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Repor t: 

We have collected XANES spectra and when structural oscillations are present, EXAFS spectra at the 
xenon K edge in fluorescence mode at 4 K. In order to interpret our results and test FEFF8.20 XANES 
calculations, a reference sample was used. The sample is a silicon single crystal implanted at a xenon fluence 
of 1017 ions.cm-2, as described by Faracci et al. [1]. These authors have demonstrated that under these 
implantation conditions, xenon atoms form over pressured bubbles.  

At 4 K, xenon precipitates into a cubic face centred crystal with a cell parameter a=6.20 Å. In this 
structure the two fist coordination shells of Xe atoms comprise 12 Xe atoms at 4.38 Å and 6 Xe atoms at 6.20 
Å. The experimental and calculated XANES spectra (calculated using the FEFF8.20 [2] code, as explained 
below) along with the k2 Fourier transform with best fit results are shown in figures 1 and 2 respectively. 
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The fitting procedure was performed using version 8.20 of the FEFF code. The phase and amplitude were 
calculated using the IFEFFIT software [3]. The best fit results shown in figure 2 are interpreted as follows:  



• the first peak is described with 2 different shells: 0.7 ± 0.1 Si atoms at 3.63 ± 0.02 Å with σ2= 0.020 ± 
0,003 Å2 and 5.3 ± 0.5. Xe atoms at 4.31 ± 0.02 Å with σ2= 0.025 Å-2.  

• The second peak corresponds to the second coordination shell of solid Xe with 3 ± 0.5 Xe atoms at 
6.20 ± 0.02 Å with σ2= 0.007 Å-2. 

The result of the fitting process reveals that Xe does indeed precipitate to form bubbles. However, the 
number of neighbours required to fit the spectrum is half that expected for pure solid xenon. This could 
indicate that Xe atoms located at the surface of these bubbles have a significant contribution. If this is the 
case, then it follows that the bubbles are on a nanometric scale. The Xe-Si shell is a consequence of the 
bubble-solid interface. Using the values determined in the EXAFS refinement, the XANES spectra were 
calculated for pure solid Xe with a=6.20 Å. The results are shown in figure 1 which shows a very good 
agreement between experimental and simulated data. The main four components labelled (A,B,C and D) are 
very well reproduced, confirming that FEFF8.20 can be used to interpret the XANES spectra of xenon 
implanted in UO2 pellets. In order to simulate the effect of pressure on XANES spectra, different FEFF 
calculations were applied to decreasing cell parameters. The 4 components remain but a shift appears towards 
higher energy values.  

The UO2 samples studied were implanted in such a way that a quasi-unform xenon concentration exists at 
the samples' surface (depth range: 0-200nm). The xenon concentration is approximately 2 atomic percent. 
Unfortunately, due to experimental difficulties, only six UO2 samples were analysed. In figure 3 the as-
implanted XANES spectra in silicon and UO2 are compared. The two spectra are completely different which 
would indicate an absence of Xe bubbles in the as-implanted UO2 samples. 
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The most notable changes in the spectra were obtained for samples annealed for 30 minutes at 1000°C as 

is seen in figure 4. No new component is present. However the annealed sample spectrum is smoothed and 
one can note the presence of an incipient EXAFS oscillation. This would appear to indicate that the position 
of Xe atoms in the UO2 matrix remains unchanged thus ruling out Xe precipitation. XANES calculations are 
in progress in order to characterise the local environment of Xe in the UO2 samples studied. 

This experiment has revealed that no bubble precipitation has occurred in our samples. The annealing 
conditions studied (1000°C, 30min hold time) did produce a partial reorganisation of the crystal structure, as 
revealed by the smoothed spectrum in figure 4. However, higher temperatures and hold times appear to be 
required to bring about longer range xenon movement which in turn would lead to bubble precipitation. 
The aim of our experiments is to characterise the behaviour of xenon atoms in sintered UO2 samples as a 
function of annealing conditions. In particular, the conditions required for xenon bubble precipitation to occur 
along with the pressure inside the bubbles and the fraction of gas which is still available for release from the 
fuel is of the utmost importance with regard to the behaviour of spent fuels under long term storage 
conditions. These experiments have been successful in showing that XANES/EXAFS is ideally suited for 
accessing such data. A journal publication is currently under preparation and additional beam time will be 
necessary in order to demonstrate the full potential of this technique. 
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