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.!� ����� HIJ a�� 173-575 m2/ml�7 HIJ� �� 451-678 m2/ml/ ()�Y<. ��
 �\] ^_`�

LMN/ 9��7 ��b 
.!� Z[� ��
 �\]/ ��G 
.!� ��- #$%&� c9�d, ����� 2e

F& 
f ghi<. jk PVPl PVA' ^_�- 
.!' ���Y� m, #$%&� 0.47 g/ml, ����� 2,150 m2/g

(1,011 m2/ml)� 
� n� go�, 56b >�)2� � !�" �?@ %&) 124 v/v/ p�G >�)2 34� 56�

' ��q � ro<.

Abstract − High surface area and high pore volume activated carbon was prepared by KOH activation of rice hull and a
series of monolithic forms of the activated carbon were prepared to increase packing density and energy density of adsorbed

methane gas per volume for natural gas storage. The effect of process variables such as heat-treatment condition, binder con-

tent, and binder type on the pore structure, packing density and methane adsorption was investigated. The surface areas of the

monolithic forms prepared with the mixture of phenol and a water-soluble polymer increased from 173-575 m2/ml to 451-678

m2/ml by the heat treatment. In the case of monolithic forms prepared with the mixture of water-soluble polymers, the surface

areas were about twice of those with the mixture of phenol and a water-soluble polymer, while their packing density was in the

similar range. The monolithic forms with the mixture of PVP/PVA have high packing density of 0.47 g/ml and high surface

area of 2,150 m2/g(1,011 m2/ml), resulting in high energy density of adsorbed methane gas per volume of 124 v/v. 

Key words: Methane Gas Storage, Activated Carbon, Binder, Packing Density, Pore Structure
†E-mail: myungkim@mju.ac.kr
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 ��� ����� ��� ����

	 ��, �� � !� "#�$ %& '(��	) *+� �,� -

./01 23 
45 6 78[1]. LPG��1 9�4 ����� :


/8 �;< => � ?3 @A��, BC D+� EF ?3 �G�$

%F H0�+ IJK8[2, 3]. L� ����� �MNOP �P�Q R

0�G S TC UV1 WX YZ[P \ 1]$1 9^ EF _` .

abc ��P8. �de, .#f g& 
h� i�
j ��� �Gk

l mGAC , nAC , �R0 �Go �C6G S pAC�G q�

-. rs m� tu�v *
 rs� � wcP �� 78. Wxy z

{|1y� (}� �� uA~�f ��� ~�1 ��� �
�� 


�� w��4 /8 _�P b& ���� ��K i�
j� �t1

��� ��� 7�, ������ *���	) ����� ��	 �

� ���� ��� ���� 78[4-6].

����� �� U�1 Wx �C����(LNG, liquid natural gas),

������(CNG, compressed natural gas) S �B����(ANG,

adsorbed natural gas)	 ��o8. LNG� _` �& D+(−162oC)1

y �C���	 0-9�P 9�� ���
� �� �& D+	 #

$^� ��	 *��
1� b�5 6 7$� ���� G��
1�

}b���	, ����� ���	 ���v 
��� CNGU�P �

	 P��� 78. �$� CNG� 8�� ��(200 atmP�)�	 �0
221



222 �������
���	, �09�P 9�� ���
� � 	 a��J ¡¢� ��

p£� F¤x ¥¦�+ _` 28. CNG §a¨� ^©U��	 ª«

3 ���� 7� ¬P ANG	y, �B�­P `6� �Ba1 ���

�� 30-40 atm� 9®b �& ��1y �B�v ���¯8� ��1

y °B�v ��	 
��� ��±� ²�8. p�� ��(40 atmP�)

�	 �0��� ANG� CNG1y w��� ��� 1/4-1/5 6�� �

& ��1y+ CNG1y ³� 1]$ ´+� µ�5 6 78. Wxy

���1 ¶·�� ���� ��� /8 H0� ��U�� ¸���

¹(1y, ANG� _  ̀0ºP »& 
¼	y ½¾$� 78[5-7].

