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1 |wR / R%J4C#J��qm�%J4CI<w:%�eGR�4CIBw+u�e
=�EHRD'�H4CGD[b�,4CzFT
 CVI 3=4
�+�eR / R%J4CwO�f�
a�v$7Hw ICVI3=
4,iz�yi��+
�7H,E�VVj=;O

��yy|�?'�+
5N�zN!y|�Y0
�N!w 1%∼5%[1,2]. C`
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3�-���)�,E CVI 3=
��V� CVI[3,4] �&A CVI �2�~V#
3= CLVI[5,6] ��uH�
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2 dx
2.1 ey
2-+KH CVI It8$w� [10].
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Jeu�o 650◦C, �bw~�&:o 1kPa,~ZH> 125mL·s−1, JgCb`� 2005–08–21, g:uBCb`�2006–03–08LUs_� ?n��_Z(��p (973) kS (2006CB600901)��OT� sZ+ (1974– ), 
�+2(�$� kvYpa�Z{Æ� E-mail: qzhuang@mail.csu.edu.cn



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

1374 z a 2 A # � 21 �e+po 15h; -ro4a�Je�)_V\5u�o 2300◦C, +p 2h.

2.3 5�>=h MeF3A ��
l��/H{}o<:���Rw%�G%GUy

R / R%J4Cw ^-r
H Rigaku-D/2550VB� X �Æ*�7�X d002 !
� XRD wÆw!�s���sG�+-w
�sK
Ews�ut�, 2θ ~
L`lF d002 
Ew�,)_V�� (g), 
�wwt �
a+utl
j� (Lc). Hi��<>':V�

3 RGJi[
3.1 D{^t-+�� [11] #J��V��G HCVI �wI�
o�V�� . 100h 5eitwV�
!-+h 15h h&ut
*�W0&uE�,
Je
�u�+
=;u�}
K;V
Z
��it��RJeu��I�Je
G�Jew��
hV
Z
�N�,	T
V
Zh�E|
wJeCQ℄�&He 1 '1


d 1 ÆW/HD CVI 1<\�
Fig. 1 Process model for the multi-coupling fields CVI�	Lo�V	
JeWy��R**"0�N
V
ZXr�VV�-fh
�V	8��N�VwR / R%J4C
Je-e��
�V	Gr���Z%N*;�J5a(H
r���Zu�L��hG PID )
|�M)

%J4CG~Z_C�^r0^;�>��	LoJel
4LJeN�G�V�k�w�E�

4~Z��G��RJew�.	T
'	%	�V	4;V�j
℄3�V	w4;V��
�N�4,V�V�l
G�Jew��
`	�wg6
�tz*4Ci��V��	u��}
O�~Z�rit��u�
��RXRO"0Je
Lo�(	
o�s�R�qGiY�~w�^r(H/!	wu�&+
 .5p)
~HE�
�	O�~Z^;-:


;

Fick /�o�
���	4�(V
Z
�%%
w�G}�}Yw~�
��RwJeCQ&;H�tM�:%0X> [12]. ���b
�^;4LR8Z�^r�~Z/� - 
H

G"��E [13]. }�^;�(S��g�V� (Fick �K) �&�u�V� (Soret �



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

6 x rY*�xÆÆW/HD CVI �Q / Q#H2A	�f�6�~ 1375E) G�_EV� [11,12] O9
�	4O�~Zw[�	
�w�~-��VY�E|
��wO�~Z-�,T�0
a+�2#/-��9�>
�RV
Zw�V�

3.2 eySHR / R%J4C':V�it 1.71g·cm−3. L`&t
�C
8+!�G3=w�E(�
h�}u�� (650◦C) �&;,EW+V�
|}u�GI�+pO8R|}4Cw
iN!


d 2 Q / Q#H2An;	k�6�Qtp
Fig. 2 C/C composites microstructures under PLMho<��
R / R%J4CO����wl:�7
hd:> (RL ) �<R> (SL ) G-�a��7 (ISO)[14]. y-+
�wR / R%J4C
-*ho<���:�
o<uq�e 2 K1
e 2(a)∼(d) 5am'�3r���>s�b℄g	wR / R%J4C
�-
-��3�z
%	r���>we 2(d) \�"0Je
�//qte 2(a). &;#Y
L�wZW4-�a�wR�q
�q�mwZW4�O4�<%Uy�7w��R
e

2(a) �O�+w<%℄�GjI
��
'W6�O��w.�)
|Ex
�<'"�->k
Y�"?
hZWw�mfh!���w%G�
4;d:>o�w�7�e 2(c)�O4�w<%℄�
�7n4
�<'"�[
'W6�<R
#-Y[
w%G�
W�Ex��&t
<R��w<R>�7
e 2(b) 4mOd:>PO<R>�7wl��7 (Banded structure)[15]. �e 2(d) o�	r���>w0�4;<R>o�w�7
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Zd`\itJeu�+
/�~Z�h�q'W��Je
LR)N2V~44�D�Gh^w\J}
z���E�F%
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Jelg6
-a0sut�-aw�7^-a�7w%
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a+�_E(HG��Hmj�wm�
�_E
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�EK ℄Ve|}
��RwJeoE
Le 2 X&;#Y
-as�w��RN�A(-j
xB[4CV�� a
y4C)_VO

 ^�-rh X �Æ*�7�<u4Cw)_V�o 63.7%, a+lFl
j� Lc o 17.7nm. )_V�+B[Jew��Rw
ZO"�+
^o�	>zw)_
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^O8R
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-+|[
h�}wu��/H�X0JE CVI 3=&;
u)_V��+
l
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 Huttinger z [17] �o
IV"9wÆ����G��^1j���N+�7R

4 R[

1. /�3=CQ7x��X0JE CVI 3=℄�

2. h 650◦C }u�4Ch 15h dV�i 1.71g·cm−3 �V��. ao}N!,E
�+�eR / R%J4CW4�4�&���

3. �_EG!L`wfho,��VVE�
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Preparation and Microstructure Analysis of C/C Composites

with Multi-coupling Fields CVI

ZHANG Ming-Yu, HUANG Qi-Zhong, SU Zhe-An, XIE Zhi-Yong, ZHU Jian-Jun

(State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: With liquified petroleum gas as hydrocarbon, carbon felt as porous preform, C/C

composites were fast fabricated by multi-coupling fields CVI process. C/C composites with density

more than 1.7 g·cm−3 were obtained with lower 650◦C in one cycle within 15h, and pyrocarbon

microstructures were investigated with a polarized light microscope (PLM). At the same time,

densification process and deposition mechanism of pyrocarbon were discussed. The results show

that the density is uniform, and there is existing pyrocarbon with rough laminar(RL), smooth

laminar(SL) and banded structure in the same sample.

Key words C/C composites; multi-coupling fields CVI process; fast densification; density uni-

formity


