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Abstract

A full profile X-ray powder diffraction structure refinement has been completed on a
sample of synthetic hercynite, FeAl,O4, using graphite monochromatized CuKe step-scan
data (26qma.x = 140°) and a flexible profile shape of the pseudo-Voigt type. The most
satisfactory convergence was achieved at R,,, = 0.0781 and Ry = 0.0125 using fully ionized
atomic scattering factors and a peak shape parameter of the form e = 0.233(17) +
0.0055(3)26: the individual peak shapes vary from 33.7% Lorentzian to 99.8% Lorentzian
character as 26 increases. The derived structural parameters at 20°C are: a = 8.15579(6)A, i
(inversion) = 0.163(5), x(0) = 0.2633(2), B = 0.56(3), 0.44(%) and 1.07(5)A? for the

tetrahedral (Fe), octahedral (Al) and oxygen atoms, respectiv
and x based on the ionic model and i = 0.163 are in good agr

Introduction

The crystal chemistry of the spinel hercynite, FeAl,O,,
is of considerable interest to mineralogists and materials
scientists because of its importance in metamorphic pe-
trology (Osborne et al., 1981; Rumble, 1976; Turnock and
Eugster, 1962; Palache et al., 1944, p.687), ceramics
(Mason and Bowen, 1981; Meyers et al., 1980; Baldwin,
1955) and device applications (Zhukovskzva et al., 1980;
Dehe et al., 1975; Hoffmann and Fischer, 15_° Howev-
er, the detailed crystal structure of this phase (in particu-
lar its cation distribution) remains uncertain, primarily
because pure hercynite is rarely, if ever, encountered in
nature (Turnock and Eugster, 1962; Palache et al., 1944,
p. 692) and because synthetic hercynites in the FeO-
Fe,0;-Al,0; system often contain significant levels of
non-stoichiometry arising from valence state variations,
interstitial atoms anc oxygen atom vacancies (Mason and
Bowen, 1981; Halloran and Bowen, 1980). Indeed, many
of the natural ‘‘hercynites’’ documented in the literature
are more properly classified as members of the MgAl,0,—
FeAl,O,4 (pleonaste) or Fe;04~FeAl,Oy4 solid solution se-
ries. ,

A compound AB,X, with the spinel structure crystal-
lizes in space group Fd3m with the A cation in site 8a at
(1/8 1/8 1/8), the B cation in site 16d at (1/2 1/2 1/2), and
the anion in site 32e at (xxx), when the origin is at 16d
(Bragg, 1915; Hafner, 1960; Blass, 1964; Hill et al., 1979).
The structure then requires only three parameters (ex-
cluding thermal vibration coefficients) to describe its
atomic arrangement completely: the unit cell size, a, the
anion positional coordinate, x, and the cation ordering, or
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inversion parameter, i. For i = 0 and 1, respectively, the
spinel has the so-called normal, A[B-]X,, and inverse,
B[AB]X,, cation distributions, where the ions indicated
in parenthesis are in octahedral coordination by X, and
the remaining ions (including X) are in tetrahedral coordi-
nation. Intermediate cation distributions may be repre-
sented as (A;—; B){A; Bo_i]1Xs.

For those phases ~hich have been described as FeAl,O4
in the literature th: unit cell dimensions have been
determined to lie in the range 8.08-8.16A (Segnit, 1984).
This rather large range of values suggests that not all of
the samples are stoichiometric and/or they contain some
Fe3* or other cation. The oxygen coordinate has been
determined twice, yielding values of ‘‘about’ 0.265
(Barth and Posnjak, 1932) and 0.2635(1) (Roth, 1964).
Estimates of the distribution of Fe?* over the octahedral
and tetrahedral sites obtained from diffraction and Mdss-
bauer measurements vary between /i = 0.0 and 0.25
(Osborne et al., 1981; Dickson and Smith; 1976, Yagnik
and Mathur, 1968; Barth and Posnjak, 1932; Roth, 1964).

The present study of synthetic hercynite was initiated
(1) in order to accurately characterize the crystal struc-
ture of this important phase, and (2) as part of a broader
investigation into the application of full-profile Rietveld-
type powdcr diffraction structure refinement methods and
detailed peak-shape modelling in the case of two-wave-
length X-ray data.

Experimental

The sample of FeAl,O; used in the present study was
synthesized in an evacuated silica tube at 1050°C for 4 days using
a stoichiometric mixture of Fe, Fe,O; and yAl,O; followed by
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