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,� 3.5~6.4 m2/g6 ;�� x*(]^ `ab)st� ô ï±

; ��£>. �Þj passivationm »�; » !0" x* 8

,n¹ ��^/� ÚK£>.
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*#Ø$,� Ç¼�5b(van der Waals) �y� Bp �%£

:Â� �¥ æ9� ���dB intercalation� Bp- lithium

intercalated carbon(LIC)� �hR&>. Qd, Q�Â���-

64B x*"�� 'Óù 0 (� û2B ��"�©� 14�

>(LiC6). 'd, '���-� x* 24� �ÃB ��"�;

'Ó ;¡�>(LiC2). LIC� intercalation&� ©� ¯° câ

+ªB ¬Ô}� A@ù 0 (#¤ �U6 stage$ :½j>.

YÇ�#$ graphite� ���dB intercalation� Bp- stage

1~3; A@��¼ 2p- cokes� stage; (� 9{�#$ )

�j>. �*�� '+$- graphite intercalation �y}B Q

�+.B 9:, computer simulation� Bj intercalation/

deintercalationB  !×� 9:, graphite¬B �� stage 1B

½�,. _| �� (>. x* ãä� ¯°- �� inter-

calation� stage. -° .. >�>. 8 3� stage� ¯/ .

)�  LICB %Ô��(Ic)� ÃÄÆÜ>.
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@&) JT-�K cuv#$ �%&) (�¼, ��B

morphology� x* �:�B ãäÃ �Âd.� ¯° >/ +

ª� �¿' (>. �	�×� ��intercalation 	��- �

, �æ9_x*� ;�� ����%3� æ9�> a'

(x=1.2~5 in LixC6), �u� �� plateau; æ9�� -� �

�intercalation �;� ̄ ° Á± 1��K ð*&� ³h6 �

�' (>. 
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h x*; st*@$ �%&� �

^� %çãäB 0v6 �K �', �Âd.; �2� �#

¤, æ9�> � ;�%36 �¿' (	 HI�>. ³ò æ9

B �*%36 ���� %3 HI� �� 9:;�� � þ

3¿4� 2p- 9:�ß#¤ �Û 3�-� '%3 ��
h
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¯°-, æ9_�t� �pê %ç� ¯° ÃÄÃ� �;�%

3B BA.; ç a>. ¯°-, æ9�t� ()-� û�

B %ç �;� <M�>. lÝ+ªB æ9�t� Li inter-

calation/deintercalation�� �
� ()- lÝ è,� È¬&

) ?�ò %3� ð*&', =�� 01� è�&	. j>.

�Û 4-b� Wæ9�h x*_ �t ³h6 ÃÄÆ' (>. 2

4 � *@� 1000~1400oC�- ôõ�j ô��h 0�; �

�� 2. ��� 23f ��.

� 3. LIC� � stage��� ��

stage 1 stage 2 stage 3

Ic(Å)* 3.706 7.065 10.4
color brass-yellow blue or pink dark blue

*I c=ds+Co(n−1); n: stage number, Co: plane layer distance of
graphite, ds: plane layer distance of LIC (lithium intercalated
carbon) �� 3. 1�$ ?�O� ���� �� intercalationl���. 
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� �%£>. �âj Wæ9�h x*� Ã>a	B w��i

� x*Æ �� A@�	 HI� Liz{�t�¨� ü?��

�¨ �xn; A@�' æ9B �*%3 j_5� 372 mAh/

g6 ���� '%3� 5?&	. j>. � R¢� �	��

��� ��K ³@�>. �Û 4-c� �d*h x*_ �t ³

h6 ÃÄÆ' (>. YÇ�#$ x*�:�� 550~1000oC�

- ôõ�j q�rÕ x*B ¬ÔhT6 �¥>. �âj *

@� 0*, |*, T* � hetero-atoms; >3 A@�c �u

���B hysteresis; ç a', � �;� %36 �¿' (

� U� ³@�>. 

