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. �

zê~ 2¢®î �ª� O»ö ~� B�B ��:¿j 2Ü10-2 torr ê�ç�öB 800, 1300, 2100oC~ Nê� �¾
Ò~� ö�ò¢ ��~� bÒ'Áz�' ßW� 
� 4B~ �ò¢ &j~&
. � �ò
j ÒÒ�N*æ ·� �b
î� LiCoO2~ ê*Ò� ÒÏ~� Li/LiCoO2 >ã*æ¢ �W~� æzB ê*Ò~ ßWö V� f~ *Vz�'
ßW N�¢ �Ò~&
. �ò¢ �¾Ò~&j r ��z���� B�>� *êê& ¸jæ�B ê*Ò� ÒÏ~&j
r Ò�� ßW 5 .V O*Ïï� Ëç>î
. ��¾, 2100oCöB �¾Ò� �ò¢ ê*Ò� ÒÏ� ãÖöº Ò
�� ßW 5 rate capability& &~>º ©b� ¾æÒ
. �©f 2¢®î :¿~ �¾Òö ~� �� æzö V�
*� Ú ªÖ ßW~ æz& *êê ßW" ��'b� ·Ï~� B·� f~ *Vz�' ßWö 'Ëj �~V r^
b� ÒòB
. �¾Ò Nê& ¸jî>� ��:¿ ��~ &ËV& B�>�B 2¢®î :¿~ *êê& Ã&~&b
¾, w�z~ ê¯b� ¾æÂ agglomeration~ Ã&& *� Ú ªÖ ßWj &~�Êº ©b� ÒòB
. � Ö"
800oCöB �¾Ò� �ò~ Ò�� ßW� &Ë Ö>~&
. 

Abstract: Plasma carbon black(PB) which prepared by plasma pyrolysis of methane was treated at 800, 1300 and
2100oC under 2Ý10-2 torr. Four different samples including raw PB were added to LiCoO2, cathode active material
of lithium secondary battery, to investigate effects of properties of plasma black as conductors on electrochemical
characteristics. Based on our experimental results, PB conductors with low amount of surface functional groups and
high electrical conductivity enhanced the cyclability and the initial discharge capacity. However, deterioration of rate
capability and cyclability were observed for the plasma black treated at 2100oC. For the plasma black conductor
prepared from plasma pyrolysis, the effects of properties of carbon black on electrochemical characteristics were
combined results of changes in electrical conductivity and structural properties such as agglomeration of plasma black.
The conductivity of plasma black increased with treatment temperature, while dispersion of plasma black decreased.
As a result, the high cyclability of cell was observed at 800oC of heat treatment temperature.

Key words : Li/LiCoO2 cell, Conductor, Carbon black, Cyclability, Rate capability. 

1. B  �

ÒÒ�N*æöB ·� Òò� ÒÏ>º .³Özb~ *ê

Nf LiCoO2& 10-2 S/cm, LiNiO2& 10-1 S/cm, LiMnO2&

10-6 S/cm�� *êê& Ôf ·� �bî «¶& ÷*Ú *ö
z+F r, *� *ÚöB �� *êê¢ Fæ~� *�~ *ê
ê¢ Ëç�B �¢� *Vz� >w� ö�® ¢Ú¾ê� ~
V *�B ê*Ò¢ Î&�
. ê*Òº �bî «¶f 7/~
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� *¶ �ÿ Û�¢ ò
Ú 2b�� �bî~ �ÏNj ¸�
� �& Ïïj ¾æÚê� ~�, *� >w ³ê¢ Ã&�Ê�
Ò�� >«j Ã&�Ê� �
 n;'� *Vz� >w� ¢
Ú¾ê� �
1-6).
*�~ *êê¢ Ëç�Ê� ê*Ò�B ±f WËj ¾æÚ
J� *êê& ¸� *� ;W � ·� �bî «¶ Ò�öB
7/ 5 ªÖ ßW� ±j¢ �
. ��� ê*Òf �bî «
¶*~ 7/ 5 ªÖ ßWf Î&B ê*Ò~ «¶�V, ��',
�� � bÒ' ßWö �² ~�� ©�
1,4,7,8). 6 *�î 5
*� �bî *~ *Vz� >wö ^�~æ pb�B *� Ú
*~~ �ÿj êÞ > ®º n;� bî�¢¢ �
. Â�w
�, ê²RF, ��:¿ � *êê& ¸b�B n;� ê²ê b
î� "� ê*Ò� ÒÏ>� ®º�, ��� ê²ê bîf �
öò 5 B·";ö V¢ ê² ��~ Ö², >², î², �, �
�¶, Ò �~ Wªj ��~² B
. ��� non-carbon Wª

