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Formation Mechanism of TaC by Tantalum-contained Resin Precursor
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Abstract: C/C-TaC composites prepared by liquid precursors are promising in improving the ablation

properties of C/C composites. The formation mechanism of TaC by tantalum-contained resin precursor

was investigated through the analysis of components and morphologies of tantalum-contained resin after

different heat treatment by XRD and SEM together with the DSC-TG results of tantalum-contained

solution. The results show that tantalum-contained solution promotes the solidification of resin. Treated

at 100◦C, TaF5 will hydrolyze into TaO2F and the resin will solidify. Treated at 800◦C in vacuum

atmosphere, part of TaO2F in tantalum-contained resin will decompose into Ta2O5 solid and TaF5 gas.

Then, Ta2O5 will be reduced and compounded by carbon into TaC with fine sizes at 1000◦C. The loss

of tantalum can be controlled by prolonging treatment time at lower temperatures (room temperature

–100◦C) and introducing anhydrous ammonia into the solution.
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38y� C/C m�SP.?Z TaC � ZrC �
SiC � HfC *�;//o38u C/C m�SP&!�/�E�k-Wq_�q
wu&5�b�?we&yVo^	w l\N11 C/C m�SPw\:�&�WqSP [3]. Choury G!y [4], 8'�q
 3700◦C US&$iSP	5-e�;��//o?Z� C/C m�SP.
~!	� C/C m�SP.?Z TaC :DlE1ZS	N1�Uh�s3~℄N�9lx'=	3B=
p'	CÆub�:eh�D/\ TaC, �1ZSY)P3~℄	L& TaC llnFbM�3B=. [5]. TN1ZS�>f/3�ÆhG (CVD) ?/3�ÆV`
(CVR) '* TaC KZ [6−8], �1'*KZ&ZS	�KZs3B=SP&o:�/3Æ>*h9	Yy�KZ�6j�
L&	�l/3�ÆhG TaC&}0=�~��n�	G^*D*u	5�e
0E1ZS�Uf�LSe TaC ?Z� C/C m�SP.	�g3�^*D*_�	5�nB
�in�/hs//h&p��s C/C m�SP&p�Æ^n�	Uf�H&F�o:ZS�U:���	Y	l_�Qys3SP	�x�{s	`
`EI.		l`��RLa�SP&Wq*�
�# [9,10] *&!e TaC � ZrC *�;��//o:�n��.
p C/C SPt�B=o*	
|M�V\!WqSP&G�!�
V�N [11,12] *Uf�LS� C/C m�SP._��;��//o (ZrC � HfC � TaC � WC), �_���8uSPWq*�&��
��x TaC &?Z'*yWUl��NN8�
0(9Q8'MN12LÆ�h���LS	�LLn�&X9*"�M�L9�:'*&
C/C-TaC SP. TaC &nFbM	!�8� [13,14]P��h���9�:Æp.95P	
l TaC !9y�.^`o�g/h� Ta2O5. �G9�:Æp.hLs^a�� ^&�u��h����D>
l�g/hUK�g/h��D>l Ta2O5FS/- C 2|l TaC &F'F_:u(|
0

dCÆG�h��LGb��:'&lb�$iFw�hLs�h��& DSC-TG &br	q|MhLs�h���9�:Æp.+P
&NuQ/3V`	F8yMUfefb�9�:oCl��3Æ�{g�8u TaC &D/_&~&

2 !8�t
2.1 ?n�

HF \eL�$
w/yf
`&br�	�JLYn 40%, i� GB620-93 ?G
 Ta d\87b*��IMl�{�
`&E�N FTa-1, C�\ 100µm. ^a��ia6=X/yl�{�	�*�!?aB 1.

