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Abstract

Short pitch fibers were prepared from petroleum based isotropic precursor pitch by melt-blown technology. The pitch
fibers were stabilized in oxidizing condition, followed by steam activations at various conditions. The fiber surface and
pore structures of the activated carbon fibers (ACFs) were respectively characterized by using SEM and applying BE
theory from nitrogen adsorption at 77 K. The weight loss of the oxidized fiber was proportional to activation tempera-
ture and activation time, independently. The adsorption isotherms of the nitrogen on the ACFs were constructed an
analyzed to be as Type I consisting of micropores mainly. The specific surface area of the ACFs proportionally
increased with the weight loss at a given activation temperature. The specific surface area was ranged 850~1900 m2/g
with pores of narrow distribution in sizes. The average pore size was ranged 5.8~14.1 Å with the larger value from th
more severe activation condition. 
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1. � �

��� ��� ��	
 ���� �� �� �� ��,

���, ����� ��� � ���, 	 !", #$ %� &

'( �)'� ��*+ ��. ���& ,�� - �.� �

� ultramicropore(< 7 Å), micropore(<20 Å), mesopore(20~500

Å), macropore(>500 Å)� �/*� ,�& �., �, �0

1 2345, 34�6 %& 785 
9: ��� ;<= >

?@ A�� BCD ��[1-4]. ��� ���, E �����

�(activated carbon fiber, ACF)@ ��FG �� ���� 2

H �IJ� K$: �L�M �NO P$ QR+, :��F

S�'( TU�, V7�, WF� %& �)X 6: :Y'

�, Z[$�M ��\F ]� ^_= `a+ �b +�Y �

�cG decf� F#*+ ��[3, 5]. ������@ gf

��h ij� �k.�M ijlPj m8h X �n, ��

j, ��j'( ob`�, gf�@ pq�rs, tu�`,

PAN(polyacrylonitrile), v? %F F#*+ ��.

wx5�� v?y ����@ z#'@ d�{(precursor)

� &H F!�(mesophase)| %!�(isotropic) ����� �

�*�, F!� ����@ ��j, }~j |P= �� +�

Y ����(high performance carbon fiber, HPCF)� 	 *

�, %!� ����@ ��j |P= �� �#����

(general performance carbon fiber)G ��j |P= �� ��

����(activated carbon fiber)� 	 ��. 

��j !"��@ ��.G CO2, �. %= F#'@ :s

��j"| ZnCl2G KOH, 
i %& J�� �/G, i, �.

��= z#'@ ����j"�� ��� � ��. wx5�

� ������& 	 @ ^�X �Sh 	�'+@ ��.

� &X :s��j"F F#*+ ���, ��.� ���&

.�5
 x�� ��x��� 750oC F�& +��M x�

F ����. wx5
 x�� �n � (1)| (2)� 3�� �

��[3].

C + H2O → H2 + CO − 29.4 kcal (1)

C + 2H2O → 2H2 + CO2 − 19.0 kcal (2)

��j .�� �HM@, �� gf�� ��� ��7& �

��#FG ��j� cf& .��& �F, 2� x�� &X

� X ¡¢F wbG@ % ]� £
¤F �b {y5��

FH@ *` ¥+ �@ ¦PF�. 

��� ��.�& x�� ��& §c'�M@ !H¨`

¥`©, wij��(CO)� &HM@ ;<= ¨@ A�� BC

D ��. ^ª, Fij��(CO2)& 2� x�� &X ��«�

|P
 Boudouard x�$ ��x�& 'G� � (3)| ¬��,

wij��(CO)� ��.� &X Fij��& ® x��

��x��� � (4)� ¬�.

