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Abstract

A petroleum-based isotropic pitch fiber spun by melt-blown method was oxidized in air flow at various conditions.
The oxidized pitch fiber obtained was tested for its infusibility and its elemental composition during the process of sta-
bilization. The structural changes were traced by using solvent solubility, FT-IR spectroscopy, and elemental analysis.
The samples showed a gradual increase in weight with increasing the oxidization temperature. The weight gain of sam-
ple oxidized at 320°C for 10 min was about 4.5%. The concentration of the pyridine and toluene soluble fraction
decreased with an increase in stabilization temperatures. The oxygen uptaken in the stabilization process converted ali-
phatic side chains into the carbonyl groups. As stabilization proceeded, the more ether and carboxylic acid groups were
formed through the oxidations of aldehyde and primary alcohol, and then the carboxylic acid was dehydrated to be aro-
matic anhydride.
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ê²RF¾ �Wê²RF~ bW" êz >Nf b~~ z
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�ö ~�B �² 'Ëj Aº
. Özn;z �;f �&²

W b~¢ �ãzW b~� æ~�B ê³~º �N ê²z,

�Wz �;öB RF~ [O 5 �Ï[j Oæ~V *� R

F¢ ��b�¦V Öz¾Ò~º ";�
[1-4]. Özn;z

�;j ¯~æ p� ç7 ê²z¾ �Wz¢ ~� B~ 5 î

>² �~ B�>w� /Ï~² ê¯>Ú êz>V�
º �

²B
[2]. Özn;z ";f b~ �W ª¶~ Ö²&v, î

>², Özö ~� �ª¶z, 6º ;� >²Ö�j ;W~�

ê³~º �N ê²z¾ �Wz �;ö ®ÚB >Bªj 6²

�B �ç ê²z >w� >� V¢B RF~ ~> 5 ��&

ê²z ";öBê FæB
. ¢>'b� Özn;zº b~

RF~ �z6 ¦"~ jv' &NöB �V(air), J�(O3), ¢

Özî²(NO), �Özî²(NO2) �~ ÖzW &Ê¢ �Ï~

�, >w³ê& ÌÚ æÚ�*� �V r^ö �Ö~ N³�

ê��, � ";� ê²RF¾ �Wê²RF~ &Ï, ®î, �

ÖWö �² 'Ëj �~º �¶�
. ��� n;z ";f

B�>wb� BÛ'b� � (1)" ?� ¾æâ > ®
.

Cx + [O] → Cx−1CO + ∆H (Exothermic) (1)

7�' �OW b~ê ê²RF~ ãÖ, Özn;z ��" �

« ê²RF~ ßW 5 ��f~ &êö &�Bº ôf ��

& ¯�^zb�, n;z ��ö V� �« ê²RF~ Î�

�æ BÚê &Ë~² >î
. Lu �[5]f ¾*î2(naph-

thalene)öB FêB z�¾�Ê b~(mesophase pitch, NMP)

�¦V B�B b~RF~ RFã� 30~40µm� � ãÖ, n

;z ��ö ~� RF��öB n;z>Ú êz� Ï[>æ

pæò RF7�öBº Ï[>Ú 7�Ò& ;W>º ©j �

�~�, RFçã� 30µm �~~ ãÖ �bf Ú¦��& ç

�� 27 ��& �W>º ©j ��®
. 6� &¶ �[6]f

NMP�¦V B�B ï�çã 10µm~ b~RF¢ Özn;

z � r ßN³ê¢ �.~� RF~ ����¢ ¢:r

(radial) 5 ¢:r-Â�(radial-random), ÊÎzÚ(skin-core) �

b� BÚ~&
.

Lavin[2]f z�¾�Ê b~ê ê²RF~ Özn;z ";

ö ®ÚB z�(methyl-)�¾ ~���(hydro-) ��� >wj

/ê�Ê�, ��ö(carbonyl) ��ê Öz>w �Î
º ©j

nÞ¢b(anthracene)ö V.� Î� z�bj >w�B 
þ

'b� «Ã~&
.

Mochida �[7]f �æ� b~~ ��¢ C13-NMR �j �

Ï� n;z ";öB z���~ æz¢ �C~�, n;z �

�� �« ºÏê²RF¾ �Wê²RF~ bW" ßWö �

~º 'Ëö &~� ��~&b�, n;z ��ö V� RF

~ ßW" ê²z >Nö &�Bê ¦Æ~&
.

