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Abstract Nanosized zeolites were prepared in an autoclave using tetraethoxysilane (TEOS), tetrapropylammonium hydroxide
(TPAOH), and H2O, at various hydrothermal synthesis temperatures. Using transmission electron microscopy and particle size
analysis, the nanopowder particulate sizes were revealed to be 10-300 nm. X-ray diffraction analysis confirmed that the
synthesized nanopowder was silicalite-1 zeolite. Using atomic layer deposition, the fabricated zeolite nanopowder particles were
coated with nanoscale TiO2 films. The TiO2 films were prepared at 300 oC by using Ti[N(CH3)2]4 and H2O as precursor and
reactant gas, respectively. In the TEM analysis, the growth rate was ~0.7 Å/cycle. Zeta potential and sedimentation test results
indicated that, owing to the electrostatic repulsion between TiO2-coated layers on the surface of the zeolite nanoparticles, the
dispersibility of the coated nanoparticles was higher than that of the uncoated nanoparticles. In addition, the effect of the coated
nanoparticles on the photodecomposition was studied for the irradiation time of 240 min; the concentration of methylene blue
was found to decrease to 48 %.
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1. Introduction

Considerable attention has been devoted to the synthesis
of zeolites. Zeolites are micro-porous crystalline materials
that are used as catalysts, membranes, and chemical
sensors.1-3) The development of functional coatings plays
a crucial role in the applications of zeolites to displays,
solar cells, and architectural glasses. In this respect, the
use of coatings that exhibit high transmittance and anti-
bacterial effects could add value to these glasses. In the
past decade, however, the development of zeolite nano-
particles that are smaller than 100 nm, in the form of
stable colloidal suspensions, was a major achievement in
the zeolite science. Much effort has been devoted to syn-
thesize zeolite nanoparticles owing to their technological
importance.4-7)

In our work, nanosized and porous zeolites have been
prepared by using tetraethoxysilane (TEOS), tetrapropylam-
monium hydroxide (TPAOH), and H2O, by hydrothermal
synthesis at various temperatures. The fabricated zeolite
nanopowder particles were coated with TiO2 films by using

atomic layer deposition. The TiO2 films were prepared at
300 oC by using Ti[N(CH3)2]4 and H2O as precursor, and
reactant gas, respectively. The effects of the TiO2 films
on the dispersibility of zeolite nanoparticles and photo-
catalysis were investigated as a function of the coating
film thickness.

 
2. Experimental Procedure

The synthesis-related solutions were prepared by using
TEOS (99 %, Aldrich) and TPAOH (1.0 M in water,
Aldrich). TEOS was hydrolyzed with an aqueous TPAOH
and concentrated to about 30 wt% SiO2, which resulted
in the formation of a viscous clear sol. It was then aged
at 80 oC for 10 min. For the fabrication of nanoparticles,
the aged sol was then hydrothermally reacted at ~100-
170 oC for 2 h. The sol was rinsed, dried, and calcined at
550 oC for 2 h. The TiO2 films were deposited on the
fabricated zeolite nanoparticles by using a vertical flow-
type ALD reactor.8-9) The precursor of Ti[N(CH3)2]4 was
delivered from a stainless steel container with the carrier
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of Ar at 70 oC. The delivery lines were maintained at 70
oC to prevent condensation of Ti[N(CH3)2]4 inside the
lines. The reactor temperature and the working pressure
in the reactor were approximately 300 oC and 1 torr, re-
spectively. H2O was used as a reactant gas and Ar was
used as a carrier and purge gas. The opening and closing
sequences of the air valves were controlled by using a
computer. The ALD process consisted of a given number
of identical cycles. The TiO2 film thickness was con-
trolled by varying the number of ALD cycles.

The size and the distribution of nanoparticles were
determined by using a transmission electron microscope
(TEM, Jeol, Jem 2100) and particle size analyzer (PSA,
Photal, Elsz), respectively. The crystal phases were deter-
mined by using an X-ray diffraction analyzer (XRD,
Rigaku, X-MAX/2000-PC). The composition of the films
coated on the fabricated zeolite particles was examined
by using energy dispersive spectroscopy (EDS, Oxford-
INCA). The dispersion of the TiO2-coated zeolite nano-
particles was confirmed by using a zeta plus potential
analyzer (ELS-8000, Otasuka Electronics Co.). The dis-
persibility of coated and uncoated zeolite nanoparticles in
ethanol was also analyzed by performing sedimentation
measurements. To confirm the photocatalytic reaction, a
thin film metrology tool (F10-VC, Filmetrics) was used
for monitoring the absorbance of the methylene blue
(1*10−5 mole/l) solution at the absorption maximal wave-
length of 664 nm, by using UV-lamps (UV-100S, NAWOO)

with the wavelength of ~365 nm.

