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ABSTRAK

7HODK� GLODNXNDQ� IDEULNDVL� PDWHULDO� QDQRNRPSRVLW� &17�0Q2
2
� VHEDJDL� PDWHULDO� HOHNWURGD� VXSHUNDSDVLWRU�

GHQJDQ� UHDNVL� UHGR[� DQWDUD� &17� GDQ� .0Q2
4
�� 9DULDVL� NRPSRVLVL� GDUL� NHGXD� EDKDQ� WHUVHEXW� GLODNXNDQ�

XQWXN� PHQJHWDKXL� VLIDW� VWUXNWXU�� PRUIRORJL� GDQ� NHOLVWULNDQQ\D� GHQJDQ� SHUEDQGLQJDQ� PDVVD� &17�0Q2
2
 

VHEHVDU�����������GDQ������3ROD�VWUXNWXU�NULVWDO�GDQ�PRUIRORJL�GDUL�PDWHULDO�VHUEXN�QDQRNRPSRVLW�&17�

MnO
2
�GLNDUDNWHULVDVL�GHQJDQ�X-ray diffraction (XRD), scanning electron microscope (SEM) dan transmission 

electron microscope��7(0���VHGDQJNDQ�SROD�LNDWDQQ\D�GLNDUDNWHULVDVL�GHQJDQ�)7,5��6HUEXN�QDQRNRPSRVLW�

&17�0Q2
2
� LQL�VHODQMXWQ\D�GLEXDW�SHOOHW�EHUEHQWXN�VLOLQGHU�EHUXNXUDQ�GLDPHWHU���FP�GDQ�NHWHEDODQ���PP�

GHQJDQ�YDULDVL�SHQDPEDKDQ�SHQJLNDW�SRO\YLQ\OLGHQH�GLÀXRULGH��39')��VHEHVDU��������GDQ�����GDUL�FDPSXUDQ�

&17�0Q2
2
��3HOOHW� GDUL�PDWHULDO�&17�0Q2

2
� LQL� VHODQMXWQ\D�GLSDQDVNDQ�SDGD� WHPSHUDWXU� ��� o&�VHODPD���

MDP��+DVLO�SHQJXNXUDQ�UHVLVWDQVLQ\D�PHQXQMXNNDQ�EDKZD�PDWHULDO�&17�0Q2
2
�GHQJDQ�SHUEDQGLQJDQ�PDVVD�

&17�0Q2
2
�VHEHVDU�����GDQ�SHQDPEDKDQ�SHQJLNDW�39')�VHEHVDU�����PHQXQMXNNDQ�QLODL�UHVLVWDQVL�\DQJ�

SDOLQJ�UHQGDK��6HODQMXWQ\D�SURWRWLS�VXSHUNDSDVLWRU�&17�0Q2
2
�GHQJDQ�PHQJJXQDNDQ�39')�VHEHVDU�����

GLXNXU� GHQJDQ�PHWRGH�electrochemical impedance spectroscopy�PHQJKDVLONDQ� QLODL� NDSDVLWDQVL� VSHVL¿N�

VHEHVDU������)�JU�

ABSTRACT

1DQRFRPSRVLWH�PDWHULDOV�&17�0Q2
2
�KDYH�EHHQ�IDEULFDWHG�DV�FDQGLGDWH�RI�VXSHUFDSDFLWRU�HOHFWURGH�PDWHULDO�

ZLWK�D�UHGR[�UHDFWLRQ�EHWZHHQ�&17�DQG�.0Q2
4
��9DULDWLRQV� LQ� WKH�FRPSRVLWLRQ�RI� WKH� WZR�PDWHULDOV�ZHUH�

FDUULHG�RXW�WR�GHWHUPLQH�WKH�VWUXFWXUH��PRUSKRORJ\�DQG�HOHFWULFDO�SURSHUWLHV�RI�&17�0Q2
2 
ZLWK�PDVV�UDWLR�RI�

����������DQG�������3DWWHUQ�RI�WKH�FU\VWDO�VWUXFWXUH�DQG�PRUSKRORJ\�RI�WKH�&17�0Q2
2 
QDQRFRPSRVLWH�SRZGHU�

ZHUH� FKDUDFWHUL]HG� E\� ;�UD\� GLIIUDFWLRQ� �;5'��� VFDQQLQJ� HOHFWURQ� PLFURVFRSH� �6(0�� DQG� WUDQVPLVVLRQ�

HOHFWURQ�PLFURVFRSH��7(0���ZKLOH�WKH�ERQG�SDWWHUQ�ZDV�FKDUDFWHUL]HG�E\�)7,5��&17�0Q2
2
�QDQRFRPSRVLWH�

SRZGHU�ZDV�PDQDJHG�WR�PDNH�F\OLQGULFDO�SHOOHWV�ZLWK�GLDPHWHU�RI���FP�DQG�WKLFNQHVV�RI���PP�ZLWK�YDULDWLRQV�

DGGLWLRQ�RI�ELQGHU�SRO\YLQ\OLGHQH�GLÀXRULGH� �39')��RI��������DQG������3HOOHWV�RI� WKH�PDWHULDO�ZHUH� WKHQ�

KHDWHG�DW�D�WHPSHUDWXUH�RI����o&�IRU���KRXU��5HVLVWDQFH�PHDVXUHPHQW�UHVXOWV�VKRZHG�WKDW�WKH�UDWLR�RI�WKH�

PDVV�RI�PDWHULDO�&17�0Q2
2
�E\�����DQG�DGGLWLRQV�E\�����39')�ELQGHU�VKRZHG�WKH�ORZHVW�UHVLVWDQFH�YDOXH��

)XUWKHUPRUH�� &17�0Q2
2
� VXSHUFDSDFLWRU� SURWRW\SH� XVLQJ� 39')� RI� ���� PHDVXUHG� ZLWK� HOHFWURFKHPLFDO�

LPSHGDQFH�VSHFWURVFRS\�PHWKRG�VKRZHG�VSHFL¿F�FDSDFLWDQFH�RI������)�JU�

�������-XUXVDQ�)LVLND�)0,3$�811(6�6HPDUDQJ

Keywords: VXSHUFDSDFLWRUV��QDQRFRPSRVLWH��&17�0Q2���UHVLVWDQFH��HOHFWURFKHPLFDO�LPSHGDQFH�

VSHFWURVFRS\ 

*Alamat Korespondensi: 

-O��3URI��6XGDUWR��6+���7HPEDODQJ�6HPDUDQJ�

(�PDLO��DFURP#\PDLO�FRP
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PENDAHULUAN

6XSHUNDSDVLWRU�PHUXSDNDQ�SHUDQJNDW�GL-

YDLV�SHQ\LPSDQ�HQHUJL�\DQJ�VHULQJ�GLJXQDNDQ�

XQWXN� DSOLNDVL� \DQJ� PHOLEDWNDQ� NHEXWXKDQ�

GD\D�EHVDU��3HUNHPEDQJDQ�GLYDLV�VXSHUNDSD-

VLWRU�WHODK�PHQXQMXNNDQ�NHPDMXDQ�\DQJ�FHSDW�

EHUNDLWDQ� GHQJDQ� SHPDQIDWDQQ\D�� 6XSHUND-

SDVLWRU� GHQJDQ�PRGHO�HOHFWURFKHPLFDO� GRXEOH�

layer��(&'/��WHODK�GLNHPEDQJNDQ�XQWXN�PHQ\-

HGLDNDQ� VXPEHU� OLVWULN� SDGD�EHUEDJDL� DSOLNDVL�

WHUPDVXN� WHNQRORJL� WUDQVSRUWDVL� OLVWULN� �PLVDO-

Q\D��NHQGDUDDQ�OLVWULN�KLEULG��+(9V��GDQ�SOXJ�LQ�

+(9V��� OLVWULN� XQWXN� LQGXVWUL� �PLVDOQ\D� FDGDQ-

JDQ�GD\D�GDQ�JULG�VWDELOLWDV�VLVWHP���HOHNWURQLN�

�PLVDOQ\D� ODSWRS�� SRQVHO�� GDQ� NDPHUD� YLGHR���

HOHNWURQLN� PHGLN� �PLVDOQ\D� GH¿EULOODWRU� SRUWD-

EHO��XQLW�SHPEHULDQ�REDW��GDQ�VWLPXODWRU�VDUDI���

GDQ� SHUDQJNDW� PLOLWHU�SHUWDKDQDQ� �PLVDOQ\D�

SHUDQJNDW� NRPXQLNDVL�� NHQGDUDDQ� XGDUD� WDN�

EHUDZDN��SUREH�SHVDZDW� UXDQJ�DQJNDVD��GDQ�

VLVWHP�UXGDO���0LOOHU�	�%XUNH��������0LOOHU�	�6L-

mon, 2008).

