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Initrocluctiorn

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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Siz1oility of Loczlized Corrosior)

Crevice with Thin Layer External Cathode

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

net
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AOOrozer)

Model cathode and anode separately, link by E,, of the anode
at crevice mouth

Crevice

mouth \;

Gap,

pit / Crevice l

Electrolyte thin film
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Crevice Mouth

held at E
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Wetted surface-the cathode _within crevice—the anodet
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Electrolyte thin film _

Metal

Electrolyte thin film
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M.).J-—‘JJIJ JIOHRHE _.A tarrizl] Watize 958555
Surfzeca (Cainoca

Consider only the cathode in detail
Potential hold at E , at mouth

Calculate total net cathodic current, |,
Effects of WL, [CI-] and Lc
Using a 33 factorial design
Effectof T
95 vs 25°C
Effect of kinetic parameters

(io,c, bc, Erp and ip) (full factorial of [Cl-] and Lc)
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0
t A S, 0-eo Base Case
< f E.. =015V
ey range of interest -
Lw) > «— B=0.1V/dec EO,C 0'05 vV
o 0.4 25°C . E =04V
> - I / 1\\ rp
2 | CLOAT A i, =108 Alcm?
'g -0.6 : I A . ,_ % 4 2
5 | betie-l i.=10"" Alcm
“'6 i N‘ p A
e | - P B.=100 mV/dec
-0.8 F n B
ip :3 :2, l“m—nFDCOZIWL
A o T=95°C

40 @ 8 T H S5 4 I3 2

log i (Alem?)

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

ﬁOST&l

v FCUIECS_101605.ppt




Tyoleal Mocdz! OuigLis

(Base cases, WL=25 mm, L_=10cm)

-0.15 1 r
m 0.001M [CI'] i
& "y
prs 0.2 - 0.75
e 0.05M [CI'] 5
> —
= -0.25 ii 0.5 IM[CT]
€ 1M [CI'} £
o

0.05M [CI']
-0.35 L L 1 | 0 ;
0.1 0.075 0.05 0.025 0 0.1 0.075 0.05 0.025 0
Distance to anode (m) Distance to anode (m)

Potential increased and i, decreased with distance to anode
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Arzlysis o

[ Varlznes

Quantified Effect of WL, L_ and [CI-] from 33 Factorial Design

Source of | Ratio to
Variation WL

WL 1

L. )

Cl 4.7«
WLx L. 0.60
WLxCI 0.24
ClxL. ;

WLxL.xCI 0.36
Total

For Cathode Area =0.01cm?
(10cmx10um)

Significant interactions between L_ x Cl; None of
the three effects include WL
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t"'"""" X ' S P P = 4 - r _:.-l -~ -"-'9 o
=ffact of Tarmoszraiura (99 vs 29° C)
- o
1,(T=95°C)
i i i o
[_.(T=25°C)
100 ¢ 100 ¢
; WL=25um for all ; 0.05M for all
d’:’ 10 k o 10 E >
: ; g
=10 um
: —&— 25 um
-5 200 pm
1 : 4 i i
0.1 1 10 0.1 L b

Length of Cathode, Lc (cm)

Length of Cathode, Lc (cm)

Total net cathodic current increased at least 5.5 times

R; decrease with L
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R .= Incl(lm i v Ra s ‘ 2
Incl( 0C = ]0 ) Inet (-lp = 10 )

12 1.5
) & [C1-]=0.001M
.. i ! [CI-]=0.05M
| [CI]=1M
Y I
2 0.05M
=i 3 o 1
E <& & I
— 0.001M
I b :
Q g ry
Q ¥ =
4 - WL=25um for all cases WL=25um for all cases
0 A A Rl i A A " A bt 0‘5 .
0.1 1 10 100 0.1 1 10
Length of Cathode, Lc (cm) Length of Cathode, Lc (cm)

. has significant effect while ip has very small effect;

R. approach a constant at large L,
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CEifact of [Kineilc Paramesiars (coniinisel)

" [.(E =-0.4V) R [ .(B.=0.1V/dec)
. = /J’C
s 1 _(B. =-0.3V) [..(B. =0.06V/dec)
net rp
WL=25um for all cases WL=25um for all cases
1a [ E,,=-0.4V vs SCE 1 0.1 Bc=-0.13V/dec ]
L 0.001
10 ” - | -/-—H
o Z
§ st o 0.05 f0.05m/ 1M
4 | 0.001M)0-05M [
e
2
0 A ek bl A el i il i L i L AL ALil 0
0.1 1 10 100 0.1 1 10 100
Length of Cathode, Lc (cm) Length of Cathode, Lc (cm)

E,, and Bc both have significant effects on |,

R values approach to a constant value at large L.
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1.E07 ¢ 1.E-07
25um for all 0.05M for all
1M
200pum
< 1608 ¢ = 1.E-08
< g 0.05M < F , 25um
+ = — — 1 10um
- K
0.001M
1.E-09 AR e
0.1 1 10 100 0.1 1 it

[Cl-] increases |,
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Length of Cathode, Lc (cm)

(WL=25mm)

less than
linearly
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For anode= 1 x 10 um

WL increases |,

Length of Cathode, Lc (cm)

larger cathodes

100

more significantly at



Mlodal Projactions for Cair
| Szlilrztion
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WL pm 10 10 10 25 25 25 200 200 200
[CIM
0.001 0.05 1 0.001 0.05 1 0.001 0.05 1
L. (cm)
needed for
98% | ,,ax
98% | (A) 6.6-10-10 4.610%¢ 1.9-10% 1.0-10° 7.3-10° 3.0-10% 2.6:10° 1.9-10% 7.5-109
Base Case
E.or=-0.15V, E, =-0.05V, Erp =04V,i, =1 0% Alecm?, i -10 7 Alem?

