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Table 1 Comparison of mineral composition between the

simulated lunar soil and the real lunar soil
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Fig. 1 SEM image of simulated lunar soil particles
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Fig. 2 Particle grading curve of simulated lunar soil

and real lunar soil
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Fig. 3 Test process of thermal conductivity with simulated lunar soil
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Study on physical and mechanical properties of frozen simulated
lunar soil in lunar polar region

HE Chengdan', LI Yasheng®’, WEN Zhi’, WANG Yongrui*’, ZHANG Xiao',
JIN Long', YIN Zihan', QUAN Sujun'

(1. Science and Technology on Vacuum Technology and Physics Laboratory, Lanzhou Institute of Physics, Lanzhou 730000, China;
2. State Key Laboratory of Frozen Soil Engineering , Northwest Institute of Eco-Environment and Resources, Chinese Academy

of Sciences, Lanzhou 730000, China; 3. University of Chinese Academy of Sciences , Beijing 100049, China)

Abstract: In recent years, more and more detection results show that there is water ice in the lunar soil in the
permanent shadow area of the lunar polar region. Water is not only a chemical substance for human survival, but
also a key link to understand the unique formation and evolution of the Moon. Therefore, all space powers re-
gard the lunar polar region as an important goal of lunar exploration projects. The thermal conductivity and uni-
axial compressive strength of frozen lunar soil are the basis and key parameters of in-situ exploration and sam-
pling in the lunar polar region. The thermal conductivity and uniaxial compressive strength of frozen simulated
lunar soil were studied by low temperature test. The results show that the thermal conductivity of frozen lunar
soil increases linearly with the increasing of water content. The thermal conductivity of frozen simulated lunar
soil is 0. 2~1.3 W-m™+-K"'. Brittle failure occurs during uniaxial compression of frozen lunar soil. The uniaxial
compressive strength of frozen simulated lunar soil with 5% moisture content is about 5 MPa, and that of frozen
simulated lunar soil with 10% moisture content is about 13 MPa. In the initial loading stage, the strain caused by
micro crack compaction of frozen simulated lunar soil samples with the same dry density and different moisture
content is basically the same; In the online elastic stage, the effective elastic modulus of frozen lunar soil increas-
es with the increasing of water content, which is mainly because the water content increase the freezing strength
between lunar soil particles; In the failure stage, the frozen simulated lunar soil with high moisture content
shows brittle failure characteristics, and the frozen simulated lunar soil with low moisture content shows more
significant plastic characteristics. The results will provide basic scientific data support for the formulation of wa-
ter ice detection scheme and the development of detector in the permanent shadow area of the Moon.

Key words: frozen simulated lunar soil; thermal conductivity ; moisture content; uniaxial compressive strength
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