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��
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*
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� ��> MX() 9E, ��2
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Abstract − High surface area and high pore volume activated carbon was prepared by KOH activation of rice hull. The elec-

trodes were fabricated by compounding the commercial and rice hull activated carbons with PVdF and PVdF-PVP mixed bind-

ers without addition of conductivity improver. The electrodes fabricated with rice hull activated carbon and PVdF-PVP mixed

binders showed the best performance because the PVP played as a pore-forming agent. The electrode exhibited excellent elec-

trochemical characteristics having 7.9 W · h/kg of energy density, 33.5 F/g of specific capacitance, 0.7Ω of ESR and good effi-

ciency of self discharge compared with that fabricated with commercial activated carbons.
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9: ;   !" <#�=. >7 ��* ,-.	
 ?�@ AB8 '

()� momory CDE:� 67 back-up� ��* #$�=. F �G

	
 HI& JK�:, Ni-Cd�:, Ni-MH�: L Li�: � 2��:

" MN *�%O P	Q, �R, �ST, UNV L W�X �� �Y

ZI [� L ��. \] [^8 �7 _$" `�a bcd*=. F

e+ fghi�jk5 *��� 89:� ; �& 2��:& lm

* nO o� pq r6" st ul7 ��� AB vw x
 >&  

!" <#�=. *e7 yz� S{ E|	
 HI }N.~ ��� �h

��5 *��� 89:� ; �O �� ��'�� 2��:� �]5

�� ��*d� ��'�(electric double layer capacitor, EDLC)& �


� ��� 89: ;  !
� �D7 :6� �:�O P=[1, 2].

EDLC& 2��:� ���� o� pq r6(EDLC/2��:; −25-

70/0-40oC)� �� r6(3.0/1.3 V)" ��.	
 �O, ���q" �

B ��Q �� ���q� +��&  !
 ��� 2��:8 v�.

*O �E� cycle* j �$.~   * P=. >7 EDLC& o� d

¡:vl" <# ¢O, 2��:8 �S d£�(Pb, Cd �)5 o��:

¤O `\¥5 o��� ¦y8 3S ¡�� 6§\* Ra .�   

* P=[1, 2]. 2��:& Table 1� �* Bl7 89:�q� +��

:¨ O\] ���� <l #Z~ ���q u\* ©ª��, O«�

* #$%& k�¬­8 EDLC" ®� ¯� 2��:� °�7 �*±

N² '()� ��
 o�%O P& ³´*=. µ¶� EDLC� ·�

_$��� ?���, �0;¸ L 89:�q �� ��. u\5 ¹

�'º& »	
 *� 6S� �R� �� ���q\, ¼�q\, �0

½\, ¾� ¼¿ÀÁ, �� �ÂÃ., FNO �� ,q� :ÄO P&

`\¥ZÅ� ·
 o�7=[3].

EDLC� �Æ$1& �R, �ST, W�X L UNV	
 $\%Q

�ST� ¡���� 44ÇÈÉÊ(¡�Å), Ëfl�T(l�TÅ) �5
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)

o��Q UNV	
& 0ÌÍ, =3Î polyethylene, polypropylene

film �5 o�7=[1, 2]. µ¶� �R� �ST o*� OX, TX�

�
 =Ï Ð �� UNV5 o*8 ÐO �
 =Ï R* UN%Ñ P

5 ¦ Ò08� ��89:� 34* ¢& ��8�& �R- �6�

& 0* �=. Fe+ Ò0
0� EDLC8 ��89:" ��%Ã �

0� ��¬Í" ÓÔ�Õ �\%Ñ �R o*8 89:" K�%Ñ

��89:" ¡: vÖ�=. µ¶� EDLC& �ÂÃ.* × `\¥

�R5 o��� farad ®6� �� ?��� u\5 +��Q �hE

� cycle8 �7 \]Øg L ¼g" Ra Ù� u\5 ":O P=[4].

