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. �

êz>²&Ê¢ �N(1000oC)öB �ª�~� �çz~º Vç �ª�»j ÒÏ~� &Ö;î ê²Ò¢ B�~� ?f
O»b� »²¢ Î&� &Ö;î ê²ÒC1-xBx(x = 0.05, 0.10, 0.20)¢ B�~�, ÒÒ �N �N*æ~ ¦�b�B~
*Vz�' ßWj �Ò~&
. �ò & PVDF¢ 95:5~ Z²j� Î&� ãÖ, »²¢ Î&~æ pf & Ö;î ê
²Ò(x = 0.00)º .V O*Ïï 374 mAh/gj ¾æÚîb�, B 2���¦Vº ��� WË� jv' Ö>~� B 10
���öB 258 mAh/g~ O*Ïïj ¾æÚî
. �ò & PVDF¢ 95 : 5~ Z²j� Î&� ãÖ, C1-XBX(x = 0.00,
0.05, 0.10, 0.20)�ò
 7öB x = 0.05 �W~ �òº &Ë � .V O*Ïï 860 mAh/gj ¾æÚîb�, 10®�
���öB 181 mAh/g~ O*Ïïj ¾æÚî
. B 2���¦V ��� WËf Îv& jÝ~² ¾æÒ
. .VO*
Ïï(PVDF 10wt.% ÒÏ�, 853 mAh/g), ��� WË, O*Ïï(PVDF 10wt.% ÒÏ� 10®� ���öB 400
mAh/g)�öB C0.90B0.10 �ò& ÒÒ�N �N*æ~ ¦�b�B~ &Ë Ö>� *Vz�' ßWj ¾æÚî
. �W�
ê²ö NMP¢ Ï
� � �ç b� :�z(PVDF)¢ 90 : 10~ Z²j� Î&� ãÖ& 95 : 5~ Z²j� Î&� ã
Ö�
 &Ú� Î� �WöB ÏÁO*Ïï� �² ¾æÒ
. »²& Î&>Ú � disorderedB ��& Nb��
1.25 V�
 Ôf *{ ¦ªöB ïê��� Ã&~º ©b� 6�B
. »²& Î&B ãÖ ÏÁO*Ïï� B 2���
öB¦V /Ï® 6²~&º�, �º Î&B »²& B 1���öB ã«>º Li" ¢¦º ;~² Ö�~� ºÂ� n
>� ¢¦ò� 
� &�'b� ºÂÁã«>V r^b� �'B
. »² Î&ö ~� ÏÁO*Ïï~ Ã&º, »²&
electron acceptor� ·Ï~� ã«B Lif »²-ê² host Ò�~ Ö� ;ê¢ Ã&�Úb�� »²~~B ê²öB
Li~ **¢ çß�ÊV r^ö ¢ÚÂ
� ÒJB
.

Abstract : Disordered carbon and boron-substituted disordered carbons C1-xBx(x = 0.05, 0.10, 0.20) were synthesized
by pyrolysis of LPG(liquid propane gas)and BCl3. Their electrochemical properties as anode materials for Li-ion sec-
ondary batteries were then investigated. When PVDF is added to the sample in a weight ratio 5 :95, the disordered
carbon with x = 0.00 had the first discharge capacity 374 mAh/g. Its cycling performance was relatively good from
the second cycle and it had the discharge capacity 258 mAh/g at the 10th cycle. When PVDF is added to the sample
in a weight ratio 5:95, the sample with x = 0.05 among the samples C1-xBx(x = 0.00, 0.05, 0.10, 0.20) exhibited the
largest first discharge capacity 860 mAh/g and discharge capacity 181 mAh/g at the 10th cycle. All the samples had
similar cycling performances from the second cycle. The sample C0.90B0.10 showed the best electrochemical properties
as a anode materials for Li-ion secondary battery from the view points of the first discharge capacity(853 mAh/g
when 10wt.% PVDF is used), cycling performanec, discharge capacity(400 mAh/g at the 10th cycle when 10wt.%
PVDF is used). All the samples showed generally larger charge and discharge capacities when 10wt.% PVDF rather
than 5wt.% PVDF is used. The plateau region in the range of voltage lower than 1.25 V becomes larger probably
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1. B  �

