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Th. aiD, or this sork is lo nnprov.lhs co:blion ftNirilnccortl[ *eel pipeli.e
slr.durd ulilizinq cun.Ere cr.lin8 by usi,,g Ihc {thodic prot(tiod
tc.h.iquc. ri d.'k wilh lhe Dsnerofic.l (ru{tu.es upon !h.surue} p.rlodn
€lcctr..neDical dorm{nl ptnad b.c.usr Df the .ollinuou. olhodic
prevenlalion lnd .he acrir.tid corrusion up"n i c.ruplion p.riod or rhis
s{h.dic Dr.vctrixrion rnd trstnr€nt rhk e3. of corosion by usine lhe
cdhodic protcri0n rechniqu.. Tb.initiil rrce corm:iotr tDtentirl (8."J unoh
inlernrittendy ntr.nah and corroeion nrc mcatrreDcnl ollh! spedn,cns by
using full polarizariDn cu'ae (Tifcl mcrhod) hqs bee! ohered,Tht r.quired
level of prolcdon pr.n.irl i1 lchieled by trsine po!.sdo$dc ..n.rollod

Thc resulh tndicile .ftar ths montur. pro8rdsiy. $ithin .rch specimen ht!
rruduc.d diff.rcd pDrenii'b ,long Ihe s&.lpir., Crclrer l,ol.riDridn br!
heei ,scietd th rh. submerecd parl ofihe sl,ecin,cn vher ih. sncrpr€
collirg resis.rn.. is dt lrinimtrD. 'whcmrs rhe dlgre. df polrriution is
direrlv pr rDrfi6nd *nh $r lerd 0{ erternal voliage, Tbc r.sult clc.rl!
indi.,i.d ihri 6 achi$e efficieni dsign of ! €thodic proterion, ihe
prcrlcr.d 3m, shou bc dividcd inro dismtc elecfo.heni.ol lrsas. th6c
.r.!s arc dep.ndids on rhc .letl.ital .sirhie aod srel pot rirl vhich
I'rdvlnt .h. ovrLproi.ction in rhe IoR ol.cticd ftsi$lnc. .E,s }h.n
aDpltnrg lhe deri*iiig $iteia on lhe high oledrh,l re!nhn.. rr..s,
fnrhcrrorc. dr ft. absolun v.lut of prcieclior
Il.tenriil does nor ad.qnrhll t! desrib. rhe rl€ctochemical .h,ngd
trndcrson. b the $la.Dxd .rarql steclpip!. The nriant ofipotnrirlmlu€
(f,rr) dols .or rrorid. qn liialire in rorm ali6ns lbout the sde o f co rror io n.
Tlre h..nnnish of rh( pouriarion behrvlo.ofsl.elDipe slrucrlr. itr 

'qusorss.lotiotr ir i ftudanrni.l dilIerenr be.ule of rho higl rgkiame olconcretc
corti,is n rhc rlk3li cnvimD cn( in *hi.h bc.om.s rh. dominrnc. f.cloroD
rh€ pol nririor r( s, Al$, rhe rNults ihdic...d thrt lht Elarionsbip
b€!w..n ihe (eelripe p"ienriat a.d ,lorvi ng cu nol cslcul.tsd lhe elc.tlcal
rcsisirncsof(onrEr. dodi,g b dr.hel] lnporrin.lE rc.ountofrhe slfeci of

pulsion ihe corrosion Droce$es.



iirjlBr trrsr 4.!.! .lr]."ri rilLrrs drs d Qvrti \..,Jl, ,lsL sl' lA-!

+-tu3 ,!ri +L"r ltrri :+tir Jtr4 +rrr &u! Lr'i,. $li ol :E r' J+
.+!1 llrlir ir o.rI ol a+ - Ll, c.: rtl , l,!J!lj Ll-!l !6 .li*rr
i-i!s! iJ.l*{r ,.i:}!, ir.illr qs ,rrl.r. rJar &- aF Lsn LU- irtJrr
1!-i, ,!r Ji:r! ir- i:n- i,ij- r i1td ri 'ari i, .u. J.lr J3ir! Jra
ir.Jn- irii,i oji ut, (8,.,") rr-i Uur iar,+r, Dll l]. sl.lr !rr3r' i+-r

' (r el i.ih!d) el3, ir5-r1 sr.- lii& El'-"! Ugn d! 4ji" r
d-lc .ili!. !j !i, {+ ars u,l u! eru.;tt oi}rtt e,ttl L:r I CE} Erul

