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Abstract

Nuclear energy is an important kind of new energies, and it is an important
guarantee for the secure and highly efficient operation of the nuclear reactors. Nuclear
fuel element ( nuclear fuel + cladding) materials are the vital part of nuclear materials.
However, due to the rigorous restriction of the experimental conditions for the nuclear
fuel element material, the traditional trial and error method is not useful for the
investigation of the nuclear fuel element materials. In order to design high-powered
nuclear fuel element material, knowledge of phase diagrams and thermodynamic data
of the involved systems are crucially necessary. Based on the Calculation of Phase
Diagram (CALPHAD) method, thermodynamic calculation and optimization on the
systems consisting of common elements used in nuclear fuel element materials are
carried out, and the thermodynamic database for nuclear fuel element materials is
built, which is described as follows:

(1) Thermodynamic description of the U-X (X: Pb, Sn, Ru, Re), Pu-X (X: Pb, Ru,
O) and Th-X (X: Re, O) binary systems were firstly optimized by using the
CALPHAD method based on critically evaluated experimental data. Phase diagrams
and thermodynamic properties can be calculated from the obtained thermodynamic
parameters in this work.

(2) Based on the critically evaluated experimental data, the U-Mo-X (X: Cr, Nb, Ti,
V, Zr), U-B-X (X: Cr, Fe, Mo, W), U-C-X (X: Al, B, Fe, Si), U-Cr-Nb, Fe-Nb-Zr and
Fe-Sn-Zr ternary systems were firstly assessed according to the experimental data.
And by combining with the optimized parameters of binary systems, the Fe-Nb-Sn,
Nb-Sn-Zr, U-Th-O and U-Pu-O ternary systems were extrapolated for the first time.
Phase diagrams and thermodynamic properties can be calculated based on the
obtained thermodynamic parameters in this work.

(3) By combining the optimized systems in this work and literature, the
thermodynamic database of nuclear element materials was built, which included U,

Pu, Th, Al, B, C, Co, Cr, Cu, Fe, Mg, Mn, Mo, Nb, Ni, O, Pb, Re, Ru, Si, Sn, Ti, V, W

II



and Zr. And the application of the database for the nuclear fuel element is discussed in
this work.

The information included in this database is huge, the stable and metastable phase
diagrams, thermodynamic properties and simulated solidification process of alloys
can be calculated based on the database. Such information can provide important

theoretic evidence for design of nuclear fuel and cladding materials.

Key Words: Nuclear fuel element, CALPHAD, Design of material
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