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Abstract

Solid acids are catalytic materials commonly used in the chemical industry.
Among these zeolites are the most important business processes including water
treatment, gas separation, and cracking long hydrocarbon chains to produce high octane
gasoline. Its synthesis, characterization and applications have been widely studied. The
objective this study was to synthesize the ZSM-5 zeolite for future use in separation
processes and catalysis. The zeolite ZSM-5 was prepared by hydrothermal synthesis at
170°C, using silica, deionized water and the director of structures (TPABr -
tetrapropylammonium bromide). The materials were characterized by X ray diffraction
(XRD), scanning electron microscopy (SEM) and semiquantitative chemical analysis by
X ray fluorescence (XRF). According to the XRD was possible to observe the formation
of ZSM-5 zeolite, with peaks intense and well defined. The SEM showed the formation
of individual particles, clean, rounded shapes

Introduction

Zeolites are aluminosilicate molecular sieves with pores of molecular
dimensions. Many important applications for zeolite have been found for use in
catalysis, ion exchange and separations [1]. Due to the specific microporous channel
structures that often exhibit unique properties with respect to catalytic activity and
shape-selectivity, zeolites have obtained great success in catalyzing a number of
chemical reactions, particularly the reactions in the fields of oil refining and
petrochemistry [2,3]. Since ZSM-5 was first synthesized in 1965 by Argauer and
Landolt [4], for example, it has widespread application as a fluid catalytic cracking
additive for both propylene production and gasoline octane improvement [5]. Besides,
ZSM-5 was observed to exhibit excellent catalytic properties in the aromatics
compounds synthesis due to its shape-selective medium-pore [6], such as p-xylene
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synthesis [7], ethylbenzene and cumene synthesis [8]. However, the microporous
channel structures may in some cases also be a major limitation as catalysts because
mass transport is hard through these micropores, especially when the diffusion in the
micropores is significantly slower than the reaction [9–11]. This work aims to
characterization structural and morphology of zeolite ZSM-5 by hydrothermal
synthesis.

Experimental

The synthesis of ZSM-5 zeolite was based on the method of Mobil ® and the
work of Roberts [12], where an essential step during the synthesis is the use of
tetrapropylammonium cations (TPA+), used as drivers of structure.

We prepared three solutions. Solution A: source of aluminum - aluminum
sulphate (Al2(SO4)3) was dissolved in deionized water under stirring at room
temperature. Solution B: director structural - tetrapropylammonium bromide (TPABr)
was dissolved in deionized water under stirring at room temperature.

Solution C: mineralizing agent - sodium hydroxide (NaOH) and a source of
silica (SiO2) were dissolved in deionized water under stirring. Added to the mixture (A
+ B) solution C, under constant agitation. This mixture was added sulfuric acid (H2SO4)
concentrate. Then, the final solution (in the form of a gel) was subjected to
hydrothermal treatment at about 170°C/48 hours.

After the stage of crystallization, the material obtained was filtered vacuum, and
washed with deionized water until the effluent reaches neutral pH. The resulting
material was dried at a temperature of about 70°C.

Subsequently, the solids were characterized by X ray diffraction (XRD),
scanning electron microscopy (SEM) and semiquantitative chemical analysis by X ray
fluorescence (XRF).

Results and Discussion

Fig. 1 presents the patterns of X rays of ZSM-5 zeolite.
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Fig. 1 - Standard X ray of ZSM-5 zeolite obtained by hydrothermal synthesis.

According to the X ray diffraction of ZSM-5 zeolite was observed spectra
typical MFI structure, with peaks and intense set located between 2θ = 7-9° and 23-25°,
typical of a crystalline material [13-14] .

Table 1 shows the crystallographic parameters (lattice parameters and unit cell
volume) obtained by XRD, comparing with the standards IZA.
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Table 1 - Parameters of the standard crystallographic IZA and zeolite ZSM-5.
Sample Parameters lattice (nm)

a b c
Cell volume
unit (nm)3

ZSM-5 (Standard IZA –
no calcined) 2.0022 1.9899 5.3320 1.3383

ZSM-5 2.0060 1.9862 5.3170 1.3345

Through Table 1 shows that the values of lattice parameters a, b and c are
consistent with the pattern IZA [15] ZSM-5 (no calcined), ie, no showed significant
change, indicating the formation of the ZSM-5 and can be characterized as
nanocrystalline (<100 nm).

