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In-situ study of the R3 to R3c phase transition in the ilmenite-hematite
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ABSTRACT

–
–
The R3 to R3c cation ordering phase transition in the ilmenite (FeTiO3) – hematite (Fe2O3) solid
solution has been investigated using in-situ time-of-flight neutron powder diffraction. Four synthetic samples of the solid solution containing 70, 80, 90, and 100% FeTiO3 (ilm70, ilm80, ilm90,
and ilm100, respectively) were heated under vacuum to a maximum of 1350 °C. Powder diffraction
patterns were collected at several temperatures on heating and cooling, with a Rietveld refinement
performed in each case. Samples ilm80, ilm90, and ilm100 were fully ordered after quenching from
the synthesis temperature to room temperature. Sample ilm70 had a higher degree of quenched in
disorder, which is the result of chemical heterogeneities produced during quenching and subsequent
heating in the neutron experiments. The degree of order in all samples decreased smoothly at high
–
temperatures, with second-order transitions to the R3c phase being observed at 1000, 1175, and
1325 °C in ilm70, ilm80, and ilm90, respectively. The transition temperature in ilm100 was higher
than the maximum temperature reached in the neutron experiments, and is estimated as ~1400 °C.
The character of the transition is typical of that predicted by three-dimensional Ising models and
appears to become more first-order in character with increasing Ti-content. The temperature-dependence of the cell parameters reveals that components of the spontaneous strain tensor, e11 and e33, are
negative and positive, respectively. Little volume strain is associated with long-range ordering. A
–
small negative volume strain due to short-range ordering within the R3c phase is identified. The
variations in cell parameters and cation-cation distances can be understood in terms of the competing effects of long- and short-range ordering as a function of temperature and composition.

INTRODUCTION
The rhombohedral oxide solid solution between ilmenite
(FeTiO3) and hematite (Fe2O3) is significant to both petrology
and paleomagnetism. The equilibrium between coexisting
rhombohedral and spinel oxides in the Fe-Ti-O system is commonly used to determine the temperature and oxygen fugacity
at which a natural assemblage was formed (Buddington and
Lindsley 1964). Members of the (FeTiO3)x(Fe2O3)1–x solid solution with compositions 0.5 < x < 0.75 have large saturation
magnetizations and contribute significantly to the paleomagnetic record (Banerjee 1991). Often such material is observed
to acquire self-reversed remnant magnetization (Nord and
–
Lawson 1989, 1992). In all cases, the high-temperature R3 to
–
R3c cation ordering transition plays a crucial role in determining the thermodynamic and magnetic properties. This transition involves the partitioning of Ti and Fe cations between
alternating (001) layers of the oxygen sublattice. Above the
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transition temperature (Tc) the cations are distributed randomly
over all (001) layers. Below Tc the cations order to form Ferich A-layers and Ti-rich B-layers.
The existence of a second-order phase transition in the ilmenite-hematite system was first demonstrated from measurements of saturation magnetization on quenched samples with
compositions 0.53 < x < 0.74 (Ishikawa 1958 and 1962;
Ishikawa and Akimoto 1957; Ishikawa and Syono 1963). Over
this range in composition, the solid solution adopts a ferrimagnetic structure, in which the magnetic moments on the A-layers are aligned anti-parallel to those on the B-layers. In the
ordered phase, more Fe is on the A-layers than on the B-layers,
leading to a net ferrimagnetic moment. In the disordered phase,
equal amounts of Fe on the A- and B-layers leads to a canted
antiferromagnetic structure with almost zero magnetic moment.
Hence, one can derive a simple relationship between the net
saturation magnetization and the distribution of Fe between
the layers (the so-called quench-magetization technique).
To date this has been the most common technique for studying the phase transition. Its application, however, has several
shortcomings. First, it is necessary to make an assumption about
the distribution of Fe2+ and Fe3+ between the A- and B-layers.
It is normally argued on the basis of electrostatic energy mini-

