Portugaliae Electrochimica Acta 2015, 33(5), 249-264 PORTUGALIAE
ELECTROCHIMICA

DOI: 10.4152/pea.201505249 ACTA
ISSN 1647-1571

Effects of Process Parameters on Microhar dness of
Electrodeposited Ni-Al Composite Coating
Using Taguchi Method

S. Jeyaraj, " K.P. Arulshri,’ P.S. Sivasakthivel 2

@School of Mechanical Engineering, SASTRA University, Thanjavur 613401, TN, India
® Bannari Amman Institute of Technology, Sathyamangalam 638 401, TN, India

Received 9 January 2015; accepted 21 July 2015

Abstract

This paper aims at investigating the influence raicpss parameters on micro hardness
of metal matrix / material particle coated steelt@s. The electro deposition parameters
such as current density, pH of bath, bath temperafd particles concentration in the
bath and agitation speed were considered for ttidys Nickel matrix / aluminum
particle composite coatings were prepared from &t'8Vbhath by electro-codeposition
method. The Taguchi method was used to estableshetationship between the process
parameter and response variable, micro hardnedbkeotoated plate. L27 Taguchi
orthogonal design was employed for conducting tkgeements. The micro-hardness
of the deposits was examined using a Vickers nmienainess tester with the payload of
100 g for 10 sec of indentation period. Signal-tise ratio and analysis of variance
were employed to determine the significance of phecess parameter. The surface
morphologies of coating and vol. % of Al particlesdeposits were analyzed using
optical and scanning electron microscope obsemsitio

Keywords Ni-Al composite coating; Orthogonal Array; Micrcaafiness; Taguchi's
approach; S-N ratio

I ntroduction

Electro deposition is the most convenient technigudabrication of composite
coatings. It has numerous benefits like low cosfatirication, stumpy energy
requirements, accurately controlled process ankityatd generate a coating for
intricate surfaces and parts [1]. The reinforcihgreents are implanted in metal
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matrix through electro deposition and the composdatings are formed. The
reinforcing elements embedded in the composite impatontain ceramic
particles such as SiC, A3, SkNs4, TiN, TiO2 and ZrQ [2—-6], metal particles
such as Ti, V, Mo, Cu, Cr, W and Al [7-9], diamopdrticles [8], PTFE [9],
pumice [10] and carbon fibers [11]. Composite ampitonsists of metal matrix
and second phase particles possessed with enharesgtanical properties such
as high hardness, anti corrosion, anti oxidatiabplogical characteristics and
thermal stability. A new technigue has been dewsdoprecently in
electrodeposition to deposit metal particles in atah matrix to generate an
electrodeposited metal matrix / metal particle cosigs (EMMCs). The
methodology for the development of EMMCs was simtla the conventional
type electrodeposition process. The effects of siépa were influenced by
process conditions such as current applied, pH lé bath, particle
concentrations, bath temperature and agitatiohebath.

Adequate investigations had been done by numemsearchers to investigate
the effects of process parameters using convertioathods. Haifeng Liu et al.
[12] had investigated the influence of process p&tars such as particle
loading, On/Off time of string and current densty vol.% of Al particle in Ni-
Al composites. They reported that the volume % bparticles in Ni matrix was
influenced by loading of particles up to 40 g/L.dba et al. [13] had prepared
the Ni-Al composite coating from Watt's nickel baffhey determined that the
increase in Al particulates in bath effects witlhowing trend for adsorbed
particles to reach the cathode plate. Also theylemed that the weight percent
of Al particles in the coated films augmented witisrease of current density.
Ghanbari and Mahboubi [14] had reported that therawvement of Vickers
micro hardness of Ni-Al particles composite coatwgs controlled by the
plating factors such as current density and partioncentration.

