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Investigation of diffusion behavior and activation energies of self-interstitial atoms in alpha-iron
using machine learning interatomic potential

BAMR—ATD, “FREEUMED, @Gy, RRAEAD, $hR—H?, BRI
Kazuki Sekine, Hirano Atsuo, Akiyuki Takahashi, Tomohisa Kumagai, Kazuma Suzuki and Akiyoshi Nomoto

1) BRER R RS AUREE TR Bize 8 e (T278-8510 TIEIREF M7 (LIk2641)
2) —fREIIEN B ILAIGEAT (T240-0196 #0Zs) I EARZEE i K 2-6-1)

Neutron irradiation enhances the formation of vacancies and Self Interstitial Atoms (SIAs), which cause
the material embrittlement as a consequence of the interaction with dislocations. The vacancies and SIAs
spontaneously form their clusters due to their self-diffusion. In this study, we calculated the activation
energies and the minimum energy paths of five different diffusion mechanisms (Event 1~5) in a-iron by
means of the Nudged Elastic Band (NEB) method with an Artificial Neural Network (ANN) interatomic
potential. The result of the NEB analysis suggests that the activation energy of the Event 1 mechanism is
the lowest and is 0.34 eV whereas an EAM potential gives the activation energy as 0.31 eV. The ANN
potential can also reproduce well the activation energies and the minimum energy paths of the other
mechanisms as well as the first principles calculations. The reaction pathway analysis also tells us that the
Event 2~5 mechanisms can be reproduced by the multiple reptations of the Event 1 mechanism.

Key Words : Self-Interstitial Atom(SIA), diffusion, machine learning interatomic potential, reaction
pathway analysis
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Fig. 1 Typical 5 diffusion mechanisms of SIA in o-iron
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Fig. 2 Minimum energy paths of Event 1calculated with
EAM and ANN potential
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Fig. 3 Activation energies of the SIA diffusion mechanisms
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Fig. 4 Energy paths of Event 3 and atomic configurations at
minimum energy points
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Fig. 5 Schematic diagram of diffusion mechanism with
iteration of Event 1
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Fig. 6 Frequency of each diffusion mechanism
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Fig. 7 Frequency of each diffusion mechanism by iteration of
Event 1
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