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Preparation of Acidic Vanadium/Zirconate Conversion Coatings on
AZ91D Magnesium Alloy

HAO Jian-jun, DAI Zhao-yi, WANG Xin-hui, YIN Hong-kun

(Shenyang Ligong University, Shenyang 100159, China)

ABSTRACT: The work aims to improve corrosion resistance of AZ91D magnesium alloy. A new type of acidic vanadi-
um/zirconate system was used to prepare chemical conversion coatings on the surface of magnesium alloy, and optimum tech-
nological conditions of conversion coatings were studied. The acid vanadate/zirconate conversion coatings were prepared on the
surface of magnesium alloy by using sodium vanadate, hexafluorozirconic acid and ammonium fluoride. Electrochemical work-
station was applied to evaluate electrochemical ac impedance curve (EIS), Tafel polarization curve, corrosion current and polar-
ization resistance of the conversion coatings. The main constituents of the coatings were analyzed with X-ray diffractometer
(XRD). Microstructure of the conversion coatings was analyzed with scanning electron microscope (SEM). The vanadi-
um/zirconate conversion coatings were successfully prepared on the surface of magnesium alloy. The film layers were grayish,
dense and smooth, which made salt fog resistance duration of magnesium alloy increase from 0.2 h to 4.5 h, corrosion current
decrease to 1.883x107> A and polarization resistance increase to 2200 Q. The main constituents of vanadium/zirconate conver-
sion coatings were Zr(OH),, V,0s, VO, and MgF,. Meanwhile, the microstructure of vanadium/zirconate conversion coatings
showed that the conversion coatings were composed of two layers of films, the bottom layer was polygonal film layer, and top

layer was granular compound. The acidic vanadate/zirconate conversion coatings can improve corrosion resistance of AZ91D
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magnesium alloy sucessfully.

KEY WORDS: magnesium alloy; vanadate/zirconate; acid system; chemical conversion coatings; corrosion resistance; sodium

metavanadate; hexafluorozirconic acid
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Tab.1 Composition content table of AZ91D magnesium alloy
Element Mg Al Zn Mn Ni Cu Ca Fe
Content/wt% Bal. 8.77 0.74 0.18 0.001 0.001 <0.01 <0.01
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Tab.2 Corrosion resistance of the coatings treated with
different amounts of sodium vanadate

metavanadare/ Cottngs  Coatings 00 AR
(el appearance colour time/h
2 Loose Gray 0.5
4 D:;S()eoi‘}?d Gray 2.0
6 Dense Gray 1.8
8 Dense Yellowish-white 1.3
10 Rough Yellowish-white 1.3
Raw material Silvery white 0.2
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Fig. 1 AC impedance curve under different concentration of
sodium vanadate
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Fig. 2 Polarization curve under different concentration of
sodium vanadate
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Tab.3 Polarization data under different concentration of
sodium vanadate

Sodium metava-

-5
nadate/(g-L™") Lo/ (107 A)

Eeon/V. RYQ

2 9.391 -1.5236 495
4 5.195 —-1.4766 896
6 6.202 —-1.5560 762
8 6.404 —1.5876 609
10 9.451 —-1.5526 559
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Tab.4 Corrosion resistance of the coatings treated with
different amounts of hexafluorozirconic acid
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Hexafluoro- Coatings Coatings Salt spray
zirconic ac- ApDearance colour corrosion
id/(gL™) PP time/h

1 Smooth Pale white 0.6
3 Dense Pale white 1.0
5 Dense and smooth Brown 2.5
7 Loose Brown 1.7
9 Appears pinhole Brown 1.1
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Fig.3 AC impedance curve under different concentration
of hexafluorozirconic acid
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Fig.4 Polarization curve under different concentration of
hexafluorozirconic acid
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Tab.5 Polarization data with different amounts of
hexafluorozirconic acid

Hexzf?(ﬁi‘g’?ifﬁ‘;“ic Lon/(x10°A)  Eeon/V R/Q
1 8.637 ~1.5760 393
3 7.071 ~1.5653 728
5 5.556 ~1.5619 930
7 6.348 ~1.5387 913
9 6.937 ~1.6136 798
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Tab.6 Corrosion resistance of coatings surface treated
with different temperature

Temperature Coatings Coatings Salt spray

/C appearance colour corrosion
time/h

30 Smooth Hoary 1.6
40 Dense Brown 2.5
50 Dense and smooth  Brown 3.1
60 Smooth Hoary 2.0
70 Loose and rough  Hoary 1.0
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Fig. 5 AC impedance curve under different
temperature treatments
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Fig. 6 Polarization curve under different temperature
treatments
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Tab.7 Polarization data under different temperature
treatments
Temperature/ C Teon/(x107° A)  Eeon/V R/Q
30 6.379 -1.5191 878
40 5.437 -1.5317 978
50 2.740 —-1.5189 1355
60 5.183 —1.5429 1013
70 7.172 —-1.5265 743
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Tab.8 Corrosion resistance of coatings surface under
different reaction time

. . . Coatings Salt spray
Time/min Coatings appearance colour  corrosion time/h
20 Smooth Gray 1.0
30 Dense Brown 3.1
40 Dense and smooth ~ Taupe 4.5
50 Smooth Taupe 2.0
60 Loose and rough Taupe 1.5
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Fig. 7 AC impedance curve under different time treatments
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Fig. 8 Polarization curve under different time treatments
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Tab.9 Influence of conversion time on polarization data

Time/min I, /(x107° A) Eon/V R,/Q
20 7.237 -1.5699 764
30 2.731 -1.5571 1831
40 1.883 -1.5359 2200
50 5.107 -1.5234 1032
60 7.237 ~1.5439 790
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Fig.9 XRD spectra of vanadium/zirconium conversion coating
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Fig.10 SEM of vanadium/zirconium conversion coatings
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