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Abstract − Metal (Ag, Cu, Co)salts were mixed to reformed petroleum pitches for production of metal-containing carbon

fibers. The carbon fiber was steam activated to investigate the microporosity and the behaviour of metal particles in activated

carbon fiber. The melt spinning temperature of precursor pitch linearly increased as the metal content increased. Cobalt and

copper-containing carbon fibers were decomposed after 400oC, silver-containing and non-metal containing carbon fibers were

decomposed after 480oC in air. The average pore diameter and specific surface area of non-metal containing activated carbon

fibers were 20 Å and 1,100 m2/g. The activation rates of metal-containing carbon fibers increased by catalytic acceleration of

metals. Average pore diameter and mesopore fraction of metal-containing activated carbon fiber increased as the metal content

increased, however, specific surface area decreased. The metal-containing activated carbon fibers showed peaks corresponding

to their own metal. Silver particles were uniformly distributed in activated carbon fibers, while copper and cobalt particles

tended to coalesence and some of coalesced copper exited from activated carbon fibers resulting in macropores on the surface
of activated carbon fibers during the steam activation. 
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K LM ��:[1]. D

AEF N�# 2� OPQ ?R S�� TU"� �� V(organic gel)

� �W, �X�W, YZ
�W. (:[2]. S�� TU"� �� V�

�W� [
�� :\ ]^� S��_� TU"# �W&� OP�S,

�X�W(template carbonization)� �X ̀ �"a� 0b�c��� �
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504 ���� ����	�
�WU"� �Wd e �Xf	gh N�� ��� ij@ k&l, Y

Z
�W� mJn� 4B� o,# p%&C 
�W&� OP�:.

Kyotani[3]� qr�s� 
�YZ	� Cod t�� uvw	� Ag#

6x p.&C ��� 
�����@ wA&y�', z
{� ���

# 
�|}s~ Q� Un&� �a� (�# �S&y:. Ozaki �

[4]Q [
�� :\ S�� TU"# �W&C DAEF 
�����

@ wA&y:. Ryu �[5]Q Q ��- 
�W,-@ .,&s~, Q 6

� 
������ �� ����� ���4Q Q� 1 wt% 6�7 �

�s� 6� �s �Q 
������ ������� ���4� �

�&:S �S�:. Eom� Ryu[6]� JHd z
{ 6� 
�����

@ wA&S, o,� YZ
�� ���_� ��?�@ ���:S �

S�:. e�0 ��� ]^� IJ� �w |u��� � o,��_

� 6�� �� ���-d o,��_� ��� �� IJ� �:. �

�� � IJ� o,(Ag, Cu, Co)� 6�� j�� ���� = 
�

����@ wA&S, o,� 6��.� �\ O��, o,��� ]

^� �\ ���-d ���4� �W, o,��_� ��  �# ¡

¢&S� �M�£:.

2. � �

2-1. ����

¤¥� �v� �O� j�� ¦��3 §��(naphtha cracking

bottom oil, (�)SK)@ a� �2��� �m� w|� ̈ d ©� 390oC, 3

|c = 360oC, 3|c� 2�� ª«H �5# ¬&C ­a�£:[7].

­a� �O� ®�� j�� "�Q Table 1� 5H� ¨d ©fl I

W¯ 278oC, °±²v�(BI) 98.5%, ³r´ ²v�(QI) 1.5%	� �µ

4 ²¶"(QI)� 4£:.

o,·f	� |¸¹ silver nitrate (AgNO3, 99.8%, M.P. 212oC, �

ºW»), Copper(II) acetylacetonate ([(CH3 COCH=C(O-)CH3]2Cu, 97%, M.P.

284-288oC, Aldrich), Cobalt(II) acetylacetonate ([(CH3COCH=C(O-)CH3]2Co,

97%, M.P. 165-170oC, Aldrich)�:.

2-2. ����

O�v mJn j�� Eom� Ryu[6]. w|� ¨d ©� o,WU

" �k# ­a� �O� j�d ¼# � ¶� o,� `R. 1, 2,

3 wt% . �R ½�&y:.

� ¾H¿� j�@ ÀÁÂHÀ ÀÃÄ �Å�@ Æ�� O��(O�

J �� 0.5 mm ϕ)� ÇS �H È5� ;4 O�É-, 6.5 kgf/cm2 a

�Ê+�� 95 m/min� ËÌ,-	 vÍ O�&y:. � j� ��@

300oC, �� �2� ÎW	�� 2|c ÎW&y:. � ÎW��@ ·X

®Ï¡ �W	� ÇS a��2��� 10oC/minf	 1,000oC�s Ð

É� Ñ 30�c n^&l �W&y:. � ����@ 800-900oC��

a�	 Ò®� ���(0.455 Steam/N2)	 �5|c 
�W&y:.