Jr-r+.Jp.t-, ,j!!jl,l ('j sr, drrtr 9.!.u 1, .tlj -.*'rr :i5 J,. &l
d!--ri gl 9!a:.-y a. ijA aA. u Ji! ii{sjIlr rrri:I ar! lir! o.rll'
,rl C,1r$ 

qJ*j L! , !r-$ qa"t-i {rj y +llrti lir'!:} $+r .iirn

!rl) 'L+1 ti:!t L-{i,!.. Jl}.} Uli) P..1, tllir li_r 
'e4l{ 

iit_ ,jdtj !l
3!.$rj.! ; a+..i !,1&- C.r {&l +$ iij *-r arr a$ LJr'.!
i4r.jl grj dllj.I !-& !+-.-jr )!lJ-l! &!i s 4l!!lr iirrrsl Lr6'rl

-. J.il*i 4i+ a! u$ L-J!+rr$ lliil} i,+ Ol lar 43 .iril.lj rr,!.Ja!l1

r--+ a/ E. $-r {+ {.! ri LI r JJ $.! rrr..! dEq t grrt! -. }rl
. 8i:r ir- rr. irr 4rt- vLr r Jqrl rl (E @) eI.! {c lliri

\f' lrJ.$ !,e rr}-. <,li .rAril +*!r &aj -r.r8-)r ,J.rI ni eIiI n*51 Ii
CiJ J* .rertll !+ilr vrrsii rrJ.u lxiJl LrEA t9 r$"Jl dllrJl ;
errl rar a,* iilr iJi ul d.,n tur.) Jl3 -:Ai-11 url- dlt aJ4a.n J.!r
j l+ .a- e^ q+-*.rn '$! iA 9-d ci l-.! Jir t. eu'! al,r&

. Jr!:i ,{rr, {-!, J d# d &.-r }tr +!



^{aEriloidcsoldmlb'ii3

a

CP Cdhodic P'orerion
CPS Crhodic PDMion SBrcm.
CPP C.rhod;c Pderrio! Prircirl..

SACP Sd.ifici,l Anod. cdh.dic Prder,.i
ICCP lmnftsed Cuftnr Cr$odic PD&dion.

E*, tumsion Polariil.
tsn &uitihriuhPor..ial.E, Anndh Poh i.l.
E Cd$odic Poiedi,l.

Lr,. PBrecrionPentiat,qor lns.nr oli Por ii.l.
E hniaiCmcisPor..ri!|.
E, Acrul Cotusion Por.iiiil ar rin. (r)

,. Anodic curcnr D.nriry
iea Applied Cumnr Denrg.
i. Cllhodiccum Dcnsiry.
i- (nGid Clm Dcnsi',.
iE PDhton Cumnr.

VaD tixt rtul Applied Vulragc,
R Coali',x ResisraD*
R. El4hlyrDR.rinoioc
R! PolaizrrioR.siuncc.

CSE Copr.r/Copp€. Sulpld. Etehde.

ADI Ten spcci msNo I

AD2 Trn Spe.im.ns No.z
ADI Tcsl Spcci,fttrs No.l

Comsion n.v b. d.fired s .
.l*hchefti..l Mcrion ot. m.tat ii
th. suiioundi,,s etrvi'otrhenr in Nhich
rhc fred nssrf is i reacunl and i
oxidj2.d 0o$ ol ellc(rcn) ro a higtEr
{l.nc, *r.. shiG( lhe dhcr
Elcrsr !, ddon reerror, in d*
blurion is reduc.d ro. loser ul.n.t,

iaie Tltis Nrcrion 6nhs in Ih.
Im.lion of co'npoDnds rh.t rE
rclcaed to.s cotrosioi pruducB rnd
iftrlloscd r m lo Droduce will rcs h
in rhe dele.iomrion ol Ih. m.dlic
crtrlluciion or co'npotrenr 6f rh.
IfrUic nGluB. Usu.ll, mo{
he&|, rc b6ioll, usble 'nl n.rc
r tnd.ncy in Mr .rrnotro.nr5 ro



revsn bicl to thcn noE $ble st &
[L], ric plirciprl hedDds ror
Pr.vsnlins comsion oi rhe {!el

Co iffs om.lly n. iilended to
lbnn a continuo!! lilh of !tr
.l.slricilly insularing m eriol over
tlt m@llic erf*. lo b. pobrcd
Th. audi6 of seb . ding n b
isr.r. rhe tul ,iDn di@r ct).@
*nh th. sutro ndiiS dErol}t and
ro inte.pose s'ch i hish sler.!l
Esht3n.e in rhe anodFcarhode
cirun. so fiar lh.L *ill h. N,
rigtrific t .olffiio crftni flowng
frcn dE od. ro th. qdFd..

