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Abstract − 1 wt% Ag, Cu and Co-containing Activated Carbon Fibers(ACFs) were prepared and the adsorption abilities of

each ACFs for phenol from aqueous solution were investigated. The average pore diameter of Ag and Cu-containing were

20 Å, while Co-containing ACF have shown two mesopore regions of 30-40 Å and 200-300 Å with micropores. Iodine adsorp-

tion capacity of Ag-containing ACF is much better than that of other ACFs. The Co-containing ACF with mesopores is more

efficient than other adsorbents for the adsorption of polymer such as methyleneblue. The adsorption rate of metal-containing

ACFs for phenol is 18-180 times faster than that of Activated Carbon(AC). The adsorption amount of phenol on Cu-ACF at
breakpoint was 1.8 times larger than that of non metal-containing ACF.
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¹ w¾��P �(� ¿�[7]" �T À�¯�ÁD*(Naphtha Cracking

Bottom oil, (Â)SK)- Ã$%:Y r." ̄ 9B¯Ä  OP ��1 Å

D� ÆÇ  G«" » Ag, Cu, Co� £� 55 1 wt%
 �FÈ Silver
54
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nitrate, Copper(II) acetylacetonate, Cobalt(II) acetylacetonate  ­
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300oC�� RÉ��:Y ÆÇ�D  ÊP6. �  1 oC/min�T 280oC

Ë� ÌÍ" » 2s� '.x:�, 6s �Q¯!n�� 1,000oCË�

10 oC/min�T ÌÍ" » 30̄ � D�sª�� lx:Y lQ�D  Ê

P6. �Î  !:Y ¬�� CD�� Ï? e1lQ�D  G«:Ð�

� �  referenceT ÑÑ:Ð6. lQ�D� e1xP Ò 5 cm t��

sÓ  1 gÔ Õ:� CoCD lQ�DP 800oC�� 40̄ �, ;Ö� l

Q�DP 900oC�� 30̄ � e1x:Ð6. CoCD lQ�D� e1x

«×� �Ø n+¯Ä Ùx  ¤Ú:n !:Y 900oC�� 5, 10, 15̄

� U
T e1x:Ð6. e1x
ÛP �©n  �R:Ð�, carrier gas

T �Q  �R:Ð�� �©n& �Q� ÜÝ
ÛP 500oC ���T

ÞÃ:Y +,:Ð6.

G«^ e1lQ�DP ���� ß.àÇ(ASAP 2010)  �R:Y

77 K�� �Q  absá ����, n+4â, ¼ã n+2n § n+

¯Ä � 71Ç  �:Ð6.

2-2. ����

0	ä ab¨s¾ § åæçèé êë¨s¾? "h+k|ì, KS M

1802 e1l s¾�c[8]� �:Y s¾:Ð6.

=>� ¼íabw¾? WF
 100 mg/l< =>RS 50 ml  100 ml
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r." s��ì�T WFÙx  ß.:Ð�� �T4ü ab�F& �
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=>� ÷�w¾? Fig. 1� Gs" þ·ÿ w¾àÇ  �R:Ð6.

ab��? i_ 6 mm, t� 10 cm� D%��- �R:Ð6. �4�

P �_ 2 cm� D%9�� �� �E ab� r." ÍF�� �éE

�FÈ :Ð6. ��� sÓ 0.25 g- 5 cmT þ·" » �nWF 200 mg/

l< =>RS- 1.5 ml/min� D��T D�s	6. r." s��ì�

T DVRS- Õ:� ¯ööF�(UV 2401PC, Shimadzu)  �R:Y
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b�Í¥�? Type I� í�  ¿YÂ�6. Type I? ÂT A�+\�

��^ abG< _`� ;
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1lQ�D� ��^ �+�? �4¯� A�+�- � � �6. CoC

D e1lQ�DP ���¨� ©
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:

� 78 1.0� 
Ëv�� �� abB� ,ì8 ©
[ �\ ���

êbû¥�� hysteresis f�- ¿��T� A�+� C� /n+� �

����- � � �6.

Fig. 3�P 5 ¬�CD e1lQ�D� n+2n ¯Ä  ;
i�P

y ��� �Ú" �& 
� Ag, CuCD e1lQ�DP 20 Å A\�

A�+� ÂT ��" õ�, CoCD e1lQ�DP 30-40 Å� 200-

300 Å�� 55 â2
 ;
; A�+� C� /n+� bimodalT �

����- ©Ñ:� �6. � ��P Oya �[5]� 200 Å� 6Q ��

  ¿�Py �P �Ó*�� G«�c� �� ���� �5^6. �,

Oya �? �k��T s��� �P novolac-type phenolic resin(Gun-

ei Chemical Co.)� cobalt(II) acetylacetonate  C�� �c�T ­
:

� ��¯%�c�T ��:Y ÆÇ�D  G«:Ð�{T ¹ w¾�

Fig. 1. Schematic diagram of experimental apparatus.
1. Column 6. Flow meter
2. Adsorbent 7. Valve
3. Water bath 8. Reservoir
4. Feeding vessel 9. Spectrophotometer
5. Peristaltic pump

Fig. 2. Adsorption isotherms of N2 at 77 K on metal-containing ACFs.