�Ó 
�����@ Ref� ÔÔ&yS, 1 wt% o,6�� Ag 1 wt%,

Cu 1 wt%, Co 1 wt%� ©� ��&y:.

2-3. ��

�O� mJn j�� IW¯Q IW¯ È5Õ�(Mettler FP)	 È5

&yfl, �� = a��2��� ª�® Õ�(TGA: M200S)	 o,

6� ����_� ª�3É-@ A�&y:[8].

���4 È5Õ�(Micromeritics, ASAP 2010)@ �v&C �É $

%Ö×, ���4, �� ���� = ���E@ È5&y:.

XRD�®f	 
����� >� o,� ØÙ@ �Â&y:.


������ ��XÚ� SEM(Hitachi S-2350)#, 
����� >

o,��� �Ed ��Q TEM(Jeol, JEM-2010)# �v&C ¡¢&y:.

3. �� 	 
�

3-1. 	
��
 ���� �� ���

Fig. 1Q o,WU" 6�� �\ mJn j�� O�É-@ �C �

S (:. o,WU"# 6�&s �� �Ó mJn j�� ;4 O�É

-� 318oC �£S �� IW¯�: 40oC. ÛÜ:. o,WU"� 6

��� O�É-. o,� 6��� 1ÝÞf	 �ß&C àÐ&y�'

�áQ mJn j�� ¯-. ÛFs� �â�:. Edied Dunham[9]-

�O� j�� ¯-. ã�ä O�É-- ÛFL:S �S&y:. o,

WU"� 6��� 6��s �Q j��: vÍO��� ?R å)æ

f0 O�J>� ÀÁÂHÀ ÀÃÄ# Æ�&C o,WU"� �Å@

��&R 6f	� j���� B�çà� ?R è��£�Q �m�

�S� ¨d ©:[10]. ËÌ�� ém,-@ �.|}� j���� �

�Q è��:. O�,-@ 95 m/min ,-	 �s&C êQ j���

@ Cho[7]� OP�	 ÎW = �W |ë ì� ���� 14µm� ��

��@ ê£:.

3-2. 	
�� ����� � ���

j���> o,WU"Q �W&� �í �3 �) ������ o

,~ îR �:. �ïR &C wA� o,6� ����� ���2�

��� ª í5�# ðñ&y:. Fig. 2� ���2���� 3 wt% o

,6� ����� TGA �®ì��:. òó ����� 100oC�Ñ

���
� �� ¸ 5%� ��è�. (Q Ñ, 400oC�s� �� �

�è� �� í5&y:. e�0 JH6� ����� 400oC�� YZ

ÎW� �� �3. |u�) ��� ¹ôK è�&S, 450oC�� �

� �3�£:. Q 6� ����� 450oC�� ��K eHS 500oC

�� ¹ôK ÎW�3�£:. z
{� �õ� JHd ©� 400oC��

�3. |u�£f0 ÎW,-� JH�: ö÷:. Fig. 3Q a� �2

���� TGA�®�:. òó o,6� ����� ø| 100oC �m

� ���
� �� ��è�. (Q Ñ, ¸ 400oC�s� �� ��è

� �� í5&:. �� �2���d ��� ��è�. 
N&C Û

Table 1. Characteristics of reformed isotropic pitch

Elementary
analysis (wt%)

Aromatic 
ratio (C/H)

Benzene 
insolubles 
(BI) (wt%)

Quinoline 
insolubles 
(QI) (wt%)

Softening  
point 
(oC)

C H N
1.07 98.5 1.5 278

79.8 6.2 10.0
Fig. 1. Spinning temperature of metal-containing pitches.
���� �41� �4� 2003� 8�
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Q É-��� o,� YZÎW. LMù# ú � (:. �� o,YZ

	 Â3 ����>� Î� ¡û�� �3Óû# YL|ü ��� Y

ZÎW. LM� áf	 ý��:. ��� ì�� Choi[11]� IJì�

d ��� �þ# �y:.

3-3. 	
�� ������� �� !

Fig. 4� 900oC�� Refd o,6� ����_� ��� 
�W�

�� ��è�@ �C �S (:. Cud Co6� ����� ÿQ 
�

W|c�- 1 ��è�@ �C�S (�', JHd z
{. 
�W@

.,|ë:� á# ��:. ��� o,� 6��.� �IK ��è�

@ �.|�:. e�0 Ag6� ����� 
�W ,-� �Ó ���

�� 
�W ,-�: ?s ��f	� Ryu �[5]� �Sd� ��:.

