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Synthesis and growth mechanism of
TiC-SiC composite powders by carbothermal reduction
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Abstract: The TiC-SiC composite powders were synthesized by carbothermal reduction using silica sol, carbon black and
titanium oxide as raw materials. The effects of reaction temperature and titanium oxide content on the phase compositions
and morphologies of TiC-SiC composite powders were investigated. The thermodynamic analysis and calculation were
performed systematically during the reaction, and the growth mechanism of TiC-SiC composite powders was discussed.
The results show that synthesizing TiC-SiC composite powders at 1 600  for 1 h is suitable. In the reaction process, TiC
forms ahead SiC, and the formation of TiC inhibits the grain growth of SiC particles. When TiC content (mass fraction) is
about 10%, the formation mechanism of SiC is transferred from vapor-solid mechanism to the combination of vapor-solid
and vapor-vapor mechanism. The composite powders are mainly composed of spheric particles, short rod-like particles
and a small amount of whiskers. With the increase of TiC content in the composite powders, the growth of SiC whiskers
is inhibited and the morphology of SiC gradually transferred from long fiber to short rod-like and round-like particles.

Key words: TiC-SiC; composite powder; carbothermal reduction; growth mechanism

(SiC) (1=3]
SiC (4 MPa:m'?)

(50972042)
2010-06-10 2010-10-02
0731-88822269; E-mail hnxiao@hnu.cn



1132 2011 5
99.0% 20 nm
SiC SiC 0.1%
1
SiC
30 min
600 r/min 80 24 h
41 Tic (3000
) ( 28~35 GPa) (®100-1 ) 1 300~1 700 TiC-SiC
20 /min Ar
lh
(651 TiC SiC
JIANG U TiC Silica sol TiO, Carbon black
a-SiC |
715 Sol-gel
MPa-m'? 589 MPa HYUN [ TiC ( E|:|
) 30% aSiC p-SiC
a-SiC SiC-TiC
SiC-TiC
ROBAYIE !V SiC  TiC
TIC-SiC CHEN TiC-SiC composite powders
TiC  SiC 1 650~2 000 1 TiC-SiC
Ar TiC-SiC Fig.1 Procedure of preparation of TiC-SiC composite powders
TiC-SiC X (XRD D/max2200PC)
TiC  SiC
[10712] TiC  SiC
TiC-SiC (SEM FEI QUANTA200)
(TEM JEM-3010)
TiC-SiC TiC-SiC
2
TiC-SiC
21
TiC  SiC - 2 Ti/Si
TiC-SiC 20:80  TiC-SiC XRD 2
TiO, TiC-SiC
TiC-SiC 1300 XRD
SiO, TiO, Ti;Os TiC TiO,
1 300
1 400 XRD
1 SiO, TiC TiO, Ti;Os
TiC
Na' 1500 XRD
Na 0.06% SiO,  26%~28% TiO, Si0, TiC Si0,



Fig.3 XRD patterns of composite powders obtained at 1 600
with different Ti/Si molar ratios: (a) n(Ti):n(Si)=0:100; (b)

3Ti404(s) +C(s) = 4 Ti;0s(s) + CO(g)
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Fig.2 XRD patterns of composite powders with Ti/Si molar 1 600
ratio of 20:80 at different temperatures: (a) 1 300 ; (b) 1 400 Si0,
;(c) 1500 ;(d) 1600 ;(e)!l 700 Sio
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() Table 2 Possible reactions of TiC-SiC powder during
synthesis
(b) Reaction No. Reaction equation
1 Si0; (s)+ C(s) = SiO(g) + CO(g)
(a) 2 SiO(g) + 2C(s) = SiC(s) + CO(g)
10 20 3 SiO(g) + 3CO(g) = SiC(s) + 2CO,(g)
4 CO,(g) + C(s) =2CO(g)
3 1 600 Ti/Si XRD 5 4TiO(s) + C(s) = TisO4(s) +CO(g)
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7

n(Ti):n(Si)= 10:90; (c) n(Ti):n(Si)=20:80; (d) n(Ti):n(Si)=30:70

Ti;05(s) +8C(s) = 3TiC(s) + 5CO(g)
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Fig.4 SEM images of powder samples with different Ti/Si ratios synthesized at 1 600  for 1 h: (a) n(Ti):n(Si)=0:100;
(b) n(Ti):n(Si)=10:90; (c) n(Ti):n(Si)=20:80; (d) n(Ti):n(Si)=30:70
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Fig.5 TEM images of powder samples with n(Ti):n(Si)=10:90 synthesized at 1 600  for 1 h
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