Objectives

Predict cathode kinetics in marine atmospheric system over
long time scales to be used for life-time predictions

Provide kinetic inputs for the Chen-Kelly model for maximum
pit sizes

Determine the cathode kinetics of SS304L using rotating disk
electrode polarizations, cyclic voltammetry and surface state
characterization methods.

Why Study High pH Atmospheric Corrosion Systems?

Figure 1: Dry casks used for permanent
storage of spent nuclear fuel
* High chloride brine possible on metal
surfaces.
 Long time cathode kinetics:
* (HER)(2H,0 + 4e~ —» 20H™ + H,)
™ = * (ORR)(0, +2H,0 +4e - 40H")
e WSS - The reaction energies, potentials and
- porto e RIS ultimate reaction rates will all change
— with pH.
Figure 2: The locations of spent fuel storage sights
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pH Evolution in a Droplet Environment

Droplet displays higher pH on the edges than in
center which can be characteristic of anode-
cathode development

Figure 4 (right): 86% RH Seawater droplet on a
SS304L coupon was kept at humidity for 24 hours.
Universal indicator was added at the end.
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Solution Effects on Cathode Kinetics

e The reaction energies and Nernst potentials of the system will change
. . I Figure 7: A schematic of
according to the amount of NaOH in the system | a rotating disk electrode
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. Figure 5: Polarization curves on 304L steel in various Figure 8: A family of polarization curves showing the
available cathode current solutions of sodium hydroxide. Up to pH 15.11 effect of the changing mass transfer layer thickness.
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Just like other seawater systems
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* This work defines cathode kinetics in high pH
environments as an input for the Chen-Kelly Model
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Using Levich behavior to Determine Reaction Mechanisms

e The curves remain ° Using the Levich slopes and

NaCl Environment Levich Behavior NaOH Environment Levich Behavior linear indicating known fluid properties, we
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Figure 10: Graphs showing typical seawater Levich curves (left) compared to high pH Levich curves (right). and perOX|de pathway(b)

HZOZ + 2H+ + 2e” = ZHzo
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Change in Reaction Mechanism

304L SS
25C NaOH Solutions, 000rpm

Determining the Cathode Reaction at Ultra-high pH

Mechanism and Pourbaix Analysis
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Figure 11: A polarization curve showing the effect of oxygen
on a polarization curve. Solution was deaerated for four hours
using lab-supplied nitrogen before the experiment.

* The presence or absence of oxygen does not change the
kinetics in high pH systems. Oxygen is NOT the primary
reactant in ultra-high pH systems.

* The dominant reaction at potentials far from the open circuit
potential has not changed; It is still dominated by Water
reduction (hydrogen evolution).

Result: ORR is not the dominant
Cathode Reaction at ultra-high pH

Conclusions
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Figure 12: A Pourbaix diagram showing the relevant reactions in the

system and The steady state potential of the system. All dominant ions are

assumed to have a concentration of 1 uM

The only major change in the state of the 304L SS is the change
of the iron(lll) passive film; Fe(OH)3 (OR FeO(OH)) is no longer
solely dominant.
Because the open circuit potential is so close to the potential
for the passive film transition, the true surface state likely
contains a mixture of Iron(lll) and iron (Il) passive films.
The current at low overpotential likely comes from the
dissolution of the Iron(lll) by the following reactions:
FeO(OH)(s) + e~ = HFeO, (aq) (3)
FeO(OH)(s) + e~ = Fe(OH),(s) (4)

Implications

Confirming the Cathode Reaction at high pH
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Figure 13: Polarization curves at ultra-high pH. Some
curves were reduced beforehand at roughly -1.5V

* By pre-reducing the surface, we remove the
iron (lll) passive film.

* The presence of the passive film greatly affects
the current because the Iron (lll) film is the
source of the cathode current.

Result: The Iron (lll) passive film
is very likely the source of the cathode current
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