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. �

FÒRF(glass fiber cloth, GFC)& �;B� ÒÏB �ª¶ º *�î(polymeric gel electrolytes, PGEs)ö SiO2¢

Î&~� *�î~ *V z�' ßWj �Ò~&
. &²B�º Ethylene carbonate(EC) , propylene carbonate(PC),
diethyl carbonate(DEC)¢, ÒÒ"b�º LiClO4¢, �ª¶�º polyacrylronitrile(PAN)" poly(vinylidene fluoride-co-
hexafluoro propylene)(P(VdF-co-HFP))j ÒÏ~� 80~90µm~ vþ� *�îj B�~&
. B�B *�îf Îv
çNöB 10-3S/cm~ �N *êê¢ ¾æÚî�, 4.8Vræ n;~&
. ÒÒ.³j ÒÏ~� B�B f~ ªb~Ê Ö
"öBº �*� æÎö V¢ Î� *�î� ¦ÿ� bï~ WËb� ê�&�� Ã&®b¾, SiO2 Î&jNö V¢ Â
]� N�º ��æ p~
. LiCoO2f mesophase pitch-based carbon fiber(MCF)¢ '' ·�" r�b� ÒÏ~�
B�B f~ ªb~ÊöBº SiO2& Î&>æ pf f~ Z &�� Ï*, O*� ê¯>º ÿn ôf æz¢ �&b�,
SiO2& Î&B f~ &�f �~ æz>æ p~�, ê�~ æzê 'î
. 6� O*ÏïöBê SiO2& 20%& Î&B
*�î� 0.2C~ O*³êö132 mAh/g~ j Ïïj ¾æÚî�, 2C~ O*³êöB 85%~ O*Ïïj Fæ~&
. 

Abstract : SiO2 effect on the electrochemical properties of polymeric gel electrolytes(PGEs) reinforced with glass
fiber cloth(GFC) was investigated. PGEs were composed of polyacrylronitrile(PAN), poly(vinylidenefluoride-co-
hexafluoropropylene) (P(VdF-co-HFP)) , LiClO4 and three kind of plasticizer( ethylene carbonate, dietyl carbonate,
propylene carbonate). SiO2 was added to PGEs in the weight fraction of 10, 20, 30% respectively. PGEs containing
SiO2 showed conductivity of over 10-3 S/cm at 23°C and electrochemical stability window to 4.8V. In the impedance
spectra of the cells, which were constructed by lithium metals as electrodes, interfacial resistance increased due to
growth of passivation layer during storage time and remarkable difference was not observed with content of SiO2.
In the impedance spectra of the lithium ion polymer batteries consisted of LiCoO2 and mesophase pitch-based carbon
fiber(MCF), ohmic cell resistance of SiO2-free PGE was changed continuously with number of cycle, but those of
SiO2-dispersed PGEs were not. Discharge capacity of the PGE containing 20 wt% SiO2 showed 132 mAh/g at 0.2C
rate and 85% of discharge capacity was retained at 2C rate.

Key words : Lithium batteries, Polymeric gel electrolyte, Reinforcing material, Silica, Impedance spectroscopy 

1. B � 

ÒÒ �N *æö ÒÏ>º �ª¶ *�î~ WËËçö &
� ��& �B® ê¯>� ®
.1-6) *æ~ WËËçj *� *
�î� &^¢ � 7º� ßWb�º çNöB~ ¸f �N *
êê(�10-3S/cm)f Ï*, O*� ÒÒ�N" *�î ê�öB

n;� ¦ÿ� bï� ;W>Ú ���� ê¯F r ¸f &�
Wj ��¢ �
º ©�
. 
�ª¶ º *�îf Feuillade f Percheö ~� ¾rb� r
¢Ò .³"" j >ÏW FVÏ
~ b�bj &²B�� �ª
¶ö Î&�B B�� �ê� "ÏAº *�î 7 ~¾& >î
b�,7) &²B~ �ï� ôj>� �ª¶ ÒÒ~ Úÿ� �B~
� Ôf FÒ*�Nê(Tg)¢ &^ çNöB ¸f �N*êê¢
<º
. ��¾ &²B~ �ï� ôjî>� Vê' bWf Î



