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Fig.1 EDS spectrum analysis of electroless Ni-Co-Cu-P coatings
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Fig.2 XRD pattern of electroless Ni-Co-Cu-P coatings
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Fig.3 Surface morphologies of Ni-Co-Cu-P coatings at low (a)

and high (b) magnifications
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Fig.4 SEM image on cross section of Ni-Co-Cu-P coatings
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Fig.5 Macroscopic morphologies of Ni-Co-Cu-P coatings in salt
spray tests: (a) 108 h, (b) 156 h, and (c) 192 h
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Fig.6 Polarization curves of 45 steel and Ni-Co-Cu-P coatings
in 1.0% H,SO4 (a) and 3.5% NaCl (b) solutions
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Table 1 Corrosion parameters of 45 steel and Ni-Co-Cu-P
coatings in various corrosion solutions

Samples & solutions Econ/V lcorr/ A €m
45 steel in 1.0% H,SO4 -0.55 121.33
45 steel in 3.5% NaCl -0.74 15.92
Ni-Co-P in 1.0% H,SO, -0.32 43.05
Ni-Co-P in 3.5% NaCl -0.53 13.40
Ni-Co-Cu-P in 1.0% H,SO, -0.26 19.17
Ni-Co-Cu-P in 3.5% NaCl -0.56 13.86
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Fig.7 Surface morphologies of Ni-Co-Cu-P coatings after polarization tests in 1.0% H,SO, solution (a, b) and
3.5% NaCl solution (c, d)
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Electroless Deposition and Corrosion Resistance of Ni-Co-Cu-P Amorphous Coatings

Zhang Hanzhuo, Li Jing, Ou Xuemei, Chen Hui
(China University of Mining and Technology, Xuzhou 221116, China)

Abstract: Quaternary Ni-Co-Cu-P coatings were synthesized on 45 steel substrates by electroless deposition. The chemical composition,
crystal structures and corrosion properties of the coatings were investigated by EDX, XRD, SEM, salt spray tests and Tafel polarization
curves. The results indicate that Ni-Co-Cu-P coatings are amorphous with the content of 32.66 wt% Ni, 47.19 wt% Co and 15.28 wt% Cu.
Spherical clusters with the diameter of 240~500 nm are distributed uniformly on the coating surfaces and some clusters contain nano-sized
pores. The coatings show visible red rust points after 156 h and totally fail after 192 h in neutral salt spray tests. Moreover, corrosion
resistance of the coatings is much better than that of the 45 steel substrates and Ni-Co-P coatings. In 1.0 wt% H,SO,4 solution, the
corrosion potential and the corrosion current density of the coatings are —0.26 V and 19.17 uA ¢m’, respectively. By increasing the
potential, numerous microcracks appear on the coating surfaces. In 3.5 wt% NaCl solution, the coatings exhibit active-passive-transpassive

behavior with passive films penetrated by CI , resulting in pin-holes.

Key words: electroless plating; amorphous coatings; microstructures; corrosion; salt spray test
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