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Absttu ,
Ct rbon steel ,rllo! Opes (ST-52-3RR) sre widelt used in

corstactirrg maarre enfitonmenh arrd oaher errgiaeeing sttuc,ural
adi&tiorrs due ,o ,heb gooil coftosior, resisaance, mecha*ical ad
plg$ical prope iet. L sr,ffefi froht conosio, qteeialbl ii sea water.

lr, ordet ,o brrpove the alw propefiizs and to prute.t i, ftoftl
corosion, ,he alloys ,ftr$t be p.otecled ir, ,narr!,nettods" Ir, ,his
study, s$tfaee codrifig technolog/ &sed ta provae 6ne of ,he
porlribllirier al corrrrol coflosiot anal to irrqtrote n areiat popeftier-
The srrtt ee coartngs aae @ied l)y ther.rral spa! ulating ,nelhod to
irrrprore lhe .oftoslob psterlrnce ol afio'\ (ST-52 -3 RR}

Themal splt y caarbrg i5 ,rsed d,E to ils high r.liatilitt, ease in
awEecrion atl operatioa, its c,ailafiW a&d av.rilcbilh, af the
fiaterial $ed in coating.

Elecrrochemical techniqttes irrel$ding porenio st&tic
meuselen en^ oae used ,ogerher teith irnfie$ior, ksn ir. 3.5% NaCl
,o erakare ,he paJorrrrance oJl the sreel (ST-52-3RR) in narirre

This srt d, indicares ,he bebefrciat of fie Albninurt pot ilet qray
e6d,ir,g ce^led by epo:ry codring ok dluxtin.rr. coqting lrryet due *,
lt e redkclion in carrosior, ru,a mis tutlbcrinn *as noriaed ln weigk,
Ioss htethod arral lot catostoi ctterr, densi4t driing poldrirsrion

{1) UniteBiLy oiTe1lnologl
,2) VetallJ,r.. d & P(de rior Lnr. I)p. r.. L 

'iv" "1) ot l{haniogr
ll) Chcmr13l Eoe Depr,. Unjrrrsii, oiTc!'hmloeJ,

ir+jl tl-t t I *t't"At (sT-52)4;r!.rg rrJ&r $a Lr& ae.A,
La*Jt

.L-;,t lJ '-,.tJ Js--A ( ST-52-3RR) e 1'', /y.lJt -.!,a!t dri-!
i..+n',l a,td.! 4*i tilt i,'-t*tt _EtXJt LJ*, .LL.Jyt rn+,bj!!
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0* 4LrrrAil ,iA eet ; ,4^ ;r*!l ULJAJ 4sr&1r.} t*bz: clsltlj
.t*1 zt" e; tar4t &Iiiu.li aad: .J4tJ rnJa i.iiJfJ irL.J! .t,L j. +J'J! 4lL;.

'r-. ; q*_Jt tyu ,4A1 :L.r;j.-t . ,ga .1. tailEg ig9':t ejac,i;i. )tJ,-..l &U; a**: JsA sr;*.,saA ii Zat t
ST-) is*.A gW , -ti a,ast C j*t uryt Az-b,t l*"t c,tli tlt
ai-tttu Ag* , fri.t tt$irLj 4$J re*U ,i, 4lJ;,1-t "{52_jRR

.rXAt qi LJij.-dt ;Jt-Jt ,!J Vj-rrJ, .toJ,Jjla+ 1,rij--t, LJI+.,,tJ.g,tt Jrnil ;jtsi:Jl u,t4t LtJrt r.;..-Zj
La*,i! eJy.tJL_-.t UuB (3.Syo) .jrt 4.,i ?ilJ .t&it, aEU, Wt

. Lr4t At-ry' ,ri ( ST_|2_3RR) ,,!aJt ,ut ,t lrL
4t --: ilti 

"fuJq 
4lE;Jt ;L^.)Llet ;r:ti.rJ, LUt $;

,)l,E ,rt !4rlJ rJt di €it -..sr+)yt i/.r,J!;,Jit itA;$ i y;-*!
.nti .J ajtl- au__utt .it ,L, lsa -1"- j L,att-lt tjl' z,j . ;i.j:t

