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Fig.1  Schematic of mould for fabricating multifilament 

composites 



� 10�                ����,Z[\]56!"E PIP#Ngh 2D-SiC

f

/SiC56!"_�`BQRab              ¢1861¢ 

 

=abö��÷Dv�. PCS/Xylene ¡¢�ãß?

ý$WX!þ���!�h"í������ 800 Ó

YZ!@´ü{;:
yST�67g�
��
3 

´ü��AB. PIP <=abm SiC ��·��

�	
!�h�0�
�
 -�� <=67

2D-SiC

f

/SiC �EH�3�
R PCS�DVB�SiCp �

��ïÖ�|����6�E!����
����

�Î�3ö	
h. SiC ��·��E 90 mm�60 

mm!��� !��?!Î��"�#�
�
!$

S� -àáÍ�-YZ-%�&' 2D-SiC

f

/SiC �EH

�3�hUSV
¡¢�ãß(PCS/Xylene PCS 50%)

WXYZST�>[\�!6&[\. 2D-SiC

f

/SiC

��	
��
3 

a()*~+,�0.Æ��g�-.� /0

~�

[3]

!w0 CSS-1101123Ï4 ô�50�g�

.-.¥Y��3�0 CSS-1101123Ï4 ô�5

0ô��
��
.6M¦§��378 50 mm!7

��9 12!9:;p 0.5 mm/min!0�f<= 3´ô

>.µÎ?3 

�������	�

�����PIP ���� 

PIP <=RD¡¢�"YZST?@A°
B.

��V/!�CDEFG:.�HIJ!@m��K

EL
������3xyr��(Mõ¡�0tN

�.¡¢�ãßm����WXYZ�	
!lO;

	DPM(M«Q1RUtN� PCSãßWXYZ	


@�stm��.����!�C!�0tN�¡¢

�ãßWXYZ<="��j�FE.	�_S!/

�_t!	�TYUV@�WX!m��.L
��

@�WYZQ2RUS[\tN�¡¢�ãßWXYZ

	
h@�"��j�FE��

[4]

! ]'^_
�

�
��.n0!�
��
��� q�3RD PIP

<=[\�ST	r�0 50%. PCS¡¢�ãß��

WXYZ	
!xyr��ö 50%PCS¡¢�ãßW

XYZSTå9[\�<=!ö 10%tN� PCSãß

WXYZ<=å9���	
3 

	D�`(M!m PIP <=��£AB!��<

=ø�«m SiCg���U 10%. PCSãßWXYZ

0�1�2�3�4\�	
h!�0 50%. PCSãßW

XYZ 1 \6Eg�
��
3m SiC ��·�>¡

0 10%. PCS ¡¢�ãßWXYZ 0~4 \!aEm

SiC·.�	
h!�0�

�-�� WXYZ<

=6E
��
bc!�hw0 50%PCS¡¢�ãß

�� 14 d]^WXYZST�e[\�!6E

2D-SiC

f

/SiC
��
367g�
��
���
�

�
 PIP <=v�"D!g�
��
d��£ 1 \

50%¡¢�ãß.WXYZ!h^[\�STf��

�!x9g�
��
CD[\�!U 1\ 50%¡¢

�ãßWXYZSTh!g�
��
gUFE!h

9:;.5!RDg�
��
.��US 1 \WX

YZhg	rFE!�� PIP <=m��.L
��

����"ê 1 \WXYZST?89G:!h^�

�gvÞi!j��.kl��"U 1 \WXYZS

Th	rm�

[3]

!xyg�
��
U 1 \ 50%¡¢

�ãßWXYZh	r@�Vnog�
��
.�

�� !v0p67�����
��
{USV


.[\�ST3 

67og�����
��
h!��m>��

� ��0ô!�mP}
��
"v� PIP <=¤

J���� q�rs��m�!�ªw0g�
�

�
m��
��
��� jk.�o�3 

�����	
 PIP����
������ SiC

f

/SiC��

���������� 

v� PIP <=67.g�
��
-.¥Y��

øù 2úû3Rù@t!UStN� PCSãß�	


hg�
��
¥Y��Þi�Du	
.!��E

tN� PCSãßWXYZ\b.�9!g�
��


¥Y���9!U 3 \tN�¡¢�ãßWXYZ	


h!g�
��
¥Y��v'8G?!w���

�	
!¥Y��V�st3g�
��
¥Y��

.GYO;�U£��.kl�������	�.