ln$ked joi.6 arc o*d io brc.k
lhc mltollic cl.cvi..l conn.criol
berseen anodc M<t 4rhode b,
Prcvcnring ihg now of curcnr
bctq.m rhe No clccradcs. rnsuld.d
joints c.n b. u*d .i th. jundion .r
No disimil, Der.ls bor obYio6ly

of l.c,lizd cotrdlion c.ll id rh.
sufr.. ofilE sruclLrto l2l

C4hodi. prot crion (CP) could b.
dcfin.d s the u* oi diur .Lcricll
.!M. fhm f exi.rol sure 6
orpoe rh. di*h.r8. of cmsion
cDMt arom anodic ar.rs I3l.

NACE Staodrd RP 0l 69.
Rccorlmen'led Prdclicc for Cdnosion(ontrol on U d.rgroutrd o.
Submce.d Merallid Piping Syn m!.
&fin.s cadrdac pErerion .s .
r6lniqu. ftr pr* anB lh. mion
of { hebllic strrfacc. ahis is done by

'nrkinS 
dmr surfaco ! .elhode in 0n

cleorochentical c.ll. It is obviou! ii
rh. .nrire ,e, ol N cxposcd m*l
lurLc. could br md. ro @ller
cuftnl it lfild mr c.rnn. hd"rr.
d. enriE srrfac. vould b. Erhodic

A@6Iff.soliffitr6il!

Tlri is wial c.thodic prctetioi d@s,
Direor cumnl k lorccd lo flow aon a
some exlcmrl b tne o.rlllic
shce onb r,l sudaces of !h.
mehllic nocorc wh.n dc.uft nr is
pt.nnly idjur.d, i. wiil d.rM.
rhc comsio! curonr flo*in3 lrcm $.
sructore aid rhcre will be a ior
ft now onro rlE lrrucnr. surlacc
lll poiits [4]. td c!eD- structurc.

$qe h a sp..id.lthodic pmtarid
slscm d.p.ndar on rh. typ. ol rhe
srucruE. BBically, rh@ @ rlo
qpes of ipD lyirg ..rhod ic prorcdion
slnon* to . frdallic $dctums!

I Grlvrii. orSacrificial Aiod.s
(srifichl arc& CP Mdhad).

2-Rd1ia,s GM.dbeds (lDorc$d
Curcnr CP Mdhn). CuMr
dhtibuiio in .arhodi. proEnon
synsms h dependcnt o. seveGl
tacto6. rhe hon inp.tunt facbN oi
trlrich aE driri0gporentiol,aDodcand
.ilhod. gM.r.r. lpcin! bcNen
inod. md dihod. ..d rh.
&du.riviq of lne lqDsus
ro\ndnh. whkn r riv.r.hl.
rolvards good dhtibuli.n ol cM.nt.
The comsior engineer h$ *ide
clnrol over rh. geomdry of 

'hedode.0d th. driving p.@&l oaric
sytu, bul hc ir siouJy linicn
piih rcsFc! h rh. sp.cing benv..!
nrc .node Md fte c{t]Fde li,6l.

2. Carhodlc Pbr.crion Prlrclple

ri$sina rh. Pobrill bclow rhc
equilibrium Frcnri.l (Eq) giu by
Nc.xl equdion. the m.el condilion
m.v.s itu, a ene of imnunity, lh.
rtBion *here clecirochemicdl !(ack,
cannot o.cur Froh fi8uE (l), l?.31
undc. nely comding mnditios. ih.
spcimd l.s ! mir.d m@sion
porenrirl (E) .id h ctrhdin8 .r . Er.



.qlivrlfti ro (id). ln c,ttodi.
@6rion 'n 

.x.emrl cum. (i,) ir
>applid ro rhc c.noding m.ul by.n
au\iliir.v.dl., so d,ai $. pdctrhl
ol fie sreim.tr is lo*.ad r. ([j)
Thd ih. spsim.n rill 6. panlt
prohr€d, siEe rh. corosion rale \ ill
have 6€en rtduced lrcD (i!ioi) ro
(i.-). If rhe cxrenilly spplied
curent h imc.scd ro (i:).30rh.ln'e
poren(iar is lo*.rcd ro (tr, rh.
rcvcBiblc pot nrial Df the {noilic
react'on. aiodiu dhsoLurion will be
$opped As a r:uh. rherc i! no ner

Esenially. rhe whdlc su sc. or
tlt objcd is rhei pbvidinssil.s oi y
for cdhodic @!ion. vhi$ rvill b.
oxygen Edudiotr, hldrog.n ioi
rcdu$iotr or both. Thc brlarcinr
eodic rcadion ecuE in . con&cul
ancdc. Ttis k thc hrsis of {rhodn

3. S.crifi.irr 
^.od€ 

cdnali.