Zhou et al. [15] deposited the micro and nano IeMeparticles in Ni matrix
using the electro deposition process to investifageeffect of particle size. They
established that the nano sized Al particles sigamiftly promoted the number of
particles per unit volume in the composite matithe formations of more
homogeneous and greater equaled grain structuee ebserved. Subramanian et
al. developed a prediction model for copper cantby neural network
techniques in bronze electrodeposition [ 6]Ramanathan et al. conducted their
experiments for Ni-Diamond composite coating thtouwlgsign of experiments
(DOE) approach by considering the parameters curdamsity, pH and
temperature of the bath. They also developed aigti@d model for volume
fraction of diamond particles in deposit by ANN aedression modeling [17].
Naptoszek et al. [18] prepared the composites NiNitAl and Ni+Ti+Al
coatings by electrodeposition technique and fourat the deposits produced
uniform implantation of Al and Ti particles in Niatrix. They also established
that the metal powder amount and current densitg waken as the foremost part
in particle deposition into the matrix. Many of fleeinvestigations were mainly
focused on parameters such as current applied, pHhe bath, particle
concentrations, bath temperature and agitatiomefoath for preparation of the
electrodeposited composite coating.
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Design of experiments

Design of experiments (DOE) approach is implemenmtedeveral engineering
applications to minimize cost and time. This teglwei can characterize and
investigate all the process conditions and fachovelved in the experimental
work. In DOE, experimental consequences are andlgestatistical techniques
and the significance of process parameters on empetal outcomes can be
estimated [19]. Sheng-Lung Kuo [20] reported vasigtatistical techniques that
are available to observe the influences of proevasiables in DOE such as one,
fractional, and full factorial; and robust desigreaperiments. Further the author
also described that better quality of the expertaeprocedure is the primary
principle of the robust design method and minimittes cause variation effects
without compromising the roots. Statistical preidict models for various
performances in terms of process parameters had bgplored by many
researchers and also determined the best levete girocess parameters. Aruna
et al. [21] investigated the influences of progeasameters in preparation of Ni-
YSZ composite coatings by L9 orthogonal array ofuchi’'s design and S/N
ratio analysis. They considered current densitgtigga concentration and time of
deposition on area fraction of YSZ particles, mibewdness and thickness of Ni-
YSZ composite coating. They evaluated the mean rétids for experimental
outcomes and ranked the influences of process pdeasnby order. Their
prediction models also are in good agreement vihetxperimental results. The
dry sliding wear behavior of in situ casted AA76T8C metal matrix
composites were investigated by Baskaran et a2] g using L27 orthogonal
array of Taguchi technique. They took the reinfareat parameters of TiC
(wt.%) load(N), sliding velocity (m/s), sliding de&ce (m) on wear rate. By
means of ANOVA analysis they concluded that thedlaad sliding velocity
parameters were highly significant on the wear. r&tatistical prediction models
have been applied in various field investigatiangvaluate the best levels of the
process parameters by many researchers [23- 25].

However, previous experimental investigations inmposite coatings were
conducted by randomized manner. Selection of peopasameters also has not
been done in proper categorization. In this atitthe main aim is to analyze the
influence of process parameters such as currensitgierpH of bath, bath
temperature, Al particles concentration in the kmid agitation speed on micro
hardness of coatings. Taguchi method has been gawlo study the influences
of these parameters. Analysis of Variance (ANOV&ghnique has been applied
to determine the significance of these parameters.

Taguchi method

Taguchi method is an experimental design technigsed for engineering
analysis to optimize the levels of process parammet®r the required
performance characteristic. A large number of expents have to be carried out
to study the characteristics of the response infled by various process
conditions. This technique reduces the number peements by introducing a
special design of orthogonal arrays. The orthogamnaly approach helps to study
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the entire parameter space with minimum number x@eements. Thus, it
reduces time and cost of the experiment. Taguas lsss function to determine
the performance characteristic deviating from thesied value. The loss
function value is transformed into signal-to-nofSéN) ratio. The term “signal”
represents the desirable (mean) values, and tine ‘tapise” represents the
undesirable (standard deviation (SD)) values ferdhtput characteristic. Three
types of S/N ratio are available based on the dutparacteristic: lower is better,
nominal is better and higher is better. Orthogarahy approach and S/N ratio
are the major tools accessible in the experimeatdsign to endorse the accuracy
of the experimental work and also to minimize expents.

