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Calculation of thermochemical reaction information of high temperature
gas with typical materials in anti-oxidation coating on the nozzle
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Abstract: The thermal-chemical reaction information of high temperature exhaust gas with typical anti-
oxidation coating materials on the nozzle was obtained via a mixed reaction vessel model. The calculated
results showed that the high temperature gas flow within the mixing vessel components was in a stable
state at a high temperature. The typical oxidation resistance coating materials HfC and ZrB, at 2 500 K
and 7 MPa were found to be easily oxidized by the oxidation components in the reactive gas flow, and
their stability was weak. But the generated oxides HfO, and ZrO,, as the nozzle surface coating materials,
had excellent stability and oxidation resistance and could be chosen for the better stability and oxidation
resistance as the coating materials or coating systems to achieve the purpose of improving the antioxidant
nozzle ablation performance.
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Table 1 Gas composition table

414 ﬁﬁ:ié} %)ﬁ MR MR AEXT 6;\

/% Y% (mol/m®) Tk
CcO 17.90 13.16 5.877 28
CO, 7.93 3.71 1.657 44
H, 1.54 15.71 7.015 2
H.O  29.27 33.48 14.945 18
N, 41.76 30.71 13.710 28
0, 0.10 0.07 0.029 32
OH 1.07 1.29 0.576 17
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Table 2 The possible chemical reactions between gas components

SN 77 7 AH/Y AG/T AS/T AC,/(J/K) K.
2CO+0,—2C0, -5505549  —178691.3 —148.745 10.423 -157 905.000
2H,+0,—2H,0 -50478.0  -2536588  —100.484 -2.741 —232 782.500
CO+H,—CO+H.0 22 887.4 —37438.7 24.130 —6.580 6.060
CO+NO—NA+CO,  -365569.7  —127836.1 -95.093 5.820 469.100
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Table 3 The concentration variation of each gas component

mol/m’

A ] /ms c(Hz) c(CO) c(0,) c¢(H-0) c(N>) c(CO,) c¢(OH)
0.000 00 7.0100 5.8700  0.0290 00 14.950 13.71 1.660 0 0.576 00
0.001 83 7.0100 5.8700  0.0290 00 14.950 13.71 1.660 0 0.575 94
0.058 60 7.008 5 5.8699  0.0290 04 14.952 13.71 1.660 1 0.574 15
0.938 00 6.987 2 5.868 8  0.0290 66 14.974 13.71 1.661 2 0.548 82
2.110 00 6.963 3 5.8675  0.0291 48 15.000 13.71 1.662 4 0.520 69
9.610 00 6.884 9 5.8622  0.0295 48 15.081 13.71 1.667 7 0.433 07
24.900 00 6.858 1 5.8562  0.0298 40 15.108 13.71 1.673 6 0.402 40
35.000 00 6.8590 5.8530  0.0299 03 15.108 13.71 1.676 8 0.399 38
68.600 00 6.869 9 5.8430  0.0299 75 15.103 13.71 1.686 9 0.395 42
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Table 4 The partial reaction between coating material and atmosphere at 2 500 K
SN J5 R AH/T AG/T AC,/(J/K) AA/Y
2H{B,+50,—2Hf0,+2B,0; -3938312.2 -2 428 756.4 94.925 -2 324 825.0
2HIN+20,—2HfO,+N, —1464 4453 -1 155 884.0 45.973 -1135097.7
2SiC+30,—28Si0,+2CO -1851016.4 —-1548 019.8 18.691 —1527233.5
2TaN+30,—2Ta0,+2NO 193 340.9 =226 022.3 —-49.456 —246 808.6
27rB2+50,—2Zr0,+2B.0; -3 895 140.8 -2 361 194.9 39.107 —2257263.6
27rC+30,—2ZrO0,+2CO -2 009 081.5 -1 625 288.8 -12.263 -1 604 502.5
HfC+2H,0—CH,+HfO, —426 423.7 —-122 793.6 38.918 —-102 007.3
HfC+20,—HfO,+CO, -1237261.7 -918 589.4 31.700 -897 803.1

Fl 1 N HECH Y 2H 2Bt e A8 Ak 14

Fig. 1 Diagram of composition over time within HfC
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Fig. 2 Diagram of composition over time within HfO,

x5 DHICEASFARFANREEN

Table 5 Variation of component concentration in mixed atmosphere containing HfC
mol/m’

Hs 1) /s c(Hy) ¢(CO) ¢(0,) c(H,0) c(HfO,) c(HfC)
0 7.0100 5.8700 0.029 0 14.950 0 0.000 2 20.000 0
1.043e-8 7.009 9 5.8699 4.25¢-08 14.950 0 0.014 7 19.9852
1.251e—4 6.118 8 4.626 8 8.28¢—06 13.096 0 0.458 3 19.542 1
1.435¢-2 3.440 6 0.402 6 8.45¢-07 1.2427 52270 14.774 4
1.286e-1 2.6820 0.246 0 1.66e—06 0.302 1 10.190 0 9.8103
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Table 6 Variation of component concentration in mixed atmosphere containing ZrB,
mol/m’
Fif ) /s c(Hy) c(CO) c(0,) c(H.0) c(ZrBy) c(ZrOy)
0 7.0100 5.8700 0.029 0 14.950 0 5.000 0 0.002 0
4.30e—4 4.5970 2.6333 0.002 3 11.907 0 4.928 0 0.074 0
4.36e-3 4.204 4 0.299 1 0.002 9 4.1598 3.8976 1.104 4
1.31e—2 3.969 5 0.216 9 0.003 6 1.752 8 2.540 1 2.4619
3.76e-1 3.566 9 0.0317 0.004 7 0.156 9 0.2679 4.734 1
3 é}!ﬁ % of ZrCSiC multilayer coating for PIP-C/SiC composites
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