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Abstract − To prepare silver-containing carbon fibers, silver nitrate was added to pitch and melt-spinning was performed.

Silver nitrate was added by two different methods. One was the addition of it to raw pitch before reforming and the other was

added to reformed pitch. The optimum spinning conditions were investigated by changing the spinning temperature, pressure,

and winding speed. When silver nitrate was added to raw pitch, the softening point, viscosity, and spinnability of the reformed

pitch were similar to those of non-silver-containing pitches. Because the decomposition of AgNO3 was occurred during the

reforming. The spinnability and productivity of this pitch were good at 335oC. When silver nitrate was mixed to reformed
pitch, the softening point and viscosity of mixed pitch increased in proportion to the amount of silver nitrate and the best spin-

ning temperature was 345oC. Ag was uniformly distributed in the carbon fibers by installing the wire mesh in the spinneret.
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2-1. Ag �� �� �� �� 	 
�

ÏÐ� �LM  � ��� Ñ� �Ò Ó9�(Naphtha Cracking Bottom

oil, (�) SK)��, Ag 	
o PÔ,� »_  �� AgNO3(99.8%, m.p.

=212oC, density 4.35, Kojima)�5. Table 1�  � ��� �&o F~

,�5.

¸�L )¸& ��� AgNO3I �b_ ��� ¸�&o VÕ,�

»,- 	
o �b,¦ Ö� W× ®� ��(Pitch-R)�5. W× ®�

��� FJ� �¶� ��_ ¸¢[11]/� ¶�� bØy� 6 l 'Ù

ÚjJ�  � 4 kgo «� $ 150oCÛ¦ ÜØ_ Á, �� b
I 6 l/

min�� �C,- ÝH& �»�I 9¦,X� 5~ 2 oC/min� Þ�


!� 390oCÛ¦ bØ,- � �!�� 3~ß 9¦,� 5~ 360oC�

� 3~ß bØ_ Á �p à1,- FJ,�5. W× ��� �&�

Table 2� á5.

AgNO3I ��� �b,� ¸¢� S b¦�5. âã� AgNO3I  

� ��� �b,- ®�,� ¯\�� ÌY JÍ�� ®�_ ��#

Ag� h 0.1-1 wt%b y!ä �s,- �b,�5. �åo W× ��

� FJ ¸¢Î æº,i Øvw _ Á °��N� �ç,- Pitch-A

� ,�5. S èã �b ¸¢� Tw ®�_ W× ��� Ag ¬é�

0.1-5 wt%b y!ä AgNO3o êéY�� �b,� ¹;~ë å��

Pitch-B� ,�5.

®� ��� p�©� p�© ìê�(Mettler FP 800)o �L,-

���»��� ��I 5 oC/min� Þ�
!� 300oCÛ¦ bØ,X�

ìê,�5 ©! ìê� R�x ©!�(Instron Model 3211)I �L,

�5. Plunger� 0.06, 0.20, 0.60, 2.00 cm/min� 
!�, �!� 280oC

��'í 310oCÛ¦ 10oC ßî�� ìê,�5.

2-2. �� ��� 
� �� 	 ��� ��

Fig. 1� ®� ��I 89c�� =Q� »_ L· ¸��� ®ï!

I !~,�5. ¶�� bØy� 500 ml'Ù L� ,¨� 0.5 mm�

qðo bñ spinneret� 'EyU 45. ��� ¸�� bÇ ��(max,

6.5 atm)� �,- Ïòy�, ó¶ 
!I Jôk � 4� ÈÉ�� È

É,�5.

	
� �º_ �fI »,- spinneret c'� 6� 
õGö
 


÷øo ¿�,�5. ��� ¸��!� p�©Î ©!I ìê_ Á �

�5 50oC ê! ù� L·© 'l��'í, ÈÉ
!� Ê
�� �,

- 2.02 m/s, 4.38 m/s, 6.48 m/s, 8.86 m/s�� �úU ¸�,�5.

��� ¸�� �!, Ç|, ÈÉ
!û spinneret��� 89 ¸ü


!(V0)� ÈÉ
!(V1)I ìê �sM draft ratio(V1/V0)� �ý ÈÉ

y� 89� h " �ý ¸üy� 89� £�� 89� �séo �B

#��§ ¸�&� �ý ô� þ�� ÿ¨,�5. 89� e¯� Image

analyzer(Olympus BX60)� 200¾ �/,- ìê_ � 50® � cÀ

, 5®I � ��¦� ����� �s,�5.
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3-1. ��� ��

®� ¶Î Á� 	
o �b�o � p�©� Ê�I �G,� »Ò

5h_ h�� ~�I FJ,- ìê,��§ � �Î� Table 3Î á

5. 	
o �b,¦ Ö� ®� ��� p�©� 265oC�5. Pitch-A

� ¯\ 1 wt% Û¦� Ag ¬9é }bb p�©� � ÃÄo T�¦

Ö��� Pitch-B� Ag ¬é� }bk�ä p�©� V	,- cÞ,

�5. Pitch-Ab Pitch-R� p�©� 
� 9�_ å� AgNO3� ØY

6&Î px,- �1k � 45. AgNO3� TGA �� �Î 390oC

'í Ôî_ �é ��I ��d� 390oC��� ®� Új æ
 ��

t� /'�� Ag� NO2, O2 )�� Ø�Òy�, NO2, O2 '�� F


yU p�©� ÃÄo �¦ Ö�5� �1M5.