C + CO2 → 2CO − 41.25 kcal (3)

CO + H2O → CO2 + H2 + 9.84 kcal (4)
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#¯�z"� wP °$h ±+ M� ²³´@ knife edge

& ./ µ¶� +K& �·= �z'( !z µ¶�M ¸�

� ¹8º #¯{� ©G@ »�M ¼
½(air drag force)=

F#'( :@ ��h �¾¿+ F ��h ÀV0��� Á

5'( 	 '@ !"F�. #¯�z !"� !z� ��h À

V0��� �����Â �PF Ã�j*+, ���= e,

j� � ���, ��& FÄ|P�M k�X v?��h Å

Æ� Ç£: Èb Éi�F �+, 	 Ã:h Ê� � �@ Ë

»F ��. ÌX zÍF *b$ Î� ��: Ï�*` ¥+ Í

z� ��: ��� ;<= >?` ¥@�@ 	  �P�&

Ð Ë»= `a+ ��.

v?& #¯�z"��@ Ñ tFs v?h F#'( ��

h 	 '@ !"[6]| Matsumoto %[7]& ÒÓR v?h g

f� F#X #¯�z"& ´+: ��. ÌX Watanabe %[8]

� #¯�z"�� 	 � Ñ tFs v?y ����& �

 � �HM ´+'+ ��. -ÔG #¯�z!"= F#'(

%!� ������h 	 '@ !"� �X ´+@ ]` ¥

� ¦PF�. 

��M, � ~��M@ Õ�y %!� v?h gf� HM

#¯�z !"= F#H v?��h 	 '+, ijlPjX

A= ��.� ��jX ~� ¡|� �HM ´+'+9 X�.

2. � �

���������

� ¦Ö� z#X gfv?�@ East Asia Carbon Fiber Co.,

Ltd(China)� À× 	�¨� ~j» 255oC, C/H 2�F 1.54,

ØuÙ �#�(Quinoline insoluble)F 0.45% ��� ����

	 # Õ�y %!� v?h z#Ú�.

�������	
����������

v?��@ L/D(length/diameter ratio): 10
 !z# µ¶

20Û: VÜ� ~¡*b �@ #¯�z(melt-blown) !zË?

h z#'( ÝÞV� 15µm& v?�� ß= oà�[9]. o

b� v?��& ijlPj x�� �·�®�h z#'(

320oC, �.á�M ¦¾'â�[10].

��������

� ¦Ö� z#� ��j Ë?& Ûã$h Fig. 1� GÓä

�. ��j Ë?@ ��. �åË?� d.�, >x� ��.

h æÆ� � �$ç ��*b ���, ��. �åË?�@

3� è�s��� 7(H2O)= æéê heating mantle= z#H

.j'( x�ë�� ��¾ì 0j�6: *$ç ��'â�.

��j@ íî d.�h z#H ¦Ö�$ï` ð�X ê :

� 3 cm, ,� 5 cm& ¾f``� k� lPj�� ß=

0.5~1 g P$& Vz° 6� ñCò� ê �$, ¾ó %=

ô8'4M ��j ¾õ�. ° ¦Ö ö�M x�F ÷f*4

¾fh ø� ù¾úF× �� ûb ��ï` ü°¾ý ê ¾

f& á\þ�h ÿPÚ�.

�������

	 � ������& 2345 ÿP� 2345 ÿPË?

(Micromeritics, ASPS 2010)h z#'( 77 K�M %���¾

ì BET(Brunauer, Emmett, and Teller theory)�� &X 23

45, ,�� , BJH(Barret, Joyner and Halenda)�� &X Ñ

 0� �0 %= yi'â�. 34�  �Õ� SEM(Scanning

Electron Microscopy, Hitachi, S4100)= z#'( ë�Ú�. 

3. �� � �	

Fig. 2�@ � ¦Ö� z#� ������& 	 �P= G

Ó�à�. �F�y& ������@ F�5
 d�{ ��

Fig. 1. Apparatus for activation.
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& ���\F 44.4%[(C6H10O5)n]� Ê� lPj |P= ��

�n ��j'( ��j ��= <�¾¿G, PANyG v?y

& �S@ lPj |P= �� �n �� ��j'@ AF w

x5
 !"�� BCD ��[3]. F� ¬� !"� �P�&

Ã�� &X 	 g:& Íþ� .
X A�� � ¦Ö�M$

lPj ê ��j'â�. 

