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Localized corrosion appears to be characterized by an intrinsic unpredictability,
in the time and site of initiation of the process and in the rate and direction of the
propagation of established cavities. This unpredictability has made localized corro-

sion a very difficult phenomenon to analyze.

Crevice corrosion involves a number of simultaneous and interaction operations,
including mass transfer processes, production of metal ions within the crevice and
hydrolysis reactions making isolated sites more active.

The aim of this work is to develop a mechanistic model of the propagation stage
of an established crevice, based on the Sharland’s model but with a modified
chemical equilibrium calculation methods. It is applied to crevice corrosion in car-
bon steel and demonstrated by testing some predictions being compared with ex-

perimental data.

1. M =
PARFel w2¥ FEAWY £ Be 1Y
PAME A&88 24 @4l vedr. o
oY 29 WHo & =2 FUH g
PP, a4

@aolgt k) IR Ry B %A A
A A 2 AR cavitye] Mo £x9)
YoM EFHPE e 5HE 730 o
A ool 28dY WEe IR 74 @48
AFE77E g APT go wHex B3
3 o}A AA™3) olslgx Estw ). EF

rIo

T 22 A F¥ AL Aojste %
4% 2He 2gstn A4 Aol o4y u
2ol FP ¥4 @4 A3 ge zdsol A
wHo} o
E o4 ol AWAE AASY FREo
2 1Y 98 PHAA o 29 WelAd 7
g8 23 ERAL =& BUA
2 &9 A3, AY BTFHY FF (cavity)9) 3
B2 dehis 343 FHeE e f4
SHES AUX Ul 2L FRY FR 3
2 2RYLH

Pickering% ¢] Type 409 & & Type 430 A&

1o

rQL‘ o &2 Ipy

o

4



80 FERAsx 258 A1EA 1996 3

A2 B3 BHY BHTIE o F8 she Aol
= A WaMoh 2 Fig. 1914 8 vhg
20l § 4R 43 Uss Brasl 2

g e X2, BE(x)7F &% &
oF -100mV 9], & FFH ¥9&
A YR FEelth HF v;—%’j—?(crevice
mouth) S1H ol 24 oA 3 E (pit) E°]
2APL L F Yrp.1BY
B Ao vad x4l dEd gAY
ol thalo] Sharland 292 7|22 HAFH L&
& z4dsted, AUl R Ha oA
oAl A A%E& XAl(simulation)d}il, 243
cell A Zslod BldP L S A4 A&
g vagezry 4y FHEE 204, FF
A 7179 A#:Ee siMEle, wF 2 ¥ A
Qo] #e £H i HY Ao Y% 2

2. XA M oo 28 2YY
2.1 et Ztofl M 2| Sharland Model

2 7o Ay Rde EXA Ha dAY
3% 4 A Sharland2 @l 7] 23t
Fig. 20148} o] 34 g o] E(dilute so-
lution theory)& 714 3ked B FdlA o) 2F &
o @4 A7 ol F, 3e vk XujE A
"Hek o] W AE &g U ©sH T
714 & sgrh
(1) #%(cavity) ¥ &% BHE2 FFH
o7 "o, A A ] (activation control)
7} st HE FAE YHAR HFY FE
&3 Ask7h wAgoh
(2) A He) %A

o gy B

B (Fig. 29 z28%)2 29

Crevlcmg | [ P its

region
%;E;V / %@ipmw I ; su?}l;:;
ALY,

ravice f

Ha
) Ip

pH5 |

Chloride

Log(i)

Chloride {ree
E

Dn-ss‘ F‘DIA surface

£, Patenlial ———— (+)

<y
Fig. 1. Schematic diagram of the potential shift

mechanism of crevice corrosion.®)18)19)

B2 o]l%L TAEE, EY Zolg Zuigor
o] WEwg nIy, w3 7|EAEL E5H
Hae 713 oz sl 140 R &5
'}9&5}.

m>T9 Me FTe WMoz FRAY 7
oy, 5Wel BHata, W SeA oju W
ﬂE.@ﬂ Awe) WSl dBE FA %

719 Aefolny, 54 fof o
2 B9 FEE 59E 3

(6) B9 2& AFE FHE A &8
g 5 Ade, 7 ded 64y £49 g
E9E Ao A  TEstdt. o]E2 Fe',
FeOH*, Na*, Cl-, H*, OH~ o|t}.

2.2 M7\ gt W S

E et (crevice bottom)e A7} & whg o,
24 F& £ se s 2ok

Fe—o F&t +2¢ ()

i = o eXp[aﬁ FE/RgT:] (2)



g ’// /| Cathcg:s
%///// ’

Dissolution | 1 Precipitation

Chemical reaction —
Electromigration

nl (Potenual gradients)

7 )
0077

Fig. 2. Schematic illustration of the processes in-

—
—
lon diffusion
(Concentration gradients)
——e

cluded in the cavity propagation model.

Turnbulli#} Gardner?®= pH 33} 8.5 A}o]oj
A, ig=2.7x10" Am2% =124 HFEE AT
3 FEA HASNGET E= Igzzdd=s
(SCE)& 71&s8td 2" AT Aol

E9 UL,

H,0+e¢ — H+OH" (3)
2= loz eXp[azFE/RgT] (4)
o2 ved £ 3doen, ou 9% e pH 10
olstol e pHol BAGIol 242 -8x107° Am?

s -058 REoh
Ben Be £4 w4 BeolAE

2H" + 2¢" - H: (5)

Turnbull®} Thomas?Vel] 93] il L=k
1212 9&=gcies Aol HaHed 2 IA=,

is= i H*] expla: FE/R,T] (6)

B 23, 1=2x10"% A mol™? dm® m™ %), o=
-0.50]t}.