. *tU'-yt :i_ti d .jrw Jrt lig cf .itiry,
l.INTRODTJCTI()N
Many metals suffer from
corrosio4 carbon steel alloys
arc orle of thelo. Carbo! steel
alloys are exlensively employed
as sAuctulal co&porents in the
indlshial paactice, and some
surface treatments like
anodizillg , cbromatitg
paintin& coating aad cathodic
productioa are used to improve
theil corosion lesistadce
.Howevet, no sutrrtatial
irnprovement was obt&ined in
ahe most sev.ie conditions,
vaiious physical depositio!
&ethods logether wi&
iIl1plantation tooh ques ,Io
used in orderto obtaia modified
surfices ot coalilgs \{rhich in
tum improve the coriosion (e.g.
pifiiag), oxi&tion and wear

carbon s&el lesisaaoce in tle
caJe of Cf ioas attack .!ras

shown to be helpful Il].
Tle ove&ll corrosio1l

beiravior ol the coated s:eel
depends not only on the
eleckocie.ical properties of
&e tnetallic coating. h tested
salirc sobtioi, Al coating will
prcGct low ailoy steel because
of its sacrifical behavior-
Nevertheless, galvmic
coarosion betilee.l coafing arrd
subsh"to is actually disa3nouj
for alrrminuat A tLiD deposit of
tiaoi.un before tho deposifion
of aluminu& will reduce the
dissolution oI Al coaring and
enhrnre tk ov€mll aorosion
lrehavior [2].

relistance,
techniques

usa of srcilThe
to
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The qse of metal E rayed
coating sysaerns began in 1977
wlrcn initial tesb were car ed
out on steam valtres. lt quickly
became apparent that metal
sp.ay€d coating s)stems werc
providiog 1o.g protection to the
stesm values and significantly
rrldlcing preservalion
maintenance man lrours. Tbe
$rccess ol these original
appliaatio$ has spawned maDy
more applicatiors on structures
ard eqipmert ia corrosion-

Zinc ard aiuni !1!1 are the
main l}1etals which are spray
coated because of &eii
ihpofarae in galvanic

Fdocrion [3]. Of the many
surface-mqlifi cation techniques
to oller the most adYanteges, ia

is adaptable to a \r.ide .ang€ ot
requirements, relatively
inexpensive, easily co*rolled
and therelore capatrle ol
groducirg repeatable rs$ ts.

Coatings of alurrinum are
frequently used in madne
enriroments. Tlle U.S Navey
usgs aiuminu.n coalings for
co.rosiorl protection of many
sltip comlolents, becalrse these
maledals are anodic to steel i4].

Ihe elecrmche{ic, tests
for galvanize{ and Zn- 55AL
Si coaled steel showed that ali
Ircse coadngs provide cathodi.
lrotection to lhe $bstrate
ll1eaal, &e galvanic potentials

are equal to-1050mv, -
l025mv a -55$V AI-Si
coatirg resp€ciively, lt is
believed that the superior
performarce of the Zn-25 Al
alloy coatirg is due to its
optimal combination of the
uniform crrrosion lesistance
al1d pitting aorrosion rcsistance

t5t.
The aim of this work is t{r

high light the corrosion
behavior of Ca.bon steel
61loys(ST-52) bared a!!d
Aluminum coated assisted
epoxy in conditions resgmbling
those oncountered in ma{ine
ervionrroat using conventional
and potenstiostaaic terhniques
on term of eleclxochemical
polarization and miclosh1lcr re
observatiofs.

2, EXPEXIMtrN?AL WORK
Potentiostatic

polarization techniqle rvas 1lsed

to investigate the conosion
behavior of carbor steel and
coated with Atrminum ia sea

$rxt6. solulion which is
considerable of 3.5% NaCl i6],

2.1 Malerials
2,1., Substrat4

The matedals used are
c.r{ron sleel (ST-52-3-RR).The
chemical compositron t sho\',I.t
in table (l) $1tich is done i.\ dle
specialized l1stitute ol
Engineering In&stries aod
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coinpxred with the coniposiii l
oflhc DIN* llandard.

