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CHARACTERIZATION OF THE U(AlLSi)s ALLOY AFTER IRRADIATION BY Ar IONS
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In standard nuclear reactors, where U is used as a fuel, cladding is usually made of Al alloys (with Si as
major alloying element). The fuel-cladding chemical interactions (both radiation or/and thermally assisted)
are considered to be the life-limiting events of the fuel system and partly determine the level of burnup that
can be tolerated. Thus, study of U-Al-Si system, which is the cladding-fuel interaction layer, is of crucial
importance. This interaction layer can create dimensional changes in the fuel due to the density changes
when new phases form as fuel and matrix species mix. The layer may possess a thermal conductivity that
affects fuel performance [1] or it may be brittle such that, in the case of monolithic fuel, fuel/cladding
separation could result [2].

Energetic ions can be used to understand the effects of neutron irradiation in reactor components. The
damage state and microstructure resulting from ion irradiation, and thus the degree to which ion irradiation
emulates neutron irradiation, depend upon the particle type and the damage rate. One of the drawbacks of
ion irradiation is the short penetration depth and the continuously varying dose rate over the penetration
depth. As a result, regions at well-defined depths from the surface must be able to be reproducibly sampled
in order to avoid dose or dose rate variations. Small errors (500nm) made in locating the volume to be
characterized can result in a dose that varies by a factor of two from the target value. In order to discard
this effect the samples in current research were of low volume. TEM samples were irradiated directly. The
same samples were characterized prior and after the irradiation by Ar fluxes of 103, 1014, 10%, 10 ion/cm?,
We focused on the U(AI,Si)3 alloy since it contained ordered UAI171Si129 phase (corresponding to the
U(Alx,Si1-x)3 stoichiometry with x=0.57), atomic structure of which was recently solved by our group as
tetragonal (14/mmm, a=8.347A and c=16.808A) [3, 4]. Since this phase was not reported earlier, its behavior
under the irradiation conditions was not checked. Our results demonstrate that mosaic structure of the
ordered phase has gradually disappeared as a function of irradiation dose. At dose 10'® ion/cm? the domains
disappeared completely at transparent areas of TEM samples. Moreover, the defect free areas were
disordered — forming cubic U(AIl,Si)3 phase. In the same samples, Al matrix exhibited different trend —
accumulating defects as a function of ion dose.

For interpretation of these results — we used models of ion implantation. The simulation softwares TRIM
and SRIM [5, 6] were applied to estimate the ion dose which leads to total disorder of the structure.
Theoretical results were in full agreement with experimental ones.
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