�" *¶ Öë~ B*" �þ *¶VV 5 ;�Û�Ëj~
²;z, ãïz, �Ç
·z� Û�Ëj~ º� *K� 6²~
� ®b�, �ö V� 
·� �Ï~ î�Ú *Kö BB� j
º~� �WË �N*æ~ BBö &� &�� ��>� ®
.
��� �WË �N *æ�º Ni/MH(Metal Hydride), Na/S,
ÒÒ�N*æ �� ®b�, � 7öBê ß® ÒÒ�N �N*
æº �**æ *{(3~4V)" ö.æ &ê(200 Wh/1, 100 Wh/
kg)& 
Ö ¸� 9f ÒÏNê º* r^ö 3C B®� Z&Ï
Ç>�V, �Þ§, Æzz~ *ö 5 *V¶ÿN, �Ò� '«
&* B®~ *ö �b� 6Ò ÒÏ>� ®j öò jî¢ �
ÒÏº*& 6N� {&>� ®V r^ö *^ê'b� �Ë~
�Îê ê³ Ã&~º º^ö ®
.
ÒÒ �N~ >�'� ã«(insertion) 5 îÒ(desertion) >w
j �Ï~º ÒÒ�N *æº 'Rocking-Chair System'�¢�ê
~�, *Ò ç®z >Ú ®º *æ �Ê�öBº "� ;��b
î�º LiCoO2

1-4), LiNiO2
5,6), LiNi1-yCoyO2

7-14), LiMn2O4
15-26)

�~ *�.³ Özbj, ¦��bî�º ÒÒ ã«/îÒ ê²
¢ ÒÏ~� ®
. ß® ¦��bî� ÒÏ>º ê²Ò~ ãÖ
ÒÒ�N� &�'b� ã«/îÒ(insertion/desertion)F > ®b
� *�**& Li �N~ Ï*� 0VLi/Li

+�B B>� ÒÒ .³
" �~ FÒ� **¢ ¾æâ öò jî¢ ÒÒ.³ ÒÏ�
¾æ¾º *æ Ú¦öB~ �£b� �� *þWê ïj > ®
bæ� *Ò &Ë �B® ��>� ®
. ��� ê²Òº B�
5 Bî»ö V� 
·� ;�, �� 5 �çj æî� ®b�
�� 
·WöB V�� �� º�ö ~� ¦��bî�B~ ß
Wf �² 
� ©b� rJ^ ®
.
ê²Òö &� ÒÒ~ �Ëï~ BF 5 �ÁîÒ� **~
æz¢ Fê~V *~�, ê²�~ 
·� .³ 5 ö²¢ Î&
6º ~~~º ��& ¯~�^ z
. ��� �« ö²& Î&
B ê²Ò~ ��º �² ~� ¾*Ú �C� &Ë~
. Ñ�º
�« ö²~ Î& 5 ~~ö ~� ê²Ò~ ª¶ ��~ æz
¢ Fê~�, �ö V� ê²Ò~ �� æz �öB ÒÒ~ �
Ëï~ BF 5 �ÁîÒ� **~ æz¢ Fê~º O»(B, Si
�~ Î&)��, ~�º �« ö²~ ãÖº ¢>'b� �N¾
Òö ~� ÃB~² >æ� �� Ö� ê ÃB� �« ö²ö
~� ª¶ ��ö hall �j ;W�B .�^ V� �j Fê~
�¾ ê²Ò ��~ æz¢ Fê~º O»(N, O�~ Î&)�
.

Si~ dopingf SiO2�j bN~� êz~� "� �:��&
;W>æ�, ¢>'b� Si �F FVz�b~ ª� � CVD»
ö ~� ¯~�æ�, dopingï~ Ã&ö V� ÒÒ �Ëï~ Ã
&& ��>Ú®
27). ÒÒ~ ã«ö V¢ 1.4 V ¦"öB **
& ãÒê j� 6²~º ãËj ¾æÞ
. Si dopingf £
0.4 Vö ®ÚB >wï� Ã&~º ©� ¾æÂ
.