2.l.2ltctal Co*ting
Mctal coaring used to

rhe srrbstt?re in this slud\ rvas
Alurnirum powdcr snpplied b!
tllH chemicals pool tjngland.

2.1..1 lipoxy
ln ahis stud)'. selection of

thc best polymer ibr sealirrg th.
eoaljng l.ve. (Aluminuft) , is
called pol)-arnid which co0sisls
ol tuo 1\,pe . thr lirst ha(ener
is Epikote 828 and resjn l;l
\rrs used rl. lt .onsists ol
hardener and ljghr r.sin $ith
mir;lg rario of l2:tl ai.e. two
voiume ol Iighi rcsi, alld onc
volu.ne ol hardencr) . the
sccond typc ol polvme^
contains Ll-llrl0l larderer and
fte same previous resirl \rith
r3tio [ 3: lJ . l'ksc rwo !!pes
are rpplied io &e specimen and
examined them to define the
best !ype. The sccond lype rfas
beler due to good adhesion
wilh cotling atid closed thc
coating porositics. Table (2)
shows rhe specificatjon of
epoxy.

2.1.4 Solution
3.5% Na(ll ir.tr was

prepared from amlar NaCl and
distilled wnaff t0 simulate

-:.2 liquif) rcnts rpd apparatus
l. Iilecficai |lrnacc:
'l-he I'umacr: uscd in hea:
treaamenl is l)crotor lrpc $hh
lhe lblloring specillcalion:
Mlrhjrhennss- I 100 .(:.
Frequency 50 llz, Po\,,er l(00
waft, Voltage 220 !olt rn{i
thennocouplc r),pe K.
2 Coaling Thicl-nels
Measuremenl Dl]vice:
l'he (SLII)NER) nodel 79.1()
RlllllN CINW aiERV is
uscd for aoating thickress

:l- Ultrasonic Cle.rrcr:
The cleancr is Ilarrdelin
cicctroni. . Berlin .15 (*cs1
rnad. in W. cen ant) _ It is 0f
ttpe :Nr 1652/ 1E068, vottage
220 V. 0.5 A. llt tcisr 807
i60 . fTZ-}i.. C-92d'?2
:1. Digitll Bkrlce:

th. Blance t!.pe Scallec is
used wirh SB A.+i nax 410 -
d-0.0001 !ln. managernent
systern , certified according to
ISO 9001 , Gernlary.

5. Pote!aiosratic:
l'be polentiostaaic us.d \1as
supplied by' SOI_LA
I'ACCASEI-.

6. (lha Recorderl
The rccorder uscd is of iypc
TII-OC- l0t-EPI,,Z . seriet U2
NO. 51951, Ran8e 125 nA.
l:5 tnA. which nlade in france.

lllis is ol'the rype [PRfi0 -
0.5I-l nede in Franee.
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8. Ameteri
This is of the t le [MVN79]
made in Fral1ce.

2J glectmde P.eparation
The rrofting elec&odes were
prepared by cutting tte alloys
;nto sp€cimens of( 2 cm * I cm
* 0,5 cm ) .The specimens were
alxl€aled at 600 "C on derotor
t}?e ilrnace to release s&esser

[7]. Theq the samples were
moulded A epoxy rcsin such
tlat an area of 2 cm'? vas
exposed to corosion media.
The moulded samples wele
succ€ssively polished using
silicon carbide grit of 100, 200,
400, 600, 800 ard 1000 git
size aad firlal polisiing vas
done using diamond paste in
order to obtain a scratch fre€
mirror firish ,

The eles[odes were
ultrasonically cleaaed with soap
solulior , degreased using
aceione ard thoroughly rinsed
in dis:illed waJer and dded -

An ide tical prooedue was
followed lor all the electrodes
to avoid any experimental error,

2.4 The Ploeedlrl" of Themal
Spr.y

BefoG-6_ermal spray process,
th€ subst ate treatment with
heal is usefitl to get
homogenous and gooil adhesion
as shol,v1r ia (Figure l).