��*Vz�²æ, B 4 ², B 1 ̂ , 2001 7

Úæ² >�, �*� æÎö V¢ *�� B�~Vê �
.8-10)

��� *�~ B�f *�î~ �Wj æz�Ê�, ÒÒ�N"
~ >wWj Ã&�B bï;Wö 'Ëj "�, *�î~ Ú'
j 6²�B *æWËj &~�Î
. 
� ��öBº ÒÒê�ßWæzf *�jz¢ *� j ��
'� 
Ö � ÏêB SiO2¢ Î&~&
.11-16) �ª¶�� PAN,
PVdF¢, &²Bf "b�� PC, EC, DEC, LiClO4¢ ÒÏ�
º *�îö Vê' bWj Ã&�ÊV *~� *V z�'b�
n;~�, Vê' ;ê& ;� GFC¢ �;B� �Ï~&
.17,18)

SiO2Î&º �ª¶ 7ïj V&b� 10, 20, 30%~ jN(wt%)
� ��Ú rb�, �*æzö V� ÒÒ.³ ê�~ æzf �
��� ê¯Nö V� *æ~ ê� æz 5 ��� ßWj Î
&jNö V¢ jv, ªC~&
. 

2. 
 þ

2.1 *�î~ B�
ºç~ �ª¶ *�îj B�~V *~� �ª¶º

PAN(Aldrich chemicals)" P(VdF-co-HFP)(ç®«: Kynar
2801)& 5 : 1~ 7ï�Wj� ÒÏ>î�, &²B�º 2 : 1 :1~
b�j� EC, PC, DEC&, "b�º LiClO4& ÒÏ>î
.
Table 1öº *�î~ �Wjf �N*êê 8j ¾æÚî
.
*�î~ B�";f b& &²Bö "j b�~� Ï��Ê
�, SiO2¢ Î&~� ªÖ�Î
. 
r �ª¶¢ Î&~� b
�~�, ê�öB b� � B�B �VOÞj B�� ê 100~
110oC~ �j &� 6WFÚ¢ áî
. �¢ GFC& ¹�ê F
Ò6 Ò�ö casting~� �«'b� 80~90µm~ ºç~ �ª
¶ jªj B�~&
.

2.2 *V z�' ªC
*�î~ *V z�' ** n;cj {�~V *~� ·ë
*�j stainless steel�, ç& 5 V&*�j ÒÒ.³b� f
j �W~� linear sweep voltammetry(LSV, EG&G 273A)O
»b� 0V~5V~ **ræ 1 mV/s~ "Ò³ê� G;~&
.
�N *êê 5 ÒÒê�ªCj *� ªb~Ê G;
þöº
frequency response analyzer(FRA, Auto lab.)& ÒÏ>î
.
�N*êê G;öº stainless steel*�b� fj �W~�,
100 kHz~1 Hz~ "2> º*öB G;6b�, ê�ßW
þf
ÒÒ.³j ·ë*�" ç& 5 V&*�b� ÒÏ~� 100 kHz
~10 mHz~ "2> º*öB 10 mV, �¢ ��2� ã"�*ö
V¢ G;~&
. 6� ·�b� LiCoO2¢, r�b�º MCF¢
ÒÏ~� ÒÒ�N*æ(3Ü4cm2)¢ B�~�, charge/discharge
tester(Toyo co.)¢ �Ï~� Ï*, O* 
þ" ���ö V�
ªb~Ê G;j ~&
. 

