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Determination of the dominant defects of hydrogen embrittlement in iron-based
materials through the development of in-situ measurement methods of atomic
vacancies
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The purpose of this study is to identify the primarK defects of hydrogen
embrittlement in pure iron and austenitic stainless steels by positron annihilation spectroscopy,
the only non-destructive technique for the detection of atomic vacancies with high sensitivity.
Given the high hydrogen and monovacancy diffusivity at room temperature, to detect the defects
originally induced by hydrogen stress was applied in a hydrogen environment followed by
temperature-variable measurements or in-situ analysis. The results suggested that monovacancies were
stabilized by hydrogen trapping in hydrogen-embrittled pure iron, indicating for the first time
that the dominant defects of hydrogen embrittlement are vacancy-hydrogen complexes. In austenitic
stainless steel, mono-vacancy-level defects stabilized by binding to hydrogen were detected. The
critical factor of the hydrogen embrittlement was ascribed to the accumulation of small vacancy
clusters in high-density in high-strain regions.
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