In the present work the objective is to maximize timicro hardness of the
composite coatings, hence the higher is the best@daptedThe higher is better
characteristiS/N ratio can be formulated as

S 18 1
—=-10log(—
N g(nzl yijz) Q)

where n is equal to replication of the experimentatk and y represents the
output of the experimentln addition to S/N ratio, a statistical technique,
ANOVA can be employed to determine the influencehef process parameters
on the performance characteristic.

Hence, the above mentioned aspects are the motigatior this study to
investigate the influence of process parametersnamo hardness of Ni —Al
particle composite coating using Taguchi’'s orthaomarray studies. L27
orthogonal was employed for conducting the expemimEhe process parameters
and their levels are shown in Table 1.The rangerofess parameters is limited
by conducting trail runs.

Table 1. Parameters and their levels in electrodepositioNieAl particle composite
coating.

Levels
Parameters Units 1 2 3
Current density (A) A/drh 1 2 4
pH of bath (B) 2.5 3.5 4.5
Temp.of bath (C) °C 30 45 60
Bath Contn. (D) gl 10 20 30
Agitation speed (E) rpm 200 250 300

Experimental setup

Equipments and materials used

Ni—Al composite coatings were prepared by electpodédion from Watts’s bath
[3] solution. The electrolyte medium has been pregdrom laboratory graded
materials and sterilized by conventional method@0lGL of solution were taken
for plating work in a 2000 mL BOROSIL glass bea&ad the pH of the solution
was initially attuned to 5. A pure nickel platesife (102x43 x5) mfwas used

as anode for Ni metal matrix formation. A cold ealimild steel plate of size (71
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x 25.4 x 1.2) mmwas employed as cathode substrate. The cathotk \pés
degreased with acetone solution and polished wdipgloth buffing wheel, for
removal of rust layer. The mass of each mild spdate was weighed before
plating using an electronic balance. The effecéikea of deposition was taken as
(25.4x 25.4) mrh for plating work on polished surface and the revimaj
portions of the cathode plate were masked. Finécies of Al powder with
average size of 5 um with the required quantityenagided to the solution. Table
2 shows the constituents of Al powder. The platsajution along with Al
powder was stirred for 3 hours before plating fettigg of homogeneous blend
along with the surfactant. Each mild steel cathpldde was etched in alkaline
bath by electro cleaning for removal oxide contation in the plating area and
to confirm better adhesion of the coating. Aftekadihe cleaning the cathode
plate was rinsed in distilled water and kept imradrs the plating bath.

Table 2. Major elements in Al powder.

Al Si Other elements
95% 4 5% 0.5%

The Al particles were kept in suspension by medwanagitation using a
motorized stirrer. The speed of the stirrer was itooed by a digital tachometer
and attuned with a speed controller. A D.C. powaurce was employed for
plating work. A regulated D.C. power supply unita@e by Spark Tek, India,
Capacity: 0 — 30 V and 0-2 A) was employed for etateposition. A hot plate
with a temperature controller unit (made by Oshérdja, Capacity: AC type,
230 Volt, 50 Hz, Temperature range: 30 °C to 11PW&s equipped to heating
up of bath to required temperature levels. A ‘Kpgy thermocouple was
employed to monitor the temperature of the batlnduplating. The bath pH was
observed by a digital type pH meter (made by HaMeyritius) and adjusted to
the required level before the commencement of ep&ayng. The pH value of
the bath was adjusted by using dilutedSBs or else NaOH solutions. The
distance between the Ni anode and the mild ste#doda was maintained
constant. Both plates were vertically positioneddth experiments. This plating
technique is called conventional type electroddfmrsi(CED) technique [26].
The typical CED type electroplating setup is shawrig. 1.