� 6XSHUNDSDVLWRU��GDSDW��PHQ\LPSDQ�OH-

ELK�EDQ\DN�WHQDJD�SHU�XQLW�PDVVD�DWDX�YROXPH�

GDUL�SDGD�NDSDVLWRU�NRQYHQVLRQDO��+DO�LQL�GLND-

UHQDNDQ�����SHPLVDKDQ��PXDWDQ��WHUMDGL��SDGD��

MDUDN��\DQJ��VDQJDW��NHFLO��SDGD��('/&��\DQJ��

terjadi  pada perbatasan  elektoda  dan  elekt-

UROLW������MXPODK��PXDWDQ��\DQJ��GDSDW�WHUVLPSDQ�

GDSDW� GLWLQJNDWNDQ� GHQJDQ� OXDV� SHUPXNDDQ�

\DQJ� EHVDU� �WHUMDGL� NDUHQD� MXPODK� SRUL� \DQJ�

EHVDU� GDODP� PDWHULDO� HOHNWURGD� GHQJDQ� OXDV�

SHUPXNDDQ� \DQJ� EHVDU���0HNDQLVPH�SHQ\LP-

SDQDQ�WHQDJD�DNDQ�EHUODQJVXQJ�VHFDUD�FHSDW�

NDUHQD� PHOLEDWNDQ� SHUSLQGDKDQ� LRQ� GDUL� GDQ�

NHOXDU�SHUPXNDDQ�HOHNWURGD��&RQZD\��������

6XSHUNDSDVLWRU�GDSDW�PHQJJDQWLNDQ�ED-

WHUDL� EHUNDLWDQ� GHQJDQ� VLIDWQ\D� \DQJ�PDPSX�

EHUWDKDQ�ODPD�PHVNLSXQ�GLLVL�XODQJ�EHUNDOL�NDOL�

VHUWD� PHPSXQ\DL� NHPDPSXDQ� PHQJLVL� XODQJ�

GHQJDQ� FHSDW�� .HEXWXKDQ� ZDNWX� \DQJ� VLQJ-

NDW� GDODP� SHQJLVLDQ� XODQJ� LQL� PHQ\HEDENDQ�

VXSHUNDSDVLWRU� PHPSXQ\DL� SRWHQVL� \DQJ� EH-

VDU� GLEDQGLQJNDQ� EDWHUDL�� +DO� LQL� GLVHEDENDQ�

NDUHQD� EDWHUDL� KDUXV�PHQJXEDK� HQHUJL� OLVWULN�

PHQMDGL�EHQWXN�NLPLD�DJDU�HQHUJL�LQL�GDSDW�WHU-

simpan (Lu, W. & Hartman, R., 2011). Kebu-

WXKDQ�SHQ\LPSDQ�HQHUJL�\DQJ�SUDNWLV��PXUDK��

ULQJDQ�� DPDQ� GDQ� WDKDQ� ODPD� PHQ\HEDENDQ�

NHEXWXKDQ�VXSHUNDSDVLWRU�PHQMDGL�PHQLQJNDW��

VHKLQJJD� SHUOX� GLWLQJNDWNDQ� VLNOXV� HQHUJLQ\D�

PDXSXQ�NHPDPSXDQ�UDSDW�HQHUJLQ\D��

%DWHUDL� PHPSXQ\DL� VLNOXV� KLGXS� \DQJ�

SHQGHN� GDQ� UDSDW� GD\D� \DQJ� UHQGDK� �\DLWX�

�����N:�NJ���5DSDW�HQHUJL� WLQJJL�GDODP�EDWH-

UDL�PHPXQJNLQNDQ�XQWXN�SHQ\LPSDQDQ�HQHUJL�

VHODPD�SHULRGH�ZDNWX�OHELK�ODPD��WHWDSL�GDODP�

SHPDNDLDQ�DNDQ�FHSDW�KDELV��6HKLQJJD�KDO�LQL�

VDQJDW�WLGDN�PHQJXQWXQJNDQ�XQWXN�DSOLNDVL�GL�

NHQGDUDDQ�EHUEDKDQ�EDNDU�OLVWULN��5DSDW�HQHUJL�

XQWXN�EDWHUDL�NHULQJ�QRQUHFKDUJHDEOH�PLVDOQ\D�

EHUNLVDU��������:K�NJ��6HGDQJNDQ�EDWHUDL�1L�

&G�UHFKDUJHDEOH�GDSDW�PHQFDSDL�������VLNOXV�

GDODP�VHXPXU�KLGXS��GHQJDQ�UDSDW�HQHUJL�VHNL-

WDU�����:K�NJ��.DSDVLWRU�NRQYHQVLRQDO�PHPLOLNL�

UDSDW�GD\D�OHELK�WLQJJL�GDULSDGD�EDWHUDL��PXODL�

GDUL� ���[��2� VDPSDL� ���[��10� N:�NJ�� .DSDVL-

WRU�NRQYHQVLRQDO�MXJD�PHPSXQ\DL�VLNOXV�KLGXS�

OHELK�GDUL� ������� VLNOXV��1DPXQ�� UDSDW� HQHUJL�

\DQJ� NHFLO� �\DLWX� ������:K�NJ�� GDUL� NDSDVLWRU�

DGDODK�NHOHPDKDQ�VLJQL¿NDQ�EDJL�EDQ\DN�DS-

OLNDVL�\DQJ�PHPHUOXNDQ�VHMXPODK�EHVDU�HQHUJL�

SHQ\LPSDQDQ��(PPHQHJJHU��HW�DO���������

'LYDLV�VXSHUNDSDVLWRU�WHUGLUL�GDUL�EDJLDQ�

HOHNWURGD��VHSDUDWRU��HOHNWUROLW�GDQ�SHQJXPSXO�

muatan (FXUUHQW� FROOHFWRU��� 8QMXN� NHUMD� GLYDLV�

\DQJ�GLWXQMXNNDQ�ROHK�UDSDW�GD\D�PDXSXQ�UD-

SDW�HQHUJL�\DQJ�EHVDU�EHUJDQWXQJ�SDGD�VLIDW�

VLIDW�HOHNWURGD�GDQ�HOHNWUROLWQ\D��3HPDQIDDWDQ�

NDUERQ�VHEDJDL�PDWHULDO�HOHNWURGD�SDGD�VLVWHP�

('/&� WHODK� GLNHPEDQJNDQ�� DQWDUD� ODLQ� PH-

PDQIDDWNDQ� PDWHULDO� NDUERQ� DNWLI�� JUD¿W�� NDU-

ERQ�DHURJHO�PDXSXQ�FDUERQ�QDQRWXEHV��&17���

�3DQGROIR��$�*��	�+ROOHQNDPS��$�)����������6D-

ODK�VDWX�PDWHULDO�\DQJ�PHPEHULNDQ�XQMXN�NHUMD�

\DQJ�WLQJJL�XQWXN�GLYDLV�VXSHUNDSDVLWRU�DGDODK�

material FDUERQ� QDQRWXEHV� �&17��� 0DWHULDO�

&17�PHPSXQ\DL�VLIDW�NRQGXNWLYLWDV�OLVWULN�WLQJ-

JL��OXDV�SHUPXNDDQ�GDQ�SRURVLWDV�EHVDU��PHP-

SXQ\DL� DNVHVELOLWDV� \DQJ� WLQJJL� GHQJDQ� HOHNW-

UROLW� GDQ� VWDELO� MLND� LQJLQ�GLNHPEDQJNDQ�XQWXN�

VXSHUNDSDVLWRU�EHUNLQHUMD�WLQJJL��1DPXQ�GHPL-

NLDQ�RSWLPDVL�WHUKDGDS�NHPDPSXDQ�UDSDW�GD\D�

GDQ�UDSDW�HQHUJL�VHUWD�GLPHQVLQ\D�PDVLK�PHP-

EHULNDQ� WDQWDQJDQ� SHQHOLWLDQ� WHUVHQGLUL�� 3HU-

NHPEDQJDQ� SHQHOLWLDQ� VNDOD� ODERUDWRULXP� NH�

SURGXN�NRPHUVLDO� VDQJDW�PHQMDQMLNDQ�GHQJDQ�

PHQJJXQDNDQ�VWUXNWXU�(&'/��electrochemical 

GRXEOH�OD\HU���6XSHUNDSDVLWRU�GHQJDQ�PDWHULDO�

&17�EHUSRWHQVL�GDSDW�PHQ\LPSDQ�UDSDW�HQHUJL�

\DQJ� OHELK� WLQJJL�GLEDQGLQJNDQ�NDSDVLWRU� NRQ-

YHQVLRQDO�GHQJDQ� MXPODK�\DQJ�VHWDUD�GHQJDQ�

GD\D�\DQJ�GLNLULP��

$GD�GXD�MHQLV�HOHNWURNLPLD�NDSDVLWRU�\D-

NQL�NDSDVLWRU�ODSLVDQ�JDQGD�OLVWULN��('/&��GHQ-

JDQ�PHQJJXQDNDQ�HOHNWURGD�NDUERQ�GDQ�SVHX-

docapacitors� \DQJ� PHQJJXQDNDQ� metaloxide 

DWDX�GHQJDQ�SHQDPEDKNDQ�SROLPHU�HOHNWURGD�

�%RXNKDOID� 6�� HW�DO�� ������� 0HVNLSXQ� GHQJDQ�

SHQDPEDKDQ�SROLPHU�PHQMDGL�OHELK�HNRQRPLV��

QDPXQ� SHQJJXQDDQQ\D� FHQGHUXQJ� WHUEDWDV�
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karena F\FO\LQJ� XVDELOLW\�Q\D� UHQGDK�� .HNX-

UDQJDQ� LQL� PDPSX� GLWHNDQ� MLND� PHQJJDEXQJ-

NDQ� RNVLGD� ORJDP� WUDQVLVL� GHQJDQ� &17� \DQJ�

GDSDW�PHQLQJNDWNDQ�F\FO\LQJ�XVDELOLW\�VHKLQJ-

JD� VXSHUNDSDVLWRU� PHQMDGL� OHELK� VWDELO� VHUWD�

PHQJKDVLONDQ�VLIDW�NDSDVLWDQVL�\DQJ�OHELK�EDLN�

�%XUNH��$����������2NVLGD�ORJDP�WUDQVLVL�VHSHU-

ti NiO, MnO
2
, TiO

2
, MoO

3
, SnO

2
�PXODL�EDQ\DN�

GLJXQDNDQ�VHEDJDL�SHQJJDQWL�NDUHQD�ORJDP�OR-

JDP�WUDQVLVL�WHUVHEXW�GDODP�EHQWXN�NRQGXNWRU�

DWDX�VHPLNRQGXNWRU�PHQXQMXNNDQ�VLIDW�VLIDW�re-

dox aktif�\DQJ�PHQJKDVLONDQ�psedocapasitan-

ce (Lee, et.al, 2010).   

