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This study aimed to evaluate hydrogen permeation behaviors of pre-strained twinning-induced plasticity
steel with or without Zn coating using electrochemical permeation technique. In contrast to un-strained and
30% strained samples, permeation current density was measured in the 60% strained sample. Tensile pre-
straining at 60% involved microstructural modifications, including a high level of dislocation density and
stacking fault with a semi-coherent twin boundary, which might provide a high diffusion path for hydro-
gen atoms. However, reproducibility of measurements of hydrogen permeation current was low due to non-
uniform deformation and localized stress concentration. On the other hand, the permeation current was not
measured in pre-strained TWIP steel with Zn coating. Instead, numerous blisters with some cracks were
observed on the surface of the coating layer. In locally damaged Zn coating under tensile straining, hydro-
gen atoms could relatively easily permeate through the coating layer. However, they were trapped at the
interface between the coating layer and the substrate, which might delay hydrogen penetration into the

steel substrate.
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Fig. 1. Hydrogen permeation current densities of the TWIP steel samples after tensile pre-straining at (a) 30% and (b) 60%

Table 1. Hydrogen diffusion parameters of TWIP steel
sample after tensile pre-straining at 60%

Diffusion parameters 60% Pre-strained sample
D,,, (m*s™) 1.87 x 10
JeL (mol-m™-s™) 1.60 x 107
C,,, (mol-m?) 85.99
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Fig. 2. TEM observations with the diffraction pattern of
TWIP steel sample after tensile pre-straining at 60%: (a)
Twin band; (b) Stacking fault in twin band
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Fig. 3 XRD patterns of TWIP steel samples after tensile pre-straining at (a) 30% and (b) 60%
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(@)

Fig. 4. FE-SEM observations of Zn-coated TWIP steel sample (a) before and (b-d) after tensile pre-straining at 60%; (a,b)
Cross-section images; (¢,d) Surface images
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