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AtJSTRAct

Fieclrodel""il;OIl of ZII-Ni allo}' (.'(}l1linfj.I' was carried 0111in three d'jjn('m .WIlp}wle haths.

Ulli{rmn. adherenl c0l11;n/l.lwere obtained 01 room tempera/lire il! Ihe pH range of 1.8-.1.

Cllemil:a/ (lIwlpi-l ,''/IOII'"d Ih,,'111(lhra hmlis yie/d"d hl-N! of/n}' con/ings wilh 7%', ]4.4%

lind 400,1, nicker. The war/np Wi'll! e:wmill"'/ .tor therr /rlfe/um/wl properlies vlc_.

m/rroIUJrdnes,l, lI'ear resi,mlllee alld dlldilily. X -ral' dij{mcl;oll experiments were ('arrier! OU110

.find OIli the I'ha.<e,I-presem inlhe ('(m/inKs. Pllre zinc (nallllgs war ,,/so defx!sited and lesled

for wmpari!,()l/.

X-ray dlifrodiotr smdy "hm",A !liar COaling, ",'ill! 40% (/lid /4.4% Ni (111(/pllre ,inc were

"qm,liled willi equill!>ri";,, ,,1111,1".\/rrwmres. X -ray dif{rar'/;,m pallerllS of rm/l('{/I"d 4()'JI, /Vi alld

/4.4'1" Ni ,WHnp!e,,- al.\o .'/lOwed sOllie erlm IIIrknowll peak.<.

nil' microlmrdlll!,\S IVfl~JOIlIld 10 illcrease willi nickel COlllell1 af lile dep{lsil. A\-depmiled

walill;:s wilh 40% Ni, 14.4% Ni and 7% Ni Wer" found 10pmsess (I /wrdnes.\ l'allll' oj 487

WIN, 4riO WIN (lnd 390 WIN relpec/ivPly wlrile Ih" allnealed sample,I' showed a /llIle iowa

vallie of Imrdne.l's. As.d"p"si/NI pllre zillr. C(mli,,? e.xliil!iI",l a Iwrdlles.i; of 1110VHN only.

Wear I!e!lal'iollr Pf 14.4% Ni. 7% tv; and ['lire zi"" <;(Ifllinf!,.\ wa.l .III/died /IIuld dn ,Iidillf!,

colJdllirill, 11,lilll? IIpi!HJII-di.I'c Il'l'c 1Il'/Jam/II.1a/ (I comtanl rpm Clf500. Wear le,111 were carried

0111und", Ihree differellllfl{"I,\ viz., 250 gill. 175 fl.'" {llid 120 gin. 1"e.l'lswerr carried filII Jor
/



.\/idillg dislaha r,mlting from 4/6 If) /24flmder. Allle,<I" wer,' fJPrformed illlhe rIIollie!l1 air al

mmn lempnowre. Etlenl of wear doml1gf'was inwsli/i'l/ed by meOlll oj meaMrremelll oj width

o/wt'ar ,I'car alld meluilogrflpliy. Zn-Ni coalin!] wilh 14.4% Ni was fmmd 10 lie more il'ear

r"si,I.lanlllial1li1c coalllll? wil" 7% Ni. Pllre zilw coalilll? i,\'/flllIld 10he Ille lensl re"islmillo

wI"".

11w(Jsjollluf Iha! ASIM ll489-n8/lfmd leSI is 1101wilahie fo' mt'(J.luremcliI alld coilipari.WIlt 0/

dm;lilil,' of zim: and 7im;'l1if'kPl al/oy".
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1. INTRODOCTION

1.1 An (herview of Zlt-Ni Alloy Coating

In re~ponsc 10 a strong dClllanu for imprnVclllfllt In the cnrrusiun reslancc of cu;UeJ steel

parlicularly fur automotive appli~al1on~, Zn.dedJOpJating !eThnology has made grelll progres~

~mee lhe lale 1970s, bolh in '1uallly performance and ils m~lUufactllnng proccss. Thai i~,the

qualily perfonnance of eoaled products ","'cre enhanred by the development of alloy

elecll'Oplntcd steel. including Zn-Co, 7n-Ni. Zn-l'r alloy elecllOplatcd sleel and olher~. A Zn-

C" alloy conlaining a small amounl of alloying elemenls IIJ was Ihe I1rst found 10 be

con ooion-resislant and th\J~~llrdCled~tmng attcnlion in llie f ic1dof Zn-all"y elecli opiating. The

alloy exhibiteJ bel"'Tcn 1 and 6 11lne~Illc corm"ion re,i~lanec nr pure 7.n ina salt-spray le.~L

Suhse'-jtlenlly, ZIl-Ni ali"y electroplating wa, developed, i\lIhougli tlil~ had been illvesligateJ

for a long lime 11], it was the laUe, half of tile 19711,when e1ed,oplaljng ofZn-Ni al10y began

to be applied 10continuous sleel strip 13).They aHilina higher eO'Tosioll resistance than lhc Zii-

Co altoy~, lhat is, 4 108 limes the corrosion re.,i,tanee 01'pure Zn, in ,"xordancc wilh <Ihigher

concentration of alloying element. tn addition I" excellent corrosion te~l~lance, Zn-Ni alto}'~

are the mo~t ('o'siIy manu! acl\ll ed or Zn-allo}' mali ngs, Con'~qllently, the potential econnmlC

advalllage~ ill \1s1111'Zn-Ni ill stead of Zn-nlalillg on steel ha\'c been l'ecogni7.cd and Zll-Ni

electmplalcd sleel hccame a rep,e~cn[Hlive product in the field,
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Smte the advent 01 ~tccl-be1t<:d1",Jial Iires, br<,,'-coatcd sleel CoTJ IS the material most \l,'iddy

used 1"01the rem!'orccmcnl of automohile \irc~ !41. Whtlc Ihe convcnlwnal br:t,~ cooting OffCf8

severed advantages, It ,>Iso suflers from two maYlf dellcicllcle~ I"suiting from the

c1eclt'0chemical <:haraclen~l1cs of hra~s-sleel couple under sail COTl'OI;iolland humiJily aging

[5,61. Cuts in the tire tread surface may be produced i~>\Clvicc.Deep cul~ 1l\ the tread down In

the steel col ds expose Ihe latlcr I" COlroSion through the fOimaliun of oxygen cOllcenltali<J1l

cell, [6J.

AI mygen-dcpletcd acidic (low pH) regIons deeper in the cut, the bras~ (Tmling is c,llhodic 10

sted; hence il accclcwics the ('(JrIo~ion of the underlying Ricci, thus reducing tht strength of

rcmfOicing ~ted cord~. Under cOlJ(hliuns C"xlsllngal (lxygcn-tl<:h (high pH) regi()l1s ncar the

surface of Ihe exposed cord, Lhebrass coating i1~e1fcorTl1desthrough dell ncificatiun followed

bv dlssohnion of bn~~~,This, in lurn, results mille deleliOialion 01 the aJhe~ioh between brass

{'oaling and vulcanized natural rubber (NR) compound. FUlther, the fully deformed brass

coating 011Ihe fmall'ord lilamen!s i~porous ,lnd doc~ not offer a barner proleclloh to the sleel

('orc.

,
A copper-frce all,,)' coaling ~yslem tm~d 011Zn-Ni and Zn.Co binary alloy~ 11131call overcome

Ihe drawbacb of convenlional br"s~ coatings was con<:eivod hy Van OoiJ [7]. The coaling

would eonslsl of " '/inc-rich firsl alloy lay~r Oil ~Ied to pnlyidc galvanic protection ag,linst

corTl1~ion,followed by,. nickel-neh ~ec(llld alto}' l;lyel for impl'oved m; Iml and aged ~dhesini1

10NR nlmpound~ The dll<ll.layel CO:Jtinf;de~ign orrerl' sa<:liricial prolection (ZIl-rich layel),

hallici proleclion (Ni-tich l"yer) and hetter ovcrall I'Jrlnabi\ily, Uc<:am,eof Ihe calhodi<: nalure

o[ nid;e1-lich ~u(face layer, 11is rC<lsonablct() ex[X'~1ex~ellent ph\l~phalability am! pamtabilily

as well. Thus the ~"a\ing sy~rem 01rCl'~signi! l~all( advantug:C"in automotive O1ppli<"Iion~.
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1.2 Present State and Objective or the Work

I"" been ZIl-N, coaled ~lcd~heel can be lI"CUon automobile bodies, c.J. sh~el~. sled cord of

automobile lire~ and other applications reqUirinll cl'rro~i(llt te~i~tallcc. ror such type of

applical1olls, the Zn-NJ alloy coatin!! should ai"o have adcqlJalc mechanical plOpl'rljd; e.g.

wear rc"i"lance. mlcro-hardl1c",. ductihly. decorative propcltic" elc Infmmalion available in

Ihe IItelatmc onlhe erled 01 compoSllioll and SiluctUfCof the 7.n-Ni coating on il~ mechanical

plOpcrlicH is meager. It i~,lhelefOic. the objcclive of the prc~cnt w<.HI::.to investigate

syslematicall y the effect of comp(~itloll and ,[rlldme of Zn-Ni alloy cpallngon Il~ rnecli~hical

properl;,,"_ The effects Me followed by wcar tc~l, mlcTO-lml'dncss me<lstlretnelll, X-my

metallography and <:hellllcal analysis. Mlcrolmrdncss and melallogtaphy lcsls are also

perr"nned for hcal-I rcaled Zn-Nl alloy COJling and ,I comparison of the results lhu~ obtained

allcmptcd.
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2. LITERATURE REVIEW

2.1 ELECtROlJElJOSl'tlON ASPECT

2.1.1 Thermodynainics of Electro-deposition RcactlohS

In an ckclrodepu!lition cell, a rC<lcllOn"f the type

(? 1)

can take place aline cal!lo<le.The melal dcclrode consists of mclal ions 111a crystal stiudutc

The (ran~!cr of a illelal ion from the e1ectrolyle ~lructurc to the mela! ~lruc(ul'e will be

accomp"med hy a nee energy chilnge /.10. ThcmlOdynami(~~lells that in a ~y~lcmwith {mly PV

work, the free energy changes for Ihe.tran~r()l'l of IImoles uf [miller j from pha~e I to phase 2

;Jcwrdmg to

dU=VdP-SdT+j<2
jdn. p1idn .. ,.. (2. 2)

where }<11and fl21 ale the chemical potcnlH11s In pha~c 1 and 2 respeclively In an

electrochemical sy~lem, not only PV-work, but al~o c1c<;lrical work __ the work

ac£ompan},mg (he 11~nsporl Qf eieclricai thal'ge {lVcr" polenllai dilference _ 'nust be taken

inll' ~,,<:mml F.1.jualion (2-2) lh~11Inlllsfonns m!"
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where ,F(02j.Olll lS the dcclTical work involved in the tmi1Tol1 of Ihe electrical charge of 1

In"l of ions fmlTIphase 1 to vim,c 2. 0 is the ckclrical potenti;;:l and F IS Famday's C<1ns(anL

The equiliblium eritelion, wilh P and T c()IJ~(anl, is thai the free energy ;8 mrnitTillh1, thus

dG=() and C<1n~eq\1cnl1'i!'I i== 1'2i.50 [he condition fur equilibrium i~om\' Iflom (2-3)1

For lhc electrochemical feadion, IF-.q.(2.l)], taldng place allhe clecl1Qdc:

tl.0e" OM . Os [where 60c = Potenlml ditTcrcncc belween the mewl al the electrode

and il, ions 11\sollltioni antI

tl.OFJ = 1'.00 _ RTlnaM7.+ + '(,FA0e ... " .... __ (2-4)

where tl.Oo= Sl,mdard Iree energy of reachon (2-J)

UM7.+= Act;vity or MZ+

Under ~landanJ conditions (~M7.+=1) at cq\lili brium,

tl.GEl ,,0 and 1'10e 0= AGe 0

Hence (2.4) lrans["mlR to

O=8G"-O+7FA0 11

"



=

6

..,,(2-5)

where, A0c" = SlamJard c1cclrode potential.

Combination <,j Eq<. (2-4) mid (2-5) lends Lv

..... ,.,.(2-6)

Equahon (2-6), known as N"rns\ ~quation, give, the cfred ,,1-concentration on e1ectrude

IXlicnlial.

2.1.2 Kinetics of Elcctrbrleposition Rcaetioits

Fromlhe Illumenl thai a currenl no\V~ thl'Ough an electrode, lhe electrode acquires a potential

difl'crc111rr(llll Ihe reversible cqui lihri urn potential. It is well to nole here that cqui1 ibriulll me.ans

dynalllH: equrlihlium and lhat althuugh no net current flows through Ihe electrode, oxidalioll

and reductIOn reactions will lake place ~lmultancOll~ty. ~llch lhallhe oxidation current den"ily

i,n l~ equal l!l iliaglli lude to the reuudinn eurrcilt d~l1"ilYit ed B"tli are, at rqllil ibrium, equal

In the s(H-allcd cxclwnge currenl denSity and th~ equilibrium potential aero~<;Ihe electrode is

JIIorder to rcalize eleclrod"posttioll at a cathodc, a net CUTtenli == (iox - ired) < () has to now

through the cathode. Thet elorc the polential t.0 mer the electl ode intrrface has 10deViate rrom

'\0c. This deviation I~called Ih" "clival"," <WeTp"tenllal ell).

Hene..,1\0 ,,~0c+ tl
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The term 'achvauon' fdelS to the rad thlillhc dedlOdc rr..adion is a kinetic process, In Ivhieh

substances must ncquirc a cerlain ~clivall()n energy bel nrc they cail jump through the electrode

interface, Dc,,;allOn !10m the eqllihbrium potential is callecl p()larj~lliion.

As ;11esul t of lhe eledrode reaclioll, the !Unic cOllcentration tends 10\,hange ill lhe vici nity of

the electrode, resulti ng ill a oonccnlnllJon <l\TIjXllclllial11coh' ['or a ret.luclion reaclion at the

(,,,thode, for example, the cuncentraiioiJ of positive iOlls IS lowered, and the equilibriuJI1

polenlial shilts aecoru1I1g 10 the Ntrnsl equation Ie as a Ics\1I1 of an inclcasing cathodIc

polari7-'llintl, the reduction current rlcn~ily is mel cased, p()~llive ions ha~e 10be brought to the

cathode surface fasler and faster. Tlus ~an occur b)'

i) Imgmtion IIIHlerinflucncc of the e1edl ical field

,i) di ITusiondue to thc Cr<'-'lledl"I\l'clllralion dll retenccs

Iii) naturdl or I(,rced con\'cclioo.

