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Effect of Process Parameters on Microhardness of
Ni-Al,O3 Composite Coatings
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(Abstract)

In this study, nanoscale Al,O3 ceramic particles were used due its exceptionally
high hardness characteristics, chemical stability, and wear resistance properties. These
nanoparticles will be used to investigate the optimal process conditions for the electro
co-deposition of the Ni-Al;O; composite coatings. A Watts bath electrolytic solution of
a controlled composition along with a fixed agitation speed was used for this study.
Whereas the current density, the pH value, temperature and concentration of the nano
ALOs particles of the electrolyte were designated as the manipulative variables. The
experimental design method was based on the orthogonal array to find the optimum
processing parameters for the electro co-deposition of Ni-Al,Os; composite coatings.
The result of confirmation experimental based on the optimal processing condition
through the analysis of variance ; EDX analysis found that the ratio of alumina
increased to 8.65 wt.% and subsequently the overall hardness increased to 983 Hv.
Specially, alumina were evenly distributed on Nickel matrix and particles were
embedded more firmly and finely in Nickel matrix.
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Fig. 2 Diagram of the electro deposition set up

Table 1. The composition of the Watt's bath

electrolyte

Chemical name Formula Composition

(g/L)

Nickel sulfate | NiSO4 - 6H20 250 g

Nickel chloride | NiCl, - 6H,0 45 g

Boric acid H3BO3 35 g

Saccharin - lg

Distilled water - 1L
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Table 2. Electrolyte bath composition and operating conditions

) . Bath composition Level
Operating conditions -
Parameter Unit Symbol 1 ‘ 2 ‘ 3
Plating time 30 min Current density A/dm? A 2 3 4
Stirring speed 200 rpm pH pH B 3 4 5
Mechanical stirring 500 rpm, 15H Bath temp. C C 30 45 60
Sonicator 500W, 20kHz, 0.5H Al,O3 powder g/L D 10 20 30
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Fig. 5 Schematic of the electro co-deposition of
Ni and Al,Os

A, S R )

v 4 » i v M ud . 457
e ST -l o BT e
¥ T, Y i T = £
- . ’3 1 Py ae . s ‘ 2=
iy - N B ™y H 3.0
= : 4 d Bl i | 25 Al
3 > . ey X
LY "M ¥ X “ ‘ « h- . ig
gt e i TS O, U T L e L T
. . P A S » X
oo ‘t i > g oo i e . ik 2 4 6 8101214161820
A ..-...-.n-...;,. S o e m-nﬁ- e rgm ot Enarav [kevl

Fig. 4 EDS analysis for Ni-Al,O, composite coating(N-3 sample) (a)Nickel, (b)Aluminum, (c) Oxygen and
(d)Elements spectra



KSA(C

1042 =1rE8Ees] =24

o;d

1027+ €3

. AR

H|253 A=

T

i} 25

Fig. 6 Determination of micro-hardness

A7gskdct. 7z
Aor] flsl ZESol vlelA
sI(Micro hardness tester, TUKON
S5 25gfstol Al
SH| FAISHEA MET 20

A=

=2
[e)

{

FERIE] ol xlestelor, Fg. 6olAe 319
off tfieh = 4% LolS v Slek.
=4 Ax, 20 A73Mild steeDo] S
o 1713Hv, <5 Y& 3934 ﬁ?-t— f
341.2HvE WERdes W, YA dRo =3t
Y% AEE oF 400~881Hv7HA] riofs
XU 58, dFou °11}°=‘9'1°1V
Ao oF 1058HVE =

ol & HWE
]oﬂ il Xy B

k

N S
rlo rr

|

MEM g% é% %0171 qu
[ 10%018 Elelels AlefstaL S/NH] EH@,%

k o>“ l‘l[‘

o
2
i)

Table 4. Experimental output of coatings hardness, thickness and S/N ratio

Hardness, Hv Thickness, um )

No — — S/N ratio
Average STD.Deviation STD.Error Average STD.Deviation | STD.Error

N-1 709.59 93.64 23.41 24.33 5.99 0.92 57.02
N-2 519.34 181.44 38.68 21.86 291 0.63 52.93
N-3 411.39 66.29 14.82 19.17 0.74 0.17 52.28
N-4 647.74 157.07 37.02 27.47 3.70 0.67 55.61
N-5 400.88 29.24 7.81 15.48 0.33 0.12 51.99
N-6 768.91 91.24 24.38 27.17 5.36 1.03 57.72
N-7 515.29 227.02 50.76 26.19 1.97 0.44 49.18
N-8 881.77 77.21 17.26 54.84 3.64 0.44 58.91
N-9 729.13 102.95 18.79 36.76 9.21 1.49 56.28
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Table 5. Mean effect response for micro-hardness
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