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Development and properties of a magnetic high-titanium lunar regolith
simulant IRSM-1

ZHOU Ningxi' 2, CHEN Jian"*** HUANG Juehao" 2, TIAN Ning'?, WU Peng'-?
(1. Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China; 2. University of Chinese Academy of

Sciences, Beijing 100049, China; 3. Hubei Key Laboratory of Geo-Environmental Engineering, Wuhan 430071, China; 4. China-Pakistan

Joint Research Center on Earth Sciences, Islamabad, Pakistan)

Abstract: The moon exploration has progressed into the stage of in-situ resource utilization (ISRU). Systematically
understanding the unique mechanical response and engineering characteristics of the lunar regolith is crucial for the
development and exploitation of lunar resources. Most experimental studies on the properties of lunar regolith and its simulants
have been conducted on Earth, disregarding the impact of lunar environment, particularly the low gravity, on these properties.
The geomechanical magnetic model test, which uses magnetic similar materials, can simulate the low-gravity environment of
the lunar surface. However, the existing lunar regolith simulants have weak magnetism and cannot meet the requirements of the
magnetic model tests. Thus, a high-titanium lunar simulant IRSM-1 with magnetic properties is introduced, and its composition
and properties are tested. The test results are then compared with those of some lunar regolith and existing simulants. The
findings reveal that the chemical and mineral compositions of the IRSM-1 simulant is similar to those of the high-titanium lunar
regolith, and their physical and mechanical properties are within the range of lunar regolith, which accurately replicates the
fundamental characteristics of the real lunar regolith. Moreover, the IRSM-1 simulant has certain magnetism and can be

employed as a similar material for magnetic model tests.

Key words: in-situ resource utilization; lunar regolith; geomechanical magnetic model test; IRSM-1 lunar regolith simulant
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Table 1 Mineralogical compositions of materials and lunar regolith
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Table 2 Chemical compositions of raw materials and lunar regolith

Th2 , HEEFER: Apollo
FONEENIPAIE NI S
SiO2 49.41 11.99 40.09 41.2 40.24
TiO2 3.24 24.73 9.32 8.40 8.95
ALOs 18.00 4.82 10.70 12.0 14.89
FeO 13.39 41.42 17.85 16.7 23.19
MnO 0.18 0.33 0.24 0.23 0.27
MgO 3.38 8.89 9.92 9.90 3.53
CaO 6.70 3.23 10.59 10.9 6.26
Na2O 2.14 0.21 0.36 0.35 —
K20 2.50 0.01 0.08 0.16 1.87
P20s 0.62 0.03 0.07 0.14 0.30
S 0.14 4.05 0.13 0.12 1.31

2t 99.69 99.69 99.35 100.1 99.69
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Fig. 1 Manufacture process of IRSM-1 lunar regolith simulant
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Fig. 2 Scanning electron microscope images of IRSM-1 simulant
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Fig. 3 Grain-size distribution curves of lunar regolith and its
simulants
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Table 3 Comparison of specific gravity, density and void ratio

” AR S (g m ) FLIRLE
ﬁ% N ISR

HiHKE Pmin Pmax €min €max
IRSM-1 3.26 1.26 1.99 0.64 1.59
Apollo 11 3.10 1.36 1.80 0.67 1.39
Apollo 14 2.93 0.87 1.60 0.87 2.37
Apollo 15 3.24 1.10 1.93 0.71 1.94
Apollo 17 1.57 2.29
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Fig. 4 Stress-strain curves of IRSM-1 under triaxial compression
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Table 4 Mechanical properties of IRSM-1 and other simulants

P FHESIKPa WM ) E4ETREC
IRSM-1 0.90 44.34 0.036~0.13
Hi#E 0.3~2.1 35~47 0.05~0.3
TJ-1 0.86 47.6 0.086
KLS-1 1.85 44 .91 0.29
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Fig. 5 Compression curves of IRSM-1 at different relative

densities

W
W
1

——0%
——20%
—4—30%

9=30.5 A-m?/kg

W
[=]
T

[ o]
W
T

[~}
(=]
T

—
W
T

9=11.0 A-m%/kg

o % K58 BES(A - m %k g)
>

W
T

I
I
H=225 kA/m|
|
I

0 5l0 160 15lO 20l() 25lO
BESR BE HI(KA-m™")
6 AN[E Fe:04 B 21 IRSM-1 184 BI1E Rkl

Fig. 6 Magnetization curves with different contents of Fe3Oa
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