��f���3��kl��=xD��"FE
�

�
ST?RD¡¢�YZm��.������R

D	�IJúKE.L
��!�C¥Y��.GY

y�U£
��
.��f�z{!x9g�
��


"|:ST?�>y}"F��~o�Y¶��� 

 

 

 

 

 

 

 

 

 

 

� 2  kl PIP�£¤#N\]56!"_�`B 

Fig.2  Mechanical properties of multifilament composites 

prepared by different PIP pre-treatment processes 

0         1        2         3        4 

Infiltration Pyrolysis Times 

170

160

150

140

130

120

110

100

T
e
n
s
i
l
e
 
B
r
e
a
k
i
n
g
 
F
o
r
c
e
/
N
 



¢1862¢                                          ¥C¦§!" #$                                           � 38� 

 

��56!�ml���56]x��n0.5
�

�
.����!�¥Y��.�ty�U£��f

�.�c3xy!�`�.�ª@��o!g�
�

�
�����
��
����|�.��!Q5

���f�z{����kl�������!r�

`5��.!xy@�$Sg�
��
mv� PIP

<=67.�����
��
��� ��jk!

���'|}m
��
67<=ab_9K�.�

�~�3 

v� PIP <=67.��
��
¦§��øù

3úû3Rù@t!��
��
¦§��Ev� PIP

�	
<=q�rs�g�
��
a�|[!Î5

w0 10%PCSãßWXYZ�	
 3\h
��
�

�� 8�!��UStN�¡¢�ãß�	
h!


��
��Î�Du	
.
��
3 

UtN� PCSãß�	
h SiC��j�F��

��
��
¥�F�����
��
���k�

��� ���������E�	
<=q�rs

n�"��[5]?�S1��ª!v���3 

�� ��!"������� 2D-SiC

f

/SiC ������

��#$%&�'( 

r¨©0g�
��
¥Y���f�0¥Y�

�m��
��
¦§����jkO;�xø�«

Q1Rg�
��
��Fzvr�!>���H��

�m0�ZQ2Rr���0. PIP<=ab��vG!

g�
��
��H	r��!w0¥Y��@�m

g�
��
¥Y������.jk3xy!� 

0g�
��
¥Y��m��
��
¦§���

�jk3 

� 2.2 ¡.�ª@��o!g�
��
���


��
��� E PIP <=abq�rs|[!r

¡ömP�.|[T����ª3õ¡�¢Uv�\ 

 

 

 

 

 

 

 

 

 

 

� 3  kl PIP�£¤#N^256!"_�`B 

Fig.3  Mechanical properties of 2D composites prepared 

by different PIP pre-treatment processes 
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Table 1  Mechanical properties and their ratio of 

multifilament and 2D composites fabricated 

by different PIP processes 

Sample 

Raw 

materials 

Infiltration and 

pyrolysis times 

using 10% PCS 

solution 

Tensile breaking 

force/ N or 

flexural strength/ 

MPa 

Ratio of 

mechanical 

properties 

F-0-10% 0 101.5 - 

F-1-10% 1 135.0 1.33 

F-2-10% 2 147.9 1.46 

F-3-10% 3 162.2 1.60 

F-4-10% 

SiC fiber 

filament 

4 151.3 1.49 

C-0-10% 0 163.5 - 

C-1-10% 1 218.5 1.34 

C-2-10% 2 229.2 1.40 

C-3-10% 3 245.9 1.50 

C-4-10% 

SiC fiber 

plain- 

woven 

cloth 

4 175.1 1.07 
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Characterization of Mechanical Properties of 2D-SiC

f

/SiC Composites 

Fabricated by PIP Process Using Multifilament Composites 

 

Liu Haitao, Cheng Haifeng, Wang Jun, Tang Gengping, Zhou Wang, Zheng Wenwei 

(Key Lab of Advanced Ceramic Fiber and Composites, National University of Defense Technology, Changsha 410073, China) 

 

Abstract: In order to find a simple and effective method to optimize the process parameter of precursor infiltration and pyrolysis (PIP) 

process for ceramic matrix composites, the viewpoint of characterization of the mechanical properties of 2D composites using 

multifilament composites was put forward. Multifilament and 2D SiC

f

/SiC composites were fabricated by five kinds of PIP processes, and 

the change rules of mechanical properties of the two kinds of composites with different PIP processes were investigated. Meanwhile, the 

validity of using multifilament composites to characterize the mechanical properties of 2D composites was analyzed. The results show that 

the change rules of mechanical properties of multifilament composites with PIP process parameters are in good agreement with that of 2D 

composites, because their interfaces, fiber damage and other characteristics are basically the same. The ratio of mechanical properties was 

employed to characterize the consistency between multifilament and 2D composites. The results indicate that the mechanical properties of 

those two kinds of composites have higher consistency, but it will decrease with the complexity of PIP process increasing. The mechanical 

properties of 2D composites can be well characterized by multifilament composites, and the process parameters of 2D composites 

fabricated by PIP process can be optimized primarily, which can enhance the process design efficiency obviously. 

Key words: precursor infiltration pyrolysis (PIP); multifilament composites; 2D-SiC

f

/SiC composites; mechanical properties 
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