
HAL Id: hal-04601065
https://hal.science/hal-04601065v1

Submitted on 11 Oct 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Study of general and galvanic corrosion of Mg alloys in
Na-geopolymer / NaF and its synthetic pore solution

Blanca E. Torres Bautista, Julia Agullo, Benoist Muzeau, Christian Bataillon

To cite this version:
Blanca E. Torres Bautista, Julia Agullo, Benoist Muzeau, Christian Bataillon. Study of general and
galvanic corrosion of Mg alloys in Na-geopolymer / NaF and its synthetic pore solution. European
Corrosion Congress, EUROCORR 2016, Vol 4, Sep 2016, Montpellier, France. pp.2665-2678. �hal-
04601065�

https://hal.science/hal-04601065v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


[1]  D. Lambertin, F. Frizon and F. Bart, “Mg-Zr alloy behaviour in basic solutions and immobilization in Portland cement and  
Na-geopolymer with sodium fluoride inhibitor,” Surface and Coating Technology, vol. 206, pp. 4567-4573, 2012.  

[2]  E. Gulbrandsen, J. Tafto and A. Olsen, “The passive behaviour of Mg in alkaline fluoride solutions. Electrochemical and electron 
microscopical investigations,” Corrosion Science, vol. 34, no. 9, pp. 1423-1440, 1993.  

[3]  J. Agullo, B. Muzeau and C. Bataillon, “Measurements of geopolymers ionic conductivity as binder for encapsulation of metallic 
nuclear waste,” in 11th International Symposium on Electrochemical Methods in Corrosion Research, Troia, Portugal, 2015.  

[4]  G. Song and A. Atrens, “Understanding Magnesium Corrosion,” Advanced Engineering Materials, vol. 5, no. 12, pp. 837-858, 2003.  

[5]  A. Rooses, D. Lambertin, D. Chartier and F. Frizon, “Galvanic corrosion of Mg-Zr fuel cladding and steel immobilized in Portland 
cement and geopolymer at early ages,” Journal of Nuclear Materials, vol. 435, pp. 137-140, 2013.  

 

Study of the galvanic corrosion behaviour of Mg and Mg alloys  

in a Na-geopolymer and in its synthetic pore solution 

B. E. Torres-Bautista
1
, J. Agullo

2
, B. Muzeau

1
, C. Bataillon

2
 

1
CEA, DEN, DANS, DPC, SECR, Laboratoire d’Etude du Comportement des Bétons 

et des Argiles, F-91191 Gif-sur-Yvette, France 

2
CEA, DEN, DANS, DPC, SCCME, Laboratoire d’Etude de la Corrosion Aqueuse,  

F-91191 Gif-sur-Yvette, France  

ABSTRACT 

Geopolymers are currently studied at CEA as new binders for the conditioning of 
cladding wastes (mainly made of Mg alloys) generated from the reprocessing of spent 
fuels coming from UNGG (Uranium Natural Graphite Gas) nuclear reactors in France. 
The alumino-silicate matrix considered here is activated with NaOH solution in the 
presence of sodium fluoride (Na-Geo/NaF), fluoride ion being a corrosion inhibitor for Mg 
and its alloys 

[1, 2, 3]
.  

Galvanic corrosion may occur in the geopolymer matrix due to the direct contact of Mg 
cladding wastes with residual graphite materials (e.g. Aquadag

®
), initially present in the 

fuel assemblies or steel from the container. Mg and its alloys acts as anode in most 
galvanic corrosion processes, leading to the acceleration of the corrosion rate of Mg and 
the significant hydrogen evolution 

[4, 5]
. 

The aim of this work was to study the general corrosion of Mg and Mg alloys, and their 
galvanic corrosion when coupled to Aquadag

®
 or Steel S235JR. Electrochemical 

methods, weight loss measurements and surface analysis were performed after  
short-term exposure to synthetic Na-Geo/NaF pore solution.  
Corrosion rates of pure Mg, Mg-0.5%Zr alloy and Mg-0.5%Zr alloy coated with Aquadag

®
 

were obtained from EIS and polarization curves at different immersion times. Corrosion 
currents were graphically estimated from polarization curves assuming Tafel behaviour. 
On the other hand, Electrochemical Impedance Spectroscopy (EIS) data were analysed 
by using a methodology based on complex impedance analysis 

[3]
. Corrosion rates 

obtained for the case of galvanic coupling Mg-0.5%Zr with Steel S235JR were obtained 
using the mixed potential theory and ZRA measurements. The effect of cathode/anode 
surface ratio was studied, showing higher corrosion rate when the cathode was larger 
than the anode surface. Besides, it was observed that the corrosion rates obtained for 
the general corrosion of Mg and Mg alloy were considerably lower than those obtained 
when they were galvanically coupled.  
On the other hand, general corrosion of pure Mg, Mg-0.5%Zr and Mg-1.2%Mn, and also 
galvanic corrosion with Steel S235JR and Aquadag

®
 were studied by weight loss 

measurements. Coupons were embedded in Na-Geo/NaF geopolymer or immersed in its 
synthetic pore solution during 180 days. First results obtained with Mg and Mg-1.2%Mn 
will be discussed. 


