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. �

ÒÒ�N*æ r��bî� ÒÏ>º �Ww�«¶ö ��«~.³j z+~� � *Vz�'ßWj �Ò~&b�, �Ú
'� z+O»b�º &ÊªÖÊ*.� z+»j 'Ï~&
. � ��º*ÚöB .³j z+� «¶� B�B *�f
ÏO*� ;W>º ê�&�j 6²�Úb�B Ö"'b� ö�òö j�B ¸f O*Ïïj ¾æÚî
. CV
þj Û
�B f" "Cf ÒÒ"~ �.>wj {�� > ®îb¾, 2.5 7ï% �~~ Ôf z+ïj �J®j r, ¸f ª
Öê¢ æò .³ bî~ z+j Û� *� �bî ��~ �¢� *êê~ Ã&& "ºö�� ©b� Òò>î
. �
¢ê .³b� z+~&j ãÖ fz+� *��bî� &Ë ¸f O*Ïï" Ò��ßWj ¾æÚî�, fj V�b�
~º �WªêöBº f-î.*�� &Ë ¸f �NßWj ¾æÚî
.

Abstract: Various kinds of metals were coated on synthetic graphite in order to investigate the relationship between
film characteristics and their electrochemical performance. Gas suspension spray coating method was employed for
the coating of synthetic graphite. In our experimental range, all of the metal coated synthetic graphite showed the
higher capacity than that of raw material at high C-rate mainly due to decrease in impedance of passivation film.
In cyclic voltammetry experiments, silver-coated and tin-coated graphite anodes found the lithium-alloy reaction. Con-
sidering smaller amount of metal coating, the most increase in discharge capacity was caused by improvement of
conductivity of the electrode. When single-component metal was coated, silver-coated graphite anode exhibited the
highest discharge capacity and better cycleability. Double components of silver-nickel coated active material showed
the highest discharge capacity, rate capability and the best cycle performance in the range of our experiments. 

Key words : Synthetic graphite, Metal coating, Anode, Lithium secondary battery

1. B  �

�"~ ê²Òò~ î�Ú wÏ ª¢ 7~ ~¾º ÒÒ �N
*æ~ ¦� ²Ò�B~ �Ï�
. ÒÒ �N *æº Ï»*æ
f jv~&j r 3V ;ê~ ¸f ö.æ &êf 3.6 V~ ·
ÿ*{, �Ò� Z >«j &æ� ®b� 66 � >º& /Ã
~� ®º Z&*zf �Þ§ �~ �ÿÚ Û�Ï �ÿ *öb
�B �9² ÒÏ>� ®
. ��� VF~ W�f r�b� Ò
Ï>î~ .³ ÒÒ &�ö ÒÒ ã« ËK(intercalation
capability)¢ <� ®º ê²ê bîj r�b� ÒÏ�b�B

��Úr
1-4). �¢ Û~� *æ>« 5 n;Wj Ëç�Ò >
®� &Ï �öBê FÒ~² >î
. ��¾ �� Ïï�
3600 mAh/g� .³ ÒÒj ê²êbî�~ &Úº Ôf Ïê
&êf matrix~ �Ò r^ö ö.æ &ê~ 6²¢ .¾~²
>î
. V¢B r�b�B~ ê²ê bîf .³ ÒÒö &r
Ú **öB ÒÒ �Nj &�'b� �>� > ®Ú¢ ~º�
��� Wîf ê²~ Ö;��ö �² ~�~� ÒÒ �N *
æ~ ÏÁO* ßW, voltage profile, cyclic stabilityö 'Ëj
��
5).
�WË *�j BB~V *~� ê² Òò~ ÒÒ ã« ËK
j BF~V *� ôf ��& ê¯>Ú J� ®æò, &¦ª~
��6,7)
f ê² *� Òò *�Ú
~ êz ��j BÚ�b
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�B ê² ��¢ BF~º � ÷7>Ú ®�, ê²ö .³j
z+�b�B ê² Òò~ ��j Bî~º ��º ç&'b�
ôæ p~b�, "C Özb�¾ .³fj ê² ��ö ªÖ�
B Ïïj Ã&�Ê�¾ .³ �Ò¢ z+~� n;B Ò��
ßWj áÚÞ ��
� B�>Ú z
10-12).