Sonobe�f hard carbonö �j Î&~� ÏÁO* Ïï�
Ã&~º ©j ��~&
28). �~ dopingf H3PO4f P2O5f

ê²~ �ç>wö ~� ¯~�æ�, dopingï" Ïï~ &êº
4 wt.%~ dopingïöB �&~¢ ¾æÚî
. �~ Î&ö V�
Ïïf 50 mAh/g ;ê� ©b� º;B
. �� Ïï~ Ã&º
0 5 0.8 V ¦"~ **öB "� ¾æ¾æ� �~ Î&ö V
� .�^ V�~ Ã&�j ºG� > ®
. 31P-NMR 5
XPS~ G;b�¦V ê²Òö dopingB �f «¶~ Ú¦ö �
Ö¾ö;~ Ö�j ;W~� �Ò~� ®º ©b� ��>î
. 

Bº G'�� 7~ ê²ö¶¢ ~~~º ©(�Ï)� &Ë�
F¢� ö²��, ê²�
 *¶& ~¾ 'f »²¢ Î&~º
©ö ~� ê²Ò~ *¶ bW� æ~� band �� 7ö hall
� ;W>º ©� rJ^ ®
. ÒÒ �Ë >wf ÒÒb�¦V
ê² çö~ *¶~ �ÿj >>~�B ê¯>º ©b� ºG
>�, ê²öB~ hall~ ;W� ÒÒ~ �Ëï _f **~ æ
z¢ �W�Êº ©b� ºGB
.  Dahn �f ÒÒ~
intercalationö ~� band~ ��& æz~æ pº ©b� &;
� rigid band modelö V.~� w�ö~ »² Î&ö ~�
Fermi level~ æz�¦V ÒÒ intercalation >w .V �êö
®ÚB ** æz �F~ ��' êÖj ¯� Ö", £ 1.2 V
¦"ö &Ï Ïï� Â*~º ©j BÒ~&
29). �Ò�, B2O3

" w�~ �ç>wö ~� �WB »²¢ Î&� �òö ®Ú
B 1.2 V ¦"~ »² Î&ïö jf� ÒÒ �Ë >w� ¾æ
¾º ©j {�~&
. 6�, ÏO* �F *Ú~ **ê ?f
¾Ò Nê~ ê²Òö j� ¸jææ� *Ú~ ÒÒ ã«Áî
Òïê intercalation V�ö V.� �� Ïïj >� ®
. »
² Î&ï~ Ã&f z®Ú 1.2 V �ç~ Ïï� Ã&~�, *
Ú~ ÒÒ ã«ÁîÒïf Ã&~&
. ê²Òö~ ÒÒ �Ë
ö ®ÚB, �{~ö Vç»b� ¯~² >� LiC2f ?f �
³ê~ ÒÒj <º [* z�b~ ;W� &Ë~æ�, LiC6~

Ïïj Ë&~º ÒÒj intercalation~º ©f &Ë� ©b�
�'B
. ��¾, stage-1 V�¢ >ÚB ÒÒj ã«~�¶ ~
º ãÖöº �
 &rÚ �ÒöB ÒÒj ã«�¢ ~æ� Ò
Ò �N*~ >BKj ��~V *� **;~¢ >>�¢ �

. ê²Òö~ ÒÒ ã« >w~ **& ÒÒ CÂ **�

Ôf **� >� ÒÒ .³~ CÂ� ¢Ú¾, z �ç~ ÒÒ
ã«� ®&Ë�ê
.
�"öº ê²Òö f~ �ã¶¢ ªÖ �Ï�B *æ~

cycleö V� Ïï 6²¢ ÛB� ãÖê ��>� ®b�30), �
�� .³ �F ¦� ê²Òº .³~ Î&ö ~� ê²Ò~
��º ®æ~¾, *êW� ËçNb�� *Vz�'� WË�
BF>º ©b� rJ^ ®
. 
� ��öBº êz>²&Ê¢ �NöB �ª�~� �çz
~º Vç �ª�»j ÒÏ~� &Ö;î ê²Ò¢ B�~� ?
f O»b� »²¢ Î&� &Ö;î ê²Ò¢ B�~�, ÒÒ

since the structure becomes less disordered by the addition of boron. When boron is added, the charge and discharge
capacities decreased suddenly at the second cycle. This may be become only a part of Li are reversibly deintercalated
and intercalated and a part of Li which are strongly combined with B are not deintercalated. The increases in charge
and discharge capacities are considered to be resulted from the increase in the potential of Li in the boron-added
carbons, caused by the strengthening of the chemical bond between the intercalated Li and the boron-carbon host
since the boron acts as electron acceptor.

