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INTRODUCTION

The zeolite dehydration process has been widely studied 
because of the potential use of these phases as molecular sieves, 
sorbents, and catalysts. Knowledge of the structural modiÞ ca-
tions induced by temperature and of the stability Þ eld of these 
materials is of prime importance to assure their persistence and 
effectiveness in technological applications. The reversibility of 
this process, considered one of the most remarkable properties 
of zeolites, is not always completely fulÞ lled, at least in the short 
term. This is the case for zeolites whose frameworks are made 
up of differently connected chains of 4254 Secondary Building 
Units (SBUs): stilbite (Slaughter 1970; Mortier 1983; Cruciani 
et al. 1997), barrerite (Galli and Alberti 1976; Alberti and Vez-
zalini 1978; Alberti et al. 1983), stellerite (Galli and Alberti 
1975; Alberti et al. 1978), heulandite (Merkle and Slaughter 
1968; Alberti 1972, 1973; Alberti and Vezzalini 1983; Alberti 
et al. 1985), clinoptilolite (Armbruster and Gunter 1991; Arm-
bruster 1993), and brewsterite (Alberti et al. 1999, 2001; Ståhl 
and Hanson 1999; Sacerdoti et al. 2000), when the dehydration 
process results in transformation into one or more new phases. 
These phases are characterized by a new framework topology 
as a consequence of the statistical breaking of T-O-T bridges 
(Alberti and Vezzalini 1984).

Stellerite (Ca8Al16Si56O144·58H2O; space group Fmmm) (Galli 
and Alberti 1975; Miller and Taylor 1985) shares with stilbite 
(Na2Ca8Al18Si54O144·60H2O; space group C2/m) (Slaughter 1970; 
Mortier 1983) and barrerite (Na16Al16Si56O144·52H2O; space group 
Amma) (Galli and Alberti 1976) the STI framework topology 
(space group Fmmm) (Baerlocher et al. 2001), but the different 
content and distribution of extraframework cations impose dif-
ferent real symmetry and thermal behavior on the three phases 
(Alberti et al. 1978; Alberti and Vezzalini1978; Cruciani et al. 
1997).

The high-temperature structures of stellerite (Alberti et al. 
1978) and barrerite (Alberti and Vezzalini 1978) were studied 
in conventional ex situ experiments, through single-crystal dif-
fraction, performed at room temperature, on crystals previously 
dehydrated in vacuum, or in air, at selected temperatures. These 
studies showed that, in both zeolites, the collapsed so-called 
B Phases (and the partially rehydrated phase C of barrerite, 
obtained cooling barrerite B to room temperature immediately 
after heating) have space group Amma, undergo rotation of 
the SBUs, with a consequent pronounced zigzag of the SBUs 
chains, and present statistical breaking of the same T-O-T bridge 
in the four-membered ring. This process is accompanied by the 
migration of the tetrahedral cations involved to new, partially 
occupied, tetrahedral sites (with three oxygen atoms in com-
mon with the previously occupied ones) in a �face-sharing� * E-mail: giovanna@unimo.it
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ABSTRACT

The thermally induced structural modiÞ cations of the natural zeolite stellerite [Ca8Al16Si56O144·58H2O, 
a = 13.5947(4), b = 18.1823(6), and c = 17.8335(6) Å, V = 4408.1(3) Å3, space group Fmmm, frame-
work type STI] were studied in a temperature-resolved X-ray powder diffraction experiment, using 
synchrotron radiation, in the temperature range RT-976 K. In the initial stage of heating (below 430 
K) Stellerite Phase A (space group Fmmm) is stable, and the cell volume decreases only 0.6% to this 
temperature. Between 430 and 490 K most of the water is released, the symmetry lowers, and a phase 
transition to the collapsed so-called Phase B (space group Amma) is observed. In this phase rotation 
of the 4254 Secondary Building Units causes cell volume contraction and deformation of the channel 
system. This new phase, at 530 K, shows the statistical breaking of T-O-T bridges in the four-rings 
and the migration of tetrahedral atoms to new �face-sharing� tetrahedra, which partially occlude both 
the channels parallel to [100] and to [001]. This framework deformation is interpreted as due to the 
strain induced by calcium atoms on the framework to achieve better coordination after the release 
of water. The new structure is stable up to 750 K and the total volume decrease is about 8%. The 
dehydration process causes a similar framework deformation and the transition to a collapsed phase 
characterized by the statistical breaking of T-O-T bridges in all zeolites with STI-type frameworks. 
However, comparing the results obtained with different thermal kinetics, it is possible to assume that 
the experimental conditions play a primary role in the mechanisms of dehydration and of framework 
bridge breaking.
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