The SACP n designed upm rhe

(.) The surfrr oEd of rdl\ori
slbmdged in rh. sa drnen/bu.i.d n)
!h. botun, i crlcul'r.d iid rr
cu .nr tor CP kesrin,ar.d
(b) Tlt 1or! r,. ghr ol srcril-Loirl
anode norerldL t.uired 1o pr.r d.
d1h i{e$ary cum l.. th. Eq!tr.d
dc!i3n !ife G calc!Lated .n rli! l!8ir
of the smpeElrtrrkildgrdm uspaciry
dlthe cl,oqtr mdnal Glumin n.
zinc ard nagtresiun rlloyr arc

(c) Ihe dhriburion olthis ul.trl .d
\!.ight of rndder s .hcn a!*s*'1, 14
carcuhriig rhc abilirv ofrmdas of,
giwn anod. p.c irl ro irlno{iL
c@ fd...nrindisci@ ilgivsr

&u*3 drd. sdtrimr t! sits

(d) Th. finrl clEc*, slich roy Esulr
o&in.n non O) md (c). ir b
dimi. rhe curenr reqridd of
$c nMue dnrin8 el@Ld pe.iods
ol'rh. dcsign lift, e.C. inirially uhd
fi..uftnr lo, pollrisinB m u@'red
snrctun *ill b. ,r m.\imm. or
duing ihc fiml lsr ol the desien
rh.n rh. adodes rill be largely
dontum.d and tuve tn.n minihub
clt)€bilily ro produce cu e [9.10i
Figuft (1) sho*s e.el pip.line
brucelct ziic .iodes bein8 frt d pior
to thc applicalio. of rhe concr.r.
bdsed weighr codt to th.pipcline.

t, lnpF$€d Curre.t C hodic

I hc d.signoflCCP for in ofishorc
stc.l slrucluEs lolloNs a sinilar
pancm bfin indicated f$sacrifici.l

(r) Tn surfe ae ol Gl*ork
lqtnin8 pocdid n olohr€d 

'ndirs cuftnr d.rond ftr drhodic

(h) -fl. $ldion of tne ,.ode
sd.ri^l ro b! .mploy.d. tfic .mha
ol lnodot .nd rh.n diskibution wr
or in Elaaon b the srucrm and fie
fin0l allos.n.. olcunent den.ir, lre

k) tl.viis deremined rhe !nod.
toqun{menb ind locarions then,
$l..lioi of Ih. poler soute and
Esred .abcs bern*n n aid rhe
nn&rurc lnd n ond tne ano&s e

Th. polver soure will ge.edlly
hc. tansromer EctiFer (,Ia), rh.
lutrction of whioh is ro proli,le
rcb cly low rc1b8c k dner curcnr
ro frN fbm rh. modes inb $.
.c$sr$ and onro rhe sructore. Thc
hnsaoms+clificr pow sue
m,y bc n.nu.llt d .uromric.lly
cmrhll.d. ltr rhc l:8 oa 'Mr'lly



conttullL{. equipmmr malurd'.nts
orn.el/qr L€r.r pok al. m hrd.
or inlcrrh ind lte curenr ourpur

lss rhc hnsfomE.r.dirc.
trnu.lly sdjmtgd bY rap chang.

,wi1chcs. or sinlilar. in odcr t

'n.inlsin 
or achieve lhe Equn.d

c(ondcohlo!,s'desl*

a, PEprnlim of Cotr.ftL

Th. hixing ptuPoniors bY $.i8hr
of c. enq liG a.d cd& aggx.8 .s
!'. lr2:4 The ingredi.nr ProPonions
6rc kepl .oNu $Eueho'[ lh.
.xnc nnol lork TIE em.nt
cootenr h l5o kg/mr, warq I ccm.n(
r.rio (w.) h 0.6 for &rl ihe sp.cii.ns

An .ldEic Dan mixcr hrs ben
us.d io mir ]acrca ingrcii.nt.
Coie,qmoesFS& d*mor.E
fi6l f.d i oin misddnii.din3
dry sk for ,Prbiimlt.lY rm
n,nuks Havins obEin.d a

lo'ios.ndu5 mi\ gErt.t nrn ol$c
d6L!;ed mouoL ol M'.r R .ddcd,
rh. Enrintr'g smsLl ! ount E
s hh.Ld unti 6u11r$($menr 6ide
ar lo th. required lmouni ol tolq ro

ichiers the rcquncd work$ililv.

