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The system Sc,05-Al,053-TiO,-SiO, contains several important binary ceramic phases, but the
complete system is poorly known. Flux growth experiments in this system have yielded high-
quality crystals of several oxidic Sc compounds by using various selected solvent mixtures [1-5],
and have provided results on the apparent low-temperature instability of several Sc phases pre-
viously reported in this system. For comparison purposes, we have started studies of the phases
and phase equilibria using the technique of chemical transport reactions [6] which are known to
sometimes yield metastable phases. The studies of the system Sc,03-Al,05-Ti0,-SiO, were
conducted in the overall temperature range 1100 — 950°C (endothermal transport), and were
performed in sealed and evacuated silica glass ampoules which were filled with variable amounts
of high-purity powders of the component oxides and the transport media. After run times of
7-10 d and quenching of the ampoules in cold water, runs with Cl, (oxidizing conditions,
provided from PtCl,) and HCI (reductive conditions, provided from NH,CI) as transport media
yielded several phases as small (< 1 mm), often well-formed crystals: synth. rutile, synth. anatase,
synth. corundum, synth. mullite, Sc,0;, and synth. thortveitite (Sc,Si,0;), whereas experiments
with HgCl, as transport medium yielded no crystals at all. Studies with TeCl, have not been per-
formed yet. The growth of synthetic anatase confirms that metastable compounds can be prepared
at high temperatures using this technique.

Chemical transport reactions have not been used so far to produce single crystals of mullite, but
only to prepare very thin, microcrystalline protective mullite coatings on SiC ceramic bodies,
e.g., [7-10]. Our studies show that mullite single crystals with dimensions suitable for deter-
mination of various physico-chemical properties can be prepared using the technique of chemical
transport reactions.

The average crystal structures of two colourless, prismatic mullite crystals from different
experiments (starting materials: Sc,05 + Al,O5 + TiO; + SiO,; transport medium: Cl, or HCI)
were determined from highly redundant single-crystal X-ray diffraction data (Mo-Ka radiation,
CCD area detector) and refined in space group Pbam to R1(F) values of 2.0 and 1.9 %, respec-
tively. No first- or second-order satellite reflections or any streaking were recognisable on the
recorded CCD frames, despite overexposure.
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The two crystals have the following, similar unit-cell parameters (first value refers to crystal
grown using Cl,): a = 7.591(2) / 7.600(2), b = 7.709(2) / 7.700(2), c = 2.895(1) / 2.894(1) A,
and V = 169.41(9) / 169.36(9) A3. The structure of the Cl,-grown crystal shows a reasonably
good agreement with the mullite model (both coordinates and occupancies) proposed by
SAALFELD & GUSE [11] or ANGEL & PREWITT [12], whereas the other, HCI-grown crystal
has distinctly different occupancies, and appears to be poorer in Si. Largest variations in metal-
oxygen bond lengths are shown by the T*-Oc* distances. The unit-cell dimensions of both crystals
are anomalously enlarged (especially the b-axes), and can, at present, only be explained by in-
corporation of impurity cations (Ti and/or Sc?), but not by a simple variation of the Al:Si ratio,
or by the additional influence of quenching the grown crystals. Results from chemical analyses
are not available yet, but will ultimately provide a more detailed picture of these anomalous mullites.
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