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abstract

Under pressure and temperature conditions like those found in deep geological repositories (DGRs), 
rare-earth cations may react with silicates to form rare-earth disilicates. This study establishes the stabil-
ity range of yttrium disilicates in response to changes in pH. The α, β, γ, and δ polymorphs of Y2Si2O7 
were synthesized by the sol-gel process at temperatures between 1100 and 1650 °C and subjected to 
pHstat leaching tests. By measuring the Y and Si leaching rates and monitoring the transformation of 
the crystalline and amorphous phases, we showed that yttrium disilicates were stable at pH > 5. At pH 
< 5, the pH stability sequence was consistent with the temperature-dependent stabilities of Y2Si2O7 
phases, with the δ polymorph showing the lowest leaching rates. Because rare-earth compounds can 
be used as a proxy for analogous actinide hosts, the results of this study can be used to predict the 
performance of engineered barriers in DGR.
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introduction

When a smectite and a rare-earth solution are subjected 
to pressures and temperatures similar to those found in deep 
geological repositories (DGRs) (Astudillo 2001), a chemical 
reaction takes place with the formation of a rare-earth disilicate 
phase, RE2Si2O7 (RE = rare-earth cation) (Alba et al. 2001a, 
2001b). Because REs can be used as a chemical proxy for 
actinides (Chapman and Smellie 1986), this process indicates 
that the chemical retention of actinides by smectites could be 
an additional mechanism of immobilization (Alba and Chaín 
2005, 2007; Alba et al. 2009). The formation of the disilicate 
phase could ensure the efficiency of the clay barrier even after 
smectites have lost their swelling and cation exchange capacity 
(Alba and Chaín 2005). Therefore, to predict the long-term safety 
of a DGR and retention of trivalent actinide cations, the stability 
of the disilicate phase must be examined (Alba and Chaín 2007; 
Alba et al. 2009).

To date, there is little information on the response of disili-
cates to changes in parameters that may affect the performance 
of a DGR, such as the redox potential, the presence of Fe and 
Ca leachates, or pH. Regarding the latter, RE disilicates with a 
thortveitite structure are reported to be reasonably stable in a 
wide range of pH values, although this stability depends on their 
size (Alba and Chaín 2007; Galulin et al. 2011). However, less 
is known about the stability of other polymorphs in response to 
changes in pH.

The yttrium disilicate Y2Si2O7 forms different polymorphs. 
Four polymorphs (α, β, γ, and δ) can be easily synthesized and are 
stable at increasing temperatures (Felsche 1970). Strictly speak-
ing, α-Y2Si2O7 is not a disilicate. Although this compound shows 

the average disilicate composition, it has a different degree of 
tetrahedra condensation because its structure consists of isolated 
chain-like (Si3O10) groups plus an additional SiO4 tetrahedron 
instead of the sorosilicate group (Si2O7). Two other polymorphs, 
y and z, can be found at lower temperatures, although they are 
stabilized by the presence of impurities (Ito and Johnson 1968). 
Although numerous studies have focused on the stability of these 
polymorphs in several temperature ranges (Parmentier et al. 
2000; Becerro et al. 2003; Fukuda and Matsubara 2004; Díaz et 
al. 2005; Maier et al. 2006), little is known about their stability 
in response to changes in pH.

Here, the structural and chemical stability of Y2Si2O7 over 
a wide range of pH values is evaluated. The initial pH in 
engineered DGR barriers is expected to be between 6 and 7. 
However, because disilicates are expected to be unstable at 
extremely low pH, there is a need to examine their behavior in 
these conditions. On the other hand, cement degradation in DGR 
facilities could lead to the release of hyper-alkaline fluids that 
may induce geochemical transformations, which in turn could 
affect the properties of the silicates (Huertas 2000; Villar et al. 
2006). Therefore, disilicate stability at high pH should also be ad-
dressed. The pH assays used here originated from tests previously 
applied to other pollutants in similar solid phases (van der Sloot 
et al. 1996; Sukreeyapongse et al. 2002; Cappuyns et al. 2004; 
Hage and Mulder 2004; Dijkstra et al. 2006; Rigol et al. 2009). 
The pH tests provide information on the neutralization capacity 
of the disilicates and allow the estimation of the extent of RE 
remobilization caused by pH-dependent dissolution reactions and 
proton-induced desorption (Weber et al. 2005). Initial samples 
and a selection of samples resulting from the pHstat leaching tests 
were also examined by X-ray powder diffraction (XRD) and 
nuclear magnetic resonance (NMR) to further examine structural 
changes in the disilicates in the pH range tested.* E-mail: alba@icmse.csic.es


