Study on the change in properties of uranium dioxide
co—doping of trivalent and tetravalent elements
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Cyclic voltammograms of U, ,Zr,Gd,O, pellets (left : fixed Zr
concentration, right : fixed Gd concentration) in 0.1 M NaClO,(aq)
+ 0.01 M CO,>/HCO?*. The pH of both solutions are adjusted to at
9.0. Scan rate is 0.05 V/sec.
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Comparlng the domain structures on the surfaces of UO2 and U,

,Zr,Gd,0, Raman spectra of UO, (black) and U, ,Zr,Gd,O, pellets with y
0.05, z = 0.005 (red), y = 0.05, z = 0.01 (blue), and y = 0.1, z = 5| - 15}
0.005 (pink) LY -

A: T, at ~445 cm
Fundamental U-O stretch at perfect fluorite structure

B: Peak at ~535 cm!
Local phonon mode associated with O, -induced lattice distortion
(creation of oxygen vacancies due to Gd3*)
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Comparing the element structures on the surfaces of U, ,,Zr,Gd,0, ~Attributed to the formation of a ZrOg-type complex, in which Zr** is ey
in an 8-fold coordination with O% with an O, symmetry
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accommodate the increasing amounts of excess O (Cuboctahedral

ituti Compare of cyclic voltammograms of U, _Zr,Gd,O, pellets with
constituting of the U,O, phase) 9L, Lietal., J. Phys. Chem. A 115 (2011) 79727977 P Y ). 93_ T Pyl P
% H. He et al., Phys. Chem. Chem. Phys. 12 (2010) 8108-8117 and without 0.01 M CO,~/HCO* solution.
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Conclusions
-A series of U, ,Zr,Gd,0, Samples were characterized by XRD and Raman spectroscopy to study the influence of Gd** and Zr**

Intensity (Arb. units)

doping on the structure of U, ,Zr,Gd,O, solid solutions.

-XRD shows that the materials retain a fluorite lattice with increasing doping level.

- -Raman spectroscopy shows that Gd3* doping distorts the fluorite lattice structure, leading to the formation of oxygen vacancies (O,)

- - ' - ' - ' - - and, since both the oxidation state and ionic radius of Gd3* differ from those of U4+,
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20(degree) -1t was clearly shown that a ZrOg-type complex forms in the fluorite UO, matrix via successive incorporation of the doped Zr.
XRD patterns of UO, (black) and U, Zr,Gd,0, pellets with y = 0.05, -Oxidation of Uy, ,Zr,Gd,O, proceeded in two stages: (1) the oxidation of a thin surface layer to a mixed U**/U>* oxide; (2) the

z =0.005 (red), y = 0.05, z = 0.01 (blue), and y = 0.1, z = 0.005 (pink) oxidation of this layer to U%*, which dissolved as U%*O,(CO,),? in the carbonate containing solution.

- Gd3®* doping affects the electrochemical oxidation of samples more than Zr4* doping




