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Abstract 

    High temperature hydrogen technologies such as SOEC, SOFC, hydrogen gas turbine, hydrogen 

boiler, hydrogen internal combustion engine and so on, are being developed to achieve carbon 

neutrality by 2050. When structural materials are subjected to high-temperature hydrogen, 

understanding of the degradation of structural materials under ambient conditions is not enough. 

Particularly, creep deformation dominates the failure of materials at high temperature. The objective 

of this study is to characterize the hydrogen effect on the creep properties of pure iron and elucidate 

the mechanisms of how hydrogen affects creep deformation. This study will be done within the 

framework of an interdisciplinary and international collaboration between I2CNER and the University 

of Gottingen with the financial support by JRP-LEAD with DFG program. 

    The material was JIS SUY-1 industrial pure iron. Although this material is not used for the 

advanced high-temperature hydrogen technologies, its simple chemical composition and pure single 

phase may facilitate considerations about the mechanism. 

    Creep testing was carried out in argon and hydrogen gases at 873 K. The absolute gas pressure at 

which the creep tests were performed was 0.12 MPa. The hydrogen concentration in the specimen at 

the relevant conditions was estimated to be 0.70 mass ppm with reference to Yamabe et al [1]. 

    Hydrogen accelerated the minimum creep strain rate, resulting in a significant reduction in the 

creep life over the entire stress range in which we carried out the experiments. The fracture profiles 

and fracture surfaces were examined to consider the mechanism of the hydrogen effect. It was found 

that the fracture profile was double cup fracture for both environments, and the fracture surface 

morphology was dimples for both argon and hydrogen environments. These observations provided 

very important confirmation that hydrogen doesn’t change the creep deformation mechanism but 



accelerates the deformation. In addition to the examinations of the fracture profiles and fracture surface, 

the analysis of the creep life based on the minimum creep strain rate clarified that the creep life was 

dominated by the minimum strain rate, 𝜀𝜀̇ , regardless of the environment. In other words, the 

relationship between 𝜀𝜀̇  and creep life is the same in hydrogen and argon. This also supports the 

assertion that hydrogen accelerates the deformation without changing the creep deformation 

mechanism.  

According to the creep deformation mechanism map produced by Frost and Ashby [2], the creep 

deformation mechanism in these experiments was estimated to be power-law creep. In the power-law 

creep region, the creep strain rate is analytically formulated in terms of the applied stress. The analysis 

of our creep data based on that expression showed that a plausible role of hydrogen was to decrease 

the creep activation energy. Interestingly, this inference for the BCC steel is the same for an FCC steel 

in another of our experiments [3].  

Creep deformation in the power-law creep region is dominated by dislocation climb, in which 

vacancy diffusion takes an important role. According to the literatures, hydrogen reduces vacancy 

formation energy in alpha iron [4,5]. If hydrogen causes an increase in vacancy concentration, it can 

promote dislocation climb. Henceforth, we will investigate the hydrogen effect on the atomic scale 

defects such as vacancies and dislocations through a scale-bridging approach. 
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