The thermal spray method used
lo coet the ca$on s&el (ST-52),
consists of two cylinde.s
suppli.d by gauge, one for
orryge{ ard the other fur
acotylone coqjection rviih
comp.essor to push the gas
flow rate ratio io be [5:1
]respectively. The pressure gas
miing 5 MPa The gases

mi€d with another and flame
in spray gurq the distance
between the spray gun al1d

subshate about 20 Cm and dle
angle of s?my Bm to sp.ay is
90' [9]. The (SEIDNER) was
r!6ed to measwe the thiokness
of coatfug, the coating
thickness is about 0.03mm, and
the thichress of Aiumiuurtr
coated with epox7 is about
0.04rnm (The epoxy layer is
about 0.01) .Sp€cimens \rerc
given cleaning in an ultasonic
bath for 25 minutes dried
sloied for further expedoental
step3.

2.5 Corrosiotr Raae
Measur€menti
TEo methoals were used

for assessment and evalualioo
of the co(osiotr resistance o{
(St-52) ; im&eNion test and
electrocherdcal metlods as

follow :
2.5.1 lmmerfion Tbst Method
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Specimens of(1 x2x0.5
cm) ia dimenstiots were used .

Tkse speci&ons were abraded
vilh differetrt grades of erlery
paper by lsing 220 , 320 , 400 ,
600 , 8r0 aid i000 grades
su.cessfi ly. Afte. being
washed with rurnitg tap watea
followed by distilled water ,
dried , degre3sed by rashrng
them in acetotre , dried with a
ciean tiisue ard they kepi in
adesicator over silic€ gel bed
sr{il the tiltre Ir use .

For ile weight loss
measurerrcnts , the carbon
sleel alloy a1td carbon steel
alloy coating with 0.03mm
Alumio.m, coating \lritlt
alurnialrm arld epoxy we.e
completely inlnrersed ir 100
cm3 of 3.5olo wt NaCl soluaion
at 25 "C in a codical flask [10] .
They were exposed for perigds
of 5,10 , 15 and 20 days to
corao$on media, then the
weight loss r,,/as detormined.
This selecticn of immersion
times beoause thete is no
\reight lo$ appeared during a
period ofless than 5 daF.

2.5.2 OpeD Cicuit
M€asurement
Tbe iee corfo6ion

potentials for all tested w€Ie
dcter*ined by .ecording tle
potential of the specimen wi&
reiprci to SCi {i1h tiln. using
tl€ digital voltm€ter. E"* lal e

was automatically .ecorded
wilh varia:|le vai e. tili ir
reacies e steady sf,dte vallre.
This steady state value can be
co sidered the actral * it
this ervionmed.

2.5,3 Potentio|t.tic
Polaiization Method

Polarizatio{ was carried
out using potefltostatic. The
potertiostatic was conneclgd to
voltrneter and a meter to read
tbe current dellsity.

The constant poterfial caa
be applied by the poaediostatic,
while the charge in cunent
density vheIl usinS the
pleseiecied potentir, can be
recorded autornatically with
lime usiry the sarne rccorder
and rhe same ci.clrit diagaams
as shown in figrle (2) whioh
sho\{ electxical connection
circuit diagram.

Carbol steel specimens
ulcoatod ard coated with
aluminu& a.e polarized at the
applied potentials ir the
cafhodic and anodic regions.
The applied potentials ee
selected with the help of
cor.osion potential obtai{ed in
open circuit tert and with swe€p
€t was 20 mv/min.

3. Results a.d Discussion
The corrosion behavior of

carbon $eel alloy (ST-52) and
catlroit i;!el coated witl
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rluninum in 3.j91, \acl
rolirii.n .t li''C hav! been
jnlcstiqalcd by l'eiqht loss and
pa;lariznlion tachniques io
dclennina thc corosion
behavior ol coated la\..r thi.l
h.s becn obtaineJ.

-1.1 $:oight l,ors
\Ieas!arrretrts:

lab,a (i) Sunnn:u'iz.s 4 ruJrs

ol .olTosion rnlc (nldd) of
ca.hon steel alloy rnd ctrbon
51e!l alloy coatcd rith
,\lu,.iir!m at 25 '(1.
Lxpad,nents $ere made ir1

sratio|laq, sohtlion al diiTerent
tirncs of iffnc]Tion I i-r- 5,:0
dit-vsl. Tlre corosion ralcs aae

rppli.d usillg the tilllo(ing
relaiion.