3DGD�PDNDODK�LQL�GLODSRUNDQ�KDVLO�SHQH-

OLWLDQ�EHUNDLWDQ�GHQJDQ�VLQWHVLV�PDWHULDO�&17�

MnO
2
�GDQ�NDUDNWHULVDVL�VLIDW�VLIDW�VWUXNWXU�GDQ�

PRUIRORJLQ\D� PHQJJXQDNDQ� X-ray diffraction 

(XRD), scanning electron microscope (SEM), 

transmission electron microscope (TEM), ka-

UDNWHULVDVL� VLIDW� LNDWDQ� PHQJJXQDNDQ� IRXULHU�

transform infra red� �)7,5�� VHUWD� VLIDW� NHOLVWUL-

NDQQ\D�

METODE

0DWHULDO�&17�GLVLQWHVLV�GHQJDQ�PHWRGH�

spray pirolysis pada temperatur 900 q&�GHQJDQ�

VLVWHP�VHSHUWL�\DQJ�GLWXQMXNNDQ�SDGD�*DPEDU�

���3HPXUQLDQ�PDWHULDO�&17�GLODNXNDQ�GHQJDQ�

PHWRGH�UHÀX[�PHQJJXQDNDQ�ODUXWDQ�+12
3

6HODQMXWQ\D�VLQWHVLV�PDWHULDO�&17�0Q2
2
 

GLODNXNDQ�GHQJDQ�PHQFDPSXU�NRPSRVLVL�PDV-

sa KMnO
4
��VHVXDL�7DEHO����GHQJDQ����PO�DTXD�

'0�GDQ� VHODQMXWQ\D� GLVWLU� VDPSDL� ODUXW�� +DVLO�

ODUXWDQ� LQL� NHPXGLDQ� GLWDPEDK� ��� PO� HWDQRO�

GHQJDQ�SURVHV�LWHUDVL��3DGD�EDJLDQ�ODLQ�GLODNX-

NDQ�SHQFDPSXUDQ�NRPSRVLVL�PDVVD�&17��VH-

VXDL�7DEHO����GHQJDQ����PO�DTXD�'0�GDQ�so-

GLXP�GHGRF\O�VXOIDQDW��6'6��VHEDQ\DN��������

JUDP��&DPSXUDQ�LQL�NHPXGLDQ�GL�XOWUDVRQL¿NDVL�

VHODPD����PHQLW��3URVHV�VHODQMXWQ\D�KDVLO�VRO�

KMnO
4
�GDQ�VRO�&17�GLFDPSXU�GDQ�GLVWLU�VHOD-

PD����MDP��+DVLO�VLQWHVLV�LQL�VHODQMXWQ\D�GLVD-

ULQJ�GHQJDQ�NHUWDV�VDULQJ��3HQJHULQJDQ�VHUEXN�

GLODNXNDQ�GHQJDQ�PHQJJXQDNDQ�IXUQDFH�VHOD-

PD�WLJD�MDP�GHQJDQ�WHPSHUDWXU����0&��6LQWHVLV�

PDWHULDO�&17�0Q2
2
 pada penelitian ini dilaku-

NDQ�GHQJDQ�YDULDVL�NRPSRVLVL�DQWDUD�&17�GDQ�

KMnO
4
�VHSHUWL�\DQJ�GLWXQMXNNDQ�SDGD�7DEHO���

7DKDSDQ� VHODQMXWQ\D� DGDODK� PHPEXDW�

SHOOHW�PDWHULDO�&17�0Q2
2
� GHQJDQ�PHODNXNDQ�

SHQJHSUHVDQ� PDWHULDO� &17�0Q2
2
� GLWDPEDK�

komposisi SRO\YLQ\OLGHQH�GLÀXRULGH (PVDF) se-

EDJDL�SHQJLNDW�VHEHVDU��������GDQ������*DP-

EDU���PHQXQMXNNDQ�KDVLO�SHOOHW�PDWHULDO�&17�

MnO
2
�GHQJDQ�NRPSRVLVL�39')�EHUGLDPHWHU���

FP�

.

Gambar 1. Sistem spray pyrolysis (1a) dan sistem UHÀX[���E��PDVLQJ�PDVLQJ�GLJXQDNDQ�XQWXN�

memproduksi dan memurnikan material FDUERQ�QDQRWXEHV��&17�

ba

Tabel 1��.RPSRVLVL�PDWHULDO�&17�0Q2
2

No Sampel
Komposisi (gram)

CNT KMnO
4

1 Sampel #1 0 1

2 Sampel #2 0,25 0,75

3 Sampel #3 0,50 0,50

4 Sampel #4 0,75 0,25
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Gambar 2. Pellet material &17�0Q2
2
�GHQJDQ�

komposisi PVDF sebesar 20 dan 30%

HASIL DAN PEMBAHASAN

3DGD� *DPEDU� �� PHQXQMXNNDQ� SROD�

VWUXNWXU�;5'�GDUL�PDWHULDO�&17�0Q2
2
��6HFDUD�

NHVHOXUXKDQ� WHUOLKDW�EDKZD�SROD�\DQJ�PXQFXO�

PHQXQMXNNDQ� VWUXNWXU� DPRUI� SDGD� PDWHULDO�

MnO
2
��VHGDQJNDQ�SXQFDN�GLIUDNVL�PXQFXO�SDGD�

26,37q�\DQJ�PHQXQMXNNDQ�SXQFDN�GLIUDNVL�NDU-

ERQ�GDUL�PDWHULDO�&17�NKXVXVQ\D�SDGD�NRPSR-

VLVL�����&17�0Q2
2
.

