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Table 1  Composition of plating solution 
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Fig.1  Surface morphologies of coatings with different concentrations of CeO
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: (a, e) 0 g/L, (b) 0.5 g/L, (c, f) 1 g/L, and (d) 1.5 g/L 
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Fig.2  Section morphologies of coatings with different concentrations of CeO
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: (a) 0 g/L, (b) 0.5 g/L, (c) 1 g/L, and (d) 1.5 g/L 
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Fig.3  XRD patterns of the coatings with different concentrations 
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Fig.4  EDS spectra of coatings with different concentrations of CeO
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: (a) 0 g/L, (b) 0.5 g/L, (c) 1 g/L, and (d) 1.5 g/L 
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Table 2  Mass fractions of the surface elements of the coatings 

(ω/%) 
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Ni 29.36 31.92 35.38 33.92 

Co 20.59 22.67 23.83 23.14 

P 2.67 2.73 3.40 3.06 

Ce 0.00 1.61 2.44 2.66 
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Fig.5  Deposition rates of coatings with different concentrations 
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Fig.6  Microhardness HV
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Fig.7  3D morphologies of wear marks of coatings with different concentrations of CeO
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: (a) 0 g/L, (b) 0.5 g/L, (c) 1 g/L, and (d) 1.5 g/L
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Table 3  Parameter of wear mark section 
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Fig.8  Wear mark morphologies of coatings with different concentrations of CeO

2

: (a) 0 g/L, (b) 0.5 g/L, (c) 1 g/L, and (d) 1.5 g/L 
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Table 4  Parameter values of polarization curves 
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Fig.10  AC impedance spectra of coatings with different 

concentrations of CeO
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Table 5  Parameter values of equivalent circuits 

Content of CeO

2

/g·L

-1

 0 0.5 1 1.5 

R

s

/Ω·cm

2

 3.822 4.616 2.229 2.807 

CPE-T/F·cm

-2

 0.000 542 7 0.001 136 7 0.000 543 46 0.000 849 12 

CPE-P 0.751 71 0.630 88 0.622 69 0.604 94 

R

P

/Ω·cm

2

 709.9 1881 2941 2631 
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 Nano-Rare Earth Particles Doping 

on Properties of Ni-Fe-Co-P Alloy Coatings 
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Abstract: Ni-Fe-Co-P-CeO

2

 composite coating was prepared by spray electrodeposition technique. The surface morphology, cross section 

morphology, phase structure and composition of the composite coating were tested by SEM, XRD, EDS, etc. At the same time, the 

hardness, wear resistance and corrosion resistance of the composite coating were characterized. The effects of the nano-rare CeO

2

 particles 

on the coating performance was investigated. The results show that the multi-component composite coating is amorphous. With the 

increase of CeO

2

 particle concentration in the plating solution, the microhardness, wear resistance and corrosion resistance of the composite 

coating firstly increase and then decrease. When the CeO

2

 particle concentration is 1 g/L, the composite coating has the best wear resistance 

and corrosion resistance with the uniform and dense surface, and its microhardness reaches the maximum value (5982 MPa). 

Key words: spray electrodeposition; Ni-Fe-Co-P-CeO

2

 composite coatings; microhardness; wear resistance; corrosion resistance 
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