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. �

EDLC(electric double layer capacitor)Ï �Wê²*�~ B��;j dip coating method, doctor blade coating
method, paste rolling method� �Ò~� *Vz�' ßW" j»* Ïïj �Ò~&
. Dip coating methodö ~�
*�B�� *�î"b� LiPF6¢ �Ï~� FVÏ
� PC-DEC¢ �Ï� EDLC~ j»* Ïï� 130F/gb� &Ë
Ö>~&�, F;~ �*-*{�FöB~ IR-dropê 0.11 V� ·~b� CV(cyclic voltammetry) ªC 6� �ç'�
EDLC~ ßWj ¾æÚî
.

Abstract : The electrochemical characteristics and specific capacitance were investigated by preparation processes (dip
coating method, doctor blade coating method and paste rolling method) of activated carbon electrode for an EDLC
(electric double layer capacitor). The EDLC using LiPF6 salts and PC-DEC solvents showed good specific
capacitance, 130 F/g and small IR-drop at linear time-voltage curve, 0.11 V. Cyclic voltammetry analysis using the
activated carbon electrode prepared by dip coating method was shown closer to ideal EDLC characterization.

Key words : EDLC, Activated carbon, Dip coating, Doctor blade coating, Paste rolling.

1. B  �

Supercapacitor 6º ultracapacitor¢� ®Òº *Vz�
capacitorº V�~ capacitorö j~� 20~200Vö �~º &
�® � capacitance¢ <º F¢� ö.æ &ËË~� ¸f
ö.æ &êf ¸f *K&ê �Ò� Z ÒÏ>«j <º
.1-7)

�" �?f n;'� *Vö.æ~ {�f Ö>� ö.æ »
' system~ ·¶¢ ò�~º ö.æ &Ë system~ �&æ�
capacitor& ôf &�~ &ç� >� ®
.8-14) ö.æ¢ &Ë~
º z�î¾b�B EDLC¢ �Ï~V *~� Zí�
ê ¸f
specific surface area¢ &æº Òò¢ ò
Ú Úº ©� 7º
~
. Activated carbonf ��� Ï'j *� ÒÏ>ÚN Òò
~ ~¾�
. ê²ê *�j ÒÏ~º EDLC~ »*Ïï" O
*³êº *�î~ «~f ÏO* ³êº *�î~ «~f Ï
O* �� �Ò� ê²ê bî~ bÒz�' Wîö V¢ �²
�¢î > ®
. »*Ïïf *� �� V�
~ &Ë¶Ò�

(edge plane) _f V&� (basal plane)~ B� �¦ö V¢
�¢æ² >� �VËW~ EDLC& >V *�Bº j��'"
pore diameter~ �'z& ��Ú^¢ �
. ¯, ê²ê *�b
î~ bÒz�' ßWf *V�7Ï ¶¢�V~ *Vz�' �
ÿö � 'Ëj ��
. 6� *�~ B�O» 5 �**æ~
�ãf *��bî~ bÒz�' ßWj B>~º� ®ÚB 7
º� æ>& B
.7-14)

V¢B �ö � ��öBº EDLCÏ �Wê² *�~ B�
O»j dip coating method, doctor blade coating method,
paste rolling method � 
·� O»b� B�~� *�~ B
��;ö V� EDLC~ j»* Ïï" *Vz�' ßWö �
~º 'Ëj �Ò~&
.

2. 
  þ

EDLCÏ �Wê² *�B� �;b�º ÿ¢� *��Wb�
dip coating method, doctor blade coating method, paste
rolling method~ ^ &æ O»j ÒÏ~&
. Fig. 1f EDLC
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Ï *�j *öB Þ/B �;ö ~� B�";j BN'b�
¾æÞ �â�
. �âöB �� b&, dip coating methodº
�bî�º MSP-20 (Specific surface area : 2000 m2/g, Kansai
Coke � Chemicals Co. Ltd)j ÒÏ~�, ê*B� acetylene
black (supplied by Osaka Gas)j ÒÏ~&b�, Ö�B�º
PVdF (polyvinylidene fluoride in nitromethanetrispropanol
(NMP, Aldrich))¢ ÒÏ~� ¢;� jN� D� j^Êj ÒÏ
~� 6ê¢ �.~&
. � b� Ò�Ò¢ �³ v>V (5000
rpm)öB �¢~² v>� ê '�� 6êöB *~ ÷*Ú�
Al exmet~ dip coating method¢ �Ï~� *�j B�~&
.
z+B *�f 80oCöB ~� ÿn ���Î ê çNöB
rolling press¢ ÒÏ~� {O� ê *�~ �V¢ 2Ü2 cm2�

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

Doctor blade coating methodöBê �bî" ê*B, �Ò�
Ö�B�º dip coating method¢ �Ï� *�B� rf ÿ¢
~² ÒÏ~&�, dip coating method rfº 
�² *~ ÷
*Ú� Al foilj ÒÏ~� *�j B�~&
.

