Local structure analysis of light elements in simulated waste glasses
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Nuclear waste liquid generated in reprocessing
plant of spent fuel are vitrified by mixing with base
borosilicate  glass  matrix. The  important
requirements for the nuclear waste glasses are high
chemical durability for corrosion due to hydrolysis
and large capacity of nuclear waste incorporated in
base glasses. Especially, the increase of nuclear
waste in the glass is highly desired because it reduces
directly the amount of vitrified glass for final
disposal.

However, chemical components included in nuclear
wastes are mainly heavy metal oxides such as
transition metal oxides and rare earth oxides, and
they are generally classified into modifier oxides.
Therefore, the increase of nuclear wastes inevitably
decreases glass forming ability of the base glass, and
then crystallization occurs. Crystallization of
Na;MoOs-based compositions should be avoided
because they are soluble to water and reduces
chemical durability of the nuclear waste glasses.

It is necessary to consider structural origin of the
chemical durability and crystallization phenomena
for optimization of base borosilicate glass
composition to meet the requirements. However, the
glass structure analysis of nuclear waste glasses is
challenging work because they contain many kinds
of components greater than 3021, In this study, we
focused on local structures around light elements,
especially Na, in waste glasses. Local structure
analyses using Na K-edge XAFS were carried out to
investigate structure-property relationship and to
develop glass compositions containing a large
amount of nuclear wastes.

Simulated glasses without any radioactive elements
were used for the measurements. Typical
composition of simulated glasses is 10.87(Li,O +
Nay0)-56.58Si10,-14.81B,03-3.84Ca0-3.56Al,05s-
2.65Zn0O with 7.7 mol% of components derived from
simulated waste liquid. The powdered glasses were
pasted on a sheet of carbon tape attached to a metal
substrate. Na K-edge XAFS spectra at room
temperature were obtained at BL-10 in the SR center
of Ritsumeikan University.

Figure 1 shows Na K-edge XANES spectra of
simulated waste glasses. There were small pre-edge
peak and two main peaks (b and e) in all glasses.
These are characteristic features observed in

aluminosilicate compounds®®. With an increase of
B,0; content, the intensity of valley (v) developed,
which suggests that many of Na atoms preferred to
coordinate BO3; or BOy structural units.
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Figure 1. Na K-edge XANES spectra of simulated
waste glasses.
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