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� �

�� ����� �� carbon� ���� ��� ��� ���� ��� �������� ���� ���� ���
�� ����� IC memories, microcomputer ��� � �� ���� maintenance-free� ���� back-up� �
��� �� ���� 	�. EDLC� ���� ���� �� ���� ��� �� ���� �� �
� ��� �
�. ��� ���� ���� � ���� ������� ���� ��. � ����� ����� ���� ��
��� ���� ���� ���������� ����� ��� �����. Paste rolling��� ��� �����
1 M-LiPF6 in PC-GBL-DEC (volume ratio 1:1:2)� �������� ��� ���������� 64 F/g� ���
������ �����.

Abstract: Electric double layer capacitors(EDLCs) based on the charge stored at the interface between a high surface
area carbon electrode and an organic electrolyte solution are widely used as a maintenance-free power source for
IC memories and microcomputers. The achievement of the excellent performance of the capacitor requires an electrolyte
solution which provides high conductivities over a wide temperature range and good electrochemical stabilities to allow
the capacitor to be operated at high voltage. The electrochemical capacitor using a carbon material as electrodes and
using an organic electrolyte with 1 M-LiPF6 in PC-GBL-DEC(volume ratio 1:1:2) has specific capacitance of 64 F/g.

Key words : Electric double layer, Organic electrolyte, Ionic conductivity, Viscosity.

1. � �

���������� �� ��� �� �� ��� ���
� �� ���� ��� ���� ��� ��� �� ���
�� ��� ��� ���. ��� ��������� ���
� ���� ��� �� ����. ��������� ���
� ���� ��� ���, ���� ���(�����) � �
����� ��� ��. ���� ��� EDLC� ��� �
����� ��� �� � ���� ��� �� ��� ���
��� 	��� �� ���� �� ���� ����� ��
����. 	���� H2SO4, NaCl, HCl, KCl, LiCl, NaOH,
KOH, LiOH �� �� ��� ���� ���� ��� ��
��� 
�� �� ��� �� cell� ��� 0.7~1.2 V��.

�� �� ������ �� ���� ���� ��� ��
� �� �� �� ���� ����� �� ��� ����
� 5.5 V ��� ��� ��� 
�� ����� ���� �
���, 	��, 
��� ��� ��� ��� ��� ���
� ��� ����� �� ���� ���, ����� ��
�, �� �� ���� �� ���� � ���� ����
��� ����� ��� �� ����� 	� �� cell� �
� � 
�.
��� ���� ������ �� �� cell� �����
�	 � 
�� ���
� �� ����� ��� ��� �
�. �� ��� ���� ��� ����� ��� ��, 1/100
� �� �� ������ 	��. �� ��� ���� mass
transfer �� ��� ���� ��� ��� ���� ���
� mass transfer � �� ��� ���� ����, ���
��� ���� ���� �� ����� ��� ���� �
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�� �������� �� �� ��� ���, �� ���
���� �� ����� ��� ���� ����� ���
��� �� � �� ����� �� ��� -25~85oC� �
� ���� �� ����, ����, ��� �� �����
��� ��.1-3)

��� � ����� �� 	� ����� �� ��� �
� ��
 ��� � �� ��� 	� ��� ��� �� �
� � ��� �� �� 	� ���
 ������ ���
	� ���� �� ���������� �� unitcell
 ��
�� ������, ���� �� ���� �� �	��

���� 	�� ���������� �� ��� ��� �
� 	� ��� ��
 �	��
 ���.

2. � �

2.1. Paste rolling method� �� EDLC� ����
EDLC� ��
 ���� ��� ����� � ���(MSP-

20)� ����� acetylene black(supplied by Osaka Gas)

������, ����� PTFE(polytetrafluoroethylene)� ��
���.

EDLC� ������� ��� ���� ��� ��
 55
wt% : 40 wt%� �� ���� 5 wt%� �	�� ��� ��
	
 ���� ��� �� � �� ��� � rolling press�
���� �	� ��� �����. ��� �� �� ���
���� 4�� 	� ���� � ����(3�4 cm)����

��� current collector� ��� Al-mesh� rolling press�
���� ����� �� ��� 3�4 cm� �� ���� �

 ����, �� 80oC� ������� EDLC �� � �
� 24�� �� �����. Fig. 1� ��������� ��
���� ����� �	 ��� ����.

