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Abstract

Ni-SiC composite coating layers were formed using two kinds of SiC nano-particles by DC electrodeposition
in a nickel sulfamate bath containing SiC particles. The effect of stirring rate and SiC particle type on the
microstructure and properties of Ni-SiC composite coating layers were investigated. Results revealed that
the trend of deposition rate is closely related to the codeposition of SiC and the deposition rate of nickel,
and the codeposition behavior of SiC can be explained by using hydrodynamic effect due to stirring. The
average roughness and friction coefficient are closely related to the codeposition of SiC and SiC particle
size. It was found that the Vickers microhardness of the composite coating layers increased with increasing
codeposition of SiC. The composite coating layers containing smaller SiC particle showed higher hardness.
This can be explained by using the strengthening mechanism resulting from dispersion hardening. Anti-wear
property of the composite coating layers formed using 130 nm-sized SiC nano-particles has been improved
by 2,300% compared with pure electroplated-nickel layer.
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Table 1. Properties of SiC nano-powders

Type Particle size Density Melting point | Surface area | Pore volume Purity Impurities
A 45~55 nm | 3.217 glem’ 2700°C 27.5725 m¥g 0.062027 cm’/g|  97.5% Sif, Cl, Cf, O
B 130 nm 3.22 g/em’ 2700°C 11.5344 m%/g 0.029687 cm’/g|  97% Sif, Cl, Cf, O, Fe
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~ Fig. 1. SEM image of type-A SiC nano-particles.

x 10,000

of gl pHo| me ZHstddrh. ge] pHE
33 FR50) SIC eAE BN F Faks)
PRk o] 83ked 2014 12744 WA Heh.

ARES URE=FYe] 24 9 =528 & 29
JehRgiEh. F A2 ARE scmE Y
AR, SIC At B394 g3 2
s AYHES ) fstel WS Agsel
EEUe WA FUT EFUL 94 X
2 FANATI] oted GL2E At A
AolH WA 71EE AW 25RE Agad
H92 B $FAA WA Flrks
A WEHEE ssich

SiC regiael FES ARA /AT Al

N Egele] wNEEE WrE BYEaddl] &
: 2

A2 v AES ek
BgEaoe) ¥UYy

Table 2. Composition and condition of bath for

electroplating
Bath composition Bath condition
Ni(NH,S0), - 4H,0 500 g/l | pH 4.0
H;BO; 40 g/l | Current density (A/dm?) 15
NiCl, + 6H,0 3 g/l | Temperature (°C) 50

x 50,000

Fig. 2. SEM images of type-B SiC nano-particles.



o|%7] /3= mHFEE] 40 (2007) 63-69 65

SEM/EDS(A 2FAF: FEI Company, 2™ Sirion)E
o] &3l ##/ZA3 L, SiC TAES EDSHIZ
A} Thermo Noran, 29 ™: VAMTAGE-superdry-
HE o83l A BrxEe] Z=2Ql #
9 wpEE A2 UST(Universal Surface Tester: s
EHAE7], AZFAL Innowep GmbH, 29 : UST-
100)E olgstd AL, TR 334 I

Surface Area Analyzer(EHI 2471, AZAL: INSIA,

=49 INSIA AF)E o83t AT e
Micro-hardness tester(Flo] A2 73 =54 7], A|2HA}:
AFFRI, =4d: DM-8)8 o] &3} &H3Hon,
ul R E2J.2 Micro-Scale Abrasion tester(Wo] 22 n}
B8], A2} Plint Tribology, 5.4 : TE66)E
ol-g-st ZA ATt

3.1 MER%

F& Ay BHEel Joid =39 W A
Pein RAge 2ue BgEEeel B4 9

=
3o mx]7] Wi W F23 Q4o B

£ Yo Mg YAt & pH7F HE3PE A

A7 Wl AEde HAY 54 pH #holA
TEHA SH(net surface charge)7} 00] H= o] &
Az, o1H-g S HFIEP: Isoelectric Point)®]
2o gttt AR 7k pHolM = A A4
714 whdEo] =R ¢7] Wil YRE7IE A
2 $RHH= Aol FAetrh. 2 =a3Y el
AL URES BHH o2 BAANT7] HsiM=
7beek ok Aekele] Aol e A4 e Aol
ggsirt 8§99 YelA gxte] S Baks A
A Agdde oF £30 mvaZ daA Ao

fe] pHYl W& SiC Y=YAte] At E 2
39] JeRATE A¥ =iAke] 79 pH ¢F 7
4915 29e™ BYE Ux=gAe] 7% pH
5590 5495 HAth durygoz ko] A
e AR TR, AR, EHAHPE, AR
o SO wegt Wty dEA Ao,
ZxANNE pH 4002
&t ARE-StieEl, L olf= pH 4.01 At
20 mVE SH I EAikel FAGYGL Aet
Zr £30mvel ¥laE 2FEY, UyRAsFe

>
olfl
23

op M 40 2

rta
2 o
=y
2
2
>
op
L
bt

2o K
do do ox
fr

40 T v T T T T T T v T

o)
[ —m— Type-A 1
A \0/0 —O—Type-B
0] RENAY \ .
o ]

s
£
3 Or 1
= I
2 10k 4
g o) ;
@ 20+ \ 4
(9] L T J
N
30 - \)\ |
O
[ W=
w0l = |
50 1 N N N L . 1 N 1 N i ]
2 4 6 8 10 12

pH
Fig. 3. Zeta potentiai of SiC nano-powders with pH.
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Fig. 4. Deposition rate with respect to the stirring rate.
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Fig. 6. SEM images of surface and cross-section with respect to the stirring rate.
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Fig. 7. Average roughness with respect to the stirring
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Fig. 9. Microhardness with respect to the codeposition

of SiC.
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of SiC.
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