f "� ê² «¶~ edge planeöB ê²f Ö�~�
C(=O)-O-H, C=O, C-O-H, C-N, C=S, C-Cl �~ �� z�
��j ;W~� ®b�, basal plane~ ê²* Ö� �
 ®n
;~� >wW� ¸j *�î ÚöB Li+ �N~ �ÿj O�
~º ¦>wj ¢bÒ &ËW� ®
9-13). 6 *~�& � π*
¶¢ ÇjvÚ *� Ú *~�ÿj O��b�� *�~ *ê
ê¢ &~�Ò > ®
14-16).
� ��öBº zê~ 2¢®î �ª� O»b� ��:¿j
B·~�, 2Ü10-2 torr~ ê�ª*VöB 800, 1300, 2100oC~
Nê� &jB ��:¿j �¾Ò~� bÒ'Áz�' ßW�

� �ò¢ &j~&
. &jB �ò¢ LiCoO2¢ �bî� Ò
Ï� ·�ö ê*Ò� Î&~� Li/LiCoO2 fj �W~� ê*
B~ ßWö V� *æWË~ N�¢ �Ò~�¶ ~&
. �¢
*� ê*Ò~ *V*êê, ��z���~ B�;ê, �¾Òö
V� ��' N� 5 ê*Ò~ «~ö V� *�>w³ê, Ò�
� ßWj �Ò~&
. 

2. 
þ O»

2.1. ��:¿ �ò
zêj 2¢®î ª��B ��:¿j B�~V *� �& *
K� 6 kW� î���2 2¢®î B�Ë~(Iplas Co.,
Germany)¢ �Ï~&
. "2> 2.45 GHz~ î���2& 6Å
O.D~ >;&b� ò
Úê 2¢®î >wV& ®º zªö "
Ò>�, zê� 1000 cc/min~ ³ê� >wVö "«B
. �-
² B�B ��:¿� downstream~ jVöB ÷ê>î
. j
VöB ÷êB ��:¿j ²>~� ö �ò(Raw PB)¢ �~
�, 
� 2Ü10-2 torr~ ê� ª*VöB 800, 1300, 2100oC~
Nê� ' 3�* ÿn �¾Ò~� PB800, PB1300, PB2100~
þ2j &j~&
.

2.2. 2¢®î :¿~ bÒ' ßW �Ò
2.2.1. 2¢®î :¿ 2Öz~ Ï*[ &�
2¢®î :¿ �ò~ &�� G;ö ÒÏB Ë~~ BÛê
¢ Fig. 1ö ¾æÚî
. öÛ; j�Ú �Úö ªö ;�~ �
�:¿j Ïê�Ê� *, j¾öB ¢;� {Kj &~� �Ú
ö ¦OB 2¢Ê� ¾Ò� Cu press¢ �;�Î ê Fig. 1"
?� v �¶ Ò�ö *~ I¢ ~Ò� ¾^æ v �¶ Ò�~
*{;~ V¢ �~� &�8(resistance, R) 5 &��
(resistivity, ρ)j áî
. G; � j�Ú �Úf 2¢Ê� A�

Ò�ö ææ&¢ ¢ò ÏêB ��:¿ [~ vþ 5 *~ �
¶& �ÖB Cu press Ò�~ �Ò& �ç ¢;~ê� ~&b
� � r, Cu pressf *{ �¶ Ò�~ *Ïf 7 mm� ;{
® Fæ>ê� ~&
. ?f O»b� AB(acetylene black)~
&��j �~� 
þ �òf jv~&
.

