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CorrosioniofiVastelrackagesufacessWilliOccur.

UndermimmmrEimiEliectrolyieconditions

@ In the proposed Yucca
Mountain Repository waste
packages will never be fully
immersed in solution

@ Moisture and particulates may
be present on surfaces

@ Corrosion behavior in moist
particulate can differ from full
immersion

> Limited size of corrosion site

> Limited cathodic area to
support localized corrosion

> Limited cathodic kinetics
could stifle corrosion




@ Quantification of the total cathodic current that a wetted surface of
limited area could deliver under a given set of conditions provides a
scientific basis for analyses of both the maximum rate and the
stability of localized corrosion.
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ComputationaliSiIuIESIoeHIHoUeNCapacity.

Cathodic region is decoupled from the localized corrosion region

SCHEMATIC DIAGRAM OF A CREVICE DECOUPLED CATHODE
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Consider the effects of:

Length of Cathode from o Size of Wetted Area
Crevice Mouth (L)

® Water Layer Thickness
@ Electrolyte Conductivity
@ Particulates

@ Temperature
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Cathode Capacity

@ Parameters analyzed using decoupled cathode model
Cathode Size (L)

Electrolyte Layer Thickness (WL)

Conductivity of Electrolyte Layer (k)

Temperature

Electrolyte pH

Effect of Particulate in Electrolyte Layer
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Cathodic Kinetics Mass Transfer Limitations




lotallCurentfiomicathouersaturatesiwith

Increasingrsize

Effect of Electrolyte Layer
Conductivity (x):

FWL = 25 um

1.E-07
x =11.22 (Q-m)”

1.E-08 |

Inet (A)
|net (A)

1.E-09

Length of Cathode, Lc (cm)

As the electrolyte layer
conductivity increases, Cathode
Capacity (I ) increases less than
linearly and saturates for finite
cathode size

fei OST:l

Effect of Electrolyte
Thickness (WL):

F « =0.632 (Q-m)”

0.1 1 10 100
Length of Cathode, Lc (cm)

Increase in the electrolyte film
thickness increases Cathode
Capacity (I .,) more significantly
for larger cathodes
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EffectiohiGathodeliengthonitsiGurnrent

Capacity,
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Cathode current capacity saturates for large but

finite cathode size (high L)
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Effect oM PEICLUNEIoNeatoUENGapacity
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Temperature increases current capacity, but saturation still occurs
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=ifacts of Pariellmias

PARAMETERS (of particulate layer)

@ Particle size

PARTICULATE LAYER

@ Particle arrangement

@ Particle shape

o Electrode area coverage (A, osed/Awota))  Anode Cathode
@ Volume fraction blockage (V. tion/Viotal) ;
MODELING CONSTRAINTS
MODEL GEOMETRY

@ Uniform particle distribution
o Steady state G, 4 IGf
@ Monolayer of particles Virtu/avl < 1 >

(height,, 1ic.e = thickness,.qoiyte) Anode ¢ Cathode

@ No chemical changes
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Methodbl ogyabI=HeriSioREanticulate

3-D Simulations based on particle shape, size & distribution

1. Select Particle (shape & size) 2. Fix Distribution and Arrangement
LI basePI (Aactlvel Ageometrlc and VsolutlonN total)
Loaser o 1

IA
I‘

Cathode B Hparticle = Gf

3. Run Simulations (3-D in FEMLAB®
and 2-D in CELL-DESIGN®) exploring
parameters
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Viletigleelelee)ys Sulic Solutiorn Ceogleltfeil]yY

Compare with homogeneous systems using simple
analytical expressions accounting for particle effects

1. Particle effects on bulk solution conductivity

Bruggeman’s

Equation ‘
3
B 5 0.1 -
Keff o K(l _¢sand) K
K
where Ry
4o = Vol(sand)
" yol(sand + solution)

0.001

large decrease in
the effective
conductivity
observed at high
particle loading

0
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Volume fraction of particles (¢, ticie)
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Viligloclolocpy: Strfzica Sloecle)s

2. Cathode surface blockage by particles

solution

A poseca _ Area(total) - Area(covered)
A, Area(total)

Equivalent exchange current density: ”I' ‘l' ‘l' ‘l' ‘l' ‘l' ‘l' ‘l' ‘l' ‘l' ‘l' ‘l' ‘l' ‘l' ‘l' *l' *l' *l' *l'

s g __ o

exposed

- XXV

exposed regions on the
electrode

3. Combination of the two effects (Bruggeman’s + area correction)




CompansomoiRSEBESIMulaticohsitoZeEbVolume

andrAYearcorrections
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@ Volume (Bruggeman) and surface coverage (area) corrections in 2-D
simulations produce accurate 3-D results

@ Independently area or volume correction are insufficient

@ Similar results obtained without mass transfer limitations

f@i OST:l
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Vs Transiar Limiziiion
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; i, decreases with increase in film thickness

without mass
transfer limitation

[

with mass transfer limitation

500 1000 1500
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@ Cathode capacity for thicker electrolyte films is lower

@ For thin electrolyte film the transport limitations are insignificant
and the process is kinetically controlled

f@i OST:l
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Effect duentoyeathodiceaction Chemistry

@ Cathode Reaction (oxygen reduction): Effect of pH on O, Reduction Kinetics:
O, + 2H,0 + 4e- > 40H- oclaspH?

@ Generation of OH- will increase the -
local pH in the thin electrolyte film Eoc—]-

@ Modified kinetics due to pH increase: T 8
o,cpH = Eo,c — 0.059*pH 10 pH

12

o,c |Og(|)

Segmented electrode
geometry with varying
reduction kinetics

(E, ) based on pH is
1 2 3 4 5 6 7 8 9 10 used

Segmented Cathode (0.1 cm each)

Virtual Anode
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pH EffechidieoieatibuiCeactpmEhemistry
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@ pH increases with time causing a steep decline in i, to occur close to the
crevice opening, where the pH change is largest

o Cathode capacity decreases with time due to more sluggish O, reduction
kinetics resulting from the pH increase




Cornelusions

@ Metal surfaces on waste packages may be covered with thin electrolyte
layers containing particulates or deposits.

@ Localized corrosion can be limited by the ability of the surrounding
cathode to supply current.

@ Cathode capacity strongly depends on:

>
>
>
>

water layer thickness
solution conductivity
electrochemical kinetics

temperature (affects solution conductivity and electrode kinetics)

@ Presence of particulates in electrolyte decreases cathode capacity by
decreasing solution conductivity and effective electrode area.

@ Limited electrolyte volume under thin film conditions could lead to rapid
pH increases on the surface which slows the cathodic kinetics and thus
decreases the cathode capacity, making localized corrosion less likely to
be sustained.
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