Fig. 3�@ °°& �$�M ��j ¾ó� �� ��j �

�= GÓ�à�. x��$: �:��ç ��F å	'� þ

�'@ A= B � ���, x�¾óF �:��ç ��j �

�� þ�'â�. ^ª, 
w x��$�M ��� �& V�

5�� þ�'@ A= GÓ� x�K$@ ��á\� �H 1

� x�= GÓ�= B � ��. 

°°& �$�M x�¾ó ��j x� �.& á\þ�

K$�À× o� ��j K$� �$j� �X ëyh K$

�� k, � (5)� Arrhenius � (6)= F#'( Fig. 4� GÓä

��, .�.�À× ��j ��`h �'â�.

 = e−kt (5)

k = Ae−E/RT (6)

(.�M W0@ �.á\F�, W@ ¾ó t�M á\, A@ �

n�(frequency factor), e@ 9~��, R� ��` Ãk

(R=8.314 Jmol−1K−1) F�. 

��j ¾ó� �� ��j ��`@ 46.35 kJ/mol� #¯

!z� v?y ��� 2�H �S Ê� �= GÓä�. F�

¬� ¡|@ ��j �.  VF ?�'` �X À��M �

Z ij, .j*+ ��j x�& ��| ��  VF ?�X

À�F ij*b .j*. ¾�� ¡|� «ÿ��. E, ��

j áóÉ�7& ��j x�� ¡P�F Ê� ��: �Z

x� J8'+, - 34F �7�| x�'@ A�� É°�

�. ´� ��j'@ �S, �� ��& :sj ~�: 10%

F� *@ AF wx5F� F Ãy�M@ 2P���: S�

5�� :sj *+ >¡P ;�F �ì .�F �� ê, �

n Ãy�M ��j: yK*b >¡P9: :sj *4M .

�F �Ë �ô��. ��j$(�� ���): Ê� �S@ 5

� 2345��Â ÞwX ,�= ±`©, :s��j�M 2

345= �� '4 gf��& ����: �Z'� �D ,

�� �Þw'� *@ �<F �@ A�� BCD ��.

W
W0
-------

Fig. 2. Experimental procedure.

Fig. 3. Steam activation yield of pitch-based stabilized fibers at
various reaction times; (a) 750oC, (b) 800oC, (c) 850oC, (d)
900oC and (e) 950oC.

Fig. 4. Arrhenius plot.
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a)

n-
^ª, Eom %[11]� Õ�y �z�H  �7(Naphtha

Cracking Bottom Oil)= �m8'( %!� v?h ©! ê

Co, Cu, Ag %& "K�9h 1 wt.% ��¾ì !z, lPj,

1000oC�M 1¾ó �j¾ý ê ��j'( "K�� ���

���h 	 'â�. F# ��j  ö��@ ��.� ��

:s& 2�= 0.5 1 2O& Ï¢7= F#'( ��jÚ= �

S, ��j ��` �� z#X "K� �� Co@ 93 kJ/mol,

Cu@ 141 kJ/mol, Ag@ 93 kJ/mol& �= GÓä�. ÌX Lee

%[12]� 143 kJ/mol, Djuricic %[13]� 127.3 kJ/mol& ��j

��` �= ´+'â�. F� ¬� ¡|@ 	   ö 1 g

f� �� ¡|� É°*�, � ¦Ö� z#� ¾f& �S@

lPj©� ¾fF+ �7� ÌX 0j s$©= z#X �S

F%� lPj� ��&  VF ?�'` �'+, 0js$&

��F � Ê� ��j ��` �= GÓ& A�� É°��.

