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Resumo:

O uso da água no Brasil vem crescendo ao longo dos últimos anos, muito por conta do alto número de 
pessoas dependentes de um mesmo meio hídrico, isso se deve também a alta demanda industrial por seu 
aumento da produção tanto para fins agrícolas quanto para produção de demais itens necessários para 
atender a oferta que exigida pela população e todos esses processos exigem cada vez mais o uso de água 
potável. Dessa maneira, se faz necessário um maior tratamento nas ETAs com a alta demanda que 
acompanha o crescimento da população, pois as águas para abastecimento público devem passar por 
processos rigorosos de tratamentos com o intuito de atender as normas referentes à qualidade dessas 
águas antes de ser repassada para a população. Com isso, o projeto em questão teve como objetivo 
reproduzir em menor escala uma das etapas que ocorrem nas ETAs, juntamente com a disciplina de 
química de interfaces intercalando o conhecimento teórico na pratica que é o processo de floculação 
usando o sulfato de alumínio como coagulante e o processo de eletrofloculação como tratamento 
alternativo que realiza a oxidação das partículas na coagulação e não apenas a transferência de fase do 
mate¬rial podendo alcançar elevada eficiência de floculação com estas técnicas. O processo reproduzido 
em laboratório levou em conta o tratamento com diferentes indicadores como a argila, cloreto de sódio e 
corante vermelho visando à precisão não somente com macropartículas, mas para micropartículas e se 
mostrou eficiente para argila e cloreto de sódio, porém mostrou o corante como grande problema, pois 
em grandes quantidades demanda um grande custo para tratamento e não atinge total clarificação como 
pedem as normas. Porém a eletrofloculação se mostrou mais eficiente para o tratamento por acelerar o 
processo de eletrólise para a ligação do coagulante com o material suspenso. Sendo observado por fim, 
como é aplicado o conhecimento em aula na pratica e qual o melhor meio e dificuldades na clarificação 
das águas que são tratadas nas ETAs.
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$�iJXD�QR�DWXDO�FRQWH[WR�PXQGLDO�p�XP�EHP�TXH�PXLWDV�YH]HV�D�SRSXODomR�TXH�
XVXIUXL� GHOD�� QmR� GD� j� GHYLGD� LPSRUWkQFLD�SDUD� D� TXDQWLGDGH�GLVSRQtYHO�� TXDOLGDGH� RX�
IRUPD� FRP� TXH� D� PHVPD� FKHJD� DWp� D� UHVLGrQFLD� SDUD� TXH� VHMD� FRQVXPLGD� SHORV�
PRUDGRUHV�� ,VVR� DFDED� VHQGR�PDLV� XPD� UD]mR� SDUD� TXH� SRXFDV� SHVVRDV� FRQKHoDP� RX�
VDLEDP�GR�TXmR�YDOLGR�p�R�WUDWDPHQWR�GDV�iJXDV�QDV�(7$V��SRLV�FRP�DV�PiV�FRQGLo}HV�
GRV�ULRV�RX�PDQDQFLDLV�HP�TXH�p�UHWLUDGD�D�iJXD�SRU�FDXVR�GR�GHVFDUWH�GH�GLYHUVRV�WLSRV�
GH� HIOXHQWHV� H� UHVtGXRV� GLUHWR� QR� FRUSR� KtGULFR�� HOH� DFDED� VH� WRUQDQGR� VXVFHWtYHO� D�
FRQWDPLQDo}HV��ID]HQGR�FRP�TXH�HVVH�WUDWDPHQWR�VHMD�LQGLVSHQViYHO�SDUD�TXH�DV�SHVVRDV�
SRVVDP�FRQVXPLU�D�iJXD�GH�IRUPD�VHJXUD�j�VD~GH��

(�DQWHV�GR�WUDWDPHQWR�IHLWR�QDV�(7$V��DV�iJXDV�TXH�FKHJDP�FRQWpP�XP�PDWHULDO�
VXVSHQVR� TXH� p� VyOLGR�� SRGHQGR� VHGLPHQWDU� RX� SHUPDQHFHU� QD� VXSHUItFLH� WRUQDQGR� D�
iJXD� WXUYD�� GDQGR� RULJHP� D� XPD� TXHGD� GH� TXDOLGDGH�� TXH� SRGH� GHVHQYROYHU�
PLFURUJDQLVPRV� H� EDFWpULDV� TXH� VH� DOLPHQWDP� GHVVH� PDWHULDO� H� DVVLP� FRQWDPLQDQGR�
DLQGD�PDLV�DTXHOH�FRUSR�KtGULFR��

$�SDUWLU�GLVVR��p�TXH�VH�VHJXH�D�LGHLD�GR�WUDWDPHQWR�GD�iJXD�DQWHV�GH�UHSDVVD�OD�
SDUD�D�SRSXODomR��(�R�SURFHVVR�UHVSRQViYHO�SHOR� WUDWDPHQWR�GHVVH�PDWHULDO�VXVSHQVR�H�
PLFURSDUWtFXODV�p�D�IORFXODomR�TXH�FRQVLVWH�QD�DJUHJDomR�GH�SDUWtFXODV�QHXWUDOL]DGDV�QD�
IDVH�GD�FRDJXODomR�HP�TXH�VmR�IRUPDGRV�IORFRV�FRP�D�DMXGD�GH�XP�SROtPHUR�TXH�VH�OLJD�
DV�SDUWtFXODV��GDQGR�SHVR�H� WDPDQKR�DRV�IORFRV�SDUD�TXH�HOHV�VHGLPHQWHP�SRU�DomR�GD�
JUDYLGDGH�� 2XWUR� SURFHVVR� p� D� GH� HOHWURIORFXODomR� �WUDWDPHQWR� DOWHUQDWLYR��� TXH� p� XP�
SURFHVVR�HOHWUROtWLFR�TXH�HQYROYH�D�GHVHVWDELOL]DomR�GH�SROXHQWHV�HP�VXVSHQVmR�QR�PHLR�
DTXRVR��

2�SURMHWR�UHDOL]DGR�HP�ODERUDWyULR�WHYH�FRPR�REMHWLYR�ID]HU�D�VLPXODomR�GHVVHV�
WUDWDPHQWRV��EXVFDQGR�XP�PDLRU�FRQKHFLPHQWR�GH�FRPR�RFRUUH�QDV�(7$V��TXmR�HILFD]�
HOH�p��H�SDUD�TXDO�WLSR�GH�PLFURSDUWtFXODV�H�PDWHULDLV�p�SRVVtYHO�WUDWDU�FRP�D�IORFXODomR�H�
HOHWURIORFXODomR��
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)RUDP� IHLWDV� DR� WRGR� WUrV� DPRVWUDV� FRP� GLIHUHQWHV� LQGLFDGRUHV� SDUD� VHU�
REVHUYDGR� TXmR� HIHWLYR� p� D� IORFXODomR� TXH� p� XP� PpWRGR� JHUDOPHQWH� XVDGR� SDUD�
WUDWDPHQWR�GH�iJXD�H�HVJRWR�QDV�HVWDo}HV��
� �)RUDP� FRORFDGRV� RV� VHJXLQWHV� LQGLFDGRUHV� SDUD� HIHLWR� GH� FRPSDUDomR� H�
HIHWLYLGDGH�GD�IORFXODomR��VHQGR�XPD�DPRVWUD�VRPHQWH�FRP�DUJLOD��D�VHJXQGR�FRQWHQGR�
DUJLOD� H� FRUDQWH� H� QD� WHUFHLUD� DUJLOD� H� FORUHWR� GH� VyGLR� �VDO� ±� 1D&O��� VHQGR� WRGDV� DV�
DPRVWUDV�FRP�iJXD�GHVWLODGD��
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� $� SULPHLUD� DPRVWUD� SUHSDUDGD�� IRL� D� TXH� FRQWLQKD� DUJLOD�� R� DJHQWH� FRDJXODQWH�
�VXOIDWR�GH�DOXPtQLR���iJXD�GHVWLODGD�H�KLGUy[LGR�GH�VyGLR�SDUD�FRUUHomR�GH�S+�TXH�GHYH�
ILFDU�HP�DSUR[LPDGDPHQWH�������
� )RL�SHVDGR�DSUR[LPDGDPHQWH�����J�GH�DUJLOD��FRORFDGR�QR�EHFNHU�TXH�Mi�FRQWLQKD�
����P/�GH�iJXD�FRP�YHULILFDomR�GR�S+���QHVVD�DPRVWUD�R�S+�GD�iJXD�IRL�HP�WRUQR�GH�
������H�DJLWDGR�SDUD�TXH�KRXYHVVH�D�PLVWXUD�GD�iJXD�FRP�DV�SDUWtFXODV�GH�DUJLOD��
� $SyV� HVVD� SDUWH� IRL� DGLFLRQDGR�QD� DPRVWUD� ����PO� GH� VXOIDWR� GH� DOXPtQLR� FRP�
FRQFHQWUDomR������0�H�LJXDOPHQWH�DJLWDGR�SDUD�TXH�D�SDUWLU�GD�PLVWXUD�RV�IORFRV�IRVVHP�
IRUPDGRV� JHUDQGR� R� HIHLWR� HVSHUDGR�� )HLWR� HVVD� PLVWXUD�� IRL� DGLFLRQDGR� ���� PO� GH�
KLGUy[LGR�GH�VyGLR�SDUD�TXH�R�S+�GD�VROXomR�IRVVH�FRUULJLGR�SDUD�DSUR[LPDGDPHQWH�����
H� PDLV� XPD� YH]� DJLWDGR� SDUD� PLVWXUD� GRV� FRPSRVWRV�� VHQGR� SRU� ILP� GHL[DGRV� HP�
UHSRXVR��
� $� VHJXQGD� DPRVWUD� IRL� FRPSRVWD� SRU� DUJLOD�� FRUDQWH� YHUPHOKR�� VXOIDWR� GH�
DOXPtQLR��iJXD�GHVWLODGD�H�KLGUy[LGR�GH�VyGLR�SDUD�FRUUHomR�GH�S+��TXH�GH�LQtFLR�R�S+�
GD�iJXD�GHVWLODGD�IRL�DYDOLDGR�DWUDYpV�GR�3KPHWUR�HP�������
� 2� SURFHVVR� UHDOL]DGR� SDUD� TXH� KRXYHVVH� D� IORFXODomR� IRL� R� PHVPR� TXH� R� GD�
DPRVWUD�XP��SRUpP�R�GLIHUHQFLDO�IRL�R�REMHWLYR�GH�REVHUYDU�FRPR�LD�RFRUUHU�D�IORFXODomR�
FRP�D�DGLomR�GH�PDLV�FRPSRQHQWH�QD�VROXomR�H�SDUD�HIHLWR�FRPSDUDWLYR�FRP�D�DPRVWUD�
XP��
� 6HQGR�DVVLP�DGLFLRQDGRV������J�GH�FRUDQWH�QR�EpTXHU�FRP�RV�RXWURV�FRPSRVWRV�
SDUD� REVHUYDomR� GD� IORFXODomR�� SRUpP� R� FRUDQWH� IRL� FRORFDGR� ORJR� DSyV� D� DUJLOD� VHU�
DJLWDGD� H� R� PHVPR� IRL� DFUHVFHQWDGR� QD� VROXomR� H� WDPEpP� PLVWXUDGR� SRU� PHLR� GH�
DJLWDomR� H� QD� VHTXrQFLD� RV� RXWURV� FRPSRVWRV� H� GHL[DGRV� HP� UHSRXVR� FRPR� D� DPRVWUD�
XP��
� $�WHUFHLUD�DPRVWUD�IRL�FRPSRVWD�SRU�DUJLOD��FORUHWR�GH�VyGLR��FRPSRVWR�HVVH�TXH�
IRL� R� GLIHUHQFLDO� GHVVD� DPRVWUD� QR� HIHLWR� FRPSDUDWLYR� HQWUH� DV� GXDV� DPRVWUDV� FLWDGDV�
DQWHULRUPHQWH�� )RL� DGLFLRQDGR� R� VXOIDWR� GH� DOXPtQLR�� iJXD� GHVWLODGD� H� KLGUy[LGR� GH�
VyGLR��VHQGR�R�S+�GD�iJXD�DYDOLDGR�HP�������
2�SURFHVVR�SDUD�IORFXODomR�RFRUUHU�VHJXLX�D�PHVPD�OLQKD�GDV�DPRVWUDV�DQWHULRUHV��WHQGR�
FRPR�REMHWLYR�GH�WDPEpP�DQDOLVDU�D�YHORFLGDGH��D�IRUPD�H�FRPR�ILFDULD�R�UHVtGXR�FRP�D�
IORFXODomR�� FRP� HVVH� FRPSRVWR� DGLFLRQDGR� �FORUHWR� GH� VyGLR�� H� FRPSDUD�OD� FRP� DV�
RXWUDV�DPRVWUDV��
� $� SDUWLU� GLVVR� IRL� SHVDGR� H� DFUHVFHQWDGR� ����� J� DSUR[LPDGDPHQWH� GD� PHVPD�
PDQHLUD�TXH�D�DPRVWUD����FRP�D�DGLomR�IHLWD�DSyV�D�DUJLOD�H�RFRUUHQGR�PLVWXUD�H�GLOXLomR�
QD� iJXD�GH�XPD�SDUWH�GR� FORUHWR�GH� VyGLR�SDUD�GHSRLV�R� FRDJXODQWH� H� FRUUHWRU�GH�S+��
VHQGR�SRU�ILP�GHL[DGR�D�DPRVWUD�HP�UHSRXVR��
� (VVH�H[SHULPHQWR� WHP�SRU�REMHWLYR�PHOKRUDU� D�PDQHLUD�GH� IORFXODU�R�FRUDQWH�D�
SDUWLU�GD�HOHWURIORFXODomR��HP�TXH� IRL� IHLWR�QD�DPRVWUD�GRLV�TXH�DSUHVHQWDYD�R�FRUDQWH�
YHUPHOKR�FRPR�FRPSRVWR��6HQGR�XVDGD�XPD�SLOKD�HP�TXH�VHXV�GRLV�SRORV��QHJDWLYR�H�
SRVLWLYR��IRUDP�FRQHFWDGRV��HP�GRLV�SHTXHQRV�SHGDoRV�GH�ILR�GH�FREUH�FRPR�FRQGXWRU�H�
HVVH�ILRV�IRUDP�FRQHFWDGRV�HP�GRLV�SUHJRV�OL[DGRV�TXH�ILFDUDP�PHUJXOKDGRV�QD�DPRVWUD�
SDUD�TXH�RFRUUHVVH�D�UHDomR�GH�IORFXODU�PDLV�DV�SDUWtFXODV�GR�FRUDQWH��D�SDUWLU�GD�UHDomR�
GR�IHUUR��IRUPDQGR�XP�KLGUy[LGR�GH�IHUUR��(�IRL�IHLWR�XP�DFUpVFLPR�GH�PDLV�����P/�GD�
VROXomR� GR� VXOIDWR� GH� DOXPtQLR� DQWHV� GD� HOHWURIORFXODomR�� YLVDQGR� D� REWHQomR� GH� XPD�
PDLRU� IORFXODomR� GR� FRUDQWH� QD� iJXD�� ID]HQGR� SDUWH� GR� H[SHULPHQWR� H[WUD� D� SDUWLU� GD�
DPRVWUD����
6HQGR�SRVVtYHO�YHU�R�SURFHVVR�H�R�UHVXOWDGR�GR�PHVPR�QDV�ILJXUDV�DEDL[R��
�
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)LJXUDV�

