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INTRODUCTION

Compounds in the system CaO-FeO-Fe2O3-Al2O3 have been
the subject of numerous phase-equilibrium studies. Imlach and
Glasser (1971), for example, reported the sub-solidus assem-
blages at different oxygen partial pressures. Phase relations at
liquidus temperatures were studied by the same authors (Imlach
and Glasser 1973). This interest is mainly due to the fact that
many industrial processes involve these compositions. The rel-
evant materials are Portland cements, high-alumina cements
(Taylor 1997), and iron ore sinters (DaCosta and Coheur 1995).
In addtion to materials science studies, compounds such as
hercynite (FeAl2O4) and magnetite (Fe3O4) are also of geologi-
cal importance.

Many phases occur on the boundary planes and within the
compositional tetrahedron of the CaO-FeO-Fe2O3-Al2O3 sys-
tem. However, detailed structural information for compounds
within this system containing significant amounts of Fe2+ are
limited. Spinels like magnetite (Fleet 1981) or hercynite
(Larssen et al. 1994) and aenigmatite-type structures such as
Ca3.18Fe3+

14.66Al1.34Fe2+
0.82O28 (Mumme et al. 1998) or Ca3.56

Fe3+
11.91Al4.09Fe2+

0.44O28 (Arakcheeva et al. 1991) are exceptions. As
part of an on-going study on the crystal chemistry of high-pres-
sure calcium aluminates and calcium ferro-aluminates, we ob-
tained and investigated single crystals of a new Fe2+-rich phase
in this system. As far as we are aware, this compound represents
a previously unknown structure type closely related to spinel
but different from the so-called spinelloid phases (e.g., Ross et
al. 1992; Woodland and Angel 1998; Angel and Woodland 1998).
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EXPERIMENTAL DETAILS

Synthesis and chemical analysis

The starting material for the high-pressure experiments was
prepared by solid- state reactions using CaCO3 (Merck, 99%),
Al2O3 (Aldrich, 99.8%), and Fe2O3 (Fluka, 99.9%) in the molar
ratio 12:3:1 as reagents. The mixed powders were pressed into
pellets and sintered at 1250 °C for 24 h in air. Grinding and
firing were repeated twice. The sintered precursor material was
reground and used for high-pressure experiments performed at
the Bayerisches Geoinstitut. The experiments were carried out
in a 1/2 inch piston-cylinder apparatus using talc-pyrex cells
with a tapered graphite heater. The samples were encapsulated
in 1 cm long and 5 mm diameter welded Pt capsules. The runs
were performed at 2.5 GPa and 1250 °C for 48 hours. Pressure
was calibrated against the quartz/coesite and kyanite/silliman-
ite transitions as well as the melting point of diopside. A fric-
tion correction of 18% was applied to the nominal pressure on
the basis of these calibration data. Temperature was measured
with a Pt90Rh10-Pt thermocouple and controlled with a
Eurotherm 818 controller. Temperatures are considered accu-
rate to within ±10 °C with a temperature gradient of about 5 °C
from the top to the middle of the capsule (Shaw and Fliervoet,
unpublished data). The experiments were carried out using the
hot-piston out technique. The samples were quenched
isobarically by turning off the power of the furnace while main-
taining pressure within 0.02 GPa of the run pressure. Quench
rates were on the order of 75 °C per second. At least two crys-
talline phases were identified optically in the run product us-
ing optical techniques.

Polished single crystals of one of the phases were analyzed

ABSTRACT

The compound Ca4Fe1.5Al17.67O32 was synthesized at 2.5 GPa and 1250 °C using a piston-cylinder
apparatus.  The crystal structure, determined from single-crystal X-ray diffraction data collected at
295 K (tetragonal, space group I4

–
2d, a = 20.1847(14) Å, c = 5.6203(6) Å, V = 2289.83(3) Å3, Z = 4)

was refined  to a final R-index of 0.024 for 1229 independent observed reflections and 130 param-
eters. The main building units comprising the compound are 11.8 × 7.2 Å wide spinel-type ribbons
running parallel to [001], which are connected via corner-sharing (Fe,Al)O6-octahedra. Additional
linkage between the spinel units is provided by AlO4-tetrahedra residing on the 4

–
-axis as well as by

Ca cations, in sevenfold coordination with oxygen attached to the spinel-like building units. Refine-
ment of site occupancies reveals that the incorporation of Fe occurs at two of four octahedral and at
two of three tetrahedral sites. Apparently, Ca4Fe1.5Al17.67O32 represents a new structure type exhibit-
ing more pronounced structural modifications relative to the spinel aristotype compared with the so-
called spinelloid structures. Furthermore, this synthetic compound contains Fe2+ in tetrahedral
coordination, which is relatively uncommon among inorganic materials.


