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Abstract

Activated carbon fibers were prepared from the petroleum isotropic pitch and organometallic compounds. The metal
were dispersed uniformly in the ACFs. The specific surface area and pore size distributions of metal containing ACF
were measured. The mesopores of ACFs were developed by Co, Ni, and Mn metals addition, and the catalytic reacti
ity of ACFs' SOx removal was increased by adding Ni and Pd metals. It was found that the mesopores did not work fo
the improvement of catalytic reactivity of ACFs' SOx removal with the blank experiment using the metal removed
ACFs.
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Ni, Fe � Cr 9[ ÌO)»5h , ¸¹[ Ç�)� Â)F

,, C18H12N2O2Cu, Ti(C16H36O4), VO(C5H7O2)2, Pd(C5H7O2)2,

Cr(C5H7O2)3, MoO2(C5H7O2)2, Co(C5H7O2)3, Mn(C5H7O2)3,

Ni(C5H7O2)2, Fe(C5H7O2)3 � (C16H36O4)� ¸¹���[ M�

)»0. 
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©�� ¯�ÈÉ; ¡Á)»5h TEM(transmission electron

microscope)[ ��)F ¸¹©�� j± ¯�ÈÉ; ¡Á)

»0. b% ICP(inductively coupled plasma)� �)F ¸¹®

D ACF � ¸¹[ �t% ACF é� ¸¹� ê�ë[ ¯ì)

»0.
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�]º. JÖ� ðfñ� �)F �	1�[ èO)»0. �

	$½� /C6 ¤ç�í� ²1� SO2 1000 ppm(=0.1

Vol.%), O2 5 vol%, =¯ 10 vol%, N2 balance� )»5h ,

1¯�í: mass flow controller; ï)F @Oë[ 2ò).

static mixer; ï�]ó Ê@% ðf� -f� Ø�)F 2ò

)»0. =¯� ��ô[ .�)F @O¬f� DYN water
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6 M�N SO2 analyzer: Thermo Environment M� 40H ¤
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`�h Fig. 1(b): \@% ±¯� SEM M��0. EPMA ¯
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^ = /Æ0. V-ACF, Ni-ACF, Mn-ACF � Pd-ACF� ¡Á'
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� Fig. 2� *�jÆ0. Table 1�6 y>�3� BETd� �
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Table 1 � Fig. 2� '�; �� 20 Å~500 Å �Â�

mesopore ̄ l: ¸¹� ¯�� �!6 Bÿ-: `[ ¦ =

/0. �  Co-ACF� PQ mesopore volume� 1.8 ml/g Of

; *�j. /:� ¸¹[ ¯�]ºY ü. \@)u IN

]ª4 pitch-ACF�6� 0.007 ml/g� y)F su ��N `

[ #4^ = /Æ0. �: Oya 9� �% phenol =Y; ©

ª� % ACF�6� �k'�[13] � Hong 9[14]� ]a ACF

� CoCl2 Ç�� �% mesoporous ACF� �²'�� \@%

P¶[ *�j: `[ ¦ = /Æ5h Ni-ACF, Mn-ACF, Cu-
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ACF 9f mesopore� yÚ3 su ��)»5h ¤ù ¸¹

� Ç�� �)F mesopore ̄ l� ��®[ *�jÆ5h b

% ¯�]Ë ¸¹� ��� �!6 �Q ÿ!Y: `[ ¦ =

/Æ0. �� �� ¸¹� Ç�� �!6 mesopore� Bÿ-

: `� su × �Y S4� �� `5� äON0. Í§ �

�I � �1�I�O�6 ��� �í�{� ��-h

�Ü , ¸¹� ¯&{� 
�� ��)� Üþ5� +,N

0. �  Co, Ni, Fe 9� ¸¹Ç�� /C6 mesopore� B

ÿ-: éS% S4 é� )*� +,N0. Valenzuela-

Calahorro[15], Walker[16], McKee[17] 9� �k� �)� J

�¸¹, �¸¹, alkali � alkaline earth metal 9� steam�6

� ��� �í� {� /C6 
�� ��)F {[ 


�]º: `5� �.% · /0. �!6 ¸¹� ¯�� �)
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ÿ-: `5� +,N0. b% ̧ ¹� 
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Fig. 1. SEM and EPMA photographs of metal dispersed ACFs.
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: 0� ÈÉ; *�jr� �� � �1��O�6 0� t

\[ *�jC � ñ�� �1�]� mesopore� Bÿ-: `

5� +,N0. � ¸¹� ��� carbide ÈÉ� �� '�[

È1): PQ, ��-�� '��6� ��{5� ¦ = /

: �1�{ ¹f: ��-̧ ¹� '��6� {¹f� 0

}u -r� � ñ�� �)F mesopore� È1-: `5�

äON0. ¸¹� ��� J	 '�)Y 
): PQ�: ¸

¹-��� Ù�� ��_��6 È1-C @± pore; È1)

