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Abstract

Lithium intercalated carbon (LIC) are basically employed as an anode for currently commercialized lithium second-
ary batteries. However, there are still strong interests in modifying carbon surface of active materials of the anode
because the amount of irreversible capacity, charge-discharge capacity and high rate capability are largely determined
by the surface conditions of the carbon. In this study, the carbonaceous materials were coated with tin oxide and copper
by fluidized-bed chemical vapor deposition (CVD) method and their coating effects on electrochemical characteristics
were investigated. The electrode which coated with tin oxides gave the higher capacity than that of raw material. Their
capacity decreased with the progress of cycling possibly due to severe volume changes. However, the cyclability was
improved by coating with copper on the surface of the tin oxides coated carbonaceous materials, which plays an impor-
tant role as an inactive matrix buffering volume changes. An impedance on passivation film was decreased as tin
oxides contents and it resulted in the higher capacity.
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�bî�B ï� «ê& 10µm�� 2800oCöB �¾ÒB
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6, v>V �Ê�b� �W>Ú®
. Fig. 1f 
þö ÒÏB

Fÿç z�ÃO Ë~~ BÛê��, � �Ú'� �W º²

º 
r" ?
.

Fÿz 5 *�Ú ÿ>&Ê �/�Ê�f *�Òò~ Fÿ

zö jº� &Êï" FV.³ *�Ú~ ÃV{ö V� ;{

� �/j *� Ú>&Ê¢ MFC(mass flow controller)¢ Ò

Ï~� �.~&
. FV.³ *�Ú �/f ÃObî~ &Ë

" �/j *� Ë~� bubblerö �Ú 6º �Ú~ ÃObî

j I� Nê¢ ¸� ÃVzB ÃObj �/~º Ë~� �

W>Ú ®
. Fÿç >wVº çã 2�~ quartz&b� B·
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(CH3)4Sn( l ) + O2(g) � SnO2(s) + 4CO2(g) + 6H2O(g) (2)
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Fig. 1. Schematic diagram of fluidized chemical vapor deposi-
tion process.

Table 1. Properties of Cu & Sn precursor

Cu(hfac)2 (CH3)4Sn

Solid Liquid
Decomposition at T >400oC Decomposition at T >400oC 
Vapor pressure ~10 torr at 100oC Vapor pressure 100 torr at 25oC
Melting point at 85~89oC Melting point at -54oC
Boiling point at 220oC Boiling point at 78oC
Specific gravity 1.35 Specific gravity 1.31
Formula weight 447.64 Formula weight 178.83

Fig. 2. Schematic diagram of Li secondary batteries. 
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~� z+~&
. *�j 80oCöB ~� ÿn ���B rolling
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. jWB *�vþº ÷
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.

*æ �ãf Ûê& 0.3% �~� dry roomöB ¯~&b�,
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�~ *Vz�' ßWj rj�~
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�, ç& *�b� ÒÒ foil, ªÒïb� *�î� ��B
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1 M LiPF6(lithium hexafluorophosphate) "� Ï�>Ú ®º
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«¶~ �� ;çj Fig. 3ö ¾æÚî
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1028º ��� 
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. �

Table 2. Properties and preparation of metal coated carbons 

 Element Analysis Sample preparation method 
(Fluidized CVD reaction conditions)Cu (wt%) Sn (wt%)

CS0* −  −  −
SN1 − 1.37 tin oxides coating at Ca. 500oC for 30 

min
SN2 − 0.93 tin oxides coating at Ca. 500oC for 10 

min
CS1 0.14 1.83 tin oxides coating at Ca. 500oC for 40 min 

and subsequently copper coating at Ca. 
450oC for 2hrs

CS0*: raw MCMB

Fig. 3. SEM photographs of surface-modified MCMB1028 (× 100K): (a) CS0 (b) SN1 (c) SN2 (d) CS1.