ρ: resistivity [ΩÁcm] 
t : average thickness of the specimen [cm]
A : effective area of the electrode [cm2] 
R : resistance [Ω]

2.2.2. ��Ö²��~ B�;ê
Oxygen trap(MnO/SiO2)" moisture trap(zeolite)j J~~�

þ � �¦�¦V Ö²f >ª~ F«� *& ìº ç�öB
carrier gas& ��:¿ �ò& Ë«B &Ú¢ ~� gas
chromatography(G.C) ªCË~ö ê�~ê� ~&
. Carrier
gas�º �Bê~ Hej ÒÏ~&b� 
þ 7 F³ 15 cc/min,
Nê 100oC¢ ¢;~² Fæ~ê� �.~&
. Fig. 2ö
temperature programmed desorption(TPD) Ë~~ BÛê¢ ¾
æÚî
. ��:¿ �ò 0.05 gj Ë«� Úã 4 mm quartz
tube >wV¢ ËO~� He gas¢ �Ö~� £ 10ª* purging
ê >wV Nê¢ 10oC/min~ ³ê� 1000oCræ Nê�.V
(RKC, REX-P100)¢ �Ï~� ;{® �.~&
. 50oC çß
�î
 sample gas¢ injection~� gas chromatography(G.C)
� ªC~&b�, �ò Ú~ >ªj B�~V *~� 100oCö
B 10ª* Fæ~&
. G.C~ columnbîf Porapak Q��
columnNêº 40oC� Fæ>îb� �*êê ¦ÂV¢ �Ï~
&
. ' NêöB áf G.C peakö ~� sample gas~ ;ï,
;W ªCj Û~� ��:¿ edge plane~ �� &ËV~ B
� ;ê¢ .G~&
. 

ρ A
t
--- R×=

Fig. 1. Schematic diagram of volume resistivity measurement
apparatus.
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2.2.3. B.E.T surface area 5 porosity
ASAP 2010(Micromeritics International Co.)j G;Ë~�
ÒÏ~� ö PB 5 �¢ 800oC(PB800), 1300oC(PB1300),
2100oC(PB2100)öB '' �¾Ò~� áf �ò~ B.E.T
surface area 5 porosity¢ �Ò~&
. ªC�òº 393.15 Kö
B 3�* �ç Heating~� >ªj B�~�, 1 mmHgræ
degasing~� *¾Ò~&
. ªC &Êº î²(N2)¢ ÒÏ~&
.

2.3. 2¢®î :¿j ê*Ò� ÒÏ� *� 5 *æ B�
·� �bî LiCoO2ö PB, PB800, PB1300 5 PB2100¢
'' ê*Ò� Î&~� PVdF(polyvinylidene fluoride)(13
wt.% solution in NMP(1-methyl-2-pyrrolidinone))¢ Ö�B�
ÒÏ~� ·�bîj �W~&
. �bî, ê*Ò, Ö�B~ Z
²jº 89 :5 :6b� ~&b�, Al foil(thickness 20µm)j ÷
*Ú� ÒÏ~� doctor blade coating method� *�j B·
~&
. B·B *�f hot rolling press� 120oCöB {O~
� z+B *�bî~ vþ¢ 70µm& >ê� � ê 80oC~
ê� ��VöB 24�* �ç ��~� >ªj B�~&
. r
�f Cu ÷*Úö Li metal foilj roller� {O~� &j~&

. ·�f 2Ü2 cm, r�f 2.5Ü2.5 cm� Ò�~&�, 1M-
LiPF6(lithium hexafluorophosphate, Aldrich) "� Ï�>Ú ®
º EC:DMC:EMC(1 :1:1 volume ratio) *�î" PP(polypro-
pylene) ªÒïj ÒÏ~� Ûê& 0.3% �~� BÚB dry
roomöB *æ¢ �ã~&
. 