Carbonj anode� ÒÏ~º � ®ÚB~ &Ë � ^Bº Ñ
®� ÏÁO* Ò�~ � j&� ¶
" graphite~ ¦'.�
high rate ßW r^�
. � j&� ¶
f "� carbon ��
ö SEI(Solid Electrolyte Interface) 6º bï~ ;Wb� ¾
æ¾º *�î~ ª� r^�
8,9). £*~ ÒÒf SEI ;W"
;öB ²jB
. �©f ÒÒ �N *æö ®Ú 7º� Ö"�

. çëÏ ÒÒ �N �N *æöB ÒÒ �N~ F¢� öÂ
f ÒÒ *� .³ Özb�V r^ö SEI ;Wb� �� ÒÒ
~ ²jº Ïï ¶
� �r² B
. ��æ� Ñ ®� ÒÒ~
intercalation >wÿn carbonöB B�~º j&�Ïïf 
B
*æöB �²z>Ú¢ �
. ��� SEI~ z�' �W" ;
Wö &� ôf ��& >¯>Ú^ z
.
� 
þöBº «¶ö ö~º bîj z+~º ªÚ z+ �
; VFj �Ï~� ê² Òò~ *¶ *êê¢ ¸��¶ ��
Bîj ~&
. f, î., "C 5 �Ò¢ ê² Òò ��ö �
¢ Wª 5 �Wªê� z+~&b�, XRD, SEM, AAS,
BET ªCj Û~� z+B ê² «¶~ ç�¢ &V~&b�,
B�B «¶�¦V >ã *æ¢ �W~� � *Vz�' ßW

ö &~� �Ò~&
. 

2. 
  þ

2.1. ê² Òò~ �� z+
ê² «¶ Ò�~ w÷ Oæ 5 » OËb�~ «¶~ vª
j Ëç�ÊV *� çã 72 mm, ̧ � 155 mm� öÛ;b�
B·B �³ (draft tube)� ÚË>Ú ®º ¸�& 482 mm, =
çã� 300 mm�� jÑçã� 200 mm� >wVö ê² «¶
¢ ¦F�Î ç�öB Ê*.� �¶j �Ï~� .³"j ª
Z�b�� ê² «¶~ ��j Bî~&
. �� Bîö ÒÏ
� ê²º 2800oCöB B�B 10µm~ çãj <º �;~
«¶&b� z+ö ÒÏ� .³"
f Ag(NO3), Cu(NO3)2,
Ni(NO3)2, 5 SnCl2&�, solvent�º öêRj ÒÏ~&
. �
¢ bî~ z+jº 2.5 wt%&�, �Wªê bî~ z+~ ã
Ö 1 : 1~ �W jN� ê² «¶ö &~� 2 wt%~ z+j ¯
~&�, �¢ Table 1ö ¾æÚî
. z+j î� MCMB1028
«¶º ®jº� îzb" "zb �j B�~V *� >²ª
*VöB �¾Ò¢ ~&b�, �¾Ò Nêf �¾Ò �*f '
' 500oCf 5�*�î
. 

2.2. �ò ªC
XRD (RigakuÃ, model Miniflex)¢ ÒÏ~� B�B «¶~
Ö;��¢ �Ò~&�, 2θ 8� 20oöB 70o Ò�öB X-ray
². NZ� áÚr
.
«¶~ �Vf ��;çf Scanning electron microscopy

(HITACHIÃ, model S-4200)� ªC~&
.
«¶~ j��'j G;~V *� Accelerated Surface Area

and Porosimetry System(micromeritics ASAP-2010)j ÒÏ~
&b�, 120oCöB 4�*~ *¾Ò¢ � ê î²&Ê¢ �îO
�B j��' 5 V�~ ¦bf ï�çãj G;~&
. 
V� �ò¢ V&b� z+B bî~ ·j ªC~V *� �

ò¢ ²� �Wb� ICPªC 5 AAS ªCj ~&
. ªCö²
º Sn (ICP), Ag, Cu, Ni (AAS)ö &~� �¯~&
.

