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Abstract

Crystals of LTA zeolites were obtained in absence of organic templates using a crystallization temperature of 373 K. The as-synthesized
samples were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), and Fourier-Transform Infrared (FTIR)
spectroscopy. The aging time was found to be a crucial factor for the control of the crystal size. Samples aged between 72 and 144 h presented an

average crystal size of ca. 200 to 500 nm.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Zeolites are crystalline aluminosilicate or silicate materials,
which have a highly regular and open microporous structure
formed by a three-dimensional network of SiO, and AlO,4
tetrahedra. The tetrahedra are linked together to give cages
connected by pore openings of defined size; depending on the
structural type, the pore sizes range from 0.3 to 1 nm approx-
imately [1]. These exceptional properties have led to numerous
technical applications as bulk powder form (catalysts, adsor-
bents and ion exchangers) [2—4]. The synthesis of small or
nanocrystal like zeolites is crucial to prepare new materials [5—
8] as ultra-thin zeolite films in membranes among other exam-
ples [9—11]. In addition, the reduction of the crystal size to the
nanometer scale is the basis for unique applications in micro-
electronics devices [12].

The synthesis of zeolite nanocrystals in the form of stable
colloidal suspensions has been one of the most important re-
search lines in zeolite science during the past decade. Several
microporous materials, among others MFI-, LTA-, FAU-, BEA-
type materials, have been prepared in the form of colloidal
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suspensions with narrow particle size distribution [13]. The
synthesis of zeolite crystals with narrow particle size distribution
requires homogeneous distribution of the viable nuclei in the
system. Therefore, the homogeneity of the starting system and
simultaneity of the events leading to the formation of precursor
gel particles, and their transformation into a crystalline zeolitic
material, are of primary importance [14]. In general, very diluted
systems containing abundant amounts of tetraalkylammonium
hydroxides have been used in the synthesis of zeolite
nanocrystals with narrow particle size distribution. The alkaline
cation concentration in such systems has to be very limited in
order to avoid the flocculation of gel particles. All these factors
together with the careful choice of the silica source allow the
stabilization of “‘clear’” starting solutions where only discrete gel
particles are present. Another important factor that influences
zeolite crystal size is the temperature. The crystallization of
zeolite nanoparticles has been usually performed at the lowest
possible temperature for a particular zeolite, which results in a
relatively long synthesis [15]. Therefore, a reduction of the
crystallization time and optimization of the conditions yielding
zeolite nanoparticles is highly desirable. Several authors have
already reported on the synthesis of nanocrystalline zeolite A
[16-20]. However, the drawback of these synthesis procedures
is generally that large amounts of the comparatively expensive
organic template tetramethylammonium hydroxide (TMAOH)
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Fig. 1. XRD patterns of LTA zeolites obtained by hydrothermal method, using
variable aging time. a) 24 h, b) 48 h, ¢) 72 h, d) 144 h.

have to be employed in order to promote nucleation and, thus,
the formation of nanocrystals [13].

In this work, we present the resulting LTA zeolites prepared
by hydrothermal synthesis without the presence of organic
template at low temperature of crystallization (373 K) and the
study of the aging time effect.

2. Experimental
2.1. Synthesis

The precursor gels were prepared in two steps. First, an
aqueous sodium hydroxide solution (NaOH, Fluka) was mixed
with an aluminum isopropoxide (AI[OCH(CH;),]5, Aldrich)
solution using a vigorous stirring (magnetic stirring: 1500 rpm)
during 1 h to avoid a rapid gelling. Second, a diluted solution of
colloidal silica (LUDOX AS-40, DUPONT) was added into
above suspension under stirring. The final composition of the
gels was: Al,03:1.2810,:2.5NaOH:145H,0. The gels were
aged from 24 to 144 h, then the mixture was transferred to a
teflon-lined stainless steel autoclave and the hydrothermal
reaction was carried out for 24 h under static conditions in a
convection oven preheated at 373 K. The obtained zeolite
powder was rinsed with distilled water and calcined for 4 h at
623 K to remove the water excess occluded in the zeolite pores.