3. Ö" 5 �V

3.1. 2¢®î :¿~ bÒ' ßWªC
��:¿f 90~99 wt.%~ ê² ��ö Ö², >², �, î²,
��¶, Ò �~ Wªb� �WB
. � 7 Ö²º wettability,
catalysis, electrical, chemical reactivity � ��:¿~ bÒÁ
z�' ßWö &Ë � 'Ëj ¢~º Wª�
. ��:¿ 7
Ö²º "� ��"¾öB edge site~ ê²f Ö�~� �ª�

� CO2� OÂ>º carboxyl, lactone ��" CO� OÂ>º
aldehyde, ether, phenol, quinone, hydroquinone ��j ;W
~� ®
1,15,16). 

PB, PB800, PB1300 5 PB2100~ ����~ B� ;ê¢
�Ò~V *� TPD ªCj ¯~&
. ªC Ö" ��Ö²��
~ îOb� �W>º CO 5 CO2& &¦ªj Næ~&
.
Fig. 3~ (a),(b)º 0.05 g~ ªC�òö &� He ª*VöB
0oC¦V 1000oCræ 10oC/min~ ³ê� Nê¢ RÒ�B 5ª
î
 ��:¿ ��b�¦V îO>º &Ê¢ �~� Porapak
Q ¢"j ÒÏ� G.C� ªC� Ö"¢ ¾æÞ �â�
. ��
Ö²��~ B� ;ê�¦V PB «¶ �� ¦"ö �Ò~º
non-carbon Wª~ · 5 ��&ËV~ B�;ê¢ Fº� >
®
. Fig. 3öB �¾Ò Nê& Ã&�>� ��Ö²��~ ³
ê& 6²~�, 2100oCöB �¾Ò� Ö" &¦ª~ ��Ö²
��� B�B ©j r > ®
. CO b�º 400oC~1000oC
º*öB CO2 b�º 200oC~400oC, 600oC~700oC º*öB
&V>î
. 

Table 1f PB~ �¾Ò Nêö V� B.E.T surface area æ
z¢ ¾æÞ ��
. 800oC, 1300oC� '' �¾ÒB �ò~
B.E.T surface areaº �¾Ò~V * �ò�
 9î
. £
1300oC �~~ �¾Ò NêöBº �¾Ò Nê& Ã&�>�

Fig. 2. Schematic diagram of temperature programmed desorption
(TPD) apparatus.

Fig. 3. Surface oxygen functional groups of plasma blacks evolved
as CO and CO2 by temperature programmed desorption(TPD).
Heating rate of 10oC/min under helium gas atmosphere.
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j ��'� 9Úæº ©b� ���, ��� ��'~ Ã&º
�¾Òö ~� ��:¿ «¶~ :�ãöB pore¢ ï� ®î
~ ��Ö²�� 5 >Bª� B�>�B pore& �J Ú¦ �
�'� 9ÚrV r^�
. 2100oCöB �¾Ò� ãÖ j ��
'� �² 6²~&º�, �©f �¾Òö ~� ��:¿~ w
�z& ê¯>Ú ê² ö¶& �
 ��'b� ÒV�>�B
pore& *îV r^�
. ¢>'b� Ú¦ ��'� 9f ��
¢>� �¾Òö ~� j ��' 6²& �
15).

Fig. 4º �¾Ò Nêö V� ��:¿ �ò~ ��� æz¢
¾æÞ �â�
. 1300oCræº �¾Ò Nê~ Ã&f �þ �
��� Ã&~&b¾ �¾Ò Nê& 2100oC¢ röº ���
� 6²~&
. �º �öB Þ/� :f ?� �¾Òö ~�
:�ãöB pore¢ ï� ®î~ ��Ö²�� 5 >Bª� B
�>�B pore& �^
& �¾Ò Nê& z ¸jæ�B w�
z& ê¯>Ú �� layer plane� �
 ��'b� ÒV�Nö
~� ���� 
� 6²®V r^�� Table 1 5 Fig. 4�¦

V �¾Òö ~� ��:¿~ bÒ' ßW æz¢ {� � >
®
.
��:¿~ �¾Òö V� ��' æz¢ &V~V *�

TEM Òêj Fig. 5ö ¾æÚî
. Fig. 5(a)öB �¾Ò * �
;~ PB �*«¶ 5 � �*«¶~ 7�ö ï¯� OËb�
®��~² ª�>Ú ®º 
f basal planej " > ®b�
v B �ç~ �*«¶¢ �Ö~� ®º basal plane� ôæ
p~
. Fig. 5(b)~ 1300oCöB �¾Ò� PB~ ãÖ basal

Table 1. BET surface area of AB, PB and heat-treated PBs at 800oC,
1300oC, 2100oC, separately.