. /5r� �� �1�{�6� ��� ��¹f� ñ�

�)F mesopore� È1-: `5� äO-h �� �� ¸

¹� ��� '�� ,, T�)r� � ñ�� �)F £2

¯l� ñ�� B+-h b% mesopore� @± b: su B

ÿ-: `5� a_N0. �" mesopore� su BÿN Co-

ACF� PQ ��I% Ö� y>�3� 302 m2/g Of�6

�1�I-Y üýú�f �k). @{34 ��âD� =

m2/g� y)F �Q �� �[ �Y. /0. �: Â�6 äO

% ·� �� 700oC�6� ��I� �)F �¾ �í�{

� @± ��-C pore; È1). /5h � pore� steam

�í� {4 �1�_��6 �� Bÿ)F mesopore; È

1): `5� �40. � ±¯� ÃI , _��6� I

� v�34 ¾£k² ¯ì[ ��)F T£  �k^ �S�

/0. 

Fig. 3� ¸¹[ ¯�]Ë ACF�±� ¸¹[ �t% Ö J

Ö� £2¯l� ��; *� `�0. �� �% ¸¹�t

� �)F ¸¹Z �tÛ � £2¯l: q�� DY-: `

[ ¦ = /0. Fig. 4, Fig. 5 � Table 2: Ni-ACF� /C6

Ni� ®ë� �� £2¯l� ��; *� `�0. Ni� ®

Table 1. BET specific surface area and pore size distribution of
M-ACFs

M-ACF

Specific 
surface 

area
(m2/g)

Mesopore 
volume 
(BJH) 
(ml/g)

Micropore 
volume
(t-plot) 
(ml/g)

Total pore 
volume 
(ml/g)

Mesopore 
volume 

ratio (%)

Pitch-ACF
Cu-ACF 
Ti-ACF 
V-ACF 
Pd-ACF 
Cr-ACF 
Mo-ACF 
Co-ACF 
Mn-ACF 
Al-ACF 
Ni-ACF
Fe-ACF

1350
1270
1350
1290
1700
1330
1570
1370
1560
1450
1290
1240

0.007 
0.022 
0.017 
0.010 
0.020 
0.025 
0.022 
1.790 
0.036 
0.009 
0.447 
0.049

0.563
0.525
0.506
0.522
0.613
0.496
0.635
0.447
0.615
0.589
0.407
0.455

0.570
0.547
0.523
0.532
0.633
0.521
0.657
2.237
0.651
0.598
0.854 
0.504

1
4
3
2
3
5
3

80
6
2

52
10

Fig. 2. Pore size distribution of metal dispersed ACFs.

Fig. 3. Pore size distribution of metal dispersed and remov
ACFs.

Fig. 4. Pore size distribution of Ni-ACFs with respect to N
contents.
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ë� 0.1%|Y: y>�3� 1290~1350 m2/g5� y�% =

Ñ[ *�j. /5* mesopore volume� �¹35� ��)

: `[ ¦ = /:� 0.1% �T� -� y>�3� su �

�)h mesopore volume� �Ù� ��): `[ ¦ = /0.

�`� Ni� Ç�� �!6 mesopore� È1� C� Of|

Y: 
�� -* Ç�ë� ��Y� ��-��� '��6

@C*u -: micropore� È1[ c&)h, y>�3� �

� su ¿¶[ ¾�: micropore� Fig. 5�6 ¦ = /: `

� ò�  ��)r� y>�3� ��)u -: `5� ä

ON0. 

���� ���� ��� �� !"#$

Fig. 6� ¸¹¯� ACF� �% SOx ̄ &{�6� 
��

6� 1�[ *� `�0. Fig. 65�±� ¸¹[ Ç�%

ACF� �	
��6� 1�� ¸¹[ Ç�)Y ü. \@%

²w5� �²N pitch ACF� y)F Ç�N ¸¹� ���

�!6 su b: @± ¶TN '�; *�j. /ú[ #4

^ = /0. �  Ni[ Ç�% ACF� PQ 1000 ppm SO2, 12

L/g-hr�6 98%� �¹{JÐµ[ Y¹35� *�jC @

{ pitch� ACF: �� ´µ� �� PAN� ACF�0f su

�� JÐµ[ *�j. /0. �� Pd-ACF, Co-ACF, V-ACF,

Cr-ACF 9f pitch-ACF� y)F �� JÐµ[ *�j. /

5r� �	
�� ��] �³� ACF� y)F �Së[ �

�]� = /[ `5� ��^ = /0. �O¸¹�6 �	{


�´�; *�j: `� ä��k; ï)F mechanism�

��� �S)0.