ANG1 
�k 6 7� �Ba	 a¿xPÀ, Á��G, ½ÂÃK S

ÄÅÆÇ qP 7�K, Á��G� .abPQ Ämb�	 �� È �

B­�� /c8[8]. Á��& /É È 9ÊËb¹ 8Ì� Í:� �Î

� �$� 7�Ï, ����� ���c ����� �B�v /Ë /

É 9ÊËbP Ð6Ñ �B­�P `6�$�, �D¹ 40 atm� NÒ1

y ����� ��& Í:T.P 20 ÅP�c ÃÍÍ:(micropore)1

|���	, !*Í:(macropore)¹ ÓÔÍ:(mesopore)� tµ� Õa

�Ëy ÃÍÍ:& Ö tµo �G·�� �t�J� �8[9-12]. ×Ø

K Ù· |iÚ1y A~b�	 uA�� Á��G� *}�& ÃÍÍ

: �bP �*b�	 2$ %F, TÛb�	 1]$ ��� Á��G

	 Á��
� J¾Ü §a¨P 78[14-16]. Pf gP 
h� Á��

�Ba	� ANG� ���� ��­�P CNGf 9®�4 �*b�	

���	 E& 9ÊËb� Ý� �B m� �tP Þw�8. ×Å�

pßb�	 Á��& �& �{´+	 c�4 �¥màá 1]$ ´+

� E$� �¥�bá 1]$ ´+� �
 l§1, 1]$ ´+� â*

C�¾Ë �{´+� EP� ¬P ãäT�8[7, 15].

å ��1y� |i1 }hàP æ}�Q çP è éê� P��4

����� ��1 b�� �G �Ba� ³
 ¥�4, Á�Ca	 KOH

� P��4 E& 9ÊËb¹ ÃÍÍ:P Ö tµ� Á��� aN�

4 /ë8. L� �{´+� ����
 ¥�4 Á��1 4Ø �$ ã

cì� í��4 ���� aN�¯�, ãcì "à, ãcì� îïf

YðÅ NÒ1 WX ���� 9ÊËb, Í:�Î S ���� �Bà

� ñ(�4 ���� ���	� �­�� òó�¯8.

2. ����

2-1. ��� ��

éê� �ï6	 4Ø ô Íõ�4 ö# +( m� a!�� r÷1

y ÒN�ø ù, úû� 0
	(T.: 80 mm, üP: 100 cm)1 ý� m

G� 100 ml/min�	 þ¾/iËy �D1y 700oCÿ$ 10oC/min�

	 �D��� 700oC1y 2 hr �H �C��8. �C éê 50 g� �

b� �� í�9c KOH :�Céê(4 : 1)[19]	 KOH 6��1 �b

�ø ù, heating plate1y ÒN��� ½ÂÃK /À1 �F mG�

100 ml/min�	 þØ/iËy 850oCÿ$ 10oC/min�	 �D��� P

D+1y 3 hr #$�Ëy Á�C��8. Á�C ù Á��1 öh^ 7

� KOH� �6�
 ¥�4 100oC	 �Y� �ï6	 4Ø ô Íõ�

�, r÷1 ýJ ÒN�v Á��� aN�¯8.

 

2-2. ���� ��

� ãcì	 
�� �	6$� çP �� Y H(�P EF coal tar

pitchf gP Á�� ��� aN1 
Å �P� 78. ×ØK PØ� ã

cì� �D1y ÛB�P �
 l§1 E& D+1y .C��!K,

�D1y ÛB�� Ý� 
² L� á´� í��4 
�^� �8[10].

å ��1y� ���� �D1y aN�
 ¥�4 ãcì	 �P 


��� 6�� ���� �	 6$1 í��4 ���� aN�¯8.

��o Á�� 1.5 g1 *�4 �Ao 10 wt% PVP(polyvinylpyrrolidone),

1 wt% CMC(carboxy methyl cellulose), 10 wt% 
²� �� báà�

 1 �^�ø ���, ethyl alcohol1 Á�� mà� 30-50 wt%1 ^

á�� �	6$(resol : novoloc = 2 : 1)� �^�ø ��1 ���¯8.

��� ��� �² Á��1 í��4 ��� ®ß�ø ù, 60oCP�

� D+	 �Y�Ëy ®ß�4 ��1 Þw� �Ô� 6��P �+

Ñ ÒN�8. �É� mold(�Ëb: 3.79 cm2)� P��4 750 atm� �

��	 ������ ��, 150oC1y 12 hrP� .C��8. �	 6

$� Y�^ ¹(1y �& Ì� char� tu��� 300-600oC1y *

}�� ��� U>o8� ½¾� 7J[17], ���� ãcì i1 Í

:� N��v �B �­� ����
 ¥�4 �D1y 500oCÿ$�

10oC/min, 5001y 700oC S 800oCÿ$ 1 oC/min�	 �D�v Yð

Å�¯�, L 8X U��	 �D1y 700oC S 800oCÿ$ 2 oC/min

�D�v D+� #$�Ëy 1 hr YðÅ �¯8.

