRU�WKHLU�GDLO\�HDWLQJ�KDELWV�DQG�DIWHU�HXWKDQDVLD�H[DPLQHG�ZKHWKHU�VRPH�RUJDQ�DQG�EORRG�WHVW�ZDV�SHU�
IRUPHG��7KH�UHVXOWV�LQGLFDWHG�WKDW�LQJHVWLRQ�RI�WKH�FRDWHG�IRRG�FKDQJHG�RQO\�ZDWHU�TXDQWLW\�LQJHVWHG�E\�
UDWV�WKDW�IHHG�DIWHU�FRDWHG�GXH�WR�KDYLQJ�D�KLJK�SURWHLQ�FRQWHQW��LQ�DGGLWLRQ��WKH�FKROHVWHURO�RI�WKH�DQLPDOV�
WKDW�ZHUH�IHG�GLHW�FRDWHG�SUHVHQWHG�D�OLWWOH�DOWHUHG��WKHUHE\�LQFUHDVLQJ�WKH�VL]H�RI�WKH�VSOHHQ��7KXV��LW�LV�
FRQFOXGHG�WKDW�GHVSLWH�LQFUHDVHG�FRQFHQWUDWLRQV�VHUXP�WRWDO�FKROHVWHURO�DQG�VSOHHQ�ZHLJKW�RI�WKH�H[SHU�
LPHQWDO�UDWV�FRPSDUHG�WR�FRQWURO�UDWV��QR�FKDQJH�ZDV�REVHUYHG�LQ�WKH�RWKHU�SDUDPHWHUV�DQDO\]HG��ZKLFK�
LV�DQ�LQGLFDWLRQ�WKDW�WKH�GLHW�GLG�QRW�FDXVH�KHDOWK�SUREOHPV�RI�DQLPDOV�
Keywords��(GLEOH�¿OPV��&HOOXORVH�QDQR¿EHUV��=HLQ��1DQRWR[LFLGDGH�

1 introduÇÃo

$�XWLOL]DomR�GH�UHYHVWLPHQWRV�FRPHVWtYHLV�D�EDVH�GH�SURWHtQDV�DOWDPHQWH�KLGURIyELFDV�DSOLFDGDV�
GLUHWDPHQWH�QD�VXSHUItFLH�GH�DOLPHQWRV�p�XPD�GDV�DOWHUQDWLYDV�TXH�YHP�VHQGR�HVWXGDGD�SDUD�PLQLPL]DU�
SHUGDV�UHIHUHQWHV�DR�PDQXVHLR��DUPD]HQDPHQWR�H�WUDQVSRUWH�RIHUHFHQGR�DR�SURGXWRU�GH�IUXWDV�PDLV�UHQ�
tabilidade e ao consumidor produtos de maior qualidade.

'HQWUH�RV�PDWHULDLV�HVWXGDGRV��DV�SURWHtQDV��SULQFLSDOPHQWH�DV�GH�RULJHP�YHJHWDO�VmR�DV�PDLV�
SURPLVVRUDV�SRU�VHUHP�ELRGHJUDGiYHLV��DWy[LFDV�H�REWLGDV�GH�IRQWHV�UHQRYiYHLV��(QWUH�RXWUDV�YDQWDJHQV��
¿OPHV�D�EDVH�GHVVDV�SURWHtQDV�TXDQGR�DSOLFDGRV�GLUHWDPHQWH�QDV�VXSHUItFLHV�GH�DOLPHQWRV��QmR�DOWHUDP�D�
FRU��VDERU�H�IRUPDP�XPD�EDUUHLUD�FRQWUD�XPLGDGH�H�R[LJrQLR�GLPLQXLQGR�D�WURFD�JDVRVD�FRP�R�DPELHQWH� 
GLPLQXLQGR�DV�SHUGDV�QRV�SURFHVVRV�SyV�FROKHLWD��6&5$0,1�HW�DO����������DOpP�GH�WHU�SRWHQFLDO�SDUD�
VXEVWLWXLU�R�XVR�GH�SROtPHURV�VLQWpWLFRV�GH�XVR�WUDGLFLRQDO�QRV�DOLPHQWRV��PHOKRUDQGR�D�LQWHJULGDGH�PH�
cânica e as características dos alimentos.
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6HQGR�DVVLP��DV�]HtQDV��SURWHtQDV�GH�UHVHUYD�GR�PLOKR��SRU�VHUHP�KLGURIyELFDV�VH�WRUQDP�XP�
ERP�H[HPSOR�GH�PDWpULD�SULPD�SDUD�R�GHVHQYROYLPHQWR�GH�¿OPHV�FRPHVWtYHLV��1R�HQWDQWR��R�XVR�GHVWD�
SURWHtQD�SXUD�p�OLPLWDGR��SRLV�RV�¿OPHV�SURGX]LGRV�VmR�TXHEUDGLoRV�VHQGR�QHFHVViULR�DGLFLRQDU�RXWURV�
FRPSRQHQWHV�FRPR�SODVWL¿FDQWHV�H�QDQR¿EUD�GH�FHOXORVH��TXH�VmR�PDWHULDLV�GH�EDL[R�FXVWR�H�ERDV�SUR�
SULHGDGHV�PHFkQLFDV��2/,9(,5$�HW�DO���������TXH�DMXGDP�QD�KRPRJHQHL]DomR�GRV�¿OPHV�H�PHOKRUDP�
suas propriedades mecânicas.

$V� QDQR¿EUDV� GH� FHOXORVH� YrP� VHQGR� LQFRUSRUDGDV� HP� VROXo}HV� ¿OPRJrQLFDV�� SRLV� DOpP� GH�
VHUHP�ELRGHJUDGiYHLV�WrP�VLGR�DYDOLDGDV�HP�HVWXGRV�FRPR�DJHQWH�GH�UHIRUoR�SDUD�PDWUL]HV�SROLPpULFDV�
�025(,5$�HW��DO��������

2V�¿OPHV�FRPHVWtYHLV� D�EDVH�GH�]HtQDV�FRP�QDQR¿EUDV�GH�FHOXORVH��SRGHP�UHGX]LU�SHUGDV�H�
DJUHJDU�YDORUHV�HP�IUXWRV�H�RXWURV�DOLPHQWRV��FRQWXGR��PHVPR�RV�¿OPHV�VHQGR�REWLGRV�GH�IRQWHV�QDWXUDLV�
H�SURYDYHOPHQWH�QmR�RIHUHFHUHP�TXDOTXHU�ULVFRV�DR�VHUHP�LQJHULGDV��p�QHFHVViULR�LQYHVWLJDU�R�VHX�FRP�
SRUWDPHQWR�TXDQGR�LQJHULGD��VH�p�UHWLGD�HP�DOJXP�yUJmR��VH�p�DEVRUYLGD�HP�QRVVR�VLVWHPD�GLJHVWLYR�RX�
VH�VLPSOHVPHQWH�HOD�p�H[FUHWDGD��6HQGR�DVVLP��R�REMHWLYR�GHVWH�WUDEDOKR�IRL�DYDOLDU�D�LQWHUDomR�FU{QLFD�
GRV�¿OPHV�¿QRV�FRP�R�RUJDQLVPR�GH�UDWRV�PDFKRV�GD�YDULHGDGH�:LVWDU�

2 mAteriAiS e métodoS

$V�QDQR¿EUDV�GH�FHOXORVH�IRUDP�JHQWLOPHQWH�FHGLGDV�SHOR�JUXSR�GH�1RYRV�0DWHULDLV�GD�(PEUD�
SD�,QVWUXPHQWDomR��(VWDV�IRUDP�GLVSHUVDV�HP�iJXD�HP�XPD�SRQWHLUD�XOWUDVV{QLFD��$SyV�D�GLVSHUVmR�GDV�
QDQR¿EUDV�DGLFLRQRX�VH�HWDQRO�3�$��DWp�REWHU�XPD�VROXomR�GH�HWDQRO������HP�VHJXLGD�IRUDP�DGLFLRQDGDV�
DV�]HtQDV�HP�TXDQWLGDGH�SDUD�VH�REWHU�XPD�VROXomR�FRP����GH�PDVVD��$SyV�D�DGLomR�GD�]HtQD��DGLFLR�
QRX�VH�WDPEpP�R�SODVWL¿FDQWH��QR�FDVR��iFLGR�ROHLFR��$2��H�D�VROXomR�IRL�KRPRJHQHL]DGR�VRE�DJLWDomR�
SRU����PLQXWRV��

(P�VHJXLGD��IRL�PLVWXUDGR�QD�UDomR�WULWXUDGD�D�VROXomR�¿OPRJrQLFD�DWp�REWHU�XPD�PDVVD�PROKD�
GD��&RORFRX�VH�HVVD�UDomR�SDUD�VHFDU�HP�HVWXID�HP�WHPSHUDWXUD�GH�����&�SRU���GLDV�DWp�D�WRWDO�VHFDJHP�

3DUD� R� WHVWH� GH� WR[LFLGDGH� IRL� XWLOL]DGR� UDWRV� GD� OLQKDJHP�:LVWDU�� )RUDP�XWLOL]DGRV� ��� UDWRV�
PDFKRV�FRP�LGDGH�GH�WUrV�PHVHV�GH�YLGD�H�WLYHUDP�D�GLHWD�SDGURQL]DGD�FRP�UDomR�1XYLODE�0DQWHQoD�
��H�iJXD��DPERV�j�YRQWDGH��2V�DQLPDLV�IRUDP�GLYLGLGRV�HP�GRLV�JUXSRV�8P�JUXSR�GH�DQLPDLV�IRUDP�
WUDWDGRV��FRP�UDomR�UHYHVWLGD�FRP�¿OPH�GH����GH�]HtQD�������GH�QDQR¿EUD�GH�FHOXORVH�H�������GH�iFLGR�
ROHLFR�H�R�RXWUR�JUXSR�GH�DQLPDLV�IRUDP�DOLPHQWDGRV�FRP�D�UDomR�VHP�UHYHVWLPHQWR�

2V�DQLPDLV�IRUDP�PDQWLGRV�HP�JDLRODV�PHWDEyOLFDV�H�DFRPSDQKDGRV�GLDULDPHQWH�TXDQWR�D�VHXV�
KiELWRV�DOLPHQWDUHV��$SyV�R�WUDWDPHQWR��RV�DQLPDLV�IRUDP�HXWDQDVLDGRV�SRU�GHFDSLWDomR

2V�UHVXOWDGRV�DSUHVHQWDP�VH�FRPR�PpGLD�DFXPXODGD�GD�VHPDQD���(30��(UUR�3DGUmR�GD�0pGLD���
FRPSDUDGRV�HQWUH�R�JUXSR�GH�UDWRV�H[SHULPHQWDO�H�R�FRQWUROH�SHOD�DQiOLVH�GH�YDULkQFLD�$129$�VHJXLGR�
GR�WHVWH�W�GH�6WXGHQW�DSOLFDGRV�XWLOL]DQGR�R�VRIWZDUH�2ULJLQ�3UR������2�QtYHO�GH�VLJQL¿FkQFLD�DGRWDGR�IRL�
GH�S��������

3 reSultAdoS e diScuSSÃo

2�FRQVXPR�GH�iJXD�GRV�DQLPDLV�IRL�TXDQWL¿FDGR�GLDULDPHQWH��GXUDQWH�WRGR�R�H[SHULPHQWR��2�
YROXPH�GH�iJXD�FRQVXPLGR�SHORV�DQLPDLV�QmR�PDQWHYH�XP�SDGUmR�GXUDQWH�WRGR�R�SHUtRGR��SRUpP�DR�
DQDOLVDUPRV�R�FRQVXPR�DFXPXODGR�PpGLR�GH�iJXD�GRV�DQLPDLV��REVHUYDPRV�TXH�R�JUXSR�H[SHULPHQWDO�
FRQVXPLX�YROXPH�PDLRU�GR�TXH�R�JUXSR�FRQWUROH��H�LVVR�IRL�VLJQL¿FDWLYDPHQWH�GLIHUHQWH��,VWR�SRGH�VHU�
H[SOLFDGR��SHOR�DXPHQWR�QR�FRQVXPR�GH�SURWHtQD�GRV�DQLPDLV��SRLV�VHJXQGR�)UHXGHQEHUJ�HW��DO���������
UDWRV�TXH�IRUDP�WUDWDGRV�FRP�XPD�GLHWD�ULFD�HP�SURWHtQDV�KRXYH�XP�DXPHQWR�FRQVLGHUiYHO�QD�LQJHVWmR�
KtGULFD�H�H[FUHomR�GH�XULQD�GRV�PHVPRV��2�TXH�FRQGL]�FRP�RV�UHVXOWDGRV�GH�WHRU�GH�SURWHtQD�UHDOL]DGR�
QD�(PEUDSD�3HFXiULD�6XGHVWH�QD�UDomR�UHYHVWLGD�RIHUHFLGD�DRV�UDWRV��RQGH�PRVWURX�TXH�D�UDomR�UHYHVWLGD�
DXPHQWRX�R�WHRU�SURWHLFR�GD�PHVPD�HP�DSUR[LPDGDPHQWH����

tabela 1. 7HRU�GH�SURWHtQD�UHDOL]DGR�HP�UDo}HV�UHYHVWLGD�H�QmR�UHYHVWLGD�

 

Análise do Teor de Proteína
SETEMBRO – 2013 g/Kg

1
Ração Revestida 

37,14(Zeína + Nanofibra de Celulose)

2 Ração sem Revestimento 36,41

N°. Lab.

Aumento 
de 5%  
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&RPR�GHVFULWR�SRU�2EHUGRUVWHU�HW�DO���������XPD�GDV�SRVVtYHLV�URWDV�GDV�1)&V�p�D�DEVRUomR�SHOR�
WUDWR�JDVWURLQWHVWLQDO�SRGHQGR�VHU�HOLPLQDGD�SHODV�IH]HV�RX�FLUFXODU�QD�OLQID�H�VDQJXH�H�VHU�GLVWULEXtGRV�
SDUD�YiULRV�yUJmR�FRPR�ULP��EDoR��ItJDGR�H�FRUDomR��1D�DQiOLVH�GR�SHVR�GR�ULP��EDoR��ItJDGR�H�FRUDomR��
VH�PDQWLYHUDP�FRP�SHVRV�VHPHOKDQWHV�HQWUH�RV�GRLV�JUXSRV��QR�HQWDQWR�R�EDoR�DSUHVHQWRX�XP�DXPHQWR�
VLJQL¿FDWLYR�VHJXQGR�R�WHVWH�7�GH�6WXGHQW�HP�UHODomR�DR�JUXSR�FRQWUROH��

(VVH�DXPHQWR�QR�SHVR�GR�EDoR�GR�JUXSR�H[SHULPHQWDO��SRGH�VHU�H[SOLFDGR�SHOR�DXPHQWR�QR�QtYHO�
GR�FROHVWHURO��WDEHOD�����SRLV�VHJXQGR�HVWXGRV�UHDOL]DGRV��QRUPDOPHQWH�DV�FRQFHQWUDo}HV�HOHYDGDV�GH�
JRUGXUDV�SRGHP�SURYRFDU�DXPHQWR�QR�WDPDQKR�GR�EDoR�

tabela 2. 7DEHOD�GH�SHVR�GRV�yUJmRV��5LP��%DoR��)tJDGR�H�&RUDomR�
rim baÃ§o Figado coraÃ§Ã£o

experimental
controle

����J�Â± 0,2 ����J�Â± 0,2 �����J�Â± 1,7 ����J�Â± 0,1
����J�Â± 0,1 ����J�Â± 0,1 �����J�Â± 0,8 ����J�Â± 0,2

3.1 PArÂmetroS bioquímicoS SAnGuíneoS

&RPR�PRVWUDGR�QD� WDEHOD����D�DQiOLVH�ELRTXtPLFD�VDQJXtQHD�GR�JUXSR�GH� UDWRV�H[SHULPHQWDO�
PRVWURX�TXH�D�LQJHVWmR�GD�UDomR�UHYHVWLGD�FRP�¿OPHV�GH�]HtQD�FRP�DGLomR�GH�QDQR¿EUDV�GH�FHOXORVH�QmR�
SURYRFDUDP�QHQKXPD�DOWHUDomR�VLJQL¿FDWLYD�QRV�SDUkPHWURV�VDQJXtQHRV��H[FHWR�R�FROHVWHURO�WRWDO�TXH�QR�
JUXSR�H[SHULPHQWDO�KRXYH�XP�DXPHQWR�VLJQL¿FDWLYR�

3URYDYHOPHQWH� D� WD[D�PHWDEyOLFD� GRV� DQLPDLV� IRL� DXPHQWDGD�� LVWR� p�� R� JDVWR� HQHUJpWLFR� IRL�
PDLRU��6HJXQGR�/HL�HW��DO��������LVWR�SRGH�VHU�GHYLGR�j�DOWHUDomR�¿VLROyJLFDV�GDV�JOkQGXODV�GD�WLUHyLGH��
GDV�DGUHQDLV�RX�GD�KLSy¿VH��

$�GHPDQGD�HQHUJpWLFD�SRGH�VHU�VXSULGD�SHOD� OLSyOLVH��R�TXH�SRGHULD�DFDUUHWDU�R�DXPHQWR�GRV�
QtYHLV�VpULFRV�GH�FROHVWHURO�FRPR�IRL�REVHUYDGR�QHVWHV�DQLPDLV��2�DXPHQWR�GR�FROHVWHURO�QmR�DIHWRX�R�
ItJDGR��SRLV�RV�QtYHLV�GH�7*2��7*3�H�IRVIDWDVH�DOFDOLQD�QmR�IRUDP�DOWHUDGDV�

tabela 3. Testes Sanguíneos dos animais.
Teste SanguÃ-neo dos animais Teste SanguÃ-neo dos animais

T ipo C ontrole E xper imental T ipo C ontrole E xper imental
F osfatase A lcalina (UI /L )

T G O  (U/L ) 0,1 Â± 0 0,1 Â± 0
T G P (U/L )

Ã �cido Ã šr ico (mg/dL ) 1,4  Â± 0,3 1,4 Â± 0,5 123,5 Â± 21,2 107,9 Â± 24,4
C reatinina (mg/dL ) 0,6  Â± 0,1 0,5 Â± 0,1 F Ã³sforo (mg/dL ) 6,4 Â± 0,7 6,3 Â± 0,4

Tr iglicÃ©r ides (mg/dL ) 72,4  Â± 22,3 84,4 Â± 30,7 C Ã¡lcio (mg/dL ) 9 Â± 0,3 8,9 Â± 0,3
C olesterol Total (mg/dL ) 57,5 Â± 4,5 66,6 Â± 5,1 B ilir r ubina Total (mg/dL ) 0,2 Â± 0 0,2 Â± 0

G licose (mg/dL ) 95,6 Â± 9,7 88,7 Â± 14,1 B ilir r ubina direta (mg/dL ) 0,1 Â± 0 0,1 Â± 0
286,8 Â± 74,3 260,9 Â± 94,9 B ilir r ubina indireta (mg/dL )

71 Â± 23 61,3 Â± 18,8

4 concluSÃo

�1R� H[SHULPHQWR� FRP�RV� UDWRV�:LVWDU� DOLPHQWDGRV� SRU� �� VHPDQDV� FRP�¿OPHV� GH� ]HtQD�� FRP�
DGLomR�GH�QDQR¿EUDV�GH�FHOXORVH��SDUD�DYDOLDU�D�QDQRWR[LFLGDGH��FRQFOXL�VH�TXH�DXPHQWDUDP�DV�FRQFHQ�
WUDo}HV�VpULFDV�GR�FROHVWHURO�WRWDO�H�SHVR�GR�EDoR�GRV�UDWRV�H[SHULPHQWDLV�HP�UHODomR�DRV�UDWRV�FRQWUR�
OHV��3RUpP�QmR�IRL�REVHUYDGR�DOWHUDo}HV�QRV�GHPDLV�SDUkPHWURV�DQDOLVDGRV��DOpP�GLVVR��WDQWR�R�JUXSR�
FRQWUROH�FRPR�R�JUXSR�H[SHULPHQWDO�PDQWHYH�XP�JDQKR�QD�PDVVD�FRUSRUDO�GXUDQWH�WRGR�R�H[SHULPHQWR��
FRQVXPLUDP�UDomR�H�LQJHULUDP�iJXD�GH�IRUPD�QRUPDO�H�H[FUHWDUDP�WDPEpP�GH�IRUPD�QRUPDO��R�TXH�p�XP�
LQGLFDWLYR�GH�TXH�D�UDomR�UHYHVWLGD�QmR�DOWHURX�D�VD~GH�GRV�DQLPDLV�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��)LQHS��&DSHV�H�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD��$�
SURIHVVRUD�.HLFR�2NLQR�1RQDND�SRU�DX[LOLDU�H�HPSUHVWDU�DV�GHSHQGrQFLDV�GR�ODERUDWyULR�GH�1HXURHQGR�
FULQRORJLD�SDUD�D�UHDOL]DomR�GR�H[SHULPHQWR�FRP�RV�DQLPDLV�

reFerÊnciAS
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&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
$�SURGXomR�GH�¿OPHV�FRPHVWtYHLV�D�SDUWLU�GH�ELRSROtPHURV�FRP�SROSDV�GH�IUXWD�WHP�VH�PRVWUDGR�XPD�
DOWHUQDWLYD�SDUD�SURGXomR�GH�QRYDV�HPEDODJHQV��2�LQWXLWR�GH�GLPLQXLU�R�GHVFDUWH�GH�PDWHULDLV�QmR�GHJUD�
GiYHLV�QR�DPELHQWH�WHP�LPSXOVLRQDGR�R�GHVHQYROYLPHQWR�GH�PDWpULDV�SULPDV�D�SDUWLU�GH�PDWHULDLV�QD�
WXUDLV�H�UHQRYiYHLV�SDUD�D�DSOLFDomR�HP�HPEDODJHQV�SDUD�DOLPHQWRV��2�REMHWLYR�GR�WUDEDOKR�IRL�SURGX]LU�
¿OPHV�FRPHVWtYHLV�GH�SHFWLQD�FRQWHQGR�SROSD�GH�IUXWD��QHVVH�FDVR�R�FDFDX��SDUD�DQiOLVHV�GDV�PHOKRUHV�
FRQGLo}HV�GH�VtQWHVH�TXH�VHUmR�HVWXGDGDV�SRVWHULRUPHQWH�HP�WUDEDOKRV�IXWXURV�QR�QRVVR�JUXSR�GH�SHV�
quisa.
Palavras-chave:�3ROSD�GH�FDFDX��)LOPH�FRPHVWtYHO��3HFWLQD�

Abstract
7KH�SURGXFWLRQ�RI�HGLEOH�¿OPV�IURP�ELRSRO\PHUV�ZLWK�IUXLW�SXUHH�KDV�EHHQ�DQ�DOWHUQDWLYH�IRU�SURGXFWLRQ�
RI�QHZ�SDFNDJLQJ��7KH�SXUSRVH�RI�UHGXFLQJ�WKH�GLVSRVDO�RI�QRQ�GHJUDGDEOH�PDWHULDOV�LQ�WKH�HQYLURQPHQW�
KDV�GULYHQ�WKH�GHYHORSPHQW�RI�UDZ�PDWHULDOV�IURP�QDWXUDO�DQG�UHQHZDEOH�PDWHULDOV�IRU�DSSOLFDWLRQ�LQ�
IRRG�SDFNDJLQJ��7KH�REMHFWLYH�ZDV� WR�SURGXFH�HGLEOH�¿OPV�FRQWDLQLQJ�SHFWLQ�DQG� IUXLW�SXUHH�� LQ� WKLV�
FDVH�FRFRD��IRU�DQDO\VLV�RI�WKH�EHVW�V\QWKHVLV�FRQGLWLRQV�WKDW�ZLOO�EH�VWXGLHG�ODWHU�LQ�IXWXUH�ZRUN�LQ�RXU�
research group.
Keywords: &RFRD�3XUHH��(GLEOH�¿OPV��3HFWLQ�
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3XEOLFDo}HV�UHODFLRQDGDV
0RXUD��0��5��GH��0DWWRVR��/��+��&��$QiOLVH�GDV�PHOKRUHV�FRQGLo}HV�GH�VtQWHVH�GH�QRYRV�¿OPHV�FRPHVWt�
YHLV�VLQWHWL]DGRV�FRP�SROSD�GH�FDFDX������&RQJUHVVR�%UDVLOHLUR�GH�3ROtPHURV��������)ORULDQySROLV�

1 introduÇÃo

�2�XVR�GH�PDWHULDLV�VLQWpWLFRV�FRPR�HPEDODJHP�p�JUDQGH��SULQFLSDOPHQWH�SRU�VXD�GLVSRQLELOL�
GDGH��EDL[R�FXVWR�H�FDUDFWHUtVWLFDV�IXQFLRQDLV��GHVWDFDQGR�VH�DV�ERDV�SURSULHGDGHV�PHFkQLFDV��EDUUHLUD�
DRV�JDVHV�H�FRPSRVWRV�DURPiWLFRV��H�D�IDFLOLGDGH�GH�VHODJHP�WpUPLFD��,/(6�DQG�0$57,1���������1R�
HQWDQWR��VHX�XVR�JHUD�SUHRFXSDomR�TXDQGR�SDVVDPRV�D�SHQVDU�HP�FRQWDPLQDomR�DPELHQWDO�GHFRUUHQWH�GR�
GHVFDUWH��XPD�YH]�TXH�QmR�VmR�ELRGHJUDGiYHLV�H�VXD�UHFLFODJHP�FRQVRPH�JUDQGHV�TXDQWLGDGHV�GH�HQHUJLD�
WpUPLFD�

�2�LQWHUHVVH�GH�PDQWHU��RX�PHOKRUDU��D�TXDOLGDGH�GRV�SURGXWRV�HPEDODGRV�H��DR�PHVPR�WHPSR��
UHGX]LU�R�GHVSHUGtFLR�GH�HPEDODJHQV��WHP�HQFRUDMDGR�D�H[SORUDomR�GH�QRYRV�PDWHULDLV�GH�HPEDODJHQV��
FRPR�RV�¿OPHV�ELRGHJUDGiYHLV�IRUPXODGRV�FRP�PDWpULDV�SULPDV�RULXQGDV�GH�UHFXUVRV�UHQRYiYHLV��$5�
5,(7$�HW�DO���������

�'LIHUHQWHV�FRPSRVWRV�HVWmR�VHQGR�LQFRUSRUDGRV�D�PDWUL]HV�SROLPpULFDV��YLVDQGR�FRQIHULU�OKHV�
SURSULHGDGHV�GLIHUHQFLDGDV��8PD�GDV�SURSULHGDGHV�GHVHMiYHLV�p�D�SURGXomR�GH�HPEDODJHQV�FRP�DomR�DQ�
WLR[LGDQWH��TXH�UHWDUGDP�RX�GLPLQXHP�R�SURFHVVR�GH�R[LGDomR�GR�SURGXWR�FRQWLGR�QHOD��H�VmR�GH�JUDQGH�
LPSRUWkQFLD�SDUD�D�LQG~VWULD��SULQFLSDOPHQWH�GRV�UDPRV�DOLPHQWtFLR�H�IDUPDFrXWLFR��$�LQFRUSRUDomR�GH�
DQWLR[LGDQWHV�QDWXUDLV�p�XPD�DOWHUQDWLYD�LQWHUHVVDQWH��DSHVDU�GD�GLPLQXLomR�GDV�SURSULHGDGHV�GDV�PDWUL�
]HV�FRP�D�DGLomR�GHVVHV�DQWLR[LGDQWHV�QDWXUDLV��8PD�PHOKRULD�GDV�SURSULHGDGHV�SRGH�VHU�DOFDQoDGD�FRP�
D�LQFRUSRUDomR�GH�QDQRHVWUXWXUDV�QD�PDWUL]�GHVVHV�¿OPHV��0285$�HW�DO���������

�2�FDFDX��7KHREURPD�FDFDR��IUXWR�WLSLFDPHQWH�EUDVLOHLUR�p�XPD�GDV�PDLRUHV�IRQWHV�GH�SROLIHQyLV�
GD�DOLPHQWDomR�±�DQWLR[LGDQWHV�TXH�GHVHPSHQKDP�XP�SDSHO�LPSRUWDQWH�QD�SUHYHQomR�GD�R[LGDomR�GR�
/'/�FROHVWHURO��R�FROHVWHURO�³UXLP´��H�QD�LQLELomR�GH�SURFHVVRV�LQÀDPDWyULRV�QR�RUJDQLVPR��LPSHGLQGR�
DVVLP�R�DF~PXOR�GH�JRUGXUD�QDV�SDUHGHV�GRV�YDVRV�VDQJXtQHRV�H�UHGX]LQGR�R�ULVFR�GH�GRHQoDV�FDUGLRYDV�
FXODUHV��(VWD�IUXWD�FRQWrP�WDPEpP�YLWDPLQDV�GR�FRPSOH[R�%��TXH�DMXGDP�D�PDQWHU�D�VD~GH�GRV�QHUYRV��D�
WRQLFLGDGH�PXVFXODU�GR�DSDUHOKR�JDVWURLQWHVWLQDO�H�DWXDP�HP�FDVRV�GH�GHSUHVVmR��6DLV�PLQHUDLV��IyVIRUR�
�QHFHVViULR�SDUD�R�FpUHEUR��IRUPDomR�GRV�RVVRV�H�GHQWHV�H�FRQWUDomR�GRV�P~VFXORV�FDUGtDFRV���IHUUR��TXH�
DMXGD�QD�SURGXomR�GH�KHPRJORELQD�H�R[LJHQDomR�GDV�KHPiFLDV���FiOFLR��DOpP�GH�SURWHtQDV��2�REMHWLYR�GR�
QRVVR�WUDEDOKR�p�LQFRUSRUDU�SROSD�GH�FDFDX�HP�PDWUL]HV�FRPHVWtYHLV�GH�SHFWLQD��D¿P�GH�SULPHLUDPHQWH�
SHVTXLVDU�D�PHOKRU�FRQGLomR�GH�VtQWHVH�GH�XP�¿OPH�DWLYR�H�FDUUHJDGR�QXWULFLRQDOPHQWH��3DUD�LVVR�SUR�
SULHGDGHV�GH�GLVSHUVmR�GR�SROSD�QD�PDWUL]�IRUDP�HVWXGDGDV�HP�GLIHUHQWHV�FRQGLo}HV�GH�VtQWHVH��SDUD�D�
HVFROKD�GRV�PHOKRUHV�PDWHULDLV�TXH�VHUmR�XWLOL]DGRV�HP�HVWXGRV�IXWXURV�

2 mAteriAl e métodoS

2.1 Preparo da polpa de cacau:

$�SROSD�GH�FDFDX�XWLOL]DGD�IRL�LQGXVWULDO��'H�0DUFKL�,QG��H�&RP��GH�)UXWDV�/WGD��6DR�3DXOR��
%UD]LO���3ULPHLUDPHQWH�D�SROSD�IRL�¿OWUDGD��SDUD�UHPRomR�GH�SDUWHV�VyOLGDV�QmR�KRPRJHQHL]DGDV�QD�SROSD�
FRPR�XP�WRGR��H�SRVWHULRUPHQWH�DUPD]HQDGD�HP�JHODGHLUD�

2.2 3UHSDUR�GRV�¿OPHV�

2�¿OPH�FRQWUROH�GH�SHFWLQD�IRL�SUHSDUDGR�XWLOL]DQGR�R�PpWRGR�³FDVWLQJ´�D�SDUWLU�GH�XPD�VROXomR�
GH�SHFWLQD�H�iJXD��)LOPHV�FRQVWLWXtGRV�VRPHQWH�GH�SROSD�QmR�DSUHVHQWDUDP�SURSULHGDGHV�VDWLVIDWyULDV��
SURSULHGDGHV�HVWDV�HQFRQWUDGDV�QRV�¿OPHV�HP�TXH�D�SHFWLQD�IRL�DGLFLRQDGD��PDQWHQGR�VH�DLQGD�FRORUDomR�
FDUDFWHUtVWLFD�GR�FDFDX�H�DURPD�GD�IUXWD��3DUD�R�SUHSDUR�GRV�¿OPHV�FRP�SROSD�IRL�XWLOL]DGR�����JUDPDV�
GH�SROSD�SDUD���JUDPDV�GH�SHFWLQD�HP�iJXD�GHVWLODGD�

2.3 $QiOLVH�6XEMHWLYD�GRV�¿OPHV�

1D�DYDOLDomR�VXEMHWLYD�VmR�REVHUYDGDV�DV�VHJXLQWHV�FDUDFWHUtVWLFDV��FRQWLQXLGDGH��KRPRJHQHLGD�
GH�H�PDQXVHDELOLGDGH��0217(55(<�DQG�62%5$/���������(VVDV�FDUDFWHUtVWLFDV�VmR�REVHUYDGDV�HP�
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¿OPHV�VLQWHWL]DGRV�GH�GLIHUHQWHV�IRUPDV��SDUD�SRGHU�KDYHU�FRPSDUDomR�H�HVFROKD�GD�PHOKRU�FRQGLomR�
DWUDYpV�GH�XP�SODQHMDPHQWR�IDWRULDO�

2.4 Propriedade mecânica:

$�DQiOLVH�GH�WHQVmR�Pi[LPD��03D��H�HORQJDomR�����IRL�UHDOL]DGD�FRP�EDVH�QR�PpWRGR�$670�
'��������� FRUWDQGR�RV� HP� IRUPD� UHWDQJXODU� FRP�GLPHQV}HV� FRQWURODGDV��(P� VHJXLGD�� UHDOL]RX�VH� R�
HQVDLR�GH�WUDomR�SDUD�REWHU��D�WHQVmR�Pi[LPD��ı��GH�FDGD�XP�GRV�¿OPHV�H�R�TXDQWR�HVVH�¿OPH�DORQJD�DWp�
se romper.

3 reSultAdoS e diScuSSÃo

�)RL�IHLWD�QR�LQtFLR�GR�WUDEDOKR�XPD�DYDOLDomR�VXEMHWLYD�GRV�¿OPHV��1D�DYDOLDomR�VXEMHWLYD�IRUDP�
REVHUYDGDV�DV�VHJXLQWHV�FDUDFWHUtVWLFDV��FRQWLQXLGDGH��DXVrQFLD�GH�UXSWXUDV�H�IUDWXUDV�DSyV�D�VHFDJHP���
KRPRJHQHLGDGH��DXVrQFLD�GH�SDUWtFXODV�LQVRO~YHLV�YLVtYHLV�D�ROKR�Q~��]RQDV�GH�RSDFLGDGH�RX�GH�FRUHV�
GLIHUHQFLDGDV��H�PDQXVHDELOLGDGH��SRVVLELOLGDGH�GH�PDQXVHDU�R�¿OPH�VHP�ULVFRV�GH�UXSWXUD��

�2V�¿OPHV�IRUDP�FODVVL¿FDGRV�GH�DFRUGR�FRP�XP�SDGUmR�HP�H[FHOHQWH��ERP�RX�GH¿FLHQWH��3DUD�
HODERUDomR�GHVVH�H[SHULPHQWR�IRL�PRQWDGR�XP�SODQHMDPHQWR�IDWRULDO�GH�����2V�IDWRUHV�H�QtYHLV�VH�HQFRQ�
tram na Tabela 1.

�)RL�GHVHQKDGR�XP�SURWRFROR�H[SHULPHQWDO�D�SDUWLU�GR�FUX]DPHQWR�GDV�YDULiYHLV�$��%�H�&�D�SDUWLU�
GH�XPD�DQiOLVH�IDWRULDO�����JHUDQGR�XP�WRWDO�GH���HQVDLRV��$V�YDULiYHLV�$��%�H�&�VLJQL¿FDP�FRQFHQWUDomR�
GH�SHFWLQD�DGLFLRQDGD�QD�SROSD��SHFWLQD�DGLFLRQDGD�LQGLUHWDPHQWH�RX�GLUHWDPHQWH�j�SROSD��FRP�PLVWXUD�
GH�VROXomR�GH�SHFWLQD�QD�VROXomR�GH�SROSD�RX�DGLFLRQDGD�D�SHFWLQD�GLUHWDPHQWH�QD�VROXomR�GH�SROSD��H�
WHPSHUDWXUD�GH�VHFDJHP�GR�¿OPH��UHVSHFWLYDPHQWH�

tabela 1. )DWRUHV�H�QtYHLV�XWLOL]DGRV�QR�SODQHMDPHQWR�IDWRULDO�
variáveis nível inferior (-) nível superior (+)

$ &RQFHQWUDomR�GR�SROtPHUR����� &RQFHQWUDomR�GR�SROtPHUR���

B 6ROXomR�LQGLUHWD 6ROXomR�GLUHWD

& ����& ����&

$V�VXVSHQV}HV��WDQWR�GH�QDQRHVIHUDV�TXDQWR�GH�QDQRFiSVXODV��QmR�DSUHVHQWDUDP�SUHFLSLWDGRV��
DR�VHUHP�GHL[DGDV�HP�UHSRXVR�SRU�XP�SHUtRGR�GH�XP�PrV��(VVD�SURSULHGDGH��HP�VH�WUDWDQGR�GH�IXWXUDV�
DSOLFDo}HV��p�GH�H[WUHPD�LPSRUWkQFLD�

1D�7DEHOD���p�SRVVtYHO�DYDOLDU�FDGD�IDWRU�DQDOLVDGR�H�FDGD�H[SHULPHQWR�FRP�VXD�UHVSRVWD�

tabela 2. 0DWUL]�SODQHMDPHQWR�H�YDORUHV�GDV�UHVSRVWDV�SDUD�FDGD�H[SHULPHQWR�UHDOL]DGR�
experimentos A b c continuidade Homogeneidade manuseabilidade

1 + + + Ɣ Ŷ Ɔ

2 � + + Ŷ Ɣ Ŷ

� + � + Ŷ Ɣ Ɔ

�� � � + Ɔ Ŷ Ŷ

� + + � Ɔ Ɣ Ɔ

� � + � Ɔ Ɣ Ɣ

� + � � Ɣ Ŷ Ɔ

� � � � Ɣ Ŷ Ɣ

Ɔ�H[FHOHQWH��Ɣ�ERD��Ŷ�GHILFLHQWH

�&RPR�SRGHP�VHU�REVHUYDGRV�QD�7DEHOD����RV�¿OPHV�IRUPDGRV�D�SDUWLU�GRV�H[SHULPHQWRV���H���
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IRUDP�RV�TXH�DSUHVHQWDUDP�SLRUHV�FDUDFWHUtVWLFDV��VHQGR�FRQVLGHUDGRV�GH¿FLHQWHV�
�1R�HQWDQWR��RV�¿OPHV�IRUPDGRV�D�SDUWLU�GRV�H[SHULPHQWRV���H���IRUDP�RV�TXH�DSUHVHQWDUDP�PH�

OKRUHV�FDUDFWHUtVWLFDV��VHQGR�FRQVLGHUDGRV�H[FHOHQWHV�
�&RP�EDVH�QHVVHV�UHVXOWDGRV�p�TXH�HVFROKHPRV�D�FRQFHQWUDomR�GH�SROtPHUR��PRGR�GH�PLVWXUD�H�

SUHSDUR�GD�VROXomR�¿OPRJrQLFD��GLUHWD�DGLomR�GD�SHFWLQD�RX�LQGLUHWD�QD�SROSD�GH�IUXWD��H�D�WHPSHUDWXUD�
GH�VtQWHVH�D�¿P�GH�VLQWHWL]DUPRV�RV�¿OPHV�SDUD�FDUDFWHUL]Do}HV�

�'H�XPD�PDQHLUD�JHUDO�RV�PHOKRUHV�¿OPHV�DSUHVHQWDUDP�VH�FRP�FRORUDomR�FDUDFWHUtVWLFD�GD�SRO�
pa de cacau e com um bom aspecto visual. 

�2XWUD�SUHRFXSDomR�QR�LQtFLR�IRL�FRQWURODU�D�HVSHVVXUD�GRV�¿OPHV��SRLV�GH�DFRUGR�FRP�*(1�
1$',26�HW�DO��������R�FRQWUROH�GD�HVSHVVXUD�p�LPSRUWDQWH�SDUD�D�XQLIRUPLGDGH�GRV�¿OPHV�IRUPDGRV��
UHSURGXWLELOLGDGH�GDV�PHGLGDV�UHDOL]DGDV�H�YDOLGDGH�GD�FRPSDUDomR�HQWUH�¿OPHV��2V�¿OPHV�VLQWHWL]DGRV�
SRU�QyV�DSUHVHQWDUDP�VLPLODU�HVSHVVXUD�HP�WRGDV�DV�DQiOLVHV��RQGH�D�PpGLD�GD�HVSHVVXUD�IRL�GH������PP�

�&RPR�D�LGpLD�GR�WUDEDOKR�p�D�SUHRFXSDomR�FRP�D�SHUPDQrQFLD�GR�RGRU�GD�IUXWD�QR�¿OPH��DSyV�
XP�SHUtRGR�GH�HVWRFDJHP��QyV�FRPSDUDPRV�R�RGRU�QR�¿OPH�FRP�R�GD�SROSD�SXUD�XP�GLD�GHSRLV�GD�VtQWH�
VH�H����GLDV�GHSRLV��2�RGRU�SUDWLFDPHQWH�SHUPDQHFH�QR�¿OPH�QmR�GHVFDUDFWHUL]DQGR�R�RGRU�FDUDFWHUtVWLFR�
GD�IUXWD�GH�SUHSDUR�GD�VROXomR�¿OPRJrQLFD��QHVVH�FDVR�R�FDFDX�

�1D�7DEHOD���p�SRVVtYHO�REVHUYDUPRV�RV�YDORUHV�GH�WHQVmR�Pi[LPD�H�HORQJDomR�GRV�¿OPHV��H[SH�
ULPHQWR���GD�PDWUL]�SODQHMDPHQWR���2V�¿OPHV�VLQWHWL]DGRV�DSHQDV�FRP�SHFWLQD�DSUHVHQWDUDP�WHQVmR�HP�
WRUQR�GH����03D��&RP�D�DGLomR�GH�SROSD�GH�IUXWD�D�WHQVmR�Pi[LPD�QRV�¿OPHV�¿FRX�HP�WRUQR�GH�����03D�

tabela 3. 7HQVmR�Pi[LPD�GH�¿OPHV�FRQWHQGR�SHFWLQD�SXUD�H�SHFWLQD�FRP�SROSD�GH�FDFDX�
Filme espessura (mm) 7HQVmR�0i[LPD

(mPa)
(ORQJDomR����

6RPHQWH�3HFWLQD ������������� ���������� ���������

3HFWLQD���SROSD�GH�FDFDX ������������� ��������� ����������

�2V�YDORUHV�GH�WHQVmR�GRV�¿OPHV�FRQWHQGR�SROSD�VmR�PHQRUHV�TXH�GR�SROtPHUR�SXUR��PDV�R�UH�
VXOWDGR�HVWi�FRHUHQWH�VH�FRPSDUDGR�FRP�¿OPHV�GH�SROSD�GH�IUXWD�VLQWHWL]DGRV�HP�RXWURV�WUDEDOKRV�QD�
literatura. 

�2V�YDORUHV�GH�HORQJDomR�GRV�¿OPHV�GH�SROSD�GH�FDFDX�GHVWDFDUDP�VH�HP�UHODomR�D�RXWURV��RX�
VHMD��HVVHV�¿OPHV�DSUHVHQWDP�PDLRU�WHQDFLGDGH��7HQDFLGDGH�p�XPD�PHGLGD�GH�TXDQWLGDGH�GH�HQHUJLD�TXH�
XP�PDWHULDO�SRGH�DEVRUYHU�DQWHV�GH�IUDWXUDU��(VVD�SURSULHGDGH�Gi�DR�PDWHULDO�FDSDFLGDGH�GH�VH�GHIRUPDU�
DQWHV�GH�VH�URPSHU��DXPHQWDQGR�VHX�FDPSR�GH�DSOLFDomR��

�7HVWHV�DGLFLRQDLV�GH�SURSULHGDGHV�PHFkQLFDV�H�DOJXPDV�DQiOLVHV�WpUPLFDV�GR�PDWHULDO�HVWmR�HP�
DQGDPHQWR��SDUD�R�HQWHQGLPHQWR�GH�QRYDV�SURSULHGDGHV��(VWHV�WHVWHV�FRQWULEXLUmR�SDUD�D�HVFROKD�GR�PH�
OKRU�¿OPH�GH�SROSD�SURSRVWR�QHVVD�SHVTXLVD��

4 concluSÃo

�2V�¿OPHV�GH�SROSD�GH�IUXWD�DSUHVHQWDUDP�ERD�SURSULHGDGH�GH�HORQJDomR��6mR�PDQXVHiYHLV�H�GH�
RGRU�H�FRU�FDUDFWHUtVWLFRV�GD�SROSD�GH�RULJHP��$V�SURSULHGDGHV�PHFkQLFDV�SRGHP�VHU�PHOKRUDGDV�HP�
WUDEDOKRV�IXWXURV�FRP�D�DGLomR�GH�DJHQWHV�GH�UHIRUoR�QD�PDWUL]��FRPR�SRU�H[HPSOR��QDQRSDUWtFXODV��$�
DSOLFDELOLGDGH�GRV�PDWHULDLV�p�GH�LPSRUWkQFLD�SDUD�LQRYDomR�HP�PDWHULDLV�SDUD�HPEDODJHQV���
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*(11$',26��$���0&+8*+��7��+���:(//(5��&��/���.52&+7$��-��0��7HFKQRPLF�3XEOLVKLQJ�&R��
,QF��/DQFDVWHU�86$�������
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&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
2�REMHWLYR�GHVWH�WUDEDOKR�p�R�GHVHQYROYLPHQWR�GH�¿OPH�QDQRFRPSyVLWR�SURGX]LGR�FRP�SHFWLQD�H�QDQR�
HPXOVmR�GH�yOHR�HVVHQFLDO�GH�FUDYR��3DUD�D�FDUDFWHUL]DomR�GDV�FDUDFWHUtVWLFDV�GR�¿OPH�IRUDP�UHDOL]DGRV�
WHVWHV�GH�WUDomR�H�SHUPHDELOLGDGH�GH�YDSRU�GH�iJXD��:93���3DUD�R�¿OPH�GH�SHFWLQD�SXUD�REWHYH�VH�UXS�
WXUD�GR�¿OPH�HP����03D��FRP�D�SUHVHQoD�GD�QDQRHPXOVmR�R�SRQWR�GH�UXSWXUD�DXPHQWRX�SDUD���0SD��1R�
WHVWH�GH�SHUPHDELOLGDGH�GH�YDSRU�QR�¿OPH�SHFWLQD�SXUD�GH������J�PP�.���3D�� h�� m����FRP�QDQRHPXOVmR�
REWHYH�VH�XPD�GLPLQXLomR�GD�SHUPHDELOLGDGH�SDUD�����J�PP�.���3D�� h�� m����2EVHUYDQGR�VH�DVVLP�YDOR�
UHV�VXSHULRUHV�DRV�GR�¿OPH�VHP�QDQRHPXOVmR�
Palavras-chave��1DQRHPXOVmR��3HUPHDELOLGDGH�DR�YDSRU�GH�iJXD��1DQRFRPSyVLWR�

FeASibilitY oF clove nAnoemulSion Addition For PHYSicAl ProPertieS in 
Pectin Film
Abstract
7KH�REMHFWLYH�RI�WKLV�SDSHU�LV�GHYHORSLQJ�D�QDQRFRPSRVLWH�¿OP�ZLWK�SHFWLQ�ZLWK�FORYH�HVVHQWLDO�RLO�QD�
QRHPXOVLRQ��)RU�FKDUDFWHUL]DWLRQ�RI�WKLV�¿OP�ZHUH�UHDOL]HG�WUDFWLRQ�WHVWLQJ�DQG�:93�DQDO\VLV��2EWDLQ�
LQJ�DV�UHVXOWV�IRU�SXUH�SHFWLQ�¿OP�WKH�UXSWXUH�RFFXUUHG�DW����03D�DQG�LQ�SUHVHQFH�RI�QDQRHPXOVLRQ�WKH�
UXSWXUH�RFFXUUHG�DW����03D��,Q�:93�DQDO\VLV�WKH�SHUPHDELOLW\�RI�SXUH�SHFWLQ�¿OP�ZDV������J�PP�.�� 
3D�� h�� m���DQG�LQ�SUHVHQFH�RI�QDQRHPXOVLRQ�ZDV�REWDLQHG�D�GHFUHDVH�RI�SHUPHDELOLW\�E\�����J�PP�.�� 
3D�� h�� m����2EVHUYLQJ�LQ�WKHVH�ZD\�LQWHUHVWLQJ�UHVXOWV�ZKHQ�FRPSDULQJ�ZLWK�¿OP�ZLWKRXW�QDQRHPXOVLRQ�
Keywords: 1DQRHPXOVLRQ��9DSRU�:DWHU�3HUPHDELOLW\��1DQRFRPSRVLWH��

3XEOLFDo}HV�UHODFLRQDGDV��5HVXPR�DFHLWR�QR�&%(&,0$7������

1 introduÇÃo

�3DUD�DWHQGHU�DV�QHFHVVLGDGHV�GR�PHUFDGR��HVWmR�VHQGR�GHVHQYROYLGDV�DV�FKDPDGDV�HPEDODJHQV�
³DWLYDV´�� TXH�SRGHP�VHU� GH¿QLGDV� FRPR�HPEDODJHQV� LQWHUDJHP�GH� IRUPD�GHVHMiYHO� FRP�R� DOLPHQWR��
DXPHQWDQGR�VXD�HVWDELOLGDGH��8P�H[HPSOR�GH�HPEDODJHP�DWLYD�p�DTXHOD�TXH�OLEHUD�FRPSRVWRV�DQWLPL�
FURELDQRV��&+2-1,&.$�3$6=81�HW�DO����������(VWH�SURFHVVR�GH�OLEHUDomR�FRQWURODGD�GH�FRPSRVWRV�
DQWLPLFURELDQRV�SRGH�RFRUUHU�VREUH�D�VXSHUItFLH�GR�DOLPHQWR��SUHYHQLQGR�R�FUHVFLPHQWR�GH�PLFURUJDQLV�
PRV�GHWHULRUDGRUHV�H�SDWRJrQLFRV��+,//�HW�DO���������

�$�FUHVFHQWH�H[LJrQFLD�GR�FRQVXPLGRU�H�RV�DYDQoRV�QR�FRQKHFLPHQWR�VREUH�REWHQomR�H�HVWDELOL�
GDGH�GRV�VLVWHPDV�GLVSHUVRV�YLDELOL]DP�R�GHVHQYROYLPHQWR�GH�PDWHULDLV�GLIHUHQFLDGRV�FRPR��SRU�H[HP�
SOR��QDQRHPXOV}HV��TXH�DOpP�GD�LQHUHQWH�HVWDELOLGDGH��DSUHVHQWDP�DVSHFWR�VHQVRULDO�DJUDGiYHO��DOpP�GH�
DOWR�SRGHU�GH�GLVSHUVmR��8PD�FODVVH�GH�PDWHULDLV�TXH�HVWmR�VHQGR�EDVWDQWH�HVWXGDGRV�QD�SUHSDUDomR�GH�
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QDQRHPXOV}HV�SDUD�DSOLFDomR�HP�¿OPHV�DWLYRV��VmR�RV�yOHRV�HVVHQFLDLV��6=&=(3$16.,�DQG�/,36.,��
������

�)LOPHV�QDQRFRPSyVLWRV�SURGX]LGRV�D�SDUWLU�GH�SROtPHURV�QDWXUDLV�WHP�D�FDUDFWHUtVWLFD�GH�DSUH�
VHQWDUHP�DOWD�KLGUR¿OLFLGDGH��(VVD�p�XPDV�GDV�LPSRUWkQFLDV�GHVVH�WUDEDOKR��SRLV�FRP�D�LQWURGXomR�GH�
XPD�IDVH�ROHRVD�QD�PDWUL]�VXD�KLGUR¿OLFLGDGH�GLPLQXL��DPSOLDQGR�D�JDPD�GH�DSOLFDo}HV�GR�PDWHULDO�

�(VWH�WUDEDOKR�WHYH�FRPR�REMHWLYR�R�HVWXGR�GDV�SURSULHGDGHV�ItVLFDV�GH�XP�¿OPH�FRP�EDVH�SR�
OLPpULFD�SHFWLQD�DQDOLVDQGR�DVVLP�D�YLDELOLGDGH�GD�DGLomR�GH�QDQRHPXOVmR�GH�FUDYR��QDV�SURSULHGDGHV�
PHFkQLFDV�H�QD�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD�

2 mAteriAiS e métodoS

2.1 materiais

�$JHQWH�HPXOVL¿FDQWH�FRPHUFLDOPHQWH�FRQKHFLGR�FRPR�7ZHHQ�����6\QWK��'LDGHPD�63�%UDVLO�
�(XJHQRO�!�����3HWLWH�0DULH��,WDTXDTXHFHWXED�63��%UDVLO�
�3HFWLQD��/03��&3�.HOFR��&DPSLQDV��%UDVLO�
�3UHSDUDomR�GD�QDQRHPXOVmR

�'LOXLomR�GLUHWD�HP�iJXD��DGLFLRQDQGR�yOHR�HVVHQFLDO�GH�FUDYR�H�WZHHQ�����HP�VHJXLGD�UHDOL]DGD�D�
PLVWXUD�HP�7���8/75$�7855$;���,.$��:HUNH�*PE+�	�&R��6WDXIHQ��$OHPDQKD��D�������H�������
USP�SRU���PLQ�FRP�R�REMHWLYR�GH�VH�REWHU�QDQRHPXOV}HV�HP�GLIHUHQWHV�WDPDQKRV�

2.2 3UHSDUDomR�GR�¿OPH�

�2V�¿OPHV�IRUDP�SURGX]LGRV�FRP�VROXo}HV�GH�����GH�SHFWLQD�/03��D�SDUWLU�GD�VROXELOL]DomR�GD�
SHFWLQD�HP�iJXD�FRP�DJLWDomR�DWp�VROXELOL]DomR����KRUDV���$V�VROXo}HV�REWLGDV�IRUDP�LQFRUSRUDGDV�FRP�
DV�QDQRHPXOV}HV�SUHSDUDGDV��3DUD�D�SUHSDUDomR�GRV�¿OPHV�IRL�GHVSHMDGD�D�VROXomR�HP�SODFDV�GH�DFUtOLFR�
H�VHFDGDV�HP�WHPSHUDWXUD�DPELHQWH��&RP�RV�¿OPHV�VHFRV�HVWHV�IRUDP�UHPRYLGRV�GD�VXSHUItFLH�EDVH�H�
DUPD]HQDGRV�HP�SDSHO�DOXPtQLR�H�VDFRODV�SOiVWLFDV��VRE�UHIULJHUDomR�

2.3 Propriedades mecânicas

�$V�HVSHVVXUDV�GRV�¿OPHV�IRUDP�PHGLGDV�XWLOL]DQGR�VH�PLFURPHWUR�GLJLWDO�0LWXWR\R�0LWXWR\R�
&RUS���.DQRJDZD��-DSDQ��HP���SRQWRV�DOHDWyULRV��$V�SURSULHGDGHV�PHFkQLFDV�DQDOLVDGDV�IRUDP�WHQVmR��
H�HORQJDomR�SDUD�UXSWXUD�TXH�IRUDP�PHGLGRV�XWLOL]DQGR�(0,&�8QLYHUVDO�7HVWLQJ�0DFKLQH�DFFRUGLQJ�WR�
VWDQGDUG�PHWKRG�'��������$670�������

2.4 Permeabilidade ao vapor de água

�$� SHUPHDELOLGDGH� DR� YDSRU� GH� iJXD� IRL� REWLGD� XWLOL]DQGR�VH� D�$670�(������$670�������
PRGL¿FDGD��$V�DPRVWUDV�GH�¿OPH�IRUDP�FRUWDGDV�HP�IRUPDWR�FLUFXODU�H�PRQWDGDV�HP�FDSVXODV�GH�SR�
OL�PHWLO�PHWDFULODWR��FRP���P/�GH�iJXD�SDUD�VH�FULDU�XP�DPELHQWH�~PLGR�GHQWUR�GD�FDSVXOD�VHODGD�SHOD�
DPRVWUD�H�XP�DQHO�SDUD�¿[DU�VH�D�DPRVWUD�j�FDSVXOD��$V�FDSVXODV� IRUDP�DUPD]HQDGDV�D� WHPSHUDWXUD�
FRQWURODGD�GH���������&�HP�HVWXID�PDQWLGD�j�XPLGDGH�EDL[D��GHYLGR�XWLOL]DomR�GH�VtOLFD��$V�PDVVDV�GR�
VLVWHPD�IRUDP�DIHULGDV���YH]HV�HP�WHPSRV�SHULyGLFRV�SDUD�DQDOLVDU�H�FDOFXODU�GH�DFRUGR�FRP�0F+X�
JK�0F+XJK�HW�DO�������FRP�XQLGDGHV�HP�J�PP�.í��3Dí� hí� mí�.

3 reSultAdoS e diScuSSÃo

�(P�WUDEDOKRV�DQWHULRUHV�REVHUYRX�VH�TXH�DV�QDQRHPXOV}HV�SUHSDUDGDV�FRP�������USP�DSUHVHQ�
WDUDP�WDPDQKR�PDLRU�TXH�DV�QDQRHPXOV}HV�SUHSDUDGDV�FRP�������USP��

�$QDOLVDQGR�D�WHQVmR�GH�UXSWXUD�REWLGD�IRUDP�REVHUYDGRV�RV�UHVXOWDGRV�GD�7DEHOD���D�VHJXLU�
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tabela 1. Tensão de ruptura
Filme 7HQVmR��03D�

Somente pectina ��������

3HFWLQD���������USP ��������

3HFWLQD���������USP ��������

�6HQGR�SRVVtYHO�REVHUYDU�DXPHQWR�QD�UHVLVWrQFLD�PHFkQLFD�DR�DGLFLRQDU�VH�QDQRHPXOVmR�GH�FUD�
YR�DR�¿OPH�GH�SHFWLQD��(VVH�DXPHQWR�IRL�PDLV�VLJQL¿FDWLYR�QRV�¿OPHV�FRQWHQGR�QDQRHPXOVmR�GH�WDPD�
QKR�PHQRU��FRPSURYDQGR�D�LPSRUWkQFLD�QHVVH�FDVR��HP�VH�WUDEDOKDU�FRP�VLVWHPDV�QD�HVFDOD�QDQR�

�2V�YDORUHV�GH�HORQJDomR�HVWmR�DSUHVHQWDGRV�QD�7DEHOD����

tabela 2. (ORQJDomR�GRV�¿OPHV�
Filme (ORQJDomR����

Somente pectina ������������

3HFWLQD���������USP ������������

3HFWLQD���������USP ������������

�'H�DFRUGR�FRP�RV�GDGRV�GD�7DEHOD���SRGHPRV�REVHUYDU�TXH�R�QDQRFRPSyVLWR�FRQWHQGR�VRPHQWH�
SHFWLQD�QmR�DSUHVHQWD�JUDQGH�GHIRUPDomR�DQWHV�GH�VH�URPSHU��-i�RV�TXH�FRQWHP�QDQRHPXOVmR�DSUHVHQ�
WDGR�DOWD�HORQJDomR�DQWHV�GH�VH�URPSHU��(VVD�FDUDFWHUtVWLFD�p�LQWHUHVVDQWH��SRLV�PRVWUD�TXH�RV�PDWHULDLV�
VLQWHWL]DGRV�SRU�QyV�VH�WRUQDP�VH�PDLV�WHQD]HV��2X�VHMD��VH�GHIRUPDP�PDLV�DQWHV�GH�VH�URPSHU�GHPRQV�
trando melhores propriedades mecânicas nesse aspecto.

�1D�7DEHOD���VmR�DSUHVHQWDGRV�RV�YDORUHV�GH�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD�GRV�PDWHULDLV�HV�
tudados no trabalho. 

tabela 3. (IHLWR�GD�SUHVHQoD�GH�QDQRHPXOVmR�QRV�YDORUHV�GH�:93�GRV�PDWHULDLV�
Filme wvP (g mm K-1 Pa-1 h-1 m-2)

Somente pectina �����������

3HFWLQD���������USP �����������

3HFWLQD���������USP �����������

�'H�DFRUGR�FRP�D�7DEHOD���p�SRVVtYHO�REVHUYDU�TXH�RV�YDORUHV�GH�SHUPHDELOLGDGH�DR�YDSRU�GH�
iJXD�QRV�¿OPHV�FRQWHQGR�QDQRHPXOVmR��������USP��GHFDL�TXDVH�����HP�UHODomR�DR�¿OPH�FRQWHQGR�
VRPHQWH�SHFWLQD�SXUD��(VVD�IDFLOLGDGH�HP�WUDEDOKDU�FRP�D�KLGUR¿OLFLGDGH�GRV�PDWHULDLV�QDQRFRPSyVLWRV�
DPSOLD�DV�SRVVLELOLGDGHV�GH�DSOLFDo}HV�GHVVHV�PDWHULDLV�

4 concluSÃo

�)LOPHV� FRP�SUHVHQoD�GH�QDQRFRPSyVLWRV� DSUHVHQWDUDP�DXPHQWR�QDV� FDUDFWHUtVWLFDV�GH� UHVLV�
WrQFLD�PHFkQLFD�H�GH�EDUUHLUD���$�SUHVHQoD�GD�QDQRHPXOVmR�QDV�FDUDFWHUtVWLFDV�GH�UHVLVWrQFLD�PHFkQLFD�
DXPHQWRX�D�WHQVmR�GH����SDUD����03D��7DPEpP�IRL�REVHUYDGR�GLPLQXLomR�GD�SHUPHDELOLGDGH�GH�YDSRU�
GH�iJXD�VHQGR�DVVLP�XP�LQWHUHVVDQWH�SURGXWR�FRP�SRVVLELOLGDGHV�GH�DXPHQWR�QR�Q~PHUR�GH�DSOLFDo}HV�
como embalagens. 
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$670��6WDQGDUG�WHVW�PHWKRGV�IRU�ZDWHU�YDSRU�WUDQVPLVVLRQ�RI�PDWHULDOV��6WDQGDUGV�'HVLJQDWLRQ��(���
����,Q�$QQXDO�%RRN�RI�$670��$670�����������3KLODGHOSKLD��3$�

$670��6WDQGDUG�WHVW�PHWKRG�IRU�WHQVLOH�SURSHUWLHV�RI�WKLQ�SODVWLF�VKHHWLQJ���������'�������,Q�$QQXDO�
ERRN�RI�$PHULFDQ�6WDQGDUG�7HVWLQJ�0HWKRGV��3KLODGHOSKLD�86$��3$��$670

&+2-1,&.$�3$6=81��$���'2866,1$8/7��6���-21*+��+��6HQVRULDO�DQDO\VLV�RI�SRO\VDFFKDULGH±
JHOOHG� SURWHLQ� SDUWLFOH� GLVSHUVLRQV� LQ� UHODWLRQ� WR� OXEULFDWLRQ� DQG�YLVFRVLW\� SURSHUWLHV�� )RRG�5HVHDUFK�
,QWHUQDWLRQDO��Y������Q�����S�������������������

+,//��/���*20(6��&���7$</25��7��&KDUDFWHUL]DWLRQ�RI�EHWD�F\FORGH[WULQ�LQFOXVLRQ�FRPSOH[HV�FRQWDL�
QLQJ�HVVHQWLDO�RLOV��WUDQV�FLQQDPDOGHK\GH��HXJHQRO��FLQQDPRQ�EDUN��DQG�FORYH�EXG�H[WUDFWV��IRU�DQWLPL�
FURELDO�GHOLYHU\�DSSOLFDWLRQV��/ZW�)RRG�6FLHQFH�DQG�7HFKQRORJ\��Y������Q�����S����������������

0&+8*+��7���$9(1$%867,//26��5���.52&+7$��-��+\GURSKLOLF�HGLEOH�¿OPV���0RGL¿HG�SURFHGXUH�
IRU�ZDWHU�YDSRU�SHUPHDELOLW\�DQG�H[SODQDWLRQ�RI�WKLFNQHVV�HIIHFWV��-RXUQDO�RI�)RRG�6FLHQFH��Y������Q�����
S������������������

6=&=(3$16.,��6���/,36.,��$��(VVHQWLDO�RLOV�VKRZ�VSHFL¿F�LQKLELWLQJ�HIIHFWV�RQ�EDFWHULDO�ELR¿OP�IRU�
PDWLRQ��)RRG�&RQWURO��Y������Q�����S�������������������

AnáliSe dA inibiÇÃo microbiolóGicA obtidA utiliZAndo 
Filme de PectinA com nAnodiSPerSÃo de óleo de crAvo 
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&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
$�SDUWLU�GR�FUHVFHQWH�HVWXGR�GH�HPEDODJHQV�ELRGHJUDGiYHLV��WHPRV�WDPEpP�DV�HPEDODJHQV�SROLPpULFDV�
FRP�QDQRGLVSHUVmR��(VWH�WUDEDOKR�WHP�FRPR�REMHWLYR�DQDOLVDU�DV�SURSULHGDGHV�PLFURELROyJLFDV�HP�XP�
¿OPH�GH�SHFWLQD�FRP�QDQRHPXOVmR�GH�yOHR�HVVHQFLDO�GH�FUDYR��3DUD�D�FDUDFWHUL]DomR�GDV�SURSULHGDGHV�
PLFURELROyJLFDV�GR�¿OPH�IRL�HIHWXDGR�WHVWH�GH�KDOR�GH�LQLELomR�H�RV�UHVXOWDGRV�IRUDP�FRPSDUDGRV�HQWUH�
R�¿OPH�GH�SHFWLQD�SXUR�H�R�¿OPH�GH�SHFWLQD�FRP�QDQRGLVSHUVmR�GH�yOHR�HVVHQFLDO�GH�FUDYR��1HVWH�WHVWH�
IRUDP�XWLOL]DGDV�DV�VHJXLQWHV�FXOWXUDV��S.Aureus e E.Coli��$�SDUWLU�GLVWR�IRUDP�REVHUYDGRV�UHVXOWDGRV�
LQWHUHVVDQWHV�SDUD�QDQRSDUWtFXODV�GH����QP��FRP�KDOR�GH�LQLELomR�GH�����FP�SDUD�E.Coli�H�����FP�SDUD�
S.Aureus.
Palavras-chave:�ÏOHR�HVVHQFLDO�GH�FUDYR��3HFWLQD��3URSULHGDGHV�PLFURELROyJLFDV

AnAlYSiS oF microbioloGicAl inHibition obtAined in Pectin Film witH 
clove oil nAnodiSPerSion 
Abstract
%H\RQG�HQKDQFH�RI�ELRGHJUDGDEOH�SDFNDJH�VWXGLHV��WKHUH�LV�SRO\PHULF�SDFNDJHV�ZLWK�QDQRGLVSHUVLRQ��
7KLV�SDSHU�KDV�DV�REMHFWLYH�DQDO\]H�PLFURELRORJLF�SURSHUWLHV�LQ�FORYH�HVVHQWLDO�RLO�QDQRGLVSHUVLRQ�SHFWLQ�
¿OP�� ,Q�FKDUDFWHUL]DWLRQ�RI�¿OP�PLFURELRORJLFDO�SURSHUWLHV�ZDV�H[SUHVVHG�DV�JURZWK� LQKLELWRU\�]RQH�
GLDPHWHU�DQG�WKH�UHVXOWV�FRPSDUHG�ZLWK�D�SXUH�SHFWLQ�¿OP�DQG�D�FORYH�HVVHQWLDO�RLO�SHFWLQ�¿OP��)RU�WKHVH�
DQDO\VLV�ZHUH�XVHG�WZR�GLIIHUHQW�VWUDLQV�S.Aureus and E.Coli��2EWDLQLQJ�LQWHUHVWLQJ�UHVXOWV�IRU�����QP�
QDQRSDUWLFOHV��ZLWK�KDOR�RI�LQKLELWLRQ�RI�����FP�IRU�E.Coli�DQG�����FP�IRU�S.Aureus.
Keywords: &ORYH�HVVHQWLDO�RLO��3HFWLQ��0LFURELRORJLFDO�SURSHUWLHV�
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3XEOLFDo}HV�UHODFLRQDGDV��5HVXPR�DFHLWR�QR�&%(&,0$7�������

1 introduÇÃo

�(VWH�WUDEDOKR�WHYH�FRPR�REMHWLYR�R�HVWXGR�GDV�SURSULHGDGHV�PLFURELROyJLFDV�GH�XP�¿OPH�FRP�
EDVH�SROLPpULFD�SHFWLQD�DQDOLVDQGR�DVVLP�D�YLDELOLGDGH�GD�DGLomR�GH�QDQRHPXOVmR�GH�FUDYR�

�1DQRHPXOV}HV�VmR�XWLOL]DGDV�QDV�LQG~VWULDV��IDUPDFrXWLFD��DURPDV�H�DOLPHQWtFLD��&RP�R�REMHWLYR�
GH�DGLFLRQDU�VH�FDUDFWHUtVWLFDV�LQWHUHVVDQWHV�DR�SURGXWR��*+26+�HW�DO���������

�ÏOHRV�HVVHQFLDLV�VmR�OtTXLGRV�ROHDJLQRVRV�REWLGRV�D�SDUWLU�GH�SODQWDV�FRP�FDUDFWHUtVWLFDV�DUR�
PiWLFDV�RV�TXDLV� WHP� LQWHUHVVDQWHV� FDUDFWHUtVWLFDV� DQWLPLFURELROyJLFDV��6HQGR�XPD�PDWpULD�SULPD� LQ�
WHUHVVDQWH�SRLV�p�XP�SURGXWR�QDWXUDO�WRUQDQGR�VH�DVVLP�XPD�LQWHUHVVDQWH�RSomR�DRV�FRQVHUYDQWHV�QmR�
QDWXUDLV��DOpP�GLVVR�EDUDWHLDP�R�SURGXWR��+,//�HW�DO���������6=&=(3$16.,�H�/,36.,��������

�$�SHFWLQD�p�XP�SROLVVDFDUtGHR�SUHVHQWH�QD�SDUHGH�FHOXODU�GH�SODQWDV�VHQGR�HVWD�DOWDPHQWH�XWLOL]D�
GD�FRPR�PDWpULD�SULPD�GH�SURGXWRV�DOLPHQWtFLRV�FRPR��JHODWLQD��JHOHLD�H�HVWDELOL]DQWH�GH�SURGXWRV�OiF�
WHRV��)5$<(�HW�DO���������$R�VROXELOL]DU�VH�HP�iJXD�p�SRVVtYHO�D�IRUPDomR�GH�¿OPHV�GH�SHFWLQD�GHYLGR�
VXD�FDSDFLGDGH�¿OPRJrQLFD��&+2-1,&.$�3$6=81�HW�DO���������

�2�yOHR�HVVHQFLDO�GH�FUDYR� WHP�FRPR�SULQFLSDO�FRPSRVWR�R�HXJHQRO�XP�FRPSRVWR�FRQKHFLGR�
SHODV�VXDV�SURSULHGDGHV�DQWLI~QJLFD��DQWLEDFWHULDQD�H�DQWL�LQÀDPDWyULD��

�2�SUHVHQWH�WUDEDOKR�WHYH�FRPR�REMHWLYR�VLQWHWL]DU�H�FDUDFWHUL]DU�QDQRHPXOV}HV�GH�yOHR�HVVHQFLDO�
GH�FUDYR�GH�GLIHUHQWHV�WDPDQKRV��(�DQDOLVDU�DV�SURSULHGDGHV�DQWLEDFWHULFLGDV�GHVVHV�PDWHULDLV�TXDQGR�
LQFRUSRUDGRV�HP�PDWUL]HV�SROLPpULFDV��QHVVH�FDVR�D�SHFWLQD�

2 mAteriAiS e métodoS

2.1 materiais

�$JHQWH�HPXOVL¿FDQWH�FRPHUFLDOPHQWH�FRQKHFLGR�FRPR�7ZHHQ�����6\QWK��'LDGHPD�63�%UDVLO�
�(XJHQRO�!�����3HWLWH�0DULH��,WDTXDTXHFHWXED�63��%UDVLO�
�3HFWLQD��/03��&3�.HOFR��&DPSLQDV��%UDVLO�
�3UHSDUDomR�GD�QDQRHPXOVmR

'LOXLomR�GLUHWD�HP�iJXD��DGLFLRQDQGR�yOHR�HVVHQFLDO�GH�FUDYR�H�WZHHQ�����HP�VHJXLGD�UHDOL]DGD�D�
PLVWXUD�HP�7���8/75$�7855$;���,.$��:HUNH�*PE+�	�&R��6WDXIHQ��$OHPDQKD��D�������H�������
USP�SRU���PLQ�FRP�R�REMHWLYR�GH�VH�REWHU�QDQRHPXOVmR�HP�GLIHUHQWHV�WDPDQKRV�

2.2 7DPDQKR�GDV�SDUWtFXODV�GD�QDQRHPXOVmR�

$�GLVWULEXLomR�GR�WDPDQKR�H�D�FDUJD�VXSHU¿FLDO�GDV�QDQRFiSVXODV�IRUDP�PHGLGDV�QR�HTXLSDPHQ�
WR�1DQR=6��0DOYHUQ�,QVWUXPHQWV�,QF��86$���$V�PHGLGDV�IRUDP�UHDOL]DGDV�HP�WULSOLFDWD�QD�WHPSHUDWXUD�
GH�����&��$SyV�XPD�KRUD�GD�SUHSDUDomR�H����KRUDV�DSyV�

2.3 3UHSDUDomR�GR�¿OPH�

2V�¿OPHV�IRUDP�SURGX]LGRV�FRP�VROXo}HV�GH����GH�SHFWLQD�/03��D�SDUWLU�GD�VROXELOL]DomR�GD�
SHFWLQD�HP�iJXD�FRP�DJLWDomR�DWp�VROXELOL]DomR����KRUDV���

$V�VROXo}HV�REWLGDV�IRUDP�LQFRUSRUDGDV�FRP�DV�QDQRHPXOV}HV�SUHSDUDGDV��3DUD�D�SUHSDUDomR�
GRV�¿OPHV�IRL�GHVSHMDGD�D�VROXomR�HP�SODFDV�GH�DFUtOLFR�H�VHFDGDV�HP�WHPSHUDWXUD�DPELHQWH��&RP�RV�
¿OPHV�VHFRV�HVWHV�IRUDP�UHPRYLGRV�GD�VXSHUItFLH�EDVH�H�DUPD]HQDGRV�HP�SDSHO�DOXPtQLR�H�VDFRODV�SOiV�
WLFDV��VRE�UHIULJHUDomR�

2.4 culturas de bactérias utilizadas

Staphylococcus aureus (S. aureus��H�Escherichia coli (E. coli)�FXOWXUDV�REWLGDV�GH�%DF)DU�±�&(�
)$5�',$*1Ï67,&$�/7'$��S. aureus $7&&������, E. coli�$7&&���������$V�FXOWXUDV�IRUDP�FXOWLYD�
das em tryptic soy agar. $�LQFXEDomR�IRL�HIHWXDGD�HP����&��6HQGR�R�PHLR�GH�FXOWXUD�DJDU�SUHSDUDGR�FRP�
DGLomR�GH���J�/���GH�DJDU�EDFWHULROyJLFR�
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2.5 Análises microbiológicas

3DUD� DQDOLVDU�VH� D� DWLYLGDGH�PLFURELROyJLFD� GRV�¿OPHV� IRUDP� FRUWDGRV� GLVFRV� GH� �FP�GH� GL�
kPHWUR�GH�SDUWHV�DOHDWyULDV�GRV�¿OPHV�DQDOLVDGRV�H�FRORFDGRV�QR�PHLR�GH�FXOWXUD� LQRFXODGR��0pWRGR�
HVWH�SDGURQL]DGR�D�SDUWLU�GD�LQRFXODomR�GR�PHLR�GH�FXOWXUD��$V�SODFDV�IRUDP�LQFXEDGDV�j����&�SRU���K��
2EWHQGR�VH�DVVLP�GDGRV�TXH�IRUDP�H[SUHVVRV�FRPR�KDOR�GH�LQLELomR��FP��VHQGR�UHDOL]DGR�HP�WULSOLFD�
WD�.80$5�HW�DO���������

3 reSultAdoS e diScuSSÃo

�(P�VH�WUDWDQGR�GH�FDUDFWHUtVWLFDV�YLVXDLV�DV�GXDV��������H�������USP��DSUHVHQWDUDP�RSDOHVFrQ�
FLD�FDUDFWHUtVWLFD�GH�VXVSHQV}HV�QDQRPpWULFDV��)LJ�����

�1D�7DEHOD���SRGHPRV�REVHUYDU�RV�YDORUHV�GH�WDPDQKR�PpGLR�SDUD�RV�PDWHULDLV�VLQWHWL]DGRV�XPD�
KRUD�DSyV�R�SUHSDUR�H����KRUDV�DSyV�R�SUHSDUR�

tabela 1. 7DPDQKR�PpGLR�GH�QDQRHPXOV}HV�VLQWHWL]DGDV�HP�GLIHUHQWHV�FRQGLo}HV�
velocidade de 
SUHSDUDomR

tamanho médio (nm) 1 hora após tamanho médio (nm) 72 horas após

������USP ������������� �������������

������USP� ������������� �������������

�&RPR�SRGHPRV�REVHUYDU�QD�7DEHOD���R�DXPHQWR�QD�YHORFLGDGH�GH�URWDomR�QR�SUHSDUR�GDV�QDQR�
HPXOV}HV�SURYRFD�XPD�GLPLQXLomR�QR�WDPDQKR�GHVVDV�HPXOV}HV��(�DSyV�XP�SHUtRGR�GH����KRUDV�D�HVWD�
ELOLGDGH�GHVVD�VXVSHQVmR�DLQGD�SHUPDQHFH�HVWiYHO��SRLV�R�WDPDQKR�PpGLR�SUDWLFDPHQWH�QmR�p�DOWHUDGR�

�$�DWLYLGDGH�PLFURELROyJLFD�GH�yOHRV�HVVHQFLDLV�SRGH�VHU�FODVVL¿FDGD�HP�WUrV�JUDXV�GH�LQLELomR��
IUDFR�KDOR�GH�LQLELomR������FP���PRGHUDGR�����FP���KDOR�GH�LQLELomR������FP��H�IRUWH��KDOR�GH�LQLELomR�
�����FP���/9�HW�DO���������$,7�28$==28�HW�DO���������

�$QDOLVDQGR�RV�KDORV�GH�LQLELomR�IRUDP�REVHUYDGRV�RV�UHVXOWDGRV�GD�7DEHOD���D�VHJXLU�

tabela 2. +DOR�GH�LQLELomR�PLFURELROyJLFD
tipo de bactéria Pectina + 12000 rpm Pectina + 16000 rpm

E. coli
$7&&������

�����FP������� �����FP�������

S. aureus
$7&&������

�����FP������� �����FP�������

�'H�DFRUGR�FRP�D�WDEHOD�REVHUYDPRV�TXH�QRVVRV�QDQRFRPSyVLWRV�DSUHVHQWDUDP�JUDX�GH�LQLELomR�
IRUWH�SDUD��WUrV�YDORUHV�HQFRQWUDGRV��'HPRQVWUDQGR�R�SRWHQFLDO�DWLYR�QR�FRPEDWH�D�EDFWpULDV�GR�PDWHULDO�
VLQWHWL]DGR�SRU�QyV��$�PDLRU�DWLYLGDGH�IRL�SDUD�RV�QDQRFRPSyVLWRV�FRQWHQGR�SHFWLQD�H�QDQRHPXOVmR�TXH�
DSUHVHQWDUDP�PHQRUHV�WDPDQKRV�������FP�SDUD�S. Aureus���(VVH�IDWR�GHYH�VHU�GHYLGR�D�PDLRU�IDFLOLGDGH�
GR�SHQHWUDPHQWR�GD�PHPEUDQD�GD�EDFWpULD�SDUD�LQLELomR��GH�SDUWtFXODV�FRP�WDPDQKR�PHQRUHV�

4 concluSÃo

�$R�DQDOLVDU�RV�¿OPHV�FRP�SUHVHQoD�GH�QDQRFRPSyVLWRV�IRL�SRVVtYHO�REVHUYDU�LQWHUHVVDQWH�LQL�
ELomR�PLFURELROyJLFD�SDUD�R�¿OPH�FRP�QDQRFRPSyVLWRV�GH�yOHR� HVVHQFLDO� GH� FUDYR��&RP� UHVXOWDGRV�
GH�KDOR�GH�LQLELomR�VLJQL¿FDWLYRV�WDQWR�SDUD�EDFWpULDV�GR�WLSR�E. Coli como S.Aureus. 'HPRQVWUDQGR�
DVVLP�SRWHQFLDO�EDFWHULFLGD�H�LQÀXHQFLD�GR�WDPDQKR�GDV�SDUWtFXODV�GH�QDQRHPXOVmR�QR�JUDX�GH�LQLELomR��
3RGHQGR�HVWH�WLSR�GH�HPEDODJHP�VHU�XWLOL]DGD�FRPR�FDPDGD�EDFWHULFLGD�SDUD�SUHVHUYDomR�GH�DOLPHQWRV�
suscetíveis ao ataque de microorganismos.



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 145

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��)$3(63��),1(3��&$3(6��')4�)(,6�81(63��H�3URMHWR�03��
5HGH�$JURQDQR�±�(PEUDSD��

reFerÊnciAS

$,7�28$==28��$���HW�DO��(YDOXDWLRQ�RI�WKH�FKHPLFDO�FRPSRVLWLRQ�DQG�DQWLPLFURELDO�DFWLYLW\�RI�0HQWKD�
SXOHJLXP��-XQLSHUXV�SKRHQLFHD��DQG�&\SHUXV�ORQJXV�HVVHQWLDO�RLOV�IURP�0RURFFR��)RRG�5HVHDUFK�,QWHU�
QDWLRQDO��Y������Q�����S�������������������

&+2-1,&.$�3$6=81��$���'2866,1$8/7��6���-21*+��+��6HQVRULDO�DQDO\VLV�RI�SRO\VDFFKDULGH±
JHOOHG� SURWHLQ� SDUWLFOH� GLVSHUVLRQV� LQ� UHODWLRQ� WR� OXEULFDWLRQ� DQG�YLVFRVLW\� SURSHUWLHV�� )RRG�5HVHDUFK�
,QWHUQDWLRQDO��Y������Q�����S�������������������

)5$(<(��,���HW�DO��)LQH�WXQLQJ�WKH�SURSHUWLHV�RI�SHFWLQ±FDOFLXP�JHOV�E\�FRQWURO�RI�SHFWLQ�¿QH�VWUXFWXUH��
JHO�FRPSRVLWLRQ�DQG�HQYLURQPHQWDO�FRQGLWLRQV��7UHQGV�LQ�)RRG�6FLHQFH�	�7HFKQRORJ\��Y������Q�����S��
�����������������

*+26+��9���08.+(5-((��$���&+$1'5$6(.$5$1��1��8OWUDVRQLF�HPXOVL¿FDWLRQ�RI�IRRG�JUDGH�
QDQRHPXOVLRQ�IRUPXODWLRQ�DQG�HYDOXDWLRQ�RI�LWV�EDFWHULFLGDO�DFWLYLW\��8OWUDVRQLFV�6RQRFKHPLVWU\��Y������
Q�����S����������������

+,//��/���*20(6��&���7$</25��7��&KDUDFWHUL]DWLRQ�RI�EHWD�F\FORGH[WULQ�LQFOXVLRQ�FRPSOH[HV�FRQWDL�
QLQJ�HVVHQWLDO�RLOV��WUDQV�FLQQDPDOGHK\GH��HXJHQRO��FLQQDPRQ�EDUN��DQG�FORYH�EXG�H[WUDFWV��IRU�DQWLPL�
FURELDO�GHOLYHU\�DSSOLFDWLRQV��/ZW�)RRG�6FLHQFH�DQG�7HFKQRORJ\��Y������Q�����S����������������

.80$5��3���HW�DO��3UHSDUDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�QRYHO�ȕ�FKLWLQ�QDQRVLOYHU�FRPSRVLWH�VFDIIROGV�IRU�
ZRXQG�GUHVVLQJ�DSSOLFDWLRQV��&DUERK\GUDWH�3RO\PHUV��Y������Q�����S�������������������

/9��)���HW�DO��,Q�YLWUR�DQWLPLFURELDO�HIIHFWV�DQG�PHFKDQLVP�RI�DFWLRQ�RI�VHOHFWHG�SODQW�HVVHQWLDO�RLO�FRP�
ELQDWLRQV�DJDLQVW�IRXU�IRRG�UHODWHG�PLFURRUJDQLVPV��)RRG�5HVHDUFK�,QWHUQDWLRQDO��Y������Q�����S�������
�������������

6=&=(3$16.,��6���/,36.,��$��(VVHQWLDO�RLOV�VKRZ�VSHFL¿F�LQKLELWLQJ�HIIHFWV�RQ�EDFWHULDO�ELR¿OP�IRU�
PDWLRQ��)RRG�&RQWURO, Y������Q�����S�������������������
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&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
$�JpUEHUD�p�XPD�GDV�ÀRUHV�GH�FRUWH�PDLV�SRSXODUHV�QR�%UDVLO��GHYLGR�D�VXD�EHOH]D�H�YDULHGDGH�GH�FRUHV��
3DUD�TXH�DV�ÀRUHV�GH�FRUWH�WHQKDP�PDLRU�GXUDELOLGDGH�p�QHFHVViULD�DGRomR�GH�WHFQRORJLDV�SyV�FROKHLWD��
FRPR�VROXo}HV�FRQVHUYDQWHV��(VVDV�VROXo}HV�SRGHP�FRQWHU�FRPSRQHQWHV�FRPR�FDUERLGUDWRV�H�LQLELGRUHV�
GD�SUROLIHUDomR�GH�PLFURUJDQLVPRV��2�REMHWLYR�GHVWH�WUDEDOKR�IRL�WHVWDU�XPD�VROXomR�FRQVHUYDQWH�FRQ�
WHQGR�TXLWRVDQD�QDQRSDUWLFXODGD�GXUDQWH�D�YLGD�SyV�FROKHLWD�GH�JpUEHUDV�SRU�TXLQ]H�GLDV�GH�DUPD]HQD�
PHQWR��2V�WUDWDPHQWRV�XWLOL]DUDP�DV�VHJXLQWHV�VROXo}HV��iJXD�GHVWLODGD��VROXomR�GH�TXLWRVDQD�H�VROXomR�
GH�TXLWRVDQD�QDQRSDUWLFXODGD���$V�DYDOLDo}HV�UHDOL]DGDV�IRUDP��WD[D�GH�DEVRUomR��WD[D�GH�WUDQVSLUDomR�H�
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OXPLQRVLGDGH��)RUDP�XWLOL]DGDV�FLQFR�KDVWHV�QRV�WUDWDPHQWRV�H�D�FDGD�WUrV�GLDV�IRUDP�UHDOL]DGRV�FRUWHV�
EDVDLV�SDUD�PHOKRUDU�DV�FRQGLo}HV�GH�DEVRUomR���2�PHOKRU�GHVHPSHQKR�SDUD�WD[D�GH�DEVRUomR�IRL�REWLGR�
SHODV�KDVWHV�DUPD]HQDGDV�QD�VROXomR�GH�TXLWRVDQD�QDQRSDUWLFXODGD��HQTXDQWR�TXH�D�WD[D�GH�WUDQVSLUDomR�
QmR�DSUHVHQWRX�GLIHUHQoD�HVWDWtVWLFD�HQWUH�WUDWDPHQWRV��$�OXPLQRVLGDGH�DSUHVHQWRX�OHYH�HVFXUHFLPHQWR�
HP�ÀRUHV�FRQVHUYDGDV�HP�iJXD�GHVWLODGD��&RQFOXLX�VH�TXH�D�VROXomR�FRQWHQGR�TXLWRVDQD�QDQRSDUWtFXOD�
GD�FRQWULEXLX�SDUD�PDQWHU�D�TXDOLGDGH�GXUDQWH�D�SyV�FROKHLWD�GDV�KDVWHV�GH�JpUEHUD�
Palavras-chave��Gerbera jamesonii� $EVRUomR��7UDQVSLUDomR��/XPLQRVLGDGH��ÆQJXOR�GH�&XUYDWXUD�

cHitoSAn nAnoPArticle PreServAtive Solution in GerberA PoStHArveSt
Abstract
*HUEHUD�LV�RQH�RI�WKH�PRVW�SRSXODU�FXW�ÀRZHUV�LQ�%UD]LO��GXH�WR�LWV�EHDXW\�DQG�FRORUV�YDULHW\��)RU�LQFUHDV�
LQJ�GXUDELOLW\�RI�FXW�ÀRZHUV��WKH�DGRSWLRQ�RI�SRVWKDUYHVW�WHFKQRORJLHV�LV�UHTXLUHG��VXFK�DV�SUHVHUYDWLYHV�
solutions. These solutions may contain components such as carbohydrates and compounds to inhibit 
PLFURRUJDQLVP�SUROLIHUDWLRQ��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�D�SUHVHUYDWLYH�VROXWLRQ�FRQWDLQLQJ�
FKLWRVDQ� QDQRSDUWLFOHV� IRU� JHUEHUDV� SRVWKDUYHVW� WUHDWPHQW� GXULQJ� ¿IWHHQ� GD\V� RI� VWRUDJH��7UHDWPHQWV�
HPSOR\HG�WKH�IROORZLQJ�VROXWLRQV��GLVWLOOHG�ZDWHU��FKLWRVDQ�VROXWLRQ�DQG�FKLWRVDQ�QDQRSDUWLFOH�VROXWLRQ��
7KH�DQDO\VHV�FDUULHG�RXW�LQFOXGH��DEVRUSWLRQ�UDWH��WUDQVSLUDWLRQ�UDWH�DQG�OLJKWQHVV��)LYH�VWHPV�ZHUH�XVHG�
IRU�HDFK�WUHDWPHQW��DQG�DW�YHU\�WKUHH�GD\V�WKH�EDVDO�VHFWLRQV�ZHUH�FXW�WR�LPSURYH�DEVRUSWLRQ��7KH�EHVW�
SHUIRUPDQFH�IRU�DEVRUSWLRQ�UDWH�ZDV�REWDLQHG�E\�VWHPV�VWRUHG�LQ�FKLWRVDQ�QDQRSDUWLFOHV�VROXWLRQ��ZKLOH�
QR�VWDWLVWLFDO�GLIIHUHQFH�EHWZHHQ�WUHDWPHQWV�ZDV�REVHUYHG�IRU�WUDQVSLUDWLRQ�UDWH��7KH�FRORUDWLRQ�VKRZHG�
VOLJKW�GDUNHQLQJ�LQ�ÀRZHUV�NHSW�LQ�GLVWLOOHG�ZDWHU�DQG�FKLWRVDQ�VROXWLRQ��,W�ZDV�FRQFOXGHG�WKDW�VROXWLRQ�
FRQWDLQLQJ�FKLWRVDQ�QDQRSDUWLFOHV�FRQWULEXWHG�WR�PDLQWDLQ�TXDOLW\�RI�JHUEHUD�VWHPV�GXULQJ�SRVWKDUYHVW�
Keywords: $EVRUSWLRQ��7UDQVSLUDWLRQ��/XPLQRVLW\��%HQG�$QJOH�

1 introduÇÃo

*pUEHUDV�VmR�ÀRUHV�LQGLYLGXDLV�TXH�SHUWHQFHP�D�IDPtOLD�$VWHUDFHDH��3RVVXHP�JUDQGH�HVSHFWUR�
GH�FRUHV�H�HVWmR�HQWUH�DV�ÀRUHV�PDLV�FRPHUFLDOL]DGDV�GR�PXQGR��7((5,�HW�DO����������$SHQDV�QR�%UDVLO�R�
IDWXUDPHQWR�GR�VHWRU�HP������IRL�GH�5������ELOK}HV��FRP�iUHD�SODQWDGD�GH��������PLO�KD��,%5$)/25��
������

2�EDODQoR�KtGULFR�HP�ÀRUHV�GH�FRUWH�p�GHWHUPLQDQWH�SDUD�D� ORQJHYLGDGH�GDV�KDVWHV� �%252�
&+29�HW�DO����������2�[LOHPD�p�R�YDVR�FRQGXWRU�TXH�DEVRUYH�D�iJXD�H�D�GLVWULEXL�DR�ORQJR�GRV�WHFLGRV�
YHJHWDLV��H�SRUWDQWR��TXDOTXHU�RFOXVmR�HP�VXD�HVWUXWXUD�GHYH�VHU�SUHYHQLGD��$�SUROLIHUDomR�GH�PLFURU�
JDQLVPRV�p�XPD�GDV�FDXVDV�SULQFLSDLV�GD�RFOXVmR�GRV�[LOHPDV��H�SRGH�VHU�HYLWDGD�SHOR�XVR�GH�VROXo}HV�
FRQVHUYDQWHV��9$1�'2251��������

2�XVR�GD�TXLWRVDQD�QD�DJULFXOWXUD�WHP�VLGR�XPD�WHQGrQFLD�SRU�SRVVXLU�FDUDFWHUtVWLFDV�GHVHMiYHLV��
DOLDQGR�R�FRQWUROH�GH�IXQJRV�H�EDFWpULDV�j�VHJXUDQoD�DR�DPELHQWH�H�DRV�VHUHV�KXPDQRV��2�GHVHQYRO�
YLPHQWR�GH�QRYRV�SURGXWRV�SDUD�D�ÀRULFXOWXUD�DX[LOLD�QR�GHVHQYROYLPHQWR�GR�VHWRU�H�LQRYDo}HV�QDQR�
WHFQROyJLFDV�SRVVLELOLWDP�R�XVR�GH�PDWHULDLV�FRP�SURSULHGDGHV�VXSHULRUHV�jTXHODV�HQFRQWUDGDV�HP�PD�
WHULDLV�FRQYHQFLRQDLV��1$,5�HW�DO���������0857<�HW�DO����������

(VWH�WUDEDOKR�REMHWLYRX�WHVWDU�XPD�VROXomR�FRQVHUYDQWH�GH�TXLWRVDQD�QDQRSDUWLFXODGD�HP�KDVWHV�
ÀRUDLV�GH�JpUEHUD�DR� ORQJR�GR�DUPD]HQDPHQWR��YLVDQGR�PHOKRUDU� FRQGLo}HV�GH�DEVRUomR�H�PDQWHU� D�
TXDOLGDGH�GDV�ÀRUHV�

2 mAteriAiS e métodoS

*pUEHUDV� �Gerbera jamesonni� FY�� µ6WDQ]D¶�� IRUDP�DGTXLULGDV� HP�6mR�&DUORV�63� H� OHYDGDV� R�
/DERUDWyULR�GH�3yV�&ROKHLWD�GD�(PEUDSD�,QVWUXPHQWDomR��1R�ODERUDWyULR��DSyV�FRUWH�VRE�iJXD��DV�KDVWHV�
ÀRUDLV�IRUDP�VHOHFLRQDGDV�SDUD�HOLPLQDomR�GH�GHIHLWRV�H�UHLGUDWDGDV�SRU��K��2�H[SHULPHQWR�IRL�FRQGX]L�
GR�HP�FkPDUD�IULD�FRP�WHPSHUDWXUD�FRQWURODGD�GH�������&�H�XPLGDGH�UHODWLYD�GH�����������

2V�WUDWDPHQWRV�UHDOL]DGRV�IRUDP��iJXD�GHVWLODGD��FRQWUROH���VROXomR�GH�TXLWRVDQD��H�VROXomR�GH�
TXLWRVDQD�QDQRSDUWLFXODGD��$�VROXomR�GH�TXLWRVDQD�IRL�SUHSDUDGD�GLVVROYHQGR�VH���J�GH�TXLWRVDQD�HP���
/�GH�VROXomR����GH�iFLGR�FtWULFR��$�VROXomR�GH�TXLWRVDQD�QDQRSDUWLFXODGD�IRL�SUHSDUDGD�GLVVROYHQGR�VH�
��J�GH�TXLWRVDQD�HP���/�GH�VROXomR����GH�iFLGR�FtWULFR�H�SRVWHULRUPHQWH��VRE�DJLWDomR�LQWHQVD��DGLFLR�
QDQGR�VH����P/�GH�WULSROLIRVIDWR�GH�VyGLR�j����P/�GHVWD�VROXomR��2�WDPDQKR�PpGLR�GD�SDUWtFXOD�IRL�
GHWHUPLQDGR�HP�WUDEDOKRV�DQWHULRUHV�H�FRUUHVSRQGH�D�����QP��&DGD�WUDWDPHQWR�IRL�FRPSRVWR�SRU���KDVWHV�
ÀRUDLV�TXH�IRUDP�FRORFDGDV�HP�UHFLSLHQWH�LQGLYLGXDO�FRQWHQGR����P/�GH�VROXomR��2V�UHFLSLHQWHV�IRUDP�
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IHFKDGRV�FRP�GXDV�FDPDGDV�GH�¿OPH�39&�SDUD�SUHYHQLU�D�HYDSRUDomR�GD�VROXomR�
$V�DQiOLVHV�UHDOL]DGDV�IRUDP��WD[D�GH�DEVRUomR��WD[D�GH�WUDQVSLUDomR�H�OXPLQRVLGDGH�GDV�KDVWHV��

$�WD[D�GH�DEVRUomR�IRL�FDOFXODGD�HP�PJ�J���0)�GLD����VHQGR�FDOFXODGD�SHOD�IyUPXOD��9� ��36L���36I����3+L��
HP�TXH�9��WD[D�GD�VROXomR�DEVRUYLGD��PJ�J���0)�GLD�����36L��PDVVD�LQLFLDO�GD�VROXomR��PJ���36I��PDVVD�
¿QDO�GD�VROXomR��PJ���3+L��PDVVD�¿QDO�GD�KDVWH��PJ���$�WD[D�GH�WUDQVSLUDomR�IRL�HVWLPDGD��HP�PJ�J���0)�
dia����HP�TXH��7� �9����3+��I��3+��L����HP�TXH�7��WD[D�GH�WUDQVSLUDomR��9��WD[D�GD�VROXomR�DEVRUYLGD��3+�
�L���PDVVD�GD�KDVWH�QR�LQtFLR��3+��I���PDVVD�GD�KDVWH�QR�¿QDO��0)��0DVVD�IUHVFD���9$1�'2251�H�9$6�
/,(5���������$�OXPLQRVLGDGH�IRL�DIHULGD�FRP�DX[tOLR�GH�XP�FRORUtPHWUR�+XQWHU/DE�

2V�GDGRV�IRUDP�VXEPHWLGRV�j�DQiOLVH�GH�YDULkQFLD�H�DV�PpGLDV�FRPSDUDGDV�XWLOL]DQGR�VH�R�WHVWH�
GH�7XNH\�D����GH�VLJQL¿FkQFLD�

3 reSultAdoS e diScuSSÃo

�$�WD[D�GH�DEVRUomR�QDV�KDVWHV�ÀRUDLV�GH�JpUEHUDV�YDULRX�DR�ORQJR�GRV�GLDV�H�DSUHVHQWRX�GLIH�
UHQoDV�HVWDWLVWLFDPHQWH�VLJQL¿FDWLYDV�HQWUH�WUDWDPHQWRV��2V�FRUWHV�QD�SDUWH�EDVDO�GDV�KDVWHV�FRODERUDUDP�
SDUD�R�LQFUHPHQWR�GD�HQWUDGD�GH�iJXD�DR�ORQJR�GRV�GLDV��)LJXUD�����2�YDORU�GH�DEVRUomR�PpGLR�IRL�GH�
������PJ�J���0)�GLD���SDUD�DV�KDVWHV�HP�iJXD�GHVWLODGD��������PJ�J���0)�GLD���SDUD�KDVWHV�DUPD]HQDGDV�
HP�VROXomR�GH�TXLWRVDQD�H�������PJ�J���0)�GLD���SDUD�VROXomR�GH�TXLWRVDQD�QDQRSDUWLFXODGD��$�DEVRUomR�
GDV�KDVWHV�HP�VROXomR�GH�TXLWRVDQD�QDQRSDUWLFXODGD�SRGH�WHU�VLGR�IDYRUHFLGD�SHOR�FRQWUROH�PDLV�HIHWLYR�
GH�PLFURUJDQLVPRV��OHYDQGR�D�SUHYHQomR�GD�RFOXVmR�GRV�[LOHPDV�SRU�IXQJRV�H�EDFWpULDV��DVVLP�FRPR�R�
HQWXSLPHQWR�GRV�YDVRV�GH�VHFUHo}HV�SURGX]LGRV�SRU�HVWHV��9$1�'2251���������$�WD[D�GH�WUDQVSLUDomR�
QmR�IRL�LQÀXHQFLDGD�SHORV�WUDWDPHQWRV��)LJXUD����

Figura 1. 7D[D�GH�DEVRUomR��j�HVTXHUGD��H�WD[D�GH�WUDQVSLUDomR��j�GLUHLWD��HP�PJ�J���0)�GLD���em hastes de 
JpUEHUDV�DUPD]HQDGDV�HP� �iJXD�GHVWLODGD��� VROXomR�GH�TXLWRVDQD�H� VROXomR�GH�TXLWRVDQD�

QDQRSDUWLFXODGD�GXUDQWH����GLDV�GH�DUPD]HQDPHQWR�

�$R�¿QDO�GR�DUPD]HQDPHQWR��DV�KDVWHV�ÀRUDLV�TXH�QmR�IRUDP�PDQWLGDV�HP�VROXomR�GH�TXLWRVDQD�
QDQRSDUWLFXODGD�DSUHVHQWDUDP�HVFXUHFLPHQWR�GH�VXDV�OtJXODV��)ORUHV�SRVVXHP�WHFLGRV�YHJHWDLV�VHQVtYHLV�
D�YDULDomR�GR�FRQWH~GR�GH�iJXD�H�VmR�DFRPHWLGDV�SRU�GDQRV�SHUPDQHQWHV�SRU�GHVLGUDWDomR��(VWH�HVFXUH�
FLPHQWR�SRGH�HVWDU�OLJDGR�DR�GHVHTXLOtEULR�QR�EDODQoR�KtGULFR��FRP�D�PRUWDOLGDGH�GDV�FpOXODV�YHJHWDLV�
H�DSDUHFLPHQWR�GH�SRQWRV�QHFURVDGRV��$�FRORUDomR�p�XP�GRV�DWULEXWRV�GH�TXDOLGDGH�PDLV�YDORUL]DGRV�
SHORV�FRQVXPLGRUHV�GXUDQWH�D�FRPSUD��DVVLP�FRPR�R�IUHVFRU��(PERUD�DV�KDVWHV�ÀRUDLV�SHUPDQHoDP�HP�
VROXomR��DSDUHQWHPHQWH�FRP�VXSULPHQWR�LOLPLWDGR��PXGDQoDV�QD�DSDUrQFLD�GDV�SpWDODV�SRGHP�LQGLFDU�
TXH�D�ÀRU�HVWi�SHUGHQGR�iJXD��6$1726���������
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Figura 2. /XPLQRVLGDGH�HP�KDVWHV�GH�JpUEHUDV�DUPD]HQDGDV�HP� �iJXD�GHVWLODGD��� VROXomR�GH�
quitosana e VROXomR�GH�TXLWRVDQD�QDQRSDUWLFXODGD�GXUDQWH����GLDV�GH�DUPD]HQDPHQWR�

4 concluSÃo

�$�VROXomR�FRQVHUYDQWH�FRQWHQGR�TXLWRVDQD�QDQRSDUWLFXODGD�IRL�H¿FLHQWH�QD�PDQXWHQomR�GD�TXD�
OLGDGH�GH�JpUEHUDV�DR�ORQJR�GR�DUPD]HQDPHQWR��IDYRUHFHQGR�D�DEVRUomR�H�D�FRORUDomR�GDV�ÀRUHV�

AGrAdecimentoS

2V�DXWRUHV�JUDGHFHP�DSRLR�¿QDQFHLUR�GD�(PEUDSD��&13T��)$3(63�H�&$3(6�

reFerÊnciAS

%252&+29��$���0$<$.��6���%5281��5��7KH�LQYROYHPHQW�RI�ZDWHU�VWUHVV�DQG�HWK\OHQH�LQ�VHQHVFHQFH�
RI�FXW�FDUQDWLRQ�ÀRZHUV��-RXUQDO�RI�([SHULPHQWDO�%RWDQ\��2[IRUG��Y�����Q������S������������������

,167,7872�%5$6,/(,52�'(�)/25,&8/785$��'DGRV�JHUDLV�GR�VHWRU��&DPSLQDV��,EUDÀRU��������
'LVSRQtYHO�HP���KWWS���ZZZ�LEUDÀRU�FRP�SXEOLFDFRHV�YZ�SKS"FRG �����$FHVVR�HP�����DEU������

0857<��%�6���6+$1.$5��3���5$-��%���5$7+��%�%���085'$<��-��7H[WERRN�RI�QDQRVFLHQFH�DQG�QDQR�
WHFKQRORJ\��6SULQJHU�����S�������

1$,5��5���9$5*+(6(��6�+���1$,5��%�*���0$(.$:$��7���<26+,'$��<���.80$5��'��6��1DQRSDU�
WLFXODWH�PDWHULDO�GHOLYHU\�WR�SODQWV��3ODQW�6FLHQFH��Y������S����������������

6$1726�� -�6��$UPD]HQDPHQWR�H� UHLGUDWDomR�GH� LQÀRUHVFrQFLDV�GH�Epidendrum ibaguense .817+��
'LVVHUWDomR����������S��0HVWUDGR�HP�)LVLRORJLD�9HJHWDO���8QLYHUVLGDGH�)HGHUDO�GH�9LoRVD��8)9��9LoR�
VD�������

7((5,��+�7���(/20$��$�3���.27,/$,1(1��0���$/%(57��9��0LQLQJ�SODQW�GLYHUVLW\��*HUEHUD�DV�D�
PRGHO�V\VWHP�IRU�SODQW�GHYHORSPHQW�DQG�ELRV\QWKHWLF�UHVHDUFK��%LR(VVD\�������������������

9$1 '2251��:��*���:DWHU�UHODWLRQV�RI�FXW�ÀRZHUV��+RUWLFXOWXUDO�5HYLHZ������Y������������

9$1�'2251��:�*���9$6/,(5��1��:RXQGLQJ�LQGXFHG�[\OHP�RFFOXVLRQ�LQ�VWHPV�RI�FXW�FKU\VDQWKH�
PXP�ÀRZHUV�� UROHV�RI�SHUR[LGDVH�DQG�FDWKHFKRO�R[LGDVH��3RVWKDUYHVW�%LRORJ\�DQG�7HFKQRORJ\��Y�����
S���������������
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FilmeS de Amido, GomA de cAJueiro e montmorilonitA. 
PArte 1. inFluÊnciA do teor de ArGilA e do temPo de 

SonicAÇÃo Sobre AS ProPriedAdeS doS FilmeS. 

Alaídes m. b. Pinto1, talita m. Santos1, carlos Alberto caceres2, edson n. ito3,  
*Henriette m. c. Azeredo4

18QLYHUVLGDGH�)HGHUDO�GR�&HDUi��28QLYHUVLGDGH�GD�,QWHJUDomR�,QWHUQDFLRQDO�GD�/XVRIRQLD�$IUR�
Brasileira. �8QLYHUVLGDGH�)HGHUDO�GR�5LR�*UDQGH�GR�1RUWH� 

�(PEUDSD�±�6HFUHWDULD�GH�5HODo}HV�,QWHUQDFLRQDLV�
KHQULHWWH�D]HUHGR#HPEUDSD�EU��

&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
9iULRV�HVWXGRV�WrP�VLGR�FRQGX]LGRV�VREUH�IRUPDomR�GH�¿OPHV�ELRSROLPpULFRV�SDUD�XVR�HP�DOLPHQWRV��$�
LQFRUSRUDomR�GH�PRQWPRULORQLWD��007��FRPR�HVWUXWXUDV�GH�UHIRUoR�WHP�VLGR�VXJHULGD�SDUD�PHOKRUDU�R�
GHVHPSHQKR�ItVLFR�PHFkQLFR�GH�ELRPDWHULDLV��007�IRL�DGLFLRQDGD�D�¿OPHV�GH�DPLGR�H�JRPD�GH�FDMXHL�
UR��*&���H�VXD�LQÀXrQFLD�DYDOLDGD�VHJXQGR�XP�GHOLQHDPHQWR�FRPSRVWR�FHQWUDO�FRP���YDULiYHLV��FRQFHQ�
WUDomR�GH�007�H�WHPSR�GH�VRQLFDomR��$�007�DXPHQWRX�D�UHVLVWrQFLD�j�WUDomR�H�R�PRGXOR�HOiVWLFR�DWp�
FHUWR�SRQWR��PDV�FRPSURPHWHX�HVVDV�SURSULHGDGHV�TXDQGR�HP�DOWDV�FRQFHQWUDo}HV��SURYDYHOPHQWH�SRU�
SUREOHPDV�GH�GLVSHUVmR��$�VRQLFDomR�IDYRUHFHX�DV�SURSULHGDGHV�PHFkQLFDV��SRU�PHOKRUDU�D�GLVSHUVmR�
GH�007��$�007�WDPEpP�PHOKRURX�D�EDUUHLUD�GRV�¿OPHV�j�XPLGDGH��JUDoDV�DR�HIHLWR�GH�WRUWXRVLGDGH�
FRQIHULGR�SHOD�DUJLOD��PDV��SRU�RXWUR�ODGR��UHGX]LX�D�WUDQVSDUrQFLD�GRV�¿OPHV��
Palavras-chave��%LRSROtPHURV��)LOPHV�FRPHVWtYHLV��1DQRDUJLODV��1DQRFRPSyVLWRV�

StArcH, cASHew tree Gum And montmorillonite FilmS. PArt 1. inFluence 
oF clAY content And SonicAtion time on Film ProPertieS.
Abstract
6HYHUDO�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�RQ�GHYHORSLQJ�ELRSRO\PHU�¿OPV�IRU�IRRG�DSSOLFDWLRQ��7KH�LQFRU�
SRUDWLRQ�RI�PRQWPRULOORQLWH��007��DV�UHLQIRUFLQJ�VWUXFWXUHV�KDV�EHHQ�VXJJHVWHG�WR�LPSURYH�WKH�SK\VL�
FR�PHFKDQLFDO�SHUIRUPDQFH�RI�ELRPDWHULDOV��007�ZDV�DGGHG�WR�VWDUFK�DQG�FDVKHZ�WUHH�JXP�¿OPV��DQG�
LWV�LQÀXHQFH�ZDV�HYDOXDWHG�E\�PHDQV�RI�D�FHQWUDO�FRPSRVLWH�GHVLJQ�ZLWK���YDULDEOHV��007�FRQFHQWUD�
WLRQ�DQG�VRQLFDWLRQ�WLPH��007�LQFUHDVHG�WHQVLOH�VWUHQJWK�DQG�HODVWLF�PRGXOXV�XS�WR�D�FHUWDLQ�SRLQW��EXW�
LPSDLUHG�WKRVH�SURSHUWLHV�ZKHQ�LQ�KLJK�FRQFHQWUDWLRQV��SUREDEO\�EHFDXVH�RI�GLVSHUVLRQ�SUREOHPV��6RQL�
FDWLRQ�IDYRUHG�WHQVLOH�SURSHUWLHV�E\�HQKDQFLQJ�007�GLVSHUVLRQ��007�DOVR�HQKDQFHG�WKH�¿OP�PRLVWXUH�
EDUULHU��WKDQNV�WR�WKH�WRUWXRVLW\�HIIHFW�FRQIHUUHG�E\�WKH�FOD\��EXW�LW�UHGXFHG�¿OP�WUDQVSDUHQF\��
Keywords��%LRSRO\PHUV��(GLEOH�¿OPV��1DQRFOD\V��1DQRFRPSRVLWHV�

1 introduÇÃo

9iULDV�SHVTXLVDV�WrP�VH�IRFDGR�HP�GHVHQYROYHU�¿OPHV�ELRSROLPpULFRV�SDUD�XVR�HP�DOLPHQWRV��$�
JRPD�GH�FDMXHLUR��*&��p�XP�KHWHURSROLVVDFDUtGHR�GH�FRPSRVLomR�GHVFULWD�SUHYLDPHQWH��'H�3DXOD�HW�DO���
�������$�IRUPDomR�GH�¿OPHV�GH�*&�p�GL¿FXOWDGD�SRU�VXD�EDL[D�YLVFRVLGDGH��UHVXOWDQWH�GD�HVWUXWXUD�PXLWR�
UDPL¿FDGD�H�GR�FDUiWHU�SROLDQL{QLFR��R�TXH�SRGH�VHU�FRQWRUQDGR�SHOD�FRPELQDomR�FRP�ELRSROtPHURV�
mais viscosos. 

1DQRHVWUXWXUDV�GH�UHIRUoR�VmR� LQGLFDGDV�SDUD�PHOKRUDU�R�GHVHPSHQKR�GRV�ELRSROtPHURV��TXH�
JHUDOPHQWH�WrP�IUDFDV�SURSULHGDGHV�PHFkQLFDV�H�GH�EDUUHLUD��VH�FRPSDUDGRV�DRV�SROtPHURV�GHULYDGRV�
GH�SHWUyOHR��$UJLODV�GR�WLSR�PRQWPRULORQLWD��007��VmR�H[FHOHQWHV�HVWUXWXUDV�GH�UHIRUoR��JUDoDV�j�DOWD�
iUHD�VXSHU¿FLDO�H�DOWD�UD]mR�GH�DVSHFWR��8\DPD�HW�DO����������DOpP�GH�UHGX]LUHP�D�SHUPHDomR��SRU�DX�
PHQWDUHP�D�WRUWXRVLGDGH�GR�FDPLQKR�D�VHU�SHUFRUULGR�SHORV�SHUPHDQWHV��$�GLVSHUVmR�GH�DUJLODV�SRGH�VHU�
PHOKRUDGD�SHOR�XVR�GH�XOWUDVVRP��TXH�JHUD�FDYLWDomR�H�FLFORV�GH�SUHVVmR�FDSD]HV�GH�VHSDUDU�DJORPHUDGRV�
H�DXPHQWDU�D�GLVWkQFLD�HQWUH�ODPHODV��9DUWLDLQHQ�HW�DO���������

2�REMHWLYR�GHVWH�HVWXGR�IRL�DYDOLDU�D�LQÀXrQFLD�GRV�WHRUHV�GH�007�H�GR�WHPSR�GH�VRQLFDomR�
VREUH�DV�SURSULHGDGHV�GH�¿OPHV�GH�DPLGR�GH�PDQGLRFD�H�*&��
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2 mAteriAiS e métodoS

2.1 (ODERUDomR�GRV�¿OPHV

$�*&�IRL�H[WUDtGD�GH�FDMXHLURV�GD�(PEUDSD�$JURLQG~VWULD�7URSLFDO��(�(��3DFDMXV��&(��H�VXE�
PHWLGD�j�SXUL¿FDomR��VHJXQGR�7RUTXDWR�HW�DO����������2�H[SHULPHQWR�IRL�FRQGX]LGR�VHJXQGR�XP�GHOLQH�
DPHQWR�FRPSRVWR�FHQWUDO�FRP���YDULiYHLV��FRQFHQWUDomR�GH�007��������GD�PDVVD�GH�DPLGR���*&��H�
WHPSR�GH�VRQLFDomR������PLQ���$PLGR�GH�PDQGLRFD�IRL�JHODWLQL]DGR�HP�iJXD�����&�����PLQ���H�RV�GHPDLV�
FRPSRQHQWHV�IRUDP�DGLFLRQDGRV�±�*&�������HP�UHODomR�DR�DPLGR���007��.����6LJPD���JOLFHURO������
GD�PDVVD�GH�DPLGR���*&��H�7ZHHQ��������GD�PDVVD�GH�DPLGR���*&���$�PLVWXUD�IRL�KRPRJHQHL]DGD�
�8OWUD�7XUUD[�7�����,ND��������USP�����PLQ��H�VRQLFDGD�D����N+]��83���6��+LHOVFKHU���$V�GLVSHUV}HV�
IRUDP�GHJDVDGDV�D�YiFXR��GHSRVLWDGDV�VREUH�SODFDV�GH�YLGUR��QLYHODGDV�D�����PP��H�GHL[DGDV�D�VHFDU�
����&������85�����K���$V�DPRVWUDV�VHFDV�IRUDP�FRUWDGDV�H�GHVWDFDGDV�GD�VXSHUItFLH��FRQGLFLRQDGDV�SRU�
���K�D����&�H�����85��H�VXEPHWLGDV�jV�GHWHUPLQDo}HV�������

2.2 &DUDFWHUL]DomR�GRV�¿OPHV

2V�¿OPHV�IRUDP�VXEPHWLGRV�jV�VHJXLQWHV�GHWHUPLQDo}HV�
��2SDFLGDGH��PHGLGD�SHOD�iUHD�VRE�D�FXUYD�GH�XP�HVSHFWUR�GH�DEVRUEkQFLD�����±����QP��GH�

DPRVWUDV�FRORFDGDV�VREUH�D�IDFH�LQWHUQD�GD�FXEHWD��SHUSHQGLFXODUPHQWH�DR�IHL[H�GH�OX]��
��3HUPHDELOLGDGH�DR�YDSRU�GH�iJXD��39$���EDVHDGD�QR�PpWRGR�(�������$670�������� 
��3URSULHGDGHV�PHFkQLFDV��VHJXQGR�PpWRGR�'��������$670���������HP�PiTXLQD�XQLYHUVDO�GH�

WHVWHV��(PLF�'/�������FRP�FpOXOD�GH�FDUJD�GH�����1�
��,PDJHQV�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��+LWDFKL�70��������FRP�YROWDJHP�GH�

DFHOHUDomR�GH���N9��H�DXPHQWR�GH������YH]HV�

3 reSultAdoS e diScuSSÃo

2V�PRGHORV�TXDGUiWLFRV�HVWmR�UHSUHVHQWDGRV�JUD¿FDPHQWH�QD�)LJXUD����$�UHVLVWrQFLD�H�R�Py�
GXOR�IRUDP�HVSHFLDOPHQWH�IDYRUHFLGRV�SHOR�XOWUDVVRP��86���TXH�SURYDYHOPHQWH�PHOKRURX�D�GLVSHUVmR�
GD�007�QD�PDWUL]��$OPDVL�HW�DO���������9DUWLDLQHQ�HW�DO����������$OpP�GLVVR��R�86�SRGH�WHU�DX[LOLDGR�D�
VROXELOL]DomR�GH�HYHQWXDLV�DJUHJDGRV�UHVLGXDLV�GH�DPLGR�TXH�WHQKDP�SHUPDQHFLGR��&KHQJ�HW�DO����������
'H� IDWR�� DV� LPDJHQV�GH�0(9��)LJXUD���� LQGLFDP�TXH�RV�DJUHJDGRV�SUHVHQWHV�QR�¿OPH�QmR�VRQLFDGR�
�)LJXUD��$��IRUDP�UHGX]LGRV�DSyV���PLQ�GH�VRQLFDomR��)LJXUD��%�� $�DGLomR�GH�007�DWp�FHUFD�GH�����
DXPHQWRX�D� UHVLVWrQFLD�H�R�PyGXOR��PDV�PDLRUHV�FRQFHQWUDo}HV�FRPSURPHWHUDP�HVVDV�SURSULHGDGHV��
SURYDYHOPHQWH�GHYLGR�D�SUREOHPDV�GH�GLVSHUVmR��5KLP���������$�HORQJDomR�IRL�UHGX]LGD�SHOD�DGLomR�
GH�007��FRPR�HP�RXWURV�HVWXGRV��0�OOHU�HW�DO���������3HWHUVVRQ�	�2NVPDQ���������R�TXH�SRGH�VHU�
DWULEXtGR�D�XPD�UHGX]LGD�GLVSRQLELOLGDGH�GH�SODVWL¿FDQWHV�SDUD� LQWHUDJLU�FRP�D�PDWUL]��0�OOHU�HW�DO���
�������$�SHUPHDELOLGDGH�IRL�UHGX]LGD�SHOD�007��FRUURERUDQGR�RXWURV�HVWXGRV��$EGROODKL�HW�DO���������
'XDQ�HW�DO����������GHYLGR�DR�FDPLQKR�WRUWXRVR�FRQIHULGR�SHOD�DUJLOD�j�GLIXVmR�GH�YDSRU�GH�iJXD�H�j�IRUWH�
LQWHUDomR�HQWUH�D�007�H�D�PDWUL]��'XDQ�HW�DO���������5KLP���������$�007�UHGX]LX�D�WUDQVSDUrQFLD�GRV�
¿OPHV��FRPR�REVHUYDUDP�RXWURV�DXWRUHV��$OERRIHWLOHK�HW�DO���������5KLP���������VXJHULQGR�LQFRPSOHWD�
GLVSHUVmR�QD�PDWUL]��5KLP�HW�DO����������



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 151

Figura 1. 5HSUHVHQWDomR�JUi¿FD�GRV�PRGHORV�GDV�UHVSRVWDV�HP�IXQomR�GR�WHPSR�GH�VRQLFDomR��86��H�
GD�FRQFHQWUDomR�GH�007��m��UHVLVWrQFLD�j�WUDomR��¡��HORQJDomR�QD�UXSWXUD��L��PyGXOR�HOiVWLFR��:93��

SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD��23��RSDFLGDGH�

Figura 2. ,PDJHQV�GH�0(9�GH�¿OPHV�FRP������007��VHP�VRQLFDomR��$��RX�DSyV���PLQ�GH�VRQLFDomR��%��

4 concluSÃo

$V�SURSULHGDGHV�PHFkQLFDV�IRUDP�IDYRUHFLGDV�SHOD�DGLomR�GH�������007�H�SRU�WHPSRV�GH�VR�
QLFDomR�GH�����PLQ��$�007�PHOKRURX�WDPEpP�D�EDUUHLUD�DR�YDSRU�GH�iJXD�GRV�¿OPHV��PDV�UHGX]LX�VXD�
WUDQVSDUrQFLD��2�XOWUDVVRP�PHOKRURX�D�GLVSHUVmR�GD�007�QD�PDWUL]�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�R�VXSRUWH�¿QDQFHLUR�GR�&13T�����������������H�GD�(PEUDSD��+�0�&��
$]HUHGR�DJUDGHFH�DR�&13T�SHOD�%ROVD�GH�3URGXWLYLGDGH�HP�3HVTXLVD�����������������
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reFerÊnciAS

$%'2//$+,��0���$/%22)(7,/(+��0���5(=$(,��0���%(+522=��5��&RPSDULQJ�SK\VLFR�PHFKD�
QLFDO�DQG�WKHUPDO�SURSHUWLHV�RI�DOJLQDWH�QDQRFRPSRVLWH�¿OPV�UHLQIRUFHG�ZLWK�RUJDQLF�DQG�RU�LQRUJDQLF�
QDQR¿OOHUV��)RRG�+\GURFROORLGV��Y������S����������������

$/%22)(7,/(+��0���5(=$(,��0���+266(,1,��+���$%'2//$+,��0��(IIHFW� RI�PRQWPRULOORQLWH�
FOD\�DQG�ELRSRO\PHU�FRQFHQWUDWLRQ�RQ�WKH�SK\VLFDO�DQG�PHFKDQLFDO�SURSHUWLHV�RI�DOJLQDWH�QDQRFRPSRVLWH�
¿OPV��-RXUQDO�RI�)RRG�(QJLQHHULQJ��Y�������S��������������

$/0$6,�� +��� *+$1%$5=$'(+�� %��� (17(=$0,��$��$�� 3K\VLFRFKHPLFDO� SURSHUWLHV� RI� VWDUFK±
&0&±QDQRFOD\�ELRGHJUDGDEOH�¿OPV��,QWHUQDWLRQDO�-RXUQDO�RI�%LRORJLFDO�0DFURPROHFXOHV��Y������S���±���
�����

$670�� 6WDQGDUG� WHVW�PHWKRGV� IRU� ZDWHU� YDSRU� WUDQVPLVVLRQ� RI�PDWHULDOV�� (�������$QQXDO� %RRN� RI�
$670�6WDQGDUGV��3KLODGHOSKLD��$PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV��������

$670��6WDQGDUG�WHVW�PHWKRG�IRU�WHQVLOH�SURSHUWLHV�RI�WKLQ�SODVWLF�VKHHWLQJ��'��������$QQXDO�%RRN�RI�
$670�6WDQGDUGV��3KLODGHOSKLD��$PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV�������

&+(1*��:���&+(1��-���/,8��'���<(��;���.(��)��,PSDFW�RI�XOWUDVRQLF�WUHDWPHQW�RQ�SURSHUWLHV�RI�VWDUFK�
¿OP�IRUPLQJ�GLVSHUVLRQ�DQG�WKH�UHVXOWLQJ�¿OPV��&DUERK\GUDWH�3RO\PHUV��Y������S����������������

'(�3$8/$��5�&�0���+($7/(<��)���%8''��3�0��&KDUDFWHULVDWLRQ�RI�Anacardium occidentale�H[XGDWH�
SRO\VDFFKDULGH��3RO\PHU�,QWHUQDWLRQDO��Y������S����±���������

'8$1��=���7+20$6��1�/���+8$1*��:��:DWHU�YDSRXU�SHUPHDELOLW\�RI�SRO\�ODFWLF�DFLG��QDQRFRPSR�
VLWHV��-RXUQDO�RI�0HPEUDQH�6FLHQFH��Y�������S����������������

0h//(5��&�0�2���/$85,1'2��-�%���<$0$6+,7$��)��(IIHFW�RI�QDQRFOD\�LQFRUSRUDWLRQ�PHWKRG�RQ�
PHFKDQLFDO�DQG�ZDWHU�YDSRU�EDUULHU�SURSHUWLHV�RI�VWDUFK�EDVHG�¿OPV��,QGXVWULDO�&URSV�DQG�3URGXFWV��Y��
����S����������������

3(7(56621��/���2.60$1��.��%LRSRO\PHU�EDVHG�QDQRFRPSRVLWHV��&RPSDULQJ�OD\HUHG�VLOLFDWHV�DQG�
PLFURFU\VWDOOLQH�FHOOXORVH�DV�QDQRUHLQIRUFHPHQW��&RPSRVLWHV�6FLHQFH�DQG�7HFKQRORJ\��Y������S�������
�����������

5+,0��-�:��(IIHFW�RI�FOD\�FRQWHQWV�RQ�PHFKDQLFDO�DQG�ZDWHU�YDSRU�EDUULHU�SURSHUWLHV�RI�DJDU�EDVHG�QD�
QRFRPSRVLWH�¿OPV��&DUERK\GUDWH�3RO\PHUV��Y������S����������������

5+,0��-�:���+21*��6�,���+$��&�6��7HQVLOH��ZDWHU�YDSRU�EDUULHU�DQG�DQWLPLFURELDO�SURSHUWLHV�RI�3/$�
QDQRFOD\�FRPSRVLWH�¿OPV��/:7�±�)RRG�6FLHQFH�DQG�7HFKQRORJ\��Y������S����������������

72548$72��'��6���)(55(,5$��0��/���6È��*�&���%5,72��(�6���3,172��*�$�6���$=(9('2��(�+�)��
(YDOXDWLRQ�RI�DQWLPLFURELDO�DFWLYLW\�RI�FDVKHZ�WUHH�JXP��:RUOG�-RXUQDO�RI�0LFURELRORJ\�	�%LRWHFKQR�
ORJ\��Y������S����������������

8<$0$��+���.8:$%$5$��0���768-,0272��7���1$.$12��0���868.,��$���	�.2%$<$6+,��6��
*UHHQ�QDQRFRPSRVLWH�IURP�UHQHZDEOH�UHVRXUFHV��SODQW�RLO�FOD\�K\EULG�PDWHULDOV��&KHPLVWU\�RI�0DWH�
ULDOV��Y������S������������������

9$57,$,1(1��-���7820,1(1��0���1b77,1(1��.��%LR�+\EULG�QDQRFRPSRVLWH�FRDWLQJV�IURP�VRQL�
FDWHG�FKLWRVDQ�DQG�QDQRFOD\��-RXUQDO�RI�$SSOLHG�3RO\PHU�6FLHQFH��Y�������S������������������
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FilmeS de Amido, GomA de cAJueiro e montmorilonitA. 

PArte 2. APlicAÇÃo como reveStimento de AmÊndoAS de 

cAStAnHAS de cAJu 

Alaídes m. b. Pinto
1
, talita m. Santos

1
, Janice r. lima

2
, *Henriette m. c. Azeredo

4

18QLYHUVLGDGH�)HGHUDO�GR�&HDUi��2(PEUDSD�$JURLQG~VWULD�7URSLFDO��
�(PEUDSD�±�6HFUHWDULD�GH�5HODo}HV�,QWHUQDFLRQDLV�

KHQULHWWH�D]HUHGR#HPEUDSD�EU��

&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo

5HYHVWLPHQWRV�FRPHVWtYHLV�VmR�SHOtFXODV�ELRSROLPpULFDV�IRUPDGDV�VREUH�DOLPHQWRV��DX[LOLDQGR�D�HPED�
ODJHP�QD�SURWHomR�FRQWUD�IDWRUHV�DPELHQWDLV��$�LQFRUSRUDomR�GH�DUJLODV�GR�WLSR�PRQWPRULORQLWD��007��
FRPR� QDQRHVWUXWXUDV� GH� UHIRUoR� WHP� VLGR� VXJHULGD� SDUD�PHOKRUDU� R� GHVHPSHQKR� ItVLFR�PHFkQLFR� GH�
ELRSROtPHURV��$PrQGRDV�GH�FDVWDQKDV�GH�FDMX�IRUDP�WUDWDGDV�FRP�UHYHVWLPHQWRV�GH�DPLGR�H�JRPD�GH�
FDMXHLUR��DGLFLRQDGRV�RX�QmR�GH�007��$PERV�RV�UHYHVWLPHQWRV�UHGX]LUDP�D�DEVRUomR�GH�XPLGDGH�D�DV�
WD[DV�GH�R[LGDomR�GDV�DPrQGRDV�GXUDQWH�D�HVWRFDJHP��VHQGR�SRUWDQWR�FRQVLGHUDGDV�HIHWLYDV�SDUD�DXPHQ�
WDU�VXD�YLGD�GH�SUDWHOHLUD��$�SUHVHQoD�GH�007�DXPHQWRX�D�SURWHomR�GR�UHYHVWLPHQWR�FRQWUD�D�XPLGDGH��
PDV�QmR�DOWHURX�D�SURWHomR�R[LGDWLYD�
Palavras-chave��%LRSROtPHURV��5HYHVWLPHQWRV�FRPHVWtYHLV��1DQRDUJLODV��1DQRFRPSyVLWRV�

StArcH, cASHew tree Gum And montmorillonite FilmS. PArt 2. APPlicA-

tion AS coAtinGS For cASHew KernelS

Abstract

(GLEOH� FRDWLQJV� DUH� ELRSRO\PHU� ¿OPV� IRUPHG� RQ� IRRG� VXUIDFHV�� HQKDQFLQJ� WKH� SDFNDJLQJ� SURWHFWLRQ�
DJDLQVW�HQYLURQPHQWDO� IDFWRUV��7KH� LQFRUSRUDWLRQ�RI�PRQWPRULOORQLWH�W\SH�FOD\V� �007��DV�QDQRUHLQ�
IRUFHPHQWV�KDV�EHHQ�VXJJHVWHG�WR�LPSURYH�WKH�SK\VLFR�PHFKDQLFDO�SHUIRUPDQFH�GH�ELRSRO\PHUV��&D�
VKHZ�NHUQHOV�ZHUH�WUHDWHG�ZLWK�VWDUFK�FDVKHZ�WUHH�JXP�FRDWLQJV��DGGHG�RU�QRW�ZLWK�007��%RWK�FRDWLQJV�
UHGXFHG�WKH�PRLVWXUH�DEVRUSWLRQ�DQG�WKH�R[LGDWLRQ�UDWHV�RI�WKH�NHUQHOV�GXULQJ�VWRUDJH��EHLQJ�WKXV�FRQ�
VLGHUHG�DV�HIIHFWLYH�WR�LQFUHDVH�WKHLU�VKHOI�OLIH��7KH�SUHVHQFH�RI�007�HQKDQFHG�WKH�FRDWLQJ�SURWHFWLRQ�
DJDLQVW�PRLVWXUH��EXW�QRW�DJDLQVW�R[LGDWLRQ�
Keywords: %LRSRO\PHUV��(GLEOH�FRDWLQJV��1DQRFOD\V��1DQRFRPSRVLWHV�

1 introduÇÃo

$�FDVWDQKD�GH�FDMX�FRPS}H�XPD�FDGHLD�GH�QHJyFLRV�FRQFHQWUDGD�QR�1RUGHVWH�EUDVLOHLUR��HVSH�
FLDOPHQWH�QR�&HDUi��SULQFLSDO�H[SRUWDGRU�EUDVLOHLUR��$V�DPrQGRDV�GH�FDVWDQKDV�GH�FDMX��SRU�VHX�DOWR�WHRU�
GH�OLStGLRV�H�EDL[R�WHRU�GH�XPLGDGH��WrP�FRPR�SULQFLSDLV�FDXVDV�GH�GHWHULRUDomR�D�UDQFLGH]��DOWHUDomR�
VHQVRULDO�FDXVDGD�SHOD�R[LGDomR�GH�OLStGLRV��H�DV�DOWHUDo}HV�GH�WH[WXUD�GHYLGDV�j�DEVRUomR�GH�XPLGDGH�
�/LPD���������$�DSOLFDomR�GH�UHYHVWLPHQWRV�FRPHVWtYHLV�jV�FDVWDQKDV�SRGH�DXPHQWDU�VLJQL¿FDWLYDPHQWH�
HVVD�HVWDELOLGDGH��HYLWDQGR�D�QHFHVVLGDGH�GR�DFRQGLFLRQDPHQWR�HP�HPEDODJHQV�GH�DOWD�EDUUHLUD��PDLV�
HVSHVVDV��H�JHUDOPHQWH�PDLV�FDUDV��

5HYHVWLPHQWRV�FRPHVWtYHLV�VmR�SHOtFXODV�XWLOL]DGDV�SDUD�HQYROYHU�DOLPHQWRV��SURWHJHQGR�RV�GD�
DomR�GRV�IDWRUHV�DPELHQWDLV��FRPR�R[LJrQLR�H�XPLGDGH��H�DXPHQWDQGR�D�HVWDELOLGDGH�GR�DOLPHQWR��2V�
UHYHVWLPHQWRV�DX[LOLDP�DV�HPEDODJHQV�QD�IXQomR�GH�SURWHomR��SRGHQGR�UHGX]LU�R�YROXPH�GH�HPEDODJHP�
XWLOL]DGR�SDUD�GHWHUPLQDGD�DSOLFDomR��(QWUH�RV�ELRSROtPHURV�IRUPDGRUHV�GH�¿OPHV�H�UHYHVWLPHQWRV��R�
DPLGR�WHP�RFXSDGR�OXJDU�GH�GHVWDTXH��SRU�VXD�DOWD�GLVSRQLELOLGDGH��EDL[R�SUHoR�H�UD]RiYHO�GHVHPSHQKR��
1R�%UDVLO��XPD�GDV�IRQWHV�PDLV�XWLOL]DGDV�SDUD�H[WUDomR�GH�DPLGR�p�D�PDQGLRFD��$�JRPD�GH�FDMXHLUR�
�*&��p�XP�KHWHURSROLVVDFDUtGHR�FRPSOH[R�H[VXGDGR�GH�iUYRUHV�GH�FDMXHLUR��GH�HVWUXWXUD�VHPHOKDQWH�j�
GD�JRPD�DFiFLD��3DXOD�HW�DO����������8PD�GH�VXDV�SRVVtYHLV�DSOLFDo}HV�p�D�HODERUDomR�GH�¿OPHV��HVSHFLDO�
PHQWH�HP�FRPELQDomR�FRP�RXWURV�ELRSROtPHURV��FRPR�DOJLQDWR��$=(5('2�HW�DO����������SDUD�FRQWRU�
QDU�R�SUREOHPD�GD�EDL[D�YLVFRVLGDGH�GD�JRPD��$�*&�Mi�IRL�HVWXGDGD�FRPR�PDWUL]�SDUD�UHYHVWLPHQWR�GH�
PDomV��&DUQHLUR�GD�&XQKD�HW�DO���������
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2�XVR�GH�QDQRHVWUXWXUDV�GH�UHIRUoR��FRPR�QDQRDUJLODV��WHP�VLGR�IUHTXHQWHPHQWH�H[SORUDGR�SDUD�
PHOKRUDU�R�GHVHPSHQKR�ItVLFR�PHFkQLFR�GH�PDWHULDLV�ELRSROLPpULFRV��$UJLODV�GR�WLSR�PRQWPRULORQLWD�
�007��WrP�EDL[D�WR[LFLGDGH��H�VmR�FRPXPHQWH�XVDGDV�HP�SURGXWRV�IDUPDFrXWLFRV��FRPR�H[FLSLHQWH�RX�
FRPSRVWR�DWLYR��%DHN�HW�DO����������-i�IRUDP�HVWXGDGDV�FRPR�FRPSRQHQWHV�GH�UHYHVWLPHQWRV�FRPHVWtYHLV�
�&RUWH]�9HJD�HW�DO����������VHQGR�H[FHOHQWHV�HVWUXWXUDV�GH�UHIRUoR��JUDoDV�j�DOWD�iUHD�VXSHU¿FLDO�H�DOWD�
UD]mR�GH�DVSHFWR��DOpP�GH�UHGX]LU�D�SHUPHDomR��

2�REMHWLYR�GR�HVWXGR�IRL�DSOLFDU�GLVSHUV}HV�GH�DPLGR�GH�PDQGLRFD�H�JRPD�GH�FDMXHLUR��DGLFLRQD�
GDV�RX�QmR�GH�007��FRPR�UHYHVWLPHQWR�HP�DPrQGRDV�GH�FDVWDQKDV�GH�FDMX��SDUD�UHWDUGDU�DV�SULQFLSDLV�
IRUPDV�GH�DOWHUDomR�TXH�DIHWDP�VXD�HVWDELOLGDGH��D�VDEHU��D�R[LGDomR�GH�OLStGLRV��TXH�UHVXOWD�HP�UDQFL�
GH]��H�D�DEVRUomR�GH�XPLGDGH��TXH�SUHMXGLFD�D�WH[WXUD��

2 mAteriAiS e métodoS

2.1 3UHSDUDomR�GDV�GLVSHUV}HV�H�DSOLFDomR�VREUH�DPrQGRDV�GH�FDVWDQKDV�GH�FDMX

$�*&�IRL�H[WUDtGD�GH�FDMXHLURV�GD�(PEUDSD�$JURLQG~VWULD�7URSLFDO��(�(��3DFDMXV��&(��H�VXEPH�
WLGD�j�SXUL¿FDomR��VHJXQGR�7RUTXDWR�HW�DO����������'XDV�GLVSHUV}HV�IRUDP�SUHSDUDGDV��$0�*&�H�$0�
*&�007��3DUD�SUHSDUDU�$0�*&��R�DPLGR�IRL�JHODWLQL]DGR�HP�iJXD������GH�DPLGR�HP�iJXD�����&�����
PLQ���H�RV�GHPDLV�FRPSRQHQWHV�IRUDP�DGLFLRQDGRV�±�*&�������HP�UHODomR�DR�DPLGR���JOLFHURO������
GD�PDVVD�GH�DPLGR���*&��H�7ZHHQ��������GD�PDVVD�GH�DPLGR���*&���$�PLVWXUD�IRL�KRPRJHQHL]DGD�HP�
8OWUD�7XUUD[�7�����,ND��D�������USP�SRU����PLQ��H�VRQLFDGD�D����N+]��83���6��+LHOVFKHU��SRU�����PLQ��
H�GHJDVDGD�D�YiFXR�SDUD�UHPRomR�GH�EROKDV�GH�DU�TXH�FRPSURPHWHVVHP�D�FRQWLQXLGDGH�GRV�UHYHVWLPHQ�
WRV�SRVWHULRUPHQWH�IRUPDGRV��3DUD�SUHSDUDU�$0�*&�007��R�PHVPR�SURFHGLPHQWR�IRL�DGRWDGR��FRP�D�
GLIHUHQoD�GH�TXH�D�007��.����6LJPD��IRL�WDPEpP�LQFRUSRUDGD�j�GLVSHUVmR��D�������FRP�EDVH�QD�PDVVD�
GH�DPLGR���*&��

$V�DPrQGRDV�IRUDP�LPHUVDV�QDV�GLVSHUV}HV�SRU����V��GHL[DGDV�D�VHFDU��DFRQGLFLRQDGDV�HP�VDFRV�
GH�3(%'�H�HVWRFDGDV�D���Û&��MXQWDPHQWJH�FRP�DPrQGRDV�QmR�UHYHVWLGDV��FRQWUROH��

2.2 $YDOLDomR�GD�HVWDELOLGDGH�GDV�DPrQGRDV�GH�FDVWDQKDV�GH�FDMX

2V�WHVWHV�GH�HVWDELOLGDGH�IRUDP�IHLWRV�D�FDGD����GLDV�SRU�����GLDV��WHRUHV�GH�XPLGDGH��JUDYLPH�
WULD���DWLYLGDGH�GH�iJXD��$TXD/DE�'HFDJRQ�&;�����DFLGH]�H�tQGLFH�GH�SHUy[LGR��PpWRGRV�&G��G����H�
&G������GD�$2&6��������UHVSHFWLYDPHQWH��GRV�yOHRV�SUHYLDPHQWH�H[WUDtGRV��PpWRGR�$D�������$2&6��
�������

3 reSultAdoS e diScuSSÃo

$V�DOWHUDo}HV�QDV�DPrQGRDV�DR�ORQJR�GD�HVWRFDJHP�HVWmR�UHSUHVHQWDGDV�QD�)LJXUD����$PERV�RV�
UHYHVWLPHQWRV�UHGX]LUDP�D�DEVRUomR�GH�XPLGDGH�SHODV�DPrQGRDV��HVSHFLDOPHQWH�R�FRP�007���DVVLP�
FRPR�D�DWLYLGDGH�GH�iJXD�DR�ORQJR�GD�HVWRFDJHP��2V�GDGRV�GH�XPLGDGH�H�DWLYLGDGH�GH�iJXD�LQGLFDP�TXH�
RV�UHYHVWLPHQWRV��DSHVDU�GH�KLGURItOLFRV��IRUPDGRV�SRU�SROLVVDFDUtGHRV���DSUHVHQWDUDP�XPD�UD]RiYHO�EDU�
UHLUD�DR�YDSRU�GH�iJXD��SURYDYHOPHQWH�HYLWDQGR�DOWHUDo}HV�GH�WH[WXUD�DVVRFLDGDV�j�DEVRUomR�GH�XPLGDGH�
SHODV�DPrQGRDV��FRPR�SHUGD�GH�FURFkQFLD��TXH�p�XPD�FDUDFWHUtVWLFD�VHQVRULDO�LPSRUWDQWH�SDUD�HVVH�WLSR�
GH�SURGXWR��4XDQGR�FRPSDUDGR�DR�UHYHVWLPHQWR�VHP�007��R�UHYHVWLPHQWR�QDQRFRPSyVLWR�IRL�PDLV�HIH�
WLYR�SDUD�UHGX]LU�R�WHRU�GH�XPLGDGH�GDV�DPrQGRDV��R�TXH�WHP�UHODomR�FRP�D�PHOKRULD�GDV�SURSULHGDGHV�GH�
EDUUHLUD�FRQIHULGD�SHOD�007��H[SOLFDGD�SHOR�FDPLQKR�WRUWXRVR�FRQIHULGR�SHOD�DUJLOD�j�GLIXVmR�GH�YDSRU�
GH�iJXD�H�j�IRUWH�LQWHUDomR�HQWUH�D�007�H�D�PDWUL]��'XDQ�HW�DO���������5KLP���������



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 155

Figura 1. (VWDELOLGDGH�GDV�DPrQGRDV�DR�ORQJR�GH�����GLDV�GH�HVWRFDJHP�

$V�WD[DV�GH�R[LGDomR��UHSUHVHQWDGDV�SHOR�tQGLFH�GH�SHUy[LGRV�H�SHOD�DFLGH]��IRUDP�UHGX]LGDV�
SHORV�UHYHVWLPHQWRV��FRPR�HYLGHQFLDGR�SHODV�PHQRUHV�DOWHUDo}HV�QD�DFLGH]�H�QR�tQGLFH�GH�SHUy[LGRV��2X�
VHMD��DPERV�RV�UHYHVWLPHQWRV�WrP�R�SRWHQFLDO�GH�UHGX]LU�D�RFRUUrQFLD�GH�UDQFLGH]�R[LGDWLYD�HP�DPrQ�
GRDV�GH�FDVWDQKDV�GH�FDMX��2XWURV�HVWXGRV�UHJLVWUDUDP�HIHLWRV�GH�UHYHVWLPHQWRV�GH�SROLVVDFDUtGHRV�QR�
VHQWLGR�GH�UHGX]LU�DV�WD[DV�GH�R[LGDomR�GH�FDVWDQKDV��$WDUpV�HW�DO���������+DT�HW�DO����������3RU�RXWUR�
ODGR��GHYLGR�DR�HIHLWR�GH�WRUWXRVLGDGH�SUHYLDPHQWH�PHQFLRQDGR��HUD�HVSHUDGR�TXH�R�UHYHVWLPHQWR�FRP�
007�WLYHVVH�DSUHVHQWDGR�PHOKRU�GHVHPSHQKR�TXH�R�UHYHVWLPHQWR�$0�*&��UHGX]LQGR�DLQGD�PDLV�DV�WD�
[DV�GH�R[LGDomR�GDV�DPrQGRDV��R�TXH�QmR�RFRUUHX��6HQGR�D�PDWUL]��DPLGR�JRPD�GH�FDMXHLUR��KLGURItOLFD��
SRUWDQWR�SRXFR�SHUPHiYHO�DR�22��p�SRVVtYHO�TXH�D�SHUPHDELOLGDGH�DR�2��GR�UHYHVWLPHQWR�VHP�007�Mi�
IRVVH�EDL[D�R�EDVWDQWH�SDUD�ID]HU�FRP�TXH�R�HIHLWR�GD�007�IRVVH�QHJOLJtYHO��

4 concluSÃo

$PERV�RV� UHYHVWLPHQWRV�GH�DPLGR�GH�PDQGLRFD�H�JRPD�GH�FDMXHLUR� �DGLFLRQDGRV�RX�QmR�GH�
007��WrP�SRWHQFLDO�VHPHOKDQWH�SDUD�DXPHQWDU�D�YLGD�GH�SUDWHOHLUD�GH�DPrQGRDV�GH�FDVWDQKDV�GH�FDMX��
UHGX]LQGR�WDQWR�DV�WD[DV�GH�R[LGDomR�GH�OLStGLRV��TXH�UHVXOWDP�HP�UDQFLGH]�R[LGDWLYD��TXDQWR�D�DEVRUomR�
GH�XPLGDGH��TXH�UHVXOWD�HP�SHUGD�GH�FURFkQFLD���$�SUHVHQoD�GH�007�PHOKRURX�OLJHLUDPHQWH�R�GHVHPSH�
QKR�GR�UHYHVWLPHQWR�HP�WHUPRV�GH�UHGXomR�GD�DEVRUomR�GH�XPLGDGH��PDV�QmR�EHQH¿FLRX�R�UHYHVWLPHQWR�
HP�WHUPRV�GH�UHGXomR�GDV�WD[DV�GH�R[LGDomR�
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&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
)LOPHV�GH�HPXOV}HV�IRUDP�SUHSDUDGRV�FRP�GLIHUHQWHV�SURSRUo}HV�GH�JRPD�GH�FDMXHLUR��*&�����������
DPLGR�GH�PDQGLRFD��$0����������H�FHUD�GH�FDUQD~ED��&&����������VHJXQGR�XP�GHOLQHDPHQWR�GH�PLV�
WXUDV�VLPSOH[�FHQWURLGH��H�DOJXPDV�SURSULHGDGHV�ItVLFDV�IRUDP�PRGHODGDV�HP�IXQomR�GRV�FRPSRQHQWHV�
GD�PLVWXUD��&&�WHYH�DOJXQV�HIHLWRV�GHVHMiYHLV�VREUH�RV�¿OPHV��UHGX]LQGR�D�SHUPHDELOLGDGH�DR�YDSRU�GH�
iJXD�H�D�VROXELOLGDGH�HP�iJXD��DVVLP�FRPR�PHOKRUDQGR�D�HORQJDomR��3RU�RXWUR�ODGR��RV�HIHLWRV�SODVWL�
¿FDQWHV�GD�&&�UHVXOWDUDP�HP�UHGXomR�GD�UHVLVWrQFLD�H�GR�PyGXOR�HOiVWLFR��DOpP�GLVVR��D�FHUD�FRQIHULX�
RSDFLGDGH�DRV�¿OPHV��$V�SURSRUo}HV�UHODWLYDV�GH�$0�H�*&�QmR�DSUHVHQWDUDP�HIHLWRV�VLJQL¿FDWLYRV�VREUH�
DV�SURSULHGDGHV�ItVLFDV�GRV�¿OPHV��
Palavras-chave��3ROLVVDFDUtGHRV��/LStGLRV��)LOPHV�FRPHVWtYHLV��'HOLQHDPHQWR�GH�PLVWXUDV�

emulSion FilmS From StArcH, cASHew tree Gum And cArnAubA wAx – eF-
FectS oF tHe ProPortionS on Film ProPertieS
Abstract
(PXOVLRQ�¿OPV�ZHUH�SUHSDUHG�IURP�GLIIHUHQW�SURSRUWLRQV�RI�FDVKHZ�WUHH�JXP��*&�����������FDVVDYD�
VWDUFK��$0�����������DQG�FDUQDXED�ZD[��&&����������DFFRUGLQJ�WR�D�VLPSOH[�FHQWURLG�PL[WXUH�GHVLJQ��
DQG�VRPH�SK\VLFDO�SURSHUWLHV�ZHUH�PRGHOOHG�DV�IXQFWLRQV�RI�WKH�PL[WXUH�FRPSRQHQWV��&&�KDG�VRPH�GH�
VLUDEOH�HIIHFWV�RQ�¿OPV��GHFUHDVLQJ�ZDWHU�YDSRU�SHUPHDELOLW\�DQG�ZDWHU�VROXELOLW\��DV�ZHOO�DV�HQKDQFLQJ�
HORQJDWLRQ��2Q�WKH�RWKHU�KDQG��&&�SODVWLFL]LQJ�HIIHFWV�UHVXOWHG�LQ�GHFUHDVHG�¿OP�VWUHQJWK�DQG�HODVWLF�
PRGXOXV��PRUHRYHU��LW�FRQIHUUHG�RSDFLW\�WR�WKH�¿OPV��7KH�UHODWLYH�SURSRUWLRQV�RI�$0�DQG�*&�GLG�QRW�
SUHVHQW�VLJQL¿FDQW�HIIHFWV�RQ�WKH�SK\VLFDO�SURSHUWLHV�RI�WKH�¿OPV��
Keywords: 3RO\VDFFKDULGHV� /LSLGV��(GLEOH�¿OPV��0L[WXUH�GHVLJQ�

3XEOLFDo}HV�UHODFLRQDGDV��5RGULJXHV��'�&���&DFHUHV��&�$���5LEHLUR��+�/���$EUHX��5�)�$���&XQKD��$�3���
$]HUHGR��+�0�&��,QÀXHQFH�RI�FDVVDYD�VWDUFK�DQG�FDUQDXED�ZD[�RQ�SK\VLFDO�SURSHUWLHV�RI�FDVKHZ�WUHH�
JXP�EDVHG�¿OPV��)RRG�+\GURFROORLGV��Y������S����������������

1 introduÇÃo

$�JRPD�GH�FDMXHLUR��*&��p�XP�KHWHURSROLVVDFDUtGHR�H[VXGDGR�GH�WURQFRV�GH�FDMXHLUR��GH�FRPSR�
VLomR�SUHYLDPHQWH�GHVFULWD��'H�3DXOD�HW�DO����������$�DSOLFDomR�GD�*&�FRPR�PDWUL]�GH�¿OPHV�p�OLPLWDGD�
SRU�VXD�EDL[tVVLPD�YLVFRVLGDGH��R�TXH�SRGH�VHU�FRPSHQVDGR�SHOD�FRPELQDomR�FRP�RXWURV�ELRPDWHULDLV�
PDLV�YLVFRVRV��FRPR�DPLGR��

)LOPHV�GH�SROLVVDFDUtGHRV�VmR�PXLWR�KLGURItOLFRV��R�TXH�OLPLWD�PXLWDV�DSOLFDo}HV��&HUDV��FRPR�D�
GH�FDUQD~ED��Copernica cerifera���VmR�OLStGLRV�H¿FLHQWHV�SDUD�FRQIHULU�KLGURIRELFLGDGH�D�¿OPHV�GH�SROLV�
VDFDUtGHRV��UHGX]LQGR�VXD�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD�H�VROXELOLGDGH�HP�iJXD��H�WRUQDQGR�RV�PDLV�
DGHTXDGRV�SDUD�DSOLFDo}HV�TXH�UHTXHLUDP�FHUWD�UHVLVWrQFLD�j�XPLGDGH��

2�REMHWLYR�GR�HVWXGR�IRL�FRPELQDU�*&�FRP�$0�H�&&��H�HVWXGDU�R�HIHLWR�GDV�SURSRUo}HV�GRV�
FRPSRQHQWHV�VREUH�DV�SURSULHGDGHV�GRV�¿OPHV�UHVXOWDQWHV��

2 mAteriAiS e métodoS

2.1 (ODERUDomR�GRV�¿OPHV

2V�¿OPHV�IRUDP�IRUPXODGRV�D�SDUWLU�GH���FRPSRQHQWHV�SULQFLSDLV��VHJXQGR�XP�GHOLQHDPHQWR�GH�
PLVWXUDV��*&��JRPD�H[WUDtGD�GH�FDMXHLURV�GD�(�(��GH�3DFDMXV�GD�(PEUDSD�$JURLQG~VWULD�7URSLFDO��SXUL�
¿FDGD�VHJXQGR�PpWRGR�GHVFULWR�SRU�7RUTXDWR�HW�DO����������$0��DPLGR�GH�PDQGLRFD��)HFXODULD�-XULWL���
&&��FHUD�GH�FDUQD~ED��)RQFHSL�([SRUWDGRUD���

2�$0� IRL� JHODWLQL]DGR� ����HP�iJXD�� ���&�� ���PLQ���$�&&� IRL� DGLFLRQDGD� GRV� VXUIDFWDQWHV�
7ZHHQ����H�6SDQ��������H������UHVSHFWLYDPHQWH��FRP�EDVH�QD�PDVVD�GH�&&���IXQGLGD�����&����PLQ��H�
PLVWXUDGD�DR�DPLGR�JHODWLQL]DGR��HP�SURFHVVDGRU�XOWUDVV{QLFR��83���6��+LHOVFKHU�����N+]�����FLFORV�
GH���PLQ���$�*&�IRL�PLVWXUDGD�j�HPXOVmR��8OWUD�7XUUD[�7�����,ND�����PLQ�������USP���MXQWDPHQWH�FRP�
JOLFHURO������GD�PDVVD�GH�$0���*&���$�HPXOVmR�UHVXOWDQWH�IRL�GHJDVDGD�D�YiFXR�����PEDU����K��HP�
GLVUXSWRU�XOWUDVV{QLFR�'(6�����8QLTXH�*URXS���H�R�¿OPH�IRL�REWLGR�SRU�casting em rama de secagem 
/7(�6��0DWKLV�$*��D����&�SRU����PLQ��FRP�ÀX[R�GH�DU�D���P��K��SDUD�XPD�HVSHVVXUD�¿QDO�GH������PP��
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$V�DPRVWUDV�VHFDV�IRUDP�FRUWDGDV��GHVWDFDGDV�H�FRQGLFLRQDGDV�SRU����K�D����&�H�����85�

2.2 &DUDFWHUL]DomR�GRV�¿OPHV

��2SDFLGDGH��PHGLGD�SHOD�iUHD�VRE�D�FXUYD�GH�XP�HVSHFWUR�GH�DEVRUEkQFLD�����±����QP��GH�
DPRVWUDV�FRORFDGDV�VREUH�D�IDFH�LQWHUQD�GD�FXEHWD��SHUSHQGLFXODUPHQWH�DR�IHL[H�GH�OX]��

��3HUPHDELOLGDGH�DR�YDSRU�GH�iJXD��39$���EDVHDGD�QR�PpWRGR�(�������$670�������� 
��6ROXELOLGDGH�HP�iJXD��SHOD�PHGLGD�GD�SHUGD�GH�PDVVD�VHFD�GH�XPD�DPRVWUD��GLVFR�GH���FP�GH�

GLkPHWUR��DSyV�DJLWDomR������USP��HP����P/�GH�iJXD�D����&��
��3URSULHGDGHV�PHFkQLFDV��VHJXQGR�PpWRGR�'��������$670���������HP�PiTXLQD�XQLYHUVDO�GH�

WHVWHV��(PLF�'/�������FRP�FpOXOD�GH�FDUJD�GH�����1�
��,PDJHQV�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��+LWDFKL�70��������FRP�YROWDJHP�GH�

DFHOHUDomR�GH���N9��H�DXPHQWR�GH�����YH]HV�

3 reSultAdoS e diScuSSÃo

2V�JUi¿FRV�UHSUHVHQWDWLYRV�GDV�UHVSRVWDV�HVWmR�QD�)LJXUD����$�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD�
�39$��H�D�VROXELOLGDGH�HP�iJXD�IRUDP�UHGX]LGDV�GUDVWLFDPHQWH�SHOD�&&��LQGLFDQGR�TXH�D�FHUD�IRL�HIHWLYD�
HP�PHOKRUDU�D�EDUUHLUD�H�D�UHVLVWrQFLD�j�XPLGDGH��FRPR�REVHUYDGR�HP�RXWURV�WUDEDOKRV�FRP�FHUDV�LQFRU�
SRUDGDV�D�¿OPHV��)DEUD�HW�DO���������6RD]R�HW�DO����������$V�SURSRUo}HV�UHODWLYDV�GH�$0�H�*&��SRU�RXWUR�
ODGR�� QmR� DIHWDUDP�HVVDV� SURSULHGDGHV�� SURYDYHOPHQWH�GHYLGR� DR� FDUiWHU� VLPLODUPHQWH�KLGURItOLFR�GH�
DPERV�RV�FRPSRQHQWHV��$�RSDFLGDGH�IRL�DXPHQWDGD�SHOD�&&��FRUURERUDQGR�HIHLWRV�GH�FHUDV�UHJLVWUDGRV�
HP�RXWURV�HVWXGRV��)DEUD�HW�DO���������=~xLJD�HW�DO����������$�SUHVHQoD�GH�XPD�IDVH�GLVSHUVD�QmR�PLVFtYHO�
SURPRYH�D�RSDFLGDGH�FRPR�IXQomR�GDV�GLIHUHQoDV�HQWUH�RV�tQGLFHV�GH�UHIUDomR�GDV�IDVHV�H�GD�FRQFHQWUD�
omR�H�GLPHQV}HV�GDV�JRWtFXODV�GD�IDVH�GLVSHUVD��9LOODORERV�HW�DO����������$V�SURSRUo}HV�UHODWLYDV�GH�$0�
H�*&�QmR�DIHWDUDP�D�RSDFLGDGH��VXJHULQGR�D�PLVFLELOLGDGH�GRV�FRPSRQHQWHV��0DUXKDVKL�	�,LGD���������

$�&&�UHGX]LX�D�UHVLVWrQFLD�H�R�PyGXOR�GRV�¿OPHV��FRUURERUDQGR�-LPpQH]�HW�DO��������H�0HK\DU�
HW�DO����������H�DXPHQWRX�D�HORQJDomR��FRPR�REVHUYDGR�SRU�&KLXPDUHOOL�	�+XELQJHU���������LQGLFDQGR�
XP�HIHLWR�SODVWL¿FDQWH�GD�FHUD��$OLKHLGDUL�HW�DO���������0DWVDNLGRX�HW�DO��������RX�XP�HIHLWR�GDV�GHV�
FRQWLQXLGDGHV�FRQIHULGDV�SHORV� OLStGLRV�j�PDWUL]��-LPpQH]�HW�DO����������$V�LPDJHQV�GH�0(9��)LJXUD�
���LQGLFDP�D�SUHVHQoD�GH�GHVFRQWLQXLGDGHV�QR�¿OPH�FRP�&&��)LJ���%���UHSUHVHQWDQGR�DV�JRWtFXODV�GH�
FHUD�TXH��DSHVDU�GH�UHODWLYDPHQWH�EHP�GLVSHUVDV��DSUHVHQWDUDP�DOJXQV�DJUHJDGRV��1R�HQWDQWR��FRPR�D�
HORQJDomR�QmR�IRL�SUHMXGLFDGD��DR�FRQWUiULR��IRL�IDYRUHFLGD��SHOD�&&��D�KLSyWHVH�GR�HIHLWR�SODVWL¿FDQWH�
SDUHFH�PDLV�SODXVtYHO��DOpP�GH�VHU�FRUURERUDGD�SRU�XPD�UHGXomR�QD�WHPSHUDWXUD�GH�WUDQVLomR�YtWUHD�GRV�
¿OPHV��UHVXOWDGR�QmR�PRVWUDGR���

Figura 1. �5HSUHVHQWDomR�JUi¿FD�GDV�UHVSRVWDV�HP�IXQomR�GDV�SURSRUo}HV�GRV�FRPSRQHQWHV�
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Figura 2. 0(9�GH�¿OPH�VHP�&&��$��SURSRUo}HV�$0�*&�&&�����������H�FRP�&&��%��SURSRUo}HV�$0�*&�&&��
�����������DV�VHWDV�LQGLFDQGR�DV�GHVFRQWLQXLGDGHV�

4 concluSÃo

$V�SURSULHGDGHV�ItVLFDV�GH�¿OPHV�GH�HPXOV}HV�GH�JRPD�GH�FDMXHLUR�H�DPLGR�GH�PDQGLRFD�FRP�
FHUD�GH�FDUQD~ED�QmR�IRUDP�DIHWDGDV�SHODV�SURSRUo}HV�UHODWLYDV�GH�DPLGR�H�FHUD�GH�FDUQD~ED��$�FHUD�
DWXRX�FRPR�SODVWL¿FDQWH��H� VXD� LQFRUSRUDomR� UHVXOWRX�HP�¿OPHV�FRP�PHOKRU�EDUUHLUD�H� UHVLVWrQFLD�j�
XPLGDGH��HPERUD�D�WUDQVSDUrQFLD�WHQKD�VLGR�FRPSURPHWLGD�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�R�VXSRUWH�¿QDQFHLUR�GR�&13T�����������������H�GD�(PEUDSD��+�0�&��
$]HUHGR�DJUDGHFH�DR�&13T�SHOD�%ROVD�GH�3URGXWLYLGDGH�HP�3HVTXLVD�����������������
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0$58+$6+,��<���,,'$��6��7UDQVSDUHQF\�RI�SRO\PHU�EOHQGV��3RO\PHU�(QJLQHHULQJ�DQG�6FLHQFH��Y������
S������������������
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SK\VLFDO�SURSHUWLHV�RI�ZKH\�SURWHLQ�HPXOVLRQ�¿OPV��)RRG�+\GURFROORLGV��$PVWHUGDP��Y������Q�����S��
����������������

72548$72��'�6���)(55(,5$��0�/���6È��*�&���%5,72��(�6���3,172��*�$�6���$=(9('2��(�+�)��
(YDOXDWLRQ�RI�DQWLPLFURELDO�DFWLYLW\�RI�FDVKHZ�WUHH�JXP��:RUOG�-RXUQDO�RI�0LFURELRORJ\�	�%LRWHFKQR�
ORJ\��Y������S����������������

9,//$/2%26��5���&+$121$��-���+(51È1'(=��3���*87,e55(=��*���&+,5$/7��$��*ORVV�DQG�
WUDQVSDUHQF\�RI�K\GUR[\SURS\O�PHWK\OFHOOXORVH�¿OPV�FRQWDLQLQJ�VXUIDFWDQWV�DV�DIIHFWHG�E\�WKHLU�PLFURV�
WUXFWXUH��)RRG�+\GURFROORLGV��$PVWHUGDP��Y������S����±���������

=Òf,*$��5�1���6.8576��2���2625,2��)���$*8,/(5$��-�0���3('5(6&+,��)��3K\VLFDO�SURSHUWLHV�
RI� HPXOVLRQ�EDVHG�K\GUR[\SURS\O� FHWK\OFHOOXORVH�¿OPV��(IIHFW�RI� WKHLU�PLFURVWUXFWXUH��&DUERK\GUDWH�
3RO\PHUV��/RQGRQ��Y������S������������������

FilmeS de HemiceluloSeS de PAlHA de triGo – eFeitoS do 
ácido cítrico

charis Kontou-vrettou1, Keith waldron2, Graham K. moates2, nikolaus wellner2, 
*Henriette m. c. Azeredo4

1$JULFXOWXUDO�8QLYHUVLW\�RI�$WKHQV��*UHHFH��2,QVWLWXWH�RI�)RRG�5HVHDUFK��1RUZLFK��8.���(PEUDSD�±�
6HFUHWDULD�GH�5HODo}HV�,QWHUQDFLRQDLV�
KHQULHWWH�D]HUHGR#HPEUDSD�EU��

&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
9iULRV�HVWXGRV�WrP�VLGR�IRFDGRV�QR�GHVHQYROYLPHQWR�GH�¿OPHV�ELRGHJUDGiYHLV��8P�GRV�GHVD¿RV�DSUH�
VHQWDGRV�SHORV�SROLVVDFDUtGHRV�p�D�EDL[D�UHVLVWrQFLD�GRV�¿OPHV�j�iJXD��TXH�OLPLWD�PXLWDV�DSOLFDo}HV�HP�
DOLPHQWRV��(VWH�HVWXGR�IRL�FRQGX]LGR�SDUD�DYDOLDU�D�LQÀXrQFLD�GD�UHWLFXODomR�FRP�iFLGR�FtWULFR��$&���
FDWDOLVDGD�RX�QmR�SRU�1D+2322�� VREUH�SURSULHGDGHV�GH�¿OPHV�GH�KHPLFHOXORVHV�GH�SDOKD�GH� WULJR��$�
SUHVHQoD�GH�DWp�����$&��FRP�RX�VHP�1D+2322��PHOKRURX�D�UHVLVWrQFLD�j�iJXD�H�D�EDUUHLUD�GRV�¿OPHV�D�
XPLGDGH��$OpP�GLVVR��D�WHQDFLGDGH�H�HORQJDomR�GRV�¿OPHV�IRUDP�DXPHQWDGDV��
Palavras-chave��%LRSROtPHURV��)LOPHV�ELRGHJUDGiYHLV��3ROLVVDFDUtGHRV��5HWLFXODomR�

wHeAt StrAw HemicelluloSe FilmS AS AFFected bY citric Acid
Abstract
6HYHUDO�VWXGLHV�KDYH�EHHQ�PDGH�RQ�GHYHORSPHQW�RI�ELRGHJUDGDEOH�¿OPV��2QH�RI�WKH�FKDOOHQJHV�SUHVHQWHG�
E\�SRO\VDFFKDULGH�¿OPV�LV�WKHLU�SRRU�ZDWHU�UHVLVWDQFH�ZKLFK�SUHFOXGHV�WKHLU�XVH�LQ�PDQ\�IRRG�SDFNDJLQJ�
DSSOLFDWLRQV��7KLV�VWXG\�ZDV�FRQGXFWHG�WR�HYDOXDWH�WKH�LQÀXHQFH�RI�FURVVOLQNLQJ�ZLWK�FLWULF�DFLG��&$���
FDWDO\VHG�RU�QRW�ZLWK�1D+2322��RQ�SURSHUWLHV�RI�¿OPV�IURP�ZKHDW�VWUDZ�KHPLFHOOXORVHV��7KH�SUHVHQFH�
RI�XS�WR�����&$��ZLWK�RU�ZLWKRXW�1D+2322��LPSURYHG�ZDWHU�UHVLVWDQFH�DQG�ZDWHU�YDSRXU�EDUULHU�RI�WKH�
¿OPV��0RUHRYHU��WKH�¿OP�WRXJKQHVV�DQG�HORQJDWLRQ�KDYH�EHHQ�LPSURYHG��
Keywords: %LRSRO\PHUV��%LRGHJUDGDEOH�¿OPV��3RO\VDFFKDULGHV��&URVVOLQNLQJ�

1 introduÇÃo

5HWLFXODomR�p�R�SURFHVVR�GH�IRUPDomR�GH�OLJDo}HV�³FUX]DGDV´�HQWUH�FDGHLDV�SROLPpULFDV��VHMDP�
HVVDV�OLJDo}HV�FRYDOHQWHV��UHWLFXODomR�TXtPLFD��RX�LQWHUDo}HV�PDLV�IUDFDV��ItVLFD���IRUPDQGR�UHGHV�WULGL�
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PHQVLRQDLV�TXH�UHGX]HP�D�PRELOLGDGH�GD�HVWUXWXUD��PHOKRUDQGR�VXD�UHVLVWrQFLD�D�iJXD��DOpP�GH�PHOKRUDU�
JHUDOPHQWH�DV�SURSULHGDGHV�PHFkQLFDV��%DODJXHU�HW�DO����������2�iFLGR�FtWULFR�WHP�VLGR�HVWXGDGR�FRPR�
UHWLFXODQWH�GH�¿OPHV�GH�SROLVVDFDUtGHRV��%RQLOOD�HW�DO���������2OVVRQ�HW�DO����������VHQGR�R�PHFDQLVPR�
DWULEXtGR�D�OLJDo}HV�GLpVWHU�LQWHUPROHFXODUHV�HQWUH�JUXSRV�KLGUR[LOD�GR�SROLVVDFDUtGHR�H�GRLV�JUXSRV�FDU�
ER[LOD�GR�iFLGR�FtWULFR��&RPD�HW�DO���������2OVVRQ�HW�DO���������

2�REMHWLYR�GR�HVWXGR�IRL�DYDOLDU�D�LQÀXrQFLD�GH�GLIHUHQWHV�QtYHLV�GH�iFLGR�FtWULFR��$&���FRP�RX�
VHP�FDWDOLVDGRU��VREUH�SURSULHGDGHV�GH�¿OPHV�GH�KHPLFHOXORVHV�GH�SDOKD�GH�WULJR��+&37���

2 mAteriAiS e métodoS

2.1 ([WUDomR�GH�KHPLFHOXORVHV�GH�SDOKD�GH�WULJR

3DOKD�GH�WULJR�IRL�PRtGD�D�����PP�H�ODYDGD�FRP�VROXomR������GH�('7$����Û&����K���$V�+&37�
IRUDP�H[WUDtGDV�FRP�VROXomR�DOFDOLQD��S+�������GH�+2O2�D����SRU����K�D���Û&��2�VREUHQDGDQWH�UHVXOWDQ�
WH�GD�FHQWULIXJDomR�VXEVHTXHQWH�IRL�¿OWUDGR��H�VHX�S+�IRL�DMXVWDGR�SDUD����$V�+&37�IRUDP�SUHFLSLWDGDV�
FRP�HWDQRO������YROXPH���2�UHVtGXR�GD�FHQWULIXJDomR�IRL�VHFR�D����&��H�DV�+&37�IRUDP�PRtGDV�SDUD�
IRUPDU�XP�Sy��%DVLF�0LOO�$����,.$���

2.2 )RUPDomR�H�FDUDFWHUL]DomR�GRV�¿OPHV

$OpP�GH�XP�WUDWDPHQWR�FRQWUROH��VHP�$&���IRUDP�XVDGDV���FRQFHQWUDo}HV�GH�$&�����������
����H������FRP�EDVH�QD�PDVVD�GH�+&37���FRP�RX�VHP�1D+2322��XVDGR�FRPR�FDWDOLVDGRU��D�����FRP�
EDVH�QR�$&���$V�+&37�IRUDP�VROXELOL]DGDV�HP�iJXD�GHVWLODGD������P�Y��FRP�JOLFHURO������GD�PDVVD�
GH�+&37��H�RV�GHPDLV�FRPSRQHQWHV��$&�H�1D+2322��HP�KRPRJHQHL]DGRU�<VWUDO������SRU����PLQ��$�
GLVSHUVmR�IRL�GHJDVDGD�D�YiFXR�H�GHSRVLWDGD�VREUH�SODFDV�GH�SHWUL�SDUD�XPD�HVSHVVXUD�¿QDO�GH������PP��
$SyV�D�VHFDJHP��RV�¿OPHV�IRUDP�VXEPHWLGRV�D�FXUD������&�����PLQ��SDUD�SURPRYHU�D�UHWLFXODomR��$V�
DPRVWUDV�IRUDP�FRUWDGDV�H�GHVWDFDGDV�GD�VXSHUItFLH��H�FRQGLFLRQDGDV�����K�D����&������85��SUHYLD�
PHQWH�jV�DQiOLVHV��SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD��39$���EDVHDGD�QR�PpWRGR�(�������$670���������
VROXELOLGDGH�HP�iJXD��SRU�GHWHUPLQDomR�GH�SHUGD�GH�PDVVD�VHFD�SRU�DPRVWUDV����FP�[���FP��DSyV�LPHU�
VmR�SRU���K�HP�iJXD�GHVWLODGD�D����&�VRE�DJLWDomR������USP���SURSULHGDGHV�PHFkQLFDV��VHJXQGR�PpWRGR�
'��������$670���������HP�WH[WXU{PHWUR�7$�;7�3OXV��6WDEOH�0LFUR�6\VWHPV��FRP�FpOXOD�GH�FDUJD�GH�
��NJ��)7,5������YDUUHGXUDV��UHVROXomR���FP����FRP�HVSHFWU{PHWUR�'LJLODE�)7,5�HTXLSDGR�FRP�'LJLODE�
80$������

3 reSultAdoS e diScuSSÃo

$�)LJXUD���PRVWUD�R�FRPSRUWDPHQWR�GDV�SURSULHGDGHV�GRV�¿OPHV��2�$&�DXPHQWRX�GUDVWLFDPHQ�
WH�R�WHRU�GH�PDWpULD�LQVRO~YHO��DOpP�GH�UHGX]LU�D�SHUPHDELOLGDGH�D�YDSRU�GH�iJXD��39$���LQGLFDQGR�D�
H¿FLrQFLD�GD�UHWLFXODomR�SDUD�VHX�SULQFLSDO�REMHWLYR��FRUURERUDQGR�RXWURV�HVWXGRV��%RQLOOD�HW�DO���������
2OVVRQ�HW�DO����������$OpP�GLVVR��D�WHQDFLGDGH�GRV�¿OPHV��iUHD�VRE�D�FXUYD�WHQVmR�[�GHIRUPDomR��IRL�
DXPHQWDGD�SHOD�DGLomR�GH�iFLGR�FtWULFR��3RUpP��DR�FRQWUiULR�GR�REVHUYDGR�SRU�5HGG\�	�<DQJ���������D�
UHVLVWrQFLD�H�R�PyGXOR�IRUDP�UHGX]LGRV��H�D�HORQJDomR�DXPHQWDGD��VXJHULQGR�XP�HIHLWR�SODVWL¿FDQWH�TXH��
HPERUD�DSDUHQWHPHQWH�LQFRQVLVWHQWH�FRP�R�HIHLWR�UHWLFXODQWH��IRL�REVHUYDGR�DQWHULRUPDQWH��RFRUUHQGR�
SDUDOHODPHQWH�j�UHWLFXODomR��6KL�HW�DO���������:DQJ�HW�DO����������

2V�HIHLWRV�GR�1D+2322��HPERUD�UHSRUWDGRV�SUHYLDPHQWH��2OVVRQ�HW�DO���������5HGG\�	�<DQJ��
�������IRUDP�SUHGRPLQDQWHPHQWH�QmR�VLJQL¿FDWLYRV��FRUURERUDQGR�&RPD�HW�DO����������



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014.162

Figura 1. 3URSULHGDGHV�GRV�¿OPHV�HP�IXQomR�GD�FRQFHQWUDomR�GH�iFLGR�FtWULFR�H�GD�SUHVHQoD�GH�FDWDOLVDGRU�

$�)LJXUD���PRVWUD�RV�HVSHFWURV�GH�)7,5��9iULRV�SLFRV�GHULYDP�GDV�KHPLFHOXORVHV��FDGHLD�GH�
[LODQD��HQWUH������H������FP��� �&KDLNXPSROOHUW�HW�DO���������� OLJDo}HV�JOLFRVtGLFDV�D�����FP���H�����
cm����(J�pV�HW�DO����������H�UDPL¿FDo}HV�GH�DUDELQRVH�QRV�RPEURV�HP������FP���H�����FP����(J�pV�HW�
DO����������HVWLUDPHQWR�&�+�QRV�SLFRV�HP�WRUQR�GH������FP����7RQJ�HW�DO����������GREUDPHQWR�GH�±2+�D�
�����FP���H�GHIRUPDomR�GH�&�+�D�����FPí���&KDLNXPSROOHUW�HW�DO����������$OJXPD�OLJQLQD�UHVLGXDO�SRGH�
HVWDU�SUHVHQWH��HYLGHQFLDGD�SRU�RPEURV�D������������H������FP���H�SLFR�D������FPí���6JULFFLD�HW�DO���
�������2�HVWLUDPHQWR�GH�2�+�HP�JUXSRV�KLGUR[LOD������������FP����WRUQD�VH�PDLV�LQWHQVD�H�VH�GHVORFD�
SDUD�XPD�IUHTXrQFLD�PDLV�EDL[D��LQGLFDQGR�PDLV�OLJDo}HV�GH�KLGURJrQLR��:DQJ�HW�DO����������$�SUHVHQoD�
GH�OLJDo}HV�pVWHU�SRGH�HVWDU�LQGLFDGD�SRU�XP�SHTXHQR�RPEUR�D�FHUFD�GH������FP���HP�¿OPHV�FRP�$&��
FRUUHVSRQGHQGR�D�HVWLUDPHQWR�GH�& 2��:DQJ�HW�DO����������UHODFLRQDGR�j�IRUPDomR�GH�DQLGULGRV��SDVVR�
LQWHUPHGLiULR�GD�UHWLFXODomR��'HPLWUL�HW�DO����������$�SUHVHQoD�GH�$&�SURPRYHX�DXPHQWR�GRV�SLFRV�D�
�����FP����HVWLUDPHQWR�GH�&�2�HP�$&�������������H������FP����2V�¿OPHV�FRP�1D+2322 apresentaram 
SLFRV�DGLFLRQDLV�D�������YLEUDomR�GH�3+2�GR�KLSRIRV¿WR��������H�����FP

����2�¿OPH�QmR�FXUDGR�DSUHVHQ�
WRX�HVSHFWUR�PXLWR�VLPLODU�DR�FXUDGR��H[FHWR�SRU�DOJXQV�SLFRV�OLJHLUDPHQWH�PDLV�LQWHQVRV��HPERUD�RXWURV�
DXWRUHV�WHQKDP�UHSRUWDGR�TXH�D�FXUD�IDYRUHFH�D�UHWLFXODomR��&RPD�HW�DO���������2OVVRQ�HW�DO����������

Figura 2. (VSHFWURV�GH�)7,5��$&��¿OPH�FRQWUROH��$&����¿OPHV�FRP�����GH�iFLGR�FtWULFR��$&���&DW��FRP�
1D+2322��$&���1&��VHP�1D+2322�H�VHP�FXUD��
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4 concluSÃo

2�iFLGR�FtWULFR��DGLFLRQDGR�D�DWp������IRL�XP�H¿FLHQWH�UHWLFXODQWH�GH�¿OPHV�GH�KHPLFHOXORVHV�
GH�SDOKD�GH�WULJR��PHOKRUDQGR�D�UHVLVWrQFLD�j�iJXD�H�D�EDUUHLUD�D�XPLGDGH��H[HUFHQGR�SDUDOHODPHQWH�XP�
HIHLWR�SODVWL¿FDQWH��2�XVR�GH�KLSRIRV¿WR�GH�VyGLR�FRPR�H�R�SURFHVVR�GH�FXUD�D�DOWD�WHPSHUDWXUD�QmR�ID�
YRUHFHUDP�SHUFHSWLYHOPHQWH�D�UHDomR�GH�UHWLFXODomR��

$JUDGHFLPHQWRV
2V�DXWRUHV�DJUDGHFHP�R�VXSRUWH�¿QDQFHLUR�GR�%%65&�H�GD�(PEUDSD��+�0�&��$]HUHGR�DJUDGHFH�

DR�&13T�SHOD�%ROVD�GH�3URGXWLYLGDGH�HP�3HVTXLVD�����������������

reFerÊnciAS

$670�� 6WDQGDUG� WHVW�PHWKRGV� IRU� ZDWHU� YDSRU� WUDQVPLVVLRQ� RI�PDWHULDOV�� (�������$QQXDO� %RRN� RI�
$670�6WDQGDUGV��3KLODGHOSKLD��$PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV��������

$670��6WDQGDUG�WHVW�PHWKRG�IRU�WHQVLOH�SURSHUWLHV�RI�WKLQ�SODVWLF�VKHHWLQJ��'��������$QQXDO�%RRN�RI�
$670�6WDQGDUGV��3KLODGHOSKLD��$PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV�������

%$/$*8(5��0�3���*Ï0(=�(67$&$��-���*$9$5$��5���+(51$1'(=�08f2=��3��)XQFWLRQDO�SUR�
SHUWLHV�RI�ELRSODVWLFV�PDGH�IURP�ZKHDW�JOLDGLQV�PRGL¿HG�ZLWK�FLQQDPDOGHK\GH��-RXUQDO�RI�$JULFXOWXUDO�
DQG�)RRG�&KHPLVWU\��Y������S������������������

%21,//$��-���7$/Ï1��(���$7$5e6��/���9$5*$6��0���&+,5$/7��$��(IIHFW�RI�WKH�LQFRUSRUDWLRQ�RI�
DQWLR[LGDQWV�RQ�SK\VLFRFKHPLFDO�DQG�DQWLR[LGDQW�SURSHUWLHV�RI�ZKHDW�VWDUFK±FKLWRVDQ�¿OPV��-RXUQDO�RI�
)RRG�(QJLQHHULQJ��Y�������S����������������

&+$,.8032//(57��2���0(7+$&$121��3���68&+,9$��.��6WUXFWXUDO�HOXFLGDWLRQ�RI�KHPLFHOOXOR�
VHV�IURP�9HWLYHU�JUDVV��&DUERK\GUDWH�3RO\PHUV��Y������S����������������

&20$��9���6(%7,��,���3$5'21��3���3,&+$9$17��)��+���'(6&+$036��$����������)LOP�SURSHUWLHV�
IURP�FURVVOLQNLQJ�RI�FHOOXORVLF�GHULYDWLYHV�ZLWK�D�SRO\IXQFWLRQDO�FDUER[\OLF�DFLG��&DUERK\GUDWH�3RO\�
PHUV��Y������S�����±����������

(*he6��,���(&(,=$��$���/$%,',��-��(IIHFW�RI�GLIIHUHQW�KHPLFHOOXORVHV�FKDUDFWHULVWLFV�RQ�¿OP�IRUPLQJ�
SURSHUWLHV��,QGXVWULDO�&URSV�DQG�3URGXFWV��Y������S����������������

2/6621��(���+('(149,67��0�6���-2+$16621��&���-b51675g0��/��,QÀXHQFH�RI�FLWULF�DFLG�DQG�
FXULQJ�RQ�PRLVWXUH�VRUSWLRQ��GLIIXVLRQ�DQG�SHUPHDELOLW\�RI�VWDUFK�¿OPV��&DUERK\GUDWH�3RO\PHUV��Y������
S����������������

5(''<��1���<$1*��<��&LWULF�DFLG�FURVV�OLQNLQJ�RI�VWDUFK�¿OPV��)RRG�&KHPLVWU\��Y�������S�����±�����
�����

6*5,&&,$��1���+$:/(<��0�&���0,65$��0��&KDUDFWHUL]DWLRQ�RI�QDWXUDO�¿EHU�VXUIDFHV�DQG�QDWXUDO�
¿EHU�FRPSRVLWHV��&RPSRVLWHV�3DUW�$��$SSOLHG�6FLHQFH�DQG�0DQXIDFWXULQJ��Y������S�������������������

6+,��5���%,��-���=+$1*��=���=+8��$���&+(1��'���=+28��;��HW�DO��7KH�HIIHFW�RI�FLWULF�DFLG�RQ�WKH�VWUXF�
WXUDO�SURSHUWLHV�DQG�F\WRWR[LFLW\�RI�WKH�SRO\YLQ\O�DOFRKRO�VWDUFK�¿OPV�ZKHQ�PROGLQJ�DW�KLJK�WHPSHUDWXUH��
&DUERK\GUDWH�3RO\PHUV��Y������S�����±����������

721*��4���;,$2��4���/,0��/�7��3UHSDUDWLRQ�DQG�SURSHUWLHV�RI�SXOOXODQ±DOJLQDWH±FDUER[\PHWK\OFHOOX�
ORVH�EOHQG�¿OPV��)RRG�5HVHDUFK�,QWHUQDWLRQDO��Y������S������������������

:$1*��6���5(1��-���/,��:���681��5���/,8��6��3URSHUWLHV�RI�SRO\YLQ\O�DOFRKRO�[\ODQ�FRPSRVLWH�¿OPV�
ZLWK�FLWULF�DFLG��&DUERK\GUDWH�3RO\PHUV��Y�������S��������������
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PDLRU�HVWDELOLGDGH�GD�VXVSHQVmR��1RV�HVSHFWURV�GH�)7,5��IRL�DSRQWDGD�D�SUHVHQoD�GD�EDQGD�GH�DEVRUomR�
FDUDFWHUtVWLFD�GR�iFLGR�FDUER[tOLFR��&22���SURYHQLHQWH�GR�JUXSDPHQWR�FDUER[LPHWLO�TXH�IRL�LQWURGX]LGR�
QD�PROpFXOD��2EVHUYRX�VH�XPD�UHGXomR�GD�WHPSHUDWXUD�GH�GHJUDGDomR�GH�DSUR[LPDGDPHQWH����0&�HP�
FRPSDUDomR�DRV�QDQRFULVWDLV�QmR�PRGL¿FDGRV�
Palavras-chave��&HOXORVH�EDFWHULDQD��1DQRFULVWDLV��&DUER[LPHWLODomR��(WDQRO��,VRSURSDQRO�

cHemicAl modiFicAtion oF bActeriAl celluloSe nAnocrYStAlS 
Abstract
&KHPLFDO�PRGL¿FDWLRQ�RI�FHOOXORVH�QDQRFU\VWDOV�PRGLI\� LQWHUIDFLDO�SURSHUWLHV�� LPSURYLQJ� IHDWXUHV�DQG�
SHUIRUPDQFH�RI�WKH�PDWHULDOV��7KH�SUHVHQW�VWXG\�XVHV�WKH�UHDFWLRQ�RI�HWKHUL¿FDWLRQ�YLD�FDUER[\PHWK\ODWLRQ�
ZLWK�1D2+�DQG�PRQRFKORURDFHWLF�DFLG��,W�ZDV�HYDOXDWHG�WKH�XVH�RI�WZR�W\SHV�RI�VROYHQWV��HWKDQRO�DQG�
LVRSURSDQRO�LQ�WKH�UHDFWLRQDO�PHGLXP��7KH�DQDO\VLV�RI�VXEVWLWXWLRQ�GHJUHH��6'���)7,5��7*$��DQG�=HWD�SR�
WHQWLDO�ZHUH�SHUIRUPHG��0RGL¿HG�QDQRFU\VWDOV�XVLQJ�LVRSURSDQRO�SUHVHQWHG�WKH�KLJKHVW�6'�DQG�KLJKHU�VXV�
SHQVLRQ�VWDELOLW\��,Q�WKH�)7,5�VSHFWUD��LW�ZDV�LQGLFDWHG�WKH�SUHVHQFH�RI�WKH�FKDUDFWHULVWLF�DEVRUSWLRQ�EDQG�RI�
FDUER[\OLF�DFLG��&22���IURP�WKH�JURXSLQJ�FDUER[\PHWK\O�WKDW�ZDV�LQWURGXFHG�LQ�WKH�PROHFXOH��7KHUH�ZDV�
D�UHGXFWLRQ�RI�WKH�GHJUDGDWLRQ�WHPSHUDWXUH�RI�DERXW����0&�FRPSDUHG�WR�XQPRGL¿HG�QDQRFU\VWDOV�
Keywords: %DFWHULDO�FHOOXORVH��1DQRFU\VWDOV��&DUER[\PHWK\ODWLRQ��(WKDQRO��,VRSURSDQRO�

1 introduÇÃo

0RGL¿FDo}HV�TXtPLFDV�VmR�HVWUDWpJLDV�TXH�SHUPLWHP�DGDSWDU�DV�SURSULHGDGHV�LQWHUIDFLDLV�H�DMXV�
WDU�R�EDODQoR�KLGUR¿OLFLGDGH�KLGURIRELFLGDGH��SRU�PHLR�GD�LQWURGXomR�GH�FDUJDV�HOHWURVWiWLFDV��SRVLWLYDV�
RX�QHJDWLYDV��RX�GH�JUXSDPHQWRV�TXtPLFRV�QD�VXSHUItFLH�GH�HVWUXWXUDV��2V�QDQRFULVWDLV�GH�FHOXORVH�EDF�
WHULDQD��1&&%���SRU�VHUHP�KLGURItOLFRV�H�WDPEpP�DSUHVHQWDUHP�EDL[D�VROXELOLGDGH�HP�iJXD�H�HP�PXLWRV�
RXWURV�VROYHQWHV�RUJkQLFRV��VmR�IXQFLRQDOL]DGRV�TXLPLFDPHQWH�FRP�R�LQWXLWR�GH�PHOKRUDU�VXDV�FDUDFWH�
UtVWLFDV�VXSHU¿FLDLV�H��FRQVHTXHQWHPHQWH��VXD�SURFHVVDELOLGDGH�H�GHVHPSHQKR��

2V�GLIHUHQWHV�SURGXWRV�REWLGRV�D�SDUWLU�GD�PRGL¿FDomR�TXtPLFD�VXSHU¿FLDO�GRV�QDQRFULVWDLV�GH�
FHOXORVH�VmR�FDUDFWHUL]DGRV��SULQFLSDOPHQWH��SHOR�JUXSR�VXEVWLWXLQWH�H�SHOR�JUDX�GH�VXEVWLWXLomR�QD�FD�
GHLD��3RGHP�VH�FLWDU�GLYHUVDV�UHDo}HV�GH�PRGL¿FDomR�TXtPLFD�SDUD�D�QDQRFHOXORVH��HVWHUL¿FDomR��HWHUL�
¿FDomR��DPLGDomR��HQWUH�RXWUDV��'HQWUH�DV�PRGL¿FDo}HV�FLWDGDV��D�UHDomR�GH�HWHUL¿FDomR�YLD�FDUER[LPH�
WLODomR�WHP�VLGR�GHVHQYROYLGD�SDUD�PHOKRUDU�D�GLVSHUVmR�GD�QDQRFHOXORVH�HP�PHLR�SRODU��$�REWHQomR�GH�
QDQRFULVWDLV�FDUER[LPHWLODGRV�WHP�VLGR�LQYHVWLJDGD�FRP�D�¿QDOLGDGH�GH�FRQIHULU�SURSULHGDGHV�HVSHFt¿�
FDV�QD�SURGXomR�GH�QDQRFRPSyVLWRV��IRUQHFHQGR�SURGXWRV�¿QDLV�FRP�SURSULHGDGHV�ItVLFDV�H�PHFkQLFDV�
PHOKRUDGDV��+$%,%,���������6HX�XVR�HP�DSOLFDo}HV�DOWDPHQWH�VR¿VWLFDGDV�FRPR�QD�SURGXomR�GH�¿OPHV�
H�RX�UHYHVWLPHQWRV�SDUD�DOLPHQWRV�WHP�VLGR�XPD�iUHD�GH�EDVWDQWH�LQYHVWLJDomR��$8/,1��*$//67('7��
/,1'67520��������

(VWH�WUDEDOKR�WHYH�FRPR�REMHWLYR�DJUHJDU�DRV�QDQRFULVWDLV�GH�FHOXORVH�EDFWHULDQD�QRYDV�¿XQFLR�
QDOLGDGHV�DWUDYpV�GD�PRGL¿FDomR�GH�HWHUL¿FDomR�YLD�UHDomR�GH�FDUER[LPHWLODomR�
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2 mAteriAiS e métodoS

2.1 3UHSDUDomR�GR�PDWHULDO

,QLFLDOPHQWH��DV�SHOtFXODV�GH�FHOXORVH�EDFWHULDQD��&%��IRUDP�EUDQGDPHQWH�OLPSDV�FRP�VROXomR�
GH�1D2+�������P�Y��D� WHPSHUDWXUD�DPELHQWH�SRU����KRUDV�H� ODYDGDV�DWp�S+�QHXWUR��(P�VHJXLGD��R�
PDWHULDO�FHOXOyVLFR�IRL�FRUWDGR�HP�SHTXHQRV�SHGDoRV��SURFHVVDGRV�HP�XOWUD�WXUUD[��¿OWUDGR��OLR¿OL]DGR�
e moído.

2.2 2EWHQomR�GRV�QDQRFULVWDLV�GH�FHOXORVH�EDFWHULDQD

2V�QDQRFULVWDLV�GH�FHOXORVH�EDFWHULDQD��1&&%��IRUDP�REWLGRV�D�SDUWLU�GD�KLGUyOLVH�iFLGD�HPSUH�
JDQGR�D�FRPELQDomR�GH�+2SO��H�+&O��)RUDP�XWLOL]DGDV����J�GH�&%�OLR¿OL]DGD�SDUD����P/�GH�VROXomR�GH�
+2SO��D������P�P��H����P/�GH�VROXomR�GH�+&O�D��������P�P���SURSRUomR�GH��������P�Y��HP�UHDomR�SRU�
��KRUDV��WHPSHUDWXUD�GH����&�H�VRE�DJLWDomR�PDJQpWLFD��$�UHDomR�IRL�SDUDGD�FRP�DGLomR�GH�iJXD�GHLR�
QL]DGD�JHODGD��§����&�������Y�Y���2V�1&&%�IRUDP�FHQWULIXJDGRV���������USP��SRU����PLQXWRV�j����&��
H�R�PDWHULDO�VHGLPHQWDGR�IRL�UHVVXVSHQVR�HP�iJXD�GHLRQL]DGD�JHODGD��§����&��SURFHGLPHQWR�UHSHWLGR���
YH]HV���(P�VHJXLGD��R�PDWHULDO�IRL�GLVSHUVR�HP�VXVSHQVmR�SRU�VRQGD�XOWUDVV{QLFD��VXEPHWLGR�D�GLiOLVH�DWp�
S+�QHXWUR�H�DUPD]HQDGR�HP�IUDVFR�GH�YLGUR�

2.3 0RGL¿FDomR�TXtPLFD�GRV�QDQRFULVWDLV�GH�&%

&RP�R�LQWXLWR�GH�LQYHVWLJDU�D�LQÀXrQFLD�GR�VROYHQWH�QR�PHLR�UHDFLRQDO��IRL�DYDOLDGR�R�HIHLWR�GH�
GRLV�WLSRV�GH�iOFRRO��R�HWtOLFR�H�R�LVRSURStOLFR��QD�UHDomR�GH�FDUER[LPHWLODomR�

2.3.1 &DUER[LPHWLODomR�YLD�iOFRRO�HWtOLFR�

3DUD����P/�GD�VXVSHQVmR�GH�1&&%��XPLGDGH� ������IRUDP�DGLFLRQDGRV�����P/�GH�HWDQRO�3�$��
$�HWDSD�GH�DOFDOLQL]DomR�VH�GHX�SRU�JRWHMDPHQWR�GH����P/�GD�VROXomR�GH�1D2+������P�P���SRU����PL�
QXWRV��VRE�DJLWDomR�PDJQpWLFD�H�HP�WHPSHUDWXUD�DPELHQWH��$�UHDomR�SURVVHJXLX�SRU���KRUD��(P�VHJXLGD��
IRL�DGLFLRQDGD�DR�PHLR�DOFDOLQL]DGR�XPD�PLVWXUD�GH�����J�GH�iFLGR�PRQRFORUiFHWLFR�GLVVROYLGRV�HP����
P/�GH�HWDQRO�3�$��(VVD�HWDSD�IRL�UHDOL]DGD�JRWD�D�JRWD��GXUDQWH����PLQXWRV��VRE�DJLWDomR�PDJQpWLFD�H�HP�
WHPSHUDWXUD�DPELHQWH��2�VLVWHPD�IRL�SRVWHULRUPHQWH�DTXHFLGR�D�����&�SRU���KRUDV��'HFRUULGR�WRGR�R�SUR�
FHVVR��D�PLVWXUD�IRL�FHQWULIXJDGD���������USP��SRU����PLQXWRV��D����&���2�VREUHQDGDQWH�IRL�GHVFDUWDGR�H�
R�PDWHULDO�VHGLPHQWDGR�IRL�UHVVXVSHQVR�HP�����P/�GH�XPD�VROXomR�GH�PHWDQRO������Y�Y��H�QHXWUDOL]DGR�
FRP�iFLGR�DFpWLFR�3�$��2�PDWHULDO�IRL�QRYDPHQWH�FHQWULIXJDGR��R�VREUHQDGDQWH�GHVFDUWDGR�H�D�IDVH�VyOLGD�
IRL�UHVVXVSHQVD�HP����P/�GH�PHWDQRO�3�$��SURFHGLPHQWR�UHSHWLGR���YH]HV���3RU�¿P��RV�QDQRFULVWDLV�GH�
FHOXORVH�FDUER[LPHWLODGRV�IRUDP�VHFRV�HP�HVWXID�D�YiFXR�D����&��,%5$+,0HW�DO���������

2.3.2 &DUER[LPHWLODomR�YLD�iOFRRO�LVRSURStOLFR�

)RUDP�XWLOL]DGDV�DV�PHVPDV�FRQGLo}HV�GHVFULWDV�QR�LWHP�DQWHULRU���������SDUD�D�UHDomR�GH�FDUER�
[LPHWLODomR�GRV�1&&%�XVDQGR�FRPR�VROYHQWH�R�iOFRRO�LVRSURStOLFR�

2V�QDQRFULVWDLV�GH�FHOXORVH�EDFWHULDQD�PRGL¿FDGD�YLD�HWDQRO�H�LVRSURSDQRO�IRUDP�FDUDFWHUL]DGRV�
DWUDYpV�GR�JUDX�GH�VXEVWLWXLomR��*6���386+3$0$/$5 et al.���������)7,5�H�7*$�HP�DWPRVIHUD�GH�
QLWURJrQLR��FRP�ÀX[R�FRQVWDQWH�GH����P/�PLQ����$V�DPRVWUDV�IRUDP�DTXHFLGDV�GH����&�D�����&�D�XPD�
WD[D�GH�DTXHFLPHQWR�GH�����&�PLQ����-i�DV�VROXo}HV�GH�1&&%�FDUER[LPHWLODGDV�IRUDP�DQDOLVDGDV�SRU�
SRWHQFLDO�=HWD�

3 reSultAdoS e diScuSSÃo

$�7DEHOD���DSUHVHQWD�RV�UHVXOWDGRV�GH�*6�H�SRWHQFLDO�=HWD�SDUD�RV�QDQRFULVWDLV�GH�FHOXORVH�EDF�
WHULDQD�FDUER[LPHWLODGDV��1&&%�&0&��DWUDYpV�GRV�GRLV�WLSRV�GH�VROYHQWH�LQYHVWLJDGRV�H�SDUD�D�FDUER�
[LPHWLOFHOXORVH�FRPHUFLDO��&0&�FRPHUFLDO���2�PDLRU�YDORU�GR�*6�IRL�REWLGR�FRP�R�iOFRRO�LVRSURStOLFR��
2V�GLIHUHQWHV�YDORUHV�GR�JUDX�GH�VXEVWLWXLomR�SRGHP�VHU�H[SOLFDGRV�TXDQGR�VH�FRQVLGHUD�D�UHDWLYLGDGH�GR�
VROYHQWH�FRP�R�VyGLR��4XDQWR�PDLRU�R�FDUiFWHU�iFLGR�GRV�iOFRRLV��PDLRU�VHUi�VXD�UHDWLYLGDGH��LQGX]LQGR�
D�IRUPDomR�GR�DOFy[LGR��'HVVD�IRUPD��DV�KLGUR[LODV�VXSHU¿FLDLV�GD�FHOXORVH�QmR�SDUWLFLSDUmR�GD�UHDomR��
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3RUWDQWR��TXDQWR�PHQRV�UHDWLYR�IRU�R�PHLR�VROYHQWH�FRP�R�VyGLR�PDLRU�VHUi�R�*6�QD�FDGHLD�GD�FHOXORVH��
(P�UHODomR�DRV�YDORUHV�GH�SRWHQFLDO�=HWD��SRGH�VH�SHUFHEHU�XP�DXPHQWR�D�PHGLGD�TXH�VH�FRQVHJXHP�
JUDXV�GH�VXEVWLWXLomR�PDLRUHV��,VVR�p�DWULEXtGR�j�PDLRU�TXDQWLGDGH�GH�FDUJDV�QHJDWLYDV��SURYHQLHQWH�GD�
LQVHUomR�GR�JUXSDPHQWR�&+2&22

���QD�VXSHUItFLH�GRV�QDQRFULVWDLV��7RGDV�DV�VXVSHQV}HV�GRV�QDQRFULVWDLV�
GH�FHOXORVH�FDUER[LPHWLODGRV�DSUHVHQWDUDP�ERD�HVWDELOLGDGH��YDORUHV�GH�SRWHQFLDO�=HWD�PDLRUHV�TXH����
P9��HP�PyGXOR��

tabela 1. *UDX�GH�VXEVWLWXLomR�GRV�QDQRFULVWDLV�GH�FHOXORVH�EDFWHULDQD�FDUER[LPHWLODGDV��1&&%�&0&��H�GD�
FDUER[LPHWLOFHOXORVH�FRPHUFLDO�H�VHXV�UHVSHFWLYRV�YDORUHV�GH�SRWHQFLDO�=HWD

GS Potencial Zeta (mv)

&0&�FRPHUFLDO ��� �����������

1&&%�±�&0&��(WDQRO� ��� �����������

1&&%�±�&0&��,VRSURSDQRO� ��� �����������

2V�HVSHFWURV�GH�)7,5�GD�FHOXORVH��GRV�QDQRFULVWDLV�H�GD�FDUER[LPHWLOFHOXORVH��)LJXUD����DSUH�
VHQWDUDP�FHUWD�VLPLODULGDGH��LQGLFDQGR�D�SUHVHQoD�GH�JUXSRV�IXQFLRQDLV�HP�FRPXP�FRP�D�FHOXORVH�H�
VHXV�GHULYDGRV��&RPSDUDQGR�VH�RV�HVSHFWURV�SRGH�VH�SHUFHEHU�D�SUHVHQoD�GH�XPD�QRYD�H�IRUWH�EDQGD�
GH�DEVRUomR�D�����������FP����FDUDFWHUtVWLFD�GR�iFLGR�FDUER[tOLFR��&22���SURYHQLHQWH�GR�JUXSDPHQWR�
FDUER[LPHWLO�TXH�IRL�LQWURGX]LGR�QD�PROpFXOD��5HVXOWDGRV�VHPHOKDQWHV�IRUDP�GHVFULWRV�SRU�5$&+7$�
1$381 et al ��������$�)LJXUD���PRVWUD�LPDJHQV�GRV�VDLV�GH�QDQRFULVWDLV�GH�FHOXORVH�FDUER[LPHWLODGDV�
via etanol e isopropanol. 

Figura 1. (VSHFWURV�GH�)7,5�GDV�DPRVWUDV���D��1&&%�&0&��(WDQRO��H��E��1&&%�&0&��,VRSURSDQRO���
LQGLFDQGR�R�SLFR�UHIHUHQWH�j��&22����

Figura 2. ,PDJHQV�GRV�VDLV�VyGLFRV�GRV�QDQRFULVWDLV�GH�FHOXORVH�FDUER[LPHWLODGDV�YLD�HWDQRO�H�LVRSURSDQRO�
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'H�DFRUGR�FRP�D�DQiOLVH�WpUPLFD��R�WLSR�GH�VROYHQWH�QmR�DOWHURX�DV�WHPSHUDWXUDV�Onset��)LJXUD�
����$�GLIHUHQoD�QR�WHRU�GH�VyOLGR��REVHUYDGR�QR�SHU¿O�GDV�FXUYDV�GH�GHJUDGDomR�WpUPLFD��HVWi�UHODFLRQDGR�
FRP�D�TXDQWLGDGH�GH�VDLV�GHFRUUHQWH�GD�IXQFLRQDOL]DomR�GRV�QDQRFULVWDLV��7HQGR�HP�YLVWD�TXH�RV�1&&%�
&0&�YLD�LVRSURSDQRO�DSUHVHQWD�XP�*6�PDLRU�TXH�R�GRV�1&&%�&0&�YLD�HWDQRO�SURGX]LQGR�XP�WHRU�GH�
FLQ]DV�PDLRU��&RPSDUDQGR�HVVHV�UHVXOWDGRV�FRP�R�GRV�QDQRFULVWDLV�VHP�PRGL¿FDomR�TXtPLFD��7Onset� �
������0&��REVHUYD�VH�XPD�UHGXomR�GD�WHPSHUDWXUD�GH�LQtFLR�GH�GHJUDGDomR�GH�DSUR[LPDGDPHQWH����0&��
1D�OLWHUDWXUD�VmR�GLVFXWLGRV�TXH�D�PRGL¿FDomR�TXtPLFD�QD�VXSHUItFLH�GRV�QDQRFULVWDLV�GH�FHOXORVH�SRGH�
DOWHUDU�R�FRPSRUWDPHQWR� WHUPRJUDYLPpWULFR�GR�PDWHULDO��(VVD�PXGDQoD�SRGH�HVWDU�DVVRFLDGD�FRP�DV�
YDULDo}HV�QD�FULVWDOLQLGDGH��RFDVLRQDGD�SHOR�SURFHVVR�GH�IXQFLRQDOL]DomR��7$,3,1$��������

Figura 3. &XUYD�WHUPRJUDYLPpWULFD�GRV�QDQRFULVWDLV�GH�FHOXORVH�FDUER[LPHWLODGDV��D��HP�PHLR�HWDQRO�H��E��HP�
meio isopropanol. 

4 concluSÃo

5HVXOWDGRV�GH�)7,5�FRQ¿UPDUDP�D�UHDomR�GH�PRGL¿FDomR�TXtPLFD��2�WLSR�GH�VROYHQWH��HWDQRO�
H�LVRSURSDQRO��XWLOL]DGRV�QD�UHDomR�GH�FDUER[LPHWLODomR�LQÀXHQFLDUDP�QR�*6��2�PDLRU�YDORU�GR�*6�IRL�
REWLGR�FRP�R�LVRSURSDQRO�FRPR�PHLR�VROYHQWH�SRU�DSUHVHQWDU�PHQRU�UHDWLYLGDGH�FRP�R�VyGLR��$�IXQ�
FLRQDOL]DomR�GRV�QDQRFULVWDLV�GH�&%�SURPRYHX�XPD�GLPLQXLomR�QD�WHPSHUDWXUD�LQLFLDO�GH�GHJUDGDomR�

$JUDGHFLPHQWRV
2V�DXWRUHV�DJUDGHFHP�DR�&13T��(PEUDSD��8)&�H�D�&$3(6�SHOR�DX[tOLR�¿QDQFHLUR�H�DR�&HQWUR�

GH�(QJHQKDULD�%LROyJLFD�GD�8QLYHUVLGDGH�GR�0LQKR��%UDJD��3RUWXJDO��SHOD�FHOXORVH�EDFWHULDQD�

reFerÊnciAS

$8/,1��&���*$//67('7��0���/,1'67520��7��2[\JHQ�DQG�RLO�EDUULHU�SURSHUWLHV�RI�PLFUR¿EULOODWHG�
FHOOXORVH�¿OPV�DQG�FRDWLQJV��&HOOXORVH��%HUOLP��Y������Q�����S����������������

7$,3,1$��0��GH�2��1DQRFULVWDLV� GH� FHOXORVH�� REWHQomR�� FDUDFWHUL]DomR� H�PRGL¿FDomR�GH� VXSHUItFLH��
���������S��'LVVHUWDomR��0HVWUDGR�HP�4XtPLFD��±�8QLYHUVLGDGH�(VWDGXDO�GH�&DPSLQDV��8QLFDPS��&DP�
SLQDV�������

+$%,%,��<��.H\�DGYDQFHV�LQ�WKH�FKHPLFDO�PRGL¿FDWLRQ�RI�QDQRFHOOXORVHV��&KHPLFDO�6RFLHW\�5HYLHZV��
/RQGUHV��Y�����S������������������

,%5$+,0��$��$���$'(/��$��0���(/±:$+$%��=��+��$���$/±6+(0<��0��7��8WLOL]DWLRQ�RI�FDUER[\PH�
WK\O�FHOOXORVH�EDVHG�RQ�EHDQ�KXOOV�DV�FKHODWLQJ�DJHQW��6\QWKHVLV��FKDUDFWHUL]DWLRQ�DQG�ELRORJLFDO�DFWLYLW\��
&DUERK\GUDWH�3RO\PHUV��$PVWHUGDP��Y������Q�����S���������������

386+3$0$/$5��9���/$1*)25'��6�-���$+0$'��0���/,0��<�<��2SWLPL]DWLRQ�RI�UHDFWLRQ�FRQGLWLRQV�
IRU�SUHSDULQJ�FDUER[\PHWK\O�FHOOXORVH�IURP�VDJR�ZDVWH��&DUERK\GUDWH�3RO\PHUV��$PVWHUGDP��Y������Q��
���S����������������
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5$&+7$1$381�� 3��/8$1*.$0,1�� 6��� 7$135$6(57�� .��� 685,<$7(0�� 5�� &DUER[\PHWK\O�
FHOOXORVH�¿OP�IURP�GXULDQ�ULQG��)RRG�6FLHQFH�7HFKQRORJ\��$PVWHUGDP��Y������Q�����S��������������

AnáliSe toxicolóGicA em rAtoS wiStAr de 
reveStimentoS comeStíveiS A bASe de KAFirinAS e 

nAnoPArtículAS de quitoSAnA. 
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18QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��2(PEUDSD�,QVWUXPHQWDomR���(PEUDSD�0LOKR�H�6RUJR
MX�ELRWHF��#JPDLO�FRP

&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
$QiOLVHV� WR[LFROyJLFDV� IRUDP� UHDOL]DGDV� HP� UDWRV�PDFKRV�GD� OLQKDJHP�:LVWDU��2V� DQLPDLV�GR�JUXSR�
H[SHULPHQWDO�IRUDP�DOLPHQWDGRV�GXUDQWH����GLDV�FRP�UDomR�UHYHVWLGD�FRP�XPD�VROXomR�¿OPRJrQLFD�FRQ�
WHQGR����GH�ND¿ULQDV�FRP�������GH�yOHR�GH�FDQROD�H������GH�QDQRSDUWtFXODV�GH�TXLWRVDQD�HP�HWDQRO�H�
FRPSDUDGRV�FRP�R�JUXSR�FRQWUROH��DOLPHQWDGRV�FRP�UDomR�VHP�UHYHVWLPHQWR�GXUDQWH�R�PHVPR�SHUtRGR��
2V�SDUkPHWURV�DQDOLVDGRV�IRUDP��LQJHVWmR�KtGULFD�H�FRQVXPR�GH�UDomR��H[FUHomR�GH�IH]HV�H�XULQD��PDVVD�
FRUSRUDO�H�PDVVD�GRV�yUJmRV��EHP�FRPR�SDUkPHWURV�ELRTXtPLFRV�UHDOL]DGRV�SHOD�DQiOLVH�GR�VRUR�VDQJXt�
QHR�H�SDUkPHWURV�ELRItVLFRV�H�ELRPHFkQLFRV�UHDOL]DGRV�QRV�RVVRV�FROHWDGRV�DSyV�D�HXWDQiVLD��'H�DFRUGR�
FRP�RV�UHVXOWDGRV��QmR�IRL�SRVVtYHO�LGHQWL¿FDU�HIHLWR�QRFLYR�SHOD�LQJHVWmR�GD�UDomR�UHYHVWLGD��SRLV�RV�
UHVXOWDGRV�REWLGRV�SDUD�R�JUXSR�H[SHULPHQWDO�IRUDP�VHPHOKDQWHV�DRV�DGTXLULGRV�SDUD�R�JUXSR�FRQWUROH��
Palavras-chave��5HYHVWLPHQWR�&RPHVWtYHO��ND¿ULQDV��1DQRSDUWtFXODV�GH�4XLWRVDQD��7R[LFLGDGH�

wiStAr rAtS toxicoloGicAl AnAlYSiS oF edible coAtinGS bASed on KAFi-
rinS And cHitoSAn nAnoPArticleS.
Abstract
7R[LFRORJLFDO�WHVWV�ZHUH�SHUIRUPHG�LQ�:LVWDU�PDOH�UDWV��7KH�H[SHULPHQWDO�JURXS�ZDV�IHHG�GXULQJ����GD\V�
ZLWK�UDWLRQ��PDVKHG��FRDWHG�ZLWK����ND¿ULQV�ZLWK�������FDQROD�RLO�DQG������FKLWRVDQ�QDQRSDUWLFOHV�DQG�
FRPSDUHG�ZLWK�WKH�FRQWURO�JURXS�IHHG�ZLWK�UDWLRQ�ZLWKRXW�FRDWLQJ�GXULQJ�WKH�VDPH�SHULRG��7KH�DQDO\]HG�
SDUDPHWHUV�ZHUH��ZDWHU�LQWDNH�DQG�IHHG�LQWDNH��H[FUHWLRQ�RI�IHFHV�DQG�XULQH��ERG\�ZHLJKW��RUJDQ�ZHLJKWV��
DQG�ELRFKHPLFDO�SDUDPHWHUV�FDUULHG�WKURXJK�WKH�EORRG�VHUXP��$FFRUGLQJ�WR�WKH�UHVXOWV��LW�ZDV�QRW�SRVVL�
EOH�WR�LGHQWLI\�KDUPIXO�HIIHFW�ZKHQ�LQJHVWLQJ�WKH�FRDWLQJ��VLQFH�WKH�UHVXOWV�REWDLQHG�IRU�WKH�H[SHULPHQWDO�
JURXS�ZDV�YHU\�VLPLODU�WR�WKRVH�REWDLQHG�IRU�WKH�FRQWURO�JURXS�
Keywords: (GLEOH�FRDWLQJ��ND¿ULQV��&KLWRVDQ�QDQRSDUWLFOHV��7R[LFLW\�

1 introduÇÃo

3DUD�D�FRPHUFLDOL]DomR�H�R�FRQVXPR�GH�DOLPHQWRV�³LQ�QDWXUD´�DOJXQV�IDWRUHV�FRPR�DSDUrQFLD��
DURPD��WH[WXUD�H�VDERU�VmR�FUXFLDLV�QR�PRPHQWR�GD�HVFROKD��3DUD�PDQWHU�HVVHV�IDWRUHV�SRU�PDLRU�WHPSR��
XPD�DOWHUQDWLYD�VHULD�D�DSOLFDomR�GH�UHYHVWLPHQWRV�FRPHVWtYHLV�TXH�DJHP�FRPR�XPD�EDUUHLUD�HP�WRUQR�
GR�DOLPHQWR�UHGX]LQGR�D�HQWUDGD�H�VDtGD�GH�JDVHV��iJXD��yOHRV��DWXDQGR�FRPR�XPD�PHPEUDQD�FRQWUD�
D�SUROLIHUDomR�GH�DJHQWHV� FRQWDPLQDQWHV� FRPR�RV� IXQJRV�H�EDFWpULDV� �.52&7+$��0,//(5���������
'HQWUH�RV�PDWHULDLV� HVWXGDGRV�� DV�SURWHtQDV�� SULQFLSDOPHQWH� DV�KLGURIyELFDV� FRPR�DV�.D¿ULQDV� �SUR�
WHtQDV�GH�UHVHUYD�GR�VRUJR��YHP�VHQGR�XWLOL]DGDV�FRPR�PDWpULD�SULPD�SDUD�R�GHVHQYROYLPHQWR�GHVVHV�
UHYHVWLPHQWRV�FRPHVWtYHLV��&RQWXGR��UHYHVWLPHQWRV�D�EDVH�GHVVDV�SURWHtQDV�VmR�JHUDOPHQWH�TXHEUDGLoRV�
VHQGR�QHFHVViULR�DGLFLRQDU�RXWURV�PDWHULDLV�TXH�OKHV�FRQ¿UD�ÀH[LELOLGDGH�FRPR�D�QDQRSDUWtFXODV��2�XVR�
GH�QDQRSDUWtFXODV��13V��QD�FRPSRVLomR�GRV�UHYHVWLPHQWRV�FRPHVWtYHLV�p�XPD�IRUPD�GH�PHOKRUDU�VXDV�
SURSULHGDGHV�GH�DXPHQWR�GH�WHPSR�GH�SUDWHOHLUD��)(55(,5$���������1R�FDVR�GDV�QDQRSDUWtFXODV�GH�TXL�
WRVDQD��13V�GH�46���SROLVVDFDUtGHR�RULXQGR�GH�UHVtGXRV�GD�LQG~VWULD�SHVTXHLUD��YHP�VHQGR�HVWXGDGR�QD�
DSOLFDomR�GH�¿OPHV�FRPHVWtYHLV��SRLV�D�XWLOL]DomR�GHVWDV�13V�SRGH�PHOKRUDU�DV�SURSULHGDGHV�PHFkQLFDV�
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H�GH�EDUUHLUDV�GRV�¿OPHV��0RXUD�HW�DO�� �������$OpP�GLVVR��HVWXGRV�WHP�PRVWUDGR�TXH�13V�GH�46�H�13V�
GH�WULPHWLOTXLWRVDQD��704��VmR�HVWiYHLV�H�DSUHVHQWDP�DomR�DQWLPLFURELDQD��%/$1&2���������SRGHQGR�
HYLWDU�D�SUROLIHUDomR�GH�PLFURUJDQLVPRV�QD�VXSHUItFLH�GRV�DOLPHQWRV��&RPR�DV�13V�WHP�iUHD�VXSHU¿FLDO�
DXPHQWDGD�VH�FRPSDUDGDV�FRP�RV�PDWHULDLV�GH�PHVPD�RULJHP�HP�HVFDOD�PDLRU��R�VHX�FRPSRUWDPHQWR�
SURYDYHOPHQWH�QmR�VHUi�R�PHVPR��XPD�YH]�TXH�VXDV�SURSULHGDGHV�IRUDP�PRGL¿FDGDV��SRGHQGR�FDXVDU�
DOJXP�HIHLWR�SUHMXGLFLDO�DR�RUJDQLVPR�TXDQGR�LQJHULGRV��62=(5��.2.,1,���������0XLWRV�WUDEDOKRV�
UHDOL]DGRV�VREUH�QDQRWR[LFRORJLD�HVWmR�YROWDGRV�SDUD�WHVWHV�UHDOL]DGRV�HP�FpOXODV�³in vitro”��SRUpP�HVWHV�
UHVXOWDGRV�SRGHP�QmR�FRUUHVSRQGHU�RX�VXEVWLWXLU�RV�UHVXOWDGRV�REWLGRV�HP�WHVWHV�³in vivo”��KDYHQGR��HQ�
WmR��D�QHFHVVLGDGH�GH�VH�XWLOL]DU�FREDLDV�SDUD�D�UHDOL]DomR�GRV�WHVWHV�WR[LFROyJLFRV��SRLV��GHSHQGHQGR�GD�
IRUPD�QD�TXDO�DV�13V�VmR�DGPLQLVWUDGDV��YLD�RUDO�RX�UHVSLUDWyULD���DV�13V�SRGHP�VHJXLU�URWDV�GLIHUHQWHV�
QR�RUJDQLVPR��:$1*���������

2 mAteriAiS e métodoS

3DUD�D�UHDOL]DomR�GR�H[SHULPHQWR�WR[LFROyJLFR��LQLFLDOPHQWH�SUHSDURX�VH�XPD�VROXomR�FRQWHQGR�
���GH�.D¿ULQDV���������yOHR�GH�FDQROD��2&���������GH�13V�GH�TXLWRVDQD�GLOXtGDV�HP�HWDQRO�DEVROXWR�
VRE�DJLWDomR�PDJQpWLFD�SRU���KRUDV��$�UDomR�FRPHUFLDO�GD�PDUFD�1XYLODE�Mi�WULWXUDGD�IRL�HQWmR�UHYHVWLGD��
FRORFDGD�HP�EDQGHMDV�H�VHFD�HP�WHPSHUDWXUD�DPELHQWH��$V�FREDLDV�XWLOL]DGDV�IRUDP�UDWRV�PDFKRV�GD�YD�
ULHGDGH�:LVWDU�FRP�LGDGH�GH���PHVHV��2�H[SHULPHQWR�IRL�GLYLGLGR�HP�JUXSRV�GH����UDWRV�FRQWUROHV��DOL�
PHQWDGRV�FRP�UDomR�VHP�UHYHVWLPHQWR��H����UDWRV�H[SHULPHQWDLV��DOLPHQWDGRV�FRP�UDomR�UHYHVWLGD���2V�
DQLPDLV�IRUDP�DORMDGRV�LQGLYLGXDOPHQWH�HP�JDLRODV�PHWDEyOLFDV�HP�XP�UHJLPH�GH�OX]�����KRUDV�FODUR�H�
���KRUDV�HVFXUR��HP�WHPSHUDWXUD�FRQWURODGD�����&�(��&��SDUD�TXDQWL¿FDU�R�FRQVXPR�GH�UDomR��LQJHVWmR�
KtGULFD�EHP�FRPR�UHDOL]DU�D�FROHWD�GDV�IH]HV�H�XULQD��$V�IH]HV�IRUDP�SHVDGDV�H�R�YROXPH�GH�XULQD�TXDQ�
WL¿FDGR��2V�DQLPDLV�IRUDP�SHVDGRV���YH]�SRU�VHPDQD��GXUDQWH�DV���VHPDQDV�GH�GXUDomR�GR�H[SHULPHQWR�
SHVDGRV�SDUD�D�REWHQomR�GRV�YDORUHV�UHIHUHQWH�j�PDVVD�FRUSRUDO��$SyV�RV����GLDV�GH�H[SHULPHQWR��RV�
DQLPDLV�IRUDP�VDFUL¿FDGRV��1R�GLD�GR�VDFULItFLR��IRUDP�FROHWDGRV�RV�yUJmRV��ULQV��EDoR��ItJDGR��FRUDomR��
WHVWtFXORV��SUyVWDWDV�H�YHVtFXOD�VHPLQDO��H�RV�PHVPR�IRUDP�SHVDGRV�H�DUPD]HQDGRV�D�����&��$�FROHWD�GR�
VDQJXH�IRL�UHDOL]DGD�DVVLP�TXH�RV�UDWRV�IRUDP�VDFUL¿FDGRV��R�PHVPR�IRL�FHQWULIXJDGR�SDUD�D�REWHQomR�
GR�VRUR��2V�SDUkPHWURV�ELRTXtPLFRV�IRUDP�REWLGRV�SHOR�ODXGR�HODERUDGR�SHOR�ODERUDWyULR�0DULFRQGL�GD�
FLGDGH�GH�6mR�&DUORV��(VWH�SURWRFROR�H[SHULPHQWDO�FRP�FREDLDV�IRL�DSURYDGR�SHOR�&RPLWr�GH�eWLFD�HP�
([SHULPHQWDomR�$QLPDO��&(($��GD�8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��3URWRFROR�Q������������7RGRV�
RV�UHVXOWDGRV�IRUDP�FRPSDUDGRV�HQWUH�R�JUXSR�FRQWUROH�H�H[SHULPHQWDO�SHOD�DQiOLVH�GD�YDULkQFLD�$129$�
VHJXLGR�GR�WHVWH�W�GH�6WXGHQW�DSOLFDGRV�SHOR�VRIWZDUH�2ULQJLQ��2�QtYHO�GH�VLJQL¿FkQFLD�DGRWDGR�IRL�GH�S�
�������

3 reSultAdoS e diScuSSÃo

$�SHVDJHP�GRV�DQLPDLV�p�XPD�IRUPD�GH�YHUL¿FDU�VH�RV�PHVPRV�HVWmR�SHUGHQGR�RX�JDQKDQGR�
PDVVD�FRUSRUDO��0&���$SyV�XPD�VHPDQD�GH�H[SHULPHQWR��R�JUXSR�FRQWUROH�QmR�DSUHVHQWRX�DOWHUDomR�VLJ�
QL¿FDWLYD�HP�VXD�0&�HQTXDQWR�TXH�R�JUXSR�H[SHULPHQWDO�DSUHVHQWRX�GLPLQXLomR�GH�DSUR[LPDGDPHQWH�
�����QR�YDORU�PpGLR��FRPR�PRVWUD�D�¿JXUD���

Figura 1. *Ui¿FRV�UHSUHVHQWDWLYRV�GD�PDVVD�FRUSRUDO�GRV�JUXSRV�FRQWUROH��D]XO��H�H[SHULPHQWDO��YHUPHOKR��

$V�DOWHUDo}HV�QD�0&�QD�SULPHLUD�VHPDQD�GH�H[SHULPHQWR�Mi�HUD�HVSHUDGR��GHYLGR�jV�PXGDQoDV�
GH�DPELHQWH�H�GD�IRUPD�QD�TXDO�RV�UDWRV�HUDP�DOLPHQWDGRV��SRLV�6HJXQGR�1HYHV�HW�DO���������D�PXGDQoD�
FRPSRUWDPHQWDO�H�SULQFLSDOPHQWH�D�DOWHUDomR�QD�DOLPHQWDomR��VmR�RV�SULQFLSDLV�SDUDPHQWRV�TXH�LQÀXHQ�
FLDP�GLUHWDPHQWH�QR�PHWDEROLVPR�GRV�UDWRV��3RUpP��R�JUXSR�FRQWUROH�QmR�VRIUHX�SHUGD�GH�0&�GXUDQWH�
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HVWH�PHVPR�SHUtRGR��(VVD�GLIHUHQoD�HQWUH�RV�JUXSRV�SRGH�VHU�H[SOLFDGD�FRP�EDVH�QRV�GDGRV�REWLGRV�QD�
TXDQWL¿FDomR�GR�FRQVXPR�GH�UDomR��1D�SULPHLUD�VHPDQD�R�JUXSR�H[SHULPHQWDO� WHYH�XP�FRQVXPR�GH�
UDomR�LQIHULRU��������J�±�PpGLD�GR�DFXPXOR�GH�FDGD�VHPDQD��TXDQGR�FRPSDUDGR�FRP�R�JUXSR�FRQWUROH�
����������6HQGR�DVVLP��HVVD�SHUGD�GH�0&�REVHUYDGD�QR�JUXSR�H[SHULPHQWDO�GXUDQWH�D�SULPHLUD�VHPDQD�
GH�H[SHULPHQWR�SRGH�HQWmR�VHU�DWULEXtGD�DR�RGRU�GD�UDomR�UHYHVWLGD�H�D�DWp�PHVPR�DR�JRVWR��XPD�YH]�
TXH�HVWHV�DQLPDLV�DSUHVHQWDP�IDWRUHV�VHQVRULDLV�FRPR�ROIDWR�H�SDODGDU�H[WUHPDPHQWH�VHQVtYHLV��VHQGR�
FDSD]HV�GH�GHWHFWDU�QR�DU�RGRUHV�GH�GHWHUPLQDGDV�VXEVWkQFLDV� �$1'5$'(�HW�DO�� �������(QWUHWDQWR��
XPD�VHPDQD�p�FRQVLGHUDGD�R� WHPSR�KiELO�SDUD�D� UHDGDSWDomR�GHVWHV�DQLPDLV��1DV�VHPDQDV�VHJXLQWHV�
IRL�SRVVtYHO�REVHUYDU�JDQKR�GH�0&�SDUD�DPERV�RV�JUXSRV��FRPR�Mi�HVSHUDGR��LQGLFDQGR�DGDSWDomR�DR�
QRYR�DPELHQWH�H�FUHVFLPHQWR�GH�DPERV�RV�JUXSRV�H�R�PHVPR�IRL�REVHUYDGR�QR�FRQVXPR�GH�UDomR��2�
YROXPH�GH�iJXD�FRQVXPLGR�SHORV�DQLPDLV�GH�DPERV�RV�JUXSRV�PDQWHYH�VH�QXP�SDGUmR�GXUDQWH�WRGR�R�
H[SHULPHQWR�SDUD�DPERV�RV�JUXSRV�H�QmR�KRXYH�GLIHUHQoD�VLJQL¿FDWLYD�GH�DFRUGR�FRP�R�WHVWH�/HYHQH�
�WHVWH�W���2�PHVPR�SRGH�VH�REVHUYDU�QRV�UHVXOWDGRV�REWLGRV�SHOD�TXDQWL¿FDomR�GDV�IH]HV�H�XULQD��$SyV�
RV����GLDV�GH�H[SHULPHQWR��WDQWR�R�JUXSR�FRQWUROH�TXDQWR�R�JUXSR�H[SHULPHQWDO�IRUDP�HXWDQDVLDGRV��SRU�
GHFDSLWDomR��H�IRUDP�UHWLUDGRV�RV�VHJXLQWHV�yUJmRV��ULQV��EDoR��ItJDGR��FRUDomR��WHVWtFXORV��SUyVWDWD�H�DV�
YHVtFXODV�VHPLQDLV�RQGH�RV�PHVPR�IRUDP�SHVDGRV�SDUD�D�REWHQomR�GH�VXDV�PDVVDV��$V�YHVtFXODV�VHPLQDLV�
IRUDP�HVYD]LDGDV�SDUD�D�SHVDJHP��$�DQiOLVH�PRVWURX�TXH�QmR�KRXYH�GLIHUHQoD�GH�PDVVD�HQWUH�RV�yUJmRV�
GR�JUXSR�FRQWUROH�FRP�RV�GR�JUXSR�H[SHULPHQWDO�

.
Figura 2. 0DVVD�GRV�yUJmRV�FROHWDGRV�DSyV�D�HXWDQiVLD�GRV�DQLPDLV

3HOD�DQiOLVH�ELRTXtPLFD�VDQJXtQHD�QmR�VH�REVHUYRX�TXDOTXHU�GLIHUHQoD�VLJQL¿FDWLYD�de acordo 
FRP�R�FiOFXOR�GH�/HYHQH��WHVWH�W��H�WDPEpP�QmR�KRXYH�GLIHUHQoD�VLJQL¿FDWLYD�HQWUH�RV�JUXSRV�FRQWUROH�H�
H[SHULPHQWDO�SDUD�WRGDV�DV�FRQFHQWUDo}HV�VpULFDV�DTXL�HVWXGDGDV�SHOD�DYDOLDomR�GRV�UHVXOWDGRV�DSUHVHQ�
tados na tabela 1.

tabela 1. &RQFHQWUDo}HV�VpULFDV�GRV�SDUkPHWURV�ELRTXtPLFRV�DQDOLVDGRV�GRV�DQLPDLV�GR�JUXSR�FRQWUROH�H�
H[SHULPHQWDO��2V�GDGRV�HVWmR�DSUHVHQWDGRV�FRPR�0('�(�'3�

unidade controle experimental

7ULJOLFpULGHV PJ�G/ ������������ ����� ������

&ROHVWHURO�7RWDO PJ�G/ ����������� �����������

*OLFRVH PJ�G/ �������� ������������

ÈFLGR�ÒULFR PJ�G/ �����(���� �����(����

&UHDWLQLQD PJ�G/ �����(���� �����(����

$67 �8�/ �������(������ �������(�����

$/7 �8�/ ������(����� ������(�����

)RVIDWDVH�$OFDOLQD �8�/ ������������ ������������

)RVIRUR PJ�G/ ���������� ����������

&iOFLR PJ�G/ ��������� �����������

Bilirrubinas Totais PJ�G/ ���� ����
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4 concluSÃo

2V�UHVXOWDGRV�REWLGRV�SHORV�WHVWHV�WR[LFROyJLFRV�LQGLFDUDP�TXH�QmR�KRXYH�GLIHUHQoD�VLJQL¿FDWLYD�
QRV�SDUkPHWURV�DQDOLVDGRV�HQWUH�RV�JUXSRV�FRQWUROH�H�H[SHULPHQWDO��,VWR�LQGLFD�TXH��QHVWH�SUp�GLDJQyV�
WLFR��R�UHYHVWLPHQWR�FRQWHQGR�13V�GH�46��QmR�p�QRFLYR��SRUpP�RXWURV�WLSRV�GH�WHVWH��FRPR�DQiOLVH�GRV�
WHFLGRV�GRV�yUJmRV�GHYHUmR�VHU�UHDOL]DGRV��

AGrAdecimentoS

&13T��)LQHS��&DSHV�H�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD� ,QVWUXPHQWDomR��3URID��'UD��
.HLFR�2NLQR��±�8)6&DU�H�'U��-RVp�$YHOLQR�6DQWRV�5RGULJXHV��(PEUDSD�0LOKR�H�6RUJR�

reFerÊnciAS

$1'5$'(��$���3,172��6&���2/,9(,5$��56���$QLPDLV�GH�/DERUDWyULR��FULDomR�H�H[SHULPHQWDomR��5LR�
GH�-DQHLUR��(GLWRUD�),2&58=��S������������

%/$1&2��0��$���$YDOLDomR�GD�LQFRUSRUDomR�GH�QDQRSDUWtFXODV�GH�TXLWRVDQD�DR�FLPHQWR�HQGRG{QWLFR�
$+�3/86������������I��'LVVHUWDomR�GH�0HVWUDGR��(QJHQKDULD�0HWDO~UJLFD�H�GH�0DWHULDLV����8QLYHUVL�
GDGH�)HGHUDO�GR�5LR�GH�-DQHLUR���5LR�GH�-DQHLUD��������

)(55(,5$��0��'��7HFQRORJLDV�3yV�&ROKHLWD�HP�)UXWDV�H�+RUWDOLoDV��(PEUDSD� ,QVWUXPHQWDomR��6mR�
&DUORV�63�������

.52&+7$��-���0,//(5��.��2[\JHQ�DQG�DURPD�EDUULHU�SURSHUWLHV�RI�HGLEOH�¿OPV��$�UHYLHZ��7UHQGV�
)RRG�6FL��7HFKQRO���Y�����S����������������

0285$��0��5���$28$'$��)��$���52%(572�-��$9(1$�%867,//26��7$5$�+��0&+8*+��-2+1�
0��.52&+7$��/8,=�+�&��0$77262��,PSURYHG�EDUULHU�DQG�PHFKDQLFDO�SURSHUWLHV�RI�QRYHO�K\GUR�
[\SURS\O�PHWK\OFHOOXORVH� HGLEOH�¿OPV�ZLWK� FKLWRVDQ�WULSRO\SKRVSKDWH�QDQRSDUWLFOHV�� -RXUQDO�RI�)RRG�
(QJLQHHULQJ���Y������S�����±����������

1(9(6��6��0��3���21*��)��GH�0��3���52'5,*8(6��/��'���6$1726��5��$��GRV��)217(6��5��6���6$1�
7$1$��5��GH�2��0DQXDO�GH�&XLGDGRV�H�3URFHGLPHQWRV�FRP�$QLPDLV�GH�/DERUDWyULR�GR�%LRWpULR�GH�
3URGXomR�H�([SHULPHQWDomR�GD�)&)�,4�863��6mR�3DXOR��������

62=(5��1���.2.,1,��-��/��1DQRWHFKQRORJ\�DQG�LWV�DSSOLFDWLRQV�LQ�WKH�IRRG�VHFWRU��7UHQGV�LQ�%LRWHFK�
QRORJ\��2[IRUG��Y������Q�����S���������������

:DQJ��&KDUOHV�&KHQZHL��(IHLWR�GD�DGPLQLVWUDomR�FU{QLFD�GH�QDQRSDUWtFXODV�GH�y[LGR�GH�IHUUR�PDJQpWLFR�
HP�UDWRV�DGXOWRV�MRYHQV�����������S��7HVH��&LrQFLDV�)LVLROyJLFDV��±�8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��
6mR�&DUORV�������
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resumo
1RYDV�WHFQRORJLDV�YHP�VHQGR�GHVHQYROYLGDV�QR�VHQWLGR�GH�UHWDUGDU�D�R[LGDomR�HP�DOLPHQWRV��GHVWDFDP�
VH�GHQWUH�HVWDV�DV�HPEDODJHQV�DWLYDV�DQWLR[LGDQWHV��'HYLGR�j�FUHVFHQWH�SUHRFXSDomR�FRP�RV�HIHLWRV�GRV�
DGLWLYRV�VLQWpWLFRV�j�VD~GH�KXPDQD��D�LQFRUSRUDomR�GH�DQWLR[LGDQWHV�QDWXUDLV��FRPR�SROLIHQyLV��WHP�VLGR�
SULRUL]DGD��'HVWD�IRUPD��REMHWLYRX�VH�GHVHQYROYHU�ELRSROtPHURV�LQFRUSRUDGRV�FRP�iFLGR�JiOLFR��FDWHFRO�
H�KHVSHULGLQD�H�DYDOLDU�VXD�DSOLFDomR�QD�FRQVHUYDomR�GH�FDUQH�VXtQD�FR]LGD��$SHQDV�RV�¿OPHV�LQFRUSR�
UDGRV�FRP�iFLGR�JiOLFR�H�FDWHFRO�DSUHVHQWDUDP�FDSDFLGDGH�DQWLR[LGDQWH�SHOR�PpWRGR�'3'��WHQGR�VLGR�
HVFROKLGRV�SDUD�FRQGXomR�GR�HVWXGR��2EVHUYRX�VH�TXH�GXUDQWH�R�DUPD]HQDPHQWR��ELIHV�HQYROYLGRV�QRV�
ELRSROtPHURV� DQWLR[LGDQWHV� DSUHVHQWDUDP� UHGXomR� GR� tQGLFH� GH�7%$56�� FRQ¿UPDQGR� DWLYLGDGH� SUR�
WHWRUD�j�R[LGDomR�FRQIHULGD�SHOD�HPEDODJHP�DWLYD�H�GHPRQVWUDQGR�R�DOWR�SRWHQFLDO�SDUD�XWLOL]DomR�QD�
LQG~VWULD�GH�DOLPHQWRV�
Palavras-chave��$FHWDWR�GH�FHOXORVH��DQWLR[LGDQWHV�QDWXUDLV��HPEDODJHP�DWLYD�

ASSeSSment oF celluloSe Film, witH AntioxidAnt ProPertieS, AS PAcKAG-
inG For APPlicAtion in cooKed PorK meAt
Abstract
1HZ�WHFKQRORJLHV�DUH�EHLQJ�GHYHORSHG� WR� UHWDUG�R[LGDWLRQ� LQ� IRRGV��VWDQGV�RXW�DPRQJ� WKHVH�DQWLR[L�
GDQW�DFWLYH�SDFNDJLQJ��'XH�WR�WKH�LQFUHDVLQJ�FRQFHUQ�DERXW�WKH�HIIHFWV�RI�V\QWKHWLF�DGGLWLYHV�WR�KXPDQ�
KHDOWK��WKH�LQFRUSRUDWLRQ�RI�QDWXUDO�DQWLR[LGDQWV��VXFK�DV�SRO\SKHQROV��KDYH�EHHQ�SULRULWL]HG��7KXV��WKLV�
VWXG\�DLPHG�WR�GHYHORS�ELRSRO\PHUV�LQFRUSRUDWHG�ZLWK�JDOOLF�DFLG��FDWHFKRO�DQG�KHVSHULGLQ�DQG�HYDOXDWH�
LWV�DSSOLFDWLRQ�LQ�WKH�FRQVHUYDWLRQ�RI�SRUN�FRRNHG�PHDW��2QO\�¿OPV�LQFRUSRUDWHG�ZLWK�JDOOLF�DFLG�DQG�
FDWHFKRO�VKRZHG�DQWLR[LGDQW�FDSDFLW\�E\�'3'�DVVD\��KDYLQJ�EHHQ�FKRVHQ�WR�FRQGXFW�WKH�VWXG\��,W�ZDV�
REVHUYHG�WKDW�GXULQJ�VWRUDJH��WKH�PHDW�LQYROYHG�LQ�DQWLR[LGDQW�SRO\PHUV�VKRZHG�UHGXFHG�7%$56�YDOXHV��
��FRQ¿UPLQJ�WKH�R[LGDWLRQ�SURWHFWLYH�DFWLYLW\�FRQIHUUHG�E\�DFWLYH�SDFNDJLQJ�DQG�GHPRQVWUDWLQJ�WKH�KLJK�
SRWHQWLDO�IRU�XVH�LQ�WKH�IRRG�LQGXVWU\�
Keywords: &HOOXORVH�DFHWDWH��QDWXUDO�DQWLR[LGDQWV��DFWLYH�SDFNDJLQJ�

3XEOLFDo}HV�UHODFLRQDGDV��5HODWyULR�GH�LQLFLDomR�FLHQWt¿FD�

1 introduÇÃo

$�R[LGDomR�OLStGLFD�FRQVWLWXL�XPD�GDV�SULQFLSDLV�FDXVDV�GD�UHGXomR�GD�YLGD�~WLO�GRV�DOLPHQWRV��
RULJLQDQGR�JRVWRV�H�RGRUHV�FDUDFWHUtVWLFRV�GR�UDQoR��UHVSRQViYHLV�SHOR�RII�ÀDYRU�H�UHMHLomR�GR�SURGXWR�
SRU�SDUWH�GRV�FRQVXPLGRUHV��/,0$�HW�DO���������

$V�HPEDODJHQV�DWLYDV�FRP�SURSULHGDGHV�DQWLR[LGDQWHV�WrP�VLGR�DPSODPHQWH�HVWXGDGDV�HP�UD]mR�
GR�VHX�HOHYDGR�SRWHQFLDO�QD�FRQVHUYDomR�GH�DOLPHQWRV��H�GD�VXD�FDSDFLGDGH�GH�UHGX]LU�RX�HOLPLQDU�RV�
HIHLWRV�FDXVDGRV�SHOD�R[LGDomR��/Ï3(=�'(�',&$67,//2�HW��DO���������

'HVWD�IRUPD��REMHWLYRX�VH�GHVHQYROYHU�H�DYDOLDU�¿OPHV�DWLYRV�D�EDVH�GH�DFHWDWR�GH�FHOXORVH�LQ�
FRUSRUDGRV�FRP�DQWLR[LGDQWHV�QDWXUDLV�H�YHUL¿FDU�VXD�DomR�DQWLR[LGDQWH�SDUD�DSOLFDomR�HP�FDUQH�VXtQD�
FR]LGD��

2 mAteriAiS e métodoS

2�H[SHULPHQWR�IRL�PRQWDGR�XWLOL]DQGR�XP�GHOLQHDPHQWR�LQWHLUDPHQWH�FDVXDOL]DGR�FRP���UHSHWL�
o}HV��6HJXLX�VH�XP�HVTXHPD�IDWRULDO��[�����DQWLR[LGDQWHV�[���FRQFHQWUDo}HV��SDUD�HVFROKD�GRV�¿OPHV�DWL�
YRV��H�XP�HVTXHPD�IDWRULDO��[�����ELRSROtPHURV�[���WHPSRV��QD�HWDSD�GH�DSOLFDomR�QD�FDUQH�VXtQD�FR]LGD��

2.1 3URGXomR�GRV�ELRSROtPHURV

2V�¿OPHV�FHOXOyVLFRV�IRUDP�SURGX]LGRV�SHOR�PpWRGR�³FDVWLQJ´�HP�PiTXLQD�SDUD�¿OPHV��5.�
3DLQW�DSOLFDWRU���$FHWDWR�GH�FHOXORVH��5RGLD��IRL�VROXELOL]DGR�HP�DFHWRQD��9HWHF��H�RV�DQWLR[LGDQWHV�QD�
WXUDLV�iFLGR�JiOLFR������$*���FDWHFRO������&$��H�KHVSHULGLQD������+(���6LJPD�$OGULFK��IRUDP�DGLFLR�
QDGRV�jV�VROXo}HV�¿OPRJrQLFDV�QDV�FRQFHQWUDo}HV�GH����H������P�P���HP�UHODomR�j�PDVVD�GR�SROtPHUR��
)LOPHV�FRQWUROH��&7/��IRUDP�SURGX]LGRV�VHP�DGLomR�GH�DQWLR[LGDQWHV��)RUDP�DGLFLRQDGRV������P�P��
GH�JOLFHURO�FRPR�SODVWL¿FDQWH�HP�WRGRV�RV�WUDWDPHQWRV��62$5(6�HW��DO���������

2.2 $YDOLDomR� GD� DWLYLGDGH� DQWLUDGLFDO� �$$�� DWUDYpV� GR� PpWRGR� FRORULPpWULFR� 1�1�GLHWLO�S�
fenilenediamina (dPd) 
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$�FDSDFLGDGH�DQWLR[LGDQWH�GRV�¿OPHV�IRL�GHWHUPLQDGD�in vitro�SHOR�PpWRGR�FRORULPpWULFR�'3'��
H�RV�UHVXOWDGRV�H[SUHVVRV�FRPR�D�PpGLD�GDV�GXSOLFDWDV�GH�FDGD�UHSHWLomR�DQDOLVDGD��7+e5,$8/7�HW��
DO����������$PRVWUDV�GH�¿OPH����[���FP��IRUDP�FRORFDGDV�HP�XPD�FpOXOD�HOHWUROtWLFD�FRQWHQGR�1D&O�
�����0��9HWHF��H�VXEPHWLGDV�D�HOHWUyOLVH�SRU���PLQXWR�����P$���$SyV�D�HOHWUyOLVH����P/�GR�HOHWUyOLWR�IRL�
DGLFLRQDGR�D���P/�GH�VROXomR�GH�'3'����PJ�P/����6LJPD�$OGULFK���2V�UDGLFLDV�OLYUHV�JHUDGRV�UHDJLUDP�
LQVWDQWDQHDPHQWH�FRP�R�'3'�SURGX]LQGR�XPD�FRORUDomR�YHUPHOKD��PHGLGD�D�����QP�HP�HVSHFWURIRW{�
PHWUR��*%&�89�9,6��������$�DWLYLGDGH�DQWLUDGLFDO��$$��GRV�¿OPHV�HTXLYDOH�D�FDSDFLGDGH�GH�LQLELU�R�
DF~PXOR�GH�HVSpFLHV�R[LGDWLYDV�H��SRUWDQWR��D�FRORUDomR�YHUPHOKD��FDOFXODGD�SHOD�HTXDomR�

AA (%) = [1 – (Aamostra / Acontrole)] x 100����

1D�HTXDomR����Aamostra� �DEVRUEkQFLD�GD�VROXomR�HOHWUROLVDGD�QD�SUHVHQoD�GD�DPRVWUD�H�Acontrole� �
DEVRUEkQFLD�GD�VROXomR�HOHWUROLVDGD�GH�1D&O�QD�DXVrQFLD�GH�DQWLR[LGDQWHV��

2V�WUDWDPHQWRV�TXH�REWLYHUDP�PHOKRU�FDSDFLGDGH�DQWLR[LGDQWH�QR�WHVWH�³LQ�YLWUR´�IRUDP�VHOHFLR�
QDGRV�SDUD�FRQGXomR�GDV�HWDSDV�SRVWHULRUHV�GH�FDUDFWHUL]DomR�H�DSOLFDomR�GRV�¿OPHV�QR�DOLPHQWR�

2.3 $SOLFDomR�GRV�ELRSROtPHURV�DWLYRV�HP�FDUQH�VXtQD�FR]LGD

%LIHV�GH�FDUQH�VXtQD�IUHVFD��Longissimus dorsi���REWLGRV�QR�FRPpUFLR�ORFDO��FRP�HVSHVVXUD�Pp�
GLD�GH�����FP��IRUDP�FR]LGRV�������&������PLQXWRV��HP�IRUQR�LQGXVWULDO�FRP�FRQWUROH�GH�WHPSHUDWXUD��
$SyV�FR]LPHQWR�H�UHVIULDPHQWR��IRUDP�HPEDODGRV�LQWHUFDODQGR�VH�¿OPHV�LQFRUSRUDGRV�FRP������P�P��
GH�$*�RX�&$�H�¿OPHV�FRQWUROH��2�VLVWHPD�IRL�HQWmR�DFRQGLFLRQDGR�HP�EDQGHMDV�GH�SROLHVWLUHQR��36��H�
HQYROWDV�HP�VDFRV�GH�QiLORQ�SROLHWLOHQR��1iLORQ�3(���)LJXUD�����$V�HPEDODJHQV�IRUDP�IHFKDGDV�HP�VHOD�
GRUD��6HORYDF�����%��H�DUPD]HQDGDV�UHIULJHUDGDV�D��������&�HP�UHIULJHUDGRU��0HWDOIULR��9%����

Figura 3. )LJXUD����&RQGLo}HV�GH�HPEDODJHP�GD�FDUQH�FR]LGD�

$�HVWDELOLGDGH�R[LGDWLYD�IRL�DYDOLDGD�DR�ORQJR�GR�WHPSR�GH�DUPD]HQDPHQWR�������������H���GLDV��
SRU�PHLR�GD�GHWHUPLQDomR�GDV�VXEVWkQFLDV�UHDWLYDV�DR�iFLGR�WLREDUELW~ULFR��7%$56���5260,1,�HW��DO���
�������$PRVWUDV�GH���J�IRUDP�SHVDGDV�H�DGLFLRQDGRV����P/�iFLGR�WULFORURDFpWLFR��9HWHF�������P�Y��H�
VXEPHWLGRV�j�DJLWDomR�HP�PHVD�DJLWDGRUD��7HFQDO��7(������D�����USP�SRU���PLQXWRV�H�HP�VHJXLGD�FHQ�
WULIXJDGRV�SRU���PLQXWRV�HP�FHQWUtIXJD��6LJPD���.����D�������USP��2�VREUHQDGDQWH�IRL�¿OWUDGR�HP�SDSHO�
¿OWUR�TXDOLWDWLYR�GH�SRURVLGDGH���P��&LQFR�PLOLOLWURV�GR�¿OWUDGR�IRUDP�FRPELQDGRV�FRP���P/�GH�iFLGR�
��WLREDUELW~ULFR������0��6LJPD�$OGULFK��H�OHYDGRV�SDUD�DTXHFLPHQWR�������&�SRU����PLQXWRV���2�VLVWHPD�
IRL�HQWmR�UHVIULDGR��H�IHLWD�D�OHLWXUD�GD�DEVRUEkQFLD�GDV�DPRVWUDV�HP�HVSHFWURIRW{PHWUR��6KLPDG]X�89��
������QR�FRPSULPHQWR�GH�RQGD�GH�����QP��$�TXDQWL¿FDomR�GH�PDORQDOGHtGR��0'$��IRL�IHLWD�D�SDUWLU�
GH�FXUYD�DQDOtWLFD�FRQVWUXtGD�FRP�FRQFHQWUDo}HV�FRQKHFLGDV�GH�0'$��XWLOL]DQGR�VH���������7HWUDPH�
WR[LSURSDQR��703���6LJPD�$OGULFK���2V�UHVXOWDGRV�IRUDP�H[SUHVVRV�HP�PJ�GH�0'$�NJ�� de amostra.

3 reSultAdoS e diScuSSÃo

3.1 �$YDOLDomR�GD�DWLYLGDGH�DQWLUDGLFDO

7RGRV�RV�¿OPHV�LQFRUSRUDGRV�FRP�RV�ÀDYRQyLGHV�QD�FRQFHQWUDomR�GH����QmR�DSUHVHQWDUDP�DomR�
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DQWLR[LGDQWH�SHOD�DYDOLDomR�GD�DWLYLGDGH�DQWLUDGLFDO��QmR�WHQGR�GLIHULGR�VLJQL¿FDWLYDPHQWH��S!������GRV�
¿OPHV�FRQWUROH��3RU�RXWUR�ODGR��QDV�FRQFHQWUDo}HV�GH������RV�¿OPHV�DWLYRV��H[FHWR�RV�LQFRUSRUDGRV�FRP�
KHVSHULGLQD��IRUDP�H¿FD]HV�QD�LQLELomR�GD�IRUPDomR�GH�FRPSRVWRV�FRORULGRV�SURGX]LGRV�SHOD�UHDomR�GDV�
HVSpFLHV�R[LGDWLYDV�FRP�R�'3'��7DEHOD�����6HQGR�DVVLP��WDLV�WUDWDPHQWRV�IRUDP�RV�VHOHFLRQDGRV�SDUD�D�
HWDSD�SRVWHULRU�GH�FDUDFWHUL]DomR�GRV�¿OPHV�

tabela 1. $WLYLGDGH�DQWLUDGLFDO�GRV�ELRSROtPHURV�LQFRUSRUDGRV�FRP����H�����GRV�DQWLR[LGDQWHV�QDWXUDLV�
avaliados

tratamento Atividade antiradical (%)

&RQWUROH �

ÈFLGR�JiOLFR��� ����ns

ÈFLGR�JiOLFR���� �����sig

&DWHFRO��� ����ns

&DWHFRO���� �����sig

+HVSHULGLQD��� ����ns

+HVSHULGLQD���� ����ns

*Médias seguidas de ns não diferem estatisticamente do controle (p>0,05) e médias seguidas de sig diferem estatisticamente 
do controle (p<0,05), pelo teste Dunnett a 5% de probabilidade.

$�SURSHQVmR�GH�XP�ÀDYRQyLGH�LQLELU�HYHQWRV�PHGLDGRV�SRU�UDGLFDLV�OLYUHV�p�UHJXODGD�SHOD�VXD�HV�
WUXWXUD�TXtPLFD��8PD�YH]�TXH�HVWHV�FRPSRVWRV�VH�EDVHLDP�QR�Q~FOHR�GH�ÀDYRQyLGH��R�Q~PHUR��D�SRVLomR��
H�RV�WLSRV�GH�VXEVWLWXLo}HV�LQÀXHQFLDP�QD�DWLYLGDGH�GH�DQWLUDGLFDLV��GHVWD�IRUPD��D�DWLYLGDGH�DQWLR[LGDQWH�
GRV�¿OPHV�DWLYRV�p�GHWHUPLQDGD�SHOR�DJHQWH�DWLYR�DGLFLRQDGR�H�SRU�VXD�FDSDFLGDGH�GH�VH�GLIXQGLU�GD�
PDWUL]�SROLPpULFD�SDUD�R�PHLR�DOLPHQWR��2V�UHVXOWDGRV�VXJHUHP�TXH�QmR�KRXYH�PLJUDomR�GD�KHVSHULGLQD�
SDUD�D�VROXomR�VDOLQD XWLOL]DGD�QR�WHVWH�DQWLUDGLFDO�H��SRU�FRQVHTXrQFLD��WDO�¿OPH�QmR�DSUHVHQWRX�DWLYLGDGH�
DQWLR[LGDQWH��&$2�HW�DO���������

3.2 ����(VWDELOLGDGH�R[LGDWLYD�GD�FDUQH�HPEDODGD�FRP�RV�¿OPHV�VHOHFLRQDGRV

$�GHWHUPLQDomR�GDV�7%$56�QD�FDUQH�FR]LGD�UHYHORX�H[LVWrQFLD�GH�GLIHUHQoD�VLJQL¿FDWLYD�HQWUH�
RV�¿OPHV�DWLYRV�H�R�¿OPH�&7/��7DEHOD�����$V�DQiOLVHV�LQGLFDUDP�TXH�¿OPHV�FRQWHQGR�WDQWR������P�P��
GH�FDWHFRO�TXDQWR�GH�iFLGR�JiOLFR�IRUDP�HIHWLYRV�QD�SUHYHQomR�GD�R[LGDomR��UHVXOWDQGR�HP�FDUQHV�FRP�
WHRUHV�GH�0$'�VLJQL¿FDWLYDPHQWH�PHQRUHV��S�������TXH�R�FRQWUROH�

$SHQDV�DV�DPRVWUDV�HP�FRQWDWR�FRP�RV�¿OPHV�LQFRUSRUDGRV�FRP�RV�DQWLR[LGDQWHV�DSUHVHQWDUDP�
YDORUHV�PpGLRV�GDV�7%$56�LQIHULRUHV�DR�OLPLWH�GH�SHUFHSomR�GH�VDERU�HVWUDQKR�H�UDQFLGH]�R[LGDWLYD�
���������PJ�0'$�NJ����SDUD�FDUQH�VXtQD��7$5/$'*,6�HW�DO����������2V�ELIHV�HPEDODGRV�QRV�¿OPHV�
FRQWUROH�DSUHVHQWDUDP�GLIHUHQoD�VLJQL¿FDWLYD��S�������GHYLGR�DR�WHPSR�GH�HVWRFDJHP��D�SDUWLU�GR�TXDUWR�
GLD�GH�DUPD]HQDPHQWR�RV�YDORUHV�PpGLRV�GH�7%$56�WRUQDUDP�VH�SHUFHSWtYHLV��R�TXH�SURYDYHOPHQWH�
UHVXOWDULD�QD�UHMHLomR�GR�SURGXWR��GLIHUHQWHPHQWH�GRV�GHPDLV�WUDWDPHQWRV��

tabela 2. (VWDELOLGDGH�R[LGDWLYD�GH�ELIHV�GH�FDUQH�VXtQD�FR]LGD�HPEDODGRV�FRP�¿OPHV�DWLYRV
estabilidade 

oxidativa
tempo 
(dias)

 Filmes

 ctl  AG10%  cA 10%

7%$56
�PJ�0'$���
.J�FDUQH�

�� ����������G$ ����������D$ ���������D$

 2 ����������F$ ���������aB ���������aB

�� ����������E$ ���������aB ����������aB

�� ���������D$ ����������aB ����������aB

��� ����������E$ ����������aB ����������aB

*Média seguida pela mesma letra minúscula nas colunas e maiúscula nas linhas, não diferem entre si (p>0,05) em nível de 
5% de probabilidade pelo teste Tukey.
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4 concluSÃo

2V�¿OPHV�DQWLR[LGDQWHV�WHVWDGRV�SURSRUFLRQDUDP�PDLRU�HVWDEOLGDGH�R[LGDWLYD�DR�DOLPHQWR�HPED�
ODGR��FRPSURYDQGR�R�SRWHQFLDO�GHVWD�QRYD�WHFQRORJLD�QD�FRQVHUYDomR�GH�FDUQH�VXtQD�FR]LGD�H�VXD�DSOL�
FDELOLGDGH�QD�LQG~VWULD�GH�DOLPHQWRV��$�HVFROKD�GRV�DQWLR[LGDQWHV�p�GH�H[WUHPD�LPSRUWkQFLD��YLVWR�TXH�
VXD�DWLYLGDGH�HVWi�UHODFLRQDGD�jV�VXDV�FDUDFWHUtVWLFDV�TXtPLFDV�H�j�FDSDFLGDGH�GH�VH�GLIXQGLU�GD�PDWUL]�
SROLPpULFD�SDUD�R�DOLPHQWR�DFRQGLFLRQDGR��

AGrAdecimentoS

¬�&$3(6��DR�&13T��j�)$3(0,* H�j�),1(3�SHOR�DSRLR�¿QDQFHLUR�

reFerÊnciAS

&$2��*���62),&��(���35,25��5��/���$QWLR[LGDQW�DQG�SURR[LGDQW�EHKDYLRU�RI�ÀDYRQRLGV��VWUXFWXUH�DFWL�
vity relationships. Free Radical biology & medicine��Y������S����������������

/,0$�-Ò1,25��'��0���5$1*(/��$��+��1���85%$12��6��$���025(12��*��0��%���2[LGDomR�/LStGLFD�
H�4XDOLGDGH�GD�&DUQH�2YLQD��$FWD�9HWHULQiULD�%UDVLOLFD��Y�������S�������������

/Ï3(=�'(�',&$67,//2��&���*Ï0(=�(67$&$�� -��� &$7$/È��5���*$9$5$��5���+(51È1'(=
�08f2=��3��$FWLYH�DQWLR[LGDQW�SDFNDJLQJ�¿OPV��'HYHORSPHQW�DQG�HIIHFW�RQ�OLSLG�VWDELOLW\�RI�EULQHG�
VDUGLQHV��)RRG�&KHPLVWU\��Y������S�����±�����������

5260,1,��0��5���3(5/2��)���3(5(=�$/9$5(=��-��$���3$*È1�025(12��0��-���*$*2�*$*2��
$���/23(=�6$1729(f$��)���$5$1'$�&$7$/È��9��7%$�WHVW�E\�DQ�H[WUDFWLYH�PHWKRG�DSSOLHG�WR�
µSDWp¶��0HDW�6FLHQFH��Y���������S����������������

62$5(6��1��)��)���+27&+.,66��-��+��%LWWHUQHVV�UHGXFWLRQ�LQ�JUDSHIUXLW�MXLFH�WKURXJK�DFWLYH�SDFND�
JLQJ��3DFNDJLQJ�7HFKQRORJ\�DQG�6FLHQFH��Y���������S�������������

7$5/$'*,6��%��*���:$776��%��0���<281$7+$1��0��7���'8*$1��/��$�GLVWLOODWLRQ�PHWKRG�IRU�WKH�
TXDQWLWDWLYH�GHWHUPLQDWLRQ�RI�PDORQDOGKH\GH�LQ�UDQFLG�IRRGV��-��$PHU��2LO�&KHP��6RFLHW\��Y������S�����
���������

7+e5,$8/7��0���&$,//(7��6���.(50$6+$��6���/$&52,;��0��$QWLR[LGDQW��DQWLUDGLFDO�DQG�DQWL�
PXWDJHQLF�DFWLYLWLHV�RI�SKHQROLF�FRPSRXQGV�SUHVHQW�LQ�PDSOH�SURGXFWV��)RRG�&KHPLVWU\��Y������S������
���������
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resumo
2�DYDQoR�WHFQROyJLFR�HVWi�DVVRFLDGR�DR�DSHUIHLoRDPHQWR�GDV�SURSULHGDGHV�GRV�PDWHULDLV�H[LVWHQWHV�H�DR�
GHVHQYROYLPHQWR�GH�QRYRV�PDWHULDLV�TXH�SRVVXDP�PHOKRUHV�GHVHPSHQKRV�HVWUXWXUDLV�H�IXQFLRQDLV��8PD�
GDV�PHOKRUHV�PDQLIHVWDo}HV�GHVWH�SURFHVVR�GH�GHVHQYROYLPHQWR�VmR�RV�PDWHULDLV�FRPSyVLWRV��(VWH�WUDED�
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OKR�YLVRX�R�HVWXGR�H�SUHSDUDomR�GH�QDQRFRPSyVLWRV�GH�SROLHWLOHQR�GH�EDL[D�GHQVLGDGH�LQFRUSRUDGR�FRP�
DUJLOD�PRQWPRULORQLWD�HP�GLIHUHQWHV�FRQFHQWUDo}HV�H�GLIHUHQWHV�IRQWHV�GH�DUJLODV��FORLVLWH����$�H�FORLVLWH�
���$���2V�¿OPHV�IRUDP�SURFHVVDGRV�SHOD�WpFQLFD�GH�LQWHUFDODomR�GR�IXQGLGR�HP�H[WUXVRUD�GXSOD�URVFD��
FRP�TXDWUR�]RQDV�GH�DTXHFLPHQWR�D���������������H������&��2V�QDQRFRPSyVLWRV�IRUDP�SUHSDUDGRV�HP�
FkPDUD�GH�PLVWXUD�FRP���WLSRV�GH�DUJLOD�HP�GLIHUHQWHV�FRQFHQWUDo}HV�����������������������������H�������
P�P��2V�¿OPHV�QDQRFRPSyVLWRV�REWLGRV�IRUDP�FDUDFWHUL]DGRV�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�
�0(9��H�UHRORJLD��2V�HVWXGRV�GDV�PLFURJUD¿DV�HYLGHQFLDUDP�D�PRUIRORJLD�GH�EDVWRQHWHV��D�TXDO�VXJHUH�
XPD�HVIROLDomR�H�LQWHUFDODomR�QDV�FRQFHQWUDo}HV�GH�����H�������Mi�QD�FRQFHQWUDomR�GH�������D�PRUIR�
ORJLD�GD�VXSHUItFLH�GDV�DPRVWUDV�HYLGHQFLRX�DJORPHUDGR��LQGLFDQGR�XPD�GL¿FXOGDGH�GH�GLVSHUVmR��1RV�
HQVDLRV�UHROyJLFRV�IRL�SRVVtYHO�GHWHUPLQDU�D�PHOKRU�FDUDFWHUtVWLFD�GR�PDWHULDO�SDUD�D�LQFRUSRUDomR�GH�
DUJLOD�QR�3(�
Palavras-chave��&RPSyVLWRV��$UJLOD�2UJDQR¿OLFD��)LOPHV�

nAnocomPoSiteS rHeoloGicAl beHAvior (montmorillonite/ PolYetH-
Ylene)
Abstract
 7HFKQRORJLFDO�DGYDQFHV�DUH�DVVRFLDWHG�ZLWK�WKH�LPSURYHPHQW�RI�WKH�H[LVWLQJ�PDWHULDO¶V�SURSHUWLHV�DQG�
WKH�GHYHORSPHQW�RI�QHZ�PDWHULDOV�WKDW�KDYH�EHWWHU�VWUXFWXUDO�DQG�IXQFWLRQDO�SHUIRUPDQFHV��&RPSRVLWHV�
DUH�RQH�RI�WKH�EHVW�GHPRQVWUDWLRQV�RI�WKLV�GHYHORSPHQW�SURFHVV��7KLV�VWXG\�DLPHG�WR�VWXG\�DQG�SUHSDUH�
QDQRFRPSRVLWHV�RI�ORZ�GHQVLW\�SRO\HWK\OHQH��3(��LQFRUSRUDWHG�ZLWK�PRQWPRULOORQLWH�FOD\�DW�GLIIHUHQW�
FRQFHQWUDWLRQV�DQG�VRXUFHV��&ORLVLWH����$�DQG�&ORLVLWH����$���7KH�¿OPV�ZHUH�SURFHVVHG�E\�PHOWLQJ�EOHQG�
H[WUXVLRQ�DW�D�WZLQ�VFUHZ�H[WUXGHU�ZLWK�IRXU�KHDWLQJ�]RQHV���������������DQG�������&��7KH�QDQRFRP�
SRVLWHV�ZHUH�SUHSDUHG�LQ�D�PL[LQJ�FKDPEHU�ZLWK�WZR�W\SHV�RI�FOD\�LQ�GLIIHUHQW�FRQFHQWUDWLRQV����������
�������������������DQG������Z���Z���7KH�QDQRFRPSRVLWH�¿OPV�ZHUH�FKDUDFWHUL]HG�E\�VFDQQLQJ�HOHFWURQ�
PLFURVFRS\��6(0��DQG�UKHRORJ\�EHKDYLRU��7KH�URG�PRUSKRORJ\�VKRZQ�LQ� WKH�6(0�LPDJHV�VXJJHVWV�
WKDW�DW�FRQFHQWUDWLRQV�YDU\LQJ�IURP������WR������WKH�PRQWPRULOORQLWH�ZDV�H[IROLDWHG�DQG�LQWHUFDODWHG��
DW�FRQFHQWUDWLRQ�RI�������WKH�VXUIDFH�PRUSKRORJ\�RI�WKH�VDPSOHV�VKRZHG�FOXVWHU�LQGLFDWLQJ�D�GLI¿FXOW\�
GLVSHUVLRQ��7KH�EHVW�PDWHULDO¶V�FKDUDFWHULVWLF�IRU�LQFRUSRUDWLRQ�FOD\�LQ�3(�ZDV�GHWHUPLQHG�IURP�WKH�UKH�
ological assays.
Keywords: FRPSRVLWHV��2UJDQRSKLOLF�FOD\��)LOP�

3XEOLFDo}HV�UHODFLRQDGDV��3DUWH�GHVWH�WUDEDOKR�IRL�SXEOLFDGR�FRPR�WHVH�GH�GRXWRUDGR�

1 introduÇÃo

2�DSHUIHLoRDPHQWR�GDV�SURSULHGDGHV�ItVLFDV�H�TXtPLFDV�GRV�PDWHULDLV�H[LVWHQWHV�LPSXOVVLRQDP�
R�GHVHQYROYLOPHQWR�GH�QRYRV�SURGXWRV� FRP�PHOKRUHV� GHVHPSHQKR� HVWUXWXUDO� H� FRP� IXQFLRQDOLGDGHV�
GLIHUHQFLDGDV��1DV�~OWLPDV�GXDV�GpFDGDV��QDQRFRPSyVLWRV�SROLPpULFRV�GH�DUJLOD�WrP�DWUDtGR�XP�JUDQGH�
LQWHUHVVH�GD�DFDGHPLD�H�GD�LQG~VWULD��GHYLGR�DR�IDWR�GH�GHPRQVWUDUHP�UHODWLYDV�PHOKRULDV�QDV�SURSULH�
GDGHV�PHFkQLFDV�� WpUPLFDV�H�GH�EDUUHLUDV�TXDQGR�FRPSDUDGRV�FRP�RV�SROtPHURV�SXURV� �2.$0272�
HW�DO���������/((�HW�DO����������(VWH�HVWXGR�WHYH�FRPR�REMHWLYR�GHVHQYROYHU�¿OPHV�QDQRFRPSyVLWRV�GH�
SROLHWLOHQR�GH�EDL[D�GHQVLGDGH��3(%'��LQFRUSRUDGRV�FRP�DUJLOD�PRQWPRULORQLWD�H�DYDOLDU�DV�HVWUXWXUDV�H�
KRPRJHQHLGDGH�GDV�PLVWXUDV��SRU�PHLR�GDV�PLFURJUD¿DV�GRV�¿OPHV�H�GR�FRPSRUWDPHQWR�UHROyJLFR�GRV�
QDQRFRPSyVLWRV�SURGX]LGRV�

2 mAteriAiS e métodoS

2V�¿OPHV�QDQRFRPSyVLWRV�GH�3(%'�FRQWHQGR�GXDV�DUJLODV�GLIHUHQWHV��&ORLVLWH���$�H�&ORLVLWH�
��$��FRP�GLYHUVDV�FRQFHQWUDo}HV�����������������������������H��������P�P��IRUDP�SUHSDUDGDV�SRU�PLVWXUD�
VHJXLGR�GH�H[WUXVmR�H�FDUDFWHUL]DGR�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��H�UHRORJLD��

'RLV�FXSRQV�GH�FDGD�¿OPH�IRUDP�FRUWDGRV�H�¿[DGRV�QR�VXSRUWH�GH�SRUWD�DPRVWUDV�GR�PLFURVFy�
SLR��stub���FRP�DX[tOLR�GH�¿WD�GXSOD�IDFH��(P�FDGD�stub��IRUDP�¿[DGRV�GRLV�FXSRQV�GH�FDGD�WUDWDPHQWR��
XP�GH�IRUPD�ORQJLWXGLQDO�H�RXWUR�GH�IRUPD�WUDQVYHUVDO��$V�DPRVWUDV�IRUDP�FREHUWDV�FRP����QP�GH�RXUR�
HP�0HWDOL]DGRU�%DO]HUV�)'8�����H��HQWmR��REVHUYDGDV�H�IRWRJUDIDGDV�HP�0(9��/(2������93��

$V�SURSULHGDGHV�UHROyJLFDV�GDV�FRPSRVLo}HV�IRUDP�DYDOLDGDV�HP�UH{PHWUR�%RKOLQ�*HPLQL�+5�
QDQR�URWDFLRQDO��$�JHRPHWULD�XWLOL]DGD�IRL�D�GH�SODFDV�SDUDOHODV�FRP�GLkPHWUR�GH����PP�H�gap�GH�����
ȝP��$V�PHGLo}HV�UHROyJLFDV�HP�HVWDGR�RVFLODWyULR�IRUDP�UHDOL]DGDV�j�WHPSHUDWXUD�FRQVWDQWH�GH�����
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3 reSultAdoS e diScuSSÃo

3.1 0LFURVFRSLD�(OHWU{QLFD�GH�9DUUHGXUD��0(9�

$V�IRWRPLFURJUD¿DV�GRV�¿OPHV�REWLGDV�SRU�PHLR�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��
SHUPLWLUDP�REVHUYDU�D�WRSRJUD¿D�GD�VXSHUItFLH�GRV�¿OPHV��

'H�DFRUGR�FRP�DV�IRWRPLFURJUD¿DV�GH�0(9�DEDL[R��QRWDP�VH�¿OPHV�FRP�VXSHUItFLH�KRPRJrQHD�
�)LJXUD��D���R�VXUJLPHQWR�GH�DJORPHUDGRV��)LJXUD��E���HYLGHQFLDQGR�D�EDL[D�GLVSHUVmR�GD�DUJLOD�FRP�D�
PDWUL]�SROLPpULFD��1D�)LJXUD��F�p�REVHUYDGD�XPD�IDVH�GLVSHUVD�GH�IRUPD�ODPHODU�DWULEXLQGR�j�IDVH�GD�
PRQWPRULORQLWD�DJUHJDGD�DR�SROtPHUR��&RPSDUDQGR�VH�R�QDQRFRPSyVLWR�GD��)LJXUD��H��FRP�DV�GHPDLV�
¿JXUDV�p�SRVVtYHO�FRQVWDWDU�XPD�PDLRU�DOWHUDomR�GD�HVWUXWXUD�VXSHU¿FLDO��FRP�D�SUHVHQoD�GH�DJORPHUDGRV�
PDLRUHV��RX�VHMD�HVWUXWXUDV�WDFWyLGHV�GD�DUJLOD�RUJDQRItOLFD���$�

(a) (b) (c)

(d) (e)
Figura 1. )RWRPLFURJUD¿DV�VXSHU¿FLDLV�GRV�¿OPHV�REWLGDV�SRU�0(9���D��SROLHWLOHQR��3(����E��3(�007�
������&ORLVLWH���$����F��3(�007�������&ORLVLWH���$����G��3(�007�������&ORLVLWH���$����H��3(�007�

������&ORLVLWH���$��
&DUDFWHUL]DomR�UHROyJLFD

3.1.1 comportamento ao escoamento

(VWHV�HQVDLRV�IRUDP�UHDOL]DGRV�SDUD�DQDOLVDU�D�LQÀXrQFLD�GR�WHRU�H�GR�WLSR�GD�QDQRDUJLOD�QDV�SUR�
SULHGDGHV�UHROyJLFDV�GDV�FRPSRVLo}HV�HP�HVWDGR�IXQGLGR�������&���$V�DPRVWUDV��HP�PRGR�HVWDFLRQiULR��
IRUDP�VXEPHWLGDV�D�XPD�HWDSD�SUpYLD�GH�FRQGLFLRQDPHQWR��DWUDYpV�GH�XP�SUp�FLVDOKDPHQWR��TXHEUD�GD�
WL[RWURSLD��GH���V���GXUDQWH����V�H�XP�WHPSR�GH�HTXLOtEULR�GH����V��$SyV�R�SUp�FLVDOKDPHQWR��D�YLVFRVLGD�
GH�DSDUHQWH��Ș��GR�FRPSRVWR�IRL�REWLGD�HP�IXQomR�GD�WD[D�GH�GHIRUPDomR�� ���QR�LQWHUYDOR�GH�����D�����
s����2V�UHVXOWDGRV�VmR�PRVWUDGRV�QD�)LJXUD���D�VHJXLU�

Figura 2. 9LVFRVLGDGH�DSDUHQWH��Ș��[�7D[D�GH�GHIRUPDomR�� ��SDUD�3(007���$��D��H�
3(007���$��E��
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(P�DPERV�RV�FDVRV��REVHUYD�VH�TXH�D�YLVFRVLGDGH�DSDUHQWH�GLPLQXL�VLJQL¿FDWLYDPHQWH��������
a 5����������3DuV�FRP�R�DXPHQWR�GD�WD[D�GH�GHIRUPDomR�DSOLFDGD������V���D�����V�����DSUHVHQWDQGR�FRP�
SRUWDPHQWR�SVHXGRSOiVWLFR��1mR� IRUDP�REVHUYDGDV�YDULDo}HV� H[SUHVVLYDV�GRV�YDORUHV�GH�YLVFRVLGDGH�
DSDUHQWH�HP�IXQomR�GRV�WHRUHV�H�WLSRV�GH�QDQRDUJLODV��(VWHV�UHVXOWDGRV�SRGHP�VHU�H[SOLFDGRV�SHOR�EDL[R�
WHRU�GH�QDQRDUJLOD��)������'H�PDQHLUD�VHPHOKDQWH��$OL�'XUPXV HW�DO������� HVWXGDUDP�R�HIHLWR�GH�QD�
QRFRPSyVLWRV�GH�DUJLOD���$��FRP�GLIHUHQWHV�FRPSDWLELOL]DQWHV�H�FRQFHQWUDo}HV�HP�SROLHWLOHQR�GH�EDL[D�
GHQVLGDGH�OLQHDU��3(%'/���(VWHV�DXWRUHV�FRQFOXtUDP�TXH�QmR�Ki�HIHLWRV�VLJQL¿FDWLYRV�VREUH�D�YLVFRVL�
GDGH�DSDUHQWH�GRV�QDQRFRPSyVLWRV��FRP�DWp����GH�QDQRDUJLOD�FRP�RX�VHP�FRPSDWLELOL]DQWH��$�DXVrQFLD�
GH�XP�DJHQWH�GH�FRPSDWLELOL]DomR�GHPRQVWUD�TXH�H[LVWH�SRXFD�DGHVmR�HQWUH� D�QDQRDUJLOD� H� D�PDWUL]�
SROLPpULFD��UHVXOWDQWH�GH�XPD�IUDFD�RX�DXVHQWH�LQWHUDomR�HQWUH�RV�GRLV�FRPSRQHQWHV�

3.1.2 viscoelasticidade

$�FDUDFWHUL]DomR�GD�YLVFRHODVWLFLGDGH�FRQVLVWLX�QD�DQiOLVH�GLQkPLFD�RVFLODWyULD�QD�UHJLmR�YLVFR�
HOiVWLFD�OLQHDU��GHIRUPDomR�GH�������2�PyGXOR�HOiVWLFR��*�µ��H�R�PyGXOR�YLVFRVR��*¶¶��IRUDP�REWLGRV�
HP�IXQomR�GD�IUHTXrQFLD�DQJXODU��Ȧ���QD�IDL[D�GH�������UDGus��. 

2V�JUi¿FRV��)LJXUD����LQGLFDP�TXH�D�DGLomR�GH�DPEDV�DV�DUJLODV����$�H���$��WLYHUDP�FRPSRU�
WDPHQWR�VHPHOKDQWH�DR�GRV�SROtPHURV�IXQGLGRV��2V�YDORUHV�GH�*�µ�H�GH�*¶¶�DXPHQWDP�HP�IXQomR�GD�
IUHTXrQFLD��3DUD�IUHTXrQFLDV�LQIHULRUHV�D�DSUR[LPDGDPHQWH���UDGus����RV�YDORUHV�GH�*¶¶�VmR�OLJHLUDPHQWH�
PDLRUHV�TXH�DTXHOHV�GH�*¶��LQGLFDQGR�TXH�R�PDWHULDO�SRVVXL�FDUiWHU�GH�ÀXLGR�YLVFRHOiWLFR��(QWUHWDQWR��
SDUD�D�PDLRU�SDUWH�GD�IDL[D�GH�IUHTXrQFLD�HVWXGDGD������Ȧ��������UDGus����RV�YDORUHV�GH�*¶�VXSHUDUDP�RV�
GH�*¶¶��FDUDFWHUL]DQGR�R�PDWHULDO�FRPR�VyOLGR�YLVFRHOiVWLFR��

Figura 3. 0yGXOR�GH�HODVWLFLGDGH��*¶��H�0yGXOR�GH�YLVFRVLGDGH��*¶¶��[�)UHTXHQFLD�DQJXODU��Ȧ��SDUD�
3(007���$��D��H�3(007���$��E��

$�)LJXUD���p�XPD�UHSUHVHQWDomR�DOWHUQDWLYD�GR�TXH�IRL�H[SRVWR�SRVWHULRUPHQWH��7UDWD�VH�GRV�YD�
lores de ��UD]mR�HQWUH�*¶¶�H�*¶��HP�IXQomR�GD�IUHTXrQFLD�DQJXODU�QDV�DQiOLVHV��&RPR�SRGH�VH�REVHUYDU�
os valores de �WRUQDP�VH�PHQRUHV�TXH���D�SDUWLU�GD�IUHTXrQFLD�LJXDO�D�5���UDGus��.

6DUDQWySRXORV��HW�DO�� �������� ID]� UHODomR�D�GLVWULEXLomR�GH�PDVVD�PRODU� �'30��PDLV�HVWUHLWD��
R�TXH�GHWHUPLQD�GLIHUHQoDV�HP�SURSULHGDGHV�UHROyJLFDV��PDLRU�YLVFRVLGDGH�H�EDL[D�UHVLVWrQFLD�GR�IXQ�
GLGR��TXH� OHYDP�j�PDLRU�GL¿FXOGDGH�QD�H[WUXVmR�GRV�¿OPHV��(VWD�D¿UPDomR� LQGLFD�SDUD�XPD�PHOKRU�
LQFRUSRUDomR�GD�DUJLOD�QR�HVWDGR�IXQGLGR��VHULD�PDLV�LQWHUHVVDQWH�D�SUHGRPLQkQFLD�GR�FDUiWHU�GH�ÀXLGR�
YLVFRHOiVWLFR�
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Figura 4. 9DORUHV�GH� ��UD]mR�HQWUH�*¶¶�H�*¶��HP�IXQomR�GD�IUHTXrQFLD�DQJXODU

3 concluSÃo
)LOPHV�QDQRFRPSyVLWRV�GH�SROLHWLOHQR�GH�EDL[D�GHQVLGDGH��3(%'��LQFRUSRUDGRV�FRP�DUJLOD�PRQWPR�
ULORQLWD�IRUDP�GHVHQYROYLGRV��3RU�PHLR�GDV�DQiOLVHV�UHDOL]DGDV�QR�0(9��IRL�SRVVtYHO�REVHUYDU�SDUWtFXODV�
LQWHUFDODGDV�QDV�PHQRUHV�FRQFHQWUDo}HV������H�������GH�DUJLOD��HP�FRQFHQWUDo}HV�PDLRUHV������H�������
VXUJLUDP�FRPSyVLWRV�DJORPHUDGRV�TXH�GL¿FXOWDUDP�D�GLVSHUVmR�QR�¿OPH��2V�HVWXGRV�UHROyJLFRV�SHUPLWL�
UDP�FDUDFWHUL]DU�D�PLVWXUD�FRPR�ÀXLGR�YLVFRHOiVWLFR��FRQGLomR�TXH�IDFLOLWD�D�LQFRUSRUDomR�GD�DUJLOD�QR�
SROtPHUR�H�DMXGD�QR�SURFHVVR�GH�H[WUXVmR��,QYHVWLJDo}HV�IXWXUDV�VmR�QHFHVViULDV�FRP�QDQRFRPSyVLWRV�
FRPSDWLELOL]DGRV�H�QmR�FRPSDWLELOL]DGRV�SDUD�PDLRU�GLVSHUVmR�GH�QDQRDUJLOD��FRP�R�REMHWLYR�GH�PHO�
KRUDU�DV�SURSULHGDGHV�PHFkQLFDV�GHVWHV�QDQRFRPSyVLWRV�

AGrAdecimentoS

(VWH�HVWXGR�IRL�¿QDQFLDGR�SHOD�&$3(6��&13T�H�)$3(0,*��2V�DXWRUHV�DJUDGHFHP�DR�/DERUD�
WyULR�GH�(PEDODJHP�GD�8)9�
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&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
2�PRUDQJR��Fragaria x ananassa�'XFK��VH�GHVWDFD�SRU�VHU�XP�IUXWR�FRP�DOWR�YDORU�QXWULFLRQDO�H�SRU�
VHU�VDERURVR�H�DWUDHQWH��SRUpP�DV�SHUGDV�HP�TXDOLGDGH�SyV�FROKHLWD�VmR�DOWDV��1DQRSDUWtFXODV�GH�SUDWD�
�13$J��WHP�VLGR�LQFRUSRUDGDV�HP�PDWUL]HV�SROLPpULFDV�SDUD�R�GHVHQYROYLPHQWR�GH�HPEDODJHQV�H��HP�
UD]mR�GD� VXD�DWLYLGDGH�DQWLPLFURELDQD��SRGHP�FRQWULEXL�SDUD�D�PDQXWHQomR�GD�TXDOLGDGH�GH� IUXWDV�H�
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KRUWDOLoDV��2EMHWLYD�VH�QHVWH�WUDEDOKR�DYDOLDU�D�TXDOLGDGH�SyV�FROKHLWD�H�PLFURELROyJLFD�GH�PRUDQJR�HP�
EDODGR�SRU�¿OPHV�FRQWHQGR�QDQRSDUWtFXODV�GH�SUDWD�H�¿OPHV�FRQYHQFLRQDLV��0RUDQJRV�IRUDP�HPEDODGRV�
SRU�HPEDODJHQV�GH�SROLHWLOHQR�GH�EDL[D�GHQVLGDGH��3(%'��H�SRU�HPEDODJHQV�GH�3(%'�FRQWHQGR�13$J�
�3(%'�13$J���2�SURGXWR�¿QDO�IRL�DUPD]HQDGR�HP�FkPDUD�IULD�D�������&���������85��QR�SHUtRGR�GH�
QRYH�GLDV��2V�PRUDQJRV�IRUDP�DQDOLVDGRV�D�FDGD�WUrV�GLDV�TXDQWR�DR�S+��WHRU�GH�iFLGR�DVFyUELFR��5DWLR�
�VyOLGR�VRO~YHLV�DFLGH]�WLWXOiYHO��H�FRQWDJHP�WRWDO�GH�ERORUHV�H�OHYHGXUDV��'HQWUR�GDV�FRQGLo}HV�DQDOL�
VDGDV��RV�UHVXOWDGRV�GHPRQVWUDP�TXH�QmR�KRXYH�GLIHUHQoD�UHSUHVHQWDWLYD�QDV�DQiOLVHV�ItVLFR�TXtPLFDV�
HQWUH�RV�WUDWDPHQWRV�HVWXGDGRV��2V�¿OPHV�FRP�13$J�LQLELX�SDUFLDOPHQWH�R�FUHVFLPHQWR�GH�ERORUHV�H�
OHYHGXUDV��2�SURMHWR�DLQGD�HVWi�VHQGR�H[HFXWDGR�H�QRYRV�HQVDLRV�VHUmR�UHDOL]DGRV�
Palavras-chave�� Fragaria x ananassa� 'XFK�� (PEDODJHQV�� 0LFURELRORJLD�� 3ROLHWLOHQR� GH� EDL[D�
densidade. 

PHYSicocHemicAl And microbioloGicAl quAlitY oF StrAwberrY PAcK-
AGed bY ldPe witH Silver nAnoPArticle.
Abstract
6WUDZEHUU\��Fragaria x ananassa�'XFK��VWDQGV�RXW�IRU�EHLQJ�D�IUXLW�ZLWK�KLJK�QXWULWLRQDO�YDOXH�DQG�IRU�
EHLQJ�WDVW\�DQG�DWWUDFWLYH��EXW�ORVVHV�LQ�SRVWKDUYHVW�TXDOLW\�DUH�KLJK��6LOYHU�QDQRSDUWLFOHV��$J13��KDV�
EHHQ�LQFRUSRUDWHG�LQ�SRO\PHU�PDWULFHV�IRU�WKH�GHYHORSPHQW�RI�SDFNDJLQJ�DQG��EHFDXVH�RI�WKHLU�DQWLPL�
FURELDO�DFWLYLW\��PD\�FRQWULEXWH�WR�PDLQWDLQLQJ�WKH�TXDOLW\�RI�IUXLWV�DQG�YHJHWDEOHV��2EMHFWLYH�RI�WKLV�SD�
SHU�LV�WR�HYDOXDWH�WKH�SRVWKDUYHVW�DQG�PLFURELRORJLFDO�TXDOLW\�RI�VWUDZEHUU\�SDFNHG�IRU�¿OPV�FRQWDLQLQJ�
VLOYHU�QDQRSDUWLFOHV�DQG�FRQYHQWLRQDO�¿OPV��6WUDZEHUULHV�ZHUH�SDFNDJLQJ�IRU�ORZ�GHQVLW\�SRO\HWK\OHQH�
�3(%'��DQG�/'3(�SDFNDJLQJ�FRQWDLQLQJ�$J13��3(%'�13$J���7KH�¿QDO�SURGXFW�ZDV�VWRUHG�DW������
����&����������5+��WKH�SHULRG�RI�QLQH�GD\V��7KH�VWUDZEHUULHV�ZHUH�DQDO\]HG�HYHU\�WKUHH�GD\V�IRU�S+��
DVFRUELF�DFLG�OHYHO��UDWLR��VROLG�VROXEOH���WLWUDWDEOH�DFLG��DQG�WRWDO�FRXQW�RI�\HDVWV�DQG�PROGV��:LWKLQ�WKH�
FRQGLWLRQV�DQDO\]HG��WKH�UHVXOWV�VKRZHG�WKDW�WKHUH�ZDV�QR�GLIIHUHQFH�LQ�UHSUHVHQWDWLYH�SK\VLFRFKHPLFDO�
DQDO\]HV�DPRQJ�WUHDWPHQWV��3(%'�13$J�SDUWLDOO\�LQKLELWHG�WKH�JURZWK�RI�\HDVWV�DQG�PROGV��7KH�SURMHFW�
LV�VWLOO�UXQQLQJ�DQG�QHZ�WHVWV�DUH�SHUIRUPHG�
Keywords: Fragaria x ananassa�'XFK��SDFNDJLQJ��PLFURELRORJ\��ORZ�GHQVLW\�SRO\HWK\OHQH�

1 1 introduÇÃo

2V�PRUDQJRV��Fragaria x ananassa�'XFK���VmR�IUXWRV�GH�JUDQGH�LQWHUHVVH�SRU�VHX�YDORU�QXWUL�
FLRQDO��VHU�XPD�ERD�IRQWH�GH�YLWDPLQD�&��DQWRFLDQLQDV�H�ÀDYRQRLGHV��VXD�FRORUDomR�DWUDWLYD�YHUPHOKR�
EULOKDQWH�H�SHOR�RGRU�FDUDFWHUtVWLFR��2'5,2=2/$�6(55$12�et al���������025$(6�et al.���������
3RUpP��RV�PRUDQJRV�WHP�YLGD�~WLO�PXLWR�FXUWD�H�VmR�VHQVtYHLV�D�GDQRV�PHFkQLFRV��D�SHUGD�GH�iJXD�H�
D� GHWHULRUDomR�¿VLROyJLFD� �0812=�'(/*$'2�� ������%5$*$�� �������2�PHUFDGR� FRQVXPLGRU� GH�
PRUDQJRV�IUHVFRV�p�H[LJHQWH�TXDQWR�D�TXDOLGDGH�GRV�DWULEXWRV�VHQVRULDLV��FRORUDomR�H�VDERU��EHP�FRPR�
D�DXVrQFLD�GH�GHIHLWRV��%5$*$��������,QFRUSRUDU�QDQRSDUWtFXODV�GH�SUDWD�HP�PDWUL]�SROLPpULFD�SDUD�
GHVHQYROYHU�HPEDODJHQV�GH�DOLPHQWRV��SRGH�LQLELU�R�FUHVFLPHQWR�PLFURELDQR�H�DVVLP�SURORQJDU�D�YLGD�
~WLO�GRV�SURGXWRV��8WLOL]DU�HVWH�WLSR�GH�HPEDODJHP�SRGH�SHUPLWLU�XPD�YLGD�GH�SUDWHOHLUD�PDLV�ORQJD�SDUD�
RV�PRUDQJRV��DJUHJDQGR�YDORU�HP�WRGD�D�FDGHLD�SURGXWLYD�GR�PRUDQJR�9iULDV�WHFQRORJLDV�WrP�VLGR�DSOL�
FDGDV�QD�LQG~VWULD�DOLPHQWDU��$�QDQRWHFQRORJLD�YHP�EHQH¿FLDQGR�YiULRV�VHWRUHV�GD�LQG~VWULD�DOLPHQWtFLD�
H�XPD�GHODV�p�D�SURGXomR�GH�HPEDODJHQV��&86+(1�HW�DO����������,QFRUSRUDU�QDQRSDUWtFXODV�PHWiOLFDV�
HP�¿OPHV�SROLPpULFRV�p�XPD�HVWUDWpJLD�SDUD�R�GHVHQYROYLPHQWR�GH�HPEDODJHQV�PDLV�DGHTXDGDV�SDUD�
FRQVHUYDomR�GH�IUXWDV��SURORQJDQGR�VXD�YLGD�SyV�FROKHLWD��$V�QDQRSDUWtFXODV�GH�SUDWD�WrP�VLGR�LQFRU�
SRUDGDV�HP�HPEDODJHQV�GH�DOLPHQWRV�SDUD�H[HUFHUHP�VXD�DWLYLGDGH�DQWLPLFURELDQD��&86+(1�et al.��
�������$�OLWHUDWXUD�LQGLFD�TXH�DV�QDQRSDUWtFXODV�GH�SUDWD�WDPEpP�SRGHP�WHU�DomR�DQWLI~QJLFD��358&(.�
et al.���������2EMHWLYD�VH�QHVWH�WUDEDOKR�DYDOLDU�D�TXDOLGDGH�SyV�FROKHLWD�H�PLFURELROyJLFD�GH�PRUDQJR�
HPEDODGR�SRU�¿OPHV�FRQWHQGR�QDQRSDUWtFXODV�GH�SUDWD�H�¿OPHV�FRQYHQFLRQDLV�

2 mAteriAiS e métodoS

0RUDQJRV�� FXOWLYDU� µ$OELRQ¶� IRUDP�FROKLGRV� HP�(VWLYD�±�0LQDV�*HUDLV��2V�PRUDQJRV� IRUDP�
VDQLWL]DGRV�FRP�6XPDYHJ�����SSP�H�HPEDODGRV�FRP�¿OPHV�GH�3ROLHWLOHQR�GH�%DL[D�'HQVLGDGH��3(%'��
H�¿OPHV�GH�3(%'�FRQWHQGR�QDQRSDUWtFXODV�GH�SUDWD��3(�13$J���2V�PRUDQJRV�IRUDP�DUPD]HQDGRV�HP�
FkPDUD�IULD�D�����&��VLPXODQGR�WHPSHUDWXUD�DPELHQWH��SRU�QRYH�GLDV��$QiOLVHV�ItVLFR�TXtPLFDV�UHDOL]D�
GDV�IRUDP��3HUGD�GH�PDVVD�IUHVFD��GHWHUPLQDGD�HP�EDODQoD�GLJLWDO�GH�SUHFLVmR��������J���PRGHOR�0DUWH�
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$6������&��Ratio��REWLGR�SRU�PHLR�GD�UHODomR�HQWUH�R�WHRU�GH�VyOLGRV�VRO~YHLV��66��H�D�DFLGH]�WLWXOiYHO�
�$7��H�7HRU�GH�iFLGR�$VFyUELFR�GHWHUPLQDGR�D�SDUWLU�GD�WLOXODomR�FRP�UHDWLYR�GH�7LOOPDQV������GLFORUR�
IHQROLQGRIHQRO�GH�VyGLR�D���������FRP�UHVXOWDGRV�H[SUHVVRV�HP�PJ�����P/���GH�H[WUDWR�GDV�DPRVWUDV�
KRPRJHQHL]DGDV��5$1*$1$���������$QiOLVH�PLFURELROyJLFD�IRL�UHDOL]DGD�QRV�PRUDQJRV��GHWHUPLQDQ�
GR�D�FRQWDJHP�WRWDO�GH�ERORUHV�H� OHYHGXUDV��XWLOL]DQGR�PHLR�GH�FXOWXUD�3RWDWR�'H[WURVH�$JDU��3'$��
LQFXEDQGR�D����&�SRU���GLDV�

3 reSultAdoS e diScuSSÃo

2V�PRUDQJRV�HPEDODGRV�FRP�¿OPHV�FRQWHQGR�QDQRSDUWtFXODV�GH�SUDWD�WLYHUDP�R�PHVPR�FRP�
SRUWDPHQWR�TXDQWR�DR�S+�DR�ORQJR�GRV�GLDV�GH�DUPD]HQDPHQWR��SRUpP�RV�IUXWRV�GR�WUDWDPHQWR�3(�13$J�
HVWDYDP�PDLV�iFLGR�TXH�RV�HPEDODGRV�FRP�3(%'��)LJXUD���D���2V�YDORUHV�HQFRQWUDGRV�SDUD�S+�HVWmR�
SUy[LPR�DR�HQFRQWUDGR�SRU�1LHOVHQ�H�/HXIYpQ���������S+ ������2EVHUYRX�VH�GHFUpVFLPR�GR�5DWLR�DWp�
R�VH[WR�GLD�FRP�DXPHQWR�QR�~OWLPR�GLD�GH�DQiOLVH�SDUD�RV�GRLV�WUDWDPHQWRV��)LJXUD���E���2EVHUYD�VH�QR�
GpFLPR�GLD�TXH�3(�13$J�REWHYH�YDORUHV�PHQRUHV�SDUD�5DWLR�R�TXH�SRGH�LQGLFDU�PHQRU�VHQHVFrQFLD�GR�
IUXWR�FRPSDUDGR�FRP�R�FRQWUROH�3(%'��$�UHODomR�66�$7�HVWi�UHODFLRQDGD�FRP�R�VDERU�GRV�IUXWRV��IDWRU�
DSUHFLiYHO�SHOR�PHUFDGR�FRQVXPLGRU��$�)LJXUD���F�PRVWUD�TXH�PRUDQJRV�HPEDODGRV�FRP�3(�13$J�RE�
WLYHUDP�PHQRUHV�YDORUHV�SDUD�iFLGR�DVFyUELFR�FRPSDUDGR�FRP�3(%'�
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Figura 1. $QiOLVHV�ItVLFR�TXtPLFDV���D��S+���E��Ratio��66�$7��H��F��7HRU��GH�ÈFLGR�$VFyUELFR�

$�FRQWDJHP� WRWDO� GH�ERORUHV� H� OHYHGXUDV� HVWi� H[SUHVVD�QD�)LJXUD����1RWD�VH�TXH�� H[FHWR�QR�
VHJXQGR�GLD�GH�DQiOLVH��RV�PRUDQJRV�HPEDODGRV�SRU�3(%'�13$J�PRVWUDUDP�PHQRU�FRQWDJHP�PLFUR�
ELROyJLFD��FRP�H[FHomR�GR�VHJXQGR�GLD�GH�DQiOLVH��$V�QDQRSDUWtFXODV�GH�SUDWD�SRGHP�LQLELU�R�FUHVFL�
PHQWR�GH�ERORUHV�H�OHYHGXUDV��.,0�et al.��������DVSHFWR�GH�LQWHUHVVH�QD�FRQVHUYDomR�SyV�FROKHLWD�GH�
morangos.
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Figura 2. &RQWDJHP�GH�ERORUHV�H�OHYHGXUDV�GH�PRUDQJRV�

4 concluSÃo

&RQFOXL�VH�TXH�RV�¿OPHV�FRQWHQGR�QDQRSDUWtFXODV�GH�SUDWD�QmR�LQÀXHQFLDUDP�QD�TXDOLGDGH�SyV�
FROKHLWD�GH�PRUDQJRV�H�DSUHVHQWRX�SHTXHQD�LQLELomR�QR�FUHVFLPHQWR�GH�ERORUHV�H�OHYHGXUDV�QDV�FRQGL�

(b)(a)
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o}HV�DQDOLVDGDV��2XWURV�HQVDLRV�VHUmR�IHLWRV�SDUD�DYDOLDU�D�DWLYLGDGH�DQWLPLFURELDQD�GHVWHV�¿OPHV�SDUD�
outros grupos de microrganismos. 
 

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��)LQHS��&DSHV��)$3(63�H�3URMHWR�03��5HGH�$JURQDQR�±�(P�
brapa. 
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YDGR�VRE�UHIULJHUDomR�H�DWPRVIHUD�FRQWURODGD��&LrQF��7HFQRO��$OLPHQW���&DPSLQDV��Y������Q����S�����������
�����

0812=�'(/*$'2��-��(IIHFWV�RI�IUHH]LQJ��VWRUDJH�DQG�GLVWULEXWLRQ�RQ�TXDOLW\�DQG�QXWULWLYH

DWWULEXWHV�RI�IRRGV��LQ�SDUWLFXODU�IUXLW�DQG�YHJHWDEOHV��/RQGRQ��$SSOLHG�6FLHQFH�3XEOLVKHUV�������
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2'5,2=2/$�6(55$12��,���62/,9$�)25781<��5���0$57Ë1�%(//262��2��&KDQJHV�LQ�ELRDFWLYH�
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&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
$VSHUJLOOXV�ÀDYXV�SURGX]HP�DÀDWR[LQDV��VXEVWkQFLDV�SRWHQFLDOPHQWH�KHSDWRFDUFLQRJrQLFDV��VHQGR�SUH�
MXGLFLDO�j�VD~GH�WDQWR�GH�SHVVRDV�TXDQWR�GH�DQLPDLV��2�REMHWLYR�GHVWH�WUDEDOKR�IRL�GHVHQYROYHU�XP�¿OPH�
DWLYR�LQFRUSRUDGR�FRP�yOHR�HVVHQFLDO�GH�IXQFKR�GRFH��2()'��SDUD�DFRQGLFLRQDU�DPHQGRLP�H�SURPR�
YHU�D�LQLELomR�GHVWH�IXQJR��2V�¿OPHV�IRUDP�SURGX]LGRV�SHOR�PpWRGR�³FDVW´�LQFRUSRUDQGR�VH�GLIHUHQWHV�
FRQFHQWUDo}HV�GH�2()'��)RL� UHDOL]DGR� WHVWH�³LQ�VLWX´�GRV�ELRSROtPHURV�FRPR�HPEDODJHP�DWLYD�SDUD�
amendoins previamente inoculados com $VSHUJLOOXV� ÀDYXV��2� ¿OPH� DWLYR� LQFRUSRUDGR� FRP� ����GH�
2()'�DSUHVHQWRX�UHGXomR�GH���FLFOR�ORJDUtWPLFR�GD�SRSXODomR�LQLFLDO�GR�IXQJR�$��ÀDYXV��2�¿OPH�DQWL�
PLFURELDQR�PRVWUD�VHU�XPD�IRUPD�LQRYDGRUD�GH�JDUDQWLU�SURGXWRV�PDLV�VHJXURV�DRV�FRQVXPLGRUHV��SRU�
meio do uso de tecnologia de barreira.
Palavras-chave��(PEDODJHP�DWLYD��ÏOHR�HVVHQFLDO�GH�IXQFKR�GRFH��$FHWDWR�GH�FHOXORVH�

AntiFunGAl celluloSic Film to control ASpERGILLUS FLAvUS in PeAnutS 
Abstract
$VSHUJLOOXV� ÀDYXV� SURGXFHV� DÀDWR[LQ�� SRWHQWLDOO\� FDUFLQRJHQLF� VXEVWDQFHV� ZKLFK� DUH� KDUPIXO� WR� WKH�
KHDOWK�IRU�ERWK�SHRSOH�DQG�DQLPDOV��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHYHORS�DQ�DFWLYH�¿OP�LQFRUSRUDWHG�
ZLWK�HVVHQWLDO�RLO�RI�VZHHW�IHQQHO��(26)��IRU�SDFNLQJ�SHDQXWV�DQG�SURPRWH�LQKLELWLRQ�RI�WKLV�IXQJXV��
7KH�¿OPV�ZHUH�SURGXFHG�E\� WKH�³FDVW´�PHWKRG�ZLWK�GLIIHUHQW� FRQFHQWUDWLRQV�RI�(26)� LQFRUSRUDWHG��
:DV�UHDOL]HG�D�WHVW�³LQ�VLWX´�RI�ELRSRO\PHUV�DV�DFWLYH�SDFNDJLQJ�IRU�SHDQXWV�SUHYLRXVO\�LQRFXODWHG�ZLWK�
$VSHUJLOOXV�ÀDYXV��7KH�DFWLYH�¿OP�LQFRUSRUDWHG�ZLWK�����RI�2()'�GHFUHDVHG�E\���ORJ�F\FOH�IURP�WKH�
LQLWLDO�SRSXODWLRQ�RI�WKH�$��ÀDYXV��7KH�DQWLPLFURELDO�¿OP�SURYHV�WR�EH�DQ�LQQRYDWLYH�ZD\�WR�VDIHU�SURG�
XFWV�WR�FRQVXPHUV�WKURXJK�WKH�XVH�RI�EDUULHU�WHFKQRORJ\�
Keywords: $FWLYH�SDFNDJLQJ��(VVHQWLDO�RLO�RI�VZHHW�IHQQHO��&HOOXORVH�DFHWDWH�

3XEOLFDomR�UHODFLRQDGDV��(63,7,$��3��-��3���62$5(6��1��)��)���7(Ï),/2��5��)���&2,0%5$��-��6��5���
9,725��'��0���%$7,67$��5��$���)(55(,5$��6��2���$1'5$'(��1��-���0('(,526��(��$��$��3K\VLFDO±
PHFKDQLFDO�DQG�DQWLPLFURELDO�SURSHUWLHV�RI�QDQRFRPSRVLWH�¿OPV�ZLWK�SHGLRFLQ�DQG�=Q2�QDQRSDUWLFOHV��
&DUERK\GUDWH�3RO\PHUV��Y������S����������������

1 introduÇÃo

$VSHUJLOOXV�ÀDYXV�p�XP�JrQHUR�GH�IXQJR�VDSUy¿WD�SUHVHQWH�HP�VRORV�GH�WRGR�R�PXQGR��3RGH�
FRQWDPLQDU�H�SURGX]LU�DÀDWR[LQDV�HP�SURGXWRV�DJUtFRODV�FRPR�JUmRV�� FHUHDLV�H�ROHDJLQRVDV��GHVGH�R�
FDPSR�DWp�R�DUPD]HQDPHQWR�H�WUDQVSRUWH��'DV�YiULDV�IRUPDV�GH�DÀDWR[LQDV�H[LVWHQWHV��D�%��p�D�PDLV�
FDUFLQRJrQLFD��$VVLP��R�FRQWUROH�GD�FRQWDPLQDomR�GHVVDV�VXEVWkQFLDV�p�GH�H[WUHPD�LPSRUWkQFLD�QHVVHV�
DOLPHQWRV��$0$5(�H�.(//(5��������%/(6$�HW�DO���������

'HQWUH�RV�SURGXWRV�DJUtFRODV��R�DPHQGRLP�p�XP�GRV�PDLV�VXVFHWtYHLV�j�FRQWDPLQDomR�SRU�IXQJRV�
GR�JrQHUR�Aspergillus��35$'2�HW�DO����������$�FRQWDPLQDomR�FRP�$��ÀDYXV�H�DÀDWR[LQDV�HP�DPHQGRLP�
H�VHXV�GHULYDGRV�WrP�GHVSHUWDGR�D�DWHQomR�GRV�yUJmRV�VDQLWiULRV��WLGR�FRPR�XP�SUREOHPD�GH�VD~GH�S~�
EOLFD�PXQGLDO��XPD�YH]�TXH�YiULRV�SDtVHV�H[SRUWDP�DPHQGRLP�SDUD�R�PXQGR�LQWHLUR��3(5(,5(�HW�DO���
������

$VVLP��R�GHVHQYROYLPHQWR�GR�IXQJR�GXUDQWH�D�FDGHLD�SURGXWLYD�SRGH�VHU�HYLWDGR�SRU�PHLR�GR�
FRQWUROH�GDV�FRQGLo}HV�GH�HPEDODJHP�H�DUPD]HQDPHQWR��&RPR�DOWHUQDWLYD��WHP�VH�R�GHVHQYROYLPHQWR�
GH�XPD�HPEDODJHP�TXH�SURPRYD�D�LQLELomR�GR�FUHVFLPHQWR�GR�IXQJR�$��ÀDYXV.

&RP�SRWHQFLDO�SDUD�HVWH� WLSR�GH�DSOLFDomR�� WrP�VH�DV�HPEDODJHQV�DWLYDV��$OpP�GH�SURWHJHU�R�
DOLPHQWR��HODV�LQWHUDJHP�FRP�R�PHVPR��VHMD�PHOKRUDQGR�DOJXPD�SURSULHGDGH�GR�SURGXWR�RX�LQLELQGR�R�
GHVHQYROYLPHQWR�GH�PLFURUJDQLVPRV��SRU�PHLR�GD�PLJUDomR�GH�DOJXP�FRPSRVWR�DWLYR��$�LQWHUDomR�FRP�
R�SURGXWR�DUPD]HQDGR�SRGH�VH�GDU�GH�GLIHUHQWHV�IRUPDV��FRPR�D�LQFRUSRUDomR�GH�DQWLPLFURELDQR�HP�
VDFKr��LQFRUSRUDomR�GH�DQWLPLFURELDQR�QD�UHVLQD�SROLPpULFD��HQWUH�RXWUDV��62$5(6�HW�DO���������

2�SRWHQFLDO�DQWLI~QJLFR�GH�H[WUDWR�FRQWHQGR�yOHR�GH�IXQFKR�GRFH��Foeniculum vulgare�0LOO��HP�
GLIHUHQWHV�GRVHV�VREUH�GLYHUVRV�IXQJRV�GR�JrQHUR�Aspergillus��Fusarium��Penicillium e Curvularia lu-
nata�IRL�DYDOLDGR��6,1*+�HW�DO����������'HQWUH�RV�UHVXOWDGRV��REVHUYDUDP�VH�TXH�D�GRVH�GH����/�GR�yOHR�
SURPRYHX�LQLELomR�FRPSOHWD�GRV�IXQJRV�A. niger��$��ÀDYXV��Fusarium graminearum e F. monoliforme. 
$�FDSDFLGDGH�DQWLI~QJLFD�GR�yOHR�GH�IXQFKR�p�GHYLGD�DRV�FRPSRVWRV�IHQyOLFRV�H�D�DQHWROD�TXH�SRVVXHP�
DWLYLGDGH�DQWLPLFURELDQD��1<&+$6��������&857,6�HW�DO���������

1HVWH� FRQWH[WR�� R� REMHWLYR� GHVWH� WUDEDOKR� IRL� GHVHQYROYHU� XP�¿OPH� DWLYR� GH� EDVH� FHOXOyVLFD�
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LQFRUSRUDGR�FRP�yOHR�HVVHQFLDO�GH� IXQFKR�GRFH�H� DYDOLDU� DomR�DQWLPLFURELDQD�QR�FRQWUROH�GR� IXQJR�
$VSHUJLOOXV�ÀDYXV em amendoim.

2 mAteriAiS e métodoS

2�H[SHULPHQWR�IRL�UHDOL]DGR�QR�/DERUDWyULR�GH�(PEDODJHP�GR�'HSDUWDPHQWR�GH�7HFQRORJLD�GH�
$OLPHQWRV�GD�8QLYHUVLGDGH�)HGHUDO�GH�9LoRVD�±�0LQDV�*HUDLV��9LoRVD��0LQDV�*HUDLV�±�%UDVLO��

2.1 3URGXomR�GR�¿OPH�DQWLPLFURELDQR

2V�¿OPHV�IRUDP�SURGX]LGRV�SHOR�PpWRGR�³FDVW´��FRQIRUPH�62$5(6���������XWLOL]DQGR�DFHWDWR�
GH�FHOXORVH��5RGLD��FRPR�PDWUL]�SROLPpULFD�H�DFHWRQD��9HWHF�3$��FRPR�VROYHQWH��¬�VROXomR�¿OPRJr�
QLFD�IRL�DGLFLRQDGR�yOHR�HVVHQFLDO�GH�IXQFKR�QDV�FRQFHQWUDo}HV�GH����������H������P�P��HP�UHODomR�
j�UHVLQD�XWLOL]DGD��)LOPHV�FRQWUROH�IRUDP�SURGX]LGRV�VHP�D�DGLomR�GH�yOHR�HVVHQFLDO��2V�¿OPHV�IRUDP�
HPEDODGRV�j�YiFXR�SDUD�DQiOLVHV�SRVWHULRUHV�

2.2 $YDOLDomR�GRV�¿OPHV�TXDQWR�j�LQLELomR�GR�$VSHUJLOOXV�ÀDYXV

)RUDP�XWLOL]DGRV�DPHQGRLQV�GHVFDVFDGRV�H�VHOHFLRQDGRV�DGTXLULGRV�QR�PHUFDGR�ORFDO��
&RP�R�REMHWLYR�GH�HOLPLQDU�FRQWDPLQDo}HV�SUpYLDV�QR�SURGXWR��RV�JUmRV�IRUDP�VXEPHWLGRV�DR�

WUDWDPHQWR�WpUPLFR�GH������&�SRU����PLQXWRV��DXWRFODYH��H��HP�VHJXLGD��DFRQGLFLRQDGRV�j�WHPSHUDWXUD�
GH�����&�SRU����KRUDV�SDUD�UHDOL]DomR�GD�DQiOLVH�

)RL�UHDOL]DGR�SODTXHDPHQWR�SRU�HVJRWDPHQWR�GR�IXQJR�$VSHUJLOOXV�ÀDYXV�HP�PHLR�%'$��FRP�
LQFXEDomR�D�����&�SRU�VHLV�GLDV��)RL�UHWLUDGD�XPD�DOoDGD�GH�XPD�FRO{QLD�LVRODGD�H�WUDQVIHULGD�SDUD�QRYH�
PO�GH�iJXD�SHSWRQDGD�����P�Y��H�LQFXEDGD�D�����&�SRU����KRUDV��(VWD�VXVSHQVmR�IRL�XWLOL]DGD�SDUD�LQR�
FXODomR�QRV�DPHQGRLQV�H�D�FRQGXomR�GR�H[SHULPHQWR�

2V�DPHQGRLQV�IRUDP�HPEDODGRV�HP�VDFRV�HODERUDGRV�FRP�RV�¿OPHV�DWLYRV�FRP�FDSDFLGDGH�GH�
���J�H�D�HVWHV�IRUDP�LQRFXODGRV������/�GD�VXVSHQVmR�GH�$��ÀDYXV��$V�HPEDODJHQV�IRUDP�VHODGDV�WHQGR�
R�SROLHWLOHQR�QDLORQ�FRPR�HPEDODJHP�VHFXQGiULD��)LJXUD����
 

Figura 1. $PHQGRLQV�HPEDODGRV�HP�¿OPHV�LQFRUSRUDGRV�FRP�yOHR�HVVHQFLDO�GH�IXQFKR�GRFH�QDV�FRQFHQWUDo}HV�
GH�����$��������%��H������&��

$V�HPEDODJHQV�IRUDP�DUPD]HQDGDV�D�����&�H�R�DPHQGRLP�DQDOLVDGR�QRV�WHPSRV�����������H����
dias.

)RUDP�DPRVWUDGRV����J�GH� DPHQGRLP�GH� FDGD� WUDWDPHQWR� VHSDUDGDPHQWH��$R�DPHQGRLP� IRL�
DGLFLRQDGR�����P/�GH�iJXD�SHSWRQDGD�������P�Y��H�KRPRJHQHL]DGR�HP�VWRPDFKHU�SRU���PLQXWRV�

)RL�UHDOL]DGR�SODTXHDPHQWR�³SRXU�SODWH´�HP�PHLR�%'$�H�DV�SODFDV�GH�3HWUL�LQFXEDGDV�D�����&�
por seis dias.

2.3 delineamento experimental e análise dos dados

2V�H[SHULPHQWRV�IRUDP�UHDOL]DGRV�HP�GHOLQHDPHQWR�LQWHLUDPHQWH�FDVXDOL]DGR��',&��FRP�GXDV�
UHSHWLo}HV��2V�GDGRV�IRUDP�DYDOLDGRV�DWUDYpV�GH�DQiOLVH�GH�YDULkQFLD�XWLOL]DQGR�R�WHVWH�)�DR�QtYHO�GH����
GH�SUREDELOLGDGH��2V�GDGRV�IRUDP�LQWHUSUHWDGRV�SRU�PHLR�GDV�FRPSDUDo}HV�GDV�PpGLDV�XWLOL]DQGR�R�WHVWH�
7XNH\�DR�QtYHO�GH����GH�SUREDELOLGDGH��$V�DQiOLVHV�IRUDP�UHDOL]DGDV�XWLOL]DQGR�R�SURJUDPD�6$6��6WD�
WLVWLFDO�$QDO\VLV�6\VWHP�±�6$6�,QVLWXWH�,QF���1RUWK�&DUROLQD��86$���YHUVmR������OLFHQFLDGR�SDUD�D�8)9�
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3 reSultAdoS e diScuSSÃo

$�H¿FLrQFLD�GRV�¿OPHV�DWLYRV�LQFRUSRUDGRV�FRP�yOHR�HVVHQFLDO�GH�IXQFKR�GRFH�QD�LQLELomR�GR�
desenvolvimento de $��ÀDYXV� VH�PRVWURX�SURPLVVRUD�SHOD�DYDOLDomR�³LQ� VLWX´�FRP�DPHQGRLP��FRPR�
SRGH�VHU�REVHUYDGR�QD�)LJXUD����'XUDQWH�RV�SULPHLURV�GH]�GLDV�GH�HVWRFDJHP�KRXYH�LQLELomR�GR�FUHVFL�
mento do $��ÀDYXV�HP�WRGRV�RV�WUDWDPHQWRV��KDYHQGR�WDPEpP�UHGXomR�GD�SRSXODomR�LQLFLDO�GR�IXQJR��
3RUpP�D�LQLELomR�IRL�FRQWtQXD�DSHQDV�QRV�WUDWDPHQWRV�RQGH�RV�DPHQGRLQV�HVWDYDP�DFRQGLFLRQDGRV�QRV�
¿OPHV�DWLYRV�LQFRUSRUDGRV�FRP�yOHR�HVVHQFLDO�GH�IXQFKR�GRFH��

Figura 2. &XUYD�GH�LQLELomR�GR�FUHVFLPHQWR�GH�$��ÀDYXV�LQRFXODGR�HP�DPHQGRLQV�HVWRFDGRV�D����&�SRU����
GLDV�QDV�VHJXLQWHV�HPEDODJHQV��  Embalagem de polietileno. �(PEDODJHP�FRP�¿OPH�FRP����GH�yOHR�
HVVHQFLDO�GH�IXQFKR�GRFH��FRQWUROH��� �(PEDODJHP�FRP�¿OPH�LQFRUSRUDGR�FRP�����GH�yOHR�HVVHQFLDO�GH�

IXQFKR�GRFH�� �(PEDODJHP�FRP�¿OPH�LQFRUSRUDGR�FRP�����GH�yOHR�HVVHQFLDO�

$R�¿QDO�GRV�WULQWD�GLDV�GH�HVWRFDJHP��RV�DPHQGRLQV�FRQWLGRV�QRV�¿OPHV�DWLYRV�LQFRUSRUDGRV�
FRP������P�P��GH�yOHR�HVVHQFLDO�GH�IXQFKR�GRFH�WLYHUDP�UHGXomR�GH�XP�FLFOR�ORJDUtWPLFR�GD�SRSXODomR�
de $��ÀDYXV�HP�FRPSDUDomR�DRV�DPHQGRLQV�HPEDODGRV�HP�¿OPH�GH�SROLHWLOHQR�

$�HIHWLYLGDGH�DQWLI~QJLFD�GR�yOHR�HVVHQFLDO�GH�IXQFKR�GRFH�IRL�FRPSURYDGD�QD�OLWHUDWXUD��6,1�
*+�HW�DO����������HVSHFL¿FDPHQWH�FRQWUD�$��ÀDYXV��$�PHQRU�HIHWLYLGDGH�REVHUYDGD�QRV�UHVXOWDGRV�FRP�R�
DPHQGRLP�DFRQGLFLRQDGR�QRV�¿OPHV��)LJXUD����SRGH�HVWDU�UHODFLRQDGD�FRP�D�EDL[D�PLJUDomR�GR�FRP�
SRVWR�DQWLI~QJLFR�GR�yOHR�HVVHQFLDO�SDUD�R�DPHQGRLP��$OpP�GLVVR��D�EDVH�FHOXOyVLFD�SRGH�WHU�FRQWULEXtGR�
SDUD�DXPHQWDU�D�UHWHQomR�GR�yOHR�QD�UHVLQD��GLPLQXLQGR�D�VDWXUDomR�GRV�FRPSRVWRV�YROiWHLV�QR�DPELHQWH�
GD�HPEDODJHP��%275(�HW�DO����������

$SHVDU�GD�LQLELomR�DQWLPLFURELDQD�³LQ�YLWUR´�WHU�VLGR�UHODWDGD�SRU�PHLR�GD�DomR�GRV�yOHRV�HVVHQ�
FLDLV��%275(�HW�DO����������VmR�QHFHVViULDV�FRQFHQWUDo}HV�PDLRUHV�SDUD�REWHU�D�PHVPD�H¿FLrQFLD�QRV�
WHVWH�³LQ�YLYR´��LVWR�p��TXDQGR�DSOLFDGRV�GLUHWDPHQWH�QRV�DOLPHQWRV�

2XWUDV�IRUPDV�GH�LQFRUSRUDomR�GH�FRPSRVWRV�QDWXUDLV�QD�HPEDODJHP�YLVDQGR�LQLELomR�PLFURELD�
QD�YrP�VHQGR�HVWXGDGDV��FRPR�SRU�H[HPSOR��R�GHVHQYROYLPHQWR�GH�VDFKrV�LQFRUSRUDGRV�FRP�FRPSRV�
WRV�DQWLPLFURELDQRV�SDUD�LQLELomR�GH�IXQJRV��6,/9$�HW�DO����������6HQGR�DVVLP��SHOR�HQRUPH�SRWHQFLDO�
DQWLI~QJLFR�GR�yOHR�HVVHQFLDO�GH�IXQFKR�GRFH��R�GHVHQYROYLPHQWR�GH�VDFKrV�LQFRUSRUDGRV�FRP�R�PHVPR�
SRGH�VHU�XPD�DOWHUQDWLYD�SDUD�D�LQLELomR�FRP�PDLRU�H¿FLrQFLD�GH�$VSHUJLOOXV�ÀDYXV em amendoins.

4 concluSÃo

$V�HPEDODJHQV�GHVHQYROYLGDV�FRP�¿OPHV�DWLYRV�DQWLPLFURELDQRV�SRU�PHLR�GD�LQFRUSRUDomR�GH�
yOHR�HVVHQFLDO�GH�IXQFKR�GRFH��Foeniculum vulgare�0LOO��DSUHVHQWDUDP�H¿FiFLD�TXDQWR�j�LQLELomR�GR�
FUHVFLPHQWR�GR�IXQJR�$VSHUJLOOXV�ÀDYXV��2XWUDV�IRUPDV�GH�LQFRUSRUDomR�GH�FRPSRVWRV�QDWXUDLV�QD�HP�
EDODJHP�YLVDQGR�D�LQLELomR�PLFURELDQD�GHYHP�VHU�HVWXGDGDV�SDUD�DXPHQWDU�D�H¿FLrQFLD�GD�FRQVHUYDomR��
(VVH�VLVWHPD�GH�HPEDODJHP��SRU�PHLR�GH�¿OPH�DWLYR��DSUHVHQWD�XPD�IRUPD�LQRYDGRUD�GH�JDUDQWLU�SURGX�
tos mais seguros aos consumidores. 

AGrAdecimentoS

¬�&$3(6��DR�&13T��j�)$3(0,*�H�j�),1(3�SHOR�DSRLR�¿QDQFHLUR�
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resumo
2�HQIRTXH�SULQFLSDO�GHVWH�WUDEDOKR�IRL�GHVHQYROYHU�¿OPHV�ELRGHJUDGiYHLV�D�SDUWLU�GH�JHODWLQD�REWLGD�GH�
UHVtGXRV�GH�WLOiSLD��Oreochromis niloticus��H�JDODFWRPDQDQD�H[WUDtGD�GD�$OJDURED��3URVRSLV�MXOLÀRUD��
LQFRUSRUDGRV�FRP�QDQRFULVWDLV�GH�FHOXORVH�H[WUDtGRV�GD�YDJHP�GD�DOJDURED��$�IRUPXODomR�GRV�¿OPHV�GH�
JHODWLQD����H�JDODFWRPDQDQD����IRL�IHLWD�XWLOL]DQGR�����GH�JOLFHURO��HP�EDVH�VHFD�GH�JHODWLQD�H�JDODF�
WRPDQDQD��YDULDQGR�D�TXDQWLGDGH�GH�QDQRFULVWDLV�GH�FHOXORVH�QDV�FRQFHQWUDo}HV�GH��������H�������HP�
EDVH�VHFD�GH�JHODWLQD�H�JDODFWRPDQDQD���2V�¿OPHV�IRUDP�REWLGRV�SRU�FDVWLQJ�H�FDUDFWHUL]DGRV�TXDQWR�j�
SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD��39$��H�SURSULHGDGHV�PHFkQLFDV�GH�UHVLVWrQFLD�j�WUDomR��HORQJDomR�H�
PyGXOR�HOiVWLFR��$�XWLOL]DomR�GH�QDQRFULVWDLV�GH�FHOXORVH�IRUDP�HIHWLYRV�SDUD�UHGX]LU�D�SHUPHDELOLGDGH�
DR�YDSRU�GH�iJXD��39$��GLPLQXLQGR�D�SHUPHDELOLGDGH�VLJQL¿FDWLYDPHQWH�FRP�D�XWLOL]DomR�GH����GH�
QDQRFHOXORVH��$�DGLomR�GH�QDQRFHOXORVH�LQFUHPHQWRX�D�UHVLVWrQFLD�j�WUDomR�H�PyGXOR�D�SDUWLU�GH������
FRP�XP�SHTXHQR�GHFUpVFLPR�QD�FRQFHQWUDomR�GH�������1mR�KRXYH�HIHLWR�VLJQL¿FDWLYR�FRP�D�DGLomR�GH�
QDQRFHOXORVH�QD�HORQJDomR�GRV�¿OPHV�
Palavras-chave��)LOPHV�ELRGHJUDGiYHLV��*HODWLQD��*DODFWRPDQDQD��1DQRFHOXORVH�

StudY oF mecHAnicAl ProPertieS And bArrier in FilmS From GelAtin And 
GAlActomAnnAn included witH Fiber nAnocelluloSe meSquite (pROSO-
pIS jULIFLORA)
Abstract
7KH�PDLQ�IRFXV�RI�WKLV�ZRUN�ZDV�WR�GHYHORS�ELRGHJUDGDEOH�¿OPV�IURP�JHODWLQ�REWDLQHG�IURP�ZDVWH�WLODSLD�
�Oreochromis niloticus��DQG�JDODFWRPDQQDQ�H[WUDFWHG�IURP�PHVTXLWH��3URVRSLV�MXOLÀRUD��LQFRUSRUDWHG�
ZLWK�FHOOXORVH�QDQRFU\VWDOV�H[WUDFWHG�IURP�WKH�SRGV�RI�PHVTXLWH��7KH�IRUPXODWLRQ�RI�WKH�¿OPV�RI�JHODWLQ�
���DQG����JDODFWRPDQQDQ�ZDV�SHUIRUPHG�XVLQJ�����JO\FHURO��EDVHG�RQ�GU\�JHODWLQ�JDODFWRPDQQDQ��
YDU\LQJ�WKH�DPRXQW�RI�FHOOXORVH�QDQRFU\VWDOV�DW�FRQFHQWUDWLRQV�RI��������DQG�������E\�GU\�EDVLV�RI�JHODWLQ�
DQG�JDODFWRPDQQDQ���7KH�¿OPV�ZHUH�REWDLQHG�E\�FDVWLQJ�DQG�FKDUDFWHUL]HG�DV�LWV�SHUPHDELOLW\�WR�ZDWHU�
YDSRU��:93��DQG�PHFKDQLFDO�SURSHUWLHV�RI�WHQVLOH�VWUHQJWK��HORQJDWLRQ�DQG�HODVWLF�PRGXOXV��7KH�XVH�RI�
FHOOXORVH�QDQRFU\VWDOV�ZHUH�HIIHFWLYH�WR�UHGXFH�WKH�SHUPHDELOLW\�WR�ZDWHU�YDSRU��:93���GHFUHDVLQJ�WKH�
SHUPHDELOLW\�VLJQL¿FDQWO\�XVLQJ����QDQRFHOXORVH��$GGLQJ�QDQRFHOXORVH�LQFUHDVHG�WKH�WHQVLOH�VWUHQJWK�
DQG�PRGXOXV�IURP������ZLWK�D�VOLJKW�GHFUHDVH�LQ�FRQFHQWUDWLRQ�RI�������7KHUH�ZDV�QR�VLJQL¿FDQW�HIIHFW�
ZLWK�WKH�DGGLWLRQ�RI�QDQRFHOXORVH�WKH�HORQJDWLRQ�RI�WKH�¿OPV�
Keywords��%LRGHJUDGDEOH�¿OPV��JHODWLQ��JDODFWRPDQQDQ��1DQRFHOOXORVH�

1 introduÇÃo

2�%UDVLO�DSUHVHQWD�JUDQGH�SRWHQFLDO�SDUD�R�DSURYHLWDPHQWR�GH�UHVtGXRV�GD�DJURLQG~VWULD�YLVWR�
TXH�JUDQGHV�TXDQWLGDGHV�GH�UHVtGXRV�DQLPDLV�H�YHJHWDLV�VH�DFXPXODP�GLDULDPHQWH��SURYRFDQGR�SUREOH�
PDV�FRP�D�ORJtVWLFD�H�R�GHVFDUWH�GHVVHV�PDWHULDLV�>$=(5('2������@�1. 

'HQWUH�RV�GHVD¿RV�OLJDGRV�j�WHFQRORJLD�SDUD�SURGX]LU�PDWHULDLV�ELRGHJUDGiYHLV�HVWi�R�GH�SRVVL�
ELOLWDU�D�PHOKRULD�DOLDGD�FRP�D�DJUHJDomR�GH�YDORU�DRV�UHVtGXRV�JHUDGRV�SHOD�LQG~VWULD��

2V�SROtPHURV�ELRGHJUDGiYHLV�PDLV�XWLOL]DGRV�QD�HODERUDomR�GH�¿OPHV�H�FREHUWXUDV�FRPHVWtYHLV�
VmR�DV�SURWHtQDV� �JHODWLQD�� FDVHtQD��RYRDOEXPLQD��JO~WHQ�GH� WULJR�� ]HtQDV��SURWHtQDV�PLR¿EULODUHV��� RV�
SROLVVDFDUtGHRV��JDODFWRPDQDQD��DPLGR�H�VHXV�GHULYDGRV��SHFWLQD��FHOXORVH�H�VHXV�GHULYDGRV��DOJLQDWR��
FDUUDJHQDQD��TXLWRVDQD��H�RV� OLStGHRV� �PRQRJOLFHUtGHRV�DFHWLODGRV��iFLGR�HVWHiULFR�H�pVWHUHV�GH�iFLGR�
JUD[R��>&84�HW�DO�������@�2. 

1HVWH�FRQWH[WR��QR�SUHVHQWH�WUDEDOKR�R�REMHWLYR�PDLRU�FRQVLVWH�QR�GHVHQYROYLPHQWR�GH�EOHQGDV�
D�SDUWLU�GD�JHODWLQD�REWLGD�GD�KLGUyOLVH�SDUFLDO�GR�FROiJHQR�DLQGD�SUHVHQWH�QRV�UHVtGXRV�GH�FDUQH�PH�
FDQLFDPHQWH�VHSDUDGD��&06��GD�WLOiSLD�H�JDODFWRPDQDQD�H[WUDtGD�GD�VHPHQWH�GD�YDJHP�GH�DOJDURED��
VHQGR�DGLFLRQDGRV�QDQRFULVWDLV�GH�FHOXORVH�GD�¿EUD�GD�YDJHP�GH�DOJDURED�QDV�IRUPXODo}HV�GRV�¿OPHV�
ELRGHJUDGiYHLV�
2V�¿OPHV�IRUDP�REWLGRV�SRU�FDVWLQJ�H�FDUDFWHUL]DGRV�TXDQWR�j�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD��39$���
SURSULHGDGHV�PHFkQLFDV�GH�UHVLVWrQFLD�j�WUDomR��HORQJDomR�H�PyGXOR�HOiVWLFR�

2 mAteriAiS e métodoS

2V�¿OPHV�IRUDP�SUHSDUDGRV�XWLOL]DQGR�D�WpFQLFD�GH�FDVWLQJ�RQGH�D�SUHSDUDomR�GDV�VROXo}HV�¿O�
PRJrQLFDV�IRL�REWLGD�LQLFLDOPHQWH�FRP�D�KLGUDWDomR�GRV�PDWHULDLV�VHSDUDGDPHQWH�H�HP�VHJXLGD�IRL�IHLWD�
XPD�VROXomR�GH�JHODWLQD�����P�Y��H�XPD�VROXomR�GH�JDODFWRPDQDQD�����P�Y���)RL�DGLFLRQDGR�JOLFHURO�
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HP�XPD�FRQFHQWUDomR�¿[D�GH�����FRP�EDVH�QD�PDVVD�VHFD�GH�JHODWLQD�H�JDODFWRPDQDQD��$�QDQRFHOX�
ORVH�IRL�DGLFLRQDGD�QDV�FRQFHQWUDo}HV�GH��������H������WDPEpP�FRP�EDVH�QD�PDVVD�VHFD��$V�VROXo}HV�
GH�JHODWLQD�H�JDODFWRPDQDQD�¿FDUDP�VRE�DJLWDomR�FRQVWDQWH�D�WHPSHUDWXUD�DPELHQWH�SRU�XP�SHUtRGR�GH�
DSUR[LPDGDPHQWH�XPD�KRUD��$R�VROXELOL]DU�FRPSOHWDPHQWH�D�JHODWLQD�H�D�JRPD��DV�GXDV�VROXo}HV�IRUDP�
PLVWXUDGDV�H�R�SODVWL¿FDQWH��JOLFHURO��IRL�DGLFLRQDGR�D�HVVD�VROXomR��1R�¿P�GHVWH�SHUtRGR��D�VROXomR�
GH�JHODWLQD�H�JDODFWRPDQDQD�IRUDP�KRPRJHQHL]DGDV�SRU����PLQXWRV��1RV�WUDWDPHQWRV�FRP�QDQRFHOX�
ORVH��HVWD�UHFHEHX�XP�WUDWDPHQWR�FRP�XOWUDVVRP�SRU���PLQXWRV�H�IRL�DGLFLRQDGD�D�VROXomR�MXQWR�FRP�
R�JOLFHURO��(P�VHJXLGD��D�PLVWXUD�SDVVRX�SRU�XP�SURFHVVR�GH�GHJDVDJHP�SRU����PLQXWRV��$V�VROXo}HV�
¿OPRJrQLFDV�REWLGDV�IRUDP�YHUWLGDV�VREUH�SODFDV�GH�YLGUR�FREHUWDV�SRU�VXSHUItFLH�GH�SROLpVWHU��0\ODU����
SX[DGDV��QD�HVSHVVXUD�GH��PP��GHQWUR�GH�XPD�HVWXID�FRP�FLUFXODomR�GH�DU�FRP�R�DX[tOLR�GH�XPD�EDUUD�
GH�DOXPtQLR�H�PDQWLGDV�D�����&�SRU����KRUDV�SDUD�VHFDJHP�GR�¿OPH��

3 reSultAdoS e diScuSSÃo

3.1 enSAio de PermeAbilidAde

$�SHUPHDELOLGDGH�GRV�¿OPHV�GH�JHODWLQD�H�JDODFWRPDQDQD�GLPLQXLX�FRQIRUPH�DGLFLRQRX�VH�QD�
QRFHOXORVH�DWp�D�FRQFHQWUDomR�GH�����VHQGR�YHUL¿FDGR�QR�¿OPH�GH�JHODWLQD�H�JDODFWRPDQDQD��LQFRUSR�
UDGR�FRP�QDQRFHOXORVH�QD�FRQFHQWUDomR�GH�������XP�DXPHQWR�GD�39$�FRPR�SRGH�VHU�REVHUYDGR�QD�
)LJXUD����)RL�XWLOL]DGR�R�7HVWH�GH�7XFNH\�QDV�DQiOLVHV�GH�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD�H�HQVDLRV�
PHFkQLFRV��SDUD�DYDOLDU�VH�KRXYH�GLIHUHQoDV�VLJQL¿FDWLYDV�FRP�R�DXPHQWR�GH�QDQRFHOXORVH�QRV�¿OPHV��DV�
OHWUDV�GLIHUHQWHV�LQGLFDUDP�YDORUHV�FRP�GLIHUHQoDV�HVWDWLVWLFDPHQWH�VLJQL¿FDWLYDV��S����������2V�YDORUHV�
REWLGRV�GH�SHUPHDELOLGDGH�SHUPLWLUDP�FRQFOXLU�TXH�D�DGLomR�GH�QDQRFHOXORVH��DWp�D�FRQFHQWUDomR�GH�����
DRV�¿OPHV�DXPHQWRX�D�EDUUHLUD�DR�YDSRU�GH�iJXD��PRVWUDQGR�TXH�D�SUHVHQoD�GH�QDQRFHOXORVH�GL¿FXOWD�D�
SDVVDJHP�GDV�PROpFXODV�GH�iJXD�GLPLQXLQGR�R�SURFHVVR�GH�GLIXVmR��RX�VHMD��GLPLQXLQGR�D�SHUPHDELOLGD�
GH�DR�YDSRU�GH�iJXD�UHVXOWDQGR�HP�XPD�PHOKRUD�QDV�SURSULHGDGHV�GH�EDUUHLUD�>$=(5('2�HW�DO�������@�. 
3RUpP�DR�DXPHQWDUPRV�D�FRQFHQWUDomR�GH�QDQRFHOXORVH�YHUL¿FRX�VH�XP�GHFUpVFLPR�GD�UHVLVWrQFLD�TXH�
SRGH�VHU�UHODFLRQDGR�j�DJORPHUDomR�GDV�SDUWtFXODV�GH�QDQRFHOXORVH�QD�PDWUL]��$�QDQRFHOXORVH�GLVWULEXtGD�
XQLIRUPHPHQWH�QD�PDWUL]�SROLPpULFD�p�IXQGDPHQWDO�SDUD�D�PHOKRULD�GDV�SURSULHGDGHV�PHFkQLFDV�H�GH�
EDUUHLUD�GRV�QDQRFRPSyVLWRV��SRLV�SURPRYH�D�IRUPDomR�GDV�OLJDo}HV�GH�KLGURJrQLR�HQWUH�RV�SROtPHURV�H�
D�QDQRFHOXORVH��GLPLQXLQGR�R�SURFHVVR�GLIXVLYR�H�SURSRUFLRQDQGR�XPD�PDLRU�WUDQVIHUrQFLD�GD�WHQVmR�GDV�
FDGHLDV�GD�PDWUL]�SROLPpULFD�SDUD�RV�FULVWDLV�GH�FHOXORVH�>6$1&+(=�*$5&,$�HW�DO�������@��.

Figura 1. 9DORUHV�GD�39$�GH�¿OPHV�GH�JHODWLQD�H�JDODFWRPDQDQD�LQFRUSRUDGRV�FRP�QDQRFHOXORVH�

3.2 enSAioS mecÂnicoS

2V�UHVXOWDGRV�GH�SURSULHGDGHV�PHFkQLFDV��)LJXUD����PRVWUDP�TXH�D�QDQRFHOXORVH�IRL�H¿FLHQWH�
FRPR�UHIRUoR�QDV�FDUDFWHUtVWLFDV�GH�UHVLVWrQFLD�D�WUDomR�H�PyGXOR�GH�HODVWLFLGDGH��$�UHVLVWrQFLD�j�WUDomR�
DXPHQWRX�FRP�D�DGLomR�GH������GH�QDQRFHOXORVH�PRVWUDQGR�XP�DXPHQWR�GH������TXDQGR�FRPSDUDGR�
FRP�R�¿OPH�GH�JHODWLQD�H�JDODFWRPDQDQD�VHP�QDQRFHOXORVH��QR�¿OPH�FRP�DGLomR�GH����GH�QDQRFHOX�
ORVH� IRL�REVHUYDGD�XPD�PHOKRULD�GH��������4XDQGR�VH�DXPHQWD�D�FRQFHQWUDomR�GH�QDQRFHOXORVH�HP�
������SRGH�VH�YHUL¿FDU�XPD�GLPLQXLomR�QD�UHVLVWrQFLD�D�WUDomR�FRPSDUDGD�DR�YDORU�DFKDGR�SDUD�R�¿OPH�
LQFRUSRUDGR�FRP�����(VVH�IDWR�SRGH�VHU�UHODFLRQDGR�D�XPD�SRVVtYHO�UHDJORPHUDomR�GRV�QDQRFULVWDLV�
GHFRUUHQWH�GR�DXPHQWR�GD�FRQFHQWUDomR�GHVVHV�QDQRFULVWDLV��,VVR�p�SDUWLFXODUPHQWH�IDYRUHFLGR�SDUD�VXV�
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SHQV}HV�FRP�SRWHQFLDO�]HWD�QmR�LGHDO��VHQGR�FRQVLGHUDGD�XPD�VXVSHQVmR�HVWiYHO�LGHDO�TXDQGR�DSUHVHQWD�
SRWHQFLDO�]HWD�!���P9��HP�PyGXOR�>=+28�HW�DO�������@����1R�SUHVHQWH�WUDEDOKR�D�QDQRFHOXORVH�XWLOL]DGD�
DSUHVHQWRX�SRWHQFLDO�]HWD�QR�OLPLWH�_��P9_��MXVWL¿FDQGR�HVVD�KLSyWHVH��$�HORQJDomR�IRL�SUHMXGLFDGD�SHOD�
DGLomR�GH�TXDOTXHU�FRQFHQWUDomR�GH�QDQRFHOXORVH��LVVR�VH�GHYH�DR�IDWR�GH�TXH�D�FULVWDOL]DomR�GR�SROtPHUR�
UHVXOWD�QD�IUDJLOLGDGH�GR�PHVPR�FDXVDQGR�XPD�GLPLQXLomR�QD�WHQVmR�GH�UXSWXUD�>685<$1(*$5$�HW�
DO�������@����2�PyGXOR�HOiVWLFR��SRU�VXD�YH]��DXPHQWRX�VLJQL¿FDWLYDPHQWH�GHVGH�D�DGLomR�GH������GH�
QDQRFHOXORVH��VHP�GLIHUHQoDV�HQWUH�DV�GLIHUHQWHV�FRQFHQWUDo}HV���

Figura 2. *Ui¿FRV�GH�SURSULHGDGHV�PHFkQLFDV��D��UHVLVWrQFLD�j�WUDomR�±�57���E��HORQJDomR�QD�UXSWXUD�±�(5�H��F��
PyGXOR�GH�HODVWLFLGDGH�±�0(��GH�¿OPHV�GH�JHODWLQD�H�JDODFWRPDQDQD�LQFRUSRUDGRV�FRP�QDQRFHOXORVH�

4 concluSÃo

)RL�SRVVtYHO�REWHU�¿OPHV�j�EDVH�GH�JHODWLQD�GH�UHVtGXRV�GD�WLOiSLD�H�JDODFWRPDQDQD�H[WUDtGD�GD�
DOJDURED��DGLFLRQDGRV�GH�QDQRFULVWDLV�GH�FHOXORVH�REWLGRV�D�SDUWLU�GDV�YDJHQV�GD�DOJDURED�SHOD�WpFQLFD�GH�
FDVWLQJ��2V�¿OPHV�VH�DSUHVHQWDUDP�YLVXDOPHQWH�FRP�ERD�DSDUrQFLD�H�PDQXVHiYHLV�

2V�QDQRFULVWDLV�GH�FHOXORVH�LQFRUSRUDGRV�QRV�¿OPHV�GH�JHODWLQD�H�JDODFWRPDQDQD�IRUDP�H¿FLHQ�
WHV�QD�PHOKRULD�GD�SURSULHGDGH�GH�EDUUHLUD��UHGXomR�GD�39$��H�GD�UHVLVWrQFLD�j�WUDomR��WHQGR�R�¿OPH�FRP�
FRQFHQWUDomR�GH����DSUHVHQWDGR�RV�PHOKRUHV�UHVXOWDGRV��$�DGLomR�GH�QDQRFHOXORVH�DXPHQWRX�R�PyGXOR�
HOiVWLFR�GHVGH�D�DGLomR�GH�������SRUpP�D�HORQJDomR�IRL�SUHMXGLFDGD�SHOD�DGLomR�GH�TXDOTXHU�FRQFHQWUD�
omR�GH�QDQR�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�D�(PEUDSD�$JURLQG~VWULD�7URSLFDO��8)&�H�&DSHV�SHOR�DSRLR�¿QDQFHLUR�

reFerÊnciAS

$=(5('2��+��0��&��1DQRFRPSRVLWHV�IRU�IRRG�SDFNDJLQJ�DSSOLFDWLRQV��)RRG�5HV��,QW���Y�������������S��
����±������

&84��%���*217$5'��1���*8,/%(57��6��,Q��5221(<��0��/��(G����(GLEOH�¿OP�DQG�FRDWLQJ�DV�DFWLYH�
OD\HUV��6SULQJHU��/RQGRQ���������S����������

$=(5('2��+��0��&��HW�DO��1DQRUHLQIRUFHG�DOJLQDWH��DFHUROD�SXUHH�FRDWLQJV�RQ�DFHUROD�IUXLWV��-��)RRG�
(QJ���Y��������������Q�����S����������

6$1&+(=�*$5&,$��0��'���*,0(1(=��(���/$*$521��-��0��0RUSKRORJ\�DQG�EDUULHU�SURSHUWLHV�RI�
VROYHQW�FDVW�FRPSRVLWHV�RI�WKHUPRSODVWLF�ELRSRO\PHUV�DQG�SXUL¿HG�FHOOXORVH�¿EHUV��&DUERK\GU��3RO\P���
Y�������������Q�����S����������

=+28��<��0���)8��6�<���=+(1*��/�0���=+$1��+�<��(IIHFW�RI�QDQRFHOOXORVH�LVRODWLRQ�WHFKQLTXHV�RQ�
WKH�IRUPDWLRQ�RI�UHLQIRUFHG�SRO\�YLQ\O�DOFRKRO��QDQRFRPSRVLWH�¿OPV��([SUHVV�3RO\P��/HWW���Y������������
S������±�����

685<$1(*$5$��/���1$.$*$,72��$��1���<$12��+��7KH�HIIHFW�RI�FU\VWDOOL]DWLRQ�RI�3/$�RQ� WKH�
WKHUPDO�DQG�PHFKDQLFDO�SURSHUWLHV�RI�PLFUR¿EULOODWHG�FHOOXORVH��UHLQIRUFHG�3/$�FRPSRVLWHV��&RPSRV��
6FL��7HFKQRO���Y�������������Q�������S������������
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eFeito do ultrASSom de PontA no PrePAro de FilmeS de 
Amido com de óleo eSSenciAl de crAvo e AcerolA

0RQLFD�*XLPDUmHV�)DULDV1, *edla maria bezerra lima2, Antonieta middea3,  

carlos wanderlei Piler carvalho2, Aline borges de oliveira1. 