Ôj.	
 EDLC� ?���� Ð �R o*� -U* s5lÚ,

�ST� ¡��l L �R� �ÂÃ.* ÛlÚ Ü"7=[1, 5]. ua,

`\¥ �R� ´3� Ý�, ¬Í L �;¸ � o�%& �R u\	


 ~S EDLC� O¡ u\* +�Þ=[5-8]. >7 89:�q� Ü"

'º� 6S� �RZI~ ̀ \¥� �Rz1� 67 {�z(binder)"

d#7 _$��	
 ·ßàO P=[9].

EDLC� ��. u\ d ?���� �0;¸ u\* "  d#7 \

] á"� �â	
� �R ZI� �X �;¸* ¾t­ �O =3Î

$1*Ñ­ �Q =3Î $1 d ´3 Ý� L ¬Í" ®,�O Ô?r

68 ã7%Ñ­ 7=. *e7 ZI� u\� EDLC� �hE� u\

5 :ä7=[10].

`\¥ZÅ �R� =Ï �R ZI8 ��� =å7 ��
 ZI�

�Iæ� $�� ç� èÅ
 ��. "U* ;é7 �R ZI¶&  

 * P=. `\¥ZÅ �R5 o��& EDLC� ?���� Ù��

�� �SÎ� �ê� �hE� 1ë FNO `\¥ZÅ }Î� }N

gì. \Î8 µ¶ ÝÕ í¶Î l P=. `\¥ZÅ �R }Î� }

Ngì. u\� EDLC� �� gì. \]8 × �¹5 î!&ï �

ÂÃ.* Ü"�Ã ?���* Ü"�O �R� �ê� ´3(pore)�

Ý�� ¬Í8 µ¶, ua d-´3(mesopore)� ¬Í& ��. u\

8 "  × �¹5 â=[1, 2, 11].

µ¶� Æ EDLC8�& d-´3� ¬Í" ��. Ý=O �Â� ãf

ðñ� �æ
 lfgòó5 ̀ \gz
 o��� z1� ðñ ̀ \¥[12]

5 *��� �R5 z1�ôO �Ö� �õg� ̀ \¥(YP-17, BP-20)�

���� vö=. >7 Æ _$8�& ´3 ¬Í� íN�& `\¥�

polyvinylidene fluoride(PVdF) ®Ô{�z >& PVdF� V(membrane)8�

[3z
 o�%& polyvinylpyrrolidone(PVP) ÷�{�z �R5 z1ø

¦, 1ë5 Øg�� 89:�q� ?���� Ü"'ºO �"Ìù;¸

(equivalent series resistance, ESR)5 �Zg�O� �ô=. >7 K� u\

* Bl7 EDLC� z1�Q, `\¥� �ê, ´3¬Í L �ÂÃ.�

EDLC� ��. u\�� �èèÅ� Oú�O� �ô=.

2. � �

2-1. ����

�ST� �6À(potential window)* �O ���q\* Bl7 propy-

lene carbonate(PC, Junsei, u4, Japan)� ¡���� z44 ÇÈÉÊ

d ���qq" Bl�O gì.	
 |?�� HI "  û* k�

%O P& tetraethylammoniumtetrafluoroborate(TEABF4, Fluka, u4)� :

:�SÎ Ê	
 o��� 1.0 N üq� �ST5 z1�ô=[13, 14].

z1� �ST� ���qq& 25oC8� 13 mS/cm*ý	Q, �d� 1.195

*ý=. EDLC� o���(working voltage)* 2.3 V*þ
 ¬S��*

1.23 V~ l¬5 �ST�8 50 ppm *�
 zÿ�� o� ����

� �z�ô=. Æ D§8� molecular sieve(sodium aluminosilicate, Sigma

� *��� zÿ�ô	Q, moisture titrator(MKS- 210, Karl-Fischer)
 �

?�� �ST �� l¬ ��5 �~�ô=.

2-2. ����

ðñ� Üêl
 �e � ´��� �¡ q?}Î5 z��O 	


8� ë1'� � 
±� ��
(ÌA: 80 mm, �*: 100 cm)8 �O

ÎZ� 100 ml/min	
 ��v�Ã� �p8� 700oC�: 10oC/min

	
 �p'ºO 700oC8� 2 hr�| ¥g'�=. ¥g ðñ 50 g5

�.� ª� �"�~ KOH :¥gðñ(4 : 1)
 KOH l�T8 �.'

