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. �

ê²ê *�j ÒÏ~º EDLC(Electric Double Layer Capacitor)Ï~ »*Ïï" ÏO*³êº *�î~ «~, ÏO
* �� �Ò� ê²ê bî~ bÒz�' Wîö V¢ �² �¢î > ®
. �ö � ��öBº dip coating
methodö ~� B�B EDLCÏ �Wê² *�öB FV *�î~ «~¢ �Ò~� ÏO* 
þ" *Vz�'� 
þ
j �¯~&
. 6� Ï**~&êf O**~&ê~ æzö V� j»* Ïï~ æz¢ �Ò~&�, �' FV*�î~
��öB leakage current ßW, ¶&O* ßW �Ò� �*-*{�Fj V�~ 1M-Et4NBF4/PCf jv~&
. �Wê
²*�b� j��'� 2000 m2/g� MSP-20j ÒÏ~� FV*�î�º 1M-LiPF6/PC-DEC(1 : 1)¢ ÒÏ� EDLCö
B 130 F/g ;ê~ Ö>� j»* Ïïj ¾æÚî� &��öBê &Ë Ôf >~¢ ¾æÚî
. 1M-LiPF6/PC-
DEC(1 : 1)¢ ÒÏ� EDLCº 15ªÿn 0.0004 A~ Ôf leakage currentf 100�* ã" ê 0.8 V~ Ö>� ¶&
O* ßW �Ò� IR-drop� 'f F;~ �*-*{�Fj ��"î
.

Abstract : Specific capacitance and charge-discharge rate of EDLC using activated carbon electrode were affected
by the compositions of electrolytes, the conditions of charge-discharge and physical properties of activated carbon
materials. The activated carbon electrode was prepared by dip coating method. Charge-discharge test and elec-
trochemical experiments were carried out for various kinds of organic electrolytes. Effects of charge and discharge
current density on the specific capacitance were studied. Characteristics of leakage current, self-discharge and
time-voltage curves in optimum conditions of organic electrolytes were compared with conventional 1M-Et4NBF4/
PC electrolyte. The EDLC using MSP-20(specific surface area: 2000 m2/g) electrode and 1M-LiPF6/PC-DEC(1:1)
was exhibited th highest specific capacitance of 130 F/g and low polarization resistances. The EDLC using MSP-20
electrode at 1M-LiPF6/PC-DEC(1:1) was small leak current of 0.0004 A for 15 min, long voltage retention of 0.8 V
after 100 h and linear time-voltage curves with small IR-drop.

Key words : EDLC, Activated carbon, Organic electrolyte, Dip coating method, Leak current, Self-discharge

1. B  �

ö.æ¢ &Ë~º z�î¾b�B EDLC(electric double
layer capacitor)¢ �Ï~V *~� Zí�
ê ¸f j��'
j &æº Òò¢ ò
Ú Úº ©� 7º~
.1,2) �Wêf �
�� Ï'j *� ÒÏ>ÚN Òò~ ~¾�
. *Vz�' w
ÏöB �Wê� F�>º �Fº ¸f *V*êW, �*êW,
Ôf &ê, '�� Ú¦�W, Ôf �ccN �Ò� ¸f Bê
r^�
. EDLCö ÒÏ>º �Wê~ ²Òº 
Ö 
·� ;

�� �ÖF > ®º� ªö, RF(fiber), ç�(cloths), B�
(foam), «�;(sheet)�b� �ªB
. 6� 
� «~~ *�²
Òö j~� ²Ò~ öÒò¢ �~V �Ú &ê� jv' &&
~ *�²Ò¢º Ë6� ®
. ê²ê *�j ÒÏ~º EDLC
~ »*Ïï" O*³êº *�î~ «~f ÏO* �� �Ò
� ê²ê bî~ bÒz�' Wîö V¢ �² �¢î > ®

.3) j»* Ïïf *� �� V�
~ &Ë¶Ò�(edge plane)
_f V&�(basal plane)~ B� �¦ö V¢ �¢æ² >� �
VËW~ EDLC& >V *�Bº j��'" V�æª~ �'
z& ��Ú^¢ �
.4,5) ¯, ê²ê *�bî~ bÒz�' ß
Wf *V�7Ï EDLC~ *Vz�' �ÿö � 'Ëj ��
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. ��¾ jçræº �Wêj EDLCÏ *�b� ÒÏ~º
ãÖ �Wê~ bÒz�' ßW" »*Ïïj j�� *Vz�
' ßW~ ç&&ê& «{® �«>Ú ®æº pb� æ³'
� ��& ��Ú^¢ �
.6,7)

