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Model diagrams of graphene/magnesium nanocomposites compressed along different crystal orientations
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Table 1 Compressive mechanical properties of single crystal Mg and Gr/Mg composites

il Mg i 5] PP AR (GPa) Jai Wi 1z J3 (GPa) SR B S (GPa)
A, [1120] 48.9 11.1 1.52

A, [1120] 38.0 6. 44 4. 64

B, [1010] 42.7 1.58 0.49

B, [1010] 37.7 3.91 4,26

Co [0001] 77.2 8.05 0.93

C, [0001] 77.6 6. 64 3. 87
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Fig. 2 Stress-strain curves of single crystal Mg and Gr/Mg composites under compressive

load along different crystal orientations
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Fig. 3 Diagrams of the number of atoms with different lattice structure types and strains of single crystal Mg

and Gr/Mg composites under compressive load along [0 0 0 1] crystal orientation
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Fig. 7 Stress-strain curves of single-crystal Mg and Gr/Mg

composites under compressive load at different tem-

peratures
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Molecular Dynamics Study of the Effect of Graphene on the Compressive

Properties of Magnesium Matrix Composites

Jun Hua Xiaoru Xing Yunlong Xie Dong Zhao

(School o f Science, Xi’an University of Architecture and Technology, Xi’an, 710055)

Abstract Magnesium (Mg), a lightweight metal material, is constrained in its applications due to
poor plasticity and low strength at high temperatures. Graphene (Gr) possesses a large specific surface ar-
ea and high strength, making it an ideal reinforcement for improving the mechanical properties of materi-
als. A molecular dynamics (MD) simulation was employed to investigate the mechanical behaviors of sin-
gle-crystal Mg and Gr/Mg composites under compressive loading. Through the analysis of stress-strain
curves, atomic structure diagrams, and dislocation distributions, the microscopic deformation mechanisms
of single-crystal Mg and Gr/Mg composites under compressive loading were explored. Additionally, the
influence of factors such as the number of Gr layers, loading strain rate, and temperature on the mechani-
cal properties of materials was studied. Results reveal that single-crystal Mg exhibits anisotropic character-
istics under compressive loading. Addition of Gr enables the activation of difficult-to-initiate slip systems in
the Mg matrix due to grain refinement. This leads to stress release and difficulty in initiating twinning de-
formation. Near the Gr interface, defects such as dislocations and twins nucleate and proliferate, effective-
ly transferring the load to Gr, thereby elevating the average flow stress during the plastic deformation
stage of the composites. Furthermore, the Mg matrix restricts the folding and bending of Gr, leading to an
enhancement in material toughness. As a result, when the Gr/Mg composite is compressed along the[0 0 0
1] crystal direction to a strain of 0. 35, the Gr remains intact without fracture. Dislocations in Gr/Mg com-
posite materials cannot penetrate the Gr layer, thus suppressing Mg matrix damage. Increased dislocation
lines can resist compressive plastic deformation. In composites featuring multiple layers of Gr, the yield
stress, yield strain, and average flow stress during the plastic deformation stage increase with the number
of Gr layers. Additionally, the yield strain is higher when Gr layers are separated compared to being
stacked. Within the temperature range of 10 K-600 K, the elastic modulus and yield stress of Gr/Mg com-
posites decrease with increasing temperature. However, the strain rate has a minor effect on the elastic
modulus and average flow stress during the plastic deformation of Gr/Mg composites. Nonetheless, in-
creasing the strain rate can enhance the yield stress and yield strain of the composites.

Key words graphene, magnesium matrix composites, compressive properties, molecular dynamics, disloca-

tion
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