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A thermochemical approach was suggested for treating and conditioning specific
streams of radioactive wastes for example spent ion exchange resins, mixed, organic or
chlorine-containing radioactive waste as well as in order to decontaminate heavily
contaminated surfaces. Conventional treatment methods of such waste encounters serious
problems concerning complete destruction of organic molecules and possible emissions of
radionuclides, heavy metals and chemically hazardous species or in case of contaminated
materials - complete removal of contamination from surface. The thermochemical treatment
of radioactive waste uses powdered metal fuels (PMF) that are specifically formulated for the
waste composition and react chemically with the waste components. Thermochemical
treatment technologies use the energy of chemical reactions in the mixture of waste with PMF
to sustain both decomposition and synthesis processes as well as processes of isomorphic
substitutions of hazardous elements into stable mineral forms. The composition of the PMF is
designed in such a way as to minimise the release of hazardous components and radionuclides
in the off gas and to confine the contaminants in the mineral or glass like final products. The
thermochemical procedures allow decomposition of organic matter and capturing hazardous
radionuclides and chemical species simultaneously. Thermochemical treatment technologies
are very efficient, easy to apply, they have low capital investment and can be used both at
large and small facilities.

An advantage of thermochemical technologies is their autonomy. Thus these
technologies can be successfully applied in order to treat small amount of waste without usage
of complex and expensive equipment. They can be used also in emergency situations.

Currently the thermochemical treatment technologies were developed and demonstrated
to be feasible as follows:

1. Decontamination of surfaces;

2. Processing of organic waste;

3. Vitrification of dusty waste;

4. Processing of irradiated graphite.

(1). The decontamination technique based on application of PMF is used in order to
decontaminate materials (asphalt, concrete, metal), which usually cannot be decontaminated
by conventional methods. A thin layer of PMF covers contaminated materials, thereafter this
layer is burned during 1 0 - 2 0 minutes. Temperatures from 300 to 1500 C and higher
(depending on the composition of PMF) are overreached in the process of PMF combustion.
The radionuclides are volatilised from material being heated, after that cold layer of slag-like
products of combustion adsorbs them. This slag has a porous structure with highly developed
interface providing adsorption of radionuclides. After cooling the slag is removed
mechanically jointly with contamination. The efficiency of decontamination process depends
on many parameters however practically complete decontamination can be achieved using
appropriate PMF [1].

(2). Thermochemical treatment of spent ion exchange resins is carried out using a
modular facility. Wet resins and PMF previously mixed in appropriate ratio are fed into a
furnace where the reaction is initiated and combustion proceeds. The metal powder contained
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in the PMF is in the contact with the resin granules and reacts with the moisture contained in
the granules with the resulting release of the great quantity of heat. This heat is sufficient for
the moisture to evaporate and the ion exchange resin to be gasified. A high efficiency can be
obtained for the incineration of wet ion exchange resins mixed with PMF. PMF provides
complete destruction of the organic base of the ion exchange resins with minimal release of
hazardous gases and radionuclides into the environment [2].

(3). Dusty waste (like ash residue) requires stabilisation - vitrification in order to ensure
safe conditions for transportation and disposal. Vitrification of dusty waste is a process carried
out directly in the container for disposal. It consists of intermixing of dusty waste with
necessary amount of PMF, ignition of self-sustaining vitrification reaction followed by
annealing-cooling procedure. This technology was studied for a number of materials such as
ash residue produced by conventional incineration facilities, spent inorganic sorbents,
contaminated soils, salt residues after liquid waste drying. The carry over of radionuclides
during the wave-like vitrification process is low: even for most volatile species it is below 1%.
This process was tested on bench scale unit for the vitrification of ash residues volume
reduction factors up to 3 being achieved. Usually up to 60 wt.% of dusty waste can be
incorporated into a glass like material, which has high durability and low leaching rate [3].

(4). Irradiated graphite contains besides long-lived carbon isotope 14C nuclear fuel
impurities as well as irradiated corrosion and fission products. The thermochemical graphite
processing is based on the self-sustaining exothermic reactions. Thermal and chemically
stable carbides of some metals resulting from these reactions provide practically complete
retention of carbon in the final matrix form. Simultaneously other radionuclides are
incorporated into mineral-like components ensuring their long-term retention in the matrix.
An experimental bench-scale verification of thermodynamic simulation was conducted using
radioactive waste simulator (reactor graphite). The end monolithic product specimens were
obtained in the form of a carbide-corundum material of volume 500 cm3 each [4]. This
technique will be used to process the waste powder graphite from the decommissioning of
graphite reactors.

The thermochemical treatment of waste is an efficient and safe technology, which can
be used at both large and small scales. It provides qualitative treatment and conditioning of
waste with minimal impact to environment.
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