1 3URJUDPD�GH�3yV�*UDGXDomR�HP�&LrQFLD�H�7HFQRORJLD�GH�$OLPHQWRV��8)55-��6HURSpGLFD�5-��
2/DERUDWyULR�GH�([WUXVmR�H�&HUHDLV��(PEUDSD�$JURLQG~VWULD�GH�$OLPHQWRV��5LR�GH�-DQHLUR�5-���Setor de 

&DUDFWHUL]DomR�7HFQROyJLFD���6&7��&HQWUR�GH�7HFQRORJLD�0LQHUDO�&(7(0��5LR�GH�-DQHLUR�±�5-�
*lima@embrapa.br

&ODVVL¿FDomR��)LOPHV��UHYHVWLPHQWRV�FRPHVWtYHLV�H�HPEDODJHQV�IXQFLRQDLV�SDUD�DOLPHQWRV�

resumo
2�WUDEDOKR�REMHWLYRX�FDUDFWHUL]DU�TXDWUR�WLSRV�GH�¿OPHV�GH�DFHUROD�DGLFLRQDGRV�GH�DPLGR�GH�PDQGLRFD�
H� SODVWL¿FDQWHV� HODERUDGRV� SRU� casting� YLVDQGR� LGHQWL¿FDU� SURFHGLPHQWRV� H� IRUPXODo}HV� TXH�PHOKRU�
FRQIHULVVHP�XQLIRUPLGDGH�H�UHVLVWrQFLD�DR�¿OPH��SDUD�WDQWR��IRUDP�HODERUDGDV���URWDV�GH�SHVTXLVD��$��
VHP�XOWUDVVRP�GH�SRQWD��%��FRP�XOWUDVVRP�GH�SRQWD��&��VHP�XOWUDVVRP�GH�SRQWD�DGLFLRQDGR�GH�ÏOHR�
GH�&UDYR�D�����H�'��VHP�XOWUDVVRP�GH�SRQWD�DGLFLRQDGR�GH�ÏOHR�GH�&UDYR�D������2V�¿OPHV�IRUDP�
DQDOLVDGRV�TXDQWR�D�HVWUXWXUD��PRUIRORJLD�H�FRPSRVLomR�TXtPLFD�SRU�PHLR�GDV�WpFQLFDV�GH�UDLRV�;��5;���
PLFURVFRSLD�yWLFD��02��H�HOHWU{QLFD��0(9��DVVRFLDGD�j�DQiOLVH�TXtPLFD�SRQWXDO��('6���2V�UHVXOWDGRV�
GHPRQVWUDUDP�TXH�R�XOWUDVVRP�DXPHQWRX�R�FRQWDWR�HQWUH�DV�SDUWtFXODV��FRQIHULQGR�XQLIRUPLGDGH�PRU�
IROyJLFD�H�GLPLQXLX�D�UHVLVWrQFLD�DR�HVIRUoR�PHFkQLFR��DGTXLULQGR�jV�LPSHUIHLo}HV�GR�VXEVWUDWR�H��QRV�
RXWURV�ELR¿OPHV�D�DGLomR�GH�yOHR�HVVHQFLDO�GH�FUDYR��2(&��VHP�R�XVR�GR�XOWUDVVRP�GH�SRQWD�FRQIHULX�
PDLRU�SODVWLFLGDGH��DXPHQWR�GD�UHVLVWrQFLD�PHFkQLFD��KHWHURJHQHLGDGH�PRUIROyJLFD�H�XP�HQULTXHFLPHQ�
WR�HP�.+�j�PHGLGD�TXH�VH�DXPHQWRX�D�FRQFHQWUDomR�GR�2(&�QD�PLVWXUD�GR�¿OPH�
Palavras-chave��%LR¿OPHV��%DUEDGRV�FKHUU\��8OWUDVVRP��0LFURVFRSLD��0(9�('6��5DLRV�;�

eFFect oF tiP ultrASound on tHe PrePArAtion oF StArcH Film Added oF 
clove eSSentiAl oil And bArbAdoS cHerrY
Abstract
7KH�VWXG\�DLPHG�WR�FKDUDFWHUL]H�IRXU�W\SHV�RI�FDVVDYD�VWDUFK�¿OPV�DGGHG�RI�%DUEDGRV�FKHUU\�DQG�SODV�
WLFL]HUV�SUHSDUHG�E\�FDVWLQJ�DQG�WR�LGHQWLI\�IRUPXODWLRQV�WKDW�FRQIHUUHG�EHWWHU�¿OP�XQLIRUPLW\�DQG�UH�
VLVWDQFH�� IRXU�HVVD\V�ZHUH�FRQGXFWHG��$��ZLWKRXW�XOWUDVRXQG� WLS� ��%��ZLWK�XOWUDVRXQG� WLS��&��ZLWKRXW�
XOWUDVRXQG�WLS�DGGHG�2LO�RI�&ORYHV�����DQG�'��ZLWKRXW�XOWUDVRXQG�WLS�DGGHG�2LO�RI�&ORYHV������7KH�
¿OPV�ZHUH�DQDO\]HG�FRQFHUQLQJ�VWUXFWXUH��PRUSKRORJ\�DQG�FKHPLFDO�FRPSRVLWLRQ�E\�PHDQV�RI�;�UD\�
WHFKQLTXHV�RSWLFDO�HOHFWURQ�DVVRFLDWHG�ZLWK�VSRW�FKHPLFDO�DQDO\VLV�DQG�RSWLFDO�PLFURVFRS\��7KH�UHVXOWV�
GHPRQVWUDWHG�WKDW�XOWUDVRXQG�LQFUHDVHG�WKH�FRQWDFW�EHWZHHQ�WKH�SDUWLFOHV��JLYLQJ�PRUSKRORJLFDO�XQLIRU�
PLW\�DQG�GHFUHDVHG�UHVLVWDQFH�WR�PHFKDQLFDO�VWUHVV��DFTXLULQJ�WKH�LPSHUIHFWLRQV�RI�WKH�SODWH�DQG�LQ�WKH�
RWKHU�ELR¿OPV�DGGLQJ�FORYH�HVVHQWLDO�RLO��2(&��ZLWKRXW�WKH�XVH�RI�XOWUDVRXQG�JLYHQ�SRLQW�JUHDWHU�SODV�
WLFLW\��LQFUHDVHG�PHFKDQLFDO�VWUHQJWK��PRUSKRORJLFDO�KHWHURJHQHLW\�DQG�HQULFKPHQW�RI�.���LV�LQFUHDVHG�
DV�WKH�FRQFHQWUDWLRQ�RI�WKH�PL[WXUH�RI�2(&�¿OP�
Keywords: %LR¿OPV��%DUEDGRV�FKHUU\��8OWUDVRXQG��0LFURVFRS\��6(0�('6��;�UD\V�

3XEOLFDo}HV�UHODFLRQDGDV�
)$5,$6��0��*���)$.+285,��)��0���&$59$/+2��&��:��3���$6&+(5,�-��/��5���4XtPLFD�1RYD��Y������
Q�����S���������������

/,0$��(��0��%����257,=��-��$��5����0252��7�0�$����&$59$/+2��&��:��3���$6&+(5,��-��/��5��$QDLV�
GR�9,,�:RUNVKRS�GH�1DQRWHFQRORJLD�$SOLFDGD�DR�$JURQHJyFLR��6mR�&DUORV��63��(PEUDSD�,QVWUXPHQWD�
omR��������Y�����S����������

1 introduÇÃo

2�%UDVLO�HVWi�VLWXDGR�HP�WHUFHLUR�OXJDU�PXQGLDO�HQWUH�RV�SDtVHV�SURGXWRUHV�GH�IUXWDV��FRP������
PLOK}HV�GH�WRQHODGDV� $SHVDU�GHVWD�SRWHQFLDOLGDGH�DJURLQGXVWULDO��D�SHUGD�GH�TXDOLGDGH�GXUDQWH�R�DUPD�
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]HQDPHQWR��WUDQVSRUWH�H�GLVWULEXLomR�GH�DOLPHQWRV�IUHVFRV�DLQGD�p�XP�SUREOHPD�D�VROXFLRQDU��1DV�~OWLPDV�
GpFDGDV��D�FRPELQDomR�GH�WpFQLFDV�GH�FRQVHUYDomR�FRP�HPEDODJHQV�WHP�VH�PRVWUDGR�SURPLVVRUD�FRPR�
R�XVR�GH�HPEDODJHP�UtJLGD�RX�ÀH[tYHO�SDUD�SURWHomR�ItVLFD�GR�DOLPHQWR��$V�HPEDODJHQV�FRQYHQFLRQDLV�
VmR�JUDQGHV�FRQWULEXLQWHV�SDUD�D�SURGXomR�GH�OL[R�QR�%UDVLO��R�TXDO�SURGX]�FHUFD�GH�����PLO�WRQHODGDV�
GH�OL[R�SRU�GLD��VHQGR�VXSHULRU�D�$OHPDQKD���������W�GLD��H�6XpFLD���������W�GLD��H�LQIHULRU�DRV�(VWDGRV�
8QLGRV����������W�GLD���

(VWDV�SHVTXLVDV�WHP�VH�YROWDGR�SDUD�R�XVR�GH�SROtPHURV�QDWXUDLV�QD�HODERUDomR�GH�¿OPHV�TXH�
IXQFLRQHP�FRPR�HPEDODJHQV��:$1*�HW�DO���������6+(1�HW�DO��������)$5,$6�HW�DO����������HVSHFL¿FD�
PHQWH�HPEDODJHQV�ELRGHJUDGiYHLV�D�SDUWLU�GH�ELRSROtPHURV�QDWXUDLV��FDSD]HV�GH�IRUPDU�DGHTXDGDPHQWH�
XPD�PDWUL]�FRHVD�H�FRQWtQXD��7(,;(,5$���������(VWHV�QRYRV�PDWHULDLV�WDPEpP�WHP�D�SRVVLELOLGDGH�HP�
aumentar a qualidade e a vida de prateleira GH�IUXWDV�H�YHJHWDLV��UHGX]LQGR�SHUGDV�SyV�FROKHLWD��DOpP�GH�
SRVVLELOLWDU�D�DGLomR�GH�DGLWLYRV�WDLV�FRPR��DQWLR[LGDQWHV��YLWDPLQDV��DJHQWHV�DQWLPLFURELDQRV�H�DURPDV��
VHUYLQGR�FRPR�JUDQGH�LQFHQWLYR�SDUD�WDO�SURSyVLWR��$WXDOPHQWH��R�DPLGR�p�XP�GRV�SROtPHURV�QDWXUDLV�
PDLV�HVWXGDGRV�GHYLGR�j�VXD�DEXQGkQFLD��GLVSRQLELOLGDGH�H�EDL[R�FXVWR�UHODWLYR�

8PD�FDUDFWHUtVWLFD�LQWHUHVVDQWH�DRV�¿OPHV�p�D�SRVVLELOLGDGH�GD�DGLomR�GH�VXEVWkQFLDV�LQLELWyULDV�
QD�IRUPXODomR��FDUDFWHUL]DQGR�DV�HPEDODJHQV�DWLYDV��FRP�FDSDFLGDGH�GH�LQLELU�R�FUHVFLPHQWR�GH�PLFURU�
JDQLVPRV�REMHWLYDQGR�D�VHJXUDQoD��PHOKRULD�GD�TXDOLGDGH�H�SURSULHGDGHV�VHQVRULDLV��$�DGLomR�GH�VXEV�
WkQFLDV�DQWLPLFURELDQDV�SRVVLELOLWD�D�UHGXomR�GD�WD[D�GH�FUHVFLPHQWR�GH�PLFURUJDQLVPRV�SURORQJDQGR�D�
YLGD�GH�SUDWHOHLUD�GR�DOLPHQWR��)$5,$6��������628=$�HW�DO����������

$�REWHQomR�GHVWHV�¿OPHV�SRGH�VHU�SHODV�WpFQLFDV�GH�casting��H[WUXVmR�WHUPRSOiVWLFD��PROGDJHP�
H�WHUPRSUHQVDJHP�H�VRSUR��02ĝ&,&.,�HW�DO��������

2�SUHVHQWH�HVWXGR�YLVRX�GHVHQYROYHU�XP�¿OPH�IXQFLRQDO��FRPHVWtYHO�D�EDVH�GD�PLVWXUD�GH�DPLGR�
GH�PDQGLRFD��$0���DFHUROD��Malpighia glaba���$&���yOHR�HVVHQFLDO�GH�FUDYR��2(&��DFUHVFLGD�GH�iJXD�
�$*��H�JOLFHURO��*/���2�DPLGR�DSUHVHQWD�VH�FRPR�DOWHUQDWLYD��SRLV�p�FDSD]�GH�IRUPDU�PDWUL]HV�SROLPpUL�
FDV�FRQWtQXDV��DFUHVFLGR�GD�DFHUROD�TXH�IRL�DGLFLRQDGD�SRU�GHVWDFDU�VH�FRPR�H[FHOHQWH�IRQWH�GH�YLWDPLQD�
&�H�ȕ�FDURWHQR��DJUHJDQGR�YDORU�TXDQGR�LQFRUSRUDGR�QD�HODERUDomR�GH�RXWURV�SURGXWRV�H�DGLFLRQDGR�GR�
2(&�TXH�DWXD�FRPR�DQWLPLFURELDQR�QDWXUDO��

2V�¿OPHV�IRUDP�FDUDFWHUL]DGRV�TXDQWR�j�VXD�HVSHVVXUD��D�HVWUXWXUD�FULVWDOLQD�SRU�PHLR�GDV�DQi�
OLVHV�GH�GLIUDomR�GH�5DLRV�;��D�PRUIRORJLD�GH�VXSHUItFLH�H�D�LQWHJULGDGH�GR�¿OPH�SRU�PHLR�GDV�WpFQLFDV�
GH�PLFURVFRSLD�yWLFD��XWLOL]DQGR�OX]�UHÀHWLGD��H�GD�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�GH�DOWR�YiFXR�
DFRSODGR�D�HVSHFWURPHWULD�GH�HQHUJLD�GLVSHUVLYD�GH�UDLRV�;��('6��TXH�FDUDFWHUL]RX�D�FRPSRVLomR�TXt�
PLFD�GRV�¿OPHV��

2 mAteriAiS e métodoS

2V�¿OPH�IRUDP�HODERUDGRV�VHJXQGR�D�WpFQLFD�casting��*217$5'�HW�DO.,�������QDV�SURSRUo}HV��
DFHUROD�������J���DPLGR�GH�PDQGLRFD��������J���JOLFHURO������J��H�GLOXtGRV�HP�iJXD���������P/���PLV�
WXUDGRV�PDQXDOPHQWH��URWD�$��RX�FRP�R�XOWUDVVRP�GH�SRQWD��QDV�FRQGLo}HV�GH���PLQXWRV�GH�DQiOLVHV��
FRP�LQWHQVLGDGH�GH�����SRU��V�GH�SXOVR�H��V�GH�GHVFDQVR��URWD�%��PRGHOR�%UDQVRQ�'LJLWDO������;DQJDL��
&KLQD���$�URWD�&�WHYH�DV�PHVPDV�SURSRUo}HV�GH�DPLGR��DFHUROD�H�iJXD��FRP�PRGL¿FDo}HV�QD�TXDQWLGDGH�
GH�JOLFHURO������J��H�D�DGLomR�GH������J��GH�2(&�H�D�URWD�'�WHYH�DV�PHVPDV�SURSRUo}HV�GH�DPLGR��DFHUROD�
H�iJXD��FRP�PRGL¿FDo}HV�QD�TXDQWLGDGH�GH�JOLFHURO������J��H�D�DGLomR�GH������J��GH�2(&��7RGRV�HP�
FRQGLo}HV� FRQWURODGDV�GH� FLVDOKDPHQWR� H� WHPSHUDWXUD� HP�XP�YLVFRDPLOyJUDIR�%UDEHQGHU� �'XLVEXUJ��
$OHPDQKD���$V�VROXo}HV�¿OPRJrQLFDV�IRUDP�DTXHFLGDV�VRE�FRQVWDQWH�DJLWDomR�GH����DWp����&��SHUPDQH�
FHQGR�QHVWD�WHPSHUDWXUD�SRU����PLQ�H�UHVIULDGDV�DWp����&��$SyV�R�UHVIULDPHQWR�GD�VROXomR�j�WHPSHUDWXUD�
DPELHQWH������J�GH�VROXomR�IRUDP�YHUWLGDV�HP�SODFDV�plexiglass�GH�����PP�GH�GLkPHWUR��RQGH�R�FRQWUROH�
GH�SHVR�IRL�DIHULGR�HP�EDODQoD�VHPL�DQDOtWLFD��7(&1$/��PRGHOR�%�7(&������H�GHVLGUDWDGR�HP�HVWXID�
j�WHPSHUDWXUD�GH����&�����&��SRU����K��$SyV�FRPSOHWD�VHFDJHP�H�UHPRomR�GDV�SODFDV��RV�¿OPHV�IRUDP�
FRQGLFLRQDGRV�HP�FkPDUDV�KHUPpWLFDV�FRP�XPLGDGH�UHODWLYD�GR�DU�FRQWURODGD�SRU�PHLR�GH�XPD�VROXomR�
VDWXUDGD�GH�QLWUDWR�GH�PDJQpVLR��0J�12��2��D��������VRE�YiFXR��1HVWD�FRQGLomR��RV�¿OPHV�IRUDP�PDQ�
WLGRV�SRU���GLDV�DWp�R�HTXLOtEULR�GR�WHRU�GH�XPLGDGH�

1HVWH�SURFHVVR�IRUDP�HVWDEHOHFLGDV�TXDWUR�URWDV�DQDOtWLFDV�SDUD�D�HODERUDomR�GH�TXDWUR�PRGHORV�
GH�¿OPHV��&DGD�URWD�IRL�FRPSRVWD�SRU����¿OPHV��JHODWLQL]DGRV�QR�YLVFRDPLOyJUDIR�H�VHFRV�HP�HVWXID�
j����&��A��$0���$&���$*���*/�PLVWXUDGRV�PDQXDOPHQWH��b��$0���$&���$*���*/�PLVWXUDGRV�QR�
XOWUDVVRP�GH�SRQWD��c��$0���$&���$*���*/���2(&�D�����PLVWXUDGRV�PDQXDOPHQWH�H�d��$0���$&���
$*���*/���2(&�����PLVWXUDGRV�PDQXDOPHQWH�

2V�¿OPHV�IRUDP�DQDOLVDGRV�TXDQWR�j�HVSHVVXUD�SRU�PHLR�GR�PLFURPHWUR�GLJLWDO�)RZOHU�,3����
�1HZWRQ��(8$���HVWUXWXUD�FULVWDOLQD�SHOD�'LIUDomR�GH�5DLRV�;�VHJXQGR�D�PHWRGRORJLD�GHVFULWD�SRU�/LPD�
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HW�DO����������QR�HTXLSDPHQWR�5DLRV�;�'��3KDVHU��%UXNHU�$;6��.DUOVUXKH��$OHPDQKD���VRE�DV�FRQGLo}HV�
GH�9 ����$ ����, �������W �V��JLUR ��USPࣄ��� ���������D�DQiOLVH�PRUIROyJLFD�SHOR�PLFURVFySLR�yWLFR�
=HLVV�PRGHOR�$[LR,PDJHU�0�P��VRIWZDUH��=HLVV�$[LR9LVLRQ�5HO�������REMHWLYDV��=HLVV�(&�(SLSODQ����[�
�����+'����[�����+'����[�����+'�H���[�����+'�H�&kPHUD��=HLVV�$[LR&DP�PRGHOR�05F���2V�¿OPHV�
IRUDP�DGHULGRV� DR�VXSRUWH�XVDQGR�VH�¿WD�DGHVLYD�GXSOD�IDFH�GH�FDUERQR��H�UHFREHUWDV�FRP�RXUR�HP�XP�
VSXWWHU�%DO7HFK�6&'������SRVWHULRUPHQWH�DQDOLVDGDV�QR�PLFURVFySLR�HOHWU{QLFR�GH�YDUUHGXUD��0(9��
)(,�4XDQWD������+LOOVERUR��25��(VWDGRV�8QLGRV��FRP�XP�VLVWHPD�GH�PLFURDQiOLVH�TXtPLFD�SRU�GLVSHU�
VmR�GH�HQHUJLD��('6��%UXNHU�4XDQWD[�DFRSODGR��(VWH�VLVWHPD�FRQWD�FRP�HVSHFWU{PHWUR�GH�HQHUJLD�GLV�
SHUVLYD�%UXNHU�;)ODVK�������WHFQRORJLD�66'��silicon drift detector��FRP�MDQHOD�GH����PP2��H�UHVROXomR�
HVSHFWUDO�PHOKRU�TXH�����H9�SDUD�0Q�NĮ��2�0(9�IRL�RSHUDGR�HP�DOWR�YiFXR��WHQVmR�GH�DFHOHUDomR�GH�
HOpWURQV�GH����N9�SDUD�DV�DPRVWUDV�DGLFLRQDGRV�GH�yOHR�GH�FUDYR�H�D����N9�SDUD�DV�GHPDLV��H�VSRW�VL]H�
GH���´�HP�DXPHQWRV�GH����[�����[������[�H�����[�

3 reSultAdoS e diScuSSÃo

2V�UHVXOWDGRV�GD�DQiOLVH�GH�HVSHVVXUD�GHPRQVWUDUDP�TXH�RV�¿OPHV�HODERUDGRV�FRP�XOWUDVVRP�
WLYHUDP�XPD�HVSHVVXUD�PpGLD�GH�������P�H�RV�HODERUDGRV�PDQXDOPHQWH�D�HVSHVVXUD�PpGLD�GH��������P��
$V�DQiOLVHV�GH�PLFURVFRSLD�yWLFD�SHUPLWLUDP�REVHUYDU�DV�¿EUDV�GH�DFHURODV�SRU�VHX�WDPDQKR��LPLVFLELOL�
GDGH�FRP�D�PDWUL]�H�VXD�ELUUHIULQJrQFLD�VRE�D�OX]�UHÀHWLGD�GLVSHUVDV�DOHDWRULDPHQWH�QD�PDWUL]�KRPRJr�
QHD��$�DQiOLVH�DR�0(9�SRVVLELOLWRX�GLIHUHQFLDU�FRPSRUWDPHQWRV�HVWUXWXUDLV�FRQIRUPH�¿JXUD���

A (manual) b (ultrassom) c (25%oec) d (50%oec)
Figura 1. $��PDWUL]�KHWHURJrQHD�FRP�EDL[R�PLFUR¿VVXUDPHQWR��%��PDWUL]�KRPRJrQHD�FRP�DOWR�

PLFUR¿VVXUDPHQWR�GH�PRGR�FRQFRUGDQWH�DV�LPSHUIHLo}HV�GD�SODFD��&��PDWUL]�KRPRJrQHD�FRP�DOWR�JUDX�GH�
PLFUR¿VVXUDPHQWR�DOHDWyULR�'��PDWUL]�KRPRJrQHD��FRP�SUHVHQoD�GH�PLFURSDUWtFXODV�GR�yOHR�GH�FUDYR�H�PHQRU�

SUHVHQoD�GH�PLFUR¿VVXUDPHQWR�DOHDWyULR�

$V�DQiOLVHV�GH�5DLRV�;�DSUHVHQWDUDP�PHOKRU�FULVWDOLQLGDGH�SDUD�R�¿OPH�SUHSDUDGR�FRP�R�XOWUDV�
VRP�GH�SRQWD�H�R�¿OPH�DFUHVFLGR�GH�����GH�2(&��$V�DQiOLVHV�GH�('6�DSUHVHQWDUDP�XPD�GLVWULEXLomR�
XQLIRUPH�GD�SHUFHQWDJHP�GH�y[LGRV�SDUD�D�DPRVWUD�SUHSDUDGD�FRP�R�XOWUDVVRP�H�XP�FRPSRUWDPHQWR�
GH�GLVWULEXLomR�DOHDWyULD�SDUD�RV�GHPDLV�SUHSDURV��FRP�FRQFHQWUDomR�GH�y[LGRV�QDV�SDUWHV�TXH�QmR�VH�
PLVWXUDUDP�WRWDOPHQWH��¿JXUD���

rx edS
Figura 2. GDGRV�FRPSDUDWLYRV�GDV�DQiOLVHV�GH�5DLRV�;�H�('6�

4 concluSÃo

2�XVR�GR�XOWUDVVRP�DXPHQWRX�R�FRQWDWR�HQWUH�DV�SDUWtFXODV��SRVVLELOLWDQGR�GHVHQYROYHU�XP�¿OPH�
FRP�XQLIRUPLGDGH�PRUIROyJLFD��PDWUL]�KRPRJrQHD��PHQRU�UHVLVWrQFLD�PHFkQLFD�QR�SURFHVVR�GH�H[WUD�
omR�GDV�SODFDV��DGTXLULQGR�DV�LPSHUIHLo}HV�GD�SODFD�H�PLFUR¿VVXUDPHQWR�SDUDOHOR�D�HVWDV��1DV�RXWUDV�
URWDV��RV�¿OPHV�TXH�WLYHUDP�D�DGLomR�GH�2(&�DSUHVHQWDUDP�PDLRU�SODVWLFLGDGH��DXPHQWR�GD�UHVLVWrQFLD�
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PHFkQLFD�D�H[WUDomR�GDV�SODFDV��KHWHURJHQHLGDGH�PRUIROyJLFD�H�XP�HQULTXHFLPHQWR�HP�.+ à medida que 
VH�DXPHQWRX�D�FRQFHQWUDomR�GR�2(&�QD�PLVWXUD�GR�¿OPH�TXDQGR�FRPSDUDGRV�HQWUH�VL�H�HP�UHODomR�DR�
¿OPH�SDGUmR��2�¿OPH�SDGUmR�DSUHVHQWRX�VH�KHWHURJrQHR��FRP�D�IDVH�GRV�JUmRV�GH�DPLGR�EHP�YLVtYHO�H�
PHQRU�tQGLFH�GH�PLFUR¿VVXUDPHQWR�

AGrAdecimentoS

$R�6LVWHPD�(PEUDSD�GH�*HVWmR��6(*��3URMHWR�&RPSRQHQWH��3&���3ODQR�GH�$omR��3$��H�DR�
WpFQLFR�)HUQDQGR�9DVTXHV�GR�&(7(0�SHODV�DQiOLVHV�DR�0LFURVFySLR�ÏWLFR�=HLVV�PRGHOR�$[LR,PDJHU�
0�P�

reFerÊnciAS

)$5,$6��0��*��(ODERUDomR�GH�¿OPHV�FRPHVWtYHLV�GH�DPLGR�DGLFLRQDGRV�GH�SROSD�GH�DFHUROD������������
S���'LVVHUWDomR�GH�PHVWUDGR���'HSDUWDPHQWR�GH�7HFQRORJLD�GH�$OLPHQWRV��8QLYHUVLGDGH�)HGHUDO�5XUDO�
GR�5LR�GH�-DQHLUR��5LR�GH�-DQHLUR��

)$5,$6��0��*���)$.+285,��)��0���&$59$/+2��&��:��3���$6&+(5,�-��/��5��&DUDFWHUL]DomR�)tVLFR�
4XtPLFD�GH�)LOPHV�&RPHVWtYHLV�GH�$PLGR�$GLFLRQDGR�GH�$FHUROD��4XtPLFD�1RYD��Y������Q�����S�����
����������

*217$5'��1���*8,/%(57��6���&84��-�/��:DWHU�DQG�JO\FHURO�DV�SODVWLFL]HUV�DIIHFW�PHFKDQLFDO�DQG�
ZDWHU�YDSRU�EDUULHU�SURSHUWLHV�RI�DQ�HGLEOH�ZKHDW�JOXWHQ�¿OP��-RXUQDO�RI�)RRG�6FLHQFH��Y������Q�����S��
��������������

/,0$��(��0��%����257,=��-��$��5����0252��7�0�$����&$59$/+2��&��:��3����$6&+(5,��-��/��5����
$GDSWDomR�GD�WpFQLFD�GH�SUHSDUR�GDV�DPRVWUDV�GH�ELRSOiVWLFRV�SDUD�DQiOLVH�GH�GLIUDomR�GH�UDLRV�[��6mR�
&DUORV��63��$QDLV�GR�9,,�:RUNVKRS�GH�1DQRWHFQRORJLD�$SOLFDGD�DR�$JURQHJyFLR��6mR�&DUORV��63��(P�
EUDSD�,QVWUXPHQWDomR��������Y����S����������

02ĝ&,&.,��/���0,7586��0���:Ï-72:,&=��$���21,6=&=8.��7���5(-$.��$���-$166(1��/��

$SSOLFDWLRQ�RI�H[WUXVLRQ�FRRNLQJ�IRU�SURFHVVLQJ�RI�WKHUPRSODVWLF�VWDUFK��736���)RRG�5HVHDUFK�,QWHUQD�
WLRQDO��Y�����S�����������������

6+(1��;�/�	�:8��-�0�	�&+(1��<�	�=+$2��*���³$QWLPLFURELDO�DQG�SK\VLFDO�SURSHUWLHV�RI�VZHHW�
SRWDWR�VWDUFK�¿OPV�LQFRUSRUDWHG�ZLWK�SRWDVVLXP�VRUEDWH�RU�FKLWRVDQ´��)RRG�+\GURFROORLGV��Y�����Q�����
S���������������

628=$��&��2��6,/9$��/��7���6,/9$��-��5���/23(=��-��$���9(,*$�6$1726��3���'58=,$1��-��,��0DQJR�
DQG�$FHUROD�3XOSV�DV�$QWLR[LGDQW�$GGLWLYHV�LQ�&DVVDYD�6WDUFK�%LR�EDVHG�)LOP��-RXUQDO�RI�$JULFXOWXUH�
DQG�)RRG�&KHPLVWU\��Y�����S����������������

7(,;(,5$�(��0��8WLOL]DomR�GH�DPLGR�GH�PDQGLRFD�QD�SUHSDUDomR�GH�QRYRV�PDWHULDLV�WHUPRSOiVWLFRV��
����������S���7HVH�GH�GRXWRUDGR���,QVWLWXWR�GH�4XtPLFD�GH�6mR�&DUORV��8QLYHUVLGDGH�GH�6mR�3DXOR��6mR�
&DUORV��

:$1*�;����681�;���/,8�+���/,�0���0$�=.�%DUULHU�DQG�PHFKDQLFDO�SURSHUWLHV�RI�FDUURW�SXUHH�¿OPV��
)RRG�DQG�%LRSURGXFWV�3URFHVVLQJ��Y�����������
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cArActeriZAÇÃo de nAnocriStAiS de celuloSe Por 
microScoPiA de ForÇA AtômicA.

*Góes, t. S.1, Hausen, m.1, rosa, m. F.2, de menezes, A. J.1,  
mattoso, l. H. c.3, leite, F. l.1

18)6&$5��')40��&&76��6RURFDED��63��2(0%5$3$��&13$7��)RUWDOH]D��&(���(0%5$3$��
&13',$��6mR�&DUORV��63�

WKDLVJRHVBXIVFDU#KRWPDLO�FRP

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV��

resumo
$�FUHVFHQWH�EXVFD�SHOR�GHVHQYROYLPHQWR�GH�PDWHULDLV�PHQRV�LPSDFWDQWHV�DR�PHLR�DPELHQWH�� WHP�HQ�
FRQWUDGR�QDV�IRQWHV�UHQRYiYHLV�j�EDVH�GH�FHOXORVH�XPD�DOWHUQDWLYD�SURPLVVRUD�SDUD�VXD�XWLOL]DomR�FRPR�
UHIRUoR�HP�PDWUL]HV�SROLPpULFDV��YLVDQGR�j�SURGXomR�GH�QDQRFRPSyVLWRV�ELRGHJUDGiYHLV O presente 
WUDEDOKR�FRQVLVWH�QXP�HVWXGR�GD�PRUIRORJLD�H�GD�GLVWULEXLomR�GRV�QDQRFULVWDLV�GH�FHOXORVH�GH�FDURoR�GH�
PDQJD��YDJHP�GH�DOJDURED��SVHXGRFDXOH�GD�EDQDQHLUD�H�¿EUD�GR�PHVRFDUSR�GR�GHQGr��UHDOL]DGRV�D�SDUWLU�
GD�WpFQLFD�GH�PLFURVFRSLD�GH�IRUoD�DW{PLFD��2V�UHVXOWDGRV�REWLGRV�PRVWUDUDP�VH�SURPLVVRUHV�QR�TXH�VH�
UHIHUH�j�GLVSHUVmR�H�DV�GLPHQV}HV�GRV�FULVWDLV��GHVWDFDQGR�DVVLP�R�VHX�SRWHQFLDO�SDUD�R�GHVHQYROYLPHQWR�
GH�QDQRFRPSyVLWRV�ELRGHJUDGiYHLV��
Palavras-chave�� 0LFURVFRSLD� GH� IRUoD� DW{PLFD�� 0DWHULDLV� GH� )RQWHV� UHQRYiYHLV�� 1DQRFULVWDLV� GH�
celulose. 

cHArActeriZAtion oF celluloSe nAnocrYStAlS bY Atomic Force microS-
coPY
Abstract
7KH�LQFUHDVLQJ�VHDUFK�IRU�GHYHORSPHQW�RI� OHVV�HQYLURQPHQWDOO\� LPSDFWIXO�PDWHULDOV�KDV�IRXQG�� LQ�UH�
QHZDEOH�VRXUFHV�RI�FHOOXORVH��D�SURPLVLQJ�DOWHUQDWLYH��7KLV�FDQ�EH�XVHG�DV�UHLQIRUFHPHQW� LQ�SRO\PHU�
PDWULFHV�WR�DLP�WKH�SURGXFWLRQ�RI�ELRGHJUDGDEOH�QDQRFRPSRVLWHV��7KH�SUHVHQW�ZRUN�LV�D�FKDUDFWHUL]DWLRQ�
RI�PRUSKRORJ\�DQG�GLVWULEXWLRQ�RI�FHOOXORVH�QDQRFU\VWDOV�RI�PDQJR¶V� OXPS��PHVTXLWH�SRGV��EDQDQD¶V�
SVHXGRVWHP��DQG�GHQGH¶V�PHVRFDUS�¿EHUV�XVLQJ�WKH�DWRPLF�IRUFH�PLFURVFRS\��$)0��DV�WHFKQLTXH��7KH�
UHVXOWV�ZHUH�SURPLVLQJ�UHJDUGLQJ�WR�GLVSHUVLRQ�DQG�GLPHQVLRQV�RI�WKH�FU\VWDOV�� WKHUHIRUH�KLJKOLJKWLQJ�
WKHLU�SRWHQWLDO�IRU�GHYHORSPHQW�RI�ELRGHJUDGDEOH�QDQRFRPSRVLWHV�
Keywords: $WRPLF�IRUFH�PLFURVFRS\��5HQHZDEOH�6RXUFHV�0DWHULDOV��&HOOXORVH�1DQRFU\VWDOV��

3XEOLFDo}HV� UHODFLRQDGDV��&DUDFWHUL]DomR� GH�1DQRFULVWDLV� GH� &HOXORVH�� 3VHXGRFDXOH� GD� %DQDQHLUD��
0DQJD��9DJHP�GH�$OJDURED�H�'HQGr�SRU�0LFURVFRSLD�GH�)RUoD�$W{PLFD��HP�UHGDomR���

1 introduÇÃo

1RV�~OWLPRV�DQRV��XP�FUHVFHQWH�LQWHUHVVH�JOREDO��WHP�EXVFDGR�R�GHVHQYROYLPHQWR�GH�PDWHULDLV�
PHQRV�DJUHVVLYRV�j�QDWXUH]D��(P�YLUWXGH�GLVVR��D�XWLOL]DomR�GH�¿EUDV�QDWXUDLV�DSUHVHQWD�FRQVLGHUiYHO�SR�
WHQFLDO�GH�DSOLFDomR�QD�SURGXomR�GH�PDWHULDLV�TXH�SHUPHLHP�PHQRUHV�LPSDFWRV�DPELHQWDLV���6,/9$��5��
et aO����������'HQWUH�DV�IRQWHV�QDWXUDLV�SDUD�R�GHVHQYROYLPHQWR�GH�SROtPHURV�ELRGHJUDGiYHLV��HQFRQWUD�
VH�H�R�DPLGR�H�D�FHOXORVH��SRGHQGR�VHU�HQFRQWUDGRV�HP�JUDQGH�HVFDOD�QD�QDWXUH]D��$VVLP��R�GHVHQYROYL�
PHQWR�GH�QRYRV�PDWHULDLV�EDVHDGRV�QD�DSOLFDomR�GHVWHV�WHP�VLGR�DOYR�GH�SHVTXLVD��4XDQGR�DV�FHOXORVHV�
VmR�VXEPHWLGDV�j�KLGUyOLVH�iFLGD�SRGHP�VH�FRQYHUWHU�FRP�IDFLOLGDGH�HP�QDQRFULVWDLV�GH�FHOXORVH��&1&���
WDPEpP�GHQRPLQDGRV�GH�³nanowhiskers´���/$+,-,��5��et al.,��������

4XDQGR�RV�&1& VmR�LQFRUSRUDGRV�jV�PDWUL]HV�SROLPpULFDV��PHVPR�TXH�HP�EDL[DV�FRQFHQWUD�
o}HV��SURSRUFLRQDP�ERDV�SURSULHGDGHV�PHFkQLFDV�H�TXtPLFDV�DRV�ELRQDQRFRPSyVLWRV��DOpP�GH�VH�DSUH�
VHQWDUHP�FRPR�XPD�DOWHUQDWLYD�DRV�FRPSyVLWRV�FRPXQV���/$+,-,��5��et al.,��������

(VWHV�WrP�GHVSHUWDGR�JUDQGH�LQWHUHVVH�GDV�LQG~VWULDV�SRU�VHUHP�PDWHULDLV�HP�HVFDOD�QDQRPpWULFD�H�
DSUHVHQWDUHP�PHQRUHV�ULVFRV�j�VD~GH�TXDQGR�FRPSDUDGRV�FRP�QDQRPDWHULDLV�GH�RULJHP�VLQWpWLFD��3RUWDQWR��
DSUHVHQWD�PHQRU�WR[LFLGDGH��EDL[R�FXVWR�H�SRGHP�VHU�DSOLFDGRV�HP�GLYHUVRV�PHLRV���/(81*�:��et al���������

$V�¿EUDV�QDWXUDLV�DSUHVHQWDP�XPD�JUDQGH�GLYHUVLGDGH�GH�HVSpFLHV�DSWDV�j�H[SORUDomR��VmR�SUR�
GX]LGDV�PXQGLDOPHQWH�H�QR�%UDVLO�VmR�FXOWLYDGDV�HP�ODUJD�HVFDOD�SHODV�DWLYLGDGHV�DJUtFRODV��DOpP�GH�
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VHUHP�JHUDGDV�FRPR�UHVtGXRV�SHODV�DJURLQG~VWULDV��'HVWDFD�VH�QHVVH�FRQWH[WR�R�GHVHQYROYLPHQWR�GH�ELR�
QDQRFRPSyVLWRV�UHIRUoDGRV�FRP�QDQRFULVWDLV�GH�FHOXORVH��WDLV�FRPR�R�PHVRFDUSR�GR�GHQGr��SRU�H[HP�
SOR��TXH�SRGHP�VHU�REWLGRV�DWUDYpV�GRV�UHVtGXRV�JHUDGRV�SRU�PHLR�GD�SURGXomR�GH�ELRGLHVHO���025$,6��
-�et al���������

'HYLGR�j�QHFHVVLGDGH�LQGXVWULDO�HP�DYDOLDU�DV�SURSULHGDGHV�GRV�&1&��D�¿P�LQFRUSRUi�ORV�QD�
HVWUXWXUD�GH�ELRQDQRFRPSyVLWRV��HVWH�HVWXGR�WHYH�FRPR�REMHWLYR�FDUDFWHUL]DU�PRUIRORJLFDPHQWH�RV�&1& 
GH�SVHXGRFDXOH�GD�EDQDQHLUD��3&%���YDJHP�GH�DOJDURED��$/9���¿EUD�GR�PHVRFDUSR�GH�GHQGr��1'��H�
GR�FDURoR�GH�PDQJD� �0*���XWLOL]DQGR�D�PLFURVFRSLD�GH� IRUoD�DW{PLFD� �AFM��SDUD�FDUDFWHUL]DU� VXDV�
GLPHQV}HV�

2 mAteriAiS e métodoS

$V�VXVSHQo}HV�GRV�&1&�GH�SVHXGRFDXOH�GD�EDQDQHLUD��YDJHP�GH�DOJDURED��GHQGr�H�PDQJD�IRUDP�
IRUQHFLGDV�SHOD�(PEUDSD�$JURLQG~VWULD�7URSLFDO��VLWXDGD�QR�HVWDGR�GR�&HDUi��7RGDV�DV�¿EUDV�IRUDP�VXE�
PHWLGDV�D�GHWHUPLQDGDV�FRQGLo}HV�H�HWDSDV�TXtPLFDV��FRPR�EUDQTXHDPHQWR�H�KLGUROLVH�iFLGD��+2SO����
SDUD�REWHQomR�GDV�VXVSHQV}HV�GH�QDQRFULVWDLV��

$V�PRUIRORJLDV�GRV�&1& IRUDP�FDUDFWHUL]DGDV��XVDQGR�R�$)0�(modelo Veeco Multimode���DWUD�
YpV�GR�VRIWZDUH��1DQRVFRSH�����, Veeco 2009���XWLOL]DQGR�VH�FDQWLOHYHU�GH�6L1L�FXUWR��QR�PRGR�FRQWDWR��
FRP��N+]�GH�IUHTXrQFLD�GH�UHVVRQkQFLD�H�SRQWD�FRP�UDLR�HQWUH����H�����QP��H�XPLGDGH�UHODWLYD�GR�DU�
�������H�FRQVWDQWH�GH�PROD�HQWUH������������1�P��$V�GLOXLo}HV�IRUDP�UHDOL]DGDV�FRP�iJXD�XOWUDSXUD�
�0LOOL�4���H�PRVWUDUDP�TXH�D�PHOKRU�FRQFHQWUDomR�SDUD�DQiOLVH�GH�$)0�p�D�F� �����J�/��$VVLP��IRL�
DGLFLRQDGR���+/�SDUD�DGVRUomR�GDV�VXVSHQV}HV�DTXRVDV�GLOXtGDV�VREUH�XPD�DPRVWUD�SODQD�GH�PLFD�PXV�
FRYLWD��$�VHFDJHP�GDV�VXVSHQV}HV�SDUD�WRGDV�DV�DPRVWUDV�GHVVH�WUDEDOKR�RFRUUHX�j�WHPSHUDWXUD�DPELHQWH�
2V�GDGRV�GDV�GLPHQV}HV�GH�FRPSULPHQWR�H�GLkPHWUR�DOWXUD�REWLGRV�SHOR�$)0�IRUDP�REWLGRV�H�DQDOLVD�
GRV�SHOR�6RIWZDUH�:6[0�����GHYHORS������H�IRUDP�VHOHFLRQDGDV�SHORV�PHQRV�TXDWUR�PHGLGDV��Q ����GH�
FDGD�FRQGLomR��&RP�HVWHV�GDGRV�IRL�GHWHUPLQDGD�XPD�PpGLD�H�GHVYLR�SDGUmR��FRP�PHWRGRORJLD�VHPHO�
KDQWH�j�UHSRUWDGD�SRU�/$+,-,��5�et al��������

3 reSultAdoS e diScuSSÃo

$V�PRUIRORJLDV�GRV�&1&��DTXL�FDUDFWHUL]DGDV��SRGHP�VHU�REVHUYDGDV��DWUDYpV�GDV�LPDJHQV�GH�
WRSRJUD¿D�H[LELGDV�QD�¿JXUD���QD�TXDO�RV�QDQRFULVWDLV�VH�DSUHVHQWDP�LVRODGDPHQWH�GLVSHUVRV��HYLGHQ�
FLDQGR� VXD� IRUPD� JHRPpWULFD�� FLOtQGULFD�� FRPR� Mi� HQFRQWUDGD� SRU� RXWURV� WLSRV� GH� IRQWHV� UHQRYiYHLV��
VHJXQGR�HVWXGRV�Mi�UHDOL]DGRV�

Figura 1. ,PDJHQV�WRSRJUi¿FDV�GH�PLFURVFRSLD�GH�IRUoD�DW{PLFD�GRV�QDQRZKLVNHUV�GH�EDQDQHLUD��$���0DQJD�
�%���9DJHP�GH�$OJDURED��&��H�'HQGr��'���ÈUHDV��$�H�%����+m2��&�H�'���+m2

2V�&1&�GH�3&%��$/9��1'� H�0*�� DSUHVHQWDUDP� FRPSULPHQWRV�PpGLRV� TXH� YDULDUDP� HQWUH�
���������QP�� ���������QP�� ���������QP�H� ����������QP��H�GLkPHWURV�PpGLRV�HP� WRUQR�GH� �������
QP�����������QP�������QP�H�������QP�UHVSHFWLYDPHQWH��$�WDEHOD���DSUHVHQWD�D�PpGLD�GRV�YDORUHV�REWL�
GRV��FRQVLGHUDQGR�TXH�D�DOWXUD�GRV�QDQRFULVWDLV�GH�FHOXORVH�p�UHODWLYD�DRV�YDORUHV�GH�GLkPHWUR�GHYLGR�j�
LQWHUDomR�GD�SRQWD�GH�$)0��DJXOKD��H�D�DPRVWUD��TXH�FRQGX]�D�XP�SHTXHQR�GHVYLR��7RGRV�RV�YDORUHV�
HQFRQWUDGRV�SDUD�RV�&1&�GHVWH�HVWXGR�VmR�SUy[LPRV�DRV�HQFRQWUDGRV�QD�OLWHUDWXUD��WDPEpP�RULXQGRV�GH�
IRQWHV�UHQRYiYHLV�FRPR�PDGHLUD��DEDFD[L�HQWUH�RXWURV��WDPEpP�FDUDFWHUL]DGRV�SRU�$)0���6$1726��5��
et al��������H�/$+,-,�5��et al���������
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tabela 1. 0pGLD�GDV�GLPHQV}HV�GRV�QDQRFULVWDLV�GH�FHOXORVH�GHWHUPLQDGDV�SRU�$)0
nanowhiskers Altura

(nm)
diametro

(nm)
comprimento 

(nm)
razao de Aspecto 

(l/d)

3&% ��(� ��(2 ���(�� ���(�

$/9 ���(1 ���(��� ���(�� ��(��

1' �(��� ���(1 ���(�� ��(��

0* ��(� ���(1 ���(�� ��(11

3DUD�FRUUHomR�GR�UDLR�GD�DPRVWUD��GHYLGR�j�LQWHUDomR�HQWUH�D�SRQWD�H�D�DPRVWUD�IRL�XWLOL]DGD�D�
HTXDomR����SDUD�D�GHWHPLQDomR�GD�ODUJXUD�GRV�QDQRFULVWDLV��2QGH�5s�p�R�UDLR�GD�DPRVWUD��:�p�D�/DUJXUD�
da imagem e Rt p�R�UDLR�GD�SRQWD��(�R�UDLR�GD�SRQWD�XWLOL]DGD�SDUD�DV�GLPHQVRHV�GHVWH�HVWXGR�IRL�GH���QP�
SDUD�3&%�H����QP�j�$/9�0*�H�1'���:$1*�<��et al��������

� ���

8PD�QRWiYHO�REVHUYDomR�p�GDGD�DRV�YDORUHV�GH�UD]mR�GH�DVSHFWR�GRV�&1&�REWLGRV��GH�����(��QP�
SDUD�3&%�����(���QP�SDUD�$/9�����(���QP�SDUD�1'�H����(���QP�SDUD�0*��$�UD]mR�GH�DVSHFWR�HVWi�
UHODFLRQDGD�LQWULQVHFDPHQWH�FRP�R�WLSR�GH�IRQWH��FRQGLomR�H�SUHSDUDomR�GRV�QDQRFULVWDLV��3RUWDQWR��DOWDV�
TXDQWLGDGHV�GH�FHOXORVH�SRGHP�IDYRUHFHU�XP�H[FHOHQWH�HIHLWR�GH�UHIRUoR�DRV�ELRQDQRFRPSyVLWRV��R�TXDO�
SHUPLWH�PHOKRU�GHVHPSHQKR�PHFkQLFR�HP�PHQRUHV�FDUJDV���526$��0��et al���������

2V�YDORUHV�GDV�GLPHQV}HV�GRV�&1& VH�PDQWLYHUDP�FRQVLVWHQWHV�FRP�XPLGDGH�UHODWLYD�HP�Pp�
GLD�GH������XP�SHUFHQWXDO�HVWLSXODGR�FRPR�SDGUmR�QHVWH� WUDEDOKR�SDUD�D� UHDOL]DomR�GDV�PHGLGDV��e�
praticamente impossível que os nanocristais de celulose se tornem mais ou menos espessos diante da 
XPLGDGH�EDL[D�H�HVWiYHO�XWLOL]DGD�QHVWH�WUDEDOKR��YLVWR�TXH�WDLV�DOWHUDo}HV�HVWmR�YLQFXODGDV�FRP�D�SHQH�
WUDomR�H�D�GLIXVmR�GDV�PROpFXODV�GH�iJXD�DRV�QDQRFULVWDLV��SURSRUFLRQDQGR�D�VHSDUDomR�GDV�FDGHLDV�GH�
FHOXORVH��7DLV�DOWHUDo}HV�QD�UHODomR�HVSHVVXUD�[�XPLGDGH�¿FDUDP�FRPSURYDGDV�HP�HVWXGRV���/$+,-,�5��
et al��������

4 concluSÃo

5HVVDOWD�VH�TXH�D�FRQFHQWUDomR��F��p�XP�DJHQWH�OLPLWDQWH�TXDQWR�j�REWHQomR�GRV�&1&�LVRODGRV��
HYLGHQFLDQGR� TXH�� HP� EDL[DV� FRQFHQWUDo}HV�� DV� DJORPHUDo}HV� VmR�PHQRUHV� H� TXDVH� LQH[LVWHQWHV� QDV�
LPDJHQV��3RUWDQWR��D�F� �����J�/�GHWHUPLQDGD�QHVWH�WUDEDOKR�SHUPLWLX�D�REWHQomR�H�D�DQiOLVH�GHWDOKDGD�
GDV�¿EUDV�LVRODGDV��WRUQDQGR�VH�HVWD��D�FRQFHQWUDomR�LGHDO�SDUD�IXWXUDV�FDUDFWHUL]Do}HV�GH�QDQRFULVWDLV�
GH�FHOXORVH��$�FDUDFWHUL]DomR�PRUIROyJLFD�SRU�$)0�HYLGHQFLRX�TXH�&1&�LVRODGRV�H�H[WUDtGRV�GH�IRQWHV�
UHQRYiYHLV� GLVWLQWDV� DSUHVHQWDUDP� DOWR� SRWHQFLDO� GH� UHIRUoR� HP� QDQRFRPSyVLWRV� FRPR� DOWHUQDWLYD� Mi�
HPSUHJDGD��(P�VXPD��R�$)0�SRGH�VHU�FDWHJRUL]DGR�FRPR�XPD�WpFQLFD�¿GHGLJQD�TXH�VH�DGLFLRQD�DRV�
GHPDLV�PLFURVFySLFRV�FRQYHQFLRQDLV� WDPEpP�XWLOL]DGRV�SDUD�FDUDFWHUL]DomR�GRV�&1&��$OpP�GLVVR��D�
WpFQLFD�GH�$)0�DSUHVHQWD�SHFXOLDULGDGHV�SDUWLFXODUHV�DRV�GHPDLV�WLSRV�GH�PLFURVFRSLD��SRLV�p�SRVVtYHO�
UHDOL]DU�DQiOLVHV�GH�LQWHUDomR�H�DWUDomR�PROHFXODU�GH�PDWHULDLV��

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��)LQHS��&DSHV�H�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD��¬�(0%5$3$�
&13$7�SHOD�SUHSDUDomR�SRU�KLGUyOLVH�iFLGD�H�IRUQHFLPHQWR�GD�VXVSHQVmR�GH�nanowhiskers�GH�PDQJD��
GHQGr��YDJHP�GH�DOJDURED�H�SVHXGRFDXOH�GD�EDQDQHLUD��¬�(0%5$3$�&13',$�SHOR�IRPHQWR�H�SDUWH�GR�
3ODQR�GH�$omR���YLQFXODGR�DR�3URMHWR�&RPSRQHQWH�GH�%LRQDQRFRPSyVLWRV��

reFerÊnciAS

6,/9$��5���+$5$*8&+,��6�.���081,=��(�&���58%,5$��$�)��$SOLFDo}HV�GH�¿EUDV�OLJQRFHOXORVLFDV�QD�
TXtPLFD�GH�SROtPHURV�H�HP�FRPSyVLWRV��4XLP�1RYD��Y�����Q���S��������������
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/$+,-,��5�5���;8��;���5(,)(1%(5*(5��5���5$0$1�$���58',(��$���0221�5�-��$WRPLF�)RUFH�
0LFURVFRS\�&KDUDFWHUL]DWLRQ�RI�&HOOXORVH�1DQRFU\VWDOV��/DQJPXLU��Y�����Q����S�����������������

/(81*�:�&�$���/$0��(���&+21*��-���+$5$329,&��6���/821*��7�+�-��5HLQIRUFHG�3ODVWLFV�DQG�
$HURJHOV�E\�1DQRFU\VWDOOLQH�&HOOXORVH�-�1DQRSDUW��5HV��Y�����S������������
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resumo
2�REMHWLYR�GHVWH� WUDEDOKR� IRL�GHWHUPLQDU�DV�SURSULHGDGHV� ItVLFDV�GH�¿OPHV�FHOXOyVLFRV�QDQRHVWUXWXUD�
GRV��)RL�XWLOL]DGD�SROSD�Kraft�QmR�EUDQTXHDGD�GH�Pinus VS��)RUDP�DYDOLDGRV�WUrV�GLIHUHQWHV�Q~PHURV�GH�
SDVVHV�GD�SROSD�SHOR�PRLQKR�GHV¿EULODGRU�6XSHU�0DVVFROORLGHU�0DVXNR�6DQJ\R��������H�����3DUD�FDGD�
WUDWDPHQWR�IRUDP�SURGX]LGDV�FLQFR�DPRVWUDV��3DUD�YLVXDOL]DomR�GDV�HVWUXWXUDV�H�GLPHQV}HV�GDV�QDQR¿�
EULODV�GH�FHOXORVH�IRL�XVDGD�D�PLFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR��2V�¿OPHV�SUHYLDPHQWH�DFRQGLFLR�
QDGRV�HP�VDOD�FOLPDWL]DGD�IRUDP�GHVWLQDGRV�j�FRQIHFomR�GRV�FRUSRV�GH�SURYD�H�UHDOL]DomR�GRV�HQVDLRV�
ItVLFRV��$�GHQVLGDGH�DSDUHQWH�PpGLD�DSUHVHQWRX�VH�FHUFD�GH�WUrV�YH]HV�PDLRU�QRV�¿OPHV�QDQRHVWUXWXUDGRV�
TXDQGR�FRPSDUDGRV�DRV�¿OPHV�GR�WUDWDPHQWR�TXH�QmR�VRIUHX�SURFHVVR�PHFkQLFR��/�����)LOPHV�QDQRHV�
WUXWXUDGRV�DSUHVHQWDUDP�SURSULHGDGHV�GH�UHVLVWrQFLD�j�WUDomR�FRP�YDORUHV�HVWDWLVWLFDPHQWH�VXSHULRUHV�DR�
WUDWDPHQWR�/����0DLRUHV�YDORUHV�GH�GHQVLGDGH�DSDUHQWH�H�GH�UHVLVWrQFLD�j�WUDomR�IRUDP�HQFRQWUDGRV�SDUD�
RV�¿OPHV�QDQRHVWUXWXUDGRV��GHYLGR�j�HVWUXWXUD�PDLV�FRPSDFWD�H�GH�PHQRU�SRURVLGDGH�SURSRUFLRQDGD�SHOD�
PDLRU�VXSHUItFLH�GH�FRQWDWR�GDV�QDQR¿EULODV�
Palavras-chave��)LOPHV�1DQRHVWUXWXUDGRV��&HOXORVH��'HQVLGDGH�$SDUHQWH��7UDomR

ProPertieS oF nAnoStructured celluloSic FilmS From KrAFt PulP nAno-
FiberS oF pInUS SP. 
Abstract
7KH�REMHFWLYH�RI�WKLV�ZRUN�ZDV�WR�GHWHUPLQH�WKH�SK\VLFDO�SURSHUWLHV�RI�QDQRVWUXFWXUHG�FHOOXORVLF�¿OPV��XQ�
EOHDFKHG�.UDIW�SXOS�RI�Pinus�VS��ZDV�XVHG��7KUHH�GLIIHUHQW�SDVVHV�RI�WKH�SXOS�WKURXJK�WKH�IULFWLRQ�JULQGHU�
6XSHU�0DVVFROORLGHU�0DVXNR�6DQJ\R�ZHUH�LQYHVWLJDWHG��������DQG�����7UDQVPLVVLRQ�(OHFWURQ�0LFURVFRS\�
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ZDV�XVHG�WR�YLVXDOL]H�WKH�VWUXFWXUHV�DQG�GLPHQVLRQV�RI�WKH�FHOOXORVH�QDQR¿EHUV��7KH�SUHYLRXVO\�FRQGLWLRQHG�
¿YH�¿OPV�VDPSOHV�SHU�WUHDWPHQW�ZHUH�GHVWLQHG�WR�SK\VLFDO�FKDUDFWHUL]DWLRQ��7KH�PHDQ�DSSDUHQW�GHQVLW\�
ZDV�DERXW�WKUHH�WLPHV�KLJKHU�LQ�QDQRVWUXFWXUHG�¿OPV�FRPSDUHG�WR�WUHDWPHQW�WKDW�GLG�QRW�XQGHUJR�PHFKDQ�
LFDO�SURFHVV��/�����7KH�QDQRVWUXFWXUHG�¿OPV�VKRZHG�WHQVLOH�PHFKDQLFDO�SURSHUWLHV�VXSHULRU�WR�XQWUHDWHG��
+LJKHU�YDOXHV�RI�DSSDUHQW�GHQVLW\�DQG�WHQVLOH�VWUHQJWK�ZHUH�IRXQG�IRU�QDQRVWUXFWXUHG�¿OPV��GXH�WR�WKH�PRUH�
FRPSDFW�VWUXFWXUH�DQG�ORZHU�SRURVLW\�SURYLGHG�E\�JUHDWHU�FRQWDFW�VXUIDFH�DUHD�RI�WKH�FHOOXORVH�QDQR¿EULOV�
Keywords: 1DQRVWUXFWXUHG�¿OPV��&HOOXORVH��$SDUHQW�GHQVLW\��7HQVLOH

1 introduÇÃo

$�QDQRWHFQRORJLD�p�DWXDOPHQWH�FRQVLGHUDGD�XPD�GDV�JUDQGHV�iUHDV�GHQWUR�GRV�VHWRUHV�HP�GHVWD�
TXH�GD�WHFQRORJLD�TXH�SUHQXQFLDP�JUDQGHV�DYDQoRV�j�FLrQFLD�H�QRYDV�RSRUWXQLGDGHV�QRV�PDLV�GLIHUHQFLD�
GRV�FDPSRV��&+$0$6��������)521(�et al�����������2�XVR�H�REWHQomR�GH�QDQR¿EULODV�GH�FHOXORVH�H�VXDV�
DSOLFDo}HV�HP�PDWHULDLV�FRPSyVLWRV�WHP�GHVSHUWDGR�D�DWHQomR�GH�SHVTXLVDGRUHV�SRU�DSUHVHQWDU�VH�FRPR�
PDWHULDO�FRP�DOWD�UHVLVWrQFLD�H�ULJLGH]��DOLDGR�DR�IDWR�GR�EDL[R�SHVR��6,5Ï�H�3/$&.(77���������$OpP�
GDV�VXDV�H[FHOHQWHV�SURSULHGDGHV�PHFkQLFDV��QDQR¿EULODV�GH�FHOXORVH�WrP�PRVWUDGR�RXWUDV�LQWHUHVVDQWHV�
SURSULHGDGHV�SDUD�UHIRUoRV�HP�QDQRFRPSyVLWRV�

1HVWH�FHQiULR�D�QDQRWHFQRORJLD�DSOLFDGD�DR�VHWRU�GH�FHOXORVH�H�SDSHO�SRGH�SRVVLELOLWDU�D�REWHQ�
omR�GH�QRYRV�SURGXWRV�QDQRHVWUXWXUDGRV�FRP�H[FHOHQWHV�SURSULHGDGHV�GH�UHVLVWrQFLD�D�SDUWLU�GH�PDWHULDLV�
FHOXOyVLFRV���2�SURGXWR�REWLGR�GD�SROSD�FHOXOyVLFD�SRU�PHLR�GH�SURFHVVRV�QDQRWHFQROyJLFRV�p�D�FKDPDGD�
FHOXORVH�PLFUR¿EULODGD��TXH�DSUHVHQWD�D�FDSDFLGDGH�GH�JHUDU�IRUWHV�OLJDo}HV�GH�KLGURJrQLR�HQWUH�DV�PL�
FUR¿EULODV�GD�SDUHGH�FHOXODU��SURGX]LQGR�XP�PDWHULDO�FRP�DOWD�UHVLVWrQFLD��(VWDV�SURSULHGDGHV�ID]HP�GD�
nanocelulose um produto atraente para ser usado como aditivo em papel para melhoria das propriedades 
PHFkQLFDV�FRPR�DUUHEHQWDPHQWR��UDVJR�H�WUDomR��*21=È/(=�et al��������

$�FRPELQDomR�IDYRUiYHO�GH�HOHYDGDV�SURSULHGDGHV�GH�UHVLVWrQFLD�MXQWDPHQWH�FRP�R�IDWR�GH�VHU�
XP�PDWHULDO�KLGURItOLFR��ELRGHJUDGiYHO�H�UHQRYiYHO�WRUQDP�QDQR¿EULODV�GH�FHOXORVH�FDQGLGDWDV�SURPLV�
VRUHV�SDUD�XVR�FRPHUFLDO��3HVTXLVDV�VREUH�D�DSOLFDomR�GD�QDQRFHOXORVH�QR�VHWRU�GH�FHOXORVH�H�SDSHO�DLQGD�
VmR�UHFHQWHV�H�HVWmR�HP�IDVH�LQLFLDO�GH�H[SORUDomR��

2�REMHWLYR�GHVWH�WUDEDOKR�IRL�GHWHUPLQDU�DV�SURSULHGDGHV�ItVLFDV�GH�¿OPHV�FHOXOyVLFRV�QDQRHVWUX�
WXUDGRV�SURGX]LGRV�D�SDUWLU�GH�SROSD�Kraft não branqueada de Pinus sp.

2 mAteriAiS e métodoS

2.1 3URGXomR�GRV�¿OPHV�QDQRHVWUXWXUDGRV

1HVWH�HVWXGR�IRL�XWLOL]DGD�SROSD�Kraft não branqueada obtida da madeira de Pinus�VS���$�SROSD�
SDVVRX�SHOR�SURFHVVR�PHFkQLFR�GH�GHVLQWHJUDomR�GDV�¿EUDV�FRP�R�REMHWLYR�GH�SURPRYHU�D� LQGLYLGX�
DOL]DomR�GDV�PHVPDV��VHJXLQGR�HQWmR�SDUD�DV�HWDSDV�GH�ODYDJHP�SDUD�UHWLUDGD�GR�H[FHVVR�GR�OLFRU�GH�
FR]LPHQWR�H�FHQWULIXJDomR� $�SROSD�Kraft��IRUPDQGR�XPD�VXVSHQVmR�MXQWDPHQWH�FRP�iJXD�GHVWLODGD�QD�
FRQFHQWUDomR����EDVH�PDVVD�VHFD�VHJXLUDP�SDUD�R�SURFHVVR�PHFkQLFR�GH�GHV¿EULODomR�QR�PRLQKR�Super 
Masscolloider Masuko Sangyo��0.&$�����0DVXNR�6DQJ\R�&R���/WG���QD�IUHT�rQFLD�GH�����USP��)R�
UDP�DYDOLDGRV�GRLV�GLIHUHQWHV�Q~PHURV�GH�SDVVHV�SHOR�PRLQKR�����H�����/���H�/�����DOpP�GR�WUDWDPHQWR�
VHP�QHQKXP�SURFHVVR�PHFkQLFR��/�����WRWDOL]DQGR�WUrV�WUDWDPHQWRV��3DUWH�GD�VXVSHQVmR�QDQRFHOXOyVLFD�
REWLGD�IRL�XVDGD�SDUD�REVHUYDomR�GD�QDQR¿EULODV�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR�

)LOPHV�QDQRFHOXOyVLFRV�IRUDP�SURGX]LGRV�SRU�PHLR�GD�GHSRVLomR�GD�VXVSHQVmR�QDQRFHOXOyVLFD�
VREUH�R�FRQMXQWR�SDSHO�¿OWUR�VRE�XPD�WHOD�GH�Q\ORQ�SDUD�VHUHP�¿OWUDGRV�D�YiFXR��$SyV�VHUHP�¿OWUDGRV�
IRUDP�OHYDGRV�SDUD�SUp�VHFDJHP�QD�HVWXID�j�WHPSHUDWXUD�GH�����&�GXUDQWH����PLQXWRV�H�QD�VHT�rQFLD�
VHFRV�QD�PiTXLQD�IRUPDGRUD�GH�SDSHO�VRE�WHPSHUDWXUD�HP�WRUQR�GH����&�GXUDQWH�XP�WHPSR�YDULDQGR�GH�
������PLQXWRV��3DUD�SURGXomR�GRV�PHVPRV�IRL�HVWDEHOHFLGD�XPD�JUDPDWXUD�GHVHMDGD�GH����J�P2��3DUD�
FDGD�WUDWDPHQWR�IRUDP�SURGX]LGDV�FLQFR�UHSHWLo}HV��¿OPHV��

2V�¿OPHV�QDQRHVWUXWXUDGRV�IRUDP�SUHYLDPHQWH�DFRQGLFLRQDGRV�HP�VDOD�FOLPDWL]DGD�FRP�WHP�
SHUDWXUD�GH����(����&�H�XPLGDGH�UHODWLYD�GR�DU�GH����(�����1RUPD�7$33,�7���±RP�����SDUD�SRVWHULRU�
FRQIHFomR�GRV�FRUSRV�GH�SURYD�H�UHDOL]DomR�GRV�HQVDLRV�ItVLFRV��GHQVLGDGH�DSDUHQWH��DEVRUomR�H�UHVLV�
WrQFLD�j�WUDomR��

3DUD�YLVXDOL]DomR�GDV�HVWUXWXUDV�H�GLPHQV}HV�GDV�QDQR¿EULODV�GH�FHOXORVH�IRL�XVDGR�R�0LFURV�
FySLR�(OHWU{QLFR�GH�7UDQVPLVVmR�PRGHOR� -HRO� -(0�����(;,,�Electron Microscope� �����PLO�;���$V�
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VXVSHQV}HV�QDQRFHOXOyVLFDV�IRUDP�GLOXtGDV�HP�iJXD�GHVWLODGD�H�HQWmR�UHDOL]DGD�D�VXEVWLWXLomR�GD�iJXD�
SHOR�iOFRRO�W�EXWtOLFR�SDUD�SRVWHULRU�DTXLVLomR�GH�LPDJHQV��,:$0272�et al����������

1D�UHDOL]DomR�GH�FDGD�HQVDLR�ItVLFR�IRUDP�DYDOLDGRV�FLQFR�FRUSRV�GH�SURYD�SRU�WUDWDPHQWR��$�
GHQVLGDGH�DSDUHQWH�GRV�¿OPHV��H[SUHVVD�HP�J�FPñ��IRL�FDOFXODGD�SHOD�UHODomR�HQWUH�D�JUDPDWXUD�H�D�HV�
SHVVXUD�GR�SDSHO��1RUPD�7���±RP�����$�DEVRUomR�GH�iJXD�SHOR�PpWRGR�&REE��J�P2���FRUUHVSRQGH�D�
PDVVD�GH�iJXD�DEVRUYLGD�SRU���PHWUR�TXDGUDGR�GR�¿OPH�QR�WHPSR�DGRWDGR�GH����VHJXQGRV��2�PpWRGR�
IRL�DGDSWDGR�GD�1RUPD�7���±RP����

2�HQVDLR�GH�WUDomR�IRL�UHDOL]DGR�GH�DFRUGR�FRP�D�QRUPD�1%5�10�,62��������������XWLOL]DQGR�
VH�XP�GLQDP{PHWUR�GLJLWDO�KRUL]RQWDO�FRP�GLVWkQFLD�HQWUH�DV�JDUUDV�DMXVWDGD�SDUD����PP�H�YHORFLGDGH�
GH�HQVDLR�GH���PP�PLQ��$�UHVLVWrQFLD�j�WUDomR�IRL�DSUHVHQWDGD�SRU�PHLR�GR�tQGLFH�GH�WUDomR��,7��TXH�
FRUUHVSRQGH�D�UHODomR�HQWUH�D�UHVLVWrQFLD�H�D�JUDPDWXUD�GH�XPD�DPRVWUD��VHQGR�H[SUHVVR�HP�1�P�J��

3 reSultAdoS e diScuSSÃo

$�)LJXUD���DSUHVHQWD�LPDJHP�REWLGD�SRU�0LFURVFRSLD�(OHWU{QLFD�GH�7UDQVPLVVmR��RQGH�p�SRVVt�
YHO�REVHUYDU�QDQR¿EULODV�GH�FHOXORVH��

Figura 1. �1DQR¿EULODV�GH�FHOXORVH��DXPHQWR�GH�������YH]HV

$�7DEHOD���DSUHVHQWD�RV�YDORUHV�PpGLRV�GDV�SURSULHGDGHV�ItVLFDV��GHQVLGDGH�DSDUHQWH��DEVRUomR�
&REE���H�UHVLVWrQFLD�j�WUDomR�GRV�¿OPHV�QDQRFHOXOyVLFRV�SHUWHQFHQWHV�DRV�GLIHUHQWHV�WUDWDPHQWRV�

tabela 1. 9DORUHV�PpGLRV�GDV�SURSULHGDGHV�GH�GHQVLGDGH�DSDUHQWH��DEVRUomR�&REE���H�UHVLVWrQFLD�j�WUDomR�GRV�
¿OPHV�QDQRFHOXOyVLFRV�SDUD�FDGD�WUDWDPHQWR

tratamento  dA(g/cm3) cobb60 (g/m2) it (n.m/g)

/�� 0pGLD ���� ����� �����

&9���� ��� ���� ����

/�� 0pGLD ���� ����� ������

&9���� ���� ���� ����

/�� 0pGLD ���� ����� �����

&9���� ���� ���� ����
Onde: L00 = testemunha; L10 = tratamento com dez passes pelo moinho; L30 = tratamento com trinta passes pelo moinho 

DA = densidade aparente; IT = Índice de Tração; CV = coeficiente de variação.

2V�YDORUHV�PpGLRV�GD�GHQVLGDGH�DSDUHQWH�DSUHVHQWDGRV�QD�7DEHOD���SHUPLWHP�FRQFOXLU�TXH�D�SUH�
VHQoD�GH�QDQR¿EULODV�SURSRUFLRQRX�XP�DXPHQWR�FRQVLGHUiYHO�QDV�GHQVLGDGHV��FHUFD�GH�WUrV�YH]HV�PDLRU��
TXDQGR�FRPSDUDGD�DRV�¿OPHV�TXH�QmR�VRIUHUDP�WUDWDPHQWR�PHFkQLFR��7�����2V�YDORUHV�IRUDP�GH������J�
cm��SDUD�R�/���D������J�FP��SDUD�R�/����2V�YDORUHV�HQFRQWUDGRV�SDUD�D�GHQVLGDGH�GRV�¿OPHV�FHOXOyVLFRV�
QDQRHVWUXWXUDGRV�QHVWH�WUDEDOKR�HVWmR�SUy[LPRV�FRP�RV�UHODWDGRV�SRU�RXWURV�DXWRUHV��+(15,.6621�HW�
DO���������
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2�DXPHQWR�QD�GHQVLGDGH�GRV�¿OPHV�HVWi�GLUHWDPHQWH�UHODFLRQDGR�DR�DXPHQWR�GDV�SURSULHGDGHV�
GRV�¿OPHV��$�SRURVLGDGH�GLPLQXL�FRP�R�DXPHQWR�GD�GHQVLGDGH�H�D�PDLRU�VXSHUItFLH�GH�FRQWDWR�HQWUH�DV�
QDQR¿EULODV�GH�FHOXORVH�DGMDFHQWHV�SURSRUFLRQD�XP�PDLRU�Q~PHUR�GH�OLJDo}HV�GH�KLGURJrQLR�IRUPDQGR�
XPD�UHGH�PDLV�GHQVD�UHVXOWDQGR�QXPD�PDLRU�IRUoD�H�ULJLGH]�DR�¿OPH�

(P�UHODomR�DRV�HQVDLRV�GH�DEVRUomR�SHOR�PpWRGR�&REE���p�SRVVtYHO�REVHUYDU�SHOD�7DEHODV���TXH�
RV�¿OPHV�QDQRFHOXOyVLFRV�DSUHVHQWDUDP�PHQRU�DEVRUomR�TXDQGR�FRPSDUDGRV�DRV�IRUPDGRV�SRU�¿EUDV�
TXH�QmR�VRIUHUDP�SURFHVVR�PHFkQLFR��/�����2V�YDORUHV�GH�DEVRUomR�SDUD�RV�WUDWDPHQWRV�QmR�GHVOLJQL�
¿FDGRV�YDULDUDP�GH��������/����D��������J�P2��/�����,VVR�SRGH�VHU�H[SOLFDGR�SHOD�HVWUXWXUD�EDVWDQWH�
FRPSDFWD�H�PHQRU�SRURVLGDGH�TXH�HVWHV�¿OPHV�DSUHVHQWDP��GLPLQXLQGR�GHVWD� IRUPD�D�SHQHWUDomR�GH�
iJXD��'8)5(61(��������

2� tQGLFH� GH� WUDomR� SDUD� RV� ¿OPHV� DSUHVHQWDUDP�YDORUHV�PpGLRV� YDULDQGR� GH� ������ D� �������
1P�J��SDUD�RV� WUDWDPHQWRV�/���H�/���� UHVSHFWLYDPHQWH��2�DXPHQWR�GDV�SURSULHGDGHV�PHFkQLFDV�GRV�
¿OPHV�SRGH�VHU�H[SOLFDGR�SHOD�GHQVD�UHGH�GH�OLJDo}HV�GH�KLGURJrQLR�FULDGDV�SHOD�PDLRU�iUHD�VXSHU¿FLDO�
SURGX]LGD�DSyV�R�SURFHVVR�GH�GHV¿EULODomR�GD�SROSD�FHOXOyVLFD��63(1&(�HW�DO����������$�UHGXomR�QD�
UHVLVWrQFLD�j� WUDomR� �DSUHVHQWDGD�SHORV�¿OPHV� �SHUWHQFHQWHV�DR� WUDWDPHQWR�/���SRGH�VHU� UHVXOWDGR�GD�
GHJUDGDomR�GD�FHOXORVH�VRIULGD�SHOR�SURFHVVR�GH�GHV¿EULODomR��2�DXPHQWR�GR�Q~PHUR�GH�SDVVHV�SHOR�
PRLQKR�SURPRYH�D�GLPLQXLomR�GDV�GLPHQV}HV�GDV�¿EUDV�SDUD�QtYHLV�QDQRPpWULFRV�PDV�WDPEpP�SRGH�
UHGX]LU�R�JUDX�GH�FULVWDOLQLGDGH�H�SROLPHUL]DomR�GD�FHOXORVH��RFDVLRQDQGR�XPD�GLPLQXLomR�QDV�SURSULH�
GDGHV�PHFkQLFDV�GRV�¿OPHV��,:$0272�et al����������

4 concluSÃo

��$�SUHVHQoD�GH�QDQR¿EULODV�SURSRUFLRQRX�XP�DXPHQWR�FRQVLGHUiYHO�QDV�GHQVLGDGHV�SDUD�RV�
WUDWDPHQWRV�HVWXGDGRV�

��¿OPHV�QDQRFHOXOyVLFRV�DSUHVHQWDUDP�PHQRU�DEVRUomR�GH�iJXD�SHOD�PHQRU�SRURVLGDGH�H�HVWUX�
WXUD�FRPSDFWD�TXH�DSUHVHQWDP�TXDQGR�FRPSDUDGRV�DRV�WUDWDPHQWRV�/���H�7���

��D�UHVLVWrQFLD�GRV�¿OPHV�QDQRFHOXOyVLFRV�j�WUDomR�DSUHVHQWRX�YDORUHV�VLJQL¿FDWLYDPHQWH�PDLR�
UHV�TXDQGR�FRPSDUDGDV�DRV�¿OPHV�SURGX]LGRV�D�SDUWLU�GD�SROSD�VHP�SURFHVVR�GH�GHV¿EULODomR�
$JUDGHFLPHQWRV�

2V�DXWRUHV�DJUDGHFHP�DR�&13T��)LQHS��&DSHV�H�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD�

reFerÊnciAS

&+$0$6��&�,��1DQRWHFKQRORJ\�LQWHOOHFWXDO�SURSHUW\�LQ�%UD]LO��3UHOLPLQDU\�UHVHDUFK�QRWH��:RUOG�3DWHQW�
,QIRUPDWLRQ��Y�����S����±����������

'8)5(61(��$��1DQRFHOOXORVH�)URP�1DWXUH�WR�+LJK�3HUIRUPDQFH�7DLORUHG�0DWHULDOV��%HUOLQ��:DOWHU�'H�
*UX\WHU�,QFRUSRUDWHG�����������S�

)521(��$�1���3$1$,7(6&8��'�0���'21(6&8��'��6RPH�DVSHFWV�FRQFHUQLQJ�WKH�LVRODWLRQ�RI�FHOOXOR�
VH�PLFUR��DQG�QDQR��¿EHUV��83%�6FLHQWL¿F�%XOOHWLQ��Y������S����������������

*21=È/(=��,���%28),��6���3Ê/$&+��0�$���$/&$/¬��0���9,/$6(&$��)���087-e$��3��1DQR¿�
EULOODWHG�FHOOXORVH�DV�SDSHU�DGGLWLYH�LQ�(XFDO\SWXV�SXOSV��%LR5HVRXUFHV��Y�����Q������S������������������

+(15,.6621��0���%(5*/81'��/�$���,6$.6621��3���/,1'675ė0��7���1,6+,12��7��&HOOXORVH�
QDQR�SDSHU�VWUXFWXUHV�DQG�KLJK�WRXJKQHVV��%LRPROHFXODUHV��Y����S������������������

,:$0272��6���.(17$52��$���<$12��+��7KH�(IIHFW�RI�+HPLFHOOXORVHV�RQ�:RRG�3XOS�1DQR¿EULOOD�
WLRQ�DQG�1DQR¿EHU�1HWZRUN�&KDUDFWHULVWLFV��%LRPDFURPROHFXOHV��8ML��Y����S�����±�����������

,:$0272��6���1$.$*$,72��$�1���<$12��+��1DQR�¿EULOODWLRQ�RI�SXOS�¿EHUV�IRU�WKH�SURFHVVLQJ�RI�
WUDQVSDUHQW�QDQRFRPSRVLWHV��$SSOLHG�3K\VLFV�$��Y������S�����±�����������

6,5Ï��,���3/$&.(77��'��0LFUR¿EULOODWHG�FHOOXORVH�DQG�QHZ�QDQRFRPSRVLWH�PDWHULDOV��D�UHYLHZ��&HOOX�
ORVH��Y������S�����±����������
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morFoloGiA e ProPriedAdeS FíSicAS de nAnocomPóSitoS 
PectinA – PAliGorSquitA

Francys K. v. moreira1,2, Alfredo r. S. neto1,2,José m. marconcini1, luiz H. c. mattoso1,  
*edson n. ito3

1(PEUDSD�,QVWUXPHQWDomR��&13',$���6mR�&DUORV��63��23URJUDPD�GH�3yV�*UDGXDomR�HP�&LrQFLD�H�
(QJHQKDULD�GH�0DWHULDLV��33*�&(0���8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��8)6&DU���6mR�&DUORV��63��
�'HSDUWDPHQWR�GH�(QJHQKDULD�GH�0DWHULDLV��'(0DW���8QLYHUVLGDGH�)HGHUDO�GR�5LR�*UDQGH�GR�1RUWH�

�8)51���1DWDO��51�
LWR#XIUQHW�EU

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
$� FRPELQDomR� GH� ELRPDFURPROpFXODV� H� FULVWDLV� DQLVRWUySLFRV� SRGH� JHUDU� XPD� QRYD� FODVVH� GH� QDQR�
FRPSyVLWRV�FRP�SURSULHGDGHV�HVSHFLDLV��2�SUHVHQWH�HVWXGR�UHSRUWD�R�HIHLWR�GH�UHIRUoR�GR�DUJLORPLQHUDO�
¿EURVR�SDOLJRUVTXLWD��3*7��HP�¿OPHV�ELRGHJUDGiYHLV�GH�SHFWLQD��3(&���2V�QDQRFRPSyVLWRV�3(&�3*7�
IRUDP�SUHSDUDGRV�SRU�casting�H�FDUDFWHUL]DGRV�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9���HQVDLRV�
GH�WUDomR�H�WHUPRJUDYLPHWULD��7*�'7*���$�LQFOXVmR�GH�SHTXHQDV�TXDQWLGDGHV�GH�3*7��������DXPHQWRX�
H[SUHVVLYDPHQWH�R�PyGXOR�HOiVWLFR�H�UHVLVWrQFLD�j�WUDomR�GRV�¿OPHV��R�TXH�IRL�DWULEXtGR�D�XPD�HIHWLYD�
LQWHUDomR�LQWHUIDFLDO�HQWUH�D�3(&�H�D�3*7��&RQFHQWUDo}HV�GH�3*7��!������DXPHQWDUDP�WDPEpP�D�HVWD�
ELOLGDGH�WpUPLFD�GD�PDWUL]�SROLPpULFD��2V�UHVXOWDGRV�GHPRQVWUDP�R�SRWHQFLDO�GD�3*7�FRPR�DJHQWH�GH�
UHIRUoR�HP�¿OPHV�GH�SHFWLQD�SDUD�HPEDODJHQV�ELRGHJUDGiYHLV�H�RXWUDV�DSOLFDo}HV�
Palavras-chave�� 3ROtPHUR� ELRGHJUDGiYHO�� 1DQRWHFQRORJLD�� 5HIRUoDPHQWR� 0HFkQLFR�� 7HUPR�
HVWDELOLGDGH��$QLVRWURSLD�

morPHoloGY And PHYSicAl ProPertieS oF Pectin-nAnoFibrouS PAlYGor-
SKite nAnocomPoSiteS
Abstract
0L[WXUHV�RI�ELRPDFURPROHFXOHV�DQG�DQLVRWURSLF�FU\VWDOV�FDQ�JHQHUDWH�D�QHZ�FODVV�RI�QDQRFRPSRVLWHV�
ZLWK�RXWVWDQGLQJ�SURSHUWLHV��7KLV�VWXG\�UHSRUWV�WKH�UHLQIRUFLQJ�HIIHFW�RI�WKH�¿EURXV�PLQHUDO�SDO\JRUVNLWH�
�3*7�� RQ� ELRGHJUDGDEOH� SHFWLQ� �3(&�� ¿OPV��7KH� 3(&�3*7� QDQRFRPSRVLWHV�ZHUH� SUHSDUHG� WKURXJK�
FDVWLQJ�DQG�FKDUDFWHUL]HG�E\�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0���WHQVLOH�WHVWV��DQG�WKHUPRJUDYLPHWULF�
DQDO\VLV��7*�'7*���7KH�LQFOXVLRQ�RI�VPDOO�DPRXQWV�RI�3*7��������UHPDUNDEO\�LQFUHDVHG�WKH�HODVWLF�
PRGXOXV�DQG�WHQVLOH�VWUHQJWK�RI�WKH�¿OPV��ZKLFK�ZDV�DVVRFLDWHG�WR�DQ�HIIHFWLYH�LQWHUIDFLDO�LQWHUDFWLRQ�
EHWZHHQ�3(&�DQG�3*7��+LJKHU�3*7�FRQFHQWUDWLRQV�DOVR�LQFUHDVHG�WKHUPDO�VWDELOLW\�RI�WKH�SHFWLQ�PDWUL[��
7KH�UHVXOWV�GHPRQVWUDWHG�WKH�SRWHQWLDO�RI�3*7�DV�UHLQIRUFLQJ�¿OOHU�IRU�SHFWLQ�¿OPV��DOORZLQJ�XVDJH�DV�
ELRGHJUDGDEOH�SDFNDJLQJ�DQG�RWKHUV�DSSOLFDWLRQV�
Keywords: %LRGHJUDGDEOH� SRO\PHU��1DQRWHFKQRORJ\��0HFKDQLFDO� UHLQIRUFHPHQW��7KHUPDO� VWDELOLW\��
$QLVRWURS\�

3XEOLFDo}HV�UHODFLRQDGDV��7UDEDOKR�DSUHVHQWDGR��RUDO�S{VWHU��QR�:RUNVKRS�GD�UHGH�HXURSpLD�(FR%LR&$3�
�(FRHI¿FLHQW�%LRGHJUDGDEOH�&RPSRVLWH�$GYDQFHG�3DFNDJLQJ��UHDOL]DGR�HP�/LVERD��3RUWXJDO�������

1 introduÇÃo

$�QDWXUH]D�p�IRQWH�H[FHSFLRQDO�GH�PDFURPROpFXODV�FRP�SRWHQFLDO�SDUD�R�GHVHQYROYLPHQWR�GH�
SOiVWLFRV�PDLV�FRPSDWtYHLV�FRP�R�PHLR�DPELHQWH��$VVLP�VmR�DV�SHFWLQDV��3(&���XPD�IDPtOLD�GH�SROLV�
VDFDUtGHRV�FRPSOH[RV�TXH�HVWUXWXUDP�D�SDUHGH�FHOXODU�GRV�YHJHWDLV��3(&�VmR�SROLVVDFDUtGHRV�DQL{QLFRV��
KLGURVVRO~YHLV�H�DWy[LFRV��6XD�FRPSRVLomR�p�GH¿QLGD�HP�PDLRU�SDUWH�SRU�FDGHLDV�GH�SROL�Į���ĺ��iFLGR�
'�JDODFWXU{QLFR���3*$���0$;:(//�HW�DO���������

$V�3(&�SRVVXHP�H[FHOHQWH�FDSDFLGDGH�¿OPRJrQLFD��ORJR�HODV�SRGHP�VHU�XWLOL]DGDV�QD�SURGXomR�
GH�SOiVWLFRV�ELRGHJUDGiYHLV�SDUD�HPEDODJHQV�H�RXWUDV�DSOLFDo}HV��&RQWXGR��¿OPHV�GH�SHFWLQD�WHQGHP�D�
DSUHVHQWDU�UHVLVWrQFLD�PHFkQLFD�H�HVWDELOLGDGH�WpUPLFD�LQGHVHMiYHLV��*255$6,��%8*$77,�	�9,772�
5,$���������$�LQFRUSRUDomR�GH�UHIRUoRV�QDQRPpWULFRV�HP�¿OPHV�GH�SHFWLQD�SRGH�FRQWRUQDU�WDLV�OLPLWD�
o}HV�XPD�YH]�TXH�DXPHQWRV�H[SUHVVLYRV�QDV�SURSULHGDGHV�ItVLFDV�VmR�DOFDQoDGRV�HP�QDQRFRPSyVLWRV��
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1DQRHVWUXWXUDV�XQLGLPHQVLRQDLV���'���QDQRWXERV��QDQR¿RV�HWF���YrP�DWUDLQGR�HVSHFLDO�DWHQomR�
GHYLGR�jV�VXDV�SURSULHGDGHV�DQLVRWUySLFDV�H�PRUIRORJLDV�HVSHFLDLV��$�DOWD�UD]mR�GH�DVSHFWR�GHVWDV�HV�
WUXWXUDV�SRGH�LQGX]LU�DXPHQWRV�H[SUHVVLYRV�QDV�SURSULHGDGHV�ItVLFDV�GH�XP�QDQRFRPSyVLWR��GHYLGR�jV�
PDLRUHV�LQWHUDo}HV�TXH�SRGHP�VHU�IRUPDGDV�FRP�D�PDWUL]�SROLPpULFD��'$5'(5�HW�DO���������

$�SDOLJRUVTXLWD��3*7��p�XP�VLOLFDWR�HVSHFLDO�GH�IyUPXOD�0J�Si�O���2+�2��2+2����+22��(OD�H[L�
EH�PRUIRORJLD�¿EURVD�FRP�FULVWDLV�GD�RUGHP�GH����QP�HP�GLkPHWUR�H�FRPSULPHQWR�GH�YiULRV�PtFURQV��/,�
HW�DO��������6XD�HVWUXWXUD�FULVWDOLQD�FRQVLVWH�QXPD�LQWHUSRVLomR�GH�EORFRV�GH�PDJQpVLR�VLOLFDWR�H�W~QHLV�
KLGUDWDGRV�TXH�FUHVFHP�QD�GLUHomR�D[LDO��/,�HW�DO���������'HYLGR�D�VXD�HOHYDGD�HVWDELOLGDGH�WpUPLFD��UL�
JLGH]�PHFkQLFD�H�DOWD�UD]mR�GH�DVSHFWR��D�3*7�WHP�GHPRQVWUDGR�VHU�XP�DJHQWH�GH�UHIRUoR�H¿FLHQWH�SDUD�
SROtPHURV�VLQWpWLFRV��WDLV�FRPR�SROLHWLOHQR��/,�HW�DO��������H�SROLSURSLOHQR��&+(1�HW�DO����������7RGDYLD��
HVWXGRV�HQYROYHQGR�D�LQFOXVmR�GH�37�HP�PDWUL]HV�ELRGHJUDGiYHLV�VmR�HVFDVVRV��H�VHX�HIHLWR�GH�UHIRUoR�
VREUH�PDWUL]HV�GH�SHFWLQD�DLQGD�QmR�IRL�LQYHVWLJDGR��$VVLP�VHQGR��R�REMHWLYR�GHVWH�HVWXGR�IRL�DYDOLDU�
R� HIHLWR�GD� LQFOXVmR�GH�SDOLJRUVTXLWD� VREUH� DV�SURSULHGDGHV�GH�¿OPHV�ELRGHJUDGiYHLV�GH�SHFWLQD��2V�
QDQRFRPSyVLWRV�IRUDP�SUHSDUDGRV�YLD�FDVWLQJ�H�DV�GLVFXVV}HV�EDVHDGDV�QDV�FDUDFWHUL]Do}HV�PHFkQLFDV��
PLFURVFySLFDV�H�WpUPLFDV�GHVWHV�PDWHULDLV�

2 mAteriAiS e métodoS

0DWHULDLV��3HFWLQD��Mw� ���������JÂPRO
����WHRU�GH�3*$�GH������SURYHQLHQWH�GD�FDVFD�GH�IUXWDV�

FtWULFDV� IRL� DGTXLULGD� GD�&3.HOFR�/7GD���%UDVLO�� 3DOLJRUVTXLWD� IRL� JHQWLOPHQWH� IRUQHFLGD� SHOD�8QLmR�
%UDVLOHLUD�GH�0LQHUDomR�6�$���8%0��*XDGDOXSH��3,��%UD]LO����7RGRV�RV�H[SHULPHQWRV�IRUDP�UHDOL]DGRV�
XWLOL]DQGR�iJXD�GHLRQL]DGD��UHVLVWLYLGDGH�GH������0ȍÂFP��

3UHSDUDomR�GRV�QDQRFRPSyVLWRV��6ROXo}HV�GH�SHFWLQD�FRP�FRQFHQWUDomR�PiVVLFD�GH����IRUDP�
SUHSDUDGDV�PHGLDQWH�GLVVROXomR�GR�SROLVVDFDUtGHR�HP�iJXD�j���� �&��'LVSHUV}HV�DTXRVDV�GH�3*7�IR�
UDP�SUHSDUDGDV�XWLOL]DQGR�XP�VRQLFDGRU�%UDQVRQ��DSOLFDQGR�SXOVRV�GH�RQGD�FRP�IUHTXrQFLD�GH����+]�
GXUDQWH����PLQ��(QWmR��PDVVDV�SUHFLVDV�GHVWD�GLVSHUVmR�IRUDP�DGLFLRQDGDV�j�VROXomR�GH�SHFWLQD�SDUD�
IRUPDU�PLVWXUDV�FRP�FRQFHQWUDomR�GH�3*7�GH����������H�������mpaligorsquita/mpectina���$V�PLVWXUDV�IRUDP�
HVSDOKDGDV�HP�XP�VXEVWUDWR�H�VHFDGDV�j�����&�SRU����K��UHVXOWDQGR�HP�¿OPHV�FRP�HVSHVVXUD�HQWUH�������
+P��8P�¿OPH�GH�SHFWLQD�SXUR�WDPEpP�IRL�SUHSDUDGR�H�XVDGR�FRPR�FRQWUROH��7RGDV�DV�DPRVWUDV�IRUDP�
DUPD]HQDGDV�HP�VDFRV�GH�SROLHWLOHQR�DQWHV�GDV�FDUDFWHUL]Do}HV�

&DUDFWHUL]Do}HV��$QiOLVHV�PLFURHVWUXWXUDLV�IRUDP�UHDOL]DGDV�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDU�
UHGXUD��0(9��HP�XP�PLFURVFySLR�-60�����GD�-HRO�HTXLSDGR�FRP�XP�FDQKmR�GH�HPLVVmR�GH�FDPSR�
�)(*���$V�DPRVWUDV�IRUDP�UHFREHUWDV�FRP�RXUR��a��QP��H��HP�VHJXLGD��LPDJHDGDV�SHOR�PRGR�GH�HOpWURQV�
VHFXQGiULRV��$V�SURSULHGDGHV�PHFkQLFDV�IRUDP�GHWHUPLQDGDV�D�SDUWLU�GH�HQVDLRV�GH�WUDomR�VHJXLQGR�D�
QRUPD�$670�'��������2V�HQVDLRV�IRUDP�UHDOL]DGRV�HP�XPD�PiTXLQD�XQLYHUVDO�GH�WHVWHV�PHFkQLFRV�
(0,&�'/�����HTXLSDGD�FRP�XPD�FpOXOD�GH�FDUJD�GH����NJI��$�HVWDELOLGDGH�WpUPLFD�GRV�PDWHULDLV�IRL�
DYDOLDGD�SRU�WHUPRJUDYLPHWULD��7*�'7*��HP�XP�HTXLSDPHQWR�4����GD�7$�,QVWUXPHQWV��$V�DPRVWUDV�
IRUDP�DTXHFLGDV�GH�����&�DWp������&�D�XPD�WD[D�GH�����&ÂPLQ���VRE�DWPRVIHUD�GH�DU�VLQWpWLFR�FRP�YD]mR�
GH����P/ÂPLQ����7DLV�HQVDLRV�IRUDP�UHDOL]DGRV�FRP�XPD�UHSHWLomR

3 reSultAdoS e diScuSSÃo

e�DPSODPHQWR�FRQKHFLGR�TXH�D�3*7�p�XP�VLOLFDWR�QDWXUDO�FRP�DVSHFWR�¿EURVR��&DUDFWHUL]Do}HV�
SRU�0(9�)(*�FRQ¿UPDUDP�WDO�PRUIRORJLD�QD�DPRVWUD�HP�HVWXGR��)LJXUD����e�SRVVtYHO�QRWDU�¿EULODV�
LQGLYLGXDOL]DGDV��FRPR�WDPEpP�QD�IRUPD�GH�DJORPHUDGRV��2�FRPSULPHQWR�H�R�GLkPHWUR�GHVWDV�¿EULODV�
YDULDUDP�HQWUH�����+P�±�����+P�H����QP�±����QP��UHVSHFWLYDPHQWH��HVWDQGR�HP�FRQFRUGkQFLD�FRP�YD�
ORUHV�SUHYLDPHQWH�UHSRUWDGRV��/,�HW�DO��������

2V�¿OPHV�3(&�3*7�VH�DSUHVHQWDUDP�PDFURVFRSLFDPHQWH�KRPRJrQHRV��$�PLFURHVWUXWXUD�GHVWHV�
¿OPHV�p�LOXVWUDGD�DWUDYpV�GDV�PLFURJUD¿DV�GD�DPRVWUD�FRQWHQGR����GH�3*7��)LJXUD��F�H��G�
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Figura 1. 0LFURJUD¿DV�GH�0(9�)(*�SDUD�D�3*7��D���������;���E���������;��H�SDUD�R�QDQRFRPSyVLWR�3(&�3*7�
��������F���������;���G����������;�

$V�¿EULODV�VmR�YLVXDOL]DGDV�EHP�GLVWULEXtGDV�H�VHP�RULHQWDomR�QD�PDWUL]�GH�3(&��)LJXUD��F��LQ�
GLFDQGR�TXH�XPD�ERD�GHVDJORPHUDomR�GD�3*7�IRL�SURPRYLGD�GXUDQWH�D�SUHSDUDomR�GRV�QDQRFRPSyVLWRV��
$V�PLFURJUD¿DV�UHYHODUDP�DLQGD�QmR�H[LVWLU�XPD�UHJLmR�GH�VHSDUDomR�QD�LQWHUIDFH�¿EULOD�PDWUL]��,VWR�
SRGH�VHU�FODUDPHQWH�REVHUYDGR�HP�XP�DXPHQWR�GH���������;��)LJXUD��G��1R�GHWDOKH��XPD�¿EULOD�FRP�
GLkPHWUR�GH����QP�DSDUHFH�EHP�DGHULGD�j�PDWUL]�GH�3(&��,VWR�VH�GHYH�jV�LQWHUDo}HV�LQWHUIDFLDLV�HVWDEH�
OHFLGDV�SHOD�IRUPDomR�GH�OLJDo}HV�GH�KLGURJrQLR�HQWUH�RV�JUXSRV�KLGUR[LODV���2+��SUHVHQWHV�QDV�FDGHLDV�
GH�SHFWLQD�H�RV�JUXSRV�VLODQyLV��6L�2+��ORFDOL]DGRV�QD�VXSHUItFLH�H[WHUQD�GRV�FULVWDLV�GH�3*7�

$�7DEHOD���DSUHVHQWD�DV�SURSULHGDGHV�PHFkQLFDV�SDUD�R�¿OPH�GH�3(&�SXUR�H�SDUD�RV�QDQRFRP�
SyVLWRV�FRQWHQGR�����±������GH�3*7��2V�UHVXOWDGRV�PRVWUDP�TXH�D�LQFOXVmR�GH�3*7�FDXVRX�XP�HIHLWR�
GH�UHIRUoR�QD�PDWUL]�GH�3(&��2�PyGXOR�HOiVWLFR��(���D�UHVLVWrQFLD�j�WUDomR��ıT��H�D�HORQJDomR�QD�UXSWXUD�
�İB��DXPHQWDUDP�GH������03D�SDUD������03D��GH������03D�SDUD������03D��H�GH������SDUD������UHV�
SHFWLYDPHQWH��FRP�D�DGLomR�GH������GR�VLOLFDWR��

tabela 1. 3URSULHGDGHV�PHFkQLFDV�GRV�¿OPHV�QDQRFRPSyVLWRV�SHFWLQD�SDOLJRUVTXLWD
PGt (%) E (mPa) ıT (mPa) İB (%)

0 �����(���� �����(���� ����(����

0,5 �����(���� �����(���� ����(����

1 �����(���� �����(���� ����(����

2,5 �����(���� �����(���� ����(����
&RP�R�DXPHQWR�GD�FRQFHQWUDomR�GH�3*7��XP�OLJHLUR�LQFUHPHQWR�QRV�YDORUHV�GH�(�RFRUUHX��HQTXDQWR�ıT�H�İB diminuíram. 
(QWUHWDQWR��R�QDQRFRPSyVLWR�FRP������GH�3*7�DLQGD�DSUHVHQWRX�ıT superior e valores de elongação similares ao filme 

puro. 

2V�UHVXOWDGRV�GH�WHUPRJUDYLPHWULD�VmR�DSUHVHQWDGRV�QD�)LJXUD����$V�SHUGDV�GH�PDVVD�DEDL[R�GH�
�����&�HP�WRGDV�DV�DPRVWUDV�FRUUHVSRQGHP�j�HOLPLQDomR�GH�XPLGDGH��2�¿OPH�GH�3(&�SXUR�DSUHVHQWRX�
DLQGD�GXDV�HWDSDV�GH�SHUGD�GH�PDVVD��HQWUH�����±������&��FRP�7Pi[� �����&��UHODFLRQDGR�j�GHJUDGDomR�
GDV�FDGHLDV�GH�SHFWLQD��H�HQWUH�����±������&�D�TXDO�SRGH�VHU�DWULEXtGD�j�R[LGDomR�GR�UHVtGXR�FDUERQiFHR�
IRUPDGR�QD�HWDSD�DQWHULRU�>�@��3DUD�D�3*7�GXDV�HWDSDV�DGLFLRQDLV�GH�SHUGD�GH�PDVVD�WDPEpP�SRGHP�VHU�
REVHUYDGDV��HQWUH�����±������&��FRP�7Pi[� ������&��DWULEXtGD�j�HOLPLQDomR�GH�PROpFXODV�GH�iJXD�FRRU�
GHQDGDV�DRV�VtWLRV�DWLYRV�GD�3*7��tRQV�0J2+���H�HQWUH�����±������&��DWULEXtGD�j�GHVLGUR[LODomR�HVWUXWXUDO�
GD�3*7��'$5'(5�HW�DO��������

2�QDQRFRPSyVLWR�FRQWHQGR������GH�3*7�DSUHVHQWRX�XP�SHU¿O�WpUPLFR�EDVWDQWH�VLPLODU�DR�GR�
¿OPH�SXUR��7RGDYLD��D�7Pi[�UHODFLRQDGD�j�GHJUDGDomR�GD�3(&�IRL�OLJHLUDPHQWH�DXPHQWDGD�GH�����&�SDUD�
����&��(VWH�FRPSRUWDPHQWR�LQGLFD�TXH�D�LQFRUSRUDomR�GH�SDOLJRUVTXLWD�SRGH�PHOKRUDU�D�HVWDELOLGDGH�
WpUPLFD�GH�¿OPHV�GH�SHFWLQD�
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Figura 2. &XUYDV�7*�'7*�SDUD�R�QDQRFRPSyVLWR�3(&�3*7�FRQWHQGR������GH�VLOLFDWR�H�SDUD�VHXV�FRPSRQHQWHV�
SXURV��7D[D�GH�DTXHFLPHQWR�GH����&āPLQ����$WPRVIHUD�GLQkPLFD�GH�DU�VLQWpWLFR����P/ÂPLQ��.

(P�JHUDO��QDQRFRPSyVLWRV�SROLPpULFRV�DSUHVHQWDP�PDLRU�HVWDELOLGDGH�WpUPLFD�GR�TXH�R�SROtPHUR�SXUR�
GHYLGR�D�HIHLWRV�GH�WRUWXRVLGDGH�SURYRFDGRV�SHOD�IDVH�GLVSHUVD��R�TXH�OLPLWD�D�GLIXVmR�GH�R[LJrQLR��EHP�FRPR�
D�GH�JDVHV�SLUROtWLFRV��UHWDUGDQGR�D�GHJUDGDomR�GR�SROtPHUR��1R�FDVR�GRV�QDQRFRPSyVLWRV�3(&�3*7��D�GLPHQ�
VLRQDOLGDGH��'�GRV�FULVWDLV�GH�3*7�p�LQH¿FLHQWH�QR�DXPHQWR�GD�WRUWXRVLGDGH�GR�FDPLQKR�GLIXVLRQDO�GRV�JDVHV�
HQYROYLGRV��&+,95$&�HW�DO���������1HVWH�FDVR��D�PDLRU�HVWDELOLGDGH�WpUPLFD�REVHUYDGD�SDUD�R�QDQRFRPSyVLWR�
SRGH�HVWDU�UHODFLRQDGD�j�SUHVHQoD�GH�iJXD�GH�FRRUGHQDomR�GD�3*7�FXMD�HOLPLQDomR�YLD�DTXHFLPHQWR�UHGX]�D�
WHPSHUDWXUD�GD�PDWUL]�GH�SHFWLQD��,VWR�SRGH�VHU�LQIHULGR�DWUDYpV�GD�)LJXUD����RQGH�p�REVHUYDGR�TXH�WDLV�HWDSDV�GH�
SHUGD�GH�PDVVD�VH�VREUHS}HP��)XWXURV�HVWXGRV�VHUmR�UHDOL]DGRV�SDUD�FRQ¿UPDU�HVWD�KLSyWHVH��EHP�FRPR�SDUD�
DYDOLDU�D�FRQFHQWUDomR�GH�3*7�FDSD]�GH�DXPHQWDU�VLJQL¿FDWLYDPHQWH�D�HVWDELOLGDGH�WpUPLFD�GH�¿OPHV�GH�SHFWLQD�

4 concluSÃo

$�LQFRUSRUDomR�GH�SDOLJRUVTXLWD�QDQR¿EURVD�p�FDSD]�GH�HVWHQGHU�D�IDL[D�GH�SURSULHGDGHV�PH�
FkQLFD�H�WpUPLFD�GH�¿OPHV�ELRGHJUDGiYHLV�GH�SHFWLQD��,VWR�IRL�DWULEXtGR�j�ERD�GLVSHUVmR�GDV�¿EULODV�QD�
PDWUL]�GRV�QDQRFRPSyVLWRV�H�j�D¿QLGDGH�TXtPLFD�HQWUH�R�SROLVVDFDUtGHR�H�R�DUJLORPLQHUDO�
 

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��&$3(6��),1(3��3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD�H�
)$3(63��3URFHVVR�1R����������������SHOR�VXSRUWH�¿QDQFHLUR�H�EROVDV�GH�HVWXGR�

reFerÊnciAS

0$;:(//��(��*���%(/6+$:��1��-���:$/'521��.��:���0255,6��9��-��3HFWLQ���$Q

HPHUJLQJ�QHZ�ELRDFWLYH� IRRG�SRO\VDFFKDULGH�7UHQGV� LQ�)RRG�6FLHQFH�	�7HFKQRORJ\�� Y�� ���� S��������
�����

*255$6,��*���%8*$77,��9���9,7725,$��9��3HFWLQV�¿OOHG�ZLWK�/'+�DQWLPLFURELDO�PROHFXOHV��3UHSD�
UDWLRQ��FKDUDFWHUL]DWLRQ�DQG�SK\VLFDO�SURSHUWLHV��&DUERK\GUDWH�3RO\PHUV��Y������S����������������

'$5'(5��0���/Ï3(=�%/$1&2��0���$5$1'$��3���$=1$5��$��-���%5$92��-���58,=�+,7=.<��(��
0LFUR¿EURXV�&KLWRVDQ�6HSLROLWH�1DQRFRPSRVLWHV��&KHPLVWU\�RI�0DWHULDOV��Y��������������������

/,��:���$'$06��$���:$1*��-���%/80,&+��%���<$1*��<��3RO\HWK\OHQH�SDO\JRUVNLWH�QDQRFRPSRVLWHV��
3UHSDUDWLRQ�E\�LQ�VLWX�SRO\PHUL]DWLRQ�DQG�WKHLU�FKDUDFWHUL]DWLRQ��3RO\PHU��Y������S�����������������

&+(1��-���&+(1��-���=+8��6���&$2��<���/,��+��0HFKDQLFDO�3URSHUWLHV��0RUSKRORJ\��DQG�&U\VWDO�6WUXF�
WXUH�RI�3RO\SURS\OHQH�&KHPLFDOO\�0RGL¿HG�$WWDSXOJLWH�1DQRFRPSRVLWHV��-RXUQDO�RI�$SSOLHG�3RO\PHU�
6FLHQFH��Y����������±����������

&+,95$&��)���32//(7��(���6&+087=��0���$9e5286��/��6WDUFK�QDQR�ELRFRPSRVLWHV�EDVHG�RQ�QH�
HGOH�OLNH�VHSLROLWH�FOD\V��&DUERK\GUDWH�3RO\PHUV��Y������S�����±�����������
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PermeAbilidAde Ao vAPor de áGuA de FilmeS de FArinHA 
de mAndiocA e de FArinHA de tAro incorPorAdoS de 

ZeólitA modiFicAdA
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calado1
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&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

Resumo
$�QHFHVVLGDGH�GH�VXEVWLWXLomR�GR�XVR�GH�PDWHULDLV�SOiVWLFRV�RULXQGRV�GH�IRQWHV�QmR�UHQRYiYHLV�H�UHVLV�
WHQWHV�j�GHJUDGDomR�ID]�FRP�TXH�VHMD�FUHVFHQWH�R�LQWHUHVVH�QR�GHVHQYROYLPHQWR�GH�DOWHUQDWLYDV�YLiYHLV��
HVSHFLDOPHQWH�QR�GHVHQYROYLPHQWR�GH�¿OPHV�ELRGHJUDGiYHLV�SDUD�VHUHP�XWLOL]DGRV�HP�SURGXWRV�TXH�VmR�
FRQVXPLGRV�UDSLGDPHQWH��FRPR�p�R�FDVR�GH�DOLPHQWRV�IUHVFRV��2�HPSUHJR�GH�IDULQKDV�DPLOiFHDV�p�XPD�
DOWHUQDWLYD�DR�XVR�GR�DPLGR��XPD�YH]�TXH�VXD�SURGXomR�HQYROYH�PHQRU�JUDX�GH�HVSHFLDOL]DomR�H�JHUD�
PHQRV�UHVtGXR��$�PDQGLRFD�H�R�WDUR�VmR�YHJHWDLV�ULFRV�HP�DPLGR�PXLWR�FRQVXPLGRV�QD�$PpULFD�GR�6XO��
SRGHQGR�VHU�HPSUHJDGRV�QD�SURGXomR�GH�IDULQKD��'HVWH�PRGR�HVWH�WUDEDOKR�WHYH�SRU�REMHWLYR�REWHU�¿O�
PHV�GH�IDULQKD�GH�WDUR�H�GH�IDULQKD�GH�PDQGLRFD�H�FDUDFWHUL]i�ORV�TXDQWR�j�VXD�SHUPHDELOLGDGH�DR�YDSRU�
GH�iJXD��$�FRQFHQWUDomR�GH�DUJLOD�IRL�D�~QLFD�YDULiYHO�DQDOLVDGD�FRP�HIHLWR�VREUH�D�SHUPHDELOLGDGH�DR�
YDSRU�GH�iJXD�GRV�¿OPHV�GH�IDULQKD�GH�WDUR�HQTXDQWR�D�WHPSHUDWXUD�GH�SURFHVVR�IRL�D�~QLFD�D�LQÀXHQFLDU��
D�FDSDFLGDGH�GH�EDUUHLUD�DR�YDSRU�GH�iJXD�GRV�¿OPHV�GH�IDULQKD�GH�PDQGLRFD��2V�¿OPHV�GH�IDULQKD�GH�
WDUR�IRUDP�PHQRV�SHUPHiYHLV�DR�YDSRU�GH�iJXD�TXH�RV�¿OPHV�GH�IDULQKD�GH�PDQGLRFD��R�TXH�SRGH�VHU�
DWULEXtGR�WDQWR�DR�HIHLWR�GD�DUJLOD�QD�IRUPDomR�GH�EDUUHLUD�jV�PROpFXODV�GH�iJXD�TXDQWR�j�PDLRU�SUHVHQoD�
GH�SURWHtQDV�QD�IDULQKD�GH�WDUR��TXH�DIHWDP�SRVLWLYDPHQWH�D�HVWUXWXUD�GR�¿OPH�
Palavras-chave��)DULQKD�GH�PDQGLRFD��)DULQKD�GH�WDUR��3HUPHDELOLGDGH�DR�YDSRU�GH�iJXD

wAter vAPor PermeAbilitY oF cASSAvA Flour And tAro Flour FilmS in-
corPorAted witH modiFied Zeolite
Abstract
1HFHVVLW\� IRU� UHSODFHPHQW� RI� WKH� XVH� RI� SODVWLF�PDWHULDOV� GHULYLQJ� IURP� QRQ�UHQHZDEOH� VRXUFHV� DQG�
UHVLVWDQW�WR�GHJUDGDWLRQ�LQFUHDVHV�WKH�LQWHUHVW�LQ�GHYHORSLQJ�YLDEOH�DOWHUQDWLYHV���HVSHFLDOO\�DERXW�ELR�
GHJUDGDEOH�¿OPV�IRU�XVH�LQ�SURGXFWV�FRQVXPHG�UDSLGO\��DV�IUHVK�IRRG��6WDUFK\�ÀRXUV�DUH�DQ�DOWHUQDWLYH�
WR�WKH�XVH�RI�VWDUFK��VLQFH�LWV�SURGXFWLRQ�LQYROYHV�OHVV�VNLOO�DQG�JHQHUDWHV�OHVV�ZDVWH��&DVVDYD�DQG�WDUR�
DUH�VWDUFK\�YHJHWDEOHV�ZLGHO\�FRQVXPHG�LQ�6RXWK�$PHULFD�WKDW�FRXOG�EH�HPSOR\HG�LQ�WKH�SURGXFWLRQ�RI�
ÀRXU��7KHUHIRUH�WKLV�VWXG\�DLPHG�WR�REWDLQ�WDUR�ÀRXU�DQG�FDVVDYD�ÀRXU�¿OPV�DQG�WR�GHWHUPLQH�WKH�ZDWHU�
YDSRU�SHUPHDELOLW\�RI�¿OPV��&OD\�FRQWHQW�ZDV�WKH�RQO\�SDUDPHWHU�WR�LQÀXHQFH�RQ�ZDWHU�YDSRU�SHUPHD�
ELOLW\�RI�WDUR�ÀRXU�¿OPV�DQG�SURFHVV�WHPSHUDWXUH�ZDV�WKH�RQO\�RQH�WR�DIIHFW�ZDWHU�YDSRU�SHUPHDELOLW\�RI�
FDVVDYD�ÀRXU�¿OPV��7DUR�ÀRXU�¿OPV�ZHUH�OHVV�SHUPHDEOH�WR�ZDWHU�YDSRU�WKDQ�FDVVDYD�ÀRXU�¿OPV��ZKLFK�
FDQ�EH�D�UHVXOW�RI�WKH�WRUWXRXV�SDWK�IRUPHG�E\�WKH�QDQRFOD\�DQG�WKH�KLJKHU�FRQWHQW�RI�SURWHLQ�LQ�WDUR�ÀRXU��
ERWK�SRVLWLYHO\�DIIHFWLQJ�WDUR�ÀRXU�¿OPV�VWUXFWXUH�
Keywords: &DVVDYD�ÀRXU��7DUR�ÀRXU��:DWHU�YDSRU�SHUPHDELOLW\�

1 introduÇÃo

2�GHVHQYROYLPHQWR�GH�¿OPHV�ELRSROLPpULFRV�WHP�SRU�REMHWLYR�VXEVWLWXLU�RV�WUDGLFLRQDLV�SOiVWL�
FRV�RULXQGRV�GR�SHWUyOHR��HVSHFLDOPHQWH�jTXHOHV�GHVWLQDGRV�D�SURGXWRV�FRQVXPLGRV�UDSLGDPHQWH��FRPR�
DOLPHQWRV�IUHVFRV��2�XVR�GH�IDULQKDV�REWLGDV�D�SDUWLU�GRV�PDLV�GLYHUVRV�YHJHWDLV�DPLOiFHRV�WHP�VH�DSUH�
VHQWDGR�PDLV�UHFHQWHPHQWH�FRPR�XPD�DOWHUQDWLYD�LQWHUHVVDQWH�QR�GHVHQYROYLPHQWR�GH�ELRPDWHULDLV��XPD�
YH]�TXH�DOpP�GR�DPLGR��HODV�FRVWXPDP�VHU�FRPSRVWDV�SRU�RXWURV�FDUERLGUDWRV��OLStGHRV�H�SURWHtQDV��TXH�
ID]HP�FRP�TXH�R�PDWHULDO�UHVXOWDQWH�SRVVXD�SURSULHGDGHV�GLIHUHQFLDGDV��7DSLD�%OiFLGR������). 

(QWUHWDQWR�� SURSULHGDGHV� FRPR�EDUUHLUD� DR� YDSRU� GH� iJXD� H� UHVLVWrQFLD�PHFkQLFD� VmR�PXLWDV�
YH]HV�LQIHULRUHV�DRV�PDWHULDLV�REWLGRV�GH�IRQWHV�QmR�UHQRYiYHLV��$�XWLOL]DomR�GH�QDQRPDWHULDLV�QR�GHVHQ�
YROYLPHQWR�GH�QDQRELRFRPSyVLWRV�SRGH�VHU�XPD�DOWHUQDWLYD�LQWHUHVVDQWH�SRU�VHU�FDSD]�GH�FRQIHULU�DR�PD�
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WHULDO�IRUPDGR�PDLRU�UHVLVWrQFLD�PHFkQLFD�H�PHQRU�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD�H�D�JDVHV��$�DGLomR�
GH�QDQRDUJLODV�YHP�VHQGR�HVWXGDGD�QRV�~OWLPRV�WULQWD�DQRV�FRP�VXFHVVR�QD�PHOKRULD�GDV�SURSULHGDGHV�
PHFkQLFDV�H�GH�EDUUHLUD�GH�PDWHULDLV�SOiVWLFRV��6LQKD�5D\�DQG�%RXVPLQD������)��$�]HyOLFD�HVWLOELWD��SRU�
VXD�YH]��p�XP�DUJLORPLQHUDO�HQFRQWUDGD�SULQFLSDOPHQWH�QD�UHJLmR�GD�%DFLD�GR�3DUQDtED�H�RV�HVWXGRV�GH�
REWHQomR�GH�FRQFHQWUDGR�]HROtWLFRV�SURYHQLHQWHV�GHVVD�UHJLmR�WrP�PRVWUDGR�UHVXOWDGRV�DOWDPHQWH�SUR�
PLVVRUHV�TXDQWR�DR�VHX�XVR�QDV�PDLV�GLYHUVDV�iUHDV�0217( et al������).

2 mAteriAiS e métodoS

$V�IDULQKDV�GH�PDQGLRFD�H�GH�WDUR�IRUDP�SURGX]LGDV�QD�(PEUDSD�$JURLQG~VWULD�GH�$OLPHQWRV��GH�
DFRUGR�FRP�PHWRGRORJLD�DGRWDGD�SRU�1DVFLPHQWR et al������)�D�SDUWLU�GH�YHJHWDLV�REWLGRV�QR�FRPpUFLR�
ORFDO�GD�FLGDGH�GR�5LR�GH�-DQHLUR��2�JOLFHURO�IRL�IRUQHFLGR�SHOD�9HWHF�4XtPLFD��'XTXH�GH�&D[LDV��%UD�
VLO���$�]HyOLWD�HVWLOELWD��G ����QP��TXLPLFDPHQWH�PRGL¿FDGD�D�IRUPDV�KRPRL{QLFDV�QR�&HQWUR�GH�7HF�
QRORJLD�0LQHUDO��&(7(0��5LR�GH�-DQHLUR��%UDVLO��FRPR�GHVFULWR�SRU�0217( et al������)��JHQWLOPHQWH�
FHGLGD�SHOD�(PEUDSD�6RORV�H�XVDGD�QR�GHVHQYROYLPHQWR�GRV�QDQRFRPSyVLWRV�

2V�¿OPHV�IRUDP�SURGX]LGRV�SRU�casting��$�DUJLOD�IRL�GLVSHUVD�HP�VROXomR�DTXRVD�HP�GRLV�SDVVRV��
���PLQ�VRE�DJLWDomR�PDJQpWLFD�VHJXLGR�SRU����PLQ�GH�EDQKR�XOWUDVV{QLFR��8QLTXH��6mR�3DXOR��%UD]LO��
)RL� SUHSDUDGD�XPD� VROXomR� DTXRVD� FRQWHQGR���� �P�P��GH� IDULQKD� �GH�PDQGLRFD�RX� WDUR�� H�JOLFHURO�
FRPR�SODVWL¿FDQWH��$V�VROXo}HV�¿OPRJrQLFDV�IRUDP�SURGX]LGDV�XWLOL]DQGR�XP�YLVFRDPLOyJUDIR�%UDEHQ�
GHU��'XLVEXUJ��*HUPDQ\��VRE�DJLWDomR�FRQWURODGD������USP���DTXHFLGD�DWp�D�WHPSHUDWXUD�GH�SURFHVVR�
QD�TXDO�IRL�PDQWLGD�SRU����PLQ�H�UHVIULDGD�D����&��'HSRLV�GH�UHVIULDGD����J�GD�VROXomR�¿OPRJrQLFD�IRL�
GLVSRVWD�HP�SODFDV�GH�SROLHVWLUHQR�GH�����PP�GH�GLkPHWUR�H�VHFDV�HP�HVWXID�GH�FLUFXODomR�IRUoDGD�GH�
DU�D����&�SRU����K��2V�¿OPHV�IRUDP�PDQXDOPHQWH�UHPRYLGRV�GDV�SODFDV�H�DUPD]HQDGRV�D�������GH�85�
XWLOL]DQGR�VROXomR�VDWXUDGD�GH��0J�12��2��D�WHPSHUDWXUD�DPELHQWH��$V�FRQFHQWUDo}HV�GH�JOLFHURO��;1���
DUJLOD��;2��H�D�WHPSHUDWXUD�GH�SURFHVVR��;���XWLOL]DGDV�QD�IRUPXODomR�GRV�¿OPHV�YDULDUDP�GH�DFRUGR�FRP�
XP�SODQHMDPHQWR�IDWRULDO��ñ�DGLFLRQDGRV�GH���SRQWRV�FHQWUDLV��FRQIRUPH�PRVWUDGR�QD�7DEHOD���

$�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD� �39$��GRV�¿OPHV� IRL�GHWHUPLQDGD� VHJXQGR�PHWRGRORJLD�
SURSRVWD�SRU�9LFHQWLQL������)�XWLOL]DQGR�FpOXODV�GH�SROLFDUERQDWR�DGDSWDGDV������FP�GH�GLkPHWUR�H�����
FP�GH�DOWXUD��FRQWHQGR�iJXD�GHVWLODGD�D������GH�85��$�39$�FDOFXODGD�GH�DFRUGR�FRP�D�HTXDomR�DEDL[R�

� ���

6HQGR�J����W�ā�$��R�ÀX[R�GH�PDVVD��$�D�iUHD�GH�SHUPHDomR��J�R�JDQKR�GH�PDVVD�H�W�R�WHPSR�WR�
WDO�HP�KRUDV��2�WHUPR�J�W�IRL�FDOFXODGR�FRPR�D�UHJUHVVmR�OLQHDU�HQWUH�RV�SRQWRV�GR�JDQKR�GH�PDVVD�H�R�
WHPSR�HP�HVWDGR�HVWDFLRQiULR��[�p�D�HVSHVVXUD�GRV�¿OPHV�H�ǻ3�D�GLIHUHQoD�GH�SUHVVmR�HQWUH�D�iJXD�SXUD�
e o ambiente contendo sílica gel.

tabela 1. 3ODQHMDPHQWR�H[SHULPHQWDO�XVDGR�QR�SUHSDUR�GRV�¿OPHV�H�UHVXOWDGR�GD�3HUPHDELOLGDGH�DR�YDSRU�GH�
iJXD��39$�

Fm/Ft valores originais 9DORUHV�&RGL¿FDGRV PvA

x1 x2 x3 x1 x2 x3 Fm Ft

1 �� � �� ���� ���� ���� ��� ���

2 �� � �� ���� ���� ���� ��� ���

� �� �� �� ���� ���� ���� ��� ���

� �� �� �� ���� ���� ���� ��� ���

� �� � �� ���� ���� ���� ��� ���

� �� � �� ���� ���� ���� ��� ���

� �� �� �� ���� ���� ���� ��� ���
X1= concentração de glicerol (% m/m de farinha), X2 = concentração de argila (% m/m de farinha) e X3 = temperatura de 

-1
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Fm/Ft valores originais 9DORUHV�&RGL¿FDGRV PvA

x1 x2 x3 x1 x2 x3 Fm Ft

� �� �� �� ���� ���� ���� ��� ���

� �� � �� � � � ��� ���

�� �� � �� � � � ��� ���

11 �� � �� � � � ��� ���
X1= concentração de glicerol (% m/m de farinha), X2 = concentração de argila (% m/m de farinha) e X3 = temperatura de 

-1

3 reSultAdoS e diScuSSÃo

$�39$�GRV�¿OPHV�GH�IDULQKD�GH�WDUR�IRL�LQÀXHQFLDGD�DSHQDV�SHOD�FRQFHQWUDomR�GH�DUJLOD��TXH�IRL�
HVWDWLVWLFDPHQWH�VLJQL¿FDWLYD��S����������WHQGR�XP�HIHLWR�QHJDWLYR�VREUH�D�SHUPHDELOLGDGH�GRV�¿OPHV��
VHQGR�R�DXPHQWR�GD�FRQFHQWUDomR�IRL�UHVSRQViYHO�SHOD�GLPLQXLomR�GD�39$�GRV�¿OPHV��$�SUHVHQoD�GH�
QDQRDUJLODV�QD�PDWUL]�SROLPpULFD� WHQGH�D� IRUPDU�XP�µFDPLQKR� WRUWXRVR¶�TXH�GL¿FXOWD�D�SDVVDJHP�GR�
YDSRU�GH�iJXD�SHOR�¿OPH��6LQKD�5D\�DQG�%RXVPLQD��������%HOLEL et al������)��$�FXUYDWXUD�IRL�HVWDWLVWL�
FDPHQWH�VLJQL¿FDWLYD��R�TXH�LQGLFD�TXH�D�GHSHQGrQFLD�TXDGUiWLFD�GD�39$�FRP�UHODomR�DRV�SDUkPHWURV�
HVWXGDGRV�SRGH�VHU�DYDOLDGD�HP�HVWXGRV�SRVWHULRUHV��6RX]D�HW�DO��������GHVHQYROYHUDP�¿OPHV�GH�DPLGR�
GH�PDQGLRFD�DGLFLRQDGRV�GH�PRQWPRUULORQLWD�VyGLFD�H�REVHUYDUDP�TXH�DTXHODV�SURGX]LGDV�FRP�PHQRUHV�
FRQFHQWUDo}HV�GH�JOLFHURO�H�PDLRUHV�FRQFHQWUDo}HV�GH�DUJLOD�DSUHVHQWDUDP�PHQRU�39$��5RGULJXH]�0D�
ULQ�HW�DO��������WDPEpP�REVHUYDUDP�XPD�GLPLQXLomR�GD�39$�GH�¿OPHV�GH�IDULQKD�GH�EDQDQD�H�GH�IDULQKD�
GH�DUUR]�SHOD�DGLomR�GH�PRQWPRUULORQLWD��

$�39$�GRV�¿OPHV�GH�IDULQKD�GH�PDQGLRFD��SRU�VXD�YH]��IRL�DIHWDGD�DSHQDV�SHOD�WHPSHUDWXUD�GH�
SURFHVVR��TXH�IRL�PDUJLQDOPHQWH�VLJQL¿FDWLYD���������S���������7HPSHUDWXUDV�PDLV�EDL[DV�SRGHP�QmR�VHU�
VX¿FLHQWHV�SDUD�JHODWLQL]DU�SRU�FRPSOHWR�RV�JUkQXORV�GH�DPLGR��ID]HQGR�FRP�TXH�H[LVWDP�JUkQXORV�QmR�
JHODWLQL]DGRV�QD�PDWUL]�SROLPpULFD��FULDQGR�XPD�HVWUXWXUD�WDO�TXH�GL¿FXOWH�D�SDVVDJHP�GH�YDSRU�GH�iJXD��

$�FRQFHQWUDomR�GH�DUJLOD�QmR�LQÀXHQFLRX�QD�39$�GRV�¿OPHV�GH�IDULQKD�GH�PDQGLRFD��1DVFLPHQ�
to et al������)�GHVHQYROYHUDP�¿OPHV�GH�DPLGR�GH�PDQGLRFD�H�IDULQKD�GH�PHVRFDUSR�GH�PDUDFXMi�LQFRU�
SRUDGRV�GH�PRQWPRUULORQLWD�H�REVHUYDUDP�TXH�D�DUJLOD�QmR�LQÀXHQFLRX�QD�39$�GH�VHXV�¿OPHV��2V�DXWRUHV�
DWULEXtUDP�HVVH�HIHLWR�D�LQFRPSDWLELOLGDGH�HQWUH�D�PDWUL]�SROLPpULFD�H�D�DUJLOD�DOWDPHQWH�KLGURIyELFD�

3DUD�D�PDLRULD�GRV�WUDWDPHQWRV�DYDOLDGRV��D�39$�GRV�¿OPHV�GH�IDULQKD�GH�WDUR�IRL�PHQRU�TXH�GRV�
¿OPHV�GH�IDULQKD�GH�PDQGLRFD��R�TXH�SRGH�VHU�H[SOLFDGR�SHOR�HIHLWR�GD�DUJLOD�QRV�¿OPHV�GH�IDULQKD�GH�
WDUR��TXH�QmR�IRL�REVHUYDGR�QRV�¿OPHV�GH�IDULQKD�GH�PDQGLRFD��$OpP�GLVVR��R�PDLRU�WHRU�SURWHLFR�GD�ID�
ULQKD�GH�WDUR�SRGH�WHU�FRQWULEXtGR�SDUD�D�IRUPDomR�GH�XPD�PDWUL]�PDLV�GHQVD�SHOD�GHVQDWXUDomR�SURWHLFD�
GXUDQWH�D�IRUPDomR�GRV�¿OPHV��TXH�WHQGH�D�DXPHQWDU�D�KLGURIRELFLGDGH�H�GLPLQXLU�D�39$��PHVPR�HIHLWR�
REVHUYDGR�SRU�5RGULJXH]�0DULQ�HW�DO��������HVWXGDQGR�¿OPHV�GH�IDULQKD�GH�EDQDQD�H�GH�IDULQKD�GH�DUUR]�

4 concluSÃo

$�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD�GRV�¿OPHV�GH�IDULQKD�GH�WDUR�IRL�LQÀXHQFLDGD�DSHQDV�SHOD�
FRQFHQWUDomR�GH�DUJLOD�H�GRV�¿OPHV�GH�IDULQKD�GH�PDQGLRFD��SHOD�WHPSHUDWXUD�GH�SURFHVVR��2V�¿OPHV�GH�
IDULQKD�GH�WDUR�DSUHVHQWDUDP�PHQRU�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD�TXH�RV�¿OPHV�GH�IDULQKD�GH�PDQ�
GLRFD��SURYDYHOPHQWH�SHOD�PDLRU�SUHVHQoD�GH�SURWHtQDV�QD�IDULQKD�GH�WDUR�H�SHOD�SURYiYHO�LQWHUFDODomR�
GD�DUJLOD�QD�PDWUL]�SROLPpULFD�GRV�¿OPHV�GH�IDULQKD�GH�WDUR��$QiOLVHV�PLFURVFySLFDV��GH�KLGURIRELFLGDGH�
H�GH�GLIUDomR�GH�UDLRV�[�ID]HP�VH�QHFHVViULDV�D�¿P�GH�FRQ¿UPDU�D�IRUPDomR�GH�QDQRFRPSyVLWRV�]HyOLWD�
IDULQKD�GH�WDUR�H�DYDOLDU�D�KLGURIRELFLGDGH�GRV�PDWHULDLV�IRUPDGRV�

AGrAdecimentoS

¬�)$3(5-�SHOD�EROVD�GH�PHVWUDGR�3URJUDPD�%ROVD�QRWD������������(GLWDO�)$3(5-�1������������
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reFerÊnciAS

%HOLEL��3��&���HW�DO��7HQVLOH�DQG�ZDWHU�EDUULHU�SURSHUWLHV�RI�FDVVDYD�VWDUFK�FRPSRVLWH�¿OPV�UHLQIRUFHG�E\�
V\QWKHWLF�]HROLWH�DQG�EHLGHOOLWH��-RXUQDO�RI�)RRG�(QJLQHHULQJ��Y�������Q�����S�����������������

0217(��0��%��0��0���HW�DO��1XWULHQW�UHOHDVH�E\�D�%UD]LOLDQ�VHGLPHQWDU\�]HROLWH��$QDLV�GD�$FDGHPLD�
%UDVLOHLUD�GH�&LrQFLDV��������S���������

1DVFLPHQWR��7��$���&DODGR��9���&DUYDOKR��&��:��3��'HYHORSPHQW�DQG�FKDUDFWHUL]DWLRQ�RI�ÀH[LEOH�¿OP�
EDVHG�RQ�VWDUFK�DQG�SDVVLRQ�IUXLW�PHVRFDUS�ÀRXU�ZLWK�QDQRSDUWLFOHV��)RRG�5HVHDUFK�,QWHUQDWLRQDO��Y������
Q�����S�����������1RY������

5RGULJXH]�0DULQ��0��/���HW�DO��1DQRFRPSRVLWHV�RI�ULFH�DQG�EDQDQD�ÀRXUV�EOHQG�ZLWK�PRQWPRULOORQLWH��
3DUWLDO�FKDUDFWHUL]DWLRQ��0DWHULDOV�6FLHQFH�	�(QJLQHHULQJ�&�0DWHULDOV�IRU�%LRORJLFDO�$SSOLFDWLRQV��Y��
����Q�����S�������������2FW������

6LQKD�5D\��6���%RXVPLQD��0��%LRGHJUDGDEOH�SRO\PHUV� DQG� WKHLU� OD\HUHG� VLOLFDWH�QDQRFRPSRVLWHV�� ,Q�
JUHHQLQJ�WKH���VW�FHQWXU\�PDWHULDOV�ZRUOG��3URJUHVV�LQ�0DWHULDOV�6FLHQFH��Y������Q�����S������������������

6RX]D��$��&�� �HW�DO��&DVVDYD�VWDUFK�ELRGHJUDGDEOH�¿OPV��,QÀXHQFH�RI�JO\FHURO�DQG�FOD\�QDQRSDUWLFOHV�
FRQWHQW�RQ�WHQVLOH�DQG�EDUULHU�SURSHUWLHV�DQG�JODVV�WUDQVLWLRQ�WHPSHUDWXUH��/:7���)RRG�6FLHQFH�DQG�7H�
FKQRORJ\��Y������Q�����S�����������������

7DSLD�%OiFLGR��'��5��)LOPHV�D�EDVH�GH�GHULYDGRV�GR�DPDUDQWR�SDUD�XVR�HP�DOLPHQWRV�������������)DFXO�
GDGH�GH�(QJHQKDULD�GH�$OLPHQWRV��8QLYHUVLGDGH�(VWDGXDO�GH�&DPSLQDV��&DPSLQDV�

9LFHQWLQL��1��0��(ODERUDomR�H�FDUDFWHUL]DomR�GH�¿OPHV�FRPHVWtYHLV�j�EDVH�GH�IpFXOD�GH�PDQGLRFD�SDUD�
XVR�HP�SyV�FROKHLWD������������S���ERWXFDWX���)DFXOGDGH�GH�&LrQFLDV�$JURQ{PLFDV��8QLYHUVLGDGH�(VWD�
GXDO�3DXOLVWD

comPóSitoS biodeGrAdáveiS de Poli(ácido lático) e 
FibrA de curAuá: trAtAmento e comPAtibiliZAÇÃo dAS 

FibrAS.

*Alfredo r. Sena neto1, luiz H. c. mattoso2, José m. marconcini2

133*&(0��8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��2(0%5$3$�,QVWUXPHQWDomR���&13',$�
DOIUHGRVHQD#\DKRR�FRP�EU

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
(VWH� WUDEDOKR�DSUHVHQWD�GLIHUHQWHV� WUDWDPHQWRV�H�FRPSDWLELOL]Do}HV�SDUD�¿EUDV�GH�FXUDXi�DGLFLRQDGDV�
DR�SROL�iFLGR�OiWLFR���3/$���FRP�REMHWLYR�GH�VH�FRQVHJXLU�FRPSyVLWRV�WRWDOPHQWH�ELRGHJUDGiYHLV�FRP�
PyGXOR�HOiVWLFR�H�UHVLVWrQFLD�j�WUDomR�VXSHULRUHV�DR�SROtPHUR�SXUR��2�WUDWDPHQWR�GDV�¿EUDV�GDV�IROKDV�
GH�FXUDXi�FRP�VROXomR�����PDVVD�YROXPH��GH�1D2+�SURSRUFLRQRX�XP�DXPHQWR�QD�UHVLVWrQFLD�j�WUDomR�
H�QR�PyGXOR�GH�HODVWLFLGDGH�XWLOL]DQGR�PDWHULDLV�PHQRV�DJUHVVLYR�DR�DPELHQWH�H�FRP�XPD�JHUDomR�PL�
QLPL]DGD�GH�UHVtGXRV�
Palavras-chave��)LEUDV�OLJQRFHOXOyVLFDV��&RPSyVLWRV�SROLPpULFRV��3URSULHGDGHV�PHFkQLFDV��7UDWDPHQWR�
DOFDOLQR��&RPSDWLELOL]DomR�

biodeGrAdAble comPoSiteS oF PolY (lActic Acid) And curAuá Fiber: Fi-
ber treAtment And comPAtibiliZAtion.
Abstract
7KLV�VWXG\�SUHVHQWV�GLIIHUHQW�WUHDWPHQWV�DQG�FRPSDWLELOL]DWLRQV�WR�FXUDXi�¿EHUV�DGGHG�LQWR�SRO\��ODFWLF�
DFLG���3/$���ZLWK�WKH�DLP�RI�DFKLHYLQJ�IXOO\�ELRGHJUDGDEOH�FRPSRVLWHV�ZLWK�LQFUHPHQWV�YDOXHV�RI�HODV�
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WLF�PRGXOXV�DQG�WHQVLOH�VWUHQJWK��7KH�WUHDWPHQW�RI�WKH�OHDI�¿EHUV�FXUDXi�ZLWK�VROXWLRQ�RI�����ZHLJKW�
��YROXPH��1D2+�SURYLGHG�DQ�LQFUHDVH�LQ�WHQVLOH�VWUHQJWK�DQG�HODVWLF�PRGXOXV�XVLQJ�OHVV�HQYLURQPHQW�
DJJUHVVLYH�PDWHULDOV�DQG�D�PLQLPL]HG�ZDVWH�JHQHUDWLRQ�
Keywords: /LJQRFHOOXORVLF� ¿EHUV�� 3RO\PHU� FRPSRVLWHV�� 0HFKDQLFDO� SURSHUWLHV�� DONDOL� WUHDWPHQW��
FRPSDWLELOL]DWLRQ�

3XEOLFDo}HV�UHODFLRQDGDV�
��&XUDXD�OHDI�¿EHU��Ananas comosus var. erectifolius��UHLQIRUFLQJ�SRO\��ODFWLF�DFLG��ELRFRPSRVLWHV��)RU�
PXODWLRQ�DQG�SHUIRUPDQFH��3RO\PHU�&RPSRVLWHV��������'2,����������SF�������

1 introduÇÃo

)LEUDV�OLJQRFHOXOyVLFDV�DSUHVHQWDP�DOWRV�PyGXORV�HOiVWLFRV�H�UHVLVWrQFLDV�j�WUDomR��(�DSHVDU�GH�
YiULRV�SROtPHURV�QmR�SRVVXL�D¿QLGDGH�FRP�¿EUDV�YHJHWDLV��H[LVWHP�GLYHUVRV�HVWXGRV�FRP�REMHWLYR�GH�
XWLOL]i�ODV�HP�FRPSyVLWRV�SROLPpULFRV��$UD~MR�HW�DO�������&DPSRV�HW�DO��������+XGD�HW�DO��������.LP�HW�
DO��������3ODFNHWW��������&RP�LQWXLWR�GH�UHIRUoDPHQWR�HIHWLYR�HP�FRPSyVLWRV��WUDWDPHQWRV�VXSHU¿FLDLV�
H�RX�FRPSDWLELOL]DomR�GRV�FRPSRQHQWHV�VH�ID]�QHFHVViULR�SDUD�DXPHQWDU�D�LQWHUDomR��3RGHQGR�VHU�REWLGR�
DWUDYpV�GH�OLPSH]D�H�PRGL¿FDo}HV�VXSHU¿FLDLV�GD�¿EUD�FRPR�WUDWDPHQWR�DOFDOLQR��DSOLFDomR�GH�VLODQRV�
�+XGD�HW�DO���������RX�UHVLQDV�TXH�IDoDP�D�IXQomR�GH�DGHVLYRV�HQWUH�D�¿EUD�H�R�SROtPHUR�FRP�PDLRU�IUD�
omR��FRPR�R�SROL�iOFRRO�YLQtOLFR���39$���.LP�HW�DO��������RX�SROL�FDSURODFWRQD���3&/���&DPSRV�HW�DO��
�������H�SROtPHURV�HQ[HUWDGRV�FRP�VXEVWkQFLDV�ELIXQFLRQDLV�FRPR�R�DQLGULGR�PDOpLFR��3ODFNHWW�������

(VWH�WUDEDOKR�WHYH�FRPR�REMHWLYR�UHDOL]DU�GLIHUHQWHV�WUDWDPHQWRV�GD�¿EUD�GH�FXUDXi�H�FRPSDWL�
ELOL]Do}HV�FRP�3/$��H�VRE�FDUDFWHUL]DomR�PHFkQLFD�DYDOLRX�D�H¿FLrQFLD�GR�UHIRUoR�QR�FRPSyVLWR�FRP�
¿EUD�GH�FXUDXi�H�3/$�

2 mAteriAiS e métodoS

)RUDP�XWLOL]DGDV�¿EUDV�GH�FXUDXi��IRUQHFLGDV�SHOD�3HPDWHF��2�3/$�,QJHR����'�IRL�XWLOL]DGR�
FRPR�PDWUL]��2�3&/�IRL�R�&$3$�������&ORURIyUPLR��DQLGULGR�PDOpLFR��SHUy[LGR�GH�EHQ]RtOD��KLGUy[LGR�
GH�VyGLR�H�39$��0Z�������D������J�PRO���IRUDP�XWLOL]DGRV�FRP�SXUH]D�3$��2�SHUy[LGR�GH�KLGURJrQLR�
HVWDYD�HP�VROXomR��VHQGR�D�TXDQWLGDGH�FRUULJLGD�HP�DFRUGR�FRP�D�PHWRGRORJLD�

$QWHV�GD�XWLOL]DomR��DV�¿EUDV�H�R�3/$�IRUDP�VHFRV�HP�HVWXID�0DUFRQL�0$�����FRP�FLUFXODomR�
GH�DU�D����&�SRU����KRUDV��3DUD�SUHSDUDomR�GRV�FRPSyVLWRV��DV�¿EUDV�IRUDP�PRtGDV�HP�PRLQKR�GH�IDFDV�
6RODE��FRP�SHQHLUD�GH�PDOKD����PHVK�

)RUDP�UHDOL]DGRV�WHVWHV�FRP�WUDWDPHQWRV�DOFDOLQRV��VRE�DJLWDomR�H�WHPSHUDWXUD�GH����&��GXUDQWH�
��KRUD��XWLOL]DQGR����PO�GH�FDGD�VROXomR��FRQIRUPH�D�7DEHOD����'HSRLV��IRUDP�ODYDGDV�HP�iJXD�DWp�QHX�
WUDOL]DomR�H�VHFDV�D����&�SRU����KRUDV��)LQDOPHQWH��IRUDP�PRtGDV�FRP�SHQHLUD�GH�PDOKD����PHVK�SDUD�
DQiOLVHV�)7,5�H�'5;�

tabela 1. )RUPXODo}HV�GR�WUDWDPHQWR�DOFDOLQR�H�,F�
código &RQFHQWUDomR�1D2+���P�Y� ic (%)

Bruta � ���

�� 1 ���

�� 2 ���

�� � ���

��� �� ���

8PD�GLIUDomR�GH�UDLRV�;�IRL�UHDOL]DGD�SDUD�FDUDFWHUL]DU�R�tQGLFH�GH�FULVWDOLQLGDGH�GH�FHOXORVH�
�,F���)RL�XWLOL]DGR�GLIUDW{PHWUR�6KLPDG]X��PRGHOR�;5'�����FRP� UDGLDomR�&X�.Į� �FRPSULPHQWR�GH�
RQGD������[�����P���$V�FRQGLo}HV�GH�PHGLGDV�IRUDP����.9����P$�FRP�WD[D�GH�YDUUHGXUD�GH����PLQ���YD�
ULDQGR�GH���D������2�tQGLFH�GH�FULVWDOLQLGDGH�GH�FHOXORVH��,F��IRL�FDOFXODGR�SHOD�VXEWUDomR�GD�iUHD�DPRUID�
GD�iUHD�WRWDO�GDV�FXUYDV�����$D��$W������

(VSHFWURVFRSLD�GH�)7,5�IRL�UHDOL]DGD�HP�XP�6SHFWUXP�������3HUNLQ�(OPHU���QD�IDL[D�GH����±
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�����FPí�.
&RQIRUPH�FLWDGR�SRU�3ODFNHWW���������FDGD�PROpFXOD�GH�DQLGULGR�PDOpLFR�LUi�VH�OLJDU�D�XPD�XQL�

GDGH�GR�3/$��PHUR���SRUWDQWR�WHP�VH�D�UHODomR�PiVVLFD�GH�������GH�DQLGULGR�PDOpLFR�SDUD�FDGD��������
GH�3/$��2�SHUy[LGR�HQWUD�FRP�LQLFLDGRU�H�FDWDOLVDGRU�GD�UHDomR��VHQGR�DGLFLRQDGR����HP�PDVVD�VHFD�
GH�SHUy[LGR��SHUy[LGR�GH�EHQ]RtOD�RX�SHUy[LGR�GH�KLGURJrQLR���HP�UHODomR�j�PDVVD�GD�PLVWXUD�3/$�
DQLGULGR�PDOpLFR��2�3/$�IRL�FULRPLFURQL]DGR��R�DQLGULGR�PDOpLFR�H�SHUy[LGR�GH�EHQ]RtOD�IRUDP�SHQHLUD�
GRV�HP�PDOKD�GH����+P��SDUD�VH�HYLWDU�DJORPHUDGRV��0LVWXUD�VH�R�3/$�H�DQLGULGR�PDOpLFR��DGLFLRQD�VH�
FORURIyUPLR��DWp�REWHU�XPD�VROXomR�GH�����PDVVD�YROXPH��SRU�¿P�R�SHUy[LGR��7RGR�R�SURFHVVR�VRE�
DJLWDomR�DWp�R�PDWHULDO�IRUPDU�XP�JHO�HVSHVVR��DSUR[LPDGDPHQWH����PLQXWRV��� OHYDGR�SDUD�VHFDU�HP�
HVWXID�j����&�SRU����KRUDV�

tabela 2. 1RPHQFODWXUDV�GRV�FRPSyVLWRV�
materiais Processados nomenclatura compósitos

3/$�VHP�DGLomR�GH�¿EUD��FRPSDWLELOL]DQWH�RX�RXWUR�SROtPHUR 3/$�3XUR

3/$�FRP�����GH�¿EUD�HP�PDVVD 3/$����)LEUD�1&

���3/$���39$����¿EUD�GH�FXUDXi 3/$�39$����)LEUD

����GH�3/$�3&/�����3/$����3&/������GH�¿EUD�GH�FXUDXi 3/$�3&/����)LEUD

���3/$����¿EUD�GH�FXUDXi����3/$�J�0$�FDWDOLVDGR�FRP�
+2O2

3/$�����)LEUD����0D+

���3/$����¿EUD�GH�FXUDXi���3/$�J�0$�FDWDOLVDGR�FRP�
SHUy[LGR�GH�EHQ]RtOD 3/$�����)LEUD����0D%

3/$�FRP�����GH�¿EUD�HP�PDVVD��SUHYLDPHQWH�WUDWDGD�FRP�
1D2+��VROXomR���P�Y�

3/$�����)LEUD�1D2+

2V�FRPSyVLWRV�IRUDP�SURFHVVDGRV�FRP�IUDomR�GH�����HP�PDVVD�GH�¿EUDV�GH�FXUDXi��7DEHOD�����
HP�XP�PLVWXUDGRU�LQWHUQR�+$$.(�5KHRPL[�����FRQHFWDGR�D�XP�UH{PHWUR�GH�WRUTXH�����USP��WHPSH�
UDWXUD�GH������&�H�WHPSR�GH�PLVWXUD�GH���PLQXWRV�

$V�IRUPXODo}HV�IRUDP�SUHQVDGDV�j�����&��FRP�FDUJDV�GH���H��� WRQHODGDV��FRP�LQWHUYDORV�GH�
DSOLFDomR� H� UHOD[DomR�GH���� VHJXQGRV� FDGD��'HVVHV�¿OPHV�SUHQVDGRV�� IRUDP� UHWLUDGDV� DPRVWUDV� FRP�
ODUJXUDV�PpGLDV�GH����PP��H�FRPSULPHQWRV�VXSHULRUHV�D�����PP��$V�DPRVWUDV�IRUDP�WUDFLRQDGDV�HP�
XPD�PiTXLQD�GH�HQVDLRV�PHFkQLFRV�XQLYHUVDO�(PLF��PRGHOR�'/�������D�WD[D�GH��PP�PLQ��GR�WUDYHVVmR�

3 reSultAdoS e diScuSSÃo

2�WUDWDPHQWR�DOFDOLQR�p�UHDOL]DGR�FRP�LQWXLWR�GH�OLPSDU�D�VXSHUItFLH�GDV�¿EUDV��UHWLUDU�KHPLFH�
OXORVH�H� OLJQLQD��FRPR�GHVSUHQGHU�DV�XQLGDGHV�FHOXODUHV�HQWUH�VL��DXPHQWDQGR�D�iUHD�VXSHU¿FLDO��SDUD�
PDLRU�LQWHUDomR�GDV�¿EUDV�FRP�D�PDWUL]�SROLPpULFD��$R�VH�UHWLUDU�D�OLJQLQD�H�KHPLFHOXORVH��FRPR�RXWURV�
PDWHULDLV�DPRUIRV�SUHVHQWHV��HVSHUD�VH�XP�DXPHQWR�GR�,F��PDV�DWDTXHV�PXLWR�VHYHURV�SRGHP�OHYDU�D�
REWHQomR�GH�FHOXORVH�GR�WLSR�,,��TXH�DSUHVHQWDP�YDORUHV�PHFkQLFRV�LQIHULRUHV��FRPR�SRGH�FRQGX]LU�SDUD�
XPD�UHGXomR�GR�,F��&RUUHD��������+XGD�HW�DO���������2�WUDWDPHQWR�DOFDOLQR�DXPHQWRX�R�,F�FRQIRUPH�
DXPHQWRX�D�FRQFHQWUDomR�GH�1D2+��7DEHOD�����3DUD�FRQVWDWDU�TXDOLWDWLYDPHQWH�D�SUHVHQoD�GH�OLJQLQD�H�
KHPLFHOXORVH��DV�¿EUDV�VRE�RV�GLYHUVRV�WUDWDPHQWRV�DOFDOLQRV�IRUDP�DYDOLDGDV�SRU�HVSHFWURVFRSLD�)7,5��
2V�HVSHFWURV�)7,5�GDV�¿EUDV�WUDWDGDV�FRP�1D2+�VmR�DSUHVHQWDGRV�QD�)LJXUD���2V�SLFRV�SUHVHQWHV�QD�
¿EUD�³%UXWD´�QD�IDL[D�GH������H������FP��VmR�DWULEXtGRV�D�KHPLFHOXORVH�H�D�OLJQLQD��UHVSHFWLYDPHQWH��
2EVHUYD�VH�TXH�R�WUDWDPHQWR�DOFDOLQR�³��´�Mi�IRL�VX¿FLHQWH�UHGX]LU�RV�SLFRV�GD�OLJQLQD�H�KHPLFHOXORVH��
QmR�REVHUYDGR�XPD�PDLRU�YDULDomR�SDUD�RV�RXWURV�WUDWDPHQWRV�FRP�PDLRUHV�FRQFHQWUDo}HV�GH�1D2+��
$R�¿QDO�GR�HQVDLR�IRL�PHGLGR�R�S+�GH�WRGDV�DV�VROXo}HV��D�VROXomR�³��´�DSUHVHQWDYD�S+�����DV�GHPDLV�
Mi�HVWDYDP�QD�IDL[D�GH�S+�����JHUDQGR�UHVtGXR��FRQVXPLQGR�WHPSR�H�iJXD�SDUD�QHXWUDOL]DU�DV�¿EUDV�GDV�
VROXo}HV��&RQVLGHURX�VH�R�WUDWDPHQWR�FRP�VROXomR�³��´�GH�1D2+�VDWLVIDWyULR�SDUD�UHWLUDU�FRQVWLWXLQWHV�
LQGHVHMDGRV�jV�¿EUDV��)RL�WUDWDGD�PDVVD�VX¿FLHQWH�GH�¿EUDV�GH�FXUDXi�HP�³��´�GH�1D2+�H�SURGX]LGRV�
FRPSyVLWRV��7DEHOD����
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Figura 1. (VSHFWURV�)7,5�GDV�¿EUDV�WUDWDGDV�FRP�GLIHUHQWHV�WUDWDPHQWRV�DOFDOLQRV��1D2+��

2V�UHVXOWDGRV�GRV�HQVDLRV�PHFkQLFRV�VmR�DSUHVHQWDGRV�QD�7DEHOD����2V�FRPSyVLWRV�UHIRUoDGRV�
FRP�¿EUDV� WUDWDGDV�FRP�1D2+�DSUHVHQWDUDP�RV�PDLRUHV�UHVXOWDGRV�GH�UHVLVWrQFLD�j� WUDomR�H�PyGXOR�
HOiVWLFR��VHQGR�R�~QLFR�TXH�DSUHVHQWRX�LQFUHPHQWRV�QD�UHVLVWrQFLD�j�WUDomR�HP�UHODomR�j�PDWUL]�SXUD��
&RQIRUPH� WUDEDOKR�SUpYLR�FRP�FRPSyVLWRV�GH�3/$�H� IUDo}HV�GH���D�����FRP�¿EUDV�GH�FXUDXi�VHP�
WUDWDPHQWR�RX�FRPSDWLELOL]DomR��$UD~MR�HW�DO��������D�IUDomR�FRP�����HP�PDVVD�GH�¿EUDV�DSUHVHQWRX�
D�PDLRU�UHVLVWrQFLD�j�WUDomR�GRV�FRPSyVLWRV��PDV�VHX�YDORU�IRL����LQIHULRU�HP�UHODomR�D�PDWUL]�GH�3/$�
SXUD��2�WUDWDPHQWR�DOFDOLQR�SUHSDURX�D�¿EUD�SDUD�DWXDU�FRPR�UHIRUoR�PHFkQLFR�HIHWLYDPHQWH��2V�FRPSy�
VLWRV�FRP�DGLomR�GH�3/$�J�0$�DSUHVHQWDUDP�YDORUHV�VXSHULRUHV�GH�PyGXOR�HOiVWLFR��HP�UHODomR�DR�3/$�
SXUR��VHQGR�R�FDWDOLVDGR�FRP�SHUy[LGR�GH�KLGURJrQLR�R�PDLRU�YDORU������*3D���2V�GHPDLV�FRPSyVLWRV�
DSUHVHQWDUDP�YDORUHV�LQIHULRUHV�GH�UHVLVWrQFLD�j�WUDomR�H�PyGXOR�HOiVWLFR�

tabela 3. 3URSULHGDGHV�PHFkQLFDV�GRV�FRPSyVLWRV�
compósitos Processados módulo elástico (GPa) 5HVLVWrQFLD�j�7UDomR��03D�

3/$�3XUR ���� �����

3/$����)LEUD�1& ���� �����

3/$�39$����)LEUD ���� �����

3/$�3&/����)LEUD ���� �����

3/$����)LEUD����0D+ ���� �����

3/$����)LEUD����0D% ���� �����

3/$����)LEUD�1D2+ ���� �����

4 concluSÃo

3HOD�DQiOLVH�GR�'5;�H�)7,5��R�WUDWDPHQWR�DOFDOLQR�FRP����GH�1D2+�HP�VROXomR��P�Y���IRL�
VDWLVIDWyULR�SDUD�SUHSDUDU�DV�¿EUDV�SDUD�XWLOL]DomR�FRPR�UHIRUoR�PHFkQLFR��'HQWUH�RV�FRPSyVLWRV�SURFHV�
VDGRV�GH�3/$�FRP�¿EUDV�GH�FXUDXi��R�FRPSyVLWR�FRP�DGLomR�GH�¿EUDV�SUHYLDPHQWH�WUDWDGDV�FRP�VROXomR�
FRP����GH�1D2+�DSUHVHQWRX�LQFUHPHQWRV�GH�UHVLVWrQFLD�j�WUDomR�H�PyGXOR�HOiVWLFR��&RQ¿UPDQGR�D�XWL�
OL]DomR�GH�WUDWDPHQWR�DOFDOLQR�HP�¿EUD�GH�IROKDV�GH�FXUDXi�SDUD�HPSUHJR�HIHWLYR�FRPR�UHIRUoR�PHFkQLFR�
HP�FRPSyVLWRV�SROLPpULFRV�FRP�3/$�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��&13T�3,%,&�SURFHVVR�����������������),1(3��&DSHV�H�3UR�
MHWR�03��5HGH�$JURQDQR�
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reFerÊnciAS

$5$8-2��0��$��0��'��HW�DO��&XUDXD�OHDI�¿EHU��Ananas comosus var. erectifolius��UHLQIRUFLQJ�SRO\��ODF�
WLF�DFLG��ELRFRPSRVLWHV��)RUPXODWLRQ�DQG�SHUIRUPDQFH��3RO\PHU�&RPSRVLWHV���������3XEOLFDomR�VRPHQ�
WH�RQOLQH�DR�PRPHQWR��'2,����������SF�������

&$0326��$���0$5&21&,1,��-�0���,0$0��6�+���./$0&=<16.,��$���257,6��:�-���:22'��'�+���
:,//,$06��7�*���0$57,16�)5$1&+(77,��6�0���0$77262��/+&��0RUSKRORJLFDO��PHFKDQLFDO�
SURSHUWLHV�DQG�ELRGHJUDGDELOLW\�RI�ELRFRPSRVLWH�WKHUPRSODVWLF�VWDUFK�DQG�SRO\FDSURODFWRQH�UHLQIRUFHG�
ZLWK�VLVDO�¿EHUV��-RXUQDO�RI�5HLQIRUFHG�3ODVWLFV�DQG�&RPSRVLWHV��Y������������S����������

&255($��$��&��3UHSDUDomR�GH�QDQR¿EUDV�GH�FHOXORVH�D�SDUWLU�GH�¿EUDV�GH�FXUDXi�SDUD�R�GHVHQYROYLPHQ�
WR�GH�QDQRFRPSyVLWRV�SROLPpULFRV�FRP�(9$��7HVH��8)6&DU��6mR�&DUORV�������

+8'$��0�6���'5=$/��/�7���02+$17<��$�.���0,65$��0��(IIHFW�RI�FKHPLFDO�PRGL¿FDWLRQV�RI�WKH�
SLQHDSSOH�OHDI�¿EHU�VXUIDFHV�RQ�WKH�LQWHUIDFLDO�DQG�PHFKDQLFDO�SURSHUWLHV�RI�ODPLQDWHG�ELRFRPSRVLWHV��
&RPSRVLWH�,QWHUIDFHV��Y������������S�����±����

.,0��+�-���0,<$0272��6���7$.$'$��<���7$.(085$��.��(IIHFW�RI�VXUIDFH�PRGL¿FDWLRQ�RQ�ÀH[XUDO�
SURSHUWLHV�RI� MXWH�¿EHU�JUHHQ� FRPSRVLWHV�� ,Q�� ��7+� ,17(51$7,21$/�&21)(5(1&(�21�&20�
326,7(�0$7(5,$/6� �� -HMX�.RUHD�� �����'LVSRQtYHO� HP��KWWS���ZZZ�LFFP�FHQWUDO�RUJ�3URFHHGLQJV�
,&&0��SURFHHGLQJV�GDWD������2UDO���3UHVHQWDWLRQ�$XJ�����:HGQHVGD\����:�����5HVHDU�
FK���DQG���'HYHORSPHQW���RI���*UHHQ���&RPSRVLWHV�:����$)�����SGI

3/$&.(77��'��0DOHDWHG�3RO\ODFWLGH� DV� DQ� ,QWHUIDFLDO�&RPSDWLELOL]HU� LQ�%LRFRPSRVLWHV�� -RXUQDO� RI�
3RO\PHUV�DQG�WKH�(QYLURQPHQW��Y������Q�����������S���������

eStudo de FibrAS de FolHAS de AbAcAxiS viSAndo 
ProduÇÃo de comPóSitoS PoliméricoS

*Alfredo r. Sena neto1, marco A.m. Araujo1, Fernanda v. d. Souza2, luiz H. c. mattoso3, José 
m. marconcini�

133*&(0��8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��2(0%5$3$�0DQGLRFD�H�)UXWLFXOWXUD���&130)��
�(0%5$3$�,QVWUXPHQWDomR�$JURSHFXiULD���&13',$�

DOIUHGRVHQD#\DKRR�FRP�EU

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
)RUDP�HVWXGDGDV����¿EUDV�GH�IROKDV�GH�DEDFD[LV��3$/)��SURYHQLHQWHV�GRV�DFHVVRV�GR�%DQFR�$WLYR�GH�
*HUPRSODVPD�GH�$EDFD[L��%$*��GD�(PEUDSD�0DQGLRFD�H�)UXWLFXOWXUD�7URSLFDO��GHPRQVWUDQGR�TXH�R�
tQGLFH�GH�FULVWDOLQLGDGH�GD�FHOXORVH�SUHVHQWH�QDV�¿EUDV�DSUHVHQWD�UHODomR�GLUHWD�FRP�SURSULHGDGHV�PHFk�
QLFDV�H�WpUPLFDV��(VWH�HVWXGR�IRUQHFHUi�LQGLFDGRUHV�SDUD�VHOHomR�H�SURJUDPD�GH�PHOKRUDPHQWR�JHQpWLFR�
GR�JrQHUR�Ananas��FRP�LQWXLWR�GH�VH�GHVHQYROYHU�SODQWDV�SDUD�XWLOL]DomR�GH�VXDV�¿EUDV�FRPR�UHIRUoR�
PHFkQLFR�HP�FRPSyVLWRV�SROLPpULFRV�
Palavras-chave��)LEUDV�OLJQRFHOXOyVLFDV��$EDFD[L��&RPSyVLWRV�SROLPpULFRV��3URSULHGDGHV�PHFkQLFDV��
SURSULHGDGHV�WpUPLFDV�

StudY on PineAPPle leAF FiberS For PolYmer comPoSiteS Production
Abstract
���YDULHWLHV�RI�SLQHDSSOHV�OHDI�¿EHUV��3$/)��IURP�WKH�$FWLYH�*HUPSODVP�%DQN�RI�3LQHDSSOHV�RI�(PEUD�
SD�&DVVDYD�DQG�7URSLFDO�)UXLWV�ZHUH�VWXGLHG��VKRZLQJ�WKDW�WKH�FU\VWDOOLQLW\�LQGH[�RI�WKH�FHOOXORVH�SUHVHQW�
LQ�WKH�¿EHUV�LV�GLUHFWO\�UHODWHG�ZLWK�PHFKDQLFDO�DQG�WKHUPDO�SURSHUWLHV��7KLV�VWXG\�ZLOO�SURYLGH�LQGLFDWRUV�
IRU�FKRRVLQJ�DQG�VHOHFWLYH�EUHHGLQJ�RI�D�JHQXV�$QDQDV�SURJUDP��ZKLFK�DLPV�WR�GHYHORS�WKH�XVH�RI�LWV�
¿EHUV�DV�PHFKDQLFDO�UHLQIRUFHPHQW�LQ�SRO\PHU�FRPSRVLWHV�



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014.216

Keywords: /LJQRFHOOXORVLF�¿EHUV��3LQHDSSOH�OHDI�¿EHUV��3RO\PHU�FRPSRVLWHV��0HFKDQLFDO�SURSHUWLHV��
Thermal properties.

3XEOLFDo}HV�UHODFLRQDGDV�
��&KDUDFWHUL]DWLRQ�DQG�FRPSDUDWLYH�HYDOXDWLRQ�RI� WKHUPDO��VWUXFWXUDO��FKHPLFDO��PHFKDQLFDO�DQG�PRU�
SKRORJLFDO�SURSHUWLHV�RI�VL[�SLQHDSSOH�OHDI�¿EHU�YDULHWLHV�IRU�XVH�LQ�FRPSRVLWHV��,QGXVWULDO�&URSV�DQG�
3URGXFWV��Y������S�����������������'2,����������M�LQGFURS�������������

1 introduÇÃo

$V�¿EUDV� OLJQRFHOXOyVLFDV�SRVVXHP�XP�DSHOR�DPELHQWDO��SRLV�DOpP�GH�VHUHP�ELRGHJUDGiYHLV��
DV�¿EUDV�VLQWpWLFDV��¿EUD�GH�YLGUR��¿EUD�GH�FDUERQR��DUDPLGD��ERUR��HWF���XWLOL]DGDV�FRPR�UHIRUoRV�HP�
FRPSyVLWRV��DSUHVHQWDP�PDLRUHV�FRQVXPRV�GH�HQHUJLD�HOpWULFD�QD�VXD�IDEULFDomR��-RVKL�HW�DO��������6DR�
HW�DO����������$FUHVFHQWDQGR�H�HP�DFRUGR�FRP�HVWXGRV�UHDOL]DGRV��DOJXPDV�¿EUDV�YHJHWDLV��FRPR�DV�GH�
DEDFD[L��DSUHVHQWDP�SURSULHGDGHV�VLPLODUHV�RX�VXSHULRUHV�HP�UHODomR�D�¿EUDV�GH�YLGUR�H�DUDPLGD��FRPR�
PyGXOR�HOiVWLFR�H�HVWDELOLGDGH�GLPHQVLRQDO��/HmR�HW�DO��������0DUWLQV�HW�DO���������(VWDV�SURSULHGDGHV�
VXSHULRUHV�MXVWL¿FDP�R�IDWR�GDV�¿EUDV�GH�DEDFD[L�FRPHUFLDO��Ananas comosus var. comosus��SRVVXtUHP�
PXLWRV�HVWXGRV�TXDQWR�j�VXD�XWLOL]DomR�FRPR�UHIRUoR�PHFkQLFR�HP�FRPSyVLWRV�SROLPpULFRV��0XNKHUMHH�
H�6DW\DQDUD\DQD��������/HmR�HW�DO����������H�R�FXUDXi��Ananas comosus var. erectifolius��SRVVXLU�D�VXD�
XWLOL]DomR�FRPR�UHIRUoR�PHFkQLFR�Mi�FRQVROLGDGD��/HmR�HW�DO��������

1D�XQLGDGH�(PEUDSD�0DQGLRFD�H�)UXWLFXOWXUD�HP�&UX]�GDV�$OPDV���%$�p�PDQWLGR�XP�EDQFR�
GH�JHUPRSODVPD�FRP�FHUFD�GH�����YDULHGDGHV�GR�JrQHUR�Ananas�H�RXWUDV�%URPHOLiFHDV��7UDEDOKRV�DQ�
WHULRUHV��0XNKHUMHH�H�6DW\DQDUD\DQD��������6HQD�HW�DO���������DSUHVHQWDP�D�H[LVWrQFLD�GH�XPD�UHODomR�
GLUHWD�HQWUH�DV�SURSULHGDGHV�PHFkQLFDV�H�R�tQGLFH�GH�FULVWDOLQLGDGH�GD�FHOXORVH�SUHVHQWH�QDV�¿EUDV��FRPR�
FRQFOXtUDP�H[LVWLU�YDULDo}HV�HQWUH�DV�SURSULHGDGHV�PHFkQLFDV�H�WpUPLFDV�HQWUH�YDULHGDGHV�GH�DEDFD[LV�
�6HQD�HW�DO��������

1HVWH�WUDEDOKR�����YDULHGDGHV�IRUDP�VXEPHWLGDV�D�HQVDLRV�GH�WUDomR�H�WHUPRJUDYLPpWULFR��RQGH�
IRL�FRQFOXtGR�H[LVWLU�YDULDo}HV�HQWUH�DV�SURSULHGDGHV�PHFkQLFDV�H�WpUPLFDV�SDUD�FDGD�YDULHGDGH�GH�FXOWL�
YDU��H�D�H[LVWrQFLD�GH�UHODo}HV�HQWUH�DPEDV�DV�SURSULHGDGHV�WpUPLFDV�H�PHFkQLFDV�FRP�R�tQGLFH�GH�FULVWD�
OLQLGDGH�GD�FHOXORVH�SUHVHQWH�QDV�¿EUDV�

2 mAteriAiS e métodoS

2.1 variedades estudadas

)IRUDP�FDUDFWHUL]DGDV�¿EUDV�GH� IROKDV�GH� DEDFD[LV� �JrQHUR�Ananas��� SURYHQLHQWHV�GH����YD�
ULHGDGHV�GR�%DQFR�GH�*HUPRSODVPD��%$*��GD�(PEUDSD�0DQGLRFD�H�)UXWLFXOWXUD�7URSLFDO��&UX]�GDV�
$OPDV�±�%$�

2.2 espectroscopia por Ftir

$PRVWUDV�GH�¿EUDV�PRtGDV��IRUDP�FRPSULPLGDV�FRP�.%U�HP�SHTXHQRV�GLVFRV�H�DQDOLVDGDV�HP�
HVSHFWURIRW{PHWUR�6SHFWUXP�������3HUNLQ�(OPHU���)RUDP�UHDOL]DGDV����YDUUHGXUDV�SRU�DPRVWUD��FRP�
XPD�UHVROXomR�GH���FPí��QD�IDL[D�GH����±�����FPí�.

2.3 termogravimetria (tG)

$�DQiOLVH�WHUPRJUDYLPpWULFD�IRL�FRQGX]LGD�HP�HTXLSDPHQWR�7*$�4�����7$�,QVWUXPHQWV���FRP�
IDL[D�GH�WHPSHUDWXUD�YDULDQGR�GH�����D�����&��VRE�DWPRVIHUD�GH�DU�VLQWpWLFR��FRP�WD[D�GH�DTXHFLPHQWR�
GH����&*min.��.

2.4 'LIUDomR�GH�UDLRV�;

'LIUDWRJUDPDV�GH�UDLRV�;�GDV�¿EUDV�IRUDP�REWLGRV�FRP�DX[tOLR�GH�GLIUDW{PHWUR�6KLPDG]X��PR�
GHOR�;5'�����FRP�UDGLDomR�&X�.Į��FRPSULPHQWR�GH�RQGD������[�����P���$V�FRQGLo}HV�GH�PHGLGDV�
IRUDP����.9����P$�FRP�WD[D�GH�YDUUHGXUD�GH���*min����YDULDQGR�GH���D������2V�GLIUDWRJUDPDV�REWLGRV�
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IRUDP�GHFRQYROXtGRV�H�R�tQGLFH�GH�FULVWDOLQLGDGH�GH�FHOXORVH��,F��IRL�FDOFXODGR�SHOD�VXEWUDomR�GD�iUHD�
DPRUID�GD�iUHD�WRWDO�GDV�FXUYDV�����$D��$W�������$D�p�R�YDORU�GD�iUHD�VREUH�D�FXUYD�FRUUHVSRQGHQWH�D�
SRUomR�DPRUID�H�$W�p�D�VRPD�WRWDO�GDV�iUHDV�GRV�SLFRV��LQFOXVLYH�GD�SRUomR�DPRUID�

2.5 (QVDLRV�GH�WUDomR

$V�¿EUDV�IRUDP�WHVWDGDV�FRQIRUPH�DGDSWDomR�GD�$670�'��������HP�HQVDLRV�PHFkQLFRV�VRE�
WUDomR��SDUD�D�DYDOLDomR�GDV�SURSULHGDGHV��UHVLVWrQFLD�j�WUDomR�H�PyGXOR�HOiVWLFR��SHUPLWLQGR�DYDOLDU�R�
GHVHPSHQKR�PHFkQLFR�GDV�3$/)�H�D�SRVVLELOLGDGH�GH�XWLOL]DomR�FRPR�UHIRUoRV�PHFkQLFRV�HP�FRPSyVL�
WRV�SROLPpULFRV��7ULQWD�DPRVWUDV�IRUDP�HQVDLDGDV�XVDQGR�XPD�PiTXLQD�GH�HQVDLRV�PHFkQLFRV�XQLYHUVDO�
(PLF��PRGHOR�'/�������D�XWLOL]DQGR�XPD�YHORFLGDGH�GR�WUDYHVVmR�GH��PP�PLQ��.

3 reSultAdoS e diScuSSÃo

7RGRV�RV�HVSHFWURV�)7,5�GDV�¿EUDV�DSUHVHQWDP�IRUPDWRV�VLPLODUHV�HQWUH�VL��H�VmR�VLPLODUHV�DR�
GR�FXUDXi� �&RUUHD���������2V�SLFRV� ORFDOL]DGRV�D������H������FPí� correspondem aos grupos acetil 
GDV�OLJDo}HV�&�2��FDUDFWHUtVWLFRV�GD�KHPLFHOXORVH��8P�SLFR�GH�OLJQLQD�HVWi�ORFDOL]DGR�QD�EDQGD������
cmí���GHYLGR�YLEUDo}HV�QR�SODQR�GDV�OLJDo}HV�& &�DURPiWLFDV��$�FHOXORVH�p�FDUDFWHUL]DGD�SHODV�EDQGDV�
����±�����FPí��������H������FPí���&RUUHD��������

$�WHPSHUDWXUD�GH�LQtFLR�GH�GHJUDGDomR��7,'��YDULRX�GH�����D�����&��7DEHOD����SDUD�DV�¿EUDV�HV�
WXGDGDV��FDSDFLWDQGR�DV�SDUD�VHUHP�XWLOL]DGDV�FRPR�UHIRUoRV�HP�FRPSyVLWRV�FRP�DOJXQV�SROtPHURV�FR�
PXQV�FRPR�SROLHWLOHQR�H�SROLSURSLOHQR��&DQHYDUROR�-U����������H�FRP�GLYHUVRV�SROtPHURV�ELRGHJUDGiYHLV�
FRPR�3&/��3/$��3+%�H�DPLGRV�WHUPRSOiVWLFRV��(QJHOEHU�H�.RKQ���������&LQFR�YDULHGDGHV�REWLYHUDP�
YDORUHV�VXSHULRUHV�D�����&�������������H������FRP�D�¿EUD�GD�YDULHGDGH���DWLQJLQGR�����&��YDORU�VLPLODU�DR�
GR�FXUDXi������&��&RUUHD�������

2V�YDORUHV�GR�,F�YDULDUDP�GH������D��������7DEHOD�����&RQIRUPH�&RUUHD��������R�FXUDXi�DSUH�
VHQWD�YDORU�GH�����

tabela 1. 9DORUHV�GD�WHPSHUDWXUD�GH�LQtFLR�GH�GHJUDGDomR��7,'���tQGLFHV�GH�FULVWDOLQLGDGH�GH�FHOXORVH��PyGXOR�
HOiVWLFR�H�UHVLVWrQFLD�j�WUDomR�GDV�¿EUDV�SDUD�FDGD�YDULHGDGH

Amostra ,GHQWL¿FDomR temperatura 
onset (ºc)

ic 
(%)

módulo 
elástico 
(GPa)

5HVLVWrQFLD�j�
7UDomR��03D�

��� Bromelia SP ��� ���� ���� ���

��� Ananas comosus var. Comosus ��� �� ���� ���

��� Bilbergis sp. ��� ���� ���� 212

��� Ananas comosus var. bracteatus ��� ���� ���� ���

��� Ananas comosus var. erectifolius ��� ���� ���� ���

+LE Ananas macrodontes x Primavera ��� ���� ���� ���

1 Neoglasiovia ��� �� ���� ���

2 Erect x Bract 3/��� ��� ���� ���� ����

� Erect x Bract�3/��� ��� ���� ���� ����

� ����[�����3/�� ��� ���� ���� ����

� ����[�������3/�� ��� ���� �� ����

� ����[�������3/�� ��� ���� ���� 1221

� ����[�������3/�� ��� �� ���� ����

� ����[�����3/�� ��� ���� ���� ����

� ����[�������3/�� ��� ���� ���� ���
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Amostra ,GHQWL¿FDomR temperatura 
onset (ºc)

ic 
(%)

módulo 
elástico 
(GPa)

5HVLVWrQFLD�j�
7UDomR��03D�

�� Prima X Macrod������ ��� ���� �� ���

11 3/�� ��� ���� �� ���

12 %*$������EUDFW� ��� ���� ���� ���

Figura 1. 3URSULHGDGHV�GDV�¿EUDV�HP�IXQomR�tQGLFH�GH�FULVWDOLQLGDGH�GD�FHOXORVH���D��7HPSHUDWXUD�GH�LQtFLR�GH�
GHJUDGDomR��7,'����E��0yGXOR�HOiVWLFR���F��5HVLVWrQFLD�j�WUDomR�

$R�VH�WUDoDU�RV�YDORUHV�GD�WHPSHUDWXUD�GH�LQtFLR�GH�GHJUDGDomR�YHUVXV�,F�p�REVHUYDGR�XPD�WHQ�
GrQFLD�GLUHWD��)LJ���D��

2V�YDORUHV�PpGLRV�GRV�PyGXORV�HOiVWLFRV�YDULDUDP�GH������D������*3D��H�D�UHVLVWrQFLD�j�WUDomR�
YDULRX�GH�����D������03D��7DEHOD�����7RGDV�DV�¿EUDV�DYDOLDGDV�HVWmR�KDELOLWDGDV�SDUD�VHUHP�XWLOL]DGDV�
FRPR�UHIRUoR�PHFkQLFR�HP�FRPSyVLWRV�FRP�PDWUL]HV�SROLPpULFDV��$JDUZDO�HW�DO���������

$R�WUDoDU�JUi¿FRV�GH�UHVLVWrQFLD�j�WUDomR�H�PyGXOR�HOiVWLFR�YHUVXV�RV�tQGLFHV�GH�FULVWDOLQLGDGHV�
GH�FHOXORVH�GDV�¿EUDV�GDV����YDULHGDGHV��REVHUYD�VH�WHQGrQFLD�GH�DXPHQWR�GDV�SURSULHGDGHV�FRP�R�DX�
PHQWR�GR�,F��)LJ���E�H��F���FRQ¿UPDQGR�HVWXGRV�DQWHULRUHV��6HQD�HW�DO��������

$V�SURSULHGDGHV�PHFkQLFDV�H�WpUPLFDV�YDULDUDP�GLUHWDPHQWH�FRP�R�tQGLFH�GH�FULVWDOLQLGDGH�GD�
FHOXORVH��,F��SUHVHQWH�QDV�¿EUDV��LQGLFDQGR�TXH�R�,F�VHUYLUi�FRPR�LQGLFDGRU�SDUD�VHOHomR�H�SURJUDPD�GH�
PHOKRUDPHQWR�JHQpWLFR�GH�YDULHGDGHV�GR�JrQHUR�Ananas��QR�LQWXLWR�GR�GHVHQYROYLPHQWR�H�VHOHomR�GH�
SODQWDV�SDUD�XWLOL]DomR�GH�VXDV�¿EUDV�FRPR�UHIRUoR�PHFkQLFR�HP�FRPSyVLWRV�SROLPpULFRV�

4 concluSÃo

2V�YDORUHV�GR�tQGLFH�GH�FULVWDOLQLGDGH�GD�FHOXORVH�SUHVHQWH�QDV�¿EUDV��,F��YDULDUDP�GLUHWDPHQWH�
FRP�DV�SURSULHGDGHV�PHFkQLFDV�H�WpUPLFDV��VHUYLQGR�GH�LQGLFDGRU�SDUD�VHOHomR�GH�YDULHGDGHV�GH�DED�
FD[LV�

2V�YDORUHV�GRV�PyGXORV�HOiVWLFRV�YDULDUDP�GH������D������*3D��D�UHVLVWrQFLD�j�WUDomR�YDULRX�GH�
����D������03D��H�D�WHPSHUDWXUD�GH�LQtFLR�GH�GHJUDGDomR�PHGLGD�SRU�WHUPRJUDYLPHWULD�YDULRX�GH�����D�
����&��KDELOLWDQGR�WRGDV�DV�¿EUDV�SDUD�XWLOL]DomR�FRPR�UHIRUoR�PHFkQLFR�HP�FRPSyVLWRV�SROLPpULFRV�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��&13T�3,%,&�SURFHVVR�����������������)LQHS��&DSHV�H�3URMH�
WR�03��5HGH�$JURQDQR�

reFerÊnciAS

$*$5:$/��%��'���%52870$1��/��-���&+$1'5$6+(.+$5$��.��$QDO\VLV�DQG�SHUIRUPDQFH�RI�
¿EHU�FRPSRVLWHV��-RKQ�:LOH\�	�6RQV�������

&$1(9$52/2�-U��6��9����������&LrQFLD�GRV�SROtPHURV��XP�WH[WR�EiVLFR�SDUD�WHFQyORJRV�H�HQJHQKHLURV��
$UWOLEHU�
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&255($��$��&��3UHSDUDomR�GH�QDQR¿EUDV�GH�FHOXORVH�D�SDUWLU�GH�¿EUDV�GH�FXUDXi�SDUD�R�GHVHQYROYLPHQ�
WR�GH�QDQRFRPSyVLWRV�SROLPpULFRV�FRP�(9$��7HVH��8)6&DU��6mR�&DUORV�������

(1*(/%(5*��,���.2+1��-��3K\VLFR�PHFKDQLFDO�SURSHUWLHV�RI�GHJUDGDEOH�SRO\PHUV�XVHG�LQ�PHGLFDO�
DSSOLFDWLRQV��D�FRPSDUDWLYH�VWXG\��%LRPDWHULDOV��Y������Q�����S������������������,661����������

-RVKL��6�9���'U]DO��/�7���0RKDQW\��$�.���$URUD��6��������$UH�QDWXUDO�¿EHU�FRPSRVLWHV�HQYLURQPHQWDOO\�
VXSHULRU�WR�JODVV�¿EHU�UHLQIRUFHG�FRPSRVLWHV"�&RPSRVLWHV�3DUW�$��$SSOLHG�6FLHQFH�DQG�0DQXIDFWXULQJ��
����SS�����������'2,����������M�FRPSRVLWHVD�������������

/HmR��$�/���&DUDVFKL��-�&���7DQ��,�+��������&XUDXD�¿EHU��$�WURSLFDO�QDWXUDO�¿EHU�IURP�$PD]RQ���SRWHQWLDO�
DQG�DSSOLFDWLRQV�LQ�FRPSRVLWHV��,Q��)UROOLQL��(���/HmR��$�/���0DWWRVR��/�+�&���(GV���1DWXUDO�SRO\PHUV�
DQG�DJUR¿EHUV�FRPSRVLWHV��(PEUDSD�,QVWUXPHQWDomR�$JURSHFXiULD��6mR�&DUORV��,6%1��������������;

/(2��$�/���0$&+$'2��,�6���'(�628=$��6�)���625,$12��/��3URGXFWLRQ�RI�FXUDXi��Ananas erec-
tifolius L.B. Smith��¿EHUV�IRU� LQGXVWULDO�DSSOLFDWLRQV��FKDUDFWHUL]DWLRQ�DQG�PLFURSURSDJDWLRQ��,Q��$FWD�
+RUWLFXOWXUDH������������S����������'LVSRQtYHO��KWWS���ZZZ�DFWDKRUW�RUJ�ERRNV��������B���KWP�

0DUWLQV��0�$���.L\RKDUD��3�.���-RpNHV��,��������6FDQQLQJ�HOHFWURQ�PLFURVFRS\�VWXG\�RI�UDZ�DQG�FKH�
PLFDOO\� PRGL¿HG� VLVDO� ¿EHUV�� -RXUQDO� RI�$SSOLHG� 3RO\PHU� 6FLHQFH�� ���� ����������� '2,�� ��������
DSS�������

08.+(5-((��3�6���6$7<$1$5$<$1$��.�*��6WUXFWXUH�DQG�SURSHUWLHV�RI�VRPH�YHJHWDEOH�¿EHUV��3DUW�
���3LQHDSOH�¿EUH��-RXUQDO�RI�0DWHULDOV�6FLHQFH��Y������S��������������

6DR��.�3���6DPDQWDUD\��%�.���%KDWWDFKHUMHH��6��������;�UD\�VWXG\�RI�FU\VWDOOLQLW\�DQG�GLVRUGHU�LQ�UDPLH�
¿EHU��-RXUQDO�RI�$SSOLHG�3RO\PHU�DQG�6FLHQFH����������������'2,����������DSS����������������

6(1$�1(72��$�5���$5$8-2��0�$�0���628=$��)�9�'���0$77262��/�+�&���0$5&21&,1,��-�0��
&KDUDFWHUL]DWLRQ�DQG�FRPSDUDWLYH�HYDOXDWLRQ�RI�WKHUPDO��VWUXFWXUDO��FKHPLFDO��PHFKDQLFDO�DQG�PRUSKR�
ORJLFDO�SURSHUWLHV�RI�VL[�SLQHDSSOH�OHDI�¿EHU�YDULHWLHV�IRU�XVH�LQ�FRPSRVLWHV��,QGXVWULDO�&URSV�DQG�3UR�
GXFWV��Y������S����������������

eStudo morFolóGico do nAnocomPóSito Polietileno de 
bAixA denSidAde/nAnoFibrAS de AlGodÃo (Pebd/nc)

*Kelcilene b. r. teodoro1,2, Ana carolina corrêa1, eliangela de m. teixeira3, José manoel 
marconcini1, luiz Henrique capparelli mattoso1

1/DERUDWyULR�1DFLRQDO�GH�1DQRWHFQRORJLD�DR�$JURQHJyFLR��(PEUDSD�,QVWUXPHQWDomR��6mR�&DUORV��63��
23URJUDPD�GH�3yV�*UDGXDomR�HP�4XtPLFD���8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��6mR�&DUORV��63��

�8QLYHUVLGDGH�)HGHUDO�GR�0DWR�*URVVR�±�8)07��%DUUD�GR�*DUoDV��07�
NEU�WHRGRUR#JPDLO�FRP

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
(VWH�WUDEDOKR�EXVFRX�D�REWHQomR�GH�QDQR¿EUDV�GH�FHOXORVH��1&��D�SDUWLU�GH�¿EUDV�GH�DOJRGmR�H�VXD�LQFRU�
SRUDomR�HP�PDWUL]�GH�SROLHWLOHQR�GH�EDL[D�GHQVLGDGH��3(%'���$V�QDQR¿EUDV�GH�FHOXORVH�IRUDP�REWLGRV�D�
SDUWLU�GD�KLGUyOLVH�iFLGD�GDV�¿EUDV�GH�DOJRGmR��+&O��H�DV�FRQGLo}HV�UHDFLRQDLV�IRUDP����&�H����PLQXWRV��
3DUD�DSOLFDomR�GDV�QDQR¿EUDV�HP�3(%'�IRL�XWLOL]DGR�DQLGULGR�PDOHLFR�FRPR�DJHQWH�FRPSDWLELOL]DQWH��$�
DQiOLVH�PRUIROyJLFD�GH�1&�IRL�IHLWD�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR��0(7��H�PRVWURX�D�RE�
WHQomR�GH�QDQRHVWUXWXUDV�DJXOKDGDV�H�SRXFRV�DJORPHUDGRV��2V�QDQRFRPSyVLWRV�IRUDP�IRUPXODGRV�FRP�
���H����GH�1&��H�SURGX]LGRV�VRE�D�IRUPD�GH�¿OPHV�SODQRV�XWLOL]DQGR�VH�WpFQLFDV�GH�H[WXVmR��$�DQiOLVH�
PRUIROyJLFD�GRV�QDQRFRPSyVLWRV�IRL�UHDOL]DGD�HPSUHJDQGR�VH�D�WpFQLFD�GH�PLFURVFRSLD�HOHWU{QLFD�GH�
YDUUHGXUD��0(9���2V�UHVXOWDGRV�GHVWH�HVWXGR�FRQ¿UPDUDP�D�LQFRUSRUDomR�H�LQWHUDomR�GHVWHV�j�PDWUL]�
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SROLPpULFD��$�FRQFHQWUDomR�FRP�PHOKRU�GLVSHUVmR�H�PHQRU�IRUPDomR�GH�DJORPHUDGRV�IRL�D�GH�����P�P��
GH�1&�HP�3(%'�
Palavras-chave��1DQRFHOXORVH��1DQR¿EUDV�GH�FHOXORVH��1DQRFRPSyVLWRV��3ROLHWLOHQR�GH�EDL[D�GHQVL�
dade.

morPHoloGicAl StudY oF nAnocomPoSite low denSitY PolYetHYlene/

cotton nAnoFiberS (ldPe/nc)

Abstract

7KLV�UHVHDUFK�SURSRVHG�WKH�REWDLQPHQW�RI�FHOOXORVH�QDQR¿EHUV�IURP�FRWWRQ�¿EHUV�DQG�WKHLU�DSSOLFDWLRQ�LQ�
ORZ�GHQVLW\�SRO\HWK\OHQH�PDWUL[��/'3(���&HOOXORVH�QDQR¿EHUV�ZHUH�REWDLQHG�IURP�DFLG�K\GURO\VLV�RI�FRW�
WRQ�¿EHUV��+&O��DQG�WKH�UHDFWLRQ�FRQGLWLRQV�ZHUH�GH¿QHG�DV����&�DQG����PLQXWHV��7R�DSSOLFDWLRQ�RI�QDQR¿�
EHUV�LQ�/'3(�ZDV�XVHG�PDOHLF�DQK\GULGH�DV�FRXSOLQJ�DJHQWH��0RUSKRORJLFDO�DQDO\VLV�RI�1&�ZDV�SHUIRUPHG�
E\�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��7(0��DQG�LW�VKRZHG�URG�OLNH�QDQRVWUXFWXUHV�DQG�ZLWK�IHZ�FOXVWHUV��
7KH�QDQRFRPSRVLWHV�ZHUH�IRUPXODWHG�ZLWK����DQG����1&��DQG�SURGXFHG�OLNH�ÀDW�¿OPV�XVLQJ�H[WUXVLRQ�WH�
FKQLTXHV��0RUSKRORJLFDO�DQDO\VLV�RI�QDQRFRPSRVLWHV�ZDV�FDUULHG�RXW�XVLQJ�WKH�WHFKQLTXH�RV�VFDQQLQJ�HOHF�
WURQ�PLFURVFRS\��6(0���7KH�UHVXOWV�RI�WKLV�VWXG\�FRQ¿UPHG�DQG�WKH�LQWHUDFWLRQ�RI�QDQR¿EHUV�LQ�SRO\PHULF�
PDWUL[��7KH�FRQFHQWUDWLRQ�WKDW�VKRZHG�JRRG�GLVSHUVLRQ�DQG�VPDOOHU�FOXVWHUV�ZDV�����Z�Z��1&�LQ�/'3(�
Keywords: 1DQRFHOOXORVH��&HOOXORVH�QDQR¿EHUV��1DQRFRPSRVLWHV��/RZ�'HQVLW\�3RO\HWK\OHQH�

1 introduÇÃo

2�FUHVFHQWH�LQWHUHVVH�SRU�PDWHULDLV�GH�IRQWH�UHQRYiYHO�FRP�SURSULHGDGHV�GLIHUHQFLDGDV�WHP�SRV�
VLELOLWDGR�D�LQVHUomR�GH�SURGXWRV�H�UHVtGXRV�GD�DJULFXOWXUD�QDV�PDLV�GLYHUVDV�iUHDV�GH�SHVTXLVD��UHGX]LQGR�
RV�FXVWRV�GR�SURGXWR�¿QDO��DOpP�GH�SURPRYHU�XP�GHVWLQR�UDFLRQDOL]DGR�D�HVWHV�UHVtGXRV��DJUHJDQGR�OKHV�
YDORU��1HVWH�VHQWLGR��HVWXGRV�WHP�GHPRQVWUDGR�D�SRVVLELOLGDGH�GH�DSOLFDomR�GH�HVWUXWXUDV�FHOXOyVLFDV�HP�
PDWUL]HV�SROLPpULFDV��FRQIHULQGR�OKHV�UHIRUoR�PHFkQLFR��6,48(,5$�HW�DO����������3HVTXLVDV�WrP�H[SOR�
UDGR�D�SRVVLELOLGDGH�GH�H[WUDomR�GH�QDQRHVWUXWXUDV�FHOXOyVLFDV�D�SDUWLU�GH�¿EUDV�YHJHWDLV��FRPR�R�DOJRGmR�
�7(,;(,5$�HW�DO����������2�DOJRGmR�p�XPD�IRQWH�GH�¿EUDV�TXH�DSUHVHQWD�HOHYDGR�WHRU�GH�FHOXORVH��!�
�����H�EDL[R�WHRU�GH�FRPSRQHQWHV�QmR�FHOXOyVLFRV��R�TXH�R�WRUQD�XPD�IRQWH�DWUDWLYD�SDUD�REWHQomR�GH�
QDQR¿EUDV�FHOXOyVLFDV�FRP�HOHYDGD�SXUH]D�H�DOWR�tQGLFH�GH�FULVWDOLQLGDGH��

$�SURGXomR�GH�QDQRFRPSyVLWRV�SROLPpULFRV�D�SDUWLU�GH�PDWUL]HV�SROLROHItQLFDV��SROLHWLOHQRV�H�
SROLSURSLOHQRV��H�HVWUXWXUDV�FHOXOyVLFDV�p�GL¿FXOWDGD�SHOD�JUDQGH�GLIHUHQoD�GH�SRODULGDGH�HQWUH�DPEDV�DV�
IDVHV��3RU�HVWD�UD]mR��HVWXGRV�UHFHQWHV�EXVFDP�HVWUDWpJLDV�GH�FRPSDWLELOL]DomR��VHQGR�R�SULQFLSDO�DJHQWH�
FRPSDWLELOL]DQWH�XWLOL]DGR�R�DQLGULGR�PDOHLFR��1HVWH�VHQWLGR��HVWH�HVWXGR�EXVFRX�D�REWHQomR�GH�QDQR¿�
EUDV�GH�FHOXORVH�D�SDUWLU�GH�¿EUDV�GH�DOJRGmR��H�VXD�DSOLFDomR�HP�SROLHWLOHQR�GH�EDL[D�GHQVLGDGH��3(%'���
XWLOL]DQGR�VH�DQLGULGR�PDOHLFR�FRPR�DJHQWH�FRPSDWLELOL]DQWH��(VWH�HVIRUoR�GH�SHVTXLVD�VH�IH]�QR�LQWXLWR�
GH�IRPHQWDU�R�XVR�GH�PDWpULDV�SULPDV�GH�IRQWHV�UHQRYiYHLV��SURYHQLHQWHV�GD�DJURLQG~VWULD�EUDVLOHLUD��
GHYLGR�D�VXD�DEXQGkQFLD��DFHVVLELOLGDGH��H�SRU�VHU�XP�LQVXPR�GH�DOWD�SURGXWLYLGDGH�QR�%UDVLO�

2 mAteriAiS e métodoS

2.1 3UHSDUR�GDV�QDQR¿EUDV�GH�DOJRGmR��1&�

$�H[WUDomR�GDV�QDQR¿EUDV�GH�FHOXORVH�RFRUUHX�YLD�KLGUyOLVH�iFLGD�GH�¿EUDV�GH�DOJRGmR�FRPHU�
FLDO������J���HPSUHJDQGR�VH�����P/�GH�iFLGR�FORUtGULFR��+&O���PRO�/�����VRE�WHPSHUDWXUD�FRQVWDQWH�GH�
���&�GXUDQWH����PLQXWRV��(P�VHJXLGD��DGLFLRQRX�VH�����P/�GH�iJXD�GHLRQL]DGD�JHODGD�SDUD�SRVWHULRU�
FHQWULIXJDomR��$�VXVSHQVmR�DTXRVD�UHVXOWDQWH�IRL�GLDOLVDGD�DWp�QHXWUDOLGDGH�H�XOWUDVVRQL¿FDGD�GXUDQWH���
PLQXWRV��H�OLR¿OL]DGDV��2�PDWHULDO�VHFR������J��IRL�PLVWXUDGR�D������J�GH�DQLGULGR�PDOHLFR��VRE�VRQL¿�
FDomR�GXUDQWH���PLQXWRV��VRE�WHPSHUDWXUD�FRQVWDQWH�GH����&��$�PLVWXUD�UHDFLRQDO�IRL�FHQWULIXJDGD�FRP�
VXFHVVLYDV�ODYDJHQV�FRP�iJXD�GHVWLODGD�DWp�S+� ����$V�QDQR¿EUDV��1&��IRUDP�OLR¿OL]DGDV�SDUD�SRVWHULRU�
LQFRUSRUDomR�HP�SROLHWLOHQR�GH�EDL[D�GHQVLGDGH��3(%'��

2.2 Preparo dos nanocompósitos (Pebd/nc)

$V�QDQR¿EUDV�GH�DOJRGmR�IRUDP�XWLOL]DGDV�SDUD�R�SUHSDUR�GRV�QDQRFRPSyVLWRV�3(%'��1&�H�
3(%'��1&��FRP�IRUPXODo}HV�GH����H����HP�PDVVD�GH�QDQRFDUJD��UHVSHFWLYDPHQWH��2V�QDQRFRPSy�
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VLWRV�IRUDP�REWLGRV�SRU�SURFHVVDPHQWR�HP�H[WUXVRUD�GXSOD�URVFD�FR�URWDQWH��&23(5,21�/7'$��63��
%UDVLO���FRP�VHLV�]RQDV�GH�DTXHFLPHQWR��������������������������H�����&�H�URWDomR�GH�����USP��$SyV�D�
REWHQomR�GRV�SHOHWHV��¿OPHV�GRV�QDQRFRPSyVLWRV�IRUDP�REWLGRV�HP�H[WUXVRUD�PRQRURVFD��$;�3OiVWLFRV��
%UDVLO��FRP�PDWUL]�SDUD�¿OPHV�SODQRV��FRP�URWDomR�GH�����USP�H�WHPSHUDWXUDV�GH����������H�����&��
7RGDV�DV�IRUPXODo}HV�IRUDP�SURFHVVDGDV�VRE�HVWDV�PHVPDV�FRQGLo}HV�

2.3 $QiOLVH�PRUIROyJLFD�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR��0(7�

6XVSHQV}HV�DTXRVDV��������P�P��GH�QDQR¿EUDV�GH�DOJRGmR�IRUDP�SUHSDUDGDV�DSyV�VRE�VRQL�
¿FDomR����PLQXWRV��H�FRUDGDV�FRP�VROXomR������GH�DFHWDWR�GH�XUDQLOD��8PD�JRWD�GHVWD�VXVSHQVmR�IRL�
FRORFDGD�VREUH�VXSRUWHV�XOWUD¿QRV��³JULGHV´��GH�FREUH������PHVK��7HG�3HOOD���ʋ��������H�GHL[DGD�VHFDU�
HP�GHVVHFDGRU�SRU����KRUDV��$V�DQiOLVHV�IRUDP�UHDOL]DGDV�HP�HTXLSDPHQWR�7HFQDL��*��)���QR�PRGR�
67(0��HP�FDPSR�HVFXUR��$V�GLPHQV}HV�GDV�QDQR¿EUDV� IRUDP�PHGLGDV�XWLOL]DQGR�R�VRIWZDUH� ,PDJH�
3Uy�SOXV��H�QR�PtQLPR����PHGLGDV�IRUDP�REWLGDV�SDUD�GLkPHWUR�H�FRPSULPHQWR�

2.4 $QiOLVHV�PRUIROyJLFDV�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9�

$�PRUIRORJLD�GD�¿EUD�GH�DOJRGmR�H�GD�VXSHUItFLH�GH�IUDWXUD�FULRJrQLFD�GRV�QDQRFRPSyVLWRV�IRL�
LQYHVWLJDGD�XWLOL]DQGR�VH�XP�PLFURVFySLR�GD�PDUFD�-(2/��-60��������8PD�SHTXHQD�TXDQWLGDGH�GH�
DOJRGmR�PRtGR�IRL�PLVWXUDGD�FRP�iJXD��VRE�DJLWDomR��H�JRWHMDGD�VREUH�¿WD�GH�FDUERQR�GXSOD�IDFH�¿[DGD�
DR�SRUWD�DPRVWUDV��H�VHFD�HP�GHVVDFDGRU��2V�¿OPHV�GH�3(%'�IRUDP�IUDWXUDGRV�DSyV�FRQJHODPHQWR�HP�
QLWURJrQLR�OtTXLGR��H�¿[DGRV�QR�SRUWD�DPRVWUDV�GR�HTXLSDPHQWR��³VWXEV´��FRP�DX[tOLR�GH�¿WD�GH�FDUERQR�
GXSOD�IDFH��$V�DPRVWUDV�IRUDP�UHFREHUWDV�FRP�XPD�¿QD�FDPDGD�GH�RXUR����V����P$��

3 reSultAdoS e diScuSSÃo

3.1 estudo morfológico das estruturas celulósicas e dos nanocompósitos

$V�PLFURJUD¿DV�GDV�¿EUDV�H�GDV�QDQR¿EUDV�GH�DOJRGmR�VmR�DSUHVHQWDGRV�QD�)LJXUD����

Figura 1. )LEUD�GH�DOJRGmR��D���(P�GHVWDTXH��E��YLVXDOL]DP�VH�DV�PLFUR¿EULODV�XQLGDV�SRU�XPD�PDWUL]�GH�OLJQLQD�
H�KHPLFHOXORVHV��(P��F��p�SRVVtYHO�REVHUYDU�DV�QDQR¿EUDV�FHOXOyVLFDV�GH�DOJRGmR��1&��

3RU�PHLR�GDV�PLFURJUD¿DV�GDV�¿EUDV�GH�DOJRGmR��)LJXUD���D�H���E��YHUL¿FD�VH�D�HVWUXWXUD�WtSLFD�
GH�XPD�¿EUD�YHJHWDO��FRPSRVWD�SRU�IHL[HV�GH�PLFUR¿EULODV�FHOXOyVLFDV�ORQJDV�H�¿QDV��FRP�GLkPHWURV�GH�
FHUFD�GH����QP��$�PLFURJUD¿D�GD�QDQR¿EUDV�GH�DOJRGmR��)LJXUD���F��PRVWUD�D�SUHVHQoD�GH�HVWUXWXUDV�
FRP�R�IRUPDWR�DFLFXODU�WtSLFR�GH�whiskers��./(00�HW�DO�����������FRP�GLkPHWURV�PpGLRV�GH����(���
QP�H�FRPSULPHQWRV�PpGLRV�GH�����(����QP��LQGLFDQGR�TXH�DV�FRQGLo}HV�UHDFLRQDLV�HPSUHJDGDV�IRUDP�
FDSD]HV�GH�UHPRYHU�FRQVWLWXLQWHV�QmR�FHOXOyVLFRV�H�LQGLYLGXDOL]DU�RV�QDQRFULVWDLV�SUHVHQWHV�QDV�¿EUDV�FH�
OXOyVLFD��0HVPR�DSyV�UHDomR�FRP�DQLGULGR�PDOHLFR��QDQR¿EUDV�LQGLYXDOL]DGDV�SXGHUDP�VHU�REVHUYDGDV��
H�SRXFR�DJORPHUDGRV�IRUDP�HQFRQWUDGRV�

$�)LJXUDV���DSUHVHQWD�DV�PLFURJUD¿DV�REWLGDV�SRU�DQiOLVH�PRUIROyJLFD�GD�VXSHUItFLH�GH�IUDWXUD�
FULRJrQLFD�GRV�¿OPHV��6mR�DSUHVHQWDGDV�DV�PLFURJUD¿DV�REWLGDV�SDUD�R�3(%'�SXUR��)LJXUD���D��H�SDUD�RV�
QDQRFRPSyVLWRV�3(%'��1&��)LJXUD���E��H�3(%'��1&��)LJXUD���F��
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Figura 2. 0LFURJUD¿DV�GD�VXSHUItFLH�GH�IUDWXUD�FULRJrQLFD�GR��D��3(%'�SXUR���E��3(%'��1&�H��F��3(%'��1&

2EVHUYD�VH��SDUD�R�SROtPHUR�SXUR��XPD�VXSHUItFLH�OLVD��QD�TXDO�QmR�HQFRQWUDP�VH�HVWUXWXUDV�UHIH�
UHQWHV�jV�LPSXUH]DV��(P�FRQWUDSDUWLGD��QDV�VXSHUItFLHV�GH�IUDWXUD�FULRJrQLFD�GRV�QDQRFRPSyVLWRV�SRGHP�
VHU�YHUL¿FDGDV�DV�QDQR¿EUDV�GH�DOJRGmR��3DUD�D�DPRVWUD�3(%'��1&��VmR�HQFRQWUDGDV�HVWUXWXUDV�FRP�
cerca de 1 +P��SRVVLYHOPHQWH�UHFREHUWDV�SHOR�SROtPHUR��3DUD�D�DPRVWUD�3(%'��1&�VmR�REVHUYDGRV�SH�
TXHQRV�DJORPHUDGRV��1mR�IRUDP�REVHUYDGDV�FDYLGDGHV�UHVXOWDQWHV�GD�UHPRomR�GD�QDQRFDUJD��LQGLFDQGR�
adesão entre os componentes.

4 concluSÃo

2V�UHVXOWDGRV�DSUHVHQWDGRV�SHORV�HVWXGRV�PRUIROyJLFRV�PRVWUDUDP�D�SRVVLELOLGDGH�GH�REWHQomR�GH�
QDQR¿EUDV�GH�FHOXORVH�D�SDUWLU�GD�KLGUyOLVH�iFLGD�GH�¿EUDV�GH�DOJRGmR��$V�QDQR¿EUDV�PDQWLYHUDP�VH�LQGLYL�
GXDOL]DGDV�PHVPR�DSyV�UHDomR�FRP�DQLGULGR�PDOHLFR��(VWDV�QDQR¿EUDV�IRUDP�LQFRUSRUDGDV�DR�3(%'��FRQV�
WLWXLQGR�QDQRFRPSyVLWRV�3(%'�1&�VRE�D�IRUPD�GH�¿OPHV�SODQRV�D�SDUWLU�GH�H[WUXVmR��$�DQiOLVH�PRUIROyJLFD�
GRV�QDQRFRPSyVLWRV�FRQ¿UPRX�D�SUHVHQoD�GH�QDQR¿EUDV�FHOXOyVLFDV��VXJHULQGR�TXH�R�XVR�GH�DQLGULGR�PDOHL�
FR�FRPELQDGR�j�FHOXORVH�SRVVLELOLWRX�SRXFD�DJORPHUDomR�GDV�QDQR¿EUDV�GH�DOJRGmR�H�LQWHUDomR�HQWUH�DV�IDVHV�
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&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
$�ERUUDFKD�QDWXUDO�HVWi�SUHVHQWH�HP�PDLV�GH������HVSpFLHV�GH�SODQWDV��VHQGR�D�VHULQJXHLUD�Hevea bra-
siliensis�D�PDLV�H[SORUDGD�FRPHUFLDOPHQWH��$V�SURSULHGDGHV�GD�ERUUDFKD�QDWXUDO�GRV�QRYRV�FORQHV�30�
����3&�����H�3%�����H�GR�FORQH�55,0������WHVWHPXQKD��IRUDP�DYDOLDGDV�DWUDYpV��SODVWLFLGDGH�:DOODFH�
�3����YLVFRVLGDGH�0RRQH\��95���tQGLFH�GH�UHWHQomR�GH�SODVWLFLGDGH��35,���WHRU�GH�FLQ]DV��WHRU�GH�H[WUDWR�
DFHW{QLFR�H�WHRU�GH�QLWURJrQLR�SRU����PHVHV��2V�UHVXOWDGRV�PRVWUDUDP�YDULDo}HV�GH�WRGDV�DV�SURSULHGDGHV�
entre os clones no decorrer do monitoramento.
Palavras-chave��%RUUDFKD�1DWXUDO��3URSULHGDGHV�7HFQROyJLFDV��1RYRV�&ORQHV�

StudY oF tecHnoloGicAl ProPertieS oF tHe cloneS Pc 119, Pm 10, Pb 291, And 
rrim 600
Abstract
1DWXUDO�UXEEHU�LV�SUHVHQW�LQ�PRUH�WKDQ������VSHFLHV�RI�SODQWV��EHLQJ�UXEEHU�WUHH�+HYHD�EUDVLOLHQVLV�EH�
LQJ�WKH�PRVW�FRPPHUFLDOO\�H[SORLWHG��7KH�SURSHUWLHV�RI�QDWXUDO�UXEEHU�IURP�QHZ�FORQHV�30�����3&�����
DQG�3%�����DQG�55,0�����FORQH��FRQWURO��ZHUH�DVVHVVHG�E\��:DOODFH�SODVWLFLW\��3����0RRQH\�YLVFRVLW\�
�59���SODVWLFLW\�UHWHQWLRQ�LQGH[��35,���FRQWHQW�RI�DVK��FRQWHQW�RI�DFHWRQH�H[WUDFW�DQG�QLWURJHQ�FRQWHQW�
IRU����PRQWKV��7KH�UHVXOWV�VKRZHG�DOO�SURSHUWLHV�YDULDWLRQV�EHWZHHQ�FORQHV�LQ�WKH�FRXUVH�RI�PRQLWRULQJ��
Keywords: 1DWXUDO�5XEEHU��7HFKQRORJLFDO�SURSHUWLHV��1HZ�&ORQHV�

3XEOLFDo}HV�UHODFLRQDGDV
$YDOLDomR�GD�ERUUDFKD�1DWXUDO�GH�1RYRV�&ORQHV�GH�6HULQJXHLUD��;9�&RQJUHVVR�%UDVLOHLUR�GH�7HFQRORJLD�
GD�%RUUDFKD�������

1 introduÇÃo

$�ERUUDFKD�QDWXUDO� �%1��HVWi�SUHVHQWH�HP�PDLV�GH������HVSpFLHV�GH�SODQWDV�� VHQGR�D�Hevea 
brasiliensis�>Hevea brasiliensis��:LOOG��$GU��([�-XVV��0XHOO��$UJ�@��SRSXODUPHQWH�FRQKHFLGD�FRPR�VH�
ULQJXHLUD�D�PDLV�H[SORUDGD�FRPHUFLDOPHQWH��(VVD�HVSpFLH�p�WUDGLFLRQDOPHQWH�FXOWLYDGD�HP�UHJL}HV�HTXD�
WRULDLV��FRP�GHVWDTXH�SDUD�SDtVHV�FRPR�7DLOkQGLD��,QGRQpVLD�H�0DOiVLD�

1R�%UDVLO��D�KLVWyULD�GD�SURGXomR�GD�ERUUDFKD�QDWXUDO�PRVWUD�TXH�IRPRV�R�SULQFLSDO�SURGXWRU�H�
H[SRUWDGRU�PXQGLDO�DWp�D�PHWDGH�GR�VpFXOR�SDVVDGR��SDVVDQGR�D�LPSRUWDGRU�GHVWD�PDWpULD�SULPD�D�SDUWLU�
GH�������'HVWD�IRUPD��D�QHFHVVLGDGH�GH�QRYDV�YDULHGDGHV�FORQDLV�GH�VHULQJXHLUD�DGDSWDGDV�D�GLIHUHQWHV�
UHJL}HV�QDFLRQDLV�FRQVWLWXL�XP�SRQWR�LPSRUWDQWH�SDUD�R�VXFHVVR�GD�KHYHLFXOWXUD�QR�SDtV��*21d$/9(6�
	�0$548(6���������YLVWR�TXH�R�SDtV�WHP�LPSRUWDGR�FHUFD�GH�����GR�FRQVXPR��025(12���������
9LVDQGR�R�DXPHQWR�GD�TXDOLGDGH�GD�ERUUDFKD�H�GD�SURGXomR�QDFLRQDO��D�(PEUDSD�,QVWUXPHQWDomR�HP�
SDUFHULD�FRP�R�,QVWLWXWR�$JURQ{PLFR��,$&��YrP�GHVHQYROYHQGR�SURMHWRV�SDUD�R�PHOKRUDPHQWR�JHQpWLFR��
REWHQomR�H�DYDOLDomR�GH�QRYRV�FXOWLYDUHV�GH�VHULQJXHLUD�DGDSWDGRV�D�GLIHUHQWHV�UHJL}HV�GR�SDtV�TXH�DSUH�
VHQWHP�DOWD�SURGXWLYLGDGH�H�TXDOLGDGH�GR�OiWH[��DOWR�GHVHPSHQKR�DJURQ{PLFR�H�UHVLVWrQFLD�D�GRHQoDV�
�*21d$/9(6�	�0$548(6��������'LDQWH�GHVWH�FRQWH[WR��HVWH�WUDEDOKR�WHP�FRPR�REMHWLYR�PRVWUDU�
RV�UHVXOWDGRV�REWLGRV�GD�DYDOLDomR�GDV�SURSULHGDGHV�WHFQROyJLFDV�GXUDQWH�RV����PHVHV�PRQLWRUDPHQWR�GD�
SODVWLFLGDGH�:DOODFH��3o���tQGLFH�GH�UHWHQomR�GH�SODVWLFLGDGH��35,���WHRU�GH�FLQ]DV������H[WUDWR�DFHW{QLFR�
��������PHVHV�SDUD�R�HQVDLR�GH�YLVFRVLGDGH�0RRQH\��9R��H����PHVHV�SDUD�R�HQVDLR�GH�WHRU�GH�QLWURJrQLR�
����

2 mAteriAiS e métodoS

$V�FROHWDV�IRUDP�UHDOL]DGDV�QR�&HQWUR�GH�6HULQJXHLUD�H�6LVWHPDV�$JURÀRUHVWDLV�±�,$&�HP�9R�
WXSRUDQJD�63��QRV�PHVHV�GH�-XQKR�GH������D�0DLR�GH����������PHVHV��1R�ODERUDWyULR��RV�FRiJXORV�GRV�
FORQHV�30�����3&������3%�����H�55,0�����REWLGRV�SRU�FRDJXODomR�QDWXUDO�QR�FDPSR�IRUDP�ODYDGRV�
FRP� LQWXLWR�GH� UHPRYHU�R� H[FHVVR�GH� VXMHLUDV��(P�VHJXLGD�� IRUDP�SURFHVVDGRV� HP�XPD�FDODQGUD�GH�
FLOLQGURV�UDLDGRV�H�OHYDGRV�j�HVWXID�SDUD�VHFDJHP�D�����&�SRU����KRUDV��$SyV�D�FRPSOHWD�VHFDJHP��RV�
FRiJXORV�SURFHVVDGRV� IRUDP�ODPLQDGRV�HP�XPD�FDODQGUD�GH�FLOLQGURV� OLVRV�SDUD� IRUPDomR�GD�PDQWD��
FRQIRUPH�VHJXH�D�)LJXUD����

2V�UHVXOWDGRV�GDV�SURSULHGDGHV�WHFQROyJLFDV�GD�ERUUDFKD�QDWXUDO�GRV�QRYRV�FORQHV�IRUDP�DQDOLVD�
GRV�GH�DFRUGR�FRP�D�QRUPD�1%5�,62������H�FODVVL¿FDGRV�FRPR�765�±�FRiJXORV�GH�FDPSR��2V�HQVDLRV�
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IRUDP�UHDOL]DGRV�GH�DFRUGR�FRP�DV�QRUPDV�GD�$VVRFLDomR�%UDVLOHLUD�GH�1RUPDV�7pFQLFD��FRPR�VHJXH��
3��H�35,������1%5�,62��������YLVFRVLGDGH�0RRQH\��1%5�,662���������WHRU�GH�FLQ]DV������DGDSWDGR�
GD�1%5�,62�������WHRU�GH�H[WUDWR�DFHW{QLFR������1%5��������H�WHRU�GH�QLWURJrQLR��1%5�,62��������

Figura 1. (VTXHPD�UHSUHVHQWDQGR�D�VDQJULD��RV�FRiJXORV�REWLGRV�H�VHX�SURFHVVDPHQWR�DWp�D�IRUPDomR�GD�PDQWD.

3 reSultAdoS e diScuSSÃo

$�SODVWLFLGDGH�:DOODFH��)LJXUD����HVWi�UHODFLRQDGD�DR�FRPSULPHQWR�GD�FDGHLD�GH�SROLLVRSUHQR��H�
p�FRQVLGHUDGD�FRPR�XPD�PHGLGD�GR�HVWDGR�GH�GHJUDGDomR�GD�ERUUDFKD��GDQGR�XPD�YLVmR�GD�PLFURHVWUX�
WXUD�GR�PDWHULDO��VHQGR�TXH�IDWRUHV�FRPR�R�SURFHVVDPHQWR�H�FRQGLo}HV�GH�VHFDJHP�SRGHP�LQÀXHQFLDU�
QR�VHX�YDORU��025(12���������&RPR�SRGH�VHU�YLVWR�RV�YDORUHV�YDULDUDP�GH�DFRUGR�FRP�R�FORQH�H�RV�
PHVHV�GH�FROHWD��2EVHUYRX�VH� WDPEpP�TXH� WRGRV�RV�FORQHV�QmR�DSUHVHQWDUDP�XP�SDGUmR�GH¿QLGR�GH�
FRPSRUWDPHQWR�HQWUH�RV�PHVHV��SRUpP�¿FDUDP�DFLPD�GR�YDORU�HVWLSXODGR�SHOD�QRUPD��PtQLPR�GH������
YDORUHV�DEDL[R�GR�HVWLSXODGR�VmR�FRQVLGHUDGDV�ERUUDFKDV�PXLWR�PROHV� 2V�YDORUHV�GH�35,�IRUQHFHP�XPD�
HVWLPDWLYD�GD�UHVLVWrQFLD�j�GHJUDGDomR�WHUPR[LGDWLYD�GD�%1��025(12�HW�DO����������3DUD�XPD�ERUUD�
FKD�VHU�FRQVLGHUDGD�GH�ERD�TXDOLGDGH��GH�DFRUGR�FRP�D�QRUPD�EUDVLOHLUD��GHYH�DSUHVHQWDU�35,�DFLPD�GH�
�����2EVHUYD�VH�TXH�RV�UHVXOWDGRV�PpGLRV�REWLGRV��)LJXUD����HVWmR�FRP�RV�YDORUHV�DFLPD�GR�HVWLSXODGR�
SHOD�QRUPD��H[FHWR�SDUD�RV�FORQHV�3&������PrV�GH�RXWXEUR�������PDLR�H�MXQKR��������30�����PrV�GH�
MXQKR�������H�3%������MXQKR��������2V�YDORUHV�PpGLRV�GR�SHUtRGR�PRQLWRUDGR�PRVWUDP�TXH�WRGRV�RV�
FORQHV�¿FDUDP�FRP�YDORUHV�DEDL[R�GR�FORQH�55,0������WHVWHPXQKD��
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Figura 2. 3ODVWLFLGDGH�:DOODFH��3���H�tQGLFH�GH�UHWHQomR�GH�SODVWLFLGDGH��35,��SDUD�D�ERUUDFKD�QDWXUDO�GRV�QRYRV�
FORQHV�H�GR�FORQH�55,0�����

'RV�UHVXOWDGRV�GH�9R�YHUL¿FD�VH�SHOD�)LJXUD���TXH�RV�FORQHV�WLYHUDP�XP�FRPSRUWDPHQWR�VHPH�
OKDQWH�HP�IXQomR�GR�WHPSR��$QDOLVDQGR�RV�YDORUHV�PpGLRV��REVHUYD�VH�TXH�R�FORQH�3%�����DSUHVHQWRX�R�
PDLRU�YDORU�PpGLR�QR�SHUtRGR�DYDOLDGR������H�R�FORQH�55,0�����R�PHQRU������FRP�R�PDLRU�FRH¿FLHQWH�
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GH�YDULDomR��2V�QRYRV�FORQHV�DYDOLDGRV�¿FDUDP�FRP�YDORUHV�VXSHULRUHV�DR�GR�FORQH�GH�WHVWHPXQKD��2V�
HQVDLRV�SDUD�HVWH�SDUkPHWUR�QmR�IRUDP�UHDOL]DGRV�VHJXLQGR�RV�PHVHV�GH�FROHWD�GRV�FRiJXORV��GHVWD�IRU�
PD��RV�DOWRV�YDORUHV�HQFRQWUDGRV�SRGHP�HVWDU�DVVRFLDGRV�DR�WHPSR�GH�DUPD]HQDJHP�GR�PDWHULDO��$�%1�
WHQGH�FRP�R�WHPSR��D�DXPHQWDU�D�TXDQWLGDGH�GH�OLJDo}HV�FUX]DGDV�RFDVLRQDQGR�XP�DXPHQWR�DGLFLRQDO�GD�
9R��$�)LJXUD���DSUHVHQWD�WDPEpP�R�PRQLWRUDPHQWR�GR�WHRU�GH�H[WUDWR�DFHW{QLFR������2�H[WUDWR�DFHW{QLFR�
FRQVLVWH�GDV�VXEVWkQFLDV�QmR�ERUUDFKD��GDV�TXDLV�RV�OLStGLRV�VmR�RV�SULQFLSDLV�FRPSRQHQWHV��DXPHQWDQGR�
SDUD�D�VDQJULD�IHLWD�FRP�HVWLPXODomR�H�GLPLQXLQGR�FRP�D�LGDGH�GD�iUYRUH��025(12���������6HJXQGR�D�
QRUPD�D�SRUFHQWDJHP�Pi[LPD�SDUD�HVWH�SDUkPHWUR�GHYH�VHU��������&RP�EDVH�QRV�UHVXOWDGRV��REVHUYRX�
VH�XP�DXPHQWR�PDLV�DFHQWXDGR�QRV�PHVHV�GH�MXQKR�D�DJRVWR�H�GHFUpVFLPR�GH�VHWHPEUR�D�RXWXEUR�GH�
�����H�GHSRLV�VH�PDWHP�VHP�JUDQGHV�DOWHUDo}HV��&RQVLGHUDQGR�RV�YDORUHV�PpGLRV�FDOFXODGRV��RV�FORQHV�
55,0�����H�R�3%�����¿FDUDP�DFLPD�GR�YDORU�HVWLSXODGR�SHOD�QRUPD�YLJHQWH�
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Figura 3. 9LVFRVLGDGH�0RRQH\�H�WHRU�GH�H[WUDWR�DFHW{QLFR�SDUD�D�ERUUDFKD�QDWXUDO�GRV�QRYRV�FORQHV�H�GR�FORQH�
55,0�����

2�WHRU�GH�FLQ]DV�����FRUUHVSRQGH�jV�VXEVWkQFLDV�LQRUJkQLFDV�QmR�GHFRPSRVWDV�QD�WHPSHUDWXUD�
GH������&��QD�TXDO�DV�VXEVWkQFLDV�GH�QDWXUH]D�RUJkQLFD�VmR�HOLPLQDGDV��VHQGR�TXH�R�H[FHVVR�GH�FLQ]DV��
DOpP�GH�UHGX]LU�DV�SURSULHGDGHV�GLQkPLFDV�GR�YXOFDQL]DGR��WHP�JUDQGH�SRVVLELOLGDGH�GH�SURYRFDU�HIHLWR�
GHSUHVVLYR�QDV�SURSULHGDGHV�GH�HQYHOKHFLPHQWR��025(12���������'H�DFRUGR�FRP�RV�UHVXOWDGRV�REWL�
GRV��)LJXUD����WRGRV�RV�FORQHV�DSUHVHQWDUDP�FRPSRUWDPHQWR�VLPLODU�FRPHoDQGR�FRP�DXPHQWR�HP�MXQKR�
H�XP�GHFUpVFLPR�D�SDUWLU�GR�PrV�GH�DJRVWR��$QDOLVDQGR�RV�YDORUHV�PpGLRV�GRV�PHVHV�GH�PRQLWRUDPHQWR��
REVHUYD�VH�TXH�WRGRV�RV�FORQHV�DSUHVHQWDUDP���FLQ]DV�GHQWUR�GR�YDORU�HVWLSXODGR�SHOD�QRUPD��Pi[LPR�
GH��������

2�WHRU�GH�QLWURJrQLR������)LJXUD����IRUQHFH�XPD�HVWLPDWLYD�GD�TXDQWLGDGH�GH�SURWHtQDV�SUHVHQWH�
QD�ERUUDFKD��025(12���������2V�UHVXOWDGRV�PHQVDLV�PRVWUDP�XP�FRPSRUWDPHQWR�VLPLODU�GH�WRGRV�RV�
FORQHV�QR�SHUtRGR�GH�MXQKR�D�DJRVWR�GH�������RQGH�RFRUUH�XP�DPHQWR�GR�WHRU�GH�QLWURJrQLR��1R�PHVPR�
SHUtRGR�HP�������QmR�IRL�YHUL¿FDGR�HVWH�DXPHQWR��$�QRUPD�HVWDEHOHFH�������FRPR�R�YDORU�Pi[LPR�SDUD�
R�WHRU�GH�QLWURJrQLR�GH�XPD�ERUUDFKD�GH�ERD�TXDOLGDGH��2EVHUYRX�VH�DWUDYpV�GRV�YDORUHV�PpGLRV�TXH�
WRGRV�RV�FORQHV�HVWmR�GHQWUR�GD�QRUPD�H�DSUHVHQWDUmR�YDORUHV�DEDL[R�GR�55,0������WHVWHPXQKD��
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Figura 4. 7HRU�GH�FLQ]DV�H�GH�QLWURJrQLR�SDUD�D�ERUUDFKD�QDWXUDO�GRV�QRYRV�FORQHV�H�GR�FORQH�55,0�����



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014.226

4 concluSÃo

$�DYDOLDomR�GDV�SURSULHGDGHV�WHFQROyJLFDV�GD�ERUUDFKD�QDWXUDO�GRV�QRYRV�FORQHV�30�����3&�����
H�3%�����PRVWURX�TXH�HVWHV�FORQHV�SURGX]HP�ERUUDFKD�GH�ERD�TXDOLGDGH�FRP�DOWRV�YDORUHV�GH�3R�H�35,��
+RXYH�YDULDo}HV�HQWUH�FORQHV�H�FROHWDV�SDUD�WRGDV�DV�SURSULHGDGHV�WHFQROyJLFDV�DYDOLDGDV��&RPSDUDQGR�
RV�UHVXOWDGRV�GRV�QRYRV�FORQHV�FRP�R�55,0������WHVWHPXQKD���WRGRV�DSUHVHQWDUDP�ERP�GHVHPSHQKR��
2V�YDORUHV�PpGLRV�GH�WRGDV�DV�SURSULHGDGHV�¿FDUDP�GHQWUR�GDV�HVSHFL¿FDo}HV�GD�QRUPD�YLJHQWH��H[FHWR�
SDUD�D�SURSULHGDGH�WHRU�GH�H[WUDWR�DFHW{QLFR�����TXH�RV�FORQHV�55,0�����H�3%�����¿FDUDP�DFLPD�GR�
valor.

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD��)DSHVS��&13T��)LQHS�H�&DSHV�

reFerÊnciAS

*21d$/9(6��3��6��0$548(6��-��5��%��0HOKRUDPHQWR�JHQpWLFR�GD�VHULQJXHLUD��SDVVDGR��SUHVHQWH�H�
IXWXUR��,Q��$/9$5(1*$��$�3���&$502��&�$�)��6HULQJXHLUD���9LoRVD�0*��(3$0,*��������S����������

025(12��5��0��%��$YDOLDomR�H�0RQLWRUDPHQWR�GDV�3URSULHGDGHV�GR�/iWH[�H�GD�%RUUDFKD�1DWXUDO�GH�
&ORQHV�GH�6HULQJXHLUD�5HFRPHQGDGRV�SDUD�3ODQWLR�QR�3ODQDOWR�GR�(VWDGR�GH�6mR�3DXOR������������S��
7HVH�GH�'RXWRUDGR�HP�&LrQFLDV�H�(QJHQKDULD�GH�0DWHULDLV��8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��6mR�
&DUORV�63�������

cArActeriZAÇÃo de nAnocomPóSitoS de nAnoFibrAS de 
celuloSe e borrAcHA nAturAl

*Suelen Zenatti1, morsyleide de Freitas rosa2, rogério m. b. moreno3, erivaldo José Scaloppi 
Junior4, 3DXOR�GH�6RX]D�*RQoDOYHV5, luiz Henrique c. mattoso6, maria Alice martins6

1 8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��6mR�&DUORV��63��2�(PEUDSD�$JURLQG~VWULD�7URSLFDO��)RUWDOH]D��
&(����,$&�(PEUDSD�,QVWUXPHQWDomR�6mR�&DUORV��63����&HQWUR�GH�6HULQJXHLUD�H�6LVWHPDV�$JURÀRUHVWDLV�

±�,$&��9RWXSRUDQJD��63����,QVWLWXWR�$JURQ{PLFR��,$&��(PEUDSD��&DPSLQDV��63��� Embrapa 
,QVWUXPHQWDomR��/11$��6mR�&DUORV��63�

VXHOHQB]HQDWWL#KRWPDLO�FRP

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
1HVWH� WUDEDOKR� IRL� UHDOL]DGD� D� FDUDFWHUL]DomR�GH�QDQRFRPSyVLWRV�GH�ERUUDFKD�QDWXUDO� FRP�GLIHUHQWHV�
SRUFHQWDJHQV��������������H������GH�QDQR¿EUDV�GH�FHOXORVH��2V�QDQRFRPSyVLWRV�REWLGRV�IRUDP�DYDOLDGRV�
DWUDYpV�GH�HQVDLRV�GH�UHVLVWrQFLD�j�WUDomR��VRUomR�HP�iJXD��WHUPRJUDYLPHWULD�H�FDORULPHWULD�H[SORUDWyULD�
GLIHUHQFLDO��2V�PHOKRUHV�UHVXOWDGRV�IRUDP�REWLGRV�SDUD�R�QDQRFRPSyVLWR�FRP�R�WHRU�GH�����GH�QDQR¿�
bras.
Palavras-chave��1DQRFRPSyVLWRV��1DQR¿EUDV�GH�FHOXORVH��%RUUDFKD�QDWXUDO��/iWH[�

cHArActeriZAtion oF tHe nAnocomPoSiteS oF celluloSe nAnoFiberS 
And nAturAl rubber
Abstract
,Q�WKLV�VWXG\�WKH�FKDUDFWHUL]DWLRQ�RI�QDWXUDO�UXEEHU�QDQRFRPSRVLWHV�ZLWK�GLIIHUHQW�SHUFHQWDJHV��������������
DQG������RI�FHOOXORVH�QDQR¿EHUV�ZDV�SHUIRUPHG��7KH�QDQRFRPSRVLWHV�ZHUH�HYDOXDWHG�E\�WHVWLQJ�WHQVLOH�
VWUHQJWK��ZDWHU�VRUSWLRQ��WKHUPRJUDYLPHWU\��DQG�GLIIHUHQWLDO�VFDQQLQJ�FDORULPHWU\��7KH�EHVW�UHVXOWV�ZHUH�
REWDLQHG�IRU�WKH�QDQRFRPSRVLWH�ZLWK�����FRQWHQW�RI�QDQR¿EHUV�
Keywords:�1DQRFRPSRVLWHV��&HOOXORVH�QDQR¿EHUV��1DWXUDO�UXEEHU��/DWH[�

3XEOLFDomR� UHODFLRQDGD�� ,QÀXrQFLD� GD� DGLomR� GH� DQDQR¿EUDV� GH� FHOXORVH� HP� QDQRFRPSyVLWRV� FRP�
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ERUUDFKD�QDWXUDO��9,�-RUQDGD�FLHQWt¿FD�±�(PEUDSD�6mR�&DUORV�������

1 introduÇÃo

$�ERUUDFKD�QDWXUDO�WHP�VLGR�DOYR�GH�GLYHUVRV�HVWXGRV�SDUD�R�GHVHQYROYLPHQWR�GH�QRYRV�PDWHULDLV��
GHYLGR�jV�VXDV�SURSULHGDGHV�~QLFDV�H�SHOR�IDWR�GH�VHU�XP�LQVXPR�GH�RULJHP�UHQRYiYHO��2V�QDQRFRPSyVLWRV�
VmR�PDWHULDLV�KtEULGRV�HP�TXH�SHOR�PHQRV�XP�GRV�FRPSRQHQWHV�WHP�GLPHQV}HV�QDQRPpWULFDV��&$1(�
9$52/2���������2�REMHWLYR�GHVWH�WUDEDOKR�IRL�HVWXGDU�D�LQÀXrQFLD�GD�DGLomR�GH�GLIHUHQWHV�SRUFHQWDJHQV�
GH�QDQR¿EUDV�GH�FHOXORVH��REWLGDV�GR�OtQWHU�GR�DOJRGmR��HP�QDQRFRPSyVLWRV�FRP�ERUUDFKD�QDWXUDO��2V�
WHRUHV�GDV�QDQR¿EUDV�HVWXGDGDV�IRUDP��������������H������$�FROHWD�GR�OiWH[�GH�ERUUDFKD�QDWXUDO�IRL�UH�
DOL]DGD�HP�9RWXSRUDQJD�63�H�DV�QDQR¿EUDV�IRUDP�IRUQHFLGDV�SHOD�(PEUDSD�$JURLQG~VWULD�7URSLFDO��$�
FDUDFWHUL]DomR�GRV�QDQRFRPSyVLWRV�IRL�UHDOL]DGD�DWUDYpV�GH�HQVDLRV�GH�UHVLVWrQFLD�j�WUDomR��VRUomR�HP�
iJXD��WHUPRJUDYLPHWULD��7*�'7*��H�FDORULPHWULD�H[SORUDWyULD�GLIHUHQFLDO��'6&��

2 mAteriAiS e métodoS

3ULPHLUDPHQWH��REWHYH�VH�XPD�VROXomR�GH�QDQR¿EUDV�GH�FHOXORVH�HP�iJXD�XWLOL]DQGR�XP�R�DJLW�
DGRU�XOWUDVV{QLFR�GH�SRQWHLUD��PDUFD�%UDQVRQ�H�PRGHOR������FRP�DPSOLWXGH�GH�����SRU���PLQXWR��(P�
VHJXLGD�HVVD�VROXomR�IRL�DGLFLRQDGD�QR�OiWH[�H�XWLOL]RX�VH�R�PHVPR�DJLWDGRU�FRP�DPSOLWXGH�GH�����H�
WHPSR�GH����VHJXQGRV��

(QVDLRV�GH�UHVLVWrQFLD�j� WUDomR�IRUDP�UHDOL]DGRV�SDUD�DYDOLDomR�GR�GHVHPSHQKR�PHFkQLFR�GR�
PDWHULDO��8WLOL]RX�VH�R�HTXLSDPHQWR�GH�HQVDLR�XQLYHUVDO��PDUFD�(PLF�H�PRGHOR�'/�������2V�HQVDLRV�GH�
WUDomR�IRUDP�UHDOL]DGRV�VHJXQGR�D�QRUPD�$670�'��������

$�DQiOLVH�7*�'7*�IRL�IHLWD�QR�HTXLSDPHQWR�4����GD�7$�,QVWUXPHQWV��FRP�UD]mR�GH�DTXHFLPHQ�
WR�GH�����&�PLQ��DWPRVIHUD�LQHUWH��GD�WHPSHUDWXUD�DPELHQWH�DWp������&��$�WHPSHUDWXUD�GH�WUDQVLomR�YtWUHD�
GD�ERUUDFKD�QDWXUDO�IRL�GHWHUPLQDGD�DWUDYpV�GH�HQVDLRV�GH�'6&�HP�XP�LQVWUXPHQWR�7$�PRGHOR�4�����
FRP�UD]mR�GH�DTXHFLPHQWR�GH����&�PLQ��GD�WHPSHUDWXUD�GH������&�D������&�

2�WHRU�GH�OtTXLGR�VRUYLGR�VHUi�GHWHUPLQDGR�SHVDQGR�RV�FRUSRV�GH�SURYD�DQWHV�H�GHSRLV�GH�LPHU�
VRV�HP�iJXD�D�WHPSHUDWXUD�DPELHQWH�VHJXQGR�D�QRUPD�$670�'��������

3 reSultAdoS e diScuSSÃo

2V�UHVXOWDGRV�REWLGRV�GR�HQVDLR�GH�UHVLVWrQFLD�j�WUDomR�VmR�DSUHVHQWDGRV�QDV�)LJXUDV���H����2�
PyGXOR�GH�HODVWLFLGDGH�p�XP�SDUkPHWUR�PHFkQLFR�TXH�SURSRUFLRQD�XPD�PHGLGD�GD�ULJLGH]�GH�XP�PDWH�
ULDO�VyOLGR��'H�DFRUGR�FRP�D�)LJXUD����D�DGLomR�GH�QDQR¿EUDV�SURYRFRX�XPD�PDLRU�ULJLGH]�QR�PDWHULDO��
D�SDUWLU�GR�WHRU�GH�����1HVVD�PHVPD�)LJXUD��R�JUi¿FR�GH�GHIRUPDomR�HVSHFt¿FD�QD�IRUoD�Pi[LPD��PP�
PP��PRVWURX�TXH�RFRUUHX�XP�GHFUpVFLPR�DFHQWXDGR�QD�GHIRUPDomR�FRP�D�DGLomR�GH����GH�QDQR¿EUDV��
H�TXH��HQWUH���H������R�WHRU�GH�QDQR¿EUDV�QmR�LQÀXHQFLRX�GH�IRUPD�VLJQL¿FDWLYD�D�GHIRUPDomR��2�DXPHQ�
WR�GH����SDUD�����GH�QDQR¿EUDV�OHYRX�D�XPD�GLPLQXLomR�DFHQWXDGD�QD�GHIRUPDomR��

1D�)LJXUD����RV�JUi¿FRV�GH�WHQVmR�QD�IRUoD�Pi[LPD��03D��H�IRUoD�Pi[LPD��1��DPERV�HP�IXQ�
omR�GR�WHRU�GH�QDQR¿EUD�QD�DPRVWUD��VH�FRPSRUWDUDP�GD�PHVPD�PDQHLUD��2�PHQRU�YDORU�GH�WHQVmR�SDUD�
URPSHU�R�PDWHULDO�IRL�REWLGR�SDUD�R�QDQRFRPSyVLWR�FRP�R�WHRU�GH����QDQR¿EUDV�������(������1�H�R�PDLRU�
QR�QDQRFRPSyVLWR�FRP����������(�����1��2�DXPHQWR�QR�WHRU�GH����SDUD�����OHYRX�D�XP�GHFUpVFLPR�
desta propriedade.

                  

Figura 1. 9DORUHV�GR�PyGXOR�HOiVWLFR�H�GHIRUPDomR�HVSHFt¿FD�QD�IRUoD�Pi[LPD�GRV�QDQRFRPSyVLWRV�
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&RPR�PRVWUDGR�QD�)LJXUD����R�HQVDLR�GH�VRUomR�HP�iJXD�PRVWURX�TXH�j�PHGLGD�TXH�R�WHRU�GH�
QDQR¿EUDV�DXPHQWD�D�VRUomR�GD�iJXD�DXPHQWRX�OLQHDUPHQWH�QRV�GRLV�SULPHLURV�GLDV��1RV�VHLV�GLDV�VH�
JXLQWHV��WRGDV�DV�DPRVWUDV�¿FDUDP�SUDWLFDPHQWH�HVWiYHLV��FRP�WHRU�GH�VRUomR�GH�iJXD�HQWUH����H������
FRP�H[FHomR�GR�QDQRFRPSyVLWR�FRP����GH�QDQR¿EUDV��TXH�DXPHQWRX�D�SRUFHQWDJHP�GH�iJXD�VRUYLGD�
FRP�R�WHPSR��(VWH�IDWR�SRGH�WHU�DFRQWHFLGR�GHYLGR�j�IRUPDomR�GH�PLFUR�EROKDV�GXUDQWH�D�DJLWDomR�SDUD�
o processamento do material.

1D�)LJXUD����VmR�DSUHVHQWDGDV�DV�FXUYDV�GH�7*�'7*�SDUD�D�QDQR¿EUD��SDUD�D�ERUUDFKD�QDWXUDO�H�
SDUD�RV�QDQRFRPSyVLWRV��$V�FXUYDV�GH�7*�H�'7*�GD�ERUUDFKD�QDWXUDO��GRV�QDQRFRPSyVLWRV�H�GD�QDQR¿�
EUD�GH�FHOXORVH�PRVWUDUDP�TXH�R�SURFHVVR�GH�GHFRPSRVLomR�GD�ERUUDFKD�H�GRV�QDQRFRPSyVLWRV�RFRUUHX�
HP�XPD�~QLFD�HWDSD�H�R�GD�QDQR¿EUD�RFRUUHX�HP�GXDV�HWDSDV��$�WHPSHUDWXUD�LQLFLDO�GH�GHFRPSRVLomR�p�
WRUQR�GH�����o&�SDUD�QDQR¿EUD�H�����o&�SDUD�D�ERUUDFKD�QDWXUDO�H�SDUD�RV�QDQRFRPSyVLWRV��1HVVD�WHP�
SHUDWXUD��D�ERUUDFKD�QDWXUDO�DSUHVHQWRX�XPD�SHUGD�GH�PDVVD�GH�FHUFD�GH����H�FRP�R�DXPHQWR�GR��WHRU�
GH�QDQR¿EUDV�HVVD�SHUGD�GH�PDVVD�VH�WRUQD�PDLRU��$�HVWD�WHPSHUDWXUD��RV�QDQRFRPSyVLWRV�FRP�����GH�
QDQR¿EUDV�DSUHVHQWDUDP�XPD�SHUGD�GH�PDVVD�GH�FHUFD�GH������$SHVDU�GDV�QDQR¿EUDV�DSUHVHQWDUHP�XPD�
HVWDELOLGDGH�WpUPLFD�LQIHULRU�j�GD�ERUUDFKD��YHUL¿FRX�VH�TXH�R�DXPHQWR�QR�WHRU�GH�QDQR¿EUDV�QmR�OHYRX�
D�XPD�UHGXomR�VLJQL¿FDWLYD�GD�HVWDELOLGDGH�WpUPLFD�GRV�PDWHULDLV�REWLGRV�

Figura 2. *Ui¿FR�FRP�RV�YDORUHV�GR�HQVDLR�GH�UHVLVWrQFLD�j�WUDomR���D��7HQVmR��IRUoD�Pi[LPD��03D��HP�IXQomR�
GD�DPRVWUD��E��)RUoD�Pi[LPD��1��HP�IXQomR�GD�DPRVWUD�

Figura 3. *Ui¿FR�FRP�YDORUHV�GR�HQVDLR�GH�VRUomR�HP�iJXD

$V�FXUYDV�GH�'6&��QD�)LJXUD����DSUHVHQWDUDP�XPD�PXGDQoD�QD�OLQKD�EDVH�TXH�FRUUHVSRQGH�j�
WHPSHUDWXUD�GH�WUDQVLomR�YtWUHD��7J��HP�WRUQR�GH������&�SDUD�WRGDV�DV�DPRVWUDV��LQGLFDQGR�TXH�R�DXPHQWR�
GR�WHRU�GDV�QDQR¿EUDV�QmR�LQÀXHQFLRX�QD�7J�
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Figura 4. &XUYDV�GH�7*�H�'7*�GDV�DPRVWUDV�GH�QDQR¿EUD��ERUUDFKD�QDWXUDO�H�GRV�QDQRFRPSyVLWRV�

Figura 5. &XUYDV�GH�'6&�GD�ERUUDFKD�QDWXUDO�H�GRV�QDQRFRPSyVLWRV�

4 concluSÃo

2�QDQRFRPSyVLWR�FRP�RV�PHOKRUHV�UHVXOWDGRV�IRL�FRP�R�WHRU�GH�����GH�QDQR¿EUDV�TXH�DSUHVHQ�
WRX�XP�DXPHQWR�GH�PyGXOR�H�GD�UHVLVWrQFLD�j�WUDomR�VHP�FRPSURPHWLPHQWR�VLJQL¿FDWLYR�GD�GHIRUPDomR�
H�ERDV�SURSULHGDGHV�WpUPLFDV�H�GH�VRUomR�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��3URFHVVR�����������������3URMHWR�03��5HGH�$JURQDQR�±�(P�
EUDSD��)LQHS�H�&DSHV�

reFerÊnciAS

$670�'���������6WDQGDUG�7HVW�0HWKRG�IRU�9XOFDQL]HG�5XEEHU�DQG�7KHUPRSODVWLF�5XEEHUV�DQG�7KHU�
PRSODVWLF�(ODVWRPHUV�±�7HQVLRQ

$670�'���������6WDQGDUG�7HVW�0HWKRG�IRU�:DWHU�$EVRUSWLRQ�RI�3ODVWLFV

&$1(9$52/2�-5���6��9��7pFQLFDV�GH�&DUDFWHUL]DomR�GH�3ROtPHURV��$UWOLEHU�(GLWRUD�/WGD��6mR�3DXOR��
����

'85È1��1���0$77262��/��+��&���025$,6��3��&��'��1DQRWHFQRORJLD��LQWURGXomR��SUHSDUDomR�H�FDUDF�
WHUL]DomR�GH�QDQRPDWHULDLV�H�H[HPSORV�GH�DSOLFDo}HV��6mR�3DXOR��$UWOLEHU����������±���S��
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resumo
2�HVWXGR�GDV�LQWHUDo}HV�SURWHLFDV�WHP�JHUDGR�JUDQGH�LQWHUHVVH�QD�LQG~VWULD�GH�DOLPHQWRV��'HVVD�IRUPD��
D�FRPSUHHQVmR�VREUH�QRYDV�HVWUXWXUDV�VXSUDPROHFXODUHV�WHP�VH�PRVWUDGR�SURPLVVRU��(VWH�HVWXGR�WHYH�
FRPR�REMHWLYR�VLQWHWL]DU�H�FDUDFWHUL]DU�HVWUXWXUDV�VXSUDPROHFXODUHV�IRUPDGDV�SHODV�SURWHtQDV�GR�VRUR�GH�
OHLWH�Į�ODFWRDOEXPLQD�H�JOLFRPDFURSHSWtGHR��$V�HVWUXWXUDV�VXSUDPROHFXODUHV�IRUDP�SURGX]LGDV�YDULDQGR�
DV�FRQGLo}HV�DFtGLFDV��S+�����H������D�����&�H�IRUDP�FDUDFWHUL]DGDV�SRU�HVSHFWURVFRSLD�GH�GLFURtVPR�
FLUFXODU�H�GH�ÀXRUHVFrQFLD�LQWUtQVHFD��(VSHFWURVFRSLD�GH�FRUUHODomR�GH�IyWRQV�PRVWURX�TXH�D�GLVWULEXLomR�
GR�WDPDQKR�GDV�HVWUXWXUDV�YDULRX�GH�����D�������QP��5HVXOWDGRV�GH�'&�H�ÀXRUHVFrQFLD�FRPSURYDUDP�
TXH�KRXYH�LQWHUDomR�HQWUH�DV�SURWHtQDV��2V�UHVXOWDGRV�GD�GLVWULEXLomR�GR�WDPDQKR�GDV�SDUWtFXODV�PRV�
WURX�TXH�DV�SURWHtQDV�HVWmR�DVVRFLDGDV�HP�IRUPDV�GLIHUHQWHV��GHSHQGHQGR�GDV�FRQGLo}HV�GH�WUDWDPHQWR�
WpUPLFR�H�GH�DVVRFLDomR��$�IRUPDomR�GH�HVWUXWXUDV�VXSUDPROHFXODUHV�RIHUHFH�QRYDV�RSRUWXQLGDGHV�SDUD�
PRGL¿FDomR�GDV�SURSULHGDGHV�IXQFLRQDLV�GH�DOLPHQWRV�
Palavras-chave��$XWR�DVVRFLDomR��$TXHFLPHQWR��$FL¿FDomR��3URWHtQDV��6RUR�GH�OHLWH� 

Į-lActAlbumin And GlYcomAcroPetide SuPrAmoleculAr StructureS: 
SYntHeSiS And cHArActeriZAtion

Abstract
7KH�VWXG\�RI�SURWHLQ�LQWHUDFWLRQV�KDV�JHQHUDWHG�JUHDW�LQWHUHVW�LQ�WKH�IRRG�LQGXVWU\��7KHUHIRUH��UHVHDUFK�RQ�
QHZ�VXSUDPROHFXODU�VWUXFWXUHV�VKRZV�SURPLVH��7KLV�VWXG\�DLPHG�WR�V\QWKHVL]H�DQG�FKDUDFWHUL]H�VXSUD�
PROHFXODU�VWUXFWXUHV�IRUPHG�E\�ZKH\�SURWHLQV�Į�ODFWDOEXPLQ�DQG�JO\FRPDFURSHSWLGH��6XSUDPROHFXODU�
VWUXFWXUHV�ZHUH�SURGXFHG�XQGHU�YDU\LQJ�DFLGLF�FRQGLWLRQV� �S+�����DQG������DW�����&�DQG�ZHUH�FKDU�
DFWHUL]HG�E\�FLUFXODU�GLFKURLVP�DQG�LQWULQVLF�ÀXRUHVFHQFH�VSHFWURVFRS\��$GGLWLRQDO�SKRWRQ�FRUUHODWLRQ�
VSHFWURVFRS\�H[SHULPHQWV�VKRZHG�WKDW�WKH�VL]H�GLVWULEXWLRQ�RI�WKH�VWUXFWXUHV�UDQJHG�IURP�����WR�������
QP��&'�DQG�ÀXRUHVFHQFH�UHVXOWV�VKRZHG�WKDW�WKHUH�ZDV�LQWHUDFWLRQ�EHWZHHQ�WKH�SURWHLQV��7KH�UHVXOWV�RI�
WKH�SDUWLFOH�VL]H�GLVWULEXWLRQ�VKRZHG�WKDW�WKH�SURWHLQV�DUH�DVVRFLDWHG�LQ�GLIIHUHQW�ZD\V��GHSHQGLQJ�RQ�WKH�
KHDW�WUHDWPHQW�FRQGLWLRQ�DQG�DVVRFLDWLRQ��7KH�IRUPDWLRQ�RI�VXSUDPROHFXODU�VWUXFWXUHV�RIIHUV�QHZ�RSSRU�
WXQLWLHV�WR�PRGLI\�WKH�IXQFWLRQDO�SURSHUWLHV�RI�IRRG��
Keywords: 6HOI�DVVHPEO\��+HDWLQJ��$FLGL¿FDWLRQ��3URWHLQV��:KH\�

3XEOLFDo}HV�UHODFLRQDGDV
0DQXVFULWR� DFHLWR� �� 3URGXFWLRQ�� FKDUDFWHUL]DWLRQ� DQG� IRDPDELOLW\� RI� Į�ODFWDOEXPLQ�JO\FRPDFURSHSWL�
GH�VXSUDPROHFXODU�VWUXFWXUHV�� -RXUQDO��)RRG�5HVHDUFK� ,QWHUQDWLRQDO��'2,� LQIRUPDWLRQ����������M�IRR�
GUHV�������������

1 introduÇÃo

(VWUXWXUDV�VXSUDPROHFXODUHV�VmR�VLVWHPDV�TXtPLFRV�HVWiYHLV���H�EHP�GH¿QLGRV�IRUPDGDV�SRU�PR�
OpFXODV�OLJDGDV�SRU�LQWHUDo}HV�QmR�FRYDOHQWHV��/(+1���������(VWDV�HVWUXWXUDV�VmR�PDWHULDLV�FRP�QRYDV�
IXQFLRQDOLGDGHV�H�DSOLFDo}HV�HP�GLIHUHQWHV�iUHDV��HVSHFLDOPHQWH�QD�FLrQFLD�GRV�DOLPHQWRV��$V�SURWHtQDV�
GR�VRUR�GH�OHLWH�VmR�XPD�FODVVH�GH�SURWHtQDV�TXH�SRGHP�IRUPDU�DJUHJDGRV�GXUDQWH�R�SURFHVVDPHQWR��$V�
FRQGLo}HV�XWLOL]DGDV�SDUD�IRUPDU�HVWHV�DJUHJDGRV�SRGHP�SURGX]LU�PDWHULDLV�VRO~YHLV�FRP�SURSULHGDGHV�
TXtPLFDV�H� ItVLFDV�GH¿QLGDV�� WDLV�FRPR�D�FDUJD�GH�VXSHUItFLH��KLGURIRELFLGDGH�� WDPDQKR�H� IRUPD��3RU�
RXWUR�ODGR��HVWDV�SURSULHGDGHV�SRGHP�DIHWDU�DV�SURSULHGDGHV�PDFURVFySLFDV�GR�SURGXWR�¿QDO��WDLV�FRPR�
YLVFRVLGDGH��HPXOVL¿FDomR�H�HVWDELOLGDGH��5<$1�HW�DO����������
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(VWH�HVWXGR�WHYH�FRPR�REMHWLYR�LQYHVWLJDU�D�IRUPDomR�GH�HVWUXWXUDV�VXSUDPROHFXODUHV�HQWUH�DV�
SURWHtQDV�GR�VRUR�GR�OHLWH��Į�ODFWDOEXPLQD��Į�/DF��H�JOLFRPDFURSHSWLGHR��*03���XWLOL]DQGR�WpFQLFDV�GH�
DTXHFLPHQWR�H�DFLGL¿FDomR��2�HIHLWR�GDV�GLIHUHQWHV�FRQGLo}HV�H[SHULPHQWDLV�VREUH�DV�FRQIRUPDo}HV�GDV�
QRYDV�HVWUXWXUDV�IRL�DQDOLVDGR�SRU�GLFURtVPR�FLUFXODU�H�HVSHFWURVFRSLD�ÀXRUHVFrQFLD��$�GLVWULEXLomR�GH�
WDPDQKR�IRL�DYDOLDGD�SRU�HVSHFWURVFRSLD�GH�FRUUHODomR�GH�IyWRQV��

2 mAteriAiS e métodoS

2.1 3UHSDUDomR�GDV�HVWUXWXUDV�VXSUDPROHFXODUHV�SURWHLFDV�

2V�VLVWHPDV�GH�HVWUXWXUDV�VXSUDPROHFXODUHV�IRUDP�SUHSDUDGRV�FRP�R�REMHWLYR�GH�VH�YHUL¿FDU�D�
LQÀXrQFLD�GR�S+��WHPSR�H�WHPSHUDWXUD��7DEHOD�����

tabela 1. &RQGLo}HV�HP�TXH�DV�HVWUXWXUDV�VXSUDPROHFXODUHV�IRUDP�IRUPDGDV
Sistemas pH tempo (minutos) temperatura (°c)

1 ��� �� ��

2 ��� �� ��

� ��� �� ��

� ��� �� ��

�'LVSHUV}HV�DTXRVDV�GH�Į�/DF�GH�*03�IRUDP�SUHSDUDGDV�VHSDUDGDPHQWH�H�KRPRJHQHL]DGDV�VRE�
DJLWDomR�PRGHUDGD�j�WHPSHUDWXUD�DPELHQWH�GXUDQWH����PLQXWRV�HP�XP�DJLWDGRU�PDJQpWLFR��7(�������
7HFQDO��%UDVLO���9ROXPHV�H[DWRV�GH�FDGD�GLVSHUVmR�IRUDP�PLVWXUDGRV�SDUD�VH�DWLQJLU�D�UHODomR�HVWHTXLR�
PpWULFD�GH�*03��Į�/DF����������$�PLVWXUD�GH�GLVSHUVmR�GH�SURWHtQD�IRL�PDQWLGD�VRE�DJLWDomR�VXDYH��7(�
������7HFQDO��%UDVLO��SRU����KRUDV�D����&��63�����'%2��63�/DERU��%UDVLO��

2.2 'LFURtVPR�FLUFXODU��HVSHFWURVFRSLD�GH�ÀXRUHVFrQFLD�H�GLVWULEXLomR�GH�WDPDQKR�GH�SDUWtFXOD

$V�HVWUXWXUDV�VHFXQGiULDV�GH�HVWUXWXUDV�VXSUDPROHFXODUHV�IRUDP�DYDOLDGDV�SRU�GLFURtVPR�FLUFX�
ODU��'&���(VSHFWURV�GH�'&�IRUDP�REWLGRV�FRP�XP�HVSHFWURSRODUtPHWUR�-DVFR-������-DVFR�&RUSRUDWLRQ��
-DSmR���2V�HVSHFWURV�IRUDP�REWLGRV�D�����&�HP�FRPSULPHQWR�GH�RQGD�GH�����D�����QP��$V�DQiOLVHV�GH�
ÀXRUHVFrQFLD� IRUDP�UHDOL]DGDV�XWLOL]DQGR�XP�HVSHFWURÀXRUtPHWUR�.�� �,66��(8$��SDUD�DYDOLDomR�GDV�
DOWHUDo}HV� FRQIRUPDFLRQDLV� QDV� HVWUXWXUDV� VXSUDPROHFXODUHV� SURWHLFDV��2V� HVSHFWURV� GH�ÀXRUHVFrQFLD�
IRUDP�UHJLVWDGRV�QD� IDL[D�GH�����D�����QP��2�FRPSULPHQWR�GH�RQGD�GH�H[FLWDomR�IRL�GH�����QP��R�
TXDO�SRGH�H[FLWDU�WULSWRIDQR�H�WLURVLQD��2�WDPDQKR�GDV�HVWUXWXUDV�VXSUDPROHFXODUHV�IRL�GHWHUPLQDGR�SRU�
HVSHFWURVFRSLD�GH�FRUUHODomR�GH�IyWRQV�DWUDYpV�GR�=HWDVL]HU�1DQR�6��0DOYHUQ�,QVWUXPHQW��,QJODWHUUD��

3 reSultAdoS e diScuSSÃo

3.1 dicroísmo circular

�$�)LJXUD��D�PRVWUD�RV�HVSHFWURV�GH�'&�GDV�SURWHtQDV�QDWLYDV�Į�/DF�H�*03�H�GDV�HVWUXWXUDV�
VXSUDPROHFXODUHV�SURWHLFDV��2�HVSHFWUR�GH�'&�GD�Į�/DF�QDWLYD�p�WtSLFR�GH�SURWHtQDV�ULFDV�HP�Į�KpOLFH�
GHYLGR�DRV�VHXV�SLFRV�QHJDWLYRV�HP�FHUFD�GH�����H�����QP��*03�QDWLYR��SRU�RXWUR�ODGR��PRVWUD�XP�SLFR�
PtQLPR�HP�WRUQR�GH�����QP��FDUDFWHUL]DQGR�DVVLP�VXD�HVWUXWXUD�VHFXQGiULD�FRPR�XP�WtSLFR�random 
coil��2V�HVSHFWURV�GH�'&�REWLGRV�SDUD�DV�HVWUXWXUDV�VXSUDPROHFXODUHV�PDQWLYHUDP�DV�FDUDFWHUtVWLFDV�JH�
UDLV�HVSHUDGDV�SDUD�HVWUXWXUDV�ULFDV�HP�Į�KpOLFH��HPERUD�R�SLFR�QHJDWLYR�HP�WRUQR�GH�����QP�REVHUYDGD�
SDUD�Į�/DF�QDWLYD�IRL�GHVORFDGR�SDUD�FHUFD�GH�����QP��SRVVLYHOPHQWH�GHYLGR�j�FRQWULEXLomR�GH�*03�QRV�
VLVWHPDV��9HUL¿FRX�VH�XP�DXPHQWR�GD�LQWHQVLGDGH�GR�VLQDO�QHJDWLYR�HP�WRUQR�GH���������QP��VXJHULQGR�
TXH�QRYDV�HVWUXWXUDV�VHFXQGiULDV�SRGHP�WHU�VH�IRUPDGR�GXUDQWH�D�DVVRFLDomR�GDV�SURWHtQDV��2EVHUYRX�VH�
TXH�QmR�KRXYH�GLIHUHQoDV�SURHPLQHQWHV�QRV�HVSHFWURV�GH�'&�GDV�HVWUXWXUDV�VXSUDPROHFXODUHV�REWLGDV�HP�
S+������1R�HQWDQWR��HP�S+������PDLRU�WHPSR�GH�H[SRVLomR�j�WHPSHUDWXUD�GH�����&�GLPLQXLX�D�HOLSFLGDGH�
PRODU�GRV�VLVWHPDV��LQGLFDQGR�SRVVtYHO�SHUGD�GH�HVWUXWXUDV�VHFXQGiULDV��
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3.2 (VSHFWURVFRSLD�GH�ÀXRUHVFrQFLD�

�2V�HVSHFWURV�GH�ÀXRUHVFrQFLD� LQWUtQVHFD�GDV�SURWHtQDV�QDWLYDV�Į�/DF�H�*03�H�GDV�HVWUXWXUDV�
VXSUDPROHFXODUHV�VmR�DSUHVHQWDGRV�QD�)LJXUD��E��(QTXDQWR�R�*03�QmR�H[LELX�ÀXRUHVFrQFLD�LQWUtQVHFD��
R�HVSHFWUR�GD�Į�/DF�QDWLYD�IRL�FDUDFWHUL]DGR�SRU�XP�Pi[LPR�GH�HPLVVmR�D�����QP��'H�XP�PRGR�JHUDO��
HP�FRPSDUDomR�FRP�R�HVSHFWUR�GD�Į�/DF�QDWLYD��R�SLFR�Pi[LPR�GH�HPLVVmR�GH�WRGRV�RV�VLVWHPDV�DQDOL�
VDGRV���IRL�GHVORFDGR�SDUD�FRPSULPHQWRV�GH�RQGD�PHQRUHV��FHUFD�GH�����QP���$OpP�GLVVR��IRL�REVHUYDGR�
um aumento na intensidade de emissão. Estes resultados indicam que o ambiente químico em torno dos 
FURPyIRURV�WRUQRX�VH�PDLV�DSRODU��-,1'$/��1$((0���������VXJHULQGR�TXH�RV�FURPyIRURV�SHUPDQH�
FHUDP�HVFRQGLGRV�QR�Q~FOHR�GDV�HVWUXWXUDV�VXSUDPROHFXODUHV�IRUPDGDV��$OpP�GLVVR��YHUL¿FRX�VH�TXH�RV�
VLVWHPDV�IRUPDGRV�HP�S+�����DSUHVHQWDP�LQWHQVLGDGH�GH�ÀXRUHVFrQFLD�VXSHULRU��VXJHULQGR�TXH�HVWH�S+�
IDYRUHFH�D�LQWHUDomR�HQWUH�DV�SURWHtQDV�Į�/DF�H�*03�

Figura 1a.  (VSHFWURV�GH�'&�GH�Į�/DF�QDWLYD��*03�
nativo e estruturas supramoleculares.

Figura 1b.  (VSHFWURV�GH�ÀXRUHVFrQFLD�GH�Į�/DF�QDWLYD��
*03�QDWLYR�H�HVWUXWXUDV�VXSUDPROHFXODUHV�

3.3 'LVWULEXLomR�GH�WDPDQKR�GH�SDUWtFXOD

2V�WDPDQKRV�GDV�HVWUXWXUDV�VXSUDPROHFXODUHV�SURWHLFDV�VmR�DSUHVHQWDGRV�QD�7DEHOD����$V�SULQFL�
SDLV�SRSXODo}HV�GH¿QLGDV�DTXL�VH�UHIHUHP�jTXHODV�FRP�D�PDLRU�SRUFHQWDJHP�GH�GLVWULEXLomR�GR�YROXPH�
das partículas.

tabela 2. 'LVWULEXLomR�GH�WDPDQKR�GH�SDUWtFXOD�GDV�HVWUXWXUDV�VXSUDPROHFXODUHV�SURWHLFDV
Sistema 1 Sistema 2 Sistema 3 Sistema 4

Pico 1 Pico 2 Pico 3 Pico 1 Pico 2 Pico 1 Pico 2 Pico 3 Pico 1 Pico 2 Pico 3

'LkPHWUR�PpGLR�
�QP�

���� ���� ��� ��� �� ���� ���� ��� �� ��� ����

��GLVWULEXLomR�
de volume

���� ��� ��� ���� ���� ���� ���� ��� ���� ���� ����

2V�VLVWHPDV���H���DSUHVHQWDUDP�SRSXODo}HV�GH�SDUWtFXODV�FRP�WDPDQKRV�PDLRUHV�������H������
QP��UHVSHFWLYDPHQWH��,VVR�VXJHUH�TXH�R�S+�����IDYRUHFH�D�DJUHJDomR�GDV�SURWHtQDV�H�FRQVHTXHQWH�IRUPD�
omR�GH�DJUHJDGRV��$OpP�GLVVR��HVWH�UHVXOWDGR�VXJHUH�TXH�XP�WHPSR�PDLV�ORQJR�GH�DTXHFLPHQWR�SURYRFD�
D�IRUPDomR�GH�DJUHJDGRV�PDLRUHV��$V�SULQFLSDLV�SRSXODo}HV�GH�VLVWHPDV�D�S+������IRUPDGDV�GXUDQWH����
H����PLQXWRV��DSUHVHQWDUDP�WDPDQKRV�GH�����H�����QP��UHVSHFWLYDPHQWH��

4 concluSÃo

(VWUXWXUDV�VXSUDPROHFXODUHV�SRGHP�VHU�IRUPDGDV�SRU�DTXHFLPHQWR�H�DFLGL¿FDomR�GH�VROXo}HV�
DTXRVDV�GH�*03�H�Į�/DF��$�IRUPDomR�GH�HVWUXWXUDV�VXSUDPROHFXODUHV�RIHUHFH�QRYDV�RSRUWXQLGDGHV�SDUD�
PRGL¿FDU�DV�SURSULHGDGHV�IXQFLRQDLV�GH�DOLPHQWRV��7pFQLFDV�GH�DTXHFLPHQWR�H�DFLGL¿FDomR�SRGHP�VHU�
RWLPL]DGDV�SDUD�FRQWURODU�DV�SURSULHGDGHV�GDV�SURWHtQDV�H�SDUD�PHOKRUDU�R�VHX�GHVHPSHQKR�HP�GLYHUVDV�
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DSOLFDo}HV��$OpP�GLVVR��RV�UHVXOWDGRV�SHUPLWLUDP�XP�PHOKRU�FRQKHFLPHQWR�GRV�IDWRUHV�TXH�SRGHP�DMX�
GDU�D�SUHYHU�R�FRPSRUWDPHQWR�GDV�DVVRFLDo}HV�GH�SURWHtQDV�HP�VLVWHPDV�FRPSOH[RV�
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evAluAtion oF electrodePoSited cASHew Gum FilmS in PlAtinum SurFAce
Abstract
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1 introduÇÃo

3ROtPHURV�QDWXUDLV�WHP�VLGR�REMHWR�GH�LQYHVWLJDomR�SRU�SHVTXLVDGRUHV��GHYLGR�j�DPSOD�YHUVDWL�
OLGDGH�GH�DSOLFDo}HV��3RGHP�VHU�XWLOL]DGRV�FRPR�VXEVWLWXWRV�GH�SROtPHURV�VLQWpWLFRV��SRLV�DSUHVHQWDP�
YiULDV�YDQWDJHQV��WDLV�FRPR��EDL[R�FXVWR��EDL[D�WR[LFLGDGH�H�ELRGHJUDGDELOLGDGH��3$8/$�et al����������
2V�ELRSROtPHURV�SRGHP�VHU�REWLGRV�D�SDUWLU�GH�YiULDV�IRQWHV��FRPR�SRU�H[HPSOR��VHPHQWHV��DOJDV��H[VX�
dados de plantas e microrganismos.

1R�1RUGHVWH�EUDVLOHLUR��D�JRPD�GR�FDMXHLUR��*&��p�XP�FRSURGXWR�GD�FDGHLD�SURGXWLYD�GR�FDMX�
�Anacardium occidentale��H�WHP�UHFHELGR�DWHQomR�GR�PXQGR�DFDGrPLFR�SRU�VHU�XPD�DOWHUQDWLYD�SRWHQ�
FLDO�DR�XVR�GD�JRPD�DUiELFD��1D�VXD�HVWUXWXUD�TXtPLFD�DSUHVHQWD�XPD�FDGHLD�SULQFLSDO�GH�JDODFWRVH�������
FRP�UDPL¿FDo}HV�GH�DUDELQRVH���������JOXFRVH��������UDPQRVH��������H�iFLGR�JOXFXU{QLFR���������

$�YHUVDWLOLGDGH�GDV�UHDo}HV�TXtPLFDV�SRVVtYHLV�FRP�SROLVVDFDUtGHRV�WHP�OHYDGR�YiULRV�DXWRUHV�
D�XWLOL]DUHP�¿OPHV�GH�JRPDV�FRPR�VXSRUWH�SDUD�LPRELOL]DomR�GH�HQ]LPDV��SRLV�SHUPLWHP�XPD�OLJDomR�
PDLV�HVWiYHO�FRP�D�HQ]LPD�UHGX]LQGR�DV�OLPLWDo}HV�GH�GLIXVmR�H�GH�WUDQVIHUrQFLD�GH�PDVVD��6,/9$�et 
al���������

(OHWURGHSRVLomR�GH�SROLVVDFDUtGHRV�p�SRVVtYHO�DWUDYpV�GH�WpFQLFDV�YROWDPpWULFDV��(VSHFL¿FDPHQ�
WH��D�WpFQLFD�GH�YROWDPHWULD�FtFOLFD�p�H¿FLHQWH�QD�HOHWURGHSRVLomR�GH�PROpFXODV�H�EDVWDQWH�XVDGD�TXDQGR�
VH�GHVHMD�FRQKHFHU�D�HOHWURDWLYLGDGH�GH�FRPSRVWRV��LQYHVWLJDU�UHDo}HV�TXtPLFDV�DFRSODGDV��DQiOLVH�GH�
tRQV�H�HVWXGDU�VXSHUItFLHV�GH�HOHWURGRV�PRGL¿FDGRV��%586&,277,�et al���������

(VVH�WUDEDOKR�WHYH�R�REMHWLYR�GH�SURPRYHU�D�HOHWURGHSRVLomR�GH�*&�FRP�DYDOLDomR�GH�WUrV�GL�
IHUHQWHV�PpWRGRV�GH�SUHSDUDomR�GR�SROLVVDFDUtGHR��*&�VROYDWDGD�SRU�iJXD��*&�GLVSHUVD�HP�VROXomR�GH�
1D2SO������0�H�*&�PRGL¿FDGD�TXLPLFDPHQWH�FRP����GH�WULPHWDIRVIDWR�GH�VyGLR��7036��HP�PHLR�
DTXRVR��YLVDQGR�R�GHVHQYROYLPHQWR�GH�SODWDIRUPD�GH�LPRELOL]DomR�GH�ELRPROpFXODV�

2  mAteriAl e métodoS

$�JRPD�EUXWD�IRL�REWLGD�GR�&DPSR�([SHULPHQWDO�GH�3DFDMXV��&(��H�FRQGX]LGD�DR�ODERUDWyULR�
SDUD�RV�SURFHGLPHQWRV�GH�SUHFLSLWDomR�HWDQyOLFD�GH�DFRUGR�FRP�PHWRGRORJLD�GHVFULWD�SRU�7RUTXDWR�et 
al����������3DUD�LVVR��JRPD�IRL�WULWXUDGD��GLVVROYLGD�HP�iJXD��¿OWUDGD�H�SUHFLSLWDGD�FRP�HWDQRO�FRPHUFLDO�
�����*/��j�UD]mR�HWDQRO�JRPD�GH������P�P���2�SUHFLSLWDGR�IRL�LVRODGR�H�FRORFDGR�SDUD�VHFDU�D�����&��$R�
¿QDO��D�JRPD�IRL�WULWXUDGD�HP�PRLQKR�DQDOtWLFR�GH�LPSDFWR��

3DUD�RV�H[SHULPHQWRV�GH�HOHWURGHSRVLomR��GLIHUHQWHV�IRUPDV�GH�SUHSDUDomR�GR�SROLVVDFDUtGHR�IR�
UDP�WHVWDGDV���*RPD�GH�FDMXHLUR�IRL�GLVVROYLGD�HP�iJXD�GHLRQL]DGD�HP�GLIHUHQWHV�FRQFHQWUDo}HV����������H�
����P�Y��SRU�PHLR�GD�KRPRJHQHL]DomR�HP�XOWUD�WXUUD[���������USP��SRU���PLQXWRV���2�VHJXQGR�PpWRGR�
GH�SUHSDUDomR�GD�JRPD�XWLOL]RX�1D2SO� como solvente e seguiu o procedimento citado anteriormente. 
2�WHUFHLUR�PpWRGR�WHVWDGR�IRL�FRP�JRPD�GH�FDMXHLUR�PRGL¿FDGD�KRPRJHQHL]DGD�HP�XOWUD�WXUUD[���������
USP��SRU���PLQXWRV���$�PRGL¿FDomR�GR�SROLVVDFDUtGHR�IRL�UHDOL]DGD�FRP�7036�����3DUD�LVVR��IRUDP�
SUHSDUDGDV�VROXo}HV�GH�����GH�JRPD�GH�FDMXHLUR�KRPRJHQHL]DGDV�HP�8OWUD�7XUUD[��,.$��7���GLJLWDO��
FRP�URWDomR�GH��������530�SRU���PLQXWR��$�VROXomR�IRL�DOFDOLQL]DGD�FRP�1D2+����0��DWp�S+�����(P�
VHJXLGD��DGLFLRQRX�VH�7036�DQLGUR����VRE�DJLWDomR�SRU���KRUDV�D�����&��$�VROXomR�IRL�DFLGL¿FDGD�FRP�
+&O����0��DWp�S+����FHQWULIXJDGD�H�ODYDGD�FRP�DFHWRQD�H�iOFRRO��

2�H[SHULPHQWR� IRL� UHDOL]DGR�HP�SRWHQFLRVWDWR�JDOYDQRVWDWR�+$XWRODE,,,�)5$��XWLOL]DQGR�Fp�
OXOD�HOHWURTXtPLFD�FRP�WUrV�HOHWURGRV��WUDEDOKR�GH�3W��FRP�iUHD�GH������FP2���DX[LOLDU�KHOLFRLGDO�GH�3W�
H� UHIHUrQFLD�$J�$J&O��$�FDUDFWHUL]DomR�GRV�¿OPHV�HOHWURGHSRVLWDGRV� IRL�FRQGX]LGD�SHODV� WpFQLFDV�GH�
YROWDPHWULD�FtFOLFD�HP�VROXomR�GH�.�>)H�&1��@����P0�H�.&O����0��SHOD�WpFQLFD�GH�HVSHFWURVFRSLD�GH�
LQIUDYHUPHOKR�FRP�WUDQVIRUPDGD�GH�)RXULHU��)7,5��XVDQGR�9DULDQ�����,5�H�SRU�PLFURVFRSLD�HOHWU{QLFD�
GH�YDUUHGXUD��0(9��XVDQGR�=HLVV�����$��1D�DQiOLVH�GH�)7,5��*&�IRL�HOHWURGHSRVLWDGD�HP�SODFD�GH�3W�
H�XVRX�VH�R�PRGR�GH�UHÀHFWkQFLD�GLIXVD��QR�LQWHUYDOR�GH�IUHTXrQFLD�HQWUH������H�����FP����SXUJDGD�FRP�
QLWURJrQLR��REMHWLYDQGR�UHPRYHU�&22�H�+2O.  

3 reSultAdoS e diScuSSÃo

$�YDUUHGXUD�SRU�YROWDPHWULD�FtFOLFD�IRL�LQLFLDGD�HP�SRWHQFLDO�GH�HYROXomR�GH�KLGURJrQLR�SDUD�RV�
WUrV�PpWRGRV�GH�SUHSDUDomR�GD�JRPD��1RV�WUrV�PpWRGRV�DYDOLDGRV�GH�SUHSDUDomR�GD�JRPD�REVHUYRX�VH�
D�HOHWURGHSRVLomR�HP�SRWHQFLDO�GH�SLFR��(S� �������9��)LJXUD��D���E�H��F���(P�VROXomR�GH�*&�PRGL�
¿FDGD�FRP�7036�REVHUYRX�VH�D�SUHVHQoD�GH�SLFRV�GH�R[LGDomR�H�UHGXomR�HP�(S�GH������9�H������9��
UHVSHFWLYDPHQWH��(VWHV�SLFRV��SRVVLYHOPHQWH��HVWmR�DVVRFLDGRV�D�PRGL¿FDomR�D�TXDO�D�*&�IRL�VXEPHWLGD�
DQWHULRUPHQWH�DR�SURFHVVR�GH�HOHWURGHSRVLomR��6XSHUItFLH�GH�SODWLQD�DSyV�D�HOHWURGHSRVLomR�GD�*&�IRL�
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PRGL¿FDGD�FRQIRUPH�LQGLFD�D�)LJXUD��G��2�XVR�GH�.�>)H�&1��@�p�LPSRUWDQWH�SDUD�WHVWDU�D�EDUUHLUD�FLQp�
WLFD�GD�WUDQVIHUrQFLD�GH�FDUJD�HQWUH�D�VROXomR�H�D�LQWHUIDFH�GR�HOHWURGR��6HQGR�DVVLP��DSyV�D�PRGL¿FDomR�
GD�VXSHUItFLH�FRP�*&�SHUFHEHX�VH�XPD�GLPLQXLomR�QD�iUHD�DWLYD�GR�HOHWURGR�
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Figura 1. 9ROWDPRJUDPDV�FtFOLFRV�SDUD�D�HOHWURGHSRVLomR�GH�*&�HP�GLIHUHQWHV�FRQFHQWUDo}HV�SDUD�VROXo}HV�
DTXRVDV��GH�1D2SO������0��D���PRGL¿FDGD�TXLPLFDPHQWH�FRP�7036��E��H�VROYDWDGD�GLUHWDPHQWH�HP�iJXD��F���

9DUUHGXUDV�UHDOL]DGDV�HP�VROXomR�GH�.�>)H�&1��@����P0�H�.&O����0��G���9HORFLGDGH�GH�YDUUHGXUD�GH����P9�V��.

5HIHUHQWH�D�FDUDFWHUL]DomR�PRUIROyJLFD�GRV�¿OPHV�GH�*&�HOHWURGHSRVLWDGRV�HP�VXSHUItFLH�GH�
SODWLQD��QD�)LJXUD����D�PRUIRORJLD�GRV�¿OPHV�REWLGRV�SRGH�VHU�REVHUYDGD��$�PRUIRORJLD�GRV�¿OPHV�REWL�
GRV�LQGLFDUDP�XQLIRUPLGDGH�H�ERD�FREHUWXUD�GD�VXSHUItFLH��&RQWXGR��R�¿OPH�REWLGR�SRU�HOHWURGHSRVLomR�
HP�VROXomR�GH�1D2SO�����0�DSUHVHQWRX�UDFKDGXUDV��DV�TXDLV�VmR�LQGHVHMiYHLV�SRLV�SRGHP�UHVXOWDU�QR�
GHVSUHQGLPHQWR�GR�¿OPH�GD�VXSHUItFLH�

Figura 2. ,PDJHQV�REWLGDV�SRU�0(9�HP�3W�OLPSD��D���¿OPH�GH�*&����VROYDWDGD�HP�iJXD��E���¿OPH�GH�*&����
PRGL¿FDGD�TXLPLFDPHQWH�FRP�7036��F��H�¿OPH�GH�*&����HP�VROXomR�GH�1D2SO������0��G��
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2V�HVSHFWURV�GH�)7,5�GRV�¿OPHV�HOHWURGHSRVLWDGRV�GH�*&�HP�VROXomR�GH�1D2SO������0�H�PRGL�
¿FDGD�FRP�7036�VROYDWDGD�HP�iJXD�VmR�DSUHVHQWDGRV�QD�)LJXUD����3DUD�R�¿OPH�GH�*&�VROXELOL]DGR�HP�
iJXD�QmR�IRL�SRVVtYHO�D�REWHQomR�GR�HVSHFWUR��SRVVLYHOPHQWH��HP�UD]mR�GD�VXD�¿QD�HVSHVVXUD��2V�HVSHF�
WURV�REWLGRV�IRUDP�VLPLODUHV�SDUD�RV�GRLV�PpWRGRV�GH�SUHSDUDomR�GD�JRPD�H�DV�EDQGDV�TXH�VH�GLIHUHP�VmR�
RV�TXH�FDUDFWHUL]DP�D�RFRUUrQFLD�GD�UHWLFXODomR��$�EDQGD�HP�����FP���HVWi�UHODFLRQDGD�DR�IRVIDWR�FtFOLFR�
RX�R�HVWLUDPHQWR�VLPpWULFR�GH�3�2�3��02867$)$��(/�(*,/,���������$V�IRUWHV�EDQGDV�SUHVHQWH�QDV�
UHJL}HV�GH������������H�����FP���SRGHP�VHU�DWULEXtGDV�DR�HVWLUDPHQWR�YLEUDFLRQDO�DVVLPpWULFR�GH�3�2�3�
OLJDGRV�DR�>3�O�@

�����DR�HVWLUDPHQWR�DVVLPpWULFR�GH��322�
��H�DR��3 2���UHVSHFWLYDPHQWH��02867$)$��
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Figura 3. (VSHFWURV�GH�)7,5�GH�¿OPHV�HOHWURGHSRVLWDGRV�GH�*&����PRGL¿FDGR�TXLPLFDPHQWH�FRP�7036��D��H�
GH�*&����HP�VROXomR�GH�1D2SO������0��E��

4 concluSÃo

2V�UHVXOWDGRV�GHPRQVWUDP�D�IRUPDomR�GH�¿OPHV�GH�JRPD�GH�FDMXHLUR�VREUH�VXSHUItFLH�GH�SODWL�
QD��FUHVFLGRV�HOHWURTXLPLFDPHQWH��XWLOL]DQGR�JRPD�GH�FDMXHLUR�in natura�H�PRGL¿FDGD�TXLPLFDPHQWH��
(VWXGRV�VHUmR�UHDOL]DGRV�QR�LQWXLWR�GH�DYDOLDU�D�SRWHQFLDOLGDGH�GRV�¿OPHV�HP�DSOLFDomR�SUiWLFD�FRPR�
SODWDIRUPD�GH�LPRELOL]DomR�GH�ELRPROpFXODV�

AGrAdecimentoS

$R�&13T�SHOR�VXSRUWH�¿QDQFHLUR�

reFerÊnciAS

%586&,277,��)���'8%<��3��&\FOLF�YROWDPPHWU\�VWXG\�RI�DUVHQLF�LQ�DFLGLF�VROXWLRQV��(OHFWURFKLPLFD�
$FWD��Y������Q������S�������������������02867$)$��<��0���(/�(*,/,��.��,QIUDUHG�VSHFWUD�RI�VRGLXP�
SKRVSKDWH�JODVVHV��-RXUQDO�RI�1RQ�&U\VWDOOLQH�VROLGV��Y�������S����������������

3$8/$�+��&��%���620%5$�)��0���&$/9$/&$17(�5��)���$%5(8�)��2��0��6���3$8/$�5��&��0��3UH�
SDUDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�FKLWRVDQ�FDVKHZ�JXP�EHDGV�ORDGHG�ZLWK�Lippia sidoides�HVVHQWLDO�RLO��
0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ��Y��&�����S�����±����������

6,/9$�7��0���6$17,$*2�3��2���385&(1$�/��/��$���)(51$'(6�.��)��6WXG\�RI� WKH�FDVKHZ�JXP�
3RO\VDFFKDULGH�IRU�WKH�KRUVHUDGLVK�SHUR[LGDVH�LPPRELOL]DWLRQ��6WUXFWXUDO�FKDUDFWHULVWLFV��VWDELOLW\�DQG�
UHFRYHU\��0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ��Y��&�����S�����±����������

72548$72��'��6���)(55(,5$��0��/���6È��*��&���%5,72��(��6���3,172��*��$��6���$=(9('2��(��+��
)��(YDOXDWLRQ�RI�DQWLPLFURELDO�DFWLYLW\�RI�FDVKHZ�WUHH�JXP��:RUOG�-RXUQDO�RI�0LFURELRORJ\�	�%LRWHFK�
QRORJ\��Y������S�����������������
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cArActeriZAÇÃo de GomA de cAJueiro SubmetidA A 
ProceSSo de reticulAÇÃo

Ana cláudia moura mariano1, Francisco wanderson moreira ribeiro2, luana Guabiraba 
mendes3, carlucio roberto Alves1, *roselayne Ferro Furtado4

18QLYHUVLGDGH�(VWDGXDO�GR�&HDUi��'HSDUWDPHQWR�GH�4XtPLFD��)RUWDOH]D��&(��28QLYHUVLGDGH�)HGHUDO�
GR�&HDUi��'HSDUWDPHQWR�GH�4XtPLFD��)RUWDOH]D��&(���8QLYHUVLGDGH�(VWDGXDO�GR�&HDUi��5HQRUELR��

)RUWDOH]D��&(���(PEUDSD�$JURLQG~VWULD�7URSLFDO��)RUWDOH]D��&(�
URVHOD\QH�IXUWDGR#HPEUDSD�EU

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

Resumo
$V�JRPDV�GHVSHUWDP�R�LQWHUHVVH�GD�LQG~VWULD�DOLPHQWtFLD�H�IDUPDFrXWLFD�QD�IRUPXODomR�GH�SURGXWRV�H�
SRGHP�VHU�PRGL¿FDGDV�TXLPLFDPHQWH�D�¿P�GH�FRQIHULU�QRYDV�SURSULHGDGHV�GHVHMiYHLV�H�DPSOLDU�D�SRV�
VLELOLGDGH�GH�DSOLFDo}HV�FRPHUFLDLV��2�WULPHWDIRVIDWR�GH�VyGLR��7036��p�XP�DJHQWH�UHWLFXODQWH�HIHWLYR�
SDUD�SROLVVDFDUtGHRV�H�IRL�XWLOL]DGR�QDV�VHJXLQWHV�FRQFHQWUDo}HV������������H�����2�REMHWLYR�GHVWH�
WUDEDOKR�IRL�DYDOLDU�R�HIHLWR�GR�DJHQWH�UHWLFXODQWH�VREUH�DV�FDUDFWHUtVWLFDV�GH�JRPD�GH�FDMXHLUR�SRU�DQiOLVH�
GH�WDPDQKR�GH�SDUWtFXOD��JUDX�GH�LQWXPHVFLPHQWR��tQGLFH�GH�YLVFRVLGDGH�H�FDUDFWHUL]DomR�SRU�HVSHFWURV�
FRSLD�GH�LQIUDYHUPHOKR�por transformada de Fourier. o polissacarídeo apresentou tendência a 
menor viscosidade, tamanho de partícula e intumescimento com o aumento da concentração 
do agente reticulante.
Palavras-chave��*RPD�GH�FDMXHLUR��7ULPHWDIRVIDWR�GH�VyGLR��5HWLFXODomR��

cHArActeriZAtion oF cASHew Gum Submitted to croSSlinKinG ProceSS
Abstract
*XPV�DUH�REMHFW�RI�LQWHUHVW�IRU�IRRG�DQG�SKDUPDFHXWLFDO�LQGXVWU\�LQ�WKH�IRUPXODWLRQ�RI�QRYHO�SURGXFWV�
DQG�FDQ�EH�FKHPLFDOO\�PRGL¿HG�LQ�RUGHU�WR�FUHDWH�GHVLUDEOH�QHZ�SURSHUWLHV�DQG�H[SDQG�WKH�SRVVLELOLW\�
RI�FRPPHUFLDO�DSSOLFDWLRQV��7KH�VRGLXP�WULPHWDSKRVSKDWH��7036��LV�DQ�HIIHFWLYH�DJHQW�IRU�FURVVOLQNLQJ�
SRO\VDFFKDULGHV�DQG�LW�ZDV�XVHG�LQ�WKH�FRQFHQWUDWLRQV�RI������������DQG�����7KH�REMHWLYH�WKLV�ZRUN�
ZDV�WR�HYDOXDWH�WKH�HIIHFW�RI�WKH�FURVVOLQNLQJ�DJHQW�RQ�WKH�FKDUDFWHULVWLFV�RI�FDVKHZ�JXP�E\�SDUWLFOH�VL]H�
DQDO\VLV��GHJUHH�RI�VZHOOLQJ��YLVFRVLW\�DQG�FKDUDFWHUL]DWLRQ�E\�)RXULHU�WUDQVIRUP�LQIUDUHG�VSHFWURVFRS\��
7KH�SRO\VDFFKDULGH�VKRZHG�D�EHKDYLRXU�WR�ORZHU�YLVFRVLW\��SDUWLFOH�VL]H�DQG�VZHOOLQJ�GHJUHH�ZLWK�LQ�
FUHDVLQJ�FURVVOLQNHU�FRQFHQWUDWLRQ�
Keywords: &DVKHZ�JXP��6RGLXP�WULPHWDSKRVSKDWH��&URVVOLQNLQJ�

3XEOLFDo}HV�UHODFLRQDGDV
)857$'2��5. )���5,%(,52��). :. 0���%$6726��0��GR�6���0$5,$12��$. &. 0���0(1'(6��/. *���
$/9(6��&. 5���&267$��-. 0. &��0RGL¿FDomR�4XtPLFD�GH�*RPD�GH�&DMXHLUR��1RYDV�&DUDFWHUtVWLFDV�H�
3RWHQFLDOLGDGHV�GH�$SOLFDo}HV, )RUWDOH]D��(PEUDSD�$JURLQG~VWULD�7URSLFDO����������S�

1 introduÇÃo

*RPDV� QDWXUDLV� VmR� SROLVVDFDUtGHRV� REWLGRV� D� SDUWLU� GH� H[VXGDWRV� GH� WURQFRV� GH� DUYRUHV�� GH�
VHPHQWHV��GH�DOJDV�H�GH�IHUPHQWDomR PLFURELROyJLFD��$�JRPD�GH�FDMXHLUR�p�XP�KHWHURSROLVVDFDUtGHR�FR�
letado do tronco de plantas de Anacardium occidentale contendo como constituinte principal galactose 
������H�UDPL¿FDo}HV�ODWHUDLV�GH�DUDELQRVH������� UDPQRVH�������JOLFRVH������H�iFLGR�JOLFXURQLFR������
�52'5,*8(6�HW�DO���������GH�3$8/$�HW�DO����������e�XP�SURGXWR�QmR�WR[LFR�TXH�SRGH�VHU�XWLOL]DGR�
SDUD�¿QV�FRPHUFLDLV�D�H[HPSOR�GD�JRPD�DUiELFD��

$�UHWLFXODomR�p�XWLOL]DGD�IUHTXHQWHPHQWH�SDUD�DOWHUDU�DV�SURSULHGDGHV�ItVLFDV�H�ItVLFR�TXtPLFDV�
GDV�JRPDV�H�FRQIHULU�OKHV�XPD�DSOLFDomR�PDLV�DPSOD��$JHQWHV�GH�UHWLFXODomR�PDLV�FRPXQV�TXH��JHUDO�
PHQWH��SRGHP�VHU�DSOLFDGRV�HP�TXDOTXHU�SROLVVDFDUtGHR��LQFOXHP�D�HSLFORULGULQD��D�YLQLOVXOIRQD��RV�GLVR�
WLRFLDQDWRV�H�YiULRV�GLHSy[LGRV�H�GLROH¿QDV��WDLV�FRPR�R���������KH[DGLHQR�H�R�WULPHWDIRVIDWR�GH�VyGLR��
(QWUH�HVWHV��R�WULPHWDIRVIDWR�GH�VyGLR��7036��IRL�UHODWDGR�QD�OLWHUDWXUD�FRPR�DJHQWH�UHWLFXODQWH�HIHWLYR�
SDUD�SROLVVDFDUtGHRV��SULQFLSDOPHQWH��DPLGR��:22��6(,%��������.$6(068:$1��%$,/(<�H�-$1(��
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������08+$00('�HW�DO����������1R�LQWXLWR�GH�DWHQGHU�D�QRYDV�DSOLFDo}HV�GD�JRPD�GH�FDMXHLUR��HVSH�
FL¿FDPHQWH��SDUD�¿QV�DOLPHQWtFLRV��XPD�PHWRGRORJLD�GH�UHWLFXODomR�TXtPLFD�XWLOL]DQGR�FRQFHQWUDo}HV�
GH������������H����GH�WULPHWDIRVIDWR�GH�VyGLR�IRL�DGRWDGD�H�DYDOLDGD�QD�SURPRomR�GD�PRGL¿FDomR�GD�
JRPD�GH�FDMXHLUR��

2�REMHWLYR�GR�SUHVHQWH�WUDEDOKR�IRL�DYDOLDU�R�HIHLWR�GH�GLIHUHQWHV�FRQFHQWUDo}HV�GR�DJHQWH�UHWL�
FXODQWH��WULPHWDIRVIDWR�GH�VyGLR��VREUH�DV�SURSULHGDGHV�GH�WDPDQKR�GH�SDUWtFXOD��tQGLFH�GH�YLVFRVLGDGH��
JUDX�GH�LQWXPHVFLPHQWR�H�DQDOLVH�GH�LQIUDYHUPHOKR�GD�JRPD�GH�FDMXHLUR�VXEPHWLGD�D�SURFHVVR�GH�UHWL�
FXODomR�

2 mAteriAiS e métodoS

*RPD�GH�FDMXHLUR�IRL�SXUL¿FDGD�FRQIRUPH�PHWRGRORJLD�GH�7RUTXDWR�et al�����������6ROXomR�GH�
JRPD�GH�FDMXHLUR�����IRL�SUHSDUDGD�H�KRPRJHQHL]DGD�XWLOL]DQGR�XOWUD�WXUUD[�FRP�URWDomR�GH��������
530�SRU���PLQXWR��$�VROXomR� IRL� DOFDOLQL]DGD�FRP�KLGUy[LGR�GH� VyGLR��0�DWp�S+�����(P�VHJXLGD��
DGLFLRQRX�VH�R�DJHQWH�UHWLFXODQWH��HP�GLIHUHQWHV�FRQFHQWUDo}HV�����������������VRE�DJLWDomR�SRU���
KRUDV�D����&��(QWmR�D�VROXomR�IRL�QHXWUDOL]DGD�FRP�+&O��0���2�H[FHVVR�GH�UHDJHQWH�IRL�HOLPLQDGR�GR�
PDWHULDO�UHWLFXODGR�SRU�PHLR�GH�FHQWULIXJDomR�D��������530�SRU����PLQ�H�GH�ODYDJHQV�VXFHVVLYDV�FRP�
iOFRRO�HWtOLFR�������H�DFHWRQD�3�$��2�PDWHULDO�IRL�WULWXUDGR�HP�PRLQKR�DQDOtWLFR�H�XWLOL]DGR�QDV�DQiOLVHV�
em triplicadas.

$�GLVWULEXLomR�GH� WDPDQKR�GH�SDUWtFXOD�GD�JRPD�GH�FDMXHLUR�PRGL¿FDGD�HP�PHLR�DTXRVR�IRL�
UHDOL]DGD� HP�XPD�FRQFHQWUDomR�GH�������XWLOL]DQGR�XP�]HWDVL]HU�QDQR� VHULHV� �0DOYHUQ� ,QVWUXPHQWV��
5HLQR�8QLGR���

$V�PHGLGDV�GH�YLVFRVLGDGH�FLQHPiWLFD� IRUDP�UHDOL]DGDV�SRU�XP�YLVFRVtPHWUR�FDSLODU�6FKRWW��
PRGHOR�$96�������FDSLODU��������������

$V�PHGLGDV�GH�LQWXPHVFLPHQWR�GR�PDWHULDO�UHWLFXODGR�IRUDP�DYDOLDGDV�HP�IXQomR�GD�iJXD�UHWLGD�
QDV�FDGHLDV�SROLPpULFDV�GR�PDWHULDO�UHWLFXODGR��3DUD�LVVR��DV�DPRVWUDV�IRUDP�LPHUVDV�HP�iJXD�SRU���K��
(P�VHJXLGD�SURFHGHX�VH�D�VHFDJHP�HP�HVWXID�D����&�H�SHVDJHP�GR�PDWHULDO�DWp�SHVR�FRQVWDQWH��

2V�HVSHFWURV�GH�LQIUDYHUPHOKR�FRP�WUDQVIRUPDGD�GH�)RXULHU��)7�,5��IRUDP�UHJLVWUDGRV�FRP�XP�
HVSHFWURIRW{PHWUR�6KLPDG]X�,5��PRGHOR�������FRP�YDUUHGXUD�GH�����D������FP����$V�DPRVWUDV�IRUDP�
DQDOLVDGDV�HP�SDVWLOKD�GH�.%U�

3 reSultAdoS e diScuSSÃo

2�SURFHVVR�GH�PRGL¿FDomR�GD�JRPD�GH�FDMXHLUR�FRP�7036�FRQIHULX�QRYDV�H�GHVHMiYHLV�PX�
GDQoDV�QD�FDGHLD�GR�SROLVVDFDUtGHR��DV�TXDLV�IRUDP�HYLGHQFLDGDV�SHORV�UHVXOWDGRV�REWLGRV�QDV�DQiOLVHV�
GH�GLVWULEXLomR�GH� WDPDQKR�GH�SDUWtFXOD��JUDX�GH� LQWXPHVFLPHQWR�� tQGLFH�GH�YLVFRVLGDGH�H�DQiOLVH�GH�
LQIUDYHUPHOKR��

'H�DFRUGR�FRP�D�WDEHOD���D�YDULDomR�GD�TXDQWLGDGH�GH�DJHQWH�UHWLFXODQWH�LQÀXHQFLRX�D�YLVFRVL�
GDGH�GR�UHWLFXODGR��8PD�WHQGrQFLD�FUHVFHQWH�QD�YLVFRVLGDGH�IRL�REVHUYDGD�TXDQGR�VH�GLPLQXLX�D�FRQ�
FHQWUDomR�GR�7036�

tabela 1. 9LVFRVLGDGH�GH�JRPD�GH�FDMXHLUR�UHWLFXODGD�FRP�GLIHUHQWHV�FRQFHQWUDo}HV�GH�7036
tratamentos viscosidade ((dP)

*&��� �����(�����

*&��� ������������

*&��� �������(�����

*&��� �������(�����

*&��� ������(�����
*A viscosidade de goma de cajueiro modificada com TMPS foi muito alta e não foi possível adicioná-la no capilar do visco-

símetro. Em virtude desta incompatibilidade física não foi possível medir a viscosidade. 

'H�DFRUGR�FRP�D�WDEHOD���j�PHGLGD�TXH�D�FRQFHQWUDomR�GR�DJHQWH�UHWLFXODQWH�GLPLQXLX��KRXYH�
XP�DXPHQWR�QD�TXDQWLGDGH�GH�iJXD�UHWLGD�QR�PDWHULDO�UHWLFXODGR��HYLGHQFLDGR�SHOR�HVWXGR�GH�LQWXPHVFL�
PHQWR�GR�PDWHULDO��(VWH�IDWR�HVWi�DVVRFLDGR�j�UHWLFXODomR�GD�JRPD�GH�FDMXHLUR��6H�DV�FDGHLDV�GR�SROtPHUR�
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VmR�UtJLGDV��R�LQWXPHVFLPHQWR�VHUi�LQLELGR��SRLV�R�YROXPH�GH�iJXD�TXH�YDL�SHQHWUDU�QD�PDWUL]�SROLPpULFD�
SDUD�LQLFLDU�R�SURFHVVR�GH�LQWXPHVFLPHQWR�VHUi�PHQRU�� ]

tabela 2. 0HGLGDV�GH�LQWXPHVFLPHQWR�GD�JRPD�GH�FDMXHLUR�UHWLFXODGD�FRP�GLIHUHQWHV�FRQFHQWUDo}HV�GH�7036�
tratamentos ewc% (( dP)

*&��� �������(������

*&��� �������(������

*&��� �������(������

*&��� �������(������

*&��� �������(������

$�)LJXUD���LQGLFD�D�GLVWULEXLomR�GH�WDPDQKR�GH�SDUWtFXOD�GH�JRPD�GH�FDMXHLUR�PRGL¿FDGD�FRP�
GLIHUHQWHV�FRQFHQWUDo}HV�GR�DJHQWH�UHWLFXODQWH�HP�PHLR�DTXRVR��9HUL¿FD�VH�XPD�WHQGrQFLD�QD�GLPLQXL�
omR�GR� WDPDQKR�GDV�SDUWtFXODV�FRP�R�DXPHQWR�GD�FRQFHQWUDomR�GR�DJHQWH� UHWLFXODQWH��(VVH� IDWR�HVWi�
DVVRFLDGR�DV�H[SDQV}HV�GDV�FDGHLDV�SROLPpULFDV�HP�PHLR�DTXRVR�H�D�FDUDFWHUtVWLFD�GH�LQWXPHVFLPHQWR��
4XDQWR�PDLRU�R�JUDX�GH�UHWLFXODomR�PDLV�GLItFLO�j�HQWUDGD�GH�iJXD�QDV�FDGHLDV�GR�SROtPHUR�
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Figura 1. 3RSXODomR�GH�SDUWtFXOD�SDUD�FDGD�WUDWDPHQWR�GH�UHWLFXODomR�H�GR�FRQWUROH��2V�Q~PHURV�DFLPD�GH�FDGD�
EDUUD�LQGLFDP�R�WDPDQKR�GDV�SDUWtFXODV��QP��

$�¿JXUD���UHSUHVHQWD�R�HVSHFWUR�GH�LQIUDYHUPHOKR�GDV�DPRVWUDV�GH�JRPD�GH�FDMXHLUR��RQGH�VH�
REVHUYD�QD�UHJLmR�GD�EDQGD������FP����R�HVWLUDPHQWR�YLEUDFLRQDO�GR�JUXSR�2+�OLYUHV�GR�SROLVVDFDUtGHR�
PRGL¿FDGR��2�DXPHQWR�GR�JUDX�GH�UHWLFXODomR�GLPLQXL�D�TXDQWLGDGH�GH�KLGUR[LODV�OLYUHV�H�FRQVHTXHQWH�
PHQWH�GLPLQXL�D�ODUJXUD�GD�EDQGD��$OpP�GLVVR��HYLGHQFLDQGR�R�SURFHVVR�GH�UHWLFXODomR��DV�EDQGDV�QD�UH�
JLmR�GH�����D�����FP���VmR�DWULEXtGDV�DR�IRVIDWR�FtFOLFR�RX�DR�HVWLUDPHQWR�VLPpWULFR�GR�JUXSR��3ʊ2ʊ3���
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Figura 2. (VSHFWUR�GH�LQIUDYHUPHOKR�GH�JRPD�GH�FDMXHLUR�UHWLFXODGD�FRP�GLIHUHQWHV�FRQFHQWUDo}HV�GH�7036�
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4 concluSÃo

&RQVLGHUDQGR�DV�GLIHUHQWHV�FRQFHQWUDo}HV�GR�UHWLFXODQWH��XPD�UHWLFXODomR�PDLV�HIHWLYD�GD�JRPD�
GH�FDMXHLUR�IRL�REWLGD�D�SDUWLU�GD�FRQFHQWUDomR�GH����GH�WULPHWDIRVIDWR�GH�VyGLR�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T�H�&$3(6�SHOR�VXSRUWH�¿QDQFHLUR�

reFerÊnciAS

.$6(068:$1��7���%$,/(��-$1(��-��3UHSDUDWLRQ�RI�FOHDU�QRRGOHV�ZLWK�PL[WXUHV�RI�WDSLRFD�DQG�KLJK
�DP\ODVH�VWDUFKHV��&DUERK\GUDWH�3RO\PHUV��Y������Q�������S���������������

5,%(,52��)��:��0���)857$'2��5��)���%$6726��0��GR�6���.27=(%8(��/59���/$85(17,12��/6��
$/9(6��&5��,QÀXrQFLD�GD�DGLomR�GH�GLIHUHQWHV�FRQFHQWUDo}HV�GH�WULPHWDIRVIDWR�GH�VyGLR�QD�UHWLFXODomR�
GH�JRPD�DUiELFD��,Q��(QFRQWUR�GH�,QLFLDomR�&LHQWt¿FD�GD�8QLIRU��;9,,,��������)RUWDOH]D��$QDLV�GR�;9,,,�
HQFRQWUR�GH�LQLFLDomR�D�SHVTXLVD��������

52'5,*8(6��-��)���'(�3$8/$��5�&��0���&267$��6��0��0pWRGRV�GH�,VRODPHQWR�GH�*RPDV�1DWXUDLV��
&RPSDUDomR�$WUDYpV�GD�*RPD�GR�&DMXHLUR��Anacardium occidentale�/���3ROtPHURV��FLrQFLD�H�WHFQROR�
JLD��DQR�,,,��Q�����Y��S��������������

:22��.���6(,%�3��$��&URVVOLQNLQJ�RI�ZKHDW�VWDUFK�DQG�KLGUR[\SURS\ODWHG�ZKHDW�VWDUFK�LQ�DONDOLQH�VOXU�
U\�ZLWK�VRGLXP�WULPHWDSKRVSKDWH��&DUERK\GUDWH�SRO\PHUV��Y������Q������������������

72548$72��'��6���)(55(,5$��0��/���6È��*��&���%5,72��(��6���3,172��*��$��6���$=(9('2��(��+��
)��(YDOXDWLRQ�RI�DQWLPLFURELDO�DFWLYLW\�RI�FDVKHZ�WUHH�JXP��:RUOG�-RXUQDO�RI�PLFURELRORJ\�	�ELRWHFQR�
ORJ\��Y������S����������������

nAnoFibrAS de celuloSe microFibrilAdA de mAdeirA de 
eucAliPto: extrAÇÃo mecÂnicA e APlicAÇÃo em FilmeS 

de Amido

*thaís Ferreira da Silva¹, Alessandra de Souza Fonseca², Janyelle Severino Alves¹, Gustavo 
denzin tonoli², Kelen cristina dos reis².

ï'HSDUWDPHQWR�GH�&LrQFLD�GRV�$OLPHQWRV��'&$��8QLYHUVLGDGH�)HGHUDO�GH�/DYUDV��8)/$��0*��
ð'HSDUWDPHQWR�GH�&LrQFLDV�)ORUHVWDLV��'&)���8QLYHUVLGDGH�)HGHUDO�GH�/DYUDV��8)/$��0*�

WKDLV�IHUUHW#KRWPDLO�FRP

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV

resumo
)LOPHV�GH�DPLGR�GH�PLOKR�WHUPRSOiVWLFR�DFUHVFLGRV�GH�QDQR¿EUDV�GH�HXFDOLSWR�IRUDP�DQDOLVDGRV�TXDQWR�
jV� SURSULHGDGHV�ySWLFDV� �GLIHUHQoD�GH� FRU�� FURPDWLFLGDGH� H� WRQDOLGDGH�� D�¿P�GH� LGHQWL¿FDU� SRVVtYHLV�
DOWHUDo}HV�SURYRFDGDV�SHOD� DGLomR�GH�QDQR¿EUDV��2V�¿OPHV� IRUDP�REWLGRV�SHOR�³SURFHVVR�FDVWLQJ´�H�
FRQVWDWRX�VH�TXH�D�SUHVHQoD�GH�QDQR¿EUDV�GH�HXFDOLSWR�QDV�FRQFHQWUDo}HV�GH��������H����HP�UHODomR�
D�PDVVD�GH�DPLGR��QmR�FDXVRX�VLJQL¿FDQWHV�PXGDQoDV�QD�FRORUDomR�RX�DSDUrQFLD�GRV�¿OPHV�GH�DPLGR�H�
HVWHV�DSUHVHQWDUDP�VH�QHXWURV�H�FRP�WRQDOLGDGHV�SUy[LPDV�
Palavras-chave:1DQR¿EULODV��&RPSyVLWRV��1DQR¿OPH��(XFDOLSWR�
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microFibrillAted celluloSe nAnoFiberS From eucAlYPt wood: mecHAn-
icAl extrAction And APPlicAtion in StArcH FilmS
Abstract
&RUQ�VWDUFK�UHLQIRUFHG�ZLWK�HXFDO\SWXV�QDQR¿EHUV�ZHUH�DQDO\]HG�IRU�RSWLFDO�SURSHUWLHV��FRORU�GLIIHUHQFH��
FKURPDWLFLW\�DQG�KXH��LQ�RUGHU�WR�LGHQWLI\�SRVVLEOH�FKDQJHV�FDXVHG�E\�WKH�DGGLWLRQ�RI�QDQR¿EHUV��7KH�
¿OPV�ZHUH�REWDLQHG�E\�³FDVWLQJ�SURFHVV´�DQG�LW�ZDV�IRXQG�WKDW�WKH�SUHVHQFH�RI�QDQR¿EHUV�HXFDO\SWXV�LQ�
FRQFHQWUDWLRQV�RI��������DQG����RYHU�WKH�PDVV�RI�VWDUFK�GLG�QRW�FDXVH�VLJQL¿FDQW�FKDQJHV�LQ�WKH�FRORU�
RU�DSSHDUDQFH�RI�VWDUFK�¿OPV�DQG�WKH\�ZHUH�SUHVHQWHG�ZLWK�QHXWUDO�DQG�FORVH�KXH��
Keywords: 1DQR¿EULOV��&RPSRVLWHV��(XFDO\SWXV�

3XEOLFDo}HV�UHODFLRQDGDV
7212/,��*��+��'����7HL[HLUD��(��0����&255($��$��&����0$5&21&,1,��-��0����&$,;(7$��/��$����
3(5(,5$�'$�6,/9$��0��$����0$77262��/��+��&����&HOOXORVH�PLFUR�QDQR¿EUHV�IURP�(XFDO\SWXV�NUDIW�
SXOS��SUHSDUDWLRQ�DQG�SURSHUWLHV��&DUERK\GUDWH3RO\PHUV��Y������S��������������

5(,6��.��&����9DUJDV��)��3����3(5(,5$��/����7KH�HIIHFW�RI�SODVWLFL]HU�DQG�FHOOXORVH�QDQRZKLVNHU�RQ�WKH�
GLVSHUVLRQ�DQG�SURSHUWLHV�RI�QDQRELRFRPSRVLWHV��,Q���WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�$GYDQFHG�0DWHUL�
DOV�DQG�1DQRVWUXFWXUHV��������6RURFDED���WK�,QWHUQDWLRQDO6\PSRVLXPRQ$GYDQFHG0DWHULDOVDQG1DQRV�
WUXFWXUHV�������

1 introduÇÃo

$� LQG~VWULD� GH� DOLPHQWRV� WHP�FRPR�GHVD¿R�JDUDQWLU� D� TXDOLGDGH�GH� VHXV� SURGXWRV�� DXPHQWDU�
D�YLGD�~WLO�H�UHGX]LU�R�FXVWR�GH�SURGXomR�GRV�PHVPRV��$�HPEDODJHP�H[HUFH�XP�LPSRUWDQWH�SDSHO�QD�
UHVROXomR�GHVVH�GHVD¿R��SRLV�p�D�EDUUHLUD�TXH�SURWHJH�R�DOLPHQWR�GR�PHLR�H[WHUQR�H�FRQWUD�SRVVtYHLV�
FRQWDPLQDQWHV��$�HPEDODJHP��QR�HQWDQWR�QmR�p�WRWDOPHQWH�H¿FD]�H�HVWXGRV�HVWmR�VHQGR�UHDOL]DGRV�SDUD�
PHOKRUDU�FDGD�YH]�PDLV�VXD�HVWUXWXUD�ItVLFD��WUDQVIRUPDQGR�DV�HP�HPEDODJHQV�IXQFLRQDLV�SDUD�SURWHJHU�
mais o produto. 

5HFHQWHPHQWH��WHP�DXPHQWDGR�D�XWLOL]DomR�GDV�QDQRSDUWtFXODV�FRPR�DGLWLYRV�SDUD�PHOKRUDU�R�
GHVHPSHQKR�H�DV�SURSULHGDGHV�GH�HPEDODJHQV��'HVWDFDP�VH�RV�WUDEDOKRV�XVDQGR�QDQR¿EUDV�GH�FHOXORVH�
�02+$17<�HWDO����������$V�QDQR¿EUDV�GH�FHOXORVH�VmR�PDWHULDLV�GH�EDL[R�FXVWR�H�DPSODPHQWH�GLVSR�
QtYHLV��$OpP�GLVVR��VmR�DPELHQWDOPHQWH�³DPLJiYHLV´��IDFLOPHQWH�UHFLFOiYHLV�H�H[LJHP�EDL[R�FRQVXPR�GH�
HQHUJLD�QD�IDEULFDomR��WRUQDQGR�VH�XPD�FODVVH�GH�QDQRPDWHULDLV�DWUDHQWH�SDUD�D�HODERUDomR�GH�QDQRFRP�
SyVLWRV�GH�EDL[R�FXVWR�H�GH�DOWD�UHVLVWrQFLD��32'6,$'/2�HW�DO���������

(QWUH�RV�¿OPHV�SROLPpULFRV�SURGX]LGRV�j�EDVH�GH�IRQWHV�QDWXUDLV��GHVWDFDP�VH�RV�SURGX]LGRV�j�
EDVH�GH�DPLGR��)$0È�HW�DO���������.(&+,&+,$1���������QRV�~OWLPRV�DQRV�D�PDWpULD�SULPD�SUHGRPL�
QDQWH�SDUD�D�SURGXomR�GH�SROtPHURV�ELRGHJUDGiYHLV�p�R�DPLGR�GH�PLOKR��WDOYH]�SRU�VHU�D�SULQFLSDO�IRQWH�
GH�DPLGR�SURGX]LGR�QR�PXQGR���������VHJXLGR�SHOR�GH�EDWDWD�GRFH��������H�SHOR�GD�PDQGLRFD��������
�628=$��',7&+),(/'��7$',1,�� �������2V�¿OPHV� HODERUDGRV� j� EDVH� GH� DPLGR� VmR� WUDQVSDUHQWHV��
IiFHLV�GH�SURFHVVDU��IRUQHFHP�ERD�EDUUHLUD�FRQWUD�R[LJrQLR�H�GLy[LGR�GH�FDUERQR��VmR�IDFLOPHQWH�ELRGH�
JUDGiYHLV�H�FRPSDWtYHLV�FRP�D�PDLRULD�GRV�PDWHULDLV��R�TXH�IDFLOLWD�D�PLVWXUD�QD�VXD�HODERUDomR��6XDV�
SULQFLSDLV�GHVYDQWDJHQV�VmR�D�DOWD�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD��D�VROXELOLGDGH�HP�iJXD��H�D�EDL[D�
UHVLVWrQFLD�PHFkQLFD�TXDQGR�FRPSDUDGD�DRV�SOiVWLFRV�FRQYHQFLRQDLV�GHULYDGRV�GR�SHWUyOHR��628=$��
',7&+),(/'��7$',1,��������

3RUWDQWR��R�REMHWLYR�GHVWH�WUDEDOKR�IRL�DYDOLDU�R�HIHLWR�GD�DGLomR�GH�GLIHUHQWHV�FRQWH~GRV�GH�QD�
QR¿EUDV�FHOXOyVLFDV�GH�HXFDOLSWR�HP�¿OPHV�SROLPpULFRV�QDV�VXDV�SURSULHGDGHV�ySWLFDV�

2 mAteriAiS e métodoS

2.1 2EWHQomR�GH�FDUDFWHUL]DomR�GDV�QDQR¿EUDV�FHOXOyVLFDV

1DQR¿EUDV�IRUDP�REWLGDV��D�SDUWLU��GD�SROSD�EUDQTXHDGD�FRPHUFLDO�GH�(XFDOLSWR�HP�iJXD�XWL�
OL]DQGR�VH�XP�GHV¿EULODGRU�PHFkQLFR��*ULQGHUVXSHUPDVVFRORLGHU�0.&$�����0$68.2�6$1*<28�
&R���/WGD���FRP�YHORFLGDGH�GH�WUDEDOKR�GH������USP�H�FRUUHQWH�HOpWULFD�GH��$��$�VXVSHQVmR�GH�QDQR¿EUDV�
XWLOL]DGD�IRL�j�REWLGD�DSyV����SDVVDJHQV�SHOR�PRLQKR�
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2.2 3UHSDUDomR�GRV�¿OPHV�GH�DPLGR

��J�GH�DPLGR�GH�PLOKR�QDWXUDO��$PLGH[�������&RUQ3URGXFWV��������GH�JOLFHURO��SODVWL¿FDQWH��
H�GLIHUHQWHV�FRQFHQWUDo}HV�GH�QDQR¿EUDV�GH�HXFDOLSWR�������������H�����HP�UHODomR�j�PDVVD�GH�DPLGR�
IRUDP�PLVWXUDGRV��DJLWDGRV�H�DTXHFLGRV�JUDGXDOPHQWH�DWp�R�SRQWR�GH�JHODWLQL]DomR�����&���FRQIRUPH��
'21+2:(��)(11(0$�HW�DO����������$V�VROXo}HV�¿OPRJrQLFDV�REWLGDV�IRUDP�UHVIULDGDV�D�WHPSHUDWX�
UD�DPELHQWH��YHUWLGDV��FDVWLQJ��HP�SODFDV�GH�3HWUL�H�PDQWLGDV�HP�XPD�HVWXID�D����&�SRU�GRLV�GLDV�SDUD�
VHFDJHP�H�REWHQomR�GRV�¿OPHV��

2.3 Propriedades ópticas 

$V�OHLWXUDV�IRUDP�UHDOL]DGDV�FRP�HVSHFWURIRW{PHWUR�GH�FRU��FRORUtPHWUR�.RQLFD�0LQROWD��&0�
����FRP�kQJXOR�GH�REVHUYDomR�����H�LOXPLQDQWH�'���SDUD�REWHU�DV�FRRUGHQDGDV�/DE��/� �OXPLQRVL�
GDGH��IDL[D�GH����SUHWR��D������EUDQFR���SDUkPHWUR�D� �YDULDomR�QR�HL[R�YHUGH�YHUPHOKR���D�D��H�R�
SDUkPHWUR�E �YDULDomR�QR�HL[R�D]XO�DPDUHOR���E�E������$V�OHLWXUDV�IRUDP�UHDOL]DGDV�QR�SDGUmR�&�,�(��
/DE��RQGH�RV�YDORUHV�/�D��E�VmR�XVDGRV�SDUD�FDOFXODU�D�GLIHUHQoD�GH�FRU��R��&�� �FURPD��UHSUH�
VHQWDQGR�D�LQWHQVLGDGH�GD�FRU�RX�VDWXUDomR��H�R�+ �kQJXOR�+XH��YHUPHOKR�D������DPDUHOR�D������YHUGH�
D�������H�D]XO�D��������

$V�DOWHUDo}HV�HP�FDGD�SDUkPHWUR�LQGLYLGXDO�GH�FRU�IRUDP�FDOFXODGDV�GH�DFRUGR�FRP�DV�(T����D�
���+817(5/$%��������

ǻL LíL*�� ���

ǻa aía*��� ����

ǻb bíb� ���

2QGH��L*���a*�e b*�UHIHUHP�VH�DR�SDUkPHWUR�LQLFLDO�GH�FRU�GD�DPRVWUD��$�GLIHUHQoD�WRWDO�GH�FRU�
�ǻ(��IRL�GHWHUPLQDGD�XVDQGR�D�(T����GH�DFRUGR�FRP�+817(5/$%��������

ǻ(� ��¥��ǻD�2 ���ǻE�2 ���ǻ/�2� ���

$�FURPDWLFLGDGH�RX�FURPD��&��IRL�REWLGD�SHOD�HTXDomR�� �QD�TXDO��D�H�E�VmR�SDUk�
PHWURV�GH�/DE��2�kQJXOR�+XH�p�GH¿QLGR�FRPR�LQLFLDQGR�QR�HL[R��D�H�p�H[SUHVVR�HP�JUDXV��VHQGR�TXH�
���FRUUHVSRQGH�D��D��YHUPHOKR�������FRUUHVSRQGH�D��E��DPDUHOR��������FRUUHVSRQGH�D�±D��YHUGH��H������
FRUUHVSRQGH�D�±E��D]XO���2�YDORU�GH�+XH�p�D�YDULiYHO�TXH�PHOKRU�UHSUHVHQWD�D�HYROXomR�GH�FRORUDomR�

3DUD�R�FiOFXOR�GH�WRQDOLGDGH�HPSUHJRX�VH�D�IyUPXOD�GR�kQJXOR�+XH��+���GH�DFRUGR�FRP�RV�YD�
ORUHV�GH�D�H�E�REWLGRV��GD�VHJXLQWH�IRUPD�

D�� 9DORUHV�GH�D�H�E!���+� �DUFWJ��E�D�
E�� 9DORUHV�GH�D���H�E!���+� �������DUFWJ��E�D�
F�� 9DORUHV�GH�D�H�E!���+� ��������DUFWJ��E�D�
G�� 9DORUHV�GH�D�H�E!���+� ��������DUFWJ��E�D�

3 reSultAdoS e diScuSSÃo

2V�UHVXOWDGRV�GD�DQiOLVH�GH�FRU�GRV�¿OPHV�XWLOL]DQGR�R�HVSHFWURIRW{PHWUR�HVWmR�UHSUHVHQWDGRV�
na Tabela 1.
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tabela 1. 9DORUHV�PpGLRV�GRV�SDUkPHWURV�GH�FRU�SDUD�¿OPHV�GH�DPLGR�UHIRUoDGRV�FRP�GLIHUHQWHV�FRQWH~GRV�GH�
QDQR¿EUDV�GH�HXFDOLSWR�REWLGDV�SRU�SURFHVVR�PHFkQLFR�

L (luminosidade) 0=preto e 100=branco, a (-verde, + vermelho) e b (-azul, 
+amarelo), seguindo a metodologia de Ghopardeet al. (1995).

2V�¿OPHV�DSUHVHQWDUDP�GLIHUHQoD�GH�FRU�YDULDQGR�GH������j�������VHQGR�TXH�RV�¿OPHV�IRUDP�DYD�
OLDGRV�TXDQWR�i�GLIHUHQoD�GH�FRU�FRP�UHODomR�DRV�¿OPHV�GH�DPLGR�VHP�DGLomR�GH�QDQR¿EUDV��2V�¿OPHV�
FRP�DGLomR�GH����GH�QDQR¿EUDV�DSUHVHQWDUDP�YDORUHV�PDLRUHV��������TXDQGR�FRPSDUDGRV�FRP����GH�
DGLomR�GH�QDQR¿EUDV���������$�GLVSHUVmR�GD�QDQR¿EUD�SRGH�LQÀXHQFLDU�D�GLIHUHQoD�GH�FRU�FRP�UHODomR�
DR�SDGUmR�����GH�DGLomR�GH�QDQR¿EUDV�±�PDWUL]�GH�DPLGR���$OJXQV�DXWRUHV�D¿UPDP�TXH�D�QDQR¿EUD�GLV�
SHUVD�HP�XPD�PDWUL]�SROLPpULFD�PHOKRUD�D�RSDFLGDGH��WUDQVSDUrQFLD��GRV�¿OPHV��0RKDQW\�HW�DO���������
3RGVLDGOR�HW�DO���������R�TXH�SRGH�H[SOLFDU�R�PHQRU�YDORU�GH�GLIHUHQoD�GH�FRU�SDUD�RV�¿OPHV�FRP����GH�
QDQR¿EUD��

&URPD�p�SDUWH�GD�FRU��QD�TXDO�QmR�Ki�SDUWLFLSDomR�GD�OXPLQRVLGDGH��UHSUHVHQWDGD�QR�HVSDoR�EL�
GLPHQVLRQDO��2�PDWHULDO�p�FRQVLGHUDGR�WUDQVSDUHQWH�TXDQGR�D�OX]�LQFLGHQWH�R�DWUDYHVVD�FRP�PtQLPR�GH�
DEVRUomR�H�UHÀH[mR��2�RSRVWR�GD�WUDQVSDUrQFLD�p�D�RSDFLGDGH��RQGH�R�REMHWR�DEVRUYH�RX�UHÀHWH�WRGD�OX]�
QHOH�LQFLGHQWH��VHP�TXH�RFRUUD�D�WUDQVPLVVmR�GH�OX]��$�FRU�GDV�DPRVWUDV�WUDQVSDUHQWHV�p�DYDOLDGD�SHOD�
WUDQVPLVVmR�GD�OX]��ID]HQGR�D�OHLWXUD�GD�OX]�WUDQVPLWLGD��)HUUHLUD���������

2�FURPD��C��GH¿QH�D�LQWHQVLGDGH�GH�FRU��RX�VHMD��YDORUHV�SUy[LPRV�D�]HUR�VmR�LQGLFDWLYRV�GH�
FRUHV�QHXWUDV��EUDQFR�H�RX�FLQ]D��H�YDORUHV�DR�UHGRU�GH����LQGLFDP�FRUHV�YtYLGDV�H�RX�LQWHQVDV��)(5�
1$1'(6�et al���������2�kQJXOR�KXH�UHSUHVHQWD�D�FRORUDomR�RX�WRQDOLGDGH��6HQGR�DVVLP��RV�¿OPHV�DSUH�
VHQWDUDP�VH�QHXWURV�H�FRP�WRQDOLGDGHV�SUy[LPDV��LQGLFDQGR�TXH�D�SUHVHQoD�GH�QDQR¿EUDV�QmR�PRGL¿FRX�
D�DSDUrQFLD�RX�D�FRORUDomR�GRV�¿OPHV�GH�DPLGR�DGLFLRQDGRV�GH�QDQR¿EUDV�GH�HXFDOLSWR�

4 concluSÃo

&RQFOXL�VH�TXH�D�SUHVHQoD�GH�QDQR¿EUDV�QmR�PRGL¿FRX�D�FRORUDomR�GRV�¿OPHV��FRQVWLWXLQGR�XP�
SRQWR�SRVLWLYR�SDUD�VXD�DSOLFDomR�HP�HPEDODJHQV�DOLPHQWtFLDV��1mR�RFRUUHUDP�PXGDQoDV�VLJQL¿FDWLYDV�
GRV�YDORUHV�GH�OXPLQRVLGDGH��DOpP�GH�DSUHVHQWDUHP�VH�QHXWURV�H�FRP�WRQDOLGDGHV�SUy[LPDV�

AGrAdecimentoS

8)/$��)$3(0,*��&13T�H�&$3(6�SHOR�DSRLR�¿QDQFHLUR��

reFerÊnciAS

)$0È��/���)/25(6��6��.���*(56&+(1621��/���*2<$1(6��6��3K\VLFDO�FKDUDFWHUL]DWLRQ�RI�FDVVDYD�
VWDUFK�ELR¿OPV�ZLWK�VSHFLDO�UHIHUHQFH�WR�G\QDPLF�PHFKDQLFDO�SURSHUWLHV�DW�ORZ�WHPSHUDWXUHV��&DUERK\�
GUDWH3RO\PHUV��Y���������S�������������

.(&+,&+,$1��9��$GLomR�GH�LQJUHGLHQWHV�DQWLPLFURELDQRV�HP�¿OPHV�ELRGHJUDGiYHLV�j�EDVH�GH�IpFXOD�
GH�PDQGLRFD�����������I��'LVVHUWDomR��0HVWUDGR�HP�(QJHQKDULD�4XtPLFD����(VFROD�3ROLWpFQLFD��8QLYHU�
VLGDGH�GH�6mR�3DXOR��6mR�3DXOR�������

02+$17<��$��.���'5=$/��/��7���0,65$��0��1DQR�UHLQIRUFHPHQW�RI��ELR�EDVHG��SRO\PHUV�WKH�KRSH�
DQG�UHDOLW\��3RO\PHULF�0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ��1HZ�-HUVH\��Y������S��������������

�32'6,$'/2�3��&+2,��6��<���6+,0��%��/((��-���&8'',+<�0��.2729��1�$��PROHFXODUO\�HQJLQHH�
UHG�QDQRFRPSRVLWRV��OD\HU�E\�OD\HU�DVVHPEO\�RI�FHOOXORVH�QDQRFU\VWDLV��%LRPDFURPROHFXOHV��:DVKLQJ�
WRQ��Y�����Q�����S������������������KWWS���G[�GRL�RUJ���������EP������X�

628=$��$��&���',7&+),(/'��&���7$',1,��&��&��%LRGHJUDGDEOH�¿OPV�EDVHG�RQ�ELRSRO\PHUV�IRU�IRRG�
LQGXVWULHV��,Q�0��/��3DVVRV�	�&��3��5LEHLUR��(GV���,QQRYDWLRQ�LQ)RRG�(QJLQHHULQJ��1HZ�WHFKQLTXHV�DQG�
SURGXFWV��%RFD�5DWRQ��)/��&5&�3UHVV��S���������������
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cArActeriZAÇÃo liGnocelulóSicA de FibrAS de FolHAS 
de AbAcAxiS SilveStreS e HíbridoS.

*raiza maria Prado barboza1, Alfredo rodrigues de Sena neto², Fernanda vidigal duarte 
Souza3, luis Henrique capparelli mattoso4, José manoel marconcini4.

18)6&DU��6mR�&DUORV��63��233*&(0�8)6&DU��6mR�&DUORV��63���(PEUDSD�0DQGLRFD�H�)UXWLFXOWXUD��
&UX]�GDV�$OPDV��%$���(PEUDSD�,QVWUXPHQWDomR�$JURSHFXiULD��6mR�&DUORV��63�

UDL]DBPSUDGR#KRWPDLO�FRP

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
)LEUDV� GH� IROKDV� GH� DEDFD[LV� GH� GR]H� YDULHGDGHV� GLIHUHQWHV� IRUDP� FDUDFWHUL]DGDV� FRP� UHODomR� j� VXD�
FRPSRVLomR�TXtPLFD��WHRUHV�GH�H[WUDWLYRV��OLJQLQD��KRORFHOXORVH��FHOXORVH�H�KHPLFHOXORVH��IRUDP�HQVD�
LDGDV�VRE�WUDomR��$V�¿EUDV�HVWXGDGDV�REWLYHUDP�YDORUHV�GH�PyGXOR�HOiVWLFR�YDULDQGR�HQWUH����D���*3D�
H�D�UHVLVWrQFLD�j�WUDomR�HQWUH�����D�����03D��FDUDFWHUL]DQGR�WRGDV�DV�YDULHGDGHV�GH�¿EUDV�HVWXGDGDV�
DSWDV�SDUD�XWLOL]DomR�FRPR�UHIRUoR�PHFkQLFR�HP�FRPSyVLWRV�SROLPpULFRV��2EVHUYRX�VH�FRUUHODomR�GLUH�
WDPHQWH�SURSRUFLRQDO�HQWUH�R�PyGXOR�HOiVWLFR�H�R�WHRU�GH�FHOXORVH�
Palavras-chave��&DUDFWHUL]DomR�OLJQRFHOXOyVLFD��)LEUDV�YHJHWDLV��$EDFD[LV��5HIRUoR�HP�FRPSyVLWRV�

liGnocelluloSic cHArActeriZAtion oF PineAPPleS leAF Fiber wild And 
HYbridS.
Abstract
/HDI�¿EHU�RI�WZHOYH�GLIIHUHQW�YDULHWLHV�RI�SLQHDSSOHV�ZHUH�FKDUDFWHUL]HG�ZLWK�UHVSHFW�WR�WKHLU�FKHPLFDO�
FRPSRVLWLRQ��OHYHOV�RI�H[WUDFWLYHV��OLJQLQ��KRORFHOOXORVH��FHOOXORVH�DQG�KHPLFHOOXORVH��ZHUH�WHVWHG�XQGHU�
WHQVLOH�WHVW��7KH�¿EHUV�VWXGLHG�KDG�HODVWLF�PRGXOXV�YDOXHV�IURP����WR���*3D�DQG�WKH�WHQVLOH�VWUHQJWK�
EHWZHHQ�����WR�����03D��FKDUDFWHUL]HG�DOO�YDULHWLHV�RI�¿EHUV�VWXGLHG�PHFKDQLFDO�VXLWDEOH�IRU�XVH�DV�
UHLQIRUFHPHQW�LQ�SRO\PHU�FRPSRVLWHV��7KHUH�ZDV�GLUHFWO\�SURSRUWLRQDO�FRUUHODWLRQ�EHWZHHQ�WKH�HODVWLF�
modulus and the cellulose content.
Keywords: /LJQRFHOOXORVLF�FKDUDFWHUL]DWLRQ��9HJHWDEOH�¿EHUV��3LQHDSSOHV��&RPSRVLWHV�5HLQIRUFHPHQWV�

1 introduÇÃo

&RQIRUPH�WUDEDOKR�GH�6HQD�HW�DO�� ��������HQWUH�DV�YDULHGDGHV�GH�DEDFD[LV�H[LVWHP�GLIHUHQoDV�
QDV�SURSULHGDGHV�WpUPLFDV�H�PHFkQLFDV��GDQGR�RSo}HV�QD�HVFROKD�GH�GHWHUPLQDGD�¿EUD�SDUD�VHU�XWLOL]DGD�
FRPR�UHIRUoR�HP�FRPSyVLWRV��FRQIRUPH�D�XWLOL]DomR�H�R�SURFHVVDPHQWR��$V�¿EUDV�YHJHWDLV�VmR�FRQV�
WLWXtGDV��SULQFLSDOPHQWH��SRU�OLJQLQD��FHOXORVH�H�KHPLFHOXORVH��DOpP�GH�iFLGRV�JUD[RV��Do~FDUHV�OLYUHV��
DPLGR��SHFWLQD��LQRUJkQLFRV��HQWUH�RXWURV��5RZHOO�HW�DO��������$V�SURSULHGDGHV�GDV�¿EUDV�YHJHWDLV�SRGHP�
VHU�FRUUHODFLRQDGDV�FRP�DOJXQV�SDUkPHWURV�HVWUXWXUDLV�H��FRQIRUPH�DOJXQV�DXWRUHV��R�WHRU�GH�FHOXORVH�
LQÀXHQFLD�QDV�SURSULHGDGHV�PHFkQLFDV�GD�¿EUD��0F/DXJKOLQ�H�7DLW��������0XNKHUMHH�H�6DW\DQDUD\DQD��
������5RZHOOHW�DO��������

(VWH�HVWXGR�PHGLX�SURSULHGDGHV�PHFkQLFDV�GH�WUDomR��GH�¿EUDV�GH�IROKDV�GH����FXOWLYDUHV�VLO�
YHVWUHV�H�KtEULGRV�GH�DEDFD[LV��FRP�REMHWLYR�GH� LGHQWL¿FDU�¿EUDV�SDUD�VHUHP�XWLOL]DGDV�FRPR�UHIRUoR�
PHFkQLFR�HP�FRPSyVLWRV�SROLPpULFRV�ELRGHJUDGiYHLV��&DUDFWHUL]RX�VH�WDPEpP�RV�WHRUHV�GH�H[WUDWLYRV��
OLJQLQD��KRORFHOXORVH��FHOXORVH��FHOXORVH�QD�IRUPD�QDWLYD��H�KHPLFHOXORVH��(VVHV�UHVXOWDGRV�VHUYLUDP�GH�
EDVH�SDUD�VHOHomR�GLUHWD�H�RX�SDUD�SURJUDPD�GH�PHOKRUDPHQWR�JHQpWLFR�FRP�LQWXLWR�GD�XWLOL]DomR�GD�¿EUD�
GD�IROKD�GH�DEDFD[L�FRPR�UHIRUoR�PHFkQLFR�HP�FRPSyVLWRV�SROLPpULFRV�

2 mAteriAiS e métodoS

'R]H�DFHVVRV�GH�¿EUDV�GH�IROKDV�GH�DEDFD[LV��LGHQWL¿FDGRV�QD�7DEHOD���WLYHUDP�DV�IROKDV�FRU�
WDGDV��H�DV�¿EUDV�IRUDP�VHSDUDGDV�PHFDQLFDPHQWH�GDV�IROKDV�SRU�PiTXLQD�GHV¿EUDGRUD��FRP�SRVWHULRU�
VHFDJHP�HP�HVWXID�FRP�FLUFXODomR�GH�DU��SRU����KRUDV�D����&��$OpP�GRV�GR]H�DFHVVRV��¿EUDV�GDV�IROKDV�
GR�FXUDXi�IRUDP�XWLOL]DGDV�FRPR�UHIHUrQFLD�

2V�GR]HV�DFHVVRV�WLYHUDP�VXDV�¿EUDV�FDUDFWHUL]DGDV�TXDQWR�DRV�VHXV�FRQVWLWXLQWHV�OLJQRFHOXOyVL�
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FRV�2V�H[WUDWLYRV�IRUDP�UHWLUDGRV�H�PHGLGDV�DV�PDVVDV�DSyV�WUrV�HWDSDV��UHÀX[R�HP�6R[KOHW�SRU����KRUDV��
HP�DFHWRQD�DXWRFODYDJHP�HP�iJXD�����&�H����NJI�FPð�SRU�PHLD�KRUD��H�SRU�¿P�����KRUDV�GH�UHÀX[R�HP�
6R[KOHW�FRP�PLVWXUD�����KH[DQR�HWDQRO��YRO�YRO���$�OLJQLQD�LQVRO~YHO�IRL�LVRODGD�GDV�¿EUDV�VRE�KLGUyOLVH�
iFLGD�FRP�VROXomR�����GH�+2SO���YRO�YRO���FRQIRUPH�QRUPD�7$33,�7��P�����(�D�FRQFHQWUDomR�GD�OLJ�
QLQD�VROXELOL]DGD�IRL�FDOFXODGD�FRP�RV�YDORUHV�GD�DEVRUEkQFLD�FRQIRUPH�HTXDomR�&�J�O�� ������$����
��$����������2�WHRU�GH�KRORFHOXORVH��FDUERLGUDWRV�WRWDLV�SUHVHQWHV��FHOXORVH�H�KHPLFHOXORVH��IRL�REWLGR�
FRQIRUPH�QRUPD�7$33,�7��P�����XWLOL]DQGR�iFLGR�DFpWLFR�JODFLDO�H�FORULWR�GH�VyGLR��3�$�����YRO�YRO��
3DUD�R�WHRU�GD�FHOXORVH�IRUDP�VHJXLGRV�SURFHGLPHQWRV�GD�QRUPD�7$33,�7��P�����2�WHRU�GH�KHPLFH�
OXORVH�p�REWLGR�SHOD�GLIHUHQoD�HQWUH�R�WHRU�GH�KRORFHOXORVH�H�FHOXORVH��7RGRV�RV�SURFHGLPHQWRV�GH�FD�
UDFWHUL]DomR�OLJQRFHOXOyVLFD�IRUDP�UHDOL]DGRV�FRP�¿EUD�GH�XP�FXUDXi�FRPHUFLDO�SDUD�FRPSDUDU�RV�VHXV�
UHVXOWDGRV�FRP�R�GH�RXWURV�WUDEDOKRV�SXEOLFDGRV��QR�LQWXLWR�GH�FRQ¿UPDU�TXH�WRGRV�RV�SURFHGLPHQWRV�
HPSUHJDGRV�GD�PHWRGRORJLD�HVWmR�DGHTXDGRV�QD�FDUDFWHUL]DomR�GH�¿EUD�GH�IROKDV�GH�DEDFD[LV�GLYHUVRV��
Mi�TXH�QmR�H[LVWHP�WUDEDOKRV�DQWHULRUHV�FRPR�FRPSDUDWLYR�SDUD�RV�GR]H�DFHVVRV�HVWXGDGRV�

$V�¿EUDV�IRUDP�HQVDLDGDV�VRE�WUDomR�FRQIRUPH�QRUPD�$670�'���������)RL�XWLOL]DGD�PiTXLQD�
GH�HQVDLRV�XQLYHUVDLV��(0,&�'/������FRP�YHORFLGDGH�GH�HQVDLR�GH��PPPLQ��.

3 reSultAdoS e diScuSSÃo

$V�YDULDo}HV�GRV�YDORUHV�PpGLRV�SDUD�FDGD�FXOWLYDU��GH�H[WUDWLYRV��OLJQLQD��FHOXORVH��KHPLFHOXOR�
VH�H�KRORFHOXORVH�REWLGRV��FRP�RV�UHVSHFWLYRV�SHTXHQRV�GHVYLRV�SDGU}HV��FDUDFWHUL]DP�RV�GR]H�DFHVVRV�
FRPR�GLVWLQWRV�HQWUH�HOHV��SHOD�FRPSRVLomR�TXtPLFD��7DEHOD�����2V�H[WUDWLYRV�GR�FXUDXi�REWLYHUDP�R�
YDORU�GH�����$�OLJQLQD��FHOXORVH�H�KHPLFHOXORVH�¿FDUDP�UHVSHFWLYDPHQWH�HP������H������¿FDQGR�GHQWUR�
GR�HQFRQWUDGR�QD�OLWHUDWXUD��6DW\DQDUD\DQDHW�DO���������LQGLFDQGR�TXH�D�PHWRGRORJLD�SDUD�FDUDFWHUL]DomR�
OLJQRFHOXOyVLFD�IRL�H¿FLHQWH��2V�SHUFHQWXDLV�GH�H[WUDWLYRV�YDULDUDP�SDUD�RV�GR]H�DFHVVRV�HQWUH���H�����
VXSHULRUHV�DRV�YDORUHV�LQIRUPDGRV�GH�����D�����6DW\DQDUD\DQD�HW�DO���������SDUD�FXUDXi�H�DEDFD[L�FRPHU�
FLDO�UHVSHFWLYDPHQWH��FRQ¿UPDQGR�TXH�R�PpWRGR�DGRWDGR�SDUD�H[WUDomR�IRL�H¿FLHQWH��$�OLJQLQD�VRO~YHO�
YDULRX�GH�����D������H�D�OLJQLQD�WRWDO�YDULRX�GH����D������2V�GR]H�DFHVVRV�HVWXGDGRV�DSHVDU�GH�VHUHP�
WRGRV�GR�JrQHUR�$QDQDV��DSUHVHQWDUDP�YDORUHV�VXSHULRUHV�DRV�FLWDGRV�QD�OLWHUDWXUD��6DW\DQDUD\DQDHW�DO��
������&RUUHD������������D�������&RQIRUPH�PRVWUDGR�QD�7DEHOD����RV�YDORUHV�GH�FHOXORVH�����D�������
KHPLFHOXORVH����D������H�KRORFHOXORVH�����D������DSUHVHQWDUDP�YDORUHV�LJXDLV�RX�VXWLOPHQWH�LQIHULRUHV�
DRV�DSUHVHQWDGRV�SRU�RXWURV�DXWRUHV�SDUD�RXWUDV�YDULHGDGHV�GH�$QDQDV��6DW\DQDUD\DQDHW�DO��������&RUUHD�
������

2V�HQVDLRV�GH�WUDomR�GDV�¿EUDV�DSUHVHQWDUDP�FDUDFWHUtVWLFDV�IUiJHLV��2V�PyGXORV�HOiVWLFRV�YDULD�
UDP�HQWUH����H���*3D�H�D�UHVLVWrQFLD�j�WUDomR�YDULRX�GH�����D�����03D��2V�YDORUHV�GH�PyGXOR�HOiVWLFR�
H�UHVLVWrQFLD�D�WUDomR�IRUDP�VXSHULRUHV�HP�UHODomR�D�RXWURV�DFHVVRV�GH�¿EUDV�GH�IROKDV�GH�DEDFD[LV��FRP�
YDORUHV�UHVSHFWLYDPHQWH�GH����D���*3D�H�GH�����D����03D��6HQD�1HWR�HW�DO���������2V�YDORUHV�GH�Py�
GXOR�HOiVWLFR�H�UHVLVWrQFLD�j�WUDomR�DSUHVHQWDGRV�SHODV�¿EUDV�GRV�GR]H�DFHVVRV�HVWmR�GHQWUR�GDV�IDL[DV�GH�
YDORUHV�DSUHVHQWDGRV�SHOR�FXUDXi��6DW\DQDUD\DQD�HW�DO��������7RPF]DN�HW�DO���������������XPD�¿EUD�FRP�
XWLOL]DomR�FRPR�UHIRUoR�PHFkQLFR�Mi�FRQVROLGDGR��/HmR�HW�DO���������3RU�RXWUR�ODGR��RV�YDORUHV�GH�Py�
GXOR�H�UHVLVWrQFLD�j�WUDomR�IRUDP�VXSHULRUHV�HP�UHODomR�D�RXWUDV�¿EUDV�FRPR�DV�GH�DEDFD[LV�FRPHUFLDLV�
�6DW\DQDUD\DQDHW�DO���������2V�DOWRV�YDORUHV�GH�PyGXOR�HOiVWLFR�H�UHVLVWrQFLD�j�WUDomR��DSUHVHQWDGRV�SHODV�
¿EUDV�HQVDLDGDV� LQGLFDP�TXH�TXDOTXHU�XP�GRV����DFHVVRV�DYDOLDGRV�SRGH�VHU�XWLOL]DGR�FRPR�UHIRUoR�
PHFkQLFR��TXDQGR�R�REMHWLYR�p�DXPHQWDU�R�PyGXOR�HOiVWLFR�RX�D�UHVLVWrQFLD�j�WUDomR�GH�XP�FRPSyVLWR�

tabela 1. ,GHQWL¿FDomR�GDV�¿EUDV�GH�IROKDV�GH�DEDFD[LV��WHRUHV�FRQVWLWXLQWHV�OLJQRFHOXOyVLFRV��UHVXOWDGRV�GH�
PyGXOR�HOiVWLFR��(��H�UHVLVWrQFLD�j�WUDomR��ıV��

Fib.a 'HVFULomR ext.b lignina Holocelulose e 
(GPa)

ıs (mPa)

Sol.c insol.d tot.e(%) cel.f Hemi.g tot.e(%)

1 1HRJODVLRYLD � ���� ��� ��(1 ��� �� ��(� ��(�� ���(���

2 (UHFW�[�%UDFW�
3/���

� ���� ��� ��(1 ��� ��� ��(� ��(�� ����(���

� (UHFW�[�%UDFW�
3/���

� ���� ��� ��(� ��� ��� ��(� ��(�� ����(���

Fibraa,Extrativosb,Solúvelc,Insolúveld, Totale, Celulosef, Hemiceluloseg.
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Fib.a 'HVFULomR ext.b lignina Holocelulose e 
(GPa)

ıs (mPa)

Sol.c insol.d tot.e(%) cel.f Hemi.g tot.e(%)

� ����[�����
3/��

� ���� ��� ��(1 ��� ��� ��(1 ��(�� ����(���

� ����[�������
3/��

� ���� ��� ��(2 ��� ��� ��(� ��(�� ����(���

� ����[�������
3/��

� ���� ��� ��(� ��� ��� ��(� ��(�� 1221(���

� ����[�������
3/��

� ���� ��� ��(� ��� ��� ��(�� ��(�� ����(���

� ����[�����
3/��

� ���� ��� ��(1 ��� ��� ��(� ��(21 ����(���

� ����[�������
3/��

� ���� ��� ��(� ��� ��� ��(2 ��(�� ���(���

�� 3ULPD�;�
0DFURG�
�����

� ���� ��� ��(1 ��� ��� ��(� ��(�� ���(���

11 3/�� � ���� ��� ��(2 ��� ��� ��(2 ��(�� ���(���

12 %*$�����
�EUDFW�

� ���� ��� ��(1 ��� ��� ��(�� ��(�� ���(���

Fibraa,Extrativosb,Solúvelc,Insolúveld, Totale, Celulosef, Hemiceluloseg.

