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INTRODUCTION

The first Ti, Zr-based material synthesized for the purpose
of the immobilization of high-level nuclear wastes (fission prod-
uct solutions) was made by Dosch (1975, 1976, 1979). At the
same time, A.E. Ringwood (1978) developed Ti-based Synroc
(SYNthetic ROCk), a multiphase material in which the major
phases are zirconolite (CaZrTi2O7), perovskite (CaTiO3),
hollandite (BaAl2Ti6O16), and rutile (TiO2). Synroc was initially
synthesized by hot-pressing mixtures of calcined oxides and
calcined nitrate solutions of simulated high-level waste efflu-
ents. In a further development of the process, oxides were re-
placed by alkoxide precursors. Many studies have reported on
Synroc characterization (Cook and Lawn 1984; Case and Negas
1984; White 1984; White et al. 1985; Kesson and White 1986;
Ringwood et al. 1988; Vance et al. 1996). However, there have
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ABSTRACT

Aqueous alteration of five Ti-Zr-oxide-based ceramics containing elements simulating long-lived
radionuclides was studied experimentally by leaching at 90 °C in deionized water for more than one
year under conditions of high solid/liquid ratios. Four of these ceramics were synthesized by cold-
crucible melting (two Synroc-like materials, one zirconia, and one aluminotitanate) and the fifth
ceramic was a hot-pressed Synroc. Melted Synroc-like ceramics have the same major constitutive
phases as hot-pressed Synroc, but crystal sizes are very different, millimetric as opposed to
micrometric, respectively.

After the first seven days of leaching, the alteration appeared to cease as solution concentrations
for all of the constituent elements attained constant values. The altered mass percentages determined
from the release of Ca and Mo were less than 0.2% of the initial mass. Thermodynamic equilibrium
calculations using data or estimations for pure phases, or using a model of ideal solid solutions,
showed that the cessation of the alteration cannot be explained by the solubility limit of the primary
phases of these ceramics. But, the data could be interpreted by the development of a passivating
layer of secondary phases, e.g., hydroxides. Examination of the altered surfaces was carried out
using SEM, XRD and XPS; however, the thickness of the alteration layer, estimated as 3–5 nm, was
below the resolution limit of these techniques. Finally, despite the differences in the crystal size and
therefore the amount of grain boundaries, and in the synthesis redox conditions, the leaching behav-
iors of melted and hot-pressed Synroc are the same for the present experiments.

only been a few studies of the long-term behavior of these du-
rable Ti, Zr-based ceramics when they are exposed to aqueous
media. This study is the first to consider thermodynamic sta-
bility calculations of the primary phases of Synroc (melted and
hot-pressed) and the potential secondary phases, such as those
observed in previous studies by SEM and TEM (Lumpkin et
al. 1991, 1995).

For the experimental study, Synroc was synthesized using
an innovative method of cold crucible melting by direct induc-
tion (Sobolev et al. 1994; Advocat et al. 1997; 1998; Jouan et
al. 1997). These materials contained either inactive elements
simulating fission products or rare earths, particularly Ce that
was used to simulate tri- and tetra-valent actinides.

The different zirconotitanates studied were: melted Synroc
containing inactive elements simulating fission products; melted
Synroc containing Ce simulating tri- and tetra-valent actinides
(referred to as “rocsynmar”); hot-pressed Synroc-C containing
elements simulating fission products; Ce-enriched zirconia,
synthesized by cold crucible melting of oxides; and Ce-enriched
aluminotitanate synthesized by cold crucible melting of ox-
ides.


