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Abstract − The graphite materials were coated with tin oxide by spray dryer method and their coating effects on the elec-

trochemical behaviors were investigated for improving performance of carbon negative electrode in lithium secondary battery.

TGA/DSC thermal analyses of SnCl2 showed that the oxidation reaction of SnCl2 into tin oxide is occurred at 470oC. The

microstructure and surface properties of the prepared negative electrode materials were discussed on the basis of XRD, SEM,

EPMA analyses. Their electrochemical behaviors were also investigated in 1 M LiClO4-EC/DEC(1 : 1) solution at the room

temperature. It was possible to obtain fine particle of tin-oxide uniformly dispersed on graphite substrate such as natural graph-

ite and graphite fiber powder using spray dryer method. Natural graphite electrode coated with tin-oxide had the higher charge/

discharge capacity than that of raw materials. Its charge capacity value increased with an increase in the tin-oxide content.

However, the efficiency decreased with an increase in the tin-oxide content. This is thought that Li+ ion is much consumed

because the more tin-oxide, the more LiO2 content. 
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��� �� ��� ���  ! �� 
�"� #$ %& '(�, )

* �+� �' �,� -.$ /'01. ��2 34 56/78 �9�

−3.03 V�� �:;	 <=>� �? �@A BCDEF ,9 ��G

H� IG� )D! 	�� ��� �2 J"$ K� L� MN	 ��

$ OP QRSE �TU M �? �2 ��V� WXY1. Z[\ B

C ��2 �]
�� Y^_� *` ��� dendrite a"DE b� :

cdb ebDE b>f �� 
�� g! hO ,i	 �� �j	 �

k �l mn o �6	 �p� qr� L1. �s t2 uv$ wx>

� ydDE Li dendrite z"$ {|>� }EA �k~ �s �� �

B OP �� �:_� L�&[1-3], '��� �ku ;�E �' L1.

������� N|v$ �`>� 9� ydDE �� ����� O

PDEF �� BC �� �� =� o �� �B �� �� �:_�

LD![4, 5], ��, ��db TG� 372 mAh/gb LiC6E |�db �

�� �P QRS	 �k ;�dDE �TGb BC 56R �E� �
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�� LiB
 ����� ����� �� 89
�� Q�>� ��X�� L1[6-8]. Z I Sn� 6�R$ �T� Q

RSb Li21Sn5� �TG$ W$ � L� �Vdb =��1. Z[\

SnO\ SnO2� �� 56R2 Z �TG	� �:>� �2 ��� T

G� 
��+� ;�DE b� �T �� ��� #2 ,v$ ���

LD!, 1�� t2 Li2O, SEI(solid electrolyte interface) a"� �


� �B6  ¡� �¢ £¤DE b>f �� ¥¦	F microcracking

� Y^_� §DE ¨©ª L1[9].

(2y−x) Li++LixMOy+(2y−x)e−«yLI2O+M(x¬0)

xLi+M xe−­LixM

Li++electrolyte(EC, DEC, LiPF6...)+e−«SEI(Li2CO3, ROCO2Li,...)

�[� BC QRS� j6� LiC6� ��h ®¯ °±²  ¡� �³

>f `´"� �r #� �� µ>� ��db ebDE )T�1.


�F ��	� �[� BC QRS� j6¶ {|>� 9>f �

r )2 ²�E |c� BC QRS� �:� Y^ I	 L1. �r

)2 ²�� QRSb qr, Li �·� 56 78  ¡	 �� �¢

£¤� u´ :c� ¸� g4¹ º;$ {|k �� §DE ¨©»

1[10]. �¼½ ��� TG, �]
� TG �� ��=� ¥¦ ;

�	 g� �<>� MN	 ��=� ¥¦ wS2 ¾2 �:�¿	

�k g� �y_X À� L1.

Z[ÁE, 3 ÂÃ	F� }EA �`db OP RS$ w�U yd

DE spray dryer 
Ä$ Åk ÆÇ� �� 56R� �È ²�¶ ��

¥¦;DE �n>�� >ÉD!, �s t� |cÊ OP RS� ��

6Ëd J"$ ÌÍ>�� >É1. Î, QRS |cÏ `´� 
n TG

� #2 Ð� �+$ K�Ñ >� 9>f ��� QRS$ Ò=E �T

>ÉD!, �� 56R �È ²�� Ó�G$ ��� 1Ô� Õ�� Q

RS$ |cÖ$ %& '(� Z¿� �� J"$ �³>É1.

