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Abstract

U-Nb alloy has been used widely in the nuclear engineering with excellent
corrosion resistance and mechanical properties. Generally, uranium alloys undergo the
detrimental evolutions under irradiation. These evolutions will results in some
negative influence on the properties of U alloy and the conventional thermodynamic
modeling may not be suitable for studying the irradiated U-Nb alloys. In order to
strengthen the understanding of phase evolution of U-Nb alloys under irradiation, the
calculation of steady state of U-Nb alloy under irradiation is woth carrying out.
Meanwhile, there is a special isomerization change in the U-Nb alloy. The
room-temperature aU phase is poor in mechanical properties, while the high
temperature y phase (bcc) has a higher stability due to its isotropic structure. It is
necessary to launch an analysis on the solidification behavior of the y phase. In the
present work, it is necessary to assess the steady-state phase diagram of U-Nb alloys
by CALPHAD method. Furthermore, it is important to simulate the microstructure
evolution of solidification in U-Nb alloys and clarify the characteristics of phase
transformation, which can provide theoretical guidance for the design of U-Nb alloys.

The main objects are described as follows:

(1) Based on the latest thermodynamics database, the steady-state dynamical phase
diagram of U-Nb alloy under irradiation is calculated for the first time. The
diffusion coefficient, the effective free energy and the phase diagram with
respective to the irradiation condition are discussed. It is indicated that at high
temperature the phase relationships are consistent with the thermodynamical
phase diagram. The separation of y(U, Nb) phase (i.e. y — U-rich y1 + Nb-rich
v2) under irradiation still proceeds in a way similar to that in the equilibrium,
while its miscibility gap closing down at low temperatures. Additionallly, two
reactions, including aU + y2 < y(U, Nb) and y1 + y2 < y(U,Nb), occur at low
temperature and the high-temperature stable y(U,Nb) phase is shown to be
stabilized, which gives a reasonable explanation to the experimental results of
Bleiberg.

(2) The optimized thermodunamical parameters are introduced to the improved
phase field model. The microstructural evolution of U-Nb alloy under different

solidification conditions are simulated. On one hand, the dendritic

I



microstructure of U-Nb alloy on the isothermal condition is simulated. The
classical dendritic morphology is obtained. The collided and competitive
growth of the secondary arms in the solidification process are realized, and the
changes on the ratio of solid phase and growth rate of the dendrite are
investigated. On the other hand, the dendritic growth of alloy solidification is
simulated using the non-isothermal model. It is indicated that in the
non-isothermal simulation, the temperature in the solid phase areas is higher
than that in the liqiud phase area, the secondary arms is more sparse than the
isothermal one, the growth velocity of the dendrite is enhaced and the high
melting point liquid phase between the arms increases compared to the thermal

onc.
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Fig. 1.1 Schematic representation of a nuclear fuel element
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