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Abstract : Ni-Pthinfilmsover mild steel werepre-
pared by electroless deposition, using sodium
hypophosphite asreducing agent. Taguchi orthogona
array with five process parameters, vis, concentration
of nickel ion resource, concentration of reducing agent
and complexant and bath operation conditions, pH and
temperature of the bath, was used to determine the
optimum bath concentrationsand operating conditions,
to obtain higher values of microhardnessin electroless
nickel - phosphorus plating. It has been observed that
pH, reducing agent and nickel ion concentration have
ggnificant influenceonmicrohardnesscharacteridtic. The

INTRODUCTION

Electrolessnickd plating, also known asautocata-
Iytic nickel plating, or aschemica Nickd plating began
with Brenner and riddle, using nicke phosphorusbath™.
Thechemically deposited film hasmany gpplicationsin
theareas of microd ectronic manufacturing, automotive,
aircraft and aerospace, chemical and petroleum, food
and printing industry and others do to the coatings ex-
cellent physical and mechanicd properties?. Electro-
lessnickd deposit providesvery good protection against

response, microhardness of plates, was analyzed based
on signa-to- noise ratio, and analysis of variance
(ANOVA). Theresult obtai n from optimum bath com-
position and bath operating conditions, isquitecloseto
predicted result. Theresulting el ectrolessNi-P coating
contain about 9.14wt.% phosphorous with
microhardnessvaue of 587 HV (50qr).

© Global Scientificlnc.

K eywor ds: Taguchi orthogona design; Microhard-
ness, Electrolessnickel plating; ANOVA.

corrosion’®®, asoit hashigh abrasionresistance®, and
high vauesof microhardness”®. Thistechniguenot only
applied to plating metals, but a so used for plating the
plasticg®. Thedepositionrate, properties of coating
and the structura behavior of depositsmainly depend
upon the plating bath conditions such asthetypeand
concentrationsof thereducing agent and stabilizer used
pH and thetemperature of the bath, etc.
Indectrolessnicke plating thebecoming depostis
not pure Nickel, but it contains the small amount of
phosphorusfrom reducing agent and sometimes other
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impurities. Thedesign and compaosition of thechemica
solution dictates the phosphorus content and the
physicomechanica propertiesof resulting plates.

The corrosion resistance of the Nickel phospho-
rous coating dependsto phosphorous content of coats.
Ingenerd, electrolessnicke coatingswith higher phos-
phorous content show better corrosion resistance'2.
In order to obtain higher valuesof microhardnesscom-
posite materia scan be useasreinforcing®3. Also heat
treatment process changethe Ni/P matrix phasesand
has remarkableeffect on themicrostructure of electro-
less coatings, which this cause to increase in
microhardness and wear resi stance of coatings*4.

In order to observethe effect of the process vari-
ables changeson one or moreresponse variables, the
statistical design of experiments can be used for plan-
ning experiments. The obtained datacan be analyzed
toyield vaidand objective conclusions. Experimental
designisacareful balancing of severa featuresinclud-
ing power, generdizability, variousformsof vaidity,
practicality and cost. In general usage, design of ex-
periments (DOE) or experimental designisthedesign
of any information-gathering exerciseswherevariation
ispresent, whether under thefull control of the experi-
menter or not.

Taguchi techniqueintroduced by Genichi Taguchi
inthe 1950sand 1960sin order toimprovethequality
of manufactured goods, and morerecently a so applied
to marketing, photographic, engineering, automotive,
bi otechnol ogy, in eva uating physica objects, chemica
formulations, structures, components, materialsand
many othersindustries®. Thismethod involvesreduc-
ing thevariationin aprocessthrough robust design of
experiments, which alows studying thewhol e param-
eter space with alimited number of experiments. In
Taguchi method, orthogonal arraysare used to orga-
nizetheprocessparametersand thelevelsat which they
should bevaries.

Theaim of thisstudy isto find the optimum con-
centrationsof Nickel ion (Ni), Reducing agent (RED),
Complexant (CMP) and d so to find the optimum con-
ditions, temperature (T) and pH value, to obtain high
vauesof Ni-Pthinfilm microhardness, using Taguchi
approach. The use of Taguchi orthogond arrayshelps
determinetheminimum number of experiments needed,
which may producethe most favorableinformation for

given set of factors.
EXPERIMENTAL

Thinfilm preparation

TheéectrolessNicke Phosphorusplatingwascar-
ried out in bath that contained asfollowed: NiSO,.6H,0,
10-40gr/lit, sodium hypophosphite, NaH,PO,.XH, O,
15-30gr-lit, sodium citrate as complexing agent, 5-20
gr/lit, the pH valuewas 4.5-6 and thetemperaturewas
85-91°C. All the reagents used were of analytic grade.

Mild sted wasused as substrate with dimension of
20x20x1 mm. before plating the substrate was pol-
ished with 800, 1200 and 2000 grade SiC paper then
washed and rinsed with distilled water. The substrate
wasthen chemically cleaned using a15% sodium hy-
droxidesolutionat 55 °C, subsequently rinsed with ac-
etoneant then with doubledistilled water. Theeectro-
less deposition process was carried out in a300 CC
glassvessdl for onehour.