��� ì�� o,� YZ
�*+� ·�j� = j�� ­aOP �

� Ïþ �S (�# |��:. �, Ryu �[5]Q ·�j�@ 1� «H

(390oC, 3|c)&yS IW¯� 240oC�£f0, � ¤¥��� 2� «

H&yS, IW¯- 278oC	 ÛÜ:. IW¯� Û:� áQ ­aj�

� ��� :�:� ��l, Q ��� ¯�� ÛQ ��f	 �	)L

��n>��� YZ
�� ¸6# ú � (:.

Fig. 5�� Ref = 1 wt%, Fig. 6�� Refd 3 wt% o,6� 
��

���� 77 K��� a� �É$%Ö×# 0
>£:. e��� ��

¨d ©�, Refd Ag6� 
�������� mX4Â Type I Ö×#

�C�S (:. Langmuir Type ��S ²H� Type I Ö×Q �	 �

��# .s� $%w�� �K 0
0� mX4Â Ö×f	� Ref �

~ F
� Q� �õ� 3 wt%�s 6�3- 
�� ��_Q ò�.

Fig. 2. TGA curves of 3 wt% metal-containing carbon fibers in air.

Fig. 3. TGA curves of 3 wt% metal-containing carbon fibers in N2.

Fig. 4. Burn off of metal-containing carbon fibers at 900oC.

Fig. 5. Adsorption isotherms of N2 at 77 K for 1 wt% metal-containing
ACFs.

Fig. 6. Adsorption isotherms of N2 at 77 K for 3 wt% metal-containing
ACFs.
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506 ���� ����	�
��� ���_ # ú � (:. JH6� 
�������� ���

uQ �+çà(hysteresis)# E6&� Type I Ö×# ��S (:. ��

� �+çàQ � 0
0s �Q XÚ�0 Gerggd Sing[12]� charcoal

�E� a� �É $% Ö×�� 
�&S ��·� Åª�� 
N&

� $% �ij� �.�� �Â� áf	 ÆÔ&y:. JH6� 
�

����� ���� �. �:� ���4� è�	 a�$%�� ?

R è�&y:. z
{� Type IV� Ö×# ��S (:. �, à�Ê+

� 0.4 � � �s� $i%� ��&� ��� $%� �)0:., 0.4

�Ñ��� $%�� ¹ô� �.@ ��l $%Ö×� i%Ö×� �

�&s �� �+Ö×� 0
�:. ��� ì�� Eom �[13]� IJ

ì�d- ��&y:. �áQ z
{6� 
�������� ����

�� 
��fl �_ ���� JA. ��� <�4Â �ý(slit)X �

���� �)0 ��(wedge)Xf	 �ò&yS � �_ ��_� "

��� ����?�d� �-	 $%a� $·i%�� ��sS (:

[14]. ��, ���4� ��&��- 1 wt% �: 3 wt% z
{6� 


������� � 1 a�$%�# ��� áQ o,6�� �.. �

��� ��# �.|ë á�:� ��_# � ���(nonrigid)(R ~

�� áf	 3®�:.

Fig. 7Q 900oC�� 10� 
�W&y# �� Refd 1 wt%d 3 wt%

o,6� 
�����_� ���E@ 0
� á�:. Ref, Ag, Cu,

6� 
������ 20��&� ���� 
�� Ó�, z
{6�


� ����� �õ� 30-50 �, 100-200���    � j?(bimodal)

@ 0
>£:. �áQ ���� ���� ò� 
��£fl, !K,

3 wt%� �õ� 100-200�"2� ���� �� 
��£�# ú �

. (:. ��� ì�_Q #�� �C½ �É$%Ö×� ��&0

bimodalX ��
�� !�&y:. Oya �[1]Q 0.22 wt% z
{@ 6

�|$ �õ, �� 45�?�� ���_� 
�6# �S&yf0

bimodalXQ F
£:.

Table 2� Refd o,6� 
�����_� ���4, ������

= DAEF ��# 5H&y:. o,� 6��.� �� 
�����

� ���6� �.	 ���4Q %)_S, �� ��?�� �.&y

:. z
{6� 
������ ������� ¸ 50�f	 �.�

áQ Fig. 7�� � ¨d ©� 100��à� ���� �� (� �â

�:. ��� ì�_	gh o,# 6�&C 
������ ��# A

B&S ����# �. |}�0 &Q AB7 � (R �£:.

3-4. 	
�� ������" 	
#$� %&

Fig. 8Q 1 wt% o,6� 
�����, Fig. 9� 3 wt% o,6� 


�����_� XRD �®# �C�S (:. � XRD �®# �µ3

��,   � o,� àû&� '	( j?_� XRDÖ×� 0
��

# ú �. (:. �, Ref � 24, 43��, 1wt% Ag�, 38, 64��, 1 wt%

JH� 35, 50, 61��, 1wt% z
{� 37, 62��, 3wt% Ag� 38, 64��,

3 wt% JH� 36, 50, 61��, 3 wt% z
{� 37, 62��    o,�

2 θ j?@ �C�S (f)	, �W = 
�W Ñ�- o,��_� 


�����>� �E�) (�# ú � (:. ��, j?� ��. 1 wt%

�: 3 wt%. � *&R 0
îf	� j?� ��� o,6�� �ß

6# ú � (:.