%� Fig. 6�6� Ni[ ¯�]ó ACF; �²% Ö, 0]

Ni[ �t% De-Ni-ACF� PQ pitch-ACF� y)F t� \

@% �	{ JÐµ[ *�jC su ��N `[ ¦ = /

0. � Ni� �t� �)F 
��1� ¶T¯� �tN `�

�1��âD� �	{� 
���� Ni� Ç�� �)F

su ¶T-Æú[ *�j. /0. De-Ni-ACF� y>�3�

1360 m2/g5� Pitch-ACF� 1350 m2/g�: \@% =Ñ�*

mesopore� su Bÿ-C /:� � '�: mesopore� B

ÿ� �	
�{� JÐµ� q0Y ¿¶[ RY 
): `

[ �¾%0. qG* ö� ��� �% �¹ breakthrough point

� fÿ): ]Ù� mesopore� BÿN De-Ni-ACF� _]Ù

� fÿ-C mesopore� Bÿ% �� �0 V¹)u {�

�È� fÿ-: `5� a_-* $�� �� /C6 ÷�

�È� fÿN �¹{JÐµ� �" éS)0. ^ = /5

h � �� éÙ_�: � �¾; ±F)�: ��)0.

Table 2. Pore charicteristics with respect to Ni content

Ni content 
(%)

BET Surface 
area 

(m2/g)

Mesopore 
volume 
(ml/g)

Micropore 
volume 
(ml/g)

Total pore 
volume 
(ml/g)

Mesopore 
surface area

(m2/g)

Micropore 
surface area

(m2/g)

Mesopore 
volume ratio

 (%)

− 1350 0.007 0.563 0.570 011 1339 01
0.02 1300 0.223 0.499 0.722 069 1231 31
0.05 1340 0.329 0.513 0.842 098 1242 39
0.10 1290 0.447 0.407 0.854 199 1091 52
0.50 0813 0.438 0.256 0.694 192 0621 63
1.00 0295 0.405 0.031 0.436 221 0074 93

Fig. 5. Specific surface area and pore volume of Ni-ACF with
respect to Ni content.

Fig. 6. DeSOx reactivity of M-ACFs.
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4. � �

FG �Y ¸¹[ Ê@)u �Y% ��� �1��âD;

�²% '� D�¸¹���[ solvent; �A� )F ���

6� �&]º: cd� �)F �Q Ê@)u ¸¹©�� ¯

�-: ACF� �²� ��®[ #4)»5h b% ,,� ©

�� �!6 �1� t\� ÿ!Y: `[ Bø^ = /Æ0.

�� #4[ Â% y>�3 � £2¯l; ¡Á% '�, \@

�1�²w�6: y�% Of� y>�3[ *�j* ¸¹�

�YN CF� �1�] �v� mesopore� ��®[ Bø^

= /Æ5h �  Co � Ni[ l®): ACF�6: R�^Z

% mesopore� ��; ¡Á^ = /Æ0. b% �; ��% �

	$½ '� ¸¹[ ¯�]ºY ü� pitch ACF� y)F �

	{JÐµ� su ��): `[ ¡Á^ = /Æ5h � 

Ni-ACF, Pd-ACF, Co-ACF, V-ACF 9�6 �� �¹JÐµ[

*�jÆ0. ¸¹� ¯�N ACF�±� ¸¹[ �t% Ö J

Ö� pore size distribution � �	{JÐµ[ yÚ% '�

mesopore� BÿN £2¯l: q�� DY-* �	1��

pitch ACF� \@% =Ñ� JÐµ[ *�jC mesopore� {

� su ¿¶[ RY 
)h, ¸¹� Ç�* �J� �k�

6 #4N y>�3� ��, {²w� ��, ACF >�� ¡

��� ��� ¯l 9� su ¿¶[ ¾�: `[ ~ = /

Æ0. �� �� �²N ACF: �	{ 
��6� M��

�1[ ��^ = /Æ0.


�� 

� �k: �«� ±� i�YO�k$ M�(99-J00-00-

066-00)� Y©� �)F =�-Æõ!0.
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