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By means of vibrational spectroscopy, the study cxamines the strecture of matrix materials synthesized
through the quenching of sodium-rubidium aluminoboresilicate melts with the addition of zirconium. Ziroo-
niwm was fiound to have a significant effect on the mtio of the main structural uwnits and the distribution of
mdifier cations among them in the glass structure. The obtained results were wsed to explain changes inthe
glass-melt transition temperature and synthesized material density; they can be vsefil in adjusting the compo-
sition and synthesis parameters of matnix materials for te immobilzaton of high-level mdicactive waste con-
taining significant amounts of Zinconium.
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INTRODUCTION

In the immobilization of high-level waste (HLW) via vi-
trification [1 —4], the composition of waste is shown to have
a significant effect on the physicochemical properies of the
resulting melt and synthesized matrix materials.

Zimmium is a2 common and major component of
high-level radivactive reactor waste [3]. In the process of vi-
trification of zircomum-contaming HLW, the dissolution of
wirconiwm in the mitial melt leads to uneven distribution of
sirconium acmss the plass structure and crystalling phases
[5. 6], which significantly affects the viscosity and homoge-
neity of the melt and swthesieed materials,

In omder o predict and provide a detailed structural inter-
pretation of this effect, we conducted a spectroscopic study
of the structure and properties of two serigs of model so-
divm-rubidium glasses synthesized with the addition of dif
ferent amounts of zircomium in the form of Zr0,. The effect
of @monium dissolution m the melt on the structuml Batues
of plasses obtained via quenching was studisd wsing infrared
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(IR) and Raman spectroscopy. The spectmscopic data of syn-
thesized materials were compared with those of their thermal
analysis and density determination, as well as with the results
of studying other similar zimonium-containing  svstems

[7-10]
EXPERIMENT

The study wsed two series of model sodivm-robidium
aluminoborosilicate matrix materials of the system MNa,O—
Rb,0-B,0—5i0,-A1,0,—7r(h, with different NayO-o-RhyO
content ratios (NEZ-5 and NRZ-10 senes of samples) and
different Zr(), content. Thess samples were previously syn-
thesized via melt quenching in order to establish the maxi-
mum solubility of Zirconium in aluminoborosilicate matrix
materials of various compositions [5, 6], The chemical com-
position of the samples presented in Table | was determined
via x-ray spectroscopy using the sections of glass samples
without crystalline phases.

The IR spectra of the samples wemn recorded by means of
a Shimaden RAfnity-15 FTIR spectrometer within the
range of 400 - 4000 em ! via KBr pellet formation. The
Raman spectm were obtained from the polished surface of
the samples in the backscattering peometry within the mnge
of 200 — 2000 ¢m " using a Horiba Labram HR800 high-re-
solution spectrometer equipped with an Olvmpus BX41 mi-
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The chserved structural changes can be atiributed to the in-
creased polymerization of the aninic glass network, which
helps to explains the signi ficant increase in the T, value.

With a  higher amount of zircomium  added
(10— 15mol% Zrly), only partial incorporation of Ao
nium mto the glass structure and emergence of Ao
nium-containing crystalline phases are observed. This factor
reduces the effect of added sirconium on the glass structure;
this also explains the further less pronounced increase in the
Ts value against the backgroumd of a sigrificant increase in
the density of the samples [9, 10].

CONCLUSIONS

The Zr0, content in the initial alummoborosilicate melt
has a significant effect on the ratio of basic units in the anio-
ni¢ structure of glass formed as a result of its cooling. These
changes can be attributed to the competition between the
main network cations (siheon, aluminum, boon, and zimco-
nium) for sodium cations as a compensator for the electrical
charge of structural units. Since rubidium cations practically
do not participate in the formation of irconium-containing
structural units, only the sodivm content in glass affects the
Zr solubility in glass.

The vitrification of HLW with high zirconium content re-
quires conditions for the complete charpe compensation in
gircominm-containing structural units, taking into account the
content and mtio of all modifrimg and network cations in the
elass composition. The incorporation of zirconium into the
structure of aluminoborosilicate glass increases the polyme-
rization of the glass network, the melt-glass transition tem-
perature (soflening/vitrification temperature, T,), and the
rlass density.

The obtained study results should be taken into account
when adjusting the composition and synthesis parmmeters of
matrix materials in the process of vitrification of high-level
radivactive wasle conlaining significant amounts of mAmco-
nium as per [21].
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