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1. Introduction

2. Research strategy

 Yttrium is widely applied in the renewable energy, high tech and defenserelated industries.
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Diffusion model

 Diffusion-Controlled TRAnsformation (DICTRA) software package under the
CALPHAD framework has successfully applied to simulate the oxidation
processes of pure metals.
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M. Chen, B. Hallstedt, L.J. Gauckler, Solid
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 Evaluating the reliable atomic mobility
descriptions in α-Y(O) and α-Y2O3
phases.
 Quantitatively simulate the oxidation
process of α-Y during the initial stage.

3. Atomic mobilities in α-Y(O) and α-Y2O3

 Atomic mobility in α-Y(O)
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 Atomic mobility in α-Y2O3
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Fig. 1 Self diffusion coefficients of Y

Fig. 3 Bulk diffusion coefficients of Y

Fig. 4 Bulk diffusion coefficients of O

 Short circuit diffusion
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 Diffusion equation
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Fig. 5 Interdiffusion coefficients

5. Conclusion
 The mean values of the self-diffusion
coefficients along all directions were
introduced in α-Y(O).
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Fig. 2 Interdiffusion coefficients

Thermodynamic
descriptions

Key experimental
validation

 Research purposes

Partial phase diagram

Reliable
thermophysical
parameters

Y2O3

Diffusion process

 Owning the remarkable high-temperature stability and extremely low thermal
neutron absorption cross section, Y2O3 holds the immense potential to be used
in the nuclear reactor core and related fields.
 Investigating diffusion properties and behavior in α-Y(O) and Y2O3 is
necessary for understanding the effect of mass transport on both material
structure and the migration barriers of fission products.

Atomic mobility for
phases

 The diffusion of oxygen in pure
yttrium should be the dominating
process during the initial stage of
oxidation.
Fig. 6 Effective diffusion coefficients of Y

Fig. 7 Effective diffusion coefficients of O

4. Quantitative simulation of the oxidation process of α-Y during initial stage

 Atomic mobilities of Y and O in α-Y(O) and α-Y2O3 were assessed
by CALPHAD approach and the results can reproduce most of the
experimental data satisfactorily.
 Quantitative numerical simulations of initial-stage oxidation of pure
α-Y at higher temperatures were performed and the results are in
good agreement with the experimental data.
 The initial-stage oxidation of α-Y at higher temperatures is mainly
controlled by only the bulk diffusion, while the lower temperature
initial-stage oxidation is controlled by bulk and short-circuit
diffusion simultaneously.
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Fig . 8 Model-predicted concentration profiles and weight gain as a function of time at 1173.15K and 1673.15K

