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Fig. 3 N, adsorption and desorption isotherms of low density acrogel
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Fig.4 Pore diameter distribution of low density acrogel
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Fig. 5 TEM images of of low density aerogel

TAREE LRI, SR FH 2 2K A0 4 5 S ) 451G 2%
JEE S BRI B T E20 kg/m®, 4K E5H B B
(1) LT 25 B R AT
12 REESEESAMRNEE

Al BRI LI M O, TR IR LN AR R A S B
o RSOk F B FUR AR, BN A ik
FRE, #E-200 "C~200 “C i X ] LA & 1l S CO, 2 1
e RaE, AR R BERARALE RE, TE



%50

VR KB TARE FEYAR SRR IR Hbh e 25 S PEREWTIT 469

JRAR S AR B (0 A h R

FEE MBS D, BRERESWIK
AL RMR, SRR, ES5ERE AR
o o R ARSI, T e ORI 55 W EE AL R
R R IR RE . 5y —J7 i, BHRIR R R A
KRG =T RRARSE L R B A AR, IRREIRAE 5 5t
T E e SR D DA SRR I 5T R A 5
PN E IR . MR AR R HE . A
SR AR BN T i, R R SR
SR AR R G, RETBR T E
T30 kg/m AR FEGRK TR B A4 KL

P g BOAR 3 LRI E ARt 67k, vt
Bekdrpl, BA—mRgimiEg, mEtT PR 2.
X P RRAADRE, RTINS Ve 72 PR B A L £
1y, AR T AT S AL AL, T e AL, 3T
TN

Bl6 N30 ke/m' MR L RER B4R
Fig. 6 Low density aerogel composites with density as 30 kg/m’
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Fig. 7 SEM images of low density aerogel composites
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Fig. 8 Low density aerogel composites after being machined
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Table 1 Volatility test results of aerogel composites under
vacuum conditions

FWEERIN &5 1) L IR, T JR AR R U A R
ORI AR EAEA R GAES) - B
BN AR GREED BAKE RSB
MFARE 2R (AR, AR RS
2.

w2 AMERBEN

Table 2 The condition of thermal environment experiment
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Preparation and Characterization of Ultra-low Density Nano-aerogel Insulation

Materials for Mars Rover

Al Sufen', XIANG Yanchao’, LEI Yaofei', XUE Shuyan’, SHEN Yuxin', YIN Lei',
LIU Jia', CHEN Weigiang'

(1. Beijing Spacecraft Manufacturing Factory Co., Ltd., Beijing 100094, China;
2. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China)

Abstract: It is an atmospheric environment with an average pressure as 600 Pa of CO, and a minimum temperature of -123 ‘C
in Mars. Ultra-low quality and high efficient thermal insulation material is the key material for the thermal control system of Mars
Rover to ensure the normal operation of electronic components. Aerogel is the solid material with the lowest thermal conductivity in
the atmospheric environment. Therefore, it is the best insulation material choice for the thermal control of Mars Rover. To meet the
need of Mars Rover, a low density nano-aerogel insulation material with density of less than 30 kg/m’ has been developed in this
article. The preparation process of low density aerogel and composite materials, and the supercritical CO, drying and ultra-low
density aerogel composite’s being machined process are studied. The thermal physical properties, vacuum volatiles, the properties
in the thermal cycling, thermal vacuum and other thermal environments are also characterized. The results show that the ultra-low
density nano-aerogel insulation material has excellent structural and heat insulation stability in the Martian environment, which can
meet the application requirement of space exploration. The material has good mechanical property and excellent thermal insulation
property. The thermal conductivity of the low density aerogel composites is 0.0066 W/ (m-K) at room temperature in Martian
atmosphere which has been applied the Mars Rover in China.

Keywords: Mars; ultra-low density; aerogel: properties; insulation materials

Highlights:

e Silica aerogel composites with density as 30 kg/m’ were first prepared and applied in Mars Rover.

e The room temperature conductivity of low density aerogel composites was 0.006 6 W/ (m-K) under the martial atmosphere.

e The properties and structure of low density aerogel composites were stable after the thermal cycling, thermal vacuum and other

thermal environments experiments.

e The low density aerogel composite has been applied the Mars Rover in China.
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