3DGD�*DPEDU������GDQ���PHQXQMXNNDQ�

KDVLO� NDUDNWHULVDVL� (';� GDUL� PDWHULDO� &17�

MnO
2
��7HUOLKDW�EDKZD�VHPDNLQ�QDLN�NRQVHQWUD-

VL�&17�\DQJ�GLEHULNDQ�PDND�HOHPHQ�DWRP�NDU-

ERQ� �&��VHPDNLQ�QDLN�GDQ�VHEDOLNQ\D�HOHPHQ�

DWRP�PDQJDQ��0Q��VHPDNLQ�PHQXUXQ��+DO� LQL�

PHQXQMXNNDQ�VWRLNLRPHWUL�VLQWHVLV�\DQJ�GLODNX-

NDQ�EHUMDODQ�GHQJDQ�EDLN�

*DPEDU� ��PHQXQMXNNDQ� FLWUD�6(0�GDUL�

PDWHULDO� &17�0Q2
2
� PDVLQJ�PDVLQJ� GHQJDQ�

NRPSRVLVL� ��� &17�0Q2
2
� DWDX� WDQSD� &17�

�*DPEDU� �D��� ���� &17�0Q2
2
� �*DPEDU� �E���

����&17�0Q2
2
� �*DPEDU��F�� GDQ�����&17�

MnO
2
��*DPEDU��G��GHQJDQ�SHUEHVDUDQ��������

GDQ��������NDOL��7HUOLKDW�EDKZD�XQWXN�PDWHULDO�

SDGXDQ�&17�GDQ�0Q2
2
�PHQXQMXNNDQ�PRUIRORJL�

\DQJ�WHUGLUL�GDUL�WDEXQJ�GDQ�SDUWLNHO�EHUXNXUDQ�

QDQRPHWHU� \DQJ� PDVLQJ�PDVLQJ� EHUDVDO� GDUL�

&17� GDQ� 0Q2
2
�� .RPSRVLVL� \DQJ� HIHNWLI� SHU-

SDGXDQ�DQWDUD�PDWHULDO�&17�GDQ�0Q2
2
�DGDODK�

SDGD� NRPSRVLVL� ��� GDQ� ���� GLPDQD� VHFDUD�

PRUIRORJL� PXQFXO� GXD� FLWUD� PRUIRORJL� WDEXQJ�

GDQ� SDUWLNHO� QDQR� \DQJ� PDVLQJ�PDVLQJ� EHU-

DVDO�GDUL�PDWHULDO�&17�GDQ�0Q2
2
. Pada mor-

IRORJL� SDUWLNHO� QDQR�\DQJ�EHUDVDO� GDUL� SDUWLNHO�

MnO
2
�WHUOLKDW�EDKZD�SDUWLNHO�WHUVHEXW�PHQHP-

SHO�SDGD�SHUPXNDDQ�WDEXQJ�&17�VHSHUWL�\DQJ�

WHODK�GLKDVLONDQ�GDUL�SHQHOLWLDQ�=KDQJ��-��GNN��

�=KDQJ��HW��DO���������+DO�LQL�GLSHUMHODV�GHQJDQ�

KDVLO�FLWUD�7(0�\DQJ�GLWXQMXNNDQ�SDGD�*DPEDU�

8. Reaksi Mn2+� \DQJ� WHURNVLGDVL� ROHK� .0Q2
4
 

akan membentuk partikel MnO
2
� GL� VHSDQMDQJ�

UDQWDL�VXUIDNWDQ�6'6�\DQJ�PHQHPSHO�GL�GLQG-

LQJ�WDEXQJ�&17��0LQ�PLQ��HW�DO��������

Gambar 3. Pola struktur XRD dari material MnO
2 
GDQ�PDWHULDO�SDGXDQ�&17�0Q2

2
.
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Gambar 4��+DVLO�NDUDNWHULVDVL�(';�PDWHULDO�&17�0Q2
2
�GHQJDQ�NRPSRVLVL�����&17�0Q2

2

Gambar 5��+DVLO�NDUDNWHULVDVL�(';�PDWHULDO�&17�0Q2
2
�GHQJDQ�NRPSRVLVL�����&17�0Q2

2
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Gambar 6��+DVLO�NDUDNWHULVDVL�(';�PDWHULDO�&17�0Q2
2
�GHQJDQ�NRPSRVLVL�����&17�0Q2

2

a

b
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Gambar 7��&LWUD�6(0�GDUL�PDWHULDO�&17�0Q2
2
�PDVLQJ�PDVLQJ�GHQJDQ� NRPSRVLVL�&17�0Q2

2
 

VHEHVDU�D������E�������F������GDQ�G������

Gambar 8��&LWUD�7(0�PDWHULDO�&17�0Q2
2
.

d

c

*DPEDU���PHQXQMXNNDQ�FLWUD�7(0�PDWH-

ULDO�&17�0Q2
2
��7HUOLKDW�EDKZD�SDUWLNHO�WDEXQJ�

nano material MnO
2
� PHQHPSHO� SDGD� WDEXQJ�

QDQR� PDWHULDO� &17�� 8NXUDQ� SDUWLNHO� PDWH-

rial MnO
2
� WLGDK�KRPRJHQ�GDQ�KDO� LQL�EHUNRUH-

ODVL�GHQJDQ�KDVLO�NDUDNWHULVDVL�VWUXNWXU�PHODOXL�

;5'�EHUXSD�PDWHULDO�DPRUI��

6HUDSDQ� SDQMDQJ� JHORPEDQJ� VSHVL¿N�

VHQ\DZD�PDQJDQ�RNVLGD��0Q2
2
) dapat diamati 

SDGD�GDHUDK�VHNLWDU�����FP-1��GLVDPSLQJ�LWX�YL-

EUDVL�VHQ\DZD�0Q�2�MXJD�GDSDW�GLDPDWL�SDGD�

GDHUDK�����FP-1 GDQ�����FP-1� �5LFKDUG��$��1��

	�5RQDOG��2��.����������3DGD�*DPEDU���GDQ�

���PDVLQJ�PDVLQJ�PHQXQMXNNDQ� VSHNWUXP� ,5�
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XQWXN�&17�GDQ�0Q2
2
. Pada spektrum IR un-

