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Lunar Regolith Simulants and Preparation Aimed at In-Situ
Construction Technology

SUN Xiaoyan, ZHENG Xiaowei, WANG Hailong', WANG Guannan

(College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China)

Abstract: The in-situ development of building materials from lunar regolith is fundamental for the realization of
Chinese lunar base and moon landing missions. The high-precision simulants requirements for alkali-activated concrete
technology is addressed, the key control components and sensitive parameters for simulation is clarified, and a
high-equivalent simulation process for lunar regolith production by distinguishing between cementitious and aggregate
materials based on particle size ranges is established. The simulants of cementitious lunar regolith ensures
high-equivalent chemical properties through the content and chemical composition of amorphous materials ; aggregate
lunar regolith achieves high-equivalent workability of wet mix through precise particle morphology simulation. The
investigation reveals that the activation potential of cementitious lunar regolith largely depends on the content of
amorphous material and the compositions of silicon, aluminum, and calcium, with the highest vitreous content in
highland cementitious simulated lunar regolith reaching up to 35.9% , ALO, to CaO mass ratio of 1.65 and SiO,
content of 45.4% , could be used as suitable building material for alkali-activated lunar regolith concrete. The
morphology of lunar regolith particles shows insensitivity to size changes, making particle size gradation crucial for
simulating aggregate lunar regolith, which can be optimized by gradation before in-situ construction.
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Table 1 Physical parameters of lunar regolith

[12, 1819]

Average specific 5

Internal friction

Sample s Density/(g+m ) Porosity ratio/ % Cohesion/kPa R
surface area/(m”+kg ') angle/ (")
CE5™ 560 1.24-3.19
Apollo11) 1.26-1.99 0.64-1.59 0.8-2.1 37-45
Apollo12"* 1.55-2.00 0.6-0.8 38-44
Apollo14'" - 0.87-1.60 0.87-2.37 0.1-2.0 35-45
500
Apollo15" 1.10-1.93 0.71-1.94 1.0 48-52
Apollo16! 1.38-2.07 0.31-0.54 0.3-2.1 47-50
Apollo17! 1.57-2.29 1.1-1.8 30-50
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Fig.1 Particle size distribution of lunar regolith'**"
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Fig. 2 Content of calcium oxide and aluminum oxide in lunar regolith samples"*’
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Fig.5 Mineral composition properties of raw materials
Table 2 Chemical compositions(by mass) of raw materials
Unit: %
Component SiO, ALO, CaO MgO Fe,O, FeO TiO, K,O Na,O
Basalt 47.54 14.01 7.14 9.77 3.38 6.90 1.74 2.30 4.57
Silica fume 97.51 0.33 0.41 0.30 0. 50 0 0.00 0.62 0.02
Slag(S95) 31.53 16.42 37.70 9.28 0.29 0 1.08 0.35 0. 64
0~ALO, 0.21 91.69 0.40 0.23 0.03 0 0.06 0.32 0.45
x3 EREMELE
Table 3 Physical properties of raw materials
Component Particle size/mm Specific surface area/(m”-kg ") w(amorphous)/ %
Basalt 0.003-0.075 449 5
Silica fume 0.001-0.003 21 000 99
Slag(S95) 0.008-0. 040 412 99
o~ALO, 0.005-0.012 276 000 93
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Fig.8 Mineral composition comparison of ZJM-01 to Apollo16™ lunar regolith samples
x4 WHEEBAERSLE
Table 4 Mix proportions of alkali activated lunar regolith simulants
Reference Lunar regolith simulant Activator m,/m, Sample size
JSC-1A
JSC-2A Na,Si0,+NaOH L
Ref. [32] OPRL2N M=2.0 0.21 Cylinder
' o ' $19.3>40. 6 mm
OPRH2N N=4%
EAC-1A
Na,SiO,+NaOH
’ Cube
Ref. [8] BH-1 M=1.6 0.28
40 mm X 40 mm X 40 mm
N=7%
Na,Si0,+NaOH
. Cube
This paper ZIM-01 M=1.5 0.35
40 mm X 40 mm X 40mm
N=8%
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Table 5 Compressive strength for specimens at different ages

Lunar regolith Compressive strength/MPa

Reference simulant ad 4 54
JSC-1A 22.5 24.1 24.2

JSC-2A 41.2 53.1 53.9

Ref. [32] OPRL2N 22.3 23.8 20.2
OPRH2N 7.8 18.4 20.2

EAC-1A 4.3 6.2 19.4

Ref. [8] BH-1 15.2 18.0
This paper ZIM-01 13.4 20.7 23.9
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Fig. 9 Particles morphology of cementitious lunar regolith

simulants
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Table 6 Calculated results of particle morphology parameters

Sample A, C, C,
Lunar regolith™! 0.80 0.81 0.91
ZIM-01(overall) 0.81 0.74 0.92
ZIM-01(0. 15-0. 6 mm) 0.79 0.73 0.88
ZIM-01(0. 6-1. 18 mm) 0.83 0.71 0.94
ZIM-01(1. 18-2. 36 mm) 0.77 0.77 0.90
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Table 7 Comparison of particle size distribution characteristics
of lunar regolith and simulants

Sample D, /pm  D,/pm Dy,/pm C, C.
ZIM-01 5.12 11.00 22.74 4.46  1.04
Apollo17" 7,05 14.52 25.05 3.55  1.19
Apollo16™ 3,23 34.17 55.58 17.18  6.51
CE5" 16.30  32.93 54.35 3.33  1.23
100 ——cpam
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