2.3. *Vz�' ßW ï&
z+B ê² «¶¢ r� �bî� ÒÏ~� ê² *�j B
�~� >ã *æ¢ �W~� *Vz�' ßWj rj�~
.
�bî(Active material)j B�~V *� ê²Òòf Ö�B
� PVdF (polyvinylidene fluoride) [13wt% in NMP (1-methyl-
2-pyrrolinone)]¢ 94 :6~ wt% jN� D� '�ï~ j^Êj
Î&~� �³ v>V(5000 rpm)� �¢~² v>� ê, *~
÷*Ú� Cu exmetö :w»j �Ï~� z+~&
. *�j
80oCöB 12�* ÿn ���Î ê rolling press¢ ÒÏ~�
{O~� *�~ �V¢ 2Ü2 Cm2� ¶��, 80oC~ ê� ~
öB ~� �ç ���B *�j B�~&
. *æ �ãf Ûê
& 0.3% �~� dry roomöB ¯~&b� *æº >ã *æ
(half cell)� ò
Ú .³ z+B ê² *�~ ßWj rj�~

. Working electrode� ê² *�, counter electrode� ÒÒ
foil, ªÒïb� *�î� wettingB PE (poly-ethylene)¢ ÒÏ
~&
. *�î�º 1 M LiPF6 "� Ï�>Ú ®º EC based
Ï
�B 
� Ï
f~ b��j ÒÏ~� *Vz�' 
þj

¯~&b�, EC :EMC:DMC(1 :1 :1)~ ¦bj� �W>Ú ®

. 
B�B *æ~ ÏÁO* ßWj �Ò~V *~� Won A

Tech~ WBC3000 ÏÁO* �þVö �þÏ *æ¢ �Ö~�
ÏÁO* �þj 
�~&
. ÏÁO* �þf ;*~»
(Galvanostatic)j ÒÏ~&�, Ï*" O*(cut off: 0.0 - 1.2 V)
'' «ò ê 20ª~ rest timej ¦&~� *Vz�' ï;ö
��² ~� �þj ê¯�V
. C-rate¢ C/5, C/3, C/2� ~�
''~ rateö V� cycle ßWj rj�~
. 6� WBC3000
ö 2*�b� cellj �Ö~� scan rate 0.1 mV, cut off
voltage¢ 0.0 -2.0 V� ~� CV(cyclic voltammetry) ßW 

þj 
�~&
.

3.1. �� BîB ê²~ ßW ï&
f, î., �Ò, "C �~ �¢ 5 �Wª .³"j z+�
ê �¾Ò¢ Û~� "j B�� MCMB 1028~ ICP 5
AASö ~� ö² ªC Ö"f BET ��'~ æz¢ Table
1ö ¾æÚî
. Table 1ö B�B >~º z+B .³~ ê²
Òòö &� Z²j(wt%)¢ ~�~� ®b�, �Wª~ .³"
j z+� r~ z+ bî*~ �Wjº 1 :1�î
. z+�
uniformity¢ �J~� "« Ï�~ solvent~ ·j Ïª® ~
&b�, ê² Òò «¶~ B~� >wV Ú¦öB 
Ö ö�~
&V r^ö "«B .³"� «¶ö ��� z+� >îrj
{�� > ®îb�, z+ bî~ "«ï�¾ "« �*òb�
z+ �Wj ç�® ;{® �.� > ®îb�, �¾Ò¢ Û~
� îzb 5 "zb� Îv B�>îrj {�� > ®î
.
6�, Raw MCMB 1028ö j~� z+j ®j r BET �
�'f ç&'b� Ã&~&b�, 
� bî~ z+ö j~�
î.j z+®j r BET ��'� £* Ã&�j {�� >
®î
. 

