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Abstract: The composite coatings of Ni and nano/microsized cBN particle were prepared on Cu substrate using the
co-electrodeposition process. The effects of the process variables such as the addition of the CTAB surfactant, pH value,
current density, cBN content in the bath and stirring speed of the bath on the microstructure, hardness and abrasion
resistance of the coatings were studied. The results indicate that the abrasion resistance for the Ni-cBN film increases
with the cBN content in the coating and the film grown in the CTAB-containing bath has greater abrasion resistance than
the one without CTAB due to the dispersing effect of CTAB. The suitable operation conditions were found to be as
follows: CTAB content of 0.15 g/L in the bath, pH value of 3 in the bath, current density of 4 A/dm?, stirring speed of 550
r/min, cBN content of 2.5 g/L in the bath. In addition, the statistics analysis shows that the interaction effects among the
process variables are apparent. The interaction effect between the current density and the stirring speed is the highest for
the no CTAB-containing bath, while the interaction effects between the current density and pH value and between the
cBN content in the bath and stirring speed are obvious for the CTAB-containing bath.
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Fig. 1 Schematic drawing for two-step adsorption™!
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Fig. 2 Schematic drawing for electric double layer!™*!
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Table 1 Basic process variables for co-electrodeposition of
Ni-cBN

H of Current Stirring  ¢cBN content CTAB content
pbath density/ speed/ in bath/ in bath/
(A<dm™)  (rmin ") (L™ (L™
3.0 4 1 100 1 0.15

2 FHR51R
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VSN CTAB J&, UM/ R HL R, BN flRife
— & pH {EL I 2 W B T LAy 1 T JR P 22 4544
HA BUZZ B IR BE R A ISR s, Bk
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(b)

B3 Al CTAB &1 cBN 24 4) SEM-BEL {4
Fig. 3 SEM-BEI images of cBN particle distribution with different contents of CTAB in bath: (a) 0; (b) 0.05 g/L; (c) 0.1 g/L; (d)
0.15 g/L; () 0.2 g/L; (f) 0.25 g/L
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Fig. 4 Effect of CTAB content in bath on ¢cBN content in Fig. 5 Effect of pH value of bath on cBN content in coating
coating without CTAB
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Fig. 6 Effect of pH value of bath on cBN content in coating
with addition of CTAB
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Fig. 7 Effect of current density in bath containing no CTAB
on cBN content in coating
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Fig. 8 Effect of current density in bath containing CTAB on
cBN content in coating
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Fig. 9 Effect of cBN content in bath containing no CTAB on
cBN content in coating
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Fig. 10 Effect of ¢cBN content in bath containing CTAB on

cBN content in coating
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Fig. 11 Effect of stirring speed for bath containing no CTAB
on cBN content in coating
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Fig. 12 Effect of stirring speed for bath containing CTAB on
cBN content in coating
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Table 2 Hardness of coatings

Sample Mass fraction of

No. ¢BN coating/% Hardness, HV
1 O(Pure nickel) 216.14
2 6.25 355.14
3 7.69 517.66
4 9.57 360.20
5 10.33 375.06
6 12.56 288.97
7 15.98 306.77

10, |

Fig. 13 SEM-BEI images for coatings with different mass fractions of ¢cBN particles: (a) 6.25%; (b) 7.69%; (c) 9.57%; (d) 10.33%;

(e) 12.56%; (f) 15.98%



3518

A G A R

HOHE R . BRI ERS R, AEAH RIS AL R 15
HN, EAMEH A SRR A SR R o B
PARIIE =

LRI 13(a) 5 (b), (o) 5H(d) f(e) S (D4, B
WFE A B . (R BRI T O T, XA
JE R BEAE LA (L2 2) 4 F U B, 2 BRI (1 17
N, PEER RS BN St E_ETR TR .

7 cBN LM 4T G882 ook 2= AR K
TEOL N REATREFELLAL, 25 R anl&] 13(0) D Fr, HAR
cBN uATiE 15.98%i T 7.69%, {H 15.98%MH} ¢cBN
St s, PR RN 306.77THV; 1T 7.69%HT,
b R AL B 517.66HV o 45 it B cBN & 300,
B R REAEBES BN 2Bk T .

SRR . A CTAB NI E SR, 1
S22 ElT 1725 5 4 ) IS R VAT 2 D= T
DLAE S AT S aa B AT B AR, TR 45 K sl 14
FiR o

HEWIZ BRI R E R Z T BN e
B R, Wi CTAB 452 W R LA I CTAB
(1% 2% ST S

S5 L2 TR RS B s P Tl 75 2
Sy BTG, EARRES N CTAB W45 21 ¢BN

20
N3 (a
g —-—-95% confidence interval
= sk 77 Average mass fraction of ¢BN in film .7
g e
Z e
@ -
o P
L‘a 10 e
=) ///
2 i
[ SN =
H 5r Se-mmT T
3 //'
= o |
2.0 2.5 3.0 35 4.0
pH value of bath
20
N3 (©
g ——-95% confidence interval
L; 15F = Average mass fraction of cBN in film
Z
s} ~
Q \\\
S 10F Thsol
= ~~.
S| T Tt
R e Bttt
& SFFEEIEEEISIITT
g | T
= e
0 L L L ~
1 3 5 7 9

Current density/(A+dm™)

Mass fraction of ¢BN in film/%

Mass fraction of ¢BN in film/%

2012412 H
0.012
———CTABO
0.010 - CTABO0.15g
20
—f 0.008 |
3
£ 0.006
=]
(9]
E N
£ 0004} ~
< N
0.002}
0 2 4 6 8 0 12 14

Mass fraction of ¢cBN in film/%
14 B cBN o0 2 BERE 52
Fig. 14 Effect of cBN content in coating on abraded mass
loss for baths with and without CTAB
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Fig. 15 JMP analysis for effects of process variables in bath containing no CTAB on ¢BN content in coating: (a) pH; (b) Content of

cBN particle in bath; (c) Current density; (d) Stirring speed of bath
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Fig. 16 JMP analysis for effects of process variables in bath containing CTAB on ¢BN content in coating: (a) pH; (b) Content of
cBN particle in bath; (c) Current density; (d) Stirring speed of bath
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Fig. 17 JMP analysis of interaction effects among process variables for bath containing no CTAB on ¢cBN content in coating (w,pn
is mass fraction of ¢cBN in film)
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Fig. 18 JMP analysis of interaction effects among process variables for bath containing CTAB on cBN content in coating (wcpy is

mass fraction of ¢cBN in film)
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