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Processing and Properties of Light Weight High—temperature Insulation

DAI Zhen LUO Gangtang DONG Lingyan HONG Yiqiang LI Maoyuan
(Beijing System Design Institute of Electro-Mechanic Engineering, Beijing 100854 )
Abstract In view of the higher requirements of thermal environment, a novel light-weight high—temperature

insulation material was proposed and fabricated. The system used high temperature resistant phenolic resin as matrix
and added fibers and functional fillers as reinforcement. Then by performing low—pressure curing molding through
pre—mixed sheet to obtain the final material. The density, thermal properties and mechanical properties of the material
were tested. The results indicate that the density of the material is 0.6 to 0.9 g/em’, the initial decomposition
temperature is higher than 450 °C, the tensile strength under room temperature and 200 °C are higher than 12 MPa
and 10 MPa respectively, and the thermal conductivity is lower than 0.25 W/(m-K). All the properties can be
designed and regulated according to application environment. The prepared heat insulation material test piece passed
the ablation examination of model wind tunnel, the large—sized special-shaped structural cabin prepared by the

material system passed the combined force—heat test at the same time, and the results can meet the overall design

requirements.
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Tab.1 Properties of insulations fabricated with different resin matrix

P A c T, 7, W W, W 5, E/ e 5, E,
T Jgeem™  /WemeK) k) (kgeK)! I%C c %) 1%@w)  /%@w) /MPa  GPa /%  I/MPa  /GPa
A 065 0.14 1.07 4273 5146 8159 8189 583 1022 274 035 3145 907
B 063 0.15 0.95 4513 5714 8514 8558 614 1163 265 02 325 53
¢ 063 0.14 1.03 4566 5568 8082 8025  72.1 702 268 025 3097 893
D 065 0.15 0.94 4635 5713 8426  84.65 727 1166 3.62 038 4961 541

2 1) T,: the temperature at 5% weight loss; 2) T,: the temperature at 10% weight loss; 3) W,: char yield at 800C in N, condition; 4) W,: char

yield at 900 °C in N, condition; 5)W;: char yield at 900 °C in air condition.
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Tab. 2 Properties of insulations with different resin matrix

resin plgrem™ A/W-(m-K)'  8/MPa  E/GPa &%

D 0.65 0.15 11.66 3.62 0.38
D-1 0.68 0.18 15.11 37 0.38
D-2 0.69 0.18 20 423 0.46
D-3 0.65 0.16 15.7 37 0.41
D-4 0.67 0.17 13.5 4 033
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Tab.3 Properties of insulations with different ratio of fibers

volume ratio of kevlar p Al C a,/107°K"! 8, E, € 8, E,
to quartz fiber /grem™ Wem-K)"'  /kJ-(kg-K) (20~200%C) /MPa /GPa 1% /MPa /GPa
0 0.92 0.32 0.71 16.1 5.5 0.35 77.1 17.1
1:1 0.72 0.27 0.86 9.5 19.6 5.6 0.38 77.3 16.8
2:1 0.79 0.26 0.94 10.3 21.5 4.4 0.45 74.3 16.8
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Tab. 4 Properties of insulations with different fillers

kindof p  AW- CKkJ- /10K 5 E &

filler /g-em™ (m-K)' (kg-K)' (20~200C) /MPa  /GPa /%

I 0.67 0.17 0.9 12.4 135 4 0.33
11 0.83 0.25 0.87 11.5 16.8 2.8 042
11T 0.89 0.23 0.92 5.6 12.1 43 027
v 0.92 0.22 0.76 10 14.9 5.7 025
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Tab.5 Properties of high perfomance insulations materials

— p A c a/10°6K"! E, £ 5. E, 8/MPa T,3
lgrem™  /Wem-K)'  /kJ-(kg-K)!  (20~200C) /MPa /GPa 1% /MPa /GPa (200 C) IC
I 0.68 0.2 0.88 13.8 3.55 0.4 443 5.89 10.4 463.5
i 0.83 0.22 0.93 14.5 132 4.17 033 485 3.94 10.6 458.8
11 0.85 0.21 0.97 18.4 16.5 53 032 714 4.89 114 460.2
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Fig. 1 Sample before and after arc tunnel test
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