EDLCö ÒÏ>º *�îf >ÏW *�î, j>ÏW *�î(
FV *�î) 5 �Ú *�î� ª~>Úê
. *�î~ F;f
EDLC~ ·ÿö 
Ö 7º~
. �ö~�, *�îö V¢B
EDLC �* cell~ �ÿ **N& Ö;>V r^�
. ¯, Ï*
� &�æº **ö ~� *�î Ï�~ ª�& ¢Ú¾æ pº
��öB �ÿ **N& Ö;>Ú¢ ~V r^�
. ¢>'b�
H2SO4, NaCl, HCl, KCl, LiCl, NaOH, KOH, LiOH �" ?
f >ÏW *�î~ ãÖöº ³êö V¢ N�º ®b¾ 'Ï
&Ë� �* cellö &� **º 0.7~1.2 V�
. j>Ï�ê� F
V *�î~ ãÖº *�î«~ö V¢ '' ç�~� ��'b
� 'Ï&Ë� **Nº £ 5.5 V ;ê� ©b� rJ^ ®b¾

B�º 2.3 V ;ê�
.8) 6� *�îf ¶F*¶, ·�N, r
�N~ ³êf Ï�ö �ÒB �N~ �ÿêö V¢B F�>º
� �º *�î~ Ï�ê, Ï�öB~ �Òê, 6ê �j �J�
B *V�ÿê& � *�îj ÒÏ�¢ "Úê *�Òòö &�
B ¸f j»* Ïïj <º EDLC �* cellj ò
 > ®
.
>ÏW *��f *V*êê& 
B �* cell~ Ú¦&�j
*¢ > ®b¾ ÒÏ*{� Ôf &ê� EDLC~ ö.æ&ê
& Ô
. �Þ, FV *�îf >ÏW *���
 6ê& ¸�,
100V;ê Ôf *V*êê¢ &æº� >ÏW *��f mass
transfer ì� *~& �ÿ~º� >�, FV *�îf 
î'�
mass transferö ~� *~& �ÿ>V r^�
. V¢B FV
*�îj ÒÏ~º ãÖº Ú¦&�� 
^B ÏO* ßW� >
ÏW *�î�
 ±æ á� �6� ®b¾, 'Ï&Ë� **N
& ¸j ÒÏ*{~ B�ö jf~º EDLC~ ö.æ&ê¢ ¸
¢ > ®�, ÒÏ&Ë Nêº*& -25oC~85oC� 9f º*öB
ÒÏ&Ë~�, �Ú{z, ²;z �� &Ë~
º Ë6� ®
.9)

V¢B � ��öBº EDLCÏ *��bî� �Wê(MSP-
20, Kansai Coke � Chemicals Co. Ltd)" FV*�î� PC
f PC : DEC~ �Wjö &~� 1M-LiClO4f 1M-LiPF6~ *
�î"j ÒÏ~� ÏO* ßW" *Vz�'� ßWj �Ò~
&b� �' FV*�î ��öB Ï*" O* � *~&ê&
j»* Ïïö �~º 'Ëj �Ò~&�, �' *�î"" F
VÏ
¢ ÒÏ� EDLCf FV*�î� 1M-Et4NBF4/PC¢ Ò
Ï� EDLCf~ ÏO* ßW, leakage current ßW �Ò� ¶
&O* ßWj jv, �Ò~&
.

2. 
  þ

2.1. Dip coating methodö ~� EDLCÏ *�B�
EDLCÏ *�j B�~V *� �Wê (MSP-20)" ê*B�

acetylene black (supplied by Osaka Gas)j ÒÏ~&b�, Ö
�B�º PVdF(polyvinylidene fluoride in nitromethanetri-
spropanol(NMP, Aldrich))¢ ÒÏ~� ¢;� jN� DÚ j^
Êj Î&~&
. � b� Ò�Ò¢ �³ v>VöB 5000 rpm
b� �¢~² v>� ê '�� 6êöB *~ ÷*Ú� Al
meshö dip coating method¢ �Ï~� *�j B�~&
. z
+B *�f 80oCöB 24�* ÿn ���Î ê çNöB
rolling press¢ ÒÏ~� {O� ê *�~ �V¢ 2Ü2 cm2�

~� �bî~ ·j V�~�, 
� 80oC~ ê���VöB 24
�*ÿn ���V
. 