�	� í��$ %� 6�� ��� PVP, CMC, PVA(polyvinyl alcohol)

S monomer	y n-butyl acryalte1 #Caf ��a� ���4 seed

#CÓ�� É^ ��� PBA(polybutyl acrylate)�  1 �^��, PVDF

(polyvinylidene-fluoride)� NMP(1-methyl-2-pyrrolidinone)1 �^�4

Á�� 1.5 g1 *�4 � �$ ãcì� îï�	 5 wt%� ���4

Á��1 í��¯8. E& ���	 aN� ���� }y$� .��

/4 � ãcì �	 2,000-3,400 atm� ���	 ������� 100oC

1y ÒN�4 ���� aN�¯8.

2-3. 	
 ��(
��� ����)

���� �Bà� ñ(& (��B��	 6��¯8. Ä¦���

��� ��� ý� ��� �BP PÂJ$� �B�
f 
�� p

(à�� : ^ �
 ¥� 
� : �
	 PÂJ� 78. � �
 i

� ��& pressure transducer(µDigit User, GLA Elettronica)� 
��4

ñ(�¯8. �B�
1 Á�� ���� � 5 g� ý�, dead volume

& �B�
1 !"� #$1 �^ ñ(�¯8. %& ��� �B��

	 'J�
 01 ���� 'J7� �B�
� 200oC D+	 �Y

�Ëy 3 hr �H {: ()	 °B�v 0ðÅ �¯8. 0ðÅ� *+

ù {:�,1 7� �B�
 i}� D+� �D�	 #$��Q 


� : �
1� ����� �{��8. 
� : �
� -
 ���


Ñ�� �Ôb�	 .û� �/�4 
� : �
	}0 �B�


	 ����� : �¯�, �B�
� ��P 1� �,1 +µ�Ë

×l� ��� 
Ñ�¯8. ��b�	 5 atm� ��� E4�Q ñ(

��P 40 atm1 +µ5 lÿ$ ß2�Ëy tu�� ��,C	}0

Á�� ���� ���� �Bà� �A�¯8.

2-4. �� ��

��� 9ÊËb S Í:�N� ���B��(Autosorb-1)� 
��

4 77 K1y N2 �� �B��	}0 ��¯8. 9ÊËb& P/Po�

0.075, 0.1, 0.125	 3� BETV�	 �4�Q, ÃÍÍ:� }5 S Í

:�Î(pore size distribution)� Horvath-Kawazoe(HK)V1 �^ �A

�6�, ÓÔÍ:¹ !*Í:� }5 S �Î� Barrett, Joyner S Hallenda

(BJH) U��	}0 �A�68[18]. ���� ÊË1 h·�� Í:�

Nf ��� �{ �,� ½F/
 ¥^ SEM(Steroscan Lerica Model

440)� P��4 j7�¯8.

3. 	
 � �


3-1. ��� ��� ���� ��� ��� ��

Ä¦U�1y �J{ �b� aNNÒ1y �¥ màá 9ÊËbP

2,450 m2/gP�, Í:�bP 1.5 ml/gP�c Ö tµo Í:�N� Ý�

éê Á��� uA�¯�, å ��� ��� aN1 
��¯8. Yð
���� �39� �2� 2001� 4�
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Å ¹(1y �	6$� Y�^�4 ���� }y$� ¬� U$�


¥�4 �	"à 40 wt%1, 4Ø �$ 6�� ��� Ó �� E& 9

ÊËb� /¯8 PVP 10 wt%� í��4 aN� ���� YðÅ�¯

8. �D 9+� ,C��Ëy 700oCf 800oC1y 1 hr �H YðÅ

� ���� 9ÊËb S Í:�b� ,C� Table 11 K\i68. Y

ðÅ1 �^ �¥ màá 9ÊËb& 8181y 1,400 m2/g 6��	 2

3(� 70%) ���¯�K, YðÅ1 �� � ��à  m� U>	 c

�4 �{´+� � 20% (+ :G�4 �¥�bá 9ÊËb& 4-25%

���¯8. YðÅ U�1 WX �¥màá 9ÊËb& 1,330-1,480

m2/g� ;¥1y <=� .�P �6�K, �{´+� �D9+1 ß9

>�� .�� /4 1 oC/min� .`� 2 oC/min/8 Eë�, ðÅD+

+ 700oC/8 800oC1y YðÅ�¯� l� ì �& � ��à�  

mP U>�J :G�� .�� K\i68. Wxy �D1y 500oCÿ

$� 10oC/min, 500-700oC� 1oC/min	 �D��� YðÅ NÒ1 �

^ ��o ���1y E& �{´+f �	6$1 Í:P u��Ëy

¸�	 ��o 9ÊËb1 �^ �¥�bá 9ÊËbP 622 m2/ml�	

�� E3 ³J?8.

3-2.  ! "�#� ���� ��� ��� ��

E& �{´+� �{ �Ba1y ��� �¥�bá �BàP 23

��	 �{´+� ����
 ¥�4, �	� "à¹ Í �$ 6��

���� îï1 Wx aN� ���� �{´+, 9ÊËb S �� �

Bà� Table 2, 3 S 41 K\i68. 6�� ���� í�àP ��

@1 Wx 9ÊËb& :G�
 ABP�	, �D1y ���� aN�


 ¥� � 6�� ����	 �G "àc PVP 10 wt%, CMC 1 wt%

S starch 10 wt%� í��¯�, �	� "à� 30-50 wt% ;¥1y ,

C��8. YðÅ� C1y �� E& �¥�bá 9ÊËb� /c

500oCÿ$� 10oC/min, 500-700oC� 1 oC/min	 �D��� U��

zD�¯8.

�{´+� ���� mà� �É� %Ì� ���� }5� �� ù

K=J �A�¯�Ï, �	� "à1 Wx 0.39-0.57 g/ml� ;¥� K

\E�, ���Ó �� E& �{ ´+� PVP 10 wt%f �	 50 wt%

	 aN� ���1y ³J?8. ���� �¥màá 9ÊËb S Í

:�b& ãcì� "à��1 Wx :G�¯�, �	� "à 40 wt%

P�1y ��� ���� aN5 6 768. CMC 1 wt%f �		 a

Table 1. The effect of heat-treatment procedure on surface area, pore volume and packing density of monolithic forms binding with 10 wt% PVP and
40 wt% phenol

Heat treatment
Packing density

(g/ml)
Packing density after 
heat-treatment(g/ml)

Specific surface area
(m2/g)

Volumetric surface area
(m2/ml)

No heat treatment

0.5

- 1818 496

�500oC: 10oC/min, 500-700oC: 1oC/min 0.42 1481 622
�700oC: 2oC/min 0.41 1331 532
�500oC: 10oC/min, 500-800oC: 1oC/min 0.38 1358 516
�800oC: 2oC/min 0.37 1408 521

Table 2. Effect of phenol content on surface area, pore volume and packing density of monolithic forms binding with 10 wt% PVP and x wt% phenol

Phenol contents
(wt%)

Packing density
(g/ml)

Packing density after 
heat treatment(g/ml)

Volumetric surface 
area(m2/ml)

Volumetric surface area after 
heat-treatment(m2/ml)

Micropore volume
(ml/g)

Meso & macro
pore volume(ml/g)

Methane capacity
(ml/ml)

30 0.47 0.40 575 678 0.7168 0.4119 83
35 0.47 0.41 536 617 0.6587 0.3943 80
40 0.50 0.42 442 622 0.6439 0.3660 79
45 0.53 0.43 360 583 0.5656 0.3153 80
50 0.57 0.48 258 575 0.4994 0.3038 77

Table 3. Effect of phenol contents on surface area, pore volume and packing density of monolithic forms binding with 1 wt% CMC and x wt% phenol

Phenol contents 
(wt%)

Packing density
(g/ml)

Packing density after 
heat treatment(g/ml)

Volumetric surface 
area(m2/ml)

Volumetric surface area 
after heat treatment(m2/ml)

Micropore volume
(ml/g)

Meso & macro 
pore volume(ml/g)

Methane capacity
(ml/ml)

30 0.39 0.33 507 524 0.6689 0.3594 68
35 0.40 0.34 397 498 0.6477 0.3494 65
40 0.43 0.37 322 512 0.6085 0.3185 69
45 0.47 0.39 311 472 0.5182 0.3044 62
50 0.50 0.41 258 413 0.4323 0.2341 59

