
P/GEO/CI/03

Page 329CLAYS IN NATURAL & ENGINEERED BARRIERS FOR RADIOACTIVE WASTE CONFINEMENT
4TH INTERNATIONAL MEETING – MARCH 2010 – NANTES, FRANCE

STRUCTURE AND DYNAMICS OF MOBILE SPECIES
IN CLAYS FROM MOLECULAR SIMULATIONS

V. Marry1*, B. Rotenberg1, J.-F. Dufrêche2, N. Malikova3, P. Turq1

1. Université Pierre et Marie Curie – Paris 6, UMR-UPMC-CNRS-ESPCI 7195, Laboratoire
PECSA, Case 51, 4 Place Jussieu, F-75252 Paris, France (virginie.marry@upmc.fr)

2. Université Montpellier 2, ICSM, UMR 5257, Bat 426, BP 17171, F-30207 Bagnols sur Ceze,
France

3. Laboratoire Léon Brillouin, UMR CEA-CNRS 12, CEA Saclay, F-91191Gif-sur-Yvette, France

The retention and transport of mobile species in clays are usually quantified by empirical parameters
(sorption constants, effective diffusion coefficients) measured on the macroscopic scale. Molecular
simulations are useful tool to relate these parameters to the underlying microscopic mechanisms even if
the multi-porosity structure of clays makes this task particularly challenging.

We show how molecular simulations allow to characterize the specific interactions between ions and clay
surfaces andto estimate the diffusion of mobile species(water and ions) inside and outside the clay particles.
The dynamics near the clay surfaces is slowed down and the diffusion coefficients are close tothe ones
obtained in bihydrated interlayers.We also observe that solvent and ions are structured over approximately
10 Å from the surface, but thatthe dynamics in the direction of confinement is disturbed over a larger
distance (> 20 Å) (Marry et al. 2008).The evolution of these properties with the characteristics of the clay
(density and location of the clay layer charge) and the surrounding aqueous solution (concentration of the
added salt) are studied.

Moreover, transfer rates between the interlayer and the interparticle pores via the lateral surfaces canbe
evaluated. As expected, anions are excluded fromthe interlayer spaces whereas no activation barrier has to
be overcome for cations and water exchangebetween the two porosities (Rotenberg et al. 2007). This
justifies the averaging procedures used tointerpret macroscopic tracer diffusion data in compacted, water-
saturatedbentonites (Bourg et al. 2008). The dynamical quantities obtained by molecular simulationscan
then be included in macroscopic models accounting for the complex geometry of the materialto be
compared with experimental diffusion data.
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Figure 1: Specific behaviors of cations along the surface of a montmorillonite. Cs+ (left) form inner sphere
complexes with the surface but Na+ (right) are fully hydrated and form outer sphere complexes with the
surface.


