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Abstract: The amorphous Ni-P/Al, O, composite coatings with high P content were deposited using
the bi-directional pulse electrodeposition. The micrographic morphology and chemical composition of
the coatings were examined using the scanning electron microscope (SEM) and energy dispersive spec-
troscopy (EDS) analysis. Also, the phase structure of the coating was characterized using the X-ray
diffraction (XRD). By analyzing the electrochemical test results of the coatings, the corrosion resist-
ances of different types of deposits were evaluated. The results show that compared to the direct cur-
rent (DC) plating, the P content in the Ni-P alloy coatings increases to 12. 06 % (mass fraction) by bi-
directional pulse electrodeposition, which facilitates the formation of the amorphous Ni-P alloy coat-
ings. The PC plating can produce a finer and denser Ni-P/Al; O; composite coatings with more com-
pact crystallization than that deposited by DC. The Ni-P alloy coatings deposited by the pulse electro-
deposition has a better corrosion resistance, and adding composite particles of Al,O; can further con-
tribute to improving the corrosion resistance of the amorphous Ni-P alloy coatings.
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Table 1  Electrolyte compositions (g« L™ ")
NiCO; -« Sodium
NiCl, C,H,OsKNa + CsHs;NazO; » Saccharin
H;3;BO; H3;PO; Al,O; CH3SOs;H CH; COONH; 2Ni(OH); « dodecyl
6 2 ) 1H2() ZHZ() sodium
4H,0O sulfate
25-35 10-60 30 350-450 30-60 0.4 10 20 200-250 2 0. 05
x2 HMEIZSH
Table 2 Plating process parameters
pH value Temperature/ C Average current density/(A « dm™?) Duty ratio Reverse pulse coefficient Frequency/Hz
1-2 50 5-30 0.3-0.9 0.0-0.7 0.1-30
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Fig. 1 Schematic diagram of pulse waveform
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Fig. 2 Effect of H;POj; concentration in solution

on P content in deposits
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Fig. 3 SEM micrographs of Ni-P alloy coatings with different H;PO3 concentration (a)10g/L;(b)30g/L;(c)40g/L
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Fig. 4 Effect of average current density on P content in deposits
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Fig. 8 Effect of reverse pulse coefficient on P content in deposits
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Table 3 Corrosion potential and corrosion current density

of different coatings

Coating Ecorr os sce/mV Jeorr /(A * cm™2)
Ni —301 1.622X10°°
Ni-P by DC — 264 9.549X107°
Ni-P by PC —226 4.879X10°°
Ni-P/Al; O3 by DC —205 2.630X10°°
Ni-P/Al; O3 by PC —182 1.584 X106
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