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In this study ele.ttuless hickel cootihq arc .lepasne.l an high .arban low allor steel
type(t3 Abubsnatu Afii cootinEs so,,e specide$ eft heat trcated at diterent
baki g tenperururcs ranging {ron 30A to 8A0 C lat oke how

Weat ening4 sjhs a derice alpin on rata/! disc we.. cati.Ll bh.ld the codted
steel belbre oad alet battihc ieaL

lt is conclude.l thdt electrale$ ickel caatihg md bakng ieatnents both
e|entuat effect on vear resnhnce aJ stu.lie.l tleet
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1-tnt.oduclion
fle.mleR nlckcl mati.ns a,t

ploduced by tne contlollcd chemical
rcduction ofnickel ions on to a calalrtic
sulac.'Ihe deposh itsellh catalrlic 10

conrinncs as long s {re sutfe
EnaiN h conlacr with $e eldcroless
nickel solulion. Beause the deposit
is applied $ilhoul on elechic
cuEer. ils rhickness is uiform on
all eas of specinen in contact eilh

Eiecmless lick.l is beins used
inceaingly as wear-reshht coating
on e4ineerjng codponcnls Il c klorm
tlri he irealment (bakibs) ol lhe
coaline can almosl double its hardness
ulue and prolide maior inprole
ment in Near resktacc.

Mdihum laddins is oblained 400C.
HEdedngofel@lroless ni.kel is due
pnmdtlyro the fomalion ofnickel
I)losphide panicles wilhin lhe ]ov alloy
sleel. At rempedues abor 120 c rhc
glds phas. b€gim 10 crystallize ud
rhis causcs it is hlrdness md sed
resistoce to incrcase mpidly I2l.

2-Exp€nnentrl pro..d u re
To study the beha,ior of lhe r

bEsive $ed dte, a pin on rclary disc

Material of thelin used inthh
tc$ G tnis lest is high carbon ]ow allo,
sleel with chemical composnion shoM
in rable (l), This alloy h speclfied as
(l34) ac@rdlng o DIN specificalion.

This pin is aaled wnh nickel
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Phosfhotus alloy by el{troless
coalle lecbnol.gy. Th. barh !5ed aor

etccrroless llaling ont.nEd ele,i-)
sodium hytonhire. (l,lg/L) lactic tEid,
(2 2) propionic acid ed ss opdated
ar tefperatur.s mnging be$ecn (70

dnd 90 C) SolutionpEvas r.5 and lhe
bour was +iul!( b! usnrg a nEclnnic.l
$icknesses d Vickes tuicro hftdncss
are sho$n in table(2). \,ickc* nicr.
tddness w6 mesured by
(worPERf -AMSLER D6700).

DBing Red tesr, rhe speed of tbe
rotary di5c $N 540 r.p.m Md aload
\as 1000 enr onthepin The specimeDs
{€E reiChred before drd after the
rcst b.y ! rnsidve declronic $alc t}Ie
(OIIAUS-GA200) qhich. re.d t.
decimal lor number aDd $ith a deCroe

of accuracy of 0.0001en Weisht loss.s
$ere calculaled on equal F.riods ol
15 min. wear producrs wet ienovcd
by *ahing $e specinens snh delone,
dieC by air and $eighled The lolume
oi the rctuoved Dalqial (V) !s uni'
slidins distlnce (s)ms fouDd as

!/s=[rPv.T

M- Mss ol the icnDled naledal
by the \elrine process(snr.

S= slidnrg spced (cn sec).

T= pcriorl olslidiig Gcc).
v= fie volune ofrhe removed

lL dcnsity ofthe € oled maleirl

The puAos. of this test is lo shou
lhe daDag. lroduced duLing $e Gsi
on $e alr4lve parricle rs welt d tlrc
som suface md to sludy, e llcar
Lesisonce of sleel coaled by nickcl-

Baking t€atnrcnl was codncled ol
100,400,600,?00 lnd 800 C in clecdc
fr@a.c l?e (cafidite-mx.lemp .1200
c).

3Jresulr and dhcussion
The ird nDy be considqed as

tne mechmical displacemenl ol
Mareiial al surflce due io tlF
rhtive Fotion of a hardc..o.{icdLg
solid. In pEcdce, tlLe wcar generally

involves the ploughine oul of o su n.e
bt a Leder haterial and is

-:charactsiied by 1Ie pEsence !l
grooves psallel 1o fie direcLion oa
rnolion of the abradnlg solid Wcar n
proponional to lhe Eal conl&t dca
and hence is inlcsclI Propotrional ro

hardness. I{orreler,soEe workcE h!!e
shosr dr.t wear is nol llways nNeuely
proponional to lhe hardness !r.51.