Th. hn spe.imens m n.qP'Pes
\rln cncde @t.sof dimaiion{9
\ l0 x 60) cm. Thc bN 6'r .nod. is

e.ur.d in lne qrf@ oflh. socciNn
DsBllcl @ lne neelp'P.. rl\ dkote
h.M€i the bBs b,r(uodo a^d th.
nccpipe (cdhodcr E 15 mm I'i8uE
tl) shoqs rh rhe rcn sP.qmcn
dukih u*d 'lhc specin.trs .rc

Dtnially exposed to 3 5 % lh.sddirff
chlodde a4ueous soltrrion

l. Ptuiiubc sYn.m D?.

2. DigiEl muliM.r OTe DT-8IO

1. Ref.rcG .letode, A69C.r
/coppcr sdlphak elerod. (CsE),

Auron.thrlly cortmll.d, o!
poMion.dc. cquipm.!1 uilia
.onrin@r me,sumenh of 5..1/*!
uo P.{.ntatls fm P.ffin. lt.

irbllai EfeEn.e datuls .nd
.mplify lhcs. sigrtts ro ehi.v.
.onlinuons ldrrol lnhin !+*t

D.uih of rh. mareriah us.d.re ar

l.CariFn Sierl PiPe. (13 nm

]Sd$ allo, Bs. (l mtn nitd.r \

Thc cfi.Bic.l cmposn,ons e
.E*nr.d in bhr. a) a (l). Th.
;nrly,n is done in rhe 6tEl d.Yice
ior isndadialion and the quilitY

for $e concrcre coaring rorl, rh.
h{lcills us.d aE as lollowl
l.C.rn.trt. Ordinary Ponldnd c.menl
pEduccd st A lkuh cedcit fodor!.
z,^!gtgir. N.ruEl Eivcl ol 20 mm

'n.x 
sia. end is l0 mn lfu. si&.

]W $. Trp ME. is ued fq niri{g

'llE chdniql mDosnioc aN
pE*nrcd in bble (lr! {4). (5r & l5L
Tt. rndlsk 6 rlone in ii. nlrio.l
enl.l r;r cdEt(tion kbo'.to!it3



Anhge the connecion of the
.l.ctric, cn.un for p. ectioi usiig
poteniondn slsem is as slinwn in
nsnr. (4) The nedrpipc (cathodc) r
c.Mect.d ro rh. lorklng slcutodr
(W.El rermirrl .i $e pobliio*rie
qlrerss lhe !ri$ b (aiodc) n
conneded 1o &. itrxLliary electrcde
(A.E) tminaL or dre potcnrioshie
The porous cnd ol $c rlc.cr..
electrdc is dipp.d in $o aqueous
solr(ion !trd cotrDsled !o l5c
i.lirencc .ledrode (RE) re.minal of
Ihc Poictrtiosare The setup n 6med
otr. *irh the PoruDdal sd .uftnr
n'easuring devie oo DC d,ode Frce
coroslon pocNiaL (E..!,). (o[)ui
.ircuit el*toJe porenrid), l]I
p.tent[l ol thc w.rki.g eleJtode
,nef,strftd silh 6p.ct to i rclercn.e
e eotode when no.ure flo* itr ff
out n (!ho orft mer.r rcad zeo)j k
rccorded lor rhe sreelpip. {ca$ode)
atrd bra$ bar GnoJe) along rhe hngrh
ol the specimetr Rtellarine rlir
in(ea8r vo ug. of rhe polcntionatc ro
6t ldenrcal ro rlml ol rhe irdsuEd
(F"-) Then. rur, $e c.ll oi iid
in.'eajes lhc n e6.l lohage of llie
potenrioEar. gmduolly ro polaria the
neelFipe to the r.quired prorerion
potenriaL, 350 nV (CsE) ir the
n'bdc{.n pan clrhe spe. mcns.

