N

N
N

HAL

open science

Neutron diffraction experiment and data analysis of
UO_ 2+ x sample
Y. Ma, P. Garcia, L. Desgranges, GG. Baldinozzi, H. Fischer, D. Simeone, J.
Léchelle

» To cite this version:

Y. Ma, P. Garcia, L. Desgranges, G. Baldinozzi, H. Fischer, et al.. Neutron diffraction experiment
and data analysis of UO_ 2 + z sample. ADD2016 - School and Conference on Analysis of Diffraction

Data in Real Space, Mar 2016, Grenoble, France. cea-02442302

HAL Id: cea-02442302
https://cea.hal.science/cea-02442302
Submitted on 16 Jan 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://cea.hal.science/cea-02442302
https://hal.archives-ouvertes.fr

NEUTRON DIFFRACTION
EXPERIMENT AND DATA ANALYSIS
OF UO2:x SAMPLE

Y. MA, P. Garcia, L. Desgranges, G. Baldinozzi,
H. Fischer, D. Simeone, J. Lechelle




Ceaden BACKGROUND AND MOTIVATIONS

Contents » Background and motivations
« Background
& motivations e Uranium dioxide — the major fuel materials = Improve the capacity to understand fuel properties
% Oxygen e The periodic structure of UO2 crystal is always disturbed by different types of defects (associates and clusters),
defect which determine essential engineering properties: ion diffusivity Do, electrical conductivity o and creep.
(Clusters) E | B | * Point defects: e.g. PD model for 0 and non-stoichiometry X study (2]
o a - ———— i i
< Objectives C s
L o, T X P,
s Experiments ol L
& data //'{-it: | C W T T T 10° ‘
. Teete , z . ;
refinement r _‘j‘*—ﬁ\\{\ 2107 1
-~ 1 1
k ! 10' 10"

% Oxidation ! i

effect on wone 107} /
. . . o | N
diffraction "5 e 1074

Defect Concentrations

4500°C 1 a - Simulation
pattern :%.g poinks expérimenioux 10'-‘1‘I- : .\:-.Swii:uulmi:n‘ i
0800°C b ) Exp. o [Rue I‘]‘
. o0 e 10_7,. BN i _t{xE..\'_‘[I‘clmnl 1
£ %4 PDF m0d6|8 ‘ « pois extrapolés m.:; Iﬂ.:u m.n In.u ]0.“ m.x .
. ! i pl, (atm) : pO, [atm]
< Comparison | S
to Rietveld 21 i o] _ . _
: o e g 2 e > Understanding the nature and behavior of point defects!

anaIySIS Oxygen self diffusion coeffi. as a func. of x [1]

< Conclusion &

ADD2016 |10 March 2016 | PAGE 2
PrOSpeCt [1]Contamin, et al., 1972, J. Nucl. Mat., 42; [2]Dorado, et al., 2011, Phys. Rev. B 83



cCeaden OXYGEN DEFECTS (CLUSTER)
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& motivations e Samples: sintered UO. and U0 pellets
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© 2Pl el transition) lies in the third peak relative to the U409 structure in two-phase stage. Such
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» Pair distribution function G(r) in real space — UO2
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» Pair distribution function G(r) in real space — UO2 and UQO2:x

b.G(H @87 ., G @ 285K

c. G(r) @ 1173K
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ceaden OXIDATION EFFECTS ON DIFFRACTION PATTERNS

Temperature effects on
UO2 PDF data can also be
observed on UO2+x (black
circles)

Decreasing amplitude of
peaks -> oxidation effect
(red circles)

The temperature effect
overwrites the oxidation
contribution to the PDF
data.

- To study the evolution
of defects (cluster?) upon
temperature
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» Three defect models all have reproduced much features related to both the oxidation and
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Ceaden PDFE ANALYSIS OF UOxx

» Local tructure analysis with PDFgui — @ 900°C, with U32064, U720144 and
U1080216 models

*Modelling the non-correlated defects, stoichiometry retained at 2.03 to 2.04.
sDefect models (Fm3m remains):

Isolated interstitials I; Rwp=13.6%
Willis’2:2:2 defects 1 14.5%
—U02.03_exp U02.03_ W_cal =———UO2.03_W_superc

Supercell model actually can better interpret some U-O and O-O pairs at a longer range than small-
size model of same oxygen defects.
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