� �, heating plate8� ë1'ºO ��î+ v�8 �t ÎZ� 100

ml/min	
 ��v�Ã� 850oC�: 10oC/min	
 �p'ºO * p

q8� 3 hr ¡:�Ã� `\g'�=. `\g � `\¥8 �ÖS P

& KOH� xl�� 6�� 100oC
 "¼7 Üêl
 �e � ´�

�O, 	
8 �Ñ ë1'� `\¥5 z1�ô=. z1� ðñ `\¥

[12](MJ-25, �ÂÃ./pore volume/pore diameter; 2,449 m2/g/1.81 ml/

g/16.9�), ­�l �Î5 ¥g�� z1� �õ� ̀ \¥(YP-17, Kuraray

Chem.; 1,566 m2/g/0.76 ml/g/10.86�) L � l:� ¥g�� z1�

�õ� `\¥(BP-20, Kuraray Chem.; 1,929 m2/g/0.86 ml/g/13.3�)5 �

R� z18 o��ô=.

¬!��� ̀ \¥5 Ô?7 sheet�� ��
 z1�O ÓÔ�Õ ¬

f'º� 6�� {�z� o��ô=. *¦ �R� �¬7 �q� ¾

� �R ;¸5 +��­ �þ
 HI �Rz18 {�z
 û* o�

�O P& PVdF(Kynar®731, ELF Atochem)� [3z
 PVP(120K,

ISP Tech.)� o��ô=. "�¬Í" #ÓÔ7 ¬!��� `\¥5

ball mill5 *��� ¬$7 � 200 meshX
 %� ÓÔ7 `\¥ ¬

!5 â��ô=.

¬f�
 n-methyl-2-pyrrolidinone(NMP, micropure, ISP IG)� o�

�ôO PVdF ®Ô{�z L Î�� 1 : 1� PVdF-PVP ÷�{�z�

3-6 wt%
 �S�� â�� `\¥� &��O �Å. �j�� *�

�� 50-100 rpm� �q
 �j�ô=. �R z1 � BET(Quantachrome,

Autosorb-1)� *��� �ÂÃ., î´´3(micropore, HK method)

L d--��´3(meso-macropore, BJH method)5 �?�ôO, ÂÃ

5 èú�� 6�� SEM(TSM-5410, JEOL)5 *��ô=.  q" 1-

3 poise� 'e: ��� &�}5 Auto Film Applicator('(t* 


v)(, 7ã)5 *��� 0.9-1.0 mm� Ð*
 casting7 � 70oC8

� 3-6'- �| ë1�ô=. ë1� �R5 0.6-0.8 mm Ð*
 roll

press� 7 � 2.0+2.0 cm Ý�
 I®�� o��ô=.

¬NV� åR, ,R� �R* �w- -.8 �7 ®/5 E:�� 6

S o�7=. µ¶� ¬NV� IÎ� �ST� gì. ��.	
 |?

��­ �O 2_\5 "0­ 7=. >7 �ST* �¬a �fø l P

& =3Î $1� "0­ 7=. Æ D§8�& food grade polypropylene

� polyethylene resin	
 z1� î´3A(microporous) á1���

membrane(Celgard® 3501)5 o��ô=. ¬NV� Ð*& 22.9-27.9µm,

´3Ý�(W+L)& 0.05+0.19µm, V� Ã.;¸� 7.7 mΩhcm2*ý=.

[(2� ®63 �� �ST* Ò0
 4T* %& »5 E:�� 67

»	
 Æ D§8�& butyl rubber� o��ô=.