'lhe prorecrion levet or 3t0 h\,
(CSE) is exami,,cd lor rhe specim.ns.
Th. viratnrn of tlrc proturnr
porlnlirl upoi energftbor ol rhe
lynem lnLl dtrinc rhe a{ivarron
period is sh.!tr in figuic (5) This
ngure i,'diures tl[r a g.od oonrtul
lras been achievsd lors bnelged and
spla!h zone! olthe speioqi.'l hc d.,
4Dc shoys disrincdy lo$er poleNid
shifi Ir gurc (6) shovs rhe romiMl

poreDiitrl shin ar the subndgcd and
&y zonei Tb. no,ninaL poteuial shin
is dclircd ds. nrc ditaerme beNeei
iE innial.oirostui porential did rhc
nerl) aM r.d pDl.rtial durin8
lathodic c.l.rizat$, .lh s fisure
ci.arly dcD,o.int\ rhe influ.nc. of
coarin! r6htanc. on dre de8ree ol
polaria.ion induced for any givcn
valE .l ex&rolly applisd volrage
'11,. 6ehivon. ol $e fowiig cuftit
has h3en moniror.d and prcsenicd in
tisure (7), it is shosed rlr drecurent
!rhibiis conlinuons dede.ses during
a.tivdion time bur tetrd to sebiliz
sfier abour rhfte nrndf otopcdliotr.
r re feedins voltge fisure(3),shos
lhrl, loi*anr v.luc all orer lhe
adi\.t oi ponrd lhe leedingvolragc
is erpBsed N rhc rolrage difleEDe
btr$t 1he mrde rnd rhe crihodc.
Fis,e (e) shcss rhe polef,dal
\a.irrion df the anodc rnd cathode.
Figure (10) presor6 llE polenlial
pramdec rhicl, ft mdnitor.d
dsriig rh. aclivation prrlod. Tti!
fgrrc de.ny drows thal grearer
lvairing time upor .ircuir cur offhr!
produed !re er pote ial recolery.
Fisurc (ll) Jro\x rr coteiticl deear
ofspe.ineo *hich ntrcees thxt ihere
saporenrial polaiaion ol 132 nv
(CSE) sie. 43.h6 rrcm curcnt
lnbmpriotr. The oolariation ol the
eledmde p.reniirl Bilh time is funher
iLhNn.Ed in fis ru (12), which
Nrln s nE a$ual p.@ntial s[ift s
rompaed *irh th( romi'El poienial

Figtrrc (ll) db{s rhar dE
porerri,l distib(ior .urve alone the
specnnetr upon a potcithl s[in ol the
mosl sodic patr olth! neclpipc from
Eon = 445 to E"!,,-,, = ll40
mV. kcan bc norod ihar ihc poro ial
sl,ifr is proporliotril lith the tleding
vol{age rqardles olrhe posirion wirh



esp.ct ro wars Lv.l. lhc cua.
indicatB rhar lh. sbmc+d and
splasl z.nes acqun nc.rly dnninr
porenrial rnd rhdl th. porenrial shi6
beyond rhc splash mre l,as bcen
r.dNcd. The b$l poruiiial shift ol'
dE subnslscd ,on ol rc sf$im6s
ADI i hM 695 hv mpar.d
unh - 400 mV !r fic dry. pin olrh.

Figut (1,1) pr.$nts rlt pmrllcl
polei?alloi of the !rcdic b!6 bu
cl4rEd., ir is inE{irg ro nore ria.
fir cifioiic poldalion ol d* dD

-n. h equal ro dE aiodic
polariaion ar E subiFrsed bo.,
and tho cothodic pol.riation d nE

hrtur8.d mft cqu.t rh. anodic
pol&iarior .r lh. ry ,,ne lt is
found rlt.r the c\th{lly applied
voltag. (VD) is equaL ro n,e c.thodi.
polariz{rion.l $u sleelpipc n,itrus rhc

odic polarizliiotr ol $e brNs b
rnode b.rh ar ln. dn zone. Ah.
rv ) cquak llie !.rh.dic llol.riarion.l fi. $..lDipe ninu. rhc mcdi.
polorizuion ofthe inod. bar bdrh tr

t;-(dtn ln iE t,-lto.ti. .1Eb \lJ

r,n-Cath.dit 1f.,a ,1 o.li /E,,,l':.1

Th. inshit olf potenrial ls
rfieo.eri(011, dE p.l-izd Dotniill ol
fi. srcklechllc incrfae
indepcnd.nr oa rh. p.sition cl rhe
eLrcnc. elecrdlc rcldive io th.
.6ai.d sreel pipeli'E lhc difteEn..
bs'*.ci rhc pml*rion pocnrial (Esn)
lnd thc insrut or pot ntial (F@)
I]Ee.ts rh€ lR'd6I .c6$ rlr
el.crollr dtrc i. ?l.drclylic
resisraft . Cois.quently, (he lR-dbt)
h dcp.ndcnt on rh. imounr ol dr
,]owil8 cu,'.ri 0) lnd th. coarils
ci$mc (R). Ihc cdln'r Gisrlncc

unml !l{Ys. b. d.ten.incd frd
lRiro, da .nd lh. @dsFiding
m.surcd .r|mol cure olrlY uh.n
ihc rcsinane of Ihc .o.iinE is

unifom ov$ ihe e ift ar€r lhd ihc
lR dop ir distly p'oponioi.d whh
rhe Esist B d@gt Otun l.*:

Yohoge Dtup - I,^,",x R \l)

The porential de!a, upon re
lnreNptio oi rhe prcreriv. curcnl

diepFl . of dtc olmic
compor.nt of rhe cncuir th. por.itial
moves al sutstatrtirlly $ower Bie
rowadr lh. original coiiosion
p.tsiial bclore c.rrcdic poleiation,
Th. Esuhr clarly shoB rhd .Mr of
rhs d@I mry mDr dunn8 il,? fi6t
2,1-h6 an r inr. uption Figurc (15)
shows ftqr d1c ate of dccay k
a ul\ d.pcnde oo lho a ount or
A)rntiil shifi. Th. lo$.. of rhe
poE ial shin is fi. .nodonce of a

Figur. (16)idicrtes rh.r (he tolal
cure flowiDg i', the rhrc. diffcFnt
zoncs ilds rh. spocimetr of rh. sim.
p'de.tion p.,Lnliol Thb ohstdion
is of pdcri.rl sigrili.dc. in tna(
cnmt n.ar0rcm.Da .i not b€
reliod upor ro esss lhe d.gi* of
pro&qioi or lhc do!tu ol runeni
Eceiv.d by dilTert pins of th.
ihdurc unle$ reM.bly tcu@
dteincrioi b.$*, dill.Enr a.odic
sras is*fiblnhed. For$[ rc60n, n
is nor posibl. ro delq0ine rLe
ctrm di$ibuaotr or rh. sP.cnnens
h.ving diff.cil resiiivity M lf
lhc Esin-e of ditlcE.r tEG is
tno\rn, lh. no*ing cufl.nr { ea.h
pm ol rh. speci'ncft c5tr bc
debnnircd lbirly accurar.Ly.



tr4-lldmlw-v.1,14\o',]{01

t t - :-eL-:-!! - JEt / Rt t4t

r,=lLtL=$,/R, (sl

"x,R"

aMB.r d&$rdi*'yN!3

l.'lhc Esuhs dsrib.d lht rl*
i,rc,DEbtid oI p.i.mial d
cuftni d.h is r *tuely
&lic.t d mrn r. In this E+*r,
ih. Ferisrnid of thc
.nvionmcnr sumundins tie
n .lpiD. n..ds ro be tully
.ppEcidr.d including th€ mrlri

2, lhe lbsolute valu. of rhe

ProLcction porsnrial dcs not
id.qudcly desqibe (h. ptubable

Thck .qultiotrs lrivc tri
exrrcmcly si8lLifi.ld pnctloa!
impleDenration rnd cn$l.s Ihc
carhodi. pdcctitr dcsiSn.r h
csiimile rccumEly lhe cureir
distiburion rldng various sl.cticallt

Tlre .fccr .f $. .oroiotr
acrivit, o. tlle requiEn pFi.c e
p.redial is $udicd h, dclib.r&l\
in 6ing lne corGion &rivily oath.
*r.d {*lpip. of eldiv.
sF.illmr Comsion hB b&n
srnrtd b\ por izinA thc s.cl
eoJicrlly ro hilh ,6:inc |DEnrill
qceednrg:V ICS[) Tlris is ehi.r€d
upon applicarid' of . 

'n.\nnuo 
dl

tV (CSE) clr.tu| voh.gd Th. cl1clr
.a lav.nlion- .omsioi and
proErnrn on $. lo.rcsion eL ha,
bee ex.mln bY an laltl
elhpolaion me rd acr speeim.i
ADI T{f.l plos lor dr lhrc. *r.s
re pGertcd in rhe fr3urcll7) rrbl.
rl) comprras rhe prcrdLon cu(ott
jd{ berore dre rminatiotr of rhc
p'eveilion d prore(ioi poriod qillr
orc cor.spofdi0g coirosidn r c is
deremined fi om Tatet pto$.