Taguchi design

To study theinfluence of five agents and param-
eterswhich were concentrationsof bath chemicals, pH
and temperature of the solution, against the
microhardnessvalue of resulting microfilm, theL-16
orthogona array of Taguchi design method was used.

Withfull factoria design, itwould require1024 trid
runsfor al possible combinationsof thesefactors. By
using L-16 orthogonal arraysin thisstudy, the number
of tria runswasreduced to 16 experiments. TABLE 1
illustratesthe L-16 orthogond array inwhichthereare
fivefactorswithfour levels. Thesefactorswereassigned
todl fivecolumnsintheL-16 array. For exampleinthe
firstria, thefirst level valuesof eachfactor areused, in
other wordsthefirst experiment involved the use of
10gr/lit Nickel source, 15gr/lit reducing agent, 5 gr/lit
sodium citratein pH value of 4.5 and temperature of
85°C. The same process was applied to the rest of the
trialsasspecifiedin TABLE 2.

Analysisof signal-to-noise

Theundesirableand uncontrollablesourcesthat can
cause deviation from target valuesin productsfunc-
tiond characterigicsarecdled noise, and signd tonoise
ratio measuresqudity with emphasisonvariation. Sg-
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TABLE 1: L-16 orthogonal array in Taguchi experimental
design

Trial levell level2 level3 level4 level 5
1 1 1 1 1 1
2 1 2 2 2
3 1 3 3 3 3
4 1 4 4 4 4
5 2 1 2 3 4
6 2 2 1 4 3
7 2 3 4 1 2
8 2 4 3 2 1
9 3 1 3 4 2
10 3 2 4 3 1
11 3 3 1 2 4
12 3 4 2 1 3
13 4 1 4 2 3
14 4 2 3 1 4
15 4 3 2 4 1
16 4 4 1 3 2

TABLE 2: Fivefactorsand four levelsin examination

Column Design Factors 1 2 3 4
1 Nickel source(gr/lit.) 10 20 30 40
2 Reductant (gr/lit.) 15 20 25 30
3 Complexant (gr/lit.) 5 10 15 20
4 pH 45 5 55 6
5 Temperature (°C) 85 87 89 91

nal-to-noiseratio (SNR) issometimesused informally
torefer to theratio of useful informationtofalseor ir-
relevant data. The SNR isakey ideain Taguchi experi-
mental design.

Thelarger the numerica valueof SNR, themore
desirablethesystemis. Therearethreetypesof quality
characterigticwith repect to thetarget designin Taguchi
method. They are ‘smaller is the better’, ‘nominal is the
better’ and ‘bigger is the better’. The SNR for
microhardnessof coatingsisca culated using “bigger is
the better” criterion and expressed as below!*®;

S 11
N —10Iog(ﬁ ; y_|2)

Inwhich"n" isthe repetition number of each ex-
periment under the same condition for design param-
eters, and "yi" isthe microhardness of coatingin an
individual measurement at the"i"thtest.

Taguchi gpproachtriesto reach optimality by maxi-

mizing the SNR, and then the effect of noiseismini-
mized.

Analysisof variance (ANOVA)

Analysis of variance, frequently abbreviated to
ANOVA, isanextremely powerful statistical technique
which can be used to separate and estimatethe differ-
ent causes of variation. It can be used to separate any
variation whichiscaused by changing the controlled
factor from the variation due to random errorg'”.
ANOVA calculatesthe F-ratio which istheratio be-
tween the regression mean square and the mean square
error. TheF-ratio, also called thevarianceratio, isthe
ratio of variance dueto the effect of afactor and vari-
ancedueto theerror term. Thisratio isused to mea-
surethesgnificance of the parametersunder investiga
tion with respect to the variance of al thetermsin-
cludedintheerror term at thedesired significancelevd.

RESULTSAND DISCUSSION

Microhardness

Microhardness measurementswere performed by
Vickers microhardnesstester (Shimadzu -HMV 2000
modd) with aload of 50gr of diamond indenter for 15
second. Threereadingswere made on each specimen
and thevaueswerethen averaged. Theresultsfor 16
trial conditionswith threerun per trial condition are
shownin TABLE 3. Inthisstudy the higher valuefor
microhardnessisthefavor, and thenthe ‘bigger is the
better’ criterion was used.

The corresponding SNR for 16 trialsand for each
level of factorsisgivenin TABLE 3 and TABLE 4,

respectively.
To calculatethe SNR for each level and for each
factor Equation (1) was used.
1, S S S s
MD4=Z(N +N +N +N ) @)

tw tx ty tz

Inwhich&/N,,, SN, SN, and SN, arethesame
SNR for any trial which thefactor appearedin.