Another componenl is the cry~(allizalion o\'crpolcnlial (tier) originating fwm dirricullies

encounlered wilh nuclcation ahd glOwlh, MlIlute eoncen(iati(ln~ of loreign ~l1hstances eali

dnL,tieally innca"e the crystallinlwn ovcl(XJlclllial, and thus cffedlvely slow down the

eledmdcpooition plDCe~s.The global elecllUde oyerputentlal is, now

lltot '" "1 + 'leon + ller
____•••••••• {2_7)

An cledrOlle(XJ~ition cell conlains Iwo cledf()de~: a r.1t1",de and an anodc. Both contribute to

Ihr t"laledl (XJlcnlialacconJUlg to cqual,oll (2-7),

III addition there is Ihe rcsist.1ncc or th" elccl1olyle lead; "l! 10a potenlial JR, ami \'ariolls olher

rcsistance~ iIi Ihe cdl circuit creating a jX)tcntial I-'R lh., (otal (dl polell!ial i~thf'i
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The prdchcal cell polentiid i~Iherefore rumetirncs much higher tban the rcvrr~ihle cdl potential

calculntc<Jfrom purely lhennodyml1TIICc()n~idcmllOn~,

2.1.3 General Conditions for l<:Ieettodepositing Alloys

SUretHeial!y, llie p1'occ<hlfeJ<lt'dcpo,<j[;ng:an alloy dirk, ~ i" no Imp<nlanl Icspcd frum that for

depositing a single mel,,1 __ a current IS JXlssedfrom c1cclrode~ through a solution and "-

melal dCp<J'ilsUjXlIlthe cathode. Ilowe"er, the problem of finding conditions for depositing a

given alloy ill the form 01 a ~ollnd. slrong, hom()gcneOll~coating 18not a~ easily wiVed a~ for

a smgle melll!. The simlJllane()u~ (kp"sihon 01 two oj mOle melals Without regard to the

physical nalme of the deposit is a relatlvc1y simple maltn, for 111~neccss~ry only to electrolyte

a bath of tbe mixed metallic salls at;t sufficienUy 111gbcurrent density. UllforhHlately, the

deposil~ so obtamed arc \lsu,,11y loosc. spongy, non -adherent ma.~ses,cont"lTlinatcd \i;ilh basic

lIId\lsions, and are uot thc type or depOSitof intcrc.~l.Thus. the usc of a high cUltcnt Jensity is

not a means or solving the prohlem "I' alloy depOSition.

A prdimimlfY and rather oh~lou~ lequir"menl fOI codepo'll1ng two Of mote metals from

~'lneolls sohitioll is that at least olle or the mel"l, he individually ~apablc or being deposited

rrom aq\leo\1~ ~oluti()n, The most llnportanl practical con,idemtlOn involved in the

codeposition of two metals is that their depo,ition potcntials he fairly dose togethet'. The

Impoltance of thIS considerat'on follows rml1l the welt-knoll'ntad that tht, more noble metal

depoSits prcferenltnlly, freqllently to Ihe l-ompletc e~du,il)11 of th" less noble metal. To

simUl(nneOllSly codeposit the two metal,_ conditIOns mllst be such that the more negative

potcntial or thc IrS" nohle metal call be atln'ncd without employing: nn ex('cs"ivc current

(knsit y Hence, Ihc need ror havi ng the po!entials or thc (wo melals ci,,,;e [ogethcl
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2.1.4 Role of static Potentials in the l<]edtodcpositiotl of Alloy!!

Tlie table of ~landard cleclmdc p()tcnlial~, Table 2.1 may serve as a rough but hoI 100 reliable

guide for dccidiilg If two mCIHls ;'laY be co.deposited tlOm a simple salt soluljoh. The dala in

Tablr 2, 1 apply only 10 very ~pccil ie ""m.hli()n~ and are. Ihclcrorc, of hmllcd applicability.

This musl he further etnphasilCd bcr()re proceeding with a disc(IS~i()n of their "ulue f"t

prethchng the probabllily of co-deposition of I" ()me~11s.Thc. electrode lX'tcntiaJ~in Table 2. I

appiy only 10the equilibrium potentials of the mctal~ in a solution of their simplest ioils alid ate

jll~l abolilihe mo~t posiln'e (most ",'ble) polenlial~ at which Ihe metal~ can be deposited. in

actual dClX'Siliol1.bCl'l\USCof polarintion, the deposition !,otcnli~ls arc more n••gatlve than the

standard potenlml~,

The deduc!ion from" tahle 01 c1ec!r{xk potentml~ 01 the probabillly 01, and the condihon~ fot,

depositing a single mel,lis is not ~tmighlrorwot'd A~ an example, II one were to m"k.e a naive

interprct"tio!l of Table 2, 1 wilhout regard to prac!1cal cohsideralioi1s, one would come to the

ConclUSIOnthat Illetals WIth eleclrode fXllentials more negative than hydrogen could not be

dep()~ited from aqlleoU~ solutinn bccml~e hydlOgen would depo~it at a morc positi\'e (more

noble) potential. Actually, hydrogcn depo~ib at a much morc negative potential than ils

equilibrium \'alue on mall)' kiml, 01" metal ekctr(){le~ (the phenomenon of hydrogen

OI'elvoll~ge), ,,-n<1,mnsequently, the potenllals of some of lhe"" metal~ cnn be ~tlllilied in

aqueous ~olution wilhout exce~si\'e discharge or hydrogcn. Even rnangnne~c wl1h an

eqlli I;1murn polcnllal 01 -I. IR V l'an be dcposi ted from aqueous ~olut;on hy virllle or lt~

hydrogen ovelvolt~gP,. The exi~[ence 01' Ihis phenomenon i~ fOllllmilc for eleclro<!epositions,

be<,mtse [he majollty or the metab ill which clcclioplaters are intcrc"lcd have potentml~ less

Ilohle [han that of hydrogen. Another cx~mplc of the oppo~i[e kind COllcel'l1SIhe melals

vanadium, molyhdenum, gel'ln~nium al1d [ung,ten which have Ihe following e!cctrodp,

potential", re~reclivdy: -0,253, -0.2, -0.15 and "0,09 "oIL A~cordlng to Tablc 2. I, Ihe~e
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Table 2.1

Standard Electrode Polenfitlh (E(/)

Elcclrwe Reaction

Na"Na++c -2.712

Mg= Mg+2+ 2e -2.340

AI" Al+J + 2c -1.670

Mil == Mn+2 + 2c -1.180

Zn=Zn+2+2c -().1(,2

Co=Co+2+2e -0.277

V =:V.l-2+1e -0.253

NI eo Ni+2 + 2c -0250

Mo=Mo+3+Jc -().lOO

Ge=Gc+4+4c -O.ISlj

Sn '" 5n+2 + 2c -0.136

Pb=Pb+2'12c -0,126

W =W+(,~ fie .(1,0<)0

i-I2 '" 211+ + 2e 0,000

Bi=Bi+3+3c +0.320

Cu = ClI+2+ 2c +034';

Cu=Cu++c '10,522

Ag=Ag++c + O.RO(J

Pt=PI+2+2c +1.200

Au =: Au+J + 3c +1.420

A!l",A\l+~C + 1.620
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rnc!<lJsought to be more lcadily <1epo8ilablcf rom aqueou~ solulkm than cobalt with a potct1lial

of -0.277 volL However, nonc of Ihese metal, have been deposIted from aqlieous solution il1

the pure. slale, whereas ~uba1t is readily deposited. We do not know "fly Ihese mctais do IIbL

depOSit but the situation is nol urnque. 'I he nohoccurrence of reactions ';"hiclt ate

thermodynamil'ally jXl8sibie184l\lte common in chemis~yThis means that oLlier rcquireniet1ls

mllst be satisfied as well as the energetics of the proe",s,

To ,urn up the discussioT1 of electrode potentials, ,,"'Csec, oh "ne hand, that many metals call be

deposited, which would nut be expected to dCPO~11on the basis of eqlJillbtiurn polcillials; iliId

on Ihe other hand, thai metals which afc Illeol'e!ically capable of being deposilcd have no! heen

derx)~Jted from aqueolJ~ ~olulion,

Despile these inconsislencies, lhe table of de<:Lrude pOlential can be ulililed 10 derivc somc

conc1u~ion~ re!!arding alloy dcposiuon from acid solutions of simple ions. Metals whi<:h are

do~e togcther in tahle 2,-1should in general be more readily cuJeposited lhan mclal~ \vbieh >lte

Widely scpataled. As a rough guide, re;lsurlahly ~ali~fac!ury <:,,-depo~ition will occur if the

sialic l}Olenliai"or the melals arc not over 0.2 voll aparl. J lowever, cxecption~ may be holed:

for c.\"mple, Zn and Ni may be ('u-depll~ited fmin a simple ~all halh, although their eleclrude

IK)!cntialsarc aboul U.s volt apml. An exceptiun or llie oppo~ite kind on,nrs lI'ilh ~ome or lhc

[Johle melal~, For example, ~iiver and palladillm do nol readily eo-deposil 10yield go',u alloys

although thrir potentials ale very dow logelher_ TIllS dlscu~~ion show~ Ihallhe predictions

concerning alloy deposi lion from electrode polenlial~ alonc arc nol wholly ie1iablc and lIlay be

rm~leading bCX;'llj~emany llnprcdieli1blc speci ric errecl~ OCcurwith c,ich pair or metak
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2.1.5 Methods of Briill::iilg Shllie Potentials ot Metals Closet

To~cther
The ix,lenlial of metal dlppi Il!'.i1110a solution of il~ i()n~at Hni( "clivi! y i~the ~tal1danleledf,xic

potential or the mck.,L EO When Ihe activity of the jnn, i~not Ilnily the ,tatie potcrtli<llEs is

given by

Es == SO - (RT/nP) Ina

where, R == Gas constant

T = Absolute temperature

____,.,(2-H)

n = Vaknce change iillhc reaction metal-melal ioh

F == The I'ardJay's COnstant

a 0= Actll'ity of metal inn

Equation (2-8) repl€~cnls the eqUilibrium reversible cunditions, Irreversible factors

{conccnlral1n", p0lalization, ();,ervollage etc,) however chter in if ClltrclJl is "a~~ed~o thai

metal deposi l~from a solution. The act\l~!depositIOn pOlential is thcl1 given by

Where !-' is a m",l~Ur€of iIrevel "illic cf fed~, i.e. the addll ional p"tential that has t" be provided

tt' keep the reacti"n g"ing at the required speed.

To ("("lep,,~itllj.'O met81s, the depo~il potential of the t,,,, metais should be nearly equa1. The

foll(>wing c"ndltl "ll~ ~ho\lld, therefore, oc ~atisfi~d for co-r1epo~ition or alloys:

,-' E"''0 '" '1)



= E'+P'",E"+P's s
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=> EO' .. (RTln']"'-)lna' + P'" EO" • (RT/n"F}lna" + P" ... (2-9)

where eO', EO' and a' arc deposition potci'lial, elec!rnde potential arid activity of one meL11

te~pectivc1y. Similarly ED", EO"and ,," arc Jcposi tion potential, electrode potentia! 311<1act!vily

of the olnel metal rcspcdively dc,ircd [0 be co-<1epooited.In equallUll (2-9), Rand F are fixed.

T 1~constant in ,my given case, TilliS, equallOn (2.9) can be sali"fiet.l only in Ihc fo!lu,vmg

ways:

1)Melals placed <;\os" logether in Ck~,lf(}-chemlcal senes: If the two metals to be co.deposited

are already dose logether in the ci('{;tro-chemkal series, So, may bc<.:omeequal to 1':0". A good

example is Sn-Ph alloy.

p.' I-or S11= .O,14V EO rOTPb" -0.13\1

These arc so dose logether that Sil and Pb may be co-<1cprn;ilcdfrom solutions uf their ~imple

salt, wilh 110difficulty. Generally mrl;;JJs",ho,e 2-' values differ by less Ih~lJ0.2 V can he co-

deposiled froth ~imp1csalt solullon~ hecause polaiimtion may bring the potenlial vallle~ closer

together.

il) AdJu~lment of ~()' and >10".1l EO' dor~ not equal E'l" lhe activity ao' and "u" must be

adjusted 10nwke lhe deppsiti,m potentials rqll~1

The Ne1'h~tequation IE = EO+ (0.059In) log aMn+1 rcl~les electrode pOlential to mclal ion

~clj\'ily and con'lderatlon of lhi~ C(11Wliollshow,Ihal a reduction ill ion aclivify ':"rre,p"ml~ tn

a potcntial shift in the negal!ve dllectioll and conversely ~n increase In loll activit :,'movcs (he
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potenlial to lHore positive va\lle~, For;l lHD1l<waicnljon the shin is O.OS9 V per onlei' of

magnitude change in ad;,;l}'. A wdJ-khown means or reducing the,ion activity "r the mOle

noble meta! is the mJt.lilioll of compln:ing agents, As an examplr lei ll~ c"h~idct the alloy

deposition or Ag-I'h alloys.

The FY Values arc : AI'." + O.78Q, Pb == 0, 13

The [Kltcntialsmay he equalized I! the more noble metal is complexed (Ag) amI Ihe less nob1c

melal mainlainoo uncomplc!\ed. Only Ag rOllnS a cyanide L~Jmplex and fmm the Nnnst

c<]\latlOnwe can c",lclliale the aClivity or Ag ions rC<luir-et.l10lower the potentials lei .0, 13 V.

