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In the present study, effects of a thin Zn-flash coating on hydrogen evolution, infusion, and embrittlement
of advanced high strength steel during electro-galvanizing were examined. The electrochemical perme-
ation technique in conjunction with impedance spectroscopy was employed under applied cathodic polar-
ization. Moreover, a slow-strain rate test was conducted to evaluate loss of elongation (i.e., indicative of
hydrogen embrittlement (HE)) and examine fracture surfaces. Results showed that the presence of a thin
Zn-flash coating, even when it was not distributed uniformly, reduced hydrogen evolution rate and sub-
stantially impeded infusion of hydrogen into the steel substrate. This was primarily due to a hydrogen
overvoltage on Zn coating and trapping of hydrogen at the interface of Zn coating/flash coating/steel sub-
strate. Consequently, the sample with flash coating had a smaller HE index than the sample without flash
coating. These results suggest that a thin Zn-flash coating could be an effective technical strategy for mit-

igating HE in advanced high-strength steels.
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Table 1. Chemical composition of the steel substrate

C Mn Si P S Cr Ni Cu Mo Ti
Ba(rggt)eel 03-04 | 1520 | 005-0.1 | <0.01 <0.01 | 03-05 |0.01-0.03 | 0.02-0.05 | 0.1-0.3 | 0.02-0.05
Table 2. Conditions for the Zn-flash coating and electro-galvanizing processes
Treatment Samples Target amount (g/m?) | Current density (mA/cm?) | Time (s) Temperature (°C)
Zn-flash coating 100Zn 0.1 -31 1
400Zn 0.4 -62 2 %
EG
Electro-galvanizing 100Zn-EG 80 -10 2387 25
400Zn-EG
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Fig. 1. (a) Surface observations and their EDS analyses of the two Zn-flash coated steels with target coating weights of (a) 0.1
and (b) 0.4 g/m’

Fig. 2. Surface morphologies of the three electrogalvanized steel samples, observed by FE-SEM: (a,d) EG; (b,e) 100Zn-EG;
(c,f) 400Zn-EG
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Fig. 3. Cross-section morphologies of the three electrogalvanized steel samples, observed by FE-SEM: (a) EG; (b) 100Zn-EG;

(c) 400Zn-EG
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Fig. 4. (a) XRD patterns of the three electrogalvanized steel samples; (b) Magnified view of (a); (c) Relative crystallite size
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Table 3. Several parameters obtained by curve-fitting to EIS Nyquist plots of the tested samples

Potential Rs le Rcvo Qad/ab Rad/ab
Samples | "y | @emd) | (mFsTem?) Mo @cmd) | (mFs™em?) | M (Q-cm?)
BS -1.4 12.81 0.26 0.82 17.92 262.0 0.66 9.5
400Zn -15 10.75 0.25 0.71 21.57 137.5 0.51 8.56
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