Fig. 10Q 3 wt% o,6� 
������ ��# ¡¢� SEM�L

Fig. 7. Pore size distributions of metal-containing ACFs. 

Table 2. Characteristics of metal-containing activated carbon fibers

ACFs
BET-SSA

(m2/g)
Average pore dia.

(Å)
Mesopore ratio

(%)

Ref. 1,1001 20 6.0
Ag1 wt% 852 23 11.8
Ag3 wt% 690 24 13.4
Cu1 wt% 963 30 18.1
Cu3 wt% 773 38 20.0
Co1 wt% 560 59 49.2
Co3 wt% 584 62 51.3

Fig. 8. XRD analysis of 1wt% metal-containing ACFs.

Fig. 9. XRD analysis of 3wt% metal-containing ACFs.
���� �41� �4� 2003� 8�
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�:. e��� ú � (+�, Q� z
{6� 
������ ��à

Ú� �µ4 Ref� ��� ��&:. ��, JH6� 
������ �

� , ��� ���_� �� ØÙ&y:. ��� ����Q JH�

�� YZ
�� ��K ?�0, F
� 
�W�í JH��_� Un

�S �_� ��� -f	 Å.�£� �âf	 /È�s~, a��

�É $%�� 1 wt% �õ�: 4S ��� 6� = �������

z
{�: uQ ì�@ ��� áQ ����� 
�� 0 ­� ��

��� gj� `�� ���� gj� �3� `|7~&l >g��

����� ��# ��&)	 ì1Q, JH ��_� Un� Ñ ��

-f	 Å.�£S e ¬	� :| 23 áf	 ý��:.

Fig. 11Q 3 wt% o,6� 
������ ��# ¡¢� TEM �L

�:. Q ��� �µ4 ��&R �E�) (:. Ó��, z
{� �

g. Un�) �µ4 1 ��@ X�&s~ �µ4 ��&R �E�

) (� Ó��, JH� � 1 ��	 45(S, �â�â �E�) (

:. ��� JH��� XÚd �E� JH6� 
������ ���

����� 
�� á# SEM �L� 6�7 3½:. �, Un� JH

��_� ��� 
�W�í ��	gh Å.� á� �Ô&:. Chwastiak

d Lewis �[15]- JH. CuO ÎW" XÚ	 Å.�£:S �S� ¨

(f)	 ��� �E� 
�����@ êf8� 
�W �5# ­×3

9 &::.

4. � �

­a j�� C� .s o,WU"# p.&C vÍO�&S ÎW, �

W, ��� 
�W&C o,6� 
�����@ wA� Ñ �_� �

��-d o,��� ��# ;<� ì� :�� ©Q ì=# ê£:.

(1) o,� 6�� �.7�ä mJn j�� O�É-� ÛFL:.

�� o,6� �.d �²) mJn TU">� ²¶"� �.	 Â

&C IW¯� �.&S ��� ¯�� �.&� �â�:.

(2) 
�����> o,� 6�� �.7�ä �� ����� ��

�� ��� �.&S, ���4Q è��:. �áQ ��� 
�W�

í o,��_� 
�W@ YL&�� ���# 
�|}s~ �g �

Fig. 10. SEM photos of 3 wt% metal-containing activated carbon fibers
(a) Ag 3 wt%, (b) Cu 3 wt% and (c) Co 3 wt%.

Fig. 11. TEM photos of 3wt% metal-containingactivated carbon fibers
(a) Ag 3 wt%, (b) Cu 3 wt% and (c) Co 3 wt%.
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��Q o,��_� �&C ¬	. 2> a�$%�# è�|}� �

â�:. o,� 6�# AB&S 
�W OP# ­×&� �� �� �

�# ��&S- ���4� 1 
�����@ wA7 � (# áf

	 ý��:.

(3) Q ��� 
�����>� �µ4 ��&R �E�) (f0 z


{d JH� �g. Un�) 1 ��_	 ØÙ&y:. JH6� 


������ ��� ��� 1 ��� 
�&� �õ. (�' ��

Un� JH��_� ��� 
�W �í �� -f	 �.�£� �

âf	 ?)L:.

� �

� IJ� �1�»Ù� s· �-� 1w��IJ(F01-2000-000-

20045-0)� �@f	 �M�£fl �� è��A
:.
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