The aollowing a.erh. nDn noublr
conclusions can tc sun rrizri rs

u ddgone bl the polariad
,c.lpipc. uile$ iiken in
.oijurcrlon wnh orhft polaizrioi
(l.t d cureni ! p.tnrial
p*.n.r.6.1-h6 or 24 hrs d.c.y
.ritna p@vides diferenr

'trIomrion 
rh.n u*d for s}{eh

of dilT.Enr corosioi !ctivi!- h h,
rhG tror ! reliable b.eh for
p.rfomtu .valurion.

L Tlc c.Godic pol'rizrion rh.
dr-a zo. is .qul b rh. lnodic
Doh'iarion ,t rhc subDergld
2onc. rid rh..arhodic pola.izti0
.r dr tubm.f3ed ane .quk rh.
arxldic ,ohiarion ,r fi. d!-' zone
h is t-ound that rhs .$mally
appli.d elr.s. (V.-) is equrl ro
dc $fiodic pol3,Ddidn of the
s..lpipe 

'hinus 
rhc oodic

oolarizarion of the bra$ bar aiode
6crh ur rhe d.t ane. Also (vqD)
.qurk fi. carhoJh polarizrion .f
rhc $eclpiFc tr,iDus rlE anodic
pol.rizdion oit1,. anode b& b.lh

4, The .ooling ftsisrance c.f,not,
alwrys, be detemined jiom lR
dtup uloc md thc coi,rsponding
nEasurcd .xr.ha! c!ftft. only,
*hen ih. esnhncu oIrh. coarins
is uiiiom over rhc enriE eea ihat
$c lR drop is dn ci!_



proponion.d sirh 1!c Eshrance

t. 'rn cuftnr dea) .@ld b. sM 
'3. di6! manifetuiion of rhc

.lectochln,ical chan& ecuning
!l $e neelpip. {udace duritr3
crfiodic trdarion lctiurion 1iD..
TIc cuEnt dday rhdld b.
dc*db.d in .odjundion inh lne

6. ah. curcm me,$E6.nts can no!
bt Eli..C !0d ro 6s.$ th. deEe
or prccction o! lh. inEUr ol
cufrclt @cived by diftMr pans
of the qiuqrua url.s rcrsonably
EUdtc dkrincrion bsEn
dilferenr odic arca is
.iabrnhcd Fo. rhi! relson. n n
nor po$ihlc ro dotcmiro thc
cum dndburion of rhe

spcim.nr hivinS difl@.r
rcrisriv.ly oras. Il rhe 6i{.nce
.r d,fibr.trr .rcr i\ known rhe

flo*ifg.unlDr eech pd ollhB
3pecim.n. cd b€ d.!.mined lan\
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Ch.niTl .onpolitiotr or !h. b.r$ b,r dllo! uy.d.
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l.igurt (3) Sp.rim.n Deraih.
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Aqlfu6ldid.sotliqlb'gi{

Adillrion Psiod tdt\,
figur (5) Ch.ig. i! prorecdon plr.irirl *iih rim. lor rt€ rp.cim.tr AX,

tiglr (6) ct!.re n mminrl p.r.(i.l .!itt f,itl dn. lor rb..rad .rd dry
atrd ol.h. ,pdii.ut



Acri\atioi Psiod (diy,

Fitre(7) Ctrot i..u6t,iti iin. for ir.3p..rh.! AK

 JrnJion P.riod (d,F)
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Figu* (3) Chrqe iu fe.dingvoh'ge snh tih. for iherpeim.n AK,
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risure (9) Chans. in polenrid *irh lims for $eelDipe and rt'e r ode b.r orthc
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TiFe an rcunem!*irc[ off (hts)

Fisrrc0r)Porc i.l.lqyod.rpor.!rF rrn.hoarforlFtmoADl.

.! 56 & 72 S0 03 106 1r4 r24 132

figtr.e (12) Ch'iBcii.crurl rn'l noninll poie irl shilt fo. subfr.rg.d ton.
oflhosD.rnnen AK,

A!!n,iiF6J(d.''



c hodcPoritariv (csE)

rigurs (13) Chrnge ln polenri,l oI *c.tpip. cdhode rlone thc rp€cinen leryrt
sith rppliBlion of volt4. ADl.
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i:l lillll
lMde Poie iaLmv (csE)

FiquE (rqCh'neein polenrirl ofbN b.r$ode ilongrhe3pecinen l.ngth
*iih qrpli.rtion otaolt ge ADL
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&6M.hbn. elortur br En.

( t5) Po!.di.l d..$ .nF6 for lt( spcjE.rs ADr-{D2 & aD3.

Acriv.rion Period ld.y,

tturel16) Thc fio$i.Ecur'... ro.sp€.id.n ADI during ictivttioi lltf,od.
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