tuk MnO
2
�PHQJKDVLONDQ�VHUDSDQ�SDGD�SDQMDQJ�

JHORPEDQJ��������FP-1 GDQ��������FP-1 \DQJ�

GLPXQJNLQNDQ�PHUXSDNDQ�YLEUDVL�LNDWDQ�0Q�2�

SDGD�VHQ\DZD�PDQJDQ�RNVLGD��0LQ�PLQ��HW�DO��

�������3DGD�VSHNWUXP�,5�XQWXN�����&17�0Q2
2 

VHSHUWL�\DQJ�GLWXQMXNNDQ�SDGD�*DPEDU�����WHU-

OLKDW�VHUDSDQ�SDGD�SDQMDQJ�JHORPEDQJ��������

FP-1 GDQ��������FP-1 GLGXJD�PHUXSDNDQ�VHUD-

SDQ�YLEUDVL� LNDWDQ�VHQ\DZD�0Q�2��VHGDQJNDQ�

GDHUDK�������� FP-1�PHUXSDNDQ� YLEUDVL� LNDWDQ�

0Q�2�GDUL�PDQJDQ�GLRNVLGD��6HODQMXWQ\D�SDGD�

VSHNWUXP� ,5� XQWXN� ���� &17�0Q2
2
� �*DPEDU�

12), YLEUDVL�LNDWDQ�0Q�2�GDUL�PDQJDQ�GLRNVLGD�

WLGDN� WDPSDN� GDQ� WHUMDGL� SHUJHVHUDQ� SDQMDQJ�

JHORPEDQJ�YLEUDVL�LNDWDQ�VHQ\DZD�0Q�2�PHQ-

MDGL� ������� FP-1 GDQ� ������� FP-1. Spektrum 

IR untuk 75% &17�0Q2
2 
SDGD� JDPEDU� ���

PHQXQMXNNDQ� DGDQ\D� YLEUDVL� LNDWDQ� VHQ\DZD�

0Q�2� SDGD� SDQMDQJ� JHORPEDQJ� ������� FP-1 

GDQ��������FP-1, namun seperti pada spektrum 

,5�XQWXN�����&17�0Q2
2
,
 
YLEUDVL� LNDWDQ�0Q�2�

GDUL� PDQJDQ� GLRNVLGD� WLGDN� QDPSDN�� 6HFDUD�

NHVHOXUXKDQ�MLND�GLOLKDW�VSHNWUXP�,5�XQWXN�&17�

�*DPEDU� ���� PDND� WLGDN� GLWHPXNDQ� VHUDSDQ�

SDGD� SDQMDQJ� JHORPEDQJ� VSHVL¿N� XQWXN� LND-

WDQ�0Q�2�� 6HGDQJNDQ� VHSHUWL� WHODK� GLXUDLNDQ�

GL� DWDV� WHUOLKDW� MHODV�DGDQ\D�VHUDSDQ�SDQMDQJ�

JHORPEDQJ�VSHVL¿N�XQWXN�YLEUDVL� LNDWDQ�0Q�2�

SDGD�SDGXDQ�&17�0Q2
2
. Hal ini membuktikan 

EDKZD�NRPSRVLW�&17�0Q2
2 
GLGXJD�NXDW� WHODK�

terbentuk.

� *DPEDU����PHQXQMXNNDQ�JUD¿N�SHQJX-

NXUDQ�UHVLVWDQVL�PDWHULDO�&17�0Q2
2
 berbentuk 

SHOOHW�GHQJDQ�YDULDVL�NRPSRVLVL�39')�VHEHVDU�

10, 20 dan 30% pada perlakuan pemanasan 

70 q&�VHODPD���MDP��7HPSHUDWXU����q&�GLSLOLK�

untuk perlakuan tersebut dikarenakan pada 

WHPSHUDWXU� WHUVHEXW� PDWHULDO� SHQJLNDW� 39')�

VXGDK�PHOHOHK�VHKLQJJD�DNDQ�PHQJLNDW�PDWH-

ULDO� &17�0Q2
2
�7HUOLKDW� EDKZD� VHFDUD� NHVHOX-

UXKDQ�DGD�NHFHQGXUXQJDQ�VHPDNLQ�GLQDLNNDQ�

NRPSRVLVL�PDWHULDO� &17�PDND� VHPDNLQ� WXUXQ�

QLODL�UHVLVWDQVLQ\D��+DO� LQL�GLVHEDENDQ�ROHK�VL-

IDW�NRQGXNWLI�GDUL�PDWHULDO�&17��0LQ�PLQ��HW�DO��

2011). Pada komposisi PVDF sebesar 20% 

WHUOLKDW�PHPSXQ\DL�NHFHQGXUXQJDQ�QLODL�UHVLV-

WDQVL�\DQJ� OHELK�UHQGDK�GLEDQGLQJNDQ�NRPSR-

VLVL�ODLQQ\D��3DGD�NRPSRVLVL�39')�����EHOXP�

PDPSX� PHQJLNDW� VHFDUD� KRPRJHQ� PDWHULDO�

&17�0Q2
2
��6HGDQJNDQ�SDGD�NRPSRVLVL�39')�

���� NHPXQJNLQDQ� NDUHQD� SHQJLNDW� \DQJ� WHU-

ODOX� EDQ\DN� PHQ\HEDENDQ� SHUDQ� PDWHULDO�

&17� GDODP� PHQJKDQWDUNDQ� PXDWDQ� PHQMDGL�

EHUNXUDQJ�

� 'L� VDPSLQJ� LWX� SDGD� SHOOHW� GHQJDQ�

NRPSRVLVL�39')�����PDVLK�WHUODOX�UDSXK�ROHK�

EDQ\DNQ\D� UHWDNDQ� \DQJ� WHUMDGL� SDGD� SHUPX-

kaan pellet. Retakan terjadi dikarenakan belum 

PHUDWDQ\D� SHQJLNDW� 39')�� 2OHK� NDUHQD� LWX�

NRPSRVLVL� \DQJ� SDOLQJ� RSWLPXP� GDUL� PDWHULDO�

SHQJLNDW�39')�DGDODK�VHEHVDU�����GDUL�PDWH-

ULDO�&17�0Q2
2
.

