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Influence of bath temperature of conversion treatment process
on corrosion resistance of zinc calcium phosphate conversion
film on AZ31 magnesium alloy
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Abstract: Zinc calcium phosphate conversion films were prepared via chemical deposition on AZ31 magnesium alloy.
The influence of the temperature of phosphate baths on the surface morphologies of phosphate conversion films on AZ31
magnesium alloy and their corrosion resistance were investigated by scanning electron microscopy (SEM) and
potentiodynamic electrochemical tests, respectively. And the phase constitutes and chemical compositions of the coatings
were analyzed by electron energy X-ray spectrum (EDS), X-ray photoelectron spectrum (XPS) and X-ray diffraometry
(XRD). The results show that the chemical conversion coatings, which are mainly composed of Zn;(PO,),-4H,0, contain
O, P, Zn and Mg as well as a trace of Ca. The phosphate conversion films are characterized to be homogenous fine grains
and completely covered on the surface; and the corrosion resistance of the coatings obtained at the temperature of 50 is
optimum. The calcium-containing phosphate conversion films with finer grains on magnesium alloy can more
significantly enhance the corrosion resistance than zinc phosphate conversion films.
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Table 1  Chemical compositions of coatings obtained at

various temperatures

Mass fraction/%

Temperature/
o P Zn Mg Al
40 89.18 4.73 1.35 399 075
50 50.16 15.87 33.97 - -
60 6322 771  29.07 - -
70 6423 1242 2335 - -
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Fig.2 XPS survey spectrum of coating obtained at 50
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Fig.3 XRD patterns of substrate and coatings obtained at

various temperatures
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Table 2 Parameters of phosphate conversion films at various k )
temperatures and substrate “
| Paor (¥ oo @)
Materials ~ Temperature/ 5
SCE)/V (LA-cm ) dink, E, ©
40 -1.51 32.02 dr  Rr:
Phosphate
coversion —L -l (7)
60 —-1.52 35.71 dr RT:
film
Substrate -1.52 110.17 (kJmol™) T Ey  E.




20 8 AZ31 1465

“4) ©
i [17]
dln—1
kfl — Eal _Ea—l (8)
dr RT?
K
50
ky
K= ®) (D
2
©® ® ¢ 2 (
3)
dan:Eal—Ea_l (10)
dr RT?
( 5)
(10) [12, 15]
E
InK=In4-—% (1)
RT
Ea:(Eal_Eafl) A 4
(11) K
K 1) 50
K (18]
H,PO,” 50
3 3.5% NaCl 4 18]
Table 3 Comparison of corrosion resistance of zinc phosphate conversion films to 3.5%NaCl solution™ ‘¥
Technique No. Bath composition Parameter Material ~ Jgo/(mA-cm 2)
8 20 g/L Na,HPO,, 7.4 mL/L H3PO,, 3 g/L NaNO,, 1.84 g/L 50 ,
11 ZK60 0.70
NaNO;, 5 g/L Zn(NOs),, 1 g/L NaF 30 min
10 g/L Na,HPQO,, 4 g/L NaNO,, pH=2.5,
2 AZ31 0.02
2 g/L Ca(NO3),, 6 g/L Zn(NOs),, 2 g/L NaF 50 ,20 min

5 SEM
Fig.5 SEM images of coatings on Mg alloys by two processes: (a) Technique 11'®); (b) Technique 2
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