Table 4. Effect of phenol content on surface area, pore volume and packing density of monolithic forms binding with 10 wt% starch and x wt%
phenol

Phenol contents 
(wt%)

Packing density
(g/ml)

Packing density after 
heat treatment(g/ml)

Volumetric surface 
area(m2/ml)

Volumetric surface area 
after heat treatment(m2/ml)

Micropore volume
(ml/g)

Meso & macro 
pore volume(ml/g)

Methane capacity
(ml/ml)

30 0.41 0.34 468 533 0.6696 0.3774 70
35 0.45 0.35 418 519 0.6300 0.3582 67
40 0.48 0.37 389 493 0.5428 0.3082 69
45 0.50 0.39 286 481 0.5535 0.2793 63
50 0.54 0.41 173 475 0.4988 0.2722 65
HWAHAK KONGHAK Vol. 39, No. 2, April, 2001
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N� ���� YðÅ 01� E& �¥màá 9ÊËb� K\E$�,

YðÅ ù1 ���� 9ÊËb& 8X ãcì1 9^ �ë�, 
²

10 wt%f �		 aN� ���� YðÅ1 �^ �¥màá 9ÊËb

P �� E3 ��¯$� �& �{´+	 c�4 �¥�bá 9ÊË

bP 2$ F4�, PVP 10 wt%f �		 aN� ���� E& �{

´+	 c^ �¥�bá 9ÊËbP �� Eë8. 0�b�	 YðÅ1

�^ �¥�bá 9ÊËb& PVP/�	1y 81-317 m2/ml, CMC/�	

1y 17-190 m2/ml, 
²/�		 aN� ���1y 65-278 m2/ml ��

�68.

40 atm1y� ���� �Bà� 9®�4 /Ë, ����� ÓÔ S

!*Í:1� Ö �BP �$ %� ÃÍÍ:1 �	 �BP �� ¬�

	 ½¾{ ãf gP[10-12], ÃÍÍ: �bP 9G� 
²/�		 aN

� ���f CMC/�		 aN� ���� !� 9G� �Bà� /¯

8. ÃÍÍ:P �*b�	 tµ� PVP/�		 aN� ���1y �

��� �BàP 77-83 ml/ml	 9®b E3 ³J?8. ×ØK �~b

b�
��	 ½¾{ 150 ml/ml[2]1� 23 Ã�$ F4�Ï, YðÅ

1 �^ �¥màá 9ÊËb& ��4$� �*b�	 �{´+� :

G	 c�4 �¥�bá 9ÊËb& 23 ���$ %ë
 l§P8.

