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Corrosion behavior of magnesium alloy in
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Abstract: Through the corrosion experiments and the anodic polarization curves, the effects of composition of plat-
ing bath and temperature on corrosion behavior of magnesium alloy AZ91D in electroless nickel plating bath com-
posed of nickel sulfate were studied. The corrosion behavior of AZ91D in the baths with nickel sulfate or with basic
nickel carbonate and the quality of the coating obtained in both baths, were compared. The results show that corro-
sion of magnesium alloy in the bath with nickel sulfate is suffered more seriously than that in the bath with basic
nickel carbonate. At low temperature, MgF> film on the surface of magnesium alloy in the bath with nickel sulfate is
not compact and the coupons of magnesium alloy have a big corrosion rate, but at high temperature, the reactive of
Mg™ and F~ increases, and MgF> film on the surface of magnesium alloy becomes more compact. So M gF: film can
prevent magnesium alloy from further corrosion. At the plating temperature beyond 70 ‘C, the corrosion rate of

magnesium alloy caused by SO in the bath is reduced in presence of F~ .
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Table 1 Solution composition of surface pretreatment and operation conditions

Stage Process operation Solution and operation
1 Ulirasonic cleaning Acetone, 20 C(room temperature), 10 min
2 Alkaline cleaning NaOH 50¢g/L, Na3POs * 12H20 10g/L, (60£5) C, 8~ 10 min
3 Acid pickling CrO3 125g/L, HNO3(68%) 110 mL/L, 20 C, 0.5~ 1.0 min
4 Activation HF (40%) 385 mL/L, 20 C, 10 min
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Table 2 Electroless nickel bath and operating conditions

Bath with nickel sulfate

Bath with basic nickel carbonate

NiSO4 * 6H20 20 g/ L
HF (40%) 12mL/L
CeHsO7* H20 5g/L
NHsHF, 10g/L
NH3s * H20 (25%) 30mL/L
NaH2PO2 * H20 20¢g/L
H2NCSNH2 1 mg/L
pH 4.0, 90~ 95 C, 60 min

NiCO3 * 2Ni(OH)2 * 4H20 10g/L
HF(40%) 12mL/L
CsHsO7 * H20 5 g/ L

NH4HF, 10 g/L
NH3 * H20(25%) 30 mL/L
NaH2PO2 * H20 20 g/L
H2NCSNH2 1 mg/L
pH (6.5%1.0), (80%2) C, 60 min
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Table 3 Composition of corrosion solution

SO;I“:OH Characteristics Composition of corrosion testing solution
1 Pure Na2S04 Na2504 10.8 g/ L
2 No Ni. St Na2504 10.8g/L, HF(40%) 12mL/L, C¢HsO7* H20 5¢g/L, NH4HF2 10 g/L, NH3 * H20(25%)
85 R 30 mL/L, NaH2PO2 * H20 20 /L, HoNCSNH2 1 mg/L, pH 4.0
3 No Ni, no P, Na2S04 10.8 g/ L, HF(40%) 12mL/L, CeHsO07* H20 5g/L, NH4HF2 10g/L, NH3 * H20(25%)
S type 30mL/L, H2NCSNH2 1 mg/L, pH 4.0
4 No Ni, no P, Na2S04 10.8 g/L, CeHs07 * H20 5g/L, NH4sHF210g/L, NH3 * H20(25%) 30mL/L, HoNCSNH2
no HF, Stype 1mg/L, pH 4.0
5 No P. St NiSO4 * 6H20 20 g/L, HF (40%) 12 mL/L, CeHsO7 * H20 5 g/L, NHsHF> 10 g/L,
@50 LIPS NH3 * H20(25%) 30 mL/L, HoNCSNH2 1 mg/L, pH 4.0
6 Bath with NiSOs4 = 6H20 20 g/L, HF (40%) 12 mL/L, Ce¢HsO7 * H20 5 g/L, NHs4HF2 10 g/L,
nickel sulfate NHs * H20(25%) 30 mL/L, NaH2PO2 * H20 20g/L, HoNCSNH2 1 mg/L, pH 4.0
7 No P. G-t NiCOs3 * 2Ni(OH)2 * 4H20 10g/L, HF(40%) 12 mL/L, CéHsO7 * H20 5g/L, NH4HF210g/L,
&% e NH3 * H20(25%) 30 mL/L, HoNCSNH2 1 mg/L, pH 6.5
8 No Ni, no P, NaCO3 * 5H20 2.8¢/L, HF(40%) 12 mL/L, CcHsO7 * H20 5¢g/L, NHsHF2 10g/L, NH3 * H20
C-type (25%) 30 mL/L, H2NCSNH2 1 mg/L, pH 6.5

S type —contain SO%™ ; C-type —contain CO3™ ; P—NaH2PO2 * H20; No —Except.
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Table 4 Corrosion rate of magnesium alloy in

electroless nickel bath

Sample

No, Solution No. Corrosion spot/ em™ 2
1 1(Pure Na2SO4 solution) 0.42

2 2(No Ni, Stype) 0

3 3(No Ni, No P, Stype) 0

4  4(NoNi, NoP, No HF, Stype) 0

5 5(No P, Stype) 1. 89 (big spot)
6 6( Bath with nickel sulfate) 1. 62 (small spot)
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Fig. 1 Corrosion of magnesium alloy in

solution of No. 5 at various temperatures
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Fig.2 Anodic polarization curves of
AZ91D magnesium alloy in solutions of

No.3 and No. 8 at 30 C
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Fig. 4 Anodic polarization curves of

AZ91D magnesium alloy in solution of

No.3 at 30 C and 90 C
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Table 5 Comparison of plating of two electroless nickel baths

Sample Bt tiyjpe Platinggszpeed{ 1 Surface Co'rrosion Corrosi(in2
No. (Bme*cm™?°h™ ') appearance time/ h spot/ cm
0.5 0
1.0 0
1 Bath with nickel sulfate 33.16 Smooth L.> 0
2.0 0
2.5 0
3.0 0.13
0.5 0
1.0 0
2 Bath with basic nickel carbonate 17.36 Smooth ; f) g
2.5 0.33

3.0 1.03
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Fig. 7 Microcosmic morphologies of

coating plated in different solutions for 1 h
(a) —Nickel sulfate; (b) —Basic nickel carbonate
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