2-3. 	
� ��

z17 �R5 aluminium foil(EXMET 2AL10-5/1 HX, Ð* 60-90

Table 1. Comparison of EDLC and battery

Capacitor EDLC Battery

Discharge time 10−3-10−6 sec 0.3-30 sec 0.3-3 hrs
Charge time 10−3-10−6 sec 0.3-30 sec 1.5 hrs
Energy density[Wh/kg] <0.1 2-7 10-100
Power density[W/kg] >100,000 <10,000 <1,000
Charge/discharge efficiency >0.95 0.85-0.98 0.7-0.85
Cycle life[Cycles] >500,000 >500,000 <1,000
HWAHAK KONGHAK Vol. 39, No. 4, August, 2001
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���� �!" 
µm, USA)8 carbon paste(Everyohm 101S, Nippon Graphite, Japan)�

*��� -� � 100oC8� 2'- �| -�z� ë17 � 75.5 cm

Hg ��	
 5��� 200oC8� 12'- *� ë1�� �R�0�

l¬5 z��ô=. l¬* z�� �ST5 �RÂÃ8 0.2 ml� ·"

7 � [(2, ¬NV5 .��� å68 teflon plate
 7�Ñ 8��

9�� *��� ��'� ®63(unit cell)5 zÙ�ô=.

2-4. �
��� �� ��

®635 zÙ7 � 2�R9	
 impedance analyzer(Solatron 1260A,

10µ-32 MHz)� *��� �"Ìù;¸5 �?�ôO, ?����

battery test system(Arbin, BTCCS, USA)5 *��� �?�ô=. �

?1ë� 2.3 V
 ?�� ��5 10¬- D'�O 0.01A(Id) ?�ê


E��� ®63 �0��* 1.0 V�: qíø ¦�:� '-(t, sec)

5 �?7 � ½ (1)5 *��� EDLC� ?���5 Åf�ô=.

C = (∆thI/∆V) (1)

?���� �?� Ôj. x
[1, 2]� *��� Ò0
0� EDLC

8 ��89:� 34�� ��* V2�: Ô?'-(10¬) ���� Id

¨:� ?�ê
 �� V1�: E��ô=. E�'- ∆t� �?��

½ (1)5 *��� ?���5 Åf�ô=.

�?���� ½ (2)� �* �?� ?���5 =' �R[å(M+Ed)h

,R(M−Ed)� ;Õ� �]� Î� L 0<
 +4Ñ ®6 Î�= L ®

60<= �?���5 Åf�ô=.

CS= C/(M+Ed> M−Ed) (2)

>7 EDLC� 89:�q(E)& ½ (2)8� Åf� �?��� ?5

*��� =,� �* ½ (3)	
 Åf�ô=[11].

E = 1/2 CS ∆V2 (3)

>7 cyclic voltammogram(CV)� galvanostat/potentiostat(EG @ G,

273A, USA)� *��� ·o�q(scan rate)� 5-50 mV/s r68� �

?�� �6�8 �7 �?���� �ê�q�� èÅ� �?�ô=.

3. ���� 	 
�

3-1. ��� ���
 � ��

MJ-25, BP-20 L YP-17 ̀ \¥� î´, d--�� ´3 ¬Í L �

.� �X �ÂÃ.5 �?�ôO ,l7 `\¥ ¬!8 PVdF ®Ô

L PVdF-PVP ÷�{�z� 5 wt% o��� zÙ� �R5 'A	


�Ô7 ¬B5 �ô=.

Fig. 1� HAE98 �7 �.¬Í� +�C »	
 (A)& ,l7 `

\¥ ¬!, (B)& 5 wt%� PVdF-PVP(1 : 1) {�z o�' �.¬Í�

+��ý=. Fig. 28 BJH½8 �7 d--��´3 �.¬Í� +��

ýO, Table 28 3": `\¥� {�z� o�'� o��: ¤� A

B S=%& �ÂÃ.5 ���ô=. Table 2� 6 FD8� � l P

& E� �* ,l7 ¬!`\¥� }F {�z� o�7 MJ-25 �R

� BP-20 L YP-17�R� ���� �ÂÃ.* �O î´, d--��

´3�.* ��.	
 × »5 � l Pý	Q, ua PVdF-PVP ÷

�{�z� AB PVdF ®Ô{�zv= MJ-25 ̀ \¥8� ��.	