��¾ CFê b~¢ öò� ~º RF~ Özn;z ";
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ö &�Bº jç Ïª� ��& ��Úææ p� ®º 
;

�
. � ��öBº CFê �OW b~¢ �Þ2�Ú(melt-

blown) O»ö ~� b~RF �(web)j B�~�, B�B b

~RF~ Özn;z ";öB~ z�', bÒ' æz�ÿj

�V~&
. 

2. 
 þ

���� �OW b~

�z6 255oC~ ê²RF B�Ï öò b~(East Asia

Carbon Fiber Co., Ltd, China)¢ ÒÏ~&�, V�'� bWf

Table 1ö ;Ò~&
.

���� �Þ 2�Ú OÒ

�Þ 2�Ú OÒË~º Fig. 1öBf ?� b~ �/¦f

�³ �/¦, OÒ 
�� �W>Ú ®b� OÒ 
�öº L/

D(length/diameter ratio)& 10� OÒ�¶ 20B& �Ö>Ú ®


. OÒ�.f b~�¶" 0.5 mm~ *Ïj &ê Òåç~

�³�¶� �W>Ú ®b�, OÒÏ b~º ^¢öB {ÂË

~ö �Ú^ Ï[, bN� 
r VÚ²*öB êï>Ú ÆÂ

ï 0.17~0.36 g/min·hole� OÒ
�� �ÇB
. 400 kPa~

320~360oC� &�B {»�V¢ 1428~3571 m/min~ ³ê�

OÒ
�ö �/~� OÒ~&
. �¶�¦V {Â>Ú ¾N

RF¢ �³b� ���B �ÆÚ *öB ÷³~� �ò� Ò

Ï~&
.

���� Özn;z

�Þ 2�Ú»b� OÒB �ç~ b~RFº Fig. 2öBf

?� �³ B~�¢ �Ï� �V7öB Özn;z �V
. �

ò¢ &�, ^� 10 cm, 7ï 1.5~3.0g~ b~RF �j �&

��(web guide) Ú~ 50 mesh Æ� *ö J~~�, ç¦öB

Ç³Rj �Ï� �� ¦F� > ®j ;ê~ ³êf ³ïb

� Table 2ö J;� >w��b� n;z ~&
.

���� ªC

�OW b~~ �7ï ªC(Simatsu TG50, Japan)f �Vf

î²&Ê ª*VöB ßN³ê 1oC/minb� 800oCræ ¯~

&
. 'V 
� NêöB~ Özn;z ;êº ³
A

(Soxhlet) Ë~¢ ÒÏ� Ï�ê¢ G;~&b�, b~ 5 b

~RF~ z�' �Wæzº ö²ªCË~(Elementar Analy-

sensysteme GmbH Vario EL, USA)j ÒÏ~� ö²ªCb�

{� ~&
. Özn;z ;êº ®i �²O»" 7�*�ã

j ÒÏ~� Ï[;êf ;�æz�¦V ï&~&
. FT-

IR(Nicloet 520, USA) ªCj *~� �ò¢ KBrö ªÖ�B

pelletj B�� 
r ·ÏV æz¢ �Ò~&
.

3. Ö" 5 �V

Fig. 3º �Vf î² ª*V~öB b~~ �7ï ªCj

ª� 1oCO ßN~� 
�� TGA Ö"�
. î²ª*VöB

Table 1. Some properties of petroleum-based isotropic pitch

Pitch S.P (oC)
Elemental analysis (%)

C H N Odiff.

Isotropic pith 255 93.04 5.03 0.11 1.82

S. P.; softening point (measured by Mettler FP80, ASTM D
3104).
Diff.; difference

Fig. 1. Schematic diagram of melt-blown spinning apparatus. 

Fig. 2. Schematic diagram of air oxidation apparatus. 

Table 2. Processing variables and conditions of oxidative stabili-
zation

Processing variables Processing conditions

Web weight (g) 1.5~3.0
Starting temperature (oC) 150, 170, 180, 190
End temperature (oC) 320
Heating rate (oC/min) 1, 1.5, 2
Amount of air (l/min) 2, 5, 10, 30
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º £ 500oC¦V 7ï� 60%ö �;>î
. �©f � 
þ

