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Molecular dynamics simulation of the effect of iron addition on structural,
mechanical and thermodynamic properties of nickel metal

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

Nickel is a metal with high strength and resistance to corrosion, which can maintain its strength
well even at high temperatures. Various nickel-based alloys have been widely developed in recent
years and are used in various industries, including chemical and petrochemical industries, the
aerospace industry, nuclear energy production, and oil and gas production. One of the most
important nickel-based alloys is the nickel-iron binary alloy with austenitic structure, which is
considered as a very important material in future fission and fusion reactors. It is of great
importance to investigate and study the various characteristics of this alloy. The molecular
dynamics simulation method is a very proper method for investigating the properties of materials
in different conditions in atomic scales. In the upcoming research, using this method, elastic
constants and some structural, mechanical, and thermodynamic properties of nickel-iron alloy and
the effect of increasing iron content on this alloy have been studied. Calculations show that
although the addition of iron decreases the bulk modulus and some mechanical properties such as
the ductility of nickel, it can increase the shear modulus, Young's modulus, hardness, and also
some thermodynamic properties such as transverse and average sound velocities, Debye
temperature, and minimum thermal conductivity.

Keywords: Nickel-Iron alloy, fission & fusion reactors, molecular dynamics

simulation, elastic constants, mechanical and thermodynamic properties.
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T 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)
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1 Fe-Ni Embedded Atom Method (EAM)
2 Conjugate-gradian Energy Minimization
3 Langevin
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