Formation of Ni — Al particles composite coating

The principle of electro co-deposition is similar the basics of electroplating
technique. Addition of reinforcing elements sucttasamic or metal powder into
the electrolytic bath is the major task in eleatmdeposition. In this study, Al

particles were blended in a Watts nickel bath amgtkin suspension by
mechanical agitation. During plating the chargedkei ion particles which

released from Ni-anode captured the Al particlgst ke suspension in the bath
and deposit the same into the cathode substragecdifitinued occurrence of this
phenomenon guides the formation of metal matrix posites. Fig. 2 shows the
formation of an electrodeposited composite coating.
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Experimental design and run orders
The Ni — Al composite coating experimental desigd #&ial runs were created

by the Taguchi’'s method of design of experimentsthis investigation, an L27
orthogonal array was selected for experimental gedbased on the five
parameters and its levels are given in Table 1.rTiheorders of parameter levels
are shown in Table 3. The experiments were condugésed on the run orders
of L27 orthogonal arraysThe plating parameters were precisely controlled
during deposition. The time extent for each platives taken as 60 min for all

cases.
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Figure 2. Formation of electrodeposited composite coating.
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Table 3. Experiment outcomes and S/N ratio values.

Py
\v.~)

¢ Py
A\ b B S A & P A VT aap~ R S

E=

Y
™o

Control — 5
Parameters |5 % _ _ggoﬁ,\\;o@
Expt. QOU_OQQ\, 6S> =565
No. BE>8-|s5Z S=s 5
A B CDE|=AO S =285 5=

- N
1 1 1 1 1 1] 127.00 21.14 231 47.27
2 1 1 1 1 2| 2750 15.36 267 48.5
3 1 1 1 1 3] 109.70 17.33 192 45.67
4 1 2 2 2 1] 66.00 12.31 195 45.8
5 1 2 2 2 2 60.70 9.13 220 46.81
6 1 2 2 2 3] 1270 11.26 267 48.5
7 1 3 3 3 1] 56.60 19.26 250 47.9¢
8 1 3 3 3 2| 28.30 8.26 285 49.1(
9 1 3 3 3 3] 7540 18.30 181 45.11
10 2 1 2 3 1] 22.00 10.21 254 48.1
11 2 1 2 3 2| 21390 8.04 263 48.40
12 2 1 2 3 3| 103.70 12.40 227 47.12
13 2 2 3 1 1| 133.80 13.34 224 47.00
14 2 2 3 1 2| 187.30 7.38 210 46.44
15 2 2 3 1 3] 68.10 8.70 220 46.81
16 2 3 1 2 1| 128.80 11.68 295 49.40
17 2 3 1 2 2| 37.80 9.99 306 49.7]
18 2 3 1 2 3] 4190 11.10 210 46.44
19 3 1 3 2 1| 206.70 14.36 146 43.29
20 3 1 3 2 20 10220 7.38 301 49.57
21 3 1 3 2 3| 250.70 15.96 224 47.00
22 3 2 1 3 1 44470 9.73 295 49.40
23 3 2 1 3 2 584.60 8.52 227 47.12
24 3 2 1 3 3| 486.50 11.35 263 48.40
25 3 3 2 1 1 5400 12.10 227 47.13
26 3 3 2 1 2 189.40 13.75 231 47.27
27 3 3 2 1 3 5090 11.52 220 46.8"

b

Assessment of surface morphology and volume fractod Al particles

The coated samples were rinsed in distilled wated prepared for surface
morphological investigations via metallographic gedures. At first, the

orientations and distributions of Al particles iickel matrix were absorbed using
a high transmission Trinocular metallurgical miagse (KYOWA, model ME-

LUX2, 50x-1000x, Japan) with different magnificatgd The area and volume
fractions of Al particles in the matrix were examuhvia CCD camera (WATEC,
model WAT-221S, Japan) and image analyzer systegn.3Ha) and (b) shows
the distribution of Al particles in nickel matrixaptured in the optical CCD
camera. Surface morphologies of Ni—Al particletcugs were observed with a
Scanning Electron Microscope (JEOL-Field emissi@MSmodel TSM-6701F,

25E



S Jeyaraj et al. / Port. Electrochim. Acta 33 (2015) 249-264

Japan) with various magnifications and are showhig 4 (a), (b) and (c). The
observed results are manipulated and noted in Table

Flgure3 Optlcal mlcrographs of N| AI coating — Magnlfluans a) 100>< b) 400x.