Key words : pyrolytic carbon, boron-doped carbon, first discharge capacity, cyclability, Li-ion secondary batteries.
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�N �N*æ~ ¦�b�B~ *Vz�' ßWj �Ò~&
. 

2. 
þ O»

�ª� ê² �Wö ÒÏB 
þË~¢ Fig. 1ö ¾æÚî
.
�ª� ê² �Wöò�º LPGf Ar(Bê 99.9%)j ÒÏ®b
�, >w�ö F«>V *ö 
Ò�º jV¢ ËO~� º~ >
ªj B�~&
. &Ê F«&f Öz Oæ¢ *� stainless-
steel &j ÒÏ~&
. {K�.V� &Ê �/ {Kj 1 atmb
� �;~&b� Fïê�º '' Fïj 1 L/minb� �;~
� C Fï� 2 L/min� >² ~&
. �Wf 1000oCöB ~
&b� �W êöº Arª*V ~öB 50oC/hb� Nê¢ ~;
�V
. �ª� >wöB �W>º &Êº ÞÏj �� ê ê�
¢ Û~� VV�V
.
»²& Î&B ê²¢ �W~V *� Òò�º BCl3(Aldrich,
Bê 99.99%)¢ ÒÏ~&
. Arf 1 L/minb�, LPGf BCl3º
(1-x)L/min& xL/min(x = 0.05, 0.10, 0.20)b� F«~� C F
ïj 2 L/minb� Fæ~&
. �Wf »²¢ Î&~æ pf ê
²f ÿ¢� O»b� �¯>î
.
�W� �ò~ X-F ². patternf, X-F ².V(Rigaku D-

MAX 2500PC)öB Cu-Kα Fj ÒÏ~� "Ò³ê 4oC/min�
10o
ß2θß70o~ º*öB áî
. ÏÁO* 
þ *Áê~ �

ò~ �^��º SEMb� &V~&
.
*Vz�' ßW 
þj *� *æº coin cell~ ;�� B
·>î
. r�¦º Li .³j ·�¦º �W� ê²ö NMP¢
Ï
� � �ç b� :�z(PVDF)¢ 95 :5~ Z²j� Î&~
� ÒÏ~&
. ��� � ãÖ ÏÁO* Ïï� jv' '²
G;>î
. :�z~ Z²jNj Ã&�Ê� ÏÁO* Ïï�

î &ËW� ®Ú, ê² & :�z~ Z²j& 90 :10� ��
öBê ÏÁO* 
þj ~&
. b�B ·�bîf slurry;�
&b� Cu foilö ��² ê�� ê 150oCöB 2�* ÿn �
�~&
. ÏÒïb�º FÒjV(glass-filter ; Wattman GF/F)¢
ÒÏ~&
. *�î�º EC(ethylene carbonate)f DEC
(diethylcarbonate)& ¦bj� 1 :1� FVÏ
ö 1 M LiPF6&

�j®º Purelyte[âW«�z�(")]¢ ÒÏ~&
. coin cellf
j�
� jò^ ®º &�2 ç¶ nöB �ã>î
.
*~&êº w�~ ��Ïï� 372 mAh/gö V&~� 0.05C
� ~J"îb� *{º*º 0~2.5 V&
. Ï*" O* Ò�ö
º 5ª~ Zæ �*j "î
. 

3. Ö" 5 �V

Fig. 2º �ª� �W»b� B·� �ò C1-XBX(x = 0.00,
0.05, 0.10 �Ò� 0.20)~ X-F ². patternj ��"� ®
.
Î&� »²~ ·� Ã&�ö V¢ 002�~ ².' 2θ& Ã&
�
. �©f Î&� »²~ ·� Ã&�ö V¢ 002�~ �*
�Ò d002& ·jöj ~��
. 002 peakº x = 0.10 �WöB
&Ë Æ��Ú�, �º x = 0.10 �W~ �ò& � disorderedB
��ªj ��&
.

