
P/GC/RS/24

Page 421CLAYS IN NATURAL & ENGINEERED BARRIERS FOR RADIOACTIVE WASTE CONFINEMENT
4TH INTERNATIONAL MEETING – MARCH 2010 – NANTES, FRANCE

THERMODYNAMIC PROPERTIES OF A SMECTITE
AND AN ILLITE: COMPARISON BETWEEN SOLUBILITY

EXPERIMENTS AND CALORIMETRIC RESULTS

H. Gailhanou1, S. Gaboreau1, J. Rogez2, J. Olives3, M. Amouric3, J.C. van Miltenburg4,
E.C. Gaucher1, N. Michau5, E. Giffaut5 and P. Blanc1

1. BRGM – The French Geological Survey – 3 av. Claude Guillemin BP6009 45060 Orléans cedex
2, France (h.gailhanou@brgm.fr)

2. IM2NP – Université Paul Cézanne, av. Escadrille Normandie-Niemen, 13397 Marseille cedex 20,
France (j.rogez@univ-cezanne.fr)

3. CINaM – CNRS – Campus de Luminy, 13288 Marseille Cedex 9, France
(olives@cinam.univ-mrs.fr)

4. Chemical Thermodynamics Group, Utrecht University, Padualaan 8, 3584 CH Utrecht, The
Netherlands (a.c.g.vangenderen@chem.uu.nl)

5. ANDRA – Parc de la Croix Blanche, 1-7 rue Jean Monnet, 92298 Châtenay-Malabry Cedex
(nicolas.michau@andra.fr) .

INTRODUCTION

In the context of nuclear waste repositories in argillaceous formations, it is necessary to assess the
geochemical behaviour of natural and engineered clay barriers, namely by the stability of clay minerals
over long periods of time. However, thermodynamic data of clay minerals, which are required for
geochemical modelling, are still poorly known. The present study aims to improve our comprehension of
clay mineral stability.

The thermodynamic properties of smectite MX-80 and illite IMt-2 (Silver Hill, Montana) have already
been determined using calorimetric methods between 0 K and 520 K (Gailhanou, 2005; Gailhanou et al.,
2007), under both dried and hydrated states in the case of smectite. In parallel, solubility experiments were
carried out in order to determine the solubility products of the clay minerals. Such experiments require
some particular precautions as published by May et al. (1986) and Aja and Rosenberg (1992). According
to these authors, it is namely important to reach the equilibrium from both under and over saturation and
to characterize from a mineralogical point of view the end products. Taking advantage of previous
calorimetric measurements (Gailhanou, 2005), we propose to compare the solubility products obtained here
from dissolution experiments with respect to calorimetry results, in order to assess the equilibrium
achievement for the solubility experiments.

The study is integrated in the Thermochimie project, which aims to provide a consistent thermodynamic
database (Thermochimie) for modelling purposes. This work dealing with a smectite and an illite is being
completed by the study of a set of typical clays, selected to be well-representative of the clay group.

CALORIMETRY

Enthalpies of formation of the minerals were determined by isothermal dissolution calorimetry at 25°C,
using a HF-HNO3 solution. They were obtained by measuring the enthalpies of dissolution of (i) the sample
(clay mineral + impurities) and (ii) the oxide or hydroxide constituent mixture (constituents of the clay
mineral) + impurities.

Heat capacities of the samples were measured by low-temperature adiabatic calorimetry (5 K - 350 K) and
differential scanning calorimetry (300 K - 520 K), and were corrected in order to subtract the contributions
of mineral impurities and, in the case of hydrated smectite, of pore water. The entropy of the mineral was
determined by integrating the Cp(T)/T curve. Finally, Gibbs free energy of formation of the illite and the
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smectite in dehydrated and hydrated states were calculated from enthalpy and entropy of formation, at any
temperature.

SOLUBILITY EXPERIMENTS

Solubility experiments with illite IMt-2 and smectite MX-80 were carried out in either deionised water or
in a solution containing NaCl 0.05M, SiO2,aq 5 10-5M, in the presence of kaolinite, hematite and goethite.
The experiments were performed at 25°C and lasted for two years. Solution samplings were analyzed at
different time periods (3, 5 and 12 days, 3, 7, 12 and 24 months). At the end of the experiments, the solids
were collected and characterized by XRD, 27Al NMR, microprobe and TEM. Cationic exchange capacities
(CEC) were also measured for Na, Ca, K and Mg. These results were compared with those obtained for
the initial solids. Globally, only minor changes were detected. The more noticeable changes concern CEC
values which decreases for example, from 74 meq/100g to 59 meq/100g for smectite after two years in
water.

After two years, ionic activity products are calculated from the solution analyses using the Thermochimie
database. The values are compared with the equilibrium constants calculated from thermodynamic
properties measured by calorimetry. It results that they lie within the uncertainty ranges defined for the
equilibrium constants, which mean that solutions would be rather close to equilibrium with minerals.
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