3-3. $%& '(� ���� ��� ��� ��

���� YðÅ1 �^ ���� �¥�bá 9ÊËbP bJ Yð

Å :(� !�$ %� �D1y+ ÛB�P `6�� E& �{´+

f 9ÊËb� H�� K\i� 6�� ���� ãcì	 zD�4 î

ï1 WX �{´+, Í:�N S �� �Bà� I�� N
�¯8. ã

cì	� PVP, CMC, PVA, PVDF, PBA� 
��¯�Q, PVP� 9Ê

ËbP E& ���� aN5 6 7$� �*b�	 �{´+� JJ

?�, PVA� Pf ß*� �m� K\i6��	, � îï	 aN� �

��f � îï ãcì� ���4 aN� ���� �{´+ S 9Ê

Ëb� Table 51 K\i68. � îï ãcì	 aN� ���� � î

ï ãcì	 aN� ���/8 �{´+� ���� 9ÊËb& �Ô

:G�� .�� K\i68. ��� aN¹(1y molding ��� �

�"1 Wx �{´+� ���K 6 7$� PVP	 aN� ����

E& ��� ��Ë molding ¹(1y ?3 }y$� .�� /¯��

	, ÛB�P `6� PVA� ��"�	) PVP �� 
�� .` /8

E& ��1y aN5 6 7
 l§1 �{´+� ���K 6� 76

8. PVDF	 aN� ���� �{´+� E$� :
 Ó1 U��Ë

6�� �6�4 ?3 }y$
 l§1 8X ãcì� ��"�	) }

yL� U$5 6� 768. � �$ îï� ãcì� �� 5 wt%� �

��4 ���� aN�4 � ãcì îï1 WX 9ÊËb S �{´

+� Table 61 K\i68. 8X ãcì1 PVDF� í��4 aN�

���� �{´+� ���¯�, PBA� 8X ãcìf ���4 ��

�� aN�Ë �{´+� r�¾ :G�¯8. P¬& PVP S PVDF

1 9^ PBA� �D1y MN3 .C��	, PBA� +�o ����

ÒN¹( Ó1 .C� {��J N´� �{�,� PÂ
 J¾<y �

{´+� :G�� ¬�	 O��68. ��� îï �	 aN� ��

�� �{´+� 0.47-0.57 g/ml� ;¥� /¯�Q, CMC(5 wt%)f

PVDF(5 wt%)	 aN5 .` �{´+� 0.57 g/ml	 �� Eë�,

PVP(5 wt%)f PVA(5 wt%)	 aN� ���� �{´+� 0.47 g/ml	

JJ?$� �¥mà á 9ÊËbP 2,150 m2/g�	 aNo ��� Ó

�� Eë8. 40 atm1y� ���� �Bà& PVP(5 wt%)f PVA(5

wt%)	 aN� ���1y 124 ml/ml�	 �� E& ç� /¯8.

ãcì� í��$ %& éê Á�� �², �	 í� ãcì Ó 9

Table 5. Effect of binder mixture on surface area and packing density

Binder contents
(wt%)

 Packing density
(g/ml)

Specific surface area
 (m2/g)

Binder contents
(wt%)

Packing density
(g/ml)

Specific surface area
(m2/g)

CMC 5 wt% 0.43 2093 CMC/PVA 10% 0.47 1820
PVDF 5 wt% 0.54 1891 CMC/PVDF 10% 0.57 1762
PVP 10 wt% 0.36 2148 PVP/PVA 10% 0.47 2150
PVA 10 wt% 0.46 1979 PVP/PVDF 10% 0.49 1474
PBA 10 wt% 0.49 1970 PBA/PVDF 10% 0.47 1890

Table 6. Effect of various binders on surface area, pore volume and packing density

Binder contents
(5+5 wt%)

Packing density
(g/ml)

Specific surface area
(m2/g)

Micropore volume
(ml/g)

Meso & macro pore 
volume(ml/g)

Methane capacity
(ml/ml)

AC Powder 0.23 2449 1.0350 0.5421 061
PVP/PVA 0.47 2150 0.9152 0.4171 124
CMC/PVA 0.47 1820 0.8621 0.3277 101
PBA 0.49 1970 0.8473 0.3745 121
CMC/PVDF 0.57 1762 0.7486 0.3759 101
PVP/PVDF 0.49 1474 0.6262 0.3396 056
PBA/PVDF 0.48 1890 0.8067 0.3935 078

Fig. 1. Methane adsorption isotherm of monolithic forms with various
binders.
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®b �� �B­�P `6�¯8 PVP(10 wt%)/�		 aN� ���

S 6�� ��� �� � ãcì	 aN� ��� � îï� �� �

BqDz� Fig. 11 9®�¯8. éê Á�� �²& �{´+� �F

�¥�bá ����� �BàP _` JJ?�, PVP(10 wt%)/�		

aN� ���� ãcì� "àP 6�� ���	 aN� ���1 9

^ ]¡ �F �{´+� 9G�¯$� ÃÍÍ: �bP bJ ���

� �Bà1y �& ç� /¯8. PVP(5 wt%)/PVA(5 wt%)	 aN� �

��� Table 61 K\P ¬ðQ, PVP� í�	 �{´+� E& ç�

/c PVDF1 9^ 8G �$�, �*b�	 T.P 20 ÅP�c ÃÍ

Í: �bP EF �¥�bá �� E& ���� �Bà� K\i6

8. �� �Bà& 20 atmÿ$� MN3 ���8� ��P EFm6Ñ

¨¨ ��àP R�^$� .�� /P�Ï, ����� ÃÍÍ:1 �

	 �B�� ¬�	 RS5 6 768[20]. PVP(10 wt%)/�		 aN

� ���� CMC(5 wt%)/PVDF(5 wt%)	 aN� ���/8 10 atm

ÿ$� ì E& �Bà� K\i6�, E& ��1y� �& �Bà�

/¯8. P¬& Table 2f 61 K\P ¬¹ gP PVP(10 wt%)/�	�

.`� CMC(5 wt%)/PVDF(5 wt%) /8 T ÃÍÍ: �b& �$�,

ÃÍÍ: Ó �*b�	 �& -ÃÍÍ:P tµ� ¬�	 RS5 6

768.

