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Experimental study on physical and mechanical properties of
simulated lunar regolith hardened by radiation sintering
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(a. School of Civil Engineering; b. Key Laboratory of New Technology for Construction of Cities in Mountain Area,

Chongqing University, Chongging 400045, P. R. China)

Abstract: The use of in-situ lunar resources to prepare structural materials is an important method in reducing
the construction cost of lunar bases. On the basis of preparing simulated lunar regolith, the physical and
mechanical properties of radiation sintering hardened simulated lunar regolith were studied. The results indicate
that using volcanic slag as raw material, the preparation of simulated lunar regolith can be achieved through
processes such as drying, impurity removal, crushing, and screening. The prepared simulated lunar regolith
shows good similarity with the real lunar regolith and existing simulated lunar regolith in terms of
microstructure, particle size distribution, chemical composition, mineral composition, etc. Simulated lunar
regolith hardening was realized through radiation sintering, and the effects of sintering temperature and particle
size distribution on the apparent density, sintering shrinkage, and mass loss rate of hardened lunar regolith were

studied. The mechanical properties of hardened simulated lunar regolith were determined through monotonic
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compression tests, and the sintering temperature and particle size distribution of simulated lunar regolith had a

significant impact on mechanical properties. Before the monotonic compression failure, the specimen did not

undergo significant plastic deformation. The elastic modulus did not change significantly, demonstrating the

perfect linear elasticity.

Keywords: simulated lunar regolith; radiation sintering; mechanical properties; failure mode
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Fig. 1 Volcanic slag
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Fig. 2 Preparation process diagram of CQU-1 lunar regolith

simulant
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Fig.3 Macroscopic characteristics of lunar regolith simulant
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Fig.4 Micro morphology of lunar regolith simulant
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Fig. 5 Particle gradation curves of CQU-1 lunar regolith
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Fig. 6 Mineralogical analysis of CQU-1 lunar regolith

simulant
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Table 2 Comparison of chemical composition between CQU-1 lunar regolith simulant and real lunar regolith at Apollo 12,
CAS-1, HUST-1, and BH-1 lunar regolith simulant

T2 15y %
FE i - - it
Sio, TiO, ALO, Fe,O, CaO MgO Na,O K,O P,O,

CQU-1 45. 31 2.80 15.01 15.67 8.34 3.41 4.50 3.33 0.65 99. 02
CAS-11! 49. 24 1.91 15. 80 11.47 7.25 8.72 3.08 1.03 0.30 98. 80
HUST-1" 48.23 2.96 18.29 11.19 7.89 4.41 3.70 2.15 0.50 99. 32
BH-1Y 43. 30 2.90 16. 50 16.70 8.80 3.00 3.80 3.30 0.70 99.00
Apollo 12114 46. 30 3.00 12.90 15.10 10. 70 9.30 0.54 0.31 0.40 98.55
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Fig.7 Synchronous thermal analysis of CQU-1 lunar
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Fig. 8 Preparation process flow of sintered specimen
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Fig.9 Loading diagram of sintered specimen
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Table 3 Average apparent density, sintering shrinkage
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rate and mass loss rate of sintered specimens at various

sintering temperatures

PELNIRIE/C FWEIE/ (kg/m”)  Pesb Wi/ % B/ %

1100 1879.55 5.04 1.02
1150 2164.36 5.23 1.19
1200 2417.48 23.86 1.68
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Fig. 10 Failure mode of sintered specimens
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sintered specimens
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