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High-level radioactive waste containing long-lived actinides (Pu, Np, Am) originates from the spent fuel
from nuclear power plants. The deep geological disposal is the main permanent solution that is considered
by the scientific community as the most promising method for the long-term management of the
radioactive waste. In a deep geological repository (DGR), which is based on an engineered and natural
multibarrier system, the construction of engineered barriers composed of clays and concrete materials
around the canister seems to be the most effective approach for the radionuclide immobilization.

It has been recently observed that a chemical reaction takes place over a wide pH range when putting into
contact a smectite sample with the salt of a rare-earth element (REE, actinide simulator) in an aqueous
solution under pressure and temperature conditions compatible with the DGR scenario. The chemical
reaction leads to the formation of an insoluble, persistent rare-earth disilicate phase, REE2Si2O7 (Alba and
Chaín, 2005). Taking into account that the disilicate phase formation could be responsible of the success
of the clay barrier once the smectite has lost its swelling and cation exchange capacity, its stability (e.g.,
the disilicate dissolution at different pH values) should be considered as an influencing factor for the long-
term performance of the DGR. Although to know the disilicate phase stability in the DGR is a key aspect
to evaluate its role in the overall performance of the DGR, it has not yet been found detailed explanation
on the effect of the REE ionic radius and the pH on the disilicate stability. Thus, the main goal of the
present study is to investigate the effect of the REE ionic radius on the leaching of different REE (Sc, Lu,
Y) and thus on the dissolution of REE2Si2O7 (REE = Sc, Lu, Y) over a wide pH range.

Scandium, lutetium and yttrium disilicates were synthesized following the sol-gel method and calcination
at 1300º C for 24 h, to form the β-polymorph, in some case it was accompanied by minor phase such as
oxide, REE2O3, or the oxyorthosilicate, REE2SiO5. Subsequently, the disilicates were submitted to a
standardized leaching test at a controlled pH (CEN/TS 14429 pHstat test (CEN, 2006)), in the pH range of
1-13, and the disilicate phase persistence was quantified in the whole pH range. While the rate of REE and
Si leaching were quantified by using ICP-OES, the potential transformation of the crystalline and
amorphous phases was followed by X-ray diffraction, solid state nuclear magnetic resonance, and scanning
electron microscopy, by the analyses of disilicate samples before and after the application of the leaching
test.

The pHstat leaching curves of the respective REE and Si for the three disilicates informed on the disilicate
stability with changing pH, as shown in Figure 1a (leaching curves for Sc, Lu and Y), and Figure 1b
(leaching curves for Si). In general, the leaching curve shapes were similar among for the REE. The highest
leaching rates were obtained at acid pH (especially for Lu2Si2O7 and Y2Si2O7 disilicates), and they
decreased drastically to negligible values at basic pH. Among the REE investigated, Sc, with the smallest
ionic radius, had the lowest leaching rates over the whole pH range, while Y, with the largest ionic radius,
had the highest ones, while Lu showed an intermediate behaviour. These results agree with previous data
reported in the literature, in which it was already observed that the stability range of the β-polymorph
increased as the ionic radius of the rare earth diminishes (Felsche, 1973).
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The same pH dependence was observed for Si, with the leaching rate values being lower than for the
corresponding REE.

The structural analysis demonstrated that the amount of crystalline phase remained almost constant at
pH > 3, and that new phases were not generated in the pH range examined (see Figure 2).

From the results obtained it is possible to conclude that the disilicate phase formation in the DGR is more
stable than the oxide, REE2O3, or the oxyorthosilicate, REE2SiO5, phases (see Figure 2). This would favour
the retention of radionuclides, especially in the basic medium, accordingly to their extremely low leaching
rates at basic pH. Additionally, the REE with smaller ionic radii are retained better by the disilicate phase
(Sc > Lu > Y) in the acidic aqueous medium, while the effect of the ionic radii was negligible (due to the
low leaching rate) in the basic medium. Moreover, it has been pointed out that REE2Si2O7 is stabile at the
pH range expected in the deep geological repository.
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Figure 1: Leaching curves of REE and Si in the examined disilicates.

Figure 2: Evolution of the crystalline phases with the pH.