-0.13" + O.7!l9 + 0.059 log Il\g+l

ThiS Callbe achie\'ed b)' cyallidc comp1exing ImlVidcd an esecs, of cyanide ion is mailllaihoo

The most comillon cotllplcxanl< "rp cyanide, halide ant! ampholcric oxide8like ~tannatc, bul

al1lin~s,Cihak", tartmels, etc, hnd applif;llion

2.1.6 Prilicipies of AlloJ Deposition
•

The si.\ princip1c~of alloy deposition are:

i) Ir an alloy pial!ng bath, whi<:h i" in ~onti 1I110\1Soperation, i~ rep1cnished with two metals in a

constanl r~tin, MIN (for example, by addl11gnictall ic s"ll~ or by the use of sol uble anodes), the

f'liio of the metals in the dep,,,it wili apprtlllChand 11llllnatdy lllke on the valuc MIN,
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ii) An InClca'c in \~e metal-percentage (or ralio) "f a parent melal!n an alloy plallng balh re~uIL,

in an mcrca"" in il,> percciJlage (01' ratio) in the dqXlSit.

iii) In alloy deposition, the ]al;" "f the concentratIOn of the more readi!)' dq)(),itablc tnetalto the

olher is "nailer al the cathode-solution interface than in the bu<Jyof the balh.

iv) Il1lhe deposition of alloy, from the normal alloy plating sysleins, the most rUr1dattlel1lal

mechanism is the tendency of the concentrations of the metal i()n~ al the cathotle-~oIUtioti

interface 10 approach mutual cqui h bri ll1n Wll h nc."pccl to the two parent mcia18 Both pnr1Cll'!es

iii) and Iv) lead to the relation:

Where, em = Concentralion of m()fe readily dcposllilhle metal at the cathode-solution inle;'face.

en '" Concentration of less Teadily delX'silab1cmetal at the cathode-~olutiun intelface.

COm= Conccntration of more readily depo.'litable metal in Ille body or the bath.

e1h = Concentralion 01 less re<1dilydeposilahle metal in the !:xxlyof the hath

v) A \'arialion in a plaling condilionlhal blings closer t0l!ethel Ihe potenlial, ror the deposition

"I the parenl melal, ,epara(c'iy ~__ Ihal is. Uee!e,"~CStlw inter",,1 of potential between thertl

Increases lhe pen:entage 01"thc 1c~snohle met,d in (he cleclrodep",i(oo all"y and vice-versa.

VI) In depo~i!ing alloy' In which (he content or the less noble metal increascs wIth ell!l'ent

den~ity, Ihe operating conditions ror "hlaining the moj-e conslanl composition 01 deposit are:

(a) c<mstantpotential ir U1ClInconlTollable Valiablc arfed Ihe p()tel\tial~of the more noble melal

and (0) constant cunen! density ir the ullC<lIl(,,,lI,,blevarmblcs arfcct the rotential" or the 1e~R
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noble metal. Coildillons (a) and (h) arc interchanged Ir the contcnt of the les~noble rrietai

dccre.ase~with current dcnsily.

2.1.7 Advantage and Disadvantage of Alloy Deposition

Alloy deposit~, offer L-erk..•m advantages over single [ndal deposils, These are:

1) Increased cotTo,sian, resislance due to grC<iler densi ly and linn gmin structure,

ii) Comblllalion of plOpe1!lcs or the m<1,vldllul nmslillients,

iii) New propcltics, (lnlike the mdi\'idual COl1,titlients and

iv) Tailm-madc properlles by proper selection 01 the col1';liluents.

The disadvantages of alloy dCp'l.'<llron inclllde :

i) rile greater conlrnl Tc'llti led,

ii) The dirficully or rcproduclng the alloy composition and

iii) The greater altcntion to the anode systems uo;e<1 and their cIT~d8 on the soiu/ioti cotislilUetlls

and complexes_

2.2 VARIATION IN THE COMPOStl'ION OF ELECTRUOEPOSI1'klJ
ALLOYS Wri'H THE C()MPliSITION OF THE BA'j'i-i AND 'tHE

PLAtiNG -JiARAMETEkS

2.2.1 Plating Variables

The composition of an declrodep<.lSlleJ allo~' is a f\llldiulJ uf a large ntlmber or variables, t~e

mai 11oneS of which arc as fullows :

A, Variables uf bath composili<.m

I. Conccnlrauons or deposi1ablc melal,

a) Ratiu ur [he concentl ations nf dcposililble mek11sIn each other.

b) Tol~1concenlmlinn or Ihe deposl1~blc mel,l1s
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2, ConL-entlalion 01 compkxll1g agents

3. pH "r plating hath

4. Presence of addiliun agents

5, Pre~cncc of !nul f lerenl electrolytes or cOl1ducli ng sal Is.

H Variable" of balh OpcTdl1on

I. Current density

2. Tcmpewlllre

3, Agit~li(\n of bath or movement 01 cathode

C. Miscdlancolls Variables

1. Olthode cUlrcnl cffi<.-iency

2. Shape or cathode

3. Basis melal

4 Thickness of deposit

5, Type of current.

i.2.2 T:ypes of Alloy Phitin~ Systems

The data on the errects 01 variables on the composition of c1cclroueposiled alloys constitute l\

m,~~~ivcalmy 01 details. The organmllioll, prc~clllaijon and lhemelical discussion of the.,e data

arc grt'Olliy 'Impli lied by dividing all or the alloy pial; ng proc""scs into fi re lypes, These arc :

i) R.egular eodeposition

ii) IITcglllar co<1ep<'8111on

iii) E'lllilibl1\1m coocposilion

Iv) Anom"lous codeposilion

, ) Indllceu codeposi lion,
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Types 1) -ii i) arc collecti vely. referred \0 as nurmal alloy plallng systems and are chal"actcri7.cd

hy the prcfcrenhal deposition 01 the more noble metaL Typ.:s iv)and v) are referred to as

abnormal codeposit!ofl because the more noble metal docs not necessarily deposit

prefel rntially,

i) Regular Codcposilion: Regular codcpositiolJ IScharacterized by the deposition being under

diiTusion control. The effects of plating variables on the composItion of the deposit are

delennmed by changes in the concentrations of meta! ions in the cathode diffusIon layer and arc

predictable rrum simple diffusion IhcOly. The percentage or the Inure nohle metal in the depusil

IS incrcascxJ by lhooe agencies Ihaltncreasc the mciallu1\ content of the cathode diffusioli layer,

The ag('[\cir.sare : incka~c in \0(,,1melal conlcnl uf bath, decrease of <:llrtenlden~ily, dei!atiotl

of bath temperalure and inne<lsed agitation of balh !)epositiolJ of Pb-Sn, Bi-C~ etc, are the

e,xamples of rcgular eooqx)sitloh "}"Iem,

il) Irregular C<x!epmilum: The ~yslcm i., chmaclCli7ed by bell1geOl1trolkd by the po\eniial~ of

(he metals (calhmle potcnlials) agaln~\ the solulion 10 a glealer exlcni tbart hy ditfusion

phenomena, The effecls of ,,,me "llhe plaling v"-nabll.'~on the composition of the dcposil arc

in ,K"Cordwith 'Imple <lItfusion Iheof}' "nd the efl eels of olhers ,lre conltm')' 10diff\l~ion Ihooty.

AI"0, (he etTec(s ot plali 11g van abies on the com pOSltiollof Ihr Jep<J"it are much ~maller than

",ith thc rcg.ular alloy plating "y"lellj~, 1I1cgular co<!cpo-S\!ioni~ mo~tlikc1y lo occlJr wtlh

""lntions of complc, ion~, It is the least well characleli7ed of Ihe five Iype~. The examples of

Ihl8 "y~lem are Ihe depcI:'<iliol1of bl as~. bronze '11\<18n-7n.

iii) F.quiliblillm Codepo,itiol1 ' Equilibrium Wdep')~llion is chawcleri/"J by dqx)I;ilion from a

~oluli()n which i~ In chemkal rq\lihbrium with bolh of the parent metals. Only a few alloy

platmg ~y~tcms of Ihi&Iype haw been in\'csligated Thelc arc Ihe ell-B! and "b-Sli alloys

depo,;ited from ~11and bath anJ prrbaps CU-Nl "I1()y~Jcpo~ikd from;l thiosl1l1~:cbath.
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1\')AllOmal"ll~ Codcpmillon: Anomalous codep(l~iti()11is dmrnclerizcd b} the anomaly lhallhe

less noble mclal deposits preferentially_ With a gi~en plating bath, anomalous <:u<leposilioii

occurs onl y under certain conditions <)1"collccnllalinn and ojJcrnling variablcs.

Otherwise the codeposltion r~lIs under one of the Iluee other lypeS. Anomalous c",iepositiOI1

call occur in baths contaming clthrr simple or comple, mils of Ihe welals. Anomalous

cooeposition is ralher nlte. Zn.Ni alloy dep:.JSitl()llis of this lype,

v) Ind11=1 C(J<leposilion : Induced oodeposillOll IS characterized hy (he dcpositioll of alloy

containing melals, such as Mu, W or Gc, ",hl\:h cannot be dcposiled alone. I-!o'vc\"ct, tbese

mClals readily codepOSIt with the iron group melals. Metals which slimiliaie deposiliutl ate

cailed inducing: metals and the metals whkh d" not deposil by themselves arc ('<\liedtetuclant

metals. The erred~ "r the pia ling ""riables on Ihe composition of the "ll"ys of induced

codeposition arc more vagarious and Ilnprediek1h1cthan Ihe etTect~on the compusi~otl of alloys

of any of Ihe other tyJ1<'sof eodepositlon.

i.i.3 Effect of Metal Ratio of the 8ath on the Composition of the

Deposit
The relatiotl between the cump"~ltion of an e1cclr(){lep"~lted allf1Yand Ihe mtio of lhe pai'ent

mc!al~ In the bath i~ Ihe most important relation in "noy plating ~yslcm. One feature of Figs,

21 and 2.2 is that they amtain an auxiliary line, AB, which is referred lo'L~ Ihe 'compositiori

Icference Ime',lt is lIScJ >15"n "id vI~\la1i7ingIhe relalmn betweenlhe percentage composition

01 the alloy >lJulthe metal-peiceiliage or the bath, Points falling upon the composilioll reference

line would represent ailoys havmg the sank pcrcenmge com(X'sition ,1$ the metal percentagc uf

the bath,
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Fig.l.I: Typical curves iIIll,lra/lug Ihe re!olioll !Je/ll'eell Ih" wl/l/)m/lioll of

eJer.trodcposited alloys and III/!COlrlPO,lilioll oflhe />alll ill /lomial w-deposllioil.

Olr\'(' J: Bislm/l!1-wppe' alloys def!()JitedIrvin pch'hforale 1m/it!'} j
Cun'c 2: Coppef-zir!c "Uoy,\ depmited (rom cyol1ide IXlII! {JOj

A <.X.lInp""lioncUive that rixs ahove lhe composition teference line indicates thallhe metal ill

<jue~titmis prdcrwlially deposited. b=1USC ils percl.'Illagc in the dcp()~tl i~larger than its hlclat

)JClccntage in the hath. In normJI codeposl(IOIL (he ml'Te nohle metal deposits preferentially,

hence the curve for lhe pcrccnt<lgc of (he rnQic nobk tilel,,! i11 a dcp0l'it ~1\VilY~lies ahove the

composition reference line Similarly, the curl'e replc~enlihg the percentage of the le~s noble

melal ploued again"l iI.metal pel'ernt~ge ill the bath lie~ below the compositiun reretence line.
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Fig .2.2: Reln/lmi /lelWI'I'1IIlw wmpo.<ilio/1 0/ tile deposil rind rhe wmposiliaii of ihl'
balh it! onomaums cO-d"f!l!.lilioll.

Curve J; /nJ//-zinc aI/o}'s drpo,lited{rom SIIl/atl' bath III J
Curve 2: Nidi:e!-('o/",ll a/loY,I'deposiledfrom chloride halh {l2 J
Cflrw' 3: Nir:kRl-z;lIc alloy.' rie{'miled jmm sri/fare ballt f 13f

Fig. 2,2 Ilh18(rate~the relation between the cOlllr,,~itlnnof the deposit and the composItion of

the balh in anomalmJs codeposltion, Three dilTel'cnl alloys Fe-7n (Cll1'VCI), Ni-Z" (curve 3)

~nd Co-Ni (curve 2) ~II depo~lted IIOln simple chlmidc or sulf<lIebaths arc used as cxalnples.

The outst.wding realtl1'£"I this rigmc i~that the compo:;ilion CII1'VCS for the )Hote hl1ble metals,

< Nl anJ Fe, lie below Ihe compo~ilion reference line, AU, in wnlTa~t to C\I[\'CS1 ,In<12 of Fig.

2 I, an e~ample for nOllna! co-d~IX)$il",i1_

Thi~ mean~ Ihat although Fe and Ni >lie the more noble melnls, Ihey arc nol prefetenhally

Gero~itcd. The d;ita [or cmve 3, rcprcscnlil1g depo~i tiol1of NI-Zn alloys, com~s rrom the \\Iork

"I Schm'h and Hi) >;<;h!13J which 'WIS Gone In 1Y07 and ISone (,f the earliest 8t,,.!les or the
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principles of alloy dCJ}(~itiotl, Although !he lC)k11mel,,1 nmlenl of their baths varied widely, this

docs not villa!" the relation helwccn the metal mlio of the bath alUl the dc)X,"il The bchaviollT

of mel~l~ HIan()malou~ C(l-dcp()~llion is nol as c()n~i"lent and dCilr-cul a.~would appear from

the ~llrve~ for melal~ in normal cOdCPOSllioli UlHkr sume conditiuns of cutrelll den~ily and

temperature, the metals may en-deposit in a normal fashIOn and under olliel coridiliol)S in an

anomalous fashion.

2.2.4 Effect of Total Metal Content of the Bath on the Compositlolt

of tlte heposit
V~riJli()n of the 101,,1metal conlent "f a bath, "I a fixed mcl~1 mil", applcciably affeds the

compositioll or alloys in regular clldcposition btl! has either shght enccl or no ul1,fmm trend in

irregular, anomalous and mduced c{)depo~l(i()n, ,~-,-~-

~ '" -
•,,
" ~,

j,
c " -

"
~

o. , '0 ,, 2,0 "
To!.l1""", ,m,,''''''''"' '" ,,,,(],,",,,,,.,""'v,',,,L,I"'N

Fig .2.3; R"l,,'ioll IJerween11u:composilioll of I"" d~llOs;1I/lld Ihr lOll/I melal nllllelil of

IIII! bl/lh iii "'IOIIIaIOlIS ("o-depotilioll.

