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Report: 

 

Exposing a UO2 fuel surface to water has the potential to release radioactive material into the 

environment.  Given the global interest in nuclear energy, this process is of great importance, 

and has thus motivated a wealth of research into understanding the corrosion of spent nuclear 

fuel. Although there have been many studies into the chemistry and electrochemistry of UO2 

surfaces, they have most commonly concentrated on the spent fuel, which contains a great deal 

more complexity than pure UO2, and as a consequence the experimental variables become 

extremely hard to refine. A simplified approach has been applied by Seibert and co-workers 

[1] where the corrosion of polycrystalline UO2 films was investigated, using an 

electrochemical quartz balance. To build upon the information obtained through this research, 

we aimed to combine electrochemical techniques with grazing incidence x-ray diffraction, to 

reveal in-situ information about the oxidation of single crystal UO2 thin films.   

Uranium dioxide, single crystal, thin film samples were grown via reactive DC magnetron 

sputtering at the University of Bristol. Characterisation carried out at both the ESRF and 

Diamond Light Source, have shown that high quality single crystal UO2 thin films have been 

grown in both the [001] and [111] orientations. Electrochemisty was performed on a range of 

samples of varying thickness, to mimic the natural exposure of UO2 to known redox 

conditions. This was achieved by suspending a droplet of MilliQ water on the surface of the 

sample whilst remaining at an oxidising potential. However, this effect was unable to be 

detected through x-ray diffraction measurements as a more dominant effect was observed.  

 



It was found, that holding a droplet of MilliQ 

water on the surface of the sample whilst exposed  

to a 15keV x-ray beam, resulted in the corrosion of 

the UO2 film. This process mimics the exact 

reaction which occurs within a storage container, 

where the residual radiation fields of spent nuclear 

fuel cause the radiolysis of ground water to 

produce oxidation products (H2O2, OH
●
, O2). 

These products then react with the surface of the 

fuel, causing the dissolution of UO2 as 

summarised in the following equation: 

 

 

 

Using this technique, a 20 Å single crystal UO2 

[100] thin film was exposed to the radiolised 

droplet. Crystal truncation rods (CTR) along the 

[00L] direction were then measured to detect 

changes in the surface morphology of the film. 

Figure 2 (upper panel) displays a CTR along the  

[00L] direction showing the LSAT substrate (001) 

and UO2 (002) Bragg peaks. The sample was 

subjected to two separate exposures after which a 

significant decrease in Bragg peak intensity was 

observed, Fig. 1 (lower panel). Further analysis of 

the exposed sample surface was carried out at the 

University of Bristol and University of Cardiff 

using EDX and XPS. This confirmed  that the 

decrease in Bragg peak intensity shown in Fig 1. 

corresponds to a loss in UO2  material.   

 

During the course of this experiment we have developed a novel technique through which the 

corrosion of UO2 under storage conditions can be reliably replicated. For future work we 

intend to apply this technique to investigate the rate of corrosion of the UO2 [110] and [111]  

orientations along with higher uranium oxide fuels. These investigations will give us further 

insight into the corrosion of spent nuclear fuel under storage conditions, which is vital in 

predicting the likely mid and long term effects for nuclear waste containment strategies.  
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Fig. 1 – Upper panel, truncation rod along the 

[001] direction showing the LSAT (001) and UO2 

(002) Bragg peaks with Laue thickness fringes. 

Lower panel shows reduction in UO2 (002) Bragg 

peak intensity on radiolysis. 

 

 

.OHUOUOUOUO 23

2

222 yx