(. .!iii rit. lmg / {lN 
2 il I =

r'. (.r,-e 
",, ""isrn ) -_

i.iac! ir.! (d..r _ 
)r rim. 1.1.: )

(l)
the resLrhs oblained as

corrosiofl ratc (nldd) versus
tim. ere sho{n ir igures
(3iand l,t).Figurc (3) sho\\'s
that lhe corrosion rale 0f
un.!rat!.I specirnlns glrnlrall),
is tirn. irrdrfird..t durin! ihe
p.riods irp lo l-l dals, rhi:r: r'r_..

corrosirn lalc decrcNs.t n:rll
liin. . Tlre decrris. ir 1rr.r:,r
rale ii thL' iatcr 1ir1lc !irr ijl
all.ibuaed io the appe.uancc ,rf
$e deposjlion on the surtirc.

whiclr is ]!mo\'ed during
vrshilrg thc sp.cimers-

lis re (.{) indicalcs rhar
tha cor(sion rala of coatcd
specimer \r ith aluminu$ onh
dccrcas.s ir;lialh then alid lfl
dars is til]le ;1d.pcndonl.

Fi!:ur. (5) ilhst.ates ihe
general miarostrrclllle of
carbon ste€l cllo! spaci,nen
alie. irnnrersion rcsr *aich is
aimilar lo the nricrost(lature of
tire specimcn \rithout
imlnersion. 'lhis indicate: thar
thc rxpostd specim.n su ice
did not show anv coffosion
morphoiogies l\'hich ray bc
due lo rlnilirn! corrosion xnd
also rcmovad corrosion
dep.rsilioni durine washins drg

Figll.e {6) shor'\ opti.al
rnicrograph ior surlao!
morphology ()i coalcd
specimens !!ith ahrminur. this
figure indicalcs su.face de1lcts
such as roughncss, deposilerl
d.oplets durirg drerrnal spral
p.ocess alrd nlaillly po.osity,
emcks and selalches.

The a,rninum ooalcd
spceimens are also scrled bJ
epoxy which don'l shorv .ny
losscs ol \reiglri. Ihis indicares
i.,:. .. rcsi:rs .ioied anl

,r,i ii :ii t:tar.i'lrl
... .. . ,,: ... ,,i. . .r,r;. :.,1

I ria conos(in rate
lrcasurcl}lerlts (Iablg .l) reveal
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Iower coarosirr raie lalurs iin-
!'rrfu,r str'.i soaled r iili
nliri,,iii!:n r.Erparcd n'irll
r:rcl r!._,r :ii!i.Ire, j. lhi.
;rliutes an irir;;r,l errr:nr irr
cll,, 'sior te\i-it:txa! dLre lo
aoatirl nilir:tl::t:rnm . Frgure
(7) shcls tho eilicienc]
itr;-.rovcr',ren!: in corrosior rare
i1l]i !o coatine *itl aluririnum
\hi.h is delln.d from the
i llru;r, i rcld;0n l

: ,.i(': 'ir 'i ii , I i,(!!h iie!.

ll Rlljnrlat nl) (lRl (.r1.d,

C R 1i.in,r.dl

3.Lp![q!1ij{itti! ]]o-li{i.x!.ior]
!&4it l! qr!!L!

-1.:.1 O|(n Cir.ufu I'0renlial
\l0rsuf|manls:

l'he vxriation ol tltc open
cirujt porential (OCp) of
carbon stecl allo]. iSr5t,3RR)
*ith t;lne ofil.Iriers;on in:.59i)
NaCi solLttion al 25 "C a,rd
carbo. sreel a:loy coated virh
alumirlum ha-r been studi.d. as
sho\\,n irl iigu.es (8) and l9).
The potential ljt:as measured
everjr onc nrinule i'or tlte tirst
len milrtes . then 5 fiinutes tb-
the remaining time . The
polentiai senerally changed
ftom an hi.ial Ugh ncgiltivc
value -46rmv (SCE) !o amore
ncgaliv!. 635&V (SCE): 2mV
$.ilhin aboli 20 minute and

tlcn potortial r.ntain.d subl.
et liris vllue , -615 rn\'(SCE).
ior aboul th;ee hours as sholr
in iigore (E.i.