3. Ö" 5 �V

Figure 1öº *�î~ *V z�'b� n;� **�ê¢
{�~V *~� Li/*�î/SSj �Ï~� LSV¢ Û� G;�

Ö"��, 4.8Vræ n;� ©b� ªC>î
. Figure 2º �
*~ ã"ö V� *�î~ ªb~Ê Ö"¢ ��&
. G;�
*f f B· ê 10¢ ÿn G;>îb�, ·f &�8j <º
¢N~ �â� ¾r G;B Ö"��, �² B*B �â� 10
¢ ã" ê G;B ªb~Ê Ö"�
. Figure 3öº G;B ª
b~Ê Ö"¢ �&²� *��Î19,20)j �Ï~� fitting(chi-
square 5.5Ü10-4)� Ö"�
. �âj ÚÚ�� � "2> '�
öB 
>¦(Z')»"~ vN6� *�î~ bulk&�, Rbulkf �
"2>öB 7* "2> '�~ ��, ¢��ê >ö(depressed
semicircle), & "2> '�öB~ ·f >öj " > ®
. �
"2>öB 7* "2> '�ræ ¾æ¾º ��, ¢��ê >
öf v B~ >ö� ßö®b�, ÒÒ.³*� *öB *�î
~ �Wº²f ÒÒ"~ >wb� �W>º ¦ÿ� bï
(passivation film)&�, Rpff »*Ïï, Cpf~ ÷R��ö ~�
>ö" bï~ �Wb� Li/passivation film/*�îê� Ò�ö

Table 1. Electrolyte composition and conductivities.

Composition (wt%) Conductivity
(S/cm at 23oC)sample SiO2 PAN PVdF-HFP EC PC DEC LiClO3

0% 0

4 1 38 38 14 5

1.5Ý 10-3

10% 0.5 1.4Ý 10-3

20% 1.0 1.5Ý 10-3

30% 1.5 1.6Ý 10-3

FigUU 1. Current-voltage response of stainless steel electrode in SiO2-
dispersed GFC/PGE.

FigUU 2. Impedance spectra of SiO2-dispersed GFC/PGEs. The
electrode area is 1cm2.
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B ¢Ú¾º *~ �ÿ&�(charge transfer resistance), Rctf

*V �7[ »*Ïï(double layer capacitance), Cdl~ ÷R�
�ö ~� >öb� �WB
. 10 Hz�~~ & "2> '�öB
¾æ¾º ·f >öf {Öö ~� &�(diffusion resistance)j
¾æÞ
. f B· ê G;B .V~ ªb~ÊöBº SiO2~ Î
&ïö V� ¢;� ãËWf ¾æ¾æ pb�, SiO2& 10 wt%
Î&B *�î� &Ë � 8j ¾æÚî
. �Ò� Î� *�î
öB �Wæz¢ ~�~º �*ã"ö V� Rbulk~ æzº �
~ ìb�, Rpff Rctº SiO2Î&ïö V¢ B� 
� ³ê� 

^ &æò ¢;�*(7¢) �ê~ ªb~ÊöBº Î&ïö V¢
� N�º ��æ p~
. 

Figure 4öº 0~40cycleræ ÒÒ�N*æ~ ªb~Ê Ö"
� �~² ¢��ê >öj <º
. �º ���� ê¯>�B
*���ö �� «~ ��jªê& �WNj ö�
. SiO2&

