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Abstract

Quinoline insoluble formed by the heat treatment was hot-pressed near its softening point. The green body was stabi-
lized in the temperature range of 300~400°C and subsequently carbonized below 1300°C in an argon atmosphere. The
behaviors of QI formation was examined with varying the heat treatment temperature and the lapse of time of the sam-
ple carbonized at various temperatures. And the mechanical property, corrosion resistance, and friction behavior were
also measured optimum content of mesophase pitch ensured a dense structure and high Lc(002) value, which resulted in
high mechanical properties, good corrosion resistance, and low-stable friction behavior.
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£¾ ;ê G;Ï �Þf 3 × 4 × 20 mm(vþ ×.j ×^�)

~ �Ïb� çÒ' ;�~ �Þj B·~� �ÊÞ�;
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&
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W &V 5 îVê>¢ G;~V *� pin-on-disc Î·~ î
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ê 85~ S45C steel disc¢ ÒÏ~&b� îVîÎ �Þf 400

®" 1200® �î�� �î~&� �Þ~ �¦ªf ç&Òf

¢;~² îÎ& ¢Ú¾ê� �&² �î~&
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Table 1. Properties of precursor pitches

Solubility (%) S. P. 
(oC)

Coking 
Value (%)

Specific Gravity 
(g/cm2)BI TI

Raw Pitch 10-15 30-35 100-120 50 1.2

BI: Benzene Insoluble TI: Toluene Insoluble S. P.: Softening
Point
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2.4.7. Ú�W G;

Ú�Wj G;~V *� �Þj £ 3 × 4 × 10 mm(̧ � ×.
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~ ;W z�î¾ö &� ;{� �«b� ±f z�¾�Ê

u~¢ B�~�¢ �
. � ��öBº Cêê u~¢ 400,

450, 500, 600oCöB '' 2�* ÿn �¾Ò~� Nêö V

� &ª¶bî~ >B;ê¢ 2k~&�, jv' �ª¶ïj

<² >º 500oC~ NêöB '' 1, 2, 3�* �¾Ò� u~
Fig. 1. Schematic diagram of manufacturing process.

Fig. 2. Polarized micrographs of heat-treated pitches.
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¢>'b� �7ï ªC(TGA)f z�¾�Ê~ êz�ÿö

&� ôf ;�¢ B�~� �¢ Û~� �¾Ò Nê 5 �*

j æz~� B�� ''~ z�¾�Ê u~~ �ö &� �

ÿj 2k~� W;� �'~ �;{ã" bWö ¢~º 'Ë

ö &~� �V~&
. öò u~ 5 �¾Ò u~ö &�B �

¾Ò Nêö V� �7ï ªC Ö"¢ Fig. 3ö, �¾Ò �*

ö V� �7ï ªC Ö"¢ Fig. 4ö ¾æÚî
. Fig. 3öB

öò u~~ ãÖöº 205oC¢ >ÚB�B¦V Z²& /Ï

® 6²~� £ 500oC �ê¦Vº Z² 6²& jò~&
.

�º Z² æz& /Ï� £ 300~500oC �*öB �ª� >

w� �B~² ê¯>îrj ~�~� 500oC �ê~ Nêö

Bº z �ç~ �ª� >wf ¢Ú¾æ p� êz>w� ¢

Ú¾º ©b� ö·� > ®
. >�ö 600oCöB 2�* ÿn

�¾Ò� u~~ ãÖöº 567oCöB Z² 6²& jò~²

ê¯>î
. 6� Fig. 4öB " > ®�� u~~ �¾Ò �

*� Ã&�ö V¢ Z² 6²& ¾æ¾º Nê º*& *>

'b� çß>º ãËj ¾æÚî
. öò u~ 5 �¾Ò u

~ö &� Ï�ê G; Ö"¢ Table 2ö ¾æÚî
. Ï�ê

G; Ö" Z¦Ö, ÊF, �Ö, bÒ> J «~~ Ï
 ºÂ ®

Ïª~ ·� �¾Ò Nê 5 �*� Ã&�ö V¢ Ã&�j

¾æÚ� ®
. �-² �7ï ªC 5 Ï�ê G; Ö"¢ Æ

&� �Þ~ W;Wj .G� > ®î
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¢>'b� u~º w�zê[7]& ¸V r^ö Ö�Ò� '