Curves 1 alld 3-"From IIII' dma of nr"S.tIOlle mid '\l'e(lkmml 114]'
Cun:e 2 :Fmn!lhedllll1ofFilikoudV,hfI5/.
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The effect or lotal mclal content oi the hath on the comp(1~lti()n 01 the depOSit in anomalous

codcposition is jllustlatcd ill Fig. 2.3 wilh data on the deposition of C()-Ni alloys taken from

the work of Glasstonc and Speakman (14) and Fink and l~"lh[151. The alloys were deposited

I-romsimple sulta!e baths. Cobalt dep"sited plcfcrcnlially although it ISless noble than Ni. The

curves show that lor a sevenfold incrc;lse in InIal metal content of the balh, the coball <;Ollleni01

the depoSIt IOC1'ea~edonly slightly. Comparison of these Cllfl'es wi Ih the ffiu<:hsleeper cut\'e 2

or Fig. 2-2 shows the milch greater eflect of ~al)'mgthe mela! mi,() "I the bath.

2.2.5 Effect of pH of the Plating Kath ob the Composition of the

Deposit
The cffcd oj pH on Ihe composition of an eledroocposiled alloy are ~pedfic and usually

unpredictable. !~~ume baths, pH has a large cff~d and i~ others a ,mall dlcct on Ibe

com['osition "f Ihe deposit. The delermining facl"t i~ the chemical natllrc of the melallic

comp()lInd~, bcrau~e Ihe pH d()('~ nut e~ert Its cff~ct direclly but by alteririg lhe slate of

cbemical combinatioll or the metals in sulutioli. Simple metal It~ ton~ are ('nly slightly sellsitivc

10 vmiahons in the I'll of the ~Olllli(1n_On the ,'Iher hand, Ihe eomp(l~ilion and ~tahilitY 01

mallY complexes __ in bolh alkalme aild ~dd solutIOn __ ~r~ a function of (he pH. Fot

example, mmplexcs. such as slanna!c, 71J1e~te.cyanides and mnines, which al'e stab1c in.

alkaline ~olulio~, decompose when acidlhed. As a gennal !IIle, vari~liol1s of pH should havc

hllie eHect on. the compo~iliol1 of al\oy~ dep(lf;it~d from hath~ conlaining the Inet,\l~ a~ ~imp1c

ion~ and ~ho\1ldhave a large dlect on Ihe cOll1pooitionof ~lIoy deposited from baths ih ,",'hich

the parenl metals were present ;I~cumplexes wiIh !atge instabil ity coilslan~.

G[a~~tone and Spt~lkman Ij41 detertmncd Ihe mo~t noble rotential~ ~l wht\,h Ihe iron-groilp

mdal~ ~nd thetl' mutual alloys deposited from solulions of van()u~ pH. They did thi~ by

gradually Increasmg the current dellslty and noting the potctlti~l at which cp<l~positioll wa~

initialed I\~might i~expected, the ",pIC aCid the S()llll;()~,Ihe lltghel w~~ Ihe "'rrrent dellsity
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required to initiale metal deposItion. HOWC\'Cl, rather ullc.\peded was the rihding thai the

potential al which dcp<isihon was ill11lHIed WlWabollt (he same in the solutions of vanous

acidity, SllJee the polcnllal of initial (1P.positiollwas independent of the pH of the bath, one

IIIigh! surmise [hat the ("omp""' lion "f the c1cctrndep"sllcd al1QYsmighl also Ix Iittlc inrJuetlced

by \'ariallolls in pH.

Fig 2.4 shows data fromthl'ee ~ourccs, Curve I replcscn!s dala from Young and Strllyk [121

for the dcposltlon of Co.Ni alloys from a simple sail b.1Ih. Curve 2 represents data from

Glasstone anl! Symes 11('1 [or the dcpo~ili(ln of f'c-N, alloys f1nm a sulfale hath. Curve 3 is the

Jaw of Raub 1171 for deposi\ioll of f'e-Ni alloys from a balh containing citric acid. The three

cur,e, all replcseht anomalous codepo,iliol] Since Nl, the morc noble lI1ela1.ocetus in Ihe

deposit ill a smaller perc(,llt~ge Ihan il~ lI1etal'perccnlage 1nthe hath, which W~~90% or mme.

'"0
~ • I

"' • ~,
&

/•,
eoOJ•"z

"
" , • • '"

pH of bath

Fig .2.4: J]/t!c/ (~fpH ()/1the (OII1{)()silirllJ(~f rirpo.lil" il! a/lomalous co.deposilir!l1.

Curve 1: Cobtl/I-llirkel allol's frolllthe daln of YOl/ng and Struyk 112'
CUrl'e 2: lrorHlickel alloY.\'lrom tht' da/a ofGlo,:,s/OIw (///(1Syme.> deposiledjrom

:ml[atebalh fM!
Ctm'C' 3: IrOil-liidifl alloys from the data af "aub deposit",' from n 1111/11COllt"ill/llg
('itrre add {J 7/
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The clll'VC~show thallhe compo~iti()n of the der()~lt is liltle affected by pH up to 5. Thi~ is in

accord wilh [he ~lll'1niscbas~d on the WOlk 01G1n~~loncand Speakman, mentioned previously,

and in ""con.! with the !!.el1cr~1prop,,,,ilio" (hnl pH has lillie crfect on deposition from baths

cnnlaimng simple melallic i()n~. The large incr~~~c In the Ni-content of the deposit shown by

curve 3 is doubllc~sly ",Wiled by the complcxing of Ihe iwo with citrate ion, \i.'hcli the pH or

the bath was ii1crea.~edabove 6.

2.2.6 Relation Between Current Density and COInpositlon 0 t
Electrodeposited AlIo}'s

Current den~ily I~ the most iml'orl"lnl of the operating nnable~.The mechanism may oc
exnm;ncd from Iwo ~icw pOints d1flll~imi control and the ,athodc polenlia] Acc<.irding 10

simple dinll~ion theory, Ih~ rate or deposilion of a metal ha~ an upper limit which is determined

by the rate at which il~ ions ~,1nmove Ihrough the "alhoJe Jilfu~i"tl layer. Al u given eUrlenl

den~ity, Ihe tate or deposi lion or the more noble melal is relali vel)' much do~er to it~ limi ting

value Ihan that of tlie less noble metal. An 1I\ct'ea~eof el1l'rmt density, therefore, must be bome

mainly by an lnerea~e in the rate of deposition of Ihe less noblc ml'tal. With regard to the

cath"de potential, an inerea~e 01 Cll1'rentden~ity causes the cathode potential to bccome mote

negall\'e (Ie~s noble) and hence thi~ eondilion ~ho111dincrease the proportion or the le~s noble

metal in the depo~it. The situaiion is howe,"cr different ii1,lllomalolis ",-,deposition.

In Fig. 2.5. cllI've I lepte~enls the deposition of I'e-Zn allO)'8 from an ac"J ~ulfale bulh at

9(f'C. The data are 110m the work of von Escher and others [JR1. The p"itll P inJicale~ the

melal pereent"ge Zn 1Ilthe bath, which is 1[.5%. The curve "'Jn~isls of Ihree btanche~

In lhe low currenl denSlty regIOn, from a to b, Ihe eodepnoillOn appear~ to be ot norma! type,

thai !S, the dep"sit contain" a smaller ("()n!enlof the le~s noble metal, Zn, than eOllr<: "'nds 10
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the [nclal-percent"ge 711, P, in the bath, and with iIlcrc;'smg CUIrenl density the conlent \Jf Zn 111

the dcposil JnClca~c~,The deposit Ulpldly increasc' JIlZn con lent ;!nd ahove 2.5 Amp/dln2

fnl1laln~ t1lllchmore Zn (han c()rre.pontl~ 10the metal-percentage Zn in the bath.
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FiX.2.5: Rein/ioll heIWf'(IJ "I/o}' Wtilposilioil (111(/r IIrrrnl dr'lIs!ly i,l ml0I1m/fJlll' co-

def'osilion.

Curve 1: lroil-zim; al/ny.1deposiled{mm aeid .llIlplie lxilll [18{
Curve 2: Nil krl-zilU.' alloyr{rom Illp d(l/(/ (~rSrilOch (md liir,\,dl f 131

Cun'e,l 3 alld 4: Nickel-zinc alloys i/('pmilpd{rom add chloride /mlh 1/9{

The lran~ilion of the 7n content 01 the deposit from a vahie well below, loa value well above,

the metal-percenlage 7,0 of the bath oecm" over a !ather small range or current density (branch

he), The current dcnsity at (he point P i~ rererrw to a~ -transition <;lIrf"n(den~ity'.

The third bmneh or wry" 1, rrom c to d. nhi bits 1iule ~hange In allny <;ompositmn with c.un'enl

density. Since Zn is depositmg pr~ftlelltialJy, Ibe {",,(hodelilllllllllsl be relatively more depicted

m!':n (hall in Fe; consequently, the deposition should he under difrllSion t:ont1'01mid the Zn

con(en( or the deprJ"ll .hould (€lid downw~rd~ al sl1l1higller eUlrent (knsity Thl" I-''-IItll type
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of r~lation, ilJuslnlled by brand, de. is Ilul shown by curl'e I but is shown by curve 2. Curves

J and 4 for the deposItion of Ni-Zn al1oy~ from an acid chloride hath [191 ~h\1w onl).' two

branch~o. The low c\1Trcnl density rcgiulll"min a to b is missing.

2.2.7 Errect of Oath 1'etnpcl-ature on CompositiOll of

llIedi'odeposited Alloys

2.2.7.1 General

The erreel of temperature' on the composition of elecll'Odcposiled alloys may be the net resul t 01

changes HIseveral chatadcn~ti(.'; of the platmf! system, such as the rollow1\1g-

(a) Equilibri\1tll potentia!: The cquillbli urn polent",l, "I the metals may chanf!c. This is probahly

nol an imporlant factor since the equilibrium p()lcnli"l~ 01 metals do not change greatly with

temperature and furlhetmorc c1cdn><Jepositiollis far removed froh] uluiJihliurn cnndilions.

(b) Polari7;ltiot1, The deposition p"lenhals of mel"l~ usually become more noble wilh in<:rease

in temperature, because p"lari7ation is dccreafleJ. Whether the Jepositioll of the more noble 01

Ics~ noble metal is favoured depc-nds 011whieh deposition undergoes the largcsl denease in

p"iall7.ation. These dlects Hre 8peclric and, therefore. the erfed of lempemtufe. i,ia

polari7.alion, '~mnC)the predicted wilhout aelual mca8urenlents on the depuSllion potentials of

each 01 the metal~,

(e) Concentration: All illCrca~e in tempnalll1e it1~reases the concentration or metal in the

~ath(}de JiHusion layer. becall~c the rates 01 diffusion and of cOll\'cdion ind-ease with

Icmpcralure ThiS is tlw mo~t Important mechanism by which temperaturc nffccl~ the

composition or eleclrodcpositcd alloy~ Accurding 10 the pllncip1c of alloy Jep"sition, an

illne~'1Sein metal cOllccntmtiNi althe wlutioll cathode mtel fate lavours innea~ed Jeposition of

that metal which aHemly lI'as depositing preferentially,



(il) Cathode Clll'lent effIciency: l'emperature may arled lhe composItion of an c1cclT<Jdepo~itcd

alloy indiredly through il~ e1Te,l on lhe cathode current ellieiency or deposi lion of the metals,

pll1ticularly tho.sc deposiled from complex ion~. For example, an InClease in lert1jlelalure

increases the cathode current eflieH.'llcyof deposition of (in from a stannale bath, and of copper

hom a cyanide bath. In col1ep",iling 5n "r eu with olher metals whose elTiciendes of

l1ep"silion arc llnarteeted by lempemlll1e the 5n "r ell cOlltent of the detm~it will inCIT,ilsewith

tempc'ralure reglUdlc~snf whether 5n or ell happen to he thc more hoble or Ihe lr~s noble metal

of lhe pail'.

Oflhese four ractors, (c) and (d) me the moot importanL

2.2.1.i Effect of Batli TeJhpcratun~ on Composition of Alloys ill

Anomuluus Codcposition

A complex relal10n ()(,CllTSin the variation of alloy c"mpo~ition of allomaloliS lype with the

temperalure 01 Ihe hath. The cITed "I' temperature can be 'llJalitativdyexplamed on lhe basi~ of

1WO lactor. namely (1) Poiali,atioll and (il) dilfu";on phenomenon. These lwo f"dol'S bave

opposite e!fecls on llie de-posit composItIOn. With increasing hath temperature, factor (il

favOlrr., a deerea~e and faclor (ii) all increase in Ihe content of the less noble inetal in the

deposit. These two 0ppo~lng influellce~ are le~ponsiblc for tlie appUiently inconsislent and

rather indelerminate trends of ;rUoymm po~ition with lempemlulc in anomalolls col1eposilion.

Tbe Inlluenee of polarlLiltHJn is especially IlnpOitant in anomalous clIdepo~ition, sil1l'e lhe

!ail1lle of tbe more noble metal 10dep"'lt prel rl cntiall y lllay he c()n~lrucd a~ indicali ve of !.l)me

kind "flarge pobmcalloilin the deposition l1rthi~ metal, If this be granted, then the rcdllction

of polarintion i"hlCli oceurs on rai.; Ilg lhe temperature of tlie plating bath ~hOllldbe larger fol'

the lllore noble metal and the rkposili()ll 01 the-latter should he favOl'e<.1to a larger exlrht (hml
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Ihal or the less noble I11clal.Hencl'> in anumalous codcposition. the conlen!uf the mote liable

meWI!n the deposit may ilicr<:,lSe with tcmpcrillure,

An increase in tempclailire favollis the deposition of thai meta! which is pl'el-etenli:illy

deposited, because it speeds IIp diltusion and thus relieves the depletion of mclal at the

cathode. Since in anomalous COdCP05itio!l, the less nohle metal deposits preferentially, an

elevalion of temperature should increllsc the content of the less lioble mela) in the deposil

2.2.8 Effect of Agitation of Bath or Rotation of Cathode on the

Composition of Elcdrodel>0sitcd Alloys

Agitation of an alluy plating balh or rotalion of the cathode l,an aitedly affect the composition

ur the alloy by reduci.ng the thickness of the cathode {htlll~ion laycr. This IS a put'ely

mechanical ncll"h which doc~ not change the c1cetroeheml<;al properties of the ~oluti"n ot the

mechani~m of the plating proec~~. Being of ttll~ natme, ngilaliun.ha~ a mote eonsislent

illllncnce on the cOinJXlsitionof the deposit !lmn citl1er temperahll'e or cUrtent deMity,

lhe dfed of agltatioh 011the composition 01 the depo~il is dlle 10 thc concentratiot! chllnges

which It produces at Il]Ccalhollc-~"Iution interf,l(;c. During alloy deposition, the cathode

diffllsiun layer iRdeplctcd in mel"l ions and lUIthcnnore, the ratio of the emlccnthltidl1S uf tile

mel'll~ in the layer differs from lhat in the body of the h,lth. Agitation of the oolh ur rotation fir

Ihe cathode. by dccreasihg Lhetbieknes~ of Ihe nllhude diffuRion layet nol otl!y t'e~ull~ in llll

inCle,l.~einlhe concenttati"il of mc!a! ion in the cathode diffusion layer, but al~o C:lllses the

metal tutio ot the diffusion layer to applOaeh tnute do""ly 10that of the solutilm in the liody of

the bath. This f"vOUTSan merea~ed rate of deposilloll 01 that mctal which ISalready dejxlsi!ihg

picFerenlial1y. The ef fed of agi tation, titUs, lS SImiIal to lhat of iner<:<lslIIgthe conccntraliotl ot

the temperature or a hath.
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2.3 rtwPERTlES OF ELEC'fRODEl'OSITEDALLOYS
The lllili7,ation Qf melals is determined by their plopcrlies and by eCOliumic consiJenliiollS.