2.2 "9eN6J& Ta dZAgl HF =L&!P>�.nl
�^*&p3X� 80◦C�wZ9
�>Æp.P� Ta d4 =z	Go'a�=fy
�V`Sl'P�!P>�7S�l�Jd{
�eS�=LÆ`'&hL�^a��UN61?:�Æl�h��
e�h��n�+q`\.�' 100 � 300 � 500 � 700 � 900 � 1000 � 1400◦C9�:	F& 1400◦C 9�:o&\\A CVI( /3�ÆhG) 3	9�:oUfd�"*	fb _\ 20◦C/min. 100◦C 9�:'y\&�h��S2�/	�'aL=`y
 300 � 500 � 700◦C 9�:&�h��RLGp�3/	llL=	�

2.3 
p~.Uf SDTQ600GN9brO� 0∼1400◦CGhL�' DSC-TG br
�>fb _\ 20 ◦C/min,UfX9d�"*
�>S2'	P�ElhL&�I�Y[�l�J�=o*
>f 3014 ! X \
;\O (XRD) GV`>�7S&�Jd{UK�h���LGb��:'&o*K� 1400◦ CDSC-TG br'&WVo�'oÆbr
>f JSM-5600LGt4
GS�o*�' SEM $i�\
m 1 JK%Dy4�Fl

Table 1 Properties of furan resin

Brand Free formaldebyde/wt% Solid content/wt% Nitrogen content/wt% Viscosity(25◦C) η/Pa·s−1

Furfuralcohol modified
5 75 13.5 40–80

urea-formaldebyde
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3 �8
�>}-
3.1 �L$C�u��q{=3�{,�e��JD`>7~7%j``p`I 1,"g�[`I 2.<J6Q�H
z��e�� 100 � 300 J
500◦C 7~7%$ XRD I�`I 1(a), �I 1(a)%S�w��m��Z TaO2F, %�e"$7~7`>$dsK<[C
�H
z$ SEM "g�[
(I 2(a)) �u��hs
� < 1µm $v�"APj�%��r��oM$v�"AL��M�
%`�hm Ta
<m HF [7�aj$ TaF5(`T^
(1)) XINa�xKajK�oMAJ TaO2F(T^ (2)). I 1(a)+ TaO2F$e"$7~7`>$dsK<[C�u$H7~7`>$ds��xaj$ TaO2F �-n>ds� SEM "g��I 2(b)� 2(c) +�5$v+u�F�rK7~7`>dsv# TaO2F �-n>ds�Dm0N� TaO2F$�:s
j$7~7`>dsKb�$+�
�e�� 700 � 900◦C 7~7%$ XRD I�`I 1(b). 700◦C 7~7%$m�Z9B� TaO2FP�XI Ta2O5. � SEM "g (I 2(a)) �zj�

H�Y>:Fm(l�aj�j`Z Ta2O
[14]
5 . u� r 100∼500◦C $ XRD :[`pu	�%35�� Ta2O5 �h TaO2F B<K1
 900◦C 7~7% TaO2F Q1OB<Z Ta2O5. 
� [15] }Z�

500∼700◦C `>,\� TaO2F p����Sy (3)yyT^���>md�K� 700◦C SQ�TaO2Fp���%ST^ (4) yySm/�>�%
.�<+hmeJp��+��XI��7~7�n+�)p^Z+7jXI����
*S��T^ (3) p (4) Na$4B�d� 700◦C 7~7m%NDjQ� TaO2F $�xT^Na
I 1(c) �e�� 1000◦C 7~7%$ XRD I��uO` Ta2O5 p C Na0z - -�T^ajK TaC y (5), 7D0T#T^ (5) y$aj`>Z 1109◦C[13], hm.5Æ+ Ta2O5 �0�Zraj$���;(ms�*SjT^ (5) Na��hm7~7`>J|s�*SVoXO`T^B-$ Ta2O5. I 1(d)1400◦C 7~7%$ XRD I��u Ta2O5 Q1OB<ajK TaC. � SEM "g (I
2(e)) m�u�$�eF$H���0�eF"gp��$0-mW��j�
s(�[ (I 2(f)) N�aj$ TaC "Av��s
�; <1µm.

