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Molecular dynamic simulation of Cu nanoparticle behavior
during surface indentations

Abstract

In the present article, the mechanical behavior of a Cu nanoparticle during nanoindentation
is studied using molecular dynamics simulation. The effect of substrate, Si here, is
considered and the force constant was chosen to simulate diamond indenter which would
lead to more realized result. A cu nanoparticle was placed on Si substrate and a diamond
indenterentered the structure. The embedded atom method (EAM) is used for interatomic
Cu-Cuinteraction which has proven to be a useful model for FCC nanostructures. The aim of
this study is investigating the relationship between the applied force and the plastic
deformation of cu nanoparticle and the nucleation and growth of the dislocations. The
simulation outputs were used to draw force-displacement curves and to calculate the
mechanical properties of cu nanoparticle. The loading curve revealed an elastic region
followed by sharp decline of indentation force, as plastic deformation begins. Further
penetration of indenter is associated with dislocation nucleation at the indenter/cu
nanoparticle interface followed by the formation of dislocation loops in (111) planes. The
Young's modulus, hardness and stiffness of Cu are calculated from simulation outputs as
128 GPa, 13.2 GPa and 1.3181 UN/A, respectively, which are the main outcomes of this
study.

Keywords: Nanoindentation, Nanoparticle, young's modulus, EAM, Dislocation loop.
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