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Comparative Study on the Effect of Oxygen-rich Condition and Particle
Concentration on Ablation Behavior of Silicone Rubber Insulation Materials

ZHA Bailin, SHI Yiang, WANG Jinjin, SU QingdongB
(Power Engineering Department, Rocket Force University of Engineering, Xi’an 710025, China)

Abstract: In order to investigate the influence mechanism of oxygen-rich condition and particle concentra-
tion on the ablation behavior of silicone rubber insulation, the ablation test of a certain type of silicone rub-
ber based insulation material is carried out based on the self-developed oxygen-kerosene ablation test sys-
tem. A total of 0%, 5%, 9%, 15% and 20% of the oxygen-rich conditions are designed, and each group
is set with 4%, 6%, 8% and 10% particle concentration. The ablation rate of cach sample is measured and
the ablation rate, oxygen-rich condition and particle concentration are plotted. At the same time, the mi-
crostructure of the sample is analyzed by scanning electron microscopy (SEM). The results show that the
ablation rate of the two kinds of materials increases with the increase of the particle concentration when the

oxygen-rich condition is constant. When the concentration of particles is constant, the ablation rate of ma-

KRB 2017-09-29

BEE&TH: TEHEM & AH TR (J-KY-2014-1047)

EHE BN MR 974 5 WA KN #8082 . BB NF AT RGBS, E-mail: zhabailin@163. com
BlEESE: HIRARA993-), B mdtik K 0B 4E, 2 FHE AT A RS EBESE. E-mail: epsuqingdong@163. com

Sl k. 255, To4. % FEEMEFREMNERKLEDMAEET G Zmxtl [J]. ZFTBAFZFHRCAKAFHO.
2018, 19(2) . 1-7. ZHA Bailin, SHI Yiang, WANG Jinjin, et al. Comparative Study on the Effect of Oxygen-rich Condition and Particle Con-
centration on Ablation Behavior of Silicone Rubber Insulation Materials []]. Journal of Air Force Engineering University (Natural Science Edi-
tion), 2018, 19(2) . 1-7.



2 ST RAE I ARE D

2018 4

terials increases first and then decreases with the increase of oxygen-rich condition and reaches the extreme

at around 9% of the oxygen-rich condition; Particle concentration directly affects the mechanical stress of

the surface of the material. The oxygen-rich condition affects the formation rate of SiO, in the material.

Under conditions of low degree of oxygen-rich, the amount of SiO, could not be encapsulated in the protec-

tive fiber, resulting in a slight increase in ablation rate. And under conditions of high degree of oxygen-

rich, the generated SiO, adhered to the surface of the filament, strengthens the erosion resistance and

slows down the particle destruction. The effect of the particle concentration on the ablation behavior of the

material is greater than that of the oxygen-rich condition on the ablation behavior of the material, which is

about 5 times the degree of the influence of oxygen-rich condition under conditions of the experiments.

Key words: oxygen-rich condition; particle concentration; silicone rubber; ablation behavior; ablation rate
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Tab.1 Ablation test scheme for thermal insulation materials
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Tab.2 Mean ablation rates of the samples

[ S DD e S RO 3 S i

Wil /(ges D /(mm s ') /MPa
Al 1. 187 1 1.703 0 0. 268
A2 1. 307 8 1.936 3 0. 268
A3 1.379 1 2.173 7 0.273
A4 1.525 5 2.585 6 0.276
Bl 1.144 0 1. 656 7 0. 261
B2 1.254 2 1.901 1 0. 269
B3 1. 345 6 2.085 2 0.271
B4 1.446 5 2.416 7 0. 265
Cl 1.134 6 1.622 3 0. 270
C2 1.236 6 1.890 0 0. 270
C3 1.371 6 2.053 0 0. 270
C4 1. 467 9 2.424 3 0.279
D1 1.116 9 1.455 9 0.262
D2 1. 208 0 1.667 7 0. 265
D3 1.247 0 1.733 0 0.261
D4 1.343 7 2.114 8 0. 270
El 1.027 1 1.364 1 0.277
E2 1.105 4 1.443 3 0. 268
E3 1.179 0 1.578 5 0. 269
E4 1. 308 6 2.364 4 0. 267
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Ablation rate three-dimensional surface

Fig. 3
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Fig. 4 Ablation morphology of the sample B13
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Fig. 5 Microscopic morphology of corner ceramic layer

under different particle concentration ( X500)
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Tab.3 The atomic percent of ceramics in corners under

different particle concentration

LR OWE AN W6 RIE SN WIE 100
C 0.47 0.55 0. 54 0.38
O 6595 68. 62 65. 38 68. 28
Al 1.02 0.94 1.82 2.25
Si 32.55 29. 89 32.25 29.09
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Fig. 6 Microscopic morphology of sample center under

different particle concentration (X 500)
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Tab.4 The atomic percent of sample center under

different particle concentration

LR OWEEAN  WEE6XN  WE 8K WE 10X
C 3.98 4.54 2.63 2.77
O  67.25 64. 50 62. 96 62. 29
Al 1.53 1. 83 3.57 4. 41
Si 27.23 28.13 30. 84 30. 53
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Tab.5 The atomic percentage of the ceramic element in the

corner of the sample

i BAKE BAE BRE BHEE BHE

0% 5% 9% 15% 20%
C 0. 30 0.54 0. 54 0. 50 0. 36
O  66.34 65.91 65.23 67.33 67. 30
Al 1. 94 2. 82 1.50 2. 14 1.63

Si 31.42 30.73 32.74 30.03 30. 71
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Fig. 7 Microscopic morphology of corner ceramic coatings under different oxygen-enriched conditions (X 500)
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Tab. 6 The atomic percent in the center of sample surface

S HEE FEE FAE wAE FEE
- 0% 5% 9% 15% 20%
C 1. 60 2.63 4.87 5.61 6.23

O 60. 90 62. 96 64. 87 67.45 67.06
Al 1.52 1.61 2.12 2.79 3.11
Si 35.99 32. 80 28. 14 24.15 23.60
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Fig. 8 Morphology in the center of sample under different oxygen-rich conditions (X 500)
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