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ABSTRACT

The temperature dependence of the cation distribution in synthetic hercynite (FeAl2O4)
has been determined using in-situ time-of-flight neutron powder diffraction. The sample
was synthesized from the oxides under controlled oxygen fugacity and then quenched in
air. Neutron diffraction patterns were then collected under vacuum on heating from room
temperature to 1150 8C, and the cation distribution was determined directly from site
occupancies obtained by Rietveld refinement. The degree of inversion, x, decreased from
0.135(4) at room temperature to 0.112(4) at 600 8C. Thereafter the degree of inversion
increases smoothly with increasing temperature, reaching a value of 0.219(5) at 1150 8C.
The decrease in x on heating to 600 8C is a kinetic phenomenon caused by the system
moving toward its equilibrium degree of order from the relatively disordered state main-
tained after quenching from the synthesis temperature. The equilibrium ordering behavior
between 600 and 1150 8C has been analyzed using both the O’Neill-Navrotsky and Landau
thermodynamic models. Although the data could be fitted with both models over the tem-
perature range of the measurements, Landau theory predicts the incorrect curvature of the
equilibrium x-T curve, leading to a significant discrepancy in the calculated behavior when
the model is extrapolated outside the calibrated temperature range. The correct x-T cur-
vature is predicted by the O’Neill-Navrotsky model, and values of the model coefficients
a 5 31.3 6 1.1 kJ/mol and b 5 19.7 6 3.4 kJ/mol were obtained by least-squares fitting
to the equilibrium data. This confirms the results of a previous study using quenched
material, which suggested that the sign of the b coefficient in FeAl2O4 is opposite to that
found in other 2–3 oxide spinels.

INTRODUCTION

The 2–3 class of oxide spinels, which includes
FeAl2O4, is represented by the general formula unit
AB2O4, where A is a divalent cation and B is a trivalent
cation. The O anions form an approximately cubic close
packed arrangement, and the cations distribute themselves
over one tetrahedral site and two octahedral sites per for-
mula unit (pfu), according to the general scheme:

A B (A B ) O12x x x /2 12(x /2) 2 4

where parentheses represent cations on octahedral sites.
The variable x is the inversion parameter. Two ordered
configurations of the spinel structure can be adopted at
low temperatures; the normal configuration with x 5 0,
and the inverse configuration with x 5 1. At elevated
temperatures the cations become increasingly randomly
distributed over tetrahedral and octahedral sites. A value
of x 5 ⅔ corresponds to a completely random distribution
of A and B over the three cation sites per formula unit.
Because the order-disorder process in spinel is non-con-
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vergent (there is no symmetry difference between an or-
dered and a totally disordered spinel), such a completely
random distribution would only be anticipated at infinite
temperature and is approached asymptotically on increas-
ing temperature in real samples.

Hercynite (FeAl2O4) adopts the predominantly normal
cation distribution at low temperatures (Bohlen et al.
1986; Chassagneux and Rousset 1976; Gaballah et al.
1975; Hill 1984; Larsson et al. 1994; Yagnik and Mathur
1968). The temperature dependence of the cation distri-
bution is, however, less well defined. There are several
inconsistencies between published high-temperature cat-
ion distributions for FeAl2O4. The origin of these incon-
sistencies is threefold. First, all studies to date have been
performed on material quenched from high annealing
temperatures. The kinetics of cation ordering in spinels is
fast enough to allow some degree of cation redistribution
during quenching, leading to a quenched-in cation distri-
bution that differs from the equilibrium cation distribution
at the annealing temperature (Larsson et al. 1994; Millard
et al. 1992; Peterson et al. 1991; Redfern et al. 1996;
Wood et al. 1986). Second, several studies report the


