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Introduction

= Cathodic protection (CP) electrochemical technique to limit corrosion rate
= Exactly 200 years from the first experiments

= Some protection criteria based on empirical findings
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Introduction

CP working mechanisms are still under debate
= Activation polarisation

= Concentration polarisation

I Rectifier
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Introduction

» Several studies showed increase in pH as a function of the protection current density
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Introduction

» Several studies showed increase in pH as a function of the protection current density

» Afew studies reported changes in oxygen concentration upon CP

Measured 6 mm away from the steel surface

EON between -0.73 and -1.10 VSSE

N W b~ O O N

Dissolved oxygen concentration [ppm]

—_—
PRI B

o 5 10 15 20
Time [h]

ETH:urich 15.09.23 5



Introduction

= Passive film on steel extensively studied in alkaline electrolytes:
= Electrochemical methods to monitor or induce passive film formation
» Characterization techniques mostly done ex-situ

= A few studies reported in-situ characterization of passive film:
= Potentiodynamic polarization or cyclic voltammetry

= Potentiostatic polarization (anodic)
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Introduction

Aim of the work

Study the oxide film formation and growth upon application of cathodic currents combined with in-situ
light reflectance measurements
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Methods — Photoelectrochemical cell

Reference electrode :
(Ag/AGCI sat. KCI, SSE) Counter electrode (TIMMO)
Electrochemical cell
Suprasil glass // 2.5 mM NaHCO; + 5 mM Na,SO, + 2 mM EDTA

/ Soil simulated solution (pH~7)

CP applied in potentiostatic conditions
(EQN) at -0.9 VSSE and -1.2 VSSE

Working electrode
(Carbon steel, 1cm2)

WE

RE.L o ‘ ‘
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Methods — Photometric reflectance measurements (PRM)

Light (A = 200-700nm)

Potentiostat

(_CB_RE WE)

\ / Fibers support (PLA)

{4

// |

“\.Glass
Electrolyte (60mL)

Electrochemical cell (ASA)

Dark box

\

(

Spectrometer
(A=200-1000nm)

Optical fibers

/

[<

Light source
A =200-700nm)

Data evaluated at 380 nm to allow estimation of oxide film thickness
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In-situ PRM upon CP
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In-situ PRM upon CP
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In-situ PRM upon CP
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Thermodynamic and kinetic considerations
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Thermodynamic and kinetic considerations
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Thermodynamic and kinetic considerations
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Thermodynamic and kinetic considerations

3Fe + 4H,0 - Fe;0, + 8H" + 8e~
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Thermodynamic and kinetic considerations
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Thermodynamic and kinetic considerations
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Conclusions
Late stage CP (t>>0)

Early stage CP (t=2 0)

Prior to CP (t< 0)
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Pre-print available at: http://arxiv.org/abs/2308.15953

= Concentration polarization and activation polarization considered complementary

Mechanism described by thermodynamic and kinetics considerations

= Possible formation of oxide film (mainly based on Fe;0,)
If alkalinity is produced and the potential is above Ef¢,, the oxide film can be formed

Thickness of the film increases with the time of the experiment (up to 0.7 nm)
15.09.23
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Federico Martinelli-Orlando
fmartine@ethz.ch
www.linkedin.com/in/f-martinelliorlando

Visit us on: https://ifb.ethz.ch/durability Y(]u [Ihe

|'-F.'Ei'-.-.;;'.

| Natunr o



mailto:fmartine@ethz.ch

