
KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF CHEMICAL SCIENCE AND ENGINEERING (CHE)

LICENTIATE THESIS IN
STOCKHOLM, SWEDEN 2006

Physical and Chem-
ical Aspects of Ra-
diation Induced Ox-
idative Dissolution of
UO2

OLIVIA ROTH

Academic Dissertation which, with due permission of the KTH
Royal Institute of Technology, is submitted for public defence for the
Licentiate in Technology on Friday the 10th February 2006, at 2:00
p.m. in E3, Osquarsbacke 14, Stockholm.



ISBN: 91-7178-248-6 | Trita-KKE 0601 | ISSN 0349-6465
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-622

Abstract

The general subject of this thesis is oxidative dissolution of UO2. The
dissolution of UO2 is mainly investigated because of the importance of the UO2

matrix of spent nuclear fuel as a barrier against radionuclide release in a future
deep repository. U(IV) is extremely insoluble under the reducing conditions
prevalent in a deep repository, whereas U(VI) is more soluble. Hence, oxidation
of the UO2-matrix will affect its solubility and thereby its function as a barrier.
In this thesis the relative efficiency of one- and two electron oxidants in
dissolving UO2 is studied. The oxidative dissolution yield of UO2 was found to
differ between one- and two-electron oxidants. At low oxidant concentrations
the dissolution yields for one-electron oxidants are significantly lower than for
two-electron oxidants. However, the dissolution yield for one-electron oxidants
increases with increasing oxidant concentration, which could be rationalized
by the increased probability for two consecutive one-electron oxidations at the
same site and the increased possibility for disproportionation.

Furthermore, the relative impact of radical and molecular radiolysis
products on oxidative dissolution of UO2 is investigated. Experiments
were performed where the amount of dissolved U(VI) was measured in γ-
irradiated systems dominated by different oxidants. We have found that the
UO2 dissolution rate in systems exposed to γ-irradiation can be estimated
from oxidant concentrations derived from simulations of radiolysis in the
corresponding homogeneous systems and rate constants for the surface
reactions. These simulations show that for all systems studied in this work, the
molecular oxidants will be the most important oxidants for long irradiation
times (>10 hours). Similar simulations of α-irradiated systems show that in
systems relevant for a deep repository for spent nuclear fuel, only the molecular
oxidants (mainly H2O2) are of importance for the dissolution of the fuel matrix.

The effect on UO2 reactivity by irradiation of the material is of importance
when predicting the spent fuel dissolution rate since the fuel, due to its content
of radionuclides, is exposed to continuous self-irradiation. The effect of
irradiation on the reaction between solid UO2 and MnO4

- in aqueous solutions
was studied. It was found that irradiation of UO2 at doses >40 kGy increases
the reactivity of the material up to ~1.3 times the reactivity of unirradiated
UO2. The increased reactivity remains after the irradiation and can possibly be
attributed to permanent changes in the material. This issue must be taken into
account when predicting the reactivity of spent nuclear fuel since the fuel is
exposed to doses >40 kGy after only a few days in the reactor.

It has earlier been suggested that the rate of a heterogeneous liquid-solid
reaction depends on the size of the solid particles. This was investigated for UO2

particles in this thesis. Experimental kinetic parameters are compared to the
previously proposed equations for UO2 powder of four size fractions and a UO2

pellet. We have found that the particle size dependence of the second order rate
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constant and activation energy for oxidation of UO2 by MnO4
- is described quite

well by the proposed equations.
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