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Effect of humidity on hydrogen embrittlement susceptivity of
hot-dip galvanized steel exposed to simulated marine atmosphere
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Abstract: The hydrogen permeation and embrittlement behavior of hot-dip galvanized steels exposed to stimulated
marine atmospheric environments with different relative humidities(RH) at 30 ‘C were investigated by hydrogen
permeation current measurement with modified Devanathan-Stachurski cell, slow strain rate tensile test and scanning
electron microscopy technique. The results indicate that hydrogen permeation can be negligible if RH is less than 70%.
With RH rising, the permeation curves increase gradually. The hydrogen absorption is accelerated by the cathodic
protection of scratched steel surface afforded by zinc coating, and hydrogen permeation flux decreases with the exposed
area of steel substrate increasing. Hydrogen absorption and permeation reduce the elongation after fracture of galvanized
steel specimens; some lacerated phenomena occur in the fracture fringe, indicating that galvanized steels show higher
hydrogen embrittlement susceptivity when being exposed to marine atmospheric environment.
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Fig.1 Hydrogen permeation current density as function of
time for galvanized steels with perfect zinc coatings exposed to

simulated marine atmospheres with different relative humidities
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Table 1 Maximum hydrogen permeation current density of
galvanized steel with perfect zinc coatings exposed to
simulated marine atmospheres with different relative humidities

(pA/em?)
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Fig.2 Hydrogen permeation current density as function of

time for galvanized steel with different ratio coating defects

exposed to simulated marine atmosphere with 90% RH
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Table 2 Maximum hydrogen permeation current densities of

galvanized steel with different ratio coating defects (LA/cm?)
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Fig.3 Stress—strain curves of galvanized steel at 303 K: B;—
Tested in ambient atmosphere (blank); B, —Immersed in
seawater for 6 h, exposed to wet air with 90%RH for 20 d and
tested in ambient atmosphere; B;—Immersed in seawater for 6
h, exposed to wet air with 90%RH for 40 d and tested in
ambient atmosphere; B,—Immersed in seawater for 6 h,
exposed to wet air with 90%RH for 40 d and tested in wet air
with 100%RH
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Table 3 Mechanical properties of galvanized steel

Elongation after

Specimen Tensile strength/MPa fracture/%
B, 363.6 23.13
B, 379.9 23.11
B, 364.1 22.02
B, 361.3 21.52
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