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Dynamic Compressive Mechanical Properties of Graphene-reinforced
Simulated Lunar Soil Geopolymer

MA Qinyong"’, JIAN Weigiang"’, ZHANG Bobo™’
(a. School of Civil Engineering and Architecture; b. Engineering Research Center of Underground Mine

Construction, Ministry of Education, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: The dynamic impact response characteristics of graphene-reinforced simulated lunar soil geopolymer were
investigated using a ®50 mm split hopkinson pressure bar (SHPB) test system with impact velocities from 3.39 to
6.67 m/s and graphene contents varying from 0 to 0.15% (mass fraction). The effect of graphene content on the
dynamic compressive strength, energy dissipation characteristics, and fragmentation fractal dimension was
systematically analyzed. The microstructural reinforcement mechanisms of graphene in the matrix were
characterized by scanning electron microscopy (SEM). The results demonstrate that the graphene-reinforced
simulated lunar soil geopolymer exhibits significant strain rate effects, with both dynamic compressive strength and
dynamic strength factor showing linear increases with impact velocity. Under an impact velocity of 3.39 m/s, the
dynamic compressive strength first increases and then decreases with increasing graphene content, reaching an
optimal content of 0.10%, 14.75% improvement compared to the control group, while excessive graphene leads to
strength reduction due to graphene agglomeration. Energy analysis reveals that the incident, absorbed and reflected
energies all display initial growth followed by stabilization, with peak incident energies reaching 7.06, 6.66 and 3.67
times the peak absorbed energies at impact velocities of 6.67, 4.49 and 3.39 m/s respectively for the 0.10% graphene
content group. The fractal characteristics of the fragmented material demonstrate that the distribution of fragments
exhibits well-defined fractal structural features. Microstructural investigations indicate that graphene effectively
restricts damage propagation through pore-filling and microcrack-bridging mechanisms, thereby enhancing energy
dissipation, while simultaneously serving as nucleation sites to accelerate geopolymerization reactions, promoting
the formation of C—A—S—H and N—A—S—H gel phases and creating multiscale reinforcement structures. This
study provides important experimental support for performance optimization of lunar base construction materials
under high strain rate conditions.
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Tab.1 Chemical composition of lunar regolith w/%
.43 Chang’ E-5"" BH-1"" Apollo14"” Chang’ E-6"" %L%
SiO, 42.08 43.40 48.10 45.60 46.64
AL O, 11.61 16.50 17.40 14.30 14.01
FeO 22.10 16.70 10.40 17.30 10.78
CaO 11.66 8.80 10.70 11.90 7.57
TiO, 4.86 2.90 1.70 2.70 2.22
MgO 6.50 3.00 9.40 7.08 8.96
Na,O 0.46 3.80 0.70 0.25 4.10
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Tab.2 Key technical parameters of graphene
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pm (g/mL) (m’/g)
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Fig. 1 Preparation processs of graphene-reinforced lunar soil simulant-based composites
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Tab.3 Experimental design scheme of graphene dosage

4 5 m/mg Myon/Mgs mg/mg,

G00 0

GO05 0.000 5
0.20 0.08

G10 0.001 0

Gl15 0.001 5
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Fig.2 Schematic diagram of the SHPB test setup
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Tab.4 Dynamic test results of specimens with varying graphene contents

WA S sl (m/s) FBNAERS BN AE/10 WE(E N S /MPa F S BT 55 /MPa DIF
P15G00 156.15+5.65 0.297+0.046 7 34.71+0.87 17.17+0.63 2.02:+0.089 8
P15G05 166.35+4.45 0.3020.036 8 37.47+0.94 18.97+0.74 1.98+0.091 6
P15G10 33 172.49+5.74  0.319+£0.037 4 39.83+1.00 20.67+0.77 1.93+0.086 6
P15G15 161.544.58  0.289+0.040 3 38.21+0.96 19.34+0.68 1.980.085 4
P20G00 252.75+6.44  0.477+0.0453 38.65+0.97 17.1740.63 2.25+0.100 0
P20G05 255.86+5.63 0.504+0.043 7 41.41+1.04 18.97+0.74 2.18+0.101 3
P20G10 0 264.47+435  0.511+0.044 3 43.38+1.08 20.67+0.77 2.10+0.096 7
P20G15 256.73+4.39  0.485+0.043 9 39.83+1.00 19.34+0.68 2.06+0.089 0
P30G00 278.25+6.89  0.668+0.063 5 51.28+1.28 17.1740.63 2.99+0.132 5
P30G05 298.67+7.00  0.682+0.056 4 54.82+1.37 18.97+0.74 2.89+0.133 9
P30G10 007 301.97+7.78  0.698+0.060 1 64.69+1.52 20.67+0.77 3.13+0.137 8
P30G15 277.78+5.86  0.683+0.063 4 59.16+1.48 19.34+0.68 3.06+0.132 0

iE: P30G15 &7 & AR 030 MPa(y % B 6.67 m/s) T & 258 R 0.15% XA, HAXHE%FT A £4E; DIF &5

5 5% & B F (dynamic increase factor).
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Fig. 4 Dynamic stress—strain curves of specimens with
different graphene contents
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for specimens with different graphene contents
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simulated lunar soil geopolymer at different impact

velocities (w=0.10%)
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