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Characterization and electrochemical corrosion behavior of
cerium conversion coating on hot-dip galvanized steel
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Abstract: The cerium conversion coatings were prepared on hot-dip galvanized (HDG) steel sheets treated in 20 g/L
Ce(NO;);-6H,0 solution (pH =4, 25 ). The corrosion electrochemical behavior of the cerium conversion coatings was
compared with that of blank hot-dip galvanized sample in 5% NaCl solution using polarization curves and
electrochemical impedance spectra (EIS). The morphology and composition of the coatings were investigated by
scanning electron microscopy (SEM) and X-ray photoelectron spectroscopy (XPS). The results show that the corrosion
current density of the HDG decreases and the polarization resistance increases after cerium nitrate conversion treatment.
While the cerium conversion coatings can markedly restrain the anodic and cathodic reaction during the zinc corrosion
process, thereby its corrosion protective efficiency remarkably increases. It is also found that the low-frequency
impedance initially increases and then decreases with the treatment time increasing, which demonstrates clearly that the
resistance to the migration of electrolyte through the conversion coatings initially increases and subsequently decreases
with the treatment time increasing. When the treatment time is prolonged from 30 min to 1 h, the maximal impedance of
the conversion coating is up to 8—9 kQ-cm? and its corrosion resistance is optimal. The cerium conversion coating is apt
to crack in the vicinity of zinc grain boundaries, and the dry riverbed morphology gradually forms with the treatment time
increasing. The cerium conversion coating is composed of Ce, Zn and O elements, which mainly consists of CeO,,
Ce(OH), (or CeO,2H,0), ZnO and a small quantity of Ce,03, Ce(OH); (or Ce,052H,0).
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Table 1 Fitting results from polarization curves in Fig.1
Specimen  Ego(vs SCEYmV  Joor/(pA-cm™)  R,/(kQ-cm’)
HDG -1 061 13.0 0.583 [15]
10s -1 055 9.18 0.826
1 min -1 046 6.13 1.54 (10s)
10 min —1 049 5.03 2.26 HDG
30 min —1 049 1.37 8.49
1h —1044 1.36 8.94 1 min
10h —1 045 4.87 3.08

24 h -1050 5.58 2.01
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Fig.5 SEM images of cerium conversion coatings on hot-dip galvanized steel treated with 20 g/L cerium nitrate solution for

different times: (a) 10 s; (b)10 min; (c) 30 min; (d) 10 h
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