SEMj �Ï~� f, î., �Ò, "C~ �¢ Wª z+ 5
�Wª� �� z+B MCMB 1028 «¶~ �� ;çj 5òV
~ VN� {&� SEM Òêj Fig. 1ö ¾æÚî
. (a)º
raw MCMB~ �� ;çj ¾æÞ ©b�B ��� 
j�Ú
��¢ <� ®rj &V� > ®b�, (b)º MCMB «¶~
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��j f «¶& *Ú'b� uniform ~² Ê�� ®rj &
V� > ®îb�, (c)º £ 80 nm ;ê~ �V¢ <º î.
�ÚÒ
� �¢~² ��j �� ®rj &V� > ®îb�,
(d)º 130 nm ;ê~ �V¢ <º � � �ÚÒ
~ �Ò «
¶& ��ö ¿Ú ®rj {�� > ®îb�, (e)º 60 nm �

~~ æªj <º ·f "C «¶~ �ÚÒ
� ��ö ¿Ú
®rj &V� > ®î
. f" î.j �þ z+� (f)~ ãÖ,
fj �ëb� z+~&j r *Ú'b� ê² Òò~ ��j
�� ®~ ÎÛ� Ò¢æ�, î.j �ëb� z+~&j r¾
" «¶
� �ÚÒ~ ;�� ê² Òò ��ö z+>îrj

Table 1. Elemental analysis and BET surface area of metal-coated MCMB 1028.

Sample
Elemental Analysis (wt%) BET Surface Area

 (m2/g)Ag Ni Cu Sn

Raw MCMB 1.9923

2.5 wt% Ag-coated 2.46 2.7650

2.5 wt% Ni-coated 2.67 4.7694

2.5 wt% Cu-coated 2.74 2.7138

2.5 wt% Sn-coated 0.61 2.1498

2 wt% Ag/Ni-coated 1.08 1.04 3.6809

2 wt% Ag/Cu-coated 1.03 1.02 2.8944

2 wt% Ag/Sn-coated 1.02 0.98 2.3612

Fig. 1. SEM photographs of surface-modified MCMB 1028 (ÝÝ50 K) (a) raw MCMB, (b) 2.5 wt% Ag-coated, (c) 2.5 wt% Ni-coated, (d)
2.5 wt% Cu-coated, (e) 2.5 wt% Sn-coated, (f) 2 wt% Ag/Ni-coated, (g) 2 wt% Ag/Cu-coated, and (h) 2 wt% Ag/Sn-coated.
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{�� > ®îb�, f" �Ò¢ �þ z+� (g)f f" "C
j �þ z+� (h)~ ãÖê '' �Òf "Cj �ëb� z
+~&j rf jÝ� ª�¢ <º �ÚÒ~ ;�� z+>î
rj {�� > ®
. fj �ëb� z+~&j ãÖ¢ B�~
�º z+ bî
" MCMB «¶~ ��Ò�öB wetting�
ç&'b� 'îb�, �Wªê~ ãÖ f~ �� morphology
& 
� .³ö ~� 'Ëj Arj {�� > ®î
. Fig. 2
º EPMA¢ �Ï~� z+B f~ back scattered image¢
¾æÞ �âb� z+bî� ¸f ª� &ê¢ ¾æÚ� ��
� ª�>Ú ®rj {�� > ®
. 
z+B .³~ «~f z+B ·ö V� XRD patternj

Fig. 3" Fig. 4ö ¾æÚî
. 2 theta~ º*& £ 26o "¾
öB carbon~ *;'� main peak& &V>� ®b�, JCPDS
referenceö ~~� f~ ãÖ 38.116o, 44.277o, 64.426öB,
î.~ ãÖ 44.505o, 51.844o, 76.366oöB main peak& ¾
æ¾� �Òf "C~ ãÖ '' 43.295o, 50.431o, 74.127of
36.010o, 34.249o, 62.538oöB main peak& ¾æÂ
. �

XRD dataöBº ê² «¶ ¶Ú~ ;� Ö;Wb� �� ç&
'b� ·f peak& ¾æ¾Z ®æò Fig. 3öB f, î., �
Ò "C �~ �¢ z+böB referencef ¢~~º Â]�
peak & ¾æ¾ .³� ê² «¶ö �Ò~� ®rj {��
> ®îb�, Fig. 4~ �Wªê~ XRD dataöBº ''~
.³ö ��~º peak ��ö 
� peak& �Ò~æ pj �
Wªê~ z+ 5 îzb" "zbj B�~V *� �¾Ò "
;öB �WB .³«¶º v .³~ �.� jî¢ ''~ .
³b�B �Ò�j {�� > ®î
. 

3.2. ��Bî *�Òò~ ÏÁO* ßW
Fig. 5ö f, î., �Ò, "Cj �¢ Wªb� ~� 2.5

wt%¢ z+� ê² *�ö &� C-rate¢ C/5� ~� ÏÁO
* 
þj ~� Ñ ®� Ò��" v ®� Ò��öB~ curve
¢ ¾æÚîb�, Fig. 6öBº �Wªê z+ö &~� î.,
�Ò, "Cj 1 : 1~ �Wj� 2 wt%¢ z+� �Wªê ê²
*�ö &� Ñ ®� Ò��" v ®� Ò��öB~ ÏÁO*
curve¢ ¾æÚî
. .³j z+� Î� *�
� ÏÁO*�
raw MCMBf ÿ¢� patternj �&b� ÒÒ" �. >wj
~º ©b� rJê f" "C~ ãÖöê ê² �bîö j�
ç&'b� 'f · r^ö *;'� ê² *�~ ÏÁO*
curve¢ ¾æêj {�� > ®
. 6�, Î� *�� Ñ ®�
Ò��~ Ï*" O* Ïï Ò�ö j&� Ïïj ¾æêj r
> ®º�, �º Ñ Ò��~ Ï*� ê² *�~ ��" *�
î~ Ò�ö SEI film� ;W>�B ²jB ÒÒ�N r^ö
¾æ¾�, � ·j Table 2ö ¾æÚî
. ��j Bî� ê²
*�j Û~� �WB 
� Wî~ SEI filmö ~�, .³j
z+� *�� raw MCMB *�ö j� Ñ Ò��öB~ ÏÁ
O* ÎN� Ã&®b�, 
� .³ö j� f� z+B *�ö
B �WB SEI film� ¸f ÏÁO* ÎNj ¾æêj {��
> ®
. 

Fig. 7" Fig. 8ö ÖzÁ~ö ";� ê¯>º ÿn .³�
z+B ê²*�~ *Vz�' ßWj B~*~»ö ~� 
þFig. 2. EPMA mapping of Ag-coated MCMB 1028.

Fig. 3. X-ray diffraction diagrams for surface-modified MCMB
1028 by single-component metal (a) raw MCMB, (b) 2.5 wt% Ag-
coated, (c) 2.5 wt% Ni-coated, (d) 2.5 wt% Cu-coated, and (e)
2.5 wt% Sn-coated (raw MCMB: 77, Ag: òò , Ni: íí, Cu: ;; , Sn: 00).

Fig. 4. X-ray diffraction diagrams for surface-modified MCMB
1028 by double-component metal (a) raw MCMB, (b) 2 wt% Ag/
Ni-coated, (c) 2 wt% Ag/Cu-coated, and (d) 2 wt% Ag/Sn-coated
(raw MCMB: 77 , Ag: òò , Ni: íí , Cu: ;; , Sn: 00 ).
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� Ö"¢ ¾æÚî
. �âöB ��� ÖzÁ~ö ";j �
� f" "C� z+B ê²*�j B��, �Ò¾ î.� z+

B ê² *�f raw MCMB� B·� ê² *�" ?f F;
~ Öz ~ö peakj ¾æÚÚ î." �Ò& ÏÁO* >wö

Fig. 5. 1st, 2nd charge/discharge curves of surface-modified MCMB 1028 by single-component metal (a) raw MCMB, (b) 2.5 wt% Ag-coated,
(c) 2.5 wt% Ni-coated, (d) 2.5 wt% Cu-coated, and (e) 2.5 wt% Sn-coated. 

