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Investigating the effects of vacancies on the mechanical and thermophysical
behavior of zirconium

Amir Alivaliollahi', Ghasem Alahyarizadeh!", AbdolHamid Minuchehr!
1. Faculty of Engineering, Shahid Beheshti University, 1983969411, Tehran, Iran.

Abstract:
Zirconium and its alloys are widely used in nuclear reactors, especially in nuclear fuel cladding.

Zirconium crystal in the operating condition in the nuclear reactor is exposed to the neutron flux
which causes various structural defects such as point defects are created in it. In this research,
using the molecular dynamics simulation method, the structural, mechanical, and thermophysical
properties of the perfect zirconium crystal and the effect of vacancy point defects in different
concentrations on these properties have been investigated. The simulation results show that with
the increase of the vacancy defect up to 2%, the lattice constants, density, bulk modulus, and
Poisson's ratio decrease, while the shear modulus, Young's modulus, and Debye temperature show
an upward trend.

Keywords: Zirconium, nuclear reactors, molecular dynamic simulations, vacancy

defect, mechanical properties.
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' LAMMPS (Large-scale Atomic/Molecular Massively Parallel Simulator package, Sandia National Laboratories,
Albuquerque, NM, USA)

2 Atomsk (Atom, Molecule, Material Software Kit, University of Lille, Lille, France)

3 Modified Embedded Atom Method (MEAM)
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