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Rietveld analysis of dicalcium aluminate (Ca2Al2O5)—A new high pressure phase with the
Brownmillerite-type structure
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ABSTRACT
Dicalcium aluminate (Ca2Al2O5) was prepared in a piston cylinder apparatus at 1250 °C and 2.5
GPa. The compound is orthorhombic with space group symmetry /2mb, a = 5.2281(1) Å, b =
14.4686(2) Å, c = 5.4004(1) Å (Z = 4, Dcalc = 3.481 g/cm3), and belongs to the brownmillerite structure family. Main building units are (1) layers of perovskite type corner connected AlO6-octahedra
perpendicular to [010], and (2) zweier single chains of AlO4-tetrahedra running parallel [100]. The
alternate stacking of the layers and sheets of single chains results in a three dimensional network in
which the calcium ions are incorporated for charge compensation. The present structure is the first
example for an alkaline earth aluminate with zweier single chains of tetrahedra.

INTRODUCTION
Since Hansen et al. (1928) studied the ternary system CaOAl2O3-Fe2O3 the solid solution series Ca2Fe2O5-Ca2Al2O5 (C2FC2A using the nomenclature of cement chemistry) has been the
subject of many detailed phase analytical and structural investigations (Bertaut et al. 1959; Smith 1962; Pobell and Wittmann
1965; Berggren 1971; Colville and Geller 1972). In addition to
material scientific studies, brownmillerite type compounds have
been recently investigated by geoscientists. For example, the
defect clustering in oxygen deficient CaTiO3 perovskites resulting from the subsitution 2Ti4+ + O2– ↔ 2 Fe3+ + ■ with
CaFeO2.5 as a limiting case has been studied by Becerro et al.
(1999). The behavior of the oxygen vacancies and their influence on the physical properties in this model system is an important source of information on the behavior of silicate
perovskites, which are thought to be a major component of the
Earth's lower mantle.
According to Taylor (1997), the solid solution series
Ca2(Fe1–x,Alx)2O5 exists at ordinary pressures in the compositional range between x = 0 and x = 0.7. The phases belong to
two different space group types. The Fe rich compositions up
to x = 0.29 adopt space group Pnma, whereas the samples beyond x = 0.29 crystallize in space group I2mb. The pure aluminum end-member C2A (x = 1.0) first described by Aggarwal et
al. (1972) can be prepared at high pressures only, but it can be
readily preserved at ambient pressure conditions. The crystals
obtained by Aggarwal and co-workers were too small for Xray single crystal investigations. However, selected-area electron diffraction indicated that the material has an orthorhombic
body centred Bravais lattice with a = 5.24 Å, b = 14.40 Å, and
c = 5.44 Å. Structural analyses have not been performed on
this high pressure phase and therefore, we decided to re-inves*E-mail: vkahlen@zfn.uni-bremen.de
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tigate this compound as part of our program on brownmillerite
type material.

EXPERIMENTAL METHODS
Sample preparation
CaCO3 (Merck, 99%) and Al2O3 (Aldrich, 99.8%) corresponding to the molar ratio 2:1 were used as starting materials.
The reagents were carefully mixed in an agate mortar under
acetone and pressed into discs (10 mm diameter and 1 mm thickness) under a pressure of 6 × 104 Pa. The pellets confined in a
platinum crucible were precalcinated at 1000 °C in air using a
resistance heated furnace and subsequently sintered twice at
1250 °C for 24 h with intermediate grindings before final
quenching in air.
Preliminary X-ray powder diffraction of the material obtained from the solid state reactions showed only two phases
to be present: Ca3Al2O6 (ICDD entry 38-1429) and Ca12Al14O33
(ICDD entry 09-413).
The sintered precursor material was re-ground and used for
high pressure experiments which were performed at the
Bayerisches Geoinstitut choosing the same temperature and
pressure conditions as described in Aggarwal et al. (1972). The
experiments were accomplished 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 experiments were performed at
2.5 GPa and 1250 °C for 2 h. Pressure was calibrated against
the quartz-coesite and kyanite-sillimanite transitions as well
as the melting point of diopside. A friction 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 to be accurate within ±10 °C with
a temperature gradient of about 5 °C from the top to the middle
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