Fig. 6. 1st, 2nd charge/discharge curves of surface-modified MCMB 1028 by double-component metal (a) raw MCMB, (b) 2 wt% Ag/Ni-
coated, (c) 2 wt% Ag/Cu-coated, and (d) 2 wt% Ag/Sn-coated.
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ç7 ^&~æ p~rj {�� > ®b� ÒÒ" �. >wj
¢bB Ïïj Ã&�Êº ©b� rJê f" "C� z+B
*�~ ãÖöê, f" "C� 1 wt%& z+B �Wªê *�
~ ãÖöº �. >wö ~� Ïï~ V�& ê²~ *;'�
îã« >wö ~� V�ö j� ç&'b� 'Ú � 'Ë�
¾ ¾æ¾æ p~
. Fig. 9º ÒÒ" �. >wj ¢bÊº
f" "C10,12)ö &� CV G; Ö"�B, (a)º raw MCMB
f f� '' 2.5 wt%, 5 wt%& z+B *�ö &� CV G;
Ö"¢ ¾æÞ
. ê²öB ¾æ¾º *;'� peakf ß~V
r^ö �. >wö ~� ¦N'� peak& .ö ¾ jæº p
æò, 0.4 V ¦"öB �. >wö ~� peak& ¾æÎj r
> ®b�, f~ z+ïj Ã&�Úö V¢ ¦N'� peak &
z× Â]�öj Û� �. >wö ~� peakªj 
þj Û�
{�� > ®î
. (b)º "C� 2.5 wt%& z+B *�~
CV Ö"¢ ¾æÚ� 0.37 Vf 0.6 V ¦"öB lithium alloy
>wö ~� peak& ¾æÎj {�� > ®
. 

Fig. 10f C-rate¢ C/5� ~� 2.5 wt%~ �¢ Wª~
.³� z+B *�" 1 : 1~ �Wj� �Wª~ .³� 2

wt%& z+B *�ö &~� ;*~¢ �&~� 
þj ê¯
~&j ãÖ~ Ò�� WËj ¾æÞ �¾*�
. �âöB r
> ®�� .³j z+� ãÖ raw MCMBö j~� .V Ï
ï� çß~&b� Ò�� ßW 6� BF>îrj r > ®
.

� .³
ö j~� fj z+~&j r &Ë ¸f .V Ï
ï" &Ë Ö>� Ò��~ ßWj ¾æÚîb�, î. 6� Â
]� Ïï Ã&f Ò�� BF� ¾æ¾� ®rj &V� >
®
. �ö j� �Ò~ ãÖº .V Ïïf ¸~æò 
U ®
� Ò��öB Ïï 6²& 
� bî
ö j� �b�, � �
êöº Ïï~ 6²& �~ ìº Ò�� ßWj ��"î
. f
" "C~ ãÖ, ÒÒ" �.j ;W~� �N *æ~ O*Ïï
j Ã&�Êº ©b� rJ^ ®b¾10,12), � 
þ~ z+ïf
ç&'b� ê²ö j� 'f ·�îb�, �Òf î.f ÒÒ
" �.j ;W~æ pV r^ö z+ö V� O*Ïï~ Ã&
º ¢Ú¾æ pº
. &Ë Ôf ;*~� C/5öB �� O*Ï
ï� raw MCMBö j� Ã&� ©f z+B .³ö V� *
¶ *êê~ Ã&13)� �� ÏO*� ã«, îã« >º ÒÒ~
·j Ã&�B ¾æÂ ©b� Òò>Úê
. .³� z+B ê

Fig. 7. Cyclic voltammograms of surface-modified MCMB 1028 by single-component metal with scan rate of 0.1 mV/s (a) raw MCMB, (b)
2.5 w%t Ag-coated, (c) 2.5 wt% Ni-coated, (d) 2.5 wt% Cu-coated, and (e) 2.5 wt% Sn-coated.

