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The evaluation of the performance of clay-rich barrier considered for the disposal of radioactive waste and
a reliable prediction of the impact of repository-induced disturbances upon the confinement properties of
clay-rich geological formations requires reliable thermodynamic models for clay minerals. Such models
have to take into account the variation of the hydration state of smectite as a function of temperature,
pressure and water activity.

We propose the first macroscopic thermodynamic model that account for the stepwise dehydration with
increasing temperature or decreasing H2O activity of K, Na, Ca and Mg-smectite. The model relies on the
relative stability of the different solid-solutions that describe the hydration of di- or trioctahedral-smectites
containing 0, 1, 2 or 3 interlayer water layers. The inclusion of anhydrous mica end-members makes it
possible to cover, with the same solid-solution model, the entire range of composition from low-charge to
high-charge smectite, through illite to mica. Non-ideal Margules parameters were used to describe the non-
ideality of the solid solutions between the hydrated and dehydrated smectite end-members. Standard state
properties of all smectite end-members as well as Ca- and Mg-muscovite and -phlogopite were initially
estimated by oxide summation. These values were then refined and the other non-ideal interactions were
estimated on the basis of different experimental data. The stepwise dehydration of smectite, and its stability
and compatibility relations were calculated by Gibbs free energy minimizing. Our results account for the
progressive evolution of smectite to interlayered illite/smectite and then to mica, as observed in nature and
experiments, and our model provides an explanation for the thermodynamic stability of smectite and illite/
smectite compared to mica + kaolinite or pyrophyllite assemblages. The results suggest that the enthalpic
contribution of interlayer water is a function of the ionic potential of the interlayer cation and the number
of interlayer water molecules. This evolution makes possible to estimate the standard-state thermodynamic
parameters and hydration-temperature behaviour of smectite of virtually all possible compositions. For the
four-interlayer cations considered in the study, our model reproduces the 3 ➞ 2 ➞ 1 water-layer transitions
that accompany a reduction of water activity or an increase of temperature at ambient pressure. The range
of water content and interlayer distance calculated for the 3w, 2w and 1w states are also in fair agreement
with the experimental values at ambient pressure.