J 1 KEa?8�8&�f��% XRD J�
Fig. 1 XRD patterns of tantalum-contained resin after heat-treated at various temperatures
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J 2 KEa?8�8&�f��% SEM #h
Fig. 2 SEM morphologies of tantalum-contained resin heat-treated at various temperatures

(a) Without heat-treatment; (b) 300◦C; (c) 500◦C; (d) 700◦C; (e),(f) 1400◦C

2Ta+10HF→2TaF5+5H2(G) (1)

TaF5+2H2O→TaO2F+4HF(G) (2)

2TaO2F+H2O→Ta2O5+HF(G) (3)

6TaO2F+H2O→3Ta2O5+6HF(G) (4)

Ta2O5(s)+7C(s)→2TaC(s)+5CO(g) (5)Ep�e��DZ 1400◦C 7~7$ CVI 0F�%Km�`pp"g�[��u	`C`I 3(a)� 3(b). I 3(a) �u CVI 0�rj TaC aj
I
3(b) SEM "g�[N� TaC S�H$"A�HjL�p�e��B<aj$ TaC "A (I 2(f)) s
���%NY�ajC%4�
MQ%ND�hm TaF5 �M0℄X}""��e��+ TaF5 <J�TZ\_��$}-Q�Td��;i+\_��$}-`>� 100◦C +`7~7��:}-�}-%�e��+$ Ta 9BS TaO2F �:��m��+
+m 500◦C 7~7 TaO2F �:"Na�-pb�� 500◦C SQ�j�����$�dx� TaO2F �xaj Ta2O5,

700◦C SQ�xT^/�Na��%�$7~7`>$V/ds�Ta2O5 p C 0z-�aj TaC. K���7~7�n+9BNa0-�D[w H2 �
H2O � CO '�`J
 1400◦C 7~7m0N�jO`e4N�4N$epDZ+$�,0T^ajK TaC.

3.2 L;x DSC-TG {,ZozQ��e��7~7�n+e$'hC7�EeJ� 0∼1400◦C W8
� (^x�%

DSC-TG `p�DEeJ DSC-TG �<%m($j`p"g`C�%K XRD `pp SEM �[
I 4 ZeJ$ DSC-TG `pu	
�I 4 %S

J 3 q�f��E[ 1400◦C 8�8 CVI .% XRDJ�q SEM #h
Fig. 3 XRD pattern (a) and SEM morphology (b)

of CVI carbon at the same furnace with tantalum-

contained resin heat-treated at 1400◦C
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J 4 fK% DSC-TG aqv

Fig. 4 DSC-TG results of tantalum-contained solu-

tion from 0 to 1400◦C�w�eJ$ TG-��$%`Z AB�BC �CD�
DE� EF 5vsC
eJ$h29BNa�DvsC
.MsCF�9BsC� ABC (�` ∼240◦C),h2Æ 44.33%; ��Na� BC C (240∼380◦C), h2 6 %;R%�� DEC (800∼900◦C),h2Æ 6.54%.xru� t+JD`>7~7%�e��$j``pEeJ TG -�QJD`>,$T^�%`p


B C (��` ∼240◦C): m+`>7~7m�	{Ho HF 4N�4% TaF5 �x��:T^Yn` (3) y��T^S�: HF "y'h 25.64%$(I�rH H2O 4N
Dm� DSC -�Q%N�jt7e M.

BC C (240∼380◦C): hmd`�^/ (20◦C/s),K TaF5 $℄1`>m+ (229◦C),*SjXI TaF51JJ�x��-�ND� 6% $h2L�1JJ�x$ TaF5 �I

CD C (380∼800◦C): kju�$-0T^Na� TaO2F f5��

DE C (800∼900◦C): �ANaK 6% $h2

� [17] # � 500◦C SQ$i�?��^x�

TaO2F %�S TaF5 $"y'hO`e
hm℄7
- 7h2r<��W8
�+�%� BC C4N$����+�w�*S%ND�`>
� 800◦C S%� TaO2F NaK?x$`xT^


5TaO2F
∆
−→ TaF5(G)+2Ta2O5 (6)