�~æò �WWª� 
·~� �&²Wj ¾æÚV r^ö

·^� green body¢ B�~º� ç�� ^B6� ®
. u~

¢ �¾Ò� ãÖö �¾Ò Nê& Ã&�ö V¢ 6ê& /

Ï® 6²~� 200~400oCræº Ôf 6ê¢ ¾æÚ
&

400~470oC º*öBº £* 6ê& çß~� � �ç~ Nê

öBº 7¶V z�Êz >�B 6ê& /Ï® çß�
. V

¢B � ��öBº �¾Ò ê u~ Úö º~~� ®º &ª

¶ bî� >B>æ pb�B Ú¶ ;ê~ 6ê¢ ¾æÚº

150oCöB Ïª� {K(2500 psi)b� �Þj &{�W;~&


. 600oCöB 2�* �¾Ò� u~~ ãÖöº �Þj W;

� > ìîº� �º QI Wª� 100%ö "7~º ©b� �

j �¾Ò ÿn &j6 Wª
� �~ >B>Ú &{�W;�

«¶* Ö�K� ÎÚrV r^� ©b� 6�B
. 400oC,

450oCöB 2�*ÿn �¾Ò� u~~ ãÖöº &{�W;

� W;æ Ò�� u~& ~�¾f ö~º ~>~ �Þj B

·~Vº ÚJ�� 500oCöB '' 1, 2, 3�* ÿn �¾Ò

� u~~ ãÖöº N*� �Þj W;� > ®î
. �� Ö

"�¦V 1N QI Wª� £ 80~95% º*ö ®j r &Ë N

*� �þÞ� W;Nj r > ®î� N*~² B�B �Þ

ö &~� êz ";j �� ê bW G;j ¯~&
.

500oCöB '' 1, 2, 3�* ÿn �¾Ò� u~~ �Þj

1250oCöB 1�* ÿn ²Ö�Î �Þj Fig. 5~ (a), (c), (e)

ö ¾æÚî
. Fig. 5öB " > ®�� Î� �ÞöB ¦¦

ÚJ�º *ç� &V>î� ß® 500oCöB 1�* ÿn �

Fig. 3. TG thermograms according to heat treatment tempera-
ture.

Fig. 4. TG thermograms according to heat treatment time.
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¾Ò� u~~ ãÖöº �þÞ~ ;�¢ rj" > ìj ;

ê� ¦¦ÚR¶
. �º êz�;ÿn �Þ Ú¦ö �Ò~º

&j6
� &Êz>Ú <b� {Ö>Ú ¾&æ á®V r^

� ©b� 6�B
. V¢B �� *çj Oæ~V *� &{

�W;� �Þj z�Êz& ê¯>æ pb�B &j6 z�

b
� >B~º Nêº* 400oCöB 12�* ÿn n;z~

� &j6 bî
� �þÞöB Ïª® B�F > ®ê� ~

&
. �-² 400oCöB 12�* ÿn �¾Ò� �Þj ê�

²Ö�öB 5oC/min~ ßN ³ê� 1250oCræ ßN� ê �

NêöB 1�* ÿn Fæ~� ²Ö�Î ãÖöº ���¾

¦¦ÚJ�º *ç� ¾æ¾æ p~� �*� ²Ö �Þj B

�� > ®î� �¢ Fig. 5~ (b), (d), (f)ö ¾æÚî
.