Paste rolling methodöBº �bî" ê*B �Ò� Ö�B
� PTFE (polytetrafluoroethylene, Daikin Industries. Ltd)
dispersions¢ ¢;� jN� DÚ öêRj Î&~&
. � b
� Ò�Ò¢ �¢~² b�~� sheet çb� ò� ê 50oCö

B ~� ÿn ���Î ê *~ ÷*Ú� Al exmetf �þ
100oCöB rolling press¢ �Ï~� {O� ê 80oC~ ê��
�VöB 24�*ÿn ��~� EDLCÏ *�b� ÒÏ~&
. 

EDLC~ *æ �ãf Ûê& 0.3% �~� dry roomöB ¯
~&
. ·ã *�ö ÿ¢� �bîj &j~�, *V'� .�
j *~� ÒÏB ªÒïf *�î� Ïª® wettingB
PP(poly-propylene) sheet (Celgard)¢ ÒÏ~&
. *�î"b�
1M-LiPF6 (lithium hexafluorophosphate, Aldrich Chemical
Company. inc)f 1M-LiClO4 (lithium perchlorate, Aldrich
Chemical Company. inc)¢ ÒÏ~&�, FVÏ
�º PC
(propylene carbonate, Mitsubishi Chemical Company. Ltd)f

PC : DEC (diethyl carbonate, Mitsubishi Chemical Company.
Ltd)(1 vol% : 1 vol%)¢ ÒÏ~&
. j¾ Table 1f � 
þö
ÒÏB EDLCÏ cell~ �Wj ¾æÞ ��
.
*f ?� �ã� *æ¢ j�Ú plate¢ �Ï~� {O� ê

Fig. 1. Procedure of various preparation methode of electrode for EDLC.

Table 1. The compositions of cells for EDLC

Activated carbon Conductor Binder Separator Electrolyte

MSP-20
acetylene 

black

PVdF 
or 

PTFE
PP

1M-LiClO4/PC
1M-LiClO4/PC-DEC 
1M-LiPF6/PC 
1M-LiPF6/PC-DEC
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ÏÁO* 
þj ~V *� ÏO* �þV (WBCS 3000
battery cycler, Won A Tech)öB ;*~»b� ÏÁO*~&

. �ÿ*{f 0 V~2 V, ;*~8f 2 mA/cm2b� G;~&
.
�Ò� Ïª� Ï* ç�¢ Fæ~V *~� ;*~ Ï* ê
�³'b� 2 V~ *{b� 15ªÿn ;*{ �*j vî
.
EDLC~ »* Ïïf �*-*{�FöB j¾ �ö ~� êÖ
>î
.

Cyclic voltammetry ªCf two-electrode systemb� EG�
G Princeton Applied Research M273 potentiostatj �Ï~&
�, �ÿ*{f 2 V� ~� "Ò³êº 10 mV/sec� ªC~&

. Impedance ªCf two-electrode systemb� Impedance
analyzer (Zahner IM6)¢ ÒÏ~� "2> º*º 10 mHzöB
2 MHz� ~�, *{ê�f 20 mV� ªC~&
.

 

3. Ö" 5 �V

Fig. 2º EDLCÏ �Wê² *�j dip coating method�
B�~� ��� æzö V� �* �bî Z²� j»* Ïï
"~ &ê¢ ''~ *�îö &� ¾æÞ �â�
. �âöB
r > ®�� *�î� 1M-LiPF6/PC-DEC¢ ÒÏ®j r~ j
»* Ïï� 130F/g;ê� &Ë Ö>~&
. �º PF6

-�N~

*êê& ClO4
-�N�
 ��, *Vz�' n;W 6� PF6

-�

N� ClO4
-�N�
 z n;~V r^�¢� 6�>�, 6�

PCº ¸f *êê¢ &æº FVÏ
�æò 6ê& ¸V r^
ö PCö j� 6ê& Ôf DEC¢ b�� EDLCöB Ö>�
j»* Ïïj ¾æÚº ©b� 6�B
. ���ö V� j»
* Ïï~ æzº 20 ���ræº 5% ;ê~ j»* Ïï6
²& ®b¾ � �ê¦Vº Î� *�îöB ¢;� j»* Ï
ïj ¾æÚî
. 