With the growth of technology, howner, ekclroJeposits began 10 be applied to a n\tiety of

engineering and scientific purposes amI. consequently, inol'e interest \\'as shown in their

ptnpertics. Obviously, the extension of the applications of eleclrodcposits would be gtcatly

accelerated if more information were available concerning their mechanical, physical and other

propcrl1es_

The properties or e1eetrodeposltcd metals may he vnricd by a1tcritlg [he conditions ilf

deposition. Indeed, some of the pmpcrlies 01 clcdnxlepositcd metals, for e)lamp!e, th6

hardnc-ss, may be made to vary over a much wider range than Ih(J~eof thcrtJ1ally prepared

aU(lY~.Allain, the properlie<;of ckcln.xlepositcd metals may be varied further by applicati()li of

heat heatmcnls.

2.3.1 Mechanical Properties of Electrodcposlted Alloys

2.3.1.1 Hatdness
The hardne~s of cleclmdepo.'>il'; is usually measured by indentation or scratch mclhods The

use of a pointed diamond indenter, ~tleh as a Vicker 01 Knoop diamond, in mlljunclion with a

light lc,.,dof 25 10250 gill is the prcfelTCxlmelhod, 1 he mea~uremenls are u~ually referred to as

the micl'Ohardne-<sbut they differ fmm 01di nal)' indentatioh methods onl y in Ihat a lighter load

1~used, the ihdentations arc usually made on a polished ems.'>section of the deposit, ",hkh

should he a minimum of aoout 50 11m thick, but mC"<U1ementscan also he made directl\' oti the

plated surface pamllc1 to the ha.~lSmetaL

The hardness of clc<:trodq}()sitctl metal~ is greater than that of cast metals, and in turn the

h"l'dness of c1cctmdcposited alloys l~ greater than th,,1of either of Ihe individually ,I':postied
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pareM melals. This is illlIslralc<.! in Table 2.2 rm several alloys. II i~of intctc~ll() lIote thill

although 1m i. inll~hsofler than copper the hardness o[ the clecllodeposi ted alloys arc greatet

than thai 01 copper and tile hardness il1"rease~ "';Ih the ",,"tent of lin to a \'alue 450 Brine!! at

45% tin.

Table: 2.2

Compari$(nt of llardneJ~ of Elecfrodeposited AUo}'.t with fhat oj Tlldividliitlly

EleetrodepQsited Metals (ltld Willi that of Mdalll/rgical Metitlt.

The hardness of c1cctrodcro~i led alloys iIlCIT<lSCS rno~l rapidly ,,,jlh the fitsl smal1 additiohs or

the allQyihg metal, then at a dccrea~mg ratc. The percentage of alloying c1emetit abovE.'which

the hardness 5hmvs little change, depend~ on the nature of the alloy. For example. the hl1tdrte~s

01 clcclrodep()~ited cobalt-t\mgsIGIl a[loys incl'ea~cd with tungslen content until the !<llIer

reached 35.50%. In nll1lra~l>the hardness of cir-drodeposiled sill'ei"-k"d ~Iioy" ten('l,ed iL~
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lmil when the kad content of the alloy wa~ ab(llll 3'lk as sl1"wn in f'ig, 2.6. These Jain. arc

from Raub [201.
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Fig .2.6: riled of 1'b content on hard'le,I'S oj At; -PI! df/oy:; dp[1O.\'iledfrom a C)'(wide-

lar/roie Iype oJ 'Xllil. Ol1e ,W'I of I{>ecimenswos deposited al 25°C, Ille otizer al
4rpC. 71wuIr\'t's are ael/mlly bmwdaries of ti,,, rioja willi [JoinlsJalling ill heM'een.
since tile "Imine.i., Ilreosll;ww'11,~ ,\'iwwed cO/l.lidembfe Kalter.

2.3.1.2 Ductility
Ductility is the amount of ab"se thai a coaling can wilh~latld before naeking ot lJef6tc

becoming scpamteJ fmlll the basis llielal. Many tests have been developed to lTlOOllteductility.

They are tensi1c test, b?lge le~t. strclching lcst, low frequency raligUe te~t>bend lest etc. Off

them. the mosl wJdely used apPI("'ch i~ ~ome type of bend le~t in which coaled material i~

deformed in a standardized manner wltik the ~()ating is scrulini,ed for the filS! evidence ef

crackmg or pE'ding.

Ducl)Uty dc\X'nds on cooting composition, coal ing thicknes~, sun ace rollghne~~ of 11'e coating,

<werpntenlial and other cooling charnderjstic,~. The dUdihty deem,sc" wilh inctea~;l1g SUffacc



rouglme~s> pro\'ided other p~wme(ers which influencc Ihe Juetility are kept constant [211.

Except for vcty ductile deposits, the apparent ductility IS an ill\'er~e ftHll,lion of the coating

thickne~s [22]' For sy~temalic sillily of ductility dependance on coaling composition, the other

pal1lmetel~must he 1<lentical.

2.3.1.:3 Wear Behaviour

Weal' may be defilled <]$ unintclltiollal delenow.tion resulting from liSe or environment !t lItay

be c,-,li~ideredes~cntially a ~urface phenomenon. Wear I~one of the most destnlclJve innuence~

10which metals arc cAp<.)~ed,The di~placcment and detachment of metallic parlicles from a

metallic ~lIr[a~emay be caused by oontacl \~llh (I) anolher metal (adhesive \\'C<lr),(ii) a metallic

or a non-metall ic (abrasive wear), or (Ii i) moving liquids or g,t~eS(ero:sion).

11is generally acccpled lhal a umvel~al wear te~t i~ nol fea;,rhle. F..quipment 1'01wear lcRling

must be de~igned to sImulate actual ~er"ice condiltons. The~e le~ts should have proved

reprndul'ibility and should be validaled by cmn;lation wilh ~elvice data The pitl-"n-di~c le~tet

i~ a means of evaluating wear leslstance bcca\l~e a f1al 1000dcdpin i~ in rubhing contact with a

!latl'Otatinf! diSC,During the te~l~, lbe sample (pm) I~pl'essc-daf!ainsl1he rot.lting di~c under >l

con~tant load for a preRperified time period. Pin~ ,Ire weighed helore and aftel the Ics!~ to

dclelmme the weight la~s duc to wear, The exlent of weightlo~~ i~ mversely proporlional to

",ear reSistance,

Unl dip "inc coatlng i~apphed to steel COJ11pDncntsfar il.~anti-corrosion property. Zn-Ni a!loy

coahng ha~ been found to pOSSCSReven more improveJl'<Jl'wsion lesistance. Nickel being a

rather expensive dement, a fairly thin (-10 ;rm) Zn-NI alloy coating is usually applied on sleel.

The dirl pai'lidcs of the environmenl or other abl'a~ive agents can cau~e wear of coated

conlp<.lllcnl'.A~hoi di p zinc oo~lil1j! is quile thick (,evet al hundred ;rm), wear to 1',,'ue exlcnt

U()C~nol expo~e the steel S\1ootwte10cl1vironmcl1L On Lhee(mlra! y>Wear can lenw'.'e thinner



Zn-Ni alloy coaling resulling in faster c(JHosion of the, sum,lrate uriless illJOsscss adequate

wem resislance. In the present study wear hehavio\lf of different Zll-Ni alJ()y c(JUtingshas been

studied and compared Wllh thoS{'or pure 7.inecoatings,

2.3.2 Protective Value of Alloy Coatings

2.3.2.1 General Considerations

The most imporlant use of declrodep"si Is, whether indi vidual metals or alloys, is as walings

to prolecl oIller metals, such as sleel, brass and zinc frol11corroSlOtLFOI.thls reason the main

intelesl in Ihe chemical propel!ie,'; of elcclrodep081ted alloys has eenlered around the con-osion

and larnish resislance "f the alloys with parliculat emphasis on the pmleclioll thai alloy c<Jalinw;

afford t" sleeL

The chemical re,K;li"it},Of'l binary alloy uSlmlly lies belween Ihal 01 ils c,mslituents and allil"ilt

sighl il would seem as if e1rctmdeposition or Ihe alloy would he of no advantage. siliee il~

corwsiolll'esistancc \\'oold he lnfe]ior 10Ihat 01 ils more nohle conslilUeilL This would be true

If the alloys were used in the massIVe slate, but when applied as coatings Iheir ehemi",,!

readl vlly l~ only one of Ihe faetolS Ihal delcrmincs Ihelr appllcahi Iity as a protective eoali hg,

olher impor1ant considerations are Ihe nalllle (,f tlie bMISmetal. 1l1iekllessahd co~1intJily of the

co<,lingand Ibe service c"mhtloll~_

To show Ihallhe chemicillnalure of a melaf alone doc~ not determine ils vaJue as a crnllittg, il

may be poinlcrl out Ihal, for the plOleclion ur ~tecl against cUlrosion, melals of diamelrically

opposile degrees or chemical leadlvlties ale uli1i7.ed; yel each Iype s;olisfaclotily affuhb

pro\cclioll against corrosion hut in different appfleatlnns. The 1\\'0 Iypes or <:x)alitlg~which ate

applied to steel arc designated as calhodic and anodic Cathodic L""ling~, of which ,!ickcl and

COPIX'I arc exampIcs, ar<:chemically le-.,saclJVethall ~Ieel Itl a salt solnlion Ihese In' '11s arc
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poslliH' (less adlve) to sleel. Coalings of (liese mc!<lls pfolee! ~lccl by shielding it from

corrosive ellVIIDnmcl1ls and me dfcchvc as kmg as they completely envelope Ihe sleel.

Bdng les-~reactive thall steel, a given Ihlcknes~ of coaling: 1a8L~much longer (iJah 011equivalent

lhitknc~s of sleel However, if dl""onll mlilies exlcnding down to the steel occur in the coaling;

the c01rosioll of the sleel i~accelera(ed by the galvanic aelion ••••.h1eh 18set up bet\l,'IX!1the

nmllng as cathode and the ~leel a.~anode in Ihe !,I"sen<;e"I moist\llC.

In contrasllo Ihe cathodic coatings, the anodic coallngs, of which 7.inc and ('"dmium 'Ire the

mosllmportant, arc more adive than stee!. In a .all solution Ihe81.'melal~ ale nc!!ativc (less

noble) to ~lee1.A"odic coalings protect ~[eel from cOII(\<;iohinitially, jUst a~ du the cathodic

coatings, by shielding il from corrosive environments, but being ehelnicaliy adive they ate

allaekc<.i more rapidly (hun culhoclie coalings. Wheri, or ir, the sled is exposed thtuugh

disconlinuities ill the coating, Ihe laller still protects the steel by virtue of a galvanic adiull. In

the presence of moisture Ihe coating. occome, the anode of a gah-llnlc cell and is sluwly

consumed, whcrcas the steel hcing c"th,xlic does not corrode, unlil the exposed area becomes

so large thai palls of It are 100 tar removed tWill thr coated area to reedIT apptceiahlc cUrrcnt.

Zn-Ni alloy Cl~11ings p[O\'ide belt",- corrosion protect ion of sleel than olhn 1inc coatings hi

leeent yems, the commercial use ()I thcse alloys has f!,lcally c-.;panded, replacing in arid cd

plating in many applications such as In alltoll1ol1vehoclypflnels. MflXimlimcorroSlol1t'h,tediol\

fr()m Illst is afforded by Zn.Ni alloy coatings in the range (IJ-J4)% Ni [23.1.

2.3.2.2 Advantages of Usin~ Alloy Coatings find EXfllilplrs of

Corrosion Resistant Alloy Coatings
Sillcc thc chemical reaelivity of alloys IIsllal1y falls betwccn that of the palcnt metals, it i~

necessary to consider if there arc any ad\.anlages in llsing a coaling of an alloy r~I';er titan a

~oallng "f either one "r.the parent me~\I". There are three pO%lble aclvanlages of 11"ng allo)!!:.
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( 1) Si nee COIT"'I<>ncondition~ ate rather 8pecific, often a certain com posi (jon o[ alloy'yidds

beller protection in a particular cn,.;mll1ncnt lh~n a pure ekclrorlcposll. 01' ~takd in anolhet

\I'a}'. (he composition of the alloy may be tailored to meet 3 particular kind of cortmivc

condilion.

(2) Metals with good (:otro"ion characteristics Whl<:hcannot he depoRitcd alohc ci\n be ubtairled

a<;al1oy~ ill indllced coJepo~i lion,

(3) If oneof the parent meta\~ I~expensive, the usc of a~ all"y aff()ld~ an economy.

