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Abstract

We have synthesized unprecedented amorphous aluminosilicate
nanosheets by the Two-dimensional Reactor in Amphiphilic Phase
(TRAP) method, which we proposed as a new nanosheet synthe-
sis method using liquid crystals. Four types of zeolite nanosheets
could be converted from a single type of amorphous aluminosili-
cate nanosheet by the Dry Gel Conversion (DGC) method using
Structure-Directing Agent (SDA). Cracking tests of low-density pol-
yethylene (LDPE) catalyzed by one of the zeolite nanosheets, CHA-
type zeolite nanosheets, showed that the ratio of lower olefins was
higher than that of conventional CHA-type zeolite crystals.

Background & Results

Nanostructured materials show shape-derived properties. Na-
nosheets are so thin that they are highly dispersible and exhibit
nanosize effects, and they are easy to handle thanks to their width,
which is more than 100 times greater than their thickness. Nano-
sheet synthesis by top-down exfoliation, a method commonly used
in the past, cannot synthesize nanosheets of non-exfoliated mate-
rials. Therefore, bottom-up methods by anisotropic growth using
various interfaces as templates have been investigated. A synthe-
sis method that can be scaled up for practical use and that allows
control of nanosheet size at low cost is required. The authors have
recently developed a nanosheet synthesis method using liquid
crystals as templates (TRAP method).

Here, we proposed a new method to synthesize amorphous
aluminosilicate nanosheets using the TRAP method and to convert
them into various types of zeolite nanosheets by DGC. Four types
of zeolite nanosheets were obtained from the same amorphous alu-
minosilicate.

First, amorphous aluminosilicate nanosheets were synthesized
using hydrophilic TRAPs in the HL phase of decane solutions of
ionic amphiphilic molecules. The raw materials were tetraethyl or-
thosilicate and aluminum isopropoxide. The resulting powder was
an amorphous aluminosilicate nanosheet with a thickness of 1.96
+ 0.67 nm and a width of 395 = 137 nm.

The amorphous aluminosilicate nanosheets were then immersed
in an aqueous solution of SDA and dried to form a gel. Crystalli-
zation in a steam at 160°C, we obtained four types of zeolite na-
nosheets (PHI, CHA, SOD, and MFI types) by changing the struc-
ture-defining agent.

Furthermore, we confirmed that the CHA-type zeolite nanosheets
work as the catalyst of cracking of low-density polyethylene (LDPE).
The ratio of lower olefins was better than conventional CHA-type
zeolite crystals.

Significance of the research and Future perspective

The methodology of this study is applicable to many types of
zeolites. Due to their thickness and large external surface area, ze-
olite nanosheets have great potential for various applications such
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as methanol-olefin catalysts, polymer degradation, and separation
membranes.

The MFI and CHA types in this study are commonly used as cat-
alysts; MFI-type zeolite nanosheets have been reported in another
nanosheet synthesis methods, but this is the first report on the CHA
type.

This method has another advantage; it is easy to scale up this
method due to the use of self-assembly as templates and the low
cost of the amphiphilic molecules.
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