Fig. 3f 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. 3öB R18f *�î" &NB &��
. ¯, *�î
~ �N*êê 5 *�¶Ú~ *V*êêö ~�B Ö;>�, R2-
R18f ÏïB*" &NB &�j ~��
. �VB R2º

semicircle~ �ËF" real resistance (X»)"~ v6�
. �Ò
� semicirclef *�&�" 
�W �Wê² *�~ Ïïb�
�WB
. Fig. 3öB r > ®�� *�î~ �N*êêf *
�¶Ú~ *V*êêf &NB R1f 1M-LiPF6/PC-DEC
(1vol% : 1 vol%)� 1.2Ωb� &Ë Ôf >~¢ ¾æÚî�
LiClO4¢ *�î"b� ÒÏ� ãÖ 2Ωb� PCf PC-DEC (1
vol% : 1 vol%)¢ FVÏ
� ÒÏ� *�îöB ÿ¢~² &V
>î
. R2-R18ê 1M-LiPF6/PC-DEC(1vol% : 1 vol%)öB
9.8Ωb� &Ë Ô~
. 6� semicirclef �²~æò 1M-
LiClO4/PC, 1M-LiClO4/PC-DEC(1vol% : 1 vol%), 1M-LiPF6/
PC, 1M-LiPF6/PC-DEC(1vol% : 1 vol%)~ Bb� Ôjæ� ®
�, �º ESR(equivalent series resistance)� 
æ� ®rj ~
��
. ��æ� Î� &��öB MSP-20 *�j �Ï~� B

C
dt
dV
------- i⋅=

Fig. 2. Specific capacitance with number of cycles of an EDLC
using electrode prepared by dip coating method. (voltage window :
0~2 V, current density : 2 mA cm-2)

Fig. 3. Nyquist plots of an EDLC using electrode prepared by dip
coating method. (AC signal level : 20 mV, frequency range :
10 mHz~2 MHz)

Fig. 4. Specific capacitance with number of cycles of an EDLC
using electrode prepared by doctor blade coating method. (voltage
window : 0~2 V, current density : 2 mA cm-2)
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·B EDLCº 1M-LiPF6/PC-DEC(1vol% : 1 vol%)öB &Ë Ô
f >~¢ ¾æÚî
. �º Fig. 1~ EDLC~ FV *�îö
V� j»* Ïï~ ãË" ¢~~&
.

Fig. 4º EDLCÏ *�j doctor blade coating method�
B�~� ��� ê¯ö V� �* �bî Z²� j»* Ïï
"~ &ê¢ ''~ *�îö &� ¾æÞ �â�
. �âöB
r > ®�� j»* Ïï~ B*�öBº �bî� Al exmet
ö ·�b� z+B dip coating methodö j� ç�® ÎÚr

. ��¾ *�îö V� j»* Ïï~ ãËf dip coating
methodf ÿ¢~² &V>î
.

Fig. 5º doctor blade coating method� B�B MSP-20
*�j �Ï~� B·B cell~ Nyquist plotj *�î~ æzö
V¢ ¾æÞ �â�
. *�î" &NB &�� R18f Î� *
�îöB 1.5Ω;ê� jÝ� *�î &�j ¾æÚîb¾ R2-
R18f 1M-LiClO4/PCöB 19.5Ω;ê� &Ë ¸² ¾æÒ�,
1M-LiClO4/PC-DEC(1vol% : 1 vol%)º 12.5Ω, 1M-LiPF6/PCº
10.5Ω, 1M-LiPF6/PC-DEC(1vol% : 1 vol%)º 9.5Ωb� Ôjæ

� ®º ©j {�~&
. �Ò� semicircle 6� R2-R18 ã
Ë" ÿ¢~² ¾æÒ
. R2-R18� dip coating method� B�
� *��
 �² ¾æ¾ >w³ê& ¶Ò² >æ� �* �b
î Z²� j»* Ïï� Ô² ¾æÂ ©b� ÒòB
.

