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Report:

Within the framework of the development of low ehed nuclear fuels for research reactors, U-Ma¢Ahe
most promising option that has however to be ot Indeed at the U-Mo/Al interfaces between U-Mo
particles and the Al matrix, an interaction layegows under irradiation inducing an unacceptabld fue
swelling. Adding silicon in limited content intodhAl matrix has clearly improved the in-pile fuedHaviour.
This breakthrough is attributed to a silicon rigfiusion layer (SrDL) around U-Mo particles grownrdhg
fuel manufacturing (hot rolling at about 400-500°@) this work, the evolution of the microstructuaad
composition of this SrDL with increasing Si congatibns in the Al matrix has been investigated. gbal

of this proposal was to combine three analyticethtéques at the micrometer scale (U-XRD with p-XdRid
H-XANES at the Mo K edge): on top the crystallodnapcomposition, the Mo behavior could be
characterized in this protective layer (SrDL).

Experimental methods
With that goal, the energy of the incoming X-rayalmehad to be set at 28keV. However the beamlirfé sta
did not succeed in focusing the X-ray beam dowa toicrometer size. For that reason, the experimest
performed at 17keV with a 5x2 frimcoming X-ray beam. This has however made imjsgi-XRF and
H-XANES at the Mo K edge measurements: only y-XRitachave been collected during this beam-time.
Moreover, electronic problems with the CCD FRELOAMera have been encounterd&ahgether, we
estimate at 2 shifts (over 9) the beamtime lost. A new proposal will be submitted to perform this
characterization.
Two types of samples have been studied: eight U/MeSi diffusion couples and 2 particles extractemm
an as fabricated U-Mo7/Al-Si fuel plate. For théulion couples, two sets of four diffusion couples/e
been characterized:

* U-Mo7/Al-Si2, U-Mo7/Al-Si5, U-Mo7/Al-Si7, U-Mo7/AlISi10 annealed at 450°C during 2 hours,

* The same samples that underwent an additional #iereatment at 350°C during 2 months.
On these samples, the p-XRD measurements werampedadn reflection mode. The X-ray beam size on the
samples was about 20x2 firithe length of the beam print was positioned felréd the reaction front and
the sample was moved by micrometer step, perpeladigto this front, between each acquisition.




For the fuel particles, measurements have beemedaout in transmission mode. Diffraction data were
collected with a 2D FRELON camera and analyzedgugie previously detailed methodology [1].

Results:

In this part, results of the characterizations fusion couples and fuel plates are successivedggnted.

In diffusion couples, two types of SrDL have begmenced depending on the Si content in the AliBya
the threshold value is found at about 5 wt% buti@isly evolves with diffusion couples annealing
temperature. It has been shown that for Si conatairs ranging from 2 to 10 wt%, the SrDL is bidegd
and the Si-rich part is located close to the Afgilow Si concentrations (below 5 wt%) and closédte U-
Mo for higher Si concentrations. For Si weight frae in the Al alloy lower than 5 wt%, the Si-ricdtesub-
layer (close to Al-Si) consists of U(Al,Si¥ UM0oAI,, when the other sub-layer (close to U-Mo) is sitic
free and made of UAland UMoAl43. For Si weight concentrations above 5 wt%, thei@i-part becomes
Us(Si,Al)s + U(ALSI); (close to U-Mo) and the other sub-layer (close A&Si) consists of
U(Al,Si)3+tUMO02Al 0. Figures 1 and 2 present the compositions of tHgl. Sn the U-Mo7/Al-Si2, U-
Mo7/Al-Si7 diffusion couples respectively. Excepplaase transformation in the UMo7 alloy (destahtlian
of they phase to formu-U), the 2 months thermal annealing at 350°C didmodify the composition of the
diffusion couples, showing the stability of the $8DOn the basis of these results and of a litegagurvey,
a general scheme is proposed to explain the foomati different types of SrDLs U-Mo and Al-Si alky
Main results of thiswork have been submitted for publication in Journal of Nuclear Materialsin June
2009.
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Figure 1:Major phases distribution throughout the SrDEigure 2: Major phases distribution throughout the SrDL uies
result of the u-XRD analysis of an U-Mo7/Al-Si2 fdigion of the u-XRD analysis of an U-Mo7/AI-Si7 diffusi@mouple.
couple.

The u-XRD characterization of the U-Mo7 particleaa from a full-sized IRIS3 fuel plate (U-Mo7/AI-Bi
has shown the presence of U(Al,sSanhd W(Si, Al)s i.e. the SrDL composition in "real U-Mo7 samples”
differs from that foreseen on the basis of a diffnouple study. Indeed in U-Mo7/Al-Si2 diffusicouples,
the phases U(Al, S§and UM@AIl,, and or YUMo,Al 43 have been found.

However since the availability of fuel plates mauitired with different Si concentrations and défer
annealing temperatures is limited, research ads/ibn diffusion couples must go on and the disomees
induced by the geometry of the samples correctieavedirds.
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