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Gelation behavior and microstructure of Th Zr,_ O, inert matrix fuel prepared

by an external gelation process
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Abstract  [Background] Inert matrix fuel (IMF) can efficiently convert plutonium and long-lived minor actinides
used for preventing the proliferation of nuclear weapons and improving spent fuel disposal, hence has been becoming
a hot research topic in recent years. The sol-gel method has the advantage of uniform elemental distribution of the
products and the wet operation process is less likely to produce radioactive dust, therefore, it has been used to prepare
zirconium-based IMF in the research. [Purpose] This study aims to prepare a colloidal solution with good dispersive
properties and to obtain IMF microspheres with good sphericity, uniform size, and homogeneous elemental
distribution. [Methods] First of all, Th Zr,_ O, inert matrix fuel was prepared by an external gelation process, and the
sol-gel viscosity was used as the main gelation index. Then, the variation tendency of sol viscosity with

¢(NH," )/c(NO;") was investigated for different metal ions concentrations and different temperatures. Finally, the
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statistical distributions of colloidal particle sizes were obtained for different metal ions and reaction temperatures by

laser particle sizing tests, and the X-ray diffraction (XRD) was used to study the structure of IMF after heat treatment

at different temperatures. [Results] The results showed that the complex gelation parameters and properties can be

categorized and quantified using gelation field diagrams. In addition, Th Zr,_ O, IMF kernels with uniform element

distribution, good sphericity, and integral appearance were obtained by optimizing the process parameters. Zirconia

showed low solubility behavior in the thorium-oxide system, leading to the generation of a biphasic structure.

[Conclusions] The results of this study indicate that zirconium-based spherical IMF microspheres with good

performance can be prepared by external gelation method.

Key words Thorium-based, Inert matrix fuel, Gelation behavior, Microstructure, External gelation process, Mixed-

oxide fuel
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Fig.3 Transmission electron micrograph of a thorium-
zirconium colloid at a 5% Zr molar ratio (a),
and under local magnification (b)
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Fig.10 X-ray image of a sintered Th Zr, O, microsphere at a
5% Zr molar ratio, and metallographic micrograph (inset)
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Fig.11 X-ray diffraction patterns of dried microspheres at a
5% Zr molar ratio (a), calcinated Th Zr,_ O, microspheres at
650 °C (b), sintered Th Zr, O, microspheres at 1 350 °C at a
5% Zr molar ratio (c), pure ThO, microspheres (d), and pure
ZrO, microspheres (e)
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Fig.12 Scanning electron microscopic images of the surfaces
of Th Zr,_ O, microspheres at a 5% Zr molar ratio (a),
cross-section of a Th Zr,_ O, microsphere at a 5% Zr molar
ratio (b), and cross-section of a pure ThO, microsphere sintered
at 1 350 °C in an air atmosphere (c)
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