Fig. 6f EDLCÏ *�j paste rolling method� B�~�
��� ê¯ö V� �* �bî Z²� j»* Ïï"~ &ê
¢ ''~ *�îö &� ¾æÞ �â�
. �âöB r > ®
�� dip coating methodö j� EDLC~ j»* Ïï� £
75% <ö B*� >î p~
. �º paste rolling methodö
~� B�B *�~ vþ (0.4 mm)& dip coating methodö
~� B�B *�~ vþ (0.015 mm)�
 *&® vâòB Al
substratef "7� ¦ª~ *�î <r (wetting)� ��Úææ
p�, J®J &�'� º²� ·Ï~V r^�¢� 6�B
.
��æ� 
B �bî~ �ÏÎN� ÔjB EDLC~ j»* Ï
ï� 
² ÎÚê
� 6�B
. Fig. 7f EDLCÏ *�j
paste rolling method� B�~� ÏO* 
þ ê impedance
ªC� Ö"¢ *�î~ æzö V¢ ¾æÞ �â�
. �âö
B r > ®�� paste rolling methodº Ö�B�B PTFE¢

Fig. 5. Nyquist plots of an EDLC using electrode prepared by
doctor blade coating method. (AC signal level : 20 mV, frequency
range : 10 mHz~2 MHz)

Fig. 6. Specific capacitance with number of cycles of an EDLC
using electrode prepared by paste rolling method. (voltage
window : 0~2 V, current density : 2 mA cm-2)

Fig. 7. Nyquist plots of an EDLC using electrode prepared by paste
rolling method. (AC signal level : 20 mV, frequency range :
10 mHz~2 MHz)

Fig. 8. Charge-discharge curves at 2 mA/cm2 for an EDLC prepared
by the three different methode. (voltage window : 0~2 V)
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ÒÏ~&
. �º 
� �;öB ÒÏB Ö�B� PVdF�
 &
�� 
Ö 'f Ö�B�
. ��æ� R1f jÝ� >~¢ ¾
æÚ� ®b¾ R2-R1~ >~& Î� *�îöB 2Ω �òb�
dip coating method, doctor blade coating method�
 '²
¾æÂ ©b� 6�B
. ��� �F� �� *�vþ& ç&
'b� 
Ö vâæöê ®�~� j»* Ïï~ &~& jv
' 'î~ ©b� Òò>� *�vþ �'zö &� ��& �
�Úæ� >w&�� '� Ö>� j»* Ïïj &î ©b�
ÒòB
.

Fig. 8f dip coating method, doctor blade coating
methodf paste rolling methodö &� EDLC~ ÏO*(�*-*
{) �F�
. �âöB r > ®�� O* �*" EDLC~ *
{� F;' &ê¢ ��"î�, �º *~ �;ö ~� B·B
EDLC& Ö>� EDLC~ ßWj ��&
� 6�B
. 6� O
*.V IR-dropf paste rolling method~ ãÖ 0.1 V�~� &
Ë 'îb� dip coating methodf doctor blade coating
method~ ãÖ '' 0.11 V, 0.16 V~ IR-dropj ¾æÚî
.

Table 2º EDLCÏ �&Ïïö &~� �Wê² *�~ B�
O»öB *�~ *Úvþ, �bî~ Z²ö V� j»* Ïï
(F)"~ &ê¢ ;Ò� ��
. *�~ *Úvþf �bî~ Z
²º dip coating method, doctor blade method, paste
rolling method~ ãÖ '' 0.045, 0.140, 0.470 mm��,
0.012, 0.014, 0.092 g�� �ö V� �*�bî Z²� j»
* Ïïf '' 130, 75, 90 F/gb� ¾æÒ�, *�~ *Úv
þ� j»* Ïïf 35.533, 7.500, 17.655 F/mm��, 6� *
�~ vþf �bî~ Z²¢ �J~æ pf »*Ïïf ''
1.599, 1.050, 8.298 F�î
. 

Fig. 9º Dip coating methodö ~� *�B�� *�î�
1M-LiPF6/PC-DEC (1 vol% : 1 vol%)j ÒÏ� EDLCöB 1,

2, 3, 5, 10 mA/cm2~ Ï**~&ê� Ï* ê 1 mA/cm2~ O
**~&ê� O*~� EDLC~ j»* Ïïj jv� ©�
.
Fig. 9öB r > ®�� Ï**~&ê& 1 mA/cm2öB 140
F/gb� Ö>� j»* Ïïj ¾æÚî
. 6� 10 mA/cm2�

Ï* �öê j»* Ïï� æz& £ 8% ;ê~ j»* Ïï
~ 6²N� ·² ¾æÒ
. �º �³Ï*öê Ö>� WËj
&ê EDLC~ B·� &Ë~
º ©j ��"î
. Fig. 10f
''~ *�B��;öB B�B *�~ 10 mV/sec~ scan rate
� cyclic voltammogramsj ¾æÞ �â�
. �âöB r >
®�� Özf ~ö&N b�º &V� > ìî� dip coating
methodöB �&B *{ö &� *~8~ æz& 'Ú jv'
rectangular Î·j ¾æÚî
. ¯, *V�7[~ ;W� Ö>~

� 6�>� &Ë �ç'� EDLC~ ßWj ¾æÚî
. 