Figura 1. 0yGXOR�HOiVWLFR�HP�IXQomR�GR�WHRU�GH�FHOXORVH�

2�PyGXOR�HOiVWLFR�DSUHVHQWD�WHQGrQFLD�GH�LQFUHPHQWR�FRP�R�DXPHQWR�GR�WHRU�GH�FHOXORVH��)L�
JXUD����(VWH�FRPSRUWDPHQWR�Mi�IRL�REVHUYDGR�H�p�MXVWL¿FDGR�SRU�0XNKHUMHH�H�6DW\DQDUD\DQD���������H�
0F/DXJKOLQ�H�7DLW���������RX�VHMD��R�PyGXOR�HOiVWLFR�H�D�UHVLVWrQFLD�j�WUDomR�SRVVXHP�XPD�UHODomR�GLUHWD�
FRP�D�TXDQWLGDGH�GH�FHOXORVH�QD�¿EUD�YHJHWDO��8WLOL]DQGR�VH�GD�HTXDomR�H[SHULPHQWDO�REWLGD�QD�FRUUH�
ODomR�GR�PyGXOR�HOiVWLFR�HP�IXQomR�GR�WHRU�GH�FHOXORVH��( �����&HOXORVH�����������SDUD�R�YDORU�GH�
�����GH�FHOXORVH��REWpP�VH�XP�PyGXOR�HOiVWLFR�GH������*3D��(VWH�YDORU�p�SUy[LPR�GR�YDORU�GR�PyGXOR�
HOiVWLFR�GD�FHOXORVH�LVRODGD��PHGLGR�YLD�PLFURVFRSLD�GH�IRUoD�DW{PLFD��SRU�,ZDPRWR�HW�DO����������HQWUH�
�������(������H������*3D��(�����*3D���9DOLGDQGR�VH�D�FRUUHODomR�GD�GHSHQGrQFLD�GR�PyGXOR�HOiVWLFR�
GDV�¿EUDV�HVWXGDGDV�FRP�R�WHRU�GH�FHOXORVH�FRQWLGR�QHODV��&RPR�SRGH�VHU�XWLOL]DGR�R�WHRU�GH�FHOXORVH�
SDUD�VH�UHDOL]DU�VHOHomR�GH�¿EUDV�SDUD�XWLOL]DomR�FRPR�UHIRUoR�PHFkQLFR�HP�FRPSyVLWR�SROLPpULFRV�
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4 concluSÃo

2V�WHRUHV�GH�H[WUDWLYRV�YDULDUDP�GH���D�����D�OLJQLQD�WRWDO�YDULRX�GH����D������D�FHOXORVH�GH����
D������KHPLFHOXORVH�GH���D�����H�KRORFHOXORVH�GH����D������2V�PyGXORV�HOiVWLFRV�YDULDUDP�HQWUH����H�
��*3D�H�D�UHVLVWrQFLD�j�WUDomR�YDULRX�GH�����D�����03D��YDORUHV�VXSHULRUHV�DRV�GH�RXWUDV�¿EUDV�YHJHWDLV��
)RL�REVHUYDGD�UHODomR�GLUHWD�HQWUH�RV�PyGXORV�HOiVWLFRV�H�RV�WHRUHV�GH�FHOXORVH�GDV�¿EUDV��SRGHQGR�D�
FHOXORVH�VHU�XWLOL]DGD�FRPR�SDUkPHWUR�SDUD�VHOHomR�GH�¿EUDV�YHJHWDLV�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�D�&13T��&$3(6��),1(3��)$3(63��33*&(0�8)6&DU�H�(PEUDSD�SHOR�
VXSRUWH�¿QDQFHLUR�

reFerÊnciAS

&RUUHD��$�&��������3UHSDUDomR�GH�QDQR¿EUDV�GH�FHOXORVH�D�SDUWLU�GH�¿EUDV�GH�FXUDXi�SDUD�R�GHVHQYROYL�
PHQWR�GH�QDQRFRPSyVLWRV�SROLPpULFRV�FRP�(9$��7HVH��8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV�

,ZDPRWR��6���.DL��:��,VRJDL��$���	,ZDWD��7����������(ODVWLF�PRGXOXV�RI�VLQJOH�FHOOXORVH�PLFUR¿EULOV�IURP�
WXQLFDWH�PHDVXUHG�E\�DWRPLF�IRUFH�PLFURVFRS\�%LRPDFURPROHFXOHV�������������������

/HmR��$�/���0DFKDGR��,�6���GH�6RX]D��6�)���6RULDQR��/��������3URGXFWLRQ�RI�FXUDXi��$QDQDVHUHFWLIROLXV�
/�%��6PLWK��¿EHUV�IRU�LQGXVWULDO�DSSOLFDWLRQV��FKDUDFWHUL]DWLRQ�DQG�PLFURSURSDJDWLRQ��$FWD+RUWLFXOWXUDH�
�,6+6��������������

0F/DXJKOLQ��(�&���7DLW���5�$�������)UDFWXUH�PHFKDQLVP�RI�SODQW�¿EUHV��-RXUQDO�RI�0DWHULDOV�6FLHQFH�9�
���1���

0XNKHUMHH��3�6���6DW\DQDUD\DQD��.�*��������6WUXFWXUH�DQG�SURSHUWLHV�RI�VRPH�YHJHWDEOH�¿EHUV��3DUW����
3LQHDSSOH�¿EUH��-��0DWHU��6FL������������

5RZHOO��5�0���+DQ�� -�6���5RZHOO�� -�6�� �����&KDUDFWHUL]DWLRQ�DQG� IDFWRUV� DIIHFWLQJ�¿EHU�SURSHUWLHV�,Q�
)UROOLQL��(���/HmR��$�/���0DWWRVR��/�+�&�� �(GV���1DWXUDO�SRO\PHUVDQGDJUR¿EHUVEDVHGFRPSRVLWHV��6mR�
&DUORV��(PEUDSD�,QVWUXPHQWDomR�$JURSHFXiULD�

5RZHOO��5�0���<RXQJ��5�$���5RZHOO��-�.��������3DSHU�DQG�FRPSRVLWHV�IURP�DJUR�EDVHG�UHVRXUFHV�/HZLV�
3XEOLVKHUV��1HZ�<RUN�

6DW\DQDUD\DQD��.�*���*XLPDUmHV��-�/��:\S\FK��)��������6WXGLHV�RQ�OLJQRFHOOXORVLF�¿EHUV�RI�%UD]LO��3DUW�
,��6RXUFH��SURGXFWLRQ��PRUSKRORJ\��SURSHUWLHV�DQG�DSSOLFDWLRQV��&RPSRVLWHV�3DUW�$��$SSOLHG�6FLHQFH�
DQG�0DQXIDFWXULQJ��9ROXPH�����,VVXH����3DJHV�����������

6HQD�1HWR�$�5���$UDXMR�0�$�0���6RX]D��)�9�'���0DWWRVR��/�+�&���0DUFRQFLQL��-�0��������&KDUDFWH�
UL]DWLRQ� DQG� FRPSDUDWLYH� HYDOXDWLRQ�RI� WKHUPDO�� VWUXFWXUDO�� FKHPLFDO��PHFKDQLFDO� DQG�PRUSKRORJLFDO�
SURSHUWLHV�RI�VL[�SLQHDSSOH�OHDI�¿EHU�YDULHWLHV�IRU�XVH�LQ�FRPSRVLWHV��,QGXVWULDO�&URSV�DQG�3URGXFWV������
SS��������

7RPF]DN��)���6DW\DQDUD\DQD��.�*���6\GHQVWULFNHU��7�+�'��������6WXGLHV�RQ�OLJQRFHOOXORVLF�¿EHUV�RI�%UD�
]LO��3DUW�,,,�±�0RUSKRORJ\�DQG�SURSHUWLHV�RI�%UD]LOLDQ�FXUDXD�¿EHUV��&RPSRVLWHV3DUW�$������SS�����±
�����
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resumo
2�REMHWLYR�GHVWH� HVWXGR� IRL� DYDOLDU� R� H[WUDWR� GH� YDJHQV� GH� DOJDURED� �3URVRSLV� MXOLÀRUD�� FRPR� IRQWH�
DOWHUQDWLYD�GH�FDUERQR�SDUD�SURGXomR�GH�FHOXORVH�EDFWHULDQD��&%��DWUDYpV�GH�IHUPHQWDomR�SRU�Gluco-
nacetobacter hansenii $7&&��������2�H[WUDWR�IRL�FDUDFWHUL]DGR�TXDQWR�D�TXDQWLGDGH�GH�Do~FDUHV��S+�H�
VyOLGRV�VRO~YHLV��&RP�R�LQWXLWR�GH�REWHU�XP�PHLR�GH�FXOWXUD�PDLV�DGHTXDGR��IRUDP�UHDOL]DGRV�HVWXGRV�
VREUH�D�LQÀXrQFLD�GD�FRQFHQWUDomR�LQLFLDO�GH�Do~FDUHV��GR�S+�LQLFLDO�H�GD�VXSOHPHQWDomR�GR�PHLR�FRP�
H[WUDWR�GH�OHYHGXUD�QD�SURGXomR�GH�&%��$�PHOKRU�SURGXomR�IRL�SURYHQLHQWH�GD�IHUPHQWDomR�GR�H[WUDWR�
GH�DOJDURED�GLOXtGR�SDUD�XPD�FRQFHQWUDomR�GH�Do~FDUHV�GH����J�/��S+�LQLFLDO�����H�VXSOHPHQWDGR�FRP����
J�/�GH�H[WUDWR�GH�OHYHGXUD��$V�SHOtFXODV�REWLGDV�GR�H[WUDWR�FRP�FRQGLo}HV�PHOKRUDGDV�IRUDP�VHFDV�H�FD�
UDFWHUL]DGDV�SRU��'6&��7*$��'5;��)7,5�H�0(9�DSUHVHQWDQGR�UHVXOWDGRV�WtSLFRV�GH�FHOXORVH�EDFWHULDQD�
TXDQGR�FRPSDUDGRV�j�&%�SURGX]LGD�HP�PHLR�GH�UHIHUrQFLD�
Palavras-chave��&HOXORVH�%DFWHULDQD��$OJDURED��)HUPHQWDomR; BLRPDVVD��$JURQHJyFLR�

meSquite extrAct AS AlternAtive Source For Production oF bActeriAl 
celluloSe
Abstract
7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�H[WUDFW�RI�PHVTXLWH�SRGV��3URVRSLV�MXOLÀRUD��DV�DQ�DOWHUQDWLYH�
FDUERQ�VRXUFH�IRU�WKH�SURGXFWLRQ�RI�EDFWHULDO�FHOOXORVH��&%��WKURXJK�IHUPHQWDWLRQ�E\�Gluconacetobacter 
hansenii $7&&��������7KH�DPRXQW�RI�VXJDUV��VROXEOH�VROLGV��DQG�S+�RI�WKH�H[WUDFW�ZHUH�FKDUDFWHUL]HG��
7KH�LQÀXHQFH�RI�WKH�LQLWLDO�VXJDU�FRQFHQWUDWLRQ��S+��DQG�WKH�QLWURJHQ�VXSSOHPHQWDWLRQ�ZLWK�\HDVW�H[WUDFW�
RQ�%&�SURGXFWLRQ�ZHUH�HYDOXDWHG��7KH�ODUJHVW�%&�SURGXFWLRQ�ZDV�DFKLHYHG�XVLQJ�D�PHVTXLWH�PHGLXP�
ZLWK�D�VXJDU�FRQFHQWUDWLRQ�RI����J�/��S+������VXSSOHPHQWHG�ZLWK����J��/�RI�\HDVW�H[WUDFW��7KH�SHOOLFOHV�
IURP�WKH�RSWLPL]HG�PHGLXP�ZHUH�GULHG�DQG�FKDUDFWHUL]HG�E\�;5'��'6&��7*$��)7,5�DQG�6(0��7KH�
UHVXOWV�ZHUH�VLPLODU�WR�W\SLFDO�EDFWHULDO�FHOOXORVH�¿OPV�SURGXFHG�LQ�WKH�UHIHUHQFH�PHGLXP��
Keywords: %DFWHULDO�&HOOXORVH��0HVTXLWH��)HUPHQWDWLRQ��%LRPDVV��$JULEXVLQHVV�

3XEOLFDo}HV�UHODFLRQDGDV
1$6&,0(172��(��6��([WUDWR�GH�$OJDURED�FRPR�)RQWH�$OWHUQDWLYD�SDUD�3URGXomR�GH�&HOXORVH�%DFWHULD�
QD��'LVVHUWDomR�GH�0HVWUDGR�HP�(QJHQKDULD�4XtPLFD�±�8QLYHUVLGDGH�)HGHUDO�GR�&HDUi�������

1 introduÇÃo

�2�FUHVFHQWH�LQWHUHVVH�SRU�PDWHULDLV�SROLPpULFRV�ELRGHJUDGiYHLV�YHP�DODYDQFDQGR�HVWXGRV�TXH�
LQVLUDP�IRQWHV�UHQRYiYHLV�FRPR�PDWpULD�SULPD�SDUD�XPD�SURGXomR�GHQWUR�GR�FRQFHLWR�GH�TXtPLFD�YHUGH�
H�GHQWUH�HVWDV�IRQWHV�UHQRYiYHLV�HQFRQWUD�VH�D�DOJDURED��IUXWR�GD�DOJDUREHLUD��SODQWD�GR�JrQHUR�Prosopis, 
ULFD�HP�FDUERLGUDWRV�IHUPHQWHVFtYHLV��FRP�HQHUJLD�EUXWD�FRPSDUiYHO�j�GR�PLOKR��67(,1 et al.��������
2/,9(,5$���������

�2V�DYDQoRV�WHFQROyJLFRV�LQVHUHP�D�FHOXORVH�EDFWHULDQD��&%��QR�FDPSR�GRV�ELRPDWHULDLV�GH�DOWR�
SRWHQFLDO�SRU�VHU�XPD�IRUPD�SXUD�GH�FHOXORVH�VHFUHWDGD�SRU�EDFWpULDV�SHUWHQFHQWHV��SULQFLSDOPHQWH��DR�
JrQHUR�Gluconacetobacter��7UDWD�VH�GH�XP�PDWHULDO�FRP�SURSULHGDGHV�~QLFDV��LQFOXLQGR�DOWD�KLGUR¿OLFL�
GDGH�H�FULVWDOLQLGDGH��DOWD�UHVLVWrQFLD�j�WHQVmR��UHGH�GH�¿EUDV�XOWUD¿QDV�H�D�SRVVLELOLGDGH�GH�VHU�PROGDGD�
HP�HVWUXWXUDV�WULGLPHQVLRQDLV���'��H�QDQRPpWULFDV�GXUDQWH�D�VXD�VtQWHVH��$1'5$'(�et al���������

�$�HVSpFLH�G. hansenii�p�JUDP�QHJDWLYD��WROHUDQWH�D�FRQGLo}HV�iFLGDV��FUHVFH�HP�XPD�IDL[D�GH�
WHPSHUDWXUD�HQWUH����&������&�H�XWLOL]D�GLYHUVDV�IRQWHV�GH�FDUERQR�SDUD�SURGX]LU��GH�IRUPD�HVWiWLFD�RX�
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DJLWDGD��FHOXORVH�EDFWHULDQD�TXH�GHYLGR�DV�VXDV�FDUDFWHUtVWLFDV�ItVLFDV�H�PHFkQLFDV�SRVVXL�XP�SDSHO�EDV�
WDQWH�SURPLVVRU�SDUD�DSOLFDo}HV�HP�GLYHUVDV�iUHDV���&+$:/$�HW�DO���������7529$77,�HW�DO���������

�1HVVH�FRQWH[WR��R�SUHVHQWH�WUDEDOKR�LQYHVWLJRX�D�SRWHQFLDOLGDGH�GR�XVR�GR�H[WUDWR�GH�DOJDURED�
FRPR�IRQWH�GH�QXWULHQWHV��QD�SURGXomR�GH�&%�XWLOL]DQGR�D�EDFWpULD�Gluconacetobacter hansenii�$7&&�
������

2 mAteriAiS e métodoS

��$V�YDJHQV�GH�DOJDURED�IRUDP�SURYHQLHQWHV�GD�UHJLmR�GR�7UDLUL��&(��75��H�&DPSLQD�*UDQGH��3%�
�&*���2V�H[WUDWRV�REWLGRV�IRUDP�FDUDFWHUL]DGRV�TXDQWR�DR�WHRU�GH�VyOLGRV�VRO~YHLV��S+�H�GHQVLGDGH��$�
TXDQWL¿FDomR��GH�Do~FDUHV�IRL�GHWHUPLQDGR�SRU�FURPDWRJUD¿D�OtTXLGD�GH�DOWD�H¿FLrQFLD��+3/&��H�SHOR�
PpWRGR�GR�iFLGR�GLQLWURVDOLVtOLFR��'16���0,//(5���������2�QLWURJrQLR�WRWDO�IRL�TXDQWL¿FDGR�HPSUH�
JDQGR�VH�R�PpWRGR�PLFUR�.MHGDKO�

�2�LQyFXOR�IRL�REWLGR�SUHYLDPHQWH�XWLOL]DQGR�D�EDFWpULD�G. hansenii $7&&�������HP�FDOGR�+6�
GHVFULWR�SRU�+HVWULQ�H�6FKUDPP��������HVWHULOL]DGR������&������PLQ��H�LQFXEDGR�D����&�SRU����KRUDV�

�2V�HIHLWRV�GD�FRQFHQWUDomR�LQLFLDO�GH�Do~FDUHV������D����J�/���GR�S+�LQLFLDO�GD�IHUPHQWDomR����
D�����FRQFHQWUDomR�GH�H[WUDWR�GH�OHYHGXUD��(/�����D����J�/��FRPR�IRQWH�GH�QLWURJrQLR�H�GR�WHPSR�GH�
IHUPHQWDomR����D����GLDV��QD�SURGXomR�H�UHQGLPHQWR�GH�&%��J�/���IRUDP�DYDOLDGRV��2V�PHLRV�HP�WHVWH�
IRUDP�GLVWULEXtGRV�DGLFLRQDQGR����P/�HP�FDGD�SODFD�GH�3HWUL�FRP�����FP�GH�GLkPHWUR�FRP�����Y�Y��
GH�LQyFXOR�H�LQFXEDGDV�HP�%�2�'������&�����GLDV���$SyV�R�SHUtRGR�GH�LQFXEDomR��R�H[WUDWR�IHUPHQWDGR�
IRL�VHSDUDGR�SDUD�DQiOLVHV�SRVWHULRUHV�H�DV�SHOtFXODV�IRUDP�SXUL¿FDGDV�HP�VROXomR�GH�1D2+�����P�Y��
�����&������PLQ���3DUD�D�SURGXomR�GDV�DPRVWUDV�GH�&%�FRQWUROH�IRL�XWLOL]DGR�R�PHLR�GH�UHIHUrQFLD�+6�
�+(675,1��6&+5$00���������$SyV�D�SXUL¿FDomR��DV�SHOtFXODV�IRUDP�ODYDGDV�HP�iJXD�GHVWLODGD�DWp�
S+�QHXWUR��VHFDV�HP�HVWXID�D������&�SRU����PLQ�H�FDUDFWHUL]DGDV�SRU�WHUPRJUDYLPHWULD��7*$���FDORUL�
PHWULD�H[SORUDWyULD�GLIHUHQFLDO��'6&���GLIUDomR�GH�UDLRV�;��'5;��H�HVSHFWURVFRSLD�GH�LQIUDYHUPHOKR�
SRU�WUDQVIRUPDGD�GH�)RXULHU��)7,5���3DUD�DV�DQiOLVHV�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��DV�
SHOtFXODV�IRUDP�OLR¿OL]DGDV�

3 reSultAdoS e diScuSSÃo

3.1 3URGXomR�GH�&%�XWLOL]DQGR�H[WUDWR�GH�DOJDURED

 2V�WHRUHV�GH�Do~FDUHV�WRWDLV�GRV�H[WUDWRV�YDULDUDP�GH�����J�/��75��D������J�/��&*���VHQGR�D�IUX�
WRVH�R�SULQFLSDO�FRQVWLWXLQWH��(VVH�FDUERLGUDWR�FRPS}H�HP�WRUQR�GH������P�Y��R�H[WUDWR�GH�DOJDURED�GR�
7UDLUL�H������P�Y��R�H[WUDWR�GH�&DPSLQD�*UDQGH��VHJXLGR�GH�FHORELRVH�FRP����H������UHVSHFWLYDPHQWH��
H�JOLFRVH�FRQWULEXLQGR�FRP�FHUFD�GH������75��H������&*���2OLYHLUD���������DYDOLDQGR�D�FRPSRVLomR�
GH�Do~FDUHV�UHGXWRUHV�GDV�YDJHQV�GD�DOJDURED�HQFRQWURX�XP�WRWDO�GH������J�/��2�WHRU�GH�QLWURJrQLR�GRV�
H[WUDWRV�YDULRX�GH�����J�/��75��D�����J�/��&*���VHQGR�VLPLODUHV�DR�HQFRQWUDGR�QR�+6������J�/���PHLR�
VLQWpWLFR�GH�UHIHUrQFLD�SDUD�SURGXomR�GH�&%��

�'H�DFRUGR�FRP�RV�UHVXOWDGRV��D�FRQFHQWUDomR�GH�Do~FDU�GH����J�/�DSUHVHQWRX�XP�PDLRU�JDQKR�GH�
PDVVD�GH�&%��FRP�XP�UHQGLPHQWR�GH�����VHQGR��SRUWDQWR�VHOHFLRQDGD�FRPR�D�PHOKRU�FRQGLomR�LQLFLDO�
GH�Do~FDU�SDUD�D�SURGXomR�GH�&%�D�SDUWLU�GR�H[WUDWR�GH�DOJDURED��(P�UHODomR�DR�S+�LQLFLDO�GD�IHUPHQ�
WDomR��RV�PHOKRUHV�UHQGLPHQWRV�����H������H�D�PHOKRU�SURGXomR�GH�&%������H�����J�/��IRUDP�REWLGRV�
HP�S+¶V�����H�����UHVSHFWLYDPHQWH��H�QmR�DSUHVHQWDUDP�GLIHUHQoD�VLJQL¿FDWLYD��8P�DXPHQWR�GH�����
GD�SURGXomR�GH�&%�IRL�REVHUYDGR�TXDQGR�VXEVWUDWR�VHP�VXSOHPHQWDomR��ǻ&%� �����J�/��p�FRPSDUDGR�
DR�VXEVWUDWR�VXSOHPHQWDGR��ǻ&%� �����J�/���(VWXGRV�HYLGHQFLDP�TXH�D�H¿FiFLD�GR�H[WUDWR�GH�OHYHGXUD��
XWLOL]DGR�FRPR�IRQWH�GH�QLWURJrQLR�SDUD�SURGXomR�GH�&%��p�D�PDLRU�GHQWUH�RXWURV�FRPSRVWRV�Mi�WHVWDGRV��
FRPR�SHSWRQD�H�PLOKRFLQD��-81*��HW�DO�������*2776&+$/.�HW�DO��������2�UHVXOWDGR�SDUD�R�HVWXGR�
GD�LQÀXrQFLD�GR�WHPSR�QR�UHQGLPHQWR�GD�&%�REWLGD�D�SDUWLU�GR�H[WUDWR�GH�DOJDURED�YDULRX�GH�����D�������
VHQGR�VHX�PDLRU�YDORU�REWLGR�QR�TXLQWR�GLD�GH�FXOWLYR��R�TXH�VH�OHYD�D�DFUHGLWDU�TXH�QHVVH�WHPSR�D�EDFWp�
ULD�PHWDEROL]RX�R�Do~FDU�FRQWLGR�QR�VXEVWUDWR�IDYRUHFHQGR�WDPEpP�D�SURGXomR�GH�&%�YLVWR�TXH�R�PDLRU�
UHVXOWDGR������J�/��IRL�REWLGR�QR�TXLQWR�GLD�GH�FXOWLYR��

 3RUWDQWR��DV�FRQGLo}HV�GH�PHOKRU�SURGXomR�H�UHQGLPHQWR�GH�&%�VmR�REWLGDV�TXDQGR�R�PHLR�D�
EDVH�GH�H[WUDWR�GH�DOJDURED�SRVVXL�XPD�FRQFHQWUDomR�LQLFLDO�GH�Do~FDU�GH���J�/��S+������VXSOHPHQWDomR�
FRP���J�/�GH�H[WUDWR�GH�OHYHGXUD�H�DSyV���GLDV�GH�IHUPHQWDomR�
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3.2 &DUDFWHUL]Do}HV

�$V�FXUYDV�GDV�DQiOLVHV�GH�7*$�H�'6&�DSUHVHQWDUDP�SHU¿V�FDUDFWHUtVWLFRV�GH�&%��1HVWD�HWDSD�
WRGDV�DV�DQiOLVHV�IRUDP�FRPSDUDGDV�FRP�D�&%�SURGX]LGD�QR�PHLR�VLQWpWLFR�SDGUmR��+6���(P�DPEDV�DV�
FXUYDV�RFRUUHX�XP�SULPHLUR�HYHQWR�QD�WHPSHUDWXUD�HP�WRUQR�GH������&��FDUDFWHUtVWLFR�GD�SHUGD�GH�XPL�
GDGH��H�XP�VHJXQGR�HYHQWR�HP�WHPSHUDWXUD�DFLPD�GH�����&�LQGLFDQGR�GHFRPSRVLomR�H�GHJUDGDomR�GD�
FHOXORVH��520$1��:,17(5���������2�tQGLFH�GH�FULVWDOLQLGDGH��,&��GD�&%�SURYHQLHQWH�GR�H[WUDWR�GH�
DOJDURED�IRL�GH������FRQ¿UPDQGR�TXH�D�HVWUXWXUD�GD�&%�REWLGD�D�SDUWLU�GR�H[WUDWR�GH�DOJDURED�QmR�IRL�
DOWHUDGD�QR�TXH�FRQFHUQH�j�XPD�GDV�PDLV�LPSRUWDQWHV�FDUDFWHUtVWLFDV�GD�&%��$�WpFQLFD�GH�)7,5�SHUPLWLX�
YHUL¿FDU�H�FRQ¿UPDU�D�HIHWLYLGDGH�GD�SXUL¿FDomR�GD�FHOXORVH�EDFWHULDQD��DWUDYpV�GH�ODYDJHQV�GD�SHOtFXOD�
FRP�1D2+�����P�Y���XPD�YH]�TXH�RV�HVSHFWURV�PRVWUDUDP�SHU¿V�FDUDFWHUtVWLFRV�GH�&%��HVWDQGR�DXVHQ�
WHV�EDQGDV�UHIHUHQWHV�j�QLWURJrQLR��HVWUXWXUDV�SURWpLFDV��RX�GH�RXWURV�SRVVtYHLV�FRQWDPLQDQWHV��LQGLFDQGR�
DVVLP�D�SXUH]D�GDV�DPRVWUDV��$WUDYpV�GDV�DQiOLVHV�GH�0(9�IRUDP�REVHUYDGDV�HVWUXWXUDV�HP�UHGH��FRP�
SRVWD�SRU�XP�HPDUDQKDGR�GH�¿EUDV�WLSLFDPHQWH�QDQRPpWULFDV��WDQWR�QD�&%�REWLGD�D�SDUWLU�GR�H[WUDWR�GH�
DOJDURED�HP�FRQGLo}HV�RWLPL]DGDV�TXDQWR�QD�&%�SURGX]LGD�QR�PHLR�VLQWpWLFR�+6�

4 concluSÃo

�'LDQWH�GRV�UHVXOWDGRV�REWLGRV��FRQFOXL�VH�TXH�R�H[WUDWR�GH�DOJDURED�DSUHVHQWD�SRWHQFLDO�FRPR�
IRQWH�DOWHUQDWLYD�SDUD�SURGXomR�GH�FHOXORVH�EDFWHULDQD�XVDQGR�EDFWpULDV�GR�JrQHUR�Gluconacetobacter.

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��)LQHS��&DSHV�H�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD�

reFerÊnciAS

$1'5$'(��)��.���3(57,/(��5��$��1���'285$'2��)���*$0$��)�0��%DFWHULDO�&HOOXORVH��3URSHUWLHV��
3URGXFWLRQ�DQG�$SSOLFDWLRQV��,Q��/(-(81(�$���'(35(=��7���HGLWRUV���&HOOXORVH��VWUXFWXUH�DQG�SURSHU�
WLHV��GHULYDWLYHV�DQG�LQGXVWULDO�XVHV��+DXSSDXJH��1RYD�6FLHQFH�3XEOLVKHUV��,QF��S����������������

&+$:/$��3��5���%$-$-��,��%���6859$6(��6��$���6,1*+$/��5��6��0LFURELDO�FHOOXORVH����IHUPHQWDWLYH�
SURGXFWLRQ�DQG�DSSOLFDWLRQV��)RRG�7HFKQRORJ\�DQG�%LRWHFKQRORJ\��=DJUHE��Y������Q�����S����������������

*2776&+$/.�� �/�0�)���%5Ë*,'$��$�,�6���3(1+$��(�0��� �6,/9$�� -�3�/���628=$��(�)���7(5=,���
6�&���9,$1$��/�$�1���2/,9(,5$��(�0�0����$YDOLDomR�GD�IRQWH�GH�QLWURJrQLR�QD�SURGXomR�GH�FHOXORVH�
bacteriana pela cepa Gluconacetobacter hansenii�$7&&������HP�PHLR�VLQWpWLFR��,;,�6LPS��1DFLR��%LRS��
$JRVWR��������)R]�GR�,JXDo~��35

+(675,1��6���6&+5$00��0��6\QWKHVLV�RI�FHOOXORVH�E\�Acetobacter xylinum��3UHSDUDWLRQ�RI�IUHH]H�
GULHG�FHOOV�FDSDEOH�RI�SRO\PHUL]LQJ�JOXFRVH�WR�FHOOXORVH��%LRFKHPLFDO�-RXUQDO��/RQGUHV��Y������Q�����S��
��������������

-81*��+��,���-(21*��-��+���/((��2�0���3$5.��*�7���.,0��.�.���3$5.��+�&���/((��6�0���.,0��<�*���
621��+�-��3URGXFWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�FHOOXORVH�E\�Acetobacter�VS��Y��XVLQJ�D�FRVW��HIIHFWLYH�
PRODVVHV��FRUQ�VWHHS� OLTXRU�PHGLXP��$SSOLHG�%LRFKHPLVWU\�DQG�%LRWHFKQRORJ\��%HUOLP��Y�������Q�����
S������������������

0,//(5��*��/��8VH�RI�GLQLWURVDOLF\OLF�DFLG�UHDJHQW�IRU�GHWHUPLQDWLRQ�RI�UHGXFLQJ�VXJDU��$QDO\WLFDO�&KH�
PLVWU\��:DVKLQJWRQ��Y������Q�����S����������������

2/,9(,5$��1��)��$YDOLDomR�)tVLFR�TXtPLFD�H�IXQFLRQDO�GD�DOJDURED�3URVRSLV�MXOLÀRUD proveniente da 
PHVRUUHJLmR�DJUHVWH�GR�5LR�*UDQGH�GR�1RUWH��'LVVHUWDomR�GH�PHVWUDGR��8QLY��)HG��5LR�*UDQGH�GR�1RUWH�
��8)51��)HYHUHLUR�������

520$1��0���:,17(5��:��7��(IIHFW�RI�VXOIDWH�JURXSV�IURP�VXOIXULF�DFLG�K\GURO\VLV�RQ�WKH�WKHUPDO�
GHJUDGDWLRQ�EHKDYLRU�RI�EDFWHULDO�FHOOXORVH��%LRPDFURPROHFXOHV��:DVKLQJWRQ��Y�����Q�����S������������
�����
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67(,1��5��%��'��6���72/('2��5�/�$���$/0(,'$��)�4���$51$87��$�&���3$7,78&&,��/�7���1(72��
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obtAininG bActeriAl celluloSe nAnocrYStAlS: evAluAtion oF wHiSKerS 
in diFFerent routeS oF Acid HYdrolYSiS
Abstract
7KLV�VWXG\�DLPHG�WR�REWDLQ�QDQRFU\VWDOV�RI�EDFWHULDO�FHOOXORVH�WKURXJK�DFLG�K\GURO\VLV��7ZR�PHWKRGV�
RI�K\GURO\VLV�ZHUH�LQYHVWLJDWHG�ZLWK�+�62���DQG�D�PL[WXUH�RI�+&O�DQG�+�62���,Q�WKH�¿UVW�SURFHVV��
FRQFHQWUDWLRQV�RI����������DQG������Z�Z��+�62���ZLWK�D�UHDFWLRQ�WLPH�RI���KRXU�ZDV�HYDOXDWHG��,Q�
WKH�VHFRQG�FDVH��ZKHUH�K\GURFKORULF�DFLG�ZDV�DGGHG�LQ�HTXDO�SURSRUWLRQV�E\�YROXPH�RI�DFLG��+�62��
FRQFHQWUDWLRQV�LQYHVWLJDWHG�ZHUH����������DQG������P���P���ZLWK�UHDFWLRQ�WLPHV�RI���WR���KRXUV��7KH�
FHOOXORVH�QDQRFU\VWDOV�REWDLQHG�LQ�HDFK�H[SHULPHQW�ZHUH�FKDUDFWHUL]HG�E\�;�UD\�GLIIUDFWLRQ��=HWD�SR�
WHQWLDO�DQG�WKHUPDO�JUDYLPHWULF�DQDO\VLV��7KH�UHVXOWV�VKRZHG�WKDW�WKH�K\GURO\VLV�H[SHULPHQWV�FRQGXFWHG�
ZLWK�WKH�PL[WXUH�RI�DFLGV�SURYLGLQJ�PRUH�WKHUPDOO\�VWDEOH�QDQRFU\VWDOV�ZLWKRXW�VLJQL¿FDQWO\�DOWHULQJ�WKH�
VWDELOLW\�RI�WKH�VXVSHQVLRQ�QDQRFHOXORVH��$V�IRU�;5'�DQDO\VLV��WKH�QDQRFU\VWDOV�REWDLQHG�E\�WKH�GLIIHUHQW�
K\GURO\VLV�FRQGLWLRQV�VWXGLHG�VKRZHG�KLJKHU�FU\VWDOOLQLW\�WKDQ�EDFWHULDO�FHOOXORVH��$PRQJ�WKH�H[SHUL�
PHQWV�FRQGXFWHG��WKH�%�������Z���Z��+�62����������P���P��+&O���KRXUV�RI�UHDFWLRQ��ZDV�GH¿QHG�DV�
RSWLPDO�FRQGLWLRQ��([SHULPHQW�%�VKRZHG�WKH�KLJKHVW�GHJUDGDWLRQ�WHPSHUDWXUH����������&���D�VXVSHQVLRQ�
RI�VWDEOH�QDQRFU\VWDOV������P9���D�KLJK�FU\VWDOOLQLW\�LQGH[���������DQG�D�OHQJWK��/��DYHUDJH�RI�����( 
����QP�DQG�ZLGWK��'��DYHUDJH�RI������(����QP��FRUUHVSRQGLQJ�WR�DQ�DVSHFW�UDWLR��/���'�������(�����QP�
Keywords: %DFWHULDO�FHOOXORVH��+\GURO\VLV��6XOIXULF�DFLG��+\GURFKORULF�DFLG��1DQRFU\VWDOV�
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1 introduÇÃo

$�FHOXORVH�SRGH�VHU�REWLGD�SRU�GXDV�IRQWHV��YHJHWDO�RX�DWUDYpV�GH�PLFURUJDQLVPRV��SRU�H[HPSOR��
EDFWpULDV�H�IXQJRV���(P�DPEDV�DV�IRQWHV��D�FHOXORVH�DSUHVHQWD�D�PHVPD�FRPSRVLomR�TXtPLFD�PDV�FRP�
RUJDQL]DomR�HVWUXWXUDO�GLIHUHQWH�H��FRQVHTXHQWHPHQWH��SURSULHGDGHV�GLVWLQWDV��$�FHOXORVH�YHJHWDO��DVVR�
FLDGD�D�RXWURV�ELRSROtPHURV��KHPLFHOXORVH�H�OLJQLQD���p�H[WUDtGD�GH�SODQWDV��-i�D�FHOXORVH�VLQWHWL]DGD�SRU�
EDFWpULDV��FRQKHFLGD�FRPR�FHOXORVH�EDFWHULDQD���&%��p�REWLGD�SUDWLFDPHQWH�SXUD��'HYLGR�D�HVVH�HOHYDGR�
JUDX�GH�SXUH]D�H�RXWUDV�FDUDFWHUtVWLFDV��WDLV�FRPR�DOWD�SRURVLGDGH��EDL[D�GHQVLGDGH��HOHYDGD�UHVLVWrQFLD�
PHFkQLFD��ELRFRPSDWtYHO��DWy[LFD�H�ELRGHJUDGiYHO�D�FHOXORVH�EDFWHULDQD�YHP�DWUDLQGR�D�DWHQomR�GR�PHLR�
FLHQWt¿FR�H�WHFQROyJLFR�SHOR�IDWR�GH�SHUPLWLU�XP�DPSOR�HVSHFWUR�GH�DSOLFDo}HV�HP�GLYHUVDV�iUHDV��HP�
HVSHFLDO�YROWDGRV�SDUD�iUHD�DOLPHQWDU��IDUPDFrXWLFD�H�PpGLFD�

'LDQWH�GHVVH�LQWHUHVVH��SHVTXLVDV�HVWmR�VHQGR�UHDOL]DGDV�FRP�D�¿QDOLGDGH�GH�REWHU�XP�PDWHULDO�
PDLV�YHUViWLO�H�RX�TXH�DJUHJXH�QRYDV�IXQFLRQDOLGDGHV��3DUD�LVVR��VmR�XWLOL]DGDV�URWDV�GH�GHVFRQVWUXomR�
ItVLFD�H�RX�TXtPLFD�GDV�SHOtFXODV�GH�&%�REWHQGR�QDQRHVWUXWXUDV�GH�FHOXORVH��QDQR¿EULODV�H�QDQRFULVWDLV��
TXH�SRGHP�VHU�HPSUHJDGRV�QD�HODERUDomR�GH�¿OPHV��UHYHVWLPHQWRV�H�QDQRFRPSyVLWRV�

Os nanocristais de celulose ou whiskers�SRGHP�VHU�REWLGRV�SRU�PHLR�GH�KLGUyOLVH�HQ]LPiWLFD�RX�
iFLGD��VHQGR�HVVH�~OWLPR�SURFHVVR�PDLV�FRPXPHQWH�HPSUHJDGR�SRU�GHPDQGDU�XP�PHQRU�WHPSR�GH�UHD�
omR��6DEH�VH�TXH�DV�FRQGLo}HV�GH�KLGUyOLVH��WHPSR�GH�UHDomR��WHPSHUDWXUD�H�FRQFHQWUDomR�GH�iFLGR��H�R�
WLSR�GH�iFLGR�HPSUHJDGR�LQÀXHQFLDP�DV�FDUDFWHUtVWLFDV�ItVLFDV�H�PRUIROyJLFDV�GRV�QDQRFULVWDLV��3RUWDQWR��
R�SUHVHQWH�WUDEDOKR�YLVD�DYDOLDU�SURFHVVRV�GH�REWHQomR�GH�QDQRFULVWDLV�GH�FHOXORVH�EDFWHULDQD�SRU�PHLR�
GD�KLGUyOLVH�iFLGD�HPSUHJDQGR�GLIHUHQWHV�WLSRV�GH�iFLGRV�IRUWHV�

2 mAteriAiS e métodoS

2.1 Película de celulose bacteriana

$�FHOXORVH�EDFWHULDQD�XWLOL]DGD�QHVWH�HVWXGR�IRL�SURGX]LGD�SHOD�HPSUHVD�+7.�)RRG�&R���/7'��
ORFDOL]DGD�QD�FLGDGH�GH�+R�&KL�0LQK��9LHWQm��H�FHGLGD�SHOR�&HQWUR�GH�(QJHQKDULD�%LROyJLFD�GD�8QLYHU�
VLGDGH�GR�0LQKR��%UDJD��3RUWXJDO���

$V�SHOtFXODV� IRUDP�VXEPHWLGDV�D�XPD� OLPSH]D�EUDQGD�FRP�1D2+�������P�Y��D� WHPSHUDWXUD�
DPELHQWH�SRU����KRUDV��VRE�DJLWDomR��$SyV�HVVH�WUDWDPHQWR�R�PDWHULDO�IRL�ODYDGR�FRP�iJXD�GHVWLODGD�DWp�
DWLQJLU�S+�QHXWUR��(P�VHJXLGD��DV�SHOtFXODV�GH�&%�IRUDP�FRUWDGDV�HP�SHTXHQRV�SHGDoRV��DGLFLRQDGD�
TXDQWLGDGH�GH�iJXD�VX¿FLHQWH�SDUD�FREULU�WRGR�R�PDWHULDO�H�SURFHVVDGD�HP�8OWUD�WXUUD[�SRU���PLQ�������
USP���$�SROSD�REWLGD�IRL�¿OWUDGD��FRQJHODGD��OLR¿OL]DGD�H�PRtGD�

2.2 2EWHQomR�GH�QDQRFULVWDLV�GH�FHOXORVH�EDFWHULDQD�SRU�KLGUyOLVH�iFLGD

)RUDP�UHDOL]DGRV�GRLV�SURFHVVRV�GH�KLGUyOLVH�iFLGD��XP�XWLOL]DQGR�DSHQDV�R�+2SO� e outro a 
FRPELQDomR�GH�+2SO��H�+&O�

2.2.1 Hidrólise com ácido sulfúrico

1R�SURFHVVR�GH�KLGUyOLVH�FRP�+2SO��IRUDP�UHDOL]DGRV���H[SHULPHQWRV� �7DEHOD����� VHQGR�XP�
GHVVHV�H[SHULPHQWRV�D�UHSURGXomR�GDV�FRQGLo}HV�GH�KLGUyOLVH�HVWDEHOHFLGD�SRU�025(,5$�et al.���������

3DUD�FDGD�H[SHULPHQWR��IRUDP�XWLOL]DGRV����J�GH�&%�OLR¿OL]DGD�H���P/�GH�VROXomR�GH�+2SO� 
�SURSRUomR��������� D����&� �HP�EDQKR�GH� VLOLFRQH��� VRE�DJLWDomR�PDJQpWLFD��$SyV�D�KLGUyOLVH�� D� VXV�
SHQVmR�GH�QDQRFULVWDLV�GH�FHOXORVH�IRL�GLOXtGD�FRP�iJXD�GHLRQL]DGD�JHODGD��������Y�Y���H�FHQWULIXJDGD�
�������� USP��SRU� ���PLQXWRV� j� ���&���2�PDWHULDO� VHGLPHQWDGR� IRL� UHVVXVSHQVR� HP�iJXD�GHLRQL]DGD�
JHODGD�H�QRYDPHQWH�FHQWULIXJDGR��SURFHGLPHQWR�UHSHWLGR���YH]HV���'HSRLV�GDV�FHQWULIXJDo}HV��D�VXV�
SHQVmR�IRL�XOWUDVVRQLFDGD�SRU���PLQXWRV�H�GLDOLVDGD�FRP�iJXD�GHLRQL]DGD��VRE�UHIULJHUDomR�H�WURFD�GLiULD�
GD�iJXD�DWp�S+�HVWiYHO�H�SUy[LPR�D����$�VXVSHQVmR�GH�QDQRFULVWDLV�IRL�DUPD]HQDGD�HP�IUDVFR�GH�YLGUR�H�
VRE�UHIULJHUDomR��

2.2.2 Hidrólise com mistura de ácido sulfúrico e cloridríco

1R�SURFHVVR�GH�KLGUyOLVH�FRP�D�PLVWXUD�GH�+2SO��H�+&O�IRUDP�UHDOL]DGRV���H[SHULPHQWRV��7DEHOD�
����$�SURSRUomR�GH�iFLGRV�QR�PHLR�UHDFLRQDO�IRL�GH�����Y�Y��P/�GH�+2SO����P/�GH�+&O���)RUDP�XWLOL]DGRV�
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���J�GH�&%�OLR¿OL]DGD�SDUD���P/�GH�VROXomR�GH�+2SO��H���P/�+&O��������P�P���PDQWHQGR�VH�D�PHVPD�
SURSRUomR��������PDVVD�GH�&%�OLR¿OL]DGD�YROXPH�GH�VROXomR�iFLGD���$V�FRQGLo}HV�UHDFLRQDLV�H�RV�SURFH�
GLPHQWRV�UHDOL]DGRV�DSyV�D�KLGUyOLVH�IRUDP�RV�PHVPRV�Mi�GHVFULWRV�SDUD�R�SULPHLUR�SURFHVVR��LWHP��������

$V�VXVSHQV}HV�GH�QDQRFULVWDLV�GH�FHOXORVH�REWLGRV�HP�FDGD�H[SHULPHQWR�GRV�SURFHVVRV�GH�KLGUy�
OLVH�LQYHVWLJDGRV�IRUDP�DYDOLDGRV�TXDQWR�DR�HVWDGR�GH�DJUHJDomR�GDV�SDUWtFXODV��SRWHQFLDO�=HWD���-i�RV�
QDQRFULVWDLV�IRUDP�FDUDFWHUL]DGRV�SRU�7*$��'5;�H�0(7��

3 reSultAdoS e diScuSSÃo

1D�7DEHOD���HQFRQWUDP�VH�RV�UHVXOWDGRV�GDV�DQiOLVHV�GH�FDUDFWHUL]DomR�GDV�VXVSHQV}HV�H�GRV�QD�
QRFULVWDLV�GH�FHOXORVH�REWLGRV�SRU�KLGUyOLVH�FRP�+2SO���2V�H[SHULPHQWRV���H���DSUHVHQWDUDP�YDORUHV�GH�
SRWHQFLDO�=HWD�VXSHULRUHV�D����P9��LQGLFDQGR�TXH�D�VXVSHQVmR�H[LEH�ERD�HVWDELOLGDGH��$�SUHVHQoD�GHVVDV�
FDUJDV�QHJDWLYDV�VH�GHYH�DRV�JUXSRV�VXOIDWR���62�+��LQWURGX]LGRV�GXUDQWH�R�SURFHVVR�GH�KLGUyOLVH�FRP�
+2SO���'8)5(61(��/,1���������1R�H[SHULPHQWR���R�YDORU�GR�SRWHQFLDO�=HWD�IRL�LQIHULRU�DRV�RXWURV�
GRLV��LQGLFDQGR�PHQRU�HVWDELOLGDGH��$�&%�DSUHVHQWRX�XPD�WHPSHUDWXUD�GH�GHJUDGDomR�VXSHULRU�DR�GRV�
QDQRFULVWDLV��'H�XP�PRGR�JHUDO��D�KLGUyOLVH�FRP�+2SO��GLPLQXL�D�HVWDELOLGDGH�WpUPLFD�GRV�QDQRFULVWDLV�
GHYLGR�D�SUHVHQoD�GRV�JUXSRV�VXOIDWR�TXH�DWXDP�FRPR�FDWDOL]DGRU�GD�UHDomR�QR�SURFHVVR�GH�GHJUDGDomR�
�520$1��:,17(5���������&RPSDUDQGR�DV�7Onset�GRV�QDQRFULVWDLV��DSHQDV�R�H[SHULPHQWR���PRVWURX�
XPD�EDL[D�HVWDELOLGDGH�WpUPLFD��(P�UHODomR�DR�tQGLFH�GH�FULVWDOLQLGDGH��RV�QDQRFULVWDLV�REWLGRV�DWUDYpV�
GDV�FRQGLo}HV���H���DSUHVHQWDUDP�YDORUHV�VXSHULRUHV�DR�GD�&%��-i�QR�H[SHULPHQWR���HVVH�tQGLFH�GLPLQXL�
FRQVLGHUDYHOPHQWH��(VVH�IDWR�SRGH�VHU�DWULEXtGR�j�SRVVtYHO�GHJUDGDomR�GD�UHJLmR�FULVWDOLQD�RFDVLRQDGD�
SRU�FRQGLo}HV�PDLV�VHYHUDV�GH�KLGUyOLVH�

tabela 1. 3RWHQFLDO�=HWD�GD�VXVSHQVmR�GH�QDQRFULVWDLV��WHPSHUDWXUD�Onset e índice de cristalinidade dos 
QDQRFULVWDLV�GH�FHOXORVH�EDFWHULDQD�REWLGRV�VRE�GLIHUHQWHV�FRQGLo}HV�GH�KLGUyOLVH�FRP�+2SO�.

ensaios [H2So4]
(%, m/m)

tempo (h) Potencial Zeta 
(mv)

temperatura 
onset (°c)

índice de 
cristalinidade 

(%)

1 ��� 1 ������(���� ����� ����

2 ��� 1 ������(���� ����� ����

� �� 2 ������(���� ����� ����

&%�OLR¿OL]DGD ����� ����� ����� ����� ����
*MOREIRA et al. (2009)

1D�7DEHOD���REVHUYD�VH�TXH��HP�WRGDV�DV�FRQGLo}HV�GH�KLGUyOLVH�UHDOL]DGD�FRP�D�FRPELQDomR�GH�
+2SO��H�+&O��RV�YDORUHV�GH�SRWHQFLDO�=HWD��HP�PyGXOR��IRUDP�VXSHULRUHV�D����P9��$SHVDU�GD�KLGUyOLVH�
FRP�iFLGR�FORUtGULFR�QmR�SURPRYHU�UHDomR�GH�HVWHUL¿FDomR�� WRGDV�DV�FRQGLo}HV�DYDOLDGDV�IRUQHFHUDP�
VXVSHQV}HV�GH�QDQRFHOXORVH�FRP�ERD�HVWDELOLGDGH��HP�UD]mR�GD�FRQWULEXLomR�GRV�JUXSDPHQWRV�VXOIDWR��
GHFRUUHQWHV�GR�XVR�FRPELQDGR�FRP�iFLGR�VXOI~ULFR��'8)5(61(���������&RPR�UHODWDGR�QD�OLWHUDWXUD��D�
DGLomR�GH�iFLGR�FORUtGULFR�QR�PHLR�UHDFLRQDO�PHOKRUD�R�FRPSRUWDPHQWR�WpUPLFR�GRV�QDQRFULVWDLV�GH�FH�
OXORVH��,VVR�SRGH�VHU�REVHUYDGR�TXDQGR�FRPSDUD�VH�DV�7onset�GRV�QDQRFULVWDLV�REWLGRV�SHOD�KLGUyOLVH�FRP�
+2SO���7DEHOD����FRP�RV�REWLGRV�SHOD�KLGUyOLVH�FRP�DGLomR�GH�iFLGR�FORUtGULFR��7DEHOD�����7(,;(,5$ et 
al.���������(P�UHODomR�DR�tQGLFH�GH�FULVWDOLQLGDGH�GRV�QDQRFULVWDLV�GH�FHOXORVH�REWLGRV�SRU�KLGUyOLVH�FRP�
D�PLVWXUD�GH�iFLGRV��RV�YDORUHV�DSUHVHQWDGRV�IRUDP�VXSHULRUHV�DR�GD�&%��$LQGD��YHUL¿FD�VH�TXH�R�DXPHQ�
WR�GR�WHPSR�GH�UHDomR�H�GD�FRQFHQWUDomR�GH�+2SO��SURPRYHX�XPD�UHGXomR�QR�tQGLFH�GH�FULVWDOLQLGDGH�

tabela 2. 3RWHQFLDO�=HWD��GD�VXVSHQVmR�GH�QDQRFULVWDLV��WHPSHUDWXUD�Onset e índice de cristalinidade dos 
QDQRFULVWDLV�GH�FHOXORVH�EDFWHULDQD�REWLGRV�VRE�GLIHUHQWHV�FRQGLo}HV�GH�KLGUyOLVH�FRP�D�PLVWXUD�+2SO��H�+&O

experimentos &RQFHQWUDomR�
de H2So4
(%, m/m)

tempo de 
UHDomR��K�

Potencial 
Zeta (mv)

temperatura 
onset (°c)

índice de 
cristalinidade (%)

$ ��� 1 ������(���� ����� ����

B ��� 2 ������(���� ����� ����
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experimentos &RQFHQWUDomR�
de H2So4
(%, m/m)

tempo de 
UHDomR��K�

Potencial 
Zeta (mv)

temperatura 
onset (°c)

índice de 
cristalinidade (%)

& ��� 1 ������(���� ����� ����

' ��� 2 ������(���� ����� ����

E ��� 1 ������(���� ����� ����

) ��� 2 ������(���� ����� ����

2V� QDQRFULVWDLV� GH� FHOXORVH� EDFWHULDQD� �1&&%�� REWLGRV� SRU� KLGUyOLVH� iFLGD� XWLOL]DQGR� ����
�P�P��GH�+2SO��H��������P�P��GH�+&O�SRU���KRUDV�GH�UHDomR��([SHULPHQWR�%��DSUHVHQWDUDP�D�PDLRU�
WHPSHUDWXUD� LQLFLDO�GH�GHJUDGDomR� �������&���XPD�VXVSHQVmR�GH�QDQRFULVWDLV� HVWiYHO� �����P9��H�XP�
DOWR�tQGLFH�GH�FULVWDOLQLGDGH����������VHQGR�GH¿QLGR�FRPR�XPD�FRQGLomR�yWLPD�GH�KLGUyOLVH��2V�11&%�
IRUDP�YLVXDOL]DGRV�SRU�0(7��$�)LJXUD���DSUHVHQWD��D��LPDJHP�GD�VXVSHQVmR�GH�QDQRFULVWDLV�GH�FHOXORVH�
H��E��H��F��DV�PLFURJUD¿DV�GRV�QDQRFULVWDLV�GH�FHOXORVH�REWLGRV�QHVVD�FRQGLomR�

Figura 1. �D��,PDJHP�GD�VXVSHQVmR�GH�QDQRFULVWDLV�GH�FHOXORVH�EDFWHULDQD���E��H��F��PLFURJUD¿DV�GRV�QDQRFULVWDLV�
SRU�0(7�REWLGDV�DWUDYpV�GD�FRQGLomR�H[SHULPHQWDO�%�

$V�PLFURJUD¿DV�GR�QDQRFULVWDLV�GH�FHOXORVH�EDFWHULDQD��)LJXUD�����E�H�F��UHYHODUDP�HVWUXWXUDV�
HP�IRUPDWR�GH�DJXOKDV�H�UHODWLYDPHQWH�EHP�GLVSHUVDV��$V�QDQRHVWUXWXUDV�DSUHVHQWDUDP�FRPSULPHQWR��/��
PpGLR�GH�����(�����QP�H�ODUJXUD��'��PpGLD�GH������(����QP��FRUUHVSRQGHQGR�D�XPD�UD]mR�GH�DVSHFWR�
�/�'��GH������(�����QP��YDORUHV�FRQVLGHUDGRV�ERQV�TXDQGR�FRPSDUDGRV�FRP�RXWURV�WUDEDOKRV��0$57Ë�
1(=�6$1=��/23(=�58%,2��/$*$521���������

4 concluSÃo

)RL�SRVVtYHO�REWHU�QDQRFULVWDLV�GH�FHOXORVH�EDFWHULDQD�SHORV�GRLV�SURFHVVRV�GH�KLGUyOLVH�HVWXGD�
GRV��FRP�+2SO��H�FRP�D�PLVWXUD�GH�+2SO��H�+&O��2V�QDQRFULVWDLV�GH�&%�H[WUDtGRV�DWUDYpV�GD�PLVWXUD�
GH�iFLGRV�DSUHVHQWDUDP�PHOKRU�HVWDELOLGDGH�WpUPLFD��VXVSHQVmR�HVWiYHO�H�DOWR�tQGLFH�GH�FULVWDOLQLGDGH��
0RUIRORJLFDPHQWH��RV�QDQRFULVWDLV�DSUHVHQWDUDP�IRUPDWR�GH�DJXOKDV�FRP�ERD�UD]mR�GH�DVSHFWR�������( 
����QP��

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��(PEUDSD��8)&��8(51�H�D�&$3(6�SHOR�DX[tOLR�¿QDQFHLUR�

reFerÊnciAS

'8)5(61(��$��1DQRFHOOXORVH��)URP�QDWXUH�WR�KLJK�SHUIRUPDQFH�WDLORUHG�PDWHULDOV���WK�HG���:DOWHU�GH�
*UX\WHU������������S�

'8)5(61(��$���/,1��1��6XUIDFH�FKHPLVWU\��PRUSKRORJLFDO�DQDO\VLV�DQG�SURSHUWLHV�RI�FHOOXORVH�QDQR�
FU\VWDOV�ZLWK�JUDGLHQW�VXOIDWLRQ�GHJUHHV��1DQRVFDOH��Y�����S������������������
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7(,;(,5$��(��GH�0���2/,9(,5$��&��5���0$77262��/��+��&���&255Ç$��$��&���3$/$',1��3��'��
1DQR¿EUDV�GH�DOJRGmR�REWLGDV�VRE�GLIHUHQWHV�FRQGLo}HV�GH�KLGUyOLVH�iFLGD��3ROtPHURV��Y������Q�����S��
��������������

0$57Ë1(=�6$1=��0���/23(=�58%,2��$���/$*$521��-��0��2SWLPL]DWLRQ�RI�WKH�QDQRIDEULFDWLRQ�
E\�DFLG�K\GURO\VLV�RI�EDFWHULDO�FHOOXORVH�QDQRZKLVNHUV��&DUERK\GUDWH�3RO\PHUV��Y������Q�����S�����������
�����

025(,5$��6���6,/9$��1��%���/,0$��-��$���52&+$��+��$��2���0('(,526��6��5��%���-81,25��&��$���
*$0$��)��0��%&�QDQR¿EUHV��,Q�YLWUR�VWXG\�RI�JHQRWR[LFLW\�DQG�FHOO�SUROLIHUDWLRQ��7R[LFRORJ\�/HWWHUV��
Y�������Q�����S����������������

520$1��0���:,17(5��:��7��(IIHFW�RI�VXOIDWH�JURXSV�IURP�VXOIXULF�DFLG�K\GURO\VLV�RQ�WKH�WKHUPDO�
GHJUDGDWLRQ�EHKDYLRU�RI�EDFWHULDO�FHOOXORVH��%LRPDFURPROHFXOHV��Y�����Q�����S������������������

ProduÇÃo e cArActeriZAÇÃo de celuloSe bActeriAnA 
obtidA A PArtir do líquido de SiSAl

H. S. l. lima1, e. nascimento1, A. i. brígida2, F. K. Andrade3, m. F. borges3, c. r. muniz3, l. c. 
Alexandre3, A. r. cassales3, *J. P. S. morais4, m. F. rosa3

18QLYHUVLGDGH�)HGHUDO�GR�&HDUi��2(PEUDSD�$JURLQG~VWULD�GH�$OLPHQWRV���(PEUDSD�$JURLQG~VWULD�
Tropical. ��(PEUDSD�$OJRGmR�
MRDR�PRUDLV#HPEUDSD�EU

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
2�REMHWLYR�GR�SUHVHQWH�WUDEDOKR�FRQVLVWLX�HP�DYDOLDU�D�SURGXomR�GH�FHOXORVH�EDFWHULDQD��&%��XWLOL]DQGR�
OtTXLGR�GH�VLVDO�FRPR�VXEVWUDWR��QR�FXOWLYR�GH�Gluconacetobacter hansenii $7&&�������VRE�FRQGLo}HV�
HVWiWLFDV��3DUD�WDO��DYDOLRX�VH�R�HIHLWR�GD�FRQFHQWUDomR�GH�Do~FDUHV��S+��VXSOHPHQWDomR�GR�PHLR�FRP�
IRQWHV�GH�QLWURJrQLR�H�D�UHODomR�YROXPH��iUHD�QD�SURGXomR�GH�&%��$�H¿FLrQFLD�GD�SXUL¿FDomR�H�R�JUDX�
GH�FULVWDOLQLGDGH�GD�&%�REWLGD�WDPEpP�IRUDP�HVWXGDGRV��$�PDLRU�SURGXomR�GH�&%�������J�/��IRL�REWLGD�
DSyV�FXOWLYR�HVWiWLFR�GD�EDFWpULD�GXUDQWH����GLDV��XWLOL]DQGR�R�OtTXLGR�GH�VLVDO�VXSOHPHQWDGR�FRP�����J�/�
GH�H[WUDWR�GH�OHYHGXUD��S+���H�FRP�XPD�UHODomR�YROXPH�GH�PHLR�SRU�iUHD�GH�FXOWLYR�GH�����P/�FP2. 
4XDQWR�jV�FDUDFWHUL]Do}HV�WpUPLFDV��$7*�H�'6&���5DLR�;��)7,5�H�0(9��D�&%�REWLGD�D�SDUWLU�GR�OtTXLGR�
GR�VLVDO�DSUHVHQWD�SHU¿V�VHPHOKDQWHV�j�&%�REWLGD�HP�PHLR�SDGUmR��
Palavras-chave��&HOXORVH�EDFWHULDQD��/tTXLGR�GH�VLVDO��Gluconacetobacter hansenii��1DQRWHFQRORJLD��
$JURQHJyFLR�

Production And cHArActeriZAtion oF bActeriAl celluloSe obtAined 
From SiSAl Juice
Abstract
7KH�DLP�RI�WKLV�ZRUN�ZDV�WR�HYDOXDWH�EDFWHULDO�FHOOXORVH��%&��SURGXFWLRQ�XVLQJ�VLVDO�MXLFH��DQ�DJUR�LQ�
GXVWULDO�UHVLGXH��DV�VXEVWUDWH�LQ�Gluconacetobacter hansenii�$7&&�������FXOWLYDWLRQ�XQGHU�VWDWLF�FRQGL�
WLRQV��7KH�HIIHFWV�RI�VXJDUV�FRQFHQWUDWLRQ��S+��QLWURJHQ�VXSSOHPHQWDWLRQ�DQG�WKH�YROXPH�DUHD�UDWLR�ZHUH�
HYDOXDWHG�RQ�%&�SURGXFWLRQ��7KH�HI¿FLHQF\�RI�%&�SXUL¿FDWLRQ�SURFHVV�DQG�WKH�FU\VWDOOLQLW\�LQGH[�RI�%&�
ZHUH�DOVR�HYDOXDWHG��7KH�KLJKHU�\LHOG�RI�%&�ZDV�REWDLQHG�DIWHU����GD\V�RI�FXOWLYDWLRQ�XVLQJ�D�PHGLXP�
EDVHG�RQ�VLVDO�MXLFH�ZLWK�WKH�IROORZLQJ�SDUDPHWHUV�����J�/�RI�VXJDUV��S+����VXSSOHPHQWDWLRQ�ZLWK�����
J�/�RI�\HDVW�H[WUDFW�DQG�D�YROXPH�DUHD�UDWLR�RI�����P/�FP2. 7KH�%&�IURP�VLVDO�MXLFH�PHGLXP�SUHVHQWHG�
VLPLODU�7*$��'6&��;5'��DQG�)7,5�SURSHUWLHV�ZKHQ�FRPSDUHG�WR�%&�IURP�VWDQGDUG�PHGLXP��
Keywords: %DFWHULDO�FHOOXORVH��6LVDO�MXLFH��Gluconacetobacter hansenii;�1DQRWHFKQRORJ\��$JULEXVLQHVV�
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3XEOLFDo}HV�UHODFLRQDGDV
/,0$��+��6��/���1$6&,0(172��(���%5Ë*,'$��$��,��6���$1'5$'(��)��.��526$��0��)���%25*(6��
0��)�$SURYHLWDPHQWR�GR�OtTXLGR�GR�VLVDO�FRPR�VXEVWUDWR�SDUD�SURGXomR�GH�FHOXORVH�EDFWHULDQD��,Q��;,;�
6LPSyVLR�1DFLRQDO�GH�%LRSURFHVVRV�������

1 introduÇÃo

�$�&HOXORVH�EDFWHULDQD��&%��p�XP�SROtPHUR�QDWXUDO�ELRGHJUDGiYHO�GH�IiFLO�REWHQomR�H�JUDQGH�SR�
WHQFLDO��DSUHVHQWDQGR�DOWD�UHVLVWrQFLD�PHFkQLFD��DOWD�FULVWDOLQLGDGH��ELRFRPSDWLELOLGDGH��DOWD�SRURVLGDGH�
H�DOWD�FDSDFLGDGH�GH�DEVRUomR�GH�iJXD��7DLV�FDUDFWHUtVWLFDV�WRUQDP�D�&%�XP�PDWHULDO�YHUViWLO�H�DGHTXDGR�
SDUD�DSOLFDo}HV�QD�iUHD�ELRPpGLFD��QDV�LQG~VWULDV�GH�SDSHO�H�GH�DOLPHQWRV�H�FRPR�GLVSRVLWLYRV�ELRWHFQR�
OyJLFRV��$�&%�DSUHVHQWD�D�JUDQGH�YDQWDJHP�GH�VHU�QDWXUDOPHQWH�OLYUH�GH�OLJQLQD�H�KHPLFHOXORVHV�H�SRGH�
VHU�IDFLOPHQWH�REWLGD�SHOR�FXOWLYR�GH�EDFWpULDV�GR�JrQHUR�Gluconacetobacter HP�PHLR�FRQWHQGR�Do~FDUHV�
H�QLWURJrQLR�RUJkQLFR��DSUHVHQWDQGR�VH�VRE�D�IRUPD�GH�XPD�SHOtFXOD�TXDQGR�R�SURFHVVR�IHUPHQWDWLYR�
RFRUUH�HVWDWLFDPHQWH��&+$:/$�et al.,�������

�1R�1RUGHVWH�GR�%UDVLO�D�SURGXomR�GH�VLVDO��Agave sisalana��VH�GHVWDFD�WDQWR�SHOD�VXD�LPSRUWkQ�
FLD�HFRQ{PLFD�FRPR�SHOD�TXDQWLGDGH�GH�UHVtGXRV�JHUDGRV�HP�VHX�EHQH¿FLDPHQWR��'XUDQWH�R�SURFHVVR�GH�
EHQH¿FLDPHQWR�GDV�¿EUDV�GR�VLVDO��TXH�FRUUHVSRQGHP�D�DSHQDV����GD�ELRPDVVD�REWLGD��FHUFD�GH�����GH�
UHVtGXRV�VyOLGRV�VmR�JHUDGRV�H�R�UHVWDQWH�FRUUHVSRQGH�DR�OtTXLGR�GH�VLVDO��iJXD�H�VyOLGRV�VRO~YHLV���ULFR�
HP�Do~FDUHV��PLQHUDLV�H�RXWURV�FRPSRVWRV�RUJkQLFRV��3RXFRV�WUDEDOKRV�WrP�VLGR�GHVHQYROYLGRV�QR�kP�
ELWR�GH�DJUHJDU�YDORU�D�HVWH�UHVtGXR�H�DWXDOPHQWH�HOH�p�GHVSHUGLoDGR�QR�FDPSR�JHUDQGR�D�FRQWDPLQDomR�
GR�VROR��$1'5$'(�et al.,��������1HVVH�FRQWH[WR��R�REMHWLYR�GR�SUHVHQWH�WUDEDOKR�FRQVLVWH�HP�DYDOLDU�D�
SURGXomR�GH�&%�XWLOL]DQGR�R�OtTXLGR�GR�VLVDO�FRPR�VXEVWUDWR�DOWHUQDWLYR�

2 mAteriAiS e métodoS

2.1 &DUDFWHUL]DomR�GR�OtTXLGR�GH�VLVDO

�2�OtTXLGR�GH�VLVDO�IRL�JHUDGR�HP�VLVWHPD�SURGXWLYR�GH�VLVDO��ORFDOL]DGR�HP�3RFLQKRV�±�3%��%UD�
VLO��H�IRUQHFLGR�SHOD�(PEUDSD�$OJRGmR��2�PHVPR�IRL�FDUDFWHUL]DGR�TXDQWR�j�VXD�FRPSRVLomR�GH�Do~FDUHV�
�+3/&���S+�H�QLWURJrQLR�WRWDO�SHOR�PpWRGR�GH�.MHOGDKO��<$68+$5$�et al����������

2.2 2WLPL]DomR�GD�SURGXomR�GH�&%�XWLOL]DQGR�R�OtTXLGR�GH�VLVDO

�3DUD�DYDOLDU�R�SRWHQFLDO�GR�OtTXLGR�GH�VLVDO�FRPR�PHLR�IHUPHQWDWLYR��G. hansenii $7&&�������
IRL�FXOWLYDGD�HVWDWLFDPHQWH�D����&��%�2�'��HP�GLIHUHQWHV�FRQGLo}HV��8WLOL]RX�VH�LQyFXOR�GH�����Y�Y��
SUHSDUDGR�DSyV�DWLYDomR�H�LQFXEDomR�HP�FDOGR�PDQLWRO��1R�SUHSDUR�GRV�PHLRV��DSyV�GLOXLomR��DMXVWH�GH�
S+�H�VXSOHPHQWDomR�GR�OtTXLGR�GH�VLVDO��TXDQGR�QHFHVViULR���SURFHGHX�VH�j�HVWHULOL]DomR������&�SRU����
PLQXWRV���$YDOLRX�VH�R�HIHLWR�LQLFLDO�GD�FRQFHQWUDomR�GH�Do~FDUHV������D����J�/���S+����D�����VXSOHPHQ�
WDomR�FRP�IRQWHV�GH�QLWURJrQLR��WHPSR�GH�FXOWLYR����D����GLDV��H�UHODomR�YROXPH�iUHD������D�����P/�FP2��
QD�SURGXomR�GH�&%��J�/��H�UHQGLPHQWR������$�VXSOHPHQWDomR�GR�PHLR�FRP�DV�IRQWHV�GH�QLWURJrQLR�IRL�
DYDOLDGD�DWUDYpV�GH�XP�SODQHMDPHQWR�H[SHULPHQWDO��2�FRPSOHWR�FRP�SRQWR�FHQWUDO�H�D[LDO��$�IDL[D�HVWX�
GDGD�IRL�GH���D����J�/�GH�H[WUDWR�GH�OHYHGXUD�H���D����J�/�GH�VXOIDWR�GH�DP{QLR��(P�WRGDV�DV�HWDSDV��DSyV�
DV�IHUPHQWDo}HV��DV�SHOtFXODV�GH�&%�IRUDP�UHFROKLGDV�H�RV�PHLRV�IHUPHQWDGRV�DQDOLVDGRV�TXDQWR�D�S+�H�
Do~FDUHV�WRWDLV��0,//(5���������$�&%�IRL�SXUL¿FDGD�SRU�WUDWDPHQWR�DOFDOLQR��SRU�LPHUVmR�GDV�SHOtFXODV�
HP�1D2+���PRO�/���+2O2 ����Y�Y��SRU�XPD�KRUD�j�����&��3RVWHULRUPHQWH��IRUDP�ODYDGDV�FRP�iJXD�
GHVWLODGD�DWp�S+�QHXWUR��$�PDVVD�VHFD�GH�&%�IRL�GHWHUPLQDGD�DWUDYpV�GH�VHFDJHP�H�SHVDJHP�GD�SHOtFXOD�
SXUL¿FDGD�HP�EDODQoD�GH�LQIUDYHUPHOKR������&���

2.3 &DUDFWHUL]DomR�GD�&%�REWLGD

�$�SHOtFXOD�GH�&%�REWLGD�QDV�FRQGLo}HV�RWLPL]DGDV��&%�6,6$/��H�HP�PHLR�SDGUmR�+6��+(6�
75,1�H�6&+5$00�������� �&%�+6�� IRUDP�FDUDFWHUL]DGDV�SRU��$7*� �DQDOLVDGRU� WHUPRJUDYLPpWULFR�
6KLPDG]X���DWPRVIHUD�GH�QLWURJrQLR���'6&��'6&�4���GS8QLRQ���DWPRVIHUD�GH�QLWURJrQLR���)7,5��HV�
SHFWU{PHWUR�1LFROHW�����DVVRFLDGR�D�XPD�FpOXOD�07HFK�3$6���0(9��UHYHVWLPHQWR�FRP�SODWLQD���=HLVV�
'60���$���8PLGDGH��VHFDJHP�j�����&�HP�EDODQoD�GH�LQIUDYHUPHOKR���(VSHVVXUD��PLFU{PHWUR�GLJLWDO��
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H�'5;��GLIUDW{PHWUR�GD�PDUFD�5LJDNX�PRGHOR�'0$;%��FRP�WXER�GH�&REUH���2�tQGLFH�GH�FULVWDOLQLGDGH�
�,&��IRL�HVWLPDGR�SRU�GHFRQYROXomR�SRU��IXQomR�*DXVVLDQD��$�GLPHQVmR�GDV�QDQR¿EUDV�IRL�FDOFXODGD�D�
SDUWLU�GDV�DQiOLVHV�GH�0(9�

3 reSultAdoS e diScuSSÃo

3.1 &DUDFWHUL]DomR�GR�OtTXLGR�GH�VLVDO

�2�OtTXLGR�GH�VLVDO�DSUHVHQWRX�DV�VHJXLQWHV�FDUDFWHUtVWLFDV�ItVLFR�TXtPLFDV��S+���������������J�/�
GH�Do~FDUHV�WRWDLV������GHOHV�FRQVWLWXtGRV�SRU�JOLFRVH������GH�VDFDURVH�H����GH�IUXWRVH��������J�/�GH�
QLWURJrQLR�WRWDO�H�����J�/�GH�SURWHtQD�EUXWD�

3.2 3URGXomR�GH�&%�XWLOL]DQGR�R�OtTXLGR�GH�VLVDO

�$�OLQKDJHP�G. hansenii�$7&&�������DSUHVHQWRX�FDSDFLGDGH�GH�VLQWHWL]DU�&%�HP�WRGR�R�LQWHU�
YDOR�GD�FRQFHQWUDomR�GH�Do~FDUHV�HVWXGDGR�FRP�GHVWDTXH�SDUD�D�FRQFHQWUDomR�GH����J�/�GH�Do~FDUHV�
WRWDLV�RQGH�VH�REWHYH�D�PDLRU�SURGXomR������J�/���0HVPR�FRP�R�DXPHQWR�JUDGDWLYR�QD�SURGXomR�GH�&%��
R�UHQGLPHQWR�SHUPDQHFHX�HVWDWLVWLFDPHQWH�FRQVWDQWH��HP�WRUQR�GH������HP�WRGDV�DV�GLOXLo}HV�WHVWDGDV��
$�IHUPHQWDomR�QR�OtTXLGR�GH�VLVDO�GHVWDFRX�VH�EDVWDQWH�XPD�YH]�TXH�HP�����J�/�GH�Do~FDUHV�WRWDLV�D�
SURGXomR�GH�&%�������J�/��IRL�SUy[LPD�j�REWLGD�HP�PHLR�SDGUmR�+6�������J�/��TXH�p�FRQVWLWXtGR�SRU�
XPD�TXDQWLGDGH�GH�Do~FDUHV���YH]HV�PDLRU��4XDQWR�DR�S+�LQLFLDO�GD�IHUPHQWDomR��D�PDLRU�SURGXomR�GH�
&%�IRL�REVHUYDGD�QDV�FRQGLo}HV�GH�S+���H���������J�/���VHQGR�R�PHOKRU�UHQGLPHQWR�HP�S+�������������
1mR�KRXYH�SURGXomR�GH�&%�QDV�FRQGLo}HV�GH�S+���H����4XDQWR�j�VXSOHPHQWDomR�GR�PHLR�FRP�IRQWHV�GH�
QLWURJrQLR�DSHQDV�RV�HIHLWRV�OLQHDUHV��Į �����IRUDP�VLJQL¿FDWLYRV��VHQGR�R�HIHLWR�GR�H[WUDWR�GH�OHYHGXUD�
SRVLWLYR�H�R�HIHLWR�GR�VXOIDWR�GH�DP{QLR�QHJDWLYR��$�PDLRU�SURGXomR�������J�/��IRL�REWLGD�TXDQGR�VX�
SOHPHQWRX�VH�XQLFDPHQWH�FRP�����J�/�GH�H[WUDWR�GH�OHYHGXUD��1HQKXPD�YDULiYHO�IRL�VLJQL¿FDWLYD�SDUD�
R�UHQGLPHQWR��4XDQWR�DR�WHPSR�GH�FXOWLYR��REVHUYRX�VH�XP�DXPHQWR�GD�SURGXomR�GH�&%�FRP�R�WHPSR��
DFRPSDQKDGD�GD� UHGXomR�GR� WHRU�GH� Do~FDUHV� WRWDLV�� VHQGR�D�PDLRU�SURGXomR�REWLGD�QR�GpFLPR�GLD��
4XDQWR�j�UHODomR�YROXPH�iUHD��D�PDLRU�SURGXomR�������J�/��IRL�REWLGD�TXDQGR�D�EDFWpULD�IRL�LQFXEDGD�
XWLOL]DQGR�XPD�UHODomR�GH�YROXPH�GH�PHLR�SRU�iUHD�GH�FXOWLYR�GH�����P/�FP2��+RXYH�DXPHQWR�QD�HVSHV�
VXUD�GD�SHOtFXOD�GH������D������PP�QR�LQWHUYDOR�GH�����D�����P/�FP2��(P�����H�����P/�FP2�D�SURGXomR�
SRU�iUHD�IRL�HVWDWLVWLFDPHQWH�LJXDO�������J�P2���SRUpP�FRP�YDULDomR�GD�HVSHVVXUD�GH������SDUD������PP��
7DO� UHVXOWDGR� UHODFLRQD�VH�FRP�GLIHUHQoDV�QD�SRURVLGDGH�GD�SHOtFXOD�REWLGD��2V�GDGRV�REWLGRV�DFLPD�
HVWmR�GH�DFRUGR�FRP�D�OLWHUDWXUD�RQGH�DV�PHOKRUHV�SURGXo}HV�GH�&%�VmR�REWLGDV�HP�PHLRV�QD�IDL[D�GH�
���D����J�/�GH�Do~FDUHV��S+�HQWUH���H���H�VXSOHPHQWDGRV�FRP�H[WUDWR�GH�OHYHGXUD�RX�SHSWRQD��d2%$1�
H�%,<,.��������

3.3 &DUDFWHUL]DomR�GD�&%�REWLGD

�$V�FDUDFWHUtVWLFDV�GD�&%�REWLGD�QR�OtTXLGR�GH�VLVDO�IRUDP�EDVWDQWH�VHPHOKDQWHV�j�&%�REWLGD�QR�
PHLR�SDGUmR�+6��7DEHOD����H�HVWmR�HP�DFRUGR�FRP�D�OLWHUDWXUD��3(&25$52�et al.,�������

tabela 1. $OJXPDV�FDUDFWHUtVWLFDV�GDV�SHOtFXODV�GH�&%�REWLGDV
 cb SiSAl cb HS

ËQGLFH�GH�FULVWDOLQLGDGH���,&���� ���� ��

8PLGDGH�GD�SHOtFXOD���� ������(����� ������(�����

'LPHQVmR�QDV�QDQR¿EUDV��QP� ������(������� ������(�������

$7*������SHUGD�GH�PDVVD���LQWHUYDOR���&� ������� �������

$7*������SHUGD�GH�PDVVD���LQWHUYDOR���&� ��������� ���������

'7*��SLFR����&� ��� ���

�1D�DQiOLVH�WHUPRJUDYLPpWULFD�REVHUYRX�VH�TXH�DV�SHOtFXODV�REWLGDV�DSUHVHQWDUDP�SHU¿V�GH�GH�
JUDGDomR�FRP�VLPLODUHV�HQWUH�VL��9HUL¿FRX�VH�D�H[LVWrQFLD�GH�WUrV�HWDSDV�GLVWLQWDV�GH�SHUGD�GH�PDVVD�H�
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Pi[LPD�GHJUDGDomR�����&��'7*���VHQGR�SRUWDQWR�FDUDFWHUtVWLFR�GH�&%��1R�'6&�REVHUYRX�VH�XP�SLFR�
HQGRWpUPLFR�HP�DSUR[LPDGDPHQWH�����&�UHIHUHQWH�j�SHUGD�GH�iJXD�H�XP�DXPHQWR�GR�ÀX[R�GH�FDORU�HP�
WRUQR�GH�����&�VHQGR�UHIHUHQWH�j�GHJUDGDomR�GD�FHOXORVH��$�XWLOL]DomR�GR�OtTXLGR�GH�VLVDO�FRPR�PHLR�
DOWHUQDWLYR�SDUD�SURGXomR�GH�&%�QmR�FRPSURPHWHX�DV�SURSULHGDGHV�WpUPLFDV�GR�PDWHULDO�UHVXOWDQWH��$�
&%�p�XP�PDWHULDO�TXH�SRGH�DOFDQoDU�XPD�IDL[D�PDLRU�GH�DSOLFDo}HV�TXDQGR�FRPSDUD�VH�FRP�D�FHOXORVH�
YHJHWDO�XPD�YH]�TXH�SRGH�VHU�DTXHFLGD�DWp�����&�DQWHV�GH�FRPHoDU�D�VH�GHJUDGDU��4XDQWR�j�DQiOLVH�GH�
5DLR�;�DPEDV�DV�DPRVWUDV�DSUHVHQWDUDP�DVSHFWR�VHPHOKDQWH�FRP�D�SUHVHQoD�GH�GRLV�SLFRV�GRPLQDQWHV�
TXH�SHUPLWHP�DYDOLDU�D�SUHVHQoD�GH�FHOXORVH�WLSR�,�H�,,��2V�UHVXOWDGRV�GH�)7,5�PRVWUDUDP�YiULDV�EDQGDV�
UHOHYDQWHV�WtSLFDV�GH�&%��UHODFLRQDGDV�FRP�OLJDo}HV�2+�H�&+��%DQGDV�UHIHUHQWHV�j�QLWURJrQLR��HVWUXWXUDV�
SURWpLFDV��RX�SRVVtYHLV�FRQWDPLQDQWHV�QmR�IRUDP�HQFRQWUDGDV��VHQGR�LQGLFDWLYRV�GH�SXUH]D�GDV�DPRVWUDV�
GH�&%�H�D�H¿FLrQFLD�GR�PpWRGR�GH�SXUL¿FDomR�XWLOL]DGR��

4 concluSÃo

�2�OtTXLGR�GR�VLVDO�p�XP�VXEVWUDWR�EDVWDQWH�SURPLVVRU�SDUD�D�SURGXomR�GH�&%��$�FRQGLomR�TXH�
RIHUHFH�D�PDLRU�SURGXomR�GH�&%�SHOD�EDFWpULD�G. hansenii�$7&&�������p�REWLGD�DWUDYpV�GR�FXOWLYR�SRU�
���GLDV�VRE�FRQGLo}HV�HVWiWLFDV�XWLOL]DQGR�PHLR�j�EDVH�GH�OtTXLGR�GH�VLVDO�FRQWHQGR����J�/�GH�Do~FDUHV��
S+�LQLFLDO����VXSOHPHQWDomR�FRP�����J�/�GH�H[WUDWR�GH�OHYHGXUD�H�FRP�XPD�UHODomR�YROXPH�GH�PHLR�iUHD�
VXSHU¿FLDO�GH�FXOWLYR�GH�����P/�FP2��$�&%�REWLGD�GR�OtTXLGR�GH�VLVDO�DSUHVHQWD�SURSULHGDGHV�VHPHOKDQ�
WHV�j�FHOXORVH�REWLGD�HP�PHLR�SDGUmR�+6�TXDQWR�j�FDSDFLGDGH�GH�DEVRUomR�GH�iJXD��HVWDELOLGDGH�WpUPLFD��
SXUH]D�H�GLPHQVmR�GDV�QDQR¿EUDV�����

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��)LQHS��&DSHV�H�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD�

reFerÊnciAS

$1'5$'(��5��-251(/$6��-���%5$1'2��:��6LWXDomR�DWXDO�GR�VLVDO�QD�%DKLD�H�VXDV�QRYDV�SRVVL�
ELOLGDGHV�GH�XWLOL]DomR�H�DSURYHLWDPHQWR��&RPXQLFDomR��'LVSRQtYHO�HP����KWWS���ZZZ�VHDJUL�ED�JRY�EU�
VLWHV�GHIDXOW�¿OHV��BFRPXQLFDFDR��Y�Q��SGI!��$FHVVR�HP�����MXQ������

&+$:/$��3��5���%$-$-��,��%���6859$6(��6��$���6,1*+$/��5��6��0LFURELDO�&HOOXORVH��)HUPHQWDWLYH�
3URGXFWLRQ�DQG�$SSOLFDWLRQV��)RRG�7HFKQRORJ\�DQG�%LRWHFKQRORJ\��=DJUHE��Y������Q�����S����������������

d2%$1��(��3��/��%,<,.��+��(IIHFW�RI�YDULRXV�FDUERQ�DQG�QLWURJHQ�VRXUFHV�RQ�FHOOXORVH�V\QWKHVLV�E\�
Acetobacter lovaniensis�+%%���$IULFDQ�-RXUQDO�RI�%LRWHFKQRORJ\��1DLUREL��Y������Q������S�������������
������

+(675,1��6���6&+5$00��0��6\QWKHVLV�RI�FHOOXORVH�E\�Acetobacter xylinum��3UHSDUDWLRQ�RI�IUHH]H�
GULHG�FHOOV�FDSDEOH�RI�SRO\PHUL]LQJ�JOXFRVH�WR�FHOOXORVH��%LRFKHPLFDO�-RXUQDO��/RQGUHV��Y������Q�����S��
���������������

0,//(5��*��/��8VH�RI�'LQLWURVD,LF\,LF�$FLG�5HDJHQW�IRU�'HWHUPLQDWLRQ�RI�5HGXFLQJ�6XJDU��$QDO\WLFDO�
&KHPLVWU\��:DVKLQJWRQ��Y������Q�����S����±����������

3(&25$52��e���0$1=$1,��'���0(66$''(4��<���5,%(,52��6��-��/��%DFWHULDO�&HOOXORVH�IURP�Glu-
canacetobacter xylinus�,Q��%(/*$&(0��0��1���*$1',1,�$���(G���3UHSDUDWLRQ��3URSHUWLHV�DQG�$SSOL�
FDWLRQV��0RQRPHUV��3RO\PHUV�DQG�&RPSRVLWHV�IURP�5HQHZDEOH�5HVRXUFHV��$PVWHUGDP��������S������

<$68+$5$��7���12.,+$5$��.��+LJK�WKURXJKSXW�DQDO\VLV�RI�WRWDO�QLWURJHQ�FRQWHQW�WKDW�UHSODFHV�WKH�
FODVVLF�.MHOGDKO�PHWKRG��-RXUQDO�RI�$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\��:DVKLQJWRQ��Y������Q�����S�������
�����������
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resumo

$�FDVFD�GH�FRFR�YHUGH��UHVtGXR�GR�FRQVXPR�GD�iJXD�GH�FRFR��DSUHVHQWD�EDL[R�FXVWR�H�DOWD�GLVSRQLELOLGD�
GH��SULQFLSDOPHQWH�QD�UHJLmR�1RUGHVWH��6HX�DSURYHLWDPHQWR�SRGH�FRQWULEXLU�SDUD�D�UHGXomR�GRV�UHVtGXRV�
VyOLGRV�XUEDQRV�H�SDUD�R�GHVHQYROYLPHQWR�GH�XPD�SODWDIRUPD�GH�SURGXWRV�GH�DOWR�YDORU�DJUHJDGR��2�SUH�
VHQWH�WUDEDOKR�EXVFRX�HVWDEHOHFHU�XP�QRYR�SURFHVVR�GH�REWHQomR�GH�QDQRZKLVNHUV�GH�FHOXORVH�GD�¿EUD�
GD�FDVFD�GH�FRFR�YHUGH��GH�IRUPD�D�PHOKRUDU�R�UHQGLPHQWR�H�DV�FDUDFWHUtVWLFDV�GDV�QDQRHVWUXWXUDV��$�¿EUD�
IRL�VXEPHWLGD�D�HWDSDV�GH�SUp�WUDWDPHQWR��REMHWLYDQGR�UHGX]LU�R�WHRU�GH�FRPSRQHQWHV�QmR�FHOXOyVLFRV��
SRU�PHLR�GH�SROSDomR�DFHWRVROY�FRPELQDGD�FRP�XP�EUDQTXHDPHQWR�FRP�SHUy[LGR�GH�KLGURJrQLR��2V�QD�
QRZKLVNHUV�IRUDP�H[WUDtGRV�SRU�KLGUyOLVH�iFLGD�FRP�iFLGR�VXOI~ULFR��$V�DPRVWUDV�IRUDP�DQDOLVDGDV�SRU�
FDUDFWHUL]Do}HV�TXtPLFDV��PLFURVFRSLD�HOHWU{QLFD�H�GLIUDWRJUDPD�GH�UDLR�[��2�SURFHVVR�IRL�FRQVLGHUDGR�
H¿FLHQWH��SRLV�IRL�SRVVtYHO�UHFXSHUDU�OLJQLQD�H�REWHU�XPD�VXVSHQVmR�HVWiYHO�H�EUDQFD�GH�QDQRZKLVNHUV�GH�
FHOXORVH��OLYUH�GH�OLJQLQD��FRP�HOHYDGD�UD]mR�GH�DVSHFWR�H�DOWR�tQGLFH�GH�FULVWDOLQLGDGH�
Palavras-chave��1DQRZKLVNHUV��3ROSDomR�DFHWRVROY��)LEUD�GH�FRFR��&HOXORVH

ProceSS oPtimiZAtion oF Production nAnowHiSKerS From coconut Fiber

Abstract

&RFRQXW�¿EHU��D�UHVLGXH�RI�FRQVXPSWLRQ�RI�FRFRQXW�ZDWHU��KDV�D�ORZ�FRVW�DQG�KLJK�DYDLODELOLW\�SDUWLFX�
ODUO\�LQ�WKH�1RUWKHDVW�UHJLRQ�RI�WKH�FRXQWU\��,WV�XVH�FDQ�FRQWULEXWH�WR�WKH�UHGXFWLRQ�RI�VROLG�ZDVWH�DQG�WKH�
GHYHORSPHQW�RI�D�SURGXFW�SODWIRUP�KLJK�DGGHG�YDOXH��7KLV�VWXG\�DLPHG�WR�HVWDEOLVK�D�QHZ�SURFHVV�IRU�
H[WUDFWLQJ�FHOOXORVH�QDQRZKLVNHUV�IURP�WKH�FRFRQXW�KXVN�¿EHU��7KH�¿EHU�ZDV�VXEMHFWHG�WR�SUH�WUHDWPHQW�
VWHS�DLPHG�DW�UHGXFLQJ�WKH�FRQWHQW�RI�QRQ�FHOOXORVLF�FRPSRQHQWV��E\�SXOSLQJ�DFHWRVROY�FRPELQHG�ZLWK�
D�EOHDFKLQJ�ZLWK�K\GURJHQ�SHUR[LGH��7KH�QDQRZKLVNHUV�ZHUH�H[WUDFWHG�E\�DFLG�K\GURO\VLV�ZLWK�VXOIXULF�
DFLG�IRU�UHPRYDO�RI�WKH�DPRUSKRXV�FHOOXORVH�DQG�FHOOXORVH�VHSDUDWLRQ�RI�WKH�FU\VWDOV��7KH�VDPSOHV�ZHUH�
DQDO\]HG�IRU�FKHPLFDO�FKDUDFWHUL]DWLRQV��HOHFWURQ�PLFURVFRS\�DQG�[�UD\�GLIIUDFWLRQ��7KH�SURFHVV�ZDV�
HI¿FLHQW�DV�LW�ZDV�SRVVLEOH�WR�UHFRYHU�OLJQLQ�DQG�WR�REWDLQ�D�VWDEOH�DQG�ZKLWH�VXVSHQVLRQ�RI�FHOOXORVH�
QDQRZKLVNHUV��OLJQLQ�IUHH��ZLWK�KLJK�DVSHFW�UDWLR�DQG�KLJK�FU\VWDOOLQLW\�LQGH[
Keywords: 1DQRZKLVNHUV��DFHWRVROY��&RFRQXW�¿EHU��&HOOXORVH

1 introduÇÃo

1DQRHVWUXWXUDV�GH�FHOXORVH�WrP�DWUDtGR�D�DWHQomR�GH�GLYHUVRV�LQVWLWXWRV�GH�SHVTXLVD��*RYHUQRV�
H�HPSUHVDV�GHYLGR�DR�VHX�DOWR�SRWHQFLDO�GH�DSOLFDomR�HP�PDWHULDLV�DYDQoDGRV�H�GH�DOWR�YDORU�DJUHJDGR�
�5(%28,//$7��3/$���������$�FHOXORVH�p�R�ELRSROtPHUR�PDLV�DEXQGDQWH�GD�WHUUD�H�VXD�SURGXomR�DQXDO�
p�GH�DSUR[LPDGDPHQWH�����[���12 WRQ��./(00��6&+80$11���������2V�QDQRZKLVNHUV�GH�FHOXORVH�
�1:&��VmR�SURGXWRV�YLD�KLGUyOLVH�iFLGD�GH�¿EUDV�OLJQRFHOXOyVLFDV��3RGHP�VXEVWLWXLU�RV�QDQRWXERV�GH�
FDUERQR�FRPR�DJHQWHV�GH�UHIRUoR�SRU�FDXVD�GH�VHX�FXVWR�UHODWLYDPHQWH�EDL[R�GH�SURGXomR��IiFLO�REWHQomR�
HP�FRPSDUDomR�DRV�QDQRWXERV��EDL[D�GHQVLGDGH��FHUFD�GH�������J�FP����QDWXUH]D�QmR�DEUDVLYD��ELRFRP�
SDWLELOLGDGH�H�ELRGHJUDGDELOLGDGH��3267(.�HW�DO����������

'H�DFRUGR�FRP�5RVD�HW�DO����������D�¿EUD�GH�FRFR�YHUGH�p�XPD�PDWpULD�SULPD�SURPLVVRUD�SDUD�
D�H[WUDomR�GRV�1:&��SRLV�p�XPD�PDWpULD�DEXQGDQWH��GH�EDL[R�FXVWR�H�Ki�XPD�DOWD�SURGXomR�QDV�UHJL}HV�
WURSLFDLV��&RQVLGHUDQGR�TXH�TXDQWR�PDLRU�R�WHRU�GH�OLJQLQD�QD�¿EUD��PHQRU�D�DFHVVLELOLGDGH�GD�FHOXORVH�
QD�HWDSD�GH�H[WUDomR�GRV�1:&��R�SUHVHQWH�WUDEDOKR�DSOLFRX�XPD�QRYD�DERUGDJHP��YLVDQGR�UHPRYHU�D�
OLJQLQD�GD�¿EUD�GH�FRFR��DXPHQWDU�D�H[SRVLomR�GD�FHOXORVH�DR�VXEVHTXHQWH�DWDTXH�iFLGR�H�REWHU�1:&��
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SRU�PHLR�GH�WUDWDPHQWRV�TXtPLFRV�GH�EDL[R�LPSDFWR�DPELHQWDO��EDL[R�FXVWR�H�FRP�R�XVR�GH�UHDJHQWHV�
IDFLOPHQWH�UHFXSHUiYHLV��

2 mAteriAiS e métodoS

$�¿EUD� GD� FDVFD� GH� FRFR� YHUGH� �)&&�� IRL� VXEPHWLGD� D� SROSDomR� DFHWRVROY� HP� XPD� UHODomR�
ELRPDVVD�VROYHQWH�QD�SURSRUomR�������P�Y���FRP�iFLGR�DFpWLFR������FDWDOLVDGD�FRP�������GH�iFLGR�
FORUtGULFR��GXUDQWH���K�D�����&��$SyV�R�WpUPLQR�GD�UHDomR��D�IUDomR�VyOLGD�IRL�VHSDUDGD�GD�IUDomR�OtTXLGD�
DWUDYpV�GH�¿OWUDomR�D�YiFXR��$�SROSD�DFHWRVVROYH��3$��IRL�ODYDGD�FRP�iFLGR�DFpWLFR�j����&��SDUD�HYLWDU�
D� UHFRQGHQVDomR�GD� OLJQLQD��H�R� OLFRU�QHJUR��/1��IRL�DUPD]HQDGR�SDUD� IXWXUD� UHFXSHUDomR�GD� OLJQLQD�
�/5���025$1',0�*,$11(77,�HW�DO����������2�/1�IRL�FRQFHQWUDGR�HP�XP�URWDHYDSRUDGRU��SDUD�UH�
FXSHUDomR�GR�iFLGR�DFpWLFR��2�/1�FRQFHQWUDGR�IRL�GLOXtGR�HP����YH]HV�R�VHX�YROXPH�GH�iJXD�GHVWLODGD�
DTXHFLGD�D����&��SDUD�D�UHFXSHUDomR�GD�/LJQLQD��/5��DSyV�¿OWUDomR��$�3$�IRL�EUDQTXHDGD�GXDV�YH]HV�
FRP�SHUy[LGR�GH�KLGURJrQLR�����H�KLGUy[LGR�GH�VyGLR�����j����&��QXPD�SURSRUomR�������)LEUD�VROXomR��
P�Y���$�)%�IRL�KLGUROLVDGD��HP�VROXomR�GH�+2SO������Y�Y��������P�P���GXUDQWH��K�j����&��QXPD�SUR�
SRUomR���������P�Y��¿EUD�VROXomR���:$1*��&$2��=+$1*���������$�UHDomR�IRL�WHUPLQDGD�FRP�DGLomR�
GH�iJXD�GHLRQL]DGD�QD�SURSRUomR�������Y�Y��iFLGR�iJXD���$�VXVSHQVmR�IRL�FHQWULIXJDGD�GXUDQWH���FLFORV�
GH��������USP����&�H����PLQ��(QWUH�FDGD�FHQWULIXJDomR�D�VXVSHQVmR�IRL�XOWUDVVRQLFDGD��GXUDQWH���PLQ�D�
����:�GH�HQHUJLD��(P�VHJXLGD�D�VXVSHQVmR�FRORLGDO�GH�1:&�IRL�GLDOLVDGD�HP�iJXD�GHVWLODGD��$R�¿QDO�GD�
GLiOLVH�D�VXVSHQVmR�IRL�XOWUDVVRQLFDGD�PDLV�XPD�YH]��HYLWDQGR�D�IRUPDomR�GH�DJORPHUDGRV��$PRVWUDV�GH�
)&&��3$�H�)%�SDVVDUDP�SRU�DQiOLVH�GH�OLJQLQD�NODVRQ�GH�DFRUGR�FRP�7$33,�7�����RP�����������H�KROR�
FHOXORVH�H�DOIDFHOXORVH��GH�DFRUGR�FRP�<RNR\DPD��.DGOD�H�&KDQJ��������H�7$33,�7����FP������������
UHVSHFWLYDPHQWH��2V�1:&�IRUDP�DQDOLVDGRV�DWUDYpV�GH�0LFURVFRSLD�(OHWU{QLFD�GH�7UDQVPLVVmR��3DUD�
DYDOLDU�D�FULVWDQLOLGDGH��IRUDP�FRQGX]LGDV�DQiOLVHV�GH�GLIUDWRJUDPD�GH�UDLR�[�HP�XP�GLIUDW{PHWUR�;SHUW�
3UR�PRGHOR�03'��QDV�DPRVWUDV�GH�)&&��3$��)%�H�1:&�VHFD��HP�XP�WXER�GH�FREDOWR�QDV�FRQGLo}HV�
GH�����N9�H����P$��QD�HVFDOD�GH����D�����HP��ș��2�tQGLFH�GH�FULVWDOLQLGDGH��,&��IRL�FDOFXODGR�SHOD�UD]mR�
HQWUH�D�iUHD�LQWHJUDGD�GH�WRGRV�RV�SLFRV�GH�HVWUXWXUDV�FULVWDOLQDV�SHOD�LQWHJUDO�GD�iUHD�WRWDO�H�R�WDPDQKR�GR�
FULVWDO�SHUSHQGLFXODU�DR�SODQR�GH�UHGH�����IRL�HVWLPDGR�SHOD�HTXDomR�GH�6FKHUUHU��*$59(<��3$5.(5��
6,021��������

3 reSultAdoS e diScuSSÃo

$�¿EUD�EUXWD�DSUHVHQWRX�����GH�Į�FHOXORVH�H�����GH�OLJQLQD�NODVRQ��YDORUHV�VLPLODUHV�DRV�RE�
WLGRV�SRU�0XHQVUL���������2�SURFHVVR�RUJDQRVVROY�UHGX]LX�R�WHRU�GH�OLJQLQD�GD�¿EUD�GH�����SDUD������
sendo complementado pela etapa de branqueamento.

)RL�SRVVtYHO�REWHU�VXVSHQV}HV�HVWiYHLV�GH�1:&��)LJ�����GH�FRORUDomR�EUDQFD�H�GLPHQV}HV�Pp�
GLDV�GH�����(����QP�GH�FRPSULPHQWR��/��H���(���QP�GH�ODUJXUD��'���R�TXH�UHSURGX]LX�XPD�UD]mR�GH�DV�
SHFWR��/�'��GH����(����(VVH�YDORU�HVWi�GHQWUR�GR�LQWHUYDOR�HQFRQWUDGR�SDUD�RXWUDV�¿EUDV�YHJHWDLV��¿EUD�GH�
DOJRGmR����������7(,;(,5$�HW�DO���������H�OtQWHU�GH�DOJRGmR�������025$,6�HW�DO����������(VVH�DXPHQWR�
GH�GLPHQV}HV�REVHUYDGR�HP�5RVD�HW�DO��������SRGH�HVWDU�FRUUHODFLRQDGR�D�XPD�SRVVtYHO�UHFULVWDOL]DomR�
GH�UHJL}HV�DPRUIDV�SUy[LPDV�j�UHJLmR�FULVWDOLQD��$SHVDU�GRV�YDORUHV�VHUHP�LQIHULRUHV�DRV�REWLGRV�SRU�HV�
WHV�DXWRUHV��/�'� ����(������R�SURFHVVR�DSOLFDGR�QmR�XWLOL]RX�UHDJHQWHV�FORUDGRV�QHP�DOWDV�FRQFHQWUDo}HV�
GH�iFLGR�VXOI~ULFR���������P�P�YHUVXV������P�P���

2XWUR�DVSHFWR�SRVLWLYR�GD�QRYD�DERUGDJHP�IRL�D�ERD�FDUDFWHUtVWLFD�GH�FRU�REVHUYDGD�HP�FRQWUDV�
WH�FRP�R�WUDEDOKR�DQWHULRU��RQGH�D�VXVSHQVmR�GH�1:&�DSUHVHQWRX�FRORUDomR�PDUURP�HVFXUD��HP�UD]mR��
SRVVLYHOPHQWH�� GD�TXDQWLGDGH�GH� OLJQLQD� UHPDQHVFHQWH�GRV�SUp�WUDWDPHQWRV� DSOLFDGRV��$OpP�GLVVR�� R�
DOWR�tQGLFH�GH�FULVWDOLQLGDGH��������SDUD�1:&�GR�SUHVHQWH�WUDEDOKR��IRL�VXSHULRU�DRV�REWLGRV�SRU�)DKPD�
�������������H�SRU�5RVD�HW�DO���������������SDUD�R�PHVPR�WLSR�GH�¿EUD��(VVDV�FDUDFWHUtVWLFDV�UHIRUoDP�
R�SRWHQFLDO�GH�DSOLFDomR�GHVVHV�1:&��REWLGRV�XWLOL]DQGR�D�SROSDomR�DFHWRVROY�FRPR�SUp�WUDWDPHQWR��HP�
QDQRFRPSyVLWRV�
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Figura 1. 0LFURJUD¿DV�H�IRWR�GD�VXVSHQVmR�GH�&1:�GH�¿EUD�GH�FRFR��1$6&,0(172�HW�DO���������

4 concluSÃo

)RL�SRVVtYHO�REWHU�XPD�VROXomR�GH�QDQRZKLVNHUV�GH�FHOXORVH�GH�FRORUDomR�EUDQFD��OLYUH�GH�OLJ�
QLQD��FRP�HOHYDGD�UD]mR�GH�DVSHFWR�H�tQGLFH�GH�FULVWDOLQLGDGH��D�SDUWLU�GD�¿EUD�GH�FRFR��$�FRPELQDomR�
GD�SROSDomR�DFHWRVROY�FRP�R�EUDQTXHDPHQWR�FRP�SHUy[LGR�DOFDOLQR�IRL�H¿FLHQWH�QmR�VRPHQWH�SDUD�D�
SXUL¿FDomR�GD�FHOXORVH��PDV�WDPEpP�SDUD�D�REWHQomR�GH�OLJQLQD�TXH�IRL�FRQ¿UPDGD�SRU�)7,5��H�UHDSUR�
YHLWDPHQWR�GH�SDUWH�GH�UHDJHQWHV�XVDGRV��(VVD�DERUGDJHP�DSUHVHQWD�XP�JDQKR�LPSRUWDQWH�HP�UHODomR�
D�WUDEDOKRV�DQWHULRUHV�FRP�D�¿EUD�GH�FRFR��Mi�TXH�FRQWULEXL�SDUD�UHGX]LU�R�LPSDFWR�DPEXHQWDO��FRP�XP�
PHOKRU�DSURYHLWDPHQWR�GRV�FRPSRQHQWHV�GD�¿EUD��OLJQLQD��H�FRP�QDQRZKLVNHUV�FRP�SURSULHGDGHV�VX�
periores.
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resumo
1HVWH�WUDEDOKR�IRUDP�GHVHQYROYLGDV�QRYDV�HVWUDWpJLDV�GH�REWHQomR�GH�QDQRHVWUXWXUDV�GH�FHOXORVH�D�SDU�
WLU�GD�¿EUD�GH�FRFR��$�¿EUD�GH�FRFR�IRL�VXEPHWLGD�D�HWDSDV�GH�UHPRomR�GD�OLJQLQD��SROSDomR�DFHWRVROY�
H�EUDQTXHDPHQWR�WRWDOPHQWH�OLYUH�GH�FORUR�HOHPHQWDU���UHFXSHUDomR�GD�OLJQLQD��FRSURGXWR��H�H[WUDomR�
GD�QDQRFHOXORVH��KLGUyOLVH�FRP�iFLGR�VXOI~ULFR��KLGUyOLVH�R[LGDWLYD�FRP�SHUVXOIDWR�GH�DP{QLR�H�GHVLQ�
WUHJUDomR�FRP�XOWUDVVRP�GH�DOWD�LQWHQVLGDGH���$�QDQRFHOXORVH�REWLGD�YLD�XOWUDVVRP�GH�DOWD�LQWHQVLGDGH�
DSUHVHQWRX�PHOKRU� UHQGLPHQWR��PDLRU� HVWDELOLGDGH� WpUPLFD� H� tQGLFH�GH� FULVWDOLQLGDGH� VHPHOKDQWH� DRV�
PpWRGRV�GH�H[WUDomR�TXtPLFD�
Palavras-chave��1DQRHVWUXWXUDV�GH�FHOXORVH��)LEUD�GH�FRFR��5HQGLPHQWR��(VWDELOLGDGH�WpUPLFD��tQGLFH�
de cristalinidade.
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nAnoceluloSe cHArActeriZAtion oF coconut Fiber obtAined bY diFFer-
ent metHodS. 
Abstract
,Q�WKLV�ZRUN�QHZ�VWUDWHJLHV�IRU�REWDLQLQJ�FHOOXORVH�QDQRVWUXFWXUHV�ZHUH�GHYHORSHG�IURP�FRLU��&RLU�XQ�
GHUZHQW�UHPRYDO�VWHSV�RI�OLJQLQ��DFHWRVROY�SXOSLQJ�DQG�EOHDFKLQJ�WRWDOO\�IUHH�RI�HOHPHQWDO�FKORULQH���
UHFRYHU\�RI�OLJQLQ��FRSURGXFW��DQG�H[WUDFWLRQ�QDQRFHOXORVH��VXOIXULF�DFLG�K\GURO\VLV��R[LGDWLYH�K\GUR�
O\VLV�ZLWK�DPPRQLXP�SHUVXOIDWH�DQG�GHVLQWUHJUDomR�ZLWK�XOWUDVRXQG�KLJK�LQWHQVLW\���7KH�QDQRFHOXORVH�
REWDLQHG�YLD�KLJK�LQWHQVLW\�XOWUDVRXQG�VKRZHG�EHWWHU�SHUIRUPDQFH��JUHDWHU�WKHUPDO�VWDELOLW\�DQG�LQGH[�
VLPLODU�WR�WKH�PHWKRGV�RI�FKHPLFDO�H[WUDFWLRQ�FU\VWDOOLQLW\�
Keywords: FHOOXORVH�QDQRVWUXFWXUHV��&RFRQXW�¿EHU��\LHOG��7KHUPDO�VWDELOLW\��FU\VWDOOLQLW\�LQGH[��

1 introduÇÃo

$�QDQRFHOXORVH�p�XP�PDWHULDO��REWLGR�GH�IRQWHV�UHQRYiYHLV��FRP�XPD�JDPD�GH�DSOLFDo}HV�HP�
GLIHUHQWHV�iUHDV��$OpP�GLVVR��HP�FRQWUDVWH�DRV�QDQRWXERV�GH�FDUERQR��TXH�DLQGD�JHUDP�GLVFXVV}HV�QR�
PHLR�DFDGrPLFR�GHYLGR�DR�VHXV�HIHLWRV�QD�VD~GH�KXPDQD�H�DR�PHLR�DPELHQWH��/,8�et al.���������D�QD�
QRFHOXORVH�QmR�FDXVD�WDLV�SUHRFXSDo}HV��+8$�et al.��������./(00�et al.���������$�QDQRFHOXORVH�SRGH�
VHU�REWLGD�GD�PDGHLUD��¿EUDV��QmR�PDGHLUD���DOJDV��WXQLFDGRV��DOJRGmR��FHOXORVH�EDFWHULDQD�H�WDPEpP�GH�
UHVtGXRV�GD�DJURLQG~VWULD��,62*$,���������'HQWUH�HVWDV�VH�GHVWDFDP�RV�UHVtGXRV�DJURLQGXVWULDLV��FRPR�
DV�¿EUDV�GH�FRFR��526$�et al.���������2�REMHWLYR�GHVWH�WUDEDOKR�IRL�SURSRU�XPD�QRYD�HVWUDWpJLD�SDUD�D�
REWHQomR�GD�QDQRFHOXORVH�GD�¿EUD�GH�FRFR�FRQWHPSODQGR�D�DXVrQFLD�GR�XVR�GH�VXEVWkQFLDV�IRUPDGRUDV�
GH�FORUR�HOHPHQWDU��DSURYHLWDPHQWR�GD�OLJQLQD�H�SRWHQFLDO�GH�SURGXomR�GH�PHWDQR�GRV�HÀXHQWHV��FRPR�
FRSURGXWRV��H�R�GHVHPSHQKR�DPELHQWDO�GD�QDQRFHOXORVH�REWLGD�SRU�GLIHUHQWHV�PpWRGRV�

2 mAteriAiS e métodoS

$V�¿EUDV�GH�FRFR�IRUDP�VXEPHWLGDV�D�XP�DMXVWH�JUDQXORPpWULFR�HP�PRLQKR�GH�IDFDV�WLSR�ZLOO\H�
�)257,12;�±�67$5�)7�����FRP�SHQHLUD�GH�����PP��(P�VHJXLGD�VXEPHWLGD�DR�SURFHVVR�GH�SROSDomR�
RUJDQRVROY�DFHWRVROY��RX�SROSDomR�DFHWRVROY���FRP�XPD�VROXomR�FRQWHQGR������P�P��GH�iFLGR�DFpWLFR�
H�������P�P��GH�iFLGR�FORUtGULFR��+&O���VROXomR�DFHWRVROY��QD�SURSRUomR�GH�������P�Y��H�PDQWLGD�VRE�
UHÀX[R�GXUDQWH���KRUDV��$R�WpUPLQR�GD�UHDomR��D�IUDomR�VyOLGD��GHQRPLQDGD�SROSD�DFHWRVROY��IRL�¿OWUDGD�
FRP�XPD�QRYD�SRUomR�GD�VROXomR�D����&��ODYDGD�FRP�iJXD�GHVWLODGD�DWp�S+�QHXWUR�H�VHFD�HP�HVWXID�FRP�
FLUFXODomR�GH�DU�D�����&�DWp�SHVR�FRQVWDQWH��$�IUDomR�OtTXLGD��GHQRPLQDGD�FRPR�OLFRU�QHJUR��IRL�DUPD�
]HQDGD�SDUD�FRQFHQWUDomR�H�SUHFLSLWDomR�GD�OLJQLQD��$�SROSD�DFHWRVROY�IRL�EUDQTXHDGD�FRP�SHUy[LGR�GH�
KLGURJrQLR��+2O2������P�P��H�KLGUy[LGR�GH�VyGLR��1D2+������P�Y��GXUDQWH����PLQXWRV�D����&�VRE�
DJLWDomR�FRQVWDQWH��(VWD�HWDSD�IRL�UHSHWLGD�PDLV�XPD�YH]��(P�VHJXLGD�D�SROSD�IRL�DGLFLRQDGD�j�VROXomR�
GH�KLGUy[LGR�GH�SRWiVVLR��.2+������P�Y��D����&�GXUDQWH���KRUDV��$R�WpUPLQR�GD�UHDomR��D�IUDomR�VyOLGD��
GHQRPLQDGD�FRPR�SROSD�GH�FHOXORVH��IRL�¿OWUDGD�H�VHFD�HP�HVWXID�FRP�FLUFXODomR�GH�DU�D�����&�DWp�SHVR�
FRQVWDQWH��$�¿EUD�GH�FRFR�IRL�VXEPHWLGD�D�TXDWUR�PpWRGRV�GH�H[WUDomR�GH�QDQRFHOXORVH��,��$�SROSD�GH�
FHOXORVH�IRL�VXEPHWLGD�D�KLGUyOLVH�iFLGD�FRP�+2SO���������P�P��D����&��VRE�DJLWDomR�SRU���KRUDV��2�
iFLGR�VXOI~ULFR�IRL�UHPRYLGR�SRU�FHQWULIXJDomR�H�GLiOLVH��,,��$�SROSD�GH�FHOXORVH�IRL�VXEPHWLGD�D�KLGUyOLVH�
iFLGD�FRP�+2SO�������P�P��D����&��VRE�DJLWDomR�SRU����PLQXWRV��2�iFLGR�VXOI~ULFR�IRL�UHPRYLGR�SRU�
FHQWULIXJDomR�H�GLiOLVH��,,,��$�SROSD�DFHWRVROY�IRL�VXEPHWLGD�D�UHDomR�FRP�SHUVXOIDWR�GH�DP{QLR���PRO�/�� 
D����&��VRE�DJLWDomR�SRU����KRUDV��2�SHUVXOIDWR�GH�DP{QLR�IRL�UHPRYLGR�SRU�FHQWULIXJDomR��,9��$�SROSD�
GH�FHOXORVH�IRL�VXEPHWLGD�D�GHVLQWUHJUDomR�YLD�XOWUDVVRP�GH�DOWD�LQWHQVLGDGH��8,3����KG�GD�+LHOVFKHU��
FRP�IUHTXrQFLD�GH����N+]�H�HTXLSDGR�FRP�XPD�VRQGD�GH�WLWkQLR�GH�����FP�GH�GLkPHWUR��$�XOWUDVVRQL�
FDomR�IRL�UHDOL]DGD�HP�UHDWRU�HQFDPLVDGR�GH�DoR�LQR[LGiYHO�FRP�UHFLUFXODomR�GH�iJXD�UHVIULDGD�SRU����
PLQXWRV�FRP�XPD�SRWrQFLD�GH������:��$�VXVSHQVmR�IRL�FRQFHQWUDGD�SRU�FHQWULIXJDomR�

3 reSultAdoS e diScuSSÃo

2V�UHQGLPHQWRV�GRV�QDQRFULVWDLV�SDUD�RV�PpWRGRV�,��,,��,,,�H�,9�IRUDP�GH�DSUR[LPDGDPHQWH������
���������H������UHVSHFWLYDPHQWH��$�¿JXUD���DSUHVHQWD�RV�HVSHFWURV�GH�GLIUDomR�GH�UDLRV�;�GDV�QDQRHV�
WUXWXUDV�GH�FHOXORVH�REWLGDV�SRU�HVVHV�PpWRGRV��
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Figura 1. 'LIUDWRJUDPDV�SDUD�DV�QDQRHVWUXWXWDUDV�GH�FHOXORVH�REWLGDV�SHOR��D��PpWRGR�,���E��PpWRGR�,,���F��
PpWRGR�,,,�H��G��PpWRGR�,9�

$�QDQRFHOXORVH�,,�DSUHVHQWRX�R�PDLRU�tQGLFH�GH�FULVWDOLQLGDGH�����������FRPR�HVSHUDGR��3URFHV�
VRV�FRP�iFLGR�VXOI~ULFR�FRQFHQWUDGR�JHUDP�QDQRFULVWDLV�GH�DOWR�tQGLFH�GH�FULVWDOLQLGDGH��0$5,$12��
(/�.,66,��'8)5(61(���������$�QDQRFHOXORVH�,�DSUHVHQWDUDP�XP�SLFR�HP��������LQGLFDQGR�TXH�GXUDQ�
WH�D�KLGUyOLVH�SDUWH�GD�FHOXORVH�IRL�FRQYHUWLGD�HP�&HOXORVH�,,��$�QDQRFHOXORVH�,,,�DSUHVHQWRX�XP�PDLRU�
,&�GR�TXH�D�3$��LQGLFDQGR�TXH�RV�FRPSRQHQWHV�QmR�FHOXOyVLFRV�SUHVHQWHV�QD�SROSD�IRUDP�UHPRYLGRV�H�
TXH�QDQRFULVWDLV�LVHQWRV�GH�LPSXUH]DV��OLJQLQD��IRUDP�H[WUDtGRV�VHP�D�QHFHVVLGDGH�GR�SURFHVVR�GH�EUDQ�
TXHDPHQWR��2�DXPHQWR�GR�,&�GD�QDQRFHOXORVH�,9�FRQ¿UPD�TXH�SDUWH�GD�FHOXORVH�DPRUID�GD�FHOXORVH�IRL�
UHPRYLGD�DSyV�R�SURFHVVR�GH�XOWUDVVRP�GH�DOWD�LQWHQVLGDGH��(VWH�UHVXOWDGR�HVWi�GH�DFRUGR�FRP�R�UHODWDGR�
QD�OLWHUDWXUD���XPD�YH]�TXH�R�HIHLWR�GD�FDYLWDomR�SURGX]LGR�SHOR�XOWUDVVRP�WHQGH�D�IUDJPHQWDU�SUHIHUHQ�
FLDOPHQWH�D�IUDomR�DPRUID�GD�FHOXORVH��/,��<8(��/,8��������

$�¿JXUD���DSUHVHQWD�DV�FXUYDV�GH�7*$�G7*�GDV�QDQRHVWUXWXUDV�HP�DWPRVIHUD�LQHUWH��$�PDLRU�
HVWDELOLGDGH�WpUPLFD�GD�QDQRFHOXORVH�,9�IRL�DWULEXtGD�D�DXVrQFLD�GH�JUXSRV�VXOIDWRV�HP�FRPELQDomR�FRP�
XP�DOWR�tQGLFH�GH�FULVWDOLQLGDGH��(VWH�FRPSRUWDPHQWR�p�MXVWL¿FDGR�SHOR�IDWR�GDV�UHDo}HV�GH�GHJUDGDOoDR�
WpUPLFD�LQLFLDUHP�QRV�GRPtQLRV�DPRUIRV�GD�FHOXORVH��&,2/$&8��&,2/$&8��323$��������

Figura 2. &XUYDV�GH�7*$�G7*�SDUD�DV�QDQRHVWUXWXWDUDV�GH�FHOXORVH�REWLGDV�SHOR��D��PpWRGR�,���E��PpWRGR�,,���F��
PpWRGR�,,,�H��G��PpWRGR�,9�

4 concluSÃo

)RL�SRVVtYHO�REWHU�QDQRHVWUXWXUDV�GH�FHOXORVH�SRU�TXDWUR�PpWRGRV�GLVWLQWRV�FRP�SURSULHGDGHV�
VXSHULRUHV�DR�REWLGR�HP�RXWURV�WUDEDOKRV�FRP�D�¿EUD�GH�FRFR�UHODWDGR�QD�OLWHUDWXUD��)RL�REVHUYDGR�XP�
DXPHQWR�QR�UHQGLPHQWR�GD�QDQRFHOXORVH�REWLGD�YLD�XOWUDVVRP�GH�DOWD�LQWHQVLGDGH��DXPHQWR�QD�HVWDEL�
OLGDGH�WpUPLFD�GHYLGR�D�DXVrQFLD�GH�JUXSRV�VXOIDWRV�QD�FHOXORVH�H�XP�tQGLFH�GH�FULVWDOLQLGDGH�SUy[LPR�
DR�REWLGR�SHOR�PpWRGR�GH�KLGUyOLVH�TXtPLFD��2V�UHVXOWDGRV�PRVWUDP�TXH�R�WLSR�GH�PpWRGR�GH�H[WUDomR�
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SRGH�DIHWDU�DV�SURSULHGDGHV�GD�QDQRFHOXORVH�H�TXH�R�DSURYHLWDPHQWR�LQWHJUDO�GRV�FRPSRQHQWHV�GD�¿EUD�
GH�FRFR�FRQWULEXHP�SDUD�R�GHVHQYROYLPHQWR�GH�XPD�ELRUUH¿QDULD�QDQRWHFQROyJLFD�SDUD�¿EUDV�ULFDV�HP�
lignina e celulose.

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��&$3(6��8)&�H�(0%5$3$�

reFerÊnciAS
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 AvAliAÇÃo dA eco-eFiciÊnciA do SiStemA de 
biorreFinAriA dA FibrA dA cAScA do coco verde

Amanda F. dias1, Jessica S. Almeida2, diego m. nascimento3, maria c. brito de Figueiredo4, 
morsyleide F. rosa5.

1,QVWLWXWR�)HGHUDO�GH�(GXFDomR��&LrQFLD�H�7HFQRORJLD�GR�&HDUi��0DUDFDQD~��&(��28QLYHUVLGDGH�
(VWDGXDO�GR�&HDUi��)RUWDOH]D��&(���8QLYHUVLGDGH�)HGHUDO�GR�&HDUi��)RUWDOH]D��&(�����Embrapa 

$JURLQG~VWULD�7URSLFDO�
IGLDVDPDQGD#JPDLO�FRP

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
2�FRQFHLWR�GH�ELRUUH¿QDULD�p�GH¿QLGR�FRPR�R�SURFHVVR�LQGXVWULDO�TXH�JHUD�SURGXWRV�TXtPLFRV��HQHUJLD�H�
FRPEXVWtYHO�D�SDUWLU�GD�XWLOL]DomR�GD�ELRPDVVD��(VVH�WUDEDOKR�DYDOLD�D�HFR�H¿FLrQFLD�GR�VLVWHPD�GH�ELRU�
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UH¿QDULD�TXH�XWLOL]D�D�¿EUD�GD�FDVFD�GR�FRFR�YHUGH�FRPR�PDWpULD�SULPD�SDUD�REWHQomR�GH�OLJQLQD�H�QD�
QRFHOXORVH��1&���$�PHWRGRORJLD�HPSUHJDGD�SDUD�DYDOLDomR�GRV�LPSDFWRV�DPELHQWDLV�IRL�D�$YDOLDomR�GR�
&LFOR�GH�9LGD��$&9��VHJXLQGR�DV�QRUPDV�,62�������H��������$V�FDWHJRULDV�GH�LPSDFWR��&,��DERUGDGDV�
IRUDP��PXGDQoD�FOLPiWLFD��0&���DFLGL¿FDomR�GR�VROR��$6��WR[LFLGDGH�KXPDQD��7+���GHSOHomR�KtGULFD�
�'+��H�HXWUR¿]DomR�GH�iJXDV�GRFHV��($'��H�PDULQKD��($0��DYDOLDGDV�SHOR�PpWRGR�5HFLSH��2V�GDGRV�
IRUDP�OHYDQWDGRV�HP�IXQomR�GR�SURFHVVDPHQWR�GH���NJ�GH�FDVFD�GH�FRFR�YHUGH�SDUD�D�SURGXomR�GH������
J�GH�1&�H������J�GH�/LJQLQD��2EVHUYD�VH�TXH�QR�SURFHVVR�XQLWiULR�GH�UHPRomR�GD�OLJQLQD�RFRUUH�XPD�
FRQVLGHUiYHO�SHUGD�GH�PDVVD��DXPHQWDGR�j�HPLVVmR�GH�PDWHULDO�GLVVROYLGR�QR�HÀXHQWH��'HVWH�PRGR��R�
SURFHVVR�UHVSRQGH�SHORV�PDLRUHV�LPSDFWRV�DPELHQWDLV�QDV�FDWHJRULDV�0&��($'��$6��7+��'+��$�GLiOLVH�
p�R�SURFHVVR�TXH�PDLV�FRQWULEXL�SDUD�D�GHSOHomR�KtGULFD�GHYLGR�DR�FRQVXPR�GH�iJXD�SDUD�UHGXomR�GR�S+�
da suspensão coloidal de nanocristais.
Palavras-chave��$YDOLDomR�GR�&LFOR�GH�9LGD��%LRUUHILQDULD��)LEUD�GR�FRFR�YHUGH�

evAluAtion oF eco-eFFiciencY SYStem bioreFinerY Fiber PeelinG Green 
coconut 
Abstract
7KH�ELRUH¿QHU\�FRQFHSW�LV�GH¿QHG�DV�WKH�LQGXVWULDO�SURFHVV�WKDW�JHQHUDWHV�FKHPLFDOV��HQHUJ\�DQG�IXHO�
IURP�ELRPDVV�XVH��7KLV�VWXG\�HYDOXDWHV�WKH�HFR�HI¿FLHQW�ELRUH¿QHU\�XVLQJ�WKH�¿EHU�RI�FRFRQXW�VKHOO�DV�D�
UDZ�PDWHULDO�IRU�WKH�SURGXFWLRQ�RI�OLJQLQ�DQG�QDQRFHOXORVH��1&��V\VWHP��7KH�PHWKRGRORJ\�IRU�DVVHVVLQJ�
WKH�HQYLURQPHQWDO�LPSDFWV�ZDV�WKH�/LIH�&\FOH�$VVHVVPHQW��/&$��DFFRUGLQJ�WR�,62�������DQG�������
7KH�LPSDFW�FDWHJRULHV��&,��ZHUH�DGGUHVVHG��&OLPDWH�FKDQJH��0&���VRLO�DFLGL¿FDWLRQ��$6��KXPDQ�WR[LFL�
W\��7+���ZDWHU�GHSOHWLRQ��'+��DQG�IUHVKZDWHUV��($'��DQG�PDULQH��($0��PHWKRG�HXWURSKLFDWLRQ�5HFLSH�
HYDOXDWHG�E\�FRQVLGHULQJ�WKH�&,�DW�DQ�LQWHUPHGLDWH�OHYHO��PLGSRLQW���7KH�GDWD�ZHUH�FROOHFWHG�DFFRUGLQJ�
WR�WKH�SURFHVVLQJ�RI���NJ�RI�FRFRQXW�KXVN�WR�SURGXFH������J�RI�&1�DQG������J�RI�OLJQLQ��,W�LV�QRWHG�WKDW�WKH�
XQLW�RI�OLJQLQ�UHPRYDO�SURFHVV�RFFXUV�D�FRQVLGHUDEOH�ZHLJKW�ORVV��LQFUHDVLQJ�WKH�HPLVVLRQ�RI�GLVVROYHG�
PDWHULDO�LQ�WKH�HIÀXHQW��7KXV��WKH�SURFHVV�UHVSRQGV�E\�PDMRU�HQYLURQPHQWDO�LPSDFWV�LQ�WKH�FDWHJRULHV�
0&��'/��$6��7+��'+��'LDO\VLV�LV�WKH�SURFHVV�WKDW�FRQWULEXWHV�WR�ZDWHU�GHSOHWLRQ�GXH�WR�FRQVXPSWLRQ�RI�
ZDWHU�WR�UHGXFH�WKH�S+�RI�WKH�FROORLGDO�VXVSHQVLRQ�RI�QDQRFU\VWDOV�
Keywords: /LIH�&\FOH�$VVHVVPHQW��%LRUH¿QHU\��&RFRQXW�¿EHU�

1 introduÇÃo

2�%UDVLO�p�UHVSRQViYHO�SRU�PDLV�GH�����GD�SURGXomR�GH�FRFR�YHUGH�GD�$PpULFD�GR�6XO��0XQ�
GLDOPHQWH�� p�R�TXDUWR�PDLRU�SURGXWRU�GH�FRFR��¿FDQGR�DWUiV� VRPHQWH�GD� ,QGRQpVLD��)LOLSLQDV�H� ËQGLD�
�)$2��������

&RQIRUPH�GDGRV�GR�,%*(�±�3URGXomR�$JUtFROD�0XQLFLSDO�GH�������R�(VWDGR�GR�&HDUi�¿JXUD�
HQWUH�RV�TXDWUR�PDLRUHV�SURGXWRUHV�GH�FRFR�GR�3DtV��VHQGR�UHVSRQViYHO�SRU�����GD�SURGXomR�QDFLRQDO��
¿FDQGR�VRPHQWH�DWUiV�GR�(VWDGR�GD�%DKLD��PDLRU�SURGXWRU�QDFLRQDO�GH�FRFR�FRP�����GH�SURGXomR���2�
FUHVFLPHQWR�VLJQL¿FDWLYR�GR�DJURQHJyFLR�GR�FRFR�YHUGH�IRL�UHVSRQViYHO�SRU�XPD�PDLRU�JHUDomR�GH�UH�
VtGXR�VyOLGR�FRQVWLWXtGR�GH�FDVFDV�QD�DWLYLGDGH�DJURLQGXVWULDO��'HVWD�PDQHLUD��VXUJHP�DOWHUQDWLYDV�SDUD�
UHGXomR�GRV�SUREOHPDV�DPELHQWDLV�SURYHQLHQWHV�GRV�UHVtGXRV�DJURLQGXVWULDLV��GHVWDFDQGR�VH�R�FRQFHLWR�
GH�ELRUUH¿QDULD��TXH�SURS}H�R�XVR�GH�IRQWHV�UHQRYiYHLV�QD�SURGXomR�GH�HQHUJLD��FRPEXVWtYHO�H�SURGX�
WRV�TXtPLFRV��DJUHJDQGR�YDORU�DV�VXDV�FDGHLDV�SURGXWLYDV�H�UHGX]LQGR�VHXV�LPSDFWRV�DPELHQWDLV��9$=��
������

2�REMHWLYR�GHVWH� WUDEDOKR�p� DYDOLDU� D� HFR�H¿FLrQFLD�GR� VLVWHPD�GH�ELRUUH¿QDULD�SURSRVWR�SRU�
1DVFLPHQWR�et al���������TXH�XWLOL]D�D�¿EUD�GH�FRFR�YHUGH�FRPR�PDWpULD�SULPD�SDUD�H[WUDomR�GH�OLJQLQD�
e nanocelulose. 

2 mAteriAiS e métodoS

$�PHWRGRORJLD�HPSUHJDGD�SDUD�DYDOLDomR�GRV�LPSDFWRV�DPELHQWDLV�IRL�D�$YDOLDomR�GR�&LFOR�GH�
9LGD��$&9��GH�DFRUGR�FRP�DV�QRUPDV�,62�������H��������$�IURQWHLUD�GR�VLVWHPD�FRQWHPSORX�R�HVFRSR�
GR�³EHUoR�DR�SRUWmR´��DEUDQJHQGR�DV�FDGHLDV�GH�SURGXomR�GRV�LQVXPRV�QHFHVViULRV�DR�VLVWHPD�GH�ELR�
UH¿QDULD��2�VLVWHPD�HP�HVWXGR�FRQVLVWLX�GRV�VHJXLQWHV�SURFHVVRV�XQLWiULRV��PRDJHP�GD�¿EUD��UHPRomR�
GD�OLJQLQD��UHFXSHUDomR�GD�OLJQLQD��FRQFHQWUDomR�GD�OLJQLQD��¿OWUDJHP�GD�OLJQLQD���EUDQTXHDPHQWR�GD�
FHOXORVH��KLGUyOLVH�iFLGD�GD�FHOXORVH�H�GLiOLVH��1DVFLPHQWR�et al���������

$V�FDWHJRULDV�GH�LPSDFWR�DERUGDGDV�QR�HVWXGR�VmR��PXGDQoD�FOLPiWLFD��HXWUR¿]DomR�GH�iJXDV�
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GRFHV��DFLGL¿FDomR�GR�VROR��WR[LFLGDGH�KXPDQD��GHSOHomR�KtGULFD�H�HXWUR¿]DomR�GH�iJXDV�GRFHV�H�PDUL�
QKD��2�PpWRGR�GH�DYDOLDomR�XVDGR�p�R�5HFLSH��*2('.223�et al���������

2V�GDGRV�GH�HQWUDGDV�H�VDtGDV�GRV�SURFHVVRV�XQLWiULRV�IRUDP�OHYDQWDGRV�HP�IXQomR�GR�SURFHVVD�
PHQWR�GH���NJ�GH�FDVFD�GH�FRFR�YHUGH�SDUD�D�SURGXomR�GH�����J�GH�1&&�H�����J�GH�OLJQLQD��

2V�GDGRV�UHIHUHQWHV�D�HQWUDGDV�H�VDtGDV�GRV�SURFHVVRV�XQLWiULRV��iJXD��HQHUJLD��UHDJHQWHV�H�FDUJD�
GH�QXWULHQWHV�SUHVHQWHV�HP�HÀXHQWHV�OtTXLGRV�IRUDP�OHYDQWDGRV�QR�/DERUDWyULR�GH�7HFQRORJLD�GD�%LR�
PDVVD�QD�(PEUDSD�$JURLQG~VWULD�7URSLFDO��2V�SDUkPHWURV�DQDOLVDGRV�QRV�HÀXHQWHV�OtTXLGRV�IRUDP�RV�
VHJXLQWHV��'HPDQGD�TXtPLFD�GH�R[LJrQLR��'42���GHPDQGD�ELROyJLFD�GH�R[LJrQLRV��'%2���QLWURJrQLR�
NHOGMDKO��17.���QLWUDWR��12�

����IyVIRUR�WRWDO��)7���IHQRO��IXUIXUDO�H�KLGUR[LPHWLOIXUIXUDO��+0)���$3+$��
������*289(,$�������

3 reSultAdoS e diScuSSÃo

$�VHJXLU��RV�GDGRV�UHIHUHQWHV�GD�DQiOLVH�GD�HFR�H¿FLrQFLD�GR�VLVWHPD�GH�ELRUUH¿QDULD�GH�)&9�VmR�
apresentados.

Figura 1. ,PSDFWR�GH�FDGD�SURFHVVR�XQLWiULR�TXH�FRPS}H�R�VLVWHPD�GH�%LRUUH¿QDULD�GH�)&9��

$�SDUWLU�GD�¿JXUD����IRL�SRVVtYHO�REVHUYDU�TXH�R�SURFHVVR�XQLWiULR�UHPRomR�GD�OLJQLQD�p�UHVSRQ�
ViYHO�SHOD�PDLRU� FDUJD�DPELHQWDO�QDV� VHJXLQWHV� FDWHJRULDV��0XGDQoD�&OLPiWLFD��7R[LFLGDGH�KXPDQD��
$FLGL¿FDomR�7HUUHVWUH��(XWUR¿]DomR�PDULQKD�H�(XWUR¿]DomR�GH�iJXDV�GRFHV��(VVH�UHVXOWDGR�p�DWULEXtGR�j�
RFRUUrQFLD�GH�XPD�FRQVLGHUiYHO�SHUGD�GH�PDVVD�GD�¿EUD��DXPHQWDGR�j�HPLVVmR�GH�PDWHULDO�GLVVROYLGR�QR�
HÀXHQWH�H�QR�OLFRU�QHJUR��3DUD�D�FDWHJRULD�'HSOHomR�KtGULFD��R�VXESURFHVVR�GLiOLVH�GHYLGR�DR�VHX�HOHYDGR�
FRQVXPR�GH�iJXD�QR�VLVWHPD��p�R�PDLRU�FRQWULEXLQWH�SDUD�R�LPSDFWR�DPELHQWDO�QD�UHIHULGD�FDWHJRULD��(VVH�
DOWR�FRQVXPR�p�MXVWL¿FDGR�GHYLGR�D�HWDSD�HP�TXH�D�VROXomR�GH�QDQRFULVWDLV�p�FRORFDGD�HP�PHPEUDQDV�
VHPLSHUPHiYHLV�H�LPHUVD�QXP�HOHYDGR�YROXPH�GH�iJXD�FRP�D�¿QDOLGDGH�GH�UHPRomR�GH�VXDV�LPSXUH]DV�
H�QHXWUDOL]DomR�GH�S+�

$�PRDJHP�FDUDFWHUL]D�VH�FRPR�R�SURFHVVR�TXH�PHQRV�FRQWULEXL�SDUD�DV�FDWHJRULDV�GH�LPSDFWRV��
FKHJDQGR�D�YDORUHV�DEDL[R�GH�����

4 concluSÃo

&RQFOXL�VH�TXH�RV�SURFHVVRV�XQLWiULRV�UHPRomR�GD�OLJQLQD�H�GLiOLVH��VmR�GHWHUPLQDQWHV�SDUD�RV�
PDLRUHV�LPSDFWRV�DPELHQWDLV�GR�VLVWHPD�GH�ELRUUH¿QDULD��2V�SDUkPHWURV�FRQVLGHUDGRV�IRUDP�R�FRQVXPR�
GH�iJXD�H�HPLVVmR�GH�QXWULHQWHV�HP�HÀXHQWHV�OtTXLGRV�

3DUD�UHGXomR�GD�FDUJD�DPELHQWDO�GR�SURFHVVR�GH�UHPRomR�GH�OLJQLQD��UHFRPHQGD�VH�D�LQYHVWLJD�
omR�GR�WUDWDPHQWR�DQDHUyELR�GHVVH�HÀXHQWH�FRP�JHUDomR�GH�PHWDQR�TXH�SRGH�VHU�XWLOL]DGR�FRPR�IRQWH�
GH�HQHUJLD�SDUD�R�SUySULR�VLVWHPD��0pWRGRV�GH�REWHQomR�GH�QDQRFHOXORVH�HP�TXH�QmR�p�SUHFLVR�R�XVR�GD�
GLiOLVH�DWUDYpV�GD�XWLOL]DomR�GH�XOWUDVVRP�GH�DOWD�LQWHQVLGDGH�H�KRPRJHQHL]DomR�GH�DOWD�SUHVVmR��RWLPL�
]DULDP�R�SURFHVVR��UHGX]LQGR�FRQVLGHUDYHOPHQWH�RV�LPSDFWRV�DPELHQWDLV�QD�FDWHJRULD�GHSOHomR�KtGULFD�

3DUD�XP�PHOKRU�GHVHPSHQKR�DPELHQWDO�GR�VLVWHPD�HP�HVWXGR�VXJHUH�VH�D�LQYHVWLJDomR�GH�RXWURV�
FHQiULRV�SDUD�R�VLVWHPD�GH�ELRUUH¿QDULD�EXVFDQGR�URWDV�WHFQROyJLFDV�DOWHUQDWLYDV�GH�SUH�WUDWDPHQWR�GDV�
¿EUDV�SDUD�R�VLVWHPD�HP�HVWXGR�
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LPSDFW�DVVHVVPHQW�±�0HWKRGRORJ\�5HSRUW��1HWKHUODQGV��3Up�&RQVXOWDQWV�����������S��'LVSRQtYHO�HP��
�KWWS���ZZZ�SUH�Q�!��$FHVVR�HP��PDLR������
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GR�EDPEX�TXDQWR�DRV�WHRUHV�GH�PDFURPROpFXODV��)7,5�H�0(9��)RUDP�HQFRQWUDGRV�WHRUHV�GH�FHOXORVH�
VLPLODUHV�GH�OLJQLQD�UHODWLYDPHQWH�EDL[RV�D�RXWURV�EDPEXV��$V�GLIHUHQWHV�SRUo}HV�GR�FROPR�VmR�VLPLODUHV�
HQWUH�VL�TXDQWR�DRV�PDFURFRPSRQHQWHV��FRP�¿EUDV�H[SRVWDV�H�GH�IiFLO�DFHVVR�D�UHDJHQWHV�SDUD�SROSDomR��
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extrAction And cHArActeriSAtion oF celluloSe nAnocrYStAlS From 
GUADUA wEbERbAUERI PilGer
Abstract
The taboca Guadua weberbaueri�3LOJHU�LV�D�NLQG�RI�WURSLFDO�EDPERR�WKDW�JURZV�LQ�$PD]RQ��$LPLQJ�WR�
DGG�YDOXH�WR�WKLV�ELRPDVV��LW�V�QHHG�WR�SUHYLRXVO\�NQRZ�WKH�OLJQRFHOOXORVLF�SURSHUWLHV�RI�WKH�VDPH��6R��WKH�
REMHFWLYH�RI�WKLV�ZRUN�ZDV�WR�FKDUDFWHULVH�VDPSOHV�RI�EDPERR�FXOP�E\�PDFURPROHFXOHV�FRQWHQW��)7,5��
DQG�6(0��,W�ZDV�IRXQG�VLPLODU�FHOOXORVH�FRQWHQW�DQG�UHODWLYHO\�ORZ�OLJQLQ�FRQWHQW�LQ�FRPSDULVRQ�WR�RWKHU�
EDPERR�PDWHULDOV��7KH�GLIIHUHQW�IUDFWLRQV�RI�WKH�FXOP�DUH�VLPLODU�DPRQJ�WKHP�LQ�UHODWLRQ�WR�WKH�PDFUR�
FRPSRQHQW�FRQWHQWV��ZLWK�H[SRVHG�DQG�SXOSLQJ�UHDJHQW�HDVLO\�DFFHVVLEOH�¿EUHV��6R��WKH�WDERFD�ORRNV�OLNH�
DQ�DGHTXDWH�VRXUFH�IRU�PDFURPROHFXOHV�H[WUDFWLRQ�
Keywords: %DPERR�7DERFD��$PD]RQ�
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1 introduÇÃo

2�EDPEX�SHUWHQFH�j�IDPtOLD�GDV�3RDFHDH��VXEIDPtOLD�%DPEXVRLGHDH�FRP�DSUR[LPDGDPHQWH����
JrQHURV�H�PDLV�GH�������HVSpFLHV��/21'2f2�HW�DO���������6mR�SODQWDV�GH�FUHVFLPHQWR�UiSLGR��GH�IiFLO�
PDQHMR�H�GH�IiFLO�H[SORUDomR�LQGXVWULDO��FXMDV�UHSUHVHQWDQWHV�WURSLFDLV�WrP�VHXV�FROPRV�DJUXSDGRV�HP�
PRLWDV�RX�WRXFHLUDV��SRGHQGR�DOFDQoDU�XPD�SURGXomR�GH�ELRPDVVD�SRU�KHFWDUH�GH���D���YH]HV�PDLRU�GR�
TXH�DV�PDGHLUDV�GH�FRQtIHUDV��$==,1,�HW�DO��������$6+$$5,��������

3DUD�VH�PHOKRU�XWLOL]DU�XPD�ELRPDVVD�OLJQRFHOXOyVLFD��p�IXQGDPHQWDO�FRQKHFHU�VXD�FRPSRVLomR�
OLJQRFHOXOyVLFD�� D� ¿P�GH� VH� H[SORUDU�PHOKRU� VXDV� SRWHQFLDOLGDGHV��'HVWD� IRUPD�� R� SUHVHQWH� WUDEDOKR�
FRQVLVWLX�QD�DQiOLVH�TXtPLFD�H�ItVLFD�GR�EDPEX�GD�HVSpFLH�Guadua weberbaueri�3LOJHU��HP�GLIHUHQWHV�
VHJPHQWR�GH�FDXOH��SDUD�GHWHUPLQDU�D�PHOKRU�IRUPD�GH�DSURYHLWDPHQWR�GHVVD�ELRPDVVD�

2 mAteriAiS e métodoS

2.1 material vegetal

$V�WDERFDV�IRUDP�IRUQHFLGDV�SHOD�(PEUDSD�$FUH��QDV�IUDo}HV�EDVDO��PHGLDQD�H�DSLFDO��H�FRUWDGDV�
PDQXDOPHQWH�HP�FDYDFRV�GH�DSUR[LPDGDPHQWH����[����[���PP��PRtGDV�HP�PRLQKR�GH�IDFDV�WLSR�:LOH\�H�
IUDFLRQDGDV�HP�PiTXLQD�GH�SHQHLUDV�YLEUDWyULDV��VHOHFLRQDQGR�VH�D�IUDomR�GH����PHVK�SDUD�XVR��)LJXUD����

Figura 1. 9LVWD�ORQJLWXGLQDO��HVTXHUGD��H�WUDQVYHUVDO��FHQWUR��GH�WDERFDV�GH�G. weberbaueri�H�R�Sy�DSyV�PRDJHP�
�GLUHLWD�

2.2 &DUDFWHUL]DomR�OLJQRFHOXOyVLFD

2V�WHRUHV�GH�XPLGDGH��FLQ]DV��H[WUDWLYRV��OLJQLQDV��KHPLFHOXORVH�H�DOIDFHOXORVH�IRUDP�PHGLGRV�
QD�¿EUD�PRtGD��VHJXQGR�DV�PHWRGRORJLDV�GD�7$33,������������������D������E��������H�GH�<RNR\DPD�HW�
DO����������$�PHGLGDV�IRUDP�IHLWDV�HP�WULSOLFDWD�H�DQDOLVDGDV�SRU�DQiOLVH�GH�YDULkQFLD�H�WHVWH�GH�7XNH\�D�
���GH�VLJQL¿FkQFLD��SHOR�SURJUDPD�6LVYDU®��2V�UHVXOWDGRV�VmR�DSUHVHQWDGRV�HP�EDVH�~PLGD�

2.3 espectroscopia de infravermelho médio com transformada de Fourier (Ftir)

2V�HVSHFWURV�YLEUDFLRQDLV�IRUDP�REWLGRV�HP�XP�HVSHFWURIRW{PHWUR�$JLOHQW��PRGHOR�&DU\������
QD�IDL[D�GH������D�����FP����FRP�UHVROXomR�GH���FP���H����YDUUHGXUDV��XWLOL]DQGR�VH�SDVWLOKDV�GH�EURPHWR�
GH�SRWiVVLR��.%U��QD�SURSRUomR�GH�������P�P��GH�DPRVWUD�.%U�

2.4 0LFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9�

$�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�IRL�XWLOL]DGD�SDUD�REVHUYDU�D�PLFURHVWUXWXUD�H�PRUIRORJLD�
GDV�VXSHUItFLHV�GR�EDPEX��HP�PLFURVFySLR�HOHWU{QLFR�GH�YDUUHGXUD��0(9��PDUFD�+,7$&+,��PRGHOR�
70������PDJQL¿FDomR����������[��]RRP�GLJLWDO������[��WHQVmR�DFHOHUDomR���NY��PRGR�GH�REVHUYDomR�
GH�VXSHUItFLH��H����NY��PRGR�QRUPDO��PRGR�GH�DQiOLVH�H�DOWR�FRQWUDVWH��

3 reSultAdoS e diScuSSÃo

3.1 &DUDFWHUL]DomR�OLJQRFHOXOyVLFD

3HORV�GDGRV�REWLGRV��7DEHOD�����YHUL¿FD�VH�TXH�Ki�XPD�YDULDomR�LQWUtQVHFD�HQWUH�DV�IUDo}HV�GR�
FROPR��$�SDUWH�PDLV�EDVDO�DSUHVHQWRX�PDLRUHV�WHRUHV�GH�FLQ]DV�DOIDFHOXORVH��$�SRUomR�DSLFDO�DSUHVHQWRX�
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XP�PDLRU�WHRU�GH�XPLGDGH�H�D�SRUomR�PHGLDQD��PDLRU�WHRU�GH�H[WUDWLYRV��(VVDV�GXDV�IUDo}HV�WLYHUDP�WHR�
UHV�GH�KRORFHOXORVH�H�KHPLFHOXORVH�PDLRUHV�TXH�D�IUDomR�EDVDO��7RGDV�DV�IUDo}HV�DSUHVHQWDUDP�WHRUHV�GH�
DOIDFHOXORVH�UHODWLYDPHQWH�HOHYDGR��QD�IDL[D�HQFRQWUDGD�SDUD�EDPEXV�GH�FOLPD�WHPSHUDGR��HQWUH��������
HP�WRUQR�GH������2�YDORU�GH�OLJQLQD�HQFRQWUD�VH�UHODWLYDPHQWH�DEDL[R�GR�GH�RXWUDV�HVSpFLHV�GH�EDPEX��
RVFLODQGR�HQWUH�����H������/,�HW�DO���������

tabela 1. &DUDFWHUL]DomR�OLJQRFHOXOyVLFD�GDV�¿EUDV�GR�FROPR�GH�WDERFD�EDPEX�Guadua weberbaueri�3LOJHU�D�
GLIHUHQWHV�DOWXUDV�GH�FRUWH

3RUomR
componente lignocelulósico

umidade cinzas extrativos lignina

Basal �����(�������E �����(�������D ������(�������F ������(������

0HGLDQD �����(�������E �����(�������E ������(�������D ������(�����

$SLFDO �����(�������D �����(�������E ������(�������E ������(�����

3RUomR componente lignocelulósico

Holocelulose Alfacelulose Hemicelulose

Basal ������(������E ������(������D ������(������E

0HGLDQD ������(������D ������(������E ������(������D

$SLFDO ������(������D ������(������E ������(������D
0pGLDV�VHJXLGDV�SRU�OHWUDV�GLIHUHQWHV�QD�YHUWLFDO�GLIHUHP�HVWDWLVWLFDPHQWH�HQWUH�VL�SHOR�WHVWH�GH�7XNH\�D����GH�VLJQL¿FkQ-

cia.

3.2 Ftir

$�SDUWLU�GR�HVSHFWUR�GD�)LJXUD���p�SRVVtYHO�REVHUYDU�EDQGDV�PXLWR�VHPHOKDQWHV�HQWUH�DV� WUrV�
IUDo}HV�DQDOLVDGDV��2EVHUYD�VH�XP�SLFR�D�������FP±���UHIHUHQWH�DR�JUXSR�DFHWLO�H�FDUER[tOLFRV��SURYDYHO�
PHQWH�GDV�[LODQDV��7HRUHV�GH�OLJQLQD��KHPLFHOXORVH�H�GH�H[WUDWLYRV�p�FRPSURYDGD�DWUDYpV�GR�DSDUHFLPHQ�
WR�GDV�EDQGDV�GH������FP±���TXH�UHSUHVHQWD�YLEUDo}HV�QR�HVTXHOHWR�DURPiWLFR�PDLV�HVWLUDPHQWR�& 2��
$�EDQGD�D�������FP±���LQGLFD�SUHVHQoD�GH�SROLRVHV��UHSUHVHQWDGD�SHOD�GHIRUPDomR�D[LDO�DVVLPpWULFD�GH�
 &±2±&±��$�EDQGD�D�������FP±��HYLGHQFLD�SLFRV�FDUDFWHUtVWLFRV�GH�SROLVVDFDUtGHR�GH�EDL[D�PDVVD�PR�
OHFXODU��$V�EDQGDV�HP�������H�������FP±���HQFRQWUDP�VH�UHODFLRQDGDV�D�YLEUDomR�GRV�JUXSRV�DURPiWLFRV�
GH�OLJQLQD��62&5$7(6��������

  

Figura 2. (VSHFWUR�GH�)7,5��HVTXHUGD��H�PLFURJUD¿DV�GR�FRUWH�ORQJLWXGLQDO��FHQWUR��H�GR�FRUWH�WUDQVYHUVDO�
�GLUHLWD��GR�FROPR�GH�G. weberbaueri.

3.3 mev 

$V�PLFURJUD¿DV�GH�0(9��)LJXUD����PRVWUDP�D�SUHVHQoD�GH�¿EUDV�GH�FDUERLGUDWRV��PDV�WDPEpP�
EDVWDQWH�PDWHULDO�DPRUIR��3URYDYHOPHQWH�HVVH�PDWHULDO�p�PDMRULWDULDPHQWH�UHSUHVHQWDGR�SRU�H[WUDWLYRV��
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$�RUJDQL]DomR�EHP�HVWUXWXUDGD�GR�PDWHULDO�PRVWUD�TXH�DV�¿EUDV�UHVLVWLUDP�D�WUDWDPHQWRV�FRQYHQFLRQDLV�
GH�VHFDJHP��PDQWHQGR�D�DUTXLWHWXUD� LQWHUQD�GH�YDVRV�H�PLFURYDVRV��R�TXH�SRGH�DX[LOLDU�QR�SRVWHULRU�
SURFHVVDPHQWR�D�~PLGR�GD�ELRPDVVD��IDFLOLWDQGR�R�DFHVVR�GH�UHDJHQWHV�FRPR�SHUy[LGRV�H�iFLGR�VXOI~ULFR�
DR�FRQWH~GR�OLJQRFHOXOyVLFR�

4 concluSÃo

&RP�EDVH�QHVVHV�UHVXOWDGRV��PRVWUD�VH�TXH�Ki�GLIHUHQoD�HQWUH�RV�WHRUHV�OLJQRFHOXOyVLFRV�GDV�IUD�
o}HV�GR�FROPR�GH�WDERFD�G. weberbaueri��'HSHQGHQGR�GD�DSOLFDomR�D�VHU�GHVHQYROYLGD��HVVD�GLIHUHQoD�
QmR�p�LQGXVWULDOPHQWH�VLJQL¿FDWLYD�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T�H�(PEUDSD�SHOR�DSRLR�¿QDQFHLUR�

reFerÊnciAS

$6+$$5,��=���6$/,0��6���+$/,6��5���<862)��0�1�0���6$+5,��0�+��&KDUDFWHULVWLFV�RI�SXOS�SURGX�
FHG�IURP�UH¿QHU�PHFKDQLFDO�SXOSLQJ�RI�WURSLFDO�EDPERR��Gigantochloa scortechinii���3HUWDQLND�-RXUQDO�
RI�7URSLFDO�$JULFXOWXUH�6FLHQFH��3HUWDQLND��Y������Q�����S����������������

$==,1,��$���$558'$��0�&�4���&,$5$0(//2��'���6$/*$'2��$�/���720$=(//2�),/+2��0��
3URGXomR�FRQMXQWD�GH�¿EUDV�FHOXOyVLFDV�H�HWDQRO�D�SDUWLU�GR�EDPEX��%UDJDQWLD��&DPSLQDV��Y������Q�����
S�������������

/,��;���6+83(��%���3(7(5��7�)���+6(��*�)���(%(5+$5'7��7��/��&KHPLFDO�FKDQJHV�ZLWK�PDWXUDWLRQ�
RI�WKH�EDPERR�VSHFLHV�Phyllostachys pubescens��-RXUQDO�RI�7URSLFDO�)RUHVW�6FLHQFH��.XDOD�/XPSXU��Y��
����Q�����S�������������

/21'2f2��;���&$0$<2��*�&���5,$f2��1�0���/Ï3(=��<��&KDUDFWHUL]DWLRQ�RI�WKH�DQDWRP\�RI�*XD�
GXD�DQJXVWLIROLD��3RDFHDH��%DPEXVRLGHDH��FXOPV��7KH�-RXUQDO�RI�WKH�$PHULFDQ�%DPERR�6RFLHW\��$O�
EDQ\��Y�����Q����S�������������

62&5$7(6��*��,QIUDUHG�DQG�5DPDQ�FKDUDFWHULVWLF�JURXS�IUHTXHQFLHV��WDEOHV�DQG�FKDUWV���UG�HG��:HVW�
6XVVH[��-RKQ�:LOH\�	�6RQV������������S�

7$33,��������7�����RP�����$VK�LQ�ZRRG��SXOS��SDSHU�DQG�SDSHUERDUG��&RPEXVWLRQ�DW�����ƕ&�

7$33,��������7�����RP�����$FLG�LQVROXEOH�OLJQLQ�LQ�ZRRG�DQG�SXOS�

7$33,������D��7�����RP�����$VK�LQ�ZRRG��SXOS��SDSHU�DQG�SDSHUERDUG��&RPEXVWLRQ�DW�����ƕ&�

7$33,������E��7�����RP�����0RLVWXUH�LQ�SXOS��SDSHU�DQG�SDSHUERDUG�

7$33,��������7�����FP�����$OSKD���EHWD��DQG�JDPPD�FHOOXORVH�LQ�SXOS�

<2.2<$0$��7���.$'/$��-��)���&+$1*��+��0��0LFURDQDO\WLFDO�PHWKRG�IRU�WKH�FKDUDFWHUL]DWLRQ�RI�
¿EHU�FRPSRQHQWV�DQG�PRUSKRORJ\�RI�ZRRG\�SODQWV��-RXUQDO�RI�$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\��:D�
VKLQJWRQ��Y������Q�����S������±�����������
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GD�IRL�KLGUROLVDGD�FRP�iFLGR�VXOI~ULFR�H�D�VXVSHQVmR�GH�QDQRFULVWDLV�IRL�FDUDFWHUL]DGD�SRU�)7,5��'5;��
7*�G7*�H�WDPDQKR�GH�SDUWtFXOD�SRU�HVSDOKDPHQWR�GLQkPLFR�GH�OX]�H�SRWHQFLDO�]HWD��)RL�SRVVtYHO�REWHU�
QDQRFULVWDLV�GH�FHOXORVH��FRP�HOHYDGD�FULVWDOLQLGDGH��VHQGR�SRVVtYHO��SRLV��XWLOL]DU�HVVD�ELRPDVVD�FRPR�
IRQWH�GH�FHOXORVH�SDUD�REWHQomR�GHVVH�LQVXPR�QDQRHVWUXWXUDGR�
Palavras-chave��%DPEX��7DERFD��$PD]{QLD�

extrAction And cHArActeriSAtion oF celluloSe nAnocrYStAlS From 
GUADUA wEbERbAUERI PilGer
Abstract
The taboca Guadua weberbaueri�3LOJHU�LV�D�NLQG�RI�WURSLFDO�EDPERR�WKDW�JURZV�LQ�$PD]RQ��$LPLQJ�WR�
DGG�YDOXH�WR�WKLV�ELRPDVV��WKH�REMHFWLYH�RI�WKLV�ZRUN�ZDV�H[WUDFW�DQG�FKDUDFWHULVH�FHOOXORVH�QDQRFU\VWDOV�
IURP�WKH�SODQW�FXOP��7KH�FXOP�ZDV�VDZQ�LQ�ZRRGFKLSV��ZKLFK�ZHUH�PLOOHG��7KH�¿EUH�ZDV�SXOSHG�E\�
DXWRK\GURO\VLV��DFHWRVROY��DQG�FKORULQH�IUHH�EOHDFKLQJ��7KH�EOHDFKHG�SXOS�ZDV�K\GURO\VHG�ZLWK�VXOIXULF�
DFLG�DQG� WKH�QDQRFU\VWDOV�VXVSHQVLRQ�ZDV�FKDUDFWHULVHG�E\�)7,5��'5;��7*�G7*��DQG�G\QDPLF� OLJKW�
VFDWWHULQJ�DQG�]HWD�SRWHQWLDO�� ,W�ZDV�SRVVLEOH� WR�REWDLQ�FHOOXORVH�QDQRFU\VWDOV��ZLWK�KLJK�FU\VWDOOLQLW\��
7KXV��LW�LV�SRVVLEOH�WR�XVH�WKLV�ELRPDVV�DV�D�VRXUFH�IRU�WKLV�QDQRVWUXFWXUHG�PDWHULDO��
Keywords: %DPERR��7DERFD��$PD]RQ�

1 introduÇÃo

2�EDPEX�SHUWHQFH�j�IDPtOLD�GDV�*UDPLQHDH�RX�3RDFHDH��VXEIDPtOLD�%DPEXVRLGHDH��WULERV�KHU�
EiFHDV��2O\UHDH��H�OHQKRVDV��%DPEXVHD���SRVVXL�PDLV�GH�������HVSpFLHV�GH�EDPEX��GLYLGLGDV�HP�FHUFD�
GH����JrQHURV��3(5(,5$��%(5$/'2��������

0RUIRORJLFDPHQWH�� R�EDPEX�DSUHVHQWD�VH�QD� IRUPD�GH� WRXFHLUDV�� RV� FROPRV� HVWmR� DJUXSDGRV�
IRUPDQGR�PRLWDV��RX�DODVWUDQWHV��RV�FROPRV�QDVFHP�LVRODGDPHQWH��2V�EDPEXV�FODVVL¿FDGRV�FRPR�WRX�
FHLUD�VmR�HQFRQWUDGRV�QDV�UHJL}HV�WURSLFDLV��H�RV�DODVWUDQWHV�QDV�UHJL}HV�FOLPD�WHPSHUDGR��1HQKXP�RXWUR�
UHFXUVR�QDWXUDO�SRVVXL�PDLV�YHUVDWLOLGDGH��OHYH]D��ÀH[LELOLGDGH��UHVLVWrQFLD��GXUH]D��DGDSWDELOLGDGH�FOL�
PiWLFD�H�FUHVFLPHQWR�UiSLGR�

1D�SRUomR�RHVWH�GD�$PD]{QLD��RFRUUHP�ODUJDV�ÀRUHVWDV�GRPLQDGDV�SRU�EDPEXV��UHJLRQDOPHQWH�FR�
QKHFLGDV�FRPR�WDERFDV��FRP�SUHGRPtQLR�GD�HVSpFLH�Guadua weberbaueri�3LOJHU��0&0,&+$(/�HW�DO���������

9LVDQGR�DJUHJDU�YDORU�j�ELRPDVVD�OLJQRFHOXOyVLFD�GR�EDPEX�Guadua weberbaueri�3LOJHU��R�RE�
MHWLYR�GHVWH�WUDEDOKR�IRL�H[WUDLU�H�FDUDFWHUL]DU�QDQRFULVWDLV�GR�FROPR�GHVVD�WDERFD�

2 mAteriAiS e métodoS

2.1 material vegetal

$V�WDERFDV�IRUDP�IRUQHFLGDV�SHOD�(PEUDSD�$FUH�H�FRUWDGDV�PDQXDOPHQWH�HP�FDYDFRV�GH�DSUR�
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[LPDGDPHQWH����[����[���PP��PRtGDV�HP�PRLQKR�GH�IDFDV�WLSR�:LOH\�H�IUDFLRQDGDV�HP�PiTXLQD�GH�
SHQHLUDV�YLEUDWyULDV��VHOHFLRQDQGR�VH�D�IUDomR�GH����PHVK�SDUD�XVR�

2.2 3ROSDomR

$V�¿EUDV�IRUDP�DXWRKLGUROLVDGDV�FRP�iJXD�GHLRQL]DGD��������P�Y���HP�UHDWRU�KLGURWHUPDO�D�����
�&�GXUDQWH�����PLQXWRV��$R�WpUPLQR�GD�UHDomR��R�PDWHULDO�IRL�¿OWUDGR�H�D�¿EUD�ODYDGD�FRP�iJXD�GHVWLODGD�
DWp�D�QHXWUDOLGDGH��0$�HW�DO����������$�VHJXLU��D�¿EUD�IRL�VXEPHWLGD�D�WUDWDPHQWR�DFHWRVROY��VRE�UHÀX[R�
D������&�FRP�iFLGR�DFpWLFR������P�P��H�iFLGR�FORUtGULFR�������P�P��FRP�XPD�UHODomR�PDVVD�VROYHQWH�
GH�������P�Y���VRE�DJLWDomR�SRU����PLQXWRV��$SyV�HVVH�SHUtRGR��SURFHGHX�VH�FRP�D�¿OWUDomR��H�R�PDWHULDO�
UHWLGR�IRL�ODYDGR�FRP�iFLGR�DFpWLFR������&���(P�VHJXLGD��D�¿EUD�IRL�ODYDGD�FRP�iJXD�GHVWLODGD�DWp�S+�
���%(1$5���������$V�¿EUDV�IRUDP�EUDQTXHDGDV�FRP�VROXomR�GH�1D2+�����P�Y��D�����&�QD�SURSRU�
omR������P�Y���'HFRUULGRV���PLQXWRV��D�VROXomR�GH�SHUy[LGR�GH�KLGURJrQLR�����P�P��IRL�DFUHVFHQWDGD�
j�PLVWXUD�H�R�VLVWHPD�SHUPDQHFHX�VRE�YLJRURVD�DJLWDomR�D�����&�SRU����PLQXWRV��(P�VHJXLGD��D�SROSD�
FHOXOyVLFD�IRL�¿OWUDGD�H�ODYDGD�FRP�iJXD�GHVWLODGD�DWp�D�QHXWUDOLGDGH�

2.3 Hidrólise ácida

$�KLGUyOLVH�FRQVLVWLX�QD�DGLomR�GD�¿EUD��FRP�XPD�UHODomR������ELRPDVVD�iFLGR���D�XPD�VROXomR�
GH�iFLGR�VXOI~ULFR������P�P��D�����&��VRE�DJLWDomR�SRU����PLQXWRV���&+(1�HW��DO���������VHQGR�LQWHU�
URPSLGD�FRP�DGLomR�GH�iJXD�GHLRQL]DGD�JHODGD�QXPD�SURSRUomR�������¿EUD�iJXD���2�SURGXWR�UHDFLRQDO�
IRL�FHQWULIXJDGR�D��������USP�GXUDQWH����PLQXWRV�D�����&��2�VREUHQDGDQWH�IRL�GHVFDUWDGR��H�R�PDWHULDO�
GHFDQWDGR�IRL�UHVVXVSHQVR�HP�iJXD�GHLRQL]DGD�JHODGD�H�XOWUDVVRQLFDGR�D����:�GH�SRWrQFLD�SRU���PLQXWRV�
HP�XOWUDVVRP�GH�SRQWHLUD��2�SURFHGLPHQWR�SyV�KLGUyOLVH�IRL�H[HFXWDGR�WUrV�YH]HV�DQWHV�GD�GLiOLVH�FRQWUD�
iJXD�GHVWLODGD�

2.4 &DUDFWHUL]DomR�GRV�QDQRFULVWDLV

2.4.1 Ftir 

2V�QDQRFULVWDLV�GH�FHOXORVH�IRUDP�FDUDFWHUL]DGRV�SRU�HVSHFWURVFRSLD�QD�UHJLmR�GR�LQIUDYHUPHOKR�
PpGLR��QD�IDL[D�GH������D�����FP����XWLOL]DQGR�SDVWLOKDV�GH�EURPHWR�GH�SRWiVVLR��.%U��

2.4.2 índice de cristalinidade 

2�tQGLFH�GH�FULVWDOLQLGDGH��,F��IRL�HVWLPDGR�SRU�PHLR�GH�GLIUDomR�GH�UDLRV�;��FRP�XPD�WHQVmR�GH�
���N9�H����P$�GH�FRUUHQWH��HP�WXER�GH�FREUH��&X���YDULDQGR�VH�R�kQJXOR��ș�GH���D������2�FiOFXOR�GR�,F�
IRL�IHLWR�FRQIRUPH�6HJDO�H�FRODERUDGRUHV��������

2.4.3 Análise termogravimétrica (tG/dtG)

$�DQiOLVH�WHUPRJUDYLPpWULFD�IRL�UHDOL]DGD�XPD�WD[D�GH�DTXHFLPHQWR�GH�����&�PLQ��GH����D�����
�&��HP�DWPRVIHUD�GH�DU�VLQWpWLFR��FRP�YD]mR�GH����P/�PLQ�

2.4.4 Análise de tamanho de partícula por espalhamento dinâmico de luz (dlS) e potencial zeta 

8PD�DPRVWUD�GD�VXVSHQVmR�GH�QDQRFULVWDLV�IRL�GLOXtGD�FRP�iJXD�GHLRQL]DGD�QD�SURSRUomR�GH�
�������Y�Y��H�DQDOLVDGD�HP�HTXLSDPHQWR�0DOYHUQ������=HWDVL]HU�1DQR=6�

3 reSultAdoS e diScuSSÃo

3.1 Ftir

$�SDUWLU�GR�HVSHFWUR�GD�)LJXUD��D�p�SRVVtYHO�REVHUYDU�DV�EDQGDV�FDUDFWHUtVWLFDV�GD�QDQRFHOXORVH��
)UHTXrQFLDV� QD� UHJLmR�GH������ FP��� VmR� FDUDFWHUtVWLFDV� GH� HVWLUDPHQWR�2�+�SUHVHQWHV� WDQWR� HP�iJXD�
TXDQWR�HP�iOFRRO�GDV�XQLGDGHV�GH�JOLFRVH��2V�HVWLUDPHQWRV�HP������FP���VmR�UHIHUHQWHV�jV�OLJDo}HV�&�+�
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GH�KLGURFDUERQHWRV�VDWXUDGRV��$V�IUHTXrQFLDV�GH�DEVRUomR�QD�UHJLmR�GH������FP�� podem ser atribuídas à 
GHIRUPDomR�2�+�GH�iJXD�DGVRUYLGD��GHYLGR�j�SUHVHQoD�GH�XPLGDGH��1mR�VH�YHUL¿FD�XP�SLFR�SRU�YROWD�GH�
�����FP����HYLGHQFLDQGR�VH�DXVrQFLD�GH�YLEUDomR�GD�OLJDomR�& &�GH�DURPiWLFRV��526$�HW�DO����������RX�
VHMD��QmR�Ki�HYLGrQFLD�GH�OLJQLQD�UHPDQHVFHQWH��3LFRV�LQWHQVRV�HQWUH������H������FP���H�SLFRV�IUDFRV�HQWUH�
����H�����FP���HYLGHQFLDP�D�SUHVHQoD�GH�622��LQGLFDQGR�D�VXOIRQDomR�GD�FHOXORVH��62&5$7(6��������

3.2 índice de cristalinidade 

2�tQGLFH�GH�FULVWDOLQLGDGH�FDOFXODGR�FRP�EDVH�QR�GLIUDWRJUDPD��)LJXUD��E��IRL�GH������&RP�
SDUDQGR�VH�FRP�RXWURV�FULVWDLV��FRPR�SRU�H[HPSOR�R�FRFR��526$�HW�DO����������TXH�DSUHVHQWRX�FULVWDLV�
FRP�FULVWDOLQLGDGH�GH�DSUR[LPDGDPHQWH������YHUL¿FD�VH�TXH�HVVHV�FULVWDLV�SRVVXHP�XPD�UHODWLYDPHQWH�
alta cristalinidade.

3.3 tG/dtG

$�SDUWLU�GR�WHUPRJUDPD��)LJXUD��F��p�IRL�SRVVtYHO�REVHUYDU�TXH�D�WHPSHUDWXUD�GH�GHFRPSRVLomR�
Pi[LPD�GR�SULPHLUR�HYHQWR�GH�GHFRPSRVLomR�RFRUUH�D�����o&��(VVD�YDORU�p�XPD�FRQVHTXrQFLD�GD�DGLomR�
GH�JUXSRV�VXOIDWRV�j�FHOXORVH��FXMD�FDUJD�VXSHU¿FLDO�SURPRYH�LQVWDELOLGDGH�QD�PROpFXOD��526$�HW�DO���
������

3.4 tamanho de partícula e potencial zeta

$� DQiOLVH� GR� WDPDQKR� GH� SDUWtFXOD� �)LJXUD� �G�� GHPRQVWUD� TXH� DSUR[LPDGDPHQWH� ������ GDV�
SDUWtFXODV�HP�VXVSHQVmR�DSUHVHQWDP�SHOR�PHQRV�XPD�GLPHQVmR�HP�HVFDOD�QDQR��RX�VHMD��PHQRU�TXH�����
QP��$V�QDQRSDUWtFXODV�DSUHVHQWDUDP�XP�SRWHQFLDO�]HWD�EDVWDQWH�HOHYDGR��GH�������(�����P9��&RPR�HVVD�
YDORU�p�HP�PyGXOR�VXSHULRU�D����P9��D�VXVSHQVmR�GH�QDQRSDUWtFXODV�SRGH�VHU�FRQVLGHUDGD�HVWiYHO��VHP�
WHQGrQFLD�D�ÀRFXODU��0,5+266(,1,�HW�DO����������(VVD�FDUJD�VXSHU¿FLDO�QHJDWLYD�p�GHYLGD�j�LQFRUSRUD�
omR�GH�JUXSRV�VXOIDWR�jV�KLGUR[LODV�GD�FHOXORVH�

4 concluSÃo

&RP�EDVH�QHVVHV�UHVXOWDGRV��PRVWUD�VH�TXH�IRL�SRVVtYHO�H[WUDLU�QDQRFULVWDLV�GH�FHOXORVH�D�SDUWLU�
de colmos de taboca G. weberbaueri.

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�/DERUDWyULR�GH�5DLRV�;�GD�8)&�SHORV�GLIUDWRJUDPDV��DR�&13T�H�(P�
EUDSD�SHOR�DSRLR�¿QDQFHLUR�

Figura 1. (VSHFWUR�GH�)7,5��D���GLIUDWRJUDPD�GH�UDLRV�;��E���WHUPRJUDPD��F��H�GLVWULEXLomR�GH�WDPDQKR�GH�
SDUWtFXOD��G��GH�QDQRFULVWDLV�GH�FHOXORVH�H[WUDtGRV�GH�FROPR�GH�G. weberbaueri.
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526$��0�)���0('(,526��(�6���0$/021*(��-�$���*5(*256.,��.�6���:22'��'�)���0$77262��
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iSolAmento e cArActeriZAÇÃo de liGninA AcetoSolv de 
FibrA dA PrenSAGem do dendÊ

Jéssica miranda Abreu1, nágila Freitas Souza1��-RmR�3DXOR�6DUDLYD�0RUDLV2, celli rodrigues 
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&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
$�OLJQLQD�p�H[WHQVLYDPHQWH�SURGX]LGD�FRPR�VXESURGXWR�QRV�SURFHVVRV�GH�GHVOLJQL¿FDomR�SDUD�D�SURGXomR�
GH�SDVWD�GH�SDSHO�H�GH�ELRHWDQRO��$�¿P�GH�XWLOL]DU�QRYDV�IRQWHV�SDUD�D�H[WUDomR�GD�OLJQLQD�H�FRQKHFHU�VXDV�
SURSULHGDGHV��R�REMHWLYR�GHVWH�WUDEDOKR�IRL�XWLOL]DU�R�PHVRFDUSR�GR�GHQGr�FRPR�ELRPDVVD�OLJQRFHOXOyVLFD�H�
D�WpFQLFD�GH�H[WUDomR�FRP�iFLGR�DFpWLFR��DFHWRVROY��SDUD�D�REWHQomR�GH�OLJQLQD��)LEUDV�GD�SUHQVDJHP�GR�PH�
VRFDUSR�GR�GHQGr�IRUDP�SROSDGDV�SHOR�SURFHVVR�DFHWRVROY�H�D�OLJQLQD�UHVXOWDQWH�IRL�UHFXSHUDGD��VHQGR�DQD�
OLVDGD�TXDQWR�DR�WHRUHV�GH�XPLGDGH��OLJQLQD�VRO~YHO��LQVRO~YHO��)7,5��7*�H�0(9��9HUL¿FRX�VH�TXH�D�OLJQLQD�
DVVLP�REWLGD�SRVVXL�XPD�HOHYDGD�SXUH]D��DSHVDU�GH�DLQGD�KDYHU�DOJXQV�FDUERLGUDWRV�UHVLGXDLV�QD�PHVPD�
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Palavras-chave��Elaeais guineensis��2UJDQRVROY��$PD]{QLD��ÏOHR�GH�SDOPD�

iSolAtion And cHArActeriSAtion AcetoSolv liGnin From PAlm oil 
PreSSed Fibre
Abstract
/LJQLQ�LV�H[WHQVLYHO\�SURGXFHG�DV�D�E\SURGXFW�LQ�WKH�GHOLJQL¿FDWLRQ�SURFHVVHV�IRU�SDSHU�DQG�ELRHWKDQRO�
PDNLQJ��7KH�REMHFWLYH�RI�WKLV�ZRUN�ZDV�XVH�WKH�SDOP�RLO�PHVRFDUS�¿EUH�DV�D�OLJQRFHOOXORVLF�ELRPDVV�DQG�
WKH�DFHWRVROY��DFHWLF�DFLG�SXOSLQJ��SURFHVV�WR�H[WUDFW�OLJQLQ��DLPLQJ�WKH�HQDEOHPHQW�RI�QHZ�VRXUFHV�IRU�
OLJQLQ�SURGXFWLRQ��7KH�¿EUHV�RI�SDOP�RLO�PHVRFDUS�SUHVVLQJ�ZHUH�DFHWRVROY�SXOSHG�DQG�WKH�OLJQLQ�ZDV�
UHFRYHU\��,W�ZDV�DQDO\VHG�E\�PRLVWXUH��VROXEOH�DQG�LQVROXEOH�OLJQLQ�FRQWHQWV��)7,5��7*��DQG�6(0��7KH�
\LHOGHG�OLJQLQ�KDV�D�KLJK�SXULW\��LQVWHDG�RI�LW�VWLOO�SUHVHQWV�VRPH�UHVLGXDO�FDUERK\GUDWHV�RQ�LW�
Keywords: Elaeais guineensis��2UJDQRVROY��$PD]RQ��3DOP�RLO�

1 introduÇÃo

7UDGLFLRQDOPHQWH�XWLOL]DGD�FRPR�FRPEXVWtYHO�HP�FDOGHLUDV�GH�DOJXQV�SURFHVVRV� LQGXVWULDLV��D�
OLJQLQD�p�H[WHQVLYDPHQWH�SURGX]LGD�FRPR�VXESURGXWR�QRV�SURFHVVRV�GH�GHVOLJQL¿FDomR�SDUD�D�SURGXomR�
GH�SDVWD�GH�SDSHO�H�GH�ELRHWDQRO��6$+22�HW�DO����������3DUD�TXH�FDGD�OLJQLQD�SRVVD�VHU�DSOLFDGD�D�XPD�
¿QDOLGDGH�LQGXVWULDO�GH�IRUPD�DGHTXDGD��p�SUHFLVR�TXH�VXDV�SURSULHGDGHV�ItVLFDV�H�TXtPLFDV�VHMDP�FRQKH�
FLGDV�H�HVWXGDGDV��(VVDV�VmR�DOWHUDGDV�GH�DFRUGR�FRP�D�QDWXUH]D�GD�ELRPDVVD�GH�RULJHP��XPD�YH]�TXH��
GHSHQGHQGR�GD�HVSpFLH�YHJHWDO��WDQWR�R�WHRU�GH�OLJQLQD�HQFRQWUDGR�TXDQWR�D�GLVWULEXLomR�GDV�VXDV�VXEXQL�
GDGHV�SRGHP�YDULDU��2XWURV�IDWRUHV�TXH�WDPEpP�LQÀXHQFLDP�QD�QDWXUH]D�GD�OLJQLQD�VmR�RV�SURFHVVRV�GH�
H[WUDomR�H�RV�SyV�WUDWDPHQWRV��67(:$57���������$�¿P�GH�XWLOL]DU�QRYDV�IRQWHV�SDUD�D�H[WUDomR�GD�OLJQL�
QD�H�FRQKHFHU�VXDV�SURSULHGDGHV��R�REMHWLYR�GHVWH�WUDEDOKR�IRL�XWLOL]DU�R�PHVRFDUSR�GR�GHQGr�FRPR�ELR�
PDVVD�OLJQRFHOXOyVLFD�H�D�WpFQLFD�GH�H[WUDomR�FRP�iFLGR�DFpWLFR��DFHWRVROY��SDUD�D�REWHQomR�GH�OLJQLQD�

2 mAteriAiS e métodoS

2.1 material vegetal

)LEUDV�GD�SUHQVDJHP�GR�PHVRFDUSR�GR�GHQGr�IRUDP�FHGLGDV�SHOD�(PEUDSD�$PD]{QLD�2ULHQWDO��
SURYHQLHQWHV�GH�XVLQDV�GR�PXQtFLSLR�GH�7DLOkQGLD��3DUi�

2.2 3ROSDomR�DFHWRVROY

&HUFD�GH������J�GH�¿EUDV�PRtGDV�GD�SUHQVDJHP�GR�PHVRFDUSR�GR�GHQGr�IRUDP�PLVWXUDGDV�FRP�
�����P/�GH�VROXomR�DFHWRVROY�H�R�VLVWHPD�¿FRX�HP�UHÀX[R��j�SUHVVmR�DWPRVIpULFD�H�j�WHPSHUDWXUD�GH�
����&��SRU���K��$�SROSD�UHVXOWDQWH�IRL�¿OWUDGD�HP�SDSHO�GH�¿OWUR��GLkPHWUR�GH�SRURV�GH����+P���REWHQGR�
VH�DV�¿EUDV�FHOXOyVLFDV�H�R�OLFRU�QHJUR�iFLGR�FRQWHQGR�D�OLJQLQD�

2.3 3UHFLSLWDomR�GD�OLJQLQD

2�OLFRU�QHJUR�REWLGR�GR�SURFHVVR�GH�GHVOLJQL¿FDomR�IRL�HYDSRUDGRFRQFHQWUDGR��XWLOL]DQGR�VH�XP�
HYDSRUDGRU�URWDWLYR��$�OLJQLQD�UHVXOWDQWH�IRL�SUHFLSLWDGD�HP�iJXD�GHVWLODGD�D�TXHQWH�����&���SDUD�PLQLPL�
]DU�D�SUHFLSLWDomR�GH�FDUERLGUDWRV��$�PLVWXUD�IRL�GHL[DGD�HP�UHSRXVR�SRU����K�VHP�DTXHFLPHQWR��¿OWUDGD�
D�YiFXR�HP�IXQLO�GH�%�FKQHU�H�SDSHO�GH�¿OWUR��GLkPHWUR�GH�SRURV���+P��H�ODYDGD�FRP�iJXD�GHVWLODGD�DWp�
S+�SUy[LPR�GH������2�PDWHULDO�IRL�VHFR�HP�HVWXID�D�����&�GXUDQWH����K��H�DUPD]HQDGR�HP�GHVVHFDGRU�D�
YiFXR�DWp�D�UHDOL]DomR�GRV�HQVDLRV�GH�FDUDFWHUL]DomR�

2.4 &DUDFWHUL]DomR�GD�OLJQLQD

2.4.1 teores de umidade, lignina insolúvel e lignina solúvel

2V�WHRUHV�GH�XPLGDGH��OLJQLQD�LQVRO~YHO�H�OLJQLQD�VRO~YHO�IRUDP�PHGLGRV�VHJXQGR�DV�PHWRGROR�
JLDV�GD�7$33,��������������HP�WULSOLFDWD��
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2.4.2 espectroscopia no infravermelho (Ftir) e Análise termogravimétrica (tG/dtG)

2V� HVSHFWURV� YLEUDFLRQDLV� QD� UHJLmR� GR� LQIUDYHUPHOKR� FRP� WUDQVIRUPDGD� GH�)RXULHU� �)7�,5��
IRUDP�REWLGRV�HP�XP�HVSHFWURIRW{PHWUR�$JLOHQW��PRGHOR�&DU\������QD�IDL[D�GH������D�����FP����FRP�
UHVROXomR�GH���FP���H����YDUUHGXUDV��XWLOL]DQGR�VH�SDVWLOKDV�GH�EURPHWR�GH�SRWiVVLR��.%U��QD�SURSRUomR�
GH�������P�P��GH�DPRVWUD�.%U��3DUD�D�DQiOLVH�GH�7*$��UHDOL]RX�VH�XPD�YDUUHGXUD�GH����D������&��QXPD�
WD[D�GH�DTXHFLPHQWR�GH�����&�PLQ���H�YD]mR�GH�JiV�QLWURJrQLR�GH������P/�PLQ����XWLOL]DQGR�VH�XP�HTXL�
SDPHQWR�GD�PDUFD�3HUNLQ(OPHU��PRGHOR�67$������6LPXOWDQHRXV�7KHUPDO�$QDO\]HU�

2.4.3 0LFURVFRSLD�(OHWU{QLFD�GH�9DUUHGXUD��0(9�

3DUD�HVVD�DQiOLVH��DV�DPRVWUDV�IRUDP�VXEPHWLGDV�j�VHFDJHP�HP�DSDUHOKR�GH�VHFDJHP�DR�SRQWR�
FUtWLFR��(06��PRGHOR�������PRQWDGDV�HP�VWXEV��PHWDOL]DGDV�FRP�SODWLQD��FDPDGD�FRP����QP�GH�HVSHV�
VXUD��HP�HYDSRUDGRUD�(06�H�IRWRJUDIDGDV�HP�0LFURVFySLR�(OHWU{QLFR�GH�9DUUHGXUD�=HLVV�'60����$��
VRE�XPD�YROWDJHP�GH�DFHOHUDomR�GH����N9�

3 reSultAdoS e diScuSSÃo

3.1 teores de umidade, cinzas e lignina insolúvel

$�FRPSRVLomR�GD�DPRVWUD�GH�OLJQLQD�UHFXSHUDGD�HVWi�QD�7DEHOD����9HUL¿FD�VH�XPD�SXUH]D�PDLRU�
TXH�����GH� OLJQLQD��(VVHV� UHVXOWDGRV�FRQFRUGDP�FRP�RV�HQFRQWUDGRV�QD� OLWHUDWXUD�SDUD�DPRVWUDV�GH�
OLJQLQD�REWLGDV�D�SDUWLU�GH�RXWUDV�IRQWHV�GH�ELRPDVVD�H�DWUDYpV�GH�RXWURV�SURFHVVRV�GH�H[WUDomR��DV�TXDLV�
DSUHVHQWDP�XP�HOHYDGR�WHRU�GH�OLJQLQD�LQVRO~YHO�H�XP�EDL[R�WHRU�GH�OLJQLQD�VRO~YHO��:$1*$��&+(1��
������

tabela 1. &DUDFWHUL]DomR�OLJQRFHOXOyVLFD�GDV�¿EUDV�GR�FROPR�GH�WDERFD�EDPEX�Guadua weberbaueri�3LOJHU�D�
GLIHUHQWHV�DOWXUDV�GH�FRUWH

componente

umidade lignina insolúvel lignina solúvel

/LJQLQD�DFHWRVROY �����(����� ������(����� �����(�����
Médias ( erro padrão

3.2 Ftir e tG/dtG

1D�DQiOLVH�GD�OLJQLQD��)LJXUD�����IRUDP�HQFRQWUDGDV�EDQGDV�GH�DEVRUomR�FDUDFWHUtVWLFDV�SDUD�D�OLJ�
QLQD��72/('$12�HW�DO����������2EVHUYRX�VH�XPD�EDQGD�ODUJD�UHODFLRQDGD�DR�HVWLUDPHQWR�2�+�GDV�XQL�
GDGHV�DOLIiWLFDV�H�IHQyOLFDV�GD�OLJQLQD�HQWUH������H������FP±���1D�UHJLmR�GH�����±�����FP±� ocorrem esti�
UDPHQWRV�VLPpWULFRV�H�DVVLPpWULFRV�&�+�FRUUHVSRQGHQWHV�DRV�JUXSDPHQWRV�PHWLOD�H�PHWLOHQR�H�j�PHWR[LOD�
OLJDGD�DR�DQHO�DURPiWLFR��(P�WRUQR�GH������FP±���REVHUYD�VH�R�HVWLUDPHQWR�& 2�GH�FDUER[LOD�FRQMXJDGD�
�72/('$12�HW�DO����������%DQGDV�HVTXHOHWDLV�GH�DQHO�DURPiWLFR�VmR�PRVWUDGDV�HP������������������H�
�����FP±���(P������FP���H�HP������FP±��RFRUUHP�YLEUDo}HV�GH�DQHO�JXDLDFLOD��*��FRP�HVWLUDPHQWRV�&�2�
SDUD�D�DPRVWUD��72/('$12�HW�DO����������$V�EDQGDV�HP�WRUQR�GH������FP±��H�HP������FP±� podem ser 
DWULEXtGDV�j�KHPLFHOXORVH�FRQWDPLQDQWH��6+(�HW�DO����������&RPSOH[RV� OLJQLQD�FDUERLGUDWR�� IRUPDGRV�
HQWUH�D�FDGHLD�GH�OLJQLQD�H�D�KHPLFHOXORVH��VmR�DEXQGDQWHV�HP�FHUWRV�PDWHULDLV�OLJQRFHOXOyVLFRV��SRGHQGR�
SHUPDQHFHU�FRPR�FRQWDPLQDQWHV�DSyV�SURFHVVRV�GH�H[WUDomR�H�SXUL¿FDomR��+8�HW�DO���������

1R�WHUPRJUDPD�GD�DPRVWUD�GH�OLJQLQD��)LJXUD����VmR�REVHUYDGRV�WUrV�HYHQWRV�SULQFLSDLV�GH�SHUGD�
GH�PDVVD��HP�WRUQR�GH���������H������&��UHVSHFWLYDPHQWH��2�SULPHLUR�GHOHV�SRGH�VHU�DWULEXtGR�j�SHUGD�GH�
iJXD�DGVRUYLGD�H�R�VHJXQGR�j�GHJUDGDomR�GH�KHPLFHOXORVH�FRQWDPLQDQWH�SUHVHQWH�QD�DPRVWUD���2�WHUFHLUR�
HYHQWR�GH�SHUGD�GH�PDVVD�UHIHUH�VH�j�IUDJPHQWDomR�GD�FRPSOH[D�HVWUXWXUD�GD�OLJQLQD��GHYLGR�j�FOLYDJHP�
GDV�OLJDo}HV�HQWUH�DV�XQLGDGHV�GR�SROtPHUR��SULQFLSDOPHQWH�DV�OLJDo}HV�Į�DULO�pWHU�H�ȕ�DULO�pWHU��OLEHUDQGR�
PRQ{PHURV�IHQyOLFRV�QD�IDVH�YDSRU��$�SDUWLU�GH������&��DSUR[LPDGDPHQWH��D�OLJQLQD�DSUHVHQWD�XPD�SHU�
GD�GH�PDVVD�JUDGXDO�UHODFLRQDGD�j�GHJUDGDomR�H�RX�j�FRQGHQVDomR�GH�DQpLV�DURPiWLFRV�VRE�D�DWPRVIHUD�
LQHUWH��JHUDQGR�XP�UHVtGXR�GH������+866,1�HW�DO����������
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Figura 1. (VSHFWUR�GH�)7,5��HVTXHUGD��H�WHUPRJUDPD��GLUHLWD��GD�OLJQLQD�DFHWROVROY�SUHFLSLWDGD�RULXQGD�GH�¿EUDV�
GD�SUHQVDJHP�GR�PHVRFDUSR�GR�GHQGr�

3.3 mev 

$�SDUWLU�GDV�PLFURJUD¿DV�REWLGDV�SDUD�D�DPRVWUD�GH�OLJQLQD��)LJXUD�����REVHUYRX�VH�XPD�VXSHU�
ItFLH� LUUHJXODU�H�FRPSDFWD��FRP�DXVrQFLD�GH�SRURV��)RUDP�WDPEpP�REVHUYDGDV�¿EUDV��SURYDYHOPHQWH�
UHODFLRQDGDV�j�FRQWDPLQDomR�SRU�UHVtGXRV�GH�KHPLFHOXORVH��GHYLGR�DR�SURFHVVR�GH�REWHQomR�GD�OLJQLQD�
DWUDYpV�GD�SROSDomR�GD�ELRPDVVD�GR�GHQGr�

Figura 2. 0LFURJUD¿DV�GD�OLJQLQD�DFHWROVROY�SUHFLSLWDGD�RULXQGD�GH�¿EUDV�GD�SUHQVDJHP�GR�PHVRFDUSR�GR�GHQGr�

4 concluSÃo

&RP�EDVH�QHVVHV�UHVXOWDGRV��D�OLJQLQD�DFHWRVROY�GD�¿EUD�GD�SUHQVDJHP�GR�GHQGr�p�XP�PDWHULDO�
FRP�SRWHQFLDO�SDUD�D�SURGXomR�GH�LQVXPRV�TXH�SRVVDP�VHU�XVDGRV�SDUD�D�REWHQomR�GH�QDQRHVWUXWXUDV�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�j�(PEUDSD�$PD]{QLD�2ULHQWDO��DR�&13T��3URFHVVR�0RUV\OHLGH��H�(PEUD�
SD��FyGLJR�0DFUR���SHOR�DSRLR�¿QDQFHLUR�

reFerÊnciAS

6$+22��6���6(<',%(<2ö/8��0�g���02+$17<��$�.���0,65$��0��&KDUDFWHUL]DWLRQ�RI�LQGXVWULDO�
OLJQLQV�IRU�WKHLU�XWLOL]DWLRQ�LQ�IXWXUH�YDOXH�DGGHG�DSSOLFDWLRQV��%LRPDVV�DQG�%LRHQHUJ\��$PVWHUGDP��Y��
����Q������S������������������

67(:$57��'��/LJQLQ�DV�D�EDVH�PDWHULDO�IRU�PDWHULDOV�DSSOLFDWLRQV��&KHPLVWU\��DSSOLFDWLRQ�DQG�HFRQR�
PLFV��,QGXVWULDO�&URSV�DQG�3URGXFWV��$PVWHUGDP��Y������Q�����S����������������
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7$33,��������7�����RP�����$VK�LQ�ZRRG��SXOS��SDSHU�DQG�SDSHUERDUG��&RPEXVWLRQ�DW�����ƕ&�

7$33,��������7�����RP�����$FLG�LQVROXEOH�OLJQLQ�LQ�ZRRG�DQG�SXOS�

:$1*��*���&+(1��+��)UDFWLRQDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�OLJQLQ�IURP�VWHDP�H[SORGHG�FRUQ�VWDON�E\�
VHTXHQWLDO�GLVVROXWLRQ�LQ�HWKDQRO±ZDWHU�VROYHQW��6HSDUDWLRQ�DQG�3XUL¿FDWLRQ�7HFKQRORJ\��$PVWHUGDP��Y��
�����S����������������

72/('$12��$���*$5&Ë$��$���021'5$*21��,���/$%,',��-��/LJQLQ�VHSDUDWLRQ�DQG�IUDFWLRQDWLRQ�E\�
XOWUD¿OWUDWLRQ��6HSDUDWLRQ�DQG�3XUL¿FDWLRQ�7HFKQRORJ\��$PVWHUGDP��Y������Q�����S��������������

6+(��'���;8��)���*(1*��=�&���681��5�&���-21(6��*�/���%$,5'��0�6��3K\VLFRFKHPLFDO�FKDUDFWHUL]D�
WLRQ�RI�H[WUDFWHG�OLJQLQ�IURP�VZHHW�VRUJKXP�VWHP��,QGXVWULDO�&URSV�DQG�3URGXFWV��$PVWHUGDP��Y������Q��
���S��������������

+8��*���&$7(72��&���38��<���6$08(/��5���5$*$86.$6��$�-��6WUXFWXUDO�FKDUDFWHUL]DWLRQ�RI�VZLWFK�
JUDVV�OLJQLQD�DIWHU�HWDQRO�RUJDQRVROY�WUHDWPHQW��(QHUJ\�)XHOV��:DVKLQJWRQ��Y������Q�����S����������������

+866,1��0�+���5$+,0��$�$���,%5$+,0��0�1�0���%5266(��1��3K\VLFRFKHPLFDO�FKDUDFWHUL]DWLRQ�RI�
DONDOLQH�DQG�HWKDQRO�RUJDQRVROY�OLJQLQV�IURP�RLO�SDOP��(ODHLV�JXLQHHQVLV��IURQGV�DV�SKHQRO�VXEVWLWXWHV�
IRU�JUHHQ�PDWHULDO�DSSOLFDWLRQV��,QGXVWULDO�&URSV�DQG�3URGXFWV��$PVWHUGDP��Y������S��������������

extrAÇÃo e cArActeriZAÇÃo de nAnoeStruturAS de 
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resumo
'LIHUHQWHV�IRQWHV�YHJHWDLV�H�WUDWDPHQWRV�GH�H[WUDomR�GH�QDQRHVWUXWXUDV�SRGHP�OHYDU�D�QDQRFULVWDLV�FRP�
GLYHUVDV�SURSULHGDGHV��'HVWD�IRUPD��R�REMHWLYR�GHVWH�UHVXPR�p�FRQVROLGDU�SDUWH�GDV�LQIRUPDo}HV�JHUDGDV�
QR�3ODQR�GH�$omR�³([WUDomR�H�FDUDFWHUL]DomR�GH�QDQRHVWUXWXUDV�GH�IRQWHV�UHQRYiYHLV´��GR�3URMHWR�&RP�
SRQHQWH�³%LRQDQRFRPSyVLWRV´��GR�0DFURSURJUDPD���³1DQRWHFQRORJLD�DSOLFDGD�DR�DJURQHJyFLR´��$V�
GLIHUHQWHV�ELRPDVVDV�HPSUHJDGDV�VmR�UHVXPLGDV�D�VHJXLU��PRVWUDQGR�R�HIHLWR�GD�IRQWH�H�GH�YDULDo}HV�QRV�
SDUkPHWURV�GH�H[WUDomR�QDV�SURSULHGDGHV�¿QDLV�GDV�QDQRHVWUXWXUDV��(P�OLQKDV�JHUDLV��WRGRV�RV�FULVWDLV�
VmR�DGHTXDGRV�SDUD�D�SURGXomR�GH�QDQRFRPSyVLWRV��H�D�YDULDomR�HQWUH�HOHV�IRUQHFH�YDULDomR�SDUD�TXH�D�
(QJHQKDULD�GH�0DWHULDLV�GHVHQYROYD�GLIHUHQWHV�FRPSyVLWRV��GH�DFRUGR�FRP�DV�QHFHVVLGDGHV��H�WDPEpP�
DX[LOLD�D�DJUHJDU�YDORU�D�HVVDV�ELRPDVVDV�GH�LPSRUWkQFLD�SDUD�R�DJURQHJyFLR�EUDVLOHLUR�
Palavras-chave��$JURQHJyFLR��QDQRZKLVNHUV��RWLPL]DomR��ELRSURGXWRV��PRGHODJHP�

extrAction And cHArActeriSAtion oF nAnoStructureS From renewAble 
SourceS
Abstract
'LIIHUHQW�SODQW�VRXUFHV�DQG�H[WUDFWLRQ�WUHDWPHQWV�RI�QDQRVWUXFWXUHV�PD\�\LHOG�WR�QDQRFU\VWDOV�ZLWK�GLIIHU�
HQW�SURSHUWLHV��6R��WKH�DLP�RI�WKLV�DEVWUDFW�LV�WR�DVVHPEOH�VRPH�JHQHUDWHG�LQIRUPDWLRQ�RI�WKH�$FWLRQ�3ODQ�
³([WUDFWLRQ�DQG�FKDUDFWHULVDWLRQ�RI�QDQRVWUXFWXUHV�IURP�UHQHZDEOH�VRXUFHV´�IURP�WKH�&RPSRQHQW�3URMHFW�
³%LRQDQRFRPSRVLWHV´�IURP�WKH�0DFURSURJUDP���³1DQRWHFKQRORJ\�DSSOLHG�WR�DJULEXVLQHVV´��7KH�VHYHUDO�
DQDO\VHG�ELRPDVVHV�DUH�VXPPDUL]HG�DV�IROORZ��VKRZLQJ�WKH�HIIHFW�RI�WKH�VRXUFH�DQG�RI�WKH�YDULDWLRQ�LQ�WKH�
H[WUDFWLRQ�SDUDPHWHUV��,Q�JHQHUDO�OLQHV��DOO�WKH�FU\VWDOV�DUH�VXLWDEOH�WR�QDQRFRPSRVLWH�SURGXFWLRQ��DQG�WKH�
YDULDWLRQ�DPRQJ�WKHP�JLYHV�WR�WKH�0DWHULDO�(QJLQHHU�IUHHGRP�WR�GHYHORS�GLIIHUHQW�ELREDVHG�SURGXFWV��DV�
GLIIHUHQW�QHHGV��DQG�WKLV�XVH�DLGV�LQ�WKH�DGGLQJ�YDOXH�WR�LPSRUWDQW�ELRPDVVHV�IURP�%UD]LOLDQ�DJULEXVLQHVV�
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Keywords: $JULEXVLQHVV��QDQRZKLVNHUV��RSWLPLVDWLRQ��ELRSURGXFWV��PRGHOOLQJ�

3XEOLFDo}HV�UHODFLRQDGDV�
KWWS���G[�GRL�RUJ���������M�FDUESRO������������

KWWS���G[�GRL�RUJ���������M�FDUESRO�������������

KWWS���G[�GRL�RUJ���������M�FDUESRO�������������

1 introduÇÃo

$�FHOXORVH� p� R� SROtPHUR�PDLV� DEXQGDQWH� QDV� SODQWDV� �'8)5(61(�� �������'HVWD� IRUPD�� HOD�
FRQVLVWH�HP�XPD�LPSRUWDQWH�IRQWH�UHQRYiYHO�GH�QDQRHVWUXWXUDV��(QWUH�HVVDV�QDQRHVWUXWXUDV��PHUHFHP�
GHVWDTXH�RV�QDQRFULVWDLV�GH�FHOXORVH��TXH�SRVVXHP�XPD�HVWUXWXUD�DJXOKDGD��FRP�YHUVDWLOLGDGH�SDUD�VHUHP�
DSOLFDGRV�HP�GLIHUHQWHV�FDPSRV�FRPR��SRU�H[HPSOR��QR�UHIRUoR�GH�FRPSyVLWRV��6DEH�VH�TXH�GLIHUHQWHV�
IRQWHV�GH�FHOXORVH�H�GLIHUHQWHV�FRQGLo}HV�GH�H[WUDomR�UHVXOWDP�HP�GLIHUHQWHV�WLSRV�GH�QDQRFULVWDLV��'HVWD�
IRUPD��R�REMHWLYR�GHVWH�WUDEDOKR�p�DSUHVHQWDU�H�UHVXPLU�DV�Do}HV�HIHWXDGDV�QR�3ODQR�GH�$omR�³([WUDomR�H�
FDUDFWHUL]DomR�GH�QDQRHVWUXWXUDV�GH�IRQWHV�UHQRYiYHLV´��GR�3URMHWR�&RPSRQHQWH�³%LRQDQRFRPSyVLWRV´��
GR�0DFURSURJUDPD���³1DQRWHFQRORJLD�DSOLFDGD�DR�DJURQHJyFLR´�

2 mAteriAiS e métodoS

2.1 material vegetal

'LIHUHQWHV�ELRPDVVDV�OLJQRFHOXOyVLFDV�IRUDP�HPSUHJDGDV�FRPR�IRQWH�GH�QDQRFULVWDLV��D�H[HPSOR�
GH�OtQWHU�GH�DOJRGmR��IRUQHFLGR�SHOD�(PEUDSD�$OJRGmR��¿EUD�GD�SUHQVDJHP�GR�PHVRFDUSR�GR�GHQGr��IRU�
QHFLGD�SHOD�(PEUDSD�$PD]{QLD�2ULHQWDO��¿EUD�GH�WDERFD��IRUQHFLGD�SHOD�(PEUDSD�$FUH��H�¿EUDV�GH�FRFR�
YHUGH��FiSVXOD�GH�DOJDURED�H�SVHXGRFDXOH�GH�EDQDQHLUD��REWLGDV�SHOD�(PEUDSD�$JURLQG~VWULD�7URSLFDO�

2.2 Pré-tratamentos

$V�¿EUDV�IRUDP�VXEPHWLGDV�D�GLIHUHQWHV�SUp�WUDWDPHQWRV��3RU�H[HPSOR��QR�FDVR�GD�¿EUD�GH�FRFR�
H�GHQGr��IRL�H[HFXWDGD�XPD�SROSDomR�DFHWRVROY�FRP�iFLGR�DFpWLFR�DQWHV�GR�EUDQTXHDPHQWR��¿EUDV�GH�
SVHXGRFDXOH�GH�EDQDQHLUD�IRUDP�VLPSOHVPHQWH�EUDQTXHDGDV��VHP�XP�WUDWDPHQWR�SUpYLR�SDUD�UHPRomR�
GH�OLJQLQD��¿EUDV�GH�OtQWHU�GH�DOJRGmR�IRUDP�GLUHWDPHQWH�VXEPHWLGDV�D�KLGUyOLVH�iFLGD��VHP�QHQKXP�SUp�
tratamento.

2.3 Hidrólise ácida

$�KLGUyOLVH�FRQVLVWLX�QD�DGLomR�GDV�¿EUDV�D�iFLGR�VXOI~ULFR�FRQFHQWUDGR��YDULDQGR�VH�SDUkPHWURV�
FRPR�WHPSR��UHODomR�PDVVD�GH�¿EUD�YROXPH�GH�iFLGR��FRQFHQWUDomR�PDVVD�PDVVD�GR�iFLGR�H�WHPSHUD�
WXUD�GH�UHDomR��(VVHV�GLIHUHQWHV�SDUkPHWURV�SRGHP�LQÀXHQFLDU�QR�JUDX�GH�VXOIDWDomR�GRV�QDQRFULVWDLV��
DIHWDQGR�GLUHWDPHQWH�R�SRWHQFLDO�]HWD��H�R�JUDX�QR�TXDO�D�FHOXORVH�DPRUID�p�GHJUDGDGD��UHVXOWDQGR�HP�
QDQRFULVWDLV�FRP�GLIHUHQWHV�UD]}HV�GH�DVSHFWR�/�G��FDOFXODGD�SHOD�UD]mR�HQWUH�R�FRPSULPHQWR��/��SHOR�
GLkPHWUR��G��GRV�FULVWDLV��H�tQGLFH�GH�FULVWDOLQLGDGH

2.4 &DUDFWHUL]DomR�GRV�QDQRFULVWDLV

2V�QDQRFULVWDLV�IRUDP�VXEPHWLGRV�D�YiULDV�FDUDFWHUL]Do}HV�SDUD�YHUL¿FDU�R�HIHLWR�GD�IRQWH�FHOX�
OyVLFD�H�GR�WUDWDPHQWR�HIHWXDGR�VREUH�DV�SURSULHGDGHV�GRV�QDQRFULVWDLV�REWLGRV��'HQWUH�HVVDV�FDUDFWHUL]D�
o}HV��IRUDP�UHDOL]DGDV�DYDOLDo}HV�GR�SRWHQFLDO�]HWD��GLIUDomR�GH�UDLRV�;�SDUD�GHWHUPLQDomR�GR�tQGLFH�GH�
FULVWDOLQLGDGH��6(*$/�HW�DO���������H�DQiOLVH�PRUIROyJLFD�SRU�0(7�RX�0(9�)(*�SDUD�GHWHUPLQDomR�GD�
GLPHQVmR�GRV�FULVWDLV��025$,6�HW�DO���������
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3 reSultAdoS e diScuSSÃo

2V�GLYHUVRV�SDUkPHWURV�DYDOLDGRV�GDV�YiULDV�ELRPDVVDV�HVWmR�SUHVHQWHV�QD�WDEHOD����2EVHUYD�VH�
TXH�Ki�JUDQGHV�GLIHUHQoDV�HQWUH�RV�PDWHULDLV��FRPR�QD�UD]mR�GH�DVSHFWR�/�G��(VVD�UD]mR�YDULD�GH����D�
����025$,6�HW�DO���������1$6&,0(172�HW�DO���������3(5(,5$�HW�DO����������RX�VHMD��Ki�XPD�JUDQGH�
YDULDomR�GH�WDPDQKR�HQWUH�RV�FULVWDLV��TXH�SRGH�VHU�H[SORUDGD�SDUD�HQJHQKHLUDU�GLIHUHQWHV�FRPSyVLWRV��
de acordo com a necessidade dos mesmos.

2�tQGLFH�GH�FULVWDOLQLGDGH��HP�JHUDO��p�DFLPD�GH������R�TXH�PRVWUD�TXH�WRGRV�RV�GLIHUHQWHV�PD�
WHULDLV�SRVVXHP�SRWHQFLDO�SDUD�UHIRUoR��2�PyGXOR�GR�SRWHQFLDO�]HWD�GRV�FULVWDLV�p��FRPXPHQWH��DFLPD�GH�
���P9��R�TXH�LQGLFD�D�HVWDELOLGDGH�GRV�PHVPRV��0,5+266(,1,�HW�DO����������

tabela 1. &DUDFWHUtVWLFDV�GH�GLIHUHQWHV�QDQRFULVWDLV�GH�FHOXORVH�REWLGRV�GH�GLIHUHQWHV�IRQWHV�YHJHWDLV�

biomassa

Parâmetros

tempo 
(min)

5HODomR
Fibra/ácido

&RQFHQWUDomR�
de ácido
(% m/m)

temperatura
(oc)

ic 
(%)

Potencial 
zeta (mv)

5D]mR�
l/d

/tQWHU �� ���� ���� ���� ���� ����� ��

&RFR�YHUGH ��� ������ ���� ���� ���� ����� 22

'HQGr ��� ���� ���� ���� ���� ����� ��

'HQGr�
acetosolv

��� ���� ���� ���� ���� ����� ����

'HQGr�
acetosolv

�� ���� ���� ���� ���� ����� ����

'HQGr�
acetosolv

��� ���� ���� ���� ���� ����� ����

'HQGr�
acetosolv

�� ���� ���� ���� ���� ����� ����

'HQGr�
acetosolv

�� ���� ���� ���� ���� ����� ����

3VHXGRFDXOH�
de bananeira

�� ������ ���� ���� � ����� 21

9DJHP�GH�
algaroba

�� ���� ���� ���� ���� ����� �

&iSVXOD�GH�
algaroba

�� ���� ���� ���� ���� ����� ��

Taboca �� ��� ���� ���� ���� ����� �
Ic = índice de cristalinidade; Razão L/d = Razão de aspecto; - = dado não disponível

4 concluSÃo

&RP�EDVH�QHVVHV� UHVXOWDGRV�� YHUL¿FD�VH� D� DPSOD�JDPD�GH� FULVWDLV� TXH�SRGHP�VHU� REWLGRV�GH�
GLIHUHQWHV�IRQWHV�OLJQRFHOXOyVLFDV��2�XVR�GHVVHV�LQVXPRV�SDUD�R�SUHSDUR�GH�FRPSyVLWRV�FRP�GLIHUHQWHV�
DSOLFDo}HV�p�XPD�RSRUWXQLGDGH�SDUD�D�(QJHQKDULD�GH�0DWHULDLV�H�FRQWULEXL�SDUD�D�DJUHJDomR�GH�YDORU�D�
ELRPDVVDV�GH�LPSRUWkQFLD�SDUD�R�DJURQHJyFLR�EUDVLOHLUR�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�/DERUDWyULR�GH�5DLRV�;�GD�8)&�SHORV�GLIUDWRJUDPDV��DR�&(7(1(�H�
DR�/DERUDWyULR�GH�0LFURVFRSLD�GH�9DUUHGXUD�GD�8(51�SHODV�PLFURJUD¿DV�XVDGDV�SDUD�R�FiOFXOR�GD�UD]mR�
GH�DVSHFWR�H�DR�&13T�H�(PEUDSD�SHOR�DSRLR�¿QDQFHLUR�
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*UX\WHU�,QFRUSRUDWHG������������S�

0,5+266(,1,��+���7$1��&�3���+$0,'��1�6�$���<862)��6��(IIHFW�RI�$UDELF�JXP��[DQWKDQ�JXP�DQG�
RUDQJH�RLO�FRQWHQWV�RQ�]HWD�SRWHQWLDO��FRQGXFWLYLW\��VWDELOLW\��VL]H�LQGH[�DQG�S+�RI�RUDQJH�EHYHUDJH�HPXO�
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18QLYHUVLGDGH�)HGHUDO�GR�5LR�*UDQGH�GR�1RUWH��28QLYHUVLGDGH�)HGHUDO�GR�&HDUi���Embrapa 
$JURLQG~VWULD�7URSLFDO��
PHQ�VRX]D#HPEUDSD�EU

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
2�REMHWLYR�GHVWH�WUDEDOKR�IRL�XWLOL]DU�VHPHQWHV�GH�PDQJD�FRPR�IRQWH�GH�DPLGR��¿EUDV�H�nanowhiskers de 
FHOXORVH�SDUD�REWHQomR�GH�PDWHULDLV�SROLPpULFRV��2�DPLGR�H[WUDtGR�GDV�DPrQGRDV�GDV�VHPHQWHV�DSUHVHQ�
WRX�HOHYDGR�JUDX�GH�SXUH]D��2V�UHVXOWDGRV�REWLGRV�SDUD�DV�¿EUDV�H�nanowhiskers�GH�FHOXORVH�H[WUDtGRV�GR�
WHJXPHQWR�¿EURVR�GD�VHPHQWH�FRPSURYRX�D�H¿FiFLD�GR�WUDWDPHQWR�TXtPLFR�UHDOL]DGR��2V�UHVXOWDGRV�SDUD�
RV�PDWHULDLV�SROLPpULFRV�PRVWUDUDP�TXH�R�736�DSUHVHQWRX�PHOKRUHV�SURSULHGDGHV�PHFkQLFDV�HP�UHODomR�
DRV�ELRFRPSyVLWRV�H�ELRQDQRFRPSyVLWRV��
Palavras-chave��$PLGR�WHUPRSOiVWLFR��6HPHQWH�GH�PDQJD��0DWHULDLV�ELRGHJUDGiYHLV�

utiliZAtion oF wASte mAnGo tOmmy AtKInS For develoPinG bioPlAStic
Abstract
7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�XVH�PDQJR�VHHGV�DV�D�VRXUFH�RI�VWDUFK��¿EHU�DQG�FHOOXORVH�nanowhiskers to 
REWDLQ�SRO\PHULF�PDWHULDOV��7KH�VWDUFK�H[WUDFWHG�IURP�WKH�NHUQHOV�RI�WKH�VHHGV�VKRZHG�KLJK�GHJUHH�RI�
SXULW\��7KH�UHVXOWV�REWDLQHG�IRU�¿EHUV�DQG�FHOOXORVH�nanowhiskers�IURP�WKH�VHHG�FRDW�¿EURXV�SURYHQ�HI�
¿FDF\�RI�WKH�FKHPLFDO�WUHDWPHQW��7KH�UHVXOWV�IRU�SRO\PHULF�PDWHULDOV�VKRZHG�WKDW�WKH�736�VWDUFK�VOHHYH�
UHYHDOHG�EHWWHU�UHVXOWV�FRPSDUHG�WR�ELRQDQRFRPSyVLWRV�DQG�ELRFRPSRVLWHV�
Keywords��7KHUPRSODVWLF�VWDUFK��0DQJR�VHHG��%LRGHJUDGDEOH�PDWHULDOV�
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3XEOLFDo}HV�UHODFLRQDGDV
&25'(,52�(�0�6��et al.�$SURYHLWDPHQWR�GRV�UHVtGXRV�DJURLQGXVWULDLV�GD�PDQJD�QD�REWHQomR�GH�FRP�
SyVLWRV�H�QDQRFRPSyVLWRV�SURFHVVDGRV�YLD�H[WUXVmR�,Q������&RQJUHVVR�%UDVLOHLUR�GH�3ROtPHURV�������

&25'(,52�(�0�6��HW�DO��3RO\PHU�ELRFRPSRVLWHV�DQG�QDQRELRFRPSRVLWHV�REWDLQHG�IURP�PDQJR�VHHG��
0DFURPROHFXODU�6\PSRVLD��������In Press 

1 introduÇÃo

2�FRQVXPR�GRV�SROtPHURV�VLQWpWLFRV�p�FUHVFHQWH�QR�GHFRUUHU�GRV�DQRV�H��GH�DFRUGR�FRP�D�$V�
VRFLDomR�%UDVLOHLUD� GD� ,QG~VWULD� GR� 3OiVWLFR�� HP������ R� FRQVXPR� EUDVLOHLUR� DWLQJLX� XPD� TXDQWLGDGH�
H[SUHVVLYD�GH������[�����WRQ��$%,3/$67���������2V�UHVtGXRV�SROLPpULFRV�VmR�IRQWHV�GH�SROXLomR�TXH�
FDXVDP� LQ~PHURV� SUREOHPDV� DPELHQWDLV� H� WDPEpP� UHSUHVHQWDP� XP� JUDQGH� GHVD¿R� SDUD� R� JHUHQFLD�
PHQWR�GR�OL[R�HP�JUDQGHV�FLGDGHV��)(55(,5$��)216(&$��6$521���������2�HVWXGR�SDUD�R�XVR�GR�
DPLGR�WHUPRSOiVWLFR�FRP�R�SURSyVLWR�GH�UHGX]LU�R�FRQVXPR�GH�SOiVWLFR�GH�RULJHP�SHWURTXtPLFD�YHP�
JDQKDQGR�IRUoD�H�UHFHEHQGR�FRQVLGHUiYHO�DWHQomR�QR�FHQiULR�GRV�UHFXUVRV�UHQRYiYHLV��(PERUD�R�DPLGR�
WHUPRSOiVWLFR�DSUHVHQWH�GHVYDQWDJHQV�FRPR�UHGX]LGDV�SURSULHGDGHV�PHFkQLFDV��R�UHIRUoR�FRP�¿EUDV�RX�
nanowhiskers�GH�FHOXORVH�SRGH�VHU�XPD�ERD�VROXomR�SDUD�REWHQomR��UHVSHFWLYDPHQWH��GH�FRPSyVLWRV�RX�
QDQRFRPSyVLWRV�ELRGHJUDGiYHLV�FRP�PHOKRUHV�SURSULHGDGHV�PHFkQLFDV��(VWH�WUDEDOKR�DSUHVHQWD�FRPR�
REMHWLYR�XWLOL]DU�VHPHQWHV�GH�PDQJD�Tommy Atkins�FRPR�IRQWH�GH�DPLGR�SDUD�REWHQomR�GH�ELRSROtPHURV�
H�� WDPEpP��FRPR�IRQWH�GH�¿EUDV�H�nanowhiskers�GH�FHOXORVH��XWLOL]DGRV�FRPR�FDUJDV�UHIRUoDQWHV�QRV�
PLFUR�H�QDQRELRFRPSyVLWR�SROLPpULFRV�

2 mAteriAiS e métodoS

2.1 ([WUDomR�H�FDUDFWHUL]DomR�GH�DPLGR��¿EUDV�H�nanowhiskers de celulose

$V�¿EUDV�H�RV�nanowhiskers GH�FHOXORVH�IRUDP�H[WUDtGRV�GR�WHJXPHQWR�¿EURVR�H�R�DPLGR�GDV�
DPrQGRDV��DPERV�SURYLQGRV�GH�VHPHQWHV�GH�PDQJD�Tommy Atkins��2�DPLGR�IRL�REWLGR�VHJXQGR�SURFH�
GLPHQWR�GHVFULWR�SRU�6LQJK��6DQGKX��.DXU�et al. �������FRP�PRGL¿FDo}HV��)LJXUD�����$V�¿EUDV�IRUDP�
VXEPHWLGDV�D�GRLV�WLSRV�GH�WUDWDPHQWRV�TXtPLFRV��PHUFHUL]DomR�H�EUDQTXHDPHQWR��3DUD�REWHQomR�GH�na-
nowhiskers�GH�FHOXORVH�IRL�DGRWDGD�D�PHWRGRORJLD�GHVFULWD�SRU�2UWV�et al.��������FRP�DGDSWDo}HV��)LJXUD�
����2�DPLGR�REWLGR�IRL�DYDOLDGR�TXLPLFDPHQWH�TXDQWR�DR�WHRU�GH�OLStGLRV��SURWHtQDV��DPLGR�WRWDO��,$/��
������H�TXDQWR�DR�FRQWH~GR�GH�DPLORVH��,62��������������$V�¿EUDV�EUXWDV�H�WUDWDGDV�IRUDP�FDUDFWHUL�
]DGDV�TXLPLFDPHQWH�VHJXQGR�PHWRGRORJLD�GHVFULWD�SRU�0RUDLV�H�FRODERUDGRUHV���������$�PLFURVFRSLD�
HOHWU{QLFD�GH�YDUUHGXUD�GR�DPLGR��¿EUDV�EUXWDV�H�WUDWDGDV�IRL�UHDOL]DGD�HP�PLFURVFySLR�+,7$&+,�70�
������)RL� UHDOL]DGD�DQiOLVH�GH�GLIUDomR�GH� UDLRV�;�GDV�DPRVWUDV�GH�DPLGR��¿EUDV�H�nanowhiskers de 
FHOXORVH�FRP�R�XVR�GH�GLIUDW{PHWUR�5,*$.8�VRE�UDGLDomR�GH�&X.Į��D����N9�H����P$��YHORFLGDGH�GH�
�����ș��PLQ���H�LQWHUYDOR�GH�kQJXORV��ș�GH���D������2�PpWRGR�GH�6HJDO��������IRL�XVDGR�SDUD�FDOFXODU�
D�FULVWDOLQLGDGH�GDV�¿EUDV�H�nanowhiskers�GH�FHOXORVH��2�DPLGR��¿EUDV�EUXWDV��WUDWDGDV�H�nanowhiske-
rs�GH�FHOXORVH�IRUDP�DYDOLDGRV�SRU�WHUPRJUDYLPHWULD��XWLOL]DQGR�VH�R�HTXLSDPHQWR�3HUNLQ�(OPHU�67$�
������UD]mR�GH�DTXHFLPHQWR�GH����&�PLQ���GH����D������&�VRE�DWPRVIHUD�GH�QLWURJrQLR�FRP�YD]mR�GH�
���PO�PLQ����$�PRUIRORJLD�GRV�nanowhiskers�GH�FHOXORVH�IRL�DQDOLVDGD�HP�PLFURVFySLR�GH�WUDQVPLVVmR�
�7(&1$,�70*��)�����
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Figura 1. )OX[RJUDPD�GH�REWHQomR�GH�DPLGR�H�nanowhiskers de celulose.

2.2 3UHSDUDomR�H�FDUDFWHUL]DomR�GH�ELRFRPSyVLWRV�H�ELRQDQRFRPSyVLWRV

,QLFLDOPHQWH�IRL�SUHSDUDGD�XPD�SUp�PLVWXUD�QDV�VHJXLQWHV�SURSRUo}HV�HP�PDVVD��������GH�DPL�
GR��������GH�JOLFHURO�H������GH�iJXD��3DUD�REWHQomR�GR�DPLGR�WHUPRSOiVWLFR��736��D�SUp�PLVWXUD�IRL�
SURFHVVDGD�HP�XP�H[WUXVRUD�GXSOD�URVFD�FR�URWDQWH�$;�3OiVWLFRV�$;���'5��/�'� ������FRP�SHU¿O�GH�
WHPSHUDWXUD�GH������������������������������������&��GD�]RQD�GH�DOLPHQWDomR�D�PDWUL]�H�YHORFLGDGH�
GH�URWDomR�GH�URVFD�GH�����USP��2�736��ELRFRPSyVLWR�736�¿EUDV�EUDQTXHDGDV��������HP���HP�PDVVD��
$0�)%��H�ELRQDQRFRPSyVLWR�736�nanowhiskers�GH�FHOXORVH��������HP���HP�PDVVD��$0�1&��IRUDP�
SURFHVVDGRV�HP�H[WUXVRUD�PRQRURVFD�$;�3OiVWLFRV��' ���PP�H�/�' �����FRP�SHU¿O�GH�WHPSHUDWXUD�
GH��������������&�H�YHORFLGDGH�GH�URWDomR�GH�URVFD�GH����USP���3DUD�DQiOLVH�GH�0(9��DV�DPRVWUDV�IR�
UDP�IUDWXUDGDV�HP�12�OtTXLGR��GLVSRVWDV�HP�stubs, recobertas com platina e analisadas no equipamento 
3KLOLSV�;/�����HP�XPD�YROWDJHP�GH�DFHOHUDomR�HQWUH���H����N9��2V�HQVDLRV�PHFkQLFRV�GRV�PDWHULDLV�
IRUDP�UHDOL]DGRV�HP�PiTXLQD�XQLYHUVDO�(0,&�'/������FRP�FRUSRV�GH�SURYD�GR�WLSR�9�FRQIRUPH�QRUPD�
$670�'��������YHORFLGDGH�GH���PP�PLQ�H�FpOXOD�GH�FDUJD�GH����N1��

3 reSultAdoS e diScuSSÃo

3.1 $PLGR��¿EUDV�H�nanowhiskers de celulose 

2�DPLGR�REWLGR�DSUHVHQWRX�XP�UHQGLPHQWR�GH�������HP�PDVVD�VHFD���2�WHRU�GH�OLStGLRV��SURWH�
tQDV��DPLGR�WRWDO�H�DPLORVH�HQFRQWUDGR�IRL�GH�������������������������UHVSHFWLYDPHQWH��(VWHV�YDORUHV�
DWHQGHP� jV� H[LJrQFLDV� GD� OHJLVODomR� EUDVLOHLUD� �%5$6,/�� �������2V� YDORUHV�PpGLRV� GRV� SDUkPHWURV�
TXtPLFRV�GDV�¿EUDV�EUXWDV��PHUFHUL]DGDV�H�EUDQTXHDGDV�VmR�DSUHVHQWDGRV�QD�7DEHOD����2EVHUYD�VH�TXH�
RV�WHRUHV�GH�H[WUDWLYRV��OLJQLQD�H�KHPLFHOXORVH�IRUDP�UHGX]LGRV�DSyV�RV�WUDWDPHQWRV�TXtPLFRV�GH�PHUFH�
UL]DomR�H�EUDQTXHDPHQWR

tabela 1. &RPSRVLomR�TXtPLFD�GH�¿EUDV�EUXWDV�H�WUDWDGDV
Parâmetros Fibras brutas Fibras mercerizadas Fibras branqueadas

([WUDWLYRV ���� ��� ���

/LJQLQD�LQVRO~YHO ���� ���� ���
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Parâmetros Fibras brutas Fibras mercerizadas Fibras branqueadas

+HPLFHOXORVH ���� ���� ���

$OIDFHOXORVH ���� ���� ����

2EVHUYD�VH�SHOD�IRWRJUD¿D�GH�0(9�TXH�RV�JUkQXORV�GH�DPLGR�DSUHVHQWDUDP�IRUPDV�RYDLV�H�GL�
kPHWURV�PpGLRV�GH�����+P��FODVVL¿FDQGR�VH�FRPR�SHTXHQRV��)LJXUD��$���2EVHUYD�VH�TXH�D�¿EUD�EUXWD�
DSUHVHQWD�XPD�VXSHUItFLH�EDVWDQWH�HPSDFRWDGD��)LJXUD��%���HP�UD]mR�GD� OLJQLQD�H�GDV�KHPLFHOXORVHV�
TXH�DV�HQYROYHP��DOpP�GH�VXMLGDGHV��&RPR�Mi�PHQFLRQDGR��RV�WUDWDPHQWRV�TXtPLFRV�VXEVHTXHQWHV�UH�
PRYHUDP�SDUFLDOPHQWH�HVVHV�FRQWH~GRV��)LJXUDV��&�H��'���SURPRYHQGR�XPD�GHVDJUHJDomR�GDV�¿EUDV�H�
FRQVHTXHQWH�H[SRVLomR�GD�FHOXORVH��TXH�IDFLOLWD�R�DWDTXH�iFLGR�

Figura 2. ,PDJHQV�GH�0(9�GR�DPLGR��$���¿EUDV�EUXWDV��%���PHUFHUL]DGDV��&��H�EUDQTXHDGDV��'��

$�DQiOLVH�GH�'5;�GR�DPLGR�UHYHORX�SLFRV�PDLV�LQWHQVRV�QRV�kQJXORV��ș� ������������������������
H�������FRQIHULQGR�SDGU}HV�GH�FULVWDOLQLGDGH�SUy[LPRV�DR�WLSR�$��FDUDFWHUtVWLFRV�GRV�FHUHDLV��TXH�RFRUUH�
TXDQGR�D�RUJDQL]DomR�GDV�GXSODV�KpOLFHV�GDV�PDFURPROpFXODV�GH�DPLORSHFWLQD�HVWi�QD�IRUPD�PRQRFOt�
QLFD��2$7(6���������)RL�GHWHUPLQDGR�SHOD�DQiOLVH�GH�'5;�GDV�¿EUDV�H�nanowhiskers de celulose que 
RV�SLFRV�GH�GLIUDomR�HP�WRUQR�GH��ș� �����WRUQDUDP�VH�PDLV�HVWUHLWRV�H�DFHQWXDGRV�DSyV�RV�WUDWDPHQWRV�
TXtPLFRV�� LQGLFDQGR�XP�DXPHQWR�FRQVLGHUiYHO�GD�FULVWDOLQLGDGH�GHYLGR�j� UHPRomR�GRV�FRPSRQHQWHV�
DPRUIRV��2V� tQGLFHV�GH�FULVWDOLQLGDGH�HQFRQWUDGRV�SDUD�DV�¿EUDV�EUXWDV��PHUFHUL]DGDV��EUDQTXHDGDV�H�
nanowhiskers�GH�FHOXORVH�IRUDP�GH������������H������UHVSHFWLYDPHQWH��)RL�SRVVtYHO�LGHQWL¿FDU�SRU�PHLR�
GD�DQiOLVH�GH�7*$�GR�DPLGR�GRLV�HYHQWRV�WpUPLFRV��)LJXUD��$���2�SULPHLUR�RFRUUHX�HQWUH������������&�
FRP�XPD�SHUGD�GH�PDVVD�GH�����IRL�DWULEXtGR�j�HYDSRUDomR�GH�YROiWHLV��PDMRULWDULDPHQWH�D�iJXD�DE�
VRUYLGD���2�VHJXQGR�HYHQWR�UHODFLRQDGR�j�HWDSD�GH�GHJUDGDomR�WpUPLFD�GRV�FRQVWLWXLQWHV�PDMRULWiULRV�GR�
DPLGR��H�PLQRULWiULRV�FRPR�SURWHtQDV�H�OLStGLRV��DSUHVHQWRX�WHPSHUDWXUD�GH�LQtFLR�GH�GHJUDGDomR��7onset��
GH������&��$�DQiOLVH�WHUPRJUDYLPpWULFD�GH�¿EUDV�H�nanowhiskers�GH�FHOXORVH�UHYHORX�GRLV�HVWiJLRV�GH�
GHFRPSRVLomR��2�SULPHLUR��D�DSUR[LPDGDPHQWH��������H�����&��UHVSHFWLYDPHQWH��SDUD�¿EUD�EUXWD��¿EUD�
branqueada e nanowhiskers�GH�FHOXORVH��IRL�DVVRFLDGR�j�SHUGD�GH�HOHPHQWRV�GH�EDL[D�PDVVD�PRODU��$�
Tonset�IRL�GH�DSUR[LPDGDPHQWH�����&�SDUD�WRGDV�DV�DPRVWUDV�H�UHIHUH�VH��SULQFLSDOPHQWH��j�GHFRPSRVL�
omR�GH�KHPLFHOXORVH�H�FHOXORVH�H�LQtFLR�GD�GHJUDGDomR�GH�OLJQLQD��)RL�SRVVtYHO�REVHUYDU�D�H[LVWrQFLD�GH�
nanowhiskers�GH�FHOXORVH�QD�LPDJHP�REWLGD�SRU�0(7�FRP�FRPSULPHQWR�PpGLR��/��GH����(����QP�H�
GLkPHWUR�PpGLR��'��GH���(��QP��UHVXOWDQGR�QXPD�UD]mR�GH�DVSHFWR��/�'��GH���(���)LJXUD��D���

3.2 tPS, biocompósito e bionanocompósito

1D�LPDJHP�GH�0(9�R�736�DSUHVHQWD�XPD�HVWUXWXUD�FRPSDFWD�H�JUkQXORV�GH�DPLGR�TXH�QmR�
IRUDP�WRWDOPHQWH�IXQGLGRV�QR�SURFHVVR�GH�H[WUXVmR��)LJXUD��E���2EVHUYD�VH�HP�$0�1&��JUkQXORV�GH�
DPLGR�H�SRURV��)LJXUD��F���(QTXDQWR�TXH�HP�$0�)%�YLVXDOL]D�VH�SRURV�H�DJORPHUDGRV�GH�¿EUDV��TXH�
SRGHP�DWXDU�FRPR�FRQFHQWUDGRU�GH�WHQVmR��IDFLOLWDQGR�D�UXSWXUD�GR�PDWHULDO�QHVVDV�UHJL}HV�TXDQGR�WUD�
FLRQDGR��)LJXUD��G���3HUFHEH�VH�WDPEpP�TXH�DV�¿EUDV�HVWmR�IUDFDPHQWH�DGHULGDV�D�PDWUL]�GH�736�GHYLGR�
j�SUHVHQoD�GH�YD]LRV�QD�LQWHUIDFH�¿EUDV�PDWUL]��4XDQWR�jV�SURSULHGDGHV�PHFkQLFDV��R�736�DSUHVHQWRX�
PHOKRU�UHVXOWDGR�GH�UHVLVWrQFLD�j� WUDomR�������03D��FRPSDUDGR�D�$0�)%����03D��H�$0�1&�������
03D��TXH�SRGH�HVWDU�DVVRFLDGR�j�DJORPHUDomR�GH�¿EUDV�H�GRV�nanowhiskers de celulose nesses materiais. 
2�736�DSUHVHQWD�PyGXOR�GH�HODVWLFLGDGH�PDLV�HOHYDGR�������03D��TXH�$0�1&�������03D���H�PHQRU�HP�
FRPSDUDomR�D�$0�)%�����03D���HVWH�IDWR�SRGH�VHU�H[SOLFDGR�HP�YLUWXGH�GD�QDWXUH]D�UtJLGD�GDV�¿EUDV�
TXH�UHGX]�D�GXFWLELOLGDGH�GR�FRPSyVLWR��526$�et al.��������2�IDWR�GH�R�736�SXUR�DSUHVHQWDU�PDLRU�
DORQJDPHQWR�������TXH�$0�)%�������H�$0�1&�������SRGH�HVWDU�DVVRFLDGR�DRV�HQWUHFUX]DPHQWRV�GR�
DPLGR�FRP�R�SODVWL¿FDQWH�TXH�FRQIHUH�PDLRU�SODVWLFLGDGH�D�HVWDV�PDWUL]HV�
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Figura 3. ,PDJHQV�GH�0(7�GRV�nanowhiskers�GH�FHOXORVH��D���,PDJHQV�GH�0(9�GR�736��E���$0�1&��F��H�
$0�)%��G��

4 concluSÃo

2V�UHVtGXRV�GD�PDQJD�DSUHVHQWDUDP�SRWHQFLDO�SDUD�D�REWHQomR�GH�SURGXWRV�ELRGHJUDGiYHLV��DPL�
GR��736�H�FRPSyVLWRV���(QWUHWDQWR��R�736�DSUHVHQWRX�PHOKRUHV�UHVXOWDGRV�TXH�VHXV�UHVSHFWLYRV��QDQR��
FRPSyVLWRV�

reFerÊnciAS

$%,3/$67��$VVRFLDomR�%UDVLOHLUD�GD�,QG~VWULD�GR�3OiVWLFR��3HU¿O�������,QG~VWULD�%UDVLOHLUD�GH�WUDQVIRU�
PDomR�GR�PDWHULDO�SOiVWLFR��6mR�3DXOR��������'LVSRQtYHO�HP���ZZZ�DELSODVW�RUJ�EU!��$FHVVR�HP�����GH�
DEULO�GH�������

)(55(,5$��&��7���)216(&$��-��%��)���6$521��&��5HFLFODJHP�GH�5HMHLWRV�GH�3ROL��WHUHIWDODWR�GH�HWLOH�
QR���3(7��H�GH�3ROLDPLGD��3$��SRU�PHLR�GH�([WUXVmR�5HDWLYD�SDUD�D�3UHSDUDomR�GH�%OHQGDV��3ROtPHURV��
6mR�&DUORV��Y������Q�����S����������������

6,1*+��1���6$1'+8��.�6���.$85��0��&KDUDFWHUL]DWLRQ�RI�VWDUFKHV�VHSDUDWHG�IURP�,QGLDQ�FKLFNSHD�
�Cicer arietinum L���FXOWLYDUV��-RXUQDO�RI�)RRG�(QJLQHHULQJ��$PVWHUGDP��Y�����Q�����S�����������������

2576�:��-���6+(<��-���,0$0��6��+���*/(11�*��0���*8770$1��0��(���5(92/��-��)��$SSOLFDWLRQ�RI�
FHOOXORVH�PLFUR¿EULOV�LQ�SRO\PHU�QDQRFRPSRVLWHV��-RXUQDO�RI�3RO\PHUV�DQG�WKH�(QYLURQPHQW��%HUOLP��Y��
����Q�����S����������������

,$/��,167,7872�$'2/)2�/87=��0pWRGRV�)tVLFR�4XtPLFRV�SDUD�DQiOLVH�GH�$OLPHQWRV��QRUPDV�DQD�
OtWLFDV�GR�,QVWLWXWR�$GROIR�/XW]��6mR�3DXOR��������

,QWHUQDWLRQDO�2UJDQL]DWLRQ�IRU�6WDQGDUGL]DWLRQ��1RUPH�LQWHUQDWLRQDOH��5L]�±�'pWHUPLQDWLRQ�GH�OD�WHQHXU�
HP�DP\ORVH���,62���������������S�

6(*$/�/���&5((/<�-��-���0$57,1�-5�$��(���&215$'�&��0��$Q�(PSLULFDO�0HWKRG�IRU�(VWLPDWLQJ�
WKH�'HJUHH�RI�&U\VWDOOLQLW\�RI�1DWLYH�&HOOXORVH�XVLQJ�;�UD\�'LIIUDFWRPHWHU��7H[WLOH�5HVHDUFK�-RXUQDO��
7KRXVDQG�2DNV��Y������Q������S����������������

%5$6,/��'HFUHWR�Q����������GH����GH�RXWXEUR�GH�������1RUPDV�WpFQLFDV�HVSHFLDLV�UHODWLYDV�D�DOLPHQWRV�
H�EHELGDV��'LiULR�2¿FLDO�GR�(VWDGR�GH�6mR�3DXOR��6mR�3DXOR�����������I�

2$7(6��&��*��7RZDUGV�DQG�XQGHUVWDQGLQJ�RI�VWDUFK�JUDQXOH�VWUXFWXUH�DQG�K\GURO\VLV��7UHQGV�LQ�)RRG�
6FLHQFH�DQG�7HFKQRORJ\��$PVWHUGDP��Y�����Q������S����������������

526$��0�)���&+,28�%���0('(,526��(��6���:22'�'�)���:,//,$06�7��*���0$77262��/��+�&���
2576��:��-���,0$0��6��+��(IIHFW�RI�¿EHU�WUHDWPHQWV�RQ�WHQVLOH�DQG�WKHUPDO�SURSHUWLHV�RI�VWDUFK�HWK\OH�
QH�YLQ\O�DOFRKRO�FRSRO\PHUV�FRLU�ELRFRPSRVLWHV��%LRUHVRXUFH�7HFKQRORJ\��$PVWHUGDP��Y�������Q������S��
����������������

025$,6�� -�� 3�6���526$��0��)���0$5&2&,1,�� -��0��3URFHGLPHQWRV� SDUD�$QiOLVH�/LJQRFHOXOyVLFD��
���������S���(PEUDSD�$OJRGmR��'RFXPHQWRV��������'LVSRQtYHO�HP��KWWS���ZZZ�LQIRWHFD�FQSWLD�HPEUD�
SD�EU�ELWVWUHDP�GRF����������'2&������SGI!��$FHVVR�HP�����QRY�������
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resumo
2�REMHWLYR�GHVWH�WUDEDOKR�IRL�DYDOLDU�R�HIHLWR�GD�QDQRFHOXORVH��REWLGD�GH�SVHXGRFDXOH�GH�EDQDQHLUD�������
�������H����P�P��QDV�SURSULHGDGHV�PHFkQLFDV�H�SHUPHDELOLGDGH�GH�¿OPHV�QDQRFRPSyVLWRV�j�EDVH�GH�
392+��$�DGLomR�GH�EDL[DV�FRQFHQWUDo}HV�GH�QDQRFHOXORVH�PHOKRURX�DV�SURSULHGDGHV�PHFkQLFDV�H�GH�
EDUUHLUD�GR�¿OPH�GH�392+��LQGLFDQGR�SRWHQFLDO�SDUD�XWLOL]DomR�QR�GHVHQYROYLPHQWR�GH�QRYRV�SURGXWRV�
Palavras-chave��Musa�VS���$JURQHJyFLR��5HVWRV�FXOWXUDLV��&RSURGXWRV��3OiVWLFRV�ELRGHJUDGiYHLV�

imProvement oF mecHAnicAl And bArrier ProPertieS oF PolY(vinYl Alco-
Hol) FilmS bY AddinG nAnoceluloSe obtAined From bAnAnA PSeudoStem
Abstract
7KH�REMHFWLYH�RI� WKLV� VWXG\�ZDV� WR�HYDOXDWH� WKH�HIIHFW�RI�QDQRFHOOXORVH��REWDLQHG� IURP�EDQDQD�SVHX�
GRVWHP��������������DQG����Z�Z��RQ�PHFKDQLFDO�SURSHUWLHV�DQG�SHUPHDELOLW\�RI�QDQRFRPSRVLWHV�¿OPV�
EDVHG�RQ�39$��7KH�DGGLWLRQ�RI�ORZ�FRQFHQWUDWLRQV�RI�QDQRFHOXORVH�LPSURYHG�PHFKDQLFDO�DQG�EDUULHU�
SURSHUWLHV�RI�WKH�392+�¿OP��LQGLFDWLQJ�SURPLVLQJ�SRWHQWLDO�IRU�XVH�LQ�GHYHORSLQJ�QHZ�SURGXFWV��
Keywords: Musa�VS���$JULEXVLQHVV��&URS�UHVLGXHV��&RSURGXFWV��%LRGHJUDGDEOH�SODVWLFV�

3XEOLFDo}HV�UHODFLRQDGDV��
3(5(,5$��$�/�6���)(,726$��-�3�$���$/(;$1'5(��/�&���628=$�),/+2��0�0���526$��0�)���02�
5$,6��-�3�6��,Q��,17(51$7,21$/�&21)(5(1&(�21�1$785$/�),%5(6������������*XLPDUmHV��
$QDLV�HOHWU{QLFRV����*XLPDUmHV��8PLQKR�������

3(5(,5$��$�/�6��1$6&,0(172��'�0���628=$�),/+2��0�6�0���025$,6��-�3�6���9$6&21&(�
/26��1�)���)(,726$��-�3�$���%5Ë*,'$��$�,�6���526$��0�)��,PSURYHPHQW�RI�SRO\YLQ\O�DOFRKRO�SUR�
SHUWLHV�E\�DGGLQJ�QDQRFU\VWDOOLQH�FHOOXORVH�LVRODWHG�IURP�EDQDQD�SVHXGRVWHPV��&DUERK\GUDWH�3RO\PHUV��
$PVWHUGDP��Y�������S����������������

1 introduÇÃo

9iULRV�SUREOHPDV�DPELHQWDLV�VmR�FDXVDGRV�SHOR�GHVFDUWH�GH�SROtPHURV�GHULYDGRV�GR�SHWUyOHR��
1HVVH�FRQWH[WR��R�XVR�GH�¿OPHV�EDVHDGRV�HP�PDWHULDLV�GH�RULJHP�ELROyJLFD�SRGH�DX[LOLDU�QD�UHGXomR�
GHVVHV�LPSDFWRV��GHYLGR�D�VXD�PDLRU�ELRGHJUDGDELOLGDGH��+(15,48(�HW�DO���������0$57,16�HW�DO���
�������2�SROL��iOFRRO�YLQtOLFR���392+��p�XP�SROtPHUR�VRO~YHO�HP�iJXD�H�IDFLOPHQWH�ELRGHJUDGiYHO��TXH�
SRGH�VHU�UHIRUoDGR�FRP�¿OOHUV�SRODUHV��FRPR�QDQRFULVWDLV�GH�FHOXORVH��TXH�PHOKRUDP�DV�SURSULHGDGHV�
PHFkQLFDV�GR�FRPSyVLWR��FRPR�R�PyGXOR�GH�<RXQJ��522+$1,�HW�DO���������

2� REMHWLYR� GHVWH� WUDEDOKR� IRL� DYDOLDU� DOJXPDV� SURSULHGDGHV�PHFkQLFDV� H� D� SHUPHDELOLGDGH� D�
YDSRU�GH�iJXD�GH�¿OPHV�GH�392+�H�VHXV�FRPSyVLWRV�LQFRUSRUDGRV�GH�QDQRFHOXORVH�GH�SVHXGRFDXOH�GH�
bananeira.

2 mAteriAiS e métodoS

2V�QDQRFULVWDLV�GH�FHOXORVH� IRUDP�REWLGRV�SRU�KLGUyOLVH�iFLGD� �+2SO������P�P�����PLQ�����
�&��GR�SVHXGRFDXOH�GH�EDQDQHLUD��YDULHGDGH�3DFRYDQ���FRQIRUPH�GHVFULWR�SRU�2UWV�HW�DO����������FRP�
SHTXHQDV�PRGL¿FDo}HV��$�DPRVWUD�GH�iOFRRO�SROLYLQtOLFR�IRL�JHQWLOPHQWH�FHGLGD�SHOD�&ODULDQW��FRP�XPD�
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PDVVD�PRODU�GH�����NJ�PRO�H�������GH�KLGUyOLVH��$V�VROXo}HV�GH�392+�IRUDP�SUHSDUDGDV�GH�PRGR�TXH�
D�FRQFHQWUDomR�¿QDO�IRVVH�GH�����P�P���

2V�QDQRFRPSyVLWRV�IRUDP�SUHSDUDGRV�FRP�D�DGLomR�GH�YiULDV�FRQFHQWUDo}HV��P�P��GH�FULVWDLV�
GH�QDQRFHOXORVH�j�PDWUL]�GH�392+������392+��������392+���H�����392+����HQTXDQWR�D�VROXomR�
VHP�FULVWDLV�IRL�QRPHDGD�392+��

2V�¿OPHV�IRUDP�IRUPDGRV�SRU�casting�VREUH�XPD�SODFD�GH�YLGUR��QD�GLPHQVmR�GH����FP�[����FP�
H�DMXVWDGRV�SDUD�XPD�HVSHVVXUD�GH���PP��2V�¿OPHV�VHFDUDP�SRU����KRUDV�D�����&�H�XPLGDGH�UHODWLYD�GR�
DU�GH������2V�¿OPHV�IRUDP�FRUWDGRV�QR�IRUPDWR�GR�PROGH�LQGLFDGR�SHOD�QRUPD�$670�'���������H�IRL�
UHDOL]DGR�XP�HQVDLR�PHFkQLFR��DYDOLDQGR�VH�D�WHQVmR�GH�UXSWXUD��HORQJDomR�QD�UXSWXUD��PyGXOR�HOiVWLFR��
)RL�WDPEpP�DYDOLDGD�D�LQÀXrQFLD�GD�LQFRUSRUDomR�GD�QDQRFHOXORVH�QD�SHUPHDELOLGDGH�D�YDSRU�GH�iJXD�
GRV�¿OPHV�

3 reSultAdoS e diScuSSÃo

$�VXVSHQVmR�GH�QDQRFHOXORVH�DSUHVHQWRX�DVSHFWR�JHODWLQRVR�WtSLFR�H�FRORUDomR�FDVWDQKD��$�)L�
JXUD���DSUHVHQWD�PLFURJUD¿DV�GD�VXVSHQVmR�GH�QDQRFHOXORVH��REWLGDV�SRU�7(0��$V�QDQRHVWUXWXUDV�DSUH�
VHQWDUDP�FRPSULPHQWR��/��GH�������(����QP��GLkPHWUR��G��GH�����(�����QP�H�UD]mR�GH�DVSHFWR��/�G��GH�
�����(�����

Figura 1. ��)RWRPLFURJUD¿DV�GH�VXVSHQVmR�GH�QDQRFHOXORVH�H[WUDtGD�GR�SVHXGRFDXOH�GD�EDQDQHLUD�

�2V�UHVXOWDGRV�GRV�HQVDLRV�GH�FDUDFWHUL]DomR�PHFkQLFD�VmR�PRVWUDGRV�QD�7DEHOD����$�DGLomR�GH�
SHTXHQD�TXDQWLGDGH�GH�QDQRFULVWDLV�GH�FHOXORVH������UHIRUoRX�RV�¿OPHV�GH�39$��D�PDLRU�WHQVmR�GH�UXS�
WXUD��TXDVH�GXDV�YH]HV�PDLRU�TXH�R�¿OPH�VHP�UHIRUoR��FRQIRUPH�SRGH�VHU�YLVWR�SHORV�LQFUHPHQWRV�GRV�
SDUkPHWURV�PHFkQLFRV��2V�WUDWDPHQWRV�FRP�DV�PDLRUHV�FRQFHQWUDo}HV�GH�QDQRFHOXORVH�����H�����DSUH�
VHQWDUDP�YDORUHV�SUy[LPRV�DR�WUDWDPHQWR�FRQWUROH��SRVVLYHOPHQWH�SHOD�DJORPHUDomR�GRV�QDQRZKLVNHUV�

tabela 1. Resultados dos ensaios mecânicos.
s

(mPa)
e

(%)
E

(mpa)

392+� ����B��� ����B���� ����B���

392+� ����B��� ����B��� ����B���

392+� ����B��� ����B���� ����B���

392+� ����B��� ����B���� ����B��
Tensão máxima (s), Elongação na ruptura (e), Módulo de Young (E).

$�)LJXUD���DSUHVHQWD�RV�UHVXOWDGRV�REWLGRV�SDUD�D�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD�GRV�¿OPHV�
H�VHXV�FRPSyVLWRV��2EVHUYD�VH�TXH�D�DGLomR�GH�QDQRFHOXORVH�DR�¿OPH�GH�392+�DXPHQWRX�D�EDUUHLUD�
DR�YDSRU�GH�iJXD�GRV�¿OPHV��SRU�DXPHQWDU�R�FDPLQKR�QHFHVViULR�SDUD�TXH�DV�PROpFXODV�GH�iJXD�SDV�
VHP�DWUDYpV�GR�¿OPH��RFXSDQGR�RV�HVSDoRV�HQWUH�DV�PROpFXODV�GD�PDWUL]�SROLPpULFD��$=(5('2�HW�DO���
�������(VVHV�UHVXOWDGRV�SRGHP�VHU�XPD�FRQVHTXrQFLD�GD�HIHWLYD�LQWHUDomR�HQWUH�RV�JUXSRV�KLGUR[LOD�GD�
PDWUL]�SROLPpULFD�GH�392+�FRP�DV�KLGUR[LODV�GRV�QDQRFULVWDLV�GH�FHOXORVH�SURGX]LGRV�D�SDUWLU�GD�¿EUD�
de pseudocaule de bananeira.
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&KHQ�HW�DO�� ������� WDPEpP�REVHUYDUDP�XPD�GLPLQXLomR�GD�SHUPHDELOLGDGH�FRP�DXPHQWR�GD�
FRQFHQWUDomR�GH�QDQRFHOXORVH�HP�¿OPHV�GH�392+��HPERUD�WHQKDP�XWLOL]DGR�QDQRFHOXORVH�GH�OtQWHU�H�GH�
casca de batata e obtido valores semelhantes.

Figura 2. ,QÀXrQFLD�GD�FRQFHQWUDomR�GH�QDQRFHOXORVH�QD�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD�GH�¿OPHV�GH�392+�H�
VHXV�QDQRFRPSyVLWRV�
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1DQRFULVWDLV�GH�FHOXORVH�REWLGRV�D�SDUWLU�GD�KLGUyOLVH�iFLGD�GH�¿EUDV�GR�SVHXGRFDXOH�GD�EDQDQHL�
UD�PRVWUDUDP�VH�DGHTXDGRV�SDUD�UHIRUoDU�H�PHOKRUDU�SURSULHGDGHV�GH�EDUUHLUD�GH�¿OPHV�GH�SROL��iOFRRO�
YLQtOLFR��
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nAnoceluloSe de línter de AlGodÃo: AnáliSe do 
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resumo
(VVH�WUDEDOKR�REMHWLYRX�DQDOLVDU�R�HIHLWR�GDV�LPSXUH]DV�SUHVHQWHV�QR�OtQWHU�GH�DOJRGmR�QR�SURFHVVR�GH�
REWHQomR�GH�QDQRFHOXORVH��H�HVWXGDU�D�SRVVLELOLGDGH�GH�IUDFLRQDU�D�QDQRFHOXORVH�REWLGD��)RUDP�DQDOL�
VDGRV�R�tQGLFH�GH�FULVWDOLQLGDGH��R�WDPDQKR�GH�SDUWtFXOD�H�R�SRWHQFLDO�=HWD��$V�TXDWUR�IUDo}HV�REWLGDV�
H[LELUDP�YDORUHV�DEVROXWRV�GH�SRWHQFLDO�]HWD�DFLPD�GH����P9��R�TXH�VLJQL¿FD�TXH�DV�VXVSHQV}HV�IRUDP�
FRQVLGHUDGDV�HVWiYHLV��&RQWXGR��D�SUHVHQoD�GDV�LPSXUH]DV�FRPSURPHWHX�R�DVSHFWR�YLVXDO�GR�SURGXWR�
¿QDO��$OpP�GLVVR��R�UHQGLPHQWR�IRL�FRQVLGHUDGR�EDL[R��QmR�MXVWL¿FDQGR�HVVD�DERUGDJHP��3RUWDQWR��XP�
SUp�WUDWDPHQWR�SDUD�D�UHPRomR�GDV�LPSXUH]DV�DLQGD�p�FRQVLGHUDGD�D�DOWHUQDWLYD�PDLV�LQGLFDGD�SDUD�PH�
OKRULD�GR�UHQGLPHQWR�QR�SURFHVVR�H�GD�TXDOLGDGH�GR�SURGXWR�¿QDO�
Palavras-chave��/tQWHU��5HVtGXR��)UDo}HV��1DQRFHOXORVH�

nAnoceluloSe From cotton linter: evAluAtion oF wASte ProceSS
Abstract
7KLV�VWXG\�DLPHG�WR�DQDO\]H�WKH�HIIHFW�RI�LPSXULWLHV�LQ�WKH�FRWWRQ�OLQWHU�LQ�REWDLQLQJ�QDQRFHOXORVH�SUR�
FHVV��DQG�VWXG\�WKH�SRVVLELOLW\�RI�IUDFWLRQDWLQJ�WKH�QDQRFHOXORVH�REWDLQHG��7KH�FU\VWDOOLQLW\�LQGH[��WKH�
SDUWLFOH�VL]H�DQG�]HWD�SRWHQWLDO�ZHUH�DQDO\]HG��7KH�IRXU�IUDFWLRQV�REWDLQHG�VKRZHG�DEVROXWH�YDOXHV���RI�
]HWD�SRWHQWLDO�DERYH����P9��ZKLFK�PHDQV�WKDW�WKH�VXVSHQVLRQV�ZHUH�FRQVLGHUHG�VWDEOH��+RZHYHU��WKH�SUH�
VHQFH�RI�LPSXULWLHV�FRPSURPLVHV�WKH�YLVXDO�DSSHDUDQFH�RI�WKH�¿QDO�SURGXFW��0RUHRYHU��WKH�\LHOG�ZDV�IRX�
QG�WR�EH�ORZ�DQG�GR�QRW�MXVWLI\�WKLV�DSSURDFK��7KHUHIRUH��D�SUHWUHDWPHQW�IRU�UHPRYDO�RI�LPSXULWLHV�LV�VWLOO�
FRQVLGHUHG�WKH�PRVW�VXLWDEOH�DOWHUQDWLYH�IRU�LPSURYLQJ�WKH�SURFHVV�HI¿FLHQF\�DQG�¿QDO�SURGXFW�TXDOLW\�
Keywords: /LQWHU��'LUW��)UDFWLRQ��1DQRFHOOXORVH�

3XEOLFDo}HV�UHODFLRQDGDV��
$/0(,'$��-�&�9���3(5(,5$��$�/�6���628=$�),/+2��0�0���526$��0�)��&DUDFWHUL]DomR�GH�QDQR�
FULVWDLV�GH�FHOXORVH�REWLGRV�GR�OtQWHU�GH�DOJRGmR��7DPDQKR�GH�SDUWtFXOD�H�SRWHQFLDO�]HWD��,Q��9,,,�&RQ�
JUHVVR�1RUWH�1RUGHVWH�GH�3HVTXLVD�H�,QRYDomR�GD�5HGH�)HGHUDO�GH�(GXFDomR�3UR¿VVLRQDO��&LHQWt¿FD�H�
7HFQROyJLFD�������������6DOYDGRU��

1 introduÇÃo

8PD�GDV�GL¿FXOGDGHV�GR�SURFHVVR�GH�REWHQomR�GH�QDQRFHOXORVH�GH�OtQWHU�p�D�VHSDUDomR�GH�UHVt�
GXRV�H�VXMHLUD�SURYHQLHQWHV�GD�FROKHLWD��FRPR�UHVWRV�GH�JDOKRV�H�IROKDV��HQWUH�RXWURV��$�UHPRomR�GHVVDV�
LPSXUH]DV�p�IXQGDPHQWDO�SDUD�REWHQomR�GH�XP�SURGXWR�GH�TXDOLGDGH��HQWUHWDQWR��LVWR�SRGH�HOHYDU�R�FXVWR�
GR�SURFHVVR�� LQYLDELOL]DQGR�VHX�HVFDORQDPHQWR��2�REMHWLYR�GR�SUHVHQWH� WUDEDOKR� IRL�DQDOLVDU�R�HIHLWR�
GHVVDV�LPSXUH]DV�QR�SURFHVVR�GH�REWHQomR�GH�QDQRFHOXORVH�GH�OtQWHU�GH�DOJRGmR�VHP�SUp�WUDWDPHQWR��H�
HVWXGDU�D�SRVVLELOLGDGH�GH�IUDFLRQDU�H�GH�VHOHFLRQDU�D�QDQRFHOXORVH�REWLGD�

2 mAteriAiS e métodoS

$PRVWUDV�GH�OtQWHU�EUXWR�IRUDP�REWLGDV�QR�PXQLFtSLR�/XLV�(GXDUGR�0DJDOKmHV��(VWDGR�GD�%DKLD��
2�UHDJHQWH�+2SO��D������Z�Z���GH�JUDX�DQDOtWLFR��IRL�IRUQHFLGR�SHOD�9HWHF�4XtPLFD�)LQD�/WGD��'XTXH�
GH�&D[LDV��5-��%UDVLO��H�IRL�XWLOL]DGR�FRPR�UHFHELGR��VHP�SXUL¿FDomR�DGLFLRQDO�
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2�OtQWHU�IRL�KLGUROLVDGR�VHP�QHQKXP�SUp�WUDWDPHQWR��2�PpWRGR�GH�KLGUyOLVH�iFLGD��0RUDLV�HW�
DO����������2UWV�HW�DO���������IRL�DSOLFDGR��FRP�SHTXHQDV�DGDSWDo}HV��$�VXVSHQVmR�GH�QDQRFULVWDLV�IRL�
FHQWULIXJDGD�GXUDQWH����PLQ�D��������USP��D���&��2�SUHFLSLWDGR�IRL�UHVVXVSHQVR�HP�iJXD�GHVWLODGD�H�
SDVVRX�SRU�WUDWDPHQWR�XOWUDVV{QLFR��SRU���PLQ�D����:��SDUD�GHVDJUHJDomR�GRV�QDQRFULVWDLV�GH�FHOXORVH�H�
FHQWULIXJDGR�QRYDPHQWH��2�SURGXWR�GH�IXQGR IRL�VHSDUDGR�HP�WUrV�FDPDGDV�GLVWLQWDV��GHQRPLQDGDV�FD�
PDGD����1/&����FDPDGD����1/&���H�FDPDGD����1/&����$�FDPDGD���IRL�UHVVXVSHQVD�HP�iJXD�GHVWLODGD�H�
FHQWULIXJDGD��JHUDQGR�XP�VREUHQDGDQWH�WXUYR��1/&�6���H�R�SURGXWR�GH�IXQGR��1/&�3���VHSDUDGR�GD�VX�
MHLUD��7RGDV�DV�DPRVWUDV�IRUDP�GLDOLVDGDV�FRP�iJXD�GD�WRUQHLUD�DWp�VH�DWLQJLU�XP�YDORU�GH�S+�HQWUH���H���

$V�DPRVWUDV�IRUDP�DQDOLVDGDV�SRU�WDPDQKR�GH�SDUWtFXOD�SRU�HVSDOKDPHQWR�GH�OX]��SRWHQFLDO�]HWD�
H�GLIUDomR�GH�UDLRV�[�

3 reSultAdoS e diScuSSÃo

2�HIHLWR�GD�VXMHLUD�QR�SURFHVVR�GH�REWHQomR�GH�QDQRFHOXORVH�GH�OtQWHU�p�HYLGHQFLDGR�DR�ORQJR�GDV�
FDPDGDV�JHUDGDV�SHOD�FHQWULIXJDomR��)LJXUD�����R�TXH�SHUPLWH�XPD�VHSDUDomR�TXDOLWDWLYD�SDUD�DQiOLVH��$�
QDQRFHOXORVH�HQFRQWUDGD�QD�OLWHUDWXUD��0RUDLV�HW�DO���������SRVVXL�DSDUrQFLD�GH�JHO�EUDQFR��PDV�D�QDQR�
FHOXORVH�REWLGD�SRVVXL�FRU�PDUURP�TXH�HVFXUHFH�QD�GLUHomR�GR�SURGXWR�GH�IXQGR�

Figura 1. 3URGXWR�GD�FHQWULIXJDomR�GR�SURFHVVR�GH�REWHQomR�GH�QDQROtQWHU�

2V�YDORUHV�GRV�tQGLFHV�GH�FULVWDOLQLGDGH��,&5���SRWHQFLDO�]HWD��GLVWULEXLomR�GH�WDPDQKR�GH�SDUWt�
FXOD�H�UHQGLPHQWR�VmR�DSUHVHQWDGRV�QD�7DEHOD����$V�DPRVWUDV��H[FHWR�D�1/&���DSUHVHQWDP�,&5�SUy[LPR�
DRV�YDORUHV�HQFRQWUDGRV�QD�OLWHUDWXUD��0RUDLV�HW�DO���������=KRX�HW�DO����������2�PHQRU�YDORU�REVHUYDGR�
SDUD�1/&��SRGH�HVWDU�FRUUHODFLRQDGR�D�XP�FRQWH~GR�PDLRU�GH�VXEVWkQFLDV�DPRUIDV�QmR�GHJUDGDGDV�SHOD�
KLGUyOLVH��2�PDLRU�YDORU�SDUD�1/&�6�SRGH�HVWDU�FRUUHODFLRQDGR�DR�SURFHVVR�DGLFLRQDO�GH�ODYDJHP��RQGH�
R�XOWUDVVRP�SRGH�WHU�FRQWULEXtGR�SDUD�D�OLEHUDomR�GR�FRQWH~GR�DPRUIR�

2V�YDORUHV�GH�SRWHQFLDO�]HWD�LQGLFDP�HVWDELOLGDGH�GD�VXVSHQVmR�SDUD�WRGDV�DV�IUDo}HV�REWLGDV�
�0RUDLV� HW� DO��� ������=KRX� HW� DO��� �������$QDOLVDQGR�R� YDORU� GR� SRWHQFLDO� ]HWD� p� SRVVtYHO� VHSDUDU� DV�
DPRVWUDV�HP�GRLV�JUXSRV��1/&��H�1/&�6��H�1/&��H�1/&�3��6DEH�VH�TXH�TXDQWR�PHQRU�R�WDPDQKR�
GRV�QDQRFULVWDLV��PDLRU�D�WHQGrQFLD�GH�IRUPDU�DJORPHUDGRV�FULVWDOLQRV��,RHORYLFK���������,VWR�VH�UHÀHWH�
QR�SRWHQFLDO�]HWD��TXDQWR�PDLV�SUy[LPR�GH�(����P9��PHQRV�HVWiYHO�D�VXVSHQVmR�H�PDLRU�D�WHQGrQFLD�GH�
ÀRFXODomR��0RUDLV�HW�DO���������=KRX�HW�DO����������$V�DPRVWUDV�1/&��H�1/&�6��MXVWDPHQWH�D�FDPDGD�
VXSHULRU�H�D�VXVSHQVmR��SRVVXHP�RV�PHQRUHV�WDPDQKRV�GH�SDUWtFXODV��HQTXDQWR�DV�DPRVWUDV�1/&��H�1/�
&�3�SRVVXHP�WDPDQKRV�PDLRUHV��H�QmR�GHWHFWiYHLV�SHOR�HTXLSDPHQWR��1RWD�VH�WDPEpP�TXH�RV�YDORUHV�
GR�SRWHQFLDO�]HWD�QDV�DPRVWUDV�1/&�6�H�1/&�3�VmR�PHQRUHV�TXH�VHXV�SDUHV�FRUUHVSRQGHQWHV��1/&��H�
1/&���LQGLFDQGR�WHQGrQFLD�PDLRU�j�DJORPHUDomR�

$�GLVWULEXLomR�GR�WDPDQKR�GH�SDUWtFXODV��7DEHOD����UHVXOWRX�HP�WUrV�JUXSRV��SDUWtFXODV�FRP�IDL[D�
GH�WDPDQKR�PHQRU�TXH�����QP��SDUWtFXODV�FRP�IDL[D�GH�WDPDQKR�HQWUH�����H������QP��H�SDUWtFXODV�FRP�
IDL[D�GH�WDPDQKR�PDLRU�TXH������QP��

$�PDLRU�SDUWH�GD�QDQRFHOXORVH�SRVVXL�DV�FDUDFWHUtVWLFDV�GD�DPRVWUD�1/&���$�VXMHLUD�FRQWULEXL�
FRP������RQGH�FHUFD�GH����p�GH�QDQRFHOXORVH�UHFXSHUDGD��$�VXVSHQVmR��1/&�6��PXLWR�GLOXtGD�WHP�
FRQWULEXLomR�GH�FHUFD�GH�����'HVVH�PRGR��VHULDP�QHFHVViULDV�YiULDV�FHQWULIXJDo}HV�SDUD�UHFXSHUDomR�GD�
QDQRFHOXORVH�UHVWDQWH��R�TXH�HOHYDULD�R�FXVWR�GR�SURFHVVR��$�UHPRomR�GD�VXMHLUD�VHULD�R�LGHDO��Mi�TXH�SDUWH�
GD�QDQRFHOXORVH�¿FD�DGHULGD��3DUD�FRQWUROH�GR�WDPDQKR�GRV�QDQRFULVWDLV�WDPEpP�VHULD�LQWHUHVVDQWH�XPD�
VHOHomR�JUDQXORPpWULFD�GD�DPRVWUD��HYLWDQGR�SDUWtFXODV�PDLRUHV�TXH�VHULDP�SDUFLDOPHQWH�KLGUROLVDGDV�H�
QmR�GHWHFWDGDV�SHOR�HVSDOKDPHQWR�GH�OX]��
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tabela 1. 9DORUHV�GR�3RWHQFLDO�=HWD��GR�WDPDQKR�GH�SDUWtFXODV�H�GR�UHQGLPHQWR�GR�SURFHVVR�GH�REWHQomR�GH�
nanocelulose de línter por camada.

Amostras icr 
(%)

Potencial Zeta 
(mv)

tamanho médio de partículas (nm) 
(Percentual na amostra, %)

rendimento 
(%)

<100 nm 100 – 1000 nm > 1000 nm

1/&� ���� ����� ���������� ������������ ������������ ���

1/&� ���� ����� ���������� ������������ ± ����

1/&�6 ���� ����� ���������� ������������ ������������ 1.2

1/&�3 ���� ����� ± ����������� ± ���

4 concluSÃo

'D�KLGUyOLVH�GR�OtQWHU�VHP�TXDOTXHU�SUp�WUDWDPHQWR�IRUDP�REWLGDV���IUDo}HV�VHSDUDGDV�LQLFLDO�
PHQWH�SHOD�WRQDOLGDGH�FDXVDGD�SHOD�VXMHLUD�SUHVHQWH�QD�PDWpULD�SULPD��1/&���1/&��H�1/&���TXH�IRL�
VHSDUDGD�GHVVDV�LPSXUH]DV�GR�SURFHVVDPHQWR��RULJLQDQGR�DV�IUDo}HV�1/&�6�H�1/&�3��7RGDV�DV�IUDo}HV�
H[LELUDP�YDORUHV�DEVROXWRV�GH�SRWHQFLDO�]HWD�DFLPD�GH����P9��R�TXH�DV�FODVVL¿FD�FRPR�VROXo}HV�HVWiYHLV��
(QWUHWDQWR��R�DVSHFWR�FRU�IRL�FRPSURPHWLGR��&HUFD�GH�����GD�QDQRFHOXORVH�REWLGD�SRVVXL�DV�FDUDFWHUtVWL�
FDV�GD�DPRVWUD�1/&���SRWHQFLDO�]HWD�GH�����P9�H�PDLV�GH�����GDV�SDUWtFXODV�FRP�WDPDQKRV�QD�IDL[D�GH�
����QP��DOpP�GH�DSUHVHQWDU�tQGLFH�GH�FULVWDOLQLGDGH�HP�WRUQR�GH������2�UHQGLPHQWR�GDV�GHPDLV�IUDo}HV�
�1/&���1/&�6�H�1/&�3��IRL�PXLWR�EDL[R��QmR�MXVWL¿FDQGR�HVVD�DERUGDJHP��$VVLP��XP�SUp�WUDWDPHQWR�
SDUD�D�UHPRomR�GDV�LPSXUH]DV�VHULD�XPD�DOWHUQDWLYD�PDLV�YLiYHO�SDUD�PHOKRULD�GR�UHQGLPHQWR�QR�SURFHV�
VR�H�GD�TXDOLGDGH�GR�SURGXWR�¿QDO�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��)LQHS��&DSHV�H�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD���

reFerÊnciAS

,2(/29,&+��0��&HOOXORVH�DV�D�QDQRVWUXFWXUHG�SRO\PHU��D�VKRUW�UHYLHZ��%LR5HVRXUFHV��5DOHLJK��Y�����
Q����S������������������

025$,6��-�3�6���526$��0�)���'(�628=$�),/+2��0�6�0���1$6&,0(172��/�'���'2�1$6&,0(1�
72��'�0���&$66$/(6��$��5��([WUDFWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI� QDQRFHOOXORVH� VWUXFWXUHV� IURP� UDZ�
FRWWRQ�OLQWHU��&DUERK\GUDWH�3RO\PHUV��$PVWHUGDP��Y�����S����±����������

2576�:�-���6+(<��-���,0$0��6�+���*/(11�*�0���*8770$1��0�(���5(92/��-�)��$SSOLFDWLRQ�RI�
FHOOXORVH�PLFUR¿EULOV�LQ�SRO\PHU�QDQRFRPSRVLWHV��-RXUQDO�RI�3RO\PHUV�DQG�(QYLURQPHQW��%HUOLP��Y������
Q�����S����������������

6&=267$.��$��&RWWRQ�OLQWHUV��$Q�DOWHUQDWLYH�FHOOXORVLF�UDZ�PDWHULDO��0DFURPROHFXODU�6\PSRVLD��1RYD�
<RUN��Y������Q����S���±����MXQ�������

9,(,5$��5��0���%(/752��1��(��0���/,0$��5��/��6���	�/(2��$��%��3URGXomR�GH� VHPHQWHV� GR�
DOJRGRHLUR��,Q�1��(��0��%HOWUmR�	�'��0��3��$]HYHGR��(GV����2�DJURQHJyFLR�GR�DOJRGmR�QR�%UDVLO��S��
���±������%UDVtOLD��(PEUDSD�������

=+28��<��0���)8��6�<���=+(1*��/�0���=+$1��+�<��(IIHFW�RI�QDQRFHOOXORVH�LVRODWLRQ�WHFKQLTXHV�RQ�
WKH�IRUPDWLRQ�RI�UHLQIRUFHG�SRO\�YLQ\O�DOFRKRO��QDQRFRPSRVLWH�¿OPV��H;35(66�3RO\PHU�/HWWHUV��%XGD�
SHVWH��Y�����Q������S����������������
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comPóSitoS PolimericoS reForÇAdoS com FibrAS de 
AbAcAxi Híbrido em umA mAtriZ de Poli (ácido lático).

*Pedro ivo cunha claro1, Alfredo rodrigues de Sena neto1, luiz Henrique capparelli mattoso3, 
José manoel marconcini3

18QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��63�
2(PEUDSD�,QVWUXPHQWDomR��/DERUDWyULR�1DFLRQDO�GH�1DQRWHFQRORJLD�SDUD�$JURQHJyFLRV��6mR�&DUORV��

63�
*pedrocunhaclaro@ymail.com

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
(VWH�WUDEDOKR�WHP�FRPR�REMHWLYR�R�HVWXGR�GD�¿EUD�%$*�����[�������3/����QRPHDGD�GH�³3RW\UD´��FRPR�
UHIRUoR�PHFkQLFR�HP�FRPSyVLWRV��,QLFLDOPHQWH�DV�¿EUDV�IRUDP�PRtGDV�H�WUDWDGDV�HP�VROXomR�DTXRVD�GH�
KLGUy[LGR�GH�VyGLR��1D2+���$V�¿EUDV�GHYLGDPHQWH�WUDWDGDV�IRUDP�LQFRUSRUDGDV�DR�3/$��REWHQGR�VH�XP�
FRQFHQWUDGR�GH�¿EUDV��³PDVWHU�EDWFK´��QD�SURSRUomR������P�P���(VWH�FRQFHQWUDGR�IRL�H[WUXGDGR��FRP�
PDLV�3/$��SDUD�REWHQomR�GH�FRPSyVLWRV�FRP�SURSRUo}HV�GH����������������������H�����HP�PDVVD�GH�
¿EUD�HP�UHODomR�j�PDWUL]�H�GHSRLV�HVWDV�SURSRUo}HV�IRUDP�LQMHWDGDV��&KHJRX�VH�j�FRQFOXVmR�TXH�KRXYH�
XP�DXPHQWR�QD�UHVLVWrQFLD�j�WUDomR��FRP�YDORU�GH������03D�QR�3/$�SXUR��DWLQJLQGR�DWp������03D�SDUD�
R�FRPSyVLWR�FRP�Pi[LPD�FRQFHQWUDomR��$�UHVLVWrQFLD�DR�LPSDFWR�FRP�HQWDOKH�REWHYH�JDQKRV�PpGLRV�
GH�DWp������HP�UHODomR�j�PDWUL]�SXUD�GH�3/$�H�GHÀH[mR�IRL�GH�����&�GH�WHPSHUDWXUD�SDUD�R�3/$�SXUR�
FKHJDQGR�D�����&�QR�FRPSyVLWR�FRP������HP�PDVVD�GH�¿EUD��'LDQWH�GHVVHV�UHVXOWDGRV�D�¿EUD�³3RW\UD´�
p�XP�H[FHOHQWH�FDQGLGDWR�FRPR�UHIRUoR�HP�XPD�PDWUL]�GH�SROL��iFLGR�OiWLFR��
Palavras-chave��)LEUDV�YHJHWDLV��&RPSyVLWRV�SROLPpULFRV�ELRGHJUDGiYHLV��$EDFD[L��

PineAPPle HYbrid Fiber reinForced PolYmer comPoSiteS in A mAtrix oF 
PolY (lActic Acid).
Abstract
7KLV�ZRUN�DLPV�WR�VWXG\�WKH�¿EHU�%$*�����[�������3/����QDPHG�³3RW\UD´�DV�PHFKDQLFDO�UHLQIRUFH�
PHQW�LQ�FRPSRVLWHV��,QLWLDOO\��WKHVH�ZHUH�JURXQG�DQG�WUHDWHG�LQ�DQ�DTXHRXV�VROXWLRQ�RI�VRGLXP�K\GUR[�
LGH��1D2+���7KH�SURSHUO\�WUHDWHG�¿EHUV�ZHUH�LQFRUSRUDWHG�LQWR�3/$��REWDLQLQJ�D�FRQFHQWUDWH�RI�¿EHUV�
�³PDVWHUEDWFK´��LQ�WKH�UDWLR������Z���Z���7KLV�FRQFHQWUDWH�ZDV�H[WUXGHG�RYHU�3/$�IRU�REWDLQLQJ�FRPSRV�
LWH�ZLWK�SURSRUWLRQV�RI����������������������DQG�����E\�ZHLJKW�UHODWLYH�WR�WKH�¿EHU�DUUD\�DQG�WKHQ�WKHVH�
UDWLRV�ZHUH�LQMHFWHG��&DPH�WR�WKH�FRQFOXVLRQ�WKDW�WKHUH�ZDV�DQ�LQFUHDVH�LQ�WHQVLOH�VWUHQJWK��ZLWK�YDOXH�RI�
�����03D�LQ�SXUH�3/$��UHDFKLQJ�XS�WR������03D�IRU�WKH�FRPSRVLWH�ZLWK�PD[LPXP�FRQFHQWUDWLRQ��7KH�
QRWFKHG�LPSDFW�UHVLVWDQFH�REWDLQHG�DYHUDJH�JDLQV�RI�XS�WR�����FRPSDUHG�WR�SXUH�3/$�PDWUL[�DQG�GHÀHF�
WLRQ�ZDV�����&�WHPSHUDWXUH�IRU�SXUH�3/$�UHDFKLQJ������&�LQ�WKH�FRPSRVLWH�ZLWK����ZW��¿EHU��:LWK�WKHVH�
UHVXOWV��WKH�¿EHU�³3RW\UD´�LV�DQ�H[FHOOHQW�FDQGLGDWH�DV�UHLQIRUFHPHQW�LQ�D�PDWUL[�RI�SRO\��ODFWLF�DFLG��
Keywords��9HJHWDEOH�¿EHUV��%LRGHJUDGDEOH�SRO\PHU�FRPSRVLWHV��3LQHDSSOH�

1 introduÇÃo

0XLWR�VH�WHP�GLWR�VREUH�TXHVW}HV�DPELHQWDLV��FRP�SROtPHURV�H�FRPSyVLWRV�ELRGHJUDGiYHLV����
3RU�HVWH�PRWLYR��PDWpULDV�SULPDV��WDLV�FRPR�¿EUDV�YHJHWDLV�SDUD�XWLOL]DomR�FRPR�UHIRUoR�PH�

FkQLFR�HP�FRPSyVLWRV�SROLPpULFRV�ELRGHJUDGiYHLV��SRGHP�VHU�FRQVLGHUDGDV�DOWHUQDWLYDV�LQWHUHVVDQWHV��
VHJXUDV�H�DPELHQWDOPHQWH�FRUUHWDV�SDUD�R�GHVHQYROYLPHQWR�GH�QRYRV�PDWHULDLV��/HmR�H�DO���������

2�DEDFD[L�FRPHUFLDO� �Ananas comosus var. comosus��DSUHVHQWD�PXLWRV�HVWXGRV�TXDQWR�j�VXD�
XWLOL]DomR�FRPR�UHIRUoR�PHFkQLFR�HP�FRPSyVLWRV�SROLPpULFRV��-RVKL�H�DO���������H�R�FXUDXi���Ananas co-
mosus var. erectifolius��SRVVXL�D�VXD�XWLOL]DomR�FRPR�UHIRUoR�PHFkQLFR�Mi�FRQVROLGDGD��/HmR�H�DO���������

([LVWHP�HVSpFLHV�TXH�DLQGD�QmR�IRUDP�HVWXGDGDV�TXDQWR�j�VXD�XWLOL]DomR�FRPR�UHIRUoR�PHFk�
QLFR��FRPR�R�FDVR�GD�¿EUD�%$*�����[�������3/����RULXQGR�GH�XP�DEDFD[L]HLUR�QRPHDGR�GH�³3RW\UD´��
GHVHQYROYLGD�SHOD�XQLGDGH�(PEUDSD�0DQGLRFD�H�)UXWLFXOWXUD�VLWXDGD�HP�&UX]�GDV�$OPDV�±�%$�

2�HVWXGR�VH�DWHYH�QD�XWLOL]DomR�GHVVD�¿EUD�FRPR�UHIRUoR�PHFkQLFR�HP�XPD�PDWUL]�ELRGHJUDGiYHO�
GH�SROL��iFLGR�OiFWLFR���3/$���
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2 mAteriAiS e métodoS

,QLFLDOPHQWH�DV�¿EUDV�GH�3RW\UD�IRUDP�PRtGDV�H�WUDWDGDV�HP�VROXomR�DTXRVD�GH�KLGUy[LGR�GH�Vy�
GLR��1D2+��HP�FRQFHQWUDomR�GH�����P�Y���j�����&�GH�WHPSHUDWXUD�SRU�XPD�KRUD�VRE�DJLWDomR�PHFkQLFD��
3RVWHULRUPHQWH�IRUDP�QHXWUDOL]DGDV�FRP�iJXD�FRUUHQWH�H�VHFDV�HP�HVWXID�D�����&��$V�¿EUDV�GHYLGDPHQWH�
WUDWDGDV�IRUDP�LQFRUSRUDGDV�DR�3/$��REWHQGR�VH�XP�FRQFHQWUDGR�GH�¿EUDV��³PDVWHU�EDWFK´��QD�SURSRU�
omR������P�P���HP�XP�PLVWXUDGRU�GH�FkPDUD�LQWHUQD�UH{PHWULR�GH�WRUTXH�+DDNH��$SyV�UHVIULDPHQWR�D�
WHPSHUDWXUD�DPELHQWH��HVWH�FRQFHQWUDGR�IRL�JUDQXODGR�H�DGLFLRQDGR�j�H[WUXVRUD�GH�URVFD�GXSOD�%DNHU�
3HUNLQV�03���7&�FRP�PDLV�3/$�SDUD�REWHQomR�GH�FRPSyVLWRV�FRP�SURSRUo}HV�¿QDLV�GH���������������
�������H�����HP�PDVVD�GH�¿EUD�HP�UHODomR�j�PDWUL]��7RGDV�DV�GHYLGDV�SURSRUo}HV�¿QDLV�IRUDP�LQMHWDGDV�
HP�XPD�LQMHWRUD�$UEXUJ�QD�REWHQomR�GH�FRUSRV�GH�SURYD�SDUD�HQVDLRV�GH�WUDomR��LPSDFWR�H�WHPSHUDWXUD�
GH�GLVWRUomR�WpUPLFD��+'7��

3 reSultAdoS e diScuSSÃo

2V�SODQRV�REVHUYDGRV�QD�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��DSUHVHQWDUDP�VXSHUItFLHV�
OLVDV��VHP�YD]LRV�RX�FRQWDPLQDQWHV��)RL�REVHUYDGD�XPD�UHODomR�LQYHUVD�FRP�R�DXPHQWR�GD�IUDomR�GH�¿�
EUD�GH�3RW\UD��FRQIRUPD�VH�DXPHQWRX�D�TXDQWLGDGH�GH�¿EUD��UHGX]LQGR�VH�D�TXDQWLGDGH�GLPHQVLRQDO�GRV�
DJORPHUDGRV��(QWUH�D�PDWUL]�H�D�¿EUD�REVHUYRX�VH�XPD�GHVFRQWLQXLGDGH��FRP�pull-out e ancoramentos. 
(QWUHWDQWR�DR�VH�DSUR[LPDU�D�UHJLmR�GH�LQWHUIDFH�GD�¿EUD�H�D�PDWUL]��VmR�REVHUYDGRV�¿ODPHQWRV�H�PDVVDV�
SROLPpULFDV�XQLGDV�jV�¿EUDV��IRUPDQGR�SRQWRV�GH�DQFRUDPHQWR��LQGLFDQGR�TXH�Ki�LQWHUDomR�HQWUH�R�3/$�
H�D�3RW\UD��)LJ����

Figura 1. )RWRPLFURJUD¿D�GH�FRPSyVLWR�GHVWDFDQGR�SRQWRV�GH�DGHVmR�HQWUH�3/$�H�3$/)�GH�3RW\UD�WUDWDGD�FRP�
1D2+�

$V�SURSULHGDGHV�GH�PyGXOR�HOiVWLFR�H�UHVLVWrQFLD�D�WUDomR�DSUHVHQWDUDP�LQFUHPHQWRV�FRP�R�DX�
PHQWR�GD�IUDomR�GH�¿EUDV�GH�3RW\UD��2�PyGXOR�HOiVWLFR�GR�3/$�SXUR�DSUHVHQWRX�YDORU�GH�JUDQGH]D�GH�����
*3D�FKHJDQGR�D�����*3D�QR�FRPSyVLWR�FRP�Pi[LPD�IUDomR�GH�3RW\UD��$�UHVLVWrQFLD�j�WUDomR�LQLFLRX�VH�
FRP�JUDQGH]D�GH������03D�QR�SROtPHUR�SXUR��DWLQJLQGR�DWp������03D�SDUD�R�FRPSyVLWR�FRP�����HP�
PDVVD�GH�¿EUD��)LJ�����

        

Figura 2. (a)�0yGXOR�HOiVWLFR�VRE�WUDomR�GR�3/$�H�FRPSyVLWRV�(b)�5HVLVWrQFLD�j�WUDomR�GR�3/$�H�FRPSyVLWRV.
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$�WHPSHUDWXUD�GH�GLVWRUomR�WpUPLFD��+'7��WHYH�XP�DXPHQWR�GH���&������HP�UHODomR�j�WHPSH�
UDWXUD�GH�GLVWRUomR�GD�PDWUL]��DWLQJLQGR�R�OLPLWH�GH������(�����&��$�UHVLVWrQFLD�DR�LPSDFWR�FRP�HQWDOKH�
,VRG�DSUHVHQWRX�WDPEpP�XP�DXPHQWR�FRP�D�DGLomR�GD�¿EUD��FRP�JDQKR�Pi[LPR�GH�DWp������HP�UHODomR�
j�PDWUL]�SXUD�GH�3/$��PRVWUDQGR�TXH�D�3RW\UD�DWXRX�FRPR�HIHWLYDPHQWH�FRPR�UHIRUoR��)LJ�����

        

� �D�� �E�

Figura 3. (a)�9DORUHV�GD�WHPSHUDWXUD�GH�GLVWRUomR�WpUPLFD�SDUD�IRUPXODo}HV�HVWXGDGDV (b)�5HVLVWrQFLD�DR�LPSDFWR�
HP�IXQomR�GD�IUDomR�GH�3$/)�3RW\UD�DGLFLRQDGD�DR�3/$�

4 concluSÃo

1D�PLFURVFRSLD�HOHWU{QLFD�IRUDP�YLVXDOL]DGRV�pull-out GDV�¿EUDV��PDV�WDPEpP�IRUDP�REVHUYD�
GRV�SRQWRV�GH�FRQWDWR�HQWUH�PDWUL]�¿EUD��SURSRUFLRQDQGR�D�WUDQVIHUrQFLD�GH�FDUJD�HQWUH�DPEDV��H�FRQ¿U�
PDQGR�R�HIHLWR�GR�WUDWDPHQWR�H�PHWRGRORJLD�HPSUHJDGR�D�¿EUD�FRP�KLGUy[LGR�GH�VyGLR��-XQWDPHQWH�FRP�
RV�LQFUHPHQWRV�QRV�YDORUHV�GH�PyGXOR�HOiVWLFR��������UHVLVWrQFLD�j�WUDomR��������UHVLVWrQFLD�DR�LPSDFWR�
FRP�HQWDOKH�LVRG�������H�WHPSHUDWXUD�GH�GLVWRUomR�WpUPLFD��������FRQ¿UPRX�TXH�D�¿EUD�GD�IROKD�GH�
DEDFD[L�GH�3RW\UD�DWXD�FRPR�UHIRUoR�PHFkQLFR�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�D�&13T��&$3(6��),1(3��)$3(63��33*&(0�8)6&DU�H�(PEUDSD�SHOR�
VXSRUWH�¿QDQFHLUR�

reFerÊnciAS

&$//,67(5�-U��:�'��0DWHULDOV�VFLHQFH�DQG�HQJLQHHULQJ��DQ�LQWURGXFWLRQ��-RKQ�:LOH\�	�6RQV�������

&255($��$��&��3UHSDUDomR�GH�QDQR¿EUDV�GH�FHOXORVH�D�SDUWLU�GH�¿EUDV�GH�FXUDXi�SDUD�R�GHVHQYROYLPHQ�
WR�GH�QDQRFRPSyVLWRV�SROLPpULFRV�FRP�(9$��7HVH��8)6&DU��6mR�&DUORV�������

-26+,��6�9���'5=$/��/�7���02+$17<��$�.���$525$��6��������$UH�QDWXUDO�¿EHU�FRPSRVLWHV�HQYL�
URQPHQWDOO\� VXSHULRU� WR�JODVV�¿EHU� UHLQIRUFHG� FRPSRVLWHV"�&RPSRVLWHV�3DUW�$��$SSOLHG�6FLHQFH� DQG�
0DQXIDFWXULQJ������SS�����������'2,����������M�FRPSRVLWHVD�������������

/(2��$�/���&$5$6&+,��-�&���7$1��,�+��������&XUDXD�¿EHU��$�WURSLFDO�QDWXUDO�¿EHU�IURP�$PD]RQ�
��SRWHQWLDO�DQG�DSSOLFDWLRQV�LQ�FRPSRVLWHV��,Q��)UROOLQL��(���/HmR��$�/���0DWWRVR��/�+�&���(GV���1DWXUDO�
SRO\PHUV�DQG�DJUR¿EHUV� FRPSRVLWHV��(PEUDSD� ,QVWUXPHQWDomR�$JURSHFXiULD��6mR�&DUORV�� ,6%1�����
���������;

/(2��$�/���0$&+$'2��,�6���'(�628=$��6�)���625,$12��/��3URGXFWLRQ�RI�FXUDXi��Ananas erec-
tifolius L.B. Smith��¿EHUV�IRU� LQGXVWULDO�DSSOLFDWLRQV��FKDUDFWHUL]DWLRQ�DQG�PLFURSURSDJDWLRQ��,Q��$FWD�
+RUWLFXOWXUDH������������S����������'LVSRQtYHO��KWWS���ZZZ�DFWDKRUW�RUJ�ERRNV��������B���KWP�
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08.+(5-((��3�6���6$7<$1$5$<$1$��.�*��6WUXFWXUH�DQG�SURSHUWLHV�RI�VRPH�YHJHWDEOH�¿EHUV��3DUW�
���3LQHDSOH�¿EUH��-RXUQDO�RI�0DWHULDOV�6FLHQFH��Y������S��������������

(1*(/%(5*��,���.2+1��-��3K\VLFR�PHFKDQLFDO�SURSHUWLHV�RI�GHJUDGDEOH�SRO\PHUV�XVHG�LQ�PHGLFDO�
DSSOLFDWLRQV��D�FRPSDUDWLYH�VWXG\��%LRPDWHULDOV��Y������Q�����S������������������,661����������

6(1$�1(72��$�5���$5$8-2��0�$�0���628=$��)�9�'���0$77262��/�+�&���0$5&21&,1,��-�0��
&KDUDFWHUL]DWLRQ�DQG�FRPSDUDWLYH�HYDOXDWLRQ�RI�WKHUPDO��VWUXFWXUDO��FKHPLFDO��PHFKDQLFDO�DQG�PRUSKR�
ORJLFDO�SURSHUWLHV�RI�VL[�SLQHDSSOH�OHDI�¿EHU�YDULHWLHV�IRU�XVH�LQ�FRPSRVLWHV��,QGXVWULDO�&URSV�DQG�3URG�
XFWV��Y������S����������������
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1�8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��6mR�&DUORV��63��2 (PEUDSD�,QVWUXPHQWDomR��/11$��6mR�&DUORV��
63�����,QVWLWXWR�1DFLRQDO�GH�3HVTXLVDV�GD�$PD]{QLD��,13$���0DQDXV��$0�

PDULD�DOLFH�PDUWLQV#HPEUDSD�EU

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo

1RYDV�DSOLFDo}HV�SDUD�RV�UHVtGXRV�GH�QDWXUH]D�OLJQRFHOXOyVLFD�WrP�VLGR�GH�JUDQGH�LQWHUHVVH�DWXDOPHQWH��
1HVWH�WUDEDOKR�VmR�DSUHVHQWDGRV�RV�UHVXOWDGRV�GD�GHWHUPLQDomR�GD�FRPSRVLomR�TXtPLFD�H�GD�FDUDFWHUL]D�
omR�DWUDYpV�GH�HQVDLRV�GH�GLIUDWRPHWULD�GH�UDLRV�;��'5;��GD�¿EUD�GH�SXUXFXFXPLUi��Spathelia excelsa��e 
D�DYDOLDomR�GD�YLDELOLGDGH�GH�DSOLFDomR�GHVVDV�¿EUDV�HP�PDWHULDLV�FRPSyVLWRV��$�¿EUD�DSUHVHQWRX�HVWUX�
WXUD�TXtPLFD�FDUDFWHUtVWLFD�GH�PDWHULDO�OLJQRFHOXOyVLFR��H�DOWR�tQGLFH�GH�FULVWDOLQLGDGH�������2V�UHVXOWD�
GRV�DWp�DJRUD�REWLGRV�GHPRQVWUDP�VXD�YLDELOLGDGH�SDUD�DSOLFDomR�QD�FRQIHFomR�GH�PDWHULDLV�FRPSyVLWRV�
Palavras-chave��)LEUD�QDWXUDO��6XUXFXFXPLUi��FRPSRVLomR�TXtPLFD�

evAluAtion oF cHemicAl comPoSition oF tHe Surucucumirá Fiber

Abstract

1HZ�DSSOLFDWLRQV�IRU�WKH�XVH�RI�OLJQRFHOOXORVLF�ZDVWH�KDYH�EHHQ�RI�JUHDW�LQWHUHVW�FXUUHQWO\��7KH�DLP�RI�
WKLV�ZRUN�ZDV�WR�SUHVHQW�WKH�UHVXOWV�RI�FKHPLFDO�FRPSRVLWLRQ�DQG�E\�WHVWLQJ�;�UD\�GLIIUDFWLRQ��;5'��RI�
6XUXFXFXPLUi��Spathelia excelsa��¿EHUV�IRU�DVVHVVLQJ�WKH�IHDVLELOLW\�RI�FRPSRVLWH�PDWHULDOV��7KH�¿EHUV�
VKRZHG�FKDUDFWHULVWLF�FKHPLFDO�VWUXFWXUH�RI�OLJQRFHOOXORVLF�PDWHULDO��DQG�KLJK�FU\VWDOOLQLW\�LQGH[�������
7KH�UHVXOWV�KDYH�VKRZQ�WKDW�WKHVH�¿EHUV�FDQ�EH�XVHG�LQ�WKH�PDQXIDFWXUH�RI�FRPSRVLWH�PDWHULDOV�
Keywords: 1DWXUDO�¿EHU��6XUXFXFXPLUi��&KHPLFDO�FRPSRVLWLRQ�

1 introduÇÃo

'HYLGR�j�FUHVFHQWH�GHPDQGD�GD�LQG~VWULD�SRU�PDWpULD�SULPD�H��FRQVHT�HQWHPHQWH��R�DXPHQWR�
GR�SUHoR��RV�UHVtGXRV�GH�QDWXUH]D�OLJQRFHOXOyVLFD�FRPR�RV�SURGX]LGRV�QD�LQG~VWULD�PDGHLUHLUD�H�QDV�DWL�
YLGDGHV�DJUtFRODV�YrP�GHVSHUWDQGR�JUDQGH�LQWHUHVVH��2�DSURYHLWDPHQWR�GRV�UHVtGXRV�JHUDGRV�QD�UHJLmR�
DPD]{QLFD��SRU�H[HPSOR��WHP�VLGR�XP�GRV�SUREOHPDV�DERUGDGRV��SULQFLSDOPHQWH�FRP�UHODomR�DR�JUDYH�
SUREOHPD�DPELHQWDO�JHUDGR��XPD�YH]�TXH�QDV�LQG~VWULDV�PDGHLUHLUDV�GH�0DQDXV��SRU�H[HPSOR��R�UHVtGXR�
UHSUHVHQWD�����GH�PDWpULD�SULPD��6DOHV�&DPSRV�HW�DO����������'HQWUR�GHVWH�FRQWH[R��SHVTXLVDGRUHV�EUD�
VLOHLURV�YrHP�HVWXGDQGR�IRUPDV�VXVWHQWiYHLV�GH�H[SORUDU�R�SRWHQFLDO�GH�¿EUDV�YHJHWDLV�SURYHQLHQWHV�GD�
$PD]{QLD��(VWD�p�XPD�GDV�SURSRVWDV�GR�SURMHWR�)rQL[�$PD]{QLFR��FRRUGHQDGR�SHOR�SHVTXLVDGRU�$QW{�
QLR�'RQDWR�1REUH��GR�,QVWLWXWR�1DFLRQDO�GH�3HVTXLVDV�GD�$PD]{QLD��TXH�WHP�FRPR�REMHWLYR�D�FRQVWUXomR�
GH�XP�HFRVVLVWHPD�GH�HPSUHHQGLPHQWRV�VXVWHQWiYHLV�QD�$PD]{QLD��3DUWH�GR�SURMHWR��TXH�p�GHVHQYROYLGR�
HP�SDUFHULD�FRP�R�'(0D�8)6&DU�H�D�(PEUDSD�,QVWUXPHQWDomR��HVWXGD�D�YLDELOLGDGH�GD�XWLOL]DomR�GH�
¿EUDV�FRPR�DV�GD�6XUXFXFXPLUi�HP�QRYRV�PDWHULDLV��0DULQHOOL�HW�DO���������
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6XUXFXFXPLUi��Spathelia excelsa (Krause) Cowan & Brizicky��±��sin. Sonheyia excelsa K.��p�
XPD�iUYRUH�GH�FDVFD�FODUD��GH����D����PHWURV�GH�DOWXUD�H����FHQWtPHWURV�GH�GLkPHWUR��e�HQFRQWUDGD�QD�
$PD]{QLD�FHQWUDO��0DQDXV��5RQG{QLD�H�0DWR�*URVVR��e�QRWiYHO�SRU�VHX�KiELWR�FDUDFWHUtVWLFR��OHPEUD�
XPD�SDOPHLUD�H�IRUPD�SRSXODo}HV�GHQVDV�H�QXPHURVDV��e�HQFRQWUDGD�FRP�ÀRUHV�GH�GH]HPEUR�D�PDUoR�H�
FRP�IUXWRV�GH�MDQHLUR�D�PDLR��3ODQWD�PRQRFiUSLFD��SHUGH�DV�IROKDV�QR�¿QDO�GD�ÀRUDomR�H�PRUUH�DSyV�GLV�
SHUVmR�GDV�VkPDUDV��UDUDPHQWH�p�HQFRQWUDGD�ÀRUHVFHQGR���1HVWH�WUDEDOKR��VmR�DSUHVHQWDGRV�RV�UHVXOWDGRV�
GD�GHWHUPLQDomR�GD�FRPSRVLomR�TXtPLFD�H�GD�FDUDFWHUL]DomR�DWUDYpV�HQVDLRV�GH�GLIUDWRPHWULD�GH�UDLRV�;�
�'5;��GDV�¿EUDV�GH�6XUXFXFXPLUi�

2 mAteriAiS e métodoS

$V�¿EUDV�GH�6XUXFXFXPLUi�IRUDP�IRUQHFLGDV�SHOR�,13$�
$V�DPRVWUDV�GD�¿EUD�IRUDP�SUHYLDPHQWH�PRtGDV�HP�PRLQKR�GH�IDFDV�GD�PDUFD�6RODE�
3DUD�D�UHPRomR�GRV�H[WUDWLYRV��IRL�IHLWD�D�H[WUDomR�VyOLGR�OtTXLGR�FRP�H[WUDWRU�WLSR�6R[KOHW�FRP�

DFHWRQD�H�WDPEpP�FRP�iJXD�FRPR�VROYHQWHV�GH�DFRUGR�FRP�D�QRUPD�15(/�73������������
$�GHWHUPLQDomR�GR�WHRU�GH�XPLGDGH�XWLOL]DQGR�EDODQoD�GH�GHWHUPLQDomR�GH�XPLGDGH�
2�WHRU�GH�FLQ]DV�IRL�UHDOL]DGR�GH�DFRUGR�FRP�D�QRUPD�15(/�73������������
3DUD�D�GHWHUPLQDomR�GR�WHRU�GH�OLJQLQD�LQVRO~YHO��7,/��H�GR�WHRU�GH�KRORFHOXORVH��7+���TXH�D�

VRPD�GD�KHPLFHOXORVH���Į�FHOXORVH��XWLOL]RX�VH�D�¿EUD�OLYUH�GH�H[WUDWLYRV��HVWHV�HQVDLRV�IRUDP�UHDOL]DGRV�
GH�DFRUGR�FRP�D�QRUPD�$670�(���������H�$670�(����������UHVSHFWLYDPHQWH��

$�GHWHUPLQDomR�GD�SRUFHQWDJHP�GH�DOID�FHOXORVH��7&��H�KHPLFHOXORVH��7+(��IRL�IHLWD�D�SDUWLU�GD�
massa de holocelulose. 

2V�GLIUDWRJUDPDV�GH�UDLRV�;�IRUDP�REWLGRV�HP�GLIUDW{PHWUR�6KLPDG]X��;5'�������RSHUDQGR�
FRP���N9����P$��2V�HQVDLRV�IRUDP�UHDOL]DGRV�D�WHPSHUDWXUD�DPELHQWH������&���FRP�kQJXORV�GH�YDUUH�
GXUD���ș��HQWUH���H�����������PLQ�����2�tQGLFH�GH�FULVWDOLQLGDGH��,F��GDV�¿EUDV�PRtGDV�IRL�REWLGR�DWUDYpV�GR�
PpWRGR�GH�6HJDO��������FRPXPHQWH�XWLOL]DGR�SDUD�¿EUDV�YHJHWDLV��7K\JHVHQ�et al���������0RUiQ�et al���
�������DWUDYpV�GD�HTXDomR��,F� �����,2�,1��[������RQGH��,1�p�D�LQWHQVLGDGH�GR�Pi[LPR�GH�GLIUDomR��UHODFLR�
QDGD�j�SDUWH�FULVWDOLQD��H�,2�p�D�LQWHQVLGDGH�GR�PtQLPR�GH�GLIUDomR��UHODFLRQDGD�j�SDUWH�DPRUID��

3 reSultAdoS e diScuSSÃo

2V�UHVXOWDGRV�SDUD�D�FRPSRVLomR�TXtPLFD�GDV�¿EUDV�GH�6XUXFXFXPLUi�VmR�DSUHVHQWDGRV�QD�7D�
EHOD����2EVHUYD�VH�TXH�D�¿EUD�SRVVXL�DOWR�WHRU�GH�FHOXORVH��FHUFD�GH������H�OLJQLQD�������2�FRQWH~GR�GH�
H[WUDWLYRV�HP�DFHWRQD�H�iJXD�H�GH�DSUR[LPDGDPHQWH�����H����UHVSHFWLYDPHQWH��2V�WHRUHV�GH�XPLGDGH�
H�FLQ]DV�HVWmR�GHQWUR�GR�UHODWDGR�QD�OLWHUDWXUD�SDUD�RXWUDV�¿EUDV�QDWXUDLV��LQGLFDQGR�TXH�D�¿EUD�GH�6XUX�
FXFXPLUi�DSUHVHQWD�FRPSRVLomR�TXtPLFD�DGHTXDGD�SDUD�XWLOL]DomR�HP�PDWHULDLV�FRPSyVLWRV�

tabela 2. &RPSRVLomR�TXtPLFD�GD�¿EUD�GH�6XUXFXFXPLUi
componente Porcentagem

+RORFHOXORVH �������(�������

$OID�FHOXORVH �������(�������

+HPLFHOXORVH �������(�������

/LJQLQD�LQVRO~YHO �������(������

([WUDWLYRV�HP�DFHWRQD ������(�������

([WUDWLYRV�HP�iJXD ������(�������

8PLGDGH ������(������

&LQ]DV ������(�������

2V�GLIUDWRJUDPDV�GH�UDLRV�;�GDV�¿EUDV�GH�6XUXFXFXPLUi��)LJXUD����PRVWUDUDP�TXH�RV�SULQFLSDLV�
SLFRV�UHIHUHQWHV�DRV�SODQRV�FULVWDORJUi¿FRV�QRV�kQJXORV�GH�%UDJJ���ș�� ������������H��������$�UHÀH[mR�
GH�PDLRU�LQWHQVLGDGH�SDUD�DV�PHVPDV�RFRUUH�QR�SODQR�FULVWDORJUi¿FR��������(VWH�FRUUHVSRQGH�DRV�SODQRV�
GH�UHGH�GRV�DQpLV�JOLFRVtGLFRV�RV�TXDLV�VmR�PDLV�GHQVRV�QR�SROLPRUIR�WLSR�,�GD�FHOXORVH��+X�	�+VLHK��
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�������TXH�p�D�~QLFD�HVWUXWXUD�GH�FHOXORVH�FRP�RFRUUrQFLD�QDWXUDO��0DWHULDLV�GH�QDWXUH]D�OLJQRFHOXOyVLFD�
WrP�VXDV�SURSULHGDGHV�PHFkQLFDV�LQÀXHQFLDGDV�SHOR�VHX�tQGLFH�GH�FULVWDOLQLGDGH��,F���6DR�HW�DO�����������
'HVVD�IRUPD��H[LVWH�XPD�UHODomR�GLUHWD�HQWUH� WDLV�SURSULHGDGHV�H�R� WHRU�GH�FHOXORVH�GR�PDWHULDO��SRLV�
GHQWUH�RV�FRQVWLWXLQWHV�GHVVHV�PDWHULDLV��FHOXORVH�p�D�~QLFD�HVWUXWXUD�TXH�FULVWDOL]D��2�tQGLFH�GH�FULVWD�
OLQLGDGH�REWLGR�SDUD�DV�¿EUDV�GH�6XUXFXFXPLUi�IRL�GH�����FRQFRUGDQGR�FRP�RV�UHVXOWDGRV�GH�WHRU�GH�
FHOXORVH�GHWHUPLQDGR�H�LQGLFDQGR�TXH�HVWD�¿EUD�SRGH�VHU�XVDGD�FRPR�UHIRUoR�HP�PDWHULDLV�FRPSyVLWRV�
SRLV�DSUHVHQWDUi�ERDV�SURSULHGDGHV�PHFkQLFDV�

5 10 15 20 25 30 35

2 teta (graus)

Figura 1. 'LIUDWRJUDPD�GH�UDLRV�;�GDV�¿EUDV�GH�6XUXFXFXPLUi

4 concluSÃo

$�¿EUD�GH�6XUXFXFXPLUi�DSUHVHQWRX�HVWUXWXUD�TXtPLFD�FDUDFWHUtVWLFD�GH�PDWHULDO�OLJQRFHOXOyVLFR��
H�DOWR�tQGLFH�GH�FULVWDOLQLGDGH�������2V�UHVXOWDGRV�DWp�DJRUD�REWLGRV�GHPRQVWUDP�VXD�YLDELOLGDGH�SDUD�
DSOLFDomR�QD�FRQIHFomR�GH�PDWHULDLV�FRPSyVLWRV�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD��&13T��)LQHS�H�&DSHV�

reFerÊnciAS

+8��;���+6,(+��<��&U\VWDOOLQH�VWUXFWXUH�RI�GHYHORSLQJ�FRWWRQ�¿EHUV��-RXUQDO�RI�3RO\PHU�6FLHQ�FH��3DUW�
%��3RO\PHU�3K\VLFV��YRO������Q�����SS������������������

0$5,1(//L��$��/���0217(,52��0��5���$0%5Ï6,2��-��'���%5$1&,)257��0��&���.2%$<$6+,��
0���12%5(��$��'��'HVHQYROYLPHQWR�GH�FRPSyVLWRV�SROLPpULFRV�FRP�¿EUDV�YHJHWDLV�QDWXUDLV�GD�ELRGL�
YHUVLGDGH��XPD�FRQWULEXLomR�SDUD�D�VXVWHQWDELOLGDGH�$PD]{QLFD��3ROtPHURV��Y������Q�����S��������������

025È1��-��,���$/9$5(=��9��$���&<5$6��9��3���9È=48(=��$��([WUDFWLRQ�RI�FHOOXORVH�DQG�SUHSDUDWLRQ�
RI�QDQRFHOOXORVH�IURP�VLVDO�¿EHUV��&HOOXORVH��Y������S����������������

6$/(6�&$0326��&���0,1+21,��0��7��$���$1'5$'(��0��&��1��3URGXWLYLGDGH�GH�Pleurotus ostrea-
tus HP�UHVtGXRV�GD�$PD]{QLD� ,QWHUFLHQFLD��Y������Q�����S����������������

6$2��.��3���6$0$17$5$<��%��.���%+$77$&+(5-((��S��;�UD\�VWXG\�RI�FU\VWDOOLQLW\�DQG�GLVRUGHU�LQ�
UDPLH�¿EHU��-RXUQDO�RI�$SSOLHG�3RO\PHU�6FLHQFH��Y������S������������������

6(*$/��/���&5((/<��-��-���0$57,1��$��(���&215$'��&��0��$Q�HPSLULFDO�PHWKRG�IRU�HVWLPDWLQJ�WKH�
GHJUHH�RI�FU\VWDOOLQLW\�RI�QDWLYH�FHOOXORVH�XVLQJ�WKH�;�UD\�GLIIUDFWRPHWHU��7H[WLOH�5HVHDUFK�-RXUQDO��Y��
����S����������������

7+<*(6(1��$���2''(56+('(��-���/,/+2/7��+���7+206(1��$��%���67$+/��.��2Q�WKH�GHWHUPLQD�
WLRQ�RI�FU\VWDOOLQLW\�DQG�FHOOXORVH�FRQWHQW�LQ�SODQW�¿EUHV��&HOOXORVH��Y������S����������������
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creScimento do Filme PoliPirrol/GomA de cAJueiro 
Sobre SuPerFície de ouro

rubênia S. monte1, roselayne F. Furtado2, emanuela i. P. l. chaves2, *carlucio r. Alves1

18QLYHUVLGDGH�(VWDGXDO�GR�&HDUi��)RUWDOH]D��&(��2(PEUDSD�$JURLQG~VWULD�7URSLFDO��)RUWDOH]D��&(�
*alvescr@pq.cnpq.br.

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
$�JRPD�GR�FDMXHLUR�p�XP�SROLHOHWUyOLWR�KLGURItOLFR��ELRFRPSDWtYHO�H�ELRGHJUDGiYHO��R�TXH�D�WRUQD�XPD�
RSomR�LQWHUHVVDQWH�SDUD�VtQWHVHV�GH�ELRPDWHULDLV��$�FRPELQDomR�GH�SROLSLUURO�H�SROLHOHWUyOLWR�QDWXUDO�UH�
VXOWD�HP�XP�FRPSyVLWR�FRQGXWRU��1R�SUHVHQWH�WUDEDOKR�IH]�XVR�GD�JRPD�GR�FDMXHLUR�FRPR�SROLHOHWUyOLWR�
QD�HOHVVtQWHVH�GR�¿OPH�GH�SROLSLUURO�JRPD�GH�FDMXHLUR�VREUH�VXSHUItFLH�GH�RXUR�HP�PHLR�DTXRVR��FRP�R�
XVR�GH�WpFQLFD�HOHWURTXtPLFD��2�¿OPHV�REWLGRV�IRUDP�FDUDFWHUL]DGRV�HOHWURTXLPLFDPHQWH�SRU�PHLR�GD�
WUDQVIHUrQFLD�GH�FDUJD��FRP�/L&O2���H�PRUIRORJLFDPHQWH��FRP�R�XVR�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDU�
UHGXUD��$�JRPD�GH�FDMXHLUR�PRVWURX�VHU�XP�SROLHOHWUyOLWR�H¿FLHQWH�QD�IRUPDomR�GR�¿OPH��PDQWHQGR�DV�
características eletroquímicas.
Palavras-chave��&RPSyVLWR��3ROLSLUURO��*RPD�GH�FDMXHLUR��9ROWDPHWULD�FtFOLFD��(OHWURGHSRVLomR�

GrowtH oF PolYPYrrole/cASHew Gum Film on Gold SurFAce
Abstract
7KH�FDVKHZ�JXP�LV�D�K\GURSKLOLF��ELRFRPSDWLEOH�DQG�ELRGHJUDGDEOH�SRO\HOHFWURO\WH��ZKLFK�UHSUHVHQWV�DQ�
LQWHUHVWLQJ�RSWLRQ�IRU�WKH�V\QWKHVLV�RI�ELRPDWHULDOV��7KH�FRPELQDWLRQ�RI�SRO\S\UUROH�DQG�QDWXUDO�SRO\H�
OHFWURO\WH�UHVXOWV� LQ�D�FRQGXFWLYH�FRPSRVLWH��,Q� WKH�SUHVHQW�VWXG\�ZDV�REWDLQHG�D�SRO\S\UUROH�FDVKHZ�
JXP�¿OP�RQ�WKH�JROG�VXUIDFH�XVLQJ�FDVKHZ�JXP�DV�SRO\HOHFWURO\WH�LQ�DTXHRXV�PHGLXP�IURP�HOHFWURFKH�
PLFDO�WHFKQLTXH��7KH�¿OPV�ZHUH�FKDUDFWHUL]HG�HOHFWURFKHPLFDOO\�E\�FKDUJH�WUDQVIHU�ZLWK�/L&O2���DQG�
PRUSKRORJLFDOO\�XVLQJ�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��7KH�FDVKHZ�JXP�ZDV�DQ�HI¿FLHQW�SRO\HOHFWURO\WH�
LQ�WKH�¿OP�IRUPDWLRQ�PDLQWDLQLQJ�WKH�HOHFWURFKHPLFDO�FKDUDFWHULVWLFV�
Keywords��&RPSRVLWH��3RO\S\UUROH��&DVKHZ�JXP��&\FOLF�YROWDPPHWU\��(OHFWURGHSRVLWLRQ�

3XEOLFDo}HV�UHODFLRQDGDV
0217(��5��6���.27=(%8(��/��9���$/(;$1'5(��'��/���)857$'2��5��)���$/9(6��&��5��0RU�
SKRORJLFDO�DQG�HOHFWURFKHPLFDO�FKDUDFWHULVWLFV�RI�HOHFWURV\QWKHVL]HG�33\�&'�FRPSRVLWH��-RXUQDO�RI�WKH�
%UD]LOLDQ�&KHPLFDO�6RFLHW\��Y������S����������������

1 introduÇÃo

$�VtQWHVH�GH�QRYRV�PDWHULDLV� WHP�PRWLYDGR�R�GHVHQYROYLPHQWR�GH�HVWXGRV�FRP�XWLOL]DomR�GH�
PDWpULDV�SULPDV�UHQRYiYHLV�� LQÀXHQFLDQGR�QD�GLPLQXLomR�GR�XVR�GH�UHDJHQWHV�TXtPLFRV��$�EXVFD�SRU�
ELRPDWHULDLV�TXH�DSUHVHQWHP�PHOKRU�GHVHPSHQKR�D�PHQRU�FXVWR�p�XP�GHVD¿R�GH�PXLWRV�SHVTXLVDGRUHV�

1HVVD�SHUVSHFWLYD��WHP�VH�EXVFDGR�PRGL¿FDU�TXLPLFDPHQWH�HOHWURGRV��SRU�PHLR�GD�IRUPDomR�GH�
¿OPHV�SROLPpULFRV��SRVVLELOLWDQGR�LQ~PHUDV�DSOLFDo}HV�HP�QDQRWHFQRORJLD�

$�DVVRFLDomR�GH�SROLVVDFDUtGHRV��FRQKHFLGRV�FRPR�SROtPHURV�QDWXUDLV�FRP�SROtPHURV�FRQYHQ�
FLRQDLV�p�LQYHVWLJDGD�QD�EXVFD�SRU�PDWHULDLV�TXH�DSUHVHQWHP�VXDV�SURSULHGDGHV�RULJLQDLV�UHIRUoDGDV�RX�
PHVPR�IRUQHFHU�QRYDV�IXQFLRQDOLGDGHV��TXH�LQÀXHQFLDP�VXDV�FDUDFWHUtVWLFDV�ItVLFDV��TXtPLFDV��PHFkQL�
FDV�H�UHROyJLFDV��/,8�HW��DO���������

$V�JRPDV�VmR�SROLVVDFDUtGHRV�VRO~YHLV�HP�iJXD�TXH�IRUPDP�VROXo}HV�YLVFRVDV�D�EDL[DV�FRQ�
FHQWUDo}HV��$�*RPD�GR�&DMXHLUR��*&��REWLGD�GR�H[VXGDWR�GD�HVSpFLH�$QDFDUGLXP�RFFLGHQWDOH�/��p�XP�
KHWHURSROLVVDFDUtGHR�iFLGR�UDPL¿FDGR��FRPSRVWR�GH�XPD�FDGHLD�SULQFLSDO�GH�JDODFWRVH��������DUDELQRVH�
��������JOXFRVH��������UDPQRVH��������H�iFLGR�JOXUyQLFR���������3RVVXL�DLQGD�WUrV�WLSRV�GH�XQLGDGHV�
JDODFWDQR�QR�LQWHULRU�GR�Q~FOHR��OLJDGR�SRU�&���H�&����&���H�&���H�&����&���H�&����$�JOXFRVH�HVWi�SUHVHQ�
WH�FRPR�XPD�FDGHLD�ODWHUDO��DWp�FLQFR�XQLGDGHV�GH�FRPSULPHQWR��6,/9$�HW��DO���������

2�IiFLO�SURFHVVR�GH�H[VXGDomR�GHVWD�JRPD��KLGURItOLFLGDGH��ELRFRPSDWLELOLGDGH�H�ELRGHJUDGDEL�
OLGDGH��VmR�FDUDFWHUtVWLFDV�LPSRUWDQWHV�TXH�HYLGHQFLDP�VXD�FDSDFLGDGH�WHFQROyJLFD�H�D�SRVVLELOLGDGH�GH�
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SURGXomR�FRPHUFLDO��VREUHWXGR�SDUD�R�%UDVLO��UHVSRQViYHO�SHOD�TXDUWD�PDLRU�SURGXomR�GH�DPrQGRDV�QR�
FHQiULR�LQWHUQDFLRQDO��3$8/$�3(662$��%$1'(,5$��������2/,9(,5$��������&$51(,52�'$�&8�
1+$�HW�DO�,��������(VVDV�FDUDFWHUtVWLFDV�IDYRUHFHP�R�XVR�GD�*&�QD�SUHSDUDomR�GH�ELRPDWHULDLV�

2�SROLSLUURO��33\��SRVVXL�HP�VXD�HVWUXWXUD�OLJDo}HV�GXSODV�FRQMXJDGDV��R�TXH�SHUPLWH�XP�ÀX[R�
GH�HOpWURQV�HP�VXD�FDGHLD��VHQGR��SRUWDQWR�XP�SROtPHUR�RUJkQLFR�FRQGXWRU��$V�SURSULHGDGHV�GR�¿OPH�
SROLPpULFR�GHSHQGHP�GR�PpWRGR�H�GDV�FRQGLo}HV�GH�VtQWHVH��*HUDOPHQWH��D�FRPELQDomR�GH�SROLSLUURO�
SROLHOHWUyOLWR�RULJLQD�XP�FRPSyVLWR�FRQGXWRU�TXH�PDQWpP�DV�SURSULHGDGHV�HOHWURTXtPLFDV�GR�SROtPHUR��
UHIRUoDQGR�RXWUDV�SURSULHGDGHV�FRPR�D�UHVLVWrQFLD�GR�PDWHULDO��$/9(6�HW�DO��������

1R�SUHVHQWH�WUDEDOKR��REMHWLYRX�VH�HOHWURVVLQWHWL]DUR�FRPSyVLWR�FRQGXWRU�GH�SROLSLUURO�JRPD�GH�
FDMXHLUR��HP�PHLR�DTXRVR��MXQWDPHQWH�FRP�D�VXD�FDUDFWHUL]DomR�HOHWURTXtPLFD�H�PRUIROyJLFD�

2 mAteriAiS e métodoS

2�SROLVVDFDUtGHR� GH� H[VXGDWR�� XWLOL]DGR� QHVWH� WUDEDOKR� IRL� REWLGR� GH� iUYRUHV� GD�$QDFDUGLXP�
RFFLGHQWDOH� �FDMXHLUR�� IRUQHFLGD�SHOD�(0%5$3$��&DPSXV�([SHULPHQWDO�GH�3DFDMXV��&HDUi��$�JRPD�
IRL� SXUL¿FDGD� QR�/DERUDWyULR� GH� (PEDODJHP� GD�(PEUDSD�$JURLQG~VWULD�7URSLFDO��2� SLUURO� �$OGULFK�
FKHPLFDOV��IRL�HVWRFDGR�j�EDL[D�WHPSHUDWXUD�H�SURWHJLGR�GD�OX]��$�iJXD�XVDGD�QR�SUHSDUR�GDV�VROXo}HV�
HUD�SURFHGHQWH�GR�VLVWHPD�0LOOL�4�GD�0LOOLSRUH��)H]�VH�HVWXGRV�SDUD�GLIHUHQWHV�FRQFHQWUDo}HV�GH�SLUURO�
H�JRPD�GH�FDMXHLUR�SDUD�R�SURFHVVR�GH�HOHWURGHSRVLomR�GH�33\�*&�

8WLOL]RX�VH�XP�VLVWHPD�HOHWURTXtPLFR�FRQVWLWXtGR�GH�FpOXOD�GH�YLGUR�GH�FRPSDUWLPHQWR�~QLFR��
FRQWHQGR�WUrV�HOHWURGRV��R�GH�WUDEDOKR�GH�GLVFR�GH�RXUR������� �PP2���R�DX[LOLDU�GH�SODWLQD���� �PP2��H�R�
HOHWURGR�GH�UHIHUrQFLD�GH�$J�$J&O��2V�HOHWURGRV�GH�WUDEDOKR�H�DX[LOLDU��DQWHV�GH�FDGD�H[SHULPHQWR��IRUDP�
SUHYLDPHQWH�VXEPHWLGRV�D�OLPSH]D�PHFkQLFD�FRP�DOXPLQD�����+P�GXUDQWH���PLQXWRV��SRVWHULRUPHQWH�
FRORFDGRV�QR�EDQKR�XOWUDVV{QLFR�GXUDQWH����PLQXWRV�HP�HWDQRO��HP�VHJXLGD�OLPSRV�HOHWURTXLPLFDPHQWH�
FRP�YDUUHGXUDV�GH�SRWHQFLDLV�FRP�HYROXo}HV�GH�22�H�+2�HP�PHLR�GH�+2SO������PRO�/

��
��H�ODYDGRV�H[DXV�

WLYDPHQWH�FRP�iJXD�GHVWLODGD��
$V�PHGLGDV�HOHWURTXtPLFDV�IRUDP�UHDOL]DGDV�FRP�XP�3RWHQFLRVWDWR»*DOYDQRVWDWR�$XWRODE�3*6�

7$7���FRQWURODGR�SRU�XP�FRPSXWDGRU� FRP�R�6RIWZDUH�*3(6�����SDUD� HQYLR� H� DTXLVLomR�GH�GDGRV��
$V�LPDJHQV�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��GRV�¿OPHV�IRUDP�REWLGDV�FRP�=HLVV�����$�
�=HLVV�&RPSDQ\��$OHPDQKD���FRP�DPSOLDomR�GH����;��$�WpFQLFD�HPSUHJDGD�SDUD�D�HOHWURVVtQWHVH�GRV�
¿OPHV�IRL�j�WpFQLFD�SRWHQFLRGLQkPLFD�GH�YROWDPHWULD�FtFOLFD�FRP�MDQHOD�GH�SRWHQFLDO�GH�í����D�����9��YV�
$J�$J&O���H�YHORFLGDGH�GH�YDUUHGXUD�GH����P9�Ví���$�DYDOLDomR�GD�WUDQVIHUrQFLD�GH�FDUJD�GR�SROtPHUR�
IRL�UHDOL]DGD�FRP�HOHWUyOLWR�/L&O2������PRO�/

����FRP�MDQHOD�GH�SRWHQFLDO�GH������D�����9��YV�$J�$J&O��

3 reSultAdoS e diScuSSÃo

$�HOHWURGHSRVLomR�SRWHQFLRGLQkPLFD�GRV�¿OPHV�VH�GHX�FRP�D�YDULDomR�GD�FRQFHQWUDo}HV�GH�3\�
H�*&��2�FUHVFLPHQWR�H�D�WUDQVIHUrQFLD�GH�FDUJD�GRV�¿OPHV�IRUDP�DQWHULRUPHQWH�HVWXGDGRV�H�DQDOLVDGRV��
SRUWDQWR��IRL�HVFROKLGR�SDUD�HVWH�WUDEDOKR�UHODWDU�RV�UHVXOWDGRV�UHIHUHQWHV�D����������������H�����PRO�/�� de 
SLUURO�H�����GH�JRPD�GH�FDMXHLUR��)LJXUD����

1D�)LJXUD����REVHUYD�VH�R�DXPHQWR�GH�FRUUHQWH��GHYLGR�D�IRUPDomR�GR�¿OPH�33\�*&�FRP�D�R[L�
GDomR�GR�PRQ{PHUR��XP�ORRS�QXFOHDomR�H�FUHVFLPHQWR�IRL�REVHUYDGR�LQFRUSRUDQGR�D�JRPD�GH�FDMXHLUR�
QR�¿OPH��)RL�YHUL¿FDGR�HP�FDGD�FLFOR�R�SRWHQFLDO�GH�R[LGDomR�IRL�GHVORFDGR�QD�GLUHomR�PDLV�SRVLWLYD��
SURYDYHOPHQWH��GHYLGR�DR�VREUHSRWHQFLDO�GD�GHSRVLomR�GH�QRYDV�FDPDGDV�GR�SROtPHUR��5HVXOWDGRV�VH�
PHOKDQWHV�IRUDP�REVHUYDGRV�QR�WUDEDOKR�SDUD�R�FUHVFLPHQWR�GH�3ROLSLUURO�&DUGDQRO��0RQWH�HW�DO����������
1RWD�VH�TXH�R�DXPHQWR�GD�FRQFHQWUDomR�GH�33\��)LJXUD��D�G���HOHYD�R�SRWHQFLDO�SDUD�SLFRV�DLQGD�PDLV�
DQyGLFRV��KDYHQGR�PDLRU�IRUPDomR�GH�33\�*&�

8P�HVWXGR�TXDOLWDWLYR�FRP�D�DQiOLVH�PRUIROyJLFD�GR�HOHWURGR�GH�RXUR�DQWHV��)LJXUD��D��H�DSyV�R�
FUHVFLPHQWR�GH�33\�*&��)LJXUD��E�H��FRPSURYRX�TXH�KRXYH�D�GHSRVLomR�GR�¿OPH��H�FRP�R�DXPHQWR�GD�
FRQFHQWUDomR�GH�3\�REVHUYRX�VH�XP�PDLRU�UHFREULPHQWR�GD�VXSHUItFLH�HOHWUyGLFD�
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Figura 1. 33\�*&�FUHVFLGR�HP�VXSHUItFLH�GH�RXUR�FRP�FRQFHQWUDo}HV�GH�*&�����H��D��>3\@� ������0���E��>3\@� �
����0���F��>3\@� �����0���G������>3\@� �����0��HP�PHLR�DTXRVR�

Figura 2. 0LFURJUD¿DV�REWLGDV�SRU�0(9��DPSOLDomR�GH�����;���D��6XSHUItFLH�GH�RXUR�H�IRUPDomR�GR�FRPSyVLWR�
FRP�*&�������E��>3\@� ������0���F��>3\@� �����0���G��>3\@� �����0�H��H��>3\@� �����0�

$�WUDQVIHUrQFLD�GH�FDUJD�GR�SROtPHUR�33\�*&��FUHVFLGR�SRU�YROWDPHWULD�FtFOLFD�VREUH�VXSHUItFLH�
GH�RXUR��p�REVHUYDGD�QD�)LJXUD����2V�¿OPHV�GH�33\������0�H�33\�����0��)LJXUD��D�E���DSUHVHQWDUDP�
PHQRU�FDSDFLGDGH�GH�DUPD]HQDPHQWR�GH�FDUJD��HP�FRPSDUDomR�FRP�33\�����H�33\������)LJXUD��E�F���
+LJJLQV�HW�DO��������VXJHULUDP�TXH��QHVWH�FDVR��GHYH�VH�HYLWDU�SRWHQFLDLV�PDLV�QHJDWLYRV�SDUD�HYLWDU�D�
H[SXOVmR�LUUHYHUVtYHO�GDV�PROpFXODV�GR�SROLHOHWUyOLWR�GR�SROtPHUR�FRQGXWRU��OHYDQGR�j�UHGXomR�GD�HOHWUR�
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DWLYLGDGH�GR�¿OPH��e�WDPEpP�SRVVtYHO�TXH�D�OLJHLUD�VREUH�R[LGDomR�GH�33\�SRVVD�RFRUUHU�QD�YDUUHGXUD�
SRVLWLYD�� UHVXOWDQGR�QD�UHGXomR�GD�FRQMXJDomR�H�SURYRFDQGR�D�GLPLQXLomR�GD�FRQGXWLYLGDGH�HOpWULFD��
(P�FRPSDUDomR�FRP�VHPHOKDQWH�UHVXOWDGRV�SDUD�FRPSyVLWR�GH�33\��0217(�HW�DO���������R�¿OPH�GH�
33\�*&�DSUHVHQWRX�ERD�HVWDELOLGDGH�HOHWURTXtPLFD�H�PHQRU�DUPD]HQDPHQWR�GH�FDUJDV��QR�HQWDQWR��YDOH�
UHVDOWDU�TXH�HVVH�FRPSyVLWR�IRL�FUHVFLGR�HP�PHLR�DTXRVR��H�DLQGD�GHPRQVWURX�PHOKRUHV�SURSULHGDGHV�
PHFkQLFDV�H�PHQRU�VXVFHWLELOLGDGH�j�GHJUDGDomR�

Figura 3. 7UDQVIHUrQFLD�GH�FDUJD�HP�SUHVHQoD�GH�>/L&O2�@� �����PRO�/
���SDUD�¿OPHV�FUHVFLGRV�FRP�*&�������D��

>3\@� ������0���E��>3\@� �����0���F��>3\@� �����0�H��G��>3\@� �����0�

4 concluSÃo

$�JRPD�GR�FDMXHLUR�p�XP�H¿FLHQWH�SROLHOHWUyOLWR�QD�IRUPDomR�GR�¿OPH�3ROLSLUURO�*RPD�GH�FD�
MXHLUR��VREUH�D�VXSHUItFLH�GH�RXUR��PDQWHQGR�DV�FDUDFWHUtVWLFDV�HOHWURTXtPLFDV�GR�SROLSLUURO��2�FRPSyVLWR�
GH�33\�*&�p�SURPLVVRU�SRLV�DSUHVHQWRX�ERDV�SURSULHGDGHV�HOHWURTXtPLFD�H�HVWDELOLGDGH�

AGrAdecimentoS

$JUDGHFLPHQWR�D�'UD��&HOL�0XQL]�SHODV� LPDJHQV�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��DR�
&13T��),1(3��)81&$3�H�&$3(6��SHORV�DX[tOLRV�¿QDQFHLURV�

reFerÊnciAS

$/9(6��&��5���+(55$67,��3���2&21��3���$9$&$��/��$���27(52��7��)��(OHFWURGHSRVLWLRQ�RI�SRO\S\U�
UROH�FDUER[\PHWK\O�FHOOHORVH�RQ�SODWLQXP�DQG�LQGLXP�WLQ�R[LGH��3RO\PHU�-RXUQDO��Y������Q�����S�����������
�����

&$51(,52�'$�&81+$��0��*���&(548(,5$��0��$���628=$��%��:��6���628=$��0��3���7(,;(,�
5$��-��$���9,&(17(��$��$��3K\VLFDO�SURSHUWLHV�RI�HGLEOH�FRDWLQJV�DQG�¿OPV�PDGH�ZLWK�D�SRO\VDFFKDULGH�
IURP�$QDFDUGLXP�RFFLGHQWDOH�/��-RXUQDO�RI�)RRG�(QJLQHHULQJ�Y������S����������������

+,**,16��7��0���028/721��6��(���*,/025(��.��-���:$//$&(��*��*���3$1+8,6��0��*HOODQ�JXP�
GRSHG�SRO\S\UUROH�QHXUDO�SURVWKHWLF�HOHFWURGH�FRDWLQJV��6RIW�0DWWHU��Y����Q������S����������������

/,8��=���-,$2��<��:$1*��<��3RO\VDFFKDULGHV�EDVHG�QDQRSDUWLFOHV�DV�GUXJ�GHOLYHU\�V\VWHPV��$GYDQFHG�
'UXJ�'HOLYHU\��Y������S�����������������

0217(��5��6���.27=(%8(��/��5��9���$/(;$1'5(��'��/���)857$'2��5��)���6$1726��-��$��&���
'$17$6��-��'��3���$/9(6��&��5��-RXUQDO�RI�WKH�%UD]LOLDQ�&KHPLFDO�6RFLHW\��Y������Q�����S���������������

2/,9(,5$��0��$��$YDOLDomR�GD�LQÀXrQFLD�GH�DGMXYDQWHV�GH�VHFDJHP�VREUH�DV�SURSULHGDGHV�GH�VXFR�GH�
FDMX�DWRPL]DGR����������I��'LVVHUWDomR��0HVWUDGR�HP�WHFQRORJLD�GH�DOLPHQWRV���8QLYHUVLGDGH�)HGHUDO�
GR�&HDUi��)RUWDOH]D�
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3$8/$�3(662$��3��)��$���%$1'(,5$��&��7��*RPD�GR�FDMXHLUR��QRYD�DOWHUQDWLYD�GH� UHQGD�SDUD� D�
FDMXFXOWXUD�QRUGHVWLQD��)RUWDOH]D��(PEUDSD�$JURLQG~VWULD�7URSLFDO��(PEUDSD�$JURLQG~VWULD�7URSLFDO���
&RPXQLFDGR�7pFQLFR��&DMX�,QIRUPDWLYR��Y�����Q����������

6,/9$��'��$���)(,726$��-��3��$���0$&,(/��-��6���3$8/$��+��&��%���'(�3$8/$��5��&��0��&KDUDFWHUL�
]DWLRQ�RI�FURVVOLQNHG�FDVKHZ�JXP�GHULYDWLYHV��&DUERK\GUDWH�3RO\PHUV��Y������S��������������

eStudo dA diSPerSÃo de nAnotuboS de cArbono em 
mAtriZ PoliméricA biodeGrAdável de Poli (ácido 

lático) – PlA.  

wagner m. Pachekoski1, Alfredo Sena2, daniela becker3, *José m. marconcini4, luiz H.c. 
mattoso5.

