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aBsTRacT

A mineral intermediate between sillimanite and mullite, tentatively designated as “sillimullite,” was 
studied by electron microprobe analyses and single-crystal X-ray diffraction methods. The chemical 
FRPSRVLWLRQV�GHULYHG�IURP�WKH�PLFURSUREH�UHVXOWV�DQG�WKH�FU\VWDO�VWUXFWXUH�UH¿QHPHQW�DUH�$O7.84Fe0.18 

Ti0.03Mg0.03Si3.92O19.96 and Al8.28Fe0.20Si3.52O19.76 (Fe is Fe3+) corresponding to x-values of 0.02 and 0.12, 
respectively, in the solid-solution series Al8+4xSi4–4xO20–2x assigning Fe3+, Ti, and Mg to the Al site. 
The composition derived from microprobe analysis is very close to a stoichiometric sillimanite (with 
Fe3+,Ti, and Mg assigned to Al sites), while the composition derived from diffraction data is midway 
between sillimanite and Si-rich mullites. The discrepancy is assumed to be caused by the occurrence 
of amorphous nano-sized SiO2 inclusions in the aluminosilicate phase not affecting the diffraction data 
but detected in the microprobe analysis. “Sillimullite” crystallizes in the orthorhombic space group 
Pnam with a = 7.5127(4), b = 7.6823(4), c = 5.785(3) Å, V = 333.88(4) Å3, Z = 1. It has a complete 
Si/Al ordering at tetrahedral sites like sillimanite but with neighboring double chains of SiO4 and 
AlO4 tetrahedra being offset by ½ unit cell parallel to c relative to each other causing the change of 
the space-group setting from Pbnm (sillimanite) to Pnam��'LIIHUHQFH�)RXULHU�FDOFXODWLRQV�DQG�UH¿QH-
ments with anisotropic displacement parameters revealed the formation of oxygen vacancies and 
WULFOXVWHUV�DV�NQRZQ�LQ�WKH�FU\VWDO�VWUXFWXUHV�RI�PXOOLWH��)LQDO�UH¿QHPHQWV�FRQYHUJHG�DW�R1 = 5.9% for 
�����XQLTXH�UHÀHFWLRQV�ZLWK�Fo > 4V(Fo). Fe was found to reside predominantly in the octahedral site 
DQG�ZLWK�PLQRU�DPRXQWV�LQ�RQH�RI�WKH�7�VLWHV��0J�DQG�7L�ZHUH�QRW�FRQVLGHUHG�LQ�WKH�UH¿QHPHQWV��7KH�
crystal studied here is considered to represent a new mineral intermediate between sillimanite and 
mullite, named “sillimullite.”
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inTRoducTion

Burnham (1964) mentioned that the mullite structure theoreti-
cally fits to any composition between x = 0 and x = 1 with respect 
to the general formula Al4+2xSi2–2xO10–x. The main compounds 
are sillimanite (x = 0), 3/2-mullite (x = 0.25), and 2/1-mullite 
(x = 0.4, see, e.g., Fischer and Schneider 2005). Alumina with 
a hypothetical mullite-type structure (L-alumina, x = 1) was de-
scribed by Perrotta and Young (1974) but most probably contains 
alkaline elements as discussed by Fischer and Schneider (2005). 
More recently, Ebadzadeh and Sharifi (2008) published data on 
the synthesis of pure L-alumina, but structural details were not 
given. Numerous studies in this research field have shown that the 
situation is complicated. Synthetic mullites normally have com-
positions 0.25 d x d 0.40 where the lower x-value corresponds 
to 60 mol% Al2O3 (3/2-mullite, 3Al2O3·2SiO2, x = 0.25), and the 
upper x-value to 66.7 mol% Al2O3 (2/1-mullite, 2Al2O3·SiO2, x 
= 0.40). 3/2-mullites have been designated as “sinter-mullites,” 
since they are often formed by solid-state reactions. 2/1-mull-
ites usually grown from melts are termed “fused-mullites.” 

Compounds intermediate in composition between 3/2 and 2/1 
mullite are formed by sol-gel based processes and by annealing 
3/2-mullites at temperatures >1600 qC. Schneider et al. (1993) 
described an Al2O3-rich phase with x = 0.83 (89 mol% Al2O3), 
which was prepared using specific sol-gel routes. However, 
increasing Al2O3 content destabilizes the mullite structure. This 
especially comes true at Al2O3 contents >80 mol% (x = 0.67). In 
this composition range the tetrahedral triclusters, being typical 
for mullite, are gradually replaced by tetrahedral tetraclusters, 
where 4 tetrahedra are connected by a bridging oxygen atom 
instead of 3 in the case of the triclusters. At the SiO2-rich side 
of the Al2O3-SiO2 system at x < 0.25 a miscibility gap toward 
sillimanite (x = 0) is assumed under ambient pressure. The 
occurrence of the miscibility gap can be explained by the dif-
ferent ordering schemes of sillimanite and mullite. On the other 
hand, the question whether phases with compositions between 
sillimanite (x = 0) and 3/2-mullite (x = 0.25) exist is still con-
troversial. A continuous isomorphic series between sillimanite 
DQG�����PXOOLWH�ZDV�SURSRVHG�E\�ĆXURYLþ��������DQG�+DUL\D�HW�
al. (1969). On the basis of high-temperature and high-pressure 
experiments they demonstrated that compositions between sil-
limanite and mullite can be achieved by varying the pressure 

American Mineralogist, Volume 100, pages 1493–1501, 2015

0003-004X/15/0007–1493$05.00/DOI: http://dx.doi.org/10.2138/am-2015-4966      1493 

* E-mail: rfischer@uni-bremen.de