4. Ö  �

EDLCÏ �Wê *�~ B��;j dip coating method,
doctor blade coating method, paste rolling method �b�

�Ò~� ÏO* 
þ" *Vz�'� ßWj ªC~&
. *�
B�� �Wêb� MSP-20j ÒÏ~� ê*B� acetylene
black, Ö�B� PVdFf PTFE¢ �Ï~&
. EDLC B·� *
�î"j LiPF6f LiClO4� �Ò~� FVÏ
� PCf PC-
DEC (1 vol% : 1 vol%)¢ �Ï~&
. � Ö" dip coating
method¢ �Ï� *�B�� *�î"b� LiPF6f FVÏ
�
PC-DEC¢ ÒÏ� EDLC~ ãÖ j»* Ïï� 130 F/gb�
*�î"b� LiClO4f FVÏ
� PC¢ ÒÏ� EDLCö j
� Ö>� j»* Ïïj ¾æÚî
. 
6� ÿ¢� *�îöB 
� EDLCÏ �Wê² *�B��
;ö j� j»* Ïï~ B*� Ö>~&
. CV ªCöB {

 
Table 2. The experimental data of the electrodes in this study

Thickness 
(mm)

Weight 
(g)

Capacitance 
(F)

Specific capacitance
 (F/mm)

Specific capacitance 
(F/g)

Dip coating method 0.045 0.012 1.599 35.533 133

Doctor blade coating method 0.140 0.014 1.050 7.500 75

Paste rolling method 0.470 0.092 8.298 17.655 90

Fig. 9. The specific capacitance variations as a function of charge
current density. (voltage window : 0~2 V, current density : 2 mA cm-2) Fig. 10. Cyclic voltammograms of electrode prepared by the three

different methode. (voltage window : 0~2 V, scan rate : 10 mV s-1)
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�~&�� 
� EDLCÏ �Wê² *�B��;ö j� dip
coating method¢ �Ï� *�öB �&B *{ö &� *~8
~ æz& ìº rectangularÎ·~ �ç'� EDLC~ ßWj �
�"î
. Impedance ªC Ö" dip coating method~ ãÖ
*�î &�(R1)f 1M-LiPF6/PC-DEC (1 vol% : 1 vol%)�
1.2Ωb� &Ë Ôf >~¢ ¾æÚî� 1M-LiClO4¢ *�î"
b� ÒÏ� ãÖ 2Ωb� PCf PC-DEC (1 vol% : 1 vol%)¢
FVÏ
� ÒÏ� *�îöB ÿ¢~² &V>î
. R2-R1ê

1M-LiPF6/PC-DEC (1 vol% : 1 vol%)öB 9.8Ωb� &Ë Ô
~
. 
6� *�&�" 
�W �Wê² *�~ Ïïb� �W>º

semicirclef �²~æò 1M-LiClO4/PC, 1M-LiClO4/PC-DEC
(1 vol% : 1 vol%), 1M-LiPF6/PC, 1M-LiPF6/PC-DEC
(1 vol% : 1 vol%)~ Bb� Ôjæ� ®b� �º j»* Ïï
~ ãË" ÿ¢~&
. Doctor blade coating method~ ãÖ
ÒÏB *�î 7 1M-LiClO4/PCöB~ >w&�� 19.5Ωb�
&Ë �² ¾æÒb� FV*�îö V� j»* Ïï~ N�
6� �² &V>î
. 
� �;ö j� paste rolling method
~ ãÖ Ö�B� PTFE¢ ÒÏ®V r^ö >w&��öBº

� B��;ö j� 2Ω �òb� ·² ¾æÒ
. Dip
coating method¢ �Ï� *�B�� 1, 2, 3, 5, 10 mA/cm2�
Ï**~&ê& Ã&~�ê EDLC~ j»* Ïï 6²N� 8%
�òb� Ö>� WËj &ê EDLC~ B·� &Ë~&
.
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