Corrosion Behavior of Anodized and Cathodic Plasma
Electrolyte Oxidation (CPEO) coating on stainless steel used In
nuclear spent fuel dry storage canister

Jun Heo, Jae Woo Lee, and Sung Oh Cho *
NQ e Department of Nuclear & Quantum Engineering, Korea Advanced Institute of Science and Technology I(AI s I
*e-mail: socho@kaist.ac.kr

Intl‘OdUCtion Electrochemical test cell conditions

Workmg electrode: Surface treated 304 SS (surface ~ 0.2 cm?)

| Spent Nuclear Fuel (SNF) dry storage system

ounter Electrode: Platinum wire
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M < Surface of the CPEO coated

7 A S O sample (a) 1s rough with fine
I Metal durability developing technologies < S pa D g varticles / pores / cracks

** Metals suffer various corrosion issues under harsh environments

¢ Cathodic Plasma Electrolytic Oxidation (CPEO) coating technology is in " " e #2088 < Pores / cracks zone experienced
the limelight to be applicated on stainless steel for corrosion protection T | (d) RS high energy of the plasma

“* Anodization has the similar concept with CPEO of applying voltage to the %“" . 7 ’ o ¢ discharge

metal in a certain electrolyte, surface morphology change in both ways | | & Cross sectional view of CPEO
. " (b) depicts no cracks / pores

reaching the substrate
¢ In CPEOQO, oxide layer grows both inward and outward (total thickness: 22.3 um)

¢ Uniform bonding of inner dense layer provides high adhesive strength
¢ For Anodization, stable and uniform oxide layer was fabricated (c, d)

- Anodization of stainless steel > Plasma eIectrontlc oxidation of aluminum alloy ¢ Oxidation and dissolution (etching) reaction fabricated uniform nanopores (c)

Experimenta| ¢ Average pore diameter ~ 52 nm / Thickness of oxide layer ~ 1.14 um

’ Sample Preparation | ¢ Bare 304 SS (a): Austenite (c) I
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Samples were sonicated in * Anodized 304 SS (b): * Magnetie

acetone, ethanol, and deionized Austenite
(due to amorphous structure of oxide layer)

(b) |

water (5 min. each)
Dried in vacuum oven of 60 °C “*CPEO coated 304 SS (c): o

(a) |

Austenite + Magnetite , e
—> Chemically stable oxide layer
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Anodization & Cathodic Plasma Electrolyte Oxidation (CPEQO) |

Anodizing condition

¢ Cooling bath was used at temperature of 25 °C
¢ Target metal: 304 SS
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Electrochemical measurements

= Bare Type Ecorr icorr CR
m—=_Anodized (mV/SCE) (A/cm?) (mm/yr)
— CPEO

J/ Bare SS -319.2 1.83x10%6 1.973X%102
Anodized -222.0 5.68x107 6.124%x103

CPEO -125.5 6.57%x10”7 7.084%103

o
T

¢ Counter electrode: Platinum sheet
“* Electrolyte: 0.1 M H,O + 0.1 M NH,F in E.G
counter %* Applied voltage: 60 V

Electrode
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¢ Duration: 7 min. » E .. : Anodized < CPEO

¢ After anodization, specimen immersion in ethanol > Corrosion Rate (CR):

Electrolyte . . -0.6 -0.3 0.0 0.3 .
N for 10 min. & kept in vacuum oven at 50 °C V vs. SCE Anodized < CPEO

» Less chance of corrosion attack with CPEO (stable Fe;O, layer)

¢ Cooling bath was used at temperature of 25 °C
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* Working clecttods: S04 % container W container | m
e
s Counter electrode: 304 SS containel

% Electrolyte: 10 wt.% borax + 15 wt.% glycerol CPEO: 22.3 um oxide layer (in / outward) with cracks & pores due to plasma discharge

log (current density) (A/cm?)
)

_ » Similar CR, but anodized sample showed better CR status
High Voltage

< Potential: -180 V with unipolar direct current 3 Qr.lfhdgle)t;cglz ILanoporcf)us struf:tur(eEwnh 1.14 um constant thickness oxide layer
i , chance of corrosion

(above breakdown potential of SS, -110 V) . corr
advantageous, but CR was higher due to cracks or pores

o T cie 1 . ,
* Initial increase rate: 1 V/s & kept for 10 min. klectrolyte With Anodization, adhesion of oxide layer was inferior and corrosion probability was higher,
¢ Frequency: 100 Hz / but CR was lower due to uniform nanoporous oxide layer
Y.
¢ Duty cycle: 45% for negative potential
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