ö ÒÏ� b~~ ãÖ, ®�W ª*V~ 500oC �ç~ �¾

ÒöB >N� £ 60%& >º ©j ~�~� ®b�, ê² �

�~ �«ö²~ ê� OÂ� &¦ª 350oC¦V 500oC Ò�

~ NêöB ¯�æº ©j �Ò~� ®
. Fig. 3(b)º �V

7öB �7ï ªC� Ö"¢ {&� ©b�, 7ï Ã&& £

180oC ¦"öB �·>Ú 360oCöB �&8j ���B � �

ç~ NêöB /Ï~² 6²~º ©j " > ®î
. �©f

b~& Ôf NêöBº �V7~ Ö²& >w~� ¦&>


& Nê& çß~�B ¦&>w�
º �²>º >w� ç&

'b� �B~² ¢Ú¾º *çb� ��æ� Özn;z �

�j J;~º� 7º� V&� B
. � 
þöBê Özn

;z >w~ �·Nêf «òNê~ J;öº Fig. 2(b)~ TGA

�¾*¢ �Ï~&
.

Fig. 4öº �·Nê¢ 170oC, ßN³ê 1.5oC/min� ~�

' NêöB j�� n;zB RF~ 7ï æz¢ ¾æî
.

Özn;z Nê~ çß" �þ b~RF~ 7ï� Ã&~º

©j " > ®î
. 200oC� Nê& çß~&j r 0.2%~ 7

ï Ã&& 320oC~ ãÖöº £ 4.5%� Ã&~&
. �©f

n;z >w~ ê¯" �þ Ö²ö¶~ ê«" >²ö¶~ ê

� OÂ� ÿ�ö ��Úæ�B *Ú'b�º RF~ îï�

Ã&~V r^b� �'B
. 

Fig. 5öº Özn;z �·Nê~ 'Ëj �Ò� ©b� �

·Nê& 170oC~ ãÖf 220oC~ ãÖ~ n;z 
�ê �

ò~ Òêj ¾æî
. �·Nê& 170oC~ ãÖ �¾~ ;�

& Fæ>�B Öz>w� ê¯>îb�, >w*ö j� &�

^� '' £ 10%~ >»� ¢ÚÒ
. ��¾ �·Nê&

220oC�îj r, RF �� æ�¾ 2� ¿Ú Özn;z& Ï

ª® ê¯>æ p~
. �©f Fig. 2~ TGA�FöB ¾æÞ

:f ?� n;z >w~ �·Nê& ¸j /Ï� B�>wö

~� RF~ Ï[" [O� ê¯B ©b� ��
. 6� Fig.

2~ �&��¢ B�~� �V¢ ç¦öB ~¦� v�² ~

� n;z~&j ãÖ, �·Nêö ç&ì� RF~ [O" 2

� ¿º *çj &V� > ®î
. �©f ç¦�¦V v�º

�V~ R"ê& Ïª~æ pj �j {O~º *çb� ºG

B
. ß®, �� �¢~æ pf ãÖöê jÝ� *ç� ¾æ

¾º� � ãÖê ®�¢� �VR" 5 B�>wö ~� B

�>º � r^b� �'B
.

Table 3öº Özn;z ��j J;~º� ®ÚB �·N

ê, ßN³ê, �V·~ 'Ëj ¦Æ� ©b� ®i �²»j

�Ï~� n;z ;ê¢ ï&� Ö"�
. �¦�¦V �V¢

"«~º ï� ª� 2~5l~ ãÖöº ®i �²�Î Ö" Ï

ª� n;z& ��Úææ á~� Ï[>�¾ [O~º *ç

Fig. 3. TGA thermograms of isotropic pitch under (a) air and
nitrogen flow and (b) magnified scale in air flow. 

Fig. 4. Weight gain of isotropic pitch fiber as a function of sta-
bilization temperature from 200 to 320°C.
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j �&b¾ �V~ ·� ª� 10 l �çöBº Ïª~² n;

z>î
. �©f Ïª� �V~ ·, ¯ Ö²f b~ �"~

Ïª� >wö ~� RF& n;z B © r^b� ��
. �

·Nê~ 'Ëj ¦Æ� Ö" �·Nê& 170oC �~öBº

·^� n;z >wj ¾æîb¾ 180oC �çöBº 7·Ê

� Nêçßb� [O 5 Ï[� ¢Ú¾º *çj �&
. 6

� ßN³ê 2oC/min �çöBº RF~ [O 5 Ï[~ *ç

� BÒ>îb¾ 1.5oC/min �~öBº ;� n;Wj Fæ~

� n;z >î
. �f ?f Ö"º Özn;z >wj Jê

~º � ®ÚB >w� B�B �~ ÷'j �²�Êº ©"

Ö²f b~ª¶f~ Ïª� >w�* 5 >w~º Ö²~ ·

�~ J;� 7º� ©b� 6�>î
. ß® � ��öBº

·Öj *� V.���� n;z >w~ J;f �z6j V

&b� �z6 -80oCöB �·~� �z6 +70oCöB «ò~

ê� Jê~&
. 6� n;z �; �'�*j 100ªb� J

ê~� Fæ�*j 10ªb� �;~&
.

