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Abstract − 1 wt% Ag, Cu and Co-containing Activated Carbon Fibers(ACFs) were prepared and the pore size distributions

depending on the activation condition were investigated. The burn-offs of metal-containing carbon fibers(CFs) are higher than

that of non metal-containing CFs, because the metal accelerates the activation of carbon. Cobalt is better accelerator than cop-

per and silver. Activation energies of three metal-containing CFs were 93, 141 and 175 kJ/mole, respectively, which were lower

than that, 184 kJ/mole, of non metal-containing ACF. The isotherms of 1 wt% metal-containing ACFs were typical Type-I such

as non metal-containing ACF. However, Co-containing ACF has mesoporous pores with hysteresis loop and rising tag at high
relative pressure. Ag and Cu-containing ACFs have the average pore size of 18-20 Å in spite of low activation energy, while

Co-containing ACF has two mesoporous regions of 30-40 Å and 200-300 Å with micropores.
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(. Table 19 ~$N xy� 8�U �d�u(. h	w�� �� <

¡¢£v d¢¤� Silver nitrate(AgNO3, 99.8%, M.P.=212oC, density=

4.35 g/cm3, Kojima), Copper(II) acetylacetonate([CH3COCH=C(O-)

CH3]2Cu, 97%, M.P.=284-288oC, Aldrich), Cobalt(II) acetylacetonate ([CH3

COCH=C(O-)CH3]2Co, 97%, M.P.=165-170oC, Aldrich)� �O�u(.

2-2. ����

h	w� � ��, Cho[10]c �d� �¥9 �s �g�u(. ¦,

���� A�� ~$N xy9 � ��§ Ag, Cu, Co� [! ¨¨

1 wt%c %
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� 280oC¿Q ¾°� �

2dÀ ÁÂ 2�3��9� Â�<�&, I 3��9� 1,000oC¿Q

3½ 10oC� ¾°	
� c�� � ) °
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 ��� ¼,(. �Ã� ��X h	! w�%Q Äv � ��� �

g�u6} !� reference� ÅÅ�u(.

� ��� ��<, dÆ� 5 cm �
� Ç!� BÈ& 2 gÉ p�

X Fig. 19 �d� ��<��  Ê\(§F 4.5 cm)9 Ëv � 800,

850 a 900oC� °
9� dÀU z<de} �¶�u(. ��<c³

, ���� �O�u&, ÌJ%, ���Cv 830 ml/min6� gP�

u(. �Í�N� I � !O�u6} ���� I , 500oC� gP

� ¬=Î��9� Î��X 2¤�u(.

�g� ��� ��, Ï�� Ð��X burn-off(%)� �Ñ�u&,

ArrheniusÒ9 �f ¨ � ��� ��<9ÓQ� �Ñ�u(. ��~

BÔ0F(SEM)9 �s ��� 
�U \Õ�u6}, �
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(Micromeritics, ASAP 2010)� !O�X 77 K9� I � ��d�
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 a dÀU ¨¨ 900oC� 30 min6� /��� � �

¨ � ��9 ¬=c³ �ÚU (È� 2¤�X ��<� SJ� Fig.

29 +Û§º(. ÜÝ � ��, ��� �Ú! �cw9 �� Þ�

burn-offc ß� �c�u6+ 0.83 !�9�, z<c Wàsá(. !

âv KimJ Hong[11]! �d� â 3.4�, "v ã!c '(. KimJ
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� ��, ��< °
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 ��� ��< 9ÓQâ! reference � ��� �Ã¸ ñ þ åv

âU 5,(. h	´Bë� !ÁF�v Co, Cu, Ag� ù�� �È7
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Table 1. Characteristics of isotropic pitch

Elementary 
analysis(wt%) Atomic ratio 

(C/H)

Benzene 
insoluble
(BI, wt%)

Quinoline 
insoluble 
(QI, wt%)

Softening 
point (oC)

C H N

97.1 2.72 0.18 2.97 46.7 1.2 255

Fig. 1. Schematic diagram of experimental apparatus for CF activation.
1. Water 5. Mixer & Preheater
2. Peristaltic pump 6. Sample pot
3. Flow meter 7. Activation furnace
4. Steam generator 8. Absorber

Fig. 2. Burn-off of metal-containing CFs with respect to volume ratio of
gas mixture at 900oC for 30 min.
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moleJ (  ã!� V!Qà !, �Æ8IJ ��g{� ã! ñò

!� �¨�(.

3-3. ��	 �� � ��� 
�
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 ��� �cwU 	 � '6+ dÀz<9

�� burn-off� �c, TT Wà�� 
U � � '(.