BET surface area(m2/g)

AB 116.7
PB 340.9
PB800 368.0
PB1300 377.4
PB2100 264.9

Fig. 4. Distribution of porosity with pore diameter of PB, and heat
treated samples at 800oC, 1300oC, 2100oC. 

Fig. 5. high-resolution TEM(transmission electron microscopy)
photographs of PB before and after heat treatment at 1300oC and
2100oC (ÝÝ2,400,000). 
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plane� �¾Ò *" ?� �*«¶~ 7�ö ï¯� OËb�
V�>Ú ®b¾ basal plane� 
� ^Úrb� > B~
basal plane� [ç��¢ ;W~� ®
. w�z& ê¯>Ú �
�:¿ Ú ê² ö¶~ ÒV�� �·B ©b� ��
. Fig.
5(c)º w�z& ô� ê¯>Ú ¾ B�B basal plane� ��
:¿ �*«¶~ ��ö ï¯� OËb� ��'b� V�>Ú
®b�, 
�Ú Î·~ �*«¶¢ &V� > ®
. �¾Ò *
�
 ��ö basal plane� ¾ B�>Ú ®V r^ö �� &
ËV& '� �¢� ��j &ê
15,17). �¾Ò Nê& Ã&�
>� �*«¶* interplanar ��& ô� B�~� �� B~
�*«¶
� � �ÚÒ� �Ö>Ú ®rj " > ®
. 

Fig. 6f PBf �¢ '' 800, 1300, 2100oCöB �¾Ò
� �ò~ *V &�j çÏ :¿� AB(acetylene black)f
jv~� ¾æÞ �â�
. ��:¿ 2Öz~ *V &�f �
&B {Kö V¢ �¢æV r^ö Fig. 1~ G;Ë~~ ¢;
¦b Úö ÏêB ��:¿ 2Öz~ îïj æ>� ~� &�
j G;~&
. 6 ��:¿~ Ï*ö V¢ *~~ vªOËö
&� basal plane~ VË" ��:¿ «¶*~ 7/&�� ¢;
~æ p
º ©j �J~�, > ® G;~� ï�~¢ �~&
.
��Ö²��~ ·� ôf PB~ ãÖ &�� &Ë ��
PB1300~ &�� &Ë ·~
. �¾ÒB �ò~ &�� ç&
'b� Ôj ��Ö²��~ ·� 'j>� ��:¿~ &��
·jæº ©j r > ®
. ��¾ Fig. 6öB ��Ö²��~
³ê& &Ë Ôf PB2100" PB1300~ &�� jÝ~&
.
��:¿ �� ¦"~ >BWª� B�>�B ôf ;�� ò

ÚæV r^ö ¢>'b� ���� 5 >Bª� 'j>� &
�� 6²~æò, 2100oCöB �¾Ò B PB~ ãÖ crystallite
� WË~�B ;�~ ·� *Ú
îV r^ö � Î"¢ çê
~º ©b� ÒòB
15,18). 6, �� Ï*[~ *V&�f 7/
&�(Rc)" «¶~ Ú¦&�(Rp)b� ¾2 > ®b� Rc& �
&¦ªj Næ�
. ��«¶ *~ basal plane ¢Ò~ 7/f

� Ö; OË" 7/~º ãÖ�
 Rc& z ��, PB2100~
ãÖ Fig. 5(c)öBf ?� �¾Òö ~� basal plane~ B�
� Ï*[ Ú «¶* 7/ 7 basal plane *~ 7/ nê&
¸jöö V¢ Rc& Ã&~� ��z���~ ·� 'röê &
�~ 6²& �æ p
� ��ê
15,16). 