The Electrochemical Characteristics of Surface-modified Carbonaceous Materials by tin Oxides and Copper 173
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� standard intensityf jv~º O��
. �âöB "C�

ê²Òò «¶ �� *öB jv' �� ª�¢ ¾æÚ� ®
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.
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b� *Vz�' 
þ
j 
�~&
. Fig. 6f "CÖzb�
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ÏÁO* curve�B Ñ ®� Ò��~ Ï*� £ 0.8V **

"¾öB ïê **¢ &V� > ®b�, z+B ·� Ã&�
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. ¯, Ï* Ïï�
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. �©f Ñ ®� Ò��~ Ï* "

;öBò ¾æ¾º ©b�B v ®� Ò�� �êöº &V>

æ pº
. ¯, >w� j&�'b� ê¯>� ®rj ~�~

� ®
. ��� j&� ";f "CÖzb 7~ "Cj ~ö

�Êº� V� ÒÒ~ ²j� �� ©b�, �� �� Ï* Ï

ï� 
^ Ö"'b� .VÎN~ 6²¢ .¾~² B
. �

©f Fig. 7~ CV curveöBê &V� > ®
. z+B "C

Özb~ ·ö V¢ Ñ ®� Ò��~ ~ö peak& 0.7V **

"OöB Ã&�j &V� > ®º�, �©f ÏÁO* curve

Fig. 4. (a) SEM photographs of tin oxides coated MCMB and
(b) corresponding EPMA mapping of Sn.

Fig. 5. (a) SEM photographs of tin oxides and copper coated
MCMB and corresponding EPMA mapping of (b) Sn & (c) Cu.
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Fig. 6. 1st, 2nd charge/discharge curves of surface-modified MCMB1028. (a) CS0 (b) SN1 (c) SN2 (d) CS1.

Fig. 7. Cyclic voltammograms of surface-modified MCMB1028 with scan rate of 0.1 mV/s (0.0 V : 3.0 V); (a) CS0 (b) SN1 (c)
SN2 (d) CS1.
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~ ïê **öBf îR&æ� j&� ";ö ~� ÒÒ�

Öz>Ú ²j>� ®rj ~�~�, �� v ®� Ò�� �

êöº &V>æ prj {�� > ®
.

Courtney and Dahn[12-13]ö ~~�, Li-Sn alloy~ ãÖ, Ñ

®� Ï* ";ÿn ÒÒf Ö²(.Vö "C" Ö�B)f Ö

�~�, �� �� Özb� »Z>�B "C" amorphous ç

~ Li2O¢ ;W~�, ��� >wö ~� ~öB "Cf Li4.4Sn

~ ��' �W �êræ ÒÒ" Ö�~º alloying >wj ê

¯~² >º ©b� ��>� ®
.

"CÖzb� z+B ê²Òò~ ãÖ, �f ?f mechanism

b� >w� ê¯Nj {�� > ®º�, Fig. 8f ��� "

CÖzb� "Cb� ~ö>îrj ¾æÚ� ®º XRD data

�
. Ò�� *~ "CÖzbf 30 Ò��� ê¯B êöº

� peak¢ &V� > ìb�, �æ ~öB "C peakòj {

�� > ®
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þöBº *~ >w~ Ö"ö ~� �Z "C�
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��öê ê²Òòf ÒÒö ~� *;'� ã«>w

(intercalation reaction)� ÷¯~� ÏÁO* >wj ê¯~²

B
. ��� >wf 
r" ?� ¾æâ > ®
.

xLi + 6C � LixC6 (3)

xLi + SnO2 � Li2O + Li + Sn � Li2O + Li-Sn (4) 

3.2.2. �Ò Î&ö V� Î"

Fig. 9º C-rate¢ C/5� ;*~ 
þj ê¯~&j ãÖ~

Ò�� WËj ¾æÞ �¾*�
. �âöB r > ®�� "

C Özbò z+B MCMB1028~ ãÖ .V Ò��öBº

raw MCMBö j~� çßB Ïïj ��"æò Ò��� ê

¯Nö V¢ Ò�� ßW~ &~¢ {�� > ®
. 6� z

+B "CÖzb~ ·� Ã&�>� O* Ïï �� Ã&�j

r > ®
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j ãÖöº Ò��� ê¯Nö V¢ "C� aggregation ;�

� �Ò~Jº ãË 5 alloying/dealloying >w� ê¯>�B

ç�� ¦b æzö ~� morphological æz¢ ¢bB Ö"

'b� Ò�� >«~ 6²¢ ¢bÊº ©b� ��>� ®


[9]. � 
þöBê ê²Òòö "CÖzbj z+~� Ò��

ßW� &~>º ©b� �j Li-Sn alloy anodef � mechanism

� jÝ�j {�� > ®
. ��� lithium alloy~ Ò��

WËj BF~V *� lithium metal alloy~ ãÖ, B>� .