Fig. 3f �ò C1-XBX(x = 0.00, 0.05, 0.10 �Ò� 0.20)~

Fig. 1. Apparatus for the synthesis of pyrolytic carbon.

Fig. 2. X-ray diffraction patterns of as-synthesized C1-xBx(x = 0.00,
0.05, 0.10 and 0.20).
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*¶*�ã Òê�
. «¶
~ Î·f &Ú� �;��, B¢
Î&� �ò
~ «¶& Î&~æ pf �ò~ «¶�
 £*
·
. x = 0.10 �òº «¶
~ Î·� ®��~� x = 0.05f

x = 0.20 �òö j� ·f «¶
� z ô� &VB
.
Fig. 4º �W� �ò C1-XBX(x = 0.00, 0.05, 0.10, 0.20)ö

NMP¢ Ï
� � �ç b� :�z PVDF¢ 95 :5~ Z²j

Fig. 3. Microstructures by SEM of the synthesized C1-xBx; (a) x = 0.00, (b) x = 0.05, (c) x = 0.10 and (d) x = 0.20.

Fig. 4. The first charging-discharging curves of C1-xBx ; (a) x = 0.00, (b) x = 0.05, (c) x = 0.10 and (d) x = 0.20 when 5wt.% PVDF is used.
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� Î&� *æ~ Ñ ®� ÏÁO* �Fj ��"� ®
. ÏÁ
O* 
þf � �Wö &�B ��Nf >¯>îb¾ ÏÁO
* ßW� ÿ¢~æ p~
. �º Vç �ª�»b� �W� �
ò~ �W� ®�î~V r^b� ÒJB
. »²& x = 0.20 Î
&B �òº »²& Î&>æ pf �òf N�¢ ��æ p~

. ��¾ x = 0.05f 0.10� �òöBº »²& Î&>æ pf
�ò~ ÏÁO* �F"º 
�² »² Î&~ Î"� ��º
ÏïÃ&& ¾æÒ
. �� �ò 7öB x = 0.05 �W~ �ò
& &Ë � O*Ïï(860 mAh/g)j �&
.

Fig. 5º �W� �ò C1-XBX(x = 0.00, 0.05, 0.10, 0.20)ö
PVDF¢ 90 :10~ Z²j� Î&� *æ~ Ñ ®� ÏÁO*
�Fj ��"� ®
. � �Wö &�Bê ÏÁO* ßW� 

�² ¾æÒ
. »²~ Î& Î"º x8� 0.05, 0.10b� Ã&
~�B 
æ
& x = 0.20~ �òöBº � Î"& 6²~&
.
�� �W 7öB x = 0.10 �W~ �ò& &Ë � O*Ïï
(853 mAh/g)j �&
. �ò & PVDF~ Z²j& 95 :5� ã
Ö�
 �ò & PVDF~ Z²j& 90 :10� ãÖ O*Ïï�
£* z �² ¾æÒ
.

Fig. 6f »²¢ Î&~æ pf ê²f »² Î&ï� x =
0.10� ê²ö PVDF¢ 90 :10~ Z²jN� Î&� �ò~ Ñ
®� ÏÁO* �Fj ¾æî
. O*�F~ 1.25 V�
 ¸f
*{¦ªöBº £ 2.25 VöB æ�6� ¾æ¾� 1.25 V�

Ôf *{¦ªöBº ïê��� Ã&~&
. Ï*�F~ ¸f
*{¦ªöBº »² Î&~ 'Ë� ª«~æ p~b¾ Ôf *
{¦ªöBº ïê��� Ã&®rj {�� > ®
. graphite
º voltage vs. y in LiyC6 �FöB 3B~ ïê��j &æ�
®
28). »²& Î&>Ú � disorderedB ��& Nb�� Ôf
*{¦ªöB ïê��� Ã&~º ©b� 6�B
.

