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1. Introduction

Lattice-doped UO, pellets have been used as the
simulated fuels to investigate the physical and chemical
properties of spent nuclear fuel [1-5]. Because of spent
nuclear fuel is consisted of mainly UO, (95%) and
minor elements such as radioactive fission products and
actinides, lattice-doped UO, is good model system to
confirm influence of those minor elements on
physicochemical behavior of UO,. For example, Gd-
doped UO, was prepared and investigated to study the
influences of trivalent rare earth on structure and
corrosion of UO, [3,4]. Its physical and chemical
properties could be useful information to make
strategies for long-term management of spent nuclear
fuel including deep geological disposal.

In this study, Ce-doped UO, have been investigated
the effect of Ce-doping on the UO, structure and its
electrochemical behavior.

2. Experimental

Ce-doped UO, sample pallets with various doping
level were prepared by powder blending method. UO,
and CeO, powders with appropriate compositions were
finely blended and mixed. The powder mixtures were
pelletized and sintered at 1700°C for 18 h in hydrogen
atmosphere. After then, those were annealed in same
atmosphere at 1200<C for 12 h.

The surface structure of the sample pellets was
analyzed and characterized using scanning electron
microscopy (SEM), X-ray diffraction (XRD) and
Raman spectroscopy. The morphologies of sample
surface were obtained by SEM using 20 keV electron
acceleration voltage at 10 mm working distance. XRD
data was collected by Bruker D8 Advance using CuKa
line source (beam current 40mA at 40kV). The lattice
parameters of the samples were calculated from XRD
spectra with the refinement process. Raman spectra
were acquired using ANDOR Shamrock SR500i
spectrometer with a 633 nm excitation wavelength He-
Ne laser

Ce-doped UO, electrode was prepared as mounting
pellets onto steel-working electrode to study its
electrochemical behavior. Three electrode system is
used for cyclic voltammetry (CHI-600D, USA) and
RDE system of 1000 rpm (PINE, USA) in

carbonate/bicarbonate dissolved in 0.1 M NaCl solution
([HCO4/C04*1=0.01 mol LY.

3. Results

The grain size observed in SEM images of Ce-doped
UO, decreased with increasing doping level. The lattice
parameters of Ce-doped UO, linearly decreased with
increasing Ce doping level. This linear relationship was
also observed for Gd- and Nd-doped UO, [3,5], and
represented that sample pellets were formed as a solid
solution. Those changes of the grain size and lattice
parameter should be strongly related to the substituted
cation because trivalent cation (Ce*) induce the
creation of oxygen vacancy which has smaller apparent
radius than that of oxygen, although Ce has another
stable cation, Ce*".
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Fig. 1. Cyclic voltammogram of Ce doped UO, in 0.1 M NaCl
containing [HCO5/C05%1=0.01 mol L™ solution (pH=10).
Scan rate is 0.01 V sec™.

Raman spectrum of Ce-doped UO, sample pallet
showed two distinct peaks. The peak shown at ~445 cm’
! has been assigned to U-O symmetric stretching mode
in the fluorite structure [6-8]. Small and broad peak at ~
1150 cm™ is ascribed to an overtone of the first order
longitudinal optical phonon mode regarded as
fingerprint for quasi-perfect fluorite structure [9,10].
There was the broad feature at 500 ~ 650 cm™. This is
mainly formed by the peak at ~ 530 cm™ representing
defect due to oxygen vacancy associated with trivalent
cation. This result strongly supports that Ce in our
sample should exist as Ce** form. The intensity of this
peak increased with increasing Ce doping level, as
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shown in similar cases like Gd- and La-doped UO,. Gd-,
Nd-, and La-doped UO, have similar intensity of peak at
~ 530 cm™ for same doing level. However, Ce-doped
UO, shows higher peak intensity at same position
although it has same doping level with Gd- and Nd-
doped UO,. It is expected that Ce doping has a
significant influence on defect structure formation by
0Xxygen vacancy.

Fig. 1 shows cyclic voltammograms recorded in
carbonate solutions. The anodic oxidation current at
about —0.2 V indicates forming the oxidation of a thin
surface layer mixed with U(IV) and U(V). It moves
from —0.2 V to 0.1 V as increasing Ce doping level.
This can be explained with that the doped Ce inhibit
oxidation of UO, matrix surface and delay the followed
dissolution of UO, electrode ranged over 0.2 V. This
electrochemical behavior could be related the oxygen
vacancy induced by Ce®" doping. To define this
influence, more microscopic analysis technique and
detail interpretation would be applied.

4, Conclusions

The structure of Ce-doped UO, with various doping
levels was characterized by SEM, XRD and Raman
spectroscopy. The electrochemical behavior of sample
was also investigated by cyclic voltammetry method. Ce
doping formed the oxygen vacancy and the smaller
grain size in UO, surface structure like other trivalent
doping elements, Gd*", Nd** and La*". It means that Ce
in our sample also exists as Ce**. However, Ce doping
more affected the creation of defect due to oxygen
vacancy associated with trivalent cation than Gd, Nd
and La doping. It was also shown that Ce doping
inhibits the surface oxidation of UO, matrix.
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