~K�P�M ������h )ij� �S, ��j� ��

� ��À�� �.�Ã= kX ���k.h �¾¿�, �

�j@ 0js$©= z#'@ AF wx5
 !"�� BC

D ��. � ¦Ö�M$ )ijh '3�'( 0js$©= z

#'( lPj ê ��j 'â��, F� ¬� !"� 	 ¾

ó& Ã� 1 	 g:& Íþ� .('( á£X ��j  

ö�� zf��. 

Fig. 5�@ °°& �$� ��j ¾ó= ô8'( ��j

¾ý ¾f& 77 K�M ����� &H ob� ��%�(�

F�. �! ��j ��& ��%�(�� �. ��\F Ð

d5
 Type I& (�� H)*b ������� É��

.�� �À� >,�*= B � �à�[14]. ��j �$:

�:��ç ��\F �:'@ �<= GÓä��, :Ë Ê�

��\= ´
 750oC�M 30� ��j¾ý ¾f(Fig. 5(a),

40% burn off)& �S, ��+(P/P0)F 0.05w# 150 cm2/g=

,à��, :Ë -� ��\= ´
 900oC�M 30� ��j¾

ý ¾f(Fig. 5(f), 92.9% burn off)& �S, ��+(P/P0)F 0.35

w# 800 cm2/g= ,@ ��\= ´â�. ^ª, 900oC�M �

�j¾ý Fig. 5(f)& �S@ �. ��\F �Ãª �`© �

�+F 0.35: . #ï` �ó& .�.h :`4M ��\F

�:'@ �<= ´
�. FÔX .�.h GÓ�@ ��%�

(�� >,�(micropore)| á.�(mesopore)F �ô� �S

/� .��0h ±@ A�� BCD ��[15]. ��M lPj

��� §c'@ ��»& �: wP'�+ :PÚ= �S, +

��M ijx�� &H �� .�� Z��M É�� .�

´� ��@ A= &>X�. 

Rodriguez-Reinoso %[16]� %���(�& knee�À×

Type I& ��%�(�= a, b, c�� G0+, a� ��+

& j� �� ��\F å	ª �:'@ A�� �S 1�

�.& >,�©�� F2bD �� 034F ���+ ´+

��. Fig. 5(a)~(e)ï`@ Ê� ��+�M �S å	X ��

\= :`�, kneeh `5ê ��+�| �& Ý�X ���


= ´F+ �b Type I& a� H)*@ A�� ´F�, Fig.

5(f)@ (»�M ÷©X .�.h ´F�: ++À�M wP

X �<= ´F+ �b Type I& b� H)*@ A= B � �

à�.

Fig. 6�@ burn-off(%)& j� �� 2345|& ëyh

GÓ�à�. ��j �$h 750oC�M 900oCï` ô8'+,

��j ¾ó= 30��� +P¾õ= �S& BET 2345�

�& V�5�� �:'@ A= B � �à�. 800oC�M 30

� ��jX ¾f� 900oC�M 10� ��jX ¾f& �S@

800oC�M 30� ��jX ¾f: burn-off(%): Ên�$ �

�'+ BET 2345� 1160 m2/g�� 900oC�M 10� ��

j ¾f& BET 2345, 1124 m2/g ´� Ð �= ´(, Ê�

Fig. 5. Nitrogen adsorption isotherms at 77 K for the ACFs; (
750oC, 30 min, (b) 800oC, 30 min, (c) 850oC, 30 min, (d)
900oC, 10 min, (e) 900oC, 20 min and (f) 900oC, 30 min.

Fig. 6. BET specific surface area of ACFs with respect to bur
off (%).



Steam Activation Behaviors of Oxidatively Stabilized Petroleum-based Pitch Fibers Spun by Melt-blown Method 97
�$�M Ë¾ó ��j¾ý �S: -� �$�M Ã¾ó �

�j� # ́ � 2345= ��'@ù 6|5*= B � ��. 

