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Abstract

Increasing the strength of steel is an effective means of reducing the weight of automobiles and the
environmental burden. Kobe Steel has developed high-strength steel for bolts, springs, thin steel sheets, and
other products and provided them to society. To meet the demands for even higher strength and applications
in severe corrosion and hydrogen environments, it is important to understand the factors influencing hydrogen
embrittlement, which may be a challenge for high-strength steels, and to create material design technology. This
paper introduces hydrogen evaluation technologies to clarify the effects of the environment, material, stress, and
strain on hydrogen embrittlement, including hydrogen entry monitoring using hydrogen permeation technique,
hydrogen evaluation technology in materials using thermal desorption spectrometry, and slow strain rate tensile
technique, as well as hydrogen visualization technology using secondary ion mass spectrometry. In addition,
examples of material design technology, such as hydrogen entry suppression by elemental addition and hydrogen
embrittlement suppression utilizing microstructure control and compressive residual stress, are explained.
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Fig.1 Schematic illustration of process of hydrogen entry and crack initiation due to hydrogen embrittlement
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Fig.2 Schematic illustration of factors affecting hydrogen embrittlement, hydrogen evaluation technology, and material design technology
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Fig.3 Schematic illustration of spatial and temporal resolution of various hydrogen evaluation technology
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Fig.4 Evaluation technology of hydrogen entry from the environment and monitoring technology of the environment and hydrogen embrittlement
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Fig.5 Analysis of hydrogen embrittlement behavior based on comparison of time-dependent changes in hydrogen entry into steel in an
atmospheric corrosion environment and the critical hydrogen concentration
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Fig.6 Effect of Cu addition on hydrogen entry into steel in atmospheric corrosion environment
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Fig.11 Effects of shot peening and subsequent low-temperature annealing on (a) deuterium distribution and (b) deuterium line profile in the

surface and interior of steel
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(a) Cathodic charging test
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Fig.12 Effect of hydrogen concentration on the maximum nominal stress evaluated by SSRT of steels hydrogen-charged by (a) cathodic charging

test and (b) combined cyclic corrosion test
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