1�(PEUDSD�,QVWUXPHQWDomR�$JURSHFXiULD�&13',$��2(PEUDSD�,QVWUXPHQWDomR�&13',$���8'(6&���
&DPSXV�-RLQYLOOH��6&���(PEUDSD�,QVWUXPHQWDomR��&13',$���(PEUDSD�,QVWUXPHQWDomR��&13',$�

MRVH�PDUFRQFLQL#HPEUDSD�EU

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
8PD�H¿FLHQWH�GLVSHUVmR�GRV�QDQRWXERV�GHWHUPLQD�GH�PDQHLUD�GHFLVLYD�DV�SURSULHGDGHV�GR�QDQRFRP�
SyVLWR��$�¿P�GH�HVWXGDU�WDO�HIHLWR��IRL�UHDOL]DGD�D�LQFRUSRUDomR�GH�QDQRWXERV�GH�FDUERQR�HP�PDWUL]�GH�
SROL�iFLGR�OiWLFR���DWUDYpV�GR�SURFHVVR�GH�H[WUXVmR�HP�URVFD�FLVDOKDQWH��YHUL¿FDQGR�VH�DWUDYpV�GH�0(7�
D�QHFHVVLGDGH�GH�XPD�PHOKRU�GLVSHUVmR�GRV�QDQRWXERV��$�¿P�GH�WHQWDU�UHGX]LU�D�PRELOLGDGH�GRV�QDQR�
WXERV�H�DSULPRUDU�D�VXD�GLVSHUVmR��IRUDP�WHVWDGDV�HP�UH{PHWUR�+DDNH�GLIHUHQWHV�FRPSRVLo}HV�GH�XP�
H[WHQVRU�GH�FDGHLD�SDUD�D�PDWUL]�SROLPpULFD��D�¿P�GH�RWLPL]DU�D�VXD�TXDQWLGDGH��5HVXOWDGRV�GH�'6&�
VXJHUHP�PRGL¿FDo}HV�HVWUXWXUDLV�QD�PLVWXUD�GH�QDQRWXERV�GH�FDUERQR�H�SROL�iFLGR� OiWLFR��TXDQGR�R�
H[WHQVRU�GH�FDGHLD�HVWi�SUHVHQWH�
Palavras-chave��1DQRFRPSyVLWRV��1DQRWXERV�GH�FDUERQR���3ROL�iFLGR�OiWLFR����([WHQVRUHV�GH�FDGHLD�

StudY oF cArbon nAnotubeS diSPerSion in PolY (lAtic Acid) biodeGrAd-
Able PolYmeric mAtrix
Abstract
�$Q�HI¿FLHQW�GLVSHUVLRQ�RI�WKH�QDQRWXEHV�LQÀXHQFHV�GHFLVLYHO\�RQ�WKH�SURSHUWLHV�RI�WKH�QDQRFRPSRVLWH��7R�
VWXG\�WKLV�HIIHFW��WKH�LQFRUSRUDWLRQ�RI�&17V�ZDV�FDUULHG�RQ�D�PDWUL[�RI�SRO\��ODFWLF�DFLG��YLD�VKHDU�VFUHZ�H[�
WUXVLRQ�SURFHVV��7KURXJK�0(7��LW�ZDV�YHUL¿HG�WKH�QHHG�RI�EHWWHU�GLVSHUVLRQ�RI�WKH�QDQRWXEHV��,Q�RUGHU�WR�WU\�
WR�UHGXFH�WKH�PRELOLW\�RI�QDQRWXEHV�DQG�HQKDQFH�LWV�GLVSHUVLRQ��GLIIHUHQW�FRPSRVLWLRQV�RI�D�FKDLQ�H[WHQGHU�
IRU�WKH�SRO\PHU�PDWUL[�ZHUH�WHVWHG�LQ�D�+DDNH�LQ�RUGHU�WR�RSWLPL]H�LWV�TXDQWLW\��'6&�UHVXOWV�VXJJHVW�D�JRRG�
GLVSHUVLRQ�RI�FDUERQ�QDQRWXEHV�LQ�WKH�PDWUL[�RI�SRO\��ODFWLF�DFLG��ZKHQ�WKH�FKDLQ�H[WHQGHU�LV�SUHVHQW�
Keywords��1DQRFRPSRVLWHV��FDUERQR�QDQRWXEHV��SRO\�ODWLF�DFLG���&KDLQ�([WHQGHU�

3XEOLFDo}HV�UHODFLRQDGDV��
:$*1(5�0��3$&+(.26.,��$/)5('2�'(�6(1$��-26e�0$12(/�0$5&21&,1��/8,=�+��&��
0$77262��085,/2�*$5&,$��0$5,1',$�'(&2/��'$1,(/$�%(&.(5��³,QÀXrQFLD�GD�DGLomR�GR�
H[WHQVRU�GH�FDGHLD�QDV�SURSULHGDGHV�GR�QDQRFRPSyVLWR�GH�3/$�QDQRWXERV�GH�FDUERQR´����o &%&,0$7��
QRYHPEUR�������&XLDEi��07�

1 introduÇÃo

'LYHUVRV�DXWRUHV�HVWXGDUDP�QDQRFRPSyVLWRV�FRQVWLWXtGRV�GH�XPD�IDVH�UHIRUoDQWH�GH�QDQRWXERV�
GH�FDUERQR�H�XPD�PDWUL]�SROLPpULFD�ELRGHJUDGiYHO��YLVDQGR�DSULPRUDU�DV�SURSULHGDGHV�GHVWHV�PDWHULDLV�
�%(57+2/',����������;8����������0,77$/���������$SOLFDo}HV�FRPR�D�HPEDODJHP�GH�DOLPHQWRV�H�
¿OPHV�GH�FREHUWXUD�DJUtFROD��FRP�SURSULHGDGHV�PHFkQLFDV��WpUPLFDV�H�GH�EDUUHLUD�D�JDVHV�DSULPRUDGDV�
VmR�SRVVtYHLV�JUDoDV�D�HVWH�WLSR�GH�WHFQRORJLD��)5(:(5����������62=(5��������
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�1R� HQWDQWR�� R� SRWHQFLDO� GRV�QDQRFRPSyVLWRV� FRP�PDWUL]HV� SROLPpULFDV�QmR� IRL� DLQGD�SOHQD�
PHQWH� H[SORUDGR�� � DV� SURSULHGDGHV�REWLGDV� VmR�PXLWR� LQIHULRUHV� DV� HVWLPDGDV� WHRULFDPHQWH��(QWUH� RV�
SULQFLSDLV�IDWRUHV�TXH�FRQWULEXHP�SDUD�D�IDOKD�QD�WUDQVIHUrQFLD�GH�SURSULHGDGHV�HVWDULD�Pi�GLVSHUVmR�GRV�
QDQRFRPSyVLWRV�QD�PDWUL]��QHFHVVLWDQGR�VH�GH�PHLRV�GH�GLVSHUVmR�HIHWLYRV�QR�SURFHVVR��9(/$6&2�
6$1726�������

�'HVWD�PDQHLUD�� HVWH� WUDEDOKR� WHP�SRU� REMHWLYR� HVWXGDU� D� GLVSHUVmR� GH� QDQRWXERV� GH� FDUERQR�
QD�PDWUL]� SROLPpULFD� ELRGHJUDGiYHO� GH� SROL�iFLGR� OiWLFR��� D�¿P�GH� HQWHQGHU� R� VHX� FRPSRUWDPHQWR� H�
PHOKRUDU�R�VHX�SURFHVVR�GLVSHUVLYR��(VWLPD�VH�TXH��DSULPRUDQGR�D�GLVSHUVmR�GH�QDQRWXERV�GH�FDUERQR��
PHOKRUHV�SURSULHGDGHV�PHFkQLFDV��WpUPLFDV�H�HOpWULFDV�VHUmR�FRQVHJXLGDV�SDUD�HVWH�QDQRFRPSyVLWR��

2 mAteriAiS e métodoS

2.1 materiais

)RUDP�XWLOL]DGRV�QHVWH�WUDEDOKR��QDQRWXERV�GH�FDUERQR�GH�SDUHGHV�P~OWLSODV��0:17&��IRUQH�
FLGRV�SHOD�&KHQJGX�2UJDQLF�&KHPLFDOV��JUDGH�71,0���FRP�SXUH]D�DFLPD�GH�����H�UD]mR�GH�DVSHFWR�
Pi[LPR�GH�������)RL�XWLOL]DGR�QHVWH�WUDEDOKR�R�SROL�iFLGR�OiWLFR���WLSR�����'��JUDGH�GH�H[WUXVmR��GD�
1DWXUHZRUNV�

&RPR�H[WHQVRU�GH�FDGHLD�SDUD�R�3/$��(;7��IRL�XWLOL]DGR�R�DGLWLYR�&(6$�(;7(1'�GD�HPSUHVD�
&ODULDQW�

)RUDP�XWLOL]DGRV�SDUD�HVWH�WUDEDOKR�PLVWXUDV�GH�UHODomR�PDVVD�PDVVD��P�P��GH�3/$��(;7���3/$�
0:17&�H�3/$�(;7�0:17&�

2.2 Processamento em extrusora

�8PD�PLVWXUD�GH�3/$�0:17&��������IRL�SURFHVVDGD�HP��H[WUXVRUD�GXSOD�URVFD�FRURWDQWH�&R�
SHULRQ�=6.�����FRP�/�'� �����$V�FRQGLo}HV�GH�SURFHVVDPHQWR�VmR�DSUHVHQWDGDV�QD�7DEHOD���

tabela 1. &RQGLo}HV�GH�SURFHVVDPHQWR�HP�H[WUXVRUD
5RWDomR�
(rPm)

temperatura (oc)

Funil Z1 Z2 Z3 Z4 Z5 Z6

��� ��� ��� ��� ��� ��� ��� ���

2.3 &DUDFWHUL]Do}HV�GRV�PDWHULDLV

$V�SURSULHGDGHV�UHROyJLFDV�IRUDP�DYDOLDGDV�HP�XP�UH{PHWUR�GH�WRUTXH�GD�PDUFD�+DDNH��D����o&�
H����USP��FRP�XP�WHPSR�GH�HQVDLR�GH����PLQXWRV�

$V�SURSULHGDGHV�WpUPLFDV�GRV�FRPSyVLWRV�GH�QDQRWXERV�GH�FDUERQR�QD�PDWUL]�GH�3/$�IRUDP�LQYHV�
WLJDGDV�SRU�&DORULPHWULD�([SORUDWyULD�'LIHUHQFLDO��'6&���FRP�XP�SULPHLUR�FLFOR�GH�DTXHFLPHQWR�SDUWLQGR�
GH���o&�DWp����o&��FRP�XPD�WD[D�GH�DTXHFLPHQWR�GH����o&�PLQ��H�XP�VHJXQGR�FLFOR�SDUWLQGR�GH�����o&�D�
����o&��FRP�XPD�WD[D�GH�DTXHFLPHQWR�GH����o&�PLQ��(P�DPERV�RV�FLFORV�GH�UHVIULDPHQWR��D�WD[D�IRL�D�PDLV�
UiSLGD�SRVVtYHO�����o&�PLQ���7RGDV�DV�DQiOLVHV�WpUPLFDV�IRUDP�UHDOL]DGDV�HP�DWPRVIHUD�GH�QLWURJrQLR��12��

 $QiOLVHV�GH�PLFURVFRSLD�HOHWU{QLFD�GH� WUDQVPLVVmR��0(7��IRUDP�UHDOL]DGDV�HP�HTXLSDPHQWR�
-(2/�-(0�����XWLOL]DQGR�VH�HQHUJLD�GR�IHL[H�GH�����NH9��$�DPRVWUD�IRL�REWLGD�XWLOL]DQGR�XP�FULR�XOWUD�
PLFURWyWRPR��QXP�HTXLSDPHQWR�50&��VHQGR�XWLOL]DGR�IDFD�GH�GLDPDQWH��FRP�WHPSHUDWXUD�GD�DPRVWUD�
GH�±����&�H�WHPSHUDWXUD�GD�IDFD�GH�±����&��H�HVSHVVXUD�QRPLQDO�GD�DPRVWUD�GH���QP�

3 reSultAdoS e diScuSSÃo

3.1 Processamento em extrusora

$�SDUWLU�GRV�UHVXOWDGRV�GH�0LFURVFRSLD�(OHWU{QLFD�GH�7UDQVPLVVmR��DSUHVHQWDGRV�QD�)LJXUD���p�
SRVVtYHO�YHUL¿FDU�TXH�H[LVWHP�UHJL}HV�GH�ERD�GLVSHUVmR�GRV�QDQRWXERV�GH�FDUERQR��)RWR��D���3RUpP��R�
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FLVDOKDPHQWR�UHVXOWDQWH�GD�H[WUXVmR�QmR�p�VX¿FLHQWH�SDUD�GLVSHUVDU�WRWDOPHQWH�RV�QDQRWXERV��SRLV�VmR�
YHUL¿FDGDV�WDPEpP�UHJL}HV�RQGH�RV�QDQRWXERV�HVWmR�PHQRV�GLVSHUVRV��)LJXUD��E��RX�RQGH�VH�HQFRQWUDP�
WRWDOPHQWH�DJORPHUDGRV���F���.R�H�FRODERUDGRUHV��������GHPRQVWUDP�HP�VHX�WUDEDOKR�TXH�HVWHV�DJOR�
PHUDGRV�RX�³FOXVWHUV´�PLFURPpWULFRV�VmR�UHVSRQViYHLV�SRU�VLJQL¿FDWLYD�UHGXomR�QDV�SURSULHGDGHV�GH�
QDQRFRPSyVLWRV�EDVHDGRV�HP�QDQRWXERV�GH�FDUERQR�

Figura 1. 0LFURJUD¿DV�GH�0(7�SDUD�PLVWXUDV�GH�QDQRWXERV�GH�FDUERQR�H�3/$�

3.2 reometria de torque

�$�)LJXUD���DSUHVHQWD�RV�UHVXOWDGRV�GD�UHRPHWULD�GH�WRUTXH�SDUD�R�3/$�H�PLVWXUDV�GH�3/$�FRP�
GLIHUHQWHV�TXDQWLGDGHV�GH�H[WHQVRU�GH�FDGHLD��e�SRVVtYHO�YHUL¿FDU�DWUDYpV�GD�PHVPD�TXH��D�PLVWXUD�FRP�
GH�3/$�FRP����GH�H[WHQVRU�GH�FDGHLD�DSUHVHQWD�PDLRUHV�YDORUHV�GH�WRUTXH�HP�UHODomR�DRV�GHPDLV�PD�
WHULDLV��&RPR�HVWH�DXPHQWR�QR�WRUTXH�HVWi�GLUHWDPHQWH�DVVRFLDGR�DR�DXPHQWR�GD�YLVFRVLGDGH�R�PHVPR�
VHUYH�WDPEpP�FRPR�SDUkPHWUR�SDUD�PHGLU�D��H¿FLrQFLD�GH�DomR�GR�DGLWLYR��'HVWD�PDQHLUD��HVWLPD�VH�TXH�
D�PLVWXUD�GH�3/$�FRP����GH�H[WHQVRU�GH�FDGHLD�VHUi�D�GH�PDLRU�H¿FLrQFLD�QD�UHGXomR�GH�PRELOLGDGH�GRV�
QDQRWXERV�GH�FDUERQR�GLVSHUVRV�QD�PDWUL]�GH�SROL�iFLGR�OiWLFR���LPSHGLQGR�D�VXD�DJORPHUDomR�
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Figura 2. 5HRPHWULD�GH�WRUTXH�SDUD�R�3/$�H�PLVWXUDV�GH�3/$�FRP�H[WHQVRU�GH�FDGHLD�

3.3 calorimetria exploratória diferencial 

�$�)LJXUD���DSUHVHQWD�RV�UHVXOWDGRV�GH�&DORULPHWULD�([SORUDWyULD�'LIHUHQFLDO�SDUD�R�3/$�H�GL�
IHUHQWHV�PLVWXUDV�FRP�QDQRWXERV�GH�FDUERQR�H�R�H[WHQVRU�GH�FDGHLD��2EVHUYD�VH�TXH�D�WHPSHUDWXUD�GH�
WUDQVLomR�YtWUHD��7J��QmR�VH�PRGL¿FD�FRP�D�DGLomR�GH�QDQRWXERV�GH�FDUERQR�H��RX�H[WHQVRUHV�GH�FDGHLD��
RFRUUHQGR� HP� WRUQR� GH� ��o&��9HUL¿FD�VH� DLQGD� TXH� D� WHPSHUDWXUD� GH� FULVWDOL]DomR� GR�3/$� ���o&�� p�
UHGX]LGD� �QD�SUHVHQoD�GH�0:17&�SDUD���o&��VXJHULQGR�XPD�DWLYLGDGH�GH�QXFOHDomR� ORFDOL]DGD�QRV�
DJORPHUDGRV�GH�QDQRWXERV��(VWD�DWLYLGDGH�GH�QXFOHDomR�p�DPHQL]DGD�QD�PLVWXUD�GH�3/$��QDQRWXERV�GH�
FDGHLD�H�H[WHQVRU�GH�FDGHLD��VXJHULQGR�TXH�RV�DJORPHUDGRV�UHVSRQViYHLV�SHOR�HIHLWR�FULVWDOL]DQWH�SRGHP�
HVWDU�SUHVHQWHV�HP�PHQRU�TXDQWLGDGH��2�SRQWR�GH�IXVmR�RFRUUH�D����o&�SDUD�WRGDV�DV�PLVWXUDV��SRUpP�
D�HQWDOSLD�GH�IXVmR�p�PDLRU�QD�PLVWXUD�GH�3/$��QDQRWXERV�GH�FDUERQR�H�H[WHQVRU�GH�FDGHLD�VXJHULQGR�
PR¿¿FDo}HV�HVWUXWXUDLV�HP�UHODomR�DR�3/$�SXUR�H�PLVWXUDV�GH�3/$�0:17&�RX�3/$�(;7�
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Figura 3. 0HGLGDV�GH�'6&�SDUD�PLVWXUDV�GH�3/$��H[WHQVRU�GH�FDGHLD��(;7��H�QDQRWXER�GH�FDUERQR��0:17&���

4 concluSÃo

2�FLVDOKDPHQWR�UHVXOWDQWH�GR�SURFHVVDPHQWR�HP�H[WUXVRUD�GR�QDQRFRPSyVLWR�3/$�FRP����GH���
GH�QDQRWXERV�GH�FDUERQR�H�SROL�iFLGR�OiWLFR���QmR�p�VX¿FLHQWH�SDUD�GLVSHUVDU�WRWDOPHQWH�RV�QDQRWXERV�GH�
FDUERQR��RFRUUHQGR�D�SUHVHQoD�GH�³FOXVWHUV´�PLFURPpWULFRV�

$�PLVWXUD�GH�3/$�FRP����GH�GH�H[WHQVRU�GH�FDGHLD�DSUHVHQWRX�QD�UHRPHWULD�GH�WRUTXH�RV�UHVXO�
WDGRV�PDLV�SURPLVVRUHV�SDUD�D�PHOKRULD�GD�GLVSHUVmR�GH�QDQRWXERV�GH�FDUERQR�QD�PDWUL]�GH�3/$�

2V�UHVXOWDGRV�GH�'6&�VXJHUHP�PXGDQoDV�HVWUXWXUDLV�QDV�PLVWXUD�GH�3/$��H[WHQVRU�GH�FDGHLD�H�
QDQRWXER�GH�FDUERQR�HP�UHODomR�DR�3/$�SXUR�H�PLVWXUD�GH�3/$�VRPHQWH�FRP�QDQRWXERV�GH�FDUERQR�

1RYDV�LQYHVWLJDo}HV�GDUmR�FRQWLQXLGDGH�DR�WUDEDOKR��DYDOLDQGR�D�HIHWLYLGDGH�GD�GLVSHUVmR��GD�
PLVWXUD�GH�3/$���0:17&��(;7�HP�H[WUXVRUD�DWUDYpV�GD�0LFURVFRSLD�(OHWU{QLFD�GH�7UDQVPLVVmR�H�GD�
DYDOLDomR�GH�SURSULHGDGHV�PHFkQLFDV��HOpWULFDV�H�WpUPLFDV�

AGrAdecimentoS

2V�SHVTXLVDGRUHV�DJUDGHFHP�D�&DSHV�SHOR�¿QDQFLDPHQWR�H�GLVSRQLELOL]DomR�GD�EROVD�GH�SyV�
GRXWRUDGR�DR�DXWRU�:DJQHU�0DXUtFLR�3DFKHNRVNL��UHIHUHQWH�DR�SURMHWR���������LQWLWXODGR�³$YDOLDomR�H�
LPSDFWRV�GD�QDQRWHFQRORJLD�QR�DJURQHJyFLR´�

reFerÊnciAS

%(57+2/',��-��³1DQRFRPSyVLWRV�GH�3//$�FRP�QDQRWXERV�GH�FDUERQR��SURSULHGDGHV�PHFkQLFDV��WUL�
EROyJLFDV�H�WpUPLFDV��'LVVHUWDomR�GH�PHVWUDGR���8'(6&�������

�)5(:(5��/�-��125'(��:���),6&+(5��$�5�+��.$03(56��)�:�+��1DQRWHFKQRORJ\�LQ�WKH�DJUL�IRRG�
VHFWRU��:LOH\�	�6RQV�����������S�

.2��)���*2*276,��<����$/,��$���1$*8,%��1���<(��+���<$1*��*��$GYDQFHG�0DWHULDOV���������������
S������±������

0,77$/��9��1DQRFRPSRVLWHV�ZLWK�ELRGHJUDGDEOH�SRO\PHUV��V\QWKHVLV��SURSHUWLHV�DQG�IXWXUH�SHUVSHFWL�
YHV�2[IRUG�6FKRODUVKLS�2QOLQH�������

626(5��1���.2.,1,��-�/���1DQRWHFKQRORJ\�DQG�LWV�DSSOLFDWLRQV�LQ�WKH�IRRG�VHFWRU��7UHQGV�LQ�%LRWHFK�
QRORJ\�����������������S��������

9(/$6&2�6$1726��&����0$57,1(=�+(51$1'(=��$�/���&$67$12��9�0��&RPSRVLWH�,QWHUIDFHV��
����������������S����±����

;8��-��=���&+(1��7���<$1*��&��/8��(7�$/��,VRWKHUPDO�&U\VWDOOL]DWLRQ�RI�3RO\���/���ODFWLGH���,QGXFHG�E\�
*UDSKHQH�1DQRVKHHWV�DQG�&DUERQ�1DQRWXEHV���$�&RPSDUDWLYH�6WXG\��0DFURPROHFXOHV���S�������������
�����
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&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
2�LQWHUHVVH�GRV�SHVTXLVDGRUHV�SHOD�HODERUDomR�GH�¿OPHV�GH�TXLWRVDQD�YHP�FUHVFHQGR�GH�IRUPD�H[SR�
QHQFLDO�QR�PHLR�FLHQWL¿FR��JUDoDV�DV�VXDV�H[FHOHQWHV�SURSULHGDGHV�GH�EDUUHLUD�H�PHFkQLFD��'D�PHVPD�
IRUPD�R�DXPHQWR�GR�HVWXGR�GD�LQFRUSRUDomR�GH�ELRQDQRFRPSyVLWRV�D�HVVHV�¿OPHV�RFRUUH�GH�IRUPD�YHU�
WLJLQRVD��2V�¿OPHV�GH�TXLWRVDQD�DFUHVFLGRV�GH�QDQR¿EUDV�GH�HXFDOLSWR�IRUDP�DQDOLVDGRV�TXDQWR�j�FRU�H�j�
HVSHVVXUD��D�¿P�GH�DYDOLDU�SRVVtYHLV�LQWHUIHUrQFLDV�D�DGLomR�GH�QDQR¿EUDV��2V�¿OPHV�IRUDP�REWLGRV�SHOR�
³SURFHVVR�FDVWLQJ´�H�FRQVWDWRX�VH�TXH�D�SUHVHQoD�GH�QDQR¿EUDV�QmR�D�SUHMXGLFRX�D�WUDQVSDUrQFLD�GRV�
¿OPHV�H�D�HVSHVVXUD�GRV�¿OPHV�
Palavras-chave��4XLWRVDQD��1DQR¿EUDV��&HOXORVH��(XFDOLSWR�

microFibrillAted celluloSe nAnoFiberS From eucAlYPt wood: APPlicA-
tion in quitoSAn FilmS
Abstract
7KH�LQWHUHVW�RI�UHVHDUFKHUV�IRU�WKH�SUHSDUDWLRQ�RI�FKLWRVDQ�¿OPV�KDV�JURZQ�H[SRQHQWLDOO\�LQ�WKH�VFLHQ�
WL¿F�HQYLURQPHQW�� WKDQNV� WR� LWV�H[FHOOHQW�EDUULHU�SURSHUWLHV�DQG�PHFKDQLFDO��6LPLODUO\� WKH� LQFUHDVH� LQ�
ELRQDQRFRPSRVLWHV�VWXG\�WKH�LQFRUSRUDWLRQ�RI�WKHVH�¿OPV�LV�VWHHSO\��)LOPV�RI�FKLWRVDQ�QDQR¿EHUV�SOXV�
HXFDO\SWXV�ZHUH�DQDO\]HG�IRU�FRORU�DQG�WKLFNQHVV�LQ�RUGHU�WR�HYDOXDWH�SRVVLEOH�LQWHUIHUHQFH�WKH�DGGLWLRQ�
RI�QDQR¿EHUV��7KH�¿OPV�ZHUH�REWDLQHG�E\�³FDVWLQJ�SURFHVV´�DQG�LW�ZDV�IRXQG�WKDW�WKH�SUHVHQFH�RI�QDQR�
¿EHUV�QRW�KLQGHUHG�WUDQVSDUHQF\�RI�WKH�¿OPV�DQG�WKH�WKLFNQHVV�RI�WKH�¿OPV�
Keywords��&KLWRVDQ��1DQR¿EHUV��&HOOXORVH��(XFDO\SWXV��

1 introduÇÃo

O interesse por ELRQDQRFRPSyVLWR�QD�iUHD�GH�DOLPHQWRV�YHP�FUHVFHQGR�FRQVLGHUDYHOPHQWH�
QDV� ~OWLPDV�GpFDGDV��2�XVR�GH�ELRPDWHULDLV� SRGH� VHU� H[SOLFDGR� WDQWR�SRU� DVSHFWRV� DPELHQWDLV� H�
H[LJrQFLDV�GRV�FRQVXPLGRUHV�RX�SHOD�QHFHVVLGDGH�GH�VH�FULDU�IRQWHV�DOWHUQDWLYDV�TXH�IRUQHoDP�YD�
ORU�DJUHJDGR�j�PDWpULD�SULPD�¿QDO��2V�ELRSROtPHURV��FRPR�DOWHUQDWLYD��YrP�WUD]HQGR�QmR�Vy�ERQV�
UHVXOWDGRV�GR�SRQWR�GH�YLVWD�FLHQWt¿FR��FRPR�YrP�DWHQGHQGR�D�GLYHUVDV�GHPDQGDV�GR�PHUFDGR�DWXDO�
�:8�HW�DO����������

$�PLVWXUD�ItVLFD�GH�GRLV�RX�PDLV�SROtPHURV�VHP�TXH�KDMD�UHDomR�TXtPLFD�HQWUH�RV�FRPSRQHQWHV�
p�FKDPDGD�GH�EOHQGD�SROLPpULFD��&$1(9$52/2���������9iULRV�HVWXGRV�FRP�EOHQGDV�VmR�UHDOL]DGRV�
FRP�R�REMHWLYR�GH�PHOKRUDU�DV�SURSULHGDGHV�ItVLFDV�GRV�PDWHULDLV�SROLPpULFRV��2XWUDV�DSOLFDo}HV�WrP�
HIHLWRV�LQGLUHWRV��XPD�YH]�TXH�PHOKRUDP�R�GHVHPSHQKR�GRV�PDWHULDLV��HVSHFLDOPHQWH�DV�SURSULHGDGHV�
PHFkQLFDV�H�GH�EDUUHLUD���DXPHQWDQGR�R�JUDX�GH�SURWHomR�FRQIHULGR�SHOR�VLVWHPD�GH�HPEDODJHP��e�R�
FDVR� GDV� DSOLFDo}HV� TXH� HQYROYHP�PDWHULDLV� GH� UHIRUoR� QDQRPpWULFRV�� HVSHFLDOPHQWH� LQGLFDGRV� SDUD�
PHOKRUDU�R�GHVHPSHQKR�ItVLFR�PHFkQLFR�GH�¿OPHV�ELRGHJUDGiYHLV�H�RX�FRPHVWtYHLV��FRQWULEXLQGR�SDUD�
D�XWLOL]DomR�GH�PDWHULDLV�GH�HPEDODJHP�DPELHQWDOPHQWH�FRUUHWRV��$=(5('2�HW�DO��������

e�GHVHMiYHO�TXH�RV�¿OPHV�H�FREHUWXUDV�FRPHVWtYHLV�DSUHVHQWHP�SURSULHGDGHV�VHQVRULDLV�QHXWUDV��
RX�VHMD��QmR�PRGL¿TXHP�R�RGRU�H�VDERU�GR�DOLPHQWR�TXH�UHYHVWHP�H�VHMDP�WUDQVSDUHQWHV�SURPRYHQGR�
PHOKRULDV�QD�DSDUrQFLD�GD�VXSHUItFLH�FRQIHULQGR�OKH�PDLV�EULOKR�H�UHGXomR�GD�YLVFRVLGDGH�VHP��QR�HQ�
WDQWR�PRGL¿FDU�VXDV�SURSULHGDGHV��*$5&,$��0$57,12��=$5,7=.<��������

3RUWDQWR��R�REMHWLYR�GHVWH�WUDEDOKR�IRL�HVWXGDU�R�HIHLWR�GD�DGLomR�GH�GLIHUHQWHV�FRQWH~GRV�GH�QD�
QR¿EUDV�FHOXOyVLFDV�GH�HXFDOLSWR�HP�¿OPHV�FRP�GLIHUHQWHV�FRQFHQWUDo}HV�GH�TXLWRVDQD�DYDOLDQGR�D�FRU�
H�D�HVSHVVXUD�GR�¿OPH�
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2 mAteriAiS e métodoS

2.1 3UHSDUDomR�GRV�¿OPHV�SROLPpULFRV

3DUD�HODERUDomR�GRV�¿OPHV�GH�TXLWRVDQD�IRL�XWLOL]DGD�D�PDWpULD�SULPD�GD�HPSUHVD�3RO\PDU�,QG��
&RP��,PSRUWDomR�H�([SRUWDomR�/7'$��2�SUHSDUR�GRV�¿OPHV�IRL�UHDOL]DGR�SHOD�GLVSHUVmR�GH��J�H��J�GH�
TXLWRVDQD�HP�����PO�GH�iFLGR�DFpWLFR����Y�Y��$�VROXomR�IRL�PDQWLGD�HP�DJLWDomR�FRQVWDQWH�GXUDQWH����
KRUDV��3RVWHULRUPHQWH����PO�GH�FDGD�FRQFHQWUDomR�����H����GH�TXLWRVDQD��IRUDP�FRORFDGDV�XQLIRUPH�
PHQWH�HP�SODFDV�GH�3HWUL��FDVWLQJ��SDUD�VHFDJHP�HP�WHPSHUDWXUD�DPELHQWH�GXUDQWH����KRUDV�

&RP�RV�¿OPHV�GH�TXLWRVDQD�Mi�SURQWRV�DGLFLRQRX�VH�DV�QDQR¿EUDV�REWLGDV�SRU�XP�GHV¿EULODGRU�
PHFkQLFR��*ULQGHU�VXSHUPDVVFRORLGHU�0.&$�����0$68.2�6$1*<28�&R���/WGD���FRP�YHORFLGDGH�
GH�WUDEDOKR�GH������USP�H�FRUUHQWH�HOpWULFD�GH��$��$�VXVSHQVmR�GH�QDQR¿EUDV�HP�DVSHFWR�JHODWLQRVR�IRL�
REWLGD�DSyV����SDVVDJHQV�SHOR�PRLQKR��FROHWDGDV�H�DUPD]HQDGDV�HP�DPELHQWH�UHVIULDGR��&RP�D�DMXGD�GH�
XP�XOWUDVVRP�IRUDP�LQFRUSRUDGRV����H����GH�QDQR¿EUD�DRV�¿OPHV�GH����H����GH�TXLWRVDQD�GXUDQWH���
KRUD��HP�VHJXLGD�IRUDP�DV�VROXo}HV�¿OPRJrQLFDV�IRUDP�YHUWLGDV�FRP�R�PHVPR�YROXPH�DQWHULRU��FDVWLQJ��
HP�SODFDV�GH�3HWUL�H�PDQWLGDV�D�WHPSHUDWXUD�DPELHQWH�SRU����KRUDV�SDUD�VHFDJHP�

2.2 3URSULHGDGH�ySWLFD�GRV�¿OPHV�SROLPpULFRV��HVSHFWURVFRSLD�GH�FRU

2V�¿OPHV�IRUDP�VXEPHWLGRV�j�DQiOLVH�GH�FRU��DV�TXDLV�IRUDP�UHDOL]DGDV�QR�HVSHFWURIRW{PHWUR�GH�
FRU��.RQLFD�0LQROWD��&0�����FRP�kQJXOR�GH�REVHUYDomR�����H�LOXPLQDQWH�'���SDUD�REWHU�DV�FRRUGHQDGDV�
/DE��/� �OXPLQRVLGDGH��IDL[D�GH����SUHWR��D������EUDQFR���SDUkPHWUR�D� �YDULDomR�QR�HL[R�YHUGH�
YHUPHOKR���D�D��H�R�SDUkPHWUR�E �YDULDomR�QR�HL[R�D]XO�DPDUHOR���E�E��

2.3 espessura(mm)

$�HVSHVVXUD�GDV�DPRVWUDV�IRL�PHGLGD�FRP�R�DX[tOLR�GH�XP�PLFU{PHWUR�GH�PmR��0,7872<2�
���������FRP�GLYLV}HV�GH������PP��$�PHGLGD�GH�HVSHVVXUD�XWLOL]DGD�IRL�XPD�PpGLD�GH���PHGLGDV�WRPD�
GDV�DOHDWRULDPHQWH�HP�YiULRV�SRQWRV�GR�¿OPHV�

3 reSultAdoS e diScuSSÃo

8PD�GDV�FDUDFWHUtVWLFDV�PDLV�LPSRUWDQWH�QD�HVFROKD�GH�XP�¿OPH�p�TXH�R�PHVPR�VHMD�R�PDLV�LQ�
FRORU�SRVVtYHO��SHUPLWLQGR�DVVLP��PDLRU�YLVXDOL]DomR�GR�DOLPHQWR�UHYHVWLGR��'Dt�D�UHOHYkQFLD�HP�DQDOLVDU�
RV�GDGRV�GH�FRU�REWLGRV�QHVVDV�IRUPXODo}HV��2V�GDGRV�FROHWDGRV�H�UHVXOWDGRV�REWLGRV�SRU�PHLR�GD�DQiOLVH�
GH�FRU�XWLOL]DQGR�R�HVSHFWURIRW{PHWUR�HVWmR�UHSUHVHQWDGRV�QD�7DEHOD���

tabela 1. 9DORUHV�PpGLRV�GRV�SDUkPHWURV�GH�FRU�SDUD�¿OPHV�FRP����H����GH�TXLWRVDQD�UHIRUoDGRV�FRP�
GLIHUHQWHV�FRQWH~GRV�GH�QDQR¿EUDV

&RQFHQWUDomR�
de quitosana

���GH�QDQR¿EUD ���GH�QDQR¿EUD ���GH�QDQR¿EUD

l* a* b* l* a* b* l* a* b*
�� �����a ����a ����a ������ ����a ����a ������ ����a ����a

�� �����b ����a ����a �����b ����a ����a �����b ����a ����a

L (luminosidade) 0=preto e 100=branco, a (-verde, + vermelho) e b (-azul, +amarelo), seguindo a metodologia de Ghoparde et 
al. (1995). Os números seguidos da mesma letra em uma mesma coluna não diferem-se estatisticamente entre si pelo teste de 

7XNH\�D����GH�VLJQL¿FkQFLD��

2V�¿OPHV�DSUHVHQWDUDP�YDORUHV�PpGLRV�GH�/DE�TXH�LQGLFDP�UHODWLYDPHQWH�XPD�DOWD�OXPLQR�
VLGDGH�QRV�¿OPHV�HODERUDGRV��3HOR�WHVWH�GH�PpGLD�DSOLFDGR�DRV�GDGRV�SHUFHEH�VH�TXH�D�FRQFHQWUDomR�GH�
TXLWRVDQD�p�D�PDLRU�LQÀXHQFLDGRU�GD�FRORUDomR��GLPLQXLomR�GH�/���RX�VHMD��¿OPHV�FRP�PDLRU�FRQFHQWUD�
omR�GH�TXLWRVDQD�DSUHVHQWDP�FRORUDomR�PDLV�HVFXUD��-i�D�DGLomR�GH�QDQR¿EUD�SDUHFH�QmR�WHU�LQWHUIHULGR�
VLJQL¿FDWLYDPHQWH�QD�FRORUDomR�GRV�¿OPHV��2V�GHPDLV�SDUkPHWURV�GH�FRU��D�H�R�E��QmR�VRIUDP�PRGL¿�
FDo}HV�VLJQL¿FDWLYDV�DR�DXPHQWR�GH�QHQKXP�GRV�GRLV�FRPSRQHQWHV�GR�¿OPH�

2XWUR�TXHVLWR�LPSRUWDQWH�SDUD�GHWHUPLQDU�D�TXDOLGDGH�GH�XP�¿OPH�p�D�VXD�HVSHVVXUD��9iULRV�DX�
WRUHV�HQFRQWUDP�UHVSRVWD�SRVLWLYD�DR�DXPHQWR�GR�¿OPH��SRUHP�p�LPSRUWDQWH�VDOLHQWDU�TXH�¿OPHV�HVSHVVRV�
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VmR�IDFLOPHQWH�GHWHFWDGRV�SHOR�SDODGDU�KXPDQR��2V�GDGRV�REVHUYDGRV�QHVVH�HVWXGR�HVWmR�FRQWLGRV�QD�
Tabela 2.

(VSHVVXUD� GRV�¿OPHV� FRP����H� ���GH�TXLWRVDQD� DFUHVFLGRV� GH� GLIHUHQWHV� FRQFHQWUDo}HV� GH�
QDQR¿EUD�

tabela 2. 9DORUHV�PpGLRV�GD�HVSHVVXUD�SDUD�¿OPHV�FRP����H����GH�TXLWRVDQD�UHIRUoDGRV�FRP�GLIHUHQWHV�
FRQWH~GRV�GH�QDQR¿EUDV

&RQFHQWUDomR�GH�
quitosana

���GH�QDQR¿EUD ���GH�QDQR¿EUD ���GH�QDQR¿EUD

�� �����a �����b �����b

�� ����a �����b �����b

  Os números seguidos da mesma letra em uma mesma linha não diferem-se estatisticamente entre si pelo teste de Tukey a 5% 
GH�VLJQLILFkQFLD�

O�UHVXOWDGR�HQFRQWUDGR�QHVVH�WUDEDOKR�YDL�GH�HQFRQWUR�FRP�RXWURV�UHODWDGRV�QD�OLWHUDWXUD��6DEH�
VH�TXH�D�SULQFLSDO�XWLOL]DomR�GDV�QDQR¿EUDV�HP�UHYHVWLPHQWRV�FRPHVWtYHLV�VH�Gi�SHOD�VXD�FDSDFLGDGH�GH�
PHOKRUDU�DV�SURSULHGDGHV�PHFkQLFDV�QR�¿OPH��1RWD�VH�TXH�D�DGLomR�GH�QDQR¿EUDV�LQWHUIHUH�GLUHWDPHQWH�
no valor do atributo analisado.

2�DXPHQWR�GD�HVSHVVXUD�SRGH�VHU�H[SOLFDGR�SRU�XP�HIHLWR�GHVFULWR�SRU�+(/%(57�HW��DO��������
QR�TXDO�DOpP�GD�JHRPHWULD�H�GD�ULJLGH]�GD�QDQR¿EUD��Ki�WDPEpP�D�IRUPDomR�GH�XPD�UHGH�GH�QDQRIULEUDV�
QD�PDWUL]�SROLPpULFD��OLJDGDV�HQWUH�VL�SURYDYHOPHQWH�SRU�SRQWHV�GH�KLGURJrQLR�

$OpP�GRV�HIHLWRV�GDV�QDQR¿EUDV�SRU�VL�Vy��D�LQWHUIDFH�TXH�FLUFXQGD�FDGD�QDQR�HVWUXWXUD�DIHWD�
WDPEpP�DV�SURSULHGDGHV�GR�PDWHULDO��Mi�TXH�p�XPD�UHJLmR�GH�SRVVLELOLGDGH�GH�FRQWDWR�H�DGHVmR�FRP�D�
PDWUL]��4,$2��%5,1621���������3DUD�XP�PHVPR�WHRU�GH�QDQRSDUWtFXODV��XPD�UHGXomR�QDV�GLPHQV}HV�
GH�FDGD�SDUWtFXOD�DXPHQWD�VHX�Q~PHUR�H�VXD�iUHD�VXSHU¿FLDO�HVSHFt¿FD��IDYRUHFHQGR�DVVLP�R�HIHLWR�GH�
UHIRUoR�H�D�HVSHVVXUD�GR�¿OPH��-25'$1�HW�DO���������

4 concluSÃo

&RQFOXL�VH�TXH�D�SUHVHQoD�GH�QDQR¿EUDV�QmR�PRGL¿FRX�R�DVSHFWR�YLVXDO�GRV�¿OPHV�QR�TXH�GL]�
UHVSHLWR�D�VXD�FRORUDomR��Mi�D�HVSHVVXUD�GRV�¿OPHV�IRL�GLUHWDPHQWH�LQÀXHQFLDGD�SHOD�VXD�DGLomR��$�TXL�
WRVDQD�SRU�VXD�YH]�GHPRQVWURX�DOWHUDU�DSHQDV�D�FRU�GR�¿OPH��PDQWHQGR�D�HVSHVVXUD�PHVPR�QD�PDLRU�
FRQFHQWUDomR��$PERV� RV� ¿OPHV� DSUHVHQWDUDP�VH� FRPR� H[FHOHQWHV� DOWHUQDWLYDV� SDUD� UHYHVWLPHQWR� HP�
DOLPHQWRV��2XWURV�WHVWHV�GHYHUmR�VHU�UHDOL]DGRV�D�¿P�GH�JDUDQWLU�DV�SURSULHGDGHV�H�D�DSOLFDELOLGDGH�GRV�
¿OPHV�DQDOLVDGRV�

AGrAdecimentoS

8)/$��)$3(0,*��&13T�H�&$3(6�SHOR�DSRLR�¿QDQFHLUR��

reFerÊnciAS

&$1(9$52/2�-5��6��9��&LrQFLD�GRV�SROtPHURV��6mR�&DUORV��$UWOLEHU�(GLWRUD��S���������������������

*$5&Ë$��0��$��0$57,12��0��1��=$5,7=.<��1��(��6WDUFK�%DVHG�&RDWLQJV��(ìHFW�RQ�5HIULJHUDWHG�
6WUDZEHUU\��)UDJDULD�DQDQDVVD��4XDOLW\��-RXUQDO�RI�6FLHQFH�DQG�)RRG�$JULFXOWXUDO��Y������S�����������
�����

+(/%(57�:��&$9$,//e�&�<�'8)5(61(�$�7KHUPRSODVWLF� QDQRFRPSRVLWHV�¿OLG�ZLWK�ZKHDW� VWUDZ�
FHOOXORVH�ZKLVNHUV�3DUW� ,�SURFHVVLQJ� DQG�PHFKDQLFDO� EHKDYLRU�� 3RO\PHU� &RPSRVLWHV�%URRN¿HOG�Y�����
Q����S��������������

-25'$1��-���-$&2%��.��,���7$11(1%$80��5���6+$5$)��0��$���-$6,8.��,��([SHULPHQWDO�WUHQGV�
LQ�SRO\PHU�QDQRFRPSRVLWHV��D�UHYLHZ��0DWHULDOV�6FLHQFH�	�(QJLQHHULQJ�$��/DXVDQQH��Y�������Q�������S��
�����������
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4,$2��5���%5,1621��/��&��6LPXODWLRQ�RI�LQWHUSKDVH�SHUFRODWLRQ�DQG�JUDGLHQWV�LQ�SRO\PHU�QDQRFRPSR�
VLWHV��&RPSRVLWHV�6FLHQFH�DQG�7HFKQRORJ\��%DUNLQJ��Y������Q�������S����������������

:8��<���:(//(5��&��/���+$028=��)���&833(7��6��/���6&+1(3)��0��'HYHORSPHQW�

=81,12��6��-���3$5(/0$1��0��$���)5(<7$*��7��/���67(3+(16(1��&��%���.(//(<��'��6���0$�
&.(<��%��(���:22'+286(��/��5���%211(/��(��/��(IIHFW�RI�GLHWDU\�VWUDZEHUU\�SRZGHU�RQ�EORRG�
OLSLGV�DQG�LQÀDPPDWRU\�PDUNHUV�LQ�REHVH�KXPDQ�VXEMHFWV��%ULWLVK�-RXUQDO�RI�1XWULWLRQ��Y�������S������
����������

brAnqueAmento de ráquiS e cAScAS de mAcAÚbA 

(ACROCOmIA ACULEAtA (JAcq.) lodd. ex mArt) viSAndo A 

obtenÇÃo de celuloSe

)iELR�*DOYDQL��*UD]LHOO\�0XQK}HV�6RUULOKD��9LWRU�%UDLW�&DUPRQD��-RVp�0DQRHO�0DUFRQFLQL��
Simone Palma Favaro

1(PEUDSD�3DQWDQDO��28QLYHUVLGDGH�)HGHUDO�GH�0DWR�*URVVR�GR�6XO���(PEUDSD�,QVWUXPHQWDomR��
�(PEUDSD�$JURHQHUJLD�

IDELR�JDOYDQL#HPEUDSD�EU

&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo

2V�HIHLWRV� GR�EUDQTXHDPHQWR�GR� UiTXLV� H� GH� FDVFDV� GH�PDFD~ED�SDUD� D� REWHQomR�GH� FHOXORVH� IRUDP�
DYDOLDGRV�QHVWH�WUDEDOKR��)RL�XWLOL]DGD�XPD�VROXomR�GH�SHUy[LGR�DOFDOLQR�FRP�����GH�FRQFHQWUDomR�GH�
SHUy[LGR�GH�KLGURJrQLR�SDUD�R�SURFHVVR�GH�EUDQTXHDPHQWR��$�FHOXORVH�REWLGD�IRL�FDUDFWHUL]DGD�SRU�7*��
H�0(9��$V�DPRVWUDV�EUDQTXHDGDV�DSUHVHQWDUDP�HVWDELOLGDGH�WpUPLFD�����PDLRU�H�PDLRU�H[SRVLomR�GDV�
PLFUR¿EULODV�GHYLGR�j�H¿FLrQFLD�GRV�SURFHVVRV�QD�UHWLUDGD�GH�KHPLFHOXORVH�H�OLJQLQD�
Palavras-chave��)LEUDV�QDWXUDLV��FHOXORVH��FDUDFWHUL]DomR�HVWUXWXUDO��PDFD~ED�

Abstract

7KH�HIIHFWV�RI�EOHDFKLQJ� UDFKLV� DQG� VKHOOV�PDFD~ED� IRU�REWDLQLQJ�FHOOXORVH�ZHUH� LQYHVWLJDWHG� LQ� WKLV�
VWXG\��$� VROXWLRQ� RI� DONDOLQH� SHUR[LGH� DW� ���� FRQFHQWUDWLRQ� RI� K\GURJHQ� SHUR[LGH� WR� WKH� EOHDFKLQJ�
SURFHVV�ZDV�XVHG��7KH�FHOOXORVH�REWDLQHG�ZDV�FKDUDFWHUL]HG�E\�7*��DQG�6(0��7KH�VDPSOHV�PDWHULDO�
H[KLELWHG�����JUHDWHU�WKHUPDO�VWDELOLW\�DQG�LQFUHDVHG�H[SRVXUH�RI�PLFUR¿EULOV�GXH�WR�WKH�HI¿FLHQF\�RI�
SURFHVVHV�LQ�WKH�UHPRYDO�RI�KHPLFHOOXORVH�DQG�OLJQLQ�
Keywords: 1DWXUDO�¿EHUV; &HOOXORVH; 6WUXFWXUDO�FKDUDFWHUL]DWLRQ��0DFD~ED�

3XEOLFDo}HV�UHODFLRQDGD
&$5021$��9�%���*$/9$1,��)���0$5&21&,1,��-�0���0$77262��/�+�&��%UDQTXHDPHQWR�GH�IROKDV�
GH�JUDYDWD��%UyPHOLD�EDODQVDH���2EWHQomR�H�FDUDFWHUL]DomR�GH�FHOXORVH��,Q��:25.6+23�'$�5('(�'(�
1$127(&12/2*,$�$3/,&$'$�$2�$*521(*Ï&,2�� ���� ������ )RUWDOH]D��$QDLV���� 6mR�&DUORV��
(PEUDSD�,QVWUXPHQWDomR��)RUWDOH]D��(PEUDSD�$JURLQG~VWULD�7URSLFDO��������S����������

1 introduÇÃo

2�%UDVLO� DSUHVHQWD�DEXQGkQFLD�GH�PDWpULDV�SULPDV�YHJHWDLV�FRP�SRWHQFLDO�SDUD�RULJLQDU�SUR�
GXWRV�GH�YDORU�DJUHJDGR��(VVHV�PDWHULDLV�H� VHXV� UHVtGXRV�DJURLQGXVWULDLV� VmR�XPD�H[FHOHQWH� IRQWH�GH�
PDWHULDLV�OLJQRFHOXOyVLFRV���6RX]D�HW�DO����������$�PDFD~ED�RX�ERFDLXYD��Acrocomia aculeata �-DFT���
/RGG���p�XPD�SDOPHLUD�QDWLYD�PXLWR�DEXQGDQWH�QR�3DQWDQDO�GH�0DWR�*URVVR�GR�6XO�� WHP�GHVSHUWDGR�
LQWHUHVVH�VRFLRHFRQ{PLFR�SRU�VXD�DOWD�SURGXWLYLGDGH�HP�yOHR�DOpP�GH�LQ~PHURV�RXWURV�SURGXWRV�SULPi�
ULRV�H�SRWHQFLDOPHQWH�REWLGRV�HP�ELRUUH¿QDULDV��181(6��������3,172���������7HP�VH�YHUL¿FDGR�TXH�
GXUDQWH�R�SURFHVVDPHQWR�GRV�IUXWRV�GD�PDFD~ED�VmR�JHUDGRV�GLIHUHQWHV�UHVtGXRV��GHQWUH�HOHV�R�UiTXLV��
DSyV�D�UHWLUDGD�GRV�IUXWRV�GR�FDFKR�H�D�FDVFD��DSyV�R�GHVSROSDPHQWR�PHFkQLFR��$OPHLGD�HW�DO����������
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2�XVR�GH�SHUy[LGRV�DOFDOLQRV�WHP�VH�PRVWUDGR�H¿FD]�QD�UHWLUDGD�GH�PDWHULDLV�QmR�FHOXOyVLFRV�GH�¿EUDV�
YHJHWDLV�FRPR�JUD[DV��KHPLFHOXORVH��DOpP�GHVWH�WLSR�GH�SURFHVVR�GH�EUDQTXHDPHQWR�VHU�WRWDOPHQWH�OLYUH�
GH�FORUR��&DUPRQD�HW�DO����������1HVWH�VHQWLGR��R�SUHVHQWH�WUDEDOKR�WHYH�SRU�REMHWLYR�DYDOLDU�R�HIHLWR�GR�
EUDQTXHDPHQWR�DOFDOLQR�FRP�SHUy[LGR�GH�KLGURJrQLR�YLVDQGR�D�REWHQomR�H�D�FDUDFWHUL]DomR�GH�FHOXORVH�
HP�GLYHUVRV�VXESURGXWRV�GD�PDFD~ED��UiTXLV��H�FDVFDV��RULXQGRV�GH�GLYHUVDV�HWDSDV�GR�SURFHVVDPHQWR�
GH�H[WUDomR�GH�yOHR�GD�SROSD�

2 mAteriAiS e métodoS

)RUDP�XWLOL]DGRV�UiTXLV��FDVFDV�GH�PDFD~ED��KLGUy[LGR�GH�VyGLR��1D2+��H�SHUy[LGR�GH�KLGUR�
JrQLR��+2O2����YROXPHV���$SyV�DV�UHWLUDGDV�GRV�IUXWRV�GH�PDFD~ED��R�UiTXLV�IRL�PRtGR�HP�WULWXUDGRU�
IRUUDJHLUR�PRGHOR�75)����H�D�FDVFD�IRL�REWLGD�D�SDUWLU�GRV�IUXWRV�VHFRV�GHVSROSDGRV�PHFDQLFDPHQWH�
XWLOL]DQGR�XP�SURWyWLSR�FRP�FDSDFLGDGH�SDUD����NJ�GH�IUXWR�EDWHODGD��&DGD�SDUWH�GD�SODQWD��UiTXLV�H�
FDVFD��IRL�PDUFHUL]DGD�FRP�VROXomR�����1D2+�VRE�DJLWDomR�PHFkQLFD��2�SURGXWR�REWLGR�IRL�¿OWUDGR�HP�
SHQHLUDV�GH����PP��QHXWUDOL]DGR�VHX�S+�H�SRVWHULRUPHQWH�IRL�VXEPHWLGR�D�XP�EUDQTXHDPHQWR�XWLOL]DQGR�
VROXomR�GH�SHUy[LGR�DOFDOLQR������1D2+�P�Y�H�����+2O2�Y�Y��SRU���K�D���

o&��2�UHQGLPHQWR�HP�PDVVD�
GR�WUDWDPHQWR�IRL�FDOFXODGR�FRP�EDVH�QD�GLIHUHQoD�GH�PDVVD�REWLGD�GDV�¿EUDV�EUDQTXHDGDV�DSyV�VHFDJHP�
HP�HVWXID�SRU����K�D���o&��$SyV�R�EUDQTXHDPHQWR�DV�GLYHUVDV�SDUWHV�GD�PDFD~ED�IRUDP�FDUDFWHUL]DGDV�
SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��H�DQDOLVH�WHUPRJUDYLPpWULFD��7*���$V�IRWRPLFURJUD¿DV�
GH�0(9�IRUDP�REWLGDV�HP�XP�PLFURVFySLR�-(2/�PRGHOR�-60������D�����N9�SDUD�DYDOLDomR�GD�PRUIR�
ORJLD�GRV�PDWHULDLV�VXEPHWLGRV�DR�EUDQTXHDPHQWR��$V�7*�IRUDP�UHDOL]DGDV�HP�XP�HTXLSDPHQWR�7*$�
4���� �7$� ,QVWUXPHQW�� D� ��o&�PLQ� HP�DWPRVIHUD� GH� DU� VLQWpWLFR� EXVFDQGR� FRQKHFHU� DV� SURSULHGDGHV�
WpUPLFDV�GRV�PDWHULDLV�HP�HVWXGR�

3 reSultAdoS e diScuSSÃo

2V�EUDQTXHDPHQWRV�GH�FDGD�SDUWH�GD�PDFD~ED�DSUHVHQWDUDP�GLIHUHQWHV�UHQGLPHQWRV�GH�¿EUDV�
EUDQTXHDGDV��)RL�REVHUYDGR�XP�UHQGLPHQWR�GH�������SDUD�FDVFD�H�������SDUD�R�UiTXLV��$�GLIHUHQoD�
QHVWHV�UHVXOWDGRV�SRGHP�HVWDU�UHODFLRQDGRV�GHYLGR�DV�GLIHUHQoDV�QDV�FRQFHQWUDomR�GH�FHOXORVH��KHPLFH�
OXORVH�H�OLJQLQD�TXH�FDGD�PDWHULDO�DSUHVHQWD��1R�WUDEDOKR�UHDOL]DGR�SRU�&DUPRQD�HW�DO���������IRL�DYDOLD�
GR�GRLV�EUDQTXHDPHQWRV�FRP�SHUy[LGR�DOFDOLQR�FRP�FRQFHQWUDo}HV�GH�+2O2�GH����H�����HP�IROKDV�GH�
JUDYDWi��VHQGR�REWLGR�UHQGLPHQWRV�GH�����H������UHVSHFWLYDPHQWH���$V�LPDJHQV�GRV�PDWHULDLV�DQWHV�H�
DSyV�R�EUDQTXHDPHQWR�HQFRQWUDP�VH�QDV�)LJXUDV���H���

Figura 1. $PRVWUDV�GH�UiTXLV�DQWHV��$��H�DSyV��%��R�EUDQTXHDPHQWR��

Figura 2. $PRVWUDV�GH�FDVFDV�DQWHV��$��H�DSyV��%��R�EUDQTXHDPHQWR��
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$V�FXUYDV�GH�7*�'7*�GDV�FDVFDV�H� UiTXLV�GD�PDFD~ED�DQWHV�H�DSyV�R�EUDQTXHDPHQWR�HVWmR�
UHSUHVHQWDGDV�QDV�)LJXUDV���H����
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Figura 3. &XUYDV�GH�7*�'7*�GDV�FDVFDV�GH�PDFD~ED�DQWHV�H�DSyV�EUDQTXHDPHQWR��
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Figura 4. &XUYDV�GH�7*�'7*�GR�UiTXLV�GH�PDFD~ED�DQWHV�H�DSyV�EUDQTXHDPHQWR��

$�HVWDELOLGDGH�WpUPLFD�GRV�PDWHULDLV�HVWi�UHODFLRQDGD�FRP�D�WHPSHUDWXUD�HP�TXH�RV�PDWHULDLV�
FRPHoDP� D� VRIUHU� GHJUDGDomR� �/HVOH\� HW� DO�� �������$WUDYpV� GDV� DQiOLVHV� WHUPRJUDYLPpWULFDV�7*� IRL�
REVHUYDGR�TXH�R�EUDQTXHDPHQWR�GRV�PDWHULDLV�SURPRYHX�XP�DXPHQWR�GD�UHVLVWrQFLD�GD�¿EUD��IDWR�HVWH�
REVHUYDGR�SHOD�PHQRU�SHUGD�GH�PDVVD�FRP�R�DFUpVFLPR�GD�WHPSHUDWXUD��7DPEpP�SRGH�VH�YHUL¿FDU�XP�
DXPHQWR�GD�HVWDELOLGDGH�WpUPLFD�GDV�DPRVWUDV�EUDQTXHDGDV��a���o&��HP�FRPSDUDomR�FRP�DV�DPRVWUDV�
VHP�WUDWDPHQWR��a���o&��FRP�R�DXPHQWR�GD�WHPSHUDWXUD��$V�GLIHUHQoDV�REVHUYDGDV�SRGHP�VHU�H[SOLFD�
GDV�SHOD�UHWLUDGD�GH�KHPLFHOXORVH�H�OLJQLQD�GDV�DPRVWUDV�SURPRYHQGR�DXPHQWR�GD�HVWDELOLGDGH�WpUPLFD��
2V�SLFRV�HYLGHQFLDGRV�QDV�FXUYDV�'7*�GDV�DPRVWUDV�SRGHP�VHU�DVVRFLDGRV��UHVSHFWLYDPHQWH��j�GHJUD�
GDomR�HP�WUrV�HWDSDV�GH�KHPLFHOXORVH��FHOXORVH�H�OLJQLQD��)RL�REVHUYDGR�R�GHVDSDUHFLPHQWR�GH�XP�SLFR�
HP�WHPSHUDWXUDV�DEDL[R�GH�����&�SDUD�R�UiTXLV�H�DEDL[R�GH�����&�UHODFLRQDGR�D�GHSROLPHUL]DomR�GD�
KHPLFHOXORVH�SDUD�DV�FDVFDV�GH�PDFD~ED��7DPEpP�VH�REVHUYD�D�LQWHQVL¿FDomR�GR�SLFR�SUy[LPR�GH�����&�
SDUD�DPEDV�DPRVWUDV�EUDQTXHDGDV�UHODFLRQDGR�j�GHFRPSRVLomR�GD�FHOXORVH�H�XPD�DWHQXDomR�GRV�SLFRV�
GDV�DPRVWUD�SUy[LPR�GH�����&�UHODFLRQDGR�D�GHFRPSRVLomR�GD�OLJQLQD��&DUPRQD�HW�DO��������6RX]D�HW�
DO���������

$V�)LJXUDV���H���DSUHVHQWDP�DV�IRWRPLFURJUD¿DV�GH�0(9�GDV�FDVFDV�H�GR�UiTXLV�UHVSHFWLYDPHQWH��

Figura 5. )RWRPLFURJUD¿DV�GH�0(9�GDV�FDVFDV�GH�PDFD~ED�DQWHV��$��H�DSyV�EUDQTXHDPHQWR��%���
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Figura 6. )RWRPLFURJUD¿DV�GH�0(9�GR�UiTXLV�GH�PDFD~ED�DQWHV��$��H�DSyV�EUDQTXHDPHQWR��%���

3RGH�VH�YHUL¿FDU�TXH�RV�WUDWDPHQWRV�DSUHVHQWDGRV�IRUDP�HIHWLYRV�QD�GHV¿EULODomR�GDV�¿EUDV�GDV�
DPRVWUDV�H�QD�UHWLUDGD�GH�VXEVWDQFLDV�FRPR�OLJQLQD�H�KHPLFHOXORVH�GRV�PDWHULDLV��KDYHQGR�XPD�GLPLQXL�
omR�GDV�GLPHQV}HV�GDV�PHVPDV�H�H[SRQGR�D�VXSHUItFLH�GDV�PLFUR¿EULODV�

4 concluSÃo

)RUDP�XWLOL]DGDV�UiTXLV�H�FDVFDV�GH�PDFD~ED�FRPR�PDWpULD�SULPD�YLVDQGR�D�REWHQomR�GH�FHOX�
ORVH�SRU�XP�SURFHVVR�GH�EUDQTXHDPHQWR�FRP�SHUy[LGR�DOFDOLQR��2�WUDWDPHQWR�IRL�H¿FLHQWH�QD�UHPRomR�
GH�KHPLFHOXORVH�H�OLJQLQD��RULJLQDQGR�PLFUR¿EULODV�FRP�GLkPHWUR�QD�IDL[D�GH���+P�H���+m. Em outra 
HWDSD�GD�SHVTXLVD��FDUDFWHUL]Do}HV�FRP�D�GLIUDomR�GH�UDLRV�;�SRGHUmR�DX[LOLDU�QD�YHUL¿FDomR�GRV�PDWH�
ULDLV�HVWXGDGRV�FRPR�SRWHQFLDLV�PDWpULDV�SULPDV�SDUD�REWHQomR�GH�QDQRFHOXORVH�
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ProduÇÃo e cArActeriZAÇÃo de nAnoeStruturAS 
ProteicAS FormAdAS Por Į-lActoAlbuminA e liSoZimA 
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&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
1DQRHVWUXWXUDV�SURWHLFDV�VmR�LGHDLV�SDUD�D�HQFDSVXODomR�GH�FRPSRVWRV��SRLV�DSUHVHQWDP�SURSULHGDGHV�
GH�UHVSRVWD�DR�S+�H�RIHUHFH�VtWLRV�UHYHUVtYHLV�SDUD�OLJDomR�H�OLEHUDomR�GH�FRPSRVWRV��(VWH�WUDEDOKR�WHYH�
FRPR�REMHWLYR�SURGX]LU�H�FDUDFWHUL]DU�QDQRHVWUXWXUDV�IRUPDGDV�SHODV�SURWHtQDV�Į�ODFWRDOEXPLQD�H�OLVR]L�
PD��$V�QDQRHVWUXWXUDV�IRUDP�SURGX]LGDV�HP�S+���H�����VRE�DV�WHPSHUDWXUDV����H�����&��$�FDUDFWHUL]DomR�
GDV�HVWUXWXUDV�VHFXQGiULDV�H�WHUFLiULDV�GDV�QDQRHVWUXWXUDV�IRL�UHDOL]DGD�SRU�HVSHFWURVFRSLD�GH�GLFURtVPR�
FLUFXODU�H�GH�ÀXRUHVFrQFLD�LQWUtQVHFD��UHVSHFWLYDPHQWH��$OpP�GLVVR��R�WDPDQKR�GH�SDUWtFXOD�IRL�PHGLGR�
SRU�HVSHFWURVFRSLD�GH�FRUUHODomR�GH�IyWRQV��5HVXOWDGRV�GH�GLFURtVPR�FLUFXODU�H�ÀXRUHVFrQFLD�FRPSUR�
YDUDP�TXH�KRXYH�LQWHUDomR�HQWUH�DV�SURWHtQDV��$�RWLPL]DomR�GDV�FRQGLo}HV�GH�SURGXomR�GDV�QDQRHVWUX�
WXUDV�SRGH�OHYDU�j�IRUPDomR�GH�SDUWtFXODV�FRP�GLYHUVDV�DSOLFDo}HV��FRPR�DXPHQWR�GD�YLVFRVLGDGH�HP�
DOLPHQWRV��IRUPDomR�GH�JpLV�WUDQVSDUHQWHV��IRUPXODomR�GH�LQJUHGLHQWHV�SDUD�HQFDSVXODomR�GH�IiUPDFRV��
vitaminas e compostos bioativos.
Palavras-chave��$XWR�DVVRFLDomR��'LFURtVPR�&LUFXODU��)OXRUHVFrQFLD�

Production And cHArActeriZAtion oF Protein nAnoStructureS Formed 
bY Į-lActAlbumin And lYSoZYme
Abstract
3URWHLQ�QDQRVWUXFWXUHV�DUH�LGHDO�IRU�HQFDSVXODWLQJ�FRPSRXQGV�VLQFH�WKH\�KDYH�WKH�S+�UHVSRQVH�SURSHU�
WLHV�DQG�SURYLGHV�UHYHUVLEOH�VLWHV�IRU�ELQGLQJ�DQG�UHOHDVH�RI�WKH�FRPSRXQGV��7KLV�VWXG\�DLPHG�WR�SURGXFH�
DQG�FKDUDFWHUL]H�QDQRVWUXFWXUHV� IRUPHG�E\�SURWHLQV�Į�ODFWDOEXPLQ�DQG� O\VR]\PH��7KH�QDQRVWUXFWXUHV�
ZHUH�SURGXFHG�DW�S+���DQG����DW����DQG�����&��7KH�FKDUDFWHUL]DWLRQ�RI�WKH�VHFRQGDU\�DQG�WHUWLDU\�VWUXF�
WXUH�RI�WKH�QDQRVWUXFWXUHV�ZDV�SHUIRUPHG�E\�FLUFXODU�GLFKURLVP�VSHFWURVFRS\�DQG�LQWULQVLF�ÀXRUHVFHQFH��
UHVSHFWLYHO\��,Q�DGGLWLRQ��WKH�SDUWLFOH�VL]H�ZDV�PHDVXUHG�E\�SKRWRQ�FRUUHODWLRQ�VSHFWURVFRS\��&LUFXODU�
GLFKURLVP�DQG�ÀXRUHVFHQFH�UHVXOWV�VKRZHG�WKDW�WKHUH�ZDV�LQWHUDFWLRQ�EHWZHHQ�WKH�SURWHLQV��7KH�RSWLPL�
]DWLRQ�RI�WKH�SURGXFWLRQ�FRQGLWLRQV�RI�QDQRVWUXFWXUHV�FDQ�OHDG�WR�WKH�IRUPDWLRQ�RI�SDUWLFOHV�ZLWK�YDULRXV�
DSSOLFDWLRQV�VXFK�DV�YLVFRVLW\� LQFUHDVH� LQ�IRRG��IRUPLQJ�WUDQVSDUHQW�JHOV�� IRUPXODWLQJ�LQJUHGLHQWV�IRU�
HQFDSVXODWLRQ�RI�GUXJV��YLWDPLQV�DQG�ELRDFWLYH�FRPSRXQGV�
.H\ZRUGV��6HOI�DVVHPEO\��&LUFXODU�GLFKURLVP��)OXRUHVFHQFH�

1 introduÇÃo

1DQRSDUWtFXODV�SURWHLFDV�SRGHP�VHU�XWLOL]DGRV�FRPR�WUDQVSRUWDGRUHV�ELRGHJUDGiYHLV�H¿FLHQWHV��
2V�VLVWHPDV�j�EDVH�GH�SURWHtQDV�VmR�EDVWDQWH�SURPLVVRUHV��XPD�YH]�TXH�VmR�ELRGHJUDGiYHLV�H�QmR�DQWL�
JrQLFRV��UHODWLYDPHQWH�IiFHLV�GH�VHUHP�SUHSDUDGRV�H�VXD�GLVWULEXLomR�GH�WDPDQKR�SRGH�VHU�IDFLOPHQWH�
PRQLWRUDGD��5$+,01(-$'��02.+7$5,$1�H�*+$6(0,���������1DQRSDUWtFXODV�SURWHLFDV�SRGHP�
VHU�IRUPDGDV�DWUDYpV�GH�DXWR�DVVRFLDomR�PROHFXODU��TXH�p�XP�SURFHVVR�QR�TXDO�DV�PROpFXODV�IRUPDP�
DJUHJDGRV�RUGHQDGRV�HVSRQWDQHDPHQWH��DWUDYpV�GH�OLJDo}HV�QmR�FRYDOHQWHV��+8��<8�H�<$2���������

(P�VLVWHPDV�DOLPHQWtFLRV��D�DXWR�DVVRFLDomR�SURWHLFD�p�JHUDOPHQWH�LQGX]LGD�SRU�DTXHFLPHQWR�
H��RX�PRGL¿FDomR�GH�S+��$�QRYD�HVWUXWXUD�IRUPDGD�LUi�GH¿QLU�R�SRVVtYHO�XVR�GD�SURWHtQD��VXEVWLWXWR�GH�
JRUGXUD�� HVWDELOL]DGRU� GH� HVSXPD�� JHOL¿FDQWH�� DJHQWH� HVSHVVDQWH�� DJHQWH� HQFDSVXODGRU�� GHQWUH� RXWURV�
�(5$%,7��)/,&.�H�$/9$5(=��������

(VWH�WUDEDOKR�REMHWLYRX�LQYHVWLJDU�R�SRWHQFLDO�GH�LQWHUDomR�HQWUH�DV�SURWHtQDV�Į�ODFWRDOEXPLQD��Į�
OD��H�OLVR]LPD�HP�GLIHUHQWHV�FRQGLo}HV�GH�S+��WHPSHUDWXUD�H�WHPSR�GH�DTXHFLPHQWR��2�HIHLWR�GDV�FRQGLo}HV�
GH�SURFHVVDPHQWR�QD�FRQIRUPDomR�GDV�QDQRHVWUXWXUDV�IRL�DYDOLDGR�SRU�GLFURtVPR�FLUFXODU�H�HVSHFWURVFRSLD�
GH�ÀXRUHVFrQFLD��H�D�GLVWULEXLomR�GH�WDPDQKR�IRL�DYDOLDGD�SRU�HVSHFWURVFRSLD�GH�FRUUHODomR�GH�IyWRQV�
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2 mAteriAiS e métodoS

2.1 3UHSDUDomR�GDV�QDQRHVWUXWXUDV�SURWHLFDV�

)RUDP�SUHSDUDGDV�VROXo}HV�DTXRVDV�GH�Į�/D�H�GH�OLVR]LPD�QD�FRQFHQWUDomR�GH���PJāPO�� sepa�
UDGDPHQWH��(VVDV�VROXo}HV�¿FDUDP�VRE�DJLWDomR�PRGHUDGD�j�WHPSHUDWXUD�DPELHQWH�SRU����PLQXWRV�HP�
DJLWDGRU�PDJQpWLFR��,.$®�5�����$OHPDQKD���(P�VHJXLGD��YROXPHV�GHWHUPLQDGRV�GH�FDGD�VROXomR�IRUDP�
PLVWXUDGRV�SDUD�TXH�DWLQJLVVHP�D�UD]mR�PRODU�HVWHTXLRPpWULFD�GH���������OLVR]LPD�Į�OD���$�PLVWXUD�GDV�
VROXo}HV�GH�SURWHtQDV�IRL�HQWmR�PDQWLGD�VRE�DJLWDomR�SRU����KRUDV�D����&�HP�%�2�'���63�����%�2�'���63�
/DERU��%UDVLO���3RVWHULRUPHQWH��RV�GLIHUHQWHV�YDORUHV�GH�S+�IRUDP�DMXVWDGRV��+,�������+DQQD��86$��FRP�
+&O�����PROā/���H�1D2+�����PROā/���H��HQWmR��RV�VLVWHPDV�IRUPDGRV�IRUDP�VXEPHWLGRV�DRV�UHVSHFWLYRV�
WUDWDPHQWRV�WpUPLFRV��$SyV�R�WUDWDPHQWR�WpUPLFR��RV�VLVWHPDV�IRUDP�FRORFDGRV�HP�EDQKR�GH�JHOR��

2.2 'LVWULEXLomR�GH�WDPDQKR�GH�SDUWtFXOD��GLFURtVPR�FLUFXODU�H�HVSHFWURVFRSLD�GH�ÀXRUHVFrQFLD�

2�WDPDQKR�PpGLR�GDV�SDUWtFXODV�SURWHLFDV�IRL�DYDOLDGR�SRU�HVSHFWURVFRSLD�GH�FRUUHODomR�GH�Iy�
WRQV�XWLOL]DQGR�XP�=HWDVL]HU�1DQR�=6��0DOYHUQ�,QVWUXPHQW��5HLQR�8QLGR���$V�DPRVWUDV�IRUDP�DQDOLVD�
GDV�HP�FXEHWD�UHWDQJXODU�GH�SROLHVWLUHQR��$�LQWHQVLGDGH�HVSDOKDGD�IRL�PHGLGD�VRE�XP�kQJXOR�GH�GHWHFomR�
GH������HP�UHODomR�j�IRQWH�

$�HVWUXWXUD�VHFXQGiULD�GDV�HVWUXWXUDV�SURWHLFDV�GH�Į�OD�H�OLVR]LPD�IRUPDGDV�IRL�DYDOLDGD�SRU�GL�
FURtVPR�FLUFXODU��'&���(VSHFWURV�GH�'&�IRUDP�REWLGRV�FRP�XP�HVSHFWURSRODUtPHWUR�-DVFR�-������-DVFR�
&RUSRUDWLRQ��-DSmR���2V�HVSHFWURV�IRUDP�REWLGRV�XVDQGR�XPD�FXEHWD�GH�TXDUW]R�GH���PP��+HOOPD�$QDO\�
WLFV��$OHPDQKD��H�HP�XPD�IDL[D�GH�FRPSULPHQWR�GH�RQGD�GH���������QP��

&RP�R�REMHWLYR�GH�VH�DYDOLDU�PXGDQoDV�FRQIRUPDFLRQDLV�GDV�QDQRHVWUXWXUDV�SURWHLFDV�IRUPDGDV��
UHDOL]RX�VH�DQiOLVH�GH�ÀXRULPHWULD�XWLOL]DQGR�VH�XP�HVSHFWURÀXRUtPHWUR�.���,66��(8$���$V�DPRVWUDV�
IRUDP�DQDOLVDGDV�HP�FXEHWD�GH�TXDUW]R����PP��+HOOPD�$QDO\WLFV��$OHPDQKD��H�RV�HVSHFWURV�GH�ÀXRUHV�
FrQFLD�IRUDP�UHJLVWUDGRV�QD�UHJLmR�GH�����D�����QP��FRP�FRPSULPHQWR�GH�RQGD�GH�H[FLWDomR�HP�����
QP��7RGDV�DV�DQiOLVHV�IRUDP�UHDOL]DGDV�D����&�

3 reSultAdoS e diScuSSÃo

3.1 'LVWULEXLomR�GH�WDPDQKR�GH�SDUWtFXOD

$�7DEHOD���DSUHVHQWD�DV�FRQGLo}HV�GH�S+��WHPSHUDWXUD�H�WHPSR�GH�DTXHFLPHQWR�XWLOL]DGDV�SDUD�
IRUPDomR�GDV�QDQRHVWUXWXUDV�GH�Į�OD�H�OLVR]LPD��DOpP�GRV�UHVXOWDGRV�GRV�WDPDQKRV�GH�SDUWtFXODV�

tabela 1. 'LVWULEXLomR�GR�WDPDQKR�GDV�QDQRHVWUXWXUDV�SURWHLFDV�IRUPDGDV
ensaios pH temperatura (oc) tempo de 

aquecimento 
(min.)

tamanho (nm)

1 � �� �� ������(�����

2 � �� �� ����(�����

� 11 �� �� ������(�����

� 11 �� �� ������(����

9HUL¿FRX�VH�TXH�SDUD�DV�QDQRHVWUXWXUDV�IRUPDGDV�FRP�R�S+����R�DXPHQWR�GH�WHPSHUDWXUD�RULJL�
QRX�SDUWtFXODV�PDLRUHV��3RU�RXWUR�ODGR��SDUD�R�S+����R�DTXHFLPHQWR�SURYRFRX�GLPLQXLomR�GR�WDPDQKR�
das nanoestruturas.

3DUD�DV�QDQRHVWUXWXUDV�SURWHLFDV�IRUPDGDV�VRE�����&��D�GLIHUHQoD�GH�S+�QmR�FDXVRX�GLIHUHQoDV�
QR�WDPDQKR�GH�SDUWtFXODV��3RUpP��SDUD�D�WHPSHUDWXUD�GH�����&��R�DXPHQWR�GH�S+�SURYRFRX�JUDQGH�GL�
PLQXLomR�QR�WDPDQKR��3KDQ�;XDQ�HW�DO���������WDPEpP�YHUL¿FDUDP�TXH�D�HOHYDomR�GR�S+�IDYRUHFHX�D�
GLPLQXLomR�GH�WDPDQKR�GH�SDUWtFXODV�GH�PLFURJHO�GH�ȕ�ODFWRJOREXOLQD�
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3.2 dicroísmo circular 

$�)LJXUD���PRVWUD�RV�HVSHFWURV�GH�'&�GDV�SURWHtQDV�Į�OD�H�OLVR]LPD�QDWLYDV�H�GDV�QDQRHVWUXWXUDV�
SURWHLFDV��2V�HVSHFWURV�GD�Į�OD�H� OLVR]LPD�QDWLYDV�VmR� WtSLFRV�GH�HVWUXWXUDV�VHFXQGiULDV�Į�KpOLFH�FRP�
SLFRV�QHJDWLYRV�HP�DSUR[LPDGDPHQWH�HP�����QP�H�����QP��HPERUD�D�Į�OD�WHQKD�DSUHVHQWDGR�SLFRV�FRP�
maior intensidade.

2V�HVSHFWURV�GH�'&�PRVWUDP�TXH�KRXYH�LQWHUDomR�HQWUH�DV�SURWHtQDV�H�IRUPDomR�GH�QRYDV�HV�
WUXWXUDV��$V�QDQRHVWUXWXUDV�IRUPDGDV�HP�S+����VRE�DTXHFLPHQWR�GH�����&�DSUHVHQWDUDP�HVSHFWURV�VHP�
SLFRV�GH¿QLGRV��LQGLFDQGR�TXH�R�WUDWDPHQWR�WpUPLFR�OHYRX�j�SHUGD�GH�HVWUXWXUDV�VHFXQGiULDV�UHJXODUHV��
2V�HVSHFWURV�GDV�GHPDLV�QDQRHVWUXWXUDV�DSUHVHQWDUDP�RV�SLFRV�VLPLODUHV�j�Į�OD�H�OLVR]LPD�QDWLYDV��VX�
JHULQGR�D�H[LVWrQFLD�GH�HVWUXWXUDV�VHFXQGiULDV�GR�WLSR�Į�KpOLFH��3RUpP�DV�QDQRHVWUXWXUDV�IRUPDGDV�HP�
S+���DSUHVHQWDUDP�SLFRV�FRP�PDLRU�LQWHQVLGDGH�QHJDWLYD�TXH�DV�SURWHtQDV�QDWLYDV��VXJHULQGR�TXH�QRYDV�
HVWUXWXUDV�VHFXQGiULDV�IRUDP�IRUPDGDV�GXUDQWH�D�DVVRFLDomR�GDV�SURWHtQDV�

Figura 1. (VSHFWURV�GH�'&�GDV�SURWHtQDV�Į�OD�H�OLVR]LPD�QDWLYDV�H�GDV�QDQRHVWUXWXUDV�SURWHLFDV�

3.3 (VSHFWURVFRSLD�GH�ÀXRUHVFrQFLD�

$�)LJXUD���PRVWUD�RV�HVSHFWURV�GH�ÀXRUHVFrQFLD�GDV�QDQRHVWUXWXUDV�SURWHLFDV��9HUL¿FRX�VH�TXH�
DV�QDQRHVWUXWXUDV�IRUPDGDV�HP�S+�����D�����&��SRU����PLQXWRV�DSUHVHQWDUDP�HVSHFWUR�FRP�PDLRU�LQ�
WHQVLGDGH�GH�ÀXRUHVFrQFLD��LQGLFDQGR�TXH�HVWDV�HVWUXWXUDV�DSUHVHQWDP�XP�DPELHQWH�PDLV�DSRODU�SDUD�R�
FURPyIRUR�WULSWRIDQR��$OpP�GLVVR��REVHUYRX�VH�TXH�HQWUH�DV�QDQRHVWUXWXUDV�SURGX]LGDV�HP�S+����DTXHODV�
IRUPDGDV�VRE�WHPSHUDWXUD�GH�����&�DSUHVHQWDUDP�PDLRU�LQWHQVLGDGH�GH�ÀXRUHVFrQFLD�GR�TXH�DV�IRUPDGDV�
D�����&��,VVR�VXJHUH�TXH�HP�S+�PDLV�iFLGR��D�DVVRFLDomR�GDV�SURWHtQDV�HP�XPD�WHPSHUDWXUD�PDLV�DPHQD�
RULJLQD�XP�DPELHQWH�PDLV�DSRODU�SDUD�R�WULSWRIDQR��

Figura 2. (VSHFWURV�GH�ÀXRUHVFrQFLD�GDV�QDQRHVWUXWXUDV�SURWHLFDV�
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4 concluSÃo

Os resultados mostraram que o tamanho das nanoestruturas proteicas pode ser monitorado atra�
YpV�GR�FRQWUROH�GH�S+�H�GD�WHPSHUDWXUD��SRU�PHLR�GH�XP�SURFHVVR�QDWXUDO�H�QmR�Wy[LFR��(VVDV�SURWHtQDV�
SRGHP�VHU�LQJUHGLHQWHV�IXQFLRQDLV�~WHLV�HP�SURFHVVDPHQWR�GH�DOLPHQWRV�RX�SDUD�DSOLFDo}HV�HP�HPEDOD�
JHQV�DWLYDV��(P�S+�HOHYDGR�SRGH�VHU�XVDGR�SDUD�HYLWDU�FUHVFLPHQWR�GH�IXQJRV�H�HP�S+�PHQRU�SRGH�VHU�
XVDGR�SDUD�HYLWDU�R�FUHVFLPHQWR�GH�EDFWpULDV��$�YDULDomR�GH�S+��GH�WHPSHUDWXUD�H�GH�WHPSR�GH�DTXHFL�
PHQWR��HP�FRQGLo}HV�HVSHFt¿FDV��SRGHP�VHU�PRGXODGDV�QD�SUHSDUDomR�GH�SDUWtFXODV�FRP�FDUDFWHUtVWLFDV�
HVSHFt¿FDV�SDUD�DWHQGHU�D�GLYHUVDV�DSOLFDo}HV�

AGrAdecimentoS 

(VWH�HVWXGR�IRL�¿QDQFLDGR�SHOD�&$3(6��&13T�H�)$3(0,*��2V�DXWRUHV�DJUDGHFHP�DR�/DERUD�
WyULR�1DFLRQDO�%UDVLOHLUR�GH�%LRFLrQFLDV��/DERUDWyULR�GH�(VSHFWURVFRSLD�H�&DORULPHWULD��

reFerÊnciAS

(5$%,7��1���)/,&.��'���$/9$5(=��*��)RUPDWLRQ�RI�ȕ�ODFWRJOREXOLQ�DJJUHJDWHV�GXULQJ� WKHUPRPH�
FKDQLFDO�WUHDWPHQWV�XQGHU�FRQWUROOHG�VKHDU�DQG�WHPSHUDWXUH�FRQGLWLRQV��-RXUQDO�RI�)RRG�(QJLQHHULQJ��Y��
�����S����±���������
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&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
$�FDUDFWHUL]DomR�GD�VXSHUItFLH�GR�3+%�H�GH�FRPSyVLWR�GH�3+%�FDVFD�GH�FDIp�SRU�WLWXODomR�VLPSOHV�H�D�
GHWHUPLQDomR�GH�VtWLRV�DWLYRV��EHP�FRPR�R�HVWXGR�GD�FRPSRVLomR�TXtPLFD�DWUDYpV�GD DQiOLVH�HOHPHQ�
WDU�&+16�H�DYDOLDomR�GRV�JUXSRV� IXQFLRQDLV�SRU�HVSHFWURVFRSLD�YLEUDFLRQDO�GH� LQIUDYHUPHOKR� IRUDP�
LQYHVWLJDGRV�QHVWH� WUDEDOKR�FRP�R�REMHWLYR�GH�HVWXGDU� WDLV�PDWHULDLV�TXDQWR�jV�SURSULHGDGHV�GH� WURFD�
FDWL{QLFD�H�TXH�SRGH�WHU�GLYHUVDV�DSOLFDo}HV�LQGXVWULDLV�H�DPELHQWDLV��$�SUHVHQoD�GH�JUXSDPHQWRV�iFL�
GRV��FRQ¿UPDGD�SHOR� WHVWH�GH�GHWHUPLQDomR�GRV�VtWLRV�iFLGRV��FRPELQDGD�j�SUHVHQoD�GH�JUXSDPHQWRV�
DPLQD��GH�FDUiWHU�EiVLFR��VXJHULGRV�SHORV�HVSHFWURV�QD�UHJLmR�GR�LQIUDYHUPHOKR�DSRQWDP�XPD�HVWUXWXUD�
FDSD]�GH�UHDOL]DU�WDQWR�SURWRQDo}HV�GH�tRQV�KLGU{QLR�SHORV�JUXSDPHQWRV�DPLQD�HP�YDORUHV�GH�S+�iFLGRV��
JHUDQGR�XPD�FDUJD�VXSHU¿FLDO�SRVLWLYD�QD�VXSHUItFLH�GD�HVWUXWXUD�SROLPpULFD��$�SUHVHQoD�GH�FDVFDV�GH�
FDIp�FRPR�FRPSyVLWR��TXH��FRQIRUPH�UHSRUWDGR�HP�OLWHUDWXUD��UHYHOD�VH�XP�PDWHULDO�GH�QDWXUH]D�iFLGD�
GHYLGR��SUHGRPLQDQWHPHQWH��j�SUHVHQoD�GH�XPD�VpULH�GH�iFLGRV�FDUER[tOLFRV�H�FRPSRVWRV�IHQyOLFRV�GH�
QDWXUH]D�iFLGD��
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$�FRQFHQWUDomR�GH�QLWURJrQLR�p�EHP�PDLV�DFHQWXDGD�QD�DPRVWUD�GH�FRPSyVLWR�3+%�FDVFD�GH�FDIp�
Palavras-chave��%LRSROtPHUR��5HVtGXRV�DJUtFRODV��*UXSRV�IXQFLRQDLV�

determinAtion oF FunctionAl GrouPS And SiteS oF FAttY PolYHYdroxY-
butYrAte  PHb And PHb comPoSiteS 
Abstract
7KH�VXUIDFH�FKDUDFWHUL]DWLRQ�RI�FRPSRVLWH�3+%�DQG�3+%���FRIIHH�KXVN�E\�VLPSOH�WLWUDWLRQ�DQG�GHWHUPL�
QDWLRQ�RI�DFWLYH�VLWHV�DV�ZHOO�DV�WKH�VWXG\�RI�WKH�FKHPLFDO�FRPSRVLWLRQ�E\�&+16�HOHPHQWDO�DQDO\VLV�DQG�
HYDOXDWLRQ�RI�WKH�IXQFWLRQDO�JURXSV�E\�LQIUDUHG�YLEUDWLRQDO�VSHFWURVFRS\�ZHUH�LQYHVWLJDWHG�LQ�WKLV�ZRUN�
ZLWK�WKH�DLP�RI�VWXG\LQJ�PDWHULDOV�VXFK�DV�WKH�FiWLRQ�H[FKDQJH�SURSHUWLHV�DQG�FDQ�KDYH�PDQ\�LQGXVWULDO�
DQG�HQYLURQPHQWDO�DSSOLFDWLRQV��7KH�SUHVHQFH�RI�DFLGLF�JURXSV��FRQ¿UPHG�E\�WHVWLQJ�IRU�WKH�GHWHUPL�
QDWLRQ�RI�DFLG�VLWHV��FRPELQHG�ZLWK�WKH�SUHVHQFH�RI�DPLQH�JURXSV�RI�EDVLF�FKDUDFWHU��VXJJHVWHG�E\�WKH�
VSHFWUD�LQ�WKH�LQIUDUHG�UHJLRQ�LQGLFDWH�D�VWUXFWXUH�FDSDEOH�RI�SHUIRUPLQJ�ERWK�SURWR�K\GURQLXP�LRQV�IRU�
WKH�DPLQH�JURXSV�LQ�YDOXHV�DFLG�S+��JHQHUDWLQJ�D�SRVLWLYH�VXUIDFH�FKDUJH�RQ�WKH�VXUIDFH�RI�WKH�SRO\PHU�
LF�VWUXFWXUH��7KH�SUHVHQFH�RI�VXFK�FRPSRVLWH�VKHOOV�RI�FRIIHH��ZKLFK��DV�UHSRUWHG�LQ�OLWHUDWXUH��VKRZV�D�
PDWHULDO�DFLGLF�LQ�QDWXUH��GXH�SULPDULO\�WR�WKH�SUHVHQFH�RI�D�VHULHV�RI�FDUER[\OLF�DFLGV�DQG�SKHQROLF�DFLG�
FRPSRXQGV��7KH�QLWURJHQ�FRQFHQWUDWLRQ�LV�PXFK�PRUH�SURQRXQFHG�LQ�WKH�VDPSOH�RI�FRPSRVLWH�3+%���
FRIIHH�KXOOV�
Keywords��%LRSRO\PHU��DJULFXOWXUDO�ZDVWHV��IXQFWLRQDO�JURXSV�

1 introduÇÃo

1D�~OWLPD�GpFDGD��D�LQYHVWLJDomR�FRP�rQIDVH�QR�XVR�GH�UHVtGXRV�FHOXOyVLFR�FRPR�PDWHULDO�GH�
HQFKLPHQWR�WHP�FUHVFLGR�UDSLGDPHQWH��$�HOHYDGD�GLVSRQLELOLGDGH�GH�¿EUDV�OLJQRFHOXOyVLFDV��VRPDGD�j�
QHFHVVLGDGH�GH�XPD�IRQWH�UHQRYiYHO�SDUD�D�SURGXomR�GH�SROtPHURV��DEUH�XPD�JUDQGH�RSRUWXQLGDGH�SDUD�
DYDQoRV�WHFQROyJLFRV�TXH�DJUHJXHP�YDORU�DRV�SURGXWRV�GD�DJURLQG~VWULD��$�DJURLQG~VWULD�JHUD�LQ~PHUDV�
IRQWHV�GH�ELRPDVVD�TXH�QmR�VmR�DGHTXDGDPHQWH�DSURYHLWDGDV�H�DFDEDP�VH�WRUQDQGR�UHMHLWRV�LQGXVWULDLV��
,VVR�RFRUUH�GHYLGR�DR�DXPHQWR�GD�SURGXomR�DJUtFROD�FRPR�UHÀH[R�GR�GHVHQYROYLPHQWR�GR�SDtV�SURSRU�
FLRQDQGR�XP�DFUpVFLPR�QD�JHUDomR�GHVWHV�UHVtGXRV�DJURLQGXVWULDLV��1R�%UDVLO�LVVR�RFRUUH�GHYLGR�D�WUrV�
FXOWXUDV�WUDGLFLRQDLV��FDIp��PLOKR�H�DUUR]��

5HVtGXRV�DJUtFRODV��WDLV�FRPR�¿EUDV�GH�FDVFD�GH�FRFR��526$�HW�DO����������EDJDoR�GH�PDQGLRFD�
�3$648,1,�HW�DO����������UiTXLV�GH�EDQDQHLUD��=8/8$*$�HW�DO����������DPRUD�FDVFD��/,�HW�DO�������D��
E���YDJHQV�GH�VRMD��:$1*�H�6$,1���������GH�WULJR��SDOKD�H�FDVFD�GH�VRMD��$/(0'$5�	�6$,1������D���
H�WDORV�GH�PLOKR��5(''<�	�<$1*��������VmR�HVWXGDGDV�FRPR�XP�UHFXUVR�QD�SURGXomR�GH�¿EUDV�GH�
FHOXORVH�FULVWDOLQD��-2+$5�HW�DO���������

$�FDIHLFXOWXUD�Gi�RULJHP�D�XP�YROXPH�HOHYDGR�GH�UHVtGXRV��SULQFLSDOPHQWH�D�FDVFD�GH�FDIp��FXMD�
XWLOL]DomR�WHP�VLGR�REMHWR�GH�HVWXGRV��9(*52�HW�DO���������$�SROSD��PXFLODJHP��SHUJDPLQKR�H�FDVFD�
VmR�UHVtGXRV�RULXQGRV�GH�IRUPDV�GLVWLQWDV�GR�EHQH¿FLDPHQWR�GR�FDIp�DSyV�D�FROKHLWD��1R�%UDVLO��D�IRUPD�
PDLV�FRPXP�GH�SURFHVVDPHQWR�GR�FDIp�p�SRU�YLD�VHFD��QD�TXDO�R�IUXWR�p�VHFR�QD�VXD�IRUPD�LQWHJUDO��UHVXO�
WDQGR�HP�UHVtGXRV�IRUPDGRV�SRU�FDVFD�H�SHUJDPLQKR��IRUQHFHQGR�UHQGLPHQWR�GH�����GR�SHVR�FROKLGR��
6HJXQGR�&$,(//,���������GH�IRUPD�JHUDO��D�JUDQGH�PDLRULD�GDV�SHVTXLVDV��UHDOL]DGDV�FRP�UHVtGXRV�GR�
FDIp��XWLOL]DGD�FRPR�PDWpULD�SULPD�D�SROSD��'HVWD�IRUPD��SRXFD�DWHQomR�p�GDGD�SDUD��D�FDVFD�RX�SHUJD�
PLQKR��1R�HQWDQWR��DV�FRPSRVLo}HV�GD�FDVFD�H�GD�SROSD�VmR�VHPHOKDQWHV�

1D�EXVFD�SHOD�VXVWHQWDELOLGDGH��YiULDV�SHVTXLVDV�H�WUDEDOKRV�QD�iUHD�GH�PDWHULDLV�SROLPpULFRV�H�
FRPSyVLWRV�DSOLFDGRV�D�DJURLQG~VWULD�IRUDP��H�HVWmR�VHQGR��UHDOL]DGRV�SDUD�JDUDQWLU�D�SUHVHUYDomR�DP�
ELHQWDO�H��GHQWUH�DV�SHVTXLVDV�QHVWD�iUHD��DV�TXH�EXVFDP�D�DSOLFDomR�GH�UHFXUVRV�QDWXUDLV�QD�SUHSDUDomR�
GRV�PDWHULDLV�YrP�FUHVFHQGR��SRGHQGR�VH�GHVWDFDU�R�XVR�GH�SROtPHURV�ELRGHJUDGiYHLV�RX�ELRSROtPHURV�
UHIRUoDGRV�FRP�¿EUDV�GH�FHOXORVH�

'HQWUH�HVWHV�YiULRV�PDWHULDLV��R�3+%�YHP�VH�GHVWDFDQGR��2�3+%�p�XP�WHUPRSOiVWLFR�ELRGHJUD�
GiYHO�VLQWHWL]DGR�SRU�IHUPHQWDomR�VXEPHUVD�D�SDUWLU�GH�PDWpULDV�SULPDV�UHQRYiYHLV��0DV�HVWH�SURFHVVR�
GH�SURGXomR�DLQGD�p�EDVWDQWH�RQHURVR��&RPR�IRUPD�GH�UHGX]LU�R�FXVWR�GH�SURGXomR�H�PHOKRUDU�DV�SUR�
SULHGDGHV�PHFkQLFDV�GR�3+%�YHP�VHQGR�GHVHQYROYLGDV�SHVTXLVDV�FRP�D�LQFRUSRUDomR�GH�¿EUDV�QDWXUDLV�
HP�PDWUL]HV�GHVWH�ELRSROtPHUR��2�REMHWLYR�GHVWH�WUDEDOKR�IRL�LQYHVWLJDU�DV�SURSULHGDGHV�GH�WURFD�FDWL�
{QLFD�GH�FRPSyVLWRV�REWLGRV�D�SDUWLU�GH�3+%�H�FDVFD�GH�FDIp�YLVDQGR�GLYHUVDV�DSOLFDo}HV�LQGXVWULDLV�H�
ambientais.
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2 mAteriAiS e métodoS

2.1 materiais

&DVFD�GH�FDIp� IRL�SUHYLDPHQWH�VHFD�HP�HVWXID�D�����&�GXUDQWH����K�H�PRtGD������7HFQDO7(�
%UDVLO���2�WDPDQKR�GDV�SDUWtFXODV�GD�FDVFD�GH�FDIp��&+��XWLOL]DGDV�IRUDP����PHVK�H�VHP�TXDOTXHU�WUDWD�
PHQWR�SRVWHULRU��3+%��%LRF\FOH����IRL�REWLGR�D�SDUWLU�GH�3+%�,QGXVWULDO�6���$��%UDVLO��(VWH�SROtPHUR�p�
SURGX]LGR�D�SDUWLU�GH�FDQD�GH�Do~FDU�SRU�PLFURUJDQLVPRV�GR�$OFDOLJHQHV�VS��HVSpFLHV��2�3+%�DSUHVHQWD�
GHQVLGDGH�GH�����J���PO�H�XP�tQGLFH�GH�ÀXLGH]�GH������J����PLQ��$V�SURSULHGDGHV�WtSLFDV�GR�3+%�XWLOL�
]DGRV�VmR��UHVLVWrQFLD�j�WUDomR�RI����03D�H�SRQWR�GH�IXVmR����������&�

2.2 $�SURGXomR�GH�FRPSyVLWRV

&RPSyVLWRV�FRP������HP�PDVVD��GH�FDVFD�GH�FDIp��3+%���&+��IRUDP�SURGX]LGRV�SRU�H[WUXVmR��
$V�PLVWXUDV�IRUDP�H[WUXVDGDV�FRP�XP�FR�URWDWyULR�H[WUXVRUD�GXSOD�URVFD��,PDFRP�PRGHOR�5'&�������
,)���$SyV�FRPSRVLomR��DV�FRPSRVLo}HV�IRUDP�SHOHWL]DGRV�HP�XP�JUDQXODGRU�-HWKUR��2�3+%�SXUR�H�GR�
FRPSyVLWR�3+%���&+�IRUDP�HQWmR�SURFHVVDGRV�HP�XPD�LQMHWRUD�$UEXUJ�$OOURXQGHU������9���������

2.3 espectroscopia vibracional de infravermelho com transformada de Fourier (Ftir)

3DUD� GHWHUPLQDomR� GRV� JUXSRV� IXQFLRQDLV� SUHVHQWHV�� DV� DPRVWUDV� IRUDP� VXEPHWLGDV� D� HVSHF�
WURVFRSLD�YLEUDFLRQDO�QD�UHJLmR�GR�LQIUDYHUPHOKR�FRP�WUDQVIRUPDGD�GH�)RXULHU��)7,5���FRP�IDL[D�GH�
YDUUHGXUD�FRPSUHHQGLGD�HQWUH������H�����FP����DWUDYpV�GR�HTXLSDPHQWR�%58.(5��VpULH�9HUWH[���9�

2.4 cHnS e espectroscopia de energia dispersiva de raios x

&RP�R�LQWXLWR�GH�VH�REWHU�LQIRUPDo}HV�VREUH�D�FRPSRVLomR�TXtPLFD�GRV�FRQVWLWXLQWHV�GRV�SR�
OtPHURV��IRUDP�XWLOL]DGDV�DV�WpFQLFDV�GH�DQiOLVH�&+16�$QDO\VHU�2UJDQLF�(OHPHQWDU��)ODVK�GD�7KHUPR�
6FLHQWL¿F�������H�(VSHFWURVFRSLD�GH�(QHUJLD�'LVSHUVLYD�GH�5DLRV�;���XWLOL]DQGR�VH�XP�HTXLSDPHQWR�GH�
PRGHOR�4XDQWD[�;�)ODVK������%UXNHU����

2.5 'HWHUPLQDomR�GRV�6tWLRV�ÈFLGRV

3DUD�D�GHWHUPLQDomR�GRV�VtWLRV�iFLGRV�����J�GH�FDGD�XP�GRV�GRLV�PDWHULDLV�SROLPpULFRV�IRUDP�
FRORFDGRV�HP�XP�HUOHQPH\HU�HP�FRQWDWR�FRP����P/�GH�VROXomR�GH�KLGUy[LGR�GH�VyGLR�����PRO�/��. O 
VLVWHPD�IRL�DJLWDGR�HP�XPD�PHVD�DJLWDGRUD�WLSR�³6KDNHU´��1RYD�eWLFD��PRGHOR������SHOR�SHUtRGR�GH���
KRUDV�H��VXEPHWLGR�j�WLWXODomR�FRP�iFLGR�FORUtGULFR�+&O�����PRO�/��.

3 reSultAdoS e diScuSSÃo

2V�UHVXOWDGRV�REWLGRV�SDUD�D�DQiOLVH�GH�&+16�HVWmR�HYLGHQFLDGRV�QD�WDEHOD���DEDL[R�

tabela 1. 7HRUHV�SHUFHQWXDLV�GH�FDUERQR��KLGURJrQLR��QLWURJrQLR�H�HQ[RIUH�SDUD�DV�DPRVWUDV�GH�SROtPHURV�3+%�H�
3+%�&RPSyVLWR�

PHb PHb compósito
constituinte % %
&DUERQR ����� �����

+LGURJrQLR ���� ����

1LWURJrQLR ���� ����

(Q[RIUH ���� ����

$�DQiOLVH�GRV�UHVXOWDGRV�GD�WDEHOD���SHUPLWH�YHUL¿FDU��FRQIRUPH�HVSHUDGR��TXH�DPERV�RV�SROtPH�
URV�DSUHVHQWDP�DOWRV�YDORUHV�SHUFHQWXDLV�GH�FDUERQR�H�KLGURJrQLR��UHVXOWDGR�HVVH�WtSLFR�SDUD�HVVD�FODVVH�
GH�PDWHULDO��)UHHPDQ��������
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3DUDOHOR�D�LVVR��p�SRVVtYHO�REVHUYDU�D�SUHVHQoD�GH�QLWURJrQLR�SDUD�DV�GXDV�DPRVWUDV��VHQGR�VXD�
FRQFHQWUDomR�EHP�PDLV�DFHQWXDGD�QD�DPRVWUD�GH�3+%�FRPSyVLWR��R�TXH�OHYD�j�KLSyWHVH�GD�H[LVWrQFLD�GH�
QLWURJrQLR�QmR�VRPHQWH�QRV�PRQ{PHURV�FRPR�WDPEpP�GHYLGR�j�VXD�SUHVHQoD�QD�HVWUXWXUD�GD�FDVFD�GH�
FDIp��0RUHLUD�HW�DO���������

3HUHLUD�HW�DO���������UHODWDP�JUDQGH�GLYHUVLGDGH�GH�GLIHUHQWHV�FRPSRVWRV�H�tRQV�SUHVHQWHV�QR�FDIp�
6HJXQGR�0RUHLUD�HW�DO����������D�FDVFD�GH�FDIp��HPSUHJDGD�QD�SURGXomR�GR�3+%�FRPSyVLWR��JHUD�

D�SUHVHQoD�GH�iWRPRV�FRPR�FORUR��DGYLQGRV��HP�JUDQGH�SDUWH�GRV�FORURSODVWRV�GD�SODQWD�H�WDPEpP�D�SUH�
VHQoD�GH�tRQV�FRPR�IHUUR��SRWiVVLR��VyGLR�H�VLOtFLR�LGHQWL¿FDGRV�QD�DQiOLVH�&RP�R�REMHWLYR�GH�VH�YHUL¿FDU�
D�DFLGH]�GRV�PDWHULDLV�HP�HVWXGR��IRUDP�UHDOL]DGDV�WLWXODo}HV�H�RV�UHVXOWDGRV�LQGLFDP�PDLRU�DFLGH]�SDUD�
RV�FRPSyVLWRV�GH�3+%�HP�UHODomR�DR�3+%�SXUR��

$�¿P�GH�YHUL¿FDU�RV�JUXSRV�IXQFLRQDLV�SUHVHQWHV�QD�HVWUXWXUD�GRV�PDWHULDLV�SROLPpULFRV�SDUD�R�
3+%�H�SDUD�R�3+%�FRPSyVLWR��DQiOLVHV�SRU�HVSHFWURVFRSLD�YLEUDFLRQDO�QD�UHJLmR�GR�,QIUDYHUPHOKR�IRUDP�
UHDOL]DGDV��$�DQiOLVH�GRV��HVSHFWURV�SHUPLWH�YHUL¿FDU�TXH�RFRUUH�FRQVLGHUiYHO�VHPHOKDQoD�HQWUH�RV�GRLV�
FRPSRVWRV�QR�TXH�VH�UHIHUH�D�LGHQWLGDGH�TXtPLFD�GRV�JUXSRV�IXQFLRQDLV�SUHVHQWHV�HP�VXDV�HVWUXWXUDV�

1R�HQWDQWR��p�SRVVtYHO�LQIHULU��SHOD�GLIHUHQoD�QD�LQWHQVLGDGH�HQWUH�RV�SLFRV�GH�DEVRUomR��TXH�WDLV�
JUXSRV�IXQFLRQDLV�H[LVWHP�HP�PDLRU�Q~PHUR�QR�SROtPHUR�3+%�&RPSyVLWR�6HJXQGR�6LOYHUVWHLQ�HW�DO��
��������D�EDQGD�DSUHVHQWDGD�HP�DPERV�RV�HVSHFWURV�HP�WRUQR�GH������FP���SRGH�VHU�DWULEXtGD�j�GHIRU�
PDomR�GH�&22��QmR�VHQGR�DWULEXtGD��GLUHWDPHQWH�j�DPRVWUD�

2XWUD�EDQGD��REVHUYDGD�QD�UHJLmR�GH����FP����UHLWHUD�D�SUHVHQoD�GRV�JUXSRV�FDUE{QLFRV�GH�KLGUR�
FDUERQHWRV�QRV�SROtPHURV��XPD�YH]�TXH�D�PHVPD�SRGH�HVWDU�DVVRFLDGD�D�GHIRUPDo}HV�DQJXODUHV�DVVLPp�
WULFDV�QR�SODQR�GH�JUXSRV�&+2��6LOYHUVWHLQ�HW�DO����������$�DXVrQFLD�GHVVD�EDQGD�FRP�JUDQGH�LQWHQVLGDGH�
QR�SULPHLUR�HVSHFWUR�SHUPLWH�YHUL¿FDU�TXH�D�SUHVHQoD�GH�FRPSRVWRV�FDUE{QLFRV�QDV�DPRVWUDV�GH�3+%�
&RPSyVLWRV�VH�Gi�GH�IRUPD�PDLV�DFHQWXDGD��SRGHQGR�YLU��LQFOXVLYH��QmR�VRPHQWH�GRV�JUXSRV�FDUE{QLFRV�
GR�HVTXHOHWR�SROLPpULFR�FRPR�WDPEpP�GH�JUXSRV�FHOXOyVLFRV�GD�FDVFD�GH�FDIp�

$LQGD�VHJXQGR�6LOYHUVWHLQ�HW�DO����������DV�EDQGDV�REVHUYDGDV�HP�WRUQR�GH������FP����SRGHP�
VH�UHODFLRQDU�DRV�HVWLUDPHQWRV�GH�JUXSDPHQWRV�1²+��JHUDOPHQWH�GH�DPLQDV�$R�VH�UHODFLRQDU�DV�GXDV�
~OWLPDV�FDUDFWHUL]Do}HV�GHVFULWDV�VXUJH�XPD�REVHUYDomR�LPSRUWDQWH��$�SUHVHQoD�GH�JUXSDPHQWRV�iFLGRV��
FRQ¿UPDGD�SHOR�WHVWH�GH�GHWHUPLQDomR�GRV�VtWLRV�iFLGRV��FRPELQDGD�j�SUHVHQoD�GH�JUXSDPHQWRV�DPLQD��
GH�FDUiWHU�EiVLFR��VXJHULGRV�SHORV�HVSHFWURV�QD�UHJLmR�GR�LQIUDYHUPHOKR�DSRQWDP�XPD�HVWUXWXUD�FDSD]�GH�
UHDOL]DU�WDQWR�SURWRQDo}HV�SHORV�JUXSDPHQWRV�DPLQD�HP�YDORUHV�GH�S+�iFLGRV��JHUDQGR�XPD�FDUJD�VX�
SHU¿FLDO�SRVLWLYD�QD�VXSHUItFLH�GD�HVWUXWXUD�SROLPpULFD��TXDQWR�GHVSURWRQDomR�HP�YDORUHV�GH�S+�EiVLFRV��
JHUDQGR�XPD�FDUJD�VXSHU¿FLDO�QHJDWLYD�QD�HVWUXWXUD�SROLPpULFD���$/.$1�HW�DO���������

4 concluSÃo

$�SUHVHQoD�GH�JUXSDPHQWRV�iFLGRV��FRQ¿UPDGD�SHOR� WHVWH�GH�GHWHUPLQDomR�GRV�VtWLRV�iFLGRV��
FRPELQDGD�j�SUHVHQoD�GH�JUXSDPHQWRV�DPLQD��GH�FDUiWHU�EiVLFR��VXJHULGRV�SHORV�HVSHFWURV�QD�UHJLmR�GR�
LQIUDYHUPHOKR�DSRQWDP�XPD�HVWUXWXUD�FDSD]�GH�UHDOL]DU� WDQWR�SURWRQDo}HV� �SHORV�JUXSDPHQWRV�DPLQD�
HP�YDORUHV�GH�S+�iFLGRV��JHUDQGR�XPD�FDUJD�VXSHU¿FLDO�SRVLWLYD�QD�VXSHUItFLH�GD�HVWUXWXUD�SROLPpULFD��
$�SUHVHQoD�GH�FDVFDV�GH�FDIp�FRPR�FRPSyVLWR��TXH��FRQIRUPH�UHSRUWDGR�HP� OLWHUDWXUD�� UHYHOD�VH�XP�
PDWHULDO�GH�QDWXUH]D�iFLGD�GHYLGR��SUHGRPLQDQWHPHQWH��j�SUHVHQoD�GH�XPD�VpULH�GH�iFLGRV�FDUER[tOLFRV�
H�FRPSRVWRV�IHQyOLFRV�GH�QDWXUH]D�iFLGD��

$�FRQFHQWUDomR�GH�QLWURJrQLR�p�EHP�PDLV�DFHQWXDGD�QD�DPRVWUD�GH�FRPSyVLWR�3+%�FDVFD�GH�
FDIp��&RP�UHODomR�D�SRUFHQWDJHP�GH�FRQVWLWXLomR�GRV�HOHPHQWRV�SUHVHQWHV�QDV�DPRVWUDV��SHUFHEH�VH�TXH�
R�R[LJrQLR�p�LQGLVFXWLYHOPHQWH�SUHSRQGHUDQWH��VXJHULQGR�D�SUHVHQoD�GH�PXLWRV�JUXSRV�R[LJHQDGRV�

AGrAdecimentoS

8(3$0�8)/$��)$3(0,*��&13T�H�&$3(6

reFerÊnciAS

$OHPGDU��$���6DLQ��0���������,VRODWLRQ�$QG�FKDUDFWHUL]DWLRQ�RI�QDQR¿EHUV�IURP�DJULFXOWXUDO�UHVLGXHV±
:KHDW�VWUDZ�DQG�VR\�KXOOV��%LRUHVRXU��7HFKQRO����������±����

$/.$1��0���'2*$1��0���785+$1��<���'(0,5%$6��2���785$1��3��$GVRUSWLRQ�NLQHWLFV�DQG�PH�
FKDQLVP�RI�PD[LORQ�EOXH��*�G\H�RQ�VHSLROLWH�IURP�DTXHRXV�VROXWLRQV��&KHPLFDO�(QJLQHHULQJ�-RXUQDO��Y��
�����S�����±����������
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&$,(//,��(�/��8VR�GD�FDVFD�GH�SDOKD�GH�FDIp�QD�DOLPHQWDomRGH�UXPLQDQWHV�� ,QIRUPH�$JURSHFXiULR��
%HOR�+RUL]RQWH��0*��Y������Q�������S���������QRY��������

)5((0$1��:��-����&KDUDFWHUL]DWLRQ�RI�SRO\PHUV��(QF\FORSHGLD�RI�3RO\PHU�6FLHQFH�DQG�(QJLQHHULQJ��
YRO�����-RKQ�:LOH\�	�6RQV��1RYD�<RUN�������

-2+$5��1���$+0$'�� ,���'8)5(61(��$��([WUDFWLRQ�� SUHSDUDWLRQ� DQG� FKDUDFWHUL]DWLRQ�RI� FHOOXORVH�
¿EUHV�DQG�QDQRFU\VWDOV�IURP�ULFH�KXVN��,QGXVWULDO�&URSV�DQG�3URGXFWV��Y������S����±��������

/,��.��HW�DO��$QDO\VLV�RI�WKH�FKHPLFDO�FRPSRVLWLRQ�DQG�PRUSKRORJLFDO�VWUXFWXUH�RI�%DQDQD�SVHXGRVWHP��

%LRUHVRXUFHV��2[IRUG��Y�����Q�����S�����������)HE������

025(,5$��5��)��$���758*2��/��&���'(�0$5,$��&��$��%��&RPSRQHQWHV�YROiWHLV�GR�FDIp�WRUUDGR��3DUWH�
,,��&RPSRVWRV�DOLIiWLFRV��DOLFtFOLFRV�H�DURPiWLFRV��4XtPLFD�1RYD�����������

3(5(,5$��5��*��)��$���9,/(/$��(��5���(IHLWR�GD�LQFOXVmR�GH�JUmRV�GHIHLWXRVRV�QD�FRPSRVLomR�TXtPLFD�
H�TXDOLGDGH�GR�FDIp���&RIIHD�DUiELFD�/���³HVWULWDPHQWH�PROH´��8QLYHUVLGDGH�)HGHUDO�GH�/DYUDV��'HSDUWD�
PHQWR�GH�&LrQFLD�GRV�$OLPHQWRV�������

3$648,1,��'���7(,;(,5$��(��0���&859(/2��$��$��6���HW�DO���������³([WUDFWLRQ�RI�FHOOXORVH�ZKLVNHUV�
IURP�FDVVDYD�EDJDVVH�DQG�WKHLU�DSSOLFDWLRQV�DV�UHLQIRUFLQJ�DJHQW�LQ�QDWXUDO�UXEEHU´��,QGXVWULDO�&URSV�DQG�
3URGXFWV��Y������SS�����������

526$��0��)���0('(,526��(��6���0$/021*(��-��$���*5(*256.,��.��6���:22'��'��)���0$772�
62��/��+�&���*/(11��*���2576��:��-���,0$0��6��+��&HOOXORVH�QDQRZKLVNHUV�IURP�FRFRQXW�KXVN�¿EHUV��
(IIHFW�RI�SUHSDUDWLRQ�FRQGLWLRQV�RQ�WKHLU�WKHUPDO�DQG�PRUSKRORJLFDO�EHKDYLRU��&DUERK\GUDWH�3RO\PHUV��
������GRL���������M�FDUESRO��������������

5(''<��1���<$1*��<��%LR¿EHUV�IURP�DJULFXOWXUDO�E\SURGXFWV�IRU�LQGXVWULDO�DSSOLFDWLRQV�

7UHQGV�LQ�%LRWHFKQRORJ\��Y������Q�����S��������������

6,/9(567(,1��5��0���:(%67(5��)��;���.,(0/(��'��-��,GHQWL¿FDomR�(VSHFWURPpWULFD�GH�&RPSRVWRV�
2UJkQLFRV�����(GLomR��/7&��5LR�GH�-DQHLUR�������

9(*52��&�/�5��&$59$/+2��)�&��'LVSRQLELOLGDGH�H�XWLOL]DomR�GH�UHVtGXRV�QR�SURFHVVDPHQWR�DJUR�LQ�
GXVWULDO�GR�FDIp��,QIRUPDo}HV�(FRQ{PLFDV��6mR�3DXOR��Y�����Q����S�������MDQ�������

:DQJ�%��6DLQ�0�������,VRODWLRQ�RI1DQR¿EHUV�IURP�VR\EHDQ�6RXUFH�DQG�WKHLU�UHLQ��IRUFLQJ�FDSDELOLW\�RQ�
V\QWKHWLF�SRO\PHUV�&RPSRV�6FL�7HFKQRO��������±����

=8/8$*$��5��� 387$8;�� -�/��� &58=�� -���9e/(=�� -���021'5$*21�� ,���*$fÈ1�� 3�� &HOOXORVH�
PLFUR¿EULOV�IURP�EDQDQD�UDFKLV��(IIHFW�RI�DONDOLQH�WUHDWPHQWV�RQVWUXFWXUDO�DQG�PRUSKRORJLFDO�IHDWXUHV�
&DUERK\GUDWH�3RO\PHUV��Y������S����±��������
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&ODVVL¿FDomR��%LRQDQRFRPSyVLWRV�

resumo
4XLWRVDQD�p�XP�SROLVVDFDUtGHR�QDWXUDO�ODUJDPHQWH�XWLOL]DGR�HP�DSOLFDo}HV�ELROyJLFDV��IDUPDFrXWLFDV�H�
WHFQROyJLFDV��(P�DSOLFDo}HV�LQWHUQDV�DR�FRUSR�KXPDQR�RX�FRPR�DJHQWH�EDFWHULFLGD��FHUWDPHQWH�LQWHUDJH�
FRP�PHPEUDQDV�FHOXODUHV��VHQGR�D�VXD�IRUPD�GH�DomR�DLQGD�SRXFR�FRQKHFLGD��1HVVH�FRQWH[WR��JUDQGHV�
HVIRUoRV�YrP�VHQGR�IHLWR�SDUD�HOXFLGDU�D�VXD�IRUPD�GH�DomR�IUHQWH�D�PRGHORV�GH�PHPEUDQD�FHOXODU�PL�
PHWL]DGRV�SRU�¿OPHV�GH�/DQJPXLU�GH�IRVIROLStGLRV��'LIHUHQWHV�DPRVWUDV�GH�TXLWRVDQD�H�GHULYDGRV�IRUDP�
XWLOL]DGDV�YLVDQGR�GHWDOKDU�RV�HIHLWRV�GD�PDVVD�PROHFXODU��OLJDo}HV�KLGURJrQLR��LQWHUDo}HV�KLGURIyELFDV�
H�HOHWURVWiWLFDV��QD�LQWHUDomR��$LQGD��HVWXGRV�GH�FRQIRUPDomR�H�RULHQWDomR�GR�SROtPHUR�TXDQGR�LQWHUDJH�
FRP�DV�PRQRFDPDGDV�OLStGLFDV�IRUDP�UHDOL]DGRV��2V�¿OPHV�GH�/DQJPXLU�IRUDP�FDUDFWHUL]DGRV�SULQFLSDO�
PHQWH�SRU�LVRWHUPDV�GH�SUHVVmR�GH�VXSHUItFLH��DOpP�GDV�HVSHFWURVFRSLDV�GH�UHÀH[mR�DEVRUomR�QD�UHJLmR�
GR� LQIUDYHUPHOKR�FRP�PRGXODomR�GD�SRODUL]DomR� �30�,55$6��H�GH�JHUDomR�GH� VRPD�GH� IUHTXrQFLD�
�6)*���2V� UHVXOWDGRV�PRVWUDP�TXH� DV� SULQFLSDLV� IRUoDV� LQWHUPROHFXODUHV� H[LVWHQWHV� QD� LQWHUDomR� VmR�
HOHWURVWiWLFDV�H�KLGURIyELFDV�H�TXH�OLJDo}HV�KLGURJrQLR�QmR�VmR�HVVHQFLDLV��$OpP�GLVVR��TXLWRVDQDV�FRP�
EDL[DV�PDVVDV�PROHFXODUHV�GHPRQVWUDUDP�PDLRU�HIHLWR��VXJHULQGR�TXH�D�FRQIRUPDomR�H�RULHQWDomR�GDV�
FDGHLDV�SROLPpULFDV�GD�TXLWRVDQD��DGRWDGRV�TXDQGR�LQWHUDJHP�FRP�DV�PRQRFDPDGDV�OLStGLFDV��LQÀXHQ�
FLDP�VXD�DomR�
Palavras-chave��4XLWRVDQD��)LOPHV�GH�/DQJPXLU��)RVIROLStGLRV��,QWHUDomR�

StructurAl, conFormAtionAl And orientAtionAl eFFectS on tHe cHi-
toSAn interAction witH cell membrAne modelS 
Abstract
&KLWRVDQ�LV�D�QDWXUDO�SRO\VDFFKDULGH�ZLGHO\�XVHG�LQ�ELRORJLFDO��SKDUPDFHXWLFDO�DQG�WHFKQRORJLFDO�DSSOL�
FDWLRQV��,Q�DSSOLFDWLRQV�LQWHUQDO�WR�WKH�KXPDQ�ERG\�RU�DV�EDFWHULFLGDO�FHUWDLQO\�LQWHUDFWV�ZLWK�FHOO�PHP�
EUDQHV��DQG�LWV�PRGH�RI�DFWLRQ�LV�VWLOO�XQNQRZQ��,Q�WKLV�FRQWH[W��JUHDW�HIIRUWV�KDYH�EHHQ�PDGH�WR�HOXFLGDWH�
LWV�PRGH�RI�DFWLRQ�DJDLQVW�FHOO�PHPEUDQH�PRGHOV�PLPLFNLQJ�E\�SKRVSKROLSLG�/DQJPXLU�¿OPV��'LIIHUHQW�
VDPSOHV�RI�FKLWRVDQ�DQG�GHULYDWLYHV�ZHUH�XVHG�DLPLQJ�GHWDLOLQJ� WKH�HIIHFWV�RI�PROHFXODU�ZHLJKW��K\�
GURJHQ�ERQGLQJ��K\GURSKRELF�DQG�HOHFWURVWDWLF�LQWHUDFWLRQV�LQ�WKH�LQWHUDFWLRQ��$OVR��VWXGLHV�RI�WKH�FRQ�
IRUPDWLRQ�DQG�RULHQWDWLRQ�RI�WKH�SRO\PHU�ZKHQ�LW�LQWHUDFWV�ZLWK�WKH�OLSLG�PRQROD\HUV�ZHUH�SHUIRUPHG��
7KH�/DQJPXLU�LVRWKHUPV�ZHUH�FKDUDFWHUL]HG�SULPDULO\�E\�WKH�VXUIDFH�SUHVVXUH�LVRWKHUPV�LQ�DGGLWLRQ�WR�
WKH�SRODUL]DWLRQ�PRGXODWHG�LQIUDUHG�UHÀHFWLRQ�DEVRUSWLRQ��30�,55$6��DQG�VXP�IUHTXHQF\�JHQHUDWLRQ�
�6)*��7KH�UHVXOWV�VKRZ�WKDW�WKH�PDLQ�LQWHUPROHFXODU�IRUFHV�H[LVWLQJ�LQ�WKH�LQWHUDFWLRQ�DUH�WKH�HOHFWUR�
VWDWLF�DQG�K\GURSKRELF�DQG�K\GURJHQ�ERQGV�DUH�QRW�HVVHQWLDO��$GGLWLRQDOO\��FKLWRVDQV�ZLWK�ORZ�PROHFXODU�
ZHLJKW�VKRZHG�D�JUHDWHU�HIIHFW��VXJJHVWLQJ�WKDW�WKH�FRQIRUPDWLRQ�DQG�RULHQWDWLRQ�RI�WKH�SRO\PHU�FKDLQV�
RI�FKLWRVDQ�DGRSWHG�ZKHQ�LQWHUDFWLQJ�ZLWK�OLSLG�PRQROD\HUV�LQÀXHQFH�LWV�DFWLRQ�
Keywords: &KLWRVDQ��/DQJPXLU�¿OPV��3KRVSKROLSLGV��,QWHUDFWLRQ�

3XEOLFDo}HV�UHODFLRQDGDV�
13$9,1$772��$��et. al.�(OHFWURVWDWLF�LQWHUDFWLRQV�DUH�QRW�VXI¿FLHQW�WR�DFFRXQW�IRU�FKLWRVDQ�ELRDFWLYLW\��
$FV�$SSOLHG�0DWHULDOV�	�,QWHUIDFHV��Y�����Q�����S����������������

23$9,1$772��$��et. al.�/RZ�PROHFXODU�ZHLJKW�FKLWRVDQV�DUH�VWURQJHU�ELRPHPEUDQH�PRGHO�SHUWXUEDQWV��
&ROORLGV�DQG�6XUIDFHV�%��%LRLQWHUIDFHV��Y�������S��������������

�3$9,1$772��$��et. al�� ,QWHUDFWLRQ�RI�2�DF\ODWHG�FKLWRVDQV�ZLWK�ELRPHPEUDQH�PRGHOV��3URELQJ� WKH�
HIIHFWV�IURP�K\GURSKRELF�LQWHUDFWLRQV�DQG�K\GURJHQ�ERQGLQJ��&ROORLGV�DQG�6XUIDFHV�%��%LRLQWHUIDFHV��
Y�������S��������������

1 introduÇÃo

4XLWRVDQD�p�XP�ELRSROtPHUR�FRP�DSOLFDo}HV�HP�GLYHUVDV�iUHDV��VHQGR�GHVWDFDGD�VXD�DomR�FRPR�
DJHQWH�DQWLPLFURELDQR��R�XVR�QD�HQWUHJD�FRQWURODGD�GH�GURJDV��QD�WUDQVIHFomR��QD�UHGXomR�QR�FROHVWHURO�H�
SHVR��H�QD�HQJHQKDULD�GH�WHFLGRV��52%(576��*HRUJH���������(P�DSOLFDo}HV�LQWHUQDV�DR�FRUSR�KXPDQR��RX�
FRPR�DJHQWH�EDFWHULFLGD��D�TXLWRVDQD�FHUWDPHQWH�LQWHUDJH�FRP�PHPEUDQDV�FHOXODUHV��H��p�VXSRVWR��VXD�DomR�
IUHQWH�jV�PHPEUDQDV�SRGH�JRYHUQDU�D�DWLYLGDGH��2�PHFDQLVPR�GH�LQWHUDomR�GD�TXLWRVDQD�FRP�DV�PHPEUD�
QDV�FHOXODUHV��HQWUHWDQWR��QmR�p�FRPSOHWDPHQWH�FRQKHFLGR��1HVVH�FRQWH[WR��HVWXGRV�HP�QtYHO�PROHFXODU�FRP�
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TXLWRVDQD�HP�PHPEUDQDV�FHOXODUHV�VmR�LPSRUWDQWHV�SDUD�GHWDOKDU�VHX�PHFDQLVPR�GH�DomR�H��FRQVHTXHQWH�
PHQWH��DSOLFDo}HV��'HYLGR�j�JUDQGH�GL¿FXOGDGH�GH�UHDOL]DU�H[SHULPHQWRV�LQ�YLYR�FRP�PHPEUDQDV�FHOXOD�
UHV��UHFRUUH�VH�D�PRGHORV��(PERUD�R�XVR�GHVVHV�PRGHORV�VHMD�GH�JUDQGH�DMXGD�QR�HQWHQGLPHQWR�GD�DomR�GH�
TXLWRVDQDV�HP�QtYHO�PROHFXODU��SRXFRV�WUDEDOKRV�VmR�HQFRQWUDGRV�QD�OLWHUDWXUD�QHVVH�VHQWLGR��1RV�~OWLPRV�
DQRV��JUDQGHV�HVIRUoRV�IRUDP�IHLWRV�QR�*UXSR�GH�3ROtPHURV�%HUQKDUG�*URVV�,)6&�863�QD�LQYHVWLJDomR�GD�
DomR�LQWHUDomR�GH�TXLWRVDQD�FRP�PRGHORV�GH�PHPEUDQD��3$9,1$772��)HOLSSH�-��et al.��������&$6(/,��
/XFLDQR�et al.���������0RGHORV�GH�PHPEUDQD�FHOXODU�VLPSOL¿FDGRV�IRUDP�PLPHWL]DGRV�DWUDYpV�GD�FRQIHF�
omR�GH�¿OPHV�GH�/DQJPXLU�H�/DQJPXLU�%ORGJHWW��/%��GH�IRVIROLStGLRV�RX�XP�SRXFR�PDLV�FRPSOH[RV�FRP�D�
LQVHUomR�GH�RXWURV�FRPSRQHQWHV�GD�PHPEUDQD�FHOXODU��FRPR�FROHVWHURO�H�SURWHtQDV��1HVWH�WUDEDOKR��HP�SDU�
WLFXODU��p�DSUHVHQWDGR�GHWDOKHV�QD�LQWHUDomR�HQWUH�TXLWRVDQD�FRP�¿OPHV�GH�/DQJPXLU�GH�IRVIROLStGLRV��VHQGR�
TXH��RV�REMHWLYRV�SULQFLSDLV�IRUDP�LQYHVWLJDU�D�LQÀXrQFLD�GDV�IRUoDV�LQWHUPROHFXODUHV�DWXDQWHV�QD�LQWHUDomR��
EHP�FRPR�D�RULHQWDomR�H�FRQIRUPDomR�GR�SROtPHUR�TXDQGR�DGVRUYH�QDV�PRQRFDPDGDV�IRVIROLStGLFDV��

2 mAteriAiS e métodoS

2V�IRVIROLStGLRV�XWLOL]DGRV�QD�IRUPDomR�GRV�¿OPHV�GH�/DQJPXLU��PRGHORV�GH�PHPEUDQD��IRUDP�
GLSDOPLWRLO� IRVIDWLGLO� FROLQD� �'33&��� GLSDOPLWRLO� IRVIDWLGLO� JOLFHURO� �'33*�� RX� iFLGR� GLPLULVWRLO� IRV�
IDWtGLFR��'03$���REWLGRV�FRPHUFLDOPHQWH��6LJPD�&KHPLFDO�&R��H�XVDGRV�VHP�SXUL¿FDomR�DGLFLRQDO��
2V�¿OPHV�IRUDP�SURGX]LGRV�HP�FXED�GH�/DQJPXLU�PLQL�.69��.69�,QVWUXPHQWV��HP�VDOD�OLPSD�FODVVH�
�������D��������&��$�FXED�PLQL�.69�p�HTXLSDGD�FRP�VHQVRU�GH�SUHVVmR�GH�VXSHUItFLH��:LOKHOP\���8P�
YROXPH�GH�����/�GH�VROXomR������PJ�P/���GH�IRVIROLStGLRV��'33&��'33*�RX�'03$��HP�FORURIyUPLR��
JUDX�HVSHFWURVFySLFR��SXUH]D�����������IRL�HVSDOKDGR�HP�VXEIDVH�WDPSmR�7KHRUHOO�6WHQKDJHP��S+������
H�DV�PRQRFDPDGDV�FRPSULPLGDV�VRE�YHORFLGDGH�FRQVWDQWH�GH����PP�PLQ����6ROXo}HV�GH�TXLWRVDQD�H�GHUL�
YDGRV�IRUDP�XWLOL]DGDV�FRPR�VXEIDVH��HP�FRQFHQWUDo}HV�YDULDQGR�GH��������D������PJ�P/����4XLWRVDQDV�
FRP�DOWD�H�EDL[D�PDVVD�PROHFXODU��DOpP�GDV�XQLGDGHV�UHSHWLWLYDV�GH�TXLWRVDQD��D�VDEHU��1�DFHWLOJOXFR�
VDPLQD��*OF1$F��H�JOXFRVDPLQD��*OF1��DGTXLULGDV�GD�6LJPD�$OGULFK�IRUDP�XWLOL]DGDV�SDUD�DQiOLVH�GRV�
HIHLWRV�GD�PDVVD�PROHFXODU��$QiOLVHV�GH�30�,55$6�H�6)*�IRUDP�IHLWDV�DSHQDV�SDUD�D�FRQFHQWUDomR�GH�
����PJ�P/����VRE�PRQRFDPDGDV�GH�'33*�

3 reSultAdoS e diScuSSÃo

2V� UHVXOWDGRV� IRUDP�DQDOLVDGRV� DWUDYpV� GD� FRPSDUDomR�GRV� HIHLWRV� QDV� LVRWHUPDV�GH� SUHVVmR�
GH�VXSHUItFLH�SDUD�GLIHUHQWHV�DPRVWUDV�GH�TXLWRVDQD�GHULYDGRV��2V�HIHLWRV�HP�PRQRFDPDGDV�GH�'33&��
'33*�H�'03$�VmR�GH�H[SDQVmR��VHQGR�R�DXPHQWR�GD�H[SDQVmR�SURSRUFLRQDO�DR�DXPHQWR�GD�FRQFHQ�
WUDomR�GH�TXLWRVDQD�RX�GHULYDGR�QD�VXEIDVH��,QWHUDo}HV�HOHWURVWiWLFDV�HQWUH�R�JUXSDPHQWR�DPLQR�SURWR�
QDGR�GD�TXLWRVDQD��VROXomR�S+������H�R�JUXSDPHQWR�IRVIDWR��QHJDWLYDPHQWH�FDUUHJDGR�GH�'03$��VmR�
HYLGHQWHV��3RUpP��H[SHULPHQWRV�HP�FRQGLo}HV�LGrQWLFDV�DRV�FRP�TXLWRVDQD��XWLOL]DQGR�R�SROLHOHWUyOLWR�
FORULGUDWR�GH�SROLDOLODPLQD��3$+��TXH�SRVVXL�R�PHVPR�JUXSDPHQWR�DPLQR�SDVVtYHO�GH�SURWRQDomR��GH�
PRQVWURX�SRXFR�HIHLWR�IUHQWH�DRV�PRGHORV�GH�PHPEUDQD��HP�GLVFRUGkQFLD�DR�REVHUYDGR�SDUD�TXLWRVDQD��
7DO�FRPSRUWDPHQWR�VXJHUH�TXH�LQWHUDo}HV�HOHWURVWiWLFDV�QmR�VmR�DV�~QLFDV�IRUoDV�H[LVWHQWHV�QD�LQWHUDomR��
$�LPSRUWkQFLD�GDV�IRUoDV�KLGURIyELFDV�H�QmR�UHOHYkQFLD�GDV�OLJDo}HV�KLGURJrQLR�IRL�FRPSURYDGD�DWUDYpV�
GD�FRPSDUDomR�GRV�HIHLWRV�FDXVDGR�SRU�TXLWRVDQD�H�GRLV�GHULYDGRV�O’, O���DFLODGRV�GH�TXLWRVDQD��FRPR�
PRVWUDGR�QD�)LJXUD���

20 30 40 50 60 70 80 90 100

0

10

20

30

40

50

60

 

 

 0
 0,05 de quitosana
 0,05 de DEQUI
 0,05 de DPPQUI

P
re

ss
ão

 d
e 

su
pe

rfí
ci

e 
(m

N
 m

-1
)

Área molecular média (Å2)

Conentração na subfase (mg mL-1)

Figura 1. ,VRWHUPDV�GH�SUHVVmR�GH�VXSHUItFLH�SDUD�'03$�SXUR�HP�VXEIDVH�WDPSmR�76��S+������FRQWHQGR�TXLWRVDQD��
2¶�2��GLHWLO�TXLWRVDQD��'(48,��H�2¶�2��GLSURSLRQLO�TXLWRVDQD��'3348,��QD�FRQFHQWUDomR�GH������PJ�P/��. 
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$�PDLRU�H[SDQVmR�GDV�PRQRFDPDGDV�GH�'03$�SURYRFDGD�SRU�'3348,�H�'(48,��PDLV�KLGUR�
IyELFRV���GHPRQVWUD�D�SUHGRPLQkQFLD�GDV�LQWHUDo}HV�KLGURIyELFDV��7DO�FRPSRUWDPHQWR�IRL�FRUURERUDGR�
SRU�HVSHFWURV�30�,55$6�QD�UHJLmR�GH�YLEUDomR�&�+��$LQGD��IRL�PRVWUDGR�DWUDYpV�GDV�LVRWHUPDV��TXH�DV�
FRQWULEXLo}HV�GDV�OLJDo}HV�KLGURJrQLR�GRV�JUXSRV�KLGUR[LOD�VmR�GH�PHQRU�LPSRUWkQFLD��XPD�YH]�TXH�RV�
JUXSRV�KLGUR[LODV�GD�TXLWRVDQD�HVWmR�EOLQGDGRV�SHORV�JUXSRV�HWDQRLO�H�SURSDQRLO��LQVHULGRV�YLD�UHDomR�GH 
O�DFLODomR�

2V�PDLRUHV�HIHLWRV��VRE�PRQRFDPDGDV�GH�'03$��IRUDP�FDXVDGRV�SRU�TXLWRVDQD�GH�EDL[D�PDVVD�
PROHFXODU��4%00�±�0Z� ��������J�PRO���GR�TXH�GH�DOWD�PDVVD�PROHFXODU��4$00�±�0Z� ���������
J�PRO���FRPR�PRVWUDGR�QD�)LJXUD����(IHLWRV�PtQLPRV�IRUDP�SURYRFDGRV�SHODV�XQLGDGHV�UHSHWLWLYDV�GH�
TXLWRVDQD�VRE�DV�PRQRFDPDGDV�GH�'03$��7DO�FRPSRUWDPHQWR�p�GHYLGR��SURYDYHOPHQWH��D�PDLRU�DFHVVL�
ELOLGDGH�GDV�FDGHLDV�PHQRUHV�DV�PRQRFDPDGDV�OLStGLFDV�H�GD�FRQIRUPDomR�TXH�HVWDV�GRWDP�HP�VROXomR�
e quando adsorvem na monocamada.
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Figura 2. ,VRWHUPDV�GH�SUHVVmR�GH�VXSHUItFLH�SDUD�'03$�SXUR�HP�VXEIDVH�WDPSmR�76��S+������FRQWHQGR�
TXLWRVDQD�FRP�DOWD��$��H�EDL[D��%��PDVVD�PROHFXODU��

([SHULPHQWRV�GH�6)*�H�30�,55$6�LQGLFDP�TXH�4%00�SURYRFD�PDLRU�GHVRUGHQDPHQWR�GDV�
FDGHLDV�DOLIiWLFDV�GH�'33*�GR�TXH�4$00��DOpP�GH�FDXVDU�UHRULHQWDomR�GH�JUXSRV�TXtPLFRV�

4 concluSÃo

$WUDYpV�GR�UHVXOWDGRV�IRL�PRVWUDGR�TXH�DV�IRUoDV�LQWHUPROHFXODUHV�H[LVWHQWHV�HQWUH�TXLWRVDQD�H�
PRGHORV�GH�PHPEUDQD�FHOXODU�VmR�SULPRUGLDOPHQWH�HOHWURVWiWLFDV�H�KLGURIyELFDV��VHQGR�TXH�� OLJDo}HV�
KLGURJrQLR�SURYLQGDV�GDV�KLGUR[LODV�QmR�VmR�HVVHQFLDLV�QD�LQWHUDomR��4XLWRVDQD�FRP�EDL[D�PDVVD�PROH�
FXODU�DIHWD�PDLV�IRUWHPHQWH�RV�PRGHORV�GH�PHPEUDQD�FHOXODU�H�GHYHP�VHU�PDLV�H¿FD]HV�HP�DSOLFDo}HV�
RQGH�R�FRQWDWR�FRP�PHPEUDQDV�FHOXODUHV�UHDLV�H[LVWD�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�D�&DSHV��&13T�H�D�)$3(63�±�SURFHVVR����������������SHOR�DSRLR�¿QDQFHLUR�

reFerÊnciAS

&$6(/,��/���3$9,1$772��)��-���12%5(��7��0���=$1,48(//,��0��(��'���9,,7$/$��7���2/,9(,5$�
-81,25��2��1��&KLWRVDQ�DV�D�UHPRYLQJ�DJHQW�RI�EHWD�ODFWRJOREXOLQ�IURP�PHPEUDQH�PRGHOV��/DQJPXLU��
Y������Q�����S������������������

3$9,1$772��)��-���3$9,1$772��$���&$6(/,��/���6$1726�-81,25��'��6���12%5(��7��0���=$1,�
48(//,��0��(��'���2/,9(,5$�-81,25��2��1��,QWHUDFWLRQ�RI�FKLWRVDQ�ZLWK�FHOO�PHPEUDQH�PRGHOV�DW�
WKH�DLU�ZDWHU�LQWHUIDFH��%LRPDFURPROHFXOHV��Y�����Q�����S������������������
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doPAGem de Zno com n (Zno:n) e APlicAÇÃo em ProceSSoS 
FotocAtAlíticoS

ivan mouritys Pereira Silva1, *Gabriela byzynski Soares2, caue ribeiro de oliveira3, elson longo2 

18QLYHUVLGDGH�GH�6mR�3DXOR��6mR�&DUORV��63��28QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��6mR�&DUORV��63��
�(PEUDSD�,QVWUXPHQWDomR��6mR�&DUORV��63�

JDEL�E\]\QVNL#JPDLO�FRP

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
2�SUHVHQWH�WUDEDOKR�WHYH�FRPR�REMHWLYR�VLQWHWL]DU�QDQRSDUWtFXODV�GH�=Q2�H�=Q2�1�DWUDYpV�GR�PpWRGR�
GRV�SUHFXUVRUHV�SROLPpULFRV�XWLOL]DQGR�XUHLD�FRPR�IRQWH�GH�QLWURJrQLR��DOpP�GH�FDUDFWHUL]DU�RV�QDQR�
FRPSyVLWRV�H�DYDOLDU�D�VXD�DWLYLGDGH�IRWRFDWDOtWLFD�QDV�UHJL}HV�GR�89&�H�YLVtYHO��2V�UHVXOWDGRV�GH�'5;�
GDV�DPRVWUDV�MXQWDPHQWH�FRP�R�GHVORFDPHQWR�GR�FRPSULPHQWR�GH�RQGD�GH�DEVRUomR�Pi[LPD�REVHUYDGR�
QD�'56�p�XP�LQGLFDWLYR�GH�TXH�R�QLWURJrQLR�IRL�LQFRUSRUDGR�QD�UHGH�FULVWDOLQD�GR�=Q2��1RWRX�VH�TXH�
a energia de band-JDS�QmR�DOWHURX�VLJQL¿FDWLYDPHQWH�HQWUH�DV�DPRVWUDV��H[FHWR�SHODV�DPRVWUDV�$0��H�
$0���1D�DQiOLVH�GD�DWLYLGDGH�IRWRFDWDOtWLFD��DV�DPRVWUDV�$0��H�$0��IRUDP�DV�TXH�DSUHVHQWDUDP�DV�
PDLRUHV�FRQVWDQWHV�GH�GHJUDGDomR�GR�FRUDQWH�QR�89&��PRVWUDQGR�WDPEpP�ERD�GHJUDGDomR�QR�YLVtYHO��
WHQGR�DVVLP�PDLRU�SRWHQFLDO�GH�DSOLFDomR�HP�SHVTXLVDV�GH�FDPSR�H�DSOLFDo}HV�VRE�OX]�VRODU��
Palavras-chave��=Q2��=Q2�1��)RWRFDWiOLVH�

doPinG oF Zno witH n And PHotocAtAlYtic APPlicAtionS
Abstract
7KH�PDLQ�JRDO�RI�WKLV�SDSHU�LV�WKH�V\QWKHVLV�RI�=Q2�DQG�=Q2�1�E\�SRO\PHULF�SUHFXUVRUV�PHWKRG�XVLQJ�
XUHD�DV�1�VRXUFH��LQ�DGGLWLRQ�WKH�QDQRSDUWLFOHV�FKDUDFWHUL]DWLRQ�DQG�LWV�SKRWRFDWDO\WLF�DFWLYLW\�LQ�89�DQG�
YLVLEOH�UHJLRQ�KDV�EHHQ�GRQH��'5;�UHVXOWV�ZLWK�WKH�FKDQJH�LQ�PD[LPXP�ZDYHOHQJWK�DEVRUSWLRQ�REVHUYHG�
E\�'56�RI�WKH�QDQRSDUWLFOHV�DUH�LQGLFDWLYH�WKDW�1�ZDV�LQFRUSRUDWHG�LQ�=Q2�ODWWLFH��,W�ZDV�REVHUYHG�WKDW�
EDQG�JDS�HQHUJ\�GR�QRW�VXIIHU�DQ\�VLJQL¿FDQW�PRGL¿FDWLRQ�IRU�DOPRVW�DOO�VDPSOHV��H[FHSW�IRU�$0���DQG�
$0���,Q�SKRWRFDWDO\WLF�DFWLYLW\�HYDOXDWLRQ��VDPSOHV�$0��DQG�$0��SUHVHQWHG�KLJKHU�GHJUDGDWLRQ�UDWH�
RI�G\H�LQ�89&�UDGLDWLRQ�DQG�DOVR�SUHVHQW�YLVLEOH�GHJUDGDWLRQ�UDWH�KLJKHU�WKDQ�WKH�RWKHU�VDPSOH��VKRZLQJ�
EHWWHU�¿HOGZRUN�DQG�VRODU�LUUDGLDWLRQ�DSSOLFDELOLW\�
Keywords: =Q2��=Q2�1��3KRWRFDWDO\VLV�

3XEOLFDo}HV�UHODFLRQDGDV��9,�-RUQDGD�&LHQWt¿FD�(PEUDSD�,QVWUXPHQWDomR������

1 introduÇÃo

=Q2�p�XP�LPSRUWDQWH�y[LGR�VHPLFRQGXWRU�GR�WLSR�Q�FRP�XP�EDQGJDS�GH������H9�H�XPD�HQHUJLD�
GH�H[FLWDomR�GH�OLJDomR�GH����PH9��VHQGR�HVVDV�FDUDFWHUtVWLFDV�LPSRUWDQWHV�SDUD�SHUPLWLU�OKH�HPLVVmR�QD�
UHJLmR�XOWUDYLROHWD��$VVLP��WRUQD�VH�XP�PDWHULDO�SURPLVVRU�QD�IDEULFDomR�GH�GLVSRVLWLYRV�IRWRHOHWU{QLFRV�
RSHUDQGR�QD�UHJLmR�HQWUH�R�D]XO�H�R�XOWUDYLROHWD�>�@���DOpP�GH�PDWHULDLV�SDUD�FRQVHUYDomR�GH�HQHUJLD��
SDLQpLV�IRWRHOpWULFRV�H�HOHWURGRV�SDUD�FpOXODV�VRODUHV�>�@�

3DUD� DXPHQWDU� D� DWLYLGDGH� IRWRFDWDOtWLFD� H� H[SDQGLU�R� FRPSULPHQWR�GH�RQGD�GH� H[FLWDomR�GR�
VHPLFRQGXWRU��R�SURFHVVR�GH�GRSDJHP�p�XWLOL]DGR��'RSDQWHV�QmR�PHWiOLFRV��FRPR�1��&��6�SRGHP�VHU�
XWLOL]DGRV� FRP� UHVXOWDGRV� DSUHFLiYHLV��$VVLP��R�REMHWLYR�GHVVH� WUDEDOKR� p�R�GHVHQYROYLPHQWR�GH�XP�
PpWRGR�VLPSOHV�� UiSLGR�H� IiFLO�GH� VtQWHVH�GH�=Q2�1��$�FDUDFWHUL]DomR�GDV�QDQRSDUWtFXODV� UHVXOWDQWHV�
WDPEpP�IRL�UHDOL]DGD�SRU�GLIUDomR�GH�UDLR�;��GHWHUPLQDomR�GD�iUHD�VXSHU¿FLDO�SRU�%(7�H�HVSHFWURVFRSLD�
GH�UHÀHFWkQFLD�GLIXVD�89�YLV��2V�UHVXOWDGRV�REWLGRV�DMXGDUDP�D�FRPSUHHQVmR�GR�SURFHVVR�GH�GRSDJHP�
QD�DWLYLGDGH�IRWRFDWDOtWLFD�GR�=Q2�1��D�TXDO�IRL�UHDOL]DGD�VRE�LUUDGLDomR�89�H�YLVtYHO��

2 mAteriAiS e métodoS

2.1 Síntese das nanopartículas de Zno e dopagem do material com nitrogênio

$V�DPRVWUDV�IRUDP�VLQWHWL]DGDV�SHOR�PpWRGR�GRV�SUHFXUVRUHV�SROLPpULFRV��$�UHVLQD�GH�=Q2�IRL�
REWLGD�SHOD�GLVVROXomR�GH�QLWUDWR�GH�]LQFR�KH[DKLGUDWDGR�QXPD�VROXomR�DTXRVD�GH�iFLGR�FtWULFR�PRQRKL�
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GUDWDGR�QXPD�UD]mR�PRODU�GH��������$GLFLRQRX�VH�DSUR[LPDGDPHQWH���J�GD�UHVLQD�QXP�FDGLQKR��OHYDQGR
�R�SDUD�FDOFLQDU�D������&�SRU���KRUDV��3DUD�R�SURFHGLPHQWR�GH�GRSDJHP�GR�PDWHULDO��GLVVROYHX�VH�XUHLD�
HP�GLYHUVDV�SURSRUo}HV�HP����P/�GD�UHVLQD�GH�=Q2�DQWHV�GH�FDOFLQDU�DV�DPRVWUDV��$R�WRWDO��D�FRQFHQWUD�
omR�GH�1�YDULRX�SURGX]LQGR�RLWR�DPRVWUDV�GLIHUHQWHV��GHQRPLQDGDV�GH�DFRUGR�FRP�R�VHX�FRQWH~GR�GH�1��
�����GH�1� �$0��������GH�1� �$0��������GH�1� �$0��������GH�1� �$0��������GH�1� �$0��������
GH�1� �$0��������GH�1� �$0��H������GH�1� �$0���$SyV�D�DGLomR�GH�XUHLD��UHDOL]RX�VH�R�WUDWDPHQWR�
WpUPLFR�D������&�SRU���KRUDV�

�$�FDUDFWHUL]DomR�GDV�QDQRSDUWtFXODV�GRSDGDV�H�QmR�GRSDGD�VLQWHWL]DGDV� IRL� IHLWD�HP�GLYHUVDV�
DQiOLVHV��3DUD�DYDOLDU�D�HVWUXWXUD�FULVWDOLQD�H� WDPDQKR�GR�FULVWDOLWR� IRL�XWLOL]DGR�GLVSHUVmR�GH� UDLRV�;��
�'5;����2V�GLIUDWRJUDPDV�IRUDP�REWLGRV�FRP�kQRGR�GH�&X��Ȝ&X�.Į�� �������QP���QR�LQWHUYDOR�GH��ș� �
��±����D����PLQí���3DUD�GHWHUPLQDU�D�FRPSRVLomR�TXtPLFD�GDV�DPRVWUDV��PRUIRORJLD�GD�VXSHUItFLH�H�WDP�
EpP�SDUD�H[DPLQDU�D�FRQFHQWUDomR�GR�GRSDQWH�IRL�HIHWXDGD�DQiOLVHV�GH�(';�LQWHJUDGR�FRP�0(9��$�iUHD�
VXSHU¿FLDO�GDV�QDQRSDUWtFXODV�VLQWHWL]DGDV�IRL�PHGLGD�DWUDYpV�GD�DGVRUomR�GH�QLWURJrQLR�SHOD�HTXDomR�
GH�%UXQDXHU�(PPHWW�7HOOHU��%(7���&RP�LQWXLWR�GH�GHWHUPLQDU�D�HQHUJLD�GH�EDQG�JDS�SDUD�DV�DPRVWUDV��
IRUDP�H[HFXWDGDV�PHGLGDV�GH�UHÀHWkQFLD�GLIXVD�QR�89�9LV��$�HQHUJLD�GH�EDQG�JDS�IRL�FDOFXODGD�DWUDYpV�
GD�HTXDomR�GH�7DXF�

�$�IRWRGHJUDGDomR�GD�5RGDPLQD�%�IRL�DQDOLVDGD�VRE�LQÀXrQFLD�GH�UDGLDomR�89&�H�YLVtYHO��)RL�
DGLFLRQDGR���PJ�GH�FDGD�DPRVWUD�HP�EpTXHUHV�FRQWHQGR����P/�GH�XPD�VROXomR�DTXRVD�GH�����PJ�/�� 
GH�5RGDPLQD��&RQGX]LX�VH�HQWmR�D�IRWRGHJUDGDomR�QXP�UHDWRU�D�����&��LOXPLQDGR�SRU�VHLV�OkPSDGDV�
HPLVVRUDV�GH�UDGLDomR�89&�H�VXEPHWHQGR�DV�DPRVWUDV�D�DJLWDomR�PDJQpWLFD�FRQVWDQWH��$�DQiOLVH�VRE�
LUUDGLDomR�YLVtYHO�IRL�UHDOL]DGD�VHSDUDGDPHQWH��XWLOL]DQGR�VH�VHLV�OkPSDGDV�ÀXRUHVFHQWHV�HPLVVRUDV�GH�
UDGLDomR�YLVtYHO��$�UHDomR�IRL�PRQLWRUDGD�DWUDYpV�GH�HVSHFWURVFRSLD�89�9LV�HP�GLIHUHQWHV�WHPSRV�GH�
H[SRVLomR�

3 reSultAdoS e diScuSSÃo

3.1 'LIUDomR�GH�5DLR�;��'5;�

2V�GLIUDWRJUDPDV�GDV�QDQRSDUWtFXODV�GH�=Q2�H�=Q2�1� VmR�PRVWUDGRV�QD�)LJXUD����7RGDV� DV�
QDQRSDUWtFXODV�DSUHVHQWDP�D�HVWUXWXUD�FULVWDOLQD�KH[DJRQDO�FDUDFWHUtVWLFD�GR�=Q2��KXUW]LWD���H[LELQGR�
DOWD� FULVWDOLQLGDGH��$� LQFRUSRUDomR�GH� QLWURJrQLR� QD� HVWUXWXUD� FULVWDOLQD� GR�=Q2�� DSDUHQWHPHQWH�� QmR�
FDXVD�PXGDQoDV�QD�HVWUXWXUD�EiVLFD�GR�=Q2��1RWD�VH�WDPEpP�TXH�FRQIRUPH�RFRUUH�R�DXPHQWR�GR�Qt�
YHO�GH�GRSDJHP��Ki�XP�SHTXHQR�GHVORFDPHQWR�QR�SLFR�UHIHUHQWH�DR�SODQR��������(VWDV�PXGDQoDV�VmR�
FDUDFWHUL]DGDV�GD�VXEVWLWXLomR�GR�QLWURJrQLR�SHOR�SRU�2���H�PXGDQoDV�QR�JUDX�GH�IRUPDomR�GR�PDWHULDO��
UHVSHFWLYDPHQWH��2�WDPDQKR�GR�FULVWDOLWR��G��IRL�FDOFXODGR�DWUDYpV�GD�HTXDomR�GH�6FKHUUHU��HP�WUrV�SLFRV�
GRV�GLIUDWRJUDPDV�GH�UDLR�;�SDUD�FDGD�DPRVWUD�H�RV�UHVXOWDGRV�VmR�PRVWUDGRV�QD�7DEHOD����8P�DXPHQWR�
GH�G�p�HYLGHQWH�FRP�R�DXPHQWR�GD�SRUFHQWDJHP�GH�GRSDJHP�GH�1��LQGLFDQGR�XPD�H[SDQVmR�QD�UHGH�
FULVWDOLQD���$�iUHD�VXSHU¿FLDO�GDV�QDQRSDUWtFXODV�QmR�DSUHVHQWDP�FRUUHODomR�OLQHDU�FRP�D�GRSDJHP��VHQGR�
UHODWLYDPHQWH�EDL[D�SDUD�WRGDV�DV�DPRVWUDV�
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Figura 1. 'LIUDWRJUDPDV�GH�UDLR�;�GDV�DPRVWUDV�GH�=Q2�H�=Q2�1��D��$0���E��$0���F��$0���G��$0���H��$0���
I��$0���J��$0���K��$0��



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 329

tabela 1. 7DPDQKR�GR�FULVWDOLWR�SDUD�DV�DPRVWUDV�GH�=Q2�GRSDGDV�H�QmR�GRSDGD
Amostras ��ș������ d (nm) ÈUHD�VXSHU¿FLDO��P2 

g-1)
band Gap energy 

(ev)

$0� ����� �� ������ ����

$0� ����� �� ������ ����

$0� ����� �� ������ ����

$0� ����� �� ������ ����

$0� ����� �� ������ ����

$0� ����� �� ������ ����

$0� ����� �� ������ ����

$0� ����� �� ������ ����

3.2 0LFURVFRSLD�(OHWU{QLFD�GH�9DUUHGXWD��0(9�

3DUD�FDUDFWHUL]DU�D�PRUIRORJLD�GD�VXSHUItFLH�GDV�SDUWtFXODV�VLQWHWL]DGDV�IRUDP�IHLWDV�DQiOLVHV�GH�
0(9�GDV�DPRVWUDV��DVVLP�FRPR�UHSUHVHQWDGR�QD�)LJXUD����$V�LPDJHQV�VmR�FRUUHVSRQGHQWHV�DR�=Q2�QmR�
GRSDGR��$0���H�DR�=Q2�1�GRSDGR�FRP����GH�QLWURJrQLR��$0����$V�LPDJHQV�SDUD�DV�RXWUDV�DPRVWUDV�
QmR�HVWmR�UHSUHVHQWDGDV��SRLV�HODV�SRVVXHP�FDUDFWHUtVWLFDV�VLPLODUHV�DR�TXH�HVWi�GHVFULWR�SHODV�DPRV�
WUDV�$0��H�$0���$V�LPDJHQV�GD�0(9�FRQ¿UPDP�D�FDUDFWHUtVWLFD�GH�DJORPHUDGRV�FRP�D�IRUPDomR�GH�
SDUWtFXODV�JUDQGHV�QDV�DPRVWUDV��FRQWULEXLQGR�DVVLP�SDUD�D�GLPLQXLomR�GRV�YDORUHV�GH�iUHD�VXSHU¿FLDO�
�7DEHOD����

Figura 2. ,PDJHQV�GD�0(9��$�FRUUHVSRQGH�D�$0��H�%�FRUUHVSRQGH�D�$0��

3.3 (VSHFWURVFRSLD�GH�5HÀHFWkQFLD�'LIXVD�QR�89�9LV

$�)LJXUD��$�DSUHVHQWD�RV�HVSHFWURV�GH�UHÀHFWkQFLD�GLIXVD�QR�89�9LV�SDUD�DV�DPRVWUDV�GH�=Q2�H�
=Q2�1��3RGH�VH�QRWDU�TXH�D�~QLFD�DPRVWUD�TXH�SRVVXL�XP�FRPSRUWDPHQWR�GLIHUHQWH�GDV�GHPDLV�p�D�$0���
&RQIRUPH�R�QtYHO�GH�GRSDJHP�DXPHQWD��Ki�XP�GHVORFDPHQWR�SDUD�YDORUHV�PDLRUHV�GH�FRPSULPHQWR�GH�
RQGD�GH�DEVRUomR�Pi[LPD�DWLQJLQGR�DVVLP�D�UHJLmR�GR�YLVtYHO��(VVH�GHVORFDPHQWR�GR�FRPSULPHQWR�GH�
RQGD�GH�DEVRUomR�Pi[LPD�HVWi�UHODFLRQDGR�FRP�D�LQFRUSRUDomR�GR�QLWURJrQLR�QD�UHGH�FULVWDOLQD�GR�=Q2��
O valor de band-gap�SDUD�DV�DPRVWUDV�IRUDP�FDOFXODGRV�D�SDUWLU�GR�PRGHOR�GH�Tauc assim como mostra 
D�)LJXUD��%��&RPR�DSUHVHQWDGR�QD�7DEHOD����SRGH�VH�QRWDU�TXH�RV�YDORUHV�GH�band-gap não alteram 
VLJQL¿FDWLYDPHQWH�HQWUH�DV�DPRVWUDV��H[FHWR�SHOD�$0��H�$0���SRLV�YDULDo}HV�GH������H9�SRGHP�HVWDU�
DVVRFLDGDV�FRP�HUURV�H[SHULPHQWDLV�

BAA
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Figura 3. $��(VSHFWURV�GH�UHÀHFWkQFLD�GLIXVD�QR�89�9LV��SDUD�DV�DPRVWUDV�GH�=Q2�H�=Q2�1�VLQWHWL]DGDV��%��

0RGHOR�GH�Tauc.

3.4 $WLYLGDGH�IRWRFDWDOtWLFD�QD�UHJLmR�GR�89&�H�9LVtYHO�

1D�DYDOLDomR�GD�DWLYLGDGH�IRWRFDWDOtWLFD�GDV�QDQRSDUWtFXODV��VRE� LUUDGLDomR�89&�DVVLP�FRPR�
PRVWUD�D�)LJXUD��$��IRL�REVHUYDGR�TXH��GH�PDQHLUD�JHUDO��WRGDV�DV�DPRVWUDV�DSUHVHQWDP�DWLYLGDGH�IRWR�
FDWDOtWLFD�HOHYDGD��DWp�PHVPR�SDUD�DV�DPRVWUDV�GRSDGDV��VHQGR�TXH�DV�DPRVWUDV�PDLV�DWLYDV��QD�UHJLmR�
GR�89&��VmR�DV�DPRVWUDV�$0��H�$0���GHJUDGDQGR�PDLV�GR�TXH�����GD�FRQFHQWUDomR�LQLFLDO�DSyV�����
PLQXWRV�� �6RE� LUUDGLDomR�YLVtYHO�� D� DWLYLGDGH� IRWRFDWDOtWLFD�GDV�DPRVWUDV�p�PHQRU�TXDQGR�FRPSDUDGD�
FRP�D�UDGLDomR�89&��DSHVDU�GDV�DPRVWUDV�GRSDGDV�DSUHVHQWDUDP�XPD�DWLYLGDGH�PDLRU�GR�TXH�D�DPRVWUD�
QmR�GRSDGD�=Q2��$�FLQpWLFD�GH�GHJUDGDomR�GR�FRUDQWH�IRL�DYDOLDGD�FRPR�VHQGR�GH�SULPHLUD�RUGHP�HP�
UHODomR�D�FRQFHQWUDomR�GR�FRUDQWH���
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Figura 4. 3HU¿O�GH�IRWRGHJUDGDomR�GD�5RG�%�5RG�%�FRP�DV�QDQRSDUWtFXODV�HP�GLIHUHQWHV�WLSRV�GH�UDGLDomR��$��
89&�H�%��9LVtYHO�

4 concluSÃo

3RGH�VH�FRQFOXLU�TXH�R�PpWRGR�GHVHQYROYLGR�p�DGHTXDGR�SDUD�D�VtQWHVH�GH�QDQRSDUWtFXODV�GH�
=Q2�GRSDGDV�FRP�1��2V�UHVXOWDGRV�GRV�YDORUHV�GH�EDQG�JDS�DYDOLDP�D�LQÀXrQFLD�GD�LQFRUSRUDomR�GR�1�
QD�UHGH�FULVWDOLQD�GR�=Q2��GLPLQXLQGR�HP�XPD�SURSRUomR�DGHTXDGD�GH�1��D�HQHUJLD�GH�DWLYDomR�SDUD�D�
H[FLWDomR�HOHWU{QLFD�GR�=Q2�H�FRQVHTXHQWH�DWLYLGDGH�IRWRFDWDOtWLFD�QD�UHJLmR�GR�YLVtYHO��$�GRSDJHP�GH�1�
QmR�LQLELX�D�DWLYLGDGH�IRWRFDWDOtWLFD�QD�UHJLmR�GR�89��SRUpP�SRGH�WHU�H[SDQGLGR�D�UHGH�FULVWDOLQD�GR�=Q2��

AGrAdecimentoS

&13T��3URFHVVR�����������������&DSHV��)LQHS�H�(PEUDSD�,QVWUXPHQWDomR�
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reFerÊnciAS

>�@�35$.$6+��7���-$<$35$.$6+��5���(6352��&���1(5,��*���.80$5��(�5��(IIHFW�RI�6Q�GRSLQJ�
RQ�PLFURVWUXFWXUDO�DQG�RSWLFDO�SURSHUWLHV�RI�=Q2�QDQRSDUWLFOHV�V\QWKHVL]HG�E\�PLFURZDYH�LUUDGLDWLRQ�
PHWKRG��-��0DWHU��6FL�����������������������

>�@�/,��&���/,��-���/,��6�6���;,$��-�%���:(,��6�+��6HOHFWLRQ�UXOH�RI�SUHIHUUHG�GRSLQJ�VLWH�IRU�Q�W\SH�R[LGHV��
$SSOLHG�3K\VLFV�/HWWHUV���������������������GRL���������������������

eletrodoS de Srtio
3
 AtrAvéS de método modiFicAdo de 

PrecurSoreS PoliméricoS

*marina raschetti
1
, Gabriela byzynski Soares

2
, caue ribeiro de oliveira

3
, elson longo

2

1'HSDUWDPHQWR�GH�(QJHQKDULD�GH�0DWHULDLV��8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��6mR�&DUORV��
63��2�'HSDUWDPHQWR�GH�4XtPLFD��8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��6mR�&DUORV��63����Embrapa 

,QVWUXPHQWDomR��6mR�&DUORV��63�
*marina.raschetti@gmail.com

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo

$V�SURSULHGDGHV�ySWLFDV�H�D�HVWDELOLGDGH�ItVLFR�TXtPLFD�GD�SHURYVNLWD�6U7L2� a tornam um semicondu�
WRU�SDUWLFXODUPHQWH�LQWHUHVVDQWH�QDV�DSOLFDo}HV�GH�IRWRFDWiOLVH��WDO�FRPR�FpOXODV�VRODUHV�RX�GHJUDGDomR�
IRWRFDWDOtWLFD�GH�SURGXWRV�RUJkQLFRV��1HVVH� WUDEDOKR� IRUDP�VLQWHWL]DGDV�QDQRSDUWtFXODV�GH� WLWDQDWR�GH�
HVWU{QFLR��6U7L2���D�SDUWLU�GD�PRGL¿FDomR�GR�PpWRGR�GH�SUHFXUVRUHV�SROLPpULFRV��DVVLP�FRPR�HOHWURGRV�
GH�¿OPHV�¿QRV�GH�6U7L2� por spin-coating��$QiOLVHV�GH�GLIUDomR�GH�UDLRV�;�H�HVSHFWURVFRSLD�GH�UHÀHF�
WkQFLD�GLIXVD�QDV�QDQRSDUWtFXODV�FRQ¿UPDUDP�D�HVWUXWXUD�FULVWDOLQD�GR�6U7L2��H�IRL�REWLGR�R�YDORU�GH�
band-gap�GH������H9��,PDJHQV�HP�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�GHPRVWUDUDP�XPD�ERD�D¿QLGDGH�
GRV�¿OPHV�FRP�R�VXEVWUDWR�H�SRVVLELOLWRX�D�REWHQomR�GD�HVSHVVXUD�GRV�¿OPHV�GHSRVLWDGRV��2V�SDUkPHWURV�
GH�GHSRVLomR�IRUDP�RWLPL]DGRV�SRU�PHGLGDV�HOHWURDQDOtWLFDV��DV�TXDLV�GHPRQVWUDUDP�WDPEpP�R�SURFHVVR�
HOHWURTXtPLFR�TXDVH�UHYHUVtYHO�GRV�HOHWURGRV�HP�VROXomR�GH�.�)H�&1��.
Palavras-chave��6HPLFRQGXWRU��6U7L2���(OHWURDQDOtWLFD��)RWRFDWiOLVH�

Srtio
3
 electrodeS From A new metHod oF PolYmeric PrecurSorS

Abstract

7KH� RSWLFDO� SURSHUWLHV� DQG� SK\VLFRFKHPLFDO� VWDELOLW\� RI� 6U7L2�� SHURYVNLWH� DOORZ� WKLV� VHPLFRQGXFWRU�
SDUWLFXODUO\�LQWHUHVWLQJ�LQ�SKRWRFDWDO\VLV�DSSOLFDWLRQV��VXFK�DV�VRODU�FHOOV�DQG�SKRWRFDWDO\WLF�GHJUDGDWLRQ�
RI�RUJDQLF�FRPSRQHQWV��,Q�WKLV�ZRUN��6U7L2��QDQRSDUWLFOHV�ZHUH�V\QWKHVL]HG��IURP�D�PRGL¿HG�PHWKRG�RI�
SRO\PHULF�SUHFXUVRUV��DQG�6U7L2��WKLQ�¿OP�HOHFWURGHV�ZHUH�HODERUDWHG�E\�VSLQ�FRDWLQJ��;�UD\�GLIIUDFWLRQ�
DQG�GLIIXVH�UHÀHFWDQFH�VSHFWURVFRS\�RI�WKH�QDQRSDUWLFOHV�FRQ¿UPHG�WKH�6U7L2��ODWWLFH�DQG�D�EDQG�JDS�
YDOXH�RI������H9�ZDV�REWDLQHG��6FDQQLQJ�HOHFWURQ�PLFURVFRS\�VKRZHG�D�JRRG�DI¿QLW\�EHWZHHQ�WKH�WKLQ�
¿OPV�DQG�WKHLU�VXEVWUDWH��DQG�WKH�WKLQ�¿OP�WKLFNQHVV�ZDV�REWDLQHG��7KH�GHSRVLWLRQ�SDUDPHWHUV�ZHUH�RS�
WLPL]HG�E\�HOHFWURDQDO\WLFDO�PHDVXUHPHQWV��ZKLFK�VKRZHG�IXUWKHU�WKH�TXDVL�UHYHUVLEOH�HOHFWURFKHPLFDO�
EHKDYLRXU�RI�6U7L2��HOHFWURGHV�LQ�D�.�)H�&1�� solution.
Keywords: 6HPLFRQGXFWRU��6U7L2���(OHFWURDQDO\VLV��3KRWRFDWDO\VLV�

3XEOLFDo}HV�UHODFLRQDGDV��9,�-RUQDGD�&LHQWt¿FDV������(PEUDSD�,QVWUXPHQWDomR�

1 introduÇÃo

2�SULQFtSLR�GD�IRWRFDWiOLVH�UHVLGH�QD�WUDQVIHUrQFLD�HOHWU{QLFD�SURYRFDGD�SRU�DEVRUomR�GH�XP�Iy�
ton de energia maior ou semelhante ao valor de band-gap�GR�VHPLFRQGXWRU��UHVXOWDQGR�HP�SURGXomR�GH�
UDGLFDLV�KLGUR[LODV�H�VXSHUy[LGRV��RV�TXDLV�VHUmR�UHVSRQViYHLV�SHOD�FDWiOLVH�GD�UHDomR��3DUD�DXPHQWDU�D�
DWLYLGDGH�IRWRFDWDOtWLFD�H�H[SDQGLU�R�FRPSULPHQWR�GH�RQGD�GH�H[FLWDomR�GR�VHPLFRQGXWRU��R�SURFHVVR�GH�
GRSDJHP�p�XWLOL]DGR��$VVLP��GRSDQWHV�QmR�PHWiOLFRV��FRPR�1��&��6�SRGHP�VHU�XWLOL]DGRV�FRP�UHVXOWDGRV�
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DSUHFLiYHLV��2�6U7L2��p�XP�GRV�y[LGRV�PDLV�HVWXGDGRV�HQWUH�RV�y[LGRV�SHURYVNLWD��$%2���GHYLGR�DV�
VXDV�SURSULHGDGHV�ItVLFDV�H�TXtPLFDV��FRPR�VXD�H[FHOHQWH�HVWDELOLGDGH�WpUPLFD��UHVLVWrQFLD�D�IRWRFRURVmR�
H�ERD�HVWDELOLGDGH�HVWUXWXUDO�SDUD�SURFHVVRV�GH�GRSDJHP�>�@��'R�SRQWR�GH�YLVWD�HOHWU{QLFR��R�WLWDQDWR�GH�
HVWU{QFLR�HVWHTXLRPpWULFR�p�FRQVLGHUDGR�XP�LVRODQWH�FRP�XPD�HQHUJLD�GH�band-gap��GH������H9��7 ��
.��>�@��

�$QiOLVHV�HOHWURTXtPLFDV��FRPR�YROWDPHWULDV�FtFOLFDV�H�HVSHFWURVFRSLD�GH�LPSHGkQFLD��VmR�PXL�
WR�~WHLV�SDUD�R�HVWXGR�H�HQWHQGLPHQWR�GR�FRPSRUWDPHQWR�GRV�VHPLFRQGXWRUHV��FRP�H�VHP�LOXPLQDomR��
$OpP�GHVVDV�WpFQLFDV�SRVVLELOLWDUHP�R�PHOKRU�HQWHQGLPHQWR�GR�FRPSRUWDPHQWR�GHVVHV�PDWHULDLV��WDP�
EpP�p� SRVVtYHO� GHWHUPLQDU� D� YHORFLGDGH� GH� WUDQVIHUrQFLD� HOHWU{QLFD�� FRP�DX[tOLR� GH� DOJXQV�PRGHORV�
WHyULFRV��3DUD�D� UHDOL]DomR�GH�HVWXGRV�HOHWURTXtPLFRV�p�QHFHVViULR�D� LPRELOL]DomR�GDV�QDQRSDUWtFXODV�
GH�VHPLFRQGXWRUHV�HP�HOHWURGRV�GH�¿OPHV�¿QRV�RX�HOHWURGRV�VyOLGRV��1R�SULPHLUR�FDVR��D�GHSRVLomR�GR�
¿OPH�HP�XP�VXEVWUDWR��,72��p�XPD�HWDSD�FUXFLDO�SDUD�REWHQomR�GRV�UHVXOWDGRV��$VVLP��R�REMHWLYR�FHQWUDO�
GHVWH�WUDEDOKR�FRQVLVWH�QD�DYDOLDomR�GR�LPSDFWR�GD�GRSDJHP�GH�6U7L2� no comportamento eletroquí�
PLFR�GH� HOHWURGRV� FRQVWLWXtGRV� GH�¿OPHV�¿QRV��$V�QDQRSDUWtFXODV�6U7L2�� IRUDP� VLQWHWL]DGDV� SRU� XP�
PpWRGR�PRGL¿FDGR�EDVHDGR�QRV�SUHFXUVRUHV�SROLPpULFRV��VHQGR�XWLOL]DGR�XP�SROtPHUR�GH�EDL[D�PDVVD�
PROHFXODU�FRPR�DJHQWH�SROLPHUL]DQWH�DR�LQYpV�GH�HWLOHQRJOLFRO��IDFLOLWDQGR�D�GHSRVLomR�GRV�¿OPHV��)R�
UDP�UHDOL]DGDV�DQiOLVHV�GH�GLIUDomR�GH�UDLR�;�H�HVSHFWURVFRSLD�GH�UHÀHFWkQFLD�GLIXVD�QDV�QDQRSDUWtFXODV��
SDUD�FRQ¿UPDU�D�VtQWHVH�GH�6U7L2���$�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�IRL�XWLOL]DGD�SDUD�DYDOLDU�D�
HVSHVVXUD�H�KRPRJHQHLGDGH�GRV�¿OPHV�¿QRV��$�TXDQWLGDGH�GH�FDPDGDV�GHSRVLWDGDV�DVVLP�FRPR�D�iUHD�
GRV�¿OPHV�¿QRV�GHSRVLWDGRV�IRUDP�DYDOLDGDV�SRU�YROWDPHWULD�FtFOLFD��$�UHYHUVLELOLGDGH�GD�UHDomR�UHGR[�
H�R�FRH¿FLHQWH�GLIXVLRQDO�GD�UHDomR�UHGR[�WDPEpP�IRUDP�GHWHUPLQDGRV�SDUD�RV�¿OPHV�GH�6U7L2�. 

2 mAteriAiS e métodoS

$�UHVLQD�GH�6U7L2��IRL�SUHSDUDGD�XWLOL]DQGR�R�PpWRGR�PRGL¿FDGR�GRV�SUHFXUVRUHV�SROLPpULFRV��
VHJXQGR�6RDUHV�HW�DO�������>�@��5HVXPLGDPHQWH��VROXomR�GH�LVRSURSy[LGR�GH�WLWkQLR�IRL�DGLFLRQDGD�D�XPD�
VROXomR�GH�iFLGR�FtWULFR��UD]mR�PRODU�������(P�RXWUR�EpTXHU��XPD�VROXomR�GH�FDUERQDWR�GH�HVWU{QFLR�IRL�
DGLFLRQDGD�D�XPD�VROXomR�GH�iFLGR�FtWULFR��UD]mR�PRODU���������$�UD]mR�PRODU�HQWUH�7L�6U�IRL�GHVLJQDGD�
FRPR������$V�GXDV�VROXo}HV�IRUDP�KRPRJHQHL]DGDV�j����ஈ&��¬�HVVD�VROXomR�KRPRJHQHL]DGD�IRL�UHDOL]DGD�
D�DGLomR�GH�XPD�VROXomR�GH�39$�KLGUDWDGD��UD]mR�PRODU�iFLGR�FtWULFR�39$�GH�������$SyV��R�DMXVWH�GD�
YLVFRVLGDGH�GD�VROXomR�UHVXOWDQWH��D�GHSRVLomR�IRL�UHDOL]DGD�SRU�spin-coating��XPD�URWDomR�GH�����USP�
SRU���V�VHJXLGD�GH������USP�SRU���V��HP�VXEVWUDWRV�GH�,72��HP�GLIHUHQWHV�Q~PHURV�GH�FDPDGDV�H�GLIH�
UHQWHV�iUHDV��$�FDOFLQDomR�IRL�IHLWD�HP�WUrV�UDPSDV�GH�WHPSHUDWXUD�SDUD�SHUPLWLU�D�HYDSRUDomR�GH�DJXD�H�
VROYHQWHV����KRUDV�D�����&����KRUDV�D�����&�H���KRUDV�D�����&��8PD�UHVLQD�GH�6U7L2��GRSDGR�FRP����
GH�QLWURJrQLR�IRL�UHDOL]DGD��DGLFLRQDQGR�XUHLD�j�UHVLQD�LQLFLDO�

&DUDWHUL]Do}HV�FRPR�GLIUDomR�GH�UDLRV�;��'5;��H�HVSHFWURVFRSLD�GH�UHÀHWkQFLD�GLIXVD��'56��
IRUDP�HIHLWXDGDV�QDV�QDQRSDUWtFXODV�GH�6U7L2���$�VXSHUItFLH�H�HVSHVVXUD�GRV�HOHWURGRV�IRL�LQYHVWLJDGD�
SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9���2�FRPSRUWDPHQWR�HOHWURTXtPLFR�IRL�DYDOLDGR�SRU�YRO�
tametria cíclica. 

3 reSultAdoS e diScuSSÃo

3.1 &DUDWHUL]DomR�GDV�QDQRSDUWtFXODV�

2V�GLIUDWRJUDPDV�GH�UDLRV�;�GDV�QDQRSDUWtFXODV��DSUHVHQWDGR�QD�¿JXUD��$�HYLGHQFLD�D�HVWUXWXUD�
F~ELFD�GD�SHURYVNLWD��UHIHUHQWH�DR�6U7L2���$V�QDQRSDUWtFXODV�GH�6U7L2��1�QmR�DSUHVHQWDP��GLIHUHQoD�
HVWUXWXUDO��FRQVLGHUDQGR�TXH�RV�PHVPRV�SLFRV�GH�GLIUDomR�GR�TXH�6U7L2��VmR�HYLGHQFLDGRV��SRUpP�D�
FULVWDOLQLGDGH�GDV�QDQRSDUWtFXODV�GRSDGDV�SRU�WHU�DXPHQWDGR�HP�FRPSDUDomR�DR�6U7L2��SXUR��$�HVSHF�
WURVFRSLD�GH�UHÀHFWkQFLD�GLIXVD��¿JXUD��%��IRL�XWLOL]DGD�SDUD�GHWHUPLQDomR�GRV�YDORUHV�GH�band-gap��
DWUDYpV�GD�XWLOL]DomR�GD�HTXDomR�GH�7DXF�>�@��UHVXOWDQGR�HP�XP�YDORU�GH�band-gap�GH������H9��SUy[LPR�
DR�GD�OLWHUDWXUD��SDUD�6U7L2��������H9��>�@��2�6U7L2��1�QmR�DSUHVHQWRX�VLJQL¿FDWLYD�PXGDQoD�QR�YDORU�
de band-gap�FRPSDUDGR�DR�PDWHULDO�QmR�GRSDGR�������H9��
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Figura 1. 'LIUDWRJUDPD�GH�UDLRV�;��$��H�HTXDomR�GH�7DXF�SDUD�GHWHUPLQDomR�GH�band-gap��%��GDV�QDQRSDUWtFXODV��
de SrTiO� e SrTiO��1�

3.2 0LFURVFRSLD�GH�YDUUHGXUD�GRV�¿OPHV

 1DV�LPDJHQV�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�GH�DOWD�UHVROXomR��0(9�)(*���¿JXUD����
GRV�HOHWURGRV�GH�¿OPHV�¿QRV�p�SRVVtYHO�REVHUYDU�R�VXEVWUDWR�,72�H�HP�VXD�VXSHUItFLH�R�¿OPH�GHSRVLWDGR�
���FDPDGDV�GHSRVLWDGDV���$�HVSHVVXUD�GR�¿OPH�GHSRVLWDGR�IRL�REVHUYDGD�DSyV�IUDWXUD�GH�XP�HOHWURGR��e�
HYLGHQWH�TXH�D�HVSHVVXUD�GR�¿OPH�QmR�DSUHVHQWD�VH�KRPRJrQHD��VHQGR�SRVVtYHO�D¿UPDU�TXH�R�PpWRGR�
GH�GHSRVLomR��spin-coating��SRGH�LQÀXHQFLDU�QR�FHQWUR�GR�¿OPH��PHQRV�HVSHVVR��H�ERUGDV�GR�,72��PDLV�
HVSHVVR���GHYLGR�D�IRUoD�FHQWUtIXJD�FDXVDGD�SHOD�URWDomR�QR�PpWRGR�GH�GHSRVLomR��$OpP�GH�DSUHVHQWDU�
PLFUR�IUDWXUDV�H�KHWHURJHQHLGDGHV�QD�VXSHUItFLH��HVVH�IRUPDWR�GR�¿OPH�¿QR�QmR�GL¿FXOWRX�REWHU�UHVXOWD�
GRV�GD�FDUDFWHUL]DomR�HOHWURDQDOtWLFD��RX�VHMD��QmR�IRL�DOWHUDGD�D�HVWUXWXUD�FRQGXWRUD�GR�¿OPH��VX¿FLHQWH�
SDUD�D�FLUFXODomR�GH�FRUUHQWH��3RUWDQWR��RV�UHVXOWDGRV�SHUPLWLUDP�FRQFOXLU�TXH�KRXYH�XPD�ERD�D¿QLGDGH�
HQWUH�D�VROXomR�GH�6U7L2��H�R�VXEVWUDWR�,72�H�TXH�D�H¿FLrQFLD�GR�PpWRGR�GH�GHSRVLomR�SRU�spin-coating 
p�DGHTXDGD�SDUD�REWHQomR�GH�¿OPHV�¿QRV��$�HVSHVVXUD�HVWLPDGD�SDUD�RV�¿OPHV�¿QRV�SRGH�YDULDU�GH�HQWUH�
���H�����QP��¿JXUD����

  
Figura 2. ,PDJHQV�0(9�)(*�GD�HVSHVVXUD�GH�XP�HOHWURGR�IUDWXUDGR�GH�6U7L2��VREUH�VXEVWUDWR�GH�,72��QR�

FHQWUR�GH�GHSRVLomR��$��H�QD�ERUGD��%��

3.3 &DUDFWHUL]DomR�HOHWURDQDOtWLFD

2V�SDUkPHWURV�GH�GHSRVLomR�GRV�¿OPHV�IRUDP�DYDOLDGRV�SHODV�UHVSRVWDV�HOHWURDQDOtWLFDV�GRV�HOH�
WURGRV�DWUDYpV�GD�YROWDPHWULD�FtFOLFD��GHQWUH�RV�TXDLV�XPD�VXSHUSRVLomR�GH���FDPDGDV�GH�UHVLQD�6U7L2� 
IRL�HVFROKLGD�SRU�DSUHVHQWDU�XP�UHVXOWDGR�GH�FRUUHQWH�PDLRU��¿JXUD��$���$�iUHD�GH�GHSRVLomR��GH����DWp�
���PP2��WDPEpP�IRL�YDULDGD�VLPXOWDQHDPHQWH�SDUD�PHOKRUDU�D�UHSURGXWLELOLGDGH�H�IDFLOLWDU�DV�FRPSDUD�
o}HV��¿JXUD��%���8PD�YHORFLGDGH�GH�YDUUHGXUD�UHODWLYDPHQWH�EDL[D�����P9�V����IRL�GHPRQVWUDGD�QHFHV�
ViULD�SDUD�REWHU�R�HTXLOtEULR�GD�UHDomR�UHGR[�H�FRQVHTXHQWHPHQWH�DSUHVHQWDU�UHVXOWDGRV�PDLV�FRQ¿iYHLV�
SDUD�DYDOLDomR�GD�LQÀXrQFLD�GRV�SDUkPHWURV�GH�GHSRVLomR�GRV�¿OPHV�QD�UHVSRVWD�HOHWURDQDOtWLFD�

BA



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014.334

-0,5 0,0 0,5 1,0 1,5 2,0
-1,0

-0,5

0,0

0,5

i (
m

A
)

E  (V vs ECS)

v = 20 mV.s-1

 ITO
 1 camada
 3 camadas
 5 camadas

A

0 1 2

-2

-1

0

1

 

 

i (
m

A
)

E  (V vs ECS)

 20mm²
 40mm²
 60mm²
 80mm²

C

Figura 3. 9ROWDPHWULDV�FtFOLFDV�GH�XP�HOHWURGR�GH�6U7L2���FRP�XP�FRQWUD�HOHWURGR�GH�3W��HP�.�)H�&1����0HUFN��
������PRO�/�����R�HOHWURGR�GH�6U7L2��WHQGR�GLIHUHQWHV�Q~PHURV�GH�FDPDGDV��$��RX�iUHDV�GLIHUHQWHV��%��

�$�YDULDomR�GD�YHORFLGDGH�GH�YDUUHGXUD�GD�YROWDPHWULD�FtFOLFD�HQWUH����H�����P9�V���IRL�UHDOL]DGD�
SDUD�GHWHUPLQDomR�GR�SURFHVVR�UHGR[�FDUDFWHUtVWLFR�GR�HOHWURGR�GH�6U7L2��QD�LQWHUIDFH�HOHWURGR�VROXomR��
$�)LJXUD���p�DSUHVHQWDGD�FRPR�D�UHODomR�HQWUH�D�GHQVLGDGH�GH�FRUUHQWH��L�$��H�SRWHQFLDO�DSOLFDGR��$SHVDU�
GD�LQWHQVLGDGH�GH�FRUUHQWH�VHU�GLIHUHQWH�HQWUH�RV�SLFRV�GH�R[LGDomR�H�UHGXomR��R�SURFHVVR�DSUHVHQWD�XPD�
FDUDFWHUtVWLFD�TXDVH�UHYHUVtYHO�FRQ¿UPDGD�SHOD�HTXDomR�GH�5DQGOHV�6HYFLN��GHPRVWUDGD�QD�¿JXUD��%���
6HJXQGR�HVWD�UHODomR��QR�FDVR�GH�XP�SURFHVVR�UHYHUVtYHO��D�GHQVLGDGH�GH�FRUUHQWH��M��p�OLQHDUPHQWH�UHOD�
FLRQDGD�j�UDL]�TXDGUDGD�GD�YHORFLGDGH��Y�����SRGHQGR�VHU�REWLGR�'�R�FRH¿FLHQWH�GH�GLIXVmR��FP2.s����>�@�

1D�YDULDomR�GH�SRWHQFLDO�DSOLFDGR��R�SDU�UHGR[�DSUHVHQWD�XP�DXPHQWR�OLQHDU�HP�UHODomR�D�YH�
ORFLGDGH�GH�YDUUHGXUD��Y�����QD�YROWDPHWULD�FtFOLFD��FRQ¿UPDGR�SHOR�YDORU�GH�52��$�SUR[LPLGDGH�GH�52 
GR�YDORU�GH���p�XP�LQGLFDWLYR�TXH�R�VLVWHPD�SRGH�VHU�FODVVL¿FDGR�FRP�XP�SURFHVVR�TXDVH�UHYHUVtYHO��
&RQVLGHUDQGR�R�YDORU�GH�HOpWURQV�WUDQVIHULGRV�QD�UHDomR�UHGR[�LJXDO�D����R�YDORU�GH�'�REWLGR�FRQ¿UPD�
D�FDUDFWHUtVWLFD�GD�UHDomR�UHGR[�FRPR�TXDVH�UHYHUVtYHO��'R[��������

�� cm2.s���H�'red��������
�� cm2.s�����$�

GLIHUHQoD�HQWUH�RV�YDORUHV�FRQ¿UPD�TXH�D�WUDQVIHUrQFLD�GH�PDVVD�QR�VLVWHPD�HOHWURTXtPLFD�VRIUH�XPD�
PDLRU�LQÀXrQFLD�GD�PLJUDomR�GR�TXH�GD�GLIXVmR�GDV�PROpFXODV�FDUUHJDGDV��2XWUDV�DQiOLVHV�HOHWURTXtPL�
FDV�SDUD�D�¿QDOL]DomR�GD�FDUDFWHUL]DomR�GR�HOHWURGR�HVWmR�HP�DQGDPHQWR�
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Figura 4. $��9ROWDPHWULDV�FtFOLFDV�GH�XP�HOHWURGR�GH�6U7L2��GH����PP
2�H���FDPDGDV��FRP�XP�FRQWUD�HOHWURGR�

GH�3W��HP�.�)H�&1����0HUFN��������PRO�/�����HP�GLIHUHQWHV�YHORFLGDGHV�GH�YDUUHGXUD��%��5HODomR�OLQHDU�HQWUH�D�
GHQVLGDGH�GH�FRUUHQWH�GRV�SLFRV�GH�R[LGDomR�H�UHGXomR�H�D�UDL]�TXDGUDGD�GD�YHORFLGDGH�GH�YDUUHGXUD�

4 concluSÃo

$�VtQWHVH�GH�6U7L2��SHOR�PpWRGR�PRGL¿FDGR�GRV�SUHFXUVRUHV�SROLPpULFRV��XWLOL]DQGR�VH�R�39$�
FRPR�DJHQWH�SROLPHUL]DQWH��UHVXOWRX�QD�IRUPDomR�GD�HVWUXWXUD�FULVWDOLQD�HVSHUDGD��6U7L2�. O valor de 
band-gap das nanopartículas de SrTiO��REWLGR�IRL�GH������H9��$�GRSDJHP�FRP�QLWURJrQLR�QmR�PRGL¿FRX�
VLJQL¿FDWLYDPHQWH�R�YDORU�GH�band-gap�������H9���)RL�DYDOLDGD�D�ERD�D¿QLGDGH�GD�UHVLQD�GH�6U7L2� com 
R�VXEVWUDWR�,72��UHVXOWDQGR�GD�GHSRVLomR�SRU�spin-coating��$�RWLPL]DomR�GRV�SDUkPHWURV�GH�GHSRVLomR�
SHUPLWLX�XPD�ERD�GLVWULEXLomR�QD�VXSHUItFLH��SRUpP�D�HVSHVVXUD�GRV�¿OPHV�DSUHVHQWRX�VH�YDULiYHO�DR�
ORQJR�GR�HOHWURGR��2�SURFHVVR�FDUDFWHUtVWLFR�GR�HOHWURGR�GH�6U7L2��QD�LQWHUIDFH�HOHWURGR�VROXomR�DSUH�
VHQWRX�XP�FRPSRUWDPHQWR�TXDVH�UHYHUVtYHO�
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AGrAdecimentoS

&13T��3URFHVVR�����������������&DSHV��)LQHS��(PEUDSD�,QVWUXPHQWDomR��

reFerÊnciAS

>�@�7��3XDQJSHWFK��7��6UHHWKDZRQJ��6��<RVKLNDZD��HW�6��&KDYDGHM��©�6\QWKHVLV�DQG�SKRWRFDWDO\WLF�DFWL�
YLW\�LQ�PHWK\O�RUDQJH�GHJUDGDWLRQ�RI�PHVRSRURXV�DVVHPEOHG�6U7L2��QDQRFU\VWDOV�SUHSDUHG�E\�VRO±JHO�
PHWKRG�ZLWK�WKH�DLG�RI�VWUXFWXUH�GLUHFWLQJ�VXUIDFWDQW�ª��-��0RO��&DWDO��&KHP���YRO�������QR������S���������
PDL������

>�@�*��;LDR��;��'RQJ��.��+XDQJ��HW�)��&KHQ��©�6\QWKHVLV�DQG�FKDUDFWHUL]DWLRQV�RI�$�VLWH�GH¿FLHQW�SHUR�
YVNLWH�6U���7L���í[*D[1E���2��ª��0DWHU��5HV��%XOO���YRO������QR����S���������MDQY�������

>�@�<��<��0L��6��-��:DQJ��-��:��&KDL��-��6��3DQ��&��+��$��+XDQ��<��3��)HQJ��HW�&��.��2QJ��©�(IIHFW�RI�QLWUR�
JHQ�GRSLQJ�RQ�RSWLFDO�SURSHUWLHV�DQG�HOHFWURQLF�VWUXFWXUHV�RI�6U7L2��¿OPV�ª��$SSO��3K\V��/HWW���YRO������
QR�����S�������������������GpFHPEUH������

>�@�6RDUHV��*��%���%UDYLQ�%���9D]��&�0�3���5LEHLUR��&��)DFLOH�V\QWKHVLV�RI�1�GRSHG�7L2��QDQRSDUWLFOH�
E\�D�PRGL¿HG�SRO\PHULF�SUHFXUVRU�PHWKRG�DQG�LWV�SKRWRFDWDO\WLF�SURSHUWLHV��$SSOLHG�&DWDO\VLV�%��������
��������������

>�@�<��/LX��/��;LH��<��/L��5��<DQJ��-��4X��<��/L��HW�;��/L��©�6\QWKHVLV�DQG�KLJK�SKRWRFDWDO\WLF�K\GURJHQ�
SURGXFWLRQ�RI�6U7L2��QDQRSDUWLFOHV�IURP�ZDWHU�VSOLWWLQJ�XQGHU�89�LUUDGLDWLRQ�ª��-��3RZHU�6RXUFHV��YRO��
�����QR����S�����������VHSW�������

>�@�.OD\WDH��7���3DQWKRQJ��3���7KRXQWRP��6��3UHSDUDWLRQ�RI�QDQRFU\VWDOOLQH�6U7L2��SRZGHU�E\�VRO±JHO�
FRPEXVWLRQ�PHWKRG��&HUDP��,QW�������6���±6����������

eStudo dA interAÇÃo de nAnoPArtículAS de PrAtA com 
AntibióticoS Por técnicAS eSPectroScóPicAS e dA AÇÃo 

AntibActeriAnA In vItRO deSteS mAteriAiS 

Aline luciano Filgueiras1, diego Paschoal1, mariana lopes2, marina barros campos2, cláudio 
Galuppo diniz2, Hélio Ferreira dos Santos1, *Antonio carlos Sant’Ana1

1 8QLY��)HGHUDO�GH�-XL]�GH�)RUD��,QVW��&LrQFLDV�([DWDV��'HSWR��GH�4XtPLFD��-XL]�GH�)RUD��0*�
2 8QLY��)HG��GH�-XL]�GH�)RUD��,QVW��&LrQFLDV�%LROyJLFDV��'HSWR��,PXQRORJLD��-XL]�GH�)RUD��0*�

DQWRQLR�VDQW#XIMI�HGX�EU

&ODVVL¿FDomR��1RYRV�PDWHULDLV�H�SURFHVVRV�HP�QDQRWHFQRORJLD�H�VXDV�DSOLFDo}HV�QR�DJURQHJyFLR�

resumo
1HVWH� WUDEDOKR�� IRL� UHDOL]DGR�R�HVWXGR�GD� LQWHUDomR�GRV�DQWLELyWLFRV� OHYRÀR[DFLQD� �/9��H� WHWUDFLFOLQD�
�7&��VREUH�D�VXSHUItFLH�GH�QDQRSDUWtFXODV�GH�SUDWD��$J13V��FRP�R�REMHWLYR�GH�YHUL¿FDU�HIHLWRV�VLQpUJL�
FRV�RX�DGLWLYRV�QD�DomR�DQWLEDFWHULDQD�in vitro. $�DGVRUomR�GHVWHV�FRPSRVWRV�VREUH�D�VXSHUItFLH�PHWiOLFD�
IRL�HVWXGDGD�SHODV�WpFQLFDV�HVSHFWURVFySLFDV�GH�UHVVRQkQFLD�GR�SODVPRQ�GH�VXSHUItFLH�ORFDOL]DGR��/635��
H�HVSDOKDPHQWR�5DPDQ�LQWHQVL¿FDGR�SRU�VXSHUItFLH��6(56���2V�WHVWHV�ELROyJLFRV�PRVWUDUDP�TXH�D�DVVR�
FLDomR�GDV�$J13V�H�GRV�DQWLELyWLFRV�7&�H�/9�SURPRYHUDP�D�LQWHQVL¿FDomR�GR�HIHLWR�DQWLEDFWHULDQR�GH�
IRUPD�VLQpUJLFD��2V�HVSHFWURV�6(56�GD�7&�H�/9�PRVWUDUDP�TXH�HVWHV�DQWLELyWLFRV�DGVRUYHP�IRUWHPHQWH�
VREUH�D�VXSHUItFLH�GDV�$J13V��
Palavras-chave��1DQRSDUWtFXODV�GH�SUDWD��DQWLELyWLFR��VLQHUJLD��

StudY oF tHe interAction oF Silver nAnoPArticleS  witH AntibioticS 
bY SPectroScoPic tecHniqueS And tHe AntibAteriAl In vItRO Action oF 
tHeSe mAteriAlS
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Abstract
,Q�WKLV�ZRUN�WKH�LQWHUDFWLRQ�RI�WKH�DQWLELRWLFV�OHYRÀR[DFLQ��/9��DQG�WHWUDF\FOLQH��7&��RQ�WKH�VXUIDFH�RI�
VLOYHU�QDQRSDUWLFOHV��$J13V��ZHUH�LQYHVWLJDWHG�IRU�YHULI\LQJ�V\QHUJLF�RU�DGGLWLYH�HIIHFW�RQ�DQWLEDFWHULDO�
in vitro�DFWLRQ��7KH�DGVRUSWLRQ�RI�WKHVH�FRPSRXQGV�RQ�WKH�PHWDOOLF�VXUIDFH�ZDV�VWXGLHG�WKURXJK�ERWK�
6XUIDFH�(QKDQFHG�5DPDQ�6FDWWHULQJ��6(56��DQG�/RFDOL]HG�6XUIDFH�3ODVPRQ�5HVRQDQFH��/635��VSHF�
WURVFRSLHV��7KH�ELRORJLFDO�WHVWV��WKH�DVVRFLDWLRQV�RI�WKH�$J13V�DQG�WKH�DQWLELRWLFV�7&�DQG�/9�SURPRWHV�
WKH�DQWLEDFWHULDO�HIIHFW�LQ�D�V\QHUJLF�PHFKDQLVP��7KH�6(56�VSHFWUD�RI�7&�DQG�/9�VKRZHG�WKDW�WKHVH�
DQWLELRWLFV�DGVRUE�VWURJO\�RQ�$J13V�VXUIDFHV�
Keywords: 6LOYHU�QDQRSDUWLFOHV��DQWLELRWLF��V\QHUJ\�

3XEOLFDo}HV�UHODFLRQDGDV��
D��3HGLGR�GH�SDWHQWH��1~PHUR�GR� UHJLVWUR��%5���������������GDWD�GH�GHSyVLWR�������������� WtWXOR��
³&RPSRVLomR�HQYROYHQGR�QDQRSDUWtFXODV�GH�SUDWD��TXLWRVDQD�H�DQWLELyWLFRV�FRP�SRWHQFLDO�DQWLEDFWHULDQR�
FRPELQDGR´���,QVWLWXLomR�GH�UHJLVWUR��,13,�

1 introduÇÃo

2�FUHVFLPHQWR�GD�UHVLVWrQFLD�EDFWHULDQD�D�YiULRV�DQWLELyWLFRV�H�D�GL¿FXOGDGH�HP�SURGX]LU�QRYRV�
FRPSRVWRV�DQWLEDFWHULDQRV�WRUQD�UHOHYDQWH�D�EXVFD�SRU�HVWUDWpJLDV�SDUD�D�VROXomR�GHVWH�SUREOHPD��>�@�1D�
QRSDUWtFXODV�GH�SUDWD��$J13V��VmR�FRQKHFLGDV�SRU�VXDV�SURSULHGDGHV�DQWLEDFWHULDQDV�H�SRVVXHP�PHQRU�
SURSHQVmR�DR�GHVHQYROYLPHQWR�GH�UHVLVWrQFLD��>�@�1HVVH�VHQWLGR��YiULDV�SHVTXLVDV�HVWmR�GLUHFLRQDGDV�DR�
XVR�GH�$J13V�DVVRFLDGDV�D�DQWLELyWLFRV�FRPR�DOWHUQDWLYD�SDUD�R�WUDWDPHQWR�GH�LQIHFo}HV�PXOWLUHVLVWHQ�
WHV�>�@�1HVWH�WUDEDOKR��IRL�UHDOL]DGR�R�HVWXGR�GD�DomR�DQWLEDFWHULDQD�in vitro�GRV�DQWLELyWLFRV�/9�H�7&�
FRP�$J13V�HVWDELOL]DGDV�FRP�TXLWRVDQD��FRP�R�REMHWLYR�GH�YHUL¿FDU�LQWHUDo}HV�VLQpUJLFDV�RX�DGLWLYDV�GD�
PLVWXUD��H�WDPEpP�R�HVWXGR�GD�DGVRUomR�GD�/9�H�7&�SHODV�HVSHFWURVFRSLDV�GH�UHVVRQkQFLD�GR�SODVPRQ�GH�
VXSHUItFLH�ORFDOL]DGR��/635��H�HVSDOKDPHQWR�5DPDQ�LQWHQVL¿FDGR�SRU�VXSHUItFLH��6(56�� 

2 mAteriAiS e métodoS

2.1 Síntese das AgnPs

$V�$J13V�IRUDP�REWLGDV�SHOD�UHGXomR�GH���P/�GH�$J12��������
��PRO�/���SRU����P/�GH�FLWUDWR�

GH�VyGLR���������PRO�/���H�JRWHMDPHQWR�GH����P/�1D%+������
��PRO�/���j�WHPSHUDWXUD�DPELHQWH��$�HVWD�

VROXomR�IRL�DGLFLRQDGR��P/�GH�XPD�VROXomR�GH�TXLWRVDQD��J�/��.

2.2 método de checkerboard

3DUD�HVWH�PpWRGR�IRUDP�HVFROKLGDV�GXDV�EDFWpULDV�*UDP�QHJDWLYDV��E. coli�$7&&�������H�K. 
pneumoniae $7&&� �������� H� GXDV� EDFWpULDV�*UDP� SRVLWLYDV� �6�� DXUHXV�$7&&� ������ H�E. faecalis 
��������2V� DQWLELyWLFRV�/9��%3�H�7&�H� DV� FRPELQDo}HV� DQWLELyWLFR���$J13V� IRUDP�DGLFLRQDGRV� HP�
FRQFHQWUDo}HV�FUHVFHQWHV�HP�SODFDV�GH�PLFURWLWXODomR��� $SyV�D�PRQWDJHP�GDV�SODFDV��HVWDV�IRUDP�LQ�
FXEDGDV�HP�HVWXID�EDFWHULROyJLFD�SRU���K��$SyV�D�LQFXEDomR��R�FUHVFLPHQWR�EDFWHULDQR�IRL�DQDOL]DGR�
DWUDYpV�GD�WXUYDomR�GR�PHLR�H�GD�XWLOL]DomR�GH�PDUFDGRUHV�TXtPLFRV�QmR�HQ]LPiWLFRV��77&�H�UH]DVXULQD��
$�FODVVL¿FDomR�GR�HIHLWR�HP�DGLWLYR�RX�VLQpUJLFR�IRL�IHLWD�FRQVLGHUDQGR�VH�FRPR�VLQpUJLFDV�DV�LQWHUDo}HV�
&RQFHQWUDomR�,QLELWyULD�)UDFLRQiULD��&,)��PHQRUHV�RX�LJXDLV�D�����H�DGLWLYDV�DV�LQWHUDo}HV�FRP�&,)�HQWUH�
����H���

3DUD�R�XVR�GR�PpWRGR�&KHFNHUERDUG��IRUDP�UHDOL]DGRV�SUHYLDPHQWH�RV�HVWXGRV�GD�FRQFHQWUDomR�
LQLELWyULD�PtQLPD�GDV�VXVSHQV}HV�GDV�$J13V�VR]LQKDV��GRV�DQWLELyWLFRV�H�GDV�GLIHUHQWHV�FRPELQDo}HV�GH�
$J1SV�H�DQWLELyWLFRV�

2.3 espectroscopia lSPr.

2V�HVSHFWURV�/635�GRV�DGVRUEDWRV�H�GDV�VXVSHQV}HV�DTXRVDV�GDV�$J13V�IRUDP�REWLGRV�QR�HV�
SHFWURIRW{PHWUR�GD�6KLPDG]X��PRGHOR�������XWLOL]DQGR�FXEHWD�GH�TXDUW]R�FRP�FDPLQKR�yWLFR�GH�����
FP��$V�FRQFHQWUDo}HV�GRV�DQWLELyWLFRV�H�GD�SUDWD�IRUDP�DV�PHVPDV�XWLOL]DGDV�QRV�H[SHULPHQWRV�6(56�
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2.4 espectroscopia raman e SerS

2V� HVSHFWURV� 5DPDQ� H� 6(56� GRV� DQWLELyWLFRV� IRUDP� REWLGRV� QXP� HVSHFWU{PHWUR� 5DPDQ� GD�
%UXNHU��PRGHOR�5)6������UDGLDomR�H[FLWDQWH�HP�Ȝ� ����QP�H�GHWHFWRU�GH�JHUPkQLR�UHVIULDGR�FRP�QL�
WURJrQLR� OtTXLGR��2V�HVSHFWURV�5DPDQ�GD�7&�H�/9�IRUDP�REWLGRV�QR�HVWDGR�VyOLGR�XWLOL]DQGR���P:�
GH�SRWrQFLD�H�DFXPXODomR�GH�����VFDQV��2V�HVSHFWURV�6(56�GD�7&�H�/9�IRUDP�REWLGRV�QD�VXVSHQVmR�
DTXRVD�GDV�$J13V�XWLOL]DQGR�D�FRQFHQWUDomR�¿QDO�GH��������PRO�/����FRP�SRWrQFLD�GR�ODVHU�GH�����P:�
H�DFXPXODomR�GH�����VFDQV�

$�DWULEXLomR�YLEUDFLRQDO�GD�7&�H�GD�/9��TXH�SHUPLWLX�LQIHULU�TXDLV�HUDP�RV�VtWLRV�GH�LQWHUDomR�
GHVVHV�DQWLELyWLFRV�FRP�DV�VXSHUItFLHV�GDV�$J13V��IRUDP�UHDOL]DGDV�D�SDUWLU�GR�FiOFXOR�GR�HVSHFWUR�WHy�
ULFR�GR�FRPSOH[R�$J��DQWLELyWLFR��XWLOL]DQGR�WHRULD�GH�GHQVLGDGH�IXQFLRQDO��')7��

3 reSultAdoS e diScuSSÃo

3.1 método de checkerboard

$�7DEHOD���PRVWUD�RV�UHVXOWDGRV�GH�&,)�REWLGRV�SHOR�PpWRGR�GH�FKHFNHUERDUG��$�FRPELQDomR�
GDV�$J1SV�H�RV�DQWLELyWFRV�7&�H�/9�PRVWUDUDP�XP�HIHLWR�VLQpUJLFR�IUHQWH�D�EDFWpULD�*UDP�±�QHJDWLYD E. 
coli�H�D�EDFWpULD�*UDP�±�SRVLWLYD�E. faecalis.

tabela 1. &,)�GD�FRPELQDomR�GH�DQWLELyWLFRV�FRP�$J13�SHOR�PpWRGR�FKHFNHUERDUG
E. coli ATCC 35218

Antibiótico &,)�QD�FRPELQDomR�
AgnPs/antibiótico

ciF &ODVVL¿FDomR

/HYRÀR[DFLQD ��������� ����� 6LQpUJLFR

Tetraciclina ��������� ����� 6LQpUJLFR

e. faecalisAtcc 51299

Antibiótico &,)�QD�FRPELQDomR�
AgnPs/antibiótico

ciF index &ODVVL¿FDomR

/HYRÀR[DFLQD ��������� ����� 6LQpUJLFR

Tetraciclina ��������� ����� 6LQpUJLFR

3.2 espectroscopia lSPr

)LJXUD���DSUHVHQWD�RV�HVSHFWURV�/635�GDV�VXVSHQV}HV�DTXRVDV�GH�$J13V�QD�DXVrQFLD�H�QD�SUH�
VHQoD�GR�DQWLELyWLFR�7&��H�R�HVSHFWUR�GH�DEVRUomR�GD�7&�HP�VROXomR�DTXRVD��

2�HVSHFWUR�/635�GDV�$J13V�PRVWUD�XP�Pi[LPR�GH�DEVRUomR�HP����QP��FDUDFWHUtVWLFR�GH�$J�
13V�GH�WDPDQKR�PpGLR�GH�ca.�����QP��H�XP�RPEUR�ODUJR�TXH�VH�HVWHQGH�GR�YLVtYHO�DR�LQIUDYHUPHOKR�
SUy[LPR��FDUDFWHUtVWLFR�GH�SDUWtFXODV�FRP�XPD�ODUJD�GLVWULEXLomR�GH� WDPDQKRV��$�SUHVHQoD�GR�DQWLEL�
yWLFR�7&�QD� VXVSHQVmR�GDV�$J13V�SURYRFD�XP�GHVORFDPHQWR�GR�Pi[LPR�GH�DEVRUomR�SDUD�PDLRUHV�
FRPSULPHQWRV�GH�RQGD��(VWH�HIHLWR�p�LQGLFDWLYR�GD�DGVRUomR�GR�DQWLELyWLFR�QD�VXSHUItFLH�GDV�$J13V��$V�
SURSULHGDGHV�ySWLFDV�GHVWH�VLVWHPD�VmR�DGHTXDGDV�SDUD�D�FRQGLomR�GH�UHVVRQkQFLD�GD�EDQGD�/635�FRP�
D�UDGLDomR�H[FLWDQWH�Ȝ� �����QP�XWLOL]DGD�QRV�H[SHULPHQWRV�6(56��8P�FRPSRUWDPHQWR�VHPHOKDQWH�IRL�
REVHUYDGR�SDUD�R�DQWLELyWLFR�/9�
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Figura 1. (VSHFWUR�/635�GD�VXVSHQVmR�DTXRVD�GDV�$J13V��D���(VSHFWUR�/635�GD�VXVSHQVmR�GDV�$J13V�QD�
SUHVHQoD�GR�DQWLELyWLFR�7&��������PRO�/����E���(VSHFWUR�GH�DEVRUomR�GD�VROXomR�DTXRVD�GH�7&��������PRO�/����F���

6RPD�GRV�HVSHFWURV��D��H��F��VmR�DSUHVHQWDGRV�HP��G��

3.3 espectroscopia SerS

)LJXUD���PRVWUD�RV�HVSHFWURV�5DPDQ�H�6(56�GD�7&��$V�GLIHUHQoDV�REVHUYDGDV�QRV�HVSHFWURV�
5DPDQ�H�6(56�GD�7&�DSUHVHQWDGRV�QD�)LJXUD���VmR�DWULEXtGDV�D�IRUWH�LQWHUDomR�GD�7&�VREUH�D�VXSHUItFLH�
PHWiOLFD��$WUDYpV�GD�DWULEXLomR�YLEUDFLRQDO�SRGH�VH�LQIHULU�TXH�D�DGVRUomR�GD�7&�VREUH�DV�$J13V�RFRU�
UHX�DWUDYpV�GDV�FDUERQLODV�GD�PROpFXOD��

2V�HVSHFWURV�5DPDQ�H�6(56�GD�/9�PRVWUDUDP�GLIHUHQoDV�TXH�VmR�DWULEXtGDV�D�IRUWH�LQWHUDomR�
GD�/9�VREUH�D�VXSHUItFLH�GDV�$J13V��2V�HVSHFWURV�5DPDQ�H�6(56�GD�%3�QmR�PRVWUDUDP�GLIHUHQoDV�
VLJQL¿FDWLYDV�QDV�LQWHQVLGDGHV�UHODWLYDV�GDV�EDQGDV�5DPDQ�H�6(56�H�LVWR�IRL�DWULEXtGR�D�XPD�DGVRUomR�
IUDFD�GD�%3�VREUH�D�VXSHUItFLH�GDV�$J13V��$�SDUWLU�GHVVHV�UHVXOWDGRV�IRL�SRVVtYHO�FRUUHODFLRQDU�R�HIHLWR�
REWLGR�QRV�H[SHULPHQWRV�ELROyJLFRV�H�R�HIHLWR�GD�DGVRUomR�REWLGR�QRV�H[SHULPHQWRV�6(56��Ê�FRQKHFLGR�
GD�OLWHUDWXUD�RV�VtWLRV�TXH�VmR�UHVSRQViYHLV�SHOD�DomR�DQWLELyWLFD�GD�7&��%3�H�/9��2V�HIHLWRV�GH�VLQHUJLD�
REVHUYDGRV�WDQWR�SDUD�D�/9��TXDQWR�SDUD�D�7&�VmR�GHYLGRV�DR�IDWR�GH�TXH�HVWDV�PROpFXODV�DGVRUYHP�VREUH�
DV�$J13V�SRU�XP�VtWLR�TXH�QmR�p�R�VtWLR�GH�DomR�DQWLELyWLFD���

Figura 2. (VSHFWUR�6(56�GD�7&����������PRO�/���QD�VXVSHQVmR�DTXRVD�GD�$J13V��Ȝ� ����QP���$���(VSHFWUR�
5DPDQ�GD�7&�QR�HVWDGR�VyOLGR��Ȝ� ����QP��

4 concluSõeS

$�FRPELQDomR�GDV�$J1SV�H�RV�DQWLELyWLFRV�7&�H�/9�PRVWUDUDP�XP�HIHLWR�VLQpUJLFR�IUHQWH�j�
EDFWpULD�*UDP�±�QHJDWLYD E. coli�H�j�EDFWpULD�*UDP�±�SRVLWLYD�E. faecalis.

2V�HVSHFWURV�5DPDQ�H�6(56�GD�7&�PRVWUDUDP�TXH�HVWD�PROpFXOD�DGVRUYH�IRUWHPHQWH�VREUH�D�
VXSHUItFLH�GDV�$J13V��5HVXOWDGR�VLPLODU�IRL�REWLGR�SDUD�D�/9�

2V�HIHLWRV�GH�VLQHUJLD�REVHUYDGRV�WDQWR�SDUD�D�/9��TXDQWR�SDUD�D�7&�VmR�GHYLGRV�DR�IDWR�GH�TXH�
HVWDV�PROpFXODV�DGVRUYHP�VREUH�DV�$J13V�SRU�XP�VtWLR�TXH�QmR�p�R�VtWLR�GH�DomR�DQWLELyWLFD��H�GHVVD�
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IRUPD�RFRUUHP�D�VRPD�GRV�HIHLWRV�DQWLELyWLFR�H�GH�LQWHUDomR�GR�DQWLELyWLFR�FRP�DV�$J13V��+i�XP�HIHLWR�
DGLFLRQDO�GD�TXLWRVDQD�TXH�WDPEpP�IRL�WHVWDGD�LVRODGD��
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(PEUDSD�$JURLQG~VWULD�GH�$OLPHQWRV��5LR�GH�-DQHLUR��5-�
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&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
$�FHOXORVH�VLQWHWL]DGD�SRU�PLFURUJDQLVPRV��FRQKHFLGD�FRPR�FHOXORVH�EDFWHULDQD��&%���p�XP�ELRSROt�
PHUR�REWLGR�D�SDUWLU�GD�IHUPHQWDomR�GH�PHLRV�GH�FXOWXUD�ULFRV�HP�VDFDUtGHRV��2�SUHVHQWH�WUDEDOKR�WHYH�
SRU�REMHWLYR�DYDOLDU�GLIHUHQWHV�UHVtGXRV�DJURLQGXVWULDLV�EUXWRV�H�VXSOHPHQWDGRV�QD�SURGXomR�GD�&%�SRU�
G. hansenii�$7&&��������,QLFLDOPHQWH��IRUDP�DYDOLDGDV�GLIHUHQWHV�IRQWHV�GH�QLWURJrQLR��H[WUDWR�GH�OH�
YHGXUD��PLOKRFLQD��SHSWRQD��VXOIDWR�GH�DP{QLR��QLWUDWR�GH�VyGLR�H�XUHLD��DGLFLRQDGDV�DR�PHLR�VLQWpWLFR��
PDQWHQGR�XPD�PHVPD�UHODomR�&�1�GH�������3RVWHULRUPHQWH��RV�UHVtGXRV�DJURLQGXVWULDLV�320(��SDOP�
RLO�PLOO�HIÀXHQW��H�VXFR�GH�VLVDO�IRUDP�DYDOLDGRV�LVRODGDPHQWH�H�HP�FRQMXQWR�FRP�D�IRQWH�GH�QLWURJrQLR�
VHOHFLRQDGD��2V�H[SHULPHQWRV�IRUDP�FRQGX]LGRV�SRU���GLDV�HP�IHUPHQWDomR�HVWiWLFD�D�����&�H�R�S+�LQL�
FLDO�IRL�DMXVWDGR�HP������2V�UHVXOWDGRV�REWLGRV�PRVWUDUDP�TXH�D�PHOKRU�IRQWH�RUJkQLFD�SDUD�D�SURGXomR�
GD�&%�IRL�R�H[WUDWR�GH�OHYHGXUD��������J�/��VHJXLGR�GD�PLOKRFLQD��������J�/���2�VXFR�GH�VLVDO�DSUHVHQWRX�
PHOKRUHV�UHVXOWDGRV�TXDQGR�FRPSDUDGR�FRP�R�320(��FRP�XPD�SURGXomR�GH������J�/�FRP�R�VLVDO�SXUR�
H�GH������J�/�FRP�R�VLVDO�VXSOHPHQWDGR�FRP�H[WUDWR�GH�OHYHGXUD�
Palavras-chave��&HOXORVH��Gluconacetobacter��5HVtGXRV

evAluAtion oF diFFerent AGroinduStriAl wASte For tHe Production oF 
bActeriAl celluloSe bY GLUCONACETOBACTER HANSENII
Abstract
7KH�FHOOXORVH�SURGXFHG�E\�PLFURRUJDQLVPV��NQRZQ�DV�EDFWHULDO�FHOOXORVH��%&��LV�D�ELRSRO\PHU�GHULYHG�
IURP�WKH�IHUPHQWDWLRQ�RI�VDFFKDULGHV�PHDQV�RI�ULFK�FXOWXUH��7KLV�VWXG\�DLPHG�WR�HYDOXDWH�GLIIHUHQW�LQ�
GXVWULDO�UHVLGXHV�DQG�SURGXFWLRQ�RI�&%�VXSSOHPHQWHG�E\�G. hansenii�$7&&��������,QLWLDOO\��GLIIHUHQW�
QLWURJHQ�VRXUFHV�ZHUH�HYDOXDWHG��\HDVW�H[WUDFW��FRUQ�VWHHS�OLTXRU��SHSWRQH��DPPRQLXP�VXOIDWH��VRGLXP�
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QLWUDWH�DQG�XUHD��DQG�DGGHG�WR�V\QWKHWLF�PHGLXP��PDLQWDLQLQJ�WKH�VDPH�&�1�UDWLR�RI�������6XEVHTXHQWO\��
WKH�RUJDQLF�UHVLGXHV�320(��SDOP�RLO�PLOO�HIÀXHQW��DQG�VLVDO�MXLFH�ZHUH�HYDOXDWHG�DORQH�DQG�LQ�FRQMXQF�
WLRQ�ZLWK�WKH�QLWURJHQ�VRXUFH�VHOHFWHG��7KH�H[SHULPHQWV�ZHUH�FRQGXFWHG�IRU���GD\V�LQ�VWDWLF����&�DQG�
WKH�LQLWLDO�IHUPHQWDWLRQ�S+�ZDV�DGMXVWHG�DW������7KH�UHVXOWV�VKRZHG�WKDW�WKH�EHVW�RUJDQLF�VRXUFH�IRU�WKH�
SURGXFWLRQ�RI�&%�ZDV�\HDVW�H[WUDFW��������J�/��IROORZHG�E\�FRUQ�VWHS�OLTXRU��������J�/���7KH�VLVDO�MXLFH�
KDG�EHWWHU�UHVXOWV�ZKHQ�FRPSDUHG�ZLWK�320(��ZLWK�D�SURGXFWLRQ�RI������J�/�ZLWK�SXUH�VLVDO�DQG������
J�/�ZLWK�VLVDO�VXSSOHPHQWHG�ZLWK�\HDVW�H[WUDFW�
Keywords: &HOOXORVH��Gluconacetobacter��:DVWH

1 introduÇÃo

$�FHOXORVH� VLQWHWL]DGD�SRU�PLFURUJDQLVPRV�� FRQKHFLGD�FRPR�FHOXORVH�EDFWHULDQD� �&%��� p�XP�
ELRSROtPHUR� REWLGR� D� SDUWLU� GD� IHUPHQWDomR� GH�PHLRV� GH� FXOWXUD� ULFRV� HP� VDFDUtGHRV��2� IDWR� GH� VHU�
TXLPLFDPHQWH� SXUD� D� GLVWLQJXH� IDYRUDYHOPHQWH� GD� FHOXORVH� REWLGD� D� SDUWLU� GD� ELRPDVVD� YHJHWDO�� DV�
VRFLDGD�JHUDOPHQWH�j� OLJQLQD�H�j�KHPLFHOXORVH� �.HVKN�HW� DO���������$OpP�GHVVD�FDUDFWHUtVWLFD�� D�&%�
YHP�DWUDLQGR�D�DWHQomR�GR�PHLR�FLHQWt¿FR�H�WHFQROyJLFR�SHOR�IDWR�GH�QmR�SURPRYHU�UHDo}HV�Wy[LFDV�RX�
LPXQROyJLFDV�TXDQGR�LQVHULGDV�RX�HP�FRQWDWR�FRP�WHFLGRV�YLYRV��DSUHVHQWDU�DOWD�SRURVLGDGH��HOHYDGR�
JUDX�GH�SROLPHUL]DomR��EDL[D�GHQVLGDGH�H�DOWD�FDSDFLGDGH�GH�DEVRUomR�H�UHWHQomR�GH�iJXD��'HYLGR�jV�
VXDV�FDUDFWHUtVWLFDV�H�SHFXOLDULGDGHV��D�&%�SRGH�VHU�DSOLFDGD�QD�LQG~VWULD�DOLPHQWtFLD�FRPR�HVSHVVDQWH��
QD�PHGLFLQD��FRPR�VXEVWLWXWR� WHPSRUiULR�GD�SHOH�KXPDQD�H�QR�GHVHQYROYLPHQWR�GH�QRYRV�PDWHULDLV�
SROLPpULFRV� �5RVV�HW�DO����������2�SULPHLUR�XVR�GD�FHOXORVH�EDFWHULDQD�QD� LQG~VWULD�GH�DOLPHQWRV� IRL�
QD�SURGXomR�GH�QDWD�GH�FRFR�QDV�)LOLSLQDV��WRUQDQGR�VH�XPD�LJXDULD�SRSXODU��6XD�WH[WXUD�JHOL¿FDQWH�H�
FRPSOHWD�LQGLJHVWLELOLGDGH�QR�WUDWR�LQWHVWLQDO�KXPDQR�D�WRUQD�DWUDWLYD�SDUD�XVR�HP�DOLPHQWRV��(P�������
IRL�LQWURGX]LGD�HP�EHELGDV�GLHWpWLFDV�QR�-DSmR��e�WDPEpP�FRQVXPLGD�FRPR�.RPEXFKD�SDUD�WUDWDPHQWR�
GH�VD~GH��&KDZOD�HW�DO��������

$�ELRVVtQWHVH�GD�&%�HVWi�GLUHWDPHQWH�UHODFLRQDGD�j�FDSDFLGDGH�GH�VREUHYLYrQFLD�GR�PLFURUJD�
QLVPR�HP�FRQGLo}HV�QmR�PXLWR�IDYRUiYHLV��(OD�R�SURWHJH�FRQWUD�GHVLGUDWDomR��VHUYH�GH�EDUUHLUD��DWXD�
FRPR�IRQWH�GH�FDUERQR�H�HQHUJLD�H�SHUPLWL�DR�PLFURUJDQLVPR�SHUPDQHFHU�HP�XPD�LQWHUIDFH�DU�OtTXLGR�
SDUD�REWHU�R[LJrQLR�FRP�PDLRU�IDFLOLGDGH�SDUD�VHX�FUHVFLPHQWR���%HUZDQJHU�HW�DO��������'RQLQL�HW�DO��
�������$� HVSpFLH�Gluconacetobacter hansenii� LGHQWL¿FDGD� FRPR�XPD� HVSpFLH� HVWULWDPHQWH� DHUyELFD��
JUDP�QHJDWLYD��WHP�VLGR�FRQVLGHUDGD�XP�RUJDQLVPR�PRGHOR�SDUD�R�HVWXGR�GD�VtQWHVH�GH�FHOXORVH��/\HU�
HW�DO����������'HSHQGHQGR�GD�IRUPD�GR�SURFHVVR��HVWiWLFR�RX�DJLWDGR���H[LVWH�XPD�YDULDomR�QDV�SURSULH�
GDGHV�GD�FHOXORVH�REWLGD��*DODV�HW�DO����������1DV�FRQGLo}HV�GH�FXOWXUD�HVWDFLRQiULD��XPD�PHPEUDQD�HV�
SHVVD�H�JHODWLQRVD�GH�&%�p�DFXPXODGD�QD�VXSHUItFLH�GH�XP�PHLR�GH�FXOWXUD��DR�SDVVR�TXH�HP�FRQGLo}HV�
GH�FXOWXUD�DJLWDGD��D�FHOXORVH�SRGH�VHU�SURGX]LGD�QD�IRUPD�GH�XPD�VXVSHQVmR�¿EURVD��SHOOHWV�RX�HVIHUDV�
�.U\VW\QRZLF]�HW�DO���������

(PERUD�D�FHOXORVH�EDFWHULDQD�HVWHMD�HQWUH�RV�ELRSROtPHURV�GH�PDLRU�LQWHUHVVH��DVSHFWRV�FRPR�R�
WLSR�GH�VXEVWUDWR�H�FRQGLo}HV�GH�FXOWLYR�SRGHP�WDPEpP�LQÀXHQFLDU�R�FXUVR�GD�ELRVVtQWHVH�H�FRQVHTXHQ�
WHPHQWH�DV�SURSULHGDGHV�GR�ELRSROtPHUR�REWLGR��.OHPP�HW�DO����������'HVGH�D�GHVFREHUWD�GD�SURGXomR�
GD�FHOXORVH�EDFWHULDQD��R�PHLR�VLQWpWLFR�PDLV�XWLOL]DGR��PHLR�+6��+HVWULQ�H�6FKUDPP���������SRVVXL�
JOLFRVH�FRPR�IRQWH�GH�FDUERQR�H�H[WUDWR�GH�OHYHGXUD�H�SHSWRQD�FRPR�IRQWHV�GH�QLWURJrQLR��

�&RQWXGR��R�FXVWR�GH�SURGXomR�GHVWH�ELRSROtPHUR�DLQGD�p�FDUR�FRPSDUDGR�DR�GD�FHOXORVH�YHJHWDO�
�(O�6DLHG�HW�DO���������$�IRQWH�GH�FDUERQR�PDLV�XWLOL]DGD�SDUD�D�SURGXomR�GH�&%�p�D�JOLFRVH��QR�HQWDQWR��
EDFWpULDV�GR�JrQHUR�Gluconacetobacter�VmR�FDSD]HV�GH�XWLOL]DU�VXEVWUDWRV�FRP�GLIHUHQWHV�PRQR�RX�GLV�
VDFDUtGHRV��DOFRyLV�RX�iFLGRV�GLFDUER[tOLFRV��&DUUHLUD�HW�DO���������3RU�LVVR�Ki�JUDQGH�LQWHUHVVH�QR�XVR�
GH�VXEVWUDWRV�DOWHUQDWLYRV�GH�EDL[R�FXVWR�FRPR�RV�UHVtGXRV�DJURLQGXVWULDLV��%HUZDQJHU�HW�DO���������

$�LPSRUWkQFLD�GR�GHVHQYROYLPHQWR�GH�WHFQRORJLDV�TXH�UHYHUWDP�DV�IRQWHV�UHQRYiYHLV�HP�PD�
WpULDV�SULPDV�SDUD�D�HODERUDomR�GH�QRYRV�PDWHULDLV�YHP�DXPHQWDQGR�FDGD�YH]�PDLV��YLVWR�TXH�DOpP�GD�
DPSOLDomR�GR�PHUFDGR��SHOD�GLVSRQLELOL]DomR�H�YDORUL]DomR��GHVWHV��R�GHVHQYROYLPHQWR�GH�QRYRV�XVRV�
GH�SURGXWRV�DJURSHFXiULRV�H�GH�WHFQRORJLDV�TXH�UHYHUWDP�R�FRQFHLWR�GH�UHVtGXR�SDUD�GH�PDWpULD�SULPD�p�
LPSUHVFLQGtYHO��D�¿P�GH�RWLPL]DU�D�H¿FLrQFLD�GR�DJURQHJyFLR��UHGX]LQGR��WDPEpP��R�LPSDFWR�DPELHQWDO�
FDXVDGR�SHOR�GHVFDUWH�LQDGHTXDGR�GH�UHVtGXRV�DJURLQGXVWULDLV��5RVD�HW�DO��������

�2�320(�p�XP�UHVtGXR�ULFR�HP�FDUERQR�REWLGR�GXUDQWH�D�SURGXomR�GR�yOHR�GH�SDOPD���(VWH�p�
XP�OtTXLGR�HVSHVVR�H�DFDVWDQKDGR�TXH�FRQWpP�DOWR�WHRU�GH�VyOLGRV��yOHRV�H�JUD[DV��'42�H�'%2��5XSDQL�
HW�DO��������1D�SURGXomR�GH�DUWHVDQDWRV�FRP�¿EUDV�GH�VLVDO�Ki�R�GHVFDUWH�GR�VXFR�GH�VLVDO��PDWHULDO�ULFR�
HP�Do~FDU��$�SODQWD�GR�VLVDO�p�GH�RULJHP�PH[LFDQD��SRUpP�R�%UDVLO�p�R�SULQFLSDO�SURGXWRU�GHVVD�¿EUD��
FXMD�FDGHLD�SURGXWLYD�JHUD����PLOK}HV�GH�GLYLVDV�H�PHLR�PLOKmR�GH�HPSUHJRV��/LPD�HW�DO���������$PERV�
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RV�UHVtGXRV�DSUHVHQWDP�SRVVtYHLV�DSOLFDELOLGDGHV�QD�SURGXomR�GH�FHOXORVH�EDFWHULDQD�FRPR�VXEVWUDWR�
SDUD�EDFWpULDV�GR�JrQHUR Gluconacetobacter��2�SUHVHQWH�WUDEDOKR�WHYH�FRPR�REMHWLYR�DYDOLDU�HVWHV�GRLV�
UHVtGXRV�QD�SURGXomR�GD�FHOXORVH�SHOD�FHSD�G. hansenii�$7&&�������

2 mAteriAiS e métodoS

2.1 3URGXomR�GD�FHOXORVH

$�FHSD�G. hansenii�$7&&��������IRL�PDQWLGD�HP�iJDU�PDQLWRO�VRE�UHIULJHUDomR��2�SUp�LQRFXOR�
IRL�SUHSDUDGR�FRP�FDOGR�PDQLWRO�H�LQFXEDGR�D����&�SRU�������KRUDV��2�LQyFXOR�GH�����Y�Y��GD�VXVSHQ�
VmR�GH�FpOXODV�GH�G. hansenii�IRL�DGLFLRQDGR�DR�PHLR�VLQWpWLFR�+6�����J�/�GH�JOLFRVH�������J�/�GH�iFLGR�
FtWULFR�H�����GH�IRVIDWR�GH�VyGLR��FRP�DV�GLIHUHQWHV�IRQWHV�GH�QLWURJrQLR��H[WUDWR�GH�OHYHGXUD��PLOKRFLQD��
SHSWRQD��VXOIDWR�GH�DP{QLR��QLWUDWR�GH�VyGLR�H�XUHLD��PDQWHQGR�XPD�UHODomR�&�1�¿[D�GH�������$�IHUPHQ�
WDomR�IRL�UHDOL]DGD�HP�(UOHQPH\HU�GH�����P/�FRQWHQGR����P/�GH�PHLR��FRP�S+�LQLFLDO�DMXVWDGR�HP������
D����&�SRU���GLDV��3RVWHULRUPHQWH�D�H¿FiFLD�GR�320(�H�GR�VLVDO�IRL�DYDOLDGD�HP�GLIHUHQWHV�FRQFHQWUD�
o}HV��SXUR�H�����FRP�RX�VHP�H[WUDWR�GH�OHYHGXUD�H�PLOKRFLQD�QD�FRQFHQWUDomR�GH�������

2.2 3XUL¿FDomR�GD�FHOXORVH�EDFWHULDQD�

$V�SHOtFXODV�REWLGDV�QD� VXSHUItFLH�GRV�PHLRV�GH�FXOWLYRV� IRUDP�SXUL¿FDGDV�SRU� LPHUVmR�FRP�
VROXomR�DTXRVD�GH�GRGHFLO�VXOIDWR�GH�VyGLR��6'6��D����SRU���KRUDV��HP���ODYDJHQV��SDUD�UHPRomR�GRV�
UHVtGXRV�GH�FpOXOD�EDFWHULDQD��(P�VHJXLGD��DTXHFLGDV�QXPD�VROXomR�DTXRVD�GH�1D2+��0�D����&�SRU�
��PLQ��H�HQWmR�ODYDGDV�FRP�iJXD�GHLRQL]DGD�YiULDV�YH]HV��3RU�¿P��DV�SHOtFXODV�IRUDP�ODYDGDV�SDUD�UH�
PRomR�GR�iOFDOL�UHVLGXDO�H�VHFDV�HP�HVWXID�D�������&�DWp�SHVR�FRQVWDQWH��

2.3 'HWHUPLQDomR�GR�Do~FDU�UHGXWRU�

$�FRQFHQWUDomR� GH� Do~FDUHV� UHGXWRUHV� IRL� GHWHUPLQDGD� SHOR�PpWRGR�GR�'16� �0LOOHU�� �������
XWLOL]DQGR�JOLFRVH�FRPR�SDGUmR�

3 reSultAdoS e diScuSSÃo

3.1 $YDOLDomR�GH�GLIHUHQWHV�IRQWHV�GH�QLWURJrQLR�HP�PHLR�VLQWpWLFR�+6

2V�UHVXOWDGRV�GH�SURGXomR�GH�FHOXORVH��Do~FDUHV�UHGXWRUHV�¿QDO�H�FRQVXPLGR�H�R�S+�¿QDO�FRP�
DV�GLIHUHQWHV�IRQWHV�GH�QLWURJrQLR��H[WUDWR�GH�OHYHGXUD��PLOKRFLQD��SHSWRQD��VXOIDWR�GH�DP{QLR��QLWUDWR�
GH�VyGLR�H�XUHLD��HVWmR�DSUHVHQWDGRV�QD�7DEHOD����$�FRQFHQWUDomR�GH�Do~FDU�UHGXWRU�LQLFLDO�HUD�GH����J�/�
HP�WRGRV�RV�PHLRV��4XDQGR�DV�IRQWHV�GH�QLWURJrQLR�IRUDP�DYDOLDGDV�LVRODGDPHQWH��R�<(�UHVXOWRX�QXPD�
PDLRU�SURGXomR�GD�FHOXORVH�EDFWHULDQD��������J�/��VHJXLGR�GD�PLOKRFLQD��������J�/���$V�IRQWHV�GH�IiFLO�
DVVLPLODomR�FRPR�D�SHSWRQD��R�VXOIDWR�GH�DP{QLR��R�QLWUDWR�GH�VyGLR�H�D�XUHLD�TXDQGR�XWLOL]DGDV�FRPR�
~QLFD�IRQWH�GH�QLWURJrQLR��QmR�DSUHVHQWDUDP�QHP�SURGXomR�GH�FHOXORVH��QHP�FRQVXPR�GH�JOLFRVH�H�WDP�
EpP�QHQKXPD�DOWHUDomR�GH�S+�LQGLFDQGR�TXH�DSHVDU�GD�SUHVHQoD�GH�JOLFRVH��D�Gluconacetobacter não 
IRL�FDSD]�GH�FUHVFHU�QHVWDV�IRQWHV��

tabela 1. 3URGXomR�GH�FHOXORVH��Do~FDU�UHGXWRU�H�S+�FRP�GLIHUHQWHV�IRQWHV�GH�QLWURJrQLR�HP�PHLR�VLQWpWLFR�
PRGL¿FDGR�+6

Fonte de nitrogênio celulose (g/l) $o~FDU�UHGXWRU�¿QDO�
(g/l)

$o~FDU�UHGXWRU�
consumido (g/l)

pH

([WUDWR�GH�OHYHGXUD ������������ ���� ����� ����

0LOKRFLQD ������������ ���� ����� ����

3HSWRQD � ����� ���� ����

�1+��2SO� � ����� � ����
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Fonte de nitrogênio celulose (g/l) $o~FDU�UHGXWRU�¿QDO�
(g/l)

$o~FDU�UHGXWRU�
consumido (g/l)

pH

1D12� � ����� � ����

8UHLD � ����� � ����

3.2 $YDOLDomR�GRV�UHVtGXRV�DJURLQGXVWULDLV�SDUD�D�SURGXomR�GH�&%

2V�UHVXOWDGRV�GH�SURGXomR�GH�FHOXORVH��Do~FDUHV�UHGXWRUHV�¿QDO�H�FRQVXPLGR�H�R�S+�¿QDO�FRP�
RV�GLIHUHQWHV�UHVtGXRV�DJURLQGXVWULDLV�VXSOHPHQWDGRV�RX�QmR�FRP�H[WUDWR�GH�OHYHGXUD�H�PLOKRFLQD�HVWmR�
apresentados na Tabela 2. 

$�IRQWH�GH�QLWURJrQLR�H�GH�FDUERQR�XWLOL]DGDV�TXH�SURSRUFLRQDUDP�PDLRU�SURGXomR�GH�FHOXORVH�
EDFWHULDQD�IRL�R�VXFR�GH�VLVDO�VXSOHPHQWDGR�FRP�H[WUDWR�GH�OHYHGXUD���������������J�/���VHJXLGR�GR�VXFR�
GH�VLVDO�VXSOHPHQWDGR�FRP�PLOKRFLQD�����������������4XDQWR�DR�XVR�GR�320(�FRPR�IRQWH�GH�FDUERQR��
REVHUYRX�VH�XPD�EDL[D�SURGXomR�GH�FHOXORVH�EDFWHULDQD�HP�WRGRV�RV�PHLRV��FRP�PDLRU�SURGXomR�SDUD�
R�320(�SXUR��������������J�/���QmR�KDYHQGR�JUDQGH�GLIHUHQoD�HQWUH�R�XVR�GH�H[WUDWR�GH�OHYHGXUD�H�
milhocina.  

tabela 2. 3URGXomR�GH�FHOXORVH��Do~FDU�UHGXWRU�H�S+�FRP�GLIHUHQWHV�UHVtGXRV�DJURLQGXVWULDLV�
meio utilizado celulose (g/l) $o~FDU�UHGXWRU�¿QDO�

(g/l)
$o~FDU�UHGXWRU�
consumido (g/l)

pH

Sisal puro ������������ ����� ����� ����

6LVDO���(/ 2,133 ������ ����� ����� ����

Sisal + milhocina ������������ ����� ����� ����

320(�SXUR 0,413 ������ ���� ���� ����

320(���(/ ������������ ��� ���� ����

320(���PLOKRFLQD ������������ ���� ���� ����

�1R�VXFR�GH�VLVDO�D�FRQFHQWUDomR�LQLFLDO�GH�Do~FDU�UHGXWRU�HUD�GH�DSUR[LPDGDPHQWH����J�/�H�SR�
GH�VH�REVHUYDU�TXH�PHVPR�DSyV���GLDV�GH�IHUPHQWDomR��D�EDFWpULD�Vy�WLQKD�FRQVXPLGR�PHWDGH�GR�Do~FDU�
LQLFLDOPHQWH�SUHVHQWH��2�FDVR�GR�320(��TXH� SRVVXtD� XPD� FRQFHQWUDomR� LQLFLDO� GH� Do~FDU� UHGXWRU� GH�
DSUR[LPDGDPHQWH����J�/�H�WDPEpP�IRL�REVHUYDGR�R�PHVPR�FRPSRUWDPHQWR��(P�UHODomR�DR�S+��SRGH�VH�
REVHUYDU�XP�DXPHQWR�TXDQGR�R�VXFR�GH�VLVDO�IRL�XWLOL]DGR��FRPSRUWDPHQWR�GLIHUHQWH�GH�TXDQGR�D�JOLFR�
VH��PHLR�VLQWpWLFR�+6��p�XWLOL]DGD��RQGH�VH�REVHUYD�XPD�GLPLQXLomR�GR�S+��-i�FRP�R�320(��VXEVWUDWR�
EDVWDQWH�KHWHURJrQHR��D�EDFWpULD�QmR�FUHVFHX�PXLWR�H�D�PHPEUDQD�IRL�SURGX]LGD�HP�PHQRU�TXDQWLGDGH�H�
DSUHVHQWRX�VH�EHP�PDLV�IUiJLO�GR�TXH�D�PHPEUDQD�SURGX]LGD�FRP�VLVDO��'HVWD�IRUPD��QmR�IRL�REVHUYDGD�
DOWHUDomR�VLJQL¿FDWLYD�QR�S+�GR�PHLR�IHUPHQWDGR�

4 concluSÃo

$�PHOKRU�IRQWH�GH�QLWURJrQLR�IRL�R�H[WUDWR�GH�OHYHGXUD�H�RV�UHVtGXRV�DJURLQGXVWULDLV�XWLOL]DGRV�
GHPRQVWUDUDP�SRVVLELOLGDGH�GH�XVR�FRPR�VXEVWUDWR�SDUD�SURGXomR�GH�FHOXORVH�EDFWHULDQD��1R�FDVR�GR�
VLVDO��D�SURGXomR�GH�&%�SRGH�VHU�LQFUHPHQWDGD�TXDQGR�XPD�IRQWH�GH�QLWURJrQLR�RUJkQLFD��HP�HVSHFLDO�
R�H[WUDWR�GH�OHYHGXUD��IRL�DGLFLRQDGD�DR�PHLR�IHUPHQWDWLYR��(P�UHODomR�DR�320(�QmR�IRL�REVHUYDGR�
QHQKXP�DXPHQWR�QD�SURGXomR�GD�&%�FRP�DGLomR�GH�RXWUDV�IRQWHV�GH�QLWURJrQLR��

reFerÊnciAS

%(5:$1*(5��$�/�6��3URGXomR�H�FDUDFWHUL]DomR�GH�ELRSROtPHUR�VLQWHWL]DGR�SRU�Sphingomonas capsu-
lata�����������S��'LVVHUWDomR��0HVWUDGR�HP�(QJHQKDULD�GH�$OLPHQWRV��±�8QLYHUVLGDGH�5HJLRQDO�,QWHJUD�
GD�GR�$OWR�8UXJXDL�H�GDV�0LVV}HV��5LR�*UDQGH�GR�6XO�
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&$55(,5$��3�0�&��3URGXomR�GH�FHOXORVH�EDFWHULDQD�D�SDUWLU�GH�UHVtGXRV�LQGXVWULDLV�����������S��7HVH�
�0HVWUDGR�HP�0DWHULDV�'HULYDGRV�GH�5HFXUVRV�5HQRYiYHLV��±�8QLYHUVLGDGH�GH�$YHLUR��$YHLUR�

&+$:/$��3�5���%$-$-��,�%���6859$6(��6�$���6,1*+$/��5�6��0LFURELDO�FHOOXORVH��IHUPHQWDWLYH�SUR�
GXFWLRQ�DQG�DSOLFDWLRQV��)RRG�7HFKQRORJ\�%LRWHFKQRORJ\��Y������Q�����S����������������

'21,1,��Ë�$�1���'(�6$/9,��'�7�%���)8.80272��)�.���/8675,��:�5���%$58'��+�6���0$5&+(7�
72��5���0(66$''(4��<���5,%(,52��6�-�/��%LRVVtQWHVH�H�UHFHQWHV�DYDQoRV�QD�SURGXomR�GH�FHOXORVH�
EDFWHULDQD��(FOpWLFD�4XtPLFD��Y������Q�����S����������������

(/�6$,('��+���(/�',:$1<��$���%$67$��$��+���$7:$��1��$���(/�*+:$6��'��(��3URGXFWLRQ�DQG�
FKDUDFWHUL]DWLRQ�RI�HFRQRPLFDO�EDFWHULDO�FHOOXORVH��%LR5HVRXUFHV��Y����Q����S������������������

*$/$6��(���.5<67<12:,&=��$���7$5$%$6=�6=<0$16.$��/���3$1.,(:,&=��7���5=<6.$��
0��2SWLPL]DWLRQ�RI�WKH�SURGXFWLRQ�RI�EDFWHULDO�FHOOXORVH�XVLQJ�PXOWLYDULDEOH�OLQHDU�UHJUHVVLRQ�DQDO\VLV��
$FWD�%LRWHFKQRO��Y������S����������������

.(6+.��6��0��$��6���5$=(.��7��0��$���6$0(6+,0$��.��%DFWHULDO�FHOOXORVH�SURGXFWLRQ�IURP�EHHW�
PRODVVHV��$IULFDQ�-RXUQDO�RI�%LRWHFKQRORJ\��Y�����Q������S������������������

./(00��'���6&+80$11��'���.5$0(5��)���+(66/(5��1���.27+��'���68/7$129$��%��1DQR�
FHOOXORVH�0DWHULDOV���'LIIHUHQW�&HOOXORVH��'LIIHUHQW�)XQFWLRQDOLW\��0DFURPROHFXODU�6\PSRVLD��Y�������S��
������������

.5<67<12:,&=��$��� &=$-$��:���:,.7252:6.$�-(=,(56.$��$��� 0� *21&�$/9(6�0,6�
�.,(:,&=��0�785.,(:,&=�$1'�6�%,(/(&.,��)DFWRUV�DIIHFWLQJ�WKH�\LHOG�DQG�SURSHUWLHV�RI�EDFWH�
ULDO�FHOOXORVH��-��,QG��0LFURELRO��%LRWHFKQRO���Y������S����������������

/,0$��+��6��/��1$6&,0(172��(���%5Ë*,'$��$��,���$1'5$'(��)��.���526$��0��)���%25*(6��0��
)��3URGXomR�GH�FHOXORVH�EDFWHULDQD�XWLOL]DQGR�VXFR�GH�VLVDO�FRPR�VXEVWUDWR��,Q��9,,�:RUNVKRS�GH�1DQR�
WHFQRORJLD�$SOLFDGD�DR�$JURQHJyFLR�������

/<(5��3�5���*(,%��6�0���&$7&+0$5.��-���.$2��7���7,(1��0��*HQRPH�VHTXHQFH�RI�D�FHOOXORVH�SUR�
GXFLQJ�EDFWHULXP��*OXFRQDFHWREDFWHU�KDQVHQLL�$7&&��������-��RI�%DFWHULRO���Y�����������S�������������
�����

0,//(5�*��/��8VH�RI�GLQLWURVDOLF\OLF�DFLG�UHDJHQW�IRU�GHWHUPLQDWLRQ�RI�UHGXFLQJ�VXJDUV��$QDO��&KHP���
Y������S����������������

526$��0��)���628=$�),/+2��0��6��0���),*8(,5('2��0��&��%���025$,6��-��3��6���6$17$(//$��
6�7���/(,72��5�&��9DORUL]DomR�GH�UHVtGXRV�GD�DJURLQG~VWULD��,Q��,,�6LPSyVLR�,QWHUQDFLRQDO�VREUH�JH�
UHQFLDPHQWR�GH�UHVtGXRV�DJURSHFXiULRV�H�DJURLQGXVWULDLV��������)R]�GR�,JXDoX��$QDLV��)R]�GR�,JXDoX��
6EHUD��������S���������

5266��3���0$<(5��5���%(1=,0$1��0��&HOOXORVH�ELRV\QWKHVLV�DQG�IXQFWLRQ� LQ�EDFWHULD��0LFURELRO�
5HY��Y������Q�����S����±���������

583$1,��3��)���6,1*+��5��3���,%5$+,0��0��+���(6$��1��5HYLHZ�RI�&XUUHQW�3DOP�2LO�0LOO�(IÀXHQW�
�320(��7UHDWPHQW�0HWKRGV��9HUPLFRPSRVWLQJ�DV�D�6XVWDLQDEOH�3UDFWLFH��:RUOG�$SSOLHG�6FLHQFHV�-RXU�
QDO��Y������Q�����S��������������
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resumo
+HUELFLGDV�WrP�JUDQGH�LPSRUWkQFLD�QD�SURGXWLYLGDGH�DJUtFROD��Mi�TXH�VmR�QHFHVViULRV�SDUD�R�FRQWUROH�GH�
HUYDV�GDQLQKDV��GHYLGR�D�VXD�FRPSHWLomR�FRP�DV�FXOWXUDV��1R�HQWDQWR��XPD�DSOLFDomR�LQDGHTXDGD�SRGH�
FRQGX]LU�D�SUREOHPDV�DPELHQWDLV��GH�PRGR�D�VHU�PLQLPL]DGRV�SRU�PHLR�GD�OLEHUWDomR�FRQWURODGD�GH�FRP�
SRVWRV�DWLYRV��,VWR�SRGH�VHU�IHLWR�SRU�SURWHomR�GR�KHUELFLGD�HP�XPD�HVWUXWXUD�FRP�SRURVLGDGH�DGHTXDGD��
RQGH�R�FRPSRUWDPHQWR�GH�GLIXVmR�GHWHUPLQD�D�OLEHUWDomR��$VVLP��HVVH�HVWXGR�WHYH�D�¿QDOLGDGH�GH�DYDOLDU�
XPD�QRYD�HVWUXWXUD�GH�FRPSyVLWR�EDVHDGR�HP�FDUYmR�DWLYDGR�OLJDGR�SRU�iOFRRO�SROLYLQtOLFR��39$��QD�
IRUPD�GH�SDVWLOKDV��D�¿P�GH�OLEHUDU�FRQWURODGDPHQWH�KHUELFLGDV�WULD]tQLFRV��2�WUDEDOKR�GLYLGLX�VH�HP�WUrV�
HWDSDV���L��REWHQomR�GH�XP�FRPSyVLWR�KHUELFLGD��REVHUYDQGR�D�TXDQWLGDGH�Pi[LPD�DGVRUYLGD�SHOR�PDWH�
ULDO���LL��SUHSDUDomR�GH�SDVWLOKDV�FRP�R�DX[LOLR�GH�39$��YDULDQGR�D�IRUoD�GH�FRPSDFWDomR������03D������
03D�H�����03D��H�D�SRUFHQWDJHP�GH�39$���������H�������H��LLL��H[HFXomR�GRV�HQVDLRV�GH�OLEHUDomR�HP�
iJXD��iFLGR�FtWULFR�H�+&O��$�DQiOLVH�GH�DGVRUomR�UHYHORX�TXH�D�TXDQWLGDGH�Pi[LPD�DGVRUYLGD�SHOR�FDUYmR�
DWLYDGR�p�HP�WRUQR�GH������J�GH�DPHWULQD�J�GH�PDWHULDO��GHYLGR�j�HOHYDGD�iUHD�VXSHU¿FLDO��2V�HQVDLRV�
GH�OLEHUDomR�HP�iJXD�UHYHODUDP�TXH�D�IRUoD�GH�FRPSDFWDomR�XWLOL]DGD�QmR�LQÀXHQFLD�VLJQL¿FDWLYDPHQWH�
QD�WD[D�GH�GHVVRUomR��(�DR�FRPSDUDU�RV�UHVXOWDGRV�QRV�GLIHUHQWHV�PHLRV��REVHUYRX�VH�TXH�D�DFLGL¿FDomR�
DFHOHUD�D�OLEHUDomR�GR�KHUELFLGD�H�DXPHQWD�D�TXDQWLGDGH�WRWDO�HP�VROXomR�
Palavras-chave��$GVRUomR��&DUYmR�DWLYDGR��/LEHUDomR�FRQWURODGD�

StudY oF tHe controlled releASe oF AmetrYn Herbicide uSinG PvA – Ac-
tivAted cArbon comPoSiteS
Abstract
+HUELFLGHV�KDYH�JUHDW�LPSRUWDQFH�LQ�DJULFXOWXUDO�SURGXFWLYLW\�VLQFH�WKH�FRQWURO�RI�ZHHGV�LV�QHFHVVDU\��
GXH�LWV�FRPSHWLWLRQ�ZLWK�FURSV��+RZHYHU��LQDGHTXDWH�DSSOLFDWLRQ�RI�KHUELFLGHV�PD\�OHDG�WR�HQYLURQPHQ�
WDO�SUREOHPV��ZLWK�FDQ�EH�PLQLPL]HG�WKURXJK�WKH�FRQWUROOHG�UHOHDVLQJ�RI� WKH�DFWLYH�FRPSRXQGV��7KLV�
PD\�EH�GRQH�E\�SURWHFWLQJ�WKH�KHUELFLGH�LQ�D�VWUXFWXUH�ZLWK�DGHTXDWH�SRURVLW\��ZKHUH�WKH�GLIIXVLRQDO�EH�
KDYLRU�GHWHUPLQH�WKH�UHOHDVLQJ��7KHQ�LQ�WKLV�VWXG\�ZH�HYDOXDWHG�D�QRYHO�VWUXFWXUH��D�FRPSRVLWH�EDVHG�RQ�
DFWLYDWHG�FDUERQ�ERQGHG�E\�SRO\�YLQLO�DOFRKRO���39$��DV�SHOOHWV��LQ�RUGHU�WR�GHOLYHU�D�WULD]LQH�KHUELFLGH��
7KH�VWXG\�ZDV�GLYLGHG�LQWR�WKUHH�VWHSV���L��WR�REWDLQ�D�QDQRFRPSRVLWH�KHUELFLGH��REVHUYLQJ�WKH�PD[LPXP�
TXDQWLW\�DGVRUEHG�E\�WKH�PDWHULDO���LL��SUHSDUH�WDEOHWV�ZLWK�DLG�RI�39$�VWXGLHG�WKH�UHODWLRQVKLS�EHWZHHQ�
WKH�SUHVVLQJ�IRUFH������03D������03D�H�����03D��DQG�SHUFHQWDJH�RI�39$���������DQG�������DQG��LLL��
SHUIRUP�UHOHDVH�WHVWV�RI�WKH�KHUELFLGH�LQ�ZDWHU��FLWULF�DFLG�DQG�+&O��$QDO\VLV�RI�WKH�DGVRUSWLRQ�RI�FRP�
PHUFLDO�DPHWU\QH�UHYHDOHG�WKDW�WKH�PD[LPXP�TXDQWLW\�DGVRUEHG�E\�WKH�DFWLYDWHG�FKDUFRDO�LV�DURXQG�����
J�J�RI�PDWHULDO�GXH�WR�KLJK�VXUIDFH�DUHD�RI�WKH�DFWLYDWHG�FDUERQ��7KH�ZDWHU�UHOHDVH�WHVWV�VKRZHG�WKDW�WKH�
FRPSDFWLRQ�IRUFH�QRW�KDYH�VLJQL¿FDQWO\�LQÀXHQFH�LQ�WKH�UDWH�RI�GHVRUSWLRQ��,Q�DGGLWLRQ��ZKHQ�FRPSDULQJ�
UHVXOWV�LQ�GLIIHUHQW�PHGLXP�LW�ZDV�REVHUYHG�WKDW�DFLGL¿FDWLRQ�DFFHOHUDWHV�WKH�UHOHDVH�UDWH�RI�KHUELFLGH�DQG�
increases the total amount in solution.
Keywords: $GVRUSWLRQ��$FWLYDWHG�FDUERQ��&RQWUROOHG�UHOHDVH�

3XEOLFDo}HV�UHODFLRQDGDV��$FHLWR�SDUD�SXEOLFDomR��4XtPLFD�1RYD��������

1 introduÇÃo

2�FUHVFLPHQWR�GD�SRSXODomR�PXQGLDO�LPSOLFD�QD�EXVFD�FDGD�YH]�PDLRU�GH�XPD�DJULFXOWXUD�DOWD�
PHQWH�SURGXWLYD��GH�PRGR�TXH�Ki�SURSRUFLRQDOLGDGH�FRP�R�XVR�GH�GHIHQVLYRV�DJUtFRODV��1HVVH�FRQWH[WR��
p�LPSRUWDQWH�R�GHVHQYROYLPHQWR�GH�WHFQRORJLDV�GH�FRQWUROH�GHVWDV�VXEVWkQFLDV�QR�DPELHQWH��YLVDQGR�XP�
DXPHQWR�GH�VXD�H¿FLrQFLD��UHGXomR�GH�FXVWRV�QD�DSOLFDomR�H�PLQLPL]DomR�GH�LPSDFWRV�DPELHQWDLV�
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2�SURFHVVR�GH�DGVRUomR�GR�FDUYmR�DWLYDGR�WHP�VLGR�XWLOL]DGR�FRPR�XP�H¿FD]�PpWRGR�SDUD�UH�
PRYHU�SHVWLFLGDV�UHVLGXDLV�HP�WUDWDPHQWR�GH�iJXD�H�GH�HÀXHQWHV�LQGXVWULDLV��GHYLGR�j�DOWD�SRURVLGDGH�
GR� FDUYmR� �+(51È1'(=�HW� DO��� �������$VVLP�� HVWXGRV� FRPR�R� GH�&RHOKR��9D]]ROHU� H�/HDO� �������
GHPRQVWUDUDP�TXH�R�XVR�GH�FDUYmR�DWLYDGR�p�XPD�DOWHUQDWLYD�H¿FLHQWH�SDUD�UHPRomR�GH�SHVWLFLGDV��SULQ�
FLSDOPHQWH��WULD]tQLFRV��QRV�TXDLV�VH�LQFOXL�D�DPHWULQD�

&RQVLGHUDQGR�VH�D�SUHVHQoD�GH�JUXSRV�IDFLOPHQWH�LRQL]iYHLV�OLJDGRV�DR�DQHO�FDUE{QLFR��HP�JHUDO�
SHVWLFLGDV�WULD]tQLFRV�VmR�PDLV�VRO~YHLV�HP�PHLRV�iFLGRV��0$1*5,&+�HW�DO����������(VWH�IDWRU�p�SDU�
WLFXODUPHQWH�LPSRUWDQWH�QDV�FDUDFWHUtVWLFDV�GH�VRORV�EUDVLOHLURV��JHUDOPHQWH�iFLGRV��IDFLOLWDQGR�DVVLP�D�
PLJUDomR�GHVWHV�FRPSRVWRV��TXDQGR�HP�H[FHVVR��SDUD�]RQDV�GH�DF~PXOR��FRPR�OHQoyLV�IUHiWLFRV�

1R�HQWDQWR��DSHVDU�GR�FDUYmR�DWLYDGR�VHU�FRQKHFLGR�QRV�SURFHVVRV�GH�DGVRUomR��QmR�Ki�JUDQGHV�
HVWXGRV�QD�OLWHUDWXUD�VREUH�VHX�XVR�FRPR�PHLR�GH�FRQWUROH�GD�OLEHUDomR�GH�GHIHQVLYRV��9LVWR�TXH�VXD�HV�
WUXWXUD�SHUPLWH�TXH�XPD�JUDQGH�TXDQWLGDGH�GH�GHIHQVLYR�VHMD�FDUUHJDGD�SRU�LQWHUDomR�FRP�D�VXSHUItFLH��
DVVLP��XP�VLVWHPD�GH�OLEHUDomR�OHQWD�GH�GHIHQVLYRV�SRGHULD�VHU�SURMHWDGR�D�SDUWLU�GD�GHVVRUomR�GH�XP�
SULQFtSLR�DWLYR�SUHYLDPHQWH�FDUUHJDGR�QR�FDUYmR�DWLYDGR��WURFDQGR�OHQWDPHQWH�FRP�R�PHLR�SRU�GLIXVmR�
H�HTXLOtEULR�TXtPLFR��3RUpP��p�QHFHVViULR�HVWDEHOHFHU�FRQGLo}HV�GH�SURFHVVDPHQWR�TXH�SHUPLWDP�DGPL�
QLVWUDU�R�PDWHULDO�¿QDO�HP�IRUPDWRV�DFHLWiYHLV��FRPR�SRU�H[HPSOR��JUkQXORV�±�YLVWR�TXH�D�GLVSRVLomR�GR�
FDUYmR�DWLYDGR��HP�Sy��p�SRXFR�DFHLWD�SHOD�GL¿FXOGDGH�GH�DSOLFDomR�QRV�VLVWHPDV�DJUtFRODV�GLVSRQtYHLV�

$VVLP��HVWH�WUDEDOKR�GHVFUHYH�D�SURGXomR�GH�XP�FRPSyVLWR�EDVHDGR�HP�FDUYmR�DWLYDGR�OLJDGR�
SRU�iOFRRO�SROLYLQtOLFR��39$���SUHYLDPHQWH�FDUUHJDGR�FRP�R�KHUELFLGD�DPHWULQD��GH�PRGR�TXH�R�39$�
SHUPLWLVVH�TXH�R�PDWHULDO�IRVVH�SURFHVVDGR�SRU�SUHQVDJHP��REWHQGR�VH�JUkQXORV�GHQVRV�TXH�IDFLOLWDP�D�
DGPLQLVWUDomR�GR�KHUELFLGD�

2 mAteriAiS e métodoS

)RUDP�REWLGRV�FRPSyVLWRV�SUHYLDPHQWH�FDUUHJDGRV�FRP�KHUELFLGD��D�¿P�GH�REVHUYDU�D�TXDQWLGD�
GH�Pi[LPD�DGVRUYLGD�SHOR�FDUYmR�DWLYDGR��$VVLP��IH]�VH��SULPHLUDPHQWH��D�DGVRUomR�GH�����P/�GH�XPD�
VROXomR�GH���������J�J�����������SSP��GH�DPHWULQD��6LSFDP�83/������J�/����HP�XP�EpTXHU�FRQWHQGR�
����PJ�GH�FDUYmR�DWLYDGR��6\QWK���GHL[DQGR�HVVH�VLVWHPD�HP�DJLWDomR�EUDQGD�SRU����KRUDV��$SyV�DWLQJLU�
R�HTXLOtEULR��¿OWURX�VH�R�PDWHULDO�H�IH]�VH�D�OHLWXUD�GR�VREUHQDGDQWH�HP�HVSHFWURIRW{PHWUR�89�9,6��SDUD�
REWHU�D�FRQFHQWUDomR�DGVRUYLGD��(P�VHJXLGD��VHFRX�VH�R�FRPSyVLWR�HP�HVWXID�D����&�H�SUHSDUDUDP�VH�
SDVWLOKDV�FRP�R�DX[LOLR�GH�39$��-�7�%DNHU�������������SDUFLDOPHQWH�KLGUROLVDGR���YDULDQGR��D�IRUoD�GH�
FRPSDFWDomR������03D������03D�H�����03D��H�D�SRUFHQWDJHP�GH�39$���������H������

2V�PDWHULDLV�REWLGRV�IRUDP�FDUDFWHUL]DGRV�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9���SDUD�
YHUL¿FDomR�GD� KRPRJHQHLGDGH� GRV� FRPSyVLWRV� REWLGRV� H� GH� DVSHFWRV�PRUIROyJLFRV��(� RV� HQVDLRV� GH�
OLEHUDomR�IRUDP�FRQGX]LGRV�HP�EpTXHU�GH�����P/��VHQGR�R�VLVWHPD�PDQWLGR�VRE�DJLWDomR�FRQVWDQWH�H�
WHPSHUDWXUD�DPELHQWH��2V�H[SHULPHQWRV�IRUDP�FRQGX]LGRV�HP�iJXD��VROXomR�GH�iFLGR�FtWULFR������PRO�
/�����iFLGR�FORUtGULFR������PRO�/����H�VROXomR�GH�iJXD�PHWDQRO�����Y�Y��2V�UHVXOWDGRV�IRUDP�DQDOLVDGRV�
SRU�PHLR�GH�(VSHFWURPHWULD�89�YLV��HQWUH���������QP��6KLPDG]X�89������3&��

3 reSultAdoS e diScuSSÃo

$�)LJXUD���DSUHVHQWD�LPDJHQV�GH�0(9��-60������±�-(2/��GR�FDUYmR�DWLYDGR�XWLOL]DGR�FRPR�
EDVH�SDUD�D�IRUPDomR�GR�FRPSyVLWR�GH�OLEHUDomR��2EVHUYD�VH�TXH�HVVH�PDWHULDO�DSUHVHQWD�SDUWtFXODV�¿QDV��
TXH�VH�DJORPHUDP�IRUPDQGR�SRURV��DOpP�GH�SRVVXLU�VXSHUItFLH�UXJRVD��(VVD�FDUDFWHUtVWLFD�p�GHVHMiYHO�
SDUD�DXPHQWDU�D�TXDQWLGDGH�GR�KHUELFLGD�D�VHU�FDUUHJDGR�QD�DPRVWUD��H�HVVH�UHVXOWDGR�p�FRQ¿UPDGR�SHOD�
PHGLGD�GH�iUHD�VXSHU¿FLDO��REWLGD�SRU�¿VLVVRUomR�GH�12��VHJXLQGR�D�PHWRGRORJLD�%(7��$VVLP��REWHYH�VH�
XP�YDORU�GH�iUHD�GH��������PðJ����UHVXOWDGR�PXLWR�HOHYDGR�TXDQGR�FRPSDUDGR�D�RXWURV�PDWHULDLV��SHU�
PLWLQGR�DOWD�iUHD�GH�LQWHUDomR�FRP�R�GHIHQVLYR�DJUtFROD���3DUD�GHWHUPLQDomR�GD�TXDQWLGDGH�Pi[LPD�GH�
KHUELFLGD�D�VHU�FDUUHJDGD�QR�FRPSyVLWR�SRU�DGVRUomR��GHWHUPLQRX�VH�D�FRQFHQWUDomR�GR�VREUHQDGDQWH�
QD�VROXomR�GH�DPHWULQD��DWUDYpV�GH�HVSHFWURVFRSLD�89�YLVtYHO������D�����QP���'HYH�VH�UHVVDOWDU�TXH�D�
SUHVHQoD�GH�DGMXYDQWHV�QD�DPHWULQD�FRPHUFLDO�SRGH�LQÀXHQFLDU�QD�DGVRUomR�GR�KHUELFLGD�SHOR�FDUYmR�
ativado.
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Figura 1. ,PDJHQV�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�GR�FDUYmR�DWLYDGR�XWLOL]DGR�QRV�H[SHULPHQWRV�

�$�SDUWLU�GD�DQiOLVH�GD�DGVRUomR�GD�DPHWULQD�FRPHUFLDO��QRWD�VH�TXH�D�FRQFHQWUDomR�Pi[LPD�DG�
VRUYLGD�SHOR�FDUYmR�DWLYDGR�p�HP�WRUQR�GH������J�GH�DPHWULQD�SRU�J�GH�FDUYmR�DWLYDGR��VHQGR�HVVH�YDORU�
UHÀH[R�GD�HOHYDGD�iUHD�VXSHU¿FLDO��TXH�DXPHQWD�D�iUHD�GH�FRQWDWR�IDYRUHFHQGR�WDO�SURFHVVR�

3DUD�REWHU�R�FRPSyVLWR�GH�OLEHUDomR�FRQWURODGD��XWLOL]RX�VH�39$�FRPR�DJORPHUDQWH�SDUD�R�SUR�
FHVVR�GH�SUHQVDJHP��YLVWR�TXH�HVVH�SROtPHUR�p�FRQKHFLGR�SRU�VXD�FDSDFLGDGH�GH�KLGUDWDomR�H�LQWXPHVFL�
PHQWR��3RUWDQWR��SUHWHQGHX�VH�TXH�R�39$�IRVVH�XPD�EDUUHLUD�j�UiSLGD�OLEHUDomR�GR�KHUELFLGD��FRQWURODQ�
GR�D�SHQHWUDomR�GD�iJXD��H�FRQVHTXHQWHPHQWH��D�YHORFLGDGH�GH�OLEHUDomR�

Figura 2. (VWXGR�GD�OLEHUDomR�HP�DJXD�HP�UHODomR�j�IRUoD�GH�SUHQVDJHP�±��D��OLEHUDomR�WRWDO�H��E��GD�OLEHUDomR�
inicial.

Figura 3. (VWXGR�GD�OLEHUDomR�HP�iJXD��iFLGR�FtWULFR�H�iFLGR�FORUtGULFR�YDULDQGR�VH�D�TXDQWLGDGH�GH�39$�
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2V�H[SHULPHQWRV�GH�OLEHUDomR�IRUDP�QRYDPHQWH�FRQGX]LGRV�HP�iJXD��HP�VROXomR�GH�iFLGR�FtWUL�
FR������PRO�/�����D�¿P�GH�PLPHWL]DU�RV�iFLGRV�RUJkQLFRV�GR�VROR��H�HP�iFLGR�FORUtGULFR������PRO�/�����GH�
PRGR�D�SURPRYHU�XPD�FRQGLomR�GUiVWLFD��FRPR�UHSUHVHQWDGR�QD�)LJXUD���

&RPSDUDQGR�VH�RV�UHVXOWDGRV��REVHUYRX�VH�TXH�D�DFLGL¿FDomR�GR�PHLR�DFHOHURX�D�OLEHUDomR�GR�
KHUELFLGD�H�DXPHQWRX�D�TXDQWLGDGH�WRWDO�HP�VROXomR��7DPEpP��D�OLEHUDomR�HP�VROXomR�GH�iFLGR�IRUWH�
IRL�VLJQL¿FDWLYDPHQWH�UiSLGD�HP�FRPSDUDomR�DRV�GHPDLV�H[SHULPHQWRV��1R�HQWDQWR��REVHUYRX�VH�TXH�D�
OLEHUDomR�HP�FRQGLo}HV�LQWHUPHGLiULDV�GH�39$�DGLFLRQDGR�DR�PDWHULDO������IRL�Pi[LPD��VHQGR�TXH�HP�
����GH�SROtPHUR�KRXYH��SDUD�DPERV�RV�iFLGRV��UHGXomR�QD�FLQpWLFD�GH�OLEHUDomR�H�QR�WHRU�WRWDO�OLEHUDGR��
3RVVLYHOPHQWH��FRQVLGHUDQGR�VH�TXH�R�39$�p�XP�SROtPHUR�KLGUROLViYHO�HP�FRQGLo}HV�iFLGDV��

HP�PHQRUHV�WHRUHV�D�VXD�SUHVHQoD�SRGH�DOWHUDU�R�HTXLOtEULR�GD�VROXomR�DWUDYpV�GH�XPD�UHDomR�
GH�HVWHUL¿FDomR�IUHQWH�DR�iFLGR��'H�IDWR��6KL�HW�DO����������REVHUYDUDP�HVWD�UHDomR�HP�¿OPHV�GH�DPLGR�
FRPSyVLWRV�FRP�39$��VHQGR�LQFOXVLYH�HVWH�PHFDQLVPR�XWLOL]DGR�FRPR�IRUPD�GH�REWHU�OLJDo}HV�FUX]DGDV�
QD�HVWUXWXUD�GR�39$��� $VVLP��p�FRPSUHHQVtYHO�TXH��QDV�PDLRUHV�FRQFHQWUDo}HV�GH�SROtPHUR��R�PDWH�
ULDO�WHQKD�OLJHLUD�UHGXomR�GD�VXD�OLEHUDomR�SHOD�IRUPDomR�GH�OLJDo}HV�FUX]DGDV��VHQGR�TXH�QDV�PHQRUHV�
TXDQWLGDGHV�D�DOWHUDomR�GR�HTXLOtEULR�VHULD�PDLV�VLJQL¿FDWLYD��3DUD�JDUDQWLU�D�FRPSOHWD�VROXELOL]DomR�GD�
DPHWULQD�QR�H[SHULPHQWR�GH�OLEHUDomR�H��FRQVHTXHQWHPHQWH��DYDOLDU�FRUUHWDPHQWH�R�FRPSRUWDPHQWR�GRV�
FRPSyVLWRV��XWLOL]RX�VH�VROXomR�GH�iJXD�PHWDQRO�����Y�Y��GHYLGR�D�VROXELOLGDGH�GD�DPHWULQD�HP�PHWD�
QRO�VHU�PDLRU�TXH�HP�iJXD��DSUR[LPDGDPHQWH�����J�/����

2EVHUYD�VH�QD�)LJXUD���TXH�D�YDULDomR�GR�WHRU�GH�39$�WHP��QHVVH�FDVR��FRUUHODomR�GLUHWD�FRP�R�
SHU¿O�GH�OLEHUDomR��SULQFLSDOPHQWH�QDV�SULPHLUDV�KRUDV��1RWD�VH�TXH�D�TXDQWLGDGH�WRWDO�OLEHUDGD�p�LQIHULRU�
GH�DFRUGR�FRP�R�DXPHQWR�GR�39$�QD�FRPSRVLomR��R�TXH�LQGLFD�TXH�R�SROtPHUR�LPSHGH�D�VDtGD�LPHGLDWD�
do herbicida. 

'HYH�VH�WDPEpP�QRWDU�TXH��SDUD�WRGRV�RV�FRPSyVLWRV��D�OLEHUDomR�GR�SULQFtSLR�DWLYR�IRL�DFLPD�
GH�����GR�YDORU�WRWDO�FDUUHJDGR��H�R�FRPSRUWDPHQWR�VRPHQWH�HVWDELOL]RX�DFLPD�GH�����KRUDV�HP�WRGRV�
RV�FDVRV��FDUDFWHUL]DQGR�XP�FRPSRUWDPHQWR�GH�OLEHUDomR�FRQWURODGD�

                                                                                        

Figura 4. (VWXGR�GD�OLEHUDomR�HP�UHODomR�j�SRUFHQWDJHP�GH�39$�±��D��OLEHUDomR�WRWDO�H��E��OLEHUDomR�LQLFLDO�

4 concluSÃo

2V�HQVDLRV�UHYHODUDP�TXH�D�XWLOL]DomR�GR�39$�DOWHUD�R�FRPSRUWDPHQWR�GH�OLEHUDomR�GR�FDUYmR�
DWLYDGR��GH�PRGR�TXH�R�DXPHQWR�GR�39$�UHGX]�D�OLEHUDomR�LQLFLDO��GHYLGR�j�EDUUHLUD�GLIXVLRQDO�SDUD�VDtGD�
GR�KHUELFLGD��1R�HQWDQWR��D�DOWD�FDSDFLGDGH�GH�KLGUDWDomR�H�R�LQWXPHVFLPHQWR�GR�SROtPHUR�ID]HP�FRP�
TXH�HVWD�EDUUHLUD�VH�GLVVROYD�RX�VH�WRUQH�SHUPHiYHO��IDFLOLWDQGR�R�SURFHVVR�GH�WURFD��7DPEpP��SRGH�VH�
YHUL¿FDU�TXH�D�SUHVVmR�GH�FRPSDFWDomR�QmR�VHJXH�XP�SDGUmR�GH¿QLGR�SDUD�D�WD[D�GH�OLEHUDomR��VHQGR�
SRVVtYHO�D�RFRUUrQFLD�GH�VHJUHJDomR�GR�39$��WRUQDQGR�R�PDWHULDO�SRXFR�KRPRJrQHR�

-i�QRV�HQVDLRV�HPSUHJDQGR�R�PHLR�iFLGR�REVHUYRX�VH�TXH�D�DFLGL¿FDomR�DFHOHUD�D� OLEHUDomR��
DOpP�GH�DXPHQWDU�D�TXDQWLGDGH�WRWDO�HP�VROXomR��(��WDPEpP��TXDQWR�PDLRU�D�DFLGL¿FDomR�GR�PHLR��OLEH�
UDomR�HP�VROXomR�GH�iFLGR�IRUWH��PDLV�UiSLGD�p�D�OLEHUDomR�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�j�5HGH�$JURQDQR��DR�&13T��H�j�),1(3�SHOR�DSRLR�FRQFHGLGR�
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(P�UD]mR�GR�DXPHQWR�GDV�SUHRFXSDo}HV�DPELHQWDLV�H�EXVFDQGR�GLPLQXLU�D�GHJUDGDomR�DPELHQWDO��PXL�
WRV�HVSHFLDOLVWDV�SDVVDUDP�D�GHPRQVWUDU�FRQVLGHUiYHO�LQWHUHVVH�VREUH�R�iOFRRO�SROLYLQtOLFR��39$���GHYLGR�
DR�VHX�yWLPR�GHVHPSHQKR�DPELHQWDO�H�SUHoR�EDL[R�HP�UHODomR�D�RXWURV�PDWHULDLV�ELRGHJUDGiYHLV�>���@��
(VSXPDV�GH�39$�WDPEpP�VmR�IRUWHV�FDQGLGDWDV�SDUD�XVR�DR�LQYpV�GH�HVSXPDV�QmR�ELRGHJUDGiYHLV�FRPX�
PHQWH�XWLOL]DGDV�SDUD�DSOLFDo}HV�FRP�YLGD�FXUWD��GHYLGR�D�VXDV�SRWHQWHV�FDUDFWHUtVWLFDV��HVSHFLDOPHQWH�QD�
OLEHUDomR�FRQWURODGD�H�QRV�FDPSRV�DJUtFRODV�>�@��1HVVD�SHVTXLVD��EXVFRX�VH�XWLOL]DU�XPD�WpFQLFD�H¿FD]�
SDUD�IDEULFDomR�GH�HVSXPD�ELRGHJUDGiYHO�OLYUH�GR�FRQWDWR�FRP�VROYHQWHV�Wy[LFRV��2V�REMHWRV�XWLOL]DGRV�
QD�SHVTXLVD�IRUDP�FRPSOH[R�GH�LQFOXVmR����KHSWDQRQD�ȕ�FLFORGH[WULQD��ȕ�&'����2�PpWRGR�p�EDVHDGR�QD�
SUHSDUDomR�HP�HVWDGR�VyOLGR��DWUDYpV�GD�OLR¿OL]DomR��REWHQGR�DVVLP�FRPSOH[RV�GH�LQFOXVmR�GH�HOHYDGR�
UHQGLPHQWR��7RGDV�DV�DPRVWUDV�IRUDP�FDUDFWHUL]DGDV�SRU�DEVRUomR�GH�iJXD�
Palavras-chave��&RPSOH[R�GH�LQFOXVmR��(VSXPDV�GH�39$����KHSWDQRQD��DEVRUomR�GH�iJXD��

Kinetic modelS oF wAter AbSorPtion oF PvA FoAmS obtAined bY FreeZe 
drYinG
Abstract
&RQVLGHULQJ�WKH�LQFUHDVLQJ�RI�HQYLURQPHQWDO�FRQFHUQV�DQG�VHDUFKLQJ�WR�GHFUHDVH�HQYLURQPHQWDO�GHJUDGD�
WLRQ��PDQ\�H[SHUWV�EHJDQ�GHPRQVWUDWLQJ�FRQVLGHUDEOH�LQWHUHVW�RQ�WKH�SRO\YLQ\O�DOFRKRO��39$���RZLQJ�WR�
LWV�H[FHOOHQW�HQYLURQPHQWDO�SHUIRUPDQFH�DQG�ORZ�FRVW�FRPSDUHG�WR�RWKHU�ELRGHJUDGDEOH�PDWHULDOV�>���@��
39$�IRDP¶V�DUH�DOVR�VWURQJ�FDQGLGDWHV�IRU�XVH�LQVWHDG�RI�QRQ�ELRGHJUDGDEOH�IRDPV�FRPPRQO\�XWLOL]HG�
IRU�DSSOLFDWLRQV�ZLWK�VKRUW�OLIH��GXH�WR�LWV�VWURQJ�WHFKQLFDO�IHDWXUHV��HVSHFLDOO\�LQ�FRQWUROOHG�UHOHDVH�DQG�
DJULFXOWXUDO�¿HOGV�>�@�,Q�WKLV�VWXG\��ZH�DWWHPSWHG�WR�XVH�DQ�HIIHFWLYH�WHFKQLTXH�IRU�PDNLQJ�ELRGHJUDGDEOH�
IRDP�IUHH�IURP�FRQWDFW�ZLWK�WR[LF�VROYHQWV��7KH�REMHFWV�XVHG�LQ�WKH�UHVHDUFK�ZHUH�WKH�LQFOXVLRQ�FRPSOH[�
���KHSWDQRQH�ȕ�F\FORGH[WULQ��ȕ�&'���7KH�SUHSDUDWLRQ�PHWKRG�LV�EDVHG�RQ�VROLG�VWDWH��E\�O\RSKLOL]DWLRQ��
WKXV�REWDLQLQJ�LQFOXVLRQ�FRPSOH[HV�LQ�KLJK�\LHOG�$OO�VDPSOHV�ZHUH�FKDUDFWHUL]HG�E\�ZDWHU�DEVRUSWLRQ�
Keywords:�,QFOXVLRQ�&RPSOH[��39$�IRDP����KHSWDQRQH��ZDWHU�DEVRUSWLRQ�
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1 introduÇÃo

2�JUDQGH�REMHWLYR�GHVVD�SHVTXLVD�p�R�GHVHQYROYLPHQWR�H�FDUDFWHUL]DomR�GH�HVSXPDV�GH�iOFRRO�
SROLYLQtOLFR��39$��H�FRPSOH[RV�GH�LQFOXVmR���KHSWDQRQD�ȕ�FLFORGH[WULQD�FRP�rQIDVH�HP�GLYHUVDV�DSOLFD�
o}HV�TXH�HQYROYHP�R�HQFDSVXODPHQWR�H�SRVWHULRU�OLEHUDomR�GH�IHURP{QLRV�GH�LQWHUHVVH�QR�DJURQHJyFLR��

2�GHVHQYROYLPHQWR�GH�SROtPHURV�ELRGHJUDGiYHLV�SURYHQLHQWHV�GH�PDWpULDV�SULPDV�UHQRYiYHLV�
FRP�R�LQWXLWR�GD�UHGXomR�GH�UHVtGXRV�GH�PDWHULDLV�SROLPpULFRV�GHVFDUWDGRV�QR�PHLR�DPELHQWH�YHP�VHQGR�
REMHWR�GH�HVWXGR�H�LQWHUHVVH�GH�XPD�JUDQGH�FODVVH�GH�SHVTXLVDGRUHV�>���@��2�SROL�iOFRRO�YLQtOLFR���39$��
p�XP�SROtPHUR�VLQWpWLFR��VRO~YHO�HP�iJXD�H�ELRGHJUDGiYHO��DGHTXDGR�SDUD�VLPXODomR�GH�WHFLGRV�QDWXUDLV�
>�@��$SUHVHQWD�ERD�SHUPHDELOLGDGH�DR�R[LJrQLR��QmR�PRVWUD�HIHLWRV�LPXQRJrQLFRV�H�DSUHVHQWD�H[FHOHQWH�
IRUPDomR�GH�¿OPH��SURSULHGDGHV�GH�HPXOVL¿FDomR�H�UH�KLGUDWDomR��7HP�VLGR�XWLOL]DGR�FRPR�FDUUHJDGRU�
GH�SULQFtSLRV�DWLYRV��GHYLGR�jV�VXDV�SURSULHGDGHV�GH�GHJUDGDELOLGDGH�H�QmR�WR[LGH]��3RU�VXD�YHUVDWLOLGDGH�
H�H[FHOHQWHV�SURSULHGDGHV��R�39$�WHP�VLGR�XWLOL]DGR�HP�XP�JUDQGH�Q~PHUR�GH�DSOLFDo}HV�LQGXVWULDLV�>�@�

$V�FLFORGH[WULQDV��&'V��FRQVWLWXHP�XPD�QRYD�FODVVH�GH�H[FLSLHQWHV�IDUPDFrXWLFRV�XVDGDV�SDUD�
DOWHUDU�DV�SURSULHGDGHV�ItVLFR�TXtPLFDV�H�ELROyJLFDV�LQGHVHMiYHLV�GH�FHUWRV�IiUPDFRV�DWUDYpV�GD�FRPSOH�
[DomR�GRV�PHVPRV�FRP�DV�&'V��$�FDUDFWHUtVWLFD�PDLV�LPSRUWDQWH�GDV�&'V�p�D�VXD�KDELOLGDGH�GH�IRUPDU�
FRPSOH[RV�GH�LQFOXVmR�HP�PXLWDV�PROpFXODV�KyVSHGHV��TXH�VmR�FRPSRVWRV�RUJkQLFRV�RX�LQRUJkQLFRV��GH�
QDWXUH]D�L{QLFD�RX�QHXWUD��HP�XPD�VROXomR��$V�FLFORGH[WULQDV�QDWXUDLV�DSUHVHQWDP�WUrV�GLIHUHQWHV�WLSRV�
GH�HVWUXWXUDV�TXH�RFRUUHP�SRU�PRGL¿FDomR�HQ]LPiWLFD�GH�VHLV��VHWH�RX�RLWR�XQLGDGHV�GH�JOLFRVH��GHQR�
PLQDGDV��UHVSHFWLYDPHQWH��Į��ȕ�H�Ȗ�±�&'�>���@��'HYLGR�D�VXD�FDYLGDGH�KLGURIyELFD��QD�TXDO�VXEVWUDWRV�
SRGHP�VHU� ³DSULVLRQDGRV´�SDUD� IRUPDUHP�FRPSOH[RV�GH� LQFOXVmR�� DV� FLFORGH[WULQDV�SRGHP�KRVSHGDU�
GLVWLQWRV�FRPSRVWRV��FXMD�HVWHTXLRPHWULD�PDLV�XVXDO�p�����>���@�

)HURP{QLRV�VmR�VXEVWkQFLDV�TXtPLFDV�TXH��FDSWDGDV�SRU�DQLPDLV�GH�XPD�PHVPD�HVSpFLH��LQWUD�
HVSHFt¿FD���SHUPLWHP�R�UHFRQKHFLPHQWR�P~WXR�H�VH[XDO�GRV�LQGLYtGXRV� ([LVWHP�YiULRV�WLSRV�GH�IHURP{�
QLR��FRPR�RV�IHURP{QLRV�VH[XDLV��GH�DJUHJDomR��GH�DODUPH��HQWUH�RXWURV��$WXDOPHQWH�H[LVWH�XP�JUDQGH�
LQWHUHVVH�QR�HVWXGR�GH�IHURP{QLRV�GH� LQVHWRV�H�GR�FRQWUROH�GH�VXD� OLEHUDomR��FRQVLGHUDQGR�TXH�HVWHV�
SRGHP�IRUQHFHU�DOWHUQDWLYDV�DR�XVR�GH�LQVHWLFLGDV�SDUD�R�FRQWUROH�GH�SRSXODo}HV�GH�LQVHWRV�SUDJD�>����@��
2�IHURP{QLR�XWLOL]DGR�QHVWD�SHVTXLVD�p�R���KHSWDQRQD��FXMD�IyUPXOD�PROHFXODU�p�&�+��2�H�p�FDUDFWHUL�
]DGR�FRPR�XP�OtTXLGR�LQFRORU�EUDQFR�iJXD��FRP�XP�RGRU�TXH�VH�DVVHPHOKD�DR�GD�IUXWD�EDQDQD��R�TXDO�p�
REWLGR�DWUDYpV�GR�H[FUHPHQWR�GH�DEHOKDV�TXDQGR�HODV�PRUGHP�SHTXHQDV�SUDJDV�GHQWUR�GD�FRO{QLD�

2 mAteriAiS e métodoS

2.1 mAteriAiS

2�iOFRRO�SROLYLQtOLFR��39$���D���KHSWDQRQD�H�D�ȕ�FLFORGH[WULQD�HPSUHJDGRV�QHVWH�WUDEDOKR�IRUDP�
DGTXLULGRV�GD�6LJPD�$OGULFK��2V�VROYHQWHV�XWLOL]DGRV�QD�REWHQomR�GRV�¿OPHV�VHUmR��iJXD�GHVWLODGD�H�
iOFRRO�HWtOLFR�3�$���)0DLD��

2.2 métodoS

2.2.1 )RUPDomR�GRV�&RPSOH[RV���KHSWDQRQD�ȕ�FLFORGH[WULQD

1D�SULPHLUD�HWDSD�GHVVH�HVWXGR�� IRUDP�SURGX]LGRV�RV�FRPSOH[RV�GH� LQFOXVmR���KHSWDQRQD�ȕ�
FLFORGH[WULQD�XWLOL]DQGR�VH�R�PpWRGR�GH�SUHSDUDomR�HP�HVWDGR�VyOLGR��DWUDYpV�GD�OLR¿OL]DomR��2SWRX�VH�
SHOD� HVFROKD�GHVVH�PpWRGR�GHYLGR� VXD�FDSDFLGDGH�GH�SHUPLWLU� D�REWHQomR�GH�FRPSOH[RV�GH� LQFOXVmR�
FRP�HOHYDGR�UHQGLPHQWR��$���KHSWDQRQD�MXQWR�FRP�D�ȕ�FLFORGH[WULQD�IRUDP�GLVVROYLGRV�HP�XP�PHVPR�
VROYHQWH�SDUD�IRUPDomR�GH�XP�VLVWHPD�HP�VROXomR��$�SDUWLU�GDt��DWUDYpV�GH�XP�SUpYLR�FRQJHODPHQWR�H�
SRVWHULRU�VHFDJHP�D�SUHVV}HV�UHGX]LGDV��XWLOL]DQGR�VH�R�OLR¿OL]DGRU��KRXYH�D�HOLPLQDomR�GR�VROYHQWH�H�
DR�PHVPR�WHPSR�D�IRUPDomR�GH�XP�Sy�VHFR��DPRUIR�H�FRP�DOWR�JUDX�GH�LQWHUDomR�HQWUH�D���KHSWDQRQD�H�
D�ȕ�FLFORGH[WULQD�

2.2.2 &DUDFWHUL]DomR�GRV�&RPSOH[RV���KHSWDQRQD�ȕ�FLFORGH[WULQD

$SyV�D�SURGXomR��RV�FRPSOH[RV�GH�LQFOXVmR�IRUDP�FDUDFWHUL]DGRV�DWUDYpV�GD�WpFQLFD�GH�HVSHF�
WURVFRSLD�GH�LQIUDYHUPHOKR��)7,5��FRP�R�LQWXLWR�GH�DYDOLDU�R�JUDX�GH�H¿FLrQFLD�GD�UHDomR�GH�FRPSOH�
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[DomR�

2.2.3 Preparo das espumas de álcool Polivinílico (PvA)

1HVWD�VHJXQGD�HWDSD�GD�SHVTXLVD��IRUDP�LQFRUSRUDGRV�RV�FRPSOH[RV�GH�LQFOXVmR����KHSWDQRQD��
ȕ�FLFORGH[WULQD�HP�HVSXPDV�GH�iOFRRO�SROLYLQtOLFR��39$���XWLOL]DQGR�VH�WDPEpP�R�PpWRGR�GH�SUHSDUDomR�
GHQRPLQDGR�IUHH]H�GU\LQJ��DWUDYpV�GD�OLR¿OL]DomR��2�FRPSOH[R�GH�LQFOXVmR�IRUPDGR�SHOD�ȕ�FLFORGH[WULQD�
H���KHSWDQRQD�IRL�GLVVROYLGR�HP�iJXD�GHVWLODGD�H�DSyV�KRPHJHQHL]DomR�VREUH�DJLWDomR�PDJQpWLFD�YLJR�
URVD�IRL�DGLFLRQDGR�39$�QXPD�FRQFHQWUDomR�GH�����P�Y��2�VLVWHPD�IRUPDGR�IRL�FRQJHODGR�EUXVFDPHQWH�
DWp�DSUR[LPDGDPHQWH�����R&�H�HQFDPLQKDGR�D�XP�OLR¿OL]DGRU�SDUD�FRPSOHWD�HOLPLQDomR�GD�IDVH�VRO�
YHQWH��(VWH�SURFHVVR��OHYRX�D�IRUPDomR�GH�XPD�HVSXPD�ELRGHJUDGiYHO�FRP�DOWR�JUDX�GH�LQWHUDomR�HQWUH�
R�FRPSOH[R�GH�LQFOXVmR�H�R�SROtPHUR�

2.2.4 &DUDFWHUL]DomR�GDV�(VSXPDV�GH�ÈOFRRO�3ROLYLQtOLFR��39$�

)RUDP�UHDOL]DGRV�H[SHULPHQWRV�GH�DEVRUomR�GH�iJXD�SDUD�DYDOLDU�R�FRPSRUWDPHQWR�GDV�HVSXPDV�
SURGX]LGDV�FRP�H�VHP�D�SUHVHQoD�GR�FRPSOH[R�GH�LQFOXVmR��1HVWHV�HQVDLRV��DPRVWUDV�HP�WULSOLFDWD�GDV�
HVSXPDV�IRUDP�SHVDGDV�HP�EDODQoD�DQDOtWLFD�H�LPHUVDV�HP�iJXD�GHVWLODGD��$�PDVVD�GDV�DPRVWUDV�IRL�GH�
WHUPLQDGD�SHULRGLFDPHQWH�DWp�VXD�HVWDELOL]DomR�HP�IXQomR�GR�WHPSR��3DUD�DYDOLDU�D�FLQpWLFD�GH�DEVRUomR�
GH�iJXD�IRL�DSOLFDGR�XP�PRGHOR�FLQpWLFR�GH����RUGHP�

3 reSultAdoS e diScuSSÃo

2V�UHVXOWDGRV�H[SHULPHQWDLV�REWLGRV�HVWmR�DSUHVHQWDGRV�QD�)LJXUD����
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Figura 1. 3HU¿O�GH�$EVRUomR�GH�iJXD�QDV�HVSXPDV�ELRGHJUDGiYHLV�REWLGDV�SRU�IUHH]H�GU\LQJ

$�FLQpWLFD�GH�DEVRUomR�GH�iJXD�IRL�LQYHVWLJDGD�DWUDYpV�GH�XP�PRGHOR�GH����RUGHP��GH�+LJXVKL�H�
GH�:HLEXOO�GH�DFRUGR�FRP�DV�HTXDo}HV������H���UHVSHFWLYDPHQWH��
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2V�UHVXOWDGRV�REWLGRV�FRP�D�DSOLFDomR�GH�FDGD�XP�GRV�PRGHORV�VH�HQFRQWUDP�UHSRUWDGRV�QD�
WDEHOD����&RP�DX[LOLR�GR�FRH¿FLHQWH�GH�FRUUHODomR� �5��REVHUYD�VH�TXH�R�PRGHOR�GH�+LJXVKL�PHOKRU�
UHSUHVHQWRX�RV�GDGRV�H[SHULPHQWDLV�REWLGRV�SDUD�D�DEVRUomR�GH�iJXD�QD�HVSXPD�GH�39$�H�QD�HVSXPD�GH�
39$�FRQWHQGR�R�FRPSOH[R�GH�LQFOXVmR�ȕ�FLFORGH[WULQD���KHSWDQRQD��$�FRQVWDQWH�FLQpWLFD�.�UHODFLRQD�D�
YHORFLGDGH�GD�DEVRUomR�GH�iJXD�FRP�D�IUDomR�DEVRUYLGD��$�LQFRUSRUDomR�GR�FRPSOH[R�GH�LQFOXVmR�QDV�
HVSXPDV�GH�39$�OHYRX�D�XPD�UHGXomR�QD�FRQVWDQWH�FLQpWLFD�.��(VVD�UHGXomR�LQGLFD�TXH�D�DEVRUomR�GH�
iJXD�p�GL¿FXOWDGD�SHOD�SUHVHQoD�GR�FRPSOH[R�GH�LQFOXVmR�H�GD�PRUIRORJLD�¿QDO�UHVXOWDQWH�

tabela 1. 3DUkPHWURV�REWLGRV�D�SDUWLU�GH�PRGHORV�FLQpWLFRV
PvA PvA + complexo

Parâmetro 1ª ordem Higushi weibull 1ª ordem Higushi weibull

. ����� ���� Į ����
ȕ ����

����� ���� Į �����
ȕ ����

W�� ���� ���� ����� ���� ���� �����

R ���� ���� ���� ���� ���� ����

2V�SDUkPHWURV�Į�H�ȕ�REWLGRV�D�SDUWLU�GR�PRGHOR�GH�:HLEXOO�VRIUHUDP�XP�GHFUpVFLPR�FRP�D�DGL�
omR�GR�FRPSOH[R�GH�LQFOXVmR�QDV�HVSXPDV�ELRGHJUDGiYHLV�GH�SROL�iOFRRO�YLQLOLFR����6XD�PDJQLWXGH�HVWD�
DVVRFLDGD�D�WD[D�GH�DEVRUomR�GH�iJXD�H�D�FDSDFLGDGH�GH�DEVRUomR�Pi[LPD��GH�FDGD�HVSXPD��VHQGR�TXH�
PDLRUHV�YDORUHV�LQGLFDP�PDLRUHV�WD[DV�H�FDSDFLGDGH�GH�DEVRUomR�

4 concluSÃo

(VSXPDV�ELRGHJUDGiYHLV�GH�SROL�iOFRRO�YLQLOLFR��IRUDP�REWLGDV�SHOD�WpFQLFD�GH�IUHH]H�GU\LQJ��2�
FRPSOH[R�GH�LQFOXVmR�ȕ�FLFORGH[WULQD����KHSWDQRQD�IRL�LQFRUSRUDGR�GH�IRUPD�H¿FLHQWH�QDV�HVSXPDV�GH�
39$��$�LQFRUSRUDomR�GR�FRPSOH[R�UHGX]LX�D�FDSDFLGDGH�GH�DEVRUomR�GH�iJXD�GDV�HVSXPDV�H�R�PRGHOR�
FLQpWLFR�GH�SULPHLUD�RUGHP�IRL�R�TXH�PHOKRU�GHVFUHYHX�R�FRPSRUWDPHQWR�GDV�HVSXPDV�ELRGHJUDGiYHLV�
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WHFWLRQ��������������

����9DFDV��6���$OIDUR��&���1DYDUUR�/ORSLV��9���=DU]R��0���3ULPR��-���-RXUQDO�RI�(FRQRPLF�Entomology 
���������������

ProPriedAdeS AntimicrobiAnAS dAS nAnoPArtículAS de 
quitoSAnA encAPSulAdAS com clorexidinA

,VDTXH�-HU{QLPR�3RUWR1, Allan reis Albuquerque2, roberta Ferreti bonan2, eliton Souto 
medeiros1, luiz Henrique capparelli mattoso3, *Juliano e. oliveira1*

18QLYHUVLGDGH�)HGHUDO�GD�3DUDtED��'HSDUWDPHQWR�GH�(QJHQKDULD�GH�0DWHULDLV��3%��28QLYHUVLGDGH�
)HGHUDO�GD�3DUDtED��'HSDUWDPHQWR�GH�2GRQWRORJLD��3%���(PEUDSD�,QVWUXPHQWDomR��/DERUDWyULR�

1DFLRQDO�GH�1DQRWHFQRORJLD�$SOLFDGD�DR�$JURQHJyFLR��6mR�&DUORV��63�
MXOLDQR�PDWHULDLV#JPDLO�FRP

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
2V�VLVWHPDV�GH�OLEHUDomR�FRQWURODGD�WrP�FRPR�REMHWLYR�D�PDQXWHQomR�GD�FRQFHQWUDomR�GH�XP�IiUPDFR�
QR�RUJDQLVPR�HP�QtYHLV�WHUDSrXWLFRV�SRU�PDLRUHV�SHUtRGRV�GH�WHPSR��PDLRU�ELRGLVSRQLELOLGDGH�H�PHQRU�
WR[LFLGDGH�GD�GURJD�XWLOL]DGD��WHQGR�FRPR�FRQVHT�rQFLD�D�UHGXomR�GRV�HIHLWRV�FRODWHUDLV��2�GHVHQYRO�
YLPHQWR�GH�VLVWHPDV�FDUUHDGRUHV�GH�IiUPDFRV�D�SDUWLU�GH�QDQRSDUWtFXODV�GH�TXLWRVDQD�SRVVXL�LQ~PHUDV�
YDQWDJHQV��SRLV�DVVRFLDP�RV�EHQHItFLRV�GH�XP�VLVWHPD�GH�OLEHUDomR�FRQWURODGD�DV�FDUDFWHUtVWLFDV�GHVHMi�
YHLV�SUHVHQWHV�QD�TXLWRVDQD�WDLV�FRPR�ELRGHJUDGDELOLGDGH��ELRFRPSDWLELOLGDGH�H�SURSULHGDGHV�DQWLLQÀD�
PDWyULDV��1HVWH�WUDEDOKR�REMHWLYD�VH�DQDOLVDU�D�LQÀXrQFLD�GD�LQFRUSRUDomR�GH�FORUH[LGLQD�HP�QDQRSDUWt�
FXODV�GH�TXLWRVDQD�HP�GLIHUHQWHV�FRQFHQWUDo}HV��$�VtQWHVH�QDV�QDQRSDUWtFXODV�GH�TXLWRVDQD�LQFRUSRUDGDV�
FRP�FORUH[LGLQD�IRL�UHDOL]DGDV�SHOR�PpWRGR�GH�JHODWLQL]DomR�LRQRWUySLFD�H�D�DYDOLDomR�PLFURELROyJLFD�
GHVWDV�IRL�UHDOL]DGD�PHGLGD�GRV�KDORV�GH�LQLELomR�GR�FUHVFLPHQWR�GH�PLFURRUJDQLVPRV�SRU�GLIXVmR�HP�
$JDU�%+,�FDOGR��$V�QDQRSDUWtFXODV�GH�TXLWRVDQD�LQFRUSRUDGDV�FRP�FORUH[LGLQD�DSUHVHQWDUDP�LQLELomR�GR�
FUHVFLPHQWR�GH�PLFURRUJDQLVPRV��$V�QDQRSDUWtFXODV�GH�TXLWRVDQD�LQFRUSRUDGDV�FRP�FORUH[LGLQD�SRGHP�
representar uma alternativa no controle de Staphylococcus aureus.
Palavras-chave��4XLWRVDQD��&ORUH[LGLQD��1DQRSDUWtFXODV�%LRSROLPpULFDV��(QFDSVXODPHQWR��/LEHUDomR�
controlada.

AntimicrobiAl ProPertieS oF cHitoSAn  nAnoPArticleS encAPSulAted 
witH cHlorexidine
Abstract
7KH� FRQWUROOHG� UHOHDVH� V\VWHPV� DUH� GHVLJQHG� WR�PDLQWDLQ� WKH� FRQFHQWUDWLRQ� RI� D� GUXJ� LQ� WKH� ERG\� DW�
WKHUDSHXWLF�OHYHOV�IRU�ORQJHU�SHULRGV�RI�WLPH��JUHDWHU�ELRDYDLODELOLW\�DQG�OHVV�WR[LFLW\�RI�WKH�GUXJ�XVHG��
UHVXOWLQJ�LQ�WKH�UHGXFWLRQ�RI�VLGH�HIIHFWV��7KH�GHYHORSPHQW�RI�FDUULHU�V\VWHPV�IRU�GUXJV�EDVHG�RQ�FKL�
WRVDQ�QDQRSDUWLFOHV�KDV�PDQ\�DGYDQWDJHV��DV�WKH\�DVVRFLDWH�WKH�EHQH¿WV�RI�D�FRQWUROOHG�UHOHDVH�V\VWHP�
WKH�GHVLUDEOH�FKDUDFWHULVWLFV�SUHVHQW�LQ�FKLWRVDQ�VXFK�DV�ELRGHJUDGDELOLW\��ELRFRPSDWLELOLW\�DQG�DQWL�LQ�
ÀDPPDWRU\�SURSHUWLHV��7KLV�ZRUN�DLPV�WR�DQDO\]H�WKH�LQÀXHQFH�RI�WKH�LQFRUSRUDWLRQ�RI�FKORUKH[LGLQH�
LQWR�FKLWRVDQ�QDQRSDUWLFOHV�LQ�GLIIHUHQW�IUDFWLRQV��7KH�QDQRSDUWLFOH�V\QWKHVLV�RI�FKLWRVDQ�DQG�FKLWRVDQ�
FKORUKH[LGLQH�ZDV�SHUIRUPHG�E\�WKH�LRQRWURSLF�JHODWLRQ�PHWKRG�DQG�PLFURELRORJLFDO�HYDOXDWLRQ�RI�WKHVH�
PHDVXUHPHQW�RI�LQKLELWLRQ�]RQHV�ZDV�SHUIRUPHG�WKH�JURZWK�RI�PLFURRUJDQLVPV�E\�DJDU�GLIIXVLRQ�%+,��
1DQRSDUWLFOHV�RI�FKLWRVDQ�LQFRUSRUDWHG�FKORUKH[LGLQH�VKRZHG�LQKLELWLRQ�RI�WKH�JURZWK�RI�PLFURRUJDQ�
LVPV��7KH�FKLWRVDQ�QDQRSDUWLFOHV�LQFRUSRUDWHG�ZLWK�FKORUKH[LGLQH�PD\�EH�DQ�DOWHUQDWLYH�LQ�WKH�FRQWURO�RI�
Staphylococcus aureus.
Keywords: &KLWRVDQ��&KORUH[LGLQH��%LRSRO\PHULF�1DQRSDUWLFOH��(QFDSVXODWLRQ��'UXJ�UHOHDVH
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1 introduÇÃo

2V�VLVWHPDV�GH�OLEHUDomR�FRQWURODGD�YrP�VH�GHVWDFDQGR�SHOR�DSHUIHLoRDPHQWR�GD�DGPLQLVWUDomR�
GH� IiUPDFRV�� (VWHV� SRVVXHP� GRLV� REMHWLYRV� SULQFLSDLV��PDQWHU� R� QtYHO� IDUPDFROyJLFR� HP� FRQFHQWUD�
o}HV�WHUDSrXWLFDV�QR�RUJDQLVPR�GR�SDFLHQWH�H�UHGXomR�GRV�HIHLWRV�FRODWHUDLV��FRP�LVVR�VH�REWpP�PHOKRU�
UHVSRVWD�GR�PHGLFDPHQWR��HOHYD�VH�R�QXPHUR�GH�SDFLHQWHV�TXH�DGHUHP�DR�WUDWDPHQWR�H�GLPLQXLomR�GR�
QXPHUR�GH�GRVDJHQV>����@�

$WXDOPHQWH� YiULRV� VLVWHPDV� GH� OLEHUDomR� FRQWURODGD� HVWmR� GLVSRQtYHLV� FRPHUFLDOPHQWH�� HVWHV�
GLIHUHP�HQWUH�VL�HP�UHODomR�D�WDPDQKRV��YLDV�GH�DGPLQLVWUDomR��FRQFHQWUDo}HV��LQFRPSDWLELOLGDGH��HQWUH�
RXWURV�YDULiYHLV��(VWD�p�XPD�FRQVHTXrQFLD�GR�IDWR�GH�QmR�H[LVWLU�XP�GLVSRVLWLYR�LGHDO��GH�IRUPD�TXH�SDUD�
FDGD�VXEVWkQFLD�H�FRQFHQWUDomR�p�SUHFLVR�XP�QRYR�GLVSRVLWLYR�>�@�

2�GHVHQYROYLPHQWR�GH�VLVWHPDV�FDUUHDGRUHV�GH�IiUPDFR�D�SDUWLU�GH�TXLWRVDQD�SRVVXL�LQ~PHUDV�
YDQWDJHQV��SRLV�DVVRFLDP�RV�EHQHItFLRV�GD�OLEHUDomR�FRQWURODGD�jV�FDUDFWHUtVWLFDV�GHVHMiYHLV�SUHVHQWHV�
QD�TXLWRVDQD�WDLV�FRPR�ELRGHJUDGDELOLGDGH��ELRFRPSDWLELOLGDGH�H�SURSULHGDGHV�DQWLLQÀDPDWyULDV�>����@��
(VWHV�VH�WRUQDP�SRVVtYHLV�SHOR�HQFDSVXODPHQWR�GH�IiUPDFR�HP�QDQRSDUWtFXODV�GH�TXLWRVDQD�SRU�PpWRGRV�
FRPR�R�JHODWLQL]DomR�LRQRWUySLFD�>�@��

2�REMHWLYR�GHVWH�WUDEDOKR�IRL�D�VtQWHVH�GH�QDQRSDUWtFXODV�GH�TXLWRVDQD�FRP�H�VHP�D�LQFRUSRUDomR�
GH�FORUH[LGLQD�SHOD�WpFQLFD�GH�JHODWLQL]DomR�LRQRWUySLFD�SDUD�DYDOLDomR�GD�DWLYLGDGH�DQWLEDFWHULDQD�IUHQWH�
D�EDFWpULD�Staphylococcus aureus.

2 mAteriAiS e métodoS

2V�PDWHULDLV�XWLOL]DGRV�SDUD�D�VtQWHVH�GDV�QDQRSDUWtFXODV�GH�TXLWRVDQD�H�TXLWRVDQD�HQFDSVXODGDV�
FRP�FORUH[LGLQD�IRUDP��4XLWRVDQD��46��GH�EDL[R�SHVR�PROHFXODU�FRP�����GH�GHVDFHWLODomR��7ULSROLIRV�
IDWR�GH�VyGLR��733��H�'LJOXFRQDWR�GH�&ORUH[LGLQD��&+;��REWLGRV�DWUDYpV�GD�6LJPD�$OGULFK�&KHPLFDO�
&RPSDQ\��86$��H�iFLGR�DFpWLFR�REWLGR�DWUDYpV�GD�9HUWHF��%UDVLO��

$V�QDQRSDUWtFXODV� GH�TXLWRVDQD� IRUDP� VLQWHWL]DGDV�SHOR�PpWRGR�GH�JHODWLQL]DomR� LRQRWUySLFD�
FRQIRUPH�UHSRUWDGR�SRU�0RXUD�HW�DO��>�@��2�SURFHVVR�FRQVLVWH�QD�VROXELOL]DomR�GD�TXLWRVDQD�HP�iFLGR�
DFpWLFR������H�GR�733�HP�iJXD�GHVWLODGD��1D�VHTXrQFLD�DV�VROXo}HV�GH�TXLWRVDQD�VmR�PDQWLGDV�VRE�LQWHQ�
VD�DJLWDomR�PDJQpWLFD�H�WHPSHUDWXUD�DPELHQWH�j�PHGLGD�TXH�DV�VROXo}HV�GH�733�VmR�JRWHMDGDV�D�WD[D�GH�
����ȝ/�PLQ��$SyV�R�¿P�GR�JRWHMDPHQWR�DV�VROXo}HV�SHUPDQHFHUDP�HP�DJLWDomR�SRU���PLQXWRV��)RUDP�
SUHSDUDGDV�WUrV�QDQRSDUWtFXODV�GH�FORUH[LGLQD�HP�FRQFHQWUDo}HV�GLIHUHQWHV�GHQRPLQDGDV�GH�6���6��H�6��

$�VtQWHVH�GDV�QDQRSDUWtFXODV�GH�TXLWRVDQD�LQFRUSRUDGDV�FRP�FORUH[LGLQD�IRL�UHDOL]DGD�GH�PDQHLUD�
VLPLODU��SRUpP��DSyV�D�VROXELOL]DomR�GD�TXLWRVDQD�HP�iFLGR�DFpWLFR������H�SUHYLDPHQWH�DR�JRWHMDPHQWR�
GR�733��IRL�DGLFLRQDGD�XPD�VROXomR�DTXRVD�GH�FORUH[LGLQD�D����HP�FDGD�VROXomR�GH�46�GH�PRGR�TXH�
D�FRQFHQWUDomR�¿QDO�GR�DQWLELyWLFR�QD�VROXomR�IRL�GH��������$V�VROXo}HV�SHUPDQHFHUDP�VRE�DJLWDomR�
PDJQpWLFD�SRU����PLQ��H�HP�VHJXLGD�R�733�IRL�DGLFLRQDGR�GH�PRGR�VLPLODU�DR�SURFHVVR�GDV�QDQRSDUWtFX�
ODV�GH�TXLWRVDQD��)RUDP�SUHSDUDGDV�WUrV�QDQRSDUWtFXODV�GH�FORUH[LGLQD�LQFRUSRUDGDV�FRP�FORUH[LGLQD�HP�
FRQFHQWUDo}HV�GLIHUHQWHV�GHQRPLQDGDV�GH�6���6��H�6��

$�7DEHOD���DSUHVHQWD�DV�FRQFHQWUDo}HV�GH�TXLWRVDQD��733�H�FORUH[LGLQD�XWLOL]DGDV�QDV�VtQWHVHV�
GDV�QDQRSDUWtFXODV�GH�TXLWRVDQD��6���6��H�6���H�TXLWRVDQD�FRP�D�LQFRUSRUDomR�GH�FORUH[LGLQD��6���6��H�
6����

tabela 1. &RQFHQWUDo}HV�XWLOL]DGDV�QDV�VtQWHVHV�GDV�QDQRSDUWtFXODV�GH�TXLWRVDQD�H�TXLWRVDQD�LQFRUSRUDGDV�FRP�
FORUH[LGLQD

6ROXo}HV &RQFHQWUDomR��PJ�PO�

qS tPP cHx

S1 ���� ���� ����

S2 ���� ���� ����

6� ���� ���� ����

6� ���� ���� ����

6� ���� ���� ����

6� ���� ���� ����
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$�DYDOLDomR�PLFURELROyJLFD�IRL�UHDOL]DGD�SRU�GLIXVmR�HP�$JDU�%+,��3DUD�R�FXOWLYR�EDFWHULDQR�
IRUDP�GLOXtGRV������ȝ/�GR�PLFURRUJDQLVPR�HP���PO�%+,�FDOGR��H�DUPD]HQDGRV�HP�MDUUD�DQDHURELRVH�
SRU����KRUDV�HP�HVWXID�EDFWHULROyJLFD�D����&��(P�VHJXLGD��RV�LQyFXORV�IRUDP�SDGURQL]DGRV�SHOD�HVFDOD�
0F)DUODQG������FpOXODV�P/��H�VHPHDGRV�HP�SODFDV�GH�3HWUL�

2�WHVWH�IRL�UHDOL]DGR�SDUD�DV�QDQRSDUWtFXODV�GH�TXLWRVDQD�FRP�H�VHP�LQFRUSRUDomR�GH�FORUH[LGLQD��
&RPR�FRQWUROH�SRVLWLYR�IRL�XWLOL]DGR�GLJOXFRQDWR�GH�FORUH[LGLQD��QD�FRQFHQWUDomR�GH�����&RPR�FRQWUR�
OHV�QHJDWLYRV�IRUDP�XWLOL]DGRV�DV�VROXo}HV�GH�DFLGR�DFpWLFR������H�733�������XWLOL]DGRV�QD�SURGXomR�GDV�
nanopartículas.

(P�FDGD�SODFD�GH�SHWUL� IRUDP�IHLWRV���SRoRV�H�SDUD�FDGD�SRoR�IRL�FRORFDGD�XPD�DOtTXRWD�GH�
���ȝ/�GH�FDGD�VROXomR�WHVWDGD��VHQGR�IHLWR�HP�WULSOLFDWD��$V�DPRVWUDV�IRUDP�GLVWULEXtGDV�QDV�SODFDV�GD�
VHJXLQWH�PDQHLUD��SODFD����6��H�6���SODFD����6��H�6���SODFD����6��H�6��H�SODFD����iFLGR�DFpWLFR��733�H�
FORUH[LGLQD�

$SyV�SUHHQFKLPHQWR�GRV�SRoRV��DV�SODFDV�IRUDP�DUPD]HQDV�SRU����K�HP�HVWXID�EDFWHULROyJLFD�
D����&��1D�VHTXrQFLD�D�LQLELomR�GR�FUHVFLPHQWR�EDFWHULDQR�IRL�GHWHUPLQDGD�SHOD�PHGLGD�GRV�KDORV�GH�
LQLELomR�IRUPDGRV�DR�UHGRU�GRV�SRoRV��2�KDOR�IRL�H[SUHVVR�FRPR�D�PpGLD�GH���GHWHUPLQDo}HV���R�GHVYLR�
padrão.

3 reSultAdoS e diScuSSÃo

$�)LJXUD���DSUHVHQWD�RV�UHVXOWDGRV�REWLGRV�QR�HQVDLR�GH�DWLYLGDGH�DQWLPLFURELDQR�SRU�GLIXVmR�HP�
$JDU��3RGH�VH�REVHUYDU�TXH�DV�DPRVWUDV�GH�QDQRSDUWtFXODV�GH�TXLWRVDQD��6���6��H�6���QmR�DSUHVHQWDP�
DWLYLGDGH�DQWLPLFURELDQD�VLJQL¿FDWLYD��$V�DPRVWUDV�GH�QDQRSDUWtFXODV�GH�TXLWRVDQD�LQFRUSRUDGDV�FRP�
FORUH[LGLQD��6���6��H�6���DSUHVHQWDUDP�IRUPDUDP�KDORV�GH� LQLELomR�HP�WRGDV�DV�FRQFHQWUDo}HV�HVWX�
GDGDV��'RV�WHVWHV�UHDOL]DGRV�FRPR�FRQWUROH�SRVLWLYR��FORUH[LGLQD��H�FRQWUROH�QHJDWLYR��DFLGR�DFpWLFR�H�
733���DSHQDV�D�FORUH[LGLQD�PRVWURX�DWLYLGDGH�DQWLPLFURELDQD

Figura 1. Resultado obtido para ensaio de atividade antimicrobiana para as nanopartículas de quitosana com e 
VHP�LQFRUSRUDomR�GH�FORUH[LGLQD�H�FRQWUROHV�SRVLWLYR�H�QHJDWLYR��6LJODV��$$�iFLGR�DFpWLFR��733�WULSROLIRVIDWR��

&+;�FORUH[LGLQD��6�VROXomR�GH�QDQRSDUWtFXODV�GH�TXLWRVDQD�

$�PHGLGD�GR�GLkPHWUR�PpGLR��PP��GRV�KDORV�GH�LQLELomR�H�GHVYLR�SDGUmR��PP��REWLGRV�SDUD�DV�
DPRVWUDV�6���6���6��H�&+;�HVWmR�GHVFULWRV�QD�7DEHOD���

tabela 2. 0HGLGD�GRV�KDORV�GH�LQLELomR�GH�6���6��H�6�
Halo S4 S5 S6 cHx

0HGLD��PP� �����+����� �����+����� �����+����� ���+����
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4 concluSÃo

2V�UHVXOWDGRV�GHPRQVWUDP�TXH�DV�QDQRSDUWtFXODV�GH�TXLWRVDQD�HVWXGDGDV��6���6��H�6��QmR�DSUH�
VHQWDP�DWLYLGDGH�DQWLPLFURELDQD��1R�HQWDQWR��DV�QDQRSDUWtFXODV�GH�TXLWRVDQD�LQFRUSRUDGDV�FRP�FORUH[L�
GLQD�PRVWUDP�PDLRU�H¿FLrQFLD�TXDQGR�FRPSDUDGDV�FRP�R�FRQWUROH�SRVLWLYR��SRGHQGR�UHSUHVHQWDU�XPD�
VLJQL¿FDWLYD�DOWHUQDWLYD�QR�FRQWUROH�GH�Staphylococcus aureus,�XP�LPSRUWDQWH�SDWyJHQR�KXPDQR�

$�YDULDomR�GD�FRQFHQWUDomR�GH�TXLWRVDQD��QRV�YDORUHV�HVWXGDGRV��QmR�DSUHVHQWD�DOWHUDomR�VLJQL�
¿FDWLYD�QD�PHGLGD�GRV�YDORUHV�GRV�KDORV�GH�LQLELomR�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�D�(PEUDSD��/DERUDWyULR�1DFLRQDO�GH�1DQRWHFQRORJLD�$SOLFDGD�DR�$JUR�
QHJyFLR�H�&13T��3URFHVVR����������������

reFerÊnciAS

���+HQULTXH��-�6���5�6��)DOFDUH��DQG�3�6��/RSHV��6LVWHPDV�GH�/LEHUDomR�&RQWURODGD��3KDUPDFLD�%UDVLOHLUD��
������56��S�����

���58%(16��6��1���HW�DO���%LRPDWHULDLV�j�EDVH�GH�TXLWRVDQD�FRP�DSOLFDomR�PpGLFD�H�RGRQWROyJLFD��UHYL�
VmR�GH�OLWHUDWXUD��5HYLVWD�GH�2GRQWRORJLD�GD�81(63��������37�����S����������

���$]HYHGR��9���HW�DO���4XLWLQD�H�TXLWRVDQD��DSOLFDo}HV�FRPR�ELRPDWHULDLV��5HYLVWD�HOHWU{QLFD�GH�0DWHULDLV�
H�SURFHVVRV��������2�����S��������

���0285$�$RXDGD��0�5���$SOLFDomR�GH�QDQRSDUWtFXODV�HP�¿OPHV�XWLOL]DGRV�HP�HPEDODJHQV�SDUD�DOL�
PHQWRV�������

HeteroeStruturAS de wo3:tio2 APlicAdAS nA 
FotodeGrAdAÇÃo de corAnteS

*oliveira, J.A.1, castro, i. A.2, Paris, e. c.3, ribeiro, c. 3, Giraldi, t. r. 1, Poirier, G. Y. 1

18QLYHUVLGDGH�)HGHUDO�GH�$OIHQDV��&DPSXV�$YDQoDGR�GH�3RoRV�GH�&DOGDV��3RoRV�GH�&DOGDV��0*��
28QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��6mR�&DUORV��63���(PEUDSD�&13',$��6mR�&DUORV��63�

MHVVLFDULDQHROLYHLUD#KRWPDLO�FRP

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
(P�WUDEDOKRV�DQWHULRUHV��2/,9(,5$���������SDUWtFXODV�GH�7L22��:2� e heteroestruturas de TiO2�:2� 
IRUDP�VLQWHWL]DGDV�SHOR�0pWRGR�GRV�3UHFXUVRUHV�3ROLPpULFRV�H�XVDGDV�QD� IRWRGHJUDGDomR�GR�FRUDQWH�
5RGDPLQD�%� �5K%���'LYHUVDV� FRPSRVLo}HV� IRUDP� DYDOLDGDV� H� D� DPRVWUD� TXH� WHYH� D�PDLRU� DWLYLGDGH�
IRWRFDWDOtWLFD�IRL����7L22����:2���P�P���:�����3RUWDQWR��HVVD�FRPSRVLomR�IRL�XWLOL]DGD�QR�SUHVHQWH�
HVWXGR�SDUD�GHJUDGDU�GLIHUHQWHV�FRUDQWHV��5K%��$]XO�GH�0HWLOHQR�H�$ODUDQMDGR�GH�0HWLOD��$V�KHWHURHV�
WUXWXUDV�IRUDP�FDUDFWHUL]DGDV�SRU�'5;��%(7��)(*��3/��'5;�GHWHFWRX�HP�:���SLFRV�GH�GLIUDomR�QmR�
PXLWR�EHP�GH¿QLGRV��LQGLFDQGR�TXH�DV�SDUWtFXODV�VmR�DPRUIDV��3RU�%(7��FRQVWDWRX�VH�TXH�D�PDLRU�iUHD�
VXSHU¿FLDO�IRL�D�GH�:����������P2.g�����3RU�)(*��YHUL¿FRX�VH�PRUIRORJLD�PDLV�KRPRJrQHD�HP�:����3RU�
3/��:���GHPRQVWURX�D�PHQRU�WD[D�GH�UHFRPELQDomR�HOHWU{QLFD��$VVLP��:���SRVVLYHOPHQWH�WHP�D�PH�
OKRU�DWLYLGDGH�FDWDOtWLFD�SRUTXH�VXDV�SDUWtFXODV�DSUHVHQWDP�DOWD�iUHD�VXSHU¿FLDO��HVWUXWXUD�DPRUID��PHQRU�
WD[D�GH�UHFRPELQDomR�HOHWU{QLFD�H�IRUPDomR�GH�KHWHURHVWUXWXUD�PDLV�H¿FLHQWH��2V�HQVDLRV�IRWRFDWDOtWLFRV�
IRUDP�UHDOL]DGRV�QD�UHJLmR�89&�D�WHPSHUDWXUD�DPELHQWH��)RL�REVHUYDGR�TXH�D�SUHVHQoD�GRV�FDWDOLVDGR�
UHV�DFHOHUD�D�GHJUDGDomR�GRV�WUrV�FRUDQWHV�DQDOLVDGRV��'HYLGR�DRV�SHU¿V�H[SRQHQFLDLV�REVHUYDGRV�SDUD�
D�FLQpWLFD�GH�GHJUDGDomR�GRV�FRUDQWHV�VRE�OX]�89��SRGH�VH�VXJHULU�TXH�D�UHDomR�p�GH�SULPHLUD�RUGHP�HP�
UHODomR�DRV�FRUDQWHV��/RJR��FRQFOXL�VH�TXH�:���p�H¿FLHQWH�QD�IRWRGHJUDGDomR�GH�GLIHUHQWHV�FRPSRVWRV�
Palavras-chave��7L22��:2���+HWHURHVWUXWXUDV��)RWRGHJUDGDomR��&RUDQWHV�
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wo3:tio2 HeteroStructureS APPlied in tHe PHotodeGrAdAtion oF dYeS 
Abstract
,Q�SUHYLRXV�VWXGLHV��2/,9(,5$���������SDUWLFOHV�RI�7L22��:2� and TiO2�:2��KHWHURVWUXFWXUHV�ZHUH�
V\QWKHVL]HG�E\�WKH�3RO\PHULF�3UHFXUVRU�0HWKRG�DQG�XVHG�LQ�WKH�SKRGHJUDGDWLRQ�RI�G\H�5KRGDPLQH�%�
�5K%���6HYHUDO�FRPSRVLWLRQV�ZHUH�HYDOXDWHG�DQG�WKH�VDPSOH�WKDW�KDG�WKH�KLJKHVW�SKRWRFDWDO\WLF�DFWLYLW\�
ZDV����7L22����:2���S�S���:�����7KHUHIRUH��WKLV�FRPSRVLWLRQ�ZDV�XVHG�LQ�SUHVHQW�ZRUN�WR�GHJUDGH�
GLIIHUHQW�G\HV��5K%��0HWK\OHQH�%OXH��0HWK\O�2UDQJH��+HWHURVWUXFWXUHV�ZHUH�FKDUDFWHUL]HG�E\�;'5��
%(7��)(*��3/��;5'�GHWHFWHG�LQ�:���GLIIUDFWLRQ�SHDNV�QRW�ZHOO�GH¿QHG��LQGLFDWLQJ�WKDW�WKH�SDUWLFOHV�DUH�
DPRUSKRXV��%(7�VKRZV�WKDW�WKH�ODUJHVW�VXUIDFH�DUHD�ZDV���WKH�:����������P2.g�����%\�)(*�LW�ZDV�YHUL¿HG�
:���VKRZHG�PRUH�KRPRJHQHRXV�PRUSKRORJ\��%\�3/�:���GHPRQVWUDWHG� WKH� ORZHVW� UDWH�RI�HOHFWURQ�
UHFRPELQDWLRQ��7KHQ��SRVVLEO\�:���KDV�WKH�EHVW�SKRWRFDWDO\WLF�DFWLYLW\�EHFDXVH�LWV�SDUWLFOHV�KDYH�D�KLJK�
VXUIDFH�DUHD��DPRUSKRXV�IHDWXUH��ORZHVW�UDWH�RI�HOHFWURQ�UHFRPELQDWLRQ�DQG�D�IRUPDWLRQ�RI�KHWHURVWUXF�
WXUH�PRUH�HIIHFWLYH��7KH�SKRWRFDWDO\WLF�HVVD\V�ZHUH�SHUIRUPHG�LQ�WKH�89&�UHJLRQ�DQG�DW�URRP�WHPSHUD�
WXUH��,W�ZDV�REVHUYHG�WKDW�WKH�SUHVHQFH�RI�FDWDO\VWV�DFFHOHUDWHG�GHJUDGDWLRQ�RI�WKUHH�G\HV�DQDO\]HG��'XH�
RI�WKH�H[SRQHQWLDO�SUR¿OHV�REVHUYHG�IRU�WKH�NLQHWLF�GHJUDGDWLRQ�RI�G\HV�XQGHU�89�OLJKW��LW�FDQ�VXJJHVW�
WKDW�WKH�UHDFWLRQ�LV�¿UVW�RUGHU�ZLWK�UHVSHFW�WR�WKH�G\HV��7KXV��LW�FDQ�FRQFOXGH�WKDW�:���LV�HI¿FLHQW�LQ�WKH�
SKRWRGHJUDGDWLRQ�RI�GLIIHUHQW�FRPSRXQGV� 
Keywords��7L22��:2���+HWHURVWUXFWXUHV��3KRWRGHJUDGDWLRQ��'\HV�

1 introduÇÃo

$WXDOPHQWH�� SURFXUD�VH� FRQWLQXDPHQWH� SHOR� GHVHQYROYLPHQWR� VXVWHQWiYHO�� YHUL¿FDQGR�VH� XP�
PDLRU�HQYROYLPHQWR�H�SUHRFXSDomR�GDV�DXWRULGDGHV�JRYHUQDPHQWDLV�H�GD�SRSXODomR�HP�JHUDO�FRP�R�FRQ�
WUROH�GD�SROXLomR�DPELHQWDO��&RP�UHODomR�DRV�WLSRV�GH�SROXLomR�DPELHQWDO��GHVWDFD�VH�D�FRQWDPLQDomR�
GRV�UHFXUVRV�KtGULFRV��SRGHQGR�VH�FLWDU�FRPR�H[HPSOR�DV�LQG~VWULDV�Wr[WHLV�H�GH�FRXUR�TXH�GHVFDUWDP�
JUDQGH�SDUFHOD�GRV�FRUDQWHV�VLQWpWLFRV�XWLOL]DGRV�HP�VHXV�SURFHVVRV��$VVLP��ID]�VH�QHFHVViULR�R�WUDWD�
PHQWR�GHVVHV�HÀXHQWHV�H�XPD�GDV�SRVVtYHLV�DOWHUQDWLYDV�p�D�XWLOL]DomR�GRV�3URFHVVRV�2[LGDWLYRV�$YDQoD�
GRV��32$V��HP�XPD�UHDomR�IRWRFDWDOtWLFD��2�VHPLFRQGXWRU�JHUDOPHQWH�PDLV�HPSUHJDGR�QD�IRWRFDWiOLVH�
p�R�7L22��&RQWXGR��D�H¿FLrQFLD�IRWRFDWDOtWLFD�GR�7L22�p�FRPSURPHWLGD�SHOD�UHFRPELQDomR�HOHWU{QLFD�GDV�
FDUJDV�IRWRJHUDGDV�GXUDQWH�RV�32$V��3DUD�HYLWDU�HVVD�UHFRPELQDomR��SRGH�VH�UHDOL]DU�D�MXQomR�FRP�RX�
WURV�VHPLFRQGXWRUHV��FRPR��SRU�H[HPSOR��:2��7L22��&(59$17(6��=$,$��6$17$1$���������

'HVVD�PDQHLUD��HP�WUDEDOKRV�DQWHULRUHV��2/,9(,5$���������VLQWHWL]DUDP�VH��SHOR�0pWRGR�GRV�
3UHFXUVRUHV�3ROLPpULFRV��SDUWtFXODV�GH�7L22�SXUR��:2��SXUR��H�HP�GLIHUHQWHV�SURSRUo}HV�PiVVLFDV�GH�
TiO2�±��������������������H������P�P��±�SDUD�R�HVWXGR�GH�VXDV�DWLYLGDGHV�IRWRFDWDOtWLFDV�QD�GHJUD�
GDomR�GR�FRUDQWH�5RGDPLQD�%��5K%���6HJXQGR�2OLYHLUD���������D�DPRVWUD�TXH�SRVVXLX�PDLRU�DWLYLGDGH�
IRWRFDWDOtWLFD�IRL�D�GH�FRPSRVLomR�LQWHUPHGLiULD�GRV�y[LGRV��RX�VHMD�����:2�����7L22��P�P���:�����
$VVLP��QRV�SUHVHQWHV�HVWXGRV��XWLOL]RX�VH�D�DPRVWUD�:���FRPR�FDWDOLVDGRU�QD�UHDomR�GH�IRWRGHJUDGDomR�
GH�RXWURV�FRUDQWHV��RV�TXDLV�VmR�$]XO�GH�0HWLOHQR��$]0��H�$ODUDQMDGR�GH�0HWLOD��$O0���EHP�FRPR��
UHDOL]RX�VH�QRYDPHQWH�R�HQVDLR�GH�IRWRGHJUDGDomR�GD�5K%�

2 mAteriAiS e métodoS

1R�0pWRGR�GRV�3UHFXUVRUHV�3ROLPpULFRV��SULPHLUDPHQWH�VH�IRUPD�XP�FLWUDWR�PHWiOLFR�H�SRVWH�
ULRUPHQWH�VH�DGLFLRQD�HWLOHQRJOLFRO�SDUD�SURPRYHU�D�SROLPHUL]DomR��$VVLP��SDUD�D�REWHQomR�GR�FLWUDWR�
GH�WLWkQLR��GLVVROYHX�VH�iFLGR�FtWULFR��$&��HP�iJXD�GHLRQL]DGD�FRP�SRVWHULRU�DGLomR�GH�LVRSURSy[LGR�
GH�WLWkQLR�±������$&�7L���-i�SDUD�R�FLWUDWR�GH�WXQJVWrQLR��iFLGR�WXQJVWLFR�IRL�VROXELOL]DGR�HP�DSUR[LPD�
GDPHQWH����PO�GH�+2O2��VHQGR�HVWD�PLVWXUD�DGLFLRQDGD�HP�XPD�VROXomR�DTXRVD�GH�$&�±�������$&�:���
$PEDV� DV� VROXo}HV�¿FDUDP� VRE� FRQVWDQWH� DJLWDomR� H� IRUDP�DTXHFLGDV� D� ���&�� GXUDQWH� ���PLQ�� SDUD�
FRPSOH[DomR��

2V� FLWUDWRV� �&,��REWLGRV� IRUDP�PLVWXUDGRV�QDV�SURSRUo}HV�PiVVLFDV�GHVHMDGDV� H� HP�VHJXLGD��
DGLFLRQRX�VH�HWLOHQRJOLFRO��(*��SDUD�SURPRYHU�D�SROLPHUL]DomR�±��������(*�&,���$V�VROXo}HV�REWLGDV�
IRUDP�SLUROLVDGDV�D����o&�SRU���KRUDV��D�XPD�WD[D�GH�DTXHFLPHQWR�GH��o&�PLQ��H�HP�VHJXLGD�FDOFLQDGDV�
D����o&�SRU���KRUDV��D�XPD�WD[D�GH�DTXHFLPHQWR�GH���o&�PLQ��'HVWH�PRGR��DV�KHWHURHVWUXWXUDV�GH�:2���
TiO2�IRUDP�REWLGDV��FRQIRUPH�DV�FRPSRVLo}HV�DSUHVHQWDGDV�SHOD�7DEHOD���
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tabela 1. &RPSRVLomR�GDV�DPRVWUDV�SUHSDUDGDV�GH�FDWDOLVDGRUHV
&RPSRVLomR����P�P� Amostra

����:2� :�

:2�����7L22 :��

:2�����7L22 :��

:2�����7L22 :��

:2�����7L22 :��

:2�����7L22 :��

����7L22 :���

(QWmR�� DV� SDUWtFXODV� IRUDP� FDUDFWHUL]DGDV� SRU� GLIHUHQWHV� DQiOLVHV�� FLWDQGR�VH�'5;�� DGVRUomR�
ItVLFD� GH� QLWURJrQLR� XWLOL]DQGR� D� HTXDomR�%(7�� LPDJHQV�)(*� H� HVSHFWURV� 3/��8WLOL]RX�VH� D� DPRVWUD�
:���SDUD�UHDOL]DU�D�IRWRGHJUDGDomR�GRV�FRUDQWHV�$]0��$O0�H�5K%��2V�HQVDLRV�IRWRFDWDOtWLFRV�IRUDP�
UHDOL]DGRV�QD�UHJLmR�GR�89&��6ROXo}HV�DTXRVDV�GH�5K%��$]0�H�$O0���PJ�O�IRUDP�SUHSDUDGDV��(P�WUrV�
GLIHUHQWHV�EpTXHUHV�IRUDP�DGLFLRQDGRV�VHSDUDGDPHQWH����PO�GH�FDGD�XPD�GDV�VROXo}HV�H��HP�FDGD�XP��
�����J�GH�:���±�DPRVWUD�TXH�DSUHVHQWRX�PDLRU�DWLYLGDGH�IRWRFDWDOtWLFD�QD�GHJUDGDomR�GD�5K%�VHJXQGR�
HVWXGRV�UHDOL]DGRV�SRU�2OLYHLUD���������2�VLVWHPD�IRL�PDQWLGR�j�WHPSHUDWXUD�DPELHQWH��VRE�FRQVWDQWH�
DJLWDomR�H�LOXPLQDGR�SRU�TXDWUR�OkPSDGDV�89&��$�GHJUDGDomR�GRV�FRUDQWHV�IRL�PRQLWRUDGD�SRU�PHGLGDV�
GH�DEVRUEkQFLD��UHDOL]DGDV�HP�XP�HVSHFWU{PHWUR�89�YLV��HP�GLIHUHQWHV�WHPSRV�GH�H[SRVLomR�j�OX]�

3 reSultAdoS e diScuSSÃo

3HOD�DQiOLVH�GRV�GLIUDWRJUDPDV�GH�UDLRV�;�GDV�DPRVWUDV��)LJXUD����SRGH�VH�GL]HU�TXH�R�:2� se 
HQFRQWUD�QD�IDVH�PRQRFOtQLFD�H�R�7L22�DSUHVHQWD�SLFRV�UHODWLYRV�PDMRULWDULDPHQWH�j�IDVH�DQDWDVH��$OpP�
GLVVR��YHUL¿FRX�VH�TXH�D�DPRVWUD�GH�:���DSUHVHQWD�SLFRV�GH�GLIUDomR�QmR�PXLWR�EHP�GH¿QLGRV��LQGLFDQ�
GR�TXH�DV�SDUWtFXODV�GD�DPRVWUD�VmR�DPRUIDV�

Figura 1. 'LIUDWRJUDPDV�GH�UDLRV�;�GDV�SDUWtFXODV�:2��7L22.

�3HOD�DGVRUomR�ItVLFD�GH�QLWURJrQLR�IRL�SRVVtYHO�REWHU�D�iUHD�VXSHU¿FLDO�GDV�DPRVWUDV��VHQGR�TXH�
a amostra :���DSUHVHQWRX�D�PDLRU�iUHD�VXSHU¿FLDO��������P2.g�����

�$�PRUIRORJLD�GH� WRGDV�DV�DPRVWUDV�IRL�DQDOLVDGD�SRU�0LFURVFRSLD�(OHWU{QLFD�SRU�(PLVVmR�GH�
&DPSR��)(*���VHQGR�TXH�D�DPRVWUD�:���HVWi�UHSUHVHQWDGD�QD�)LJXUD����$FUHGLWD�VH�TXH�:���DSUHVHQWD�
XPD�HVWUXWXUD�DPRUID��Mi�TXH�DV�VXDV�SDUWtFXODV�DSDUHQWHPHQWH�QmR�H[LEHP�XP�FRQWRUQR�GH�JUmR�GH¿QL�
GR��(VVD�VXSRVLomR�p�VXVWHQWDGD�SHOR�VHX�GLIUDWRJUDPD�GH�UDLRV�;��DSUHVHQWDGR�QD�)LJXUD����TXH�WDPEpP�
GHPRQVWUD�TXH�D�DPRVWUD�:���SRVVXL�EDL[D�FULVWDOLQLGDGH�
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Figura 2. 0LFURVFRSLD�(OHWU{QLFD�SRU�(PLVVmR�GH�&DPSR�GD�DPRVWUD�:���

$V�LQWHQVLGDGHV�3/�SRGHP�VHU�HQWHQGLGDV�FRPR�LQYHUVDPHQWH�SURSRUFLRQDLV�j�SUHVHQoD�GH�FHQ�
WURV�GH�UHFRPELQDomR�QDV�DPRVWUDV��&RPR�SRGH�VHU�YHUL¿FDGD�SHOD�)LJXUD����D�DPRVWUD�:���DSUHVHQWRX�
PDLRU�LQWHQVLGDGH�GR�TXH�DV�GHPDLV��3RVVLYHOPHQWH�HVWD�UD]mR�PiVVLFD�SURSRUFLRQD�XPD�PHQRU�UHFRP�
ELQDomR�GH�FDUJDV�

Figura 3. (VSHFWURV�GH�IRWROXPLQHVFrQFLD�GDV�DPRVWUDV��7RGDV�DV�LQWHQVLGDGHV�IRUDP�QRUPDOL]DGDV�SDUD�D�
DPRVWUD�PDLV�LQWHQVD��:����

6HJXQGR�2OLYHLUD��������D�DPRVWUD�:���DSUHVHQWD�PDLRU�DWLYLGDGH�IRWRFDWDOtWLFD�QD�GHJUDGDomR�
GD�5K%�H�FRQIRUPH�SRGH�VHU�FRQVWDWDGR�SHODV�DQiOLVHV�GHVFULWDV�H�GLVFXWLGDV�DQWHULRUPHQWH��SRVVLYHO�
PHQWH�:���DSUHVHQWD�HVVD�PDLRU�DWLYLGDGH�IRWRFDWDOtWLFD�GHYLGR�DR�IDWR�GH�TXH�VXDV�SDUWtFXODV�DSUH�
VHQWDP�DOWD�iUHD�VXSHU¿FLDO��HVWUXWXUD�DPRUID��PHQRU�WD[D�GH�UHFRPELQDomR�HOHWU{QLFD�H�IRUPDomR�GH�
KHWHURHVWUXWXUD�PDLV�H¿FLHQWH�

$VVLP��RV�HQVDLRV�FDWDOtWLFRV�UHDOL]DGRV�SDUD�D�IRWRGHJUDGDomR�GR�$]0��$O0�H�5K%��H�TXH�XWLOL�
]DUDP�D�DPRVWUD�:���FRPR�FDWDOLVDGRU��PRVWUDUDP�SHU¿V�GH�GHJUDGDomR�VHPHOKDQWHV�DR�HQFRQWUDGR�SRU�
2OLYHLUD���������2V�SHU¿V�H[SRQHQFLDLV�REVHUYDGRV�SDUD�D�FLQpWLFD�GH�GHJUDGDomR�GHVVHV�FRUDQWHV�VRE�
OX]�89�VmR�LQGLFDWLYRV�GH�TXH�D�UHDomR�p�GH�SULPHLUD�RUGHP�HP�UHODomR�DRV�FRUDQWHV��

4 concluSÃo

1DQRSDUWtFXODV�GDV�KHWHURHVWUXWXUDV�GH�:2��7L22�IRUDP�VLQWHWL]DGDV�FRP�r[LWR�SHOR�0pWRGR�GRV�
3UHFXUVRUHV�3ROLPpULFRV��$OpP�GLVVR��HQVDLRV�IRWRFDWDOtWLFRV�IRUDP�UHDOL]DGRV�H�ERQV�UHVXOWDGRV�IRUDP�
REWLGRV��VHQGR�TXH�D�DPRVWUD�:���p�H¿FLHQWH�QD�IRWRGHJUDGDomR�GH�GLIHUHQWHV�FRUDQWHV��WDLV�FRPR�$]XO�
GH�0HWLOHQR��$ODUDQMDGR�GH�0HWLOD�H�5RGDPLQD�%��3RVVLYHOPHQWH�D�DPRVWUD�:���DSUHVHQWD�DOWD�DWLYL�
GDGH�IRWRFDWDOtWLFD��VRE�UDGLDomR�89��QD�IRWRGHJUDGDomR�GH�FRUDQWHV�GHYLGR�DR�IDWR�GH�VXDV�SDUWtFXODV�
DSUHVHQWDUHP�DOWD�iUHD�VXSHU¿FLDO��HVWUXWXUD�DPRUID��PHQRU�WD[D�GH�UHFRPELQDomR�HOHWU{QLFD�H�IRUPDomR�
GH�KHWHURHVWUXWXUD�KRPRJrQHD��
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AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�j�)DSHPLJ�SHOD�EROVD�H�SHORV�UHFXUVRV�FRQFHGLGRV��3URMHWR�7(&���$34�
����������H�DR�&13T�SHORV�UHFXUVRV�FRQFHGLGRV��3URMHWR�5(&$0���������������

reFerÊnciAS

&(59$17(6��7��1��0���=$,$��'��$��0���6$17$1$��+��(VWXGR�GD�IRWRFDWiOLVH�KHWHURJrQHD�VREUH�7L�
TiO2�QD�GHVFRORUDomR�GH�FRUDQWHV�VLQWpWLFRV��4XLP��1RYD��Y������Q�����S������������������

2/,9(,5$��-��$��2EWHQomR�GH�SDUWtFXODV�GH�:2��7L22�DSOLFDGDV�D�3URFHVVRV�2[LGDWLYRV�$YDQoDGRV�
SDUD�GHVSROXLomR�GH�iJXDV����S��0RQRJUD¿D��(QJHQKDULD�4XtPLFD��±�8QLYHUVLGDGH�)HGHUDO�GH�$OIHQDV��
81,)$/��3RoRV�GH�&DOGDV�������
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1,2

18QLYHUVLGDGH�3DXOLVWD�-~OLR�GH�0HVTXLWD�)LOKR��28QLYHUVLGDGH�(VWDGXDO�GH�&DPSLQDV���8QLYHUVLGDGH�
de Sorocaba.

MKROXLVROLYHLUD#KRWPDLO�FRP

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo

1HVWH�WUDEDOKR�IRUDP�SUHSDUDGDV�DWUDYpV�GR�PpWRGR�GH�HYDSRUDomR�GLIXVmR�GR�VROYHQWH��QDQRSDUWtFXODV�
OLStGLFDV�VyOLGDV��6/1��FRQWHQGR�RV�KHUELFLGDV�DWUD]LQD�H�VLPD]LQD��TXH�IRUDP�FDUDFWHUL]DGDV�TXDQWR�D�
VXDV�SURSULHGDGHV�ItVLFR�TXtPLFDV��GLkPHWUR��SROLGLVSHUVmR��SRWHQFLDO�]HWD�H�S+����D�VXD�H¿FLrQFLD�GH�
HQFDSVXODomR��D�LQWHUDomR�GRV�KHUELFLGDV�FRP�D�SDUWtFXOD��FRQFHQWUDomR��PRUIRORJLD�H�SHU¿O�GH�FLQpWLFD�
GH�OLEHUDomR��2V�KHUELFLGDV�DSUHVHQWDUDP�HOHYDGD�H¿FLrQFLD�GH�HQFDSVXODomR�QDV�SDUWtFXODV��VHQGR�GH�
�����SDUD�DWUD]LQD�H������SDUD�VLPD]LQD��$QiOLVHV�GH�HVSHFWURVFRSLD�GH�LQIUDYHUPHOKR�H�FDORULPHWULD�
GLIHUHQFLDO�GH�YDUUHGXUD�LQGLFDUDP�D�LQWHUDomR�GRV�DWLYRV�FRP�DV�QDQRSDUWtFXODV��$V�6/1�DSUHVHQWDUDP�
GLkPHWUR�KLGURGLQkPLFR�PpGLR�GH�����QP��XP�tQGLFH�GH�SROLGLVSHUVmR�DEDL[R�GH�����H�SRWHQFLDO�]HWD�GH�
DSUR[LPDGDPHQWH�����P9��2V�HQVDLRV�GH�FLQpWLFD�GH�OLEHUDomR�PRVWUDUDP�TXH�DV�QDQRSDUWtFXODV�OLStGL�
FDV�VyOLGDV�PRGL¿FDUDP�R�SHU¿O�GH�OLEHUDomR�GRV�KHUELFLGDV��UHWDUGDQGR�D�VXD�OLEHUDomR�HP�UHODomR�DR�
KHUELFLGD��MXQWDPHQWH�FRP�RV�GDGRV�GH�ÀX[R�DSDUHQWH��FRQVWDWRX�VH�TXH�D�RUJDQL]DomR�GRV�KHUELFLGDV�
GHQWUR�GDV�SDUWtFXODV�RFRUUH�GH�IRUPD�GLIHUHQWH�SDUD�D�HQFDSVXODomR�FRQMXQWD��PHVPR�VLVWHPD�FDUUHD�
GRU��H�LVRODGDV��3RUWDQWR�HVWHV�UHVXOWDGRV�REWLGRV�DWp�R�PRPHQWR���DEUHP�QRYDV�SHUVSHFWLYDV�SDUD�R�XVR�
GH�VLVWHPDV�GH�OLEHUDomR�PRGL¿FDGD�GH�KHUELFLGDV��RV�TXDLV�SRGHP�UHGX]LU�D�TXDQWLGDGH�GH�SURGXWRV�
XWLOL]DGRV�
Palavras-chave��$WUD]LQD��VLPD]LQD��QDQRSDUWtFXODV�OLStGLFDV�VyOLGDV��OLEHUDomR�PRGL¿FDGD�

Solid liPid nAnoPArticleS AS A cArrier For tHe HerbicideS AtrAZine And 

SimAZine: PrePArAtion And cHArActeriZAtion.

Abstract

,Q�WKLV�ZRUN�ZH�KDYH�EHHQ�SUHSDUHG�WKH�VROLG�OLSLG�QDQRSDUWLFOHV��6/1��E\�WKH�PHWKRG�RI�GLIIXVLRQ�HYDS�
RUDWLRQ�RI�WKH�VROYHQW��7KH�VROLG�OLSLG�QDQRSDUWLFOHV�FRQWDLQLQJ�KHUELFLGHV�ZHUH�FKDUDFWHUL]HG�DFFRUGLQJ�
WR�WKHLU�SK\VLFRFKHPLFDO�SURSHUWLHV��GLDPHWHU��SRO\GLVSHUVLW\��]HWD�SRWHQWLDO�DQG�S+���HQFDSVXODWLRQ�HI¿�
FLHQF\��)7,5�DQG�'6&�VKRZHG�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�KHUELFLGHV�DQG�QDQRSDUWLFOHV��7KH�KHUELFLGHV�
VKRZHG�KLJK�HI¿FLHQF\�HQFDSVXODWLRQ�LQ�QDQRSDUWLFOHV�EHLQJ�FORVH�WR������IRU�DWUD]LQH�DQG������IRU�
VLPD]LQH��7KH�6/1�VKRZHG�K\GURG\QDPLF�GLDPHWHU�DURXQG�����QP��SRO\GLVSHUVLW\� LQGH[�EHORZ�����
DQG�WKH�]HWD�SRWHQWLDO�RI�DERXW�����P9��7KH�UHOHDVH�NLQHWLFV�DVVD\V�VKRZHG�WKDW�VROLG�OLSLG�QDQRSDUWLFOHV�
PRGL¿HG�WKH�UHOHDVH�SUR¿OH�RI�KHUELFLGHV��GHFUHDVLQJ�WKHLU�UHOHDVH�LQ�UHODWLRQ�WR�KHUELFLGH�RQO\��7KHUH�
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IRUH�WKHVH�UHVXOWV�RSHQ�QHZ�SHUVSHFWLYHV�IRU�WKH�XVH�RI�PRGL¿HG�UHOHDVH�V\VWHPV�WR�KHUELFLGHV��ZKLFK�
PD\�KDYH�JUHDWHU�HI¿FDF\�LQ�SHVW�FRQWURO�
Keywords: $WUD]LQH��VLPD]LQH��VROLG�OLSLGLF�QDQRSDUWLFOHV��PRGL¿HG�UHOHDVH

1 introduÇÃo

$�DWUD]LQD�p�XP�KHUELFLGD�WULD]tQLFR�VHOHWLYR�SHUWHQFHQWH�j�IDPtOLD�GDV�V�WULD]LQDV�DSOLFDGD�HP�
FXOWXUD�GH�PLOKR��$��VLPD]LQD�p�XP�KHUELFLGD�WULD]tQLFR�VHOHWLYR�VLVWrPLFR��DEVROYLGR�SHODV�UDt]HV�GDV�
SODQWDV�H�GLVSRQtYHO�HP�Sy��JUkQXORV�GLVSHUVtYHLV�HP�iJXD��OtTXLGRV�H�IRUPXODo}HV�JUDQXODUHV��$�VLPD�
]LQD�p�XWLOL]DGD�SDUD�R�FRQWUROH�GH�HUYDV�GDQLQKDV�VXEPHUVDV�H�GH�DOJDV��HP�JUDQGHV�DTXiULRV��SLVFLQDV��
ODJRV�RUQDPHQWDLV�H�WDQTXHV�GH�FXOWLYR��.2'$0$�et al����������$�QDQRWHFQRORJLD�WHP�UHFHELGR�JUDQGH�
DWHQomR��SRLV�DWUDYpV�GHOD�WHP�VH�GHVHQYROYLGR�QRYDV�IRUPXODo}HV�FRP�FRPSRVWRV�DWLYRV��F�D��GH�LQWH�
UHVVH�QD�DJULFXOWXUD��'85$1��0$5&$72���������%DVLFDPHQWH�HVWDV�IRUPXODo}HV�WHU�SRU�REMHWLYR��L��
DXPHQWDU�D�VROXELOLGDGH�GRV�FRPSRVWRV�DWLYRV��LL��OLEHUD�ORV�GH�XPD�IRUPD�OHQWD�H�RX�LLL��SURWHJr�ORV�FRQ�
WUD�D�GHJUDGDomR�SUHPDWXUD��.$+��+2)0$11���������$V�IRUPXODo}HV�EDVHDGDV�HP�QDQRWHFQRORJLD�
DEUDQJHP�XPD�JUDQGH�YDULHGDGH�GH�SURGXWRV�SDUD�VXD�SURGXomR��H�WDPEpP�XPD�YDVWD�JDPD�GH�FRPSRV�
WRV�DWLYRV��KHUELFLGDV��LQVHWLFLGDV��DFDULFLGDV�HQWUH�RXWURV���.$+��+2)0$11���������$V�QDQRSDUWtFX�
ODV�OLStGLFDV�VyOLGDV��VmR�SDUWtFXODV�GH�WDPDQKR�QDQRPpWULFR��FXMD�PDWUL]�p�FRPSRVWD�SRU�OLStGLRV�VyOLGRV�
D�WHPSHUDWXUD�DPELHQWH��0h//(5�et al����������$V�6/1�FRQVWLWXHP�XP�VLVWHPD�SDUWLFXODGR�DOWHUQD�
WLYR��TXH�FRPELQD�DV�YDQWDJHQV�GH�RXWURV�VLVWHPDV�FDUUHDGRUHV��FRPR�GDV�QDQRSDUWtFXODV�SROLPpULFDV��
D�SHUPHDELOLGDGH�GRV�OLSRVVRPDV��D�ELRGLVSRQLELOLGDGH�GDV�HPXOV}HV�H�WDPEpP�GLPLQXL�RV�SUREOHPDV�
DVVRFLDGRV�D�HOHV��(VWH�WUDEDOKR�WHYH�SRU�REMHWLYR�R�SUHSDUR�H�FDUDFWHUL]DomR�GH�QDQRSDUWtFXODV�OLStGLFDV�
VyOLGDV�FRQWHQGR�RV�KHUELFLGDV�DWUD]LQD�H�VLPD]LQD�YLVDQGR�DSOLFDo}HV�HP�DJULFXOWXUD�

2 mAteriAiS e métodoS

2.1 Preparo das nanopartículas lipídicas sólidas contendo os herbicidas AtZ e SmZ

$V�QDQRSDUWtFXODV�OLStGLFDV�VyOLGDV�FRQWHQGR�RV�KHUELFLGDV�DWUD]LQD�H�VLPD]LQD�IRUDP�SUHSDUDGDV�
VHJXQGR�R�PpWRGR�GH�HPXOVL¿FDomR�HYDSRUDomR�GR�VROYHQWH��FRPR�GHVFULWR�QR�LWHP����������9,725,12�
et al.,��������$�TXDQWL¿FDomR�GRV�KHUELFLGDV�DWUD]LQD�H�VLPD]LQD�IRL�UHDOL]DGD�SRU�FURPDWRJUD¿D�OtTXLGD�
GH�DOWD�H¿FLrQFLD��&/$(���XWLOL]DQGR�VH�XP�HTXLSDPHQWR�GD�9DULDQ��3UR�6WDU�

2.2 &DUDFWHUL]DomR�GDV�QDQRQRSDUWtFXODV

)RUDP�GHWHUPLQDGDV�DOJXPDV�SURSULHGDGHV�ItVLFR�TXtPLFDV�FRPR�WDPDQKR��GLkPHWUR�KLGURGLQk�
PLFR���SROLGLVSHUVmR��SRWHQFLDO�]HWD�H�H¿FLrQFLD�GH�HQFDSVXODomR�HP�IXQomR�GR�WHPSR��]HUR��������������
���H�����GLDV���3DUD�R�GLkPHWUR�KLGURGLQkPLFR��SROLGLVSHUVmR�H�SRWHQFLDO�]HWD�XWLOL]RX�VH�XP�DQDOLVDGRU�
GH�SDUWtFXODV�0DOYHUQ�=6����0DOYHUQ����$�H¿FLrQFLD�GH�HQFDSVXODomR�IRL�GHWHUPLQDGD�SHOR�PpWRGR�GH�
XOWUD¿OWUDomR�FHQWULIXJDomR��&RP�R�LQWXLWR�GH�REVHUYDU�LQWHUDo}HV�HQWUHV�RV�KHUELFLGDV�H�DV�QDQRSDUWt�
FXODV�SDUWtFXODV�IRUDP�UHDOL]DGDV�DQiOLVHV�GH�'6&�XWLOL]DQGR�R�'6&�4���7$�,QVWUXPHQWV��H�GH�LQIUD�
YHUPHOKR�XWLOL]DQGR�HVSHFWURIRW{PHWUR�GH�),�,5�����9DULDQ��HP�XPD�IDL[D�GH�Q~PHUR�GH�RQGD�GH�����
D������FP����XWLOL]DQGR����YDUUHGXUDV�SRU�DPRVWUD�FRP�UHVROXomR�GH���FP����$�PRUIRORJLD�GDV�6/1�IRL�
YHUL¿FDGD�SRU�0LFURVFRSLD�(OHWU{QLFD�GH�7UDQVPLVVmR��=HLVV�/(2������GH�DFRUGR�FRP�R�PpWRGR�SUH�
YLDPHQWH�GHVFULWR��/Ï3(=�3,172�HW�DO����������3DUD�DYDOLDU�R�SHU¿O�GH�OLEHUDomR�GRV�KHUELFLGDV�DWUDYpV�
GDV�6/1��IRUDP�UHDOL]DGRV�H[SHULPHQWRV�GH�FLQpWLFD�GH�OLEHUDomR�XWLOL]DGR�SDUD�LVVR�XP�VLVWHPD�GH�GRLV�
FRPSDUWLPHQWRV��1HVVH�VLVWHPD�IRL�XWLOL]DGR�XPD�PHPEUDQD�GH�FHOXORVH��6SHFWUDSRUH��FRP�SRUR�SDUD�
H[FOXVmR�PROHFXODU�GH���N'D���TXH�VHSDUD�R�FRPSDUWLPHQWR�GRDGRU�GR�DFHSWRU��2�PRGHOR�VHPL�HPStULFR�
GH�.RUVPH\HU�3HSSDV�IRL�DSOLFDGR�SDUD�HOXFLGDU�R�WLSR�GH�PHFDQLVPR�FRP�TXH�RV�KHUELFLGDV�VmR�OLEHUD�
dos das nanopartículas lipídicas.