Poinl (I) is the most important cllnsidclation thai ddcrl1]lIW~ whether an alloy is used instead of

<lhmdividual metal, The Zn.Sn alloys <Irecited a~ an namplc of tailoring a depOSIt to meela

corto,he c<.mJillOn.Zinc plOtects steel S<lcrifici"Uy, hut being rathet active dOC's!lot have II

long lire. On the other hand, lin is Irss a<:llve tban sleel arid on outdoOl' exposttre ptoteds it

rneeh,lIlic.,\Iy for cath",t,C coatings. The prote((ive value of all clcclWdcp"sileu "oating of rtn

alloy containing RO'l{,or tin and 20% of zine is supenm 10thai nl either of the pareht mctal~.

Appmenl1y, thr presence of Ihe less a"llve tin decrea.,e~ the rate of anodic allaek of zinc by jUst

the right amount, so that the coaling still protects strelanodicaliy ,IUdyel h<ls<I!onget life than

pure 7ine coati ngs. Anothel examples of the benefICIal effCelof alloying is the pRltecti ve ~n!ue

of cbromium-iron alloy. Cll10mium alone is so paosivr that it functions on sleel ohly ~s it

cathodic type of eoatmg. and lusting leadily takes pl~(e through cracks ih Iht colltihg.

However, the eo~tlflg obtained by codeposiling chromium wilb about (5-\0)% iron is

sulfidently active to iJrotcct steel g~lvanic~\Iy iii the sail spray.

As an explanation 01 fIOint (2), etemenl~ Iike W, Mo and P resist allnl"k by adds atid other

l'hernic~l reagents and ccinfrr some of their COrTomonreSIstance oil (heir all"ys. A reI"

ex"ihples of the effecll venes<;,,1'C0.1(1ngs ot these all")'1>aj!ainst ("01rosion are dted C"alihgs



37

of Co- W alloy pro\',t.ies ()u!~landi up, prqlech\'e value 10 sleel in Ollld,x)r exposure te$\s.

AHho"gh the coatings became dark and <1is<:"I"urcd, they prc\'cnlcd fumluhon of nml and were

superior In "ilhc,- pure nickell'!' pun::cooo[1coal; nilS Ni-P alloys 124) ill outdoor pxp,-,sure

lc'sts rcmamed bn gill much longer than ni"kd de!"",it", and a coall ng of the alloy .10011112)lm

thIck was in as good condition al the end of the lesl a~ a coating of nickel of twiG., the

lhicknes~_
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:3. EXPERIMENTAL

:3.1 Materials

Commercial mild slcel shecl~ were used as ~ubs\r"te~ 111 Ihl<;IIlvcsligalion, A~ anodes for

elel'll<xlcposilion.lea<..lshecls wcrc uscd. 'J he ,il,eollead anodcs was 50 mm ~ 2'; mm X J mtn

and that or mild slcd subslmte was (,0 mm ~ 30 mm x 1 mm.

3.2 Preparation of Specimen for Eiectrodeposition

The now diagram or sample preparalion is as roJlows:

Remol'alllf
Sharp edge

Rinsillg ,~,lh
(ap wlHcr

CIc::mingWith
dctcrgcnl

Alkalinc ~n(xlic
cI CCllnd fa II i11g

Rin,ing il]
warm waler

Acid dippmg .••• Rinsing ill
l'()lclwalel

E1~(,lnlclefJ<lSl(I()f\



39

Removal or ~harp edges: This is <.loneby J;rinding Ihe ~liarpedges. Clirrelll density

become., larger at sharp edges and this, in lum, re&l1J(~thicker deposition at Uleedges. In order

to gel unitOi In dcposi Ijol1,sharp cJgc~ were removed.

Cleaning w1lk dett'j"gl'nt, The sample may conlain grea~e> oil, drawing compollt1Js mid

olher ~l1b1;lanccs,,'hidl come Juri ng il~ rabricalion. If Ihese contaminants arc prescnt, they I,'ill

weaken the hexl pickling acllOn on lhe sample. So, lhe~e were removed. For this opttali()~,

oommerd~[ Na2CO:! powder were \Isc<J.

Pickliiig: Pickling ,,'as dOliI' f01 the chemic~l removal of surface ()xiJe~ (scale) arid othel

conlmninanls such ,mdiTl fmm melal by immersion in all a'lue()lJ~ acid soltltlon, Pal1iculars of

plckll1lg opcfJlioh arc given II] Table 3.1.

Rinsing: Thorough rinsing was done for obtaining tbe dean. st,litJ-free and smut-free surface

l1oce8~aryfoTsubsequent eleclrocleani ng opo;'r<ilion. ,~ order to get oplimum Iinsing conditions,

maintenance of the high Pl'eS~\lrCcold water sprays were pT<J\'lded.Thus. acid eotHamiMlioH

01 the subsequent elcclrndeaning balh i~ehminated or minillii7.ro.

Anodic EI~drocieatlitlll:: Here the ~ample I<'~su~ed as anode in an alkaline bath. Mild sleel

plate of size 60 mm x 30 mm x \ mm was ll~cd as cathode in this operation, This U'eattneill

rem()Ve~metallic oxides and smut, and pre,ent, the depOSItion ot other posith'dy charged

melallic ions. which ntherwi8e may re,ult in a dcll'l1nenlal film on the work pic<:c. the

P~Itic\llars of Ihi. operal;o" a1e [ti, en In Tabte .'.1.

RlhSing In warm wate!': Alkaline cleaners are ,llfficu1t 10 Tin~e.Canyover ot Icsiducs can

p1'Odueestaining. skip plaling or loss of adhesion. So warm waleI' was used iii ri,,~ing of the

elcclroclcaned ~ample,
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Acid dippillg: Plating is lD11jaied()Il an active surface So, cicclrtlcleanrd oamp1es jMcrc acid

dippe<l 10 IICUIIUli7.Cany residual alkali rilm, relnove oxides and smuts amI to activate the

workpiece for suhsequent electroplating. Various parameters of this treatment arc given in

Table 3.1, The sample IS now rcady for cicdr",.Ieposilion,

Table J.i

P«rtici,I(lYS of Picfdillg, Electrodeanillg and Acid Dipping Op~tdl/"iU

Name of ReagellL" useJ Operating C(mdlliolls
opemtion (Wt.%)

Temp. ("C) Currenl density Time

(InA/em2)

Pickling H2SO4 : 20 70 10 Mins.
lip &)

Anodicclcdru- N>.lOH : 50 60 55 02 Mins.
c1C<1ning Na2C03 : 25

N"2S103 : 20

Na"PJOIO' 05
Acid dipping Hel )0 Room 15 Sees,

lip :90

3.3 E1edl'odeposition Set-up

E1cdrodcposition was carried 0\11111;llalx)Talo!'y lype eiectrnl!cposilioh sci-up consisting of a

bc~ker." D.C. power supply: a theltnomeler, a [Hognel;,; slirrer, a ~lanJ and perspex holder.

The beaker conlaining the elecltoplatihg fK,lulionand magnetic sli ITerwa~ plac-etlon a niagnetie

bot plate ~o as 10 be able 10 agitate the e1ectrolyle aulomalically. Anode and cathode Were

conheck{1 to the D C. power ,upI'll' I'ia a milliammeter. T\\'()annde~ were n~ed on both ,ides

of thp cathode for uni'rmm deposiliOIl 011both ~;des of Ihe cathode. Sehemalte at the set-up

u,ed fOl'e1cctrodeposilion ;s sho\\'n in Fig. 3.1.
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3.4 Electroplating Operation

The beaker wa~ fIlled 10approximately two thirds or ,I, marking. point with batll ~olution. All

the aCCC800f)e, Were thell ~e!"up. The prepared sub'trille W,t~then connected to the negativE

lcTnlllmlof a D,C. power sllpply and two I"ad anodes 10 the posili\"c InminaL A digital

mullimclcr was also placed in the circuitlo mca~lIr" Ihe ~U1renLnepo~ilionwas carried oul al

constant current densilies vi£- 50.75, 1m, 150, l(X) mAlcm2. Allhc ~nd of dcdrodcp08iUotl

for a predetermined time periOlI e,g, 30. 60, 90. minUle~ etc .. the P0l'.Tl ~\lpply was switched

off aild (he workpi ece was taken oul. A!lci dcposition, the specimen~ Were lhmoll ghl y iihi;1'd

in mid ","'alcr10remove SUrpillSdedrolyle. Al'ler lin~inf'-,thc sJXXimcnswere drb' ,j(]d sloted
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in a desiccator for flllthcl investigatIOn. Compositio,,' or different bnth8 "scd are given in

Tablr 3,2.

Table 3.2

Plating bath compositions for the eiedrodepMilioli of Z" mda! coati"i: fwd

~(/riQlI.t Z,,_Ni alloy coatings.

Bath 8ath concentrations (giL)
componcnl'

PUle 7.n Zn-Ni alloy

Hath 1 Galh 2 [301 Bath 3 [JO! Bath 4 (30]

N1S04.6H20 - 285 3S0 200
7.nS04,7H20 240 ISO 1511 10
H~BO, - - - 35
NH4Cl 15 - - -

N~2S()t1 - ISO 1511 -

3.5 Elecirodeposition to Const8lit Thickness

{Join wear resIstance and ductility are fllnclion~ of coating thickness. So depositing filh1 of

conSlanllhickness IS necessary. Deposition of 40 j<111thickness and 20 ~n1 lhkkness \I'<ISNude

from all lypes 01 baths for wear tcsl Silmplc and duch]ily ~l sample respcdlvely. Thelltellcat

time IT'llllirc<1Iu make a fIlm of 40 pm thi~kne~" W,l~enlculaled from Fmmlny's law, As cUlrcnf

cl1idcn"y ~lwnY8remains les, than 100%, praclicalthi<'klles~ WIll be lowe! than the fheotetical

vnluc. To obtain ~ drp"sil "r 40 I'm lhlckness, sevcral dt'J~,sils were made by varying the

'dcp"sillOn IJme e.g. 1.21, 1-4t, 1.61etc. (l=lhcoreticaltime for 40 I'm lhiek film) for a fixed

wlh, The thickness or the dep,,~its were measured under an optical microscopc. A p.l1lphwa.
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drawn by laking lime a~ abscissa and thickness;is OlJinalc, !'rom the graph, the poinl

rcprc~cnlihg 40 pm IhlCkness was ;()cated and Ihe corresjlOnding lime was obtained. Then

dcp()~ils "r 40 /l1ll thickness were made lor the lime already oblained Fig. 3,2 shows the

actual time required to obtmn 40 {'In thick deposit. [)Cp<Nlioli to 20 jll11 thickness was also

performed in the silmbr way.

Dep. o. d.: 100 mNom2

"-
'f'U~'1.fI

."
"

.,~~..~.:.-~
c.' :.' -

" :.-' :." :.;a ... ~r t>\.\

1"\\\ .
"c.' ,.';;,-1••.•. ,-"~ ..

1!1- _.. :.;:-.~:.-'
. ,"~' :.:~-

..•.-'.(f' ",'...•.~ ~

55

25 13 14 15 16 17
Time (min)

Fig,3,2: Time e.leul.tion for 40 "m thick d.po.~

18

3.6 Methods of lilvcstiglltjoh

In the presenl study, the followmg lesl~ haVe ocen condllcled Otlthe deposit:

i) Chemical ardysis of the coaling

ii) X-ray di rrrm;lomeh y of both a~dcposlled and annealed (,{",ting

iii) MI<:rohardnc~~mc;l~urcmeI11"I both as dcp(Nicd <lndannealed coaling

iv) WC,ift('S1"f the del'osil

\,) Duclilily If'.~lof the coatinl!'
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3.6.1 Chemical Analysis of the Zn-Ni Allo~' Deposit

Chemical analysis of the deposit W(lScarried out by lhe convcnllUmJl wd mclhod [311. Weight

of Ihe dectl odcpnsitcd wtnp1c wa. Inkell first (,~y IVI) The der'):';; I ';.'as "llowed 10dissol vc iii

I.~Oc. c. mne, Hel solution. Precaution was taken here SI) thai nel do not react wilh the

,uh.,lrale. The sample was rinsnl with lap watel, tilled in aceton" and weighted (say ""2)' So,

"'1-w2 (=w, say) giycs the weight of the dcp<:}.<ijdissolved in Hel solution. The solution ;,~'as

Ihen h\'iMAllinlillhe \'"l\lme redHced to 1(Xlc.C.

Al neutral point, dimethyl glyoximc (C~I~N202)was added. Ni-glyoxime prccipit.1.leof blood

j'cd colour was fOfmC-<lwhich was 8q~1ratcd by rillcling through a dual rille!' paper of equal

weight. The rlllra!e was trealed several !lInes With NH40H, ,limelhyl giyo"ime in seqUence

unlll prel'lpi(allon W~" completed. The preclpitale was then washed se~eral limC's witli hoi

"'ater, dri~d for one hour at 110-12(flC and weighed a, NiCgH J404N4' A11Iype~ of sampie~

Were (aken under thiS (realme'l! and Ni% W<lSdctcnnined.

3.6.2 W("ar T("st

Weal le~l~ wele earned oul m a pin-on-disc lype "PP"HlIII~ (Fig. 3.3) under dry ~Iidillg

c(\mJIlI(JIl~in Ihe ambient air a! room lempcraJ\lIC', Cylindrical pin~ 01 Rmm Jiamelet al1d6S

mm length coated "'ilh 40 I'm thick dC'PO~ltwere u~ed. Glcy ca.\1iron di~c.~of 80 mm diamdcr

and "hollllO mm Ihieklle~s "'ere \I~cda, the counter lx,dy.

During the le~t~, the sanJple W<l~pressed against the rolaling di~e under a eoh~lalit load rOT a

ple~pecified time period. I~mds e,f 120, 175~nd 250 gm ,vere used during the te~l,. Te~ling

pcllo,1 \\'~l'e 5, ](l, nnu'I5 minules. The counler hody was iotiltcd at 500 rpm \vhidi gaVEa

linear ,peed of I.Y) ml~. For each experiment, a new pin and a new Jl~CWere u,cd. Aerorc Ihe

t('.•l~, both Ihe pin nnd the disc WCTe degrc,ase<1.denl1cd Ihorouf!,hly in watel nnel ,I•.ied
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immclliutely in acetone, Arter tesling, tile worn ~lll-raccof the pins was c\umined by optical

micmscopy and the width of the weal scm wa~ me,,~ured. At kast three le~l~were carried uut

for each ~cl of c()nJiti()n~ and Ih" average widlh 01-wear ~car on the nmlcd pin was laken ,t~a

measure of the coating wear.