2.2. EDLC~ �ã
EDLC~ �ãf Ûê& 0.3% �~� dry roomöB ¯~&

. ·ã *�ö ÿ¢� �bîj &j~�, *V'� .�j *
~� ÒÏB ªÒïf *�î� wettingB PP(poly-propylene)
sheet(Celgard)¢ ÒÏ~&
. *�î"b� 1M-LiPF6(lithium
hexafluorophosphate, Aldrich Chemical Company. inc), 1M-
LiClO4(lithium perchlorate, Aldrich Chemical Company. inc)
" 1M-Et4NBF4¢ ÒÏ~&�, FVÏ
�º PC(propylene
carbonate, Mitsubishi Chemical Company. Ltd)f PC :
DEC(diethyl carbonate, Mitsubishi Chemical Company. Ltd)
~ j¢ æz�B ÒÏ~&
.

2.3. ÏÁO* 
þ
2.2�" ?� �ãB EDLC¢ j�Ú plate¢ �Ï~� {O
� ê ÏÁO* 
þj ~V *� cycler(WBCS 3000 battery
cycler, Won A Tech)öB ;*~»b� ÏÁO*~&
. �ÿ*
{f 0~2 VöB ;*~8f 2 mA/cm2b� G;~&
. �Ò�
Ï*" O*Ò�ö 2 V~ *{b� 15ªÿn ;*{ �*j v
î
. EDLC~ j»* Ïïf �*-*{�FöB j¾ � (1)ö
~� êÖ>î
.

(1)

2.4. *Vz�' ßWªC
Cyclic voltammetry ªCf 2-*� systemb� cycler(WBCS

3000 battery cycler, Won A Tech)¢ ÒÏ~&�, voltage
windowº 2 V� ~� "Ò³êº 10 mV/sec� ªC~&
.
Impedance analyzer(Zahner IM6)¢ ÒÏ~� G; "2> º
*º 10 mHzöB 2 MHz� ~�, *{ê�f 20 mV� ~� 2-
*� systemb� impedance ßWj ªC~&
. FV*�î~
�'��öB EDLCÏ FV*�î� *V*êêf *Vz�'
n;W �öB LiPF6�
 Ö>~
� ��B Et4N

-�Nj ��
� FV*�î� 1M-Et4NBF4/PC¢ �Ï� EDLCf leakage
current ßW" ¶&O*ßWj jv~&
.10,11) Leakage current
ßWf 2 Vræ 2 mA/cm2� Ï* ê 2 V ;*{ Ï* � *
~8~ æz¢ 10�* ÿn G;~&� ¶&O* ßWf 2 V
ræ 2 mA/cm2� Ï* ê open circuit voltage ç�¢ v�
100�* ÿn *{~ æz¢ G;~&
.

3. Ö" 5 �V

3.1. ÏÁO* 
þ
3.1.1. FV *�îö V� &&%%-$-$~ j»* Ïï"~ &ê

Fig. 1f FV *�î~ «~ö V� EDLC~ j»* Ïïj
¾æÞ �â�
. Fig. 1öB r > ®�� �bî� MSP-20,
*�î"b� 1M-LiPF6¢ ÒÏ~� FVÏ
� PC-DEC(1:1)
¢ ÒÏ� EDLC~ j»* Ïï� *�î"b� LiClO4¢ Ò
Ï~� PCòj FVÏ
� ÒÏ� EDLCö j� 130F/gb�
Ö>~&
. �º 25oCöB LiPF6~ *V*êê& LiClO4�


��, *Vz�' n;W 6� PF6
-�N� ClO4

-�N�
 z n
;~�,10) �N ªÒË �öBê LiPF6"� LiClO4"�
 Ö>
~V r^�¢� 6�B
.11) 6� PCº ¸f *êê¢ &æº
FVÏ
�æò 6ê& ¸V r^ö �N�ÿê& ÎÚæº ö
�b� ·ÏB
� Òò>� V¢B PCö j� jv' 6ê&
Ôf DEC¢ Î&� EDLC& �N�ÿê¢ Ã&�B Ö>� j