�B­�P ̀ 6�4 0
 PÓU VW�0(electric double layer capacitor)

� �â� 0â·� ��	 
��� 7� coconut shell� �² Á��

(YP-17, Kuraray Chemical, Japan), phenol� �² Á��(BP-20, Kuraray

Chemical, Japan) S charcoal� ;� Á��(COM, Showa Chemical,

Japan)1 �� ̀ 6� ��� �BH�� /¯8 PVP(5 wt%)/PVA(5 wt%)

ãcì� 
��� g& NÒ�	 ���� aN�4 éê Á��� .

`f H�� 9®�¯8. 9ÊËb, Í:�b, �{´+ S ��� �B

à& Table 71, ��� �BqDz� Fig. 21 K\i68. éê Á��

¹ COM� �{´+� 0.47-0.48 g/ml	 9G�¯�, YP-17¹ BP-20�

�{´+� 0.59-0.61 g/ml�	 éê Á��1 9�4 E& ç� K\i

68. P¬& 0��c ��1 Wx ���� �G�N� �´� (+

� 8N
 l§PQ, éê Á���	 aNo ���� �*b�	 �

{´+� JJ$$� ãcì í�1 WX 9ÊËb� :G ñË1y�

#Å�3 ��� ¬�	 O��68. X 9®b E& 9ÊËb¹ ��

E& �{ ´+� /¯8 BP-20� .` ãcì í�	 �Y 9ÊËb

� 35%� :Go ¬1 9�4, éê Á��& 12% (+� :G�J �

��1y Zq�3 E& 9ÊËb� K\i6�, ©¹b�	 �� `6

� �� �B­�� /¯8. BP-20& YP-17/8 ���� 9ÊËb&

�ë$� ÓÔ S !*Í:1 9�4 ÃÍÍ:P �*b�	 tµ�4

ì E& �� �Bà� K\E8. Wxy ÓÔ S !*Í: �b/8 Ã

ÍÍ: �bP tµ� ���� ì E& �� �Bà� /c8� ¬�

@c5 6� 76�, ÃÍÍ: �bP �*b�	 [8 éê Á��P

8X �~� Á��1 9^ E& �� �Bà� K\iJ �� ���

	y �� `6� H�� /¯8.

3-4. )* +,

�	¹ 6�� ���� í��4 aN� ���� 2
� Í:�b

� Table 2, 3 S 41, 6�� ��� � îï� 5 wt%� ���4 aN

� ���� Table 61 K\i68. �	¹ 6�� ���� í��4

aN� ���� ãcì� "à ��1 Wx Í:�bP :G�¯�,

ÃÍÍ:� :G� ÓÔ S !*Í:/8 \�¯8. PVP/�	� .`

� Í:�b� :GàP �*b�	 bJ 9®b E& �� �Bà�

K\i68. 6�� ��� �� 	 aN� ���1y� 6�� ��

�/�	� .`1 9�4 0�b�	 Í:�bP 23 ³J?�, H�

ÃÍÍ: �bP È ç� K\E8. PVP/PVA	 aN� ���� ãc

Table 7. Effect of carbon precursors on surface area, pore volume and packing density of monolithic forms binding with PVP(5 wt%)/PVA(5 wt%)

Precursor
Surface area of activated 

carbon(m2/g)
Surface area of monolithic 

form(m2/g)
Micropore volume

(ml/g)
Meso & macro pore 

volume(ml/g)
Packing density

(g/ml)
Methane capacity

(ml/ml)

Rice hull 2450 2150 0.9152 0.4171 0.47 124
Phenol resin(BP-20) 1929 1257 0.6142 0.0262 0.61 101
Coconut shell(YP-17) 1566 1325 0.5685 0.1445 0.59 092
Charcoal(COM) 1043 0887 0.3996 0.3842 0.48 055

Fig. 2. Methane adsorption isotherm of monolithic forms prepared
from various carbon precursors binding with PVP/PVA.

Fig. 3. Micropore size distribution of various monolithic forms by HK
method.
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nol
ì� ý$ %& Á��1 9�4 �{´+� 2� P� ��� ¬1 9

�4 ÃÍ Í:¹ ÓÔ S !*Í: �b& Á�� �²1 �� Û��

ç� �� �� `6� �� �B­�� K\i68. �$� PVDF�

í�� ���� 8X ãcì1 9^ ÃÍÍ: �bP �*b�	 �

P �F�y �� �B­�P �P JJ?8.