l! ligLrre (9). lhc potential
also l\as llreasurcd elcrv ona
minLtle lbr t1)e lirs! i.n ninutes,
llcn 5 rnil1utes ,br the
refiaining time . The pot.nti.l
qen.rallv chenged liom an
irili.l ligh negalire ralue ,
6l2nlv iSCh) lo a lnore
negmire 7:imV (SCH)- 2:nV
lr'ifi;n aboui :0 1i,rtc and
thcr. poicntirl remain.d stablc
at this !aloe , -123 rn\ (Scti.l,
ii;r rbout tlrler: holrrs. l'his
indicirtes a slight polential
llucluariou arcun(l rhis !alne ("
72-llllV) Corrosion produ!ls
..r. dcrosired on lhc surillc..
TLey rvere rorno\'ed iiom the
slnlace b) !,r'ashing thc
specinlen drring oplicil
nl icroscopc obscrv-.a1 j o n.

Thc reason for ihis
vlrrialio]r \rith iime depen{is aod
is alfected by nran! prranreters
(i.e., ,nal.rial pr tr surlace
lre{lnranl. oxvg.n cort.tit. etc).
('orrosior producls arc also
relealed on ihe suaiate.

l-he opcn circuit potential
depends on tilc presencc {)1'

oxyget :rnd clroridc ions. hrlt
nol 1o a greal cxtent on tlr
cilnccntralion fl ll.

3.2.1 Itlectrochemic.ll
]leasuromenls:
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'T}e clecirochemicai
blrhavior of carbon sleel.
allmirum alld alunrinunr
coaled steel we.e snrdied in
NaCl solution. Icst spccimens
\rere pola.iz,ed i.o -1000 mV
rF lo 200 mV al srveep rate of
20 mV rmin.

-Ihe p0tenaial log cuhent
deirsity plots oblained tot
polIrrizalion dillercnr specinens
ol rncoaaecl , eoated carbon
lreel and ,lr.rinLtm :l 5% Nr('l
solution arc shown in tigure
(l0i (ll) and (13) lhe
general shrpe is rhe sxme il] all
cases although dilIlrerces
crist is thc same in the lalrras
ol the oonosion potential and
colIosion currcnt dcnsit-\ as

shown in table (1)
Examination of the plots and
using talel exlrapolalion
ntcrhod I()r obtaining amired
potcntial thcory principlc [ ],+1.

I lre co.rcsion polenlial lir
three polariTatior cuI1es are

!.ry close to the open.i.cLrit
pornlial aiier almost three
lrours ,

Sherif and Narayan ll3l
har. suggetled ir lheir study
thal fie olen circuil potenlial ol
ahminum like lhose of olher
corrcding xetals , is a rnixed
potential .

Eqriiibrium that controls this
mixed pot niial inciMes:
l. Cathodi. Reactions:

(a) Reduclion ot dissolved
oxygen
(i) O:r2Hr0..1e +4OH

(3)
(ii) Rcdu.lion oaH- ioas:
2Lr-2e +HrI (4)

The reductio! of
dissoh'ed ox)'gen tray be
occurred duing rhe later
immersion period which
i.dicaled 3 deposition. This
deposition rnal'be leo oH ll,1l
- lrhich gave ru-sled cololn k)
llre solution . Whilc h-vdrogen
reduclion occur.cd du.ing all
polarizalion of unaoaaed

specimen is:
l.+l.'r2. {5)

Tlris i:_on ions ar!
combined the hydro\]"I ions n)
gi\e lhe rusl deposition as

The anodic reaction l-or

aluminum and cxrbon sleei
coated \\'ith alminrnn are as
f-ollow lsl :

a.Al -Af i3e (6)
b. Al +30tl-e Ai(Otl)Jf3 e-

{7)
c. Al+3Cl-e AICL - 3 e'