Table 2. 1st charge/discharge capacities and initial efficiency of surface-modified MCMB 1028. 

Coated
Materials

Coated Percents
(wt%)

Discharge Capacity
(mAh/g)

Charge Capacity
(mAh/g)

Efficiency
(%)

0 285.43 321.43 89

Ag 2.5 319.71 350.94 91.1

Ni 2.5 311.34 340.64 90.2

Cu 2.5 309.31 340.64 90.8

Sn 2.5 303.83 339.47 89.5

Ag/Ni 2(1/1) 317.28 350.19 90.6

Ag/Cu 2(1/1) 307.28 339.91 90.4

Ag/Sn 2(1/1) 305.14 338.29 90.2
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Fig. 9. Cyclic voltammograms of surface-modified MCMB 1028
forming Li-alloy reaction (a) Ag-coated and (b) 2.5 wt% Sn-coated.

Fig. 8. Cyclic voltammograms of surface-modified MCMB 1028 by double-component metal with scan rate of 0.1 mV/s (a) raw MCMB, (b)
2 wt% Ag/Ni-coated, (c) 2 wt% Ag/Cu-coated, and (d) 2 wt% Ag/Sn-coated.

Fig. 10. Cycle performances of surface-modified MCMB 1028 (a)
single-component metal-coated MCMB 1028 and (b) two-component
metal-coated MCMB 1028.
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² Òò~ C-rateö V� ßWj rj�V *� '' C/5, C/
3, C/2ö &~� ;*~»b� 
þj 
�~&b� Fig. 11"
Fig. 12º 2.5 wt%~ �¢ bî� z+B ê² *�" �Wª
~ .³� 1 : 1~ �Wj� 2 wt%& z+B *�j C-rate
ê� Ïïj G;� ©�
. �Òf î.~ ãÖ, ÏÁO* >
w 5 Ïïö V�¢ ~æ pV r^ö, �Òf î.~ z+�
�* Z²� ÏÁO* Ïïf 6²~² >� f" "C~ ãÖ

ê²ö j� ç&'b� 'f z+b� �� f" "C~ �.
>wö ~� Ïï~ Ã&º �Ò �æ p² B
. C/5öB �
�j Bî� Î� *�~ Ïï� raw MCMB *�~ Ïï�

ç�® ¸f ©j " > ®Ú C/5öB �� �N ßW� B*
Nj {�� > ®b� �º z+B .³b� �� *¶*êê
& BF >îV r^ö �N O*� Ö>� ßWj ¾æî
�
�'B
. ;*~ 8� ¸jî>� ��j Bî� *�~ Ïï

Fig. 12. C-rate effect of double-component metal-coated MCMB
1028 (a) raw MCMB, (b) 2 wt% Ag/Sn-coated, (c) 2 wt% Ag/Cu-
coated, and (d) 2 wt% Ag/Ni-coated.

Fig. 11. C-rate effect of single-component metal-coated MCMB1028
(a) raw MCMB, (b) 2.5 wt% Sn-coated, (c) 2.5 wt% Cu- coated, (d)
2.5 wt% Ni-coated, and (e) 2.5 wt% Ag-coated.

Fig. 13. C-rate effect of surface-modified MCMB1028 with increase of coating amount (a) Ag-coated, (b) Ni-coated, (c) Cu- coated, and (d) Sn-
coated.
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f raw MCMB *�~ Ïïö j� ç&'b� ¸jrb�,
�¢ Wª~ *�öBº f" î.j z+� *�� ç&'b
� C-rate ßW� ±~b�, �WªêöBê f" î.j z+
� *�� &Ë ±f �N ßWj ¾æÚî
. Fig. 13f f,
î., �Ò, "Cj �¢Wªb� ~� 1 wt%f 2.5 wt% z+
� *�
ö &~� C-rate¢ �Ò~� G;� O* Ïïj ¾
æÚî
. 
þ� ¯�ê z+ ��öBº v *� Îv �N
ßW� BF>Ú .³~ z+ï� Ã&�>� O*Ïï� Ã&
�j r > ®
. 