Fig. 7f �W� �ò C1-XBX(x = 0.00, 0.05, 0.10, 0.20)ö

NMP¢ Ï
� � �ç b� :�z PVDF¢ 95 :5~ Z²j
� Î&� *æ~ v®� ÏÁO* �Fj ��"� ®
. Ñ
®� ÏÁO* �FöB &V>î~ � j&� Ïïf v ®�
ÏÁO* �FöBº &V>æ p~
. v ®� ÏÁO* �F
öBº »²~ Î&ö V� ÏÁO*Ïï~ Ã&º ª«~æ
p~b¾ �� �ò 7öB x = 0.10� �W� &Ë ¸f ÏÁ
O*Ïï('' 343, 360 mAh/g)j ¾æÚî
.

Fig. 8f �W� �ò C1-XBX(x = 0.00, 0.05, 0.10, 0.20)ö
PVDF¢ 90 :10~ Z²j� Î&� *æ~ v®� ÏÁO* �
Fj ��"� ®
. »²~ Î& Î"º x8� 0.05, 0.10b�
Ã&~�B 
æ
& x = 0.20~ �òöBº � Î"& 6²~
&
. � Ö"öBê, Ñ®� ÏÁO* �FöB &V>î~ �

Fig. 5. The first charging-discharging curves of C1-xBx ; (a) x = 0.00, (b) x = 0.05, (c) x = 0.10 and (d) x = 0.20 when 10wt.% PVDF is used.

Fig. 6. The charging-discharging curves of C and C0.90B0.10 when
10wt.% PVDF is used.
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j&� Ïïf &V>æ p~
. �� �ò 7öB x = 0.10�
�W� &Ë � ÏÁO*Ïï('' 379, 408 mAh/g)j ¾æÚ
î
.

Fig. 9º �ò & PVDF¢ 95 :5~ Z²j� Î&� �ò

C1-XBX~, ��� >ö V� (a)O*Ïï" (b)Ï*Ïï~ æz
¢ ��"� ®
. ?f �W�z¢ê �òö V¢ 
þ8� �
N�¢ �&
. x = 0.00 �Wf .V O*Ïï 374 mAh/gj ¾
æÚî
. x = 0.05 �W� 860, 603 mAh/gb� &Ë ¸f .

Fig. 7 The second charging-discharging curves of C1-xBx ; (a) x = 0.00, (b) x = 0.05, (c) x = 0.10 and (d) x = 0.20 when 5wt.% PVDF is used.

Fig. 8 The second charging-discharging curves of C1-xBx ; (a) x = 0.00, (b) x = 0.05, (c) x = 0.10 and (d) x = 0.20 when 10wt.% PVDF is used.
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V O*Ïï 8j ¾æÚîb� x = 0.10, 0.20, 0.00~ BB�
.VO*Ïï� 6²~&
. B 2���¦V~ ��� WËf
jÝ~� B 10®� ���öBº O*Ïï� x = 0.00, 0.10,
0.20, 0.05~ BB� 6²~&
. x = 0.00 �Wf .V Ï*Ï
ï� 271 mAh/g�î
. .V Ï*Ïïf &Ú� x = 0.10, 0.00,
0.20, 0.05~ BB� 6²~&
. x = 0.05 �ò~ ãÖ, B 1�
��" B 5��� Ò�öB ��� >ö V¢ Ï*Ïï� /
Ï® 6²~&b¾, B 5��� ;ê¦Vº 
� �W~ �òf
jÝ� ��� WËj �&
. B 10®� ���öBº Ï*Ï
ï� x = 0.00, 0.10, 0.20, 0.05~ BB� 6²~&
. .V O
*Ïïf x = 0.05 �ò& &Ë �b¾, ��� WË" O* Ï
ï�öB x = 0.10 �ò& &Ë Ö>� *Vz�' ßWj ¾æ
Úî
.

