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Growth mechanism of composite coatings obtained by
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Abstract: To enhance the corrosion resistance of galvanized steel, a composite coating was formed by phosphating and
cerium nitrate post-sealing treatment. The microstructure, chemical composition, element valence and phase of the
composite coatings were investigated by SEM, EDS, XPS and XRD. And the growth mechanism of the composite
coating was discussed based on thermodynamics. The results show that after post-sealing the phosphated galvanized steel
with cerium nitrate, the gaps of the needle-like zinc phosphate crystals are covered with cerium salts, and thus, the
continuous and intact composite coatings form. During post-sealing process, the edges of phosphate crystals become
rough and fuzzy due to the dissolution of phosphate. The dissolved phosphate ions simultaneously combine with cerium
ions, and the corresponding insoluble CePO,xH,O compounds form and cover on the composite coatings. A part of
compounds bond strongly, and the other parts are flocculent and will be rinsed easily. Both the dissolved zinc phosphate
and the new-formed flocculent compounds increase with the increase of post-sealing time, and finally the flocculent
compounds almost completely cover the composite coatings. The composite coatings are composed of Zn;(PO,),-4H,0,
CePO,4xH,0, CeO, and Ce(OH),.
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Fig. 1 SEM images of P30 (a) and P30+Ce30 (b) surfaces
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Table 1 Chemical composition of different micro-sites shown

in Fig. 1
Mass fraction/%
Micro-site
(0] P Zn Ce

1 35.37 14.44 50.19
2 2.77 0 97.23
3 14.34 2.46 43.74 39.47
4 25.73 6.60 63.04 4.63
5 16.08 1.22 77.17 5.52




1010 A G

2014 4 H

& 2
Fig. 2 High-magnification SEM image of dissolved zinc
phosphate crystals
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Fig. 3 SEM images of P30+Ce60 (a) and P30+Ce600 (b)

surfaces
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Fig. 4 SEM image of rinsed P300+Ce600
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Table 2 Chemical composition of different micro-sites shown

in Fig. 4
) . Mass fraction/%
Micro-site
(0] P Zn Ce
1 22.71 7.65 62.91 6.73
2 6.14 1.10 90.01 2.74
3 19.76 11.55 59.81 8.88
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Fig. 5 XPS spectra of composite coatings surfaces
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Fig. 6 High resolution XPS spectra of Zn 2p (a), P 2p(b), Ce 3d (c)and O 1s (d) of composite coating
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Fig. 7 XRD spectra of composite coatings
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