3.2. *Vz�' ßWªC

LiCoO2 ·� �bîö &� PB, PB800, PB1300 5
PB2100j '' ê*Ò� ÒÏ~&j r ¾æ¾º *� >w~
N�¢ &V~&
. Fig. 7~ ê*Ò~ «~ö V� Li/LiCoO2

f~ B~ *{-*~�Fj ¾æÞ �âöB �¾Ò~æ pf
PB~ ãÖ Ñ Ò��~ Li+�N~ îÁã«ö &� Öz b�
& 4.3 V ;êöB &V>î
. ��z��� 5 >Bª, ²ª
�(non-carbon Wª)~ �ï� ô� *êê& Ôf PB~ ãÖ
.V Ò��öB Li+ �N~ �ÿö &� &�� �² ·Ï~
� ®
� ÒòB
. 
ÒÒ �N*æöB LiCoO2¢ ·� �bî� ÒÏ~&j r,
Ñ Ò��öB LiCoO2�¦V Li+ �N� �^¾&�B LiCoO2

*� ��" *�î ê� Ò�öB >w� ¢Ú¾ ·� ��ö
solid-electrolyte interphase(SEI) filmj ;W�
11-13). � >w
f ÒÏB �bî, *�î~ «~ ö jî¢ *� ��ç� 5
Î&B ê*Ò~ ßWöê '�j Aº
19). V¢B, ê*Òö
non-carbon Wª 5 ����~ �ï� ôj ãÖ *�î"~
¦>w� ôjöb� �� .V Ï* >w � *~~ ²Î&
ôjæ�, Li+ �N~ �ÿö &� &�� 
î > ®
. Fig.
8öB *� >w * 5 .V Ò��öB PB~ *�>w &�
� &Ë � ©j {�� > ®
. 6, PB�
 *êê& ¸f
PB1300 5 PB2100j ê*Ò� ÒÏ~&j ãÖ Öz 5 ~
ö *~ 8� Ã&~º ©j " > ®º� non-carbon Wª
�ï� '� *êê& ¸f ê*Ò¢>� *� Ú ¦>w� '
�, *�~ *êê¢ ¸� Li+ �N~ îÁã« >w� ö�®
¢Ú¾ê� ~º ©b� ÒòB
. Fig. 7(a)öB v ®� Ò�
�¦V �
 &�'� >w �F� &V>îº� LiCoO2 *�
öB ÒÏB ê*Ò~ *êê 5 non-carbon Wªf Ñ Ò��
~ j&� >wö ôf 'Ëj ��j r > ®
. Fig. 7
(b), (c), (d)öBê ?f ãË� &V>î
. 

Fig. 9º PB, PB800, PB1300 5 PB2100j '' ·� ê
*Ò� ÒÏ~&j r Li/LiCoO2 f~ Ò�� ßWj AB¢
ê*Ò� ÒÏ� ãÖf jv~� ¾æÞ �â�
. 3.0~4.2 V
~ ÏÁO* º*öB 1/3 C~ *~³ê� G;~&
. Fig. 9
(a)~ v ®� Ò��öB PBº 122.9 mAh/g, PB800f 125.6
mAh/g, PB1300f 127.6 mAh/g, PB2100f 130.8 mAh/g~ O
*Ïïj ¾æÚÚ .VÏï� non-carbon Wª �ï� '�

Fig. 6. Electrical resistivity of packed bed carbon black powders,
AB, PB and heat treated samples at 800oC, 1300oC, 2100oC. 

Fig. 7. Comparison of cyclic voltammograms of cathode employed
plasma blacks as a conductor in Li/1 M-LiPF6 in EC:DMC:EMC/
LiCoO2 cell (Scan rate : 0.1 mV/sec, Cutoff Voltage : 3.0 V and 4.3 V).
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ê*W� Ö>�>� � ©j r > ®
. ÒÏ� ê*Ò~ «
~ö V� *�~ ê*W 5 *���" *�î Ò�~ ê�>