2. � �

2-1. ����

ÆÇ>� �È� �� 56R ²�¶ �� ¥¦	 �nÏ×� 9>f

Øµ spray dryer ?Ù�  ¡ T�	 ��=� mÚ$ Û²>É1. Z

Ü hO ·�¶ 120oCE Ý�>¦F Þ| ��	 �� ß�� Ý* à

7$ 
� Ò= mÚ$ Þ| à7Ïá� *Ï	  ¡T� âO	F ß

� à7 ãä$ Åk SnCl2 �T~$ Þ>� m�>É1. �� mÚ ¥

¦	 ��å2 SnCl2 T~ 
æ2 �·jç �� m9�	F èCé ê

c_ëD! �� Ò= ¥¦	� SnCl2 �È ²�� ÆÇ>� m5ì �

L�Ñ >É1. Ò=EF� Ç3��(�)� í� ��(LB-CEB, �>

NG)� Petoca(�)� �� îÝ mÚ(�> GFP)$ Ò=E �T>É1.

í� �� o �� îÝ mÚ� R�db J" ï¿$ Table 1	 \ð

ñ1. í� �� ò2 �� îÝ mÚ 300 g$  ¡c	 Û²>� ��

ó� �� 5%, 10%, 20%� SnCl2$ ÏôT 	�õ	 TkÏö Ü m

Ú� à7>�  ¡c h	 T~$ m�Ï×¦F êcÏ÷1. êc Ü

SnCl2� 56¶ 9k ß� m9�	F j¼�>É1.

2-2. �� �� 	 �


�P QRS(active material)$ |c>� 9k WXY ��-�� Õ�

� QRS mÚ(50µm�>)¶ ø>f PVDF(poly vinylidene fluoride)

¶ u�=E >f ù� dHG� 'Èú$ Ó�� 1� �C ³   ¡

�E ÆÇ>� ³ � Ü �� û�üb Cu mesh	 ýþÄ$ �T>

f ÿ�>É1. Dry room	F  ���¶ :">f �� 56R� ¥

¦�nÊ �� �P� �� 6Ëd J"$ ¨'��1. )��PDE

���P, ;��PDE �� foil, Z�� m��DE �kS� ��Ê

PP(poly propylene)¶ �T>É1. LiClO4 �� Tk_X L� EC(ethyl

carbonate): DMC(dimethyl carbonate)(1 : 1)¶ �k~DE coin cell$ |

c>ÉD! CC/CV modeEF =�� �]
� J"$ Ð�>É1.

2-3. �� 	 
�

Spray dryer ?Ù�  ¡ T�	 �k �� =� ¥¦	 �nÊ ��

o �� 56R� m	, ²� g� o c" �$ ¨'�� 9>f 1�

� t2 m�$ >É1. jm�(TGA/DSC)2 800oC�� 3 oC/min� �

· C�E ß� m9� >	F ÂÃ>ÉD!, �¶ Å>f SnCl2EO


�� 56RE� �6 ·�¶ �´>É1. |cÊ �P QRS ¿2

XRD(Rigaku, RINT/DMAS-2500)m�$ Åk Z J"$ 
�>É1.

�M �� m�	 �TÊ X-x2 Ni-filterE ,�6Ïö CuKα(1.54056

�)x�ÉD!, �TÊ �+� ��� -- 40 KVs 35 mAÉ1. ��,

SEM(hitachi, S-4200)DE Ò= �� ¥¦	 �nÊ SnO2� a;$ 


�>� EPMA(Jeol, JXA-8600) mapping$ Åk m5 ;�¶ �b>É1.

3. �� 	 
�

3 �:	F� í� �� o �� îÝ mÚ� ¥¦	 �nÊ ��

56R� Ô	 
� ��¶ ¨'�� 9>f --� Ï�	 �� m�

o �� 6Ëd J"$ c�>É1.

3-1. ����

SnCl2� 56 ¡ ·� o Ï¯ � Z cê$ u´>�� DSCs TGA

m�$ �^>ÉD!, Fig. 1	 ß� m9� >	F� u�¶ \ðñ1.

Fig. 1EO
 SnCl2� 250oC O�	F T�_� Ï)� Ü 470oC �¼

	F 56  ¡	 �� 56 z"R� &¿X�$ ¨ � Lë1. 
�F

spray dryer ?Ù	 �k í� �� o �� îÝ mÚ	 SnCl�T~$

Table 1. Physical properties of natural graphite and graphite fiber powders used in this study 

Properties
Materials

Fixed carbon[wt%] Volatile matter[wt%] Average size[µm] Density[g/cm3]

Natural graphite >97 2.5-3 −15 2.20
Graphite fiber powders 99.5 <0.5 ϕ15, <L 70 2.08

Fig. 1. DSC and TGA curves of SnCl2 under air condition.
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m�� Ü� j¼�� 470oC� ·�	F 30m *` ß� m9�	F �

^�DE� �mé Y^ì � L1� §$ �� ÂÃ$ Åk ¨ � Lë

1. TGA u�EO
 SnCl2	F SnO o SnO2E� 56  ¡	 �� I

G ��� 69% ́ ��$ ¨ � Lë1. ��, 1�� XRD u�	F�

�bU � Lë1. �� SnCl2� 56 ¡ �Ü� ¥¦ a; o ́ " m

�$ 9� SEM/EDX u�¶ Fig. 2	 \ðñë��, 56  ¡ Ü W

XY z"R ¥¦� "m m� u� �Ï �� 56R�$ ̈  � Lë1. 

