
 

 
 
 
 

F  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DELIVERABLE (D-N°: 2.2)  
Status of Rim and Grain Boundary 
Diffusion Experiments (12 months) 
 

FIRST-Nuclides  
(Contract Number: FP7-295722) 

 
D.H. Wegen, P. Carbol, H. Curtius, 
J. Vandenborre  

2 0 12 



2/11 



3/11 

 
 
 
 
Classification: No restriction 
Unit: E05  
Action No: 51102 
 
 
 
 
 
 
 
European Commission 
Joint Research Centre 
Institute for Transuranium Elements 
 
Contact information 
Address: Postfach 2340, D-76125 Karlsruhe 
E-mail: Detlef.Wegen@ec.europa.eu 
Tel.: +49 7247 951 885 
Fax: +49 7247 951 640 
 
http://itu.jrc.ec.europa.eu/ 
http://www.jrc.ec.europa.eu/ 
 
 
 
 
This publication is a JRC Scientific and Policy Report by the Joint Research Centre of the 
European Commission. 
 
 
 
 
Legal Notice 
Neither the European Commission nor any person acting on behalf of the Commission  
is responsible for the use which might be made of this publication. 
 

Europe Direct is a service to help you find answers 
to your questions about the European Union 

 
Freephone number (*): 

00 800 6 7 8 9 10 11 
 

(*) Certain mobile telephone operators do not allow access to 00 800 numbers or these calls may be billed. 

 
A great deal of additional information on the European Union is available on the Internet. 
It can be accessed through the Europa server http://europa.eu/ 
 
JRC 77256 
 
 
 
 
© European Atomic Energy Community, 2012 
 
Reproduction is authorised provided the source is acknowledged. 
 
Printed in Germany 
 



JRC77256 

 

4/11 

 



JRC77256 

 

5/11 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

DELIVERABLE (D-N°: 2.2)  
 

 

Status of Rim and Grain Boundary Diffusion 
Experiments (12 months) 

 

 

 
Author(s):  D.H. Wegen, P. Carbol, H. Curtius, J. Vandenborre  

 
 
 

Reporting period: e.g. 02/01/12 – 31/12/12 
 

Date of issue of this report: 28/12/12  

 

Start date of project:  02/01/12    Duration: 36 Months 
 
 

 

Project co-funded by the European Commission under the Seventh Euratom Framework Programme for Nuclear 

Research &Training Activities (2007-2011) 

Dissemination Level 

PU Public X 
RE Restricted to a group specified by the partners of the FIRST-Nuclides project  
CO Confidential, only for partners of the FIRST-Nuclides project  

FIRST-Nuclides 
(Contract Number: FP7-295722) 

 



JRC77256 

 

FIRST-Nuclides 
(D-N°: 2.2)  – Status of Rim and Grain Boundary Diffusion Experiments (12 months) 
Dissemination level: PU 
Date of issue of this report: 28/12/12   

6/11 

 
 

DISTRIBUTION LIST 

 

 

 

 
 

Name Number of copies Comments 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 This report was distributed 
in electronic form. 

 

 
 



JRC77256 

 

FIRST-Nuclides 
(D-N°: 2.2)  – Status of Rim and Grain Boundary Diffusion Experiments (12 months) 
Dissemination level: PU 
Date of issue of this report: 28/12/12   

7/11 

Table of Contents 
Objectives ................................................................................................................................................. 8 
Status and results ...................................................................................................................................... 9 
Dissemination........................................................................................................................................... 9 

 

 

 

 

 

 



JRC77256 

 

FIRST-Nuclides 
(D-N°: 2.2)  – Status of Rim and Grain Boundary Diffusion Experiments (12 months) 
Dissemination level: PU 
Date of issue of this report: 28/12/12   

8/11 

 

 

 

Status of Rim and Grain Boundary Diffusion Experiments 

(12 months) 
 
 

D.H. Wegen, P. Carbol, H. Curtius, J. Vandenborre  
  

1 Institute for Transuranium Elements (ITU), (EC) 
2 Forschungszentrum Jülich GmbH (JÜLICH), (DE) 

3 Centre National de la Recherche Scientifique (CNRS), (FR) 
 

*Corresponding author: Detlef.Wegen@ec.europa.eu 
 
 
 