���� bW G;

N*� �Þj W;� > ®î~ 500oCöB '' 1, 2, 3�

*ÿn �¾Ò� u~ö &� 400oCöB 12�* ÿn �¾Ò

� ê 1250oCöB 1�* ÿn êz�Î �Þö &� X-F ²

. ªC Ö"¢ Fig. 6" Table 3ö ¾æÚî
. Table 3öº

Bragg~ �b�¦V >&�(FWHM)j G;~� Scherrer �

j ÒÏ~� êÖ� Ö;~ ï�vþ(Lc)¢ ¾æÚî
. Lc 8

f 500oCöB 1�* ÿn �¾Ò� u~~ ãÖö &Ë �

204 Åj ¾æÚî
. Table 2~ Ï�ê G; Ö"öB " >

®�� 500oCöB 1�* ÿn �¾Ò� u~~ QS~ �ïf

£ 17%��, �¾Ò �*� Ã&�ö V¢ QS~ �ïf 6²

~� 500oCöB 3�* ÿn �¾Ò� u~~ ãÖöº £ 4%

� 6²~&
. V¢B � 
þöB 500oCöB 1�* ÿn �

¾Ò� u~~ ãÖö QS~ �ï� &Ë ôj w�zWj ¾

æÚº Lc 8� &Ë �² ¾æÂ ©b� 6�B
. 6� QS

~ �ï" QI~ �ïf >jf &ê� " > ®º� �¾Ò

�*� Ã&�ö V¢ QI~ �ïf Ã&~� êz�; ÿn

�� QI Wª
� z�¾�Ê~ vªj O�~� Ö;~ W

Ë 5 B�j ÛB� ©b� 6�B
.

Fig. 7ö �¾Ò �* æzö V� &ê G; Ö"¢ ¾æÚ

îº� Lc 8� &Ë � 500oCöB 1�* ÿn �¾Ò� u~

~ ãÖö &ê& &Ë Ö>~&
. Fig. 6öB " > ®��

500oCöB �¾Ò �* æzö V� ¯�V &ê(�� &ê)

º � N�& ìæò gas pycnometer¢ �Ï~� G;� ç&

&êº �¾Ò �*� Ã&�ö V¢ � �b� 6²~&
.

500oC-1hr �¾Ò u~~ ãÖö ç&&êº ��&ê~

72.9%, 500oC-2hr �¾Ò u~~ ãÖöº 71.5%, 500oC-3hr

�¾Ò u~~ ãÖöº 59.3%� �¾Ò �*� Ã&�ö V

¢ �Þ~ Ú¦�çf ~&~æ á~� Vê' ßWj &~�

Ò ©b� 6�>î
.

' �¾Ò �*ö V� Shore ãê G; Ö"¢ Fig. 8ö ¾

æÚî�, £¾ ;ê G; Ö"¢ w�" ç& jv~� Fig.

9ö ¾æÚî
. Shore ãê 5 £¾ ;ê �þ Ö" Lc 8 5

&ê& &Ë ¸f 500oCöB 1�* ÿn �¾Ò� u~~ ã

Öö &Ë Ö>� Vê' ßWj ¾æÚî
. £¾ ;ê G;

ê ' �Þ~ 2��ö &� SEM Òêj Fig. 10ö ¾æÚ

î
. 

Fig. 10öB " > ®�� Lc8 5 &ê& &Ë Ö>~&~

500oCöB 1�* ÿn �¾Ò� u~~ ãÖö j" ~&~

� �¢� �çj ¾æÚ� ®æò �¾Ò �*� Ã&�ö

V¢ �ç� ~&~æ á~� �¦'b� �j� �ç� &V

>î
. Ö"'b� £¾ ;ê �þöB �� �j� �çf

�� �W 5 �� *2~ ö�b� ·Ï~� bWj &~�

Î ©b� ÒòB
. 

���� îVîÎ�þ

w�f Ö; ÚöB G'~ 6çöBº �FÖ�j ~� [

*öº ��
 Ö�K� £� Van der Waals Ö�j ��Ú

[&â~ ¾� ·ÏF röº [ * &â *ç� £² ¢ÚÂ


. �º mechanical seal� '« ²*¾ Vê
~ �Ç Ë~

�ö ¦O>Ú 7ÿ~� ²*� r º�>º &Ë 7º� ß

Table 2. Solubility of the pitch as function of heat treatment
temperature and treatment time

Sample Solvent Percent (%)

600oC-2hr

QI 100
BI 100
HI 100
PI 100

500oC-3hr

QI 96.56
BI 99.06
HI 100
PI 98.52

500oC-2hr

QI 92.54
BI 96.58
HI 100
PI 95.66

500oC-1hr

QI 83.76
BI 89.38
HI 99.26
PI 85.28

450oC-2hr

QI 74.54
BI 85.82
HI 96.88
PI 77.69

400oC-2hr

QI 36.38
BI 57.12
HI 77.34
PI 42.9

Raw

QI 8.17
BI 35.34
HI 61.6
PI 26.67
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W7 ~¾�
.

� 
þf çN~ ZJ�(dry contact) ç�öB pin-on-disc

typeb� îVê> G;� îÎ~7f 1 kgf� ¢;~² &~

� ¯~&
. Fig. 11º 500oCöB �¾Ò �* æzö V�

îVê>f îÎ�Òö &� ç&&ê¢ B w�(pure

graphite)" >æÖ�î V(resin-bonded seal)" ç& jv� Ö

Fig. 5. (a), (c), (e) : Sintered sample at 1250oC for 1hr. (b), (d), (f) : Sintered sample at 1250oC for 1hr after oxidatively stabilized at
400oC for 12hr

Fig. 6. X-ray (Cu Kα) diffraction patterns of the samples oxida-
tively stabilized at 400oC.

Table 3. X-ray data of the samples oxidatively stabilized at
400oC

Lc (Å)

500oC-1hr 204
500oC-2hr 163
500oC-3hr 127
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Fig. 7. Density according to heat treatment temperature.

Fig. 8. Shore hardness according to heat treatment temperature.

Fig. 9. Bending strength according to heat treatment tempera-
ture.
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2NaOH + CO2 → Na2CO3 + H2O

�Þ~ Z² 6ïj G;� ©òb�º ;{� Ú�Wj &

V� > ìÚB Ú� �þ ê~ �Þö &~� Shore ãê¢

G;~� Ú� �þ *~ ãê8ö j� âî¾ 6²~&º

æ¢ G;~&� � Ö"¢ Fig. 15ö ¾æÚî
. Fig. 15ö

B " > ®�� *Ú'b� Ú� �þ êö ãêº 6²
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. V¢B ;� "

VWj ¾æÚº NaOH Ï�ö &� w�j �F~º �Þ

� >æ Ö�î sealö j� Ú�W� Ö>� ©b� 6�>

î
.

Fig. 10. SEM images for fracture surface after bending strength test.

Fig. 11. Variation of friction coefficient during wear test. Fig. 12. Friction coefficient according to heat treatment temper-
ature as compared with pure graphite and resin-bonded seal.
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Fig. 13. SEM images of friction surface after wear test.

Fig. 14. Weight loss after corrosion test. Fig. 15. Fraction of hardness reduction after corrosion test.
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4. Ö �

(1) �¾Ò u~~ Þ7 *�ã &VöB �¾Ò Nê& Ã

&�ö V¢ z�¾�Ê~ �ïf Ã&~&� 600oC-2hr �¾

Ò� u~~ ãÖö matrix *>ö �öB z�¾�Ê& ¾æ

Ò
.

(2) TGAö ~� �ªCöB u~~ �¾Ò Nê 5 �*�

Ã6�ö V¢ �z6� çß�j r > ®î
.

(3) Ï�ê G;Ö" �Þ W;ö '�� QI Wª~ �ïf

£ 80~95%� ¾æÒ� 1250oCöB 1�* ÿn ²Ö~V *

ö 400oCöB 12�* ÿn n;z¢ Û� ~&� �ç~ ê

²Ò¢ áî
.

(4) X-F ². ªC Ö" 500oCöB 1�* ÿn �¾Ò�

u~~ ãÖö Ö;~ ï� vþ& 204 Å�î� &ê G; Ö

"öBê &Ë ¸f 8j ¾æÚî
. 

(5) 500oCöB 1�* ÿn �¾Ò� u~& Vê' ßW�

&Ë Ö>~&
. Vê' ßWf �Þ �ç~ ~&zf �&

� ®b� 500oCöB �¾Ò �*� Ã&�ö V¢ �^�ç

� ~&~æ á~� �¦'b� �j� «¶& ¾æÒ
.

(6) 500oCöB 1�* ÿn �¾Ò� u~~ ãÖ ~&� �

çb� �� Ö>� ÚîÎ ßWj ¾æÚî
. 
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