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INTRODUCTION

Zeolites are both porous naturally occurring alumino-sili-
cate minerals and important synthetic materials. Their indus-
trial applications, as catalysts, selective absorbers, and ionic
exchangers, are based on their unique physicochemical prop-
erties, which have made zeolites one of the most interesting
classes of natural and synthetic materials since their original
description. Zeolites may also play an important role in the
fabrication of nanometer-sized dots, wires, and surfaces em-
bedded in the nano-cavities of a solid ordered matrix (e.g.,
Alivisatos 1996).

The efficient application of zeolites in chemical processes
for industrial purposes requires an in-depth understanding of
the behavior of the framework under the operative conditions,
which may be different from the ambient ones. To this end the
thermal stability and the dehydration mechanisms of zeolites
have been intensively studied for many years (i.e., Bish and
Carey 2001), whereas only recently has attention been devoted
to the study of their pressure-induced modifications. Most pre-
vious work has been on: (1) the dependence of zeolite com-
pressibility upon the molecular size of the pressure-transmitting
media, which are defined as penetrating or non-penetrating
(Hazen 1983; Hazen and Finger 1984; Kholdeev et al. 1987;
Bazhan et al. 1999); (2) pressure-induced amorphization and
the reversibility of this process upon decompression (Gillet et
al. 1996; Goryainov et al. 1996; Huang 1998; Huang and
Havenga 2001; Liu et al. 2001; Rutter et al. 2001); and (3) the
effect of pressure on ionic conductivity and molecular self-dif-
fusion (Belitsky et al. 1987; Secco and Huang 1999; Rutter et
al. 2000; Moroz et al. 2001). In general, little structural infor-
mation is available and a thorough understanding of pressure-

induced deformation mechanisms has not yet been achieved.
Moreover, only a few studies have investigated possible pres-
sure-induced polymorphic phase changes, in particular with
non-penetrating pressure-transmitting media (fibrous zeolites:
Belitsky et al. 1992; Goryainov and Smirnov 2001; Lee et al.
2002; Ballone et al. 2002; Comodi et al. 2002; analcime and
wairakite: Hazen and Finger 1979; Velde and Besson 1981;
Goryainov et al. 1999; heulandite: Comodi et al. 2001; Vezzalini
et al. 2001; synthetic zeolite RHO: Lee et al. 2001; bikitaite:
Ferro et al. 2002; Comodi et al. 2003).

Here we present new data on the compressibility and
deformational reversibility of yugawaralite (hereafter YUGA)
and synthetic zeolite Na-A (ZEOA), obtained by in situ syn-
chrotron X-ray powder diffraction (XRPD) experiments. A fur-
ther purpose of this paper is to compare the high-pressure
behavior of the zeolites studied using both single-crystal and
X-ray powder diffraction methods. Moreover, since the stabil-
ity and structural response of zeolites under moderately high
pressure is, in general, different to that observed in high-tem-
perature studies, we will compare the deformation mechanisms
of these porous materials under the different physical condi-
tions. The zeolites compared here are characterized by differ-
ent framework topologies and extra-framework cations and
cover a wide range of framework densities. Moreover, they have
different framework flexibilities, as verified by their different
behavior after dehydration and cation exchange. Obviously,
owing to the lack of comparable high-pressure structural data
in the literature, this discussion does not claim to interpret struc-
tural behaviors in an exhaustive way since these are certainly
dependent on numerous and complex factors.

EXPERIMENTAL METHODS

The YUGA sample used in this work is from Yugawara (Ja-
pan) [Ca1.96Na0.01K0.01(Al 3.95Si12.06)O32·9.01H2O] and synthetic
ZEOA, in the sodium form, is a commercial BDH Chemicals
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ABSTRACT

The HP behavior of the natural zeolite yugawaralite and of the synthetic zeolite Na-A was studied
by in situ synchrotron X-ray powder diffraction, using a non-penetrating P-transmitting medium. The
unit-cell parameters of yugawaralite were refined up to the pressure of 10 GPa, at which reductions
were found of about 7, 2.4, 7, 1.3, and 15% for a, b, c, b, and V, respectively. Contractions of 6.5 and
18.4% were found for a and V, respectively, for zeolite Na-A in the range 10–4 to 6.8 GPa. Diffraction
patterns collected during decompression show that the effects induced by high pressure on both samples
are almost completely reversible. These results are compared with those obtained under similar experi-
mental conditions for other natural zeolites, with the aim of rationalizing the deformation mechanisms
of these porous materials and comparing their flexibility under high-pressure and high-temperature
conditions.


