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Abstract.

Research was undertaken to fix rdioisotopes from simulated nuclear waste streams into
durable and stable borosilicate glass matrices based on the conversion of different type of
zeolites. It was found that the selectivity of Iranian clinoptilolite nd the relevant snthetic
zeolite toward cesium and strontium were quite good whereas the each resistance of the
loaded zeolite was relatively poor. To improve the each resistance of the used zeolites,
conversion of the spent exchangers into borosilicate glass was nvestigated. Results obtained
in the non active berich scale tests phase were promising. It is concluded that spent zeolites
loaded with radioactive materials can be converted into a durable, high leach resistant
borosilicate glass, a proper matrix for final disposal of nuclear waste.

1. Introduction

It is accepted that nuclear wastes hve to be stored and disposed of in ways which safeguard
human health and protect the environment. However, much of radioactive wastes like many
other wastes, could be damaging to health and the environment If not properly managed.
Management must take into account long term safety, since some radioisotopes take a ery

long time to decay. This long term decay, which in some cases cn take millions ofyears,
focused attention on the need for sorne wastes to be managed for a ery long time beyond the
lifetime of those who generated the waste. Final disposal is only the last step in the waste
management process, after collection, treatment, conditioning, storage and transport - steps
which are technically well developed. So far various techniques were developed and used for
treatment of liquid radioactive waste, among all of the investigated techniques, ri-exchange
methods using inorganic exchangers, specially natural type, because of their durability, are
more attractive. Zeolites are mcroporous, high-internal-surface, crystalline, hydrated
aluminosilicate of alkali and alkaline earth cations with an nfinite, open, rigid, and three

dimensional structure. The three-dimensional framework consists of AIO and SiO4 4

tetrahedral units linked through shared oxygens. Natural and synthetic zeolites have been
widely studied for their application as exchangers in the treatment processes of different
liquid radioactive waste streams.

Zeolites can be considered as an alternative material for the removal of most common fission
products such as cesium and strontium as well as heavier multivalent radioisotopes like

'des and lanthanides from liquid radioactive waste. Clinoptilolite, one of the well kown
zeolites with an ideal formula of"(NaK) Si3o A16 072. nH20", is the most abundant natural
zeolites found mainly in sedimentary rocks and widespread in Different parts of the world as
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well as in several regions of Iran. Nowadays, the use of zeolite containing rocks to clean-up
aqueous nuclear aste from different radioisotopes have been well studied and forms the
basis of waste treatment process at BNFL Sallefield UK, Three Mile Island Chernobyl and
'West Valley 1-2). Natural zeolites such as linoptilolite and mordenite, owing to their
relatively large adsorption capacity, high selectivity, resistance to radiation and compatibility
to cementation and glass waste encapsulation, have been extensively investigated as potential
adsorbent for nuclear wastes 3-6].

2. Vitrification

Vitrification. the process of converting materials into a glass or glass-like substance, I'S
increasingly being considered for treating various wastes. Vitrification is conceptually
attractive because of the potential durability of the product and the flexibility of the process in
treat n a w 'de variety of waste streams and contaminants. These characteristics make

' n'fication the focal point of treatment systems for high-level radioactive waste an
vit d an
attractive alternative for low-level radioactive waste. Vitrification of radioactive waste is a
solidification process that combines semi-liquid waste with glass, resulting in a stable glass
form. In this process, highly radioactive liquid and sludge is mixed with glass particles and
heated to very high temperatures to produce a molten glass. The produced stable glass traps
the radioactive elements and prevents them from reaching into the environment. Vitrification
is cons'dered the "Best Demonstrated Available Technology" for immobilizing HLW In
several countries including the United States, radioactive high-level waste is being
incorporated into molten glass, producing highly radioactive glass "logs" to be stored for an
interim period and then disposed. Vitrification has also been identified as a promising
technology for the disposition of surplus weapons usable plutonium, although such a process
has not been demonstrated on an industrial scale.

3. Leach resistance

Leach resistance against releasing the absorbed radionuclide into the environment is an
important factor for evaluating all of the solidified nuclear wastes. However the leach rate of
loaded zeolites is relatively high. In view of improving the leach resistance of the loaded
zeolites, conversion into a borosilicate glass was investigated in this study. According to the
chemical composition of the zeolite samples, glass frits were produced by taking into account
that zeolite can act as a source of Al and Si. In this concern several glass frits based on the
natural and synthetic relevant zeolites were prepared by adding suitable additives for desirable
glass formulation.

Borosilicate glass has been chosen as the waste form for high-level waste in the most
countries around the world (specially western countries), because it combines high radioactive
waste solubility and high tolerance to high level waste variability with excellent leach
resistance and hgh thermal and radiation stability. Borosilicate glass can also be produced at
temperatures 200 C below more conventional glasses, thus minimizing volatility of fission
products (e. g. C s- 3 7) and dose to workers.

4. Investigations

The main goal of this research pr 'ect was to fix radioisotopes from simulated nuclear waste
streams into durable and stable borosilicate glass matrices which were made based on the
conversion of different type of zeolites. According to the previous results obtained from the
research on the sorption behavior of Iranian natural zeolites in respect to different
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radionuclides, it was obtained that the selectivity of Iranian clinoptilolite and the relevant
synthetic zeolite P respectively toward cesium and strontium were quite good whereas the
leach resistance of the loaded zeolite were relatively poor [8]. To improve the leach
resistance of te used zeolites, onversion of te spent exchangers; nto a borosilicate glass
was investigated and several tpes of glass frit and different types of waste-glass
compositions were made in different experimental conditions. The effect of several
parameters such as melting temperature, cooling procedure, type and source of raw materials,
etc were also investigated. Several characterization and qualification tests, such as XRD,
SEM, TA and leach resistance tests, were performed for evaluation (if the final products. he
results obtained in the non active bench scale tests phase were promising.

5. Conclusion

Based on the results of this study, the authors recommend that spent zeolites which are loaded
with radioactive materials can b converted into a durable, high leach resistance borosilicate
glass wich is a proper matrix or final disposal of the nuclear waste streams. Further work is
necessary to optimize conditions. Tis project is still under progress 
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