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Optimization of Process Conditions for Electrodeposition of Ni-Co/WC
Composite Coatings on Red Copper from Sulfate Bath
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Abstract: Ni-Co/WC composite coatings were electrodeposited on red copper from a sulfate bath
containing nano-WC particles. The effects of the concentration of nanoparticles in the bath, tempera-
ture, cathode current density and stirring rate on the hardness of composite coatings were investigated
by single factor analysis, and the optimal process conditions for electrodeposition of Ni-Co/WC
composite coatings were determined as follows: the concentration of nanoparticles in the bath was
11 g/L, temperature was 60 °C, cathode current density was 5 A/dm’, stirring rate was 450 r/min. The
hardness of Ni-Co/WC composite coating electrodeposited under the optimal process conditions reached
467.2 HV, which was significantly higher than that of red copper (116.7 HV) and also higher than that
of contrastive Ni-Co alloy coating (416.0 HV). The Ni-Co/WC composite coating prepared under the
best conditions can play a role of surface strengthening and provide a reference for solving the problem
of low hardness of red copper.
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Fig.1 The relationship between the concentration
of nanoparticles in the bath and hardness of

composite coatings
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Fig.2 The relationship between the temperature and

hardness of composite coatings
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Fig.3 The relationship between the content of nanoparti-

cles in composite coatings and temperature
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Fig.4 The relationship between the cathode current

density and hardness of composite coatings
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Fig.5 The microstructure of composite coatings electrode-

posited at different cathode current density
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Fig.6 The relationship between the stirring rate

and hardness of composite coatings
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Fig.7 The relationship between the content of
nanoparticles in composite coatings and

stirring rate
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