2.2. Characterization

X-ray powder diffraction (XRD) patterns were collected on a
Siemens D500 diffractometer coupled to a copper anode tube

1 um
i Magn net wn F——— 1m ——
SF 101

Fig. 2. SEM images showing small crystals of LTA zeolites obtained by hydrothermal method, using variable aging time. a) 24 h, b) 48 h,c) 72 h, d) 144 h,e) 144 hata

higher magnification.
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Fig. 3. IR spectra of LTA zeolites obtained by hydrothermal method, using
variable aging time a) 48 h, b) 72 h, ¢) 144.

(Ko, A =1.5405 A). The particle size and the morphology were
determined by scanning electron microscopy (XL30, ESEM,
Philips). FTIR spectra in the region 1600—400 cm ' were
obtained with a Nexos-470 Nicolet spectrometer.

3. Results and discussion
3.1. XRD

X-ray diffractograms of the 623 K treated samples, aged at dif-
ferent times, are compared in Fig. 1 The patterns of the 24 and 48 h
aging time (Fig. 1(a) and (b)) samples present a few broad peaks,
which are due to small crystallites with undefined phase composition.
This means that, for an aging time of 24—48 h, the zeolite crystals do
not grow. However, samples aged for 72 and 144 h (Fig. 1(c) and (d))
clearly show sharp and intense peaks which can be attributed to LTA
zeolite (JCPDS = 89-5422 card).

3.2. SEM

Results obtained by XRD were confirmed with those of SEM. This
technique was used to determine the morphology and the particle size.
Fig. 2 compares the SEM images of the samples treated at 623 K.
Images of samples aged at 24 and 48 h (Fig. 2(a) and (b)) consist of
small crystals, ca. 1000 nm, embedded in amorphous aggregates.
However, increasing the aging time to 72 and 144 h (Fig. 2(c) and (d))
edged and well-defined small crystals of LTA zeolite appeared with a
size less that 1 pm. Note that sample with the higher aging time (144 h,
Fig. 2d) presents the smallest crystal size compared with those at 24, 48
or 72 h of aging time. In addition, the 144 h aging time sample has a
morphology similar to the 72 h sample with the characteristic cube
shape of the LTA zeolites [2] and with a higher dispersion. Note that no
aggregates are present. Fig. 2e corresponds to an expanded zone of Fig.
2d, which shows more clearly the LTA zeolites crystal morphology
with an average size of 500 nm approximately, although some particles
with sizes ranging from 200 to 300 nm can be observed.

3.3. FTIR
Fig. 3 displays the FTIR spectra of the samples treated at 623 K.

Vibrations of the zeolites framework give rise to the typical bands in the
mid and far infrared. A distinction is made between external and

internal vibrations of the TO, tetrahedra. The original assignments of
the main IR bands [2,21] were as follows: internal tetrahedral 1250—
920 cm™ !, pore opening vibrations; 1150—1050 cm™ !, double ring
650—500 cm™'. The most important peak in the region from 500 to
600 cm ' is related to the presence of the double ring (D4R) that is
characteristic in the A zeolite.

According to these results, it seems that the formation of small
zeolitic crystals depends on the amount of aluminosilicate nuclei pre-
sent in the precursor gel. As mentioned in the experimental section, the
silica source was slowly added to an aqueous solution of sodium
hydroxide with a high concentration of aluminum ions, followed by a
long aging time. During the last step the adsorption of Al reduces the
rate of silica dissolution and this slow dissolution of the silica releases
monomeric silica anions that rapidly react with aluminate anions to
form an aluminosilicate precipitate leading to a better control of the
nuclei formation rate as well as the nuclei growth [22,23]. On the other
hand, Zhdanov and co-workers [24] showed that room temperature
ageing of aluminosilicate Na-X gels resulted in both an acceleration
of the crystallization and a crystal size diminution of the product, thus
linking the ageing process directly to the number of formed nuclei.
The product-promoting effect of aging was attributed to the action of
polycondensation reactions in the formation of groups facilitating
crystallization.

4. Conclusion

Small crystals of LTA zeolites were obtained from diluted
solutions without organic template at low temperature of crys-
tallization (373 K). This work shows that the structural and
morphological properties of LTA zeolites depend strongly on
the synthesis aging time. Using an aging time of 144 h and
vigorous stirring during the crystallization step, the agglomer-
ation of the particles is avoided and then a higher dispersion of
the particles is obtained with crystal size ranging from 200 to
500 nm.
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