Fig. 6öº ßN³ê 1.5oC/min, n;z¢ 170oCöB 320oC

ræ çß�Ê�B ''~ NêöB~ Î�ú(toluene) 5 b

Ò>(pyridine)~ Ï�ê¢ 
þ� Ö"�
. n;z >w Nê

& Ã&�>� Î�ú 5 bÒ>~ &Ïª� 6ê'b� 6²

~º ãËj ¾æî
. bÒ>~ ãÖ, 170oCöB 99% �ç

~ &Ïªj ¾æî~ b~RF& 320oCöBº 11%� /6

~º ©j r > ®îb�, Î�ú~ ãÖê, 170oCöB 60%

~ &Ïª� 320oCöBº 6.4%� /6~&
. �©f b~�

" Ö²~ Özn;z& ê¯>�B &vzö ~� �ª¶z

Fig. 5. Photographs of isoptropic pitch fiber web before and after stabilization.

Table 3. Stabilization conditions of the pitch fibers

No. Start temp. 
(oC)

H/R
(oC)

End temp. 
(oC)

Hold time 
(min)

Air 
(l/min)

Degree of 
stabilization

1 150 1.5 320 10 2 ×
2 150 1.5 320 10 5 ÿ

3 150 1.5 320 10 10 ú

4 150 1.5 320 10 30 ú

5 150 1 320 10 10 ú

6 150 2 320 10 10 ×
7 170 1.5 320 10 10 ú

8 170 2 320 10 10 ×
9 180 1.5 320 10 10 ÿ

10 190 1.5 320 10 10 ×

ú : excellent, ÿ : good, × : poor, Fig. 6. Pyridine and toluene soluble fraction of pitch fiber as a
function of stabilization temperature.
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~ Ö"� �'B
.

Fig. 7öº n;z Nêö V� >w�ò �* 7ï�~ ö

²ªC Ö"¢ ¾æî
. >wNê~ Ã&f �þ ç&'b�

ê², >²~ ·� 6²~�, Ö²& Ã&~º ãËj ¾æî


. n;z >w ê¯ö ~� Fig. 4öBf ?� RF C7ï

� ê³ Ã&~V r^ö >wRF �*7ï�~ ê²ïf ç

&'b� 6²~� ®
. �f ?f Ö"º z�¾�Ê b~

ê ê²RF~ n;z �;öBê ?f ãËj ¾æÚ� ®


[8].

Fig. 8öº �OW b~RF 5 �~ n;z Nê¢ 170oC

öB 320oCræ 30oCO Ã&�Î �ò
~ FT-IR Ê¿Þ"�


. �OW b~RF~ ãÖ(Fig. 7�), 3450 cm−1öB

hydrogen bonded O-HVö ~� �»êÿ(stretching), 3050

cm−1öB~ OË�(aromatic) C-H~ �»êÿ, 2920 cm−1öB

æO�(aliphatic) C-H~ �»êÿ, 1730 cm−1 ¦"öB ��

öVö ~� C=O, 1600 cm−1öB OË� C=Cö ~� �»ê

ÿ, 1440 cm−1öB z�2V(-CH2)~ C-H �� êÿ(out-of-

plane bending)" 870-740 cm−1 Ò�~ OË� C-H �� êÿ

ö ~� Z�(band)& ¾æÒ
. Özn;z >w~ Nê Ã&

f �þ 3450 cm−1~ O-HVö ~� �>&& �² Ã&~º

©" 2920 cm−1~ æO� C-Hö ~� b�& 6²~º ©j

" > ®
. 6� 1730 cm−1 ¦"~ C=O~ ��öVö ~�

Z�& B�~º ©" ÿ�ö 1440 cm−1 ¦"~ z�2V~

C-H Ö�ö ~� Z�~ ;ê& 6²~&�, 1250 cm−1 ¦"

~ C-O Ö�ö ~� Z�~ ;ê& 6N Ã&~&
. n;z

Nê~ Ã&f �þ 1730 cm−1 ¦"~ C=O �>& 6N 


æº ©b� �j n;z >w~ ê¯" �þ r�®�f &

Ê~ 5 ���
V& �W>º ©b� �'B
. �Û r�

®�V~ C-H Z�º 2900 cm−1 ¦"~ æO� C-H Z� :

� ,ö B�~æò, æO� C-H Z�ö 6ºÚæº ßW�

®
. Fig. 7öBº 2920 cm−1 ¦"~ Ôf 2>(wave number)

Fig. 7. Relation between elemental composition of pitch fiber
and stabilization temperature.

