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Abstract: C/SiC composites were made of the integrity felt which was densified by CVD (chemical

vapor deposition) and subsequently MSI (melt silicon infiltration) process. XRD and SEM were used

to analyze the microstructure. Isothermal oxidation-weight loss and TG analysis were performed to

study the oxidation kinetics and mechanism of the composites. The results show that the prepared

composites are of high density, consisting of quasi-graphite C, reaction-formed SiC and free Si. The

oxidation process of C/SiC composites in isothermal condition is reaction-controlled in the � stage,

diffusion and reaction co-controlled in the � and � stages. The non-isothermal oxidation process

exhibits self-catalytic characteristics. The oxidation mechanism is random nucleation, and the kinetic

parameters are lgA=9.703min−1 and Ea=182.009kJ·mol−1. Compared with C/C composites, C/SiC

composites fabricated by MSI process have inferior oxidation resistance at low temperature and higher

oxidation resistance at high temperature.

Key words: C/SiC composites; melt silicon infiltration; C/C composites; oxidation kinetics and

mechanism; TG analysis
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CVD+ <�l3 / �+ (IC)-HTT m5�( C/C\�N<
j�:.
��

CVD m52 C3H6 <1a��^
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800∼1000◦C �+�N<��(m5�ojQ0 1.

2.2 Q�\,nh1~Dy8�T#QI{�CXuN<�[3���\N
_	
/ 1 2�L:��'k4Hm/
Fig. 1 Fabricating processes of two composites

L 1 �PO�Z�br�	3�
Table 1 Density and open porosity of two

composites

Composites ρ/g·cm−3 ε/%

C/C 1.82–1.85 1.95–2.56

C/SiC 2.30–2.37 1.50–2.80>Q; 1. I 3014 � XRD TWu"�So:i�I JSM-6360LV � SEM �t�.:N<j�8~�S�iTTW�
C/SiC � C/CN<��E +�t
��E3XuG9T=< 500∼1400◦C � 500∼ 1000◦C. hr����
PN<K;/�E��iJ�
VdE3 E 30min $
(t��� ,ÆsEe"
)�BKN<["
E3�6+��x
�E +/+��9$�QIW� TA .�p�U^� SDT-Q600 �-G1TW.�xN<�N�E +/+��FD9$�W>&M���I5< 100mL·min−1, WE�N< 10◦C·min−1, QI1#�BKN<�5
E3�6+ (1#�Aa3< ±0.1µg).

3 �ot'�
3.1 Q�\,nh10 2 < C/SiC N<� XRD 0���0�
2�t
N<�So:i<�^j_u� C( �5"��b>)�FDUi� β-SiC�VF Si,TO α-SiCo�XRD�+5TW_	 (W_;)dj C�SiC�
Si ��5�T�5T=< 12.4% � 73.5% � 14.2%,;dN<�OV<�VF Si.�0 3(a) �j C/SiC N<� SEM s�
2�t
N<�[3a
zIK
�s�0 3(b) djb>} (1 #)�I�
�\)�B�.BS�pT$

/ 2 C/SiC L:� XRD /�
Fig. 2 XRD pattern of C/SiC composites
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/ 3 C/SiC L:� SEM r�
Fig. 3 SEM photographs of C/SiC composites

Fig.3 (b) is local magnification of Fig. 3(a)

/ 4 C/SiC [�L:��+i
Fig. 4 Defects in C/SiC composites

(a) Microcracks; (b) Siliconizing of fibers; (c) Element scanning lines in (b)

