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Abstract

The demand for higher-strength steel materials is increasing in pursuit of carbon neutrality. In
addition to conventional experiment-driven approaches, the application of atomistic computational
science methods is highly effective for the development of novel high-strength steels. This paper
reports Nippon Steel Corporation’s recent efforts to apply such methods to steel materials devel-
opment, including: (1) the construction of a highly accurate and transferable machine-learning
interatomic potential (MLIP) for a-Fe, and (2) the non-empirical prediction of hydrogen diffusion

coefficients in alloy systems using MLIP.
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Construction of a machine-learning interatomic potential (MLIP) for a-Fe?2%
(a) Training dataset used for MLIP construction and fitting results, (b) Validation procedure for the constructed MLIP
Accuracy of each interatomic potential in reproducing the forces on atoms near general grain boundaries calculated by DFT
calculations. For comparison, the accuracy of an empirical interatomic potential (denoted as EAM) is also shown.
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Comparison between the average grain boundary energy

of polycrystals calculated using the constructed MLIP and

the experimental values3"

The atomic structure model of the nanocrystalline polycrys-

tal used in the calculations is also shown. For comparison,

results obtained using conventional interatomic potentials

(denoted as EAM and MEAM) are also presented.
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grade exceeding 2 are considered to represent insufficiently sampled atomic configurations. (c) Color map of the extrapola-
tion grade for each atom at 20% strain
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Atomic structures used in molecular dynamics simulations
for predicting hydrogen diffusion coefficients2®

As examples, results for Ni, Ni-10.0 at.% Mn, and Ni-25.0
at.% Mn are shown. Gray, blue, and red spheres represent
Ni, Mn, and H atoms, respectively.
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Effect of Mn addition on hydrogen diffusion in Ni: (a) activa-
tion energy and (b) pre-exponential factor. For comparison,
experimental results reported by Omura et al.*?, Katz et
al.®®, and Volkl et al.®” are also shown.
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