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(1. ℄MRY\SNLUZ[QVOKWIJH℄X�SN 200050; 2. ℄MRY\[QT\�GP 100049)= 5	 axQ1 (SiC) >WQU (Al2O3) ��I�H�Bk��(d��7���m|� 
'� SiC ~(zK� XRD �#!d~(zK
35P SiC, |�5Pi2B|
Bk� SEM+2_~(zK�t5K?�
�(|%�~�
9|�G�tB<
CR�Q�3UpW�
 ±1.5% s�~(zK
�*()Wn9|�v><BO<
�U�q<�nBkk.D
�k��U���`v�t5�
�Q�N�n9Bk:

�U�~(zK
(
�)>/
��)��
�vn9|�v><BO<
�U��U�nBkk.D
�U�q<�y
1450◦C �� 4h 9<
Y�
 0∼800◦C 
��#|�'a� 6.4×10−6/K. ~(zKT!/GA<
�ÆG����WQ>ok�EG�Zoo�EG5|y4�℄ k N	xQ1~(zK��m|��()W��vD�Wxa	TQ174 #(H�}	A

1 61yR2�){Lb�h$}�(b�B=d $F[H�rhd^�Hv?RN�pH�)g/�iqz+*�^8Y��:���R?PRe��g"℄O��sz�vrBd8Y>6?%	?H�yR2�){L�(�Q��nq�	d�:���R.J _ [1∼4]. Æ=)"dd(�3P���){Ld(����7�0";{_� [5] ��l
)e� [6] �g��(� [7,8] ��z� [9] �,x - xx"d [10] g��� SiC ";n}Ad(��SiC �){Ld(���x%��!{}A�?k�6}A����b SiC ";nd!{}A3G0:} ��.��b`d SiC �){L�vrhd^�Hv�[:}�w��I[�H���J�i�~�G SiC �){Ld(�=�
H�b�lZ�n?=dk�63}A SiC ";�G0�){Ld:}�N�&�G SiC rb:}d 1�b`HvR-d SiC �){L���b SiC ? Al2O3 �
J�J�Cl�
)e��8���n}A"d(�G SiC �){L�ClQ$(H.J��'�-XRD(X^R��XR�w��� SiC XR �(X���:I�N�H���B�=��:}8A-�yR2W-�XR� pCd�XR2�o:�wd��� pC�XR26R��Cl�$1s~ Al2O3 �n�� SiC ";"�[��
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1398 � \ , H L � 21 �b��?=j3C�N�G0G SiC �){Ld���n}A�Hq�.��(� SiC �){L=�h�6�HvR-�%bG0V0gd"℄R?6��vCVd0Gef�
2 Æ2
2.1 <z

SiC(�	�MyR2��v2#g�6r�	), Jw 99.4%, d50=20.0µm; Al2O3( !DR�9�79), α 6;E >95.0%, d50=0.6µm; Cl (�℄Mu1Na�$
v2Æ'#g�6r�℄), Jw 99.9%, Kq d50 � 5.0 � 10.0 ? 20.0µm dClB�
)e�I!3Cl;Æp8dGV���srvGV�/q;Æ� 10.0µm dClB�
)e�
2.2 �4CF

SiC �Al2O3 ?ClÆ 5:3:2d)E{�YA�$l/REdÆ�`�B��}e�"Hb����3~)�/qyR2Sh���J�Sh� =1:2()E�),�jJ�-�h 24h. uJD��ShH��8 120nd5��"H�P(=8��T��T��)� Motoyama#g(
d.i��T-b 5◦C/mindiX�$:}�w 1400∼1550◦C,�� 4h,"Hb 5◦C/mindiX5!$7����-�-6℄v}Yff�Z�/qd=CP=�� 30MPa, :}�w� 1450◦C.

