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Magnesium aluminate spinel (MgAIl,O,) is one of the oxides envisaged to be used in manufacturing of
inert matrix fuel. Although the material is recognized for its radiation resistance, most of the
experiments were performed on single crystals mainly by the wuse of Rutherford
Backscattering/channeling (RBS/C) method and not much is known about the effects of irradiation of
this material in polycrystalline form. The very recent concept is to use luminescence techniques as an
experimental method able to measure the level of disorder in polycrystals, as it may be applied to both
single and polycrystalline solids.

Damage accumulation was reproduced by using an ion irradiation method, which is the most convenient
method of simulation of radiation defects created during the exposure of material to a radiative
environment. MgAl,O,4 single crystal samples (commercially available) and polycrystalline samples
obtained by the hot-pressing (Astro, Thermal Technology) of magnesium aluminate nanopowder were
irradiated with 320 keV Ar* ions at fluencies ranging from 1x10% to 2x10% cm™ in order to create
various levels of radiation damage. Cathodoluminescence (CL) measurements were performed using an
EMSystems setup mounted in Auriga CrossBeam Workstation (Carl Zeiss NTS). The electron beam
energy was reduced to 10 kV in order to limit the analyzed volume of the material as much as possible
to the damaged layer (~200 nm). As the result of measurements carried out, a set of
cathodoluminescence spectra has been recorded. The raw signal for each sample with different fluencies
of Ar* ions was analyzed in terms of signal intensity of the selected band.

The spectra recorded for polycrystalline samples (Figure 1a) exhibit two broad bands, positioned around
420 nm and 520 nm (consisting in fact of a few emission bands).The presence of the first one is assigned
to transitions from the excited states to lower energy states of the Mn?* ion usually present in the
synthetic spinels [1]. The second band positioned around 520 nm is typical for the non-stoichiometric
compositions of synthetic spinels, and appears when the vacancy concentration increases [1].
Introduction of the anion vacancies causes a repartitioning of the Mn?*, and the emission at 520 nm is
characteristic of the rearrangement of the activator rather than the direct influence of the vacancies. The
intensity of both bands rapidly decrease with the ion irradiation fluence. Similar spectra were observed
in the case of monocrystalline samples. Additionally, for single crystals, the damage-build up as a
function of accumulated ion fluence was established through RBS/C. The results of CL (reduced signal
intensities of the selected bands) and RBS/C analysis for single- and polycrystalline samples were then
processed using Multi-Step Damage Accumulation (MSDA) model [2-4], and are presented in Figure
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1b. That allowed for the determination of damage build-up kinetics, and finally cross-section for
radiation damage build-up. The phenomena responsible for the rapid decrease of the luminescence of the
material are different than those related to the creation of displaced atoms present in the crystal
channels. The rate of changes resulting from the formation of non-luminescent recombination centers is
very different than that resulting from the creation of single defect clusters or dislocations. Consequently
CL technique appears as a complementary tool bringing new possibilities in the damage accumulation
studies in single- and polycrystalline materials [5].
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Figure 1. The CL spectra recorded on MgAl,O4 polycrystalline samples (a), and radiation damage
accumulation Kkinetics based on CL measurements analyzed with MSDA model for single- and
polycrystals of MgAl,O4 (b).
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