3 reSultAdoS e diScuSSÃo

7RGDV�IRUPXODo}HV�PDQWLYHUDP�SUDWLFDPHQWH�HVWiYHLV�R�VHX�GLkPHWUR�KLGURGLQkPLFR�GXUDQWH�RV�
����GLDV�GH�DUPD]HQDPHQWR��DSUHVHQWDQGR�SHTXHQDV�YDULDo}HV�DR�ORQJR�GHVWH�SHUtRGR��6HQGR�TXH�IRL�
REVHUYDGR�XP�DXPHQWR�VLJQL¿FDWLYR�FRP����GLDV��H�DSyV�FRP�����GLDV�SDUD�6/1�FRP�DSHQDV�DWUD]LQD�
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H�FRP�DPERV�RV�KHUELFLGDV��)LJXUD���$���2�SRWHQFLDO�]HWD�GDV�IRUPXODo}HV�DSUHVHQWRX�XP�YDORU�PpGLR�
GH�����P9��$V�6/1�WLYHUDP�XPD�H¿FLrQFLD�GH�HQFDSVXODomR�PpGLD�GH������H�������SDUD�D�DWUD]LQD�H�D�
VLPD]LQD�UHVSHFWLYDPHQWH��WDQWR�SDUD�HQFDSVXODomR�VHSDUDGD�FRPR�D�FRQMXQWD�

$�¿JXUD���%�PRVWUD�DV�PLFURJUD¿DV�REWLGDV�SDUD�DV�6/1��1HVWDV�SRGHP�VH�REVHUYDU�TXH�DV�6/1�
SRVVXHP�IRUPDWR�HVIpULFR��H�DSUHVHQWDUDP�WDPDQKRV�PHQRUHV������������QP�SDUD�6/1�������������QP�
SDUD�6/1�$7=�������������QP�SDUD�6/1�60=���H�����������QP�SDUD�6/1�$7=�60=��HP�UHODomR�jV�
DQiOLVHV�IHLWDV�SRU�HVSHFWURVFRSLD�GH�FRUUHODomR�GH�IyWRQV��VHQGR�LVVR�GHYLGR�D�HVSHFWURVFRSLD�GH�FRUUHOD�
omR�IyWRQV�PHGLU�R�GLkPHWUR�KLGURGLQkPLFR�H�SDUD�DV�DQiOLVHV�GH�7(0�DV�DPRVWUDV�IRUDP�VHFDV��1R�WHP�
SR�¿QDO�GH�DUPD]HQDPHQWR�VXUJLX�XPD�QRYD�SRSXODomR��FRP�EDL[D�LQWHQVLGDGH��SRUpP�UHSUHVHQWDQGR�
JUDQGH�YROXPH��LVWR�GHYLGR�DR�VXUJLPHQWR�GH�GHIRUPDo}HV�QD�PRUIRORJLD�GDV�SDUWtFXODV��FRUURERUDQGR�
FRP�RV�UHVXOWDGRV�PRVWUDGRV�SDUD�GLkPHWUR�KLGURGLQkPLFR��RQGH�XP�DXPHQWR�VLJQL¿FDWLYR�RFRUUHX�FRP�
����GLDV�

                                                                   

�����������������������������$����������������������������������������������������������������������������������%�

Figura 1. $��'DGRV�GH�HVWDELOLGDGH��'LkPHWUR�+LGURGLQkPLFR����%��0LFURJUD¿DV�GDV�6/1�FRP�H�VHP�RV�
KHUELFLGDV�$7=�H�RX�60=�QR�WHPSR�LQLFLDO�GH�DUPD]HQDPHQWR����GLDV���$��6/1��DXPHQWR�GH�������YH]HV��%��
6/1�$7=��DXPHQWR�GH�������YH]HV��&��6/1�60=��DXPHQWR�GH�������YH]HV�H�'��6/1�$7=�60=��DXPHQWR�

������YH]HV�

$V�DQiOLVHV�GH�'6&�GRV�KHUELFLGDV�DWUD]LQD�H�VLPD]LQD�SXUR��PRVWUDUDP�SLFRV�HQGRWpUPLFRV�FRU�
UHVSRQGHQWHV�DR�SRQWR�GH�IXVmR�HP������&�H������&��UHVSHFWLYDPHQWH��$�PLVWXUD�ItVLFD�GRV�FRPSRQHQWHV�
DSUHVHQWRX�GRLV�SLFRV�DODUJDGRV���DWULEXtGRV�D�SUHVHQoD�GRV�KHUELFLGDV��SRUpP�HVWHV�VRIUHUDP�GHVORFD�
o}HV�GHYLGR�D�LQWHUDomR�FRP�D�WULSDOPLWLQD��$�DQiOLVH�GD�6/1�VHP�D�SUHVHQoD�GRV�KHUELFLGDV��DSUHVHQWRX�
XP�R�SLFR�VLPpWULFR�HP�����&�FDUDFWHUtVWLFR�GD�IXVmR�GD�IRUPD�ȕ�GD�WULSDOPLWLQD��H�XP�RXWUR�SLFR�HP����
�&�HVWH�GHYLGR�D�UHFULVWDOL]DomR�GD�IRUPD�Į�GD�WULSDOPLWLQD��3DUD�DV�6/1�FRQWHQGR�RV�KHUELFLGDV�REVHUYD�
VH�RV�SLFRV�FDUDFWHUtVWLFRV�GD�IXVmR�GDV�IRUPDV�Į�H�ȕ��SRUpP�QmR�IRL�SRVVtYHO�REVHUYDU�RV�SLFRV�VLPpWULFRV�
SRU�YROWD�GH������&�H������&��FRUUHVSRQGHQWHV�DRV�KHUELFLGDV��LQGLFDQGR�TXH�RV�KHUELFLGDV�HVWmR�GLVSHU�
VR�HP�WRGD�D�PDWUL]�OLStGLFD�GDV�QDQRSDUWtFXODV�H�QmR�VHQGR�HQFRQWUDGR�GLVSHUVR�QD�IRUPD�GH�FULVWDLV��$V�
DQiOLVHV�GH�LQIUDYHUPHOKR�PRVWUDUDP�SDUD�RV�KHUELFLGDV�DWUD]LQD�H�VLPD]LQD�QD�IRUPD�SXUD��EDQGDV�HVSH�
Ft¿FDV�FRPR�HP������FP���FRUUHVSRQGHQWH�j�GHIRUPDomR�D[LDO�VLPpWULFD�H�DVVLPpWULFD�GH�1�+�HP������
cm����R�HVWLUDPHQWR�GH�&�+�GH�DOLIiWLFRV��H�HP������H������FP���HQFRQWUD�VH�D�GHIRUPDomR�GDV�OLJDo}HV�
& &�H�& 1��2�HVSHFWUR�GD�WULSDOPLWLQD�DSUHVHQWRX�EDQGDV�HVSHFt¿FDV�FRPR�HP������FP���UHIHUHQWH�DR�
HVWLUDPHQWR�GD�OLJDomR�&�+�GR�JUXSDPHQWR�DOTXLOD��HP������FP����R�GR�HVWLUDPHQWR�GD�OLJDomR�& 2�GD�
IXQomR�pVWHU�H�HP������FP���D�GHIRUPDomR�DQJXODU�GH�&�2��1D�PLVWXUD�ItVLFD�IRUDP�REVHUYDGDV�DV�EDQGDV�
FDUDFWHUtVWLFDV�GR�OLStGLR�WULSDOPLWLQD��DVVLP�FRPR�D�GHIRUPDomR�GDV�OLJDo}HV�& &�H�& 1�SHUWHQFHQWHV�
DRV�KHUELFLGDV��1R�HVSHFWUR�GD�6/1�VHP�DWLYR�IRUDP�REVHUYDGDV�SUDWLFDPHQWH�D�PDLRULD�GDV�EDQGDV�
SUHVHQWHV�QD�WULSDOPLWLQD�H�WDPEpP�GH�XPD�EDQGD�QD�UHJLmR�GH������FP���FDUDFWHUL]DGD�SHOD�SUHVHQoD�GR�
JUXSDPHQWR�2�+�QD�HVWUXWXUD��2�HVSHFWUR�GD�6/1�FDUUHJDGD�FRP�RV�DWLYRV�DWUD]LQD�H�VLPD]LQD��IRUDP�
REVHUYDGDV� DV�EDQGDV� FDUDFWHUtVWLFDV�GD� WULSDOPLWLQD�� H� IRL� SRVVtYHO� LGHQWL¿FDU� HP�PHQRU� LQWHQVLGDGH�
DV�EDQGDV�HVSHFt¿FDV�GD�GHIRUPDomR�GDV�OLJDo}HV�& &�H�& 1�HP������H������FP����SURYHQLHQWH�GRV�
KHUELFLGDV��DV�TXDLV�VRIUHUDP�GHVORFDPHQWR��3RUWDQWR�LVWR�LQGLFD�TXH�RV�KHUELFLGDV�HQFRQWUDP�VH�HQFDS�
VXODGRV�LQWHUDJLQGR�FRP�DV�QDQRSDUWtFXODV��(P�FRPSDUDomR�FRP�RV�KHUELFLGDV�QD�IRUPD�OLYUH��WRGDV�DV�
IRUPXODo}HV�GH�6/1�FRQVHJXLUDP�PRGL¿FDU�R�SHU¿O�GH�OLEHUDomR��UHWDUGDQGR�D�OLEHUDomR�GRV�KHUELFLGDV�
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HP�IXQomR�GR�WHPSR��$�VROXomR�GH�$7=�OLYUH�OLEHURX������GR�DWLYR�HP�����KRUDV������GLDV���HQTXDQWR�
TXH�SDUD�D�60=�OLYUH�IRUDP�QHFHVViULDV�����KRUDV�������GLDV��4XDQGR�RV�KHUELFLGDV�IRUDP�HQFDSVXODGRV�
FRQMXQWDPHQWH�QDV�6/1��D�DWUD]LQD�DWLQJLX������GH�OLEHUDomR�HP������KRUDV�������GLDV��HQTXDQWR�TXH�D�
VLPD]LQD�SUHFLVRX�GH�������KRUDV�������GLDV��SDUD�OLEHUDU�D�PHVPD�TXDQWLGDGH��$�HQFDSVXODomR�H[FOXVLYD�
GD�VLPD]LQD�QDV�6/1�PRVWURX�TXH�FRP������KRUDV�������GLDV��GH�H[SHULPHQWR��RFRUUHX�D�OLEHUDomR�GH�
DSHQDV������GR�DWLYR��-i�SUD�DWUD]LQD�HQFDSVXODGD�GH�IRUPD�H[FOXVLYD��QR�PHVPR�SHUtRGR��IRUDP�DWLQJL�
GRV�FHUFD�GH������GH�OLEHUDomR��$�DSOLFDomR�GR�PRGHOR�PDWHPiWLFR�GH�.RUVPH\HU�3HSSDV�PRVWURX�TXH�
R�SURFHVVR�GH�OLEHUDomR�p�JRYHUQDGR�SHOR�WUDQVSRUWH�DQ{PDOR�

4 concluSÃo

2V�KHUELFLGDV�DSUHVHQWDUDP�HOHYDGD�H¿FLrQFLD�GH�HQFDSVXODomR�QDV�6/1��R�TXH�LQGLFD�XPD�ERD�
LQWHUDomR�GRV�KHUELFLGDV�FRP�R� VLVWHPD�FDUUHDGRU�� D�TXDO� WDPEpP�IRL�GHPRQVWUDGD�SHODV�DQiOLVHV�GH�
'6&�H�,QIUDYHUPHOKR��$V�6/1�DSUHVHQWDUDP�GLkPHWUR�KLGURGLQkPLFR�FRPSUHHQGLGR�HQWUH�����QP�H�����
QP��XP�tQGLFH�GH�SROLGLVSHUVmR�DEDL[R�GH�����H�SRWHQFLDO�]HWD�GH�DSUR[LPDGDPHQWH�����P9��HP�IXQomR�
GR�WHPSR��WRGDV�DV�IRUPXODo}HV�PDQWLYHUDP�VH�SUDWLFDPHQWH�HVWiYHLV��VHQGR�D�6/1�FRQWHQGR�DSHQDV�
R�KHUELFLGD�VLPD]LQD�D�TXH�DSUHVHQWRX�PHOKRU�HVWDELOLGDGH�ItVLFR�TXtPLFD��$V�DQiOLVHV�GH�PLFURVFRSLD�
PRVWUDUDP�TXH�DV�6/1�DSUHVHQWDP�PRUIRORJLD�HVIpULFD���2V�HQVDLRV�GH�OLEHUDomR�LQ�YLWUR�GHPRVWUDUDP�
TXH�DV�QDQRSDUWtFXODV�IRUDP�FDSD]HV�GH�UHWDUGDU�D�OLEHUDomR�GRV�KHUELFLGDV�HP�FRPSDUDomR�DR�KHUELFLGD�
OLYUH��VHQGR�R�SURFHVVR�GH�OLEHUDomR�p�JRYHUQDGR�SHOR�WUDQVSRUWH�DQ{PDOR��2V�UHVXOWDGRV�DEUHP�QRYDV�
SHUVSHFWLYDV�SDUD�R�XVR�GH�VLVWHPDV�GH�OLEHUDomR�PRGL¿FDGD�GH�KHUELFLGDV��RV�TXDLV�SRGHP�UHGX]LU�D�
TXDQWLGDGH�GH�SURGXWRV�XWLOL]DGRV�

AGrAdecimentoS

$XWRUHV�JRVWDULDP�GH�DJUDGHFHU�D�)$3(63��&DSHV�&QST��)XQGXQHVS�H�D�5HGH�$JURQDQR�SHOR�
VXSRUWH�¿QDQFHLUR�

reFerÊnciAS

'85$1��1���0$5$&$72��'��3��1DQRELRWHFKQRORJ\�SHUVSHFWLYHV��5ROH�RI�QDQRWHFKQRORJ\�LQ�WKHIRRG�
LQGXVWU\��D�UHYLHZ��,QWHUQDWLRQDO�-RXUQDO�RI�)RRG�6FLHQFH�DQG�7HFKQRORJ\��Y�����S������±�����������

-26+,��0�'���0h//(5��5�+��/LSLG�QDQRSDUWLFOHV�IRU�SDUHQWHUDO�GHOLYHU\�RI�DFWLYHV��(XURSHDQ�-RXUQDO�
RI�3KDUPDFHXWLFV�DQG�%LRSKDUPDFHXWLFV��Y������S����������������

.$+��0���%(8/.(��6���7,('(��.���+2)0$11��7��1DQRSHVWLFLGHV��6WDWH�RI�.QRZOHGJH��(QYLURQ�
PHQWDO�)DWH��DQG�([SRVXUH�0RGHOLQJ��&ULW��5HY��(QY��6FL��7HFKQRO��Y�����S������±�����������

.$+��0���+2)0$11��7��1DQRSHVWLFLGH�UHVHDUFK��&XUUHQW�WUHQGV�DQG�IXWXUH�SULRULWLHV��(QYLURQPHQW�
,QWHUQDWLRQDO��Y�����S�����±����������

.2'$0$��7���',1*��/���<26+,'$��0���<$-,0$��0��%LRGHJUDGDWLRQ�RI�DQ�V�WULD]LQH�KHUELFLGH��VL�
PD]LQH��-��0RO��&DWDO��%��(Q]\P���Y������S�����±�����������

/RSH]�3LQWR�� -��0���*RQ]DOH]�5RGULJXH]��0��/��5DEDVFR��$�0��(IIHFW�RI� FKROHVWHURO� DQG�HWKDQRO�RQ�
GHUPDO�GHOLYHU\�IURP�'33&��OLSRVRPHV��,QW�-�3KDUP��Y�������S��±���������

02+$15$-��9��-���&+(1��<��1DQRSDUWLFOHV�±�$�UHYLHZ��7URSLFDO�-��3KDUP��5HV��Y�����S����������������

0h//(5�+��5���0$'(5�.���*2+/$�6��6ROLG�OLSLG�QDQRSDUWLFOHV��6/1��IRU�FRQWUROOHG�GUXJ�GHOLYHU\�
��D�UHYLHZ�RI�WKH�VWDWH�RI�WKH�DUW��(XUR��-RXUQDO�RI�3KDUPDFHXWLFV�DQG�%LRSKDUPDFHXWLFV��Y��������������
�����

9,725,12��&���&$59$/+2��$��)���$/0(,'$��-��$���6286$��-��-���3$,6��&��&��$��$��7KH�VL]H�RI�VR�
OLG�OLSLG�QDQRSDUWLFOHV��$Q�LQWHUSUHWDWLRQ�IURP�H[SHULPHQWDO�GHVLJQ��&ROORLGV�6XUI��%��Y������S�����±�����
�����
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incremento dA AdeSÃo SuPerFiciAl de mAdeirA Por meio 
de PlASmA A Frio

Pedro Henrique Gonzalez de cademartori1, Graciela inês bolzon de muniz1, *washington luiz 
(VWHYHV�0DJDOKmHV2

1&HQWUR�GH�&LrQFLDV�)ORUHVWDLV�H�GD�0DGHLUD��8QLYHUVLGDGH�)HGHUDO�GR�3DUDQi��33*()���2Embrapa 
)ORUHVWDV��&HQWUR�1DFLRQDO�GH�3HVTXLVDV�)ORUHVWDLV�

ZDVKLQJWRQ�PDJDOKDHV#HPEUDSD�EU

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
2�SUHVHQWH�HVWXGR�REMHWLYRX�HVWXGDU�R�HIHLWR�GH�WUDWDPHQWRV�GH�SODVPD�D�IULR�QD�DGHVmR�VXSHU¿FLDO�GH�
SHoDV�GH�PDGHLUD��)RUDP�FRQVLGHUDGRV�TXDWUR�WHPSRV�GH�GHVFDUJD�OXPLQHVFHQWH������������H����V��H�XP�
QtYHO�GH�SRWrQFLD������:���2V�WUDWDPHQWRV�IRUDP�UHDOL]DGRV�HP�XP�UHDWRU�FLOtQGULFR�GH�SODVPD�D�IULR�HP�
DoR�LQR[LGiYHO�GHVHQYROYLGR�SHOD�(PEUDSD�)ORUHVWDV��3DUD�WDO��XWLOL]RX�VH�JiV�UDUHIHLWR�GH�KpOLR��$�FDUDF�
WHUL]DomR�GDV�PRGL¿FDo}HV�QD�DGHVmR�VXSHU¿FLDO�GR�PDWHULDO�IRL�UHDOL]DGD�SRU�PHLR�GH�HQVDLRV�GH�kQJXOR�
GH�FRQWDWR�DSDUHQWH��&$��H�YROXPH�GD�JRWtFXOD�HP�XP�JRQL{PHWUR��$�iUHD�GH�HVSDOKDPHQWR�GD�JRWtFXOD�
IRL�PHQVXUDGD�D�SDUWLU�GD�FDSWXUD�GH�LPDJHQV�GH�DOWD�UHVROXomR��2V�SULQFLSDLV�UHVXOWDGRV�DSRQWDP�XP�
LQFUHPHQWR�GD�PROKDELOLGDGH�VXSHU¿FLDO�GR�PDWHULDO�HP�IXQomR�GR�DXPHQWR�GR�WHPSR�GH�GHVFDUJD��$OpP�
GLVVR��DPERV�RV�IHQ{PHQRV�GH�SHQHWUDomR�H�HVSDOKDPHQWR�IRUDP�REVHUYDGRV�QD�VXSHUItFLH�GR�PDWHULDO��
$�XWLOL]DomR�GH�WHPSRV�GH�GHVFDUJD�OXPLQHVFHQWH�PDLRUHV�UHVXOWRX�HP�kQJXOR�GH�FRQWDWR�DSDUHQWH��&$��
nulo. 
Palavras-chave��ÆQJXOR�GH�FRQWDWR��(VSDOKDPHQWR��7UDWDPHQWR�SRU�SODVPD��0RGL¿FDomR�GD�VXSHUItFLH� 

enHAncement oF SurFAce AdHeSion oF wood tHrouGH cold-PlASmA
Abstract
7KLV�VWXG\�DLPHG�WR�HYDOXDWH�WKH�HIIHFW�RI�FROG�SODVPD�WUHDWPHQWV�RQ�VXUIDFH�DGKHVLRQ�RI�ZRRG�ÀRRULQJ�
SLHFHV��:H�FRQVLGHUHG�IRXU�WLPHV�RI�GLVFKDUJH������������DQG����V��DQG�MXVW�RQH�OHYHO�RI�SRZHU������
:���$�VWDLQOHVV�VWHHO�UHDFWRU�GHYHORSHG�E\�(PEUDSD�)RUHVWU\�ZDV�XVHG�IRU�WKH�SODVPD�WUHDWPHQWV�ZLWK�
KHOLXP�UDUH¿HG�JDV��&KDQJHV�RQ�VXUIDFH�DGKHVLRQ�RI�WKH�PDWHULDO�ZDV�PHDVXUHG�WKURXJK�DSSDUHQW�FRQ�
WDFW�DQJOH��&$��DQG�GURSOHW�YROXPH�XVLQJ�D�JRQLRPHWHU��6SUHDGLQJ�FRQWDFW�DUHD�ZDV�PHDVXUHG�WKURXJK�
KLJK�UHVROXWLRQ� LPDJHV�FDSWXUHG� LQ�D�VWHUHRPLFURVFRSH��7KH�PDLQ�¿QGLQJV�SRLQWHG�RXW� WKDW�KLJKHU� LV�
WKH�WLPH�RI�GLVFKDUJH��KLJKHU�LV�WKH�VXUIDFH�ZHWWDELOLW\�RI�WKH�PDWHULDO��)XUWKHUPRUH��ERWK�SKHQRPHQRQ�
RI�SHQHWUDWLRQ�DQG�VSUHDGLQJ�ZHUH�REVHUYHG�LQ�WKH�PDWHULDOV¶�VXUIDFH���8VH�RI�KLJK�WLPH�RI�OXPLQHVFHQW�
discharge resulted in a null apparent contact angle.
Keywords: &RQWDFW�DQJOH��6SUHDGLQJ��3ODVPD�WUHDWPHQW��6XUIDFH�PRGL¿FDWLRQ�

3XEOLFDo}HV�UHODFLRQDGDV�
&$'(0$5725,��3�+�*���081,=��*�,�%���0$*$/+(6��:�/�(��&KDQJHV�RI�ZHWWDELOLW\�RI�PHGLXP�
GHQVLW\�¿EHUERDUG��0')��WUHDWHG�ZLWK�+H�'%'�SODVPD��+RO]IRUVFKXQJ��$FHLWR�SDUD�SXEOLFDomR�������

1 introduÇÃo

$WXDOPHQWH��R�XVR�GD�QDQRWHFQRORJLD�SDUD�D�PRGL¿FDomR�GH�VXSHUItFLHV�GH�PDWHULDLV�WHP�VLGR�
PDLV�IUHTXHQWH�GHYLGR�DV�VXDV�LQ~PHUDV�YDQWDJHQV��WDLV�FRPR�EDL[R�LPSDFWR�DPELHQWDO�H�GHVHQYROYL�
PHQWR�GH�PDWHULDLV�FRP�PDLRU�UHVLVWrQFLD�ItVLFR�PHFkQLFD��(QWUH�DV�DOWHUQDWLYDV�TXH�VH�DSUHVHQWDP�DWX�
DOPHQWH�GLVSRQtYHLV��UHVVDOWD�VH�R�WUDWDPHQWR�GH�PDWHULDLV�SRU�PHLR�GH�SODVPD��R�TXDO�SRGH�VHU�GH¿QLGR�
FRPR�XP�FRQMXQWR�GH�SDUWtFXODV�FDUUHJDGDV�TXH�VH�PRYHP�GH�PDQHLUD�DOHDWyULD�H�TXH�VH�FDUDFWHUL]DP�
SRU� VHUHP� HOHWULFDPHQWH� QHXWUDV� �0$*$/+(6�� 628=$�� ������ /,(%(50$1��/,&+7(1%(5*��
������

$�DWXDomR�GR�SODVPD�Gi�VH�QD�VXSHUItFLH�GRV�PDWHULDLV��HP�TXH�R�REMHWLYR�SULQFLSDO�p�D�PRGL¿�
FDomR�GDV�SURSULHGDGHV�TXtPLFDV�H�ItVLFDV��,1$*$.,���������$SUHVHQWD�FDSDFLGDGH�GH�LQGXomR�GH�SR�
OLPHUL]DomR�GH�XP�JiV�SUHFXUVRU�QD�VXSHUItFLH�GH�GHWHUPLQDGR�VXEVWUDWR��DOpP�GD�LQWURGXomR�GH�JUXSRV�
IXQFLRQDLV��6$1726��6,02��������
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1R�VHWRU�ÀRUHVWDO�H�PDGHLUHLUR��R�SODVPD�DSUHVHQWD�UHFHQWH�XWLOL]DomR�FRPR�DOWHUQDWLYD�GH�WUD�
WDPHQWR�H�PRGL¿FDomR�GH�PDGHLUD�H�GH�SURGXWRV�j�EDVH�GH�PDGHLUD�TXDQGR�FRPSDUDGD�D�RXWUDV�iUHDV�
GH�FRQKHFLPHQWR��(VWXGRV�DQWHULRUHV�FRP�PDGHLUD�VyOLGD��$&'$�HW�DO��������$95$0,',6�HW�DO��������
H�PDWHULDLV�FRPSyVLWRV�SURGX]LGRV�FRP�¿EUDV�QDWXUDLV�WUDWDGDV��/HH�HW�DO���������FRPSURYDUDP�D�H¿�
FLrQFLD�GR�WUDWDPHQWR�SRU�SODVPD�SDUD�PRGL¿FDU�RV�QtYHLV�GH�KLGUR¿OLFLGDGH�H�KLGURIRELFLGDGH�GHVWHV�
materiais.

1HVVH�FRQWH[WR��HVWH�HVWXGR�DYDOLRX�R�HIHLWR�GR�WHPSR�GH�GHVFDUJD�OXPLQHVFHQWH��SODVPD�IULR��QD�
DGHVmR�VXSHU¿FLDO�GH�SHoDV�GH�PDGHLUD�VyOLGD��$�WpFQLFD�GH�kQJXOR�GH�FRQWDWR�SRVVLELOLWRX�D�PHQVXUDomR�
GR�FRPSRUWDPHQWR�GHVWH�kQJXOR��EHP�FRPR�GR�YROXPH�GD�JRWtFXOD�GHSRVLWDGD�QD�VXSHUItFLH�GDV�SHoDV��
,PDJHQV�GH�DOWD�UHVROXomR�IRUDP�FDSWXUDGDV��GH�PDQHLUD�D�SHUPLWLU�D�DYDOLDomR�GD�iUHD�GH�HVSDOKDPHQWR�
GD�JRWtFXOD�QD�VXSHUItFLH�GR�PDWHULDO�

2 mAteriAiS e métodoS

2.1 tratamentos da superfície por plasma a frio

3HoDV�GH�PDGHLUD�FRP�GLPHQV}HV�GH����[����[����PP��FRPSULPHQWR��ODUJXUD�H�HVSHVVXUD��H�
SUHYLDPHQWH�OL[DGDV�FRP�OL[D�JUmR�����IRUDP�XWLOL]DGDV�QR�SUHVHQWH�HVWXGR��2V�WUDWDPHQWRV�GH�SODVPD�D�
IULR�IRUDP�FRQGX]LGRV�HP�XP�UHDWRU�FLOtQGULFR�GH�SODVPD�D�IULR�FRP�����PP�GH�GLkPHWUR�GHVHQYROYLGR�
QD�(PEUDSD�)ORUHVWDV��

2�UHDWRU�HVWi�HTXLSDGR�FRP�XP�PDQ{PHWUR�FDSDFLWLYR�H�XPD�YiOYXOD�ERUEROHWD�SDUD�FRQWUROH�
GD�SUHVVmR�QR�LQWHULRU�GD�FkPDUD��'RLV�HOHWURGRV�GH�DoR�LQR[LGiYHO�FRP�����PP�GH�GLkPHWUR�IRUPDP�
XP�VLVWHPD�FDSDFLWLYR��3RU�PHLR�GH�XP�FDVDGRU�GH�LPSHGkQFLD��XP�GRV�HOHWURGRV�SHUPDQHFH�FRQHFWDGR�
D�XP�JHUDGRU�GH�HQHUJLD�D�DOWD�IUHTXrQFLD�������0+]���'RLV�PHGLGRUHV�GH�ÀX[R�GH�PDVVD�FRQWURODP�D�
DGPLVVmR�GRV�JDVHV�QR�LQWHULRU�GR�UHDWRU��$V�DPRVWUDV�VmR�GLVSRVWDV�QR�HOHWURGR�DWHUUDGR�MXQWR�D�EDVH�GR�
reator.  

3DUD�RV�WUDWDPHQWRV�GH�SODVPD�D�IULR�FRQVLGHUDUDP�VH�TXDWUR�WHPSRV�GH�GHVFDUJD������������H����
V��H�DSHQDV�XP�QtYHO�GH�SRWrQFLD�GH�GHVFDUJD������:���*iV�KpOLR��SXUH]D�!�����IRL�DGPLWLGR�QR�LQWHULRU�
GD�FkPDUD�GXUDQWH�����V�SDUD�HOLPLQDU�LPSXUH]DV��6XEVHTXHQWHPHQWH��GHVFDUJDV�OXPLQHVFHQWHV�GH�KpOLR�
IRUDP�UHDOL]DGDV�D�XPD�SUHVVmR�FRQVWDQWH�GH�a������3D�H�ÀX[R�GH�JiV�GH�������P� s��.

2.2 &DUDFWHUL]DomR�GH�PROKDELOLGDGH�GD�VXSHUItFLH

$�FDUDFWHUL]DomR�GD�PROKDELOLGDGH�GHX�VH�SRU�PHLR�GD�GHWHUPLQDomR�GR�kQJXOR�GH�FRQWDWR�DSD�
UHQWH��&$��GDV�DPRVWUDV�QmR�WUDWDGDV�H�WUDWDGDV�8WLOL]RX�VH�XP�JRQL{PHWUR�'DWD3K\VLFV�2&$������Pp�
WRGR�GH�JRWD�VpVVLO��HP�WHPSHUDWXUD�DPELHQWH�������&���7UrV�JRWtFXODV�GH�iJXD�GHLRQL]DGD�����O��IRUDP�
GLVSHQVDGDV�QD�VXSHUItFLH�GH�FDGD�XPD�GDV�DPRVWUDV��'HWHUPLQRX�VH�R�&$�H�R�YROXPH�GD�JRWtFXOD�HP�
LQWHUYDORV�UHJXODUHV�GH�WHPSR����������������H����V�DSyV�D�GLVSHQVDomR�GD�JRWtFXOD���

,PDJHQV�GH�DOWD�UHVROXomR�IRUDP�FDSWXUDGDV�SRU�PHLR�GH�XP�HVWHUHRPLFURVFySLR�SDUD�FDUDFWH�
UL]DU�R�FRPSRUWDPHQWR�GD�iUHD�GH�HVSDOKDPHQWR�GDV�JRWtFXODV��7UrV�JRWtFXODV�GH�iJXD�GHLRQL]DGD�����O��
IRUDP�GLVSHQVDGDV�QD�VXSHUItFLH�GH�FDGD�DPRVWUD�SRU�PHLR�GH�XPD�PLFURSLSHWD�DXWRPiWLFD��$V�LPDJHQV�
IRUDP�FDSWXUDGDV�DSyV����V�GD�GLVSHQVDomR�GD�JRWtFXOD�H�D�iUHD�GH�HVSDOKDPHQWR�IRL�PHQVXUDGD�HP�PPð��

3 reSultAdoS e diScuSSÃo

$V�DPRVWUDV�GH�PDGHLUD�VyOLGD�QmR�WUDWDGDV�H�PRGL¿FDGDV�SRU�SODVPD�D�IULR�DSUHVHQWDUDP�VXSHU�
ItFLH�PROKiYHO��YLVWR�TXH�R�&$�IRL�PHQRU�TXH������)LJXUD��$���2�&$�YDULRX�HQWUH�a�����FRQWUROH��H�a���
�WUDWDPHQWR�SRU�SODVPD�GXUDQWH����V���4XDQWR�PDLRU�R�WHPSR�GH�GHVFDUJD��PDLRU�IRL�D�UHGXomR�GR�&$��
$OpP�GLVVR��R�WHPSR�GH�GHVFDUJD�GH����V�UHVXOWRX�HP�WRWDO�DEVRUomR�GD�JRWtFXOD�GH�iJXD�QD�VXSHUItFLH�GDV�
SHoDV��5RZHOO��������D¿UPRX�TXH�R�HVSDOKDPHQWR�HVSRQWkQHR�GD�JRWtFXOD�GH�XP�OtTXLGR�QD�VXSHUItFLH�
GH�XP�VyOLGR�RFRUUH�TXDQGR�D�HQHUJLD�GH�DGHVmR�GR�OtTXLGR�VyOLGR�p�LJXDO�RX�PDLRU�GR�TXH�D�FRHVmR�GR�
OtTXLGR��&RQVHTXHQWHPHQWH��REVHUYD�VH�XP�kQJXOR�GH�FRQWDWR�VyOLGR�OLTXLGR�QXOR�



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 365

                                                                                                   

Figura 2. ÆQJXOR�GH�FRQWDWR�DSDUHQWH���$��$SyV����V�GH�GHSRVLomR�QD�VXSHUItFLH�GR�PDWHULDO�H�HP�IXQomR�GR�
WHPSR�GH�GHVFDUJD�OXPLQHVFHQWH���%��&LQpWLFD�HP�IXQomR�GR�WHPSR�GH�GHSRVLomR�QD�VXSHUItFLH�GR�PDWHULDO�

(VSpFLHV�DWLYDV��WDLV�FRPR�PHWDHVWiYHLV�GH�KpOLR��tRQV��HOpWURQV�H�UDGLDomR�89��HP�XPD�GHVFDUJD�
GH�KpOLR�DWLQJHP�D�VXSHUItFLH�GD�PDGHLUD��FDXVDQGR�UHWLFXODomR�GDV�PROpFXODV��&RQVHTXHQWHPHQWH��R�
kQJXOR�GH�FRQWDWR�p�UHGX]LGR�H�D�HQHUJLD�OLYUH�GH�VXSHUItFLH�p�HOHYDGD��3/$&,17$�HW�DO��������

$�FLQpWLFD�GH�DEVRUomR�GD�JRWtFXOD�GDV�SHoDV�GH�PDGHLUD�QmR�DSUHVHQWRX�XP�FRPSRUWDPHQWR�
OLQHDU�GHYLGR�DR�VHX�FDUiWHU�KLGURItOLFR�QDWXUDO��)LJXUD��%���3DUD�WHPSRV�GH�GHVFDUJD�LJXDLV�RX�PDLRUHV�
TXH����V��R�&$�IRL�QXOR�DSyV����V�GH�GHSRVLomR�GD�JRWtFXOD�QD�VXSHUItFLH�GDV�SHoDV��2�WUDWDPHQWR�GH�
SODVPD�PDLV�GUiVWLFR�����V��UHVXOWRX�HP�WRWDO�DEVRUomR�GD�JRWtFXOD��R�TXH�LPSRVVLELOLWRX�D�PHQVXUDomR�GR�
&$��YLVWR�TXH�REVHUYRX�VH�UiSLGD�SHQHWUDomR�H�HVSDOKDPHQWR�GD�JRWtFXOD��$�PROKDELOLGDGH�GD�PDGHLUD�
SRGH�VHU�FDUDFWHUL]DGD�HP�WUrV�HVWiJLRV��3ULPHLUR��Ki�XPD�IRUWH�UHGXomR�GR�&$�QRV�SULPHLURV�VHJXQGRV�
DSyV�R�FRQWDWR�GD�JRWtFXOD�FRP�D�VXSHUItFLH��2�VHJXQGR�HVWiJLR�DLQGD�DSUHVHQWD�UHGXomR�GR�&$�H�R�OtTXL�
GR�GHSRVLWDGR�QD�VXSHUItFLH�SUHHQFKH�RV�WUDoRV�GH�UXJRVLGDGH�QD�FDPDGD�VXSHU¿FLDO�GD�PDGHLUD��1R�WHU�
FHLUR�HVWiJLR��R�OtTXLGR�UHWURFHGH�GD�VXSHUItFLH�SUHYLDPHQWH�PROKDGD�H�SHQHWUD�OHQWDPHQWH�QR�VXEVWUDWR�
�/,37È.29$��.Ò'(/$��������3(75,&��������

2�YROXPH�GD�JRWtFXOD��)LJXUD��$��UHGX]LX�VLJQL¿FDWLYDPHQWH�DSyV����V�GH�GHVFDUJD�OXPLQHV�
FHQWH��FRPSURYDQGR�D�H[LVWrQFLD�GRV�IHQ{PHQRV�GH�SHQHWUDomR�H�HVSDOKDPHQWR�GD�JRWtFXOD�GH�iJXD�QD�
VXSHUItFLH�GDV�SHoDV�WUDWDGDV�FRP�SODVPD��

                                                                                                       

Figura 3. 9ROXPH�GD�JRWtFXOD�GH�iJXD�HP�IXQomR�GR�WHPSR�GH�GHVFDUJD�OXPLQHVFHQWH��$���,PDJHQV�GH�DOWD�
UHVROXomR�GD�iUHD�GH�HVSDOKDPHQWR�HP�DPRVWUDV�FRQWUROH��QmR�WUDWDGDV��H�WUDWDGDV�SRU�SODVPD�GXUDQWH����V��%��

2�IHQ{PHQR�GH�HVSDOKDPHQWR�WDPEpP�IRL�REVHUYDGR�GXUDQWH�D�FDSWXUD�GDV�LPDJHQV�GH�DOWD�UHVR�
OXomR�SDUD�D�PHQVXUDomR�GD�iUHD�GH�HVSDOKDPHQWR�GD�JRWtFXOD��)LJXUD��%���$V�LPDJHQV�GH�DOWD�UHVROXomR�
FRQ¿UPDUDP�XP�HVSDOKDPHQWR�UiSLGR�HP�JUDQGH�SDUWH�GD�VXSHUItFLH�GD�SHoD�WUDWDGD��R�TXH�LPSRVVLELOL�
WRX�D�PHQVXUDomR�GHVWH�SDUkPHWUR��3RU�RXWUR�ODGR��FRQ¿UPRX�D�H¿FLrQFLD�GR�WUDWDPHQWR�SRU�SODVPD�VRE�
D�VXSHUItFLH�GDV�SHoDV��'H�DFRUGR�FP�'XQFDQ�HW�DO����������RV�IHQ{PHQRV�GH�GLIXVmR�RX�GH�FDSLODULGDGH�
GR�OtTXLGR�DWUDYpV�GR�VXEVWUDWR�VmR�UHVSRQViYHLV�SHOR�HVSDOKDPHQWR�GD�JRWtFXOD�QD�VXSHUItFLH�GR�PDWH�
ULDO��$OpP�GLVVR��D�WH[WXUD�RX�D�GLUHomR�GD�JUm�WDPEpP�WHQGHP�D�LQÀXHQFLDU�D�GLUHomR�GH�HVSDOKDPHQWR�
da gotícula.
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4 concluSÃo

2V�WUDWDPHQWRV�GH�SODVPD�D�IULR�LQFUHPHQWDUDP�VLJQL¿FDWLYDPHQWH�D�PROKDELOLGDGH�GD�VXSHUIt�
FLH�GDV�SHoDV�GH�PDGHLUD��$�KLGUR¿OLFLGDGH�GD�VXSHUItFLH�DXPHQWRX�FRQIRUPH�D�HOHYDomR�GR�WHPSR�GH�
GHVFDUJD�OXPLQHVFHQWH���(P�JHUDO��R�kQJXOR�GH�FRQWDWR�DSDUHQWH�H�R�YROXPH�GD�JRWtFXOD�GH�iJXD�IRUDP�
UHGX]LGRV��7UDWDPHQWRV�PDLV�GUiVWLFRV�HP�IXQomR�GR�WHPSR�GH�GHVFDUJD�UHVXOWDUDP�HP�kQJXOR�GH�FRQ�
WDWR�LJXDO�RX�SUy[LPR�D�]HUR��

AGrAdecimentoS

2V�DXWRUHV�JRVWDULDP�GH�DJUDGHFHU�DR�&13T�SHOD�FRQFHVVmR�GD�EROVD�GH�GRXWRUDGR��SURFHVVR�Q��
����������������D�$130�H�D�,772�SHOR�VXSRUWH�WpFQLFR�H�¿QDQFHLUR�

reFerÊnciAS

$&'$��0��1���'(9(5$��(��(���&$%$1*21��5��-���5$026��+��-��(IIHFWV�RI�SODVPD�PRGL¿FDWLRQ�
RQ�DGKHVLRQ�SURSHUWLHV�RI�ZRRG��,QWHUQDWLRQDO�-RXUQDO�RI�$GKHVLRQ�DQG�$GKHVLYHV��Y������Q�����S���������
������

$95$0,',6��*���0,/,7=��+���$9$5��,���9,g/��:���:2/.(1+$8(5��$��,PSURYHG�DEVRUSWLRQ�FKD�
UDFWHULVWLFV� RI� WKHUPDOO\�PRGL¿HG�EHHFK�YHQHHU� SURGXFHG�E\�SODVPD� WUHDWPHQW��(XURSHDQ� -RXUQDO� RI�
:RRG�DQG�:RRG�3URGXFWV��Y������Q�����S�����������������

'81&$1��%���0(5$��5���/($7+(5'$/(��'���7$</25��0���086*529(��5��7HFKQLTXHV�IRU�FKD�
UDFWHULVLQJ�WKH�ZHWWLQJ��FRDWLQJ�DQG�VSUHDGLQJ�RI�DGKHVLYHV�RQ�VXUIDFHV��7HGGLQJWRQ��1DWLRQDO�3K\VLFDO�
/DERUDWRU\�����������S�

,1$*$.,��1��3ODVPD�6XUIDFH�0RGL¿FDWLRQ�DQG�3ODVPD�3RO\PHUL]DWLRQ��86$��&5&�3UHVV������������S�

/((��.���'(/,//(��$���%,60$5&.��$��*UHHQHU�VXUIDFH�WUHDWPHQW�RI�QDWXUDO�¿EUHV�IRU�WKH�SURGXFWLRQ�
RI�UHQHZDEOH�FRPSRVLWH�PDWHULDOV��,Q��.$/,$��6���.$,7+��%�6���.$85��,��&RRUG����&HOOXORVH�)LEHUV��
%LR��DQG�1DQR�3RO\PHU�&RPSRVLWHV��*UHHQ�&KHPLVWU\�DQG�7HFKQRORJ\��6SULQJHU��86$��6SULQJHU��������
S����������

/,(%(50$1��0��$���/,&+7(1%(5*��$��-��3ULQFLSOHV�RI�3ODVPD�'LVFKDUJHV�DQG�0DWHULDOV�3URFHV�
VLQJ����HG��1HZ�-HUVH\��-RKQ�:LOH\�DQG�6RQV�:LOH\������������S�

/,37È.29$��(���.Ò'(/$��-��$QDO\VLV�RI�WKH�ZRRG�ZHWWLQJ�SURFHVV��+RO]IRUVFKXQJ��Y������S�����������
�����

0$*$/+(6��:��/�(���628=$��0�)��6ROLG�VRIWZRRG�FRDWHG�ZLWK�SODVPD�SRO\PHU�IRU�ZDWHU�UHSHOOHQ�
FH��6XUIDFH�DQG�&RDWLQJV�7HFKQRORJ\��Y�������Q�����S��������������

3(75,&��0��6XUIDFH�0RGL¿FDWLRQ�RI�:RRG��$�&ULWLFDO�5HYLHZ��5HY��$GKHVLRQ�$GKHVLYHV��Y�����Q�����S��
��������������

3/$&,17$��*���$5(),�.+216$5,�� )���*+(25*+,8��0���$028528;�� -��� 323$��*�� 6XUIDFH�
SURSHUWLHV� DQG� WKH� VWDELOLW\�RI�SRO\�HWK\OHQH� WHUHSKWDODWH��¿OPV� WUHDWHG� LQ�SODVPDV�RI�KHOLXP�R[\JHQ�
PL[WXUHV��-RXUQDO�RI�$SSOLHG�3RO\PHU�6FLHQFH��Y������Q�����S������������������

6$1726��$��(���6,02��5��+LGURIRELFLGDGH�GH�¿OPHV�GH�DPLGR�GH�PLOKR�SURGX]LGR�SRU�WUDWDPHQWR�
GH�SODVPD�FRP�KH[DÀXRUHWR�GH�HQ[RIUH��6)���H�KH[DPHWLOGLVLOR[DQR��+0'62���,Q��3$,1(/�3(00��
������5LR�GH�-DQHLUR��$QDLV���5LR�GH�-DQHLUR�������

52:(//��5��0��+DQGERRN�RI�:RRG�&KHPLVWU\�DQG�:RRG�&RPSRVLWHV���WK�HG����&5&�3UHVV������������S�
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AvAliAÇÃo FotocAtAlíticA de nAnoSSemicondutoreS 
bASeAdoS em óxidoS de Zinco e cobAlto obtidoS Por 

moAGem de AltA enerGiA 

diAS, J.A1, GirAldi, t.r1, rAmoS, A.S1, minucci, m.Z1, ArAnteS, v.l2,      
*mAeStrelli, S.c.1

18QLYHUVLGDGH�)HGHUDO�GH�$OIHQDV��,QVW��GH�&LrQFLD�H�7HFQRORJLD��28QLYHUVLGDGH�GH�6mR�3DXOR��(VFROD�
GH�(QJHQKDULD�GH�6mR�&DUORV�

V\OPD�PDHVWUHOOL#XQLIDO�PJ�HGX�EU�

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
)RL�DYDOLDGR�SRU�PHLR�GR�HVWXGR�D�XWLOL]DomR�GD�0RDJHP�GH�$OWD�(QHUJLD� �0$(��FRPR�PHFDQLVPR�
GH�REWHQomR�GH�QDQRVVHPLFRQGXWRUHV�SDUD�DSOLFDomR�HP�IRWRFDWiOLVH��=Q2�H�&R�O��SUHFXUVRUHV�IRUDP�
FDUDFWHUL]DGRV�YLD�VHGtJUDIR��%�(�7��GLIUDomR�GH�UDLRV�;�H�SLFQRPHWULD�D�KpOLR��&R�O��WDPEpP�IRL�FDUDF�
WHUL]DGR�SRU�'6&�7*��=Q2�&R�O�������HP�PROV�GH�y[LGR�GH�FREDOWR��IRL�SURFHVVDGR�SRU�0$(�HP�YDVR�
GH�]LUF{QLD�FRP�UHODomR�PiVVLFD�GH�SyV�FRUSRV�PRHGRUHV�GH�������YHORFLGDGH�GH�PRDJHP�j�������USP�
SRU�TXDWUR�KRUDV�YLD�VHFD�H�GH]�KRUDV�YLD�VHFD�H�~PLGD��2V�SyV�REWLGRV�IRUDP�FDUDFWHUL]DGRV�SRU�GLIUDomR�
GH�UDLRV�;�H�R�SRWHQFLDO�IRWRFDWDOtWLFR�DYDOLDGR�QD�GHJUDGDomR�GR�FRUDQWH�5RGDPLQD�%�HP�FkPDUD�GH�
OX]�YLVtYHO��2V�UHVXOWDGRV�GHPRVWUDUDP�DOWD�SXUH]D�GD�PDWpULD�SULPD��DXVrQFLD�GH�FRQWDPLQDomR�GXUDQWH�
D�PRDJHP�H�IRWRDWLYLGDGH�GRV�PDWHULDLV�REWLGRV�FRUURERUDQGR�FRP�D�SRWHQFLDOLGDGH�GD�WpFQLFD�SDUD�D�
REWHQomR�GH�QDQRVVHPLFRQGXWRUHV�SDUD�DSOLFDomR�HP�IRWRFDWiOLVH��
Palavras-chave��)RWRFDWiOLVH��1DQRWHFQRORJLD��0HFDQRVVtQWHVH��'HJUDGDomR��&RUDQWH�

PHotocAtAlYtic evAluAtion oF nAno SemiconductorS bASed in Zinc And 
cobAlt oxide obtAined bY HiGH enerGY millinG
Abstract
,Q�WKLV�VWXG\�LW�ZDV�HYDOXDWHG�WKH�+LJK�(QHUJ\�0LOOLQJ��+(0��DV�D�PHFKDQLVP�WR�REWDLQ�QDQR�VHPLFRQ�
GXFWRUV�WR�EH�DSSOLHG�LQ�SKRWRFDWDO\WLF�SURFHVV��5DZ�=Q2�DQG�&R�O��ZHUH�FKDUDFWHUL]HG�E\�VHGLJUDSK�
DQDO\VLV��%�(�7��;�5D\�GLIIUDFWLRQ�DQG�+HO\XP�3\FQRPHWU\��&R�O��DOVR�ZDV�FKDUDFWHUL]HG�E\�'6&�7*��
=Q2�&R�O�������FREDOW�R[LGH�LQ�PRODU�UDWH��ZDV�SURFHVVHG�E\�+(0�LQ�]LUFRQLXP�FRQWDLQHU�ZLWK�PDVV�
UHODWLRQ�RI�UDZ�SRZGHU�PLOOLQJ�FRUSV�RI�������URWDWLRQ�VSHHG�RI�����USP�GXULQJ�IRXU�KRXUV�GU\�PLOOLQJ��
WHQ�KRXUV�ZHW�DQG�GU\�PLOOLQJ��7KH�SRZGHUV�ZHUH�FKDUDFWHUL]HG�E\�;�5D\�GLIIUDFWLRQ�DQG�SKRWRFDWDO\WLF�
SRWHQWLDO�ZDV�HYDOXDWHG�E\�5KRGDPLQH�%�G\H�GHJUDGDWLRQ�LQ�SKRWRUHDFWRU�RSHUDWLQJ�ZLWK�YLVLEOH�OLJKW��
7KH�UHVXOWV�LQIHUV�KLJK�SXULW\�RI�UDZ�PDWHULDOV��DEVHQFH�RI�SRZGHU�FRQWDPLQDWLRQ�GXULQJ�WKH�PLOOLQJ�DQG�
SKRWRDFWLYLW\�IRU�DOO�VHPLFRQGXFWRUV�FRUURERUDWLQJ�ZLWK�WKH�SRWHQWLDOLW\�RI�WKLV�WHFKQLTXH�WR�REWDLQ�QDQR�
semiconductors to be applied in photocatalytic process.
Keywords��3KRWRFDWDO\VLV��1DQRWHFKQRORJ\��0HFKDQRV\QWKHVLV��'HJUDGDWLRQ��'\H�

1 introduÇÃo

2V�FRUDQWHV�VmR�VXEVWkQFLDV�DPSODPHQWH�XWLOL]DGDV�HP�GLYHUVRV�SURFHVVRV�LQGXVWULDLV�H�VH�FRQ¿�
guram como uma classe de resíduos bastante nocivos ao meio ambiente se descartados inadequadamen�
WH��VREUHWXGR�QR�TXH�FRQFHUQH�RV�UHFXUVRV�KtGULFRV�

8P�PpWRGR�GH�WUDWDPHQWR�DSOLFDGR�SDUD�HVVHV�UHVtGXRV�VmR�RV�3URFHVVRV�2[LGDWLYRV�$YDQoDGRV�
�32$���TXH�WrP�VH�PRVWUDGR�FRPR�DOWHUQDWLYDV�H¿FD]HV�QR�WUDWDPHQWR�GH�HÀXHQWHV�FRQWDPLQDGRV�SRU�
FRPSRVWRV�RUJkQLFRV��GHQWUH�HOHV�RV�FRUDQWHV��(QWUH�RV�32$��D�IRWRFDWiOLVH�KHWHURJrQHD�YHP�VHQGR�HP�
SUHJDGD�SDUD�WDO�¿P�SRU�PHLR�GD�XWLOL]DomR�GH�PDWHULDLV�VHPLFRQGXWRUHV�FRP�SURSULHGDGHV�GH�GHJUDGD�
omR�FDWDOtWLFDV�IRWRDWLYDGDV��*,5$/',��������

$�UHGXomR�GR�WDPDQKR�GH�SDUWtFXOD�GRV�VHPLFRQGXWRUHV�WHP�VLGR�UHDOL]DGD�DWUDYpV�GH�WpFQLFDV�
TXtPLFDV�H�ItVLFR�TXtPLFDV��KDMD�YLVWD�TXH�D�GHJUDGDomR�GRV�SROXHQWHV�VH�SURFHVVDP�QD�VXSHUItFLH�GR�
VHPLFRQGXWRU��'HQWUH�HVVDV�WpFQLFDV��D�0RDJHP�GH�$OWD�(QHUJLD��0$(��WHP�VH�GHVWDFDGR�DWXDOPHQWH�HP�
VH�WUDWDQGR�GD�REWHQomR�GH�SyV�¿QRV�SRU�PHLR�GH�PHFDQRVVtQWHVH��685<$1$5$<$1$��������WRGDYLD��
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HVVH�HVWXGR�DLQGD�RFRUUH�IRUPD�EDVWDQWH�GLVFUHWD�VH�FRPSDUDGR�DRV�PpWRGRV�TXtPLFRV�QR�TXH�FRQFHUQH�
j�DSOLFDomR�HP�IRWRFDWiOLVH�

9iULRV� VHPLFRQGXWRUHV� YrP� VLGR� GHVHQYROYLGRV� SDUD� DSOLFDomR� QD� IRWRFDWiOLVH� KHWHURJrQHD��
'HQWUH�RV�VHPLFRQGXWRUHV�FRPXPHQWH�HPSUHJDGRV��R�y[LGR�GH�]LQFR��=Q2��WHP�VH�GHVWDFDGR�GHYLGR�
VXDV�SURSULHGDGHV�IRWRFDWDOtWLFDV�SHUWLQHQWHV�VRE�DomR�GH�UDGLDomR�XOWUDYLROHWD��(VVH�WLSR�GH�UDGLDomR�p�
QHFHVViULD�GHYLGR�j�HQHUJLD�GH�band-gap�GR�PDWHULDO��QR�YDORU�GH������H9��&8,�HW�DO���������Ï[LGR�GH�
FREDOWR��&R�O���SRU�VXD�YH]�SRVVXL�HQHUJLD�GH�band-gap�GH������H9��$0,5,���������R�TXH�WRUQD�SDVVtYHO�
IRWRDWLYDomR�SRU�PHLR�GH�OX]�YLVtYHO��

6LVWHPDV�PXOWLFRPSRQHQWHV�REWLGRV�SRU�URWDV�TXtPLFDV�H�WHVWHV�IRWRFDWDOtWLFRV�SURFHVVDGRV�HP�
OX]�XOWUDYLROHWD�HP�VLVWHPDV�HQYROYHQGR�y[LGRV�GH�]LQFR�H�FREDOWR�WrP�VLGR�HVWXGDGRV�FRP�UHVXOWDGRV�
VDWLVIDWyULRV��&8,�HW�DO���������1HVVH�VHQWLGR��R�SUHVHQWH�WUDEDOKR�REMHWLYD�HVWXGDU�QDQRVVHPLFRQGXWRUHV�
QR�VLVWHPD�=Q2�&R�O��REWLGRV�SRU�0$(�H�DYDOLDU�VXD�IRWRDWLYLGDGH�QD�GHJUDGDomR�GR�FRUDQWH�5RGDPL�
QD�%�SRU�PHLR�GH�H[SRVLomR�j�OX]�YLVtYHO�

2 mAteriAiS e métodoS

2.1 &DUDFWHUL]DomR�GRV�SUHFXUVRUHV

 =Q2�H�&R�O�� IRUDP�FDUDFWHUL]DGDV�SRU�%�(�7�QR� HTXLSDPHQWR�0LFURPHULWFV�$6$3������QD�
WHPSHUDWXUD�GH���������&�H�DQiOLVH�SRU�DGVRUomR�GH�12��'LVWULEXLomR�GH�WDPDQKR�GH�SDUWtFXOD�IRL�REWLGD�
SHOR�VHGtJUDIR�0LFURPHULWFV�6HGL*UDSK�,,,�3OXV�HP�iJXD�k����&��3LFQRPHWULD�D�KpOLR�IRL�IHLWD�HP�TXLQ�
WXSOLFDWD�SRU�PHLR�GH�0LFURPHULWFV�$FFX3\F������FRP�WD[D�GH�HTXLOtEULR�GH��������� psig.min�� .  

&R�O�� WDPEpP� IRL� FDUDFWHUL]DGR� SRU�'6&�7*�QR� HTXLSDPHQWR�1(7==&+�67$����)�� FRP�
PDVVD�GH�DPRVWUD�GH����PJ�H�FDGLQKR�GH�SODWLQD��HP�DWPRVIHUD�GH�QLWURJrQLR��$�WD[D�GH�DTXHFLPHQWR�
HPSUHJDGD�IRL�GH����.�PLQ���HQWUH�����H������&�

�$�HVWUXWXUD�GR�PDWHULDO�SUHFXUVRU�IRL�FDUDFWHUL]DGD�SRU�GLIUDomR�GH�UDLRV�;��&X�.Į��������QP��
WDQWR�SDUD�R�=Q2��-&3'6�1�����������TXDQWR�SDUD�&R�O���-&3'6�1�����������

2.2 Síntese

2V�SUHFXUVRUHV�=Q2��6\QWK��H�&R�O���6LJPD�$OGULFK��IRUDP�SURFHVVDGRV�XWLOL]DQGR�XP�PRLQKR�
GH�DOWD�HQHUJLD�)ULWVFK�3XOYHULVHWWH���PLOO�HPSUHJDQGR�YDVRV�GH�����PO�H�FRUSRV�PRHGRUHV�GH�]LUF{QLD��
)RL�XWLOL]DGR�XPD�SURSRUomR�GH�����GH�y[LGR�GH�FREDOWR�HP�UHODomR�j�]LQFR�H�SURSRUomR�GH�SyV�FRUSRV�
PRHGRUHV�GH�������$�DWPRVIHUD�GH�PRDJHP�IRL�DU�QXPD�URWDomR�WRWDO�GH�����USP�

$V�PRDJHQV�IRUDP�UHDOL]DGDV�TXDWUR�H�GH]�KRUDV�YLD�VHFR�H�GH]�KRUDV�YLD�~PLGR��$�PRDJHP�YLD�
~PLGR�IRL�IHLWD�HP�iOFRRO�LVRSURStOLFR��$�FDGD�WULQWD�PLQXWRV�GH�PRDJHP�R�VLVWHPD�IRL�LQWHUURPSLGR�SRU�
FLQFR�PLQXWRV��D�¿P�GH�HYLWDU�VXSHUDTXHFLPHQWR�H�R�VHQWLGR�GH�URWDomR�DOWHUDGR�

2V�PDWHULDLV�REWLGRV�WDPEpP�IRUDP�FDUDFWHUL]DGRV�SRU�GLIUDomR�GH�UDLRV�;�QDV�PHVPDV�FRQGL�
o}HV�GHVFULWDV�QD�VHomR������

2.3 $YDOLDomR�IRWRFDWDOtWLFD

8WLOL]RX�VH�R�FRUDQWH�5RGDPLQD�%��6\QWK��SDUD�PHQVXUDU�D�DWLYLGDGH�IRWRFDWDOtWLFD�GR�PDWHULDO�
SURFHVVDGR��6ROXomR�HVWRTXH�GHVVH�FRUDQWH�IRL�SUHSDUDGD�j������SSP�HP�iJXD�GHLRQL]DGD�����6�FP����
DUPD]HQDGD�HP�IUDVFR�kPEDU�j���&��$QWHULRU�j�FDGD�DQiOLVH��VROXomR�j���SSP�IRL�SUHSDUDGD�D�SDUWLU�GD�
GLOXLomR�GD�VROXomR�HVWRTXH�HP�iJXD�FRP�PHVPD�SURFHGrQFLD�

$�DYDOLDomR�IRL�IHLWD�HPSUHJDQGR����PJ�GH�FDGD�y[LGR�H����PO�GH�VROXomR��)RL�XWLOL]DGD�XPD�
VROXomR�EUDQFR�FRP�¿QDOLGDGH�GH�FRPSDUDomR��2V�WHVWHV�IRWRFDWDOtWLFRV�IRUDP�IHLWRV�HP�WULSOLFDWD�

�2�IRWRUUHDWRU�IRL�FRQVWUXtGR�HPSUHJDQGR�VH�VHLV�OkPSDGDV�ÀXRUHVFHQWHV�GH����:�GLVSRVWDV�HTXL�
GLVWDQWHPHQWH�QD�SDUWH�VXSHULRU�GH�XPD�FDL[D�GH�IXQGR�HVSHOKDGR�H�FRP�YROXPH�LQWHUQR�GH����OLWURV��2�
VLVWHPD�IRL�UHIULJHUDGR�D�DU�H�SRVVXL�TXDWUR�SRQWRV�SDGU}HV�FRP�DJLWDomR�PDJQpWLFD��DOpP�GH�SRVVXtUHP�
temperatura e intensidade de luminosidade conhecidas.

7RGRV�RV�WHVWHV�SURFHVVDUDP�VH�GXUDQWH�GXDV�KRUDV�FRP�LQWHUUXSo}HV�UHJXODUHV�D�FDGD�TXLQ]H�
PLQXWRV�SDUD�DQiOLVH��$PRVWUDV�FRP�YROXPH�GH���PO�IRUDP�FROHWDGDV�D�FDGD�WHPSR�H�FHQWULIXJDGDV�QD�
PLFURFHQWUtIXJD�0LFUR�6SLQ�06����j��������USP�SRU���PLQXWRV��FRP�LQWHUYDOR�GH�DFHOHUDomR�H�IUHQDJHP�
GH���PLQXWR��2�VREUHQDGDQWH�IRL�DQDOLVDGR�HP�FXEHWD�GH�YLGUR�QR�HVSHFWURIRW{PHWUR�+$&+�'5�����
j����QP��FRPSULPHQWR�GH�RQGD�GH�Pi[LPD�DEVRUomR�GHPRQVWUDGD�SHOR�FRUDQWH�REWLGR�SRU�YDUUHGXUD�
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HVSHFWUDO��$V�DPRVWUDV�FHQWULIXJDGDV�IRUDP�KRPRJHQHL]DGDV�FRP�R�FDWDOLVDGRU�DWUDYpV�GH�YyUWH[�H�GH�
YROYLGDV�QR�VLVWHPD�UHDFLRQDO�SDUD�GDU�VHTXrQFLD�DR�WHVWH�

3 reSultAdoS e diScuSSÃo

2V�UHVXOWDGRV�GH�iUHD�VXSHU¿FLDO��WDPDQKR�PpGLR�GH�SDUWtFXOD�H�GHQVLGDGH�UHDO�SDUD�RV�SyV�SUH�
cursores são apresentados em Tabela 1.

tabela 1. 5HVXOWDGRV�GDV�FDUDFWHUL]Do}HV�GRV�SyV�SUHFXUVRUHV
&DUDFWHUL]DomR unidade      Zno     co3o4

'LVWULEXLomR�GH�WDPDQKR�GH�SDUWtFXOD� �P
'�� ���� ����

'�� ���� ����

'�� ���� ����

B.E.T. m2.g�� ������ ������

3LFQRPHWULD�j�KpOLR g.cm�� ����������� �����������
A distribuição de tamanho de partícula apresentou característica monomodal para ambos os compostos precursores. D��, 
D�� e D���UHIHUHP�VH�DR�GLkPHWUR�GH�SDUWtFXOD�SDUD�R�SHUFHQWXDO�GH�PDVVD�DFXPXODGR�HP��������H�����UHVSHFWLYDPHQWH�

�2V�UHVXOWDGRV�GH�'6&�7*�SDUD�&R�O��H�GLIUDomR�GH�UDLRV�;�SDUD�DPERV�RV�PDWHULDLV�SUHFXUVRUHV�
SRGHP�VHU�YLVXDOL]DGRV�HP�)LJXUD���

Figura 1. $��'6&�7*�SDUD�R�FRPSRVWR�&R�O������.�PLQ
����%��(VSHFWUR�GH�UDLRV�;�GRV�SyV�SUHFXUVRUHV�

�2V�UHVXOWDGRV�SDUD�'6&�7*�DSUHVHQWDP�XP�HYHQWR�GH�GHFRPSRVLomR�HVSHFt¿FR�H�HQGRWpUPLFR�
SDUD�R�&R�O���RFRUUHQWH�SUy[LPR�j�����&��$�SHUGD�GH�PDVVD�REWLGD�IRL�GH�������TXH�VH�DSUR[LPD�GR�
HVSHUDGR�SHOD�HVWHTXLRPHWULD�GHVVD�GHFRPSRVLomR����������(VVH�IDWRU�LQIHUH�SUHVHQoD�DSUR[LPDGDPHQWH�
HTXLWDWLYD�GH�DPEDV�DV�YDOrQFLDV��&R2�H�&R2O���QR�y[LGR�GH�FREDOWR�SUHFXUVRU��$�GLIUDomR�GH�UDLRV�;�
GHPRQVWURX�DSHQDV�SLFRV�UHIHUHQWHV�DRV�y[LGRV�WUDEDOKDGRV�LQIHULQGR�HP�DOWD�SXUH]D�GHVVHV�

�$�)LJXUD���DSUHVHQWD�RV�UHVXOWDGRV�REWLGRV�SDUD�GLIUDomR�GH�UDLRV�;�DSyV�0$(�H�RV�UHVXOWDGRV�
IRWRFDWDOtWLFRV�QD�GHJUDGDomR�GR�FRUDQWH�5RGDPLQD�%��2V�SyV�PRtGRV���KRUDV�YLD�VHFR���K'�����KRUDV�
YLD�~PLGR����K:��H����KRUDV�YLD�~PLGR����K:��H�VROXomR�EUDQFR��5K%��IRUDP�DYDOLDGRV�HP�PHVPD�
FRQGLomR�



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014.370

Figura 2. $��(VSHFWURV�GH�UDLRV�;�SDUD�R�PDWHULDO�PRtGR��%��&XUYD�GH�IRWRFDWiOLVH�

�1mR�IRL�GHWHFWDGR�SLFRV�GLIHUHQWHV�GRV�SUHFXUVRUHV��R�TXH�LQGX]�TXH�QmR�KRXYH�FRQWDPLQDomR�
SHORV�HOHPHQWRV�GR�YDVR�GH�PRDJHP��EHP�FRPR�QmR�KRXYH� WUDQVIRUPDomR�GH� IDVHV��7RGRV�RV�VHPL�
FRQGXWRUHV�WUDEDOKDGRV�DSUHVHQWDUDP�IRWRDWLYLGDGH�QDV�FRQGLo}HV�H[SHULPHQWDLV��VHQGR�TXH�R�PDWHULDO�
SURFHVVDGR�SRU�GH]�KRUDV�SRU�PRDJHP�YLD�~PLGD�GHPRQVWURX�PDLRU�GHJUDGDomR�QR�FRUDQWH� 

4 concluSÃo

3RU�PHLR�GHVVH�HVWXGR�IRL�SRVVtYHO�REWHU�VHPLFRQGXWRUHV�IRWRDWLYRV�HP�OX]�SURYHQLHQWH�GH�OkP�
SDGDV�ÀXRUHVFHQWHV�FRQYHQFLRQDLV�GH�EDL[D�SRWrQFLD�����:���WHFQLFDPHQWH�PDLV�VLPSOHV�SDUD�IXWXUDV�
DSOLFDo}HV�LQGXVWULDLV�TXH�VH�FRPSDUDGDV�j�OkPSDGDV�GH�UDGLDomR�89��)RL�SRVVtYHO� WDPEpP�DYDOLDU�D�
0$(�FRPR�WpFQLFD�SURPLVVRUD�SDUD�D�REWHQomR�GH�QDQRVVHPLFRQGXWRUHV�SDUD�DSOLFDomR�HP�IRWRFDWiOLVH��
REWHQGR�VH�UHVXOWDGRV�VDWLVIDWyULRV�QR�VLVWHPD�=Q2�&R�O���'HQWUH�RV�PDWHULDLV�HVWXGDGRV�R�WHPSR�GH�
GH]�KRUDV�YLD�~PLGD�DSUHVHQWRX�RV�PHOKRUHV�UHVXOWDGRV��Mi�TXH�WDO�PHFDQLVPR�GLPLQXL�D�IRUPDomR�GH�
aglomerados durante a mecanossíntese.

AGrAdecimentoS

¬�)$3(0,*�SHOR�DSRLR�¿QDQFHLUR�IRUQHFLGR�

reFerÊnciAS

$0,5,�6�(�+��.$1'-$1,�$�(��6$'51(=+$$'��6�.��9$(6,�0�5��2SWLFDO�DQG�PDJQHWLF�SURSHU�
WLHV�RI�&R�O��=Q2�&RUH�6KHOO�QDQRSDUWLFOHV���-RXUQDO�RI�RSWRHOHWURQLFV�DQG�DGYDQFHG�PDWHULDOV��Q������S��
����������������

&8,�3��)(,��*�7��)$1*�0��*82��;��/,��+��<$1��3��=+$1*��/��6\QWKHVLV�RI�XUFKLQ�OLNH�&R�O� hie�
UDUFKLFDO�PLFUR�QDQRVWUXFWXUHV� DQG� WKHLU� SKRWRFDWDO\WLF� DFWLYLW\�� -RXUQDO� RI�$SSOLHG�6XUIDFH�6FLHQFH��
Q�������S������±�����������

*,5$/',��7��5���0(1'21d$��9��5���6$1726��$�9���5,%(,52��&���:(%(5�,�7��$QQHDOLQJ�(IIHFWV�
RQ�WKH�3KRWRFDWDO\WLF�$FWLYLW\�RI�=Q2�1DQRSDUWLFOHV��-RXUQDO�RI�1DQRVFLHQFH�DQG�1DQRWHFKQRORJ\��Y�����
S������������������

685<$1$5$<$1$��&��0HFKDQLFDO�DOOR\LQJ�DQG�PLOOLQJ��3URJUHVV� LQ�0DWHULDOV�6FLHQFH��Q�����S���
����������
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AvAliAÇÃo dA quAntidAde de PASSeS nA obtenÇÃo de 
mFc’S e SuA inFluenciA nAS ProPriedAdeS mecÂnicAS de 

PAPéiS KrAFt

*elaine cristina lengowski1��:DVKLQJWRQ�/XL]�(VWHYHV�0DJDOKmHV2, Graciela inês bolzon de 
muniz3

ï8QLYHUVLGDGH�)HGHUDO�GR�3DUDQi��ð(PEUDSD�)ORUHVWDV���8QLYHUVLGDGH�)HGHUDO�GR�3DUDQi�
HODLQHOHQJRZVNL#\DKRR�FRP�EU

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
$�LQG~VWULD�EXVFD�QRYDV�WpFQLFDV�H�R�DSULPRUDPHQWR�GH�SURFHVVRV�YLVDQGR�FRPSHWLWLYLGDGH�H�DXPHQWR�
GD�TXDOLGDGH�GH�VHXV�SURGXWRV��(VVH�WUDEDOKR�WHYH�FRPR�REMHWLYR�D�DYDOLDomR�GD�TXDQWLGDGH�GH�SDVVHV�
QD�PLFUR¿EULODomR�GH�SROSD�FHOXOyVLFD�H�DXPHQWR�GH�SURSULHGDGHV�PHFkQLFDV�GRV�SDSpLV�TXH�WLYHUDP�D�
LQFRUSRUDomR�GH�FHOXORVH�PLFUR¿EULODGD��0&)���2V�UHVXOWDGRV�PRVWUDUDP�TXH�D�LQFRUSRUDomR�GDV�0)&¶V�
resultou no aumento das propriedades mecânicas do papel e que uma menor quantidade de passes no 
PRLQKR����SDVVHV��Mi�p�VX¿FLHQWH�SDUD�SURGXomR�GDV�0)&¶V�TXH�UHVXOWDP�QR�JDQKR�GHVVDV�SURSULHGDGHV��
Palavras-chave��0&)��SURSULHGDGH�PHFkQLFD��RWLPL]DomR�GH�SURFHVVR�

ASSeSSinG tHe Amount oF PASSeS in obtAininG mFc’S And itS inFluence on 
mecHAnicAl ProPertieS oF KrAFt PAPer
Abstract 
7KH�LQGXVWU\�VHHNV�QHZ�WHFKQLTXHV�DQG�WKH�LPSURYHPHQW�RI�SURFHVVHV�WR�LQFUHDVH�WKH�TXDOLW\�DQG�FRP�
SHWLWLYHQHVV�RI�WKHLU�SURGXFWV��7KH�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�DVVHVV�WKH�DPRXQW�RI�SDVVHV�RQ�PLFUR¿�
EULODomR�FHOOXORVLF�SXOS�DQG�LQFUHDVHG�PHFKDQLFDO�SURSHUWLHV�RI�SDSHUV�WKDW�KDG�WR�LQFRUSRUDWH�PLFUR�
¿EULOODWHG�FHOOXORVH��0&)���7KH�UHVXOWV�VKRZHG�WKDW�WKH�LQFRUSRUDWLRQ�RI�0)&¶V�UHVXOWHG�LQ�LQFUHDVHG�
PHFKDQLFDO�SURSHUWLHV�RI�SDSHU�DQG�D�PLQRU�DPRXQW�RI�UDLVLQV�LQ�D�PLOO����SDVVHV��LV�VXI¿FLHQW�WR�SURGXFH�
WKH�0)&¶V�ZKLFK�UHVXOW�LQ�WKH�JDLQ�RI�WKHVH�SURSHUWLHV��
Keywords��0&)��PHFKDQLFDO�SURSHUW\��RSWLPL]DWLRQ�SURFHVV�

1 introduÇÃo

+i�XP�FUHVFHQWH�LQWHUHVVH�QD�DSOLFDomR�GH�FHOXORVH�PLFUR¿EULODGD��0&)��QD�LQG~VWULD�GH�SURGX�
omR�GH�SDSHO��,2(/29,&+�et al����������1R�HQWDQWR��RV�SDUkPHWURV�GH�SURFHVVDPHQWR�H�REWHQomR�GDV�
0&)¶V�DLQGD�HVWmR�HP�IDVH�GH�DMXVWHV�H�WHVWHV��EXVFDQGR�R�PHOKRU�FXVWR�EHQH¿FLR�SDUD�D�VXD�LQFRUSRUD�
omR�QR�SURFHVVR�

(QWUH�DV�GHVYDQWDJHQV�GR�SURFHVVR�GH�PLFUR¿EULODomR��Ki�R�HOHYDGR�FRQVXPR�GH�HQHUJLD�GH�UH¿�
QDomR�H�D�REWHQomR�GR�PDWHULDO�QD�IRUPD�GH�JHO�FRP�JUDQGH�SRUFHQWDJHP�HP�iJXD��SRGHQGR�WRUQDU�PDLV�
GLItFLO�VXD�DSOLFDELOLGDGH�H�IXQFLRQDOL]DomR��9$57,$,1(1�et al���������63(1&(�et al���������

2XWUD�HWDSD�LPSRUWDQWH�SDUD�D�REWHQomR�GDV�0&)¶V�p�D�UHPRomR�GH�OLJQLQD�GD�SDUHGH�FHOXODU�GD�
PDGHLUD��Mi�TXH�HVWD�IDFLOLWD�D�VHSDUDomR�GDV�¿EUDV��IDFLOLWDQGR�D�¿EULODomR�H�UHGX]LQGR�D�HQHUJLD�FRQVX�
PLGD�QR�SURFHVVR�GH�GHV¿EULODomR�PHFkQLFD��$%(�et al���������,:$0272�et al���������025È1�et al. 
������

1HVVH�FRQWH[WR��HVVH�WUDEDOKR�EXVFD�DYDOLDU�D�TXDQWLGDGH�GH�SDVVHV�GXUDQWH�R�SURFHVVR�GH�PL�
FUR¿EULODomR�H�VHX�HIHLWR�DSyV�LQFRUSRUDomR�GDV�0&)¶V�REWLGDV�QDV�SURSULHGDGHV�PHFkQLFDV�GH�IROKDV�
SURGX]LGDV�FRP�SROSD�.UDIW�

2 mAteriAiS e métodoS

$�SROSD�XWLOL]DGD�QHVVH�WUDEDOKR�IRL�REWLGD�SHOR�SURFHVVR�.UDIW��VHQGR�GRDGD�SHOD�LQG~VWULD�&R�
FHOSD��&RPSDQKLD�GH�&HOXORVH�H�3DSHO�GR�3DUDQi��2�Q~PHUR�.DSSD��1RUPD�7$33,�7����RP±�����IRL�
XVDGR�SDUD�PHGLU�D�TXDQWLGDGH�GH�OLJQLQD�UHVLGXDO�QD�SROSD��DQWHV�H�DSyV�D�GHVOLJQL¿FDomR��$�GHVOLJQL¿�
FDomR�IRL�UHDOL]DGD�SDUD�REWHQomR�GDV�0)&¶V��RQGH�SDUD�FDGD����J�GH�SROSD�IRL�XVDGR�����J�GH�FORULWR�GH�
VyGLR��1D&O2���D�����H����JRWDV�GH�iFLGR�DFpWLFR�JODFLDO�HP�����PO�GH�iJXD�GHVWLODGD��2�PDWHULDO�IRL�
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PDQWLGR�HP�EDQKR�PDULD�QD�WHPSHUDWXUD�GH����&�GXUDQWH���KRUD��)RUDP�UHDOL]DGDV�WUrV�HWDSDV�GH�GHV�
OLJQL¿FDomR��VHQGR�TXH�HP�FDGD�LQWHUYDOR�D�SROSD�IRL�ODYDGD�FRP�iJXD�HP�DEXQGkQFLD�D�¿P�GH�HOLPLQDU�
SRVVtYHLV�UHVtGXRV�GH�1D&O22.

$�SURGXomR�GDV�0&)¶V�VH�GHX�DWUDYpV�GR�PLFUR¿EULODPHQWR�HP�0LFURSURFHVVDGRU�6XSHU�0$66�
&2//2,'(5�0$68.2�6$1*<2��QR�/DERUDWyULR�3ROSD�H�&HOXORVH�GD�8)35��$�FRQVLVWrQFLD�GRV�
FDYDFRV�SDUD�SDVVDJHP�QR�PRLQKR�IRL�GH����FRP�������H����SDVVHV�H�FRP�XPD�URWDomR�GH������USP�
QRV�GLVFRV�GR�PRLQKR��)RL�DGLFLRQDGR�XP�SHUFHQWXDO�GH�����GH�0)&¶V�QD�FRQIHFomR�GDV�IROKDV��)RUDP�
SURGX]LGDV���IROKDV��SDUD�FDGD�WUDWDPHQWR��FRP�JUDPDWXUD�REMHWLYR�GH���J�Pð�FRP�D�SROSD�QmR�EUDQTXH�
DGD��$V�IROKDV�GH�SDSHO�FRQIHFFLRQDGDV�IRUDP�GHSRVLWDGDV�HP�DPELHQWH�FOLPDWL]DGR��D�XPD�WHPSHUDWXUD�
GH����&�����&�H����������GH�XPLGDGH�UHODWLYD�GR�DU�SRU����KRUDV��2V�HQVDLRV�UHDOL]DGRV�QRV�SDSpLV�
SURGX]LGRV�VHJXLUDP�DV�VHJXLQWHV�QRUPDV��5HVLVWrQFLD�D�7UDomR��7���±RP����5HVLVWrQFLD�D�$UUHEHQWD�
PHQWR��(VWRXUR���7���±RP����5HVLVWrQFLD�DR�5DVJR��7���±RP���

3 reSultAdoS e diScuSSÃo

$�DQiOLVH�GH�OLJQLQD�UHVLGXDO�UHVXOWRX�HP�XP�Q~PHUR�.DSSD�GH������SDUD�SROSD�VHP�EUDQTXHD�
PHQWR�H�GH�����DSyV�D�HWDSD�GH�GHVOLJQL¿FDomR�

$�DGLomR�GH�0&)¶V�QD�FRQIHFomR�GRV�SDSpLV�SURSRUFLRQRX�XP�JDQKR�GH��������FRP�D�DGLomR�
GH�����GH���SDVVHV�H�GH��������H��������FRP�D�DGLomR�GH�����GH�0&)¶V�FRP����SDVVHV�H����SDVVHV�
UHVSHFWLYDPHQWH��7DEHOD����

(VVH�JDQKR�GH�SURSULHGDGH�¿FD�PDLV�HYLGHQWH�SDUD�D�SURSULHGDGH�GH�UDVJR�H�DUUHEHQWDPHQWR��
RQGH�WRGRV�RV�tQGLFHV�VXSHUDP�XP�JDQKR�GH������QDV�SURSULHGDGHV��

tabela 1. 3URSULHGDGHV�PHFkQLFDV�GRV�SDSpLV�SURGX]LGRV
Amostras  it (nm/g)   ir (mnm²/g)     iA (kPam²/g)

31 ����� ���� ����

31� ����� ����� ����

31�� ����� ����� ����

31�� ����� ����� ����
PN= Papel não branqueado pinus; PN5= Papel não branqueado pinus com 10% nano com 5 passes no moinho; 

PN10= Papel não branqueado pinus com 10% nano com 10 passes no moinho; PN40= Papel não branqueado pinus 
com 10% nano com 40 passes no moinho. 

-i�HP�UHODomR�j�TXDQWLGDGH�GH�SDVVHV�SDUD�HVVDV�SURSULHGDGHV��RFRUUHX�R�PHVPR�FRPSRUWDPHQWR�
REVHUYDGR�SDUD�D�SURSULHGDGH�GH�WUDomR��1mR�KRXYH�XP�JDQKR�H[SUHVVLYR�FRP�R�DXPHQWR�GD�TXDQWLGDGH�
GH�SDVVHV�QR�PRLQKR��PRVWUDQGR�TXH�FRP���SDVVHV�Mi�Ki�D�IRUPDomR�GDV�0&)¶V��(VVH�UHVXOWDGR�p�PXLWR�
UHOHYDQWH�SDUD�DV�TXHVW}HV�LQGXVWULDLV��RQGH�p�SRVVtYHO�SURGX]LU�0&)¶V�FRP�XP�PHQRU�JDVWR�HQHUJpWLFR��
R�TXH�DFDED�YLDELOL]DQGR�R�SURFHVVR�HP�HVFDOD�LQGXVWULDO�

4 concluSõeS

$�DGLomR�GH�QDQRFHOXORVH�SURSRUFLRQRX�XP�DXPHQWR�FRQVLGHUiYHO�GDV�SURSULHGDGHV�PHFkQL�
FDV�GRV�SDSpLV�SURGX]LGRV��(VVH�JDQKR�QmR�IRL�DFHQWXDGR�FRP�R�DXPHQWR�GD�TXDQWLGDGH�GH�SDVVHV�QR�
PRLQKR��GHPRQVWUDQGR�TXH�FRP���SDVVHV�Mi�IRUDP�SURGX]LGDV�DV�0&)¶V�QHFHVViULDV�SDUD�R�UHIRUoR�GRV�
SDSpLV�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��&DSHV���

reFerÊnciAS

$%(��.���,:$0272��6���<$12��+��2EWDLQLQJ�&HOOXORVH�1DQR¿EHUV�ZLWK�D�8QLIRUP�:LGWK�RI����QP�
IURP�:RRG��%LRPDFURPROHFXOHV��Y�����S������������������
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,2(/29,&+��0��&HOOXORVH�DV�D�QDQRVWUXFWXUHG�SRO\PHU��D�VKRUW�UHYLHZ��1DQRVWUXFWXUHG�FHOOXORVH��5H�
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,:$0272��6���.(17$52��$���<$12��+��7KH�(IIHFW�RI�+HPLFHOOXORVHV�RQ�:RRG�3XOS�1DQR¿EULOOD�
WLRQ�DQG�1DQR¿EHU�1HWZRUN�&KDUDFWHULVWLFV��%LRPDFURPROHFXOHV��8ML��Y����S�����±�����������

025È1��-�,���$/9$5(=��9�$���&<5$6��9�3���9È=48(=��$��([WUDFWLRQ�RI�FHOOXORVH�DQG�SUHSDUDWLRQ�
RI�QDQRFHOOXORVH�IURP�VLVDO�¿EHUV��&HOOXORVH��Y������S�����±����������

63(1&(��.�/���9(1',77,��5�$���52-$6��2���+$%,%,��<���3$:/$.��-�-��$�FRPSDUDWLYH�VWXG\�RI�
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VLQJ�PHWKRGV��&HOOXORVH��Y������S������±�����������

7(&+1,&$/�$662&,$7,21�2)�7+(�38/3�$1'�3$3(5�,1'8675<���7$33,��7����RP±����.DS�
SD�QXPEHU�RI�SXOS��,Q��7DSSL�7HVW�0HWKRGV��7$33,�3UHVV��$WODQWD�������

7$33,��7�����RP����%HQGLQJ�UHVLVWDQFH��VWLIIQHVV��RI�SDSHU�DQG�SDSHUERDUG��7DEHU�W\SH�WHVWHU�LQ�EDVLF�
FRQ¿JXUDWLRQ���,Q��7DSSL�7HVW�0HWKRGV��7$33,�3UHVV��1RUFURVV��*$����������S����

7$33,��7�����RP����7HQVLOH�SURSHUWLHV�RI�SDSHU�DQG�SDSHUERDUG��,Q��7DSSL�7HVW�0HWKRGV��7$33,�3UHVV��
1RUFURVV��*$����������S�

7$33,��7�����RP����%XUVWLQJ�VWUHQJWK�RI�SDSHUERDUG�DQG�OLQHUERDUG��,Q��7DSSL�7HVW�0HWKRGV��7$33,�
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&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
2�XVR�H¿FLHQWH�GH�IHUWLOL]DQWHV��HVSHFLDOPHQWH�QLWURJHQDGRV��p�HVVHQFLDO�SDUD�D�SURGXomR�DJUtFROD��(QWUH�
DV�WHFQRORJLDV�TXH�SRGHP�FRQWULEXLU�SDUD�R�XVR�H¿FLHQWH�GH�IHUWLOL]DQWHV�HVWmR�RV�SURGXWRV�GH�OLEHUDomR�
OHQWD�RX�FRQWURODGD��(VWH�WUDEDOKR�GHVFUHYH�R�LPSDFWR�GH�QDQRFRPSyVLWRV�GH�XUHLD�DVVRFLDGD�D�XP�DU�
JLORPLQHUDO� HVIROLDGR� SUHSDUDGRV� DGLFLRQDQGR� GLIHUHQWHV� FRQFHQWUDo}HV� GH� SROtPHURV� KLGURItOLFRV� RX�
KLGURIyELFRV�VREUH�D�HVWUXWXUD�H�D�WD[D�GH�OLEHUWDomR�GH�XUHLD��1RVVR�SURFHVVR�GH�SURGXomR���H[WUXVmR�GH�
PDVVD�SOiVWLFD���p�VLPSOHV�H�SRGH�VHU�XWLOL]DGR�HP�JUDQGH�HVFDOD��SHUPLWLQGR�D�SURGXomR�GH�JUkQXORV��
VHP�FXVWRV�HOHYDGRV��2V�QDQRFRPSyVLWRV�IRUDP�SUHSDUDGRV�DGLFLRQDQGR�TXDQWLGDGHV�YDULiYHLV�������H�
���HP�SHVR��GH�KLGURJHO�GH�SROLDFULODPLGD�RX�SROLFDSURODFWRQD��TXH�LQÀXHQFLDUDP�QD�PRUIRORJLD��QDV�
SURSULHGDGHV�PHFkQLFDV�H�RV�SHU¿V�GH�OLEHUDomR�GH�XUHLD��
Palavras-chave��8UHLD��0RQWPRULORQLWD��3ROtPHUR��/LEHUDomR�OHQWD��5HVLVWrQFLD�PHFkQLFD�

novel Slow releASe nAnocomPoSite nitroGen FertiliZerS: tHe imPAct 
oF PolYmerS on nAnocomPoSite ProPertieS And Function
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Abstract
(I¿FLHQW�XVH�RI�IHUWLOL]HUV��HVSHFLDOO\�QLWURJHQ��LV�HVVHQWLDO�WR�DJULFXOWXUDO�SURGXFWLRQ��$PRQJ�WKH�WHFK�
QRORJLHV�WKDW�FDQ�FRQWULEXWH�WR�HIIHFLHQW�XVH�RI�IHUWLOL]HUV�DUH�VORZ�RU�FRQWUROOHG�UHOHDVH�SURGXFWV��7KLV�
SDSHU�GHVFULEHV�WKH�LPSDFW�RI�XUHD�QDQRFRPSRVLWH�DVVRFLDWHG�ZLWK�H[IROLDWHG�FOD\�PLQHUDO�SUHSDUHG�E\�
DGGLQJ�GLIIHUHQW�FRQFHQWUDWLRQV�RI�K\GURSKLOLF�RU�K\GURSKRELF�SRO\PHUV�RQ�WKH�VWUXFWXUH�DQG�WKH�UHOHDVH�
UDWH�RI�XUHD��2XU�PDQXIDFWXULQJ�SURFHVV���WKH�H[WUXVLRQ�RI�D�SODVWLF�PL[WXUH���LV�VLPSOH�DQG�FDQ�EH�VFDOHG�
XS��DOORZLQJ�JUDQXOH�SURGXFWLRQ�ZLWKRXW�KLJK�FRVWV��1DQRFRPSRVLWHV�ZHUH�SUHSDUHG�E\�DGGLQJ�YDULRXV�
DPRXQWV��OHVV�WKDQ����E\�ZHLJKW��RI�SRO\DFU\ODPLGH�K\GURJHO�RU�SRO\FDSURODFWRQH��ZKLFK�LQÀXHQFHG�
PHFKDQLFDO�SURSHUWLHV�DQG�XUHD�UHOHDVH�SUR¿OHV��
Keywords: 8UHD��0RQWPRULOORQLWH��3RO\PHU��6ORZ�UHOHDVH��0HFKDQLFDO�UHVLVWDQFH�

3XEOLFDo}HV�UHODFLRQDGDV��(VVH�WUDEDOKR�p�SDUWH�GH�RXWUR�WUDEDOKR�TXH�IRL�VXEPHWLGR�SDUD�SXEOLFDomR�
no Journal of Agricultural and Food Chemistry.

1 introduÇÃo

$�LQG~VWULD�GH�IHUWLOL]DQWHV�HQIUHQWD�XP�GHVD¿R�SHUPDQHQWH�GH�PHOKRUDU�D�H¿FLrQFLD�GH�VHXV�SUR�
GXWRV��SULQFLSDOPHQWH�GRV�IHUWLOL]DQWHV�QLWURJHQDGRV��,VVR�SRGH�VHU�IHLWR�DWUDYpV�GD�PHOKRULD�GH�FRPSRV�
WRV�Mi�HP�XVR�RX�SRU�PHLR�GR�GHVHQYROYLPHQWR�GH�QRYRV�WLSRV�GH�IHUWLOL]DQWHV�VHQGR�TXH��R�XVR�H¿FLHQWH�
GHVVHV�PDWHULDLV� p� HVVHQFLDO� H� HVWUDWpJLFR� SDUD� D� REWHQomR� GH� SURGXWLYLGDGH�Pi[LPD� HFRQ{PLFD� GDV�
FXOWXUDV�H�WDPEpP�SDUD�PLQLPL]DU�DV�SHUGDV�GH�QXWULHQWHV�SDUD�R�DPELHQWH��75(1.(/���������2�QLWUR�
JrQLR�VH�GHVWDFD�GHQWUH�RV�PDFURQXWULHQWHV�TXH�VmR��HVVHQFLDOPHQWH��XWLOL]DGRV�QR�PDQHMR�GR�VROR�HP�
GLYHUVRV�FXOWLYRV��(QWUH�DV�RSo}HV�FRPHUFLDLV�GLVSRQtYHLV�SDUD�D�DGXEDomR�FRP�QLWURJrQLR��XPD�GDV�PDLV�
LQWHUHVVDQWHV�GR�SRQWR�GH�YLVWD�HFRQ{PLFR�p�D�XUHLD�±�&2�1+2�2��3RUpP��RV�IHUWLOL]DQWHV�QLWURJHQDGRV�
VmR�PDLV�VXVFHSWtYHLV�D�SHUGDV��WDQWR�SRU�OL[LYLDomR�RX�HVFRUULPHQWR�VXSHU¿FLDO��RX�DWUDYpV�GH�HPLVV}HV�
JDVRVDV��61<'(5�HW�DO����������'HVVD�IRUPD��WRUQD�VH�LPSUHVFLQGtYHO�FRQWURODU�D�TXDQWLGDGH�GHVVH�QX�
WULHQWH�QR�VROR��D�¿P�GH�VH�REWHU�XPD�PDLRU�SURGXomR�DJUtFROD��PDLRU�OXFUDWLYLGDGH�H�PHQRUHV�LPSDFWRV�
DR�PHLR�DPELHQWH��(QWUH�DV�SRVVtYHLV�WHFQRORJLDV�TXH�SRGHP�FRQWULEXLU�SDUD�R�XVR�PDLV�H¿FLHQWH�GHVVHV�
IHUWLOL]DQWHV�HVWmR�RV�VLVWHPDV�GH�OLEHUDomR�OHQWD�RX�FRQWURODGD��HVSHFLDOPHQWH�RV�EDVHDGRV�QD�DVVRFLDomR�
GH�PDWHULDLV�ODPHODUHV�H�RX�SROtPHURV�D�HVVHV�IHUWLOL]DQWHV��$VVLP��R�REMHWLYR�GHVVH�WUDEDOKR�IRL�HVWXGDU�
R�LPSDFWR�GD�SUHSDUDomR�GH�QDQRFRPSyVLWRV�GH�XUHLD�DVVRFLDGD�D�XP�DUJLORPLQHUDO�HVIROLDGR�HP�VXD�
HVWUXWXUD��FRP�D�SUHVHQoD�GH�SROtPHURV�TXH�SRVVDP�PRGL¿FDU�D�LQWHUIDFH�HQWUH�XUHLD�H�R�DUJLORPLQHUDO�

2 mAteriAiS e métodoS

$�SUHSDUDomR�GRV�FRPSRVWRV�FRQVLVWLX�HP�WUrV�HWDSDV��SUp�PLVWXUD��H[WUXVmR�H�VHFDJHP��3HUHLUD�
HW�DO����������$�007��'UHVFRQ�6�$���3URGXWRV�GH�3HUIXUDomR���D�XUHLD�FRPHUFLDO��PRtGD���PRLQKR�GH�
PDUWHOR�7HFQDO��7(������H�SROtPHUR��KLGURJHO�GH�SROLDFULODPLGD�±�+*���H�SROLFDSURODFWRQD���3&/��IRUDP�
SHVDGRV�VHSDUDGDPHQWH���H�SUp�PLVWXUDGRV������GH�iJXD��HP�UHODomR�DR�SHVR�WRWDO��IRUDP�DGLFLRQDGRV�
SDUD�FRPSOHWDU�D�PLVWXUD��$V�PLVWXUDV�IRUDP�HQWmR�H[WUXGDGDV�HP�XPD�H[WUXVRUD�GH�GXSOD�URVFD��=6.�
&RSHULRQ������D�����USP�H�a����&��H�FRQYHUWLGDV�HP�SHOOHWV��2V�PDWHULDLV�IRUDP�VHFRV�j�WHPSHUDWXUD�DP�
ELHQWH�H�DUPD]HQDGRV��$�UHODomR�PiVVLFD�HQWUH�007�H�XUHLD�������IRL�D�PHVPD�SDUD�WRGRV�RV�PDWHULDLV��
1R�HQWDQWR��D�PDVVD�GH�SROtPHUR�DGLFLRQDGR�YDULRX�HQWUH������H�����FRP�EDVH�QD�PDVVD�WRWDO��2V�PDWH�
ULDLV�IRUDP�GHVLJQDGRV��+*�����+*����H�+*����DTXHOHV�SUHSDUDGRV�FRP�+*��H�3&/�����3&/����H�
3&/����DTXHOHV�SUHSDUDGRV�FRP�3&/��8P�FRPSyVLWR�FRP�DSHQDV�007�H�XUHLD������P�P���GHQRPLQDGR�
007�8U��WDPEpP�IRL�WHVWDGR��2V�PDWHULDLV�IRUDP�FDUDFWHUL]DGRV�SRU�GLIUDWRPHWULD�GH�UDLRV�;��'5;��
�6+,0$'=8�;5'��������PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9���-(2/�0LFURVFRSH���PRGHOR�
-60�������H�WHVWHV�GH�FRPSUHVVmR�GLDPHWUDO��(0,&�'/����������)RL�UHDOL]DGR�WDPEpP�XP�WHVWH�SDUD�
PHGLU�D�OLEHUDomR�GH�XUHLD�HP�iJXD��3HUHLUD�HW�DO��������

3 reSultAdoS e diScuSSÃo

3.1 drx

8PD�LPDJHP�GR�FRPSyVLWR�3&/����p�DSUHVHQWDGD�QD�)LJXUD��D��UHVVDOWDQGR�TXH�WRGRV�RV�FRP�
SyVLWRV�VmR�YLVLYHOPHQWH�LJXDLV��3DUD�YHUL¿FDU�D�H[SDQVmR�LQWHUODPHODU�RX�HVIROLDomR�GD�007�SUHVHQWH�
QRV�QDQRFRPSyVLWRV�IRUDP�IHLWDV�DQiOLVHV�SRU�'5;��)LJ������
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Figura 1. �D��,PDJHP�GR�FRPSyVLWR�3&/����JUDQXODGR���E��'LIUDWRJUDPDV�GH�UDLRV�;�GD�007�SXUD�H�GRV�
QDQRFRPSyVLWRV�007�8U������+*������H����H�WDPEpP�3&/������H����

2�GLIUDWRJUDPD�GD�007�SXUD�PRVWUD�FDUDFWHUtVWLFDV�WtSLFDV�GHVVH�PDWHULDO��FRP�R�YDORU�GH�G��� 
��ș� ����o��LJXDO�D������QP��YDORU�FDOFXODGR�FRP�EDVH�QD�HTXDomR�GH�%UDJJ���āGāVHQș� �QāȜ���-i�SDUD�
D�007�SUHVHQWH�QRV�QDQRFRPSyVLWRV�p�SRVVtYHO�QRWDU�TXH�D�SRVLomR�GR�SLFR�UHIHUHQWH�DR�SODQR�FULVWD�
ORJUi¿FR�G����IRL�GHVORFDGD�SDUD�PHQRUHV�kQJXORV�HP�WRGRV�RV�PDWHULDLV�H�VXD�LQWHQVLGDGH�GLPLQXLX�
VLJQL¿FDWLYDPHQWH��LQGR�D�YDORUHV�TXDVH�QXORV��,VVR�VXJHUH�TXH�D�007�SUHVHQWH�QRV�QDQRFRPSyVLWRV�
WRUQRX�VH�HVIROLDGD�DSyV�R�SURFHVVR�GH�H[WUXVmR�QD�SUHVHQoD�GH�XUHLD�H�GRV�SROtPHURV��+*�RX�3&/��

3.2 mev 

$�DQiOLVH�PRUIROyJLFD�IHLWD�SRU�0(9��)LJ�����PRVWUD�TXH�GLIHUHQoDV�VLJQL¿FDWLYDV�SRGHP�VHU�
REVHUYDGDV�HQWUH�D�PRUIRORJLD�GR�QDQRFRPSyVLWR�007�8U�����H�GRV�QDQRFRPSyVLWRV�SUHSDUDGRV�FRP�
+*�H�3&/��3DUD�RV�QDQRFRPSyVLWRV�FRP�SROtPHUR�VmR�REVHUYDGDV�VXSHUItFLHV�GH�IUDWXUD�PDLV�XQLIRUPHV��
VHP�HVSDoRV�YD]LRV��H�D�SUHVHQoD�GH�FULVWDLV�GH�XUHLD�PDLRUHV��-i�XPD�DQiOLVH�FRPSDUDWLYD�HQWUH�RV�QDQR�
FRPSyVLWRV�SUHSDUDGRV�FRP�SROtPHUR�PRVWUD�TXH�D�SUHVHQoD�GR�+*�OHYD�j�IRUPDomR�GH�XP�PDWHULDO�FRP�
XPD�VXSHUItFLH�GH�IUDWXUD�PDLV�SODQD��HQTXDQWR�TXH�DTXHOHV�SUHSDUDGRV�FRP�3&/�DSUHVHQWDUDP�PRU�
IRORJLD�VXSHU¿FLDO�LUUHJXODU��FDUDFWHUtVWLFD�GH�IUDWXUD�LQVWiYHO��(VVD�DQiOLVH�LQGLFD�TXH�R�+*�DWXD�FRPR�
PHOKRU�DGLWLYR�GH�SURFHVVDPHQWR��FRPSDUDGR�DR�3&/��PHOKRUDQGR�D�XQLIRUPLGDGH�GR�PDWHULDO��(VWH�IDWR�
SRGH�HVWDU�UHODFLRQDGR�j�PDLRU�LQWHUDomR�TXtPLFD�GR�+*�FRP�D�007�H�XUHLD��YLVWR�VHUHP�WRGRV�PDWH�
ULDLV�KLGURItOLFRV��PHOKRUDQGR�D�DGHVmR�LQWHUIDFLDO�HQWUH�HVWHV�PDWHULDLV��R�TXH�QmR�RFRUUH�FRP�R�3&/��

Figura 2. 0LFURJUD¿DV�REWLGDV�SRU�0(9�GRV�FRPSyVLWRV�H�VHXV�SUHFXUVRUHV�
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3.3 7HVWHV�GH�FRPSUHVVmR�GLDPHWUDO�H�7HVWH�GH�OLEHUDomR�GH�XUHLD�HP�iJXD

$�SDUWLU�GDV�FXUYDV�GH�WHQVmR�versus�GHIRUPDomR��)LJ���D��SRGH�VH�REVHUYDU�TXH�WRGDV�DV�FRPSRVLo}HV�
PRVWUDUDP�VH�GHIRUPiYHLV��QmR�DSUHVHQWDQGR�UXSWXUD�DWp�D�GHIRUPDomR�Pi[LPD�VXSRUWDGD�SHOR�HTXLSDPHQ�
WR��&RP�UHODomR�j�UHVLVWrQFLD�j�GHIRUPDomR��REVHUYD�VH�TXH�DV�PLVWXUDV�SUHSDUDGDV�FRP�3&/�DSUHVHQWDUDP�
FRPSRUWDPHQWR�PDLV�SUy[LPR�DR�FRPSyVLWR�007�8U��FRP�EDL[D�UHVLVWrQFLD�j�GHIRUPDomR��-i�DV�PLVWXUDV�
FRP�+*�DSUHVHQWDUDP�PDLRU�UHVLVWrQFLD�j�FRPSUHVVmR�GLDPHWUDO��VHQGR�RV�UHVXOWDGRV�PDLV�VLJQL¿FDWLYRV�
SDUD�DV�FRPSRVLo}HV���H�����$�PHOKRUD�QD�UHVLVWrQFLD�PHFkQLFD�DWULEXtGD�j�SUHVHQoD�GR�+*�QD�PLVWXUD�GH�
007�H�XUHLD�FRQ¿UPD�R�PDLRU�JUDX�GH�LQWHUDomR�HQWUH�RV�FRPSRQHQWHV��/LJDo}HV�H�LQWHUDo}HV�HQWUH�R�+*�H�
D�007��5XL]�+LW]N\�	�YDQ�0HHUEHHN���������SHUPLWHP�D�IRUPDomR�GH�FRPSRVWRV�PDLV�UtJLGRV�H��SRUWDQWR��
PDLV�UHVLVWHQWHV�PHFDQLFDPHQWH��(VVHV�UHVXOWDGRV�FRQFRUGDP�FRP�RV�REWLGRV�SHOR�0(9��&RP�UHODomR�DRV�
WHVWHV�GH�VROXELOL]DomR�HP�iJXD��REVHUYD�VH�D�GLVVROXomR�LQVWDQWkQHD�GD�XUHLD�SXUD��D�PHVPD�XWLOL]DGD�FRPHU�
FLDOPHQWH�FRPR�IHUWLOL]DQWH��-i�WRGRV�RV�QDQRFRPSyVLWRV��PHVPR�R�VHP�SROtPHUR�RX�FRP�SROtPHUR��DSUH�
VHQWDUDP�FRPSRUWDPHQWR�GH�OLEHUDomR�PDLV�OHQWR��3RUpP��XPD�DQiOLVH�FRPSDUDWLYD�HQWUH�HOHV�PRVWUD�TXH��RV�
QDQRFRPSyVLWRV�SURGX]LGRV�FRP�+*�DSUHVHQWDUDP�XPD�FLQpWLFD�GH�OLEHUDomR�PDLV�OHQWD��SULQFLSDOPHQWH�QRV�
WHPSRV�LQLFLDLV��GXUDQWH�R�SHUtRGR�GH�LQFKDPHQWR�GR�JUkQXOR��'HVWD�IRUPD��QRWD�VH�TXH�R�FRPSRUWDPHQWR�GH�
FRPSHWLomR�SHOD�HQWUDGD�GH�iJXD�QR�PDWHULDO�FRP�+*�GHWHUPLQRX�PDLRU�WHPSR�GH�UHWHQomR�
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Figura 3. �D��&XUYDV�UHSUHVHQWDWLYDV�GH�WHQVmR�versus�GHIRUPDomR�REWLGDV�D�SDUWLU�GR�WHVWH�GH�FRPSUHVVmR�
GLDPHWUDO���E��&XUYDV�GH�OLEHUDomR�GD�XUHLD��007�8U��+*����H�3&/����

4 concluSÃo

(P�UHVXPR��RV�FRPSyVLWRV�IRUDP�SURGX]LGRV�DWUDYpV�GH�007��XUHLD�H�GRLV�GLIHUHQWHV�SROtPH�
URV��+*��KLGURItOLFR��H�3&/��KLGURIyELFR���(VWXGRV�GH�GLIUDomR�PRVWUDUDP�TXH�D�007�WRUQD�VH�HVIR�
OLDGD�DSyV�R�SURFHVVR�GH�H[WUXVmR��QD�SUHVHQoD�GH�XUHLD�H�GH�SROtPHUR��$�DGLomR�GH�+*�QD�PLVWXUD�GH�
007�XUHLD�JHUD�XPD�QRYD�LQWHUIDFH�HQWUH�HVWHV�PDWHULDLV�FRP�LQWHUDo}HV�IRUWHV��H��FRQVHTXHQWHPHQWH��
IRL�H¿FD]�HP�DXPHQWDU�D�UHVLVWrQFLD�PHFkQLFD��$�OLEHUDomR�GH�XUHLD�HP�iJXD�PRVWURX�SRXFD�YDULDomR��
TXDQGR�FRPSDUDGR�FRP�D� UHIHUrQFLD� �FRPSRVWR�007�8U��VHP�PRGL¿FDomR�FRP�SROtPHURV���1R�HQ�
WDQWR��R�PDWHULDO�GH�+*�PRVWURX�XPD�PHOKRU�UHWHQomR�GH�XUHLD�GXUDQWH�DV�SULPHLUDV�a���K�DSyV�D�iJXD�
VHU�DGLFLRQDGD��LQGLFDQGR�TXH�R�SROtPHUR�SURYDYHOPHQWH�FRQFRUUH�SDUD�D�GLIXVmR�GD�iJXD�QR�JUkQXOR��
IDYRUHFHQGR��DVVLP��D�UHWHQomR�GH�XUHLD�GXUDQWH�R�LQFKDoR�GR�JUkQXOR��

AGrAdecimentoS

&13T������������������8)6&DU��(PEUDSD�,QVWUXPHQWDomR��/11$���),1(3��5HGH�1DQRELRWHF�
%UDVLO��(GLWDO����&,,����������

reFerÊnciAS

3(5(,5$��(��,���0,1866,��)��%���&58=��&��&��7��GD��%(51$5',��$��&��&���5,%(,52��&��8UHD�0RQW�
PRULOORQLWH��([WUXGHG�1DQRFRPSRVLWHV��$�1RYHO�6ORZ�5HOHDVH�0DWHULDO�� -RXUQDO�RI�$JULFXOWXUDO�DQG�
)RRG�&KHPLVWU\��Y������Q������S������������������
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61<'(5��&��6��%588/6(0$��7��:��-(16(1��7��/��	�),;(1��3��(��³5HYLHZ�RI�JUHHQKRXVH�JDV�
HPLVVLRQV�IURP�FURS�SURGXFWLRQ�V\VWHPV�DQG�IHUWLOL]HU�PDQDJHPHQW�HIIHFWV´��$JULFXOWXUH��(FRV\VWHPD�	�
(QYLURQPHQW��Y�������Q�������S����������������

75(1.(/��0��(��6ORZ��DQG�&RQWUROOHG�5HOHDVH�DQG�6WDELOL]HG�)HUWLOL]HUV��$Q�2SWLRQ�IRU�(QKDQFLQJ�
1XWULHQW�8VH�(I¿FLHQF\�LQ�$JULFXOWXUH��3DULV��,QWHUQDWLRQDO�)HUWLOL]HU�,QGXVWU\�$VVRFLDWLRQ��,)$���������
���S�

58,=�+,7=.<��(��	�YDQ�0((5%((.��$��&OD\�PLQHUDO�DQG�RUJDQRFOD\�SRO\PHU�QDQRFRPSRVLWHV��,Q��
+DQGERRN�RI�&OD\�6FLHQFH��%HUJD\D��)���7KHQJ��%��.��*��	�/DJDO\��*���(GV����(OVHYLHU��������S������
����

AvAliAÇÃo dA AtividAde AntibActeriAnA de FilmeS FinoS 
de quitoSAnA/nAnoPArtículAS de PróPoliS contrA 

StApHyLOCOCCUS AUREUS

*rejane c. Goy1, márcia c. r. S. Ferreira2, rubens b. Filho3

1(PEUDSD�,QVWUXPHQWDomR��6mR�&DUORV��63��2&HQWUR�8QLYHUVLWiULR�&HQWUDO�3DXOLVWD��8QLFHS��6mR�&DUORV��
63���3HVTXLVDGRU��(PEUDSD�,QVWUXPHQWDomR��6mR�&DUORV��63�

UHMDQHJ\#JPDLO�FRP

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
$�SUySROLV�p�PLOHQDUPHQWH�UHFRQKHFLGD�SRU�VHU�XP�DQWLELyWLFR�QDWXUDO�SURGX]LGR�SRU�DEHOKDV��SDUD�DV�
VHSVLD�GH�VXDV�FROPHLDV��$�TXLWRVDQD�p�XP�SROLVVDFDUtGHR�GH�RULJHP�QDWXUDO�FRP�FRQKHFLGD�H¿FLrQFLD�
FRPR�DJHQWH�DQWLEDFWHULDQR�H�D�FDSDFLGDGH�GH�IRUPDU�¿OPHV��&RP�R�LQWXLWR�GH�PHOKRUDU�HVVD�SURSULHGD�
GH�GH�LQLELU�R�FUHVFLPHQWR�GH�EDFWpULDV��IRL�UHDOL]DGD�D�MXQomR�GRV�GRLV�PDWHULDLV��$�IRUPD�QDQRPpWULFD�
GDV�SDUWtFXODV�GH�SUySROLV�WDPEpP�WHP�R�REMHWLYR�GH�IDYRUHFHU�D�LQWHUDomR�FRP�DV�EDFWpULDV��GHYLGR�DV�
SHTXHQDV�GLPHQV}HV�GR�PDWHULDO��&RPR�EDVH�SDUD�IRUPDomR�GDV�QDQRSDUWtFXODV�GH�SUySROLV�IRL�XWLOL]DGR�
iOFRRO� SROLYLQtOLFR� �39$��� SROtPHUR� VLQWpWLFR�� VRO~YHO� HP�iJXD�� DWy[LFR�� KLGURItOLFR�� ELRGHJUDGiYHO� H�
ELRFRPSDWtYHO��2�PLFURRUJDQLVPR�GH�WUDEDOKR�IRL�D�EDFWpULD�JUDP�SRVLWLYD�Staphylococcus aureus��)R�
UDP�UHDOL]DGRV�WHVWHV�GH�IRUPDomR�GH�KDOR�GH�LQLELomR��QRV�TXDLV�SDUWLo}HV�GRV�¿OPHV�IRUDP�FRORFDGDV�
VREUH�PHLR�GH�FXOWXUD�76%��7ULSWLF�6R\�%URWK��LQRFXODGRV�FRP�EDFWpULDV�H�DV�SODFDV�IRUDP�LQFXEDGDV�HP�
HVWXID�SDUD�R�FUHVFLPHQWR�GDV�FRO{QLDV�H�REVHUYDomR�GD�IRUPDomR�GRV�KDORV�GH�LQLELomR��2V�UHVXOWDGRV�
REWLGRV�IRUDP�SURPLVVRUHV��KDYHQGR�H¿FLrQFLD�GR�PDWHULDO�HVWXGDGR�FRQWUD�R�FUHVFLPHQWR�GDV�FRO{QLDV�
bacterianas.
Palavras-chave��1DQRSDUWtFXODV��3UySROLV��4XLWRVDQD��)LOPHV�)LQRV��$QWL�EDFWHULDQR�

AntibActeriAl ActivitY AGAinSt StAPHYlococcuS AureuS From cHitoSAn/
ProPoliS tHin FilmS
Abstract
3URSROLV�LV�UHFRJQL]HG�IRU�PLOOHQQLD�WR�EH�D�QDWXUDO�DQWLELRWLF�SURGXFHG�E\�EHHV��IRU�VWHULOL]DWLRQ�RI�WKHLU�
KLYHV��&KLWRVDQ�LV�D�SRO\VDFFKDULGH�RI�QDWXUDO�RULJLQ�NQRZQ�DV�DQWLEDFWHULDO�DJHQW�HI¿FLHQF\�DQG�WKH�DELO�
LW\�WR�IRUP�¿OPV��,Q�RUGHU�WR�LPSURYH�WKLV�SURSHUW\�RI�LQKLELWLQJ�WKH�JURZWK�RI�EDFWHULD��WKH�MXQFWLRQ�RI�WKH�
WZR�PDWHULDOV�ZDV�FDUULHG�RXW��7KH�QDQR�SDUWLFOH�IRUP�RI�SURSROLV�DOVR�DLPV�WR�IDFLOLWDWH�WKH�LQWHUDFWLRQ�
ZLWK�EDFWHULD�GXH�WR�WKH�VPDOO�VL]H�RI�WKH�PDWHULDO��$V�D�EDVLV�IRU�WKH�IRUPDWLRQ�RI�QDQRSDUWLFOHV�ZDV�XVHG�
SURSROLV�SRO\YLQ\O�DOFRKRO��39$���V\QWKHWLF�SRO\PHU��ZDWHU�VROXEOH��QRQ�WR[LF��K\GURSKLOLF��ELRGHJUDG�
DEOH�DQG�ELRFRPSDWLEOH��7KH�PLFUR�RUJDQLVP�ZDV�ZRUNLQJ�WKH�JUDP�SRVLWLYH�EDFWHULXP�Staphylococcus 
aureus��,QKLELWLRQ�WHVWV�E\�QR�JURZ�IRUPDWLRQ�]RQH�ZHUH�SHUIRUPHG�LQ�ZKLFK�SDUWLWLRQV�RI�WKH�¿OPV�ZHUH�
SODFHG�RQ�WKH�PLGGOH�RI�76%�FXOWXUH��7ULSWLF�6R\�%URWK��LQRFXODWHG�ZLWK�EDFWHULD�DQG�WKH�SODWHV�ZHUH�
LQFXEDWHG�LQ�D�JUHHQKRXVH�IRU�FRORQLHV�JURZLQJ�DQG�REVHUYLQJ�WKH�IRUPDWLRQ�RI�LQKLELWLRQ�]RQHV��7KH�
UHVXOWV�ZHUH�SURPLVLQJ��WKHUH�HI¿FLHQF\�RI�WKH�VWXGLHG�PDWHULDO�DJDLQVW�WKH�JURZWK�RI�EDFWHULDO�FRORQLHV�
Keywords��1DQRSDUWLFOHV��3URSROLV��&KLWRVDQ��7KLQ�¿OPV��$JDLQVW�EDFWHULD
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3XEOLFDo}HV�UHODFLRQDGDV�
*2<��5��&���%5,772��'���$66,6��2��%��*���$�5HYLHZ�RI�WKH�$QWLPLFURELDO�$FWLYLW\�RI�&KLWRVDQ. 3ROt�
PHURV��6mR�&DUORV��,PSUHVVR���Y�����Q�����S����������������

1 introduÇÃo

$�EXVFD�LQFHVVDQWH�SHOD�GHVFREHUWD�H�DSULPRUDPHQWR�GH�HPEDODJHQV�LQWHOLJHQWHV��XWLOL]DQGR�PD�
WHULDLV�LQRYDGRUHV��H¿FLHQWHV�QD�SUHVHUYDomR�GH�DOLPHQWRV�p�FRQVWDQWH��3URGXWRV�GH�RULJHP�QDWXUDO�WrP�
VLGR�XWLOL]DGRV�SDUD�VXEVWLWXLU�DV�HPEDODJHQV�WUDGLFLRQDLV��SOiVWLFRV�HP�JHUDO��SDUD�TXH��DOpP�SURWHJHU�
¿VLFDPHQWH��SRVVDP�JDUDQWLU�DRV�DOLPHQWRV�SURWHomR�FRQWUD�DJHQWHV�PLFURELROyJLFRV�H� WR[LFROyJLFRV��
PHOKRUDQGR� WDPEpP�DV� WURFDV�JDVRVDV�H�XPLGDGH��PDQWHQGR�D�TXDOLGDGH�H�SURORQJDQGR�R� WHPSR�GH�
SUDWHOHLUD�GH�KRUWLIUXWLV��1HVWH�HVWXGR�HVWmR�VHQGR�WHVWDGRV�GRLV�SURGXWRV�FRQKHFLGRV�SRU�VXD�DomR�FRQWUD�
PLFURRUJDQLVPRV��D�TXLWRVDQD�H�D�SUySROLV��DPERV�FRP�FRQKHFLGD�FDSDFLGDGH�GH�LQLELomR�GH�FUHVFLPHQ�
WR�FRQWUD�PXLWRV�PLFURRUJDQLVPRV�TXDQGR�XVDGRV�VHSDUDGDPHQWH��SRUpP�HVVH�HVWXGR�XWLOL]D�D�FRPEL�
QDomR�GH�DPERV��R�TXH�p�LQpGLWR�QD�OLWHUDWXUD��XWLOL]DQGR�DLQGD�D�SUySROLV�QD�IRUPD�QDQRPpWULFD��TXH�p�
XP�HVWXGR�UHFHQWHPHQWH�GHVHQYROYLGR�QD�(PEUDSD�*DGR�GH�/HLWH�SHOR�SHVTXLVDGRU�+XPEHUWR�GH�0HOOR�
%UDQGmR�H�VXD�HTXLSH��$OpP�GLVVR��HVVHV�GRLV�SURGXWRV�VmR�GH�RULJHP�QDWXUDO��2�WHUPR�TXLWRVDQD�QmR�VH�
UHIHUH�D�XP�~QLFR�FRPSRQHQWH��PDV�D�XPD�IDPtOLD�GH�FR�SROtPHURV�FRP�YiULDV�IUDo}HV�GH�XQLGDGHV�DFH�
WLODGDV�FRP�HVWUXWXUD�EiVLFD�SROL>��ĺ���ȕ���DPLQR���GLR[L�'�JOXFRVH@��$�TXLWRVDQD�SRVVXL�yWLPD�SUR�
SULHGDGH�¿OPRJrQLFD��SRU�LVVR�WHP�VLGR�PXLWR�H[SORUDGD�FRPR�PHPEUDQDV�H�SHOtFXODV��SULQFLSDOPHQWH�
SDUD�R�UHYHVWLPHQWR�GH�SURGXWRV�DJUtFRODV�SyV�FROKHLWD��HPEDODJHQV�H�FRPR�PHLRV�GH�VHSDUDomR��)LOPHV�
de quitosana obtidos por casting�D�SDUWLU�GH�VROXo}HV�iFLGDV�WrP�VLGR�FDUDFWHUL]DGRV�TXDQWR�jV�VXDV�SUR�
SULHGDGHV�PHFkQLFDV�FRP�GLIHUHQWHV�FRPSRUWDPHQWRV�GHSHQGHQWHV�GR�VROYHQWH�HPSUHJDGR�QD�VROXomR�
SUHFXUVRUD��%pJLQ�H�&DOVWHUHQ��������%ULWWR�HW�DO����������$�SUySROLV��TXH�HPERUD�VHMD�FRPHUFLDOL]DGD�QD�
IRUPD�GH�H[WUDWR�SDUD�IDEULFDomR�GH�YiULRV�SURGXWRV��DLQGD�p�XP�PDWHULDO�GH�IiFLO�REWHQomR��DEXQGDQWH�
H�EDUDWR��6XD�FRPSRVLomR�TXtPLFD�p�FRPSOH[D�H�YDULDGD��XPD�YH]�TXH��DOpP�GD�ÀRUD�UHJLRQDO�HVWi�VX�
MHLWD�D�YDULDo}HV�VD]RQDLV��(P�PpGLD�VXD�FRPSRVLomR�p�GH�����UHVLQDV�YHJHWDLV������FHUD�GH�DEHOKDV��
��D�����GH�yOHRV�HVVHQFLDLV��H����GH�SyOHQ��-i�IRUDP�LGHQWL¿FDGRV�FHUFD�GH�����FRPSRVWRV�TXtPLFRV�
QD�SUySROLV� HQWUH� HOHV� RV� iFLGRV�JUD[RV� H� IHQyOLFRV�� pVWHUHV�� pVWHUHV� IHQyOLFRV��ÀDYRQyLGHV� �ÀDYRQDV��
ÀDYDQRQDV��ÀDYRQyLV��GLKLGURÀDYRQyLV���WHUSHQRV��ȕ�HVWHUyLGHV��DOGHtGRV�H�iOFRRLV�DURPiWLFRV��VHVTXL�
WHUSHQRV�H�QDIWDOHQR��9DUJDV��HW�DO����������2V�QDQRPDWHULDLV�SRVVXHP�DV�YDQWDJHQV�FRQVHTXHQWHV�GR�VHX�
WDPDQKR�UHGX]LGR��DXPHQWDQGR�DFHVVLELOLGDGH�TXtPLFD�GRV�FRPSRQHQWHV�GD�HPEDODJHP�H�DXPHQWDQGR�
D�VXSHUItFLH�GH�FRQWDWR�GHVVHV�FRPSRQHQWHV�

2 mAteriAiS e métodoS

2.1 3UHSDUDomR�GH�1DQRSDUWtFXODV�GH�3UySROLV

$�SUySROLV�GH�DOHFULP�GR�FDPSR��%DFFKDULV�GUDFXQFXOLIROLD���SURGX]LGD�SRU�DEHOKDV�$SLV�PHOOL�
IHUD��DIULFDQL]DGDV�QD�UHJLmR�GR�VXO�GH�0LQDV�*HUDLV�IRL�IRUQHFLGD�SHOD�:HQ]HO�,QG~VWULD�H�&RPpUFLR�GH�
3URGXWRV�$StFRODV�/7'$��$V�QDQRSDUWtFXODV�GH�SUySROLV�IRUDP�SURGX]LGDV�D�SDUWLU�GR�H[WUDWR�DOFRyOLFR�
D�������GH�PDWpULD�VHFD�¿OWUDGR�SUHYLDPHQWH�HP�PHPEUDQD�GH�����+m. Álcool polivinílico preparado 
QXPD�FRQFHQWUDomR�GH������H�WDPEpP�SUHYLDPHQWH�¿OWUDGR�HP�PHPEUDQD�GH�����+P�p�FRORFDGR�VRE�
DJLWDomR�GH����USP�QD�WHPSHUDWXUD�GH���o&��2�H[WUDWR�GH�SUySROLV���P/��p�HQWmR�JRWHMDGR�OHQWDPHQWH�
QR�iOFRRO�SROLYLQtOLFR�IRUPDQGR�DVVLP�DV�QDQRSDUWtFXODV�GH�SUySROLV��%UDQGmR��HW�DO��������

2.2 3UHSDUDomR�GRV�)LOPHV

$�TXLWRVDQD�XWLOL]DGD�SDUD�FRQIHFomR�GRV�¿OPHV�p�FRPHUFLDO��GH�PpGLD�PDVVD�PRODU��DGTXLULGD�
GD�6LJPD�$OGULFK� �� ORWH��������2V�¿OPHV� IRUDP�SUHSDUDGRV�HPSUHJDQGR�D� WpFQLFD�GH�³FDVWLQJ´�VRE�
VXSHUItFLH�DSRODU�D�SDUWLU�GH�JpLV�GH�TXLWRVDQD�HP�FRQFHQWUDomR�GH��J/����4XLWRVDQD�IRL�GLOXtGD�HP�iFLGR�
DFpWLFR����VRE�DJLWDomR�PDJQpWLFD�FRQVWDQWH�SRU���K��$SyV�D�VROXELOL]DomR�IRUDP�DGLFLRQDGDV�DV�GL�
IHUHQWHV�FRQFHQWUDo}HV�GH�QDQRSDUWtFXODV�GH�SUySROLV���������H�����Y�Y��3DUD�TXH�HVVDV�FRQFHQWUDo}HV�
IRVVHP�GHWHUPLQDGDV��IRUDP�UHDOL]DGRV�WHVWHV�SUHOLPLQDUHV�FRP�SRUFHQWDJHQV�PHQRUHV�GH�QDQRSDUWtFX�
ODV��DWp�REVHUYDU�TXDLV�DV�PHOKRUHV�FRQFHQWUDo}HV�GH�WUDEDOKR��TXH�DSUHVHQWDVVHP�H¿FLrQFLD�QD�LQLELomR�
GR�FUHVFLPHQWR�EDFWHULDQR��$�DGLomR�GDV�QDQRSDUWtFXODV�IRL�VHJXLGD�SRU�KRPRJHQHL]DomR�VRE�DJLWDomR�
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PDJQpWLFD�SRU�GH]�PLQXWRV��$V�PLVWXUDV�REWLGDV����P/��IRUDP�YHUWLGDV�VREUH�SODFDV�DFUtOLFDV�H�GHL[D�
GDV�QXPD�WHPSHUDWXUD�GH���o&�HP�HVWXID�GH�FLUFXODomR�SDUD�HYDSRUDomR�GRV�VROYHQWHV�H�IRUPDomR�GRV�
¿OPHV��$SyV�D�VHFDJHP�DV�SHOtFXODV�IRUDP�GHVWDFDGDV�H�DUPD]HQDGDV�HP�GHVVHFDGRU�

3 reSultAdoS e diScuSSÃo

1DV�DQiOLVHV�GH�HVFSHFWURVFRSLD�QD�UHJLmR�GR�LQIUDYHUPHOKR�REVHUYDPRV�D�GLIHUHQoD�HQWUH�RV�
HVSHFWURV�GH�TXLWRVDQD�H�SUySROLV��EHP�FRPR�R�HVSHFWUR�¿QDO�REWLGR�DSyV�D�MXQomR�GHVVHV�GRLV�PDWHULDLV��
1D�Figura 1�REVHUYDPRV�RV�HVSHFWURV�GR�¿OPHV�HP�.%U�
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Figura 1. (VSHFWURV�QD�UHJLmR�GR�LQIUDYHUPHOKR�GH��D��4XLWRVDQD�H��E��3UySROLV�H��F��1DQRSDUWtFXODV�GH�SUySROLV�

3RGH�VHU�REVHUYDGR�R�DSDUHFLPHQWR�GH�EDQGDV�GHYLGR�j�SUHVHQoD�GRV�JUXSRV�ÀDYRQyLGHV�HP�¿O�
PHV�GH�TXLWRVDQD�FRP�SUySROLV��FRPR�QR�FDVR�GDV�EDQGDV�HP������������H������FP����TXH�VmR�UHVSRQVi�
YHLV�SHOD�DomR�EDFWHULRVWiWLFD�FRQWUD�S. aureus���$OYDUH]��HW�DO����������(VWDV�EDQGDV�SHUWHQFHP�j�SUySROLV�
H�QmR�DSDUHFHP�QR�¿OPH�GH�TXLWRVDQD�SXUD��H[FHWR�HP������FP���TXH�VmR�EDQGDV�GH�iOFRRLV�SULPiULRV�
TXH�WDPEpP�DSDUHFHP�QD�TXLWRVDQD�SXUD��RQKHFLGDV�DV�EDQGDV�GD�TXLWRVDQD��WHPRV�SDUD�R�39$��TXH�p�
D�EDVH�GDV�QDQRSDUWtFXODV�MXQWDPHQWH�FRP�D�SUySROLV�XPD�EDQGD�LQWHQVD�HP�DSUR[LGDPHQWH�����FP�� 
FRUUHVSRQGHQWH�j�YLEUDomR�GH�HVWLUDPHQWR�GR�JUXSR�2+���XPD�EDQGD�GH�DEVRUomR�FRUUHVSRQGHQWH�DR�
HVWLUDPHQWR�²&+�HP�����FP���H�XPD�EDQGD�GH�HVWLUDPHQWR�GD�OLJDomR�&²2�HP�����FP����$V�EDQGDV�
GR�39$�FRLQFLGHP�FRP�DOJXPDV�EDQGDV�GD�TXLWRVDQD�H�SUySROLV��QmR�DOWHUDQGR�VLJQL¿FDWLYDPHQWH�R�
HVSHFWUR�GH�DEVRUomR�QD�UHJLmR�GR�LQIUDYHUPHOKR�

)RUDP�IHLWRV�PXLWRV�WHVWHV�GH�LQLELomR�GH�FUHVFLPHQWR�FRQWUD�S. aureus com em meio TSB pelo 
PpWRGR�GH�GLIXVmR�HP�iJDU�XWOL]DQGR�SDUWLo}HV�GRV�¿OPHV�

 

                                                                                                             

Figura 2. ,PDJHQV�GD�LQWHUDomR�GRV�¿OPHV�GH�TXLWRVDQD�H�QDQRSDUWtFXODV�SUySROLV�FRQWUD�S. aureus.
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2V�WHVWHV�UHDOL]DGRV�IRUDP�TXDOLWDWLYRV��SRUpP��IRL�REVHUYDGR�TXH�D�LQFRUSRUDomR�GD�SUySROLV�QD�
IRUPD�GH�QDQRSDUWtFXODV�DRV�¿OPHV�EDVHDGRV�HP�TXLWRVDQD�IDYRUHFHX�D�IRUPDomR�GH�]RQDV�GH�LQLELomR�
GR�FUHVFLPHQWR�GDV�EDFWpULDV�DR�UHGRU�GD�SHOtFXOD��1HVVH�HVWXGR�TXDOLWDWLYR��IRUDP�WHVWDGRV�GLIHUHQWHV�
IRUPDWRV�H�WDPDQKRV�GH�¿OPHV��H��IRL�FRQVWDWDGR��TXH�HVVD�YDULDomR�QmR�DXPHQWDYD�QHP�GLPLQXLD�R�WD�
PDQKR�GRV�KDORV��VHPSUH�HTXLYDOHQWHV��FRQVLGHUDQGR�DV�PDUJHQV�GDV�SHOtFXODV�DR�LQtFLR�GD�PDUJHP�GH�
FUHVFLPHQWR�GDV�FRO{QLDV��2XWUD�REVHUYDomR�LPSRUWDQWH��TXH�SRU�PDLV�VLPpWULFR�TXH�IRVVHP�RV�³SHGD�
oRV´�UHFRUWDGRV�GRV�¿OPHV��DSyV�D�FRORFDomR�VREUH�R�jJDU��KRXYH�XPD�HVSpFLH�GH�GLIXVmR�GDV�SHOtFXODV��
FDXVDQGR�XPD�GHIRUPDomR�QDV�PHVPDV��7HVWHV�TXDQWLWDWLYRV��EHP�FRPR�WR[LFROyJLFRV�HVWmR�VHQGR�UHD�
OL]DGRV�QD�FRQWLQXLGDGH�GR�WUDEDOKR�

4 concluSõeS

1HVVH� HVWXGR�REVHUYDPRV�TXH�DSHVDU�GD� H¿FLrQFLD�GD�TXLWRVDQD�H�GD�SUySROLV� Mi� FRQKHFLGRV�
FRPR�DJHQWHV�EDFWHULFLGDV�RX�EDFWHULRVWiWLFRV�VHSDUDGDPHQWH��D�XQLmR�GHVWHV�GRLV�PDWHULDLV�SDUD�IDEUL�
FDomR�GH�¿OPHV�p�XP�HVWXGR�LQpGLWR�H�SURPLVVRU��$�DSOLFDomR�FRPR�DJHQWH�GH�LQLELomR�GR�FUHVFLPHQWR�
EDFWHULDQR�PRVWURX�TXH�HVVH�QRYR�PDWHULDO� IRL�H¿FLHQWH�FRQWUD�DV�EDFWpULDV�JUDP�SRVLWLYDV�S. aureus 
HQFRUDMDQGR�R�GHVHQYROYLPHQWR�GD�SHVTXLVD�SDUD�DPSOLDomR�GH�VXDV�DSOLFDo}HV�QR�SyV�FROKHLWD��

AGrAdecimentoS

$JUDGHoR�D�FRODERUDomR�GD�HVWDJLiULD�0iUFLD�)HUUHLUD��DR�PHX�VXSHUYLVRU�'U��5XEHQV�%HUQDUGHV�
)LOKR��DR�&13T��)LQHS��&DSHV�H�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD�

reFerÊnciAS

$/9$5(=�0��'(�/26�$���'(%$77,67$��1�%���3$33$12��1�%���6\QHUJLVP�RI�ÀDYRQRLGV�ZLWK�EDF�
teriostatic action against Staphylococcus aureus�$7&&��������DQG�(VFKHULFKLD�FROL�$7&&����������%LR�
FHOO������������������

%5$1'$2��+��0����9,1+2/,6��0��0��%����02648(,5$��9��&��)����0$77262��/��+��&����%5,72��
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'(�35Ï32/,6��352&(6626�'(�2%7(1d2�(�862��������%UDVLO��3DWHQWH��3ULYLOpJLR�GH�,QRYDomR��
1~PHUR�GR� UHJLVWUR�� ������������� GDWD� GH�GHSyVLWR�� ������������ WtWXOR�� ³1$123$57Ë&8/$6�'(�
35Ï32/,6��352&(6626�'(�2%7(1d2�(�862´���,QVWLWXLomR�}HV��¿QDQFLDGRUD�V���(PEUDSD�

%5,772��'���&$03$1$�),/+2��6��3���$66,6��2��%��*���0HFKDQLFDO�SURSHUWLHV�RI�1�1�1�WULPHWK\O�
FKLWRVDQ�FKORULGH�¿OPV��3ROtPHURV��Y������Q�����S����������������

9$5*$6��$��&���HW�DO���$WLYLGDGH�DQWLPLFURELDQD�³LQ�YLWUR´�GH�H[WUDWR�DOFRyOLFR�GH�SUySROLV��&LrQFLD�
5XUDO��Y������Q�����S����������������
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resumo
1DQRSDUWtFXODV�ELRSROLPpULFDV� IRUDP�SUHSDUDGDV�XWLOL]DQGR�Į�ODFWRDOEXPLQD�H�JRPD�DUiELFD�� ,QLFLDO�
PHQWH�IRL�UHDOL]DGR�XP�DTXHFLPHQWR�D�VHFR�SDUD�R�SUHSDUR�GH�FRQMXJDGRV�YLD�5HDomR�GH�0DLOODUG��3RVWH�
ULRUPHQWH�RV�FRQMXJDGRV�IRUDP�GLVVROYLGRV�HP�iJXD�H�VXEPHWLGRV�D�XP�VHJXQGR�DTXHFLPHQWR�FRP�S+�H�
WHPSHUDWXUD�FRQWURODGD�SDUD�LQGX]LU�D�IRUPDomR�GDV�QDQRHVWUXWXUDV��0HGLGDV�GH�HVSDOKDPHQWR�GLQkPLFR�
GH�OX]��'/6���HVSDOKDPHQWR�HVWiWLFR�GH�OX]��6/6��H�PLFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR��0(7��IRUDP�
XWLOL]DGDV�QD�FDUDFWHUL]DomR�HVWUXWXUDO�GDV�QDQRSDUWtFXODV��1R�JHUDO��DV�QDQRHVWUXWXUDV�DSUHVHQWDUDP�XP�
IRUPDWR�HVIpULFR�H�UDLR�KLGURGLQkPLFR�YDULDQGR�GH����D�����QP��GH�DFRUGR�FRP�R�VLVWHPD�H�DV�FRQGLo}HV�
XWLOL]DGDV��2�WDPDQKR�GRV�QDQRJpLV�SHUPDQHFHX�HVWiYHO�GXUDQWH�RV���GLDV�GH�DQiOLVH��2�S+�LQÀXHQFLD�QR�
UDLR�KLGURGLQkPLFR��QR�UDLR�GH�JLUR�H�QR�tQGLFH�GH�SROLGLVSHUVmR�GDV�QDQRHVWUXWXUDV�IRUPDGDV�
Palavras-chave��*OLFRVLODomR��3URWHtQD�GR�VRUR�GR�OHLWH��3ROLVVDFDUtGHR��1DQRHVWUXWXUDV�

)250$7,21� 2)� ǹ�/$&7$/%80,1� 1$126758&785(6� :,7+� $&$&,$� *80� ,1� $�
Green ProceSS And itS cHArActeriZAtion
Abstract
%LRSRO\PHU�QDQRSDUWLFOHV�ZHUH�SUHSDUHG�XVLQJ�Į�ODFWDOEXPLQ�DQG�DFDFLD�JXP��,QLWLDOO\�D�GU\�KHDWLQJ�
IRU�SUHSDULQJ�FRQMXJDWHV�YLD�0DLOODUG�UHDFWLRQ�ZDV�SHUIRUPHG��6XEVHTXHQWO\�FRQMXJDWHV�ZHUH�GLVVROYHG�
LQ�ZDWHU�DQG�VXEMHFWHG�WR�D�VHFRQG�KHDWLQJ�WHPSHUDWXUH�DQG�S+�FRQWUROOHG�WR�LQGXFH�WKH�IRUPDWLRQ�RI�
QDQRVWUXFWXUHV��'\QDPLF�OLJKW�VFDWWHULQJ��'/6���VWDWLF�OLJKW�VFDWWHULQJ��6/6��DQG�WUDQVPLVVLRQ�HOHFWURQ�
PLFURVFRS\��7(0��ZHUH�XVHG�LQ�WKH�VWUXFWXUDO�FKDUDFWHUL]DWLRQ�RI�QDQRSDUWLFOHV��,Q�JHQHUDO��WKH�QDQR�
VWUXFWXUHV�KDG�D�VSKHULFDO�VKDSH�DQG�K\GURG\QDPLF�UDGLXV�UDQJLQJ�IURP����WR�����QP�DFFRUGLQJ�WR�WKH�
V\VWHP�DQG�WKH�FRQGLWLRQV�XVHG��7KH�VL]H�RI�WKH�QDQRJHOV�UHPDLQHG�VWDEOH�GXULQJ���GD\V�RI�DQDO\VLV��7KH�
S+�LQÀXHQFHV�WKH�K\GURG\QDPLF�UDGLXV��WKH�UDGLXV�RI�J\UDWLRQ�DQG�SRO\GLVSHUVLW\�RI�WKH�IRUPHG�QDQR�
structures.
Keywords: *O\FRV\ODWLRQ��:KH\�SURWHLQ��3RO\VDFFKDULGHV��1DQRVWUXFWXUH�

3XEOLFDo}HV�UHODFLRQDGDV

'(�2/,9(,5$��)��&��3URSULHGDGHV� WpFQLFR�IXQFLRQDLV�H�REWHQomR�GH�QDQRHVWUXWXUDV�GH�SURWHtQDV�GR�
VRUR�FRQMXJDGDV�FRP�JRPD�DUiELFD�YLD�UHDomR�GH�0DLOODUG������������S��'LVVHUWDomR��0HVWUDGR��±�8QL�
YHUVLGDGH�)HGHUDO�GH�9LoRVD��8)9��9LoRVD�������

1 introduÇÃo

$� LQWHUDomR� GH� SURWHtQDV� FRP� SROLVVDFDUtGHRV� H� FDUERLGUDWRV� PHQRUHV� DWUDYpV� GH� UHDomR� GH�
0DLOODUG�p�XP�PpWRGR�H¿FD]�SDUD�PHOKRUDU�D�HVWDELOLGDGH�GDV�SURWHtQDV��TXH�QmR�UHTXHU�D�XWLOL]DomR�GH�
FDWDOLVDGRUHV�TXtPLFRV��2/,9(5�HW�DO���������$�LPSRUWkQFLD�GD�JOLFRVLODomR�GH�SURWHtQDV�FRP�SROLVVDFD�
UtGHRV�YLD�UHDomR�GH�0DLOODUG��FRQVWLWXL�XP�PHLR�HIHWLYR�GH�PHOKRUDU�DV�SURSULHGDGHV�WpFQLFR�IXQFLRQDLV�
GH�SURWHtQDV�H�DSUHVHQWD�SRWHQFLDO�SDUD�XWLOL]DomR�HP�VLVWHPDV�GH�OLEHUDomR�FRQWURODGD���(VWXGRV�UHFHQWHV�
HVWmR�VHQGR�UHDOL]DGRV�FRP�R�REMHWLYR�GH�SURGX]LU�QDQRHVWUXWXUDV��D�SDUWLU�GH�FRQMXJDGRV�SURWHtQD�SR�
OLVVDFDUtGHR��SDUD�VHUHP�XWLOL]DGRV�HP�VLVWHPDV�GH�OLEHUDomR�FRQWURODGD��0$5.0$1�H�/,91(<�HW�DO���
������/,�H�<$2�������/,�HW�DO���������4,�HW�DO����������'H�DFRUGR�HVWHV�HVWXGRV��QDQRHVWUXWXUDV�SURGX�
]LGDV�D�SDUWLU�GH�FRQMXJDGRV�SURWHtQD�SROLVVDFDUtGHR�VmR�PDLV�HVWiYHLV�HP�UHODomR�jV�IRUPDGDV�VRPHQWH�
por proteínas. 

1DQRHVWUXWXUDV�IRUPDGDV�GH�SURWHtQD�VmR�FDQGLGDWRV�LGHDLV�SDUD�R�HQFDSVXODPHQWR�H�OLEHUDomR�
GH�FRPSRVWRV��1HVWH�FRQWH[WR��R�SUHVHQWH�HVWXGR�WHP�FRPR�REMHWLYR�D�SURGXomR�GH�QDQRHVWUXWXUDV�FRP�
SRVWDV�SRU�SURWHtQD�GR�VRUR�GH�OHLWH��Į�/DFWRDOEXPLQD��FRQMXJDGD�FRP�JRPD�DUiELFD��FRP�YLVWD�D�IXWXUDV�
DSOLFDo}HV�QD�iUHD�GH�DOLPHQWRV��WDLV�FRPR��DOWHUDomR�GH�SURSULHGDGHV�IXQFLRQDLV�H�UHROyJLFDV�GH�DOLPHQ�
WRV��SURGXomR�GH�HPEDODJHQV�DWLYDV�SDUD�DOLPHQWRV�RX�QD�OLEHUDomR�FRQWURODGD�GH�FRPSRVWRV�ELRDWLYRV��
1HVWH�VHQWLGR�SUHWHQGH�VH�FRQMXJDU�SURWHtQDV�GR�VRUR�FRP�SROLVVDFDUtGHRV��YLD�UHDomR�GH�0DLOODUG��SDUD�
REWHU�QDQRHVWUXWXUDV�j�EDVH�GH�FRQMXJDGRV�TXH�SRGHP�DSUHVHQWDU�XPD�PDLRU�HVWDELOLGDGH�H�PHOKRU�GH�
VHPSHQKR�HP�UHODomR�jV�FRPSRVWDV�SRU�DSHQDV�SURWHtQDV�
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2 mAteriAiS e métodoS

2.1 materiais

Į�ODFWRDOEXPLQD� �Į�OD�� FRQWHQGR� ���� GH� SURWHtQD�� VHQGR� ���Į�OD�� IRL� GRDGD� SHOD� 'DYLVFR�
)RRGV�,QWHUQDFLRQDO�,QF���(GHQ�3UDLULH��01��86$���*RPD�DUiELFD��*$��FRP�SXUH]D�VXSHULRU�D������IRL�
DGTXLULGD�GD�9HWHF�4XtPLFD�)LQD��5-��%UDVLO���2V�UHDJHQWHV�IRUDP�XWLOL]DGRV�VHP�QHQKXPD�SXUL¿FDomR�
DGLFLRQDO�H�IRUDP�GH�JUDX�DQDOtWLFR��ÈJXD�GHLRQL]DGD��UHVLVWLYLGDGH�HOpWULFD�§����0�ÂFP��IRL�REWLGD�D�
SDUWLU�GR�VLVWHPD�GH�SXUL¿FDomR�0LOOL�4��0LOOLSRUH�&R���0$��(8$��H�XWLOL]DGR�QRV�H[SHULPHQWRV�

2.2 2EWHQomR�GH�QDQRHVWUXWXUDV�GH�SURWHtQDV�D�SDUWLU�GH�FRQMXJDGRV�SURWHtQD�*$

&RQMXJDGRV�Į�OD�*$�IRUDP�SUHSDUDGRV�YLD�5HDomR�GH�0DLOODUG�XWLOL]DQGR�R�PpWRGR�GH�DTXHFL�
PHQWR�D�VHFR��.$72���������$V�QDQRHVWUXWXUDV�REWLGDV�D�SDUWLU�GH�FRQMXJDGRV�IRUDP�SUHSDUDGRV�VHJXQ�
GR�R�SURSRVWR�SRU�/,�HW�DO����������FRP�DOJXPDV�PRGL¿FDo}HV��2V�FRQMXJDGRV�IRUDP�DTXHFLGRV�D�����&�
SRU����PLQ�HP�EDQKR�WHUPRVWiWLFR��7(������7HFQDO��%UDVLO��SDUD�D�IRUPDomR�GDV�QDQRHVWUXWXUDV��

2.3 espalhamento dinâmico de luz (dlS) e espalhamento estático de luz (SlS) 

$V�PHGLGDV�GH�HVSDOKDPHQWR�IRUDP�UHDOL]DGDV�XWLOL]DQGR�XP�GHWHFWRU�GH�IRWRGLRGR�GH�DYDODQFKH�
%URRNKDYHQ�PRGHOR�%,�$3'�H�XP�FRUUHODFLRQDGRU�785%2&255�WDPEpP�GD�%URRNKDYHQ��$�IRQWH�GH�
OX]�IRL�XP�ODVHU�+H1H�GH����P:�GH�SRWrQFLD�H�Ȝ� �������QP��OLQHDUPHQWH�SRODUL]DGD��GD�&9,�0HOOHV�
*ULRW��$�LQWHQVLGDGH�GDV�IXQo}HV�GH�DXWRFRUUHODomR�IRL�DQDOLVDGD�SHOR�PpWRGR�&XPXODQWHV��TXDGUiWLFR���
$�WHPSHUDWXUD�IRL�PDQWLGD�D�����&�H�R�kQJXOR�GH�HVSDOKDPHQWR�IRL�¿[DGR�HP������

2.4 0LFURVFRSLD�(OHWU{QLFD�GH�7UDQVPLVVmR��0(7��

$�DPRVWUD�IRL�¿[DGD�SRU�GHSRVLomR�GH�XPD�JRWD�GH�VROXomR�VREUH�JUDGHV�GH�FREUH�GH�����PHVK�
UHYHVWLGDV�FRP�¿OPHV�¿QRV�GH�)RUPYDUH�FDUERQR��.RFK�(OHFWURQ�0LFURVFRS\��%UDVLO���$V�LPDJHQV�IR�
UDP� IHLWDV� HP�XP�0LFURVFySLR�(OHWU{QLFR�GH�7UDQVPLVVmR� �=HLVV�����PRGHOR�(0������2EHUNRFKHQ��
$OHPDQKD���FRP�YROWDJHP�GH�DFHOHUDomR�GH����N9��

3 reSultAdoS e diScuSSÃo

3.1 3UHSDUDomR�GRV�FRQMXJDGRV�Į�OJ�*$

'H�DFRUGR�FRP�RV�UHVXOWDGRV�GD�DQiOLVH�GH�HOHWURIRUHVH��6'6�3$*(��H�WHVWH�23$��GDGRV�QmR�
PRVWUDGRV��SRGH�VH�FRQFOXLU�TXH�KRXYH�IRUPDomR�GH�FRQMXJDGRV�D�SDUWLU�GR�SULPHLUR�GLD�GH�UHDomR�GH�
0DLOODUG��SRUpP�D�H[WHQVmR�GD�UHDomR�IRL� OLPLWDGD��UHVWDQGR�XPD�JUDQGH�TXDQWLGDGH�GH�SURWHtQD�VHP�
UHDJLU�FRP�D�JRPD�DUiELFD�

3.2 (IHLWR�GR�WHPSR�GH�UHDomR�GH�0DLOODUG�VREUH�R�WDPDQKR�GRV�QDQRJpLV

2�WDPDQKR�GDV�QDQRHVWUXWXUDV�IRUPDGDV�IRL�DFRPSDQKDGR�GXUDQWH�XP�SHUtRGR�GH���GLDV��FRP�R�
REMHWLYR�GH�GHWHFWDU�XPD�SRVVtYHO�DOWHUDomR�QR�WDPDQKR�GDV�QDQRHVWUXWXUDV��'H�DFRUGR�FRP�D�FXUYD�WtSL�
FD�GD�FRUUHODomR�GR�HVSDOKDPHQWR�GH�OX]�Į�OD�*$��S+���������GLD�GH�UHDomR�GH�0DLOODUG��FRP�R�DMXVWH�GR�
PRGHOR�FXPXODQWH�TXDGUiWLFR��RV�UHVXOWDGRV�PRVWUDP�TXH�SDUD�Į�OD�*$��KRXYH�XPD�SHTXHQD�YDULDomR�
QR�WDPDQKR�GDV�SDUWtFXODV��2V�QDQRJpLV�REWLGRV�XWLOL]DQGR�DSHQDV�PLVWXUD�GH�Į�OD�H�*$�DSUHVHQWDUDP�
XP�WDPDQKR�OHYHPHQWH�PDLRU�TXH�RV�REWLGRV�SHORV�FRQMXJDGRV��WHPSR�GH�UHDomR�GH�0DLOODUG�GH���GLD���
(QTXDQWR�TXH�RV�FRQMXJDGRV�REWLGRV�SRU���GLDV�GH�UHDomR�GH�0DLOODUG�IRUDP�RV�TXH�DSUHVHQWDUDP�PHQRU�
UDLR�KLGURGLQkPLFR��4XDQWR�DR�tQGLFH�GH�SROLGLVSHUVmR��3',���RV�UHVXOWDGRV�PRVWUDUDP�TXH�DV�QDQRHVWUX�
WXUDV�IRUPDGDV�GH�GLIHUHQWHV�DPRVWUDV��DSUHVHQWDP�XP�YDORU�EDL[R�GH�3',��LQGLFDQGR�D�SUHVHQoD�GH�XP�
VLVWHPD�PRQRGLVSHUVR��2�YDORU�GH�3',�SDUD�DV�SDUWtFXODV�SUHSDUDGDV�FRP�FRQMXJDGRV�REWLGRV�SRU���GLDV�
GH�UHDomR�GH�0DLOODUG��IRL�XP�SRXFR�PDLRU�HP�UHODomR�DRV�GHPDLV�VLVWHPDV��LQGLFDQGR�TXH�DSHVDU�GH�WHU�
WLGR�XPD�GLPLQXLomR�GR�WDPDQKR�GRV�QDQRJpLV��R�VLVWHPD�¿FRX�PHQRV�KRPRJrQHR��2V�UHVXOWDGRV�GH�ȡ�
PRVWUDUDP�TXH�DV�QDQRHVWUXWXUDV�DSUHVHQWDP�XP�IRUPDWR�HVIpULFR��HVIHUD�RFD��RX�OHYHPHQWH�HOLSVRLGDO��
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1mR�KRXYH�YDULDomR�H[SUHVVLYD�QR�WDPDQKR�GRV�QDQRJpLV�GXUDQWH�RV���GLDV�HP�TXH�IRUDP�DYDOLDGRV��
LQGLFDQGR�TXH�WDLV�QDQRJpLV�SHUPDQHFHUDP�HVWiYHLV�QR�SHUtRGR�DQDOLVDGR��2�DTXHFLPHQWR�GD�VROXomR�GH�
SURWHtQD�SXUD�OHYRX�D�IRUPDomR�GH�SUHFLSLWDGR��DJUHJDGRV��H�D�VROXomR�UHVXOWDQWH�DSUHVHQWRX�XPD�PDLRU�
WXUELGH]�

3.3 efeito do pH do meio durante a síntese sobre o tamanho nanogéis

)RL�UHDOL]DGR�XP�HVWXGR�YDULDQGR�R�S+�GDV�VROXo}HV�GH�FRQMXJDGRV�HP�YDORUHV�SUy[LPRV�DR�S,�
GDV�SURWHtQDV��$V�VROXo}HV�GH�Į�OD�H�*$��R�S+�GDV�VROXo}HV�IRL�DMXVWDGR�SDUD�����H�����DQWHV�GD�VHJXQGD�
HWDSD�GH�DTXHFLPHQWR��2V�UHVXOWDGRV�LQGLFDP�TXH�DSHVDU�GR�S+�����WHU�DSUHVHQWDGR�XP�YDORU�GH�UDLR�
KLGURGLQkPLFR�PXLWR�PHQRU�HP�UHODomR�DR�S+������R�3',�IRL�PXLWR�PDLRU�LQGLFDQGR�TXH�DSHVDU�GH�REWHU�
XP�WDPDQKR�PpGLR�GH�SDUWtFXODV�R�VLVWHPD�IRL�PXLWR�PDLV�KHWHURJrQHR�

3.4 0LFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR��0(7�

$V�LPDJHQV�REWLGDV�SRU�0(7��FRQIRUPH�DSUHVHQWDGDV�QD�)LJXUD����PRVWUDP�TXH�DV�QDQRSDUWt�
FXODV�GH�Į�OD��FLUFXODGRV�HP�DPDUHOR��VmR�HVIpULFDV��2�UDLR�KLGURGLQkPLFR�PpGLR�GDV�QDQRSDUWtFXODV�QDV�
LPDJHQV�HP�0(7�p�GH�������QP�SDUD�Į�OD�*$����GLD�GH�UHDomR��S+�������2�WDPDQKR�HQFRQWUDGR�SRU�
PHLR�GH�0(7�p�PHQRU�TXH�R�UDLRKLGURGLQkPLFR�GH�������QP�GHWHUPLQDGRV�SRU�'/6��SDUD�HVWD�QDQR�
estrutura. 

Figura 1. ,PDJHQV�GH�PLFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR�GDV�QDQRHVWUXWXUDV�IRUPDGDV�Į�OD�*$��S+������$��
DXPHQWR�GH������[�H��%��DXPHQWR�GH������[�

$�GLIHUHQoD�GH�WDPDQKR�TXDQGR�VH�FRPSDUD�DV�WpFQLFDV�GH�'/6�H�0(7��HP�SDUWH��GHYH�VH�DR�
IDWR�TXH�DV�DQiOLVHV�GH�'/6�VmR�UHDOL]DGDV�HP�VROXomR��HQTXDQWR�TXH�DV�DQiOLVHV�GH�0(7�PRVWUDP�DV�
LPDJHQV�GDV�QDQRSDUWtFXODV�VHFDV��'H�DFRUGR�FRP�<X�HW�DO���������H�3DQ�HW�DO���������HVWD�GLIHUHQoD�GH�
WDPDQKR�LQGLFD�TXH�DV�QDQRSDUWtFXODV�DSUHVHQWDP�XPD�HVWUXWXUD�GH�EDL[D�GHQVLGDGH�H�DOWD�FDSDFLGDGH�GH�
UHWHQomR�GH�iJXD��'HYLGR�D�HVWDV�FDUDFWHUtVWLFDV�WDLV�DXWRUHV�D�GHQRPLQDUDP�GH�QDQRJpLV��$R�REVHUYDU�
D�)LJXUD����SHUFHEH�VH�TXH�DV�QDQRHVWUXWXUDV�IRUPDGDV�DSUHVHQWDP�XPD�PDLRU�GHQVLGDGH�GH�PROpFXODV�
QD�VXSHUItFLH��FRORUDomR�PDLV�LQWHQVD���(VWD�REVHUYDomR�LQGLFD�TXH�DV�QDQRHVWUXWXUDV�IRUPDGDV�SRGHP�
apresentar uma estrutura oca.

4 concluSÃo

3URWHtQDV�GR�VRUR�H�JRPD�DUiELFD��ELRPROpFXODV�QDWXUDLV��IRUDP�XWLOL]DGDV�SDUD�SUHSDUDU�QDQR�
HVWUXWXUDV�XWLOL]DQGR�XP�PpWRGR�FRQVLGHUDGR�³JUHHQ�SURFHVV´��SRU�VHU�XP�PpWRGR�VLPSOHV�H�IiFLO�H�QmR�
UHTXHU�D�DGLomR�GH�DJHQWHV�TXtPLFRV��'HQWUH�DV�YDULiYHLV�HVWXGDGDV�DV�PHOKRUHV�FRQGLo}HV�SDUD�R�SUHSD�
UR�GDV�QDQRHVWUXWXUDV�IRUDP�FRQFHQWUDomR�GH���PJ�P/���H�S+�����SDUD�VLVWHPDV�FRQWHQGR�Į�OD�H�*$��2�
WHPSR�GH�UHDomR�GH�0DLOODUG�QmR�LQÀXHQFLRX�QR�WDPDQKR�H�D�IRUPD�GDV�QDQRHVWUXWXUDV�IRUPDGDV��2�UDLR�
KLGURGLQkPLFR�GDV�QDQRHVWUXWXUDV�REWLGDV�YDULRX�GH����D�����QP�H�DSUHVHQWDUDP�XP�IRUPDWR�HVIpULFR�
�HVIHUD�RFD���'HYLGR�jV�FDUDFWHUtVWLFDV�DSUHVHQWDGDV�SHODV�QDQRHVWUXWXUDV�IRUPDGDV��SRGH�VH�FRQFOXLU�TXH�
HVWDV�DSUHVHQWDP�XP�SRWHQFLDO�SDUD�VHUHP�XWLOL]DGRV�HP�VLVWHPDV�GH�OLEHUDomR�FRQWURODGD��1R�HQWDQWR��
WRUQD�VH�QHFHVViULR��PDLV�HVWXGRV��FRP�UHODomR�j�FDUDFWHUL]DomR�GHVWDV�QDQRHVWUXWXUDV�

(A) (B)
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AGrAdecimentoS

2V� DXWRUHV� DJUDGHFHP� DR� &RQVHOKR� 1DFLRQDO� GH� 3HVTXLVD� H� 'HVHQYROYLPHQWR� 7HFQROyJLFR�
�&13T��� H� D�)XQGDomR�GH�$PSDUR� j�3HVTXLVD�GR�(VWDGR�GH�0LQDV�*HUDLV� �)$3(0,*��SHOR� VXSRUWH�
¿QDQFHLUR�

reFerÊnciAS

2/,9(5��&��0���0(/721��/��'���67$1/(<��5��$��&UHDWLQJ�SURWHLQV�ZLWK�QRYHO�IXQFWLRQDOLW\�YLD�WKH�
0DLOODUG�UHDFWLRQ��$�UHYLHZ��&ULWLFDO�5HYLHZV�LQ�)RRG�6FLHQFH�DQG�1XWULWLRQ��Y������S�����±����������

0$5.0$1��*���/,91(<��<��'��0DLOODUG�FRQMXJDGR�EDVHG�FRUH�VKHOO�FR�DVVHPEOLHV�IRU�QDQRHQFDS�
VXODWLRQ�RI�K\GURSKRELF�QXWUDFHXWLFDOV�LQ�FOHDU�EHYHUDJHV��)RRG�)XQFWLRQ��Y�����Q�����S����������������

/,��-���<$2��3��6HOI�$VVHPEO\�RI�,EXSURIHQ�DQG�%RYLQH�6HUXP�$OEXPLQ�'H[WUDQ�&RQMXJDGRV�/HDGLQJ�
WR�(IIHFWLYH�/RDGLQJ�RI�WKH�'UXJ�/DQJPXLU��Y������Q������S������������������

/,�� -���<8��6���<$2��3��� -,$1*��0��/\VR]\PHí'H[WUDQ�&RUHí6KHOO�1DQRJHOV�3UHSDUHG�YLD�D�*UHHQ�
3URFHVV��/DQJPXLU��Y������Q�����S������������������

4,��-���<$2��3���+(��)���<8��&���+8$1*��&��1DQRSDUWLFOHV�ZLWK�GH[WUDQ�FKLWRVDQ�VKHOO�DQG�%6$�FKLWR�
VDQ�FRUH�±�'R[RUXELFLQ�ORDGLQJ�DQG�GHOLYHU\��,QWHUQDWLRQDO�-RXUQDO�RI�3KDUPDFHXWLFV��Y�������S�����������
�����

.$72��$��,QGXVWULDO�DSSOLFDWLRQV�RI�0LOODUG�W\SH�SURWHLQ��SRO\VDFFKDULGH�FRQMXJDWHV��)RRG�6FLHQFH�DQ�
7HFKQRORJ\�5HVHDUFK��Y�����S�����±����������

<8��6��<���<$2��3���-,$1*��0���=+$1*��*��=��1DQRJHOV�SUHSDUHG�E\�VHOI�DVVHPEO\�RI�RSSRVLWHO\�FKDU�
JHG�JOREXODU�SURWHLQV��%LRSRO\PHUV��Y������S�����������������

3$1��;���<8��6���<$2�3���6+$2�=��6HOI�DVVHPEO\�RI�ȕ�FDVHLQ�DQG�O\VR]\PH��-RXUQDO�RI�&ROORLG�DQG�
,QWHUIDFH�6FLHQFH��Y�������S�����±����������

SínteSe do bivo4 e APlicAÇÃo nA FotodeGrAdAÇÃo de 
AZul de metileno Sob rAdiAÇÃo viSível

osmando F. lopes1,2��9DJQHU�5��GH�0HQGRQoD2,3, waldir Avansi3, caue ribeiro2

1'HSDUWDPHQWR�GH�4XtPLFD��8)6&DU��2/11$���(PEUDSD�,QVWUXPHQWDomR���'HSDUWDPHQWR�GH�)tVLFD��
8)6&DU�

*osmando_iq@hotmail.com

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
(VWH�WUDEDOKR�HVWXGRX�GLIHUHQWHV�SDUkPHWURV�GD�VtQWHVH�KLGURWpUPLFD�GR�%L92��H�DYDOLRX�D�VXD�H¿FLrQFLD�
IRWRFDWDOtWLFD�QD�IRWRGHJUDGDomR�GR�FRUDQWH�D]XO�GH�PHWLOHQR��$V�VtQWHVHV�UHDOL]DGDV�FRP�R�SUHFXUVRU�
1+�92��FRQGX]LUDP�VHPSUH�D� IRUPDomR�GR�%L92��QD� IDVH�PRQRFOtQLFD�FRP�SURSULHGDGHV� IRWRFDWD�
OtWLFDV�VHPHOKDQWHV�LQGHSHQGHQWH�GDV�FRQGLo}HV�GH�VtQWHVH��-i�D�DPRVWUD�VLQWHWL]DGD�SDUWLQGR�GR�92O� 
QD�FRQGLomR�����GH�+2O2�0�IRUPRX�XPD�KHWHURHVWUXWXUD�WLSR�,,�HQWUH�DV�IDVHV�FULVWDOLQDV�PRQRFOtQLFD�H�
WHWUDJRQDO�GR�%L92���HVWD�DPRVWUD�DSUHVHQWRX�D�PDLRU�H¿FLrQFLD�GH�GHJUDGDomR�GR�$0��GHPRQVWUDQGR�
R�DXPHQWR�QR�WHPSR�GH�YLGD�GRV�SRUWDGRUHV�GH�FDUJD��$VVLP��R�PpWRGR�GH�VtQWHVH�VH�PRVWURX�H¿FD]�QD�
SURGXomR�GH�%L92��SDUD�DSOLFDo}HV�IRWRFDWDOtWLFDV�
Palavras-chave��)RWRFDWiOLVH��7UDWDPHQWR�GH�iJXD��0pWRGR�+LGURWpUPLFR�
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bivo4 SYntHeSiS And APPlicAtion in blue metHYlene PHotodeGrAdAtion 
under viSible liGHt
Abstract
7KLV�ZRUN�GHVFULEHV�WKH�VWXG\�RI�GLIIHUHQW�SDUDPHWHUV�RI�WKH�%L92� hydrothermal synthesis and evalua�
WLRQ�RI�WKHLU�SKRWRFDWDO\WLF�HI¿FLHQF\�LQ�WKH�SKRWRGHJUDGDWLRQ�RI�PHWK\OHQH�EOXH��0%��G\H��7KH�V\QWKH�
VHV�SHUIRUPHG�ZLWK�WKH�SUHFXUVRU�1+�92��DOZD\V�OHG�WKH�IRUPDWLRQ�RI�%L92��LQ�PRQRFOLQLF�SKDVH�ZLWK�
VLPLODU�SKRWRFDWDO\WLF�SURSHUWLHV�LQGHSHQGHQW�RI�WKH�V\QWKHVLV�FRQGLWLRQV��7KH�V\QWKHVLV�XVLQJ�WKH�92O� 
ZLWK�����+2O2�0�IRUPHG�D�KHWHURVWUXFWXUH� W\SH� ,,�EHWZHHQ� WKH� WHWUDJRQDO�DQG�PRQRFOLQLF�FU\VWDOOLQH�
SKDVHV�RI�%L92���WKLV�VDPSOH�VKRZHG�D�KLJKHU�0%�SKRWRGHJUDGDWLRQ��HYLGHQFLQJ�WKH�LQFUHDVHG�OLIHWLPH�
RI�WKH�FKDUJH�FDUULHUV��7KXV��WKH�V\QWKHVLV�PHWKRG�LV�HIIHFWLYH�LQ�WKH�SURGXFWLRQ�RI�%L92��IRU�SKRWRFDW�
alytic applications.
Keywords: 3KRWRFDWDO\VLV��:DWHU�WUHDWPHQW��+\GURWKHUPDO�0HWKRG

1 introduÇÃo

O TiO2�H�R�=Q2�GHYLGR�DV�VXDV�SURSULHGDGHV�HVWUXWXUDLV�H�HOHWU{QLFDV�VmR�RV�SULQFLSDLV�VHPL�
FRQGXWRUHV�HVWXGDGRV�SDUD�DSOLFDo}HV�IRWRFDWDOtWLFDV��1R�HQWDQWR�GHYLGR�DRV�VHXV�DOWRV�YDORUHV�GH�EDQG�
JDS������H�����H9�UHVSHFWLYDPHQWH��HVWHV�Vy�SRGHP�VHU�DWLYDGRV�VRE�UDGLDomR�XOWUDYLROHWD��TXH�UHSUHVHQWD�
PHQRV�GH����GD�HQHUJLD�SURYHQLHQWH�GD�OX]�VRODU�TXH�DOFDQoD�D�VXSHUItFLH�GD�WHUUD��R�TXH�LQYLDELOL]D�D�
XWLOL]DomR�GHVWHV�VRE�UDGLDomR�VRODU��3DUN���������1HVWH�VHQWLGR��PDWHULDLV�VHPLFRQGXWRUHV�TXH�SRGHP�
VHU�DWLYDGRV�VRE�UDGLDomR�YLVtYHO�GHVSHUWDP�JUDQGH�LQWHUHVVH�FLHQWL¿FR��FRPR�SRU�H[HPSOR�R�YDQDGDWR�GH�
ELVPXWR��%L92���TXH�SRVVXL�YDORU�GH�EDQG�JDS�YDULDQGR�GH�����±�����H9�GHSHQGHQGR�GD�IDVH�FULVWDOLQD��
1R�HQWDQWR��R�%L92��DSUHVHQWD�EDL[D�IRWRDWLYLGDGH��SULQFLSDOPHQWH�GHYLGR�D�UiSLGD�UHFRPELQDomR�GR�
SDU�HOpWURQ�EXUDFR��3DUD�FRQWRUQDU�HVWH�SUREOHPD�DOJXPDV�HVWUDWpJLDV�WHP�VLGR�DGRWDGDV�FRP�R�LQWXLWR�
GH�DXPHQWDU�R�WHPSR�GH�YLGD�GRV�SRUWDGRUHV�GH�FDUJD��FRPR�D�IRUPDomR�GH�KHWHURMXQo}HV�HQWUH�%L92� 
H�PHWDLV�WDLV�FRPR��$J��$X��H�3W��H�WDPEpP�SHOD�IRUPDomR�GH�KHWHURHVWUXWXUDV�GR�WLSR�,,�HQWUH�%L92� e 
RXWURV�VHPLFRQGXWRUHV�FRPR�R�%L92��:2���3DUN��������

$�VtQWHVH�GH�KHWHURHVWUXWXUDV�XVDQGR�%L92��SDUD�DSOLFDo}HV�HP�IRWRFDWiOLVH�DWp�R�SUHVHQWH�PR�
PHQWR�IRL�SRXFR�HVWXGDGR��(QWmR��HVWH�WUDEDOKR�WHP�FRPR�REMHWLYR�R�HVWXGR�GH�GRLV�GRV�SULQFLSDLV�GHVD�
¿RV�HP�IRWRFDWiOLVH�KHWHURJrQHD��DWLYDomR�GR�VHPLFRQGXWRU�VRE�UDGLDomR�YLVtYHO�H�R�HVWXGR�GR�DXPHQWR�
GR�WHPSR�GH�YLGD�GRV�SRUWDGRUHV�GH�FDUJD�SHOD�IRUPDomR�GH�KHWHURHVWUXWXUDV�GR�%L92��HP�GLIHUHQWHV�
IDVHV�SHOR�PpWRGR�KLGURWpUPLFR�

2 mAteriAiS e métodoS

$V�DPRVWUDV�GH�%L92��IRUDP�VLQWHWL]DGDV�SHOR�PpWRGR�GH�R[LGDomR�SRU�SHUy[LGR�FRP�FULVWDOL]D�
omR�VRE�FRQGLo}HV�KLGURWpUPLFDV��$�VtQWHVH�FRQVLVWLX�QD�DGLomR�GRV�SUHFXUVRUHV�%L�12�����+22�H�1+�92� 
QD�SURSRUomR�PRODU�GH�%L�9�����D�XPD�VROXomR�DTXRVD�FRP�SHUy[LGR�GH�KLGURJrQLR��+2O2��QD�UHODomR�³PRO�
GH�PHWDO´��%L�9����+2O2�������1R�SHUR[R�FRPSOH[R�IRUPDGR�IRL�UHDOL]DGR�WUDWDPHQWR�KLGURWpUPLFR�HP�
GLIHUHQWHV�WHPSHUDWXUDV�����D������&��FRP�WHPSR�¿[DGR�HP����K��e�VDELGR�TXH�D�QDWXUH]D�GR�SUHFXUVRU�
PHWiOLFR�SRGH�LQWHUIHULU�GLUHWDPHQWH�QDV�SURSULHGDGHV�¿QDLV�GR�PDWHULDO�REWLGR��SRUWDQWR�IRL�HVWXGDGR�D�VtQ�
WHVH�GR�%L92��VXEVWLWXLQGR�R�1+�92��SHOR�92O���IRL�HVWXGDGR�GLIHUHQWHV�SURSRUo}HV�GR�+2O2������H��������
FRP�D�WHPSHUDWXUD�H�WHPSR�GH�VtQWHVH�KLGURWpUPLFD�¿[DGR�HP������&�H���K��UHVSHFWLYDPHQWH��$V�DPRVWUDV�
VLQWHWL]DGDV�IRUDP�FDUDFWHUL]DGDV�SRU�GLIUDomR�GH�UDLRV�;�SDUD�LGHQWL¿FDU�DV�IDVHV�REWLGDV��HVSHFWURVFRSLD�
5DPDQ�SDUD�HVWXGDU�D�HVWUXWXUD�D�FXUWR�DOFDQFH�H�0LFURVFRSLD�(OHWU{QLFD�GH�9DUUHGXUD��0(9�)(*��SDUD�
YHUL¿FDU�D�PRUIRORJLD��WDPDQKR�H�GLVWULEXLomR�GH�SDUWtFXOD�GRV�PDWHULDLV�REWLGRV��$�IRWRDWLYLGDGH�GRV�PD�
WHULDLV�IRUDP�WHVWDGDV�IUHQWH�j�GHJUDGDomR�GR�FRUDQWH�$0��XPD�VROXomR�GH���RX����PJ�/�GH�$0��IRL�WUDQV�
IHULGD�D�XP�EpTXHU�FRQWHQGR�R�PDWHULDO�QD�FRQFHQWUDomR�GH�����PJ�/�H�FRORFDGR�QR�IRWRUHDWRU�GH�EDQFDGD�
FRP�OkPSDGD�YLVtYHO��$�FLQpWLFD�GH�IRWRGHJUDGDomR�IRL�DFRPSDQKDGD�SRU�HVSHFWURIRWRPHWULD�89�9LV

3 reSultAdoS e diScuSSÃo

3.1 (VWXGR�GD�LQÀXrQFLD�GR�WHPSR�QD�VtQWHVH�GR�%L924

2�'5;�GDV�DPRVWUDV�REWLGDV�HP�IXQomR�GD�WHPSHUDWXUD�GH�VtQWHVH�VmR�DSUHVHQWDGDV�QD�)LJX�
UD��D��&RPR�SRGH�VHU�REVHUYDGR��WRGRV�RV�SDGU}HV�GH�GLIUDomR�GH�UDLRV�;�IRUDP�LQGH[DGRV�DR�%L92� 
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QD�IDVH�FULVWDOLQD�PRQRFOtQLFD��-&3'6�Q����������������LVWR�LQGLFD�TXH�R�DXPHQWR�QD�WHPSHUDWXUD�GH�
VtQWHVH�QmR�FRQGX]LX�D�XPD�PXGDQoD�QD�IDVH�FULVWDOLQD�GDV�DPRVWUDV��1D�)LJXUD��E�VmR�DSUHVHQWDGRV�RV�
HVSHFWURV�5DPDQ�GDV�DPRVWUDV��7RGDV�DV�DPRVWUDV�DSUHVHQWDUDP�XP�HVSHFWUR�FRP�R�PHVPR�SHU¿O��FRP�
TXDWUR�SULQFLSDLV�GHVORFDPHQWRV�5DPDQ�HP����������������H�����FP����RV�GRLV�SULPHLURV�GHVORFDPHQWRV�
5DPDQ�SRGHP�VHU�UHODFLRQDGR�DR�PRGR�H[WHUQR�GR�%L92���HQTXDQWR�R�WHUFHLUR�SRGH�VHU�UHODFLRQDGR�DR�
PRGR�YLEUDFLRQDO�GH�GHIRUPDomR�DVVLPpWULFD�H�R�TXDUWR�DR�PRGR�YLEUDFLRQDO�GH�HVWLUDPHQWR�VLPpWULFR�
DPERV�GD�OLJDomR�9�2�QR�WHWUDHGUR�GH�92�

��.
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Figura 1. D��GLIUDWRJUDPDV�GH�UDLRV�;�H�E��HVSHFWUR�5DPDQ�GDV�DPRVWUDV�GH�%L92��VLQWHWL]DGDV�HP�IXQomR�GD�
temperatura.

$V�LPDJHQV�GH�0(9�SDUD�DV�DPRVWUDV�VLQWHWL]DGDV�HP�IXQomR�GD�WHPSHUDWXUD�VmR�DSUHVHQWDGDV�
QD�)LJXUD��D��3RGH�VHU�REVHUYDGD�XPD�PXGDQoD�QD�PRUIRORJLD�GDV�DPRVWUDV�FRP�R�DXPHQWR�QD�WHPSHUD�
WXUD�GH�VtQWHVH��D�DPRVWUD�VLQWHWL]DGD�D�����&�DSUHVHQWRX�SDUWtFXODV�FRP�GLIHUHQWHV�WDPDQKRV�H�IRUPDV�HP�
HVFDOD�PLFURPpWULFD��1D�DPRVWUD�VLQWHWL]DGD�D������&�SRGH�VHU�REVHUYDGR�XPD�GLPLQXLomR�QR�WDPDQKR�
GH�SDUWtFXOD�H�XPD�PRUIRORJLD�VHPHOKDQWH�D�³¿VK�ERQH´��$V�DPRVWUDV�VLQWHWL]DGDV�D�SDUWLU�GH������&�
DSUHVHQWDUDP�XP�PHQRU�WDPDQKR�GH�SDUWtFXOD�TXDQGR�FRPSDUDGR�jV�DPRVWUDV�VLQWHWL]DGDV�HP�PHQRUHV�
temperaturas.
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Figura 2. D��,PDJHQV�GH�0(9�GDV�DPRVWUDV�GH�%L92��VLQWHWL]DGDV�HP�IXQomR�GD�WHPSHUDWXUD�GH�VtQWHVH��E��
&LQpWLFD�GH�IRWRGHJUDGDomR�GR�FRUDQWH�$0����PJ�/��FDWDOLVDGR�SHODV�DPRVWUDV�GH�%L92��VLQWHWL]DGRV�HP�IXQomR�

da temperatura de síntese.

1D�)LJXUD��E�p�DSUHVHQWDGR�D�FLQpWLFD�GH�IRWRGHJUDGDomR�GR�FRUDQWH�$0�FDWDOLVDGR�SHODV�DPRV�
WUDV�GH�%L92��VLQWHWL]DGDV�HP�IXQomR�GD� WHPSHUDWXUD�GH�VtQWHVH�VRE� UDGLDomR�YLVtYHO��)RL�DYDOLDGD�D�
GHJUDGDomR�GR�$0�VHP�D�SUHVHQoD�GH� IRWRFDWDOLVDGRU� DOJXP�� H�YHUL¿FDGR�XPD�GHJUDGDomR�GH� DSUR�
[LPDGDPHQWH����GR�FRUDQWH�DSyV��K�VRE�UDGLDomR�YLVtYHO��7RGDV�DV�DPRVWUDV�GH�%L92� apresentaram 
DSUR[LPDGDPHQWH�GH����D�����GH�GHJUDGDomR�GR�FRUDQWH�$0�DSyV��K�VRE�UDGLDomR�YLVtYHO��$�UHDOL]DomR�
GD�WULSOLFDWD�GHVWH�H[SHULPHQWR��GHPRQVWURX�TXH�QmR�KRXYH�GLIHUHQoDV�VLJQL¿FDWLYDV�QD�IRWRDWLYLGDGH�GDV�
DPRVWUDV�GH�%L92���,VWR�Mi�HUD�HVSHUDGR��Mi�TXH�DV�PXGDQoDV�QD�WHPSHUDWXUD�GH�VtQWHVH�QmR�FRQGX]LUDP�
D�GLIHUHQoDV�VLJQL¿FDWLYDV�QDV�SURSULHGDGHV�GDV�DPRVWUDV��FRPR�REVHUYDGR�SRU�'5;��HVSHFWURVFRSLD�
5DPDQ�H�0(9�
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3.2 (VWXGR�GD�LQÀXrQFLD�GR�SUHFXUVRU�H�FRQFHQWUDomR�GH�+2o2 na síntese do bivo4

2�'5;�GDV�DPRVWUDV�VLQWHWL]DGDV�FRP�GLIHUHQWHV�SUHFXUVRUHV�H�FRQFHQWUDomR�GH�+2O2 são apre�
VHQWDGRV�QD�)LJXUD��D�H�E��3DUD�DV�DPRVWUDV�REWLGDV�FRP�R�SUHFXUVRU�1+�92��IRL�IRUPDGR�R�%L92� na 
IDVH�PRQRFOtQLFD��LQGHSHQGHQWH�GD�FRQFHQWUDomR�GH�+2O2�XWLOL]DGD��)LJXUD��E���3DUD�DV�DPRVWUDV�REWLGDV�
FRP�R�SUHFXUVRU�92O���FRP�+2O2�QD�UHODomR�GH������PROV�GH�PHWDO��IRL�IRUPDGR�R�%L92��QD�IDVH�PRQR�
FOtQLFD��1R�HQWDQWR��TXDQGR�D�FRQFHQWUDomR�GH�+2O2�IRL�UHGX]LGD�D�PHWDGH��+2O2�0��������IRL�IRUPDGR�
XPD�PLVWXUD�GDV�IDVHV�PRQRFOtQLFD�H�WHWUDJRQDO��FRP�PDLRU�TXDQWLGDGH�GD�IDVH�WHWUDJRQDO��2V�GLIHUHQWHV�
UHVXOWDGRV�QDV�IDVHV�FULVWDOLQDV�REWLGDV�FRP�RV�GLIHUHQWHV�SUHFXUVRUHV�QD�FRQFHQWUDomR�GH�����GH�+2O2�0��
SRGH�HVWi�GLUHWDPHQWH�UHODFLRQDGR�DV�GLIHUHQWHV�VROXELOLGDGHV�GRV�SUHFXUVRUHV�HP�iJXD��Mi�TXH�R�1+�92� 
p�VRO~YHO�HP�DJXD�H�R�92O��GHSHQGH�GR�+2O2�SDUD�VHU�VROXELOL]DGR��1D�)LJXUD��D�H�E�p�DSUHVHQWDGR�D�
FLQpWLFD�GH�IRWRGHJUDGDomR�GR�FRUDQWH�$0�FDWDOLVDGR�SHODV�DPRVWUDV�GH�%L92��VRE�UDGLDomR�YLVtYHO��3DUD�
YHUL¿FDU�HIHLWRV�GH�DGVRUomR�R�$0�IRL�FRORFDGR�HP�FRQWDWR�FRP�R�IRWRFDWDOLVDGRU�SRU���K�VHP�UDGLDomR��
H�SRGH�VHU�REVHUYDGR�TXH�DV�DPRVWUDV�VLQWHWL]DGDV�FRP�R�SUHFXUVRU�92O��DSUHVHQWDUDP�DOWD�DGVRUomR�GR�
$0��Mi�SDUD�DV�DPRVWUDV�VLQWHWL]DGDV�FRP�R�SUHFXUVRU�1+�92��D�DGVRUomR�IRL�LQVLJQL¿FDQWH��)LJXUD��D���
1D�)LJXUD��E�IRL�UHWLUDGR�R�HIHLWR�GH�DGVRUomR��GH�PRGR�D�DYDOLDU�VRPHQWH�D�IRWRFDWiOLVH��H�PDLV�XPD�YH]�
SRGH�VHU�YHUL¿FDGR�D�PDLRU�H¿FLrQFLD�GDV�DPRVWUDV�VLQWHWL]DGDV�FRP�R�SUHFXUVRU�92O���HVSHFLDOPHQWH�D�
DPRVWUD�TXH�DSUHVHQWRX�D�PLVWXUD�GH�IDVHV�PRQRFOtQLFD�H�WHWUDJRQDO��/HYDQGR�HP�FRQWD�D�SRVLomR�UHODWL�
YD�GDV�EDQGDV�GH�YDOrQFLD�H�FRQGXomR�H�D�HQHUJLD�GH�)HUPL�GHVVDV�IDVHV�GR�%L92���SRGH�VH�D¿UPDU�TXH�
D�PDLRU�DWLYLGDGH�GHVVD�DPRVWUD�HVWi�GLUHWDPHQWH�UHODFLRQDGD�D�IRUPDomR�GH�XPD�KHWHURHVWUXWXUD�GR�WLSR�
,,�TXH�FRQGX]LX�D�PDLRU�WHPSR�GH�YLGD�GRV�SRUWDGRUHV�GH�FDUJD�FRPSDUDGR�DV�RXWUDV�DPRVWUDV�
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Figura 3. '5;�GDV�DPRVWUDV�VLQWHWL]DGDV�FRP�GLIHUHQWHV�FRQFHQWUDo}HV�GH�+2O2�H�GLIHUHQWHV�SUHFXUVRUHV�GH�
YDQiGLR��D��92O��H�E��1+�92�.
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Figura 4. $��(¿FLrQFLD�GH�UHPRomR�GR�$0�����PJ�/��VHP�H�FRP�UDGLDomR�E��&LQpWLFD�GH�IRWRGHJUDGDomR�GR�
FRUDQWH�$0�FDWDOLVDGR�SHODV�DPRVWUDV�VLQWHWL]DGDV�FRP�GLIHUHQWHV�SUHFXUVRUHV��SDGURQL]DGR�
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4 concluSÃo

2V�UHVXOWDGRV�DSUHVHQWDGRV�H�GLVFXWLGRV�QR�SUHVHQWH�WUDEDOKR�LQGLFDP�TXH�R�PpWRGR�GH�VtQWHVH�
DTXL�HPSUHJDGR�IRL�H¿FLHQWH�QD�REWHQomR�GD�IDVH�PRQRFOtQLFD�GR�%L92� e de heteroestruturas entre as 
IDVHV�PRQRFOtQLFD� H� WHWUDJRQDO�GR�%L92���2V�PDWHULDLV� REWLGRV� DSUHVHQWDUDP�H[FHOHQWH�GHVHPSHQKR�
IRWRFDWDOtWLFR�QD�GHJUDGDomR�GR�D]XO�GH�PHWLOHQR�VRE�UDGLDomR�YLVtYHO��3RUWDQWR��IRL�GHPRQVWUDGR�R�SR�
WHQFLDO�GH�DSOLFDomR�GR�%L92��VRE�UDGLDomR�VRODU�
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resumo
2�REMHWLYR�GHVWH�WUDEDOKR�IRL�GHVFUHYHU�XP�PpWRGR�GH�SUHSDUDomR�GH�XP�FRPSyVLWR�EDVHDGR�HP�
DPLGR�H�39$�FRP�R�DJURTXtPLFR�DPHWULQD�LQFRUSRUDGR��SDUD�D�OLEHUDomR�FRQWURODGD�GHVWH�KHUEL�
FLGD��)LOPHV�GH�DPLGR��39$�H�DPHWULQD��REWLGRV�SRU�FDVWLQJ��IRUDP�FDUDFWHUL]DGRV�HP�UHODomR�j�
PRUIRORJLD��0(9���SURSULHGDGHV� WpUPLFDV��'6&��H�GH�ELRGHJUDGDomR��2V�UHVXOWDGRV�PRVWUDUDP�
TXH��DPHWULQD�DSUHVHQWRX�LQWHUDomR�FRP�39$�H�FRP�JHO�GH�DPLGR��2�FRPSyVLWR�DSUHVHQWRX�PHQRU�HYR�
OXomR�GH�&22 TXH�DV�GHPDLV�DPRVWUDV��SRUpP�QmR�LQLELX�QD�HYROXomR�GH�&22 GR�VROR��LQGLFDQGR�TXH�R�
DJURTXtPLFR�HQFDSVXODGR�QmR�DSUHVHQWRX�HIHLWR�GH�WR[LFLGDGH�QR�SHUtRGR�DYDOLDGR�
Palavras-chave��$PLGR��3ROL�iOFRRO�YLQtOLFR���$PHWULQD��/LEHUDomR�FRQWURODGD��(QFDSVXODPHQWR��

develoPment oF biodeGrAdAble mAtrix For tHe Herbicide encAPSulA-
tion.
Abstract
7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHVFULEH�D�PHWKRG�RI�SUHSDULQJ�D�FRPSRVLWH�EDVHG�RQ�VWDUFK�DQG�39$�DQG���
HQFDSVXODWHG�DPHWU\QH�IRU�WKH�UHOHDVH�FRQWURO�RI�WKLV�KHUELFLGH��)LOPV�RI�VWDUFK�DQG�39$�DQG�DPHWU\QH�
REWDLQHG�E\�FDVWLQJ��ZHUH�FKDUDFWHUL]HG�E\�PRUSKRORJ\��6(0���WKHUPDO�SURSHUWLHV��'6&��DQG�ELRGHJ�
UDGDWLRQ��7KH�UHVXOWV�VKRZHG�WKDW�DPHWU\QH�VKRZHG�LQWHUDFWLRQ�ZLWK�39$�DQG�VWDUFK�JHO��7KH�FRPSRVLWH�
SUHVHQWHG�ORZHU�&22�HYROXWLRQ�WKDQ�WKH�RWKHU�VDPSOHV��EXW�GLG�QRW�LQKLELW�WKH�&22�HYROXWLRQ�RI�WKH�VRLO��
LQGLFDWLQJ�WKDW�WKH�HQFDSVXODWHG�DJURFKHPLFDO�QR�SUHVHQWHG�WR[LFLW\�HIIHFW�GXULQJ�WKH�WLPH�RI�WKH�H[SHU�
iment.
Keywords: 6WDUFK��3RO\�YLQ\O�DOFRKRO���$PHWU\QH��&RQWURO�UHOHDVH��HQFDSVXODWHG�

1 introduÇÃo

$�XWLOL]DomR�GH�GHIHQVLYRV�DJUtFRODV�p�XPD�SUiWLFD�LQGLVSHQViYHO�QD�SURWHomR�GRV�FXOWLYRV�
FRQWUD�DV�SUDJDV��GRHQoDV�H�SODQWDV�GDQLQKDV��*KLQL�HW�DO����������1R�HQWDQWR��IUDo}HV�VmR�SHUGLGDV�
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QR�DPELHQWH��WRUQDQGR�XP�GRV�SROXHQWHV�RUJkQLFRV�PDLV�HQFRQWUDGRV�QDV�iJXDV�H�QR�VROR��1HVWH�FHQiULR��
D�OLEHUDomR�FRQWURODGD�GH�GHIHQVLYRV�DJUtFRODV�p�XPD�HVWUDWpJLD�IXQGDPHQWDO�SDUD�UHGX]LU�D�TXDQWLGDGH�
DSOLFDGD�GHVWHV�SURGXWRV��UHGX]LQGR�R�VHX�LPSDFWR�VREUH�R�PHLR�DPELHQWH�H�j�VD~GH�KXPDQD��DOpP�GH�
GLPLQXLU�RV�FXVWRV�DJUtFRODV��)HUQiQGH]�3pUH]�HW�DO���������6RSHQm�HW�DO�����������

2�HQFDSVXODPHQWR�GH�SHVWLFLGDV�HP�DPLGR�WHP�UHFHELGR�JUDQGH�DWHQomR��SRLV�R�DPLGR�p uma 
PDWpULD�SULPD�GH�EDL[R�FXVWR��QmR�Wy[LFD��H�GH�IiFLO�PDQLSXODomR�H�ELRGHJUDGiYHO��:LHQKROG�	�*LVK��
������&DUU�HW�DO���������(O�%DKUL�	�7DYHUGHW���������4XDQGR�VH�XWLOL]D�GHVWHV�VLVWHPDV��D�OLEHUDomR�p�
UHJXODGD�HVVHQFLDOPHQWH�SRU�SURFHVVRV�GH�GLIXVmR��TXDQGR�RV�JUkQXORV�GH�DPLGR�VmR�DSOLFDGRV�DR�VROR��
DEVRUYHP�iJXD�H�LQFKDP��H�R�FRPSRVWR�HQFDSVXODGR�GLIXQGH�SDUD�IRUD�GD�PDWUL]�GH�DPLGR��:LHQKROG�	�
*LVK���������2XWUR�DVSHFWR�LPSRUWDQWH�TXH�GHYH�VHU�FRQVLGHUDGR�p�D�DILQLGDGH�HQWUH�D�PDWUL]�SROL�
PpULFD�H�R�VHX�LQWHUFDODQWH��FRPR�p�R�FDVR�HQWUH�R�DPLGR�H�PXLWRV�SHVWLFLGDV��2�DPLGR�KLGURItOLFR�H�R�
SHVWLFLGD�SRXFR�VRO~YHO�HP�iJXD�QmR�VH�LQWHUDJHP�TXLPLFDPHQWH�WRUQDQGR�D�HQFDSVXODomR�GH�SHVWLFLGDV�
QHVWD�PDWUL]�XPD�HVWUDWpJLD�XP�SRXFR�LQDGHTXDGD���8PD�WHQWDWLYD�SDUD�PLQLPL]DU�HVWDV�TXHVW}HV�VHULD�D�
PRGL¿FDomR�GD�PDWUL]�SUHSDUDQGR�XP�FRPSyVLWR��SRU�H[HPSOR��GH�DPLGR�FRP�39$��RQGH�39$�p�LQVH�
ULGD�QD�PDWUL]�SRU�OLJDo}HV�GH�YDQ�GHU�:DDOV��e�XP�GRV�SRXFRV�SROtPHURV�VHPLFULVWDOLQRV�VRO~YHLV�HP�
iJXD�FRP�ERDV�FDUDFWHUtVWLFDV�LQWHUIDFLDLV�H�PHFkQLFDV��

'HVWD�IRUPD��R�REMHWLYR�SULQFLSDO�GHVWH�WUDEDOKR�IRL�GHVFUHYHU�XP�PpWRGR�GH�SUHSDUDomR�
GH�XP�FRPSyVLWR�EDVHDGR�HP�DPLGR�H�39$�FRP�R�DJURTXtPLFR�DPHWULQD�LQFRUSRUDGR��SDUD�D�OLEH�
UDomR�FRQWURODGD�GHVWH�KHUELFLGD�

2 mAteriAiS e métodoS

2.1 materiais

2�DPLGR�GH�PLOKR�XWLOL]DGR�IRL�R�$PLGH[������������DPLORSHFWLQD�H�����DPLORVH��JHQWLOPHQ�
WH�FHGLGR�SHOD�&RUQ�3URGXFWV��2�SROL�iOFRRO�YLQtOLFR��XWLOL]DGR�IRL�GD�6LJPD�$OGULFK������KLGUROLVDGR��
$�DPHWULQD�HPSUHJDGD�IRL�0HWULPH[�����6&��GD�1XIDUP�

2.2 métodos

3UHSDUDomR�GRV�KRPRSROtPHURV��EOHQGDV�H�FRPSyVLWRV��2V�¿OPHV�GH�DPLGR�FRP�JOLFHURO�IRUDP�
REWLGRV�PLVWXUDQGR����HP�PDVVD�GH�DPLGR�H�����HP�PDVVD�GH�JOLFHURO��HP����P/�GH�iJXD���$�JHOD�
WLQL]DomR�RFRUUHX�D����&��GXUDQWH����PLQXWRV��$SyV��R�DPLGR�JHODWLQL]DGR�IRL�DGLFLRQDGR�HP�SODFD�GH�
SROLSURSLOHQR��33��H�VHFRV�HP�HVWXID�FRP�FLUFXODomR�GH�DU�D����&��2V�¿OPHV�GH�39$�IRUDP�REWLGRV�SRU�
FDVWLQJ��GLVVROYHQGR����HP�PDVVD�GH�39$������KLGUROLVDGR��HP����P/�GH�iJXD��$�VROXELOL]DomR�RFRU�
UHX�D����&��GXUDQWH����PLQXWRV��FRP�DJLWDomR�PHFkQLFD��$�EOHQGD�GH�39$�DPLGR�������IRL�REWLGD�SRU�
FDVWLQJ��PLVWXUDQGR�39$��DPLGR�H�JOLFHURO������HP�PDVVD��HP�iJXD��FRP�DJLWDomR�PHFkQLFD��D����&��
GXUDQWH����PLQXWRV��SDUD�D�JHODWLQL]DomR�GR�DPLGR�H�VROXELOL]DomR�GR�39$��$SyV��GLPLQXLX�D�WHPSHUD�
WXUD�SDUD����&��SDUD�R�DFUpVFLPR�GD�DPHWULQD��$�DJLWDomR�IRL�PDQWLGD�SRU����PLQXWRV��SDUD�D�FRPSOHWD�
KRPRJHQHL]DomR�GD�DPHWULQD��7RGRV�RV�¿OPHV�IRUDP�DGLFLRQDGRV�HP�SODFDV�GH�33�H�VHFRV�HP�HVWXID�FRP�
FLUFXODomR�GH�DU�D����&�

2.2.1 0LFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9�

$V�PRUIRORJLDV�GDV�VXSHUItFLHV�GRV�SROtPHURV�H�FRPSyVLWRV� IRUDP�LQYHVWLJDGDV�XWLOL]DQGR�VH�
XP�PLFURVFySLR�-(2/�PLFURVFRSH��PRGHOR�-60�������j���N9��2V�¿OPHV�IRUDP�DFRSODGRV�QRV�SRUWD�D�
PRVWUDV��³VWXEV´��H�UHFREHUWRV�FRP�XPD�¿QD�FDPDGD�GH�RXUR�������QP���HP�XPD�FDPHUD�%$/7(&�0HG��
����

2.2.2 calorimetria exploratória diferencial (dSc)

2V�SROtPHURV�H�FRPSyVLWRV�IRUDP�DQDOLVDGRV�SRU�&DORULPHWULD�([SORUDWyULD�'LIHUHQFLDO��'6&���
HP�HTXLSDPHQWR�'6&�4�����7$�,QVWUXPHQWV���QDV�VHJXLQWHV�FRQGLo}HV��PDVVD������(���PJ��QLWURJrQLR��
ÀX[R����P/�PLQ����HP�GXDV�HWDSDV�FRQVHFXWLYDV�����,VRWHUPD�GH���PLQ�D�����&�����$TXHFLPHQWR��UD]mR�
GH�DTXHFLPHQWR����&�PLQ����GH�����&�D�����&�
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2.2.3 %LRGHJUDGDomR

$V�DPRVWUDV�IRUDP�UHFRUWDGDV��[��FP��&HUFD�GH�����J�GH�FDGD�DPRVWUD�IRL�PLVWXUDGD�FRP����J�GH�
VROR�FRPSRVWDGR�VRE�FRQGLo}HV�DGHTXDGDV�HP�XPD�FkPDUD�GH�UHDomR�����P/��UHVSLU{PHWUR�GH�%DUWKD�H�
3UDPHU��D����&�GXUDQWH�DSUR[LPDGDPHQWH����GLDV��2�DF~PXOR�GH�&22�IRL�PRQLWRUDGR��VHJXLQGR�D�QRU�
PD�WpFQLFD�EUDVLOHLUD��$%17�1%5���������������&DGD�DPRVWUD�IRL�DQDOLVDGD�HP�WULSOLFDWD��FRPSDUDGDV�
FRP�DPRVWUDV�FRQWHQGR�VRPHQWH�VROR�FRPSRVWDGR��FRQWUROH���2�GLy[LGR�GH�FDUERQR�SURGX]LGR�GXUDQWH�
D�DWLYLGDGH�PLFURELDQD�IRL�FDSWXUDGR�SRU�XPD�VROXomR������0�GH�.2+�����P/���ORFDOL]DGD�DR�ODGR�GRV�
UHVSLU{PHWUR��3HULRGLFDPHQWH��D�VROXomR�GH�.2+�IRL�UHPRYLGD�H��PO�GH�VROXomR�����0�GH�FORUHWR�GH�
EiULR�IRL�DGLFLRQDGR��2�.2+�UHVLGXDO�IRL�WLWXODGR�FRP�VROXomR�GH�+&O�����0�SDGURQL]DGD��

3 reSultAdoS e diScuSSÃo

$V�PLFURJUD¿DV�GH�¿OPHV�GH�DPLGR��39$�H�EOHQGD�GH�39$�DPLGR�������FRP�H�VHP�DPHWULQD�VmR�
DSUHVHQWDGDV�QD�)LJXUD����2EVHUYD�VH�TXH�R�¿OPH�GH�JHO�GH�DPLGR�DSUHVHQWRX�JUkQXORV�GH�DPLGR�QmR�
GHVHVWUXWXUDGRV��9HUL¿FD�VH�QR�¿OPH�GH�DPLGR�FRP�DPHWULQD�TXH�R�DJURTXtPLFR�HQFRQWUD�VH�XQLIRUPH�
PHQWH�UHFREHUWR�SHOD�PDWUL]�GH�DPLGR��$�PLFURVFRSLD�GR�¿OPH�GH�39$�DSUHVHQWRX�VH�FRP�FHUWD�UXJRVL�
GDGH��GHYLGR�EROKDV�TXH�VH�IRUPDUDP�QD�REWHQomR�GR�¿OPH��2�¿OPH�GH�39$�FRP�DPHWULQD�DSUHVHQWRX�VH�
XQLIRUPH��LQGLFDQGR�ERD�GLVSHUVmR�GR�DJURTXtPLFR�QD�PDWUL]�SROLPpULFD�

9HUL¿FD�VH�TXH�D�EOHQGD�GH�39$�DPLGR� ������DSUHVHQWRX�VHSDUDomR�GH� IDVHV�� LQGLFDQGR�FHUWD�
LPLVFLELOLGDGH�HQWUH�RV�FRPSRQHQWHV�GD�EOHQGD��$�DPHWULQD�QD�EOHQGD�DSUHVHQWRX�GLVSHUVmR�XQLIRUPH��
SRUpP��p�SRVVtYHO�YHUL¿FDU�FULVWDLV�GD�DPHWULQD�QD�EOHQGD��$OJXQV�SRURV�VmR�REVHUYDGRV��LQGLFDQGR�TXH�
D�DPHWULQD�SRGH�HVWDU�HQFDSVXODGD��RFXSDQGR�HVVHV�SRURV���

Figura 1. 0LFURJUD¿DV�GH�0(9�GH�¿OPHV�GH�DPLGR��39$��39$�DPLGR�������FRP�H�VHP�DPHWULQD�

$V�FXUYDV�GH�'6&�GDV�DPRVWUDV�HVWXGDGDV�VmR�DSUHVHQWDGDV�QD�)LJXUD����$�DPHWULQD�DSUHVHQWRX�
HQWDOSLD�GH�IXVmR�j����&�H�DOWD�FULVWDOLQLGDGH���2�¿OPH�GH�JHO�GH�DPLGR�DSUHVHQWD�HQWDOSLD�GH�IXVmR�j�
����&��LQGLFDQGR�D�IXVmR�GD�iJXD��2�39$�DSUHVHQWRX�GRLV�SLFRV�GH�HQWDOSLD�GH�IXVmR��2�SULPHLUR�SLFR�p�
UHIHUHQWH�j�IXVmR�GD�iJXD�H�R�VHJXQGR�SLFR������&���p�UHIHUHQWH�j�IXVmR�GR�39$���$�PLVWXUD�GH�39$�DPH�
WULQD�DSUHVHQWRX���SLFRV�GH�IXVmR�����&��UHIHUHQWH�j�IXVmR�GD�DPHWULQD������&��UHIHUHQWH�j�IXVmR�GD�iJXD�
H�����&��IXVmR�GR�39$��9HUL¿FRX�VH�R�GHVORFDPHQWR�GD�DPHWULQD�H�GR�39$�SDUD�WHPSHUDWXUDV�LQIHULRUHV�
GDV�DPRVWUDV�SXUDV��LQGLFDQGR�LQWHUDomR�HQWUH�39$�H�DPHWULQD��

2�SLFR�GH�39$�QD�EOHQGD�GH�39$�DPLGR�DSUHVHQWRX�GHVORFDPHQWR�GH�����&�SDUD�����&�� LQ�
GLFDQGR�LQWHUDomR�GH�YDQ�GHU�:DDOV�HQWUH�DPERV��2�FRPSyVLWR�GH�39$�DPLGR�DPHWULQD�DSUHVHQWRX�R�
SLFR�GH�IXVmR�GD�DPHWULQD�GHVORFDGR�SDUD����&�H�R�SLFR�GH�IXVmR�GR�39$�SDUD�����&��$�GLPLQXLomR�GH�
WHPSHUDWXUD�QD�HQWDOSLD�GH�IXVmR�VXJHUH�LQWHUDomR�FRP�D�PDWUL]�SROLPpULFD��
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Figura 2. &XUYDV�GH�'6&�GD�DPHWULQD��39$��DPLGR��39$�DPLGR��������39$�DPLGR�DPHWULQD�

$�HYROXomR�GH�&22�GRV�PDWHULDLV�HVWXGDGRV�p�DSUHVHQWDGD�QD�)LJXUD����7RGDV�DV�DPRVWUDV�DSUH�
VHQWDUDP�HYROXomR�GH�&22 VHPHOKDQWH�RX�VXSHULRU�DR�VROR�FRPSRVWDGR��LQGLFDQGR�TXH�DV�DPRVWUDV�QmR�
LQWHUIHULUDP�QHJDWLYDPHQWH�QD�PLFURELRWD�GR�VROR��2V�¿OPHV�GH�DPLGR�IRUDP�RV�TXH�DSUHVHQWDUDP�PDLRU�
HYROXomR�GH�&2���LQGLFDQGR�D�SUHIHUrQFLD�GRV�PLFUR�RUJDQLVPRV�QD�ELRGHJUDGDomR�GHVWH�PDWHULDO�� �$�
EOHQGD�GH�39$�DPLGR�DSUHVHQWRX�ELRGHJUDGDomR�VXSHULRU�DR�39$��2�DPLGR�QHVWH�FDVR�DWXD�FRPR�PR�
GXODGRU�QD�ELRGHJUDGDomR��2�FRPSyVLWR�GH�39$�DPLGR�DPHWULQD�DSUHVHQWRX�HYROXomR�VHPHOKDQWH�DR�
VROR��LQGLFDQGR�XPD�ELRGHJUDGDomR�PDLV�OHQWD�TXDQGR�FRPSDUDGR�FRP�DV�GHPDLV�DPRVWUDV��QR�SHUtRGR�
GH�DQiOLVH�REVHUYDGR��3RUpP��R�FRPSyVLWR�QmR�LQWHUIHULX�QD�PLFURELRWD�GR�VROR��LQGLFDQGR�TXH�R�DJUR�
TXtPLFR�DPHWULQD�QmR�DSUHVHQWRX�WR[LFLGDGH�DRV�PLFUR�RUJDQLVPRV�GR�VROR�
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Figura 3. (YROXomR�GH�&22�HP�VROR�FRPSRVWDGR�SDUD�RV�¿OPHV�GH�39$��DPLGR��EOHQGD�GH�39$�DPLGR�������H�
39$�DPLGR�DPHWULQD�

4 concluSÃo

$�DPHWULQD�DSUHVHQWRX��LQWHUDomR�FRP�39$�H�FRP�JHO�GH�DPLGR��LQÀXHQFLDQGR�QD�OLEHUDomR�GR�
DJURTXtPLFR�HP�iJXD��3RUpP��TXDQGR�D�DPHWULQD�IRL�LQFRUSRUDGD�QD�EOHQGD��D�WD[D�GH�OLEHUDomR�GR�DJUR�
TXtPLFR�IRL�PDLRU�TXH�DSHQDV�FRP��XP�GRV�SROtPHURV��UHVXOWDQWHV�GD�PDLRU�LQWHUDomR�HQWUH�RV�SROtPHURV�
HP�UHODomR�j�DPHWULQD�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�D�(PEUDSD��)DSHVS��&13T�H�&DSHV��SHOR�VXSRUWH�¿QDQFHLUR�
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$%17���$VVRFLDomR�%UDVLOHLUD�GH�1RUPDV�7pFQLFDV��5HVtGXRV�HP�VRORV���'HWHUPLQDomR�GD�ELRGHJUDGD�
omR�SHOR�PpWRGR�UHVSLURPpWULFR��1%5�������������
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&$55��0��(���:,1*��5��(���	�'2$1(��:��0���(QFDSVXODWLRQ�RI�$WUD]LQH�:LWKLQ�D�6WDUFK�0DWUL[�E\�
([WUXVLRQ�3URFHVVLQJ��&HUHDO�&KHPLVWU\��������������������

(/�%$+5,��=��	�7$9(5'(7��-��/����������2SWLPL]DWLRQ�RI�DQ�KHUELFLGH�UHOHDVH�IURP�HWK\OFHOOXORVH�
PLFURVSKHUHV��3RO\PHU�%XOOHWLQ���������±����

)(51È1'(=�3e5(=��0���)/25(6�&e63('(6��)���*21=È/(=�35$'$6��(��9,//$)5$1&$�
6È1&+(=��0��� 3e5(=�*$5&Ë$�� 6���*$55,'2�+(55(5$�� )�-��8VH� RI�$FWLYDWHG�%HQWRQLWHV� LQ�
&RQWUROOHG�5HOHDVH�)RUPXODWLRQV�RI�$WUD]LQH��-��$JULF��)RRG�&KHP���Y�����S�����������������

*+,1,��5����/,*2��0��$��9����+(50(6��/��&����(IHLWR�GH�KHUELFLGDV�QD�ELRPDVVD�PLFURELDQD�GH�VRORV�
GH�DUUR]�LUULJDGR��(FRVVLVWHPD��)$=0&*���Y������S���������������

623(1��)���&$%5(5$��$���&��0$48('$��025,//2��(��(WK\OFHOOXORVH�IRUPXODWLRQV�IRU�FRQWURO�
OHG�UHOHDVH�RI�WKH�KHUELFLGH�DODFKORU�LQ�D�VDQG\�VRLO��-��$JULF��)RRG�&KHP���Y������S�����±�����������

:,(1+2/'��%��-���	�*,6+��7��-���&KHPLFDO�3URSHUWLHV�,QÀXHQFLQJ�5DWH�2I�5HOHDVH�2I�6WDUFK�(QFDSVX�
ODWHG�+HUELFLGHV��,PSOLFDWLRQV�)RU�0RGLI\LQJ�(QYLURQPHQWDO�)DWH��&KHPRVSKHUH����������������������
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HQWDQWR��p�R�QXWULHQWH�TXH�PDLV�OLPLWD�D�SURGXomR�H�PDLV�XWLOL]DGR�HP�DGXERV�QR�%UDVLO��$V�SULQFLSDLV�
IRQWHV�LQGXVWULDLV�GH�3�XWLOL]DGDV�QD�DJULFXOWXUD�VmR�REWLGRV�SHOR�WUDWDPHQWR�GH�URFKDV�IRVIiWLFDV��IRVIDWR�
GH�URFKD���$VVLP��D�KLGUR[LDSDWLWD��+37��IRL�HVFROKLGD�FRPR�PRGHOR�GH�IRVIDWRV�PLQHUDLV��GHYLGR�jV�
VXDV�FDUDFWHUtVWLFDV�ItVLFDV��HVWUXWXUDLV��PRUIROyJLFDV�H�DLQGD�GHYLGR�D�PDLRU�VROXELOLGDGH�HP�FRPSDUD�
omR�FRP�RXWUDV�IDVHV�H[LVWHQWHV��8PD�HVWUDWpJLD�HVWDEHOHFLGD�SDUD�DXPHQWDU�D�VROXELOLGDGH�GH�IRVIDWRV�IRL�
XWLOL]DQGR�D�VtQWHVH�GH�XP�QDQRFRPSyVLWR��TXH�VH�EDVHRX�QR�LVRODPHQWR�GH�QDQRSDUWtFXODV�+37�HP�XPD�
PDWUL]�VRO~YHO��LPSHGLQGR�VXD�DJORPHUDomR�H�PHOKRUDQGR�DVVLP�VXD�VROXELOLGDGH��$�PDWUL]�HVFROKLGD�
SDUD�D�GLVSHUVmR�GH�+37�IRL�D�XUpLD��SULQFLSDO�IHUWLOL]DQWH�XWLOL]DGR�FRPR�IRQWH�GH�QLWURJrQLR�QR�%UDVLO��
'HVWH�PRGR��R�SUHVHQWH�WUDEDOKR��GHVFUHYH�D�SUHSDUDomR�H�FDUDFWHUL]DomR�GH�QDQRFRPSyVLWRV�ELIXQFLR�
QDLV�GH�OLEHUDomR�OHQWD�FRP�EDVH�QR�LVRODPHQWR�GH�+37�QXPD�PDWUL]�GH�XUHLD�SRU�XP�SURFHVVR�VLPSOHV�
GH�H[WUXVmR�HP�WHPSHUDWXUD�UD]RiYHLV��(VWH�SURFHVVR�SRGH�SURGX]LU�JUkQXORV�FRQWHQGR�DOWRV�QtYHLV�GH�
QDQRSDUWtFXODV�+37�FRP�YDORUHV�GH�WDPDQKR�GH�SDUWtFXODV�GH�LQWHUHVVH�SDUD�R�SURFHVVR�GH�VROXELOL]DomR�
Palavras-chave��/LEHUDomR�/HQWD��)RVIDWRV��'LVSHUVmR��8UHLD� 

SYntHeSiS oF nAnocomPoSiteS uSed to Slow releASe oF minerAl PHoS-
PHAteS 
Abstract
$PRQJ�WKH� WRS� WKUHH�SULPDU\�PDFURQXWULHQWV�SKRVSKRUXV� LV� OHDVW�QHFHVVDU\�E\�SODQWV��+RZHYHU�� LW� LV�
WKH�QXWULHQW�WKDW�OLPLWV�WKH�SURGXFWLRQ�PRUH�DQG�PRUH�XVHG�LQ�IHUWLOL]HUV�LQ�%UD]LO��7KH�PDLQ�LQGXVWULDO�
VRXUFHV�RI�3�XVHG�LQ�DJULFXOWXUH�DUH�REWDLQHG�E\�WUHDWLQJ�SKRVSKDWH�URFN��7KXV��K\GUR[\DSDWLWH��+37��
ZDV� FKRVHQ�DV� D�PRGHO�SKRVSKDWH�PLQHUDOV�GXH� WR� WKHLU� SK\VLFDO�� VWUXFWXUDO��PRUSKRORJLFDO� DQG� VWLOO�
JUHDWHU�VROXELOLW\�FRPSDUHG�ZLWK�RWKHU�H[LVWLQJ�SKDVH�FKDUDFWHULVWLFV��7R�GHYHORS�D�VWUDWHJ\�WR�LQFUHDVH�
WKH�VROXELOLW\�RI�SKRVSKDWH�ZDV�HVWDEOLVKHG�D�VWUDWHJ\�RI�V\QWKHVL]LQJ�D�QDQRFRPSRVLWH�WKDW�ZRXOG�UHO\�
RQ�WKH�LVRODWLRQ�RI�QDQRSDUWLFOHV�+37�VROXEOH�PDWUL[��SUHYHQWLQJ�WKHLU�DJJORPHUDWLRQ�DQG�WKXV�LPSURYLQJ�
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LWV�VROXELOLW\��7KH�FKRLFH�IRU�WKH�GLVSHUVLRQ�PDWUL[�RI�+37�ZDV�XUHD�IHUWLOL]HU�XVHG�DV�D�SULPDU\�VRXUFH�RI�
QLWURJHQ�LQ�%UD]LO��7KH�SUHVHQW�ZRUN��WKHUHIRUH��GHVFULEHV�WKH�SUHSDUDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�ELIXQF�
WLRQDO�QDQRFRPSRVLWHV�EDVHG�RQ�VORZ�UHOHDVH�RI�+37�LVRODWLRQ�RI�XUHD�LQ�D�VLPSOH�PDWUL[�E\�H[WUXVLRQ�DW�
UHDVRQDEOH�WHPSHUDWXUHV��7KLV�SURFHVV�FDQ�SURGXFH�JUDQXOHV�FRQWDLQLQJ�KLJK�OHYHOV�RI�+37�QDQRSDUWLFOHV�
ZLWK�SDUWLFOH�VL]H�YDOXHV���RI�LQWHUHVW�IRU�WKH�VROXELOL]DWLRQ�SURFHVV�
Keywords: &RQWUROOHG  5HOHDVH��3KRVSKDWH��'LVSHUVLRQ��8UHD�

3XEOLFDo}HV�UHODFLRQDGDV��(QYLDGR�SDUD��WK :RUOG�)HUWLOL]HU�&RQJUHVV�RI�&,(&�

1 introduÇÃo

2�FUHVFLPHQWR�GD�SRSXODomR�PXQGLDO�LPSOLFD�QD�EXVFD�FDGD�YH]�PDLRU�GH�XPD�DJULFXOWXUD�DOWD�
PHQWH��SURGXWLYD���2V��DYDQoRV��WHFQROyJLFRV��GHYLGR��jV��SHVTXLVDV�DJURQ{PLFDV�UHVXOWDUDP�HP�DXPHQWR�
GD�SURGXomR�DJUtFROD��SULQFLSDOPHQWH�SHOR�GHVHQYROYLPHQWR�GH�QRYDV�IRQWHV�GH�IHUWLOL]DQWHV�TXH��GHVWD�
IRUPD��WDPEpP�FRQWULEXHP�HYLWDQGR�TXH�QRYDV�iUHDV�VHMDP��GHVPDWDGDV��SDUD��SURGXomR��GH��DOLPHQWRV��
1R�%UDVLO��HQWUH�RV�DQRV�GH������D������KRXYH�XP�DXPHQWR�GH�����YH]HV�GRV����SULQFLSDLV�SURGXWRV�
DJUtFRODV��HQTXDQWR�R�XVR�GH�IHUWLOL]DQWHV�FUHVFHX�����YH]HV�H�D�iUHD�FXOWLYDGD�FUHVFHX�DSHQDV�����YH�
]HV��3RUWDQWR��R�DXPHQWR�GD�SURGXWLYLGDGH��SRU�KHFWDUH�SODQWDGR��HVWi�GLUHWDPHQWH�OLJDGR�DR�JDQKR��QD�
IHUWLOL]DomR�GR�VROR���(P�������IRUDP�FRPHUFLDOL]DGRV�QR�%UDVLO�PDLV�GH������PLOK}HV�GH�WRQHODGDV�GH�
IHUWLOL]DQWHV��$SHVDU��GD�SURGXomR�QDFLRQDO�GH�IHUWLOL]DQWHV�FUHVFHU�D��XPD�WD[D�DQXDO�VXSHULRU�D�������D��
FDSDFLGDGH�ORFDO��QmR�p�VX¿FLHQWH�SDUD�VXSULU�R�FRQVXPR��LQWHUQR��VHQGR�QHFHVViULD��D��LPSRUWDomR��GH��
DSUR[LPDGDPHQWH�������GR��SRWiVVLR���.���������GR��QLWURJrQLR���1���H�����GR�IyVIRUR��3��XWLOL]DGR�QD�
DGXEDomR�GDV�WHUUDV�EUDVLOHLUDV�>���@��'HQWUH��RV��WUrV��PDFURQXWULHQWHV��SULPiULRV��SULQFLSDLV���QLWURJrQLR���
IyVIRUR��H��SRWiVVLR����R�IyVIRUR�p�R�PHQRV�H[LJLGR��HP�PDVVD��SHODV�SODQWDV��1R�HQWDQWR���p�R�QXWULHQWH�
TXH�PDLV�OLPLWD�D�SURGXomR��H��R��PDLV��XWLOL]DGR��HP��DGXEDo}HV��QR��%UDVLO���(VVD��VLWXDomR��p��UHVXOWDQWH��
GD��FDUrQFLD�JHQHUDOL]DGD�GH�IyVIRUR�QRV�VRORV�EUDVLOHLURV�H��SULQFLSDOPHQWH�GD�VXD�IRUWH�LQWHUDomR�FRP�R�
VROR��HVSHFLDOPHQWH��HP��VRORV�DUJLORVRV�RX�TXH�FRQWHQKDP�FRQFHQWUDo}HV�HOHYDGDV�GH�)H��$O�RX�0Q��R�
TXH�OHYD�j�VXD�LPRELOL]DomR�H��SRUWDQWR��LQGLVSRQLELOLGDGH��$V�SODQWDV�DEVRUYHP�R��tRQ�IRVIDWR��GR�VROR�
SULQFLSDOPHQWH�QDV�IRUPDV�+232�

��H�+32�
���e  requerem um suprimento constante para seu desenvolvi�

PHQWR��GXUDQWH��WRGD��YLGD�)RVIDWRV�QDWXUDLV��GHYLGR�j�VXD�EDL[D�VROXELOLGDGH�HP�iJXD��VmR�VXEPHWLGRV�
D�SURFHVVRV�TXtPLFRV�H�ItVLFRV��WDLV�FRPR�D�DFLGL¿FDomR�SRU�WUDWDPHQWR�FRP�iFLGR�VXOI~ULFR�RX�iFLGR�
IRVIyULFR�SDUD�DXPHQWDU�D�VXD�VROXELOLGDGH�HP�iJXD��SURGX]LQGR�VXSHUIRVIDWR�WULSOR�HQWUH�RXWURV��(VVHV�
SURFHVVRV��SRU�XP�ODGR��WRUQDU�IRVIDWR�PDLV�GLVSRQtYHO��WDPEpP�UHGX]HP�R�FRQWUROH�VROXELOLGDGH��DOpP�
GDV�TXHVW}HV�UHODFLRQDGDV�FRP�RV�DOWRV�FXVWRV�GH�SURGXomR�HQYROYLGRV��1HVWH�VHQWLGR��D�DWXDO�GHPDQGD�
GH�IHUWLOL]DQWHV�IRVIDWDGRV�UHTXHU�PpWRGRV�PDLV�UDFLRQDLV�VmR�SURMHWDGRV�SDUD�R�XVR�GHVWH�QXWULHQWH��EXV�
FDQGR�HVWUDWpJLDV�SDUD�DXPHQWDU�H�FRQWURODU�D�VROXELOLGDGH�GDV�IRQWHV�XWLOL]DGDV��DOpP�GH�HYLWDU�SURFHV�
VRV�GH�LPRELOL]DomR��FRDOHVFrQFLD�RX�DJORPHUDomR�FRPSURPHWHU�D�GLVSRQLELOLGDGH�GXUDQWH�R�SURFHVVR��
'HVWD��IRUPD���p��QHFHVViULR��GHVHQYROYHU��URWDV��TXH��SRVVLELOLWHP��LVRODU��DV�QDQRSDUWtFXODV��SURGX]LGDV��
HP��PDWUL]HV��VRO~YHLV���SHUPLWLQGR��DVVLP��R��FRQWUROH��GD��VROXELOLGDGH�SHOD��H[SRVLomR��JUDGXDO��GDV��
QDQRSDUWtFXODV��IRVIiWLFDV��DR��PHLR��HYLWDQGR��D��VXD��DJORPHUDomR�PHOKRUDQGR��VXD��VROXELOLGDGH���$OpP��
GLVVR���XPD��YDQWDJHP��GHVWD��HVWUDWpJLD��VHULD��D��SRVVtYHO�FRQIRUPDomR��GR��QDQRFRPSyVLWR��FRPR��JUk�
QXORV���TXH��VmR��PDLV��DFHLWRV��SHORV��SURGXWRUHV��UXUDLV�SDUD�DSOLFDomR�GR�TXH�R�PDWHULDO�SXOYHUL]DGR���SRU�
FRQWD�GD�PHQRU�JHUDomR�GH�SRHLUD�H�IDFLOLGDGH�GH�PHFDQL]DomR�QD�DSOLFDomR��0DWUL]HV��SDUD��IRUPDomR��
GRV��QDQRFRPSyVLWRV��GHYHP���QHFHVVDULDPHQWH���VHU��FRPSDWtYHLV�FRP�D�VXSHUItFLH�GDV�QDQRSDUWtFXODV�
GH�IRVIDWR�±�SRUWDQWR��KLGURItOLFDV�±�H�p�GHVHMiYHO�TXH�SRVVDP�VHU��SURFHVVDGDV��FRQWLQXDPHQWH���FRPR��
SRU��H[HPSOR���SRU��H[WUXVmR���8P�FDQGLGDWR�SDUD�GLVSHUVmR�GRV�IRVIDWRV�p�D�XUpLD��SULQFLSDO�IHUWLOL]DQWH�
XWLOL]DGR�FRPR�IRQWH��GH��QLWURJrQLR��QR��%UDVLO��>�@���2�SUHVHQWH�WUDEDOKR��SRUWDQWR��GHVFUHYH�D�SUHSDUD�
omR�H�FDUDFWHUL]DomR�GH�OLEHUDomR�OHQWD�QDQRFRPSyVLWRV�ELIXQFLRQDLV�FRP�EDVH�QR�LVRODPHQWR�GH�+37�
QXPD�PDWUL]�GH�XUHLD�SRU�XP�SURFHVVR�GH�H[WUXVmR�VLPSOHV�D�WHPSHUDWXUD�UD]RiYHO��(VWH�SURFHVVR�SRGH�
SURGX]LU�JUkQXORV�FRQWHQGR�DOWRV�QtYHLV�GH�QDQRSDUWtFXODV�+37�FRP�YDORUHV�GH�WDPDQKR�GH�SDUWtFXODV�GH�
LQWHUHVVH�SDUD�R�SURFHVVR�GH�VROXELOL]DomR�

2 mAteriAiS e métodoS

2V�QDQRFRPSyVLWRV�IRUDP�SUHSDUDGRV�HP�GLIHUHQWHV�SURSRUo}HV��PiVVLFDV��GH�+LGUR[LDSDWLWD�
+37��8UpLD��RX�VHMD����������GH�+37������������+37��H����������GH�+37���3RO\ODE�5KHRGULYH�H�PL[HU�
5KHRPL[�26������USP�����PLQ�D������&��2V�PDWHULDLV�IRUDP�VHFRV�j�WHPSHUDWXUD�DPELHQWH�GXUDQWH����
KRUDV��$SyV�D�REWHQomR�GRV�PDWHULDLV�VHFRV��HOHV�IRUDP�OHYDGRV�SDUD�D�PRDJHP�HP�XP�PRLQKR�YLEUiWR�
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ULR��6(59,7(&+��&7������SDUD�REWHQomR�QD�IRUPD�GH�SyV��FRPR�LOXVWUDP�QD�)LJXUD��D��2V�FRPSyVLWRV�
IRUDP�GHVLJQDGRV�³+37��8U����´��³+37�8U����´�H�+37�8U����´��VHQGR�UHODomR��+37�H�XUpLD��UHVSHFWLYD�
PHQWH��2V�1DQRFRPSyVLWRV�IRUDP�FDUDFWHUL]DGRV�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9���$Qi�
OLVH�GLVSHUVLYD�GH�5DLRV�;��(';���$QiOLVH�WHUPRJUDYLPpWULFD��7*$��H�$QiOLVH�GR�WDPDQKR�GD�SDUWtFXOD���

3 reSultAdoS e diScuSSÃo

3DUD�PRQLWRUDU�D�PRUIRORJLD�H�R�JUDX�GH�GLVSHUVmR�GH�+LGUR[LDSDWLWD�HP�XUHLD��DSyV�R�SURFHVVD�
PHQWR��RV�PDWHULDLV�IRUDP�DQDOLVDGRV���SRU�0(9�H�(';��)LJXUD���H�7DEHOD�����3RGH�VH�REVHUYDU�GLYHUVDV�
DOWHUDo}HV�QD�PRUIRORJLD�DSyV�D�IRUPDomR�GRV�1DQRFRPSyVLWRV�HP�FRPSDUDomR�FRP�D�+37�H�D�XUHLD�
SXUD��(VWDV�PXGDQoDV��DSyV�R�SURFHVVDPHQWR��p�GHYLGR�D¿QLGDGH�HQWUH�D�XUHLD�H�D�VXSHUItFLH�KLGURItOLFD�
GD�+LGUR[LDSDWLWD��2EVHUYD�VH�TXH�D�SDUWLU�GR�PDWHULDO�+37�8U�����D�SUHVHQoD�GH�ORQJRV�FULVWDLV�GH�XUHLD�
H�HQWUH�HOHV�D�SUHVHQoD�GH�SHTXHQDV�SDUWtFXODV�GH�+37��FRPR�FRQ¿UPDGR�SRU�DQiOLVH�GH�(';��9HUL¿�
FD�VH�DWUDYpV�GDV�LPDJHQV�GH�0(9�TXH�DV�UHJL}HV�LQGLFDGDV�SRU�³�´�FRUUHVSRQGHP�QDQRSDUWtFXODV�GH�
+LGUR[LDSDWLWD�GLVSHUVRV�HP�XUpLD��(QTXDQWR�D�UHJLmR�LQGLFDGD�SRU�³�´�FRUUHVSRQGH�DRV�FULVWDLV�GH�XUHLD�
re dispersas .

tabela 1. 3URSRUomR�GH�&��1��2��3��H�&D�QRV�FRPSRVWRV�DVVLQDODGRV�SHORV�Q~PHURV�QD�)LJXUD�����0HGLGRV�SRU�
(';�HP��DW{PLFD�

0,5µm

100µm

50µm

50µm

50µm

HPt/ur 1:1

HPt/ur 1:2

HPt/ur 1:4

urea

HPt

2

1

1

2

1 2

nanocompósitos

Hpt/Ur 1:1
& 1 O 3 &D

1 ���� ����� ����� ����� �����
2 ���� ����� ����� ���� ����

Hpt/Ur 1:2
& 1 O 3 &D

1 ���� ����� ����� ���� �����
2 ���� ����� ����� ����

Hpt/Ur 1:4
& 1 O 3 &D

1 ���� ����� ����� ����� �����

2 ���� ����� ����� ���� ����

Figura 1. ,PDJHQV�GH�PLFURVFRSLD�GD�+37�H�GRV�QDQRFRPSyVLWRV�IRUPDGRV�

$�)LJXUD��D�DSUHVHQWDP�DV�LPDJHQV�GRV�PDWHULDLV�DSyV�VHFDJHP�H�PRDJHP��$�REWHQomR�GRV�SyV�p�
LPSRUWDQWH��XPD�YH]�TXH�D�DSOLFDomR�GH�WDLV�SURGXWRV�p�YLD�SXOYHUL]DomR�GLUHWD��RX�DWp�PHVPR�SRU�GLVSHUVmR�
HP�GLYHUVRV�VROYHQWHV��FHQiULR�PDLV�IDYRUiYHO�DR�SURGXWRU�DJUtFROD���$�DQiOLVH�WHUPRJUDYLPpWULFD�IRL�XWLOL]D�
GD�GH�IRUPD�D�DYDOLDU�D�HVWDELOLGDGH�WpUPLFD�GD�+37�H�XUHLD�SUHVHQWH�QDV�DPRVWUDV�GXUDQWH�D�GHFRPSRVLomR�
WpUPLFD�GRV�PDWHULDLV�VyOLGRV��)LJXUD��E���2�QDQRFRPSyVLWRV�DSUHVHQWDUDP�XP�FRPSRUWDPHQWR�GH�GHJUDGD�
omR�WpUPLFD�GRPLQDGR�PDMRULWDULDPHQWH�SHOD�GHJUDGDomR�GD�XUpLD�SUHVHQWH��PRVWUDQGR�DV�PHVPDV�WHPSHUD�
WXUDV�GH�GHJUDGDomR��H[FHWR�SDUD�D�PLVWXUD�����H������(VWHV�QDQRFRPSyVLWRV�SRU�WHUHP�R�PHQRU�WHRU�GH�+37��
REWLYHUDP�XPD�PDLRU�GLVSHUVmR�GHVWH�QD�PDWUL]�GH�XUHLD��(VWD�PHOKRUD�QD�GLVSHUVmR�GH�+37��p�UHVSRQViYHO�
SHOR�DXPHQWR�QD�HVWDELOLGDGH�WpUPLFD�GRV�QDQRFRPSyVLWRV��YHUL¿FDGD�SHODV�PXGDQoDV�QD�WHPSHUDWXUD�GD�
SULPHLUD�IDVH�GH�GHJUDGDomR�GD�XUHLD�HP�FHUFD�GH�����&��,VWR�RFRUUH�GHYLGR�jV�IRUWHV�LQWHUDo}HV�HQWUH�D�VXSHU�
ItFLH�GR�+37�H�XUHLD��SRUWDQWR��QmR�REVHUYDQGR�VLQDLV�GH�GHJUDGDomR�GD�XUHLD�OLYUH�QR�QDQRFRPSyVLWRV��$OpP�
GLVVR��p�LPSRUWDQWH�UHVVDOWDU�TXH�HP�WRGRV�RV�QDQRFRPSyVLWRV��R�UHVtGXR�¿QDO�DSyV������&�FRUUHVSRQGH�DR�
WHRU�LQLFLDO�+37�DGLFLRQDGR�HP�FDGD�PDWHULDO��3RGHPRV�REVHUYDU�SHOD�)LJXUD��F�RV�UHVXOWDGRV�GD�DQiOLVH�GH�
WDPDQKR�GH�SDUWtFXODV�GRV�QDQRFRPSyVLWRV�HP�FRQWDWR�FRP�iJXD��8PD�IRUPD�GH�DXPHQWDU�D�VROXELOLGDGH�GR�
IRVIDWR�QR�VROR�p�DWUDYpV�GD�GLPLQXLomR�GR�WDPDQKR�GDV�SDUWtFXODV��XPD�YH]�TXH�D�VROXELOLGDGH�GDV�SDUWtFXODV�
QR�PHLR�HVWi�UHODFLRQDGD�FRP�R�VHX�WDPDQKR�GH�DFRUGR�FRP�D�HTXDomR�GH�2VWZDOG�)UHXQGOLFK�>�@��GHYLGR�
D�LVVR�DFUHGLWD�VH�TXH�DV�SDUWtFXODV�GH�PHQRUHV�WDPDQKRV�WHUmR�PDLRU�D�VROXELOLGDGH��$WUDYpV�GHVVD�DQiOLVH�
IRL�SRVVtYHO�YHUL¿FDU��HQWmR��D�GLVWULEXLomR�GR�WDPDQKR�GDV�QDQRSDUWtFXODV�GH�+37��SUHVHQWH�QR�FRPSyVLWRV��
DSyV�VROXELOL]DomR�WRWDO�GD�XUHLD�SUHVHQWH��3RGHPRV�YHUL¿FDU��GHVWD�IRUPD��TXH�D�+37�FRPHUFLDO�DSUHVHQWRX�
XP�WDPDQKR�GH�HP�WRUQR�GH�����QP��&RPR�YHUL¿FDPRV�SHOR�0(9��D�XUHLD��SURPRYH�XPD�GLVSHUVmR�GD�+37�
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GH�IRUPD�D�UHGX]LU�R�WDPDQKR�GDV�SDUWtFXODV�GH�+37��FRPR�SRGHPRV�REVHUYDU�SHORV�WDPDQKR�DSUHVHQWDGRV�
SHORV�QDQRFRPSyVLWRV�+37�8U����������H�����HP���������H����QP��UHVSHFWLYDPHQWH��
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Figura 2. �D��1DQRFRPSyVLWRV�+37�8U�����DQWHV�H�DSyV�GD�PRDJHP���E��&XUYD�WHUPRJUDYLPpWULFD�GR�+37��
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4 concluSÃo

$WUDYpV�GRV�UHVXOWDGRV�REWLGRV�SRGHPRV�FRQFOXLU�TXH�p�SRVVtYHO�XWLOL]DU�XPD�HVWUXWXUD�GR�WLSR�
QDQRFRPSyVLWR��FRP�DOWDV�IUDo}HV�GH�FDUJD�GH�LQWHUHVVH��GH�IRUPD�D�REWHU�PDWHULDLV�FRP�WDPDQKR�GH�
SDUWtFXODV�GH�LQWHUHVVH�SDUD�XWLOL]DomR�GHVWHV�FRPSRVWRV�FRPR�PRGHOR�SDUD�IHUWLOL]DomR�GH�VRORV��

AGrAdecimentoS

(PEUDSD�,QVWUXPHQWDomR��8)6&DU��&13T��&$3(6��),1(3��)$3(63�3URFHVVR��������������

reFerÊnciAS

>�@�&21$%���,QVXPRV��IHUWLOL]DQWHV��HQWUHJXHV��DR��FRQVXPLGRU���>����@���'LVSRQtYHO��HP���KWWS���ZZZ�
FRQDE�JRY�EU�2ODOD&06�XSORDGV�DUTXLYRV���B��B��B��B��B��B����BIHUWLOL]DQWHVBHQWUHJXHV�SGI� !��
$FHVVR�HP��-XOKR������

>�@�)(51$1'(6���(����*8,0$5(6���%���$����0$7+(86���5���5����3ULQFLSDLV��HPSUHVDV��H��JUXSRV�
EUDVLOHLURV�GR�VHWRU�GH�IHUWLOL]DQWHV��,Q��%1'(6�VHWRULDO��5LR�GH�-DQHLUR��Q������S����������������

>�@�0$;,02��(���%(1'$662//,��-��$���75,9(/,1��3�&�2���5266(7(��$��/�5��0���2/,9(,5$��&���
5����35(67(6���&�9���3URGXomR��GH��VXOIDWR��GH��DP{QLR��GXSODPHQWH��PDUFDGR��FRP��RV��LVyWRSRV�HVWiYHLV�
��Q�H���V��4XLPLFD�1RYD��YRO������1R�������������������

>�@�$7.,16���3���'(��3$8/$���-���)tVLFR�4XtPLFD��9ROXPH������/7&��(GLWRUD���6mR��3DXOR�������������
HGLomR������S�

cArActeriZAÇÃo do FertiliZAnte SuPerFoSFAto SimPleS 
– um eStudo Sobre o eFeito dA moAGem Sobre A cinéticA 

de SolubiliZAÇÃo

*Fábio Plotegher1, caue ribeiro2
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&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
2�IHUWLOL]DQWH�IRVIDWR�VXSHUVLPSOHV��663��p�FRQKHFLGR�FRPR�XPD�GDV�IRQWHV�PDLV�LPSRUWDQWHV�H�FRPXQV�
GH�IRVIDWR�FRPR�QXWULHQWH�SDUD�R�FUHVFLPHQWR�GH�SODQWDV��$SHVDU�GHVWH�PDWHULDO�VHU�DPSODPHQWH�SUR�
GX]LGR�FRPR�XP�IHUWLOL]DQWH��SRXFR�IRL�HVWXGDGR�VREUH�D�VXD�FLQpWLFD�GH�VROXELOLGDGH�H�VREUH�DV�VXDV�
SURSULHGDGHV�ItVLFR�TXtPLFDV��(VWH�p�XP�FRQKHFLPHQWR�HVVHQFLDO�XPD�YH]�TXH�H[LVWH�R�LQWHUHVVH�QD�XWLOL�
]DomR�GH�GLIHUHQWHV�IDVHV�GH�IRVIDWRV�PHQRV�VRO~YHLV��TXH�SRGHP�HVWDU�SUHVHQWHV�HP�FHUWD�TXDQWLGDGH��QD�
SURGXomR�GHVVH�IHUWLOL]DQWH��(QWmR��HVWH�WUDEDOKR�GHVFUHYH�XPD�FDUDFWHUL]DomR�GHWDOKDGD�GH�SyV�REWLGRV�
SRU�PRDJHP�GHVVH�IHUWLOL]DQWH�HP�GLIHUHQWHV�WHPSRV��FRUUHODFLRQDQGR�DV�SURSULHGDGHV�GH�WDPDQKRV�GH�
SDUWtFXODV�H�iUHDV�GH�VXSHUItFLH��2EVHUYRX�VH�TXH�D�PRDJHP�HP�WHPSRV�FXUWRV�IRL�EHQp¿FD�SDUD�D�FLQp�
WLFD�GH�VROXELOL]DomR��HQTXDQWR�ORQJRV�WHPSRV�GH�PRDJHP�IRL�GHOHWpULR��SURYDYHOPHQWH��LQGLFDQGR�TXH�
D�DJORPHUDomR�SRGH�GHVHPSHQKDU�XP�SDSHO�PDLV�LPSRUWDQWH�QD�GLVSRQLELOLGDGH�GH�IRVIDWR��(VWHV�UHVXO�
WDGRV�GmR�XPD�SURIXQGD�FRPSUHHQVmR�DFHUFD�GHVVH�PDWHULDO�SRGHQGR�FRQWULEXLU�SDUD�R�GHVHQYROYLPHQWR�
GH�QRYDV�HVWUDWpJLDV�SDUD�D�SURGXomR�GH�IHUWLOL]DQWHV�DOWHUQDWLYRV�
Palavras-chave��)HUWLOL]DQWH��)RVIDWR��6XSHUVLPSOHV��0RDJHP��6ROXELOL]DomR�

cHArActeriZAtion oF SinGle SuPerPHoSPHAte PowderS – A StudY About 
millinG eFFectS on SolubiliZAtion KineticS
Abstract
&RQYHQWLRQDO�VLQJOH�VXSHUSKRVSKDWH�SRZGHU��663��LV�NQRZQ�DV�RQH�RI�WKH�PRVW�LPSRUWDQW�DQG�FRPPRQ�
VRXUFHV�RI�SKRVSKDWH�DV�D�QXWULHQW�LQ�SODQW�JURZWK��'HVSLWH�WKLV�PDWHULDO�LV�ZLGHO\�SURGXFHG�DV�D�IHUWLO�
L]HU��IHZ�ZDV�VWXGLHG�DERXW�LWV�VROXELOLW\�NLQHWLFV�DQG�DERXW�LWV�SK\VLFR�FKHPLFDO�SURSHUWLHV��7KLV�LV�DQ�
HVVHQWLDO�NQRZOHGJH�VLQFH�WKHUH�LV�WKH�LQWHUHVW�LQ�XVLQJ�GLIIHUHQW�SRRU�VROXEOH�SKRVSKDWH�SKDVHV��ZKLFK�
PD\�EH�SUHVHQW�LQ�VRPH�H[WHQW�LQ�663�SURGXFWLRQ��7KHQ��WKLV�SDSHU�GHVFULEHV�D�GHWDLOHG�FKDUDFWHUL]DWLRQ�
RI�663�SRZGHUV�PLOOHG�LQ�GLIIHUHQW�WLPHV��FRUUHODWLQJ�WKH�SURSHUWLHV�WR�SDUWLFOH�VL]HV�DQG�VXUIDFH�DUHDV��,W�
ZDV�REVHUYHG�WKDW�WKH�PLOOLQJ�LQ�VKRUW�WLPHV�ZDV�EHQH¿FLDO�WR�WKH�VROXELOL]DWLRQ�NLQHWLFV��ZKHUHDV�ORQJ�
PLOOLQJ�ZDV�GHOHWHULRXV��SUREDEO\�LQGLFDWLQJ�WKDW�DJJORPHUDWLRQ�PD\�SOD\�D�PRUH�LPSRUWDQW�UROH�LQ�SKRV�
SKDWH�DYDLODELOLW\��7KHVH�UHVXOWV�JLYH�D�GHHS�FRPSUHKHQVLRQ�RI�WKLV�SRZGHU�DV�D�PDWHULDO�DQG�PD\�KHOS�
WKH�GHYHORSPHQW�RI�QRYHO�VWUDWHJLHV�IRU�DOWHUQDWLYH�IHUWLOL]HU�SURGXFWLRQ�
Keywords: 6XSHUSKRVSKDWH��3KRVSKRUXV��0LOOLQJ��5HOHDVH��3RZGHU��6ROXELOL]DWLRQ�

3XEOLFDo}HV� UHODFLRQDGDV�� ³2�XVR�GH� QDQRSDUWtFXODV� GH� y[LGRV� IRVIDWDGRV� HP� IHUWLOL]DomR�GH� VRORV��
XP�HVWXGR�LQLFLDO´�5HVXPR�VXEPHWLGR�DR�9,�:RUNVKRS�GH�1DQRWHFQRORJLD�$SOLFDGD�DR�$JURQHJyFLR�±�
)RUWDOH]D������H�³&KDUDFWHUL]DWLRQ�RI�VLQJOH�VXSHUSKRVSKDWH�SRZGHUV�±�$�VWXG\�DERXW�PLOOLQJ�HIHFWV�RQ�
VROXELOL]DWLRQ�NLQHWLFV´�$UWLJR�FRPSOHWR�VXEPHWLGR�D�5HYLVWD�3RZGHU�7HFKQRORJ\�HP�������

1 introduÇÃo

2�IyVIRUR�p�XP�HOHPHQWR�HVVHQFLDO�SDUD�D�YLGD��HOH�HVWi�SUHVHQWH�HP�RUJDQHODV�GH�JUDQGH�LPSRU�
WkQFLD�SDUD�D�H[LVWrQFLD�GD�YLGD�QD�7HUUD��EHP�FRPR�SDUD�R�DUPD]HQDPHQWR�GH�HQHUJLD�H�IRWRVVtQWHVH��2�
IyVIRUR��MXQWDPHQWH�FRP�QLWURJrQLR�H�SRWiVVLR�IRUPDP�R�JUXSR�GRV�PDFURQXWULHQWHV�HVVHQFLDLV�SDUD�DV�
SODQWDV��1R�VpFXOR�;,;��D�IHUWLOL]DomR�GR�IyVIRUR�QDV�ODYRXUDV�HUD�IHLWD�FRP�IDULQKD�GH�RVVR��PDV�HVWH�
PDWHULDO�SRVVXtD� OLEHUDomR� OHQWD�SRLV�HUD�QHFHVViULD�D�GHFRPSRVLomR�GR�PDWHULDO�SDUD�D� OLEHUDomR�GR�
QXWULHQWH��-XVWXV�YRQ�/HLELJ�GHVFREULX�TXH�D�DGLomR�GH�iFLGR�VXOI~ULFR�HP�IDULQKD�GH�RVVR�DMXGDYD�QD�
VROXELOL]DomR�GHVVH�PDWHULDO��3RXFRV�DQRV�PDLV�WDUGH�HVVH�IHUWLOL]DQWH�FRPHoRX�D�VHU�IDEULFDGR�LQGXV�
WULDOPHQWH��QDVFLD�DVVLP�R�SULPHLUR�IHUWLOL]DQWH�VLQWpWLFR�TXH�VH�WHP�UHJLVWUR�QR�PXQGR��'HVGH�D�VXD�GHV�
FREHUWD�KRXYHUDP�SRXFDV�PXGDQoDV�D�PDLV�LPSDFWDQWH�IRL�D�IRQWH�GH�IyVIRUR�XWLOL]DGD��DJRUD�QmR�PDLV�
IDULQKD�GH�RVVR�H�VLP�URFKDV�IRVIiWLFDV��$SHVDU�GH�VXD�VLPSOLFLGDGH�SRXFRV�WUDEDOKRV�GHVFUHYHP�ItVLFR�
TXLPLFDPHQWH�DV�IDVHV�TXH�R�FRPS}H��EHP�FRPR�R�VHX�FRPSRUWDPHQWR�GH�GHJUDGDomR�WpUPLFD�H�FLQpWLFD�
GH�VROXELOLGDGH��$VVLP��HVWH�WUDEDOKR�DSUHVHQWD�XPD�FDUDFWHUL]DomR�GHWDOKDGD�GHVWH�PDWHULDO�������

2 mAteriAiS e métodoS

$V�DPRVWUDV��)RUDP�IHLWDV�PRDJHQV�HP�GLIHUHQWHV�WHPSRV���������������������H����PLQXWRV��GH�
XP�IHUWLOL]DQWH�663�FRPHUFLDO�HP�PRLQKR�RUELWDO��FRP�MDUUR�GH�SRUFHODQD�H�HVIHUDV�GH�DOXPLQD��&DUDFWH�
UL]Do}HV�IHLWDV��$�HVWUXWXUD�PLQHUDOyJLFD�GR�PDWHULDO�IRL�FRQ¿UPDGD�SRU�DQiOLVHV�GH�UDLRV�;�GH�GLIUDomR��
$�DQiOLVH�TXtPLFD�GR�PDWHULDO�IRL�GHWHUPLQDGD�SRU�PHLR�GH�ÀXRUHVFrQFLD�GH�UDLRV�;�FRP�IXVmR�WHWUDER�
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UDWR�GH�OtWLR��$�PRUIRORJLD�GDV�DPRVWUDV�IRL�REVHUYDGD�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��$�iUHD�
VXSHU¿FLDO�HVSHFt¿FD�IRL�GHWHUPLQDGD�SRU�PHLR�GD� WpFQLFD�GH�¿VVLVRUomR�GH�QLWURJrQLR�FRP�LVRWHUPD�
GH�%(7��%UXQDXHU�(PPHWW�7HOOHU���2�FRPSRUWDPHQWR�WpUPLFR�GDV�DPRVWUDV�IRL�YHUL¿FDGR�SRU�PHLR�GD�
DQiOLVH�WHUPRJUDYLPpWULFD��7*$��H�FDORULPHWULD�H[SORUDWyULD�GLIHUHQFLDO��'6&��

$�VROXELOLGDGH�GR�PDWHULDO�IRL�WHVWDGR�GLUHWDPHQWH�HP�iJXD�GHLRQL]DGD��2�H[SHULPHQWR�IRL�UHD�
OL]DGR�GXUDQWH���GLDV��FROHWDQGR�DPRVWUDV�GLiULDV��3DUD�GHWHUPLQDU�DV�FRQFHQWUDo}HV�GH�IRVIDWR�VROXELOL�
]DGDV�DV�DOtTXRWDV�IRUDP�FRPSOH[DGDV�H�DV�OHLWXUDV�IRUDP�IHLWDV�HP�HVSHFWU{PHWUR�89�9,6�SRU�PHLR�GD�
WpFQLFD�GH�FRORULPpWULFD�����

3 reSultAdoS e diScuSSÃo

$�)LJXUD��$�PRVWUD�R�SDGUmR�GH�GLIUDomR�GH�UDLRV�;�SDUD�D�DPRVWUD�GR�663��$V�IDVHV�SULQFLSDLV�
IRUDP�REVHUYDGRV�IRUDP�R�JHVVR�>&D��62���[+�2@�H�XPD�IDVH�GH�IRVIDWR�R�GL�KLGURJpQLR�IRVIDWR�GH�
FiOFLR�>&D��+�32�����[+�2@��$�DQiOLVH�TXtPLFD�SRU�ÀXRUHVFrQFLD�GH�UDLRV�;�PRVWURX�SDUD�HVWH�PDWHULDO�
XP�YDORU�GH�������GH�32O��GLVSRQtYHO��HVVH�YDORU�VH�HQFRQWUD�GHQWUR�GDV�QRUPDV�SDUD�HVWH�PDWHULDO�SRLV��
VHJXQGR�DV�QRUPDV�GH�IDEULFDomR��VmR�HVSHUDGRV�SDUD�R�663�D�TXDQWLD�GH����D�����GH�32O� disponível. 
$V�PLFURJUD¿DV�DSUHVHQWDGDV�QD�)LJXUD����PRVWUDP�TXH�FDGD�DXPHQWR�GR�WHPSR�GH�PRDJHP�LQGX]LX�D�
GLPLQXLomR�QR�WDPDQKR�GDV�SDUWtFXODV��2EVHUYRX�VH�WDPEpP�D�IRUPDomR�GH�SHTXHQRV�DJUHJDGRV�IRUPD�
GRV�SRU�SHTXHQDV�SDUWtFXODV�QRV�WHPSRV�PDLRUHV��$OpP�GLVVR��SRGH�VH�QRWDU�WDPDQKRV�GH�SDUWtFXODV�VXE�
PLFURQ��TXH�Mi�p�REVHUYDGR�SDUD�R�WHPSR�GH���PLQXWRV�GH�PRDJHP��$�DQiOLVH�GD�iUHD�VXSHU¿FLDO�UHODWLYD�
DSUHVHQWDGR�QD�)LJXUD��%��PRVWUDP�R�DXPHQWR�UHODWLYR�QD�iUHD�GH�VXSHUItFLH�FRP�R�DXPHQWR�GR�WHPSR�
GH�PRDJHP��R�TXH�FRQ¿UPD�DV�FRQFOXV}HV�WLUDGDV�GDV�PLFURJUD¿DV�

                             

� �$�� �%�

Figura 1. $��'LIUDWRPHWULD�GH�UDLRV�;��%��ÈUHD�VXSHU¿FLDO�UHODWLYD

Figura 2. 0LFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�
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$�DQiOLVH�WHUPRJUDYLPpWULFD�PRVWURX�SDUD�WRGDV�DV�DPRVWUDV�QR�PHVPR�SHU¿O��FRPR�PRVWUDGR�
QD�)LJXUD��$��$�SULPHLUD�SHUGD�GH�PDVVD��HQWUH�DV�WHPSHUDWXUDV�GH����������&��UHIHUH�VH�j�SHUGD�GH�
PDVVD�UHODFLRQDGD�FRP�DV�PROpFXODV�GH�iJXD�HP�JHVVR�H�R�IRVIDWR�GH�FiOFLR��(P�DPERV�RV�FDVRV��D�GH�
VLGUDWDomR�FRPSOHWD�LULD�RFRUUHU�DWp����o &��8PD�VHJXQGD�UHJLmR�LQWHUHVVDQWH�REVHUYDGR�QHVWD�DQiOLVH�
IRL�HQWUH����������&��FRPR�PRVWUDGR�QD�)LJXUD��%��SDUD�WRGDV�DV�DPRVWUDV�PRtGDV�LQFOXLQGR�DGXER�JUD�
QXODGR��(VWD�SHUGD�GH�PDVVD�VLJQL¿FDWLYD�p�D�WUDQVIRUPDomR�GH�JHVVR�HP�y[LGR�GH�FiOFLR��&D2���1HVWH�
SDVVR��p�LQWHUHVVDQWH�QRWDU�TXH�KRXYH�XPD�UHGXomR�VLJQL¿FDWLYD�GD�WHPSHUDWXUD�GHVVH�HYHQWR�WpUPLFR�
GH������&�SDUD������&��(VWH�IDFWR�WDPEpP�LQGLFD�TXH�D�PRDJHP�DIHWRX�D�HVWUXWXUD�GR�PDWHULDO��IDFLOL�
WDQGR�D�PXGDQoD�GH�IDVH�GHVVH�HYHQWR�WpUPLFR��2�'6&�DSUHVHQWDGR�QD�)LJXUD���$��PRVWURX�R�PHVPR�
SHU¿O�SDUD�WRGDV�DV�DPRVWUDV�PRtGDV��SRGH�VH�QRWDU�TXH�QD�IDL[D�HQWUH�����H�������&�Ki�DSHQDV�HYHQWRV�
HQGRWpUPLFRV��(VWHV�SLFRV�FRUUHVSRQGHP�DV�SHUGDV�GH�PROpFXODV�GH�iJXD�HVWUXWXUDLV�GR�JHVVR�H�GD�IDVH�
IRVIiWLFD�GR�663��$�¿P�GH�REVHUYDU�R�HIHLWR�GH�PRDJHP�GH�XPD�FLQpWLFD�GH�OLEHUWDomR�GH�QXWULHQWHV�3�QD�
iJXD��D�¿JXUD��%��PRVWUDP�XPD�FRUUHVSRQGrQFLD�HQWUH�R�WHPSR�GH�PRDJHP�H�D�FLQpWLFD�GH�OLEHUDomR��
����GH�VROXELOL]DomR�GR�PDWHULDO�GLVSRQtYHO��QR�663�JUDQXODU��IRL�DWLQJLGR�GHSRLV�GH���GLDV�GH�LPHUVmR��
DR�SDVVR�TXH�R�PHVPR�FRQWH~GR�IRL�REWLGR�SDUD�R�PDWHULDO�PRtGR�SRU����PLQ�HP���GLDV��9DOH�UHVVDOWDU�
TXH�D�PRDJHP�WHP�HIHLWR�PDLRU�HP�SHUtRGRV�FXUWRV��XPD�YH]�TXH�R�����PLQ�GH�PRDJHP�DSUHVHQWRX�XP�
DXPHQWR�VLJQL¿FDWLYR�QD�FLQpWLFD�GH�OLEHUDomR��,VWR�PRVWUD�TXH�R�HIHLWR�GH�DJORPHUDomR�GR�JHVVR�WHP�
XP�SDSHO�LQÀXHQWH�QD�FLQpWLFD�GH�VROXELOL]DomR�GR�663��XPD�YH]�TXH�D�GHVDJORPHUDUmR�IRL�H¿FD]�SDUD�
PHOKRUDU�D�VXD�VROXELOL]DomR��

� �$�� �%�

Figura 3. $��$QiOLVH�WHUPRJUDYLPpWULFD��7*���%��'7*�

� �$�� �%�

Figura 4. $��'6&��%��7HVWH�GH�6RXELOLGDGH
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4 concluSÃo

'H�DFRUGR�FRP�RV�UHVXOWDGRV�GHVWH�HVWXGR�FRQFOXL�VH�TXH�D�PRDJHP�IRL�H¿FD]�SDUD�GLPLQXLU�R�
WDPDQKR�GDV�SDUWtFXODV�REVHUYDGD�QDV�PLFURJUD¿DV�H�R�DXPHQWR�UHODWLYR�GD�iUHD�GD�VXSHUItFLH��(VWH�HIHL�
WR�IRL�HYLGHQWH�QRV�UHVXOWDGRV�GH�WHUPRJUDYLPHWULD��RQGH�DV�WHPSHUDWXUDV�GH�HYHQWRV�GH�SHUGD�GH�PDVVD�
H�PXGDQoDV�GH�IDVH�IRUDP�GLPLQXtGDV�H��SULQFLSDOPHQWH��QD�TXH�D�VROXELOLGDGH�GR�PDWHULDO��PHVPR�TXH�
FRQWpP�XPD�IDVH�GH�IRVIDWR�VRO~YHLV��KRXYH�XP�DXPHQWR�QD�WD[D�GH�OLEHUWDomR�GHVWH�PDWHULDO�

AGrAdecimentoS

2V�DXWRUHV�JRVWDULDP�GH�DJUDGHFHU�DV�DJrQFLDV�&$3(6��&13T��)$3(63��),1(3�H�D�(PEUDSD�
�³5HGH�$JURQDQR´��SHOR�DSRLR�QD�SHVTXLVD�

reFerÊnciAS

.�)��,6+(5:22'��0LQHUDO�)HUWLOL]HU�8VH�DQG�WKH�(QYLURQPHQW��¿UVW�HG���,)$�±�,QWHUQDWLRQDO�)HUWLOL]HU�
,QGXVWU\�$VVRFLDWLRQ��3DULV��������

'�&25'(//��-��'5$1*(57��6��:+,7(��7KH�VWRU\�RI�SKRVSKRUXV��*OREDO�IRRG�VHFXULW\�DQG�IRRG�IRU�
WKRXJKW��*ORE��(QYLURQ��&KDQJ��������������������

/��'580021'��:��0$+(5��'HWHUPLQDWLRQ�RI�SKRVSKRUXV�LQ�DTXHRXV�VROXWLRQ�YLD�IRUPDWLRQ�RI�WKH�
SKRVSKRDQWLPRQ\PRO\EGHQXP�EOXH�FRPSOH[�UH�H[DPLQDWLRQ�RI�RSWLPXP�FRQGLWLRQV�IRU�WKH�DQDO\VLV�RI�
SKRVSKDWH��$QDO��&KLP��$FWD�������������������

SínteSe e cArActeriZAÇÃo de FASeS FoSFáticAS minerAiS: 
HidroxiAPAtitA e FluorAPAtitA.

*Fábio Plotegher1, isabela Pezzopane cobra2 e caue ribeiro3

18)6&DU�±�8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��33*4��6mR�&DUORV��63��2863�±�8QLYHUVLGDGH�GH�6mR�
3DXOR��,46&��6mR�&DUORV��63���(0%5$3$�,QVWUXPHQWDomR��6mR�&DUORV��63�

IDELRSORWHJKHU#\DKRR�FRP�EU

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
2�XVR�GDV�URFKDV�IRVIiWLFDV�FRPR�PDWpULD�SULPD�GH�IHUWLOL]DQWHV�p�DPSODPHQWH�FRQKHFLGR��XP�IDWR�TXH�
YHP�RFRUUHQGR�QRV�~OWLPRV�DQRV�p�R�XVR�GHVVDV�URFKDV�FRPR�XP�DGLWLYR�D�IHUWLOL]DomR�FRQYHQFLRQDO��
IHLWD�MXQWDPHQWH�FRP�RV�IHUWLOL]DQWHV�VLQWpWLFRV�VRO~YHLV��&RPR�HVVH�PHUFDGR�HVWi�HP�FUHVFLPHQWR�VH�
ID]�QHFHVViULR�VDEHU�TXDO�R�SRWHQFLDO�UHDO�GHVVDV�URFKDV�TXDQGR�DSOLFDGRV�QD�ODYRXUD��3RXFR�VH�FRQKHFH�
VREUH�D�FLQpWLFD�GH�VROXELOL]DomR�GDV�DSDWLWDV��6HQGR�DVVLP�HVVH�WUDEDOKR�YHP�D�HVFODUHFHU�DOJXQV�SRQWRV�
VREUH�D�DV�VHPHOKDQoDV�H�GLIHUHQoDV�TXH�SRGHP�LQÀXHQFLDU�D�VROXELOLGDGH�GH�GXDV�IDVHV�IRVIiWLFDV�PL�
QHUDLV�PDLV�FRPXQV��D�KLGUR[LDSDWLWD�H�D�ÀXRUDSDWLWD�H�GHVWDV�IDVHV�VHULD�PHOKRU�SDUD�D�DSOLFDomR�FRPR�
IHUWLOL]DQWH��2V�UHVXOWDGRV�REWLGRV�QHVVH�HVWXGR�PRVWUDUDP�TXH�DV�GXDV� IDVHV�SRVVXHP�FDUDFWHUtVWLFDV�
VHPHOKDQWHV�HP�DOJXPDV�WpFQLFDV�GH�FDUDFWHUL]DomR�XWLOL]DGDV�WDLV�FRPR�PRUIRORJLD�H�D�SHUGD�GH�PDVVD�
PDV��R� WHVWH�GH�VROXELOLGDGH�PRVWURX�TXH�D�KLGUR[LDSDWLWD�p�PDLV�VRO~YHO�TXH�D�ÀXRUDSDWLWD��SRGHQGR�
URFKDV�FRQWHQGR�HVVD�IDVH�REWHUHP�PHOKRU�UHVXOWDGRV�VH�DSOLFDGDV�FRPR�IHUWLOL]DQWH�
Palavras-chave��6tQWHVH��+LGUR[LDSDWLWD��)OXRUDSDWLWD��)RVIDWR��6ROXELOLGDGH�

SYntHeSiS And cHArActeriZAtion oF minerAl PHoSPHAte PHASeS: HY-
droxYAPAtite And FluorAPAtite.
Abstract
7KH�XVH�RI�SKRVSKDWH�URFN�DV�UDZ�PDWHULDO�IRU�IHUWLOL]HUV�LV�ZLGHO\�NQRZQ��D�IDFW�WKDW�KDV�RFFXUUHG�LQ�
UHFHQW�\HDUV�LV�WKH�XVH�RI�WKHVH�URFNV�DV�DQ�DGGLWLYH�WR�FRQYHQWLRQDO�IHUWLOL]DWLRQ��WDNHQ�WRJHWKHU�ZLWK�
VROXEOH�V\QWKHWLF�IHUWLOL]HUV��$V�WKLV�PDUNHW�LV�JURZLQJ��LW�LV�QHFHVVDU\�WR�NQRZ�WKH�UHDO�SRWHQWLDO�RI�WKHVH�
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URFNV�ZKHQ�DSSOLHG�LQ�WKH�¿HOG��/LWWOH�LV�NQRZQ�DERXW�WKH�NLQHWLFV�RI�DSDWLWH�VROXELOL]DWLRQ��7KHUHIRUH�
WKLV�ZRUN�LV�WR�FODULI\�VRPH�SRLQWV�DERXW�WKH�VLPLODULWLHV�DQG�GLIIHUHQFHV�WKDW�PD\�LQÀXHQFH�WKH�VROXELO�
LW\�RI�WZR�FRPPRQ�SKRVSKDWH�PLQHUDO�SKDVH��K\GUR[\DSDWLWH�DQG�ÀXRUDSDWLWH�WKHP�DQG�ZKDW�ZRXOG�EH�
EHVW�IRU�WKH�DSSOLFDWLRQ�DV�IHUWLOL]HU��7KH�UHVXOWV�RI�WKLV�VWXG\�VKRZHG�WKDW�WKH�WZR�SKDVHV�KDYH�VLPLODU�
FKDUDFWHULVWLFV�LQ�VRPH�FKDUDFWHUL]DWLRQ�WHFKQLTXHV�HPSOR\HG��VXFK�DV�PRUSKRORJ\�DQG�PDVV�ORVV��EXW�
WKH�VROXELOLW\�WHVW�VKRZHG�WKDW�WKH�K\GUR[\DSDWLWH�LV�PRUH�VROXEOH�WKDQ�ÀXRUDSDWLWH�URFNV�FRQWDLQLQJ�WKLV�
SKDVH�FRXOG�REWDLQ�EHVW�UHVXOWV�LI�DSSOLHG�DV�IHUWLOL]HU�
Keywords: 6\QWKHVLV��K\GUR[\DSDWLWH��ÀXRUDSDWLWH��SKRVSKDWH��VROXELOLW\�

3XEOLFDo}HV� UHODFLRQDGDV�� ³3DGURQL]DomR� GD� VtQWHVH� GH� QDQRKLGUR[LDSDWLWD� YLD� FRSUHFLSLWDomR� FRP�
WUDWDPHQWR�KLGURWpUPLFR�´�5HVXPR�DSUHVHQWDGR�QD�,9�-RUQDGD�&LHQWt¿FD�GD�(PEUDSD�±�6mR�&DUORV������
H� ³6tQWHVH� GH� ÀXRUDSDWLWD� QDQRHVWUXWXUDGD� SRU� VXEVWLWXLomR� FRP� WUDWDPHQWR� KLGURWpUPLFR�´� 5HVXPR�
DSUHVHQWDGR�QD�9�-RUQDGD�&LHQWt¿FD�GD�(PEUDSD�±�6mR�&DUORV�������

1 introduÇÃo

$�XWLOL]DomR�GH�IHUWLOL]DQWHV�QDV�ODYRXUDV�EUDVLOHLUDV�WHP�VH�LQWHQVL¿FDGR�DQR�DSyV�DQR��2V�IHU�
WLOL]DQWHV�IRVIDWDGRV�VmR�XP�GRV�PDLV�XWLOL]DGRV�QDV� ODYRXUDV�SULQFLSDOPHQWH�GHYLGR�DRV�VRORV�VHUHP�
FDUHQWHV�GHVVH�QXWULHQWH�RX�PHVPR�GHYLGR�jV�SHUGDV��SRU�OL[LYLDomR�H�SULQFLSDOPHQWH�SHOD�LPRELOL]DomR�
GR�IRVIDWR�QRV�VRORV�DUJLORVRV��8PD�DOWHUQDWLYD�SDUD�DXPHQWDU�D�VROXELOLGDGH�H�SRU�FRQVHT�rQFLD�D�H¿�
FLrQFLD�GRV�IHUWLOL]DQWHV�p�D�GLPLQXLomR�GR�WDPDQKR�GDV�SDUWtFXODV��DXPHQWDQGR�DVVLP�D�VXSHUItFLH�GH�
FRQWDWR�GR�VXEVWUDWR�FRP�D�VROXomR��������$�KLGUR[LDSDWLWD��+$��H�D�ÀXRUDSDWLWD��)$��VmR�GXDV�YDULDQWHV�
GR�PLQHUDO�DSDWLWD��FRPXPHQWH�XWLOL]DGR�SDUD�D�IDEULFDomR�GRV�IHUWLOL]DQWHV�IRVIDWDGRV�VLQWpWLFRV�H�DWp�
PHVPR�QD�DSOLFDomR�GLUHWD�QD�ODYRXUD��6HQGR�DVVLP��HVWH�HVWXGR�WHP�SRU�REMHWLYR�VLQWHWL]DU�H�FDUDFWHUL]DU�
DV�IDVHV�HP�HVFDOD�QDQRPpWULFD�SDUD�DVVLP�FRPSUHHQGHU�PHOKRU�R�SDSHO�TXH�FDGD�XPD�GDV�GXDV�IDVHV�
SRGH�WHU�TXDQGR�IRUHP�XWLOL]DGDV�FRPR�IHUWLOL]DQWH�GLUHWR��VHP�DOJXP�WLSR�GH�WUDWDPHQWR�TXtPLFR�FRPR�
VmR�RV�IHUWLOL]DQWHV�IRVIDWDGRV�DWXDLV��

2 mAteriAiS e métodoS

$V�SDUWtFXODV�GH�+$�IRUDP�REWLGDV�SRU�PHLR�GD�FRSUHFLSLWDomR�FRP�SRVWHULRU� WUDWDPHQWR�KL�
GURWpUPLFR��)RUDP�SUHSDUDGDV�VXVSHQV}HV�EDVHDGDV�QD�KLGUyOLVH�GH�VDLV�FRQWHQGR�RV�SULQFLSDLV�tRQV�GH�
LQWHUHVVH���(P�XP�EDOmR�GH���ERFDV�FRORFD�VH�D�VROXomR�FRQWHQGR�RV�tRQV�GH�FiOFLR��QLWUDWR�GH�FiOFLR���
DMXVWD�VH�R�S+�GD�VROXomR�SDUD����FRP�KLGUy[LGR�GH�DP{QLR��ERUEXOKD�VH�QLWURJrQLR�JDVRVR��HP�XPD�
EXUHWD�FRORFD�VH�D�VROXomR�GH�tRQV�GH�IRVIDWR��IRVIDWR�GH�DP{QLR��H�JRWHMD�VH�HVVD�VROXomR�VRE�DJLWDomR�
PHFkQLFD�FRQVWDQWH��$R�¿P�GR�JRWHMDPHQWR��D�VROXomR�FRQWHQGR�XP�SUHFLSLWDGR�EUDQFR�p�WUDWDGD�KLGUR�
WHUPLFDPHQWH�SRU����������H�����&�SRU���������H���GLDV��UHVXOWDQGR�HP����FRQGLo}HV�GLIHUHQWHV��$R�¿P�GR�
WUDWDPHQWR�RV�PDWHULDLV�IRUDP�ODYDGRV�HP�FHQWUtIXJD�DWp�FKHJDU�D�S+����VHFD�VH�HP�HVWXID�D�����&�SRU�
���KRUDV��2�PDWHULDO�HQWmR�p�GHVDJORPHUDGR�HP�DOPRIDUL]�H�FDUDFWHUL]DGR��$�)$�IRL�REWLGD�SHOD�VXEVWL�
WXLomR�GD�KLGUR[LOD�GD�+$��(P�XP�EDOmR�GH���ERFDV�FRP�DWPRVIHUD�LQHUWH�GH�QLWURJrQLR��VROXELOL]RX�VH�D�
+$�FRP�iFLGR�QtWULFR�DWp�S+�SUy[LPR�GH����DGLFLRQRX�VH�RV�tRQV�ÀXRUHWR��ÀXRUHWR�GH�FiOFLR��H�GHL[RX�VH�
UHDJLU�SRU����PLQXWRV��QHXWUDOL]RX�VH�R�S+�GD�VROXomR�FRP�KLGUy[LGR�GH�DP{QLR�H�R�SUHFLSLWDGR�EUDQFR�
IRL� WUDWDGR�KLGURWHUPLFDPHQWH�QDV�PHVPDV�FRQGLo}HV�GD�+$��$V�FDUDFWHUL]Do}HV� IHLWDV�HP�DPEDV�DV�
IDVHV�IRUDP��GLIUDWRPHWULD�GH�UDLRV�;��PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��¿VLVVRUomR�GH�QLWURJrQLR��
WHUPRJUDYLPHWULD�H�VROXELOLGDGH�HP�iFLGR�FtWULFR����

3 reSultAdoS e diScuSSÃo

3DUD�DV����FRQGLo}HV�GH�VtQWHVH�GH�+$�H�)$�VLQWHWL]DGDV��KRXYH�D�IRUPDomR�GD�IDVH�GHVHMDGD��$�
)LJXUD����PRVWUD�R�SHU¿O�GH�GLIUDomR�GH�XPD�GDV�DPRVWUDV�GH�FDGD�IDVH�VLQWHWL]DGD��QRWD�VH�TXH�RV�SHU¿V�
VmR�PXLWR�SDUHFLGRV��LVVR�SRUTXH�D�GLIHUHQoD�QD�UHGH�FULVWDOLQD�p�PXLWR�SHTXHQD�p�GHYLGR�D�VXEVWLWXLomR�
GD�KLGUR[LOD�GD�+$�SRU�XP�ÀXRUHWR�QD�UHGH�GR�FULVWDO�
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Figura 1. 3HU¿O�GR�GLIUDWRJUDPD�GH�UDLRV�;�GD�+$�H�)$�UHVSHFWLYDPHQWH�

$V�PLFURJUD¿DV�DSUHVHQWDGDV�QD�)LJXUD��$�H��%��PRVWUDP�D�PRUIRORJLD�GH�EDVWRQHWHV�GRV�PDWH�
ULDLV��FDUDFWHUtVWLFR�SDUD�HVVH�WLSR�GH�VtQWHVH��2XWUR�IDWRU�D�VH�GHVWDFDU�p�R�DXPHQWR�QR�WDPDQKR�GDV�SDU�
WtFXODV��6DEH�VH�TXH�FRP�R�DXPHQWR�GD�WHPSHUDWXUD�RX�R�DXPHQWR�QR�WHPSR�GH�WUDWDPHQWR�GR�PDWHULDO��
ocorre o crescimento dos cristais.

Figura 2. $�±�0LFURJUD¿D�GD�+$����GLD��������H����o�&�UHVSHFWLYDPHQWH�

Figura 2��%�±�0LFURJUD¿DV�GD�)$����GLD��������H����R�&�UHVSHFWLYDPHQWH�

)LJXUD��%�±�0LFURJUD¿DV�GD�)$����GLD��������H����o�&�UHVSHFWLYDPHQWH�
'H�DFRUGR�FRP�RV�UHVXOWDGRV�GD�PLFURJUD¿D��RFRUUH�R�DXPHQWR�QR�WDPDQKR�GDV�SDUWtFXODV��SRU�

WDQWR��Ki�GLPLQXLomR�QRV�YDORUHV�GD�iUHD�VXSHU¿FLDO��7DEHOD�����2EVHUYD�VH�FODUDPHQWH�XP�DEDL[DPHQWR�
QRV�YDORUHV�GD�iUHD�VXSHU¿FLDO�FRP�R�DXPHQWR�GD�WHPSHUDWXUD�H�WHPSR�GH�WUDWDPHQWR��$V�DQDOLVHV�WHU�
PRJUDYLPpWULFDV�DSUHVHQWDGDV�QD�)LJXUD����PRVWUDP�TXH�DV�IDVHV�VmR�PXLWR�HVWiYHLV�SRLV�QmR�RFRUUHP�
SHUGDV�GH�PDVVD�VLJQL¿FDWLYDV�DOpP�GDV�SHUGDV�GH�iJXD�DGVRUYLGDV�QR�PDWHULDO��1D�OLWHUDWXUD�H[LVWHP�
UHODWRV�GH�PXGDQoD�GH�IDVH�DFLPD�GRV�����o�&������&RPR�D�WHPSHUDWXUD�HVWXGDGD�IRL�PHQRU��QmR�VHULD�
REVHUYDGR�WDLV�WUDQVIRUPDo}HV�QDV�FXUYDV��2XWUR�IDWRU�D�VH�GHVWDFDU�p�TXH�FRP�R�DXPHQWR�GD�WHPSHUDWXUD�
GH�WUDWDPHQWR�RV�PDWHULDLV�YmR�VHQGR�PHOKRU�IRUPDGRV��SRUWDQWR��SHUGHP�PHQRV�PDVVD�GHYLGR�D�VXD�
PHQRU�iUHD�VXSHU¿FLDO��
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tabela 1. 9DORUHV�GH�iUHD�VXSHU¿FLDO�UHODWLYD�GD�+$�H�)$��YDORUHV�HP�P2/g.
Hidroxiapatita Fluorapatita

Amostra área Amostra área Amostra área Amostra área

��o&���GLD ���� ��o&�GLDV ���� ��o&���GLD ���� ��o&�GLDV ����

��o&���GLD ���� ��o&���GLDV ���� ��o&���GLD ���� ��o&���GLDV �����

���o&���GLD ���� ���o&���GLDV ���� ���o&���GLD ���� ���o&���GLDV ����

��o&���GLDV ���� ��o&���GLDV ���� ��o&���GLDV ���� ��o&���GLDV ����

��o&���GLDV ���� ��o&���GLDV ���� ��o&���GLDV ���� ��o&���GLDV ����

���o&���GLDV ���� ���o&���GLDV ���� ���o&���GLDV ���� ���o&���GLDV ����

3RU�¿P��R� WHVWH�GH�VROXELOLGDGH�HP�iFLGR�FtWULFR�PRVWUDGR�QD�)LJXUD����PRVWUD�FODUDPHQWH�D�
GLIHUHQoD�HQWUH�DV�IDVHV�VLQWHWL]DGDV��2EVHUYRX�VH�TXH�HP����GLDV�D�+$�IRL�SUDWLFDPHQWH�VROXELOL]DGD��
OLEHUDQGR�WRGR�R�IRVIDWR��HQTXDQWR�D�)$�OLEHURX�FHUFD�GH����D�����GH�WRGR�R�IRVIDWR��GHSHQGHQGR�GD�FRQ�
GLomR�GH�WUDWDPHQWR�KLGURWpUPLFR��)D]HQGR�XP�SDUDOHOR��VH�SHQViVVHPRV�QR�HTXLOtEULR�GH�VROXELOLGDGH�
HP�iJXD�R�.SV�GD�+$�p�GD�RUGHP�GH�������HQTXDQWR�R�GD�)$�p�GH�������RX�VHMD��D�)$�p�XP�PDWHULDO�PDLV�
HVWiYHO�H�EHP�PHQRV�VRO~YHO�TXH�D�+$�

Figura 3. &XUYDV�7*�GD�+$�H�)$�UHVSHFWLYDPHQWH�

Figura 4. 6ROXELOLGDGH�HP�iFLGR�FtWULFR�GD�+$�H�)$�UHVSHFWLYDPHQWH�
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4 concluSÃo

1HVWH�WUDEDOKR�SXGHPRV�REVHUYDU�TXH�SHTXHQDV�PXGDQoDV�SRGHP�PRGL¿FDU�VLJQL¿FDWLYDPHQWH�
D�SURSULHGDGH�GH�XP�PDWHULDO��SRU�PDLV�TXH�HODV�VHMDP�VHPHOKDQWHV�QD�PRUIRORJLD��QR�FRPSRUWDPHQWR�
GH�SHUGD�GH�PDVVD�DR�VHUHP�WUDWDGDV�WHUPLFDPHQWH��RX�DWp�PHVPR�QR�SHU¿O�GH�GLIUDWRJUDPD�GH�UDLRV�;��
2EVHUYDPRV�SRU�PHLR�GR�WHVWH�GH�VROXELOLGDGH�TXH�D�PXGDQoD�GH�DSHQDV�XP�tRQ�TXH�FRPS}H�R�UHWtFXOR�
FULVWDOLQR�ID]�FRP�TXH�D�QRYD�IDVH�REWLGD�PXGH�FRPSOHWDPHQWH�R�VHX�FRPSRUWDPHQWR�GH�VROXELOLGDGH��R�
TXH�SRGH�VHU�SUHSRQGHUDQWH�QD�DSOLFDomR�GR�WLSR�GH�URFKDV�PLQHUDLV�QD�IHUWLOL]DomR�GH�ODYRXUDV�

AGrAdecimentoS

2V�DXWRUHV�JRVWDULDP�GH�DJUDGHFHU�DV�DJrQFLDV�&$3(6��&13T��)$3(63��),1(3�H�D�(PEUDSD�
�³5HGH�$JURQDQR´��SHOR�DSRLR�QD�SHVTXLVD�

reFerÊnciAS

,6+(5:22'��.��)���2�XVR�GH�IHUWLOL]DQWHV�PLQHUDLV�H�R�PHLR�DPELHQWH��$1'$��6mR�3DXOR����S�������

/285(,52��)��(��9��/���0(/$0('��5���2�IyVIRUR�QD�DJULFXOWXUD�EUDVLOHLUD��XPD�DERUGDJHP�PLQH�
UR�PHWDO~UJLFD��5LR�GH�-DQHLUR��&(7(0�±�&HQWUR�GH�7HFQRORJLD�0LQHUDO����������S���&(7(0�6pULH�
(VWXGRV�H�'RFXPHQWRV������

/,$2��&��-���/,1��)��+���&+(1��.��6���681��-�6���7KHUPDO�GHFRPSRVLWLRQ�DQG�UHFRQVWLWXWLRQ�RI�K\GUR�
[\DSDWLWH�LQ�DLU�DWPRVSKHUH��%LRPDW����������������������

moAGem e cArActeriZAÇÃo de umA rocHA FoSFáticA 
nAturAl (bAYovAr) com PotenciAl uSo PArA 

FertiliZAÇÃo diretA.

Fábio Plotegher1,caue ribeiro2

18)6&DU�±�8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��33*4��6mR�&DUORV��63��2(0%5$3$�,QVWUXPHQWDomR��
6mR�&DUORV��63�

IDELRSORWHJKHU#\DKRR�FRP�EU

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
2�XVR�GH�IHUWLOL]DQWHV�VLQWpWLFRV�QR�PXQGR�Vy�YHP�FUHVFHQGR��MXQWDPHQWH�FRP�HVVH�IDWRU��FUHVFH�R�XVR�GRV�
UHFXUVRV�QDWXUDLV�SDUD�D�IDEULFDomR�GHVVHV�IHUWLOL]DQWHV��2�IRVIRUR�p�XP�GRV�PDFURQXWULHQWHV�SULQFLSDLV�
DEVRUYLGRV�SHODV�SODQWDV��R�DOWR�XVR�GDV�UHVHUYDV�GH�URFKD�IRVIiWLFD�SDUD�D�IDEULFDomR�GRV�IHUWLOL]DQWHV�WHP�
FKDPDGR�D�DWHQomR�GD�FRPXQLGDGH�FLHQWt¿FD�SDUD�D�EXVFD�GH�QRYDV�IRUPDV�GH�DSOLFDomR�H�PHOKRUDPHQWR�
GRV�IHUWLOL]DQWHV�DWXDLV��2�XVR�GLUHWR�GDV�URFKDV�QD�ODYRXUD�p�XPD�RSomR�TXH�Mi�YHP�VHQGR�FRJLWDGD�SR�
UpP��SRXFR�VH�VDEH�TXDQWR�DR�UHDO�SRWHQFLDO�GDV�URFKDV�H�D�GLQkPLFD�GH�VROXELOLGDGH�GDV�IDVHV�IRVIiWLFDV��
(VVH�HVWXGR�WHQWD�HVFODUHFHU�DOJXQV�SRQWRV�GHVVDV�GLVFXVV}HV�WUD]HQGR�D�FDUDFWHUL]DomR�GH�XPD�URFKD�
IRVIiWLFD�TXH�Mi�HVWi�VHQGR�FRPHUFLDOL]DGD��IUHQWH�D�GLIHUHQWHV�WHPSRV�GH�PRDJHP�PRVWUDQGR�D�HIHWLYL�
GDGH�QD�GLPLQXLomR�GR�WDPDQKR�GDV�SDUWtFXODV�H�QR�DXPHQWR�GD�YHORFLGDGH�GH�OLEHUDomR�GR�QXWULHQWH��
PRVWUDQGR�TXH�D�PRDJHP�SRGH�VHU�XPD�UHDO�FRQGLomR�SDUD�D�IDEULFDomR�GH�QRYRV�WLSRV�GH�IHUWLOL]DQWHV�
GLPLQXLQGR�DVVLP�GXDV�RSHUDo}HV�XQLWiULDV�QD�IDEULFDomR�GRV�IHUWLOL]DQWHV�VLQWpWLFRV�VRO~YHLV�DWXDLV�
Palavras-chave��0RDJHP��5RFKD��)RVIDWR��$SDWLWD��)HUWLOL]DQWH�

millinG And cHArActeriZAtion oF A nAturAl rocK PHoSPHAte (bAYóvAr) 
witH PotentiAl For direct uSe in FertiliZAtion.
Abstract
7KH�XVH�RI�V\QWKHWLF�IHUWLOL]HUV�LQ�WKH�ZRUOG�RQO\�KDV�JURZQ�DORQJ�ZLWK�WKLV�IDFWRU��WKH�JURZLQJ�XVH�RI�
QDWXUDO�UHVRXUFHV�IRU�WKH�SURGXFWLRQ�RI�IHUWLOL]HUV��7KH�SKRVSKRUXV�LV�D�PDMRU�PDFURQXWULHQWV�DEVRUEHG�
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E\�SODQWV��WKH�KLJK�XVH�RI�WKH�UHVHUYHV�RI�SKRVSKDWH�URFN�WR�PDQXIDFWXUH�IHUWLOL]HUV�KDV�GUDZQ�WKH�DWWHQ�
WLRQ�RI�WKH�VFLHQWL¿F�FRPPXQLW\�WR�VHDUFK�IRU�QHZ�ZD\V�RI�LPSOHPHQWDWLRQ�DQG�LPSURYHPHQW�RI�FXUUHQW�
IHUWLOL]HU��7KH�GLUHFW�XVH�RI�URFNV�LQ�IDUPLQJ�LV�DQ�RSWLRQ�WKDW�LV�DOUHDG\�EHLQJ�FRQVLGHUHG�KRZHYHU��OLWWOH�
LV�NQRZQ�DERXW�WKH�UHDO�SRWHQWLDO�RI�URFNV�DQG�WKH�G\QDPLF�VROXELOLW\�RI�SKRVSKDWH�SKDVHV��7KLV�VWXG\�
DWWHPSWV�WR�FODULI\�VRPH�SRLQWV�RI�WKHVH�GLVFXVVLRQV�DQG�EULQJV�WKH�FKDUDFWHUL]DWLRQ�RI�D�SKRVSKDWH�URFN�
WKDW�LV�DOUHDG\�EHLQJ�PDUNHWHG��PLOOLQJ�DW�GLIIHUHQW�WLPHV�VKRZLQJ�WKH�HIIHFWLYHQHVV�LQ�UHGXFLQJ�WKH�SDU�
WLFOH�VL]H�DQG�LQFUHDVLQJ�WKH�UHOHDVH�UDWH�RI�WKH�QXWULHQW��VKRZLQJ�WKDW�PLOOLQJ�FDQ�EH�D�UHDO�FRQGLWLRQ�IRU�
PDQXIDFWXULQJ�QHZ�W\SHV�RI�IHUWLOL]HU�WKXV�UHGXFLQJ�WZR�XQLW�RSHUDWLRQV�LQ�WKH�PDQXIDFWXUH�RI�V\QWKHWLF�
IHUWLOL]HUV�VROXEOH�FXUUHQW�
Keywords: *ULQGLQJ��5RFN��3KRVSKDWH��$SDWLWH��)HUWLOL]HU�

3XEOLFDo}HV�UHODFLRQDGDV��,QpGLWR�

1 introduÇÃo

$�DJULFXOWXUD�PRGHUQD�WHP�VH�FDUDFWHUL]DGR�SHOR�XVR�LQWHQVLYR�GD�WHUUD��QD�PDLRULD�GDV�YH]HV�
SRU�PRQRFXOWXUDV�FRP�XWLOL]DomR�GH�DOWDV�GRVHV�GH�DJURWy[LFRV�H�IHUWLOL]DQWHV��2V�DYDQoRV�WHFQROyJLFRV�
H�R�XVR�GHVVHV�IHUWLOL]DQWHV�¿]HUDP�FRP�TXH�DV�SURSULHGDGHV�DXPHQWDVVHP�VXDV�SURGXo}HV������'HQWUH�
RV�WUrV�PDFURQXWULHQWHV�SULPiULRV�SULQFLSDLV��QLWURJrQLR��IyVIRUR�H�SRWiVVLR��R�IyVIRUR�p�R�PHQRV�H[LJLGR�
SHODV�SODQWDV��HP�FRQWUDSDUWLGD�p�R�QXWULHQWH�TXH�PDLV�OLPLWD�D�SURGXomR��3RUpP��PXLWRV�GRV�SURGXWRV�
XWLOL]DGRV� QD� FRUUHomR� GH� VRORV� FRP� IRVIDWRV� VmR� SRXFR� H¿FLHQWHV�� OHYDQGR� D� JUDQGH� GHVSHUGtFLR� GH�
PDWHULDO�SRU�LPRELOL]DomR��VROXELOL]DomR�SDUFLDO�H�DWp�PHVPR�OL[LYLDomR������8PD�SRVVLELOLGDGH�p�D�GLPL�
QXLomR�GR�WDPDQKR�GDV�SDUWtFXODV��DWUDYpV�GD�PRDJHP�GH�URFKDV�QDWXUDLV�DXPHQWDQGR�DVVLP�D�VXSHUItFLH�
GH�FRQWDWR�GR�VXEVWUDWR�FRP�D�VROXomR��$VVLP��R�IRFR�GHVVH�HVWXGR�VHUi�DYDOLDU�D�OLEHUDomR�GR�PDFUR�
QXWULHQWH�IyVIRUR�D�SDUWLU�GD�PRDJHP�GH�URFKDV�QDWXUDLV��FRUUHODFLRQDQGR�VXD�OLEHUDomR�DR�WDPDQKR�GDV�
QDQRSDUWtFXODV�����

2 mAteriAiS e métodoS

)RUDP�IHLWDV�PRDJHQV�GD�URFKD�%D\RYDU�HP�XP�PRLQKR�RUELWDO��R�PHLR�GH�PRDJHP�XWLOL]DGR�
IRL��MDUUR�GH�SRUFHODQD�GH�����P/�FRP�HVIHUDV�GH�DOXPLQD��9DULRX�VH�R�WHPSR�GH�PRDJHP�HP����������
���������������H�����PLQXWRV�GH�PRDJHP��2V�PDWHULDLV�IRUDP�FDUDFWHUL]DGRV�SRU�GLIUDWRPHWULD�GH�UDLRV�
;�SDUD�LGHQWL¿FDomR�GDV�IDVHV�PLQHUDOyJLFDV�FRQVWLWXLQWHV��DQiOLVH�TXtPLFD�SRU�ÀXRUHVFrQFLD�GH�UDLRV�;�
SDUD�D�GHWHUPLQDomR�GRV�GH]�y[LGRV�PDLV�FRPXPHQWH�HQFRQWUDGRV�HP�PLQpULRV��¿VVLVRUomR�GH�QLWURJrQLR�
SDUD�GHWHUPLQDomR�GD�iUHD�VXSHU¿FLDO��PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�SDUD�D�YLVXDOL]DomR�GD�PRU�
IRORJLD�H�WDPDQKR�GDV�SDUWtFXODV�REWLGDV��WHVWH�GH�VROXELOLGDGH�HVWiWLFR�HP�WXER�IDOFRQ�FRP�iFLGR�FtWULFR�
GHWHUPLQDQGR�D�TXDQWLGDGH�GH�IRVIDWR�VROXELOL]DGD�SRU�FRPSOH[DomR�H�OHLWXUD�HP�89�9LV�����

3 reSultAdoS e diScuSSÃo

$�)LJXUD����DSUHVHQWD�R�GLIUDWRJUDPD�GH�UDLRV�;�SDUD�D�DPRVWUD�GD�URFKD�%D\RYDU��GH�DFRUGR�FRP�
DV�¿FKDV�FULVWDORJUi¿FDV�SDGUmR�GLVSRQtYHLV�QD�OLWHUDWXUD��IRUDP�LGHQWL¿FDGDV�WUrV�IDVHV�SULQFLSDLV�TXH�
FRQVWLWXHP�R�PDWHULDO��XPD�IDVH�IRUPDGD�SRU�y[LGR�GH�VLOtFLR�RX�TXDUW]R��¿FKD�FULVWDORJUi¿FD�Q~PHUR��
�������������H�GXDV�SRVVtYHLV�IDVHV�GH�DSDWLWD��D�KLGUR[LDSDWLWD�H�D�ÀXRUDSDWLWD�FRP�DV�¿FKDV�FULVWDOR�
JUi¿FDV�GH�Q~PHUR��������������H�������������UHVSHFWLYDPHQWH�
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Figura 1. 'LIUDWRJUDPD�GH�UDLRV�;�GD�URFKD�%D\RYDU�

$�DQiOLVH�TXtPLFD�SRU�ÀXRUHVFrQFLD�GH�UDLRV�;�PRVWUDGD�GD�7DEHOD����QRV�UHYHORX�TXH�DOpP�GH�
XPD�SDUWH�GH�y[LGR�GH�VLOtFLR�FRQ¿UPDQGR�D�DQiOLVH�GR�GLIUDWRJUDPD�GH�UDLRV�;�WDPEpP�TXH�HVVD�URFKD�
SRVVXL�FHUFD�GH�����GH�IRVIDWR��DOpP�GH�XPD�DOWD�FRQFHQWUDomR�GH�y[LGR�GH�FiOFLR��6H�FRQVLGHUDUPRV�
TXH�WRGR�HVVH�IRVIDWR�SURYpP�GD�IDVH�DSDWLWD��LVVR�FKHJD�D�UHSUHVHQWDU�HP�PDVVD�DSUR[LPDGDPHQWH�����
RX�VHMD��WUrV�TXDUWRV�GD�PDVVD�WRWDO�GHVVD�URFKD�p�IRUPDGD�SHOD�IDVH�PLQHUDO�DSDWLWD��R�UHVWDQWH�VmR�RXWURV�
PLQHUDLV�FRQWDPLQDQWHV�FRPR�R�TXDUW]R�

tabela 1. $QiOLVH�SRU�ÀXRUHVFrQFLD�GH�UDLRV�;�
óxidos determinados % em massa óxidos determinados % em massa

SiO2 ���� TiO2 ����

$O2O� ���� 32O� �����

)H2O� ���� 1D2O ����

&D2 ���� .2O ����

0J2 ���� 0Q2 ����

3HUGD�QD�,JQLomR �����

$�)LJXUD���PRVWUD��RV�UHVXOWDGRV�REWLGRV�SDUD�FDGD�DPRVWUD�QDV�DQiOLVHV�GH�¿VVLVRUomR�GH�QL�
WURJrQLR�SDUD�D�GHWHUPLQDomR�GD�iUHD�VXSHU¿FLDO�HVSHFt¿FD�GR�PDWHULDO��QRWD�VH�XP�OLJHLUR�DXPHQWR�QR�
YDORU�GD�RULJLQDO�SDUD�D�GH�����PLQXWRV�SRGHQGR�VHU�VRPHQWH�XPD�GHVDJORPHUDomR�GR�PDWHULDO��D�SDUWLU�
GH���PLQXWRV�RV�YDORUHV�SDVVDP�D�DXPHQWDU�VLJQL¿FDWLYDPHQWH��FKHJDQGR�D�XP�DXPHQWR�GH�FHUFD�GH�����
GR�YDORU�LQLFLDO�QR�WHPSR�GH�����PLQXWRV�GH�PRDJHP�

$V�PLFURJUD¿DV�DSUHVHQWDGDV�QD�)LJXUD����PRVWUDP�UHDOPHQWH�TXH�DV�SDUWtFXODV�IRUDP�GLPLQXt�
GDV�HP�VHX�WDPDQKR��SRGHPRV�REVHUYDU�SDUWtFXODV�DFLPD�GH�����PtFURQ�QD�URFKD�RULJLQDO�FKHJDQGR�DWp�
PHVPR�D�YDORUHV�VXE�PtFURQ�QDV�PRDJHQV�GH����H�����PLQXWRV��PDLV�XP�LQGtFLR�GH�TXH�D�PRDJHP�IRL�
HIHWLYD�H�HVVH�UHVXOWDGR�FRUURERUD�FRP�RV�YDORUHV�GHWHUPLQDGRV�SDUD�D�iUHD�VXSHU¿FLDO�
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Figura 2. ÈUHD�VXSHU¿FLDO�UHODWLYD�

Figura 3. 0LFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�

2�WHVWH�GH�VROXELOLGDGH�IHLWR�HP�WXERV�IDOFRQ�FRP�iFLGR�FtWULFR�QRV�PRVWURX�TXH�KRXYH�DXPHQWR�
QD�YHORFLGDGH�GH� OLEHUDomR�GR�IRVIDWR�FRP�D�GLPLQXLomR�GDV�SDUWtFXODV��$�)LJXUD���PRVWUD�DV�FXUYDV�
REWLGDV�SDUD�D�OLEHUDomR�GD�URFKD�GH�WDPDQKR�RULJLQDO�UHFHELGD�QR�ODERUDWyULR�FRQWUD�DV�PRtGDV�HP�����
H�����PLQXWRV��'H�DFRUGR�FRP�D�HYROXomR�GRV�GLDV�YDL�RFRUUHQGR�D�OLEHUDomR�GR�IRVIDWR��3DUD�D�DPRVWUD�
PRtGD�HP�����PLQXWRV���QRWD�VH�TXH�RV�YDORUHV�GRV�HUURV�FDHP�GHQWUR�GRV�HUURV�GD�FXUYD�GD�DPRVWUD�
RULJLQDO��SRGHQGR�D�PRDJHP�QHVVH�FXUWR�WHPSR�HVWDU�DSHQDV�GHVDJORPHUDQGR�R�PDWHULDO��3DUD�D�PRDJHP�
GH�����PLQXWRV�SRGHPRV�QRWDU�TXH�UHDOPHQWH�KRXYH�DXPHQWR�QD�YHORFLGDGH�GH�OLEHUDomR�GR�QXWULHQWH���
PRVWUDQGR�TXH�D�GLPLQXLomR�GDV�SDUWtFXODV�IRL�HIHWLYD�QHVVH�DVSHFWR��&DEH�OHPEUDU�TXH�HVVH�H[SHULPHQWR�
DLQGD�HVWi�HP�FXUVR�H�DV�DQiOLVHV�GH�DOJXQV�SRQWRV�VHUmR�UHSHWLGDV�SDUD�PHOKRUDU�RV�GHVYLRV�RFRUULGRV�QD�
FXUYD�H�SDUD�RV�WHVWHV�GH�FRPSDUDomR�HVWDWtVWLFRV�

 

Figura 4. Teste de solubilidade.
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4 concluSÃo

3RU�PHLR�GHVVH�HVWXGR�YLPRV�TXH�R�XVR�GD�PRDJHP�HP�URFKDV�IRVIiWLFDV�IRL�HIHWLYD�SDUD�D�GL�
PLQXLomR�GR�WDPDQKR�GDV�SDUWtFXODV�H�WDPEpP�TXH�KRXYH�XP�DXPHQWR�QD�YHORFLGDGH�GH�OLEHUDomR�GR�
QXWULHQWH��0RVWUDQGR�TXH�D�PRDJHP�SRGH�VHU�XPD�RSomR�SDUD�R�WUDWDPHQWR�GH�URFKDV�IRVIiWLFDV�FRP�
DOWRV�WHRUHV�GH�IRVIDWR�H�FRP�SRWHQFLDO�DSOLFDELOLGDGH�GLUHWD�HP�ODYRXUDV�

AGrAdecimentoS

2V�DXWRUHV�JRVWDULDP�GH�DJUDGHFHU�DV�DJrQFLDV�&$3(6��&13T��)$3(63��),1(3�H�D�(PEUDSD�
�³5HGH�$JURQDQR´��SHOR�DSRLR�QD�SHVTXLVD�

reFerÊnciAS

>�@�/8&+(6(��(��%���)$9(52��/��2��%���/(1=,��(���)XQGDPHQWRV�GD�TXtPLFD�GR�VROR�±�7HRULD�H�3Ui�
WLFD��)UHLWDV�%DVWRV��5LR�GH�-DQHLUR�����S�������

>�@�/285(,52��)��(��9��/���0(/$0('��5���2�IyVIRUR�QD�DJULFXOWXUD�EUDVLOHLUD��XPD�DERUGDJHP�PL�
QHUR�PHWDO~UJLFD��5LR�GH�-DQHLUR��&(7(0�±�&HQWUR�GH�7HFQRORJLD�0LQHUDO����������S���&(7(0�6pULH�
(VWXGRV�H�'RFXPHQWRV������

>�@�7®168$$'8��.���.$/-89((��7���3(7.29$��9���75$-60$$��5���%(1'(5��9���.,5,0b(��
.���,PSDFWR�I�PHFKDQLFDO�DFWLYLDWLRQ�RQ�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI�SKRVSKRULWH�FRQFHQWUDWHV��
,QWHUQDWLRQDO�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ��Y�������S����������������

>�@�/��'UXPPRQG��:��0DKHU��'HWHUPLQDWLRQ�RI�SKRVSKRUXV�LQ�DTXHRXV�VROXWLRQ�YLD�IRUPDWLRQ�RI�WKH�
SKRVSKRDQWLPRQ\PRO\EGHQXP�EOXH�FRPSOH[�UH�H[DPLQDWLRQ�RI�RSWLPXP�FRQGLWLRQV�IRU�WKH�DQDO\VLV�RI�
SKRVSKDWH��$QDO\WLFD�&KLPLFD��$FWD��Y�������S��������������

otimiZAÇÃo de nAnoPArtículAS de óxido de  Zinco 
obtido viA método Hidrotérmico
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,QVWUXPHQWDomR��/11$��6mR�&DUORV��63�

UDIDHOD�V�D#RXWORRN�FRP

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
2�y[LGR�GH�]LQFR��=Q2��p�XP�GRV�PDLV�LPSRUWDQWHV�y[LGRV�PHWiOLFRV��WHP�YDVWD�XWLOL]DomR�H�DSUHVHQWD�
XP�JUDQGH�SRWHQFLDO�SDUD�VHU�HPSUHJDGR�FRPR�PDWHULDO�VHPLFRQGXWRU���3RGH�VHU�REWLGR�SRU�YiULRV�PpWR�
GRV�GH�VtQWHVH�FRPR�SRU�H[HPSOR�R�PpWRGR�VRO�JHO��UHDomR�SRU�FRPEXVWmR�YLD�OtTXLGD��KLGUyOLVH�IRUoDGD��
PpWRGR�3HFKLQL�H�R�PpWRGR�KLGURWHUPDO��2�REMHWLYR�SULQFLSDO�GHVWH�WUDEDOKR�IRL�FRQWURODU�IDWRUHV�FRPR�
R�WDPDQKR��D�XQLIRUPLGDGH�H�GLVSHUVmR�GDV�SDUWtFXODV�GH�=Q2�VLQWHWL]DGDV��3DUD�LVVR�IRUDP�YDULDGRV�RV�
VXUIDFWDQWHV��3(*�������3(*������H�3(*������HPSUHJDGRV�SDUD�D�VtQWHVH���2�PpWRGR�GH�VtQWHVH�HVFR�
OKLGR�SDUD�REWHQomR�GDV�QDQRSDUWtFXODV�IRL�R�PpWRGR�KLGURWHUPDO�FRQYHQFLRQDO��$VVLP��R�=Q2�IRL�REWLGR�
FRP�VXFHVVR�SRU�PHLR�GR�PpWRGR�KLGURWHUPDO�FRQYHQFLRQDO�H�FDUDFWHUL]DGR�SRU��GLIUDomR�GH�UDLRV�;��
PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9�)(*��H�DQiOLVH�GH�SRWHQFLDO�=HWD�
Palavras-chave��Ï[LGR�GH�]LQFR��0pWRGR�+LGURWpUPLFR��3(*��1DQRSDUWtFXODV�
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oPtimiZAtion oF Zno nAnoPArticleS obteined bY HYdrotHermAl metHod 
Abstract
=LQF�R[LGH��=Q2��LV�RQH�RI�WKH�PRVW�LPSRUWDQW�DQG�ZLGHO\�XVHG�PHWDO�R[LGHV��ZLWK�SRWHQWLDO�LQ�VHPLFRQ�
GXFWRU�DSSOLFDWLRQ��,W�FDQ�EH�REWDLQHG�E\�GLIIHUHQW�PHWKRGV�RI�V\QWKHVLV�VXFK�DV�VRO�JHO�PHWKRG��YLD�FRP�
EXVWLRQ�UHDFWLRQ�OLTXLG��IRUFHG�K\GURO\VLV��VSUD\�GU\LQJ��WKH�3HFKLQL�PHWKRG�DQG�K\GURWKHUPDO�PHWKRG��
7KH�PDLQ�REMHFWLYH�RI�WKLV�ZRUN�ZDV�WR�FRQWURO�IDFWRUV�VXFK�DV�WKH�VL]H��XQLIRUPLW\�DQG�GLVSHUVLRQ�RI�
=Q2�SDUWLFOHV��)RU�WKLV�SXUSRVH�WKH�VXUIDFWDQWV�ZHUH�YDULHG��3(*�������3(*������DQG�3(*�������7KH�
V\QWKHVLV�PHWKRG�FKRVHQ�WR�REWDLQ�WKH�QDQRSDUWLFOHV�ZDV�WKH�FRQYHQWLRQDO�K\GURWKHUPDO�PHWKRG��=Q2�
ZDV�VXFFHVVIXOO\�REWDLQHG�DQG�FKDUDFWHUL]HG��E\�;�UD\�GLIIUDFWLRQ��VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0�
)(*��DQG�=HWD�SRWHQWLDO�DQDO\VLV�
Keywords: =LQF�R[LGH��+\GURWKHUPDO�0HWKRG��3(*��1DQRSDUWLFOHV�

1 introduÇÃo

2�y[LGR�GH�]LQFR��=Q2���WHP�UHFHELGR�PXLWD�DWHQomR�QRV�~OWLPRV�DQRV��&RP�SURSULHGDGHV�HOpWUL�
FDV�H�ySWLFDV�GH�GHVWDTXH��DOpP�GH�VHU�ELRFRPSDWtYHO��R�=Q2�IRL�WHVWDGR�SDUD�GLIHUHQWHV�DSOLFDo}HV��HQWUH�
DV�TXDLV�VH�GHVWDFDP�FRPR��VHQVRUHV�H�FDWDOLVDGRUHV��:$1*�:HQFKXDQJ�������H�+8$1*��5RQJ�+VLQ�
�������$VVLP��R�=Q2�VH�FODVVL¿FD�FRPR�XP�GRV�PDLV�LPSRUWDQWHV�y[LGRV�PHWiOLFRV��WHP�YDVWD�XWLOL]DomR��
FRPR�IRWRFDOLVDGRU�H�DLQGD�DSUHVHQWD�XPD�DPSOD�SRVVLELOLGDGH�GH�VHU�HPSUHJDGR�FRPR�PDWHULDO�VHPL�
FRQGXWRU�GR�WLSR�Q��GHYLGR�j�SUHVHQoD�GH�GHIHLWRV�LQWUtQVHFRV�TXH�SRGHP�VHU�JHUDGRV�SHOD�IRUPDomR�GH�
YDFkQFLDV�GH�R[LJrQLRV��2�=Q2�SRGH�IRUPDU�HVWUXWXUDV�FULVWDOLQDV�GR�WLSR��ZXUWL]LWD��EOHQGD�GH�]LQFR�RX�
F~ELFDV��HP�FRQGLo}HV�QRUPDLV�GH�WHPSHUDWXUD�H�SUHVVmR��*HUDOPHQWH��D�HVWUXWXUD�KH[DJRQDO�ZXUWL]LWD�
DSUHVHQWD�SDUkPHWURV�GH�UHGH�LJXDLV�D�D ������c��H���F ������c��DOpP�GH�XP�EDQG��JDS�GH������H9������
QP���R�TXH�SRVVLELOLWD�YDULDo}HV� VLJQL¿FDWLYDV�GH� VXD�FRQGXWLYLGDGH�TXDQGR�H[SRVWR�D� LQFLGrQFLD�GH�
OX]�89�FRP�HQHUJLD�VXSHULRU�DR�VHX�JDS���(QWUH�RV�YiULRV�PpWRGRV�GH�VtQWHVH�TXtPLFD�TXH�HVWmR�VHQGR�
XWLOL]DGRV�SDUD�D�SUHSDUDomR�GH�QDQRSDUWtFXODV�GH�=Q2�SRGH�VH�FLWDU�R�PpWRGR�VRO�JHO��UHDomR�SRU�FRP�
EXVWmR�YLD�OtTXLGD��KLGUyOLVH�IRUoDGD��PpWRGR�3HFKLQL�H�R�PpWRGR�KLGURWHUPDO��3$:$5��5DMHQGUD���������
2�REMHWLYR�SULQFLSDO�GHVWH� WUDEDOKR�IRL�FRQWURODU�D�PRUIRORJLD�H�D�GLVSHUVmR�GR�=Q2�FRP�GLPHQV}HV�
QDQRPpWULFDV��3DUD�LVVR�IRUDP�YDULDGRV�RV�VXUIDFWDQWHV��3ROLHWLOHQRJOLFRO��3(*��FRP�GLIHUHQWHV�PDVVDV�
PRODUHV��DGLFLRQDGRV�

2 mAteriAiS e métodoS

�$V� QDQRSDUWtFXODV� GH� =Q2� IRUDP� REWLGDV� SHOR�PpWRGR� KLGURWHUPDO� FRQYHQFLRQDO� �0+&���2�
0+&�SHUPLWH�D�REWHQomR�GH�SDUWtFXODV�GH�=Q2�HP�XPD�~QLFD�HWDSD��QmR�KDYHQGR�D�QHFHVVLGDGH�GH�
WUDWDPHQWRV�SyV�VtQWHVH��2�SUHFXUVRU�GH�=Q��QLWUDWR�GH�]LQFR��=Q�12��2���IRL�GLVVROYLGR�HP�iJXD�XOWUD�
GHLRQL]DGD�H��HP�VHJXLGD��R�S+�GD�VROXomR�IRL�DMXVWDGR�SDUD����FRP�1D2+��3DUD�XP�PDLRU�FRQWUROH�GR�
WDPDQKR�H�GD�XQLIRUPLGDGH�GDV�SDUWtFXODV�GH�=Q2�IRUDP�DGLFLRQDGRV�RV�VXUIDFWDQWHV�3ROLHWLOHQRJOLFRO�GH�
PDVVD�PRODU������������H�����FRP�FRQFHQWUDomR�GH����0��$V�VROXo}HV�IRUDP�VXEPHWLGDV�DR�WUDWDPHQWR�
KLGURWpUPLFR�VHSDUDGDPHQWH�D�����&�SRU���KRUD��'XUDQWH�WRGR�R�WUDWDPHQWR�PDQWHYH�VH�D�VROXomR�HP�
DJLWDomR�FRQVWDQWH��$SyV�R�WUDWDPHQWR��R�VyOLGR�EUDQFR�REWLGR�IRL�ODYDGR�DWp�S+�QHXWUR�H�VHFR�HP�HVWXID�

3 reSultAdoS e diScuSSÃo

�$�RUGHP�D�PpGLR�H�ORQJR�DOFDQFH�GDV�DPRVWUDV�REWLGDV�IRL�LQYHVWLJDGD�SRU�GLIUDomR�GH�UDLRV�;��
&RPR�SRGH�VH�REVHUYDU�QD�)LJXUD����DV�WUrV�DPRVWUDV�DSUHVHQWDP�VH�FULVWDOLQDV�FRP�HVWUXWXUD�KH[DJRQDO�
SHUWHQFHQWH�DR�JUXSR�HVSDFLDO�3��PF�H�FRP�RV�UHIHULGRV�SODQRV�FULVWDOLQRV�GH�DFRUGR�FRP�D�¿FKD�FULV�
WDORJUi¿FD�,6&'����������$VVLP��FRQ¿UPRX�VH�D�REWHQomR�GR�=Q2�SHOR�0+&�FRP�VXFHVVR��3RGH�VH�
D¿UPDU�DLQGD�TXH�QmR�KRXYH�D�IRUPDomR�GH�IDVHV�VHFXQGiULDV�
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Figura 1. 'LIUDWRJUDPD�GH�UDLRV�;�SDUD�DV�DPRVWUDV�GH�=Q2�REWLGDV�FRP�GLIHUHQWHV�VXUIDFWDQWHV�

$�HVWDELOLGDGH�GDV�QDQRSDUWtFXODV�HP�VXVSHQVmR�IRL�DYDOLDGD�SRU�DQiOLVH�GRV�UHVSHFWLYRV�SRWHQ�
FLDLV�]HWD��2�SRWHQFLDO�=HWD�p�R�YDORU�GR�SRWHQFLDO�HOHWURFLQpWLFR�HQYROYLGR�QD�UHJLmR�GH�GXSOD�FDPDGD�GH�
XP�FROyLGH��(VWD�PHGLGD�SHUPLWH�R�HVWXGR�GD�HVWDELOLGDGH�GRV�FROyLGHV�QD�VXVSHQVmR��$�GXSOD�FDPDGD�
p� IRUPDGD�SHOD�VXSHUItFLH�FDUUHJDGD��RV�FRQWUD�tRQV�H�RV�FR�tRQV�QXPD�IRUPD�GLIXVD�QR�PHLR��&RPR�
FRQVHTXrQFLD�VXUJH�XP�SRWHQFLDO�HOpWULFR�TXH�LQLFLD�QD�VXSHUItFLH�FDUUHJDGD�H�GHFDL�H[SRQHQFLDOPHQWH�
DWp�WRUQDU�VH�FRQVWDQWH��(VWH�SRWHQFLDO�p�FKDPDGR�GH�SRWHQFLDO�=HWD��ȗ��ORFDOL]DGR�HQWUH�D�VXSHUItFLH�FDU�
UHJDGD�H�D�VROXomR�

�2V�UHVXOWDGRV�GDV�DQiOLVHV�GH�SRWHQFLDO�=HWD�VmR�DSUHVHQWDGRV�QD�7DEHOD����6HJXQGR�0276.,1�
�0276.,1��0LFKDHO����������SDUWtFXODV�FRP�DOWRV�YDORUHV�GH�SRWHQFLDO�=HWD��H[FHGHQGR��HP�PyGXOR���
����P9��SHUPDQHFHP�HVWiYHLV�HP�VXVSHQVmR��VHQGR�FRQVLGHUDGDV��SDUWtFXODV�FRORLGDLV��(P�FRQWUDSDUWL�
GD��SDUWtFXODV�FRP�YDORUHV�GH�SRWHQFLDO�=HWD�PHQRUHV�HP�PyGXOR��TXH�����P9��VmR�LQVWiYHLV�HP�VXVSHQ�
VmR�H�WHQGHP�D�VH�DJORPHUDU��$VVLP��DQDOLVDQGR�VH�RV�YDORUHV�GH�ȗ�REWLGRV�SRGH�VH�LQIHULU�TXH�D�DPRVWUD�
REWLGD�FRP�3(*������DSUHVHQWD�VH�PDLV�GLVSHUVD�HP�VROXomR�GR�TXH�DV�RXWUDV�GXDV�DPRVWUDV��7DO�IDWR�p�
FRQ¿UPDGR�SHORV�YDORUHV�GH�'/6��$�PHGLGD�GH�'/6�IRUQHFH�XPD�HVWLPDWLYD�GR�WDPDQKR�GDV�QDQRSDUWt�
FXODV�GH�DFRUGR�FRP�R�HVSDOKDPHQWR�GH�OX]��R�TXDO�p�PXLWR�LQÀXHQFLDGR�SHOD�SUHVHQoD�GH�DJORPHUDGRV��
$�DPRVWUD�REWLGD�FRP�3(*�����DSUHVHQWRX�WDPDQKR�PpGLR�GH�����QP��PXLWR�DFLPD�GR�WDPDQKR�GDV�
QDQRSDUWtFXODV�REVHUYDGR�SHOD�PLFURVFRSLD�HOHWU{QLFD��LQGLFDQGR�D�IRUPDomR�GH�DJORPHUDGRV�H�FRQ¿U�
PDQGR�D�EDL[D�GLVSHUVLYLGDGH�LQGLFDGD�SHOR�SRWHQFLDO�=HWD�

tabela 1. 9DORUHV�GH�SRWHQFLDO�]HWD�H�WDPDQKR�PpGLR�GDV�SDUWtFXODV�GH�=Q2
Amostra ȗ���P9 dlS / nm

3(*���� ����� ���

3(*���� ����� ���

3(*��� ����� ���

�1D�)LJXUD���VmR�DSUHVHQWDGDV�DV�LPDJHQV�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9�)(*���
3RGH�VH�REVHUYDU�TXH�D�DPRVWUD�REWLGD�FRP�3(*�������)LJ��E��DSUHVHQWD�XPD�JUDQGH�YDULDomR�QR�WD�
manho das nanopartículas enquanto que as outras duas amostras apresentam maior homogeneidade. 
3RGHPRV�REVHUYDU�DLQGD�TXH�D�DPRVWUD�REWLGD�FRP�3(*������)LJ���F��DSUHVHQWD�VH�DJORPHUDGD��FRPR�
HUD�HVSHUDGR�GH�DFRUGR�FRP�RV�UHVXOWDGRV�GH�SRWHQFLDO�]HWD�
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Figura 2. ,PDJHQV�GH�PLFURVFRSLD�HOHWU{QLFD�SDUD�DV�DPRVWUDV�GH�=Q2�VLQWHWL]DGDV�FRP�D��3(*�������E��3(*�
�����H�F��3(*�����

4 concluSÃo

�&RPR�FRQFOXVmR��SRGH�VH�D¿UPDU�TXH�R�=Q2�IRL�REWLGR�FRP�VXFHVVR�SHOR�PpWRGR�SURSRVWR�HP�
EDL[DV�WHPSHUDWXUDV�H�FXUWRV�WHPSRV�GH�WUDWDPHQWR�KLGURWpUPLFR��)RL�SRVVtYHO�FRQFOXLU�WDPEpP�TXH�p�
SRVVtYHO�FRQWURODU�R�WDPDQKR��D�IRUPD�H�D�GLVSHUVmR�GRV�QDQRPDWHULDLV�XWLOL]DQGR�VH�GLIHUHQWHV�VXUIDF�
WDQWHV��3RUpP��RV� WDPDQKRV�GH�SDUWtFXODV�FRQVHJXLGRV�DWp�DJRUD�QmR�VmR�VDWLVIDWyULRV�SDUD�DV� IXWXUDV�
DSOLFDo}HV�SUHWHQGLGDV��3RUWDQWR��FRPR�HWDSDV�IXWXUDV�VHUmR�YDULDGDV�DV�FRQFHQWUDo}HV�GRV�VXUIDFWDQWHV�
SDUD�PHOKRUHV�UHVXOWDGRV�YLVDQGR�DV�QHFHVVLGDGHV�GH�DSOLFDomR�H�LQWHUHVVH��

AGrAdecimentoS

(VWH�WUDEDOKR�UHFHEH�R�DSRLR�GR�&13T��&$3(6��)$3(63�H�(PEUDSD�

reFerÊnciAS

+8$1*���5��+����&+,8��7��:����/,1�7��-���681��&��+����&+$2��:��.����76$,$��'��&����+68(+��.��/����
6+,(8��)��6��,PSURYHPHQW�RI�SURWRQ�H[FKDQJH�PHPEUDQH�IXHO�FHOOV�SHUIRUPDQFH�E\�FRDWLQJ�K\JURVFR�
SLF�]LQF�R[LGH�RQ�WKH�DQRGLF�FDWDO\VW�OD\HU��-RXUQDO�RI�3RZHU�6RXUFHV��Y�������S����������������

0276.,1��0���:5,*+7��'�0���08//(5��.���.</(��1���*$5'��7�*���3257(5��$�(��6.(33(5��
-�1��+\GUR[\DSDWLWH�QDQR�DQG�PLFURSDUWLFOHV��&RUUHODWLRQ�RI�SDUWLFOH�SURSHUWLHV�ZLWK�F\WRWR[LFLW\�DQG�
ELRVWDELOLW\��%LRPDWHULDOV��Y������Q�����S����������������

3$:$5��5�&���6+$,.+��-�6���685<$9$16+,��6�6���3$7,/��3�6��*URZWK�RI�=Q2�QDQRGLVN��QDQRVSLQ�
GOHV�DQG�QDQRÀRZHUV�IRU�JDV�VHQVRU��S+�GHSHQGHQF\��&XUUHQW�$SSOLHG�3K\VLFV��Y������Q�����S�����������
�����

:$1*��:����7,$1��<����:$1*��;����+(��+���;8��<����+(��&���/,��;��(WKDQRO�VHQVLQJ�SURSHUWLHV�RI�SR�
URXV�=Q2�VSKHUHV�YLD�K\GURWKHUPDO�URXWH��-RXUQDO�RI�0DWHULDOV�6FLHQFH��Y������Q�����S������������������
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AvAliAÇÃo do uSo de nAnoPArtículAS de quitoSAnA nA 
coAGulAÇÃo/ F-loculAÇÃo de microAlGAS creScidAS em 

eFluente SuinícolA

*Francisco noé da Fonseca¹, william michelon², melissa Paola mezzari3, márcio luís busi da 
Silva¹ 

ï(PEUDSD�6XtQRV�H�$YHV��ð8)6&�±�8QLYHUVLGDGH�)HGHUDO�GH�6DQWD�&DWDULQD����812(6&�±�8QLYHUVLGDGH�
GR�2HVWH�GH�6DQWD�&DWDULQD�

IUDQFLVFR�IRQVHFD#HPEUDSD�EU

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
2�SUHVHQWH�WUDEDOKR�LQYHVWLJRX�D�H¿FLrQFLD�GH�XPD�VROXomR�GH�TXLWRVDQD�QDQRSDUWLFXODGD�QD�FRDJXODomR��
ÀRFXODomR�GH�ELRPDVVD�GH�PLFURDOJDV�Chlorella vulgaris��FXOWLYDGD�HP�HÀXHQWH�VXLQtFROD�ODERUDWyULR�H�
HP�IRWRELRUHDWRUHV�GH�HVFDOD�ODERUDWRULDO��2�HIHLWR�GD�TXLWRVDQD�QDQRSDUWLFXODGD�IRL�FRPSDUDGR�DR�XVR�
GD�TXLWRVDQD�QD�IRUPD�SXUD�XWLOL]DQGR�WHVWHV�GH�MDUURV��(QWUH�DV�FRQFHQWUDo}HV�WHVWDGDV�������������H����
PJ�/�����D�QDQRTXLWRVDQD�QD�GRVH�GH����PJ�/���DSUHVHQWRX�D�PDLRU� UHFXSHUDomR�GH�ELRPDVVD��������
HQTXDQWR�D�VROXomR�GH�TXLWRVDQD�SXUD�����PJ�/����IRL�GH������$OpP�GLVVR��D�QDQRTXLWRVDQD�DSUHVHQWRX�
PDLRU�FDSDFLGDGH�WRWDO�GH�UHFXSHUDomR��2V�UHVXOWDGRV�VXJHUHP�TXH�DV�QDQRSDUWLFXODV�GH�TXLWRVDQD�SR�
GHP�VHU�XPD�DOWHUQDWLYD�LQWHUHVVDQWH�GH�SROtPHUR�RUJkQLFR�QmR�Wy[LFR�SDUD�FRDJXODomR�H�ÀRFXODomR�H�
coleta de microalgas Chlorella sp.
Palavras-chave��4XLWRVDQD��1DQRTXLWRVDQD��Chlorella vulgaris� 'HMHWRV�VXtQRV��)LFRUUHPHGLDomR��

ASSeSSement oF cHitoSAn nAnoPArticleS AS coAGulAnt For HArveStinG 
microAlGAe From Swine eFluentS
Abstract
7KH�SUHVHQW�VWXG\�LQYHVWLJDWHG�WKH�HI¿FLHQFLHV�RI�FKLWRVDQ�DQG�QDQRFKLWRVDQ�WR�KDUYHVW�Chlorella vulgar-
is ELRPDVV�JURZQ�LQ�D�ODE�VFDOH�SKRWRELRUHDFWRU�WUHDWLQJ�VZLQH�ZDVWHZDWHU�GLJHVWDWH��7KH�GRVDJH�HIIHFW�
IURP�ERWK�FKLWRVDQ�IRUPV�ZHUH�HYDOXDWHG�LQ�MDU�WHVW�H[SHULPHQWV��$PRQJ�WKH�FRQFHQWUDWLRQV�WHVWHG������
�������DQG����PJ�/�����QDQRFKLWRVDQ�DW����PJ�/���VKRZHG�WKH�KLJKHVW�ELRPDVV�UHFRYHU\�HI¿FLHQF\�������
DQG�FKLWRVDQ�DORQH�����PJ�/����ZDV������0RUHRYHU��QDQRFKLWRVDQ�SUHVHQWHG�KLJKHU�WRWDO�KDUYHVW�FDSDF�
LW\��2YHUDOO��WKH�UHVXOWV�VXJJHVW�WKDW�QDQRFKLWRVDQ�FDQ�EH�DQ�LQWHUHVWLQJ�DOWHUQDWLYH�FKRLFH�RI�QRQ�WR[LF�
RUJDQLF�SRO\PHU�IRU�KDUYHVWLQJ�Chlorella VS�IURP�RUJDQLF�ULFK�VZLQH�ZDVWHZDWHU���
Keywords: &KLWRVDQ��Chlorella vulgaris��1DQRFKLWRVDQ��6ZLQH�ZDVWHZDWHUV��3K\FRUHPHGLDWLRQ�

1 introduÇÃo

$WXDOPHQWH��DV�PLFURDOJDV�VmR�PDWpULDV�SULPDV�GH�JUDQGH�YDORU�FRPHUFLDO�WDQWR�SDUD�D�SURGXomR�
GH�ELRFRPEXVWtYHLV�FRPR�SDUD�D�DOLPHQWDomR�KXPDQD�H�DQLPDO��2�FXOWLYR�GH�PLFURDOJDV�DSUHVHQWDP�
PXLWDV�YDQWDJHQV�VREUH�DV�PRQRFXOWXUDV�GHVWLQDGDV�D�ELRFRPEXVWtYHLV�GHYLGR�DR�VHX�UiSLGR�FUHVFLPHQ�
WR��PHQRU�FRQVXPR�GH�iJXD�H�QmR�LQWHUIHUHP�QD�DJULFXOWXUD�DOLPHQWDU��(QWUHWDQWR��D�GHPDQGD�GH�HQHUJLD�
H�RV�FXVWRV�DVVRFLDGRV�j�FROHWD�H�VHSDUDomR�GH�PLFURDOJDV�D�SDUWLU�GH�VHX�PHLR�GH�FXOWLYR�DLQGD�p�PXLWR�
HOHYDGR��R�TXH�SRGH�FRPSURPHWHU�D�SURGXomR�HP�HVFDOD�LQGXVWULDO��9DQGDPPH�et al.,�������%UHQQDQ��
2ZHQGH��������0DWD�et al.,��������1mR�Ki�XP�PpWRGR�SDGUmR�SDUD�D�FROHWD�H�VHSDUDomR�GDV�PLFURDOJDV��
PDV�D�SUHFLSLWDomR�TXtPLFD�DSUHVHQWD�VH�FRPR�D�PDLV�HFRQ{PLFD�H�YLiYHO�DWXDOPHQWH��0DWD�et al.,�������
9DQGDPPH�HW�DO����������

$�SUHFLSLWDomR�TXtPLFD�FRP�VDLV�PHWiOLFRV�p�XWLOL]DGD�HP�VLVWHPDV�GH�WUDWDPHQWR�GH�HVJRWRV�H�GH�
iJXDV��SRLV�DX[LOLD�QD�UHPRomR�GH�SDUWtFXODV�VXVSHQVDV�H�GLVVROYLGDV�DWUDYpV�GH�SURFHVVRV�GH�VHGLPHQWD�
omR��0HWFDOI��(GG\���������(VWHV�PHVPRV�VDLV�PHWiOLFRV��VXOIDWR�GH�DOXPtQLR��FORUHWR�GH�IHUUR��VXOIDWR�GH�
IHUUR��HWF��WrP�VLGR�XWLOL]DGRV�H¿FLHQWHPHQWH�SDUD�D�UHPRomR�GH�PLFURDOJDV�GR�PHLR�GH�FXOWLYR��0ROLQD�
*ULPD�et al.,�������+DULWK�et al.,�������'H�*RGRV�et al.,�������9DQGDPPH�et al.,��������(QWUHWDQWR��D�WR�
[LFLGDGH�LQHUHQWH�QHVWHV�VDLV�SRGHULD�LPSDFWDU�D�TXDOLGDGH�GD�iJXD�H�LQWHUIHULU�QRV�SURFHVVRV�GH�H[WUDomR�
GH�ELRFRPEXVWtYHLV��8GXPDQ�et al., ������$QWKRQ\�et al.,��������
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3ROtPHURV�RUJkQLFRV�SRGHP�VXEVWLWXLU�R�XVR�GH�VDLV�PHWiOLFRV�QD�SUHFLSLWDomR�GH�PLFURDOJDV�
GHYLGR�D�VXD�EDL[D�WR[LFLGDGH�H�H¿FLrQFLD�GH�UHPRomR��$�TXLWRVDQD�p�XP�ELRSROtPHUR�ELRGHJUDGiYHO��
REWLGR�D�SDUWLU�GD�GHVDFHWLODomR�GD�TXLWLQD�H�WHP�VH�PRVWUDGR�FRPR�XPD�DOWHUQDWLYD�GH�FRDJXODQWH�QD�
UHPRomR�GD�ELRPDVVD�GH�PLFURDOJDV�HP�VLVWHPDV�GH�FXOWLYRV��+DULWK�et al.,�������'H�*RGRV�et al., ������
Rashid et al.,��������(PERUD�RV�FRDJXODQWHV�GH�QDQR�HVFDOD�DSUHVHQWHP�PHOKRU�GHVHPSHQKR�GH�DGVRU�
omR�GHYLGR�D�VXD�HOHYDGD�iUHD�GH�VXSHUItFLH�HVSHFt¿FD��6LYDNDPL�et al.,��������SRXFR�VH�FRQKHFH�VREUH�
R�XVR�GH�FRDJXODQWHV�QDQRSDUWLFXODGRV�QD�FROHWD�GH�PLFURDOJDV��1R�SUHVHQWH� WUDEDOKR��IRL�SURSRVWR�D�
PRGL¿FDomR�GD�TXLWRVDQD�SXUD�SDUD�IRUPD�QDQRSDUWLFXODGD�SDUD�DYDOLDU�D�H¿FLrQFLD�GHVWD�QD�FRDJXODomR�
H�ÀRFXODomR�GD�ELRPDVVD�GD�PLFURDOJD�Chlorella vulgaris FXOWLYDGDV�HP�IRWRELRUUHDWRUHV�VLPXODQGR�R�
WUDWDPHQWR�GH�GHMHWRV�GH�VXtQRV���

2 mAteriAiS e métodoS

2.1 cultivo das microalgas

2�LQRFXOR�GH�PLFURDOJDV�IRL�REWLGR�GLUHWDPHQWH�GH�XPD�ODJRD�IDFXOWDWLYD�GH�WUDWDPHQWR�GH�HÀXHQ�
WHV�GH�XP�ELRGLJHVWRU�DQDHUyELFR�GD�(VWDomR�GH�7UDWDPHQWR�GH�'HMHWRV�6XtQRV��(7'6��QD�(0%5$3$�
�&RQFyUGLD��6&���0LFURDOJD�Chlorella vulgaris IRL�D�HVSpFLH�GRPLQDQWH�REVHUYDGD�QRV�IRWRELRUUHDWRUHV�
DOLPHQWDGRV�FRP�HÀXHQWH�GH�ELRGLJHVWRU��SDUD�GHWDOKHV�YHU�0H]]DUL�HW�DO����������$V�PLFURDOJDV�IRUDP�
FROHWDGDV�GXUDQWH�D�IDVH�GH�FUHVFLPHQWR��H[SRQHQFLDO���VHQGR�XWLOL]DGD�XPD�VXVSHQVmR�LQLFLDO�FRP�WXUEL�
GH]�GH�����178��GHWHUPLQDGD�FRP�WXUELGtPHWUR������3��+DFK��

2.2 3UHSDUDomR�GDV�QDQRSDUWtFXODV�GH�TXLWRVDQD

$V�QDQRSDUWtFXODV�GH�TXLWRVDQD�IRUDP�SUHSDUDGDV�SRU�JHOL¿FDomR�LRQRWUySLFD�FRQIRUPH�GHVFULWR�
SRU�)DULG�et al.�������6XFLQWDPHQWH��IRL�SUHSDUDGD�XPD�VROXomR�GH�TXLWRVDQD�GH�EDL[R�SHVR�PROHFXODU�
���PJ�P/�����P/��HP�VROXomR�GH�iFLGR�DFpWLFR�����Y�Y��FRQWHQGR�1D&O����PJ�P/���(P�VHJXLGD��VRE�
DJLWDomR�PDJQpWLFD�PRGHUDGD��IRUDP�JRWHMDGDV�OHQWDPHQWH���P/�GH�VROXomR�GH�WULSROLIRVIDWR�GH�VyGLR����
PJ�P/���2�GLkPHWUR�GDV�QDQRSDUWtFXODV�IRL�GHWHUPLQDGR�SRU�HVSDOKDPHQWR�GH�OX]�GLQkPLFR��=HWDVL]HU�
=6��0DOYHUQ���

2.3 'HWHUPLQDomR�GD�UHFXSHUDomR�GH�ELRPDVVD

3DUD�R�WHVWH�GH�ÀRFXODomR��IRUDP�XWLOL]DGRV�����P/�GH�VXVSHQVmR�GH�PLFURDOJDV�HP�WHVWHV�GH�
MDUURV�UHDOL]DGRV�HP�WULSOLFDWDV��)RUDP�DGLFLRQDGDV�GLIHUHQWHV�FRQFHQWUDo}HV�GD�IRUPXODomR�GH�QDQRSDU�
WtFXODV�GH�TXLWRVDQD�������������H����PJ�/�����2�VLVWHPD�IRL�PDQWLGR�VRE�DJLWDomR�PHFkQLFD�FRQWtQXD�GH�
���USP��&RPR�FRQWUROH��IRL�XWLOL]DGD�XPD�VROXomR�GH�TXLWRVDQD�SXUD��VHP�R�DFUpVFLPR�GR�WULSROLIRVIDWR��
2�SURFHVVR�GH�VHGLPHQWDomR�RFRUUHX�SRU����PLQ�H�D�UHFXSHUDomR�GH�ELRPDVVD��dD��GHWHUPLQDGD�FRP�D�
OHLWXUD�GD�WXUELGH]�GR�VREUHQDGDQWH��FRQIRUPH�D�HTXDomR�DEDL[R��(TXDomR����

�������

Onde NTUi e NTUf FRUUHVSRQGHP�D�GHQVLGDGH�yWLFD�GR�VREUHQDGDQWH�DQWHV�H�GHSRLV�GD�FRDJXOD�
omR��ÀRFXODomR�H�VHGLPHQWDomR��UHVSHFWLYDPHQWH��2�S+�LQLFLDO�H�¿QDO�IRL�GHWHUPLQDGR�FRP�R�DX[tOLR�GH�
XP�S+PHWUR��+,�������+DQQD��

3 reSultAdoS e diScuSSÃo

$�VROXomR�GH�QDQRSDUWtFXODV�GH�TXLWRVDQD�DSUHVHQWRX�DVSHFWR�WUDQVSDUHQWH�H�XP�SRXFR�PHQRV�
YLVFRVR�TXDQGR�FRPSDUDGD�FRP�D�VROXomR�GH�TXLWRVDQD��(VVH�IDWR�SRGH�VHU�MXVWL¿FDGR�SHOD�UHGXomR�GD�
UHGH�WULGLPHQVLRQDO�GDV�FDGHLDV�GH�TXLWRVDQD�HP�VROXomR��Mi�TXH�DR�VHU�DGLFLRQDGR�R�DJHQWH�UHWLFXODQWH�
�WULSROLIRVIDWR��RFRUUH�D�GHVHVWUXWXUDomR�GHVVD�UHGH�H�D�QXFOHDomR�GDV�SDUWtFXODV�DWUDYpV�GR�PHFDQLVPR�
GH�JHOL¿FDomR�LRQRWUySLFD��2�S+�GH�DPEDV�DV�VROXo}HV�¿FRX�HP�WRUQR�GH������2�GLkPHWUR�PpGLR�GDV�
QDQRSDUWtFXODV�IRL�GH����QP��FRUURERUDQGR�HVWXGRV�DQWHULRUHV��)DULG�et al.��������$�)LJXUD���DSUHVHQWD�R�
SHU¿O�GH�GLVWULEXLomR�GR�GLkPHWUR�GDV�QDQRSDUWtFXODV�
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Figura 1. 'LVWULEXLomR�GR�GLkPHWUR�GDV�QDQRSDUWtFXODV�GH�TXLWRVDQD�

$�SDUWLU�GD�)LJXUD����p�SRVVtYHO�REVHUYDU�TXH�QD�IDL[D�GH�FRQFHQWUDomR�DYDOLDGD�D�VROXomR�GH�
TXLWRVDQD�SXUD�DSUHVHQWRX�PDLRU�H¿FLrQFLD�GH�UHPRomR�GDV�PLFURDOJDV�QD�FRQFHQWUDomR�GH�����J�P/�
HP�FRPSDUDomR�DV�QDQRSDUWtFXODV������J�P/���1R�HQWDQWR��XP�LQFUHPHQWR�GH�TXDVH�����GH�UHFXSHUD�
omR�WRWDO�GH�ELRPDVVD��iUHD�VRE�D�FXUYD��IRL�REVHUYDGR�XWLOL]DQGR�VH�DV�QDQRSDUWtFXODV�GH�TXLWRVDQD�HP�
UHODomR�j�VROXomR�������H�������UHVSHFWLYDPHQWH��
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Figura 2. (IHLWR�GD�FRQFHQWUDomR�GD�VROXomR�GH�TXLWRVDQD�SXUD�RX�QDQRHVWUXWXUDGD�QD�H¿FLrQFLD�GH�UHPRomR�GD�

microalga Chlorella sp.

$OpP�GLVVR��IRL�UHDOL]DGR�XP�H[SHULPHQWR�DGLFLRQDO��QR�TXDO�FRQFHQWUDo}HV�FUHVFHQWHV�GH�TXL�
WRVDQD�RX�QDQRTXLWRVDQD�IRUDP�DGLFLRQDGDV�QR�PHVPR�MDUUR��)RL�REVHUYDGR�TXH�FRP�PHWDGH�GD�FRQ�
FHQWUDomR�GD�QDQRTXLWRVDQD�HP�FRPSDUDomR�FRP�D�TXLWRVDQD�HP�VROXomR�����H������J�P/��KRXYH�XPD�
UHFXSHUDomR� GH� ELRPDVVD� OHYHPHQWH�PDLRU� ���� H� ������ VXJHULQGR� D�PDLRU� FDSDFLGDGH� ÀRFXODQWH� GD�
quitosana nanoestruturada. 

2�S+�GR�PHLR�DSyV�R�IHQ{PHQR�GH�FRDJXODomR�H�ÀRFXODomR�GLPLQXLX�GH�����SDUD�������(VWH�UH�
VXOWDGR�QmR�IRL�VXUSUHHQGHQWH�FRQVLGHUDQGR�j�DGLomR�FUHVFHQWH�GH�iFLGR�DFpWLFR�QDV�DPRVWUDV��R�TXDO�p�
XVDGR�SDUD�VROXELOL]DU�D�TXLWRVDQD��)LJXUD�����
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Figura 3. 9DULDomR�GR�S+�GD�DPRVWUD�HP�IXQomR�GDV�GLIHUHQWHV�FRQFHQWUDo}HV�GH�TXLWRVDQD�HP�VROXomR�RX�
nanoestruturada.

4 concluSÃo
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'LDQWH�GR�H[SRVWR��SHUFHEH�VH�R�SRWHQFLDO�GDV�QDQRSDUWtFXODV�GH�TXLWRVDQD�FRPR�DJHQWH�ÀRFX�
ODQWH�GH�PLFURDOJDV�XWLOL]DGDV�QR�WUDWDPHQWR�GH�HÀXHQWHV�GD�FDGHLD�GH�VXtQRV��2�VLVWHPD�FRORLGDO�SUR�
SRVWR�DSUHVHQWRX�FRPR�SULQFLSDO�YDQWDJHP�D�QmR�QHFHVVLGDGH�GH�DMXVWH�GR�S+�GR�PHLR��EiVLFR��DQWHV�GD�
ÀRFXODomR�H�PDQWHQGR�VH�OHYHPHQWH�iFLGR�DR�¿P�GR�SURFHVVR��H�WDPEpP�D�WHU�XPD�FDSDFLGDGH�WRWDO�GH�
SUHFLSLWDomR�VXSHULRU�D�VROXomR�GH�TXLWRVDQD��9DOH�GHVWDFDU�TXH�HVWXGRV�DGLFLRQDLV�GH�FDUDFWHUL]DomR�GDV�
QDQRSDUWtFXODV��EHP�FRPR�GRV�SRVVtYHLV�PHFDQLVPRV�TXH�UHJHP�R�SURFHVVR�GH�ÀRFXODomR�REVHUYDGR��
VmR�QHFHVViULRV�SDUD�FRQVROLGDU�HVVD�DERUGDJHP�FRPR�WHFQRORJLD�LQRYDGRUD�SDUD�R�VHWRU�
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&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
$�QHFHVVLGDGH�GR�XVR�GH�IHUWLOL]DQWHV�SDUD�R�DX[tOLR�GD�SURGXomR�DJUtFROD�DVVRFLDGR�DR�DOWR�tQGLFH�GH�
LPSRUWDomR�GHVWH�LQVXPR�SHOR�%UDVLO�WHP�PRWLYDGR�R�GHVHQYROYLPHQWR�FLHQWt¿FR�H�WHFQROyJLFR�GH�PDWH�
ULDLV�DWLYRV�FRP�GHVHPSHQKR�HOHYDGR��1HVWH�FRQWH[WR��R�SUHVHQWH�WUDEDOKR�WHYH�FRPR�REMHWLYR�D�VtQWHVH�
GH�QDQRSDUWtFXODV�GH�KLGUR[LDSDWLWD�SHOR�PpWRGR�GH�FRSUHFLSLWDomR��H�R�HQYHOKHFLPHQWR�GDV�PHVPDV�SRU�
KLGURWHUPDOL]DomR��'HVWH�PRGR��DYDOLRX�VH�D�VROXELOLGDGH�GDV�QDQRSDUWtFXODV�REWLGDV�HP�GLIHUHQWHV�WHP�
SRV�GH�KLGURWHUPDOL]DomR��YLVDQGR�DFRPSDQKDU�D�GHSHQGrQFLD�GD�VROXELOLGDGH�HP�VROXomR�DTXRVD�FRP�
RV�GLIHUHQWHV�WDPDQKRV�PpGLRV�H�FRQGLo}HV�GH�FULVWDOL]DomR��2V�UHVXOWDGRV�REWLGRV�SDUD�D�KLGUR[LDSDWLWD�
LQGLFDUDP�TXH�D�YDULDomR�QR�WHPSR�GH�KLGURWHUPDOL]DomR�QmR�WHYH�LQÀXHQFLD�VLJQL¿FDWLYD�QRV�GLkPHWURV�
GH�SDUWtFXODV�REWLGDV�DVVLP�FRPR�HP�VXD�FULVWDOL]DomR��HQWUHWDQWR��KRXYH�PHOKRU�GH¿QLomR�GD�PRUIRORJLD�
da partícula.  
Palavras-chave��+LGUR[LDSDWLWD��1DQRSDUWtFXODV��)yVIRUR��6ROXELOLGDGH�

AnAlYSiS oF HYdroxYAPAtite nAnoPArticleS SolubilitY For APlicAtion 
AS A PHoSPHoruS Source
Abstract
7KH�QHFHVVLW\�IRU�XVLQJ�IHUWLOL]HU�WR�IDYRU�WKH�DJULFXOWXUDO�SURGXFWLRQ�DVVRFLDWHG�ZLWK�KLJK�LPSRUW�UDWHV�
E\�%UD]LO�KDYH�PRWLYDWHG�WKH�VFLHQWL¿F�DQG�WHFKQRORJLFDO�GHYHORSPHQW�RI�IHUWLOL]HUV�ZLWK�KLJK�SHUIRU�
PDQFH�� ,Q� WKLV� FRQWH[W�� WKH� SUHVHQW� VWXG\� DLPHG� WR� WKH� V\QWKHVLV� RI� K\GUR[\DSDWLWH� QDQRSDUWLFOHV� E\�
FR�SUHFLSLWDWLRQ�PHWKRG�IROORZHG�E\�WKH�K\GURWKHUPDO�SURFHVV��7KH�QDQRSDUWLFOHV�VROXELOLW\�ZDV�HYDO�
XDWHG�DW�GLIIHUHQW�WLPHV�RI�K\GURWKHUPDOL]DWLRQ�WR�PRQLWRU�WKH�GHSHQGHQFH�RI�WKLV�EHKDYLRU�LQ�DTXHRXV�
VROXWLRQ��7KH�UHVXOWV�LQGLFDWHG�WKDW�WKH�K\GURWKHUPDO�WUHDWPHQW�XVHG�GLG�QRW�LQÀXHQFH�VLJQL¿FDQWO\�WKH�
SDUWLFOH�GLDPHWHUV�DQG�WKH�FU\VWDOOLQLW\���KRZHYHU��WKHUH�ZDV�EHWWHU�GH¿QLWLRQ�RI�WKHLU�PRUSKRORJ\�
Keywords��+\GUR[\DSDWLWH��1DQRSDUWLFOHV��3KRVSKRUXV��6ROXELOLW\

3XEOLFDo}HV� UHODFLRQDGDV�� ³Evaluation of hydroxyapatite nanoparticles solubility for aplication as 
a source of phosphorus´�DSUHVHQWDomR�SDUD�R�����&RQJUHVVR�0XQGLDO�GH�)HUWLOL]DQWHV�GR�&,(&�������

1 introduÇÃo

+i�XPD�JUDQGH�QHFHVVLGDGH�GH�XWLOL]DomR�GH�IHUWLOL]DQWHV�QD�SURGXomR�DJUtFROD�%UDVLOHLUD��VHQGR�
FHUFD�GH�����GHVWHV�FRPSRVWRV�DWLYRV�VmR�REWLGRV�SRU� LPSRUWDomR�1�3DUD�D�SURGXomR�GH� IHUWLOL]DQWHV�
IRVIDWDGRV�SDUD�R�VROR�WHPRV�D�SURGXomR�GH�iFLGR�IRVIyULFR��+�32����1HVVH�SURFHVVR�WHP�VH�D�IRUPDomR�
GR�IRVIRJHVVR��&D62���FRPR�VXESURGXWR��TXH�DSUHVHQWD�VH�FRPR�XP�JUDQGH�LPSDFWR�DR�PHLR�DPELHQWH��
Mi�TXH�WRQHODGDV�GHVVH�VXESURGXWR�HQFRQWUDP�VH�HVWRFDGRV�VHP�QHQKXP�XVR�¿QDO��587+(5)25'�HW�
DO��������

1RV�~OWLPRV�DQRV�R�IRVIDWR�GH�URFKD�WHP�VLGR�DYDOLDGR�SDUD�DSOLFDomR�GLUHWD�QR�VROR�FRPR�IHUWL�
OL]DQWH��.KDVDZQHK��'ROO����������8P�GRV�IRVIDWRV�PDLV�DEXQGDQWHV�QD�QDWXUH]D�p�D�FODVVH�GDV�DSDWLWDV��
WRUQDQGR�D�DOWDPHQWH�LQWHUHVVDQWH�SDUD�D�DSOLFDomR�PLQHUDO�GLUHWD�QR�VROR��H[FHWR�SHOD�VXD�EDL[D�VROXEL�
OLGDGH��&KLHQ��0HQRQ���������'HVVD�IRUPD��PHWRGRORJLDV�TXH�SRVVLELOLWHP�R�DXPHQWR�GD�GLVVROXomR�GD�
mesma são de grande relevância. 