C
dt
dV
------- i⋅=
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»* Ïïj ¾æÚº ©b� 6�B
. � 
þöB ÒÏB F
V *�î~ «~ö &� EDLC~ ÏO* ÎNf 20 ���r
æº 5% ;ê~ j»* Ïï6²& ®b¾ � �ê¦Vº z
�ç~ j»* Ïï~ æz ì� ¢;� j»* Ïïj ¾æÚ
Ú Ö>~&
. Fig. 2º PCf DEC~ jNö V� j»* Ï
ï~ æz¢ ¾æÞ �â�
. �âöB r > ®�� PCf
DEC~ jN� 1 :1 6º 1 : 2öB 120~130F/gb� Ö>� j
»* Ïïj ¾æÚî
. Fig. 3f Ö>� j»* Ïïj B*
� FV *�î� 1M-LiPF6/PC-DEC(1 : 1)f 1M-Et4NBF4/
PC¢ �Ï� EDLC~ ÏO*(�*-*{)�Fj ¾æÞ �â�

. �âöB r > ®�� Ï*" O*�F� F;� ©b�
��Ú�j �ÿ*{� 2 VöB �ç'� EDLC~ Ï*" O
*�Fj ¾æÞ
� Òò>� IR-drop 6� v FV*�î Î
v 0.15 V� Ôf 8j ¾æÚî
.

3.1.2. ÏÁO*� *~&êæzö V� j»* Ïï

Fig. 4º �'~ FV*�î� 1M-LiPF6/PC-DEC(1 :1)¢ Ò
Ï� EDLC¢ �Ï~� '' 1, 2, 3, 5, 10 mA/cm2~ Ï**
~&ê� Ï* ê 1 mA/cm2~ O**~&ê� O*~� EDLC
~ j»* Ïïj jv� ©�
. Fig. 4öB r > ®�� Ï
**~&ê& 1 mA/cm2öB 140 F/gb� Ö>� j»* Ïïj
¾æÚî
. 6� 10 mA/cm2� Ï* �öê j»* Ïï� æ
z& �~ ì� £ 8%~ j»* Ïï~ 6²¢ ¾æÚî
. �

º �³Ï*öê Ö>� WËj &ê EDLC~ B·� &Ë~

º ©j ��"î
. Fig. 5º 1 mA/cm2~ Ï**~&ê� Ï
* ê 1, 2, 3, 5, 10, 20 mA/cm2~ O**~&ê� O*®j

Fig. 1. Effect of organic electrolyte composition on the specific
capacitance. (voltage window : 0~2 V, current density : 2 mA cm-2)

Fig. 2. Effect of the ratio of PC to DEC on the specific capacitance
at 100 cycle.

Fig. 3. Charge-discharge curves of EDLC using MSP-20 electrode
at 1M-LiPF6/PC-DEC(1:1) and 1M-Et4NBF4/PC organic electrolytes.
The inserted figures were the magnified initial discharge curves.
(voltage window : 0~2 V, current density : 2 mA cm-2)

Fig. 4. The relationship between specific capacitance and charge
current density of EDLC using MSP-20 electrode at 1M-LiPF6/PC-
DEC(1 : 1).

Fig. 5. The relationship between specific capacitance and discharge
current density of EDLC using MSP-20 electrode at 1M-LiPF6/PC-
DEC(1 : 1).
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r~ EDLC~ j»* Ïïj jv� ©�
. Fig. 5öB r >
®�� O**~&ê& Ã&�>� EDLC~ j»*Ïï� 6²
~&
. �� O**~&êöB~ j»*Ïï~ &~º *�î
�¦V �bîræ �ÿ�¢~º *�î"~ bî�ÿ&� (mass
transfer resistance)� �³O*ö ®ÚB rate-determining step
�¢º ©j *7'b� ��"� ®
.

