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INTRODUCTION

Diaspore, α-AlOOH, is the only natural hydroxide or
oxyhydroxide of Al that transforms directly into the thermody-
namically stable corundum phase, α-Al2O3, according to

2AlOOH → Al2O3 + H2O ↑      (1)

This dehydration sequence—a part of the “Bayer” process,
whereby bauxites are transformed into activated alumina—has
been subject of several previous investigations. As early as in
1932, Deflandré characterized diaspore structurally by means
of X-ray diffraction. In that study, he found that the trigonal
dehydration product corundum was formed in a close struc-
tural and crystallographic orientation relationship to the orthor-
hombic parent phase diaspore. Ervin (1952) termed the
transformation topotactic, and it takes place without any im-
pact on the hexagonal closest-packing (...ABAB...) of oxygen
atoms. The a, b, and c axes of diaspore become the c, [112–0]
and [–1100] axes of corundum, respectively (see Fig. 1). Struc-
tural data of diaspore and corundum are listed in Table 1.

According to Schwiersch (1933), the transformation starts
at the crystal surface and proceeds into the inner crystal along
a well-defined reaction front. His term “Grenzschicht-
reaktion”—interfacial reaction—describes this typical kind of

reaction that often occurs when minerals are transformed dur-
ing heat treatment. Since then, several general studies on the
dehydration of diaspore have been published (Francombe et
al. 1959; Iwai et al. 1993; Tsuchida 1993; Tsuchida and
Horrigome 1995). However, only a few detailed studies have
been reported, and most of them were in combination with the
more extensively studied dehydration of goethite (α-FeOOH)
to hematite (α-Fe2O3). Both the oxyhydroxide and the oxide of
Fe are isostructural with diaspore and corundum, respectively.

We shall refer mainly to the work of Lima-de-Faria (1963)
and Watari et al. (1979a, 1979b, 1982, 1983) where, besides
X-ray diffraction (XRD), transmission electron microscopy
(TEM) was used to study the dehydration product in more de-
tail. In XRD diffraction patterns of single crystals of both co-
rundum and hematite, Lima-de-Faria (1963) found satellite
reflections along c* corresponding to a distance of 3.9 nm and
3.2 nm, respectively. For the Fe system, he presented TEM* E-mail: mader@uni-bonn.de

Electron microscopic study of the dehydration of diaspore

LARS LÖFFLER AND WERNER MADER*

Institut für Anorganische Chemie der Universität Bonn, Römerstr. 164, D-53117 Bonn, Germany

ABSTRACT

The thermal transformation of natural, single-crystal diaspore (D) to corundum (C) and water has
been analyzed in detail by means of transmission electron microscopy (TEM). Pieces of single-
crystal diaspore were partially dehydrated at temperatures ranging from 400 to 600 °C and were
prepared in cross-section for TEM studies. The transformation of diaspore was studied at the faces
(100)D, (010)D, and (001)D, with special attention to the microstructural details at the reaction inter-
face.

Irrespective of the transformation direction, the dehydration product is highly porous. Nanom-
eter-sized pores form two-dimensional arrays arranged parallel to the basal plane of corundum forming
lamellae that are separated by thin regions of dense corundum. The periodicity of the lamellar struc-
ture is 3.7 nm, which causes distinct satellite reflections in diffraction patterns in the case of dehy-
dration at moderate temperatures (<450 °C). At higher temperatures, the degree of regularity, as well
as the satellite reflection intensities, decrease.

During transformation, the diaspore crystal cleaves parallel to (010)D, and micro-cracks are de-
veloped parallel to (100)D and to (001)D in the corundum due to the misfit of the lattices. The entire
crack system as well as the lamellar pore system play an important role in the dehydration process
because they serve as effective transport paths for the water vapor. The rapid dehydration at the
(010)D faces is attributed to fast-propagating cracks along [010]D. The slow transformation pro-
cesses along [100]D and [001]D are discussed in terms of difficulties in crack propagation and in
generating suitable crack systems, respectively.

TABLE 1. Crystallograhic data of diaspore (Hill 1979) and corun-
dum (Lutterotti and Scardi 1990)

Diaspore Corundum
Crystal class Orthorhombic Trigonal
Space group Pbnm R3–c
a-axis (pm) 440.1 476.0   (≡ 1/2bD; ≡ √3 cD )
b-axis (pm) 942.5 476.0   (≡ 1/2 bD; ≡ √3 cD )
c-axis (pm) 284.5 1299.6   (≡ 3 aD)