'HVVD�PDQHLUD��R�SUHVHQWH�WUDEDOKR�WHP�FRPR�LQWHUHVVH�VLQWHWL]DU�QDQRSDUWtFXODV�GH�KLGUR[LDSD�
WLWD��+$3���&D���32����2+�2��SHOR�PpWRGR�KLGURWHUPDO�HP�GLIHUHQWHV�SHUtRGRV�WHPSRV�SDUD�DYDOLDU�VXD�
VROXELOLGDGH�H�FDSDFLGDGH�GH�OLEHUDomR�GH�IyVIRUR��3��SDUD�R�VROR�

2 mAteriAiS e métodoS

$V�QDQRSDUWtFXODV�GH�+$3�IRUDP�VLQWHWL]DGDV�SHOR�PpWRGR�GH�FRSUHFLSLWDomR�SRU�YLD�~PLGD�H��
HP�VHJXLGD��KLGURWHUPDOL]DGDV�SRU�GLIHUHQWHV�SHUtRGRV�GH�WHPSR�FRP�R�SURSyVLWR�GH�DYDOLDU�R�FUHVFLPHQ�
WR�H�FULVWDOL]DomR�GDV�PHVPDV��3DUD�LVVR��IRUDP�SUHSDUDGDV�VROXo}HV�GH�QLWUDWR�GH�FiOFLR��&D�12��2��H�GH�
IRVIDWR�iFLGR�GH�DP{QLR���1+��2+32����UHVSHFWLYDPHQWH��$�VHJXLU��D�VHJXQGD�IRL�JRWHMDGD�OHQWDPHQWH�
QD�SULPHLUD�VROXomR�VRE�ÀX[R�GH�QLWURJrQLR��12��H�S+�����DMXVWDGR�FRP�KLGUy[LGR�GH�DP{QLR��1+�2+���
IRUPDQGR�XPD�VXVSHQVmR�EUDQFD��TXH�IRL�KLGURWHUPDOL]DGD�GXUDQWH���������H����KRUDV�j�����&���$V�DPRV�
WUDV�REWLGDV�IRUDP�FDUDFWHUL]DGDV�SHODV�WpFQLFDV�GLIUDomR�GH�UDLRV�[�H�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�
com emissão de campo. 

3DUD�D�YHUL¿FDomR�GD�VROXELOLGDGH�GDV�PHVPDV�������J�GH�KLGUR[LDSDWLWD�IRL�FRORFDGR�HP�XP�EH�
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FNHU�FRP�����P/�GH�iJXD�j�WHPSHUDWXUD�FRQWURODGD�GH����&��3RVWHULRUPHQWH��DOtTXRWDV�IRUDP�UHWLUDGDV�
GH�DFRUGR�FRP�R�WHPSR��������������H����K����$�VROXELOLGDGH�IRL�DQDOLVDGD�DWUDYpV�GH�HVSHFWURIRWRPHWULD�
GH�DEVRUomR�QD�UHJLmR�GR�89�9LV�SHOD�FRPSOH[DomR�GR�IyVIRUR�SHOR�PpWRGR�D]XO�GH�PROLEGrQLR�

3 reSultAdoS e diScuSSÃo

1R�GLIUDWRJUDPD�GD�)LJ����SRGH�VH�SHUFHEHU�TXH�WRGDV�DV�DPRVWUDV�HQFRQWUDP�VH�PRQRIiVLFDV�H�
FULVWDOLQDV��VHP�D�IRUPDomR�GH�IDVHV�VHFXQGiULDV�LQGHVHMiYHLV���9HUL¿FD�VH�WDPEpP��TXH�QmR�KRXYH�LQ�
ÀXrQFLD�VLJQL¿FDWLYD�QD�FULVWDOL]DomR�FRP�R�DXPHQWR�GR�WHPSR�GH�KLGURWHUPDOL]DomR�HP�PpGLD�H�ORQJD�
GLVWkQFLD�QR�UHWtFXOR�FULVWDOLQR��TXH�WHQKD�VLGR�GHWHFWDGD�SRU�'5;�

Figura 1. 'LIUDWRJUDPDV�GH�UDLRV�;�GDV�DPRVWUDV�GH�KLGUR[LDSDWLWD�VLQWHWL]DGDV�HP�VHXV�UHVSHFWLYRV�WHPSRV�GH�
KLGURWHUPDOL]DomR�

2�WDPDQKR�H�D�IRUPD�GDV�QDQRSDUWtFXODV�GH�+$3�IRUDP�DQDOLVDGRV�SRU�0(9�)(*��$V�LPDJHQV�
H�RV�KLVWRJUDPDV�GH�GLVWULEXLomR�GH�WDPDQKRV�GH�SDUWtFXODV�REWLGRV�HVWmR�DSUHVHQWDGRV�QD�)LJXUD���

 

Figura 2. ,PDJHQV�REWLGDV�SRU�PLFURVFRSLD�HOHWU{QLFD�GDV�DPRVWUDV�GH�+$3�QD�IRUPD�GH�SyV�H�D�UHVSHFWLYD�
GLVWULEXLomR�GR�GLkPHWUR�PpGLR�GH�SDUWtFXODV� 
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&RP�DV�LPDJHQV�REWLGDV�SRU�PLFURVFRSLD�HOHWU{QLFD�IRL�SRVVtYHO�REVHUYDU�RV�GLkPHWURV�PpGLRV�
GDV�SDUWtFXODV�VLQWHWL]DGDV��1HVVHV�WDPDQKRV�PHQVXUDGRV��QmR�KRXYH�YDULDomR�VLJQL¿FDWLYD�FRP�R�DX�
PHQWR�GR�WHPSR�GH�KLGURWHUPDOL]DomR��&RQWXGR��KRXYH�XPD�PHOKRU�GH¿QLomR�GRV�EDVWRQHWHV��9r�VH�QRV�
KLVWRJUDPDV�TXH�PHQRUHV�SHUtRGRV�GH�KLGURWHUPDOL]DomR�DFDUUHWDP�XPD�IDL[D�GH�GLkPHWURV�PDLV�ODUJD�
do que a apresentada em um tempo mais longo no reator hidrotermal. 

Figura 3. 6ROXELOL]DomR�GDV�QDQRSDUWtFXODV�GH�KLGUR[LDSDWLWD�GH�DFRUGR�FRP�R�WHPSR�

$�)LJXUD���IRL�REWLGD�SRU�LQWHUPpGLR�GH�PHGLGDV�GH�DEVRUEkQFLD�QD�UHJLmR�GR�XOWUDYLROWD�YLVtYHO��
HPSUHJDQGR�VH�R�GR�PpWRGR�D]XO�GH�PROLELGrQLR�QD�TXDQWL¿FDomR�GH�IyVIRUR�OLEHUDGR�SHODV�QDQRSDU�
WtFXODV�GH�+$3�HP�IXQomR�GR�WHPSR���e�SRVVtYHO�REVHUYDU�TXH�R�WHPSR�GH�SURFHVVR�KLGURWHUPDO�QmR�
DSUHVHQWRX�LQÀXrQFLD�VLJQL¿FDWLYD�QD�FRQFHQWUDomR�GH�IyVIRUR�HP�VROXomR�

4 concluSÃo

1HVWH� WUDEDOKR�� FRQFOXLX�VH�TXH�R� WHPSR�GH�KLGURWHUPDOL]DomR�QmR� DSUHVHQWD�XPD� LQÀXrQFLD�
VLJQL¿FDWLYD�QR�GLkPHWUR�PpGLR�GDV�QDQRSDUWtFXODV�GH�KLGUR[LDSDWLWD�H�QR�SURFHVVR�GH�FULVWDOL]DomR�GR�
PDWHULDO��'HVWH�PRGR��p�SRVVtYHO�FRQFOXLU�TXH�VmR�SUHIHULGRV�SHUtRGRV�PDLV�FXUWRV�GH�WUDWDPHQWR�KLGUR�
WpUPLFR��XPD�YH]�TXH�QmR�Ki�GLIHUHQoD�VLJQL¿FDWLYD�QD�+$3�QDQRSDUWtFXODV�VROXELOLGDGH�

AGrAdecimentoS

(PEUDSD�,QVWUXPHQWDomR��&$3(6��&13T�H�)$3(63

reFerÊnciAS

'LVSRQtYHO�HP���KWWS���ZZZ�DQGD�RUJ�EU�LQGH[�SKS"PSJ ��������!��$FHVVR�HP����MXO�������

5XWKHUIRUG��3��0���'XGDV��0��-���	�6DPHN��5��$����������(QYLURQPHQWDO�LPSDFWV�RI�SKRVSKRJ\SVXP��
6FLHQFH�RI�WKH�7RWDO�(QYLURQPHQW���������������

.KDVDZQHK��)��(���DQG�(��&��'ROO��³7KH�XVH�RI�SKRVSKDWH�URFN�IRU�GLUHFW�DSSOLFDWLRQ�WR�VRLOV�´�$GY��$JURQ�
���������������������

&KLHQ��6�+��0HQRQ��5�*���)DFWRUV�DIIHFWLQJ�WKH�DJURQRPLF�HIIHFWLYHQHVV�RI�SKRVSKDWH�URFN�IRU�GLUHFW�
DSSOLFDWLRQ��)HUW��5HV���������41�����S����������
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6%6��6ROXo}HV�SROLPpULFDV�GH�3/$�FRP�GLIHUHQWHV�FRQFHQWUDo}HV�GH�SROLHWLOHQRJOLFRO��3(*���������������
H�����P�P��IRUDP�SUHSDUDGDV�FRP�D�¿QDOLGDGH�GH�DQDOLVDU�R�HIHLWR�QDV�SURSULHGDGHV�H�QD�PRUIRORJLD�GDV�
¿EUDV�REWLGDV��$�PRUIRORJLD�H�D�FRPSRVLomR�TXtPLFD�GDV�¿EUDV�IRUDP�HVWXGDGDV�SRU�PHLR�GDV�WpFQLFDV�
GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��H�HVSHFWURVFRSLD�GH�LQIUDYHUPHOKR�FRP�WUDQVIRUPDGD�GH�
IRXULHU��)7,5���7DPEpP�IRL�REVHUYDGR�XP�GHFUpVFLPR�GH������SDUD������QR�YDORU�GR�kQJXOR�GH�FRQWDWR�
FRP�R�DXPHQWR�GD�FRQFHQWUDomR�GH�3(*�
Palavras-chave��)LDomR�SRU�VRSUR�HP�VROXomR��3ROtPHUR��1DQR¿EUDV�H�0RUIRORJLD�

eFFect oF PolYetHYlene GlYcol in nAnoFiberS PolYlActic Acid
Abstract
7KH�VROXWLRQ�EORZ�VSLQQLQJ��6%6��LV�D�QHZ�PHWKRG�WR�REWDLQ�¿EHUV�EDVHG�LQ�WKHRUHWLFDO�VXSSRUWV�RI�HOHF�
WURVSLQQLQJ�PHWKRG��,Q�WKLV�ZRUN��SRO\ODFWLF�DFLG��3/$��¿EURXV�ZDV�SUHSDUHG�E\�6%6�WHFKQLTXH��)URP�
3/$�SRO\PHU�VROXWLRQV�RI�GLIIHUHQW�FRQFHQWUDWLRQV�RI�SRO\HWK\OHQH�JO\FRO��3(*���������������DQG�����
Z�Z��ZHUH�SUHSDUHG�WR�DQDO\]H�LWV�HIIHFWV�RQ�WKH�PRUSKRORJ\�LQ�WKH�REWDLQHG�¿EHUV��7KH�PRUSKRORJLFDO�
DQG�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�¿EHUV�ZHUH�DQDO\]HG�E\�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0��DQG�IRX�
ULHU�WUDQVIRUP�LQIUDUHG�VSHFWURVFRS\��)7,5���:DV�DOVR�GHWHUPLQHG�WKDW�WKH�FRQWDFW�DQJOH�GHFUHDVHG�E\�
�����WR������ZLWK�LQFUHDVLQJ�WKH�FRQFHQWUDWLRQ�RI�3(*�
Keywords: 6ROXWLRQ�EORZ�VSLQQLQJ��3RO\PHU��1DQR¿EHUV�DQG�0RUSKRORJ\�

3XEOLFDo}HV� UHODFLRQDGDV��$SUHVHQWDomR� VRE� D� IRUPD� GH� S{VWHU� GR� WUDEDOKR� LQWLWXODGR� ³(IHLWR� GR�
SROLHWLOHQRJOLFRO��QDV�QDQR¿EUDV�GH�SROL�iFLGR�OiWLFR�´�$XWRUHV��3$6&+2$/,1��5��7���%5,&+,��*��6����
2/,9(,5$��-��(���0$77262��/��+��&����o�&RQJUHVVR�EUDVLOHLUR�GH�SROtPHURV�����o&%3RO��

1 introduÇÃo

,PSODQWHV� WHPSRUiULRV� FRQIHFFLRQDGRV� D� SDUWLU� GH� SROtPHURV� ELRDEVRUYtYHLV� JDQKDUDP�JUDQGH�
LPSRUWkQFLD�QD�iUHD�PpGLFD��6+,1��HW��DO����������$WXDOPHQWH�HVWHV�YrP�VHQGR�XWLOL]DGRV�HP�XP�DPSOR�
Q~PHUR�GH�DSOLFDo}HV��WDLV�FRPR��VLVWHPDV�SDUD�OLEHUDomR�FRQWURODGD�GH�IiUPDFRV��/,8��HW��DO���������H�
UHJHQHUDomR�GH�WHFLGR��/<6$*+7��HW��DO����������$V�EOHQGDV�GH�SROtPHURV�QDWXUDLV�H�VLQWpWLFRV�WrP�VH�
PRVWUDGR�XPD�DOWHUQDWLYD�YLiYHO��GHYLGR�D�SRVVLELOLGDGH�GH�VH�WUDEDOKDU�GLYHUVDV�SURSULHGDGHV�D�¿P�GH�
YLDELOL]DU�DV�FDUDFWHUtVWLFDV�GH�FDGD�DSOLFDomR��'HQWUH�DV�WHFQRORJLDV�H[LVWHQWHV�SDUD�D�SURGXomR�GHVVHV�
PDWHULDLV��GHVWDFD�VH�D�¿DomR�SRU�VRSUR�HP�VROXomR� �6%6���TXH�VH�FDUDFWHUL]D�SHOD�SURGXomR�GH�DUFD�
ERXoRV�WULGLPHQVLRQDLV��VFDIIROGV��IRUPDGRV�SRU�¿EUDV�TXH�FRQVHJXHP�PLPHWL]DU��¿VLFDPHQWH��D�PDWUL]�
H[WUDFHOXODU�QDWXUDO��.(//20b.,�	�7g50b/b���������2�SROL�iFLGR�OiWLFR���3/$��p�XP�SROtPHUR�
ELRGHJUDGiYHO��ELRUHDEVRUYtYHO�H�ELRFRPSDWtYHO��DSUHVHQWDQGR�SRUWDQWR��XPD�DOWHUQDWLYD�LQWHUHVVDQWH�SDUD�
R�XWLOL]DomR�FRPR�VFDIIROGV��:8�	�',1*���������1R�HQWDQWR��XPD�GDV�SULQFLSDLV�OLPLWDo}HV�QD�XWLOL]DomR�
GR�3/$�QD�HQJHQKDULD�GH�WHFLGRV�p�VXD�KLGURIRELFLGDGH��UHVXOWDQGR�HP�EDL[D�SHUPHDELOLGDGH�H�PHQRU�LQ�
WHUDomR�FRP�FpOXODV��$�PLVWXUD�GH�RXWUR�SROtPHUR�FRPR��R�SROLHWLOHQRJOLFRO��3(*���SRGHUi�VHUYLU�FRPR�XP�
FDPLQKR�H¿FD]�SDUD�PHOKRUDU�D�HVWDELOLGDGH�ItVLFD�H�PHFkQLFD��D�SHUPHDELOLGDGH�H�D�ELRGHJUDGDELOLGDGH�
GHVVHV�PDWHULDLV��2�REMHWLYR�GR�SUHVHQWH�WUDEDOKR�FRQVWLWXLX�QD�SUHSDUDomR�H�FDUDFWHUL]DomR�GDV�QDQR¿EUDV�
SROLPpULFDV�GH�3/$�REWLGDV�SHOR�SURFHVVR�6%6�FRP�GLIHUHQWHV�FRQFHQWUDo}HV�GH�SROLHWLOHQRJOLFRO��3(*��
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2 mAteriAiS e métodoS

2.1 materiais 

1HVWH�WUDEDOKR�IRL�HPSUHJDGR�R�SROL�iFLGR�OiWLFR���0DVVD�PRODU� ��������J�PRO��DGTXLULGR�GD�
%LRPDWHU��6mR�&DUORV�%UDVLO���SROLHWLOHQRJOLFRO��0DVVD�PRODU� �������J�PRO��GD�6LJPD�$OGULFK��FORUR�
IyUPLR�H�D�DFHWRQD��9(7(&��HPSUHJDGRV�FRPR�VROYHQWHV�

2.2 3UHSDUDomR�GDV�PDWUL]HV�SROLPpULFDV

0DQWDV�¿EURVDV�IRUDP�SUHSDUDGDV�D�SDUWLU�GH�XPD�VROXomR�FRQWHQGR�����P�Y�GH�3/$�HP�FOR�
URIyUPLR��DFHWRQD������Y�Y��SRU�PHLR�GD�WpFQLFD�6%6�FRQWHQGR�GLIHUHQWHV�FRQFHQWUDo}HV�GH��3(*���$V�
FRQFHQWUDo}HV�GH�3(*�XWLOL]DGDV�IRUDP��������������H������P�P���

2.3 &DUDFWHUL]DomR�

$�PRUIRORJLD�GDV�¿EUDV�IRL�REVHUYDGD�XWLOL]DQGR�XP�PLFURVFySLR�HOHWU{QLFR�GH�YDUUHGXUD��-(2/�
-60��������=HLVV��DSyV�UHFREULPHQWR�FRP�RXUR�GD�VXSHUItFLH�GDV�DPRVWUDV�FRP�R�DX[LOLR�GH�XP�PHWD�
OL]DGRU��%DO]HU��6&'�������2V�GLkPHWURV�GDV�¿EUDV�IRUDP�DYDOLDGRV�SRU�PHLR�GR�VRIWZDUH�DQDOLVDGRU�GH�
LPDJHQV��,PDJH�-��86$���3DUD�FDGD�DPRVWUD��R�GLkPHWUR�PpGLR�H�VXD�GLVWULEXLomR�IRUDP�GHWHUPLQDGRV�D�
SDUWLU�GD�DQiOLVH�GH�����¿EUDV�DOHDWyULDV��&RP�R�REMHWLYR�GH�FDUDFWHUL]DU�D�SUHVHQoD�GH�JUXSRV�TXtPLFRV�
HVSHFt¿FRV�QDV�QDQR¿EUDV�GD�EOHQGD�3/$�3(*�IRL�UHDOL]DGD�DQiOLVH�GH�LQIUDYHUPHOKR�XWLOL]DQGR�D�WUDQV�
IRUPDGD�GH�IRXULHU��)7,5���1LFROHW�����1H[XV���9DORUHV�GR�kQJXOR�GH�FRQWDWR�PpGLR�GD�iJXD�GHLRQL]DGD�
QD�VXSHUItFLH�GDV�¿EUDV�IRUDP�REWLGRV�SRU�PHLR�GR�HTXLSDPHQWR��&$0�����GD�.69�,QVWUXPHQWV��HTXL�
SDGR�FRP�XPD�FkPHUD�&&'�PRGHOR��.*9��������(P�FDGD�PHGLGD�XPD�JRWD�GH�DSUR[LPDGDPHQWH���ȝ/�
GH�iJXD�GHLRQL]DGD�IRL�JRWHMDGD�VREUH�D�VXSHUItFLH�GDV�PDQWDV�H�DV�LPDJHQV�IRUDP�FROHWDGDV�DXWRPDWLFD�
PHQWH�GXUDQWH�WUrV�PLQXWRV��$�SDUWLU�GHVWDV�LPDJHQV�R�kQJXOR�GH�FRQWDWR�PpGLR�IRL�FDOFXODGR�XWLOL]DQGR�
XP�VRIWZDUH�GR�SUySULR�HTXLSDPHQWR��.69�&$0�������

3 reSultAdoS e diScuSSÃo

3.1 0LFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��

$�)LJXUD���DSUHVHQWD�DV�PLFURJUD¿DV�GDV�QDQR¿EUDV�GH�3/$�H�GDV�EOHQGDV�SROLPpULFDV�3/$
�3(*�HP�GLIHUHQWHV�FRQFHQWUDo}HV�

Figura 1. 0LFURJUD¿DV�0(9�GR�SROtPHUR�3/$�H�GD�EOHQGD�3/$�3(*�REWLGDV�SRU�PHLR�GD�¿DomR�SRU�VRSUR�HP�
VROXomR���D��3/$���E���������F���������G��������H��H���������Y�Y���,QVHW��GLVSHUVmR�GRV�GLkPHWURV�GDV�¿EUDV�

3RGH�VH�REVHUYDU��SRU�PHLR�GD�)LJXUD����TXH�D�PDLRU�GLVWULEXLomR�QD�SRUFHQWDJHP�GR�WDPDQKR�
GDV�¿EUDV��WDQWR�SDUD�DV�REWLGDV�FRP�3/$�SXUR�FRPR�SDUD�DV�REWLGDV�GDV�EOHQGDV�FRP�GLIHUHQWHV�FRQ�
FHQWUDo}HV�GH�3(*��HQFRQWUD�VH�HQWUH�����H������QP��1D�EOHQGD�3/$�3(*�������GHYLGR�D�EDL[D�FRQ�
FHQWUDomR�GR�3(*��D�GLVWULEXLomR�GH�WDPDQKR�GDV�¿EUDV�IRL�VLPLODU�DR�3/$�SXUR��VHQGR�REVHUYDGR�XP�
DXPHQWR�VLJQL¿FDWLYR�QD�SRUFHQWDJHP�GH�GLkPHWURV�GDV�¿EUDV�D�UHJLmR�HQWUH�����H�����QP��1D�EOHQGD�
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3/$�3(*������IRL�SRVVtYHO�REVHUYDU�XP�DXPHQWR�QD�GLVWULEXLomR�GD�SRUFHQWDJHP�H�GR�GLkPHWUR�GDV�
¿EUDV��REWHQGR�VH�¿EUDV�FRP�DWp�����ȝP�FRP�R�DXPHQWR�GD�FRQFHQWUDomR�GR�3(*�QD�EOHQGD��3DUD�DV�
DPRVWUDV�FRP�FRQFHQWUDo}HV�GH�3(*�VXSHULRUHV��3/$�3(*�������H��������XP�FRPSRUWDPHQWR�LQYHUVR�
IRL�REVHUYDGR��RX�VHMD��RFRUUHX�XPD�GLPLQXLomR�GR�GLkPHWUR�PpGLR�GDV�¿EUDV��3DUD�D�DPRVWUD�3/$�3(*�
������YHUL¿FRX�VH�XPD�GLVWULEXLomR�PDLV�KRPRJrQHD�QRV�GLkPHWURV�GDV�¿EUDV��SRGHQGR�HVWDU�UHODFLRQD�
GD�D�YLVFRVLGDGH�GD�VROXomR��R�TXH�VHUi�LQYHVWLJDGR�HP�HVWXGRV�IXWXURV�

3.2 espectroscopia no infravermelho com transformada de Fourier 

3000 2500 2000 1500 1000
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1~PHUR�GH�RQGD��FP���

 PLA
 PLA-PEG 99-1
 PLA-PEG 95-5
 PLA-PEG 90-10
 PLA-PEG 80-20

2V�HVSHFWURV�GH�)7,5�GDV�¿EUDV�SROLPpULFDV�GH�3/$�H�GDV�EOHQGDV�3/$�3(*�HVWmR�DSUHVHQWDGRV�QD�
)LJXUD���

Figura 2. (VSHFWURV�GH�,QIUDYHUPHOKR�SDUD�DV�QDQR¿EUDV�GH�3/$�H�VXDV�EOHQGDV�FRP�3(*�

1RV�HVSHFWURV�D�EDQGD�PDLV�LQWHQVD�REVHUYDGD�VH�HQFRQWUD�HP������FP����HVWH�FRPSULPHQWR�GH�
RQGD�HVWi�DVVRFLDGR�DR�HVWLUDPHQWR�& 2�GR�JUXSR�pVWHU�SUHVHQWH�QD�FDGHLD�GR�SROL�iFLGR�OiWLFR���$�GH�
IRUPDomR�DQJXODU�DVVLPpWULFD�GRV�JUXSRV�&+��DSDUHFH�HP������FP

����-i�DV�YLEUDo}HV�FRUUHVSRQGHQWHV�DV�
GHIRUPDo}HV�D[LDLV�VLPpWULFD�H�DVVLPpWULFD�VmR�REVHUYDGDV�QRV�FRPSULPHQWRV�GH�RQGD�GH������H������
cm����UHVSHFWLYDPHQWH��$VVLP�FRPR�HP�RXWURV�SROtPHURV��3(*��D�UHJLmR�GH�����������FP���p�FDUDF�
WHUL]DGD�SRU�WUrV�JUXSRV�GH�EDQGDV�������������H������FP�����(VWH�FRQMXQWR�GH�EDQGDV�HVWi�DVVRFLDGR�
D�GHIRUPDo}HV�D[LDLV�VLPpWULFDV�GR�&+��������FP����H�DV�GHIRUPDo}HV�DQJXODUHV�GR�JUXSDPHQWR�&+�
������FP�����2V�GXSOHWRV�HP������H������FP���REVHUYDGRV�SRGHP�VHU�DVVRFLDGRV�DRV�PRGRV�GH�GHIRUPD�
omR�D[LDO�VLPpWULFD�GR�JUXSR�pVWHU��&�2�&���$�GHIRUPDomR�D[LDO�DVVLPpWULFD�GR�JUXSR�pVWHU�p�DWULEXtGD�
D�EDQGD�HP������FP����'XDV�EDQGDV�DSDUHFHP�SUy[LPR�D������H������FP���DV�TXDLV�WDPEpP�SRGHP�VHU�
REVHUYDGDV�HP�ROLJ{PHURV�REWLGRV�D�SDUWLU�GR�iFLGR�OiWLFR�H�SRGHP�VHU�DVVRFLDGDV�D�URWDomR�GR�&+� e ao 
HVWLUDPHQWR�&�&+���UHVSHFWLYDPHQWH��2�SLFR�HP�����FP

�� observado no espectro pode ser associado ao 
HVWLUDPHQWR�&�&22�

3.3 Ângulo de contato 

3DUD�D�GHWHUPLQDomR�GR�FDUiWHU�GH�PROKDELOLGDGH�GDV�¿EUDV�SROLPpULFDV��R�kQJXOR�GH�FRQWDWR�GD�
iJXD�GHLRQL]DGD�VREUH�D�VXSHUItFLH�GDV�PHVPDV�IRL�YHUL¿FDGR��$�PpGLD�GRV�kQJXORV�GH�FRQWDWR�REWLGRV�
SDUD�FDGD�DPRVWUD�HVWi�PRVWUDGD�QD�)LJXUD���
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Figura 3. ÆQJXOR�GH�&RQWDWR�PpGLR�REWLGR�SDUD�DV�QDQR¿EUDV�GH�3/$�H�VXDV�EOHQGDV�FRP�3(*�
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6DEH�VH�TXH�XP�PHQRU�kQJXOR�GH�FRQWDWR�HVWi�UHODFLRQDGR�GLUHWDPHQWH�FRP�R�DXPHQWR�GR�GLk�
PHWUR�GD�JRWD��R�TXH�VLJQL¿FD�KDYHU�XPD�PDLRU�PROKDELOLGDGH�GD�VXSHUItFLH�GD�¿EUD��UHVXOWDGR�GH�XPD�
FDUDFWHUtVWLFD�PDLV�KLGURItOLFD�GD�PHVPD��2�YDORU�PpGLR�GR�kQJXOR�GH�FRQWDWR�GDV�QDQR¿EUDV�GH�3/$�
SXUR�IRL����o��(VWH�YDORU�LQGLFRX�XPD�QDWXUH]D�KLGURIyELFD�GHVWH�SROtPHUR��UHVXOWDGR�HVWH�FRPSDWtYHO�DRV�
HQFRQWUDGRV�QD�OLWHUDWXUD��.,0�et. al.���������9DORUHV�PHQRUHV�GH�kQJXOR�GH�FRQWDWR�VmR�HQFRQWUDGRV�QD�
OLWHUDWXUD�SDUD�DV�DPRVWUDV�GH�3/$�QD�IRUPD�GH�¿OPH��&+(1�et. al.���������R�TXH�LQGLFD�TXH�D�PRUIROR�
JLD�QD�IRUPD�GH�¿EUDV�GH�3/$�p�D�UHVSRQViYHO�SHOR�DXPHQWR�GR�FDUiWHU�KLGURIyELFR�GHVWDV�HVWUXWXUDV��R�
TXH�HVWi�UHODFLRQDGR�D�XP�DXPHQWR�GD�iUHD�VXSHU¿FLDO��&RP�R�DXPHQWR�GD�DGLomR�GR�3(*�QDV�EOHQGDV�
IRL�REVHUYDGR�XPD�UHGXomR�QR�YDORU�GR�kQJXOR�GH�FRQWDWR��RX�VHMD�� UHGXomR�GD�KLGURIRELFLGDGH��IDWR�
DWULEXtGR�j�SUHVHQoD�GHVWH�SROtPHUR��GH�QDWXUH]D�KLGURItOLFD��QD�VXSHUItFLH�GDV�¿EUDV�

4 concluSÃo

1HVWH�WUDEDOKR�IRUDP�SURGX]LGDV�FRP�r[LWR��SRU�PHLR�GD�DGHTXDomR�GRV�SDUkPHWURV�FRPR�GLV�
WkQFLD�GD�DJXOKD�DR�FROHWRU��WD[D�GH�YD]mR�GD�VROXomR��YHORFLGDGH�GH�URWDomR�GR�FROHWRU�H�SUHVVmR�GR�DU�
FRPSULPLGR��PLFUR�H�QDQR¿EUDV�GH�3/$�H�GDV�EOHQGDV�3/$�3(*�SURGX]LGDV�D�SDUWLU�GD�WpFQLFD�GH�¿DomR�
SRU�VRSUR�HP�VROXomR��6%6���$V�PHPEUDQDV�SROLPpULFDV�IRUDP�FDUDFWHUL]DGDV��REMHWLYDQGR�SULQFLSDO�
PHQWH�R�FRQKHFLPHQWR�GH�VXDV�SURSULHGDGHV�ItVLFR�TXtPLFDV��EHP�FRPR�RV�HIHLWRV�GR�SURFHVVDPHQWR��
QHVWH�FDVR�D�WpFQLFD�6%6��VREUH�HVWDV�SURSULHGDGHV�¿QDLV��$�DQiOLVH�PRUIROyJLFD�GDV�PHPEUDQDV�SROL�
PpULFDV��SRU�PHLR�GD�WpFQLFD�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��SHUPLWLX�YLVXDOL]DU�PLFUR�H�QDQR�
¿EUDV�VHP�D�SUHVHQoD�GH�EHDGV��2�GLkPHWUR�GDV�¿EUDV��REWLGRV�SHOR�VRIWZDUH�,PDJH�-��YDULRX�HQWUH�����
D������QP��VHQGR�TXH�D�UHJLmR�TXH�DSUHVHQWRX�PDLRU�SRUFHQWDJHP�GH�GLVWULEXLomR�IRL�HQWUH�����D������
QP��(VWXGRV�GH�LQIUDYHUPHOKR�HYLGHQFLDUDP�TXH�QmR�KRXYHUDP�LQWHUDo}HV�LQWHUPROHFXODUHV��DV�TXDLV�
FDUDFWHUL]DULDP�D�PLVFLELOLGDGH�GD�EOHQGD�GH�3/$�3(*��&RP�R�DXPHQWR�GD�DGLomR�GR�3(*�QDV�EOHQGDV�
IRL�REVHUYDGR�XPD�GLPLQXLomR�GR�JUDX�GH�KLGURIRELFLGDGH�

AGrAdecimentoS
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SínteSe de nAnoeStruturAS AtivAS contendo óleo 
eSSenciAl de oréGAno

*Juliana r. Souza1,3 , márcia r. de moura2 , daniel S. corrêa3, luiz H. c. mattoso3

1'HSDUWDPHQWR�GH�4XtPLFD��8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��6mR�&DUORV��63��2'HSDUWDPHQWR�GH�
)tVLFD�H�4XtPLFD��)(,6��81(63��,OKD�6ROWHLUD��63���/11$��(PEUDSD�,QVWUXPHQWDomR��6mR�&DUORV��63�

MXKBUHJKLQH#KRWPDLO�FRP

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
ÏOHRV�H�H[WUDWRV�GH�SODQWDV�WrP�VLGR�XVDGRV�FRPR�XPD�DOWHUQDWLYD�LQWHUHVVDQWH�SDUD�SURGX]LU�¿OPHV�SDUD�
HPEDODJHQV��GHYLGR�j�H¿FLrQFLD�GD�DWLYLGDGH�DQWLEDFWHULDQD�GRV�yOHRV�HVVHQFLDLV��$OpP�GRV�yOHRV��DV�
QDQRSDUWtFXODV�SROLPpULFDV�GH�SROL� �İ�FDSURODFWRQD���3&/��XP�SROtPHUR�ELRGHJUDGiYHO�H�KLGURIyELFR� 
DSUHVHQWD�ERD�VROXELOLGDGH�HP�VROYHQWHV�RUJkQLFRV�FRPXQV�H�SRGH�VHU�GHJUDGDGR�HQ]LPDWLFDPHQWH��,VVR�
DPSOLD�VXD�DSOLFDomR�HP�HPEDODJHQV��XPD�YH]�TXH�SRGH�DXPHQWDU�D�KLGURIRELFLGDGH�GH�DOJXQV�PDWHULDLV�
VHP�ID]HU�FRP�TXH�HVVH�PDWHULDO�SHUFD�VXD�ELRGHJUDGDELOLGDGH��3DUD�D�SURGXomR�GDV�QDQRFiSVXODV�IRL�
XVDGR�yOHR�HVVHQFLDO�GH�RUpJDQR��2�yOHR�GH�RUpJDQR��2ULJDQXP�YXOJDUH��WHP�FRPR�SULQFLSDO�FRPSRVWR�
R�FDUYDFURO��TXH�SRVVXL�DOWD�H¿FLrQFLD�DQWLEDFWHULDQD�H�DQWLI~QJLFD� 2�SUHVHQWH�WUDEDOKR�WHYH�FRPR�REMH�
WLYRV��L��VLQWHWL]DU�H�FDUDFWHUL]DU�QDQRFiSXODV�SROLPpULFDV�GH�SROL��İ�FDSURODFWRQD���3&/��HQFDSVXODGDV�
FRP�yOHR�HVVHQFLDO�GH�RUpJDQR��GH�GLIHUHQWHV�WDPDQKRV��H�LL��VLQWHWL]DU�QDQRHVIHUDV�SROLPpULFDV�FRQWHQGR�
DSHQDV�3&/��SDUD�FRPSDUDomR�GDV�SURSULHGDGHV�FRP�DV�QDQRFiSVXODV��$V�QDQRFiSVXODV�GH�3&/�IRUDP�
VLQWHWL]DGDV�SHOR�PpWRGR�GH�QDQRSUHFLSLWDomR��3DUD�D�FDUDFWHUL]DomR�GHVVDV�QDQRFiSVXODV�IRUDP�UHDOL]D�
GDV�DQiOLVHV�GH�WDPDQKR�PpGLR��SRWHQFLDO�]HWD�H�)7�,5��$V�13V�SROLPpULFDV�DSUHVHQWDUDP�WDPDQKRV�PH�
QRUHV�TXH�����QP�HP�VXVSHQVmR��2�VXFHVVR�QD�IRUPDomR�GDV�QDQRFiSVXODV�ID]�FRP�TXH�HVVHV�PDWHULDLV�
WHQKDP�DSOLFDELOLGDGH�QD�iUHD�GH�HPEDODJHQV�SDUD�DOLPHQWRV�
Palavras-chave:�1DQRFiSVXODV��ÏOHR�HVVHQFLDO��3ROLFDSURODFWRQD�

SYntHeSiS oF Active nAnoStructureS contAininG oreGAno eSSentiAl oil 
Abstract
2LO�DQG�SODQW�H[WUDFWV�KDYH�EHHQ�XVHG�DV�DQ�LQWHUHVWLQJ�DOWHUQDWLYH�WR�SURGXFH�SDFNDJLQJ�¿OPV��GXH�WR�
WKH�YHU\�HIIHFWLYH�DQWLEDFWHULDO�DFWLYLW\�RI�HVVHQWLDO�RLOV��%HVLGHV�RLO��SRO\PHULF�QDQRSDUWLFXOHV�RI�SRO\�
�İ�FDSURODFWRQH���3&/��D�ELRGHJUDGDEOH�DQG�K\GURSKRELF�SRO\PHU��SUHVHQWV�JRRG�VROXELOLW\�RQ�FRPPRQ 
RUJDQLF�VROYHQWV�DQG�FDQ�EH�HQ]\PDWLFDOO\�GHJUDGHG��6XFK�SURSHUWLHV�HQKDQFH�WKHLU�DSSOLFDWLRQ�LQ�SDFN�
DJLQJ��RQFH�WKH\�FDQ�LQFUHDVH�K\GURSKRELFLW\�RI�VRPH�PDWHULDOV�ZLWKRXW�LPSDLULQJ�WKH�PDWHULDO�ELRGH�
JUDGDELOLW\��7KH�QDQRFDSVXOHV�ZHUH�V\QWKHVL]HG�E\�XVLQJ�RUHJDQR�HVVHQWLDO RLO��7KH�RUHJDQR��2ULJDQXP�
vulgare RLO��LV�PDLQO\�FRPSRVHG�E\�FDUYDFURO��ZKLFK�SUHVHQWV�KLJK�DQWLEDFWHULDO�DQG�DQWLIXQJDO�HI¿FLHQ�
F\��7KLV�ZRUN�DLPHG�DW��L��V\QWKHVL]H�DQG�FKDUDFWHUL]H�SRO\PHULF�QDQRFDSVXOHV�RI�SRO\��İ�FDSURODFWRQH���
�3&/��HQFDSVXODWHG�ZLWK�RUHJDQR�HVVHQWLDO�RLO�� RI�GLIIHUHQW� VL]HV� DQG� LL�� V\QWKHVL]H�SRO\PHULF�QDQR�
VSKHUHV�FRQWDLQLQJ�MXVW�3&/��WR�FRPSDUH�WKH�SURSHUWLHV�ZLWK�WKH�QDQRFDSVXOHV��1DQRFDSVXOHV�RI�3&/�
ZHUH�V\QWKHVL]HG�E\�WKH�QDQRSUHFLSLWDWLRQ�PHWKRG��7R�FKDUDFWHUL]H�WKH�QDQRFDSVXOHV��WHFKQLTXHV�VXFK�
DV�DYHUDJH�VL]H�DQDO\VHV��]HWD�SRWHQWLDO�DQG�)7�,5�KDYHZHUH�HPSOR\HG��7KH�SRO\PHULF�13V�SUHVHQWHG�
VPDOOHU�VL]HV�WKDQ�����QP�LQ�VXVSHQVLRQ��7KH�DFKLHYHPHQW�LQ�WKH�QDQRFDSVXOHV�V\QWKHVLV�TXDOL¿HV�WKHVH�
PDWHULDOV�WR�EH�DSSOLHG�RQ�IRRG�SDFNDJLQJ�DUHD��
Keywords: 1DQRFDSVXOH��(VVHQWLDO�RLO��3RO\FDSURODFWRQH�

3XEOLFDo}HV�UHODFLRQDGDV��6RX]D��-��5���0RXUD��0��5��GH��0DWWRVR��/��+��&��1DQRFiSVXODV�SROLPpULFDV�
FRQWHQGR�yOHR�HVVHQFLDO�GH�RUpJDQR�SDUD�DSOLFDomR�HP�PDWHULDLV�DWLYRV������&RQJUHVVR�%UDVLOHLUR�GH�
3ROtPHURV��������)ORULDQySROLV�

1 introduÇÃo

$V� QDQRSDUWtFXODV� SROLPpULFDV� SRGHP� VHU� VLQWHWL]DGDV� D� SDUWLU� GH� SROtPHURV� VLQWpWLFRV� FRPR�
SROLDFULODWRV�H�SROLFDSURODFWRQD��3&/��RX�SROtPHURV�QDWXUDLV�FRPR�JHODWLQD�H�TXLWRVDQD��(VWDV�SDUWtFXODV�
LQFOXHP�DV�QDQRFiSVXODV��1&��H�DV�QDQRHVIHUDV��1(���(VVHV�GRLV�VLVWHPDV�GLIHUHP�HQWUH�VL�VHJXQGR�D�
FRPSRVLomR�H�RUJDQL]DomR�HVWUXWXUDO��$V�1&�VmR�FRQVWLWXtGDV�SRU�XP�LQYyOXFUR�SROLPpULFR�H�XP�Q~FOHR�



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 423

ROHRVR�Mi�DV�1(�VmR�IRUPDGDV�SRU�XPD�PDWUL]�SROLPpULFD�H�QmR�DSUHVHQWDP�yOHR�HP�VXD�FRPSRVLomR�
�<85*(/�HW�DO����������1R�QRVVR�FDVR�WDQWR�DV�QDQRHVIHUDV�TXDQWR�DV�QDQRFiSVXODV�IRUDP�REWLGDV�SHOR�
PpWRGR�GH�QDQRSUHFLSLWDomR�

$�SROL��İ�FDSURODFWRQD���3&/��XP�SROLpVWHU�DOLIiWLFR�ELRGHJUDGiYHO��KLGURIyELFR��QmR�Wy[LFR�H�
VHPLFULVWDOLQR��GH�EDL[D�GHQVLGDGH��$SUHVHQWD�ERDV�SURSULHGDGHV�PHFkQLFDV�H�JUDQGHV�SRWHQFLDLV�SDUD�
XVR�FRPR�ELRPDWHULDO��6XD�ELRFRPSDWLELOLGDGH�SHUPLWH�DSOLFDo}HV�QRV�FDPSRV�ELRPpGLFRV�H�IDUPDFrX�
WLFR��%$58'�HW�DO�����������2�3&/�DSUHVHQWD�ERD�VROXELOLGDGH�HP�VROYHQWHV�RUJkQLFRV�FRPXQV�H�SRGH�
VHU�GHJUDGDGR�HQ]LPDWLFDPHQWH��,VVR�DPSOLD�VXD�DSOLFDomR�HP�HPEDODJHQV��XPD�YH]�TXH�SRGH�DXPHQWDU�
D�KLGURIRELFLGDGH�GH�DOJXQV�PDWHULDLV�VHP�ID]HU�FRP�TXH�HVVH�PDWHULDO�SHUFD�VXD�ELRGHJUDGDELOLGDGH�
�0285$�HW�DO���������

2V�yOHRV�HVVHQFLDLV�VmR�SURGXWRV�YROiWHLV�SUHVHQWHV�HP�YiULRV�yUJmRV�YHJHWDLV�H�HVWmR�UHODFLR�
QDGRV�DR�PHWDEROLVPR�VHFXQGiULR�GDV�SODQWDV�H[HUFHQGR�GLYHUVDV�IXQo}HV�LPSRUWDQWHV�j�VREUHYLYrQFLD�
YHJHWDO��FRPR�SRU�H[HPSOR��QD�GHIHVD�FRQWUD�PLFURUJDQLVPRV��58662�HW�DO���������(QWUH�VXDV�DSOLFD�
o}HV�PDLV�FRPXQV�p�R�XVR�HP�DOLPHQWRV�H�QD�iUHD�GD�VD~GH��6mR�IRUPDGRV�SRU�VXD�PDLRULD�GH�VXEVWkQFLDV�
JHUDOPHQWH�OLSRItOLFDV�FXMRV�FRPSRVWRV�VmR�JHUDOPHQWH�KLGURFDUERQHWRV�WHUSrQLFRV��6$1785,2�HW�DO���
������

3DUD�D�SURGXomR�GDV�QDQRFiSVXODV�IRL�XVDGR�yOHR�HVVHQFLDO�GH�RUpJDQR��2ULJDQXP�YXOJDUH���XPD�
SODQWD�DURPiWLFD��H�TXH�WHP�FRPR�SULQFLSDO�FRPSRVWR�R�FDUYDFURO��XP�FRPSRVWR�IHQyOLFR�FRQKHFLGR�SH�
ODV�VXDV�SURSULHGDGHV�DQWLYLUDO��DQWLI~QJLFD��DQWLEDFWHULDQD�H�DQWLVVpSWLFD��2�SUHVHQWH�WUDEDOKR�WHYH�FRPR�
REMHWLYR�VLQWHWL]DU�H�FDUDFWHUL]DU�QDQRFiSXODV�SROLPpULFDV�GH�SROL��İ�FDSURODFWRQD���3&/��HQFDSVXODGDV�
FRP�yOHR�HVVHQFLDO�GH�RUpJDQR��GH�GLIHUHQWHV�WDPDQKRV��$OpP�GLVWR��WDPEpP�IRL�UHDOL]DGD�D�VtQWHVH�GH�
QDQRHVIHUDV�SROLPpULFDV�FRQWHQGR�DSHQDV�3&/��SDUD�FRPSDUDomR�FRP�DV�SURSULHGDGHV�GDV�QDQRFiSVXODV�

2 mAteriAiS e métodoS

$V�QDQRFiSVXODV�GH�3&/�IRUDP�VLQWHWL]DGDV�SHOR�PpWRGR�GH�QDQRSUHFLSLWDomR��TXH�FRQVLVWLX�QD�
PLVWXUD�GH�XPD�IDVH�RUJkQLFD�HP�RXWUD�DTXRVD��$�IDVH�RUJkQLFD�FRQVWLWXLX�VH�GR�SROtPHUR�3&/�H�DFHWRQD�
�VROYHQWH�RUJkQLFR���VRE�DJLWDomR�PDJQpWLFD��$�IDVH�DTXRVD�IRL�FRPSRVWD�SHOR�WHQVRDWLYR�SROLVVRUEDWR�
����7ZHHQ������H�iJXD�GHLRQL]DGD��0LOL�4��0LOOLSRUH���$�VXVSHQVmR�IRL�PDQWLGD�VRE�DJLWDomR�GXUDQWH�
���PLQXWRV�H��HP�VHJXLGD��URWDHYDSRUDGD�FRP�R�DX[tOLR�GH�XP�HYDSRUDGRU�URWDWLYR��� 3DUD� R� HQ�
FDSVXODPHQWR�GR�yOHR�HVVHQFLDO��IRL�IHLWD�XPD�VHJXQGD�VtQWHVH�FRP�R�PHVPR�PpWRGR�GHVFULWR�DFLPD��2�
yOHR�HVVHQFLDO�GH�RUpJDQR�IRL�LQVHULGR�QD�IDVH�RUJkQLFD�MXQWR�FRP�R�SROtPHUR�H�DFHWRQD�H�HQWmR�DGLFLRQD�
GR�j�IDVH�DTXRVD�FRP�WHQVRDWLYR��&RP�D�DGLomR�GH�yOHR��R�PDWHULDO�UHVXOWDQWH�IRL�XPD�QDQRFiSVXOD��6HP�
D�SUHVHQoD�GH�yOHR��VHJXLQGR�D�VtQWHVH�GHVFULWD�DQWHULRUPHQWH��R�PDWHULDO�UHVXOWDQWH�IRL�D�QDQRHVIHUD�

3DUD� D� FDUDFWHUL]DomR�GDV� QDQRFiSVXODV� IRUDP� UHDOL]DGDV� DQiOLVHV� GH� WDPDQKR�PpGLR�� SRWHQ�
FLDO�]HWD�H�)7�,5��$�GLVWULEXLomR�GR�WDPDQKR�H�D�FDUJD�VXSHU¿FLDO�GDV�QDQRFiSVXODV�IRUDP�PHGLGDV�QR�
HTXLSDPHQWR�1DQR=6��0DOYHUQ�,QVWUXPHQWV�,QF��86$���$V�PHGLGDV�IRUDP�UHDOL]DGDV�HP�WULSOLFDWD�QD�
WHPSHUDWXUD�GH�����&��

$V�SURSULHGDGHV�HVSHFWURVFySLFDV�GDV�GLIHUHQWHV�DPRVWUDV�IRUDP�DYDOLDGDV�SRU�PHLR�GH�HVSHF�
WURVFRSLD�QR�LQIUDYHUPHOKR�SRU�WUDQVIRUPDGD�GH�)RXULHU��)7,5���2�HTXLSDPHQWR�XWLOL]DGR�IRL�R�HVSHF�
WU{PHWUR�3HUNLQ�(OPHU�6SHFWUXP��PRGHOR�3DUDJRQ������

3 reSultAdoS e diScuSSÃo

1DQRHVIHUDV�H�QDQRFiSVXODV�GH�GLIHUHQWHV�SURSULHGDGHV�IRUDP�VLQWHWL]DGDV�FRP�GLIHUHQWHV�WDPD�
QKRV�H�FDUJD�VXSHU¿FLDO��3DUD�D�DQiOLVH�QHVVH�WUDEDOKR�FRPSDURX�VH�DV�FDUDFWHUtVWLFDV�GH�XPD�QDQRHVIHUD�
�1(V��H�XPD�QDQRFiSVXOD��1&D���

(P�VH� WUDWDQGR�GH�FDUDFWHUtVWLFDV�YLVXDLV�DV�GXDV�DSUHVHQWDUDP�RSDOHVFrQFLD�FDUDFWHUtVWLFD�GH�
VXVSHQV}HV�QDQRPpWULFDV��)LJ�����
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Figura 1. )RWRJUD¿D�'LJLWDO�GDV�VXVSHQV}HV���(VTXHUGD��6XVSHQVmR�GH�QDQRHVIHUDV�GH�3&/���'LUHLWD��6RPHQWH�
iJXD�H�SROtPHUR�DQWHV�GD�VtQWHVH�

$V�VXVSHQV}HV��WDQWR�GH�QDQRHVIHUDV�TXDQWR�GH�QDQRFiSVXODV��QmR�DSUHVHQWDUDP�SUHFLSLWDGRV��
DR�VHUHP�GHL[DGDV�HP�UHSRXVR�SRU�XP�SHUtRGR�GH�XP�PrV��(VVD�SURSULHGDGH��HP�VH�WUDWDQGR�GH�IXWXUDV�
DSOLFDo}HV�HP�HPEDODJHQV��p�GH�H[WUHPD�LPSRUWkQFLD�

1D�7DEHOD���REVHUYDP�VH�RV�YDORUHV�GH�WDPDQKR�PpGLR�H�SRWHQFLDO�]HWD�SDUD�RV�PDWHULDLV�VLQWH�
WL]DGRV�

tabela 1. 7DPDQKR�PpGLR�H�SRWHQFLDO�]HWD�GH�1(V�H�1&D�GH�3&/
nPs tamanho médio (nm) Potencial Zeta (mv)

1( ����������� ������������

1& ������������ ������������

2EVHUYD�VH�QD�WDEHOD�DFLPD�TXH�DV�1(V��TXH�FRQWrP�VRPHQWH�R�SROtPHUR��DSUHVHQWDP�PHQRU�
WDPDQKR�TXH�DV�1&��(VWi�GH�DFRUGR��SRLV�QD�VtQWHVH�D�WHUPRGLQkPLFD�GHVVD�VXVSHQVmR�p�PDLV�IDYRUiYHO�
SDUD�IRUPDU�SDUWtFXODV�PHQRUHV�GR�TXH�QDV�QDQRFiSVXODV��1&��TXH��DOpP�GR�SROtPHUR��SRVVXHP�R�yOHR�
HVVHQFLDO��$SHVDU� GLVVR�� DPERV� RV�PDWHULDLV� DSUHVHQWDP� WDPDQKR�PpGLR� GDV� SDUWtFXODV� QXPD� HVFDOD�
VDWLVIDWyULD�SDUD�YiULDV�DSOLFDo}HV��2XWUD�FDUDFWHUtVWLFD�LPSRUWDQWH�p�TXH�QD�PDLRULD�GRV�PDWHULDLV�SR�
OLPpULFRV�HQFRQWUDGRV�QD�IRUPD�GH�QDQRFiSVXODV�RV�WDPDQKRV�PpGLRV�VH�HQFRQWUDP�HP�IDL[DV�PDLRUHV�
TXH�����QP�

2�SRWHQFLDO�]HWD�UHÀHWH�R�SRWHQFLDO�GH�VXSHUItFLH�GDV�SDUWtFXODV��R�TXDO�p�LQÀXHQFLDGR�SHODV�PX�
GDQoDV�QD�LQWHUIDFH�FRP�R�PHLR�GLVSHUVDQWH��HP�UD]mR�GD�GLVVRFLDomR�GH�JUXSRV�IXQFLRQDLV�QD�VXSHUItFLH�
GD�SDUWtFXOD�RX�GD�DGVRUomR�GH�HVSpFLHV�L{QLFDV�SUHVHQWHV�QR�PHLR�DTXRVR�GH�GLVSHUVmR�

$�PDLRU�SDUWH�GRV�PDWHULDLV�PDFURVFySLFRV�RX�SDUWLFXODGRV�HP�FRQWDWR�FRP�XP�OtTXLGR�DGTXLUH�
XPD�FDUJD�HOpWULFD�VXSHU¿FLDO��D�TXDO�SRGH�VHU�JHUDGD�GHYLGR�j�GLVVRFLDomR�GH�JUXSRV�LRQRJrQLFRV�SUH�
VHQWHV�QD�VXSHUItFLH�GDV�SDUWtFXODV��RX�GHYLGR�j�DGVRUomR�GLIHUHQFLDO�GH�tRQV�GD�VROXomR�QD�VXSHUItFLH�GR�
FROyLGH��(VWD�FDUJD�VXSHU¿FLDO�LQÀXHQFLD�D�GLVWULEXLomR�GRV�tRQV�SUy[LPRV�j�VXSHUItFLH��6+$:���������

2�SRWHQFLDO� ]HWD�QHJDWLYR�HQFRQWUDGR�QD� VXSHUItFLH�GDV�SDUWtFXODV�p�GHYLGR�jV�FDUDFWHUtVWLFDV�
DQL{QLFDV�GDV�FDGHLDV�GH�3&/��2XWUR�UHVXOWDGR�REWLGR�UHIHUH�VH�D�JUDQGH�HVWDELOLGDGH�GDV�VROXo}HV�SUHSD�
UDGDV��XPD�YH]�TXH��SRU�XP�SHUtRGR�GH�XP�PrV��DV�VXVSHQV}HV�SHUPDQHFHUDP�HVWiYHLV��QmR�DSUHVHQWDQGR�
IRUPDomR�GH�DJUHJDGRV��(VVD�HVWDELOLGDGH�SRGH�VHU�FRQWURODGD�SHOR�PRQLWRUDPHQWR�GDV�PXGDQoDV�GH�
WDPDQKR�H�SRWHQFLDO�]HWD�GDV�QDQRHVWUXWXUDV��FXMRV�IDWRUHV�QmR�IRUDP�DOWHUDGRV�QR�WHPSR�GH�HVWRFDJHP�
estabelecido.

1D�)LJ����p�DSUHVHQWDGR�R�HVSHFWUR�GH�)7,5�GDV�QDQRFiSVXODV�FRQWHQGR�yOHR�HVVHQFLDO��2�HVSHF�
WUR�GR�3&/�SXUR�DSUHVHQWD�XPD�EDQGD�HP������FP���TXH�p�DWULEXtGD�DR�HVWLUDPHQWR�GH�& 2�H�EDQGDV�HP�
�����H������FP���TXH�VmR�DWULEXtGDV�DR�HVWLUDPHQWR�GRV�JUXSDPHQWRV�&±+��(VVDV�VmR�DV�EDQGDV�FDUDFWH�
UtVWLFDV�GHVVH�PDWHULDO��8PD�EDQGD�ODUJD�VLWXDGR�HP������FP���VH�UHIHUH�DR�HVWLUDPHQWR�2�+�H�OLJDo}HV�
LQWHUPROHFXODUHV���LQWUDPROHFXODUHV�GH�KLGURJrQLR�
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Figura 2. (VSHFWUR�GH�)7,5�GDV�QDQRFiSVXODV�GH�3&/�FRQWHQGR�yOHR�HVVHQFLDO�GH�RUpJDQR

1D�)LJ����Ki�XPD�EDQGD�TXH�DSDUHFH�HP�WRUQR�GH������FP����D�TXDO�VH�UHIHUH�DRV�HVWLUDPHQWRV�GH�
�& &��HQFRQWUDGRV�QD�PROpFXOD�GR�RUpJDQR��1R�HVSHFWUR�GH�)7,5�GDV�QDQRHVIHUDV�TXH�FRQWrP�VRPHQWH�
R�SROtPHUR��QmR�IRL�YHUL¿FDGD�D�SUHVHQoD�GHVVD�EDQGD�

4 concluSÃo

$V�1&�H�1(�SROLPpULFDV�IRUDP�VLQWHWL]DGDV�FRP�VXFHVVR��H�DSUHVHQWDUDP�WDPDQKR�PHQRU�TXH�
����QP��XPD�FRQ¿UPDomR�GH�SDUWtFXODV�HP�HVFDOD�QDQRPpWULFD�HP�VXVSHQVmR���2V�UHVXOWDGRV�LQGLFDP�
TXH�DV�QDQRFiSVXODV�GH�3&/�FRQWHQGR�yOHR�HVVHQFLDO�DSUHVHQWDP�VLJQL¿FDWLYD�HVWDELOLGDGH�TXtPLFD��GX�
UDQWH�R�SHUtRGR�GH�XP�PrV��QmR�KDYHQGR�LQGtFLR�GH�IRUPDomR�GH�SUHFLSLWDGR��2�VXFHVVR�QD�IRUPDomR�GDV�
QDQRFiSVXODV�ID]�FRP�TXH�R�HVVHV�PDWHULDLV�WHQKDP�DSOLFDELOLGDGH�HP�HPEDODJHQV�DWLYDV�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��)$3(63��),1(3��&$3(6�H�3URMHWR�03��5HGH�$JURQDQR�±�
Embrapa. 

reFerÊnciAS

����%$58'��+��6���5,%(,52�6��-��/���&$521(�&��/��3��/,*$%8(�5���(,1/2)7�6���48(,52=�3��9��
6���%25*(6�$��3��%���-$+12�9��'��2SWLFDOO\�7UDQVSDUHQW�0HPEUDQH�%DVHG�RQ�%DFWHULDO�&HOOXORVH�
3RO\FDSURODFWRQH��3ROtPHURV��&LrQFLD�H�7HFQRORJLD��6mR�3DXOR��YRO������Q~P�����������S����������

���0285$��0��5��GH��0$77262��/��+��&��=8&2/2772��9��-��'HYHORSPHQW�RI�FHOOXORVH�EDVHG�EDF�
WHULFLGDO�QDQRFRPSRVLWHV�FRQWDLQLQJ�VLOYHU�QDQRSDUWLFOHV�DQG�WKHLU�XVH�DV�DFWLYH�IRRG�SDFNDJLQJ��-RXUQDO�
RI�)RRG�(QJLQHHULQJ��Y�������S�������������

���58662��0���685$&,��)��� 326725,12�6��� 6(55$��'���52&&27(//,��$���$*267(2��*��(��
(VVHQWLDO�RLO�FKHPLFDO�FRPSRVLWLRQ�DQG�DQWLIXQJDO�HIIHFWV�RQ�6FOHURWLXP�FHSLYRUXP�RI�7K\PXV�FDSL�
WDWXV�ZLOG�SRSXODWLRQV�IURP�&DODEULD��VRXWKHUQ�,WDO\��5HYLVWD�%UDVLOHLUD�GH�)DUPDFRJQRVLD��Y������Q�����
S�������������

���6$1785,2��-��0���6$1785,2��'��)���025$(6��3��3��&���$/9(6��3��5��)��6��+��$WLYLGDGH�DQWLPL�
FURELDQD�GH�yOHRV�HVVHQFLDLV�VREUH�0LFURUJDQLVPRV�YHLFXODGRV�SRU�DOLPHQWRV��&LrQFLD�5XUDO��Y������S��
�����������

���6+$:��'��-��,QWURGXomR�D�4XtPLFD�GRV�&ROyLGHV�H�GH�6XSHUItFLHV���D�(GLomR��(GJDUG�%OXFKHU�/WGD��
6mR�3DXOR��������

���<85*(/��9���&2//$5(6��7���6(,;$6��'HYHORSPHQWV�LQ�WKH�XVH�RI�QDQRFDSVXOHV�LQ�RQFRORJ\��%UD�
]LOLDQ�-RXUQDO�RI�0HGLFDO�DQG�%LRORJLFDO�5HVHDUFK��Y������S�����±���������



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014.426

eFeito encAPSulAnte dA ß-ciclodextrinA em nAnoFibrAS 
de Poli(ácido lático)(PlA) obtidAS Por FiAÇÃo Por SoPro 

em SoluÇÃo (SbS)

Gláucia Silveira brichi, Juliano elvis de oliveira, luiz Henrique capparelli mattoso
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&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
)LDomR�SRU�VRSUR�HP�6ROXomR�p�XPD�QRYD�WpFQLFD�TXH�UHVXOWRX�GD�FRPELQDomR�GH�HOHPHQWRV�GRV�SURFHV�
VRV�PDLV�FRQYHQFLRQDLV��(OHWUR¿DomR�H�)LDomR�SRU�6RSUR��Melt blowing���D�¿P�GH�VH�RWLPL]DU�D�SURGXomR�
GH�¿EUDV��(VWH�SURFHVVR�WHP�FRPR�SULQFLSDO�YDQWDJHP�R�EDL[R�FXVWR��SRLV�D�SURGXomR�GDV�¿EUDV�RFRUUH�
SHOD�SDVVDJHP�GH�XPD�FRUUHQWH�GH�DU�SUHVVXUL]DGD��RQGH�DV�IRUoDV�DHURGLQkPLFDV�VXSHUDP�D�JUDYLWDFLR�
QDO��1D�OLWHUDWXUD�WHP�VLGR�UHSRUWDGR�R�XVR�GH�QDQR¿EUDV�SROLPpULFDV�SDUD�D�IRUPDomR�GH�FRPSOH[RV�
GH�LQFOXVmR�FRP�D�LQFRUSRUDomR�GD�FLFORGH[WULQD��&'���(VVHV�FRPSOH[RV�VmR�IRUPDGRV�SRUTXH�D�FLFOR�
GH[WULQD�SRVVXL�SURSULHGDGHV�KLGURItOLFDV�HP�VXD�UHJLmR�H[WHUQD��GHYLGR�DRV�JUXSRV�KLGUR[LODV�RULHQWD�
GRV�SDUD�IRUD��HP�VXD�PROpFXOD��1D�UHJLmR�LQWHULRU��Ki�SURSULHGDGHV�KLGURIyELFDV��WRUQDQGR�SRVVtYHO�D�
FRPSOH[DomR�GH�VXEVWkQFLDV���1HVWH�FRQWH[WR�R�SUHVHQWH�WUDEDOKR�EXVFD�DYDOLDU�R�HIHLWR�HQFDSVXODQWH�GH�
PHQWRO��GD�FLFORGH[WULQD�HP�QDQR¿EUDV�REWLGDV�SHOR�PpWRGR�6%6
Palavras-chave��)LDomR�SRU�VRSUR�HP�VROXomR��FLFORGH[WULQD��PHQWRO��QDQR¿EUDV

encAPSulAnt eFFect oF SS-cYclodextrin in PolY (lActic Acid) (PlA) nAno-
FiberS obtAined bY Solution blow SPinninG (SbS)
Abstract
6ROXWLRQ�%ORZ�6SLQQLQJ�LV�D�QHZ�WHFKQLTXH�ZKLFK�UHVXOWHG�IURP�WKH�FRPELQDWLRQ�RI�FRQYHQWLRQDO�FRQ�
VWLWXHQWV�HOHPHQWV�SURFHVVHV��HOHFWURVSLQQLQJ�DQG�PHOW�EORZLQJ��LQ�RUGHU�WR�RSWLPL]H�WKH�¿EHU�SURGXF�
WLRQ��7KLV�SURFHVV�KDV�WKH�PDMRU�DGYDQWDJH�ORZ�FRVW��EHFDXVH�WKH�SURGXFWLRQ�¿EHU�RFFXUV�E\�SUHVVXUHG�DLU�
FXUUHQW��ZKHUH�DHURG\QDPLF�IRUFH�RYHUFRPHV�WKH�JUDYLWDWLRQDO��,Q�OLWHUDWXUH�KDYH�EHHQ�UHSRUWHG�WKH�XVHV�
RI�SRO\PHU�QDQR¿EHU�WR�IRUP�LQFOXVLRQ�FRPSOH[HV�ZLWK�FLFORGH[WULQ��&'��LQFRUSRUDWHG��7KHVH�FRPSOH[�
HV�DUH�IRUPHG�EHFDXVH�FLFORGH[WULQ�KDV�K\GURSKLOLF�SURSHUWLHV�RQ�H[WHUQDO�UHJLRQ�GXH�K\GUR[\O�JURXSV�
ZKLFK�DUH�RULHQWHG�WR�RXW�RI�PROHFXOH��,Q�LQVLGH�UHJLRQ��WKHUH�LV�D�K\GURSKRELF�SURSHUW\�WKDW�PDNHV�LW�
SRVVLEOH�VXEVWDQFHV�FRPSOH[DWLRQ��,Q�WKLV�VHQVH��WKH�SUHVHQW�VWXG\�DLPV�WR�LQYHVWLJDWH�WKH�UHOHDVH�FKDU�
DFWHULVWLFV�RI�PHQWKRO�HQFDSVXODWHG�E\�LQFOXVLRQ�FRPSOH[�ZLWK�F\FORGH[WULQ��LQWR�SRO\�ODFWLF�DFLG��¿EHUV�
REWDLQHG�E\�VROXWLRQ�EORZ�VSLQQLQJ�
Keywords: 6ROXWLRQ�EORZ�VSLQQLQJ��F\FORGH[WULQ��PHQWKRO��QDQR¿EHUV

1 introduÇÃo

$WXDOPHQWH��SRGHPRV�GHVWDFDU�D�HOHWUR¿DomR�FRPR�XP�GRV�PpWRGRV�PDLV�FRQYHQFLRQDLV�SDUD�RE�
WHQomR�GH�QDQR¿EUDV��1HVWH�PpWRGR�XPD�GLIHUHQoD�GH�SRWHQFLDO�JHUDGD�ID]�FRP�TXH�RFRUUD�R�HVWLUDPHQWR�
GD�JRWD�GH�XPD�VROXomR�SROLPpULFD��RULJLQDQGR�DV�¿EUDV�1�(VWH�SURFHVVR��HPERUD�FRQYHQFLRQDO��SRVVXL�
FRPR�SULQFLSDO�GHVYDQWDJHP�R�DOWR�FXVWR�H�R�ULVFR�DVVRFLDGR�DR�PHVPR��XPD�YH]�D�YROWDJHP�QHFHVViULD�
p�PXLWR�HOHYDGD��2XWUR�PRGR�GH�JHUDomR�GH�¿EUDV�p�D�)LDomR�SRU�VRSUR��GR�LQJOrV�melt blowing,onde a 
SURGXomR�GH�¿EUDV�VH�Gi�SHOD�SDVVDJHP�GD�FRUUHQWH�GH�DU�TXHQWH�TXH�SDVVD�SRU�XPD�JRWD�GH�SROtPHUR�
IXQGLGR��ID]HQGR�FRP�TXH�KDMD�R�HVWLUDPHQWR�DWp�R�FROHWRU�2 Este processo tem como principal desvata�
JHP�R�DOWR�FXVWR�DVVRFLDGR�H�D�EDL[D�TXDQWLGDGH�GH�¿EUDV�IRUPDGD��&RP�R�LQWXLWR�GH�RWLPL]DU�D�SURGXomR�
GH�¿EUDV�H�FXVWHDU�R�SURFHVVR��D�)LDomR�SRU�6RSUR�HP�6ROXomR��GR�LQJOrV�solution blow spinning��6%6���
p�XPD�WpFQLFD�UHFHQWHPHQWH�GHVHQYROYLGD�SRU�0HGHLURV�H�FRODERUDGRUHV�QR�86'$��$OEDQ\�&$��SDUD�
REWHQoDR�GH�QDQR¿EUDV�D�TXDO�UHVXOWRX�GD�FRPELQDomR�GH�HOHPHQWRV�GRV�PpWRGRV�FRQYHQFLRQDLV��VHQGR�
HOHV��HOHWUR¿DomR�H�)LDomR�SRU�6RSUR��melt blowing����1R�PpWRGR�6%6�D�IRUPDomR�GH�¿EUDV�VH�Gi�SHOR�
HVWLUDPHQWR�GD�JRWD�GH�XPD�VROXomR�SROLPpULFD��SRU�XPD�FRUUHQWH�GH�DU�SUHVVXUL]DGR�TXH�YDL�GD�VHULQJD�
DR�FROHWRU��SURGX]LQGR�DV�¿EUDV��2�SURFHVVR�WHP�FRPR�SULQFLSDO�YDQWDJHP�R�EDL[R�FXVWR�DVVRFLDGR��XPD�
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YH]�TXH�DV�IRUoDV�HOpWULFDV�VmR�VXEVWLWXtGDV�SHODV�DHURGLQkPLFDV��QmR�KDYHQGR�PDLV�QHFHVVLGDGH�GH�XPD�
DOWD�YROWDJHP��DOpP�GD�DOWD�SURGXWLYLGDGH�TXH�FKHJD�D�VHU����YH]HV�PDLV�UiSLGD�GR�TXH�D�HOHWUR¿DomR��1D�
OLWHUDWXUD��WHP�VLGR�UHSRUWDGR�R�XVR�GH�QDQR¿EUDV�SROLPpULFDV�SDUD�IRUPDU�FRPSOH[RV�GH�LQFOXVmR�FRP�
FLFORGH[WULQD��&'��LQFRUSRUDGD��(VVH�FRPSOH[RV�VmR�IRUPDGRV�SRUTXH�D�FLFORGH[WULQD�SRVVXL�QD�UHJLmR�
H[WHUQD�GD�VXD�PROpFXOD�SURSULHGDGHV�KLGURItOLFDV��GHYLGR�DRV�JUXSRV�KLGUR[LODV�RULHQWDGRV�SDUD�IRUD��
SRUpP��HP�VHX�LQWHULRU�Ki�SURSULHGDGHV�KLGURIyELFDV��R�TXH�WRUQD�SRVVtYHO�R�HQFDSVXODPHQWR�GH�VXEV�
WkQFLDV�TXH�WHQKDP�SRODULGDGH�H�FRQIRUPDomR�HVWpULFD�VHPHOKDQWH���1HVWH�FRQWH[WR�R�SUHVHQWH�WUDEDOKR�
EXVFD�DYDOLDU�R�HIHLWR�HQFDSVXODQWH�GH�DURPDV��GD�FLFORGH[WULQD�HP�QDQR¿EUDV�REWLGDV�SHOR�PpWRGR�6%6��
SRU�PHLR�GH�DQiOLVHV�GH�WHUPRJUDYLPHWULD��7J���%XVFD�VH�WDPEpP�HIHWXDU�D�DYDOLDomR�GDV�SURSULHGDGHV�
PRUIROyJLFDV�GDV�¿EUDV�FRP�RV�FRPSOH[RV�GH�LQFOXVmR��SRU�PHLR�GH�LPDJHQV�GH�0LFURFRSLD�(OHWU{QLFD�
GH�9DUUHGXUD��0(9���2�PHQWRO�VHUi�R�DURPD�j�VHU�HQFDSVXODGR��SRLV��Ki�XP�JUDQGH�LQWHUHVVH�FRPHUFLDO�
QHOH�DVVRFLDGR��UHIHUHQWH�jV�LQG~VWULDV�GH�DOLPHQWRV�H�IDUPDFrXWLFDV�

2 mAteriAiS e métodoS

7RGDV�DV�VROXo}HV�IRUDP�IHLWDV�XWLOL]DQGR�R�+H[DÀXRURLVRSURSDQRO��+),3��FRPR�VROYHQWH��$SyV�
VHX�SUHSDUR��DV�QDQR¿EUDV�IRUDP�SURGX]LGDV�SHOR�PpWRGR�6%6��$V�FRQGLo}HV�GH�FDGD�DPRVWUD�IRUDP��
$PRVWUD� ��� 3/$��������0HQWRO� �P�P�� H�$PRVWUD� ��� 3/$��������0HQWRO� �P�P�� �� ���� ��&'�
�P�P��

$V�FRQGLo}HV�GR�SURFHVVR�IRUDP��3UHVVmR�GH����3VL��7D[D�GH�HMHomR�����P/�K��'LVWkQFLD�GD�VH�
ULQJD�DR�FROHWRU����FP�H�5RWDomR�GR�FROHWRU�����USP��3DUD�TXH�IRVVH�DYHULJXDGR�R�HIHLWR�HQFDSVXODQWH�
GD�FLFORGH[WULQD�� IRL� UHDOL]DGR�XP�HQVDLR�FRPSDUDWLYR��GH�7HUPRJUDYLPHWULD� �7J��HQWUH�DV�¿EUDV�TXH�
FRQWLQKDP�H�QmR�FRQWLQKDP�FLFORGH[WULQD�LQFRUSRUDGDV��$�DQiOLVH�PRUIROyJLFD�IRL�UHDOL]DGD�FROHWDQGR�
XPD�UHJLmR�GH�FDGD�DPRVWUD�H�SRU�PHLR�GH�LPDJHQV�GH�0LFURVFRSLD�HOHWU{QLFD�GH�9DUUHGXUD��DQDOLVDU�VH�
D�SUHVHQoD�GR�HQFDSVXODQWH�H�GR�DURPD��DIHWDUDP�R�GLkPHWUR�PpGLR�GDV�¿EUDV�IRUPDGDV��2V�GLkPHWURV�
IRUDP�PHGLGRV�FRP�R�XVR�GR�VRIWZDUH�Image J. 

3 reSultAdoS e diScuSSÃo

$QDOLVDQGR�R�JUi¿FR�VHJXLQWH��WHPRV�XPD�FXUYD�GH�GHFDLPHQWR�SHUFHQWXDO�GD�PDVVD�GDV�DPRV�
WUDV�D�XPD�WHPSHUDWXUD�FRQVWDQWH����o&����3RGH�VH�REVHUYDU�TXH�D�SUHVHQoD�GD���FLFORGH[WULQD�UHGX]��D�
OLEHUDomR�GR�PHQWRO��TXDQGR�FRPSDUDPRV�FRP�D�TXH�FRQWpP�DSHQDV�R�DURPD�)LJXUD�����,VVR�SRGH�VHU�
H[SOLFDGR��SRU�XPD�SRVVtYHO� LQWHUDomR�GRV�JUXSRV�KLGUR[LODV�GR�PHQWRO�FRP�RV�JUXSRV�KLGUR[LODV�GD�
FLFORGH[WULQD�R�TXH�QmR�VH�REVHUYD�FRP�R�SROL�iFLGR�OiWLFR��H�R�PHQWRO�

Figura 1. 'HFDLPHQWR�SHUFHQWXDO�GD�PDVVD�GDV�DPRVWUDV�HP�UHODomR�DR�WHPSR

$QDOLVDQGR�D�PRUIRORJLD�GDV�¿EUDV�REWLGDV�SRGHPRV�D¿UPDU�TXH�DV�PDQWDV�FRP�FLFORGH[WULQD�
SRVVXHP�XP�DVSHFWR�KRPRJrQHR�H�VHP�D�IRUPDomR�GH�beads��FRPR�SRGH�VHU�REVHUYDGR�QDV�LPDJHQV�
DEDL[R���)LJXUD��
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Figura 2. ,PDJHQV�GH�0(9�GH��QDQR¿EUDV�GH�3/$�FRP�����GH�PHQWRO��HVTXHUGD��H�QDQR¿EUDV�GH�3/$�FRP�
���PHQWRO�H���FLFORGH[WULQD�LQFRUSRUDGD�

&RP�D�LQFOXVmR�GD�FLFORGH[WULQD�QDV�¿EUDV�H�GHYLGR�DR�VHX�DVSHFWR�HQFDSVXODQWH�GH�VXEVWkQFLDV�p�
HVSHUDGR�TXH�RFRUUD�XP�DXPHQWR�QR�GLkPHWUR�PpGLR�GDV�PHVPDV��HP�UHODomR�DV�¿EUDV�TXH�QmR�SRVVXHP��
2�JUi¿FR�DEDL[R��)LJXUD���FRQ¿UPD�TXH�KRXYH�XP�DXPHQWR�QR�GLkPHWUR�PpGLR�GD�¿EUD��PDQWHQGR�D�
PHVPD�IDL[D�GH�GHVYLR

Figura 3. 'LkPHWUR�PpGLR�GDV�¿EUDV�TXH�FRQWpP�H�QmR�FRQWpP�FLFORGH[WULQD

4 concluSÃo

3RGHPRV�FRQFOXLU�TXH�p�SRVVtYHO�D�REWHQomR�GH�¿EUDV�LQFRUSRUDQGR�D�FLFORGH[WULQD�SHOR�PpWRGR�
GH�)LDomR�SRU�6RSUR�HP�6ROXomR��)RL�YHUL¿FDGR�WDPEpP�VHX�SRWHQFLDO�GH�FRQWUROH�VRE�D�OLEHUDomR�GR�
PHQWRO��GHYLGR�D�VXD�GXSOD�SRODULGDGH�PROHFXODU��$�SUHVHQoD�GD�FLFORGH[WULQD�ID]�FRP�TXH�DXPHQWH�R�
GLkPHWUR�PpGLR�GD�¿EUD�JHUDGD�
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RI�(OHFWURVWDWLFV��9�����Q����S����������������
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%ORZ�6SLQQLQJ��$�1HZ�0HWKRG�WR�3URGXFH�0LFUR��DQG�1DQR¿EHUV�IURP�3RO\PHU�6ROXWLRQV��-RXUQDO�RI�
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H�FLQpWLFDV�XWLOL]DQGR�FRPR�PHLR�GH�LQWXPHVFLPHQWR�iJXD�H�VROXomR�GH�QXWULHQWH��2V�UHVXOWDGRV�PRVWUD�
UDP�TXH�R�PDWHULDO�KLGUROLVDGR�DSUHVHQWRX�DOWR�JUDX�GH�LQWXPHVFLPHQWR��FHUFD�GH�DWp���YH]HV�PDLRUHV�
TXH�RV�HQFRQWUDGRV�FRPHUFLDOPHQWH�H�TXH�D�SUHVHQoD�GD�00W�ID]�FRP�TXH�R�QDQRFRPSyVLWR�DEVRUYD�
iJXD�H�QXWULHQWH�PDLV�UDSLGDPHQWH��3RUpP�R�DXPHQWR�GD�FRQFHQWUDomR�GH�00W�SURYRFD�XPD�PHQRU�DE�
VRUomR�GH�iJXD�WDQWR�SDUD�RV�KLGUROLVDGRV�RX�QmR�KLGUROLVDGRV��4XDQGR�HVVH�SDUkPHWUR�p�DYDOLDGR�SDUD�
D�VROXomR�GH�QXWULHQWH��REVHUYD�VH�TXH�SDUD�RV�QDQRFRPSyVLWRV�KLGUROLVDGRV�KRXYH�XPD�LQYHUVmR�GHVVD�
WHQGrQFLD��RX�VHMD��R�QDQRFRPSyVLWR�FRP�PDLRU�TXDQWLGDGH�GH�DUJLORPLQHUDO�SDVVD�D�VRUYHU�XPD�PDLRU�
TXDQWLGDGH�GH�VROXomR�QXWULWLYD��3RUWDQWR��R�QDQRFRPSyVLWR�KLGUROLVDGR�FRQWHQGR�DOWDV�FDUJDV�GH�00W�
FRQVHJXH�FDUUHJDU�PDLV�QXWULHQWH�HP�VXD�HVWUXWXUD��LVVR�p�XP�LPSRUWDQWH�IDWRU�SDUD�XPD�IXWXUD�OLEHUDomR�
controlada no solo.
Palavras-chave���+LGURJHO��%LRGHJUDGiYHO��$FULODPLGD��0HWLOFHOXORVH��+LGUyOLVH��

HYdroPHilic And Kinetic cHArActeriZAtion oF Structured nAnocom-
PoSiteS 
Abstract
7KLV�ZRUN�DLPHG�WR�V\QWKHVL]H�D�QRYHO�QDQRFRPSRVLWH�FRPSRVHG�RI�SRO\DFU\ODPLGH��3$$P���PHWK\O�
FHOOXORVH��0&��DQG�FDOFLXP�PRQWPRULOORQLWH��007��DQG�FKDUDFWHUL]HG�LW�E\�WKHLU�K\GURSKLOLF�SURSHUWLHV�
DQG�NLQHWLFV�RI�VZHOOLQJ�LQ�ZDWHU�DQG�QXWULHQW�VROXWLRQ��7KH�UHVXOWV�VKRZHG�WKDW�WKH�K\GURO\]HG�PDWHULDO�
H[KLELWHG�D�KLJK�VZHOOLQJ�GHJUHH���� WLPHV�JUHDWHU� WKDQ� WKDW� IRXQG�FRPPHUFLDOO\��DQG� WKH�SUHVHQFH�RI�
007�LPSURYHG�WKH�UDWH�RI�QXWULHQW�DEVRUSWLRQ��+RZHYHU��WKH�LQFUHPHQW�RI�00W�FRQFHQWUDWLRQ�FDXVHV�D�
ORZHU�ZDWHU�DEVRUSWLRQ�IRU�ERWK�WKH�K\GURO\]HG�RU�XQK\GURO\]HG�QDQRFRPSRVLWLHV��:KHQ�4�YDOXHV�ZHUH�
HYDOXDWHG�IRU�WKH�QXWULHQW�VROXWLRQ��LW�ZDV�REVHUYHG�WKDW�WKH�QDQRFRPSRVLWH�K\GURO\]HG�WR�DQ�LQYHUVLRQ�LQ�
WKLV�WHQGHQF\��IRU�H[DPSOH��WKH�QDQRFRPSRVLWH�ZLWK�KLJKHU�DPRXQWV�RI�00W�EHFRPHV�DEVRUE�D�JUHDWHU�
TXDQWLW\�RI�QXWULHQW�VROXWLRQ��7KHUHIRUH��WKH�K\GURO\]DWH�QDQRFRPSRVLWH�ZLWK�KLJK�DPRXQWV�RI�00W�FDQ�
ORDG�PRUH�QXWULHQW�LQ�WKHLU�VWUXFWXUH��DQ�LPSRUWDQW�IDFWRU�IRU�D�IXWXUH�DSSOLFDWLRQ�LQ�VRLO�
3XEOLFDo}HV�UHODFLRQDGDV��%2572/,1��$���$28$'$��)��$���5,%(,52��&��/21*2��(���0$77262��
/��+��&��³1DQRFRPSRVLWH�3$$P�0HWK\O�&HOOXORVH�0RQWPRULOORQLWH�+\GURJHO��(YLGHQFH�RI�6\QHUJLVWLF�
(IIHFWV�IRU�WKH�&RQWUROOHG�5HOHDVH�RI�)HUWLOL]HUV´��-RXUQDO�RI�$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\������������
�����

1 introduÇÃo

$�GLVSRQLELOLGDGH�GH�iJXD�H�QXWULHQWHV�QR�VROR�p�XP�IDWRU�LPSRUWDQWtVVLPR�SDUD�R�FUHVFLPHQWR��
DXPHQWR�GH�SURGXWLYLGDGH�H�TXDOLGDGH�GH�SODQWDV�H�FXOWLYDUHV��SRUpP�D�PDLRU�SDUWH�GHVVHV�HOHPHQWRV�VmR�
SHUGLGRV�SRU�OL[LYLDomR��YRODWLOL]DomR��HQWUH�RXWURV��:8�	�/,8���$LQGD��R�ULVFR�GH�DSOLFDo}HV�PDO�SOD�
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QHMDGDV�GH�IHUWLOL]DQWHV�WRUQDUHP�VH�HP�IRQWH�GH�SUREOHPDV�DPELHQWDLV�p�EHP�FRQKHFLGR��R�H[FHVVR�GH�
IRQWHV�GH�QLWURJrQLR�HP�iJXD��SRU�H[HPSOR��SRGH�OHYDU�j�HXWUR¿]DomR�GH�FXUVRV�G¶iJXD��FDXVDQGR�RXWURV�
LPSDFWRV�QmR�HVSHUDGRV��'(�95,(6$�HW�DO�����3RUWDQWR��XPD�SDUWH�UHGX]LGD�GHVVHV�HOHPHQWRV�p�GH�IDWR�
DSURYHLWDGD�SHODV�SODQWDV��VHQGR�QHFHVViULR�DVVLP�DVVRFLDU�WHFQRORJLDV�TXH�SHUPLWDP�UHWHU�GHWHUPLQDGRV�
QXWULHQWHV�TXDQGR�DSOLFDGRV��OLEHUDQGR�RV�HP�SHUtRGRV�FUtWLFRV�FRPR�RV�GH�EDL[D�SUHFLSLWDomR�RX�GH�DOWD�
LQVRODomR�±�FRPR��SRU�H[HPSOR��PDWHULDLV�FDSD]HV�GH�FDUUHJDU�JUDQGHV�TXDQWLGDGHV�GH�QXWULHQWHV�HP�
VXD�HVWUXWXUD��$VVLP��QHVWH�WUDEDOKR��UHDOL]RX�VH�D�VtQWHVH�GH�XP�QRYR�KLGURJHO�QDQRFRPSyVLWR��FRQV�
WLWXtGR�SRU�SROLDFULODPLGD��3$$P���XWLOL]DQGR�VH�R�SROLVVDFDUtGHR�ELRGHJUDGiYHO�PHWLOFHOXORVH��0&��H�
R�DUJLORPLQHUDO�PRQWPRULORQLWD�FiOFLFD��00W��FRPR�PRGL¿FDQWHV��7DLV�PDWHULDLV�IRUDP�FDUDFWHUL]DGRV�
SRU�VXDV�SURSULHGDGHV�KLGURItOLFDV�H�FLQpWLFDV�GH�LQWXPHVFLPHQWR�XWLOL]DQGR�HP�iJXD�H�VROXomR�QXWULWLYD�
como meio.

2 mAteriAiS e métodoS

2V�KLGURJpLV�FRQVWLWXtGRV�SRU�SROLDFULODPLGD��3$$P��H�R�SROLVVDFDUtGHR�ELRGHJUDGiYHO�PHWLO�
FHOXORVH��0&��IRUDP�REWLGRV�SRU�PHLR�GH�SROLPHUL]DomR�TXtPLFD�GR�PRQ{PHUR�DFULODPLGD��$$P��HP�
VROXomR�DTXRVD�FRQWHQGR�0&�H�PRQWPRULORQLWD�FiOFLFD��00W���&D����$O�0J�2Si�O���2+�2�Q+22��)RUDP�
VLQWHWL]DGRV�KLGURJpLV�QD�SRUFHQWDJHP�GH����������������������������H�����������P�KLGURJHO�>$$P���0&@��
��P>00W@���0DQWHYH�VH�D�FRQFHQWUDomR�GH�DJHQWH�GH�UHWLFXODomR�1¶�1�PHWLOHQR�ELVDFULODPLGD�FRQVWDQWH�
HP�UHODomR�j�$$P��$�UHDomR�GH�SROLPHUL]DomR���UHWLFXODomR�IRL�FDWDOLVDGD�SRU�1�1�1¶�1¶��WHWUDPHWLO��HWL�
OHQRGLDPLQD��7(0('���H�LQLFLDGD�SRU�SHUVXOIDWR�GH�VyGLR��1D2S2O����$�VROXomR�UHVXOWDQWH�IRL�WUDQVIHULGD�
SDUD�XP�PROGH�HP�DFUtOLFR�RQGH�¿FRX�HP�UHSRXVR�SRU����KRUDV�SDUD�FRPSOHWD�SROLPHUL]DomR��

$�KLGUR¿OLFLGDGH�GRV�KLGURJpLV�IRL�LQYHVWLJDGD�D�SDUWLU�GH�PHGLGDV�GH�JUDX�GH�LQWXPHVFLPHQWR�
�4��HP�GLIHUHQWHV�PHLRV��2V�YDORUHV�GH�4�SRGHP�VHU�FDOFXODGRV�FRPR�D�UD]mR�HQWUH�D�PDVVD�GR�KLGURJHO�
LQWXPHVFLGR��H�D�PDVVD�GR�KLGURJHO�VHFR��*82�HW�DO����2V�KLGURJpLV�IRUDP�FRORFDGRV�GLUHWDPHQWH�HP�
FRQWDWR�FRP�iJXD�0LOOL�4���H�VROXomR�VDWXUDGD�GH�XUHLD��2V�YDORUHV�GR�JUDX�GH�LQWXPHVFLPHQWR�IRUDP�
PRQLWRUDGRV�HP�WHPSRV�SUp�GHWHUPLQDGRV��SRGHQGR�VH�DVVLP�DFRPSDQKDU�VXD�FLQpWLFD�GH� LQWXPHVFL�
PHQWR��3DUD�GHWHUPLQDo}HV�GH�4��RV�KLGURJpLV�VHFRV�IRUDP�SHVDGRV�HP�XPD�EDODQoD�DQDOtWLFD�H�SRVWH�
ULRUPHQWH�FRORFDGRV�SDUD�LQWXPHVFHU�HP�����P/�GH�PHLR��$�XQLGDGH�DGRWDGD�SDUD�4�QHVWH�WUDEDOKR�p�
H[SUHVVD�SRU�J�J��JUDPDV�GH�iJXD�SRU�JUDPD�GH�KLGURJHO���

2�SURFHVVR�GH� KLGUyOLVH� GRV� QDQRFRPSyVLWRV� IRL� HPSUHJDGR�GH� DFRUGR� FRP�R�SURFHGLPHQWR�
GHVFULWR�SRU�%2572/,1�HW�DO�

2V�SDUkPHWURV�GD�FLQpWLFD�GH�LQWXPHVFLPHQWR�IRUDP�REWLGRV�SRU�PHLR�GH�PHGLGDV�FLQpWLFDV�GH�
4�SDUD�RV�GLIHUHQWHV�KLGURJpLV�VLQWHWL]DGRV��3DUD�FDGD�FXUYD��R�H[SRHQWH�GLIXVLRQDO��n��H�FRQVWDQWH�GH�
GLIXVmR��k��IRUDP�FDOFXODGRV�XWLOL]DQGR�D�HTXDomR�GH��5,7*(5�	�3(33$6���2�SDUkPHWUR�k�p�D�FRQVWDQWH�
GH�GLIXVmR�H�GHSHQGH�GR�WLSR�GR�KLGURJHO�H�GR�PHLR�GH�LQWXPHVFLPHQWR��n�p�R�H[SRHQWH�GLIXVLRQDO��TXH�
IRUQHFH�LQIRUPDomR�VREUH�R�WLSR�GH�PHFDQLVPR�GH�WUDQVSRUWH�TXH�LPSXOVLRQD�D�VRUomR�

3 reSultAdoS e diScuSSÃo

3.1 Grau de intumescimento q

tabela 1. *UDX�GH�LQWXPHVFLPHQWR�QR�HTXLOtEULR�DQWHV�H�GHSRLV�GR�SURFHVVR�GH�KLGUyOLVH�
Hidrogel qeq sem hidrólise qeq Hidrolisado *qeq sem hidrólise *qeq Hidrolisado

����� ���������� ������������� ���������� ������������

����� ���������� �������������� ���������� **

����� ���������� �������������� ���������� �����������

����� ���������� �������������� ���������� **

����� ���������� �������������� ���������� ������������

*Intumescimento em solução saturada de ureia
** Não realizado nestas condições
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tabela 2. 9DORUHV�GH�Q�H�N�SDUD�RV�KLGURJpLV�VLQWHWL]DGRV�
água milli q ureia

Hidrog. k x 102 (h-1) n k x 102 (h-1) n

����� �������� ����������� ������������ ������������

����� �������� ����������� ������������ �����������

����� �������� ����������� ������������ �����������

7DQWR�SDUD�RV�KLGURJpLV�KLGUROLVDGRV�TXDQWR�SDUD�RV�QmR�KLGUROLVDGRV�R�JUDX�GH�LQWXPHVFLPHQWR�
VH�PRVWURX�WRWDOPHQWH�GHSHQGHQWH�GD�FRQFHQWUDomR�GR�DUJLORPLQHUDO��4XDQGR�VH�DXPHQWD�D�FRQFHQWUDomR�
GH�PRQWPRULORQLWD�FiOFLFD�QD�PDWUL]�SROLPpULFD�GR�KLGURJHO��R�JUDX�GH�LQWXPHVFLPHQWR�UHGX]�FRQVLGHUD�
YHOPHQWH��3DUD�R�KLGURJHO�VHP�WUDWDPHQWR�GH�KLGUyOLVH��R�YDORU�GR�JUDX�GH�LQWXPHVFLPHQWR�QR�HTXLOtEULR�
�4HT��UHGX]LX�GH������������J�J�QR�KLGURJHO�VHP�DUJLOD�SDUD������������J�J�QR�KLGURJHO��������3DUD�HVVHV�
PHVPRV�KLGURJpLV��D�UHGXomR�DLQGD�PDLV�DFHQWXDGD�DSyV�R�WUDWDPHQWR�GH�KLGUyOLVH��2V�YDORUHV�GH�4HT�
UHGX]LUDP�GH����������������J�J�SDUD���������������J�J�SDUD�RV�KLGURJpLV�KLGUROLVDGRV�������+G��H�������
+G���UHVSHFWLYDPHQWH��,VWR�SRGH�HVWDU�UHODFLRQDGR�DR�DXPHQWR�GRV�HQWUHODoDPHQWRV�ItVLFRV�HQWUH�DV�FD�
GHLDV�IRUPDGRUD�GR�KLGURJHO�H�DV�SODFDV�FRQVWLWXLQWHV�GD�DUJLOD�PRQWPRULORQLWD�FiOFLFD��2XWUR�IDWRU�TXH�
WDPEpP�SRGH�FRQWULEXLU�SDUD�RV�YDORUHV�PHQRUHV�GH�LQWXPHVFLPHQWR�p�R�DXPHQWR�GD�UHVLVWrQFLD�PHFkQL�
FD�GR�KLGURJHO��SRLV�FRP�DV�FDGHLDV�PDLV�UtJLGDV��VH�WRUQD�PDLV�GLItFLO�D�H[SDQVmR�GDV�FDGHLDV��(VVHV�DOWRV�
YDORUHV�GH�LQWXPHVFLPHQWR�REWLGRV�SDUD�RV�KLGURJpLV�QDQRHVWUXWXUDGRV��VmR�HP�PpGLD���YH]HV�PDLRUHV�
DRV�YDORUHV�GH�4�SDUD�KLGURJpLV�DSOLFiYHLV�HP�VLVWHPDV�DJUtFRODV�HQFRQWUDGRV�QD�OLWHUDWXUD�H�PHVPR�QD�
FRQGLomR�H[WUHPD��TXDQGR�R�PDWHULDO�������p�KLGUROLVDGR�REWpP�VH�YDORUHV�FHUFD�GH���YH]HV�PDLRUHV�TXH�
RV�YDORUHV�GH�4�FRPXPHQWH�HQFRQWUDGRV�SDUD�RV�KLGURJpLV��TXH�JLUD�HP�WRUQR�GH���������1RWH�VH�TXH�
HVWH�HOHYDGR�YDORU�GH�LQWXPHVFLPHQWR�REWLGR�SDUD�WRGDV�DV�FRQGLo}HV�GH�DPRVWUDV�KLGUROLVDGDV�WDPEpP�
FRPSURPHWH�D�UHVLVWrQFLD�PHFkQLFD�GRV�PHVPRV��FRPR�QRWDGR�DQWHULRUPHQWH�

�$�7$%(/$���PRVWUD�R�DXPHQWR�GR�JUDX�GH�LQWXPHVFLPHQWR�RFDVLRQDGR�SHOD�KLGUyOLVH�GR�KLGURJHO�
WDQWR�HP�iJXD�TXDQWR�HP�VROXomR�VDWXUDGD�GH�XUHLD��2�DXPHQWR�FRQVLGHUiYHO�GR�4HT�DSyV�D�KLGUyOLVH�VH�
GHYH�HP�VXD�PDLRU�SDUWH�SHOD�FRQYHUVmR�WRWDO�RX�SDUFLDO�GRV�JUXSDPHQWRV�DPLGD�SRU�FDUER[tOLFR��FRQIHULQ�
GR�DVVLP��PDLRU�LQWHUDomR�FRP�iJXD�SHOR�KLGURJHO�H�WDPEpP�R�JUDX�GH�LQWXPHVFLPHQWR�QR�HTXLOtEULR�SDUD�
RV�KLGURJpLV�HP�VROXomR�VDWXUDGD�GH�XUHLD��2EVHUYD�VH�TXH�R�SDGUmR�GH�YDULDomR�GR�JUDX�GH�LQWXPHVFLPHQ�
WR�VHJXH��SDUD�RV�PDWHULDLV�KLGUROLVDGRV��R�PHVPR�SDGUmR�REVHUYDGR�SDUD�RV�QmR�KLGUROLVDGRV��3RUpP��QD�
FRQGLomR�GH�LQWXPHVFLPHQWR�QD�SUHVHQoD�GH�XUHLD��REVHUYD�VH�XPD�UHGXomR�GH�XPD�RUGHP�GH�JUDQGH]D�
QRV�YDORUHV�WRWDLV��TXH�LQGLFD�TXH�D�XUHLD�FRPSHWH�SHORV�PHVPRV�VtWLRV�GH�DGVRUomR�TXH�D�iJXD��$LQGD��R�
FDUiWHU�ELGHQWDGR�GD�XUHLD�SRGH�LPSOLFDU�HP�DXPHQWR�GD�LQWHUFDODomR�GH�FDGHLDV�VHSDUDGDV��LQÀXHQFLDQGR�
PDLV�QD�TXHGD�GH�4HT��1HVWD�FRQGLomR��D�SUHVHQoD�GR�DUJLORPLQHUDO�PRVWURX�WHQGrQFLD�LQYHUVD�j�REVHUYDGD�
QR�LQWXPHVFLPHQWR�HP�iJXD��DXPHQWDQGR�R�YDORU�GH�4HT�GH�DFRUGR�FRP�R�DXPHQWR�GD�PDVVD�GH�DUJLOD�QR�
QDQRFRPSyVLWR��(VWH�IDWRU�SURYDYHOPHQWH�GHYH�VH�DR�HIHLWR�GH�VHSDUDomR�GH�FDGHLDV�SURPRYLGR�SHOR�DUJL�
ORPLQHUDO��TXH�LQWHUIHUH�QD�DGVRUomR�GD�XUHLD�HYLWDQGR�TXH�D�VXD�SUHVHQoD�FRPSDFWH�D�HVWUXWXUD�GR�KLGURJHO��

3.2 Parâmetros da cinética de intumescimento

2V�SDUkPHWURV�FLQpWLFRV�GRV�PDWHULDLV�IRUDP�UHDOL]DGRV�DSHQDV�FRP�RV�KLGURJpLV�VHP�R�WUDWD�
PHQWR�GH�KLGUyOLVH��3DUD�KLGURJpLV�HP�IRUPDWR�FLOtQGULFR��RV�YDORUHV�GH�Q�HQWUH������H������FRUUHVSRQGHP�
j�GLIXVmR�)LFNLDQD��RX�VHMD��R�FRPSRUWDPHQWR�GH�GLIXVmR�VH�Gi�DSHQDV�SRU�HTXLOtEULR�GD�VROXomR��8P�
YDORU�GH�Q�DSUR[LPDGDPHQWH�����LQGLFD�TXH�D�GLIXVmR�GR�VROYHQWH�SDUD�R�LQWHULRU�GR�JHO�RFRUUH�SRU�UHOD�
[DPHQWR�GDV�FDGHLDV�TXH�FRPS}H�D�UHGH��3DUD�������Q�������D�GLIXVmR�RFRUUH�SRU�WUDQVSRUWH�DQ{PDOR��RX�
QmR�)LFNLDQD���RX�VHMD��R�SURFHVVR�GH�GLIXVmR�VRIUH�LQWHUIHUrQFLD�GR�SURFHVVR�GH�UHOD[DomR�GDV�FDGHLDV�
GR�KLGURJHO��$�7$%(/$���PRVWUD�RV�YDORUHV�REWLGRV�SDUD�DV�FRQVWDQWHV�FLQpWLFDV�Q�H�N�GRV�KLGURJpLV�
HVWXGDGRV��3DUD�RV�KLGURJpLV�FRQWHQGR�PRQWPRULORQLWD�FiOFLFD�������H�������LQWXPHVFLGRV�HP�iJXD�H�RV�
WUrV�WLSRV�LQWXPHVFLGRV�HP�VROXomR�DTXRVD�VDWXUDGD�GH�XUHLD��RV�YDORUHV�GH�Q�VH�HQFRQWUDP�HQWUH�����H�
�����LQGLFDQGR�TXH�D�GLIXVmR�RFRUUH�SRU�WUDQVSRUWH�DQ{PDOR��(QTXDQWR�SDUD�R�KLGURJHO�VHP�D�SUHVHQoD�
GD�DUJLOD��R�YDORU�GH�n�IRL�SUy[LPR�GH������FRUUHVSRQGHQGR�D�GLIXVmR�)LFNLDQD��3HOR�SDUkPHWUR�FLQpWLFR�
k��QRWD�VH�TXH�D�SUHVHQoD�GH�DUJLOD�QD�PDWUL]�SROLPpULFD�ID]�FRP�R�KLGURJHO�DEVRUYD�iJXD�PDLV�UDSLGD�
PHQWH��FHUFD�GH�����YH]HV�PDLV�UiSLGR�FRPSDUDQGR�VH�R�KLGURJHO�������FRP�R�SXUR��������(VWH�DXPHQWR�
QD�YHORFLGDGH�GH�VRUomR�p�DLQGD�PDLV�HYLGHQWH�SDUD�DV�VROXo}HV�FRQWHQGR�QXWULHQWH�XUHLD��RQGH�REVHUYD�
VH�XP�DXPHQWR�DSUR[LPDGDPHQWH�GH�����YH]HV��D�YHORFLGDGH�FRP�TXH�R�QDQRFRPSyVLWR�DEVRUYH�iJXD�
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RX�VROXomR�QXWULWLYD�p�XP�IDWRU�GH�H[WUHPD�LPSRUWkQFLD�SDUD�DSOLFDomR�QR�VHWRU�DJUtFROD��YLVWR�TXH��HP�
PXLWDV� UHJL}HV�RFRUUHP� UiSLGDV�SUHFLSLWDo}HV�� VHQGR�QHFHVViULR�TXH�R�PDWHULDO� FRQVLJD�FDSWDU�PDLRU�
TXDQWLGDGH�GH�LQVXPRV�HP�FXUWRV�SHUtRGRV��SDUD�TXH�HP�pSRFDV�FRP�SRXFDV�FKXYDV�RX�LUULJDo}HV�HVWH�
PDWHULDO�SRVVD�OLEHUDU�DRV�SRXFRV�R�TXH�IRL�DGVRUYLGR�

4 concluSÃo

2V�UHVXOWDGRV�PRVWUDUDP�TXH�RV�QDQRFRPSyVLWRV�VLQWHWL]DGRV��SULQFLSDOPHQWH�RV�KLGUROLVDGRV�VH�
GHVWDFDUDP�SRU�VHUHP�DWp�������PDLV�EDUDWRV�H�SHORV�DOWRV�YDORUHV�GH�JUDX�GH�LQWXPHVFLPHQWR�4�H�WDP�
EpP�SHOD�PDLRU�FDSDFLGDGH�GH�FDUUHJDU�XPD�VROXomR�QXWULWLYD��IDWRUHV�TXH�R�WRUQDP�EDVWDQWH�LQWHUHVVDQWH�
SDUD�XPD�DSOLFDomR�DJUtFROD�
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resumo
4XHVW}HV�DPELHQWDLV�WrP�VXVFLWDGR�R�LQWHUHVVH�SRU�IRQWHV�UHQRYiYHLV�H�RV�UHVtGXRV�DJURLQGXVWULDLV�WRU�
QDUDP�VH�XPD�LPSRUWDQWH�PDWpULD�SULPD�SDUD�D�SURGXomR�GH�QRYRV�PDWHULDLV��GH�SURGXWRV�TXtPLFRV�H�
GH�HQHUJLD��(VWH�HVWXGR�SURS}H�R�XVR�GH�UHVtGXRV�DJURLQGXVWULDLV��VXFR�GH�FDMX�H� OtTXLGR�GH�VLVDO��QD�
REWHQomR� GH� FHOXORVH� EDFWHULDQD� �&%�� SDUD� SRVWHULRU� SUHSDUR� GH� QDQRFRPSyVLWRV� FRP�KLGUR[LDSDWLWD�
�+$���9HUL¿FRX�VH�TXH�DV�SHOtFXODV�REWLGDV�DSUHVHQWDUDP�HVWUXWXUD�H�FRPSRUWDPHQWR�WtSLFRV�GH�FHOXORVH�
EDFWHULDQD�H�RV�QDQRFRPSyVLWRV�REWLGRV��SRWHQFLDO�DSOLFDomR�SDUD�DSOLFDomR�QD�iUHD�ELRPpGLFD��
Palavras-chave��&HOXORVH�%DFWHULDQD��+LGUR[LDSDWLWD��1DQRFRPSyVLWRV�
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nAnocomPoSiteS oF bActeriAl celluloSe And HYdroxYAPAtite obtAined 
From AGroinduStriAl wASte
Abstract
(QYLURQPHQWDO�LVVXHV�KDYH�VXSSRUWHG�WKH�LQWHUHVW�LQ�UHQHZDEOH�VRXUFHV�DQG�DJURLQGXVWULDO�UHVLGXHV�EH�
FDPH�D�VLJQL¿FDWLYH� UHVRXUFH� IRU� WKH�SURGXFWLRQ�RI�QHZ�PDWHULDOV��FKHPLFDOV�DQG�HQHUJ\��7KLV� VWXG\�
SURSRVHV� WKH�XVH�RI�DJUR�LQGXVWULDO� UHVLGXHV� �FDVKHZ� MXLFH�DQG�VLVDO� OLTXLG�ZDVWH�� WR�REWDLQ�EDFWHULDO�
FHOOXORVH��%&��IRU�IXUWKHU�HODERUDWLRQ�RI�QDQRFRPSRVLWHV�ZLWK�K\GUR[\DSDWLWH��+$���7KH�¿OPV�REWDLQHG�
VKRZHG�W\SLFDO�VWUXFWXUH�DQG�EHKDYLRU�RI�EDFWHULDO�FHOOXORVH�DQG�WKH�QDQRFRPSRVLWHV��JUHDW�SRWHQWLDO�IRU�
biomedical application.
Keywords: %DFWHULDO�&HOOXORVH��+\GUR[\DSDWLWH��1DQRFRPSRVLWHV�

1 introduÇÃo

$�FHOXORVH�EDFWHULDQD��&%��YHP�DSUHVHQWDQGR�LQWHUHVVH�FUHVFHQWH�SRU�DSUHVHQWDU�SURSULHGDGHV�
SHFXOLDUHV�TXH�D�GLIHUHP�FRQVLGHUDYHOPHQWH�GD�FHOXORVH�YHJHWDO��*$0$��������'8*$1�HW�DO����������$�
&%�p�REWLGD�VHP�OLJQLQD�H�KHPLFHOXORVH��p�H[WUHPDPHQWH�KLGURItOLFD�H�SRVVXL�FULVWDOLQLGDGH�HOHYDGD��(V�
VDV�SURSULHGDGHV�H�D�VXD�HVWUXWXUD�WULGLPHQVLRQDO�QDQRPpWULFD�SHUPLWHP�XP�DPSOR�OHTXH�GH�DSOLFDo}HV�
LQFOXLQGR�D�iUHD�ELRPpGLFD��/,1$�HW�DO���������3(7(56(1�HW�DO����������

Estudos in vitro�WrP�UHYHODGR�TXH�FRPSyVLWRV�REWLGRV�D�SDUWLU�GH�FHOXORVH�EDFWHULDQD�H�KLGUR�
[LDSDWLWD��&%�+$��WrP�JUDQGH�SRWHQFLDO�SDUD�DSOLFDomR�HP�HQJHQKDULD�GH�WHFLGRV�H�UHJHQHUDomR�yVVHD�
�=,00(50$11�HW�DO����������4XDQGR�H[SRVWRV�D�DPELHQWHV�ELROyJLFRV��SURPRYHP�D�DGHVmR��D�SUROL�
IHUDomR��R�FUHVFLPHQWR�H�D�GLIHUHQFLDomR�FHOXODU��3RU�FRQWD�GLVVR��D�IDEULFDomR�GH�FRPSyVLWRV�EDVHDGRV�
HP�DSDWLWDV�H�XPD�PDWUL]�FHOXOyVLFD�SDUD�HPSUHJRV�HP�VXEVWLWXLo}HV�yVVHDV��WHP�VLGR�GH�JUDQGH�LQWHUHVVH�
SRU�SDUWH�GRV�SHVTXLVDGRUHV��+8$1*�HW�DO���������

1HVVH�VHQWLGR��R�REMHWLYR�GHVWH�WUDEDOKR�IRL�GHVHQYROYHU�XP�ELRQDQRFRPSyVLWR�XWLOL]DQGR�FH�
OXORVH�EDFWHULDQD��SURGX]LGD�D�SDUWLU�GH�IRQWHV�DOWHUQDWLYDV��VXFR�GH�FDMX�H�UHVtGXR�OtTXLGR�GH�VLVDO���H�
KLGUR[LDSDWLWD��

2 mAteriAiS e métodoS

2�FXOWLYR�EDFWHULDQR�VH�GHX�WDQWR�HP�PHLR�VLQWpWLFR�+6��+(675,1�H�6&+5$00��������TXDQ�
WR�HP�PHLRV�DOWHUQDWLYRV��VXFR�GH�FDMX�H�UHVtGXR�OtTXLGR�GH�VLVDO���3ULPHLUDPHQWH��UHDOL]RX�VH�D�LQRFX�
ODomR�GH�G. hansenii��&&7������ QRV�GLIHUHQWHV�PHLRV�����GH�SUp�LQyFXOR��Y�Y���$SyV�LQRFXODomR��RV�
PHLRV�LQRFXODGRV�IRUDP�PDQWLGRV�j�WHPSHUDWXUD�GH�����&�SRU�SHOR�PHQRV�����K��HP�FXOWLYR�HVWiWLFR��
3DUD�SXUL¿FDomR�GD�SHOtFXOD�UHDOL]RX�VH�WUDWDPHQWR�WpUPLFR�FRP�KLGUy[LGR�GH�VyGLR���0�D�����&�SRU����
PLQ��3RU�¿P��D�&%�IRL�QHXWUDOL]DGD�FRP�iFLGR�DFpWLFR��3DUD�SUHSDUR�GRV�FRPSyVLWRV��DV�SHOtFXODV�GH�&%�
KLGUDWDGDV�IRUDP�VXEPHWLGDV�D�FLQFR�FLFORV�GH�LPHUVmR��GH����K�FDGD��HP�VROXo}HV�GH�&D&O2�����J�/

����H�
1D2+32��������J�/

�����DSyV�RV�TXDLV�RV�FRPSyVLWRV�IRUDP�FRQGX]LGRV�j�HVWXID��8PD�YH]�VHFRV��RV�PDWH�
ULDLV�IRUDP�VXEPHWLGRV�j�FDUDFWHUL]DomR��2V�FRPSyVLWRV�REWLGRV�D�SDUWLU�GH�SHOtFXODV�GH�+6��FDMX�H�VLVDO�
IRUDP�UHSUHVHQWDGRV�SRU�+6�+$��&DMX�+$�H�6LVDO�+$��UHVSHFWLYDPHQWH�

$�DQiOLVH�GD�PLFURHVWUXWXUD�GRV�FRPSyVLWRV�IRL�UHDOL]DGD�HP�XP�PLFURVFySLR�HOHWU{QLFR�GH�YDU�
UHGXUD��0(9���PRGHOR�=HLVV�'60����$��D����NH9�HP�XP�PRGR�GH�LPDJHQV�GH�HOpWURQV�VHFXQGiULRV�
�6(,���3DUD�D�FDUDFWHUL]DomR�PHFkQLFD��IRL�XWLOL]DGD�XPD�0iTXLQD�8QLYHUVDO�(0,&��FRP�FpOXOD�GH�FDUJD�
GH�����1��YHORFLGDGH�GR�HQVDLR�GH������PP�PLQ�H�D�GLVWkQFLD�HQWUH�RV�DSRLRV����FP��2�WHVWH�GH�ELRDWLYL�
GDGH�IRL�UHDOL]DGR�HP�ÀXLGR�FRUSRUDO�VLPXODGR��6%)���VHJXQGR�.RNXER�H�7DNDGDPD��������

3 reSultAdoS e diScuSSÃo

$�)LJXUD���PRVWUD�LPDJHQV�GRV�QDQRFRPSyVLWRV�%&�+$�VHFRV��&ULVWDLV�GH�+$�IRUDP�SUHFLSLWD�
GRV�VREUH�DV�QDQR¿EULODV�GH�&%�FRPR�DJORPHUDGRV�GH�FULVWDOLWRV�H�SRURV�GLVWULEXtGRV�UHJXODUPHQWH�QD�
VXSHUItFLH�GD�PHPEUDQD��2EVHUYDUDP�VH�FULVWDLV�GH�+$�WtSLFRV�QD�IRUPD�JOREXODU�H�GH�KDVWH��VHPHOKDQ�
WHV�DRV�WDPEpP�REVHUYDGRV�SRU�RXWURV�DXWRUHV��025(-Ï1�$/2162�HW�DO��������025(-Ï1�$/21�
62�HW�DO���������$WUDYpV�GH�PHGLo}HV�UHDOL]DGDV�D�SDUWLU�GR�SURJUDPD�,PDJH-��REWHYH�VH�YDORU�PpGLR�GH�
HVSHVVXUD�GDV�¿EUDV�GH����QP��FRPSURYDQGR�VH�R�FDUiWHU�QDQRPpWULFR�GD�FHOXORVH��4XDQWR�j�KLGUR[LD�
SDWLWD��HPERUD�HVVD�DSUHVHQWH�XPD�PDLRU�GLVWULEXLomR�GH�WDPDQKR�GH�SDUWtFXODV��KRXYH�SUHGRPLQkQFLD�
QD�PLFURHVFDOD�����P��
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Figura 1. 0LFURJUD¿DV�GRV�FRPSyVLWRV�&%�+$�REWLGRV�D�SDUWLU�GH�PHLR�+6��VXFR�GH�FDMX�H�UHVtGXR�OtTXLGR�GH�
VLVDO��UHVSHFWLYDPHQWH��FRP�DXPHQWR�GH������;

1R�TXH�GL]�UHVSHLWR�DRV�FRPSyVLWRV��RV�SDUkPHWURV�PHFkQLFRV��WHQVmR�QD�UXSWXUD�H�GHIRUPDomR�
QD�UXSWXUD�PXGDUDP�HP�UHODomR�DRV�¿OPHV�GH�FHOXORVH�EDFWHULDQD��7DEHODV���H�����$�DGLomR�GD�DSDWLWD�
PXGRX�D� HVWUXWXUD�SROLPpULFD�GR�¿OPH�GDQGR�OKH�PHQRU� UHVLVWrQFLD�� SRUpP�PDLRU� DORQJDPHQWR��(P�
RXWUDV�SDODYUDV��KRXYH�UHGXomR�GD�UHVLVWrQFLD�j�WUDomR�H�GR�PyGXOR�GH�<RXQJ�GR�FRPSyVLWR�&%�+$�HP�
UHODomR�j�&%�SXUD��&RPR�FRQWUDSDUWLGD��R�FRPSyVLWR�DSUHVHQWRX�DXPHQWR�QD�UXSWXUD�DR�DORQJDPHQWR��
GHPRQVWUDQGR� LQFUHPHQWR�QD�HODVWLFLGDGH�GR�PDWHULDO��$�DQiOLVH�PHFkQLFD�GDV�SHOtFXODV�GH�FDMX�QmR�
DSUHVHQWDUDP�UHVXOWDGRV�VDWLVIDWyULRV�

tabela 1. 'DGRV�GH�HQVDLR�GH�WUDomR�SDUD�DV�SHOtFXODV�GH�+6�H�VLVDO
Película espessura (µm) 7HQVmR�0i[LPD�

(mpa)
7HQVmR�QD�

ruptura (mpa)
'HIRUPDomR�QD�
ruptura (%)

módulo de 
elasticidade 

(mpa)

+6 ���������� ���������� ���������� ��������� ���������������

Sisal ���������� ���������� ���������� ��������� ���������������

tabela 2. 'DGRV�GH�HQVDLR�GH�WUDomR�SDUD�RV�FRPSyVLWRV�+6�+$�H�6LVDO�+$
compósito espessura (µm) 7HQVmR�

máxima (mPa)
7HQVmR�QD�

ruptura (mPa)
'HIRUPDomR�QD�
ruptura (%)

módulo de 
elasticidade 

(mPa)

+6�+$ ���������� ��������� ��������� ��������� �����������

6LVDO�+$ ���������� ��������� ��������� ��������� �����������

2V�FRPSyVLWRV�REWLGRV�IRUDP�REVHUYDGRV�TXDQWR�j�KDELOLGDGH�GH�LQGX]LU�D�QXFOHDomR�GH�DSDWLWD��
TXDQGR�VXEPHWLGRV�DR�WHVWH�GH�ELRDWLYLGDGH�HP�ÀXLGR�FRUSyUHR�VLPXODGR��6%)���$�ELRDWLYLGDGH�GH�XP�
PDWHULDO�VH�UHIHUH�j�VXD�FDSDFLGDGH�GH�GHVHQYROYHU�XPD�OLJDomR�HVWiYHO�FRP�WHFLGRV�YLYRV�YLD�GHSRVLomR�
GH�KLGUR[LDSDWLWD��&=$51(&.$�HW�DO����������2�H[SHULPHQWR�IRL�UHDOL]DGR�SRU����GLDV��SHUtRGR�DSyV�R�
TXDO�DV�DPRVWUDV�IRUDP�UHWLUDGDV�GR�6%)�H�SRVWDV�SDUD�VHFDU��(ODV�IRUDP�DYDOLDGDV�VHJXQGR�GLIHUHQoDV�
GH�PDVVD�WRPDGDV�DQWHV�H�GHSRLV�GR�H[SHULPHQWR��$�7DEHOD���DSUHVHQWD�DV�PDVVDV�SHUFHQWXDLV�GH�KLGUR�
[LDSDWLWD�� ��GHSRVLWDGDV�VREUH�RV�FRPSyVLWRV�PHGLDQWH�R�WHVWH�GH�ELRDWLYLGDGH��

tabela 3. 0DVVD�SHUFHQWXDO�GH�KLGUR[LDSDWLWD�GHSRVLWDGD�DSyV�WHVWH�GH�ELRDWLYLGDGH
compósito m%HA (g)

&%�+$ ����������

&%�&DMX ����������

&%�6LVDO ����������
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$�IRUPDomR�GH�XPD�FDPDGD�GH�DSDWLWD�VREUH�R�FRPSyVLWR�HP�XP�FXUWR�SHUtRGR�GH�WHPSR�����
GLDV��HVWi�GH�DFRUGR�FRP�D�OLWHUDWXUD��6HJXQGR�&KHUQ�/LQ�HW�DO���������H�+XWFKHQV���������D�+$��RULJLQDO�
PHQWH�IRUPDGD�VREUH�D�FHOXORVH�GXUDQWH�RV�FLFORV�GH�LPHUVmR��SHUPLWH�D�GHSRVLomR�LPHGLDWD�GD�FDPDGD�
ELRPLPpWLFD�GH�DSDWLWD�HP�VXD�VXSHUItFLH��R�TXH�IDYRUHFH�D�OLJDomR�UiSLGD�FRP�R�RVVR�TXDQGR�LPSODQWDGD�
em um organismo vivo. 

3DUD�DV�SHOtFXODV�SXUDV��TXH�IRUDP�XWLOL]DGDV�FRPR�FRQWUROH��WDPEpP�RFRUUHX�GHSRVLomR��SRUpP�
HP�PHQRU�H[WHQVmR�

4 concluSÃo

$V�ELRFHOXORVHV��REWLGDV�D�SDUWLU�GRV�DJUR�UHVtGXRV��EHP�FRPR�VHXV�FRPSyVLWRV�GHULYDGRV��QmR�
DSUHVHQWDUDP�GLIHUHQoDV�VLJQL¿FDWLYDV�HQWUH�VL��$�KLGUR[LDSDWLWD�IRL�GHSRVLWDGD�FRP�FHUWD�UHJXODULGDGH��
RFXSDQGR�HVSDoRV�HQWUH�DV�¿EUDV�GRV�ELRSROtPHURV�H� DSUHVHQWRX�FRPSRUWDPHQWR�FULVWDORJUi¿FR�EHP�
SUy[LPR�j�DSDWLWD�QDWXUDO�RX�ELROyJLFD��'H�XP�PRGR�JHUDO��DV�SHOtFXODV�PRVWUDUDP�VH�DGHTXDGDV�SDUD�D�
HODERUDomR�GH�FRPSyVLWRV�FRP�SRWHQFLDO�DSOLFDomR�QD�iUHD�ELRPpGLFD�

AGrAdecimentoS

$�8QLYHUVLGDGH�)HGHUDO�GR�&HDUi��DR�3URJUDPD�GH�3yV�*UDGXDomR�HP�(QJHQKDULD�H�&LrQFLD�GH�
0DWHULDLV��j�)XQFDS�H�j�(PEUDSD�

reFerÊnciAS

&+(51�/,1��-��+���.82��.��+���',1*��6��-���-8��&��3��6XUIDFH�UHDFWLRQ�RI�VWRLFKLRPHWULF�DQG�FDOFLXP
�H¿FLHQW�K\GUR[\DSDWLWH��LQ��VLPXODWHG��ERG\��ÀXLG���-RXUQDO�RI�0DWHULDOV�6FLHQFH��0DWHULDOV�LQ�0HGLFLQH��
%HUOLP��Y������Q�����S����������������

&=$51(&.$��%���&2/(0$1��1��-���6+$:��+���1,&+2/621��-��:��'HQWDO�0HGLFDO�3UREOHPV��Y��
����S�������������

'8*$1�� -��0��� *28*+�� -�� (��� (,&++251�� 6�� -�� %DFWHULDO� FHOOXORVH� VFDIIROGV� DQG� FHOOXORVH� QD�
QRZKLVNHUV�IRU�WLVVXH�HQJLQHHULQJ��1DQRPHGLFLQH��/RQGUHV��Y�����Q�����S����±����������

*$0$��0��%DFWHULDO�&HOOXORVH��$�6RSKLVWLFDWHG�0XOWLIXQFWLRQDO�0DWHULDO��9RO�����&5&�3UHVV,�/OF�������

+(675,1��6���6&+5$00��0��6\QWKHVLV�RI�FHOOXORVH�E\�Acetobacter xylinum��,,��3UHSDUDWLRQ�RI�IUH�
H]H�GULHG�FHOOV�FDSDEOH�RI�SRO\PHUL]LQJ�JOXFRVH�WR�FHOOXORVH��%LRFKHPLFDO�-RXUQDO��/RQGUHV��Y������Q����
S����������������

+8$1*��<���=+8��&���<$1*��-���1,(��<���&+(1��&���681��'��5HFHQW�DGYDQFHV�LQ�EDFWHULDO�&HOOXORVH��
&HOOXORVH��%HUOLP��Y������Q�����S�������������

+87&+(16��6��$���%(1621��5�6���(9$16��%�5���2¶1(,//��+��0���5$:1��&��-��%LRPLPHWLF�V\Q�
WKHVLV�RI�FDOFLXP�GH¿FLHQW�K\GUR[\DSDWLWH�LQ�D�QDWXUDO�K\GURJHO��%LRPDWHULDOV��$PVWHUGDP��Y������Q������
S������±�����������

.2.8%2��7���7$.$'$0$��+��+RZ�XVHIXO�LV�6%)�LQ�SUHGLFWLQJ�LQ�YLYR�ERQH�ELRDFWLYLW\"�%LRPDWH�
ULDOV��$PVWHUGDP��Y������Q������S������������������

)8��/���=+$1*��<���=+$1*��-���<$1*��*��%DFWHULDO�&HOOXORVH�IRU�6NLQ�5HSDLU�0DWHULDOV��,Q��)$=(/
�5(=$,��5���(G���%LRPHGLFDO�(QJLQHHULQJ���)URQWLHUV�DQG�&KDOOHQJHV��(GLWRUD�,QWHFK��5LMHND��������S��
��������

025(-Ï1�$/2162�/��&$552'(*8$6�5��*���*$5&Ë$�0(12&$/� -��$��'��7UDQVIRUPDWLRQV�
LQ�&'+$�2&3�ȕ�7&3�VFDIIROG�GXULQJ�DJHLQJ�LQ�VLPXODWHG�ERG\�ÀXLG�DW������&��-RXUQDO�RI�%LRPHGLFDO�
0DWHULDOV�5HVHDUFK²SDUW�%��1RYD�<RUN��Y����%��Q�����S�����±�����������
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025(-Ï1�$/2162��/���&$552'(*8$6��5��*����*$5&Ë$�0(12&$/��-��$��'���3e5(=��-��$��
$���0$1(17��6��0��(IIHFW�RI�VWHULOL]DWLRQ�RQ�WKH�SURSHUWLHV�RI�&'+$�2&3�ȕ�7&3�ELRPDWHULDO��0DWH�
ULDOV�5HVHDUFK��6mR�&DUORV��Y������Q�����S���±���������

3(7(56(1��1���*$7(1+2/0��3��%DFWHULDO�FHOOXORVH�EDVHG�PDWHULDOV�DQG�PHGLFDO�GHYLFHV��&XUUHQW�
VWDWH� DQG�SHUVSHFWLYHV��$SSOLHG�0LFURELRORJ\�DQG�%LRWHFKQRORJ\��%HUOLP��Y������Q����� S�� �����������
�����

=,00(50$11��.��$���/(%/$1&��-��0���6+((76��.��7���)2;��5��:���*$7(1+2/0��3��%LRPLPH�
WLF�GHVLJQ�RI�D�EDFWHULDO�FHOOXORVH�K\GUR[\DSDWLWH�QDQRFRPSRVLWH�IRU�ERQH�KHDOLQJ�DSSOLFDWLRQV��0DWH�
ULDOV�6FLHQFH�DQG�(QJLQHHULQJ�&��$PVWHUGDP��Y������Q�����S�������������
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&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
3DLQpLV� OLJQRFHOXOyVLFRV� VXEVWLWXHP�D�PDGHLUD�HP�GLYHUVDV� DSOLFDo}HV��&RPXPHQWH�� HVVH�SDLQpLV�QH�
FHVVLWDP�GD�DGLomR�GH�UHVLQDV�VLQWpWLFDV�SDUD�SURPRYHU�D�DJOXWLQDomR�H�DVVHJXUDU�GHWHUPLQDGDV�FDUDF�
WHUtVWLFDV�DR�SURGXWR�¿QDO��(QWUHWDQWR��HVVDV�UHVLQDV�SRGHP�DSUHVHQWDU�OLEHUDomR�GH�VXEVWkQFLDV�Wy[LFDV�
DR�ORQJR�GR�WHPSR��2�REMHWLYR�GHVVH�WUDEDOKR�IRL�FDUDFWHUL]DU�RV�SDLQpLV�SURGX]LGRV�D�SDUWLU�GD�FDVFD�
GR�FRFR�YHUGH�VHP�DGLomR�GH�UHVLQDV�VLQWpWLFDV�H�DQDOLVDU�D�LQÀXrQFLD�GD�WHPSHUDWXUD�GH�SUHVVmR�VREUH�
DV�SURSULHGDGHV�¿QDLV�GRV�SDLQpLV��)RL�SRVVtYHO�REWHU�SDLQpLV�FRP�ERD�HVWDELOLGDGH�GLPHQVLRQDO��VHP�D�
QHFHVVLGDGH�GH�DJOXWLQDQWHV�H[WHUQRV�
Palavras-chave��&RFR�YHUGH��5HVtGXRV��3DLQpLV�VHP�DJOXWLQDQWHV��/LJQLQD

PAnelS mAde From coconut HuSK witHout Addition oF SYntHetic reSinS
Abstract
/LJQRFHOOXORVLF�SDQHOV�UHSODFH�ZRRG�LQ�PDQ\�DSSOLFDWLRQV��8VXDOO\��WKHVH�SDQHOV�QHHG�WKH�DGGLWLRQ�RI�
V\QWKHWLF�UHVLQV�WR�SURPRWH�ERQGLQJ�DQG�WR�HQVXUH�FHUWDLQ�IHDWXUHV�WR�WKH�SURGXFW��+RZHYHU��WKHVH�UHVLQV�
PD\�OLEHUDWH�WR[LF�VXEVWDQFHV�WKURXJKRXW�WKH�PDWHULDO�OLIHWLPH��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�FKDUDFWHUL]H�
WKH�SDQHOV�SURGXFHG�IURP�FRFRQXW�KXVN�ZLWKRXW�DGGLQJ�V\QWKHWLF�UHVLQV�DQG�WR�DQDO\]H�WKH�LQÀXHQFH�RI�
SUHVVLQJ�WHPSHUDWXUH�RQ�WKH�¿QDO�SURSHUWLHV�RI�WKH�SDQHOV��7KH�SURGXFWLRQ�RI�SDQHOV�ZLWK�JRRG�GLPHQ�
VLRQDO�VWDELOLW\�ZDV�DFKLHYHG��ZLWKRXW�WKH�DGGLWLRQ�RI�H[WHUQDO�ELQGHUV�
Keywords: 8QULSH�FRFRQXW��:DVWH��%LQGHUOHVV�ERDUGV���/LJQLQ

1 introduÇÃo

$�SURGXomR�QDFLRQDO�PpGLD�GH�FRFR�YHUGH�FRUUHVSRQGH�D�DSUR[LPDGDPHQWH���PLOK}HV�GH� WR�
QHODGDV�SRU�DQR��,%*(���������R�TXH�HVWi�GLUHWDPHQWH�UHODFLRQDGR�FRP�R�JUDQGH�YROXPH�GH�UHVtGXRV�
JHUDGRV��(QWUHWDQWR��R�UHVtGXR�GR�FRFR�YHUGH�SRGH�DWXDU�FRPR�XPD�IRQWH�DOWHUQDWLYD�GH�PDWpULD�SULPD�
SDUD�SURGXomR�GH�SDLQpLV�TXH�WUDGLFLRQDOPHQWH�VmR�SURGX]LGRV�D�SDUWLU�GD�PDGHLUD��,VVR�SRUTXH�D�FDVFD�
GR�FRFR�p�XP�PDWHULDO�ULFR�HP�OLJQLQD�H�FHOXORVH��GHQWUH�RXWURV�FRQVWLWXLQWHV��TXH��VRE�FRQGLo}HV�DGHTXD�
GDV��p�FDSD]�GH�VHUYLU�FRPR�OLJDQWH�QDWXUDO��GLVSHQVDQGR�R�XVR�GH�UHVLQDV�VLQWpWLFDV��9$1�'$0�et al���
������QD�DJOXWLQDomR�GH�SDLQpLV�WUDGLFLRQDLV�TXH��DOpP�GH�HQFDUHFHU�R�SURGXWR�¿QDO��VmR�FDUFLQRJrQLFDV�
�+$6+,0�������,$5&���������
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$�SDUWLU�GHVVHV�SDLQpLV��p�SRVVtYHO�IDEULFDU�PyYHLV��GLYLVyULDV��SLVRV�H�UHYHVWLPHQWRV�VHP�D�QH�
FHVVLGDGH�GH�HIHWXDU�R�FRUWH�GH�HVSpFLHV�ÀRUHVWDLV��2�REMHWLYR�GHVVH�WUDEDOKR�IRL�SURGX]LU�H�FDUDFWHUL]DU�
SDLQpLV�HODERUDGRV�FRP�FDVFD�GH�FRFR�YHUGH�VHP�DGLomR�GH�UHVLQDV�VLQWpWLFDV�

2 mAteriAiS e métodoS

2V�SDLQpLV�IRUDP�REWLGRV�D�SDUWLU�GD�PLVWXUD�GR�Sy�H�GD�¿EUD�GH�FDVFD�GH�FRFR�YHUGH��SUHQVDGD�D�
TXHQWH��HP�XPD�SUHQVD�KLGUiXOLFD��7RGRV�RV�SDLQpLV�IRUDP�PDQXIDWXUDGRV�FRP�XPLGDGH�UHODWLYD�GH������
SUHVVmR�GH�����NJI��FPð��WHPSR�GH���PLQXWRV�H�SURSRUomR�Sy�¿EUD��������UHVSHFWLYDPHQWH��

3DUD�DV�DQiOLVHV�GH�LQFKDPHQWR�GH�HVSHVVXUD�H�DEVRUomR�GH�iJXD�IRL�DSOLFDGD�D�QRUPD�GD�$%17�
1%5���������������$�DQiOLVH�GD�PLFURHVWUXWXUD�GRV�SDLQpLV�IRL�UHDOL]DGD�HP�XP�PLFURVFySLR�HOHWU{QLFR�
GH�YDUUHGXUD��0(9���PRGHOR�=HLVV�'60����$��D����NH9�HP�XP�PRGR�GH�LPDJHQV�GH�HOpWURQV�VHFXQGi�
ULRV��6(,���3DUD�D�FDUDFWHUL]DomR�PHFkQLFD��IRL�XWLOL]DGD�XPD�0iTXLQD�8QLYHUVDO�(0,&�SDUD�UHDOL]DomR�
GH�HQVDLR�GH�ÀH[mR��FRP�FpOXOD�GH�FDUJD�GH���N1��D�YHORFLGDGH�GR�HQVDLR�XWLOL]DGD�IRL���PP�PLQ�H�D�
GLVWkQFLD�HQWUH�RV�DSRLRV����PP��$�GHQVLGDGH�IRL�REWLGD�SHOD�UD]mR�PDVVD�YROXPH�FRQIRUPH�D�QRUPD�%6�
(1����������H�R�UHVXOWDGR�H[SUHVVR�HP�NJ�Pñ��

3 reSultAdoS e diScuSSÃo

2V�SDLQpLV�SURGX]LGRV�DSUHVHQWDUDP�VXSHUItFLHV�OLVDV�H�XPD�FRORUDomR�YDULDQGR�GH�PDUURP�FODUR�
D�PDUURP�HVFXUR��)LJXUD�����R�TXH�HYLGHQFLD�PRGL¿FDomR�GRV�FRQVWLWXLQWHV�TXtPLFRV�GXUDQWH�D�SUHQVD�
JHP�D�GLIHUHQWHV�WHPSHUDWXUDV�

&RQIRUPH�D�PLFURJUD¿D�GRV�SDLQpLV�SUHQVDGRV�D������&��)LJXUD�����REVHUYDP�VH�VXSHUItFLHV�
EDVWDQWH�UXJRVDV��LQFOXVLYH�FRP�¿EUDV�GHVWDFDQGR�VH�QD�VXSHUItFLH�GRV�SDLQpLV��1RV�SDLQpLV�SUHQVDGRV�D�
����&��D�VXSHUItFLH�p�PDLV�OLVD��1RV�SUHQVDGRV�D�����&��DOJXPDV�¿VVXUDV�WUDQVYHUVDLV�VmR�YLVtYHLV�H�QRV�
SUHQVDGRV�D������&��REVHUYDP�VH�UHJL}HV�GH�GHJUDGDomR�VXSHU¿FLDO�

Figura 1. 0(9�H�DVSHFWR�YLVXDO�GRV�SDLQpLV�SURGX]LGRV�D�GLIHUHQWHV�WHPSHUDWXUDV

$�7DEHOD���DSUHVHQWD�RV�UHVXOWDGRV�REWLGRV�GRV�WHVWHV�GH�DEVRUomR�GH�iJXD�H�HVSHVVXUD�GH�LQ�
FKDPHQWR�GRV�SDLQpLV�HP�GLIHUHQWHV�FRQGLo}HV�GH�SURFHVVR��9HUL¿FD�VH�TXH�R�DXPHQWR�GD�WHPSHUDWXUD�
GH�SUHQVDJHP�WHQGH�D�UHGX]LU�RV�YDORUHV�GH�LQFKDPHQWR�HP�HVSHVVXUD�H�DEVRUomR�GH�iJXD�GRV�SDLQpLV��
,VVR�RFRUUH�SRUTXH�j�PHGLGD�TXH�D�GHJUDGDomR�GRV�FRQVWLWXLQWHV�TXtPLFRV�DYDQoD��DV�KHPLFHOXORVHV�VmR�
HOLPLQDGDV�R�TXH�IDYRUHFH�D�KLGURIRELFLGDGH�GRV�SDLQpLV��/$(06$.��2.80$��������

7RGRV�RV�SDLQpLV�DSUHVHQWDUDP�YDORUHV�GH�DEVRUomR�GH�iJXD�LQIHULRUHV�DRV�REWLGRV�FRP�SDLQpLV�
FRPHUFLDLV��WLSR�³0')´��
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tabela 1. $EVRUomR�H�HVSHVVXUD�GH�LQFKDPHQWR���H����KRUDV
Amostra $EVRUomR�GH�iJXD���� espessura de inchamento (%)

Painel 2 h 24 h 2 h 24 h

0') �� �� � ��

��� �� �� �� ��

��� �� �� � ��

��� �� �� � ��

��� �� �� �� ��

2V�SDLQpLV�SUHQVDGRV�D�PDLRUHV�WHPSHUDWXUDV�DSUHVHQWDUDP�XPD�PDLRU�HVWDELOLGDGH�GLPHQVLR�
QDO��1R�HQWDQWR��R�GHVHPSHQKR�PHFkQLFR�IRL�LQIHULRU�HP�UHODomR�DRV�GHPDLV��7DEHOD�����

tabela 2. 'HVHPSHQKR�PHFkQLFR�GRV�SDLQpLV�SUHQVDGRV�D�GLIHUHQWHV�WHPSHUDWXUDV��0yGXOR�GH�HODVWLFLGDGH�
�02(��H�PyGXOR�GH�UXSWXUD��025�

Amostra moe (mPa) mor (mPa)

0') ���������� ����������

��� ���������� ����������

��� ���������� ����������

��� ���������� ���������

��� ���������� ����������

2EVHUYD�VH�QD�7DEHOD����TXH�RV�SDLQpLV�SUHQVDGRV�D�PDLRUHV� WHPSHUDWXUDV�SRVVXHP�D�PHQRU�
GHQVLGDGH��'H�DFRUGR�FRP�1RQDND��8PHPXUD�H�.DZDL��������D�UHGXomR�GRV�YDORUHV�GH�GHQVLGDGH�GRV�
SDLQpLV�p�UHVXOWDGR�GD�GHJUDGDomR�GH�SDUWH�GRV�FRQVWLWXLQWHV��

&RQIRUPH�UHODWD�2NXGD�H�6DWR��������RV�YDORUHV�GH� LQFKDPHQWR�HP�HVSHVVXUD�H�DEVRUomR�GH�
iJXD�SDUD�ORQJRV�SHUtRGRV�GH�LPHUVmR�DXPHQWDP�FRP�DFUpVFLPR�GD�GHQVLGDGH��7RGRV�RV�SDLQpLV�SRV�
VXHP�GHQVLGDGH�PDLRU�TXH�����NJ�Pñ��ORJR�VmR�GHQRPLQDGRV�+')��KLJK�GHQVLW\�¿EHUERDUG���GH�DFRUGR�
FRP�D�FODVVL¿FDomR�SURSRVWD�SRU�+DOYDUVVRQ��������

tabela 3. 'HQVLGDGH�GRV�SDLQpLV�SURGX]LGRV�HP�IXQomR�GD�WHPSHUDWXUD�GH�SUHQVDJHP
temperatura de prensagem do painel (ºc) densidade (kg/m3)

��� ���������

��� ���������

��� ���������

��� ��������

4 concluSÃo

)RL�SRVVtYHO�SURGX]LU�SDLQpLV�FRP�ERD�HVWDELOLGDGH�GLPHQVLRQDO��2V�SDLQpLV�SUHQVDGRV�D������&��
��PLQ�H�����NJI�FPð�DSUHVHQWDUDP�XP�YDORU�GH�02(�VXSHULRU�DRV�GR�0')�FRPHUFLDO�H�XPD�DEVRUomR�
GH�iJXD�LQIHULRU��1R�HQWDQWR��RV�YDORUHV�GH�025�IRUDP�LQIHULRUHV��(PERUD�R�DXPHQWR�GH�WHPSHUDWXUD�
IDYRUHoD�D�LPSHUPHDELOL]DomR��REVHUYD�VH�XP�FRPSURPHWLPHQWR�GR�GHVHPSHQKR�PHFkQLFR�GRV�SDLQpLV�
SUHQVDGRV�D�HOHYDGDV�WHPSHUDWXUDV��7RGRV�RV�SDLQpLV�SRVVXHP�GHQVLGDGH�PDLRU�TXH�����NJ�Pñ��ORJR�VmR�
GHQRPLQDGRV�+')�
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AGrAdecimentoS

$�8QLYHUVLGDGH�)HGHUDO�GR�&HDUi��DR�3URJUDPD�GH�3yV�*UDGXDomR�HP�(QJHQKDULD�H�&LrQFLD�GH�
0DWHULDLV��DR�&13T�H�j�(PEUDSD��

reFerÊnciAS

$662&,$d2�%5$6,/(5,$�'(�1250$6�7e&1,&$6��1%5����������������&KDSDV�GH�PDGHLUD�
DJORPHUDGD��3DUWH����0pWRGRV�GH�HQVDLR��0pWRGRV�GH�HQVDLR��5LR�GH�-DQHLUR�������

%ULWLVK�6WDQGDUGV�LQVWLWXWLRQ�%6�(1����������:RRG�EDVHG�SDQHOV��'HWHUPLQDWLRQ�RI�PRLVWXUH�FRQWHQW��
%ULWLVK�6WDQGDUGV�OQVWLWXWLRQ�������

+DOYDUVVRQ��6��0DQXIDFWXUH�RI�VWUDZ�0')�DQG�¿EUHERDUGV����S��������'RFWRUDO�GLVVHUWDWLRQ��'HSDUW�
PHQW�RI�1DWXUDO�6FLHQFHV��(QJLQHHULQJ�DQG�0DWKHPDWLFV��0LG�6ZHGHQ�8QLYHUVLW\��6ZHGHQ�������

+$6+,0��5��HW�DO��3URSHUWLHV�RI�ELQGHUOHVV�SDUWLFOHERDUG�SDQHOV�PDQXIDFWXUHG�IURP�RLO�SDOP�ELRPDVV��
%LR5HVRXUFHV��5DOHLJK��Y�����Q�����S������������������

,QVWLWXWR�%UDVLOHLUR�GH�*HRJUD¿D�H�(VWDWtVWLFD��,%*(_�GRZQORDGV_�HVWDWtVWLFDV��'LVSRQtYHO�HP���IWS���IWS�
LEJH�JRY�EU�3URGXFDRB$JULFROD�/HYDQWDPHQWRB6LVWHPDWLFRBGDB3URGXFDRB$JULFRODB>PHQVDO@�)DVFLFX�
OR������OVSDB�������SGI!��$FHVVR�HP������������

,QWHUQDWLRQDO�$JHQF\�IRU�5HVHDUFK�RQ�&DQFHU��,$5&�PRQRJUDSKV��'LVSRQtYHO�HP��KWWS���PRQRJUDSKV�
LDUF�IU�(1*�0RQRJUDSKV�YRO�������������������

/$(06$.��1���2.80$��0���'HYHORSPHQW�RI�ERDUGV�PDGH�IURP�RLO�SDOP�IURQG�,,��SURSHUWLHV�RI�ELQ�
GHUOHVV�ERDUGV�IURP�VWHDP�H[SORGHG�¿EHUV�RI�RLO�SDOP�IURQG��-RXUQDO�RI�:RRG�6FLHQFH��%HUOLP��Y������Q��
���S����������������

0$&('2��-��6���278%2��/���)(55(,5$��2��3��%LRPRUSKLF�DFWLYDWHG�SRURXV�FDUERQV�ZLWK�FRPSOH[�
PLFURVWUXFWXUHV�IURP�OLJQRFHOOXORVLF�UHVLGXHV��0LFURSRURXVDQV�0HVRSRURXV�0DWHULDOV��$PVWHUGDP��Y��
�����Q�����S����������������

1RQDND��6���8PHPXUD��.��.DZDL��6��&KDUDFWHUL]DWLRQ�RI�EDJDVVH�ELQGHUOHVV�SDUWLFOHERDUG�PDQXIDFWXUHG�
LQ�KLJK�WHPSHUDWXUH�UDQJH��-RXUQDO�RI�:RRG�6FLHQFH��%HUOLP��Y�����Q����S��������������

2NXGD��1���6$72��0��0DQXIDFWXUH�DQG�PHFKDQLFDO�SURSHUWLHV�RI�ELQGHUOHVV�ERDUGV�IURP�NHQDI�FRUH��
-RXUQDO�RI�:RRG�6FLHQFH��%HUOLP��Y�����Q����S�������������

9$1�'$0��-��(��*���2(9(5��0��-��$���7(81,66(1��:���.(,-6(56��(��5��3���3(5$/7$��$��*��3UR�
FHVV�IRU�SURGXFWLRQ�RI�KLJK�GHQVLW\�KLJK�SHUIRUPDQFH�ELQGHUOHVV�ERDUGV�IURP�ZKROH�FRFRQXW�KXVN��3DUW�
���/LJQLQ�DV�LQWULQVLF�WKHUPRVHWWLQJ�ELQGHU�UHVLQ��,QGXVWULDO�&URSV�DQG�3URGXFWV��$PVWHUGDP��Y������Q����
S����������������

<DQJ��+���<$1��5���&+(1��+���/((��'��+���=+(1*��&��&KDUDFWHULVWLFV�RI�KHPLFHOOXORVH��FHOOXORVH�DQG�
OLJQLQ�S\URO\VLV��)XHO��$PVWHUGDP��Y������Q������S������������������

relAÇÃo ideAl entre ti:n no ProceSSo de doPAGem de 
tio2 com n PArA melHoriA dA AtividAde FotocAtAlíticA

Gabriela byzynski Soares1*; caue ribeiro de oliveira2, elson longo1 
1�8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��6mR�&DUORV��63�2�(PEUDSD�,QVWUXPHQWDomR��6mR�&DUORV��63��

JDEL�E\]\QVNL#JPDLO�FRP

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�
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resumo
2�SUHVHQWH�WUDEDOKR�WHYH�FRPR�REMHWLYR�VLQWHWL]DU�QDQRSDUWtFXODV�GH�7L22�1�SDUD�GHWHUPLQDomR�GD�UHOD�
omR�LGHDO�7L�1��DVVLP�FRPR�R�LPSDFWR�GR�SURFHVVR�GH�GRSDJHP�7L22�FRP�1��QD�DWLYLGDGH�IRWRFDWDOtWLFD�
GDV�QDQRSDUWtFXODV��$V�SDUWtFXODV�VLQWHWL]DGDV�IRUDP�FDUDFWHUL]DGDV�SRU�'5;��DSUHVHQWDQGR�FRPR�IDVH�
FULVWDOLQD�SULQFLSDO�DQDWDVH��H�DWUDYpV�GD�WpFQLFD�GH�'56��RV�YDORUHV�GH�band gap�IRUDP�REWLGRV��2V�UH�
VXOWDGRV�GH�'5;�GDV�DPRVWUDV�MXQWDPHQWH�FRP�R�GHVORFDPHQWR�GR�FRPSULPHQWR�GH�RQGD�GH�DEVRUomR�
Pi[LPD�REVHUYDGR�QD�'56�p�XP�LQGLFDWLYR�GH�TXH�R�QLWURJrQLR�IRL�LQFRUSRUDGR�QD�UHGH�FULVWDOLQD�GR�
TiO2�H��QRWRX�VH�TXH�D�HQHUJLD�GH�band-JDS�DOWHURX�VLJQL¿FDWLYDPHQWH�HQWUH�DV�DPRVWUDV��1D�DQiOLVH�GD�
DWLYLGDGH�IRWRFDWDOtWLFD��D�SRUFHQWDJHP�LGHDO�GH�GRSDJHP�GH�1�DSUHVHQWRX�VH�HQWUH���H�����WDQWR�VRE�
LOXPLQDomR�89&�TXDQWR�VRE� LOXPLQDomR�YLVtYHO�� VHQGR� LQÀXHQFLDGRV�SHOD�iUHD�VXSHU¿FLDO�H�YDORU�GH�
band gap das nanopartículas.
Palavras-chave��7L22��7L22�1��)RWRFDWiOLVH�

ideAl relAtion between ti:n in tio2 doPinG ProceSS witH n to imProve 
PHotocAtAlYtic ActivitY
Abstract
7KH�PDLQ�JRDO�RI�WKLV�SDSHU�LV�WKH�V\QWKHVLV�RI�7L22�1�QDQRSDUWLFOHV�ZLWK�LGHDO�UHODWLRQ�GHWHUPLQDWLRQ�
EHWZHHQ�7L�1�� DQG� DOVR� WKH� GRSLQJ�SURFHVV� HIIHFW� RQ�SKRWRFDWDO\WLF� DFWLYLW\� UHVXOWV��7KH� V\QWKHWL]HG�
QDQRSDUWLFOHV�ZHUH�FKDUDFWHUL]HG�E\�'5;��VKRZLQJ�DQDWDVH�DV�SULQFLSDO�FU\VWDOOLQH�SKDVH��DQG�E\�'56�
WHFKQLTXH��REWDLQLQJ�WKH�EDQG�JDS�YDOXHV�RI�QDQRSDUWLFOHV��7KH�'5;�UHVXOWV�ZLWK�WKH�DEVRUSWLRQ�PD[L�
PXP�ZDYHOHQJWK�PRGL¿FDWLRQ�REWDLQHG�E\�'56�DUH�VXJJHVWLRQV�WKDW�1�ZDV�LQFRUSRUDWHG�LQ�7L2��ODWWLFH�
DQG��WKH�EDQG�JDS�YDOXH�VLJQL¿FDQWO\�PRGL¿HG�EHWZHHQ�WKH�VDPSOHV��,Q�SKRWRFDWDO\WLF�DFWLYLW\�DQDO\VLV��
WKH�LGHDO�SHUFHQWDJH�RI�1�GRSLQJ�SUHVHQWHG�EHWZHHQ���DQG�����DV�LQ�89&�DV�YLVLEOH�LUUDGLDWLRQ��EHLQJ�
LQÀXHQFHG�E\�VXSHU¿FLDO�DUHD�DQG�EDQG�JDS�YDOXHV�RI�QDQRSDUWLFOHV�
Keywords: TiO2��7L22�1��3KRWRFDWDO\VLV�

1 introduÇÃo

1DQRSDUWtFXODV�¿QDV�GH�VHPLFRQGXWRU�7L22�QD�IDVH�DQDWDVH�VmR�IRWRFDWDOLVDGRUHV�LGHDLV�GHYLGR�j�
VXD�HVWDELOLGDGH�TXtPLFD��QmR�WR[LGDGH�H�DOWD�UHDWLYLGDGH�FDWDOtWLFD�QD�HOLPLQDomR�GH�SROXHQWHV�GR�DU�H�GD�
iJXD�>�@��$�HIHWLYLGDGH�GR�HIHLWR�IRWRFDWDOtWLFR��DVVLP�FRPR�GDV�FDUDFWHUtVWLFDV�HVWUXWXUDLV�GHVVH�PDWHULDO��
HVWi�OLJDGD�DR�SURFHVVR�GH�VtQWHVH��'HSHQGHQGR�GR�WDPDQKR�H�GD�IRUPD�GD�QDQRSDUWtFXODV��FDUDFWHUtVWLFDV�
FRPR�FULVWDOLQLGDGH��iUHD�VXSHU¿FLDO�H�DWp�PHVPR�PXGDQoD�GD�FRRUGHQDomR�GH�iWRPRV�OLJDQWHV�SRGHP�
RFRUUHU��DIHWDQGR�DVVLP�D�HIHWLYLGDGH�IRWRFDWDOtWLFD��(QWUHWDQWR��R�7L22�VRPHQWH�p�DWLYDGR�VRE�LUUDGLDomR�
89�GH�FRPSULPHQWR�GH�RQGD�PHQRU�GR�����QP�GHYLGR�DR�VHX�DOWR�YDORU�GH�band gap �����H9���3DUD�HVVH�
SUREOHPD��D�XWLOL]DomR�GH�GRSDQWHV�QmR�PHWiOLFRV�FRPR�1��&��6�H�%L�PRVWURX�VHU�H¿FLHQWH�SDUD�SURPRYHU�
D�H[FLWDomR�GR�7L22��VRE�OX]�YLVtYHO�>�@��3RUpP��VRPHQWH�GRSDJHQV�EDL[DV�GH�1�IRL�PRVWUDGR�DSUHVHQWDU�
DWLYLGDGH�IRWRFDWDOtWLFD�PDLRU�QD�UHJLmR�GR�YLVtYHO�H��VHQGR�XP�GRV�SULQFLSDLV�PRWLYRV�SDUD�UHDOL]DomR�GD�
GRSDJHP��VRPHQWH�HVVHV�PDWHULDLV�VmR�SULRUL]DGRV�SDUD�D�FDUDFWHUL]DomR�

$VVLP��R�REMHWLYR�FHQWUDO�GHVWH�WUDEDOKR�FRQVLVWH�QD�GHWHUPLQDomR�GD�UHODomR�LGHDO�7L�1��DVVLP�
como o impacto do processo de dopagem TiO2�FRP�1��QD�DWLYLGDGH�IRWRFDWDOtWLFD�GDV�QDQRSDUWtFXODV��
3RXFRV�WUDEDOKRV�DSUHVHQWDP�D�SRUFHQWDJHP�GH�1�XWLOL]DGR�QD�GRSDJHP�GH�7L22��XWLOL]DQGR�JHUDOPHQWH�
GRSDJHQV�EDL[DV�>�����@��3DUD�DWLQJLU�HVVH�REMHWLYR��IRUDP��SULPHLUDPHQWH��VLQWHWL]DGDV�DV�QDQRSDUWtFXODV�
SHORV�SURFHVVRV�GRV�SUHFXUVRUHV�SROLPpULFRV��3RVWHULRUPHQWH��DV�PHVPDV�IRUDP�FDUDFWHUL]DGDV�SRU�%(7��
GLIUDomR�GH�UDLR�;��SDUD�FRQ¿UPDomR�GD�VtQWHVH�GD�IDVH�FULVWDOLQD�DQDWDVH�H�HVSHFWURVFRSLD�GH�UHÀHFWkQ�
FLD�GLIXVD��SDUD�GHWHUPLQDomR�GR�YDORU�GH�band gap�GDV�QDQRSDUWtFXODV��)LQDOPHQWH��D�DWLYLGDGH�IRWRFD�
WDOtWLFD�GDV�QDQRSDUWtFXODV�IRUDP�DQDOLVDGDV�SRU�HQVDLRV�GH�IRWRGHJUDGDomR�GR�FRUDQWH�5RGDPLQD�%�FRP�
LOXPLQDomR�89�YLV�H�YLVtYHO��

2 mAteriAiS e métodoS

2.1 Síntese das nanopartículas de tio2 e dopagem do material com nitrogênio

$V�UHVLQDV�GH�7L���IRUDP�SUHSDUDGDV�SHOR�PpWRGR�GRV�SUHFXUVRUHV�SROLPpULFRV�FRPR�GHVFULWR�SRU�
6RDUHV�HW�DO�>�@��5HVXPLGDPHQWH��WHWUDLVRSURSR[LGR�GH�WLWkQLR��$OGULFK��p�GLVVROYLGR�HP�VROXomR�DTXRVD�
GH�iFLGR�FtWULFR��0HUFN��D�����&�HP�XPD�UD]mR�PRODU�GH������$SyV�D�FRPSOHWD�GLVVROXomR��HWLOHQRJOLFRO�
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p�DGLFLRQDGR�HP�XPD�UD]mR�PRODU�GH�������HP�UHODomR�DR�iFLGR�FtWULFR�SDUD�HIHWLYD�SROLPHUL]DomR��$�
UHVLQD�GRSDGD�FRP�1�IRL�REWLGD�SHOR�PpWRGR�VHPHOKDQWH�DGLFLRQDQGR�TXDQWLGDGHV�GLIHUHQWHV�GH�XUpLD�
DQWHV�GR�WUDWDPHQWR�WpUPLFR�GH������&�SDUD�SURPRYHU�D�SLUyOLVH�QDV�DPRVWUDV�HP�XPD�PXÀD�FRQYHQ�
FLRQDO�SRU���KRUDV�H������&���K�SDUD�SURGX]LU�QDQRSDUWtFXODV�FULVWDOLQDV�GH�7L22��$V�DPRVWUDV�GRSDGDV�
IRUDP�GHVLJQDGDV�SHODV�SRUFHQWDJHQV�PRODUHV�LQLFLDOPHQWH�DGLFLRQDGDV�����GH�1� �6$0���������GH�
1� �6$0���������GH�1� �6$0����������GH�1 �6$0����������GH�1� �6$0�����6$0����p�UHIHUHQWH�D�
amostra inicial sem dopagem TiO2.

$�FDUDFWHUL]DomR�GDV�QDQRSDUWtFXODV�GRSDGDV�H�QmR�GRSDGD�VLQWHWL]DGDV�IRL�IHLWD�HP�GLYHUVDV�DQi�
OLVHV��3DUD�DYDOLDU�D�HVWUXWXUD�FULVWDOLQD�H�WDPDQKR�GR�FULVWDOLWR�IRL�XWLOL]DGR�GLVSHUVmR�GH�UDLRV�;���'5;����
2V�GLIUDWRJUDPDV�IRUDP�REWLGRV�FRP�kQRGR�GH�&X��Ȝ&X�.Į�� �������QP���QR�LQWHUYDOR�GH��ș� ���±����
D����PLQí���$�iUHD�VXSHU¿FLDO�GDV�QDQRSDUWtFXODV�VLQWHWL]DGDV�IRL�PHGLGD�DWUDYpV�GD�DGVRUomR�GH�QLWURJr�
QLR�SHOD�HTXDomR�GH�Brunauer-Emmett-Teller��%(7���&RP�LQWXLWR�GH�GHWHUPLQDU�D�HQHUJLD�GH�band gap 
SDUD�DV�DPRVWUDV��IRUDP�H[HFXWDGDV�PHGLGDV�GH�UHÀHWkQFLD�GLIXVD�QR�89�9LV��$�HQHUJLD�GH�band gap�IRL�
FDOFXODGD�DWUDYpV�GD�HTXDomR�GH�Tauc��$QiOLVH�GH�IRWROXPLQHVFrQFLD�GRV�SyV�GH�7L22�H�1�7L22�IRUDP�
UHDOL]DGDV�QDV�DPRVWUDV�VyOLGDV�XWLOL]DQGR�XP�ODVHU�GH�H[FLWDomR�GH�NULSW{QLR������QP���

$�IRWRGHJUDGDomR�GD�5RGDPLQD�%�IRL�DQDOLVDGD�VRE�LQÀXrQFLD�GH�UDGLDomR�89&�H�YLVtYHO��)RL�
DGLFLRQDGR���PJ�GH�FDGD�DPRVWUD�HP�EpTXHUHV�FRQWHQGR����P/�GH�XPD�VROXomR�DTXRVD�GH�����PJ�/�� de 
5RGDPLQD��&RQGX]LX�VH�HQWmR�D�IRWRGHJUDGDomR�QXP�UHDWRU�D�����&��LOXPLQDGR�SRU�VHLV�OkPSDGDV�HPLV�
VRUDV�GH�UDGLDomR�89&�H�VXEPHWHQGR�DV�DPRVWUDV�D�DJLWDomR�PDJQpWLFD�FRQVWDQWH��$�DQiOLVH�VRE�LUUDGLD�
omR�YLVtYHO�IRL�UHDOL]DGD�VHSDUDGDPHQWH��XWLOL]DQGR�VH�VHLV�OkPSDGDV�ÀXRUHVFHQWHV�HPLVVRUDV�GH�UDGLDomR�
YLVtYHO��$�UHDomR�IRL�PRQLWRUDGD�DWUDYpV�GH�HVSHFWURVFRSLD�89�9LV�HP�GLIHUHQWHV�WHPSRV�GH�H[SRVLomR�

3 reSultAdoS e diScuSSÃo

3.1 'LIUDomR�GH�5DLR�;��'5;�

2V�GLIUDWRJUDPDV�GDV�QDQRSDUWtFXODV�GH�7L22 e TiO2�1�VmR�PRVWUDGRV�QD�)LJXUD����3DUD�WRGDV�DV�
QDQRSDUWtFXODV�p�SRVVtYHO�REVHUYDU�D�SUHVHQoD�GH�IDVHV�DQDWDVH�H�UXWLOR��PHVPR�TXDQGR�D�SRUFHQWDJHP�
GH�1�DSUHVHQWD�VH�HOHYDGD��3RUpP��TXDQGR�D�PHVPD�DXPHQWD��D�IDVH�DQDWDVH�WRUQD�VH�SUHGRPLQDQWH��RX�
VHMD��D�SUHVHQoD�GH�1�FDXVD�R�HIHLWR�GH�UHWHQomR�GD�IDVH�DQDWDVH�SHOR�SURFHVVR�GH�GRSDJHP�>�@��3RGH�
VHU�WDPEpP�FRQ¿UPDGR�TXH�D�SUHVHQoD�GR�HOHPHQWR�GRSDQWH�QmR�DOWHUD�D�HVWUXWXUD�EiVLFD�GH�DQDWDVH�H�
UXWLOR�H�QmR�IRL�LGHQWL¿FDGR�QHQKXPD�SUHVHQoD�GH�7L1�QDV�DPRVWUDV��FRQ¿UPDQGR�D�HIHWLYLGDGH�GR�SUR�
FHVVR�GH�GRSDJHP��2�WDPDQKR�GR�FULVWDOLWR�GDV�QDQRSDUWtFXODV�IRUDP�REWLGDV�SHORV�SLFRV�GH�GLIUDomR�GH�
UDLR�;�XWLOL]DQGR�D�IyUPXOD�GH�Scherrer >�@�HP�SHOR�PHQRV�WUrV�GLIHUHQWHV�SLFRV�GH�FDGD�DPRVWUD�H�VmR�
DSUHVHQWDGRV�QD�7DEHOD����DVVLP�FRPR�D�iUHD�VXSHU¿FLDO�GDV�QDQRSDUWtFXODV�HVWLPDGD�SRU�¿VLRVRUomR�GH�
12�XWLOL]DQGR�R�PpWRGR�GH�%(7��e�SRVVtYHO�REVHUYDU�TXH�R�WDPDQKR�GR�FULVWDOLWR�GLPLQXL�FRP�R�DXPHQWR�
GD�GRSDJHP�GHYLGR�D�UHWHQomR�GD�IDVH�7L22�DQDWDVH��SURFHVVR�TXH�SRGH�DIHWDU�D�UHGXomR�GD�PRELOLGDGH�
QDV�IURQWHLUDV�>�@��2�FRPSRUWDPHQWR�GD�iUHD�VXSHU¿FLDO�p�VHPHOKDQWH�DR�FRPSRUWDPHQWR�GR�WDPDQKR�GR�
FULVWDOLWR��RX�VHMD��FRQIRUPH�D�SRUFHQWDJHP�GH�1�DXPHQWD�QR�SURFHVVR�GH�GRSDJHP��RFRUUH�D�GLPLQXLomR�
GD�iUHD�VXSHU¿FLDO�
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Figura 1. 'LIUDWRJUDPDV�GH�UDLR�;�FRP�SLFRV�UHIHUHQWHV�D�IDVH�7L22�DQDWDVH��$����H�UXWLOR��5����HQWUH����D�������
������PLQ��D��6$0�����E��6$0�����F��6$0�����G��6$0�����H��6$0�����I��6$0����
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tabela 1. 7DPDQKR�GR�FULVWDOLWR�SDUD�DV�DPRVWUDV�GH�=Q2�GRSDGDV�H�QmR�GRSDGD
Amostras tamanho de cristalito 

(nm)
$UHD�6XSHU¿FLDO��P2/g) energia de band gap

(ev)

6$0��� 11 �� ����

6$0��� 11 �� ����

6$0��� �� �� ����

6$0��� �� �� ����

6$0��� �� �� ����

6$0��� � �� ����

3.2 (VSHFWURVFRSLD�GH�5HÀHFWkQFLD�'LIXVD�QR�89�9LV

$�)LJXUD��$�DSUHVHQWD�RV�HVSHFWURV�GH�UHÀHFWkQFLD�GLIXVD�89�YLV��'56��GDV�DPRVWUDV�VLQWHWL�
]DGDV��2�FRPSRUWDPHQWR�GH�DEVRUomR�p�QRWRULDPHQWH�GLIHUHQWH�DSyV�R�SURFHVVR�GH�GRSDJHP�FRQIRUPH�
DXPHQWD�D�SRUFHQWDJHP�GH�1�GDV�DPRVWUDV��RFRUUHQGR�PDLRU�LQWHUIHUrQFLD�GR�1�QD�DEVRUomR�GDV�DPRV�
WUDV�PDLV�GRSDGDV��6$0��������H������2�YDORU�GH�band gap�SDUD�DV�DPRVWUDV�IRL�FDOFXODGR�D�SDUWLU�GR�
modelo de Tauc�DVVLP�FRPR�PRVWUD�D�)LJXUD��%��2�SURFHVVR�GH�GRSDJHP�DOWHUD�R�YDORU�GD�HQHUJLD�GH�
EDQGJDS�GDV�DPRVWUDV�GH�XPD�IRUPD�OLQHDU��H[FHWR�SHOD�DPRVWUD�6$0�����FRPR�DSUHVHQWDGR�QD�7DEHOD�
���$�DPRVWUD�GH�7L22��6$0�����DSUHVHQWD�R�PDLRU�YDORU�GH�EDQGJDS�������H9��HQWUH�DV�DPRVWUDV�H�DV�
amostras TiO2�1������6$0�����H�7L22�1�������6$0�����DSUHVHQWDP�R�PHQRU�YDORU�������H9��

200 300 400 500 600 700 800
0

10

20

30

40

50

60

70

80

A
bs

./a
.u

.

comprimento de onda /nm

 SAM 01
 SAM 02
 SAM 03
 SAM 04
 SAM 05
 SAM 06

1,5 2,0 2,5 3,0 3,5 4,0 4,5
0,0

0,2

0,4

0,6

0,8

1,0

(F
(R

)h
	�

�
u

.a
.

energia de bandgap/ eV 

 SAM 01
 SAM 02
 SAM 03
 SAM 04
 SAM 05
 SAM 06

Figura 2. $��(VSHFWURV�GH�UHÀHFWkQFLD�GLIXVD�QR�89�9LV��SDUD�DV�DPRVWUDV�GH�7L22 e TiO2�1�VLQWHWL]DGDV��%��
0RGHOR�GH�Tauc.

3.3 $WLYLGDGH�IRWRFDWDOtWLFD�QD�UHJLmR�GR�89&�H�9LVtYHO�

1D�DYDOLDomR�GD�DWLYLGDGH�IRWRFDWDOtWLFD�GDV�QDQRSDUWtFXODV��VRE� LUUDGLDomR�89&�DVVLP�FRPR�
DSUHVHQWD�D�)LJXUD��$��IRL�REVHUYDGR�TXH��GH�PDQHLUD�JHUDO��WRGDV�DV�DPRVWUDV�DSUHVHQWDP�DWLYLGDGH�IR�
WRFDWDOtWLFD�HOHYDGD��DWp�PHVPR�SDUD�DV�DPRVWUDV�GRSDGDV��VHQGR�TXH�DV�DPRVWUDV�PDLV�DWLYDV��QD�UHJLmR�
GR�89&��VmR�DV�DPRVWUDV�6$0�����N� ������[���� min����H�6$0�����N� ������[�����min�����GHJUDGDQGR�
DSUR[LPDGDPHQWH�����GD�FRQFHQWUDomR�LQLFLDO�DSyV�����PLQXWRV��$�DWLYLGDGH�IRWRFDWDOtWLFD�R�89&�SRGH�
VHU�UHODFLRQDGD�FRP�D�iUHD�VXSHU¿FLDO��RX�VHMD��JHUDOPHQWH�QDQRSDUWtFXODV�FRP�$6�PDLRUHV�DSUHVHQWDP�
PHOKRU�DWLYLGDGH�IRWRFDWDOtWLFD��6RE�LUUDGLDomR�YLVtYHO��D�DWLYLGDGH�IRWRFDWDOtWLFD�GDV�DPRVWUDV�p�PHQRU�
TXDQGR�FRPSDUDGD�FRP�D�UDGLDomR�89&�H�DV�DPRVWUDV�GRSDGDV�QmR�DSUHVHQWDUDP�XPD�DWLYLGDGH�PDLRU�
do que o TiO2��$�FLQpWLFD�GH�GHJUDGDomR�GR�FRUDQWH�IRL�DYDOLDGD�FRPR�VHQGR�GH�SULPHLUD�RUGHP�HP�UH�
ODomR�D�FRQFHQWUDomR�GR�FRUDQWH��$�DWLYLGDGH�IRWRFDWDOtWLFD�QR�YLVtYHO�HVWi�UHODFLRQDGD�QmR�VRPHQWH�FRP�
D�$6�GDV�QDQRSDUWtFXODV��PDV�WDPEpP�R�YDORU�GR�band gap das nanopartículas pode alterar a atividade 
IRWRFDWDOtWLFD�QR�YLVtYHO��6XUSUHHQGHQWHPHQWH��DV�GXDV�DPRVWUDV�FRP�PDLRUHV�YDORUHV�GH�band gap �6$0�
���H�6$0�����DSUHVHQWDP�PDLRUHV�DWLYLGDGHV�IRWRFDWDOtWLFDV�QR�YLVtYHO��FRQWUDULDPHQWH�DR�DSUHVHQWDGR�
QD�OLWHUDWXUD���7DQWR�QD�GHJUDGDomR�FRP�LOXPLQDomR�89&�WDQWR�TXDQWR�VRE�LOXPLQDomR�YLVtYHO��R�SURFHV�



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 443

VR�GH�GRSDJHP�HP�SRUFHQWDJHQV�UHODWLYDPHQWH�PDLRUHV�GR�TXH�DSUHVHQWDGRV�QD�OLWHUDWXUD�>�����@�LQLEHP�
D�DWLYLGDGH�IRWRFDWDOtWLFD�GDV�QDQRSDUWtFXODV��3RGH�VH�REVHUYDU�TXH�D�SRUFHQWDJHP�LGHDO�SDUD�XPD�PHOKRU�
H¿FLrQFLD�QD�GHJUDGDomR�GD�5RGDPLQD��WDQWR�HP�LOXPLQDomR�89&�TXDQWR�HP�LOXPLQDomR�YLVtYHO��YDULD�
HQWUH���D����GH�1�
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Figura 3. 3HU¿O�GH�IRWRGHJUDGDomR�GD�5RG�%�5RG�%�FRP�DV�QDQRSDUWtFXODV�HP�GLIHUHQWHV�WLSRV�GH�UDGLDomR��$��
89&�H�%��9LVtYHO�

4 concluSÃo

3RGH�VH�FRQFOXLU�TXH�R�PpWRGR�GHVHQYROYLGR�p�DGHTXDGR�SDUD�D�VtQWHVH�GH�QDQRSDUWtFXODV�GH�
TiO2�GRSDGDV�FRP�1�HP�GLIHUHQWHV�SRUFHQWDJHQV�7L�1��2V�GD�DWLYLGDGH�IRWRFDWDOtWLFD��WDQWR�FRP�LOXPL�
QDomR�89&�TXDQWR�YLVtYHO��DSUHVHQWDP�YDORUHV�LGHLDV�GH�GRSDJHP�GH�7L22�FRP�1�HQWUH���H�����9DORUHV�
PDLRUHV�GH�1�LQLEHP�D�DWLYLGDGH�IRWRFDWDOtWLFD�QD�UHJLmR�89&�H�YLVtYHO��SRGHQGR�VHU�UHODFLRQDGD�FRP�D�
$6�GDV�QDQRSDUWtFXODV�H�YDORUHV�GH�band gap��(VVH�~OWLPR��DSUHVHQWD�XPD�LQÀXrQFLD�FRQWUDULD�DR�DSUH�
VHQWDGR�QD�OLWHUDWXUD�QD�DWLYLGDGH�IRWRFDWDOtWLFD�QR�YLVtYHO��VHQGR�QHFHVViULR�HVWXGRV�PDLV�DSURIXQGDGRV�
VREUH�PHFDQLVPRV�GH�GHJUDGDomR��HP�DQGDPHQWR��GD�5RGDPLQD��

AGrAdecimentoS

&13T��3URFHVVR�����������������&DSHV��)LQHS�H�(PEUDSD�,QVWUXPHQWDomR��

reFerÊnciAS

>�@�/,16(%,*/(5��$��/���/8��*��4���<$7(6�-U��7��3KRWRFDWDO\VLV�RQ�7L22�6XUIDFHV��3ULQFLSOHV��0HFKD�
QLVPV��DQG�6HOHFWHG�5HVXOWV��&KHP��5HY��������������������

>�@�62$5(6��*��%���%5$9,1�%���9$=��&�0�3���5,%(,52��&��)DFLOH�V\QWKHVLV�RI�1�GRSHG�7L22 nano�
SDUWLFOH�E\�D�PRGL¿HG�SRO\PHULF�SUHFXUVRU�PHWKRG�DQG�LWV�SKRWRFDWDO\WLF�SURSHUWLHV��$SSOLHG�&DWDO\VLV�
%����������������������

>�@�'$:621��0���62$5(6��*�%���5LEHLUR��&��3UHSDUDWLRQ�DQG�SKRWRFDWDO\WLFDO�SHUIRUPDQFH�RI�7L2���
6L2��QDQRFRPSRVLWHV�SURGXFHG�E\�WKH�SRO\PHULF�SUHFXUVRUV�PHWKRG��-��1DQRVFL��1DQRWHFKQ������������
�����������

>�@�&8//,7<��%�'���672&.��6�5��(OHPHQWV�RI�;�5D\�'LIIUDFWLRQ���UG�HG���3UHQWLFH�+DOO�� ,QF��1HZ�
-HUVH\�����������S�
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resumo
1DQRSDUWtFXODV�ELRSROLPpULFDV�IRUDP�SUHSDUDGDV�XWLOL]DQGR�SURWHtQDV�GR�VRUR��ȕ�ODFWRJOREXOLQD��H�JRPD�
DUiELFD��3DUD�R�SUHSDUR�GDV�QDQRHVWUXWXUDV�IRUDP�XWLOL]DGDV�GXDV�HWDSDV�GH�DTXHFLPHQWR��,QLFLDOPHQWH�
IRL�UHDOL]DGR�XP�DTXHFLPHQWR�D�VHFR�SDUD�R�SUHSDUR�GH�FRQMXJDGRV�YLD�5HDomR�GH�0DLOODUG��3RVWHULRU�
PHQWH�RV�FRQMXJDGRV�IRUDP�GLVVROYLGRV�HP�iJXD�H�VXEPHWLGRV�D�XP�VHJXQGR�DTXHFLPHQWR�FRP�S+�H�
WHPSHUDWXUD�FRQWURODGD�SDUD�LQGX]LU�D�IRUPDomR�GDV�QDQRHVWUXWXUDV��0HGLGDV�GH�HVSDOKDPHQWR�GLQkPLFR�
GH�OX]��'/6���HVSDOKDPHQWR�HVWiWLFR�GH�OX]��6/6��H�PLFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR��0(7��IRUDP�
XWLOL]DGDV�QD�FDUDFWHUL]DomR�HVWUXWXUDO�GDV�QDQRSDUWtFXODV��1R�JHUDO��DV�QDQRHVWUXWXUDV�DSUHVHQWDUDP�XP�
IRUPDWR�HVIpULFR�RX�OHYHPHQWH�HOLSVRLGDO�H�UDLR�KLGURGLQkPLFR�YDULDQGR�GH����D�����QP��GH�DFRUGR�FRP�
R�VLVWHPD�H�DV�FRQGLo}HV�XWLOL]DGDV��$V�QDQRSDUWtFXODV�GH�ȕ�ODFWRJOREXOLQD�JRPD�DUiELFD�DSUHVHQWDUDP�
ERD�HVWDELOLGDGH�QXPD�IDL[D�GH�S+�GH���D�����(VWDV�FDUDFWHUtVWLFDV�PRVWUDP�D�SRWHQFLDOLGDGH�GH�DSOLFD�
omR�GHVWDV�QDQRHVWUXWXUDV��FRPR�SRU�H[HPSOR�HP�VLVWHPDV�GH�QDQRHQFDSVXODomR�H�OLEHUDomR�FRQWURODGD���
Palavras-chave��*OLFRVLODomR��3URWHtQD�GR�VRUR�GR�OHLWH��3ROLVVDFDUtGHR��1DQRHVWUXWXUDV�

FormAtion, cHArActeriZAtion And StAbilitY oF nAnoStructureS oF con-
-8*$7(6�Ǻ�/$&72*/2%8/,1�:,7+�*80�$5$%,&�
Abstract
%LRSRO\PHU� QDQRSDUWLFOHV�ZHUH� SUHSDUHG� XVLQJ� ȕ�ODFWRJOREXOLQ� DQG� JXP� DUDELF�� )RU� WKH� SUHSDUDWLRQ�
RI�QDQRVWUXFWXUHV�WZR�VWDJHV�RI�KHDWLQJ�ZHUH�XVHG��,QLWLDOO\�D�GU\�KHDWLQJ�IRU�SUHSDULQJ�FRQMXJDWHV�YLD�
0DLOODUG�UHDFWLRQ�ZDV�SHUIRUPHG��6XEVHTXHQWO\�FRQMXJDWHV�ZHUH�GLVVROYHG�LQ�ZDWHU�DQG�VXEMHFWHG�WR�D�
VHFRQG�KHDWLQJ�ZLWK�WHPSHUDWXUH�DQG�S+�FRQWUROOHG�WR�LQGXFH�WKH�IRUPDWLRQ�RI�QDQRVWUXFWXUHV��'\QDPLF�
OLJKW�VFDWWHULQJ��'/6���VWDWLF�OLJKW�VFDWWHULQJ��6/6���DQG�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��7(0��ZHUH�
XVHG�LQ�WKH�VWUXFWXUDO�FKDUDFWHUL]DWLRQ�RI�QDQRSDUWLFOHV��,Q�JHQHUDO��WKH�QDQRVWUXFWXUHV�KDG�D�VSKHULFDO�RU�
VOLJKWO\�HOOLSVRLGDO�VKDSH�DQG�K\GURG\QDPLF�UDGLXV�UDQJLQJ�IURP����WR�����QP�DFFRUGLQJ�WR�WKH�V\VWHP�
DQG�WKH�FRQGLWLRQV�XVHG��ȕ�ODFWRJOREXOLQ�JXP�DUDELF�QDQRSDUWLFOHV�VKRZHG�JRRG�VWDELOLW\�LQ�D�S+�UDQJH�
������7KHVH�FKDUDFWHULVWLFV�VKRZ�WKH�SRWHQWLDO�DSSOLFDWLRQ�RI�WKHVH�QDQRVWUXFWXUHV��VXFK�DV�LQ�QDQRHQFDS�
sulation and controlled release systems.
Keywords: *O\FRV\ODWLRQ��:KH\�SURWHLQ��3RO\VDFFKDULGHV��1DQRVWUXFWXUH�

3XEOLFDo}HV�UHODFLRQDGDV
'(�2/,9(,5$��)��&��3URSULHGDGHV� WpFQLFR�IXQFLRQDLV�H�REWHQomR�GH�QDQRHVWUXWXUDV�GH�SURWHtQDV�GR�
VRUR�FRQMXJDGDV�FRP�JRPD�DUiELFD�YLD�UHDomR�GH�0DLOODUG������������S��'LVVHUWDomR��0HVWUDGR��±�8QL�
YHUVLGDGH�)HGHUDO�GH�9LoRVD��8)9��9LoRVD�������

1 introduÇÃo

$� LQWHUDomR� GH� SURWHtQDV� FRP� SROLVVDFDUtGHRV� H� FDUERLGUDWRV� PHQRUHV� DWUDYpV� GH� UHDomR� GH�
0DLOODUG�p�XP�PpWRGR�H¿FD]�SDUD�PHOKRUDU�D�HVWDELOLGDGH�GDV�SURWHtQDV��TXH�QmR�UHTXHU�D�XWLOL]DomR�GH�
FDWDOLVDGRUHV�TXtPLFRV��2/,9(5�HW�DO���������$�LPSRUWkQFLD�GD�JOLFRVLODomR�GH�SURWHtQDV�FRP�SROLVVDFD�
UtGHRV��YLD�UHDomR�GH�0DLOODUG��FRQVWLWXL�XP�PHLR�HIHWLYR�GH�PHOKRUDU�DV�SURSULHGDGHV�WpFQLFR�IXQFLRQDLV�
GH�SURWHtQDV�H�DSUHVHQWD�SRWHQFLDO�SDUD�XWLOL]DomR�HP�VLVWHPDV�GH�OLEHUDomR�FRQWURODGD���(VWXGRV�UHFHQWHV�
HVWmR�VHQGR�UHDOL]DGRV�FRP�R�REMHWLYR�GH�SURGX]LU�QDQRHVWUXWXUDV��D�SDUWLU�GH�FRQMXJDGRV�SURWHtQD�SR�
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OLVVDFDUtGHR��SDUD�VHUHP�XWLOL]DGRV�HP�VLVWHPDV�GH�OLEHUDomR�FRQWURODGD��0$5.0$1�H�/,91(<�HW�DO���
������/,�H�<$2�������/,�HW�DO���������4,�HW�DO����������'H�DFRUGR�FRP�HVWHV�HVWXGRV��HVWDV�QDQRHVWUXWXUDV�
VmR�PDLV�HVWiYHLV�HP�UHODomR�jV�IRUPDGRV�VRPHQWH�SRU�SURWHtQDV��

1DQRHVWUXWXUDV�IRUPDGDV�GH�SURWHtQD�VmR�FDQGLGDWRV�LGHDLV�SDUD�R�HQFDSVXODPHQWR�H�OLEHUDomR�
GH�FRPSRVWRV��1HVWH�FRQWH[WR��R�SUHVHQWH�HVWXGR�WHP�FRPR�REMHWLYR�D�SURGXomR�GH�QDQRHVWUXWXUDV�FRP�
SRVWDV�SRU�SURWHtQD�GR�VRUR�GH�OHLWH��ȕ�/DFWRJOREXOLQD��FRQMXJDGD�FRP�JRPD�DUiELFD��FRP�YLVWD�D�IXWXUDV�
DSOLFDo}HV�QD�iUHD�GH�DOLPHQWRV��WDLV�FRPR��DOWHUDomR�GH�SURSULHGDGHV�IXQFLRQDLV�H�UHROyJLFDV�GH�DOLPHQ�
WRV��SURGXomR�GH�HPEDODJHQV�DWLYDV�SDUD�DOLPHQWRV�RX�QD�OLEHUDomR�FRQWURODGD�GH�FRPSRVWRV�ELRDWLYRV��
1HVWH�VHQWLGR�SUHWHQGH�VH�FRQMXJDU�SURWHtQDV�GR�VRUR�FRP�SROLVVDFDUtGHRV��YLD�UHDomR�GH�0DLOODUG��SDUD�
REWHU�QDQRHVWUXWXUDV�j�EDVH�GH�FRQMXJDGRV�TXH�SRGHP�DSUHVHQWDU�XPD�PDLRU�HVWDELOLGDGH�H�PHOKRU�GH�
VHPSHQKR�HP�UHODomR�jV�FRPSRVWDV�SRU�DSHQDV�SURWHtQDV�

2 mAteriAiS e métodoS

2.1 materiais

ȕ�ODFWRJOREXOLQD��ȕ�OJ��FRQWHQGR�������GH�SURWHtQD�VHQGR�������ȕ�OJ��IRL�GRDGD�SHOD�'DYLVFR�
)RRGV�,QWHUQDFLRQDO�,QF���(GHQ�3UDLULH��01��86$���*RPD�DUiELFD��*$��FRP�SXUH]D�VXSHULRU�D������IRL�
DGTXLULGD�GD�9HWHF�4XtPLFD�)LQD��5-��%UDVLO���2V�UHDJHQWHV�IRUDP�XWLOL]DGDV�VHP�QHQKXPD�SXUL¿FDomR�
DGLFLRQDO��2V�GHPDLV�UHDJHQWHV�TXtPLFRV�XWLOL]DGRV�IRUDP�GH�JUDX�DQDOtWLFR��ÈJXD�GHLRQL]DGD��UHVLVWL�
YLGDGH�HOpWULFD�§����0�ÂFP��IRL�REWLGD�D�SDUWLU�GR�VLVWHPD�GH�SXUL¿FDomR�0LOOL�4��0LOOLSRUH�&R���0$��
(8$��H�XWLOL]DGR�HP�WRGRV�RV�H[SHULPHQWRV�

2.2 2EWHQomR�GH�QDQRHVWUXWXUDV�GH�SURWHtQDV�D�SDUWLU�GH�FRQMXJDGRV�SURWHtQD�*$

&RQMXJDGRV�ȕ�OJ�*$�IRUDP�SUHSDUDGRV�YLD�5HDomR�GH�0DLOODUG�XWLOL]DQGR�R�PpWRGR�GH�DTXHFL�
PHQWR�D�VHFR��.$72���������$V�QDQRHVWUXWXUDV�REWLGDV�D�SDUWLU�GH�FRQMXJDGRV�IRUDP�SUHSDUDGRV�VHJXQ�
GR�R�SURSRVWR�SRU�/,�HW�DO����������FRP�DOJXPDV�PRGL¿FDo}HV��2V�FRQMXJDGRV�IRUDP�DTXHFLGRV�D�����&�
SRU����PLQ�HP�EDQKR�WHUPRVWiWLFR��7(������7HFQDO��%UDVLO��SDUD�D�IRUPDomR�GDV�QDQRHVWUXWXUDV��$SyV�
DTXHFLPHQWR�D�VROXomR�IRL�LPHGLDWDPHQWH�UHVIULDGD��HP�EDQKR�GH�JHOR��

2.3 espalhamento dinâmico de luz (dlS) e espalhamento estático de luz (SlS) 

$V�PHGLGDV�GH�HVSDOKDPHQWR�IRUDP�UHDOL]DGDV�XWLOL]DQGR�XP�GHWHFWRU�GH�IRWRGLRGR�GH�DYDODQFKH�
%URRNKDYHQ�PRGHOR�%,�$3'�H�XP�FRUUHODFLRQDGRU�785%2&255�WDPEpP�GD�%URRNKDYHQ��$�IRQWH�GH�
OX]�IRL�XP�ODVHU�+H1H�GH����P:�GH�SRWrQFLD�H�Ȝ� �������QP��OLQHDUPHQWH�SRODUL]DGD��GD�&9,�0HOOHV�
*ULRW��$�LQWHQVLGDGH�GDV�IXQo}HV�GH�DXWRFRUUHODomR�IRL�DQDOLVDGD�SHOR�PpWRGR�&XPXODQWHV��TXDGUiWLFR���
$�WHPSHUDWXUD�IRL�PDQWLGD�D�����&�H�R�kQJXOR�GH�HVSDOKDPHQWR�IRL�¿[DGR�HP������

2.4 0LFURVFRSLD�(OHWU{QLFD�GH�7UDQVPLVVmR��0(7��

$�DPRVWUD�IRL�¿[DGD�SRU�GHSRVLomR�GH�XPD�JRWD�GH�VROXomR�VREUH�JUDGHV�GH�FREUH�GH�����PHVK�
UHYHVWLGDV�FRP�¿OPHV�¿QRV�GH�)RUPYDUH�FDUERQR��.RFK�(OHFWURQ�0LFURVFRS\��%UDVLO���$V�LPDJHQV�IR�
UDP� IHLWDV� HP�XP�0LFURVFySLR�(OHWU{QLFR�GH�7UDQVPLVVmR� �=HLVV�����PRGHOR�(0������2EHUNRFKHQ��
$OHPDQKD��FRP�YROWDJHP�GH�DFHOHUDomR�GH����N9��

2.5 (VWDELOLGDGH�DSyV�D�IRUPDomR�GDV�QDQRHVWUXWXUDV�

$�HVWDELOLGDGH�GDV�QDQRHVWUXWXUDV�IRUPDGDV�IRL�HVWXGDGD�FRP�R�WHPSR�GH�DUPD]HQDPHQWR��VRE�
UHIULJHUDomR�H�DSyV�OLR¿OL]DomR�H�UHLGUDWDomR��$�YDULDomR�GR�S+�GR�PHLR�DSyV�D�IRUPDomR�GDV�QDQRHV�
WUXWXUDV� WDPEpP�IRL�DYDOLDGD�FRP�DMXVWH�GR�S+���±�����0HGLGDV�GH�5DLR�KLGURGLQkPLFR�H� tQGLFH�GH�
SROLGLVSHUVmR��3',��IRUDP�XWLOL]DGDV�QHVWHV�HVWXGRV�GH�HVWDELOLGDGH�
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3 reSultAdoS e diScuSSÃo

3.1 2EWHQomR�GRV�FRQMXJDGRV�ȕ�OJ�*$

'H�DFRUGR�FRP�RV�UHVXOWDGRV�GD�DQiOLVH�GH�HOHWURIRUHVH��6'6�3$*(��H�WHVWH�23$��GDGRV�QmR�
PRVWUDGRV��SRGH�VH�FRQFOXLU�TXH�KRXYH�IRUPDomR�GH�FRQMXJDGRV�D�SDUWLU�GR�SULPHLUR�GLD�GH�UHDomR�GH�
0DLOODUG��

3.2 (IHLWR�GR�WHPSR�GH�UHDomR�GH�0DLOODUG�H�GR�S+�VREUH�R�WDPDQKR�GRV�QDQRJpLV�

2� WDPDQKR� H� D� GLVWULEXLomR� GH� WDPDQKR� GDV� QDQRHVWUXWXUDV� UHVXOWDQWHV� IRUDP� FDUDFWHUL]DGRV�
XWLOL]DQGR�'/6��2� WDPDQKR�GDV�QDQRHVWUXWXUDV� IRUPDGDV� IRL�DFRPSDQKDGR�GXUDQWH�XP�SHUtRGR�GH���
GLDV��$�7DEHOD���PRVWUD�R�HIHLWR�GR�WHPSR�QR�WDPDQKR�GRV�QDQRJpLV��'H�DFRUGR�FRP�/L�H�<DR��������R�
WDPDQKR�GDV�SDUWtFXODV�GLPLQXL�FRP�R�WHPSR�GH�UHDomR�GHYLGR�DR�PDLRU�JUDX�GH�FRQMXJDomR��3RU�RXWUR�
ODGR��R�DXPHQWR�QR�WHPSR�GH�UHDomR�GH�0DLOODUG�SRGH�OHYDU�D�RXWUDV�UHDo}HV�H�IRUPDomR�GH�DJUHJDGRV�QD�
VROXomR�GH�FRQMXJDGRV��R�TXH�OHYDULD�D�XP�DXPHQWR�QR�3',�H�XPD�PHQRU�KRPRJHQHLGDGH�GR�VLVWHPD��/,�
HW�DO����������7RGDYLD��RV�QRVVRV�UHVXOWDGRV�QmR�DSUHVHQWRX�YDULDomR�H[SUHVVLYD�QR�WDPDQKR�GRV�QDQRJpLV�
GXUDQWH�RV�GLDV�DYDOLDGRV��(P�UHODomR�DR�3',��KRXYH�XP�SHTXHQR�DXPHQWR�FRP�R�WHPSR�GH�UHDomR��SR�
UpP�PHQRUHV�TXH������SRGHQGR�FRQVLGHUDU�RV�VLVWHPDV�FRPR�KRPRJrQHRV��2V�UHVXOWDGRV�GH�ȡ��5*�5+��
PRVWUDP�TXH�DV�QDQRHVWUXWXUDV�DSUHVHQWDP�XP�IRUPDWR�HVIpULFR��HVIHUD�RFD��RX�OHYHPHQWH�HOLSVRLGDO��

tabela 1. (IHLWR�GR�WHPSR�GH�UHDomR�GH�0DLOODUG�VREUH�R�WDPDQKR�GRV�QDQRJpLV����GLD�GH�UHDomR�GH�0DLOODUG��S+�
����H�FRQFHQWUDomR�GH���PJÂP/���

Amostra tempo (dias) raio 
hidrodinâmico 

(nm)

índice de 
SROLGLVSHUVmR�

(Pdi)

raio de giro ȇ

0LVWXUD�
ȕ�OJ�*$

� �������� ����������� ������� ���������

1 �������� ����������� �������� ���������

� �������� ����������� �������� ���������

&RQMXJDGR�
ȕ�OJ�*$����GLD�

� �������� ����������� �������� ���������

1 �������� ����������� �������� ���������

� �������� ����������� �������� ���������

&RQMXJDGR�
ȕ�OJ�*$����
GLDV�

� �������� ����������� ������� ���������

1 �������� ����������� ������� ���������

� �������� ����������� �������� ���������

'LIHUHQWHPHQWH��GRV�VLVWHPDV�FRQWHQGR�SURWHtQD�H�JRPD��R�DTXHFLPHQWR�GD�VROXomR�GH�SURWHtQD�
SXUD�OHYRX�D�IRUPDomR�GH�SUHFLSLWDGR�H�D�VROXomR�UHVXOWDQWH�DSUHVHQWRX�XPD�PDLRU�WXUELGH]��$�SUHVHQoD�
GH�WDLV�SUHFLSLWDGRV�LQYLDELOL]RX�D�FDUDFWHUL]DomR�GR�VLVWHPD�XWLOL]DQGR�PHGLGDV�GH�HVSDOKDPHQWR�GH�OX]��
5HVXOWDGRV�VHPHOKDQWHV�IRUDP�REWLGRV�SRU�-RQHV�HW�DO����������6HJXQGR�RV�DXWRUHV�D�SUHVHQoD�GR�SROLVVD�
FDUtGHR�HVWDELOL]D�DV�SDUWtFXODV�GH�SURWHtQDV�FRQWUD�DJUHJDomR��SURYDYHOPHQWH�SRU�UHSXOVmR�HOHWURVWiWLFD�
H�HVWpULFD�HQWUH�DV�SDUWtFXODV�ELRSROLPpULFDV��(P�S+�����REWHYH�VH�SDUWtFXODV�FRP�WDPDQKRV�PHQRUHV�
�GDGRV�QmR�PRVWUDGRV���SRUpP�R�tQGLFH�GH�SROLGLVSHUVmR�IRL�DOWR��LQGLFDQGR�D�SUHVHQoD�GH�XP�VLVWHPD�
SROLGLVSHUVR��(P�S+�����REWHYH�VH�XP�UDLR�KLGURGLQkPLFR�PDLRU��SRUpP�XP�3',�PHQRU��PRVWUDQGR�TXH�
DSHVDU�GR�WDPDQKR�PpGLR�GDV�SDUWtFXODV�VHU�PDLRU��R�VLVWHPD�DSUHVHQWD�VH�PDLV�KRPRJrQHR��(P�S+������
R�3',�IRL�EDL[R��SRUpP�R�YDORU�GR�UDLR�KLGURGLQkPLFR�IRL�DOWR��

3.3 0LFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR��0(7�

$V�QDQRSDUWtFXODV�ȕ�OJ�*$��FLUFXODGRV�HP�DPDUHOR��VmR�HVIpULFDV�RX�OHYHPHQWH�HOLSVRLGDLV��(V�
WDV�LPDJHQV�IRUDP�XVDGDV�SDUD�HVWLPDU�R�WDPDQKR�GRV�QDQRJpLV�QR�HVWDGR�VyOLGR�SRU�PHLR�GH�WUDWDPHQWRV�
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GH�LPDJHQV��2�UDLR�KLGURGLQkPLFR�PpGLR�GDV�QDQRSDUWtFXODV�QDV�LPDJHQV�HP�0(7�p�GH���������QP�
SDUD�QDQDSDUWtFXODV�GH�ȕ�OJ�*$����GLD�GH�UHDomR�S+�������$�GLIHUHQoD�GH�WDPDQKR�TXDQGR�VH�FRPSDUD�DV�
WpFQLFDV�GH�'/6�H�0(7��HP�SDUWH��GHYH�VH�DR�IDWR�TXH�DV�DQiOLVHV�GH�'/6�VmR�UHDOL]DGDV�HP�VROXomR��
HQTXDQWR�TXH�DV�DQiOLVHV�GH�0(7�PRVWUDP�DV�LPDJHQV�GDV�QDQRSDUWtFXODV�VHFDV��'H�DFRUGR�FRP�<X�HW�DO��
�������H�3DQ�HW�DO���������HVWD�GLIHUHQoD�GH�WDPDQKR�LQGLFD�TXH�DV�QDQRSDUWtFXODV�DSUHVHQWDP�XPD�HVWUX�
WXUD�GH�EDL[D�GHQVLGDGH�H�DOWD�FDSDFLGDGH�GH�UHWHQomR�GH�iJXD��GHQRPLQDGDV�GH�QDQRJpLV��$R�REVHUYDU�D�
)LJXUD����SHUFHEH�VH�TXH�DV�QDQRHVWUXWXUDV�IRUPDGDV�DSUHVHQWDP�XPD�PDLRU�GHQVLGDGH�GH�PROpFXODV�QD�
VXSHUItFLH��FRORUDomR�PDLV�LQWHQVD���R�TXH�SRGH�LQGLFDU�XPD�HVWUXWXUD�RFD���

1µm 50nm

Figura 1. ,PDJHQV�GH�0(7�GDV�QDQRHVWUXWXUDV�ȕ�OJ�*$,���GLD�GH�UHDomR�GH�0DLOODUG��S+������$��DXPHQWR�GH�
�����[�H��%��DXPHQWR�GH������[.

3.4 estabilidade do nanogel

2V�QDQRJpLV�QmR�DSUHVHQWDUDP�XPD�JUDQGH�YDULDomR�QR�WDPDQKR�TXDQGR�DOWHURX�R�S+�GR�PHLR��
+RXYH�XP�DXPHQWR�QR�WDPDQKR�GDV�SDUWtFXODV�VRPHQWH�HP�YDORUHV�GH�S+�PDLV�iFLGRV��(VWHV�UHVXOWDGRV�
OHYDP�D�KLSyWHVH�GH�TXH�DV�QDQRSDUWtFXODV�IRUPDGDV�DSUHVHQWDP�XPD�HVWUXWXUD�Q~FOHR�FDVFD�H�TXH�SUR�
YDYHOPHQWH�DV�PROpFXODV�GH�*$�HVWDULDP�QD�VXSHUItFLH�H�DV�PROpFXODV�GH�ȕ�OJ�IDULDP�SDUWH�GR�Q~FOHR�GD�
QDQRHVWUXWXUD��(VWD�HYLGrQFLD�VH�EDVHLD�QR�IDWR�GH�QmR�WHU�VLGR�REVHUYDGR�DJUHJDomR�GDV�QDQRHVWUXWXUDV�
HP�S+�SUy[LPR�DR�S,�GD�SURWHtQD��

4 concluSÃo

1DQRHVWUXWXUDV� GH� SURWHtQD� H� SROLVVDFDUtGHR� IRUDP� SUHSDUDGDV� XWLOL]DQGR� XP�PpWRGR� ³JUHHQ�
SURFHVV´��'HQWUH�DV�YDULiYHLV�HVWXGDGDV��DV�PHOKRUHV�FRQGLo}HV�SDUD�R�SUHSDUR�GDV�QDQRHVWUXWXUDV�IRUDP�
FRQFHQWUDomR�GH���PJÂP/���GH�ȕ�OJ�H�*$�H�S+�����SDUD��2�WHPSR�GH�UHDomR�GH�0DLOODUG�QmR�LQÀXHQFLRX�
QR� WDPDQKR�H�D� IRUPD�GDV�QDQRHVWUXWXUDV� IRUPDGDV��2� UDLR�KLGURGLQkPLFR�GDV�QDQRHVWUXWUDV�REWLGDV�
YDULRX�GH����D�����QP�H�DSUHVHQWDUDP�XP�IRUPDWR�HVIpULFR��HVIHUD�RFD��H�OHYHPHQWH�HOLSVRLGDO��$V�QD�
QRHVWUXWXUDV�IRUPDGDV�DSUHVHQWDUDP�ERD�HVWDELOLGDGH�D�XPD�IDL[D�GH�S+�GH���D�����3URYDYHOPHQWH�DV�
QDQRHVWUXWXUDV�DSUHVHQWDP�XPD�HVWUXWXUD�GH�FDVFD�Q~FOHR��FRP�PROpFXODV�GH�SURWHtQD�QR�LQWHULRU�H�*$�
QD�VXSHUItFLH��

AGrAdecimentoS

2V� DXWRUHV� DJUDGHFHP� DR� &RQVHOKR� 1DFLRQDO� GH� 3HVTXLVD� H� 'HVHQYROYLPHQWR� 7HFQROyJLFR�
�&13T��� H� D�)XQGDomR�GH�$PSDUR� j�3HVTXLVD�GR�(VWDGR�GH�0LQDV�*HUDLV� �)$3(0,*��SHOR� VXSRUWH�
¿QDQFHLUR�

reFerÊnciAS

.$72��$��,QGXVWULDO�DSSOLFDWLRQV�RI�0LOODUG�W\SH�SURWHLQ±SRO\VDFFKDULGH�FRQMXJDWHV��)RRG�6FLHQFH�DQ�
7HFKQRORJ\�5HVHDUFK��Y�����S�����±�����������

/,��-���<$2��3��6HOI�DVVHPEO\�RI�,EXSURIHQ�DQG�%RYLQH�6HUXP�$OEXPLQ�'H[WUDQ�FRQMXJDWHV�OHDGLQJ�WR�
HIIHFWLYH�ORDGLQJ�RI�WKH�GUXJ��/DQJPXLU��Y������Q������S�������������������

/,��-���<8��6���<$2��3���-,$1*��0��/\VR]\PHí'H[WUDQ�FRUHíVKHOO�QDQRJHOV�SUHSDUHG�YLD�D�*UHHQ�3UR�
FHVV��/DQJPXLU��Y������Q�����S������������������
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0$5.0$1��*���/,91(<��<��'��0DLOODUG�FRQMXJDWH�EDVHG�FRUH�VKHOO�FR�DVVHPEOLHV�IRU�QDQRHQFDSVX�
ODWLRQ�RI�K\GURSKRELF�QXWUDFHXWLFDOV�LQ�FOHDU�EHYHUDJHV��)RRG�)XQFWLRQ��Y����Q����S����������������

2/,9(5��&��0���0(/721��/��'���67$1/(<��5��$��&UHDWLQJ�SURWHLQV�ZLWK�QRYHO�IXQFWLRQDOLW\�YLD�WKH�
0DLOODUG�UHDFWLRQ��$�UHYLHZ��&ULWLFDO�5HYLHZV�LQ�)RRG�6FLHQFH�DQG�1XWULWLRQ��Y������S�����±����������

otimiZAÇÃo dAS condiÇõeS de SínteSe de HidroGéiS 
nAnocomPóSitoS biodeGrAdáveiS

Helena A. G. b. de Araújo1, luiz H. c. mattoso2, *Fauze A. Aouada1

1�)DFXOGDGH�GH�(QJHQKDULD�GH�,OKD�6ROWHLUD��81(63�±�8QLY�(VWDGXDO�3DXOLVWD��,OKD�6ROWHLUD��63�
2�/DERUDWyULR�1DFLRQDO�GH�1DQRWHFQRORJLD�SDUD�R�$JURQHJyFLR��/11$���(PEUDSD�,QVWUXPHQWDomR��

6mR�&DUORV��63�
IDX]H#GIT�IHLV�XQHVS�EU

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
%XVFDQGR�GHVHQYROYHU�QRYRV�VLVWHPDV�FDUUHDGRUHV�ELRGHJUDGiYHLV�SDUD�SRVVtYHO�DSOLFDomR�HP�VLVWHPDV�
GH� OLEHUDomR� FRQWURODGD� GH� LQVXPRV� DJUtFRODV�� R� REMHWLYR� GHVVH� HVWXGR� IRL� RWLPL]DU� DV� FRQGLo}HV� GH�
REWHQomR�GH�KLGURJpLV�QDQRHVWUXWXUDGRV�D�SDUWLU�GH�DFULODPLGD��$$P���FDUER[LPHWLOFHOXORVH��&0&��H�
GLIHUHQWHV�WHRUHV�GH�]HyOLWD�SRU�PHLR�GH�SROLPHUL]DomR�UDGLFDODU��PDQWHQGR�DV�FRQFHQWUDo}HV�¿[DV�GH�
$$P�H�&0&��,QLFLDOPHQWH��FRQVWDWRX�VH�TXH�DV�]HyOLWDV�GLVSHUVDV�SRU�DJLWDomR�PHFkQLFD�JHUDUDP�UH�
VXOWDGRV�VDWLVIDWyULRV��VHQGR�HQWmR�DGRWDGD�HVVD�PHWRGRORJLD�SDUD�RV�GHPDLV�QDQRFRPSyVLWRV��$�SDUWLU�
GRV�UHVXOWDGRV��IRL�SRVVtYHO�QRWDU�TXH�R�DXPHQWR�GD�FRQFHQWUDomR�GH�]HyOLWD�GLPLQXLX�FRQVLGHUDYHOPHQWH�
D�DEVRUomR�GH�iJXD�GRV�KLGURJpLV��VHQGR�HVVD�TXDQWL¿FDGD�SRU�PHGLGDV�GH�JUDX�GH�LQWXPHVFLPHQWR�QR�
HTXLOtEULR��GH������(�����J�J�����]HyOLWD��SDUD������(�����J�J������]HyOLWD���$OpP�GLVVR��D�SUHVHQoD�GH�
]HyOLWD�QmR�DOWHURX�RV�YDORUHV�GDV�FRQVWDQWHV�FLQpWLFDV��Q� ������GLIXVmR�)LFNLDQD��H�N� ������K��.
Palavras-chave��1DQRFRPSyVLWRV��+LGURJpLV��=HyOLWDV��3ROLVVDFDUtGHR��,QWXPHVFLPHQWR�

oPtimiZAtion oF SYntHeSiS conditionS oF biodeGrAdAble nAnocomPoS-
ite HYdroGelS
Abstract
:LWK�WKH�REMHFWLYH�RI�GHYHORS�QHZ�ELRGHJUDGDEOH�FDUULHU�YHKLFOHV�IRU�SRVVLEOH�DSSOLFDWLRQ�LQ�FRQWUROOHG�
UHOHDVH�V\VWHPV�RI�DJURFKHPLFDOV��WKH�DLP�RI�WKLV�ZRUN�ZDV�WR�RSWLPL]H�WKH�H[SHULPHQWDO�FRQGLWLRQV�IRU�
REWDLQLQJ�RI�QDQRVWUFXWXUHG�K\GURJHOV� IURP�DFU\ODPLGH� �$$P��� FDUER[\PHWK\OFHOOXORVH� �&0&��DQG�
GLIIHUHQW�DPRXQW�RI�]HROLWH�E\�PHDQV�RI�IUHH�UDGLFDO�SRO\PHUL]DWLRQ��PDLQWDLQLQJ�WKH�FRQFHQWUDWLRQV�RI�
$$P�DQG�&0&�¿[HG��,QLWLDOO\��LW�ZDV�REVHUYHG�WKDW�WKH�]HROLWH�GLVSHUVHG�E\�PHFKDQLF�DJLWDWLRQ�SUHVHQW�
HG�VDWLVIDFWRU\�UHVXOWV��EHLQJ�WKHQ�DGRSWHG�WKLV�PHWKRGRORJ\�IRU�DOO�QDQRFRPSRVLWHV��)URP�WKH�UHVXOWV��LW�
ZDV�SRVVLEOH�WR�QRWH�WKDW�WKH�LQFUHDVH�RI�]HROLWH�FRQFHQWUDWLRQ�GHFUHDVHG�WKH�DEVRUSWLRQ�ZDWHU�RI�QDQR�
FRPSRVLWHV��EHLQJ�WKLV�SURSHUW\�TXDQWL¿HG�E\�HTXLOLEULXP�VZHOOLQJ�GHJUHH�PHDVXUHPHQWV��IURP������( 
����J�J������]HROLWH��WR������(�����J�J�������]HROLWH���,Q�DGGLWLRQ��WKH�SUHVHQFH�RI�]HROLWH�QR�DOWHUHG�WKH�
NLQHWLF�FRQVWDQW�YDOXHV��Q� ������)LFNLDQ�GLIIXVLRQ��DQG�N� ������K��.              
Keywords: 1DQRFRPSRVLWHV��+\GURJHOV��=HROLWHV��3RO\VDFFKDULGH��6ZHOOLQJ�GHJUHH��

3XEOLFDo}HV� UHODFLRQDGDV��$UD~MR��+��$��*��%�� GH��%DUERVD��'��+�� GH�2���$RXDGD�� )��$�� 6tQWHVH� H�
FDUDFWHUL]DomR�KLGURItOLFD�H�FLQpWLFD�GH�PDWUL]HV�KtEULGDV�QDQRHVWUXWXUDGDV�SDUD�DSOLFDomR�HP�VLVWHPDV�GH�
OLEHUDomR�FRQWURODGD��$�VHU�DSUHVHQWDGR�QR�����&%(&,0DW�HQWUH����H����GH�1RYHPEUR�GH�������&XLDEi�
±�07��

1 introduÇÃo

�3RUWDGRUHV�GH�FDGHLDV�PDFURPROHFXODUHV�ÀH[tYHLV�H� LQWHUOLJDGDV�FRYDOHQWHPHQWH��RV�KLGURJp�
LV�VmR�SROtPHURV�DOWDPHQWH�KLGURItOLFRV�LQVRO~YHLV�HP�iJXD��GHYLGR�DR�HQFDGHDPHQWR�GH�VXDV�FDGHLDV�
IRUPDQGR�XP�HVWDGR�WULGLPHQVLRQDO�DOWDPHQWH�HVWiYHO��$�¿P�GH�VH�REWHU�XP�KLGURJHO�PDLV�VDWLVIDWyULR�
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QRV�UHTXLVLWRV�GH�ELRFRPSDWLELOLGDGH�H�SURSULHGDGHV�PHFkQLFDV�WHP�VH�VLQWHWL]DGR�KLGURJpLV�D�SDUWLU�GD�
PLVWXUD�GH�SROtPHURV�VLQWpWLFRV�H�QDWXUDLV��DPSOLDQGR�DVVLP�VXD�DSOLFDELOLGDGH�GHVGH�OLEHUDomR�FRQWUR�
ODGD�WDQWR�GH�PHGLFDPHQWRV�TXDQWR�GH�QXWULHQWHV�SDUD�R�VROR��+(09,&+,$1�HW�DO���������LPSODQWHV�
WHUDSrXWLFRV��FXOWXUD�GH�FpOXODV��GHQWUH�RXWURV�

�2V�VLVWHPDV�GH�OLEHUDomR�FRQWURODGD��SULPHLUDPHQWH�GHVHQYROYLGRV�SDUD�DSOLFDomR�QD�iUHD�PpGL�
FD��HVWmR�VHQGR�WDPEpP�HVWXGDGRV�SDUD�DSOLFDomR�QD�DJULFXOWXUD��$=((0�HW�DO���������'HQWUH�RV�GLYHU�
VRV�PDWHULDLV�SROLPpULFRV�HP�SRWHQFLDO��RV�KLGURJpLV��*87(55(6�HW�DO��������YrP�VXUJLQGR�FRPR�XP�
YHtFXOR�HP�SRWHQFLDO�GHYLGR�VXDV�LPSRUWDQWHV�SURSULHGDGHV��GHQWUH�HODV��DOWD�KLGUR¿OLFLGDGH��ELRGHJUDGD�
ELOLGDGH��H[FHOHQWH�FDSDFLGDGH�GH�VRUomR�H�GHVVRUomR�FRQWURODGD�GH�VROXWRV�FRP�GLIHUHQWHV�SRODULGDGHV��
EDL[R�FXVWR�GH�REWHQomR��HQWUH�RXWUDV��2XWUD�HVWUDWpJLD�TXH�SRGH�VHU�DGRWDGD�SDUD�SRWHQFLDOL]DU�RV�SUR�
FHVVRV�GH�DGVRUomR�H�OLEHUDomR�GH�SHVWLFLGDV�H�IHUWLOL]DQWHV�p�D�REWHQomR�GH�KLGURJpLV�QDQRHVWUXWXUDGRV�
D�SDUWLU�GD�LQVHUomR�GH�DUJLORPLQHUDLV�H�]HyOLWDV��5$6+,'=$'(+�HW�DO���������3HUWHQFHQWHV�DR�JUXSR�
GRV�DOXPLQRVLOLFDWRV�GH�PHWDLV�DOFDOLQRV�RX�DOFDOLQRV�WHUURVRV��DV�]HyOLWDV�VmR�UHVSRQViYHLV�SHOD�WURFD�
L{QLFD��DEVRUomR�VHOHWLYD�GH�PROpFXODV�RUJkQLFDV�PHQRUHV�H�H[FOXVmR�GH�PDLRUHV��UHDOL]DQGR�DVVLP��XP�
SHQHLUDPHQWR�PROHFXODU��7DO�HVWUXWXUD�FRQIHUH�jV�]HyOLWDV��SURSULHGDGHV�GH�JUDQGH�LPSRUWkQFLD�SDUD�RV�
SURFHVVRV�LQGXVWULDLV��WDLV�FRPR��DOWR�JUDX�GH�KLGUDWDomR��EDL[D�GHQVLGDGH�H�JUDQGH�YROXPH�H�HVWDELOLGDGH�
WULGLPHQVLRQDO�H�GH�HVWUXWXUD�FULVWDOLQD�TXDQGR�GHVLGUDWDGD��DGVRUomR�GH�JDVHV�H�YDSRUHV�H�SURSULHGDGHV�
FDWDOtWLFDV��WRUQDQGR�DV�H[FHOHQWHV�DOLDGDV�DRV�KLGURJpLV��Mi�TXH�SRVVXHP�DOWD�H¿FLrQFLD�GH�VRUomR��

�%XVFDQGR�GHVHQYROYHU�QRYRV�VLVWHPDV�FDUUHDGRUHV�ELRGHJUDGiYHLV�SDUD�SRVVtYHO�DSOLFDomR�HP�
VLVWHPDV�GH�OLEHUDomR�FRQWURODGD�GH�LQVXPRV�DJUtFRODV��R�REMHWLYR�GHVVH�HVWXGR�IRL�RWLPL]DU�DV�FRQGLo}HV�
GH�REWHQomR�GH�KLGURJpLV�QDQRHVWUXWXUDGRV�D�SDUWLU�GH�DFULODPLGD��$$P���FDUER[LPHWLOFHOXORVH��&0&��
H�GLIHUHQWHV�WHRUHV�GH�]HyOLWDV�SRU�PHLR�GH�SROLPHUL]DomR�UDGLFDODU��PDQWHQGR�DV�FRQFHQWUDo}HV�¿[DV�GH�
$$P�H�&0&�

2 mAteriAiS e métodoS

�2V�QDQRFRPSyVLWRV�GH�KLGURJpLV�FRQVWLWXtGRV�SRU�3$$P�H�&0&��HP�GLIHUHQWHV�IRUPXODo}HV��
IRUDP�REWLGRV�SRU�PHLR�GH�SROLPHUL]DomR�TXtPLFD�YLD�UDGLFDO�OLYUH��LQLFLDGD�SRU�SHUVXOIDWR�GH�VyGLR��GR�
PRQ{PHUR�DFULODPLGD��$$P���HP�VROXomR�DTXRVD�FRQWHQGR�XP�WLSR�HVSHFt¿FR�GH�]HyOLWD��SROLVVDFDUtGHR�
&0&��DJHQWH�GH�UHWLFXODomR�1¶�1�PHWLOHQRELVDFULODPLGD��0%$$P���FDWDOLVDGRU�1�1�1¶�1¶�WHWUDPHWLO
�HWLOHQRELVDFULODPLGD��7(0('��

�$V�SURSULHGDGHV�KLGURItOLFDV�IRUDP�REWLGDV�SRU�PHLR�GR�HVWXGR�GR�JUDX�GH�LQWXPHVFLPHQWR�XWL�
OL]DQGR�iJXD�GHLRQL]DGD�GHVWLODGD�FRPR�PHLR�H[WHUQR�GH�LQWXPHVFLPHQWR��3DUD�REWHQomR�GRV�YDORUHV�
GH�JUDX�GH�LQWXPHVFLPHQWR��RV�KLGURJpLV�SUHYLDPHQWH�VHFRV�IRUDP�SHVDGRV�HP�XPD�EDODQoD�DQDOtWLFD�H�
DFRQGLFLRQDGRV�HP�XP�YROXPH�FRQKHFLGR�GH�PHLR�GH�LQWXPHVFLPHQWR��VHQGR�TXH�HP�WHPSRV�SUp�GH�
WHUPLQDGRV��RV�PHVPRV�IRUDP�UHWLUDGRV�GR�PHLR�H�QRYDPHQWH�SHVDGRV��$V�UD]}HV�HQWUH�DV�PDVVDV�GRV�
KLGURJpLV�QR�HVWDGR�LQWXPHVFLGR�SHOR�HVWDGR�VHFR��HP�FDGD�LQWHUYDOR�GH�WHPSR��IRL�XWLOL]DGD�SDUD�GHWHU�
PLQDomR�GRV�YDORUHV�GH�JUDX�GH�LQWXPHVFLPHQWR�

�$V�SURSULHGDGHV�FLQpWLFDV�IRUDP�GHWHUPLQDGDV�SRU�PHLR�GDV�DQiOLVHV�GDV�SURSULHGDGHV�KLGURIt�
OLFDV��2V�SDUkPHWURV�FLQpWLFRV�n e k�IRUDP�REWLGRV�XWLOL]DQGR�D�HTXDomR����5,7*(5�H�3(33$6���������
RQGH�W�p�R�WHPSR��0t�H�0eq�VmR�RV�YDORUHV�GDV�PDVVDV�GR�KLGURJHO�HP�FDGD�WHPSR�³W´�GH�HVWXGR�H�QR�
HVWDGR�GH�HTXLOtEULR��UHVSHFWLYDPHQWH�

nt

eq

0 NW
0

� � ���

3 reSultAdoS e diScuSSÃo

�,QLFLDOPHQWH��LQYHVWLJRX�R�HIHLWR�GR�WLSR�GH�DJLWDomR�QD�FDSDFLGDGH�GH�DEVRUomR�GH�iJXD�GRV�QD�
QRFRPSyVLWRV��&RQVWDWRX�VH�TXH�RV�YDORUHV�GH�JUDX�GH�LQWXPHVFLPHQWR�DSyV����KRUDV�IRUDP������(�����
J�J�������(�����J�J�H������(�����J�J�SDUD�RV�QDQRFRPSyVLWRV�VHP�]HyOLWD�H�FRQWHQGR�����]HyOLWD�GLVSHUVDV�
SRU�DJLWDo}HV�PDJQpWLFD�H�PHFkQLFD��UHVSHFWLYDPHQWH��(VVH�GHFUpVFLPR�PDLV�SURQXQFLDGR�p�XP�ERP�
LQGtFLR�TXH�DV�]HyOLWDV�HVWmR�PHOKRUHV�GLVSHUVDV�QD�PDWUL]�GR�KLGURJHO�TXDQGR�VH�XWLOL]RX�DJLWDomR�PH�
FkQLFD�HP�UHODomR�j�DJLWDomR�PDJQpWLFD�QD�PHWRGRORJLD�GH�VtQWHVH��3RLV��D�RWLPL]DomR�GH�SURSULHGDGHV��
QHVVH�FDVR�KLGURItOLFD��HVWi�GLUHWDPHQWH�UHODFLRQDGD�FRP�R�JUDX�GH�GLVSHUVmR��VHQGR�TXH�HVVD�RWLPL]DomR�
VHUi�WmR�PDLV�HIHWLYD�TXDQWR�PHOKRU�IRU�D�GLVSHUVmR��(QWmR��DGRWRX�VH�HVVD�PHWRGRORJLD�SDUD�D�REWHQomR�
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GRV�GHPDLV�QDQRFRPSyVLWRV��
�1D�)LJXUD��D�VmR�DSUHVHQWDGRV�RV�YDORUHV�GH�JUDX�GH�LQWXPHVFLPHQWR�HP�IXQomR�GR�WHPSR�GH�

LQWXPHVFLPHQWR�SDUD�RV�QDQRFRPSyVLWRV�FRQWHQGR�GLIHUHQWHV�WHRUHV�GH�]HyOLWDV����±��������&RQVWDWRX�VH�
TXH�D�FDSDFLGDGH�GH�LQWXPHVFLPHQWR�GRV�QDQRFRPSyVLWRV�IRL�IRUWHPHQWH�LQÀXHQFLDGD�SHOD�SUHVHQoD�H�
WHRU�GH�]HyOLWD�QRV�QDQRFRPSyVLWRV��3HOD�DQiOLVH�GD�)LJXUD��E��FRQVWDWRX�VH�QLWLGDPHQWH�TXH�R�WHRU�GH�
]HyOLWD� UHGX]�FRQVLGHUDYHOPHQWH�DV�SURSULHGDGHV�KLGURItOLFDV�GRV�QDQRFRPSyVLWRV�� ,VVR�IRL�FRQFOXtGR�
SHOD�GLPLQXLomR�DEUXSWD�GR�JUDX�GH�LQWXPHVFLPHQWR��7DO�HIHLWR�SRGH�HVWDU�UHODFLRQDGR�SHOR�IDWR�TXH�D�
]HyOLWD�SRGH�HVWDU�DWXDQGR�FRPR�DJHQWH�GH�UHIRUoR�QD�PDWUL]�GR�KLGURJHO��$OpP�GLVVR��D�]HyOLWD�SRGH�
HVWDU�DWXDQGR�FRPR�UHWLFXODGRU�ItVLFR�HQWUH�DV�FDGHLDV�SROLPpULFDV�IRUPDGRUDV�GRV�KLGURJpLV��R�TXH�UHGX]�
VLJQL¿FDWLYDPHQWH�R�PRYLPHQWR�GDV�PHVPDV�H�FRQVHTXHQWHPHQWH��RV�HVSDoRV�YD]LRV��SRURV��TXH�SRWHQ�
FLDOPHQWH�SRVVDP�VHU�RFXSDGRV�SRU�PROpFXODV�GH�iJXD��(IHLWR�VLPLODU�IRL�GHVFULWR�SRU�5$6+,'=$'(+�
HW�DO�������

�$�SDUWLU�GD�)LJXUD���IRL�SRVVtYHO�FRQVWDWDU�TXH�D�SUHVHQoD�GH�]HyOLWD�QmR�DOWHURX�RV�YDORUHV�GDV�
FRQVWDQWHV�FLQpWLFDV��Q� ������difusão Fickiana��H�N� ������K����1R�FDVR�GRV�QDQRFRPSyVLWRV�FRP�GLIXVmR�
Fickiana��R�SURFHVVR�GH�GLIXVmR�GD�iJXD�GR�PHLR�H[WHUQR�GH�LQWXPHVFLPHQWR�SDUD�VHX�LQWHULRU�p�JRYHU�
QDGR�SHODV�/HLV�GH�'LIXVmR�GH�)LFN�
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Figura 1. 'HSHQGrQFLD�GR�JUDX�GH�LQWXPHVFLPHQWR�HP�IXQomR�GR�WHPSR�SDUD�GLIHUHQWHV�WHRUHV�GH�]HyOLWD��D��H�GR�

JUDX�GH�LQWXPHVFLPHQWR�DSyV����KRUDV��HVWDGR�GH�HTXLOtEULR��HP�IXQomR�GR�WHRU�GH�]HyOLWD��E��
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Figura 2. 'HSHQGrQFLD�GDV�FRQVWDQWHV�FLQpWLFDV�n �D��H�k �E��HP�IXQomR�GR�WHRU�GH�]HyOLWD�SDUD�RV�

QDQRFRPSyVLWRV�HVWXGDGRV�

4 concluSÃo

)RL�SRVVtYHO�VLQWHWL]DU�FRP�UHSURGXWLELOLGDGH�QRYRV�QDQRFRPSyVLWRV�IRUPDGRV�SRU�KLGURJpLV�SR�
OLVVDFDUtGLFRV�H�]HyOLWDV��$V�SURSULHGDGHV�KLGURItOLFDV�GHPRQVWUDUDP�TXH�D�SUHVHQoD�GH�]HyOLWD�PRGL¿FD�
VLJQL¿FDWLYDPHQWH�D�FDSDFLGDGH�GH�DEVRUomR�GH�iJXD��PHOKRUDQGR�QLWLGDPHQWH�R�PDQXVHLR�GRV�PHVPRV��
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)XWXURV�WHVWHV�GH�VRUomR�GHVVRUomR�GH�DJURTXtPLFRV�HVWmR�VHQGR�SODQHMDGRV��R�TXH�SRGH�FRPSURYDU�XPD�
SRVVtYHO�DSOLFDomR�WHFQROyJLFD�GHVVHV�QDQRFRPSyVLWRV�FRPR�YHtFXORV�FDUUHDGRUHV�GH�OLEHUDomR�FRQWUROD�
da. 

AGrAdecimentoS

33*&0�)(,6�81(63��&DSHV��&13T��3URFHVVR�����������������5HGH�$JURQDQR��(PEUDSD�H�
)DSHVS��3URFHVVR���������������

reFerÊnciAS

$=((0��%���.86+$$5,��.���0$1��=��%���%$6,7��$���7+$1+��7��+��5HYLHZ�RQ�PDWHULDOV�	�PHWKRGV�
WR�SURGXFH�FRQWUROOHG�UHOHDVH�FRDWHG�XUHD�IHUWLOL]HU��-RXUQDO�RI�&RQWUROOHG�5HOHDVH��Y�������S��������������

*87(55(6��-���5266$72��/���38'0(1=.<��$���'2/(<��'���:+,77$.(5��0���6&+0,'7��6��
0LFURQ�VL]H�PHWDO�ELQGLQJ�K\GURJHO�SDUWLFOHV�LPSURYH�JHUPLQDWLRQ�DQG�UDGLFOH�HORQJDWLRQ�RI�$XVWUDOLDQ�
PHWDOORSK\WH�JUDVVHV�LQ�PLQH�ZDVWH�URFN�DQG�WDLOLQJV��MRXUQDO�RI�+D]DUGRXV�0DWHULDOV��Y�����������S��
���������������

+(09,&+,$1��.���&+$17+$:21*��$���68:$10$/$��3��6\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ�RI�VX�
SHUDEVRUEHQW�SRO\PHU�SUHSDUHG�E\�UDGLDWLRQ�LQGXFHG�JUDIW�FRSRO\PHUL]DWLRQ�RI�DFU\ODPLGH�RQWR�FDUER�
[\PHWK\O�FHOOXORVH�IRU�FRQWUROOHG�UHOHDVH�RI�DJURFKHPLFDOV��5DGLDWLRQ�3K\VLFV�DQG�&KHPLVWU\��Y�������S��
��������������

5$6+,'=$'(+��$���2/$'��$���6$/$5,��'���5(<+$1,7$%$5��$��2Q�WKH�SUHSDUDWLRQ�DQG�VZHOOLQJ�
SURSHUWLHV�RI�K\GURJHO�QDQRFRPSRVLWH�EDVHG�RQ�VRGLXP�DOJLQDWH�J�SRO\��DFU\OLF�DFLG�FR�DFU\ODPLGH��
FOLQRSWLOROLWH�DQG�LWV�DSSOLFDWLRQ�DV�VORZ�UHOHDVH�IHUWLOL]HU��-RXUQDO�RI�3RO\PHU�5HVHDUFK��Y������S������
����������

5,7*(5��3��/���3(33$6��1��$��$�VLPSOH�HTXDWLRQ�IRU�GHVFULSWLRQ�RI�VROXWH�UHDOHVH�,,��)LFNLDQ�DQG�DQR�
PDORXV�UHOHDVH�IURP�VZHOODEOH�GHYLFHV��-RXUQDO�RI�&RQWUROOHG�5HDOHVH��Y�����S��������������

cArActeriZAÇÃo de nAnoPArtículAS de PrAtA PelA 
técnicA de eSPAlHAmento de luZ dinÂmico (dlS)

*mendes, J. e.1, camargo, e. r.2, Sousa, c. P.1, Pessoa, J. d. c.3

18QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV�±�8)6&DU��3URJUDPD�GH�3yV�*UDGXDomR�HP�%LRWHFQRORJLD� 
28QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV�±�8)6&DU��'HSDUWDPHQWR�GH�4XtPLFD��3(PEUDSD�,QVWUXPHQWDomR

MRVLDQHPHQGHV�DJUR#JPDLO�FRP 

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
$�1DQRWHFQRORJLD�WHP�VLGR�DSRQWDGD�FRPR�XPD�WHFQRORJLD�H[WUHPDPHQWH�LQRYDGRUD��H�GHGLFDGD�j�FULD�
omR�GH�PDWHULDLV��GLVSRVLWLYRV�H�VLVWHPDV��DWUDYpV�GR�FRQWUROH�GD�PDWpULD�UHDOoDQGR�D�H[SORUDomR�GH�QRYDV�
SURSULHGDGHV�H�IHQ{PHQRV�GHVHQYROYLGRV�HP�SHTXHQD�HVFDOD��������QP���(VWD�SURSRUFLRQD�D�FDSDFLGDGH�
GH�VLQWHWL]DU�HVWUXWXUDV�QXPD�HVFDOD�QDQRPpWULFD�FRP�FRQWUROH�SUHFLVR�GH�WDPDQKR�H�FRPSRVLomR��GDQGR�
OKHV�DVVLP�D�SRVVLELOLGDGH�GH�RUJDQL]DU�HVWUXWXUDV�PDLRUHV�FRP�SURSULHGDGHV�H�IXQo}HV�~QLFDV��'HQWUH�
RV�PXLWRV�QDQRPDWHULDLV�SURPLVVRUHV�FRP�SURSULHGDGHV�DQWLPLFURELDQDV��DV�QDQRSDUWtFXODV�PHWiOLFDV�
�QDQRSDUWtFXODV�GH�SUDWD��GHVWDFDP�VH�GHYLGR�j�VXD�HOHYDGD�DWLYLGDGH�TXtPLFD��6HQGR�DVVLP��R�XVR�GH�
QDQRSDUWtFXODV�GH�SUDWD�p�FRQKHFLGR�SRU�WHU�DomR�HP�XPD�YDVWD�JDPD�GH�PLFUR�RUJDQLVPRV��2�SUHVHQWH�
WUDEDOKR�SUHWHQGH�FDUDFWHUL]DU�DV�QDQRSDUWtFXODV�GH�SUDWD�DWUDYpV�GD�WpFQLFD�GH�HVSDOKDPHQWR�GLQkPLFR�
GH�OX]��'/6���$V�PHGLGDV�REWLGDV�SHOD�WpFQLFD�'/6�WDPEpP�IRUDP�XVDGDV�SDUD�DYDOLDU�D�HVWDELOLGDGH�
GDV�QDQRSDUWtFXODV��)RL�SRVVtYHO�VLQWHWL]DU�DV�QDQRSDUWtFXODV�GH�SUDWD�SHOR�PpWRGR�7XUNHYLFK��$�VtQWHVH�
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GDV�QDQRSDUWtFXODV�GH�SUDWD�IRL�FRQ¿UPDGD�SRU�HVSDOKDPHQWR�GLQkPLFR�GH�OX]��'/6��H�SRVVXHP�XP�GL�
kPHWUR�GH�DSUR[LPDGDPHQWH����QP��
Palavras-chave��1DQSDUWtFXODV�GH�3UDWD��0pWRGR�GH�7XUNHYLWFK��&DUDFWHUL]DomR��

cHArActeriZAtion oF Silver nAnoPArticleS bY dYnAmic liGHt ScAtter-

inG (dlS)

Abstract

1DQRWHFKQRORJ\�KDV�EHHQ�LGHQWL¿HG�DV�DQ�H[WUHPHO\�LQQRYDWLYH�WHFKQRORJ\��GHGLFDWHG�WR�WKH�FUHDWLRQ�RI�
PDWHULDOV��GHYLFHV�DQG�V\VWHPV�WKURXJK�WKH�FRQWURO�RI�PDWWHU�HPSKDVL]LQJ�WKH�H[SORUDWLRQ�RI�QHZ�prop�
HUWLHV�DQG�SKHQRPHQD�GHYHORSHG�RQ�D�VPDOO�VFDOH��������QP��7KLV�WHFKQRORJ\�SURYLGHV�WKH�DELOLW\�WR�V\QWKHVL]H�
VWUXFWXUHV�LQ�D�QDQRVFDOH�ZLWK�FRQWUROOHG�VL]H�DQG�FRPSRVLWLRQ��WKXV�JLYLQJ�WKHP�WKH�SRVVLELOLW\�WR�RUJDQL]H�ODUJHU�
VWUXFWXUHV�ZLWK�XQLTXH�SURSHUWLHV� DQG� IXQFWLRQV��$PRQJ� WKH�PDQ\�SURPLVLQJ�QDQRPDWHULDOV�ZLWK�DQWLPLFURELDO�
SURSHUWLHV��D�PHWDO�QDQRSDUWLFOH��VLOYHU�QDQRSDUWLFOHV��VWDQGV�RXWV�GXH�WR�WKHLU�KLJK�FKHPLFDO�DFWLYLW\��7KXV��WKH�XVH�
RI�VLOYHU�QDQRSDUWLFOHV�LV�NQRZQ�WR�KDYH�DFWLYLW\�LQ�D�EURDG�UDQJH�RI�PLFURRUJDQLVPV�,Q�WKH�SUHVHQW�ZRUN�DLPV�WR�
FKDUDFWHUL]H�VLOYHU�QDQRSDUWLFOHV�G\QDPLF�OLJKW�VFDWWHULQJ��'/6���7KH�PHDVXUHV�ZHUH�REWDLQHG�E\�'/6�WHFKQLTXH�
DOVR�XVHG�WR�HYDOXDWH�WKH�VWDELOLW\�RI�WKH�QDQRSDUWLFOHV��7KH�VLOYHU�QDQRSDUWLFOHV�ZHUH�V\QWKHVL]HG�E\�WKH�7XUNHYLFK�
PHWKRG��7KH�V\QWKHVLV�RI�VLOYHU�QDQRSDUWLFOHV�ZDV�FRQ¿UPHG�E\�G\QDPLF�OLJKW�VFDWWHULQJ��'/6��DQG�KDYH�D�GLDP�
HWHU�RI�DSSUR[LPDWHO\����QP�
Keywords: 6LOYHU�1DQRSDUWLFOHV��7XUNHYLFK�0HWKRG��&KDUDFWHUL]DWLRQ�

1 introduÇÃo

1D�QDQRWHFQRORJLD��DV�QDQRSDUWtFXODV�WrP�GHVSHUWDGR�JUDQGH�LQWHUHVVH�QD�VRFLHGDGH�FLHQWt¿FD�
QRV�~OWLPRV�DQRV��SRU�DSUHVHQWDUHP�SURSULHGDGHV�ItVLFR�TXtPLFDV�~QLFDV�H�XP�JUDQGH�SRWHQFLDO�HP�DSOL�
FDo}HV�WHFQROyJLFDV�LQGXVWULDLV��ELROyJLFDV�H�PpGLFDV��5,%(,52���������

$V�QDQRSDUWtFXODV�SRGHP�VHU�DJUXSDGDV�HP�GXDV�FODVVHV��QDQRSDUWtFXODV�RUJkQLFDV�H�LQRUJkQL�
FDV��$V�QDQRSDUWtFXODV�RUJkQLFDV�SRGHP�LQFOXLU�DV�QDQRSDUWtFXODV�GH�FDUERQR��IXOHUHQRV���H�DV�QDQRSDU�
WtFXODV�LQRUJkQLFDV�LQFOXHP�DV�QDQRSDUWtFXODV�PDJQpWLFDV��QDQRSDUWtFXODV�PHWiOLFDV��SUDWD�H�RXUR��H�DV�
QDQRSDUWtFXODV�GH�VHPLFRQGXWRUHV��GLy[LGR�GH�WLWkQLR�H�y[LGR�GH�]LQFR���6,1*+�HW�DO�����������

$V�QDQRSDUWtFXODV�LQRUJkQLFDV�WrP�JUDQGH�SRWHQFLDO�GH�XVR��SRLV�SRVVXHP�FDUDFWHUtVWLFDV�YHUVi�
WHLV�WDLV�FRPR��WDPDQKR��ODUJXUD���IXQFLRQDOLGDGH��ELRFRPSDWLELOLGDGH��FDSDFLGDGH�GH�HQWUHJD�H�OLEHUD�
omR�FRQWURODGD�GH�IiUPDFRV��;8�HW�DO����������

$V�QDQRSDUWtFXODV�GH�SUDWD�TXH�HVWmR�DJUXSDGDV�QD�FODVVH�GH�QDQRSDUWtFXODV� LQRUJkQLFDV�� VmR�
FRQKHFLGDV�SRU�VXD�DWLYLGDGH�DQWLPLFURELDQD�H�SRU�LQLELU�XPD�DPSOD�JDPD�GH�PLFUR�RUJDQLVPRV�GHQWUH�
HOHV�EDFWpULDV�*UDP�SRVLWLYDV�H�*UDP�QHJDWLYDV�LQFOXLQGR�HVWLUSHV�UHVLVWHQWHV�D�DQWLELyWLFRV��%$/$=6�
HW�DO����������IXQJRV��SURWR]RiULRV�H�DOJXQV�WLSRV�GH�YtUXV��0(/$,<(�H�<281*6��������672%,(�HW�DO��
�������&RPSDUDGD�FRP�RXWURV�PHWDLV��D�SUDWD�FDXVD�PDLRU�WR[LFLGDGH�DRV�PLFUR�RUJDQLVPRV�DR�PHVPR�
WHPSR�HP�TXH�H[LEH�PHQRU�WR[LFLGDGH�SDUD�FpOXODV�GH�PDPtIHURV��=+$2�H�67(9(16���������

(VWXGRV� FRP�QDQRSDUWtFXODV� GH� SUDWD� WrP� VH�PRVWUDGR� SURPLVVRUDV� QR� FRPEDWH� GH� EDFWpULDV�
*UDP�SRVLWLYDV��Staphylococcus aureus���$V�QDQRSDUWtFXODV�IRUDP�LQFRUSRUDGDV�HP�WHFLGR�H�PRVWUDUDP�
FDXVDU�HVWHULOLGDGH��FRQWULEXLQGR�DVVLP�SDUD�PLQLPL]DU�LQIHFo}HV��1DQRSDUWtFXODV�PHWiOLFDV�IRUDP�LQ�
FRUSRUDGDV�D�WLQWDV�VLQWHWL]DGDV�D�SDUWLU�GH�yOHRV�YHJHWDLV�H�PRVWUDUDP�WHU�XPD�ERD�DWLYLGDGH�DQWLEDFWHULD�
QD��.80$5�HW�DO����������2�SUHVHQWH�WUDEDOKR�SUHWHQGH�FDUDFWHUL]DU�DV�QDQRSDUWtFXODV�GH�SUDWD�DWUDYpV�
GD�WpFQLFD�GH�HVSDOKDPHQWR�GLQkPLFR�GH�OX]��'/6��

2 mAteriAiS e métodoS

2.1 Síntese das nanopartículas de Prata

$V�QDQRSDUWtFXODV�GH�SUDWD�IRUDP�VLQWHWL]DGDV�SHOR�PpWRGR�GH�7XUNHYLFK�HW�DO����������H�SUHSD�
UDGDV�GH�DFRUGR�FRP�R�SURFHGLPHQWR�H[SHULPHQWDO�UHODWDGR�SRU�*RUXS�HW�DO����������$V�VROXo}HV�IRUDP�
SUHSDUDGDV�FRP�iJXD�GHLRQL]DGD�REWLGD�D�SDUWLU�GR�VLVWHPD�GH�¿OWUDomR�0LOOLSRUH�(OOL[���$V�QDQRSDUWt�
FXODV�GH�SUDWD�IRUDP�VLQWHWL]DGDV�SHOD�UHGXomR�GR�QLWUDWR�GH�SUDWD��$J12���FRP�D�VROXomR�GH�FLWUDWR�GH�
VyGLR��1D�&�+�O����(P�VHJXLGD������PO�GH�XPD�VROXomR�DTXRVD�GH�QLWUDWR�GH�SUDWD������[���

� mol l����
IRUDP�DTXHFLGDV�H�DJLWDGDV�VXDYHPHQWH�FRP�XPD�EDUUD�PDJQpWLFD�UHYHVWLGD�GH�WHÀRQ��$SyV�R�DTXHFL�
PHQWR��TXDQGR�D�VROXomR�DWLQJLX������&����PO�GH�XPD�VROXomR�DTXRVD�GH�FLWUDWR�GH�VyGLR������PRO�O����IRL�
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DGLFLRQDGR��$V�QDQRSDUWtFXODV�GH�SUDWD�IRUDP�HVWDELOL]DGDV�SRU�DGLomR�GH���PO�GH�XPD�VROXomR�DTXRVD�
GH�1+�������PRO�O

����

2.2 &DUDFWHUL]DomR�GDV�1DQRSDUWtFXODV�GH�3UDWD

$�WpFQLFD�GH�HVSDOKDPHQWR�GH�OX]�GLQkPLFR��'/6��IRL�XWLOL]DGD�QHVWH�WUDEDOKR�SDUD�PHGLU�R�WD�
PDQKR�GDV�QDQRSDUWtFXODV�GH�SUDWD�VLQWHWL]DGDV��VHQGR�FRQVLGHUDGD�D�GLVWULEXLomR�GH�WDPDQKR�GD�SDUWtFX�
OD�HP�IXQomR�GD�LQWHQVLGDGH��iUHD��YROXPH�H�TXDQWLGDGH��$V�PHGLGDV�REWLGDV�SHOD�WpFQLFD�'/6�WDPEpP�
IRUDP�XVDGDV�SDUD� DYDOLDU� D� HVWDELOLGDGH�GDV�QDQRSDUWtFXODV��$SyV� D� VtQWHVH� DV�QDQRSDUWtFXODV� IRUDP�
¿OWUDGDV�SRU�XPD�PHPEUDQD�GH������P��2�WDPDQKR�GDV�QDQRSDUWtFXODV�GH�SUDWD�IRL�PHGLGR�DWUDYpV�GR�
HTXLSDPHQWR�=HWDVL]HU�1DQR�=6�0DOYHUQ��VRE�DV�VHJXLQWHV�FRQGLo}HV��tQGLFH�GH�UHIUDomR�GD�SUDWD��������
FRH¿FLHQWH�GH�DEVRUomR�GD�SDUWtFXOD�GH��������tQGLFH�GH�UHIUDomR�GD�iJXD��������YLVFRVLGDGH��������F3��
WHPSR�GH�HTXLOtEULR�GH���PLQXWRV�H�WHPSHUDWXUD�GH������&��4XLQ]H�FLFORV�GH�PHGLomR�GH����VHJXQGRV�
FDGD�IRUDP�UHDOL]DGRV��$V�PHGLGDV�IRUDP�UHDOL]DGDV�HP�WULSOLFDWD�H�IRL�FRQVLGHUDGD�D�PpGLD�GDV�GLVWUL�
EXLo}HV�GR�WDPDQKR�GDV�SDUWtFXODV��2V�UHVXOWDGRV�IRUDP�DQDOLVDGRV�SHOR�VRIWZDUH�'76�����0DOYHUQ�

3 reSultAdoS e diScuSSÃo

1R�SURFHVVR�GH�VtQWHVH��DSyV����PLQXWRV�GH�UHDomR��REVHUYRX�VH�D�IRUPDomR�GDV�QDQRSDUWtFXODV�
GH�SUDWD��SRLV�R�VLVWHPD�DGTXLULX�XPD�FRORUDomR�DPDUHOD�kPEDU��$V�$J13V�IRUDP�HVWDELOL]DGDV�XWLOL]DQ�
GR�1+��SDUD�HYLWDU�D�DJUHJDomR��'H�DFRUGR�FRP�R�WUDEDOKR�UHDOL]DGR�SRU�*RUXS�HW�DO���������H�0RQWHLUR�
HW�DO���������1+��GHVHPSHQKD�XP�SDSHO�LPSRUWDQWH�PRGHUDGRU�FUHVFLPHQWR��WRUQDQGR�VH�SRVVtYHO�HV�
WDELOL]DU�DV�QDQRSDUWtFXODV�GH�SUDWD�PHWiOLFD��XPD�YH]�TXH�RV�tRQV�GH�SUDWD�OLYUHV��TXH�VmR�UHVSRQViYHLV���
SHOR�FUHVFLPHQWR�GH�SDUWtFXOD�H�D�IRUPDomR�GH�QRYRV�Q~FOHRV��VmR�DSULVLRQDGRV�SHOD�IRUPDomR�GH�SUDWD�
GLDPLQD��,��FRPSOH[RV��7DLV�UHVXOWDGRV�HVWmR�HP�ERD�FRQFRUGkQFLD�FRP�R�DUWLJR�SXEOLFDGR�DQWHULRUPHQWH�
SHOR�.YtWHNHW�DO����������TXH�DYDOLRX�R�LPSDFWR�GD�HVWDELOL]DomR�GH�$J13V�VREUH�D�VXD�DWLYLGDGH�DQWL�
microbiana.

$�DQiOLVH�GH�GDGRV�GH�HVSDOKDPHQWR�GLQkPLFR�GH�OX]��'/6��PRVWURX�TXH�R�WDPDQKR�PpGLR�GDV�
SDUWtFXODV�VLQWHWL]DGDV�VmR�������QP�H�R�YDORU�GR�3',��ËQGLFH�GH�3ROLGLVSHUVLYLGDGH��IRL�GH��������2�
SLFR�~QLFR�REWLGR�LQGLFRX�TXH�DV�QDQRSDUWtFXODV�GH�SUDWD�QmR�SRVVXHP�SROLGLVSHUVLYLGDGH�QR�WDPDQKR��
LQGLFDQGR�XPD�ERD�VtQWHVH��)LJXUD���H�����0$+/�HW�DO���������

Figura 1. 'LVWULEXLomR�GH�WDPDQKR�HP�LQWHQVLGDGH�GH�SDUWtFXODV�REWLGD�SRU�'/6�

Figura 2. 'LVWULEXLomR�GH�WDPDQKR�HP�Q~PHUR�GH�SDUWtFXODV�REWLGD�SRU�'/6�
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4 concluSÃo

)RL�SRVVtYHO�VLQWHWL]DU�DV�QDQRSDUWtFXODV�GH�SUDWD�SHOR�PpWRGR�7XUNHYLFK��$�VtQWHVH�GDV�QDQR�
SDUWtFXODV�GH�SUDWD�IRL�FRQ¿UPDGD�SRU�HVSDOKDPHQWR�GLQkPLFR�GH�OX]��'/6��H�SRVVXHP�XP�GLkPHWUR�GH�
DSUR[LPDGDPHQWH����QP��

AGrAdecimentoS

&13T��),1(3��(0%5$3$��3URJUDPD�&$3(6�±�5HGH�1DQRELRWHF�%UDVLO��(GLWDO�&$3(6����
&,,�������±�³3URMHWR�$YDOLDomR�GH�,PSDFWRV�GH�$SOLFDo}HV�GD�1DQRWHFQRORJLD�QR�$JURQHJyFLR´�

reFerÊnciAS

%$/$=6��'��-���75,$1'$),//8��.���:22'��3���&+(92/27��<���9$1�'(/'(1��&���+$506��
+���+2//(167(,1��&���0$7+,(8��+��-��,QKLELWLRQ�RI�EDFWHULDO�DGKHVLRQ�RQ�39&�HQG�RWUDFKHDO�WXEHV�
E\�5)�R[\JHQ�JORZ�GLVFKDUJH��VRGLXP�K\GUR[LGH�DQG�VLOYHU�QLWUDWH�WUHDWPHQWV��%LRPDWHULDOV��Y������S��
����������������

*2583��/��)���/21*2��(���/(,7(��(��5���&$0$5*2��(��5��0RGHUDWLQJ�HIIHFW�RI�DPPRQLD�RQSDUWLFOH�
JURZWK�DQG�VWDELOLW\�RI�TXDVL�PRQRGLVSHUVH�VLOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�E\�WKH�7XUNHYLFK�PHWKRG��-�
&ROORLG�,QWHUIDFH�6FL��Y�������S�����±����������

.9,7(.��/���3$1$&(.��$���628.8329$��-���.2/$5��0���9(&(529$��5���358&(.��5���+2�
/(&29È��0����=%2ě,/��5��(IIHFW�RI�VXUIDFWDQWV�DQG�SRO\PHUV�RQ�VWDELOLW\�DQG�DQWLEDFWHULDO�DFWLYLW\�RI�
VLOYHU�QDQRSDUWLFOHV��13V���-��3K\V��&KHP���Y�������S������±�����������

0$+/��'���',(1'25)��-���0(<(5�=$,.$��:���(33/(��0��3RVVLELOLWLHV�DQG�OLPLWDWLRQV�RI�GLIIHUHQW�
DQDO\WLFDO�PHWKRGV�IRU�WKH�VL]H�GHWHUPLQDWLRQ�RI�D�ELPRGDO�GLVSHUVLRQ�RI�PHWDOOLF�QDQRSDUWLFOHV��&ROORLGV�
DQG�6XUIDFHV�$��3K\VLFRFKHPLFDO��(QJ��$VSHFWV��Y�������S�����±����������

0(/$,<(��$���<281*6��:��-��6LOYHU�DQG�LWV�DSSOLFDWLRQ�DV�DQ�DQWLPLFURELDO�DJHQW��([SHUW�2SLQ�7KHU�
3DW��Y������S����������������

0217(,52��'��5���*2583��/��)���6,/9$��6���1(*5,��0���&$0$5*2��(��5��'(��2/,9(,5$��5���
%$5%26$��'��%���+(15,48(6��0��6LOYHU�FROORLGDO�QDQRSDUWLFOHV��DQWLIXQJDO�HIIHFW�DJDLQVW�DGKHUHG�
FHOOV�DQG�ELR¿OPV�RI�Candida albicans and Candida glabrata. %LRIRXOLQJ��Y�����S�����±����������

0217(,52��'��5���6,/9$��6���1(*5,��0���*2583��/��)���&$0$5*2��(��5��'(��2/,9(,5$��5���
%$5%26$��'��%���+(15,48(6��0��6LOYHU�QDQRSDUWLFOHV��LQÀXHQFH�RI�VWDELOL]LQJ�DJHQW�DQG�GLDPHWHU�
RQ�DQWLIXQJDO�DFWLYLW\�DJDLQVW�Candida albicans and Candida glabrata�ELR¿OPV��/HWWHUV�LQ�$SSOLHG�0L�
FURELRORJ\��Y������S������±�����������

5,%(,52��&��1DQRWHFQRORJLD�QD�(PEUDSD��EXVFDQGR�VROXo}HV�SDUD�R�DJURQHJyFLR�EUDVLOHLUR��(PEUDSD�
,QVWUXPHQWDomR�$JURSHFXiULD��������'LVSRQtYHO�HP���KWWS���ZZZ�FHWHQH�JRY�EU�JDOHULDV�SGI�ZRUNVKRS�
FDXHBROLYHLUD�SGI!��$FHVVR�HP�����PDU������

6,1*+��0���0$1,.$1'$1��6���.80$5$*858��$��.��1DQRSDUWLFOHV��$�1HZ�7HFKQRORJ\�ZLWK�

:LGH�$SSOLFDWLRQV��5HVHDUFK�-RXUQDO�RI�1DQRVFLHQFH�DQG�1DQRWHFKQRORJ\��Y����Q����S�������������

785.(9,&+��-���67(9(1621��3��&���+,//,(5��-��$�VWXG\�RI�WKH�QXFOHDWLRQ�DQG�JURZWK�SURFHVVHV�LQ�
WKH�V\QWKHVLV�RI�FROORLGDO�JROG��'LVFXVV�)DUDGD\�6RF�����S���������������

;8��=�3���=(1*��4�+���/8��*�4���<8��$��%��,QRUJDQLF�QDQRSDUWLFOHV�DV�FDUULHUV�IRU�HI¿FLHQW�FHOOXODU�
GHOLYHU\��&KHPLFDO�(QJLQHHULQJ�6FLHQFH��Y������S�����������������

=+$2��*��-���67(9(16��6��(��0XOWLSOH�SDUDPHWHUV�IRU�WKH�FRPSUHKHQVLYH�HYDOXDWLRQ�RI�WKH�VXVFHSWLEL�
OLW\�RI�(VFKHULFKLD�FROL�WR�WKH�VLOYHU�LRQ��%LRPHWDOV��Y������S����±���������
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nAnoFibrAS de PlA/tio2 PrePArAdAS Pelo método de 
FiAÇÃo Por SoPro em SoluÇÃo: cArActeriZAÇÃo térmicA 

e morFolóGicA    

Gláucia S. brichi1,2, *rodrigo G. F. costa1, caue ribeiro1, luiz H.c. mattoso1

1/DERUDWyULR�1DFLRQDO�GH�1DQRWHFQRORJLD�$SOLFDGD�DR�$JURQHJyFLR��(PEUDSD�,QVWUXPHQWDomR��6mR�
&DUORV��63��2'HSDUWDPHQWR�GH�4XtPLFD��8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��6mR�&DUORV��63�

*guerreiro_rodrigo@yahoo.com.br

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
1R�SUHVHQWH� WUDEDOKR�� QDQRFRPSyVLWRV� GH� SROL�iFLGR� OiWLFR�� �3/$��GLy[LGR� GH� WLWkQLR� DQDWDVH� �7L22��
IRUDP�SUHSDUDGRV�SHOR�PpWRGR�GH�¿DomR�SRU�VRSUR�HP�VROXomR��6%6���$V�QDQR¿EUDV�¿DGDV�IRUDP�FD�
UDFWHUL]DGDV�SRU�0LFURVFRSLD�(OHWU{QLFD�GH�9DUUHGXUD��0(9���7HUPRJUDYLPHWULD��7*��H�&DORULPHWULD�
([SORUDWyULD�'LIHUHQFLDO��'6&���2V�UHVXOWDGRV�REWLGRV�PRVWUDUDP�TXH�R�PpWRGR�GH�6%6�SRGH�VHU�XVDGR�
SDUD�SURGX]LU�QDQR¿EUDV�ELRGHJUDGiYHLV�FRP�PRUIRORJLD�KRPRJrQHD�H�ERDV�SURSULHGDGHV�WpUPLFDV��
Palavras-chave��)LDomR�SRU�VRSUR�HP�VROXomR��'Ly[LGR�GH�WLWkQLR��3ROL�iFLGR�OiWLFR���1DQR¿EUDV

PlA/tio2 nAnoFiberS PrePAred bY Soltution blow SPinninG: tHermAl And 
morPHoloGicAl cHArActeriZAtion
Abstract
,Q�WKH�SUHVHQW�VWXG\��SRO\�ODFWLF�DFLG���3/$��WLWDQLXP�GLR[LGH�DQDWDVH��7L22��QDQRFRPSRVLWH�¿EHUV�ZHUH�
SURGXFHG�E\�VROXWLRQ�EORZ�VSLQQLQJ��6%6���7KH�VSXQ�¿EHUV�ZHUH�FKDUDFWHUL]HG�E\�VFDQQLQJ�HOHFWURQ�PL�
FURVFRS\��6(0���WKHUPRJUDYLPHWULF�DQDO\VLV��7*$��DQG�GLIIHUHQWLDO�VFDQQLQJ�FDORULPHWU\��'6&���7KH�
UHVXOWV�VKRZHG�WKDW�6%6�SURFHVV�FDQ�EH�HIIHFWLYHO\�XVHG�WR�SURGXFH�ELRGHJUDGDEOH�QDQRFRPSRVLWH�¿EHUV�
ZLWK�KRPRJHQHRXV�PRUSKRORJ\�DQG�JRRG�WKHUPDO�SURSHUWLHV���
Keywords: 6ROXWLRQ�EORZ�VSLQQLQJ��7LWDQLXP�GLR[LGH��3RO\�ODFWLF�DFLG���1DQR¿EHUV�

3XEOLFDo}HV�UHODFLRQDGDV��5HVXPRV�SXEOLFDGRV�HP�DQDLV�GH�FRQJUHVVRV���
&267$��5��*��)���5,%(,52��&���%5,&+,��*��6���0$77262��/��+��&��3KRWRFDWDO\WLF�SURSHUWLHV�RI�
SRO\�ODFWLF�DFLG�?7L2��QDQRFRPSRVLWH�¿EHUV��,Q��;,,�%UD]LOLDQ�056�0HHWLQJ��������&DPSRV�GR�-RUGmR�
��6�3��

&267$��5��*��)���5,%(,52��&���%5,&+,��*��6���0$77262��/��+��&��7KHUPDO�FKDUDFWHUL]DWLRQ�RI�
SRO\�ODFWLG� DFLG�?7L2�� QDQRFRPSRVLWH� ¿EHUV� REWDLQHG� E\�6ROXWLRQ�%ORZ�6SLQQLQJ�� ,Q��;,,�%UD]LOLDQ�
056�0HHWLQJ��������&DPSRV�GR�-RUGmR���6�3�

1 introduÇÃo

)LDomR�SRU�6RSUR�HP�6ROXomR��6%6��p�XPD�QRYD�WpFQLFD�TXH�UHVXOWRX�GD�FRPELQDomR�GRV�SUR�
FHVVRV�FRQYHQFLRQDLV��HOHWUR¿DomR�H�PHOWEORZLQJ��D�¿P�GH�RWLPL]DU�R�SURFHVVR�GH�SURGXomR�GDV�PDQ�
WDV�SROLPpULFDV��1HVWD�WpFQLFD�XPD�VROXomR�SROLPpULFD�p�VXEPHWLGD�D�XPD�FRUUHQWH�GH�DU�SUHVVXUL]DGD�
TXH�SDVVD�GD�VHULQJD�DWp�R�FROHWRU�>�@���'XUDQWH�R�SHUFXUVR��R�VROYHQWH�HYDSRUD��KDYHQGR�R�HVWLUDPHQWR�
SROLPpULFR� H� REWHQGR�VH� DV� ¿EUDV��2� SURFHVVR� WHP� FRPR� SULQFLSDO� YDQWDJHP�R� EDL[R� FXVWR� H� D� DOWD�
SURGXWLYLGDGH�HP�PHQRV�WHPSR��TXDQGR�FRPSDUDGR�FRP�RV�PpWRGRV�FRQYHQFLRQDLV�>�@��1D�OLWHUDWXUD�
p�UHODWDGR�R�JUDQGH�LQWHUHVVH�HP�QDQRSDUWtFXODV�GH�GLy[LGR�GH�WLWkQLR��7L22���GHYLGR�j�VXD�HVWDELOLGDGH�
TXtPLFD�H��DWLYLGDGH�IRWRFDWDOtWLFD�>���@��2�3ROL�iFLGR�OiWLFR���3/$��p�FODVVL¿FDGR�FRPR�XP�ELRSROtPHUR�
H�p�ODUJDPHQWH�XVDGR�QR�VHWRU�LQGXVWULDO��SRU�VHU�ELRFRPSDWtYHO�H�ELRGHJUDGiYHO�>�@��2�SUHVHQWH�WUDEDOKR�
WHYH�FRPR�REMHWLYR�UHDOL]DU�D�DQiOLVH�WpUPLFD�H�PRUIROyJLFD�GDV�QDQR¿EUDV�GH�SROL�iFLGR�OiWLFR��3/$��
GLy[LGR�GH�WLWkQLR��7L22��REWLGDV�SHOR�SURFHVVR�GH�)LDomR�SRU�6RSUR�HP�6ROXomR�
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2 mAteriAiS e métodoS

6ROXo}HV�FRQWHQGR����P�Y��GH�SROL�iFLGR�OiWLFR���3/$��%LRPDWHU��IRUDP�SUHSDUDGDV��XWLOL]DQ�
GR�FRPR�VROYHQWH�XPD�PLVWXUD�GH�FORURIyUPLR�DFHWRQD��6\QWK�������Y�Y���$SyV�D�VROXELOL]DomR�WRWDO�GR�
SROtPHUR��R�GLy[LGR�GH� WLWkQLR� �7L22��$OGULFK��������DQDWDVH�� IRL� LQFRUSRUDGR�j�VROXomR�GH�3/$�HP�
GLIHUHQWHV�SRUFHQWDJHQV���������������������H�������ZW�����DWp�FRPSOHWD�KRPRJHQHL]DomR�GR�VLVWHPD��$�
YLVFRVLGDGH�GDV�VROXo}HV�IRL�PHGLGD�FRP�XP�YLVFRVtPHWUR�%URRN¿HOG�HP����USP�H�D����o&��$V�¿EUDV�
REWLGDV�IRUDP�FDUDFWHUL]DGDV�SRU�WHUPRJUDYLPHWULD��7*���FDORULPHWULD�H[SORUDWyULD�GLIHUHQFLDO��'6&��H�
PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9���

3 reSultAdoS e diScuSSÃo 

$QDOLVDQGR�D�PLFURJUD¿D�REWLGD�SRU�0(9��)LJ������SRGH�VH�REVHUYDU�TXH�RV��QDQRFRPSyVLWRV�
SURGX]LGRV�DSUHVHQWDUDP�XQLIRUPLGDGH�HP�VXDV�¿EUDV�� FRP�DV� VXSHUItFLHV� OLVDV�H� VHP�D�SUHVHQoD�GH�
beads��R�TXH�LQGLFD�D�GLVSHUVmR�KRPRJrQHD�GDV�QDQRSDUWtFXODV�GH�7L22��2V�GLkPHWURV�PpGLRV�GDV�¿EUDV�
�7DE�����LQGLFDP�TXH�D�LQFRUSRUDomR�GH�GLy[LGR�GH�WLWkQLR�j�VROXomR�GR�SROtPHUR�QmR�DIHWD�R�WDPDQKR�
GDV�PHVPDV��TXDQGR�FRPSDUDPRV�FRP�D�¿EUD�GH�3/$�SXUR�

Figura 1. 0LFURJUD¿D�REWLGD�SRU�0(9�GH�PDQWD�GH�QDQR¿EUD�GH�3/$�7L22 �����ZW������

tabela 1. 'LkPHWUR�PpGLR�GDV�QDQR¿EUDV�H�YLVFRVLGDGH�GDV�VROXo}HV
&RPSRVLomR�GDV�

QDQR¿EUDV
diâmetro médio (nm) viscosidade  (mPa.s)

3/$ �������� ����

3/$�7L22������ZW��� ��������� ����

3/$�7L22������ZW��� ��������� ����

3/$�7L22������ZW��� ��������� ����

3/$�7L22������ZW��� ��������� ����

3/$�7L22�������ZW��� �������� ����

$WUDYpV�GD�DQiOLVH�GDV�FXUYDV�GH�7*��)LJ�����REVHUYRX�VH�TXH�R�DXPHQWR�GD�FRQFHQWUDomR�GH�GL�
y[LGR�GH�WLWkQLR�QDV�¿EUDV�UHVXOWRX�QR�DXPHQWR�GD�SRUFHQWDJHP�GH�UHVtGXR��7DE�����DR�¿QDO�GD�FRPSOHWD�
GHJUDGDomR�GR�SROtPHUR��a����o&����
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Figura 2. &XUYDV�7*�GDV�QDQR¿EUDV�

$V�FXUYDV�GH�'6&��)LJ�����IRUDP�XVDGDV�SDUD�GHWHUPLQDU�D�WHPSHUDWXUD�GH�FULVWDOL]DomR��7F���
WHPSHUDWXUD�GH�IXVmR��7P���HQWDOSLD�GH�FULVWDOL]DomR��ǻ+F��H�GH�IXVmR��ǻ+I��GDV�DPRVWUDV��7DE������2V�
SLFRV�LQWHQVRV�GH�IXVmR��7P��QD�IDL[D�GH�����±�����o&�UHVXOWDUDP�HP�DOWRV�YDORUHV�GH��ǻ+I�SDUD�WRGDV�DV�
DPRVWUDV��GH����-�J�D����-�J��2V�SLFRV�H[RWpUPLFRV��7F��SUy[LPRV�D�����o&�SRGHP�VHU�DVVRFLDGRV�j�FULVWD�
OL]DomR�GR�3/$��-i�RV�EDL[RV�YDORUHV�GH�ǻ+F������±����-�J��FRQ¿UPDP�D�VHPLFULVWDOLQLGDGH�GR�SROtPHUR�
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Figura 3. &XUYDV�'6&�GDV�QDQR¿EUDV��D��3/$��E��3/$�7L22������ZW������F��3/$�7L22������ZW��������G��3/$�
TiO2������ZW�����H��3/$�7L22������ZW����H�I��3/$�7L22�������ZW����

tabela 2. 3RUFHQWDJHP�GH�UHVtGXR��7J��H�GDGRV�H[WUDtGRV�GDV�FXUYDV�'6&
&RPSRVLomR�GDV�

QDQR¿EUDV
%resíduo tc (oc) tm (oc) ǻ+F��-�J� ǻ+I��-�J�

3/$ ��� 111 ��� �� ��

3/$�7L22�������� ��� 111 ��� ��� ��

3/$�7L22�������� ��� ��� ��� ��� ��

3/$�7L22�������� ��� �� ��� ��� ��

3/$�7L22�������� ��� 112 ��� ��� ��

3/$�7L22��������� ���� �� ��� ��� ��
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4 concluSÃo

$SHVDU�GDV�DOWDV�SRUFHQWDJHQV�GDV�QDQRSDUWtFXODV�GH�7L22 QDV�¿EUDV��QmR�KRXYH�YDULDomR�VLJQL¿�
FDWLYD�QRV�YDORUHV�GH�GLkPHWURV�PpGLRV��$V�FXUYDV�WHUPRJUDYLPpWULFDV�GHPRQVWUDUDP�TXH�R�DXPHQWR�GD�
SRUFHQWDJHP�GH�GLy[LGR�GH�WLWkQLR�QDV�QDQR¿EUDV�UHVXOWRX�QR�DXPHQWR�GD�SRUFHQWDJHP�GH�UHVtGXR�¿QDO��
LQGLFDQGR�TXH�DV�QDQRSDUWtFXODV�HVWDYDP�EHP�GLVSHUVDV�QDV�¿EUDV��2�WUDWDPHQWR�GDV�FXUYDV�'6&�PRV�
WURX�TXH�RV�YDORUHV�GD�HQWDOSLD�GH�IXVmR�IRUDP�PDLRUHV�GR�TXH�RV�REWLGRV�SDUD�D�HQWDOSLD�GH�FULVWDOL]DomR��
3RGH�VH�FRQFOXLU�TXH�R�PpWRGR�GH�¿DomR�SRU�VRSUR�HP�VROXomR�IRL�H¿FD]�SDUD�REWHQomR�GH�PDQWDV�QDQR�
¿EUtOLFDV�FRP�DVSHFWR�KRPRJrQHR��PHVPR�TXDQGR�R�PDWHULDO�QmR�p�FRPSDWtYHO�FRP�D�PDWUL]�SROLPpULFD��
QR�FDVR�GR�GLy[LGR�GR�WLWkQLR�H�GR�SROL�iFLGR�OiWLFR�����

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��)$3(63�H�&$3(6�  

reFerÊnciAS

>�@�0('(,526��(�6���*/(11��*��0���./$0&=<16.,��$��3���2576��:��-����0$77262��/��+��&��
6ROXWLRQ�%ORZ�6SLQQLQJ��$�1HZ��0HWKRG�WR�3URGXFH�0LFUR�DQG�1DQR¿EHUV�IURP�3RO\PHU�6ROXWLRQV��
-RXUQDO�RI�$SSOLHG�3RO\PHU�6FLHQFH��Y�������S�������������������

>�@�&267$��5��*��)���5,%(,52��&���0$77262��/��+��&��0RUSKRORJLFDO�DQG�3KRWRFDWDO\WLF�3URSHUWLHV�
RI�39$�7L22�1DQRFRPSRVLWH�)LEHUV�3URGXFHG�E\�(OHFWURVSLQQLQJ��-RXUQDO�RI�1DQRVFLHQFH�DQG�1DQRWH�
FKQRORJ\��3ULQW���Y������S������������������

>�@�%8=$5296.$��$���*52='$129��$��%LRGHJUDGDEOH�3RO\�O�ODFWLG�DFLG��1DQRFRPSRVLWHV��7KHU�
PDO�3URSHUWLHV�DQG�'HJUDGDWLRQ��-RXUQDO�RI�$SSOLHG�3RO\PHU�6FLHQFH��Y�������S������������������

nAnoPArtículAS mAGnéticAS nA liberAÇÃo controlAdA 

de FármAcoS

*Freitas, J. c. de¹, campos, m. G. n.¹, escolano, A. m.², marques, r. F. c.³

ï�8QLYHUVLGDGH�)HGHUDO�GH�$OIHQDV��81,)$/��3RoRV�GH�&DOGDV��ð�8QLYHUVLGDG�GH�=DUDJR]D��81,=$5��
=DUDJR]D��(VSDQKD��ñ�8QLYHUVLGDGH�(VWDGXDO�3DXOLVWD��81(63��$UDUDTXDUD�

MXK�F�IUHLWDV#KRWPDLO�FRP

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo

2�WUDWDPHQWR�FRQYHQFLRQDO�SDUD�R�FDQFUR�GDQL¿FD�FpOXODV�VDXGiYHLV��DFDUUHWDQGR�HP�GLYHUVRV�HIHLWRV�
LQGHVHMiYHLV�DR�SDFLHQWH��(VVH�SUREOHPD�p�PLQLPL]DGR�SHOD�XWLOL]DomR�GH�VLVWHPDV�GH�OLEHUDomR�FRQWUR�
ODGD�GH�IiUPDFRV��TXH�VH�EDVHLDP�HP�XP�Q~FOHR�PDJQpWLFR�UHYHVWLGR�FRP�PDWHULDO�ELRFRPSDWtYHO��SR�
OtPHUR���RQGH�VH�LPRELOL]D�R�IiUPDFR��$�OLEHUDomR�DFRQWHFH�DWUDYpV�GH�HVWtPXORV�DSOLFDGRV�QR�SROtPHUR��
(VWH�WUDEDOKR�WHYH�FRPR�REMHWLYR�R�GHVHQYROYLPHQWR�GH�QDQRGLVSRVLWLYRV�FRQVWLWXtGRV�GH�QDQRSDUWtFXODV�
PDJQpWLFDV�UHYHVWLGDV�FRP�SROtPHURV��SDUD�D� OLEHUDomR�FRQWURODGD�GR�PHWRWUH[DWR��$V�QDQRSDUWtFXODV�
IRUDP�VLQWHWL]DGDV�SRU�KLGUyOLVH�GH�VDLV�SUHFXUVRUHV�GH�IHUUR�H�IXQFLRQDOL]DGDV�FRP�SROtPHURV��,PDJHQV�
GH�PLFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR��7(0��H�DV�DQiOLVHV�GR�HVSDOKDPHQWR�GD�OX]�GLQkPLFD�H�GR�
SRQWHQFLDO�]HWD�FRPSURYDUDP�D�VtQWHVH�GH�QDQRSDUWtFXODV�GH�PDJQHWLWD�FRP�WDPDQKR�H�HVWDELOLGDGH�DGH�
TXDGRV�SDUD�D�DSOLFDomR�GHVHMDGD�HP�ELRPHGLFLQD��
Palavras-chave��1DQRSDUWtFXODV�0DJQpWLFDV��/LEHUDomR�&RQWURODGD�GH�)iUPDFRV�

mAGnetic nAnoPArticleS For tArGeted druG deliverY

Abstract

&RQYHQWLRQDO� WUHDWPHQWV� IRU� FDQFHU� GDPDJH�KHDOWK\� FHOOV�� UHVXOWLQJ� LQ� YDULRXV� XQGHVLUDEOH� HIIHFWV� WR�
WKH�SDWLHQW��7KLV�SUREOHP�LV�PLQLPL]HG�E\�XVLQJ�FRQWUROOHG�GUXJ�GHOLYHU\�V\VWHPV�WKDW�DUH�EDVHG�RQ�D�
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PDJQHWLF�FRUH�FRDWHG�ZLWK�ELRFRPSDWLEOH�PDWHULDO��SRO\PHU���ZKLFK�LPPRELOL]HV�WKH�GUXJ��7KH�UHOHDVH�
KDSSHQV�E\�VWLPXOL�DSSOLHG�LQ�WKH�SRO\PHU��7KLV�VWXG\�DLPHG�WKH�GHYHORSPHQW�RI�QDQRGHYLFHV�FRQVLVWLQJ�
RI�PDJQHWLF�QDQRSDUWLFOHV�FRDWHG�ZLWK�SRO\PHUV�IRU�WKH�FRQWUROOHG�UHOHDVH�RI�PHWKRWUH[DWH��7KH�QDQRSDU�
WLFOHV�ZHUH�V\QWKHVL]HG�E\�K\GURO\VLV�RI�LURQ�SUHFXUVRUV�VDOWV�DQG�IXQFWLRQDOL]HG�ZLWK�SRO\PHU��,PDJHV�
RI�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��7(0��DQG�WKH�DQDO\VLV�RI�G\QDPLF�OLJKW�VFDWWHULQJ��'/6��DQG�]HWD�
SRWHQWLDO�FRQ¿UPHG�WKH�V\QWKHVLV�RI�PDJQHWLWH�QDQRSDUWLFOHV�ZLWK�VL]H�DQG�VWDELOLW\�VXLWDEOH�IRU�WKH�GH�
sired application in biomedicine. 
Keywords: 0DJQHWLF�1DQRSDUWLFOHV��&RQWUROOHG�'UXJ�'HOLYHU\�

1 introduÇÃo

$�QDQRWHFQRORJLD�FRPSUHHQGH�D�FDUDFWHUL]DomR��VtQWHVH��PDQLSXODomR�H�DSOLFDomR��QD�RUGHP�GH�
QDQ{PHWURV�������P���GH�HVWUXWXUDV�ELROyJLFDV�H�QmR�ELROyJLFDV��6HQGR�DVVLP��DV�QDQRSDUWtFXODV�PDJQp�
WLFDV�VmR�VLVWHPDV�HQYROYLGRV�QHVWD�HVFDOD�H��XPD�YH]�TXH�HVWmR�HQWUH�RV�HVWDGRV�PROHFXODU�H�PDVVLYR��
DSUHVHQWDP�SURSULHGDGHV�ItVLFDV�H�TXtPLFDV�GLVWLQWDV��TXH�VmR�LQÀXHQFLDGDV�SRU�VHX�WDPDQKR��PRUIRORJLD�
H�HVWUXWXUD��$66,6��������

(QTXDQWR�PDWHULDLV�PDVVLYRV�SRVVXHP�P~OWLSORV�GRPtQLRV�PDJQpWLFRV�D�¿P�GH�UHGX]LU�D�HQHU�
JLD�PDJQHWRHVWiWLFD��QDQRSDUWtFXODV�FRP�GLkPHWURV�LQIHULRUHV�D�XP�GDGR�YDORU�FUtWLFR�DSUHVHQWDP�XP�
~QLFR�GRPtQLR�PDJQpWLFR��XPD�YH]�TXH�D�UHGXomR�GR�WDPDQKR�GH�XPD�SDUWtFXOD�DFDUUHWD�QD�UHGXomR�GR�
WDPDQKR�WDPEpP�GH�VHX�GRPtQLR��DOWHUDQGR�DV�FDUDFWHUtVWLFDV�GDV�SDUHGHV�TXH�R�GHOLPLWDP��$/9(6��
�������1R�HQWDQWR��Ki�XP�YDORU�OLPLWDQWH��DEDL[R�GR�TXDO�D�HQHUJLD�SURYHQLHQWH�GD�IRUPDomR�GRV�P~O�
WLSORV�GRPtQLRV� VH� WRUQD� LQIHULRU� j�HQHUJLD�GH� IRUPDomR�GH�SDUHGHV�GH�GRPtQLR�H�� DVVLP��R�SURFHVVR�
GHL[D�GH�VHU�HQHUJHWLFDPHQWH�YDQWDMRVR��'HVWH�PRGR��SDUD�SDUWtFXODV�GH�WDPDQKRV�LQIHULRUHV�DR�GLkPHWUR�
FUtWLFR��D�FRQ¿JXUDomR�PDLV�YDQWDMRVD�p�D�GH�PRQRGRPtQLRV��3RU�H[HPSOR��SDUD�y[LGRV�GH�IHUUR��FRPR�
PDJQHWLWD��RV�PRQRGRPtQLRV�HVWmR�SUHVHQWHV�HP�SDUWtFXODV�FRP�GLkPHWUR�HQWUH���H����QP�

$�UHGXomR�GR� WDPDQKR�GH�XPD�SDUWtFXOD� WDPEpP�DFDUUHWD�HP�XPD�PDLRU�iUHD�VXSHU¿FLDO�HP�
UHODomR�DR�YROXPH��2V�iWRPRV�GD�VXSHUItFLH�GH�XPD�SDUWtFXOD�DSUHVHQWDP�XPD�YL]LQKDQoD�GLVWLQWD�GD�
TXHOHV�GR�VHX�LQWHULRU��VHQGR�FDSD]HV�GH�LQÀXHQFLDU�DV�SURSULHGDGHV�ItVLFDV�H�PDJQpWLFDV�GR�PDWHULDO��
'HVWH�PRGR��HVWD�FDUDFWHUtVWLFD�VH�WRUQD�~WLO�SDUD�D�IXQFLRQDOL]DomR�GDV�SDUWtFXODV�RX�VXD�DSOLFDomR�FRPR�
FDUUHDGRU�GH�VXEVWkQFLDV��$/9(6���������

$�DSOLFDomR�GH�WDLV�PDWHULDLV�VHUi�LQÀXHQFLDGD��SRUWDQWR��SHOR�UHFREULPHQWR��SURSULHGDGHV�ItVL�
FDV�H�TXtPLFDV��VHQGR�TXH�HVWDV�FDUDFWHUtVWLFDV�VmR�GH¿QLGDV�SHOR�PpWRGR�XWLOL]DGR�SDUD�VXD�VtQWHVH��$�
SDGURQL]DomR�GRV�SDUkPHWURV�ItVLFRV�p�UHDOL]DGD�DWUDYpV�GR�FRQWUROH�GH�WDPDQKR��IRUPD��GLVWULEXLomR��
FULVWDOLQLGDGH�H�SURSULHGDGHV�PDJQpWLFDV�GDV�QDQRSDUWtFXODV��),7=3$75,&.�HW�DO��������

1HVWH�FRQWH[WR��R�REMHWLYR�GHVWH�WUDEDOKR�p�R�GHVHQYROYLPHQWR�GH�XP�QDQRGLVSRVLWLYR�FRQVWL�
WXtGR�GH�QDQRSDUWtFXODV�PDJQpWLFDV�GH�y[LGR�GH�IHUUR�PRGL¿FDGDV�FRP�SROtPHURV�WHUPRVHQVtYHLV�SDUD�
D�OLEHUDomR�FRQWURODGD�GH�PHWRWUH[DWR�QR�WUDWDPHQWR�GH�WXPRUHV��2�PHWRWUH[DWR�p�XVDGR�QR�WUDWDPHQWR�
GR�FkQFHU��PDV�DFDUUHWD�HP�HIHLWRV�FRODWHUDLV�SDUD�R�SDFLHQWH�SRU�GDQL¿FDU�DV�FpOXODV�VDXGiYHLV��'HVWH�
PRGR��D�OLEHUDomR�FRQWURODGD�GHVWH�IiUPDFR�GLPLQXLULD�HVVHV�HIHLWRV��R�TXH�OHYDULD�D�XP�WUDWDPHQWR�PDLV�
H¿FLHQWH�H�D�SRVVLELOLGDGH�GH�DSOLFDomR�GH�GRVHV�PHQRUHV�

2 mAteriAiS e métodoS

2.1 6tQWHVH�GR�IHUURÀXLGR

(P�XP�EpTXHU��PLVWXURX�VH�D�VROXomR�SUHFXUVRUD�GH�IHUUR��¿OWUDGD�HP�PHPEUDQD�GH������PLFU{�
PHWURV��3�93������iJXD�H�DFHWRQD��$�PLVWXUD�PDQWLGD�HP�XPD�SODFD�D�WHPSHUDWXUD�DPELHQWH�SDUD�VHFDU�
GXUDQWH�XP�GLD��2�VyOLGR�UHVXOWDQWH�IRL�UHDJLGR�FRP�XPD�VROXomR�GH�1+���0��PHGLDQWH�DTXHFLPHQWR�D�
���&��

$�VROXomR�UHVXOWDQWH�IRL�ODYDGD�DWUDYpV�GH�VHSDUDomR�PDJQpWLFD�H�DGLomR�GH�iJXD�GHVWLODGD�DWp�VH�
REWHU�XP�S+�QHXWUR�

2.2 6tQWHVH�H�GHVSURWHomR�GR�SROtPHUR

(P�XP�EpTXHU�PLVWXURX�VH�3(*��%2&*OL��'0$3�H�GLFORURPHWDQR��(VVD�VROXomR�IRL�JRWHMDGD�
HP�XPD�VROXomR�GH�('&/�WDPEpP�HP�GLFORURPHWDQR��VRE�DWPRVIHUD�LQHUWH�H�EDQKR�GH�iJXD�H�JHOR��$�
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PLVWXUD�UHVXOWDQWH�IRL�DJLWDGD�GXUDQWH����KRUDV�H��SRVWHULRUPHQWH��R�VROYHQWH�IRL�HYDSRUDGR�HP�XP�UR�
taevaporador.

2�VyOLGR�REWLGR�IRL�GHVSURWHJLGR�DWUDYpV�GH�VXD�VROXELOL]DomR�HP�GLFORURPHWDQR�H�7)$�VRE�DJL�
WDomR�GXUDQWH�WUrV�KRUDV��

3DUD�D�SUHFLSLWDomR�GR�VyOLGR�¿QDO��IRL�DGLFLRQDGR�pWHU�FRQJHODGR�H��HP�VHJXLGD��VXD�GHFDQWDomR�

2.3 )XQFLRQDOL]DomR�FRP�SROtPHUR

2�IHUURÀXLGR�IRL�GLVVROYLGR�HP�iJXD�GHVWLODGD�H��HP�VHJXLGD��WHYH�VHX�S+�DMXVWDGR�SDUD���DWUDYpV�
GD�DGLomR�OHQWD�GH�XPD�VROXomR�GH�iFLGR�FORUtGULFR��$SyV�R�DMXVWH�DGLFLRQRX�VH�R�SROtPHUR�GHVSURWHJLGR�
H�0H23(*$�����PDQWHQGR�VRE�DJLWDomR�H�DTXHFLPHQWR�D����&�GXUDQWH�GRLV�GLDV�

3DUD�¿QDOL]DU�D�IXQFLRQDOL]DomR��DMXVWRX�VH�R�S+�DWp�DSUR[LPDGDPHQWH���

3 reSultAdoS e diScuSSÃo

3.1 espalhamento da luz dinâmica

2�WDPDQKR�PpGLR�GDV�SDUWtFXODV�IRL�GH�������QP��R�JUi¿FR�D�VHJXLU� LOXVWUD�D�GLVWULEXLomR�GH�
WDPDQKR�HP�UHODomR�DR�Q~PHUR�GH�SDUWtFXODV�

Figura 1. 'LVWULEXLomR�GH�WDPDQKRV�GDV�SDUWtFXODV�GH�IHUURÀXLGR�HP�IXQomR�GR�Q~PHUR�GH�SDUWtFXODV�

3.2 Potencial Zeta

$�)LJXUD���LOXVWUD�R�JUi¿FR�GD�GLVWULEXLomR�GH�SRWHQFLDO�]HWD�GDV�SDUWtFXODV��VHQGR�HP�PpGLD������
P9��R�TXH�LQGLFD�ERD�HVWDELOLGDGH�HP�VROXomR�

Figura 2. 'LVWULEXLomR�GR�SRWHQFLDO�]HWD�GD�DPRVWUD�GH�IHUURÀXLGR�
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3.3 0LFURVFRSLD�(OHWU{QLFD�GH�7UDQVPLVVmR

$�)LJXUD���LOXVWUD�D�LPDJHP�REWLGD�SRU�7(0�SDUD�D�DPRVWUD�GH�IHUURÀXLGR��DQWHULRUPHQWH�D�VXD�
IXQFLRQDOL]DomR�FRP�SROtPHUR�

Figura 3. ,PDJHP�GH�7(0�GD�DPRVWUD�GH�IHUURÀXLGR�FRP�DXPHQWR�GH���[�

1HVWD�¿JXUD�p�SRVVtYHO�VH�YHUL¿FDU�FODUDPHQWH�RV���DQpLV�WtSLFRV�GD�PDJQHWLWD��FRPSURYDQGR�D�
VtQWHVH�GDV�QDQRSDUWtFXODV�GH�y[LGR�GH�IHUUR�

$�DPRVWUD�UHFREHUWD�FRP�SROtPHUR�WDPEpP�IRL�REVHUYDGD�HP�7(0��H�D�LPDJHP�UHVXOWDQWH�HVWi�
LOXVWUDGD�QD�)LJXUD���

Figura 4. ,PDJHP�GH�7(0�GD�DPRVWUD�DSyV�IXQFLRQDOL]DomR�FRP�DXPHQWR�GH������[�

$�EDL[D�QLWLGH]�GD�LPDJHP�HVWi�UHODFLRQDGD�j�OLPLWDomR�GR�7(0�HP�UHODomR�D�SROtPHURV�

4 concluSÃo

$V�QDQRSDUWtFXODV�GH�PDJQHWLWD�IRUDP�VLQWHWL]DGDV�H�IXQFLRQDOL]DGDV�FRP�SROtPHUR�VDWLVIDWR�
ULDPHQWH�H�FRP�GLVWULEXLomR�GH�WDPDQKRV�H�HVWDELOLGDGH�DGHTXDGDV�SDUD�VXD�DSOLFDomR�GD�ELRPHGLFLQD�

AGrAdecimentoS

$JUDGHFLPHQWR�HVSHFLDO�DR�3URJUDPD�&LrQFLD�VHP�)URQWHLUDV��&13T���DR�,QVWLWXWR�GH�&LrQFLD�
GRV�0DWHULDLV��,&0$�±�(VSDQKD��H�D�&$3(6�

reFerÊnciAS

$66,6��/HWtFLD�0DUTXHV�GH�HW�DO��5HYLVmR��&DUDFWHUtVWLFDV�GH�QDQRSDUWtFXODV�H�SRWHQFLDLV�DSOLFDo}HV�HP�
DOLPHQWRV��%UD]LOLDQ�-RXUQDO�2I�)RRG�7HFKQRORJ\��&DPSLQDV��S��������DEU�������

$/9(6��7DWLDQD�0LGRUL�0DUWLQV�7HOOHV��6tQWHVH�H�FDUDFWHUL]DomR�GH�QDQRSDUWtFXODV�GH�y[LGRV�GH�IHUUR�
SDUD�DSOLFDo}HV�ELRPpGLFDV�����������I��'LVVHUWDomR��0HVWUDGR����&XUVR�GH�)tVLFD��8QLFDPS��&DPSLQDV��
������



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014.462

),7=3$75,&.��6FRWW�'��HW�DO��7HPSHUDWXUH�VHQVLWLYH�SRO\PHUV�IRU�GUXJ�GHOLYHU\��7HPSHUDWXUH�VHQVLWLYH�
3RO\PHUV�)RU�'UXJ�'HOLYHU\��([SHUW�5HYLHZ�2I�0HGLFDO�'HYLFHV�&DQDGD��Y�����Q�����S���������� MXO��
�����

)/25(1=$12��)iELR�+���3ROtPHURV��&LrQFLD�H�7HFQRORJLD��3RXVR�$OHJUH��8QLYDV����������������S��

obtenÇÃo de PóS e FilmeS nAnoeStruturAdoS à bASe de 
óxido de Zinco

*Ariane Porto ruiz1, rafaela da Silveira André1, Alessandra carla mendes2, elaine cristina 
Paris3

1 'HSDUWDPHQWR�GH�4XtPLFD��8)6&DU��6mR�&DUORV��63� 2 ,QVWLWXWR�GH�)tVLFD��863��6mR�&DUORV��63� 
�(PSUHVD�%UDVLOHLUD�GH�3HVTXLVD�$JURSHFXiULD��(PEUDSD�,QVWUXPHQWDomR��6mR�&DUORV��63�

QDQHTXLPLFDXIVFDU#JPDLO�FRP

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
2�REMHWLYR�GHVWH�SURMHWR�p�GHVHQYROYHU�H�FDUDFWHUL]DU�SyV�H�¿OPHV�QDQRHVWUXWXUDGRV�GH�=Q2�H��=Q[��,Q[�
2��1HVWD�HWDSD�GR�SURMHWR�IRL� UHDOL]DGD�RWLPL]DomR�GR�SURFHGLPHQWR�H[SHULPHQWDO�SDUD�REWHQomR�GRV�
PHVPRV��$WUDYpV�GH�WUDWDPHQWR�WpUPLFR�GH�UHVLQDV�SROLPpULFDV�SUHSDUDGDV�D�SDUWLU�GR�PpWRGR�GRV�SUH�
FXUVRUHV�SROLPpULFRV��3HFKLQL��XWLOL]DQGR�DFHWDWR�GH�]LQFR�FRPR�SUHFXUVRU�IRL�REWLGR�SyV�GH�=Q2�SXUR�
H�GRSDGR�FRP�,Q�QDV�SURSRUo}HV��P�P��GH�����GH�,Q�SDUD�����GH�=Q��(VWHV�IRUDP�RV�SDUkPHWURV�GH�
VtQWHVH�LQLFLDO�SDUD�D�REWHQomR�GRV�¿OPHV��$�FDUDFWHUL]DomR�GD�DPRVWUD�IRL�IHLWD�SRU�GLIUDomR�GH�UDLRV�;��
RQGH�VH�SRGH�REVHUYDU�D�IRUPDomR�GD�IDVH�FULVWDOLQD�EHP�GH¿QLGD��LGHQWL¿FDGD�FRPR�=Q2�FRP�HVWUXWXUD�
ZXUW]LWD��2V�GLIUDWRJUDPDV�WDPEpP�PRVWUDP�XP�DXPHQWR�GD�FULVWDOLQLGDGH��$V�GHSRVLo}HV�LQLFLDLV�SDUD�
D�REWHQomR�GH�¿OPHV�IRUDP�UHDOL]DGDV�VREUH�VXEVWUDWR�GH�YLGUR�FRPHUFLDO�D�SDUWLU�GD�WpFQLFD�GH�³dip-
coating´��)RL�PRGL¿FDGD�D�YLVFRVLGDGH�GD�UHVLQD�SDUD�RWLPL]DomR�GRV�SDUkPHWURV��2V�UHVXOWDGRV�REWLGRV�
LQGLFDP�TXH�VH�GHYH�YDULDU�RXWURV�SDUkPHWURV�VLPXOWDQHDPHQWH�j�YLVFRVLGDGH�H�TXH�QmR� IRL�SRVVtYHO�
LQVHULU�R�,Q�QD�UHGH�FULVWDOLQD�GH�IRUPD�H¿FLHQWH�
Palavras-chave��)LOPHV�)LQRV��QDQRSDUWtFXODV��=Q2�

obtAininG oF nAnoStructured PowderS And FilmS bASed on Zinc oxide
Abstract
7KH�REMHFWLYH�RI�WKLV�ZRUN�LV�WR�GHYHORS�DQG�FKDUDFWHUL]H�QDQRVWUXFWXUHG�¿OPV�EDVHG�RQ�WKH�GHSRVLWLRQ�RI�
=Q2�DQG��=Q[��,Q[�2�RQ�WKH�JODVV�VXEVWUDWHV��7KH�RSWLPL]DWLRQ�RI�WKH�H[SHULPHQWDO�SURFHGXUH�ZDV�FDUULHG�
RXW�REWDLQLQJ�SXUH�DQG�GRSHG�=Q2�¿OPV�ZLWK�DGGLWLRQ�RI�LQGLXP�LQ�D�SURSRUWLRQ�RI�����PRO�SHUFHQWDJH��
7KH�SRZGHUV�ZDV�REWDLQHG�E\�KHDW�WUHDWPHQW�RI�SRO\PHULF�UHVLQV�SUHSDUHG�IURP�SRO\PHULF�SUHFXUVRU�
PHWKRG��3HFKLQL���XVLQJ�]LQF�DFHWDWH�DV�D�SUHFXUVRU���7KH�REWDLQHG�PDWHULDO�ZDV�FKDUDFWHUL]HG�E\�;�UD\�
GLIIUDFWLRQ��DQG� LW�FDQ�EH�REVHUYHG� WKH� IRUPDWLRQ�RI�ZHOO�GH¿QHG�FU\VWDOOLQH�SKDVH� LGHQWL¿HG�DV�=Q2�
ZXUW]LWH�VWUXFWXUH��7KH�;5'�SDWWHUQV�DOVR�LQGLFDWHG�WKDW�WKH�DQQHDOLQJ�WHPSHUDWXUH�LQFUHDVLQJ�UHVXOWV�LQ�
D�EHWWHU�GH¿QLWLRQ�RI�WKH�SHDNV��VXJJHVWLQJ�DQ�LQFUHDVH�RI�WKH�FU\VWDOOLQLW\��7KH�LQLWLDO�GHSRVLWLRQ�WR�REWDLQ�
¿OPV�ZHUH�SHUIRUPHG�RQ�FRPPHUFLDO�JODVV�VXEVWUDWH�XVLQJ�WKH�GLS�FRDWLQJ�WHFKQLTXH��7KH�UHVLQ�YLVFRVLW\�
ZDV�YDULHG�IRU�WKH�RSWLPL]DWLRQ�RI�WKH�SDUDPHWHUV��7KH�REWDLQHG�UHVXOWV�LQGLFDWHG�WKDW�RWKHU�SDUDPHWHUV�
VKRXOG�EH�VLPXOWDQHRXVO\�YDULHG��7KH�LQGLXP�QRW�HQWHUHG�LQ�WKH�=Q2�ODWWLFH�DV�ZDV�H[SHFWHG�
Keywords: 7KLQ�)LOPV��=Q2�

3XEOLFDo}HV�UHODFLRQDGDV��7UDEDOKR�DSUHVHQWDGR�QD�9,�-RUQDGD�&LHQWt¿FD�±�(PEUDSD�6mR�&DUORV�QR�GLD�
���GH�MXQKR�GH������

1 introduÇÃo

1R�FHQiULR�HFRQ{PLFR�DWXDO��R�%UDVLO�DSUHVHQWD�VH�FRPR�JUDQGH�SURGXWRU�GH�IUDQJR�SDUD�FRUWH��
DWLYLGDGH�HVWD�TXH�JHUD�JUDQGHV�EHQHItFLRV�VRFLDLV�D�SRSXODomR�HP�JHUDO��PDV�H[LVWH�XPD�SUHRFXSDomR�
HP�UHODomR�j�TXDOLGDGH�GR�DPELHQWH�HP�DYLiULRV��HVSHFLDOPHQWH�HP�UHODomR�j�DP{QLD�TXH�VH�GHVSUHQGH�
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GD�FDPD�H�DIHWD�D�VD~GH�DQLPDO��2V�QtYHLV�GH�DP{QLD�DWp����SSP�QmR�VmR�SHUFHELGRV�FRPR�QRFLYRV�SHORV�
FULDGRUHV��SRLV�WHRULFDPHQWH�R�ROIDWR�KXPDQR�QmR�GHWHFWD�D�SUHVHQoD�GH�DP{QLD�HP�QtYHLV�DEDL[R�GH����
ppm>���@��2�REMHWLYR�GHVWH�SURMHWR�p�GHVHQYROYHU�H�FDUDFWHUL]DU�SyV�H�¿OPHV�QDQRHVWUXWXUDGRV�GH�=Q2�H�
�=Q[��,Q[�2��XPD�YH]�TXH�D�VHQVLELOLGDGH�GH�PDWHULDLV�QD�QR�HVWUXWXUDGRV�FRPR�=Q2��6Q2�H�,Q2O�� sinte�
WL]DGRV�SRU�VRO�JHO�p�FRQKHFLGD�H�VDWLVIDWyULD�.

2 mAteriAiS e métodoS

2.1 =Q2�SXUR�±�2EWHQomR�H�&DUDFWHUL]DomR�GH�SyV�H�¿OPHV

5HVLQDV�SROLPpULFDV�H�SyV�GH�=Q2�IRUDP�VLQWHWL]DGRV�DWUDYpV�GR�PpWRGR�GRV�SUHFXUVRUHV�SROL�
PpULFRV��XWLOL]DQGR�VH�DFHWDWR�GH�]LQFR�>=Q(C2H�O2)2, Synth@�FRPR�SUHFXUVRU��&RQVLGHUDQGR�D�SURSRUomR�
PRODU�GH�=Q���iFLGR�FtWULFR�LJXDO�D������R�DFHWDWR�GH�]LQFR�IRL�DGLFLRQDGR�j�VROXomR�DTXRVD�GH�iFLGR�FtWUL�
FR�DQLGUR��&�+�O���9HWHF��VRE�DJLWDomR�FRQVWDQWH��MXQWDPHQWH�D���P/�GH�+12� para evitar a precipita�
omR��(WLOHQRJOLFRO��C2H�O2, J.T. Backer��IRL�DGLFLRQDGR�j�VROXomR�GH�FLWUDWR�GH�=Q�FRQVLGHUDQGR�D�UD]mR�
HP�PDVVD�GH�iFLGR�FtWULFR���HWLOHQRJOLFRO�LJXDO�D������(VVD�VROXomR�IRL�PDQWLGD�HP�DJLWDomR�FRQVWDQWH�
H�DTXHFLGD�j�WHPSHUDWXUD�GH������o&�D�¿P�GH�SURPRYHU�D�UHDomR�GH�SROLHVWHUL¿FDomR�H�HYDSRUDomR�GR�
H[FHVVR�GH�VROYHQWH��'XUDQWH�HVWD�HWDSD�GH�DTXHFLPHQWR�D������o&�IRL�IHLWR�R�DMXVWH�GD�YLVFRVLGDGH�GDV�
UHVLQDV�HP����F3�H���F3��DV�TXDLV�IRUDP�XWLOL]DGD�QD�GHSRVLomR�GH�¿OPHV�SHOD�WpFQLFD�GH�dip-coating. 
3DUD�D�REWHQomR�GRV�SyV�GH�=Q2��SDUWH�GHVVDV�UHVLQDV�UHVXOWDQWHV�IRUDP�FDOFLQDGD�D����o&�SRU��K�FRP�
WD[D�GH�DTXHFLPHQWR�GH���o&�PLQ��2�Sy�UHVXOWDQWH�IRL�PDFHUDGR�HP�DOPRIDUL]�GH�iJDWD�H�GLYLGLGR�HP�
WUrV�SRUo}HV��DV�TXDLV�IRUDP�WUDWDGDV�WHUPLFDPHQWH�D����������H����o&�SRU��K��FRP�WD[D�GH�DTXHFLPHQWR�
GH���o&�PLQ��$�FDUDFWHUL]DomR�HVWUXWXUDO�GHVWDV�DPRVWUDV�IRUDP�IHLWDV�DWUDYpV�GH�PHGLGDV�GH�'5;��3DUD�
D�REWHQomR�GRV�¿OPHV�GH�=Q2��DSyV�D�GHSRVLomR�HP�VXEVWUDWR�GH�YLGUR�FRPXP��R�¿OPH�IRL�FDOFLQDGR�D�
���o&�SRU��K�FRP�WD[D�GH�DTXHFLPHQWR�GH��o&�PLQ�H�HP�VHJXLGD�IRL�WUDWDGR�WHUPLFDPHQWH�D����o&�SRU�
�K��FRP�WD[D�GH�DTXHFLPHQWR�GH��o&�PLQ��7DO�SURFHGLPHQWR�IRL�UHSHWLGR�D�FDGD�GHSRVLomR�WRWDOL]DQGR���
FDPDGDV�GH�¿OPH�

2.2 (Zn1-xinx�2�±�2EWHQomR�H�&DUDFWHUL]DomR�GH�SyV

2V�SyV�GH��=Q��[,Q[�2�IRUDP�VLQWHWL]DGRV�DWUDYpV�GR�PpWRGR�GRV�SUHFXUVRUHV�SROLPpULFRV��XWLOL�
]DQGR�VH�DFHWDWR�GH�]LQFR�>=Q(C2H�O2)2, Synth@�H�FORUHWR�GH�]LQFR�>=Q&O���Sigma Aldrich@�FRPR�SUHFXU�
VRU��&RQVLGHUDQGR�D�SURSRUomR�PRODU�GH��=Q�,Q����iFLGR�FtWULFR�LJXDO�D������H�D�SURSRUomR�HQWUH�]LQFR�
H�tQGLR�FRPR�����GH�tQGLR�2V�SUHFXUVRUHV�IRUDP�DGLFLRQDGR�j�VROXomR�DTXRVD�GH�iFLGR�FtWULFR�DQLGUR�
�&�+�O���9HWHF��VRE�DJLWDomR�FRQVWDQWH��MXQWDPHQWH�D���P/�GH�+12��SDUD�HYLWDU�D�SUHFLSLWDomR��(WLOH�
QRJOLFRO��C2H�O2, J.T. Backer��IRL�DGLFLRQDGR�j�VROXomR�FRQVLGHUDQGR�D�UD]mR�HP�PDVVD�GH�iFLGR�FtWULFR�
��HWLOHQRJOLFRO�LJXDO�D������(VVD�VROXomR�IRL�PDQWLGD�HP�DJLWDomR�FRQVWDQWH�H�DTXHFLGD�j�WHPSHUDWXUD�GH�
�����o&�D�¿P�GH�SURPRYHU�D�UHDomR�GH�SROLHVWHUL¿FDomR�H�HYDSRUDomR�GR�H[FHVVR�GH�VROYHQWH��(VVD�UHVL�
QDV�UHVXOWDQWHV�IRUDP�FDOFLQDGDV�D����o&�SRU��K�FRP�WD[D�GH�DTXHFLPHQWR�GH���o&�PLQ��2�Sy�UHVXOWDQWH�
IRL�PDFHUDGR�HP�DOPRIDUL]�GH�iJDWD�H�GLYLGLGR�HP�WUrV�SRUo}HV��DV�TXDLV�IRUDP�WUDWDGDV�WHUPLFDPHQWH�D�
���������H����o&�SRU��K��FRP�WD[D�GH�DTXHFLPHQWR�GH���o&�PLQ��$�FDUDFWHUL]DomR�HVWUXWXUDO�GHVWHV�IRL�
IHLWD�DWUDYpV�GH�PHGLGDV�GH�'5;��

3 reSultAdoS e diScuSSÃo

1R�GLIUDWRJUDPD�UHDOL]DGR�SDUD�DV�DPRVWUDV�GH�=Q2�SXUR��)LJXUD����SRGH�VH�REVHUYDU�D�IRUPD�
omR�GD�IDVH�ZXUW]LWD��FRP�SLFRV�EHP�GH¿QLGRV�H�FDUDFWHUtVWLFRV�SDUD�=Q2��2EVHUYD�VH�WDPEpP�DXPHQWR�
GD�FULVWDOLQLGDGH�SURSRUFLRQDO�DR�DXPHQWR�GD�WHPSHUDWXUD�GH�WUDWDPHQWR�WpUPLFR��$QDOLVDQGR�R�GLIUD�
WRJUDPD�UHDOL]DGR�SDUD�DV�DPRVWUDV�GH��=Q����,Q�����2��)LJXUD����SRGH�VH�REVHUYDU�TXH�Ki�D�IRUPDomR�GD�
IDVH�ZXUW]LWD��FRP�SLFRV�EHP�GH¿QLGRV�H�FDUDFWHUtVWLFRV�SDUD�=Q2�SDUD�DV�DPRVWUDV�WUDWDGDV�D�����&�
H�����&��Mi�SDUD�D�DPRVWUD�D�����&�REVHUYD�VH�R�VXUJLPHQWR�GH�SLFRV�FDUDFWHUtVWLFRV�GR�,Q�2���R�TXH�
LQGLFD�TXH�QmR�KRXYH�D�HQWUDGD�GR�GRSDQWH�QD�HVWUXWXUD��8PD�SRVVtYHO�FDXVD�p�R�H[FHVVR�GH�GRSDQWH��
WRUQDQGR�HQWmR�QHFHVViULD�D�YDULDomR�GH�WDO�SDUkPHWUR�HP�HWDSDV�IXWXUDV�
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Figura 1. '5;�=Q2�SXUR

Figura 2. 'LIUDWRJUDPDV�REWLGRV�SRU�'5;�GDV�DPRVWUDV�GH��=Q����,Q�����2�WUDWDGDV�WHUPLFDPHQWH�GH�����D�����&�
por duas horas.

3.1 &DUDFWHUL]DomR�GRV�)LOPHV�±�('6

$�SDUWLU�GRV�GDGRV�REWLGRV�DWUDYpV�GR�('6��)LJXUD�����SRGH�VH�REVHUYDU�XPD�FRQFHQWUDomR�GH�
VLOtFLR�SUHVHQWH�QD�LPDJHP�LQGLFDQGR�TXH�R�¿OPH�DSUHVHQWD�LPSHUIHLo}HV�QmR�UHFREULQGR�SRU�FRPSOHWR�
R�VXEVWUDWR��(P�FRQWUDSDUWLGD��QDV�UHJL}HV�RQGH�R�PDWHULDO�VH�HQFRQWUD�p�SRVVtYHO�QRWDU�XPD�GLVWULEXLomR�
KRPRJrQHD�GH�=Q�H�2��LQGLFDQGR�D�DXVrQFLD�GH�FRQWDPLQDQWHV�QHVVD�UHJLmR�
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Figura 3. ('6�GR�¿OPH�GH�=Q2�SXUR�FRP�YLVFRVLGDGH���F3�

4 concluSÃo

&RQFOXL�VH�TXH�D�SURSRUomR�GH�,Q�GHYH�VHU�YDULDGD�EHP�FRPR�RXWURV�SDUkPHWURV�SDUD�TXH�VH�
torne possível a dopagem.

(P� GHFRUUrQFLD� GD� QmR�XQLIRUPLGDGH� GRV� ¿OPHV� REWLGRV�� p� GH� IXQGDPHQWDO� LPSRUWkQFLD� GDU�
FRQWLQXLGDGH�DR�SURFHVVR�GH�RWLPL]DomR�GH�VtQWHVH�SDUD�TXH�SRVWHULRUPHQWH�RV�¿OPHV�SRVVDP�VHU�GHSR�
VLWDGRV�HP�VXEVWUDWRV�FRP�HOHWURGRV�H�VHUHP�WHVWDGRV�QR�VHQVRULDPHQWR�GD�DP{QLD�

AGrAdecimentoS

(PEUDSD�,QVWUXPHQWDomR��&13T��&$3(6�

reFerÊnciAS

���2OLYHLUD��&�9�$�'�2�$�0�&���7HRU�GH�0DWpULD�6HFD��S+�H�$P{QLD�9RODWLOL]DGD�GD�&DPD�GH�)UDQJR�
7UDWDGD�RX�1mR�FRP�'LIHUHQWHV�$GLWLYRV����5HY��%UDV��=RRWHF������������S����������

���0LDJOLRWWD��,�$�1�0�6�%�0�(�&�$�0�<���4XDOLGDGH�GR�$U�GH�'RLV�6LVWHPDV�3URGXWLYRV�GH�)UDQJRV�
GH�&RUWH�FRP�9HQWLODomR�H�'HQVLGDGH�'LIHUHQFLDGDV�±�(VWXGR�GH�&DVR��(QJ��$JUtF�������������S�������

���6DPSDLR��0�$�3�0���HW�DO���(VWXGR�GD�3RSXODomR�0LFURELDQD�H�GD�/LEHUDomR�GH�$P{QLD�GD�&DPD�GH�
)UDQJR�7UDWDGD�FRP�*HVVR�$JUtFROD����$UT��%UDV��0pG��9HW��=RRWHF�������������S����������

���5RXW��&�6���HW�DO���$PPRQLD�VHQVRUV�EDVHG�RQ�PHWDO�R[LGH�QDQRVWUXFWXUHV��1DQRWHFKQRORJ\��������
�������
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eStudo dA SínteSe de nAnoPArtículAS de mAGnetitA 
Pelo método Solvotérmico A PArtir de cloreto de 

Ferro e Ferro metálico

*Fernando barbosa de Freitas Silva1, caue ribeiro oliveira2, elaine cristina Paris2, Geraldo 
magela da costa3

18QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��'HSDUWDPHQWR�GH�4XtPLFD��2(PEUDSD�,QVWUXPHQWDomR�±�
/DERUDWyULR�1DFLRQDO�GH�1DQRWHFQRORJLD�$SOLFDGD�DR�$JURQHJyFLR���8QLYHUVLGDGH�)HGHUDO�GH�2XUR�

3UHWR��'HSDUWDPHQWR�GH�4XtPLFD�
IHUQDQGRIUHLWDV�#JPDLO�FRP

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
(VWH�WUDEDOKR�DSUHVHQWD�R�GHVHQYROYLPHQWR�H�D�RWLPL]DomR�GD�VtQWHVH�GH�QDQRSDUWtFXODV�PDJQpWLFDV�FRP�
SRVWDV�GH�y[LGR�GH� IHUUR�SRU�XP�PpWRGR�VROYRWpUPLFR�FRP�iOFRRO�EHQ]tOLFR�XWLOL]DQGR�VH�FORUHWR�GH�
IHUUR�,,,��KH[DKLGUDWDGR�FRPR�SUHFXUVRU�PHWiOLFR�HP�VXEVWLWXLomR�DR�DFHWLODFHWRQDWR�GH�IHUUR�,,,���2V�
SDUkPHWURV�GH�VtQWHVH�IRUDP�HVWXGDGRV�H�YDULDGRV�SDUD�VH�REWHU�XP�DOWR�UHQGLPHQWR�GH�PDJQHWLWD��)HUUR�
PHWiOLFR�IRL�DYDOLDGR�FRPR�XP�DJHQWH�UHGXWRU�H�IRQWH�GH�IHUUR��$OpP�GLVVR��D�XWLOL]DomR�GH�XUHLD�FRPR�
DJHQWH�SUHFLSLWDQWH�IRL�FUXFLDO�SDUD�R�DXPHQWR�GR�UHQGLPHQWR�GH�PDJQHWLWD��UHGX]LQGR�D�DFLGH]�GR�PHLR�
H��DR�PHVPR�WHPSR��LQGX]LQGR�D�SUHFLSLWDomR�GRV�tRQV�)H2+��/RQJRV�WHPSRV�GH�WUDWDPHQWR�H�DXVrQFLD�
GH�DJLWDomR�OHYDUDP�D�XP�DXPHQWR�QR�UHQGLPHQWR�GH�PDJQHWLWD��FXMR�SURFHVVR�GH�IRUPDomR�VHJXLX�D�
³2VWZDOG�VHWS�UXOH´��$V�SDUWtFXODV�IRUDP�FDUDFWHUL]DGDV�SRU�GLIUDomR�GH�UDLRV�;��HVSHFWURVFRSLD�0|V�
VEDXHU��)7,5�H�0(7��H�XP�UHQGLPHQWR�Pi[LPR�GH�����GH�PDJQHWLWD�IRL�DOFDQoDGR��$�SROLPHUL]DomR�
GR�iOFRRO�EHQ]tOLFR�GXUDQWH�R�WUDWDPHQWR�VROYRWpUPLFR�GHPRQVWURX�VH�LPSRUWDQWH�QR�UHFREULPHQWR�GDV�
nanopartículas. 
Palavras-chave��1DQRSDUWtFXODV�PDJQpWLFDV��0DJQHWLWD��0pWRGR�VROYRWpUPLFR��0pWRGR�5LHWYHOG

StudY on tHe SYntHeSiS oF mAGnetite tHrouGH SolvotHermAl metHod 
bASed on iron cHloride And metAllic iron
Abstract
7KLV�SDSHU�SUHVHQWV�WKH�GHYHORSPHQW�DQG�RSWLPL]DWLRQ�RI�WKH�V\QWKHVLV�RI�PDJQHWLF�QDQRSDUWLFOHV�FRP�
SRVHG�RI�LURQ�R[LGHV�E\�D�VROYRWKHUPDO�PHWKRG�ZLWK�EHQ]\O�DOFRKRO�XVLQJ�LURQ�,,,��FKORULGH�KH[DK\GUDWH�
DV�PHWDOOLF�SUHFXUVRU�LQ�VXEVWLWXWLRQ�RI�LURQ�,,,��DFHW\ODFHWRQDWH��7KH�V\QWKHVLV�SDUDPHWHUV�ZHUH�VWXGLHG�
DQG�YDULHG�WR�REWDLQ�D�KLJK�\LHOG�RI�PDJQHWLWH��0HWDOOLF�LURQ�ZDV�HYDOXDWHG�DV�D�UHGXFLQJ�DJHQW�DQG�LURQ�
VRXUFH��)XUWKHUPRUH��WKH�XVH�RI�XUHD�DV�D�SUHFLSLWDWLRQ�DJHQW�ZDV�FUXFLDO�WR�LQFUHDVLQJ�WKH�\LHOG�RI�PDJ�
QHWLWH��DW�RQFH�UHGXFLQJ�WKH�DFLGLW\�RI�WKH�PHGLXP�DQG�LQGXFLQJ�WKH�SUHFLSLWDWLRQ�RI�)H2+�LRQV��/RQJHU�
WUHDWPHQW�WLPHV�DQG�QR�VWLUULQJ�OHG�WR�DQ�LQFUHDVH�LQ�WKH�\LHOG�RI�PDJQHWLWH��ZKRVH�IRUPDWLRQ�SURFHVV�
IROORZHG�WKH�2VWZDOG�VWHS�UXOH�DQG�D�����PD[LPXP�\LHOG�RI�PDJQHWLWH�ZDV�DFKLHYHG��7KH�SRO\PHU�
L]DWLRQ�RI�EHQ]\O�DOFRKRO�GXULQJ�WKH�VROYRWKHUPDO�WUHDWPHQW�ZDV�VKRZQ�WR�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�
nanoparticle capping. 
Keywords:�0DJQHWLF�QDQRSDUWLFOHV��0DJQHWLWH��6ROYRWKHUPDO�PHWKRG��5LHWYHOG�PHWKRG

3XEOLFDo}HV�UHODFLRQDGDV��LQGLFDU�DV�SXEOLFDo}HV�UHODFLRQDGDV�FRP�R�WUDEDOKR�
6LOYD�� )�� %�� )��� 3DULV�� (�� &��� 5LEHLUR�� &��� 6\QWKHVLV� RI�PDJQHWLF� QDQRSDUWLFOHV� WKURXJK� VROYRWKHUPDO�
PHWKRG�IRU�HQ]\PH� LPPRELOL]DWLRQ��;,�(QFRQWUR�GD�6RFLHGDGH�%UDVLOHLUD�GH�3HVTXLVD�HP�0DWHULDLV��
)ORULDQySROLV�������

1 introduÇÃo

1DQRSDUWtFXODV�PDJQpWLFDV�HVWiYHLV��HP�HVSHFLDO�DV�GH�y[LGR�GH�IHUUR��PDJQHWLWD�H�PDJKHPLWD��
GHVSHUWDP�JUDQGH�LQWHUHVVH�HP�SHVTXLVDGRUHV�GH�YiULRV�FDPSRV�GR�FRQKHFLPHQWR�6mR�FRQVLGHUDGDV�PD�
WHULDLV�ELRFRPSDWtYHLV��TXH�DSUHVHQWDP�IRUWHV�SURSULHGDGHV�PDJQpWLFDV�H�EDL[D�WR[LFLGDGH��7DLV�SURSULH�
GDGHV�SRVVLELOLWDP�VXD�XWLOL]DomR�QD�SURGXomR�GH�ÀXLGRV�PDJQpWLFRV��HP�GLVSRVLWLYRV�GH�DUPD]HQDPHQWR�
GH�GDGRV�H�HP�SURFHVVRV�ELRPpGLFRV�FRPR�D�VHSDUDomR�FHOXODU��FDUUHJDPHQWR�GH�IiUPDFRV��WUDWDPHQWRV�
GH�KLSHUWHUPLD��FRQWUDVWHV�SDUD�D�REWHQomR�GH�LPDJHQV�SRU�UHVVRQkQFLD�PDJQpWLFD�QXFOHDU�H�LPRELOL]DomR�
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GH�HQ]LPDV�H�SURWHtQDV��6&+h7+�HW�DO����������-25'$1�HW�DO���������
7DLV�QDQRSDUWtFXODV�UHFREHUWDV�FRP�FDWDOLVDGRUHV�SURPRYHP�D�IiFLO�UHFXSHUDomR�GHVWHV�HP�UH�

Do}HV�HP�HVWDGR�OtTXLGR�VHP�TXH�HVWHV�SHUFDP�IDFLOPHQWH�D�VXD�DWLYLGDGH�H�HQDQWLRVHOHWLYLGDGH��&DWD�
OLVDGRUHV�WmR�SHTXHQRV�H�PDJQHWLFDPHQWH�VHSDUiYHLV�SRGHP�FRPELQDU�DV�YDQWDJHQV�GH�DOWD�GLVSHUVmR�H�
UHDWLYLGDGH�FRP�IiFLO�VHSDUDomR��H�D�UHGXomR�GH�FXVWRV�SHOD�UHFLFODJHP�GHVVHV�FDWDOLVDGRUHV�

1D�VtQWHVH�VROYRWpUPLFD��R� VROYHQWH�RUJkQLFR�DWXD�QmR�VRPHQWH�FRPR�R�VROYHQWH�GD�VROXomR��
SRGH�DWXDU�WDPEpP�FRPR�OLJDQWH�RUJkQLFR�H�VXUIDFWDQWH��H�SRGH�VHU�IRQWH�GH�R[LJrQLR�SDUD�D�IRUPDomR�GH�
y[LGRV��(VWH�WUDEDOKR�WHYH�SRU�REMHWLYR�D�REWHQomR�GH�QDQRSDUWtFXODV�PDJQpWLFDV�GH�y[LGR�GH�IHUUR�SRU�
PHLR�GR�PpWRGR�VROYRWpUPLFR�FRP�iOFRRO�EHQ]tOLFR�VHJXQGR�R�PpWRGR�GHVFULWR�SRU�3LQQD�HW�DO��������
XWLOL]DQGR�VH�FRPR�SUHFXUVRUHV�PHWiOLFRV�RV�FORUHWRV�GH�IHUUR��,,,��KH[DKLGUDWDGR�H�IHUUR�PHWiOLFR��3,1�
1$�HW�DO��������

2V�UHVXOWDGRV�REWLGRV�LQGLFDP�TXH�R�PpWRGR�SURSRVWR�SRVVLELOLWRX�D�IRUPDomR�GH�y[LGRV�GH�IHUUR�
HP�HVFDOD�QDQRPpWULFD�FRP�DOWR�UHQGLPHQWR�GH�IDVHV�PDJQpWLFDV

2 mAteriAiS e métodoS

7RGRV�RV�SURFHGLPHQWRV�GH�VtQWHVH�IRUDP�UHDOL]DGRV�HP�DWPRVIHUD�LQHUWH�GH�12�HP�JORYHER[�
�>+�2@������SSP���2V�SUHFXUVRUHV�GH�IHUUR��WRWDOL]DQGR�VHPSUH�����PPRO�GH�)H�H����J�GH�XUHLD�������
PPRO���IRUDP�DGLFLRQDGRV�D���P/�GH�iOFRRO�EHQ]tOLFR�FRQWLGR�HP�XPD�FiSVXOD�GH�ERURVLOLFDWR�GH���P/�
HP�DJLWDomR�PDJQpWLFD��$SyV�D�KRPRJHQHL]DomR�GD� VXVSHQVmR�� D� FiSVXOD� IRL� FRORFDGD�XP� UHDWRU�GR�
WLSR�DXWRFODYH�TXH�IRL�FXLGDGRVDPHQWH�YHGDGR��2�UHDWRU�IRL�UHWLUDGR�GD�JORYHER[�H�DTXHFLGR�D�����&�
SRU�GLIHUHQWHV� WHPSRV�XWLOL]DQGR�VH�XP�FRQWURODGRU�GH� WHPSHUDWXUD��$V�VXVSHQV}HV� UHVXOWDQWHV� IRUDP�
FHQWULIXJDGDV�D������USP��RV�SUHFLSLWDGRV�ODYDGRV�FRP�DFHWRQD�H�HWDQRO��H�VHFDGRV�HP�HVWXID�D����&��
$V�SDUWtFXODV�REWLGDV�IRUDP�LGHQWL¿FDGDV�H�FDUDFWHUL]DGDV�SRU�PHLR�GH�GLIUDomR�GH�UDLRV�;�FRP�UDGLDomR�
&X�._��HVSHFWURVFRSLD�0|VVEDXHU��PLFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR��)7,5��H�RV�VXESURGXWRV�SRU�
)7,5�H�501�+1.

3 reSultAdoS e diScuSSÃo

2�HIHLWR�GR�IHUUR�PHWiOLFR�QD�IRUPDomR�GD�PDJQHWLWD�IRL�DYDOLDGR�YDULDQGR�VH�D�VXD�IUDomR�QD�
FRQFHQWUDomR�WRWDO�GH�IHUUR�QR�VLVWHPD��2V�GLIUDWRJUDPDV�GRV�SURGXWRV�REWLGRV�QHVVD�SULPHLUD�DYDOLDomR�
HVWmR�DSUHVHQWDGRV�QD�)LJ���D��RQGH�p�SRVVtYHO�REVHUYDU�TXH�R�PDLRU�UHQGLPHQWR�GH�PDJQHWLWD�QD�PLV�
WXUD�GH�IDVHV��PDJQHWLWD�H�KHPDWLWD��IRL�REWLGR�FRP�����GH�IHUUR�PHWiOLFR��2�UHQGLPHQWR�GH�PDJQHWLWD�
DXPHQWRX�VLJQL¿FDWLYDPHQWH�FRP�D�DGLomR�GH�XUHLD�H�FRP�R�DXPHQWR�GR�WHPSR�GH�UHDomR�SDUD����H����
KRUDV��3,03+$��&+$/($7:/(57�80321���������2�GLIUDWRJUDPD�GR�SURGXWR�REWLGR�QD�VtQWHVH�GH�
���KRUDV�SRGH�VHU�REVHUYDGR�QD�)LJ���E��RQGH�HQFRQWUD�VH�WDPEpP�R�GLIUDWRJUDPD�FDOFXODGR�SHOR�PpWRGR�
GH�UH¿QDPHQWR�GH�5LHWYHOG��$V�IUDo}HV�GH�PDJQHWLWD�FDOFXODGDV�SHOR�0pWRGR�5LHWYHOG�HVWmR�DSUHVHQWD�
GDV�QD�7DE�����RQGH�HQFRQWUDP�VH�WDPEpP�DV�IUDo}HV�REWLGDV�SHORV�GDGRV�GH�HVSHFWURVFRSLD�0|VVEDXHU��
TXH�FRQ¿UPDUDP�D�LGHQWL¿FDomR�GD�PDJQHWLWD�H�WDPEpP�D�SUHVHQoD�GH�SHTXHQDV�TXDQWLGDGHV�GH�JRHWLWD�
H�GH�PDJQHWLWD�QmR�HVWHTXLRPpWULFD�H�RX�PDJKHPLWD�
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Figura 1. D��'LIUDWRJUDPDV�GRV�SURGXWRV�REWLGRV�YDULDQGR�VH�D�IUDomR�GH�IHUUR�PHWiOLFR��E��'LIUDWRJUDPDV�
REVHUYDGR�H�FDOFXODGR�GR�SURGXWR�REWLGR�QD�VtQWHVH�UHDOL]DGD�HP����KRUDV��
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tabela 1. 4XDQWL¿FDomR�GDV�IDVHV�REWLGDV�SRU�0pWRGR�5LHWYHOG�H�(VSHFWURVFRSLD�0|VVEDXHU�
rietveld mössbauer

Amostra Fe3o4 Fe2o3 Fe3o4 Fe2o3 Feo(oH)

X���B��KBV ���� ���� ���� ���� ���

X���B��KBV ���� ���� ���� ���� ���

X���B��KBV ���� ���� ������ ������ ������

X���B��KBQV ���� ��� ���� ��� ���

X���B��KBQV ���� ��� ���� ��� ���
As siglas u25%_24h_s, u25%_48h_s e u25%_96h_s correspondem às amostras sintetizadas com 25% de ferro metálico, 

submetidas a tratamentos de 24, 48 e 96 com agitação magnética; u25%_96h_ns corresponde à síntese realizada com 25% 
de ferro metálico e 96 horas de tratamento sem agitação e a sigla u12%_96h_ns corresponde à síntese com 12% de ferro 

metálico e 96 horas de tratamento sem agitação.

$V�SDUWtFXODV� IRUDP�REVHUYDGDV�SRU�PLFURVFRSLD�HOHWU{QLFD�GH� WUDQVPLVVmR��)LJ�����H�H[LEHP�
XPD�ERD�UHJXODULGDGH�GH�WDPDQKRV��FRP�GLkPHWUR�PpGLR�GH���QP�QDV�VtQWHVHV�UHDOL]DGDV�HP��������
KRUDV�H����KRUDV�

Figura 2. 0LFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR�GD�DPRVWUD�VLQWHWL]DGD�FRP�XUHLD�H�����GH�)H��HP��D����K��E��
��K�H�F����K

$�HVSHFWURVFRSLD�QR�LQIUDYHUPHOKR�IRL�XWLOL]DGD�SDUD�VH�LQYHVWLJDU�DV�HVSpFLHV�RUJkQLFDV�QD�VX�
SHUItFLH�GDV�SDUWtFXODV��)LJ������3DUD�LVWR�IRUDP�REWLGRV�HVSHFWURV�SHOR�PRGR�GH�UHÀHWkQFLD�GLIXVD�GDV�
DPRVWUDV�8U��K��8U��K�H�8U��K��H�HVWHV�IRUDP�FRPSDUDGRV�DRV�HVSHFWURV�GR�iOFRRO�EHQ]tOLFR�SXUR�H�GH�
XPD�DPRVWUD�GR�VROYHQWH�SROLPHUL]DGR�REWLGR�FRPR�VXESURGXWR�GH�XPD�GDV�VtQWHVHV�

&RPSDUDQGR�VH�RV�HVSHFWURV�GR�iOFRRO�EHQ]tOLFR�H�GR�VXESURGXWR�SROLPHUL]DGR�p�SRVVtYHO�LQIHULU�
TXH�RV�DQpLV�DURPiWLFRV�VH�PDQWpP�LQDOWHUDGRV�FRP�R�SURFHVVR�GH�SROLPHUL]DomR��YLVWR�TXH�DV�EDQGDV�
DWULEXtGDV�jV�OLJDo}HV�GR�DQHO�FRLQFLGHP�HP�DPERV�RV�HVSHFWURV��$�GLPLQXLomR�GD�LQWHQVLGDGH�GDV�EDQ�
GDV�UHODFLRQDGDV�jV�OLJDo}HV�FRP�R�R[LJrQLR�HVWi�HP�FRQFRUGkQFLD�FRP�D�KLSyWHVH�GH�SROLPHUL]DomR�GR�
VROYHQWH�H�DV�OLJDo}HV�2�+�UHPDQHVFHQWHV�GHYHP�VH�DR�IDWR�GH�D�SROLPHUL]DomR�QmR�WHU�VLGR�FRPSOHWD��
2V�HVSHFWURV�GDV�DPRVWUDV�8U��K��8U��K�H�8U��K�H[LELUDP�D�EDQGD�FDUDFWHUtVWLFD�GD�OLJDomR�)H�2�SDUD�
D�PDJQHWLWD�HP�WRUQR�GH����FP��.

$�SROLPHUL]DomR�GR�iOFRRO�EHQ]tOLFR�RFRUULGD�GXUDQWH�R�WUDWDPHQWR�VROYRWpUPLFR�OHYRX�j�IRUPD�
omR�GH�XP�VREUHQDGDQWH�HVFXUR�H�GH�DOWD�YLVFRVLGDGH��FRP�OLEHUDomR�GH�iJXD��H�RFRUUHX�SRU�PHLR�GH�UHD�
o}HV�GR�WLSR�DOTXLODomR�GH�)ULHGHO�&UDIWV��$�SROLPHUL]DomR�GR�iOFRRO�EHQ]tOLFR�IRL�YHUL¿FDGD�WDPEpP�SRU�
PHLR�GH�HVSHFWURVFRSLD�GH�UHVVRQkQFLD�PDJQpWLFD�QXFOHDU��XWLOL]DQGR�VH�R�iOFRRO�EHQ]tOLFR�SXUR��%$��H�
XPD�DPRVWUD�GR�VXESURGXWR�SROLPHUL]DGR�
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Figura 3. (VSHFWURV�QD�UHJLmR�GR�LQIUDYHUPHOKR��)7,5��GR�VROYHQWH��%$���GR�VROYHQWH�SROLPHUL]DGR��%$���H�GDV�
DPRVWUDV�X���B��KBV��X���B��KBV�H�X���B��KBV��D��GH������D�����FP���E��GH������D����FP��

4 concluSÃo

2�HVWXGR�DSUHVHQWDGR�QHVWH�WUDEDOKR�VXJHUH�TXH�D�VtQWHVH�VROYRWpUPLFR�FRP�iOFRRO�EHQ]tOLFR�p�
XP�PpWRGR�SURPLVVRU�SDUD�D�REWHQomR�GH�QDQRSDUWtFXODV�GH�PDJQHWLWD��QD�SUHVHQoD�GH�XUHLD��D�SDUWLU�GR�
FORUHWR�IHUUR�,,,��KH[DKLGUDWDGR��FRP�DOWD�HVWDELOLGDGH�H�D�EDL[D�GLVSHUVmR�GH�WDPDQKRV��

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�D�)DSHVS��&13T��)LQHS��&DSHV�H�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD�

reFerÊnciAS´

-25'$1��-���.80$5��&��6��6��5��	�7+((*$/$��&��³3UHSDUDWLRQ�DQG�&KDUDFWHUL]DWLRQ�RI�FHOOXODVH
�ERXQG�PDJQHWLWH�QDQRSDUWLFOHV´��-RXUQDO�RI�0ROHFXODU�&DWDO\VLV�%�(Q]\PDWLF��Y�����S����������������

3,03+$�� 1��� &+$/($7:/(57�80321�� 6��� 0RUSKRORJ\�FRQWUROOHG� PDJQHWLWH� QDQRFOXVWHUV� YLD�
SRO\HWK\OHQHLPLQH�PDGLDWHG� VROYRWKHUPDO� SURFHVV�� 0DWHULDOV� &KHPLVWU\� DQG� 3K\VLFV�� Y������ S�� �����
�����

6&+h7+��)���6$/$%$6��(��/���/8��$���0DJQHWLF�1DQRSDUWLFOHV��6\QWKHVLV��3URWHFWLRQ��)XQFWLRQDOL]D�
WLRQ��DQG�$SSOLFDWLRQ��$QJHZDQGWH�&KHPLH�Y�����S������������������

3,11$��1���*5$1&+$529��6���%($72��3���%219,//(��3���$1721,(77,��0���1,('(5%(5*(5��
0���0DJQHWLWH�1DQRFU\VWDOV��1RQDTXHRXV�6\QWKHVLV��&KDUDFWHUL]DWLRQ��DQG�6ROXELOLW\��&KHPLVWU\�RI�0D�
WHULDOV���Y�����S������������������

otimiZAÇÃo dA SínteSe de óxido cÚPrico: uSo de 
SurFActAnte

*lílian cruz Santos1,2, Flávia Stefanini ribeiro1,2, elaine c. Paris1,2 

1(PEUDSD�,QVWUXPHQWDomR��6mR�&DUORV��63��2'HSDUWDPHQWR�GH�4XtPLFD��8QLYHUVLGDGH�)HGHUDO�GH�6mR�
&DUORV��6mR�&DUORV��63�
OLOLDQ�FUX]#JPDLO�FRP

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
2�y[LGR�GH�F~SULFR��&X2��DSUHVHQWD�GLYHUVDV�SURSULHGDGHV�LQWHUHVVDQWHV�HP�QDQRHVFDOD��TXH�R�WRUQDP�
XP�PDWHULDO�SURPLVVRU�HP�GLVWLQWDV�DSOLFDo}HV��(VWH�WUDEDOKR�WHYH�SRU�¿QDOLGDGH�RWLPL]DU�D�VtQWHVH�GH�
QDQRHVWUXWXUDV�GH�&X2��SRLV�p�FRQKHFLGR�TXH�DV�SURSULHGDGHV�ItVLFR�TXtPLFDV�GRV�PDWHULDLV�VmR�DIHWDGDV�
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SHOR�WDPDQKR�H�IRUPD��GDV�SDUWtFXODV��$�PHWRGRORJLD�GH�VtQWHVH�XWLOL]DGD�IRL�R�PpWRGR�GH�SUHFLSLWDomR�
LQVWDQWkQHD��)RUDP�XWLOL]DGDV�FRQFHQWUDo}HV�GLIHUHQWHV�GR�VXUIDFWDQWH�3ROLHWLOHQRJOLFRO������3(*������
SDUD�DYDOLDU�D�VXD�LQÀXrQFLD�QD�GLVSHUVmR�H�FRQWUROH�GR�WDPDQKR�GDV�SDUWtFXODV��)RL�REVHUYDGR�TXH�R�XVR�
GH�3(*�����UHGX]�R�WDPDQKR��PDV�QmR�PHOKRUD�D�GLVSHUVmR�GDV�QDQRHVWUXWXUDV��(�TXH�D�VtQWHVH�VHP�R�
XVR�GH�VXUIDFWDQWH�SURSRUFLRQRX�SDUWtFXODV�PDLV�GLVSHUVDV��DSUR[LPDGDPHQWH�HVIpULFDV��FRP�WDPDQKR�
HP�WRUQR�GH����QP�H�FULVWDOLQDV��
Palavras-chave:�3UHFLSLWDomR�LQVWDQWkQHD��3ROLHWLOHQRJOLFRO��1DQRHVWUXWXUDV��Ï[LGR�GH�&REUH�

oPtimiZAtion oF SYntHeSiS cuPric oxide: uSe oF SurFActAnt
Abstract
&RSSHU�R[LGH�&X2�SUHVHQWV�VHYHUDO�LQWHUHVWLQJ�SURSHUWLHV�DW�WKH�QDQRVFDOH��ZKLFK�PDNH�LW�D�SURPLVLQJ�
PDWHULDO�IRU�PDQ\�GLIIHUHQW�DSSOLFDWLRQV��7KLV�SDSHU�DLPV�WR�RSWLPL]H�WKH�V\QWKHVLV�RI�&X2�QDQRVWUXF�
tures. ,W�LV�NQRZQ�WKDW�WKH�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI�WKH�PDWHULDO�DUH�DIIHFWHG�E\�WKH�VL]H�DQG�
morphology.�7KH�TXLFN�SUHFLSLWDWLRQ�PHWKRG�ZDV�XVHG�IRU�V\QWKHVL]LQJ�WKH�QDQRSDUWLFOHV��'LIIHUHQW�FRQ�
FHQWUDWLRQV�RI�WKH�VXUIDFWDQW��SRO\HWK\OHQH�JO\FRO������3(*�������ZHUH�XVHG�WR�HYDOXDWH�LWV�LQÀXHQFH�RQ�
GLVSHUVLRQ�DQG�SDUWLFOH�VL]H��,W�ZDV�REVHUYHG�WKDW�WKH�XVH�RI�3(*�����UHGXFHV�WKH�SDUWLFOH�VL]H��EXW�GRHV�
QRW�LPSURYH�WKH�GLVSHUVLRQ�RI�WKH�QDQRVWUXFWXUHV��7KH�V\QWKHVLV�ZLWKRXW�WKH�XVH�RI�VXUIDFWDQW�\LHOGHG�
DSSUR[LPDWHO\�VSKHULFDO�QDQRSDUWLFOHV��PRUH�GLVSHUVHG�SDUWLFOHV�ZLWK�D�GLDPHWHU�RI�DURXQG����QP�DQG�
presented a crystalline structure.
Keywords: 4XLFN�SUHFLSLWDWLRQ��SRO\HWK\OHQH�JO\FRO��QDQRVWUXFWXUHV��&RSSHU�2[LGH�

1 introduÇÃo

'HYLGR�jV�GLYHUVDV�SURSULHGDGHV�DSUHVHQWDGDV�SRU�QDQRSDUWtFXODV�GH�&X2��HVVH�PDWHULDO� WHP�
VLGR�PXLWR�HVWXGDGR�QR�PHLR�FLHQWt¿FR��'LYHUVDV�PHWRGRORJLDV�GH�VtQWHVH�VmR�DSUHVHQWDGDV�SDUD�HVVH�
PDWHULDO��DV�TXDLV�SURGX]HP�SDUWtFXODV�GH�&X2�HP�YiULRV�WDPDQKRV�H�PRUIRORJLDV��2V�SHVTXLVDGRUHV�
<DQJ�H�FRODERUDGRUHV��������REWLYHUDP�QDQRSDUWtFXODV�GH�&X2�FRP�GLYHUVRV�WDPDQKRV�H�IRUPDV��SRU�
SUHFLSLWDomR�TXtPLFD�VHJXLGD�SHOR�PpWRGR�KLGURWHUPDO��PRGL¿FDQGR�SDUkPHWURV�UHDFLRQDLV��'HVVD�IRU�
PD��HVWHV�DXWRUHV�SURGX]LUDP�QDQRÀRUHV�H�QDQREDUFRV��DOWHUDQGR�R�WHPSR�GH�UHDomR�KLGURWHUPDO�H�DGL�
FLRQDQGR�SROLHWLOHQRJOLFRO�RX�DP{QLD��REWLYHUDP�QDQRSODFDV�H�QDQRHOLSVyLGHV��UHVSHFWLYDPHQWH��<$1*�
HW�DO���������

'HQWUH�DV�GLYHUVDV�DSOLFDo}HV�GR�&X2��GHVWDFDP�VH�R� VHX�SRWHQFLDO�GH� LQDWLYDomR�EDFWHULDQD�
H� I~QJLFD��SRU� LQWHUPpGLR�GD�JHUDomR�GH� UDGLFDLV� OLYUHV��3DVFKRDOLQR�H�FRODERUDGRUHV� �������PRVWUD�
UDP�D�LQDWLYDomR�GH�(��FROL�HP�IXQomR�GD�iUHD�VXSHU¿FLDO�H�GD�FRQFHQWUDomR�GH�QDQRSDUWtFXODV�GH�&X2�
VRE�LUUDGLDomR�GH�OX]�YLVtYHO��Ȝa����QP���4XDQWR�PDLRU�D�iUHD�VXSHU¿FLDO�GDV�QDQRSDUWtFXODV��PHQRU�D�
FRQFHQWUDomR�PtQLPD� LQLELWyULD�QHFHVViULD�GR�FRPSRVWR��&RP�D�XWLOL]DomR�GH� LOXPLQDomR�YLVtYHO�� IRL�
DSUHVHQWDGD�XPD�LQDWLYDomR�GH������HP�DSHQDV���K�GH�HQVDLR��3$6&+2$/,12�HW�DO����������$VVLP��
R�REMHWLYR�SULQFLSDO�GHVVH�WUDEDOKR�IRL�D�VtQWHVH�GH�QDQRSDUWtFXODV�GH�&X2��SHOR�PpWRGR�GH�SUHFLSLWDomR�
LQVWDQWkQHD�H�DYDOLDomR�GD�LQÀXrQFLD�GR�3(*�����VREUH�D�GLVSHUVmR��PRUIRORJLD�H�WDPDQKR�GDV�SDUWtFXODV�
durante a síntese.

2 mAteriAiS e métodoS

2.1 3UHSDUDomR�GDV�QDQRSDUWtFXODV�GH�y[LGR�GH�FREUH

,QLFLRX�VH�D�VtQWHVH�FRP�DGLomR�GH���P/�GH�iFLGR�DFpWLFR�JODFLDO�j�����P/�GH�XPD�VROXomR�DTXR�
VD�GH�DFHWDWR�GH�FREUH�������0���QXP�EDOmR�GH�IXQGR�UHGRQGR�HTXLSDGR�FRP�XP�GLVSRVLWLYR�GH�UHÀX[R��
$�VROXomR�IRL�DTXHFLGD�D������&��FRP�DJLWDomR�YLJRURVD��H�HP�VHJXLGD��3(*�����IRL�DGLFLRQDGR�DR�PHLR�
UHDFLRQDO��$SyV�D�GLVVROXomR�GR�VXUIDFWDQWH��FHUFD�GH�����J�GH�1D2+�VyOLGR�IRL�UDSLGDPHQWH�DGLFLRQDGR�
DR�PHLR�HP�HEXOLomR�DWp�R�S+�DWLQJLU�R�YDORU�HQWUH������1HVVH�SRQWR��RFRUUH�D�IRUPDomR�GH�XPD�JUDQGH�
TXDQWLGDGH�GH�SUHFLSLWDGR�GH�FRORUDomR�SUHWD��'HSRLV�GH�VHU�DUUHIHFLGR�DWp�j�WHPSHUDWXUD�DPELHQWH��R�
SUHFLSLWDGR�IRL�FHQWULIXJDGR��ODYDGR�XPD�YH]�FRP�iJXD�GHVWLODGD�H�WUrV�YH]HV�FRP�HWDQRO�DEVROXWR��UHV�
SHFWLYDPHQWH��H��¿QDOPHQWH��VHFR�HP�HVWXID�D������&�
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2.2 &DUDFWHUL]DomR�GDV�QDQRSDUWtFXODV

$�DQiOLVH�GH�GLVSHUVmR�GDV�SDUWtFXODV�VLQWHWL]DGDV�IRL�UHDOL]DGD�SRU�PHGLGDV�GR�SRWHQFLDO�]HWD�TXH�
SHUPLWHP�DYDOLDU�D�HVWDELOLGDGH�GRV�FROyLGHV�HP�VXVSHQVmR��2�HTXLSDPHQWR�XWLOL]DGR�SDUD�FDUDFWHUL]DU�D�
GLVSHUVmR�IRL�R�=HWD�6L]HU�±�1DQR�6HULHV�±�=6��&HUFD�GH���PJ�GD�DPRVWUD�IRL�GLVSHUVR�HP����P/�GH�iJXD�
PLOL4��FRP�R�DX[tOLR�GR�XOWUDVVRP�GH�SRQWHLUD�SRU���PLQ��8PD�DOtTXRWD�GHVVD�VXVSHQVmR�VHJXLX�SDUD�D�
DQiOLVH�QR�HTXLSDPHQWR�=HWD��

3RU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�FRP�IRQWH�GH�HPLVVmR�GH�FDPSR��0(9�)(*��IRL�SRVVt�
YHO�GHWHUPLQDU�D�IRUPD��WDPDQKR�H�GLVWULEXLomR�GDV�QDQRSDUWtFXODV��2�HTXLSDPHQWR�XVDGR�QHVVD�DQiOLVH�
IRL�XP�-(2/�-06�����)�&HUFD�GH���PJ�GDV�DPRVWUDV�IRUDP�GLVSHUVDV�HP����P/�GH�DFHWRQD�H���ȝ/�GHVVD�
GLVSHUVmR�IRL�JRWHMDGD�VREUH�R�SRUWD�DPRVWUDV�UHFREHUWRV�FRP�WLQWD�FDUERQR�

$�FULVWDOLQLGDGH�GR�PDWHULDO��SXUH]D�H�HVWUXWXUD�FULVWDOLQD�GDV�SDUWtFXODV�GH�&X2�IRUDP�GHWHUPL�
QDGDV�SHOD�WpFQLFD�GH�GLIUDomR�GH�UDLRV�;��2�HTXLSDPHQWR�XWLOL]DGR�IRL�R�GLIUDW{PHWUR�GH�UDLRV�;�6KL�
PDG]X�PRGHOR�;5'�������'HSRLV�GH�GHVDJORPHUDGR��R�SUHFLSLWDGR�HP�IRUPD�GH�Sy��IRL�FRORFDGR�QXP�
SRUWD�DPRVWUDV�H�VHJXLX�SDUD�R�GLIUDWRJUDPD��$�IDL[D�XWLOL]DGD�SDUD�HVWD�DQiOLVH�IRL�YDUUHGXUD�e��e�GH����D�
����FRP�UDGLDomR�&X�.Į��HPSUHJDQGR�VH����N9�H����P$��HP�PRGR�FRQWtQXR�FRP�YHORFLGDGH�GH��� min��

3 reSultAdoS e diScuSSÃo

$�SDUWLU�GRV�GLIUDWRJUDPDV�DSUHVHQWDGRV�QD�)LJXUD���SRGH�VH�REVHUYDU�TXH�Ki�IRUPDomR�GH�VR�
PHQWH�XPD�IDVH�FULVWDOLQD��D�HVWUXWXUD�PRQRFOtQLFD�GR�&X2��VHJXQGR�D�EDVH�GH�GDGRV��-RLQW�&RPPLWWHH�
RQ�3RZGHU�'LIIUDFWLRQ�6WDQGDUGV��-&3'6��Q��������������SDUD�WRGDV�DV�FRQGLo}HV�GH�VtQWHVH�HPSUH�
gadas. 
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Figura 1. 'LIUDWRJUDPD�GH�UDLRV�;�GDV�DPRVWUDV�GH�&X2�FRP�GLIHUHQWHV�FRQFHQWUDomR�GH�3(*�

$�7DEHOD���DSUHVHQWD�RV�YDORUHV�GR�3RWHQFLDO�]HWD�REWLGRV�SHODV�QDQRSDUWtFXODV�VLQWHWL]DGDV��6D�
EH�VH�TXH�YDORUHV�GH�SRWHQFLDO�]HWD�DFLPD�GH����P9�LQGLFDP�D�HVWDELOLGDGH�GDV�SDUWtFXODV�HP�VROXomR��
$QDOLVDQGR�VH�RV�YDORUHV�REWLGRV�SRU�3RWHQFLDO� ]HWD��REVHUYD�VH�TXH�DR�DXPHQWDU� D� FRQFHQWUDomR�GR�
VXUIDFWDQWH��D�GLVSHUVmR�GDV�QDQRSDUWtFXODV�GH�y[LGR�GH�FREUH�p�GLPLQXtGD��

tabela 1. $QiOLVH�GR�SRWHQFLDO�]HWD�HP�UHODomR�j�TXDQWLGDGH�GR�VXUIDFWDQWH�HPSUHJDGR
Sem Surfactante PeG 400 (1%) PeG 400 (5%)

3RWHQFLDO�=HWD��P9� ���� ���� ����

$�GLPLQXLomR�GR�WDPDQKR�GDV�SDUWtFXODV�H�R�DXPHQWR�GD�DJORPHUDomR�FRP�R�XVR�GH�3(*������
WDPEpP�SRGH�VHU�YHUL¿FDGD�DR�DQDOLVDU�DV�LPDJHQV�GH�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9�)(*���
DSUHVHQWDGDV�QD�)LJXUD����1D�)LJXUD���HVWmR�LOXVWUDGRV�RV�UHVXOWDGRV�GH�GLVWULEXLomR�GHVWDV�DPRVWUDV�
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Figura 2. ,PDJHQV�REWLGDV�0(9�)(*��D��&X2�VHP�VXUIDFWDQWH��E��&X2�FRP�3(*���������F��&X2�FRP�3(*�
�������

Figura 3. +LVWRJUDPDV�FRP�D�GLVWULEXLomR�GRV�WDPDQKRV�GDV�SDUWtFXODV��D��&X2�VHP�VXUIDFWDQWH��E��&X2�FRP�
3(*��������

3RU�LQWHUPpGLR�GD�DQiOLVH�GDV�)LJXUDV���H����REVHUYD�VH�TXH�R�VXUIDFWDQWH�UHGX]LX�D�GLVSHUVmR�
GDV�SDUWtFXODV��7RGDYLD��QD�DPRVWUD�HP�TXH�QmR�XVRX�VH�VXUIDFWDQWH��)LJ���D�H��D���YHUL¿FD�VH�TXH�IRUDP�
IRUPDGDV�SDUWtFXODV�HP�WRUQR�GH����QP��HQTXDQWR�TXH�R�XVR�GH����GR�VXUIDFWDQWH�UHVXOWRX�HP�SDUWtFX�
ODV�XP�SRXFR�PHQRUHV������QP��)LJ���E�H��E���$R�DXPHQWDU�D�FRQFHQWUDomR�GR�3(*������KRXYH�XPD�
UHGXomR�GDV�SDUWtFXODV��HPERUD��GHYLGR�DRV�OLPLWHV�GH�UHVROXomR�GR�DSDUHOKR��D�FRQWDJHP�GR�WDPDQKR�
GH�SDUWtFXODV�GD�DPRVWUD�FRP����3(*������)LJ���F��QmR�IRL�UHDOL]DGD��'HVWD�PDQHLUD��YHUL¿FD�VH�TXH�
FRP�D�XWLOL]DomR�GH�3(*�����HP�FRQFHQWUDo}HV�FRQWURODGDV�p�SRVVtYHO�REWHU�QDQRSDUWtFXODV�GH�&X2�FRP�
WDPDQKRV�UHGX]LGRV��

4 concluSÃo

$�PHWRGRORJLD�HPSUHJDGD�QD�REWHQomR�GH�QDQRSDUWtFXODV�GH�&X2�PRVWURX�VH�H¿FLHQWH�QD�VtQWH�
VH�GR�PDWHULDO�VHP�D�SUHVHQoD�GH�IDVHV�VHFXQGiULDV�LQGHVHMiYHLV��9HUL¿FRX�VH�WDPEpP��TXH�R�DXPHQWR�GD�
DGLomR�GH�3(*�����UHGX]LX�D�GLVSHUVmR�H�R�WDPDQKR�GDV�SDUWtFXODV��'H�PRGR�TXH��DV�VtQWHVHV�UHDOL]DGDV�
VHP�VXUIDFWDQWH�SURGX]LUDP�SDUWtFXODV�DSUR[LPDGDPHQWH�HVIpULFDV��FRP����QP�GH�GLkPHWUR��PDLV�GLV�
persas e cristalinas.