EFC (900∼1400◦C): kju�-0T^Na
I 5 ZeJ DSC-TG �<%$ XRD I�p
SEM "g�XRD I� (I 5(a)) �rH~XZ�eJ 1400◦C~7%B<j�Hm( Ta2O5,��p r$`pT^ (6) y$ajm�h
K%� Ta2O5

$"g (I 5(b)) p�e�� 700◦C 7~7$"g
(I 2(d)) 4���H>F:m(l�aj�O`>F:Ar0%��u�$,:
��f�h TaF5�:�w%Ux$,:TiQ�u
Q�T^ND��%Sx�Qt+p�e�� 1400◦C DZ~7$ CVI 0B<aj TaC $C7
� 800∼900◦ CTaO2F `xaj$ TaF5 4N�4N$ TaF5 >O`+�N$ TaO2F+tn� CVI0Q�DmF/Na�xT^ (2) � (3) > (3), `>V/ds�Ta2O5 p CNa0z-�T^ (5)ajv"A$ TaC.?B-%eJ7~7me$4N'h�%A�-% BCC� DEC$h21r�
BCC�1JJ�x$ TaF5 4N*$�*SBi+�sC$e'h�%A�9b ABC�6zuO$m\6 TaF5 R1�x
 DE C$'h%A�7~7 (500∼800◦C)mA���v TaO2F �xj Ta2O5 K8q TaO2F$`x


J 5 fK DSC-TG(0∼1400◦C) �=&% XRD J�
(a) q SEM #h (b)

Fig. 5 XRD pattern (a) and SEM morphology (b) of

tantalum-contained solution after DSC-TG test from

0 to 1400◦C
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4 '��e��+ TaF5 <JTZ\_��$}-Q�Td�}-%�e��+$ Ta 9BS TaO2F �:��m��+
+m 500◦C 7~7 TaO2F �:"Na�-�K}-$\_��Na7x0-T^
�i (�^�dx$�)+7~7m�hm��0-�<J._$�`4N�Z�jXI�������e��+$XI TaO2F 7Na?y
(3) � (4) $�xT^
hm�)p^Z+$��j�� TaO2F D^R1�xj Ta2O5, �`>ds� 800◦C SQ�kj�x>1JJ�x$ TaO2F`x��$O` Ta S TaF5 �:4N
7~7`>ds� 1000◦C, �xp`xaj$
Ta2O5 p C 0z-�aj TaC. Dm`x$ TaF5�:+0 (�0��0pDZ~7$�,0) *tnDNa�xT^KB<j Ta2O5, Ta2O5 p C V/Na �0z-�T^Kaj TaC.Bi+�e��+$'h�,-% Ta S TaF5$"y4N
%A�SxM0YQr�Æ

1. -%�` ∼100◦C $d`�^�S: TaF5u`R1�x� TaF5 $R1�x��z BC C$h2

2. �A= [19] }Z�� 150∼500◦C `>,\�Ai���v# F− p NH+

4 u�j NH4F, �K8qS TaF5 $�:'hp TaO2F $`xT^�j$ Ta $'h
K t4b$7~7 (500∼800◦C)mA���v TaO2F �xj Ta2O5 K-%eJ'hYQJPTd
℄Z�e��7~7m��0-aj0�KA���7�$0p���Na�j�T^ (7)K�j0$'h

C+H2O(g)→CO(g)+H2(g) (7)

5 
�
1. �e��+ TaF5 <JTZ\_��$}-Q�Td�}-%�e��+$ Ta 9BS TaO2F�:��m��+


2. �)p^Z7~7�e��� TaO2F O`7s`�xaj Ta2O5, O``xZ TaF5 �:�
Ta2O5. Dm���0-�$7~7`>ds�Ta2O5p C 0z-�aj TaC. 4N$ TaF5 �:+�,0tnFNa ��xJp C 0z-�T^ajv"A TaC.

3. %A�bm\+`~7 (�` ∼100◦C) �Ai�� (150∼500◦C) 1-%�e��7~7me$'h
o�*0
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