w~ N�& .VÏïö 'Ëj �� ©b� 6�B
. 
40Ò�� ê PB800f 109.7 mAh/g, PB1300f 93.0 mAh/g,

PBº 73.0 mAh/g~ Ïïj ¾æÚî�, PB800~ Ïï 6²&
&Ë 'î
. PB2100~ ãÖ .V Ò��öB Ö>� O*Ï
ïj �&b¾ 20 Ò��� ã"~�B /Ï� Ïï~ 6²&
¾æ¾ Ò�� >«� &Ë 
~
. Fig. 5öB 1300oCöB
w�z& ê¯>V �·~&�, 2100oCöB w�zö ~� �
� æz& � ©j r > ®îb�, ê*W� Ö>� PB1300,
PB2100~ Ò�� ßW� ±æ á� ©f Fig. 5öBf ?�
�¾Òö ~� �� ö¶ ÒV�� �Z ��' ßW æz&
LiCoO2 �bî «¶ Ò�öB ê*Ò~ bÒ' 7/ 5 ªÖ
ßWö 'Ëj �
V r^�¢ 6�B
2,7,8). ¯, PB1300 5
PB2100~ ãÖ w�z~ ê¯b� basal plane� B�~�B
interplanar �� 5 agglomeration� Ã&~� LiCoO2 «¶
Ò�öB ê*Ò& ��² ªÖ 5 7/>æ á~º ©b� Ò
òB
. V¢B, �bî� �& Ïïj ¾æÚê� ~� Ò��
ßWj Ëç�ÊV *�Bº ê*Ò~ r�f F�� 7º� ©
b� ��
.

Fig. 10f PB¢ ê*Ò� ÒÏ� Li/LiCoO2 f~ *~³ê
ö V� O* �Fj ¾æÞ �â�
. 1/3 C-rate~ &NO*
öBº ê*Ò~ «~ö V� N�& �~ ¾æ¾æ pb¾
1C, 2C� *~ �&ï� Ã&�>� Î&B ê*Ò~ ßWö
z "6~&
. Fig. 10(a),(b),(c) Îv PB800 ê*Ò¢ ÒÏ~
&j r PB¢ ÒÏ� ãÖ�
 Ïï� Ã&~&
. �©f �
¾Òö V� ��:¿ ��~ non-carbon Wª~ 6² 5 ê*
W~ Ã& r^b� 6�>� �¾Ò Nê& w�z& �·>
V �*� 800oC�V r^ö w�zö ~� ��æz~ 'Ë
�¢ " >º ì
15). Fig. 10(b),(c)öB PB2100 ê*Ò¢ Ò
Ï� ãÖ *�>w³ê& &Ë ¶^
. ê*W� Ö>~�,
non-carbon Wª �ï� Ôf PB2100~ ãÖ w�zö ~�
��æz& LiCoO2 �bî «¶f~ 7/ßW 5 ªÖßWj
&~�VV r^b� ÒòB
. 

4. Ö  �

� ��öBº 2¢®î �ª�ö ~� B�� ��:¿~ �

Fig. 8. Nyquist plots of Li/1 M-LiPF 6 in EC:DMC:EMC/LiCoO 2

cell at OCV (AC signal level : 5 mV, frequency range : 20 mHz~
1 MHz, (a) before the reaction (b) after 10th cycle at 1/3 C rate). 

Fig. 9. Comparison of cycle behavior of Li/1 M-LiPF6 in EC :DMC:
EMC/LiCoO 2 cell employed PBs as a conductor at 1/3 C.

