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Proposal for a PhD thesis project at SUBATECH
Title : Interaction mechanisms of the mobile fraction of organic additives in the pore water of a tricalcium silicate paste (C3S) with representative nuclear waste species (radionuclides and organic matter): Experimental determination and molecular modeling

In the process of nuclear waste storage, cementitious materials would be used as the confinement matrix (some FA-MA/VL waste) or in construction work (gallery, sockets, plugs). The development of these materials includes the application of organic polymers at low concentrations (≈ 0.5 to 1% by weight). These polymers (additives) are used for their dispersing properties which prevent the aggregation of cement particles during the hydration process. Furthermore, their addition as superplasticizers (or water-reducers) affects very significantly many fundamental material properties (maturation behavior at the early stage, durability, long-term mechanical properties, etc.).
Given the large volume of concrete used for storage, the evaluation of the effects of polymers on the retention properties of cementitious materials with respect to radionuclides (RN) has already been investigated earlier. The results obtained show that their impact is limited. However, given the analytical limitations, no study has been able to propose a quantitative model to predict the residual concentration of additives in the cement pore water and thus to evaluate the influence of these additives on the complexation reactions with the RN and/or competing reactions towards the sorption sites with other molecules from organic waste. Similarly, the long-term effects of additives on the alteration of cementitious materials in water (dissolution of Ca(OH)2, decalcification of the calcium silicate hydrate phases, or CSH) has not been studied yet.
The objective of this thesis project is to quantitatively address these important questions on a fundamental molecular level by applying coupled and highly complementary experimental, analytical and computational molecular modeling techniques.

The measurements will be performed both in a dispersed medium ("batch" experiments) and in solidified medium ("through-" and "out-" diffusion experiments, dynamic leaching) in order to acquire:

1) the kinetic data and sorption/desorption isotherms of additives on the materials and the corresponding association constants (batch experiments);
2) transport parameters (Rd, De) and the amount of mobile fraction of additives present in the pore solution;
3) the complexation constants for the interaction of additives with the nuclear waste species of interest.
Model polymers will be used as representatives of industrial-type additives: polycarboxylic ether isotopically labeled with 14C in order to benefit from very low levels of quantification of the scintillation liquid. The experiments on sorption ("batch") and diffusion will be carried using a model cementitious material (tricalcium silicate (C3S) hydrated paste with and without the additives). The nuclear waste species of interest are representative of radionuclides (Ni and/or Eu) and organic species competitors (e.g., isosaccharinic acid). A special effort will be made to comprehensively characterize the solids and solutions studied by using different analytical techniques such as microscopy (AFM), spectroscopy (NMR, NIR, Raman), analysis in solution (nuclear spectrometry, HPLC-MS, MS, TOC), zetametry.

The molecular modeling part of the project will be performed in parallel and in close coordination with the experimental work on the same model systems organic-RN-cement. The processes of organic and radionuclide adsorption at the surfaces of cement particles will be quantitatively assessed using classical and ab initio molecular dynamics techniques. Potentials of mean force will be calculated to quantify the structural and energetic characteristics of interactions in the systems organic-RN-cement.This will allow us to better understand and interpret on the fundamental atomistic level the results of experimental work and will, simultaneously, help to better focus and direct further experimental efforts. This will also closely link the present project with other computational molecular modeling projects already on-going at the Ecole des Mines de Nantes and Subatech in the context of the industrial chair "Storage and Disposal of Radioactive Waste" supported by ANDRA, Areva, and EDF.
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