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INTRODUCTION

The transformation of andalusite (Al2SiO5 = A) to mullite
(Al2O3⋅SiO2 = M) and SiO2 parallel to [100]A  is characterized
as a topotactical reaction, where the stable AlO6 chains run-
ning parallel to the [001]A || [001]M axes are preserved
(Hülsmans et al. 2000; hereafter referred to as part I). How-
ever, perpendicular to the octahedral chains, the mechanisms
could differ. In these crystallographic directions the AlO6 chains
may no longer act as the leading structural motive for the trans-
formation. Therefore the manner in which the reactions are ini-
tiated and proceed to the interior of the andalusite crystal in
these cases are of interest. This paper describes the transfor-
mation of andalusite to mullite in the directions [100]A and
[010]A based essentially on TEM studies, and compares the
transformation mechanisms parallel and perpendicular to the
AlO6 octahedral chains.

EXPERIMENTAL METHODS

The gem quality andalusite single crystals investigated are
from the same batch as in part I. The annealing procedure (1
min. at 1580 °C) and preparation for TEM examination are as
described in part I.

RESULTS

Transformation as viewed in the light microscope along the
directions [100]A and [010]A is much slower than in the [001]A

direction: whereas a reaction layer with a thickness of approxi-
mately 50 µm was produced at the (001)A surface (part I), at
the (100)A and (010)A surfaces reaction layers with a thickness
of about 7–8 µm and 3 µm, respectively, develop. Electron dif-
fraction studies prove that, regardless of the transformation
direction, the crystallographic orientation relationship between
andalusite and mullite is always [100]A || [010]M, [010]A || [100]M,
and [001]A || [001]M (Pannhorst and Schneider 1978).

Transformation along [100]A

The sample (Fig. 1) contains many cracks, which is typical
for all annealed crystals: this made the specimens mechani-
cally unstable and specimen preparation difficult. The trans-
formed region contains mullite crystals elongated along their
growth direction and they are separated by the glassy silica
phase. The surface is not covered by a continuous silica layer
as observed at the (001)A surface, however isolated droplet-
shaped regions of silica can be observed.

The microstructure of the transformed region and the reac-
tion front is shown at higher magnification in Figure 2. In gen-
eral, the shape of the mullite crystals is not well defined, and
the crystals obviously have a tendency to grow together. How-
ever, in the vicinity of the transformation front the mullite crys-
tals exhibit well defined habit planes parallel to {110}M planes.
The interface between andalusite and newly formed mullite and
silica is irregular, and the major part of the interface is formed
by andalusite in contact with the glassy phase. The shape of
the interface shows that the transformation is retarded at re-
gions where andalusite is in direct contact with mullite. The
contact areas between andalusite and mullite are throughout
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ABSTRACT

The transformation of an andalusite (Al2O3⋅SiO2 = A) single-crystal to 3:2-mullite (3Al2O3⋅2SiO2

= M) and non-crystalline silica (SiO2) was investigated at the (100)A and (010)A faces using electron
microscopy. The transformation starts topotactically at the surfaces producing a dense layer of mul-
lite and vitreous silica on the surface and underneath the mullite layer. Next, the reaction proceeds
by dissolution of andalusite in the vitreous silica and by diffusional transport of alumina to mullite
crystals occasionally nucleated at the dissolving andalusite. Transformation along [100]A proceeds
twice as fast as along [010]A, which is explained by the higher stability of the (010)A face against
dissolution. Transformation by dissolution and precipitation is one order of magnitude slower than
the topotactic transformation along [001]A. The transformation reaction of andalusite to mullite and
silica is highly anisotropic. Combining the results along the directions [100]A, [010]A, and [001]A

predicts the type of transformation which will take place at an arbitrary andalusite face. Only if the
cA axis is oriented more than 80° off the surface normal, will the reaction proceed by the dissolution-
precipitation process, whereas for all other orientations andalusite transforms by the fast topotactic
reaction along the cA axis.
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