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. �

�º»j �Ï~� "CÖzbj w�«¶ ��ö ê�~� 400~600oCöB �¾Ò~� �^Ö;��¢ <º ÒÒ�N
*æÏ "CÖzb *�j B�~&
. ê�B "CÖzb~ ·f 2.25 wt%~11.1 wt%� �.~� 
þ� Ö" "CÖ
zb~ �ïö V¢ O*Ïï� Ã&~� 6� .V~ j&� Ïïê Ã&�j r > ®î
. ���ö V� "C Ö
zb *�~ O*Ïïf propylene carbonate(PC) ê *��öBê .V ���öB 350 mAh/g �ç, 30 ��� ê
öBº 300 mAh/gj ¾æÞ >�, ��Bî� >æ pf w�*�~ ãÖöº 140 mAh/g~ O*Ïïj ¾æÚî
.
ÏO* ³ê¢ C/5öB C/2� ��² ®j r "CÖzb *�" w�*�~ O*Ïïf .V Ïï~ 92%, 77%�
'' ¾æÒ
. ��� *� ßW~ Ëçf "CÖzb� ÒÒ�N" >w~� ;WB ÒÒ KÒ��(Li 2O) ¦ÿ� b
ï� w�*�~ îÒ *çj ï� 6� ~öB "C� w�«¶*~ *V*ê¢ ö�~² ~� *�~ *~ª�¢ Ë
ç�ÊV r^� ©b� �C>î
. 

Abstract : Tin oxide was coated on graphite particle by sol-gel method and an electrode with this material having
microcrystalline structure for lithium ion battery was obtained by heat treatment in the range 400~600°C. The content
of tin oxide was controlled within the range of 2.25 wt%~11.1 wt%. The discharge capacity increased with the con-
tent of tin oxide and also initial irreversible capacity increased. The discharge capacity of tin oxide electrode showed
more than 350 mAh/g at the initial cycle and 300 mAh/g after the 30th cycle in propylene carbonate(PC) based elec-
trolyte whereas graphite electrode without surface modification showed 140 mAh/g. When the charge and discharge
rate was changed from C/5 to C/2, The discharge capacity of tin oxide and graphite electrode showed 92% and
77% of initial capacity, respectively. It has been considered that such an enhancement of electrode characteristics
was caused because lithium oxide(Li2O) passive film formed from the reaction between tin oxide and lithium ion
prevented the exfoliation of graphite electrode and also reduced tin enhanced the electrical conduction between graph-
ite particles to improve the current distribution of electrode.

Key words : Lithium battery, Sol-gel, Tin oxide, Graphite particle, Passive film

1. B �

*¶, Û�, ��V Öë~ /³� B�" �þ �ÖW� ¸
f �WË ²; 2N *æ BB~ jºW� &v>� ®
. �
7 ÒÒ 2N *æº ¸f ö.æ &ê� �~� ��� º�ö
¦w~� zb¾ ÒÒ.³~ n*W� ^B& ®
. *Ò~ Ò
Ò �N*æº ��� ^B6j �Ö~V *~� ÒÒ~ ã«

" îÒ& &Ë� ê²ê Òò¢ ÒÏ~� ®b¾ ÒÒ.³�
&æº 3600 mAh/g~ Ïïö j~� w�ê ê²Òòº ��
' Ï*Ïï� LiC6~ ��¢ &î r 372 mAh/g ;ê� ô
f ö.æ~ ¶
j 6>�¢ �
. �ö V¢ 
·� ê²Òò
& BB>� ®º� &Ë V�'b� º�>º ßWf �Ïï
b� ÒÒ.³ö &rÚ **öB ÒÒ �Nö &� &�'�
>wj ¾æÚ¢ �
º ©�
. ��� Wîf ê²Òò~ Ö
;��ö ô� ~�~º� ß® ÏO*, ��� n;W �� �
�� �^ �� ßWö 'Ëj Aº
.1) V¢B æ.ræ~ �
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� OËf "� ê²Òò ¶Ú~ ��ö &� ©� ô~º�
�º ê²Òò¢ ò�º *�Ú~ «~ö V� êz��j æ
z�B ê²~ Ö;��¢ BF~º� ÷7>î� ê²~ ��
j Bî~º ��º ôæ p~
.2-4)

