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ABSTRACT 

There are great expectations to hydrogen as a next generation energy or a medium of 

energy. However, it is well known that hydrogen weakens the strengths of metals. For 

example, it decreases global elongation to failure and increases crack growth rate under 

cyclic loadings [1]. Despite the extensive investigations concerning hydrogen related 

fractures, the mechanisms have not been enough clarified yet. The difficulties to reveal 

the essential effects of hydrogen are mainly attributed to the characteristics of hydrogen 

such as ppm-order extremely low concentration, high diffusivity and high sensitivity to 

the defect-densities in metals. In this study, we performed molecular dynamics (MD) 

simulations of Mode I crack growth in bcc-Fe single crystals with and without hydrogen, 

and analyzed the hydrogen effects on the crack growth behavior from the atomistic 

viewpoints.  

We used the quasi three dimensional models with a small thickness, and adopted the 

periodic boundary condition along the thickness direction. The models are composed of 

about 70,000 atoms whose interactions are described by the embedded atom method 

(EAM) potential developed by M. Wen et al.[2]. The multiple time step algorithm [3] 



 

was also used as a time integration method. Recent detailed observations showed that 

hydrogen related fractures correlate closely with the dislocation motion. Consequently, 

the crack growth behaviors in two types of crystal orientation are analyzed. The first 

one has the crystal orientation in which dislocation emissions do not occur and the 

fracture type is brittle, and the other is directed to the crystal orientation in which 

dislocation emissions easily occur and the fracture type is ductile. In the case of the 

former crystal orientation, significant differences between models with and without 

hydrogen were not observed. However, in the latter case, it is revealed that simulation 

models with hydrogen are more likely to fracture along the slip planes than the models 

without hydrogen. We also show that the hydrogen atoms which are trapped by an edge-

dislocation core distribute along the slip plane, and such a planar distribution of 

hydrogen leads to the slip plane fracture at the high dislocation density plane. 
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