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Microstructures and Ablative Properties of ZrC Coating

by Chemical Vapor Deposition

XIONG Xiang, SUN Wei, LI Guodong, ZHANG Hongbo, XIAO Peng, CHEN Zhaoke
(State key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: To improve the anti-ablative properties of carbon/carbon (C/C) composites, the controlled preparation of zir-
conium carbide (ZrC) coatings of superstoichiometric, stoichiometric, and substoichiometric compositions has been a-
chieved utilizing zirconium tetrachloride and propene precursor gases in an atmospheric pressure chemical vapor deposition
system. The ablative properties of coated samples were tested in an oxy-acetylene torch system. The phase compositions
and morphological features of the coatings were investigated pre- and post test. The results show that all types of ZrC coat-
ings can protect C/C substrate from ablation. Due to individual microstructure feature, ZrC, , + C, ZrC, , and ZrC, , coat-
ings have different ablation resistance and mechanisms. Of the three types of coatings, ZrC, ; coating with microaggregate-
like textures and fine grains acts as the best anti-ablation barrier which can reduce mass and linear ablation rates to 1. 1 x
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10™* g/cm® -

s and 0.3 x 10 ° mm/s after 240 s* ablation.
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Table 1 The process parameters of ZrC coating by chemical vapor deposition
Transfer Volume flow rate
Deposition Deposition Deposition rate/e « min "~ J/ml + min ="
Temperature/°C Pressure/Pa Time/h = . .
ZxCly C3Hg Carrier Ar Dilute Ar
1 1350 1.01 x10° 3 1.8 100 400 400
2 1350 1.01 x 10° 3 1.8 50 400 400
3 1350 1.01 x 10° 3 1.8 30 400 400
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Table 2 The ablative experimental conditions of oxyacetylene
torch system
Title Unit Value
g;’{é““" Total flux L/h 2 628
0, L/h 1512
C,H, L/h 1116
0,:C,H, 1.35
0, MPa 0.4
0, =99.2%
C,H, MPa 0. 095
C,H, =98%
Heat flux kW/m>? 4 186.8 +418. 68
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Fig. 1 The phase composition and morphologies of ZrC coating under different deposition conditions: (a) X-ray diffraction paffen, (b)

surface SEM image for condition 1, (c¢) surface SEM image for condition 2, and (d) surface SEM image for condition 3
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Fig. 3 Surface SEM images of three types of ZrC-coated C/C
samples after 180 s ablation; (a)ZrC, ; + C coated C/C,

(b)ZrC,  coated C/C, and (c) ZrC, ; coated C/C
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