3. ���� ����� ��

x*�tB �+�� ³@� A õs intercalation(��) �


�- *º&� ��� �*5� 372 mAh/g�> 24� �

�£>. � �� h¡� 24 �;� Ço� �pêB ½pÕ

Ö� nÇo� Bp 	�&¤ �t� passivationm6 +hj

>(�Û 5 BÂ). � passivation m� ��� Ð��� C�Ã

�d� Ð�ù 0 (� ³@6 ;�' (�¼, �U� Å �

QB �pê ½p� mÁ±,-. �d�-6 ;¡�K ��

$ 9{�� �	�×� Ço� ;¡�>. �âÃ, �Õ Ö�

passivationm� �h&	 ¨j �
� �	 D E ���  �

�� 4. ����� �Y���. (a) ��, (b) ����� ��, (c)
WE����.

�� 5. ���� � ��� }��� passivation�� }� l�
��.



Employment of Carbonaceous Materials for the Anode of Lithium Secondary Battery 159
Li xC6QB �Fm� �h&	 ��� ��)�	 HI� %ç

B co-intercalation� ç ¾', LiC6B �	u� HI� x*

�t�- passivation film h�&' �$ �j Æn�G �;

 power density ð*$ �)<>. �Õ Ö� n.�B ³h

HI� ������B '� �t�Â� ()- j_� >>

�	. j>. 

x*�tB � � passivationm, ���#$� �;£ �p

êB ãäÃ Âh� 2èò � 0v6 ��>. � passivation

m� �	 ��R 1.2~0.8V(vs. Li+/Li)B �¨� ()- %ç

�"� Bp +h£>. FTIR ½]� B�, x|��� %ç

Õ ���B Ço}, V��, PC�-� CH3CH(OCO2Li)-

CH2OCO2Li, EC� (CH2OCO2)2Li, DEC�-� CH3CH2O-

CO2LiÕ CH3CH2OLiÕ Ö� �pTãä� ¯° >/ h½B

mh½� +h&¤, �U6 SEI(Solid Electrolyte Interphase)

~� passivationm#$  �H<>. �U� �� 8,� �d

�.hB '� �pT ³h6 ú� m#$- ��u�B Ç

Ò#$ 5�&� dead ��6 t*��' Å �QB �� |

�� mÁ %3B Iñ6 JY 0 (>. ~j ���d� x

*Ó� 8,� A@�� passivation m6 Ð�c Ó� Æ$ �

);, Q2B anion� x*Ó�QB passivationmB �pê

�� Kä�K£>. ¯°- �� 2����- pulse 2�ä�

L� 0 (� �	 �¬% condenser� � ?Q�. 	cù

0 (>' á
&)<>. 

YÇ�#$ ����� �%�� �pTB �..� %çB

^��� �.� Bp � 0v6 ��>. %ç� '^��B

HPS(high permittivity solvents)Õ ��.B LVS(low viscosity

solvents)$ aK :½�c �Øù 0 (>. PC(propylene

carbonate), EC(ethylene carbonate) �� Ö� HPS� � ^�

�(dielectric ratio)$ M(salt)6 N p�(dissociation)�c �d

�..; ¾Á�Ã �Ð �.; a	 HI� �d�B � .

� ��&� ³h6 ;�' (>. �� Çp DEC(diethyl

carbonate), DMC(dimethyl carbonate) �� Ö� LVS� ��

�.$ �� Ó�Ã �d�B � .; �;�Ã �� ^��

$ p� �d�� �) �..� )�� ³h6 ;�' (

>. �âj �#$ ¾� ^��� �� �.� ;�� %ç;

�pT$- ;� �y�Ã ºO Â�6 �PRQ ±� %ç�

�B (	 HI� �Ð ��� �%�� �pT� HPSÕ LVS

B îyj %ç� �%�' (>. ±$, HPS$ ��
h x*

�t�-� PC, æ9_ x*�t�-� EC; ±%ç$ �%

&¤ LVS$ DEC; �� �%&' (>(�Û 6  8 4 BÂ).

