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INTRODUCTION

Stilbite, (Na2Ca8)[Al18Si54O144]·60H2O, is a common zeolite 
with framework type [STI] and topological symmetry of the 
framework orthorhombic, Fmmm. The real symmetry is C2/m 
with no Si/Al-order in the framework (Galli 1971; Slaughter 
1970). However, the symmetry of stilbite is often referred as 
F2/m to facilitate its comparison with other related structures 
(Cruciani et al. 1997). The framework is composed of ten- and 
eight-membered rings and the zeolite cavities are occupied by 
Ca and Na and coordinated water molecules (Slaughter 1970). 
Stilbite shares the same framework type [STI] with stellerite, 
Ca8[Al16Si56O144]⋅56H2O, and barrerite, Na16[Al16Si56O144]⋅52H2O
. Stellerite (Galli and Alberti 1975a; Miller and Taylor 1985) has 
the same framework as stilbite, no Si/Al-order in the framework, 
and a higher symmetry Fmmm (Z = 2), which coincides with the 
topological symmetry of the framework. The symmetry of bar-
rerite is orthorhombic Amma (Z = 2) (Galli and Alberti 1975b) 
with a shift of one extraframework position, which causes the 
framework to rotate around a screw diad parallel to a. Again, 
no Si/Al-order is observed in the framework.

Water is an essential constituent of zeolites and low tem-
perature (<400 °C) dehydration and rehydration processes of 
the �zeolitic water� is an important property utilized in various 
industrial applications. An essential aspect of dehydration is the 
concomitant formation of various defects, a partially irrevers-
ible process that may modify the physical-chemical properties 
of zeolites. For example, we know that cyclic dehydration of 
zeolites accumulate acid sites (chemical defects) on the internal 
surface of the crystal (Moroz et al. 2003). The number of these 
defects, accumulated during several dehydration-rehydration 
cycles, is too small to change the crystallographic or absorp-
tion properties of zeolites. However, it is sufÞ cient to induce a 
remarkable enhancement of the rate of proton transfer reaction 

in the cavities and consequently to modify the properties closely 
related to the active sites, such as catalytic activity and proton 
conductivity (Moroz et al. 2003).

The structure of stilbite and its dehydration and rehydration 
properties make it a potential adsorbent and catalyst. However, 
collapse of the framework during dehydration is a disadvantage 
because the ability to rehydrate at lower temperatures could 
be effectively used in ion exchange processes (Mortier 1983). 
Thus, it is important to investigate the thermal behavior of this 
zeolite and its structural stability region.

The thermal transformations of stilbite have been studied 
by various experimental methods such as thermal analysis and 
X-ray diffraction (XRD). The thermo-gravimetry (TG) and dif-
ferential thermal analysis (DTA) investigations reported by Got-
tardi and Galli (1985) show two endothermic peaks at about 448 
and 523 K. These peaks were interpreted as the progressive loss 
of about 30 and 26 water molecules, respectively. The residual 
water molecules were lost at higher temperature. The dehydra-
tion and rehydration processes of stilbite were also investigated 
by Aumento (1966) who showed that samples heated below 
573 K were completely rehydrated whereas samples heated to 
573�873 K were only partially rehydrated. Rykl and Pechar 
(1985) also reported that stilbite transforms into meta-stilbite at 
about 533 K and into an amorphous phase above 743 K. Joshi et 
al. (1982) and Kasture et al. (1997) also reported on stilbite and 
its thermal products from the Deccan trap region using XRD, 
DTA-TG, and IR spectroscopy. Cruciani et al. (1997) studied 
the dehydration processes of stilbite using in situ synchrotron 
X-ray powder diffraction. They reported a stepwise dehydration 
mechanism and a change in the crystal symmetry (stilbite B, 
orthorhombic-Amma) at about 420 K. In the higher temperature 
range, i.e., in the stilbite B phase, a continuous dehydration and 
breakage of T-O-T (T = Si or Al) bonding was observed. The 
decomposition of stilbite is accomplished above 720 K.

If we consider the thermal behavior, zeolites may be clas-
siÞ ed into the following categories (Bish and Carey 2001): (1) 
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