)LJXUD���±�$PRVWUDV�GXUDQWH�R�SURFHVVR�GH�IORFXODomR��

�
)RQWH��$XWRU��������

�
)LJXUD���±�$PRVWUDV�DSyV�R�SURFHVVR�GH�IORFXODomR��

�
)RQWH��$XWRU��������

�
)LJXUD���±�$PRVWUDV�GHSRLV�GR�SURFHVVR�GH�HOHWURIORFXODomR��

�
)RQWH��$XWRU��������

�
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&RP�RV�WHVWHV�IHLWRV�HP�ODERUDWyULR�IRL�SRVVtYHO�REVHUYDU�RV�VHJXLQWHV�UHVXOWDGRV��

7DEHOD���±�5HVXOWDGR�GRV�H[SHULPHQWRV�GH�DFRUGR�FRP�DV�DPRVWUDV��

$PRVWUDV� +RXYH�IORFXODomR�� 9HORFLGDGH�GD�UHDomR�

$PRVWUD��� 6LP� )ORFXODomR�UiSLGD�

$PRVWUD��� )ORFXODomR�SDUFLDO� )ORFXODomR�GHPRUDGD�

$PRVWUD��� 6LP� )ORFXODomR�UiSLGD�

)RQWH��$XWRU��������

$�SDUWLU� GRV� UHVXOWDGRV�PRVWUDGRV� DFLPD� p� SRVVtYHO� REVHUYDU� TXH� D� IORFXODomR�
TXDQGR�VH�WUDWD�GH�UHVtGXRV�QmR�WmR�FRQFHQWUDGRV�FRPR�R�FRUDQWH�p�EHP�IXQFLRQDO��)RL�
SRVVtYHO�QRWDU�TXH�p�XP�PpWRGR�HILFD]�QDV�DPRVWUDV�XP�H�GRLV�HP�TXH�R�FRDJXODQWH�QD�
FRQFHQWUDomR� GH� ����� 0� FRP� ���� PO� GR� PHVPR�� FRQVHJXLUDP� UHDJLU� GH� PDQHLUD�
XQLIRUPH�HP�UHODomR�DRV�FRPSRVWRV�SUHVHQWHV��SULQFLSDOPHQWH�TXDQGR�HP�FRQWDWR�FRP�D�
DUJLOD�GHL[DQGR�D�iJXD�FRP�D�WXUELGH]�DQWHV�GH�VHU�DGLFLRQDGD�D�DUJLOD�RX�R�FORUHWR�GH�
VyGLR�� SRUpP� D� YHORFLGDGH� FRP� TXH� RFRUUH� D� IORFXODomR� p� GLIHUHQWH�� SRU� FRQWD� GD�
QHFHVVLGDGH� GH� LQWHUDomR� HQWUH� RV� FiWLRQV� H� tRQV� SUHVHQWHV� QDV� DPRVWUDV�� SRU� LVVR� TXH�
FRP�D�DUJLOD�RFRUUHX�GH�IRUPD�PDLV�UiSLGD�TXH�R�FORUHWR�GH�VyGLR���

2� FRPSRVWR� TXH� FRQWLQKD� VRPHQWH� DUJLOD� H� GR� FORUHWR� GH� VyGLR� IRUDP� RV� TXH�
PHOKRU� UHDJLUDP� FRP� R� VXOIDWR� GH� DOXPtQLR� TXH� IRL� R� UHVSRQViYHO� SRU� RFRUUHU� D�
IORFXODomR�SRU�FRQWD�GR� VHX�HIHLWR�FRDJXODQWH� IRUPDQGR�FRORLGHV�TXDQGR�HP�FRQWDQWR�
FRP� DV� RXWUDV� SDUWtFXODV�� ,VVR� VH� Gi�� SRUTXH� DV� PLFURSDUWtFXODV� QmR� VHGLPHQWDP� SRU�
IRUoD�GD�JUDYLGDGH�LQGR�SDUD�R�IXQGR�GR�UHFLSLHQWH�SRU�VHUHP�PXLWR�SHTXHQDV�ILFDQGR�
QR�OtTXLGR��VXSHUItFLH��FDUDFWHUL]DQGR�FRPR�SROXtGR��SRU�H[HPSOR��(�DSyV�D�DGLomR�GR�
VXOIDWR� GH� DOXPtQLR� HVVDV� PLFURSDUWtFXODV� VRIUHP� DJOXWLQDomR� H� ³JUXGDP´� XPDV� QDV�
RXWUDV� D� SDUWLU� GD� UHDomR� GR� VXOIDWR� HP� PHLR� DTXRVR� �TXH� IRUPD� R� KLGUy[LGR� GH�
DOXPtQLR��� IRUPDQGR� RV� IORFRV� GH� PDLRU� WDPDQKR� TXH� FRPELQDGRV� FRP� D� IRUoD� GD�
JUDYLGDGH��ID]HP�FRP�TXH�RV�IORFRV�VHGLPHQWHP�SHUPLWLQGR�XPD�PHOKRU�FODULILFDomR�RX�
WUDWDPHQWR�GD�iJXD��

-i� FRP�D� DPRVWUD� WUrV� RFRUUHX� GH� IRUPD�GLIHUHQWH� FRP�XPD�PHQRU� HILFiFLD�GD�
IORFXODomR� FRP� D� SULPHLUD� FRQFHQWUDomR� GH� VXOIDWR� FRP� D� TXDQWLGDGH� GH� FRUDQWH�
FRORFDGR�HP�UHODomR�DV�RXWUDV��0XLWR�SRU�FRQWD�GD�PDLRU�TXDQWLGDGH�GH�PLFURSDUWtFXODV�
GH�FRUDQWH�SUHVHQWH�QR�PHLR�R�TXH�GLILFXOWD�D�IORFXODomR�GDV�PHVPDV��RQGH�RV�FiWLRQV�
SUHVHQWHV� QD� UHDomR� QmR� FRQVHJXHP�QHXWUDOL]DU� DV� FDUJDV� QHJDWLYDV� GR� FRUDQWH�� VHQGR�
TXH� D� PDLRULD� GHVVHV� FiWLRQV� LQWHUDJH� FRP� RV� tRQV� KLGUR[LOD� GD� iJXD�� IRUPDQGR� R�
KLGUy[LGR� GH� DOXPtQLR� FDUUHJDGR� SRVLWLYDPHQWH� H� DVVLP� FRQVHJXLULD� QHXWUDOL]DU� DV�
SDUWtFXODV�FRORLGDLV�FDUUHJDGDV�QHJDWLYDPHQWH�TXH�HVWmR�QD�iJXD�IRUPDQGR�RV�IORFRV��
6HQGR�QHFHVViULD�DVVLP�XPD�PDLRU�DGLomR�GH�VXOIDWR�GH�DOXPtQLR�TXH�IRL�FHUFD�GH�����
PO�� TXH� DLQGD� QmR� IRL� R� VXILFLHQWH� GLPLQXLQGR� GH� XPD�PDQHLUD� EHP� VXWLO�� TXDVH� TXH�
LPSHUFHSWtYHO��ID]HQGR�VH�QHFHVViULR�XPD�TXDQWLGDGH�PDLRU�GH�VXOIDWR��

'HVVD�PDQHLUD�VXUJLX�XP�PpWRGR�DOWHUQDWLYR�TXH�SRGH�VHU�XVDGR�QD�IORFXODomR�
TXH�p�D�HOHWURIORFXODomR��IXQFLRQDQGR�D�SDUWLU�GR�XVR�GH�SLOKDV�TXH�VmR�OLJDGDV�D�SDUWLU�
GRV�VHXV�SRORV�H�FRQGX]LGDV�SRU�PHLR�GH�ILRV�DWp�SUHJRV�TXH�TXDQGR�HP�FRQWDWR�FRP�D�
iJXD�� RX� SROXHQWHV�� ID]� FRP� TXH� DV� SDUWtFXODV� VHGLPHQWHP�� ,VVR� VH� Gi� SRUTXH�� R�
FRDJXODQWH� p� JHUDGR� LQ� VLWX� SHOD� R[LGDomR� GH� XP� kQRGR� PHWiOLFR�� H� DVVLP� TXH� RV�
UHVSHFWLYRV�FiWLRQV�VmR�JHUDGRV�QD� IDVH�DQyGLFD��HVWHV� UHDJHP�FRP�PROpFXODV�GH�iJXD�
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RFRUUHVVH�D�FODULILFDomR��VHQGR�HVFROKLGR�D�HOHWURIORFXODomR�TXH�VH�PRVWURX�PDLV�HILFD]�
SDUD� HVVH� WLSR� GH� FRPSRVWR�� SRUpP� SDUD� SHTXHQDV� TXDQWLGDGHV� GH� SDUWtFXODV�� SRLV�
TXDQGR� VH� WHP� XP� JUDQGH� QXPHUR� GH� SDUWtFXODV� TXH� FRQWHP� FRUDQWH�� DFDEDULD� VH�
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6����B���������������SGI!��$FHVVR�HP����GH�MXOKR�GH������

6($%5$�� &$7$5,1$�� 3URFHVVR� GH� FRDJXODomR�IORFXODomR�� 'LVSRQtYHO� HP�� ��
KWWSV���SDJLQDV�IH�XS�SW�aSURMIHXS�FGB����B���ILOHV�5(/B0,($���B���3')!� $FHVVR�
HP���GH�MXOKR�GH�������

7��+(1'*(6�� /(7,$1(��$YDOLDomR� SUHOLPLQDU� GR� SURFHVVR� GH� FRDJXODomR� DSOLFDGR�
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