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INTRODUCTION

The system CaO-Al2O3 has been the subject of many phase
equilibrium studies. This interest is mainly due to the fact that
calcium aluminum oxides are of special importance as con-
stituents of Portland cements and calcium aluminate cements
(Taylor 1997). A summary of the structures of known calcium
aluminate compounds is given in Table 1. The number of ob-
served phases depends strongly on the PH2O and the fO2

 of the
furnace atmosphere. For conditions in air of ordinary humid-
ity, the following five compounds have been found: Tricalcium
aluminate (Ca3Al2O6), Ca12Al14O33, monocalcium aluminate
(CaAl2O4), calcium dialuminate (CaAl2O7) and calcium
hexaluminate (CaAl12O19). Synthesis in the absence of wa-
ter results in the formation of an additional compound,
pentacalcium trialuminate (Ca5Al3O14). Furthermore, a sodalite-
type phase of composition Ca4Al6O13 can be prepared by ther-
mal decomposition of Ca4Al6O13·3H2O. We recently reported
the crystal structure of a brownmillerite compound with com-
position Ca2Al2O5 synthesized at 1250 °C and 2.5 GPa. Here
we present the crystal structure of a new high-pressure poly-
morph of Ca4Al6O13, whose structure is completely different
from the above mentioned sodalite-type phase.

EXPERIMENTAL DETAILS

Sample preparation

The starting material was prepared by solid state reactions,
using CaCO3 (Merck, 99%) and Al2O3 (Aldrich, 99.8%) as re-
agents. The mixed powders were pressed into pellets and sin-
tered at 1250 °C for 24 h in air. Grinding and firing were
repeated twice. The sintered precursor material was re-ground
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 experi-
ments were performed at 2.5 GPa and 1250 °C for 48 hours.
Pressure was calibrated against the quartz–coesite and kyan-
ite–sillimanite transitions, as well as the melting point of diop-
side. 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 ac-
curate 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 of the order of 75 °C per second.
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ABSTRACT

The crystal structure of tetracalcium trialuminate (Ca4Al6O13), synthesized at 1250 °C and 2.5
GPa, has been determined from single-crystal X-ray data by direct methods [space group Pcan, Z =
8, a = 5.3002(2) Å, b = 17.7610(5), c = 21.0887(9) Å] and refined to R1 = 6.42%. The unit cell
parameters of Ca4Al6O13 exhibit a relationship to those of perovskite: a ≈ 2  aPv, b ≈ 5 aPv. and c ≈
4 2 aPv.. The diffraction data showed the typical features of a pseudotranslational symmetry: all
reflections (hkl) with l equal 4n (n is an integer) had significantly higher intensity than the reflec-
tions with l ≠ 4n. Furthermore, diffuse streaks parallel to b* were observed. The new compound
exhibits Al3+ in three different kinds of coordination polyhedra: octahedra, tetrahedra, and trigonal
bipyramids. One of the two main building units is slightly corrugated sheets of perovskite-type
corner sharing AlO6 octahedra perpendicular to [010]. The octahedral sheets are connected by layers
containing tetrahedral zweier single chains. Within these layers the tetrahedral chains are linked by
two different kinds of rods containing distorted trigonal bipyramids sharing common corners and
edges, respectively. The tetrahedral chains and the bipyramidal rods are parallel to [100]. Charge
compensation is achieved by the Ca ions, which are coordinated by 9 or 10 oxygen cations.
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