³ &�ö intermetallic�¾ composite host¢ ê« 'Ï~&

º�, V� Bvf ÏÁO*� ß; �ê ¯, ß; **öB

composite¾ intermetallic~ � Wªf ÒÒj &Ë� > ®º

(>», cc~º) reactant�B~ ��j ~² >�, 
� Wª

f j�Wb�B reactant~ ccj jz�B"º matrix ��

j ~² B
º ©�
[8, 14]. Li-Sn alloy anode~ ãÖ "C

Özb~ ç�� ¦b æzö ~� Ò�� >«~ 6²¢ �

Ö~V *� inactive matrix�B �Ò¢ Î&~� Ò�� >

«j BF~&
. � ��öBê ��� V�' BvöB Â

B~� 
þ� Ö", �âöB ��� "CÖzb� z+B ê

²Òòö �Ò¢ Î&�b�B �~� Ò�� >«~ 6² ^

B¢ �Ö� > ®² >î
. 

3.2.3. SEI(Solid electrolyte interphase)öB~ æz

Fig. 10f 2®� ÏÁO* Ò��öB~ AC impedance 5

EVS (Electrochemical voltage spectroscopy) curve¢ ¾æÚ�

®
. Öz ~ö ";~ Î� **ö ®ÚB "CÖzb� z

+B *�~ semicircle~ æª ¯, impedance& raw material

ö j� /Ï® 6²�j {�� > ®b�, z+B "CÖz

b~ ·� Ã&�>� ê�öB~ ªb~Êº 6²�j {�

� > ®
. CS1 �ò~ z+B "CÖzb ·� SN1 �ò~

"CÖzb ·�
 ôæò impedance& Ã&~� G;B �

Fº ÒÒ" >wj ~º ¯, �W� "CÖzbö j� ÒÒ

" >wj ~æ pº ¯, j�W� �Ò~ Î&� �� .¾

B Ö"� ÒòB
. ¯, �Ò~ Î&º Ò�� >«j BF~

æò impedanceº Ã&�Új {�� > ®
. 6� SN1"

SN2¢ jv~&j ãÖ, z+B "CÖzb~ ·� Ã&�>

� ê�öB~ impedanceº 6²�j {�� > ®
.

3.2.4. C-rateö V� Î"

"C Özb� z+B ê² Òò~ C-rateö V� ßWj r

j�V *� '' C/5, C/3, C/2ö &~� ;*~»b� 
þ

j 
�~� Ò�� 7 maximum discharge capacity¢ Fig. 11

Fig. 8. X-ray diffraction diagrams of the carbon electrode
before and after cycle. Fig. 9. Cycle performances of surface-modified MCMB1028.
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~ �¾*öB jv~� ê�~&
. �âöB �� z+B "

CÖzb~ ·� Ã&�>� O* Ïï� Ã&~º ãËj �

�� ®æò, �N O*b� .>� O* Ïï~ N�& *Ú

�j r > ®
. �©f &N O*�öº z+B "CÖzb

� ÒÒ" alloying reactionj ¢bÊVö Ïª� �*j <²

>Ú ÏïÃ&� ¾æ¾æò, �N O*öBº "CÖzb"

ÒÒ"~ alloying >w³ê& ÒÒ~ OÂ³ê�
 ç&'b

� ¶J^B z+ Î"~ 'Ëj � A² >Ú Ö"'b� raw

material" Ïïö ®Ú � N�& ìº ©b� ÒòB
.

4. Ö �

� ��º *Ò çÏz>Ú 6Ò ��� ®º ÒÒ �N *

æÏ ê² ¦�~ &Ú bî BBj *� ê²Òò ��ö F

ÿç z�VçÃO»j ê«~� "CÖzb 5 �Ò¢ z+

�b�� � *Vz�' Î"¢ ¦Ã~�¶ ~&b�, � Ö

" 
r" ?f Ö�j áj > ®î
.

− Fÿç z�VçÃO»ö ~� ê² Òò ��ö z+B "

C Özb 5 �Òº cluster ;�� ê² Òò ��öB j

v' �¢� ª�¢ ¾æÚîb�, "CÖzbf 50 nm, �

Òº 200 nm ;ê~ �V¢ <º �;~ ;çj ¾æÚ�

®î
.

− z+B "CÖzb~ ·� Ã&�>� Ñ ®� Ò��~ Ï
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Fig. 10. Nyquist plots of surface-modified MCMB1028 at 2th cycle.

Fig. 11. C-rate effect of surface-modified MCMB1028.
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