Fic (l) and rable (3) rpescnt rhe

results olthe wearl41s for lhe coatd
sl.el befoF b&ing teatmenl. Tbe wear
lolume dccEases wilh $c nrcrea* ol
the htrdness ThG is becanse.

.rysrallization cmol be comrJleted
befoE bakine &d the structLtr€ o1-lhc
alloy is lmoryhous. And because the
.morphous phase h totrgh. lhe *cd
volune dccElscs h,idness increascs

A nunrbq olsolkqs 14.61 halc
shown lhat elecholess nickl in lhe
as-derosited slale wilhout bating
1elldehr h csFDlially morplous
since norpious suucims hale no
periodic lattice, rhe dhloc.lion

occli a.d the high
htrdness of lhe as depositd nnples
that dE stress rcquned b tige.r shcxr
beding in the amo.phous stal. G
much nieler than lhal nomally necdcd

10 Fodnce a dislooorion oleheul nr

!is.(2) snoss, the hish *ear
volumes ar low hanln.ss of aldeposit
elecrrcless nickel befoE blking

BalGd el(rolcss coalirgs -e,relov$ {qr rolmre than rhe a$
deposfted coalings. As shorn itr IiE.
(l). the wetr Yolume dedcass Nirll
r.lie i"crcas. of baknrg rcdPmlurc nr
$e rnng ol (300 ro 600 C), rhile Lhc

!\air !.hn,e in.Esses *ilh thc



i,.iji*. of ba\nis r. 1pcfu1xr.
irk,'J (6i)0 ip n) !00 ( 1. allhougi thc
h.nli..i irrcrtr{! \rirh tlr in.r.ase ol
iril.ir! lrml.erixtrc \vnhir rh unec oi
{r(r0 r.,l{)0 a) rrJ lLrous.s s]rh lh.
i, .r,c .i \-irl!111u! r hin dr
rdr!. r! r.loa l! !!0 C] r! sl)o$r irl

Allc, cr..(1xl i7rlidr I[e riicL!'l-'
D:L,tlde\ j!:.lLnr.rr. -r,l b.co,n.
hr!cr '\i(i ack propn!rtrs i.(. rurh
r t)rnr.i.. er!ugh lNlic n.lannatnrn
r,i or.ur tu slos Jotrr tlr emglh ol
,. .iick rni rtre 1!ear !.lm. rdn b.

!..r,,ised. Eikin-! lreiinNnt ol th.
dccrclo's nirl.i ir (,100 C) Esul6 nl
gE ihde,L\e in hriiDeJs, ul)lch i\
ar cillt{ \rnh drc n'niil l)nt
(tr'.l,rpocnl 0f cryllrtlnre $nrcttre
fiirl.l n)..F r[. n]rtir in ,lloy sirlr
rhr rrlalr rl,ar ihe r\i |) qili tenl lo bc
ihL, coovex fbri. oD (r_ Nit,
idrrhccs. lhG oili-!trr.rion llil
n.retrse 1lE irr.rlrici ri.s ctrc,8! ol
llrc a\i l') $ thxr ii rhil ,fur rlr
rlclrl \ill co.,ae. on bdkilt telxnrnl

l:i!. (,ll nNis lh$ lriilc r) rhc
e"(Enlc hrilileNis ol thr .rystilli/.d
ll\i.l'l illors .r bnliI! lcml.ntuc .l
llo{la) l is lluiahl llul nin.

slrc$ \ll inluce irrxi,r,d lirc \rl.L
iie(cl ml dirl,icrrn,. fi('rls si
nr.lrilc nricro c cl\ \lu. \ iD b.rlr

l',.tr!xtior ol nrirtu u'f.ks 1ri1hi,) I r.
ltu .o!fin.s ola al.. lrilL !.r!Llm.
a s,!\nl. \|icb drr\\ o 1ni
ul(i,nar.l) !c,!.s 1o ducLile rurtr.. rr

-lla ni.kd fllis coiir.\ in rgilrDrnr
*llh tlt id.r\ o1 n.r ,n1r:r,.ut! r
Iiis (:l) slaN\ thc Nirri,xu ua'xi

$lun)u n ba,iDs f.xrnenl is i' 16:rl
C) xnl $us qilh (\iPl r riclc
coxrscning lnrtlirs th{ th. dudrl.
ruplure sralc !orerns ll( li;1rtr. ol
rleclrol.s niukcl o.iliis [11

lhc h d lNi l')paricles nr. !h,'
r.sllNihlc lnr l[. high h.knrcs\ lrrr
1[c dtr.lil. ni.kcl m11]i\ D,n!,ls '|rldrlhne$ lh. .i.k.l !nrl* lLr'

