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The hydrogen diffusion and trapping model with a numerical finite difference method (FDM) was modified
and extended to accommodate H,S corrosion and scale forming processes of high-strength steel under tensile
stress condition. The newly proposed diffusion model makes it possible to clearly understand combined
effect of tensile stress and H,S corrosion process on hydrogen diffusion behaviors. The core concept of
this theoretical approach is that overall diffusion behavior is separated into diffusion process through two
respective layers: an outer sulfide scale and an inner steel matrix. Diffusion coefficient values determined
by curve-fitting permeation data reported previously with the newly proposed diffusion model indicate that
the application of tensile stress can contribute to continual increase in the diffusivity in the sulfide scale
with a high density of defect. This suggests that the scale with a lower stability under the stress condition
can be a key parameter to enhance hydrogen influx in the steel matrix. Consequently, resistance to hydrogen
assisted cracking of the steel under tensile stress can be decreased significantly.
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Fig. 1 Observation of surface blisters and crack propagation of API 5L grade pipeline steel [7].
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Fig. 2 Schematic diagram illustrating (a) electrochemical corrosion behavior of steel exposed to H,S environment, and (b) hydrogen
transport behavior in steel.
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Fig. 3 Schematic diagram illustrating an electrochemical per-
meation cell equipped with a constant loading device.
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Fig. 4 The numerical curve-fitting with the newly proposed dif-

fusion model to experimental permeation data [13] obtained under
load and no load.
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No load 38.5 36 30.97
Loading to 90% YS 55.61 157.58 160.99
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Fig. 7 Surface morphology of sulfide scale formed after immersion
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