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INTRODUCTION

High-level radioactive waste tanks at U.S. Department of
Energy (DOE) storage sites have been found to leak highly
basic, high ionic strength, waste solutions into the subsurface.
These wastes contained, or are suspected to have contained,
significant concentrations of radioactive species, including 90Sr.
When these high-pH solutions leak into the subsurface, the
chemistry of the infiltrating solution will be altered dramati-
cally by dissolution of silica or aluminosilicate minerals present.
These dissolution reactions alter the chemical composition of
the leaking solutions, transforming them from a highly basic
(as high as 2 M NaOH) solution into a pore solution with very
high dissolved silica (as high as 0.1 M), and significantly lower
pH (Kaplan et al. 1998). This high-silica, moderately basic (pH
9 to 11) solution has the potential to migrate through the sub-
surface, and to complex and transport radionuclides, including
90Sr, unless the nuclides are adsorbed or precipitated from so-
lution.

Unfortunately, our current knowledge about the aqueous
speciation and solubility of Sr in these basic silica solutions is
almost completely lacking. No definitive stability constants
have yet been published for aqueous Sr silicate species and
only a very few Sr silicate solids (i.e., SrSiO3, Sr2SiO4,
Na4SrSi3O9, SrSiO3, …) have been identified and characterized
(Yamaguchi et al. 1980; Glasser et al. 1995; Creux et al. 1995;

Powder Diffraction File, JCPDS-ICDD 2001). Fortunately, a
wealth of information including: identification of crystalline
and amorphous phases, SEM studies of crystal morphology and
growth, solubility, etc., exists in the literature on the Ca sili-
cates, which should be an analogous chemical system. Most of
this research resulted from the importance of these phases in
the cement industry (Laudisio and Branda 2001; Matsuyama
and Young 2000; Tennis and Jennings 2000; Shaw et al. 2000a;
Garault-Gauffinet and Nonat 1999; Sideris 2000; Gartner et al.
2000; Grutzeck 1999; Lequeux et al. 1999; Yu et al. 1999;
Zampini et al. 1998; just to name a few). Interestingly, high
Sr2+ sorption onto Ca silicate and Ca silicate hydrates has been
observed in studies related to the use of cements or grouts in
the disposal of radioactive wastes (Shrivastava and Verma 1995;
Iwaida et al. 2000), indicating the strong uptake of Sr2+ into the
structure or surface of these materials.

With these factors in mind, the purposes of this study are
to: (1) determine if highly basic, silica-containing solutions
result in the formation of soluble Sr silicate complexes or re-
sult in the precipitation of insoluble Sr silicate solids, and (2) if
possible, identify the phases or solution species that form and
their solubility products or aqueous complexation constants.
To achieve these objectives, we conducted solubility studies of
Sr silicate solutions over a range of dissolved silica, Sr, and
hydroxide concentrations extending to long equilibration times
(286 days). The solid phases formed in the system were ana-
lyzed by a variety of techniques including: total chemical analy-
sis, X-ray Diffraction (XRD), Scanning Electron Microscopy
(SEM), and Thermogravimetric Analysis (TGA).* E-mail: ar.felmy@pnl.gov
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ABSTRACT

The aqueous phase interaction of divalent Sr with silicate-containing solutions was studied
over a range of pH values, dissolved silica, and Sr concentrations, and extending to basic solution
(0.2 M NaOH) at room temperature (22–23 ∞C). Formation of an amorphous Sr silicate phase of
variable composition was observed, beginning at approximately pH 10. The precipitate became
quasi-crystalline at higher base concentrations and with aging time. The phase that formed at high
base concentration (beginning at pH 11.5–12.0) was identified by total chemical analysis, X-ray
diffraction, and thermogravimetric analysis to have a chemical formula of Sr5Si6O16(OH)2

.5H2O,
with a tobermorite-like structure. The Sr5Si6O16(OH)2

.5H2O phase has not been previously reported.
Scanning electron microscopy (SEM) analysis of alcohol-washed precipitates showed a fine granular
structure similar to Ca silicate hydrates. De-ionized water washing of the precipitates resulted in
dissolution and growth of surface phases with the classical “sheaf of wheat” nucleation structure
previously identified only for Ca silicate hydrates. Solubility studies of the precipitates, which
extended to 286 days of equilibration, yielded an estimate of the solubility product of quasi-
crystalline, tobermorite-like Sr silicate of Log K = –38.0 ± 0.7 for the overall reaction, 5H2O +
Sr5Si6O16(OH)2

.5H2O = 5Sr2+ + 6H3SiO4
– + 4OH–. The first estimate of the association constant for

the species SrH2SiO4(aq) of Log K = 2.86 was also made.


