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ABSTRACT Phosphate coating on the surface of A3 carbon steel was prepared through the addition
of Ca2+ and ozone as an accelerator of phosphating treatment at low temperature, and was characterized
by SEM, XRD, EDS, FT-IR and corrosion electrochemical testing. The effects of Ca2+ and dissolved
ozone in phosphating solution on the structure and performance of phosphate coating were investigated.
The results show that the coating mass decreases with increasing the Ca2+ concentration in phosphating
solution. Ca2+ can reduce the crystal size of coating and increase the density and corrosion resistance of
coating. The dissolved ozone in phosphating solution can reduce the crystal size of coating and promote
the growth of crystal, so the nucleation and formation rates are increased and the corrosion resistance
of coating is improved. When pH=2.70, concentration of Ca2+ and ozone were 1.8 g/L and 2.50 mg/L
respectively, the mass of phosphate coating was 5.46 g/m2, the corrosion-resistance time of coating
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with CuSO4 dripping was >122 s, and the corrosion current of phosphating sample was 0.50 μA/cm2

in 5% NaCl solution.

KEY WORDS surface and interface in the materials, phosphating, A3 carbon steel, ozone, calcium

ion, corrosion, surface treatment
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Table 1 Composition of zinc phosphating

bath(g/L)

Component PO3−
4 Zn2+ NO−

3 Ca2+ O3(mg/L)

Content 24.72 5.05 1.32 0–3.0 0–2.5
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Fig.1 Schematic diagram of phosphating equipment
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Fig.2 SEM pictures of phosphate coating (a) pH=2.50, [Ca2+]=1.8 g/L; (b) pH=2.60, [Ca2+]=1.8

g/L; (c) pH=2.70, [Ca2+]=1.8 g/L; (d) pH=3.00, [Ca2+]=1.8 g/L; (e) pH=2.70, [Ca2+]=0 g/L
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Fig.3 Influence of pH on coating weight

M 4 pH f1,�-cddeefg534

Fig.4 Influence of pH on anti-corrosion time of coat-

ing
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Fig.5 FT-IR spectra of phosphate coating

M 6 Ca2+ 1,�-de534
Fig.6 Influence of Ca2+ on coating weight
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M 7 Ca2+ 1,�-cddeefg534

Fig.7 Influence of Ca2+ on anti-corrosion time of

coating
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Zn2Fe(PO4)2·4H2O, j��?)�$&, + EDS &
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>"-nY1/R� 44.8◦ HJ)>PMg�TU
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1.8 mg/L +, Fe(110)  (44.8◦ HJ) )>"-nU

X, oX2+)��!�?�)(* Z[)j1>

M 8 ,�-5 SEM a\

Fig.8 SEM pictures of phosphate coating, concen-

tration of ozone, (a) 0.9 mg/L; (b) 1.8 mg/L;

(c) 2.5 mg/L

M 9 ,�- EDS hp

Fig.9 EDS spectra of phosphate coating
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M 10 ,�-5 XRD ph

Fig.10 XRD pattern of phosphate coating, concentra-

tion of ozone: (a) 0 mg/L; (b) 0.9 mg/L; (c)

1.8 mg/L; (d) 2.5 mg/L
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2om@9(lp9&<6, ?�)(&86/<6

))+HL>][va86)* ^q, <6][l
qQ9(* 2L/9(lp9)+D, <6* '

`*F4)12XC><6 J, r+<66�, 6

7��][)2L/�B���'.)B9/�)
'�<6* )19�+% (36�), ;6q>><

6 J/

2.3 fg[ABCmZXnopqD\]
H 11 �(-3 Ca2+ ?")��'.B9)

�45��!J4)67/( Ca2+ ?"=u&

0.6 g/L 1.2 g/L 2.4 g/L . 1.8 g/L )��'.,

��!)J4F(B9�4& 0.90–1.80 mg/L fg
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Fig.11 Influence of ozone on coating weight

M 12 321,�-cddeefg534

Fig.12 Influence of ozone anti-corrosion time of coat-

ing
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M 13 32ps1,�uxu�qv534

Fig.13 Influence of ozone on potentiodynamic po-

larization of phosphating sample([Ca2+]=

1.8 g/L)

K 2 32ps1,�5ux ([Ca2+]=1.8 g/L)y

5% NaCl rRt5 Ecor 0 Icor 534

Table 2 Influence of ozone to phosphating sample′s

Ecorr and Icorr in 5% NaCl solution

Sample ρ(O3)/(mg/L) Ecor/V Icor/(μA/cm2)

a blank −1.0007 25.91

b 0.00 −0.7523 4.72

c 0.90 −0.6991 1.72

d 1.80 −0.7093 0.78

e 2.50 −0.6437 0.50
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