LOdd

Pin (Fixed)

Counter body

Fig.3 3: Sch"mmic di"!!m,,, '1l1'tar /<"W (I!J!)(1"(lIJI,'"

(l'in-on-t1iw, type)

3,6.3 Micro-hardn('ss Me:isurelIient

Microhardncss '-alues were t.Ielen\1lncd by using a Shlmud7.ll micro!wrdncRs !e8Ier.

Microhatdness mea~urement~ wC'recarrie<.!out by using 50 gm Imld applied for:; ~econd~ on

lightly polished amI unel\:heJ ~pecimcn, Microhardncss rnea~urelllcnts were done for all

deposits 01' various compos; lion

Microhardncs~ was al~" taken after annealml( Ihe s,llnrle~ at 3250C for 112hour for sanirle~

deposited from Balh 2 and Balh" and al 70()'lC ror 112hour rot' ~amp1edqx)I;iled from bath 4.
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Anne.aling temperatures Were seleclcd flOm the equilibrium rha~ediagram of Zn.Ni alloy as

sho\;"n ill AppendIx A

3.6.4 Phase Study throug:h X-."uy Meiallogi"aphy

Phase slnlclurcs ,,1-!loth a~-deposilcd and heat -treated co,llings were lllVestigated by means of

X-lay diffraction ami compared with the equilibrium phase dingram (Appendix A) The

"reml] ng nl1lditiol1 of X-ray dirr .-aelomeler " ,howl' In Table 3.3.

Table J.J

Operati'lg CQffdifiQII of X-r"J' Diffractmhir/er

Radiation

Voltage and CUirent

SC<1.nnillgspeed

Chart speed

Range

3.6.5 Ductility Test

, CuK(1

: 3D KV, 15111A

: Y'lmin

]Omm!min

: 30n_90"

Bend les! fo1'ducillily 01 plated melnls was ~>crlonncd in "CA;Old"IlCc,wilh ASTM 13489.68

[221. A sencs of mandlels with dlllmclcis flom fi !oSD mm in 3 mm ~lcp~with length 01 150

mm were u~ed for Ihe test. 11al ~pccimens pf ~iz(' ISOmm ~ 10 mm!l. 1 mm 122] were cut by a

Guillotine ~hcar from Ihe middle portion or c1eclrodeposilcd sample or ~l,e 150 mm :I:60 mm x

1 mm. The large~~tmanlllel wa~ placed in Ihe vi.le. The (est specimen. With (he bel1er {;(mtitlg

outward, was bent (l\'Cr the mandrel so thai a~ lhe ocnd pl(lf!lessed the (c.'( specimen remained

in conlacl with lhe top of the mandrel. !lending "'''' conllnlled wilh ~Iow, ~\cadily applic<J

pre~,ure unlil the Iwo leg~ were parallel. If there were no crack'> vi~ible under a lOX

magnilier, thc Ic~l was lepealcd. \I~illgnew ~pecimens, on PlOf!lc~si,'e1ysmallcl.di, '11elcl'
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mandrcl~, tlntil nacks appem"d across 01 through the plating. The preteJilig mandlc1 diamcler

was !~kcll~s [he value I-or(he dudlli ly dclrrm illation, The eiungati(ln I~detel'nlilled a~ follows:

E= lOOI'l(DtT)

Where, E = PeTc-entage dongatlo!l

T = Tola] (hickne~~01 the b.1SIS metal amI deposit

JJ = Diameter of the mandrd

A~ dUelility differs wilh conling lhickll"~s \'~r",li"n.all the speclmen~ taken under thl~ le~t

cOnk1inl.'d 20 {'m thick dCjX'sit
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4. RESULTS AND DISCUSSIONS

4.1 E1edrod('j:JOsitionof Zn-Ni alloy Coatin~

ElccIJ0dcp<)"l"'n of 7n-Nl coali ng~was canicrl oul in lhrr-" djlTerenl h,tlh~ ,;cmiami ng Ji!Terent

relative propmll<m of ZnSO'1and NiS04 (rable 3.2) 1lWa~ round that pH "f the bath had a

ptofound cried on the m>lure of Zn-Nt alloy deposit. Uniform, adherenl coalillgs \I'Crt'.

(1blaill~din the pH Hmge of 1.H-3. In bath~ or pH > 3, ~oating became non-adherent ,(ild

hriUlc. At halh~ of pH < I.R, deposit could form only ncar the cdge8 while major pmli"n of the

,ul~lrale surfntc remained oorc,

It i~though! thai at pI-I" 1.8. Zn-Ni pl<lling b:,lh~ bemme 1m cormllive and therclore aUackcJ

the dql(j;';itcd Zn.Ni alloy chcmiCillly_ Allhe mid porli,m of the sample where current density is

lower than the average, rate of thi~ chemical aUack i~ higher than the depo~itioll rale. On thc

other hand, at area~ near the edge~ which rccei~e more current than thr average, the rale of

<Iero~11ioni~ higher than tlial 01 chemical attack, A~ a rrwl!, ~ignincallt amounl of deposil

,'()uld only br seen ncar th~ edges al pJ-llower Iban IX ReCerring to the POU1balxdiagrain "C

llltkel [331, it i~ seen that precipitation of Ni(O!'l), can lake place at pH greater !han 5,8. Due 10

hyJTOgcn di~cha1ge al the cathode. hydlogen cOllccnlrlltioll at the calhode diffl1siolJ la}oeri~

!owercd and 1hlls I'll "I 'Ihe d, f ClIsionlayer can be increased [31\1- Under thl~ cOII(11linll, pH oC
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solution of cathode dif!llsion layer mIght be grcalcr Ih,," 5.8, although pH or the bulk solution

remamed a slight ahove J, As a f"SLIltNi(OH)2 can precipitate in the ,Jirfusion layer Jndusion

"f this h,~,i{;hydroxide illl" the deposit i, hehc\'cd to caUse the briuicncss "f Zh-Ni alloys

obtai lied flom rnllh having prI grf'atcr than 3,

Chemical aO;llysi~ have shown that haths 2, 3 ;llld,) (Tabk 3,2) yield Zn-Ni alloys wilh 7,

14.4 Ulld 40% nickel Te~peclivc1y. The influemx: of Ni21 cOllccnllUlion in the bath un the

composition of lhe deposit is shown in Fig, 4.1. The P()~ltlon of the curves in this figure

"h(lw~ that undel tile clcclroly~is c()l1d,lIons ""pd, ;,1Ileis the most rcadiI y deposited meta!. The

percentage or 7ine. the less noble mel"l, ill the der~)silIS always higher lhan il~ percentage in

sol"tion. Wfnle the per~enlage of nickel, the more noble melal, in thedeposil is always fower

(han il~ percentage i11~"l\l(ion. f'lom [his <1ep"suwn pallei n, iI is 1;Centhai Zn-Ni alloy COfltil1g

'I' "f "nomafou~ lype [25,J51.
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When the pereentJge~ 01"lllCkd in the depo~ils ;md in the baths are relaled, a linear dependency

I~ "blained. Thi~ linear rel"tl"n ISsho\\'n in Fig. 4,2. This b well documenled with lhe \Hlrk

done hy others 13(,] \\,ho ~tudiw c1ectroplati ng of Zn-N I alloy rilms f roO]a chloride balh.

'" " 10 " " "% Nlln bath " •• 100

Fig.4.2: EJfc('/ o! Ni% in 11(//11011Ni% ill (kposil

4.2 X-ray Investigation

Each of the lhree Zn-Ni all"y CCKll1!lg~comai ning 7'1~t'll, 14.4% Ni alld 40'11, Ni were ~n>\lj'led

by X-ray til!I[aelion under <l,'I-d"lx'~Ited as well ,t' annealed condi li()n~. X-ray di Ifmdion IIas

alsu pe:ll'otmed on a~-deposlled pUle ~illc coating. rIg, 4 3 sh()w~ lhe diffraclion patterns of

Zn.j4.4%Ni alloy l'oHting under both as-deposilnl and annealed condill"ns. Tillee plOrhinenl

di IIIaelion peak< al the ':2",value of 42.0<" 6l.3" Hnd 7R" arc detected for ,,~-depo~ltcd ~amp1c.

These peaks eOITe~p()ndto (411) plane of y, (442) Hnd (426) plJne~ of f> respecl1vely. The

presence of y and I\-phase~ is npeded rOT the eomposilion Zn-14.4'JLNi from Zn-Ni

equilibrium ph",e dwgram J~ given in rig. 3.::1.. ] he af(lles~id Ibrec peah were nl~()delectcd

011the annealed Zn-14 4% NI alloy emling. SevcrJI extra peaks "I' y and l\"phasC'"'ere Jls()
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dckclc<l. The coincidence of the Zn- Ni cq\lilihrj urn rha~€diagram ",iln bolh the a~-<.IefXJsi!cd

and anllealed X-ray dl!traction pallcm l11dicalc~lhnl the Zn-14.4% Nt ~l1oy deposited Wilh

equilibliuln phases in il~ microstnlclurc, Il is 10 be noted thal for ~nne,lled sample, three

dirtracjion pC(lks corresp<mdtng to lhe 2" value 0111 51',3-1.6° and 74,6° arc pte~eh_lli/hieh

could hot he m<.lexed.

As has bc<:n slaled earlier, only thrre promi nent peaks are Ob:sCIved for the as-dcposilc<:1 sample

whereas the dirrrac1inn pattern of the annealed sample €'l:hibits the prominent as well :til

llumerallS weaker peaks. The ah<;encc of weaker pc<,b in lhe i1Ulraclion pattClIl of a~.dcpa81tcd

sample is believed to be due to liner grain Si7£and presence "r intel'MI ~ll'es~ in thi~ sample

[371.

Fig. 4.4 shows the X-lay diffmctinn pallern~ of Zn-40% Ni alloy coating. Four difrtacliol1

peaks, enrre~ponding to lIie (101) pl~ne o( 1,1,(422). (<144) and (552) planes of y ph••se~

respcetively wcre detecled on both (he a~-depo~itcd and annealed coaling. The peaks

represcllhng B anl1 y-pha~t' aglt'e well wilh the Zn-40% Ni eompo~i(ion of the ili-Ni

equilibrium pha~e dlagmm. The deposilion is ~upposed (0 he llnl1er equi1iblittli1 eonditiori clUc
(0 (hi, well-agrecmcnt wilh lhe Zn-Nl equilibl'l1111lpha~e diagram. Wilh some exlr ••peaks of y-

phase. lhree unknown pcub were al~o de(ecled on the antlealed samplr. The pre~l1ee of cxlht

known peak~ of annealed sample may be duc 10 il5 stress-free grain~ of larget si7.e rtnd

favourable (),iellta(inn [371. Thc reasoll for thc pre~ence of the lImJe(ected peah in annealed

~amp1ecould not be known.
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2\1-7% NI composition "r 7.n-Ni phase diagrJIll lies in a two phase region of (1\+10_Three

dliTraction I"'"b corl'esponding to (330), (442) and (426) planes "f b phase werE detected in

the a~-dcposilcd sample and peak "f no ll-ph,,"c could be detected, On the othct hand, the

annealtd ~alllpk Ic\'c-akd some e"lra penks lcprcscnting ~ and I'i-phuse am.llwo unknown extla

peaks. Both the P'llleT11~"r lI.~-dfP()Sjtcd and anncalexi sample" did not coincide with the Zn.Ni

!Xjuililmum phase dlaglUlll, The annealing was repealed and X-ray d1fflaclion was taken ~gain

with a vicw 10 gel new 'informal;on to s"I\'( Ihe nmlrmliclion. Yellhc repealed X-ray pallerJi

was the duplicate copy of the PIC\'WUS p~ttcrn 01 nnncaicd sample. The reason rot lhis

contrm.liction could ilOlhe solved. Roth (he JllTrudwn patterns arc shown in Fig. 4,5.

Fig. 4.6 rcprescnls six difrnlclion reak~ "f l] plmse tor lhe sample of as-deposiled pure tinc

"oatl ng. The peaks correspond 10tbc planc (1W), ( 101), (1 (12), (103), t 112) amI (201).
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4.3 Microhardness Measurements

'J'hr microhaalnc~s 01-)lUl'e 1.1n<:nmling aml Zil-Ni alloy coating <Ireshown a~ a function oj NI-

cunlenl of the dep()~il in Fig. 4.7, All the coatings were dep()~Itcd ~troom !ehlperature 81

con~talll"llrrcl1l density of 100 mA/em2 1he h~rdl1{,ssincrea~e~ with inCiCilsc in Ni conlenl

The hardnes~ increases at a IMle1 ",Ie "I Imvcr pcrccnt~ge 01 nickel. Tb~_hardness practically

lel'e1~ orr "fler 14.4','{)Ni.Fig. 4.8 ~hows Ihe d reel of curren I den~ily lln n1Jcrohardne~s of the

coating depo~illXl from di f J crrnl balh~_It l' seen Ilwt microhaJl!ncss is Independent On Cllrrent

density in cvcry casc. As han]ne" is indcpcndcJJt on C\llrent denSity, it can be suggcstcd that

alioy "f)mposition is not arleeled significantly by CUllent den.,ity variations, This is supported

by lhc work dOllc by "ll1e", [](>I.
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Deposition current density: 100mNcli12
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'00

Fig .4.& r;.f!"cl of WrYe!!1 dellwly {)IIlir;crolwrdfll'SS
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Fig. 4 <) ~h()ws a ValiallOll in h"nJne';s between n~-<.Jep"~l!ed and alln""I!ed Zu-Ni ~lIo:\!u\1tings

01 di ITcrcnt COtnlXlsition. The h~rdl\c.'s value 01 annealed dcpo~it i~a ~1Igill! Y I"wer than lh~1 of

",0
000

z.!o
~400

~ 310
.g 300

J '"0
200

10

As deposited
J,-~-~----- - --- - - - -- --- ----~___ Annealed

20
%Ni in deposil

Fig.4.9: Varia/ioll ill hard,w5< /Jef1lw'lI as-d"fJfixiled (Uln mllleilled Zn-Ni ali"y mal;'l!'.

as.dcpo~i!ed conlmg. The a~-dcpo<;ilcd coating Is belicvnl to remain in a finely grained and

str~~scd condition, Anne"ling of the ~()aling cuu'''s the internal ~lre~s 10 be rehc\'cd and also

le~IJH~In grain growlh r37]. Therefore lower haldnc~~ ""Iuc.< arc expected in allnc:tkd

~arnple~

4.4 Wear Test E,vnluatioll

Fig. 4.10 ~h"ws the mjcr()glaph~ of wcar ,,~r nil pllt'C 7.inc, Zn-7%Ni, and Zn-JII.4%Ni

coalings le,ted undcr a IOHdof 250 g for 'l ~Ijding.dl~tHllte c,f416 m. The miclograpl1s were

lakcn immediately af!er lhe test without <lny defining. It i~ seen thai wcar ~car width IS a

lunction of deposil ('oJnJXlsill<;nand Ihe ",idlh incrca~cs witli a decre~e m ni<.,kelconlcnt of the
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<.leposit.For pure zinc coaling, l\le ~Ieel ~ub~tra!<.'was exposed which i& ~een as grey region at

Ihe middle of [he wear ~Cal IFif!. 4, IO(all .

