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Abstract

With the developing technology for the disposal of High Level Nuclear Wastes
(HLNWSs), copper alloy has been selected as the canister material. However, the
regarding corrosion issue of copper canister in crystalline rock repository remains
unclear, so that a significant question arises as to the suitability of copper alloy toward
the intended purpose. Whether Oxygen-free, Phosphorous-doped copper (OFP-Cu)
is passive in sulfide-containing geochemical brine and what corrosion mechanism it
obeys need to be ascertained. By means of DC polarization and electrochemical
impedance spectroscopic (EIS) techniques, the corrosion behavior and corrosion
mechanism of oxygen free phosphorus copper in simulated geological brine for
HLNWSs was investigated. The Point Defect Model was successfully developed to study
the passivation of copper alloy. Copper cation vacancy is identified as the
preponderant point defect within the passive layer by Point Defect Model coupled EIS
optimization (PEO) and Mott-Schottky analysis. Corrosion kinetic parameters for the
generation/annihilation of ionic defects were accounted by PEO. Sulfate is found to
induce the passivity breakdown by promoting the ejection of copper cation vacancies,
resulting in a larger passive dissolution current density and a decrease thickness of
barrier layer.

Keywords Copper alloy; EIS; Passivity; Electrochemistry; Corrosion Mechanism
Reference

[1] F. King, M. Kolar, P. Maak, Reactive-transport model for the prediction of the
uniform corrosion behaviour of copper used fuel containers, Journal of Nuclear
Materials 379 (2008) 133-141.

218



/1NN
"SICC - INTERCORR
International ! 2024 !@

Corrosion Council

[2] W. Qafsaoui, C. Blanc, J. Roques, N. Pébere, A. Srhiri, C. Mijoule, G. Mankowski,
Use of Multielectrode Arrays and Statistical Analysis to Investigate the Pitting
Probability of Copper. Part I: The Effect of Chloride, Journal of The Electrochemical
Society 169 (2022) 061503.

[3] F. Mao, C. Dong, S. Sharifi-Asl, P. Lu, D.D. Macdonald, Passivity Breakdown on
Copper: Influence of Chloride lon, Electrochimica Acta 144 (2014) 391-399.

[4] P. Lu, B. Kursten, D.D. Macdonald, Deconvolution of the Partial Anodic and
Cathodic Processes during the Corrosion of Carbon Steel in Concrete Pore Solution
under Simulated Anoxic Conditions, Electrochimica Acta, 143 (2014) 312-323.

[5] J. Wu, J. Wang, Y. Wu, Investigation of photo-induced corrosion of copper in
aqueous solution based on point defect model, Materials Chemistry and Physics 255
(2020) 123648.

[6] M. Somervuori, E. Isotahdon, M. Nuppunen-Puputti, M. Bomberg, L. Carpén, P.
Rajala, A Comparison of Different Natural Groundwaters from Repository Sites—
Corrosivity, Chemistry and Microbial Community, Corrosion and Materials Degradation
2(2021) 603-624.

[7] G.S. Sajadi, V. Saheb, M. Shahidi-Zandi, S.M. Hosseini , A study on synergistic
effect of chloride and sulfate ions on copper corrosion by using electrochemical noise
in asymmetric cells, Scientific Reports 12 (2022) 14384.

219