Assessment of micro hardness (HV) of Ni-Al coating

The micro hardness of the coated sample was igadst in a Vickers micro
hardness tester (model & maker: SHIMADZU -TYPE HMY¥2, SHIMADZU
Corporation, Japan) with the payload of 150 gmlfdrsec of indentation period.
The indented location was focused at 400X magritioaand the slider position
was attuned to the diagonal lengths of indentatiime micro hardness was
calculated by a system based on and value was tek@andigital read out. Micro
hardness of each sample was inspected with thi@e &nd the average value
was manipulated. The average values of micro hasdabserved are tabulated in
the Table 3.

Results and discussions

The experiments were conducted based on the ransood L27 orthogonal array
through adjusting the process parameter and leBelsause of the presence of
constant coulomb in the circuit, consistent depmsitwas achieved in the
coatings.Coating thickness of the deposits was attainedeosits about 21 to
52 pum. Al particles were embedded in Ni matrix witirious volume fractions.
The mass of deposition gained from deposits wasitab®.7 to 584.6 mg. The
span of volume fractions of Al deposition was lagtween 7.35 to 21.14 %. The
micro hardness that was found in the deposits ddriem 146 to 306 HV. The
influences of process parameters on micro hardmésghe deposits were
analyzed by mean effect studies of S-N ratio amalyhe significance of the
process parameters was determined using ANOVA tqubn The effects of
plating parameters on micro hardness were stugis@matically and the results
were discussed underneath.

Analysis of S/N ratio

We need to investigate the S/N ratio factor from #xperimental data sets to
compute the average S/N ratio response for eacériexgntal factor. From the

mean S/N response factor, the most favorable glatomditions for each design

parameters can be identified and the design (plafiarameters can be ranked
according to their impact on the response paramitehis experimental design,
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micro hardness of the deposit is the response hlariawhich needs to be
maximized and hence larger the better characwsisttas chosen for this
experimental investigations. After manipulationtb& S/N ratio for experiment
trails, the average S/N ratio value was calculdtedeach factor and level. The
experiment outcomes and S/N ratio values are giv@iable 3.

K

Figure 4. SEM microgrs of Ni-Al coa g-
1000x.

agnationa) 50x%; b) 500%; c)

The mean micro hardness response table for eaeh dévprocess parameters
was created in the integrated manner. The averalye wf micro hardness for
each parameter at each level was calculated asttbisn in the Table 4. Table 4
indicates the mean of the response variable (namness) for each level of
each control factor. The same procedure is apgbedS/N ratio response for
each level of the process parameter, and the Stid rasponse for micro
hardness is given in Table 5.

Table 4. Mean response table for microhardness.

Levels A B C D E
1 232  233.889 254 224.667 235.222
2 245.444 235.667 233.778 240.444 256.667
3 237.111 245  226.778 249.444 222.667
A 13.444 11.111 27.222 24.777 34
Rank 4 5 2 3 1

From Table 4, based on the mean value of the nmardness for each level, the
difference between the maximum and minimum values walculated. The
maximum difference will give the most significararameters, and the rank for
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the significant parameters is depicted. From Tahlat is inferred that the
optimal combination that yield maximum micro hargsef deposits is A2 B3
C1 D3 E2. The ranks of the significant parameteesrated as Agitation speed
(rank 1), Temperature of bath (rank 2), Bath cotre¢ion (rank 3),current
density (rank 4) and pH of bath (rank 5). The effect of qges parameters
resulting from the optimization process is plotiedFig. 5.

Table 5. S/N ratio response table for microhardness.

Levels A B C D E
1 47.21 47.22 47.99 47  47.26
2 47.72 47.38 47.34 47.4 48.11
3 47.34 A47.67 46.93 47.86 46.89
A 0.51 0.45 1.06 0.86 1.22
Rank 4 5 2 3 1

Micro Hardness (HV)

1\ //\
TN/ \

T L} L} L) T T L T T T L) L} L}
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Current density (A} pH of bath(B) Temperature of bath {C) Bath Concentration (D) Agitation speed (E)

Process parameters and levels

Figure5. Effect of process parameter on micro hardness-@fl Moating.

7.2 / ~

N IPAN - \ il /

2 1 2
Current density [A) pH of bath (8) Temperature of bath (C) Bath Concentration (D] Agitation spesd (E)

Process parameters and levels

Figure 6. Average factor effects vs. S/N ratio.