Fig. 8. FT-IR spectra of pitch fiber at various stabilization tem-
peratures: : pitch fiber, ; 200°C, < 230°C, = 260°C, >
290°C, ? 320°C.

Fig. 9. Changes of relative peak ratio according to the stabili-
zation temperatures.
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ãb� r�®�V~ C-H Ö�b� �'>º Z�& ¾æ¾

� ®
. 6� b~RFö �Ò~º æO� C-HV& C=O�

*~>�B Fig. 4f ?� Z²Ã& *ç� ¾æÂ ©b� �

'B
. n;z >w~ ê¯" �þ 3450 cm−1~ >ÖVö ~

� O-H Z�º 6N �� 9Ú^ OË� C-Hf æO� C-H

~ �>'�ræ {Ë>Ú®b�, 1250 cm−1~ C-OÖ�ö ~

� Z�~ ;êê 6N Ã&~� 9Úæº ãËj ¾æî
.

�f ?f *çf n;z ê¯ö V� ���
Ö(carboxylic

acid)~ �Wö V�� ©b� 6�B
[9]. ß®, 1840 cm−1~

Z> ���
Ö(carboxylic anhydride)~ j&� C=O~ �»

êÿ" 1250 cm−1~ C-O band& n;z Nê~ Ã&f �þ

1250~1000 cm−1ræ �ö®º b�� B�� ©b� �j O

Ë� Z>z�b(aromatic anhydride)� �WB ©j {�~&


. �f jÝ� Ö"º PVC b~~ n;z ";öBê ��

>� ®
[10]. �ç~ Ö"�¦V b~RF~ Özn;z >

w~ �W6f "� b~ �W ª¶7~ ¾*v~, Gê 5 ª

¶*j �Ö~º z�2ê �~ æO���, �Vö ���ö

; ·ÏV~ ê«� ê¯>º ©b� �'>�, �f ?f Ö

"& �NöB Ï�~² 7»� >wj Fê~� �Ï[Wj

&~�Êº ©b� ºGB
.

Fig. 9öº n;z Nêö V� OË�(3050 cm−1) C-Hf æ

O�(2920 cm−1) C-H~ ç&'� æz¢ ¾æî
. n;z N

ê~ Ã&f �þ OË� C-H~ jN� Ã&~º *çj ¾

æîb�, Ôf Nê'�öBº Ã&jN� jò®b¾ n;

z Nê~ Ã&f �þ /Ï~² çß~� �N'�öBº �

~ Ã&~æ p~
. �f ?f *çf n;z >w� "� æ

O� GêöB �B~² ·Ï� ©j ~�~�, n;z >w

.Vöº "� >wW� � z�2V 5 z�V(-CH2, -CH3)

�� Ôf Nê� �� �B~² >w~æ á~
 Nêçß"

�þ �B~² >w� ©b� �'B
. 6� �N'�~ ã

Öº n;z >w~ «òö ~� *çb� ºGB
. 

4. Ö �

�z6 255oC~ CFê �OW b~¢ �Þ 2�Ú O�b

� OÒ� b~RF~ Özn;z >wj ¯� Ö" 
r"

?f Ö�j áî
.

� n;z >wf �~ ��f �³~ OË 5 �·Nê, ß

N³ê~ J;ö æV'� 'Ëj A~
. 

� n;z >w~ ê¯" �þ Î�ú 5 bÒ> &Ïªï

� 6ê'b� 6²~&
. 

� n;z >w~ �W6f "� b~RF �W ª¶7~

z�V¾ z�2V �~ æO� Gê��, �Vö ���ö;

·ÏV~ ê«� ê¯B
� 6�>î
. 

� n;z >w~ ê¯" �þ ���
Ö �~ î>>wö

~� OË� Z>z�b� �W>î
. 

6Ò~ &

� ¢^f 2000jê ÖëV>VF"B(¦®Á²Ò)~ �Î

"B ��jö ~~� >¯>îr.
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