Fig. 14f Fig. 15º �¢ bî� 2.5 wt%& z+B bî
" �Wªj 2 wt% z+� bîö &� Ñ ®� Ò��öB~
AC impedance curve¢ ¾æÚ� ®
. ''~ bîö &~�
CV curve~ ÖzÁ~ö peak& ¾æÂ **öB G;~&b�,
ÖzÆ~ö ";~ Î� **ö ®ÚB ��Bî� *�~
semicircle~ æª ¯, impedance& raw materialö j� ô
� 6²�j {�� > ®î�, ��� impedance~ /Ï� 6
²& ÒÒ �N~ îÁã«�ö *¶*êö V�¢ ~� �N
O*� îã«>º ÒÒ~ ·~ Ã&¢ ¾æÞ ©b� �'B

. Fig. 16" 17f '' f" î.� 1 wt%f 2.5 wt%&
z+B *�ö &� ÖzÁ~ö peak& ¾æÂ **öB
impedance¢ G;� ©b��, z+B .³~ ·� Ã&�>�
ê�öB~ impedance& 6²�j {�� > ®î
.

4. Ö  �

&ÊªÖ Ê*.� O»j Û~� ê² «¶~ ��ö .³
Wª~ «¶¢ �¢~² ªÖ�Ò > ®îb�, CV ßWj Û

Fig. 16. Nyquist plots of Ag-coated MCMB1028 with increase of
coating amount at 2nd cycle at the voltage of (a) oxidation peak and
(b) reduction peak. 

Fig. 14. Nyquist plots of single-component metal-coated MCMB 1028
at 2nd cycle at the voltage of (a) oxidation peak and (b) reduction peak. 

Fig. 15. Nyquist plots of double-component metal-coated MCMB 1028
at 2nd cycle at the voltage of (a) oxidation peak and (b) reduction peak. 
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� f" "CöB Li-alloy >w� ¢ÚÎj {�� > ®îb
¾, ÏÁO* �Fj Û� Â]� Ïï~ V�& ¾æ¾æ p~
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�¢ Wª~ .³j z+~&j ãÖ, 
� .³
ö j~�
fj z+~&j r &Ë ¸f .V Ïï" &Ë ±f Ò��
~ ßWj �&b�, f" î.j ?f jN� 2 wt% z+j

� *�� z+ïö j� .V Ïï" Ò�� ßWöB &Ë
¸f Î"¢ �&
. f" î.j z+� ãÖ &Ë Ö>� �
N ßWj ¾æÚîb�, ê� &�~ G;öBê f" î.j
z+� ãÖ &Ë Ö>� ê� &�~ 6²¢ áî
. 
� ��º .³ö ~� ÒÒ �N *æÏ r� �bî� ê
² Òò~ ��Bîj Û� �bî~ ê� &�j 6²�B ê
² Òò~ �6�î~ Ôf �N ßWj BF� > ®î
. �
�¾ ê² Òò~ ��ö ªÖB .³ «¶
ö ~~� ;W>
º SEI film~ �W�¾ ÏÁO*�ö �~º SEI film~ '
Ëö &�B ºê ��öB ê³>Ú¢ � ©�
.

6Ò~ &

� ��º 21C *��Ú ¾�²ÒÒë (NM02-2202-001-2-
1-0)" KIST-2000 Òë~ ��jæöö ~~� >¯>îÛî
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Fig. 17. Nyquist plots of Ni-coated MCMB1028 with increase of
coating amount at 2nd cycle at the voltage of (a) oxidation peak (b)
reduction peak. 