/ 5 C/SiC � C/C L:��*Z!%k
Fig. 5 Curves of oxidation-weight loss of C/SiC and

C/C composites

�)Y �C1�V_=j		g 900◦C 0F	K9��Y �9P C/SiC K9	KP Si � SiC g
800◦C 0^�)
lL_-R	�02:C�R�)DB [5], >|	��)C1�V_	>���)E�=eK9��)Y j	�g 1000◦C 0F	���)x�>
l�� [6], *_ Si � SiC �)Rf6*)4� SiO2, �)Y T 800 � 900◦C _�MÆQ �KP Si � SiC ��)j T���)Y ����	�)Y "PJ)�. 6n1�K9 800◦C�)C*_G"� SEMq��9,. 6(a)� 6(c)�0�r	�) 5min"	
C/C K9�a=T.`��G℄�gY	.`�
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�)ev�R (. 6(a)), 9BK9��)Y Mh: 0.38%. = C/SiC K9�a=T.`��Gre6b
�b^	�.`�Y^�GM*)�G[ (. 6(c)), t�G[: O2 ���>
K9pH�n6'�	E�K9��)	9BK9MT	��)Y M (2.05%). �) 10min"	 C/SiC K9��a=2_>�)��sb
Jy	T1H�YQ!	4 G[
(j	���)�i*FM9	a=�TD�4 &Nx��m	;�TD SiC Æ��. 6(c)∼(f) �v#DF6
C/SiC K9�a=��4 ��)
l� C/C K9�) 1h "	,TD*)��a=��4 (.
6(b)), �)l1m9T<	, C/SiC K9MTy��)Y �. 7 n C/SiC K9 1200◦C �) 30min � SEM

q��T 800◦C �) 30min � SEM q� (. 6(e))m,	MT;�a=TD	�)l1T���a=#t� SEM q��0�r	a=9^M*Y65�(e	EDS ℄�9b	�fQ: C �Si � O,Bn�)Rf� SiO2. >|	g_C^	 Si 4 �)Rf� SiO2 9a=���'=G�K 3.1 \��QT��	C/SiCK9�ÆMT;?H	: C^ O2 ���>
K9pH�n6'�	*_HQa=KP�)�Ce�1			j��>|	T C/CK9m,	C/SiC K9 C^�)hE� �g 1000◦C 0F	KP Si � SiC ���):A,�� SiO2, Y^gK99^	9a=��4 �*)��'=G	Æ0_C^	C/SiCK9�)Y T C_MÆJ-�
3.3 N�Y℄-Av_
:q|�

/ 6 2�L: 800◦C �*D+`H#� SEM r�
Fig. 6 SEM photographs of the composites after oxidation at 800◦C for different time

(a)–(b) C/C composites,5min and 1h, respectively; (c)–(f) C/SiC composites, 5min, 10min, 30min and 1h, respectively

/ 7 C/SiC [�L: 1200◦C �* 30min � SEM r�
Fig. 7 SEM photographs of C/SiC composites after oxidation at 1200◦C for 30min

Perpendicular (a) and parallel (b) to fiber axis, respectively
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m0 − m

m0
= kt (1)h�	 m0 :K9�qg�4	 m :K9g�)_G t _��4	 k :DB�M_~�DB�M_~T1)r�yY<� ArrheniusIl	Kh (2):

lnk = lnA −

(

Ea

R

)

1

T
(2)h�	A :	�>0	Ea :�)DB�1)r	

T :DBC1	R :� _~�9h (1) 12'9~	?i�-r"�9h (2) ��h (3):

ln

(

m0 − m

m0

)

= −
Ea

R

1

T
+ (lnA + lnt) (3)L 2 �PO�BwdHZzw�%�

Table 2 Ea data of oxidation reaction of two

composites

Composites Stage Ea/kJ·mol−1 r

C/C / 114.91 –0.993

C/SiC � 96.91 –0.993gb�%L^	 (lnA+lnt) :_~�9. 5 ��~{i�w"	0 ln((m0 − m)/m0) :5?8	
1/T :�?8	��. 8. . 8 : C/SiC � C/C 1�K9�C�)Y � Arrhenius $j	'
.��j��M�0���)DB�1)r	℄�=P9 2.�. 8 �9 2 �0�r	T C1�)_	
C/C K9T C/SiC K9Mh_��)1)r	9b C/C K9ho�R�)�9P C/SiC K9	�
Arrhenius $jb
�Q:=5�g�)DB�$

/ 8 2�L:� Arrhenius %k
Fig. 8 Arrhenius curves of C/C and C/SiC composites

�X5 (500∼ 800◦C), KPC1T 	�Q0gK9���>�1	P O–C �wm�DB�1	K9pC�g�x1�1	t_DB�M'#K�)DB���g�)DB�$�X5 (800∼ 1100◦C),KPC1T_	 O–C �GDBE�	5��0��>�1m,	N
a
�>�1�*_,�g�R O–Si � O–SiC �G��wDB�gt� �^	DB�MCh'�P�)DB	,'�P�'
Rf SiO2 Y��>
l�g�)DB�$�X5 (1100∼ 1300◦C), KPDBC1i*FV_	 Si� SiC��)�ME�	�>�DBq*��DB�M5�h:
(�
3.4 N�Yf℄-Av7�>�. 9:1�K9�. (TG)$j�� TG$j��0�r�C/C K9� 616◦C�g�)	C/SiCK9� 524◦C �g�)� C/C K9g 1057◦C 3)�)	= C/SiC K9g 736 ◦C _Y ��;		,Ma 58% XR��"	�C1�V_	K9OMj �. 10 :1�K9�6D. (DTG) $j��
DTG $j��0�r�9P C/C K9	��)Y : 82.33% _	��)DB�M (dα/dT ) ��;

/ 9 2�L:�/!%k
Fig. 9 TG curves of C/C and C/SiC composites

/ 10 2�L:�/!7R%k
Fig. 10 DTG curves of C/C and C/SiC composites
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C �)���g�&
l�	KP1�K9�i�6 2300◦C _C.w" (HTT), �b�m�P\h)
l	�\h)}�'#'�P.w"C1	>|	�0%O C/C K9"
�&
l��;�
HTT 9�)	r�Eq	/ 	L MSI j39K9�)	r�Eq�� 3.1 \���P��	g MSI j3�	u6�R Si(l)-C(s) DBRf SiC 1	,C�0\�R
Si(g)-C(s) DB		4 Si z��9
a=9^	��a=�)�C�*_	t!��gT;�?H	t�?Hm/E�K9��)�

C/SiC K9���:�\h℄s (. 2). 6|F	�\h℄s (Sp2 f))�K9�Q0℄s:�L�?=/ [8], �)DBO��t�?=/℄s8�	℄R�;��C!��[0Æ1	�[0	=�)DB��1	�[0~4jE	�=��K9�1	jE	=t�1	�[0;6�R�)�>|	T C/CK9m,	C/SiC K9MT ��g�)C1�Ty��)DB1)r�T_��)�M	�C�)_MT	��)Y (. 5).g�)qgX5	>�R�)DB℄R�1	�[06`�R�)	*_	I43}�?=Q0/%>�)=8�	�fHQ1	�[0��C1�V_	�)DBi*Fi�	K9Y jE	*_
�
;�?=Q0/>�)=8�	�fh;�1	�[0	tO���)DB�MjE�8=�K9Y j		�)DB�Mj		tn(��1�)DB�� C/SiC K9��)Y ��
26.77 % _	�f�1	�[0;;	�)�M;	�|"	�/�)Y �jE	�08��?=/℄s
�
I	�f�1	�[0
�
I	�)DB�MQ �g C/SiCK9�	HQ�[0�)f:1	�[0	XR3}?=Q0/��[0m9TI	gT �C1 (681◦C) =��;	�)�M�9P
C/CK9	
M>�)℄R�1	�[0	vgT_C1 (928◦C) ��;	�)�M�
3.5 N�Yf℄-Av_
:q|�>�OG6QAchar-Brindley-Sharp-Wendworth[9](h

(4)) � : Q Satava-Sestak[10]( h (5)), Coats-

Redfen[11](h (6)) ��u C/SiC K9gL�C%L^��)DB�,(Æ�DB6"�
Achar-Brindley-Sharp-WendworthIl�

ln

[

1

F (α)

dα

dT

]

= ln

(

A

B

)

−
Ea

R

1

T
(4)

Satava-Sestak Il�
ln[G(α)] = lg

(

AEa

βR

)

− 2.135 −
0.4567Ea

R

1

T
(5)

Coats-Redfen Il�
ln

G(α)

T 2
= ln

(

AR

βEa

)

−
Ea

R

1

T
(6)|w	 α :-)Q~	 dα/dT :DB�M	

β :j	VC�M	 F (α) � G(α) Q<
9C*�6Q�:Q6"�~�g{Fh [11–13] fr�w �)Q`DB,(Æ��� 16 �_G�6"�~	℄� TG-DTG$jfr� C/SiC K9L�C�)
l�C1�-)M�DB�M�~{	��re�6"�~ou�"Æ��j�j	myY~�8.�Z	��j�M�[~�Q<��1)r�	�>0�℄�=P9 3.9Pk�6"�~	OG6Q�:QBÆ�����℄�*_Q6^=%L�
(1) OGC*oh��Æ��1)r Ea �AP 80∼250kJ·mol−1 �G		�>0 lgA �AP

7∼30min−1 �G	=�C*w"IBÆ���9B~�mZC	�
(2) Æ��j�j	myY~ r < −0.98;

(3) Æ��j�8.IZ S.D. <0.3.i℄6"�~Æ
9�6":K9L�C�)DB�bC6"	*_�2��)DB�1)r�	�>0�~{ [14].g{F{|{99 3�~{i�QT��	X��6"�~qM 3 
	Q<: A1 � P3 � R3.�� P3Æ
9�6":m2bDBÆ!�9dÆJ�� a-t $j	T C/SiC Z�K9��)
l
(CX�C/SiCK9 C4_G�)_	Y MT�)_Gf�,	9b:*>DB,(Æ	�zu
R3 Æ
9�=>DB,(Æ6"�>|	�p�
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Table 3 Kinetic parameters obtained from different treatment methods

Achar-Brindley-Sharp-Wendworth Satava-Sestak

Ea/kJ·mol−1 lgA/min−1 r S.D. Ea/kJ·mol−1 lgA/min−1 r S.D.

A1 156.830 9.411 –0.995 0.105 178.181 8.554 –1 0.014

A2 63.143 –4.234 –0.975 0.093 89.091 3.980 –1 0.007

A3 31.914 2.433 –0.918 0.089 59.394 2.531 –1 0.005

D1 31.914 2.433 –0.918 0.089 339.864 16.961 –0.999 0.048

D2 317.680 17.837 –0.995 0.199 345.208 16.998 –0.999 0.041

D3 326.355 18.068 –0.997 0.176 350.757 16.695 –0.999 0.03

D4 335.307 17.963 –0.998 0.153 347.057 16.462 –0.999 0.039

D5 329.358 17.599 –0.997 0.168 362.073 17.41 –1 0.022

P2 353.156 19.056 –0.999 0.110 173.997 7.994 –0.999 0.019

P3 147.906 8.864 –0.992 0.125 175.379 7.904 –0.999 0.017

R2 –42.553 -0.899 0.931 0.108 162.154 7.863 –0.998 0.034

R3 156.830 9.109 –0.995 0.105 154.838 7.587 –0.996 0.042

R4 103.285 6.608 –0.939 0.245 147.973 7.288 –0.994 0.050

F2 85.436 5.640 –0.882 0.295 16.973 0.918 –0.912 0.023

M2 174.679 10.504 –0.998 0.074 4.966 3.735 –0.999 0.012

M3 49.6322 3.407 –0.933 0.124 56.644 2.375 –0.999 0.008

Coats-Redfen

Ea/kJ·mol−1 lgA/min−1 r S.D. Ea/kJ·mol−1 lgA/min−1 r S.D.

A1 172.459 8.292 –1 0.034 P2 168.059 7.711 –0.999 0.046

A2 78.772 3.077 –0.999 0.018 P3 169.512 7.627 –0.999 0.042

A3 47.543 1.232 –0.999 0.013 R2 155.605 7.516 –0.997 0.079

D1 42.483 17.278 –0.999 0.113 R3 147.912 7.197 –0.995 0.099

D2 348.103 17.328 –0.999 0.098 R4 140.692 6.857 –0.992 0.116

D3 353.939 17.040 –0.999 0.082 F2 2.934 -2.133 –0.354 0.050

D4 350.047 16.797 –0.999 0.093 M2 74.435 2.786 –0.998 0.030

D5 365.838 17.783 –1 0.052 M3 44.652 1.0279 –0.998 0.0206"�~: A1(F (α) = (1−α), G(α)=–ln(1−α)), �)6":�6f�	,(ÆR~: lgA=8.752min−1,

Ea=169.167kJ·mol−1.

4 ��
1. MSI j3�*�	�&��[M <3% ��Y� C/SiC Z�K9	�Qm8f:�\h℄s� C �DBRf� SiC �TD Si.

2. C/SiCK9��C�)DB6":�$�X5:DB��	$���X5:�>�DBq*

���
3. C/SiC K9�L�C�)
lje1�)�{	�)6":�6f�	�),(ÆR~:�

lgA=8.752min−1, Ea=169.167kJ·mol−1.

4. MSI j3Æ�&� C/SiC Z�K9�ÆMT;�6?H	?�a=�R�)�C��1	j		�=e�℄K9|M, C/C K9hZ� C�)	r�R�/4
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