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Surface structure of Ce-doped uranium dioxide: SEM, XRD and Raman analysis
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1. Introduction

After irradiation of UO; nuclear fuel, fission products
(FPs) including lanthanides and activation products are
produced and located in the fuel [1-3]. Those fission
products could be doped in the nuclear fuel as
(U,FP)O2:x form in spent nuclear fuel. Lanthanides
doped UOy:x have been studied as simulated spent fuel
to understand the structural character of the spent
nuclear fuel. Raman spectroscopy has been used to
investigate surface structure of the nuclear fuel materials,
because of its sensitivity, convenience and non-
destructive sample preparation [4]. The Raman studies
on trivalent-doped UO; directly show the defect due to
oxygen vacancy that could be created by loss of oxygen
for neutral charge compensation [5-7]. This defect
should have significant effect on the kinetics of fuel
oxidation.

In this study, we have been investigated the effect on
Ce-doping on the UO; structure with XRD, SEM and
Raman spectroscopy to characterize the defect structure
of nuclear fuel material

2. Experimental Section

Ce-doped UO; sample pallets with various doping
level were prepared by the sintering of a mixture of UO;
and CeO, powders with appropriate compositions. The
pelletized powder mixtures were 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 X-ray diffraction (XRD), scanning
electron microscopy (SEM) and Raman spectroscopy.

XRD data was collected by Bruker D8 Advance using
CuKoa line source (beam current 40mA at 40kV) with
0.02° scan step. 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. The morphologies
of sample surface were also obtained by SEM using 20
keV electron acceleration voltage with 10 mm working
distance.

3. Results

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;, and represented that sample pellets were formed
as a solid solution [7,8]. The grain size observed in
SEM images of Ce-doped UO; decreased as Ce doping
level increased. This feature was also similar with Gd-
and Nd-doped UO,. That change of the grain size
should be strongly related to the substituted cation
because trivalent cation induce the creation of oxygen
vacancy which has smaller apparent radius than that of
oxygen.
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Fig.1. Raman spectra of Uo.9sNdoosO2x (black line),
Uo.95Gdo.0502-x (blue line) and Uo.9e5Ceo.0s02x (red line) pellets
at room temperature, respectively

Raman spectrum of Ce-doped UO, sample pallet is
shown with those of Gd- and Nd-doped UO; in Fig. 1.
The peak shown at ~445 cm™ has been assigned to U-O
symmetric stretching mode in the fluorite structure [9-
11]. 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 [12,13].

The broad peak at 500 ~ 650 cm™ is mainly formed by
the peak at ~ 530 cm? representing defect due to
oxygen vacancy associated with trivalent cation. Gd-
and Nd-doped UO; have similar intensity of peak at ~
530 cm’* for same doing level. It is also known that La-
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doped UO; with similar doping level showed same
features [6]. 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 oxygen vacancy. To define this
influence, more microscopic analysis technique and ab
initio calculation method would be applied.

4. Conclusion

Ce-doped UO, with various doping levels were
characterized by XRD, SEM and Raman spectroscopy.
Ce doping formed the oxygen vacancy and the smaller
grain size in UO; surface structure like other trivalent
doping elements, Gd®, Nd** and La%*. However, Ce
doping more affected the creation of defect due to
oxygen vacancy associated with trivalent cation than Gd,
Nd and La doping.
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