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Influence of Alloying Elements on Hydrogen Embrittlement

Investigated through Severely Plastic-Deformed Steels

Yoshikazu Todaka
(Toyohashi University of Technology)

Abstract :

In this study, the influence of the alloying elements phosphorus (P) and sulfur (S), together with
lattice defects, on hydrogen diffusion in iron (Fe) was investigated.

The hydrogen diffusion coefficient in pure Fe, P-added Fe, and S-added Fe decreased as the
density of lattice defects - dislocations and grain boundaries — increased, and the degree of this
decrease was essentially the same regardless of P or S addition. Even in the ND+800°C specimens
(non-deformed specimen heat-treated at 800 ‘C) prepared to promote P or S grain-boundary
segregation, hydrogen-diffusion behavior did not differ markedly from that of pure Fe. By contrast,
the HPT+300°C specimens, which possess a high grain-boundary fraction, exhibited an increase in
the diffusion coefficient, most likely attributable to grain-boundary segregation of P or S.

The formation of vacancy-hydrogen clusters and nanovoids in the specimens that were hydrogen-
charged and subsequently plastically deformed was also investigated by small-angle X-ray
scattering (SAXS).

Plastic deformation promoted the formation of vacancy-hydrogen clusters and nanovoids,
typically a few nanometers in size, in pure Fe as well as in P- and S-added Fe. These defects
tended to be elongated in the direction normal to the shear strain imposed by high-pressure torsion

(HPT) - straining. No pronounced influence of P or S was detected in these phenomena.
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