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In the context of a disposal within clayey formations (Callovo-Oxfordian argillite) or using clayey barriers,
the assessment of the long-term behavior of clay materials by geochemical modeling, requires
thermodynamic properties of clay minerals. The Thermochimie database has been created by ANDRA in
1996 in order to provide coherent thermodynamic data of many minerals of interests with regards to this
context, such as clay minerals. However, the thermodynamic properties of clay minerals, which govern the
stability of these minerals in solution are still poorly understood. Indeed, there is little experimental data
available in the literature concerning the hydration of smectites. On the other hand, it is not possible to
acquire all the experimental thermodynamic hydration properties of clay minerals involved in natural
systems or likely to be in the implementation of a deep disposal. In this study, we propose a method to
estimate the thermodynamic hydration properties of a clay mineral.

By considering the following reaction: Smectite nm H2O = Smectite (0 H2O) + nm H2O (l) , the hydration of
smectite is calculated from an equilibrium condition involving anhydrous and hydrous components
(Ransom & Helgeson, 1994) in which nm is the maximal number of moles of water in the fully hydrated end-
member. By using a solid-solution formalism, the variation of the hydration state of a smectite with
temperature or [H2O] can be possible. Analysis of experimental data indicates that solid solutions of hydrous
and anhydrous smectite components at 25°C and 1 bar are not ideal but can be expressed in terms of regular
solution theory by considering the excess molal enthalpy of mixing (Hxs) , the excess molal entropy of
mixing (Sxs) and excess molal Gibbs free energy of mixing (Gxs) for binary solid solutions of homologous
hydrous and anhydrous smectite components expressed in terms of Margules parameters W1 and W2.

A compilation of measurements of enthalpy of immersion, and isotherms of adsorption – desorption has
been done for Wyoming montmorillonite saturated by Mg2+, Ca2+, Na+ and K+. Smectite water-vapor
pressure isotherms represent the total concentration of H2O taken up the sample which is distributed among
the interlayers, the outer surfaces of particles and the open pore space in the sample. In order to retrieve
standard state thermodynamic properties for smectite hydration and dehydration from such data, the
amount of H2O in excess of that in the interlayer must be assessed and substracted from the total amount
taken up by the clay sample. Bérend et al. (1995), Cases et al. (1992, 1997) provide careful measurements
of recovering waters in both processes (hydration and dehydration) on Wyoming saturated by monovalent
and divalent cations.

Despite the fact that neither the hydration, nor the dehydration isotherm necessarily represents the
equilibrium state of the system, the two isotherms together can be considered to bracket the equilibrium
values of Xhs and the activity of H2O (Figure 1). Paired hydration and dehydration isotherm in the one hand
and enthalpy of immersion in the other hand, which constitute the limits of these brackets can be regressed
to assess standard state thermodynamic parameters (enthalpy and entropy) for the hydration- dehydration
process. Experimental enthalpies of hydration are used in the determination of ΔH°hyd. WH1 and WH2 by the
minimization technique. For the adsorption-desorption isotherms, the determination of parameters ΔS°hyd.
WS1 and WS2 are obtained by minimizing the difference between measured sets of data (relative humidity
and number of adsorbed interlayer water) and calculated ones.
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For each Wyoming saturated with one cation, six
parameters are requested and characterize the
standard state thermodynamic properties of
hydration between smectite and interlayer H2O.

Relations between hydration parameters ΔH°hyd. and
ΔS°hyd. in the one hand and the four Margules param-
eters (WH1 WH2, WS1 and WS2) in the other hand, with
the ionic potential of the interlayer cation are
observed for alkaline and alkali-earth cations.

Validation of standard state thermodynamic proper-
ties of hydration of end members has been done in
two fields: - by comparing behaviour of hydration
during exchange between two any end-members
with experimental isotherms of Na/Ca Wyoming
montmorillonite (Keren & Shainberg, 1979); - by
plotting the dehydration of the four Wyoming
Montmorillonite with temperature, showing a full
dehydration in the temperature range 160-190°C in
the order 160° < K ≈ Na< Ca< Mg< 190°C.

Then, the acquisition of standard state thermody-
namic properties of hydration and the number of
moles of interlayer water are then fully available
for a given temperature and relative humidity and
would imply to solve many questions like: the
behavior of exchange between two cations and the
number of moles of water transferred during
exchange for a given temperature, the selectivity
for a given relative humidity. However, from a
limited number of measurements, it is possible to
extend the results to different compositions, by
using predictive models, to provide theoretical
thermodynamic values of formation of some
hydrated smectites and calibrated with measured
data from both the literature and acquired within
the framework of this project.
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Figure 1: A - Enthalpy of hydration as a function of
the number of moles of interlayer H2O. The bold
curve is generated from the Margules equation.
B - Number of moles of interlayer H2O as a function
of the relative humidity. The thin lines represent
adsorption and desorption curves generated by the
minimization techniques. The bold curve obtained
from averaging adsorptions – desorption parameters
represent the equilibrium between smectite and
interlayer H2O.