2.3 4�IA/qa5 Netzsch #gd STA 449C $/�$`} SiC ?Cl";�F$/�$�)�
Rigaku #gd Model RAX-10 X =4U=�$`}�){Ld6?=�F"��)� JEOL#gd JSM-5600LV 4
m<.��,1Z�dz+E\�Z�d�+)*X?�awsye�1E�)ÆV=`�*q^5 Micromeritics #gd PoreSizer 9320 P$`1p� Æ�w1T�)� Shimadzu #gd AUTOGRAPH AG-I �v.JTV^7�F�l�iX�
0.5mm/min,-� 30.0mm,TZDS� 3.0mm×4.0mm×36.0mm. Hq0M Netzsch#gd DIL

402C $}�`1TZ�d$}�(b�q�GVS=(d7&1T-8 SiC �){LZ�dY��E�
3 m_b�|
3.1 �n\:+~� 1 Q SiC�){Ldz+ SEM���N�-%b�H��){L�vC�d)*X���)n6L.��4[vC.4Cd)*�8Vd)QCl:IH0Q,3d'*��z=d)�QsyR2";{_E=�� 2 Q�){L-�{6M)*d)�d SEM E\�%b�H� SiC ";n�8VEdXR?j3CRd6"�F}A�N���G SiC �){L�vz�d�w�
3.2 <!V8nd,��:}8A-�CldXRj
��A/��yR2dXR^%��d�/�$/ - 5$�$"f�CldXRN 600◦C Aw�J�!` 800◦C �=�� SiC ";dXR�?�
750◦C b7�i��� 800◦C  ����%s℄v��:IdCl";3�;� 800◦C  H
SiC ";"bXRb`d SiO2 %bt9
�;��d'm�i����:}8A-��u
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6 
 n[��e	���m|�xQ1~(zK
'�|Gu 1399v�B�=�\�w��` 1100◦C D� pCd SiO2 X�R��Cl��VV�lG�)�d}A�w [6]. o:�wdjJ��� SiC XR?=d SiO2 X~ Al2O3 �n?=j3C�j3C�vC=d7�?���w�N�VV~��){Ld^�Hv�


 1 ���m|�xQ1~(zK
y*
SEM ��
Fig. 1 SEM micrograph of fractured reaction-

bonded porous SiC ceramics


 2 xQ1~(zK+(�
 SEM D[
Fig. 2 SEM micrograph of the struts in porous

SiC ceramics� 3 Q(�:}�w,:}dyR2�){Ld XRD �	�� 1400◦C, j3C6�J?=�[;ECh���ovVEd Al2O30{��D\Q��CldU=�
o::}�wd���j3Cd6};E1s���
Al2O3 d0{E1sr;�[�ClU=�d�w\6}�l
\:}�wT` 1550◦CD�Al2O3 �bI��;A��){L-4[Q�d6Q SiC, j3C?�Cl�
3.3 �n`LE4�R��� 4 Q:}�w�=CP=?Cl;E}Z�:}4VqXdp8�%b�H�:}4VqXo:}�wd��-whH�l�o=CP=d�V�r;�oCl;Ed�l�r;
>�3f����n}A SiC �) 
 3 '�9|�v+xQ1~(zK
 XRD
�

Fig. 3 XRD patterns of the specimens sin-

tered at different temperatures for 4h{L�:}8A-�vC=dDS R�_�� ±1.5% t�i�q�."d(��){L�v�DS:}drl�o::}�wd��� SiC XR?=d�Cl?�n?=dj3Cd;Eu�l���7Zgm SiC XR=�Cl�ov 108.2% d�_}���NyR2~ Al2O3 `XR�j3CR?=j3Cd�_}�Q 37.3%. sz�nj
d�_}��:}
=d��VqrrV�Z��:}�H℄vvVdDS R�o::}�wd����Cl?j3Cd?=E����N�^%Z�d}�v;E�l�"�\�w�z 1500◦CH� SiC XR?=d�XR2�?�*St�l�G";:�)�td)*Vq�N�j
:}4VqXd�V�=CP=d�lr;G��td";n��HbXR?j3CR
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1400 � \ , H L � 21 �=d�_}��/)*dEr;�i�
=:}4VqXdr;��Cl;Ed�lj
�){L�td)*���N�H�_}�+���i�EzZhd";n*t�HZ���d4Vqr;�

 4 (a) 9|�v� (b) <BO<> (c) Bk:D|Y�9|3UpW
o7

Fig. 4 Sintering linear change versus (a) sintering temperature, (b) forming pressure

and (c) graphite content


 5 (a) 9|�v� (b) <BO<> (c) Bk:D| SiC ~(zK
�*()W>�`v
o7
Fig. 5 Open porosity and bulk density versus (a) sintering temperature, (b) forming pressure

and (c) graphite content


 6 '�:

Bk| SiC ~(zK(
�)
o7
Fig. 6 Pore size distribution of porous SiC

ceramics with the addition of 5.0, 10.0 and

20.0µm graphite particles

3.4 ��S:rwv&{� 5 "f� SiC �){Ld�+)*Xo:}�w?=CP=d�V�r=�oCll/Ed�l��V
��aw�v6�d R0V�:}�w?=CP=d�VuXO��){Ld:}�li";n
+d8V�N�r;)ÆDS�H�+)*Xwh
Cl;Ed�l�~�GCl:IH0Q)*d;E��VG�+)*X��_.Jd�+)*X~�aw=��8*(�i��aw"0H~�+*X6�d R0V�
3.5 vqO*hXJ� 6 Qb(�;ÆdClB�
)eD
SiC�){Ld)Æ�*�4�%b�H�o:
)e;ÆN 5.0µm �l` 20.0µm, SiC �){Ld)Æ1sNW� R�d��*����)Æ 2.0µm Aw>v_��H0��d��*d�4-�H_��}nd)ÆV=��

8.0µm. -��r_��){L-)dE=4[vC.�";{_=)?
)e=)��C
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6 
 n[��e	���m|�xQ1~(zK
'�|Gu 1401l;Æ (5.0 Z 10.0µm) z=d�/,�";{_rE=d)*~Cl:IHrE=d)*V=6\�iM)Æ�*�4?0W��*
\Cl;Æ�V` 20.0µm D�Cl=)d)Æ��Vz SiC ";{_rE=d)dV=�i�?0HGd��*d�4�."���){L-�s SiC ";{_E=d)d)Æ� 2.0µm, \
)e;Æ� 20.0µm D�
)eE=)d)Æ�� 8.0µm.

3.6 s��S� 7 "f�SiC �){Ld Æ�wo:}�w?=CP=d�V��l�oCl;Ed�l�r;�o::}�wd���yR2";"bXR?=d%>6?�Cl���t

 7 (a) 9|�v� (b) <BO<> (c) Bk:D| SiC ~(zK�
�v
o7

Fig. 7 Flexural strength versus (a) sintering temperature, (b) forming pressure and (c) graphite content_~L�d Al2O3 ";�n?=dj3CdE6n�l�H";n
+DS�V [11], N���G SiC ";nd}A�~�G.Jd�w�=CP=d�VqxG";n��r;Gj3CRDd13�6�liGj3Cd?=�H SiC "; nd}Al��N��VG�){Ld�w�-7_|Z�Cl;Ed�VX�l�){Ld�+)*X����w - )*Xd�V#K [12]:

σ = σ0exp(−bp) (1)

σ Q�){Ld Æ�w� σ0 Q%a{Ld Æ�w� p Q�){Ld)*X� b Q7b��){Ld Æ�wo)*Xd�V?#b*(d,w�i� SiC �){Ld Æ�woCl;Ed�l�a�iwh�
3.7 	�?%�Kq� 1450◦C�� 4h:}dTZ�1b� 0∼800◦Cd��$}�(b� 6.4×10−6/K.��b"� SiC ?j3Cd$}�(b (�#� 4.7×10−6/K ? 5.3×10−6/K) u[V��n3iz�).Jt;v_pEd�$}�(bd�Cl (14.5×10−6/K)[13].