3.2. *Vz�' ßW
Fig. 6f MSP-20 *�j �Ï~� B·B EDLC~ 100 �
�� ê~ FV*�îö V� Nyquist plotj ¾æÞ �â�
.
Open circuit voltageöB 20 mV~ *{ê�b� 10 mHzf 2
MHz~ "2> º*öB EDLC~ complex impedance¢ G;
~&
. Fig. 6öB R18f *�î" &NB &��
. ¯, *
�î~ �N*êê 5 *�¶Ú~ *V*êêö ~�B Ö;>
�, R2-R18f ÏïB*" &NB &�j ~��
. �VB R2

º semicircle~ �ËF" real resistance(X»)"~ v6�
. �
Ò� semicirclef *�&�" 
�W �Wê² *�~ Ïïb
� �WB
. Fig. 6öB r > ®�� *�î~ �N*êêf
*�¶Ú~ *V*êêf &NB R1f 1M-LiPF6/PC-DEC(1 :1)

� 1.2Ωb� &Ë Ôf >~¢ ¾æÚî� LiClO4¢ *�î"
b� ÒÏ� ãÖ 2Ωb� PCf PC-DEC(1 :1)¢ FVÏ
�
ÒÏ� *�îöB ÿ¢~² &V>î
. R2-R18ê 1M-LiPF6

/PC-DEC(1 :1)öB 9.8Ωb� &Ë Ô~
. 6� semicirclef
�²~æò 1M-LiClO4/PC, 1M-LiClO4/PC-DEC(1 : 1), 1M-
LiPF6/PC, 1M-LiPF6/PC-DEC(1 :1)~ Bb� Ôjæ� ®�, �
º ESR(equivalent series resistance)� 
æ� ®rj ~��
.
��æ� Î� &��öB MSP-20 *�j �Ï~� B·B
EDLCº 1M-LiPF6/PC-DEC(1 :1)öB &Ë Ôf >~¢ ¾æÚ
î
. �º Fig. 1~ EDLC~ FV *�îö V� j»* Ïï
~ ãË" ¢~~&
. Fig. 7f MSP-20 *�j �Ï~� 1M-
LiPF6/PC-DEC(1 : 1)" 1M-Et4NBF4/PCöB 10 mV/s~ scan
rate� cyclic voltammogramj jv� �â�
. Fig. 7�¦V
*Vz�'b� n;� potential window& 2 V ;ê��, 1M-
LiPF6/PC-DEC(1 :1)" 1M-Et4NBF4/PC¢ *�î� �Ï� ã
Ö Îv ±f EDLC ßW~ cyclic voltammogramj ¾æÚî

. ��¾ 1M-Et4NBF4/PCöB 1M-LiPF6/PC-DEC(1 :1)�


² �Þç~ cyclic voltammogramj ¾æÚÚ &�W� Ö>
~
� 6�B
. Fig. 8f 1M-LiPF6/PC-DEC(1 :1)" 1M-

Fig. 6. The Nyquist plots of EDLC using MSP-20 electrode at
100 cycle. The inserted figures were the magnified semicircle parts.
(AC signal level : 20 mV, frequency range : 10 mHz~2 MHz)

Fig. 7. The comparisons of cyclic voltammogram of EDLC using
MSP-20 electrode at 1M-LiPF6/PC-DEC(1 :1) and 1M-Et4NBF4/
PC. (voltage window : 0~2 V, scan rate : 10 mV s-1)

Fig. 8. Comparisons of leakage current of EDLC using MSP-20 electrode at (a) 1M-LiPF6/PC-DEC(1 :1) and (b) 1M-Et4NBF4/PC. The
inserted figures were the magnified initial current parts. (float potential : 2 V)
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Et4NBF4/PC¢ �Ï� EDLCöB leakage current ßWj jv
� Ö"�
. Leakage current ßWöBº 15 min ;êöB
1M-LiPF6/PC-DEC(1 : 1)¢ �Ï� EDLC~ leak current�
0.0004 A� 1M-Et4NBF4/PC¢ �Ï� EDLC�
º 
² ¸æ
ò jv' Ôf leak current¢ ¾æî
. �º 1M-Et4NBF4/
PCöB �N~ ªÒ(separation)& Ï�~� *V*êê�öBê
1M-LiPF6/PC-DEC(1:1)�
 Ö>~V r^�¢� 6�B
[10].
Fig. 9º 1M-LiPF6/PC-DEC(1 :1)" 1M-Et4NBF4/PC¢ �Ï�
EDLCöB ¶&O* ßWj jv� Ö"�
. 1M-LiPF6/PC-
DEC(1 :1)¢ *�î� �Ï� ãÖ ;*~ Ï* ê open
circuit voltageç�öB 100�* ã" ê 0.8 Vræ Fæ~� ®
îb¾ 1M-Et4NBF4/PC¢ *�î� �Ï� EDLC~ ãÖ 100
�* ã" ê 1.2 Vræ~ ¶&O*ßWj ��� ®î
. �º