)ö (c)9� Cow� � ��, 900oC9� 203 !� ��<��

��c W~² burn-off
U � � '(. ¦, Cow� � ��, (�

� ��V( þ -v ��< 9ÓQ� cQ7� �� burn-off�(.

��� Cow� � ��� ��<, ���6� åv °
 a dÀ!

�$�(.

Fig. 5, reference� Cuw� � ��� ��< ~ (a), (c) a 900oC,

30 min ��<� � (b), (d)� 
�z<� +Û§, SEM�¯!(. �

¯9� V�! (b), (d), burn-offc ̈ ¨ 45%, 70%!ê� ��Ï�c

�Æ� 55%, 30%9 Q+Q ÄQà ��� ®�� )�� �Q�& '

6} ø
� z<
 16, 29µm9� 15, 27µm� ¢ 6-9% ó � �6

� V; ��<d ��� §^9 Ï�� 012ë! kl%º�U �

Ð¸ � '(. !, Ag� Cow�� F÷9
 ��cQ!(.

Oya A[6]v ?@�Q� Cow� � ��� F÷, ��� 
�9 �

Ø6� �v ôÏ�c \Õ
U Vu,� !, h	w�� �� nC

� ��� ñò6� �Å¸ � '(. � #$9�
 Fig. 5� (c), (d)9

� \Õ¸ � '�! h	w�d refernce�, l� ôÏ� Ü[v ;

�+ ��
�! f�ê�U \Õ¸ � 'º(. Oya AJ (� 
��

�v �O� ~$N xy� �g�¥! l�� ñò6� í��(.

3-4. ������ � ��� 

Reference a ¨ h	w� ��� ��� A°��×_U Fig. 69

+Û§º(. Cow� ��� ��� ���& ÜÝ A°��×_v

Type I� ®�� VX�º(. !, ��9� ¼v h	w� ��� �

�9 kl� 12ëv �^3! 012�U ÿ�(.

Cow� ��� ��� F÷, ��µb! å�U ñ, Type I� ®

�� V!+, ��µb! �cw9 �� ��C! ¢ÀÉ �c�} �

�µb 0.4 !�9� hysteresis Ô�! +Û�6�ý j�2! kl�

u�U � � '&, �² 1.09 c¿��9 �� ��C! ¤è² �

¾w6�ý �^
�(D j�2v �^
�6� À�
)9
 (j� �

�! !�ê�U \Õ¸ � '(. !, Gregg� Sing[2]! �Å� |

� æ! j�2� Ü1\ç�9 �� �6� úê¯(. Sing! �d�

αs¥[14]9 ��X $� Cuw� ��� ��(900oC, 20 min)� Cow

� ��� ��(900oC, 5 min)� j�2��v ¨¨ 40, 120 m2/g6

Fig. 3. Burn-off of metal-containing CFs with respect to time at (a)
800oC, (b) 850oC, and (c) 900oC.

Fig. 4. Arrhenius plot of CF activation.

Table 2. Parameters of activation energy

Metal 1/Temp.(K) ln(dw/dt) Activation energy(kJ/mole)

Ref
9.32×10−4

08.9×10−4

8.52×10−4

1.31
2.29
3.08

184

Ag
9.32×10−4

08.9×10−4

8.52×10−4

1.61
2.41
3.30

175

Cu
9.32×10−4

08.9×10−4

8.52×10−4

2.08
2.71
3.44

141

Co
9.32×10−4

08.9×10−4

8.52×10−4

3.61
4.02
4.51
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��, j�2! f� kl�Q Äv Í� Cow� ��� ��, 0

12J w
 j�2! "! kl%º�U �0�(.

Fig. 79, ¨¨� °
9� burn-off9 �� Cu, Cow� ��� �

�� �
��z<� 
d�u(. )ö� (a)� (b)� �Ãs V� Á/

burn-off9� Cu� w�� ��� ��� �
��! þ  U � �

',� !�v Cuw� ��� ��, 012! kl� Í� Cow�

��� ��, Co �Bc KL-OU �X 012� ß�� ±�d�

j�2! kl�u� ñò!(. >� (a), (b) ø F÷ Üø burn-offc

�cw9 �� �
��
 �c�u,�, æv burn-off9�, ��<

°
c åU�© �
��! ¢À þ  U � � '(. !�v rv

°
9� ��<¸ F÷ 012 klJ þnê ��� �^
�! !

X +c� ñò9 æv burn-off/Q�
 þ åv �
��U 5� %

, �!(. )*+ Á/ burn-off9 
l�� �s�, åv ��< °


/ F÷ ���6� " ��< dÀ! �$%7� åv °
9� �

�<�, �! #(&, 	 � $(.