For examplethe Reductant factor wasat level two
fortrial condition 2, 6, 10and 14 inthearray. Thenfor
computing theaverage effect of Reductant, whichwas
denoted by MDA4, isshown bel ow, Equation (2):

M D4 =1/4(53.655+52.988+52.061+52.408) =52.778 (2)
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TABLE 3: Resultsof Ni-Pmicrohar dnessvaluesand the SN
ratiofor each trial

samplezl samplex2 samplez3 averages S/Nratio

trid=1 376 378 374 372.666 51.425
trid=2 492 469 485 482 53.655
trid=3 385 359 368 370.666 51.368
trid=4 230 239 235 234.666  47.405
trid#5 470 469 457 465.333 535.353
tria=#6 457 436 446 446.333 52.988
tria=7 435 414 424 424.333 52.548
trid=8 424 424 413 420.333  52.469
trid=9 537 516 524 525.666 54.41
tria=10 404 395 404 401 52.061
tria=11 482 457 476 471.666 53.465
tria=12 289 280 280 283 49.032
tria=13 470 470 465 468.333 5341
trid=14 424 414 414 417.333  52.408
trid=15 414 404 404 407.333 52.197
trid=16 394 387 385 388.666 51.79
average - - - 411.208 52.124
TABLE 4: TheS/Nratiofor each level of fivefactors
Factors Levell Level2 Level3 Level4
Ni 50.963 52.84 52.242 52.451
RED 53.149 52.778 52.395 50.174
CMP 52.417 52.059 52.664 51.356
Ph 51.353 53.25 52.143 51.75
T 52.038 53.101 517 51.658

Thisresultispresentedin TABLE 4 column 3and
rows.

Theaverage effects of fivefactorsfor each level
wereshownin TABLE 5. It can be seen that thefirst
factor, concentration of nickel ions, hashighest effect at
leve two.

ANOVA isvery useful torevedingtheleve of sig-
nificance of influence of factors. TABLE 6 showsthe
ANOVA result for microhardness of € ectrolessnickel
plating and it showsthe percentage contribution of each
parameter. It isseenthat parameters ‘reducing agent’
and ‘pH’ and nickel ion have got the most significant
influence onthe microhardnessvaueat the confidence
level of 90%. Themicrohardnessof Ni/Palloy isde-
pendent upon the P content and then the most impor-
tant factor that affectsthe hardness of thealloy isthe
reducing agent concentration (sodium hypophosphite).
Themicrohardnessof Ni/Pfilmincreasingwith decreas-

TABLE5: Main effects (aver age effectsof factors)

Factors Levell Level2 Level3 Level4
Ni 364.999 439.083 420.333  420.416
RED 458 436.666 418.5 331.666
CMP 419.833  409.416 433.5 382.083
Ph 374333  460.583  406.416 403.5

TMP 400.333 455.166 392.083  379.25

TABLE 6: ANOVAtable

Factors DOF ofsostr;}es. Variance Zijr:]e per cent
1. NI 3 7.916 2.638 7916 16.964
2. RED 3 21.416 7.138 21416 45.893
3.CMP 3 3.882 1.294 3882 8319
4. pH 3 8.009 2.669 8.009 17.162
5T 3 5.343 1.811 5343 11.646

TABLE 7: Optimum levelsfor fivefactors

Factors  Level description  level  contribution
1. NI 20 2 27.875
2. RED 15 1 46.791
3.CMP 15 3 22.291
4. pH 5 2 49.375
5. TMP 87 2 43.958
Total contribution from all factors 190.289
Current grand average of performance 411.208
Expected result at optimum condition 601.498

ing of the Pcontent!*®!, From TABLE 5it isevident that
the microhardness of Ni/P alloy reduced asthe con-
centration of reducing agent increases.

OPTIMUM POINTSAND LEVELS

The output of Taguchi approach isa set of opti-
mum | eve for each of thegivenfactors. TABLE 7 shows
theoptimum|eve sfor fivefactorsexaminedinthisstudy.
Also the performance of the optimum conditionsand
theamount of expected microhardnessfor electroless
nickel plating are given in this table. The value of
microhardnessthat resulted from optimum bath com-
position, 573 HV (50gr), isquite closeto the predicted
vauefrom Taguchi approach, 601.498 HV (50gr).

Fromthe EDX analysis, the phosphorous content
of thethin film was obtained about 9.14%wt. Figure 1
showsthe X-ray diffraction pattern of Ni/Pthinfilm
after annealing at 300 °C whichindicates crystalline
structure of Ni at 20=45 and good crystallinestructure
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Figurel: XRD pattern of Ni/Pthin film after annealing at 300°C
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Figure?2: Scanning electron microscopy imageof Ni/P thin film plated from bathswith optimum composition and condition

of Ni P The SEM micrographsof resultingfilmarepre-
sented in Figure 2 which showsadenseandfinecrys-
talinestructure.

CONCLUSION

The optimum bath formulation for e ectrolessNi/
P plating was resulted by using Taguchi orthogonal
array design to maximizethe microhardnessval ue of
thinfilms. Taguchi method prediction, inthiswork just
considered the microhardness, asthe “bigger is the
better” quality characteristic. The result obtained from
optimum bath composition and bath operating condi-
tions, isquite closeto predicted results. TheANOVA
analysis approved that the concentration of reducing
agent, pH value, and Ni source concentration have
themost significant influence on the microhardness of
Ni/Pfilms.
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