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Introduction
Introduction

Corrosion resistant material are subject to localized 
corrosion under atmospheric conditions 

Corrosion rate and stability are controlled by both 

external cathodic and internal anodic reaction rates


Must match anode needs with cathode capacity 

There are many physiochemical and kinetic 

parameters 


Experimental work is challenging due to difficulties 
in measurements of interest 
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Stability of Localized CorrosionStability of Localized Corrosion
Crevice with Thin Layer External Cathode 

Current demand from crevice met (or not) by current 
from external surface 

ILCInet 
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Stability Requires Cathode Current
Capacity Meets Anode Current Demand

Stability Requires Cathode Current
Capacity Meets Anode Current Demand
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ApproachApproach
Model cathode and anode separately, link by Erp of the anode 

at crevice mouth 
Crevice 

GapWL mouth 

Metal 

Electrolyte thin film 
pit / Crevice 

Crevice MouthCrevice Mouth

J0=0 (held at Erp )J0=0 (held at Erp )
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J0=0 

Wetted surface-the cathode within crevice—the anode 

10 mm width 



Cathode ModelingCathode Modeling

J0=0 

Lc 

Electrolyte thin film 

Metal 

Electrolyte thin film 
Crevice 

Crevice 
mouth 

Mouth 
held 
at Erp 

WL 
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Crevice 
mouth 



Modeling on the External Wetted SS316L
Modeling on the External Wetted SS316L
Surface (Cathode)
Surface (Cathode)

Consider only the cathode in detail 
Potential hold at E at mouthrp 

Calculate total net cathodic current, lnet 

Effects of WL, [CI-] and Lc 

Using a 33 factorial design 

Effect of T 

95 vs 25oC 

Effect of kinetic parameters 

(io,c, bc, Erp and ip) (full factorial of [Cl-] and Lc) 
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Electrochemical Kinetics Used for
Electrochemical Kinetics Used for 
Cathode
Cathode
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Base Case 
Ecorr=-0.15 V 
Eo,c=-0.05 V 
Erp=-0.4 V 
io,c=10-8 A/cm2 

ip=10-7 A/cm2 

Bc=100 mV/dec 
ilim=nFDCo2/WL 
T=95oC 
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D.S. Dunn, G.A. Cragnolino, N. Sridhar, Corrosion 56, 1 (2000). p. 90 
N. Scridhar and G.A. Cragnolino, Corrosion 49, 11 (1993), p885 
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(a) (b)

Typical Model Outputs
Typical Model Outputs
(Base cases, WL=25 mm, Lc=10cm) 
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Analysis of Variance
Analysis of Variance
Quantified Effect of WL, Lc and [Cl-] from 33 Factorial Design


S ource of  Ratio to  
Variation  W L  

W L 1  
Lc 1.97 
C l  4.74 

W L x L c 0.60 
W LxC  l  0.24 
ClxLc 1.28 

W LxLcxC l  0.36 
Total  

For Cathode Area =0.01cm2 

(10cmx10μm) 

6.6 x10-10 < I total <7.2 x10-8 (A) 

Significant interactions between Lc x Cl; None of 

the three effects include WL
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Effect of Temperature (95 vs 25° C)Effect of Temperature (95 vs 25° C)

RT = 
Inet (T = 95 °C) 
Inet (T = 25°C) 
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Total net cathodic current increased at least 5.5 times 

RT decrease with Lc 

FCui_ECS_101605.ppt 

12 



Effect of Kinetic ParametersEffect of Kinetic Parameters

ioc 

Inet (ioc = 10-8) Inet (ip = 10-6 )
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12
 1.5 

0.1 1 10 

Length of Cathode, Lc (cm) 

[Cl-]=0.001M 
[Cl-]=0.05M 
[Cl-]=1M 

WL=25μm for all casesR
c(i

o,
c=

1E
-8

) /
 I(

io
,c

=1
E-

9)
 

1M9


0.05M 

R
a 1
6


0.001M

3


WL=25μm for all cases 

0.50 
0.1	 1 10 100


Length of Cathode, Lc (cm)


has significant effect while ip has very small effect; 

approach a constant at large Lc 
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Effect of Kinetic Parameters (continued)Effect of Kinetic Parameters (continued)

