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� �

Vapor grown carbon fiber(VGCF)� �� �� ��� ���� ��� LPB� ��� �����. MCMB� ��
��, VGCF� ���� ����� ��, ��� ����� 1� Ah ��� VGCF ���� ����� �����
�� ��� ���� �����. 6 wt%� VGCF� ��� ���� ��� ��� �� ����� �����,
8 wt%� VGCF ��� ��� VGCF� ���� �� �� 	�� ����� �����. 6 wt%� VGCF� ��
� ���� ��� ��� ��� �� ��� �����. � ��� ����� ���� 0.918 Ω���, 2C���
�� �� �� ��� 93%��. � ��� �� ��� 4 wt%� 6 wt%� VGCF� ��� ���� ��� ��
� � ��� �� ����� � ��� �� 	�� ��� �����. 6 wt%� VGCF� ��� ���� ���
��� ��, �� ��� ��� ����� ���� �� ��� ���� 100��� 178 mAh/g� ���� ��
���� ���� ��� ����� �����. 6 wt%� VGCF ��� �� ���� 100��� 90% ����
4 wt%� VGCF� ��� ���� ��� �� �� �����.

Abstract: An investigation upon the characterization of MCMB anodes with different vapor grown carbon fiber
(VGCF) content for application in lithium polymer battery(LPB) was carried out. When VGCF material was used
as conducting agent with MCMB active material, the impedance and the initial coulombic efficiency of test cells
were found to decrease with the increasing amount of VGCF. On the other hand, as a function of added VGCF
the discharge capacity and the utilization linearly with increased. Impedance of test cell with MCMB anode
containing 6 wt% VGCF exhibited the lowest value whereas the impedance of 8 wt% VGCF contained anode was
similar to that of MCMB anode without VGCF. Interestingly, 6 wt% VGCF contained anode showed the best battery
characteristics. Internal resistance and rate capacity of the cell were, respectively, 0.918 Ω at 25C and 93% at 2C.
Generally, rate capability and the cycleability of MCMB based test cells with 4~6 wt% VGCF content exhibited better
results than the other cells. In the case of 6 wt% VGCF containing anode, the discharge capacity of the cell faded
slowly with an ultimate charge-discharge cycling capacity of 178 mAh/g at the 100th cycle. Thereafter, the discharge
capacity faded negligibly and the utilization of the cell at the 100th cycle was more than 90%. The effect of addition
of VGCF is discussed in detail.

Key words: LPB, Impedance, Rate capability, 1st Ah efficiency, VGCF.

1. � �

�� ������ ��� ��� �� ��� ��� ��

��� 2� ��� ��� ���� ���, �� �� �� �
�� ���� ��.1-3) �� ��� 2� ��� �� ����
� ��� ���, ����� 	 �� ��� �� ��� �
�� ��� ��� ��.4) �� ����� ��� �� ��
� ��� ��� �� �� ��� �� �� �� ��� �
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� �� ��� ��� ��.5)

� ����� �� ���
 mesophase carbon microbead
2528(MCMB)� ���
 polyvinylidenefluoride(PVDF), ��
� ���
 super P black(SPB)�� ��� ��� ����
LPB� �����. �� ��� ��� �� ��� ��� �
� ����� ���� ���� ���
 ��� ���� �
� ���� ��
 SPB�� �� ��� VGCF� ����
�� ��� �	���. VGCF� ���� 0, 2, 4, 6, 8 wt%�
��� ���� ��� LPB� ����� �� ��� ��
���.

2. � �

��
 N-methyl-2-pyrrolidinone(NMP)� ���
 PVDF�
���� 2 ���� ���� PVDF� 	�� ��� �, �
��
 MCMB� ���
 VGCF� �����. SPB/MCMB/
VGCF� ���� 9/91/0, 9/89/2, 9/87/4, 9/95/6, 9/83/8� �
� ����� �� �� 3�� �� 200 rpm�� attrition
milling� ��� �� ��� �����. ��� �� ���
� ���� 110oC ����� 2�� ������, �� ��
3.2�5.2 cm2� ��� �����. 	�� ��� �
� ��
�� LiCoO2� SPB, PVDF� 92/4/4 wt%� ���� ��
� �� � ���� ���� ������, �� �� 3.0�
5.0 cm2� ��� �����. 		� 	�� ��� twin
roller� �� �� �� ��	� 70%� �� ����
130oC�� 24�� ����� � �	� �����. ����
acrylonitrile methyl methacrylate styrene terpolymer(AMS)�
polypropylene ��� �� � 10 um��� ��� �� ��
���. 	�, ���, ���� ��� �� 1.0 M LiPF6 +
EC : EMC :DMC : PC(4 : 3 : 3 : 1 vol%) ���� 0.5 mL ���
� ��� �����. ��� ��� 24�� �
�� ���

� aging� �� �� �� �	� �����. �
� 	��
	� �� VGCF �� ��� ���� ��� �	 ����
��� �, �� ��� ��� ���� 1 mHz~1 MHz� �
�� ���� 2����� AC impedance� �	�� ���
�� �	���. Table 1� ��� 	� 
� �� ����,
��, �� ��� �	�� VGCF� ��� ������ �
�� �����. 

