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 TaC �D�[��'4Q��T℄rGx� TaC Bi5�/���0JHA�[�'4Q��℄r2G.�7S����W�Gv�O��[3A��D�|�= J ,�TaC; 
knA-y�O�V0��g0J℄6�h8R��TB332 nr�bW�A

Research of Cf/TaC Composites Prepared by Low Temperature Chemical

Vapor Infiltration (CVI) Process
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Abstract: TaC was deposited by a chemical vapor infiltration(CVI) method with TaCl5-Ar-C3H6 system

in the carbon fiber felt. The influences of temperature on CVI deposition rate, deposition uniformity,

phase composition, crystallization size and surface growth morphology of TaC coating in carbon fiber felt

were studied. The experimental results show that, the deposition rate increases firstly with the rising of

temperature, reaches its maximum value at 950◦C and then decreases; at 900◦C, the deposition uniformity

is the best; the highly crystalline TaC can be deposited between 800◦C and 1000◦C and the crystalline size

increases at elevated temperature; it is island-like growth model of TaC on the carbon fiber between 800◦C

and 1000◦C; with the rising of deposition temperature, the sizes of the deposition islands increase firstly

and then decrease; the diffusion ability of the deposition islands increases, and the deposition islands link

and melt each other at elevated temperature.

Key words TaC; chemical vapor infiltration; deposition rate; microstructure growth morphology

1 �|g�� (TaC) �Rv 4143K[1], HP��R�%t�}!\�Æde'!��R��mX�sRWp, (��,) `QX�s%:X
4/
C/C M}�$e'�t��mC�"!C�
C C/C M}�$�R�s{��s%:Xs^q
�_L�h/�$\�Q�vI [2−14]. j

Ofs^A8
��DÆ�	��H; TaC r/� C/C M}�$q��pO&N [2,3]; 4H�Æ�E- C/CM}�$/��� [4−9]; �H CVIA8C1kpqj6�0AP TaC �EÆC(\0
��tA8n6��El#`- C/C M}�$/���H�tZ/E�A8
QZ��
�i�/�$\�Q�f� [10−14].�; [4] A TaCl5-Ar-C3H6-H2 p*
 �mp;℄[� 2006–04–24, .y:;℄[�2006–06–26DMvY� k, 973 �gr℄JM (2006CB600908)�IL� ROv (1979– ), R�6Fr℄1 E-mail: pallettechen@163.com
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C C/CM}�$0Ak# TaC�E
4ys^!�(-�EWD"�h^7��HÆs^0F
C 1100∼1400◦C >�U
�EWD#g��y'�$�j�W
uomR�(y H2/C3H6 �,�(
x8T$�j�)�
mR�(
�= TaC�E�t�^sHz
l<[(0=Æ-+CjKqj6�0A�mpC.z8k# TaC �Eo[
uos^6:CP �(R+ 1000◦C 9
jK1kp:X���t�.zÆ�k
&\�v�s^C�(�+ 1000◦C 9 CVI 8k# Cf/TaC M}�$o[q�(-P W1�P l<��E!CWD��U^s��E2L^7��H
4-j6�0A�mpCP TaC �E�2Lo[O`!5�D#Æ
2 a~
2.1 �"T; z A  j K � 1 k p 
1 k p ^ s Æ
φ70/50×10mm, 3?>(Æ 0.16g/cm3.

2.2 
�?*nO� CVI .U��� 1cm ho?
u;�lzO�l�? 7 VjK}_Æ} 1 H CVI ;�l"}_�?E�}ÆÆ!8' TaC �E-6��^!
J3Cj6�#3k#�E�J C. ��A TaCl5-Ar-C3H6p*
CjKqj6�0AP TaC �EÆ TaCl5H�tCB��(0`x��BRVpp�!m
�k% � TaC � Ta 4Ædf� TaCl5 EJCV6lq%/�V6^W TaCl5 Vp
# Ar �Æ?p4/fbpp�iO� CVI ;�l
(�#,�*~kÆC;�lq TaCl5 Vp/fbppuo��O�jKp
C H2 �� 0%Æ3W Ta 4/2'DJe�� C 62;�^W TaC. f�;��B (1) `E
;z\BP�0 1 `EÆ
2.3 xZH%� W�(Æ 0.01g ���qa-}_O`T

| 1 CVI :�kD�|
Fig. 1 Schematic drawing of the CVI reactor�� TaCl5+C3H6 →TaC+HCl (1)v
� 
&m D/max2550VB+18K�� X *?y*� (XRD) D#j6�0A�E�!CWD
4X Scherrer^B- TaC�U�^sO`*YÆ JEOL-6360LV [�B��8�Y (SEM) hF�E�0A�h2L^7Æ

