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Ihe .im of rhk rlrdy i! ro 6.lot. lhe g..e.d co@rid E I!ll!r. for
difi.rent grontrd dnd covc..trrnel .or..d sp..ime. itr 20ol. (by volom.) of
sulphdric s.id $,urion lor48l'8, durrtiotr dn..
GrcuDe ot .r.m.led ]p..lhen ,ce rBredj la of loa orbor ..1 ba.
mcr.(ol a%c) rh.r % .d.nd t*o l.!.r qlitr!.!d rt. oufr hy.r Lvirg
dlffc..nr wr% of rl.rDiu, oid. TiO: .ont ni (15.5,20, md 245%) ...i l€Ied
st lolurion r.mD.d.ure (6yC, 960C, 150!C, $d ,00"C) s.p.hl.ly ii
.DDr ntus stsclfl.d br Dn\51157,
Geeal olmlon * h olcrLr..d lor *h tp..iDo in I p.t y..r
MPY.RNult rerLd th6l r! lte TiOr .otrIe.l lh.E$.d I! rh. out r 8rctrd
orl.d..ver, MPY *lu.c lls incrsrod (hlgh.rcodmior .rd fo. r[ ln. rdt
r.mp.r.uE. Tt. higL8r MPY r.lo. r.s E.orded 2u) "C. rt ,1.5% of
Tiq .onrd. (!lPY= 0.59tr
This rs.l! sxs airribured ro ihr lorBrrior of rh. T;i.n bondl4in lh. glssy
tr.tsu.[ of.h. cncr.l rhls bond rilrnE lhr ch.mi.al Elirl!trcc.
Glosilt$ t6r .rd rdriruton hrrd!.$ r6t f, lrc pen6rE.d ro invgitA.le th.
Bdr, obhitud pEriDdly lor rb. ..rhrl.d .6.ri rp..io.n!.
Bo.h r.sBcotrlirms the i6ult shoriig rhar hiBherTiOr cor.r co!..n1yields
blghcr glosinc$ pe*.nr (lor corrodon).
Allo Estilurio! b.rdm, l6lt !ho$ tr i.....se ir rt. hrrdn.$ vrh.s
rdod.d s lt r.ighr .o .trt ol TaO, i! lb. .ov.r dr in.'t.g, Pnrr.Er
th. $lution kBl,emlnre rrr.

r(elyords: 6cr.ml .ororio!. enamel. comsio r.rhhncc
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oalr Jr Jrli- sJi I %0,14c ) u.![." +]Jl, drA (.dLl olrr-.!

.r.t %20 isrJii ul,!r+ll

t ,ir (Grouod c@,r !"r..r1 ir..Lr 
'j,.r 

.).5 ir, J*4! r+$ .: Jr+i e'r+-
i-rtbr {cruund co,r) +L*v Lr}i .').Lll + aBi+\ c+L oq.i i)r ;r!
1-4d vr |J!L:pr r*.irr &_ ')lr lrLj !-jI *! c. (cokr co.0 4*Jtrr
4rJ, !1-rJr Fr )!t * r;)t l%2a.5!%20 r %ls-s) i---]r.i
i-ja lJsl ,!ri lral ( ,00 'c-, 150 'cr 96 'c r 65'C) qr JJ.r i&!

r r.ih\iog'Bql ]R^a
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:i grls-y rlr 5, { (J.rll, Jrl,. J Jru !r'r q+ }u _\ji,,,r,j tugJ rl JLr' J$ j. rE r ji..r' rrl! Jlt .r,!:.,LJ, +rr, iF;rj

.L+%20 }}1utqrs,l or.a !Jr- l.Jri:! nL+r' LJlr.

Vi6us or Po.celaitr cmml is ,
tni. hy* of !las, t}?icslly ol l$!
hu.de.ed ,nicruns ii thickie$ ir h
fus.d i.to 0r mdal sut6raic.

The Sl.s useJ fo. enmillinE h
ftleftd 10 as "tnf'and kfomulard
liom r ride r ge ol iroBrnic d(
roEoih ircluding qurd. boEr and

vi@!s tumls rrc mpl.r
ghssflmul,rdbldspcific
iN€ri& Rquim r Thcy olf.r
odls choi@ ol colouB, sh.n
comband $nh ccnhac oldinB

Vn6us eMmrk ,bm in*Dobl.
bond ar lhc inre'f,ce *irh sr..l du. !o
rh. chflical rediioDs rl, d.ctr!
betwftn the inolr6 emom.t atrd rh.

