S A 5 5 X

J. Corros Sci. Soc. of Korea
Vol. 26 No. 5, October, 1997
(A7 E=E)

2u Qe 2o FEA AN

2dg

M g% 8 -8 2 A
PRAYY&(F) AN LATL, AR S SE£FH, LA Ta F5F3%H

A Study on the Initiation Modelling of Crevice Corrosion in Stainless Steels (I )
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The evolution of the solution chemistry and electrostatic potential within a pas-
sive crevice in a metal was calculated using an advanced mathematical model of
the incubation period of crevice corrosion. The model uses a newly constructed
governing differential equation of transport processes, which includes both ionic
migration and diffusion. An explicit finite-difference technique was applied to a
uni-dimensional crevice along the crevice depth, with appropriate boundary condi-
tions at both the crevice tip and bulk solutions. It is used to simulate various ex-
periments and other modelling results reported in the literature, both for use in a
predictive role. Many models including Sharland’s have quantitative disagreements
with experimental results of same conditions. This paper aims to approach to the
reasons of these disagreements establishing various assumptions and comparing

with experimental data.
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Fig. 1. Schematic diagram of a crevice.
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Fig. 2. Model grids used in the simulation.
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C, :Molar concentration of chemical species i
{moles dm™?%)
t :Elapse time
D, :Diffusion constant of chemical species i

:Charge number

N

:Faraday constant

:Gas law constant

N o

: Absolute temperature

S

:Electrostatic potential on the surface
(Volt)
:Electrostatic potential in solution(Volt)

w :Width of the crevice(cm)

S

14 -Mobility of chemical species i
R, :All of included chemical reaction of spe-
cles i
N, .The flux of species 1 at metal-solution in-
terface(moles dm™? s)
M _ Jy%x m
=1 njF
v;; :Stoichiometric coefficient of species i in re-
action ]
n; :Stoichiometric coefficient of species i in re-
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Table 1. Diffusion Coefficients?81%)

Diffusion Coefficient

Chemical Species (10-%cm?¥/s)

H* 9.31
OH™ 5.30
Na* 1.33
Cl- 2.03
Fe?t 0.71
FeOH™* 0.75
Fe(OH), (aq) 0.78
FeCl* 1.00
Nit 0.72
NiOH™* 0.73
Ni(OH), {(aq.) 0.78
Cr* 0.59
CrOH?* 0.73
Cr(OH)?} 0.78
Cr(OH)s{aq) 0.59
Cr(OH)7 0.73
Cr,(OH)4* 0.77
Cry(OH )3 0.82
CrCI?* 1.00 {est.)
CrCl3% 1.00 (est.)
Croy 1.00 {est.)
HCrOy 1.00 {est.)
H,CrO, (aq.) 1.00 {est.)
0, 1.40
Fe(OH), 0.00 (est.)
FeCl, 0.00 (est.)
Cr(OH), 0.00 {est.)
CrCl, 0.00 (est.)
Ni(OH}, 0.00 (est.)
NiCl, 0.00 {est.)

(est.) estimated or assumed values.
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pH = pH-0.33(CrCl3)-0.22(FeCl,+NiCl,) (8)

Table 2. Thermodynamic data for dominant reac-
tions involving metal ions in chloride solution used