3 K>AfV
3.1 l34(EeUG(EP�x1�uP W1 jK}_�alHv�D(0E
P l<E |VjK}_�Hv�D(0E
*Y^B�0�

∆m =
mf − m0

m0
× 100% (2)fq
 ∆m Æ}_Hv�D(
 mf Æ}_P ��m� (g), m0 Æ}_P t�m� (g).} 2 ÆP �(/ TaC CjK1kpqP W1�f*�?}
n} 2 x�qe
P W1\�P �(�5R3H/�8T
C 950◦C 9v��zbÆ} 3 HjK1kpC 950 y 1000◦C 9�mpC.z / P TaC ���FA}Æn} 3 x�qe
C 1000◦C 9
1kp�0E%�
4f*|,u�
=�1kpq4�j6�0A�:��t�P �C 950◦C, E9'e:St{�Æ 1 CVI 5�� TaC `}<�$d

Table 1 Process parameters for TaC prepared by CVI method

Volume flow rate/mL·min−1

Deposition Deposition Deposition

temperature/◦C pressure/Pa time/h Carrier Dilute gas C3H6

gas Ar Ar

800∼1000 600 4 400 200 30∼40
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| 2 �', CVI-TaC O�V0
�G
Fig. 2 Effect of the deposition temperature on

deposition rate in the CVI-TaC process"{ 2 wY� TaC AhIn		jm�N�U/-N��&Z2	e(8H{ Arrhenius ?Y�
{�&+N�nY	�F�w�℄� 3 .C�&+N�U/	�F [15]:

r = P 0
A/

[

1/ae−∆Ea/RT +
1

bT 1/2

(

1+
1

ce−∆H/RT

)]

(3)�n� P 0
A �9�'a>Co� ∆H �nY	�,�a �b �c �HO�"j℄�w�pb��&+.?nY	�F'�K>�?Y�n+% �jI (1/ae−∆H/RT ), �%��jI (1/ce−∆H/RT ). A

| 3 9wO��'/ Cf/TaC L|>"
�gH`
Fig. 3 SEM micrographs of Cf/TaC deposited at dif-

ferent temperatures

(a) 950◦C; (b) 1000◦C

800∼950◦C 	�&~2S� TaC A0inn	,x / N�nY38G{�<{h}i���1G �jw��jnY_v��	Gl�
TaC AhIn	N�U/A 950◦C 7t��w`�"{ 3wY�A 1000◦C 7�N�U/91.<	~~2�A*N�nY	"{+��_}i�~N�nY${+��_<i7�w.O9�mnA�t0innZ{+s	X5/�9��.C{+nU$ TaC $��3e){+t��d9�mnM�S={+N��<�*0inn2	{+�8�s_�0in8V��j:	N���r�g|^	Fu6&�bj1)Xb�	N�U/�R��&+ CVI-TaC N�j:a	�F�{ 4 _C�"{ 4 w�pb�A 800 � 850◦C 7N�U/Z9�jxL�h	F-1F-�N�9�8f%� 900◦C 7N�U/'�j:�N�U/t9�j�h1F-�6&�}e,	G&8w�A

950 � 1000◦C 7�N�U/t9�j�h	F-#f.<�e2�A*℄uV�-.C{+$�V��
3.2 TaC i&/os�)FjN+-{ 5 G8v�&.h4�.?~C	 X (=w(b�"{ 5 w�pb�A 800∼1000 ◦C 	�&<	S�#w�N�b TaC ~C�xeF\#~1��GS&�r�(��A 800w 850◦C 7f� TaCF��pA C F�Z�N��&3P� C F6��� 900◦C 7�C FQ6�R~~GAN��&�+��7�"*� (1) n TaCl5 28_C��gh4�.?pA.,	�IhZ�Wb Scherrer ℄��" X w(�P�w)X�S\q� Scherrer ℄��� (4) _C�

| 4 �', CVI-TaC yMO�V0
�G
Fig. 4 Effects of temperature on deposition rate

of TaC along the reactor axis
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| 5 i5�/� TaC �D
 X )>x)
Fig. 5 XRD patterns of TaC coatings on the

carbon fiber

| 6 TaC �DT�℄r[O��'-
�>
Fig. 6 Variation of crystalline sizes of TaC coating

with temperatures

Dhkl =
Kλ

βhkl · cosθ
(4)�n�Dhkl � [hkl] SL�S\q� β �w(F	�P���P��C�& IW(~��C�&.t�7); K �\eHO� λ � X (=5I� θ �;�Tw(?�w(F	�P� β GSnwR (Dhkl) 	pO�Z�SnwR (Dhkl) 	Fw�w(F	�P� β,R�9ZD,w�{ 6 GWb Scherrer ℄��" X (=w(F�P�)Xb�	 TaC �S\q-N��&	e({�"{ 6w�pb�Z��&	3P�S�\q{�Fw�A 800 ∼950◦C S�\qF-'�`��1~�&t� 1000◦C 7�S�\qDnUF-�

3.3 TaC i&_'wX7p{ 7 � 800 � 900 � 1000◦C 7h4�.? TaC

	N�\5{�"{ 7wpb�TaCAh4�.?	N�/I���/IG��A 800◦C 7�TaC N��'�-R� TaC Ah4�.?j:N��N��-N��Z28%�{��Z2{+�R�A
900◦C 7�TaC N��\q' 800◦C C7Fw�N��-N��Z2b9���C�{��-�Z2	{+Fw�A 1000◦C 7�N��\q' 900◦C7$%6R�N��-N��Z2�{-f�N��Z2�C7{+�h4�.? TaC ~C'�g=�m��j?&�R���	�X�\U	nYG1\URC�i�Z�C�iIw,UR����S��Iw/UX��A	jm�N�nYn��a	UvnY+N��	\ewwRhh�a����FUvnY	�T~~%�&�m�n�w&��nka� [16]. +* TaC Ah4�.?\

| 7 9w�'/ CVI-TaC �D�gÆ℄℄6
Fig. 7 SEM micrographs of CVI TaC coatings deposited at different temperatures

(a) 800◦C; (b) 900◦C; (c) 1000◦C
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∆G = −

4

3
πr3 ρ

M
RT lnS + 4πr2σ (5)�n� r �Sv�Z� ρ ��n=&� M �I2l�� R �mnHO� T �i+�&� S �n�w&� σ �Sv.?	"V�(?��IG�,n�	"V,	�RGm�\v	� ���3I��,F-	.?V�RG\vnY	��:�	�++Sv�Z r }��3*�O� 07�w}�'KSv�Z rc:

rc =
2σM

RTρlnS
(6)
{w��w\v	"V,	�

∆Gmax =
16πσ3M2

2(ρRT lnS)2
(7)7��\v_e	�wV�7R�7ÆÆ\v�mSv'K�Z	?&�p� rc 7R�7Æ\U��	Sv��&+	jm�N� TaC nY	�F'�K>�m"�wY� ∆Gmax - 1/T 2 UX'�(���&tn.?	"V σ -n�w& S ��F

∆Gmax. �Kgwy�!-��lb	�&-.?V!Uqn�w&	e(�� (8) � (9) _C�
σ = KV 3/2(Tc − T − d) (8)

lnS =
∆HV

R

( 1

T
−

1

T0

)

(9)�n V �I2C�n�� Tc �'K�&�K � d�HO� ∆HV �U5�� T0 ���B��+*'KSv	\UU/�1y (Becker) w�& (Doring) lb��.e(��
I = z · exp

(

−

∆Gmax

kT

)

(10)en z �HO�
{ (5) � (7) � (8) � (9) �wY�Z�N��&	3P�\v_e�wV�<��7ÆÆ\v�v7'KSv�Z rc 6R�\U	Sv7���Wb� (10) wY�\vU/ZN��&	lPXOFI�m{ 7(a)∼7(c)p��&-\vU/�!'KSv�Z rc Z2	��je(38V~r	H{8v�&.h4�.? TaC ~C	N�\5�~~

C TaC ~CN�\5\U	2��fm TaC ~C	/InYM_C"�A TaC ~C\U	�aE)��Wme	2��C�� TaCl5 �H �Cn>�iZ��[a�h4�.?"35/9��\U%Ne	 TaCC��
TaC C�Ah4�.?1G\U��Wj:�-R1xw�= 	C����;w�\P�:RWC��S�����RWK�|�|	R�8*�CKX	N�C��3-ea	R�{31}9Iw�1�	OLD~�t��w�AR�{3nYM_	v7�zb�	h4�.?")�\UX	R��R�R�\U-{3	nY8*M_�̂�b�	R�Z2���CU℄���e+.�Wb�	{"�b�	{"8*$�N��	C�_s_ [17].m{ 7(a)∼7(c) w�59�A 900◦C 7��	\q�w�}=&�R��_GR�~�& <900◦C7��\qZ�&	3P1Fw��=&Z�&	3P1<��1~�& >900◦C 7��\qZ�&	3P16R��=&Z�&	3P1Fw�RG��~�&~�7�N�C�A��.?	��U&~4�;	= <	�%<�ewV-��P	\vnZ�\U~.R	��{ 7(a) G TaCC���V�%<�w�Sv[W/I	Gl�C�A�th4�.?Z���Xn.?��nY_$�N��	v3��eN�	�h_Ge%N�4�.?	�h�~�&993P7�N�C�A4�.?"	��V�,u�RWN�C�w�A4�.?"��_��w��L��NW6
a>�h	NWv��+5�1�w	�"*%w	+K?��I�RWN�C�	$/Yw�Z��&	3P�N�C��L��w�"	$/�F-�<�w�/IU&Y���\qFw��=&6R�{ 7(b) n�\q�w�1�=&�R�e\U2�XG"*A 900◦C 7N�Ah4�.?	
TaCC�	d%�u	��V���1YÆb9w�r3R�	9P�~/I�&P* 900◦C 7�:U\vnZ��#VaU��U��	���jZ��&	F-�C�\v	>�V�lP��\q6R��=&F-�
4 KV

1. TaC AhIn		jm�,xN�U/Z�N��&	3P1F-�6R�A 950◦C 7t��
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292 � � > " k � 22 gw`�1A 900◦C N��j:�
2. A 800∼1000◦C 	�&<	S#VN�bGS&�r	 TaC ~C�3xZ��&	3P�S�\q{�Fw�
3. A 800∼1000◦C 7� TaC Ah4�.?		jm�N�/I#G��/IG��Z�&3P�N����V�Fu��Z2���C�{�#Qmq
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