TIE inresriry ol $e bond beNcci
the vilreous cnnmel co.nng ond rh.
stcel slbsBte is srch rhai inGrlly.r
or 'undei cotrdsion' oldlc aub,lnr.

ln addition rhe .ledricdt insut.liDg
propcnics of virFus enomel cnsues
rhe galwiic c.nosjon of $e subrEE
of y otho environtunr in conud
*nh the codine, docs not e.u [r].vituus enameB .rc rh$i6d 6sdic roerinh rha. h.v. m'.v
derimbk pmp.njes ei.red wi{ir
cndi!- as.{.ll. cncmicd, hi6[

sur,icc h6dre$! hish rsnanca ro
lEat and degndcarion b, ulkaviolet
lishl [2,5j as w.u 6 olhs gla$t
Dmp.nie. like .rcellent eE of
clc,ning,.id acnherically plesing

Dur c.rrnlcs are knosr ro havc
pmr impod iou3lne$. bur {hen
fur.d b nEl fiG imp&Ioughnc$ o,
rilrErr .n.ml is imFowd- Tll.
imp.ct h{d thll is ntlicicni ro Ee
d.lomdioi of ste.l ubdmt€ ir
lully Nluircd ro ers chippi.a d
rP.llins rh. ff.r @r [6 I
Corosion i5 r deturive anack of

6.0l (ollotlb.y ch.mic&l or
.led@h.miql ,sction *ith ns
4N rcnm.nts. md one of the najor
rolcs df rhe en,mel rhar is.spccad b
pby n pmecrion of rh. mehl
comsionlz-rl. lhus the aim of rhis
dudy h h evaluate lh. comsion
Eskhncc ol 36und enmel low
colboi srftl coated dLect in eroDg
oridizin3 &id (HlSOr) to invosti8ate
lhe coding r.sishcs ss there is slil1
hok oasuoh *udics i, ouicounty.

lrw ca6oi .cl alloy is used s a
nEti substrars of i chemical
.odposirion rh8i is shoun i.
T.bl.tl1, rh.s. Esulb rcE obbined
uiing lperbm.tic method



Tso (? hE) thicknc$ sre.l dr..B
Ere blis.d using siricotr c,bid.
bldtin3 ro ov.rco'ne dcesiv. lo$
of m.ral i.d q&snr eGppind.

Th. .o'n4Nirl rsr.M.r ol mel
prep!6tn'n d.$ nry b€ srie,l
oul usi!3 cu inn.us clolnii8.
PreD&lrio Pnx6s may be .lrieLl
our sirh coDLinud$ cleaning i
pickling cquipi\ont. The specineDs
subscquerrl, .ro {bjeured 10 picklinA

fh. sluriotri thar ae usd aor
emnrling !e slEcifi.d kiefl) ir
Tabl. I ii rh. n.s.s {irh $en
ftrevanr condnion! {$ pde$ r,ft.
remp.ronnD, soluiion com.nr, rnd

Gla$ til h iho majorconsistu.trr i[
bhque (unfird) emnFl matins. rrii
is r hohogeioN nel(ed mi{re .i
inoBlnic mdrci,ik rh € u$d ii,
rna{cling $.el prcce$ Il.:.1.1.
Fis.(l).lD*s &. flo\ Jia!6m ol

Th. coBrnu.nr ofih. ch.ner f.r a

Srouid coor includs lhc em.
@6ponnds pius emarler amoudr of
metal oxid.s rlclj 6 Cobrlr oxid.,
\icklc oxdc, otrd MagnesiLm Orid.
I4,61.

