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Abstract

The Carbon/Carbon composite was prepared from 3D carbon fiber preform and coal tar pitch as matrix precursor. In
order to evaluate of ablative characteristics of the composite, liquid rocket system was employed Kerosene and liquid
oxygen was used as propellants, operating at a nominal chamber pressure of 330 psi and a nominal mixture ratio (O/F)
of 2.0. The results of an experimental evaluation were that high density composite exhibited high, while low density
composites showed low erosion resistance. The erosion rate against heat flux was highly depended on the density of the
materials. The morphology of eroded fiber showed differently according to collision angle with heat flux on the com-
posite. The granular matrix which derived from carbonization pressure of 900 bar was more resistance to heat flux than
well-developed flow type matrix.

Keywords :Carbon/carbon composites, Ablative materials, Rocket nozzle, Refractory, Combustion, Carbon fiber rein-
forced composites

1. B �

ê²/ê² ��Òº ôf Ö>� ��' ßW[1-4] ��öê

[B(ablative) ßWj ²F~� ®V r^ö �NÁ�³~ �

FÚ ª*VöB �N� WË� çú~
. V¢B � Òò~

7º� wÏ7~ � ª¢º �9 �¶ 5 �Ê~, Ö"{�F

~ leading edge �" ?f j" &_� ª*VöB � Òò~

Ïê¢ dj" > ®
.

Fig. 1f Òò~ Óî z�î¾j *�® ê�� ©�
. �

NÁ�³~ FÚf 7/~² >� Òò~ ��öB «¶
�

îÒ~�B ôf �j <� ²
>æ� �N�j Î"'b�

~² B
.

Ö>� [B ßWj <º Òò& >V *�Bº 
r" ?

f ��j Ï��B¢ �
.

− �NöB ôf ·~ ª�VÚ¢ B�� ©

− �NöBê Ï[ç�� ²
>æ ö ©

− Òò~ "ê� ¶
 ì�ê *�wK" {Kö ÒB ©

− Öz 5 z�' &�Wj <j ©

− Vê'Á�' ÏÏö &� &�W� � ©

�f ?f ��ö &Ë "7� Òò& ê²/ê² ��Ò�


. Table 1f ê²Òòf .³Òò~ �'ßWj jv� ©

Carbon
Science

Table 1. Comparison of heat-sink material

Property Steel Carbon Beryllium Desired characteristics

Density (g/cm3) 7.82 01.70 01.82 Low
Specific heat (kJ/kg · K) 0.54 01.30 02.34 High
Thermal conductivity (W/mK) 3.46 14.41 10.81 High
Thermal expansion (106/K) 8.40 1.5 6.4 Low
Thermal shock resistance index (Ü105) 3.50 141 2.7 High
Temperature limit (oC) 1150 2200 930 High

Fig. 1. Ablation mechanism.
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Fig. 2. Temperature and pressure profile for pressure infiltration
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194 H. J. Joo et al. / Carbon Science Vol. 2, No. 3&4 (2001) 192-201

3. Ö" 5 �V

���� �¶~ Óî ßW

Fig. 6" Fig. 7f �Þ~ &êö V¢ ÓîNj �* �*

� ²
>º Z², gb� ��B ©" �¶ÏöB ²
>º �

V, mm� ��B ©j ¾æÞ ©�
. 

�
 �âö ~~� ÓîNj &ê~ Ã&ö V¢ j" /

³~² 6²~º *çj ��� ®
. ��æ� ÓîNj 6

²�ÊV *�Bº ê²/ê² ��Ò~ �&êz& j> ��

�
. ��� ÓîNf �Ú �òÏ �9 �¶ �²�þ~ Ö

"f jv~� *>'b� �² ¾æÒ
. ��� �Fº �

Ú �òö ~� B�>º �²VÚö j� �Ú �ò� ãÖ

�²VÚö �Ò~º Ö²~ ·� ç�® ôj ê²/ê² �

�Ò¢ Öz�Êº ËK� �V r^b� 6�B
. 

Fig. 8º �²�þ Ö" �¶ �Þ~ �� &æ ÓîB Î·

" �² chamber Ú~ {K æz �Ò� �ò~ vªj ¾æ

Þ �â�
. 

� �â~ (a)º Òò~ &ê& 1.90 g/cm3� �Þ~ �¶j

�² �þ� ©�
. �-æò �¶~ Ï� *& Óî>æ p

� ö; �&� Îj®
. �² chamber~ {Kj �jê ¾

r¦V �ræ ¢;� �² {Kj ��� ®
. �f ?f Ö

"öB �9 �¶ö &Ë �ç'b� 'Ï� > ®j ©b�

�'B
. 

Fig. 3. Assembly test rocket.

Fig. 4. Dimension of nozzle for liquid propulsion.

Fig. 5. Machined c/c composites nozzle.

Fig. 6. Erosion rate vs. density of 4D c/c composites.
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Fig. 9. SEM micrograph of ablated matrix pocket of c/c composites derived from pressure carbonization at 600bar.

Fig. 10. SEM micrographs of ablated matrix pocket of c/c composites derived from pressure carbonization at 900 bar.
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Fig. 11. SEM micrograph of ablated surface morphology of c/c
composites.

Fig. 12. SEM micrographs of ablated surface morphology after
combustion test of the c/c composites.
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Fig. 13. SEM micrographs of c/c composites before and after
combustion test.
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