Î&>æ pf *�î(a)f ���ö V¢ ê�~ ��' æz
¢ &^J�, f &�~ Ã&¢ ��
. >� SiO2& Î&B *

�îf �
 'f f &�j &æ�, SiO2& 10%Î&B *�
î(b)f ���� ê¯Nö V¢ ê�&�� 6²�
. ���
ê�&�~ 6²º ��öB >w~� �W>º �Úç bï"
*�*~ morphology change& "B º�b� ÒJB
. .�
&, ��ö �WB bïWª
(A, B)~ grain boundaryöB~
�N *êº vç *ê(A�B : two phase conducting)� ��²
¢Ú¾�, j*~² &÷>æ á�, 6º Ö�� ®º ç�öB
¢V>º *êº âç *ê(A �air�B : triple phase
conducting)� ¶Ò² ¢Ú¾² B
. V¢B �Úç*~ ê�
&�~ 6²º 
�ê~ Ã&� �� &÷>�, ¢;� [
(uniform layer)� ;W>îj r ion transfer� &�� ·jæ
�, FV *��"~ 7/ê *�, >wö ~� jªWËj Û
B�
. SiO2 Î&ï� 20%(c), 30%(d)� *�î~ ªb~Êº
0~40cycleræ � æz¢ ��æ pj, �WB bï~ ��&
n;Nj �&b�, Ï O*� ê¯>º ÿn SiO2 Î&ïö V
¢ fö ;W>º bï~ ;�& �¢æº ©j {�~&
. �
�� ÒÒ�N*æöB ���� ê¯>º ÿn ¢Ú¾º ê�
~ æzº �*ã"ö V¢ G;B, "Ï�ò� ê�~ N�¢
��æ p~~, ÒÒ.³öB~ ªb~Ê Ö"fº 
� ·çj
¾æÚî
.

Figure 5, 6öº ''~ *�î� �WB ÒÒ �N �ª¶
*æ~ Ï*, O*� �F" O*³êö V� ßWj jv� ©
�
. 4.1Vræ constant current(CC)¢ &� ê constant
voltage� *~8� Ï**~~ 1/10� F rræ Ï*~�, O
*f CCÎ�� ~&
. Figure 5¢ �� 0.2C~ O*³êöB
SiO2& Î&B *�î� Î&>æ pf *�î�
 ¾f O*
ßWj ¾æÚî
. 6� ªb~Ê Ö"öB ê�~ æzö V
� &�~ 6²¢ �� 10%~ SiO2& Î&B *�î(b)�
131 mAh/gj, n;� bï ;Wj ��& 20%Î&B *�î(c)
� 132 mAh/g¢ O*~&b�, 20%Î&B *�î(c)~ ªb~
Êf ;�º jÝ~æò ê�&�� �
 � 30%Î&B *�
î(d)f 124 mAh/g~ Ïïj ¾æÚî
. Figure 6~ 2C³ê~
O*Ö"öBê SiO2& Î&B *�î� ¾f ³êßWj ��

FigUU 3. Impedance spectra comparison of experimental polt with
fitting data. 

FigUU 4. Impedance spectra of Li-ion polymer batteries at different cycles(a. SiO2-free, b. SiO2 10wt%, c. SiO2 20%, d. SiO2 30%).
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"îb�, SiO2& 20%f 30%& Î&B *�î� 0.2C O*Ï
ï~ 85%¢ Fæ~&
. 

4. Ö  �
 
SiO2¢ FÒRF& �;B *�îö Î&~� � *V z�
' ßWj ªC~&
. ÒÏB *�îf *V z�'b� 4.8V
ræ n;~&
. ÒÒ.³j �Ï~� �*æzö V¢ G;B
ªb~Ê 
þöBº SiO2~ Î&jNö V¢ ê�~ � N�
º ��æ p~æò, ''~ *�î� �WB ÒÒ�N*æ~
ªb~ÊöBº ���� ê¯>º ÿn ê�� æz>º ©j
{�� > ®îb�, SiO2~ Î&ïö V¢ N�¢ ¾æÚî
.
6� SiO2& Î&B *�î~ f &�� Î&>æ pf *�î

�
 'îb�, ��� Ö"
f ÒÒ�N*æ~ WËöBê N
�¢ �&�, �f ?f N�¢ «{® J«~V *�Bº ÒÒ
.³öBfº �Ò Ï O*� ê¯Nö V� ÒÒ�N*æ~ ê
� �W 5 æzö �
 ôf ªC� jº~
.

6Ò~ &

� ��º �ã �S&�v vÚ�F�� æöb� >¯>î
Ûî
. 
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FigUU 5. Charge/discharge profiles of Li-ion polymer batteries at
0.2C rate.

FigUU 6. Discharge profiles of Li-ion polymer batteries at 2C rate.


