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Fig. 1. Representation of the values of order parameters n and ¢, in the phase-field model.
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(a) T=0s; (b) 7=140s; (¢) 7= 160 s; (d) 7=200s; (¢) 7=

Fig. 3. Distribution of grain with a diameter of 5 pm and bubble evolution over time at 7 = 1276 K: (a) 7 = 0's; (b) 7 = 140 s;

(¢c) 7=160s; (d) 7=200s; (¢) 7= 300 s; (f) 7= 550 s.
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ent color represent the value of concentration: (a), (b) 7= 140 s; (c), (d) 7 = 550 s.
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Fig. 5. (a) Variation of average free energy density over time in simulation area; (b) distribution of the total free energy density in

simulation area, the color bar represents the range of values; (c) radial free energy density distribution of a certain bubble.
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Table 2.  Diffusion coefficients used at different temper-
atures.
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1476 1.583 x 101 2.4593 x 1071
1676 5.7461 x 101 5.0906 x 101
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(a) T=1276 K, 7= 180 s; (b) T = 1476 K, 7 = 180 s;

(¢) T=1676 K, 7=180s; (d) T=1276 K, 7= 500 s; (e) T = 1476 K, 7= 500 s; (f) T= 1676 K, 7 = 500 s
Fig. 6. Distribution of grains with a diameter of 10 pm and bubbles under T = 1276, 1476, 1676 K: (a) T = 1276 K, 7 = 180 s;
(b) T=1476 K, 7=180s; (¢c) T=1676 K, 7=180s; (d) T = 1276 K, 7= 500 s; (¢) T = 1476 K, 7= 500 s; (f) T = 1676 K, 7 =

500 s.
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Fig. 7. Evolution of (a) porosity and (b) bubble coverage on grain boundaries over time under three temperature conditions for

grains with a diameter of 10 pm.
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Fig. 8. Distribution of grains and bubbles at 7= 250 s, T'= 1476 K: (a) 5 pm; (b) 10 pm; (c) 15 pm; (d) 20 pm.
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Fig. 11. Evolution of (a), (c) porosity and (b), (d) bubble coverage on grain boundary with time for grains with a diameter of 15 pm
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Abstract

In order to predict the release behavior of fission gas in large grain UO, fuel and provide support for the
development of accident tolerant fuel, a phase-field model is used to simulate the release behavior of fission gas
in the microstructure of UO, polycrystalline in this work. This model adopts a set of coupled Cahn-Hilliard
equations and Allen-Cahn equations, using conserved field variables to represent the distribution of fission gas
and vacancies, and distinguishing bubble phase from matrix phase by using order parameters. This model
focuses on investigating the effects of different grain sizes, temperature conditions, and diffusion coefficients on
the release behavior of fission gas, demonstrating the nucleation, growth, and fusion behavior of bubbles.
Simulation results are obtained for fuel porosity, bubble coverage on grain boundaries, and average bubble
radius at a certain degree of burnup. The results show that temperature and diffusion coefficient have a
significant influence on porosity and bubble coverage on grain boundaries. When the diffusion coefficient is high,
grain size also has a significant influence on fission gas release behavior. And when the diffusion coefficient is
low, the influence of grain size is not significant. In addition, the distribution of fission gas bubbles under high
burnup obtained through this model is also in good agreement with experimental result. The model can predict

the behavior of fission gas release in large grain UO, fuel.
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