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Materials containing radioactive dopants often undergo a
crystalline-to-amorphous transformation. The heavy recoil
nucleus released during the radioactive decay will experience
ballistic collisions with the surrounding crystalline matrix,
leading to the production of amorphous cascades, and
eventually to complete amorphization. Minerals, such as
zircon (ZrSiO4) and pyrochlores (A,B,0), contain uranium
and thorium impurities, and are known to go amorphous over
long periods of time. In the case of zircon, as the long-range
order is gradually lost, nano-scale density fluctuations start to
develop. The small-angle x-ray scattering (SAXS) signal is
characterized by two distinct contributions. The first
component relates to the surface scattering coming from
relatively large crystalline regions that still survive the
amorphization process. These regions, having a density 18%
larger than the surrounding amorphous matrix are clearly
observed by SAXS techniques [1]. The second contribution is
associated to one nanometer size density fluctuations related
to the topology of the amorphous phase [2]. In this
presentation, the evolution of the SAXS intensity is shown as
a function of temperature. For this purpose, two zircons with
85% and 100% amorphous content were selected, and
annealed up to 1300 °C to achieve complete recrystallization.
The origins of the SAXS intensity are discussed in terms of
two possible scenarios: i) the existence of vacancy aggregates
produced during the formation and subsequent percolation of
amorphous cascades, and ii) due to damage-induced phase
segregation (amorphous silica / crystalline zirconia). If the
SAXS intensity originates from vacancy aggregates produced
during cascade formation, this might be a common feature for
ceramics undergoing similar amorphization processes. Recent
diffusion experiments favour this hypothesis [3]. On the
contrary, if density fluctuations are due to phase segregation,
this phenomenon might be specific to systems where parts of
the crystalline structure are able to accommodate the damage
by producing highly polymerised structures. Results found in
zircon are compared to recent studies performed in a series of
a-decay damaged pyrochlores (Na, Ca),(Nb,Ta),0;.
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