The results of mean S/N ratio response valuestarsin Table 5. This table
also includes deltaA) which is the difference among the highest S/N ratid
the lowest S/N ratio values. Ranks for factors alecated on the basis of the
delta value. The highest delta value is assignedn& 1; rank 2 is assigned to
next highest delta value and the rest. Based dangupositions, it was observed
that the agitation speed has the highest delteeyatinked by 1 and identified as
the most influencing factor on micro hardness. Tdiker factors such as
temperature, bath concentration, current density pth factor were ranked by
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order. The average factor effect with S/N ratiosi®wn in Fig. 6. This plot
illustrates the effects of factor levels with Siio.

ANOVA

ANOVA, a statistically based objective decision mmgktool, was employed to
examine the influence of process parameters ontgealaracteristics. It helps in
testing the significance of all process paramdbgrsomparing the mean square
against an estimate of the experimental error etip confidence levels. This is
done by calculating the variability of the S/N oa&ti (sum of the squared
deviations from the total mean S/N ratio) into cidmitions by each process
parameter and error. The percentage contributibnamance are estimated by
the following equations. The total sum of the sedadeviations (S$ from the
total mean S/N ratio can be expressed as

SS =X, (ni - nn)’ (2)

where ‘n’ is the number of experiment in the ortbiogl array,ni'is the S/N ratio
of the " experiment and 'nn' is the total mean S/N ratio. The percentage
contribution of variancep can be calculated as follows;

p=(S9/SS) (3)

where S§ is the sum of the squares of deviation. F-test $atistical tool (the

mean square error to residual) in ANOVA used tcedrine most significant

process parameters that influence the quality ckenatic. Higher the F-value
will be, most influent on the response quality cluderistic. P-value

demonstrates the significance level (significanhon significant) of the process
parameter.

Table 6 gives the results of ANOVA for micro hardse

It is observed that the most significant parametieas influence microhardness
of the coating are order of agitation speed, E5®3; temperature of bath, C
(22.65 %); bath concentration, D (17.83%); curmmsity, A (4.9%) and pH of

bath, B (4.24%).

Table 6. ANOVA results for microhardness.
Parameter DF SS F p p% Si

g
A 2 2073 0.25 0.781 5.22 4
B 2 1602 0.19 0.826 4.03 5
C 2 8993 1.09 0.361 22.65 2
D 2 7080 0.86 0.444 17.83 3
E 2 13302 1.61 0.231 33.50 1
Error 10 6652
Total 18
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Influence of process parameters on Micro hardness

Influence of current density

The effect of current density on micro hardnesslgbosit is shown in Fig. 7.
During electro-codeposition, the Al particles agsided into the space available
in the matrix along with metal ion¥he plot illustrates that the micro hardness of
the deposit was in a deteriorated condition at @in&/ Due to the weaker
magnitude level of the current density, the depmsitate of Ni-Al particles was
reduced at lower current density level. On the ottand, better micro hardness
was obtained at 2 A/dtrcurrent levels. In this level the deposition ratas
amplified due to the moderate magnitude level & turrent density which
supports enhanced deposition and micro hardiasy researchers [3, 27] have
obtained a better deposition of reinforcement el@men matrix and micro
hardness at 2 A/dtnFurther increases in current density have distceske
deposition and micro hardness of the coating. Theearhardness of the deposit
wasabridged a#tA/dn?. At this level the deposition rate was not sugtdidue to
erratic current magnitudes which lead decrease isrorhardness. Numerous
investigators have explored that the higher curdenisity levels are not suitable
for better deposition and end properties.

N

[94]

o
1

Micro Hardness (HV)
[
8

— .

2301

2204

T T T
1 2 4

Current density - A/dm?
Figure 7. Effect of current density.