 

Objectives 

The second component “Rim and grain boundary diffusion” of work package 2 (WP2) deals with 
investigations on oxygen diffusion in spent UO2 fuel. The examination of diffusion mechanisms will 
result in the quantification of water penetration into the fuel (grain and grain boundaries) structures 
and subsequently couple the diffusion/corrosion phenomena. Furthermore, investigations on irradiated 
and unirradiated fuel kernels separated from high temperature gas cooled reactor (HTR) fuel are 
planned which are complementary to those on light water reactor (LWR) fuel. The experimental part 
of WP2 started in project month 4 and will end in project month 33 [1], [4].  

The JOINT RESEARCH CENTRE – INSTITUTE FOR TRANSURANIUM ELEMENTS (JRC-ITU) 
is the leading organization of WP2. The investigation of diffusion effects will start in the first project 
year with the characterisation and preparation of spent fuel samples, which will be used for corrosion 
experiments in H2

18O water at room temperature during the second project year. In the last year the 
18O/16O depth profiles will be determined using a shielded SIMS (secondary ion mass spectrometry) to 
quantify the oxygen diffusion into SNF. 

FORSCHUNGSZENTRUM JÜLICH GMBH (JÜLICH) is working on spent high temperature reactor 
fuel. Within the first half of the project the radionuclide inventory in the fuel kernel and in the coatings 
will be determined and compared to calculated values as well. Further on investigations of the 
microstructure and of the elemental distribution of the fuel kernel and of the coatings will be 
performed before (first half of the project) and after leaching (second half of the project). After 
cracking of the tight coatings the fission gas release fraction will be measured in the first 18 months. 
Then static leaching experiments with the separated fuel kernels and coatings will start in year two in 
order to determine the fast instant radionuclide release fraction. 
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Unirradiated tristructural-isotropic (TRISO) fuel particles are investigated by the CENTRE 
NATIONAL DE LA RECHERCHE SCIENTIFIQUE (CNRS) at the ARRONAX cyclotron. The 
particles are irradiated using a He2+-beam in the dose rate range of 0 - 100 Gy/min. The corrosion of 
UO2 TRISO particles is investigated in view of grain boundary effects and secondary phase formation 
and the influence of hydrogen. The experiments will start in the beginning of the second project year 
with studies on the role of grain boundaries, followed by investigations of fuel particle corrosion under 
hydrogen and in varying dose rates. 

Status and results 

After six month experimental work the outcome is coined by: preparatory work, testing of new 
experimental set-ups and, characterisation of materials and samples. 

JRC-ITU has started the preparation of the oxygen/water diffusion study. The spent fuel was selected 
and the transfer of ownership is on-going. ITU's shielded SIMS has been prepared for measurements 
on spent fuel fragments (holder, procedures etc.). An amount of 400 g of 18O-labelled water (>98 at.-% 
H2

18O) was purchased. This was difficult because the global supply is limited and most of the 
produced 18O is reserved for the production of 18F, which is widely used in PET (positron emission 
tomography) [6].  

JÜLICH has started to analyse the microstructure and elemental distribution before leaching as well as 
the radionuclide inventory in the fuel kernel and in the coatings. The surface of the fuel kernel shows 
large grains and the metallic precipitates appear as hexagonal platelets. The elements Cs, O, U, Mo, 
Xe, Zr, and Tc were identified whereas higher amounts of the volatile elements Cs and Xe were 
detected in the surrounding porous carbon layer (the so-called buffer). Furthermore, the elements Am, 
Pu, Cm, U, Eu, Ce, Sr, Tc, and Pr were found quantitatively within the kernel. On the other hand, 
about 95 % of the Cs-activity was found in the coatings [2], [7].  

CNRS has started to set-up their analytical tools. The first in situ tests were carried out. Solid UO2 
samples were immersed in ultra pure water and irradiated at the ARRONAX facility with a He2+ beam. 
During irradiation first Raman spectra were measured [3], [8].  
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