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INTRODUCTION

Understanding the interaction mechanisms between the
smectite lattice and the cations present in its interlayer space
after thermal and hydrothermal treatments is important from
both basic and applied points of view, and has attracted the
attention of several research groups (Beall et al. 1979; Figueras
1988; Alvero et al. 1994). Within this general scheme, during
the past decade our team has studied the possible mechanisms
for the fixation of trivalent 4f cations that initially occupy ex-
changeable sites in the interlayer space of smectites (Trillo et
al. 1990, 1992; Muñoz-Páez et al. 1994, 1995; Alba et al. 1996;
Castro et al. 1996; Alba et al. 1997).

This systematic research has attempted to rationalize the
behavior of the 4f series, considering the different geometrical
structures and thermodynamic magnitudes, such as the Gibbs
free-energies of formation, from a basic physicochemical point
of view. We have also evaluated the ability of the smectites to
immobilize the lanthanide ions (Ln3+), a process of importance
for the storage of radioactive wastes. For this latter purpose,
Ln3+ ions are usually employed to mimic the actinide ones. We
have reported the modifications shown by a montmorillonite
exchanged with Lu3+ after hydrothermal treatment at 400 °C
(Trillo et al. 1994). The extensive formation of Lu2Si2O7 after
this treatment offers a possible and effective mechanism of ra-
dionuclide immobilization in high-level radioactive waste re-
positories. Such a possibility had not been considered previously
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ABSTRACT

Changes produced after hydrothermal treatments at 400 °C and at different pressures in a set of
Lu-saturated smectites have been compared with those occurring in a mixture of 2SiO2:1Lu2O3. The
effect of the mineralogical composition of the smectite on the reactivity has been analyzed. The
growth of a new crystalline phase, Lu2Si2O7 (detected by means of X-ray diffraction), at a different
pressure for each smectite, has allowed us to establish a reactivity order among the samples. All the
samples were much more reactive than the mixture of oxides. The reactivity of the smectites was
modulated by their different mineralogical compositions. First, smectites having Al in the tetrahe-
dral sheet were the most reactive. This finding is interpreted as due to a strong electrostatic interac-
tion created by the Al that activates neighboring Si for the reaction. Second, a higher reactivity was
observed for the smectites with total occupancy of the octahedral sheet, due to the simultaneous
disruption of the tetrahedral-octahedral shared oxygen layer and the diffusion of octahedral cations
into the interlayer space. Third, the layer charge of the smectite does not induce any variation in the
reactivity for the set of samples analyzed.

due to the high temperatures reported in the phase diagrams
for the systems SiO2-Ln2O3 needed to yield lanthanide silicates
(Felsche 1973).

It is important to know the structural properties of the
smectites that enhance the reactivity of the Ln3+ ions leading to
the formation of the disilicate phase. This information could
be extremely useful in finding smectites that yield the disilicate
phase under even milder conditions than those already reported,
and would be especially relevant to the design of effective re-
positories for high-level radioactive wastes.

Our main aim in this paper is to characterize the formation
of Lu2Si2O7 from a set of different smectites saturated in Lu
ions under hydrothermal conditions. These experiments reveal
the effect of the chemical characteristics of the clay samples
on the formation of Lu2Si2O7. In addition, the hydrothermal
treatment of the solid mixture of Lu2O3-SiO2 has been studied
and compared with the reactivity shown by the smectites. Thus,
the differential reactivity of sheet and framework silicates for
the formation of Lu2Si2O7 has been determined.

Our study utilizes X-ray diffraction (XRD) techniques to
characterize the modifications shown by a set of Lu-saturated
smectites after several hydrothermal treatments at 400 °C and
different pressures. Differential thermal analysis (DTA) has
been employed to study the effects of the hydrothermal reac-
tion on the dehydration process of the residual smectite struc-
ture. Likewise, XRD on different types of oriented aggregates,
together with chemical analyses of the exchangeable cations
produced after the treatments, have been employed to deter-
mine the new composition of the interlayer space after the dis-
appearance of the hydrated interlayer Lu ions.