Fig. 10. Discharge curves of Li/1 M-LiPF6 in EC:DMC:EMC/
LiCoO2 cell charged from 3.0 to 4.2 V at different current rates ( (a)
at 1/3 C (b) at 1 C (c) at 2 C ).
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¾Ò Nê ��j �Ò~� ßW� 
� 4B~ �ò¢ &j~
�, &jB �ò¢ LiCoO2¢ �bî� ÒÏ� ·�~ ê*Ò
� ÒÏ~&j r ê*Ò~ ßW� Li/LiCoO2 f~ *Vz�'
ßWö �~º 'Ëj �Ò~&
. 
2¢®î :¿ �ò¢ ¸f NêöB �¾Ò�>� >Bª 5
��z���� ô� B�>�B *êê& Ã&~&
. 6 �¾
Òö ~� BET ��', ���~ æz& &V>îb� ¸f N
êöB �¾Ò>Ú w�z& ô� ê¯B ��:¿¢>� ��
'b� V�B basal plane� B�~� � ^�& ^Úæ�B
interplanar �� 5 agglomeration� Ã&~� *� Ú ªÖß
Wj &~�Êº ©b� 6�B
. 800oCöB �¾Ò� ãÖ
Ò�� ßW 5 *� >w³ê& Ëç>îb�, 1300oCöB �
¾Ò� ãÖ �¾Ò *�
 Ò�� ßW� Ëç>îb¾ *�
>w³ê& ¶Jæº ©� &V>î
. 2100oCöB �¾Ò�
ãÖöº Ò�� ßW 5 *� >w³ê& Îv &~>î
. �
©f �¾Òö ~� ��z���~ B� 5 *êê Ã&ö ~
� .V Ò��öB *� ¦>w 6², *�&� 6²& �¾Ò
ö ~� ��æzö V� *� Ú ªÖßW &~f ��'b�
·Ï~� B·� f~ *Vz�' ßWö 'Ëj �~V r^
b� ÒòB
. V¢B 800oC~1300oC~ Nêº*öB �¾Ò
~&j r �'~ *æWËj ¾æâ ©b� ºGB
. 

^�^ò

1. "Handbook of battery materials", J. O. Besenhard, Ed., 234-237,
Wiley-VCH, Weinheim (1999).

2. S. H. Ahn, Y. D. Kim, K. J. Kim, T. H. Kim, H. K. Lee, and M. H.
Kim, J. Power Sources, 81-82, 896 (1999).

3. T. Takamura, M. Saito, A. Shimokawa, C. Nakahara, K. Sekine, S.
Maeno, and N. Kibayashi, J. Power Sources, 90, 45 (2000). 

4. Z. Liu, Jim Y. Lee, and H. J. Lindner, J. Power Sources, 97-98, 361
(2001). 

5. L. Fransson, T. Eriksson, K. Edstrom, T. Gustafsson, and J. O.
Thomas, J. Power Sources, 101, 1 (2001).

6. S. W. Eom, C. H. Doh, and S. I. Moon, J. the Korean Electro-
chemical Society, 4, 1 (2001) 

7. I. Balberg, Carbon, 40, 139 (2002). 
8. Z. Liu, A. Yu, and J. Y. Lee, J. Power Sources, 74, 228 (1998). 
9. K. Chung, B. Choi, S. K. Kim, W. S. Kim, and Y. K. Choi, J. the

Korean Electrochemical Society, 1, 28 (1998). 
10. F. Joho, B. Rykart, R. Imhof, P. Novak, M. E. Spahr, and A.

Monnier, J. Power Sources, 81, 243 (1999). 
11. D. Aurbach, B. Markovsky, M. D. Levi, A. Schechter, A. Moshkovich,

and Y. Cohen, J. Power Sources, 81, 95 (1999).
12. D. Ostrovskii, F. Ronci, B. Scrosati, and P. Jacobsson, J. Power

Sources, 94, 183 (2001).
13. D. Ostrovskii, F. Ronci, B. Scrosati, and P. Jacobsson, J. Power

Sources, 103, 10 (2001).
14. D. Pantea, H. Darmstadt, S. Kaliaguine, L. Summchen, and C. Roy,

Carbon, 39, 1147 (2001).
15. K. Kinoshita, "Carbon Electrochemical and Physicochemical Pro-

perties", 59-73, John Wiley, New York (1987).
16. J. B. Donnet and A. Voet, "Carbon Black, Physics, Chemistry and

Elastomer Reinforcement", Sec. 3.3, 3.4., Marcel Dekker, New York
(1976).

17. G. Kaye, Carbon, 2, 413 (1965). 
18. P. L Walker, in Ultrafine Particles, 297. W. Kuhn, Ed., Wiley, New

York (1963). 
19. D. H. Jang and S. M. Oh, Electrochimica Acta., 43, 1023 (1998).