Fig. 89, 900oC9� ��<� ¨ h	w� ��� ��� burn-off

9 �� �
��U +Û§º(. )ö9�¢ 60%� burn-off9� reference,

Ag a Cuw� ��� ��, 1,500 m2/g !�� rv �
��U 5

, Í�, Cow� ��� ��, ¢ 600 m2/g� ���6� åv �


��U V!,� !�v Cow� ��� ��c j�2U 5& '�

ñò!(.!�v Oya A[6]� #$SJ� ���(. Oya Av 8-55%

burn-off %�9� Cow�C9 �� (  ã!, 'Qà �
��v

Fig. 5. SEM photos of (a) reference CF, (b) reference ACF, (c) Cu-containing CF and (d) Cu-containing ACF.

Fig. 6. Adsorption isotherm of N2 at 77 K for metal-containing ACFs
activated at 900oC.

Fig. 7. Specific surface areas of (a) Cu, (b) Co-containing ACFs with re-
spect to burn-off.
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,

Po-

ar-

D.

ce,
�& 600-840 m2/g� %��& V&�u(.

RyuA[9]� #$SJ9 �È�, 0.1 wt% Agw� ��� ��, h

	U w��Q Äv ��� ��V( Á/ burn-off9� (  D �


��U V!Qà, 1 wt%9�, G²' ¢À -v âU Vu(. � #

$9�
 1 wt% Ag� Cu� w�� ��� ��� �
��! Á/

burn-off9� referenceV( -v âU 5,� (6� h	� wC9 �

� �
��z< a j�2� $g� ��9 �� #$c )��(.

Fig. 9, burn-off �c9 �� h	w� ��� ��� Ø. �2Q

Ù� z<� Ð�� SJ!(. Ag, Cuw� ��� ��, Ø. �2

QÙ! ¢ 18-20 Å6�� h	U w��Q Äv /Í ��� ���

Ø. 012ß�� ���u(. !�v !ë h	! burn-off9 KL*

¸v �uQà h	! 4+� ^3� 12� ß�, ±��Q R�u

�U ÿ�(. )*+, Cow� ��� ��, Ø. �2QÙ! 40 Å

!�6�� j�2! kl
U � � '6} burn-offc r;I�© Ø

. �2QÙ >� �c�u(.

Fig. 109, 900oC9� �g� ̈  h	w� ��� ��� �2QÙ

34� +Û§º,� (9� &Õ� |� æ! Ag, Cuw� ��� 

��, ¢ 20 Å !�� 012! �� kl� Í�, Cow� ��� 

��� F÷ 30-40 ÅJ 200-300 Å9� ¨¨ ,ßc +Û+, �6�

V; 012J w
 j�2! kl
U � � '(. !, j�2kl

U ��6� � HongA[5]� 40 Å, Oya A[6]� 200 ÅJ (  ã!�

V!+ !, �Æ8IJ ���¥� ã! ñò!� �¨�(. ¦, Hong

Av �-�6� dí%& ', CH700-20(Kuraray)� CoCl2� �O

�X KL� ��<� �¥U `�u&, Oya A� F÷9, novolac-

type phenolic resin(Gun-ei Chemical Co.)J � ��9� �O� cobalt(II)

acetylacetonateU �O�X w.� �¥6� h	U w�d/(.

4. � �

h	(Ag, Cu, Co)U 1 wt% w�� xy� � ��� �g�& �

��� I � ¬=c³� ��<d� ��� ��� �g� SJ (

�J æv S0U ¼º(.

(1) h	w� � ��, h	U w��Q Ä�U ñV( Co, Cu,

Agw� ù6� burn-off F�! 1,� !, !ë ù��� h	! �

 � ��<9 KL*¸U 2� ñò!} ¨¨� ��< 9ÓQ, 93,

141, 175 kJ/mole!º&, h	U w��Q Äv � ��, 184 kJ/mole

!º(.

(2) Ag, Cuw� ��� ��� A°��×_v ~®�� Type IU

Vu,� !, h	w�C! 1 wt%¿Q, 012! õ kl%º�U

ÿ�}, Cow� ��� ��, ��µb 0.4 !�9� hysteresis Ô�

U VX j�2! kl�u�U ÎÐ�u& �² ��µb! 1.06�

3Zw9 �� ¤è² �¾��� �^
�9�� (j� ��U Vu(.

(3) BJHÒ9 �� �234, Ag, Cuw� ��� ��c Ø.»F

18-20 Å� 012! kl�u,� ��X Cow� ��� ��, 01

2J w
 Ø.»F 30-40 ÅJ 200-300 Å� j�2! kl%, ��

U V�6�� h	w�9 �� j�2 ��� ��� �g¸ � '

, c]�U ±��u(.
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