 

Gambar 9��6SHNWUXP�,5�SDGD�PDWHULDO�&17
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Gambar 10. Spektrum IR pada material MnO
2

Gambar 11��6SHNWUXP�,5�SDGD�PDWHULDO�����&17�0Q2
2
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Gambar 12��6SHNWUXP�,5�SDGD�PDWHULDO�����&17�0Q2
2

Gambar 13��6SHNWUXP�,5�SDGD�PDWHULDO�����&17�0Q2
2
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6HODQMXWQ\D� EHUGDVDUNDQ� SDUDPHWHU�

\DQJ� RSWLPXP� \DLWX� NRPSRVLVL� PDWHULDO� ����

&17�0Q2��GDQ�����39')�GLEXDW�SURWRWLS�VX-

SHUNDSDVLWRU�ODSLVDQ�JDQGD�GHQJDQ�SHQJXPSXO�

arus Stainless Steel  foil dan separator Celgard. 

/DUXWDQ� HOHNWUROLW� GLEXDW� GHQJDQ� PDQFDPSXU-

kan PVA dan Na
2
SO

4
��0�SDGD�SHUEDQGLQJDQ�

�����+DVLO�NDUDNWHULVDVL�PHQJJXQDNDQ�PHWRGH�

electrochemical impedance spectroscopy�\DQJ�

GLODNXNDQ�SDGD�SHQJXNXUDQ�GHQJDQ�MDQJNDXDQ�

IUHNXHQVL�����+]� �����.+]�PHQXQMXNNDQ�QLODL�

NDSDVLWDQVL�VSHVL¿N�VHEHVDU������)�JU�

PENUTUP

%HUGDVDUNDQ� KDVLO� SHQHOLWLDQ� EHUNDLWDQ�

GHQJDQ� VLQWHVLV� PDWHULDO� &17�0Q2
2
 maka 

GDSDW� GLVLPSXONDQ� EDKZD� SHQJXMLDQ� VWUXNWXU�

GDUL�SDGXDQ�PDWHULDO�&17�0Q2
2
 menunjukkan 

SROD� DPRUI� SDGD� 0Q2
2
�� VHGDQJNDQ� VWUXNWXU�

NDUERQ�GDUL�&17�WHUDPDWL�SDGD������q�GHQJDQ�

NRPSRVLVL�&17�0Q2
2
�VHEHVDU������0RUIRORJL�

PDWHULDO� &17�0Q2
2
 menunjukkan perband-

LQJDQ�DQWDUD� WDEXQJ�QDQR�GDUL�&17�GDQ�SDU-

tikel nano dari MnO
2
� WHUOLKDW� MHODV� EHUNDLWDQ�

GHQJDQ�SHUXEDKDQ�NRPSRVLVLQ\D��+DO� LQL� MXJD�

GLGXNXQJ� ROHK� QLODL� (';� \DQJ� PHQXQMXNNDQ�

NRPSRVLVL�GHQJDQ�VWRLNLRPHWUL�\DQJ�EDLN��&LWUD�

7(0�PHQXQMXNNDQ�PRUIRORJL� \DQJ� OHELK� MHODV�

GHQJDQ�XNXUDQ�SDUWLNHO�0Q2
2
�\DQJ�PHQHPSHO�

SDGD�GLQGLQJ�WDEXQJ�QDQR�&17�WLGDN�KRPRJHQ��

+DVLO� DQDOLVLV�)7,5� MXJD�PHQXQMXNNDQ�EDKZD�

SDGD�VSHNWUXP�,5�XQWXN�&17�WLGDN�GLNHWHPXNDQ�

VHUDSDQ�SDGD�SDQMDQJ�JHORPEDQJ�VSHVL¿N�XQ-

WXN�LNDWDQ�0Q�2��VHUDSDQ�SDQMDQJ�JHORPEDQJ�

VSHVL¿N�XQWXN�YLEUDVL�LNDWDQ�0Q�2�WHUOLKDW�MHODV�

SDGD�SDGXDQ�&17�0Q2
2
. Hal ini membuktikan 

EDKZD�NRPSRVLW�&17�0Q2
2 
GLGXJD�NXDW� WHODK�

WHUEHQWXN��3HQJXNXUDQ�VLIDW�NHOLVWULNDQ�GDUL�SHO-

OHW�PDWHULDO�&17�0Q2
2 
menunjukkan nilai resis-

WDQVL�SDOLQJ� UHQGDK�DGDODK�GHQJDQ�NRPSRVLVL�

SHQJLNDW�39')�VHEHVDU�����WHUKDGDS�PDWHULDO�

&17�0Q2
2
�� 6HGDQJNDQ� EHVDUQ\D� NDSDVLWDQVL�

VSHVL¿N� PHQJJXQDNDQ� PRGHO� SURWRWLS� VXSHU-

NDSDVLWRU�ODSLVDQ�JDQGD�DGDODK������)�JU�
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 berbentuk pellet
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