ÒÒ~ ã«" îÒ& &Ë� ê²*�~ *Vz�'� �ÿ
f .V *�î~ ª� >wöB �W>º ¦ÿ� bï(passive
film)ö ~� 'Ëj Aº
. � ¦ÿ� bï~ ·f �W æz
5 � ;ç~ æzö ~�Bê ��'� *�~ ßWf ôf '
Ëj A² >� �?f ¦ÿ� bï ßWf *��b� ÒÏ>
º FVÏ
f *���~ �^��ö ~�B 'Ëj Aº
.5)

ß® ê²Òò 7 Ö;��& B�� w�ê~ ãÖ, *��ö
z× "6~� propylene carbonate(PC) �j ÒÏ~&j r
ÒÒ�N" Ï
~ �ÿ ã«b� �� Ö;Ï¶~ 2Z& ¦
ÿ� bï ;W�ö ¾æ¾² Nö V¢ Ïï~ *&� 6²&
V�² B
.6) V¢B �f ?f ê²Òò~ �6j �Ö~V
*� ��& �B® ê¯7�� �º "� ÒÒ" .³* >w
j ~º bîö &�B ��Úæ� ®
. � 7 &Ë ô� �
�>� ®º ©f .³Özb 7 "CÖzbö &� ©b� �
z
î¾� ¾ rJ^ ®
. ß® "CÖzbj r�j ÒÏ�
ãÖöº ÒÒ�N" .³ÖzbÚ~ Ö²f >w~� ÒÒ K
Ò��¢ ;W~� ê²Òòfº 
� �W~ ¦ÿ� bïj ;
W~² B
.7,8) ��¾ ��� î�Ú r�Òò~ ��º ��
~� jç çÏz �êö ��æ á~&� *Òræ çÏzB
ÒÒ�N*æ r�~ &¦ªf w�ê ê²Òò�
.
� ��öBº �º»j �Ï~� "CÖzbj w�ê «¶
��ö ê�~� �¾Ò~º ~º O»j Û� �¢ ��Bî
�b�� *æ >w�ö B�~º ¦ÿ� bïj BÚ~�¶~
&
. 6� ~öB "C� ÒÒ"~ .³* >wj Û� *�~
WËö �~º Î"f *æ~ WËö �~º 'Ëj �Ò�b
�� ÒÒ 2N *æ~ r�Òò�B &ËWj {�~�¶ ~&

. 

2. 
 þ

2.1. "CÖzb~ ê� 5 bW ªC
� Ï�j ò
V *~� *�Ú(precursor)�B "z B2"
C(SnCl2 2H2O, Junsei Chem. Co., Japan)j ÒÏ~&� Ï

� öêRj ÒÏ~&
. 8.37 g~16.74 g~ "z B2"Cj
200 ml öêRö I� v>~� � ç�¢ ò� ê 6N ºz
�V
. w�(SFG6, Lonza, ~6µm)«¶ ��ö "CÖzbj
ê�~V *~� <f ç�~ ¢;� 6ê¢ <º ÛJ º�
F rræ v>� ê w�«¶¢ IÚ"� 24�* �ç b�
v>~&
. v>� �Â ê «¶¢ ê� �"~� 80oC Nê
öB ��~&
. çV~ ";j �� ® >�~� �«'b�
��B «¶¢ 
� �V ª*V~ *V�öB 400~600oC~
Nê� �¾Ò~� "CÖzb� «&ê w�«¶¢ B�~&

. �� B� ��~öB áÚê "CÖzb� «&ê ·f
inductively coupled plasma(ICP, Thermo Jarrel Polyscan
61E, ASH Co.)¢ �Ï~� G;~&� "C~ ·j V.� ~
� z� ��'b� �ò7~ "CÖzb~ ·j êÖ~&
.
�¾ÒB "C Özb~ �� 5 Ö;zê ªCf x-ray
diffraction(XRD, RINT/DMAS-2500, RIGAKU)j �Ï~&
. 

