©
2019 2023

Validation of hydrogen embrittlement model based on quantitative evaluation of
vacancy-type defects using computational methods

Ebihara, Kenichi

3,300,000

1.2e-6
110 100

To validate the hydrogen-enhanced strain-induced vacancy model as one of the
mechanisms of hydrogen embrittlement, the interaction of hydrogen with vacancies and vacancy
clusters was evaluated by molecular statics, incorporated into the hydrogen reaction-diffusion
equation considering the behavior of vacancies and vacancy clusters, and the thermal desorption
spectrum of hydrogen from pure iron containing hydrogen-enhanced strain-induced vacancies was
simulated under the experimental conditions. In this calculation, assuming a vacancy formation of
about 1.2e-6 was necessary. Molecular dynamics simulations using a machine-learning potential
reproduced the experimental trend that {100} plane cracks are more likely to occur than {110} plane
cracks, which have the lowest surface energy, and clarified the mechanism.
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1 kJd/mol [5]
Vi V2 V3 Va4 Vs Ve V7 Vs Vo
1 53.3 56.9 54.9 55.3 55.4 55.4 55.9 55.9 56.8
2 50.0 53.0 54.5 55.4 55.4 55.4 55.7 55.9 55.9
3 325 52.7 54.3 55.1 551 55.4 55.7 55.9 55.9
4 275 36.5 50.9 55.1 551 55.4 55.4 55.9 55.9
5 17.6 37.8 50.1 50.8 54.8 54.9 55.1 55.4 55.5
6 10.6 38.6 44.9 50.9 51.1 54.9 55.1 55.4 55.4
7 28.1 34.8 50.3 51.2 524 54.9 55.2 55.5
8 28.4 34.4 50.4 50.6 525 51.5 55.2 55.2
9 19.1 334 30.9 50.0 50.1 51.2 51.5 55.1
10 18.2 26.0 311 37.0 50.1 47.0 51.6 524
11 10.1 24.3 30.5 38.0 37.1 47.4 50.4 51.6
12 17.9 27.6 355 37.1 511 50.7 51.4
13 13.1 23.9 29.8 40.0 42.5 45.9 51.1
14 18.2 24.5 34.6 36.8 45.7 51.1
15 17.6 26.6 30.0 34.5 36.6 50.2
16 13.8 215 294 32.9 36.0 374
17 20.6 26.4 32.9 35.5 38.8
18 14.8 26.3 30.9 34.1 35.8
19 10.6 16.5 28.3 33.6 33.1
20 14.8 255 29 33.3
21 12.7 21.3 26.7 30.9
22 17.7 26.4 314
23 15.9 24.3 294
24 13.1 22.4 25.8
25 16.9 22.6
26 12.6 22.2
27 20.1
28 16.0
29 13.4
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