in simulation at 252810
Reaction Log K

H* +OH™ ==H,0 -14
Fe?+H,0==Fe(OH)* +H* 8.3
Fe(OH) + H,0==Fe(OH), ,o» +H*  -11.0
Fe?t + 20H™ —=Fe(OH)sc o> 15.0
Fet* +2C1~ ==FeCl,.,. -6.88
Fe?t +Cl~ —==FeCl* 0.78
Cr¥* +H,0=—=Cr(OH)?* +H* -3.8
Cr¥t +2H,0==Cr(OH)}+2H" -10.7
Cr¥ +3H,0 = Cr(OH) < ,» + 3H* -18.0
Cr¥* +3H,0==Cr(0OH) ;. .. +H* -12.2
Cr** +4H,0=—Cr(OH),+4H* -27.0
Cr¥* +30H™ ==Cr(OH) <> 30.0
2Cr** + 2H,0 == Cr,(OH)}" + 2H* 5.1
3Cr%* +4H,0 == Cr,(OH )" + H* 8.2
Cr3* +ClI~ ==CrCI** -0.7
Crit +2Cl" == CrCl} -1.7
Cr¥3* +3Cl" &==CrCly. > -12.2
Cr3* +4H,0=—=Cr0% +8H" +3e~ -67.1
Cr¥* +4H,0==HCrO; +7TH* +3e" -60.6
Cr3* +4H,0=—=H,CrO,+6H" + 3e~ -60.8
2Cr3* + 7TH,0==Cr,0;* +14H" +6¢~ -119.7
Ni** +H,0==Ni(OH)* +H* -9.5
Ni(OH)* +H,0=—=Ni(OH)* +H* -9.1
Ni%* +20H" ==Ni(OH) < ... 14.9
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model.
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Table 3. Parameters used in the simulation of the
axperiment of Alavi and Cottis'’

Material Type 304(74Fe, 18Cr, 8Ni)
Crevice width 90m
Crevice depth 8cm
Bulk CI~ 0.6 M
Bulk pH 7.0
Corrosion-current density 1077, 1075, 107% A/em?®
Temperature 25C

‘Initial O, concentration 0.0002 M

& Aoz Jgued, o 9 a@ow A
& Hoz Z7MEY RAem B

Ul -2t o7 gAateld Cl ol &
Ee & o7t gl Alavig2 o] A&
E YR Cl=7t Awak 231(Complexation)
o], ClTolg FEE
E 2g Aolgtm APkt

olg1gt Alavi & Cottis?] 2o FHL& %
i, SharlandE®e CHEQMATE (CHemical
EQuilibrium with Migration And Transport
Equations)2l= HFH Z2IJL AE3d
Alavi & Cottis®] d¥& =dIsHt o =
2aPNM AL 2l gride Fig. 1 € Fig.
29} A9 HAEIW, geochemical coded!
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9 4% Aze g AL gE 38y

FHd s E3stn g FAY 2AdE HA
3 gt F dF 43 2% 107A/cmf A
AYPgEY pHYE 153E 3, § 47 2

{3 ip=10""Acm?, 90h, Sharland
O ip=10"*Acm 2, 90h, Sharland
5.07 —& ip=10"*Acm"?, 90h, Sharland
%~ ip=10""Acm"?, 90h, authors

—~- ip= 10"%Acm 2, 90h, authors
4.0 -@- ip=10"*Acm %, 90h, authors

» Experimental data, Alavi & Cottis
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Fig. 4. Comparison of predicted and measured pH
profiles at 90h along an artificial crevice in the ex-
periment of Alavi & Cottis, for three values of
passive current density.
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Table 4. Summary of predictions from simulation of Alavi & Cottis experiment

Predicted 1,=10""A/cm?

Predicted i,=1077A/cm?

Predicted 1,=10"7A/cm?

Sharland authors Sharland authors Sharland authors Messured
pH at crevice base 3.2 3.26 2.7 2.65 2.3 2.20 2.7
[CI7] at base/M 0.62 0.61 0.69 0.71 1.1 1.65 -
Potential drop/mV 8.4 0.03 68 5 380 78 6~9

Dominent metal species : FeCl*, Fe**, Cr®*, Cr,OH5*, CrCI**
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"o,

0417 o) F, Al HFEH HFLEI A &
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4.0+
= Experimental Data by Alavi & Cottis
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Fig. 6. Comparison of predicted pH profiles along
the crevice assuming the new localized
electroneutrality with measured pH profile of Alavi
& Cottis at 90h, for two values of passive current

densities.
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Fig. 7. The predicted evolution of pH profiles along

the crevice with time assuming the new localized
electroneutrality for j,=10"°A/cm?
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