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Abstract: In order to solve the problem that the Ni-P alloy coating with an amorphous structure having
excellent corrosion resistance cannot be obtained in the conventional electrodeposition process, Ni-P
alloy coatings were prepared on the basis of a high-speed electroplating bath, and the law of influence
of waveform parameters on the amorphization process of Ni-P alloy coatings was studied by using Fei’
s square wave electrodeposition method. The micromorphologies of Ni-P alloy coatings were
characterized by scanning electron microscopy (SEM) under different conditions. The P content of the
coatings was analyzed by energy spectrum analysis (EDS). Structural changes of phase of the coatings
were investigated by X-ray diffraction (XRD). The optimized pulse process parameters are: the
average current density is 15 A/dm”, the inverse pulse coefficient is 0. 3, the duty ratio is 0. 6, and
the frequency is 1 Hz. The results show that by adjusting Fei’s square wave pulse parameters, the
fully amorphous Ni-P alloy coating can be electrodeposited, which has the features of high P content
up to 17. 93% (mass fraction) , negligible nickel crystal diffraction peaks, and the smooth surface with
a bright appearance as well.
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Table 1  Electrolyte compositions(g « L")

NiCO;3 « 2Ni(OH); -

Cs Hy; SO; NNaCO -«

CH;SO; H NiCl; « 6H,O H;BO, Cy2 Hy5 SO, Na H;PO; NaH, PO,
4H; 0 2H,0
200-250 350-450 30-60 25-35 0.05 2 10-50 0-20
k2 BRIZSH
Table 2 Plating parameters of the electrolyte
Average current density/
pH value Temperature/ C Duty ratio Reverse pulse coefficient Frequency/Hz
(A+dm™ %)

8-13 30-70 1-20 0.2-0.8 0.1-30
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Fig. 1 Basic diagram of Fei’s square wave
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Fig. 2 Effect of temperature on the morphologies of Ni-P alloy coatings
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Fig. 3 Effect of temperature on P content in coatings
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Fig. 4 Effect of average current density on the morphologies of the coatings
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Fig.5 Effect of average current density on P content in coatings

gife . iR . P SR IIBLE R R RE. Y L.KTF
15 A/dm® B}, FE 4R 4 J@ UT R e, i i P g L Ui A,
Br & B2 A8 2% P TR D .
2.2.2 )k eh REON NP A 448 )2 19 52

2 1,,=15 A/dm* ., A=0. 6, f=1 Hz I, 3% i ik i
RBOF Ni-P 45 455 )2 SO0 T 550 5 4R 1) 52 B4 4
B6,7 Frs . HIE 6 AT A, S 3 300 ) ik oh 3 B0 B
JZ SRR IF B BN ) REG 2 2= 0.3 I, N
INPAE QI EIN T i ek K e N VIS 3 =
TrEbE e ME WA, S 2 =0.3 B, P F Rk
15.65%,

&6 3 I ik b R OB T2 TR S50 R
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Fig. 8 Effect of duty cycle on the morphologies of the coatings (a)A=0.4;(b)A=0.6;(c)A=0. 8
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Fig. 9 Effect of duty cycle on P content in coatings
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Fig. 10  Effect of frequency on the morphologies of the coatings (a) f=0.1 Hz;(b) f/=1 Hz;(c) f=30 Hz
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