their interactions with defects need to be understood • Almost insoluble in UO 2
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Introduction

Motivation BEEP Model

The migration of gas within the grain towards the grain boundary

The release of the gas through the interconnected network of large intergranular bubbles

• During post-irradiation annealing, the fission gas release (FGR) from nuclear fuels can be attributed to a two-step process: 

g: frequency of traping of gas atoms in the bubble b: frequency of re-solution of gas atoms back into the bulk Fission rate

During post-irradiation annealing, ሶ 𝑭 = 𝟎,

so 𝑏 = 0 → 𝑫 𝒆𝒇𝒇 = 𝟎 𝑏 𝛼 ሶ 𝐹 g b 𝐷 𝑒𝑓𝑓 | PAGE 5 •
Evans further proposed a model for the quantitative assessment of this mechanism, however, his model is not mechanistic.

* J. H. Evans, The role of directed bubble diffusion to grain boundaries in post-irradiation fission gas release from UO 2 : A quantitative assessment, J. Nucl. Mater. 238 (1996) 175-182.

• Evans * proposed that this movement could be due to movement of intragranular gas bubbles.

• Various mechanisms have been suggested to explain the movement of gas within the grain to the grain boundary.

• We are developing a new model, BEEP, which focuses on simulating the bubble interactions with the point defects and to analyze the fractional gas release.

BEEP Model Introduction 2-D Analysis

• BEEP code is designed to model the interaction between point defects and cavities (Xenon bubbles and free surfaces).

• It allows spatial representation of the microstructure.

• Assumptions:

-The solid is modeled as a mono crystal with defects included in it -No irradiation is considered, it is only applicable for annealing tests -Only vacancies are considered as point defects and the gas atoms are present inside the cavities and not in the solid -Bubbles are assumed to be spherical and remain so • The diffusion of point defects (vacancies) and crystal atoms follow the Fick's law

• 5-point difference scheme is adopted for space discretization in 2-D

• Explicit Scheme with forward difference in time is used for time discretization

• After the diffusion step, the bubbles are updated with their new volumes and the new centers (as the center of voids)

• The boundary condition imposed for the diffusion equation is that the concentration of vacancies in the interface cells are equal to the equilibrium concentrations.

* L. Noirot, A method to calculate equilibrium concentrations of gas and defects in the vicinity of an over-pressured bubble in UO 2 , J. Nucl. Mater. 447 ( 2014) 166-178.

• The expression for the equilibrium concentration of vacancies in the vicinity of a bubble * is: • We consider a domain of length equal to the radius of a grain with several pressurized bubbles contained in it.

2-D Analysis

• A vacancy concentration gradient exists between the pressurized bubbles and the exterior surface at lower pressure.

2-D Analysis BEEP Model

Conclusions & Prospects 

2-D Analysis Conclusions & Prospects

• BEEP Model is able to simulate the bubble movement within the grain.

•

The gas bubbles are observed to move up the vacancy gradient and out of the grain.

•

The fractional fission gas release is found to be significantly lower than that obtained from experiments (upto ~60% gas release).

•

The gas bubble migration solely cannot account for the gas released during post irradiation annealing.

• Random motion of bubbles is being incorporated to the model in addition to the directed motion in the vacancy concentration gradient.
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EVANS' MODEL
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Equilibrium bubbles do not grow further but move in the vacancy gradient

The bubbles within the front grow by trapping vacancies

The bubbles further inside the grain from the front are unaffected by the vacancy influx

General Algorithm
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•

  The domain is discretized on a regular mesh, represented by the two variables: concentration field and spin Spin = 0 for cavities ; Spin = 1 for interface ; Spin = 2 for solid | PAGE 7

  Ayachit, The ParaView Guide: A Parallel Visualization Application, Kitware, 2015. ISBN 978-1930934306. towards the free surface, i.e, up the vacancy gradient • They grow by trapping the vacancies emitted from the free surface • Some bubbles coalesce with each other during the movement • Bubbles at the vicinity of the free surface coalesce with the exterior • The surface of the grain moves outward, indicating the swelling of the grain