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Graphene is one of the strongest material and exhibits excellent electrical and thermal properties 

which makes it a good candidate for plasma wall-facing material for fusion reactors. In this 

study, the effect of temperature, chirality, and strain rate on the mechanical properties of 

monolayer graphene sheets is investigated using classical molecular dynamics (MD) 

simulations.  In the paper, LAMMPS (Large-scale Atomic/Molecular Massively Parallel 

Simulator) [1] with the AIREBO (Adaptive Intermolecular Reactive Empirical Bond Order) [2] 

potential is used for the uniaxial tensile tests on the graphene sheet with dimensions 5nm by 1 

nm, which is made up of 252 carbon atoms. The values of Young’s modulus at room 

temperature obtained are 966.9 GPa and 908.3 GPa for armchair and zigzag graphene sheets, 

respectively.  The simulation results reveal that as the temperature increased from 100 K to 

1800 K, the elastic modulus declined from 879.5 GPa to 785.4 GPa for armchair and from 988.0 

GPa to 816.9 GPa for zigzag.  Also, the fracture stress dropped from 102.6 GPa to 87.7 GPa 

for armchair and from 91.7 GPa to 89.3 GPa for zigzag. Comparing the two chirality directions, 

armchair graphene sheet stores higher amount of strain energy compared to zigzag.  The failure 

point of graphene sheets depends on the strain rates applied during the uniaxial tension.  Results 

showed that as the strain rate is increased from 0.5 x 109 s-1 to 5 x 109 s-1, the Young’s modulus 

increased by 14.8% in armchair and 12.1% in zigzag graphene sheets. 

 

[1] S. Plimpton. J. Comput. Phys. 117(1) (1995) 1-19. 

[2] D.W. Brenner, O.A. Shenderova, J.A. Harrison, S.J. Stuart, B. Ni, S.B. Sinnott, J. Phys. Condens. Matter 14 

(2002) 783. 

44th EPS Conference on Plasma Physics P4.119