Fig. 3. Pore size distributions of metal-containing ACFs.
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CoCD lQ�D� e1x «×� �Ø n+¯Ä Ùx  Fig. 4� G

s:Ð6. 900oC�� s�©
� �� CoCD lQ�D� burn-offP

¥í�T ©
:Ð��, burn-off
 ©
C� �� n+� �_F  �

6. 800oC�� 40̄ � e1x:� burn-offP 68%T 900oC�� 10̄

� e1x�- �� 76%¿6 ù?  - ¿�; n+��.FP !6.
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%� d& ° �- ¤Ú[ � �Py �P Oya �[5]� _`& 
? _
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:n ���T �]^6.

w¾�� G«" ¬�CD e1lQ�D� ����, n+4â, ¼ã

n+2n �- Table 1� .%:Ð6. ����? CuCD e1lQ�D


 
à !��, reference& AgCD e1lQ�D
 �/:Ð6. �P

Ryu �[6]� ����& 
� ór«×�� e1x:� 1 wt% AgCD

e1lQ�DP reference� �:Y burn-off_%?  �; ����?

D�:Ð6. CoCD e1lQ�DP ����� 
à ù? õ� n+

4â& ¼ã n+2nP 
à !6. �P Co
 
à e�:3 ²³ù
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5 e1lQ�D� 0	ä ab¨� åæçèé êë¨ �- Table 2

� ;
i��� 0	ä ab¨ �j- !" 0	ä� Freundlich �Í

¥? Fig. 5� Fs:Ð6. q01� n2n& �3 �T4ü 5 e1

lQ�D� Freundlich �.4- DF:Ð6. � 4�� 0	ä� Áø

WF
 2.5 g/lr �� abB(5/g)- �:Y 0	ä ab¨�T :Ð6.

0	ä ab¨? AgCD e1lQ�D
 
à 23 ;
6Py �  

? �/" ����- OP reference § d ° ����- OP CuC

D e1lQ�D¿6F °  �6. �P Ag� �" A�+� �« §

��� Ùx� �" ��T Uß�� �� �" ���< ¶�
 70

:6. ¢" reference� _` Mun �[9]� w¾���� Ê?  � D

�:�, AgCD e1lQ�D� 0	ä ab¨ 1,706 mg/g? Mun ��

w¾�� Ê? ��  1,405 mg/g¿6 °  ��, �j e1lQ�D�

880-1,185 mg/g, e1l� 957-990 mg/g� �:Y 55 1.4-1.98, 1.7-1.8

8 26.

åæçèé êë¨? Cu, Ag, reference, CoCD e1lQ�D 9�

T 2�, �P ����� �)" 9��6. "3, CoCD e1lQ�

D� _` reference� �:Y Ò 0.68� ù? ����- O� ���

F :�:� êë¨? H� �/:ÐPy �P CoCD e1lQ�D�

��" /n+� #%�T �]^6. �, åæçèéP ;<= 3�
 >

�T ;J" �«�� 1.6?0.84?0.47 nm� dimension- 
�{T Co

CD e1lQ�D
 reference� �:Y ����T ù? ����-

O��F :�:� ¼ã n+2n
 2.58 ��  � ¯9µ~�T <

� �/" åæçèé êë¨- O3 ^ ��6. ��� åæçèé&


? �¯9� ab�P CoCD e1lQ�D& 
� /n+� ��^

e1lQ�D
 d D%:6.

3-3. ��� 
���

5 e1lQ�D� �" =>� ab�Í¥- Fig. 6� ;
i�6.

=>� ab? Ag, CuCD e1lQ�D
 reference� �:Y `�:

Fig. 4. Pore size distributions of Co-ACFs with respect to activation con-
dition.

Table 1. Characteristics of metal-containing ACFs

Sample Ref-ACF Ag-ACF Cu-ACF Co-ACF

Surface area(m2/g) 1430 1413 1699 878
Pore volume(cm3/g) 0.68 0.68 0.83 1.13
Average pore size(Å) 19.0 19.2 19.5 51.5

Table 2. Adsorption properties of metal-containing ACFs

Sample Ref-ACF Ag-ACF Cu-ACF Co-ACF

Iodine adsorption(mg/g) 1345 1706 1629 547
Methyleneblue decolorization(ml/g) 148 167 195 143
Phenol k 26.830 37.990 40.280 38.830

1/n 0.352 0.326 0.293 0.198
Adsorption amount at breakpoint(mg/g) 86.400 79.200 152.400 50.400

Fig. 5. Freundlich plots of iodine on metal-containing ACFs.
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� CoCD e1lQ�DF ù? ����� �:Y ����T `�"

ab�¨- ;
@6. ��? CoCD e1lQ�D� ��^ /n+�

#%�T ��� �Ú" åæçèé; =>� 
? �¯9� ab�P

A�+� d:E /n+F 23 ¤Y"6P �- ;
@6. ¢" e1

l� 
� �n+, /n+, A�+� }� ��^ abG¿6P CoCD

e1lQ�D& 
� A�+� /n+� C� ��:��F q 2n¯

Ä
 r." abG� ab�¨� `�:6P �- � � �6.