B.=100 mV/dec, i, =nFDC_,/WL, T=95°C
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Anocds Mocdeling

Electrolyte thin film Crevice

Metal o, N

|
l
|
- » ¥
Critical Crevice Solution Ak

Metal |
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Aloclsling on thz 355151 Cravics (.JIJJ.J-—‘)

Assume constant crevice chemistry, E_, at mouth

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

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

rp’
Room T
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=lacirocnarmicsl (Linziics

Extracted from literature from measurements in Critical
Crevice Solution

E
-2
= \ pH 0.73
o <] =
% P !:eMouth [CIT=10M
el
0.6
08 E

_1 T LI T 1T TR S W R T IrT NS WU UTT RSN S W N 7 17T S GRS SR VT T P
1E-6 1E-5 1E4 1€-3 1E-2 1EA1 1E0

i (Alem?)

Kelly, Corrosion 51,11,p832
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| Tyolezal Mocdz] Ouiguis

1.4
-0.351 o
G 12
E

-0.352
w 7 gk < 1048 |
) A s A=g 25 um
¢ .0.353 4 AlE0Gil0] = 084al% ® 10um
waft B w A A 1
? o »1E-9-G25 o % 1 um
2 .03544 m A W 1E-9-G1 8 0644 =
@ ®
[+ e A s
& o35 ™ A © 04 A nm

e A = 2 "
03564 m A, 0 O 021 4 .
IR N ‘ Adaa R 2 a2 a A '
- 0.0 YNy ITHRINIEINT 28
.0.35 v . s Y v v y
0 0.002 0.004 0. onu 0 ooa 0.01 0.000 0.002 0.004 0.006 0.008 0.010

Distance from crevice mouth(m)

Distance from Crevice mouth (m)

Potential and i decreased with depth into crevice

(ﬁMQST&l

ot ety ot it FGULECS 101605.ppt




.
)
w
=
@
w

Currant Darnzine ~ oz

I =0.78g"%
R? = 0.9997

—
a2 a2l

l,.(x10° A)

0.1 v v LB B B B I | . v T 7 T T TRy L L] T " T T Trg
0.1 1 10 100

Crevice Gap (microns)

Only gaps smaller than arrows can stabilize
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AGTLAY,
101 Stable Crevice

I =0.78¢"*
R® = 0.9997

200 microns, 1 M NaCl

—
s a B

I (x10° A)

1 10 100
Crevice Gap (microns)

#OSTal

OXE i of B ot ey et et | FGUL ECS. 101605.0p8 it




» Consider a surface with a thin electrolyte layer

~ Fixed potential at one end (E, ), other end has a zero flux
o Current sinks/sources along the length

o Assume:
Erp Erp
J‘(z'(,—ip)-dE J.(i{,—ip)-dE
r

=i, -L.-W with i =-
oy E -E, AE

- L

[

net
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Consldarinly Szcondzry Clrrans
Disirlouiior)

Total Resistance of Electrolyte can be shown to be:

R——
2-0-WL-W

Ohmic Potential Drop:

[HCJ' .L("(
AE =E, —E =]  ‘R= :
2-c-WL-W

Lo=W-[2:6-WL- [ ~i,)-dE

net
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‘4 ~ — ~ -_" ~a - ~ -
Anzlyile 2xoression vs, Linazs
'—)r - --a-.
NEYression i
8.E-08
A
< 6.E-08 }
wn
S
T 4E-08 | 26 cases varying:
S % heciihocs Ty Prio; WL
Q.
c 2.E-08 | _5Q1 _
‘.g =g 0O Analytic Expression R? (Analytlc) =1.0
g = R?(Linear Regression) =
I.E 0.E+00 F [ Linear regression
-1:1
-2.E-08 .
-2.E-08 0.E+00 2.E-08 4.E-08 6.E-08 8.E-08

Model calculation results (A)

Expression reproduces observed effects of

physiochemical and kinetic
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Conclusions

Computationally separating the anode and cathode of
wetted SS316L allowed effects of parameters on crevice
corrosion stability by comparing | .; and | .

Used to determine critical gap needed for stable crevice

Cathode:

All physicochemical and kinetic parameters studied
except i, were found to have significant effect on | .

The |

Anode:
Total current demand increased with g'/2

1ot Was found toreach | . as L_ increased

Analytic expression developed for total current from
restricted geometry
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