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Abstract: Thermogravimetric analysis was carried out by using synchronous thermal analyzer. The
temperature range, activation energy and reaction mechanism function for the thermal decomposition
reaction of the coating were determined. Thermal exposure experimental tests were conducted using a
quartz lamp radiant heating platform. The mechanism of microstructure evolution and energy dissipation
of thermal protection coating at high temperatures were revealed. Based on the principle of energy
conservation, a coupling model for predicting the pyrolysis and thermal conduction of the thermal
protection coating was established. The energy conversion relationships, which were caused by pyrolysis
reaction, thermal diffusion of decomposition gas and mass ejection effect, were considered. The mass loss

and temperature response of the silicone rubber matrix thermal protection coating under a typical thermal

W ks B HA: 2022-11-23
E S H : HRASRRFIE4(12172296); L4 A KT L TS ST % 364 (2021XGD)
1 & 18 9 : 3 (1985—), 3, B . A S0, 1, B TR B R 22 A DRS AL B B TRIRF ST . E-mail: shishengbo@nwpu.edu.cn

SIAAE R 1 20, sk K, WD, 55, WEARIE S B AR R 2 bet L 3 K 40 M /1% SRR G LA (1), i as ) 1 2% 41, 2023, 38(9): 2049-2061. SHI
Shengbo, ZHANG Yuntian, HU Li, et al. Ablation mechanism and coupling pyrolysis/conduction model of a silicone rubber matrix thermal

protection coating[J]. Journal of Aerospace Power, 2023, 38(9): 2049-2061.



2050 o= 3

% %38 %

environment were calculated. After thermal exposure, the specimen surface remained basically flat, and the

temperature at back surface was 151.4 °C while the mass loss rate was 0.28 g/s. The deviation between the

calculated mass loss rate and its measured value was only 7.1%. This can meet the requirements of thermal

protection design in engineering applications. The results showed that the silicone rubber matrix thermal

protection coating has good ablation resistance and thermal insulation properties in medium heat flux

environment, so it has excellent potential for the large area thermal protection application of aerospace

vehicles.

Keywords: silicone rubber matrix thermal protection coating; ablation; pyrolysis;

pyrolysis/conduction model; heat-affected layer; thermal insulation property
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Fig. 1 Specimen photographs of silicone rubber matrix thermal

protection coating before and after thermal exposure
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Fig. 2 Photograph of quartz lamp radiation heating

experiment platform
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Fig. 7 Schematic diagram of spatial discretization of silicone

rubber matrix thermal protection coating specimen
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Fig. 8 The curve of heat flux with heating time from quartz

lamp radiant heating experiment test
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Table 1 Basic material parameters of silicone rubber

matrix thermal protection coating
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Fig. 9 Variation of conversion rate of pyrolysis reactions versus
distance from the heating surface for silicone rubber matrix

thermal protection coating at different heating times
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Table 2 Comparison of experimental and calculated
ablation properties of silicone rubber matrix thermal
protection coating under a typical

thermal environment
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Fig. 10 The curves of temperature with heating time at different
thicknesses of silicone rubber matrix thermal

protection coating
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heating time of silicone rubber matrix thermal

protection coating specimen
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