{8)
d.2Al lli:o- A.lroi : 6 H'
+3e {e)

The lornratior: oI
alumi un o\ide fil indi,rales
rire..dri..d in corroiion .rnenr
dens;rl- as shown in rable (:1).

i:rom corosion curenl
dersity obtaiaed in labte (,1). an

impaovement in coarosion

ll6
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crnent dcmitv was foond to be
98.33% for coafed specimms-
This efticicncy improyemeni
was calcnlated fiom lhe
lbllo!ving equationi
[flicienc_v hpror€nie" i in

nrcurrenr dens;ly (c.D) =

c.D{uncoded) C.D{coatcd+ Ylnn
C.l)iuncoaled )

(10)
The naturc composition

of certor slcels is a limited
allov contena , mfortnnalcl) ,
these levels oa addirio, do
gelcrall, producc an)
r'eBarkable change ir geneml
corosioll behar,ior. 'the
possible exc.ption to thc abo\,e
slalemefi would be weathering
steel. ia small addition of
copper , clromium . nickel and
plosphorus lroducc signiflcan
rcduclion in corosio[ mle in
ce{xin e.\'ironnents l16l. Tlis
staten]ent agrecs with carbon
srceL analysis sholvn in lable 11)
whictr indicatcs the
disappearalce of the abo!e
elcmcnts and thi] corrosion rate
ofcarbon slcel in :1.59/" NaCl is
reialively high. ihe ca.bon
sleel specimens indictaes fi.
presencc of pits as tlack spots
as shoun in figure (l3l).

l'he aluminutn coating ihal
is formed is nol homogenous
and $picall,v- conlai.s a certain
delree olporosit), a,d also $,ill
conlain elurninom oxide.

Thereibre, lhe corted specirncn
jllnstrate pitt;ng co.rosion on
the su.face as shown in aigure
( 1,1).

Cllcarlv. altlllinum and
carbon steel coated $ith
aluminum also sailler lrom
pilling co.rosion much less thas
carbon sleel as shown jn figurcs
(13) rnd (la) lhe U.S navy are
lrequently used alurrinurn
coalirgs lor coraosioll
proleclion of nrany shi,
sornponenls Ll7l.

Iironl drese tests, it is
concluded thal Al- protelts
carbon sleel in NaCl lrom
lirting corrosion bu1 the ,{l-
dissoldion mte is aclrLlrlly
inrpo(ant, essenaally due lo 1,rc
effect of gal','anic co:Tosion
wilh carbon sleel, *hich is dre
lo coatinp delecrs as shorn in
figurc (7).

Picing eorrosir.r in carbon
sleel coated u.ith aluminunr is
duc b th! coalilg del'tcls such
as porosil-Y. This corrosion
problen1 is n galvanic conosion
lyp. al lhc inleri'rcc belqeen
carbon steei and aluminum
co.rted. fhe pilling densir)
whieb appc'rrcd in carbon sreel
coaicd \irh nlumirun is much
less lban carbon steel
specimens ns show! in tgure
(13 a,rd I,l). This indicates fia1
carbon steel coaaed \yith
aluminum has improtecL
colrosion resistance- flis
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inprovcs the resistancc oi
marino environmcnts,

(iq!!!lt\i!l:lr
From the resulls obtained

in lhc prescnt \\,ork tte
lollo$in! conclu-sions can be

Corrcsior mtc lest specjmcrs Llf
crrbon -rlccl im'nersed in sea
wale. is much higher than that
ol' speci rcns coatcd \\.ith
aiumintun. An lntlro|ctrrena
.l1i!ienc'} range of 86-91.59,; is
ohtaircd during dre inullcrsion
p.'riods of5-10 davs.
l- Ihe co(osion polcnlial
lbr uncoelcd specjmens is
hlgher dran thal ol coeted
sp!-ci cns $,hich ind,satcs ihat
aluminurl coals sed as
sacrilil:jial anode lo prolecl the
allol'.
l- Airurinum coaling
scalcd h! epo\y coal closes the
porosit! rhjch occurred during
thcflral spmy method .This also
improlcs tbr conosi(nr
rcsisleire 1r11hc saabon sLeel.