.----~-----------

I
/ll

~
200 I'm

Fj!lA.J (): Mil rf?1Iff/[Jha/IVI'lIr .>far of plIrt' zinr comillg

(Af'plied load: 250 g, Slidirlfj di.ltallC(': 4J 6 In)

In .1d,!Jliolilo some shdi.og marks, scar"" pHre ,jnc mating i. round to he dirly_ Olllhc other

han<l, scms on Zn-79i.Nl anl-!Zn.14.4%Ni co~ling arc seen to be smooth and clean. Fine

~Iiding mmks are al~() vIsible on h"lh the l\1icmgrarh~ 01 ZIl-7%Ni IFIg.4.10(hl] and Zn-

14A%Ni [rig.4.lO(e)j ((latinl!.

Figs, 4.1 [-4.13 show [he <:fred of sliding distance on wear ~cal width 011 the coaled pin al

"arious 1001<1S. From the figures, il i~seen th~\ ZIl-Ni coaling wilh 14.4% Ni is morc weal

rc,j"l:mllilan Ihe cmli',lg wilh 7()f,Ni, Pure Zn ('(l~ling w~<lested for sliding Ji~lance or 416

Ill. Beyond lhis di~lance Zn coalillg totally di~appeared tlnd (1),' ~llbslmle WB" cxpt>scd,
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/
/1'/'

(/,)

l'ix.4.!O: Micf(JXf<ll'l1s of Ivear .leaf 0/ (hi LIJ 7%Ni IlIld (e) 711 14A~J,v1 coaling

(Applied 10fld: 250 g, Slidil/g di,<lmwc: 416 m)
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Ob\'i"u~ly pure zinc <:oaling i~Imlnd to he the lenot wcar resistant. The rare uf lIWlea~Cof the

width of wear scar "r both ZI1-7%Ni and Zn.14.4%Nl alloy coating is ~ccn 10 he higher at

shorter shu! ng distance but Ih" ~arnc t"nd 10gel reJuccd at higller sliding dislailcc, The curves

in Figs. 4,11-4 13 sl10w Ihi~ trend With Illcrc~"il1g"lIlhn~ dISIBtlC(\ [hj, rale gradually

The wcar mle~ "f both zinc co~li Ilg and 7.n-Ni alloy ("{>alings are ~hown as a fullction uf load in

Fig~_4.14-<1.Hi. The anlH,car p"'perly inncn,cs "'!lll nickel pClccnlagc in Ihe co,lhng. The

lIulw! wcar m(e is hIgh and gradually it hccomcs SI(',1dy_'1 he difference in wcar mte between

14.4% Ni and 7% NI [or lower load (120 grn) IS small bul (hi~ difference inclcascs ,,'ilh ah

increa"" in applied load.

o PUn! Zn CO!l~ng

In.7%NI A __ -- -- - -- - ---A-------~--

FillA.11 : Variation of wid/Ii of lOpargar a~ {I ,fillldiolJ of slidillfl &\/alll:p (1/ {IIIapplied

load oJ25()'fI_
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o Pure Zn COelijng

In.7%NI _ /1,- - ---- ~ -- ~ -- ~
.iA_ ~- - -- - - -- --

o
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400 IlOO eoo
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~
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o Pure Zn coating

Zn-7%NI~_L>-__ --

Zn.14,4%NI
1,000 1,100

FIg.4./3; Va,i"lion of widlli of wear sUlr as a filllcli"" of ,'''Minx di.\/wwc ,'I an applied
loado(J20i\'
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Pure Zn(l .. , ... - .. , ."", -'

\00 lao

Load (gm)
200

, .. , • _.0

~o

l'ig.4./4: Wear ,<carwid/II (1,\' II jwu);(JIl of applit'd 10lld (Sliding di5lallrc: 416 m)

••

...' .Zn.7%NI ~.Ji~- -....

Zn.14.4%NI

,"0
Load (gm)

~o

1'/;;.4./5: W,'ar ,Iwr widlli as (J /illlctlOlI of applied load (Sliding d/III/ncr: /U2 IiI)
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""10'

Zn.144%NI

Zn.7%NI t:.
~.i\,------

, '

'00
Load Igm)

100

EE (I,e-
~ o.e
l

~
OA

~ " - ,
0, .,
Fig.4./6: Wear S('(lT wi"llI a,I' II.fum-lion (!(applied load (Slidillg r1htallce: /248 ill)

Fig. 4.17 shows the piJolornicmglaph ,,1"weRlsc"r on pore -;:inccoaling te~led tor a sliding of

416 m. The ml<;mgt'aph was lak~n immlXliatdy af(er the te~1without any cleaning. In addiliuh

to 8('me ~1idmg mmks, the worn surfa{X' IS seen In mainly cOI1~isL~of dark arc,1S <:onlaitlihg

allach(Xidebns or lnl.)1sfel'layer. This s\lggc~is thai adheS1\'e wear i~the main mechanism ih the

case of pure zinc cualir;g

I <--__••__ ._-1'
Slidinl!
ditocti<>ll

L--'
20 f'nl

Fifi .4.17. Micmgro{'/! of wear scn, of l''lTe zin,. ('ooling (Applied load; 250 g, Sliding
diIrom;c: 4/6 Ill)
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the micrographs of wear scars on Zn-7<Jl,Ni alloy coa[jttg is shown in rig. 4.18. All the

micro!,'I1lphs wei c taken wi thou! any cic<mill g 01 the scai-s. Scars l>n samples tesled ror 41fi Mel

832 In are seen to be sm()(llh amI clean. Fine sliding mmks is the main reature of these sulrs.

Olllh" other hanel, xal on sample ltslccl For tUB 111Is round to be dirty. Palthes 01 debris are

seen lading to the scar sUlfacc. The appearance of wcar scar on Zn-7%Ni thus suggests that

tor distance Uplo 832 In, mainly ilbJ~ivc wear operates. for longer sliding distance ;,vear

mechanism changes ((,the adhcsh-e Iype. As an explanatiotl. it <;aj1be said that heal is generated

due 10 sliding ror longn dislance winch creates a softening aelion on the alloy dep(,~iL As

hardues" is dect'ca.'cd to same eXlenl, adhesive wear lem.ls 10 be dominant.

Like ulher lyp<: samples, the. miclOglaphs of Zn-14.4%Ni alloy coaling were i1J$!itaken

immedia1ely after lhe le.~twithOlIL any cleaning 01 1hescars. Fine unidi redional scratcheS oll the

microslruclure are believed 10 caUse lhe mieroclltlingl ploughing "ri Ihe s\IIfaee, Fihe sliding

marks is lhe main fealure of,the scars. Abnlslve actIOn 01 the rille debtis "Iso smoolhens 1he

scar. Thus ahm" "e wear is believed 10be lhe rnain mcrhanism of Zil- J 4 ..1%Ni coating. l'iJis.

4. i9 (a], 4,19 (bl and 4.19 (e) show the ml<:t",tludurc of wear scar for sliding dislailees of

416 Ill, 832 Tn and 1248 m respeclively,
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Fig.4./8: Micmgra/,hs orwell' serir of Zn-7%Ni corl/il1g
(Applied lood: 250 g. Sliding dis/anCf': (/I) 41(j /I~ r /I) 832 1/1)
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(e)

r ,rar of 7.n-7%Ni C(!(ltillf(/." 418' Micrograph OrWell" , . __ . f )12481/1)
Ig... 'df 'd. 2<0, SlidillgdlSllIIKe. c(AppJII' oa.. ,

~ -4

SlIding
ofutcli<ill

" ,'Z'I-14.4%Nicoolirlf(A1-' rrJl'lioj"'l'nr,IIII ''l .
FiJ(.4.J9: ICW.I? . 2i() Sliding distance: (II) 416 m)(Applwd load .• g,
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Fig.4. /9: Micrograph, o(wP(lr .\Carof 7/!-14.4%Ni cooling Applied ''''Id: 150 g.
Slidi"" dis/Wlce: (h) 832 m. (r) 1241!TIl)
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ls1"111et al. (381 have found Ihlllihere I~ a relation between the hHrdncss ml<.lwear ralc of SO

ra~l iron, The ~~-ca"lSO cast IInll wi Ih lo\\' hardness value ~ustl1insm()[c dHmal!-edue to wear.

The hCill-lrealed SO cast iJ(ln \\'1111higher hardn\~~Rvalue IX)<;sc~"c~higher weal resistance, The

resull~ of the present ~lul1yalso confJrlll' to the above. Coaling with 14.4% Ni. 7% Nt and 0%

Ni arc fOlmd to possess a haTdnes~ "I 460 VHN, 390 VHN and 180 VHN re~pecHvely. _ r.

Among the abol'c three Iypes 01 deposits wcar mle of 0% Ni deposit is Ihe highest and [hal or
the 14.4% Ni deposit is the lowest In Fig. 4, 14, ileall he ~een that ,",'car rate itJcrea~e~ with a

declcllsc in nickelcontcnl of the depOSIt. Fig. 4,7 iliuslr<lles that hardness decreases wilh

decrease in nickel content of lhe depos;l The leintion between hanlne~~ and Weill'rcsist~ncc or

lhe pre,enl7.ille based <:oal;ngs is seen 111rig. 420

Scxlol1 and Fischer [39J and Cv<:hos j40j hnve rO\lnd that the wenr lI1echanism ill slcel

depend, upon Its lmrdneS8. In mmlensille sloel with higher hardnes~, abra~ive wear lends 10

lake pla<:e. But ror loll' hardne~s "ahles, "dhc~ive wear i~ encountercU, The results 01 the

pt'e~ent study ~Iso COnrOm\S10 the above, For Zn-14.4% NI alloy dejXJsit with hardness value

or 4(JOVHN, ahrasive wear ha~ becn round to he the main II1cchanism while Oll the O'l!' Ni

(100% Zn) meta! malin!! witl1"hardl1cs~ vallie 01 I!SOYHN, adhcsi \'c wear has laken place.
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"
Load: 250 I1ii

Slicing dlsmnce; 4HI m
-E "E'-' 1,4

t "'i
Zn.7% NI

!

~o 300 ~ 400
Micro-hardn ••• (VHN)

Zn.14.4% NI

'"'
Fi;;.4.20; FJ!C(/ oflm,dnc<,< (III Wf'or rate

4.5 Ductility Test

Coating~ conlmning 14.4% Ni. 7'%, Ni and pure 7.111C coaling were invrstig~lcd for their

dueli]ily properly. Every deposit wa~Qf 20 _Ill thickness. As dC~Clibedin allicle 3,6,5, the

present investigatIOn In\'olvcs a O>lllp"ralil'e sludy 01 duclility of different Zl1-N, all"y deposits

with Ni-contcnt. Pure Line "e,allng and coatings containing 7% and J4.4qr.Ni did riot ~how any

C1al"kacross or through it even at Ihe smallest diameter (6 mm) mandlel. Thclcforc this method

of bend lest i~not approp,ialc for comp;'rmg the dudillty 01 7inc coating and Zn-Ni coaling iJf

valyil1g nickel content. TIns Icsl ,,";ISnol continued for cuallng wilh 40% nickel An

appropriale ducti1i ly Olca,urPng ledul1quc Ihat can h"ndlc coaling' 11'llh hIgher duclll ity shoilid

be used.
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5. CONCLUSIONS

5.1 Conclusions Drawn rrom the Present Work.

i) Unifonn, adherent Zn-Ni alloy coatings may oc deposikd [rom a sulphalc balil al IOOIT1

temperature and in the pH range of 1.&-3

il) 'Deposition of Zn-Ni alloy is of anumalmm Iype, where the less noble metal (zinc) depo.~ils

preferentially. There is a linear relationship hetween the %Ni tn the deposil and th<ttin the b.,th.

Current density in the range of 50 to 200'mA/cm2 is fuund 10have no erred un %Ni in the

deposit.

ill) 7.n-iIO')1}Ni alloy and Zn-14.4%Ni alloy dep"Sll with equilibriulll phases_

Iv) Both microhal'dness and '\'(,~lfresistanc'e of coating increa~es with increase in nkkel conlent

01"the deposit.

v) Wear of pure zinc ~"ming having Inw hardness value is of adheSive Iype and tbat of Zn-

14.4% Ni aHoy coaling haVIng higher harllne~~ value i~ of abra~ivc type At lowe!' s1idil!g

disumcc, abrasive wear is the main mechanism of Zn-7% Ni all"y coatiilg while adhe~ive weat_

berumes predoininanl at higher sliding distance.



n

5.2 Suggestions for I.'urther Work
1)A further modificahon of c1ccU-oplating pro(;e~~~h()uld be developed in order II; gel bright

Zn-Ni alluy deposit withou! hampeti ng the mechanical propertie.~.

Ii) Ductility lest methods other lhan ASTM U 489-6R hend lest should be used tu rhca~Urt the

ductility uf Zn-Ni alloy coalings. Siretching test In;!Yhe a ll~crulmethod in this case.

iii) Further research should be "awed (Jul to identify the unknown X-ray peaks of annealed

~amplcs and to find oullhe reason why the peaks did not appear filthe as-deposited sarhple.

Iv) Furlhcl study should. be carried out to confirm the occUrrence of non-equilibrium phases ih

Zn-7%-Ni alloy and find (Jullhe reason behind this.
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