î´ ´38�v=& d--��´38 �7 ÂÃ.* �:& »5 �

l Pý	Q ·�.	
 =Ï `\¥� �* ·G Èå� peak" 2, 3

Fig. 1. Micropore size distribution of activated carbon (A) without binder
and (B) mixed binder(5 wt%)(HK Method).

Fig. 2. Meso-macro pore size distribution of activated carbon (A) with-
out binder and (B) mixed binder(5 wt%)(BJH Method).
���� �39� �4� 2001� 8�
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x j÷%& »5 � l Pý=[1].

BP-20� YP-17� d--��´38� ÂÃ.* H × �I
 Ü"�

ô:¨ MJ-25� 2�?8& î!: J�ô=. Fe+ PVdF ®Ô{�

z� o�7 AB �� `\¥� ÂÃ.* × �I
 5Z�ô=. {

�.	
 PVdF ®Ô{�zv=& PVdF-PVP ÷�{�z" ¡�7 {

�z¶& »5 � l Pý=. *»� PVP" ÓÔ�Õ "�z
 Ù�

�� }F î´7 ´35 ¨²& [3z K`5 �& »	
 /��=.

Yoo �[15]� polyimide V� z1' PVP� �"z
 o�' V� �

"z� å� ¬��8 µ¶ morphology8 × �¹5 ·O [3z
 Ù

��Q �� ´3* /�& »5 E:7=O vO�ô=. Shin[16]�

PVP �"z� Ü"8 µ¶ ÂÃ�� ´3 Ý�" �:Q V� �0$

1� �� ´3 Ý�" 5Z7=O �Â�ô=. * H�� 3-42� ?

���� L� èÅ8 Pý	Q, �?���� ̀ \¥� �ÂÃ.� Ì

-.~ èÅ" P& »5 �~ø l Pý=. YP-17�R� ,l `\¥

� ÷�{�z� o�' BP-20�R� ���� d--�� ´3 �.

* Bl�ôO, ��.	
 î´´3 �.� BP-20�R* Bl�ô=. 

3-2. �� �� � 

z1� �R� ÂÃ$1� �q L ��\5 èú�� 6S `\¥

� {�z� 95 : 5 wt%
 &�7 AB �RÂÃ5 SEM	
 +�C

»* Fig. 3*=. ��� �R ��8� =3\ $1� M& u\� Ô

!�ô	+ YP-17�RÂÃ(A)8�& ��.	
 `\¥� �� ´3

* ¬f%: J�O NÑN
 O%PÑ �R �X� $1" #ÓÔ�

5 � l Pý	Q, Table 28� d--�� ´3 �.¬Í(Ã.)" ×

»� ·
 �� ´38 �~7 »	
 /��=. BP-20�RÂÃ(B)�

AB �3$1" �X.	
 �í�ô	+ PVdF-PVP {�z" kW

%Ñ P0PO ´3� Ý�" MJ-258 ��� ÝQ �R� {��*

¾,5 èú ø l Pý=. MJ-25�R ÂÃ(C)� YP-17, BP-20�Rv

= �3� ¬Í" ÓÔ�Õ �í%Ñ PýO {�z� {��* Bl

�� �R� �q" Bl�ô	Q �ST* �¬a ��%Ñ P,5

� l Pý=.

 

3-3. �
��� ��

Fig. 4� 5& ��� `\¥5 PVdF, PVdF-PVP ÷�{�z� ��

Q
 �?���� 89:�q� q'7 »	
, {�z� ��* Ü

"�8 µ¶ �?���� 89:�q" �R	Q 5 wt%~ AB " 

�ö=. PVdF {�z� o�7 ABv= PVdF-PVP {�z� o�S

5 ¦ �ÂÃ.* �ö	Q �?���� 89:�q" Ü"�ôO

MJ-25 �R* "  Bl7 {�� +��ý=.