3.8 ��.� 8 Q� 1500 ? 1550◦C :=Z�dY��E�P5d*(�4�%b�H�o:�){L-dt�"bP5d�V�W�Dnt�8W�b_7d N2 �SE?4Hd�l
��o::}�wN 1500◦C �l` 1550◦C,!4d?Xr=��Qi�:}�wd�� 
 8 '��v+9<Y�
XÆ�D�O4
)'
Fig. 8 N2 gas flux as a function of pressure

for the samples at different temperatures
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1402 � \ , H L � 21 �j
�){Ld)*Xwh�N�H	�Hvr2�
3.9 s3f:��iY
.��Ghnq-��){LI[���ZQ,dlpS�,Hq�i�v�[}6*dHv�F"��Kq� 1450◦C �� 4h :}dZ��F6*dGV� XRHv1T�� SiC�){L&z.i��Tt�b 10◦C/min �$ 1200◦C, �� 10h, "H="5!$7��1EZ�d�/?�w R
}6"f�Z�d�/�� 0.2%,  Æ�wwh 6.1%. pl�FGV�Z�&z2
d 20wt% dPl,^-��B 1h, "He&�D��1Z�A/~�w R
}6"f�Z�A/� 1.3%,  Æ�wwh 13.3%. pp�FGV�Z�&z2
d
1wt% dPl,^-��B 1h, "He&�D��1Z�A/~�w R
}6"f�Z�A/� 5.5%,  Æ�wwh 53.6%. i�����n}A SiC �){L"0Hrhd ��XRHv?B=dpl�FH�[pp�FH6}z5�
4 m|

1. b SiC ? Al2O3 �4[�J�Cl�
)e��8���n}A"d(�G SiC �){L
�){Ld46Q SiC, }A6Qj3C~�Cl��){L�v6L��d�)}&�
2. SiC �){L�:}8A-�vC=dDS R�4VqX�� ±1.5% t
�+)*Xo:}�w?=CP=d�V�r=�oCll/Ed�V��V
��aw�v6�d R�O�o:Cl;Æd�V��){Ld)Æ�*?0d��*��Qs SiC ";{_?
)erE=d)ÆV=(�r
=� Æ�wo:}�w?=CP=d�V��V�oCll/Ed�V�r=�
3. z 1450◦C �� 4h(�d SiC �){L� 0∼800◦C d��$}�(b� 6.4×10−6/K.

4. ���n}A SiC �){LU"0HB=d	�H� ��XRH?pl�FH�[pp�FH6}z5�Kt"'
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Preparation and Properties of In Situ Reaction Bonded

Porous SiC Ceramics

DING Shu-Qiang1,2, ZENG Yu-Ping1, JIANG Dong-Liang1

(1. Structural Ceramics Engineering Center of Shanghai Institute of Ceramics, Chinese Academy of Sci-

ences, Shanghai 200050, China; 2. Graduate University of Chinese Academy of Sciences, Beijing 100049,

China)

Abstract: An in situ reaction-bonding technique was developed to fabricate porous silicon carbide

(SiC) ceramics in air from SiC and Al2O3, using graphite as the pore former. The main phase is SiC

and the bonded phases are mullite and cristobalite in porous SiC ceramics. The reaction-bonded

SiC ceramics possess connected open pores. The linear shrinkage of the specimens before and after

sintering is between –1.5% and +1.5%. Open porosity decreases with the sintering temperature and

forming pressure, but increases with the graphite content. Bulk density and mechanical strength

increase with sintering temperature and forming pressure, but decrease with the graphite content.

The pore size distribution takes on a bimodal distribution when the graphite particle size is 20.0µm.

In addition, as-fabricated porous SiC ceramics exhibit low coefficient of thermal expansion, high N2

permeability, excellent high temperature-oxidation resistance, good acid endurance and relatively

bad alkaline endurance.

Key words porous SiC ceramics; reaction bonding; porosity; strength


