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INTRODUCTION

Mullite is the only stable binary phase of the system Al2O3-
SiO2 existing at ambient conditions. Its crystal structure is com-
posed of chains of AlO6 octahedra oriented parallel to the
crystallographic c axis. Octahedral chains are cross-linked by
AlO4 and SiO4 tetrahedra, which occur as dimers and trimers.
Relatively large voids, caused by structural O atom vacancies,
exist in the mullite structure and these induce a shift in the
positions of the adjacent Al atoms (Al* in Fig. 1). The general
formula of mullite is Al2 [Al2 + 2xSi2 – 2x] O10–x (Angel and Prewitt
1986), where x denotes the number of vacancies formed by the
exsolution of Oc O atoms (Fig. 1).

The stable mullite composition is 3Al2O3◊2SiO2 (designated
as 3/2-mullite, x = 0.25), but mullites richer in Al2O3 have also
been frequently described. Mullites crystallized from alumi-
nosilicate melts have compositions close to 2Al2O3◊1SiO2 (des-
ignated as 2/1-mullite, x = 0.4; see, e.g., Guse and Mateika
1974). Mullite compositions with higher Al2O3 contents are
produced by crystallization of single phase aluminosilicate gels
(type I; Schneider et al. 1992) at relatively low temperatures
(about 1000 ∞C). Our previous investigations revealed that the
solid solution range of specific sol-gel derived mullites can be
extended to compositions of nearly 90 mol% Al2O3 (Fischer et
al. 1994). These highly aluminous mullites change their com-
position toward stoichiometric 3/2-mullite by thermal activa-
tion at temperatures higher than 1000 ∞C (Okada and Otsuka
1986; Fischer et al. 1996; Johnson et al. 2001). In contrast,
melt-derived 2/1-mullites are relatively stable. Our studies
showed that 2/1-mullite crystals do not transform into 3/2-
mullite, even when fired for very long times at 1500 ∞C. How-
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ABSTRACT

The transformation of 2/1-mullite single crystals into stable 3/2-mullite was investigated using
reaction couples of 2/1-mullite cut parallel to (001) and silica glass at 1650 ∞C. A thin layer of 3/2-
mullite formed at the surface of the parent 2/1-mullite crystal. Between 3/2- and 2/1-mullite a gradual
transition layer of about 1 mm exists. This gradual transition zone and the lack of any interface
between the substrate 2/1-mullite and the newly formed 3/2-mullite implies a topotactic transforma-
tion mechanism controlled by Al, Si, and O interdiffusion with preservation of the basic crystal
structure, especially the AlO6 octahedral chains. The number of O atom vacancies is reduced going
from 2/1- to 3/2-mullite, as shown by a gradual decrease of the corresponding superlattice intensities
in electron diffraction patterns. As the transformation requires diffusion of Al out of and of Si and O
atoms into the 2/1-mullite crystal, a coexisting silicate melt is required as an Al sink and as a source
of Si and O atoms.

ever, reaction couples consisting of 2/1-mullite and melts of
composition 20 wt% Fe2O3, 65 wt% SiO2, and 15 wt% Al2O3

(Schneider and Pleger 1993) exhibit a temperature dependent
transformation of 2/1- to 3/2-mullite. In none of these experi-
ments could a 2/1 to 3/2-mullite phase boundary be detected
by transmission electron microscopy (TEM). This should be
interpreted in terms of a continuous solid solution series be-
tween 3/2- and 2/1-mullites, a conclusion recently argued by
Dabbs et al. (1999), who described coherent exsolutions of
nanometer-sized 3/2-mullite precipitates within a 2/1-mullite
matrix prepared by spray pyrolysis. Their conclusion was that
mixed crystals with compositions between 3/2- and 2/1-mul-
lite do not exist.

To shed light on the real nature of the 2/1- to 3/2-mullite
transformation, reaction couples consisting of 2/1-mullite and
pure silica glass were investigated in the present study.

EXPERIMENTAL METHODS

The mullite single crystal used for the experiments was
grown by F. Wallrafen (Universität Bonn, Germany) using an
automatic Czochralski system with crystal diameter control.
The starting powders of SiO2 (22.76 wt%, purity 99.995, Alfa,
Karlsruhe, Germany) and Al2O3 (74.24 wt%, purity 99.999,
same source) were homogeneously mixed, pressed, and melted
in an iridium crucible by induction heating in 90% Ar/10%
CO2 gas atmosphere. The c axis of the seed crystal was ori-
ented parallel to the pulling direction. The composition of the
resulting crystal (approximately 18 mm in diameter and 22 mm
in length) corresponds to 65.5 mol% Al2O3 and 34.5 mol% SiO2,
which is very close to the composition of 2/1-mullite. A de-
tailed description of the crystal growth process was published
by Guse and Mateika (1974).

Slices about 1 mm thick were cut from the mullite single