Influence of pH

Fig. 8 shows that the pH of the bath has an adwdfset at lower levels content.
The micro hardness of the deposit was decrease pg 8.5 and then increases.
Narasimman et al. and Lee et al. investigated tthetco-deposition behavior of
reinforcing particles was increased at pH 4. Al$e tinvestigators have
accredited that this phenomenon is owed to the figation in zeta potential
which is influenced by the pH factor of the bathdaanic force of the plating
medium [10]. The greater micro hardness of theicgavas achieved in pH 4.5
levels. These observations have described loweciptdimstances not suitable
for composite plating with better micro hardness.
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Figure 8. Effect of bath pH.

Influence of bath temperature

The average effect of the bath temperature on ilbeorhardness of the coating
is presented in Fig. 9. In the current study, tkpeements were conducted
between 30 °C to 60 °C of bath temperature. Inrgéttge nickel bath is operated
between 40-60 °C for composite plating. To recognilze effect of room
temperature, the current experiments were startgd 80 °C. It has been
observed that the improved deposition rate andarhierdness of the coating was
recovered between 30 °C to 45 °C. It was found tthetmicro hardness of the
coating was decreased at higher bath temperaturditmms. The increase in
bath temperature caused the enhanced ionic traaipar[3] which affects the
end properties in deposition.

[

[9a)

o
1

g

230 \

220

Micro Hardness (HV)

T T T
30 45 60

Bath Temperature -°C
Figure9. Effect of bath temperature.
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[=)
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5
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T T T
10 20 30

Bath concentration - g/l

Figure 10. Effect of Al concentration in the bath.
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Influence of Al particle concentration in the bath

The amount of co-deposition of Al particles in thatrices was augmented with
increase in concentration of particles in the ptatbath. The Fig. 10 shows the
intensifying trend of micro hardness by means ofrease in the bath
concentration. The amplifications in bath concdmdm have caused the
possibility of increased number of Al particles rigeiin movement towards the
cathode plate. Those particles were absorbed inc#tieode surface for an
adequate period of time and effectively includedha growing nickel matrix.

Due to these reasons, micro hardness of the matai increased in elevated
concentration levels. The improved micro hardneafues were registered
between 20 to 30 g/L concentration levels.

Influence of agitation speed

The co-deposition rate of Al particles was favoeaht lower speed levels and
then decreased with increase in agitation spee@. dlerage effect of the
agitation speed on the micro hardness of coatirghasvn in Fig. 11. At lower

speed levels the particles were in fine stream $finspension levels and the
deposition rate was increased. This occurrencainested the increase in micro
hardness. The enhanced micro hardness was obthetagen 200-250 rpm

levels. Further increase in agitation speed catisedurbulence motion of the
particles and affects the particle adhesion inntlagrix. Also the unrest particles
have disturbed the settled particles in the mafrhus the deposition rate of Al
particles and micro hardness were decreased aterhigbeed levels. It is

concluded that the lower agitation speed levelsehaffered the better micro

hardness assessments.
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Figure 11. Effect of agitation speed.

Conclusions

The micro hardness of metal matrix / material peeticoated steel plates was
measured and the surface morphologies of the gpaiml the vol. % of Al
particles in the deposits were analyzed in thighstd'his paper presented the
application of Taguchi method to study the effeicthe process parameters on
the microhardness of the nickel matrix / aluminuantigcle composite coatings.
The following conclusions were established fromekperimental and analytical
studies.
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The Taguchi's approach L27 orthogonal array metlagowas implemented to
study the effects of five primary parameters of #ectrodeposited Ni — Al
particle composite coatings. The effect of the pssc parameters on the
microhardness was evaluated using Taguchi methbd. aDitation speed was
found to be the most significant parameter thduerfces the microhardness of
the deposit. The optimal combinations of the pregesrameters for maximum
microhardness were determined.

The surface morphologies of the Ni-Al coatings wexamined with microscopy
and SEM investigations.

The mean S/N ratio values are computed for progassmeters and their levels.
The delta values of factors are ranked by highe&dwest. It is recognized that
the agitation speed is the most significant fatdothe response.

This kind of statistical investigations improvee tleliability of an experimental
work instead of conventional and randomized tespnacedures. It also saves
time and cost of experiments.

It is essential to note that a micro hardness atiogs was achieved in the span
of 146 to 306 HV and the volume fraction of Al pelgs was about 7.38 to
21.14%.
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