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Design and investigation of microstructural and mechanical properties
of Cu/ZrO2 nanocomposite coating by pulse electroplating method

Abstract

In this study, a Cu/ZrO2 nanocomposite coating was applied to a stainless steel substrate by pulse electrodeposition, incorporating
ZrO2 nanoparticles into a pure Cu matrix. The effect of adding 2 vol.% ZrO2 nanoparticles on the microstructural characteristics
and mechanical behavior of the Cu matrix was investigated. The results showed that the composite formation of Cu with ZrO:
nanoparticles reduced the deposition rate and thickness from 26 to 16 pm. Additionally, the incorporation of these nanoparticles
led to a change in morphology from a smooth surface to a nodular or cauliflower-like structure, increasing the surface roughness
from approximately 3.7 to 11.7 nm. Due to the nucleation of new grains and the inhibition of grain growth by the second phase of
ZrO2 nanoparticles, the grain size was reduced from 76 to 35 nm. To examine the mechanical properties, microhardness and
nanohardness tests were performed. The results showed that the nanohardness and Young's modulus of the composite sample

increased by 41% and 29%, respectively.
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