P\trccl{ii emmd f.n m pdriioos
ir. deligiql to ncd a vrri.i,v of
p€rs.r.6 .s i,ov, in TabL 3.
inctuding lrprorriar. march ro rlr
rh.ml.rpinsion. c/and p.oFdies
of e Bhl substnre * rbnsion
and corosion EsisEdc. *h.r

voryiiB ahoms of TiEiium Oxldo
{20%-?4.5%) werc added $ ilrc
covs mct frit in order to $trd, the
naiiDm lcid corosion Gkuncc of
ftG O1l. oa.trmcl d diff*.ltims

Il. C&.r.I Corro.lo! Tsrr
In oder b evrualo rhr g.neml

corosidn of PoHhi'r cnm.l
{round @t, lnd ov.. @0 i.
\ulphlric eid G$ trlr. p..lmd ar
dif.E bldior rchD.hrures and
dinrcnr Eigjn perccnrs of Tiq
added rhese resE conlormcd to DIN
51.157 rh{ is mmmorly u*d for

li these re*s oorc.hin sumel
simple e\poled ro coishnr acid
odenhrion{ 20,r (by volum.)) or
boilmg elphuric &id la 43hr
d!6rid rime tu did.rcnr solurion
Empconie ( 65 ',rc.96 lC, I5O !C,

.nd 200 qC)- Th. .mi.o d. is

.xprNd ir UPY accodinB io rh.

MgY = s34 wlJ T D ..,,....,,181,
*h.r. MPY:Mil P.r Y.rr (C.ftnl

Wt - F.isti l6s durlre 161

A= Sorf& .M of rh. ldled

AndD=d.miqof lh. gm/Cn.

IIL SlEaclomopc U.rdnc$r
ln ihi! kn , neel fllling ball rirh

di.ootrd'pointed h.m6$ w.iendns
s8ms qhich is.llorcd b flll fom,
c!.d!d lish of 50 C.. inr t .
grdu.(.n ds-ob. sh.E rhc h.tl,r
ot abound G ohul.r.d diEctly .s

Thh hardncs is uiurlly delemined
lrcm the des@ in rchnuid of the
thllln8 necl ball ihlt ls lolally
depende on lhe irtesrily of ihe
hulk 

"rcnBrh 
ud c..ri uity i.c. {$e

prcs.n@ of cr&!, poE3, or .r6ion
euld reb.und duc ro rlr. .mre_
.bsDris. q spcllin8 of E



Thc h{dn.$ r.$ eos p.'fom.d r'or
er$ sp€circr r.Or:.roly ificr il l6s
expdcd ro lh. cor rcsion tesi.

The glossir.st ol lll lhe splls
*G mosued by urng cb* nd.r
ThL inshh. coibins bl&t olor
JuAc. \Jrer lhc s.mpl6 ie lppli.d

After c.lihBrio! {usin3 contol
$ plc of glo* n.s= 90), rh.
samples rre d$ccled in 45 d.grc.
d8le. Thq[ r rcfloclio in rlE
delice ii hkor di@t! &s !

Each rD.ciftn qlo$i6 ai
ro*Ed.n rn {a slbjetd b tfie
mmion lee. iI ols ro calcDl.l. ns

FiC2 sho*r lh. g.neel comion
B1e in MIY of c seb oasp4in.ns
hNine doubl. llys of a.d.l .nd
SMnd qr 11 vEioc Grr
rempc.tuEs 165'C, 96"C. 150t, .nd

ln i\is Fi8 MPY vrlms i(
itr!.Eely pFponionrl to woiglrt
p3rcenr of 1101 up lo ?.r.5ulo
rs8Ardl.$ of lh.
&aimuo NIPY value = 033 ar

This @nd 6.rpcccd sinE TiO:
dG nd srts fmely du. ro ilE
sFE i eriMic bonding rhor
mharEs both rh. ch.mical
reshr{nce snd ih. m.chmical

Aho m incrc.$ i. ririnia conLnt
ocs ar siliq ii .niancing !.id
ritue *ilh anded dvDng..
Tfie ce,rici.nr of.rp,nsion is iis
djs.d.liSilly and rh. B16 visiry
dc not i.cru& rs mmh rs by rh.
.{unaEnr .6ounr of sili..

crid co60 ri sddud! tuid

fte .@ff.ienr oa rhml
.iFnsio. n.aucm.nts cre lisred

Themal Exprnsion Co.frlcicnt in

lrwsbon $*l l2 trlO'

nEs Eank x.nfimr fi.
.ohparibility i.duced by COi.. in
ih. golid cove! lid 'ri-ion in lhe

Thc spe.ilic concqftaliois ol Co
ard Ii ions irc cho! because dcy
mrk poinls ot rhic[ th. obsnen
$.s eabili4d. llic clo*nes of rhc
rlEm!! cfficidr .xtrMion volEs
.rprains dr ohs.R.d rhsmd st6k
cshi.nce and confims the
mechannr by *hirh ao-ions aid Ti-
ions a.r in consoli&ring die B1a$
nenvork of the cia6.l 15,71.