2.2. EDLC� ��
EDLC� ��� ��� ��� 10 ppm ��� ��� dry

room�� ����. �� ��� ��� ��� ��� ���
���
 ����, ���� 
�
 ��� ��� ����
PP(poly-propylene) sheet(Celgard 3501)� �����. 
������� 1 M-LiPF6(lithium hexafluorophosphate, Aldrich

Chemical Company. Inc), 1 M-LiBF4(lithium tetrafluoroborate,
Aldrich Chemical Company. Inc), 1 M-LiClO4(lithium perchlorate,
Aldrich Chemical Company. Inc), 1 M-LiCF3SO3(lithium
trifluoromethanesulfonate, Aldrich Chemical Company. Inc)�
������, 	�����, PC(propylene carbonate, Mitsubishi
Chemical Company. Ltd), DEC(diethyl carbonate, Mitsubishi
Chemical Company. Ltd), GBL(γ -Butyrolactone Chemical
Company. Ltd)� 3��� ���� �����. EDLC� ��
	���� �	
 ���� �� ��, 1 M-LiPF6 �
 �	�
PC-GBL(volume ratio 1:1), PC-GBL-DEC(volume ratio 1:1:2)�
�� �� 	� ���� �����, �� �	� PC-GBL-DEC
(volume ratio 1:1:2) ��� ���� 1 M� LiPF6, LiBF4,
LiClO4, LiCF3SO3� �
 �� ���� �� ��� �
 �
����.

3. �� � ��

3.1. Solvent� ����� ��
Fig. 2� MSP-20 ��
 ���� 2 V
 3 V�� �� �

Fig. 1. Schematic process of activated carbon electrode preparations
by paste rolling method for electric double layer capacitor.

Fig. 2. Cyclic voltammograms of EDLC in different organic co-
solvent based on lithium hexafluorophosphate (voltage window: (a)
0~2.0 V, (b) 0~3.0 V, scan rate: 5 mV/sec).
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������� ��� ����. 2.0 V�� PC-GBL(volume
ratio 1:1)� ��� �� �� ���� ���� EDLC ��
� ���� ��. ��� �� �� ��� �� � ����
�� ���� ��� 0.35~2 V��� �� ����� ���

�� �� ����. �� ����� ��� �� �� ���
� ���.

PC� ��� �� ��� ��	� 64.4� �
�� ���
��� �� GBL� ���� ��� �� ��� PC� GBL
� ���
� ��� ��� ��� Li+� PF6

−  ���
mobility� ����� ����� ����.4)

3 V��� �����
� ���� �� ���� rectangular
shape� ��� �� 2 V��� �� PC-GBL-DEC(volume
ratio 1:1:2)��. PC� GBL� DEC� ���
� ��� ��
� ���� ������ ��� �
� ����.

3 V ����� ��� ��
� 2 V� 3 V� ���
rectangular shape�� �	�
�, �� ��� ��
� ��
����� carbon� ���� ��� 3 V ����� ���
data� 
� ����. 

Fig. 3� Open circuit voltage�� 5 mV� ����
� 10
mHz� 1 MHz� ��� ���� �� �� ���� ���
EDLC� complex impedance ��� ���� ����� ��
��� ��� ����. ���� � � ��� �� �� �
��� ����� 0.275~0.325 Ω
� ����.5) �� LiPF6

� ���� ��� ���� EDLC�� ����� PC-GBL-
DEC(volume ratio 1:1:2)� 0.57 Ω� ESR� �� 0.5 Ω
�
����. 
� CV data�� ��� �� low voltage���
�����
� voltage� ����� EDLC� ���� curve
�� �	�� � � ���.

Fig. 4� 1 M� LiPF6� PC, GBL ����� ���� PC,
GBL, PC-DEC(volume ratio 1:1), PC-DEC(volume ratio 1:2),
GBL-DEC(volume ratio 1:1), GBL-DEC(volume ratio 1:2),
PC-GBL(volume ratio 1:1), PC-GBL-DEC(volume ratio 1:1:1),
PC-GBL-DEC(volume ratio 1:1:2)� ���� ���� ���
�� EDLC� ������ ��� ����. �� ����
Al-mesh� ����� ��� ���� 	�� �� �
� �
��� ��� �� ��	 � ���� �� �� ��� �
����� �����. PC-GBL-DEC(volume ratio 1:1:2)�
����� ��� EDLC� ��� 60~64 F/g
� �� ��
� ������ �����. �� �� ���� ���� �
�� �� PC� ���
� ��� �� GBL� DEC� ��
�� ��� ��
�� ��� ��� ���� ��
� �
������� �
�� ���� �� ��� ������
��� �
� ����. � �����, ���� �� ���
������� ���	� �
�� EDLC� ��� ����
�� ����� �
� 
��� ����.6-9)

�� ����� ��� �� �� �� ����� ���
� ��� 
� ������, �
��, ������ ���
� � � ��� ��� PC-GBL-DEC(volume ratio1:1:2)��
� � ���.