R = 
I (E = −0.4V )	 R β = 

Inet (βc = 0.1V/dec)net rp 
cErp Inet (Erp = −0.3V )	 Inet (βc = 0.06V/dec) 

WL=25μm for all cases	 WL=25μm for all cases 
0.112
 βc=-0.13V/decErp=-0.4V vs SCE 

0.00110
 1M 
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Erp and βc both have significant effects on Inet 

R values approach to a constant value at large Lc 
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Total Current from Cathode Saturates
Total Current from Cathode Saturates
1.E-071.E-07 
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(WL=25mm) For anode= 1 x 10 μm 

[Cl-] increases Inet less than WL increases Inet more significantly at
linearly larger cathodes 
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Model Projections for Cathode Size at
Saturation

Model Projections for Cathode Size at
Saturation

WL μm 10 10 10 25 25 25 200 200 200 

[Cl-] M 
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Base Case


Ecorr=-0.15 V, Eo,c=-0.05 V, Erp=-0.4 V, io,c=10-8 A/cm2, ip=10-7 A/cm2


Bc=100 mV/dec, ilim=nFDCo2/WL, T=95oC
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Anode ModelingAnode Modeling

Crevice 

Crevice 
mouth 

J0=0 

Gap 
Mouth 
held 
at Erp 

Electrolyte thin film 

Lc 

Critical Crevice Solution 

Metal 

Metal 

Crevice 
mouth 
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Modeling on the SS316L Crevice (anode)
Modeling on the SS316L Crevice (anode)

Assume constant crevice chemistry, Erp at mouth 

Calculate potential and current distribution 
Variables: Gap, L (Crevice Depth) 

Constants: Anodic kinetics (Erp, E-Log i) from literature 

Room T 
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Erp at the Crevice Mouth
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(a) (b)

Typical Model Outputs
Typical Model Outputs
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Crevice Current Demand ~ g1/2
Crevice Current Demand ~ g1/2
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Recall that the InetRecall that the Inet Saturates at High LcSaturates at High Lc
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When Anode Demand = Cathode
When Anode Demand = Cathode 
Capacity
Capacity
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Analytic Expression for Total Current
from Wetted Surface

Analytic Expression for Total Current
from Wetted Surface

Inet 
I=0 

EL Erp 

Consider a surface with a thin electrolyte layer 

Fixed potential at one end (Erp), other end has a zero flux 

Current sinks/sources along the length 

Assume: 
Erp Erp 

∫ (ic − ip ) ⋅ dE ∫ (ic − ip ) ⋅ dE 

Inet = i eq ⋅ Leq ⋅ W with ieq = EL 

EL − Erp 

= EL 

ΔE 
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Considering Secondary Current
Distribution

Considering Secondary Current
Distribution

Total Resistance of Electrolyte can be shown to be: 
L

R = eq 

2 ⋅σ ⋅WL ⋅W 

Ohmic Potential Drop: 
Inet ⋅ LeqΔE = EL − Erp = Inet ⋅ R = 

2 ⋅σ ⋅WL ⋅W 

Erp 

Inet = W ⋅ 2 ⋅ σ ⋅ WL ⋅ ∫ (ic − ip ) ⋅ dE 
EL 
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Analytic Expression vs. Linear
Regression

Analytic Expression vs. Linear
Regression
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1:1 

26 cases varying: 
Lc, ioc, T, β, σ, WL 

R2 (Analytic) = 1.0 
R2(Linear Regression) = 0.8 

Expression reproduces observed effects of 

physiochemical and kinetic parameters
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Conclusions
Conclusions
Computationally separating the anode and cathode of
wetted SS316L allowed effects of parameters on crevice
corrosion stability by comparing Inet and ILc 

Used to determine critical gap needed for stable crevice 
Cathode: 

All physicochemical and kinetic parameters studied
except ip were found to have significant effect on Inet. 
The Inet was found to reach Imax as Lc increased 

Anode: 
Total current demand increased with g1/2 

Analytic expression developed for total current from
restricted geometry 
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