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Compacted bentonites are being considered in many countries as a sealing material in high-level
radioactive waste disposal (HLW) concepts because of their low permeability, high swelling capacity and
high plasticity. In this context, the knowledge of the pore water composition in bentonites is an uncertainty
associated to the retention and transport processes through highly compacted material. The nature of the
pore water directly affects how the radionuclides are transported through the buffer materials because of a
potential distribution is developed at the solid-liquid interface (Sato, 2005). Besides, the moisture potential
of bentonites is closely related to swelling pressure (Kahr el al., 1989).

The pore water chemistry depends on the hydration and swelling of bentonites (matric and osmotic
potentials), and therefore on the distribution of the external and the interlayer water. This relationship
depends, in turn, on parameters such as water content, bulk dry density, temperature, type of cations at
interlayers and salinity. The osmotic potential is related to the dissolved salt content and increases with
pore water salinity. It is well-known that variations in pore water osmotic suction affect osmotic repulsion
pressure caused by the diffuse double layers interactions of adjacent particles as both are functions of
dissolved salt concentration in pore water.

In this work, the moisture potential has been analysed as a function of the water content, temperature (20,
30 and 60 ºC), type of cations at interlayers, salinity and degree of compaction of the FEBEX bentonite
(ENRESA, 2006). The aim was to analyse the hydration of this bentonite, and the types and distribution
of water as a function of these parameters, since both the Cl-accessible porosity (key parameter for
transport processes) and the amount of internal (interlayer)/external water depend strongly on the ionic
strength of the saturating solution, the composition at interlayers and the temperature. The amount of free
water in compacted material is a key parameter for modelling the pore water composition.

As results, the behaviour in the adsorption of water at 20ºC and 30ºC is not different, but there are
differences in the adsorption of water at 60ºC (Figure 1a). The amount of external water, as well as the
amount of water in the one-layer hydrate and in the two-layer hydrate are more of less the same at
temperatures between 20 and 60ºC. However, the amount of water at the three-layer hydrate, as well as
the total amount of water adsorbed is lower at 60ºC than at lower temperatures. It seems that the volume
occupied by water at high temperatures is higher than at lower ones, and less amount of water is needed
to fill the interlayer spaces.

The changes in free energy, enthalpy and entropy of water in FEBEX bentonite as a function of the degree
of adsorption were calculated from water adsorption isotherms measured at the same temperature T and
enthalpies of immersion obtained for different degrees of pre-adsorption. The hydration of interlamellar
space proceeds in steps corresponding to the adsorption in external surfaces, and the intercalation of one,
two and three water monolayers. The amount of water adsorbed depends on the type of interlayer cation
and its hydration energy (Figure 1b).

The clay-water system is sensitive to electrolyte concentration changes (Figure 2a). It was confirmed that
hydration of the cations and of the exposed clay surfaces occurs at low water contents, whereas the osmotic
phenomenon is more effective at high water contents. Higher amounts of water are adsorbed at high
relative pressures when salinity increases.
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Water vapours isotherms with compacted material at 1.75, 1.65, and 1.50 g/cm3 (Figure 2b) were
performed at two temperatures (20ºC and 60ºC). The temperature affects the amount of water adsorbed not
only in powdered material, free for swelling, but also for compacted bentonite, being lower when
temperature increases. The effect of degree of compaction seems to modify the repartition of water
molecules between the interlayer spaces and the inter-aggregate pores. At 60 ºC, a complete 3-layer hydrate
state is never obtained at high relative humidities in compacted material at these dry densities.
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Figure 1: a) Water vapour adsorption isotherms obtained at 20, 30ºC and 60 ºC. Basal spacings, d(001)
Å, for the adsorption branches at different temperatures are also shown in the figure (open symbols); and
b) Water adsorption isotherms for FEBEX bentonite and FEBEX smectite homoionized in Ca, Mg, Na and
K.

Figure 2: a) Water vapour isotherms of FEBEX bentonite and < 2 µm fraction FEBEX smectite samples
equilibrated with NaClO4 electrolyte solutions at 0.01, 0.1 and 1 M. Open symbols are d(001) values; and
b) Frenkel-Halsey and Hill water sorption plot obtained for the FEBEX bentonite compacted at 1.50, 1.65
and 1.75 g/cm3. Each change of slope in the curve means the different states and location of the water.