jÝ, �
£ ím6 �¨�#$ +hRÍR� R.; �{

&' (>. ñS� �,, �� �d �.h '½� }T6 `

T�� uU, CO2 ½¨	� >/RQ LiCO3 ím6 +h R

Í� U, HF� V;�c LiFím6 +hRÍ� uU�� �

'&' (>. YÇ�#$ PC� ü�$ j �pT� �� ��

B cosolvent� `aÕ Ö� �
T x*� �yj Ç,, EC

_ �pT� æ9� Ö� �
h x*; WÑ&� ��B �

� Âg6 ¨p <M�>. �Û 7�- �� �Õ Ö� ]^_

`ab ½ËB 8,�(BETU)� Ú60" �;� %3� �

� U#$ XRY (>(Z �ä��� ¾Á<>). 

�� 6. �������� ��� ����� �J��.

� 4. �� ��� �J���� ��y ��

Solvent M.W. M.P. [oC] B.P. [oC] Viscosity [cP] Relative dielectric constant (20oC) Density [g/cm3]

PC 102.3 -49.2 241.7 2.53 64.9 1.2
EC 88.1 36.2 248 1.9(40oC) 89.6(40oC) 1.32(40oC)
DMC 90.1 2~4 90.3 0.63 3.12 1.1
DEC 118.1 -43 126 0.75 2.84 0.97

�� 7. ?:��$S ��� ?��yS� ��.
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y,

r,
4. ���� ����� ��� ���  �

�Û 8� ôõ� d.Õ .���B 	_B YS� �cP

>. YÇ�#$ �d*h(800oC ��)�� x*:Â; 5-&

	 )RH �� �.h� Ã[K &� �v� (	 HI� s

t#$- ���6 ÚK �c \{ ��u�h6 S��� �

�; (>. �	%3� j
£ ��Ð Æ� �<£ ¦}TB

©� -R(	 HI� ¦}TB ��� %3� ¬M�>. ¯

°- x*@¢B �<�.; ;¡j j � U� ¬M�>. �

d*h}T� <�.; 1.5~1.7 g/cm3$ æ9B <�.

2.22~2.24 g/cm3� �p- ÚÁ- æ9 
.B ��� %36

§	 ¨p-� 485~555 mAh/gB %36 S��� U� <M

�>. ûü ^	q�r *hd.� )�RQ x��c %3�

:ÂÕB 	_� 
3�#$ :�R�' (>. �d*h� K

A�� 0*; �60" %3� � U#$ S�&Ü>. �â

Ã �	B �� 'ÓR �;� %3. a' x�}B <�.

� 1.4~1.7 
.$ á
&)- ig� ;5�>. n
yx*

(disordered carbon):ÂÕB 	_� 	�6 ]'(>. ?@�

� X� �^$n¹ §)�� �
:Â n½ 
�Õ amorphous

j x*$ _� 0*-x* �y6 ú� '�B >� x*�y

}B n½6 p]j 
� �B ©`� ypY- �d*h x

*@¢� 	p-, ��B :ÂÕ ����þ3¿4� µB&

� C�' (#¤ zÏ E$F p]uU� 	2&' (>. 

æ9B �t»�� 0.18~0.65 mm ���- É60" a�

�#$ '%3� §)�¤ �U� b(Ohmic)�G� "�#$

�c<>. ³ò 
�ä��- »�Õ Q	(� Y
 ��«¨

�- %36 ÃÄÆ� ��u� =��� �� �GB lm

�)c j>. �Û 9� x*ãäó$ ���B %36 4d�

#$ 8Rj U�>. X� �^ d002 
��- x*#Ø$,B

%Ô�- ���d� 'Ó(intercalation)�c %Ô��; e)

<>. �Û 9� %Ô ��Õ .Ó �� �d©(%3)�B 	_

� ÃÄÆÜ>. �� �d� x*$ %Ô� 'Ój ÏB %Ô

[� Ö� %Ô[6 õs� ú� x*@¢� ���dB

intercalation(��B ��R), deintercalation(��$-B u�

R)� ()- ��)�; (� U� ��� 01 �,�- f

>. jÝ, ôõ�� Bp- surface area, surface heterogeneit

crystallite size  lattice spacing6 )�R� 0 (>. câ ã
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