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INTRODUCTION

The structure of mullite is deÞ ned by edge-sharing AlO6 oc-
tahedral chains running parallel to the crystallographic c axis. 
Octahedra are linked by double chains containing aluminum-
oxygen and silicon-oxygen tetrahedra. These tetrahedral double 
chains are disturbed in that some of the oxygen atoms bridging 
the double chains are missing, producing oxygen vacancies. 
Tetrahedrally coordinated cations (T sites) neighboring these 
vacancies are shifted out of the chain to form new and distorted 
tetrahedral sites (so-called T* sites). These T*O4 tetrahedra are 
bound to neighboring T2O7 dimers in the form of tetrahedral 
triclusters (Angel and Prewitt 1986; Saalfeld and Guse 1981, see 
Fig. 1). Whereas the regular tetrahedra are occupied by Al and 
Si, T* sites are predominantly occupied by Al (Angel et al. 1991; 
Merwin et al. 1991). Mullite forms mixed crystals of composition 
Al4+2xSi2�2xO10�x, with x normally in the range 0.2 < x < 0.5, but 
in extreme cases up to > 0.80 (Fischer et al. 1996). The number 
of oxygen vacancies in mullite is related to its x value, with x = 
0.25 corresponding to one oxygen vacancy in four unit cells of 
stoichiometric mullite (i.e., 3/2-mullite = 3Al2O3·2SiO2).

The structural incorporation of foreign cations into mullite 
has been the subject of many studies in the past ten to twenty 
years. It has been found that the transition metal cations V3+, Cr3+, 
Fe3+, but also Ga3+, can be incorporated up to an equivalent cation 
oxide content of about 6 mol%. Ti4+ and V4+ can reach values up 
to about 3 mol% of the equivalent cation oxide, whereas only 
very small amounts of Mn2+, Fe2+, and Co2+ ions enter the mullite 
structure. The upper solubility limits obviously are controlled 

by the radii and oxidation states of the ions (see Schneider et 
al. 1994). The foreign cations including Fe3+ are preferably in-
corporated into the MO6 octahedra in mullite. On the basis of 
electron paramagnetic resonance (EPR) studies Schneider and 
Rager (1986) suggested that Fe3+ might also enter the oxygen 
tetrahedra, although in small amounts. The relatively large size 
of the Fe3+ cations in comparison to that of Al3+ explains their 
preference for octahedral coordination. Thereby the entry of 
the large Fe3+ cations into the octahedra, substituting for Al3+, 
produces stronger b than a expansion, because the most elastic 
bond of the octahedron (the M-O(D) bond) lies to about 30° to 
either side of b and to about 60° to either side of a.

The iron incorporation in mullite with or without a coexisting 
silicate glass phase was investigated between 1300 and 1670 °C 
(Schneider 1987, 1990). A reciprocal dependence was found to 
exist between iron incorporation and temperature, although the 
amount of iron is also correlated with the bulk iron content of 
the samples. The maximum iron incorporation corresponds to 
an Fe2O3 content of about 10.5 wt% at 1300 °C. An important 
driving force of iron exsolution from mullite above about 1300 
°C is the temperature-induced reduction of Fe3+ to Fe2+. The 
cation radius of Fe2+ (78 pm, in comparison to that of Fe3+ of 65 
pm) obviously is too large to allow substitute for Al3+ [54 pm; 
all ionic radii are cited according to Shannon (1976) and refer 
to a coordination number of six].

Mössbauer spectra of mullite obtained at room temperature 
have been reported by Cameron (1977), Cardile et al. (1987), 
Schneider (1990), and Parmentier et al. (1999). All spectra show 
a dominating quadrupole splitting of about 1.2 mm/s. Isomer 
shifts were found to be characteristic of Fe3+ ions. The enlarged 
widths of the lines of more than 0.4 mm/s as reported by Cameron * E-mail: d.mack@tu-bs.de

High-temperature Mössbauer study of Fe-substituted mullite

DANIEL E. MACK,1,* KLAUS D. BECKER,1 AND HARTMUT SCHNEIDER2

1Institut für Physikalische und Theoretische Chemie, Technische Universität Braunschweig, D-38106 Braunschweig, Germany
2Institut für Werkstoff-Forschung, Deutsches Luft- und Raumfahrtzentrum (DLR), D-51170 Köln, Germany

ABSTRACT

Mössbauer spectra of Fe-substituted 3/2-mullite (10.3 wt% Fe2O3) have been measured from room 
temperature up to 1200 °C under nitrogen atmosphere. A Voigt-type Þ t to the spectral line shape is 
proposed that is based on the assumption of three non-equivalent Fe3+ environments A, B, and C in 
the mullite structure. The Fe3+ subspectra display quadrupole splittings of about 1.1 (A), 0.7 (B), and 
1.3 mm/s (C) where the isomer shifts at room temperature are about 0.3 mm/s for subspectra A and 
B and about 0.1 mm/s for site C. Subspectra A and B are attributed to two different Fe3+ octahedral 
sites in mullite coordination, experiencing slightly different quadrupolar interactions; the third site is 
assigned to ions in tetrahedral coordination. Subspectrum A is assigned to the iron-oxygen octahedra 
having TO4 tetrahedra as next nearest neighbors, while subspectrum B may correspond to iron-oxygen 
octahedra having TO4 and T*O4 tetrahedra with associated oxygen vacancies in their vicinity. The 
quadrupolar splittings of the three subspectra are found to be almost independent of temperature. The 
temperature dependences of the isomer shifts conform closely to those expected for a harmonic solid 
at the high-temperature limit. The Mössbauer study gives no support for any temperature-induced 
redistribution of Fe in mullite.


