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1- Introduction

Recent advances in coating technologies have enabled
multifunctional coatings with improved mechanical and
tribological properties. Electroplating is favored for its
simplicity, cost-effectiveness, and precise control, making
it suitable for metal-ceramic composites. Incorporating
alumina nanoparticles into the metallic matrix enhances
hardness, strength, and corrosion resistance by acting as
barriers to dislocation movement. This study examines
how alumina addition affects the microstructure,
mechanical properties, and wear behavior of pulse
electrodeposited CuNi coatings, aiming to improve
corrosion resistance and tribological performance.

2- Experimental

CuNi/Al,O;  composite  coatings  were  pulse
electrodeposited on carbon steel using an electrolyte
containing nickel and copper sulfates, alumina

nanoparticles, boric acid, and sodium dodecyl sulfate.
Alumina nanoparticles were ultrasonically dispersed for
one hour before use. Electrodeposition was conducted at 6
A/dmz2, pH 4, 25°C, for 18 minutes. The coatings were
analyzed for surface  morphology, roughness,
microhardness, and corrosion resistance using SEM,
AFM, microhardness testing, and potentiodynamic
polarization in 5% NaCl solution.

3- Results and discussion

Figures la and 1b show SEM images of CuNi and
CuNi/Al,O5 coating thicknesses, while Figure 1c presents
EDX analysis of the CuNi/Al,O3 cross-section,
confirming nickel, copper, and alumina presence. SEM
reveals uniform deposition with thicknesses of ~33 um for
CuNi and ~21 pum for CuNi/Al,O3. The reduced thickness
in the composite is due to alumina nanoparticles acting as
grain growth inhibitors, leading to a denser coating and
lower deposition rate.

Figure 2 shows potentiodynamic polarization curves of
CuNi and CuNi/Al,O; coatings after 1-hour immersion in
3.5% NaCl at room temperature. The composite coating
exhibited higher corrosion resistance due to alumina
nanoparticles, which act as inert physical barriers that
reduce corrosion by blocking corrosive solution
penetration.
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Figure 1: (@) SEM image of the CuNi coating, (b)
composite CuNi/Al,O3 coating, and (c) EDS analysis
of the surface of the composite coating shown in image

(b).
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Figure 2: Potentiodynamic polarization of CuNi and
CuNi/Al;O3 coatings at room temperature.

Figure 3 illustrates the friction coefficient curves of CuNi
and CuNi/Al,O3; samples under a 4 N load and a sliding
distance of 100 m at room temperature against an H13 steel
abrasive. The average friction coefficients for CuNi and
CuNi/Al,O; were 0.638 and 0.254, respectively,
indicating a significant reduction due to the addition of
alumina nanoparticles. The nanoparticles reduce direct
contact between the pin and the coating surface, thereby
decreasing adhesive wear. However, after 55 m of sliding,
detachment of alumina nanoparticles may increase
vibrations and cause surface scratches on the softer metal.
Additionally, the enhanced hardness of the composite
coating, attributed to alumina nanoparticles, contributes to
improved wear resistance.
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Figure 3: Friction coefficient curves of CuNi (a) and
CuNi/Al,O3 (b) coatings.

4- Conclusions

The addition of alumina nanoparticles to CuNi coatings
resulted in a denser and thinner composite structure due to
grain growth inhibition. This composite showed improved
corrosion resistance as alumina particles acted as physical
barriers against corrosive media. Moreover, the
nanoparticles significantly lowered the friction coefficient
and enhanced wear resistance by reducing direct contact
and adhesive wear. However, after extended sliding,
nanoparticle detachment caused increased vibrations and
surface scratches. These findings demonstrate that alumina
nanoparticles effectively enhance both mechanical and
corrosion properties of CuNi coatings for protective
applications.
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Investigation of Microstructural, Mechanical, Electrochemical and Wear Properties of
CuNi/Al203 Nanocomposite Coating

Erfan Bigdeloyevatan Mehdi Salimi

Abstract In this study, a CuNi/(2g/L)AI203 composite coating was prepared by pulse electroplating and the effect of
the presence of alumina nanoparticles on the microstructural, electrochemical and wear properties of the coating was
investigated. The inclusion of alumina nanoparticles in the coating reduced the thickness from 33 to 21 um and increased
its compactness. Microhardness studies indicated that the introduction of alumina nanoparticles through the mechanism
of dispersed hardness increased the microhardness of the composite coating by 26% compared to the alloy coating. The
results of the polarization test showed that the presence of nanoparticles, by reducing the active metal surface and
minimizing the penetration of corrosive liquid due to the filling of pores, reduced the corrosion current density from
1.85%105t0 1.48x10° A/lcm2, and consequently increased the corrosion resistance. In addition, abrasion studies showed
that the wear resistance of the composite coating increased due to a reduction in the friction coefficient from 0.638 to
0.254 and the wear depth from 12 to 8 um.

Keywords Electroplating, Composite, Corrosion, Wear, Microhardness.
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