² ¸f 6ê r^ö Ï*ç�¢ Fæ~º ËK� Ö>~

� Òò>�12) 1M-LiPF6/PC-DEC(1 :1)¢ *�î� �Ï�
EDLC~ ãÖöBê V�~ 1M-Et4NBF4/PC¢ �Ï� EDLC
�
º 
² ÎÚææò Ï*ç�¢ Fæ~º ËK� Ö>~

� 6�B
.

4. Ö  �

1) FVÏ
¢ PC-DEC(1 :1)¢ ÒÏ~�, *�î"b� 1M-
LiPF6¢ ÒÏ� EDLCöB~ Ïï� 130 F/g;ê� *�î"b
� 1 M-LiClO4¢ ÒÏ~� PCòj FVÏ
� ÒÏ� EDLC
ö j� Ö>� Ïïj ¾æÚî
.

2) ¢;� O**~&êöB Ï**~&ê& 1, 2, 3, 5, 10
mA/cm2b� Ã&�ö V¢ EDLC~ j»* Ïï� 140, 136,
133, 131, 129 F/gb� 6²~&�, ¢;� Ï**~&êöB O
**~&ê& 1, 2, 3, 5, 10, 20 mA/cm2b� Ã&�ö V¢

EDLC~ j»* Ïï 6� 131, 126, 122, 118, 109, 84 F/g
b� 6²~&
.

3) Impedance ªC Ö" *�î &�(R1)f 1M-LiPF6/PC-
DEC(1 :1)� 1.2Ωb� &Ë Ôf >~¢ ¾æÚî� 1M-
LiClO4¢ *�î"b� ÒÏ� ãÖ 2Ωb� PCf PC-
DEC(1 :1)¢ FVÏ
� ÒÏ� *�îöB ÿ¢~² &V>î

. R2-R1ê 1M-LiPF6/PC-DEC(1 :1)öB 9.8Ωb� &Ë Ô~

. 6� *�&�" 
�W �Wê² *�~ Ïïj ¾æÚº
semicircle �²~æò 1M-LiClO4/PC, 1M-LiClO4/PC-DEC
(1 :1), 1M-LiPF6/PC, 1M-LiPF6/PC-DEC(1 :1)~ Bb� Ôj
æ� ®b� �º j»* Ïï~ ãË" ÿ¢~&
.

4) Cyclic voltammetry ªC Ö" �' FV*�î� 1M-
LiPF6/PC-DEC(1 :1)j ÒÏ� EDLCº *Vz�'b� n;�
potential window& 2 V��, 1M-LiPF6/PC-DEC(1 :1)" 1M-
Et4NBF4/PC¢ *�î� �Ï� ãÖ Îv ±f EDLC ßWj
¾æÚî� &�W �öBº 1M-Et4NBF4/PC¢ �Ï� EDLC
öB 
² Ö>~&
.

5) Leakage current 
þ Ö" 1M-LiPF6/PC-DEC(1: 1)¢
�Ï� EDLC~ ãÖ 15 min ã" ê 0.0004 A~ Ö>� leak
current 8b� ¢;~² ¾æÒb¾ 1M-Et4NBF4/PC¢ �Ï�
EDLCöBº ÿ¢�* ã" ê 0.0001 A~ leak current 8j
��"î
. 

6) ¶&O* 
þ Ö" 1M-LiPF6/PC-DEC(1 :1)¢ �Ï�
EDLC~ ãÖ 100�* ã" ê 0.8 V~ cell *{j ¾æî�,
1M-Et4NBF4/PC¢ �Ï� EDLCöBº 1.2 V~ cell *{j ¾
æÚî
.
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Fig. 9. Self-discharge characteristics of EDLC using MSP-20
electrode at 1M-LiPF6/PC-DEC(1:1) and 1M-Et4NBF4/PC. (charging
: 2 V, 2 mA cm-2)


