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Electrodeposition process of nickel-tungsten alloy coating for polishing
diamond

An Zhibo, Jin Zhuji', Jiang Guannan, Wang Lei, Wang Hongchao
(Key Laboratory of Precision and Non-traditional Machining Technology of Ministry of Education,
Dalian University of Technology, Dalian 116024, China)

Abstract: The pulse electrodeposition was used to develop the wear-resistant thick nickel-tungsten al-
loy which is used to dynamic friction polish diamond to realize rapid removal. The effects of pulse fre-
quency, average current density and duty cycle on tungsten content, micro-hardness, internal stress
and deposition rate were studied by orthogonal experiment. Finally, the nickel-tungsten alloy coating
with hardness of 472.76 HV, internal stress of 80.11 MPa and thickness of 0.35 mm were fabricated un-
der the deposition conditions of the pulse frequency of 200 Hz, the average current density of 9 A/dm’
and the duty cycle of 0.8. The dynamic friction polishing diamond experiments showed that the nickel-
tungsten alloy polishing disc had excellent polishing performance. Comparing with cast iron polishing
disc, the nickel-tungsten alloy polishing disc had higher diamond removal rate (0.71 pm/min), lower
wear loss (0.16 g) and wear ratio (94.25).
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Tab.1 Orthogonal experimental parameters

AOF | Bz | PR R (Adm?) | AL
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Fig.1 Schematic diagram of dynamic friction polish-

ing diamond
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Tab.2 Orthogonal experimental results

SRS SR
W o, | VORI ke L] T RO ivpa| TR

(A-dm?) (wt.%) HV (pm-min™)
1 200.000 3 0.2 6000 0.69 251.68 68.60 0.35
2 200.000 5 0.4 3600 0.60 322.92 50.11 0.57
3 200.000 7 0.6 2571 2.27 461.54 123.30 1.04
4 200.000 9 0.8 2000 1.23 472.76 80.11 1.52
5 50.000 5 0.2 3600 0.62 247.60 39.06 0.76
6 50.000 3 0.4 6000 0.44 341.14 75.10 0.45
7 50.000 9 0.6 2000 1.30 323.18 70.54 1.49
8 50.000 7 0.8 2571 2.43 357.15 73.40 1.16
9 12.500 7 0.2 2571 0.57 304.80 313.56 1.08
10 12.500 9 0.4 2000 1.06 308.98 88.12 1.47
11 12.500 3 0.6 6000 0.64 383.86 97.14 0.41
12 12.500 5 0.8 3600 0.43 423.86 76.13 0.78
13 3.125 9 0.2 2000 1.13 361.92 414.67 0.93
14 3.125 7 0.4 2571 0.70 303.84 304.28 1.01
15 3.125 5 0.6 3600 1.00 346.44 136.36 0.91
16 3.125 3 0.8 6000 1.48 500.76 171.86 0.56
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Fig.2 Variation curves of the influence of electroplating parameters on the tungsten content of the coatings
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Tab.3 Effect of electrodeposition parameters on W content

K _ %E}%:%ﬁ.ﬁ/(wt.%) _
K1 K2 3

1 1.08 0.81 0.75

2 0.68 0.66 0.70
3 120 1.49 130
4 1.20 1.18 1.39
RK 0.52 0.83 0.69
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Fig.3 Variation curves of the influence of electroplating parameters on the microhardness of the coatings
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Tab.4 Effect of electrodeposition parameters on micro-

hardness
e _ %*EEET?%ET/HV _
M1 M2 M3
1 377.23 369.36 291.50
2 317.27 335.21 319.22
3 355.38 356.83 378.76
4 378.24 366.71 438.63
RM 60.97 34.15 147.13
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Fig.4 Variation curves of the influence of electroplating parameters on internal stress of the coatings
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Tab.5 Effect of electrodeposition parameters on internal

stress
K _ 2 [j‘]E.rl;jJ/MPa _
N1 N2 N3
1 80.53 103.17 208.97
2 64.52 75.42 129.40
3 143.74 203.63 106.83
4 256.79 163.36 100.38
RN 192.27 128.21 108.59
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Fig.5 Variation curves of the influence of electroplating parameters on the deposition rate
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Tab.6 Effect of electrodeposition parameters on deposi-
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Tab.7 Preparation parameters and properties of polishing

tion rate
KT _ ?ﬂ*ﬂﬁ%ﬁﬁ um-min™) _ disc
Ll L2 L3 24 RIS | RO
1 0.85 0.44 0.78 Ji i 2% /H z 200 /
2 0.94 0.76 0.87 SF-A5 LU A 1/ (A-dm ™) 9 /
3 0.96 1.07 0.96 i 0.8 /
4 0.87 1.35 1.01 PR /mm 0.35 /
RL 0.11 0.91 0.23 I GRE B/ HV 472.76 305.67
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Fig.6 Variation curve of tungsten content with coating

thickness
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Tab.8 Wear parameters of polished diamond with differ-

ent polishing discs

IS EL BRI | A
S WA LB/ (pm-min™) 0.39 0.71
W /g 0.48 0.16
JEH H 628.15 9425
4 &g

(1) Bk i %k 200 Hz F- Y LR35 R 9
A/dm’, 775 LR 0.8 1Y HL 9 S 880RT LIRS b R
ik 472.76 HV N i 77 80.11 MPa 155454 4 B )2
HEESHCR  Hil 4 TR K 0.35 mm 850350 B4R
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