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Growth and corrosion resistance of zinc phosphate conversion
coatings on hot dip galvanized steel

LIN Bi-lan, KONG Gang, LU Jin-tang, CHE Chun-shan, LIU Jun

(School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: The morphology and composition of zinc phosphate conversion coatings on hot-dip galvanized steels that were
phosphorized in pH 3.0 zinc phosphate solution for 2—600 s were investigated by scanning electron microscopy, energy
dispersive spectrometer and X-ray diffractrometry. The growth process of phosphate coatings was also discussed. The
results show that the zinc phosphate crystals can be nucleated at the intra-grains and the grain boundaries of zinc. The
zinc phosphate crystals firstly are flaky and grown approximately parallel, and latterly develop to several orientations as
fan-shaped wafers. With the nucleation and growth of zinc phosphate crystals, the coverage of phosphate coatings
increases gradually. However, the pores among the phosphate crystal sheets can not be eliminated completely. The bigger
phosphate crystals will be broken off, resulting in the decrease of mass gain of phosphate coatings. The phosphate
coatings are mainly composed of Zn3(PO,),-4H,0O. The corrosion resistance of HDG steels is greatly improved by
phosphating and increases with the phosphating time and coverage of phosphate coatings.
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Table 1 Formulation and process parameters for phosphating

Formulation Process parameter

p(Zn0) 1.2 g/L Temperature 45 C
Time 2—600 s

pH 3.0

p(NaNO;) 15 g/L
9(85% H;PO,) 11 mL/L
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Fig.1 Variation of mass gain with phosphating time
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Table 2 Time dependence of grain number and size of

phosphate(at sight of 750 pum x500 pm)

Ph(:i};j:ing Grain number Grain size/pum
2 165-175 1-23
5 180-190 5725
7 200-210 16-30
10 230-240 2845
s 43-60
30 85-105
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Fig.2 SEM micrographs (lower magnification) of phosphate coatings during phosphating of HDG steel for different times: (a) 2 s;

(b) 15s; (¢) 30's; (d) 600 s
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Fig.3 Initial phosphate crystals: 2 s, wafers were compact and
approximately parallel(a) and 7 s, wafers were gradient with

surface of zinc substrate (b)
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Fig.5 BSE micrographs of phosphate coatings with longer
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Table 3  Chemical compositions of neonatal phosphate

crystals (mole fraction, %)

Element Measured phosphate Z05(PO4),4H,0
crystal
Zn 30.9 17.6
9.7 11.8
(0] 59.3 70.6
Mole ratio of Pto O 0.167 0.163
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Fig.8 Polarization curves in 5%NaCl solution for HDG steels
phosphated with different times: (a) 0 s; (b) 30 s; (c) 60 s; (d)
180 s; (e) 300 s; (f) 600 s
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Table 4 Polarization parameters obtained from Fig.8

Phosphating time/s @eon(vs SCE)/V foon/ (MA-cm %) b./mV b,/mV Rp/(kQ~cm2)
O(Pure zinc) —1.101 16.8 74 22 0.54
30 —-1.092 5.33 146 19 1.36
60 —1.043 3.56 152 15 1.68
180 —-1.037 2.06 157 21 4.05
300 —1.032 1.67 160 17 4.55
600 —1.030 1.36 148 20 5.46
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Fig.9 Corroded area of phosphated HDG steels after NSS
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