F'li! cs lrorn oDc riolh.i :$rL

trcrcrs Daniclc t\ ftrL{i.l..rrrl

BJ.ing honneii n1 (r1)il&!10! { l

ifcrlAr\e\ $cr \ol n. r! Lrl!r:"
lunrp.rri!'c nr'..s.s du ru LI.
irrlh$ ln c6. nl ! 2c.1 lh. | (lr
NnrLl!r.$ rlr ,ncn lirr Iillr ur..cl
t'oPrgr(n.i b.cnnres lnrg.r l|i\
nlrNs tld $h.n a rracL P'.Prix'.s
irn. Lh nrlr\.lh. ntubrLriLlt) tl,xr ir

rnuounl.N ! nicIrl irrricLc is tnliL(r
.nl { { lnllo\s that ln. \1c \' i0r.

s:!a!l$!Iri
B) Jttrll fg ol.ctol.ss nlrlc

tlnlnr!.. hi!h.arlron L(\r rllor sr!rlI
diti.rc.l .ordili.rs rill arc \r.tr
rosistin.c .l lh. c.ri.s lil.,.1'r
lnllo\nU.csllrs cir l,r (n,clrleJ

nr,.ris lLtriru tunlre, {c$ llrus
ln.Jxrt rhc lirgc Jr.| 1 ocls. Thr

. i! c acrroless corlinlr i1
!:i,Icrrldts rbo1. (J00 C) r.lLltr nl
htr,(l (\l P) piriicles .mlicdded nr !
nrfl. .Istr]lne nirlcl m{rlx as

n n\ar il Iilg. (5).( ryqlliinr rickcl is !
d(lil! pl$..1 onlj- n$d.ral. nr.rll!l
rnd y) hrdunnr-e of hilils ttrn'cnt
ir dribrlcJ 1o th. iD!rci.ing \rlonrr
rcllon ol lNi l') asor*ll,I_

11 li.line r..r|cr.lrtr.s rbo\.
L.}lr, (r) riir ro,icnin! i!rln$.lu.t)
rorscnr.g.l nr had (r.'i P) n!11!lcs.
nh ch cnrbl. Jisl.coli,r nn'cDEnt i,1

rl. N.,i dr clilc nick.! .rki\ o h[.
irlrr3,Li lu{cr slress l7l. llr. .r|rtn:!t

l- lLe lhi.rncss xtrrl h.dDcss 01 t

rslcNsil .lecoolcss nrkel ii
NN turns(d snr irrr.rs$i
n.f elecLrol!1ic bct| le.1ir.turtrrc.
21hc b.kiire lr$(n,. t ruiulls
lnnho incrc.ss in hf dn.s,,

rrlnrirl! lilN rnJ itr \.iriisiii,t!.



lcrrir .lNtroless rieiiel iNr.rscs
rilh rhr in.tuase ol h.dm:s Lrchre
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'I',b1. (3): ltrlnlio. bcnvc(D micro lrrrdDcss inll r0lumt offt'no\r,l nr.rorirl nor
unih slidins disr,n( (\r/S) x,rd {cnr innd (sl. lirs nr rE D.r l5 n,i'r )

!l ! consl..t pll of 1,5 . d lnrirblc D!!h tcDP.rntrrN ol clc.nn$s
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Fig. (2) O?ticat Dti.toeta?h oftl.cttuless ni&el
deposil. Not. a ld'ge le.p lto.ks (While trea)

Ga| x).

Il.rdtr.sr (H\ )

I'ig. (1) Rckniot h.tt..n tr. hnnht.s trnd \ olu"tt Ir(,torrd
n tterhtl (l ) rt urit \litli\lt rlik tce (S) ahd.t corstdnt pH-4.3

n"l ttritbl. htth t.hrp.!tttut.\ tiIttuct oless nitAtl thtli]t! bcJat.
btAin( trcottrcrt



l

0nrin(k lr('rr!r 'c

l:i!!. (.1) R.ht1tul bctr.ln tha b Ail! tu 4t.r"t tcs at.re haut rrt
nltt toh e ofel..lt)l.ss tritkcl pht.d stel-'lh( thickn(s./

.ltttol!5s nrtint it 20 tt t p.t hott.

Fig. (4) Opticol niclogt.iph ofelect,otess hick"t
.l.post heatt-eoid t|40(fC. Not.lte d.q tucks

(White ateO 440 X)



FiC. (5) Optical hictoBroph ofelectrcless nickel deposit
baked ot 80tC. Note the c,nckiltg dnd grunulal ni*el

pdrtictes ehbedde.l itl dh Nit P ktotir (400 X)