3. �� � ��

3.1 VGCF� ��� ��� SEM ��
� ���� ��� MCMB� Osaka gas��� ���

MCMB 2528�� Fig. 1� ����� ��� Fig. 2� �
��� ��� ��� 	� 
� � 25 µm� �� ��� �
� �� ��� �� �����. ������ �� ��� �

Table 1. Testing conditions adopted to evaluate the performance of LPB.

Condition Formation Rate Capability Cycle Capability

Charge

Rest Time 30 min 30 min 30 min

Constant Current 0.05C 0.1C 0.05C

Constant Voltage 4.2 V 4.2 V 4.2 V

Discharge

Rest Time 30 min 30 min 30 min

Constant Current 0.05C 2C 0.05C

Cut Off 2.7 V 2.7 V 2.7 V

Discharge

Rest Time 30 min.

Constant Current 1C

Cut Off 2.7 V

Discharge

Rest Time 30 min.

Constant Current 0.5C

Cut Off 2.7 V

Discharge

Rest Time 30 min.

Constant Current 0.25C

Cut Off 2.7 V

Discharge

Rest Time 30 min.

Constant Current 0.1C

Cut Off 2.7 V

Fig. 1. SEM image of MCMB 2528.
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�� VGCF� Showa Denko K.K.�� ��� ��	�. ��
��� VGCF ��� ���� ����� �� ��� VGCF
� �	� �����. VGCF� ��� 150~200 nm�� 	
�� 10~20 µm
 �� ���� �� �� ��. �����
�� ��� Fig. 3� ����� ��� ���� ����

����. VGCF� ��� �	�� �� ���� 5��
���� � �� �	� �� �� ��� Fig. 2� ���
	� 
� � 7 µm �� ��� ���	�. �����
13 m2/g�� � ���� ��� �� � ����� �� �
� ���� �� �� ��� �
�. �� ��� 2.0 g/cm3,

�� �� 0.04 g/cm3�� ��� ���, �� ���� 1.2
�10-2 S/cm, ��� ���� 1�10-4 S/cm� �� �� ��. 

VGCF� 0, 2, 4, 6 
 8 wt%� ���� ��� ��� �
�� � ��� ����� ���� ��� 	, 		 Fig. 4
� (a), (b), (c), (d) 
 (e)� 
� ����. VGCF� ���
�� MCMB ��� VGCF� �� �	��, MCMB ��
��� PVDF� ���� ��� 	
���. 	 ���� �
�, VGCF� ���� 
� ��� PVDF� MCMB ���
���� 
���, VGCF� 2 wt% ��� ������
VGCF� PVDF� ���� MCMB �� ��� 
��� �
� 	

 � �	�. VGCF� 4 wt% ��� ��� 2 wt%
��� ��� ��� ��� ��� 
�����, VGCF�
6 wt% �� ��� ��� PVDF� VGCF ���� MCMB
�� �� �� ��� �� ��� �� �� �� 	
��
�.

Fig. 2. Particle size distribution of VGCF and MCMB 2528.

Fig. 4. SEM images of MCMB electrodes with different VGCF contents. 

Fig. 3. SEM image of VGCF.
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3.2 �� ����� VGCF� ��
��� ��� �� � �� �� �� 75, 70, 65, 60%�
��� �� ��� ������ ���� �� ��, Fig. 5
� �� ��� ��� �� ���� ���� �� ����
����� ���� 70%� � �� � ���� �����.
70% �� ��� �� ��� ��� �� ���� ����
�. �� ��� ����� VGCF� 6 wt% ��� ��� �
��� �� ���� ����� ����� 70%�� 1.73�
10-3 S/cm� ���� �����.