3. Result and Discussion

3.1 Synthesis of the nanoparticles

The TEM images of the fabricated nanoparticles are
shown in Fig. 1. As can be seen, the mean diameter of
the nanoparticles is ~10 nm at the hydrothermal tem-
perature of 100 oC. As the hydrothermal temperature
increases up to 170 oC, the mean diameter of the nano-
particles increases up to 300 nm. In addition, the nano-
particles exhibit almost spherical morphology and their
size distribution is quite concentrated (the nanoparticles
are quite similar to each other), as shown in Fig. 2. The
previously reported primary diameter of the nanoparticles
was ~4 nm, and it increased from ~57 nm to ~96 nm as
the hydrothermal temperature increased from 60 oC to
100 oC.10) 

Fig. 3 shows the XRD intensity plot for the fabricated
nanoparticles. The peaks at 2θ values of 7.94, 8.90,
23.10, 23.98, 24.61, 29.93, 45.14, and 45.64o correspond
to the standard zeolite peaks.11) Therefore, the nanoparticles
were confirmed to be the silicalite-1 zeolite.

3.2 TiO2 ALD coating

Fig. 4 shows the TEM image of a TiO2-coated zeolite
nanoparticle. The film was deposited by using ALD at a
setting of 100 cycles. The TEM image reveals that the

Fig. 1. TEM images of the fabricated nanoparticles, for different hydrothermal synthesis temperatures: (a) 100 oC, (b) 120 oC, (c) 150 oC,

and (d) 170 oC.
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TiO2 film on this zeolite nanoparticle is continuous and its
thickness is ~7 nm. As a result, the growth rate is ~0.7 Å
per cycle.

The Zeta potential of the fabricated TiO2-coated zeolite
nanoparticles ranged from −20 mV to ~ −47 mV, depending
on the number of ALD cycles, as shown in Fig. 5. These
values were −11 mV and ~ −27 mV lower than the
corresponding values for the uncoated zeolite particles.

This implies that the coated nanoparticles are more
negatively charged than the uncoated ones. Furthermore,
the more negatively charged TiO2-coated zeolite nano-
particles with higher electrostatic repulsion may yield
better particle dispersibility.12)

The sedimentation test results for the uncoated and
coated samples are shown in Fig. 6. For the uncoated
samples, the sedimentation occurred in less than 1 h; the

Fig. 2. PSA plots for the fabricated nanoparticles, for different hydrothermal synthesis temperatures: (a) 100 oC, (b) 120 oC, (c) 150 oC,

and (d) 170 oC.

Fig. 3. XRD intensity plot for the fabricated nanoparticles.
Fig. 4. TEM image of a TiO2-coated zeolite nanoparticle.
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supernatant was somewhat turbid and turned into a clear
supernatant after additional 6 h. The suspensions separated
very quickly into sediments; a clear supernatant atop the
sediment is observed in Fig. 6(a). The separation inter-
faces between the sediment and the liquid were sharp and
moved downward with time. In contrast, the dispersion of
the coated nanoparticles was much more stable and
exhibited stronger dependence on the number of ALD
cycles, revealing a different stability. The sedimentation
rates for the TiO2-coated zeolite samples (Figs. 6(d) and (e))
were smaller than that for the uncoated zeolite sample.13-16)

Even after 6 days, the solution remained turbid. This
indicates that the TiO2 coating of zeolite nanoparticles
improved the dispersion stability of zeolite nanoparticles
in neutral water.

Fig. 7 shows the photocatalytic decomposition of
methylene blue for the uncoated and TiO2-coated zeolite
nanopowder particles. The TiO2-coated zeolite nanopowder
exhibited stronger catalytic properties than the uncoated
one. For the irradiation time of 240 min, the concen-
tration of methylene blue decreased down to 48 %. In
contrast, for the uncoated zeolite nanopowder, the con-
centration of methylene blue was almost unchanged. The
changes in concentration of methylene blue are mainly
controlled by the surface adsorption of methylene blue
on TiO2 and the photocatalytic reaction is obvious.17)

4. Conclusion

We succesfully demonstrated the synthesis of zeolite
nanoparticles. To prevent aggregation, TiO2 coating was
applied to the fabricated nanoparticles by using atomic
layer deposition. Particle dispersibility improved with in-
creasing the TiO2 coating thickness, because the TiO2

Fig. 5. Zeta potential of the uncoated and TiO2-coated zeolite

particles, as a function of the number of ALD cycles.

Fig. 6. Sedimentation behavior: (a) uncoated, TiO2-coated by ALD,

(b) 50 cycles, (c) 100 cycles, (d) 150 cycles, and (e) 200 cycles.

Fig. 7. Decomposition of methylene blue (C0= 1*10−5 mole/l) under

UV irradiation of the TiO2-coated zeolite nanopowder deposited at

200 cycles.
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coating imparted the coated zeolite nanoparticles with
electrostatic repulsion. The TiO2 coating films improved
the dispersibility of nanoparticles and prevented the nano-
particles from forming aggregates. In addition, the TiO2-
coated zeolite nanopowder exhibited excellent photo-
catalytic performance.
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