Table 2� ;
@ =>� Freundlich ��P Fig. 7� Gs" �& 


� abB� ¼íWF� Log  Õ� ¥íx" q01� n2n& �3

�T4ü �[ � �6. k � _` �/" 2n� ¼ã n+- OP

reference, Ag, CuCD e1lQ�D��P ����� �):�, �P

Kim[10]� w¾��& ór" _%- ¿<6. ¢", k ? CoCD e1

lQ�D�� � � �A� n+2n� ���F #%- B�- � �

�6. �, CoCD e1lQ�DP reference� �:Y ����  � Ò

0.68 ù��F :�:� k ? Ò 1.458 26. 1/n ? }C e1lQ

�D�� 0.19-0.35�  - OPy �P 0.1-0.5� #$�� ab� R

�C[11]- �u� D � ab�¨� `�" abG�- � � �6.

Fig. 8? =>� s�� �Ø abB- ;
@ ��T }C e1lQ�

D
 50̄  �i� ¼íWF� F�C- ¿<6. �nWF� E� �P

s�F Ag, CuCD e1lQ�D
 0.5̄ , reference
 3̄ , CoCD e

1lQ�D
 5̄ �T �P ór«×�T w¾" Mun �[9]� ¶���

�� ;
F e1l� 90̄ ¿6F 55 180, 30, 188 �Ø s��6.

Mun �[9]� Kim[10]? e1l¿6 e1lQ�D� =>ab�¨�

`�:6� ¿�" � ��{T �µT ¬�CD e1lQ�D>rõ e

1lQ�D>e1l� 9�T ab�¨� ̀ �" ��T �][ � �6.

Fig. 9P 5 e1lQ�D� ÷�û¥�T ÷�G �» �Î� ,ì"

�Ìû¥- ¿�� �Py �P e1lQ�D� ³` H? *�(��

$ ���6. �I3 *�(��$� H�� þ·ÿ- t3 :Y, ��

RJ� t�  Kr � �P àG� �6. rõ��T ÷�G? ÷�û

¥�� ��WF(C/C0)
 0.05-0.1  ;
in sù:P G- L:� ¹

w¾��P 0.1T :Ð6. q��T4ü 5 e1lQ�D� ÷�G F

�s�- � � ��� q  ? ����� �)C- � � ��6. ¢

" ÷�GË� =>� abB? reference
 86.4 mg/g<y �:Y Cu

CD e1lQ�DP 152.4 mg/g�T Ò 1.88� ab�¨- ¿Ð6.

��� ��  úM[ � e1x «×- ô «�C�TN ����?

2�F A�+\ ��sO6P
, A�+� /��+- �ý8 QD:

P ¬�CD e1lQ�D  \�E� ab�� ¥¦� ¯% � RF

� Q3 ºR[ � �P 
�1- � � �6.

4. � �

1 wt% Ag, Cu, CoCD e1lQ�D  G«" » 55� ab71

- �Î" �� 6�� 
? �R- Ê�6.

Fig. 6.Adsorption isotherms of phenol on metal-containing ACFs.

Fig. 7. Freundlich plots of phenol on metal-containing ACFs.

Fig. 8.Adsorption rates of phenol on metal-containing ACFs.

Fig. 9. Breakthrough curves of phenol on metal-containing ACFs.
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,

g-

n,

s,”

u,
(1) Ag, CuCD e1lQ�DP 20 Å A\� A�+� ��:Py �

:Y CoCD e1lQ�DP A�+� /n+� C� ����, "?

ÍF�� e1xs d ù? burn-off�F :�:� d ° �+�� _

%- ¿<6. �P Co� ²³e1� 2n ���6.

(2) 0	ä ab¨? AgCD e1lQ�D
 `�:Ð��, åæçè

é& 
? �¯9� ab�P ̄ 9µ~�� �� CoCD e1lQ�D

& 
� /n+� ��^ abG
 `�:6.

(3) =>� ab1�? Ag, CuCD e1lQ�D
 reference� �:

Y `�:�, CoCD e1lQ�DF /n+� #%�T ù? ���

�� �:Y `�" ��T �]^6. =>� ab�FP e1l� �

:Y 18-1808 ���, GH�F `�:6.

(4) reference, Ag, Cu, CoCD e1lQ�D� ÷�û¥? ÷�G �

» ,ì" �Ìû¥- ¿Y ��� H? *�(���  O� ��-

� � �6. ÷�GË�� =>ab�¨? CuCD e1lQ�D


reference¿6 Ò 1.88 SE;6.
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