3-2. ��� �� ��

W× ��� Pitch-A, B� ¯\, 280-310oC�� shear rate� ��

©! Ê�� Fig. 2-4� á5. ¶�Y�� shear rateb ���ä, �!

b ù>��ä ©!� �>�o � �b 4�K �� ºÚYG ���

��� 6&Î 9�,5.

r, L· ¸�~� �!b ùo�ä ��� ©!� �>¦�, æº ¸

� Ç|º ¯\ ¸�q��� L· ��� ¸� 
!� }b�o �T_

5. ®�¶� AgI �b_ Pitch-A� ©! Ê�� W× ��� Ê��

[\ 9�,� ®� Á� AgI �b_ Pitch-B� ©!� W× ���

Pitch-A� ©!�5 �� ù>� ̧ � �!b ù>� ¬o � � 45.

Fig. 5� shear rateb 180 sec−1º � �!û ��� ©! Ê��5.

Table 1. Characteristics of naphtha cracking bottom oil

Elementary analysis(wt%)
C/H atomic ratio

C H N etc

90.12 6.84 0.09 2.95 1.098

Table 2. Properties of reference pitch

Elementary analysis(wt%) C/H
atomic
ratio

Benzene
insoluble

(wt%)

Quinoline 
insoluble

(wt%)

Softening
point(oC)C H N

97.2 2.68 0.12 2.96 44.2 1.1 265

Fig. 1. Schematic diagram of spinning apparatus.
1. Thermocouple 5. Pitch
2. Heat controller box 6. Wire mesh screen
3. Heater 7. Spinneret
4. Winder 8. N2 gas

Table 3. Softening point of Ag-containing pitches

Sample Ag contents(wt%) Softening point(oC)

Pitch-R 0.0 265
Pitch-A 0.1 268

0.5 268
0.1 269

Pitch-B 0.1 278
0.1 288
0.2 297
0.5 >300>
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Pitch-A� Pitch-RÎ >� 9�_ ©! 
æo ��� Pitch-B� 290oC

�,�� [\ ù� ©!I 9¦,� ��� � b¦ ��� æº ©!I

'-,� »Ò�� 310oC �c� �!�� ò,-� ¬o � � 45.

3-3. ����(Pitch-R)� ���

L· ¸�~� b� � Ê�� �!, Ç| �w� ÈÉ
!�d�

Pitch-R� 3b¦ Ê�� �� ~ßý ¸ü£�, �sé " draft ratio

� Ê�I ìê,- Fig. 6-10� �B#� ̧ �&o ��,�5.

Fig. 6� �! " Ç|� �� 89� ¸ü £�I �B� å�5. p�

©Î ©!Ê��� � � 4�� æº �!��� Ç|� V	,- �

ý ¸üy� £�� £U¦� 45.

Fig. 2. Viscosity of Pitch-R with respect to shear rate at the different
temperature.

Fig. 3. Viscosity of Pitch-A with respect to shear rate at the different
temperature.

Fig. 4. Viscosity of Pitch-B with respect to shear rate at the different
temperature.

Fig. 5. Viscosity of pitch with respect to temperature at the shear rate
of 180 sec−1.

Fig. 6. Average product length of Pitch-R with respect to spinning tem-
perature.

Fig. 7. Diameter of Pitch-R fibers with respect to winding speed.
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"	�� �B� '�� ô� #c� ºU�¦ Ö�, ÈÉb $ y�

%»I W~_ å�5. r 335oC�� ¸�_ 89� ¦&� 325oC�

� ¸�_ å�5 $ 1.5¾ Z� ô�#c� ºU'5. 315oC�� ¸

�,X 325oC�� ¸�_ å�5 $ß b!U¦� ÈÉ
!b ZX

ô� #c� N�,�5. ���, W× ��I 20µm �,� ô���

¸�,(X 325oCb Yô,�5.

Fig. 8� 325oC� ¸� �!�� ÈÉ 
!� ¸� Ç|� �� ~

ßý ¸ü 89� �séo !~_ å�5. ¸ü Ç|� )�ä �s

é� }b,� 45. ÈÉ
!b )�ä �sé� ��,� �s£��

+),i }b,d� Ìg �� 89� ��Y �&o �(,- Yê

Ç|Î ÈÉ
!I F~k � 45. Fig. 9�� ÈÉ 
! Ê�� ��

draft ratioo �B#�5. 89� ¾Ä&X��� draft ratiob �� _

5. � ��'í draft ratio� �� Ç|�� � �o �B*¦= �_

ô�#c� N�,�5. �s&�� draft ratioI �(k � 6.5 atm��

b� +� �ÎI ,�5. r, �s&, ¨XY, ô� #co �(k �

325oC�� 6.5 atm� ̧ � Ç|� b� Yô_ JÍ-o � � 45.

3-4. Ag �� ��� ���

Ag ¬9 ��� ¸���� Agb Ý.�� /L,d� ¸�b L�,

¦ Ö5. �_ Ag� �fb �ºk 01b 45. Fig. 10� wire meshI

0, 1, 2® �L�o � Pitch-B� �sé Ê��5. Wire meshI �L

,¦ Öo ¯\ ô�#c� �� N�,� �sé! Y�5. �� Ag

� �fb �º,¦ Ö2o 3_5. Ag �fI �^i ,� ¸�&o

Äc~Ë� »,- Spinneret 4� c'� 
5Gö
 
÷øo ¿�,

�5. 1®I ¿�,�o �� ø� ��I �º,i 6U�X� �s&

� }b,�5. 2®I �L�o ¯\ Ç| 7Ï� �_ 89 ¸ü 


!� G,- �sé� 1® �L~�5 �
� V:_ �ÎI �- 1®

�L� Yô¬o � � 45.

Table 4� Pitch-A� Pitch-B� �!� /_ �séÎ ¸�&o �B

#�5. \z W× ��� ¸��� Yô_ JÍ�� z{M 325oC�

6.5 atm�� ,��§ ÈÉ
!� ô� #c� �� 2.02 m/so z{,

�5. ¸�&� 10� �c ÈÉ,�o � ô� �� �ý 12 m �c

o �sk �� >� \�(+++)� �ý 6 m �c� \�(++)� 3 m

�,� Ýé(+) �� 11 W~,�5.

Pitch-A� 325oC�� draft ratiob W× ��� 9�_ �o ��

�� ÈÉ� �� ;U¦� #c� N�,�5. 345oC��� draft

ratiob �� �o �B#§ b< ô�y�, ÈÉ
!I ù7X ��#

� Agb ���� /L,- ô�#c� N�,�5. 335oC��� 345oC

�� �5 �sé� Y��, 10��c ô� #c� N�,¦ Ö��§

�s&! \�,- ¸��!� Yô,�5.

Pitch-B� 325, 335oC��� b< ô�y��� 345oC�� draft ratio

b Pitch-B� á� �o �-�§ ¸�&� +�5. Pitch-B� draft ratio

Fig. 8. Productivity of Pitch-R fibers with respect to winding speed at
325oC.

Fig. 9. Draft ratio of Pitch-R fibers with respect to winding speed at
325oC.

Fig. 10. Productivity of Pitch-B fibers with respect to wire mesh num-
ber at 6.5 atm, 2.02 m/s winding speed.

Table 4. Spinnability of Ag-containing pitches

Sample Temperature(oC) Productivity(g/min) Spinnability

Pitch-A 325 0.296 ++
335 0.496 +++
345 0.696 ++

Pitch-B 325 0.088 +
335 0.296 ++
345 0.408 +++

(+++: excellent, ++: good, +: poor)*
*+++: The length of carbon fibers was longer than 12 m without breakage
*+++: The length of carbon fibers was 6-12 m without breakage.
*+++: The length of carbon fibers was below 3 m without breakage.
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b Pitch-A �5 �� �� 89� ��b �� b!�5. �� = ¸Ä

� ¾Ä� \�,- G� ! ) ��Y �&� +� å�� ÜìM5.

Fig. 11� � b¦ ��� ¸� �!� �� draft ratioI VÕ_ å

�§ "	> c�� ô� #c� ºU�¦ Ö� '�o W~_ å�5.

Draft ratiob 3-4.5 ���� RS +� ¸�&o b�o � � 45.

r Ag� �b�� x��� draft ratioI ºê%»� 9¦~?@��

� ô�#c �� ÈÉb bn¬o � �b 45.

4. � �

W× �� " AgNO3I ®� ¶(Pitch-A), Á(Pitch-B)� �b_ �

�I L· ¸�,� Îê�� 52Î á� �Ao ,�5.

(1) Ag f¬,¦ Ö� W× ��� p�©�5 60oC ù� 325oC

��, Ç|� 6.5 atm�� +� ¸�&o �- ���§, draft ratiob

4-17� %»�� ¸�&� \�,�5.

(2) AgI ®� ¶� �b,� ¸¢��� ®�~ AgNO3� Ø�Ò

� AgI f¬,¦ Ö� ��� VÕk � p�©, ©!� Ê�b �

��� Pitch-B� ¸¢��� Ag ¬é� V	,- p�©� ù>¦�

©!b }by�5.

(3) 335oC, 6.5 atm�� ¸��o ¯\ Pitch-A ¸¢� Pitch-B ̧

¢�5 ¸�&Î �s&� \�,�5. �� S ¸¢ß� ©!.��

�G,§ Pitch-B� ¸� �!I 10oC ùB 345oC�� ¸�¬��C

ô� #c �� ÈÉk � 4�5. �� S 89� draft ratio� $ 3.1

� V:_ �o �- ��5. 
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