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Abstract

This licentiate thesis deals with the influence of two inherent properties
(fission products and self irradiation) of spent nuclear fuel on the rate of
radiation induced fuel matrix (UO2) dissolution. In a future deep repository
the spent nuclear fuel will be deposited 500 meters down in the bedrock in a
reducing environment. Under these conditions the UO2-matrix itself is one
of the protective barriers against release of radionuclides due to its very low
solubility. When the fuel comes in contact with water, U(IV) will be oxidized to
U(VI) by products from radiolysis of water and the solubility of the fuel matrix
will increase significantly.

Most previous studies have been performed on unirradiated UO2 which
differ significantly from spent nuclear fuel. In spent nuclear fuel most of the
fission products and neutron activation products are radioactive and therefore
the fuel will be irradiated by itself. The effect of ionizing radiation on the
reactivity of UO2 has been investigated here. UO2 (powder and fragment of
a pellet) has been exposed to irradiation in a 60Co γ-source or in an electron
accelerator and then the redox reactivity was studied. The kinetics for oxidation
of UO2 by MnO4 - was used as a monitoring reaction. It was shown that the
reactivity of UO2 increases when being irradiated for the first time (<20kGy).
The effect increases with increasing dose until reaching a maximum value ~1.3
times the reactivity of unirradiated UO2 for dry irradiation. For wet irradiation
a dose of 140 kGy increases the reactivity ~2.5 times. This effect appears to be
permanent.

Previous studies have shown that H2O2 is the most important oxidant
for spent nuclear fuel dissolution under deep repository conditions. Under
H2 atmosphere, as expected in a deep repository, it has been shown that
the dissolution rate is slower. This has partly been attributed to the reaction
between H2O2 and H2 which is very slow without a catalyst. The catalytic
effect of UO2 on this reaction was examined showing that UO2 does not
catalyze this reaction.

Another possible catalyst for this reaction is the ε-particles (noble metal
particles containing Mo, Ru, Tc, Pd and Rh) formed by the fission products. Pd
is a well known catalyst for reduction by H2. The possible catalytic effect of Pd
on the reaction between H2O2 and H2 is examined here. The possible catalytic
effect of Pd on the reduction of U(VI) by H2 is also examined, both in aqueous
phase and in UO2 pellets containing different amounts of Pd (as a model for
spent fuel containing ε-particles).

It was found that Pd has a catalytic effect on the reaction between H2O2
and H2, the second order rate constant is determined to (2.1±0.1)x10-5 m
s-1. Pd also has a catalytic effect on the reduction of U(VI) by H2 both in
aqueous solution, rate constant (1.5±0.1)x10-5 m s-1, and in the solid phase,
rate constants 4x10-7 m s-1 and 7x10-6 m s-1 for pellets with 1 and 3 % Pd
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respectively. These values are very close to the diffusion limit for these systems.
The catalytic effect in the solid phase shows that the dissolution for 100 year
old fuel can be completely inhibited, at 40 bar H2 a noble metal particle
content of 10-20 ppm is needed and with 1 % noble metal particle content 0.1
bar H2 is enough to stop the dissolution.
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