2.2. "CÖzb *�~ B�
"CÖzb� ê�B w�«¶¢ *� �bî� ~� :�z

� ÒÏ~º PVdF Ï�(6 wt% polyvinylidene fluoride/1-
methyl-2-pyrrolidinone) " �þ j^Êj b�� ê �³ v>
V¢ �Ï~� 4000 rpmöB 15ª* v>~&
. ¢;� 6ê
& >� ÷*Ú� �Ò grid *ö �'»b� ¶Ê+~&
. �
r "CÖzb� ê�B w�«¶~ ·f 92%� �.~&b�
"CÖzb� ê�>æ pf w�«¶¢ ÒÏ� *�öº ê*
Ò�B acethylene blackj 3 wt% Î&~� w�«¶~ ·j
91 wt%� �.~&
. B�B *�f 80oCöB ��� ê
110oCöB {�V¢ �Ï~� {�� ê *�~ �V& 2.5Ü
3.5 cm& >ê� .�� ê, 80oC ê� J6öB 24�* �ç
��~&
. 

2.3. > *æ �ã 5 ßW �þ
B�B w�*�~ *�ßW 
þj *� �ãB >*æ~ �
Wf ç&*�b�º ÒÒ .³ ;6j, polypropylene(Cellgard
2400)j ªÒïb� �Ï~&b� ÒÏB Ï
º EC(ethylene
carbonate, Merck), DMC(dimethyl carbonate, Merck), PC
(propylene carbonate, Merck)�� �¢ ¢;� jN� b�~
� 1 M~ LiPF6(Hashimoto Co.)� ��B *�Ï�j B�~
&
. B·B >*æº 2¢Ê� r��ª Wö ê� �Ë~&

. çV~ Î� ";f dry room(ç&Ûê 1.5% �~)öB 

�~&
. *æ~ ÏO* ßWf Maccor battery tester¢ �Ï
~� 1.0 V~0 V vs. Li/Li+ **�*öB w�Òò~ ��'
Ï* Ïï� 372 mAh/gb� ~� êÖB *~8j �&~&
.
B�B *�
~ ªb~Ê 5 ê�ßWj G;~V *~�
Zahner IM6¢ ÒÏ~&b� �r Sÿ**º 5 mV�~�
65 kHz~0.1 Hz~ "2> º*öB 
�~&
.

3. Ö" 5 �V

3.1. "CÖzb~ �WªC
� Ï�~ ³êö V� "CÖzb~ ·j ICP� ªC� Ö
" 2.25 wt%~ ·� ��>Ú ®î
. � Ï�~ ³êö &ê
ì� �?� ¢;� ·j ¾æÞ ©f �"";öB 6{ �"
¢ ~� �r w�«¶ �� *ö ¢;� ·~ ÛJ ºò �'
>º *ç r^b� ÒòB
. V¢B 
·� "CÖzb~ ·
ö V� *�~ 'Ëj �V~V *~� �º»b� "CÖz
bj «&"º ";j �� ® >�� Ö", "CÖzb� w�
«¶ ��ö 2.25 wt% �¦V 11.1 wt%~ ·ræ ê�B *�

j áj > ®î
. ICP� ªCB "CÖzb~ ·" Nê¢
V&b� �ò~ «�j ;~� � .¢ Table 1ö ¾æÚî
.
�òö ��B "CÖzb~ ·j �ö, �¾Ò Nê¢ *^ Ú
ö ��~&
.

3.2. X-ray diffraction patterns
Fig. 1ö "C Özb� «&ê w�«¶
~ XF ². NZ
j ¾æÚî
. 400oC� �¾Ò� ãÖ, "CÖzb� �^ Ö
;��� >Ú ®rj r > ®� �¾Ò Nê& Ã&�>�

   
Table 1. Notations of various samples.

�ò« "CÖzb~ · �¾Ò Nê

2.25(400) 2.25wt% 400oC

2.25(500) 2.25wt% 500oC

2.25(600) 2.25wt% 600oC

2.25(800) 2.25wt% 800oC
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"CÖzb� z Ö;zB ��� æ�j r > ®
. ß��
©f 800oC� �¾Ò~&j r w�«¶ö &� b�& Ò¢æ
� Jç "CÖzb b�
ò Î² >º� �©f *;'� "
CÖzb~ ��� cassiterite ;�f ¢~�
. �ç~ �¾Ò
Nê 
þÖ" 800oCöBº w�«¶& j*® Ò¢æV r^
ö �ò~ �¾Ò Nê~ �ê¢ 600oC� J;~&
. 

