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MCCT AR T U 0% < 1% (U, 7r) 0, 3 L OV (Zr, U) Si0, DALZETE THEAE L T2 JREME 2 - L 7=,

5 3®F [RRUEIEFM T 7 X< 2 X DHERENT 77 ) OB Tk, BB 7' U o Rl b
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The title of this doctoral thesis is “Basic study on fuel debris treatment using chemical
conversion by atomic-pressure non-thermal plasma and the aqueous separation”. In this
thesis, novel treatment method for hardly soluble fuel debris was proposed. This
treatment method is composed of the chemical conversion of fuel debris to easily soluble
material by atomic-pressure non-thermal plasma (APNTP) and aqueous separation by
ion exchange method.

The fuel debris generated by the severe accident in a nuclear power plant (NPP) is
hardly soluble material such as (U,Zr)O:. Although it is required to be treated from the
view point of measuring control and disposal of nuclear fuel, there is no available method.
The objective of this study is suggestion of the reasonable treatment method to separate
U and Pu from fuel debris.

The chemical structure of fuel debris is unclear and need to be defined in order to
develop the treatment method. The chemical structures of molten-core concrete
interaction (MCCI) products which generated in Fukushima Daiichi NPP unit 1 were
simulated by a thermodynamic calculation. The calculation results indicated that main
structures of MCCI products are (U,Zr)O2 and (Zr,U)SiOs, and they are hardly soluble
materials.

The oxidation and chlorination of fuel debris by APNTP were studied for the chemical
conversion of fuel debris to easily soluble material. Oxidation of WOz which is simulant
material of UO2 by APNTP was confirmed. It was confirmed that CeO2 which is hardly
soluble material is able to be converted to chlorides and to be dissolved in the water.

The separation study of Cs from fuel debris solution by an electrocoagulation was
carried out for avoiding the radiation decomposition of the ion exchange resin in the next
process. Cs was successively separated from U and other elements.

The separation of U from fuel debris solution by imidazole-type anion-exchange resin
was tested. Distribution coefficients of the elements to the resin were evaluated and U
separation was demonstrated by the chromatography experiment. U and a few other
elements were successively separated from Zr and other elements. This method will be
available for U and Pu separation.

In conclusion, the technical feasibility of each chemical process was confirmed, and the
total treatment system of fuel debris was embodied.
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