0.05C� ���� ��� ���� formation �� �� AC
impedance analyzer� ����� ��� ��, VGCF ��	
6 wt%� ��� ���� ��� ��� ����
 0.918 Ω
�� �� �
 �� ������, VGCF� ���� �
 �
��� ��� ��� ����� 1.59 Ω�� �� ���.
Fig. 6��� �� ��� ����
 ��� VGCF ����

����� 6 wt%� ��� ���� ������ 6 wt% �
��� ���� ��� ���� ��� ����
 ����
�. ��� 6 wt% ��� VGCF� ���� 	
 ����
�� ����� ����� ��� � � ��. �� VGCF�
��� 
��� ���� ���� �� VGCF� 6 wt%�
��� ���� ��� 
� ��� ����� ��� ��
��� ��� ��� 6 wt% ��� ������ 
�� �
�� 0.04 g/cm3�� �� ��� � VGCF� ��� 
�
��� ����� ��� ��� ���� �	�� �� �
�� ��� ���� ���� ���� 	�� ��	 � �
�. �� bulky� VGCF �� ��� ��	 ��, �� ��
��� ����� ����� ��� �� ��� �� �

� ���� �� VGCF��� ��� �� �� ��� ��
� ������� ���� ��� ����.

Formation��� Ah efficiency� VGCF� ��� ���
�� ����� �����. Fig. 7��� �� VGCF� �
��� �
 ��� 74%���, VGCF� 8 wt% ��� ��
� 64%� �� �����. �� VGCF �� ������
��� � �� �	� ����� ����� ���� ��
��	� ��
� ���
 ��� ��� ����.6) ���
�� 1� ��
 ���
 ���� ����� ����� �
���� MCMB�� � VGCF� ����� � �� Ah
��� �����. ��� ���� ����� ��� ���
� �� signature method7)� ��� rate capability ����
VGCF ���� ���� ��� ����� �����. Fig.
8��� �� VGCF� ���� �
 ��� VGCF 4 wt%
��� ��� 2C rate�� ����� 50%���� VGCF
� 2 wt% ��� ��� 84%��. VGCF� 4 wt% ���
��� 2C rate�� ����
 93%� VGCF� ���� �

 ��� �� 43% point� �����. 4 wt% ���
VGCF� ����� 2C rate�� LPB� �� ��� 93%
� � �� ���� ���.

Fig. 9� VGCF ���� �� ��� �� ��� ���
��. ��� ��� cycling �� ����� ��	� ���

Fig. 5. Specific conductivity of MCMB based anode with different
VGCF contents.

Fig. 6. AC impedance spectra of LPB with MCMB anode
containing different amounts of VGCF.

Fig. 7. The initial Ah efficiency of LPB cells with anodes of different
VGCF content.
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� �
 ��� ��� ��� �� 30 cycle�� ��� �
��� ��� �����. VGCF� ���� 2 wt%� ���
��� ��� VGCF� ���� �
 ��� �� �� ��
� cycling ��� ������, ��� ���� �� 
�
165 mAh/g(MCMB ��)�� ��� ��� ���� ���
�����. VGCF� 4 wt% ��� ��� ��� ���
6 wt% ��� ��� ��� ��� ��� cycling ��� �
��. 2 wt%� VGCF� ��� ��� ��� ��� �� 4
� 6 wt%� ��� ��� ��� ��� � 45 mAh/g� �
��� ������, �� ��� cycling ��� ���.
VGCF� ��� 4 wt%��� ���� ���� �� ���
������ 6 wt% �� VGCF� ��� ��� ��� ��
� 6 wt%� VGCF� ��� ��� ��� ��� �� �
15 mAh/g� ���� �����. 

Fig. 10
 ��	� ���� �� � ��� ���� ��
� 	��� �� �� �� �� �� ��� �� �� ��
� 
� �� �� ��� ��� ��� ��� ��� ��
���. ��	 ���� 6 wt%� �� 100 cycle��� ��
�� 90%� �����, � ��� ��� ��� 90% ��
�� 6 wt%� �� �� �
 ���� �����.

4. � �

VGCF� ��� ��	� ���� �� ���� �� ��
� ���� 	 �� ��� 	����. MCMB ���� �
�� PVDF ���� 9 wt% ���� ���� VGCF� �
�	� ��	 ��� 6 wt%� ���� ��� �� ���
�����. ���� �� ����� 70%� ����� �
� ���� 1.73�10-3 S/cm��, ��� ����
 793 mΩ
����, � �� Ah ��
 74%��. VGCF� 6 wt% ��
� ���� ��� ��� C/10� ���� �� 2C� ��
��
 93%� ������, cycling ��� �� ��� ��
� ����� �� ��� 100 cycle��� ���
 90%�
� �� �
 ���� ��� � ���.
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Fig. 8. Rate capability of LPB using anodes with different VGCF
contents.

Fig. 9. Cycling properties of LPB using MCMB anodes with
different VGCF contents.

Fig. 10. Comparision of utilization of LPB cells with anodes of
different VGCF contents anodes after 50 & 100 cycles.