3.2. �� ����� ��
�� ���� �� ��� ��
� �� 	� ��� ��
� PC-GBL-DEC(volume ratio 1:1:2)� ��� ���� ��
���.

Fig. 5� �� �� ��� PC-GBL-DEC(volume ratio 1:1:2)
�� ��� �� �� ������ ��� ��� ����.
�� ���� ���� ����� LiPF6� �� ���. ��
LiPF6�� ��	 ��
�� 0.330�
� LiBF4� LiClO4,

Fig. 3. Complex impedance diagrams of the EDLC in different
organic co-solvent based on lithium hexafluorophosphate (frequency
range: 10 mHz ~ 2 MHz, amplitude: 5 mV).

Fig. 4. Specific capacitance of EDLC in different organic co-solvent
based on sodium hexafluorophosphate (voltage window: (a) 1~2.0 V,
(b) 1-3.0 V, current density: 10 mA/cm2).
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LiCF3SO3� ���� ���� ��� ����� 0.305�,
0.313�, 0.346���. LiCF3SO3 ��� ����� �� �
�� PC� GBL�� LiPF6� LiCF3SO3 �� �� ��� �
�� ��� ��� ���� ����� ��� �� ���
� ����� ����.10)

Fig. 6� open circuit voltage�� 5 mV� ������ 10
mHz~1 MHz� ��� ���� ���� ��� ��� ��
��� ����� ����	 ��� �� LiPF6�� �� �
� 0.25 Ω, �� �� 0.75 Ω�� �� �� ��� ����.

Fig. 7� 1M� �� ���� ��
���� PC-GBL-DEC
(volume ratio 1:1:2)� ����, ��� �� ��� ���
�� EDLC� �����	 ��� ����. PF6

−	 ����
� ����� ��� EDLC� �� ������ 60~64 F/g
�� �� �����. �� ���(PF6

−)� ������� �
� ���� ����� ����. �� ���� �� ���
� CF3SO3

−(0.602 nm), PF6
−(0.295 nm), ClO4

−(0.24 nm), BF4
−

(0.232 nm)� ��� ��� BF4
−� �� ����� ��� �

�� ��� ���� ���� ���� ��� � � ���
��� ��� ��� �� ����� �� �� ���� �
�� ������ ���� � ��	 ��� ��	 � �

	�.6)

��� �� ����� LiPF6, LiClO4, LiBF4, LiCF3SO3

��� ���� �	 � � ��� ��� ���� ���
�� �� �� ���� ������ ���� LiPF6� ��
����� ����.6)

Fig. 8� 1 M� LiPF6� ���� 
���� ��� ���
viscosity� ������ ��� �� �����. �� ���
�� � � 
�� GBL� viscosity� �� �� ������

Fig. 5. Cyclic voltammograms of EDLC in solutions of different
salts and PC-GBL-DEC (volume ratio 1:1:2)  (voltage window : (a)
0~2.0 V, (b) 0~3.0 V, scan rate: 5 mV/sec).

Fig. 6. Complex impedance diagrams of EDLCs in solution of
different salts and PC-GBL-DEC (volume ratio 1:1:2) (frequency
range: 10 mHz ~1 MHz, amplitude: 5mV).

Fig. 7. Specific capacitance of EDLC in solution of different salts
and PC-GBL-DEC (volume ratio 1:1:2) (voltage window: (a)
1~2.0 V, (b) 1~3.0 V, current density: 10 mA/cm2).
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��� � � ���. �� �� ��� �� ������ �
� PC ����� ��� �� ������ �� GBL� �
�� ��� ��� ��� ���� �� �� ��	 ���
����� ������ ��� ��� ����.

4. � �

�� �� ���� ��� EDLC	 ���� �� � ��
�(3 V)�� ���� capacitor	 ��� ��� ���� 1 M
LiPF6 in PC-GBL-DEC(volume ratio 1:1:2)��. 1 M LiPF6

in PC-GBL-DEC(volume ratio 1:1:1) ���� ���� ��
� EDLC	 ������ 64 F/g�� �� �� ����� �
� �����, ������ ����� ������ ���
�� ��� 0-3 V�� �
 ���� rectangular shape� �
����. �� ������ ��� �� ��� �� PC �
�� ����� ��� �� ������ �� GBL� DEC
� ����� �� ��� ��� ��	 ��� ���� �
� �������	 ���� ����� ����. �� PC
� GBL��	 ���� �� LiPF6� LiCF3SO3 �� ��
��� ���� ��	 ��� ���� ����� 	���
���� ����� ����.
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