�� 56R� ¥¦ �nÊ �� =�� u´ :c J"$ c�>�

9>f X-x �� m�$ ÂÏ>f Fig. 3	 \ðñ1. Fig. 3(a)	F �

� �s t� í� ��2 ��� ��x$ \ðhX � ��Ê ®¯

:c¶ K� §$ �bU � LD! SnO2�  g� �bU � Lë1. Î,

u´"� !2 ��	 SnO2� Ìn_ë� SnCl �j2 Ìn_� "�$

¨ � L1. Fig. 3(b)� �� îÝ mÚ2 �� �ü� ��îÝ¶ 2,300oC

	F ��6 ¼�>f W� MN	 u´"� í���	 �k !� "

�1. � qr	� �� SnO2 u´;� Ìn_ëD!, �� 56R �

j��� #´_� � 1� ¾2 peak¿� Ìn$$ ¨ � Lë1.

Fig. 4� -- �� ó� �� 20%� SnCl2� Ó�_X �� 56R

E ÿ�Ê í� ��� �� îÝ mÚ� SEM u� o �	 �¡>�

��� EPMA mapping$ \ð% �Y�1. EPMA� - "m� J"

X-ray l&'½$ �´>� Z§$ mapping	 �k ¥( Þ�(standard

intensity)s �³>� 
)DE WX�� §DEF, �� ¥¦;	 m	

_X L� �� t2 8�� ´" o ´Gm�$ >�� �E �T_�


Ä�1. Fig. 4� (a)¶ �¦ í� ��� qr flake;� �Y ��(tap

density)� #' �� îÝ mÚ	 �k *Ç ó�H Ò=� ¥¦d�

*DÁE SnCl2 �T~	F �� 56R �nÏ �r )2 ²�EF�

:º� ��>f (c)s t� ��� ÆÇ� m	� ��Ö+ §DE ,

,Ê1.  ¦	 �� îÝ� qr	� milling$ >-�� fiber a�E

<=>� §� ¾' mÚ;� í� �� mÚ	 �k �Y ��(tap

density)� �D! *Ç ó� H ¥¦d� )2 J"� L1. 
�F *

Ç cê	F �� 56R� �nì qr ��� �� m	� ���>

f �� îÝ mÚ� ùf L� .X� a;$ K� _!, (d)s t� �

Fig. 2. SEM and EDX results of SnCl2 after oxidation reaction.

Fig. 3. XRD patterns of tin oxide coated natural graphite and graphite-
fiber powder.

Fig. 4. SEM photographs of tin oxides coated NG(SnCl2 20%)(a), GFP
(SnCl2 20%)(b) and corresponding EPMA mappings of Sn on NG
(SnCl2 20%)(c), GFP(SnCl2 20%)(d).
���� �40� �1� 2002� 2�
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�� m	� /IÊ a;$ K� ì % '(� �� 56RE �� îÝ

²�¶ 0[�� a;$ K� a�� ²�� z"Ê §DE ��Ê1.

3-2. ����� �� ��

í� �� o �� îÝ mÚ� �� 56R Ô	 
� ��6Ëd

J"$ ¨'�� 9>f -- �� �� 5%, 10%, 20%� SnCl2 �Ý

1$ K� �� �P	 �k ´��ÄDE ��6Ëd J"$ ¨'�

�1.