PVP(10 wt%)/�		 aN� ���, PVP(5 wt%)/PVA(5 wt%) S CMC

(5 wt%)/PVDF(5 wt%)	 aN� ���� Í:�N� ãcì� ý$ %

& �² Á��� .`f 9®�4 Fig. 3 S 41 K\i68. Table 2f

61y ]^å ¬¹ gP ���� �² Á��1 9^ ÃÍÍ:¹ ÓÔ

S !*Í:� �bP %� :G�¯$�, PVP/PVA	 aN� ���

� Í:�N� PVP/�	� .`1 9^ �² Á��1 Û�^ 7� ¬

� _ 6 768. PVP/�	� .` .+� `6� ���� aN�


¥�4 �	� "à� ¹+�3 í��4 Á��1 ���J 7� Í

:�bP 23 :G�¯8.

3-5. SEM -.

éê Á���	 aN� ���� YðÅ S ãcì� îï1 WX

ÊË�N� SEM� É�4 2,500-5,000�� �[	 j7� ¬� Fig. 5

1 K\i68. (a)� ãcì� ý$ %& �² Á���	 ��o ��

'� 2
� /4�� 7�, (b)f (c)� 
²/�	� ãcì	 aN�

���	y YðÅ 01� ãcì1 �^ Á�� ��Ô� Ô`P a

F�y bc %Ì� �N� K\i� 7�Q, YðÅ� É^ ãcì1

"#�J 78 ���à  m� U>	 Á�� ��Ô� Ô`P d$

� ¬� j75 6� 78. (d)-(f)� ��� ãcì� îï1 WX ��

�� ÊË�N� ,C� K\P ¬�	, ãcì� ÛB H�1 �^ �

{�� (+� 8e� /4�� 78. PVP/PVA(d)	 aN� ����

ãcì� f$ %& Á��¹ 9G� ��Ô� Ô`� PÂ� 7�Ï

ß�4 CMC/PVDF(e)f PBA(f)� 
��4 aN� ���� ��Ô

� Ô`P a& N´� �{� PÂ� 78. H� Table 61y �� E

& �{´+� /¯8 CMC/PVDF� .`� SEM 
{1y+ �� N

´� �{�,� j75 6 768.

4. 	 �

(1) PVP(10 wt%)/�	(40 wt%)� ãcì	 aN� éê Á�� ��

�� YðÅ1 �^ �¥màá 9ÊËb& � 70% ���¯�K, Y

ðÅ1 �� � ��à  m� U>	 c�4 �{´+� � 20% (+

:G�4 �¥�bá 9ÊËb& 4-25%� ���¯8.

(2) �	1 6�� ���c PVP, CMC S 
²� í�� ãcì	

aN� ���� Í:�b S �� �Bà& ãcì� "à ��1 W

x :G�¯�, PVP/�	� .`� ÃÍÍ:P �*b�	 ì tµ�

4 �¥�b á 9ÊËbP �� Eë8.

(3) ãcì	 6�� ��� �� � P��4 �{´+ 0.47-0.57 g/

ml, �¥màá 9ÊËb 1,474-2,150 m2/g� ;¥� ���� aN�

¯8. 6�� ���/�	� ãcì	 aN� ���1 9^ �{´+

� 9G�¯$� ãcì� "àP _` b3 
��¯��	, 9ÊËb

¹ ÃÍÍ: �bP 2�(+ E& ���� aN5 6 768.

(4) éê Á��� ���� �Y� �² Á��1 9�4 9ÊËb

¹ Í:�bP 8G :G�¯$� �{´+� ��	 c�4, PVP/PVA

ãcì	 aN� ���� .` �¥�bá ���Bà� � 2� ��

�vy, ����­� 124 v/v� µ��¯8.

 

� �

å ��� ¹g
¼}h�|¹g·� $( S$*g® �� i
­

� G· ��j0f S$*g® ®i��9� $�1 �� ¬�¤8.

Fig. 4. Mesopore and macropore size distribution of various mono-
lithic forms by BJH method.

Fig. 5. SEM micrographs of monolithic forms of activated carbon  pre-
pared with various binders.
(a) No binder, (b) PVP/phenol before heat-treatment, (c) PVP/phe
after heat-treatment, (d) PVP/PVA, (e) CMC/PVDF, and (f) PBA
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