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Introduction 
From the experience accumulated so far on irradiated MOX fuel, its overall 
behaviour under irradiation is generally well predicted by existing fuel models. 
It appears however that additional data are still welcome to properly benchmark 
fission gas release models, mainly at elevated burnup. To this aim, an 
international research project was initiated ("FIGARO": Fission Gas Release of 
MOX). Its goal is to provide thermal and fission gas release date of MOX at 
high burnup. Two MOX fuel rods irradiated to a high burnup (50GWd/tM peak 
pellet), but at low power (<200W/cm) were selected to be segmented (giving in 
total four segments) and instrumented (with central thermocouple and pressure 
gauge). The instrumented segments were subjected to irradiations at variable 
linear power in the HALDEN MTR. Both temperature and internal pressure 
were on-line monitored during the ramp test. Afterwards, the rod segments 
were transported to SCK»CEN and extensively investigated. The present paper 
focuses on the evolution of the microstructure of Pu-rich agglomerates as a 
function of temperature. 

Observations 
The post-irradiation analyses included the analysis by scanning electron 
microscopy (SEM) of intentionally fractured fuel. In this way the true grain 
structure can be investigated directly (figure la). We present here observations 
of the Pu-rich agglomerates at different radial positions, hence at different 
temperatures. In colder zones the Pu-rich agglomerates are recognised through 
their specific morphology characterised by submicron grains arranged around 
large, micron size pores ('cauliflower structure') (figure lb). On going more 
towards the pellet centre, the porous structure of the Pu-rich agglomerates 
disappears (figure lc). Since the present fuel segments were equipped with a 
central thermocouple, the temperature evolution of the fuel rod during the ramp 
test could be established experimentally. It appears that the thermally induced 
transformation of the agglomerates takes place around the 1200°C isotherm 
(figure la). 

Discussion. 
It is well known that the burnup in Pu-rich agglomerates locally exceeds that of 
the pellet average. As a result of the accumulation of a high amount of fission 
products and radiation damage inside the agglomerates, a rim-type structure 
(also called 'cauliflower structure') may develop in the agglomerates as long as 
the temperature is low enough. Radiation induced recrystallisation was 
originally thought to be unique to the peripheral regions of high burnup LWR 
U02 fuels, where it has been studied most extensively [see e.g. 1,2]. It is 
generally accepted that it occurs spontaneously when the locally accumulated 
energy is high enough [3]. A subdivision in small grains would yield a net 
decrease of the free energy of the material. In high burnup UO2 fuel a rim 
structure nucleates homogeneously at the pellet periphery, while in MIMAS 
MOX, it is developed only inside Pu-rich agglomerates, which themselves are 
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embedded in an unchanged, dense U-rich matrix (where the bumup is much 
lower than the average). Since the pores visible inside the Pu-rich agglomerates 
are known to contain considerable amounts of fission gas, the evolution during 
irradiation of the morphology of these agglomerates is important to understand 
fission gas release of these fuels. Therefore, it is interesting to see that the 
temperature at which the morphology of the Pu-rich agglomerates changes is 
equal to the temperature at which fission gas starts being released in U O 2 fuel 
also. This observation might explain why fission gas release models that were 
developed for homogeneous fuel microstructure, still predict quite well the 
fission gas release in heterogeneous fuels. It would also indicate that the fission 
gas of the Pu-rich agglomerates in colder zones (where the porosity is 
observable), is effectively locked inside the Pu-rich agglomerates, and that it 
starts contributing to the global internal gas pressure only when the temperature 
exceeds the same isotherm that applies for U O 2 fuels. 
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Figure 1. SEM image of the grain structure at the 1200°C isotherm, (a) 
overview image (b) and (c) details from image (a). 