Fig. 10f �ò & PVDF¢ 90 :10~ Z²j� Î&� �ò
C1-XBX~ ��� >ö V� (a)O*Ïï" (b)Ï*Ïï~ æz
¢ ��"� ®
. ?f �W�z¢ê �òö V¢ 
þ8� �
N�¢ �&
. x = 0.00 �Wf .V O*Ïï 345 mAh/gj ¾
æÚî
. x = 0.10 �W~ �ò& &Ë � O*Ïï 853 mAh/g
j ¾æÚîb�, &Ú� x = 0.05, 0.20, 0.00~ BB� .V
O*Ïï� 6²~&
. B 2���¦Vº Î� �W~ �ò&
jÝ� ��� WËj ¾æÚî
. B 10���öBº &Ú�
x = 0.10, 0.05, 0.00, 0.20~ BB� O*Ïï� 6²~&
.
x = 0.00 �Wf 243 mAh/g~ .V Ï*Ïïj ¾æÚî
. .
V Ï*Ïïê x = 0.10 �W~ �ò& &Ë � 8(392 mAh/g)
j ¾æÚî
. &Ú� x = 0.05, 0.20, 0.00~ BB� .V Ï
*Ïï� 6²~&
. Î� �W~ �ò& jÝ� ��� WË
j ¾æÚî
. B 10���öBº &Ú� x = 0.10, 0.05, 0.00,
0.20~ BB� O*Ïï� 6²~&
. .V O*Ïï, ���

WË, O*Ïï �öB x = 0.10 �W~ �ò& &Ë Ö>� *
Vz�' ßWj ¾æÚî
.
�W� ê²ö NMP¢ Ï
� � �ç b� :�z(PVDF)
¢ 90 :10~ Z²j� Î&� ãÖ& 95 :5~ Z²j� Î&�
ãÖ�
 &Ú� Î� �WöB ÏÁO* Ïï� �² ¾æÒ
.

Fig. 11f ê² & :�z~ Z²j& 95 :5� ��öB Ï
O* ���ç �Î *�~ *¶*�ã Òê�
. x = 0.00,
0.10, 0.20 �W~ *�f jÝ� �^��¢ �&º�, *��
·f �;~ «¶& ïÎ®º Î·j ��� ®
. x = 0.05
�W~ *�f «¶& Î� �ÚÒ& ��, � Î·� ®��
~�, �ÚÒ �� ïï~
. � �WöBê 
� �WöB "
> ®î~ ·f «¶ �ÚÒê ��
.

Fig. 12º ê² & :�z~ Z²j& 90 :10� ��öB Ï
O* ���ç �Î *�~ *¶*�ã Òê�
. Fig. 11" j
Ý� �^��¢ �&º�, x = 0.10 �W~ *�f &º *�
ïÎ®º Î·~ �ÚÒ& &V>îº�, �©f :�zf *�
î� >w~� ò
Úê ©b� ºGB
.

Fig. 3" Fig. 9, 10j jv~�, Ï O* ���ç *~ �
òö j�B Ï O* ���ç êöº «¶& z× �^�rr
j &V� > ®
.

Fig. 9f Fig. 10~ 
þ Ö"ö ~~�, »²& Î&B ãÖ
Ï O*Ïï� B 2���öB¦V /Ï® 6²~&º�, �º
Î&B »²& B 1���öB ã«>º Li" ¢¦º ;~² Ö
�~� ºÂ� n>� ¢¦ò� 
� &�'b� ºÂ ã«>
V r^b� �'B
.
�~ 
þ Ö"ö ~~� »² Î&ö ~� ÏÁO* Ïï�

Fig. 9 Variations of (a)discharge capacity and (b)charge capacity of
C1-xBx with the number of cycle when 5wt.% PVDF is used.

Fig. 10 Variations of (a)discharge capacity and (b)charge capacity
of C1-xBx with the number of cycle when 10wt.% PVDF is used.
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Fig. 11 Microstructures by SEM of the C1-xBx after charge-discharge cycling ; (a) x = 0.00, (b) x = 0.05, (c) x = 0.10 and (d) x = 0.20 when
5wt.% PVDF is used.

