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Abstract  [Background] Nickel-, iron- and tungsten-based alloys are commonly used as structural materials of

reactors. During their operational life, these alloys undergo intense neutron irradiation. [Purpose] This study aims to
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analyze the post-irradiation defect evolution and its mechanisms in these materials for comprehending the effects of
irradiation on them. [Methods] The displacement cascades in nickel, iron, and tungsten were examined at various
temperatures (300 ~500 K), primary knock-on atom (PKA) energies (<20 keV), and directions (<135>, <122>
and <100>) by using molecular dynamics (MD) simulations. Firstly, the model was initially relaxed at each specified
temperature under a canonical ensemble for 10 ps, applying periodic boundary conditions in every direction. Then, an
atom was randomly chosen as a PKA and assigned kinetic energy to initiate the cascade collision simulation in the
micro-canonical ensemble. Finally, the Open Visualization Tool package was employed for visualization and data
analysis of the irradiation cascade processes. [Results] The simulation results reveal that nickel and iron exhibit
similar steady-state defects. At lower PKA energies (<5 keV), nickel exhibits marginally fewer defects than iron.
However, as the PKA energy surpasses 5 keV, the number of defects in nickel becomes slightly more than that in iron.
Furthermore, under identical irradiation conditions, tungsten demonstrates superior radiation resistance, with fewer
steady-state defects when compared with both nickel and iron. [Conclusions] The defect evolution during various
cascade displacement phases in three metals and their defect recombination rates are crucial to understanding the
disparities in radiation damage resilience. The derived results help to comprehend the radiation characteristics of

these metals. Additionally, the primary radiation damage dataset compiled for these metals lays a foundation for

further larger-scale simulations of their radiation attributes using rate theory or cluster dynamics methods.

Key words Nickel, Iron, Tungsten, Neutron irradiation, Primary radiation damage, Molecular dynamics
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Notes: “*° Atomic interactional potentials of nickel, iron and tungsten by Béland et al."¥, Byggmastar et al.®”and Chen et al.”
respectively. * " Experimental values for the lattice constants of nickel, iron and tungsten investigated by Owen et al.””, Goldschmidt

et al.”" and Fu et al.*" respectively
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orientations under different temperatures and various PKA energies as a function of time
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Fig.2 Evolution of time-dependent defects in nickel at 300 K with PKA direction of <135>
(a) Defect evolution and arrangements in nickel with PKA energy of 20 keV; insets (a2~a5) are the typical defect arrangements
during the four typical stages (collision, thermal peak, quenching, and annealing) of the displacement cascades. Defect distributions
during the thermal peak stage (b, c, d) and annealing stage (b2, c2, d2) of nickel with PKA energies of 2 keV, 5 keV, and 10 keV (red
sphere represents vacancy, and blue sphere represents interstitial atoms) (color online)
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Table 2 Material parameters of nickel, iron, and tungsten used for the Arc-dpa model simulation

e BRI e B Cprecton

Materials E,/eV K3 This work %7 Reference® 7R3 This work %7 Reference®

5 Nickel 39 -1.962 -1.011 0.273 0.23

& Iron 40 -0.535 —-0.568 0.179 0.286

1 Tungsten 70 -0.374 -0.56 0.118 0.12

F: * Nordlund 55 1+ 5 144 k2 £l

Note: * Material parameters calculated by Nordlund et a."
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