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1
Table 1 Thickness and composition of plating layer under different electroplating conditions
111 0,
No. Current density/mA-cm” pH value Bath temperature/ Thickness/um Comp os;It.lon, at A)P
i
Al 333 6.5 70 14.0 0.95 84.45  14.60
A2 50.0 6.5 70 13.0 1.55 83.38  15.07
A3 66.7 6.5 70 14.8 1.81 83.03 15.16
A4 83.3 6.5 70 14.2 2.03 82.82 15.15
B1 229 5.0 70 11.2 0.32 86.26  13.42
B2 229 6.0 70 12.1 0.39 8531 1430
B3 229 7.0 70 11.8 1.36 89.16 9.48
B4 229 8.0 70 10.8 1.38 94.35 4.27
Cl1 229 6.5 56 9.0 0.78 8529  13.93
C2 229 6.5 60 9.6 0.92 84.87 14.21
C3 229 6.5 70 11.4 0.56 85.57 13.87
C4 22.9 6.5 83 12.2 0.65 86.40 12.95
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Fig.1 Current efficiency under different depositing conditions: (a) group A, (b) group B, and (c¢) group C
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Fig.2 SEM images of as-deposited Ni-W-P layers: (a) A4,
2b (b) B3, (¢) B4, and (d) C4
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Fig.5 XRD patterns of Ni-W-P layers: (a) group A, (b) group B, and (c) group C
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Table 2 Structure parameters and microhardness [21]
of Ni-W-P layer
No. 20(111)/(°) Intensity/cps D/nm Hardness, HV/MPa
Al 44,72 1804 2.1 4600
A2 44.72 1408 1.8 4960
A3 44.62 1604 1.6 5040
A4 44.66 1668 1.6 5550 3
B1 44.64 2343 2.9 4500
B2 44.60 1542 1.7 5620 1) pH Ni-W-P
B3 44.58 3236 3.0 5590 pH
B4 44 .46 14505 7.4 7130
Cl 44.64 1604 2.0 3360
2 44.64 1555 2.0 3360 2)
C3 44.64 1637 1.8 4210 pH pH:7.0
C4 44.64 1496 1.7 4570
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Study on Direct-Current Electroplated Ni-W-P Layer

Liu Dianlong, Yang Zhigang, Liu Lu, Zhang Chi
(Key Laboratory for Advanced Materials of Ministry of Education, Tsinghua University, Beijing 100084, China)

Abstract: Ni-W-P layers were formed on a low-carbon steel substrate by direct-current electroplating method. The effects of current
density, pH value and bath temperature on the composition, surface morphology, and microstructure of Ni-W-P layers were studied by
X-ray fluorescence (XRF), scanning electron microscope (SEM), auger electron spectroscopy (AES) and X-ray diffraction (XRD). The
results indicate that the change of current density and pH value influenced the composition of Ni-W-P layer greatly, but the change of
current density, pH value and bath temperature hardly influenced the thickness of Ni-W-P layer. As current density and bath temperature
increased, current efficiency decreased and increased, respectively, and current efficiency reached the maximum value when pH value is
7.0. The structure of Ni-W-P layer was greatly influenced by pH value, and a well-preferred orientation along Ni (111) direction was shown
when pH value was 8.0. Synchronously, the microhardness of Ni-W-P layer reached the maximum value of 7130 MPa. At last,
electroplating mechanism of Ni-W-P layer was discussed further.
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