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abStract
Despite efforts to understand the amorphization mechanisms of zeolites upon heating and subsequent
dehydration, little is known about the extent of Si-Al disorder and topological variations in both crystalline and amorphous phases during amorphization. In this study, we investigated the atomic structure
phases during their temperature-induced amorphization using multi-nuclear solid-state NMR. We also
17
O, 29Si, and 27
29
1073 K and variation in
Q-species for the crystalline phases. The 27Al quadrupolar coupling constant of the [4]Al peak in Nazeolite A and the intermediate amorphous phases increase with increasing temperature, which suggests
an increase in the topological disorder associated with the structural distortion around [4]Al. 2D 17O
3QMAS NMR spectra resolve the crystallographically distinct Si-O-Al sites in Na-zeolite A and three
types of oxygen linkages namely, Si-O-Al, Si-O-Si, and Al-O-Al in the intermediate amorphous phases,
which provides an unambiguous experimental evidence for an increase in the Si-Al disorder during
the amorphization of zeolite. The detailed structural changes in Na-zeolite A and other dehydrated
phases at various temperatures provide insights into the structural changes of other aluminosilicates
during amorphization, thereby highlighting the changes in Si-Al ordering.
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introduction
Zeolites are a group of microporous aluminosilicate minerals
that are commonly found in diverse geologic environments such
as lake, land surfaces, deep-sea sediments, pyroclastic volcanic
deposits associated with burial diagenesis, and hydrothermal
Zeolites have a range of industrial applications as catalysts,

dimensional networks of zeolites consist of corner-sharing AlO4
and SiO4 tetrahedrons and charge-balancing cations such as Na
into an amorphous phase upon heating. The temperature-induced
amorphization of zeolites with the accompanying structural
changes has long been investigated in many experimental and
theoretical studies owing to the fundamental and technological
-

topological disorders in both crystalline and amorphous phases
during the temperature-induced amorphization of the synthetic
zeolite, Na-zeolite A, using multi-nuclear solid-state NMR
spectroscopy.
Na-zeolite A has been previously used as molecular sieves

shown in Figure 1, consists of three secondary building units
-cage,
-cage, with a diameter of
1.14 nm, is composed of eight-membered oxygen rings. The
-cage is located at each corner of the zeolite cube, and there
-cage
and -cage. The double four-membered ring connects the two
inside the - and
With increasing temperature, the microporous Na-zeolite A
network is expected to become relatively unstable and collapse
into an amorphous phase at approximately 700–800

efforts, little is known about the extent of Si-Al disorder and
topological variations in both crystalline and amorphous phases
to investigate the atomic structure and extent of chemical and

the temperature-induced amorphization of zeolites using X-ray
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