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Abstract

Materials for the containment of inorganic industrial wastes arising have become progressively more sophisticated both to reduce
anthropogenic loads in the biosphere and increase the range of stabilised and recycled products. As the design of contemporary
methods for immobilising pollutants is underpinned by crystal chemical and mineralogical principles, the selection of a suitable
ceramic or synthetic mineral as an immobilisation matrix is governed by well-prescribed considerations. First, toxic metals should
be incorporated in their least toxic chemical states. For example, substances that eschew As®* and Crf* in preference to less
dangerous As®* and Cr® are favoured. Second, for complex waste streams it is sometimes necessary to simultaneously
accommodate oxidized and reduced species of different metals in a suite of mutually-compatible materials. Third, crystal
structures are preferred that have multiple cation and/or anion acceptor sites as this minimizes the number of phases required to
crystallise simultaneously, and allows greater flexibility to respond to variations in waste stream composition. Finally, phases with
a selection of cation acceptor sites are advantageous opening the opportunity for higher waste-loadings and less ‘bulking’ of the
waste product through the introduction of inert additives.

Within these constraints a subset of structural families — perovskite, spinel, apatite, tridymite-related compounds, zirconolite,
zeolites, clays - form the basis of many synthetic mineral immobilisation technologies. In detail, the crystallochemical properties
of these waste forms can be complex and remain the subject wide investigation. In particular, final products are usually far from
thermodynamic equilibrium as they may crystallise rapidly from solution or be quenched from high temperatures. This can lead
to a range of interesting, complex and decisive crystal chemical features including nanometric domains, polytypism and miscibility
gaps. Such features require investigation using a combination of crystallographic methods — neutron, X-ray, electron - that can
probe the waste forms at different scales to give a complete understanding of the distribution and chemical state of waste metals
that in turn contributes to predicting the long term stability of waste form after disposal or reuse. In this seminar, these
crystallochemical considerations will be illustrated by reference to the zirconolites, already used for nuclear waste treatment, and
the apatites that are potential materials for the fixation of hazardous waste and Fukushima nuclear waste.
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