In Fig.3 complri$n of$e g.real
olruio ar.s in MPY is p.rfomcd
for ground .nd cos c4. In .l,e
sp.cin.ns fie covcr ded
spccimeG h.ve difr.Ent M cdrenr

This l_i8.3 sho*! th.r 6 the$lution
tcmper.ruE i!cr.N.s rhe conosion

ir TiOr q cod.nr, lnd ln. MPY
Yrlu.s rcnd lo b. sbblc c8adles of
ft. tn rdD.diurc This indidB
ih slsion r.nrp.nr!rc aIl.tlc
caus6 rn. {abiliry ol hiSh prciection
of rhe enamclr:l ncrll ll0l.

Glosi c$ i. s for the above
mentioned enamcls *eE dcremined

sp.cim.ns q.E psrfomed, the

Blosine$ B Esuirs arc $o*n in
Fi&i- in dis fisuG n @ut b.
ndic€d rfi hirner TiO: spein s
yield higlrer glosi..s p.rc.nt (70%
-30%) i.e ofiescomsion mb. Thh
rlosinc$ p.rcdrt k pbponional o



rh. inciease in solutiotr cn.d
l.'np.Blure!. \nich in un co!66s
,. comsion cn rcsult and dc

d.cisnr rcb Dlar€d by ths tr{worit
anme^ ;n suADni g d. .hctrr.il
r.sisEne ofaE$r enamel.d {4,
r*.5. shosr a ser or cu .s

c\habiiing rh. rrilion m rhr
r.srifttrion h,rdnes of fi. corGrcn
r.sr.d speimen! rhes. sptci'ncn
*.e .overed \irlr.namch rl'nr
contsircd difier lio, rt .otrr.nr
ln lIis ugur. ihc overali beh.vi.r
indicates ihat higher Gtrlp.drurc
rolu rcsuk itr loler rhoutrdin!
hci8hc or lower rcniturion lhdne$
lhh 

'nir- 
be .(ibtr1.d h d.grcc of

crcsior inflicrcd on lh. ccEflic
surfaces, whici k inve*ely r.l .d ro
the rcsritrdon hardncs[ 5] .

Mo@vcrte ii.r.$e in$ p*c.rr
!f Tio, .rhibiE dir..r vaiDcc wirh
rhe rcslitllion h,rdks a!.\phin.J
rboYc. since higher IiO: \r n (.ir
n.. Etlc!1.d qune Frsniv: prop.ni.s

r . -rhe Aro..d c6ar r.yer hrs
p.rlom.d quire succ.$ftrl
internEdi{te layi biding
hoih rh. emmd.d aM rhc
meral ;ubsrare, prcYcNi,u
stoig acitl coii.sioi in r!ig.
berween 65 C_200 C

2 li ioi bond g in d! .ovsr
coar enmel prys ,lircct aM
explicn rh i', enhan.ing !ci,l
resisrance. netul 3los\ine$

3. lnexp.nsive lo$ c&b.n eel
6uld b. se.stuliy us.d i
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M-eludAT l



: ,,

nis(2)R.hti6, Bclween Conosion Rltt MPvmd wr %
of IiOr ,rDiderenlTe periirres

Tenodature
Fig0)Reliti., Be&een Conosior R,re MPY !rr!

Temprmtur$ aor Dilferent Enrbd Coating

i
d
E

I



t
.g

ris i4) Loss ofGlosstres !t Diff.renl Cor.osion TempeHIu.es

T.mp€Etr@sC
Fis (5) lh. Vlriation of R6titutiotr Eardne$ ol Conoded Surfa.$ wih

Corrosioh Anbicni T.npeeturca

t50




