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Abstract

This doctoral thesis is focused on oxidative dissolution of UO2 (as a model for
spent nuclear fuel) induced by radiolysis of water and the effect of H2 on this
process.

Rate constants for oxidation of UO2 powder by different oxidants such
as H2O2 in aqueous suspensions have been experimentally determined. The
logarithm of the second order rate constant, ln k, for UO2 oxidation appears
to be linearly dependent on the one-electron reduction potential, E0, of the
oxidant. This indicates that the rate limiting step in oxidation of UO2 is one-
electron transfer. The rate of UO2 oxidation by OH• and CO3

•- is estimated to be
diffusion controlled, k = 10-3 m/min.

The effect of carbonate on the oxidation kinetics using H2O2 in UO2 powder
suspensions has been studied. The second order rate constant for the pure
oxidation reaction between UO2 and H2O2 was determined to 4.4 x 10-6 m/min.
The carbonate facilitated dissolution rate is found to be limited by diffusion and
the rate constant for non-carbonate mediated UO2

2+ dissolution was determined
to (7 ± 1) x 10-8 mol m-2 s-1.

Furthermore, the relative efficiency (per electron) of one- and two-electron
oxidants in causing dissolution of UO2 has been studied. The dissolution yields
of one-electron oxidants are strongly dependent on the amount of oxidant
(especially at low amounts).

The reduction of UO2
2+ in carbonate solutions by H2 (p = 40 bar) at different

temperatures has been studied as a function of time. The rate constant and the
activation energy were determined, k298 =3.6 x 10 -9 M-1 s-1 and Ea = 130 ± 24
kJ/mol, respectively. The reduction of UO2

2+ to UO2 occurs in the absence of a
catalyst.

The relative impact of radiolysis products on oxidative dissolution of UO2

has been elucidated. The amount of dissolved UO2
2+ was measured as a function

of time in γ -irradiated aqueous carbonate solutions saturated with various
gases containing a UO2-pellet. The simulated dissolution rates were calculated
from the surface area, oxidant concentrations and rate constants obtained from
the linear relationship mentioned above. The simulated dissolution rates were
compared with the experimental dissolution rates and the correlation was fairly
good. Thus, the impact of each oxidant in the system studied can be estimated
from the simulations. Only the molecular oxidants are of importance in systems
of relevance for safety analysis of a deep repository.
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