PVdF ®Ô L PVdF-PVP ÷� {�z� ��5 5 wt%
 O?��

z17 �R� impedance u\5 Fig. 68 +��ý=. Ð �R ÈÐ

¡o7 �T;¸5 +��ýO PVdF {�z� o�7 ABv= PVdF-

PVP {�z� o�S5 ¦ ESR?* �X.	
 5Z�ô=. MJ-25

�R* "  Bl�ô	Q ÈT �R8� �SÎ� �f8 èÅ%&

Warburg ;¸[1]* +�UO, ua YP-17 �R8� Warburg ;¸* "

  V=. Warburg ;¸� Ôj `\¥8 Lonza WÆ5 *��� �Â

7 Xy �[17]8� �~ø l Pý=.

10¬- ���� ;0�
 E!�ô5 ¦� ��E�u\5 Fig. 78

+��ý	Q, E�Y�8 ����(IR drop)" �\%Ñ E�'-5

®K'ºQ ESR� _è5 M&=[1]. ��E�I� MJ-25, BP-20 L

YP-17�R ,�
 �ö=. YP-17 L BP-20 �R� E� Y�� ��

Table 2. Surface area of activated carbon without binder, PVdF binder
and PVdF-PVP mixed binder

Binder MJ-25 BP-20 YP-17

External surface area[m2/g] None 288 67 91
PVdF 179 30 6
PVdF-PVP 326 89 159

Internal surface area[m2/g] None 2161 1862 1474
PVdF 1190 856 638
PVdF-PVP 1757 1508 966

Tatal surface area[m2/g] None 2449 1929 1566
PVdF 1370 885 644
PVdF-PVP 2083 1597 1125

Fig. 3. SEM macrography of electrodes made from 95 wt% activated
carbons of (a) YP-17, (b) BP-20, and (c) MJ-27 and 5 wt% Mixed
binder.
HWAHAK KONGHAK Vol. 39, No. 4, August, 2001
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���� �!" 
��" H;a +�UO Ô?'- � ��a E�* bc%ý=. MJ-

25�R� AB E�A¹� BP-20*+ YP-17�R� �Y�ô	+ E

�I* ��.	
 Ùö=. µ¶� ��E�* ÔÑ+& *¡& ´3

¬Í L ��E� D§{�8� 8 ¦, Ò0 89: 348 �7 ��

*d�� /\� Y�8 d--�� ´38� �� ��8 �S *�Ñ

:Q �'8 ��* �¡
Z ��� ����� *p� �f* �/

�� ��*d�* Z[%Ñ î´ ´38 �7 ��E�I* Ü"7=.

\, '-* A�ølÚ î´ ´38� ��*d�* /\%Q d--�

� ´38 ��S ��* Ñ�Z:O *¦& ��*d� ��8 ��

� ´3 ;¸(pore resistance)8 �7 4]�ê(leakage current) ¦y

8 ��E�* �/�� ��*d�� ̂ Õ ¡:%Q, ��E�I* ¾

=& »5 � l Pý=[1, 18].

3-4. PVdF 	!"#� $%&�' () ��

�2� {�� ���O {�z� ��Øg8 µÏ u\5 �tv�

6�� Table 38 PVdF ®Ô{�z ��Q ESR, �?��� L 89

:�q � ��. \]5 +��ý=. {�z� ��Q
 z17 ��

� ̀ \¥ �R5 *��� ®635 z17 � impedance8 �S ESR

5 �?7 {� {�z� ��* Ü"ølÚ ESR?* Ü"�ô=. >

7 {�z� ��* 5 wt%Ô ¦ MJ-25, BP-20 L YP-17 �R ÈÐ

�?���� 89:�q" "  �ö=. PVdF� ��* 7 wt% *�

Ô ¦& �R;¸* �t �R	
�� �]5 �_�: J�ôO

3 wt%� AB �R �X� ��* #|?�� ��� �?���� 8

9:�q" "  ¾ö=. Fe+ YP-17� AB BP-20 v= ESR* ¾

,8q #$�O �?���� 89:�q& ¾� ?5 +��ý=. *

d PVdF 5 wt%Ô ¦ MJ-25 �R� ESR* 3.6Ω, �?��� 24.1 F/

g L 89:�q 5.7 Whr/kg	
 "  Bl�ô=. Fe+ PVdF {�

z¨5 o�7 AB8& �R� �q" ¾O, ;¸* �t 89:�q

" ¾ö=.

