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Abstract

Abstract

Magnesium alloys have great potential in various industrial fields due to their
excellent capabilities and abundant supply. Nevertheless, a number of undesirable
properties including poor corrosion resistance and mechanical properties have
restricted magnesium alloys to be widespread applied hitherto. Magnesium alloys are
susceptible to corrosion even in an atmospheric environment, because of their
extremely low electrode potential, second phase and impurity phase co-existing in the
materials. As one of the developed surface treatment technologies, electroless nickel
plating can improve the defects of magnesium alloys significantly. Unfortunately, it is
not easy to fabricate qualified coatings on magnesium alloys. Unlike Ni-P plating,
electroless Ni-B plating on magnesium alloys has been rarely investigated recently.
The main work of this paper was devoted to obtaining a kind of electroless Ni-B
plating suitable for magnesium alloys, basing on massive references and continuous
attempts, and several characterization techniques were employed to study this process
and principles. The main researches involved in this work are summarized below.

Firstly, pretreatment steps of chemical polishing and zinc immersion were
applied to the previous technical flow to improve the Ni-B plating, and the modified
technique was stable with well repeatability. The Ni-B coating prepared was
amorphous, uniform and compact with good adhesion to the substrate. Compared with
magnesium alloys, the microhardness of Ni-B coating was enhanced more than ten
times, up to 570.5 HV. Potentiodynamic polarization curves indicated the excellent
corrosion resistance of the coating.

The effects of composition of plating solution and operating conditions on the
processes of cathodic reduction and anodic oxidation were studied by linear sweep
voltammetry. Experiment results indicated that the increases in concentrations of
nickel acetate and sodium borohydride accelerated the reduction of Ni*" and the
oxidation of BHy4, respectively. Ethylenediamine, sodium hydroxide, thiourea and

saccharin sodium had inhibitions on cathodic and anodic reactions in varying degrees.
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Abstract

High temperature was benificial to both cathodic reduction and anodic oxidation. It is
worth noting that the leveling effect on coatings from the additives of thiourea and
saccharin sodium was performed through inhibitions on cathodic and anodic
processes, respectively. The obviously increasing peak current density of nickel
oxidation was possibly due to the increasing sulfur content in the plating solution. The
usage of thiourea and sodium hydroxide was able to decrease hydrolysis of
borohydride in appropriate concentration ranges, or else would hinder the redox
reaction of electroless plating.

The influences of thiourea as the stabilizer and saccharin sodium as the
brightener on performances of Ni-B coatings and plating solutions were studied in
technical aspect. By adding small amounts of additives, coatings with enhanced
surface appearance can be obtained due to finer, more uniform and compact nodular
particles. With the increases of additives concentrations, the dimensions of nodular
particles decreased to form more smooth coatings; the reduced mass losses of coatings
in 3.5% NaCl solution indicated better corrosion resistance; the stabilities of solutions
were enhanced due to the longer stable time in PdCl, experiment; thiourea had more
obvious effects than saccharin sodium in above results. Additives in excess amounts
would decrease the plating rate or even to stop the reaction entirely. Boron content
and microhardness of Ni-B coatings dropped because of the increasing concentrations
of thiourea; saccharin sodium promoted the formation of coatings with high hardness
due to the reduction of tensile stress and the transformation to compressive stress. 0.5
mg-L" thiourea and 2.0 g-L"' saccharin sodium were determined considering the
results of both technical and electrochemical experiments.

Magnesium alloy specimens after every treatment step were characterized, and
the primary principles of zinc immersion and electroless plating were deduced. Clean
surface of magnesium alloys suitable for zinc immersion was obtained through
degreasing, polishing and pickling. Adequate roughness was helpful to form good
binding force. The main reaction during zinc immersion process was replacement, and
the zinc layer obtained was composed of simple substance of zinc, trace amounts of
fluorides and phosphates. Pure magnesium alloys and pure zinc electrodes performed
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Abstract

poor catalytic activity to Ni-B plating, and therefore the control of zinc content on the
alloy surface was the key to successful Ni-B coating. A successful zinc layer was
proved to be the interlayer between magnesium alloy and Ni-B coating. Open circuit
potential-time curves indicated that there were three sections in electroless plating
process on the zinc layer: “induction period” dominated by metal dissolution and
hydrogen evolution; “nucleation period” dominated by replacement reaction;
“electroless plating reaction period” dominated by redox reaction.

Finally, heat treatment experiment of Ni-B coatings on magnesium alloys was
conducted in inert atmosphere, and the influences of temperature on coating
properties were investigated. The microstructure transformed from amorphous to
crystalline state with increasing temperature. About 300 'C was the transformation
temperature, after which face centered cubic Ni. Ni;B and Ni,B phases appeared
successively. Elements diffusion took place between coating and substrate during heat
treatment. The microhardness of Ni-B coating gradually increased with temperature,
but exorbitant temperature deteriorated corrosion resistance. Experiment results
considered comprehensively, approximate 300 'C was selected as the temperature of

heat treatment of electroless Ni-B coating on magnesium alloys.

Keywords: Magnesium alloy; Electroless nickel-boron plating; Zinc immersion;

Additives; Heat treatment.
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