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�R�VXSRUWH�¿QDQFHLUR�GD�&$3(6��&13T�H�(0%5$3$�
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����������

<$1*��0��4���+(��-��+��)LQH�WXQLQJ�RI�WKH�PRUSKRORJ\�RI�FRSSHU�R[LGH�QDQRVWUXFWXUHV�DQG�WKHLU�DSSOL�
FDWLRQ�LQ�DPELHQW�GHJUDGDWLRQ�RI�PHWK\OHQH�EOXH��-RXUQDO�RI�&ROORLG�DQG�,QWHUIDFH�6FLHQFH��Y������Q����
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SínteSe e cArActeriZAÇÃo de nAnoPArtículAS eSFéricAS 
e monodiSPerSAS de SílicA 

*Amanda chiuzoli Silva1, Alessandra carla mendes2, caue ribeiro2, elaine cristina Paris2

18QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��6mR�&DUORV��63��2 (PEUDSD�,QVWUXPHQWDomR��6mR�&DUORV��63�
DPDQGD�FKLX]ROL#\DKRR�FRP�EU

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
1DQRSDUWtFXODV�GH�VtOLFD��6L22��RFXSDP�XPD�SRVLomR�GH�GHVWDTXH�QD�SHVTXLVD�FLHQWt¿FD�H�WHFQROyJLFD�
HP�GHFRUUrQFLD�GH�VXDV�DSOLFDo}HV�LQGXVWULDLV��FRPR�SRU�H[HPSOR�QR�DFDEDPHQWR�GH�Wr[WHLV��QD�UHPRomR�
GH�FRQWDPLQDQWHV�RUJkQLFRV�GD�iJXD�UHVLGXDO�RX�DWp�PHVPR�FRPR�FDUUHDGRUHV�GH�FRPSRVWRV�DWLYRV�HP�
IiUPDFRV��1DQRSDUWtFXODV�HVIpULFDV�H�PRQRGLVSHUVDV�GH�6L22�SRGHP�VHU�VLQWHWL]DGDV�YLD�PpWRGR�6W|EHU��
R�TXDO�HQYROYH�D�KLGUyOLVH�H�D�SROLFRQGHQVDomR�GH�XP�DOFy[LGR�GH�VLOtFLR��WHWUDHWLORUWRVLOLFDWR��7(26��HP�
HWDQRO�QD�SUHVHQoD�GH�KLGUy[LGR�GH�DP{QLR��3DUkPHWURV�FRPR�D�FRQFHQWUDomR�GH�7(26��iJXD��DP{QLD��
VROYHQWH��HWDQRO��H�D�WHPSHUDWXUD�GD�UHDomR�JRYHUQDP�R�WDPDQKR�H�D�GLVWULEXLomR�GDV�SDUWtFXODV��1HVWH�
WUDEDOKR��QDQRSDUWtFXODV�HVIpULFDV�GH�VtOLFD��FRP�GLkPHWURV�YDULDQGR�GH����D�����QP�H�GLIHUHQWHV�JUDXV�
GH�DJORPHUDomR��SXGHUDP�VHU�REWLGDV�YDULDQGR�VH�D�SURSRUomR�HQWUH�iJXD�H�HWDQRO�HP�XP�VLVWHPD�UHDWLYR�
FRQWHQGR�7(26�H�XPD�PLVWXUD�GH�iJXD�HWDQRO�FRPR�VROYHQWH��2�WDPDQKR�GH�SDUWtFXODV�IRL�DQDOLVDGR�
SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�FRP�IRQWH�GH�HPLVVmR�GH�FDPSR��0(9�)(*��H�HVSDOKDPHQWR�
GLQkPLFR�GH�OX]��'/6���
Palavras-chave��1DQRSDUWtFXODV�GH�VtOLFD��0pWRGR�GH�6W|EHU�

SYntHeSiS And cHArActeriZAtion oF SPHericAl And monodiSPerSed Sili-
cA nAnoPArticleS
Abstract
6LOLFD�QDQRSDUWLFOHV��6L22��RFFXS\�D�SURPLQHQW�SRVLWLRQ�LQ�VFLHQWL¿F�DQG�WHFKQRORJLFDO�UHVHDUFK�GXH�WR�
WKHLU�LQGXVWULDO�DSSOLFDWLRQV��VXFK�DV�WKH�FKHPLFDO�¿QLVKLQJ�RI�WH[WLOHV��WKH�UHPRYDO�RI�FHUWDLQ�RUJDQLF�
FRQWDPLQDQWV�IURP�ZDVWHZDWHU��DV�ZHOO�DV�WKH�SRWHQWLDO�LQ�GUXJ�GHOLYHU\��0RQRGLVSHUVH�DQG�VSKHULFDO�
VLOLFD�QDQRSDUWLFOHV�FDQ�EH�V\QWKHVL]HG�YLD�6W|EHU�PHWKRG��ZKLFK�LQYROYHV�K\GURO\VLV�DQG�SRO\FRQGHQ�
VDWLRQ�RI�WHWUDHWK\ORUWKRVLOLFDWH��7(26��XQGHU�DONDOLQH�FRQGLWLRQV�LQ�HWKDQRO��3DUDPHWHUV��VXFK�DV�WKH�
FRQFHQWUDWLRQ�RI�7(26��DPPRQLD��ZDWHU��VROYHQW��HWKDQRO��DQG�WKH�UHDFWLRQ�WHPSHUDWXUH�JRYHUQ�WKH�SDU�
WLFOH�VL]H�DQG�VL]H�GLVWULEXWLRQ��,Q�WKLV�ZRUN��VSKHULFDO�6L22 QDQRSDUWLFOHV��ZLWK�GLDPHWHUV�UDQJLQJ�IURP�
���WR�����QP�DQG�GLIIHUHQW�GHJUHHV�RI�DJJORPHUDWLRQ�FRXOG�EH�REWDLQHG�MXVW�E\�FKDQJLQJ�WKH�HWKDQRO�
ZDWHU�UDWLR�LQ�D�UHDFWLYH�V\VWHP�FRQWDLQLQJ�WHWUDHWK\ORUWKRVLOLFDWH��7(26��DQG�HWKDQRO�ZDWHU�PL[WXUH�DV�
VROYHQW��7KH�SDUWLFOH�VL]H�ZDV�H[DPLQHG�E\�¿HOG�HPLVVLRQ�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��)(*�6(0��
DQG�G\QDPLF�OLJKW�VFDWWHULQJ��'/6��
Keywords: 6LOLFD�QDQRSDUWLFOHV��6W|EHU�PHWKRG

1 introduÇÃo

(P�������6W|EHU�et al. ��� LQWURGX]LX�XP�PpWRGR�SDUD�D�SUHSDUDomR�GH�SDUWtFXODV�HVIpULFDV�H�
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PRQRGLVSHUVDV�GH�VtOLFD��R�TXDO�HQYROYH�D�KLGUyOLVH�H�FRQGHQVDomR�GH�XP�DOFy[LGR�PHWiOLFR��FRPR�R�
WHWUDHWLORUWRVLOLFDWR��7(26��HP�HWDQRO�QD�SUHVHQoD�GH�KLGUy[LGR�GH�DP{QLR��$SyV�HVWH�HVWXGR�SLRQHLUR�
HQYROYHQGR�R�PpWRGR�VRO�JHO��PXLWRV�HVWXGRV�WrP�VLGR�UHDOL]DGRV�QHVWD�iUHD��(VWH�PpWRGR�WHP�VLGR�EDV�
WDQWH�XWLOL]DGR�QD�VtQWHVH�GH�QDQRSDUWtFXODV�GHYLGR�j�VXD�KDELOLGDGH�HP�FRQWURODU�D�PRUIRORJLD��R�WDPD�
QKR�H�D�GLVWULEXLomR�GHVWDV�SDUWtFXODV�DWUDYpV�GR�PRQLWRUDPHQWR�GRV�SDUkPHWURV�GH�VtQWHVH���������1HVWH�
FRQWH[WR��RV�HVWXGLRVRV�GD�iUHD�DFUHGLWDP�TXH�D�FRQFHQWUDomR�GH�7(26��iJXD��DP{QLD��VROYHQWH��HWDQRO��
H�D�WHPSHUDWXUD�GD�UHDomR�VmR�SDUkPHWURV�TXH�JRYHUQDP�R�WDPDQKR�H�D�GLVWULEXLomR�GDV�SDUWtFXODV�GH�VtOL�
FD��'HSHQGHQGR�GDV�FRQGLo}HV�UHDFLRQDLV��D�FRQGHQVDomR�SRGH�OHYDU�j�IRUPDomR�GH�XP�JHO�FRP�HVWUXWXUD�
WULGLPHQVLRQDO��PRQROLWR��RX�j�IRUPDomR�GH�SDUWtFXODV�HVIpULFDV�UHJXODUHV�H�PRQRGLVSHUVDV��

$�IRUPDomR�GDV�SDUWtFXODV�SRGH�VHU�GLYLGLGD�HP�GRLV�HVWiJLRV��QXFOHDomR�H�FUHVFLPHQWR��SURFHV�
VRV�TXH�VmR�IRUWHPHQWH�FRUUHODFLRQDGRV�FRP�DV�WD[DV�GH�KLGUyOLVH�H�FRQGHQVDomR�GR�7(26��$�FRPSHWL�
omR�HQWUH�RV�SURFHVVRV�GH�QXFOHDomR�p�IRUWHPHQWH�LQÀXHQFLDGD�SHOD�UD]mR�iJXD�HWDQRO��6HQGR�DVVLP��R�
REMHWLYR�GHVWH�SURMHWR�IRL�DYDOLDU�D�LQÀXrQFLD�GHVWD�UD]mR�QR�WDPDQKR�¿QDO�GDV�SDUWtFXODV�GH�6L22. 

2 mAteriAiS e métodoS

8PD�YDULDomR�GR�PpWRGR�6W|EHU�FRP�GLIHUHQWHV�SURSRUo}HV�HQWUH�iJXD�HWDQRO�IRL�XVDGD�QD�VtQ�
WHVH�GH�QDQRSDUWtFXODV�GH�VtOLFD������x��PO�GH�HWDQRO��x PO�GH�iJXD��x  �����������H��������PO�GH�KLGUy[LGR�
GH�DP{QLR�������H�����PO�GH�7(26�IRUDP�PLVWXUDGRV�H�PDQWLGRV�HP�DJLWDomR�PDJQpWLFD�SRU��K��$V�
SURSRUo}HV�PRODUHV�SRGHP�VHU�YLVWDV�QD�7DEHOD����2V�H[SHULPHQWRV�IRUDP�UHDOL]DGRV�HP�WHPSHUDWXUD�
DPELHQWH��$�VROXomR�UHVXOWDQWH�IRL�VXEPHWLGD�D�XP�SURFHVVR�GH�FHQWULIXJDomR�FRP�ODYDJHQV�GH�HWDQRO��
$SyV�D�UHDOL]DomR�GH�WUrV�HWDSDV�GH�FHQWULIXJDomR��DV�SDUWtFXODV�GH�VtOLFD�UHVXOWDQWHV�GR�SURFHVVR�GH�FRQ�
GHQVDomR�IRUDP�FRQJHODGDV�H�SRVWHULRUPHQWH�OLR¿OL]DGDV�

2�WDPDQKR�GDV�SDUWtFXODV�IRL�DQDOLVDGR�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�FRP�IRQWH�GH�
HPLVVmR�GH�FDPSR��0(9�)(*��H�HVSDOKDPHQWR�GLQkPLFR�GH�OX]��'/6���

3 reSultAdoS e diScuSSÃo

�$�)LJXUD���PRVWUD�DV�LPDJHQV�REWLGDV�SRU�0(9�)(*�FRQVLGHUDQGR�GLIHUHQWHV�SURSRUo}HV�PROD�
UHV�HQWUH�iJXD�HWDQRO��DV�TXDLV�SRGHP�VHU�YLVWDV�QD�7DEHOD����$V�SURSRUo}HV�PRODUHV�HQWUH�HWDQRO�7(26��
DVVLP�FRPR�R�YDORU�GR�GLkPHWUR�PpGLR��'m��GDV�SDUWtFXODV��GHWHUPLQDGR�D�SDUWLU�GDV�LPDJHQV��WDPEpP�
HVWmR�DSUHVHQWDGDV�QHVWD�WDEHOD��$V�LPDJHQV�PRVWUDP�TXH�IRL�SRVVtYHO�REWHU�QDQRSDUWtFXODV�GH�VtOLFD�HV�
IpULFDV�H�PRQRGLVSHUVDV��FRP�GLVWULEXLomR�UHJXODU�GH�WDPDQKR�FXMRV�GLkPHWURV�YDULDP�GH����D�����QP��

tabela 1. 9DORUHV�GR�GLkPWHUR�PpGLR�GDV�QDQRSDUWtFXODV�GH�6L22�YDULDQGR�VH�RV�SDUkPHWURV�GH�VtQWHVH�
Amostra 3URSRUomR�PRODU�

água/etanol
3URSRUomR�PRODU�

etanol/teoS
dm (nm)a dH (nm)b

���x �� � ��� ���������� ���

���x ��� ��� ����� ���������� ���

���x ��� ��� ���� ���������� ���

���x ��� ��� �� �������� ���
a Dm�FRUUHVSRQGH�DR�GLkPHWUR�PpGLR�GHWHUPLQDGR�D�SDUWLU�GDV�LPDJHQV�GH�0(9�)(*

b DH FRUUHVSRQGH�DR�GLkPHWUR�GHWHUPLQDGR�SRU�'/6

�0HGLGDV�GH�'/6�IRUQHFHP�XPD�HVWLPDWLYD�GR�WDPDQKR�GDV�QDQRSDUWtFXODV�FRP�EDVH�QR�HVSD�
OKDPHQWR�GD�OX]��1HVWD�WpFQLFD��R�YDORU�HQFRQWUDGR�SDUD�'+�SRGH�VHU�LQÀXHQFLDGR�SHOD�SUHVHQoD�GH�DJOR�
PHUDGRV��2EVHUYDQGR�RV�UHVXOWDGRV�DSUHVHQWDGRV�QD�7DEHOD����SDUD�D�PDLRULD�GDV�DPRVWUDV�R�YDORU�GH�'+ 
p�FRPSDUiYHO�DR�YDORU�GH�'m��1R�HQWDQWR��SDUD�D�DPRVWUD���R�YDORU�GH�'+�p�PXLWR�PDLRU�TXH�R�YDORU�GH�
'm��UHVXOWDGR�TXH�SRGH�HVWDU�DVVRFLDGR�D�XP�PDLRU�HVWDGR�GH�DJORPHUDomR�
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Figura 1. 0LFURJUD¿DV�REWLGDV�SRU�0(9�)(*�GDV�DPRVWUDV�OLVWDGDV�QD�7DEHOD��

4 concluSÃo

2V�UHVXOWDGRV�PRVWUDP�TXH�IRL�SRVVtYHO�REWHU�QDQRSDUWtFXODV�GH�6L22�FRP�GLIHUHQWHV�GLkPHWURV�
H�JUDXV�GH�DJORPHUDomR�DSHQDV�YDULDQGR�D�SURSRUomR�HQWUH�iJXD�HWDQRO�HP�XP�VLVWHPD�UHDWLYR�FRQWHQGR�
7(26�H�XPD�PLVWXUD�GH�iJXD�HWDQRO�FRPR�VROYHQWH��7DLV�SDUWtFXODV�VHUmR�PRGL¿FDGDV�TXLPLFDPHQWH�
DWUDYpV�GR�SURFHVVR�GH�VLODQL]DomR�SDUD�TXH�SRVVDP�VHU�LPSUHJQDGDV�HP�GLIHUHQWHV�WHFLGRV�GH�DOJRGmR�
FRP�R�LQWXWLR�GH�DYDOLDU�D�LPSHUPHDELOLGDGH�GRV�PHVPRV�DSyV�D�LPSUHJQDomR�
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resumo
5HVHUYDV�GH�iJXD�GR�PXQGR�WrP�YHVWtJLRV�GH�SHVWLFLGDV�TXH�UHTXHUHP�XP�WUDWDPHQWR�HVSHFLDO��XPD�YH]�
TXH�RV�PpWRGRV�WUDGLFLRQDLV�VmR�LQH¿FLHQWHV��8P�PpWRGR�SRVVtYHO�SDUD�UHVROYHU�HVWH�SUREOHPD�EDVHLD�
VH�QD�XWLOL]DomR�GH�SURFHVVRV�GH�R[LGDomR�DYDQoDGD��32$���RV�TXDLV�FRQVLVWHP�QD�SURGXomR�GH�UDGLFDLV�
OLYUHV�DOWDPHQWH�R[LGDQWHV�SDUD�D�GHJUDGDomR�GH�PROpFXODV�RUJkQLFDV��$�IRWRH[FLWDomR�EDQGD�89�YLVtYHO�
GH�XP�VHPLFRQGXWRU�p�XP�H[HPSOR�GH�32$��1HVWH�WUDEDOKR��R�VHPLFRQGXWRU�XWLOL]DGR�IRL�1E2O� na�
QRSDUWLFXODGR�REWLGRV�SHOR�PpWRGR�KLGURWHUPDO�XVDQGR�1+�>1E2�&2O��2+22@+22�FRPR�IRQWH�GH�1E��
YDULDQGR�WHPSR�GH�UHDomR�H�TXDQWLGDGH�GH�UHDJHQWH��
$V�DPRVWUDV�IRUDP�FDUDFWHUL]DGDV�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��H�GH�GLIUDomR�GH�UDLRV�
;��'5;���$V�UHVSRVWDV�GH�GHJUDGDomR�GR�DJURWy[LFR�DWUD]LQD�SRU�IRWRFDWiOLVH�KHWHURJrQHD�IRUDP�UHDOL�
]DGDV�XWLOL]DQGR�VH�1E2O��VRE�UDGLDomR�89�H�DQDOLVDGDV�SRU�HVSHFWURVFRSLD�GH�89�YLVtYHO�
2EVHUYRX�VH�TXH�D�GHJUDGDomR�RFRUUH�PDLV�H¿FLHQWH�HQWUH�]HUR�H�D�SULPHLUD�KRUD�GH�H[SRVLomR�j�UDGLDomR�
XOWUDYLROHWD��7DPEpP�IRL�REVHUYDGR�TXH�D�TXDQWLGDGH�GH�DP{QLD�LQÀXHQFLD�QD�UHVSRVWD�GD�FDWDOLVH�VHQGR�
TXH�TXDQWR�PDLRU�R�YROXPH�HPSUHJDGR�SLRU�p�D�UHVSRVWD��1mR�p�SRVVtYHO�GLVWLQJXLU�DV�IDVHV�GR�1E2O� 
SHOR�'5;�
Palavras-chave��3HQWy[LGR�GH�1LyELR��+LGURWHUPDO��)RWRFDWiOLVH��$WUD]LQD

PHotocAtAlYSiS oF PeSticideS in wAter bY HYdrotHermAl nb2o5
Abstract
:DWHU�UHVHUYHV�LQ�WKH�ZRUOG�KDYH�WUDFHV�RI�SHVWLFLGHV�UHTXLULQJ�VSHFLDO�WUHDWPHQW��VLQFH�WKH�WUDGLWLRQDO�
PHWKRGV�DUH�LQHI¿FLHQW��$�SRVVLEOH�PHWKRG�IRU�VROYLQJ�WKLV�SUREOHP�FRXOG�EH�EDVHG�RQ�WKH�XVH�RI�DG�
YDQFHG�R[LGDWLRQ�SURFHVVHV��$23���E\�PHDQV�RI�WKH�SURGXFWLRQ�RI�R[LGL]LQJ�UDGLFDOV�WR�GHJUDGH�RUJDQLF�
PROHFXOHV��7KH�SKRWRH[FLWDWLRQ�LQ�WKH�89�YLVLEOH�EDQG�RI�D�VHPLFRQGXFWRU�LV�DQ�H[DPSOH�RI�$23��,Q�
WKLV�ZRUN�� WKH�VHPLFRQGXFWRU�XVHG�ZDV�1E2O� nanoparticles obtained by hydrothermal method using 
1+�>1E2�&2O��2+22@+22�DV� D� VRXUFH�RI�1E��7KH� VDPSOHV�ZHUH� FKDUDFWHUL]HG�E\� VFDQQLQJ� HOHFWURQ�
PLFURVFRS\��6(0��DQG�;�UD\�GLIIUDFWLRQ��;5'���7KH�UHVSRQVH�RI�DWUD]LQH�GHJUDGDWLRQ�ZDV�DQDO\]HG�E\�
89�YLVLEOH�VSHFWURVFRS\��,W�ZDV�REVHUYHG�WKDW�WKH�GHJUDGDWLRQ�LV�PRVW�HI¿FLHQW�EHWZHHQ�]HUR�DQG�RQH�
KRXU�RI�H[SRVXUH�WR�XOWUDYLROHW�UDGLDWLRQ��,W�ZDV�DOVR�REVHUYHG�WKDW�WKH�DPRXQW�RI�DPPRQLD�LQÀXHQFHV�
WKH�UHVSRQVH�RI�FDWDO\VLV�EHLQJ�WKH�UHVSRQVH�ZRUVH�LQ�KLJKHU�YROXPH��,W�LV�QRW�SRVVLEOH�WR�GLVWLQJXLVK�WKH�
SKDVHV�RI�1E2O��E\�;5'
Keywords: 1LRELXP�3HQWR[LGH��+\GURWKHUPDO��3KRWRFDWDO\VLV��$WUD]LQH

3XEOLFDo}HV�UHODFLRQDGDV��'RV�5HLV��(��'��:���1HYHV�-U���/��)���3DULV��(��&���$QDO\VLV�RI�WKH�SKRWRFDWDO\WLF�
HIIHFW�RI�1E2O��RQ�SHVWLFLGHV�LQ�ZDWHU��,Q��(1&21752�'$�62&,('$'(�%5$6,/(,5$�'(�3(648,6$�
(0�0$7(5,$,6������������&DPSRV�GR�-RUGmR��Resumos... 

1 introduÇÃo

'HVGH������R�%UDVLO�RFXSD�R�SRVWR�GH�PDLRU�FRQVXPLGRU�GH�DJURWy[LFRV�GR�PXQGR��VHQGR�TXH�
����GRV�SHVWLFLGDV�SXOYHUL]DGRV�VH�HVSDOKDP�SHOR�PHLR�DPELHQWH��ID]HQGR�FRP�TXH�JUDQGH�SDUWH�DWLQMD�
R�VROR�H�FRQVHTXHQWHPHQWH�D�iJXD� 1�8PD�PHGLGD�SDUD�WHQWDU�UHPHGLDU�HVWD�FRQWDPLQDomR�p�R�XVR�GH�
3URFHVVRV�2[LGDWLYRV�$YDQoDGRV� �32$V��� HVWH� SURFHVVR� FRQVLVWH� QD� IRUPDomR�GH� HVSpFLHV� DOWDPHQWH�
R[LGDQWHV�TXH�EXVFDP�PLQHUDOL]DU�DV�PROpFXODV�RUJkQLFDV��(VVDV�HVSpFLHV�SRGHP�VHU�JHUDGDV�D�SDUWLU�
GH� UHDo}HV�GH� IRWRDWLYDomR�GH�XP�VHPLFRQGXWRU�XVDQGR� UDGLDomR�XOWUDYLROHWD�89��8P�VHPLFRQGXWRU�
SURPLVVRU�H�SRXFR�H[SORUDGR�QD�iUHD�GH�FDWiOLVH�p�R�1E2O���DOpP�GH�DSUHVHQWDU�SURSULHGDGHV�TXtPLFDV�H�
ItVLFDV�QRWiYHLV��R�QLyELR�p�DOWDPHQWH�GLVSRQtYHO�QR�%UDVLO�H�DSUHVHQWD�EDL[R�FXVWR�

(VWH� WUDEDOKR� WHYH�FRPR�REMHWLYR�SULQFLSDO� DYDOLDU�XPD�SRVVLELOLGDGH�GH�HPSUHJDU� H� DJUHJDU�
YDORU�D�XP�PDWHULDO�DEXQGDQWH�QR�%UDVLO��R�QLyELR�EXVFDQGR�FRQWULEXLU�FRP�D�UHVROXomR�GH�XP�SUREOHPD�
DPELHQWDO�H�GH�VD~GH�FROHWLYD��D�FRQWDPLQDomR�GD�iJXD�SRU�DJURWy[LFRV��'HVWD�PDQHLUD��SURFXURX�VH�
WUDoDU�SDUDOHORV�HQWUH�DV�FDUDFWHUtVWLFDV�HVWUXWXUDLV��PRUIROyJLFDV��VXSHU¿FLDLV�GR�1E2O��VLQWHWL]DGR�SHOR�
PpWRGR�KLGURWHUPDO�H�D�VXD�DWLYLGDGH�IRWRFDWDOtWLFD�IUHQWH�D�DJURWy[LFRV�FRPR�D�DWUD]LQD��

2 mAteriAiS e métodoS

2.1 obtenÇÃo dAS nAnoPArtículAS

1HVWD� HWDSD� IRUDP� UHDOL]DGRV� SURFHGLPHQWRV� SDUD� D� REWHQomR� GH� QDQRSDUWtFXODV� GH� 1E2O� 
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SHOR� SURFHVVDPHQWR� KLGURWHUPDO�� 8VRX�VH�� FRPR� SUHFXUVRU� GH� 1E�� R� 2[DODWR�$PRQLDFDO� GH� 1LyELR�
�1+�>1E2�&2O��2+22@+22��GH�������GH�SXUH]D�FHGLGR�SHOD�&%00��YDULDQGR�WHPSR�GH�UHDomR�H�TXDQ�
WLGDGH�GH�UHDJHQWH��)RL�XWLOL]DGR�R�PpWRGR�GH�FRSUHFLSLWDomR��'HVWD�PDQHLUD��IRUDP�REWLGDV�VXVSHQV}HV��
EDVHDGDV�QD�KLGUyOLVH�GH�XP�DOFy[LGR�RX�VDO�GR�PHWDO�GH�LQWHUHVVH��1E����

'LVVROYHX�VH�R�UHDJHQWH�GH�SDUWLGD�HP�iJXD�VRE�FRQVWDQWH�DJLWDomR��)RL�DGLFLRQDGD�D�VROXomR�
1+�2+��HP�GLIHUHQWHV�YROXPHV��VHPSUH�FRPSOHWDQGR�����P/�GH�YROXPH�WRWDO�GD�VROXomR��(VWD�PLVWXUD�
UHDFLRQDO�IRL�VXEPHWLGD�DR�SURFHVVR�KLGURWHUPDO��D�����&�SRU�WHPSRV�TXH�YDULDUDP�GH����D����KRUDV�

Figura 1. )OX[RJUDPD�GR�SURFHGLPHQWR�H[SHULPHQWDO

tabela 1. $PRVWUDV�REWLGDV�H�SDUkPHWURV�XWLOL]DGRV
nome nH4oH/ml t/h t/°c

*��� �� 12 ���

*��� �� 12 ���

*��� �� 12 ���

*��� �� �� ���

$SyV� DV� VtQWHVHV�� DV� DPRVWUDV� REWLGDV� IRUDP� FDUDFWHUL]DGDV� SRU� GLIUDomR� GH� UDLRV�;� �'5;���
HVSHFWURVFRSLD�5DPDQ�H�,QIUDYHUPHOKR�FRP�WUDQVIRUPDGD�GH�)RXULHU�H�0(9�)(*��$V�UHVSRVWDV�GH�GH�
JUDGDomR�GR�DJURWy[LFR�$WUD]LQD�SRU�IRWRFDWiOLVH�KHWHURJrQHD�IRUDP�UHDOL]DGDV�XWLOL]DQGR�VH�1E2O� sob 
UDGLDomR��XOWUDYLROHWD��89��H�DQDOLVDGDV�SRU�HVSHFWURVFRSLD�GH�89�YLVtYHO�

2.2 enSAioS FotocAtAlíticoS

)RL� DYDOLDGD�D� HIHWLYLGDGH�GRV�PDWHULDLV� VLQWHWL]DGRV�FRPR� IRWRFDWDOLVDGRUHV�SDUD�D�GHJUDGD�
omR�GD�DWUD]LQD��3DUD�LVWR��XPD�VROXomR�FRQWHQGR�XPD�TXDQWLGDGH�FRQKHFLGD�GHVWH�FRQWDPLQDQWH�VHUi�
WUDQVIHULGD�D�XP�EpTXHU�VRE�DJLWDomR�FRQVWDQWH�HP�XP�IRWRUHDWRU�GH�EDQFDGD�FRP�OkPSDGD�89�9LV��$�
H¿FLrQFLD�GH�UHPRomR�IRL�DFRPSDQKDGD�SRU�HVSHFWURIRWRPHWULD�89�9LV��HVSHFWURIRW{PHWUR�6KLPDG]X�
89�����3&���

3 reSultAdoS e diScuSSÃo

3.1 cArActeriZAÇÃo 

2V�UHVXOWDGRV�DEDL[R�VH�UHIHUHP�j�FDUDFWHUL]DomR�HVWUXWXUDO�H�IRUPDomR�GH�IDVHV�GDV�DPRVWUDV��$�
)LJXUD���PRVWUD�RV�GLIUDWRJUDPDV�REWLGRV�D�SDUWLU�GDV�DPRVWUDV�
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G011 

G010 

G008 

G009 

Figura 2. 'LIUDWRJUDPDV�GDV�DPRVWUDV�REWLGDV�QDV�VtQWHVHV�XWLOL]DQGR�R�0pWRGR�+LGURWHUPDO�

3HOD�DQiOLVH�GD�)LJXUD����QmR�IRL�SRVVtYHO�LGHQWL¿FDU�D�IDVH�REWLGD�HPSUHJDQGR�VH�R�EDQFR�GH�
dados do -RLQW�&RPPLWWHH�RQ�3RZGHU�'LIIUDFWLRQ�6WDQGDUGV��-&3'6���3RUpP��p�SRVVtYHO�REVHUYDU�TXH�DV�
DPRVWUDV�REWLGDV�DSUHVHQWDP�FULVWDOLQLGDGH�H�TXH�R�PHVPR�FRPSRVWR�IRL�REWLGR�HP�WRGRV�RV�SURFHVVRV�
de síntese.

&RPR�WpFQLFD�DGLFLRQDO�SDUD�D�FDUDFWHUL]DomR�HVWUXWXUDO��HPSUHJRX�VH�HVSHFWURVFRSLD�5DPDQ��
3RU�LQWHUPpGLR�GD�DQDOLVHV�GRV�HVSHFWURV�REWLGRV��SRGH�VH�FRQFOXLU�TXH�Ki�YLEUDo}HV�UHIHUHQWHV�jV�OLJD�
o}HV�1E 2�QD�UHJLmR�a����FP����&RPSDUDQGR�RV�HVSHFWURV�FRP�RV�REWLGRV�SRU�-(+1*�HW�DO��2�REVHUYD�VH�
JUDQGHV�VHPHOKDQoDV��LQGLFDQGR�D�SRVVLELOLGDGH�GR�PDWHULDO�VLQWHWL]DGR�DSUHVHQWDU�2[DODWR�GH�1LyELR�
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Figura 3. (VSHFWUR�5DPDQ�GDV�DPRVWUDV�REWLGDV�QDV�VtQWHVHV�XWLOL]DQGR�R�0pWRGR�+LGURWHUPDO�

3.2 teSte FotocAtAlitico

$�)LJXUD� �� LOXVWUD� HVSHFWUR� QD� UHJLmR�GR�89�9LVtYHO� GD� GHJUDGDomR�GD� DWUD]LQD� VXEPHWLGD� j�
UDGLDomR�89�SHOR�SHUtRGR�GH���KRUD��-i�QD�)LJXUD���REVHUYD�VH�R�JUi¿FR�GD�GHJUDGDomR�GD�DWUD]LQD�XWL�
OL]DQGR�RV�FDWDOL]DGRUHV�

Figura 4. (VSHFWUR�GD�GHJUDGDomR�GD�DWUD]LQD�SRU���KRUD��1R�GHVWDTXH�FRPSULPHQWR�GH�RQGD����QP�
FDUDFWHUtVWLFR�GD�DWUD]LQD�
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Figura 5. &XUYDV�GH�&�&��GD�GHJUDGDomR�GD�DWUD]LQD�

&RQVLGHUDQGR�TXH�D�GHJUDGDomR�GD�DWUD]LQD�p�XPD�UHDomR�GH�SULPHLUD�RUGHP�H�XWLOL]DQGR�D�OHL�GH�
/DPEHUW�%HHU�REWHYH�VH�D�FRQVWDQWH�GH�GHJUDGDomR�GD�DWUD]LQD�N��4XDQWR�PDLRU�R�YDORU�N�PDLV�H¿FLHQWH�
IRL�D�GHJUDGDomR��$�7$%(/$���GHVFUHYH�R�FRPSRUWDPHQWR�N�GH�FDGD�DPRVWUD�

tabela 2. 9DORUHV�N�GDV�DPRVWUDV
Amostra valor k

$WUD]LQD ������

*��� ������

*��� ������

*��� ������

1E2O���VLJPD�DOGULFK� ������

3RGH�VH�REVHUYDU�SHOD�SHORV�YDORUHV�GH�N�TXH�RV�PDWHULDLV�REWLGRV�*�����*����H�R�FRPHUFLDO�
DSUHVHQWDP�DWLYLGDGH�IRWRFDWDOtWLFD�HP�UHODomR�j�DWUD]LQD��$�$PRVWUD�*����DSUHVHQWD�XP�UHVXOWDGR�VX�
SHULRU�DLQGD�DR�1E2O��comercial.  

4 concluSÃo

'H�DFRUGR�FRP�RV�UHVXOWDGRV�DSUHVHQWDGRV�H�FRP�RV�REMHWLYRV�GR�WUDEDOKR��FRQVWDWD�VH�TXH�DV�
PHOKRUHV�FRQGLo}HV�GH�VtQWHVH�SDUD�REWHQomR�GR�y[LGR�GH�QLyELR�SDUD�VHU�HPSUHJDGR�QD�IRWRFDWiOLVH�GD�
DWUD]LQD�FRUUHVSRQGH�j�DPRVWUD�*�����RX�VHMD��FRP�D�XWLOL]DomR�GH���P/�GH�1+�2+�SURFHVVDGD�QR�UHD�
WRU�KLGURWHUPDO�SRU����KRUDV�D�����&��

3RGH�VH�FRQFOXLU��FRP�HVVHV�UHVXOWDGRV��TXH�p�YLiYHO�R�WUDWDPHQWR�GH�iJXDV�FRQWDPLQDGDV�FRP�
DWUD]LQD�XWLOL]DQGR�R�SHQWy[LGR�GH�QLyELR��1E2O���

AGrAdecimentoS

&$3(6��&13T��),1(3��8)6&DU

reFerÊnciAS

1 &$51(,52��)�� �HW�DO��'RVVLr�$%5$6&2���8P�DOHUWD�VREUH�RV�LPSDFWRV�GRV�DJURWy[LFRV�QD�VD~GH��
$%5$6&2��5LR�GH�-DQHLUR��S����������

2 -(+1*��-��0���:$&+6�� ,��(��6758&785$/�&+(0,675<�$1'�5$0$1�63(&75$�2)�1,2�
%,80�2;,'(6��&KHPLVWU\�RI�0DWHULDOV��Y�����Q�����S�����������-DQ�)HE�������,661������������
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resumo
$�EXVFD�SRU�PHWRGRORJLDV�H�WHFQRORJLDV�GH�WUDWDPHQWR�GH�iJXDV�TXH�SRVVLELOLWHP�UHPRomR�H¿FLHQWH�RX�D�
FRPSOHWD�PLQHUDOL]DomR�GH�SROXHQWHV�RUJkQLFRV�WHP�VLGR�FUHVFHQWH��$VVLP��R�SUHVHQWH�WUDEDOKR�REMHWLYRX�
avaliar a atividade fotocatalítica GH�QDQRSDUWtFXODV�GH�+LGUR[LDSDWLWD��+$3���&D���32����2+�2���LQLFLDOPHQWH�
SXUDV��QD�GHJUDGDomR�GR�SHVWLFLGD�$WUD]LQD�H��SRVWHULRUPHQWH��LPSUHJQDGDV�FRP�Ï[LGR�GH�1LyELR��1E2O����D�
¿P�GH�YHUL¿FDU�VH�R�QDQRFRPSyVLWR�DVVLP�REWLGR�SRVVLELOLWDULD�RWLPL]DomR�QR�SURFHVVR�fotocatalítico do pes�
WLFLGD�VXSUDFLWDGR��2V�WHVWHV�GH�GHJUDGDomR�IRUDP�FRQGX]LGRV�HP�VROXomR�DTXRVD�GH�$WUD]LQD�HP�SUHVHQoD�
GH�DPRVWUDV�GH��+$3��FRSUHFLSLWDGD�H�KLGURWHUPDOL]DGD�SRU���K�H���K���1E2O���REWLGR�YLD�PpWRGR�GRV�SUH�
FXUVRUHV�SROLPpULFRV�H�KLGURWpUPLFR��H�GH�QDQRFRPSyVLWRV�FRP�GLIHUHQWHV�UHODo}HV�GH�PDVVD�GH�+$3�1E2O� 
REWLGRV�SHORV�PpWRGRV�GRV�SUHFXUVRUHV�SROLPpULFRV�H�KLGURWHUPDO��HP�GLIHUHQWHV�TXDQWLGDGHV�HP�PDVVD��2V�
UHVXOWDGRV�REWLGRV�PRVWUDUDP�TXH�IRUDP�REWLGDV�QDQRSDUWtFXODV�GH�+$3�SRU�FRSUHFLSLWDomR�H�GH�1E2O� pelo 
PpWRGR�GRV�SUHFXUVRUHV�SROLPpULFRV�H�KLGURWHUPDO��PRQRIiVLFDV�H�FULVWDOLQDV��VHQGR�SDVVtYHLV�GH�DSOLFDomR�
HP�IRWRFDWiOLVH�KHWHURJrQHD�SDUD�D�GHJUDGDomR�GD�$WUD]LQD��)RL�SRVVtYHO�D�REWHQomR�GRV�FRPSyVLWRV�FRP�
GLIHUHQWHV�UHODo}HV�GH�PDVVD�GH�+$3�1E2O��SHOR�PpWRGR�GRV�SUHFXUVRUHV�SROLPpULFRV�H�SRU�KLGURWHUPDOL]D�
omR���VHQGR�TXH�HVWHV�DSUHVHQWDUDP�H¿FLrQFLD�LQIHULRU�j�+$3�H�DR�1E2O��SXUR�VLQWHWL]DGR�SRU�HVWHV�PpWRGRV�
Palavras-chave��+LGUR[LDSDWLWD��3HQWy[LGR�GH�1LyELR��$WUD]LQD��3HVWLFLGD��)RWRFDWDOLVDGRUHV

StudY oF nAnocomPoSiteS oF HYdroxYAPAtite/nb2o5 on PHotodeGrAdA-
tion oF PeSticideS
Abstract
7KH� IROORZ� IRU�PHWKRGV� DQG�ZDWHU� WUHDWPHQW� WHFKQRORJLHV� WKDW� HQDEOH� HI¿FLHQW� UHPRYDO� RU� FRPSOHWH�
PLQHUDOL]DWLRQ�RI�RUJDQLF�SROOXWDQWV�KDYH�EHHQ� LQFUHDVLQJ��7KXV�� WKH�SUHVHQW�VWXG\�DLPHG�WR�HYDOXDWH�
WKH�SKRWRFDWDO\WLF�DFWLYLW\�RI�QDQRSDUWLFOHV�RI�K\GUR[\DSDWLWH��+$3���&D���32����2+�2���LQLWLDOO\�SXUH��
RQ�GHJUDGDWLRQ�RI�WKH�SHVWLFLGH�$WUD]LQH�DQG�VXEVHTXHQWO\�LPSUHJQDWHG�ZLWK�1LRELXP�2[LGH��1E2O���LQ�
RUGHU�WR�YHULI\�LI�WKH�QDQRFRPSRVLWH�REWDLQHG�HQDEOH�RSWLPL]DWLRQ�LQ�SKRWRFDWDO\WLF�SURFHVV�RI�WKH�SHVWL�
FLGH��7KH�GHJUDGDWLRQ�WHVWV�ZHUH�FRQGXFWHG�LQ�DTXHRXV�VROXWLRQ�RI�DWUD]LQH�ZLWK�WKH�SUHVHQFH�RI�VDPSOHV�
RI��+$3��FRSUHFLSLWHG�DQG�K\GURWKHUPDOL]HG�IRU���K�DQG���K���1E2O���SURGXFHG�E\�K\GURWKHUPDO�DQG�
SRO\PHULF�SUHFXUVRUV�PHWKRGV��DQG�QDQRFRPSRVLWHV�ZLWK�YDULRXV�ZHLJKW�UDWLRV�RI�+$3�1E�2��REWDLQHG�
E\� WKH� SRO\PHULF� SUHFXUVRUV� DQG� K\GURWKHUPDO�PHWKRGV� LQ� GLIIHUHQW�ZHLJKW� SURSRUWLRQV��7KH� UHVXOWV�
VKRZHG�WKDW�+$3�QDQRSDUWLFOHV�ZHUH�REWDLQHG�E\�FRSUHFLSLWDWLRQ�DQG�1E2O� by polymeric precursors 
DQG�K\GURWKHUPDO�PHWKRGV��VLQJOH�SKDVH�DQG�FU\VWDOOLQH��EHLQJ�FDSDEOH�RI�DSSOLFDWLRQ�LQ�KHWHURJHQHRXV�
SKRWRFDWDO\VLV�IRU�WKH�GHJUDGDWLRQ�RI�$WUD]LQH��:HUH�SRVVLEOH�REWDLQ�WKH�FRPSRVLWHV�ZLWK�GLIIHUHQW�PDVV�
+$3��1E2O��E\�SRO\PHULF�SUHFXUVRUV�DQG�K\GURWKHUPDO�PHWKRGV��DQG�WKHVH�KDG�VLJQL¿FDQWO\�ORZHU�HI�
¿FLHQF\�WKDQ�SXUH�+$3�DQG�1E2O��V\QWKHVL]HG�E\�WKHVH�PHWKRGV�
Keywords: +\GUR[\DSDWLWH��1LRELXP�3HQWR[LGH��$WUD]LQH��3HVWLFLGH��3KRWRFDWDO\VWV

1 introduÇÃo

2V�SHVWLFLGDV�VmR�FRQVLGHUDGRV�FRPR�D�VHJXQGD�PDLRU�IRQWH�GH�FRQWDPLQDomR�GH�iJXD�SRWiYHO�
QRV�SDtVHV�HP�GHVHQYROYLPHQWR��5,%(,52�et al.,�������

$�$WUD]LQD����FORUR���HWLODPLQR���LVRSURSLODPLQR�������WULD]LQD��p�XP�KHUELFLGD�VLQWpWLFR�XWL�
OL]DGR�QD� DJULFXOWXUD� SDUD� R� FRQWUROH� GH� HUYDV� GDQLQKDV� �5(=(1'(�HW� DO��� ������ HP�FXOWXUDV� FRPR�
FDQD�GH�Do~FDU��VRMD��PLOKR��DOJRGmR��IHLMmR�HWF���5(=(1'(�HW�DO��������H�6$17$1$�et al.,��������6XD�
HVWUXWXUD�H�SULQFLSDLV�SURSULHGDGHV�ItVLFR�TXtPLFDV�VmR�DSUHVHQWDGDV�DEDL[R��QD�)LJ����



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 481

3�0���J�PRO��� ������

3�)����&� �������

6ROXELOLGDGH�HP�+22�D��������&�
�PJ�/��� ��

'HQVLGDGH��J�FP��� �����

Figura 1. 3URSULHGDGHV�ItVLFR�TXtPLFDV�GD�$WUD]LQD.��5(=(1'(�HW�DO��������

7DQWR�D�$WUD]LQD�FRPR�VHXV�SURGXWRV�GH�GHJUDGDomR�SRU�UDGLDomR�XOWUDYLROHWD�VmR�GH�HOHYDGD�
WR[LFLGDGH�SDUD�RV�VHUHV�YLYRV��6$17$1$�et al.,�������H�VmR�FODVVL¿FDGRV��DPELHQWDOPHQWH��FRPR�PL�
FURSROXHQWHV��5(=(1'(�HW�DO���������

$�KLGUR[LDSDWLWD�p�XP�Sy�EUDQFR�GH�IyUPXOD�HVWHTXLRPpWULFD�&D���32����2+�2�H�UD]mR�&D�3�LJXDO�
D�������VHQGR�R�IRVIDWR�GH�FiOFLR�PDLV�HVWiYHO�H�PHQRV�VRO~YHO�GH�WRGRV��&267$�et al.,��������3RVVXL�
VtWLRV�iFLGRV��UHSUHVHQWDGRV�SHORV�tRQV�&D2+��H�VtWLRV�EiVLFRV��UHSUHVHQWDGRV�SHORV�tRQV�32�

����HP�XPD�~QL�
FD�FHOD�GD�HVWUXWXUD�FULVWDOLQD��.,%%<�DQG�+$//���������R�TXH�IDYRUHFH�VXD�DSOLFDomR�HP�IRWRFDWiOLVH�

2�y[LGR�GH�QLyELR��1E2O���p�XP�VHPLFRQGXWRU�TXH�DSUHVHQWD�JUDQGH�DEVRUomR�GH�HQHUJLD�QD�UH�
JLmR�GR�XOWUDYLROHWD��SRGHQGR��LQFOXVLYH��VHU�XWLOL]DGR�QD�SURWHomR�GH�PDWHULDLV�VHQVtYHLV�D�HVWD�UDGLDomR��
2�%UDVLO�p�R�PDLRU�SURGXWRU�PXQGLDO�GH�QLyELR�H��FRPR�GHVWDFD��1(9(6�-5����������R�QLyELR��GHYLGR�jV�
VXDV�SURSULHGDGHV�ItVLFDV�H�TXtPLFDV�WHP�VH�DSUHVHQWDGR�XP�PDWHULDO�LQWHUHVVDQWH�SDUD�FDWiOLVH��(VSHFLDO�
PHQWH�R�1E2O��WHP�DSUHVHQWDGR�ERD�UHVSRVWD�SDUD�IRWRGHJUDGDomR�GH�PROpFXODV�FRP�JUXSRV�IHQyOLFRV�
�.$581$.$5$1�DQG�'+$1$/$.6+0,���������

2�SUHVHQWH�WUDEDOKR�WHYH�FRPR�REMHWLYR�VLQWHWL]DU��FDUDFWHUL]DU�H�DYDOLDU�D�DWLYLGDGH�fotocatalíti-
ca GH�QDQRSDUWtFXODV�GH�+LGUR[LDSDWLWD��+$S��&D���32����2+�2���LQLFLDOPHQWH�SXUDV��QD�GHJUDGDomR�GR�
SHVWLFLGD�$WUD]LQD�H��SRVWHULRUPHQWH��LPSUHJQDGDV�FRP�Ï[LGR�GH�1LyELR��1E2O����D�¿P�GH�YHUL¿FDU�VH�
HVWD�LPSUHJQDomR�UHVXOWD�HP�XPD�RWLPL]DomR�QR�SURFHVVR�fotocatalítico do pesticida supracitado.

2� SURFHVVR� GH� IRWRGHJUDGDomR� REMHWLYDGR� EDVHRX�VH� QRV� 3URFHVVRV� 2[LGDWLYRV� $YDQoDGRV�
�32$V���HP�TXH�Ki�D�JHUDomR�GH�UDGLFDLV�OLYUHV�DOWDPHQWH�R[LGDQWHV�TXH�OHYDP�D�TXHEUDV�VXFHVVLYDV�GD�
HVWUXWXUD�RUJkQLFD�GR�VXEVWUDWR�LQLFLDO�DWp�VXD�FRPSOHWD�PLQHUDOL]DomR�RX�SURGXomR�GH�SURGXWRV�DWy[LFRV�
�5,%(,52�et al.,��������1HVWH�VHQWLGR��IRWRFDWDOLVDGRUHV�HP�HVFDOD�QDQRPpWULFD�VmR�EDVWDQWH�LQWHUHV�
VDQWHV�GHYLGR�j�VXD�DOWD�iUHD�VXSHU¿FLDO�HVSHFt¿FD��XPD�YH]�TXH�D�HIHWLYLGDGH�GR�SURFHVVR�FDWDOtWLFR�HP�
FDWiOLVH�KHWHURJrQHD�GHSHQGH�GLUHWDPHQWH�GHVWH�IDWRU��5,%(,52�et al.,�������

2 mAteriAiS e métodoS

2.1 SínteSe do nb2o5.

$�REWHQomR�GH�1E2O�� SRU�PHLR�GR�PpWRGR�GRV� SUHFXUVRUHV� SROLPpULFRV� VH� GHX�SRU�PHLR�GH�
UHDomR�HQWUH�&RPSOH[R�$PRQLDFDO�1+�>1E2�&2O��2+22@+2On�H�ÈFLGR�&tWULFR�VHJXLGD�GH�DGLomR�GH�
(WLOHQRJOLFRO��VRE�DJLWDomR��j�WHPSHUDWXUD�GH�DSUR[LPDGDPHQWH�����&��$SyV�LVWR��D�YLVFRVLGDGH�GR�SROL�
pVWHU�REWLGR�IRL�DMXVWDGD�HP������F3��(VWD�UHVLQD�IRL��HQWmR��WUDWDGD�WHUPLFDPHQWH�j������&���K��H��SRVWH�
ULRUPHQWH��j������&���K�

1E2O��IRL�REWLGR��WDPEpP��SRU�PHLR�GR�PpWRGR�KLGURWHUPDO�TXH�FRQVLVWLX�QD�DGLomR�GH����P/�GH�
VROXomR�1+�2+�j�XPD�VROXomR�GH�&RPSOH[R�$PRQLDFDO�1+�>1E2�&2O��2+22@+2On�VRE�DJLWDomR��7DO�
PLVWXUD�UHDFLRQDO�IRL�WUDWDGD�WHUPLFDPHQWH�SRU���K�VRE�WHPSHUDWXUD�GH������&��2�SURGXWR�REWLGR�GHVWD�
IRUPD�IRL�SRVWHULRUPHQWH�ODYDGR��FHQWULIXJDGR�H�VHFR�

2.2 SínteSe dA HidroxiAPAtitA (HAP).

$V�QDQRSDUWtFXODV�GH�+$3�IRUDP�VLQWHWL]DGDV�SHOR�PpWRGR�GH�coprecipitação��&23��VHJXLGD�GR�
envelhecimento por hidrotermalização�������&�SRU������H����K���2�SURFHGLPHQWR�FRQVLVWLX�HP�SURPR�
YHU��LQLFLDOPHQWH��UHDomR�HQWUH�VDLV�GH�IRVIDWR�FRQWURODQGR�VH�R�S+������FRP�1+�2+�HP�SUHVHQoD�GH�12 
�(TXDomR����
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��&D�12��2�����1+��2+32��ĺ�&D���32����2+�2�����1+�12�����+12�     (1)

2.3 SínteSe do comPóSito nb2o5:HAP (coP).

$V�PHWRGRORJLDV�SDUD�D�REWHQomR�GRV�FRPSyVLWRV�IRUDP�DV�PHVPDV�GHVFULWDV�HP������(QWUHWDQWR��
j�PHWRGRORJLD�GRV�SUHFXUVRUHV�SROLPpULFRV�DFUHVFHQWRX�VH�XPD�HWDSD�GH�DGLomR�GH�FHUWD�PDVVD�GH�+$3�
�&23��j�UHVLQD�REWLGD��DQWHV�GR�WUDWDPHQWR�WpUPLFR�GHVWD��D�¿P�GH�REWHU�FRPSyVLWRV�FRP�UHODo}HV�PDVVD�
PDVVD�LJXDLV�D�1E2O��+$S��&23��������H�1E2O��+$S��&23�������

1R�FDVR�GD�PHWRGRORJLD�KLGURWHUPDO��TXDQWLGDGH�GH�+$3��&23��SDUD�D�REWHQomR�GH�FRPSyVLWRV�
QDV�SURSRUo}HV�VXSUDPHQFLRQDGDV�IRL�DGLFLRQDGD�DR�PHLR�UHDFLRQDO�DQWHV�GR�WUDWDPHQWR�WpUPLFR�GHVWD�

2.4 cArActeriZAÇÃo 

2V�SyV�GR�VLVWHPD�+$3�1E2O���DVVLP�FRPR�RV�SyV�GH�+$3�H�1E2O��IRUDP�VXEPHWLGRV�jV�VH�
JXLQWHV�WpFQLFDV�GH�FDUDFWHUL]DomR��'LIUDomR�GH�UDLRV�;��'5;���(VSHFWURIRWRPHWULD�QD�UHJLmR�GR�LQIUD�
YHUPHOKR��0LFURVFRSLD�(OHWU{QLFD�GH�9DUUHGXUD�FRP�)RQWH�GH�(PLVVmR�GH�&DPSR��0(9�)(*��

2.5 enSAioS de FotocAtáliSe HeteroGÊneA

3DUD� D� DYDOLDomR� GD� HIHWLYLGDGH� GRV�PDWHULDLV� VLQWHWL]DGRV� �+$3��1E2O�� H�+$3�1E2O��� SDUD�
IRWRFDWiOLVH�HPSUHJRX�VH�RV�PHVPRV�FRP�PDVVDV�YDULDQGR�GH������D�����J�HP�XP�YROXPH�GH����P/�GH�
VROXomR����PJ�/����GR�SHVWLFLGD�DWUD]LQD��$OGULFK���������

$V�PHGLGDV�IRUDP�UHDOL]DGDV�VRE�UDGLDomR�XOWUDYLROHWD�YLVtYHO��89�9LV���HP�XP�UHDWRU�IRWRFDWD�
OtWLFR�FRQVWLWXtGR�SRU�XPD�FkPDUD�GH�PDGHLUD��1R�LQWHULRU�GR�UHDWRU�IRUDP�DFRSODGDV�VHLV�OkPSDGDV��TXH�
HPLWLUDP�UDGLDomR�89&��/DPSV�3KLOOLSV�789�����:��LQWHQVLGDGH�Pi[LPD�HP�����QP���6RE�D�FkPDUD�
IRUDP�LQVHULGRV�DJLWDGRUHV�PDJQpWLFRV��QRV�TXDLV� IRUDP�SRVLFLRQDGRV�RV�EpTXHUHV�GH�����P/��$OpP�
GLVVR��IRL�DFRSODGR�XP�VLVWHPD�GH�UHVIULDPHQWR�j�PHVPD��D�¿P�HYLWDU�R�VXSHUDTXHFLPHQWR�

$�H¿FLrQFLD�GD�GHJUDGDomR�IRL�DFRPSDQKDGD�SRU�HVSHFWURIRWRPHWULD�89�9LV��XWLOL]DQGR�R�HVSHF�
WURIRW{PHWUR�6KLPDG]X�89�����3&�

3 reSultAdoS e diScuSSÃo

$�DPRVWUD�GH�+$3�QmR�KLGURWHUPDOL]DGD�DSUHVHQWRX�PHOKRUHV�UHVXOWDGRV�QD�IRWRGHJUDGDomR�GR�
SHVWLFLGD�H��SRU�LVVR��IRL�VHOHFLRQDGD�SDUD�D�VtQWHVH�GRV�FRPSyVLWRV�GR�VLVWHPD�+$3�1E2O���$OpP�GLVVR��
2V�PHOKRUHV�UHVXOWDGRV�GRV�WHVWHV�GH�IRWRGHJUDGDomR�GD�DWUD]LQD�TXH�IRUDP�FRQFRUGDQWHV�SDUD�D�+$3�
H�R�1E2O��RFRUUHUDP�FRP�D�PDVVD�GH������J�GR�IRWRFDWDOLVDGRU��3RUWDQWR��HVVD�PDVVD�IRL�PDQWLGD�SDUD�
RV�FRPSyVLWRV�REWLGRV�SRU�DPERV�RV�PpWRGRV��SUHFXUVRUHV�SROLPpULFRV�����33�H����33��H�KLGURWHUPDO�
����+���H����+�����

$�)LJXUD���DSUHVHQWD�RV�UHVXOWDGRV�REWLGRV�QD�IRWRGHJUDGDomR�GD�DWUD]LQD����PJ�/����QD�SUHVHQoD�
GH������J�GH�+$3��1E2O���33�H�+�����GRV�FRPSyVLWRV������33�H�+����H������33�H�+�����$�¿P�GH�IRUQHFHU�
LQIRUPDo}HV�VREUH�D�FLQpWLFD�GD�IRWRGHJUDGDomR��DV�FRQVWDQWHV�GH�YHORFLGDGH��N��SDUD�HVWDV�DPRVWUDV�
IRUDP�FDOFXODGDV�FRQVLGHUDQGR�TXH�HVWH�SURFHVVR�p�GH�SVHXGR�SULPHLUD�RUGHP��2V�UHVXOWDGRV�REWLGRV�
estão descritos na Tabela 2.
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tabela 1. 'HVFULomR�GDV�VLJODV�XWLOL]DGDV

Figura 2. &XUYD�GH�IRWRGHJUDGDomR�GD�DWUD]LQD�VRE�UDGLDomR�XOWUDYLROHWD�QD�SUHVHQoD�GH������J�GH�+LGUR[LDSDWLWD�
�+$3���1E2O���33�H�+�����GRV�FRPSyVLWRV������33�H�+����H������33�H�+����

tabela 2. 9DORUHV�GDV�FRQVWDQWHV�GH�YHORFLGDGH�SDUD�D�GHJUDGDomR�GD�DWUD]LQD�QD�SUHVHQoD�GH������J�GR�
IRWRFDWDOLVDGRU�

$�SDUWLU�GRV�UHVXOWDGRV�GD�7DEHOD����REVHUYD�VH�TXH�DV�PHOKRUHV�FRQVWDQWHV�GH�YHORFLGDGH�IR�
UDP�HQFRQWUDGDV�SDUD�DV�DPRVWUDV�1E2O�33��1E2O�+���H�+$3��FRP�N1E�2�+�����N+$3���N1E�2�33.  O maior 
YDORU�GD�FRQVWDQWH�GH�YHORFLGDGH�IRL�HQFRQWUDGR�SDUD�D�VROXomR�FRQWHQGR�1E2O�33��N� ���������PLQ

�����
YDORU�VXSHULRU�DRV�HQFRQWUDGRV�SDUD�RV�FRPSyVLWRV��6HQGR�DVVLP��p�SRVVtYHO�FRQFOXLU�TXH�RV�FRPSyVLWRV�
VLQWHWL]DGRV�SHOD�PHWRGRORJLD�GHVFULWD�QmR�SRWHQFLDOL]DUDP�R�HIHLWR�IRWRFDWDOtWLFR�GR�1E2O� sobre a de�
JUDGDomR�GR�SHVWLFLGD�DWUD]LQD��FRPR�GHVHMDGR��

4 concluSÃo

3HOD�DQiOLVH�GRV�UHVXOWDGRV�REWLGRV�QR�SUHVHQWH� WUDEDOKR��SRGH�VH�FRQFOXLU�TXH�IRUDP�REWLGDV�
QDQRSDUWtFXODV�GH�+$3�SRU�FRSUHFLSLWDomR�H�GH�1E2O��SHOR�PpWRGR�GRV�SUHFXUVRUHV�SROLPpULFRV�H�KL�
GURWHUPDO��PRQRIiVLFDV�H�FULVWDOLQDV��VHQGR�SDVVtYHLV�GH�DSOLFDomR�HP�IRWRFDWiOLVH�KHWHURJrQHD�SDUD�D�
GHJUDGDomR�GD�DWUD]LQD��9HUL¿FRX�VH�TXH�IRL�SRVVtYHO�D�REWHQomR�GRV�FRPSyVLWRV�FRP�GLIHUHQWHV�UHODo}HV�
PRODUHV�GH�+$3�1E2O��SHOR�PpWRGR�GRV�SUHFXUVRUHV�SROLPpULFRV�H�SRU�KLGURWHUPDOL]DomR���VHQGR�TXH�
HVWHV�DSUHVHQWDUDP�H¿FLrQFLD�LQIHULRU�j�+$3�H�DR�1E2O��SXUR�VLQWHWL]DGR�SRU�HVWHV�PpWRGRV��)DWR�HVWH��
TXH�IRL�DWULEXtGR�j�SRVVtYHO�DGVRUomR�GD�DWUD]LQD�SHOD�+$3��GLPLQXLQGR�D�H¿FLrQFLD�GR�SURFHVVR��

AGrAdecimentoS

&13T��(PEUDSD��3URMHWR�(PEUDSD�1���������������������
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reFerÊnciAS

5,%(,52��&��et al��1DQRHVWUXWXUDV�HP�IRWRFDWiOLVH��XPD�UHYLVmR�VREUH�HVWUDWpJLDV�GH�VtQWHVH�GH�IRWRFD�
WDOLVDGRUHV�HP�HVFDOD�QDQRPpWULFD��4XLP��1RYD��Y�����Q�����S�����������������

5(=(1'(��0��2��2���/$1'*5$)��0��'���-$9$521,��5��&��$���&RPSRUWDPHQWR�GRV�KHUELFLGDV�DWUD�
]LQD�H�DODFORU�DSOLFDGRV�HP�VROR�SUHSDUDGR�SDUD�R�FXOWLYR�GH�FDQD�GH�Do~FDU��4XLP��1RYD��Y�����S��������
�����

6$17$1$��+���%21$1&Ç$��&��(���7$.$6+,0$��.��)RWRFDWiOLVH�HOHWURTXtPLFD�GH�DWUD]LQD�VREUH�
GLy[LGR�GH�WLWkQLR��HIHLWR�GH�GLIHUHQWHV�SDUkPHWURV�H[SHULPHQWDLV��4XLP��1RYD��Y������Q�����S����������
�����

&267$��$��&��)��0��et al��+LGUR[LDSDWLWD��REWHQomR��FDUDFWHUL]DomR�H�DSOLFDo}HV��5HYLVWD�(OHWU{QLFD�GH�
0DWHULDLV�H�3URFHVVRV��Y�������S�������������

.,%%<��/�&���+$//��.�:��'HK\GURJHQDWLRQ�RI�DOFRKROV�DQG�K\GURJHQ�WUDQVIHU�IURP�DOFRKROV�WR�NHWR�
QHV�RYHU�K\GUR[\DSDWLWH�FDWDO\VWV���-��&DWDO������S�������������

1(9(6�-Ò1,25��/��)��6tQWHVH�GH�1E2O��QDQRSDUWLFXODGR�SDUD�D�GHJUDGDomR�GH�SHVWLFLGDV�����S��0RQR�
JUD¿D�GH�&RQFOXVmR�GH�&XUVR�GH�%DFKDUHODGR�HP�4XtPLFD�7HFQROyJLFR��8QLYHUVLGDGH�)HGHUDO�GH�6mR�
&DUORV��8)6&DU��6mR�&DUORV�������

.$581$.$5$1��&���'+$1$/$.6+0,��5��6HOHFWLYLW\�LQ�SKRWRFDWDO\VLV�E\�SDUWLFXODWH�VHPLFRQ�
GXFWRUV��&HQWUDO�(XURSHDQ�-RXUQDO�RI�&KHPLVWU\��Y�����Q�����S�����������0DU������
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nAnocomPóSitoS cArreGAdoS com ArGilominerAiS 

$QGUp�5��7��6HUD¿P1, Adriel bortolin1, Fauze Ahmad Aouada 2, caue ribeiro1,  luiz Henrique 
capparelli mattoso1

1/DERUDWyULR�1DFLRQDO�GH�1DQRWHFQRORJLD�SDUD�R�$JURQHJyFLR��(PEUDSD�,QVWUXPHQWDomR�$JURSHFXiULD��
6mR�&DUORV��63��2)DFXOGDGH�GH�(QJHQKDULD�GH�,OKD�6ROWHLUD��81(63��'HSDUWDPHQWR�GH�)tVLFD�H�

4XtPLFD��,OKD�6ROWHLUD��63�
*sera.adr@gmail.com 

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
)RUDP�XWLOL]DGRV�QDQRFRPSyVLWRV�EDVHDGRV�HP�KLGURJpLV�GHVHQYROYLGRV�DQWHULRUPHQWH�QR�JUXSR�GH�SHV�
TXLVD�� FRP�R�REMHWLYR�GH� DYDOLDU� VHX�SRWHQFLDO� FRPR�YHtFXOR� FDUUHDGRU�SDUD� OLEHUDomR� FRQWURODGD�GH�
XUHLD��2V�UHVXOWDGRV�PRVWUDUDP�TXH�D�OLEHUDomR�GH�XUHLD�p�UHVSRQVLYD�D�PXGDQoDV�GH�S+�H�D�SUHVHQoD�
GH�00W��2EVHUYRX�VH�PDLRUHV�WD[DV�GH�OLEHUDomR�HP�S+�EiVLFR�H�XPD�OLEHUDomR�PDLV�OHQWD�SDUD�RV�QD�
QRFRPSyVLWRV�FDUUHJDGRV�FRP�PDLRUHV�TXDQWLGDGHV�GH�DUJLORPLQHUDO��$�KLGUyOLVH�GR�PDWHULDO�WDPEpP�
FRQWULEXLX�VLJQL¿FDWLYDPHQWH�SDUD�R�DXPHQWR�GR�QXWULHQWH�FDUUHJDGR�H�OLEHUDGR�SHORV�QDQRFRPSyVLWRV��
$�SUHVHQoD�GR�DUJLORPLQHUDO�QR�QDQRFRPSyVLWR�VH�PRVWURX�XP�IDWRU�LPSRUWDQWH�SDUD�D�YLDELOLGDGH�GH�VXD�
DSOLFDomR��SRLV�DXPHQWRX�D�FDSDFLGDGH�GH�FDUUHJDPHQWR�SDUD�D�IRQWH�QXWULWLYD�HVWXGDGD��FRQWULEXLQGR�
DLQGD�GH�PDQHLUD�VLJQL¿FDWLYD�SDUD�D�GLPLQXLomR�GR�FXVWR�¿QDO�GR�SURGXWR��2V�UHVXOWDGRV�REWLGRV�PRV�
WUDUDP�TXH�RV�QDQRFRPSyVLWRV�REWLGRV�VmR�SRWHQFLDOPHQWH�DSOLFiYHLV�HP�VLVWHPDV�GH�OLEHUDomR�OHQWD�
controlada de ureia.
Palavras-chave��1DQRFRPSyVLWR��OLEHUDomR�FRQWURODGD��XUHLD��

Slow releASe oF nutrientS From nAnocomPoSiteS HYdroGelS
Abstract
1DQRFRPSRVLWH�K\GURJHOV�GHYHORSHG�SUHYLRXVO\�RQ�WKH�UHVHDUFK�JURXS�ZHUH�XVHG�LQ�RUGHU�WR�HYDOXDWH�



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 485

WKHLU�SRWHQWLDO�DV�D�XUHD�FRQWUROOHG�UHOHDVH�V\VWHP��7KH�UHVXOWV�VKRZHG�WKDW�WKH�UHOHDVH�RI�XUHD�LV�UHVSRQ�
VLYH�WR�FKDQJHV�LQ�S+�DQG�WKH�SUHVHQFH�RI�00W��,W�ZDV�REVHUYHG�DQ�LQFUHDVHG�UDWHV�RI�XUHD�UHOHDVH�LQ�
EDVLF�S+�DQG�WKDW�WKH�SUHVHQFH�RI�00W�PDNHV�D�VORZHU�XUHD�UHOHDVH�IRU�WKH�QDQRFRPSRVLWHV��7KH�K\GUR�
O\VLV�RI�WKH�PDWHULDO�DOVR�FRQWULEXWHG�VLJQL¿FDQWO\�WR�WKH�LQFUHDVH�RI�DPRXQW�QXWULHQW�ORDG�DQG�UHOHDVHG�
IURP�QDQRFRPSRVLWHV��7KH�SUHVHQFH�RI�00W�LQ�WKH�QDQRFRPSRVLWH�VKRZHG�DQ�LPSRUWDQW�IDFWRU��WR�WKH�
YLDELOLW\�RI�LWV�DSSOLFDWLRQ�GXH�WKH�LQFUHDVHG�QXWULHQW�ORDGLQJ�FDSDFLW\�IRU�VRXUFH�VWXGLHG�DQG�FRQWULEXW�
LQJ�VLJQL¿FDQWO\�WR�WKH�UHGXFWLRQ�RI�WKH�¿QDO�SURGXFW�FRVW��7KH�UHVXOWV�VKRZHG�WKDW�QDQRFRPSRVLWHV�DUH�
SRWHQWLDOO\�DSSOLFDEOH�IRU�QXWULHQW�VORZ�RU�FRQWUROOHG�UHOHDVH�V\VWHPV�
Keywords: 1DQRFRPSRVLWH��6ORZ�UHOHDVH��8UHD�

3XEOLFDo}HV�UHODFLRQDGDV
%2572/,1��$���$28$'$��)��$���5,%(,52��&��/21*2��(���0$77262��/��+��&��³1DQRFRPSRVLWH�
3$$P�0HWK\O�&HOOXORVH�0RQWPRULOORQLWH�+\GURJHO��(YLGHQFH�RI�6\QHUJLVWLF�(IIHFWV�IRU�WKH�&RQWUROOHG�
5HOHDVH�RI�)HUWLOL]HUV´��-RXUQDO�RI�$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\�����������������

1 introduÇÃo

&RP�R�DXPHQWR�GD�GHPDQGD�SRU�DOLPHQWRV�H�XPD�UHGXomR�GRV�HVSDoRV�SDUD�R�SODQWLR��ID]�VH�QHFHV�
ViULR�D�RWLPL]DomR�QR�PDQHMR�GH�IHUWLOL]DQWHV��YLVDQGR�XPD�UHGXomR�QR�XVR�GHVWHV�FRPSRVWRV�PDQWHQGR�VH�
RX�DWp�PHVPR�PHOKRUDQGR�VXD�DSOLFDomR��3DUD�LVVR��GHVWDFDP�VH�RV�VLVWHPDV�GH�OLEHUDomR�OHQWD�FRQWURODGD��
TXH�YLVDP�XP�FRQWUROH�QD�OLEHUDomR�GH�GHWHUPLQDGR�LQVXPR��ID]HQGR�FRP�TXH�¿TXH�PDLV�WHPSR�QR�VROR�H�HP�
SHUtRGRV�FUtWLFRV��WDLV�FRPR��DOWD�LQVRODomR�H�EDL[D�SUHFLSLWDomR��RWLPL]DQGR�DVVLP�D�XWLOL]DomR�GH�IHUWLOL]DQ�
WHV��UHGX]LQGR�RV�FXVWRV�SDUD�R�SURGXWRU��DOpP�GH�PLQLPL]DU�SRVVtYHLV�LPSDFWRV�DPELHQWDLV���/LD�HW�DO���������
8P�GRV�SULQFLSDLV�QXWULHQWHV�TXH�DV�SODQWDV�QHFHVVLWDP�p�R�QLWURJrQLR��SRUpP�VXD�SHUGD�GH�SRU�YRODWLOL]DomR�
GH�DP{QLD�SDUD�D�DWPRVIHUD�H�OL[LYLDomR�p�XP�GRV�SULQFLSDLV�IDWRUHV�UHVSRQViYHLV�SHOD�EDL[D�H¿FLrQFLD�GHVWHV�
IHUWLOL]DQWHV�QR�VROR��0DODYROWD���������3DUD�RWLPL]DU�R�XVR�GH�QXWULHQWHV�QR�VROR��YiULRV�PDWHULDLV�WrP�VLGR�
GHVHQYROYLGRV�H�XWLOL]DGRV��GHQWUH�HVVHV�PDWHULDLV�GHVWDFDP�VH�R�XVR�GH�QDQRFRPSyVLWRV��SURGX]LGRV�SHOD�
FRPELQDomR�GH�SROtPHURV�KLGURItOLFRV�FRP�DUJLORPLQHUDLV��REWHQGR�VH�DVVLP�XP�PDWHULDO�PXOWLIXQFLRQDO��RX�
VHMD��TXH�FRQWULEXL�WDQWR�SDUD�PDQWHU�D�WD[D�KtGULFD�TXDQWR�D�QXWULWLYD�HP�IDL[DV�yWLPDV�SDUD�R�GHVHQYROYL�
PHQWR�GRV�FXOWLYRV��.KDUH�HW�DO���������2�LQWHUHVVH�HP�VH�XWLOL]DU�DUJLORPLQHUDLV�FRPELQDGRV�FRP�KLGURJpLV�
VH�Gi�SHOR�IDWR�GH�TXH�R�PDWHULDO�FDUUHJDGR�SDVVD�D�WHU�PDLRU�FDSDFLGDGH�GH�FDUUHJDU�QXWULHQWH��DOpP�GH�UHGX�
]LU�R�FXVWR�¿QDO�GR�SURGXWR���/DQ�H�3LQQDYDLD���������$VVLP��QHVWH�WUDEDOKR��UHDOL]RX�VH�WHVWHV�GH�OLEHUDomR�
OHQWD�FRQWURODGD�GH�XUHLD�HP�GLIHUHQWHV�YDORUHV�GH�S+�D�SDUWLU�GH�QDQRFRPSyVLWRV�EDVHDGRV�HP�KLGURJpLV�

2 mAteriAiS e métodoS

)RUDP�XWLOL]DGRV�QDQRFRPSyVLWRV�EDVHDGRV�HP�KLGURJpLV�GH�3$$P��0&�H�00W�GHVHQYROYLGRV�
HP�WUDEDOKRV�DQWHULRUHV�GR�JUXSR�GH�SHVTXLVD��%RUWROLQ�HW�DO��������H�HVVHV�PDWHULDLV�IRUDP�WHVWDGRV�HP�
VLVWHPDV�GH�OLEHUDomR�OHQWD�FRQWURODGD�GH�XUHLD��3DUD�LVVR��RV�QDQRFRPSyVLWRV�IRUDP�GHL[DGRV�VXEPHUVRV�
HP�VROXomR������VDWXUDGD�GH�XUHLD�D����&�SRU�����KRUDV��(P�VHJXLGD�IRL�UHDOL]DGD�D�GHVVRUomR�GH�XUHLD�
DGDSWDQGR�PRGHOR�SURSRVWR�SRU�)X�HW�DO��������SDUD�D�OLEHUDomR�OHQWD�GH�IiUPDFRV��1HVVH�VLVWHPD��RV�
QDQRFRPSyVLWRV�LQWXPHVFLGRV�HP�VROXomR�VDWXUDGD�GH�XUHLD�IRUDP�FRORFDGRV�HP�XP�SHTXHQR�EpTXHU�
LPHUVR�HP�����P/�GH�iJXD�0LOL4�FRQWLGD�HP�XP�UHFLFLHQWH�PDLRU�FRPR�FRPR�VHJXH�QD�¿JXUD���

Figura 1. 6LVWHPD�XWLOL]DGR�SDUD�UHWLUDU�DV�DOtTXRWDV�SDUD�DV�PHGLGDV�GH�GHVVRUomR�GH�XUHLD

$�GHVVRUomR�GH�XUHLD�IRL�WHVWDGD�HP�GLIHUHQWHV�YDORUHV�GH�S+�������H�����$�DJLWDomR�H[WHUQD�DR�
UHFLSLHQWH�FRQWHQGR�R�QDQRFRPSyVLWR�IRL�PDQWLGD�FRQVWDQWH��)RUDP�FROHWDGDV�DOtTXRWDV�HP�GLIHUHQWHV�
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LQWHUYDORV�GH�WHPSR�SUp�¿[DGRV��DWp�R�OLPLWH�GH�����KRUDV��5HDOL]RX�VH�D�GHVVRUomR�VLPXOWDQHDPHQWH�
SDUD�WRGRV�RV�QDQRFRPSyVLWRV�TXH�IRUDP�QRPHDGRV�GH��������������H��������VHQGR�TXH�HVWHV�YDORUHV�UH�
IHUHP�VH�DV�SURSRUo}HV�GH�DUJLORPLQHUDO�HP�UHODomR�DV�RXWURV�FRPSRQHQWHV�GR�QDQRFRPSyVLWR��$VVLP��
R�QDQRFRPSyVLWR�������FRQWpP�����GH�DUJLORPLQHUDO�HP�VXD�FRPSRVLomR��������SRVVXL�����H�������QmR�
FRQWpP�R�DUJLORPLQHUDO��'D�PHVPD�IRUPD��RV�QDQRFRPSyVLWRV�KLGUROLVDGRV�IRUDP�QRPHDGRV�GH�DFRUGR�
FRP�VXD�SURSRUomR�GH�DUJLORPLQHUDO�VHQGR�DFUHVFHQWDGD�D�WHUPLQRORJLD�+G�QD�QRPHQFODWXUD�GHVWHV�

$�GHWHUPLQDomR�GD�FRQFHQWUDomR�GH�XUHLD�HP�VROXomR�IRL�IHLWD�SRU�DQiOLVH�HVSHFWURIRWRPpWULFD�
QR�89�YLVtYHO��VHJXQGR�PHWRGRORJLD�SURSRVWD�SRU�*XWRZVND�HW�DO���������(VWD�PHWRGRORJLD�FRQVLVWH�QD�
UHDomR�GH�XUHLD�FRP�R�UHDJHQWH�GH�(KUOLFK����J�GH�GLPHWLODPLQREHQ]DLGHtGR������P/�GH�iFLGR�FORUtGULFR�
FRQFHQWUDGR��H�XPD�VROXomR�����GH�iFLGR�WULFORURDFpWLFR�IRUPDQGR�XP�SURGXWR�TXH�SRGH�VHU�PRQLWRUD�
GR�HPڣ� �����QP��$VVLP�SRGH�VH�FRQVWUXLU�XPD�FXUYD�GH�FDOLEUDomR��FRP�FRH¿FLHQWH�GH�UHJUHVVmR�OLQHDU�
�52��LJXDO�D�������H�FRP�RV�GDGRV�REWLGRV�IRL�SRVVtYHO�UHDOL]DU�D�DQiOLVH�GD�GHVVRUomR�GH�XUHLD�HP�IXQomR�
do tempo para todas as alíquotas recolhidas.

3 reSultAdoS e diScuSSÃo

3.1 'HVVRUomR�&RQWURODGD�GH�XUHLD�D�SDUWLU�GRV�QDQRFRPSyVLWRV�HP�GLIHUHQWHV�S+V�

$�WDEHOD���H���PRVWUDP�RV�YDORUHV�GH�GHVVRUomR�FRQWURODGD�GH�XUHLD�QR�HTXLOtEULR�SDUD�RV�QDQR�
FRPSyVLWRV�VHP�H�FRP�R�WUDWDPHQWR�GH�KLGUyOLVH��UHVSHFWLYDPHQWH�

tabela 1. 4XDQWLGDGH�GH�XUHLD�GHVVRUYLGD��J�GH�XUHLD�SRU�JUDPDV�GH�KLGURJHO�VHFR��QR�HTXLOtEULR�SDUD�RV�
GLIHUHQWHV�WLSRV�GH�QDQRFRPSyVLWRV�QmR�KLGUROLVDGRV�HP�GLIHUHQWHV�S+V

pH 4 pH 7 pH 9

nanocompósito massa (g) massa (g) massa (g)

����� ���������� ���������� ����������

����� ���������� ���������� ����������

����� ���������� ���������� ����������

tabela 2. 4XDQWLGDGH�GH�XUHLD�GHVVRUYLGD��J�GH�XUHLD�SRU�JUDPDV�GH�KLGURJHO�VHFR��QR�HTXLOtEULR�SDUD�RV�
GLIHUHQWHV�WLSRV�GH�QDQRFRPSyVLWRV�KLGUROLVDGRV�HP�GLIHUHQWHV�S+V

pH 4 pH 7 pH 9

nanocompósito massa (g) massa (g) pH 9

������+G� ���������� ���������� ����������

������+G� ���������� ���������� ����������

������+G� ���������� ���������� ����������

$�GHVVRUomR�GH�XUHLD�SDUD�RV�QDQRFRPSyVLWRV�PRVWURX�VH�UHVSRQVLYD�DR�S+�SDUD�WRGRV�RV�QDQR�
FRPSyVLWRV��8P�IDWRU�HP�HYLGrQFLD�p�R�HIHLWR�VLQpUJLFR�TXH�RFRUUH�TXDQGR�R�PDWHULDO�VRIUH�R�WUDWDPHQWR�
GH�KLGUROLVH�� RX� VHMD�� RV�QDQRFRPSyVLWRV�KLGUROLVDGRV�PRVWUDUDP�XPD� WHQGrQFLD� LQYHUVD�GD�RFRUULGD�
QRV�QDQRFRPSyVLWRV�VHP�R�WUDWDPHQWR�GH�KLGUROLVH��RQGH��R�QDQRFRPSyVLWR�������+G��SDVVD�D�GHVVRUYHU�
PDLRU�TXDQWLGDGH�GH�QXWULHQWH�TXH�RV�QDQRFRPSyVLWRV�������+G��H�������+G��2EVHUYD�VH�HP�DOJXQV�FDVRV�
DXPHQWR�QD�GHVVRUomR�GH�XUHLD�GH�DSUR[LPDGDPHQWH���YH]HV�SDUD�RV�QDQRFRPSyVLWRV�KLGUROLVDGRV�

$�¿JXUD���PRVWUD�D�GHVVRUomR�FRQWURODGD�HP�IXQomR�GR�WHPSR�SDUD�RV�QDQRFRPSyVLWRV�FRP�H�VHP�R�
WUDWDPHQWR�GH�KLGUyOLVH�HP�S+� ������(PERUD�H[LVWDP�GLIHUHQoDV�QRV�YDORUHV�DEVROXWRV�GH�GHVVRUomR��FRPR�
UHSRUWDGRV�QDV�WDEHODV�DFLPD��QmR�REVHUYRX�VH�PXGDQoDV�VLJQL¿FDWLYDV�QD�FLQpWLFD�FRP�TXH�R�QXWULHQWH�p�
GHVVRUYLGR�SDUD�RV�YDORUHV�GH�S+�GH�����H������(P�WRGRV�RV�QDQRFRPSyVLWRV��D�SUHVHQoD�GR�DUJLORPLQHUDO�
ID]�FRP�TXH�R�KLGURJHO�GHVVRUYD�R�QXWULHQWH�GH�PDQHLUD�PDLV�OHQWD��R�TXH�SRGH�VHU�REVHUYDGR�SHOD�PHQRU�LQ�
FOLQDomR�LQLFLDO�QDV�FXUYDV�GH�GHVVRUomR�vs�WHPSR��)LJXUD����DSUHVHQWDGDV�SHORV�QDQRFRPSyVLWRV�FDUUHJDGRV�
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FRP�DUJLORPLQHUDLV��,VVR�IRL�REVHUYDGR�HP�WRGDV�RV�YDORUHV�GH�S+�DQDOLVDGRV��RQGH�R�QDQRFRPSyVLWR�VHP�D�
00W�GHVVRUYH�SUDWLFDPHQWH�WRGR�R�QXWULHQWH�HP�������KRUDV��-i�SDUD�RV�QDQRFRPSyVLWRV�FRP�00W��HVVHV�
YDORUHV�SDVVDP�SDUD�DSUR[LPDGDPHQWH����KRUDV�SDUD�RV�QDQRFRPSyVLWRV�VHP�KLGUyOLVH�H�����KRUDV�SDUD�RV�
QDQRFRPSyVLWRV�KLGUROLVDGRV�QRV�GLIHUHQWHV�YDORUHV�GH�S+���,VVR�VH�GHYH�DR�IDWR�TXH�R�WUDWDPHQWR�GH�KLGUR�
OLVH�ID]�FRP�TXH�JUDQGH�SDUWH�GD�00W�FRQWLGD�QD�PDWUL]�SROLPpULFD�VHMD�HVIROLDGD��JDUDQWLQGR�DVVLP�XPD�
PDLRU�LQWHUDomR�FRP�R�QXWULHQWH�H�FRQVHTXHQWHPHQWH�XPD�PDLRU�FDSDFLGDGH�GH�FDUUHJDPHQWR�GR�PHVPR�
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Figura 2. 'HVVRUomR�FRQWURODGD�GH�XUHLD�HP�S+�����SDUD�RV�QDQRFRPSyVLWRV�VHP�KLGUyOLVH��D���H�KLGUROLVDGRV��E��

4 concluSÃo

2V�QDQRFRPSyVLWRV�VLQWHWL]DGRV�DSUHVHQWDUDP�H[FHOHQWHV�SURSULHGDGHV�GH�FDUUHJDPHQWR�H�GHV�
VRUomR� GH� XUHLD�� SULQFLSDOPHQWH� DSyV� R� WUDWDPHQWR� GH� KLGUyOLVH��+RXYH� XP� DXPHQWR� QRV� YDORUHV� GH�
GHVVRUomR�GH�XUHLD�GH�DSUR[LPDGDPHQWH���YH]HV�FRPSDUDQGR�VH�RV�QDQRFRPSyVLWRV�KLGUROLVDGRV�FRP�
RV�QmR�KLGUROLVDGRV��IDWRU�TXH�HVWi�GLUHWDPHQWH�OLJDGR�DR�IDWR�GH�TXH�R�SURFHVVR�GH�KLGUyOLVH�IDFLOLWD�D�
GLVSHUVmR�H�HVIROLDomR�GR�DUJLORPLQHUDO�DXPHQWDQGR�DVVLP�D�FDSDFLGDGH�GH�FDUUHJDPHQWR�GD�VROXomR�
QXWULWLYD�SHORV�PDWHULDLV��DOpP�GLVVR��R�DUJLORPLQHUDO�DWXD�FRPR�EDUUHLUD�HIHWLYD�SDUD�R�FRQWUROH�GH�OLEH�
UDomR��TXH�UHWDUGD�FRQVLGHUDYHOPHQWH�R�SURFHVVR�GH�GHVVRUomR�GRV�QXWULHQWHV�SDUD�R�PHLR�H�DOpP�GLVVR�
FRQWULEXL�FRP�D�UHGXomR�GR�FXVWR�¿QDO�GR�SURGXWR��R�TXH�PRVWUD�JUDQGHV�SRVVLELOLGDGHV�HP�DSOLFD�ORV�
em sistemas agrícolas como carreador de nutrientes.

AGrAdecimentoS

)$3(63��&$3(6��&134��),1(3��(0%5$3$�,167580(17$d2��8)6&DU�

reFerÊnciAS

)8��-���:$1*��;���;8��/���0(1*��-���:(1*��<���/,��*���+(��+��	�7$1*��;��³3UHSDUDWLRQ�DQG�LQ�
YLWUR±LQ�YLYR�HYDOXDWLRQ�RI�GRXEOH�OD\HU�FRDWHG�DQG�PDWUL[�VXVWDLQHG�UHOHDVH�SHOOHW�IRUPXODWLRQV�RI�GL�
FORIHQDF�SRWDVVLXP´���,QW��-��3KDUP�����������������

*872:6.$��$���%$(��<��+���-$&2%6��+���)(,-(1��-��	�.,0��6��:��³7KHUPRVHQVLWYH�LQWHUSHQHWUD�
WLQJ�SRO\PHU�QHWZRUNV´��0DFURPROHFXOHV������������������

.+$5(��$��5��	�3(33$6��1��$��³6ZHOOLQJ�GHVZHOOLQJ�RI�DQLRQLF�FRSRO\PHU�JHOV´���%LRPDWHULDOV�����
������������

/$1��7��	�3,11$9$,$��7��-��³&OD\�5HLQIRUFHG�(SR[\�1DQRFRPSRVLWHV´��&KHP��0DWHU�����������������

/,$��-���=+8$1*$��;���)217%��2���025(12%��1���9$//(-2&��9��5���48(52/%��;��	�72%,$6��
$��³6\QWKHVLV�RI�PHUOLQRLWH�IURP�&KLQHVH�FRDO�À\�DVKHV�DQG�LWV�SRWHQWLDO�XWLOL]DWLRQ�DV�VORZ�UHOHDVH�.�
IHUWLOL]HU´�-��+D]DUG��0DWHU�����������������
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resumo
1HVWH�WUDEDOKR�GHVHQYROYHX�VH�QDQRFRPSyVLWRV�i�EDVH�JHO�GH�DPLGR�GH�PLOKR�H�R�DUJLORPLQHQDO�PRQW�
PRULOORQLWD�007��FRPR�VLVWHPD�FDUUHJDGRU�SDUD�D�OLEHUDomR�FRQWURODGD�GH�XP�KHUELFLGD�KLGURIyELFR�
SUHVHQWH�HP�DOWDV�FRQFHQWUDo}HV������QR�SHVR�WRWDO���$�HVWUXWXUD�GRV�QDQRFRPSyVLWRV�JHUD�EDUUHLUDV�GH�
GLIXVmR�SDUD�R�FRPSRVWR�DWLYR�SRVVLELOLWDQGR�XPD�OLEHUDomR�OHQWD��$V�WD[DV�GH�OLEHUDomR�GH�KHUELFLGD�
QD�iJXD�PRVWUDUDP�TXH�RV�QDQRFRPSyVLWRV�DSUHVHQWDUDP�UHWHQo}HV�PDLV�HOHYDGDV�GR�TXH�DV�DPRVWUDV�
GH�SXUDV��DPLGR�KHUELFLGD�FDUUHJDGR�RX�007���UHYHODQGR�XP�HIHLWR�VLQpUJLFR�RX�FRRSHUDWLYR�HQWUH�RV�
constituintes. 
Palavras-chave��$PLGR��$UJLORPLQHUDO��+HUELFLGD��/LEHUDomR��1DQRFRPSyVLWRV�

nAnocomPoSiteS bASed on StArcH-clAY APPlied to controlled releASe 
Herbicide 
Abstract
,Q�WKLV�ZRUN�1DQRFRPSRVLWHV�EDVHG�RQ�FRUQ�VWDUFK�JHO�DQG�WKH�DUJLORPLQHQDO�PRQWPRULOORQLWH��007���
DV�WKH�FKDUJHU�IRU�WKH�FRQWUROOHG�UHOHDVH�RI�D�K\GURSKRELF�KHUELFLGH�SUHVHQW�LQ�KLJK�FRQFHQWUDWLRQV������
LQ�WRWDO�ZHLJKW���7KH�VWUXFWXUH�RI�WKH�1DQRFRPSRVLWHV�UDLVHV�EDUULHUV�WR�GLIIXVLRQ�RI�WKH�DFWLYH�FRPSRXQG�
DOORZLQJ�D�VORZ�UHOHDVH��7KH� UDWHV�RI� UHOHDVH�RI�KHUELFLGH� LQ�ZDWHU� VKRZHG� WKDW� WKH�1DQRFRPSRVLWHV�
H[KLELWHG�KLJKHU�UHWHQWLRQV�WKDQ�SXUH�VDPSOHV��VWDUFK�ODGHQ�KHUELFLGH�RU�007���UHYHDOLQJ�D�V\QHUJLVWLF�
HIIHFW�RU�FRRSHUDWLYH�DPRQJ�WKH�FRQVWLWXHQWV�
Keywords: 6WDUFK��$UJLORPLQHUDO��+HUELFLGH��5HOHDVH��1DQRFRPSRVLWHV�

1 introduÇÃo

$WXDOPHQWH�XPD�ERD�SURGXWLYLGDGH�DJUtFROD�HVWD�OLJDGD�j�XWLOL]DomR�GH�SHVWLFLGDV��&HUFD�GH����
D�����GRV�SHVWLFLGDV�XWLOL]DGRV�HP�iUHDV�DJUtFRODV�QmR�DWLQJHP�D�VXSHUItFLH�GR�DOYR�H�HVWD�IUDomR�p�SHU�
GLGD�QR�DPELHQWH��$5,$6�(67(9(= et.al.,��������1R�HQWDQWR��D�OLEHUDomR�FRQWURODGD�GH�DJURTXtPLFRV�
p�XPD�HVWUDWpJLD�FKDYH�SDUD�UHGX]LU�D�TXDQWLGDGH�DSOLFDGD�GHVWHV�SURGXWRV��GLPLQXLQGR��VHX�LPSDFWR�QR�
PHLR�DPELHQWH�H�YLGD�KXPDQD�H�UHGX]LQGR�R�FXVWR�DJUtFROD��)(51È1'(=�3e5(= et.al.,��������2�HQ�
FDSVXODPHQWR�GH�SHVWLFLGDV�HP�DPLGR�WHP�UHFHELGR�FUHVFHQWH�DWHQomR���3RUpP�SHVWLFLGDV�FRP�EDL[D�VR�
O~ELOLGDGH�HP�iJXD�SRGHP�VHU�LQDGHTXDGRV�SDUD�HVWD�HVWUDWpJLD�(/�%$+5,��= et.al.,�������(VWH�p�R�FDVR�
GD�DPHWULQD��TXH�p�XP�DPSODPHQWH�XWLOL]DGR�QD�SURGXomR�GH�FDQD�GH�Do~FDU��DUUR]��PLOKR�H�VRMD���8PD�
YH]�TXH�D�OLEHUDomR�p�SULQFLSDOPHQWH�JRYHUQDGD�SRU�SURFHVVR�GH�GLIXVmR�XPD�IRUPD�GH�DGHTXDU�HVVD�PD�
WUL]�SDUD�XPD�DPSOD�JDPD�GH�FRPSRVWRV�GH�LQWHUHVVH�VHULD�SURPRYHU�XPD�PRGL¿FDomR�GHVWH�SURFHVVR�
1DQRFRPSyVLWRV�RQGH�DUJLOD�HVIROLDGD�p�XVDGD�SDUD�LPSRU�EDUUHLUDV�GH�GLIXVmR��QR�PRYLPHQWR�PROHFXODU��
MD�IRUDP�HVWXGDGRV��3(5(,5$��(��,. et.al.,���������2�SUHVHQWH�WUDEDOKR�HVWXGRX��QDQRFRPSyVLWRV�i�EDVH�
GH�DUJLOD�HVIROLDGD�HP�XPD�PDWUL]�GH�DPLGR�FRP�D�LQFRUSRUDomR�GH��XPD�TXDQWLGDGH�VLJQL¿FDWLYD�GH�
DPHWULQD��SDUD�R�FRQWUROH�GH�OLEHUDomR�GHVWH�KHUELFLGD���2V�UHVXOWDGRV�PRVWUDUDP�XP�LQWHUHVVDQWH�HIHLWR�
VLQpUJLFR��RQGH�D�PDWUL]�GH�DPLGR�DWXD�FRQWURODQGR�D�OLEHUDomR�GH�FXUWR�SHUtRGR�GH�WHPSR�H�D�DUJLOD�
PRGL¿FD�HVVH�FRPSRUWDPHQWR�HP�WHPSRV�PDLV�ORQJRV�
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2 mAteriAiS e métodoS

2.1 materiais

$V�PDWpULDV�SULPDV�XWLOL]DGDV��QD�IRUPXODomR�GRV��QDQRFRPSyVLWRV�IRUDP�DPHWULQD��0HWULPH[�
����6&��18)$50���DUJLOD�0RQWPRULORQLWD��007��VHP�SXUL¿FDomR��%HQWRQLWD��'UHVFRQ�6�$��SURGXWRV�
GH�SHUIXUDomR��H�R�DPLGR�GH�PLOKR��$PLGH[��������DPLORSHFWLQD�����H�����GH�DPLORVH��

2.2 3UHSDUDomR�GRV�1DQRFRPSyVLWRV�

2V� QDQRFRPSyVLWRV� IRUDP�REWLGRV� SHOD� JHODWLQL]DomR� GR� DPLGR� ���� HP�SHVR��� SRU�PHLR� GH�
GLVSHUVmR�HP�iJXD�GHVWLODGD�HP�XP�EpTXHU�H�DJLWDGRU�PHFkQLFR�GXUDQWH����PLQ��2�SURFHVVR�GH�JHOD�
WLQL]DomR�IRL�IHLWR��PDQWHQGR�R�DPLGR�GLVSHUVR�HP�FHUFD�GH������&�SRU����PLQ��VRE�DJLWDomR��DWp�TXH�
IRUPRX�VH�XPD�SDVWD�GH�DPLGR���(P�VHJXLGD��GLPLQXLX�VH�D�WHPSHUDWXUD�DWp������&�H��DGLFLRQRX�VH�007�
H�RX�DPHWULQD���2�JHO�PLVWR�IRL�PDQWLGR�D������&��VRE�FLUFXODomR�GH�DU�SHOR�PHQRV����K�SDUD�VH�REWHU�XP�
JHO�VyOLGR��3RVWHULRUPHQWH��RV�PDWHULDLV�IRUDP�REWLGRV�FRPR�XP�Sy�SRU�PRDJHP�PRLQKR�LQEDOO�GXUDQWH�
���K������6(59,7(&+��&7���3UHSDURX�VH�GLIHUHQWHV�JUXSRV�GH�QDQRFRPSyVLWRV�XWLOL]DQGR�R�PHVPR�
SURFHGLPHQWR��YDULDQGR�DV�SURSRUo}HV��EDVH�GH�Z�Z����GH�JHO�GH�DPLGR�H�007��2�HQFDSVXODPHQWR�GR�
KHUELFLGD��QD�TXDQWLGDGH�GHVHMDGD�IRL�DGLFLRQDGR�DR�PHVPR�WHPSR�TXH��D�007��DGLFLRQRX�VH�GH�����
HP�PDVVD�GH�DPHWULQD���2�WHRU�GH�iJXD�¿QDO�QRV�QDQRFRPSyVLWRV�IRL�GH�����

2.3 &DUDFWHUL]Do}HV

2.3.1 'LIUDomR�GH�UDLRV�;��'5;�

1D�GLIUDomR�GH�UDLRV�[�XVRX�VH�XP�GLIUDW{PHWUR�6KLPDG]X�;5'�������$�LQWHQVLGDGH�UHODWLYD�IRL�
JUDYDGD�HP�XPD�HVFDOD�GH�GLIUDomR����ș�����í����XVDQGR�XP�IHL[H�LQFLGHQWH�GH�&X�.Į��Ȝ� ��������QP���$�
YHORFLGDGH�GH�GLJLWDOL]DomR�IRL����PLQ����H�D�WHQVmR�H�D�FRUUHQWH�GR�WXER�GH�UDLRV�[�IRUDP����N9�H����P$��
UHVSHFWLYDPHQWH��2�FRUUHVSRQGHQWH�³G´�LQWHUSODQDU�HVSDoDPHQWR�EDVDO�GR�007�IRL�FRPSXWDGR�GD�HTXD�
omR�GH�GLIUDomR�GH�%UDJJ���G�VLQ�ș� �Q�Ȝ��³Q´�� ����VHQGR�D�RUGHP�GH�UHÀH[mR�H�³ș´�D�kQJXOR�GH�UHIUDomR�

2.3.2 eSPectroScoPiA no inFrAvermelHo Por trAnSFormAdA de Fourier 
(Ftir)

$V�DQiOLVHV�HVSHFWURVFySLFDV�QD�UHJLmR�GR�LQIUDYHUPHOKR�GH�SROtPHURV�H�FRPSyVLWRV�IRUDP�UH�
DOL]DGDV�HP�SDVWLOKD�GH�.%U��������PJ��QD�IDL[D�GH����������FP����2V�GDGRV�GH�HVSHFWURV�)7�,5�IRL�
REWLGRV�XVDQGR�DSDUHOKR�6KLPDG]X�)7,5������

2.4 7D[D�GH�OLEHUDomR�GH�FRPSRQHQWV�DWLYRV�HP�iJXD�

$�WD[D�GH�OLEHUDomR�GRV�FRPSRQHQWHV�DWLYRV�HP�iJXD�IRL�UHDOL]DGD�FRP�XP�WHVWH�DGDSWDGR��3(�
5(,5$ et.al.,������&DGD�DPRVWUD�IRL�FRORFDGD�FRP�XPD�PDVVD�FRQKHFLGD�HP�XP�EpTXHU�LPHUJLGR�HP�
PHLR�DTXRVR��FRP�DJLWDomR�H[WHUQD�GR�FRQWH~GR�GR�FRSR��$OtTXRWDV�IRUDP�FROHWDGDV�HP�LQWHUYDORV�GH�
WHPSR�GLIHUHQWHV��GXUDQWH���GLDV��3DUD�FRPSDUDomR�UHDOL]RX�VH�XP�WHVWH�FRP�DPHWULQD�SXUD�FRPR�XP�H[�
SHULPHQWR�GH�FRQWUROH��$�GHWHUPLQDomR�GD�FRQFHQWUDomR�GH�DPHWULQD�HP�VROXomR�IRL�IHLWD�SRU�HVSHFWURIR�
WRPHWULD�GH�89íYLV��6KLPDG]X�����3&��FRP�EDVH�HP�XPD�FXUYD�GH�FDOLEUDomR�SUHYLDPHQWH�FRQVWUXLGD�
HP�XP�GHWHUPLQDGR�FRPSULPHQWR�GH�RQGD��Ȝ� ����QP���

3 reSultAdoS e diScuSSÃo

$�¿JXUD���PRVWUD�XPD�GLPLQXLomR�QD�LQWHQVLGDGH�GR�SLFR�G����SDUD�WRGRV�RV�QDQRFRPSyVLWRV��
VLJQL¿FDQGR�TXH�XPD�SDUWH�GD�PRQWPRULORQLWD�SDVVRX�SRU�HVIROLDomR�DSyV�D�PLVWXUD�FRP�R�DPLGR��1R�
HQWDQWR�R�FRPSyVLWR��007�$PHW��QmR�VH�DSUHVHQWRX�QHQKXPD�UHGXomR�RX�GHVORFDPHQWR�QRV�SLFRV�GH�
GLIUDomR��HYLGHQFLDQGR�TXH�R�KHUELFLGD�QmR�LQÀXHQFLRX�D�HVIROLDomR�GH�DUJLOD�
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Figura 1. '5;�GRV�QDQRFRPSyVLWRV���007�H�JHO�GH�DPLGR���D��GHVORFDPHQWR�GR�kQJXOR�GH�GLIUDomR�
QDV�DPRVWUDV��E�

1D�¿JXUD���REVHUYD�VH�QR�HVSHFWUR�GH�6W�007�TXH�RV�JUXSRV�KLGUR[LOD�GH�DPLGR�HVWmR�LQWHUD�
JLQGR�FRP�DV�KLGUR[tODV�DWLYDV�GD�007�GHYLGR�R�GHVORFDPHQWR�GD�EDQGD�HP������FP����DWULEXtGD�DR�
JUXSR�2�+�GR�DPLGR��7DPEpP�IRL�REVHUYDGR�TXH�R�SLFR�HP������FP���GH�DPLGR��DWULEXtGR�DR�HVWLUD�
PHQWR�GH�2�+��IRL�VXSULPLGR��$�LQFRUSRUDomR�GD�DPHWULQD�QRV�QDQRFRPSyVLWRV�6W�007�GHVORFDGD�D�
EDQGD�QR������FP��������FP����TXH�p�DWULEXtGD�DRV�JUXSRV�&�+�GH�DPHWULQD�GHYLGR�D�LQWHUDomR�FRP�
DPLGR��$�EDQGD�HP������FP���FRUUHVSRQGH��D�YLEUDomR�GRV�JUXSRV�±�2+�GD�iJXD�GR�DPLGR��(VWD�EDQGD�
IRL�GHVORFDGD�SDUD������FP���QRV�QDQRFRPSyVLWRV�6W�007�$PHW��(VWHV�GHVORFDPHQWRV�LQGLFDP�SRVVt�
YHLV�LQWHUDo}HV�LRQLFDV�H�GH�KLGURJpQLR�HQWUH�RV�GRLV�FRPSRQHQWHV�SUHVHQWHV�QDQRFRPSyVLWRV��GHYLGR�DV�
FDUJDV�QHJDWLYDV�GH�DPHWULQD�FRP�FDUJDV�SRVLWLYDV�GD�007�QR�JHO�GH�DPLGR�

Figura 2. (VSHFWURVFRSLD�QR�LQIUDYHUPHOKR�SDUD�R�JHO�GH�DPLGR�SXUR��007�H�QDQRFRPSyVLWRV

$�¿JXUD���PRVWUD�D�SULPHLUD�IDVH�GH�OLEHUDomR�SDUD�WRGDV�DV�DPRVWUDV�SURGX]LGDV��HP�FRPSDUD�
omR�FRP�D�DPHWULQD���$�DPRVWUD�6W�$PHW�����DSUHVHQWRX�FRPSRUWDPHQWR�PDLV�SHUWR�GH�DPHWULQD�SXUD��
(P�DSHQDV����PLQXWRV��RV�JUkQXORV�GH�DPLGR�DEVRUYHP�iJXD�VX¿FLHQWH�SDUD�FRPHoDU�D�OLEHUWDU�D�DPHWUL�
QD��3RU�RXWUR�ODGR��TXDQGR�XVDQGR�R�PDWHULDO�SUHSDUDGR�D�SDUWLU�GH�DGVRUomR�GH�$PHW�QR�007�WHP�XPD�
HOHYDGD�UHWHQomR�GHVWH�DPHWULQD��OLEHUDQGR�DSHQDV�����GR�WRWDO�DSyV����KRUDV�GH�LPHUVmR�,VVR�LQGLFD�
TXH�R�XVR��DSHQDV�GR�DPLGR�RX�007�QmR�FRQWUROD�R�ODQoDPHQWR�GH�DPHWULQD��XPD�YH]�R�LQWHUPHGLiULR�
GH�FRPSRUWDPHQWR�LGHDO�p�HQWUH�RV�GRLV�H[WUHPRV�PHQFLRQDGRV��

Figura 3. /LEHUDomR�GD�DPHWULQD�HP�iJXD���FRPSRUWDPHQWR�GRV�QDQRFRPSyVLWRV�R�FRPSRVWR�SXUR�
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4 concluSÃo

)RL� SRVVtYHO� REWHU� QDQRFRPSyVLWRV� DPLGR�PRQWPRULOORQLWD�DPHWULQD� FDSD]HV� GH� LQFRUSRUDU�
XPD�TXDQWLGDGH�HOHYDGD�GH�KHUELFLGD��$V�ERDV�LQWHUDo}HV�HQWUH�RV�GRLV�FRPSRQHQWHV�DPLGR��PDWUL]��H�
PRQWPRULORQLWD��FDUJD��PRVWUDUDP�XP�FRPSRUWDPHQWR�VLQpUJLFR��2V�UHVXOWDGRV�REWLGRV�GH�OLEHUDomR�GH�
FRPSRQHQWHV�DWLYRV�HP�iJXD��HYLGHQFLDUDP�XP�FRPSRUWDPHQWR�GH�OLEHUDomR�OHQWD�GRV�QDQRFRPSRVLWRV�
FRPSDUDGR�DR�DPLGR�DPHWULQD��$�DQiOLVH�HVWUXWXUDO�GH�QDQRFRPSyVLWRV�GHX�SURYDV�GH�TXH�R�FRPSRUWD�
PHQWR�GH�OLEHUDomR�p�JRYHUQDGR�SHOD�LQWHUDomR�HQWUH�RV�FRQVWLWXLQWHV�

AGrAdecimentoS 

2V�DXWRUHV�DJUDGHFHP�R�VXSRUWH�¿QDQFHLUR�GD�)$3(63��&13T��&$3(6�H�(0%5$3$�GR�%UDVLO�

reFerÊnciAS

$5,$6�(67e9(=��0���/Ï3(=�3(5,$*2��(���0$57Ë1(=�&$5%$//2��(��6,0$/�*È1'$5$��
-��0(-872��-���*$5&Ë$�5Ë2��/��$JULF�(FRV\VW�(QYLURQ���������������������

)(51È1'(=�3e5(=��0���)/25(6�&e63('(6��)���*21=È/(=�35$'$6��(��9,//$)5$1&$�
6È1&+(=��0���3e5(=�*$5&Ë$��6��$1'�*$55,'2�+(55(5$��)��-��-�$JULF��)RRG�&KHP�������
��������������

(/�%$+5,��=��$1'�7$9(5'(7��-��/��3RO\P��%XOO��������������±����

3(5(,5$��(��,���0,1866,��)��%���&58=��&��&��7���%(51$5',��$��&��&��$1'�5,%(,52��&��-�$JULF��
)RRG�&KHP����������������������

AvAliAÇÃo morFolóGicA de nAnoFibrAS de PlA obtidAS 

Por FiAÇÃo Por SoPro em SoluÇÃo utiliZAndo o 

Solvente dimetilcArbonAto

delne domingos da Silva Parize1,3, Juliano elvis de oliveira2, José manoel marconcini3, *luiz 

Henrique capparelli mattoso3

18QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��8)6&DU���28QLYHUVLGDGH�)HGHUDO�GD�3DUDtED��8)3%����Embrapa 
,QVWUXPHQWDomR�

OXL]�PDWWRVR#HPEUDSD�EU

&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR

resumo

1DQR¿EUDV�GH�SROL�iFLGR�OiWLFR���3/$��WHP�VLGR�REWLGDV�SRU�HOHWUR¿DomR�H�¿DomR�SRU�VRSUR�HP�VROXomR�XWL�
OL]DQGR�VH�VROYHQWHV�WDLV�FRPR�FORURIyUPLR�H�DFHWRQD��RV�TXDLV�VmR�FODVVL¿FDGRV�FRPR�Wy[LFRV�H�FRPSRVWRV�
RUJkQLFRV�YROiWHLV��92&V���2�REMHWLYR�GHVWH�WUDEDOKR�IRL�DYDOLDU�R�XVR�GR�VROYHQWH�GLPHWLOFDUERQDWR��'0&���
TXH�QmR�p�Wy[LFR�H�QmR�SHUWHQFH�j�FODVVL¿FDomR�GRV�92&V��QD�SURGXomR�GH�QDQR¿EUDV�GH�3/$�SRU�¿DomR�SRU�
VRSUR�HP�VROXomR��3DUD�LVVR��IRL�GHOLQHDGR�XP�SODQHMDPHQWR�IDWRULDO�SDUD�DYDOLDU�D�LQÀXrQFLD�GH�WUrV�YDULi�
YHLV�GH�SURFHVVDPHQWR��FRQFHQWUDomR�GH�SROtPHUR��WD[D�GH�LQMHomR�H�SUHVVmR�GR�DU��GH�VLVWHPDV�3/$�'0&�
QR�GLkPHWUR�PpGLR�GDV�QDQR¿EUDV��$�PRUIRORJLD�H�RV�GLkPHWURV�GDV�QDQR¿EUDV�GH�3/$�IRUDP�DQDOLVDGRV�
SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9���$SHQDV�PHWDGH�GDV�FRQGLo}HV�SURSRVWDV�QR�SODQHMDPHQ�
WR�SURGX]LX�QDQR¿EUDV�HP�TXDQWLGDGH�VDWLVIDWyULD�SDUD�DQiOLVH�PRUIROyJLFD��LPSRVVLELOLWDQGR�XPD�DQiOLVH�
HVWDWtVWLFD�FRPSOHWD��(QWUHWDQWR��RV�UHVXOWDGRV�REWLGRV�IRUDP�EDVWDQWH�UHOHYDQWHV�H�LQGLFDUDP�TXH�PHQRUHV�
FRQFHQWUDo}HV�GH�SROtPHUR�H�PDLRUHV�WD[DV�GH�LQMHomR�IDYRUHFHP�D�IRUPDomR�GH�¿EUDV�GH�PHQRU�GLkPHWUR�
�a����QP��FRP�GLVWULEXLomR�QRUPDO�PDLV�HVWUHLWD��'HVWD�PDQHLUD��p�SRVVtYHO�REWHU�QDQR¿EUDV�GH�3/$�SRU�
¿DomR�SRU�VRSUR�HP�VROXomR�XWLOL]DQGR�R�'0&�FRPR�VROYHQWH��SRUpP�SDUD�GHWHUPLQDomR�GDV�FRQGLo}HV�yWL�
PDV�GH�SURFHVVDPHQWR�H�GDV�YDULiYHLV�PDLV�VLJQL¿FDWLYDV�HP�VLVWHPDV�3/$�'0&�p�QHFHVViULR�XPD�DQiOLVH�
estatística completa.
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Palavras-chave��)LDomR�SRU�VRSUR�HP�VROXomR��3ROL�iFLGR�OiWLFR���'LPHWLOFDUERQDWR�

morPHoloGicAl evAluAtion oF PlA nAnoFiberS obtAined bY Solution 
blow SPinninG uSinG dimetHYl cArbonAte Solvent
Abstract
3RO\�ODFWLF� DFLG�� �3/$�� QDQR¿EHUV� KDV� EHHQ� REWDLQHG� E\� HOHWURVSLQQLQJ� DQG� VROXWLRQ� EORZ� VSLQQLQJ�
XVLQJ�VROYHQWV�VXFK�DV�FKORURIRUP�DQG�DFHWRQH��WKDW�DUH�FODVVL¿HG�DV�WR[LF�DQG�YRODWLOH�RUJDQLF�FRPSRX�
QGV��92&V���7KH�DLP�RI�WKLV�ZRUN�ZDV�WR�HYDOXDWH�WKH�XVH�RI�GLPHWK\O�FDUERQDWH��'0&��VROYHQW��WKDW�
LV�DWR[LF�DQG�LV�QRW�FODVVL¿HG�DV�92&��LQ�WKH�SRO\�ODFWLF�DFLG���3/$��QDQR¿EHUV�SURGXFWLRQ�REWDLQHG�
E\�VROXWLRQ�EORZ�VSLQQLQJ��7KXV��DQ�H[SHULPHQWDO�GHVLJQ�ZDV�GHOLQHDWHG�WR�HYDOXDWH� WKH� LQÀXHQFH�RI�
WKUHH�SURFHVVLQJ�YDULDEOHV��SRO\PHU�FRQFHQWUDWLRQ��IHHG�UDWH�DQG�DLU�SUHVVXUH��RI�3/$�'0&�V\VWHPV�LQ�
WKH�DYHUDJH�QDQR¿EHUV�GLDPHWHU��7KH�PRUSKRORJ\�DQG�DYHUDJH�GLDPHWHUV�RI�WKH�3/$�QDQR¿EHUV�ZHUH�
DQDO\]HG�E\�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0���2QO\�KDOI�RI�WKH�SURSRVHG�FRQGLWLRQV�LQ�WKH�GHVLJQ�
SURGXFHG�VDWLVIDFWRU\�TXDQWLW\�RI�QDQR¿EHUV�IRU�PRUSKRORJLFDO�DQDO\VLV��LPSHGLQJ�D�FRPSOHWH�VWDWLVWLFDO�
DQDO\VLV��+RZHYHU��WKH�UHVXOWV�ZHUH�TXLWH�VLJQL¿FDQW�DQG�LQGLFDWHG�WKDW�ORZHU�SRO\PHU�FRQFHQWUDWLRQV�
DQG�KLJKHU� IHHG� UDWHV�SURGXFH�VPDOOHU�¿EHU�GLDPHWHUV� �a����QP��ZLWK�QDUURZHU�QRUPDO�GLVWULEXWLRQ��
7KHUHIRUH�� LW� LV�SRVVLEOH� WR�REWDLQ�3/$�QDQR¿EHUV�E\�VROXWLRQ�EORZ�VSLQQLQJ�XVLQJ�'0&�DV�VROYHQW��
KRZHYHU�WR�GHWHUPLQH�WKH�RSWLPXP�SURFHVVLQJ�FRQGLWLRQV�DQG�WKH�PRVW�VLJQL¿FDQW�YDULDEOHV�RI�3/$�
'0&�V\VWHPV�LV�QHFHVVDU\�D�FRPSOHWH�VWDWLVWLFDO�VWXG\�
Keywords: 6ROXWLRQ�EORZ�VSLQQLQJ��3RO\�ODFWLF�DFLG���'LPHWK\O�FDUERQDWH�

1 introduÇÃo

'HQWUH�DV�WpFQLFDV�GHVHQYROYLGDV�SDUD�D�SURGXomR�GH�¿EUDV�SROLPpULFDV��D�HOHWUR¿DomR��eletros-
pinning��VH�GHVWDFD�SRU�FRQVHJXLU�SURGX]LU�¿EUDV�GH�PHQRU�GLkPHWUR��YDULDQGR�HQWUH����QP�H����P��
HQTXDQWR�DV�RXWUDV��FRPR�SRU�H[HPSOR�D�¿DomR�D�TXHQWH��melt spinning��H�D�¿DomR�SRU�MDWRV�GH�DU�HP�DOWD�
YHORFLGDGH��melt blowing���SURGX]HP�¿EUDV�FRP�GLkPHWURV�HQWUH���H�����P��0('(,526�HW�DO����������
$SHVDU�GD�HOHWUR¿DomR�VHU�D�WpFQLFD�PDLV�XWLOL]DGD��VXD�PDLRU�OLPLWDomR�HVWi�QD�UHVWULomR�GRV�VROYHQWHV��
DOpP�GD�QHFHVVLGDGH�GR�XVR�GH�XPD�IRQWH�GH�DOWD�WHQVmR�H�SURGXomR�GH�R]{QLR��8PD�WpFQLFD�UHFHQWH�
PHQWH�GHVHQYROYLGD�H�EDVWDQWH�SURPLVVRUD�p�D�¿DomR�SRU�VRSUR�HP�VROXomR� �solution blow spinning��
�0('(,526�HW�DO����������D�TXDO�SURGX]�¿EUDV�VHP�IRQWHV�GH�DOWD�WHQVmR�H�SRGH�VH�XWLOL]DU�XPD�JDPD�
PDLRU�GH�VROYHQWHV��$�¿DomR�SRU�VRSUR�HP�VROXomR�FRQVLVWH�HP�XWLOL]DU�ERFDLV�FRQFrQWULFRV��QD�TXDO�D�
VROXomR�SROLPpULFD�p�ERPEHDGD�SHOR�ERFDO�LQWHUQR�H�R�DU�SUHVVXUL]DGR�SHOR�ERFDO�H[WHUQR��4XDQGR�D�WHQ�
VmR�VXSHU¿FLDO�JHUDGD�SHOD�VROXomR�SROLPpULFD�p�VXSHUDGD�SHODV�IRUoDV�DHURGLQkPLFDV�SURYHQLHQWHV�GR�DU�
SUHVVXUL]DGR��ÀX[RV�GH�DUUDVWH�VmR�JHUDGRV�H�D�VROXomR�SROLPpULFD�p�ODQoDGD�HP�GLUHomR�DR�FROHWRU��'X�
UDQWH�HVWH�WUDMHWR��R�VROYHQWH�p�HYDSRUDGR�IRUPDQGR�¿EUDV�GH�GLkPHWURV�PLFUR�H�RX�QDQRPpWULFRV��0(�
'(,526�HW�DO����������'HQWUH�DV�YiULDV�DSOLFDo}HV��GHVWDFDP�VH�D�XWLOL]DomR�GHVWDV�¿EUDV�HP�SURFHVVRV�
GH�¿OWUDomR�GH�iJXD�H�JDVHV��ELRUUHPHGLDomR��DOpP�GH�DSOLFDo}HV�QD�iUHD�PpGLFD�SDUD�OLEHUDomR�FRQWUR�
ODGD�GH�IiUPDFRV� 6HQGR�DVVLP��R�REMHWLYR�GHVWH�WUDEDOKR�IRL�DYDOLDU�R�XVR�GR�VROYHQWH�GLPHWLOFDUERQDWR�
�'0&��QD�SURGXomR�GH�QDQR¿EUDV�GH�SROL�iFLGR�OiWLFR���3/$��SRU�¿DomR�SRU�VRSUR�HP�VROXomR��XPD�YH]�
TXH�HVWH�VROYHQWH�QmR�p�Wy[LFR�H�QmR�SHUWHQFH�j�FODVVL¿FDomR�GH�FRPSRVWRV�RUJkQLFRV�YROiWHLV��92&��

2 mAteriAiS e métodoS

2V�PDWHULDLV�XWLOL]DGRV�SDUD�SURGXomR�GDV�QDQR¿EUDV�SROLPpULFDV�SRU�¿DomR�SRU�VRSUR�HP�VROX�
omR�IRUDP�R�SROL�iFLGR�OiWLFR���3/$���DGTXLULGR�GD�%LRPDWHU��6mR�&DUORV��%UDVLO���0Q� ���������J�PRO����
H�R�VROYHQWH�GLPHWLOFDUERQDWR��'0&���REWLGR�GD�6LJPD�$OGULFK��'���������3DUD�PHOKRU�DYDOLDomR�GRV�
UHVXOWDGRV��IRL�GHOLQHDGR�XP�SODQHMDPHQWR�IDWRULDO����WHQGR�FRPR�YDULiYHO�UHVSRVWD�R�GLkPHWUR�PpGLR�
GDV�QDQR¿EUDV�IRUPDGDV��2V�IDWRUHV�H�QtYHLV�XWLOL]DGRV�IRUDP��FRQFHQWUDomR�GR�SROtPHUR��$��� ����P�Y�
H�$+1� �����P�Y���WD[D�GH�LQMHomR��%��� �����P/�K

�� e B+1� �����P/�K
����H�SUHVVmR�GR�DU��&���� �����03D�

H�&+1� �����03D���2�SODQHMDPHQWR�IDWRULDO�HQFRQWUD�VH�GHVFULWR�QD�7DEHOD����WRWDOL]DQGR���H[SHULPHQWRV�
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tabela 1. 3ODQHMDPHQWR�IDWRULDO�SDUD�SURFHVVDPHQWR�SRU�¿DomR�SRU�VRSUR�HP�VROXomR
experimentos Fatores

&RQFHQWUDomR�GH�3/$ 7D[D�GH�LQMHomR 3UHVVmR�GR�DU

A b c

1 �� �� ��

2 +1 �� ��

� �� +1 ��

� �� �� +1

� +1 +1 ��

� +1 �� +1

� �� +1 +1

� +1 +1 +1

3DUD�D�SUHSDUDomR�GDV�VROXo}HV��R�3/$�H�R�'0&�IRUDP�GLVSRVWRV�HP�XP�IUDVFR�FRP�WDPSD�
FRQIRUPH�FRQFHQWUDomR�GHVHMDGD�H�PDQWLGRV�VRE�DJLWDomR�PDJQpWLFD�SRU���K�D����&��$SyV�D�VROXELOL]D�
omR��D�VROXomR�IRL�WUDQVIHULGD�SDUD�XPD�VHULQJD�GH�YLGUR�GH����P/�H�FRQHFWDGD�DR�VLVWHPD�GH�¿DomR�SRU�
VRSUR�HP�VROXomR��PDQWHQGR�D�GLVWkQFLD�GH�WUDEDOKR�HP����FP�H�URWDomR�D�����USP��3DUD�DYDOLDomR�GD�
PRUIRORJLD�GDV�QDQR¿EUDV�GH�3/$��DPRVWUDV�IRUDP�FROHWDGDV�H�DQDOLVDGDV�SRU�PLFURVFRSLD�HOHWU{QLFD�
GH�YDUUHGXUD��0(9��XWLOL]DQGR�XP�PLFURVFySLR�HOHWU{QLFR�GH�YDUUHGXUD�&DUO�=HLVV�'60�����$��j����
N9��$V�DPRVWUDV�IRUDP�SUHYLDPHQWH�UHFREHUWDV�FRP�XPD�¿QD�FDPDGD�GH�RXUR�������QP���2V�GLkPHWURV�
GDV�QDQR¿EUDV�IRUDP�REWLGRV�FRP�DX[tOLR�GR�software�,PDJH-��VHQGR�FROHWDGRV�SHOR�PHQRV�����PHGLGDV�
DOHDWyULDV�GH�FDGD�DPRVWUD�SDUD�FiOFXOR�GR�GLkPHWUR�PpGLR�

3 reSultAdoS e diScuSSÃo

3.1 Planejamento fatorial

'RV�H[SHULPHQWRV�SUHYLVWRV�SHOR�SODQHMDPHQWR�IDWRULDO��DSHQDV�PHWDGH�GDV�FRQGLo}HV�SURSRVWDV�
SURGX]LX�QDQR¿EUDV�HP�TXDQWLGDGH�VDWLVIDWyULD�SDUD�DQiOLVH�PRUIROyJLFD��VHQGR�HVWDV�RV�H[SHULPHQWRV����
�����H����7DEHOD�����(PERUD�QmR�WHQKD�VLGR�SRVVtYHO�DQDOLVDU�PHWDGH�GRV�H[SHULPHQWRV��LPSRVVLELOLWDQGR�
XPD�DQiOLVH�HVWDWtVWLFD�FRPSOHWD��RV�UHVXOWDGRV�IRUDP�EDVWDQWH�UHOHYDQWHV�

3.2 0LFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9�

$V�PLFURJUD¿DV�REWLGDV�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��HVWmR�QD�)LJXUD����2E�
VHUYD�VH�TXH�DV�¿EUDV�VmR�KRPRJrQHDV�VHP�D�IRUPDomR�GH�JUkQXORV��beads��

 
 

 
 

  

5 µm 5 µm 

A  
 

        B 

5 µm 5 µm 

C           D 

Figura 1. 0LFURJUD¿DV�REWLGDV�SRU�0(9�GDV�QDQR¿EUDV�GH�3/$�SURGX]LGDV�SRU�¿DomR�SRU�VRSUR�HP�VROXomR�
XWLOL]DQGR�'0&�FRPR�VROYHQWH��$������P�Y�±�����P/�K���±�����03D��%�����P�Y�±�����P/�K���±�����03D��

&�����P�Y�±�����P/�K���±�����03D��'�����P�Y�±�����P/�K���±�����03D�
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3.3 'LkPHWUR�PpGLR�GDV�QDQR¿EUDV

2V�GLkPHWURV�GDV�QDQR¿EUDV�IRUDP�REWLGRV�FRP�R�DX[tOLR�GR�software�,PDJH-�H�SHOR�PHQRV�����
PHGLGDV�DOHDWyULDV�IRUDP�FROHWDGDV�GH�FDGD�DPRVWUD�SDUD�GHWHUPLQDomR�GR�GLkPHWUR�PpGLR��2�JUi¿FR�
GD�)LJXUD���PRVWUD�R�KLVWRJUDPD�GD�GLVWULEXLomR�QRUPDO�GRV�GLkPHWURV��EHP�FRPR�R�YDORU�PpGLR��GHV�
YLR�SDGUmR�H�Q~PHUR�GH�GDGRV�FROHWDGRV�SRU�DPRVWUD��2EVHUYRX�VH�TXH�D�DPRVWUD�FRP�FRQFHQWUDomR�GH�
3/$�GH�����P�Y�DSUHVHQWRX�XPD�GLVWULEXLomR�QRUPDO�PDLV�ODUJD�TXDQGR�FRPSDUDGD�jV�DPRVWUDV�FRP�
FRQFHQWUDomR�GH����P�Y��LQGLFDQGR�TXH�D�YDULDomR�GRV�GLkPHWURV�VH�GLVWULEXL�GH�IRUPD�PDLV�KRPRJrQHD��
-i�DV�DPRVWUDV�FRP�PHQRU�FRQFHQWUDomR�GH�3/$�DSUHVHQWDUDP�XPD�GLVWULEXLomR�QRUPDO�PDLV�HVWUHLWD��
VXJHULQGR�TXH�XPD�PDLRU�TXDQWLGDGH�GH�QDQR¿EUDV�SRVVXL�GLkPHWURV�PDLV�SUy[LPRV�GR�VHX�YDORU�PpGLR��
e�SRVVtYHO�REVHUYDU�WDPEpP�TXH�UHGX]LQGR�D�FRQFHQWUDomR�H�PDQWHQGR�DV�RXWUDV�YDULiYHLV�¿[DV��RV�GL�
kPHWURV�PpGLRV�DSUHVHQWDUDP�YDORUHV�EDVWDQWH�SUy[LPRV������H�����QP���1RWRX�VH�WDPEpP�TXH�FRP�R�
DXPHQWR�GD�WD[D�GH�LQMHomR�GH�����SDUD�����P/�K���RFRUUHX�XP�HVWUHLWDPHQWR�GD�FXUYD�GH�GLVWULEXLomR�H�
XPD�UHGXomR�QR�WDPDQKR�PpGLR�GDV�QDQR¿EUDV�GRV�VLVWHPDV�HVWXGDGRV��LQGLFDQGR�TXH�XPD�PDLRU�WD[D�
GH�LQMHomR�IDYRUHFH�D�IRUPDomR�GH�¿EUDV�GH�PHQRU�GLkPHWUR������H�����QP���(VWHV�UHVXOWDGRV�GLIHUHP�
GD�OLWHUDWXUD��FRPR�UHSRUWDGR�SRU�2OLYHLUD�HW�DO����������&RP�UHODomR�j�SUHVVmR�GR�DU��QmR�IRL�REVHUYDGR�
GLIHUHQoDV�VLJQL¿FDWLYDV�HQWUH�DV�DPRVWUDV��SRUpP�VDEH�VH�TXH�HVWH�p�XP�IDWRU�EDVWDQWH�LPSRUWDQWH�QD�
¿DomR�SRU�VRSUR�HP�VROXomR��SRLV�D�IRUoD�PRWUL]�GR�VLVWHPD�RFRUUH�GHYLGR�j�SUHVVmR�GH�DUUDVWH�GR�DU�
FRQGX]LQGR�R�SROtPHUR�HP�VROXomR�DWp�R�FROHWRU��QR�TXDO�GXUDQWH�HVWH�WUDMHWR�R�VROYHQWH�p�HYDSRUDGR��
3RVVLYHOPHQWH��R�IDWRU�SUHVVmR�GR�DU�VRPDGR�DR�IDWRU�FRQFHQWUDomR�GH�SROtPHUR�IRL�UHVSRQViYHO�SHOD�QmR�
SURGXomR�GH�¿EUDV�GDV�RXWUDV�FRQGLo}HV�HVWXGDGDV��SRLV�FRP�D�PDLRU�FRQFHQWUDomR�GH�3/$������P�Y���
DSHQDV�D�DPRVWUD�FRP�PDLRU�SUHVVmR�GR�DU������03D��H�PHQRU�WD[D�GH�LQMHomR������P/�K����IRL�SRVVtYHO�
REWHU�¿EUDV��LQGLFDQGR�TXH�QDV�RXWUDV�FRQGLo}HV�D�IRUoD�GH�DUUDVWH�GR�DU�QmR�YHQFHX�D�WHQVmR�VXSHU¿FLDO�
GD�VROXomR��3HOR�PHVPR�PRWLYR�SRGH�VH�MXVWL¿FDU�D�GL¿FXOGDGH�HP�SURGX]LU�QDQR¿EUDV�QD�DPRVWUD�FRP�
FRQFHQWUDomR�GH�3/$�GH����P�Y�FRP�PHQRU�WD[D�GH�LQMHomR������P/�K����H�PHQRU�SUHVVmR�GR�DU������
03D���0HGHLURV�HW�DO���������REWHYH�GLkPHWURV�GDV�QDQR¿EUDV�YDULDQGR�HQWUH��������QP�SRU�¿DomR�SRU�
VRSUR�HP�VROXomR�XWLOL]DQGR�R�3/$�FRP�R�VROYHQWH�WHWUDÀXRUHWLOHQR��7)(���GLkPHWURV�PHQRUHV�GR�TXH�
RV�HQFRQWUDGRV�FRP�'0&��SRUpP�VHJXQGR�2OLYHLUD�HW�DO���������XWLOL]DQGR�XPD�PLVWXUD�GH�FORURIyUPLR�
H�DFHWRQD�QD�SURSRUomR�����IRL�SRVVtYHO�REWHU�GLkPHWUR�PpGLR�GH��������QP��YDORU�SUy[LPR�DR�REWLGR�
neste trabalho. Estes resultados comparados com a literatura evidenciam que o tipo de sistema polímero/
VROYHQWH�LQÀXHQFLD�GLUHWDPHQWH�QRV�GLkPHWURV�GDV�¿EUDV�
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Figura 2. +LVWRJUDPD�GD�GLVWULEXLomR�QRUPDO�GRV�GLkPHWURV�GDV�¿EUDV�REWLGDV�SRU�¿DomR�SRU�VRSUR�HP�VROXomR�

4 concluSÃo

2EVHUYRX�VH�TXH�p�SRVVtYHO�REWHU�QDQR¿EUDV�GH�3/$�SRU�¿DomR�SRU�VRSUR�HP�VROXomR�XWLOL]DQGR�
R�'0&�FRPR�VROYHQWH��VHQGR�TXH�RV�UHVXOWDGRV�LQGLFDUDP�TXH�PHQRUHV�FRQFHQWUDo}HV�GH�3/$�H�PDLR�
UHV�WD[DV�GH�LQMHomR�IDYRUHFHP�D�IRUPDomR�GH�¿EUDV�GH�PHQRU�GLkPHWUR�FRP�GLVWULEXLomR�QRUPDO�PDLV�
HVWUHLWD��(QWUHWDQWR��SDUD�GHWHUPLQDomR�GDV� FRQGLo}HV�yWLPDV�GH�SURFHVVDPHQWR�H�GDV�YDULiYHLV�PDLV�
VLJQL¿FDWLYDV��p�QHFHVViULD�XPD�DQiOLVH�HVWDWtVWLFD�FRPSOHWD�
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AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�D�(PEUDSD� ,QVWUXPHQWDomR�SHOD� LQIUDHVWUXWXUD�H�D�&$3(6�&13T�SHOR�
DX[tOLR�¿QDQFHLUR�
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Abstract
2V�DQWLELyWLFRV�ȕ�ODFWkPLFRV��%/��VmR�DPSODPHQWH�XWLOL]DGRV�QD�SUiWLFD�YHWHULQiULD�GHYLGR�j�VXD�DWLYL�
GDGH�FRQWUD�EDFWpULDV�JUDP�SRVLWLYDV��HVSHFLDOPHQWH�Staphylococcus spp��3RUWDQWR��R�REMHWLYR�GHVVH�HVWX�
GR�IRL�R�SUHSDUR��D�FDUDFWHUL]DomR�ItVLFR�TXtPLFD�H�PRUIROyJLFD�H�HVWXGR�GH�HQFDSVXODomR�GH�13�GH�FDUJD�
SRVLWLYD�FRQWHQGR�%/��DV�TXDLV�WDPEpP�SRGHP�VHU�HPSUHJDGDV�HP�HVWXGRV�GH�ELRGLVWULEXLomR�
Keywords: PDVWLWH�ERYLQD��QDQRSDUWtFXODV��FDUDFWHUL]DomR�ItVLFR�TXtPLFD

3XEOLFDo}HV�UHODFLRQDGDV��artigos submetidos 
$UD~MR��56��9LOHOD�-0&��$QGUDGH�06��.DQR�(.��/DQJH�&&��3DLYD�H�%ULWR�0$9��&DVWDQKHLUD�5*��%UDQ�
GmR�+0��0RVTXHLUD�9&)��&OR[DFLOOLQ�EHQ]DWKLQH�SRO\PHULF�QDQRFDSVXOHV�IRU�YHWHULQDU\�XVH��TXDQWL¿�
FDWLRQ�DQG�DVVD\�YDOLGDWLRQ��UHOHDVH�NLQHWLF�DQG�LQ�YLYR�DQWLPLFURELDO�HIIHFW�

&DVWDQKHLUD�5*��$UD~MR��56��9LOHOD�-0&��$QGUDGH�06��%UDQGmR�+0��0RVTXHLUD�9&)��%LRDGKHVLYH�
QDQRSDUWLFOHV�IRU�PDVWLWLV�WUHDWPHQW��FKDUDFWHUL]DWLRQ��UHOHDVH�NLQHWLF�DQG�H[�YLYR�LQWHUDFWLRQ�ZLWK�ERYLQH�
mammary gland.

'LVVHUWDomR�GH�PHVWUDGR�GHIHQGLGD�QR�33*�&LHQFLDV�)DUPDFrXWLFDV�8)23��&DVWDQKHLUD�5*��1DQRSDU�
WtFXODV�ELRDGHVLYDV�SDUD�DGPLQLVWUDomR�LQWUDPDPiULD��GHVHQYROYLPHQWR��FDUDFWHUL]DomR�ItVLFR�TXtPLFD��
FLQpWLFD�GH�OLEHUDomR�H�DYDOLDomR�ELROyJLFD�H[�YLYR��
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1 introduÇÃo

,QIHFo}HV�ERYLQDV�FDXVDGDV�SRU�EDFWpULDV�VmR�UHVSRQViYHLV�SRU�JUDQGHV�SHUGDV�HFRQ{PLFDV�GRV�
FULDGRUHV�HP�WRGR�R�PXQGR��$V�SHUGDV�VH�GHYHP�DRV�LQYHVWLPHQWRV�IHLWRV�HP�WUDWDPHQWR�H�SUHYHQomR��j�
UHGXomR�GD�TXDOLGDGH�GD�FDUQH�H�GR�OHLWH�H�j�PRUWH�GRV�DQLPDLV�LQIHFWDGRV��$��=HFFRQL�e cols.��������'HH�
*ULI¿Q���������$OpP�GR�SUREOHPD�GR�GHVHQYROYLPHQWR�GH�UHVLVWrQFLD�DRV�DQWLELyWLFRV��R�WUDWDPHQWR�GDV�
LQIHFo}HV�ERYLQDV�EDFWHULDQDV�SRGH�VHU�FRPSOLFDGR�GHYLGR�D�RXWURV�IDWRUHV��FRPR�D�GHJUDGDomR�SUHFRFH�
GD�GURJD�H�VXD�LQDWLYDomR�SRU�VHFUHo}HV�LQÀDPDWyULDV��1HVVHV�FDVRV��Ki�XPD�UHGXomR�GD�ELRGLVSRQLEL�
OLGDGH�GD�GURJD��R�TXH�SRGH�UHVXOWDU�HP�FXUD�UHGX]LGD�H�UHFRUUrQFLD�GD�GRHQoD��&�+��6DQGJUHQ�e cols.��
�������

1DQRSDUWtFXODV�SROLPpULFDV� �13���FRPR�QDQRFiSVXODV� �1&��H�QDQRHVIHUDV� �16�� VmR�FDQGLGD�
WRV�LQWHUHVVDQWHV�SDUD�GLVSRQLELOL]DomR�GH�DQWLELyWLFRV�HP�LQIHFo}HV�EDFWHULDQDV��&RXYUHXU�	�9DXWKLHU��
�������(OHV�DSUHVHQWDP�DOWD�HVWDELOLGDGH�HP�FRQWDWR�FRP�ÀXLGRV�ELROyJLFRV��VXD�QDWXUH]D�SHUPLWH�OLEHUD�
omR�FRQWURODGD�GD�GURJD�H�D�SURWHJH�GD�GHJUDGDomR�SUHPDWXUD��-�0��,UDFKH�e cols.���������$�HQFDSVXODomR�
GH�DQWLELyWLFRV�HP�13�SRGH�DXPHQWDU�D�GRVH�Pi[LPD�WROHUDGD�H�VHX�tQGLFH�WHUDSrXWLFR�VH�FRPSDUDGD�j�
GURJD�OLYUH��R�TXH�SRGH�VHU�H[SOLFDGR�SHOD�PRGL¿FDomR�QD�ELRGLVWULEXLomR�H�SHU¿O�IDUPDFRFLQpWLFR�GD�
GURJD�HQFDSVXODGR��&RXYUHXU�	�9DXWKLHU���������2V�DQWLELyWLFRV�ȕ�ODFWkPLFRV� �%/��VmR�DPSODPHQWH�
XWLOL]DGRV�QD�SUiWLFD�YHWHULQiULD�GHYLGR�j�VXD�DWLYLGDGH�FRQWUD�EDFWpULDV�JUDP�SRVLWLYDV��HVSHFLDOPHQWH�
Staphylococcus spp��3��*UXHW�e cols.���������3RUWDQWR��R�REMHWLYR�GHVVH�HVWXGR�IRL�R�SUHSDUR��D�FDUDFWHUL�
]DomR�ItVLFR�TXtPLFD�H�PRUIROyJLFD�H�HVWXGR�GH�HQFDSVXODomR�GH�13�GH�FDUJD�SRVLWLYD�FRQWHQGR�%/��DV�
TXDLV�WDPEpP�SRGHP�VHU�HPSUHJDGDV�HP�HVWXGRV�GH�ELRGLVWULEXLomR�

2 mAteriAiS e métodoS

2V�%/�IRUDP�REWLGRV�SHOD�(PEUDSD�*/��%UDVLO��H�RV�SROtPHURV�XWLOL]DGRV��SROL�İ�FDSURODFWRQD�
�3&/��H�TXLWRVDQD�TXLPLFDPHQWH�PRGL¿FDGD��40���IRUDP�REWLGRV�GD�6LJPD�$OGULFK��(8$��

2.1 Preparo de nanopartículas

1DQRHVWUXWXUDV�DVVRFLDGDV�j�%/�IRUDP�SUHSDUDGDV�GH�DFRUGR�FRP�SURWRFROR�GRFXPHQWDGR��0RV�
queira e cols.��������XVDQGR�RV�SROtPHURV�3&/�H�40�

2.2 &DUDFWHUL]DomR�GH�1DQRSDUWtFXODV

2.2.1 (VSHFWURVFRSLD�GH�FRUUHODomR�IRW{QLFD�

2�WDPDQKR�PpGLR�GDV�13�IRL�DYDOLDGR�QR�HTXLSDPHQWR�1DQRVL]HU�1��3/86��%HFNPDQQ�&RXO�
WHU��)XOOHUWRQ��(8$��H�RV�YDORUHV�REWLGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD�GHVYLR�SDGUmR�

2.2.2 Análise de potencial zêta

2�SRWHQFLDO�]rWD�IRL�DYDOLDGR�SRU�PHGLGD�HOHWURIRUpWLFD�DFRSODGD�D�DQHQRPHWULD�GR�ODVHU�GRSSOHU�
QR�HTXLSDPHQWR�=HWDVL]HU�+6������0DOYHUQ�,QVWUXPHQWV��0DOYHUQ��8.��H�RV�YDORUHV�H[SUHVVRV�FRPR�
PpGLD�GHVYLR�SDGUmR�

2.2.3 0LFURVFRSLD�GH�IRUoD�DW{PLFD��0)$�

$QiOLVH�GH�0)$�IRL�UHDOL]DGD�HP�WHPSHUDWXUD�DPELHQWH��QR�(TXLSDPHQWR�'LPHQVLRQ������PR�
QLWRUDGR� SRU� FRQWURODGRU�1DQRVFRSH� ,,,D� GD�'LJLWDO� ,QVWUXPHQWV� �6DQWD�%DUEDUD�� &$�� (8$�� XVDQGR�
VRIWZDUH�YHUVmR�1DQRVFRSH�����U���9HHFR�0HWURORJ\��6DQWD�%iUEDUD��(8$��SDUD�DTXLVLomR�GH�GDGRV��
$V�LPDJHQV�IRUDP�REWLGDV�XVDQGR�SODFDV�GH�VtOLFD�FRPHUFLDLV��VRQGD�GH�����ȝP�GH�FRPSULPHQWR��8PD�
DOtTXRWD�GH��ȝ/�GD�DPRVWUD�IRL�GLOXtGD�HP�iJXD�0LOOL4�H�GHSRVLWDGD�VREUH�SODFD�GH�PLFD�UHFHQWHPHQWH�
FOLYDGD��HVSDOKDGD�H�VHFD�HP�FRUUHQWH�GH�DUJ{QLR��

2.2.4 (¿FLrQFLD�GH�(QFDSVXODomR

$�SRUFHQWDJHP�H�H¿FLrQFLD�GH�HQFDSVXODomR��((��IRUDP�GHWHUPLQDGDV�SHOD�WpFQLFD�GH�XOWUD¿O�
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WUDomR�FHQWULIXJDomR�SRU�+3/&�HP�HTXLSDPHQWR�:DWHUV�$OOLDQFH������DFRSODGR�D�'$'�:DWHUV�������
$�TXDQWLGDGH�GH�GURJD�QD�13�IRL�GHWHUPLQDGD�SHOD�(T������H�D�((�SHOD�(T�������QD�TXDO�$ FRQFHQWUDomR�

� ���

� ���

3 reSultAdoS e diScuSSÃo

tabela 1. &DUDFWHUL]DomR�ItVLFR�TXtPLFD�GH�13
nP [Fármaco]

(mg/ml)
tamanho médio

(nm)
iPd Zêta (mv)

16� ��� ����� ���� �����

16� ��� ����� ���� �����

16� ��� ����� ���� �����

16� ��� ����� ���� �����

1&� ��� ����� ���� �����

1&� ��� ����� ���� �����

1&� ��� ����� ���� �����

1&� ��� ����� ���� �����
Volume final:5 ml. NP=nanopartícula.

tabela 2. (¿FLrQFLD�GH�HQFDSVXODomR�GH�13�FRP�GLIHUHQWHV�FRQFHQWUDo}HV�GH�%/��
nP [Fármaco]

(mg/ml)
loAdinG

(%)
(¿FLrQFLD�GH�HQFDSV�

(%)

16� ��� ��� ��

16� ��� �� ��

16� ��� ��� ��

16� ��� �� ��

1&�� ��� ���� ��

1&�� ��� �� ��

1&�� ��� ��� ��

1&� ��� ��� 22
Volume final:5 ml. NP=nanopartícula.

&RPR�PRVWUDGR�QDV�WDEHODV���H����R�DXPHQWR�GD�FRQFHQWUDomR�GD�GURJD�UHGX]�D�HVWDELOLGDGH�GD�
SDUWtFXOD�H�LQÀXHQFLD�VLJQL¿FDWLYDPHQWH��p��������D�FDUJD�VXSHU¿FLDO�GD�SDUWtFXOD�D�VHX�tQGLFH�GH�SROLGLV�
SHUVmR��$PERV�RV�WLSRV�GH�13��PDWULFLDO��16��H�YHVLFXODU��1&��IRUDP�DIHWDGRV��$�LQFRUSRUDomR�GR�IiUPDFR�
j�13�H�D�H¿FLrQFLD�GH�HQFDSVXODomR�IRUDP�UHGX]LGDV�j�PHGLGD�TXH�D�FRQFHQWUDomR�GR�IiUPDFR�DXPHQWRX��
$�HVWDELOLGDGH�FRORLGDO�SURYDYHOPHQWH�IRL�FRPSURPHWLGD�SHOD�UHGXomR�GR�SRWHQFLDO�HOpWULFR�GH�VXSHUItFLH�
GDV�13��LQGX]LQGR�DJUHJDomR�
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Figura 1. $OWXUD�SRU�0)$��D��LPDJHP�H�SHU¿O�WRSRJUi¿FR��E��GH�16�FRP����PJ�PO�GH�%/��(VFDQHDPHQWR���ȝP�
[��ȝP�

�D������������������������������������E��������������������
Figura 2. $OWXUD�SRU�0)$��D��H�IDVH��E��GH�16�FRP����PJ�P/�GH�%/��7DPDQKR���ȝP�[���ȝP��

$V�¿JXUDV���H���PRVWUDP�HVWUXWXUDV�HVIpULFDV�H�QDQRPpWULFDV�KRPRJrQHDV��1D�¿JXUD���p�SRVVLYHO�
DQDOLVDU�D�UHODomR�GLkPHWUR�DOWXUD�GD�16 �����LQGLFDQGR�HVWUXWXUD�PDFLD�H�GHIRUPiYHO��SURYDYHOPHQWH�
GHYLGR�DR�UHFREULPHQWR�SRU�SROtPHUR�GH�40��(VVHV�UHVXOWDGRV�FRUURERUDP�FRP�DV�LDPJHQV�GD�¿JXUD����
GHPRQVWUDQGR�XPD�VXSHUItFLH�LUUHJXODU�H�GHIRUPiYHO�GD�16�

�D�����������������������������������E�������������
Figura 3. $OWXUD�SRU�0)$��D��H�IDVH��E��GH�1&�FRP����PJ�PO�GH�%/��7DPDQKR��ȝP�[��ȝP�

$�¿JXUD���PRVWUD�HVWUXWXUDV�PDLV�KHWHURJrQHDV�H�GHIRUPiYHLV��SURYDYHOPHQWH�GHYLGR�j�DGHVmR�
GDV�1&�QD�VXSHUItFLH�GH�GHSRVLFmR�GD�DPRVWUD�VRE�SUHVVmR�GD�VRQGD�
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Abstract
,Q�WKLV�VWXG\�ZH�SUHVHQW�D�SK\VLFRFKHPLFDO�FKDUDFWHUL]DWLRQ�RI�SRO\PHULF�QDQRVSKHUHV��16���SURGXFHG�
IURP�EORFN�SRO\PHUV�RI�SRO\�rac�ODFWLGH� �3/$��FRYDOHQWO\� OLQNHG� WR�SRO\HWK\OHQH�JO\FRO� �3(*���:H�
XVHG�SRO\PHUV�ZLWK�GLEORFN��3/$�3(*��DQG�WULEORFN��3/$�3(*�3/$��DUFKLWHFWXUHV��ZLWK�RU�ZLWKRXW�
IXQFWLRQDOL]DWLRQ�DORQJ�WKH�OLQHDU�3/$�EDFNERQH��7KH�QDQRVWUXFWXUHV�ZHUH�DQDO\]HG�DQG�FKDUDFWHUL]HG�
E\�SKRWRQ�FRUUHODWLRQ�VSHFWURVFRS\��3&6���WR�GHWHUPLQH�WKH�16�PHDQ�VL]H�DQG�SRSXODWLRQ�SRO\GLVSHU�
VLW\��3,���7KH�PRUSKRORJLFDO�DQDO\VLV�ZDV�SHUIRUPHG�E\�DWRPLF�IRUFH�PLFURVFRS\��$)0���7KH�DYHUDJH�
GLDPHWHUV�RI�XQORDGHG�16�REWDLQHG�E\�$)0�ZHUH�VPDOOHU����QP��3/$�����QP��GLEORFN��DQG���QP��WUL�
EORFN��WKDQ�WKRVH�REWDLQHG�E\�3&6�����QP��3/$������QP��GLEORFN��DQG����QP��WULEORFN���:H�REVHUYHG�
D�VWURQJ�FRQWUDVW�DW�LQWHUIDFHV�RI�16�FRQWDLQLQJ�3(*�EORFNV�LQ�SKDVH�LPDJHV��ZKLFK�LV�VXJJHVWLYH�RI�WKH�
SUHVHQFH�RI�D�VRIWHU�GRPDLQV��7KLV�FRQWUDVW�ZDV�QRW�REVHUYHG�LQ�WKH�16�REWDLQHG�IURP�3/$�KRPRSRO\�
mer.
Keywords: 3RO\PHULF�1DQRSDUWLFOHV��$WRPLF�)RUFH�0LFURVFRS\��SRO\�rac�ODFWLGH�

3XEOLFDo}HV�UHODFLRQDGDV��/HLWH�($��9LOHOD�-0&��0RVTXHLUD�9&)��$QGUDGH�06��3RO\�İ�FDSURODFWRQH�
QDQRFDSVXOHV�PRUSKRORJLFDO�IHDWXUHV�E\�DWRPLF�IRUFH�PLFURVFRS\��0LFURVF��0LFURDQDO������������±���
'LVVHUWDomR�GH�PHVWUDGR�GHIHQGLGD�QR�33*�&LrQFLDV�)DUPDFrXWLFDV�8)23�(Garcia GM, NANOPARTÍCU-
LAS POLIMÉRICAS FUNCIONALIZADAS PARA DIRECIONAMENTO DE FÁRMACOS: ESTUDO 
FÍSICO-QUÍMICO E APLICAÇÕES NO ENCAPSULAMENTO DE FÁRMACOS ANTI-TRYPANOSO-
MA CRUZI E ANTI-ATEROGÊNICO)
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1 introduction

The interest on the biodegradable nanoparticles as suitable devices to control drug release and 
WDUJHWLQJ�KDV�EHHQ�LQFUHDVHG�LQ�WKH�ODVW�WZHQW\�\HDUV��3DUWLFOHV�ZLWK�VL]HV�ODUJHU�WKDQ�����QP�DQG�WKRVH�
ZLWK�K\GURSKRELF�VXUIDFHV�DUH�PRUH�UDSLGO\�FOHDUHG�IURP�WKH�EORRG�FLUFXODWLRQ��EHFDXVH�WKH\�DFWLYDWH�
KXPDQ�FRPSOHPHQW�V\VWHP��7KXV��WKH�VXUIDFH�PRGL¿FDWLRQ�RI�SRO\PHULF�QDQRSDUWLFOHV�LV�RIWHQ�UHTXLUHG�
WR�FRQWURO�WKHLU�LQWHUDFWLRQ�DQG�IDWH�ZLWKLQ�WKH�ELRORJLFDO�V\VWHP��(VVD�HW�DO���������3RO\HWK\OHQH�JO\FRO�
�3(*��KDV�EHHQ�WKH�PRVW�LQYHVWLJDWHG�SRO\PHU��VLQFH�WKH\�DUH�DEOH�WR�UHGXFH�LQWHUDFWLRQ�ZLWK�EORRG�SUR�
WHLQV��3(*�LV�DQ�XQFKDUJHG��K\GURSKLOLF�DQG�QRQ�LPPXQRJHQLF�SRO\PHU�WKDW�FDQ�EH�SK\VLFDOO\�DGVRUEHG�
RQWR�RU��SUHIHUDEO\��FRYDOHQWO\�DWWDFKHG�WR�WKH�VXUIDFH�RI�K\GURSKRELF�FROORLGV��0RVTXHLUD�et al��������

2 mAteriAlS And metHodS

2.1 Preparation of nanoparticles

6XUIDFH�PRGL¿HG�16�ZHUH�SUHSDUHG�DFFRUGLQJ�WR�PHWKRG�GHVFULEHG�E\�0RVTXHLUD�et al���������
XVLQJ�WKH�GLEORFN��3/$�3(*��DQG�WULEORFN�SRO\PHU��3/$�3(*�3/$���7KH�3(*�FKDLQV�ZHUH�FRYDOHQWO\�
OLQNHG�WR�WKH�3/$�EDFNERQH�DQG�DUH�ORFDWHG�DW�16�VXUIDFH��0RVTXHLUD�et al���������

2.2 AFm analysis

,Q� WKH�SUHVHQW�ZRUN�QDQRVSKHUHV� �16��ZHUH�DQDO\VHG�E\�DWRPLF� IRUFH�PLFURVFRS\� �$)0�� WR�
GHWHUPLQH�WKH�GLDPHWHU�GLVWULEXWLRQ��WKH�KHLJKW�GLDPHWHU�UDWLR�DQG�WKHLU�PRUSKRORJLFDO�IHDWXUHV��$)0�
analysis using the tapping�PRGH�ZHUH�SHUIRUPHG�RQ�QDQRSDUWLFOHV��13��VDPSOHV�GHSRVLWHG�XSRQ�PLFD�
SODWHV�DQG�GULHG�ZLWK�DUJRQ�VWUHDP��$)0�REVHUYDWLRQ�ZDV�SHUIRUPHG�LQ�DLU�DW�URRP�WHPSHUDWXUH��RQ�D�
'LPHQVLRQ������(TXLSPHQW�PRQLWRUHG�E\�D�1DQRVFRSH�,,,D�FRQWUROOHU�IURP�'LJLWDO�,QVWUXPHQWV��6DQWD�
%DUEDUD��&$��86$��XVLQJ� WKH�VRIWZDUH�YHUVLRQ�1DQRVFRSH�����U���9HHFR�0HWURORJ\��6DQWD�%iUEDUD��
86$�� IRU� GDWD� DFTXLVLWLRQ��7KH� LPDJHV�ZHUH� REWDLQHG�XVLQJ� FRPPHUFLDO�6L� SUREHV��ZLWK� FDQWLOHYHUV�
KDYLQJ�D�OHQJWK�RI�����ȝP��UHVRQDQFH�IUHTXHQFLHV�RI�������N+]��VSULQJ�FRQVWDQWV�RI���������1�P�DQG�
D�QRPLQDO�WLS�FXUYDWXUH�UDGLXV�RI���QP��7KH�VFDQ�UDWH�ZDV��+]��'LPHQVLRQDO�DQDO\VHV�ZHUH�SHUIRUPHG�
XVLQJ�WKH�³section analyses´�SURJUDP�RI�WKH�1DQRVFRSH®�VRIWZDUH�

3 reSultS And diScuSSion

7KH�SKDVH�LPDJH�VKRZV�PRUH�FRQWUDVW�WKDQ�WKH�KHLJKW�LPDJH�DW�WKH�16�VXUIDFHV�FRQWDLQLQJ�3(*��
7KLV�WHFKQLTXH�KDV�EHHQ�VKRZQ�WR�EH�VHQVLWLYH�WR�DQDO\]H�VXUIDFH�SURSHUWLHV�RI�WKLV�PDWHULDO��VXFK�DV�
VWLIIQHVV��YLVFRHODVWLFLW\��DQG�FKHPLFDO�FRPSRVLWLRQ��5DJKDYDQ�et al���������:KLOH�3KRWRQ�&RUUHODWLRQ�
6SHFWURVFRS\��3&6��PHDVXUHV�K\GURG\QDPLF�UDGLXV��WKH�$)0�WHFKQLTXH�DOORZV�GLUHFW�PHDVXUHPHQW�RI�
VL]H�LQ�VDPSOHV�LQ�D�SDUWLDOO\�GULHG�VWDWH��GHSRVLWHG�RQ�IUHVKO\�FOHDYHG�PLFD�SODWHV��ZKLFK�SHUPLWV�VLPXO�
WDQHRXV�FKDUDFWHUL]DWLRQ�RI�SDUWLFOH�PRUSKRORJ\�DQG�SRO\PHU�VXSUDPROHFXODU�RUJDQL]DWLRQ��7KH�DYHUDJH�
VL]HV�RI�XQORDGHG�16�REWDLQHG�E\�$)0�ZHUH�VPDOOHU�WKDQ�WKRVH�REWDLQHG�E\�3&6��7DEOH����

%RWK�PHWKRGV�RI�VL]H�DQDO\VLV�FRQ¿UP�WKDW�GLEORFN�SRO\PHU�LV�PRUH�HI¿FLHQW�LQ�UHGXFLQJ�13�VL]HV�
WKDQ�3/$�KRPRSRO\PHU��VXJJHVWLQJ�DQ�HVSHFLDO�RUJDQL]DWLRQ�RI�WKH�SRO\PHU�DW�13�VXUIDFH�WKDW�UHGXFH�LQWHU�
IDFLDO�WHQVLRQ�GXULQJ�PXWXDO�VROYHQW�GLIIXVLRQ�LQ�WKH�SUHSDUDWLRQ�SURFHVV��brush or mushroom�FRQIRUPDWLRQV��
�7DEOH�����7KH�VKDSH�RI�WKH�16��)LJXUH��D��LV�DOPRVW�VSKHULFDO��ZKDW�PHDQV�WKDW�WKHLU�GLDPHWHUV�KHLJKW�UDWLRV�
DUH�FORVHU�WR����7KLV�LV�GXH�WR�WKHLU�ULJLG�SRO\PHULF�PDWUL[�VWUXFWXUH��:KHQ�DQDO\]HG�ZLWK�KLJKHU�UHVROXWLRQ��
LW�FRXOG�EH�REVHUYHG�WKDW�3/$�16�VXUIDFH�ZDV�QRW�FRPSOHWHO\�KRPRJHQHRXV�DQG�VKRZHG�VWUXFWXUHV�VLPLODU�
WR�SRUHV�DQG�ZHOOV��DQG�DOVR�LPSHUIHFWLRQV�VXFK�DV�VPDOO�KLOOV��)LJXUH��D���,Q�IDFW��WKH�PHWKRG�XVHG�WR�SUR�
GXFH�16��WKH�SRO\PHU�GHSRVLWLRQ�IROORZHG�E\�VROYHQW�GLVSODFHPHQW��UHVXOW�LQ�IDVW�LQWHUIDFLDO�GLIIXVLRQ�RI�WKH�
VROYHQWV�DW�WKH�PRPHQW�RI�PL[WXUH��7KLV�SURGXFHV�WKH�³0DUDQJRQL�HIIHFW´��)HVVL�et al���������ZKLFK�UHGXFH�
WKH�VL]H�RI�WKH�VROXWH�GURSOHWV�LQ�RUGHU�WR�IRUP�IXUWKHU�QDQRSDUWLFOHV��3/$�16�SURGXFHG�ZLWKRXW�DQ\�VXUIDF�
WDQW��DV�VKRZQ�LQ�WKH�SUHVHQW�ZRUN��SUREDEO\�H[SHULHQFH�KLJKHU�WXUEXOHQW�GLIIXVLRQ�SURGXFLQJ�WKHVH�VXUIDFH�
LPSHUIHFWLRQV�FRPSDUHG�ZLWK�16�SURGXFHG�DW�ORZHU�LQWHUIDFLDO�WHQVLRQ��2Q�WKH�RSSRVLWH�RI�16�PDGH�RI�3/$�
KRPRSRO\PHU��3(*�PRGL¿HG�VXUIDFHV�RI�16��)LJXUH��E��VKRZHG�DQ�REVHUYDEOH�FRQWUDVW�RQ�WKH�SKDVH�LPD�
JHV�DW�WKH�16�VXUIDFH��VXJJHVWLQJ�WKH�SUHVHQW�RI�VPRRWK�PDWHULDO�ORFDWHG�DW�WKLV�DUHD��,Q�WKH�FDVH�RI�WULEORFN�
SRO\PHU��WKH�13�GLG�QRW�VKRZ�DQ\�GLIIHUHQFH�LQ�WKH�VXUIDFH�LQ�WKH�SKDVH�LPDJHV�FRPSDUHG�WR�KRPRSRO\PHU��
LQGLFDWLQJ�DQRWKHU�IRUP�RI�3(*�RUJDQL]DWLRQ�LQ�WKH�VSKHUHV��DV�K\SRWKHWLFDOO\�UHSUHVHQWHG�LQ�WKH�)LJXUH���
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table 1. 6L]H�RI�XQORDGHG�16�DQDO\VHG�E\�3&6�DQG�$)0
Formulation mean size 

(nm) (PcS)
mean size 

(nm) (AFm)
Polydispersity indexa

3/$ ��� ���� �����

3/$�3(* ��� �� ������

3/$�3(*�3/$ ��� �� ������

a 0RQRGLVSHUVHG�VDPSOHV��EHORZ������

� �D�� �E�

Figure 1. $)0�LPDJH�RI�diblock�16��D��DQG�WRSRJUDSKLF�SUROLIH��E��VKRZLQJ�QDQRVSKHUH�KHLJKW��UHG�DUURZV��DQG�
GLDPHWHU��JUHHQ�DUURZV���Scan size: 390 nm. 

 
 
 

 
 

(b) (a) (c) 

PEG chains 
(dark coat) 

PLA chains 
(white core) 

Figure 2. 3KDVH�LPDJHV�RI�16�SUHSDUHG�ZLWK�3/$��D���WULEORFN��E��DQG�GLEORFN�SRO\PHUV��F���Scan size: (a) 
450nm, (b) 300 nm, (c) 390 nm. 

 
       PEG chains

 

PLA chains 
(c) (b) (a) 

Figure 3. 6FKHPH�RI�GLIIHUHQW�SRO\PHUV�RUJDQL]DWLRQ���D��3/$���E��GLEORFN��3/$�3(*��DQG�WULEORFN�13��3/$�
3(*�3/$���$GDSWHG�IURP�(VVD�HW�DO��������

4 concluSion

7KH�DUFKLWHFWXUH�LQ�EORFN�SRO\PHUV�FDQ�LQÀXHQFH�WKH�3(*�ORFDWLRQ�LQ�WKH�JHQHUDO�VWUXFWXUH�RI�
QDQRVSKHUHV�DQG�WKH�LQWHUPLWWHQW�FRQWDFW�PRGH��tapping��LQ�DWRPLF�IRUFH�PLFURVFRS\�LV�D�YHUVDWLOH�WRRO��
ZKLFK�DOORZV�VRIW�VDPSOHV�SURELQJ�DQG�LPDJLQJ��VXFK�DV�WKRVH�RI�WKH�SRO\PHULF�PDWHULDOV��7KH�SKDVH�
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LPDJH�DQDO\VLV�SURYLGHV�LQ�WKLV�FDVH�PRUH�LQIRUPDWLRQ�WKDQ�WKH�WRSRJUDSKLF�LPDJH��,W�KDV�EHHQ�VKRZQ�WR�
EH�VHQVLWLYH�WR�PDWHULDO�VXUIDFH�SURSHUWLHV�VXFK�DV�VWLIIQHVV��YLVFRHODVWLFLW\��DQG�FKHPLFDO�FRPSRVLWLRQ�
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$QQXDO�0HHWLQJ�	�([SRVLWLRQ�RI�WKH�&RQWUROOHG�5HOHDVH�6RFLHW\��������&RSHQKDJHQ��3URFHHGLQJV�RI�
��WK�$QQXDO�0HHWLQJ�	�([SRVLWLRQ�RI�WKH�&RQWUROOHG�5HOHDVH�6RFLHW\��������Y������S����������

5$*+$9$1��'���*8��;���1*8<(1��7���9$1/$1',1*+$0��0���.$5,0��$��0DSSLQJ�SRO\PHU�KH�
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PolY(D,L-lActide)- cHitoSAn nAnocAPSuleS 
morPHoloGicAl FeAtureS

l.t. oliveira1, G.m. Garcia1, J.m.c. vilela2, m.S. Andrade2, *v.c.F. mosqueira1
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Abstract
3RO\PHULF�QDQRSDUWLFOHV�FRQWDLQLQJ�DQ�RLO\�FRUH�VXUURXQGHG�E\�SRO\PHULF�PHPEUDQH��QDPHG�QDQRFDS�
VXOHV��1&V���KDYH�EHHQ�ZLGHO\�VWXGLHG�LQ�WKH�OLIH�VFLHQFHV�¿HOG�GXH�WR�WKHLU�WKHUDSHXWLF�SRWHQWLDOLWLHV�RI�
GUXJ�WDUJHWLQJ�LQ�WKH�ERG\��DFFRPSDQLHG�DOVR�E\�LWV�ODUJHU�VWDELOLW\�LQ�WKH�ELRORJLFDO�ÀXLGV�FRPSDUHG�WR�
RWKHU�FROORLGDO�FDUULHUV��&KLWRVDQ�LV�DQ�LQWHUHVWLQJ�QDWXUDO�PDWHULDO�ZLWK�H[FHOOHQW�ELRFRPSDWLELOLW\��DQG�
VHYHUDO�DGYDQWDJHV�GXH�WR�LWV�XQLTXH�SRO\PHU�FDWLRQLF�FKDUDFWHU�UHQGHU�LW�KLJKO\�XVHIXO�IRU�SKDUPDFHX�
WLFDO�DSSOLFDWLRQ�>�@��.QRZOHGJH�DERXW�PHPEUDQH�SURSHUWLHV�RI�WKH�QDQRFDSVXOHV�LV�UDWKHU�OLPLWHG��,Q�
WKH�SUHVHQW�ZRUN��XQORDGHG�SRO\�D,L�ODFWLGH��FKLWRVDQ��3/$�FK��QDQRFDSVXOHV�ZHUH�DQDO\]H�E\�$WRPLF�
)RUFH�$WRPLF��$)0��WR�GHWHUPLQH�WKH�GLDPHWHU�DQG�WRSRJUDSKLF�FKDUDFWHULVWLFV�RI�WKHLU�VXUIDFH�GHSRVLW�
HG�RQ�PLFD��7KHLU�GLDPHWHUV�OLH�LQ�WKH�UDQJH�RI��������QP�ZLWK�YHUWLFDO�GLVWDQFH�RI������QP��VKRZLQJ�
WKH�ÀDWWHQLQJ�SURSHUW\�RI�WKH�1&�
Keywords: 1DQRFDSVXOHV��FKLWRVDQ��DWRPLF�IRUFH�PLFURVFRS\
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3XEOLFDo}HV�UHODFLRQDGDV��
2/,9(,5$��/7��*DUFLD��*0��.DQR��(.��7HGHVFR��$&��0RVTXHLUD�9&)��+3/&�)/'�PHWKRGV�WR�TXDQWL�
I\�FKORURDOXPLQXP�SKWKDORF\DQLQH�LQ�QDQRSDUWLFOHV��SODVPD�DQG�WLVVXH��DSSOLFDWLRQ�LQ�SKDUPDFRNLQHWLF�
DQG�ELRGLVWULEXWLRQ�VWXGLHV��-RXUQDO�RI�3KDUPDFHXWLFDO�DQG�%LRPHGLFDO�$QDO\VLV��3ULQW���S��������������

'LVVHUWDomR�GH�PHVWUDGR�GHIHQGLGD�QR�33*�&LrQFLDV�)DUPDFrXWLFDV���8)23��2OLYHLUD��/7��������1DQR�
FiSVXODV��YDULDomR�GDV�FDUDFWHUtVWLFDV�VXSHU¿FLDLV��FDUDFWHUL]DomR�H�HIHLWRV�DSyV�DGPLQLVWUDomR�LQWUDYH�
nosa.

1 introduction

&ROORLGDO�QDQRFDUULHUV�GHOLYHU\�V\VWHPV�KDYH�EHHQ�H[WHQVLYHO\�LQYHVWLJDWHG�DV�V\VWHP�XVHG�WR�
WDUJHW�GUXJV�WR�VHOHFWHG�VLWHV�LQ�WKH�ERG\�LQ�RUGHU�WR�LPSURYH�GUXJ�HI¿FDF\�DQG�UHGXFH�WR[LFLW\������1D�
QRFDSVXOHV��1&��DUH�UHVHUYRLU�V\VWHPV�FRQWDLQLQJ�DQ�RLO\�FRUH�VXUURXQGHG�E\�D�SRO\PHULF�ZDOO��7KHVH�
systems�KDYH�DOUHDG\�LQFUHDVHG�WKH�WKHUDSHXWLF�LQGH[�RI�PDQ\�GUXJV��/HLWH��������7KH�1&�VXUIDFH�LV�JH�
nerally hydrophobic and induces H[WHQVLYH�RSVRQL]DWLRQ�by the complement system��promoting rapidly 
FOHDUDQFH�E\�SKDJRF\WHV��SDUWLFXODUO\�.XSIIHU�FHOOV�LQ�WKH�OLYHU�DQG�PDFURSKDJHV�LQ�WKH�VSOHHQ�

&KLWRVDQ��&K��LV�D�FDWLRQLF�SRO\VDFFKDULGH��GHULYHG�IURP�FKLWLQ��RFFXUULQJ�LQ�DEXQGDQFH�LQ�WKH�
HQYLURQPHQW��,W�LV�RQH�hydrophilic polymer and has several advantages due to its unique cationic charge 
WKDW�LV�XVHIXO�IRU�SKDUPDFHXWLFDO�DSSOLFDWLRQ������&KLWRVDQ�QDQRSDUWLFOHV�KDYH�EHHQ�XVHG�LQ�PDQ\�DSSOL�
FDWLRQV�VXFK�DV�GUXJ�GHOLYHU\��PXFR�DGKHVLYH�GRVDJH�IRUPV��SURWHLQ�GHOLYHU\�FDUULHU��LPSURYHG�SHSWLGH�
DQG�JHQH�GHOLYHU\�DQG�DV�D�QDQRVFDOH�YDFFLQH�GHOLYHU\�V\VWHP�IRU�KHSDWLWLV�%�VXEXQLW�DQWLJHQV��7KHUHIR�
UH��LQ�WKH�SUHVHQW�VWXG\��WKH�3/$�&K�1&�ZDV�GHYHORSHG�DQG�FKDUDFWHUL]HG�E\�$WRPLF�)RUFH�0LFURVFRS\�
�)LJ�����7KHVH�LQYHVWLJDWLRQV�ZLOO�FRQWULEXWH�WR�IXUWKHU�UDWLRQDO�GHVLJQ�RI�FKLWRVDQ�QDQRFDUULHUV�

2 mAteriAl And metHodoloGieS

7KH�3/$�FK�1&�ZHUH�SUHSDUHG�E\�QDQRSUHFLSLWDWLRQ�PHWKRG�����DV�SUHYLRXVO\�GHVFULEHG��2OL�
veira et al���������XVLQJ�������Z�Y�RI�FKLWRVDQ�SRO\PHU� LQ� WKH�DTXHRXV�SKDVH��7KH�RUJDQLF�VROYHQWV�
ZHUH�FRPSOHWHO\�UHPRYHG�XQGHU�UHGXFHG�SUHVVXUH�XQWLO����PO�RI�¿QDO�DTXHRXV�FROORLGDO�VXVSHQVLRQ�ZDV�
REWDLQHG��+HLGROSK�5RWDU\�(YDSRUDWRU��*HUPDQ\���7KH�QDQRFDSVXOHV�IRUPHG�ZHUH�DQDO\VHG�E\�$)0��
7KH�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�DW�URRP�WHPSHUDWXUH��LQ�DLU��RQ�D�'LPHQVLRQ�������DV�ZHOO�DV��RQ�D�
0XOWLPRGH�(TXLSPHQW��ERWK�PRQLWRUHG�E\�D�1DQRVFRSH�,,,D�FRQWUROOHU��IURP�'LJLWDO�,QVWUXPHQWV��6DQWD�
%DUEDUD��&$���XVLQJ�WKH�VRIWZDUH�YHUVLRQ�1DQRVFRSH�����U��9HHFR�0HWURORJ\��6DQWD�%iUEDUD��86$���
7KH�LPDJHV�ZHUH�REWDLQHG�LQ�tapping mode, XVLQJ�FRPPHUFLDO�VLOLFRQ�SUREHV�IURP�1DQRVHQVRUV�ZLWK�
FDQWLOHYHUV�RI�����ȝP�OHQJWK��UHVRQDQFH�IUHTXHQFLHV�RI��������N+]��VSULQJ�FRQVWDQWV�RI�������1�P��DQG�
QRPLQDO�WLS�UDGLXV�RI�FXUYDWXUH�RI���QP�WR����QP��7KH�³VFDQ�UDWH´�XVHG�ZDV�RI���+]�

Figure 1. AFM images of nanocapsules: on the right side the phase images and on the left side the topographic 
images. Scan size 5µm x 5µm. 
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3 reSultS And diScuSSion

$)0�LPDJHV��)LJXUH����VKRZ�1&�ZLWK�VSKHULFDO�VKDSH��7KH�$)0�LPDJHV�VKRZ�SDUWLFOHV�ZLWK��
GLDPHWHUV�LQ�WKH�QDQRPHWULFDO�UDQJH��3/$�FK�1&�VWUXFWXUHV�DUH�VSKHULFDO�DQG�VXUURXQGHG�E\�FORXGV�RI�D�
PDWHULDO�WKDW�VHHPV�WR�EH�WKH�FKLWRVDQ�SRO\PHU��7KHVH�FORXGV�DUH�YHU\�VRIW�DQG�GHIRUPDEOH��DV�REVHUYHG�
LQ�WKH�SKDVH�LPDJHV��GDWD�QRW�VKRZQ���+RZHYHU��WKH�FORXGV�RI�FKLWRVDQ�DUH�RQH�LQWHUHVWLQJ�DVSHFW�RI�WKLV�
IRUPXODWLRQ��EHFDXVH�VKRZHG�WKH�DGVRUSWLRQ�RI�FKLWRVDQ�DW�1&�VXUIDFH��7KH�VKDSH�RI�WKH�1&��)LJXUH�
�D��LV�DOPRVW�VSKHULFDO�DQG�WKH�KLJKHU�KHLJKWV�LQ�WKH�WRSRJUDSKLFDO�LPDJH�FRUUHVSRQG�WR�VRIWHU�DQG�GH�
IRUPDEOH�GRPDLQV��ZKLFK�PD\�EH�DWWULEXWHG�WR�WKH�RLO\�FRUH�RI�WKHVH�YHVLFXODU�VWUXFXWXUHV. The images 
FRQ¿UPV�WKH�H[LVWHQFH�RI�URXQG�YHVLFXODU�XQLWV��)LJXUH����VSUHDG�RQ�PLFD�VXUIDFH��7KHLU�GLDPHWHUV�OLH�LQ�
WKH�UDQJH�RI���������QP�DQG�D�YHUWLFDO�GLVWDQFH�RI�DURXQG����QP��GHPRQVWUDWLQJ�WKH�ÀDWWHQLQJ�RI�WKH�1&�
�)LJXUH����HYLGHQFHG�E\�LWV�GLDPHWHU�KHLJKW�UDWLR�KLJKHU�WKDQ����7KLV�VWXG\�VKRZV�WKDW�$)0�FDQ�EH�XVHG�
WR�DQDO\]H�WKH�PRUSKRORJ\�RI�1&�DQG�WR�H[SORUH�LWV�SK\VLFDO�SURSHUWLHV�

Figure 2. AFM image of height of PLA-Cs nanocapsules and at the right side the “analysis section” showing the 
measure of diameter and height of nanocapsules.  Scan size 5 µm x5 µm. 

4 concluSion

7KLV�VWXG\�VKRZV�WKDW�$)0�ZDV�HI¿FLHQWO\�XVHG�WR�REVHUYH�WKH�PRUSKRORJ\�DQG�WR�H[SORUH�
SK\VLFDO�SURSHUWLHV�RI�FKLWRVDQ�FRDWHG�QDQRFDSVXOHV��7KH�3OD�&K�1&�VKRZHG�GLDPHWHU�RI�����QP�
E\�$)0�DQG�WKH�DELOLW\�RI�ÀDWWHQLQJ�XSRQ�WLS�SUHVVXUH�GXULQJ�VFDQQLQJ��FRQ¿UPLQJ�LWV�YHVLFXODU�
structural nature.

AcKnowledGementS

7KH�DXWKRUV� WKDQN�&$3(6�%UD]LO� IRU�SHUVRQDO�¿QDQFLDO�VXSSRUW� WR� WKH�¿UVW�DXWKRU�DQG�&13�
T�%UD]LO�IRU�WKH�UHVHDUFK�JUDQW�WR�9&)�0RVTXHLUD��7KLV�ZRUN�ZDV�DOVR�VXSSRUWHG�E\�)$3(0,*�DQG�E\�
1$12%,20*�1HWZRUN��0LQDV�*HUDLV��%UD]LO��

reFerÊnciAS

���/HJUDQG�3���%DUUDW�*���0RVTXHLUD�9���)HVVL�+���'HYLVVDJXHW�-��3��3RO\PHULF�QDQRFDSVXOHV�DV�GUXJ�GH�
OLYHU\�V\VWHPV��$�UHYLHZ��6�7�3��3KDUPD�6FLHQFHV��Y�����Q�����S�����������������

���&DEDQ�6���&DSDQ�<���&RXYUHXU�3���'DONDUD�7��3UHSDUDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�ELRFRPSDWLEOH�FKLWR�
VDQ�QDQRSDUWLFOHV�IRU�WDUJHWHG�EUDLQ�GHOLYHU\�RI�SHSWLGHV��0HWKRGV�0RO�%LRO��������������������

���)HVVL�+���3XLVLHX[�)���'HYLVVDJXHW�-�3���$PPRXU\�1���%HQLWD�6��1DQRFDSVXOH�IRUPDWLRQ�E\�LQWHUIDFLDO�
SRO\PHU�GHSRVLWLRQ�IROORZLQJ�VROYHQW�GLVSODFHPHQW��,QW��-��3KDUP������5�±5�������
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resumo
3UySROLV�p�XPD�VXEVWkQFLD�UHVLQRVD�QDWXUDO�FROHWDGD�HP�ERW}HV�IROLDUHV�GH�GLIHUHQWHV�HVSpFLHV�GH�iUYRUHV�
SRU�DEHOKDV�H�FRQKHFLGD�SRU�VXDV�SURSULHGDGHV�ELROyJLFDV��DQWLEDFWHULDQD��DQWLI~QJLFD�H�DQWLR[LGDQWH���
2�REMHWLYR�GHVWH�WUDEDOKR�IRL�DYDOLDU�D�DWLYLGDGH�DQWLPLFURELDQD�GH�QDQRSDUWtFXODV�GH�SUySROLV��13V��HP�
FRPSDUDomR�FRP�H[WUDWR�HWDQyOLFR�GH�SUySROLV��((3��FRQWUD�DOJXPDV�EDFWpULDV��Escherichia coli ZDV�
�����, Staphylococcus aureus, Salmonella thompson, Listeria monocytogenes��Enterococcus faecalis� 
Enterobacter helveticus� Lactobacillus bucheneri and Leuconostoc mesenteroides��FRPXQV�HP�FRQWDPL�
QDomR�GH�FDUQH��2�((3�IRL�REWLGR�GH�UHVLQD�GH�SUySROLV�YHUGH��HP�HWDQRO�DEVROXWR�VRE�DJLWDomR�GXUDQWH�
���GLDV��3DUD�REWHU�DV�13V��((3�D���������P�9��IRL�PLVWXUDGR�FRP�VROXomR�GH�iOFRRO�SROLYLQtOLFR�D�
������P�9���&RQFHQWUDomR�LQLELWyULD�PtQLPD��&,0��GH�DPEDV�DV�VROXo}HV�IRL�DYDOLDGD�SHOR�PpWRGR�GH�
GLIXVmR�SRU�SRoRV�HP�iJDU��WRGDV�DV�OLQKDJHQV�IRUDP�VXVFHWtYHLV�H�RV�YDORUHV�GD�&,0��SDUD�DV�13V��YD�
ULDUDP�HQWUH�������SDUD�S. aureus�H��������P�9��SDUD�S. thompson, E. helveticus e L. bucheneri. 3DUD�R�
((3��D�&,0�YDULRX�GH�������SDUD�S. aureus,�D��������P�9��SDUD�E. helveticus e L. bucheneri��$�DWLYLGDGH�
DQWLPLFURELDQD�DSUHVHQWDGD�SHODV�13V�p�GH�SRWHQFLDO�LQWHUHVVH�SDUD�DSOLFDo}HV�HP�SURGXWRV�FiUQHRV��SRU�
H[HPSOR��QD�IRUPXODomR�GH�UHYHVWLPHQWRV�FRPHVWtYHLV���
Palavras-chave��3UySROLV��1DQRSDUWtFXODV��$QWLPLFURELDQDV��&DUQH��%DFWpULDV��

AntimicrobiAl ActivitY oF ProPoliS nAnoPArticleS AGAinSt Some com-
mon meAt contAminAtion bActeriA
Abstract
3URSROLV�LV�D�QDWXUDO�UHVLQRXV�VXEVWDQFH�FROOHFWHG�IURP�WKH�OHDI�EXGV�RI�GLIIHUHQW�WUHH�VSHFLHV�E\�KRQ�
H\EHHV�DQG�NQRZQ�IRU�LWV�ELRORJLFDO�SURSHUWLHV��DQWLEDFWHULDO��DQWLIXQJDO�DQG�DQWLR[LGDQW���7KH�DLP�RI�
WKLV�ZRUN�ZDV�WR�HYDOXDWH�WKH�DQWLPLFURELDO�DFWLYLW\�RI�SURSROLV�QDQRSDUWLFOHV��31V��LQ�FRPSDULVRQ�ZLWK�
HWKDQRO�SURSROLV�H[WUDFW��(3(��DJDLQVW�VRPH�EDFWHULD��Escherichia coli, Staphylococcus aureus, Salmo-
nella thompson, Listeria monocytogenes��Enterococcus faecalis� Enterobacter helveticus� Lactobacillus 
bucheneri and Leuconostoc mesenteroides�� FRPPRQ� LQ�PHDW� FRQWDPLQDWLRQ��7KH�(3(�ZDV� REWDLQHG�
IURP�JUHHQ�SURSROLV�UHVLQ��LQ�DEVROXWH�HWKDQRO�XQGHU�DJLWDWLRQ�GXULQJ����GD\V��7R�REWDLQ�WKH�31V��HWKDQRO�
H[WUDFW�DW���������Z�9��ZDV�PL[HG�ZLWK�SRO\YLQ\O�DOFRKRO�VROXWLRQ�DW�������Z�Y���0LQLPXP�LQKLELWRU\�
FRQFHQWUDWLRQV��0,&��RI�ERWK�VROXWLRQV�ZHUH�HYDOXDWHG�E\�DJDU�ZHOO�GLIIXVLRQ�PHWKRG��DOO�VWUDLQV�ZHUH�
VXVFHSWLEOH�DQG�0,&�YDOXHV��IRU�31V��UDQJHG�IURP�������IRU�S. aureus��WR��������Z�Y��IRU�S. thompson, 
E. helveticus and L. bucheneri.�)RU�(3(��WKH�0,&�UDQJHG�IURP�������IRU�S. aureus��WR��������Z�Y��IRU�
Enterobacter helveticus and Lactobacillus bucheneri��7KH�VKRZQ�DQWLPLFURELDO�DFWLYLW\�RI�SURSROLV�QDQ�
RSDUWLFOHV�LV�RI�SRWHQWLDO�LQWHUHVW�IRU�PHDW�SURGXFWV��H�J��LQ�HGLEOH�FRDWLQJV�IRUPXODWLRQ���
Keywords: 3URSROLV��1DQRSDUWLFOHV��$QWLPLFURELDO��0HDW��%DFWHULDV�

3XEOLFDo}HV� UHODFLRQDGDV�� 32578*8(6(� &21*5(66� 2)� 0,&52%,2/2*<� $1'�
%,27(&+12/2*<���0LFUR%LRWHF�µ����WK�±��WK�'HFHPEHU�_�$YHLUR�3RUWXJDO��

1 introduÇÃo

$�XWLOL]DomR�GH�DQWLELyWLFRV�QDWXUDLV��SDUD�D�FRQVHUYDomR�GH�DOLPHQWRV�p�XPD�WHQGrQFLD�GH�PHU�
FDGR��KDMD�YLVWD�TXH�R�FRQVXPLGRU�PRGHUQR�WHQGH�D�H[LJLU�XP�DOLPHQWR�TXH�SUHVHUYH�DR�Pi[LPR�DV�VXDV�
FDUDFWHUtVWLFDV�RULJLQDLV�H�LVHQWR�GH�SURGXWRV�VLQWpWLFRV��SDUD�TXH�VH�DWLQMD�HVWH�REMHWLYR��9DLWKL\DQDWKDQ�
et al���������(FRQRPRX�et al���������'XWWD�et al.��������&KRXOLDUD�et al����������8P�SURGXWR�TXH�SRVVXL�



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014.506

HVWDV�FDUDFWHUtVWLFDV�p�D�SUySROLV��PLOHQDUPHQWH�UHFRQKHFLGD�SRU�VHU�XP�DQWLELyWLFR�QDWXUDO�SURGX]LGR�SRU�
DEHOKDV��SDUD�D�DVVHSVLD�GH�VXDV�FROPHLDV��.RR���������

8P�GRV�SULQFLSDLV�IDWRUHV�TXH�LQÀXHQFLDP�R�UiSLGR�FUHVFLPHQWR�PLFURELDQR�HP�FDUQHV�p�D�VXD�
FRPSRVLomR������GH�iJXD��FRQVHTXHQWHPHQWH�iJXD�OLYUH�H�SULQFLSDOPHQWH�D�SUHVHQoD�GH�PXLWRV�QXWULHQ�
WHV�FRPR�DPLQRiFLGRV��SHSWtGHRV��QXFOHRWtGHRV�H�Do~FDUHV��/DZULH��������

&RP�R�DGYHQWR�GD�QDQRWHFQRORJLD��SRVVLELOLWRX�D�XWLOL]DomR�GH�TXDQWLGDGHV� UHGX]LGDV�GH�XP�
GHWHUPLQDGR�SURGXWR��REWHQGR�VH�UHVXOWDGRV�PDLV�VDWLVIDWyULRV��HP�YLUWXGH�GR�DXPHQWR�GD�VXSHUItFLH�GH�
FRQWDWR�GD�SDUWtFXOD�FRP�R�PDWHULDO�HP�TXHVWmR��QHVWH�FDVR�DV�EDFWpULDV��6HQGR�DVVLP��QHVWH�WUDEDOKR��QD�
QRSDUWtFXODV�GH�SUySROLV�IRUDP�WHVWDGDV��SDUD�VH�FRPSDUDU�D�H¿FLrQFLD�HP�UHODomR�DR�WUDGLFLRQDO�H[WUDWR�
GH�SUySROLV��FRQWUD�JrQHURV�EDFWHULDQRV�FRPXPHQWH�HQFRQWUDGRV�HP�FDUQH�ERYLQD�in natura. 

2 obJetivoS

6LQWHWL]DU�H�FDUDFWHUL]DU�QDQRSDUWtFXODV�GH�SUySROLV��13V��
$YDOLDU�in vitro�D�H¿FLrQFLD��GH�13V��QD�LQLELomR�GR�FUHVFLPHQWR�PLFURELDQR;

3 mAteriAiS e métodoS

3.1 6tQWHVH�H�FDUDFWHUL]DomR�GH�QDQRSDUWtFXODV�GH�SUySROLV

3.1.1 extrato de própolis

([WUDWR�HWDQyOLFR�GH�SUySROLV��((3��IRL�SUHSDUDGR��PHGLDQWH�D�PDFHUDomR�GH�������J�GH���SUy�
SROLV�YHUGH��HP�DOPRIDUL]�GH�iJDWD�H�SRVWHULRU�DJLWDomR�HP�����P/�GH�iOFRRO�HWtOLFR�DEVROXWR��GXUDQWH�
����K�

3.1.2 Síntese de nPs

&LQFR�P/�GH�XPD�VROXomR�GH�iOFRRO�SROLYLQtOLFR��39$��D�������IRUDP�¿OWUDGRV�HP�PHPEUDQD�
de nylon�FRP�GLkPHWUR�GH�SRUR�GH�������P��(P�VHJXLGD��HVWD�VROXomR�IRL�DTXHFLGD�D�����&�H�DJLWDGD�D�
����USP��3RVWHULRUPHQWH��IRL�DGLFLRQDGR���P/�GH�((3��SUHSDUDGR�FRQIRUPH�GHVFULomR�DFLPD��WDPEpP�
¿OWUDGR�QR�PHVPR�WLSR�GH�PHPEUDQD��REWHQGR�VH�DV�QDQRSDUWtFXODV�GH�SUySROLV�

3.1.3 &DUDFWHUL]DomR�GH�13V

)RUDP�GHSRVLWDGRV�WULQWD�PLFUROLWURV�GH�VROXomR�GH�QDQRSDUWtFXODV�HP�VXVSHQVmR��HP�OkPLQD�GH�
PLFD�H�GHL[DU�VHFDU�HP�GHVVHFDGRU��FRQWHQGR�VtOLFD�GHVLGUDWDGD��SDUD�GHWHUPLQDU�R�WDPDQKR�GDV�SDUWtFX�
ODV�REWLGDV��SRU�PHLR�GH�PLFURVFRSLD�GH�IRUoD�DW{PLFD��0)$��

2�GLkPHWUR�PpGLR�GH�SDUWtFXODV�GH�SUySROLV�HP�VXVSHQVmR�IRL�GHWHUPLQDGR�SHOR�PpWRGR�GH�(V�
SDOKDPHQWR�'LQkPLFR�GH�/X]��('/��XWLOL]DQGR�VH�R�HTXLSDPHQWR�=HWDVL]HU�1DQR��GD�PDUFD�0DOYHUQ�

3.2 'HWHUPLQDomR�GD�D�FRQFHQWUDomR�LQLELWyULD�PtQLPD��&,0��GH�((3�H�13V�

)RL�GHWHUPLQDGD�D�&,0�SDUD���HVSpFLHV�GH�EDFWpULDV�GH�JrQHURV�FRPXPHQWH�SUHVHQWHV�HP�DPRV�
WUDV�GH�FDUQH��HP�HVSHFLDO��GH�FDUQH�HPEDODGD�D�YiFXR��6mR�HODV��Escherichia coli, Staphylococcus au-
reus, Salmonella thompson, Listeria monocytogenes��Enterococcus faecalis� Enterobacter helveticus� 
Lactobacillus bucheneri and Leuconostoc mesenteroides. 

4 reSultAdoS e diScuSSÃo

4.1 &DUDFWHUL]DomR�GH�QDQRSDUWtFXODV�GH�SUySROLV

$WUDYpV� GH�PHGLo}HV� IHLWDV� SHOR� VRIWZDUH�*Z\GGLRQ� �YHUVmR� ������� HP� LPDJHQV� REWLGDV� SRU�
$)0��FRPR�QD�¿JXUD����DEDL[R���S{GH�VH�FRQFOXLU�TXH�R�WDPDQKR�PtQLPR�GDV�QDQRSDUWtFXODV�IRL�GH�
DSUR[LPDGDPHQWH����QP�
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Figura 1. ,PDJHP�GH�QDQRSDUWtFXODV�GH�SUySROLV��REWLGD�SRU�$)0�

$SyV�PHGLo}HV�GR�GLkPHWUR�PpGLR�GH�SDUWtFXODV�SHOR�PpWRGR�GH�(VSDOKDPHQWR�'LQkPLFR�GH�
/X]��SHUFHEHX�VH�TXH�R�WDPDQKR�PpGLR�GDV�SDUWtFXODV�IRL�������QP��R�TXH�p�FRHUHQWH�FRP�DV�PHGLo}HV�
IHLWDV�SHOR�PpWRGR�DQWHULRU��2�UHVXOWDGR�SRGH�VHU�REVHUYDGR�QD�¿JXUD����DEDL[R�

 Figura 2. 'HWHUPLQDomR�GH�GLkPHWUR�PpGLR�GH�QDQRSDUWtFXODV�GH�SUySROLV��SRU�'/6�

4.2 'HWHUPLQDomR�GD�&,0��GR�H[WUDWR�H�GDV�QDQRSDUWtFXODV�GH�SUySROLV�

�+RXYH�LQLELomR�GH�WRGDV�DV�HVSpFLHV�VXEPHWLGDV�D�ELRHQVDLR��,VWR�IRL�XPD�JUDWD�VXUSUHVD��HP�
HVSHFLDO�QR�FDVR�GDV�HVSpFLHV�JUDP�QHJDWLYDV��SRLV�SHOD�OLWHUDWXUD�p�VDELGR�TXH�D�SUySROLV�SRVVXL�PHOKRU�
HIHLWR�FRQWUD�JUDP�SRVLWLYDV��

tabela 1. &,0�H�PpGLD�GRV�KDORV�LQLELWyULRV�GH���JrQHURV�PLFURELDQRV�FRPXPHQWH�SUHVHQWHV�HP�FDUQH�ERYLQD�
micro-organismo &RQFHQWUDo}HV�

nPs (%)
média – 
halos de 
LQLELomR�

(mm)

&RQFHQWUDo}HV�((3�
(%)

média – 
halos de 
LQLELomR�

(mm)

(QWHUREDFWHU�KHOYHWLFXV ���� ���� ���� ����

Salmonella thompson ���� ���� ���� ����

Escherichia coli ���� ���� ���� ����

Listeria monocytogenes ���� ���� ���� ����
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micro-organismo &RQFHQWUDo}HV�
nPs (%)

média – 
halos de 
LQLELomR�

(mm)

&RQFHQWUDo}HV�((3�
(%)

média – 
halos de 
LQLELomR�

(mm)

Lactobacillus bucheneri ���� ���� ���� ����

Leuconostoc mesenteroides ���� ���� ���� ����

Enterococcus faecalis ���� ���� ���� ����

Staphylococcus aureus ���� ���� ���� ����

5 concluSÃo

$V�13V�VH�PRVWUDUDP�PDLV�H¿FD]HV�TXH�R�((3�QD�LQLELomR�GR�FUHVFLPHQWR�GDV�HVSpFLHV�EDFWH�
ULDQDV�WHVWDGDV�QHVWH�WUDEDOKR��(P�DOJXQV�FDVRV�D�FRQFHQWUDomR�QHFHVViULD�GH�QDQRSDUWtFXODV�GH�SUySROLV�
QHFHVViULDV�SDUD�LQLELU�R�FUHVFLPHQWR�EDFWHULDQR�IRL�LQIHULRU�D�����GD�FRQFHQWUDomR�QHFHVViULD�TXDQGR�VH�
XWLOL]RX�R�HVWUDWR�HWDQyOLFR�GH�SUySROLV��&RP�LVVR��SRGH�VH�REWHU�R�PHVPR�UHVXOWDGR�XWLOL]DQGR�VH�XPD�
TXDQWLGDGH�VLJQL¿FDWLYDPHQWH�PHQRU�GH�SUySROLV��R�TXH�UHGX]�FXVWRV��DOpP�GH�UHGX]LU�R�RGRU�H�R�VDERU�
SURGX]LGR�SRU�HVWD�VXEVWkQFLD��QR�FDVR�GH�DSOLFDomR�HP�DOLPHQWRV�

AGrAdecimentoS

�¬�'UD��5HMDQH�&HOL�*R\�H�DR�'U��+XPEHUWR�GH�0HOOR�%UDQGmR��SRU�HQVLQDUHP�D�VLQWHWL]DU�DV�
13V��¬�SURID��'UD��2OLYLD�3HUHLUD�H�j�'UD��&DULQD�$OPHLGD��SHOR�DX[tOLR�QRV�ELRHQVDLRV��¬�&$3(6�SHODV�
bolsas de doutorado e doutorado sanduíche concedidas.

reFerÊnciAS

&KRXOLDUD��(���.DUDWDSDQLV��$���6DYYDLGLV��,�1���.RQWRPLQDV��0�*���&RPELQHG�HIIHFW�RI�RUHJDQR�HVVHQ�
WLDO�RLO�DQG�PRGL¿HG�DWPRVSKHUH�SDFNDJLQJ�RQ�VKHOI�OLIH�H[WHQVLRQ�RI�IUHVK�FKLFNHQ�EUHDVW�PHDW��VWRUHG�
DW����&��)RRG�0LFURELRORJ\��Y������S�����±����������

'XWWD��3�.���7ULSDWKL��6���0HKURWUD��*�.���'XWWD��-���3HUVSHFWLYHV�IRU�FKLWRVDQ�EDVHG�DQWLPLFURELDO�¿OPV�
LQ�IRRG�DSSOLFDWLRQV��)RRG�&KHPLVWU\��Y�������S�����±�����������

(FRQRPRX��7���3RXUQLV��1���1W]LPDQL��$���6DYYDLGLV��,�1���1LVLQ±('7$�WUHDWPHQWV�DQG�PRGL¿HG�DWPRV�
SKHUH�SDFNDJLQJ�WR�LQFUHDVH�IUHVK�FKLFNHQ�PHDW�VKHOI�OLIH��)RRG�&KHPLVWU\��Y������S�����±�����������

.RR��+���*RPHV��%�3�)�$���5RVDOHQ��3��/���$PEURVDQR��*�0�%���3DUN��<��.���&XU\��-��$���,Q�YLWUR�DQWLPL�
FURELDO�DFWLYLW\�RI�SURSROLV�DQG�$UQLFD�PRQWDQD�DJDLQVW�RUDO�SDWKRJHQV��$UFKLYHV�RI�2UDO�%LRORJ\��Y������
S���������������

/DZULH��5��$��0HDW�VFLHQFH��2[IRUG���3HUJDP�RQ�3UHVV��Y���S����������

9DLWKL\DQDWKDQ��6���1DYHHQD��%�0���0XWKXNXPDU��0���*LULVK��3��6���.RQGDLDK��1���(IIHFW�RI�GLSSLQJ�LQ�
SRPHJUDQDWH��Punica granatum��IUXLW� MXLFH�SKHQROLF�VROXWLRQ�RQ�WKH�VKHOI�OLIH�RI�FKLFNHQ�PHDW�XQGHU�
UHIULJHUDWHG�VWRUDJH�����&���0HDW�6FLHQFH��Y������S�����±����������
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co-PreciPitAÇÃo In SItU de bioHíbridoS multiFuncionAiS 
bASeAdoS em cArboximetil-dextrAnA e Hidróxido duPlo 
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resumo
(VWH� WUDEDOKR�GHVFUHYH�D�IRUPDomR�GH�XP�ELRKtEULGR�D�SDUWLU�GH�KLGUy[LGR�GXSOR�ODPHODU��+'/��WLSR�
KLGURWDOFLWD��0J$O��H�FDUER[LPHWLO�GH[WUDQD��&0'��XWLOL]DQGR�R�PpWRGR�GH�FR�SUHFLSLWDomR�in situ.�1HV�
WHV�ELRKtEULGRV��DV�PROpFXODV�GH�&0'�VmR�LQWHUFDODGDV�QD�HVWUXWXUD�ODPHODU��PDV�WDPEpP�DGVRUYHP�QD�
VXSHUItFLH�H[WHUQD�GR�+'/��&DUDFWHUL]Do}HV�SRU�HVSHFWURVFRSLD�YLEUDFLRQDO�)7�,5�UHYHODUDP�D�IRUPDomR�
GH�LQWHUDo}HV�HOHWURVWiWLFDV�H�OLJDo}HV�GH�KLGURJrQLR�HQWUH�HVWHV�FRPSRVWRV��SULQFLSDLV�LQWHUDo}HV�UHVSRQ�
ViYHLV�SHOR�IHQ{PHQR�GH�DGVRUomR��2V�ELRKtEULGRV�DSUHVHQWDUDP�TXDQWLGDGH�Pi[LPD�GH�&0'�DGVRUYLGD�
GH�����PJ�Â�J�+'/���HP�UHODomR�DV�FRQFHQWUDo}HV�LQLFLDLV�LQYHVWLJDGDV��2V�ELRKtEULGRV�+'/�0J$O�&0'�
VLQWHWL]DGRV�DSUHVHQWDP�SRWHQFLDO�FRPR�UHIRUoDGRUHV�PHFkQLFRV�PDLV�FRPSDWtYHLV�FRP�¿OPHV�GH�SROLV�
VDFDUtGHRV�GLUHFLRQDGRV�DR�VHWRU�GH�HPEDODJHQV�ELRGHJUDGiYHLV�H�FRPHVWtYHLV�
Palavras-chave��1DQRFRPSyVLWRV��&RPSDWLELOL]DQWHV��,QWHUFDODomR��(PEDODJHQV�

In SItU co-PreciPitAtion oF multiFunctionAl bioHYdbridS bASed on cAr-
boxYmetHYl-dextrAn And lAYered double HYdroxide
Abstract
7KLV�ZRUN�UHSRUWV�RQ�WKH�IRUPDWLRQ�RI�QHZ�ELRK\EULG�DGGLWLYHV�IURP�K\GURWDOFLWH�OLNH�OD\HUHG�GRXEOH�
K\GUR[LGH��/'+��DQG�FDUER[\PHWK\O�GH[WUDQ��&0'��E\�PHDQV�RI�in situ�FR�SUHFLSLWDWLRQ��,Q�WKHVH�ELR�
K\EULGV��&0'�PROHFXOHV�DUH�LQWHUFDODWHG�LQWR�WKH�OD\HUHG�VWUXFWXUH��EXW�WKH\�DGVRUE�RQ�WKH�/'+�H[WHUQDO�
VXUIDFH�DV�ZHOO��)7�,5�VSHFWURVFRS\�FKDUDFWHUL]DWLRQV�UHYHDOHG�WKH�HVWDEOLVKPHQW�RI�HOHFWURVWDWLF�LQWHU�
DFWLRQV�DQG�K\GURJHQ�ERQGV�EHWZHHQ�&0'�DQG�WKH�/'+��VXFK�DQ�LQWHUDFWLRQV�EHLQJ�UHVSRQVLEOH�IRU�WKH�
DGVRUSWLRQ�SKHQRPHQRQ��7KH�ELRK\EULGV�KDG�D�PD[LPXP�DGVRUEHG�&0'�DPRXQW�RI�����PJ�Â�J�+'/�� in 
UHODWLRQ�WR�WKH�LQLWLDO�FRQFHQWUDWLRQV�VWXGLHG��7KH�V\QWKHVL]HG�/'+�&0'�ELRK\EULGV�VKRZ�SRWHQWLDO�DV�
PRUH�FRPSDWLEOH�UHLQIRUFLQJ�¿OOHUV�IRU�SRO\VDFFKDULGH�EDVHG�¿OPV�XVHG�LQ�WKH�HGLEOH�DQG�ELRGHJUDGDEOH�
SDFNDJLQJ�VHFWRU�
Keywords: 1DQRFRPSRVLWHV��&RPSDWLELOL]HUV��,QWHUDFWLRQ��3DFNDJLQJ�

1 introduÇÃo

+LGUy[LGRV�GXSORV� ODPHODUHV� �+'/�� VmR� DUJLODV� DQL{QLFDV�GH� IyUPXOD�0,,
���[�0

,,,
[�2+�2�$

Q�
[�Q.

P+22�RQGH�0
,,� �0J2+��0Q2+��)H2+��&R2+��=Q2+�RX�&D2+��0,,,� �$O����&U����0Q����)H���RX�1L����H�$Q�� �12�

���
&O���62�

����&2�
���HWF���(9$16�	�6/$'(���������'LYHUVRV�IHQ{PHQRV�H�DVSHFWRV�HVWUXWXUDLV�GHVWHV�KL�

GUy[LGRV�WrP�VLGR�HVWXGDGRV�D�SDUWLU�GD�KLGURWDOFLWD��0J�$O2�2+���&2�ā�+22���R�SULPHLUR�+'/�LGHQWL¿�
FDGR�QD�QDWXUH]D��$V�DSOLFDo}HV�GD�KLGURWDOFLWD��+7��FRPR�DGLWLYR�DQWL�iFLGR�HP�SURGXWRV�IDUPDFrXWLFRV�
H�FDUUHDGRU�GH�ELRPROpFXODV��YLWDPLQDV��'1$��HWF���HP�PHGLFLQD�D�WRUQDP�WDPEpP�XP�GRV�PLQHUDLV�
WHFQRORJLFDPHQWH�PDLV�LPSRUWDQWHV�GHVWH�JUXSR��'(/�+2<2��������

2�XVR�GD�+7�SRGH�WDPEpP�VHU�SURPLVVRU�QD�iUHD�GH�QDQRFRPSyVLWRV�GHYLGR�j�VXD�HVWUXWXUD�OD�
PHODU��SURSULHGDGHV�GH�LQWHUFDODomR�H�DWR[LFLGDGH��(9$16�	�6/$'(���������&RQWXGR��D�DOWD�GHQVLGDGH�
GH�FDUJDV�HOpWULFDV�H�D�FRPSDFWDomR�LQWHUODPHODU�WtSLFD�GH�+'/�ID]HP�FRP�TXH�XPD�HWDSD�SUHOLPLQDU�
GH�FRPSDWLELOL]DomR�VHMD�FUXFLDO��$�LQWHUFDODomR�GH�FRPSDWLELOL]DQWHV�SRGH�DXPHQWDU�D�GLVWkQFLD�LQWHU�
ODPHODU�H�GLPLQXLU�D�HQHUJLD�VXSHU¿FLDO�GD�+7��WRQDQGR�SRVVtYHO�D�REWHQomR�GH�QDQRFRPSyVLWRV�FRP�
PRUIRORJLD�HVIROLDGD��&267$�HW�DO����������
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(QTXDQWR� D�PRGL¿FDomR�GH�+7�SRU� FRPSDWLELOL]DQWHV� KLGURIyELFRV� WHP� VLGR� H[WHQVLYDPHQWH�
LQYHVWLJDGD��&267$�HW�DO���������H[LVWH�PXLWR�SRXFD�LQIRUPDomR�VREUH�D�LQWHUFDODomR�GH�HVSpFLHV�KLGUR�
ItOLFDV��,VWR�p�HVSHFLDOPHQWH�UHOHYDQWH�SDUD�R�FDVR�GH�¿OPHV�FRPHVWtYHLV�EDVHDGRV�HP�SROLVVDFDUtGHRV��
RQGH�R�XVR�GH�XP�FRPSDWLELOL]DQWH�KLGURItOLFR�SRGH�DXPHQWDU�D�FRPSDWLELOLGDGH�GD�+7�FRP�D�PDWUL]��
IDFLOLWDQGR�D�GLVSHUVmR�GDV�ODPHODV�GR�+'/�GXUDQWH�D�SUHSDUDomR�GR�QDQRFRPSyVLWR��

1HVWH�WUDEDOKR��D�VtQWHVH�H�FDUDFWHUL]DomR�GH�XP�+'/�GR�WLSR�KLGURWDOFLWD��0J$O��x� �������FRP�
SDWLELOL]DGR�FRP�FDUER[LPHWLO�GH[WUDQD��&0'��VmR�UHSRUWDGDV��2�REMHWLYR�GHVWD�FRQWULEXLomR�IRL�REWHU�
XP�PDWHULDO�ELRKtEULGR�SDUD�XVR�FRPR�DJHQWH�GH�UHIRUoR�HP�¿OPHV�GH�DPLGR��GH�IRUPD�D�HVWHQGHU�VXD�
IDL[D�GH�SURSULHGDGHV�ItVLFDV��$�&0'�IRL�HVFROKLGD�FRPR�FRPSDWLELOL]DQWH�SRU�VHU�XPD�IRUPD�ROLJRPp�
ULFD�GR�DPLGR��WHQGR��SRUWDQWR��DOWD�FRPSDWLELOLGDGH�TXtPLFD�FRP�R�ELRSROtPHUR�

2 mAteriAiS e métodoS

2V�ELRKtEULGRV�+'/�0J$O�&0'�IRUDP�VLQWHWL]DGRV�YLD�FR�SUHFLSLWDomR�in situ�XWLOL]DQGR�iJXD�
XOWUD�SXUD�����ȍ�Â�FP����H�GHVFDUERQDWDGD�FRPR�VROYHQWH��'LIHUHQWHV�PDVVDV�GH�&0'��6LJPD�$OGULFK��
IRUDP�GLVVROYLGDV�HP�VROXomR�GH�1D2+���PRO�Â�/���SDUD�IRUPDU�VROXo}HV�FRP�FRQFHQWUDomR�GH�&0'�
HQWUH����J�Â�/���H�����JÂ/����$�SUHFLSLWDomR�GD�IDVH�+'/�QDV�VROXo}HV�GH�&0'�IRL�HQWmR�UHDOL]DGD�SHOD�LQ�
MHomR�GH�XPD�VROXomR�VDOLQD������PRO�Â�/����GH�0J2+�H�$O���D�XPD�WD[D�GH�����P/�Â�PLQ����$V�VtQWHVHV�IRUDP�
FRQGX]LGDV�j�WHPSHUDWXUD�GH�����&��VRE�DJLWDomR�SXMDQWH�H�DWPRVIHUD�LQHUWH�GH�12��2V�SUHFLSLWDGRV�IRUDP�
HQYHOKHFLGRV�PDQWHQGR�VH�DV�FRQGLo}HV�GH�VtQWHVH�SRU���KRUD��VHQGR�GHSRLV�SXUL¿FDGRV�SRU���FLFORV�GH�
FHQWULIXJDomR�D��������USP��$PRVWUDV�HP�Sy�IRUDP�REWLGDV�DSyV�OLR¿OL]DomR�SRU����K�

0HGLGDV�GH�GLIUDomR�GH�UDLRV�;��'5;��IRUDP�UHDOL]DGDV�HP�XP�GLIUDW{PHWUR�;5'�������6KL�
PDG]X�&RUSRUDWLRQ��XWLOL]DQGR�UDGLDomR�PRQRFURPiWLFD�&X�.Į��Ȝ� ��������c���2�kQRGR�GH�&X�IRL�H[�
FLWDGR�FRP�XP�SRWHQFLDO�GH����N9�H�FRUUHQWH�HOpWULFD�GH����P$��2V�GLIUDWRJUDPDV�IRUDP�FROHWDGRV�QD�
IDL[D���±�����GH��ș�FRP�XPD�YHORFLGDGH�GH�YDUUHGXUD�GH����Â�PLQí���$V�GLVWkQFLDV�LQWHUSODQDUHV��d��IRUDP�
FDOFXODGDV�XWLOL]DQGR�D�/HL�GH�%UDJJ��$QiOLVHV� WpUPLFDV� �7*�'7*�� IRUDP�UHDOL]DGDV�HP�XP�HTXLSD�
PHQWR�4�����7$�,QVWUXPHQWV��SUHYLDPHQWH�FDOLEUDGR�FRP�SDGUmR�GH�=Q��$PRVWUDV�����±����PJ��IRUDP�
DTXHFLGDV�GH�����&�DWp������&�D�XPD�WD[D�GH�����&�Â�PLQ���VRE�DWPRVIHUD�GH�12�ÀXLQGR�j����P/�Â�PLQ

��. 
2V�HVSHFWURV�QD�UHJLmR�GR�LQIUDYHUPHOKR�PpGLR��)7�,5��IRUDP�REWLGRV�FRP�XP�HVSHFWU{PHWUR�6SHFWUXP�
������3HUNLQ�(OPHU��XWLOL]DQGR�XPD�DFXPXODomR�GH����YDUUHGXUDV�FRP�UHVROXomR�GH���FP��.Todos os 
H[SHULPHQWRV�IRUDP�UHDOL]DGRV�FRP�XPD�UHSHWLomR�

3 reSultAdoS e diScuSSÃo

2V�UHVXOWDGRV�GH�'5;�FRQ¿UPDP�TXH�R�+'/�0J$O�IRL�IRUPDGR�PHVPR�FRP�LQFOXVmR�GH�&0'�
QR�PHLR�UHDFLRQDO��)LJXUD����(P�JHUDO��RV�SLFRV�GDV�UHÀH[}HV�GH�VpULH�½��O¾�IRUDP�DODUJDGRV�SDUD�RV�
ELRKtEULGRV��R�TXH�SRGH�VHU�DWULEXtGR�j�PXOWLSORV�HVWDGRV�GH�DGVRUomR�GD�&0'��SHUGD�GH�RUGHP�FULVWDOLQD�
GDV�ODPHODV�RX�SHUGD�GH�FRHUrQFLD�QDTXHOD�GLUHomR�FULVWDORJUi¿FD�LPSRVWD�SHOD�DGVRUomR�GD�ELRPROpFXOD�
�&267$�HW�DO���������7RGDYLD��QRWD�VH�TXH�R�SLFR�GD�UHÀH[mR�EDVDO�½���¾�IRL�GHVORFDGR�SDUD�PDLRUHV�
valores d�FRP�R�DXPHQWR�GD�FRQFHQWUDomR�GH�&0'��R�TXH�p�LQGLFDWLYR�GD�H[SDQVmR�GD�HVWUXWXUD�ODPHODU�
GR�+'/��

$�TXDQWLGDGH�GH�&0'�DGVRUYLGD��Q��QDV�ODPHODV�GR�+'/�0J$O�HP�IXQomR�GH�VXD�FRQFHQWUDomR�
LQLFLDO��&inicial��HP�VROXomR�p�PRVWUDGD�QD�)LJXUD��D��2V�FiOFXORV�IRUDP�EDVHDGRV�QDV�SHUGDV�GH�PDVVD�
HQWUH������&�H������&�QDV�FXUYDV�7*�'7*�GRV�ELRKtEULGRV��UHJLmR�RQGH�RFRUUH�D�GHJUDGDomR�WpUPLFD�GD�
&0'��)LJXUD��E��2V�YDORUHV�4�IRUDP�H[SUHVVRV�FRP�EDVH�QD�PDVVD�VHFD�GH�+'/��H�FRQIURQWDGRV�FRP�
R�WHRU�GH�XPLGDGH��+22�����HQFRQWUDGR�SDUD�FDGD�DPRVWUD�

2V�UHVXOWDGRV�PRVWUDP�TXH�D�TXDQWLGDGH�DGVRUYLGD�GH�&0'�DXPHQWD�FRP�R�DXPHQWR�GD�FRQ�
FHQWUDomR�GD�ELRPROpFXOD�HP�VROXomR�����J�Â�/���D�����J�Â�/����VHQGR�TXH�RV�YDORUHV�Q parecem tender a 
um equilíbrio para Cinicial�PDLRUHV�TXH�����J�Â�/

��.
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Figura 1. 'LIUDWRJUDPDV�GR�+'/�0J$O�SXUR�H�VHXV�KtEULGRV�REWLGRV�D�SDUWLU�GH�GLIHUHQWHV�FRQFHQWUDo}HV�GH�
FDUER[LPHWLO�GH[WUDQD��&0'��

(P�SDUDOHOR��REVHUYD�VH�TXH�R�WHRU�GH�XPLGDGH�GRV�ELRKtEULGRV�GLPLQXL��$V�PROpFXODV�GH�iJXD�
RULJLQDOPHQWH�DGVRUYLGDV�QDV�UHJL}HV�LQWHUODPHODUHV�H�VXSHUItFLH�H[WHUQD�GRV�FULVWDLV�GR�+'/�VmR�SURYD�
YHOPHQWH�VXEVWLWXtGDV�SRU�FDGHLDV�GH�&0'�FRPR�XP�UHVXOWDGR�GD�FR�SUHFLSLWDomR�in situ.�'HVVD�IRUPD��
RV�UHVXOWDGRV�GH�7*�'7*�FRQFRUGDP�FRP�D�H[SDQVmR�ODPHODU�VXJHULGD�SHORV�GLIUDWRJUDPDV�GRV�ELRKt�
bridos.
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Figura 2. �D��4XDQWLGDGH�GH�&0'�DGVRUYLGD��4��QR�+'/�0J$O��Ɣ��H�WHRU�GH�XPLGDGH�GRV�ELRKtEULGRV�+'/�
0J$O�&0'��ż��HP�IXQomR�GD�FRQFHQWUDomR�LQLFLDO�GH�&0'��Cinicial����E��&XUYDV�WHUPRJUDYLPpWULFDV�GLIHUHQFLDLV�
�'7*��SDUD�RV�ELRKtEULGRV�+'/�0J$O�&0'�QD�IDL[D�GH�����D������&���WD[D�GH�DTXHFLPHQWR�GH����&āPLQ����

$WPRVIHUD�GLQkPLFD�GH�DU�VLQWpWLFR����P/ÂPLQ����

,QWHUDo}HV�HOHWURVWiWLFDV�SRGHP�VH�IRUPDGDV�HQWUH�RV�JUXSRV�FDUER[LODWRV���&22���GD�&0'�H�RV�
VtWLRV�SRVLWLYDPHQWH�FDUUHJDGRV��$O����GDV�ODPHODV�GR�+'/�0J$O��e�HVSHUDGR�WDPEpP�TXH�RV�JUXSRV�KL�
GUR[tOLFRV���2+��GHVWDV�HVWUXWXUDV�SRVVDP�LQWHUDJHP�YLD�OLJDo}HV�GH�KLGURJrQLR��2V�HVSHFWURV�GH�)7�,5�
FRQ¿UPDP�WDLV�VXSRVLo}HV��)LJXUD��D��$V�EDQGDV�HQWUH������±�����FP���FRQ¿UPDP�D�SUHVHQoD�GH�&0'�
no biohíbrido. 
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Figura 3. �D��(VSHFWUR�GH�)7,5�SDUD�R�+'/�0J$O�SXUR��&0'�SXUR��H�VHXV�UHVXOWDQWHV�ELRKtEULGRV�REWLGRV�SRU�
FR�SUHFLSLWDomR�in situ���E��,OXVWUDomR�GD�DGVRUomR�GD�&0'�VREUH�DV�ODPHODV�GR�+'/�0J$O�
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$OpP�GLVVR��RV�GHVORFDPHQWRV�REVHUYDGRV�SDUD�DV�EDQGDV�Ȟ2+�HP������FP
���H������FP���UHIHUHQ�

WH�j�YLEUDomR�Ȟ�&22í��FRQ¿UPDP�D�LQWHUDomR�TXtPLFD�HQWUH�D�&0'�H�R�+'/�0J$O��$�DGVRUomR�GD�&0'�
QD�HVWUXWXUD�GR�KLGUy[LGR�p�LOXVWUDGD�QD�)LJXUD��E�

4 concluSÃo

$� FRPELQDomR� GH� KLGUy[LGR� GXSOR� ODPHODU� WLSR� KLGURWDOFLWD� �0J$O�� H� FDUER[LPHWLO�GH[WUDQD�
�&0'��YLD�FR�SUHFLSLWDomR�in situ IRUPDP�QRYRV�ELRKtEULGRV�RQGH�D�ELRPROpFXODV�LQWHUFDOD�H�DGVRUYH�
VREUH�D�VXSHUItFLH�GD�QDQRSDUWtFXOD��2�PHFDQLVPR�GH�DGVRUomR�p�RULJLQDGR�GD� LQWHUDomR�HOHWURVWiWLFD�
HQWUH�RV�JUXSRV�FDUER[LODWRV�GD�&0'�H�RV�VtWLRV�SRVLWLYDPHQWH�FDUUHJDGRV�GR�+'/��'HYLGR�DR�FDUiWHU�
DWy[LFR��RV�ELRKtEULGRV�+'/�0J$O�&0'�SRGHP�VHU�SURPLVVRUHV�SDUD�R�GHVHQYROYLPHQWR�GH�QDQRFRP�
SyVLWRV�FRP�HVWUXWXUD�HVIROLDGD��XWLOL]DQGR�SROLVVDFDUtGHRV��WDLV�FRPR�DPLGR�H�TXLWRVDQD�
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&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo
$�H¿FLrQFLD�QXWULFLRQDO�GD�UDomR�SDUD�SHL[HV�SRGH�VHU�GLPLQXtGD�GHYLGR�D�SURFHVVRV�GH�GHJUDGDomR�H�
OL[LYLDomR��8PD�IRUPD�GH�PLQLPL]DU�HVWDV�SHUGDV�p�DWUDYpV�GD�IRUPDomR�GH�QDQRSDUWtFXODV��13V���$VVLP��
YLWDPLQDV�&��%��H�%���IRUDP�HQFDSVXODGDV�HP�13V�GH�TXLWRVDQD�WULSROLIRVIDWR��$�HVWDELOLGDGH�GDV�YLWD�
PLQDV�IRL�DYDOLDGD�D�SDUWLU�GD�VXVSHQVmR�DTXRVD�GDV�13V��YLWDPLQD��SRU�HVSHFWURVFRSLD�QR�89�9LVtYHO��
H�D�SDUWLU�GD�H[WUDomR�GHVWDV�YLWDPLQDV�HP�VXEVWUDWR�VyOLGR��IXEi��SRU�&URPDWRJUD¿D�/tTXLGD�GH�$OWD�
(¿FLrQFLD��+3/&��2V�UHVXOWDGRV�LQGLFDUDP�TXH�D�13�WHYH�XP�HIHLWR�SRVLWLYR�GH�SUHVHUYDomR�GDV�YLWDPL�
QDV��SULQFLSDOPHQWH�SDUD�D�YLWDPLQD�&��3DUD�D�IRUPD�HQFDSVXODGD��D�FRQFHQWUDomR�GD�YLWDPLQD�&�YDULRX�
GH������PJ�P/�D������PJ�P/�QR�SHUtRGR�GH���VHPDQDV��HQTXDQWR�TXH�SDUD�D�IRUPD�QmR�HQFDSVXODGD�D�
FRQFHQWUDomR�FDLX�GH������PJ�P/�D������PJ�P/�QR�PHVPR�SHUtRGR��'D�PHVPD�IRUPD��SDUD�R�HVWXGR�GD�
DQiOLVH�GH�YLWDPLQD�D�SDUWLU�GD�H[WUDomR�HP�VXEVWUDWR�VyOLGR��D�FRQFHQWUDomR�GD�YLWDPLQD�&�SUDWLFDPHQWH�
QmR�YDULRX�SDUD�R�VLVWHPD�13�9LW&��HQTXDQWR�TXH�SDUD�D�IRUPD�QmR�HQFDSVXODGD�D�FRQFHQWUDomR�YDULRX�
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GH�������PJ�P/�D�������PJ�P/��(VWHV�UHVXOWDGRV�FRQ¿UPDP�TXH�D�13�p�XPD�DOWHUQDWLYD�SRWHQFLDO�SDUD�
SUHVHUYDomR�GH�QXWULHQWHV�GD�UDomR�GH�SHL[H�
Palavras-chave��$TXLFXOWXUD��5DomR�GH�SHL[H��1DQRHQFDSVXODomR��9LWDPLQDV��4XLWRVDQD�

StudY oF tHe StAbilitY oF nAnoencAPSulAted vitAminS in AqueouS SuS-
PenSion And in Solid SubStrAteS (cornmeAl)
Abstract
7KH�QXWULWLRQDO� HI¿FLHQF\�RI�¿VK� IHHG�PD\�EH�GHFUHDVHG�GXH� WR�GHJUDGDWLRQ� DQG� OHDFKLQJ��2QH�ZD\�
WR�PLQLPL]H�WKHVH�ORVVHV�LV�E\�IRUPDWLRQ�RI�QDQRSDUWLFOHV��13V���7KXV��YLWDPLQV�&��%��DQG�%���ZHUH�
HQFDSVXODWHG� LQ�13V� RI� FKLWRVDQ�WULSRO\SKRVSKDWH��7KH� VWDELOLW\� RI� YLWDPLQV�ZDV� HYDOXDWHG� IURP� WKH�
DTXHRXV�VXVSHQVLRQ�RI�13V���YLWDPLQ��E\�89�9LVLEOH�VSHFWURVFRS\��DQG�IURP�WKH�H[WUDFWLRQ�RI�WKHVH�
YLWDPLQV�IURP�D�VROLG�VXEVWUDWH��FRUQPHDO��E\�+LJK�(I¿FLHQF\�/LTXLG�&KURPDWRJUDSK\��+3/&��7KH�UH�
VXOWV�LQGLFDWHG�WKDW�WKH�13�KDG�D�SRVLWLYH�HIIHFW�RQ�WKH�SUHVHUYDWLRQ�RI�YLWDPLQV��HVSHFLDOO\�IRU�YLWDPLQ�&��
)RU�WKH�HQFDSVXODWHG�IRUP��WKH�YLWDPLQ�&�FRQFHQWUDWLRQ�UDQJHG�IURP������PJ�P/�WR������PJ�P/�ZLWKLQ�
��ZHHNV��ZKHUHDV�IRU�QRQ�HQFDSVXODWHG�IRUP��WKH�FRQFHQWUDWLRQ�IHOORZ�IURP������PJ�P/�WR������PJ�
P/�LQ�WKH�VDPH�SHULRG��/LNHZLVH��IRU�WKH�DQDO\VLV�RI�YLWDPLQ�IURP�WKH�H[WUDFWLRQ�RI�VROLG�VXEVWUDWH��WKH�
FRQFHQWUDWLRQ�RI�YLWDPLQ�&�UHPDLQHG�SUDFWLFDOO\�XQFKDQJHG�IRU�WKH�V\VWHP�13�9LW&��ZKLOH�IRU�QRQ�HQ�
FDSVXODWHG�IRUP�WKH�FRQFHQWUDWLRQ�UDQJHG�IURP�������PJ�P/�WR�������PJ�P/��7KHVH�UHVXOWV�FRQ¿UP�
WKDW�13�LV�D�SRWHQWLDO�DOWHUQDWLYH�IRU�SUHVHUYLQJ�QXWULHQWV�IURP�¿VK�IHHG�
Keywords: $TXDFXOWXUH��)LVK�IHHG��1DQRHQFDSVXODWLRQ��9LWDPLQV��&KLWRVDQ�

3XEOLFDo}HV�UHODFLRQDGDV
%5,772��'���0285$��0��5���$28$'$��)��$���0$77262��/�+�&���$66,6��2��%��*��1�1�1�WULPHWK\O�
FKLWRVDQ�QDQRSDUWLFOHV�DV�D�YLWDPLQ�FDUULHU�V\VWHP��)RRG�+\GURFROORLGV��Y�����S�����������������

1 introduÇÃo

1D�SLVFLFXOWXUD��DV�UDo}HV�DGPLQLVWUDGDV�UHSUHVHQWDP�D�PDLRU�SDUWH�GR�FXVWR�GH�SURGXomR��YD�
ULDQGR�GH����D������.XELW]D��������.XELW]D���������$OpP�GLVWR��DV�UDo}HV�DGPLQLVWUDGDV�HQIUHQWDP�EDU�
UHLUDV�WpFQLFDV�FRPR�PDQWHU�D�TXDOLGDGH�QXWULFLRQDO�GXUDQWH�R�SURFHVVR�GH�SUHSDUDomR��GLPLQXLU�SHUGDV�
GH�QXWULHQWHV�SRU�OL[LYLDomR��GLPLQXLU�LPSDFWRV�DPELHQWDLV�SHOR�DF~PXOR�GH�UHVtGXRV�QRV�OHLWRV�DTXRVRV��
8PD�PDQHLUD�SDUD�GLPLQXLU�HVVH�SURFHVVR�GH�SHUGD�p�DWUDYpV�GR�HQFDSVXODPHQWR��13V�GH�TXLWRVDQD�FRP�
HQIRTXH�DOLPHQWtFLR�WrP�VLGR�DPSODPHQWH�UHSRUWDGDV�QD�OLWHUDWXUD��VHQGR�REMHWR�GH�UHYLVmR�HP�DUWLJR�
UHFHQWH��=KDR��HW�DO���������

$V�YLWDPLQDV�HVWmR�VXMHLWDV�D�SURFHVVRV�GH�GHJUDGDomR�GXUDQWH�D�HVWRFDJHP��SURGXomR�RX�PHVPR�
XWLOL]DomR�GRV�DOLPHQWRV��WDQWR�SDUD�KXPDQRV�TXDQWR�SDUD�DQLPDLV��SULQFLSDOPHQWH�SRU�R[LGDomR��DomR�
GD�OX]�RX�GD�DOWD�WHPSHUDWXUD��H�VHX�HQFDSVXODPHQWR�SRGH�VHU�XWLOL]DGR�SDUD�GLPLQXLU�D�YHORFLGDGH�GHVWH�
SURFHVVR�H�DXPHQWDU�R�WHPSR�GH�YLGD�GRV�SURGXWRV�TXH�DV�FRQWpP��$OLVKDKL���������4XLWRVDQD�H�VHXV�
GHULYDGRV�VmR�SROtPHURV�QDWXUDLV��ELRGHJUDGiYHLV��VHJXUR�H�QmR�Wy[LFR�H�LGHDO�SDUD�IRUPDomR�GDV�13V�

&RP�LVVR�HP�YLVWD��D�HQFDSVXODomR�GDV�YLWDPLQDV�&��%���H�%��IRL�HVWXGDGD�D�SDUWLU�GD�VtQWHVH�
GH�13V�GH�TXLWRVDQD�H�WULSROLIRVIDWR�GH�VyGLR��733���3DUkPHWURV�LPSRUWDQWHV�FRPR�HVWDELOLGDGH�GDV�YL�
WDPLQDV�HP�VXVSHQVmR�DTXRVD�GH�13�HP�GLIHUHQWHV�FRQGLo}HV�H�WDPEpP�HVWDELOLGDGH�GDV�YLWDPLQDV�HP�
VXEVWUDWR�VyOLGR��IXEi��XVDGRV�HP�UDomR�GH�SHL[H�IRUDP�DYDOLDGRV��(VWH�VHJXQGR�HVWXGR�WURX[H�WDPEpP�
LQIRUPDomR�SDUD� VH�HVWDEHOHFHU�XPD�PHWRGRORJLD�GH�H[WUDomR�H�DQiOLVH�GDV�YLWDPLQDV�SRU�+3/&�HP�
UDomR�GH�SHL[H�

2 mAteriAiS e métodoS

2.1 materiais

7ULSROLIRVIDWR�GH�VyGLR��TXLWRVDQD�GH�PpGLD�PDVVD�PRODU������GHVDFHWLODGD���iFLGR�DVFyUELFR��
iFLGR�IyOLFR�H�FLDQRFREDODPLQD�IRUDP�DGTXLULGRV�GD�$OGULFK�&KHPLFDO�&RPSDQ\�,QF���86$���2XWURV�
UHDJHQWHV�IRUDP�DGTXLULGRV�GD�6\QWK��6mR�3DXOR���)XEi�PLPRVR��=LOLR��IRL�DGTXLULGR�QR�PHUFDGR�ORFDO�
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2.2 3UHSDUDomR�GDV�QDQRSDUWtFXODV

3DUD�REWHQomR�GDV�13V������PJ�GH�TXLWRVDQD�IRUDP�GLVVROYLGRV�HP���P/�GH�VROXomR�GH�iFLGR�
DFpWLFR�����Y�Y��SUHSDUDGD�FRP�iJXD�GHVWLODGD��)RUDP�HQWmR�SUHSDUDGDV�WUrV�VROXo}HV�GH�733�FRP�GH�
���PJ�����PJ�H����PJ�GH�733�HP����P/�GH�iJXD�GHVWLODGD��(P�FDGD�XPD�GHVWDV�WUrV�VROXo}HV�DGLFLR�
QRX�VH�UHVSHFWLYDPHQWH������PJ������HP�UHODomR�j�PDVVD�GH�TXLWRVDQD��GDV�YLWDPLQD�&��%��H�%����(P�
VHJXLGD��FDGD�VROXomR�FRQWHQGR�733�H�YLWDPLQD�IRL�FRORFDGD�HP�XPD�EXUHWD�JRWHMDGD�VREUH�D�VROXomR�
GH�TXLWRVDQD�VRE�DJLWDomR�SDUD�D�IRUPDomR�GDV�13V�SHOR�PHFDQLVPR�HVSRQWkQHR�GH�JHOL¿FDomR�L{QLFD�

2.3 $YDOLDomR�GH�YLWDPLQDV�HP�VXVSHQVmR�DTXRVDV

6XVSHQVmR�DTXRVD�GH�YLWDPLQD�&�IRL�FRORFDGD�HP�HVWXID��1RYD�eWLFD��D����&�H�PDQWLGD�SRU���
VHPDQDV�QR�HVFXUR��'XDV�YH]HV�SRU�VHPDQD�DOtTXRWDV�GH���P/�IRUDP�UHWLUDGDV�H�DUPD]HQDGDV�HP�JHOD�
GHLUD�H�SURWHJLGDV�GD�OX]�MXQWDPHQWH�FRP��P/�GH�VROXomR�GH�iFLGR�PHWDIRVIyULFR�����P�Y���$V�DPRVWUDV�
FRQWHQGR�DV�YLWDPLQDV�%��H�%���IRUDP�DUPD]HQDGDV�GD�PHVPD�PDQHLUD��SRUpP�FRP���P/�GH�VROXomR�
���0�.2+������0�.+232���6ROXo}HV�DTXRVDV�GDV�YLWDPLQDV�&��%��H�%���IRUDP�VXEPHWLGDV�j�PHV�
PD�PHWRGRORJLD�SDUD�VHUYLU�FRPR�SDUkPHWURV�GH�FRPSDUDomR��$GLFLRQDOPHQWH��GHJUDGDomR�GD�VROXomR�
DTXRVD�GH�YLWDPLQD�&�HP�iFLGR�DFpWLFR����WDPEpP�IRL�FRQVLGHUDGD�FRPR�SDUkPHWUR�GH�FRPSDUDomR�

2.4 3UHSDUDomR�GDV�DPRVWUDV�HP�VXEVWUDWR�VyOLGR

$PRVWUDV�13V�IRUDP�FHQWULIXJDGDV��&RQWLQHQW�5�GD�+DQLO�6FLHQFH�,QGXVWULDO�&R���.RUHD��SRU�
��PLQ�D�������USP�H���o&�H�DSyV�D�VHSDUDomR�GR�VREUHQDGDQWH��DV�13V�IRUDP�DGLFLRQDGDV�DR�IXEi�QXPD�
UD]mR�GH���PJ�GH�YLWDPLQDV�SDUD����J�GH�IXEi��1R�HQWDQWR��D�PDVVD�GH�IXEi�IRL�DMXVWDGD��REVHUYDQGR�DV�
UHVSHFWLYDV�(¿FLrQFLD�GH�(QFDSVXODomR�GH��������H�����SDUD�DV�YLWDPLQDV�%���&�H�%����3DUD�DV�YLWDPL�
QDV�SXUDV��QmR�HQFDSVXODGDV��QmR�IRL�QHFHVViULR�HVWH�DMXVWH��DSOLFDQGR�VH�GLUHWDPHQWH�D�SURSRUomR�DFLPD�
UHIHULGD��$SyV�HVWD�DGLomR��FRORFRX�VH�XP�YROXPH�PtQLPR�GH�iJXD��IRUPDQGR�VH�XPD�PLVWXUD�KRPRJr�
QHD�FRP�R�IXEi��$�DPRVWUD�IRL�HQWmR�FRQJHODGD��OLR¿OL]DGD��H�GHSRLV�PDFHUDGD��REWHQGR�VH�XP�Sy�¿QR�

2.5 'HJUDGDomR�GDV�DPRVWUDV�HP�VXEVWUDWR�VyOLGR

&HUFD�GH�����PJ�GH�FDGD�XPD�GDV�DPRVWUDV�GHVFULWDV�DFLPDV�IRUDP�VXEPHWLGDV�DRV�SURFHVVRV�
GHJUDGDWLYRV�SRU�OX]��FDORU��22�H�XPLGDGH��GHVFULWRV�D�VHJXLU�QRV�WHPSRV��K����K�H���K��$SyV�D�GHJUDGD�
omR�DV�DPRVWUDV�IRUDP�FRQJHODGDV�HP�WXERV�DWp�R�GLD�GDV�DQiOLVHV��D��DPRVWUDV�IRUDP�FRORFDGDV�HP�SOD�
FDV�GH�3HWUL�H�GHL[DGDV�HP�XP�UHFLSLHQWH�TXH�FRQWLQKD�XP�VSRW�GH�OX]�FRP�XPD�OkPSDGD�LQFDQGHVFHQWH�
GH����:�����9��H�IRUUDGR�FRP�SDSHO�DOXPtQLR��SDUD�UHÀHWLU�D�OX]�R�Pi[LPR�SRVVtYHO���E��DPRVWUDV�IR�
UDP�FRORFDGDV�HP�SODFDV�GH�3HWUL�H�GHL[DGDV�HP�HVWXID��(VWXID�SDUD�HVWHULOL]DomR�H�VHFDJHP��2'2172�
%5$6���VHP�LOXPLQDomR��D�����&��F��DPRVWUDV�IRUDP�FRORFDGDV�HP�XP�FLOLQGUR�FRP�EDVH�SRURVD��DEDL[R�
GD�TXDO�XP�ÀX[R�GH�22�IRL�FRQHFWDGR��H�FRP�VDtGD�GH�DU�HP�FLPD��2�ÀX[R�GH�JiV�SHUPDQHFHX�SDVVDQGR�
DWUDYpV�GD�DPRVWUD�SRU�WRGR�R�SHUtRGR�GH�WHPSR�DQDOLVDGR��G��DPRVWUDV�IRUDP�FRORFDGDV�HP�SODFDV�GH�
3HWUL�H�GHL[DGDV�HP�HVWXID�FRP�FLUFXODomR�GH�DU�D�����&��1RYD�eWLFD��GHQWUR�GD�TXDO�IRL�GHL[DGR�WDPEpP�
XP�UHFLSLHQWH�FRQWHQGR�iJXD�SDUD�SURPRYHU�D�XPLGL¿FDomR�GR�DPELHQWH�

2.6 Análise das amostras

$V�DPRVWUDV�HP�VXVSHQVmR�IRUDP�DQDOLVDGDV�SRU�HVSHFWURVFRSLD�89�9LVtYHO��89�����3&��6KL�
PDW]X�&RUSRUDWLRQ��-DSmR���QRV�FRPSULPHQWRV�GH�RQGD�GH���������������QP�SDUD�DV�YLWDPLQDV�&��%��H�
%����1R�FDVR�GDV�13V��DQWHV�GD�DQiOLVH�DV�DPRVWUDV�IRUDP�FHQWULIXJDGDV��0LQL6SLQ�SOXV��(SSHQGRUI���
���PLQ�D�������USP�

$V�DPRVWUDV�HP�VXEVWUDWR�VyOLGR�IRUDP�DQDOLVDGDV�SRU�&URPDWRJUD¿D�/tTXLGD�GH�$OWD�(¿FLrQFLD
�+3/&��9DULDQ��3UR6WDU���¬V�DPRVWUDV�FRQJHODGDV�IRUDP�DGLFLRQDGRV���H���P/�TXDQGR�D�DPRVWUD�FRQ�
WLQKD�YLWDPLQD�HQFDSVXODGD�RX�QmR�HQFDSVXODGD��UHVSHFWLYDPHQWH��GH�VROXomR�����0�GH�.+232��������
0�GH�.2+��H�HODV�IRUDP�VXEPHWLGDV�D�DJLWDomR�HP�DJLWDGRU�GH�WXERV��$3�����3KRHQL[���SRU�FHUFD�GH����
VHJXQGRV��D�¿P�GH�H[WUDLU�DV�YLWDPLQDV�GR�PHLR��H�SRVWHULRUPHQWH�FHQWULIXJDGDV�QD�PLQLFHQWUtIXJD�SDUD�
LQMHomR�GD�DPRVWUD��$V�FRQGLo}HV�FURPDWRJUi¿FDV�IRUDP��SUp�FROXQD�H�FROXQD�&����0LFURVRUE��09����
������[���PP������ȝ/�GH�LQMHomR��ÀX[R�GH�����P/�PLP��JUDGLHQWH�GH�GLOXLomR�FRQWHQGR�LQLFLDOPHQWH�
����GD�IDVH�$�H����GD�IDVH�%��H�FKHJDQGR�D�����GD�IDVH�$�H�����GD�IDVH�%�DSyV����PLQXWRV��VHQGR�
$�D�IDVH�DTXRVD������0�GH�.+�32��������0�GH�.2+��H�%�D�IDVH�RUJkQLFD��LVRSURSDQRO�JUDX�+3/&��H�
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GHWHFWRU�89�9LVtYHO�SURJUDPDGR�SDUD�D�GHWHFomR�HP�����QP������H�����QP�SDUD�DV�YLWDPLQDV�&��%��H�
B12 respectivamente.

3 reSultAdoS e diScuSSÃo

$V�DQiOLVHV�GD�TXDQWLGDGH�GH�YLWDPLQDV�%��H�%���GDV�DPRVWUDV�HP�VXVSHQVmR�PRVWUDP�FODUD�
PHQWH�TXH�HVWDV�GXDV�YLWDPLQDV�QmR�VRIUHP�PXLWD�LQÀXHQFLD�HP�IXQomR�GR�WHPSR�GH�HVWRFDJHP��'H�IDWR��
IRL�REVHUYDGR�TXH�D�FRQFHQWUDomR�GDV�YLWDPLQDV�%��H�%���QmR�DSUHVHQWRX�YDULDomR�VLJQL¿FDWLYD�WDQWR�
SDUD�D�IRUPD�GH�VXVSHQVmR�GH�13V�FRPR�SDUD�D�VROXomR�SXUD��FRQWUROH�FRPSDUDWLYR��GHQWUR�GR�SHUtRGR�
de tempo analisado.

-i� HP� UHODomR� j� GHJUDGDomR�GD� YLWDPLQD�&� IRL� REVHUYDGR�XP�FRPSRUWDPHQWR�EHP�GLIHUHQWH�
�)LJXUD��D���$�YLWDPLQD�&�VRIUH�R[LGDomR�QDV�FRQGLo}HV�DPELHQWHV�H�VH�GHJUDGD�FRP�R�WHPSR��3RU�RXWUR�
ODGR��D�GHJUDGDomR�GHVWD�YLWDPLQD�TXDQGR�HQFDSVXODGD�p�EHP�PHQRU��,VWR�PRVWUD�TXH�R�HQFDSVXODPHQWR�
WHP�XP�HIHLWR�SRVLWLYR�QD�FRQVHUYDomR�GHVWD�YLWDPLQD��2XWUR�IDWR�LQWHUHVVDQWH�p�TXH�R�PHLR�iFLGR�DFpWLFR�
���WDPEpP�p�IDYRUiYHO�j�GHJUDGDomR�GD�YLWDPLQD�&��)LJXUD��D���(VWH�IDWR�FRORFD�R�XVR�GH�GHULYDGRV�
KLGURVVRO~YHLV�GH�TXLWRVDQD�FRPR�DOWHUQDWLYD�SRWHQFLDO�QR�HQFDSVXODPHQWR�GH�YLWDPLQDV��SRLV�R�VROYHQWH�
SDUD�HVWHV�GHULYDGRV�p�VRPHQWH�iJXD��QmR�HPSUHJDQGR�R�iFLGR�DFpWLFR����TXH��FRPR�YLVWR��p�PDLV�DJUHV�
VLYR�j�GHJUDGDomR�GD�YLWDPLQD�

2�HVWXGR�GD�GHJUDGDomR�GDV�YLWDPLQDV�D�SDUWLU�GH�VXEVWUDWRV�VyOLGRV�PRVWURX�TXH�D�WHPSHUDWXUD�p�
XP�IDWRU�VLJQL¿FDWLYR�TXH�SURYRFD�D�GHJUDGDomR�GD�YLWDPLQD�&��)LJXUD��E���1RWD�VH�FODUDPHQWH�R�HIHLWR�
SRVLWLYR�GH�SUHVHUYDomR�GD�YLWDPLQD�&�QD�IRUPD�HQFDSVXODGD��HP�TXH�D�FXUYD�GH�GHJUDGDomR�SUDWLFD�
PHQWH�QmR�YDULRX�SDUD�IRUPD�HQFDSVXODGD�GXUDQWHV�DV����KRUDV�GH�DQiOLVH��HQTXDQWR�TXH�SDUD�D�IRUPD�
QmR�HQFDSVXODGD�KRXYH�XP�GHFUpVFLPR�VLJQL¿FDWLYR�QD�FRQFHQWUDomR�GH�YLWDPLQD�&��'H�IDWR��WDQWR�QR�
H[SHULPHQWR�HP�VXVSHQVmR�DTXRVD�FRPR�QHVWH�GH�H[WUDomR�GR�VXEVWUDWR�VyOLGR��DV�13V�GH�TXLWRVDQD�733�
DSUHVHQWDUDP�H[FHOHQWH�FDSDFLGDGH�GH�SUHVHUYDomR��SULQFLSDOPHQWH�GD�YLWDPLQD�&�

(VWH�HVWXGR�GD�GHJUDGDomR�H�H[WUDomR�HP�VXEVWUDWR�VyOLGR��IXEi��WDPEpP�IRUQHFHX�LQIRUPDomR�
GRV�SDUkPHWURV�GH�+3/&�D�VHU�XWLOL]DGRV�QD�H[WUDomR�GD�UDomR�GH�SHL[H�HP�TXH�KDYHUi�XP�QtYHO�GH�
FRPSOH[LGDGH�PDLRU�GHYLGR�j�SUHVHQoD�GH�YiULRV�LQJUHGLHQWHV��2V�RXWURV�SDUkPHWURV��XPLGDGH��OX]�H�
R[LJrQLR��DSUHVHQWDUDP�DOJXPD�LQÀXrQFLD��PDV�RV�GDGRV�DLQGD�VmR�LQFRQFOXVLYRV��([SHULPHQWRV�HVWmR�
VHQGR�UHSHWLGRV�SDUD�D�FRQ¿UPDomR�GRV�UHVXOWDGRV�
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Figura 1. �D��9DULDomR�GD�FRQFHQWUDomR�GH�YLWDPLQD�&�HP�iJXD��Ɣ���VROXomR�DTXRVD�GH�iFLGR�DFpWLFR�����Ŷ��H�
VXVSHQVmR�DTXRVD�GH�13V��PHLR�UHDFLRQDO���Ÿ��GXUDQWH���VHPDQDV�GH�HVWRFDJHP���E���9DULDomR�GD�FRQFHQWUDomR�
GH�YLWDPLQD�&�HQFDSVXODGD��Ŷ��H�QmR�HQFDSVXODGD��Ɣ��H[WUDtGD�GR�IXEi�GXUDQWH����KRUDV�GH�GHJUDGDomR�D���o&�

HP�HVWXID�

4 concluSÃo

2V�UHVXOWDGRV�LQGLFDUDP�TXH�WDQWR�QR�H[SHULPHQWR�GD�HVWDELOLGDGH�GD�YLWDPLQD�HP�VXVSHQVmR�
DTXRVD�FRPR�QR�H[SHULPHQWR�GH�H[WUDomR�GD�YLWDPLQD�D�SDUWLU�GH�VXEVWUDWR�VyOLGR� �IXEi���DV�13V�GH�
TXLWRVDQD�H�733�DSUHVHQWDUDP�H[FHOHQWH�FDSDFLGDGH�GH�SUHVHUYDomR�GDV�YLWDPLQDV��SULQFLSDOPHQWH�GD�
YLWDPLQD�&��13�p�XPD�DOWHUQDWLYD�SRWHQFLDO�H�YLiYHO�SDUD�SUHVHUYDomR�GH�QXWULHQWHV�GD�UDomR�GH�SHL[H�
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resumo
1DQRHQFDSVXODomR�p�XP�SURFHVVR�DGHTXDGR�SDUD�UHGX]LU�D�GHJUDGDomR�GH�FRPSRQHQWHV�LQVWiYHLV��1HVWH�
HVWXGR��QDQRSDUWtFXODV��13V��GH�TXLWRVDQD�H�WULPHWLOTXLWRVDQD�FRP�WULSROLIRVIDWR�IRUDP�XWLOL]DGDV�SDUD�
HQFDSVXODU�YLWDPLQDV�&��%��H�%����$V�DQiOLVHV�GH�WDPDQKR�GH�SDUWtFXOD�PRVWUDUDP�TXH��SDUD�XPD�UD]mR�
¿[D�GH�SROtPHUR�WULSROLIRVIDWR��R�VLVWHPD�H[SHULPHQWRX�XPD�HQRUPH�YDULDomR�GH� WDPDQKR�TXDQGR�DV�
YLWDPLQDV�IRUDP�DGLFLRQDGD��SDUD�D�YLWDPLQD�%��R�WDPDQKR�YDULRX�GH�������QP�D���������QP��2�SR�
WHQFLDO�]HWD�FRQ¿UPRX�TXH��HP�JHUDO��D�WULPHWLOTXLWRVDQD�WHP�PHQRU�FDUJD�UHVLGXDO�SRVLWLYD�����P9��HP�
FRPSDUDomR�FRP�D�TXLWRVDQD�����P9���$�H¿FLrQFLD�GH�HQFDSVXODomR�PRVWURX�XPD�GHSHQGrQFLD�HQWUH�D�
HVWUXWXUD�GD�13V�H�GD�VROXELOLGDGH�YLWDPLQD��R�VLVWHPD�PDLV�H¿FLHQWHPHQWH�HQFDSVXODGR�IRL�GD�YLWDPLQD�
%���a������
Palavras-chave��(QFDSVXODPHQWR��/LEHUDomR�FRQWURODGD��1DQRJHO��5DomR�GH�SHL[H��1XWULomR�

controlled releASe oF HYdroSoluble vitAminS From trimetHY cHi-
toSAn nAnoPArticleS
Abstract
1DQRHQFDSVXODWLRQ�LV�D�YHU\�VXLWDEOH�SURFHVV�WR�UHGXFH�GHJUDGDWLRQ�RI�LQVWDEOH�FRPSRQHQWV��,Q�WKLV�VWXG\��
FKLWRVDQ�DQG�WULPHWK\O�FKLWRVDQ�ZLWK�WULSRO\SKRVSKDWH�DUH�XVHG�WR�QDQRHQFDSVXODWH�YLWDPLQV�&��%��DQG�
%����3DUWLFOH�VL]H�DQDO\VLV�VKRZV�WKDW�IRU�D�¿[�SURSRUWLRQ�SRO\PHU���WULSRO\SKRVSKDWH��WKH�V\VWHP�H[�
SHULHQFHV�D�KXJH�VL]H�YDULDWLRQ�E\�YLWDPLQV�DGGLWLRQ��IRU�YLWDPLQ�%��WKH�VL]H�YDULHV�IURP�������QP�WR�
��������QP��7KH�]HWD�SRWHQWLDO�FRQ¿UPV�WKDW��JHQHUDOO\��WULPHWK\O�FKLWRVDQ�KDV�ORZHU�QHW�SRVLWLYH�FKDUJH�
����P9��WKDQ�FKLWRVDQ�QDQRSDUWLFOHV�����P9���7KH�HQFDSVXODWLRQ�HI¿FLHQF\�VKRZV�GHSHQGHQF\�RQ�WKH�
QDQRSDUWLFOH�VWUXFWXUH�DQG�YLWDPLQ�VROXELOLW\��WKH�PRVW�HI¿FLHQWO\�HQFDSVXODWHG�LV�WKH�YLWDPLQ�%���a�����
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Keywords: (QFDSVXODWLRQ��&RQWUROOHG�UHOHDVH��1DQRJHO��)LVKHU\�GLHW��1XWULWLRQ�

3XEOLFDo}HV�UHODFLRQDGDV
%5,772��'���0285$��0��5���$28$'$��)��$���0$77262��/�+�&���$66,6��2��%��*��1�1�1�WULPHWK\O�
FKLWRVDQ�QDQRSDUWLFOHV�DV�D�YLWDPLQ�FDUULHU�V\VWHP��)RRG�+\GURFROORLGV��Y�����S�����������������

1 introduÇÃo

$V�YLWDPLQDV�VmR�IXQGDPHQWDLV�SDUD�R�FUHVFLPHQWR�QRUPDO�GR�FRUSR�KXPDQR�H�DQLPDO��GHVHP�
SHQKDQGR�IXQo}HV�HVSHFt¿FDV�H�YLWDLV�QR�PHWDEROLVPR�H�PDQXWHQomR�GD�YLGD��$V�YLWDPLQDV��QR�HQWDQWR��
GHYHP�VHU�DGPLQLVWUDGDV�GH�IRUPD�DGHTXDGD��VXD�IDOWD�SRGH�OHYDU�D�GRHQoDV�HVSHFt¿FDV��+HUUPDQQ�H�
2EHLG���������HQTXDQWR�TXH�R�H[FHVVR�SRGH�VHU�Wy[LFR��SRU�LVVR�D�SUHRFXSDomR�GDV�DJrQFLDV�UHJXODGR�
UDV��206�)$2��HP�UHFRPHQGDU�DV�GRVHV�HVSHFt¿FDV�SDUD�D�VXD�LQJHVWmR��5HSRUW�RI�D�MRLQW�)$2�:+2�
H[SHUW�FRQVXOWDWLRQ���������&HUFD�GH�WUH]H�YLWDPLQDV�VmR�UHFRQKHFLGDV�FRPR�HVVHQFLDLV�SDUD�D�QXWULomR�
KXPDQD�H�HVWDV�SRGHP�VHU�FODVVL¿FDGDV�HP�OLSRVVRO~YHLV��e.g.��YLWDPLQDV�$��'��H��.��H�KLGURVVRO~YHLV��
e.g.��YLWDPLQD�&�H�PHPEURV�GR�JUXSR�GD�YLWDPLQD�%�

'XUDQWH�R�SURFHVVDPHQWR�H�DUPD]HQDPHQWR�GH�DOLPHQWRV��D�PDLRULD�GDV�YLWDPLQDV�SRGH�VHU�SHU�
GLGD�GHYLGR�D�UHDo}HV�TXtPLFDV��SULQFLSDOPHQWH�SRU�R[LGDomR��,VVR�p�XP�SUREOHPD��HVSHFLDOPHQWH�SDUD�
D�QXWULomR�DQLPDO��iUHD�HP�TXH�D�FRQVHUYDomR�H�PDQLSXODomR�QHP�VHPSUH�VmR�DGHTXDGDV��(P�UDo}HV�
IRUPXODGDV�SDUD�SHL[HV�HP�DTXLFXOWXUD�XPD�SUHRFXSDomR�DGLFLRQDO�p�D�SHUGD�GH�QXWULHQWHV�SRU�OL[LYLDomR�
�6ROLPDQ�HW�DO���������8PD�GDV�IRUPDV�GH�HYLWDU�RX�UHGX]LU�HVVD�WD[D�GH�GHJUDGDomR�p�DWUDYpV�GD�QDQR�
HQFDSVXODomR��-DQJ��.��H�/HH��������$OLVKDKL�HW�DO���������

&RQVLGHUDQGR�D�VXD�FDSDFLGDGH�TXHODQWH�H�FRPSOH[DQWH��R�SROLVVDFDUtGHR�TXLWRVDQD� WHP�VLGR�
H[WHQVLYDPHQWH�HVWXGDGR�SDUD�D�HQFDSVXODomR��SULQFLSDOPHQWH�QD�iUHD�DOLPHQWtFLD��=KDR�HW�DO���������H�
IiUPDFRV��$JQLKRWUL�HW�DO���������2�GHULYDGR�KLGURVVRO~YHO�1�1�1�WULPHWLO�TXLWRVDQD��704��WDPEpP�p�
DGHTXDGR�SDUD�SUHSDUDU�13V�SDUD�PXLWDV�DSOLFDo}HV�

$VVLP��YLVDQGR�D�HVWDELOL]DomR�RX�D�PDQXWHQomR�GH�WDLV�YLWDPLQDV�TXDQGR�XVDGDV�FRPR�DGLWLYRV�
DOLPHQWDUHV��R�HQFDSVXODPHQWR�IRL�UHDOL]DGD�SRU�PHLR�GD�JHOL¿FDomR�L{QLFD�GD�TXLWRVDQD�RX�704�FRP�
WULSROLIRVIDWR��733��3DUkPHWURV�HVSHFt¿FRV�FRPR�FDSDFLGDGH�GH�HQFDSVXODomR�DSyV�D�FHQWULIXJDomR��(¿�
FiFLD�GH�(QFDSVXODomR��VHUmR�GLVFXWLGRV�

2 mAteriAiS e métodoS

2.1 materiais

7ULSROLIRVIDWR�GH�VyGLR��TXLWRVDQD�GH�PpGLD�PDVVD�PRODU������GHVDFHWLODGD���iFLGR�DVFyUELFR��
iFLGR�IyOLFR�H�FLDQRFREDODPLQD�IRUDP�DGTXLULGRV�GD�$OGULFK�&KHPLFDO�&RPSDQ\�,QF���86$���2XWURV�
UHDJHQWHV�IRUDP�DGTXLULGRV�GD�6\QWK��6mR�3DXOR��

2.2 3UHSDUDomR�H�FDUDFWHUL]DomR�GDV�QDQRSDUWtFXODV

$�704�IRL�REWLGD�SRU�PHWLODomR�GD�TXLWRVDQD�FRP�GLPHWLOVXOIDWR��%ULWWR�HW�DO���������
$V�13V�IRUDP�SUHSDUDGDV�SHOD�DGLomR�FRQWtQXD��a�����P/�PLQ��GH������P/�GH�XPD�VROXomR�GH�

733�D�����������H������PJ�P/��UHVSHFWLYDPHQWH��SDUD�DV�YLWDPLQDV�%���%����&�HP������P/�GH�VROXomR�GH�
TXLWRVDQD�D�����PJ�P/��%ULWWR�HW�DO����������$�TXLWRVDQD�IRL�GLVVROYLGD�HP�iFLGR�DFpWLFR�����'D�PHVPD�
IRUPD��SDUD�D�704������P/�GH�XPD�VROXomR�GH�733�D����������H������PJ�P/��UHVSHFWLYDPHQWH�SDUD�DV�
YLWDPLQDV�%���%����&�IRL�DGLFLRQDGD�D������P/�GH�VROXomR�GH�704�D�����PJ�P/�HP�iJXD�GHVLRQL]DGD��
2�VLVWHPD�IRL�DJLWDGR�PDJQHWLFDPHQWH�j�WHPSHUDWXUD�DPELHQWH�GXUDQWH�D�DGLomR�GH�VROXomR�GH�733�H�HV�
WHQGLGD�SRU����PLQXWRV�DSyV�D�DGLomR�WRWDO��$�TXDQWLGDGH�GH�YLWDPLQDV�IRL�GH��������P�P��FRP�EDVH�QD�
PDVVD�GH�TXLWRVDQD�RX�GH�704��2XWURV�WHVWHV�FRP�EDVH�HP������H��������P�P��GH�YLWDPLQDV�WDPEpP�
IRUDP�IHLWRV��$V�YLWDPLQDV�IRUDP�SUHYLDPHQWH�GLVVROYLGDV�QD�VROXomR�GH�733�

2�UHQGLPHQWR�GDV�13V��H[SUHVVR�HP�SHUFHQWDJHP��IRL�EDVHDGR�QD�UD]mR�HQWUH�D�PDVVD�VHFD�OLR�
¿OL]DGD�GH�13V�H�D�VRPD�GDV�PDVVDV�GH�TXLWRVDQD��RX�704��H�733�

8P�HTXLSDPHQWR�=HWDVL]HU�1DQR�=6�=HQ������GD�0DOYHUQ�,QVWUXPHQWV�/WG���,QJODWHUUD��FRP�
EDVH�QD�WpFQLFD�GH�GLVSHUVmR�GLQkPLFD�GD�OX]��IRL�XVDGR�SDUD�PHGLU�D�GLVWULEXLomR�GR�WDPDQKR�PpGLR�
KLGURGLQkPLFR�H�R�SRWHQFLDO�]HWD�GDV�13V��7RGDV�DV�DQiOLVHV�IRUDP�UHDOL]DGDV�HP�WULSOLFDWD��D����&�
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2.3 'HWHUPLQDomR�GD�H¿FiFLD�GH�HQFDSVXODomR

$�H¿FLrQFLD� GH� HQFDSVXODomR� GDV�13V� IRL� GHWHUPLQDGD� DSyV� D� FHQWULIXJDomR� GD� VXVSHQVmR� D�
������USP��D���&��FHQWUtIXJD�&RQWLQHQWH�5�GD�+DQLO�6FLHQFH�,QGXVWULDO�&R���&RUHLD���2�SUHFLSLWDGR�IRL�
VHSDUDGR�H�D�TXDQWLGDGH�GH�YLWDPLQD�QR�VREUHQDGDQWH�GHWHUPLQDGD�SRU�HVSHFWURVFRSLD�GH�89�9LVtYHO�
�(VSHFWURIRW{PHWUR�89�����3&�GD�6KLPDW]X�&R���-DSmR���$VVLP������P/�GR�VREUHQDGDQWH�IRL�H[WUDtGR�
FRP�R�PHVPR�YROXPH�GH�VROXomR�DTXRVD�GH�iFLGR�PHWDIRVIyULFR�D�������P�Y��SDUD�D�YLWDPLQD�&�H�FRP�
XPD�VROXomR�DTXRVD�FRQVWLWXtGD�GH�����0�GH�.+232��������0�GH�.2+�SDUD�DV�YLWDPLQDV�GR�FRPSOH[R�
%��4XDQGR�QHFHVViULR��D�VROXomR�IRL�FHQWULIXJDGD�D��������USP�SDUD�HOLPLQDU�RV�VyOLGRV�HP�VXVSHQVmR��
$�GHWHFomR�IRL�HP���������������QP��UHVSHFWLYDPHQWH��SDUD�DV�YLWDPLQDV�&��%��H�%����(P�VHJXLGD��D�
H¿FLrQFLD�GH�HQFDSVXODomR��((��IRL�FDOFXODGD�GH�DFRUGR�FRP�D�VHJXLQWH�HTXDomR��

((� ��YLWDPLQD�QR�VREUHQDGDQWH���YLWDPLQD�WRWDO�����YLWDPLQD�WRWDO��[�����

3 reSultAdoS e diScuSSÃo

3.1 Propriedades físico-químicas da nanopartículas

2�WDPDQKR�H�R�SRWHQFLDO�]HWD�GDV�13V�PRVWUDUDP�VHU�GHSHQGHQWHV�GR�WLSR�GD�YLWDPLQD�DGLFLR�
QDGD��7DEHOD�����'HVWH�PRGR��SDUD�DWLQJLU�R�WDPDQKR�GHVHMDGR��WRUQD�VH�QHFHVViULR�¿[DU�D�FRQFHQWUDomR�
GR�SROtPHUR�H�D�DMXVWDU�D�FRQFHQWUDomR�GH�733��$�SDUWLU�GD�7DEHOD����p�FODUR�TXH�D�DGLomR�GH�YLWDPLQD�%��
�PDQWHQGR�VH�¿[D�D�SURSRUomR�XWLOL]DGD�SDUD�R�VLVWHPD�SXUR�4XL�733���UHVXOWRX�QXP�DXPHQWR�FRQVL�
GHUiYHO�QR�WDPDQKR�GDV�13V��'H�IDWR��D�YLWDPLQD�%��p�SUDWLFDPHQWH�LQVRO~YHO�HP�PHLR�iFLGR�H�HP�WDLV�
FRQGLo}HV�p�TXLPLFDPHQWH�IDYRUiYHO�SDUD�HOD�¿FDU�QD�IDVH�VyOLGD��SUHFLSLWDGR�GH�13V��GR�TXH�QD�IDVH�
OtTXLGD��VROYHQWH�GD�TXLWRVDQD���,VWR�DXPHQWD�R�WDPDQKR�H�WDPEpP�LQÀXHQFLDUi�R�((��EHP�FRPR�R�SHU¿O�
GH�OLEHUWDomR��2�PHVPR�DUJXPHQWR�SRGH�VHU�XVDGR�SDUD�H[SOLFDU�R�WDPDQKR�GRV�VLVWHPDV�&KL�9LW&�H�
4XL�9LW%����1HVWHV�FDVRV��GREUDQGR�VH�D�TXDQWLGDGH�GH�733�QmR�UHVXOWRX�QXP�DXPHQWR�VLJQL¿FDWLYR�QR�
WDPDQKR�GDV�13V��&RPR�HVWDV�YLWDPLQDV�VmR�PXLWR�VRO~YHLV�HP�PHLR�iFLGR�p�IDYRUiYHO�SDUD�HODV�HVWDU�
QD�IDVH�OtTXLGD��GH�PRGR�TXH�R�DXPHQWR�GR�WDPDQKR�GDV�13V�QmR�IRL�SURHPLQHQWH�

tabela 1. &DUDFWHUtVWLFDV�SULQFLSDLV�GH�13V�GH�4XL�733�H�704�733�HQFDSVXODGDV�FRP�YLWDPLQDV�&��%��H�%���D�
�����P�P�

System tPPa

(mg cm-3)
nanoparticle size 

(nm)
Zeta potential 

(mv)
Yielding (%)

4XL ���� ����� �������� ��

4XL�9LW�%� ���� ������� �������� 22

4XL�9LW�& ���� ������ �������� ��

4XL�9LW�%�� ���� ������ �������� ��

704 ���� ������ �������� �

704�9LW�%� ���� ������ �������� ��

704�9LW�& ���� ������ �������� ��

704�9LW�%�� ���� ������ �������� ��
a Concentração inicial.

3DUD�D�704��RXWUDV�FRQVLGHUDo}HV�GHYHP�VHU�IHLWDV��WHQGR�HP�PHQWH�TXH�R�VROYHQWH�DJRUD�p�iJXD�
�S+�§�������3RU�H[HPSOR��FRPSDUDQGR�RV�VLVWHPDV�704�H�704�9LW%���TXLQWD�H�VH[WD�OLQKDV�QD�7DEHOD�
����XP�DXPHQWR�QD�TXDQWLGDGH�GH�733�QmR�UHVXOWRX�QXP�DXPHQWR�FRQVLGHUiYHO�QR�WDPDQKR�GDV�13V��
1HVWH�FDVR��D�IDVH�OtTXLGD�QmR�p�WmR�GHVIDYRUiYHO�SDUD�HVWD�YLWDPLQD�FRPR�DTXHOH�GD�TXLWRVDQD�H�YLWDPLQD�
%��SRGH�HVWDU�WDQWR�QDV�IDVHV�VyOLGD�H�OtTXLGD��0DLV�XPD�YH]��HVWH�HIHLWR�LQÀXHQFLD�D�IRUPDomR�GH�13V��
bem como as suas propriedades de encapsulamento.

2�SRWHQFLDO�]HWD�WDPEpP�IRL�LQÀXHQFLDGR�SHOD�TXDQWLGDGH�GH�733�H�YLWDPLQD��(P�JHUDO��WDQWR�
SDUD�TXLWRVDQD�H�704��VHX�YDORU�DXPHQWD�SDUD�D�YLWDPLQD�%���PDV�GLPLQXL�SDUD�DV�RXWUDV�YLWDPLQDV��
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TXDQGR� FRPSDUDGR� FRP� DV�13V� QmR�HQFDSVXODGDV��7DO� FRPR�GLVFXWLGR� QD� OLWHUDWXUD� �$OLVKDKL� HW� DO���
������%ULWWR�HW�DO����������13V�GH�TXLWRVDQD�H�704�WrP�XPD�FDUJD�VXSHU¿FLDO�SRVLWLYD��GHYLGR�DR�FDUiF�
WHU�FDWL{QLFR�GHVWHV�SROLHOHWUyOLWRV�H��GHSHQGHQGR�GD�HVWUXWXUD�GR�FRPSOH[R�SROtPHUR�YLWDPLQD�733��R�
VHX�YDORU�SRGH�DXPHQWDU�RX�GLPLQXLU��$OpP�GLVVR��R�SRWHQFLDO�]HWD��WDPEpP�PRVWURX�XPD�FODUD�GLIHUHQoD�
UHVLGXDO�GH�FDUJD�JOREDO�HQWUH�D�TXLWRVDQD�H�D�704�H�GHSRLV�GR�HQWUHFUX]DPHQWR�FRP�R�733��$�TXLWRVDQD�
WHP�PXLWR�PDLV�GD�FDUJD�SRVLWLYD��XPD�YH]�TXH�FDGD�JUXSR�DPLQD�p�SURWRQDGR�HP�PHLR�iFLGR��Mi�SDUD�D�
704�HVWD�GHQVLGDGH�GH�FDUJD�p�PHQRU�YLVWR�TXH�VRPHQWH�����GH�JUXSRV�TXDWHUQiULRV�VmR�UHVSRQViYHLV�
SHOD�JHUDomR�GH�FDUJD�SRVLWLYD��%ULWWR�HW�DO���������

3.2 (¿FLrQFLD�GH�HQFDSVXODPHQWR

'H�DFRUGR�FRP�D�7DEHOD����R�VLVWHPD�PDLV�H¿FLHQWH�IRL�R�GD�YLWDPLQD�%���WDQWR�SDUD�TXLWRVDQD�
FRPR�SDUD�D�704��2�IDWRU�SUHSRQGHUDQWH�DTXL�p��HYLGHQWHPHQWH��D�VROXELOLGDGH�GD�YLWDPLQD��9LWDPLQDV�
PXLWR�VRO~YHLV�HP�PHLR�DTXRVR��&�H�%����DSUHVHQWDUDP�EDL[D�((��2�VLVWHPD�GH�TXLWRVDQD�733�SRGH�VHU�
FODVVL¿FDGR�FRPR�XP�QDQRJHO�TXH�FRPELQD�FDUDFWHUtVWLFDV�GH�QDQRPDWHULDLV�H�KLGURJHO��&RPR�DV�13V�
QHVWH�HVWXGR�IRUDP�VLQWHWL]DGDV�H�HQFDSVXODGDV�QXP�HVWDGR�LQWXPHVFLGR��SURSULHGDGHV�TXtPLFDV�GDV�YL�
WDPLQDV��SULQFLSDOPHQWH�VXD�VROXELOLGDGH�LQÀXHQFLDP�R�((��EHP�FRPR�R�SHU¿O�GH�OLEHUWDomR�

tabela 2. (¿FLrQFLD�GH�HQFDSVXODomR��((������GH�YLWDPLQDV�HP�13V�GH�4XL�733�H�704�733�HP�WUrV�GLIHUHQWHV�
FRQFHQWUDo}HV�GH�YLWDPLQDV

System ee a 15% de vitamina ee a 10% de vitamina ee a 5% de vitamina

4XL�9LW�%� ���� ���� ���

4XL�9LW�& ���� ���� ����

4XL�9LW�%�� ���� a��� a���

704�9LW�%� ���� � �

704�9LW�& ��� � �

704�9LW�%�� ��� � �

4 concluSÃo

$�DGLomR�GH�YLWDPLQD�DR�VLVWHPD�SROLVVDFDUtGHR�733�DIHWRX�PXLWR�D�HVWUXWXUD�GDV�13V��FRPR�R�
WDPDQKR�H�R�SRWHQFLDO�]HWD��$V�SURSULHGDGHV�SDUWLFXODUHV�GH�FDGD�YLWDPLQD��SRU�H[HPSOR��PDVVD�PRODU�H�
VROXELOLGDGH��GHVHPSHQKDP�XP�SDSHO�LPSRUWDQWH�QD�H¿FiFLD�GH�HQFDSVXODomR�H�QR�SHU¿O�GH�OLEHUWDomR��
2V�UHVXOWDGRV�PRVWUDP�D�SRWHQFLDOLGDGH�GDV�13V�GH�TXLWRVDQD�H�704�733�FRPR�YHtFXOR�HQFDSVXODGRU�
H�SRGH�VHU�XVDGR�FRPR�XP�DJHQWH�GH�HVWDELOL]DomR�GH�YLWDPLQDV�HP�SURGXWRV�DOLPHQWtFLRV�SDUD�KXPDQRV�
e animais.

AGrAdecimentoS

2V�DXWRUHV�VmR�JUDWRV�DRV�yUJmRV�),1(3�0&7��(PEUDSD��5HGH�$JUR1DQR���)$3(63��&13T�H�
&$3(6�SHOR�VXSRUWH�¿QDQFHLUR�

reFerÊnciAS

$*1,+275,�� 6�$��� 0$//,.$5-81$�� 1�0��� $0,1$%+$9,�� 7�0�� 5HFHQW� DGYDQFHV� RQ� FKL�
WRVDQ�EDVHG�PLFUR��DQG�QDQRSDUWLFOHV�LQ�GUXJ�GHOLYHU\��-RXUQDO�RI�&RQWUROOHG�5HOHDVH��Y������Q�����S��
�±���������

$/,6+$+,��$���0,59$*+(),��$���7(+5$1,��0�5���)$5$+0$1'��+���6+2-$26$'$7,��6�$���
'25.226+��)�$���(/6$%((��0�=��6KHOI�OLIH�DQG�GHOLYHU\�HQKDQFHPHQW�RI�YLWDPLQ�&�XVLQJ�FKLWRVDQ�
QDQRSDUWLFOHV��)RRG�&KHPLVWU\��Y�������S����������������
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%5,772��'���)5('(5,&2��)��5���$66,6��2��%��*��2SWLPL]DWLRQ�RI�1�1�1�WULPHWK\OFKLWRVDQ�V\QWKHVLV�
E\�IDFWRULDO�GHVLJQ��3RO\PHU�,QWHUQDWLRQDO�Y������S���������������

%5,772��'���0285$��0�5���$28$'$��)�$���0$77262��/�+�&���$66,6��2�%�*��1�1�1�WULPHWK\O�
FKLWRVDQ�QDQRSDUWLFOHV�DV�D�YLWDPLQ�FDUULHU�V\VWHP��)RRG�+\GURFROORLGV��Y������Q�����S����������������

+(550$11��:���2%(,'��5��9LWDPLQ�LQ�WKH�SUHYHQWLRQ�RI�KXPDQ�GLVHDVHV��:DOWHU�GH�*UX\WHU�*PE+�
	�&R��.*��%HUOLQ�1HZ�<RUN�������

-$1*��.���/((��+�*��6WDELOLW\�RI�FKLWRVDQ�QDQRSDUWLFOHV�IRU�O�DVFRUELF�DFLG�GXULQJ�KHDW�WUHDWPHQW�LQ�
DTXHRXV�VROXWLRQ��-RXUQDO�RI�$JULFXOWXUDO�)RRG�&KHPLWU\��Y������S������������������

5HSRUW�RI�D�MRLQW�)$2�:+2�H[SHUW�FRQVXOWDWLRQ��9LWDPLQ�DQG�PLQHUDO�UHTXLUHPHQWV�LQ�KXPDQ�QXWULWLRQ��
�QG�(G���:RUOG�+HDOWK�2UJDQL]DWLRQ��%DQJNRN�������

62/,0$1��$�.���-$81&(<��.���52%(576��5�-��6WDELOLW\�RI�/�DVFRUELF�DFLG��YLWDPLQ�&��DQG�LWV�IRUPV�
LQ�¿VK�IHHGV�GXULQJ�SURFHVVLQJ��VWRUDJH�DQG�OHDFKLQJ��$TXDFXOWXUH��Y������S�����������

=+$2��/��0���6+,��/��(��=+$1*��=��/���&+(1��-��0���6+,��'��'���<$1*��-���7$1*��=��;��3UHSDUD�
WLRQ�DQG�DSSOLFDWLRQ�RI�FKLWRVDQ�QDQRSDUWLFOHV�DQG�QDQR¿EHUV��%UD]LOLDQ�-RXUQDO�RI�&KHPLFDO�(QJLQHHU�
LQJ��Y������Q�����S�����������������

nAnoPArtículAS de trimetil quitoSAnA. ii - PerFil de 

liberAÇÃo controlAdA de vitAminAS HidroSSolÚveiS

*douglas de britto1, marcia r. de moura2, Fauze A. Aouada2, Flávia G. Pinola3, lícia m. 

lundstedt4, odilio b. G. Assis3, luiz H. c. mattoso3

1(PEUDSD�6HPLiULGR��281(63�,OKD�6ROWHLUD���/DERUDWyULR�1DFLRQDO�GH�1DQRWHFQRORJLD�SDUD�R�
$JURQHJyFLR��/11$���(PEUDSD�,QVWUXPHQWDomR���(PEUDSD�$TXLFXOWXUD�
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&ODVVL¿FDomR��1RYRV�0DWHULDLV�H�3URFHVVRV�HP�1DQRWHFQRORJLD�H�VXDV�$SOLFDo}HV�QR�$JURQHJyFLR�

resumo

1DQRHQFDSVXODomR�p�XP�SURFHVVR�DGHTXDGR�SDUD�UHGX]LU�D�GHJUDGDomR�GH�FRPSRQHQWHV�LQVWiYHLV��1HVWH�
HVWXGR��QDQRSDUWtFXODV��13V��GH�TXLWRVDQD�H�WULPHWLOTXLWRVDQD�FRP�WULSROLIRVIDWR�IRUDP�XWLOL]DGDV�SDUD�
HQFDSVXODU�YLWDPLQDV�&��%��H�%����3RU�PHLR�GH�HVSHFWURVFRSLD�GH�89�9LVtYHO��R�HVWXGR�GH�OLEHUDomR�
PRVWURX�SHU¿V�GLIHUHQWHV�SDUD�DV�YLWDPLQDV�&��%��H�%���HP�VROXomR�GH�3%6�QHXWUR��FRP�UHVSHFWLYD�OL�
EHUDomR�GH����������H�����DSyV�������H���KRUDV��(P�JHUDO��D�WD[D�GH�OLEHUDomR�IRL�PDLV�OHQWD�HP�PHLR�
iFLGR�
Palavras-chave��(QFDSVXODPHQWR��/LEHUDomR�FRQWURODGD��1DQRJHO��5DomR�GH�SHL[H��1XWULomR�

controlled releASe oF HYdroSoluble vitAminS From trimetHY cHi-

toSAn nAnoPArticleS

Abstract

1DQRHQFDSVXODWLRQ� LV� D� YHU\� VXLWDEOH� SURFHVV� WR� UHGXFH� GHJUDGDWLRQ� RI� LQVWDEOH� FRPSRQHQWV�� ,Q� WKLV�
VWXG\��FKLWRVDQ�DQG�WULPHWK\O�FKLWRVDQ�ZLWK�WULSRO\SKRVSKDWH�DUH�XVHG�WR�QDQRHQFDSVXODWH�YLWDPLQV�&��
%��DQG�%����%\�PHDQV�RI�89�9LVLEOH�VSHFWURVFRS\��UHOHDVH�VWXG\�VKRZV�GLIIHUHQW�SUR¿OHV�IRU�YLWDPLQV�
&��%��DQG�%���LQ�QHXWUDO�3%6�VROXWLRQ��ZLWK�D�UHVSHFWLYH�UHOHDVH�RI����������DQG�����DIWHU�������DQG�
��KRXUV��,Q�JHQHUDO��WKH�OLEHUDWLRQ�UDWH�LV�VORZ�LQ�DFLG�PHGLD�
Keywords: (QFDSVXODWLRQ��&RQWUROOHG�UHOHDVH��1DQRJHO��)LVKHU\�GLHW��1XWULWLRQ�

3XEOLFDo}HV�UHODFLRQDGDV
%5,772��'���0285$��0��5���$28$'$��)��$���0$77262��/�+�&���$66,6��2��%��*��1�1�1�WULPHWK\O�
FKLWRVDQ�QDQRSDUWLFOHV�DV�D�YLWDPLQ�FDUULHU�V\VWHP��)RRG�+\GURFROORLGV��Y�����S�����������������



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 521

1 introduÇÃo

$V�YLWDPLQDV�VmR�IXQGDPHQWDLV�SDUD�R�FUHVFLPHQWR�QRUPDO�GR�FRUSR�KXPDQR�H�DQLPDO��GHVHP�
SHQKDQGR�IXQo}HV�HVSHFt¿FDV�H�YLWDLV�QR�PHWDEROLVPR�H�PDQXWHQomR�GD�YLGD��$V�YLWDPLQDV��QR�HQWDQWR��
GHYHP�VHU�DGPLQLVWUDGDV�GH�IRUPD�DGHTXDGD��VXD�IDOWD�SRGH�OHYDU�D�GRHQoDV�HVSHFt¿FDV��+HUUPDQQ�H�
2EHLG���������HQTXDQWR�TXH�R�H[FHVVR�SRGH�VHU�Wy[LFR��SRU�LVVR�D�SUHRFXSDomR�GDV�DJrQFLDV�UHJXODGR�
UDV��206�)$2��HP�UHFRPHQGDU�DV�GRVHV�HVSHFt¿FDV�SDUD�D�VXD�LQJHVWmR��5HSRUW�RI�D�MRLQW�)$2�:+2�
H[SHUW�FRQVXOWDWLRQ���������&HUFD�GH�WUH]H�YLWDPLQDV�VmR�UHFRQKHFLGDV�FRPR�HVVHQFLDLV�SDUD�D�QXWULomR�
KXPDQD�H�HVWDV�SRGHP�VHU�FODVVL¿FDGDV�HP�OLSRVVRO~YHLV��e.g.��YLWDPLQDV�$��'��H��.��H�KLGURVVRO~YHLV��
e.g.��YLWDPLQD�&�H�PHPEURV�GR�JUXSR�GD�YLWDPLQD�%�

'XUDQWH�R�SURFHVVDPHQWR�H�DUPD]HQDPHQWR�GH�DOLPHQWRV��D�PDLRULD�GDV�YLWDPLQDV�SRGH�VHU�SHU�
GLGD�GHYLGR�D�UHDo}HV�TXtPLFDV��SULQFLSDOPHQWH�SRU�R[LGDomR��,VVR�p�XP�SUREOHPD��HVSHFLDOPHQWH�SDUD�
D�QXWULomR�DQLPDO��iUHD�HP�TXH�D�FRQVHUYDomR�H�PDQLSXODomR�QHP�VHPSUH�VmR�DGHTXDGDV��(P�UDo}HV�
IRUPXODGDV�SDUD�SHL[HV�HP�DTXLFXOWXUD�XPD�SUHRFXSDomR�DGLFLRQDO�p�D�SHUGD�GH�QXWULHQWHV�SRU�OL[LYLDomR�
�6ROLPDQ�HW�DO��������8PD�GDV�IRUPDV�GH�HYLWDU�RX�UHGX]LU�HVVD�WD[D�GH�GHJUDGDomR�p�DWUDYpV�GD�PLFUR�H�
QDQRHQFDSVXODomR��-DQJ��.��H�/HH��������$OLVKDKL�HW�DO���������

&RQVLGHUDQGR�D�VXD�FDSDFLGDGH�TXHODQWH�H�FRPSOH[DQWH��R�SROLVVDFDUtGHR�TXLWRVDQD� WHP�VLGR�
H[WHQVLYDPHQWH�HVWXGDGR�SDUD�D�HQFDSVXODomR��SULQFLSDOPHQWH�QD�iUHD�DOLPHQWtFLD��=KDR�HW�DO���������H�
IiUPDFRV��$JQLKRWUL�HW�DO���������2�GHULYDGR�KLGURVVRO~YHO�1�1�1�WULPHWLO�TXLWRVDQD��704��WDPEpP�p�
DGHTXDGR�SDUD�SUHSDUDU�13V�SDUD�PXLWDV�DSOLFDo}HV�

$VVLP��YLVDQGR�D�HVWDELOL]DomR�RX�D�PDQXWHQomR�GH�WDLV�YLWDPLQDV�TXDQGR�XVDGDV�FRPR�DGLWLYRV�
DOLPHQWDUHV��R�HQFDSVXODPHQWR�IRL�UHDOL]DGD�SRU�PHLR�GD�JHOL¿FDomR�L{QLFD�GD�TXLWRVDQD�H�704�FRP�
WULSROLIRVIDWR��733��3DUkPHWURV�HVSHFt¿FRV�FRPR�R�SHU¿O�GH�OLEHUDomR�QR�VLVWHPD�DTXRVR�HP�PHLR�QHXWUR�
H�iFLGR�VHUmR�GLVFXWLGRV�

2 mAteriAiS e métodoS

2.1 materiais

7ULSROLIRVIDWR�GH�VyGLR��TXLWRVDQD�GH�PpGLD�PDVVD�PRODU������GHVDFHWLODGD���iFLGR�DVFyUELFR��
iFLGR�IyOLFR�H�FLDQRFREDODPLQD�IRUDP�DGTXLULGRV�GD�$OGULFK�&KHPLFDO�&RPSDQ\�,QF���86$���2XWURV�
UHDJHQWHV�IRUDP�DGTXLULGRV�GD�6\QWK��6mR�3DXOR��

2.2 3UHSDUDomR�H�FDUDFWHUL]DomR�GDV�QDQRSDUWtFXODV

$V�13V�IRUDP�SUHSDUDGDV�H�FDUDFWHUL]DGDV�FRQIRUPH�GHVFULWR�QD�SDUWH����%ULWWR�HW�DO���������

2.3 'HWHUPLQDomR�GR�SHU¿O�GH�OLEHUDomR��

$SyV�D�VHSDUDomR�GR�VREUHQDGDQWH��R�SUHFLSLWDGR�GH�13V�IRL�UHVVXVSHQVR�HP������P/��SDUD�D�
YLWDPLQD�%���RX������P/��SDUD�DV�YLWDPLQDV�&�H�%����GH�VROXomR�WDPSmR�GH�IRVIDWR�VDOLQD�SUHSDUDGD�
UHFHQWHPHQWH��3%6���1D&O��������0���.&O������0���1D�+32��������0���.+232�������0��S+� �������
SURFHGHQGR�VH�D�OLEHUDomR�D���o&�VRE�DJLWDomR�RUELWDO������USP���(P�LQWHUYDORV�GH�WHPSR�SUp�GHWHUPL�
QDGRV��DOtTXRWDV� IRUDP�FHQWULIXJDGDV��R� VREUHQDGDQWH�VHSDUDGR�H�D�YLWDPLQD� OLYUH�GHWHUPLQDGD�FRPR�
PHQFLRQDGR�DFLPD��7RGDV�DV�H[SHULrQFLDV�IRUDP�UHDOL]DGDV�HP�WULSOLFDWD��3DUD�RV�HQVDLRV��HP�PHLR�iFLGR�
HP�S+� ������D�VROXomR�GH�3%6�IRL�DMXVWDGD�FRP�+&O�����0�

3 reSultAdoS e diScuSSÃo

3.1 3HU¿O�GH�OLEHUDomR

2�SHU¿O�GH�OLEHUDomR�p�PXLWR�LPSRUWDQWH�SDUD�GH¿QLU�D�GXUDELOLGDGH�WHyULFD�GD�VXEVWkQFLD�HQ�
FDSVXODGD��&DGD�YLWDPLQD�HQFDSVXODGD�DSUHVHQWRX�GLIHUHQWHV�SHU¿V�GH�OLEHUDomR�HP�VROXomR�QHXWUD�GH�
3%6��)LJXUD�����2V�VLVWHPDV�GH�4XL�9LW�&�H�4XL�9LW�%���DSUHVHQWDUDP�XP�HIHLWR�burst��OLEHUDomR�LQLFLDO�
UiSLGD���3DUD�D�YLWDPLQD�%���HVWH�HIHLWR�IRL�PHQRV�SURQXQFLDGR��3RU�RXWUR�ODGR��R�VLVWHPD�4XL�9LW%��
DSUHVHQWRX�XP�FRPSRUWDPHQWR�PXLWR�GLIHUHQWH��FRP�XPD�WD[D�GH�OLEHUDomR�PDLV�OHQWD��DWLQJLQGR�XP�
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SDWDPDU�HP����KRUDV��e�HYLGHQWH�TXH�D�SURSULHGDGH�SDUWLFXODU�GH�FDGD�YLWDPLQD�LQÀXHQFLD�R�SHU¿O�GH�
OLEHUDomR��$�YLWDPLQD�&�p�XPD�PROpFXOD�SHTXHQD�H�EHP�VRO~YHO�HP�iJXD��SRUWDQWR��HP�XP�HVWDGR�LQWX�
PHVFLGR�HOD�p�UDSLGDPHQWH�OLEHUDGD�GR�QDQRJHO��$�YLWDPLQD�%����HPERUD�PXLWR�VRO~YHO�HP�iJXD�HOD�WHP�
XP�WDPDQKR�UHODWLYDPHQWH�JUDQGH�H�SRUWDQWR��VXD�OLEHUDomR�p�PDLV�OHQWD��%UD]HO�H�3HSSDV���������3RU�
RXWUR�ODGR��R�SHU¿O�GH�OLEHUDomR�GD�YLWDPLQD�%��SRGH�VHU�FRPSUHHQGLGR�HP�IXQomR�GH�VXD�VROXELOLGDGH�
GHSHQGHQWH�GR�S+��(P�VROXomR�QHXWUD�GH�3%6��)LJXUD����D�YLWDPLQD�%��p�SRXFR�VRO~YHO�H��SRUWDQWR��VXD�
OLEHUDomR�p�PDLV�OHQWD��2�SHU¿O�GH�OLEHUDomR�SDUD�D�YLWDPLQD�%��HP�PHLR�3%6�iFLGR��S+� �������FRQ¿UPD�
FODUDPHQWH�D�GHSHQGrQFLD�GD�VROXELOLGDGH�HP�IXQomR�GR�S+��)LJXUD�����(P�WDLV�FRQGLo}HV��D�TXDQWLGDGH�
OLEHUDGD�H�D�YHORFLGDGH�GH�OLEHUDomR�IRUDP�PXLWR�EDL[DV�HP�FRPSDUDomR�FRP�D�OLEHUDomR�PHGLGD�HP�
FRQGLomR�QHXWUD��1HVWH�FDVR��D�YLWDPLQD�%��WHP�XPD�D¿QLGDGH�PXLWR�EDL[D�SDUD�FRP�R�VROYHQWH�H�D�VXD�
OLEHUDomR�RFRUUH�GH�PDQHLUD�PXLWR�OHQWD�
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Figura 1. 3HU¿O�GH�OLEHUDomR�SDUD�RV�VLVWHPDV�4XL�9LW�&��Ÿ��4XL�9LW�%���Ŷ��H�4XL�9LW�%����Ɣ��HP�VROXomR�
QHXWUD�GH�3%6��S+� �������'HWDOKH��H[SDQVmR�GDV�FXUYDV�SDUD�D�IDL[D�GH���±���KRUDV�
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Figura 2. &RPSDUDomR�GRV�GLIHUHQWHV�SHU¿V�GH�OLEHUDomR�HQWUH�4XL�9LW�%��HP�VROXomR�QHXWUD�GH�3%6��Ŷ��H�HP�
PHLR�iFLGR��S+� ������Ƒ��

8P�FRPSRUWDPHQWR�EHP�GLIHUHQWH�H�PXLWR�LQWHUHVVDQWH�IRL�HQFRQWUDGR�SDUD�R�SHU¿O�GH�OLEHUDomR�
GRV�VLVWHPDV�GH�704��SULQFLSDOPHQWH�D�GD�704�9LW�%���)LJXUD�����(VWH�SHU¿O�PRVWURX�XP�HIHLWR�burst 
PHQRV�SURQXQFLDGR�TXDQGR�FRPSDUDGR�FRP�D�4XL�9LW%���2�VLVWHPD�DSUHVHQWRX�XPD�WD[D�GH�OLEHUDomR�
EDL[D�FRP�XP�DXPHQWR�JUDGXDO�FRP�R�WHPSR��DWLQJLQGR�����HP����KRUDV��(VWH�p�XP�FHQiULR�SRVLWLYR��
XPD�YH]�TXH�HP�FRQWUDSDUWLGD�D�TXLWRVDQD�DWLQJLX�����HP����KRUDV��(YLGHQWHPHQWH�D�QDWXUH]D�KLGUR�
ItOLFD� GD� FDGHLD�704� IRL� FRQWUDEDODQoDGD�SHOD� EDL[D� VROXELOLGDGH�GD� YLWDPLQD�%��� UHVXOWDQGR�QXPD�
OLEHUDomR�JUDGXDO�GH�YLWDPLQD�H�WDPEpP�GD�VROXELOL]DomR�GDV�13V�
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Figura 3. &RPSDUDomR�GRV�GLIHUHQWHV�SHU¿V�GH�OLEHUDomR�HQWUH�4XL�9LW�%���Ŷ��H�704�9LW�%���Ɣ��DPERV�HP�
VROXomR�QHXWUD�GH�3%6�

4 concluSÃo

2�HIHLWR�burst�SRGH�VHU�H[SORUDGR�HP�DOJXPDV�DSOLFDo}HV�RQGH�p�GHVHMiYHO�XPD�OLEHUDomR�LQLFLDO�
JUDQGH�GH�YLWDPLQD��VHJXLGD�SRU�XPD�WD[D�GH�OLEHUDomR�PDLV�OHQWD�H�FRQVWDQWH��8PD�GDV�YDQWDJHQV�GR�
704�VREUH�TXLWRVDQD�IRL�XP�HIHLWR�burst�PHQRV�SURQXQFLDGR��SULQFLSDOPHQWH�D�GD�YLWDPLQD�%���$OpP�
GLVVR��D�RFRUUrQFLD�GD�VROXELOL]DomR�SURJUHVVLYD�GDV�13V�GH�704�SRGH�VHU�H[SORUDGD�HP�DOJXPDV�DSOL�
FDo}HV��WDLV�FRPR�IRUPXODomR�GH�UDo}HV�SDUD�SHL[HV��'H�IDFWR��RV�UHVXOWDGRV�PRVWUDP�D�SRWHQFLDOLGDGH�
GDV�13V�GH�TXLWRVDQD�H�704�733�FRPR�YHtFXOR�HQFDSVXODGRU�H�SRGH�VHU�XVDGR�FRPR�XP�DJHQWH�GH�
HVWDELOL]DomR�GH�YLWDPLQDV�HP�SURGXWRV�DOLPHQWtFLRV�SDUD�KXPDQRV�H�DQLPDLV�
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resumo
2�REMHWLYR�GHVWH�HVWXGR�IRL�DYDOLDU�RV�SRVVtYHLV�HIHLWRV�GH�QDQR¿EUDV�GH�FHOXORVH��1)&��H�QDQRWXERV�GH�
FDUERQR�PXOWLFDPDGDV�FDUER[LODGRV��0:&17�&22+��QR�Q~PHUR�GH�FpOXODV�H�DSRSWRVH�HP�HPEUL}HV�
ERYLQRV��2V�HPEUL}HV�IRUDP�SURGX]LGRV�SRU�IHUWLOL]DomR�in vitro�DSyV�PDWXUDomR�GH�RyFLWRV�FROHWDGRV�HP�
abatedouro local. 1R�VpWLPR�GLD�DSyV�IHUWLOL]DomR��RV�EODVWRFLVWRV�IRUDP�DOHDWRULDPHQWH�GLYLGLGRV�HP�WUrV�
JUXSRV��JUXSR�FRQWUROH��VHP�QDQRSDUWtFXODV��Q �����1)&�����+g ml����Q ����H�0:&17�&22+�����+g 
ml����Q �����2V�HPEUL}HV�IRUDP�FXOWLYDGRV�QD�SUHVHQoD�GH�QDQRSDUWtFXODV�SRU���K�HP�PHLR�&5�DD�FRP�
����GH�VRUR�IHWDO�ERYLQR�HP����&22 D������&�HP�DU�DWPRVIpULFR��3RVWHULRUPHQWH��RV�EODVWRFLVWRV�IR�
UDP�VXEPHWLGRV�j�WpFQLFD�GH�781(/��2�GDGRV�IRUDP�DQDOLVDGRV�SRU�$129$�H�WHVWH�61.��2�QtYHO�GH�
VLJQL¿FkQFLD�DGRWDGR�IRL�3 �������2�Q~PHUR�WRWDO�GH�FpOXODV�H�R�tQGLFH�DSRSWyWLFR�QmR�IRL�DOWHUDGR�HQWUH�
RV�JUXSRV��3!�������(P�FRQFOXVmR��D�DGLomR�GH�1)&�RX�0:&17�&22+��QDV�FRQGLo}HV�WHVWDGDV��QmR�
DIHWRX�D�FLQpWLFD�GH�GHVHQYROYLPHQWR�SUp�LPSODQWDFLRQDO�H�R�tQGLFH�GH�DSRSWRVH�QRV�HPEUL}HV�ERYLQRV.
Palavras-chave��1DQRPDWHULDLV��(PEULRWR[LFLGDGH��$SRSWRVH

In vItRO AnAlYSiS oF celluloSe nAnoFiberS And mutiwAlled cArbon 
nAnotubeS eFFectS in number oF cellS And APoPtoSiS in embrYo 
Abstract
7KH� DLP�RI� SUHVHQW� VWXG\�ZDV� WR� LQYHVWLJDWH� WKH� FRWWRQ� FHOOXORVH� QDQR¿EHUV� �&1)�� DQG�PXOWLZDOOHG�
FDUERQ�QDQRWXEHV�ZLWK�FDUER[\ODWH IXQFWLRQDOL]DWLRQ��0:&17�&22+��HIIHFWV�RQ�FHOO�QXPEHU�DQG�WKH�
LQFLGHQFH�RI�DSRSWRVLV�LQ�ERYLQH�EODVWRF\VWV��7KH�HPEU\RV�ZHUH�SURGXFHG�DIWHU�in vitro maturation and 
IHUWLOL]DWLRQ�RI�RRF\WHV�REWDLQHG�RI�RYDULHV�FROOHFWHG�IURP�VODXJKWHUHG�FRZV. $W�GD\�VHYHQ�SRVW�IHUWLO�
L]DWLRQ�HPEU\RV�DW�EODVWRF\VW�VWDJH�ZHUH�UDQGRPO\�GLVWULEXWHG�LQWR�WKUHH�FXOWXUH�JURXSV��FRQWURO�JURXS�
�ZLWKRXW�QDQRPDWHULDOV��Q �����FRWWRQ�&1)�����+g ml����Q ����DQG�0:&17�&22+�����+g ml����Q �����
(PEU\RV�LQ�ERWK�JURXSV�ZHUH�FXOWXUHG�LQ�&5�DD�PHGLXP�DQG�13V��VXSSOHPHQWHG�ZLWK�����RI�IHWDO�FDOI�
VHUXP�DQG�JUDQXORVD�FHOO�PRQROD\HU��IRU���KU�XQGHU����&22�DW������&�LQ�DLU��7KH�HPEU\RV�DW�WHQWK�GD\�
SRVW�IHUWLOL]DWLRQ�ZHUH�SHUPHDELOL]HG�IRU�781(/�DVVD\��7RWDO�FHOO�QXPEHU�DQG�DSRSWRWLF�FHOO�LQGH[�ZHUH�
DQDO\]HG�E\�$129$�DQG�61.�WHVW��7RWDO�FHOO�QXPEHU�DQG�DSRSWRWLF�FHOO�QXPEHU�ZDV�VLPLODU��3!������
EHWZHHQ�JURXSV�� ,Q�FRQFOXVLRQ� ��XQGHU� WKH�FRQGLWLRQV� WHVWHG��ERWK�FRWWRQ�&1)�DQG�0:&17�&22+�
GRHV�QRW�LQWHUIHUH�RQ�SUHLPSODQWDWLRQ�GHYHORSPHQW�DQG�WKH�LQFLGHQFH�RI�DSRSWRVLV�LQ�ERYLQH�EODVWRF\VWV�
Keywords: 1DQRPDWHULDOV��(PEU\RWR[LFLW\��$SRSWRVLV

3XEOLFDo}HV�UHODFLRQDGDV��
3(5(,5$��0��0���*(51�� -�&���%$5%26$��1��5���628=$��(��'���0$77262��/�+�&���&DPDUJR��
/�6�$���/$'(,5$��/�2���%5$1'2��+�0��([SUHVVmR�JrQLFD�GH�ELRPDUFDGRUHV�GH�HVWUHVVH�H�PXOWL�
SRWrQFLD�HP�HPEUL}HV�PDPtIHURV�H[SRVWRV�j�QDQR¿EUDV�GH�FHOXORVH�H�j�QDQRWXERV�GH�FDUERQR��,Q��9,,�
:RUNVKRS�GH�1DQRWHFQRORJLD�$SOLFDGD�DR�$JURQHJyFLR��������6mR�&DUORV��$QDLV�GR�9,,�:RUNVKRS�GH�
1DQRWHFQRORJLD�$SOLFDGD�DR�$JURQHJyFLR��6mR�&DUORV��(PEUDSD�,QVWUXPHQWDomR�������

1 introduÇÃo

2�DXPHQWR�GD�SURGXomR�H�XVR�GH�QDQRPDWHULDLV��10V��HP�GLIHUHQWHV�VHJPHQWRV�WHP�FDXVDGR�
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SUHRFXSDo}HV�VREUH�R�SRWHQFLDO�LPSDFWR�GHVVHV�SURGXWRV�QD�VD~GH�S~EOLFD��/,1*�HW�DO����������(PEUL�
}HV�ERYLQRV�VmR�ERQV�PRGHORV�GH�WR[LFLGDGH�SDUD�WHVWHV�GH�DJHQWHV�SRWHQFLDOPHQWH�WHUDWRJrQLFRV��SRLV�
VmR�VHQVtYHLV�D�WR[LFDQWHV��EHP�FRPR�SHODV�VXDV�VLPLODULGDGHV�PRUIROyJLFDV�H�ELRTXtPLFDV�D HPEUL}HV�
KXPDQRV��/(,'(1)5267�HW�DO����������'DGRV�WR[LFROyJLFRV�H[LVWHQWHV�VREUH�D�LQWHUDomR�GH�QDQRWXERV�
GH�FDUERQR��17&V��HP�HPEUL}HV�PDPtIHURV�DLQGD�VmR�LQFLSLHQWHV��3(5(,5$�HW�DO�������D��RX�IRUDP�
REWLGRV�HP�SHUtRGRV�SyV�LPSODQWDomR��=$/*(9,ý,(1Ơ�HW�DO����������&RP�UHODomR�jV�QDQR¿EUDV�GH�
FHOXORVH��1)&V��QmR�VmR�FRQKHFLGRV�VHXV�HIHLWRV�HP�HPEUL}HV�PDPtIHURV��3RUWDQWR��Ki�XPD�QHFHVVLGDGH�
GH�HVWXGRV�TXH�DYDOLHP�R�SRWHQFLDO�WHUDWRJrQLFR�GH�QRYRV�PDWHULDLV�SDUD�D�REWHQomR�GH�UHVXOWDGRV�PDLV�
FRQFOXVLYRV�H�VHJXURV�VREUH�D�WR[LFLGDGH�GH�17&�H�1)&V�

2� REMHWLYR� GHVWH� WUDEDOKR� IRL� DQDOLVDU� R� HIHLWR� GH� 1)&� H� 17&� PXOWLFDPDGDV� FDUER[LODGRV�
�0:&17�&22+��QR�Q~PHUR�FHOXODU�H�DSRSWRVH�in situ�HP�EODVWRFLVWRV�ERYLQRV�SURGX]LGRV�in vitro.

2 mAteriAiS e métodoS

2yFLWRV�LPDWXURV�IRUDP�REWLGRV�GH�RYiULRV�FROHWDGRV�GH�DQLPDLV�DEDWLGRV�H�PDWXUDGRV�H�IHUWLOL�
]DGRV�in vitro��$SyV�D�IHFXQGDomR��RV�SRVVtYHLV�]LJRWRV�IRUDP�WUDQVIHULGRV�SDUD�PHLR�GH�FXOWLYR�HPEULR�
QiULR�&5�DD�VXSOHPHQWDGR�FRP�����GH�VRUR�IHWDO�ERYLQR��HP�LQFXEDGRUD�FRP����&22��DU�DWPRVIpULFR�
H�XPLGDGH�VDWXUDGD��SRU���GLDV��3RVWHULRUPHQWH��RV�HPEUL}HV�IRUDP�GLYLGLGRV�HP���JUXSRV��FRQWUROH��
H[SRVWRV�D�����+g ml���GH�1)&��GLkPHWUR�������QP��FRPSULPHQWR���������+P��RX�0:&17�&22+�
�GLkPHWUR��������QP��FRPSULPHQWR�������+P��SRU���K��2V�EODVWRFLVWRV�H[SRVWRV�DRV�10V�IRUDP�¿[DGRV�
HP�IRUPDOGHtGR�����$�IUDJPHQWDomR�GR�'1$�IRL�DYDOLDGD�FRP�R�.LW�FRPHUFLDO�'HDG�HQG�ÀXRULPHWULF�
terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick end (TUNEL) System��3URPHJD��0D�
GLVRQ��:,��(8$���7RGRV�RV�EODVW{PHURV�IRUDP�PDUFDGRV�SHOR�'$3,�H�YLVXDOL]DGRV�HP�D]XO�QR�¿OWUR�
GH�����QP�GR�PLFURVFySLR�GH�HSLÀXRUHVFrQFLD��%;�����2O\PSXV��:DVKLQJWRQ��(8$���$V�FpOXODV�HP�
DSRSWRVH�IRUDP�LGHQWL¿FDGDV�QR�¿OWUR�GH�����(����QP��FRU�YHUGH�SHOD�DEVRUomR�GD�ÀXRUHVFHtQD���$V�LPD�
JHQV�IRUDP�FDSWXUDGDV�XWLOL]DQGR�VH�R�SURJUDPD�,PDJH�3UR�3OXV������0HGLD�&\EHUQHWLFV��6LOYHU�6SULQJ��
(8$���2�R�Q~PHUR�WRWDO�GH�FpOXODV�H�R�Q~PHUR�GH�FpOXODV�DSRSWyWLFDV�IRUDP�DQDOLVDGRV�SHOR�SURJUDPD�
Image J��2�tQGLFH�DSRSWyWLFR�IRL�FDOFXODGR�D�SDUWLU�GD�UHODomR�GR�Q~PHUR�WRWDO�GH�FpOXODV�H�R�Q~PHUR�
GH�FpOXODV�FRQWHQGR�FRUSRV�DSRSWyWLFRV��2�GDGRV�IRUDP�DYDOLDGRV�SRU�$129$�H�61.��2V�YDORUHV�GH�3 
������IRUDP�FRQVLGHUDGRV�VLJQL¿FDWLYRV�

3 reSultAdoS e diScuSSÃo

$SyV�D�H[SRVLomR�GRV�HPEUL}HV�jV�1)&V�H�DRV�0:&17�&22+V�SRU���K�QmR�IRUDP�REVHUYDGDV�
GLIHUHQoDV�QR�Q~PHUR�WRWDO�GH�FpOXODV��3 �������Q~PHUR�GH�FpOXODV�DSRSWyWLFDV��3 ������RX�tQGLFH�DSRS�
WyWLFR��3 ������TXDQGR�FRPSDUDGR�DR�FRQWUROH��7DEHOD�����

tabela 1. (IHLWR�GDV�1)&V�H�GRV�0:&17�&22+V������+g ml����DSyV����KRUDV�GH�H[SRVLomR�QR�Q~PHUR�WRWDO�GH�
FpOXODV�H�DSRSWRVH�HP�HPEUL}HV�SURGX]LGRV�in vitro.

Grupos n total de células* células apoptóticas* índice apoptótico*

&RQWUROH �� ������(���� �����(���� �����(�����

1)& �� ������(���� �����(���� �����(����

0:&17�&22+ �� ������(���� �����(���� �����(����
*ANOVA. Não houve diferença no número total de células (P=0,91), número de células apoptóticas (P=0,89) e índice apop-

tótico (P=0,82) entre os grupos. Os resultados foram expressos como média ( erro padrão da média.

1D�)LJXUD���HVWmR�UHSUHVHQWDGDV�DV�LPDJHQV�GRV�EODVWRFLVWRV�VXEPHWLGRV�j�WpFQLFD�GH�781(/�
DSyV�FRQWDWR�FRP�RV�10V�
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Figura 1. 'HWHFomR�GD�IUDJPHQWDomR�GR�'1$�SHOD�WpFQLFD�GH�781(/�HP�EODVWRFLVWRV�ERYLQRV��,OXVWUDo}HV�$��
%�H�&���%ODVWRFLVWRV�FRP�EODVW{PHURV�PDUFDGRV�SHOR�'$3,�H�YLVXDOL]DGRV�HP�D]XO�����QP���,OXVWUDo}HV�$¶��%¶�
H�&¶���%ODVWRFLVWRV�FRP�EODVW{PHURV�FRUDGRV�SHOD�ÀXRUHVFHtQD�H�YLVXDOL]DGRV�HP�YHUGH�����(��QP���LQGLFDQGR�

DSRSWRVH��*UXSRV�±�$�$¶��JUXSR�FRQWUROH���%�%¶������+g ml���1)&���&�&¶������+g ml���0:&17�&22+��±�
$XPHQWR�����;�

3.1 efeito dos nanomateriais no número total de células embrionárias

'HQWUH�RV�SHUtRGRV�FUtWLFRV�GH�GHVHQYROYLPHQWR�GH�XP�RUJDQLVPR�GHVWDFD�VH�D�IDVH�SUp�LPSODQ�
WDFLRQDO��SRVVLYHOPHQWH�GHYLGR�j�H[LVWrQFLD�GH�FpOXODV�DLQGD�LQGLIHUHQFLDGDV��8P�GLVW~UELR�QHVWD�HWDSD�
SRGH�FDXVDU�IDOKDV�QD�LPSODQWDomR�RX�OHYDU�D�GDQRV�QRV�SURFHVVRV�GH�GLYLVmR�FHOXODU�H�GLIHUHQFLDomR�TXH�
RULJLQDUmR�RV�WHFLGRV�IHWDLV��=$/*(9,ý,(1Ơ�HW�DO����������'H�DFRUGR�FRP�RV�GDGRV�REWLGRV��7DEHOD�
���D�DGLomR�GH�1)&�RX�0:&17�&22+V�QR�PHLR�GH�FXOWXUD�HPEULRQiULR�QmR�DOWHURX�R�Q~PHUR�WRWDO�GH�
FpOXODV�TXH�UHSUHVHQWD�XP�LPSRUWDQWH�SDUkPHWUR�QD�DYDOLDomR�GD�TXDOLGDGH�GH�HPEUL}HV��

3.2 efeito dos nanomateriais no índice apoptótico

$�DSRSWRVH�HPEULRQiULD�SRGH�RFRUUHU�SHOR�HVWUHVVH�SURYRFDGR�SHOR�VLVWHPD�GH�FXOWXUD�in vitro��
SRUpP��DFRPHWH�HPEUL}HV�HP�EDL[DV�WD[DV�VHQGR�FRQVLGHUDGD�XP�SURFHVVR�QRUPDO�GH�GHVHQYROYLPHQWR��
3RU�LVVR��WDQWR�HPEUL}HV�SURGX]LGRV�in vivo quanto in vitro�DSUHVHQWDP�HP�PpGLD�DWp�����GH�EODVW{PH�
URV�HP�SURFHVVR�GH�PRUWH�FHOXODU��3(5(,5$�HW�DO�������E���1R�SUHVHQWH�HVWXGR��RV�tQGLFHV�DSRSWyWLFRV�
QmR�XOWUDSDVVDUDP�RV�YDORUHV�HQFRQWUDGRV�QD�OLWHUDWXUD��7DEHOD����

(VWXGRV�DQWHULRUHV�GHPRQVWUDUDP�DXPHQWR�QD�DSRSWRVH�HP�HPEUL}HV�H[SRVWRV�DRV�0:&17V�QD�
PHVPD�FRQFHQWUDomR�H�WHPSR�GH�H[SRVLomR������+g ml���SRU���K��GR�SUHVHQWH�WUDEDOKR��3(5(,5$�HW�DO���
����D���&RQWXGR��QHVWH�HVWXGR�DQWHULRU��D�LQGXomR�GD�DSRSWRVH�IRL�DWULEXtGD�SULQFLSDOPHQWH�D�EDL[D�SXUH�
]D�������GHVVHV�17&V��1R�SUHVHQWH�WUDEDOKR�IRUDP�XWLOL]DGRV�0:&17�GH�DOWD�SXUH]D��������3RUWDQWR��
HVVHV�DFKDGRV�FRQWURYHUVRV�SRGHP�VHU�H[SOLFDGRV�SULQFLSDOPHQWH�SHOD�QDWXUH]D�TXtPLFD�GRV�GLIHUHQWHV�
17&V��&RP�UHODomR�jV�1)&��HVWH�PDWHULDO�WDPEpP�QmR�FDXVRX�LPSDFWR�QRV�SDUkPHWURV�GH�TXDOLGDGH�
HPEULRQiULD�DYDOLDGRV��3RVVLYHOPHQWH��R�FDUiWHU�ELRGHJUDGiYHO��D�ÀH[LELOLGDGH�H�D�FRQVWLWXLomR�TXtPLFD�
GDV�1)&V��.2/$.29,&�HW�DO���������SDUHFHP�VHU�GHWHUPLQDQWHV�QD�VXD�ELRFRPSDWLELOLGDGH�HP�HPEUL�
}HV�ERYLQRV��

4 concluSÃo

1D�FRQFHQWUDomR�DYDOLDGD��DV�1)&V�H�RV�0:&17�&22+V�QmR�DOWHUDUDP�D�FLQpWLFD�GH�GHVHQ�
YROYLPHQWR�H�VREUHYLYrQFLD�HPEULRQiULD�GH�HPEUL}HV�ERYLQRV�SURGX]LGRV�in vitro. 
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resumo
1DQRSDUWtFXODV�GH�7LWDQDWR�GH�%iULR��7%��WrP�SURSULHGDGHV�ItVLFDV�H�TXtPLFDV�TXH�SRVVXHP�DSOLFDo}HV�
LQWHUHVVDQWHV�HP�VRQGDV�GH�LPDJHQV��HQWUHJD�GH�IiUPDFRV�H�HQJHQKDULD�WHFLGXDO��(QWUHWDQWR��SRXFR�VH�FR�
QKHFH�VREUH�RV�SRVVtYHLV�LPSDFWRV�Wy[LFRV�GHVWD�QDQRSDUWtFXOD�HP�VLVWHPDV�ELROyJLFRV��2�REMHWLYR�GHVWH�
HVWXGR�IRL�DYDOLDU�D�FLWRWR[LFLGDGH�GH�QDQRSDUWtFXODV�GH�7%�HP�FXOWXUD�in vitro�GH�OHXFyFLWRV�ERYLQRV� $V�
FpOXODV�IRUDP�H[SRVWDV�DV�QDQRSDUWtFXODV�HP�FRQFHQWUDo}HV�FUHVFHQWHV�GH������������H����+g ml���SRU����
H���K��1mR�IRUDP�REVHUYDGDV�DOWHUDo}HV�QD�YLDELOLGDGH�FHOXODU�DSyV�D�H[SRVLomR�jV�QDQRSDUWtFXODV�GH�7%�
DWp�D�FRQFHQWUDomR�GH���+g ml����3!�������3RUpP��FRQFHQWUDo}HV�DFLPD�GH���+g ml�� diminuíram a via�
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ELOLGDGH�FHOXODU��3��������1DV�FRQGLo}HV�WHVWDGDV��RV�UHVXOWDGRV�HYLGHQFLDUDP�TXH�DOWDV�FRQFHQWUDo}HV�
GH�QDQRSDUWtFXODV�GH�7%�����H����+g ml����VmR�FLWRWy[LFDV�SDUD�OHXFyFLWRV�ERYLQRV�FXOWLYDGRV�in vitro.
Palavras-chave��1DQRSDUWtFXODV��&LWRWR[LFLGDGH��9LDELOLGDGH�&HOXODU

In vItRO eFFectS oF bArium titAnAte nAnoPArticleS on leucocYteS cellS
Abstract
1DQRSDUWLFOH�RI�%DULXP�7LWDQDWH��%7��KDYH�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�WKDW�PDNH�WKHP�YHU\�DW�
WUDFWLYH�IRU�DSSOLFDWLRQV� LQ� WKH� LPDJLQJ�SUREHV��GUXJ�GHOLYHU\�DQG� WLVVXH�HQJLQHHULQJ��+RZHYHU�� OLWWOH�
LV�NQRZQ�DERXW�LWV�WR[LF�LPSDFW�RQ�ELRORJLFDO�V\VWHPV��7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�
F\WRWR[LFLW\�RI�%7�QDQRSDUWLFOHV�RQ�OHXNRF\WHV�FXOWXUHG�in vitro. &HOOV�ZHUH�H[SRVHG�WR�QDQRSDUWLFOHV�
LQ�LQFUHDVLQJ�FRQFHQWUDWLRQV�RI������������DQG����+g ml���IRU����DQG���KU��1R�VLJQL¿FDQW�FKDQJHV�ZHUH�
REVHUYHG� LQ�FHOO�YLDELOLW\�XS� WR�QDQRSDUWLFOH�FRQFHQWUDWLRQV�RI���+g ml��� �3!�������+RZHYHU��DW�FRQ�
FHQWUDWLRQV�DERYH���+g ml����WKH�%7�QDQRSDUWLFOHV�VLJQL¿FDQWO\�GHFUHDVHG�FHOO�YLDELOLW\��3��������7KH�
FXUUHQW�VWXG\�FRQFOXGHV�WKDW��XQGHU�WKH�FRQGLWLRQV�WHVWHG��KLJK�FRQFHQWUDWLRQV�����DQG����+g ml����RI�%7�
nanoparticles cause decreased cell viability.
Keywords: 1DQRSDUWLFOHV��&LWRWR[LFLW\��&HOO�YLDELOLW\

1 introduÇÃo

$�QDQRWHFQRORJLD�RIHUHFH�D�SHUVSHFWLYD�GH�JUDQGHV�DYDQoRV�TXH�SURPHWHP�PHOKRUDU�D�TXDOLGDGH�
GH�YLGD�H�DMXGDU�D�SUHVHUYDU�R�PHLR�DPELHQWH��(QWUHWDQWR��FRPR�TXDOTXHU�iUHD�GD�WHFQRORJLD�TXH�ID]�XVR�
LQWHQVLYR�GH�QRYRV�PDWHULDLV�H�VXEVWkQFLDV�TXtPLFDV��HOD�WUD]�FRQVLJR�DOJXQV�ULVFRV�DR�PHLR�DPELHQWH�H�
j�VD~GH�KXPDQD��48,1$���������

'HQWUH�RV�PDWHULDLV�TXH�SRGHP�VHU�XWLOL]DGRV�QDV�HVFDOD�QDQR�GHVWDFD�VH�R�7LWDQDWR�GH�%iULR�
�7%��FRQVLGHUDGR�HVWUDWpJLFR�H�FRP�JUDQGH�LQWHUHVVH�WHFQROyJLFR��JUDoDV�jV�VXDV�SURSULHGDGHV�SLH]R�
HOpWULFDV�GLHOpWULFDV� SHFXOLDUHV� �&,2)$1,� HW� DO��� �������1D� iUHD� GD� VD~GH�� DOJXQV� HVWXGRV� XWLOL]DUDP�
QDQRSDUWtFXODV� GH�7%� FRPR�QDQRFDUUHDGRUHV� LQWUDFHOXODUHV� SDUD� SURWHLQDV� H� IiUPDFRV� GH� EDL[R�SHVR�
PROHFXODU��WDLV�FRPR�GR[RUUXELFLQD��&,2)$1,�HW�DO�������D������E���FRPR�ELRPDUFDGRUHV��DWUDYpV�GD�
ELRFRQMXJDomR�GRV�VHXV�QDQRFULVWDLV�FRP�DQWLFRUSRV�LPXQRJOREXOLQD�*�SDUD�VRQGDV�GH�LPDJHP��+6,(+�
HW�DO���������H�FRPR�PDWpULD�SULPD�SDUD�HQ[HUWRV�yVVHRV��%$//�HW�DO���������

(PERUD�H[LVWD�XP�JUDQGH�SRWHQFLDO�GH�DSOLFDo}HV�GH�QDQRSDUWtFXODV�GH 7%��GDGRV�UHODWLYRV�j�
VXD�WR[LFLGDGH�VmR�UDURV��&,2)$1,�HW�DO������D��%$//�HW�DO���������'LDQWH�GLVVR��R�REMHWLYR�GHVWH�IRL�
DYDOLDU�D�FLWRWR[LFLGDGH�GH�GLIHUHQWHV�FRQFHQWUDo}HV�GH�QDQRSDUWtFXODV�GH�GH�7%�VREUH�OHXFyFLWRV�ERYL�
nos cultivados in vitro. 

2 mAteriAiS e métodoS

$V�QDQRSDUWtFXODV�GH�7%�IRUDP�REWLGDV�GD�6LJPD�$OGULFK��&$7�Q����������ORW�0.%)����9����
����QP���$V�DPRVWUDV�IRUDP�HVWHULOL]DGRV�SRU�DXWRFODYH�GXUDQWH����PLQ��H�DSyV�HVWH�SHUtRGR��IRUDP�SUH�
SDUDGDV�VROXo}HV�HVWRTXHV�GDV�QDQRSDUWtFXODV����PJ�PO����HP�PHLR�GH�FXOWXUD�Rosewell Park Memorial 
Institute �530,��,1/$%���VXSOHPHQWDGRV�FRP�����GH�VRUR�IHWDO�ERYLQR��6)%��1XWULFHOO��FRP�DX[tOLR�
GH�XOWUDVVRP�SRU���PLQ��SDUD�D�FRPSOHWD�GLVSHUVmR�GDV�QDQRSDUWtFXODV�

$PRVWUDV�GH�VDQJXH�SHULIpULFR�IRUDP�FROHWDGDV�GH�ERYLQRV�GD�UDoD�*LURODQGR�H�FHQWULIXJDGDV�D�
�����USP��SRU���PLQ��SDUD�VHSDUDU�R�SODVPD��D�FDPDGD�GH�OHXFyFLWRV��buffy coat��H�DV�KHPiFLDV��$SyV�
FHQWULIXJDomR�R�DQHO�GH�OHXFyFLWRV�IRL�UHPRYLGR�GD�LQWHUIDFH�H�WUDQVIHULGR�SDUD�RXWUR�WXER��3RVWHULRUPHQ�
WH��IRL�IHLWD�D�OLVH�GH�KHPiFLDV�FRP����P/�GH�iJXD�GHVWLODGD�HVWpULO�VHJXLGD�GH�UHFRQVWLWXLomR�GD�RVPROD�
ULGDGH�FRP����P/�GH�WDPSmR��3%6��$V��DPRVWUDV�IRUDP�VXEPHWLGDV�D�FHQWULIXJDomR�SRU����PLQ�D�������
USP�H�R�VREUHQDGDQWH�IRL�GHVFDUWDGR���2�SUHFLSLWDGR�FHOXODU�UHVXOWDQWH�IRL�UHVVXVSHQGLGR�HP�PHLR�530,�

$�GHQVLGDGH�GD�FXOWXUD�IRL�GH���[����FpOXODV�SRoR HP�PHLR�530,�DFUHVFLGR�GH�����GH�6)%�H�
���DQWLELyWLFRV��������XQLWV�PO���SHQLFLOLQD�H�������+g ml���HVWUHSWRPLFLQD���2V�OHXFyFLWRV�IRUDP�FXO�
WLYDGRV�HP�SODFDV�GH����SRoRV��&RUQLQJ���HP�HVWXID�LQFXEDGRUD�D�����&�����GH�&22 HP�DU�DWPRVIpULFR��
����GH�XPLGDGH�H�FRQWDWR�FRP�DV�QDQRSDUWtFXODV�QDV�FRQFHQWUDo}HV�GH����FRQWUROH�������������H����+g 
ml���SRU����H���K�

3DUD�D�DYDOLDomR�GD�YLDELOLGDGH�FHOXODU����H���K�DSyV�D�LQFXEDomR�FRP�7%�DV�FpOXODV�IRUDP�FR�
UDGDV�FRP�$]XO�GH�7ULSDQ���������GLOXtGRV�HP�3%6��)RUDP�FRQWDGDV�DV�FpOXODV�YLiYHLV�H�LQYLiYHLV�FRP�
DX[tOLR�GH�XPD�FkPDUD�GH�1HXEDXHU�H�GH�XP�PLFURVFySLR�GH�OX]��&DUO =HLVV���2V�GDGRV�IRUDP�DYDOLDGRV�
SRU�$129$�H�61.��2V�YDORUHV�GH�3 ������IRUDP�FRQVLGHUDGRV�VLJQL¿FDWLYRV�



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014.532

3 reSultAdoS e diScuSSÃo

$�YLDELOLGDGH�GDV�FpOXODV�PDQWLGDV�HP�FRQWDWR�FRP�DV�GLIHUHQWHV�FRQFHQWUDo}HV�GH�QDQRSDUWt�
FXODV�GH�7%�SRU�XP�SHUtRGR�GH����H���K�SRGH�VHU�REVHUYDGD�QD�)LJXUD����$�PHGLGD�TXH�VH�DXPHQWRX�D�
FRQFHQWUDomR�D�YLDELOLGDGH�FHOXODU�IRL�DIHWDGD��3��������

6HPHOKDQWHPHQWH�DR�SUHVHQWH�HVWXGR��WUDEDOKRV�DQWHULRUHV�GHPRQVWUDUDP�TXH�GH���+g ml±��de 
QDQRSDUWtFXODV�GH�7%�QmR�DIHWDUDP�R�PHWDEROLVPR�H�D�YLDELOLGDGH�GH�FpOXODV�+�&��FXOWLYDGDV�in vitro 
�&,2)$1,�HW�DO�������D���0DLV�UHFHQWHPHQWH�%DOO�H�FRODERUDGRUHV��������QmR�REVHUYDUDP�HIHLWRV�FLWR�
Wy[LFRV�HP�scaffolds�SROLPpULFRV�FRQWHQGR�QDQRSDUWtFXODV�GH�7%�HP�RVWHREODVWRV�GH�UDWR��3RUWDQWR��VRE�
GHWHUPLQDGDV�FRQGLo}HV�HVVDV�13V�QmR�VmR�Wy[LFDV�SDUD�DOJXQV�WLSRV�GH�FpOXODV�GH�PDPtIHURV�FXOWLYDGDV 
in vitro.

3RU�RXWUR�ODGR��QR�SUHVHQWH�HVWXGR��D�PHGLGD�TXH�IRL�DXPHQWDGD�D�FRQFHQWUDomR�����H����+g 
ml±���D�YLDELOLGDGH�FHOXODU�GRV�OHXFyFLWRV�IRL�GLPLQXtGD�HP�DPERV�RV�WHPSRV�DYDOLDGRV�����H���K��)L�
JXUD�����2XWURV�HVWXGRV�Mi�HYLGHQFLDUDP�TXH�D�FRQFHQWUDomR�SDUHFH�VHU�GHWHUPLQDQWH�SDUD�D�WR[LFLGDGH�
GH�GLIHUHQWHV�13V��62+$(%8'',1�HW�DO���������=+$2�H�/,8���������SULQFLSDOPHQWH�SRU�DXPHQWDU�D�
LQWHUDomR�H�D�HQGRFLWRVH�GDV�QDQRSDUWtFXODV�SHODV�FpOXODV��$�HQWUDGD�GH�QDQRSDUWtFXODV�QDV�FpOXODV�SRGH�
FDXVDU�GDQRV�DV�PHPEUDQDV�SODVPiWLFDV��DR�'1$�H�DR�FRPSDUWLPHQWR�HQGRVV{PLFR��1(/�HW�DO���������
/,0$�HW�DO����������1HVVH�HVWXGR��SRVVLYHOPHQWH��R�DXPHQWR�GD�FRQFHQWUDomR�GH�QDQRSDUWtFXODV�GH�7%�
SRGH�WHU�UHVXOWDGR�HP�SURSRUFLRQDO�HQWUDGD�GHVWHV�QDV�FpOXODV�H�FDXVDGR�OHV}HV�HP�RUJDQHODV�H�HVWUXWXUDV�
FHOXODUHV��UHVXOWDQGR�HP�XPD�SHUGD�GH�YLDELOLGDGH�FHOXODU�GRVH�GHSHQGHQWH�

Figura 1. 9LDELOLGDGH�FHOXODU�GH�OHXFyFLWRV�ERYLQRV�FXOWLYDGRV�in vitro�H[SRVWRV�D�GLIHUHQWHV�FRQFHQWUDo}HV�
GH�QDQRSDUWtFXODV�7LWDQDWR�GH�%iULR��7%�������������H�����+g ml����HP�IXQomR�GR�WHPSR�����H�����KRUDV���2V�
UHVXOWDGRV�IRUDP�H[SUHVVRV�FRPR�PpGLD�(�HUUR�SDGUmR�GD�PpGLD��'LIHUHQoDV�VLJQL¿FDWLYDV�HQWUH�RV�JUXSRV�

H[SRVWRV�DV�QDQRSDUWtFXODV�H�R�FRQWUROH�VmR�LQGLFDGRV�SRU�3������

'H�IDWR��HVWXGRV�DQWHULRUHV�FRUURERUDP�HVVD�KLSyWHVH��6X]XNL��7R\RRND�H�,EXNL��������FRQVWDWD�
UDP�TXH�KRXYH�PDLRU�LQFRUSRUDomR�GH�QDQRSDUWtFXODV�GH�7L2��SRU�FpOXODV�RYDULDQDV�GH�KDPVWHU��TXDQGR�
HVWDV�FpOXODV�IRUDP�H[SRVWDV�D�HOHYDGDV�FRQFHQWUDo}HV�GHVWD�13��

2XWURV�DVSHFWRV�SRGHP�HVWDU�HQYROYLGRV�QD�FLWRWR[LFLGDGH�GH�13��(P�DOWDV�FRQFHQWUDo}HV��SRV�
VLYHOPHQWH�IDWRUHV�DGLFLRQDLV�LQÀXHQFLDP�QD�LQWHQVLGDGH�GDV�DOWHUDo}HV�QD�KRPHRVWDVH�FHOXODU��$OJXQV�
HVWXGRV�UHODWDUDP�TXH�RV�13V�SRGHP�DOWHUDU�D�GLVSRQLELOLGDGH�GH�FRPSRQHQWHV�GRV�PHLRV�GH�FXOWXUD�LP�
SRUWDQWHV�SDUD�D�PDQXWHQomR�GDV�DWLYLGDGHV�FHOXODUHV��&$6(<�HW�DO���������*82�HW�DO����������3RUWDQWR��
DOWDV�FRQFHQWUDo}HV�GH�13V�SRGHP�GHVHQFDGHDU�D�PRUWH�FHOXODU�SRU�GLPLQXLU�D�GLVSRQLELOLGDGH�GH�IDWRUHV�
de crescimento ou nutrientes nos sistemas de cultivo in vitro. 

&RQWXGR��HVWXGRV�DGLFLRQDLV�DLQGD�VmR�QHFHVViULRV�SDUD�GHWHUPLQDU�RV�PHFDQLVPRV�SHORV�TXDLV�
DV�QDQRSDUWtFXODV�GH�7%�LQGX]HP�D�FLWRWR[LFLGDGH�HP�OHXFyFLWRV�ERYLQRV�FXOWLYDGRV�in vitro.