3.3. ÏO* ßW
Fig. 2º "CÖzbj «®æ pf w�*�" 2.25(400) 5

2.25(600) *�~ Ñ ®� ���öB~ O*�Fj ¾æÞ ©
�
. w�*�ö j~� "CÖzb� ê�B *�~ O*Ïï
� z �² ¾æ¾� ®b� 6� 600oCöB �¾ÒB *��
400oCöB �¾ÒB *��
 z B�B Ö;��� �� O*
Ïï� �² ¾æ¾� ®
. O*�F~ VÞVº w�*�ö
j~� jò� ;�¢ ��� ®º� �º .Vö ÒÒ �N"

"CÖzb"~ >wb� ~öB "C" ÒÒ �N"~ .³*
>wj ~V r^� ©b� Òò>� w�öB~ ÒÒ [*>
w" "C" ÒÒ �N~ .³* >w� 0.25 V vs. Li/Li+ ~
** ¦"öB ªÒ>º ©j r > ®
. Fig. 3f "CÖzb
� 3.30 wt%¦V 10.5 wt% ræ ê�B *�j 500oCöB �
¾Ò� *�ö &~� ÏO* �Fj ¾æÞ ©b�� "CÖ
zb~ ·� Ã&�>� j&� Ïï� Ã&~� ®b� �º
"CÖzb� ÒÒ�N" >w~� ÒÒ KÒ��¢ �W~º
·� ôjæV r^�
. 6� O*Ïïê V¢B Ã&~� ®
º� w�*�~ ��'� Ïï� 372 mAh/g �
 z �² ¾
æ¾º ©b� �j ¦>wb� �� ÒÒ�N~ ·f ç&'
b� ·f ©ªj r > ®
. 

3.4. ��� ßW
Fig. 4º w�*�" "CÖzb *�~ ���ö V� O*

Fig. 1. X-ray diffraction patterns of tin oxide and graphite particle
with heat treatment temperature.

Fig. 2. Discharge curves of raw graphite and tin oxide electrode
(electrolyte : 1 M LiPF6/EC:DMC(1:1), rate : C/5).

Fig. 3. Charge and discharge curves of tin oxide electrode with tin
oxide contents(electrolyte: 1 M LiPF6/EC:PC:DMC (1:1:3), rate :
C/5).

Fig. 4. Cycling performance of raw graphite and tin oxide electrode
(electrolyte : 1 M LiPF6/EC:DMC(1:1), rate : C/5).
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Ïïj ¾æÞ ©b�� .Vöº "CÖzb *�~ Ïï� �
² ¾æ¾� ®b¾ ���� ê¯Nö V¢ v *�*~ Ïï
~ N�º 6²~º ©b� ¾æÒ
. Fig. 5º ?f *�
ö
&� PC& Î&B *��öB ��� WËj ¾æÞ ©b� "
CÖzb� ê�B *�f n;B ��� ßWj ¾æÚ� ®
º >�ö w�*�f O*Ïï� /Ï® 6²~� ®
. �?
f ;çf n;� ¦ÿ�~ �W�¦& � ö�� B
. "CÖ
zb *�~ ãÖö ÒÒ KÒ��� �WB ¦ÿ� bï� �
�� ßWö 'Ëj "� *� ¶Ú& n;� ��¢ Fæ�b
�� PC *��ö � "6~² >w~º ©b� ÒòB
. ¦
ÿ� bï~ ;Wf FVÏ
~ ª�>wö V�>�9) 6� Ò
Ò KÒ��& �N *êW� Ö>� bî�¢º 6öB10) �
f ?f *çf �F®º ©b� ��>Ú ê
. Fig. 6f
microcrystalline ��¢ <º 2.25(400) *�" Ö;; ��&
B�B 2.25(600) *�ö &� ��� ßWj ¾æÞ ©�
.

