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Precipitation of Cathodic Hydrogen in Mild Steels
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The precipitation process of hydrogen in mild steels was studied by the X-ray
line broadening during cathodic charging. Also, the relation between intrinsic and
apparent solubilities of hydrogen was analysed on the basis of a trapping model.

The following results were obtained: (1) Cathodic charging at higher current
densities than 1mA/cm? always produced a number of cracks in the surface layer to
200¢ in depth at room temperature. (2) The morphology of cracks varied with the
composition of steels: The electrolytic iron (0.01%C) was characterized by inter-
granular cracks together with surface blisters, the SS-41 steel (0.15%C) by trans-
granular cracks with blisters, and the 3%Si-iron (0.01%C) by (100)-cleavage cracks
without blisters. (3) Sievert’s law leads to C=42,/p exp (—6500/RT) on the assump-
tion that the gas pressure P (atm) in cracks is in equilibrium with the hydrogen
concentration C (wt-ppm) in lattices. The estimate of C from the permeation tran-
sient analysis gave a reasonable value of P that was comparable to the tensile
strength of steels. (4) The apparent solubility Cq of cathodic hydrogen was formulat-
ed in Co=C{1+K exp (Es/RT)}, where K is the defect density parameter and Ep
the defect-hydrogen binding energy. The estimates of C, K and Ep from diffusion
data were consistent with measured values of C, by the warm extraction method.
The above formulation enables one to analyse the initiation process of preciptation
cracks in relation to the solubility limit of hydrogen in steels.
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Table 1 Chemical composition (wt%) of test specimens

C Si

Pure Iron (vacuum melted) 0.009 0,001

Mild Steel (SS 41) 0.149
| 3% Si-Iron (vacuum melted) |
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Fig.1. Surface blisters of mild steel, pro-
duced by cathodic charging for 10sec
(A) and 1000sec (B) at 100mA /cm=.
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Fig.2. Dislocation etch pits associated with
a crack produced by cathodic charg-
ing. The arrows indicate a (100)-
cleavage crack stopped by grain
boundaries. (3% Si-iron)

Fig.3. A transgranular crack and disloca-
tion arrays produced by cathodic
charging. The arrows indicate a
(100)-cleavage crack inside the crys-
tal. (3% Si-iren)
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Fig.4. Transmission electron micrograph
showing dislocations in mild steel
charged with hyvdrogen.
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Fig.7. Relation between half width and Fig.8. Relation between half width and

distance from a surface of mild steel
charged for several charging times
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iron charged for several charging
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Fig.10. Variation of hydrogen solubility and
half width with current deasity for
mild steel at room temprature.
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Fig.11. Solubility data of hydrogen in iron
and steel.
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