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Friction, Wear and Corrosion Resistance of Multi-layer Electroless Ni-W-P
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Abstract: The multi-layer Ni-W-P electroless coating was successfully prepared on surface of AZ91D magnesium alloy.
Microstructure, friction, wear and corrosion resistance of both the normal as-plated and multi-layer coatings were investigated
comparatively by XRD, SEM, friction and wear tests, and electrochemical experiments. Results show that the wear coefficient,
Vickers hardness and wear rate of multi-layer coating are still keeping the same as those of as-plated coating, which are 0.33,
933 HV #01 1.46 mg/Km, respectively. The multi-layer electroless coating completely retains the excellent mechanical
properties of the as-plated coating. In addition, the porosity of multi-layer coating is two orders of magnitude lower than that of
the ordinary as-plated coating, signifying a denser coating for multi-layer electroless coating. Comparing with the as-plated
coating, the corrosion resistance of multilayer coating is improved significantly. The corrosion potential (Ecorr) and breakdown
potential (Eb) of multi-layer coating are increased by 168 mV and 209 mV respectively, and the passivation current density
(icorr) is reduced from 4.212 to 1.306 pA-cm2. Therefore, multi-layer electroless coating is expected to be a more promising
wear-resistant and corrosion-resistant coating for AZ91D magnesium alloys.
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Fig.1 Schematic illustrations of the anti-corrosion mechanism for

multi-layer electroless deposition
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Fig.2 Process diagram of electroless for Ni-W-P multi-layer

deposition
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Table I Operating conditions and bath compositions of pretreatment and Ni-W-P electroless deposition process

Operation Bath composition Content Condition
Degreasing Acetone Ultrasonic treatment, 5 min
NaOH 60 g/L . .
Alkaline cleaning a & 60 °C, 10 min
NaszPO4 20 g/L
H3PO4 20 mL/L
Room temperature,
Pretreatment NH4HF2 60 g/L 25°C
H3BOs3 30 g/lL
NiSO4:6H-0 20 g/L
NaH2PO2-H20 40 g/L
NaxCO3 50 g/L = 4 ;
Electroless Ni-W-P deposition pH=(9.085+2) Ultrasonic
NayWO4 7.6 g/L treatment, 1 h
Na3Ce¢HsO7-H20 30 g/lL
NH4HF2 6 g/L
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Fig.3 XRD patterns of Mg alloy matrix, pretreatment specimen, as-plated and multi-layer electroless Ni-W-P coatings
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Fig.4 Surface morphologies of as-plated and multi-layer electroless Ni-W-P coatings
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(a) As-plated, SEM

(c) Multi-layer, SEM

(b) As-plated, EDS

(d) Multi-layer, EDS
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Fig.5 Cross-section morphologies and EDS results of as-plated and multi-layer coatings
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Fig.6 Friction coefficient of as-plated and multi-layer electroless
Ni-W-P coatings
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Fig.7 Microhardness and wear rate of as-plated and multi-layer
electroless Ni-W-P coatings
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Fig.8 Worn surface morphologies of as-plated and multi-layer electroless Ni-W-P coatings
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Fig.9 EDS results of worn surfaces for as-plated and multi-layer electroless Ni-W-P coatings
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