�âöB �º :f ?� 2.25(600) *�~ ãÖö ���� ê
¯Nö V¢ Ö;��& 2Z>Ú O*Ïï� 6²>º ©b�
¾æÒ
. Fig. 7f 2.25(400) *�ö &~� ÏO* ³êö V
� O*Ïïj ¾æÞ ©�
. C/5� &³ ÏO*®j r
350 mAh/g~ Ïï�îb¾ C/2� �³ ÏO*®j r
300 mAh/gb� 6²~&
. ��¾ ÏO* ³ê¢ 2V �ç ¸
&röê C/5ö &~� 85%~ O*Ïïj �ªb�� V�~
w�*� �
º Ö>~² ¾æÒ
. 

3.5. "CÖzb *�" w�*�~ ªb~Ê jv
.V~ j&� >wö ~� ;WB ¦ÿ� bï� ÏO* ß
W 5 ��� WËö �~º 'Ëj 2k~V *~� � >w
� «ò>º �6öB v *�~ ªb~Ê¢ jv~� Fig. 8ö
¾æÚî
. *�>w~ &�f B>� w�*�ö j~� "C
Özb� ê�B *�� v V�ç~ ·f 8j <º ©j r

Fig. 5. Cycling performance of raw graphite and tin oxide electrode
(electrolyte : 1 M LiPF6/EC:PC:DMC(1:1:3), rate : C/5).

Fig. 6. Cycling performance of 2.25(400) and 2.25(600) electrode
(electrolyte : 1 M LiPF6/EC:PC:DMC(1:1:3), rate : C/5).

Fig. 7. Cycling performance of 2.25(400) electrode at different rate
(electrolyte : 1 M LiPF6/EC:PC:DMC(1:1:3)).

Fig. 8. Electrochemical impedance spectroscopy of graphite and tin
oxide electrode.
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> ®º� �©b�¦V "CÖzb *�öB �W>º bï�
z n;~� ±f �N *êê¢ <rj r > ®
. �ç~ Ö
"öB "CÖzb" ÒÒ�N"~ >w�Wb� ÒÒ KÒ�
�� �� w� «¶*~ ê� &�� 6²>� V¢B �f
?f Ú¦ &�~ 6²� �~� ËV'b� ÏO* ßW� Ö
>~� �N~ ÏO*öê Ö>� ßWj <º ©b� ÒòB
.

4. Ö  �

w�«¶~ ��*ö �º»b� ¢;ï~ "CÖzbj ê
�� ê �¢ 400~600oCöB � ¾Ò� Ö", NêÃ&ö V
¢ microcrystalline��öB �
 z Ö;zB cassiterite ��
� B*~&
. "CÖzb� ê�B w�*�f B>� w�*
�ö j~� Ö>� ��� ßW 5 ÏO* ßWj �&b�
ß® w�*�� �£� PCê *�îöBê "CÖzb" ÒÒ
�N"~ >wb� ;WB ¦ÿ� bïb� �~� n;B ß
Wj ¾æÚî
. w�«¶ö ê�B "CÖzb~ ·� ôj>
� *�~ j&� Ïï� Ã&~&b¾ *Ú'b� B>� w
�*�ö O*Ïï� �² ¾æÒ
. Nê¾Òö 
� "CÖz
b *�~ ��� ßWf 400oCöB ¾ÒB *�� 600oCöB
¾ÒB *�ö j~� Ö>~² ¾æÒº� �º ¾ B�B Ö
;��¢ <º *�¢>� ÏO*� ê³Nö V¢ ��& £
² 2Z>º �£Wj ¾æÚî
. ªb~Ê O»j �Ï~�
G;B "CÖzb *�" *��*~ ê�&�f B>� w�
*�ö j~� *&® Ô~b� �f ?f ßW� �N ÏO*

öBê Ö>� *�ßWj ¾æÞ
º Ò
j ÝA�~� ®
.

6Ò~ &

� ��º KIST2000 *��Î" 2000jê ��&�vG7~
² &�v> �Úv~ ��j æöö ~~� >¯>îbæ� �
ö 6Ò�ãî
.
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