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Electroplating process optimization of Ni-Co-Mn alloy and
tribological wear performance of composition
plating with diamond
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Abstract: The Ni-Co-Mn ternary alloy samples were made by electroplating, and the process was optimized. While, the
Ni-Co-Mn-diamond composite electroplating was prepared. The plating properties were detected by Vickers, scratch
tester, SEM, EDS and friction wear testing machine. The results show that the optimum formula of main salt for
Ni-Co-Mn alloy electroplating is NiSO, of 280 g/L, CoSO, of 11 g/L, MnSO, of 1 g/L. The alloy coating is easily burnt
when the temperature is below 50 , then hardness and binding force will decrease when it is over 60 . An increase of
current density to 3 A/dm* can make the coating smooth and dense, the hydrogen evolution, deposition nodules and other
defects will be produced when current density is over 5 A/dm”. The hardness of the optimized coating alloy reaches 520.7
HYV, and the binding force is 25.52 N. The higher content of manganese element, the greater hardness of the coating. The
higher content of cobalt element, the stronger binding force of the coating. The hardness of Ni-Co-Mn-diamond
composite electroplating is 890.2 HV, its friction coefficient is 0.72, and its volume wear rate is only 5.46>< 10°°
mm’/(N'm). The holding force of diamonds in Ni-Co-Mn matrix alloy is high, the grind ability and abrasion performance
of composite electroplating are also good.
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Fig. 1 Diagram of electroplating experimental equipment
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1
. Scratch length/mm
Table 1 Orthogonal experimental factors 0 06 12 18 2.4 3.0 .
Level No. A/igL™") BigL™" ClgL™ 1/
0
! 280 7 1 40 Residual depth =
2 300 9 1.5 50 ¥ 2
Penetratio e
3 320 11 2 60 depth {16 &
L |
5 g/L | . > o 37
. 030 584 1138 1692 2246 28.00
1 pum Ni-Co-Mn- Load/N
2 —
Fig. 2 Scratch depth—load curves and metallographs of
13 nano-scratch
MHV-1000
1.96 N 15 s 22
8 ce 33 (Hy) (Lo)
CSM Table Top(TTX) Ni-Co-Mn
2 3 2 3
03N 03N )
28 N 334 N/min 6 Table 2 Hardness and binding force of each sample in
mm/min 3 mm . .
orthogonal plating experiment
5-4800 Sample Al B/ C/ y Hardness, LN
X (EDS) No. (gL™h) (gL (gL HV ¢
1 280 7 1 40 501.7 24.03
2 280 9 1.5 50 525.4 11.12
d 8 mm 6 mm 3 280 11 2 60 502.5 21.46
150 r/min 4N 90 min 4 300 7 1.5 60 494.8 14.37
5 300 9 2 40 490.8 11.71
2 6 300 11 1 50 517.7 25.89
7 320 7 2 50 515.1 15.66
8 320 9 1 60 505.4 21.76
21 9 320 11 1.5 40 5028  14.57
3
Table 3 Variance analysis of surface hardness and binding
force
Ni-Co-Mn Property Parameter ky /23 ks R
A 509.87 501.10 507.77 8.77
B 503.87 507.20 507.67 3.80
2 1 H
) C 508.27 507.67 502.80 5.47
256 t 498.43  519.40 500.90  20.97
mm 24.03 N A 18.87 17.32 17.33 1.55
B 18.02 14.86 20.64 5.78
L
C 23.89 13.35 16.28 10.54

~

16.77 17.56 19.20 243
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t A C B 4
AB;Cit, Table 4 Hardness and binding force of each electroplating
C Bt A A1B;Cits coating under different temperature
NiSO4 280 g/ CoSO4 11 g/L Temperature/ Hardness, HV LJ/N
MnSO, 1 g/L 40 4853 21.26
45 509.2 22.97
2.3
50 518.2 24.13
40 45 50 55 60 55 520.7 25.52
4 4 60 500.1 22.09
45 50 55
40 60 Jx (
3 3 )
40 45 50 “
7 3 )
<< i 4(c) Jx 7 A/dm®
( 4(d))
55
5 Jx
5 Ji 3 A/dm? 520.7
2.4 Jk HV 1 A/dm? (488.2 HV)
4 Jk J« 5 A/dm’ 3452
4 J« 1 A/dm? HV Jx 7 A/dm? 3229 HV
3 A/dm® 4 3 A/dm’
Jx 5 A/dm®

Fig. 3 Plating surface state at

different temperatures: (a) 40
()45 ()50 ()55
(e) 60

5mm
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4

SEM
Fig.4 Surface SEM images of coatings prepared under different current densities: (a) 1A/dm?; (b) 3A/dm?; (c) 5A/dm?; (d) 7A/dm?

550 5
Table 5 Properties and element content of samples
500+
Sample Hardness Mass fraction/%
> > LJ/N
T 450} No. Hv Ni Co Mn
§ 1 501.7 24.03  86.04 13.82 0.14
=
S 400F
T 2 525.4 11.12  89.60 10.10 0.30
350 F 3 502.5 21.46  86.16 13.70 0.14
4 494.8 1437  89.02 10.86 0.12
300 1 1 1
0 2 4 6 8 5 490.8 11.71 89.43 10.45 0.12
. T
Current density/(A+dm™) 6 5177 2589 8556 1418 026
5 7 515.1 15.66  88.99 10.75 0.26
Fig. 5 Hardness of coatings prepared under different current
8 505.4 21.76  86.02 13.83 0.15
densities
9 502.8 14.57  89.13 10.74 0.13
Jx
3 A/dm’ Mn
Mn 0.12% 0.30%
490.8 HV 5254 HV Mn
25 Mn Co 2 Ni
5 9 Ni 4 Ni
Co Mn Ni
Co Mn 6 Mn
Mn 6 Mn Mn
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Fig. 8 Surface SEM image of optimized coating alloy
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Fig. 6 Effect of manganese content on coating hardness
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10 Ni-Co-Mn-
Fig. 10 Surface morphology of Ni-Co-Mn-diamond

composite layer

3
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g Fig. 12 Surface morphologies of Ni-Co-Mn-diamond
[+3
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0 i 2 3 4 s 700 pum
Time/ks
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Fig. 11 Friction coefficient curve with time of Ni-Co-Mn- Ni-Co-Mn
diamond composite layer
3
[19] 1) Ni-Co-Mn
NiSO, 280 g/ CoSOy 11 g/ MnSO,
Am 1gL 55 3 A/dm®
- M .
pLEY Ni Co Mn
Am g p g/mm3 85.85% 13.88% 0.27% 520.7 HV
t s F N v 2552 N
m/s Am  09mg p ( 2) 50
1:6 60
p)8.1lmgmm’ ¢t 5400s p 4N v ( 3 A/dm’
6 mm 150 r/min)0.942 m/s W, 5 A/dm’

5.46>10"° mm’/(N'm)
12 12(a) 3) Mn Mn
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