Table 1�@ BET��� �X 2345, 7.�#5, ÝÞ.

� �.h P8'â�. ��j ¾ó= 30��� +P'+, �

�j �$h �:¾õ= �S, 2345, ÝÞ.��., 7.

�#5� �:'@ A�� GÓ8�.

Fig. 7| Fig. 8�@ BJH(Barret, Joyner and Halenda)�� &

X á.�(mesopore)& �0 1 de Boor& t-plot"�� HÕ

Table 1. Adsorption characteristics of ACFs obtained from stabilized fibers activated at various temperatures and times

Activation temp. 
(oC)

Activation time
 (min)

Burn off 
(%)

BET surface area
 (m2/g)

Average pore size
 (Å)

Pore volume 
(cm3/g)

 750  30  40.00  850 5.8  0.44
 800  30  56.20  1160 6.7  0.47
 850  30  78.52  1511 8.2  0.64
 900  10  61.00  1124 6.3  0.47
 900  20  83.79  1734 7.8  0.80
 900  30  92.87  1897 14.1  1.41

Fig. 7. BJH pore size distributions of the ACFs; (a) 800oC, 30
min, (b) 850oC, 30 min, (c) 900oC, 10 min, (d) 900oC, 20 min
and (e) 900oC, 30 min.

Fig. 8. Micropore size distributions of the ACFs; (a) 800oC, 30
min, (b) 850oC, 30 min, (c) 900oC, 10 min, (d) 900oC, 20 min
and (e) 900oC, 30 min.

Fig. 9. SEM images of (a) stabilized fiber and (b) activated fiber.
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.

.

;
.;
X >,�(micropore)& �0h GÓ�à�. ��j ¾ó= 30

��� +P¾õ= �S, á.� 1 >,�& �0@ ��j

�$: �:��ç �:'@ �<= GÓ�+ ��. ^ª,

900oC�M 30� ��jX ¾f& �S@(Fig. 5, Table 1 9 )

á.�& ��F �� ¾f� 2H :%ª ;= B � ���,

,�& �.$ Fig. 8�M� ¬F �� ¾f� 2H :%ª Ð

A= B � ��. 

Fig. 9�@ 320oC�M lPjX ��� 850oC�M 30�

��jX ¾f& SEM z�= GÓ�à�. z��M B �

�<F 34F �=Ôé %!� ��& d5
 Ã4�

= GÓ�+ ���, Ã4V�F ��j� &H þ�X A=

´
�. wx5�� v?y ��h ��j, }~j� �S,

�$ �:� �� +�$j� &H V� þ�: � 20% P$

*@ A�� BCD ��[17]. E, ��j �P$ ��j

áóÃy�Â FWg�& y� !�| ��j� &X +�$

j 1 ��j �P� &X ���� x�F 
¾� F2bD

lPj ��� 2H ��j � ��& V�F þ�X A��

É°��.

4. � �

%!� Õ�y v?h #¯�z'( lPjX ê, 750oC�

M 950oC zF& �$�M ��. ��j X ¡| �n| ¬

� ¡�= oà�. 

> 
w x� �$�M ��j ��� �& V�5��

þ�'â+, ��j x�K$@ 1� x�*= B � �

à�.

? ��j ��`@ 46.35 kJ/mol� ��5�� �S Ê�

��.©= z#� �S �S å	X x�F wb@= B �

�à�.

A 	 � ������@ Type I& %� ��(�= ´(

É�� .�¤� �À� >,��� Ý:*à�.

B ��j �$ 750oC~900oC �k�M& BET 2345�

850~1900 m2/gF�, ��j �$: �:��ç 2345F �

:'@ �<= GÓä+, 7.�#5� 0.44~1.41 cm3/g& �

�� ÿP*à�.


�� 

F ~�@ 2001C iD.x.EzD (³)GµF�Gs kH

zD�� ��*à�� F� þzX�.
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