ZIEHor B Rdoie 27129 FeRtg S
ez stgch

Ao zady 81
Fe™ + H,Q= FeOH® + HY (7)
H* + OH" = H,0 (8)

3 HrgE9 HYIA+ K K= Gibbs free
energy? & ol g3ldow, I Agte K =124
x1077, K,=1.74 x 10" 1o] T},

2.3 Mass-transport equations

34 go oo st FEAF 9 oFL
FE Tuistel el Gab, ML Pl delAe of

2olE, 28 #HE S rlwdle ved @
2 EZ 73 4l(mass balance eq.)ol| o]a >|uj
gt

ac_ 2 ~

51 - DVICHaUFV(CVH+ R (AD)

G 8%EF 19 5

R, D 3ishkgol] % B8hF i) Y4 2 nuLE

U, : o] 5 & (mobility), o] uj

Dx’
Ui= RT

V¢ crevice W A7l

FgAUel oy HAFS FEEL e
wol ztets] EAldTh.

[Fe**]1=C,, [FeOH"]=C,, [Cl-]=C, [Na*]
:C4, [H+]:C5, [OH“]:CG

A9 A (7), (8) W& :dlo,
A A 4 (governing eq.) (Al)e 2 g
ol2Fo diF H4NH EFIE ¥HH
(steady-state mass transfer equation)? o =2

Bhl

£ > N N

d*’C | 2F d  ,~dé$,q _
Dil dz’ +RgT d.l‘(cldl‘)] kG + knCCs=0
(A2)



82 FaFAesa A 253

A1z 1996. 3

46 F d dp C e
DZ[ dr? + RgT dx(czdl)]+k7pC1 k7BCzC5 0
(A3)
&G F_ d ~dby_
D3[ dl,z RgT d.r(cadx)] 0 (A4)
dC., F d ~d-_
DL + s e 10 (A35)
dC, | F d ~do
Ds[ dr +_RgT dx(csdx)]+kﬁs
— ke G Cs+ e G — ks GG =0 (A86)
ac  _F _d -d¢ _ _
DG[ dz? + RgT dI(CSdI)]+kaa ke CsCs=0
(AT)
ol uj,
_ kg ke
Kl~km, O, (AB)

71 ko, ke (7)8] HEEoll tHE, ke, ks
2 (8)9] wbgo) st 77t AFurg (forward re-
action), 992 (backward reaction) &Xxo|tr}.

wak Ao PHY = Poisson’s 48] AujE

o

vig=2 (A9)
. AL =

€ AsA Y] 2 %4 (permitivity) (Zoll A F 80)

mebd e ghel 338 2ER AVFAHE
(electro-neutrality) 2 2] 9] 2F7to] o|&E vl
$ 2 A7" %dde TIHoz g
B o] BYH e A pujelAM BT 4
ae A7 Bz JYATNE AASHE S
g Axzz She doe A2 xol et

(A9) &
3 2C(x)=0 (A10)
2 gAag = Y

9o s g@ A4 zde o
BT, x=lo) WML 24 9
(bulk solution) X9} Fstc.

fo. dp
-z
o
A

C,=C =K,/ C

(3714 C'e B8% o 9% 84 ¥%)
(A1D)

A7 ZAEE WFHA717] fAsl,
C—C -C +K/C, =0 (A12)

Eutel, x=00ll aiMe, A5 HAAol Hod8
g8 & (&, Fe’, H*, OH")9 K &(flux)e] o
of A4&3le HFHA uiFHstL, 2 oY F
of E f&L 022 3ld,

dC, | 2F , . d¢

D ar +_RgT(C‘ a’x)]

=‘2i%_exp[a1F(¢M—¢(0))/RgT] (A13)
dC, F -~ dé\_

D dr+RgT(czdx)]—o (Al4)
dC;, F , . d$.1_

Di[ dx —“RgT(Ca dx)]—O (A15)



AN B

2 douA zagy 83

dC.

‘[ RgT(C‘dx)] 0 (A16)
dC5

D= dr RT(Csdx)]

:L;Cs(O)exp[asF(m—rﬁ(O))/RET] (ALT)

dCs
DG~ R )

_ln “FexplaF gy—$(0))/ R,T] (A18)

A7 A g, do b ZH2ZE A (2), (5), (4)9)
Heog Ry T Agold, ¢ FHAS]
(metal potential), ¢(x)E EY 7 (x=D Zo

xAtol o] A ¢ Fo] o}
2.4 Numerical Solution

A AEd e YA YL A5 & v
A% A (non-linear)ol] 71218le] 3| & TFat7]7}
o oot B dFelME 99 (A2)~(All)
HEE ALY (FDM) 23] Fig. 33 Ze &
18] Z(algorithm)o 2 HAEFE ZZadh L& 24y
8ty 1 slE Tatath

SharlandP~"-2% T g B mZg 330
ANEe 729 2B (dimensionless coordinates) &
AR g3, AL ATE EelvIYs &
g o] A YE A(ADE o] &3ld, Z+ F3t
%9 TE A9 (potential)7} Ho] Aef =H
(transient state routine)& Al3]&le] FEHHO
2 A XAl (quasi-steady state)ol] =35,
oq71A &8 gol 3% Py
equilibrium routine)& %3 38 Yo =g
g . 38 Py FRAMe F&E
EUE ¥ (monitoring)3te] z+ & eut Lo g
£ 7% <l A (weighting factor)?} 2% ZHE
o 388 YY) FHI=F ¥, K, K,
of JHME FE/F 2EEHEE 0. aglu

£.E] (chemical
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sion-cavity propagation in Carbon Steel
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-0.2V(vs. literature data),

Metal Potential -0.5V(vs. Experimental data)
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Temperature 298K o
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Fig. 3. Flowchart of the crevice corrosion propagation modelling program.
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