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Effects and characteristics of MgF, during electroless nickel plating
of magnesium alloys

GUO Dong, FAN Zhan-guo, YANG Zhong-dong, ZHAO Lin, GAO Peng

(School of Materials and Metallurgy, Northeastern University, Shenyang 110004, China)

Abstract: Pretreatment of magnesium alloy surface was studied. Effects of MgF, in Ni-P coatings were emphatically
discussed. The results show that a magnesium oxide layer is formed after acid etching, and the potential differences of
different phases of magnesium alloys are reduced due to the presence of oxide layer. MgF, layer is formed after activation
which can protect magnesium substrate from corrosion of plating bath. The elemental distribution of cross section of Ni-P
coating was investigated by scanning electron microscopy. The MgF, layer exists between the magnesium alloy substrate
and the Ni-P coating. Excessive activation can raise the porosity of Ni-P coating, and the potentiodynamic polarization
indicates that excessive activation can lead to deterioration of corrosion resistance of the Ni-P coating.
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Table 1 Chemical compositions of AZ31 magnesium alloy

(mass fraction, %)

Al Zn Mn Si P S Mg

3430 0368 0.181 0.044 <0.010 <0.001 Bal.
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Alkaline cleaning:
NaOH 50 g/L,

Na;PO,12H,0. |—
10g/L.(60£5)C,

Ultrasonic degreasing
Aceton, 10 min

10 min
Acid etching:
CrO; 120 g/L, Activation:
HNO; (68%), | |HF (40%)
110 mL/L. 380 mL/L, 10 min
Indoor temperature, 50 s
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Fig.1 Pretreatment process and parameters of magnesium

alloys
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Table 2 Compositions of bath and operating conditions of nickel deposition

. Sodi . . . A i
Nickel sulfate, h oohcl)lgmhite Hydrofluoric Ammonium Citric acid, Thiourea sr:lrlilt(i):;a Temperature
NiSO46H,0 I\?:HSP Ozr')Hz o acid HF(40%) bifluoride, NHHF,  CeHyOrHy0 25%) and time
80+2) C
18 g/L 22 g/L 10 mL/L 20 g/L 5g/L 1 mg/L pH 6.5 ( ) ©

60 min
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Fig.2 Etched surface morphology of AZ31 magnesium alloy
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Fig.3 Activation surface morphology of AZ31 magnesium
alloy
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Fig.4 SEM micrographs and elements distributions of cross section of Ni-P coating on magnesium alloy: (a) Cross section of Ni-P

coating; (b) Distribution of Mg; (c) Distribution of F; (d) Distribution of Ni; (e) Distribution of P
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Table 3 Chemical compositions of samples after activation

(mass fraction, %)

Activation Element Chemi.c?tl
composition

Mg 69.327

I 0) 4.326
HF(40%)450 mL/L, Indoor F 22.187
temperature, 10 min Al 3.425

Cr 0.735
Mg 73.266

Il (0] 5.536
HF(40%)380 mL/L, Indoor F 16.668
temperature, 10 min Al 3.525

Cr 1.005
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Fig.5 Sketch maps of initial behavior of electroless plating

under different activations
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Fig.6  Surface morphologies of Ni-P coating on different

active formulas of AZ31 magnesium alloys
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Fig.7 Potentiodynamic polarization curves for bare alloy,

specimens with different process parameters of activation
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