Fig. 12 Microstructures by SEM of the C1-xBx after charge-discharge cycling ; (a) x = 0.00, (b) x = 0.05, (c) x = 0.10 and (d) x = 0.20 when
10wt.% PVDF is used.
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Ã&~&º�, �©f, Burstein31)� J«� :f ?�, »²&
electron acceptor� ·Ï~� ã«B Li" »²-ê² host(ÎÚ)
Ò�~ Ö� ;ê¢ Ã&�Úb�� »² ~~B ê²öB Li
~ **¢ çß�ÊV r^ö ¢ÚÂ
� ÒJB
. »²º 3B
~ ��' *¶¢ &æ� ®�, ê²º 4B~ ��' *¶¢ &
æ� ®
. V¢B »²& ê² Ï¶ö ~~>îj r electron
acceptor� ·Ï�
. ¯, »² ö¶ "¾öº V&� ©�
 z
'f >~ *¶& �Ò�
. *Ú'� *¶ Wî� 4B~ ��
' *¶& ' ö¶�¦V V�>V¢ V&~º z�bÚö »
²& ~~>Ú 
Ú:V r^ö, z ôf *¶¢ Aj
¢ &j
& >Ú ®
. ÒÒ� ê²ö ã«>îj r, ÒÒf electron
donor�B ·Ï~� ê² hostö 2s *¶¢ &
. V¢B »²
~ Î&&, B>� ê² hostö j~�, ã«B Li" »²-ê²
host Ò�~ z� Ö�j ;~² �
. ;�ê Ö� ;ê� �~
� »² ~~B ê²öB Li~ **&, B>� ê²ö j~�,
¸jê
. �©� Ï O* 
þ� *{º* 0~2.5 VöB ÏÁ
O* Ïï� 
æê� �
.

4. Ö  �

Vç �ª�»j ÒÏ~� &Ö;î ê²Ò¢ B�~� ?f
O»b� »²¢ Î&� &Ö;î ê²ÒC1-XBX(x = 0.05, 0.10,
0.20)¢ B�~�, ÒÒ �N �N*æ~ ¦�b�B~ *Vz
�' ßWj �Ò� Ö" 
r" ?f Ö�j áî
;

1. �ò & PVDF¢ 95 :5~ Z²j� Î&� ãÖ, »²¢
Î&~æ pf &Ö;î ê²Ò(x = 0.00)º .V O*Ïï 374
mAh/gj ¾æÚîb�, B 2���¦Vº ��� WË� jv
' Ö>~� B 10���öB 258 mAh/g~ O*Ïïj ¾æÚ
î
.

2. �ò & PVDF¢ 95 :5~ Z²j� Î&� ãÖ, C1-XBX

(x = 0.00, 0.05, 0.10, 0.20)�ò
 7öB x = 0.05 �W~ �
òº &Ë � .V O*Ïï 860 mAh/gj ¾æÚîb�, 10®
� ���öB 181 mAh/g~ O*Ïïj ¾æÚî
. ��� W
Ëf Îv& jÝ~² ¾æÒ
.

3. .VO*Ïï(PVDF 10wt.% ÒÏ�, 853 mAh/g), ���
WË, O*Ïï(PVDF 10wt.% ÒÏ� 10®� ���öB 400
mAh/g)�öB C0.90B0.10 �ò& ÒÒ�N �N*æ~ ¦�b�
B~ &Ë Ö>� *Vz�' ßWj ¾æÚî
.

4. �W� ê²ö NMP¢ Ï
� � �ç b� :�z
(PVDF)¢ 90 :10~ Z²j� Î&� ãÖ& 95 :5~ Z²j�
Î&� ãÖ�
 &Ú� Î� �WöB Ï O*Ïï� �² ¾
æÒ
.

5. »²& Î&>Ú � disorderedB ��& Nb�� 1.25 V
�
 Ôf *{¦ªöB ïê��� Ã&~º ©b� 6�B
.

6. »²& Î&B ãÖ Ï O*Ïï� B 2���öB¦V /
Ï® 6²~&º�, �º Î&B »²& B 1���öB ã«>
º Li" ¢¦º ;~² Ö�~� ºÂ� n>� ¢¦ò� 
�
&�'b� ºÂ ã«>V r^b� �'B
.

7. »² Î&ö ~� Ï O*Ïï~ Ã&º, »²& electron
acceptor� ·Ï~� ã«B Lif »²-ê² host Ò�~ Ö�

;ê¢ Ã&�Úb�� »²~~B ê²öB Li~ **¢ çß
�ÊV r^ö ¢ÚÂ
� ÒJB
.

6Ò~ &

 � ��º *§&�v ¶ÿN�VF��²~ �� Ëj Ò
Ïö ~~� ��ÚrÛî
. �ö 6Ò�î
.
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