3-5. PVdF-PVP *#"#� $% &�' () ��

�R�q� v��O ;¸5 5Z'� v= Bl7 �R5 z1��

6�� "�(cross linking)̀ �" Bl�O V8� [3z
 o�%O

P&  8 �|�� PVP� �"�� �Ô7 1ë8� D§�ô=[15].

PVdF� PVP� 1 : 1 d��I
 &��� NMP8 �S�� �T��


 z1�O, PVdF� PVP {�z� `\¥� d��
 4-6 wt% r6

8� &�7 �R� u\5 Table 48 +��ý=. PVdF8 PVP� 1 : 1

�I
 &��� �R5 z17 {� PVdF ®Ô{�zv= �R�q

" [^* %Ñ Table 4� �* ��. u\* ¹�%ý=. ua {�

Fig. 4. Specific capacitance of EDLC based on activated carbon elec-
trodes with various PVdF binder and PVdF-PVP mixed binder
contents.

Fig. 5. Energy density of EDLC based on activated carbon electrodes
with various PVdF binder and PVdF-PVP mixed binder contents.

Fig. 6. Nyquist plot of EDLC based on electrodes made from 95 wt%
activated carbons and 5 wt% PVdF binder, 5 wt% mixed PVdF-
PVP binder.

Fig. 7. Self-discharge of EDLC based on electrodes made from 95 wt%
activated carbons and 5 wt% PVdF binder, 5 wt% mixed PVdF-
PVP binder.
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� ��	
� ����� �� 429
z ��* 5 wt%Ô ¦ MJ-25 �R� AB ESR* 0.7Ω, �?���

33.5 F/g L 89:�q 7.9 Wh/kg	
 "  Bl�ôO ��� ��

'�
 ��g" "]ø ?q*ý=.

3-6. CV ��

Ò0
0� ®63 �0
 ��89:� 34ø ¦ ·o�q(scan

rate)8 �7 �?���� �¹5 �tvO� ·o�q� 5-50 mV/sec


 Øg'� CV� �?�ô=. Fig. 8� �* MJ-25, 5 wt% ÷�{�

z �R� ·o�q" 10 mV/sec *�8� �?��� u\5 +��

ýO, ·o�q" �ÎlÚ rounding(sloping) H�* Ü"�� plateau

0¬* ¢Ñ:O[1], ��\ \]5 +��& o� ��� CV Èå*

¢Ñ:& »5 vt� ��\ ��(capacitative behavior)* ÝÕ ;�

%& »5 � l PýO ua 10 mV/sec(aÅ·o�q) *�8� 3�

Hb H ;¸\(ohmic)* %O ��89:& ; %� v=& ¬f%

ý=[19]. * u\� ·o�q" �ÎlÚ �SÎ *p* bulk8� �

R� internal surface
 *��&ï -�\* 5Z�� ¦y*=.

Fig. 9& ·o�q 5 mV/sec8� MJ-25, YP-17 L BP-20 �R� CV

8� �?� �ê�q� ·o�q
 +4Ñ �?���5 +��ý=.

·o�q" 5 mV/sec8� MJ-25 �R* �?���* "  �ö	Q BP-

20, YP-17 �R� ,�
 �?���* 5Z�ô=. ·o�q 5 mV/sec�

AB �?���� MJ-25" 3.8 F/cm2*ýO, BP-208� 1.5 F/cm2 L

Table 3. ESR, specific capacitance and energy density of EDLC containing activated carbon electrodes with various PVdF binder contents

Activated carbon Electric characteristics
PVdF binder

3 wt% 4 wt% 5 wt% 6 wt%

YP-17 ESR[Ω} 6.9 6.8 6.9 9.9
Specific capacitance[F/g] 5.3 5.6 10.60 5.1
Energy density[Whr/kg] 1.3 1.3 2.5 1.2

