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Abstract

A chromium-free Ce-based conversion coating formed by immersion in a solution containing cerium chloride
and nitric acid on AZ31 magnesium alloy has been studied. The effects of acid pickling on the morphology
and the corrosion resistance of the cerium conversion coating were investigated. The corrosion resistance
of the conversion coating prepared on AZ31 Mg alloy after organic acid pickling was better than that of
inorganic acid pickling. The morphology of the conversion-coated layer was observed using optical microscope
and SEM. Results show that the conversion coatings are relatively uniform and continuous, with thickness
1.0 to 1.1 um. The main elements of the conversion coating of AZ31 Mg alloy are Mg, O, Al, Ce and
Zn by EDS analysis. The electrochemical polarization results showed that the Ce-based conversion coating
could reduce the corrosion activity of the AZ31 Mg alloy substrates in the presence of chloride ions.
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Table 1. Composition of AZ31 magnesium alloy

Al Zn o Mg

2.75 0.92 2.60 Balance

Mechanical polishing
#2000 SiC paper

| D.l.water rinse

Alkaline cleaning
NaOH 409/
Triton X-100 1g/¢

| D.l.water rinse

Acid pickling
Oxalic acid 109/
HCI 2.59/14

+
HF 2.59/¢

| D.l.water rinse

Chemical conversion
CeCls Ba/t
HNO3(B5wt%) Bg/¢

| D.l.water rinse

Hot air dry

Fig. 1. Chemical conversion process for AZ31 mag-
nesium alloys.
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Table 2. Bath composition and operating conditions of chemical conversion AZ31 magnesium alloy sheets

Process Operation Composition of bath Conc. (g/1) Temp.(°C) Time of immersion(s)

. . Sodium hydroxide 40

1 Alkaline cleaning Triton X-100 1 50 60

Oxalic acid 10 25 30
5 Acid cleaning Hydrochloric acid 2.5

(pickling) + 25 30
Hydrofluoric acid 2.5
. Cerium chloride 6

3 comersion 50 180
Nitric acid (65wt%) 6
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Fig. 2. Surface morphology of AZ31 magnesium
alloys processed by acid pickling for 30s at the
ambient temperature: a) 1 wt% oxalic acid x200, b) 1
wt% oxalic acid x1,000 c) 0.25 wt% hydrochloric acid
+ 0.25 wt% hydrofluoric acid x200, d) 0.25 wt%

hydrochloric acid + 0.25 wt% hydrofluoric acid
x1,000.




20 um

Fig. 3. The cross-sectional microstructure of AZ31
magnesium alloys Ce-based conversion coating: a) 1

wt% oxalic acid b) 0.25 wt% hydrochloric acid + 0.25
wt% hydrofluoric acid.
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Fig. 4. SEM images of AZ31 magnesium alloys Ce-
based conversion coating : a) 1 wt% oxalic acid, x200
b) 1 wt% oxalic acid, x1,000 c) 0.25 wt% hydrochloric
acid + 0.25 wt% hydrofluoric acid, x200 d) 0.25 wt%

hydrochloric acid + 0.25 wt% hydrofluoric acid,
x1,000.

Intensity(A.U)

1200 1000 800 600 400 200 0
Binding Energy (eV)

Fig. 5. XPS analyses of Ce-based conversion coated
AZ31 magnesium alloy: (a) 1 wt% oxalic acid and (b)

0.25 wt% hydrochloric acid + 0.25 wt% hydrofluoric
acid.
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Table 3. Composition of conversion coating of AZ31 magnesium alloy by EDS analysis (wt.%)
Elements
Mg (0] Zn Ce F S Total
Acid cleaning
Oxalic acid 78.83 11.92 4.19 1.26 3.80 - - 100
Hydrochloric acid
+ 65.41 25.20 4.46 1.21 3.18 0.15 0.40 100
Hydrofluoric acid
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AZ31 magnesium alloy : a) 1 wt% oxalic acid b) 0.25

wt% hydrochloric acid + 0.25 wt% hydrofluoric acid
c) untreated.
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Table 4. Results of potentiodynamic polarization test

Current density(Afcm?)

Fig. 7. Potentiodynamic polarization curves of Ce-
based conversion coated AZ31 magnesium alloy.
Pretreatment by 1 wt% oxalic acid, 0.25 wt%

hydrochloric acid + 0.25 wt% hydrofluoric acid and
untreated.
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Untreated -1.485 4.423x10° 1.009
Oxalic acid -1.221 2.676x10° 0.061
Hydrochloric acid
+ -1.250 3.409x10° 0.078
Hydrofluoric acid
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