3- Llorrosion currant
densll_v_ 1br cxrkx stecl coaled
$i1h aluminum is much less
than that tar carbon steel which
indicates an irlrprovemenr in
conosion rcsislance. An
imlrovemcnt el'fi.ienrv i.
corrosion olm.nt den3jly is
lorxrd to be 98 li%
4- The littjru de.sit]
appean nore clearl\ in carbon

stccl sllol rhan carbon steel
coated \|ith aluminunl.
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Chemical of Crrl)rn Strri !';n i:',i.i.
Eiement Specirlized lostitule of ntn .r",o,,.,;

Engioecring Inalustries l

C% 0.198

si9; 0.4$s
0.010.1 0.{r:

s% 0.026: 0.05
cf/,
t{no./o 1.2r :1.50
t.!l%
IcTi

l'able (2) Shows the o1

&gpsltv Test Metlod Valuc
Lpoxv grouo content sMS2026 515U5,19{l n.mol. /kq
llpoxl molar mass 182-l9,{ s tnlolc
Viscosit) ar:J "C ASTI,T D445 9-i4 pa.s
Color ASTMD 1544 J mix. Cardner Scaie
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Inble (3) Weight lo$ and colr0sion rale msasnremflh for
carbon stel ,lloy rnd Crrbon sleel alloy roated with alllmirum in

3.5% N.CL

'lime

lDaF)
Weiglt

loss (mg)

c&rbor

s0ei illo"r

weight loss

(ng)Carbon

shel &lloy

coaled with
alilminrrm

C{rnosion

Rare (nrdd)

rllor
uxcoeled

Corm$ion

Rate (mdd)

Carb0n slccl

allov coated

\rith

nluminrn

Eiiciencr_
ol

colrosion

rale 9/c

1.225 0.999 ?01i11 I 8il 86.2

i0 14.125 1.1999 20.?85 1.114 ,1.5

15 2r.41 1.799 20.01 l.7ll 91.5

:0 :1.51 2.39 17.529 1.707 s00

1!hlt (4, Reiults ohtrined from €leclrochemicrl lr\1..

Mat ial stunple E.*(Mvl 1,." i,{lcm'J

Carbon steel -635 6Xt0'

Pule Alminum ,7t 9 7X10.',

Al-eoaled oarbon $eel rx10'
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figure (t) \pical Comlrastior ?oiryder cun.

figure (2) El€ctrierl Circuit Coll{ection.
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:20

"tt L*
rme{dav)

igrte (3) ileli3sem i ihe .o.rlsion ratr wilh linr lir !iA!r it el (SI.s:i

a

,e

3

;5

2

1_5

Timo 1dar.

ngure i4) Represents lhe corrosior .ate wlth ri.: i.i. .arbon steel
(ST-52) corted with aluminum.
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Figrire (, Mir.osf.rctBre of carbon steel alloy efsied witt 5
per.ent nitri. acid in alco[ol.
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:

,!ie ldayl

Ague Ol BF€.ar* ts &lrtbr bstrs.n €ffdrEyddline.

Q

Figure {8) Represen'3 fre€ corosion p.terltlol ot carbon

steel alloy (ST-52-3RR),
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Figur€ (9) Represents free corosio[ potenfal of
ca*on ltoel coated dth lluminufi ,

cZdEi *

logi(A"/cr2)
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fig!r. {l{l) I'olxriz:rtioo rrrtr 0fcxrbon iteei h \rclsoluliof rr

)
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\

tog I (,\lcnt- )

7t

.l

t::]

.,.]

::::L

Uir.

Figu.e (I1) Polarizrtion ctrrve ofalrminun id N'CI solutior at
25'C.
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Flgqre (12) Folarlzatiotr .!rye of slrrnlnrm coated in

Figure (13) &epreselrts ,he c.rbotr steel alloy,ho\nlDg
pltting corrosiotr (200X).

Iigure (r4) Reprere.rts cart on steel alloy coated with
aluminuln with pitting corrosion.(200x).

NaCI solutiotr at 25 oc.
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