BP-20 ESR[Ω} 5.5 4.9 4.7 5.0
Specific capacitance[F/g] 5.5 8.7 12.10 10.70
Energy density[Whr/kg] 1.3 2.1 2.8 2.5

MJ-25 ESR[Ω} 4.0 3.8 3.6 5.9
Specific capacitance[F/g] 16.40 18.30 24.10 17.60
Energy density[Whr/kg] 3.8 4.3 5.7 4.1

Table 4. ESR, specific capacitance and energy density of EDLC containing activated carbon electrodes with various PVdF-PVP mixed binder contents

Activated carbon Electric characteristics
PVdF-PVP Binder

4 wt% 5 wt% 6 wt%

YP-17 ESR[Ω} 12.9 12.6 15.7
Specific capacitance[F/g] 13.3 17.6 14.5
Energy density[Whr/kg] 13.1 14.1 13.4

BP-20 ESR[Ω} 13.1 12.9 13.5
Specific capacitance[F/g] 13.9 19.7 14.9
Energy density[Whr/kg] 12.1 12.8 12.5

MJ-25 ESR[Ω} 10.9 10.7 12.5
Specific capacitance[F/g] 27.3 33.5 27.8
Energy density[Whr/kg] 16.4 17.9 16.5

Fig. 8. Specific capacitance vs. potential profiles obtained with MJ-25
carbon electrode made from 95 wt% activated carbon and 5 wt%
mixed PVdF-PVP binder as a function of scan rate.

Fig. 9. Specific capacitance vs. potential profiles obtained with YP-17, BP-
20, and MJ-25 carbon electrodes made from 95 wt% activated car-
bon and 5 wt% PVdF-PVP mixed binder(scan rate 5 mV/sec).
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 G.:
YP-178�� 2.2 F/cm2 v= ª 2ä� ?	
 3-32� �?����

�Y7 A¹5 +��ý=. aÅ·o�q� è 8� 8 ¦ Fig. 8, 98

� � l P& E� �* MJ-25 �R8� 10 mV/sec, YP-17�R8�

5 mV/sec� aÅ·o�q� � l Pý=. *»� `\¥� �ê� u

\8 µ¶ �.� ·o�q 1ë* Ø�Q[1], EDLC� o�ß.8 µ

¶ �RZI 1ë* EDLC ]Å8 Ì-.~ �¹5 â=& »5 � l

Pý=. *»� �R� �ÂÃ.* Ü"ølÚ ?���* �:� ¦

y*Q RC '-�l(time constant)" ÙtÎlÚ �ê" ?���8

cN qí�� ��d^� plateau 0¬* +�Þ=& _$[11]� Ô!

�ô=. ��-��d^� ���Èå, aÅ·o�q, CV d^5 ��

�O Åf7 '-�l� ��ø ¦ '-�l& YP-17<BP-20<MJ-25

� ,�
 Ü"�ôO �?���� ,�� �ö=.

4. � �

(1) �� �ÂÃ.� d--�� ´3 L î´ ´3* ÓÔ�Õ �í

� ðñ `\¥� PVdF-PVP ÷�{�z� o�ø AB PVP� [3

z Kø ¦y8 ua, d-´3* �í� *�.~ �R5 z1ø l

PýO EDLC� ��E�I* Bl7 �RIæ
 .�7 »5 � l

Pý=.

(2) ðñ `\¥� PVdF-PVP ÷�{�z
 z17 �R8� 89:

�q 7.9 Wh/kg, �?��� 33.5 F/g L ESR 0.7Ω� Bl7 u\5

M& ��'�� z1ø l PýO �Ö� �õg� YP-17, BP-20 ̀

\¥ �R8 ���� Bl7 �Ru\5 +��ý=.

(3) ðñ `\¥	
 z17 �R* �� �õg%Ñ P& �R8 �

��� 2ä ?q 89:�q" Bl�ôO, ua carbon black Åe�

q�\ [�z� �"�: ¤O 7.9 Wh/kg� �� 89:�q� f5

l Pý=. µ¶� q�\ [�z� �"ø AB 25-30% *�� 89

:�q� f5 l P5 »	
 /��=.
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