Fig. 5� �� 56R� ¥¦ �nÊ �� �P	 �>f 23 ���

	F� �]
� 4x�1. Fig. 5	F ¨ � L5�, í� ��2 0.25 V

�>	F �e� Li+ �·� ®¯±²(intercalation)� ��XY1. Z

�;� potential	F�  ¡2 �� edge¦	F �z>� Li+ �·�

�k~� mk ¡	 �k z"_� SEI�  ¡DE ��_![11, 12],

� Om	F� Â| ��� ±²  ¡2 ÇX\� "D! 	�� ��

,�� U � L1. Ç dDE ��� �P	F� 0.8 V(vs. Li/Li+)O

�	F ���  ¡� \ð\��, 3 ÂÃ� u�	 
p¦ �� 56

R Ô� 6�U�Ñ ��� Om� ��_� §$ ¨ � L1. Î, ��

� Ó�G� ¾'S�Ñ 
� TG2 g� \ð\�& �1(1st cycle,


�/��)� 86%, 83%, 79%EF ��>� §$ 7 � L1. ���

 ¡ Om� ��_¦ �
� �1� ��k8 �	� �:>� 
�

TG2 Àé© 6�>� q9$ ��� L��, �� ��� Ó�G�

¾'S�Ñ �3 í� �� �
� :*� À��DE� �*� ;�

� *Ï	 ��� Lis� �B  ¡� Ô� ;�� §DE z-Ê1. Î,

��� Ô� ¾'S�Ñ a"_� LiO2� Ô� ¾'ª �Ò_� Li+ �

·� ¾'Y 8bDE ,,Ê1. Courtneys Dahn� qr	� ��-�

� �B� qr	 LXF < 23 �
� *` ��2 5�s u�>�

�, ZE b>f 56R� =>_� ��� �u´;� Li2O¶ a">

! �  ¡	 �k 78Ê ��2 ��d c" ��b Li4.4Sn �� �

B6  ¡$ Y^>� §DE ��>� L1[13].

Fig. 5	F í� ��	 SnCl2 20%¶ Ó�� QRS� �? �2 


� TG$ �f�ëDÁE *Ç� 
ÄDE �� îÝ mÚ	 SnCl2
20%¶ Ó�� QRS$ |c>f Z �� J"$ 
�� u�¶ Fig. 6

	 \ðñ1. Z u� í� ��	 ��$ Ó�� qrs� ; Ê u

�¶ 7 � Lë1. í� ��	 ��$ Ó�� qr	� ��� 
�

TG$ �Om 
n� �Ü SnO2� 
� º;� ��X�$ ¨ � L

ëD\, �� îÝ mÚ	 ��$ Ó�� qr	� Àé© Li+ �·�

�Om� 
�_� 0.25 V �v� ;Hé ?�DE �*� ;�	F Li-

Sn �B	F� Li+ �· 
� º;� \ð�$ ¨ � Lë1. *Ç� c

êDE |cÊ ��-�� Õ� QRS� �
� :*� ��¶ Fig. 7	

F �Âé 
�U � L1. Fig. 72 SnCl2 20%� Ó�Ê 2�� ��-

�� Õ� QRS� �
� :*DEF, í���$ Ò=E� QRS�

qr� ;�dDE �2 �� �T@$ ��� L1. ��� �T@ �

� Fig. 7	F �³k 7 M ;�dDE #2 �T@$ 7 � L1. Â

Ã	 �TÊ í� �� Ò=\ �� îÝ mÚ Ò= ÒA �B� 
�

TG$ �Y =��	� �:>� �� îÝ� qr, �� o ��� �

T@� #2 §2 ?F C�Ê Fig. 4� - QRS� SEM�Y� u�

m�$ ÅkF� �Ï Z �Ý¶ Ý#U � L1. ��, Fig. 7	F ��

-�� Õ� �P QRS |c I �T>� Ò=� xD	 
� Z �


� :*� E ��¶ �É1. �� ?F C�Ê §¼½ �T� Ò=�

a;	 g� F9/� MNb §DE ,,Ê1.

4. � �

(1) Spray dryer¶ �T�DE� �� Ò=	 ÆÇ� m	¶ �Y �

� 56R �È²�� �n� ��>ÉD! �X�� êc, 56 ß´

$ Åk �� 56R� �Èu´� Õ�Ê ��-�� Õ�� �P QR

S$ �">É1.

Fig. 5. Charge-discharge curves of NG with various SnCl2 contents during
the first charge and discharge cycle.

Fig. 6. Charge-discharge curves of GFP and GFP(SnCl2 20%) during the
first charge and discharge cycle.

Fig. 7. Charge-discharge curves of NG(SnCl2 20%) and GFP(SnCl2 20%)
during the first charge and discharge cycle.
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.:

in,
(2) í� ��$ Ò=E >� 20%� SnCl2¶ Ò= ¥¦	 �nÏö

NG-Sn20%� 
� TG� 400 mAh/g, Z�� G� 
� �1� 80%

EF �� ¼�>� "2 í� �� Ò=(309 mAh/g, 79%)	 �k 8%

´�� 
� TG� 9;$ �É1.

(3) *Ç� ÂÃ cêDE �� îÝ mÚ ¥¦	 20%� SnCl2¶ �

nÏö GFP-Sn20%� 
� TG� 330 mAh/g, Z�� G� 
��1

� 88%� u�¶ 7 � Lë1. � qr ��$ ¼�>� "2 �� î

Ý mÚ(312 mAh/g, 94%)� �³>f ô 20 mAh/g� 
� TG 9;

� 6%� �1 µ>� �z>É1.

� 


� HN2 2001I� àí�Ë³ ß��Ë ËJ=, �:�	 �>f

�:_ëD! �	 �� KL(1.
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