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Reconstructive phase transitions induced by temperature in gmelinite-Na zeolite
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Abstract
Gmelinite is a natural zeolite whose framework can be described as a parallel stacking of double
six rings of tetrahedra in the ABAB sequence. Its space group is P63/mmc with a = 13.76 and c =
10.08 Å. This study describes the topological transformations of its Na-form |Na6.98K0.27Ca0.15(H2O22.43)|
[Al7.41Si16.55O48]-GME, which occur when heating in air above 300 °C. Ex situ X‑ray single-crystal
analysis showed that gmelinite-Na transforms into a new structure with an AFI-type topology at about
300 °C. Its space group is P6/mcc with a = 13.80 and c = 8.50 Å. In situ X‑ray powder diffraction
patterns highlighted that, in the approximate 330–390 °C temperature range, GME → AFI transformation goes through a new intermediate phase whose topology differs from both GME and AFI.
This phase transforms over the space of a few minutes into the AFI-type phase. This new “transient”
phase is characterized by the presence of framework tetrahedra, which are only three-connected.
Based on real time synchrotron powder diffraction data, the “transient” phase was modeled in space
group P31c with a = 13.97 and c = 9.19 Å. Its crystal structure can be seen as an intermediate step
between the GME and AFI crystal structures. The existence of this intermediate metastable phase
could be due to the ~2 Å difference in the c parameter between the GME and AFI phases. The c
parameter value in the “transient” metastable phase, which is roughly intermediate between the c
value in GME and AFI, suggests that the “transient” phase exists as a way of avoiding the abrupt
collapse of the GME structure along z direction during the GME-AFI topological transformation.
The transformation of a natural gmelinite-Na in a material with AFI topology shows that it is possible to obtain Al-rich AFI materials whose properties are of particular importance in evaluating
their potential as catalysts and adsorbents.
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Introduction
Gmelinite is a fairly rare natural zeolite, which typically
occurs in hydrothermal formations, mainly filling up cavities in
basalts. This material is a member of the so-called ABC-6 family. Its framework (IUPAC code GME) can be easily described
as a parallel stacking of double six rings of tetrahedra [D6R or,
according to Smith (2000) hpr polyhedral unit] in the ABAB
sequence. UUDD 4-ring chains connect these D6R units. Its
framework structure is characterized by a one-dimensional
channel parallel to [001] delimited by rings of 12 tetrahedra
interconnected via two-dimensional 8-ring channels, which
are orthogonal to the 12-ring channel, thus forming a threedimensional channel system. Passaglia et al. (1978) studied
the crystal chemistry of gmelinites. The Si/(Si+Al) ratio varies
within a fairly restricted range (0.65–0.71). Usually Na is the
predominant extraframework cation, but samples are not infrequently found where Ca is the most abundant cation; in some
cases (Malinovskii 1984; Vezzalini et al. 1990; Luppi et al. 2007)
potassium is the most abundant extraframework cation. Consequently, according to the Recommended Nomenclature of the
IMA Subcommittee on Zeolites, three separate species must be
recognized, gmelinite-Na, -Ca, and -K (Coombs et al. 1997). The
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crystal structure of gmelinite was determined by Fischer (1966)
on a Na-rich sample from Nova Scotia. Structure refinements on
gmelinite-Na and gmelinite-Ca were performed by Galli et al.
(1982), gmelinite-K by Malinovskii (1984), and Vezzalini et al.
(1990), whereas Ba-substituted structure refinement was carried
out by Vigdorchik and Malinovskii (1986). In all these samples,
two extraframework cation sites were localized, whereas the
number of water sites varies according to the most abundant
extraframework cation.
The response of zeolitic materials to heating is not only of
academic significance but also of potential industrial importance.
Thermal effects such as the evolution of H2O and encapsulated
organic species, which modify unit-cell volume and pore and
channel geometry, affect the adsorption and diffusion of molecules in microporous materials and, consequently, the efficiency
of their applications. The structural modifications induced by
heating vary remarkably, and often dramatically, as a function of
many parameters: topology, framework composition, exchangeable cations, structure directing agents, order-disorder in the
framework, location of acid sites, heating modalities and many
others. Usually zeolitic materials undergo more or less strong
modifications in their structure without topological changes
upon heating treatment up to collapse or breakdown (Cruciani
2006), but materials which undergo topological changes are not
infrequent. Alberti and Martucci (2011) observed that recon-
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