4 concluSÃo

1DV�FRQGLo}HV�H[SHULPHQWDLV�DYDOLDGDV��DV�QDQRSDUWtFXODV�GH�7%�GLPLQXtUDP�D�YLDELOLGDGH�FHOX�
ODU�GH�OHXFyFLWRV�ERYLQRV�FXOWLYDGRV�in vitro.
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AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��)LQHS��&DSHV�H�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD��¬�
&$3(6�5HGH�1DQRELRWHF�%UDVLO��(GLWDO�&$3(6���&,,��������&134��),1(3��(0%5$3$��5HGH�$JUR�
1DQR�H�DR�/DERUDWyULR�1DFLRQDO�GH�1DQRWHFQRORJLD�SDUD�R�$JURQHJyFLR��/11$��

reFerÊnciAS

%$//��-�3���0281'��%�$���1,12��-�&���$//(1��-�%��%LRFRPSDWLEOH�HYDOXDWLRQ�RI�EDULXP� WLWDQDWH�
IRDPHG�FHUDPLF�VWUXFWXUHV�IRU�RUWKRSHGLF�DSSOLFDWLRQV��-RXUQDO�RI�%LRPHGLFDO�0DWHULDOV�5HVHDUFK�3DUW�
$��:LOOH\�2Q/LQH�/LEUDU\��Y�������Q�����S������������

&$6(<��$���+(5=2*��(���/<1*��)�0���%<51(��+�-���&+$0%(56��*���'$925(1��0��6LQJOH�ZDO�
OHG�FDUERQ�QDQRWXEHV�LQGXFH�LQGLUHFW�F\WRWR[LFLW\�E\�PHGLXP�GHSOHWLRQ�LQ�$����OXQJ�FHOOV��7R[LFRORJ\�
/HWWHUV��(OVHYLHU��Y�������Q�����S���������-XQ������

&,2)$1,�� *��� '$17,�� 6��� 026&$72�� 6���$/%(57$==,�� /��� '¶$/(66$1'52�� '��� ',18&&,��
'���&+,(//,1,��)���3(75,1,��0���0(1&,$66,��$��3UHSDUDWLRQ�RI�VWDEOH�GLVSHUVLRQ�RI�EDULXP�WLWDQDWH�
QDQRSDUWLFOHV��3RWHQWLDO�DSSOLFDWLRQV�LQ�ELRPHGLFLQH��&ROORLGV�DQG�6XUIDFHV�%��%LRLQWHUIDFHV��(OVHYLHU��
Y������Q�����S���������������D�

&,2)$1,��*���'$17,��6���'¶$/(66$1'52��'���026&$72��'���3(75,1,��0���0(1&,$66,��0��
%DULXP� WLWDQDWH�QDQRSDUWLFOHV��KLJKO\�F\WRFRPSDWLEOH�GLVSHUVLRQV� LQ�JO\FRO�FKLWRVDQ�DQG�GR[RUXELFLQ�
FRPSOH[HV�IRU�FDQFHU�WKHUDS\��1DQRVFDOH�UHVHDUFK�OHWWHUV��6SULQJHU��Y�����Q�����S�����������������E�

&,2)$1,��*���5,&277,��/���&$1$/(��&���'¶$/(66$1'52��'���%(55(77,1,��6���0$==2/$,��
%���0$772/,��9��(IIHFWV�RI�EDULXP�WLWDQDWH�QDQRSDUWLFOHV�RQ�SUROLIHUDWLRQ�DQG�GLIIHUHQWLDWLRQ�RI�UDW�PH�
VHQFK\PDO�VWHP�FHOOV��&ROORLGV�DQG�6XUIDFHV�%��%LRLQWHUIDFHV��(OVHYLHU��Y�������S����������������

*82��/���921�'(0�%866&+(��$���%8(&+1(5��0���<$1��$���.$1(��$�%���+857��5�+��$GVRUS�
WLRQ�RI�HVVHQWLDO�PLFURQXWULHQWV�E\�FDUERQ�QDQRWXEHV�DQG�WKH�LPSOLFDWLRQV�IRU�QDQRWR[LFLW\�WHVWLQJ��6PDOO��
:LOOH\�2Q/LQH�/LEUDU\��Y�����Q�����S����������������

/,0$��5���)(,726$��/�2���0$58<$0$��&��5���%$5*$��0��$���<$0$:$.,��3��&���9,(,5$��,��-���
7(,;(,5$��(��0���&255Ç$��$��&���0$77262��/�+�&���)5$&(72��/�)��(YDOXDWLRQ�RI�WKH�JHQRWR[L�
FLW\�RI�FHOOXORVH�QDQR¿EHUV��,QWHUQDWLRQDO�-RXUQDO�1DQRPHGLFLQH��Y����S������������������

1(/��$��(��0b'/(5��/���9(/(*2/��'���;,$��7���+2(.��(�0���620$681'$5$1��3���./$(6�
6,*��)���&$675$129$��9���7+203621��0��8QGHUVWDQGLQJ�ELRSK\VLFRFKHPLFDO�LQWHUDFWLRQV�DW�WKH�
QDQR±ELR�LQWHUIDFH��1DWXUH�0DWHULDOV��1DWXUH�3XEOLVKLQJ�*URXS��Y�����Q�����S����������������

48,1$��)��+��1DQRWHFQRORJLD�H�R�PHLR�DPELHQWH��SHUVSHFWLYDV�H�ULVFRV� 4XLPLFD�1RYD��6FLHOR��Y������
Q����S������������������

62+$(%8'',1��6��.���7+(9(127��3�7���%$.(5��'���($721��-�:���7$1*��/��1DQRPDWHULDO�F\WR�
WR[LFLW\�LV�FRPSRVLWLRQ��VL]H��DQG�FHOO�W\SH�GHSHQGHQW��3DUWLFOH�DQG�)LEUH�7R[LFRORJ\��%LR0HG�&HQWUDO��
Y�����S����������

68=8.,��+���72<22.$��7���,%8.,��<��6LPSOH�DQG�HDV\�PHWKRG�WR�HYDOXDWH�XSWDNH�SRWHQWLDO�RI�QD�
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7HFKQRORJ\��Y������Q�����S� ���������� �����

=+$2��;���/,8��5��5HFHQW�SURJUHVV�DQG�SHUVSHFWLYHV�RQ�WKH�WR[LFLW\�RI�FDUERQ�QDQRWXEHV�DW�RUJDQLVP��
RUJDQ��FHOO��DQG�ELRPDFURPROHFXOH�OHYHOV��(QYLURQPHQW�,QWHUQDWLRQDO��(OVHYLHU��Y������S����������������
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1 8QLYHUVLGDGH�)HGHUDO�GH�-XL]�GH�)RUD��-XL]�GH�)RUD��0*��2(PEUDSD�*DGR�GH�/HLWH��-XL]�GH�)RUD��
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eFFectS oF celluloSe nAnoFiber And cArbon nAnotube on enerGY me-
tAboliSm oF microAlGAe
Abstract
7KH� LPSDFWV� RI� FRWWRQ� FHOOXORVH� QDQR¿EHUV� �&1)�� DQG�0XOWL�ZDOOHG� FDUERQ� QDQRWXEHV� �0:&17�� RQ�
microalgae�.OHEVRUPLGLXP�ÀDFFLGXP�ZHUH�PHDVXUHG�DV�IXQFWLRQ�RI�FRQFHQWUDWLRQ��������DQG����+g ml����
DQG�WLPH�������������DQG���KU���7KH�SKRWRV\QWKHWLF�DFWLYLW\�DQG�$73�OHYHOV�RI�K.�ÀDFFLGXP�DIWHU�DGGLWLRQ�
RI�13V�ZHUH�PHDVXUHG�XVLQJ�D�3$0�ÀXRULPHWHU��,Q�RUGHU�WR�HYDOXDWH�PRUSKRORJLFDO��FHOOXODU�XOWUDVWUXFWXUH�
FKDQJHV�DQG�LQWHUDFWLRQ�EHWZHHQ�13V�DQG�K. ÀDFFLGXP��ZH�DQDO\]HG�PLFURDOJDH�FHOOV�E\�6FDQQLQJ�HOHF�
WURQ�PLFURVFRS\��6(0��DIWHU���KU�RI�FRQWDFW�ZLWK�13V�����+g ml�����'DWD�ZHUH�DQDO\]HG�E\�$129$��7KH�
DGGLWLRQ�RI�FRWWRQ�&1)�WR�FHOO�VXVSHQVLRQ��OHDGV�WR�D�IDOO�LQ�WKH�SKRWRV\QWKHWLF�UDWH�DIWHU���KU��3����������
+RZHYHU��WKH�SKRWRV\QWKHWLF�DFWLYLW\�UHPDLQV�FRQVWDQW�LQ�WKH�SUHVHQFH�RI�FRWWRQ�&1)V�DIWHU��������RU���KU�
RI�FXOWXUH��3�!��������,Q�WKH�FDVH�RI�0:&17�QR�SKRWRV\QWKHWLF�DFWLYLW\�YDULDWLRQ�ZDV�REVHUYHG��3�!��������
13V�VLJQL¿FDQWO\�GHFUHDVHG�FRQWHQW�$73��GHSHQGLQJ�RQ�FRQFHQWUDWLRQ�DQG�WLPH��3��������� 7KH�FHOO�VKULQN�
DJH�ZDV�QRWHG�RQ�WKH�FHOOV�WUHDWHG�ZLWK�ERWK�FRWWRQ�&1)V��DQG�0:&17V��,Q�FRQFOXVLRQ��ZH�KDYH�GHPRQ�
VWUDWHG�WKDW�H[SRVXUH�WR�FRWWRQ�&1)V�DQG�0:&17V�WR�DIIHFWV�FHOO�PHWDEROLVP�DQG�DOJDO�FHOO�PRUSKRORJ\�
Keywords: 3KRWRV\QWKHVLV��$73�OHYHOV��&HOO�PRUSKRORJ\��(FRWR[LFRORJ\

3XEOLFDo}HV�UHODFLRQDGDV��
3(5(,5$��0�0���028721��/���<(35(0,$1��&���&287(��$���/2��-���0$5&21&,1,��-�0���/$�
'(,5$��/�2���%$5%26$��1�5���%5$1'2��+�0���%5$<1(5��5��(FRWR[LFRORJLFDO�HIIHFWV�RI�FDUERQ�
QDQRWXEHV�DQG�FHOOXORVH�QDQR¿EHUV�LQ�Chlorella vulgaris��-RXUQDO�RI�1DQRELRWHFKQRORJ\��Y������S������
�����

1 introduÇÃo

$�QDQRWHFQRORJLD�WHP�XP�JUDQGH�SRWHQFLDO�GH�PHOKRUDU�D�TXDOLGDGH�GH�YLGD��HVSHFLDOPHQWH�SRU�
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EHQH¿FLDU�DV�iUHDV�GD�DJULFXOWXUD�H�LQG~VWULD�DOLPHQWtFLD��$OJXPDV�GDV�QDQRSDUWtFXODV��13V��H[LVWHQWHV�
LQFOXHP�DV�QDQR¿EUDV�GH�FHOXORVH��1)&V��DSOLFDGDV�HP�¿OPHV�QDQRFRPSyVLWRV�FRPHVWtYHLV��$=(5(�
'2�HW�DO���������H�RV�QDQRWXERV�GH�FDUERQR��17&��XVDGRV�QD�DQiOLVH�GH�SHVWLFLGDV�H� LQFUHPHQWR�QR�
FUHVFLPHQWR�GH�YHJHWDLV��)$1*�HW�DO����������&RQWXGR�D�OLEHUDomR�GH�13V�HP�GLIHUHQWHV�FRPSDUWLPHQ�
WRV�DPELHQWDLV��iJXD��VROR�H�DU��SRGH�UHVXOWDU�QD�VXD�PDLRU�ELRGLVSRQLELOLGDGH�H�DF~PXOR�DR�ORQJR�GDV�
FDGHLDV�DOLPHQWDUHV�FDXVDQGR�LPSDFWRV�QR�HFRVVLVWHPD��1HVWH�FRQWH[WR��DV�PLFURDOJDV�Klebsormidium 
ÀDFFLGXP�VmR�UHSUHVHQWDQWHV�WtSLFRV�GRV�SURGXWRUHV�SULPiULRV��%5$<1(5�HW�DO���������H�SRVVXHP�DP�
SOD�GLVWULEXLomR�QR�SODQHWD�KDELWDQGR�DPELHQWHV�DTXiWLFRV�H�WHUUHVWUHV��

3RUWDQWR��R�REMHWLYR�GHVWH�HVWXGR�IRL�DYDOLDU�RV�SRVVtYHLV�HIHLWRV�GH�1)&�H�17&�PXOWLFDPDGDV�
�0:&17��QR�PHWDEROLVPR�HQHUJpWLFR�GD�PLFURDOJD�.��ÀDFFLGXP�

2 mAteriAiS e métodoS

$V�PLFURDOJDV�.��ÀDFFLGXP�IRUDP�REWLGDV�QD�DOJRWHFD�GR�0XVHX�1DFLRQDO�GH�+LVWyULD�1DWXUDO�
GD�)UDQoD�� $V�PLFURDOJDV����[�����FpOXODV�PO�����IRUDP�FUHVFLGDV�HP�PHLR�%ROG¶V�EDVDO��%%���HP�����&��
LOXPLQDomR�GH�������+mol m�� s������K�OX]�H���K�HVFXUR��H�DHUDomR�FRQVWDQWH��$V�PLFURDOJDV�IRUDP�PDQ�
WLGDV�HP�FRQWDWR�DV�1)&��GLkPHWUR�������QP��FRPSULPHQWR���������+P��RX�0:&17��GLkPHWUR����QP��
FRPSULPHQWR��������+P���QDV�FRQFHQWUDo}HV�GH����FRQWUROH���������H����+g ml���SRU������������H���K�

$�H¿FLrQFLD�TXkQWLFD�Pi[LPD�GR�IRWRVVLVWHPD�,,��)Y�)P��IRL�DYDOLDGD�XWLOL]DQGR�VH�R�ÀXRU{PH�
WUR�GH�DPSOLWXGH�GH�SXOVR�PRGXODGR��3$0��+DQVDWHFK�,QVWUXPHQWV���3DUD�D�PLFURVFRSLD�GH�YDUUHGXUD�
�0(9���DV�PLFURDOJDV�����+g ml���HP���K�GH�H[SRVLomR���IRUDP�¿[DGDV�HP�VROXomR�FRQWHQGR������GH�
JOXWDUDOGHtGR�H������GH�iFLGR�StFULFR�HP�3%6�SRU���K�(P�VHJXLGD�DV�FpOXODV�IRUDP�WUDWDGDV�FRP�WHWUy�
[LGR�GH�ÏVPLR����SRU��K�D����&�H�GHVLGUDWDGDV�j�WHPSHUDWXUD�DPELHQWH�HP�HWDQRO����������������H�
�������XPD�YH]�SRU����PLQ�HP�FDGD�FRQFHQWUDomR��2V�QtYHLV�LQWUDFHOXODUHV�GH�$73�IRUDP�TXDQWL¿FDGRV�
com o kit ATP bioluminescent assay��)/�$$��GH�DFRUGR�FRP�DV�LQVWUXo}HV�GR�IDEULFDQWH��$�OXPLQHVFrQ�
FLD�IRL�OLGD�HP�HTXLSDPHQWR�Envision Multilabel Plate Reader��3HUNLQ�(OPHU��86$���

2V�UHVXOWDGRV�IRUDP�DYDOLDGRV�SRU�$129$�H�DV�PpGLDV�FRPSDUDGDV�SHOR�WHVWH�GH�61.��2V�YD�
ORUHV�GH�3�PHQRUHV�TXH������IRUDP�FRQVLGHUDGRV�VLJQL¿FDWLYRV��2V�UHVXOWDGRV�IRUDP�DSUHVHQWDGRV�FRPR�
PpGLDV�(�(3�GD�PpGLD��

3 reSultAdoS e diScuSSÃo

3.1 (IHLWR�GDV�QDQRSDUWtFXODV�QD�H¿FLrQFLD�IRWRVVLQWpWLFD�GDV�PLFURDOJDV

$�DGLomR�GH�0:&17�QmR�FDXVRX�HIHLWRV�DGYHUVRV� �3!������QD� IRWRVVtQWHVH�GH�.��ÀDFFLGXP 
�)LJXUD��$���3RUpP��D�H[SRVLomR�jV�1)&V�SURPRYHX�XPD�UHGXomR�QD�WD[D�IRWRVVLQWpWLFD�HP�WRGDV�DV�
FRQFHQWUDo}HV��3��������QDV�SULPHLUDV���K�GH�H[SRVLomR��QRUPDOL]DQGR�DV�WD[DV�DSyV�HVWH�SHUtRGR��6H�
PHOKDQWHPHQWH�DR�SUHVHQWH�HVWXGR��6FKZDE�H�FRODERUDGRUHV��������GHPRQVWUDUDP�TXH�D�DWLYLGDGH�IRWRV�
VLQWpWLFD�GD�PLFURDOJD�C. vulgaris�SHUPDQHFHX�LQDOWHUDGD�DSyV�H[SRVLomR�D���PJ�GH�17&V�

Figura 1. (IHLWRV�GH�1)&V�H�0:&17V��������H�����+g ml����QR�PHWDEROLVPR�HQHUJpWLFR�GH�.��ÀDFFLGXP�DSyV�
SRU������������H����KRUDV�GH�H[SRVLomR��$��(¿FLrQFLD�TXkQWLFD�Pi[LPD�GR�IRWRVVLVWHPD�,,��)Y�)P���%��&RQWH~GR�

GH�$73�LQWUDFHOXODU��'LIHUHQoDV�VLJQL¿FDWLYDV�HQWUH�RV�JUXSRV�WHVWHV��1)&�RX�0:&17��H�R�FRQWUROH�VmR�
LQGLFDGRV�SRU�3������
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3RU�RXWUR�ODGR��RXWUDV�13V�SRGHP�DOWHUDU�D�WD[D�)Y�)P�GH�DOJDV��FRPR�DV�13V�GH�=Q2��%5$<1(5�
HW�DO����������*DR�H�FRODERUDGRUHV��������GHPRQVWUDUDP�TXH�XP�GRV�HIHLWRV�Wy[LFR�GDV�13V�VREUH�RU�
JDQLVPRV� IRWRVVLQWpWLFRV�p�D� UHGXomR�GD�H¿FLrQFLD� IRWRTXtPLFD�GR� IRWRVVLVWHPD� ,,��(P�.��ÀDFFLGXP� 
HVWH�HIHLWR�QRFLYR�SDUHFH�HVWDU�UHODFLRQDGR�DR�WLSR�GH�13��PDLRU�HIHLWR�GDV�1)&�TXDQGR�FRPSDUDGR�DRV�
0:&17V���3RVVLYHOPHQWH��R�DF~PXOR�GH�1)&V�QD�VXSHUItFLH�GDV�PLFURDOJDV LQLELX�D�DWLYLGDGH�IRWRVVLQ�
WpWLFD��GHYLGR�D�GLPLQXLomR�GH�WURFDV�JDVRVDV�H�HQWUDGD�GH�QXWULHQWHV�QDV�FpOXODV��$SHVDU�GH�WHU�RFRUULGR�
D�DGVRUomR�GH�DPEDV�DV�13V��0:&17�RX�1)&��j�SDUHGH�FHOXODU�GDV�FpOXODV��)LJXUD��%�&���SURYDYHO�
PHQWH��DTXHODV�H[SRVWDV�jV�1)&V�IRUDP�HQYROWDV�SRU�XPD�HVWUXWXUD�VHPHOKDQWH�D�XP�JHO�LQWHQVL¿FDQGR�
RV�HIHLWRV�DGYHUVRV�GD�DGVRUomR�GH�13V�jV�FpOXODV��

Figura 2. 0LFURJUD¿D�HOHWU{QLFD�GH�YDUUHGXUD�GH�FpOXODV�GH�.��ÀDFFLGXP�H[SRVWDV�D����+g ml���GH�0:&17�RX�
1)&�SRU����KRUDV��&RQWUROH�GH�.��ÀDFFLGXP��A���.��ÀDFFLGXP�H[SRVWDV�D�0:&17V��b��RX�jV�1)&V��c���

(VVH�IHQ{PHQR�SRGH�VHU�H[SOLFDGR�SHOD�¿VLRORJLD�GDV�PLFURDOJDV�H�RX�SHODV�FDUDFWHUtVWLFDV�GDV�
13V�XWLOL]DGRV�QHVWH�WUDEDOKR��$�LQWHUDomR�HQWUH�DV�13V�H�R�¿WRSOkQFWRQ�SURGX]�VXEVWkQFLDV�SROLPpUL�
FDV�H[WUDFHOXODUHV�FRQKHFLGDV�FRPR�H[RSROLVVDFUtGHRV��(36���%5$<1(5�HW�DO���������FRPR�UHVSRVWD�
DGDSWDWLYD� DR� HVWUHVVH� DPELHQWDO��(P�FpOXODV� H[SRVWDV� jV�1)&V�� XPD�PDLRU� IRUPDomR�GH� VXEVWkQFLD�
JHODWLQRVD�SRGH�WHU�RFRUULGR�GHYLGR�D�FRQVWLWXLomR�GHVVD�13��$�FHOXORVH�p�FRPSRVWD�GH�ORQJDV�FDGHLDV�
SROLPpULFDV�GH�JOLFRVH��H�p�SRVVtYHO�VXJHULU�TXH�DV�FDGHLDV�SROLPpULFDV�GDV�1)&V�WHQKDP�VLGR�UHWLFXODGDV�
SHORV�(36�SURGX]LGRV�SHODV�PLFURDOJDV��IRUPDQGR�DVVLP�XPD�VXEVWkQFLD�JHODWLQRVD��$GLFLRQDOPHQWH��
DV�LPDJHQV�GH�0(9�GHPRQVWUDUDP�GDQRV�FDXVDGRV�QD�SDUHGH�FHOXODU�GDV�PLFURDOJDV�H[SRVWDV�jV�13V�
�)LJXUD��%�&��SRGH�WHU�LPSOLFDo}HV�FLWRWy[LFDV��'H�IDWR�DQiOLVHV�SRVWHULRUHV�GD�SURGXomR�GH�$73�FHOXODU�
HYLGHQFLDUDP�TXH�DPEDV�DV�13V�HVWXGDGDV�SUHMXGLFDUDP�D�SURGXomR�GH�HQHUJLD�SHODV�PLFURDOJDV�H�VHUmR�
GLVFXWLGDV�DEDL[R�

3.2 efeitos das nanopartículas nos níveis intracelulares de AtP

$�SURGXomR�GH�$73�SRGH�VHU�XP�DOYR�GH� WR[LFLGDGH�UHODFLRQDGR�D�H[SRVLomR�FHOXODU�jV�13V��
3DUD�YHUL¿FDU�HVVH�HIHLWR��IRUDP�DYDOLDGRV�RV�QtYHLV�LQWUDFHOXODUHV�GH�$73�DSyV�H[SRVLomR�jV�1)&V�H�DRV�
0:&17V��)LJXUD��%���'H�PDQHLUD�JHUDO��DV�13V�FDXVDUDP�GLPLQXLomR�QRV�QtYHLV�GH�$73��3�������GH�
DFRUGR�FRP�FRQFHQWUDo}HV�H�WHPSRV�HVSHFt¿FRV��)LJXUD��%���

3RXFR�VH�FRQKHFH�VREUH�RV�HIHLWRV�SRWHQFLDLV�GH�13V�QDV�PLWRF{QGULDV��3KHQUDW�H�FRODERUDGRUHV�
�������GHPRQVWUDUDP�TXH�DV�13�GH�IHUUR�YDOrQFLD�]HUR�LQGX]LUDP�D�GLPLQXLomR�QRV�QtYHLV�GH�$73�FHOX�
ODU��2�$73�p�D�PROpFXOD�GH�HQHUJLD�PDLV�XWLOL]DGD�SHODV�FpOXODV�YLYDV��H�VHX�GHFOtQLR�p�LQGLFDWLYR�GH�SHUGD�
GH�IXQomR�PLWRFRQGULDO��$VVLP��RV�QtYHLV�GH�$73�UHSUHVHQWDP�R�HVWDGR�PHWDEyOLFR�GH�FpOXODV�DWLYDV��1R�
SUHVHQWH�HVWXGR��D�PXGDQoD�QRV�QtYHLV�GH�$73�QDV�PLFURDOJDV�WUDWDGDV�FRP�13V�FRPSDUDGD�FRP�DV�GR�
JUXSR�FRQWUROH�VXJHUH�TXH�WDQWR�DV�1)&V�TXDQWR�RV�0:&17V�SUHMXGLFDP�R�PHWDEROLVPR�HQHUJpWLFR�GH�
.��ÀDFFLGXP��

4 concluSÃo

1DV�FRQGLo}HV�H[SHULPHQWDLV�DYDOLDGDV��DV�1)&V�LQÀXHQFLDUDP�DV�WD[DV�IRWRVVLQWpWLFD�H�WDQWR�DV�
1)&V�TXDQWR�RV�0:&17V�SUHMXGLFDUDP�R�PHWDEROLVPR�HQHUJpWLFR�GDV�PLFURDOJDV�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��)LQHS��&DSHV�H�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD��¬�
&$3(6�5HGH�1DQRELRWHF�%UDVLO��(GLWDO�&$3(6���&,,��������&134��),1(3��(0%5$3$��5HGH�$JUR�
1DQR��DR�/DERUDWyULR�1DFLRQDO�GH�1DQRWHFQRORJLD�SDUD�R�$JURQHJyFLR��/11$��H�DR�/DERUDWyULR�GH�
1DQRPDWHULDLV�GD�8)0*�
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$&6�3XEOLFDWLRQV��Y������Q�����S����������������

6&+:$%��)���%8&+(/,��7�'���/8.+(/(��/�3���0$*5(=��$���12:$&.��%���6,**�/���.1$8(5��
.��$UH�FDUERQ�QDQRWXEH�HIIHFWV�RQ�JUHHQ�DOJDH�FDXVHG�E\�VKDGLQJ�DQG�DJJORPHUDWLRQ"�(QYLURQPHQWDO�
6FLHQFH�DQG�7HFKQRORJ\��$&6�3XEOLFDWLRQV��Y�����Q������S�������������������
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18QLYHUVLGDGH�)HGHUDO�GH�-XL]�GH�)RUD��-XL]�GH�)RUD��0*��2(PEUDSD�*DGR�GH�/HLWH��-XL]�GH�)RUD��
0*����8QLYHUVLGDGH�)HGHUDO�GH�2XUR�3UHWR��2XUR�3UHWR��0*���0XVpXP�1DWLRQDO�G¶+LVWRLUH�1DWXUHOOH��
3DULV��)UDQFH���,QWHUIDFHV��7UDLWHPHQWV��2UJDQLVDWLRQ�HW�'\QDPLTXH�GHV�6\VWqPHV��8QLYHUVLWp�GH�3DULV�

'LGHURW��3DULV��)UDQFH���(PEUDSD�,QVWUXPHQWDomR�$JURSHFXiULD��6mR�&DUORV��63�
PLPXQNELR#JPDLO�FRP

&ODVVL¿FDomR��(VWXGR�GRV�DVSHFWRV�GH�VHJXUDQoD�HP�QDQRWHFQRORJLD��

resumo
$V�QDQR¿EUDV�GH�FHOXORVH��1)&��VmR�SURPLVVRUHV�QDQRPDWHULDLV��10V��TXH�VH�GHVWDFDP�GHYLGR�D�LP�
SRUWDQWHV�FDUDFWHUtVWLFDV�PHFkQLFDV�H�GHYLGR�DR�VHX�FDUiWHU�UHQRYiYHO�H�DEXQGDQWH��(QWUHWDQWR��PDWHULDLV�
QD�HVFDOD�QDQRPpWULFD�SRGHP�VHU�PDLV�HFRWy[LFRV�TXH�RV�PHVPRV�PDWHULDLV�QD�HVFDOD�QDWXUDO��GHYLGR�DR�
DXPHQWR�GD�iUHD�GH�VXSHUItFLH�H�FRQVHTXHQWH�PDLRU�H[SRVLomR�GH�JUXSRV�UHDWLYRV�QD�LQWHUIDFH��2�LPSDFWR�
GDV�1)&�QD�PLFURDOJD K.�ÀDFFLGXP�IRL�DYDOLDGR�HP�IXQomR�GH�GLIHUHQWHV�FRQFHQWUDo}HV��������H����+g 
P/�����H�WHPSRV�GH�H[SRVLomR�������������H���K���)RUDP�HVWXGDGDV�D�FDUJD�GH�VXSHUItFLH��D�DJUHJDomR��D�
LQWHUDomR�GDV�1)&�FRP�DV�FpOXODV�H�D�YLDELOLGDGH�GDV�PLFURDOJDV�H[SRVWDV�D�HVWD�QDQR¿EUDV��2V�UHVXOWD�
GRV�GHPRQVWUDUDP�TXH�DV�FpOXODV�H[SRVWDV�jV�1)&V�SURGX]LUDP�H[RSROLVVDFDUtGHRV��1mR�IRUDP�HQFRQ�
WUDGDV�1)&�GHQWUR�GDV�FpOXODV�DSyV�DYDOLDomR�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR��0(7���SRUpP��
GH�IRUPD�JHUDO�DV�1)&V�GLPLQXtUDP�D�YLDELOLGDGH�FHOXODU�GDV�PLFURDOJDV�HP�WRGDV�DV�FRQFHQWUDo}HV�����
���H����+g ml����H�WHPSRV�DYDOLDGRV�������������H���K���
Palavras-chave��1DQRPDWHULDLV��(FRWR[LFRORJLD��%LRLQGLFDGRUHV
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AGGreGAtion And SurFAce cHArGe: imPlicAtionS For cYtotoxicitY oF 
celluloSe nAnoFiberS
Abstract
&HOOXORVH�QDQR¿EHUV��&1)��KDV�DWWUDFWHG�D�ORW�RI�DWWHQWLRQ�UHFHQWO\�DV�D�QDWXUDO��DEXQGDQW�SRO\PHU�ZLWK�
H[FHOOHQW�PHFKDQLFDO�SURSHUWLHV�DQG�ELRGHJUDEOH��+RZHYHU��PDWHULDOV�LQ�QDQRVFDOH�FDQ�EH�PRUH�HFRWR[LF�
WKDQ�EXON�PDWHULDOV�ZLWK�WKH�VDPH�FRPSRVLWLRQ��PRVWO\�EHFDXVH�RI�WKHLU�LQFUHDVHG�VSHFL¿F�VXUIDFH�DUHD�
DQG�FRQVHTXHQW�LQFUHDVHG�H[SRVXUH�RI�UHDFWLYH�JURXSV��7KH�LPSDFWV�RI�&1)�RQ K.�ÀDFFLGXP�ZHUH�PHD�
VXUHG�DV�IXQFWLRQ�RI�FRQFHQWUDWLRQ��������DQG����+J�P/�����DQG�WLPH�������������DQG���K���5HVSRQVHV�
VXFK�DV�VXUIDFH�FKDUJH��DJJUHJDWLRQ��FHOO�XSWDNH�DQG�FHOO�YLDELOLW\�ZHUH�HYDOXDWHG��,W�ZDV�REVHUYHG�WKDW�
H[SRVHG�FHOOV�WR�&1)V�SURGXFHG�RI�H[RSRO\VDFFKDULGH��(36���1R�SDUWLFOHV�ZHUH�IRXQG�LQVLGH�WKH�FHOOV�
E\� WUDQVPLVVLRQ� HOHFWURQ�PLFURVFRS\� �7(0��� KRZHYHU� JHQHUDOO\��&1)�GHFUHDVHG� FHOO� YLDELOLW\� DW� DOO�
FRQFHQWUDWLRQV��������DQG����+J�PO����DQG�WLPHV�������������DQG���K��
Keywords: 1DQRPDWHULDOV��(FRWR[LFRORJ\��%LRLQGLFDWRUV

3XEOLFDo}HV�UHODFLRQDGDV
3(5(,5$��0��3��028721��/���<e35e0,$1��&���&287e��$���/2��-���0$5&21&,1,��-��0���/$�
'(,5$��2��/���5$3262��1��5��%���%5$1'2��+��0���%5$<1(5��5��(FRWR[LFRORJLFDO�HIIHFWV�RI�
FDUERQR�QDQRWXEHV�DQG�FHOXORVH�QDQR¿EHUV� LQ�Chlorella vulgaris��1DQRELRWHFKQRORJ\��Y������Q�����S��
������������

1 introduÇÃo

1RV�~OWLPRV�DQRV�REVHUYD�VH�XP�JUDQGH�DXPHQWR�QD�SURGXomR�GRV�PDLV�GLYHUVRV�WLSRV�GH�QDQR�
PDWHULDLV��10V��SHOD�LQG~VWULD�QDQRWHFQROyJLFD��HP�HVSHFLDO�DV�¿EUDV�GH�FHOXORVH�GHVWDFDP�VH�GHYLGR�DR�
VHX�FDUiWHU�UHQRYiYHO�H�DEXQGDQWH��$SHVDU�GD�VHX�HOHYDGR�FDUiWHU�KLJURVFySLFR�H�D�WHQGrQFLD�GH�IRUPDU�
DJUHJDGRV�DV�QDQR¿EUDV�GH�FHOXORVH��1)&V��SRGHP�VHU�HPSUHJDGDV�QR�UHIRUoR�GH�PDWUL]HV�SROLPpULFDV��
QD�LQG~VWULD�DOLPHQWtFLD��QD�PHGLFLQD�KXPDQD�H�YHWHULQiULD�H�QR�DJURQHJyFLR��7(;(,5$�HW�DO�� �������
7RGDYLD��SDUD�JDUDQWLU�R�VHJXUR�XVR�GDV�1)&V�VmR�QHFHVViULRV�HVWXGRV� WR[LFROyJLFRV��XPD�YH]�TXH�D�
WR[LFLGDGH�GRV�10V�SRGH�HVWDU�GLUHWDPHQWH�UHODFLRQDGD�DR�VHX�WDPDQKR��.$*$1��%$<,5�H�6+(9(�
'29$���������

2�REMHWLYR�GHVWH�WUDEDOKR�IRL�DYDOLDU�D�SRVVtYHO�HFRWR[LFLGDGH�GDV�1)&V�HP�PLFURDOJDV�GD�HVSp�
cie .OHEVRUPLGLXP�ÀDFFLGXP�H�HVWXGDU�R�WDPDQKR�GDV�1)&V�DR�ORQJR�GR�WHPSR��EHP�FRPR�D�FDUJD�GH�
VXSHUItFLH�HP�GLIHUHQWHV�YDORUHV�S+�

2 mAteriAiS e métodoS

$V�PLFURDOJDV�.��ÀDFFLGXP����[�����FpOXODV�PO����IRUDP�REWLGDV�QD�DOJRWHFD�GR�0XVHX�1DFLRQDO�
GH�+LVWyULD�1DWXUDO�GD�)UDQoD�H� FUHVFLGDV� HP�PHLR�%ROG¶V�EDVDO� �%%��HP�����&�� LOXPLQDomR�GH����
��+mol m�� s������K�OX]�H���K�HVFXUR��H�DHUDomR�FRQVWDQWH��$V�PLFURDOJDV�IRUDP�PDQWLGRV�HP�FRQWDWR�
FRP�DV�1)&��GLkPHWUR������QP��FRPSULPHQWR���������+P��QDV�FRQFHQWUDo}HV�GH����FRQWUROH���������H�
���+g ml���SRU������������H���K��

2�HVWDGR�GH�GLVSHUVmR�H�DV�IRUoDV�GH�FDUJD�GD�VXSHUItFLH�LQWHUSDUWtFXODV��3RWHQFLDO�=HWD��3=��GDV�
1)&V�QRV�PHLRV�GH�FXOWXUD�����+g ml±���IRUDP�FDUDFWHUL]DGRV�XVDQGR�XP�=HWDVL]HU�1DQR�=6��0DOYHUQ�
,QVWUXPHQWV��5HLQR�8QLGR���$SyV����K�GH�H[SRVLomR�jV�1)&V�����+g ml�����DV�PLFURDOJDV�IRUDP�FRUDGDV�
FRP�WLQWD�WLSR�QDQTXLP�SDUD�DYDOLDomR�GD�SURGXomR�H[RSROLVVDFDUtGHRV��(36��H�REVHUYDGDV�FRP�R�DX�
[tOLR�GH�PLFURVFRSLD�GH�OX]��=HLVV�3ULPR�6WDU���3DUD�D�PLFURVFRSLD�GH�YDUUHGXUD��0(9���DV�PLFURDOJDV�
����+g ml���HP���K�GH�H[SRVLomR��IRUDP�¿[DGDV�HP�VROXomR�FRQWHQGR������GH�JOXWDUDOGHtGR�H������GH�
iFLGR�StFULFR��H�WUDWDGDV�FRP�WHWUy[LGR�GH�ÏVPLR����H�GHVLGUDWDGDV�j�WHPSHUDWXUD�DPELHQWH�HP�HWDQRO�
���������������H��������3RVWHULRUPHQWH��R�PDWHULDO�GHVLGUDWDGR�IRL�LQFOXVR�HP�SDUD¿QD�H�FRUWDGR�HP�
XOWUDPLFUyWRPR��5HLFKHUW��-XQJ�8OWUDFXW�(��/HLFD���$V�LPDJHQV�IRUDP�REWLGDV�HP�XP�HTXLSDPHQWR�+LWD�
FKL�+�����RSHUDQGR�FRP�YROWDJHP�D���N9�H�HTXLSDGR�FRP�XPD�FkPDUD�+DPDWVX��$�YLDELOLGDGH�FHOXODU�
IRL�DYDOLDGD�FRP�DX[tOLR�GR�FRQWDGRU�FHOXODU�&HOOR0HWWHU�$XWR�7���1H[FHORP�%LRVFLHQFH��XWLOL]DQGR�R�
FRUDQWH�$]XO�GH�7ULSDQ����������

2V�UHVXOWDGRV�IRUDP�DYDOLDGRV�SRU�$129$�H�DV�PpGLDV�FRPSDUDGDV�SHOR�WHVWH�GH�61.��2V�YD�
ORUHV�GH�3�PHQRUHV�TXH������IRUDP�FRQVLGHUDGRV�VLJQL¿FDWLYRV��2V�UHVXOWDGRV�IRUDP�DSUHVHQWDGRV�FRPR�
PpGLDV�(�(3�GD�PpGLD��
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3 reSultAdoS e diScuSSÃo

2V�UHVXOWDGRV�GD�)LJXUD��$�GHPRQVWUDUDP�TXH�DV�1)&V�VmR�FDUUHJDGDV�QHJDWLYDPHQWH��H�HVWD�
FDUJD�WHQGH�D�GLPLQXLU�HP�PyGXOR�FRP�YDORUHV�GH�S+�DOWRV�

Figura 1. $YDOLDomR�GR�3RWHQFLDO�=HWD��3=��H�DJUHJDomR�GDV�1)&V�HP�GLIHUHQWHV�FRQGLo}HV��$��9DULDomR�GR�
3=�QD�VROXomR�GH�.OHEVRUPLGLXP�ÀDFFLGXP�H[SRVWDV�jV�1)&V�HP�GLIHUHQWHV�S+V�DSyV����KRUDV��%��7DPDQKR�

KLGURGLQkPLFR�GDV�SDUWtFXODV�DSyV������������H����KRUDV��'DGRV�DSUHVHQWDGRV�SHOD�PpGLD�

(VVHV�YDORUHV�VXJHUHP�TXH�H[LVWHP�SRXFRV�VtWLRV�FDWL{QLFRV�QDV�PLFURDOJDV�SDUD�D�DGVRUomR�GH�
10V�FDUUHJDGRV�QHJDWLYDPHQWH��3RUpP��D�FRQWUDVWDomR�GDV�PLFURDOJDV�SRU�WLQWD�QDQTXLP�GHPRQVWURX�
XPD�PDLRU�SUHVHQoD�GH�(36�QDV�FpOXODV�H[SRVWDV�jV�1)&V��)LJXUD��%��TXDQGR�FRPSDUDGD�DR�FRQWUROH��
(VVD�SURGXomR�GH�(36�RFRUUH�GHYLGR�D�LQWHUDomR�HQWUH�RV�10V�H�R�¿WRSOkQFWRQ��%5$<1(5�HW�DO���������
FRPR�UHVSRVWD�DGDSWDWLYD�DR�HVWUHVVH�DPELHQWDO��3RU�RXWUR�ODGR��SRGH�VH�REVHUYDU�QRV�HVWXGRV�GH�0(7�
�)LJXUD��'��VHWD��TXH�D�LQWHUDomR�HQWUH�DV�1)&V�H�DV�FpOXODV�GDV�PLFURDOJDV�VH�UHVWULQJLX�j�VXSHUItFLH�
H[WHUQD�GD�SDUHGH�FHOXODU��SURYDYHOPHQWH�GHYLGR�D�UHSXOVmR�HOHWURVWiWLFD�HQWUH�HVVHV�10V�H�R�LQWHULRU�GDV�
FpOXODV�GDV�PLFURDOJDV��:,/+(/0���������

Figura 2. (IHLWRV�FLWRWy[LFRV�GD�H[SRVLomR�GH�.OHEVRUPLGLXP�ÀDFFLGXP�jV�1)&V��$��%��9LVXDOL]DomR�GD�
SURGXomR�GH�H[RSROLVVDFDUtGHR�SRU�PLFURVFRSLD�GH�OX]��$��FRQWUROH��%��FpOXODV�H[SRVWDV�D����+g ml����1)&���
&��'��0LFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR�GH�FpOXODV�FRQWUROH��&��H�H[SRVWDV�D����+g ml����1)&��'���$�VHWD�

LQGLFD�D�DGVRUomR�GH�10V�QD�SDUHGH�FHOXODU��(��9LDELOLGDGH�FHOXODU�GH�.��ÀDFFLGXP�H[SRVWDV�j�1)&�HP�GLIHUHQWHV�
FRQGLo}HV��9DORUHV�H[SUHVVRV�FRPR�PpGLD�(�HUUR�SDGUmR�GD�PpGLD��'LIHUHQoDV�HQWUH�RV�JUXSRV�H[SRVWRV�jV�1)&V�

H�R�FRQWUROH�VmR�LQGLFDGRV�SRU�3������

'H�PDQHLUD� JHUDO�� R� HVWXGR� GH� YLDELOLGDGH� FHOXODU� UHYHORX� TXH� DV�1)&V� VmR� SRWHQFLDOPHQWH�
FLWRWy[LFDV�SDUD�DV�PLFURDOJDV�.��ÀDFFLGXP��)LJXUD��(���$�GLPLQXLomR�GD�SRUFHQWDJHP�GD�YLDELOLGDGH�
FDXVDGD�SHODV�1)&V�SURYDYHOPHQWH�RFRUUHX�GHYLGR�D�REVWUXomR�GD�SDUHGH�FHOXODU�H[WHUQD�SHOD�DGVRUomR�
GHVVHV�10V��,VVR�SRGH�DFDUUHWDU�HP�GLPLQXLomR�GR�IRUQHFLPHQWR�GH�QXWULHQWHV��DHUDomR�H�LOXPLQDomR�QR�
VLVWHPD�GH�FXOWXUD�SDUD�DV�PLFURDOJDV��6RE�HVVDV�FLUFXQVWkQFLDV��DV�FpOXODV�SRGHP�WHU�VRIULGR�HVWUHVVH�
SHOD�UHVWULomR�GH�QXWULHQWHV�HVVHQFLDLV�GHFRUUHQWH�GR�DXPHQWR�GD�FRPSHWLomR�HQWUH�DV�PLFURDOJDV�

3RU�RXWUR�ODGR��FRPR�REVHUYDGR�QD�)LJXUD��(�Ki�XP�DXPHQWR�GD�YLDELOLGDGH�FHOXODU�DR�ORQJR�
GR�WHPSR�QD�FRQFHQWUDomR�GH���H����+g ml����GH�1)&��7DO�IDWR�SRGH�VHU�H[SOLFDGR�SHOD�IRUPDomR�GH�
DJUHJDGRV�GH�1)&V�GHYLGR�j�LQVWDELOLGDGH�HOHWURVWiWLFD�DSUHVHQWDGD�SHODV�PHVPDV��)LJXUD��%���2�3=�
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DSUHVHQWDGR�SHODV�1)&V�DVVXPH�YDORUHV�DEDL[R�GH����P9�HP�PyGXOR��R�TXH�FDUDFWHUL]D�XP�VLVWHPD�HOH�
WURQLFDPHQWH�LQVWiYHO��)LJXUD��$���(VVH�FRPSRUWDPHQWR�SRGH�H[SOLFDU�R�DXPHQWR�GR�WDPDQKR�GDV�1)&V�
DR�ORQJR�GR�WHPSR��)LJXUD��%���$�FRQVHTXrQFLD�GHVVH�IHQ{PHQR�SRGH�VHU�D�GLPLQXLomR�GD�REVWUXomR�GD�
SDUHGH�FHOXODU�GDV�PLFURDOJDV�IDYRUHFHQGR�VHX�FUHVFLPHQWR��3RUWDQWR��D�SRUFHQWDJHP�GH�FpOXODV�YLiYHLV�
HP�PDLRUHV�WHPSRV�GH�H[SRVLomR�SRGH�HVWDU�UHODFLRQDGD�FRP�R�DXPHQWR�GD�DJUHJDomR�GDV�1)&V�

4 concluSÃo

2V�UHVXOWDGRV�FRQ¿UPDP�TXH�D�H[SRVLomR�GDV�PLFURDOJDV�.��ÀDFFLGXP�jV�1)&V�DIHWDP�D�YLD�
ELOLGDGH�FHOXODU��SULQFLSDOPHQWH�QDV�SULPHLUDV����H���K��7RGDYLD��GHYLGR�j� LQVWDELOLGDGH�HOHWURVWiWLFD�
DSUHVHQWDGD�SHOD�1)&V��D�YLDELOLGDGH�WHQGH�D�DXPHQWDU�QDV�FRQFHQWUDo}HV�GH���H����+g ml����1)&��HP�
IXQomR�GD�DJUHJDomR�GDV�1)&V�DR�ORQJR�GR�WHPSR�����H���K��

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��)LQHS��&DSHV�H�3URMHWR�03��5HGH�$JURQDQR�±�(PEUDSD��¬�
&$3(6�5HGH�1DQRELRWHF�%UDVLO��(GLWDO�&$3(6���&,,��������&134��),1(3��(0%5$3$��5HGH�$JUR�
1DQR�H�DR�/DERUDWyULR�1DFLRQDO�GH�1DQRWHFQRORJLD�SDUD�R�$JURQHJyFLR��/11$��

reFerÊnciAS

.$*$1��9�(���%$<,5��+���6+(9('29$��$�$��1DQRPHGLFLQH�DQG�QDQRWR[LFRORJ\��WZR�VLGHV�RI�VDPH�
FRLQ��1DQRPHGLFLQH��(OVHYLHU��Y�����Q�����S����������������

7(;(,5$��(��0���&255($��$��&���0$1=2/,��$���/(,7(��)��/���2/,9(,5$��&��5���0$77262��/��
+��&��&HOOXORVH�QDQR¿EHUV�IURP�ZKLWH�DQG�QDWXUDOO\�FRORUHG�FRWWRQ�¿EHUV��&HOOXORVH��6SULQJHU��Y������S��
���������������

:,/+(/0��&�� ,QWUDFHOOXODU�XSWDNH�RI� DQLRQLF� VXSHUPDJQHWLF� DV� D� IXQFWLRQ�RI� WKHLU� VXUIDFH� FRDWLQJ��
%LRPDWHULDOV��(OVHYLHU��Y������Q�����R������������������

AvAliAÇÃo dA microbiotA de SoloS exPoStoS A  
nAnoFibrAS celuloSicAS
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&ODVVL¿FDomR��Estudo GRV�DVSHFWRV�GH�VHJXUDQoD�HP�QDQRWHFQRORJLD��

resumo
$V�QDQR¿EUDV�VmR�PDWHULDLV�GH�WDPDQKR�QDQRPpWULFR�REWLGRV�D�SDUWLU�GH�WpFQLFDV�HVSHFLDLV�TXH�JDUDQWHP�
DR�PDWHULDO�ÀH[LELOLGDGH��GXUH]D�H�UHVLVWrQFLD�HOHYDGD��6XDV�SHUVSHFWLYDV�SDUD�XVR�HQYROYHP�DV�iUHDV��
PpGLFD��Wr[WLO�H�DPELHQWDO��SRGHQGR�VHU�XWLOL]DGD�HP�VLVWHPDV�GH�OLEHUDomR�H�SURGXomR�GH�QRYRV�SURGXWRV�
FRPR�HPEDODJHQV��IiUPDFRV��FRQVWUXomR�FLYLO��HQWUH�RXWURV��$V�QDQR¿EUDV�GH�FHOXORVH�HVSHFL¿FDPHQWH�
DSUHVHQWDP�XPD�JUDQGH�GLYHUVLGDGH�FRP�UHODomR�DV�PDWpULDV�GLVSRQtYHLV�FRP�JUDQGH�KHWHURJHQHLGDGH��
UHVXOWDQGR�HP�XP�GHVD¿R�TXDQWR�DV�GLIHUHQWHV�SURSULHGDGHV�H�GHVHPSHQKRV��DSUHVHQWDQGR�LPSRUWkQFLD�
FRP�UHODomR�D�VXVWHQWDELOLGDGH��SRLV�WUDWD�VH�GH�PDWpULD�SULPD�UHQRYiYHO��1R�SUHVHQWH�WUDEDOKR�IRUDP�
DQDOLVDGDV�QDQR¿EUDV�FHOXOyVLFDV��$OJRGmR�PRGL¿FDGR�VXS���$OJRGmR�QmR�PRGL¿FDGR��SROSD�.UDIW�PR�
GL¿FDGD�VXS��H�SROSD�.UDIW�QmR�PRGL¿FDGD��FRP�UHODomR�D�DWLYLGDGH�QD�PLFURELRWD�GR�VROR�XWLOL]DQGR�
WpFQLFDV�GH�ELRORJLD�PROHFXODU��WHVWH�$5'5$��H�PLFURELROyJLFDV��WHVWH�GH�GLIXVmR�HP�DJDU�H�DYDOLDomR�
GD�&RQFHQWUDomR�LQLELWyULD�PtQLPD���2V�UHVXOWDGRV�PRVWUDP�TXH�DV�QDQR¿EUDV�HP�JHUDO�QmR�DSUHVHQWD�
UDP�DOWHUDo}HV�GUiVWLFDV�QDV�DYDOLDo}HV�UHDOL]DGDV��SRUpP�RV�HVWXGRV�FRQWLQXDP�FRP�D�¿QDOLGDGH�GH�DYD�
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OLDU�RV�HIHLWRV�GHVWDV�QDQR¿EUDV�QD�PLFURELRWD�TXDQWR�D�DOWHUDomR�QD�TXDQWLGDGH�GDV�GLIHUHQWHV�HVSpFLHV�
H[LVWHQWHV�QR�VROR��
Palavras-chave��1DQR¿EUDV�GH�FHOXORVH��$5'5$��&RQFHQWUDomR�LQLELWyULD�PtQLPD��1DQRWR[LFLGDGH�GH�
solos.

evAluAtion oF tHe Soil microbiotA exPoSed to celluloSe nAnoFiberS
Abstract
7KH�QDQR¿EHUV�DUH�PDWHULDOV�ZLWK�QDQRPHWULF�VL]H�REWDLQHG�IURP�VSHFLDO�WHFKQLFDO�HTXLSPHQW�WR�HQVXUH�
WKH�ÀH[LELOLW\�� WRXJKQHVV� DQG�KLJK� VWUHQJWK�PDWHULDOV��<RXU� SURVSHFWV� IRU� XVH� LQYROYH� DUHDV�PHGLFDO��
WH[WLOH�DQG�HQYLURQPHQWDO��FDQ�EH�XVHG�LQ�WKH�SURGXFWLRQ�DQG�UHOHDVH�RI�QHZ�SURGXFWV�VXFK�DV�SDFND�
JLQJ��SKDUPDFHXWLFDOV��FRQVWUXFWLRQ��DPRQJ�RWKHU�V\VWHPV��6SHFL¿FDOO\�WKH�FHOOXORVH�QDQR¿EHUV�IHDWXUH�
ODUJH�GLYHUVLW\�WKH�PDWHULDOV�DYDLODEOH�KHWHURJHQHLW\��UHVXOWLQJ�LQ�D�FKDOOHQJH�DV�WKH�GLIIHUHQW�SURSHUWLHV�
DQG�SHUIRUPDQFHV��IHDWXULQJ�LPSRUWDQFH�ZLWK�UHVSHFW�WR�VXVWDLQDELOLW\�EHFDXVH�LW�LV�UHQHZDEOH�PDWHULDO��
,Q�WKLV�ZRUN��FHOOXORVH�QDQR¿EHUV�ZHUH�DQDO\]HG��&RWWRQ�PRGL¿HG�VXS���&RWWRQ�XQPRGL¿HG��PRGL¿HG�
.UDIW�SXOS�VXS��DQG�.UDIW�SXOS�XQPRGL¿HG��ZLWK�UHVSHFW�WR�DFWLYLW\�LQ�WKH�VRLO�PLFURELRWD�WHFKQLTXHV�RI�
PROHFXODU�ELRORJ\��$5'5$�WHVW��DQG�PLFURELRORJLFDO��WHVW�DJDU�GLIIXVLRQ�DQG�HYDOXDWLRQ�RI�PLQLPXP�
LQKLELWRU\�FRQFHQWUDWLRQ���7KH�UHVXOWV�VKRZ�WKDW�WKH�QDQR¿EHUV�LQ�JHQHUDO�GLGQ¶W�VKRZ�GUDVWLF�FKDQJHV�LQ�
WKH�DVVHVVPHQWV��EXW�VWXGLHV�FRQWLQXH�RQ�WKH�LQWHQWLRQ�WR�HYDOXDWH�WKH�HIIHFWV�RI�WKHVH�QDQR¿EHUV�LQ�WKH�
PLFURELRWD�DV�D�FKDQJH�VSHFLHV�GLIIHUHQW�LQ�TXDQWLW\�LQ�WKH�VRLO�
Keywords��&HOOXORVH�QDQR¿EHUV��$5'5$��0LQLPXP�LQKLELWRU\�FRQFHQWUDWLRQ��6RLO�QDQRWR[LFLW\�

1 introduÇÃo

1DQR¿EUDV�GH�FHOXORVH��1)&��WHP�RULJHP�GH�SROSD�GH�PDGHLUD�H�VXDV�FDUDFWHUtVWLFDV�VmR�DOWR�
FRPSULPHQWR��DOWD�ULJLGH]�H�FDSDFLGDGH�GH�IRUPDU�UHGHV�DWUDYpV�GH�IRUWHV�OLJDo}HV�VHFXQGiULDV��LQFOXLQGR�
OLJDo}HV�GH�KLGURJrQLR��SHUPLWLQGR�OLEHUGDGH�VLJQL¿FDWLYD�SDUD�R�GHVHQYROYLPHQWR�GH�QRYRV�PDWHULDLV�
�%(1+$028�HW�DO����������&RP�UHODomR�D�VXD�RULJHP�DV�SDUHGHV�FHOXODUHV�GDV�SODQWDV�SRVVXHPKHPL�
FHOXORVHV�TXH�LQWHUDJHP�FRP�DV�PLFUR¿EULODV�GH�FHOXORVH�H�OLJQLQD�DV�1)&V�FRQVLVWHP�GH�¿EULODV�OLEH�
UDGDV�D�SDUWLU�GD�HVWUXWXUD�GD�SDUHGH�FHOXODU�FRP�GLPHQV}HV�PXLWR�PHQRUHV�TXH�DV�GH�¿EUDV�GH�FHOXORVH�
WUDGLFLRQDLV��(521(1�HW�DO����������

$�FLrQFLD�H�D�WHFQRORJLD�QDV�~OWLPDV�GpFDGDV�FRPHoDUDP�D�PRYHU�VH�HP�GLUHomR�D�SURGXomR�GH�
PDWpULDV�SULPDV�VXVWHQWiYHLV�� ORJR�ELRSROtPHURVFRPR�D�FHOXORVH�� IRUDP�DYDOLDGRV�SRVLWLYDPHQWH�QmR�
Vy�FRPR�UHFXUVRV�VXVWHQWiYHLV��PDV�WDPEpP�FRPR�PDWHULDLV�FRP�SURSULHGDGHV�IXQFLRQDLV��*$1',1,�
H�%(/*$&(0���������SRLV�SRGHP�VHU�PLVWXUDGRV�D�RXWURV�SROtPHURV�UHVXOWDQGR�HP�QRYRV�PDWHULDLV�
GLIHUHQFLDGRV�)(51$1'(6�HW�DO���������

1HVWH�WUDEDOKR�IRUDP�HVWXGDGRV�D�LQWHUIHUrQFLD�GH�QDQR¿EUDV�DOJRGmR�PRGLILFDGR�VXS��DOJRGmR�
QmR�PRGLILFDGR��SROSD�NUDIW�PRGLILFDGD�VXS�H�SROSD�.UDIW�PRGLILFDGD�VXS�QD�PLFURELRWD�GH�VRORV�

2 mAteriAiS e métodoS

2.1 material

2.1.1 3UHSDUR�GDV�QDQR¿EUDV

3DUD�D�SURGXomR�GDV�QDQR¿EUDV� IRUDP�XWLOL]DGRV�DOJRGmR�GR�EUDQFR�FRPHUFLDO�H�SROSD�.UDIW�
IRUQHFLGD�SRU�6X]DQR�3DSHO�H�&HOXORVH��2�DOJRGmR�H�SROSD�.UDIW�IRUDP�VXEPHWLGDV�j�KLGUyOLVH�FRP�VROX�
omR�GH�iFLGR�VXOI~ULFR��0�SRU���PLQ��H�D���o&�VRE�DJLWDomR�H�SDUD�¿QDOL]DU�D�UHDomR�IRUDP�DGLFLRQDGRV�
iJXD�GHVWLODGD�JHODGD��2V�ZKLVNHUV�IRUDP�FHQWULIXJDGRV�SRU���PLQ�D�������USP�H�SRVWHULRUPHQWH�IRUDP�
VXEPHWLGRV�j�GLiOLVH�HP�iJXD�FRUUHQWH�DWp�S+�QHXWUR��D�PRGL¿FDomR�VXSHU¿FLDO�IRL�UHDOL]DGD�SRU�HVWHUL¿�
FDomR�GDV�QDQR¿EUDV�XWLOL]DQGR�iFLGR�DFpWLFR�SHOR�SHUtRGR�GH����PLQ��DSyV�HVWH�SURFHGLPHQWR�R�PDWHULDO�
IRL�QHXWUDOL]DGR��FRQJHODGRH�SRVWHULRUPHQWH�SDVVRX�SRU�VHFDJHP�SRU�OLR¿OL]DomR��

2.1.2 2EWHQomR�GDV�EDFWpULDV�GH�VROR

,QLFLDOPHQWH��J�GH�VROR�VHP�WUDWDPHQWR�SUpYLR�IRL�DGLFLRQDGR�D���P/�GH�VROXomR�GH�3LURIRVID�
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WRVHQGR�PDQWLGR�HP�DJLWDomR�SRU����PLQXWRV��2�VREUHQDGDQWH�IRL�UHWLUDGR�H�PLVWXUDGR�D�VROXomR�VDOLQD�
HVWpULO�QD�SURSRUomR�������H�GLVWULEXtGDV�HP�SODFDV�GH�petri�FRQWHQGR�PHLR�GH�FXOWXUD�76$�H�GHL[DGD�HP�
HVWXID�SRU���K�D���o&��DV�FRO{QLDV�REWLGDV�GD�FXOWXUD�IRUDP�FROHWDGDV�H�WUDQVIHULGDV�SDUD�FDOGR�Brucella 
SDUD�PDQXWHQomR�HP�IUHH]HU�D�����&�

2.2 0pWRGR�GH�GLIXVmR�FRP�GLVFRV�HP�iJDU�

$SyV�R�FUHVFLPHQWR�EDFWHULDQRV����+/����[����FIX�P/��GH�EDFWpULDV�IRUDP�DGLFLRQDGRV�H�HV�
SDOKDGRVQD�SODFD�GH�3HWUL�FRQWHQGR�PHLR�GH�FXOWXUD�Mueller Hinton Agar��$�VHJXLU�GLVFRV�GH�SDSHO�GH�
��PP�GH�GLkPHWUR�IRUDP�SRVLFLRQDGRV�PDQWHQGR�XPD�GLVWkQFLD�GH�SHOR�PHQRV����PP�DWp�D�ODWHUDO�GD�
SODFD�H�GRV�RXWURV�GLVFRV��&RORFDGRV�RV�GLVFRV�IRUDP�DGLFLRQDGRV�D�HVWHV��X/�GR�PDWHULDO�GH�WHVWH��$V�
SODFDV�IRUDP�LQFXEDGDV�SRU���K�HP�HVWXID�D����&��

2.3 &RQFHQWUDomR�LQLELWyULD�PtQLPD��0,&�

$SyV�R�SHUtRGR�GH���K�GH�SUp�FUHVFLPHQWR�DV�EDFWpULDV�IRUDP�FRQWDGDV�HP�FkPDUD�GH�1HXEDXHU�
VHJXLGD�GH�GLOXLomR�FRQFHQWUDomR�SDGUmR�GH���î�����FIX�P/��SDUD�XWLOL]DomR�GH���X/�GH�EDFWpULD�SRU�
SRoR�GH�WHVWH�3DUD�D�PRQWDJHP�GD�SODFD�GH�WHVWH�GH�FRQFHQWUDomR�LQLELWyULD�PtQLPD�IRUDP�UHDOL]DGDV�
FRQFHQWUDo}HV�GHFUHVFHQWHV��VHQGR�D�SHQ~OWLPD�FROXQD�XP�FRQWUROH�VHP�PDWHULDO�D�VHU�WHVWDGR�H�D�~OWLPD�
FROXQD�XP�FRQWUROH�SDUD�FRQWDPLQDomR��DXVHQWH�GH�EDFWpULDV���2�LQGLFDGRU�GH�FUHVFLPHQWR�GH�EDFWpULDV�
XWLOL]DGR�QRV�WHVWHV�IRL�R�5HVD]XULQ�QD�FRQFHQWUDomR�GH������PJ�P/�SRU�SRoR��$SyV�R�SUHSDUR�GD�SODFD�
HVWD�IRL�LQFXEDGD�SRU���K�D����&�

2.4 Análise molecular de toxicidade da microbiota do Solo (ArdrA)

$�WpFQLFD�GH�$5'5$�$PSOL¿FDGR�5LERVVRPDO�GH�'1$�H�$QiOLVH�GH�5HVWULomR��p�EDVHDGD�QD�
GLJHVWmR�SRU�HQ]LPDV�GH�UHVWULomR�GR�'1$�GD�UHJLmR���6�51$�DPSOL¿FDGR�SRU�3&5��VHJXLGR�SRU�VH�
SDUDomR�FRP�HOHWURIRUHVH�HP�JHO�GH�DJDURVH��$SyV�R�WHPSR�GH�H[SRVLomR�GH���PrV�HP�QDQR¿EUDV�XPD�
DPRVWUD�GR�PDWHULDO�IRL�UHWLUDGD�SDUD�H[WUDomR�GH�'1$��PowerSoil DNA isolation kit�0RELR���3DUD�R�
WHVWH� IRUDP� DQDOLVDGDV� UHJL}HV� GRV� JHQHV� ��6� U'1$� GH� EDFWpULDV� XWLOL]DQGR�primers� XQLYHUVDLV� ��)�
H�����5�-81*�HW� DO��� ������RV� IUDJPHQWRV�DPSOL¿FDGRV� IRUDP�H[SRVWRV�j� UHVWULomR�HQ]LPiWLFD�FRP�
HQ]LPDHinfI e HhaI��3DUD�YLVXDOL]DomR�GRV�UHVXOWDGRV�IRL�XWLOL]DGR�JHO�GH�DJDURVH�����RV�IUDJPHQWRV�
GR�FRQWUROH�QHJDWLYR�IRUDP�FRPSDUDGRV�DRV�IUDJPHQWRV�GRV�WUDWDPHQWRV�SDUD�D�UHDOL]DomR�GDV�DQiOLVHV�

3 reSultAdoS e diScuSSÃo

3.1 7HVWH�GH�GLIXVmR�HP�GLVFR�$JDU�FRP�EDFWpULDV�GH�VROR

2V�UHVXOWDGRV�GDV�DQiOLVHV�GH�GLIXVmR�GH�GLVFR�FRP�QDQR¿EUDV�WHVWDGDV�D�FRQFHQWUDomR����PRV�
WUDUDP�D�IRUPDomR�GH�SHTXHQR�KDOR�LQGLFDQGR�LQWHUIHUHQFLD�QR�FUHVFLPHQWR�FHOXODU��7DEHOD�����2V�PD�
WHULDLV�TXH�PRVWUDUDP�PDLRU�LQWHUIHUrQFLD�IRUDP�R�$OJRGmR�0RGL¿FDGR�6XS��H�3ROSD�.UDIW�0RGL¿FDGD�
6XS��0RVWUDQGR�D�IRUPDomR�GH�KDOR�VXSHULRU�DV�GHPDLV��SRUpP�D�FRQFHQWUDomR�WHVWDGD�IRL�GH����PJ�P/�
FRQVLGHUDGD�FRQFHQWUDoDR�DOWD�SDUD�DYDOLDomR�EDFWHULFLGD��)LJXUD����

tabela 1. 9DORUHV�GRV�KDORV�IRUPDGRV�QR�WHVWH�GH�GLIXVmR�HP�GLVFR�GRV�WUDWDPHQWRV�FRP�DV�GLIHUHQWHV�QDQR¿EUDV�
1 1DQR¿EUD media(desvio

$OJRGmR�0RGL¿FDGR�6 ����(����

$OJRGmR�1mR�0RGL¿FDGR ����(����

3ROSD�.UDIW�0RGL¿FDGD�6 ����(����

3ROSD�.UDIW�1mR�0RGL¿FDGD ����(����
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Figura 1. 5HVXOWDGRV�REWLGRV�FRP�R�WHVWH�GH�GLIXVmR�HP�$JDU�

'H�DFRUGR�FRP�+ROHW]�HW�DO����������SDUD�H[WUDWRV�YHJHWDLV��DTXHOHV�TXH�DSUHVHQWDP�DWLYLGDGH�
DQWLPLFURELDQD�HP�FRQFHQWUDo}HV�DFLPD�GH����XJ�P/�SRVVXHP�IUDFD�DWLYLGDGH��VHQGR�GLItFLO�DSURYHL�
WDPHQWR�SDUD�WUDWDPHQWRV�GH�LQIHFomR�EDFWHULDQDV�H�IXQJLFDV��$TXL�QHVWH�WUDEDOKR�HVWD�DWLYLGDGH�QmR�IRL�
YHUL¿FDGD�XWLOL]DQGR�VH�EDFWpULDV�SDWRJrQLFDV��H�VLP�EDFWpULDV�GR�VROR��QD�LQWHQVmR�GH�YHUL¿FDU�DWLYLGDGH�
EDFWHULFLGD�QDV�PHVPDV��SHQVDQGR�QD�SRVVLELOLGDGH�GDV�QDQR¿EUDV�DWLQJLUHP�R�VROR�H�FDXVDUHP�GDQRV�DR�
PLFURELRWD��2V�UHVXOWDGRV�PRVWUDUDP�QmR�KDYHU�HIHLWR�GUiVWLFR�DSDUHQWH�QDV�HVSpFLHV�SUHVHQWHV�HP�VROR�

3.2 &RQFHQWUDomR�LQLELWyULD�PtQLPD

1D�DYDOLDomR�GD�FRQFHQWUDomR�LQLELWyULD�PtQLPD�DV�FRQFHQWUDo}HV�WHVWDGDV�IRUDP����������������
���������������������������������H��������3DUD�DYDOLDomR�GRV� UHVXOWDGRV�XWLOL]RX�VH�FRPR�PDUFDGRU�R�
5HVD]XULQ��R�TXDO�SDVVD�GD�FRU�UR[D�SDUD�URVD�QD�SUHVHQoD�GH�EDWHULDV�YLYDV��SHUPDQHFHQGR�GD�FRU�UR[D�
QD�DXVrQFLD�GH�EDFWpULDV�RX�FRP�PRUWH�FHOXODU��2V�UHVXOWDGRV�PRVWUDP�D�QmR�RFRUUrQFLD�GH�PRUWH�GDV�
EDFWpULDV�WHVWDGDV��)LJXUD����

Figura 2. 5HVXOWDGRV�GDV�DQiOLVHV�GH�&RQFHQWUDomR�LQLELWyULD�PtQLPD�UHDOL]DGD�FRP�EDFWpULDV�H[WUDtGDV�GR�VROR�
DSyV���K�

2�WHVWH�GH�5HVD]XULQ�p�H[WUHPDPHQWH�UiSLGR�H�VLPSOHV��SRUpP�H[LVWH�D�QHFHVVLGDGH�GH�DGDSWD�
o}HV��SRLV�QR�WHVWH�HP�TXHVWmR�WHPRV�XP�pool�GH�EDFWpULDV��TXH�PHWDEROL]DP�GH�IRUPD�H�WHPSRV�GLIHUHQ�
WHV��ORJR�WHPRV�TXH�WHU�FRQVFLrQFLD�GH�TXH�GHQWUR�GHVWH�pool�SRGHP�H[LVWLU�EDFWpULDV�TXH�VmR�VHQVtYHLV�
DV�QDQR¿EUDV��SRUpP�FRPR�HVWmR�MXQWDV�FRP�RXWUDV�EDFWpULDV��R�PHWDEROLVPRV�GDV�GHPDLV�SRGH�DFDEDU�
SRULQWHUIHULU�QR�UHVXOWDGR�¿QDO��PRVWUDQGR�XPD�PHWDEROL]DomR�WRWDO�GR�5HVD]XULQ�UHDOL]DGD�SHODV�EDF�
WpULD�TXH�SHUPDQHFHUDP�YLYDV�DSyV�WUDWDPHQWR��/RJR�OHPEUDPRV�TXH�HVWHV�VmR�DV�SULPHLUDV�DYDOLDo}HV�
UHDOL]DGDV��VHQGR�QHFHVViULR�QRYDV�DYDOLDo}HV�RX�DYDOLDo}HV�FRPSOHPHQWDUHV�

3.3 resultados da Análise molecular

$�LGHLD�SULQFLSDO�GR�WHVWH�$5'5$�IRL�FRPSDUDU�RV�UHVXOWDGRV�REWLGRV�FRP�R�FRQWUROH�QHJDWLYR��
$V�HQ]LPDV�GH�UHVWULomR�XWLOL]DGDV�VXE�IUDJPHQWDP�RV�IUDJPHQWRV�GD�3&5�LQGLFDQGR�ORFDLV�TXH�SRVVDP�
HVWDU�PXWDGR��2V�UHVXOWDGRV�PRVWUDP�QmR�KDYHU�GLIHUHQoDV�YLVtYHLV�HQWUH�RV� WUDWDPHQWRV�H�R�FRQWUROH�
QHJDWLYR��)LJXUD�����3DUD�HVWDV�DQiOLVHV�RV�VRORV�¿FDUDP�HP�H[SRVLomR�SRU����GLDV��$V�DQiOLVHV�GHYHP�
FRQWLQXDU�VHQGR�UHDOL]DGDV�QRYDV�FROHWDV�D�FDGD����GLDV�SHOR�SHUtRGR�GH���DQR�
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Figura 3. 5HVXOWDGRV�GR�WHVWH�$5'5$��+LQI,�H�+KD,��HP�VRORV�WUDWDGRV�SRU�XP�SHUtRGR�GH����GLDV�

2�XVR�GH�HQ]LPD�GH�UHVWULomR�GD�WpFQLFD�GH�$5'5$�SHUPLWH�TXH�HVWD�VHMD�DSOLFDGD�D�DPRVWUDV�
FRP�DOWD�GLYHUVLGDGH�GH�HVSpFLHV��FRPR�p�R�FDVR�GH�DPRVWUDV�GH�VROR��(P�JHUDO�HVSHUD�VH�PHQRV�EDQGDV�
HP�FRPXQLGDGHV�PHQRV�DEXQGDQWHV�H�GLIHUHQWHV�EDQGDV�HP�GLIHUHQWHV�FRPXQLGDGHV�� VHQGR�XP� WHVWH�
XWLOL]DGR�SDUD�GHWHFomR�GH�PRGL¿FDo}HV�HVWUXWXUDLV�HP�FRPXQLGDGHV�PLFURELDQDV��7,('-(�HW�DO���������
.,5.�HW�DO���������

4 concluSÃo

2V�UHVXOWDGRV�LQLFLDLV�PRVWUDP�D�QmR�RFRUUrQFLD�GH�DOWHUDomR�QD�PLFURELRWD�GH�VRORV�H[SRVWRV�
D�QDQR¿EUDV�GH�FHOXORVH�XWLOL]DGDV�QHVWH�HVWXGR��3RUpP�WUDWD�VH�GH�XP�HVWXGR�LQLFLDO�VHQGR�QHFHVViULRV�
DMXVWHV�GH�SURWRFRORV�H�DQiOLVHV�FRPSOHPHQWDUHV��FRPR�SRU�H[HPSOR�D�TXDQWL¿FDomR�GDV�GLIHUHQWHV�HV�
SpFLHV�GD�PLFURELRWD�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�D�(0%5$3$��5HGH�$JURQDQR��&DSHV��)DSHVS�H�&QST�SHOR�DX[tOLR�¿QDQ�
FHLUR�DR�WUDEDOKR�UHDOL]DGR�

reFerÊnciAS

(521(1��3��g67(5%(5*��0��+(,..,1(1��6��7(1.$1(1��0��/$,1(��-��,QWHUDFWLRQV�RI�VWUXFWX�
UDOO\�GLIIHUHQW�KHPLFHOOXORVHV�ZLWK�QDQR¿EULOODU�FHOOXORVH��&DUERK\GUDWH�3RO\PHUV��S�������������MXQ��
�����

)$+1,1*��%��/2%2��(��1DQRWHFQRORJLDDSOLFDGDDIiUPDFRV��������'LVSRQtYHOHP���KWWS���ZZZ�FDWR�
OLFD�HV�HGX�EU�IRWRV�¿OHV����SGI!��$FHVVRHP�����MXQ������

)(51$1'(6��6��)5(,5(��&��6,/9(675(��$��1(72��&��*$1',1,��$��%(5*/81'��/��6$/0e1��
/��7UDQVSDUHQW�FKLWRVDQ�¿OPV�UHLQIRUFHG�ZLWK�D�KLJK�FRQWHQW�RI�QDQR¿EULOODWHG��&DUERK\GUDWH�3RO\PHUV��
S�����������IHY�������

+2/(7=��)�%���3(66,1,��*�/���6$1&+(6��1�5���&257(=��'�$��6FUHHQLQJ�RI�VRPH�SODQWV�XVHG�LQ�
WKH�%UD]LOLDQ�IRON�PHGLFLQH�IRU�WKH�WUHDWPHQW�RI�LQIHFWLRXV�GLVHDVHV��0HP��,QVW�2VZDOGR�&UX]��Y������Q��
���S����������������

-81*��-��<(20��-���+$1��-���.,0��-���3$5.��:��6HDVRQDO�&KDQJHV�LQ�1LWURJHQ�&\FOH�*HQH�$EXQ�
GDQFHV�DQG�LQ�%DFWHULDO�&RPPXQLWLHV�LQ�$FLGLF�)RUHVW�6RLOV��7KH�-RXUQDO�RI�0LFURELRORJ\�9RO������1R��
���SS�����±����������

0iTXLQD�GH�DOJRGmR�GRFH�high-tech� OHYD�QDQR¿EUDV�SDUD�D� LQG~VWULD��������'LVSRQtYHOHP��%(1+$�
028��.��'8)5(61(��$��0$*1,1��$��0257+$��*��.$''$0,��+��&RQWURO�RI�VL]H�DQG�YLVFRHODVWLF�
SURSHUWLHV�RI�QDQR¿EULOODWHG�FHOOXORVH�)URP�SDOP�WUHH�E\�YDU\LQJ�WKH�7(032�PHGLDWHGR[LGDWLRQ�WLPH��
&DUERK\GUDWH�3RO\PHUV��S���������DJR������
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ecotoxicidAde AquáticA de micro e nAnoPArtículAS de 
titAnAto de bário em AnAbAEnA FLOS-AqUAE 
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resumo
'XDV�SDUWtFXODV�GH�WLWDQDWR�GH�EiULR��%7���GD�RUGHP�PLFURPpWULFD��a����QP��H�PDQRPpWULFD��a���QP���
IRUDP�DYDOLDGDV�TXDQWR�DR�VHX�LPSDFWR�HP�DPELHQWHV�DTXiWLFRV�XWLOL]DQGR�D�FLDQREDFWpULD�Anabaena 
ÀRV�DTXDH�FRPR�RUJDQLVPR�PRGHOR��%7�WHP�XP�HIHLWR�Wy[LFR�PXLWR�EDL[R�QR�FUHVFLPHQWR�GH�$��ÀRV�D-
quae��SRUpP�DPEDV�SDUWtFXODV�DIHWDP�D�YLDELOLGDGH�FHOXODU�GHVGH�D�PHQRU�FRQFHQWUDomR�WHVWDGD��R�TXH�
RFRUUH�SRU�HIHLWR�LQGLUHWR�GDV�PHVPDV�QR�HVWUHVVH�R[LGDWLYR�GDV�FpOXODV��%7�IRL�FDSD]�GH�HVWUHVVDU�WRGRV�
RV�RUJDQLVPRV�WHVWH��R�TXH�IRL�HYLGHQFLDGR�SHOR�DXPHQWR�QD�DWLYLGDGH�GD�VXSHUy[LGR�GLVPXWDVH��SHOD�
GLPLQXLomR�GD�H¿FLrQFLD�IRWRVVLQWpWLFD�H�SHOD�GLPXLomR�GRV�QtYHLV�LQWUDFHOXODUHV�GH�$73��2�WDPDQKR�GH�
%7�SDUHFH�QmR�LQÀXHQFLDU�RV�HIHLWRV�SURGX]LGRV�VREUH�R�FUHVFLPHQWR�GRV�PLFURUJDQLVPRV�±�HPERUD�D�
LQLELomR�GR�FUHVFLPHQWR�WHQKD�VLGR�SURQXQFLDGD�FRP�R�QDQRPDWHULDO�
Palavras-chave��1DQRHFRWR[LFRORJLD�DTXiWLFD��7LWDQDWR�GH�EiULR��$QDEDHQD�ÀRV�DTXDH.

AquAticAl toxicitY oF bArium titAnAte micro- And nAnoPArticleS to 
AnAbAEnA FLOS-AqUAE
Abstract
7ZR�SDUWLFOHV�RI�EDULXP�WLWDQDWH��%7���PLFUR���a����QP��DQG�QDQRVL]HG��a���QP���ZHUH�HYDOXDWHG�IRU�
their impact on aquatic environments using $QDEDHQD�ÀRV�DTXDH�DV�PRGHO�RUJDQLVP��%7�KDV�D�YHU\�
ORZ�WR[LF�HIIHFW�RQ�WKH�JURZWK�RI�$��ÀRV�DTXDH��EXW�ERWK�SDUWLFOHV�DIIHFW�FHOO�YLDELOLW\�VLQFH�WKH�ORZHVW�
FRQFHQWUDWLRQ�WHVWHG��ZKLFK�RFFXUV�E\�LQGLUHFW�HIIHFW�RQ�WKH�FHOOV��%7�ZDV�DEOH�WR�VWUHVV�DOO�WHVW�RUJDQ�
LVPV��ZKLFK�ZDV�HYLGHQFHG�E\�WKH�LQFUHDVH�LQ�VXSHUR[LGH�GLVPXWDVH�DFWLYLW\��GHFUHDVHG�SKRWRV\QWKHWLF�
HI¿FLHQF\�DQG�WKH�GHFUHDVHG�LQWUDFHOOXODU�$73�OHYHOV��7KH�VL]H�RI�%7�GLG�QRW�LQÀXHQFH�WKH�HIIHFWV�RQ�WKH�
JURZWK�RI�PLFURRUJDQLVPV���DOWKRXJK�JURZWK�LQKLELWLRQ�KDV�EHHQ�PRUH�SURQRXQFHG�ZLWK�WKH�QDQRPDWH�
rial.
Keywords: $TXDWLF�QDQRHFRWR[LFRORJ\��%DULXP�WLWDQDWH��$QDEDHQD�ÀRV�DTXDH.

3XEOLFDo}HV�UHODFLRQDGDV
32/21,1,��+��&��et al��(FRWR[LFRORJLFDO�VWXGLHV�RI�PLFUR�DQG�QDQRVL]HG�EDULXP�WLWDQDWH�RQ�DTXDWLF�
SKRWRV\QWKHWLF�PLFURRUJDQLVPV��$TXDWLF�7R[LFRORJ\��Y�������S��������������

1 introduÇÃo

2�DFHOHUDGR�GHVHQYROYLPHQWR�H�GLVVHPLQDomR�GRV�QDQRPDWHULDLV�SRGHP�FRORFi�ORV�HP�FRQWDWR�
FRP�RUJDQLVPRV�YLYRV�HP�VLWXDo}HV�DLQGD�QmR�FRPSUHHQGLGDV�SOHQDPHQWH��3HVTXLVDV�UHFHQWHV�LQGLFDP�
TXH�QDQRPDWHULDLV�SRVVXHP�GLIHUHQWHV�SHU¿V�GH� WR[LFLGDGH�TXDQGR�FRPSDUDGRV�D�JUDQGHV�SDUWtFXODV��
GHYLGR�DR�VHX�SHTXHQR�WDPDQKR�H�DOWD�UHDWLYLGDGH��%5$<1(5�et al���������

2�WLWDQDWR�GH�EiULR��%D7L2���%7��p�XP�PDWHULDO�VHPLFRQGXWRU�IHUURHOpWULFR�TXH�DLQGD�p�D�EDVH�
SDUD�D�SUHSDUDomR�GH�FRQGHQVDGRUHV�FHUkPLFRV�PXOWL�FDPDGD�H�GH�WHUPRUHVLVWRUHV�FRP�FRH¿FLHQWH�GH�
WHPSHUDWXUD�SRVLWLYR�GH�UHVLVWLYLGDGH��+(11,1*6�et al����������GHWHFWRUHV�GH�LQIUDYHUPHOKR��/,�et al���
�������GLVSRVLWLYRV�SLH]RHOpWULFRV��3$5.�et al����������VHQVRUHV�GH�XPLGDGH��:$1*�et al���������HWF�

3RUpP��DOpP�GH�QmR�KDYHU�QD�OLWHUDWXUD�GDGRV�GH�ELRFRPSDWLELOLGDGH�HP�ORQJR�SUD]R�GHVWH�PD�
WHULDO��QHQKXP�HVWXGR�GR�LPSDFWR�DPELHQWDO�GH�QDQRSDUWtFXODV�GH�%7�IRL�HQFRQWUDGR��1HVWH�FRQWH[WR��
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D�KLSyWHVH�GR�SUHVHQWH�WUDEDOKR�p�D�GH�TXH�SDUWtFXODV�GH�GLIHUHQWHV�WDPDQKRV�GH�%7�SRVVXHP�GLIHUHQWHV�
SHU¿V�WR[LFROyJLFRV�SDUD�RUJDQLVPRV�DTXiWLFRV��R�TXH�WDPEpP�p�LQÀXHQFLDGR�SHOR�PHLR�RQGH�RV�PHVPRV�
VmR�FXOWLYDGRV��$VVLP�VHQGR��R�REMHWLYR�JHUDO�IRL�DYDOLDU�SHOD�SULPHLUD�YH]�R�SHU¿O�HFRWR[LFROyJLFR�GH�
%7�SDUD�D�FLDQREDFWpULD�$QDEDHQD�ÀRV�DTXDH��DYDOLDQGR�D�UHVSRVWD�HP�IXQomR�GR�WDPDQKR�GH�SDUWtFXOD��
GHWHUPLQDQGR�VH�R�WDPDQKR�GH�SDUWtFXOD�p�XP�SDUkPHWUR�TXH�LQÀXHQFLD�D�WR[LFLGDGH�GH�%7�

2 mAteriAiS e métodoS

$��ÀRV�DTXDH��FLDQREDFWpULD�SODQFW{QLFD�SURFDULyWLFD��PXOWL�FHOXODU��FHSD�$/&3�%����IRL�SUR�
veniente da algoteca do Muséum National d’Histoire Naturelle��6XVSHQV}HV�HVWRTXH�FRQWHQGR������+g 
P/±��GRV�SyV��R�FKDPDGR�³QDQR´�SRVVXL����QP�GH�GLkPHWUR�H�R�³PLFUR´�����QP��IRUDP�DGLFLRQDGDV�
jV�DOJDV�FUHVFLGDV�HP�PHLR�%ROG¶V�%DVDO��%%��HP�FRQFHQWUDo}HV�¿QDLV�GH���������������H�����+J�P/±�.

$�UHVSRVWD�Wy[LFD�IRL�DYDOLDGD�SRU�PHLR�GD�FRQWDJHP�GH�FpOXODV�jV������������H����K�DSyV�D�DGLomR�
GRV�PDWHULDLV��$�FRQWDJHP�GDV�FpOXODV�IRL�IHLWD�DWUDYpV�GH�PLFURVFRSLD�GH�FDPSR�OXPLQRVR��XWLOL]DQGR�
R�$XWR�&HOORPHWHU�;���1H[FHORP��(8$���)RL�DYDOLDGD�VLPXOWDQHDPHQWH�D�SRUFHQWDJHP�GH�YLDELOLGDGH�
FHOXODU�XWLOL]DQGR�R�PpWRGR�GH�H[FOXVmR�GR�D]XO�GH�WULSDQR�

$V�LQWHUDo}HV�HQWUH�RV�RUJDQLVPRV�H�RV�PDWHULDLV�QD�FRQFHQWUDomR�GH�����+J�P/±��H�DSyV����K�GH�
H[SRVLomR�IRUDP�REVHUYDGDV�XVDQGR�0(9�H�0(7�

$�HQ]LPD�VXSHUy[LGR�GLVPXWDVH� �62'�� IRL�TXDQWL¿FDGD�QRV�FRQWUROHV�H� WUDWDPHQWRV� �������H�
����+J�P/±���HP������������H����K�GH�H[SRVLomR���3DUD�OLEHUDomR�GD�62'�LQWUD�FHOXODU��DV�FpOXODV�IRUDP�
OLVDGDV�FRP�R�DX[tOLR�GH�HVIHUDV�GH�VtOLFD�DWUDYpV�GH�DJLWDomR�PHFkQLFD�YLJRURVD�HP�YyUWLFH�H�SRVWHULRU�
FHQWULIXJDomR�SRU����PLQ�D������î�g��6RUYDOO�/\Q[�������7KHUPR�6FLHQWL¿F��(8$���3DUD�D�TXDQWL¿FDomR��
XWLOL]RX�VH�XP�NLW�GH�HQVDLR�GH�62'�:67��������6LJPD�$OGULFK��$OHPDQKD���2V�FRQWUROHV�H�RV�WUDWD�
PHQWRV��GHSRLV�GH�VHUHP�LQFXEDGRV�D�����&�GXUDQWH����PLQ��IRUDP�OLGRV�D�����QP�XWLOL]DQGR�XP�OHLWRU�
GH�SODFDV�(QYLVLRQ�0XOWLODEHO��3HUNLQ�(OPHU��(8$��

$�DWLYLGDGH�IRWRVVLQWpWLFD�GRV�FRQWUROHV�H�WUDWDPHQWRV��������H�����+J�P/±���D������������H����
K�GH�H[SRVLomR��IRUDP�GHWHUPLQDGRV�DWUDYpV�GH�ÀXRURPHWULD�GH�DPSOLWXGH�GH�SXOVR�PRGXODGR��3$0��
XWLOL]DQGR�ÀXRUtPHWUR�3($�+DQG\��+DQVDWHFK��5HLQR�8QLGR��

1tYHLV�LQWUDFHOXODUHV�GH�DGHQRVLQD���WULIRVIDWR�QRV�FRQWUROHV�H�WUDWDPHQWRV��������H�����+J�P/±���
HP������������H����K�GH�H[SRVLomR��IRUDP�TXDQWL¿FDGRV�DWUDYpV�GH�NLW�$73�%LROXPLQHVFHQW�$VVD\��6LJ�
PD�$OGULFK��$OHPDQKD���$�OLVH�GDV�FpOXODV�IRL�FRQVHJXLGD�PHFDQLFDPHQWH�QXP�YyUWLFH�XVDQGR�HVIHUDV�
GH�YLGUR�VHJXLGR�GH�FHQWULIXJDomR�SRU����PLQ�D������î�g��6RUYDOO�/\Q[�������7KHUPR�6FLHQWL¿F��(8$���
D�¿P�GH�REWHU�R�$73�OLYUH�QR�VREUHQDGDQWH��$�FRQFHQWUDomR�GH�$73�IRL�GHWHUPLQDGD�XWLOL]DQGR�VH�XPD�
FXUYD�DQDOtWLFD�FRP�FRQFHQWUDo}HV�FRQKHFLGDV�GH�$73�QD�IDL[D�GH���î���±��±�����+M.

3 reSultAdoS e diScuSSÃo

$�)LJXUD���PRVWUD�D�WD[D�GH�FUHVFLPHQWR�GH�$��ÀRV�DTXDH�FRPR�XPD�IXQomR�GR�WHPSR�GH�H[SR�
VLomR�jV�SDUWtFXODV�GH�%7��$SHVDU�GD�UHODWLYDPHQWH�EUHYH�GXUDomR�GR�WHVWH��RV�HIHLWRV�DR�ORQJR�GH�YiULDV�
JHUDo}HV�SRGHP�VHU�DYDOLDGRV�SRU�FDXVD�GD�WD[D�GH�GLYLVmR�TXH�DV�DOJDV�SRVVXHP��2V�HIHLWRV�Wy[LFRV�
IRUDP�VLJQL¿FDWLYRV�DSHQDV�DSyV����K�GH�H[SRVLomR��H�VRPHQWH�SDUD�DV�PDLRUHV�FRQFHQWUDo}HV�GRV�PD�
WHULDLV��DSyV���K������+J�P/±��SDUD�%7�13�H� �����+J�P/±��SDUD�%7�03��HP�%%��H������+J�P/±� para 
DPERV�RV�PDWHULDLV�HP�$56��

4XDQWR�DR�HQVDLR�UHDOL]DGR�SDUD�DYDOLDU�D�YLDELOLGDGH�GRV�RUJDQLVPRV��$��ÀRV�DTXDH mostrou 
UHVXOWDGRV�GLVFUHSDQWHV��(QTXDQWR�QHQKXPD�LQLELomR�VLJQL¿FDWLYD�GR�FUHVFLPHQWR�IRL�REVHUYDGD��D�YLDEL�
OLGDGH�GD�VXD�PHPEUDQD�PRVWURX�VH�GLPLQXtGD�HP�WRGDV�DV�FRQFHQWUDo}HV��HP�DPEDV�VXEVWkQFLDV��GHVGH�
o primeiro dia.
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Figura 1. &RQWDJHP�FHOXODU��HVTXHUGD��H�YLDELOLGDGH�FHOXODU��GLUHLWD��GH�$��ÀRV�DTXDH�HP�IXQomR�GD�FRQFHQWUDomR�
H�GR�WHPSR�GH�H[SRVLomR�D�SDUWtFXODV�GH�WLWDQDWR�GH�EiULR�

$V�LPDJHQV�GH�0(9�PRVWUDUDP�TXH��SDUD�$��ÀRV�DTXDH�H[SRVWD�D�SDUWtFXODV�GH�%7�SRU����K�HP�
XPD�FRQFHQWUDomR�GH�����+J�P/±���QmR�KRXYHUDP�DOWHUDo}HV�PRUIROyJLFDV�GDV�FpOXODV�FRP�RV�WUDWDPHQ�
WRV��$JUHJDGRV�GH�FpOXODV�H�GH�SDUWtFXODV�IRUDP�REVHUYDGRV��2�SULQFLSDO�DVSHFWR�D�VHU�GHVWDFDGR�p��DV�
SDUWtFXODV�IRUDP�HQFRQWUDGDV�HP�WRUQR�GD�SDUHGH�FHOXODU�FRPSRVWD�SRU�SROLVVDFDUtGHRV��H�DV�LPDJHQV�GH�
0(7�FRQ¿UPDP�TXH�DV�PHVPDV�QmR�SHQHWUDP�DV�FpOXODV�

2�HIHLWR�TXH�DV�SDUWtFXODV�FDXVDUDP�QR�HVWUHVVH�R[LGDWLYR�IRL�WDPEpP�DYDOLDGR��$�DWLYLGDGH�GD�
62'�IRL�HQFRQWUDGD�DXPHQWDGD�HP�$��ÀRV�DTXDH�FUHVFLGD�HP�%%�TXDQGR�H[SRVWD�D�%7�03�D�����+g 
P/±��H�%7�13�HP�WRGDV�DV�FRQFHQWUDo}HV�WHVWDGDV��DSyV����K�

2�DXPHQWR�GD�SURGXomR�GH�(52V�WDPEpP�p�FRQKHFLGD�SRU�DIHWDU�D�IRWRVVtQWHVH��(P�$��ÀRV�D-
quae��WUDWDPHQWRV�GLIHULUDP�GH�VHXV�FRQWUROHV�HP�UHODomR�j�FDSDFLGDGH�IRWRVVLQWpWLFD�HP�PHLR�%%�GHVGH�
D�SULPHLUD�KRUD�GH�DYDOLDomR��SDUD�DPEDV�DV�SDUWtFXODV�

-XQWDPHQWH�FRP�D�DWLYLGDGH�GD�62'��XPD�RXWUD�PHGLomR�GD�DWLYLGDGH�PLWRFRQGULDO�GDV�FpOXODV�
p�R�WHRU�GH�$73�LQWUDFHOXODU��$V�PLWRF{QGULDV�HVWmR�GLUHWDPHQWH�UHODFLRQDGDV�FRP�D�YLDELOLGDGH�FHOXODU��
XPD�YH]�TXH�VmR�UHVSRQViYHLV�QmR�Vy�SHOD�SURGXomR�GH�$73��PDV�WDPEpP�SHOD�JHUDomR�GH�(52V�H�SHOD�
OLEHUDomR�GH�SURWHtQDV�TXH�FRQWURODP�D�DSRSWRVH��3(5(,5$�et al����������(P�$��ÀRV�DTXDH��R�WHRU�GH�
$73�FRPHoRX�D�GLPLQXLU�DSyV����K�GH�H[SRVLomR�±�LVWR�RFRUUHX�LQLFLDOPHQWH�QDV�FRQFHQWUDo}HV�PDLV�
HOHYDGDV��PDV�DSyV����K�WRGDV�DV�FRQFHQWUDo}HV�H[HUFHUDP�DOJXP�HIHLWR

4 concluSÃo

'LDQWH�GR�H[SRVWR��DV�SULQFLSDLV�FRQFOXV}HV�TXH�VH�SRGH�GHSUHHQGHU�GHVWH�HVWXGR�IRUDP���L��%7�
WHP�XP�HIHLWR�Wy[LFR�PXLWR�EDL[R�QR�FUHVFLPHQWR�GH�$��ÀRV�DTXDH��SRUpP�DPEDV�SDUWtFXODV�DIHWDP�D�YLDEL�
OLGDGH�FHOXODU�GHVGH�D�PHQRU�FRQFHQWUDomR�WHVWDGD��R�TXH�RFRUUH�SRU�HIHLWR�LQGLUHWR�GDV�PHVPDV�QR�HVWUHVVH�
R[LGDWLYR�GDV�FpOXODV���LL��%7�IRL�FDSD]�GH�HVWUHVVDU�RV�RUJDQLVPRV�WHVWH��R�TXH�IRL�HYLGHQFLDGR�SHOR�DX�
PHQWR�QD�DWLYLGDGH�GD�62'��SHOD�GLPLQXLomR�GD�H¿FLrQFLD�IRWRVVLQWpWLFD�H�SHOD�GLPXLomR�GRV�QtYHLV�LQWUD�
FHOXODUHV�GH�$73��H��LLL��R�WDPDQKR�GH�%7�SDUHFH�QmR�LQÀXHQFLDU�RV�HIHLWRV�SURGX]LGRV�VREUH�R�FUHVFLPHQWR�
GRV�PLFUR�RUJDQLVPRV�±�HPERUD�D�LQLELomR�GR�FUHVFLPHQWR�WHQKD�VLGR�SURQXQFLDGD�FRP�R�QDQRPDWHULDO�

AGrAdecimentoS

+�� 3RORQLQL� DJUDGHFH�&$3(6� ����&,,������3URMHWR� ��� 5HGH�%UDVLO� 1DQRELRWHF�� H� 3URJUDPD�
&LrQFLD� VHP�)URQWHLUDV�&13T� ����������������SHODV�EROVDV�GH�HVWXGR�FRQFHGLGDV��7RGRV�RV�DXWRUHV�
DJUDGHFHP�DR�,QVWLWXW�-DFTXHV�0RQRG��SURI��'U��0DUFRQH�$��/��GH�2OLYHLUD��6RSKLH�1RZDN��-HDQ�<YHV�
3LTXHPDO��H�3KLOLSSH�'HFRUVH�

reFerÊnciAS

%5$<1(5��5��et al��=Q2�QDQRSDUWLFOHV��V\QWKHVLV��FKDUDFWHUL]DWLRQ��DQG�HFRWR[LFRORJLFDO�VWXGLHV��/DQJ�
PXLU��Y������Q�����S������������������

+(11,1*6��'��)��.��0(7=0$&+(5��&���6&+5(,1(0$&+(5��%��6HUL\DWL��'HIHFW�FKHPLVWU\�DQG�
PLFURVWUXFWXUH�RI�K\GURWKHUPDO�EDULXP�WLWDQDWH��-RXUQDO�RI�WKH�$PHULFDQ�&HUDPLF�6RFLHW\��Y������Q�����S��
��������������
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3$5.��6��et al��&U\VWDOORJUDSKLFDOO\�HQJLQHHUHG�%D7L2���VLQJOH�FU\VWDOV�IRU�KLJK�SHUIRUPDQFH�SLH]RH�
OHFWULFV��-RXUQDO�RI�DSSOLHG�SK\VLFV��Y������Q�����S������������������

3(5(,5$��0��0��(FRWR[LFRORJLFDO�HIIHFWV�RI�FDUERQ�QDQRWXEHV�DQG�FRWWRQ�FHOOXORVH�QDQR¿EHUV�LQ�WKH�
green microalga Chlorella vulgaris��-RXUQDO�RI�1DQRELRWHFKQRORJ\��Y������Q�����S�����

:$1*��/��et al��'&�KXPLGLW\�VHQVLQJ�SURSHUWLHV�RI�%D7L2��QDQR¿EHU�VHQVRUV�ZLWK�GLIIHUHQW�HOHFWURGH�
PDWHULDOV��6HQVRUV�DQG�$FWXDWRUV�%��&KHPLFDO��Y�������Q�����S����������������
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resumo
'XDV�SDUWtFXODV�GH�WLWDQDWR�GH�EiULR��%7���GD�RUGHP�PLFURPpWULFD��a����QP��H�PDQRPpWULFD��a���QP���
IRUDP�DYDOLDGDV�TXDQWR�DR�VHX�LPSDFWR�HP�DPELHQWHV�DTXiWLFRV�XWLOL]DQGR�D�DOJD�YHUGH�Chlorella vul-
garis�FRPR�RUJDQLVPR�PRGHOR��%7�WHP�XP�HIHLWR�Wy[LFR�HVWDWLVWLFDPHQWH�VLJQL¿FDWLYR�QR�FUHVFLPHQWR�
e na viabilidade celular de C. vulgaris�GHVGH���SSP��R�TXH�SDUHFH�VHU�PHGLDGR�SRU�XP�HVWUHVVH�R[LGD�
WLYR�LQGX]LGR�SHODV�SUySULDV�SDUWtFXODV�RX�SHORV�tRQV�%D2+�OLEHUDGRV�QR�PHLR�GH�FXOWXUD��%7�IRL�FDSD]�
GH�HVWUHVVDU�WRGRV�RV�RUJDQLVPRV�WHVWH��R�TXH�IRL�HYLGHQFLDGR�SHOR�DXPHQWR�QD�DWLYLGDGH�GD�VXSHUy[LGR�
GLVPXWDVH��SHOD�GLPLQXLomR�GD�H¿FLrQFLD�IRWRVVLQWpWLFD�H�SHOD�GLPXLomR�GRV�QtYHLV�LQWUDFHOXODUHV�GH�$73��
2�WDPDQKR�GH�%7�SDUHFH�QmR�LQÀXHQFLDU�RV�HIHLWRV�SURGX]LGRV�VREUH�R�FUHVFLPHQWR�GRV�PLFURUJDQLVPRV�
±�HPERUD�D�LQLELomR�GR�FUHVFLPHQWR�WHQKD�VLGR�SURQXQFLDGD�FRP�R�QDQRPDWHULDO�
Palavras-chave��1DQRHFRWR[LFRORJLD�DTXiWLFD��7LWDQDWR�GH�EiULR��Chlorella vulgaris.

AquAticAl toxicitY oF bArium titAnAte micro- And nAnoPArticleS to 
CHLORELLA vULGARIS
Abstract
7ZR�SDUWLFOHV�RI�EDULXP�WLWDQDWH��%7���PLFUR���a����QP��DQG�QDQRVL]HG��a���QP���ZHUH�HYDOXDWHG�IRU�
their impact on aquatic environments using Chlorella vulgaris�DV�PRGHO�RUJDQLVP��%7�KDV�D�VWDWLVWLFDOO\�
VLJQL¿FDQW�WR[LF�HIIHFW�RQ�FHOO�JURZWK�DQG�YLDELOLW\�RI�C. vulgaris��IURP���SSP��ZKLFK�DSSHDUV�WR�EH�PH�
GLDWHG�E\�R[LGDWLYH�VWUHVV�LQGXFHG�E\�WKH�SDUWLFOHV�WKHPVHOYHV�RU�E\�%D2+ ions released into the culture 
PHGLXP��%7�ZDV�DEOH�WR�VWUHVV�DOO�WHVW�RUJDQLVPV��ZKLFK�ZDV�HYLGHQFHG�E\�WKH�LQFUHDVH�LQ�VXSHUR[LGH�
GLVPXWDVH�DFWLYLW\��GHFUHDVHG�SKRWRV\QWKHWLF�HI¿FLHQF\�DQG�WKH�GHFUHDVHG�LQWUDFHOOXODU�$73�OHYHOV��7KH�
VL]H�RI�%7�GLG�QRW�LQÀXHQFH�WKH�HIIHFWV�RQ�WKH�JURZWK�RI�PLFURRUJDQLVPV���DOWKRXJK�JURZWK�LQKLELWLRQ�
KDV�EHHQ�PRUH�SURQRXQFHG�ZLWK�WKH�QDQRPDWHULDO�
Keywords: $TXDWLF�QDQRHFRWR[LFRORJ\��%DULXP�WLWDQDWH��Chlorella vulgaris.

3XEOLFDo}HV�UHODFLRQDGDV
32/21,1,��+��&��et al. 6L]H�GHSHQGHQW�HFRWR[LFLW\�RI�EDULXP�WLWDQDWH�SDUWLFOHV��WKH�FDVH�RI�Chlorella 
vulgaris�JUHHQ�DOJDH��&KHPRVSKHUH��1R�SUHOR�
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1 introduÇÃo

2�WLWDQDWR�GH�EiULR��%D7L2���%7��p�XP�y[LGR�EUDQFR�GR�WLSR�SHURYVNLWD�WUDGLFLRQDOPHQWH�FRQKH�
FLGR�SRU�VHU�XP�PDWHULDO�VHPLFRQGXWRU�IHUURHOpWULFR�FRP�QRWiYHO�FRQVWDQWH�GLHOpWULFD�H��SRUWDQWR��DOWD�
HPSUHJDELOLGDGH�QR�FDPSR�GD�HOHWURFHUkPLFD��68�et al���������

1mR�REVWDQWH��D�LQWURGXomR�HIHWLYD�GH�%7�HP�QDQRHVFDOD�QD�LQG~VWULD�H�QDV�URWLQDV�GH�ODERUD�
WyULR�WURX[H�QRYDV�DSOLFDo}HV�HP�PHGLFLQD�SDUD�WDO�PDWHULDO��&LRIDQL�H�FRODERUDGRUHV�GHVFUHYHUDP�VXD�
XWLOL]DomR�FRPR�QDQRFDUUHDGRU� LQWUDFHOXODU�SDUD�SURWHtQDV�H�IiUPDFRV�GH�EDL[R�SHVR�PROHFXODU�� WDLV�
FRPR�GR[RUUXELFLQD��&,2)$1,�et al�����������$LQGD�HP�������D�VHJXQGD�DSOLFDomR�GR�QDQRVLVWHPDV�
GH�%7�IRFRX�QD�ELRFRQMXJDomR�GH�QDQRFULVWDLV�GH�%7�FRP�DQWLFRUSRV�LPXQRJOREXOLQD�*��,J*��SDUD�
VRQGDV�GH�LPDJHP��+6,(+�et al����������0DLV�UHFHQWHPHQWH��%DOO�H�FRODERUDGRUHV��������LQYHVWLJDUDP�
R�SRWHQFLDO�GH�%7�HP�PHGLFLQD�UHJHQHUDWLYD��(VSXPDV�FRP�SRURVLGDGH�HQWUH����H������FRP�WDPDQKR�
PpGLR�GH�SDUWtFXOD�LJXDO�D����QP�GH�GLkPHWUR�IRUDP�VLQWHWL]DGDV�H�DYDOLDGDV�SDUD�DSOLFDo}HV�RUWRSp�
dicas.

3RUpP��DOpP�GH�QmR�KDYHU�QD�OLWHUDWXUD�GDGRV�GH�ELRFRPSDWLELOLGDGH�HP�ORQJR�SUD]R��QHQKXP�
HVWXGR�GR�LPSDFWR�DPELHQWDO�GH�QDQRSDUWtFXODV�GH�%7�IRL�HQFRQWUDGR��1HVWH�FRQWH[WR��D�KLSyWHVH�GR�SUH�
VHQWH�WUDEDOKR�p�D�GH�TXH�SDUWtFXODV�GH�GLIHUHQWHV�WDPDQKRV�GH�%7�SRVVXHP�GLIHUHQWHV�SHU¿V�WR[LFROyJL�
FRV�SDUD�RUJDQLVPRV�DTXiWLFRV��R�TXH�WDPEpP�p�LQÀXHQFLDGR�SHOR�PHLR�RQGH�RV�PHVPRV�VmR�FXOWLYDGRV��
$VVLP�VHQGR��R�REMHWLYR�JHUDO�IRL�DYDOLDU�SHOD�SULPHLUD�YH]�R�SHU¿O�HFRWR[LFROyJLFR�GH�%7�SDUD�D�DOJD�
verde Chlorella vulgaris��DYDOLDQGR�D�UHVSRVWD�HP�IXQomR�GR�WDPDQKR�GH�SDUWtFXOD��GHWHUPLQDQGR�VH�R�
WDPDQKR�GH�SDUWtFXOD�p�XP�SDUkPHWUR�TXH�LQÀXHQFLD�D�WR[LFLGDGH�GH�%7�

2 mAteriAiS e métodoS

C. vulgaris��DOJD�YHUGH�SODQFW{QLFD�HXFDULRWD��XQL�FHOXODU��IRL�SURYHQLHQWH�GD�DOJRWHFD�GR�Mu-
séum National d’Histoire Naturelle��6XVSHQV}HV�HVWRTXH�FRQWHQGR������+J�P/±��GRV�SyV��R�FKDPDGR�
³QDQR´�SRVVXL����QP�GH�GLkPHWUR�H�R�³PLFUR´�����QP��IRUDP�DGLFLRQDGDV�jV�DOJDV�FUHVFLGDV�HP�PHLR�
%ROG¶V�%DVDO��%%��HP�FRQFHQWUDo}HV�¿QDLV�GH���������������H�����+J�P/±�.

$�UHVSRVWD�Wy[LFD�IRL�DYDOLDGD�SRU�PHLR�GD�FRQWDJHP�GH�FpOXODV�jV������������H����K�DSyV�D�DGLomR�
GRV�PDWHULDLV��$�FRQWDJHP�GDV�FpOXODV�IRL�IHLWD�DWUDYpV�GH�PLFURVFRSLD�GH�FDPSR�OXPLQRVR��XWLOL]DQGR�
R�$XWR�&HOORPHWHU�;���1H[FHORP��(8$���)RL�DYDOLDGD�VLPXOWDQHDPHQWH�D�SRUFHQWDJHP�GH�YLDELOLGDGH�
FHOXODU�XWLOL]DQGR�R�PpWRGR�GH�H[FOXVmR�GR�D]XO�GH�WULSDQR�

$V�LQWHUDo}HV�HQWUH�RV�RUJDQLVPRV�H�RV�PDWHULDLV�QD�FRQFHQWUDomR�GH�����+J�P/±��H�DSyV����K�GH�
H[SRVLomR�IRUDP�REVHUYDGDV�XVDQGR�0(9�H�0(7�

$�HQ]LPD�VXSHUy[LGR�GLVPXWDVH� �62'�� IRL�TXDQWL¿FDGD�QRV�FRQWUROHV�H� WUDWDPHQWRV� �������H�
����+J�P/±���HP������������H����K�GH�H[SRVLomR���3DUD�OLEHUDomR�GD�62'�LQWUD�FHOXODU��DV�FpOXODV�IRUDP�
OLVDGDV�FRP�R�DX[tOLR�GH�HVIHUDV�GH�VtOLFD�DWUDYpV�GH�DJLWDomR�PHFkQLFD�YLJRURVD�HP�YyUWLFH�H�SRVWHULRU�
FHQWULIXJDomR�SRU����PLQ�D������î�g��6RUYDOO�/\Q[�������7KHUPR�6FLHQWL¿F��(8$���3DUD�D�TXDQWL¿FDomR��
IRL�XWLOL]DGR�XP�NLW�GH�HQVDLR�GH�62'�:67��������6LJPD�$OGULFK��$OHPDQKD���2V�FRQWUROHV�H�RV�WUDWD�
PHQWRV��GHSRLV�GH�VHUHP�LQFXEDGRV�D�����&�GXUDQWH����PLQ��IRUDP�OLGRV�D�����QP�XWLOL]DQGR�XP�OHLWRU�
GH�SODFDV�(QYLVLRQ�0XOWLODEHO��3HUNLQ�(OPHU��(8$��

$�DWLYLGDGH�IRWRVVLQWpWLFD�GRV�FRQWUROHV�H�WUDWDPHQWRV��������H�����+J�P/±���D������������H����
K�GH�H[SRVLomR��IRUDP�GHWHUPLQDGRV�DWUDYpV�GH�ÀXRURPHWULD�GH�DPSOLWXGH�GH�SXOVR�PRGXODGR��3$0��
XWLOL]DQGR�ÀXRUtPHWUR�3($�+DQG\��+DQVDWHFK��5HLQR�8QLGR��

1tYHLV�LQWUDFHOXODUHV�GH�DGHQRVLQD���WULIRVIDWR�QRV�FRQWUROHV�H�WUDWDPHQWRV��������H�����+J�P/±���
HP������������H����K�GH�H[SRVLomR��IRUDP�TXDQWL¿FDGRV�DWUDYpV�GH�NLW�$73�%LROXPLQHVFHQW�$VVD\��6LJ�
PD�$OGULFK��$OHPDQKD���$�OLVH�GDV�FpOXODV�IRL�FRQVHJXLGD�PHFDQLFDPHQWH�QXP�YyUWLFH�XVDQGR�HVIHUDV�GH�
YLGUR�VHJXLGR�GH�FHQWULIXJDomR�SRU����PLQ�D������î�g��6RUYDOO�/\Q[�������7KHUPR�6FLHQWL¿F��(8$���D�
¿P�GH�REWHU�R�$73�OLYUH�QR�VREUHQDGDQWH��$�FRQFHQWUDomR�GH�$73�IRL�GHWHUPLQDGD�DWUDYpV�GH�XPD�FXUYD�
DQDOtWLFD�FRP�FRQFHQWUDo}HV�FRQKHFLGDV�GH�$73�QD�IDL[D�GH���î���±��±�����+M.

3 reSultAdoS e diScuSSÃo

$�)LJXUD���PRVWUD�D�WD[D�GH�FUHVFLPHQWR�GH�C. vulgaris�FRPR�XPD�IXQomR�GR�WHPSR�GH�H[SRVL�
omR�jV�SDUWtFXODV�GH�%7��$SHVDU�GD�UHODWLYDPHQWH�EUHYH�GXUDomR�GR�WHVWH��RV�HIHLWRV�DR�ORQJR�GH�YiULDV�
JHUDo}HV�SRGHP�VHU�DYDOLDGRV�SRU�FDXVD�GD�WD[D�GH�GLYLVmR�TXH�DV�DOJDV�SRVVXHP��&RPR�D�UHVSRVWD�GR�
VLVWHPD�p�D�UHGXomR�GR�FUHVFLPHQWR�GDV�FpOXODV�H[SRVWDV��SRGH�VHU�LQIHULGR�TXH�WDQWR�%7�03�H�%7�13�
IRUDP�Wy[LFRV�SDUD�C. vulgaris�HP�%%��HP�WRGDV�DV�FRQFHQWUDo}HV�WHVWDGDV��p����������HPERUD�SDUHoD�
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TXH�HVWH�HIHLWR�DXPHQWD�FRP�D�FRQFHQWUDomR��1R�HQWDQWR��HVWH�HIHLWR�IRL�REVHUYDGR�GHVGH�R�SULPHLUR�
GHWHUPLQDomR�GH�FRQWDJHP�GH�FpOXODV�����K��

4XDQWR�DR�HQVDLR� UHDOL]DGR�SDUD�DYDOLDU� D�YLDELOLGDGH�GRV�RUJDQLVPRV�� IRL�REVHUYDGR�TXH�C. 
vulgaris�H[SRVWD�D�%7�DSUHVHQWRX�XPD�GLPLQXLomR�GD�FDSDFLGDGH�GH�H[FOXLU�FRUDQWH��HPERUD�DV�PHQRUHV�
FRQFHQWUDo}HV�GH�%7�03�������+J�P/±���SDUHFHP�QmR�DIHWDU�D�LQWHJULGDGH�GD�PHPEUDQD��LQGHSHQGHQWH�
PHQWH�GR�WHPSR�GH�H[SRVLomR��HQTXDQWR�%7�13�DIHWRX�HVWH�SDUkPHWUR�HP�WRGDV�DV�FRQFHQWUDo}HV�

Figura 1. &RQWDJHP�FHOXODU��HVTXHUGD��H�YLDELOLGDGH�FHOXODU��GLUHLWD��GH�C. vulgaris HP�IXQomR�GD�FRQFHQWUDomR�H�
GR�WHPSR�GH�H[SRVLomR�D�SDUWtFXODV�GH�WLWDQDWR�GH�EiULR�

3{GH�VHU�REVHUYDGR�SRU�0LFURVFRSLD�(OHWU{QLFD�GH�9DUUHGXUD�TXH�QmR�Ki�QHQKXPD�SDUWtFXOD�GH�
%7�03�RX�%7�13�DGVRUYLGR�SHODV�PHPEUDQDV�GH�DOJDV��H�SHODV�DQiOLVHV�GH�0LFURVFRSLD�(OHWU{QLFD�GH�
7UDQVPLVVmR�TXH�QmR�Ki�QHQKXPD�SDUWtFXOD�GHWHFWiYHO�QR�LQWHULRU�GH�YHVtFXODV�FHOXODUHV��$R�FRQWUiULR��
R�TXH�SRGH� VHU�REVHUYDGR�p� D� IRUPDomR�GH�DJUHJDGRV�GH�SDUWtFXODV�JUDQGHV�H� FRPSDFWRV�GHQWUR�GDV�
FXOWXUDV��FLUFXQGDQGR�DV�FpOXODV��PDV�VHP�FRQWDWR�GLUHWR��$V�LPDJHQV�PRVWUDUDP�TXH�DV�FpOXODV�H[SRV�
WDV�SURGX]LUDP�XP�PDWHULDO�GH�WLSR�JRPD��TXH�QmR�IRL�REVHUYDGR�QRV�FRQWUROHV��(VWXGRV�DQWHULRUHV�Mi�
GHWHFWDUDP�HVWH� IHQ{PHQR�� UHODFLRQDGR�FRP�D�FDSDFLGDGH�GDV�FpOXODV�GH�C. vulgaris�GH�SURGX]LU�XP�
SROtPHUR�GH�DOWR�SHVR�PROHFXODU�FRPSRVWR�GH�PROpFXODV�GH�Do~FDU�FRQKHFLGR�FRPR�H[RSROLVVDFDUtGHR�
�(36��FRPR�XPD�IRUPD�GH�SURWHomR�DGDSWDWLYD��(VWH�(36�QmR�Vy�LPSHGLX�R�FRQWDWR�GLUHWR�GDV�SDUWtFXODV�
FRP�DV�FpOXODV��PDV�WDPEpP�SURSLFLRX�D�IRUPDomR�GH�DJUHJDGRV�GH�SDUWtFXODV�LQHUWHV�FHUFDQGR�DV�DOJDV��
R�TXH�LPSHGLX�D�LQWHUQDOL]DomR�GH�SDUWtFXODV�

2�HIHLWR�TXH�DV�SDUWtFXODV�FDXVDUDP�QR�HVWUHVVH�R[LGDWLYR�IRL�WDPEpP�DYDOLDGR��4XDQGR�VH�ROKD�
SDUD�D�WD[D�GH�LQLELomR�GD�DWLYLGDGH�GD�62'�HP�C. vulgaris��SRGH�VHU�YLVWR�TXH�QmR�GLIHULUDP�GRV�FRQ�
WUROHV�HP�PHLR�%%��$SyV����K��KRXYH�XP�OLJHLUR�DXPHQWR�QD�DWLYLGDGH��PDV�QHQKXPD�GDV�FRQFHQWUDo}HV�
WHVWDGDV�IRUDP�HVWDWLVWLFDPHQWH�VXSHULRUHV�DR�UHVSHFWLYR�FRQWUROH��$�DWLYLGDGH�DXPHQWDGD�GH�62'�SRGH�
VHU�XP�UHÀH[R�GH�XPD�PDLRU�H[SRVLomR�SURGXomR�GH�(52V�TXH��SRU�VXD�YH]��HVWi�DVVRFLDGD�FRP�D�DWLYD�
omR�GD�DSRSWRVH�GDV�FpOXODV�DWUDYpV�GD�PLWRF{QGULD��&+(1*�et al����������1HVWH�VHQWLGR��D�PRUWDOLGDGH�
PDLV�HOHYDGD�REVHUYDGD�HP�$56�SRGH�HVWDU�OLJDGD�DR�DXPHQWR�GD�DWLYLGDGH�GD�62'�±�RX�VHMD��D�WR[LFL�
GDGH�SRGH�WHU�RFRUULGR�SRU�PHLR�GH�H[SRVLomR�D�(52V�JHUDGR�SHOR�%7��¬�PHGLGD�HP�TXH�DV�SDUWtFXODV�
FRQGX]LUDP�j�IRUPDomR�GH�JUDQGHV�DJUHJDGRV�GH�SDUWtFXODV�HP�WRUQR�GDV�DOJDV��SRGH�VHU�HVSHUDGR�TXH�
HVWH�FDXVRX�XPD�GLPLQXLomR�QD�GLVSRQLELOLGDGH�GH�QXWULHQWHV�QHFHVViULRV�SDUD�R�FUHVFLPHQWR�GH�DOJDV��
SRUTXH�R�VHX�WUDQVSRUWH�SHOD�PHPEUDQD�FHOXODU�IRL�SHUWXUEDGR�±�H�PHVPR�D�GLVSRQLELOLGDGH�GH�OX]�SRGH�
ULD�VHU�DPHDoDGD�SRU�HVWHV�JUDQGHV�DJUHJDGRV�PHWiOLFRV�±�R�TXH��HP�FHUWD�PHGLGD��SRGHULD�WHU�VXEPHWLGR�
DV�FpOXODV�DR�HVWUHVVH��OHYDQGR�DR�DXPHQWR�QD�SURGXomR�GH�(52V��;,1�et al���������

2�DXPHQWR�GD�SURGXomR�GH�(52V�WDPEpP�p�FRQKHFLGD�SRU�DIHWDU�D�IRWRVVtQWHVH��'H�IDWR��D�DWLYL�
GDGH�IRWRVVLQWpWLFD�GH�C. vulgaris�IRL�UHGX]LGD��SRUpP�VRPHQWH�DSyV����K��SDUD�%7�13��$LQGD��R�WHRU�GH�
$73�IRL�HQFRQWUDGR�GLPLQXtGR�DSyV����K�GH�H[SRVLomR�j�FRQFHQWUDomR�PDLV�HOHYDGD�GH�%7�03��!�����
+J�P/±���H�DSyV����K�HP�WRGDV�DV�FRQFHQWUDo}HV��H�WRGDV�DV�FRQFHQWUDo}HV�GH�%7�13�

4 concluSÃo

'LDQWH�GR�H[SRVWR��DV�SULQFLSDLV�FRQFOXV}HV�TXH�VH�SRGH�GHSUHHQGHU�GHVWH�HVWXGR�IRUDP���L��%7�
WHP�XP�HIHLWR�Wy[LFR�HVWDWLVWLFDPHQWH�VLJQL¿FDWLYR�QR�FUHVFLPHQWR�H�QD�YLDELOLGDGH�FHOXODU�GH�C. vulga-
ris�GHVGH�D�PHQRU�FRQFHQWUDomR�WHVWDGD����SSP���R�TXH�SDUHFH�VHU�PHGLDGR�SRU�XP�HVWUHVVH�R[LGDWLYR�
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LQGX]LGR�SHODV�SUySULDV�SDUWtFXODV�RX�SHORV�tRQV�%D2+�OLEHUDGRV�QR�PHLR�GH�FXOWXUD���LL��%7�IRL�FDSD]�GH�
HVWUHVVDU�RV�RUJDQLVPRV�WHVWH��R�TXH�IRL�HYLGHQFLDGR�SHOR�DXPHQWR�QD�DWLYLGDGH�GD�62'��SHOD�GLPLQXL�
omR�GD�H¿FLrQFLD�IRWRVVLQWpWLFD�H�SHOD�GLPXLomR�GRV�QtYHLV�LQWUDFHOXODUHV�GH�$73��H��LLL��R�WDPDQKR�GH�
%7�SDUHFH�QmR�LQÀXHQFLDU�RV�HIHLWRV�SURGX]LGRV�VREUH�R�FUHVFLPHQWR�GRV�PLFUR�RUJDQLVPRV�±�HPERUD�D�
LQLELomR�GR�FUHVFLPHQWR�WHQKD�VLGR�SURQXQFLDGD�FRP�R�QDQRPDWHULDO�

AGrAdecimentoS

+�� 3RORQLQL� DJUDGHFH�&$3(6� ����&,,������3URMHWR� ��� 5HGH�%UDVLO� 1DQRELRWHF�� H� 3URJUDPD�
&LrQFLD� VHP�)URQWHLUDV�&13T� ����������������SHODV�EROVDV�GH�HVWXGR�FRQFHGLGDV��7RGRV�RV�DXWRUHV�
DJUDGHFHP�DR�,QVWLWXW�-DFTXHV�0RQRG��SURI��'U��0DUFRQH�$��/��GH�2OLYHLUD��6RSKLH�1RZDN��-HDQ�<YHV�
3LTXHPDO��H�3KLOLSSH�'HFRUVH�

reFerÊnciAS

%$//��-��3��et al��%LRFRPSDWLEOH�HYDOXDWLRQ�RI�EDULXP�WLWDQDWH�IRDPHG�FHUDPLF�VWUXFWXUHV�IRU�RUWKRSHGLF�
DSSOLFDWLRQV��-RXUQDO�RI�%LRPHGLFDO�0DWHULDOV�5HVHDUFK�3DUW�$��Y�������Q�����S������������������

&+(1*��:��et al�� 6LQJOH�ZDOOHG� FDUERQ�QDQRWXEH� LQGXFWLRQ�RI� UDW� DRUWLF� HQGRWKHOLDO� FHOO� DSRSWRVLV��
UHDFWLYH�R[\JHQ�VSHFLHV�DUH�LQYROYHG�LQ�WKH�PLWRFKRQGULDO�SDWKZD\��7KH�,QWHUQDWLRQDO�-RXUQDO�RI�%LRFKH�
PLVWU\�	�&HOO�%LRORJ\��Y������Q�����S����������������

&,2)$1,��*��et al��%DULXP�WLWDQDWH�QDQRSDUWLFOHV��KLJKO\�F\WRFRPSDWLEOH�GLVSHUVLRQV�LQ�JO\FRO�FKLWRVDQ�
DQG�GR[RUXELFLQ�FRPSOH[HV�IRU�FDQFHU�WKHUDS\��1DQRVFDOH�5HVHDUFK�/HWWHUV��Y�����Q�����S�������������
�����

+6,(+��&��et al��%LRFRQMXJDWLRQ�RI�EDULXP�WLWDQDWH�QDQRFU\VWDOV�ZLWK�LPPXQRJOREXOLQ�*�DQWLERG\�IRU�
VHFRQG�KDUPRQLF�UDGLDWLRQ�LPDJLQJ�SUREHV��%LRPDWHULDOV��Y������Q�����S������������������

3(5(,5$��0��0��(FRWR[LFRORJLFDO�HIIHFWV�RI�FDUERQ�QDQRWXEHV�DQG�FRWWRQ�FHOOXORVH�QDQR¿EHUV�LQ�WKH�
green microalga Chlorella vulgaris��-RXUQDO�RI�1DQRELRWHFKQRORJ\��Y������Q�����S�����

68��&��<��et al��*UDLQ�JURZWK�DQG�FU\VWDOOLQLW\�RI�XOWUD¿QH�EDULXP�WLWDQDWH�SDUWLFOHV�SUHSDUHG�E\�YDULRXV�
URXWHV��&HUDPLFV�,QWHUQDWLRQDO��Y������Q�����S������������������

;,1��/��et al��(IIHFWV�RI�GLIIHUHQW�QLWURJHQ�DQG�SKRVSKRUXV�FRQFHQWUDWLRQV�RQ�WKH�JURZWK��QXWULHQW�XS�
WDNH�� DQG� OLSLG�DFFXPXODWLRQ�RI�D� IUHVKZDWHU�PLFURDOJD Scenedesmus� VS��%LRUHVRXUFH�7HFKQRORJ\��Y��
�����Q������S������������������
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IRUDP�DYDOLDGDV�TXDQWR�DR�VHX�LPSDFWR�HP�DPELHQWHV�DTXiWLFRV�XWLOL]DQGR�D�HXJOHQy¿WD�Euglena gra-
cilis�FRPR�RUJDQLVPR�PRGHOR��%7�DSUHVHQWRX�XP�HIHLWR�Wy[LFR�HVWDWLVWLFDPHQWH�VLJQL¿FDWLYR��p�������
no crescimento e na viabilidade celular de E. gracilis�GHVGH���SSP��HIHLWR�UHODFLRQDGR�j�HQGRFLWRVH�GDV�
SDUWtFXODV�QXPD�TXDQWLGDGH�WDO�TXH�OHYRX�D�XPD�UXSWXUD�GH�VXDV�PHPEUDQDV��%7�IRL�FDSD]�GH�HVWUHVVDU�
RV�RUJDQLVPRV�WHVWH��R�TXH�IRL�HYLGHQFLDGR�SHOR�DXPHQWR�QD�DWLYLGDGH�GD�VXSHUy[LGR�GLVPXWDVH��SHOD�
GLPLQXLomR�GD�H¿FLrQFLD�IRWRVVLQWpWLFD�H�SHOD�GLPXLomR�GRV�QtYHLV�LQWUDFHOXODUHV�GH�$73��2�WDPDQKR�GH�
%7�SDUHFH�QmR�LQÀXHQFLDU�RV�HIHLWRV�SURGX]LGRV�VREUH�R�FUHVFLPHQWR�GRV�PLFURUJDQLVPRV�±�HPERUD�D�
LQLELomR�GR�FUHVFLPHQWR�WHQKD�VLGR�SURQXQFLDGD�FRP�R�QDQRPDWHULDO�
Palavras-chave��1DQRHFRWR[LFRORJLD�DTXiWLFD��7LWDQDWR�GH�EiULR��Euglena gracilis.

AquAticAl toxicitY oF bArium titAnAte micro- And nAnoPArticleS to EU-
GLEnA GRACILIS
Abstract
7ZR�SDUWLFOHV�RI�EDULXP�WLWDQDWH��%7���PLFUR���a����QP��DQG�QDQRVL]HG��a���QP���ZHUH�HYDOXDWHG�IRU�
their impact on aquatic environments using Euglena gracilis�DV�PRGHO�RUJDQLVP��%7�KDV�D�VWDWLVWLFDOO\�
VLJQL¿FDQW�WR[LF�HIIHFW�RQ�FHOO�JURZWK�DQG�YLDELOLW\�RI�E. gracilis��IURP���SSP��UHODWHG�WR�WKH�HIIHFW�RI�
HQGRF\WRVHG�SDUWLFOHV�LQ�VXFK�DQ�DPRXQW�WKDW�D�UXSWXUH�RI�WKHLU�PHPEUDQHV�ZDV�FDXVHG��%7�ZDV�DEOH�
WR�VWUHVV�DOO�WHVW�RUJDQLVPV��ZKLFK�ZDV�HYLGHQFHG�E\�WKH�LQFUHDVH�LQ�VXSHUR[LGH�GLVPXWDVH�DFWLYLW\��GH�
FUHDVHG�SKRWRV\QWKHWLF�HI¿FLHQF\�DQG� WKH�GHFUHDVHG� LQWUDFHOOXODU�$73� OHYHOV��7KH�VL]H�RI�%7�GLG�QRW�
LQÀXHQFH�WKH�HIIHFWV�RQ�WKH�JURZWK�RI�PLFURRUJDQLVPV���DOWKRXJK�JURZWK�LQKLELWLRQ�KDV�EHHQ�PRUH�SUR�
QRXQFHG�ZLWK�WKH�QDQRPDWHULDO�
Keywords: $TXDWLF�QDQRHFRWR[LFRORJ\��%DULXP�WLWDQDWH��Euglena gracilis.

3XEOLFDo}HV�UHODFLRQDGDV
32/21,1,��+��&��et al��(FRWR[LFRORJLFDO�VWXGLHV�RI�PLFUR�DQG�QDQRVL]HG�EDULXP�WLWDQDWH�RQ�DTXDWLF�
SKRWRV\QWKHWLF�PLFURRUJDQLVPV��$TXDWLF�7R[LFRORJ\��Y�������S��������������

1 introduÇÃo

$�H[SRVLomR�GH�QDQRPDWHULDLV�HP�GLIHUHQWHV�FRPSDUWLPHQWRV�DPELHQWDLV��iJXD��VROR�H�DU��SRGH�
UHVXOWDU�QD�VXD�PDLRU�ELRGLVSRQLELOLGDGH�H�DF~PXOR�DR�ORQJR�GDV�FDGHLDV�DOLPHQWDUHV��1HVWH�FRQWH[WR��D�
HFRWR[LFRORJLD�p�XPD�FLrQFLD�FXMR�FHUQH�p�HVWXGDU�RV�FRQWDPLQDQWHV�H�VHXV�HIHLWRV�VREUH�FRPSRQHQWHV�GD�
ELRVIHUD��LQFOXLQGR�VHUHV�KXPDQRV��1(:0$1��=+$2��������

3DUD� WDQWR�� RV� WHVWHV� GH� WR[LFLGDGH� DTXiWLFD� VmR� EDVWDQWH� XWLOL]DGRV� SRUTXH� WDLV� HFRVVLVWHPDV�
FRQVWLWXHP�RV�SULQFLSDLV�UHFHSWiFXORV�GH�FRQWDPLQDQWHV��TXHU�VHMDP�HOHV�DGYLQGRV�GH�ODQoDPHQWR�GLUHWR�
QRV�FRUSRV�G¶iJXD��DWUDYpV�GH�GHVFDUJDV�GH�HÀXHQWHV��RX�HPLWLGRV�QR�DU�RX�GHSRVLWDGRV�QRV�VRORV��.(�
1'$//�et al����������e�UHFRPHQGiYHO�TXH�R�HIHLWR�Wy[LFR�GH�XPD�DPRVWUD�VHMD�DYDOLDGR�SDUD�GLIHUHQWHV�
HVSpFLHV�UHSUHVHQWDWLYDV�GD�ELRWD�DTXiWLFD��H�QHVWH�HVWXGR�HXJOHQy¿WDV��Euglena gracilis��

$V�HXJOHQy¿WDV E. gracilis�DSUHVHQWDP�XPD�SODVWLFLGDGH�PHWDEyOLFD�QRWiYHO��XPD�YH]�TXH�SR�
GHP�FRPSRUWDU�VH�WDQWR�FRPR�DXWRWUy¿FDV�H�IRWRVVLQWpWLFDV��TXDQGR�FXOWLYDGDV�QD�SUHVHQoD�GH�OX]��DSUH�
VHQWDQGR�VH�PDFURVFRSLFDPHQWH�QD�FRU�YHUGH��TXDQWR�FRPR�KHWHURWUy¿FDV��TXDQGR�FXOWLYDGDV�QR�HVFXUR��
VHQGR�QHVWH�FDVR�LQFRORU���(,1,&.(5�/$0$6�et al����������1R�SUHVHQWH�HVWXGR��DV�FXOWXUDV�IRUDP�PR�
GXODGDV�SDUD�WHUHP�XP�FRPSRUWDPHQWR�DXWRWUy¿FR��$OpP�GLVVR��HODV�SRVVXHP�D�FDSDFLGDGH�GH�HQGRFLWDU�
SDUWtFXODV�H�GH�VH�PRYHU�SRU�PHLR�GH�XP�ÀDJHOR��XPD�HVWUXWXUD�ORQJD�HP�IRUPD�GH�FKLFRWH��%5$<1(5�
et al���������

2�SUHVHQWH�HVWXGR�IRFRX�QRV�HVWXGRV�GH�HFRWR[LFLGDGH�GH�WLWDQDWR�GH�EiULR��%7���XP�PDWHULDO�TXH�
HP�QDQRHVFDOD�WHP�VLGR�XWLOL]DGR�FRPR�QDQRFDUUHDGRU�LQWUDFHOXODU�SDUD�SURWHtQDV�H�IiUPDFRV�GH�EDL[R�
SHVR�PROHFXODU��WDLV�FRPR�GR[RUUXELFLQD��&,2)$1,�et al����������FRPR�PDWHULDO�SDUD�VRQGDV�GH�LPDJHP�
�+6,(+�et al��������H�FRPR�PDWHULDO�GH�HQ[HUWR�yVVHR��%$//�et al����������$VVLP�VHQGR��R�REMHWLYR�JH�
UDO�IRL�DYDOLDU�SHOD�SULPHLUD�YH]�R�SHU¿O�HFRWR[LFROyJLFR�GH�%7�SDUD�D�HXJOHQy¿WD�E. gracilis��DYDOLDQGR�
D�UHVSRVWD�HP�IXQomR�GR�WDPDQKR�GH�SDUWtFXOD��GHWHUPLQDQGR�VH�R�WDPDQKR�GH�SDUWtFXOD�p�XP�SDUkPHWUR�
TXH�LQÀXHQFLD�D�WR[LFLGDGH�GH�%7�

2 mAteriAiS e métodoS

E. gracilis (euglena eucariótica)�IRL�SURYHQLHQWH�GD�DOJRWHFD�GR�Muséum National d’Histoire 
Naturelle��6XVSHQV}HV�HVWRTXH�FRQWHQGR������+J�P/±��GRV�SyV��R�FKDPDGR�³QDQR´�SRVVXL����QP�GH�



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 553

GLkPHWUR�H�R�³PLFUR´�����QP��IRUDP�DGLFLRQDGDV�jV�DOJDV�FUHVFLGDV�HP�0HLR�0LQHUDO��00��HP�FRQFHQ�
WUDo}HV�¿QDLV�GH���������������H�����+J�P/±�.

$�UHVSRVWD�Wy[LFD�IRL�DYDOLDGD�SRU�PHLR�GD�FRQWDJHP�GH�FpOXODV�jV������������H����K�DSyV�D�DGLomR�
GRV�PDWHULDLV��$�FRQWDJHP�GDV�FpOXODV�IRL�IHLWD�DWUDYpV�GH�PLFURVFRSLD�GH�FDPSR�OXPLQRVR��XWLOL]DQGR�
R�$XWR�&HOORPHWHU�;���1H[FHORP��(8$���)RL�DYDOLDGD�VLPXOWDQHDPHQWH�D�SRUFHQWDJHP�GH�YLDELOLGDGH�
FHOXODU�XWLOL]DQGR�R�PpWRGR�GH�H[FOXVmR�GR�D]XO�GH�WULSDQR�

$V�LQWHUDo}HV�HQWUH�RV�RUJDQLVPRV�H�RV�PDWHULDLV�QD�FRQFHQWUDomR�GH�����+J�P/±��H�DSyV����K�GH�
H[SRVLomR�IRUDP�REVHUYDGDV�XVDQGR�0(9�H�0(7�

$�HQ]LPD�VXSHUy[LGR�GLVPXWDVH� �62'�� IRL�TXDQWL¿FDGD�QRV�FRQWUROHV�H� WUDWDPHQWRV� �������H�
����+J�P/±���HP������������H����K�GH�H[SRVLomR���3DUD�OLEHUDomR�GD�62'�LQWUD�FHOXODU��DV�FpOXODV�IRUDP�
OLVDGDV�FRP�R�DX[tOLR�GH�HVIHUDV�GH�VtOLFD�DWUDYpV�GH�DJLWDomR�PHFkQLFD�YLJRURVD�HP�YyUWLFH�H�SRVWHULRU�
FHQWULIXJDomR�SRU����PLQ�D������î�g��6RUYDOO�/\Q[�������7KHUPR�6FLHQWL¿F��(8$���3DUD�D�TXDQWL¿FDomR��
IRL�XWLOL]DGR�XP�NLW�GH�HQVDLR�GH�62'�:67��������6LJPD�$OGULFK��$OHPDQKD���2V�FRQWUROHV�H�RV�WUDWD�
PHQWRV��GHSRLV�GH�VHUHP�LQFXEDGRV�D�����&�GXUDQWH����PLQ��IRUDP�OLGRV�D�����QP�XWLOL]DQGR�XP�OHLWRU�
GH�SODFDV�(QYLVLRQ�0XOWLODEHO��3HUNLQ�(OPHU��(8$��

$�DWLYLGDGH�IRWRVVLQWpWLFD�GRV�FRQWUROHV�H�WUDWDPHQWRV��������H�����+J�P/±���D������������H����
K�GH�H[SRVLomR��IRUDP�GHWHUPLQDGRV�DWUDYpV�GH�ÀXRURPHWULD�GH�DPSOLWXGH�GH�SXOVR�PRGXODGR��3$0��
XWLOL]DQGR�ÀXRUtPHWUR�3($�+DQG\��+DQVDWHFK��5HLQR�8QLGR��

1tYHLV�LQWUDFHOXODUHV�GH�DGHQRVLQD���WULIRVIDWR�QRV�FRQWUROHV�H�WUDWDPHQWRV��������H�����+J�P/±���
HP������������H����K�GH�H[SRVLomR��IRUDP�TXDQWL¿FDGRV�DWUDYpV�GH�NLW�$73�%LROXPLQHVFHQW�$VVD\��6LJ�
PD�$OGULFK��$OHPDQKD���$�OLVH�GDV�FpOXODV�IRL�FRQVHJXLGD�PHFDQLFDPHQWH�QXP�YyUWLFH�XVDQGR�HVIHUDV�GH�
YLGUR�VHJXLGR�GH�FHQWULIXJDomR�SRU����PLQ�D������î�g��6RUYDOO�/\Q[�������7KHUPR�6FLHQWL¿F��(8$���D�
¿P�GH�REWHU�R�$73�OLYUH�QR�VREUHQDGDQWH��$�FRQFHQWUDomR�GH�$73�IRL�GHWHUPLQDGD�DWUDYpV�GH�XPD�FXUYD�
DQDOtWLFD�FRP�FRQFHQWUDo}HV�FRQKHFLGDV�GH�$73�QD�IDL[D�GH���î���±��±�����+M.

3 reSultAdoS e diScuSSÃo

$�)LJXUD���PRVWUD�D�WD[D�GH�FUHVFLPHQWR�GH�E. gracilis�FRPR�XPD�IXQomR�GR�WHPSR�GH�H[SRVL�
omR�jV�SDUWtFXODV�GH�%7��$SHVDU�GD�UHODWLYDPHQWH�EUHYH�GXUDomR�GR�WHVWH��RV�HIHLWRV�DR�ORQJR�GH�YiULDV�
JHUDo}HV�SRGHP�VHU� DYDOLDGRV�SRU� FDXVD�GD� WD[D�GH�GLYLVmR�TXH�DV� DOJDV�SRVVXHP��8P�HIHLWR�PXLWR�
SURQXQFLDGR�IRL�YLVWR�HP�E. gracilis��SDUD�D�TXDO�WDQWR�%7�03�TXDQWR�%7�13�OHYDUDP�D�XPD�LQLELomR�
VLJQL¿FDWLYD�GR�FUHVFLPHQWR��p���������HP�WRGDV�DV�FRQFHQWUDo}HV�WHVWDGDV�H�GHVGH�D�SULPHLUD�FRQWDJHP�
GH�FpOXODV��DSyV����K�GH�FRQWDWR�

4XDQWR�DR�HQVDLR�UHDOL]DGR�SDUD�DYDOLDU�D�YLDELOLGDGH�GRV�RUJDQLVPRV��IRL�REVHUYDGR�TXH�E. gra-
cilis�H[SRVWD�D�%7�DSUHVHQWRX�XPD�GLPLQXLomR�GD�FDSDFLGDGH�GH�H[FOXLU�FRUDQWH��RX�VHMD��D�GLPLQXLomR�
QD�FRQWDJHP�IRL�DFRPSDQKDGD�GH�GLPLQXLomR�QD�LQWHJULGDGH�PHPEUDQDU�

Figura 1. &RQWDJHP�FHOXODU��HVTXHUGD��H�YLDELOLGDGH�FHOXODU��GLUHLWD��GH�Euglena gracilis HP�IXQomR�GD�
FRQFHQWUDomR�H�GR�WHPSR�GH�H[SRVLomR�D�SDUWtFXODV�GH�WLWDQDWR�GH�EiULR�

0LFURVFRSLFDPHQWH��DV�LPDJHQV�GH�0(9�GR�FRQWUROH�GH�E. gracilis�PRVWUDP�FpOXODV�DORQJDGDV�
EHP�GH¿QLGDV�FRP�VHXV�ÀDJHORV�HP�IRUPD�GH�FKLFRWH��2V�WUDWDPHQWRV��QR�HQWDQWR��GLIHUHP�VREUHPDQHL�
UD��3RGH�VHU�YLVWR�TXH�DV�FpOXODV�H[SRVWDV�D�DPEDV�SDUWtFXODV�VmR�PHQRUHV��FRP�XPD�IRUPD�GH�SHmR��H�
VHP�ÀDJHOR�YLVtYHO��,VVR�DFRQWHFH�SURYDYHOPHQWH�SRU�FDXVD�GD�HQGRFLWRVH�GDV�SDUWtFXODV�GH�%7�H�WDPEpP�
GH�RXWUDV�VXEVWkQFLDV�FRQWLGDV�QRV�PHLRV�GH�FXOWXUD��$V�FpOXODV�UHDOL]DUDP�HQGRFLWRVH�QXP�WDO�JUDX�TXH�D�
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PHPEUDQD�QmR�S{GH�UHVLVWLU�H�HIHWLYDPHQWH�VH�URPSHX��$V�LPDJHQV�GH�0(7��SRU�VXD�YH]��PRVWUDP�GXDV�
FDUDFWHUtVWLFDV�SULQFLSDLV��DV�QDQRSDUWtFXODV�GH�IDWR�LQWHUQDOL]DGDV�SRU�HQGRFLWRVH�H�XP�UHOHYDQWH�DXPHQ�
WR�GD�SURGXomR�GH�FRUSRV�GH�SDUDPLOR��XP�FDUERLGUDWR�VHPHOKDQWH�DR�DPLGR��(VWHV�FRUSRV�SDUDPLOR�SR�
GHP�VHU�YLVXDOL]DGRV�FRPR�EDVW}HV�UtJLGRV�LQFRORUHV�RX�EUDQFRV��H�TXDQGR�HOHV�DWLQJHP�XPD�FRQFHQWUD�
omR�GHPDVLDGR�HOHYDGD�SDUD�D�FpOXOD�PDQXVHDU��DV�SDUHGHV�FHOXODUHV�DFDEDP�SRU�H[SORGLU��1HVWH�VHQWLGR��
0(9�H�0(7�IRUDP�FRPSOHPHQWDUHV��DPERV�FRQ¿UPDQGR�TXH�D�DOWD�HQGRFLWRVH�GDV�SDUWtFXODV�FRQGX]LX�
D�XPD�VXSHUSURGXomR�GH�SDUDPLOR��R�TXH�FDXVRX�D�H[SORVmR�H��FRQVHTXHQWHPHQWH��D�PRUWH�GDV�FpOXODV�

2�HIHLWR�TXH�DV�SDUWtFXODV�FDXVDUDP�QR�HVWUHVVH�R[LGDWLYR�IRL�WDPEpP�DYDOLDGR��DPEDV�SDUWtFXODV�
HP�WRGDV�DV�FRQFHQWUDo}HV��H[FHWR�%7�03�HP���+J�P/±���H[HUFHUDP�DOJXP�HIHLWR�VREUH�D�DWLYLGDGH�GD�
62'�

2�DXPHQWR�GD�SURGXomR�GH�(52V�WDPEpP�p�FRQKHFLGD�SRU�DIHWDU�D�IRWRVVtQWHVH��3DUD�E. gracilis��
R�HIHLWR��GLPLQXLomR�GD�DWLYLGDGH��IRL�REVHUYDGR�D�SDUWLU�GD�SULPHLUD�KRUD�SDUD�DPEDV�DV�SDUWtFXODV�H�HP�
ambos os meios.

-XQWDPHQWH�FRP�D�DWLYLGDGH�GD�62'��XPD�RXWUD�PHGLomR�GD�DWLYLGDGH�PLWRFRQGULDO�GDV�FpOXODV�
p�R�WHRU�GH�$73�LQWUDFHOXODU��3DUD�E. gracilis��RV�HIHLWRV�IRUDP�YLVWRV�GHVGH�R�SULPHLUR�GLD��$�TXHGD�QR�
WHRU�GH�$73�SRGH�UHÀHWLU�XPD�GLPLQXLomR�QD�DWLYLGDGH�PLWRFRQGULDO��H�DVVLP�DV�SDUWtFXODV�GH�%7�OHYD�
UDP�D�GLVW~UELRV�QR�PHWDEROLVPR�HQHUJpWLFR�GRV�RUJDQLVPRV��3DUD�DV�FpOXODV�HXFDULyWLFDV�GH�Euglena��D�
HOHYDGD�DWLYLGDGH�GH�HQGRFLWyWLFD�WDPEpP�GHVHPSHQKRX�XP�SDSHO�QD�GLPLQXLomR�GH�$73��XPD�YH]�TXH�
R�SURFHVVR�GH�HQGRFLWRVH�XWLOL]D�HQHUJLD�D�SDUWLU�GR�$73���'8.+,1�et al���������

4 concluSÃo

'LDQWH�GR�H[SRVWR��DV�SULQFLSDLV�FRQFOXV}HV�TXH�VH�SRGH�GHSUHHQGHU�GHVWH�HVWXGR�IRUDP���L��%7�
WHP�XP�HIHLWR�Wy[LFR�HVWDWLVWLFDPHQWH�VLJQL¿FDWLYR�QR�FUHVFLPHQWR�H�QD�YLDELOLGDGH�FHOXODU�GH�E. gra-
cilis�GHVGH�D�PHQRU�FRQFHQWUDomR�WHVWDGD����SSP���HIHLWR�UHODFLRQDGR�j�HQGRFLWRVH�GDV�SDUWtFXODV�QXPD�
TXDQWLGDGH�WDO�TXH�OHYRX�D�XPD�UXSWXUD�GH�VXDV�PHPEUDQDV���LL��%7�IRL�FDSD]�GH�HVWUHVVDU�RV�RUJDQLVPRV�
WHVWH��R�TXH�IRL�HYLGHQFLDGR�SHOR�DXPHQWR�QD�DWLYLGDGH�GD�62'��SHOD�GLPLQXLomR�GD�H¿FLrQFLD�IRWRVVLQWp�
WLFD�H�SHOD�GLPXLomR�GRV�QtYHLV�LQWUDFHOXODUHV�GH�$73��H��LLL��R�WDPDQKR�GH�%7�SDUHFH�QmR�LQÀXHQFLDU�RV�
HIHLWRV�SURGX]LGRV�VREUH�R�FUHVFLPHQWR�GRV�PLFUR�RUJDQLVPRV�±�HPERUD�D�LQLELomR�GR�FUHVFLPHQWR�WHQKD�
sido pronunciada com o nanomaterial.

AGrAdecimentoS

+�� 3RORQLQL� DJUDGHFH�&$3(6� ����&,,������3URMHWR� ��� 5HGH�%UDVLO� 1DQRELRWHF�� H� 3URJUDPD�
&LrQFLD� VHP�)URQWHLUDV�&13T� ����������������SHODV�EROVDV�GH�HVWXGR�FRQFHGLGDV��7RGRV�RV�DXWRUHV�
DJUDGHFHP�DR�,QVWLWXW�-DFTXHV�0RQRG��SURI��'U��0DUFRQH�$��/��GH�2OLYHLUD��6RSKLH�1RZDN��-HDQ�<YHV�
3LTXHPDO��H�3KLOLSSH�'HFRUVH�

reFerÊnciAS

%$//��-��3��et al��%LRFRPSDWLEOH�HYDOXDWLRQ�RI�EDULXP�WLWDQDWH�IRDPHG�FHUDPLF�VWUXFWXUHV�IRU�RUWKRSHGLF�
DSSOLFDWLRQV��-RXUQDO�RI�%LRPHGLFDO�0DWHULDOV�5HVHDUFK�3DUW�$��Y�������Q�����S������������������

%5$<1(5��5��et al��0LFUR�DOJDO�ELRVHQVRUV��$QDO\WLFDO�DQG�%LRDQDO\WLFDO�&KHPLVWU\��Y�������S������
����������

&,2)$1,��*��et al��%DULXP�WLWDQDWH�QDQRSDUWLFOHV��KLJKO\�F\WRFRPSDWLEOH�GLVSHUVLRQV�LQ�JO\FRO�FKLWRVDQ�
DQG�GR[RUXELFLQ�FRPSOH[HV�IRU�FDQFHU�WKHUDS\��1DQRVFDOH�UHVHDUFK�OHWWHUV��Y�����Q�����S������������������

(,1,&.(5�/$0$6��0��et al. Euglena gracilis�DV�D�PRGHO�IRU�WKH�VWXG\�RI�&X2+�DQG�=Q2+�WR[LFLW\�DQG�
DFFXPXODWLRQ�LQ�HXNDU\RWLF�FHOOV��(QYLURQPHQWDO�3ROOXWLRQ��Y�������Q�����S����������������

+6,(+��&��et al��%LRFRQMXJDWLRQ�RI�EDULXP�WLWDQDWH�QDQRFU\VWDOV�ZLWK�LPPXQRJOREXOLQ�*�DQWLERG\�IRU�
VHFRQG�KDUPRQLF�UDGLDWLRQ�LPDJLQJ�SUREHV��%LRPDWHULDOV��Y������Q�����S������������������

.(1'$//��5��-��et al��(FRWR[LFRORJ\��86'$�1DWLRQDO�:LOGOLIH�5HVHDUFK�&HQWHU�6WDII�3XEOLFDWLRQV��S��
����������
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1(:0$1��0��&���=+$2��<��(FRWR[LFRORJ\�QRPHQFODWXUH��/&��/'��/2&��/2(&��0$&��,Q��-RUJHQ�
VHQ��6�(���)DWK��%���(GV����(QF\FORSHGLD�RI�(FRORJ\��(OVHYLHU��SS������±�����������
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resumo
'XDV�SDUWtFXODV�GH�WLWDQDWR�GH�EiULR��%7��IRUDP�FDUDFWHUL]DGDV�ItVLFR�TXLPLFDPHQWH�TXDQWR�D�SDUkPHWURV�
GH�LQWHUHVVH�SDUD�HQVDLRV�GH�WR[LFRORJLD�DTXiWLFD��)RUDP�UHDOL]DGRV��GLIUDomR�GH�UDLRV�;��REVHUYDo}HV�
PRUIROyJLFDV�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��H�PLFURVFRSLD�HOHWU{QLFD�GH�WUDQVPLVVmR�
�0(7���GHWHUPLQDomR�GD�iUHD�GH�VXSHUItFLH��GR�HVWDGR�GH�GLVSHUVmR�H�GD�FDUJD�H�TXtPLFD�GH�VXSHUItFLH�
H�DYDOLDomR�GR�JUDX�GH�GLVVROXomR�HP�VXVSHQV}HV�DTXRVDV��7DQWR�%7�03��PLFURSDUWtFXOD��TXDQWR�%7�
13��QDQRSDUWtFXOD��VH�PRVWUDUDP�FDUUHJDGDV�QHJDWLYDPHQWH��IDFLOPHQWH�DJUHJiYHLV��FRP�XPD�WD[D�GH�
OLEHUDomR�GH�tRQV�%D2+�SDUD�RV�PHLRV�GH�FXOWXUD�TXH�QmR�XOWUDSDVVD������
Palavras-chave��7LWDQDWR�GH�EiULR��&DUDFWHUL]DomR�ItVLFR�TXtPLFD��1DQRHFRWR[LFRORJLD�

cHArActeriZAtion oF bArium titAnAte micro- And nAnoPArticleS For 
toxicitY ASSAYS
Abstract
7ZR�SDUWLFOHV�RI�EDULXP�WLWDQDWH��%7��ZHUH�SK\VLFR�FKHPLFDOO\�FKDUDFWHUL]HG�UHJDUGLQJ�SDUDPHWHUV�RI�
LQWHUHVW�WR�DTXDWLF�WR[LFRORJ\�DVVD\V��:H�SHUIRUPHG��;�UD\�GLIIUDFWLRQ��PRUSKRORJLFDO�REVHUYDWLRQV�E\�
VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0��DQG�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��7(0���GHWHUPLQDWLRQ�RI�
VXUIDFH�DUHD��WKH�VWDWH�RI�GLVSHUVLRQ�DQG�FKDUJH�DQG�FKHPLVWU\�RI�VXUIDFH�DQG�DVVHVVPHQW�RI�WKH�GLVVR�
OXWLRQ�LQ�DTXHRXV�VXVSHQVLRQV��%RWK�%7�03��PLFURSDUWLFOH��DV�%7�13��QDQRSDUWLFOH��ZHUH�QHJDWLYHO\�
FKDUJHG��HDVLO\�DJJUHJDWDEOH��ZLWK�D�UHOHDVH�UDWH�RI�%D2+�LRQV�WR�WKH�FXOWXUH�PHGLD�WKDW�GRHV�QRW�H[FHHG�
�����
Keywords:�%DULXP�WLWDQDWH��3K\VLFRFKHPLFDO�FKDUDFWHUL]DWLRQ��1DQRHFRWR[LFRORJ\�

3XEOLFDo}HV�UHODFLRQDGDV
32/21,1,��+��&��et al. 6L]H�GHSHQGHQW�HFRWR[LFLW\�RI�EDULXP�WLWDQDWH�SDUWLFOHV��WKH�FDVH�RI�Chlorella 
vulgaris�JUHHQ�DOJDH��&KHPRVSKHUH��1R�SUHOR�

32/21,1,��+��&��et al��(FRWR[LFRORJLFDO�VWXGLHV�RI�PLFUR�DQG�QDQRVL]HG�EDULXP�WLWDQDWH�RQ�DTXDWLF�
SKRWRV\QWKHWLF�PLFURRUJDQLVPV��$TXDWLF�7R[LFRORJ\��Y�������S��������������

1 introduÇÃo

2V�WUrV�HOHPHQWRV�EDVH�SDUD�DV�HVWUDWpJLDV�GH�screening�GR�SHU¿O�GH�WR[LFLGDGH�GH�QDQRPDWHULDLV��
VHJXQGR�2EHUG|UVWHU�et al���������VmR���L��FDUDFWHUL]DomR�ItVLFR�TXtPLFD��WDPDQKR��iUHD�GH�VXSHUItFLH��
IRUPDWR��VROXELOLGDGH��DJUHJDomR����LL��HOXFLGDomR�GRV�HIHLWRV�ELROyJLFRV�D�SDUWLU�GH�HVWXGRV�in vitro��H�
�LLL��FRQ¿UPDomR�GRV�HIHLWRV�HP�HVWXGRV�in vivo��1HVVH�VHQWLGR��D�FDUDFWHUL]DomR�DVVXPH�SDSHO�SULPRUGLDO�
SDUD�R�FRPSOHWR�HQWHQGLPHQWR�GR�PHFDQLVPR�GH�LQWHUDomR�GRV�PDWHULDLV�FRP�RV�VHUHV�YLYRV�

2�FRQKHFLPHQWR�FLHQWt¿FR�UHFHQWH�VREUH�RV�PHFDQLVPRV�GH�LQWHUDomR�GH�FpOXODV�H�QDQRSDUWtFXODV�
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YHP�LQGLFDQGR�TXH�DV�PXLWDV�FpOXODV�SURQWDPHQWH�LQWHUQDOL]DP�DV�QDQRSDUWtFXODV��TXHU�DWUDYpV�GH�PHFD�
QLVPRV�DWLYRV�RX�SDVVLYRV��0HVPR�SDUWtFXODV�GH�XP�PHVPR�PDWHULDO�SRGHP�DSUHVHQWDU�FRPSRUWDPHQWRV�
FRPSOHWDPHQWH�GLIHUHQWHV��GHYLGR�D��SRU�H[HPSOR��SHTXHQDV�GLIHUHQoDV�QD�VXSHUItFLH�GH�UHYHVWLPHQWR��QD�
FDUJD�RX�QR�WDPDQKR��(/6$(66(5��+2:$5'��������

$OpP�GLVVR��Ki�PXLWR�PDLV�YDULiYHLV�D�FRQVLGHUDU�TXDQGR�VH�WUDEDOKD�FRP�QDQRPDWHULDLV��H�HVWDV�
LQFOXHP��WDPDQKR��IRUPD��FDUJD�GH�VXSHUItFLH��HVWDGR�GH�GLVSHUVmR��DJORPHUDomR��DJUHJDomR���FRQFHQ�
WUDomR�H�PHLR��&DVR�FRQWUiULR��RV�SRVVtYHLV�HIHLWRV�Wy[LFRV�QmR�SRGHUmR�VHU�IDFLOPHQWH�DWULEXtGRV�D�XPD�
GHWHUPLQDGD�TXDOLGDGH�GR�QDQRPDWHULDO�RX�DWp�PHVPR�DR�SUySULR�QDQRPDWHULDO�SRUTXH��SRU�H[HPSOR��
LPSXUH]DV�H�RXWURV�FRPSRQHQWHV�SRGHP�VHU�UHVSRQVDELOL]DGRV��6$<(6��:$5+(,7��������

2�SUHVHQWH�HVWXGR�IRFRX�QD�FDUDFWHUL]DomR�ItVLFR�TXtPLFD�GH�WLWDQDWR�GH�EiULR��%7���XP�PDWHULDO�
TXH�HP�QDQRHVFDOD� WHP�VLGR�XWLOL]DGR�FRPR�QDQRFDUUHDGRU� LQWUDFHOXODU�SDUD�SURWHtQDV�H� IiUPDFRV�GH�
EDL[R�SHVR�PROHFXODU��WDLV�FRPR�GR[RUUXELFLQD��&,2)$1,�et al����������FRPR�PDWHULDO�SDUD�VRQGDV�GH�
LPDJHP��+6,(+�et al���������H�FRPR�PDWHULDO�GH�HQ[HUWR�yVVHR��%$//�et al����������$VVLP�VHQGR��R�RE�
MHWLYR�JHUDO�IRL�FDUDFWHUL]DU�ItVLFR�TXLPLFDPHQWH�GRLV�ORWHV�GH�%7�FRP�WDPDQKRV�GH�SDUWtFXODV�GLVWLQWRV��
VHQGR�XP�PLFURPpWULFR��%7�03��H�R�RXWUR�PDQRPpWULFR��%7�13���HP�UHODomR�j�FRPSRVLomR�TXtPLFD��j�
IRUPD�H�DR�WDPDQKR��D�VHX�HVWDGR�GH�GLVSHUVmR�H�D�VXD�FDUJD��iUHD�H�TXtPLFD�GH�VXSHUItFLH�

2 mAteriAiS e métodoS

$�GLIUDomR�GH� UDLRV�;��'5;��GDV�DPRVWUDV�QDQR�RX�PLFURSDUWLFXODGDV� �GRUDYDQWH� LQWLWXODGDV�
SyV��IRUDP�UHJLVWUDGDV�FRP�GLIUDW{PHWUR�;¶SHUW�3UR��3$1DO\WLFDO��+RODQGD��HTXLSDGR�FRP�XP�GHWHFWRU�
PXOWLFDQDO�;¶&HOHUDWRU��H�XWLOL]DQGR�D�UDGLDomR�GH�&R�.Į�� ����������c���QR�LQWHUYDOR�GH�kQJXORV��ș�
YDULDQGR�GH����D�������FRP�XP�SDVVR�GH�YDUUHGXUD�GH��������V��2�VXSRUWH�GH�DPRVWUDV�XWLOL]DGR�IRL�GH�
sílica monocristalina.

2EVHUYDo}HV�PRUIROyJLFDV�GRV�PDWHULDLV�SRU�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD��0(9��IRUDP�
REWLGDV�SRU�PHLR�GH�XP�PLFURVFySLR�6XSUD�����=HLVV��$OHPDQKD��HTXLSDGR�FRP�XP�GHWHFWRU�QD�OHQWH��
,PDJHQV�GH�PLFURVFRSLD� HOHWU{QLFD�GH� WUDQVPLVVmR� �0(7�� IRUDP�REWLGDV� XWLOL]DQGR�XP�PLFURVFySLR�
���&;��,,��-(2/��-DSmR��RSHUDQGR�FRP�XPD�WHQVmR�GH�DFHOHUDomR�GH�����N9�

$�iUHD�VXSHU¿FLDO�HVSHFt¿FD��6g��H�R�WDPDQKR�GRV�SRURV�IRUDP�PHGLGRV�SHOD�FROHWD�GDV�LVRWHUPDV�
GH�DGVRUomR�GHVVRUomR�GH�QLWURJrQLR��12��HP�XP�VLVWHPD�*HPLQL�9�������0LF�$PHULFD��(8$��D����.��
DSyV�RV�PDWHULDLV�WHUHP�VLGR�VHFRV�D������&�GXUDQWH���K�

2� HVWDGR� GH� GLVSHUVmR� �GHWHUPLQDGR� FRPR� WDPDQKR� KLGURGLQkPLFR�� H� DV� IRUoDV� GH� FDUJD� GD�
VXSHUItFLH�LQWHUSDUWtFXODV��SRWHQFLDO�]HWD��ȗ��GDV�GLVSHUV}HV�GH�SyV�QRV�PHLRV�GH�FXOWXUD������+J�P/±���
RX������î���±��0��IRUDP�FDUDFWHUL]DGRV�XVDQGR�XP�=HWDVL]HU�1DQR�=6��0DOYHUQ�,QVWUXPHQWV��5HLQR�
8QLGR���DWUDYpV�GH�HVSDOKDPHQWR�GLQkPLFR�GH�OX]��'/6��H�HVSDOKDPHQWR�HOHWURIRUpWLFR�GH�OX]��(/6���
respectivamente.

2�JUDX�GH�GLVVROXomR�GRV�PDWHULDLV�QRV�PHLRV�GH�FXOWXUD��%ROG¶V�%DVDO��%%��H�0HLR�0LQHUDO��00��
FRPR�XPD�IXQomR�GH�WHPSR�������������������������H���K��IRL�DYDOLDGR�VHJXLQGR�XP�SURWRFROR�SURSRVWR�SRU�
Sivry et al����������$�SDUWLU�GH�XPD�VROXomR�HVWRTXH������+J�P/±���YROXPH�¿QDO� �����P/���SUHSDUDGD�QR�PR�
PHQWR���K��DOtTXRWDV������P/��IRUDP�UHWLUDGDV�QRV�LQWHUYDORV�GH�WHPSR�HVSHFL¿FDGRV�H�XOWUD�¿OWUDGDV�XVDQGR�
¿OWURV�GH���N'D��0LFURVHS�$GYDQFH�&HQWULIXJDO�'HYLFH��3DOO�&RUSRUDWLRQ��(8$��TXH�IRUDP�FHQWULIXJDGRV�HP�
YHORFLGDGH�Pi[LPD��(%$����+HWWLFK��$OHPDQKD��SRU��K��$SyV��DGLFLRQRX�VH����+/�GH�+12��VDWXUDGR��VHP�
QHQKXP�WUDoR�GH�%D2+���$�DQiOLVH�HOHPHQWDU�IRL�UHDOL]DGD�SRU�SODVPD�LQGXWLYDPHQWH�DFRSODGR�D�HVSHFWURPHWULD�
GH�HPLVVmR�ySWLFD��,&3��2(6���L&$3�������7KHUPR�6FLHQWL¿F��(8$���2�UHVWDQWH�GDV�GLVSHUV}HV�DTXRVDV�����
P/��IRL�FHQWULIXJDGR�D��������[�J��6RUYDOO�/\Q[�������7KHUPR�6FLHQWL¿F��(8$��H�R�PHLR�IRL�FRPSOHWDPHQWH�
HYDSRUDGR�HP�HVWXID�D�����&��2V�UHVtGXRV�VHFRV�IRUDP��HQWmR��DQDOLVDGRV�SRU�'5;�H�HVSHFWURVFRSLD�GH�IRWR�
HOpWURQV�H[FLWDGRV�SRU�UDLRV�;��;36���9*�(VFDODE������7KHUPR�6FLHQWL¿F��(8$���XVDQGR�$O�.Į�GH��������
H9��D����N9�H�����:��SDUD�DYDOLDomR�GH�HYHQWXDLV�PXGDQoDV�TXtPLFDV�QD�VXSHUItFLH�GDV�SDUWtFXODV�

3 reSultAdoS e diScuSSÃo

2V�GLIUDWRJUDPDV�GH�%7�LQGLFDP�TXH�RV�PDWHULDLV�VLQWHWL]DGRV�WrP�GXDV�HVWUXWXUDV�GLIHUHQWHV��
%7�03�PRVWUD�ERD�FRQFRUGkQFLD�FRP�D�HVWUXWXUD�WHWUDJRQDO�FRQYHQFLRQDO�GR�%D7L2���FRP�R�JUXSR�GH�
HVSDoR�3�PP��,&''���������������2�GLIUDWRJUDPD�GH�%7�13��SRU�VXD�YH]��LQGLFD�TXH�R�PDWHULDO�VLQ�
WHWL]DGR�p�%D7L2��GH�HVWUXWXUD�F~ELFD��FRP�R�JUXSR�GH�HVSDoR�3P�P��,&''���������������8VDQGR�R�
PRGHOR�GH�:LOOLDPVRQ�+DOO�FDOFXODGR�SHOR�software GR�GLIUDW{PHWUR��WHP�VH�TXH�RV�WDPDQKRV�PpGLRV�GH�
FULVWDOLWRV�IRUDP�������(�������c��FRP������(�������GH�GHIRUPDomR��H������(������c�������(���������
UHVSHFWLYDPHQWH�SDUD�%7�03�H�%7�13�
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6DEHQGR�VH�TXH�RV�GRLV�PDWHULDLV�VmR�GLIHUHQWHV�HP�WHUPRV�GH�HVWUXWXUD�FULVWDOLQD�H� WDPDQKR�
GH�VHXV�FULVWDOLWRV��UHDOL]RX�VH�D�REVHUYDomR�PLFURVFySLFD�GRV�PHVPRV��1D�)LJXUD����Yr�VH�D�GLIHUHQoD�
PRUIROyJLFD�HQWUH�DV�SDUWtFXODV�H�FRQ¿UPD�VH�TXH�R�WDPDQKR�QmR�p�FRPSOHWDPHQWH�XQLIRUPH��SDUWLFXODU�
PHQWH�SDUD�R�Sy�FRP�SDUWtFXODV�PDLRUHV��%7�03���)RL�UHDOL]DGD�D�HVWLPDWLYD�GH�WDPDQKR�GDV�SDUWtFXODV�
FRPR�VHQGR�GD�RUGHP�GH�����QP�SDUD�%7�03�H�HP�WRUQR�GH����QP�SDUD�%7�13�

Figura 1. ,PDJHQV�GH�PLFURVFRSLD�HOHWU{QLFD�GH�WLWDQDWR�GH�EiULR���$��0(9�GH�%7�03���%��0(9�GH�%7�13���&��
0(7�GH�%7�13�

$�iUHD�GH�VXSHUItFLH�IRL�FDOFXODGD�FRPR�VHQGR������P2 g±��SDUD�%7�03�H�������P2 g±� para BT 
13��2V�YROXPHV�WRWDLV�GRV�SRURV�IRUDP��UHVSHFWLYDPHQWH��������H������FP� g±��H�RV�GLkPHWURV�PpGLRV�GRV�
SRURV�IRUDP��UHVSHFWLYDPHQWH�������H�������QP��$�LVRWHUPD�GH�%7�13�PRVWUD�XPD�OLJHLUD�KLVWHUHVH�HP�DOWD�
SUHVVmR�UHODWLYD��R�TXH�JHUDOPHQWH�DFRQWHFH�TXDQGR�R�PDWHULDO�SRVVXL�PHVR��������QP��RX�PDFURSRURV��!�
��QP���$�KLVWHUHVH�p��SRUWDQWR��H[SOLFDGD�SHOR�IDWR�GH�R�QDQRPDWHULDO�DSUHVHQWDU�SRURV�PDLRUHV�GR�TXH�R�
micro.

&RPR�R�%7�DSUHVHQWD�XPD�HVWUXWXUD�GH�SHURYVNLWD��p�HVSHUDGD�D�REVHUYDomR�GH�LQVWDELOLGDGH�WHU�
PRGLQkPLFD�H�UHDWLYLGDGH�HP�PHLR�DTXRVR��H�LVVR�IRL�HYLGHQFLDGR�SHODV�PHGLGDV�GH�'/6�UHDOL]DGDV��2V�
UHVXOWDGRV�GH�ȗ�PRVWUDP�TXH��GH�XPD�PDQHLUD�JHUDO��DPEDV�DV�SDUWtFXODV�VmR�FDUUHJDGDV�QHJDWLYDPHQWH��H�
HVWD�FDUJD�WHQGH�D�GLPLQXLU�HP�PyGXOR�FRP�YDORUHV�GH�S+�EDL[RV�H�PDLRU�WHPSR�HP�VXVSHQVmR��([FHWX�
DQGR�VH�HVWH�FDVR��QHQKXP�GRV�PDWHULDLV�DSUHVHQWDUDP�YDORUHV�VX¿FLHQWHPHQWH�HOHYDGRV�SDUD�JDUDQWLU�D�
HVWDELOLGDGH�FRORLGDO��TXH�GHYH�VHU�QR�PtQLPR����P9��(VWD�LQVWDELOLGDGH�SRGH�VHU�REVHUYDGD�D�ROKR�QX�FRPR�
VHGLPHQWDomR�QD�VXVSHQVmR�DSyV�DOJXPDV�KRUDV�GH�SUHSDUR��&RPR�D�FDUJD�GH�VXSHUItFLH�DIHWD�D�DEVRUomR�H�
D�WUDQVORFDomR�GDV�SDUWtFXODV�SRU�RUJDQLVPRV�YLYRV��SRGH�VH�HVSHUDU�TXH�DV�SDUWtFXODV�LUmR�PRVWUDU�HIHLWRV�
GLVWLQWRV�VREUH�RV�PLFUR�RUJDQLVPRV��TXHU�GHYLGR�j�VXD�SUySULD�QDWXUH]D��RX�GHYLGR�D�VHX�GLIHUHQWH�FRP�
portamento em cada meio.

2V�GDGRV�GH�ȗ�OHYDP�j�D¿UPDomR�GH�TXH�R�WDPDQKR�GRV�DJUHJDGRV�QmR�DIHWD�R�ȗ��SRLV�HOH�VH�PDQWpP�
QHJDWLYR�GHVGH�R�PRPHQWR�GH�SUHSDUR�GDV�VXVSHQV}HV�DWp����K�DSyV�R�PHVPR��4XDQWR�DR�S+��Yr�VH�WDPEpP�
XPD�WHQGrQFLD�TXDVH�GH�IRUPD�OLQHDU��TXDQWR�PDLRU�R�S+��PDLV�QHJDWLYD�D�FDUJD�p��FRP�DSHQDV�DOJXPDV�
H[FHo}HV��2�S+�SRGH�VHU�DVVRFLDGR�FRP�DV�YDULDo}HV�QRV�YDORUHV�ȗ�XPD�YH]�TXH�RV�PHLRV�iFLGRV�OL[LYLDP�
o Ba2+�GD�VXSHUItFLH�GR�%7��WRUQDQGR�R�ȗ�SHUWR�GH����VXVSHQVmR�LQVWiYHO���$�GLVVROXomR��YHU�DGLDQWH��SRGH�
WHU�WRUQDGR�D�VXSHUItFLH�GH�%7�ULFD�HP�7L��LVWR�p��XPD�VXSHUItFLH�PDLV�iFLGD��2�DXPHQWR�GR�S+��SRU�VXD�YH]��
GLPLQXL�D�GLVVROXomR�GH�%D2+�RX�FDXVD�UHDEVRUomR�GR�FiWLRQ�

2�WDPDQKR�KLGURGLQkPLFR�GDV�SDUWtFXODV�IRL�DYDOLDGR�FRPR�XPD�IXQomR�GR�S+�H�GR�WHPSR��GD�
PHVPD�PDQHLUD�FRPR�IRL�UHDOL]DGD�D�PHGLomR�GR�ȗ��(P�PHLR�%%��R�S+�QmR�LQÀXHQFLRX�R�WDPDQKR�GH�
DJUHJDGRV��DR�FRQWUiULR�GR�WHPSR��TXH�GHVHPSHQKRX�XP�SDSHO�LPSRUWDQWH�VREUH�HVWH�SDUkPHWUR��FRPR�RV�
DJUHJDGRV�SDUHFHP�DXPHQWDU�HP�JUDQGH�PHGLGD�DR�ORQJR�GRV�GLDV�HP�DPEDV�DV�SDUWtFXODV��2�PHVPR�IHQ{�
PHQR�RFRUUHX�HP�00��PDV��QHVWH�FDVR��D�GLPLQXLomR�GR�S+�WDPEpP�OHYRX�D�XP�DXPHQWR�QRV�WDPDQKRV�
GH�DJUHJDGRV��3DUD�00��RV�DJUHJDGRV�GH�%7�13�IRUDP�PDLRUHV�GR�TXH�RV�GH�%7�03��1HQKXPD�WHQGrQFLD�
S{GH�VHU�YLVWD��XPD�YH]�TXH�QmR�VHJXHP�XPD�UHODomR�OLQHDU�FRP�R�WHPSR�RX�R�S+��

)LQDOPHQWH��R�JUDX�GH�GLVVROXomR�GDV�SDUWtFXODV�WDPEpP�IRL�DYDOLDGR��XPD�YH]�TXH�D�OLEHUDomR�GH�
tRQV�SDUD�RV�PHLRV�GH�FXOWXUD�SRGH�VHU�UHVSRQViYHLV�SRU�XP�GLIHUHQWH�JUDX�H�PHFDQLVPR�GH�WR[LFLGDGH�SDUD�
RV�PLFUR�RUJDQLVPRV��%7�13�OLEHURX�PDLV�%D2+�QRV�PHLRV�GR�TXH�%7�03�±�������SSE�DSyV����K�HP�PHLR�
%%������YH]HV�PDLV�GR�TXH�%7�03�QR�PHVPR�PHLR��������SSE�DSyV����K�HP�00�FRQWUD�����SSE�GH�%7�03��
����YH]HV�PDLV��1R�HQWDQWR��DV�WD[DV�GH�GLVVROXomR�GRV�SyV�HP�%%�RX�$56�QmR�IRUDP�VXSHULRUHV�D������

$SyV�DV����K�GH�H[SHULPHQWR��RV�GLIUDWRJUDPDV�GH�'5;�GRV�SyV�UHVWDQWHV�IRUDP�DYDOLDGRV�H�QmR�
IRL�REVHUYDGD�QHQKXPD�GLIHUHQoD�VLJQL¿FDWLYD�HP�QHQKXP�PHLR��$QiOLVHV�SRU�;36�GRV�UHVtGXRV�WDPEpP�
IRUDP�UHDOL]DGDV��TXtPLFD�GD�VXSHUItFLH���$�UHODomR�%D�7L�2�GH�DFRUGR�FRP�D�EDL[D�VROXELOLGDGH�YHUL¿FDGD�
SRU�,&3��2(6��2�FDUERQR��&��p�XPD�LPSXUH]D�FRPXP�HP�XOWUD�DOWR�YiFXR��8$9���H�RV�VLQDLV�DR�UHGRU�GH�
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����H9��KLGURFDUERQHWR��VmR�QRUPDOPHQWH�XWLOL]DGRV�FRPR�SDGUmR�LQWHUQR�GH�UHIHUrQFLD�D�RXWURV�HOHPHQWRV�
TXDQGR�RFRUUHP�IHQ{PHQRV�GH�FDUUHJDPHQWR�HOpWULFR��1R�HQWDQWR��D�VXD�SUHVHQoD�HP�PDLV�GH�XP�HVWDGR�
p�XP�LQGLFDWLYR�GD�IRUPDomR�GH�FDUERQDWR�GH�EiULR��%D&2���WDPEpP�REVHUYDGR�SHOD�HQHUJLD�GH�OLJDomR�
GH�%D�HP�a�����H9���$�GHFRQYROXomR�GR�SLFR�&��s�UHYHORX�XP�SLFR�GH�FDUERQDWR�QD�VXSHUItFLH�GR�%7��HP�
��������H9��2�%D&2� pode ser um subproduto da síntese de BaTiO���TXDOTXHU�TXH�VHMD�D�YLD�GH�VtQWHVH��RX�
SRGH�WDPEpP�VHU�GHULYDGR�GD�WHQGrQFLD�SDUD�D�DGVRUomR�GH�&22�TXH�H[LVWH�HP�VXSHUItFLHV�GH�SHURYVNLWDV��
GHYLGR�D�XPD�LQWHUDomR�GLSROR�GLSROR�HQWUH�R�FULVWDO�%D7L2��IHUURHOpWULFR�H�D�PROpFXOD�GH�&22�SRODU��&RPR�
HVWH�FRPSRQHQWH�HVWi�SUHVHQWH�VRPHQWH�HP�WUDoRV��p�PDLV�SURYiYHO�TXH�R�FDUERQDWR�VHMD�IRUPDGR�FRPR�
XPD�VHJXQGD�IDVH�GLVFUHWD��a�����HP�YH]�GH�XPD�SHOtFXOD�GH�VXSHUItFLH�

4 concluSÃo

7DQWR�%7�03��a���QP��WHWUDJRQDO��TXDQWR�%7�13��a���QP��F~ELFR�GH�IDFH�FHQWUDGD��VH�PRV�
WUDUDP�QHJDWLYRV��IDFLOPHQWH�DJUHJiYHLV�H�SUHFLSLWiYHLV��LQVWiYHLV��HP�WRGRV�RV�PHLRV�GH�FXOWXUD�DTXRVR�
HVWXGDGRV��FRP�XPD�WD[D�GH�OLEHUDomR�GH�tRQV�%D2+�SDUD�RV�PHVPRV�TXH�QmR�XOWUDSDVVD�������(VWHV�GDGRV�
SRGHP�VHU�XVDGRV�SDUD�GLUHFLRQDU�IXWXURV�WUDEDOKRV�FRP�HQVDLRV�GH�HFRWR[LFLGDGH�DTXiWLFD�
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&ODVVL¿FDomR��Estudo GRV�DVSHFWRV�GH�VHJXUDQoD�HP�QDQRWHFQRORJLD��

resumo
$V�QDQRSDUWtFXODV�GH�GLy[LGR�GH�WLWkQLR��QDQR�7L22��DSUHVHQWDP�SURSULHGDGHV�IRWRFDWDOtWLFDV�TXH�GHYHP�
VHU�FRQVLGHUDGDV�QD�VXD�DYDOLDomR�HFRWR[LFROyJLFD��(VWH�WUDEDOKR�WHYH�SRU�REMHWLYR�DYDOLDU�D�WR[LFLGDGH�
GR�QDQR�7L22 em Daphnia similis��VRE�GLIHUHQWHV�FRQGLo}HV�GH�LOXPLQDomR��D. similis�IRUDP�H[SRVWDV�D�
���������H�����PJ�/�GH�QDQR�7L22��DQDWDVH�����QP��VRE�OX]�YLVtYHO�RX�OX]�YLVtYHO�H�UDGLDomR�XOWUDYLROHWD�
�89���GXUDQWH���K��$QDOLVRX�VH�D�DWLYLGDGH�GH�FDWDODVH��&$7���JOXWDWLRQD�6�WUDQVIHUDVH��*67��H�IRVIDWD�
VH�iFLGD��)$��QRV�RUJDQLVPRV�H[SRVWRV��&$7�DSUHVHQWRX�UHGXomR�QD�VXD�DWLYLGDGH�QRV�JUXSRV�H[SRVWRV�
D�����PJ�/��(P�JHUDO��D�H[SRVLomR�D�UDGLDomR�89�HOHYRX�D�DWLYLGDGH�GH�*67��)$�VRIUHX�LQWHUDomR�GRV�
IDWRUHV��VHQGR�D�DWLYLGDGH�GH�)$�LQLELGD�VRE�UDGLDomR�89��HP�WRGDV�DV�FRQFHQWUDo}HV� WHVWDGDV��(VWHV�
UHVXOWDGRV�FRQWULEXHP�SDUD�FRPSUHHQVmR�GRV�HIHLWRV�HFRWR[LFROyJLFRV�GR�QDQR�7L22 e indicam que a 
FRQGLomR�GH�LOXPLQDomR�LQÀXHQFLD�WDLV�HIHLWRV�
Palavras-chave��1DQRWR[LFRORJLD��(FRWR[LFRORJLD��ÈJXD��0LFURFUXVWiFHR�

SubletHAl exPoSure oF dAPHniA to AnAtASe cAuSeS biocHemicAl cHAnG-
eS tHAt Are dePendent oF illuminAtion condition.
Abstract
1DQRSDUWLFOHV�RI�WLWDQLXP�GLR[LGH��QDQR�7L22��H[KLELW�SKRWRFDWDO\WLF�SURSHUWLHV�WKDW�PXVW�EH�FRQVLGHUHG�
LQ�LWV�HFRWR[LFRORJLFDO�DVVHVVPHQW��7KLV�VWXG\�DLPHG�WR�HYDOXDWH�WKH�WR[LFLW\�RI�QDQR�7L22 in Daphnia 
similis�XQGHU�GLIIHUHQW� LOOXPLQDWLRQ�FRQGLWLRQV��D. similis�ZHUH�H[SRVHG� WR����������DQG�����PJ�/�RI�
QDQR�7L22� �DQDWDVH����QP��XQGHU�YLVLEOH� OLJKW�RU�YLVLEOH�DQG�XOWUDYLROHW� OLJKW��89��IRU����KRXUV��:H�
DQDO\]HG�WKH�DFWLYLW\�RI�FDWDODVH��&$7���JOXWDWKLRQH�6�WUDQVIHUDVH��*67��DQG�DFLG�SKRVSKDWDVH��$3��LQ�
H[SRVHG�RUJDQLVPV��&$7�VKRZHG�D�GHFUHDVH�LQ�DFWLYLW\�LQ�WKH�JURXSV�H[SRVHG�WR�����PJ�/��,Q�JHQHUDO��
H[SRVXUH�WR�89�UDGLDWLRQ�LQFUHDVHG�WKH�*67�DFWLYLW\��)$�VKRZHG�WKDW�WKHUH�ZDV�DQ�LQWHUDFWLRQ�RI�IDFWRUV��
DQG� WKH�DFWLYLW\�RI�)$�ZDV� LQKLELWHG�XQGHU�89�UDGLDWLRQ��DW�DOO� WHVWHG�FRQFHQWUDWLRQV��7KHVH�¿QGLQJV�
FRQWULEXWH�WR�XQGHUVWDQGLQJ�WKH�HFRWR[LFRORJLFDO�HIIHFWV�RI�QDQR�7L22 and indicate that the illumination 
FRQGLWLRQ�LQÀXHQFHV�VXFK�HIIHFWV�
Keywords: 1DQRWR[LFRORJ\��(FRWR[LFRORJ\��:DWHU��0LFURFUXVWDFHDQ�

3XEOLFDo}HV�UHODFLRQDGDV
&/(0(17(��=���&$6752��9�/�6�6���-216621��&�0���)5$&(72��/�)���0LQLPDO�OHYHOV�RI�XOWUDYLROHW�
OLJKW�HQKDQFH�WKH�WR[LFLW\�RI�7,2��QDQRSDUWLFOHV�WR�WZR�UHSUHVHQWDWLYH�RUJDQLVPV�RI�DTXDWLF�V\VWHPV��
-RXUQDO�RI�1DQRSDUWLFOH�5HVHDUFK�������

1 introduÇÃo

1DQRSDUWtFXODV�GH�GLy[LGR�GH�WLWkQLR��QDQR�7L22��HVWmR�HQWUH�DV�PDLV�XWLOL]DGDV�SHOD�QDQRWHFQR�
ORJLD��6XD�FUHVFHQWH�SURGXomR�H�XWLOL]DomR�OHYDUDP�D�GLYHUVRV�HVWXGRV�SDUD�DYDOLDomR�GD�VXD�WR[LFLGDGH��
2�QDQR�7L22�SRVVXL�SURSULHGDGHV�IRWRFDWDOtWLFDV��JHUDQGR�HVSpFLHV�UHDWLYDV�GH�R[LJrQLR��526��FDSD]HV�
GH�GDQL¿FDU�PROpFXODV�ELROyJLFDV��HVWH�WHP�VLGR�R�PHFDQLVPR�GH�WR[LFLGDGH�PDLV�GLVFXWLGR�SDUD�R�QDQR�
TiO2��12*8(,5$��-$5',0��������

7UDEDOKR�DQWHULRU�GR�QRVVR�JUXSR�PRVWURX�TXH�QtYHLV�PtQLPRV�GH�UDGLDomR�89�DOWHUDP�D�WR[LFL�
GDGH�DJXGD�GR�QDQR�7L2��HP�Daphnia similis��VHQGR�R�YDORU�GH�&(����K ����PJ�/�SDUD�DQDWDVH����QP��
$SHVDU�GR�YDORU�GH�&(���VHU�HOHYDGR�H�FODVVL¿FDU�R�QDQR�7L22�FRPR�SUDWLFDPHQWH�QmR�Wy[LFR��86(3$��
�������p�LPSRUWDQWH�DYDOLDU�D�RFRUUrQFLD�GH�HIHLWRV�VXEOHWDLV�HP�RUJDQLVPRV�H[SRVWRV�DR�QDQR�7L22 para 
avaliar possíveis riscos ao ambiente.

2�REMHWLYR�GHVWH�HVWXGR�IRL�DYDOLDU�RV�HIHLWRV�VXEOHWDLV�GR�QDQR�7L22 em Daphnia similis��VRE�
GLIHUHQWHV�FRQGLo}HV�GH�LOXPLQDomR��DWUDYpV�GD�DQiOLVH�GH�ELRPDUFDGRUHV�ELRTXtPLFRV�

2 mAteriAiS e métodoS

D. similis�IRUDP�H[SRVWDV�GXUDQWH���K�D�����������H������PJ�/�GH�QDQR�7L22��6LJPD�$OGULFK��
���QP�������DQDWDVH��VRE�GXDV�FRQGLo}HV�GH�LOXPLQDomR��OX]�YLVtYHO�FRP�RX�VHP�UDGLDomR�XOWUDYLROHWD�
�89���$V�FRQFHQWUDo}HV�WHVWDGDV�FRUUHVSRQGHUDP�j�&(����K�VRE�89�������H�����GD�&(����K�VRE�89�GH�
QDQR�7L22��$�UDGLDomR�89�QRV�ELRHQVDLRV�IRL�HVWDEHOHFLGD�DWUDYpV�GH�OkPSDGDV�89$����GD�4�3DQHO��H�
D�VXD�LQWHQVLGDGH�IRL�GH������-�K�FP2��XPD�GRVH�FHUFD�GH�����YH]HV�LQIHULRU�j�UDGLDomR�VRODU�QR�RXWRQR�
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�&/(0(17(�HW�DO���������
&HUFD�GH�����RUJDQLVPRV�DGXOWRV�IRUDP�H[SRVWRV�jV�FRQGLo}HV�WHVWHV��HP�SODFDV�GH�SHWUL��GLkPH�

WUR����FP��DOWXUD�FROXQD�GH�iJXD���FP��FRQWHQGR����P/�GH�VROXomR��$R�¿QDO�GR�SHUtRGR�GH�H[SRVLomR��RV�
RUJDQLVPRV�IRUDP�FROHWDGRV�XWLOL]DQGR�XPD�SHQHLUD��PDOKD�GH������PP���ODYDGRV�FRP�iJXD�GHVWLODGD��
SHVDGRV�H�DUPD]HQDGRV�D������&�SDUD�SRVWHULRU�UHDOL]DomR�GH�DQiOLVHV�ELRTXtPLFDV��

$V�GDSKQLDV�FROHWDGDV�IRUDP�KRPRJHQHL]DGDV�HP�WDPSmR�IRVIDWR����P0�S+���������SHVR�YROX�
PH��H�FHQWULIXJDGDV�D��������[g�GXUDQWH����PLQ���o&��2�VREUHQDGDQWH�IRL�XWLOL]DGR�SDUD�UHDOL]DomR�GDV�
DQiOLVHV�GDV�DWLYLGDGHV�HVSHFt¿FDV�GH�JOXWDWLRQD�6�WUDQVIHUDVH��*67��.((1�HW�DO����������FDWDODVH��&$7��
$(%,��������� IRVIDWDVH�iFLGD� �)$��35$=(5(6�HW�DO���������H�FRQFHQWUDomR�SURWHLFD� �%5$')25'��
��������$R�PHQRV���SRROV�GH�GDSKQLD�IRUDP�DQDOLVDGRV�SRU�JUXSR�H�WRGDV�DV�OHLWXUDV�IRUDP�IHLWDV�HP�
triplicata.

$V�DQiOLVHV�IRUDP�UHDOL]DGDV�HP�OHLWRUD�GH�DEVRUEkQFLD�GH�PLFURSODFD��7HFDQ�6XQULVH��$XVWULD���
H[FHWR�D�DQiOLVH�GH�&$7��TXH�IRL�UHDOL]DGD�HP�HVSHFWURIRW{PHWUR�GH�FXEHWD�89�9LV��0RGHO�����3&��
6KLPDG]X��-DSmR��

2V�GDGRV�ELRTXtPLFRV�IRUDP�FRPSDUDGRV�DWUDYpV�GH�$QRYD�GH�GXDV�YLDV��FRQVLGHUDUDP�VH�RV�
IDWRUHV�FRQGLomR�GH�LOXPLQDomR��FRP�H�VHP�89���FRQFHQWUDomR�H�D�LQWHUDomR�HQWUH�HOHV��(PSUHJRX�VH�
R�SyV�WHVWH�GH�+ROP�6LGDN��SDUD�FRPSDUDomR�GRV�JUXSRV��3DUD�WRGDV�DV�DQiOLVHV�DGRWRX�VH�XP�QtYHO�GH�
VLJQL¿FkQFLD�GH�����$�QRUPDOLGDGH�GRV�GDGRV�IRL�WHVWDGD�DWUDYpV�GR�WHVWH�GH�6KDSLUR�:LON��3DUD�HVWDV�
DQiOLVHV�XWLOL]RX�VH�R�SURJUDPD�6LJPD�3ORW�YHUVmR�������

3 reSultAdoS e diScuSSÃo

$�H[SRVLomR�GXUDQWH���K�GH�GDSKQLDV�D�FRQFHQWUDo}HV�HTXLYDOHQWHV�H�DEDL[R�GD�&(����K�VRE�89��
LQGLFRX�GLIHUHQWHV�UHVSRVWDV�GRV�ELRPDUFDGRUHV�ELRTXtPLFRV�HVWXGDGRV��$�DWLYLGDGH�HVSHFt¿FD�GH�&$7�
�)LJXUD��,��DSUHVHQWRX�HIHLWR�GD�FRQGLomR�GH�LOXPLQDomR��S �������H�GD�FRQFHQWUDomR��S���������PDV�
QmR�KRXYH�LQWHUDomR�HQWUH�RV�GRLV�IDWRUHV��S ��������$�LQLELomR�QD�DWLYLGDGH�GH�&$7�RFRUUHX�QRV�JUXSRV�
H[SRVWRV�D�����PJ�/�VHP�H�FRP�89�H�WDPEpP�D���PJ�/�FRP�89��2�HIHLWR�GD�FRQFHQWUDomR�GH�QDQR�7L22 
VREUH�D�DWLYLGDGH�HVSHFt¿FD�GH�)$��)LJXUD��,,��GHSHQGHX�GD�FRQGLomR�GH�LOXPLQDomR��FDUDFWHUL]DQGR�D�
RFRUUrQFLD�GH�LQWHUDomR�GRV�GRLV�IDWRUHV��S ��������$�LQLELomR�GD�DWLYLGDGH�GH�)$�RFRUUHX�HP�WRGDV�DV�
FRQFHQWUDo}HV�WHVWDGDV�GH�DQDWDVH�FRP�89��$�DWLYLGDGH�HVSHFt¿FD�GH�*67��)LJXUD��,,,��DSUHVHQWRX�HIHLWR�
GD�FRQGLomR�GH�LOXPLQDomR��S ��������

$�OLWHUDWXUD�p�DLQGD�LQFRQFOXVLYD�VREUH�R�HIHLWR�GR�QDQR�7L22 sobre biomarcadores bioquímicos. 
7UDEDOKRV�FRP�RXWURV�RUJDQLVPRV�DTXiWLFRV�H[SRVWRV�DR�QDQR�7L22� WDPEpP�REVHUYDUDP�UHGXo}HV�QD�
DWLYLGDGH�H�H[SUHVVmR�GH�&$7��+$2�HW�DO���������&8,�HW�DO����������$OWDV�FRQFHQWUDo}HV�GH�+2O2 podem 
LQLELU�UHYHUVLYHOPHQWH�H�LQDWLYDU�LUUHYHUVLYHOPHQWH�D�DWLYLGDGH�GH�FDWDODVH��/$5',12,6�HW�DO���������'D�
PHVPD�IRUPD��HVSpFLHV�UHDWLYDV�GH�R[LJrQLR�FRPR�22�H�+2O2�VmR�FDSD]HV�GH�R[LGDU�UHVtGXRV�GH�FLVWHtQD�
SUHVHQWHV�QR�VtWLR�DWLYR�H��SRUWDQWR��LQLELU�D�DWLYLGDGH�GH�IRVIDWDVHV��$2<$0$�HW�DO����������$�RFRUUrQFLD�
GH�HVWUHVVH�R[LGDWLYR�SRGH�HVWDU�UHODFLRQDGD�j�SURGXomR�GLUHWD�GH�526�SHOR�QDQR�7L22��RX�SRU�KLSy[LD�
FDXVDGD�GHYLGR�j�DGHUrQFLD�GR�QDQR�7L22�DRV�RUJDQLVPRV�H�FRQVHTXHQWH�GL¿FXOGDGH�UHVSLUDWyULD��$QDWD�
VH�p�D�IDVH�FULVWDO�GH�7L22�FRP�PDLRUHV�SURSULHGDGHV�IRWRFDWDOtWLFDV�FRP�UHODomR�D�UXWLOR��$�IRWRDWLYDomR�
GH�DQDWDVH�SHOD�UDGLDomR�89�OHYD�D�SURGXomR�GH�526�H�QR�QRVVR�HVWXGR��HVVD�FRQGLomR�SURPRYHX�XPD�
HOHYDomR�QD�WR[LFLGDGH�GHVVH�PDWHULDO�SDUD�GDSKQLD�
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Figura 1. $QiOLVHV�ELRTXtPLFDV�HP�D. similis�H[SRVWDV�GXUDQWH���K�D�QDQR�7L22�VHP�H�FRP�UDGLDomR�89��
$WLYLGDGHV�HVSHFt¿FDV�GH��,��FDWDODVH���,,��IRVIDWDVH�iFLGD���,,,��JOXWDWLRQD�6�WUDQVIHUDVH��0pGLD�( erro padrão. * 
LQGLFD�S������HQWUH�JUXSRV�VHP�H�FRP�89�GHQWUR�GD�PHVPD�FRQFHQWUDomR��/HWUDV�PDtXVFXODV�GLIHUHQWHV�LQGLFDP�

S������HQWUH�JUXSRV�VHP�89��/HWUDV�PLQ~VFXODV�GLIHUHQWHV�LQGLFDP�S������HQWUH�JUXSRV�FRP�89�

4 concluSÃo

1RVVRV�UHVXOWDGRV�LQGLFDP�TXH�R�QDQR�7L22�DQDWDVH�SRGH�JHUDU�HIHLWRV�VXEOHWDLV�HP�RUJDQLVPRV�
DTXiWLFRV�TXH�GHSHQGHP�GD�FRQGLomR�GH�LOXPLQDomR��$�H[SRVLomR�DJXGD�GH�GDSKQLDV�D�FRQFHQWUDo}HV�
HTXLYDOHQWHV� H� DEDL[R�GD�&(����K� GH�QDQR�7L22� VRE� UDGLDomR�89� LQLELX� DV� DWLYLGDGHV� HVSHFt¿FDV�GH�
FDWDODVH�H�IRVIDWDVH�iFLGD��LQGLFDQGR�D�RFRUUrQFLD�GH�HVWUHVVH�R[LGDWLYR��1RVVRV�UHVXOWDGRV�LQGLFDP�TXH�
R�QDQR�7L22�SRGH�DSUHVHQWDU�LPSDFWR�QHJDWLYR�HP�HFRVVLVWHPDV�GH�iJXD�GRFH��H�FRQWULEXHP�SDUD�D�GLV�
FXVVmR�H�HVWDEHOHFLPHQWRV�GRV�SURWRFRORV�QDQRHFRWR[LFROyJLFRV��

AGrAdecimentoS

)$3(63��&13T��&$3(6�H�(0%5$3$��

reFerÊnciAS

$(%,��+��&DWDODVH�LQ�YLWUR��$FDGHPLF�3UHVV��Y������S���������������

$R\DPD��+���6LOYD��7�0�$���0LUDQGD��0�$���)HUUHLUD��&�9��3URWHtQDV�WLURVLQD�IRVIDWDVHV��SURSULHGDGHV�H�
IXQo}HV�ELROyJLFDV��4XtPLFD�1RYD��Y����S����������������

%UDGIRUG��0��$�UDSLG�DQG�VHQVLWLYH�PHWKRG�IRU�WKH�TXDQWL¿FDWLRQ�RI�PLFURJUDP�TXDQWLWLHV�RI�SURWHLQ�XWL�
OL]LQJ�WKH�SULQFLSOH�RI�SURWHLQ�G\H�ELQGLQJ��$QDO\WLFDO�%LRFKHPLVWU\��Y������S�����������������

&OHPHQWH��=���&DVWUR��9�/���)HLWRVD��/�2���/LPD��5���-RQVVRQ��&�0���0DLD��$�+���)UDFHWR��/�)��)LVK�H[SR�
VXUH�WR�QDQR�7L2��XQGHU�GLIIHUHQW�H[SHULPHQWDO�FRQGLWLRQV��0HWKRGRORJLFDO�DVSHFWV�IRU�QDQRHFRWR[LFR�
ORJ\�LQYHVWLJDWLRQV��6FLHQFH�RI�7RWDO�(QYLURQPHQW��Y�����������S���������������

&XL��<����*RQJ��;����'XDQ��<��HW�DO��+HSDWRF\WH�DSRSWRVLV�DQG�LWV�PROHFXODU�PHFKDQLVPV�LQ�PLFH�FDXVHG�
E\�WLWDQLXP�GLR[LGH�QDQRSDUWLFOHV��-RXUQDO�RI�+D]DUG�0DWHULDOV��Y������Q���±���S�����±����������

+DR���/���:DQJ��=���;LQJ��%��(IIHFW�RI�VXE�DFXWH�H[SRVXUH�WR�7L2��QDQRSDUWLFOHV�RQ�R[LGDWLYH�VWUHVV�DQG�
KLVWRSDWKRORJLFDO�FKDQJHV�LQ�MXYHQLOH�FDUS��&\SULQXV�FDUSLR���-RXUQDO�RI�(QYLURQPHQWDO�6FLHQFH��Y������
Q������S������������������
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.HHQ��-��+���+DELJ��:��+���-DNRE\��:��%��0HFKDQLVP�IRU�VHYHUDO�DFWLYLWLHV�RI�WKH�JOXWDWKLRQH�6�WUDQVIH�
UDVH��-RXUQDO�RI�%LRORJLFDO�&KHPLVWU\��Y�������S������������������

/DUGLQRLV��2�0���0HVWGDJK��0�0���5RX[KHW��3�*��5HYHUVLEOH�LQKLELWLRQ�DQG�LUUHYHUVLEOH�LQDFWLYDWLRQ�RI�
FDWDODVH�LQ�SUHVHQFH�RI�K\GURJHQ�SHUR[LGH��%%$���3URWHLQ�6WUXFWXUH�0��Y��������Q�����S�����±����������

1RJXHLUD��5�)�3���-DUGLP��:�)��$�IRWRFDWiOLVH�KHWHURJrQHD�H�VXD�DSOLFDomR�DPELHQWDO��4XLPLFD�1RYD��Y��
����Q�����S���������������

3UD]HUHV��-�1���)HUUHLUD��&�9���$R\DPD��+��$FLG�SKRVSKDWDVH�DFWLYLWLHV�GXULQJ�WKH�JHUPLQDWLRQ�RI�*O\FLQH�
PD[�VHHGV��3ODQW�3K\VLRORJ\�DQG�%LRFKHPLVWU\��Y������S���±���������

86(3$��8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���(3$����� ���� ���������+D]DUG�(YDOXDWLRQ�
'LYLVLRQ��6WDQGDUG�(YDOXDWLRQ�3URFHGXUH���$FXWH�WR[LFLW\�WHVW�IRU�HVWXDULQH�DQG�PDULQH�RUJDQLVPV��:D�
VKLQJWRQ�������

indicAdoreS de riSco do deSenvolvimento dAS 
nAnotecnoloGiAS – umA FerrAmentA de APoio à deciSÃo

*Karen c. massini1, Katia r.e. Jesus2, odílio b. G. Assis3
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&ODVVL¿FDomR��Estudo GRV�DVSHFWRV�GH�VHJXUDQoD�HP�QDQRWHFQRORJLD��

resumo
$�QDQRWHFQRORJLD�UHSUHVHQWD�DWXDOPHQWH�XP�QHJyFLR�PXQGLDO�TXH�PRYLPHQWD�PDLV�GH�����ELOK}HV�GH�
GyODUHV�H�DWUDL�FDGD�YH]�PDLV�UHFXUVRV�KXPDQRV�H�¿QDQFHLURV��GHYLGR�DR�VHX�HQRUPH�SRWHQFLDO�GH�DSOLFD�
omR��$VVLP��PHWRGRORJLDV�TXH�SHUPLWDP�DYDOLDU�D�VHJXUDQoD�GRV�QDQRSURGXWRV��HVSHFLDOPHQWH�DTXHOHV�
TXH�Mi�HQFRQWUDP�VH�QR�PHUFDGR��VmR�GH�IXQGDPHQWDO�LPSRUWkQFLD��1R�HQWDQWR��D�iUHD�GR�FRQKHFLPHQWR�
TXH�HQYROYH�DV�DYDOLDo}HV�GH�ULVFRV�GDV�QDQRWHFQRORJLDV�HQFRQWUD�VH�DLQGD�EDVWDQWH�LQFLSLHQWH�QR�%UD�
VLO��$�FULDomR�GH�XPD�PHWRGRORJLD�SDUD�D�$YDOLDomR�GRV�5LVFRV�GDV�QDQRWHFQRORJLDV� UHSUHVHQWD�XPD�
PHGLGD�PLWLJDWyULD�H¿FD]�SDUD�HQIUHQWDU�RV�GHVD¿RV�FDGD�YH]�PDLRUHV�LGHQWL¿FDGRV�SHORV�FLHQWLVWDV�H�
OHJLVODGRUHV��SRGHQGR�DWXDU�HP�WUrV�PRPHQWRV��SUHYHQLQGR��PRQLWRUDQGR�H�UHVWDXUDQGR��'HVWD�IRUPD��
VmR�DSUHVHQWDGRV�QHVVH�WUDEDOKR����LQGLFDGRUHV�SDUD�D�DYDOLDU�R�SRWHQFLDO�GH�ULVFR��(VVHV�IRUDP�YDOLGDGRV�
SHORV�HVSHFLDOLVWDV�GD�iUHD�GH�QDQRWHFQRORJLD�SRU�PHLR�GD�7pFQLFD�'HOSKL�GH�FRQVXOWD�DRV�HVSHFLDOLVWDV��
6HJXQGR�HOHV��HVVHV�LQGLFDGRUHV�UHSUHVHQWDP�GH�PRGR�PDLV�FRPSOHWR�RV�DVSHFWRV�PDLV�FUtWLFRV�UHODFLR�
QDGRV�DR�GHVHQYROYLPHQWR�GD�1DQRWHFQRORJLD��(VWHV�LQGLFDGRUHV��GH�PRGR�JHUDO��WrP�D�¿QDOLGDGH�GH�
DX[LOLDU�RV�GHVHQYROYHGRUHV�GHVWD�WHFQRORJLD�SDUD�TXH�UHDYDOLHP�DV�PHWRGRORJLDV�HPSUHJDGDV�SDUD�R�
GHVHQYROYLPHQWR�GDV�QDQRWHFQRORJLDV�FRP�D�¿QDOLGDGH�GH�PLWLJDU�XP�SURYiYHO�ULVFR�
Palavras-chave��1DQRWHFQRORJLD��1DQRSDUWtFXOD��$YDOLDomR�GD�6HJXUDQoD��,QGLFDGRUHV�GH�ULVFRV�

riSK indicAtorS oF tHe nAnotecHnoloGY develoPment - A tool For deci-
Sion mAKinG SuPPort
Abstract
1DQRWHFKQRORJ\�LV�FXUUHQWO\�D�JOREDO�EXVLQHVV�WKDW�RSHUDWHV�PRUH�WKDQ�����ELOOLRQ�GROODUV�DQG�LV�LQFUHDV�
LQJO\�DWWUDFWLQJ�KXPDQ�DQG�¿QDQFLDO�UHVRXUFHV��GXH�WR�WKHLU�HQRUPRXV�SRWHQWLDO�DSSOLFDWLRQ��7KXV��PHWK�
RGRORJLHV�IRU�DVVHVVLQJ�WKH�VDIHW\�RI�QDQR�SURGXFWV��HVSHFLDOO\�WKRVH�WKDW�DUH�DOUHDG\�LQ�PDUNHW��+RZ�
HYHU��WKH�DUHD�RI���NQRZOHGJH�WKDW�LQYROYHV�ULVN�DVVHVVPHQWV�RI�QDQRWHFKQRORJ\�LV�VWLOO�LQFLSLHQW�LQ�%UD]LO��
7KH�GHYHORSPHQW�RI�D�PHWKRGRORJ\�IRU�ULVN�DVVHVVPHQW�RI�QDQRWHFKQRORJLHV�LV�DQ�HIIHFWLYH�PHDVXUH�WR�
IDFH� LQFUHDVLQJ�FKDOOHQJHV� LGHQWL¿HG�E\�VFLHQWLVWV�DQG� OHJLVODWRUV��ZKLFK�FDQ�DFW� LQ� WKUHH�VWDJHV��SUH�
YHQWLQJ��PRQLWRULQJ�DQG�UHVWRULQJ��7KXV��LQ�WKLV�ZRUN�DUH�SUHVHQWHG����LQGLFDWRUV�WR�DVVHVV�WKH�SRWHQWLDO�
ULVN��WKHVH�KDYH�EHHQ�YDOLGDWHG�E\�H[SHUWV�LQ�WKH�¿HOG�RI�QDQRWHFKQRORJ\�WKURXJK�WKH�'HOSKL�WHFKQLTXH�
RI�FRQVXOWLQJ�H[SHUWV��$FFRUGLQJ�WR�WKHP��WKHVH�LQGLFDWRUV�UHSUHVHQW�PRUH�FRPSOHWHO\�WKH�PRVW�FULWLFDO�
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GHYHORSPHQW�UHODWHG�DVSHFWV�RI�1DQRWHFKQRORJ\��7KHVH�LQGLFDWRUV��LQ�JHQHUDO��DLPV�WR�DVVLVW�GHYHORSHUV�
RI�WKLV�WHFKQRORJ\�WR�UHDVVHVV�WKH�PHWKRGRORJLHV�HPSOR\HG�IRU�WKH�GHYHORSPHQW�RI�QDQRWHFKQRORJ\�LQ�
RUGHU�WR�PLWLJDWH�D�SRWHQWLDO�ULVN�
Keywords: 1DQRWHFKQRORJ\��1DQRSDUWLFOH��6DIHW\�$VVHVVPHQW��5LVN�LQGLFDWRUV�

1 introduÇÃo

$�QDQRWHFQRORJLD�SHUPLWH�GHVHQYROYHU�SURGXWRV�GH�DOWD�TXDOLGDGH�FRP�DPSOD�DSOLFDomR��QD�DJUL�
FXOWXUD�H�VHJXUDQoD�DOLPHQWDU��ELRORJLD�FHOXODU��SURWHomR�DPELHQWDO��PpWRGRV�GH�WUDWDPHQWR�GH�GRHQoDV��
GHQWUH�RXWURV��1R�HQWDQWR��XPD�TXHVWmR�YHP�VHQGR�OHYDQWDGD�TXDQWR�j�VHJXUDQoD�GHVVHV�SURGXWRV��$�
SHUFHSomR�S~EOLFD�GRV�FRQVXPLGRUHV�TXDQWR�D�VHJXUDQoD�GHVVHV�SURGXWRV�GHYH�VHU�IDYRUiYHO�SDUD�TXH�D�
XWLOL]DomR�GD�WHFQRORJLD�HP�FXUWR�SUD]R�QmR�VHMD�FRPSURPHWLGD�(PERUD�VH�UHFRQKHoD�TXH�DV�DSOLFDo}HV�
GDV�QDQRWHFQRORJLDV� HPHUJHQWHV� WHQGHP�D� WUD]HU� EHQHItFLRV� VLJQL¿FDWLYRV�� p� LJXDOPHQWH� UHFRQKHFLGR�
TXH� RV� QDQRPDWHULDLV� SRGHP�DSUHVHQWDU� ULVFRV� GLIHUHQWHV� GDTXHOHV� GR�PHVPR�PDWHULDO� FRQYHQFLRQDO�
�SURGXWR�FRUUHVSRQGHQWH�FRP�WDPDQKRV�PLFUR�RX�PDFUR���1R�HQWDQWR��D�DQiOLVH�GD�OLWHUDWXUD�FLHQWt¿FD�
LQGLFD�TXH�QmR�H[LVWH�FRQKHFLPHQWR�VX¿FLHQWH�VREUH�DV�SURSULHGDGHV�WR[LFROyJLFDV���HIHLWRV�¿VLROyJLFRV�
H�DPELHQWDLV�GH�WDLV�PDWHULDLV��$V�QRYDV�SURSULHGDGHV�GDV�QDQRSDUWtFXODV�LQGLFDP�TXH�DV�PHWRGRORJLDV�
GH�DYDOLDo}HV�GH�ULVFR�FRQKHFLGDV�QmR�SRGHP�VHU�DGHTXDGDV�SDUD�LGHQWL¿FDU�RV�ULVFRV�SDUD�R�KRPHP�H�
R�PHLR�DPELHQWH��LQFOXLQGR�D�VD~GH�DQLPDO��2�SRWHQFLDO�GH�ULVFR�GH�XP�QDQRPDWHULDO�HVWi�YLQFXODGR�jV�
VXDV�SURSULHGDGHV�ItVLFR�TXtPLFDV��VHQGR�GH�H[WUHPD�LPSRUWkQFLD�TXDQWL¿FDU�H�DYDOLDU�D�VHJXUDQoD�GR�
QDQR�SURGXWR��

$�LGHQWL¿FDomR�GR�ULVFR�p�XPD�IHUUDPHQWD�FLHQWt¿FD�SDUD�HVWLPDU�H�FRPSUHHQGHU�RV�IDWRUHV�TXH�
OHYDP�D�XP�ULVFR�SRWHQFLDO��$�LGHQWL¿FDomR�GR�SHULJR�RX�ULVFR�FRQVLVWH�HP�LGHQWL¿FDU�RV�SRWHQFLDLV�HIHL�
WRV�DGYHUVRV�VREUH�D�VD~GH�RX�PHLR�DPELHQWH�TXH�HVWmR�DVVRFLDGRV�j�H[SRVLomR�D�XP�DJHQWH�ELROyJLFR��
ItVLFR�RX�TXtPLFR�

2�SHTXHQR�WDPDQKR�GDV�QDQRSDUWtFXODV�SRGH�IDFLOLWDU�VXD�GLIXVmR�QD�DWPRVIHUD��QR�VROR��QD�iJXD�
VHQGR�GH�GLItFLO�GHWHFomR��'H�PRGR�JHUDO��VDEH�VH�PXLWR�SRXFR�VREUH�D�ELRGLVSRQLELOLGDGH��ELRGHJUD�
GDELOLGDGH�H�WR[LFLGDGH�GH�QRYRV�QDQRPDWHULDLV��$�FRQWDPLQDomR�GR�PHLR�DPELHQWH�SRU�QDQRPDWHULDLV�
FRP�JUDQGH�iUHD�VXSHU¿FLDO��ERD�UHVLVWrQFLD�PHFkQLFD�H�DWLYLGDGH�FDWDOtWLFD�SRGH�UHVXOWDU�QD�FRQFHQWUD�
omR�GH�FRPSRVWRV�Wy[LFRV�QD�VXSHUItFLH�GDV�QDQRSDUWtFXODV��FRP�SRVWHULRU�WUDQVSRUWH�QR�PHLR�DPELHQWH�
RX�DF~PXOR�DR�ORQJR�GD�FDGHLD�DOLPHQWDU��QD�DGVRUomR�GH�ELRPROpFXODV��FRP�FRQVHTXHQWH�LQWHUIHUrQFLD�
HP�SURFHVVRV�ELROyJLFRV�in vivo��QXPD�PDLRU�UHVLVWrQFLD�j�GHJUDGDomR��SRUWDQWR��PDLRU�SHUVLVWrQFLD�QR�
PHLR�DPELHQWH��H�HP�FDWiOLVH�GH�UHDo}HV�TXtPLFDV� LQGHVHMiYHLV�QR�PHLR�DPELHQWH��6DYRODLQHQ��HW�DO���
�������'HVWD� IRUPD��p�GH�H[WUHPD� LPSRUWkQFLD�D� IRUPXODomR�GH�PHWRGRORJLDV�TXH� LGHQWL¿TXHP�HVVHV�
ULVFRV�FRP�D�¿QDOLGDGH�GH�DX[LOLDU�RV�GHVHQYROYHGRUHV�GHVWD�WHFQRORJLD�TXDQWR�DR�GHVHQYROYLPHQWR�GH�
VXD�WHFQRORJLD�GH�XPD�IRUPD�VHJXUD�H�VXVWHQWiYHO��1HVWH�VHQWLGR��R�SUHVHQWH�WUDEDOKR�GHPRQVWUD�DOJXQV�
LQGLFDGRUHV�GH�ULVFRV�TXH�IRUDP�IRUPXODGRV�FRP�EDVH�QRV�DVSHFWRV�LQHUHQWHV�DV�FDUDFWHUtVWLFDV�GDV�QDQR�
SDUWtFXODV�TXH�SRVVDP�DSUHVHQWDU�ULVFR��VHQGR�HODV��7DPDQKR�GD�QDQRSDUWtFXOD��VROXELOLGDGH��GLVSHUVmR��
WR[LFLGDGH�� LQVWDELOLGDGH��ELRGHJUDGDELOLGDGH��FRPSRVLomR��UHDWLYLGDGH�H�SXUH]D��(VWHV�LQGLFDGRUHV�GH�
ULVFRV�WrP�D�¿QDOLGDGH�GH�OHYDQWDU�LPSRUWDQWHV�TXHVW}HV�VREUH�D�VHJXUDQoD�GDV�QDQRSDUWtFXODV�H�HOXFLGDU�
TXHVW}HV�LPSRUWDQWHV�SDUD�PLWLJDU�XP�SURYiYHO�LPSDFWR�QHJDWLYR�QD�VD~GH�H�PHLR�DPELHQWH��2V�LQGLFD�
GRUHV�IRUPXODGRV�IRUDP�YDOLGDGRV�FRQIRUPH�R�VHX�JUDX�GH�LPSRUWkQFLD�H�IDUmR�SDUWH�GD�PHWRGRORJLD�GH�
DYDOLDomR�GH�ULVFRV�GD�QDQRWHFQRORJLD�GHQRPLQDGD�1DQRWHF�5DP��TXH�HVWi�HP�IDVH�GH�GHVHQYROYLPHQWR�
pela equipe da Embrapa e colaboradores.

2 mAteriAl e métodoS

2.1 )RUPXODomR�GRV�,QGLFDGRUHV�GH�5LVFRV

2V�LQGLFDGRUHV�GH�ULVFRV�IRUDP�IRUPXODGRV�DWUDYpV�GH�XPD�PLQXFLRVD�DQiOLVH�GD�OLWHUDWXUD�FLHQ�
Wt¿FD�VREUH�R�WHPD��)RUDP�HODERUDGRV����LQGLFDGRUHV�TXH�UHWUDWDUDP�RV�DVSHFWRV�PDLV�UHOHYDQWHV�VREUH�R�
GHVHQYROYLPHQWR�GH�XPD�QDQRSDUWtFXOD�H�TXH�LQGLFDVVH�XP�SURYiYHO�ULVFR��

2.2 9DOLGDomR�GRV�,QGLFDGRUHV�GH�5LVFRV�FRP�D�7pFQLFD�'HOSKL�GH�FRQVXOWD�DRV�HVSHFLDOLVWDV

2V�LQGLFDGRUHV�GH�ULVFRV�IRUDP�YDOLGDGRV�UHPRWDPHQWH�SHORV�HVSHFLDOLVWDV�HP�1DQRWHFQRORJLD�
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DWUDYpV�GH�XP�TXHVWLRQiULR�GHVHQYROYLGR�GH�DFRUGR�FRP�D�7pFQLFD�'HOSKL��'LHW]��������:ULJKW��-��H�
*LRYLQD]]R��������TXH�IRL�GLVSRQLELOL]DGR�QR�ZHEVLWH�GD�(PEUDSD�0HLR�$PELHQWH��3DUD�D�FRQVWUXomR�
GHVVH� TXHVWLRQiULR� IRL� XWLOL]DGR� R�/LPHVXUYH\� �KWWS���ZZZ�OLPHVXUYH\�FRP��� XP� VRIWZDUH� GH� FyGLJR�
OLYUH�GHVHQYROYLGR�HP�3+3�H�XWLOL]DQGR�EDQFR�GH�GDGRV�HP�0\64/��2�SDLQHO�GH�HVSHFLDOLVWDV�FRQVXO�
WDGRV�IRL�FRPSRVWR�GH�SHVTXLVDGRUHV�VHOHFLRQDGRV�D�SDUWLU�GD�SODWDIRUPD�GR�&XUULFXOXP�/DWWHV�&13T��
HPSUHJDQGR�VH� SDODYUDV�FKDYH� UHODFLRQDGDV� DR� WHPD� 1DQRWHFQRORJLD��$V� TXHVW}HV� TXH� FRPS}HP� R�
TXHVWLRQiULR�GH�FRQVXOWD�DSUHVHQWDP�RV�LQGLFDGRUHV�IRUPXODGRV�H�VROLFLWDP�DR�HVSHFLDOLVWDV�YHUVDU�VREUH�
D�VXD�LPSRUWkQFLD�SDUD�DYDOLDU�D�VHJXUDQoD�GDV�QDQRSDUWtFXODV��$V�UHVSRVWDV�VmR�DSUHVHQWDGDV�QR�IRUPD�
WR�GD�HVFDOD�/LNHUW��SRU�JUDX�GH�LPSRUWkQFLD��IRUQHFHQGR�UHVXOWDGRV�TXDQWLWDWLYRV��TXH�DOpP�GH�VHUHP�
WDEXODGRV��UHFHEHP�WUDWDPHQWR�HVWDWtVWLFR�VLPSOHV�GH¿QLQGR�VH�D�PHGLDQD�H�RV�TXDUWLV��SHUPDQHFHQGR�
QD�PHWRGRORJLD�GH�DQiOLVH�GRV�ULVFRV�RV�LQGLFDGRUHV�TXH�DSUHVHQWDUHP�SRUFHQWDJHP�GH�DFHLWDomR�GRV�
HVSHFLDOLVWDV�DFLPD�GH�����

3 reSultAdoS e diScuSSÃo

2V�,QGLFDGRUHV�GH�ULVFRV�FRQVWLWXHP�XPD�IHUUDPHQWD�GH�DYDOLDomR�SDUD�GLUHFLRQDU�R�SHVTXLVDGRU�
RX�WRPDGRU�GH�GHFLVmR�SDUD�XP�SURYiYHO�SUREOHPD��H[HUFHQGR�D�IXQomR�GH�DGYHUWLU�VREUH�RV�ULVFRV�H�
RULHQWDU�SDUD�XPD�PHGLGD�GH�FRUUHomR��'HVWD�IRUPD��DSUHVHQWDPRV�QD�7DEHOD����RV��� indicadores de 
ULVFRV�IRUPXODGRV�H�YDOLGDGRV�SHORV�HVSHFLDOLVWDV�QD�GLPHQVmR�GHQRPLQDGD�µ'HVHQYROYLPHQWR�GD�7HF�
QRORJLD¶��2V����LQGLFDGRUHV�GH�ULVFRV�DSUHVHQWDUDP�����GH�DFHLWDomR�H�IRUDP�FRQVLGHUDGRV�LQGLFDGRUHV�
UHOHYDQWHV�SDUD�DQiOLVH�GH�XP�SRWHQFLDO�ULVFR�

tabela 2. /LVWD�GH�LQGLFDGRUHV�GH�ULVFRV�SURSRVWRV�SDUD�DYDOLDU�R�GHVHQYROYLPHQWR�GD�WHFQRORJLD�DSyV�
OHYDQWDPHQWR�GD�OLWHUDWXUD�FLHQWt¿FD

dimenSÃo: deSenvolvimento dA tecnoloGiA

-XVWL¿FDWLYD�7pFQLFD�SDUD�VHOHomR�GRV�,QGLFDGRUHV
2�WDPDQKR��D�IRUPD�TXtPLFD��VROXELOLGDGH�H�D�DOWHUDomR�QD�FDUJD�SRGHP�DIHWDU as�LQWHUDo}HV�
químicas e�ELROyJLFDV�HP�FRQVHTXrQFLD�D�H[SRVLomR�D�XPD�QDQRSDUWtFXOD�HVSHFt¿FD��3RODQG�
HW�DO������; Benn e�:HVWHUKRII���������'HSHQGHQGR�GD�UHDWLYLGDGH�GD�QDQRSDUWtFXOD�SRGHP�VH�
OLJDU�jV�SURWHtQDV�H�RXWUDV�ELRPROpFXODV�HP�VROXo}HV�ELROyJLFDV�FRP�JUDQGH�H¿FLrQFLD��H�FRP�
HVSHFL¿FLGDGH�PXLWR�PDLRU�GR�TXH�DV�VXSHUItFLHV�GH�PDWHULDLV�HTXLYDOHQWHV�GH�PDLRU�SURSRUomR��
$VVLP��D�FRPSUHHQVmR�GH�FRPR�HVVDV�QDQRSDUWtFXODV�LQWHUDJHP�FRP�R�PHLR�GR�HQVDLR�HP�HVWXGR�
p�FUXFLDO�SDUD�HQWHQGHU�D�QDWXUH]D�GD�UHDO�GLVSHUVmR�QR�PHLR�DPELHQWH�RX�FpOXODV�H�WHFLGRV�GRV�
RUJDQLVPRV�H[SRVWRV��FRP�D�¿QDOLGDGH�GH�HYLWDU�XP�HIHLWR�LQGHVHMDGR�GHYLGR�XPD�LQWHUDomR�
FRP�RXWUDV�PROpFXODV�TXH�QmR�HVWDYDP�SUHYLVWDV��1D�FDGHLD�SURGXWLYD�Ki�SRVVLELOLGDGH�GR�
ULVFR�DVVRFLDGR�jV�QDQRWHFQRORJLDV�QmR�VHUHP�GLIHUHQWHV�GH�RXWUDV�WHFQRORJLDV�HVWDEHOHFLGDV�H�
UHJXODGDV��6HJXQGR�6KDWNLQ�H�FRODERUDGRUHV���������DOJXQV�UHODWyULRV�UHODWDP�HTXLYRFDGDPHQWH�
UHVXOWDGRV�SDGURQL]DQGR�RV�SURWRFRORV�GH�WR[LFLGDGH�GD�QDQRSDUWtFXOD��$LQGD�VHJXQGR�R�DXWRU��
p�QHFHVViULR�HVWDEHOHFHU�FULWpULRV�FKDYH�GH�PRGR�D�FRPSUHHQGHU�PHOKRU�D�LPSRUWkQFLD�GDV�
GLIHUHQoDV�GRV�UHVXOWDGRV�QR�HVWXGR�GH�PDWHULDLV�DSDUHQWHPHQWH�VLPLODUHV��(VVHV�FULWpULRV�FKDYH�
GHYHP�FRQWHU�HVWLPDWLYD�GH�HUUR�GH�PHGLomR�H�VXD�YDULDELOLGDGH�QD�WR[LFLGDGH�GR�PDWHULDO�

,1',&$'25(6�'(�5,6&26

7DPDQKR�GD�13�H�GH�VHXV�FRPSRQHQWHV

�$OWD�VROXELOLGDGH�H�GLVSHUVmR�GD�13�QD�QDWXUH]D�

2FRUUrQFLD�GH�LQVWDELOLGDGH�GD�13�HP�GHFRUUrQFLD�GR�WLSR�GH�UHYHVWLPHQWR�GR�PDWHULDO�RX�
produto

&RQVWLWXLomR�GD�1S�D�WRUQD�QmR�ELRGHJUDGiYHO��H[��13�FRQWpP�SDUWtFXODV�LQRUJkQLFDV�

$�QDQRSDUWtFXOD�SRVVXL�FDUDFWHUtVWLFD�TXtPLFD�GHVFRQKHFLGD

$�FRPSRVLomR�UHYHVWLPHQWR�SRVVXL�UHDWLYLGDGH�GH�WDO�IRUPD�TXH�SRVVD�DJUHJDU�FRP�RXWUDV�
partículas 

$OWR�SRWHQFLDO�GD�13�HP�IRUPDU�DJORPHUDGRV
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3HUVLVWrQFLD�GD�13�LQRUJkQLFD�QD�QDWXUH]D

,QWHUIHUrQFLD�GR�UHDJHQWH�RX�FRPSRQHQWHV�HPSUHJDGRV�QD�IRUPXODomR�TXH�FRPSURPHWDP�D�
SXUH]D�GD�DPRVWUD�

6XUJLPHQWR�GH�WR[LFLGDGH�HP�GHFRUUrQFLD�GD�LPSXUH]D�DVVRFLDGD�j�13

1HFHVVLGDGH�GH�PHGLGDV�GH�FRQWHQomR�HVSHFt¿FD�SDUD�DUPD]HQDPHQWR�GRV�UHVtGXRV�JHUDGRV�DWp�R�
seu descarte

1HFHVVLGDGH�GD�XWLOL]DomR�GH�(3,V��(TXLSDPHQWR�GH�3URWHomR�,QGLYLGXDO��YLVDQGR�D�VHJXUDQoD�GR�
trabalhador

2�PDWHULDO�SUHFXUVRU�XWLOL]DGR�SDUD�IRUPXODomR�GD�13�DSUHVHQWD�ULVFR�D�VD~GH�H�RX�DPELHQWH�
SRGHQGR�FRPSURPHWHU�D�VHJXUDQoD�GR�QDQRSURGXWR

$�QDQRSDUWtFXOD�SRVVXL�KRPRORJLD�FRP�DOJXPD�WHFQRORJLD�FRQKHFLGD�TXH�DSUHVHQWD�WR[LFLGDGH

 

Figura 1. 5HVXOWDGR�GD�DYDOLDomR�GRV�LQGLFDGRUHV�GH�ULVFRV�GH�DFRUGR�FRP�D�7pFQLFD�'HOSKL�HPSUHJDGD�HP�
consulta remota. *São apresentados somente os indicadores que obtiveram aceitação superior a 50% na 

consulta remota (a numeração dos indicadores corresponde aqueles apresentados na tabela 1)

4 concluSÃo

2�HPSUHJR�GRV� LQGLFDGRUHV�IXQFLRQD�FRP�XPD�RULHQWDomR�SDUD�D�DYDOLDomR�GH�VHJXUDQoD�GDV�
QDQRSDUWtFXODV�H�SHUPLWH�R�VHX�GHVHQYROYLPHQWR�GH�IRUPD�VXVWHQWiYHO�H�VHJXUD�

reFerÊnciAS 

%(11�70��:(67(5+2))�3��1DQRSDUWLFOH� VLOYHU� UHOHDVHG� LQWR�ZDWHU� IURP�FRPPHUFLDOO\� DYDLODEOH�
VRFNIDEULFV�(QYLURQ�6FL�7HFKQRO���Y�����������S������±������������

',(7=��7��0HWKRGV�IRU�DQDO\]LQJ�GDWD�IURP�GHOSKL�3DQHOV��VRPH�HYLGHQFH�IURP�D�IRUHFDWLQJ�VWXG\��7H�
FKQRORJLFDO�)RUHFDVWLQJ�	�6RFLDO�&KDQJH��Y������S��������������

50%
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32/$1'�&$��'8)),1�5��.,1/2&+�,��0$<1$5'�$��:$//$&(�:$��6($721�$�HW�DO��&DUERQ�QD�
QRWXEHV�LQWURGXFHG�LQWR�WKH�DEGRPLQDO�FDYLW\�RI�PLFH�VKRZ�DVEHVWRV�OLNH�SDWKRJHQLFLW\�LQ�D�SLORW�VWXG\��
1DW�1DQRWHFKQRO��Y���������S����±����������GRL���������QQDQR���������

6+$7.,1��-��$���HW�DO��1DQR�5LVN�$QDO\VLV��$GYDQFLQJ�WKH�6FLHQFH�IRU�1DQRPDWHULDOV�5LVN�0DQDJH�
PHQW��5LVN�$QDO\VLV��Y�����������S�������������������

6$92/$,1(1��HW�DO��5LVN�DVVHVVPHQW�RI�HQJLQHHUHG�QDQRPDWHULDOV�DQG�QDQRWHFKQRORJLHV²$�UHYLHZ��
7R[LFRORJ\��Y������S���±����������

:5,*+7��-��7��&��*,29,1$==2��5��$��'��8PD�IHUUDPHQWD�GH�DSRLR�DR�SODQHMDPHQWR�SURVSHFWLYR��
&DGHUQR�GH�3HVTXLVDV�HP�$GPLQLVWUDomR��Y��������������

AnáliSe inteGrAdA doS critérioS de SeGurAnÇA 
AmbientAl doS nAnoProdutoS

*Katia r.e. Jesus1, vera lúcia S. S. de castro1, odílio b. G. Assis2 

1(PEUDSD�0HLR�$PELHQWH��-DJXDUL~QD��63��2(PEUDSD�,QVWUXPHQWDomR��6mR�&DUORV��63��
NDWLD�-HVXV#�HPEUDSD�EU

&ODVVL¿FDomR��(VWXGR�GRV�DVSHFWRV�GH�VHJXUDQoD�HP�QDQRWHFQRORJLD��

resumo
$V�VLWXDo}HV�GH�ULVFR�SRWHQFLDO�GH�XP�QDQRSURGXWR�VmR�FDGD�YH]�PDLV�PXOWLIDFHWDGDV��$�WULDJHP�SDUD�D�
H[HFXomR�GH�QRYRV�WHVWHV�SRGH�VHJXLU�D�iUYRUH��GHFLV}HV�VLP�QmR��FRQVLGHUDQGR�DV�LQIRUPDo}HV�DQWHULRU�
PHQWH�FRQKHFLGDV�H�RV�GDGRV�REWLGRV�HP�WHVWHV�D�UHVSHLWR�GR�FRPSRUWDPHQWR�QR�DPELHQWH��DV�FDUDFWHULV�
WLFDV�H�D�QRYLGDGH�GR�QDQRSURGXWR��$�VHTXrQFLD�GH�SDVVRV�DYDOLDGRV�FRP�D�iUYRUH�GH�GHFLVmR�GHSHQGHUi�
GR�HVWDGR�GD�DUWH�GD�PHWRGRORJLD�GH�DYDOLDomR�GH�ULVFR�H�GDV�FDUDFWHUtVWLFDV�GH�FDGD�FDVR�HP�HVWXGR��
Palavras-chave��$PELHQWH��(FRWR[LFLGDGH��6HJXUDQoD�GH�QDQRSURGXWRV��ÈUYRUH�GH�GHFLVmR�

inteGrAted AnAlYSiS oF nAnoProductS environmentAl SAFetY criteriA 
Abstract
7KH�SRWHQWLDO� ULVN�RI�QDQRSURGXFWV� LV� LQFUHDVLQJO\�PXOWLIDFHWHG��6FUHHQLQJ�IRU� WKH� LPSOHPHQWDWLRQ�RI�
QHZ�WHVWV�FDQ�IROORZ�WKH�GHFLVLRQ�WUHH��GHFLVLRQ�\HV�QR��FRQVLGHULQJ�WKH�SUHYLRXVO\�NQRZQ�LQIRUPDWLRQ�
DQG�GDWD�IURP�WHVWV�DERXW�WKH�EHKDYLRU�LQ�WKH�HQYLURQPHQW��WKH�FKDUDFWHULVWLFV�DQG�WKH�QRYHOW\�RI�QDQR�
SURGXFW��7KH�VHTXHQFH�RI�VWHSV�HYDOXDWHG�E\�WKH�GHFLVLRQ�WUHH�ZLOO�GHSHQG�RQ�WKH�PHWKRGRORJ\�VWDWH�RI�
WKH�DUW�IRU�ULVN�DVVHVVPHQW�DQG�WKH�FKDUDFWHULVWLFV�RI�HDFK�FDVH�VWXG\�
Keywords: (QYLURQPHQW��(FRWR[LFLW\��1DQRSURGXFWV�VDIHW\��'HFLVLRQ�WUHH�

1 introduÇÃo

$�DSOLFDELOLGDGH�GD�QDQRWHFQRORJLD�RIHUHFH�D�SHUVSHFWLYD�GH�JUDQGHV�DYDQoRV�FLHQWt¿FRV�SDUD�
PHOKRUDU�D�TXDOLGDGH�GH�YLGD�H�FRPR�TXDOTXHU�iUHD�GD�WHFQRORJLD�TXH�ID]�XVR�LQWHQVLYR�GH�QRYRV�PDWH�
ULDLV�H�VXEVWkQFLDV�SRGH�WUD]HU�DOJXP�ULVFR�DR�PHLR�DPELHQWH�H�j�VD~GH�KXPDQD�RX�DQLPDO��$�DYDOLDomR�
GR�SRWHQFLDO�LPSDFWR�ELROyJLFR�GRV�QDQRPDWHULDLV�VH�WRUQRX�GH�JUDQGH�LPSRUWkQFLD�QRV�~OWLPRV�DQRV��
XPD�YH]�TXH�R�UiSLGR�ULWPR�GH�GHVHQYROYLPHQWR�GD�QDQRWHFQRORJLD�QmR�IRL�DFRPSDQKDGR�SRU�XPD�LQYHV�
WLJDomR�FRPSOHWD�GH�VXD�VHJXUDQoD��$V�PHVPDV�SURSULHGDGHV�TXH�WRUQDP�DV�QDQRSDUWtFXODV�LQWHUHVVDQWHV�
SDUD�DSOLFDo}HV��FRPR�VHX�SHTXHQR�WDPDQKR��VXD�HQRUPH�VXSHUItFLH�H�VXD�DOWD�UHDWLYLGDGH��WDPEpP�DV�
WRUQDP� DFHVVtYHLV� D� ORFDLV� DQWHULRUPHQWH� LQDFHVVtYHLV� HP� VLVWHPDV� YLYRV�� FRP� FRQVHTXrQFLDV� SRWHQ�
FLDOPHQWH�VLJQL¿FDWLYDV�SDUD�R�DPELHQWH��&RQWXGR��D�UHJXODPHQWDomR�GR�XVR�GH�QDQRPDWHULDLV�DYDQoRX�
OHQWDPHQWH�QR�VHQWLGR�GH�JDUDQWLU�D�VHJXUDQoD�GRV�HFRVVLVWHPDV�HP�FRQWDWR�FRP�QDQRPDWHULDLV��&2+(1�
HW�DO����������+i�DLQGD�XPD�JUDQGH�GLVFXVVmR�D�UHVSHLWR�GD�UHJXODPHQWDomR�GHVWHV�PDWHULDLV�SRU�VHU�XPD�
iUHD�QRYD�GR�FRQKHFLPHQWR��$OpP�GLVVR��Ki�GLVFXVVmR�HQWUH�RV�QDQRWR[LFRORJLVWDV�VREUH�D�PpWULFD�DSUR�
SULDGD�SDUD�DYDOLDomR�GD�WR[LFLGDGH�GH�13V�



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 567

$�FRPSUHHQVmR�GH�VLWXDo}HV�SRWHQFLDOPHQWH�GH�ULVFR�p�FDGD�YH]�PDLV�PXOWLIDFHWDGD�H��GHVD¿D�RV�
DYDOLDGRUHV�GH�ULVFR�D�HVFROKHUHP�DV�SULRULGDGHV�HQWUH�D�PXOWLSOLFLGDGH�GH�IDWRUHV�GH�ULVFR�FRQWULEXLQWHV��
$OJXQV�PRGHORV�IRUDP�SURSRVWRV�SDUD�DYDOLDU�RV�QDQRSURGXWRV��+$16(1�HW�DO����������$�H[SRVLomR�j�
QDQRPDWHULDLV�SRGH�DFRQWHFHU�SRU�LQJHVWmR��LQDODomR�H�FRQWDWR�GpUPLFR��1D�DYDOLDomR�GDV�DOWHUDo}HV�GH�
XP�HFRVVLVWHPD�p�HVWXGDGD�D�YDULDomR�GH�UHVSRVWD�HQWUH�DV�SRSXODo}HV�GH�RUJDQLVPRV�H[SRVWDV�H�QmR�H[�
SRVWDV�DRV�DJHQWHV�HVWUHVVRUHV�HP�HVWXGRV�GH�ELRPRQLWRUDPHQWR�FRQVLGHUDQGR�DV�SRVVtYHLV�LQWHUIHUrQFLDV�
QR�PHLR�DPELHQWH��3DUD�WDQWR��QD�FRQVWUXomR�GH�XP�PRGHOR�TXH�HQYROYH�P~OWLSODV�KLSyWHVHV��XPD�DERU�
GDJHP�~WLO�p�FULDU�XP�PRGHOR�FRQFHLWXDO�TXH�FRPELQH�RV�GDGRV�VHOHFLRQDGRV�D�SULRUL�HP�XPD�HVWUXWXUD�
FDXVDO��8P�VLVWHPD�GH�LQIRUPDomR�SRGH�VHU�FRQVHTXHQWHPHQWH�FULDGR�GH�PRGR�D�FROHWDU��DUPD]HQDU�H�
FRPSDUWLOKDU�D�LQIRUPDomR�DOpP�GH�DX[LOLDU�QD�WRPDGD�GH�GHFLVmR��(P�YLVWD�GLVVR��IRL�SURSRVWD�GHVVH�
WUDEDOKR�XPD�iUYRUH�GH�GHFLVmR�TXH�FRQVLVWH�HP�XP�GLDJUDPD�TXH�GHVFUHYH�DV�LQWHUDo}HV�FKDYHV�HQWUH�DV�
GHFLV}HV�H�RV�HYHQWRV�SUREDELOtVWLFRV�DVVRFLDGRV��

2 mAteriAl e métodoS

$�FRQVWUXomR�GD�iUYRUH�GH�GHFLVmR�GLUHFLRQD�DV�LQIRUPDo}HV�QHFHVViULDV�SDUD�DYDOLDomR�H�GH¿QH�
VH�R�QDQRSURGXWR�DSUHVHQWD�FDUDFWHUtVWLFDV�SRWHQFLDOPHQWH�FDXVDGRUDV�GH�GDQRV��2�SURFHVVR�LQLFLD�VH�
FRP�XP�HVTXHPD�TXH�SHUPLWH�FODVVL¿FDU�R�QDQRFRPSRVWR�HP�DOJXPDV�FODVVHV�GH�SHULJR��2�GHVHQKR�GD�
iUYRUH�GH�GHFLVmR�EDVHLD�VH�QR�FRQVHQVR�JHUDO�GH�TXH�XP�QDQRPDWHULDO�LQVRO~YHO��SDUWLFXODGR��ELRSHU�
VLVWHQWH�H�FDSD]�GH�WUDQVORFDU�VLVWHPLFDPHQWH��SURYDYHOPHQWH�UHSUHVHQWD�XP�ULVFR�SDUD�D�VD~GH�KXPDQD�
GLIHUHQWH�GR�SURGXWR�FRQYHQFLRQDO��QmR�ELRSHUVLVWHQWH�H�SURQWDPHQWH�VRO~YHO��$�iUYRUH�GH�GHFLVmR�IRL�
EDVHDGD�SULQFLSDOPHQWH�HP�DOJXQV�FULWpULRV�UHODFLRQDGRV�DR�XVR�GRV�QDQRSURGXWRV�H�jV�iUHDV�SRWHQFLDO�
PHQWH�DWLQJLGDV�SRU�HVWHV��$VVLP��SDUD�D� LQFOXVmR�GRV� LQGLFDGRUHV�HFRWR[LFROyJLFRV� VHOHFLRQDGRV��Ki�
QHFHVVLGDGH�GH�DYDOLDomR�GRV�PHVPRV�TXDQWR�DR�VHX�QtYHO�GH�LPSRUWkQFLD�HP�FDGD�FDVR��e�LPSRUWDQWH�
UHVVDOWDU��FRQWXGR�TXH�D�VHTXrQFLD�GH�SDVVRV�DYDOLDGRV�FRP�D�iUYRUH�GH�GHFLVmR�GHSHQGHUi�GR�HVWDGR�GD�
DUWH�GD�PHWRGRORJLD�GH�DYDOLDomR�GH�ULVFR�H�GDV�FDUDFWHUtVWLFDV�GH�FDGD�FDVR�HP�HVWXGR��

8PD� FDUDFWHUtVWLFD� LQLFLDO� LPSRUWDQWH� D� VHU� FRQVLGHUDGD� p� D� QDWXUH]D� GR�PDWHULDO��$VVLP�� RV�
PDWHULDLV�SRGHP��SRU�H[HPSOR��VHU�GLYLGLGRV�HP�QDQR¿EUDV��QDQRSDUWLFXODV�PHWiOLFDV��QDQRPDWUL]HV�H�
QDQR¿OPHV��'HQWUR�GHVWDV�FDWHJRULDV��D�FODVVL¿FDomR�GH�SHULJR�SRGH�VHU�EDVHDGD�QDV�FDUDFWHUtVWLFDV�GR�
QDQRPDWHULDO� FRPR� IRUPD�� WDPDQKR�H�FDUJD�DOpP�GH� LQIRUPDo}HV� VREUH�R�HVWDGR�GH�DJUHJDomR�DJOR�
PHUDomR�QD�iJXD�H�VROR��SUHVHQoD�GH�QDQRHQFDSVXODomR�DOpP�GH�WR[LFLGDGH�GR�PDWHULDO�FRQYHQFLRQDO�
�WDPDQKR�QmR�QDQRPpWULFR���$�WULDJHP�SDUD�D�H[HFXomR�GH�QRYRV�WHVWHV�VHJXLQGR�D�iUYRUH��GHFLV}HV�VLP�
QmR��FRQVLGHUDULD�DV�LQIRUPDo}HV�DQWHULRUPHQWH�FRQKHFLGDV�H�RV�GDGRV�REWLGRV�QRV�WHVWHV

$�VHJXLU��VmR�DSUHVHQWDGDV�DOJXPDV�TXHVW}HV�TXH�JXLDUmR�R�GHVHQKR�GD�iUYRUH�UHODFLRQDGDV�DR�
FRPSRUWDPHQWR�GR�QDQRSURGXWR�QR�DPELHQWH�H�DR�FRQKHFLPHQWR�GH�VXD�SRVVtYHO�WR[LFLGDGH����±�2�PD�
WHULDO�HP�TXHVWmR�SRGH�FDXVDU�SUHMXt]RV�DR�DPELHQWH"�(OH�p�SHUVLVWHQWH"�(OH�VH�GLVSHUVD�SURQWDPHQWH"��
����2�PDWHULDO�HP�TXHVWmR�p�QRYR�RX�QmR�WHP�VHXV�HIHLWRV�WR[LFROyJLFRV�FRQKHFLGRV"������2�PDWHULDO�HP�
TXHVWmR�SRGH�FDXVDU�SUHMXt]RV�DRV�RUJDQLVPRV�GH�XP�HFRVVLVWHPD"�(OH�VRIUH�ELRDFXPXODomR"�

3 reSultAdoS e diScuSSÃo

3.1 4XHVW}HV�UHODFLRQDGDV�jV�FDUDFWHULVWLFDV�GR�QDQRSURGXWR

$�SULPHLUD�HWDSD�GH�TXDOTXHU�DYDOLDomR�GH�VHJXUDQoD�FRQVLVWH�QD�LGHQWL¿FDomR�H�FDUDFWHUL]DomR�
GR�REMHWR�GH�HVWXGR��IRFR�GD�DYDOLDomR��$�GLYHUVLGDGH�GH�FRQVWUXo}HV�H�GHVHQYROYLPHQWRV�SRVVtYHLV�QD�
iUHD�GD�1DQRWHFQRORJLD�ID]�FRP�TXH�HVVD�RULHQWDomR�VHMD�DLQGD�PDLV�QHFHVViULD��(VVH�WUDEDOKR�SURS}H�
D�DQiOLVH�GDV�FDUDFWHUtVWLFDV�GRV�QDQRSURGXWRV�FRPR�EDVH�SDUD�DXIHULU�RX�UHFRPHQGDU�XPD�DYDOLDomR�GH�
VHJXUDQoD�PDLV�GHWDOKDGD��(VVD�DYDOLDomR�PDLV�HVSHFt¿FD�SRGH�VHU�GR�SRQWR�GH�YLVWD�WR[LFROyJLFR�RX�
XPD�DQiOLVH�TXtPLFD�SURSULDPHQWH�GLWD��(VVDV�LQIRUPDo}HV�VmR�GH�VXPD�LPSRUWkQFLD��SRLV�DX[LOLDP�QD�
HODERUDomR�GH�XPD�DQiOLVH�PDLV�REMHWLYD�H�IRUQHFH�UHVXOWDGRV�PDLV�FRPSOHWRV�SDUD�D�DQiOLVH�GH�ULVFR��
'HVVH�PRGR��GHYH�VHU�UHDOL]DGR�R�OHYDQWDPHQWR�GH�LQIRUPDo}HV�SHUWLQHQWHV�D�FDUDFWHUL]DomR�H�RX�FODV�
VL¿FDomR�GR�SURGXWR�FRPR��SRU�H[HPSOR��GD�QDQRSDUWtFXOD�TXDQWR�jV�VHJXLQWHV�FDUDFWHUtVWLFDV��WDPDQKR�
GH�VXD�PHQRU�GLPHQVmR��IRUPDomR�GH�DJORPHUDGRV�RX�DJUHJDGRV��VROXELOLGDGH�HP�iJXD��FDUJD�GD�VX�
SHUItFLH��HVWLPDWLYD�GD�iUHD�VXSHU¿FLDO��DOpP�GH�GDGRV�SUpYLRV�GH�HIHLWRV�Wy[LFRV�HP�SODQWDV��DQLPDLV�RX�
KXPDQRV��GHQWUH�RXWUDV�
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3.2 4XHVW}HV�UHODFLRQDGDV�j�QRYLGDGH�GR�QDQRSURGXWR

$�QRYLGDGH�GR�QDQRSURGXWR�p�FRQVLGHUDGD�TXDQGR�RV�QRYRV�PDWHULDLV�DWp�HQWmR�QmR�WHQKDP�VLGR�
XWLOL]DGRV�RX�VmR�UDUDPHQWH�XVDGRV�HP�HVFDOD�LQGXVWULDO��VmR�QRYDV�IRUPDV�GH�PDWHULDLV�H[LVWHQWHV�FRP�
FDUDFWHUtVWLFDV�TXH�GLIHUHP�VLJQL¿FDWLYDPHQWH�GH�IRUPDV�IDPLOLDUHV�RX�TXH�RFRUUHP�QDWXUDOPHQWH��VmR�
QRYDV�DSOLFDo}HV�SDUD�PDWHULDLV�RX�VmR�SURGXWRV�WHFQROyJLFRV�H[LVWHQWHV�IRUPXODGRV�GH�PRGR�GLIHUHQWH��
RX�DSUHVHQWDP�QRYDV�YLDV�GH�HQWUDGD�QR�DPELHQWH�GHYLGR�D�QRYD�SUHYLVmR�GH�XVR��1HVWHV�FDVRV��D�¿P�GH�
GHWHUPLQDU�VH�XP�GDGR�QDQRSURGXWR�GHYH�VHU�DOYR�GH�SUHRFXSDomR�DPELHQWDO��SRGH�VH�SURFHGHU�D�XPD�
WULDJHP�LQLFLDO�SDUD�DYDOLDU�D�SUREDELOLGDGH�GH�H[SRVLomR�LQLFLDO�H�VXEVHTXHQWHPHQWH�D�DQiOLVH�GHWDOKDGD�
do perigo ambiental potencial associado ao mesmo e que venha a ser sugerido pela triagem inicial in 
vitro��SRWHQFLDO�GH�WUDQVORFDomR�DWUDYpV�GDV�EDUUHLUDV�ELROyJLFDV��D�FLWRWR[LFLGDGH��D�JHUDomR�GH�HVSpFLHV�
UHDWLYDV�GH�R[LJrQLR��D�UHVSRVWD�LQÀDPDWyULD��D�JHQRWR[LFLGDGH���VHJXLGR�GH�WHVWHV�in vivo��WR[LFLGDGH�
DJXGD�H�SRU�H[SRVLo}HV�UHSHWLGDV��H�WHVWHV�FRPSRUWDPHQWDLV��'HSHQGHQGR�GR�UHVXOWDGR�GHVWH�SHU¿O�WR�
[LFROyJLFR�LQLFLDO��SRGHP�VHU�LGHQWL¿FDGRV�DOHUWDV�GH�SUHRFXSDomR�SRWHQFLDO�H��HP�FRQVHTXHQFLD��RXWURV�
WHVWHV�VHULDP�FRQGX]LGRV�SDUD�PHOKRU�DYDOLDU�D�VHJXUDQoD�GH�XVR�GR�QDQRPDWHULDO�DWUDYpV�GH�SDUkPHWURV�
adicionais caso a caso.

Figura 1. 'DGRV�QHFHVViULRV�SDUD�R�HVWDEHOHFLPHQWR�GD�iUYRUH�GH�GHFLVmR�SDUD�D�DYDOLDomR�GH�ULVFR�GH�
nanoprodutos. 

3.3 4XHVW}HV�UHODFLRQDGDV�DR�DPELHQWH

2V� HVWXGRV� VREUH� D� WUDQVORFDomR� GR� QDQRPDWHULDO� GHQWUR� GRV� RUJDQLVPRV� WDPEpP� SRGHP� VH�
EHQH¿FLDU�GR�FRQKHFLPHQWR�D�UHVSHLWR�GDV�FDUDFWHUtVWLFDV�GHSHQGHQWHV�GR�S+��Mi�TXH�R�S+�YDULD�HQWUH�
RV�yUJmRV��WHFLGRV�H�FRPSDUWLPHQWRV�FHOXODUHV�GH�XP�RUJDQLVPR��3RU�VXD�YH]��QDV�PDWUL]HV�DPELHQWDLV��
D�GLVVROXomR�GDV�SDUWtFXODV�QR�PHLR�DTXiWLFR�p�GHSHQGHQWH�GDV�SURSULHGDGHV�ItVLFR�TXtPLFDV�LQWUtQVH�
FDV�GR�PDWHULDO� �WDPDQKR�GH�SDUWtFXOD�� iUHD� VXSHU¿FLDO�� FRPSRVLomR�TXtPLFD�� HWF��� H� GRV�SDUkPHWURV�
DPELHQWDLV��S+��WHPSHUDWXUD��SUHVHQoD�GH�PDWpULD�RUJkQLFD��HWF����$VVLP��DOWHUDo}HV�QDV�FDUDFWHUtVWLFDV�
¿VLFR��TXtPLFDV�GD�iJXD��S+��IRUoD� L{QLFD��PDWpULD�RUJkQLFD��SRGHP�DOWHUDU�D�PRUIRORJLD� LQWHUIDFLDO��
KLGURIRELFLGDGH�H�FDUJD��TXH�GLWDP�DV�FDUDFWHUtVWLFDV�GH�HVWDELOLGDGH��DJUHJDomR��VHGLPHQWDomR��GHSRVL�
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omR���UHDWLYLGDGH��GLVVROXomR�H�SUHFLSLWDomR���H��FRQVHTXHQWHPHQWH��D�ELRGLVSRQLELOLGDGH�H�D�WR[LFLGDGH�
SRWHQFLDO�GDV�QDQRSDUWtFXODV��&RQVLGHUDQGR�D�YDULDELOLGDGH�GD�TXtPLFD�GD�iJXD�QDWXUDO��DLQGD�QmR�HVWmR�
EHP�HVWDEHOHFLGDV�DV�LPSOLFDo}HV�GH�GDGRV�REWLGRV�HP�ODERUDWyULR��XWLOL]DQGR�iJXD�GHLRQL]DGD�RX�PHLRV�
ULFRV�HP�QXWULHQWHV�HP�UHODomR�DRV�VLVWHPDV�DPELHQWDLV�UHDLV��2�WDPDQKR��D�IRUPD�TXtPLFD��D�VROXELOLGD�
GH�H�D�DOWHUDomR�QD�FDUJD�SRGHP�DIHWDU�DV�LQWHUDo}HV�TXtPLFDV�H�ELROyJLFDV�HP�FRQVHTXrQFLD�D�H[SRVLomR�
D�XPD�QDQRSDUWtFXOD�HVSHFt¿FD��+$16(1�HW�DO���������

'H�DFRUGR�FRP�DV�FDUDFWHUtVWLFDV�ItVLFR�TXtPLFDV�GR�QDQRSURGXWR��HVWH�SRGH�VH�GHSRVLWDU�QR�VROR�
RX�¿FDU�DGHULGR�D�PDWHULDLV�RUJkQLFRV�H�LQRUJkQLFRV��1HVWH�VHQWLGR��Ki�D�QHFHVVLGDGH�GH�IRUPXODomR�GH�
XPD�PHWRGRORJLD�SDUD�DYDOLDU�D�SHUVLVWrQFLD��R�ELRDF~PXOR��RV�SURGXWRV�GH�GHFRPSRVLomR��D�WR[LFLGDGH�H�
H[SRVLomR�DRV�QDQRSURGXWRV�SDUD�XPD�DYDOLDomR�GH�VHJXUDQoD�GHVWD�WHFQRORJLD��2XWUR�FRQMXQWR�GH�TXHV�
W}HV�HVWi�UHODFLRQDGR�DR�IDWR�GR�QDQRPDWHULDO�VHU�SHUVLVWHQWH�RX�ELRDFXPXODWLYR�QRV�WHFLGRV�H�DPRVWUDV�
ELROyJLFDV��&RQWXGR��DV�WpFQLFDV�GH�DQiOLVH�SDUD�D�TXDQWL¿FDomR�GH�QDQRSURGXWRV�QRV�PHLRV�DPELHQWDLV�
H�ELROyJLFDV�DLQGD�QmR�HVWmR� WRWDOPHQWH�GHVHQYROYLGRV��3RU�¿P��RXWUR�SUREOHPD�VmR�DV�SURSULHGDGHV�
IRWRFDWDOtWLFDV�GR�QDQRSURGXWR��$VVLP��SRU�H[HPSOR��DV�SURSULHGDGHV�IRWRFDWDOtWLFDV�GR�QDQR�7L22 po�
GHP�HOHYDU�VHXV�HIHLWRV�Wy[LFRV�D�RUJDQLVPRV�DTXiWLFRV�HP�FRQGLo}HV�DPELHQWDLV��H�SRXFRV�HVWXGRV�WrP�
FRQVLGHUDGR�LVVR��'HYLGR�j�IRUPDomR�GH�526�TXDQGR�R�7L22�p�H[SRVWR�j�UDGLDomR�89��SRGH�RFRUUHU�
PDQLIHVWDomR�RX�DXPHQWR�GH�VHXV�HIHLWRV� Wy[LFRV�HP�RUJDQLVPRV�DTXiWLFRV�HP�FRQGLo}HV�DPELHQWDLV�
�&/(0(17(�HW�DO���������

4 concluSÃo

'H� IRUPD�JHUDO�� DV�PHWRGRORJLDV�GH�DYDOLDomR�GH� ULVFR�H[LVWHQWHV�DWHQGHP�JHQHULFDPHQWH�jV�
QHFHVVLGDGHV�GH�DYDOLDomR�GRV�QDQRSURGXWRV��PDV�D�XWLOL]DomR�GHVWDV�SDUD�D�UHDOL]DomR�GH�HQVDLRV�QDQR�
HFRWR[LFROyJLFRV�HQIUHQWD�GLYHUVRV�TXHVWLRQDPHQWRV��2�GHWDOKDPHQWR�SDUD�FDGD�WHVWH�RX�JUXSR�GH�WHVWHV�
UHTXHU�PRGL¿FDo}HV�H�YDOLGDo}HV�SDUD�WUDWDU�DGHTXDGDPHQWH�FDGD�QDQRPDWHULDO��6721(�HW�DO����������
'HVWD�IRUPD��D�DYDOLDomR�GD�WR[LFLGDGH�GHSHQGH�GR�FRQKHFLPHQWR�GDV�SURSULHGDGHV�¿VLFRTXtPLFDV�GR�
PDWHULDO�DOpP�GR�FRQKHFLPHQWR�GH�VHX�FRPSRUWDPHQWR�QR�PHLR�QR�TXDO�HVWi�LQVHULGR�H�VXDV�LQWHUDo}HV�
FRP�RV�GLYHUVRV�RUJDQLVPRV�GHVWH��$WUDYpV�GR�HPSUHJR�GD�iUYRUH�GH�GHFLVmR��UHFRPHQGD�VH�D�UHDOL]DomR�
GH�DYDOLDo}HV�GH�ULVFR�PDLV�HVSHFt¿FDV�SDUD�D�VLWXDomR�HP�TXHVWmR��JDUDQWLQGR�DVVLP�D�DFXLGDGH�GD�DQi�
OLVH�H�VHJXUDQoD�GD�QDQRSDUWtFXOD�

AGrAdecimentoS

)DSHVS��&13T�H�(0%5$3$

reFerÊnciAS

&/(0(17(��=���&$6752��9���0285$��0���-216621��&���)5$&(72��/��7R[LFLW\�DVVHVVPHQW�RI�
TiO2�QDQRSDUWLFOHV�LQ�]HEUD¿VK�HPEU\RV�XQGHU�GLIIHUHQW�H[SRVXUH�FRQGLWLRQV��$TXDWLF�7R[LFRORJ\��Y������
S����±����������

&2+(1��<���5$//2��5���/,8��5���/,8��+��,Q�6LOLFR�$QDO\VLV�RI�1DQRPDWHULDOV�+D]DUG�DQG�5LVN�$FFRX�
QWV�RI�&KHPLFDO�5HVHDUFK��Y�����Q����S����±����������

+$16(1��6���-(16(1��.���%$81��$��1DQR5LVN&DW��D�FRQFHSWXDO�WRRO�IRU�FDWHJRUL]DWLRQ�DQG�FRPPX�
QLFDWLRQ�RI�H[SRVXUH�SRWHQWLDOV�DQG�KD]DUGV�RI�QDQRPDWHULDOV� LQ�FRQVXPHU�SURGXFWV��-�1DQRSDUW�5HV��
Y�����S������������

6721(��9���12:$&.��%���%$81��$���9$1�'(1�%5,1.��1���921�'(5�.$00(5��)���'86,16.$��
0���+$1'<��5���+$1.,1��6���+$66(//29��0���-21(5��(���)(51$1'(6��7��1DQRPDWHULDOV�IRU�
HQYLURQPHQWDO� VWXGLHV�� &ODVVL¿FDWLRQ�� UHIHUHQFH�PDWHULDO� LVVXHV�� DQG� VWUDWHJLHV� IRU� SK\VLFR�FKHPLFDO�
FKDUDFWHULVDWLRQ��6FL�WRWDO�(QYLURQ� Y������S�����������������
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eFeitoS de nAnoPArtículAS de tio2 Sobre A viAbilidAde e 
A exPreSSÃo GÊnicA em FibroblAStoS bovinoS In vItRO

*vanessa candiotti buzatto1, Alexandre de lima oliveira1, marina ibelli Pereira rocha1, Suelen 
Scarpa de mello1, Simone cristina méo niciura2

18QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��6mR�&DUORV��63��2(PEUDSD�3HFXiULD�6XGHVWH��6mR�&DUORV��63�
YFEX]DWWR#KRWPDLO�FRP

&ODVVL¿FDomR��Estudo GRV�DVSHFWRV�GH�VHJXUDQoD�HP�QDQRWHFQRORJLD��

resumo
$�FUHVFHQWH�XWLOL]DomR�GH�QDQRSDUWtFXODV��13V��HP�FRVPpWLFRV��WLQWDV��QDQRWXERV�GH�SROtPHUR�H��DWp�PHV�
PR��HP�PHGLFDPHQWRV�FULRX�D�QHFHVVLGDGH�GR�FRQKHFLPHQWR�D�UHVSHLWR�GD�VHJXUDQoD�GH�VHX�XVR��$VVLP��
R�REMHWLYR�GHVWH�WUDEDOKR�IRL�DYDOLDU�RV�HIHLWRV�GH�13V�GH�GLy[LGR�GH�WLWkQLR��7L22��DQDWDVH�H�UXWLOR�VREUH�
D�YLDELOLGDGH�FHOXODU�H�D�H[SUHVVmR�GRV�JHQHV�HIF1A, HSPA1A, PRDX1 e SOD2�HP�¿EUREODVWRV�ERYLQRV�
cultivados in vitro��$SyV�FROHWD�GH�SHOH�GH�GRLV�ERYLQRV�H�HVWDEHOHFLPHQWR�GH�FXOWXUD�GH�¿EUREODVWRV�HP�
PHLR�'0(0��DV�FpOXODV�HP�VXE�FRQÀXrQFLD�IRUDP�WUDWDGDV�FRP�13V�HP���FRQFHQWUDo}HV����������������
��RX����+J�P/��H���WHPSRV�GH�LQFXEDomR���������RX����KRUDV���$�YLDELOLGDGH�FHOXODU�IRL�DYDOLDGD�SHOR�
WHVWH�GH�H[FOXVmR�GR�FRUDQWH�D]XO�GH�WULSDQ�H��H[FHWR�SDUD�R�WUDWDPHQWR�FRP����+J�P/�GH�7L22 anatase 
SRU���K��QmR�IRUDP�REVHUYDGDV�GLIHUHQoDV�VLJQL¿FDWLYDV�HQWUH�RV�WUDWDPHQWRV�H�RV�WHPSRV�GH�LQFXEDomR��
$SyV�H[WUDomR�GH�51$�GDV�FpOXODV��D�H[SUHVVmR�GRV�JHQHV�DOYR�QRUPDOL]DGD�SDUD�R�JHQH�UHIHUrQFLD�GA-
PDH�IRL�DYDOLDGD�HP�3&5�HP�WHPSR�UHDO��)RL�REVHUYDGD�DOWHUDomR�GD�H[SUHVVmR�JrQLFD��SRUpP�QmR�IRL�
SRVVtYHO�LGHQWL¿FDU�XP�SDGUmR�GH�UHVSRVWD�UHODFLRQDGR�DR�DXPHQWR�GD�FRQFHQWUDomR�RX�GR�WHPSR�GH�LQ�
FXEDomR�FRP�DV�13V�GH�7L22�DQDWDVH�RX�UXWLOR��2�DXPHQWR�PDLV�PDUFDQWH�RFRUUHX�QD�H[SUHVVmR�GR�JHQH�
PRDX1�DSyV�LQFXEDomR�FRP�13V�GH�7L22 anatase. 'HVVD�PDQHLUD��FRQFOXtPRV�TXH�DV�13V�GH�7L22 nas 
GLIHUHQWHV�IDVHV��FRQFHQWUDo}HV�H�WHPSRV�GH�LQFXEDomR�QmR�DIHWDUDP�D�YLDELOLGDGH�in vitro�GH�¿EUREODVWRV�
ERYLQRV��PDV�DIHWDUDP�D�H[SUHVVmR�GH�JHQHV�UHODFLRQDGRV�DR�HVWUHVVH�FHOXODU��(QWUHWDQWR��QRYRV�HVWXGRV�
FRP�PDLRU�WDPDQKR�DPRVWUDO�GHYHP�VHU�FRQGX]LGRV�SDUD�FRQ¿UPDomR�GHVVHV�DFKDGRV�
Palavras-chave��1DQRWR[LFRORJLD��T3&5��HIF1A� HSPA1A� PRDX1��SOD2. 

eFFectS oF tio2 nAnoPArticleS on cell viAbilitY And Gene exPreSSion in 
bovine FibroblAStS In vItRO
Abstract
7KH�LQFUHDVHG�HPSOR\PHQW�RI�QDQRSDUWLFOHV��13V��LQ�FRVPHWLFV��SRO\PHU�QDQRWXEHV�DQG�HYHQ�LQ�GUXJV�
PDGH�QHFHVVDU\�WR�DVVHVV�WKH�VDIHW\�RI�WKHLU�XVH��7KXV��WKH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�HIIHFWV�
RI�DQDWDVH�DQG�UXWLOH�WLWDQLXP�GLR[LGH��7L22��13V�RQ�FHOO�YLDELOLW\�DQG�H[SUHVVLRQ�RI�HIF1A��HSPA1A��
PRDX1 and SOD2�JHQHV� LQ�ERYLQH�¿EUREODVWV� in vitro FXOWXUHG��)LUVW��ERYLQH�VNLQ�IURP�WZR�DQLPDOV�
ZDV�FROOHFWHG�DQG�¿EUREODVWV�ZHUH�FXOWXUHG�LQ�'0(0�DQG�WUHDWHG�XQGHU�VXE�FRQÀXHQFH�ZLWK�13V�DW���
FRQFHQWUDWLRQV������������������RU����+J�P/��DQG���LQFXEDWLRQ�SHULRGV���������RU����KRXUV���&HOO�YLDELOLW\�
HYDOXDWHG�E\�WU\SDQ�EOXH�H[FOXVLRQ�UHVXOWHG�LQ�QR�VLJQL¿FDQW�GLIIHUHQFHV�DPRQJ�H[SHULPHQWDO�JURXSV��
H[FHSW�IRU����+J�P/�DQDWDVH�7L22�IRU���K��51$�ZDV�H[WUDFWHG�IURP�FHOOV�DQG�H[SUHVVLRQ�RI�WDUJHW�JHQHV�
QRUPDOL]HG�E\�GAPDH�ZDV�DVVHVVHG�E\�UHDO�WLPH�3&5��([SUHVVLRQ�RI�VWUHVV�UHODWHG�JHQHV�ZDV�DIIHFWHG�
by anatase and rutile TiO2�13�H[SRVLWLRQ��+RZHYHU��LW�ZDV�QRW�REVHUYHG�D�VSHFL¿F�SDWWHUQ�LQ�UHVSRQVH�WR�
LQFUHDVLQJ�13�FRQFHQWUDWLRQV�DQG�LQFXEDWLRQ�SHULRGV��PRDX1�JHQH�XSUHJXODWLRQ�ZDV�WKH�VWURQJHVW�PRGL�
¿FDWLRQ�REVHUYHG�DIWHU�WUHDWPHQW�ZLWK�DQDWDVH�7L22��7KHQ�ZH�FRQFOXGH�WKDW�7L22�13V�LQ�GLIIHUHQW�SKDVHV��
FRQFHQWUDWLRQV�DQG�LQFXEDWLRQ�SHULRGV�GLG�QRW�DIIHFW�in vitro�ERYLQH�¿EUREODVW�YLDELOLW\��EXW�DOWHUHG�WKH�
H[SUHVVLRQ�RI�FHOOXODU�VWUHVV�UHODWHG�JHQHV��+RZHYHU��PRUH�VWXGLHV�ZLWK� ODUJHU�VDPSOH�VL]H�VKRXOG�EH�
DGGUHVVHG�WR�FRQ¿UP�WKHVH�¿QGLQJV�
Keywords: 1DQRWR[LFRORJ\��T3&5��HIF1A� HSPA1A� PRDX1��SOD2.

1 introduÇÃo

�$�QDQRWHFQRORJLD�WHP�GHVHQYROYLGR�PXLWRV�DYDQoRV�HP�GLIHUHQWHV�iUHDV�GR�FRQKHFLPHQWR��WUD�
]HQGR�JUDQGHV�EHQHItFLRV�j�HFRQRPLD��j�VRFLHGDGH�H�DR�DPELHQWH��1HVVH�VHQWLGR�� LQ~PHURV�PDWHULDLV�
QDQRPpWULFRV�VmR�GHVHQYROYLGRV�H�FRPHUFLDOL]DGRV��(QWUHWDQWR��R�FRQKHFLPHQWR�D�UHVSHLWR�GD�VHJXUDQoD�
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GHVVHV�SURGXWRV�DLQGD�p�LQFLSLHQWH��9DOH�UHVVDOWDU�TXH�D�WR[LFLGDGH�GRV�QDQRPDWHULDLV�H�R�ULVFR�DR�DP�
ELHQWH�H�j�VD~GH�QmR�GHSHQGHP�VRPHQWH�GH�VHX�WDPDQKR��PDV�WDPEpP�GR�Q~PHUR�WRWDO��GD�iUHD�GH�VXSHU�
ItFLH�H�GD�GRVH��3,7.(7+/<��������H��SRU�LVVR��p�QHFHVViULD�D�UHDOL]DomR�GH�HVWXGRV�QDQRWR[LFROyJLFRV�
VRE�GLIHUHQWHV�FRQGLo}HV�H[SHULPHQWDLV��

�$V�QDQRSDUWtFXODV��13V��GH�GLy[LGR�GH�WLWkQLR��7L22��VmR�XVDGDV�HP�WLQWDV��IiUPDFRV��FRUDQWHV�
GH�DOLPHQWRV��FRVPpWLFRV�H�LPSODQWHV��JHUDQGR�SRVVtYHO�GDQR�jV�FpOXODV�DGMDFHQWHV��$//281,�HW�DO���
�������'HSHQGHQGR�GD�RULJHP��DV�13V�GH�7L22�SRGHP�YDULDU�HP�WDPDQKR��IRUPDWR��PRUIRORJLD��SR�
WHQFLDO�]�H�SRQWR�LVRHOpWULFR��FRP�GLIHUHQWHV�FRQVHTXrQFLDV�SDUD�R�SURFHVVR�GD�DEVRUomR�SHODV�FpOXODV�H�
FLWRWR[LFLGDGH��$//281,�HW�DO����������2�7L22 SRGH�H[LVWLU�HP���IDVHV�FULVWDORJUi¿FDV��UXWLOR��DQDWDVH�H�
EURRNLWH��&267$�HW�DO����������$�IDVH�DQDWDVH�DSUHVHQWD�PDLRU�DWLYLGDGH�IRWRFDWDOtWLFD�HP�UHODomR�j�IDVH�
rutilo. 

8PD�PDQHLUD�GH�HVWXGDU�D�QDQRWR[LFLGDGH�in vitro�p�SRU�PHLR�GD�H[SRVLomR�GH�FpOXODV�HP�FXOWLYR�
D�QDQRFRPSRVWRV�H�DYDOLDomR�GDV�PRGL¿FDo}HV�GHFRUUHQWHV��'HQWUH�RV�WLSRV�FHOXODUHV�SDVVtYHLV�GH�FXO�
tivo in vitro��R�¿EUREODVWR�p�XP�GRV�PDLV�XWLOL]DGRV��SRU�VH�WUDWDU�GD�FpOXOD�PDLV�FRPXP�GR�WHFLGR�FRQ�
MXQWLYR�DQLPDO��2V�¿EUREODVWRV�VLQWHWL]DP�D�PDWUL]�H[WUDFHOXODU�H�R�FROiJHQR�TXH�VmR�DV�EDVHV�HVWUXWXUDLV�
GRV�WHFLGRV��$�UHVSRVWD�FHOXODU�IUHQWH�j�H[SRVLomR�D�13V�SRGH�VHU�DYDOLDGD�SHODV�PXGDQoDV�UHVXOWDQWHV�
QD�H[SUHVVmR�JrQLFD��SRU�PHLR�GH�3&5�TXDQWLWDWLYR��T3&5���9iULRV�JHQHV�SRGHP�VHU�DIHWDGRV��PDV�RV�
genes relacionados ao estresse celular podem ser considerados como potenciais candidatos para estudo. 
O gene HIF1A�IXQFLRQD�FRPR�XP�UHJXODGRU�JOREDO�GD�KRPHRVWDVH�GH�R[LJrQLR��R�JHQH�HSPA1A�FRGL¿FD�
XPD�SURWHtQD�³KHDW�VKRFN´�GH���N'D��R�JHQH�PRDX1 HVWi�HQYROYLGR�QD�UHJXODomR�UHGR[�GD�FpOXOD��HOL�
PLQDQGR�SHUy[LGRV�JHUDGRV�SHOR�PHWDEROLVPR��H�R�JHQH�SOD2��PHPEUR�GD�IDPtOLD�GR�IHUUR�PDQJDQrV�
VXSHUy[LGR�GLVPXWDVH��FRGL¿FD�XPD�SURWHtQD�PLWRFRQGULDO�TXH�VH�OLJD�DR�VXSHUy[LGR�H�FRQYHUWH�R�HP�
SHUy[LGR�GH�KLGURJrQLR�H�R[LJrQLR��

$VVLP��D�HVWUDWpJLD�GH�DYDOLDomR�GH�JHQHV�FDQGLGDWRV�UHODFLRQDGRV�D�UHVSRVWDV�GH�HVWUHVVH�R[LGD�
WLYR��HIF1A��SOD2 e PRDX1��H�WpUPLFR��HSPA1A��H�j�SURGXomR�GH�FLWRFLQDV��PRDX1��SRGH�IRUQHFHU�
LQGtFLRV�GRV�PHFDQLVPRV�LQLFLDLV�GH�UHVSRVWD�j�H[SRVLomR�D�13V�GH7L22�GH�PDQHLUD�D�IDFLOLWDU�D�FRPSUH�
HQVmR�GRV�HIHLWRV�FHOXODUHV�SURPRYLGRV�SHODV�PHVPDV�

2 mAteriAiS e métodoS

$PRVWUDV�GH�SHOH�GH�GRLV�ERYLQRV�IRUDP�FROHWDGDV�HP�DEDWHGRXUR�H�FXOWLYDGDV�HP�PHLR�'0(0�
VXSOHPHQWDGR�FRP�����GH�VRUR�IHWDO�ERYLQR�H����GH�DQWLELyWLFR�DQWLPLFyWLFR�D����&�����&22 e umi�
GDGH�Pi[LPD��$V�FpOXODV�IRUDP�H[SRVWDV�jV�13V�QD�WHUFHLUD�SDVVDJHP�

$�13V�GH�7L22�IRUDP�DXWRFODYDGDV�D�����&�GXUDQWH����PLQ�H�GLVSHUVDV�HP�iJXD�SRU�VRQLFDomR�
QR�4VRQLFD�±�4����SRU���PLQXWR��D���&�H�DPSOLWXGH�����$�SDUWLU�GD�VROXomR�LQLFLDO�GH���PJ�P/��DV�13V�
IRUDP�GLOXtGDV�LPHGLDWDPHQWH�HP�PHLR�'0(0��H�RV�¿EUREODVWRV�IRUDP�LQFXEDGRV�FRP�7L22 anatase ou 
UXWLOR�jV�FRQFHQWUDo}HV�GH����FRQWUROH����������������RX����+J�P/�SRU��������RX����KRUDV��

)RL�GHWHUPLQDGR�R�tQGLFH�GH�SUROLIHUDomR�FHOXODU��SRU�PHLR�GD�UD]mR�HQWUH�R�Q~PHUR�GH�FpOXODV�
REWLGDV�DR�¿QDO�GR�FXOWLYR��1��SHOR�Q~PHUR�LQLFLDO�GH�FpOXODV�SODTXHDGDV��1R���UD]mR�1�1R��2�HIHLWR�
GDV�13V�VREUH�D�YLDELOLGDGH�FHOXODU�IRL�DYDOLDGR�SHOR�WHVWH�GH�H[FOXVmR�GR�FRUDQWH�D]XO�GH�WULSDQ��$V�
GLIHUHQoDV�HQWUH�RV�JUXSRV�H[SHULPHQWDLV�IRUDP�FRPSDUDGDV�SRU�$129$�VHJXLGD�SHOR�WHVWH�GH�7XNH\��j�
VLJQL¿FkQFLD�GH�����

3DUD� DYDOLDomR� GD� H[SUHVVmR� JrQLFD�� R�51$� WRWDO� GDV� FpOXODV� IRL� H[WUDtGR� FRP�7UL]RO�� �,Q�
YLWURJHQ��H�TXDQWL¿FDGR�HP�1DQR'URS��$SyV� WUDWDPHQWR�FRP�'1DVH����+J�GR�51$�IRL�GHVWLQDGR�j�
WUDQVFULomR� UHYHUVD� FRP�����8�GD� HQ]LPD�6XSHU6FULSW� ,,,� �,QYLWURJHQ�� SDUD� REWHQomR� GR� F'1$��2V�
HVWXGRV�IRUDP�UHDOL]DGRV�HP�GXSOLFDWD�QR�$%,�3ULVP�������$SSOLHG�%LRV\VWHPV��HP�UHDomR�GH����+/�
FRP�3RZHU�6<%5�*UHHQ��3&5�0DVWHU�0L[��$SSOLHG��H������+0�GH�FDGD�SULPHU��3DUD�RV�JHQHV�DOYR�
H�UHIHUrQFLD��RV�SULPHUV�XWLOL]DGRV�QDV�T3&5�IRUDP��HIF1A ��¶�7*$$**&$&$*$7*$$77*&77��¶�
H� �¶�*77&$$$&7*$*77$$7&&&$7*7$777��¶��� HSPA1A� ��¶�$*&$**7*7*7$$&&&&$�
7&��¶� H� �¶�$&$7*$*&$$7&&$***$$*��¶���PRDX1� ��¶�$&&7**&$7**$7&$$&$&$��¶� H�
�¶�*&&&&7*$$7*$*$7*&&77��¶��� SOD2� ��¶�**&*7&&$&&$7*77*7&��¶� H� �¶�$7*$7&7�
*&*&*77*$7*7��¶���H�GAPDH ���*&*7*$$&&$&*$*$$*7$7$$��¶�H���¶&&&7&&$&*$�
7*&&$$$*7��¶���

3DUD�PHQVXUDU�DV�GLIHUHQoDV�VLJQL¿FDWLYDV�D�����D�H[SUHVVmR�GRV�JHQHV�DOYR�IRL�QRUPDOL]DGD�
SHOR�JHQH�UHIHUrQFLD�GAPDH e avaliada no Relative Expression Software Tool.
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3 reSultAdoS e diScuSSÃo

3.1 3UROLIHUDomR�H�YLDELOLGDGH�FHOXODU

(P�UHODomR�j�SUROLIHUDomR�FHOXODU�� QmR� IRL�REVHUYDGR�HIHLWR� �S!������GH� FRQFHQWUDomR�RX� LQ�
WHUDomR�FRQFHQWUDomR�[�WHPSR�GH�LQFXEDomR��2�HIHLWR�GH�WHPSR�GH�LQFXEDomR�VREUH�D�UD]mR�1�1R�IRL�
VLJQL¿FDWLYR��S�������SDUD�7L22�DQDWDVH�SRU���K��PpGLD�GH�������HP�FRPSDUDomR�D���K�H����K�������H�
������UHVSHFWLYDPHQWH���H�SDUD�7L22�UXWLOR�HQWUH���K��������H���K���������DPERV�VHPHOKDQWHV��S!������D�
��K��������

2V�UHVXOWDGRV�PpGLRV�GH�YLDELOLGDGH�FHOXODU�HVWmR�DSUHVHQWDGRV�QD�)LJXUD����)RL�REVHUYDGR�HIHLWR�
�S�������GH�WHPSR�GH�LQFXEDomR�FRP�DV�13V�GH�7L22�DQDWDVH��FRP�PHQRU�YLDELOLGDGH�FHOXODU�QR�SHUtRGR�
GH����K�HP�FRPSDUDomR�D���K�H���K��)LJXUD�����,VVR�RFRUUHX�GHYLGR�j�EDL[D�YLDELOLGDGH�FHOXODU���������
REVHUYDGD�QR�WUDWDPHQWR�FRP����+J�P/�GH�7L22�DQDWDVH�SRU���K��3DUD�RV�GHPDLV�JUXSRV�H[SHULPHQWDLV��
QmR�IRUDP�REVHUYDGRV�HIHLWRV��S!������GH�FRQFHQWUDomR��WHPSR�GH�LQFXEDomR�RX�LQWHUDomR�FRQFHQWUDomR�
[�WHPSR�GH�LQFXEDomR�VREUH�D�YLDELOLGDGH��)LJXUD�����

Figura 1. 9LDELOLGDGH�FHOXODU��

$VVLP��D�LQFXEDomR�GH�¿EUREODVWRV�FRP�DWp����+J�P/�GH�7L22 anatase ou rutilo não resultou em 
GLPLQXLomR�GD�YLDELOLGDGH�FHOXODU��%HUQLHU�HW�DO���������UHSRUWDUDP�GLPLQXLomR�QR�Q~PHUR�GH�FpOXODV�GH�
¿EUREODVWRV�GH�PDQHLUD�SURSRUFLRQDO�DR�DXPHQWR�GD�FRQFHQWUDomR�13V�GH�7L22��SULQFLSDOPHQWH�GH�����D�
�����+J�P/��H�GR�WHPSR�GH�LQFXEDomR��HYLGHQFLDQGR�HIHLWR�GH�GRVH�SDUD�D�FLWRWR[LFLGDGH��

3.2 ([SUHVVmR�JrQLFD�UHODWLYD

 $V�DQiOLVHV�GH�H[SUHVVmR�JrQLFD�IRUDP�UHDOL]DGDV�QDV�DPRVWUDV�WUDWDGDV�FRP�7L22 anatase por 
��K��H�7L22�UXWLOR�SRU���K�H���K��)LJXUD�����2EVHUYDPRV�TXH�D�LQFXEDomR�FRP�DV�13V�GH�7L22 anatase 
H�UXWLOR�HP�GLIHUHQWHV�FRQFHQWUDo}HV�H� WHPSRV�GH� LQFXEDomR�SURPRYHUDP�DOWHUDomR�GD�H[SUHVVmR�GRV�
genes HIF1A��HSPA1A��PRDX1 e SOD2��(QWUHWDQWR��QmR�IRL�REVHUYDGR�SDGUmR�HVSHFt¿FR�HP�UHODomR�
DR�DXPHQWR�GD�FRQFHQWUDomR�RX�GR�WHPSR�GH�LQFXEDomR�FRP�DV�13V��$XPHQWR�GH�H[SUHVVmR�GRV�JHQHV�
HSP70.1 e PRDX1�Mi�IRL�GHWHFWDGD�DSyV�H[SRVLomR�D���D���PJ�P/�GH�QDQR¿EUDV�GH�FHOXORVH�GH�DOJRGmR�
�3(5(,5$�HW�DO���������

�'RV�UHVXOWDGRV�REWLGRV��R�JUDQGH�DXPHQWR�GH�H[SUHVVmR������[�D�����[��GR�JHQH�PRDX1 nas 
FpOXODV�H[SRVWDV�D�WRGDV�DV�FRQFHQWUDo}HV�GH�7L22�DQDWDVH�PHUHFH�VHU�PHOKRU�LQYHVWLJDGR��XPD�YH]�TXH�
HVVH�JHQH�QmR�IRL�DIHWDGR�SRU�13V�GH�7L22�UXWLOR��H[FHWR�D�GLPLQXLomR�REVHUYDGD�HP����+J�P/�SRU���K��
2XWUD�LQWHUHVVDQWH�REVHUYDomR�p�TXH�HP�UHODomR�D�H[SRVLomR�D�7L22�SRU���K��SDUD�DV�13V�DQDWDVH��RV�
JHQHV�DIHWDGRV�WLYHUDP�DXPHQWR�GH�H[SUHVVmR��HQTXDQWR�SDUD�DV�13V�UXWLOR��GLPLQXLomR�GH�H[SUHVVmR�

�8PD�YH]�TXH�IRUDP�XVDGRV�¿EUREODVWRV�GH�GRLV�DQLPDLV�GLIHUHQWHV�H�TXH�HVVDV�DPRVWUDV�DSUHVHQ�
WDUDP�EDVWDQWH�YDULDomR�LQGLYLGXDO�HP�UHVSRVWD�j�H[SRVLomR�jV�13V��VXJHUH�VH�TXH�QRYRV�H[SHULPHQWRV�
VHMDP�UHDOL]DGRV�FRP�PDLRU�Q~PHUR�DPRVWUDO��$OpP�GLVVR��p�SRVVtYHO�TXH�RV�PHFDQLVPRV�GH�UHVSRVWD�
FHOXODUHV�GHVHQFDGHDGRV�SHODV�13V�GH�7L22�VHMDP�GHSHQGHQWHV�GR�background JHQpWLFR�GH�FDGD�LQGLYt�
duo.
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Figura 2. ([SUHVVmR�JrQLFD��'LIHUHQoD�VLJQL¿FDWLYD��S�������HP�UHODomR�DR�JUXSR�FRQWUROH��

4 concluSÃo

$V�FRQFHQWUDo}HV�GH�7L22�DQDWDVH�H�UXWLOR�XWLOL]DGDV�QHVWH�HVWXGR��DWp����+J�P/��QmR�UHVXOWDUDP�
HP�GLPLQXLomR�GD�YLDELOLGDGH�FHOXODU�GH�¿EUREODVWRV�ERYLQRV�FXOWLYDGRV�in vitro.

$�H[SRVLomR�D�QDQRSDUWtFXODV�GH�7L22�DQDWDVH�RX�UXWLOR�DIHWRX�D�H[SUHVVmR�GH�JHQHV�UHODFLRQDGRV�
D�HVWUHVVH�FHOXODU��PDV�QmR�IRL�SRVVtYHO�REVHUYDU�SDGUmR�HVSHFt¿FR�GH�DOWHUDomR��

0DUFDQWH�DXPHQWR�GD�H[SUHVVmR�GR�JHQH�PRDX1 IRL�REVHUYDGR�DSyV�H[SRVLomR�D�7L22�DQDWDVH��
mas não a TiO2 rutilo.

$�JUDQGH�YDULDomR�LQGLYLGXDO�QD�H[SUHVVmR�JrQLFD�SHUPLWH�VXSRU�TXH�Ki�GLIHUHQoDV�GH�VXVFHS�
WLELOLGDGH�GRV� LQGLYtGXRV�DRV� WUDWDPHQWRV�FRP�13V�GH�7L22� H�TXH�HVWXGRV�GHVVD�QDWXUH]D�GHYHP�VHU�
UHDOL]DGRV�FRP�PDLRU�Q~PHUR�GH�UHSHWLo}HV�ELROyJLFDV�

AGrAdecimentoS

$SRLR�¿QDQFHLUR�(PEUDSD���03���5HGH�$JUR1DQR��H�EROVD�3,%,&�&13T�

reFerÊnciAS

$//281,��=��(���+�/��3��-���&$848,��0��$���*-(5'(7��1��5���&,03$1��0��5��5ROH�RI�SK\VLFRFKH�
PLFDO�FKDUDFWHULVWLFV�LQ�WKH�XSWDNH�RI�7L2��QDQRSDUWLFOHV�E\�¿EUREODVWV��7R[LFRORJ\�LQ�9LWUR��2[IRUG��Y��
����Q�����S����������������

%(51,(5��0��&���(/�.,5$7��.���%(66(��0���025$1'$7��6���9$<66$'(��0��3UHRVWHREODVWV�DQG�
¿EUREODVWV�UHVSRQG�GLIIHUHQWO\�WR�DQDWDVH�WLWDQLXP�GLR[LGH�QDQRSDUWLFOHV��$�F\WRWR[LFLW\�DQG�LQÀDPPD�
WLRQ�VWXG\��&ROORLGV�DQG�6XUIDFHV�%��%LRLQWHUIDFHV��$PVWHUGDP��Y������S��������������

&267$��$��&��)��0���9,/$5��0��$���/,5$��+��/���.,0,1$0,��5��+��*��$���*$0$��/��6tQWHVH�H�FD�
UDFWHUL]DomR�GH�QDQRSDUWtFXODV�GH�7L2���&HUkPLFD��6mR�3DXOR��Y������S����������������

3(5(,5$��0��0���5$3262��1��5��%���%5$<1(5��5���7(,;(,5$��(��0���2/,9(,5$��9���48,172��
&��&��5���&$0$5*2��/��6��$���0$77262��/��+��&���%5$1'2��+��0��&\WRWR[LFLW\�DQG�H[SUHVVLRQ�
RI�JHQHV�LQYROYHG�LQ�WKH�FHOOXODU�VWUHVV�UHVSRQVH�DQG�DSRSWRVLV�LQ�PDPPDOLDQ�¿EUREODVW�H[SRVHG�WR�FRW�
WRQ�FHOOXORVH�QDQR¿EHUV��1DQRWHFKQRORJ\��%ULVWRO��Y������Q����S���������������

3,7.(7+/<��0��-��1DQRPDWHULDOV�±�WKH�GULYLQJ�IRUFH��1DQR�7RGD\��.LGOLQJWRQ��Y�����Q������S���������
�����
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resumo
$R�ORQJR�GRV�DQRV��WHP�KDYLGR�XP�DXPHQWR�VLJQL¿FDWLYR�QD�IDEULFDomR�GH�SURGXWRV�j�EDVH�GH�QDQRSDU�
WtFXODV�GH�SUDWD��SULQFLSDOPHQWH�GHYLGR�j�VXD�DWLYLGDGH�DQWLPLFURELDQD��FRP�DSOLFDomR�QD�PHGLFLQD�H�
QD�LQG~VWULD�Wr[WLO�H�GH�DOLPHQWRV��1R�HQWDQWR��R�XVR�LQDGHTXDGR�H�GHVFDUWH�GHVVHV�PDWHULDLV�SRGH�SHU�
PLWLU�D�HQWUDGD�GH�QDQRSDUWtFXODV�GH�SUDWD��$J13��QR�PHLR�DTXiWLFR��UHVXOWDQGR�HP�SRWHQFLDLV�HIHLWRV�
WR[LFROyJLFRV��1HVWH�HVWXGR��XWLOL]DPRV�Pseudokirchneriella subcapitata como organismo modelo para 
LQYHVWLJDU�D�WR[LFLGDGH�GH�$J13�HP�YiULRV�QtYHLV�GH�FRQFHQWUDomR��$J13�IRUDP�FDUDFWHUL]DGRV�ItVLFR�
TXLPLFDPHQWH�SRU�89�9LV�H�0LFURVFRSLD�(OHWU{QLFD�GH�7UDQVPLVVmR��0(7���$J13�DSUHVHQWRX�XP�Pi�
[LPR�GH�DEVRUomR�D�����QP�H�GH�GLPHQVmR�FRPSUHHQGLGD�HQWUH���H����QP��$V�FRQFHQWUDo}HV�H[SRVWDV�
GH�$J13�VHJXLUDP�SURWRFROR�SDGURQL]DGR��2�YDORU�GH�&(���HQFRQWUDGR�IRL�GH������PJ/

���¿FRX�GHQWUR�
do reportado pela literatura. 
Palavras-chave��3UDWD��1DQRSDUWtFXOD��7R[LFLGDGH��$OJDV

toxicitY oF PvA-StAbiliZed Silver nAnoPArticleS to AlGAe 
Abstract
2YHU�WKH�\HDUV�WKHUH�KDV�EHHQ�D�VLJQL¿FDQW�LQFUHDVH�LQ�WKH�PDQXIDFWXULQJ�RI�VLOYHU�QDQRSDUWLFOHV�EDVHG�
SURGXFWV��PDLQO\�GXH�WR�WKHLU�DQWLPLFURELDO�DFWLYLW\��ZLWK�DSSOLFDWLRQ�LQ�PHGLFLQH�DQG�WH[WLOH�DQG�IRRG�
LQGXVWU\��+RZHYHU��WKH�LQDSSURSULDWH�XVH�DQG�GLVSRVDO�RI�WKHVH�PDWHULDOV�FDQ�DOORZ�WKH�HQWU\�RI�VLOYHU�
QDQRSDUWLFOHV��$J13��FRPSRXQGV�LQWR�WKH�DTXDWLF�HQYLURQPHQW��ZLWK�SRWHQWLDO�WR[LFRORJLFDO�HIIHFWV��,Q�
WKLV�VWXG\�ZH�KDYH�XVHG�Pseudokirchneriella subcapitata�DV�PRGHO�RUJDQLVP�WR�LQYHVWLJDWH�WKH�WR[LFLW\�
RI�$J13�DW�VHYHUDO�FRQFHQWUDWLRQ�OHYHOV��$J13�ZHUH�SK\VLFR�FKHPLFDOO\�FKDUDFWHUL]HG�E\�89�9LV�VSHF�
WURVFRS\�DQG�7UDQVPLVVLRQ�(OHFWURQ�0LFURVFRS\��7(0���$J13�SUHVHQWHG�D�PD[LPXP�DEVRUSWLRQ�DW�����
QP�DQG�VL]H�UDQJH�EHWZHHQ���DQG����QP��(DFK�VSHFL¿F�RUJDQLVP�ZDV�H[SRVHG�WR�$J13�FRQFHQWUDWLRQV�
WKURXJK�VWDQGDUGL]HG�SURWRFRO��)RU�P. subcapitata�WKH�(&���YDOXH�IRXQG�ZDV������PJ/

���ZHUH�LQ�DFFRU�
dance to previous results reported in the literature. 
Keywords��6LOYHU��1DQRSDUWLFOH��7R[LFLW\��$OJDH�

1 introduÇÃo

$V�QDQRSDUWtFXODV� WrP�SURSULHGDGHV� GH� LQWHUHVVH� HP�GLYHUVDV� DSOLFDo}HV� WHFQROyJLFDV�� Ki� QD�
OLWHUDWXUD��YiULRV�HVWXGRV�TXH�GHPRQVWUDP�DV�SURSULHGDGHV�EHQp¿FDV�GH�QDQRSDUWtFXODV�PHWiOLFDV��&KHQ�
H�6FKOXHVHQHU��������'XUiQ et al.���������1R�HQWDQWR��HVWDV�SDUWtFXODV�PHWiOLFDV�SRGHP�DSUHVHQWDU�FD�
UDFWHUtVWLFDV�LQGHVHMiYHLV�TXDQGR�OLEHUDGDV�DFLPD�GH�FRQFHQWUDo}HV�HVSHFt¿FDV�HP�DPELHQWHV�DTXiWLFRV�
H�WHUUHVWUHV��DWLQJLQGR�GLYHUVDV�HVSpFLHV��-R et al.��������.ZRN et al.���������2�DXPHQWR�GD�SURGXomR�H�
FRQVXPR�GH�SURGXWRV�TXH�FRQWHQKDP�$J13��SRGHP�OHYDU�j�OLEHUDomR�GHVVDV�QDQRSDUWtFXODV�PHWiOLFDV�
QR�DPELHQWH��GHVGH�D�HWDSD�GH�VtQWHVH�DWp�QR�XVR�¿QDO�GR�SURGXWR�SRU�SDUWH�GRV�FRQVXPLGRUHV��5LEHLUR 
et al.���������$�SUDWD�HP�iJXD�GRFH�QDWXUDO�SRGH�VHU�HQFRQWUDGR�QD�IRUPD�GH�FORUHWR�GH�SUDWD��$J&O���
VXOIHWR�GH�SUDWD��$J26��H�D�IRUPD�L{QLFD��$J

+���VHQGR�HVWD�D�IRUPD�PDLV�Wy[LFD��5LEHLUR et al.���������
6HJXQGR�XPD�SHVTXLVD�UHFHQWH��%DWOH\��.LUE\�H�0FODXJKOLQ��������D�FRQFHQWUDomR�DPELHQWDO�SUHYLVWD�
GH�SUDWD�HP�iJXD�GRFH�Mi�FKHJD�D�YDORUHV�HP�WRUQR�GH����������+J�/����SRUpP�HVVH�YDORU�HVWi�DXPHQWDQ�
GR�QR�DPELHQWH�DTXiWLFR�H�SRGH�YLU�D�SURPRYHU�GDQRV�j�ELRWD��%DWOH\��.LUE\�H�0FODXJKOLQ���������+i�
PXLWDV�UD]}HV�TXH�SRGHP�H[SOLFDU�D�WR[LFLGDGH�GDV�$J13V�TXDQGR�HQFRQWUDGD�DFLPD�GH�QtYHLV�FUtWLFRV�
QR�DPELHQWH�DTXiWLFR��8P�GRV�PRWLYRV�p�D�HOHYDGD�UD]mR�iUHD�VXSHU¿FLDO�YROXPH�GDV�QDQRSDUWtFXODV��R�
TXH�UHVXOWD�HP�XPD�PDLRU�WD[D�GH�GLVVROXomR��DXPHQWDQGR�D�WR[LFLGDGH�HP�DPELHQWH�DTXiWLFR��$QJHO 



VII Workshop de Nanotecnologia Aplicada ao Agronegócio

Embrapa Gado de Leite, Juiz de Fora/MG, 01 a 05 de Setembro de 2014. 575

et al.���������1R�HQWDQWR��R�SRXFR�FRQKHFLPHQWR�VREUH�R�FRPSRUWDPHQWR�GDV�$J13V�QR�DPELHQWH�WRUQD�
QHFHVViULR�HVWXGRV�H�DYDOLDo}HV�GD�WR[LFLGDGH�GH�$J13V�GH�GLIHUHQWHV�WDPDQKRV�H�FRQFHQWUDo}HV��SDUD��
GLIHUHQWHV�HVSpFLHV�DTXiWLFDV��5LEHLUR et al.����������2�REMHWLYR�GHVWH�WUDEDOKR�IRL�DYDOLDU�D�WR[LFLGDGH�GH�
$J13�SDUD�R�FUHVFLPHQWR�GD�DOJD�P. subcapitata. 

2 mAteriAiS e métodoS

2.1 3UHSDUDomR�GDV�$J13V�

)RL�HPSUHJDGD�D�WpFQLFD�GH�UHGXomR�TXtPLFD�D�SDUWLU�GR�$J12� em meio aquoso. Água deioni�
]DGD�IRL�XWLOL]DGD�SDUD�SUHSDUDU�DV�VROXo}HV�GH�iOFRRO�SROLYLQtOLFR��39$���DJHQWH�HVWDELOL]DGRU��H�$J12���
XWLOL]DQGR�ERURKLGUHWR�GH�VyGLR��1D%+���FRPR�DJHQWH�UHGXWRU��%(51,�1(72�HW�DO����������$OtTXRWDV�
GHVWD�VROXomR�IRUDP�UHWLUDGDV�H�GLOXtGDV�HP�iJXD�GHLRQL]DGD�REWHQGR�VH�DV�FRQFHQWUDo}HV����������[�������
����[����������[�����������[������������2V�UHDJHQWHV�XWLOL]DGRV�IRUDP�REWLGRV�GD�$OGULFK��H�XVDGRV�VHP�SX�
UL¿FDomR�DGLFLRQDO��$�VtQWHVH�SRGH�VHU�UHVXPLGD�GD�VHJXLQWH�PDQHLUD�����P0�GH�39$�IRL�DGLFLRQDGR�HP�
���PO�GH�XPD�VROXomR�GH���P0�GH�QLWUDWR�GH�SUDWD��FXMD�PLVWXUD�IRL�PDQWLGD�HP�DJLWDomR�GXUDQWH���PLQ��
(P�VHJXLGD��IRL�DGLFLRQDGR���PO�GH�XPD�VROXomR�GH�1D%+���H�GHL[DGD�VRE�DJLWDomR�PDJQpWLFD�GXUDQWH�
���PLQ��1R�¿QDO�GD�VtQWHVH��REWHYH�VH�XPD�VROXomR�GH�FRU�DPDUHOD��D�TXDO�p�XP�LQGLFDWLYR�GD�IRUPDomR�
GH�QDQRSDUWtFXODV��$V�VROXo}HV�GH�FRQFHQWUDo}HV�IRUDP�QD�VHTXrQFLD�FRORFDGDV�HP�FRQWDWR�FRP�D�DOJD��
$V�PHVPDV�FRQFHQWUDo}HV�GH�XPD�VROXomR�GH�1D%+��IRUDP�XWLOL]DGDV�FRPR�FRQWUROH�

2.2 &DUDFWHUL]DomR�GDV�QDQRSDUWtFXODV�REWLGDV�QD�VtQWHVH�

2.2.1 0HGLomR�GR�WDPDQKR�GDV�SDUWtFXODV

$V�$J13V�WDPEpP�IRUDP�DQDOLVDGDV�SRU�XP�0LFURVFySLR�(OHWU{QLFR�GH�7UDQVPLVVmR��0(7��
���)(,�7HFQDL�*��)�����XWLOL]DQGR�WHQVmR�GH�DFHOHUDomR�GH�����N9��8PD�JRWD�GH�VROXomR�$J13�IRL�DGL�
FLRQDGD�HP�XPD�JUDGH�GH�FREUH�UHYHVWLGD�GH�FDUERQR�H�R�H[FHVVR�GH�VROXomR�IRL�UHPRYLGR�FRP�SDSHO�GH�
¿OWUR��$�JUDGH�SHUPDQHFHX�SURWHJLGD�GD�OX]�FRP�R�DX[tOLR�GH�XPD�IROKD�GH�SDSHO�GH�DOXPtQLR�H�PDQWLGR�
HP�FRQGLo}HV�GH�WHPSHUDWXUD�DPELHQWH��2�SURJUDPD�Image J�IRL�XWLOL]DGR�SDUD�GHWHUPLQDU�R�WDPDQKR�H�
D�SROLGLVSHUVmR�GH�$J13�

2.3 2UJDQLVPRV�WHVWH�H[SRVWRV�DV�GLIHUHQWHV�FRQFHQWUDo}HV�GH�$J13

2.3.1 pseudokirchneriella subcapitata 

$�DOJD�XQLFHOXODU�Pseudokirchneriella subcapitata��DQWLJDPHQWH�FKDPDGD�GH�Selenastrum capri-
cornutum)�IRL�XWLOL]DGD�FRPR�RUJDQLVPR�WHVWH�VHQGR�FXOWLYDGDV�HP�FRQIRUPLGDGH�FRP�D�PHWRGRORJLD�UH�
FRPHQGDGD�SHOD�2UJDQL]DomR�SDUD�D�&RRSHUDomR�(FRQ{PLFD�H�'HVHQYROYLPHQWR��2&'(���GH�������HP�
FkPDUDV�FOLPiWLFDV�FRP�WHPSHUDWXUD�FRQWURODGD�GH����(����&�H�OXPLQRVLGDGH�GH�a�������OX[��$�VXVSHQVmR�
GH�DOJDV�IRL�GLVWULEXtGD�HP�SODFDV�GH�3HWUL��YROXPH�¿QDO�GH����P/���REWHQGR�VH�XPD�FRQFHQWUDomR�GH�
DSUR[LPDGDPHQWH�����FpOXODV�PO����$V�DOJDV�IRUDP�H[SRVWDV�GXUDQWH���GLDV�QDV�FRQFHQWUDo}HV�GD�VROXomR�
$J13��VHQGR�WDPEpP�DYDOLDGDV�VROXo}HV� LVHQWDV�GH�$J13��FRPR�FRQWUROH��3HULRGLFDPHQWH��DOtTXRWDV�
IRUDP�UHWLUDGDV�GDV�VXVSHQV}HV�GH�DOJDV�SDUD�PHGLGDV�GH�DEVRUEkQFLD�HP�����QP�XWLOL]DQGR�XP�HVSHF�
WURIRW{PHWUR�89�9LV�����3&�6KLPDG]X��XPD�YH]�TXH�D�DEVRUEkQFLD�p�SURSRUFLRQDO�j�FRQFHQWUDomR�GH�
FpOXODV��2�FiOFXOR�GD�FRQFHQWUDomR�TXH�LQLEH�R�FUHVFLPHQWR�GH�DOJDV�HP�����DR�ORQJR�GH���GLDV��&(����G�
��EDVHRX�VH�QD�LQLELomR�UHODWLYD�GD�WD[D�GH�FUHVFLPHQWR�HP�IXQomR�GD�FRQFHQWUDomR��PJ/�����GH�$J13V��
3DUD�R�FiOFXOR�GDV�WD[DV�GH�FUHVFLPHQWR�HVSHFt¿FR�IRUDP�XWLOL]DGRV�RV�YDORUHV�GD�LQFOLQDomR�OLQHDU�GDV�
UHVSHFWLYDV�FXUYDV�GH�DXPHQWR�GD�DEVRUEkQFLD�HP�IXQomR�GR�WHPSR��ORJ�$EV�YV�GLDV��2(&'���������2V�
GDGRV�IRUDP�WUDWDGRV�SHOR�PyGXOR�GH�UHJUHVVmR�VLPSOHV�XWLOL]DQGR�R�VRIWZDUH�6WDWJUDSKLFV�3OXV��0D�
QXJLVWLFV���������R�TXH�SHUPLWLX�R�FiOFXOR�GH�&(����G�H�LQWHUYDOR�GH�FRQ¿DQoD�GH������GHWHUPLQDQGR�R�
modelo de regressão que melhor representa os resultados.
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3 reSultAdoS e diScuSSÃo

3.1 0LFURVFRSLD�(OHWU{QLFD�GH�7UDQVPLVVmR��0(7�

$�LPDJHP�GH�0(7�GDV�$J13�p�PRVWUDGD�QD�)LJXUD��D��UHYHODQGR�TXH�D�PRUIRORJLD�SULPiULD�GDV�
QDQRSDUWtFXODV�p�HVIpULFD��3RGH�VHU�REVHUYDGR�TXH�DV�QDQRSDUWtFXODV�HVWmR�EHP�GLVSHUVDV��VHP�DJUHJDomR�
H�SRVVXHP�WDPDQKR�GH�SDUWtFXOD�HQWUH���H����QP��)LJXUD��E���$�PDLRULD�GDV�QDQRSDUWtFXODV�GH�GLIHUHQWHV�
WDPDQKRV�QmR�p�DJUHJDGD�GHYLGR�j�HVWDELOL]DomR�IRUQHFLGD�SHOR�SROtPHUR�39$��2�KLVWRJUDPD�GH�GLVWUL�
EXLomR�GH�WDPDQKR�GH�SDUWtFXOD�GH�$J13�FRUUHVSRQGHQWHV�VmR�GDGDV�QD�)LJXUD��E��$�OLQKD�VyOLGD�p�R�
DMXVWH�ORJ�QRUPDO�GH�GDGRV��R�TXH�UHVXOWRX�HP�GLkPHWURV�GH������H�GHVYLR�GH�������

Figura 1. D��,PDJHP�GH�0(7�GDV�QDQRSDUWLFXODV�GH�$J�H��E��KLVWRJUDPD�GH�WDPDQKR�GDV�$J13�

3.2 pseudokirchneriella subcapitata

1D�)LJXUD���QD�FRPSDUDomR�GDV�FXUYDV�p�VXJHULGR�TXH�D�VROXomR�GH�FRQFHQWUDomR�����î������mg 
/����IRL�D�TXH�PDLV�DIHWRX�P. subcapitata��LQLELQGR�R�FUHVFLPHQWR�GD�DOJD�VXEVWDQFLDOPHQWH�TXDQGR�FRP�
SDUDGR�FRP�DV�RXWUDV�FRQFHQWUDo}HV��2V�GDGRV�PRVWUDP�TXH�HP�GRLV�GLDV�GH�H[SRVLomR�Ki�XP�GHFUpV�
FLPR�QR�YDORU�GH�DEVRUEkQFLD�H�QRV�GLDV�TXH�VH�VHJXHP�Ki�XP�DXPHQWR�GHVWHV�YDORUHV�GH�DEVRUEkQFLD�
�H�FRQVHTXHQWHPHQWH�GR�FUHVFLPHQWR�GH�P. subcapitata���PDV�QmR�H[FHGHQGR�������1R�HQWDQWR��TXDQGR�
IRL�FDOFXODGD�D�WD[D�GH�FUHVFLPHQWR�HVSHFt¿FR��REWLGD�SHOD�LQFOLQDomR�GD�FXUYD�GH�ORJ�$EV�YHUVXV�WHPSR�
�2(&'���������D�PHQRU�WD[D�GH�FUHVFLPHQWR�HVSHFt¿FR�IRL�REVHUYDGR�SDUD�D�FRQFHQWUDomR�GH�����PJ�/�� 
FRPSDUDWLYDPHQWH�FRP�����î������PJ�/����$VVLP��DV�WD[DV�GH�FUHVFLPHQWR�HVSHFt¿FDV�FDOFXODGRV�IRUDP�
������H�������ORJ�$EV���QP d����UHVSHFWLYDPHQWH��$V�FRQFHQWUDo}HV�GH�����î������PJ/����������î��������PJ�/��� 
H����������PJ�/�±���PRVWUDUDP�FRPSRUWDPHQWR�VHPHOKDQWH�DR�FRQWUROH��QmR�LQWHUIHULQGR�QD�WD[D�GH�FUHV�
FLPHQWR�HVSHFt¿FD�GD�DOJD��DSUHVHQWDQGR�WD[DV�QD�RUGHP�GH�����������ORJ�$EV���QP d����$�$J13�XWLOL]DGR�
QHVWH�WUDEDOKR�PRVWURX�EDL[D�WR[LFLGDGH�HP�FRPSDUDomR�FRP��5LEHLUR�et al����������TXH�REWHYH�&(�� 
�����î������PJ�/����GH�$J13�FRP�����QP�SDUD�P. subcapitata��$QJHO�H�FRODERUDGRUHV��$QJHO�et al���������
REWLYHUDP�&(���GH��������

���PJ�/���DR�VH�XVDU�$J13�UHYHVWLGDV�FRP�393�H�GLPHQV}HV�HQWUH�����H����QP�

Figura 2. $EVRUEkQFLD�HP�����QP�GD�VXVSHQVmR�GH�DOJDV�HP�IXQomR�GR�WHPSR�GH�H[SRVLomR����GLDV��SDUD�DV�
GLIHUHQWHV�FRQFHQWUDo}HV�GH�$J13�
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4 concluSÃo

�$�WR[LFLGDGH�GRV�PHWDLV��HP�HVSHFLDO�GDV�QDQRSDUWtFXODV�PHWiOLFDV��p� ODUJDPHQWH�DIHWDGR�SRU�
SDUkPHWURV�GH�TXDOLGDGH�GH�iJXD��WDLV�FRPR�S+��WHPSHUDWXUD�H�FRPSRVLomR�RUJkQLFD��&RQVLGHUDQGR�DV�
DSOLFDo}HV�WHFQROyJLFDV�GH�$J13��DV�LQYHVWLJDo}HV�VREUH�RV�VHXV�HIHLWRV�SDUD�RUJDQLVPRV�DTXiWLFRV�VmR�
LPSRUWDQWHV�SDUD�HVWDEHOHFHU�SURWRFRORV�SDUD�R�XVR�H�GHVFDUWH�DGHTXDGR�GH�$J13�VREUH�R�PHLR�DPELHQWH��
PLQLPL]DQGR�DVVLP�SRVVtYHLV�HIHLWRV�Wy[LFRV�

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�D�&13T��0&7,��)$3(63��&$3(6��),1(3�H�(PEUDSD�

reFerÊnciAS

&+(1�;��6&+/8(6(1(5�+��1DQRVLOYHU��D�QDQRSURGXFW� LQ�PHGLFDO�DSSOLFDWLRQ��7R[LFRORJ\�OHWWHUV�
����������������

'85È1�1��0$5&$72�3'��&217,�5'��$/9(6�2/��&267$�)��%52&&+,�0��3RWHQWLDO�XVH�RI�VLOYHU�
QDQRSDUWLFOHV�RQ�SDWKRJHQLF�EDFWHULD��WKHLU�WR[LFLW\�DQG�SRVVLEOH�PHFKDQLVPV�RI�DFWLRQ��-RXUQDO�RI�WKH�
%UD]LOLDQ�&KHPLFDO�6RFLHW\�������������������

-2�+-��&+2,�-:��/((�6+��+21*�6:��$FXWH�WR[LFLW\�RI�$J�DQG�&X2�QDQRSDUWLFOH�VXVSHQVLRQV�DJDLQVW��
L!�'DSKQLD�PDJQD��L!��7KH�LPSRUWDQFH�RI�WKHLU�GLVVROYHG�IUDFWLRQ�YDU\LQJ�ZLWK�SUHSDUDWLRQ�PHWKRGV��
-RXUQDO�RI�KD]DUGRXV�PDWHULDOV��������������������

.:2.�.:��$8))$1�0��%$',5(''<�$5��1(/621�&0��:,(61(5�05��&+,/.27,�$��HW�DO��8S�
WDNH�RI�VLOYHU�QDQRSDUWLFOHV�DQG�WR[LFLW\�WR�HDUO\�OLIH�VWDJHV�RI�-DSDQHVH�PHGDND����L!�2U\]LDV�ODWLSHV��
L!���(IIHFW�RI�FRDWLQJ�PDWHULDOV��$TXDWLF�7R[LFRORJ\������������������

$1*(/�%0��%$7/(<�*(��-$52/,0(.�&9��52*(56�1-��7KH�LPSDFW�RI�VL]H�RQ�WKH�IDWH�DQG�WR[LFLW\�
RI�QDQRSDUWLFXODWH�VLOYHU�LQ�DTXDWLF�V\VWHPV��&KHPRVSKHUH�������������������

%$7/(<�*(��.,5%<�-.��0&/$8*+/,1�0-��)DWH�DQG�ULVNV�RI�QDQRPDWHULDOV�LQ�DTXDWLF�DQG�WHUUHV�
WULDO�HQYLURQPHQWV��$FFRXQWV�RI�FKHPLFDO�UHVHDUFK�������������������

%(51,�1(72�(��5,%(,52�&��=8&2/2772�9��6tQWHVH�GH�QDQRSDUWtFXODV�GH�SUDWD�SDUD�DSOLFDomR�QD�
VDQLWL]DomR�GH�HPEDODJHQV��(PEUDSD�,QVWUXPHQWDomR�$JURSHFXiULD��&RPXQLFDGR�7pFQLFR������

5,%(,52�)��*$//(*2�855($�-$��-85.6&+$7�.��&5266/(<�$��+$66(//g9�0��7$</25�
&��HW�DO��6LOYHU�QDQRSDUWLFOHV�DQG�VLOYHU�QLWUDWH�LQGXFH�KLJK�WR[LFLW\�WR�3VHXGRNLUFKQHULHOOD�VXEFDSLWDWD��
'DSKQLD�PDJQD�DQG�'DQLR�UHULR��6FLHQFH�RI�7KH�7RWDO�(QYLURQPHQW����������±�������������

25*$1,=$7,21�)25�(&2120,&�&223(5$7,21�$1'�'(9(/230(17��*XLGHOLQHV� IRU� WKH�
WHVWLQJ�RI�FKHPLFDOV�±�)UHVKZDWHU�$OJD�DQG�&\DQREDFWHULD��*URZWK�,QKLELWLRQ�7HVW��2(&'�JXLGHOLQHV�
IRU�WHVWLQJ�RI�FKHPLFDOV������3DULV��)UDQFH�������
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&ODVVL¿FDomR��Estudo GRV�DVSHFWRV�GH�VHJXUDQoD�HP�QDQRWHFQRORJLD��

resumo
1DQR¿EUDV�GH�39$�H�39$�7L22�DQDWDVH�FRP�GLkPHWURV�GH�DSUR[LPDGDPHQWH�����QP�IRUDP�SUHSDUDGDV�
via HOHWUR¿DomR��7HVWHV�SUHOLPLQDUHV�GH�FLWRWR[LFLGDGH�HP�FpOXODV�GH�¿EUREODVWRV�ERYLQRV�FRP�DV�QDQR�
¿EUDV�IRUDP�UHDOL]DGRV�SHOR�PpWRGR�GR�FRQWDWR�GLUHWR��$V�LPDJHQV�GH�PLFURVFRSLD�yWLFD�LQGLFDUDP�TXH�
HVWHV�PDWHULDLV�QmR�SRVVXHP�HIHLWR�FLWRWy[LFR���������
Palavras-chave��1DQR¿EUDV��(OHWUR¿DomR��&LWRWR[LFLGDGH��)LEUREODVWRV�ERYLQRV��

StudY oF PvA/tio2 nAnoFiber cYtotoxicitY in bovine FibroblASt cellS 
Abstract
1DQR¿EHUV�RI�39$�DQG�39$�7L22  DQDWDVH�ZLWK�GLDPHWHUV�RI�DERXW�����QP�ZHUH�SUHSDUHG�E\�WKH�HOHF�
WURVSLQQLQJ�WHFKQLTXH��3UHOLPLQDU\�F\WRWR[LFLW\�WHVWV�RQ�ERYLQH�¿EUREODVW�FHOOV�ZLWK�WKH�QDQR¿EHUV�ZHUH�
SHUIRUPHG�E\�WKH�GLUHFW�FRQWDFW�PHWKRG��7KH�RSWLFDO�PLFURVFRS\�LPDJHV�LQGLFDWHG�WKDW�WKHVH�PDWHULDOV�
GLG�QRW�KDYH�D�F\WRWR[LF�HIIHFW���
Keywords: 1DQR¿EHUV��(OHFWURVSLQQLQJ��&\WRWR[LFLW\��%RYLQH�¿EUREODVWV

1 introduÇÃo

2V�SROtPHURV�ELRFRPSDWtYHLV�TXH�SRGHP�VHU�XWLOL]DGRV�SDUD�R�FRQWDWR�FRP�PHLRV�ELROyJLFRV�VmR�
PXLWR� LQWHUHVVDQWHV�SDUD�DSOLFDo}HV�ELRPpGLFDV�H�PpGLFDV�YHWHULQiULDV��FRPR�SRU�H[HPSOR��FXUDWLYRV�
VXSHU¿FLDLV�>���@��$�DSOLFDomR�GHVWHV�PDWHULDLV�FRPR�QDQR¿EUDV�SHUPLWH�DXPHQWDU�HP�PXLWR�D�iUHD�GH�
FRQWDWR��D�DGHVLELOLGDGH�VXSHU¿FLDO�H�D�PRYLPHQWDomR�GH�ÀXLGRV��R�TXH�ID]�TXH�QmR�WHFLGRV�GH�QDQR¿EUDV�
VHMDP�H[FHOHQWHV�FDQGLGDWRV�SDUD�HVWDV�DSOLFDo}HV��>���@��$OpP�GLVVR��D�LQFRUSRUDomR�GH�QDQRSDUWtFXODV�
LQRUJkQLFDV��FRPR�R�GLy[LGR�GH�WLWkQLR�DQDWDVH��7L22���SRGH�UHVXOWDU�HP�QDQRFRPSyVLWRV�FRP�SURSULHGD�
GHV�EDFWHULFLGDV��PHOKRUHV�SURSULHGDGHV�WpUPLFDV�H�PHFkQLFDV��H�DOWHUDU�D�SHUPHDomR�GH�OtTXLGRV�H�JDVHV�
QD�HVWUXWXUD�GDV�¿EUDV�>�@��$VVLP��GHQWUH�RV�PDWHULDLV�GH�JUDQGH�LQWHUHVVH��QDQRFRPSyVLWRV�GH�SROL�iOFRRO�
YLQtOLFR���39$��FRP�QDQRSDUWtFXODV�GH�7L22�VmR�ERQV�FDQGLGDWRV�SDUD�WDLV�DSOLFDo}HV��2�REMHWLYR�GHVWH�
WUDEDOKR�IRL�UHDOL]DU�WHVWHV�GH�FLWRWR[LFLGDGH�HP�FpOXODV�GH�¿EUREODVWRV�ERYLQRV�FRP�DV�QDQR¿EUDV�GH�
39$�H�39$�7L22 anatase.   

2 mAteriAiS e métodoS

$V�VROXo}HV�GH�39$�H�39$�7L22���������PDVVD��PDVVD���IRUDP�HOHWUR¿DGDV�QDV�FRQGLo}HV�GH�
����.9�FP��������P/�K���H�����USP�>�@��$V�PLFURJUD¿DV�GDV�QDQR¿EUDV�IRUDP�REWLGDV�XWLOL]DQGR�VH�XP�
PLFURVFySLR�HOHWU{QLFR�GH�YDUUHGXUD�PDUFD�-(2/��PRGHOR�-60����������

2�WHVWH�GH�FLWRWR[LFLGDGH�FRP�DV�QDQR¿EUDV�GH�39$�H�39$�7L22 ����� IRL�IHLWR��XWLOL]DQGR�R�
PpWRGR�GH�FRQWDWR�GLUHWR��FRP�DGDSWDomR�GD ,62����������������>�@�H�EDVHDQGR�VH�QD�PHWRGRORJLD�GHV�
FULWD�SRU�12=$.,�et al��>�@��(P�XPD�FDSHOD�GH�ÀX[R�ODPLQDU�SUHSDURX�VH�����P/�GH�PHLR�GH�FXOWXUD�
SDUD�¿EUREODVWR�ERYLQR��FRQWHQGR�����P/�GH '0(0��'XOEHFFR�V�0RGL¿HG�(DJOH�0HGLXP������P/�GH�
6)%��VRUR�IHWDO�ERYLQR����������P/�GH�/��*OXWDPLQD����P0����P/�GH�3LUXYDWR�GH�6yGLR����P0��H��P/�
de Pen/Strep�������$V�FpOXODV�GH�¿EUREODVWRV�ERYLQRV �OLQKDJHP������*,5��IRUDP�FRORFDGDV�GHQWUR�GH�
XP�WXER�IDOFRQ�GH����P/�FRP���P/�GH�'0(0��HVWH�PDWHULDO�IRL�FHQWULIXJDGR�QD�URWDomR�GH����530�H�
R�VREUHQDGDQWH�IRL�GHVFDUWDGR��$V�FpOXODV�IRUDP�FRORFDGDV�QXPD�SODFD�GH�FXOWLYR�FHOXODU�HVWpULO�����PP��
FRP�'0(0��(VWD�SODFD�IRL�FRORFDGD�QD�HVWXID�D�����&�H������GH�&22.  

'HSRLV�GH���GLDV��DV�FpOXODV�DWLQJLUDP������GH�FRQÀXrQFLD�H�IRUDP�WULSVLQL]DGDV�SDUD�XPD�SODFD�
GH�FXOWLYR�FHOXODU������PP���D�TXDO�IRL�ODYDGD�FRP���P/�GH�3%6�&D�0J�Free���$VVLP��FRORFRX�VH�����
P/�GH�WULSVLQD�QD�SODFD�SDUD�DV�FpOXODV�VH�GHVWDFDUHP�SRU���PLQXWRV��$R�¿QDO�GHVVH�WHPSR��DGLFLRQRX�VH�
��P/�GH�'0(0�QD�SODFD��R�TXDO�IRL�WUDQVIHULGR�SDUD�XP�WXER�IDOFRQ�GH����P/�H�FHQWULIXJDGR�D�������
530�SRU���PLQXWRV��2�pellet IRL�UHWLUDGR�H�UHVVXVSHQGLGR��H�HP�VHJXLGD��IRL�WUDQVIHULGR�SDUD�SODFD�GH�
FXOWLYR�FHOXODU������PP���FRP���P/�GH�'0(0�H���P/�GDV�FpOXODV��D�SODFD�IRL�FRORFDGD�QD�HVWXID�GH�
&22. 

$SyV����KRUDV��DV�FpOXODV�GH�¿EUREODVWRV�DWLQJLUDP������GH�FRQÀXrQFLD�H�IRUDP�SODTXHDGDV�
HP�GXDV�SODFDV�GH���SRoRV����[����FpOXODV?P/�SUHSDUDGD�HP������+l SRU�SRoR��PDLV�������P/�GH�PHLR�
FRPSOHWR��$V�SODFDV�FRQWHQGR�DV�QDQR¿EUDV�GH�39$�H�39$�7L22��������IRUDP�FRORFDGDV�QD�HVWXID�j����
o&�FRP����GH�&22 SRU����KRUDV��$QWHV�GH�FRORFDU�DV�QDQR¿EUDV��IRL�UHWLUDGR�R�VREUHQDGDQWH�GRV�SRoRV�
SDUD�VRPHQWH�GHSRLV�DGLFLRQDU�RV�QDQRPDWHULDLV�>�@��$SyV�RV�HQVDLRV�GH�FLWRWR[LFLGDGH�IRUDP�REWLGDV�DV�
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LPDJHQV�GDV�DPRVWUDV�FRP�XP�0LFURVFySLR�3ULPRYHUW��=HLVV��FRP�DXPHQWRV�GH����[���

3 reSultAdoS e diScuSSÃo

3.1 0LFURVFRSLD�(OHWU{QLFD�GH�9DUUHGXUD

 $V�)LJXUDV��a e 1b�DSUHVHQWDP�DV�PLFURJUD¿DV�REWLGDV�SRU�0(9�GDV�QDQR¿EUDV�GH�39$�H�39$�
TiO2 anatase ��������RQGH�YHUL¿FD�VH�TXH�QR�QDQRFRPSyVLWR��)LJ���b��H[LVWHP�DOJXPDV�FRQWDV��beads���
DV�TXDLV�GHYHP�VH�SURYDYHOPHQWH�D�SUHVHQoD�GH�DOJXQV�DJORPHUDGRV�GDV�QDQRSDUWtFXODV�GH�7L22 nas 
VROXo}HV�DTXRVDV�HOHWUR¿DGDV��

  

Figura 1. 0LFURJUD¿DV�REWLGDV�SRU�0(9�GDV�QDQR¿EUDV��D��39$��E��39$�7L22 anatase �������

3.2 testes de citotoxicidade em Fibroblastos bovinos pelo método do contato direto e imagens 
de microscopia ótica

1DV�)LJXUDV��a – c�HVWmR�DSUHVHQWDGDV�DV�LPDJHQV�REWLGDV�DSyV�D�H[SRVLomR�GDV�FpOXODV�GH�¿�
EUREODVWRV�ERYLQRV�SRU�FRQWDWR�GLUHWR�FRP�R�FRQWUROH�QHJDWLYR��FRQWUROH�SRVLWLYR�H�FRP�D�DPRVWUD�GH�
39$�7L22����������$V�FpOXODV�IRUDP�FRUDGDV�SRU����KRUDV�FRP�R�FRUDQWH�FULVWDO�YLROHWD�SDUD�XPD�PHOKRU�
YLVXDOL]DomR�GDV�PHVPDV��

  

Figura 2. ,PDJHQV�GH�PLFURVFRSLD�yWLFD��D��FRQWUROH�QHJDWLYR��SROLHWLOHQR�GH�DOWD�GHQVLGDGH��3($'���E��FRQWUROH�
SRVLWLYR��3($'��������GH�IHQRO���F��QDQR¿EUD�GH�39$�7L22���������$XPHQWR�GH����î�
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$QDOLVDQGR�DV�LPDJHQV�GH�PLFURVFRSLD�yWLFD��REVHUYD�VH�TXH�QmR�KRXYH�PXGDQoD�VLJQL¿FDWLYD�QD�
PRUIRORJLD�GDV�FpOXODV�H[SRVWDV�DRV�QDQRFRPSyVLWRV���)LJ���c��HP�UHODomR�jV�FpOXODV�PDQWLGDV�HP�FRQWDWR�
FRP�R�FRQWUROH�QHJDWLYR��)LJ���a���-i�D�LPDJHP�REWLGD�SUD�R�FRQWUROH�SRVLWLYR��)LJ���b��DSUHVHQWRX�XPD�
FODUD�GLPLQXLomR�GD�TXDQWLGDGH�H�PXGDQoD�GD�IRUPD�GDV�FpOXODV��SDVVDQGR�D�WHU�XPD�IRUPD�DSUR[LPD�
GDPHQWH�HVIpULFD��PRVWUDQGR�R�HIHLWR�Wy[LFR�GR�IHQRO��FRPR�HVSHUDGR��(VWHV�UHVXOWDGRV��LQGLFDP�TXH�DV�
QDQR¿EUDV�GH�39$�7L22��������QmR�SRVVXHP�HIHLWR�FLWRWy[LFR��-,1�et al.�>�@�SHVTXLVDUDP�D�FLWRWR[LFLGDGH�
das nanopartículas de TiO2 DQDWDVH��IUHQWH�jV�FpOXODV�GH�¿EUREODVWRV�GH�FDPXQGRQJRV��/������2V�DXWRUHV�
YHUL¿FDUDP�TXH�HVWDV�QDQRSDUWtFXODV�IRUDP�VLJQL¿FDWLYDPHQWH�FLWRWy[LFDV�SDUD�DV�FpOXODV�GH�¿EUREODVWRV�
>�@��/RJR��DV�QDQR¿EUDV�GH�39$�H�39$�7L22�SUHFLVDP�VHU�PHOKRUHV�HVWXGDGDV�HP�UHODomR�j�VXD�WR[LFLGDGH���

4 concluSÃo

2V�WHVWHV�SUHOLPLQDUHV�GH�FLWRWR[LFLGDGH�GDV�QDQR¿EUDV�GH�39$�H�39$�7L22�DQDWDVH�IUHQWH�jV�
FpOXODV�GH��¿EUREODVWRV�ERYLQRV��OLQKDJHP������*,5��LQGLFDUDP�TXH�HVWHV�PDWHULDLV�QmR�VmR�FLWRWy[LFRV��
(QWUHWDQWR��SDUD�REWHU�UHVXOWDGRV�FRQFOXVLYRV��HVWHV�PDWHULDLV�SUHFLVDP�VHU�PHOKRUHV�DYDOLDGRV�TXDQWR�D�
VXD�WR[LFLGDGH���

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�DR�&13T��)$3(63�H�&$3(6����

reFerÊnciAS

>�@�&267$��5��*��)���5,%(,52��&���0$77262��/��+��&��0RUSKRORJLFDO�DQG�3KRWRFDWDO\WLF�3URSHUWLHV�
RI�39$�7L22�1DQRFRPSRVLWH�)LEHUV�3URGXFHG�E\�(OHFWURVSLQQLQJ��-RXUQDO�RI�1DQRVFLHQFH�DQG�1DQRWH�
FKQRORJ\��3ULQW���Y������S������������������

>�@�&+81��-��<���.$1*��+��.���-(21*��/���.$1*��<��2���2+��-��(���<(2&��,��6���-81*��6��<���3$5.��
:��+��0,1��%��0��(SLGHUPDO�FHOOXODU�UHVSRQVH�WR�SRO\�YLQ\O�DOFRKRO��QDQR¿EHUV�FRQWDLQLQJ�VLOYHU�QDQR�
SDUWLFOHV��&ROORLGV�DQG�6XUIDFHV�%��%LRLQWHUIDFHV��Y������S�����±����������

>�@�%LRORJLFDO�HYDOXDWLRQ�RI�PHGLFDO�GHYLFHV���3DUW����7HVWV�IRU�LQ�YLWUR�F\WRWR[LFLW\��,62���������������

>�@�12=$.,��&��0��$���0$548(6��)��&��5���',1,=��0��$��,���0$548(6��0��0���0$5&+,��-��$YD�
OLDomR�GD�FLWRWR[LFLGDGH�GH�PHPEUDQDV�GH�FROiJHQR�YLVDQGR�j�DSOLFDomR�FRPR�ELRPDWHULDO��,Q��&RQJUHV�
VR�/DWLQR�$PHULFDQR�GH�ÏUJmRV�$UWL¿FLDLV�H�%LRPDWHULDLV��1DWDO�±�5�1��������

>�@�-,1��&��<���=+8��%�6���:$1*��;�)���/8��4�+��&\WRWR[LFLW\�RI�7LWDQLXP�'LR[LGH�1DQRSDUWLFOHV�LQ�
0RXVH�)LEUREODVW�&HOOV��&KHPLFDO�5HVHDUFK�LQ�7R[LFRORJ\��Y������S�������������������

obtenÇÃo de HidroxiAPAtitA nAnoeStruturAdA com 

APlicAÇÃo PArA FertiliZAnte e AvAliAÇÃo de ASPectoS 

de nAnotoxicidAde

*Flávia Fontes Pereira1,2, daniel Souza corrêa1,2, marcos david Ferreira1,2,  

elaine cristina Paris1

1(PEUDSD�,QVWUXPHQWDomR��6mR�&DUORV��6mR�3DXOR��28QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��3URJUDPD�GH�
3yV�*UDGXDomR�HP�%LRWHFQRORJLD��6mR�&DUORV��63�

ÀDELR��#JPDLO�FRP

&ODVVL¿FDomR��Estudo GRV�DVSHFWRV�GH�VHJXUDQoD�HP�QDQRWHFQRORJLD��

resumo

2�HVWXGR� WHP�SRU� REMHWLYR� VLQWHWL]DU� H� FDUDFWHUL]DU� KLGUR[LDSDWLWD� QDQRHVWUXWXUDGD� YLVDQGR� DSOLFDomR�
FRPR�QDQRIHUWLOL]DQWH�H�DYDOLDU�D�QDQRWR[LFLGDGH�DPELHQWDO�XWLOL]DQGR�FRPR�RUJDQLVPR�WHVWH�D�PLFUR�
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alga Pseudokirchneriella subcapitata��$V�QDQRSDUWtFXODV�GH�+$3� IRUDP�VLQWHWL]DGDV�SHOR�PpWRGR�GH�
&RSUHFLSLWDomR� VHJXLGD�GH�+LGURWHUPDOL]DomR�SRU� ��KRUDV� D� ����&��$SyV� FDUDFWHUL]DomR� HVWUXWXUDO� H�
PRUIROyJLFD� GDV� QDQRSDUWtFXODV� GH�+$3�� ELRHQVDLRV� GH� QDQRWR[LFLGDGH� DJXGD� IRUDP� UHDOL]DGRV� FRP�
GXUDomR�GH����KRUDV��2V�UHVXOWDGRV�PRVWUDUDP�TXH�R�FUHVFLPHQWR�DOJiFHR�IRL�LQLELGR�QD�DPRVWUD�GH�+$3�
&RSUHFLSLWDGD��HQTXDQWR�TXH�QD�DPRVWUD�GH�+$3�+LGURWHUPDO�R�FUHVFLPHQWR�IRL�SUy[LPR�DR�FRQWUROH��
9DULDo}HV�QDV�FRQFHQWUDo}HV�H�QR�WDPDQKR�GDV�SDUWtFXODV�HYLGHQFLDUDP�GLIHUHQWHV�FRPSRUWDPHQWRV�SDUD�
o crescimento das microalgas.
Palavras-chave��1DQRSDUWtFXODV��)HUWLOL]DQWH��+LGUR[LDSDWLWD��1DQRWR[LFLGDGH��0LFURDOJDV��

obtAininG HYdroxYAPAtite nAnoStructured witH APPlicAtion For Fer-
tiliZer And evAluAtion oF ASPectS oF nAnotoxicitY
Abstract
7KH�VWXG\�DLPV�WR�V\QWKHVL]H�DQG�FKDUDFWHUL]H�QDQRVWUXFWXUHG�K\GUR[\DSDWLWH�DLPLQJ�WKHLU�DSSOLFDWLRQ�
DV� QDQRIHUWLOL]HU� DQG� HYDOXDWH� HQYLURQPHQWDO� QDQRWR[LFLW\� XVLQJ� DV� WHVW� RUJDQLVP�PLFURDOJDH�Pseu-
dokirchneriella subcapitata��+$3�QDQRSDUWLFOHV�ZHUH�V\QWKHVL]HG�E\�&RSUHFLSLWDWLRQ�PHWKRG�IROORZHG�
E\�+\GURWKHUPDOL]DWLRQ�LQ���KRXUV�DW�����&��$IWHU�VWUXFWXUDO�DQG�PRUSKRORJLFDO�FKDUDFWHUL]DWLRQ�RI�WKH�
QDQRSDUWLFOH�3$+��ELRDVVD\�RI�DFXWH�QDQRWR[LFLW\�ZHUH�FDUULHG�ZLWK�GXUDWLRQ�RI����KRXUV��7KH�UHVXOWV�
VKRZHG�WKDW�WKH�DOJDO�JURZWK�ZDV�LQKLELWHG�LQ�WKH�VDPSOH�RI�&RSUHFLSLWDWHG�3$+��ZKLOH�IRU�WKH�VDPSOH�
RI�3$+�+\GURWKHUPDO�JURZWK�ZDV�FORVH�WR�WKH�FRQWURO��&KDQJHV�LQ�WKH�FRQFHQWUDWLRQV�DQG�SDUWLFOH�VL]H�
VKRZHG�GLIIHUHQW�EHKDYLRUV�IRU�WKH�GHYHORSPHQW�RI�DOJDH�
Keywords: 1DQRSDUWLFOHV��)HUWLOL]HU��+\GUR[\DSDWLWH��1DQRWR[LFLW\��0LFURDOJDH�

1 introduÇÃo

&RP�R�FUHVFLPHQWR�GD�LQG~VWULD�GH�QDQRPDWHULDLV�PDQXIDWXUDGRV�VXUJLX�D�SUHRFXSDomR�VREUH�
D�SRVVLELOLGDGH�GD�HQWUDGD�GHVWHV�QR�PHLR�DPELHQWH��RFDVLRQDQGR�LPSDFWR�¿QDO�SDUD�D�ELRWD��4XDQGR�
LQVHULGRV�QR�DPELHQWH�QDWXUDO��RV�QDQRPDWHULDLV�VRIUHP�DOWHUDo}HV�QR�WDPDQKR�GD�SDUWtFXOD��QD�IRUPD��QD�
FDUJD�GH�VXSHUItFLH�H�QR�FRQWUROH�FUtWLFR�GD�ELRGLVSRQLELOLGDGH��%$7/(<�et al., �������(VWUXWXUD��FRPSR�
VLomR��FRQFHQWUDo}HV��VROXELOLGDGH�H�PDLRU�iUHD�VXSHU¿FLDO�LQÀXHQFLDP�QD�WR[LFLGDGH�GH�QDQRSDUWtFXODV�
�7$</25��.��0��DQG�%$1),(/'��-��)���������0$<2�et al����������

$V�QDQRSDUWtFXODV�GH�KLGUR[LDSDWLWD��+$3��TXH�SRGHP�DWXDU�FRPR�IHUWLOL]DQWH�QDQRHVWUXWXUDGR�
VmR�XPD�DOWHUQDWLYD�SURPLVVRUD�SDUD�VXEVWLWXLU�RV�IHUWLOL]DQWHV�FRQYHQFLRQDLV�XPD�YH]�TXH�DSUHVHQWDP�
LQ~PHUDV�YDQWDJHQV��GHQWUH�HODV��UHJXODU�D�OLEHUDomR�GH�QXWULHQWHV��DOpP�GH�VHUHP�PDLV�H¿FLHQWHV�TXH�RV�
DGXERV�FRQYHQFLRQDLV��DPHQL]DUHP�D�SURGXomR�GH�UHVtGXRV��H�FRQVHTXHQWHPHQWH�RV�FXVWRV�GH�SURWHomR�
DPELHQWDO��7$5$)'$5��et al., ������&+,11$087+8�DQG�0858*(6$�%223$7+,���������

*RQJ�et al. �������HYLGHQFLD�TXH�HP�QDQRWR[LFRORJLD��D�WR[LFLGDGH�QRV�UHFXUVRV�KtGULFRV�p�FRQ�
VLGHUDYHOPHQWH�PDLV�YXOQHUiYHO�j�FRQWDPLQDomR�SRU�QDQRPDWHULDLV��DSUHVHQWDQGR�JUDQGH�SRWHQFLDO�Wy[L�
FR��HVSHFLDOPHQWH�SDUD�DV�PLFURDOJDV��$UXRMD�������H�������H�2OLYHLUD��������UHODWDP�TXH�DV�PLFURDOJDV�
VmR�GH�JUDQGH�LPSRUWkQFLD�HFROyJLFD�FRPR�SURGXWRUHV�SULPiULRV�QD�FDGHLD�WUy¿FD�DTXiWLFD�

3RUWDQWR��D�SUHVHQWH�SHVTXLVD�WHP�SRU�REMHWLYR�VLQWHWL]DU��FDUDFWHUL]DU�D�+$3�QDQRHVWUXWXUDGD�
FRPR�QDQRIHUWLOL]DQWH�H�LQYHVWLJDU�HP�VXD�WRWDOLGDGH�R�VHX�FRPSRUWDPHQWR�TXDQGR�GLVSRVWD�QR�DPELHQWH�
DTXiWLFR�H�RV�HIHLWRV�Wy[LFRV�JHUDGRV�SDUD�D�PLFURDOJD�Pseudokirchneriella subcapitata.

2 mAteriAiS e métodoS

$V�QDQRSDUWtFXODV�GH�+$3�IRUDP�REWLGDV�HPSUHJDQGR�VH�R�PpWRGR�GH�&RSUHFLSLWDomR�SRU�YLD�
~PLGD��'HVWD�PDQHLUD��IRUDP�IHLWDV�VXVSHQV}HV�EDVHDGDV�QD�KLGUyOLVH�GR�VDO�GRV�tRQV�GH�LQWHUHVVH��&D2+ 
H�3�����,QLFLDOPHQWH��IRUDP�SUHSDUDGDV�VROXo}HV�DTXRVDV�GH�QLWUDWR�GH�FiOFLR�H�GH�IRVIDWR�GH�DP{QLR��$�
VHJXLU��JRWHMRX�VH�D�VROXomR�GH�IRVIDWR�GH�DP{QLR�j�VROXomR�GH�QLWUDWR�GH�FiOFLR�VRE�ÀX[R�FRQVWDQWH�GH�
JiV�QLWURJrQLR��'XUDQWH�HVVH�SURFHVVR�GH�VtQWHVH��FRQWURORX�VH�R�S+�GR�PHLR�UHDFLRQDO�FRP�D�DGLomR�GR�
KLGUy[LGR�GH�DP{QLR��D�¿P�GH�TXH�IRVVH�PDQWLGR�HP�XP�YDORU�LJXDO�D�����$SyV�R�WpUPLQR�GD�VtQWHVH�R�
SUHFLSLWDGR�IRL�WUDQVIHULGR�SDUD�XP�UHFLSLHQWH�GH�WHÀRQ�DFRSODGR�D�XP�IRUQR�KLGURWHUPDO�H�VXEPHWLGR�
DR�DTXHFLPHQWR�GH�����&�SRU���KRUDV��2�SUHFLSLWDGR�UHVXOWDQWH�IRL�ODYDGR�YiULDV�YH]HV�DWp�DWLQJLU�R�S+�
QHXWUR��FHQWULIXJDGR�H�VHFR�HP�HVWXID��$V�DPRVWUDV�GH�+$3�IRUDP�DQDOLVDGDV�SHOD�WpFQLFD�GH�GLIUDomR�
GH�UDLRV�;��'5;���XWLOL]DQGR�XP�GLIUDW{PHWUR�GD�6KLPDG]X��PRGHOR�;5'�������VHQGR�DV�FRQGLo}HV�
RSHUDFLRQDLV�FRP�kQJXOR�YDULDQGR�GH����D�������ș��H�YHORFLGDGH�GH����PLQ��3DUD�D�GHWHUPLQDomR�GD�PRU�
IRORJLD�GDV�QDQRSDUWtFXODV�IRL�XWLOL]DGR�D�PLFURVFRSLD�HOHWU{QLFD�GH�YDUUHGXUD�FRP�HPLVVmR�GH�FDPSR�
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�0(9�)(*��HP�XP�PLFURVFySLR�-(2/��PRGHOR�-60�����)��
%LRHQVDLRV� GH� QDQRWR[LFLGDGH� DJXGD� FRP� D�PLFURDOJD�P. subcapitata� IRUDP� UHDOL]DGRV� SDUD�

DPRVWUDV�GH�+$3�&RSUHFLSLWDGD�H�+$3�+LGURWHUPDO�QR�SHUtRGR�GH����KRUDV��$�QRUPD�XWLOL]DGD�IRL�D�
SUHFRQL]DGD�SHOD�2(&'��������FRP�DOJXPDV�DGDSWDo}HV��

3 reSultAdoS e diScuSSÃo

$�)LJXUD���DSUHVHQWD�RV�GLIUDWRJUDPDV�GDV�DPRVWUDV�GH�+$3�&RSUHFLSLWDGD�H�+$3�+LGURWHUPDO��
2EWHYH�VH�D�+$3�PRQRIiVLFD�FRP�HVWUXWXUD�KH[DJRQDO�GH�DFRUGR�FRP�D�¿FKD�-&3'6��Joint Committee 
on Powder Diffraction Standards��Q����������

�3DUD�D�DPRVWUD�GH�+$3�KLGURWHUPDO�QRWD�VH�XPD�PHOKRU�GH¿QLomR�GRV�SLFRV�GLIUDWDGRV��UHVXOWD�
GR�GR�SURFHVVR�KLGURWpUPLFR�GH���KRUDV��R�TXDO�IDYRUHFHX�R�SURFHVVR�GH�FULVWDOL]DomR�GD�+$3��TXDQGR�
FRPSDUDGD�D�DPRVWUD�VHP�KLGURWHUPDOL]DomR�
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Figura 1. 'LIUDWRJUDPDV�GH�UDLRV�;�GDV�DPRVWUDV�GH�+$3�REWLGDV�SRU�&RSUHFLSLWDomR�H�+LGURWHUPDOL]DomR�

1D�)LJXUD���IRL�SRVVtYHO�REVHUYDU�D�IRUPDomR�GH�EDVWRQHWHV�QDQRHVWUXWXUDGRV�SRU�WRGD�D�DPRVWUD�
GH�+$3�+LGURWHUPDO��FRP�GLkPHWURV�PpGLRV�TXH�YDULDUDP�HQWUH����D����QP��VHQGR�D�IDL[D�SUHGRPL�
QDQWH�DFLPD�GH�����GH�QDQRSDUWtFXODV�FRP�GLkPHWUR�PpGLR�HQWUH����D����QP��$�DPRVWUD�DSUHVHQWRX�
DJORPHUDGRV�DJUHJDGRV��SRUpP�DV�QDQRSDUWtFXODV�PRVWUDUDP�VH�PDLV�GH¿QLGDV�FRP�UHODomR�DR�FRQWRUQR�
GD�iUHD�VXSHU¿FLDO��'H�DFRUGR�FRP�R�KLVWRJUDPD�REWLGR�REVHUYRX�VH�TXH�D�GLVWULEXLomR�GH�WDPDQKR�IRL�
KRPRJrQHD��DVVLP�FRPR�RV�SURFHVVRV�GH�QXFOHDomR�H�FUHVFLPHQWR�GH�SDUWtFXODV��1mR�KRXYH�D�SRVVLELOL�
GDGH�GH�FDOFXODU�D�GLVWULEXLomR�GR�GLkPHWUR�GDV�SDUWtFXODV�SDUD�D�DPRVWUD�GH�+$3�&RSUHFLSLWDGD��GHYLGR�
j�PRUIRORJLD�DFHQWXDGDPHQWH�DJORPHUDGD�GR�PDWHULDO�
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Figura 2. ,PDJHP�REWLGD�SRU�PLFURVFRSLD�HOHWU{QLFD�GD�DPRVWUD�GH�+$3�KLGURWHUPDO����KRUDV��H�D�UHVSHFWLYD�
GLVWULEXLomR�GR�GLkPHWUR�PpGLR�GDV�SDUWtFXODV�

$�)LJXUD��$�DSUHVHQWD�DV�FXUYDV�GH�FUHVFLPHQWR�DOJiFHR�GRV���WUDWDPHQWRV�FRPSDUDGRV�DR�FRQ�
WUROH�DR�ORQJR�GDV����KRUDV�GH�ELRHQVDLR�FRP�QDQRSDUWtFXODV�GH�+$3�&RSUHFLSLWDGD��3RGH�VH�REVHUYDU�
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TXH�DV�FRQFHQWUDo}HV�PDLV�EDL[DV�GH�+$3�DXPHQWDUDP�D�GHQVLGDGH�FHOXODU�GDV�PLFURDOJDV��HQTXDQWR�
TXH�DV�FRQFHQWUDo}HV�PDLV�DOWDV�GLPLQXtUDP�D�GHQVLGDGH�DR�ORQJR�GHVWH�SHUtRGR��

3DUD�R�ELRHQVDLR�FRP�D�+$3�+LGURWHUPDO�HP�PHQRUHV�FRQFHQWUDo}HV��)LJXUD��%��QRWRX�VH�XP�
DXPHQWR�JHUDO�QDV�GHQVLGDGHV�FHOXODUHV�GDV�PLFURDOJDV��DV�TXDLV�IRUDP�PDLV�SUy[LPDV�DR�FRQWUROH��$V�
PHQRUHV�GHQVLGDGHV�REWLGDV�RFRUUHUDP�TXDQGR�DV�PLFURDOJDV�IRUDP�H[SRVWDV�HP�FRQFHQWUDo}HV�PDLV�
HOHYDGDV�GH�QDQRSDUWtFXODV��FRQIRUPH�LOXVWUDGR�DEDL[R�
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Figura 3. &XUYDV�GH�&UHVFLPHQWR�GD�PLFURDOJD�P. subcapitata UHIHUHQWH�DR�FRQWUROH�H�DRV�UHVSHFWLYRV�WUDWDPHQWRV�
QR�SHUtRGR�GH����KRUDV�GH�ELRHQVDLR�FRP�D�+$3�&RSUHFLSLWDGD��$��H�+$3�+LGURWHUPDO��%��

8P�HIHLWR�VHPHOKDQWH�RFRUUHX�QR�WUDEDOKR�GH�:DQJ��et al��������SDUD�R�FUHVFLPHQWR�GD�PLFURDO�
ga Chlamydomonas reinhardtii�TXDQGR�H[SRVWD�HP�FRQFHQWUDo}HV�HOHYDGDV�GH�QDQRSDUWtFXODV�GH�GLy[LGR�
GH�WLWkQLR��7L22��H�TXDQWXP�GRWV��4'V��

4 concluSÃo

3RGH�VH� FRQFOXLU� TXH� DV� QDQRSDUWtFXODV� GH� +$3� &RSUHFLSLWDGD� GHYLGR� DSUHVHQWDUHP� PHQRU�
GLkPHWUR��PDLRU� iUHD� VXSHU¿FLDO�� HOHYDGD� IRUPDomR� GH� DJORPHUDGRV�DJUHJDGRV� H�PDLRU� VROXELOLGDGH��
TXDQGR�HP�DOWDV�FRQFHQWUDo}HV�DSUHVHQWDUDP�WR[LFLGDGH�SDUD�D�PLFURDOJD�P. subcapitata��9LVXDOPHQ�
WH�REVHUYRX�VH�R�FUHVFLPHQWR�DOJiFHR�SUHGRPLQDQWH�VREUH�RV�SUHFLSLWDGRV�GD�+$3��(P�FRQWUDSDUWLGD��
DV�QDQRSDUWtFXODV�GH�+$3�+LGURWHUPDO�HP�PHQRUHV�FRQFHQWUDo}HV��FRP�PDLRU�GLkPHWUR�H�PHQRU�iUHD�
VXSHU¿FLDO��QmR�HYLGHQFLDUDP�WR[LFLGDGH�RX�HVWLPXODomR�GR�FUHVFLPHQWR�DOJiFHR�VLJQL¿FDWLYRV��2EVHU�
YRX�VH�XPD�GLVWULEXLomR�PDLV�KRPRJrQHD�GR�FUHVFLPHQWR�DOJiFHR��R�TXDO�VH�GHX�WDQWR�VREUH�R�PDWHULDO�
SUHFLSLWDGR�TXDQWR�SRU� WRGR�PHLR�GH�FXOWLYR��3RUWDQWR�� DV�YDULDo}HV�QR� WDPDQKR��QD�FRQFHQWUDomR��D�
SUHVHQoD�GH�DJORPHUDGRV�DJUHJDGRV�H�D�VROXELOLGDGH�GH�QDQRSDUWtFXODV�GH�+$3�UHVXOWDUDP�HP�GLIHUHQWHV�
comportamentos para o crescimento de P. subcapitata. 

AGrAdecimentoS

2V�DXWRUHV�DJUDGHFHP�j�)XQGDomR�GH�$PSDUR�D�3HVTXLVD�GR�(VWDGR�GH�6mR�3DXOR�±�)$3(63��
SHOD�EROVD�GH�GRXWRUDGR�FRQFHGLGD��3URFHVVR�1���������������

reFerÊnciAS

$582-$��9��� '8%285*8,(5��+�&��� .$6(0(76��.��� .$+58��$��7R[LFLW\� RI� QDQRSDUWLFOHV� RI�
&X2��=Q2�DQG�7L2��WR�PLFURDOJDH�Pseudokirchneriella subcapitata��6FLHQFH�RI�WKH�WRWDO�HQYLURQPHQW��
Y�������S�������±������������

$582-$��9��$OJDH�Pseudokirchneriella subcapitata LQ�HQYLURQPHQWDO�KD]DUG�HYDOXDWLRQ�RI�FKHPLFDOV�
DQG�V\QWKHWLF�QDQRSDUWLFOHV�����������I��7KHVLV�IRU�DSSO\LQJ�IRU�WKH�GHJUHH�RI�'RFWRU�RI�3KLORVRSK\�LQ�
(QYLURQPHQWDO�3URWHFWLRQ��(VWRQLDQ�8QLYHUVLW\�RI�/LIH�6FLHQFHV��7DUWX�������

%$7/(<��*��(���*5$(0(��(���.,5%<��-��.���0&/$8*+/,1��0��-��)DWH�DQG�5LVNV�RI�1DQRPDWHULDOV�
LQ�$TXDWLF�DQG�7HUUHVWULDO�(QYLURQPHQWV��$FFRXQWV�RI�FKHPLFDO�UHVHDUFK��Y�����Q�����S�����±����������

B
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&+,11$087+8��&�5���0858*(6$�%223$7+,��3��1DQRWHFKQRORJ\�DQG�$JURHFRV\VWHP��0DGUDV�
$JULF��-���&RLPEDWRUH��Y������Q������S��������������

*21*��1���6+$2��.���)(1*��:���/,1��=���/,$1*��&���681��<��%LRWR[LFLW\�RI�QLFNHO�R[LGH�QDQRSDUWL�
FOHV�DQG�ELR�UHPHGLDWLRQ�E\�PLFURDOJDH�Chlorella vulgaris��&KHPRVSKHUH��Y�����S����������������

0$<2��0�-���6(,'(167,&.(5��-�5���+$*8(��'�&���&$5,0��$�+��6XUIDFH�FKHPLVWU\�HIIHFWV�RQ�WKH�
SURFHVVLQJ�DQG�VXSHU�SODVWLF�SURSHUWLHV�RI�QDQRFU\VWDOOLQH�R[LGH�FHUDPLFV��1DQRVWUXFW��0DWHU��Y������Q����
S����������������

2/,9(,5$��$��&��7R[LFLGDGH�GH�HOHPHQWRV�WUDoRV�SDUD�FRQVXPLGRUHV�SULPiULRV�QD�SUHVHQoD�GH�H[RSR�
OLVVDFDUtGHRV�SURGX]LGRV�SRU�RUJDQLVPRV�¿WRSODQFW{QLFRV��&KORURSK\FHDH�H�&LDQRSK\FHDH������������S��
'LVVHUWDomR��0HVWUDGR�HP�&LrQFLDV�GD�(QJHQKDULD�$PELHQWDO��±�(VFROD�GH�(QJHQKDULD�GH�6mR�&DUORV�
±�((6&�863��6mR�&DUORV�������

25*$1,=$7,21�)25�(&2120,&�&223(5$7,21�$1'�'(9(/230(17��*XLGHOLQHV� IRU� WKH�
WHVWLQJ�RI�FKHPLFDOV�±�)UHVKZDWHU�$OJD�DQG�&\DQREDFWHULD��*URZWK�,QKLELWLRQ�7HVW��2(&'�JXLGHOLQHV�
IRU�WHVWLQJ�RI�FKHPLFDOV������3DULV��)UDQFH�������

7$5$)'$5��-��&���6+$50$��6���5$/,<$��5��1DQRWHFKQRORJ\��,QWHUGLVFLSOLQDU\�VFLHQFH�RI�DSSOLFD�
WLRQV��$IULFDQ�-RXUQDO�RI�%LRWHFKQRORJ\��Y������Q�����S����������������

7$</25��.��0���%$1),(/'��-��(QYLURQPHQWDO�5LVNV�RI�1DQRWHFKQRORJ\��1DWLRQDO�1DQRWHFKQRORJ\�
,QLWLDWLYH�)XQGLQJ�������������(QYLURQ��6FL��7HFKQRO���Y�����S������������������

:$1*��-���=+$1*��;���&+(1��<���6200(5)(/'��0���+8��4��7R[LFLW\�DVVHVVPHQW�RI�PDQXIDFWX�
red nanomaterials using the unicellular green alga Chlamydomonas reinhardtii��&KHPRVSKHUH��Y������S��
����±�����������






