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1 ��
C/SiC ÆF.y�.�Yt"�%�"���Z�dh4(lb�$Mg�Yq℄�lG��g����$5�(|Y�xYt�oVnp8O [1]. l`0(RZ4S�"`P��h4rvG�GX�4bVi"�%7��R C/SiC y�.�4 l`0HH
+Bmpi��Ohz.���"(R�VM(t��)�/(��3�Cmp	Dvl`0	4(R�.�VeEL �(Kw3xSVn|NC�n|4pJnt��)w3	4%dh4G7tH�7�vVh47���Yl��<:�	Fj�8h

C/SiC y�.��%|UM(VZU�N+v)�q3��
g, Ar 7�#(R� [2∼10].h C/SiC y�.� (�m�6#��%��℄) �%_%L VZU�
Nb�t

n|�eo;l� [11∼22]. �FtY�ZU	4Dn|�_%H�4q [23∼25], Q&�t

S}�7
ql`0(R�V(b_%M7t�e [26], ��k9l`0�V7tt�N3k	�&�)�gl`0(R�ZU� C/SiC y�.��|_�g_~"7t�.s�M ~"n|2Vn|_%L �&H�U�^Sv.���� C/SiC �Gt(R�VeE0w	
2 m�
2.1 q
�80pR#��pmD T-300�6#�:R#6#y���y���6#�1vz 40%.��Y%%U7:M` (ICVI) pm��y�.�	h C4H10  nn7� 850◦C vI�6#rHjg� 2005–08–28, rA�GHjg�2006–01–03QY~e� �q 973 #MdY.+<���TX� �B6 (1959– ), #�~6�;
� v�`zi� � ^� E-mail: zhangjun−xa@yahoo.com.cn
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1192 * / , � S � 21 \y��W��e2HI� (PyC) J�:�h CH3SiCl3  nn7� H2  �7� Ar 7 /r7� 1100◦C nnb: SiC .�	3 y�.�V7hÆ 10%.

2.2 �f?q
C/SiC y�.����:!D3<�:�NbVJ,LL|U�H,w%UM(V1u	M(1u��k\s/LZ�Vu\0WLL�zu\0Y��iLL<H�<i"JnVn|h4<_%wjM7�V
(	�&u\v#0p|_�g_~"_%7t�p\.s�p\M ~"n|Jn�� 1300◦C 2
� C/SiC y�.�V?Qi?	3�p\.su\h�R'Jn<��0Æ 1Hz, M u\� _pn|2LL�Y�u\�BO" 1 �o	�"(R2AR�uaLL1u �uag�!/`<g_%M7�&�P77	O�ua?Q 15h )$lbg������P_%M7���i�P77&&C�<��Duapg	 ; 1 p�uV

Table 1 Conditions of the experiments

Sample Oxygen partial pressure/Pa Vapor partial pressure/Pa Stress/MPa

A 8000 — Fatigue: 120±40

B 8000 15000 Fatigue: 120±40

C 8000 — Creep: 160

D 8000 15000 Creep: 160uag�!D3Hu\0WA2��J�Jz��V S-4700 HU�^S2v.gjJ�hE_eE0w	
3 WJLt

3.1 Æ_�oC C/SiC FN=bÆ_	PB�}� 1  C/SiC y�.���"1u�B2V?Qi?�3� A 2� B 2�=WV��"ouaV?Qi?9� 15h. H��fh`A� C/SiC y�.��.sn|2Vb_%(|��M n|2V:	�"3kq�uaVx|pn4.�&+H
�<:�	�u\�p T-300 �6#%=H,	0z (–0.70∼0.93)×10−6K−1[27], SiC .�VH,	0z (4∼5)×10−6K−1[28], R.�� 1100◦C �:��&uDSs%V�<��rvH,	0zV3k�6#�%=WxSVn|� SiC .�xpn|��a�*� SiC .��J:N�E�v6#%=V��(
(O� 2 �o). jRuaDv 1300◦C V1u%d�i�6#�%=xSVn|  pn|�.��Vn|: Vn|	��"�B2�Rua(x�|,xpn|�Ci�.��V�(WDv��,	�1�_%M7tLP.�&+�uaKKlb"�M_%�QqRuaxSENVpn|i��F�(�*�_�_%M7t�LP.�&+w C 6#� SiC.�lbnn	hvxp - p.sn|Vua�rvn|o� 80∼160MPa,�Zn|�ua�V�((*�_��t��n|��(/f(�_��hLPua&+V_%M7tz�Wr6t9�.�&+V_%8>(q��7�:nV C/SiC y�.�?QVi?
�E8	jhvxp\M n|Vua�rv3e�Dv�n|,	�ua�VN��(
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5 2 
A5�W
 C/SiC x�,�m{^$dD/v 1193e�Dv�_,	��h_%M7t(~yLPua&+��ua&+V C 6#4 SiC .�lbnn�?Q� C/SiC y�.�V:d�m3�kg�eE	

� 1 �!�A1 C/SiC x�,�>Ph>
Fig. 1 Lives of C/SiC composites in different

conditions

� 2 C/SiC x�,�%*-��'
Fig. 2 Cracks in C/SiC composites

� 3 (a) {^� (b) f^'Q� C/SiC x�,�-rfi
Fig. 3 Fracture surfaces of C/SiC composites fatigue tested in (a) dry oxygen and (b) wet oxygen

environment

� 4 {^'Q�L�t`fi
Fig. 4 Fracture surfaces of C/SiC composites creep tested in dry oxygen environment� 3∼5 �A� C/SiC y�.���"�B2g�VgjJ�
/	D� 3 w� 4 � 5
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1194 * / , � S � 21 \h�fh`A�.suaVgj�6#�Yl8_%V2>�.�b�?��	QqM uagj�V6#_%�EW$�b�8"C+�_%��	2 SiC .��e� (� 4(b)),b�6#�_%:Æ=, (� 5(b)). rvM ua�6#V�V�.sua�VW$��:M uaV?Qi?�7�.suaVe	

� 5 f^'Q�L�t`fi
Fig. 5 Fracture surfaces of C/SiC composites creep tested in wet oxygen environment

3.2 s�hC C/SiC FN=bÆ_	PB�}hvxp - p.sn|Vuaq��rvLPua&+V_%M7tz�r6t9�ua&+V_%8>(q��7��h H2O Vt+h.�VM(Vo;(q�7*��W�:��|_�g_~"�B2.suaV?Qi?�t"8AENV3k (O� 1 �o).Qqhvxp\M n|Vuaq��rvua&+V�(e�Dv�_,	�7�nn,�b:,(�E/r[nS��h}�7V<Pp�*o;.�&+V_%nn�Ljo;.�V?Qi?�gjJ�	R_%M7tK O2 7i� C/SiC y�.�� 1300◦C lbV(bnn �
2C(s)+O2(g)→2CO(g) (1)

SiC(s)+3/2O2(g)→SiO2(s)+CO(g) (2)_%M7t�LPSy�.�&+V�<��v3*FCS SiC .��m3"�lbnn
(2) b:e2��V SiO2 �#��1�� SiC VLe)_%��ay�.�&+V_%Wh
C 6#V_% (��hgjW
"8A C 6#�N�_%VJ��O� 4(b) �o	R_%M7t�B� O2 )t H2O 7i� C/SiC y�.�� 1300◦C B�lbnn (1)� (2), )*lbO2nn�

C(s)+H2O(g)→CO(g)+H2(g) (3)

SiC(s)+3H2O(g)→SiO2(s)+3H2(g)+CO(g) (4)�Le)�)tnn�
SiO2(s)+H2O(g)→Si-Ox-Hy(g) (5)ftVZUH�"��R H2O 7� O2 �iK�i� H2O 7� SiC Vnnq SiC lb_%V(b{l�j O2 ��"+�7t�h SiC V_%�Æ8"�to; [29,30]. ep��ql H2O 7� SiO2 �VKId� O2 � SiO2 �VKId�~�z�7 [29], �ep��qrvnn (5) VA8�(Q��� SiO2 �#��j>1&� SiO2 V��H
 [31], mT

H2O 7(k�nS�� SiO2, Imnn (4) ||(gVLL2B	 SiC .�� H2O 7�_
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5 2 
A5�W
 C/SiC x�,�m{^$dD/v 1195%�ÆV<[�(Q<k��℄V���3nnb:VN� CO � H2 n�qui��nn
(1) � (3) VLL [32], �e_<dW4S�#�6#V4p	H� 5(b) W
fh`A�g_M gj�V6#�lb�+v_%	hWv."���g_(R� C/SiC y�.�&+V_%h SiC .�V_% (	�Fg_(R2 C/SiC y�.��V6#(Æ�e_<dWxS�#�QqH� 1 q`�|_(RM n|2Vy�.�D"8A�8V?Qi?	�qrv�|_(R�y�.�&+V_%(b3��6#W�6#�_%eE8)fhe�=P��	Qq�g_(R��rv H2O 7V<P<�� SiC .�V���mT C 6#w SiC .�VH� 3�tyv6#V�A	�i�g_(R�b:VN� SiO2 � 1300◦C fN :d	�:d.�Te��a�6#�_%eE8�.�fNeE�N�6#_�q�y6#H.���A���y�.�
��g�	H� 5(a) fh`A6#�y�AV?l	rv.�eElb�6#eE8��h|_(R2Vua?Qi?�g_(R2Vb8eF	
3.3 C/SiCFN=bÆ_	Pl�S℄HhWVv.fh`A� C/SiC y�.��n|��%_%(R��4p2VeEqe��y~V�<����<(KxSn|4pJnVo;�_%M7tV3kh3
t$bo;	n|V4pJn(K℄_-y�.�&+0G�VVJn�j>
o;S_%nnVLL�_%M7tV3k(Ko;S_%�ÆVk��j>o;-.�H,w%U�VVtH	y�.���"L0y~V(R��qeEvn|�:V0G�V�)qeEv7t�:VH,w%U�V�,�eEwk�V��4p��Wb` "0��4℄_M4p	H�&VH�q`�M n|2y�.�VeEqh.�&+V_%eE (��<n|�q4�e�<�V4p	5�q�a�rv_%7t"tV3k�
�: C/SiC y�.��(�7t�VeEt-��3#��|_7t��M uah6#_%eE (��g_7t��M uah.�_%eE (	rv�k\�N+vV.suab�tlb/Fg���hhvx.sn|Vuaq��)((+gn|�_%7t �Dq℄_3eEV(bl���p�V	4)tOvLe)^PZU	QqHftVH�`�_%M7th.sua�:Vo;7F�p\M uaVbCTi	
4 W


1. �:�V_%M7t�� C/SiC y�.��p - p.sn|2��p\M n|2Yt�8VV?Qi?	
2. xp\M n|V C/SiC y�.���|_(R�l C 6#_%jeE��g_(R�l SiC .�_%jeE	>Zx{
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Failure Mechanism of C/SiC Composites under Stress

in Oxidizing Environments

LIU Xiao-Ying, ZHANG Jun, ZHANG Li-Tong, XU Yong-Dong, LUAN Xin-Gang

(National Key Laboratory of Thermostructure Composite Materials, Northwestern Polytechnical Univer-

sity, Xi’an 710072, China)

Abstract: Stressed oxidation testing on C/SiC composites in dry and wet oxygen environments

under cyclic and constant stress was conducted in the present study. Experimental results and

microstructures of fracture surfaces analyzed by SEM show that the C/SiC composites have a

better oxidation resistance and a longer life under fatigue testing than under creep testing. In

dry oxygen environment, the failure of C/SiC composites under creep testing is mainly due to

the oxidation of carbon fibers. While in wet oxygen ambient, the fracture of C/SiC composites

under creep testing is caused by the failure of SiC matrix because the water vapor accelerates the

oxidation of SiC.

Key words C/SiC; fatigue; creep; oxidation


