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Electrical conductivity of synthetic mullite single crystals
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abStract
The electrical conductivity of 2/1-mullite (approximate composition 2Al2O3·SiO2) was measured using plane parallel, polished plates cut perpendicular to [100], [010], and [001] from a large single crystal
C in air. The conductivity vs. temperature curves display changes of
C depending on the crystallographical direction. The low-temperature
region (T
C) of conductivity is characterized by low-electrical conductivities ( av
10–9
–1
cm–1
C) with [010] > [100] > [001] and low-activation energies ( 0.66
eV, average value). In the high-temperature region (T
–1
higher ( av 1.1 10
cm–1
C) with [001] > [100]
[010], and with
higher activation energies ( 1.6 eV). While the conductivity in the low-temperature region essentially is
electronic, ion conductivity dominates the conductivity in the high-temperature region. We believe that
the ionic conductivity is essentially due to hopping of O atoms from structural sites linking the tetrahedral
double chains in mullite toward adjacent oxygen vacancies especially in c-axis direction. These oxygen
hoppings are associated with complex structural re-arrangements, which control and slow down the
velocity of the processes. Thus the electrical conductivity of mullite at high temperature is much lower
-alumina.
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introduction
Despite the fact that mullite occurs only very seldomly in natural rocks, it is certainly one of the most widely studied materials in
oxide ceramics. This is due to its outstanding properties, especially
at high temperatures. Among these properties are the high-thermal
and -chemical stability and the excellent thermo-shock and creep
behavior, which makes mullite a promising candidate for many
high-temperature applications (see e.g., Schneider and Komarneni
The crystal structure of mullite can best be described by means
of the structurally closely related but more simple sillimanite.
The key features of the crystal structure of sillimanite (Fig. 1) are
edge-sharing octahedral AlO6 chains running parallel to the c-axis
by double chains of corner-sharing MO tetrahedra (also parallel
c), with an ordered distribution of the tetrahedral cations Al3+ and
Si . Perpendicular to the c-axis the situation is different, with a
6 octahedra and AlO and SiO tetrahedra occurring parallel to the a- and b-axis (Fig. 1). The average structure of
mullite can be derived from the one of sillimanite by the coupled
3+
substitution Sitet by Al3+
tet (tet = tetrahedral) and simultaneous Al
and Si disordering over the tetrahedral sites. The excess nega* E-mail: mohammed.malki@univ-orleans.fr

tive charge in mullite produced by the substitution of Si by Al3+
is compensated by the formation of oxygen vacancies (see, e.g.,
bridging two adjacent tetrahedra in the sillimanite structure [O(C)
oxygen atoms], with the number of vacancies corresponding to
the x-value of the general formula of the mullite-type alumino
silicates Al xSi2–2xO10–x. The formation of vacancies causes associated tetrahedral sites TS to be displaced to positions designated as
TS*, so that the formerly bridging O(C) oxygen atoms become
threefold coordinated and form T3O groups (the so-called tetrahedral triclusters, TS*, according to literature the TS position is
favorably occupied by Al, see Fig. 1).
A few preliminary studies exist on the electrical conductivity
the basis of electromagnetic fields (EMF) measurements on mullite
ceramics provided data for an extremely high ionic conductivity
of mullite being even superior to that of CaO-stabilized ZrO2 solid
C. Chaudhuri et al. (1999) carried out direct current (DC) measurements
to determine the electrical resistivity of undoped and transition
C. Chaudhuri and coworkers found a much lower electrical conductivity lying in between
those of -alumina and CaO-doped zirconia. Results of Faradaic
current studies published by Mata-Osoro et al. (2012) at voltages
up to 1000 V on mullite single crystals, ceramics, and cermets