Table 2 presents the results of chemical analysis in weight of oxides present in
the sample of ZSM-5.

Table 2 - Chemical composition of zeolite ZSM-5.
Sample SiO2

(%)
Al2O3

(%)
Impurities

(%)
SiO2/ Al2O3

ZSM-5 94.37 5.47 0.16 17.25

According to Table 2, can observe that the sample ZSM-5 has a high content of
silica (SiO2), around 94.37%, characteristic of the MFI zeolite family, and a ratio
greater than SiO2/Al2O3 15. The high silica content in these materials is due, mainly, as
they were silicates or silica free.

Fig. 2 shows images of scanning electron microscopy of zeolite ZSM-5 the
magnitudes of 5000x, 10000x and 20000x, respectively.

Fig. 2: Micrographs of ZSM-5 zeolite in magnitudes of 5000x, 10000x, respectively.

The results for the Fig. 2 show that the samples consist of clusters and / or
aggregates of crystals, presenting a hexagonal shape, characteristic of zeolite ZSM-5,
was observed without the presence of amorphous phase on the surface of the crystals
agree with the results found in the literature [16].
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Conclusions

In accordance with the presented results, the process of hydrothermal synthesis
of zeolite ZSM-5 was enough to get a crystalline material. By means of the X-Rays
difratogramm of it was possible to observe the formation of typical specters of the
structure MFI, correspondents to the characteristic peaks of zeolite ZSM-5. The
micrographs had presented typical crystal accumulations of zeolite ZSM-5, without
presence of secondary phases on crystals was observed.

Acknowledgements

The authors are gratefully acknowledged to the PIBIC/CNPq and CAPES for the
financial support of this project.

References

[1] A. Corma, Chem: Rev. Vol. 95 (1995), p. 559.
[2] P.A. Jacobs, J.A. Martens, in: H. van Bekkum, E.M. Flanigen, J.C. Jansen (Eds.),
Introduction to Zeolite Science and Practice, Studies in Surface Science and Catalysis,
vol. 58, Elsevier, Amsterdam, 1991, p. 445.
[3] M.E. Davis, R.F. Lobo: Chem. Mater. 4 (1992), p. 756.
[4] R.J. Argauer, G. R. Landolt: US Patent 3 702 886, Vol. 14 (1972).
[5] T.F. Degnan, G.K. Chitnis, P.H. Schipper: Micropor. Mesopor. Mater. Vol. 35–36
(2000), p. 245.
[6] N. Viswanadham, J.K. Gupta, G. Murali Dhar, M.O. Garg, Energy & Fuels 20
(2006), p. 1806.
[7] D. Van Vu, M. Miyamoto, N. Nishiyama, Y. Egashira, K. Ueyama: J. Catal. Vol.
243 (2006), p. 389.
[8] OE. Kartal, I. Onal: Chem. Engin. Commun. Vol. 195 (2008), p. 1043.
[9] F. Schüth, Annu: Rev. Mater. Res. Vol. 35 (2005), p. 209.
[10] S. Donk, A.H. Janssen, J.H. Bitter, K.P. Jong: Catal. Rev. Vol. 45 (2003), p. 297.
[11] K. Egeblad, C.H. Christensen, M. Kustova, C.H. Christensen: Chem. Mater. Vol.
20 (2008), p. 964.
[12]M.G.F. RODRIGUES: Síntese da ZSM-5 sem a formação da fase de gel e sua
atividade na alquilação do tolueno com metanol. Dissertação (Mestrado em Engenharia
Química) - Pós-Graduação em Engenharia Química, Universidade Federal de São
Carlos, São Carlos, 1992.
[13] Y. CHENG, L.J. WANG, J.S. LI, Y.C. YANG, X.Y. SUN: Preparation and
characterization of nanosized ZSM-5 zeolites in the absence of organic template.
Materials Letters, Vol. 59, (2005), p. 3247-3430.
[14] E.A. URQUIETA-GONZÁLEZ,; L.L. MARTINS, R.P.S. PEGUIN, M.S.
BATISTA: Identification of extra-framework species on Fe/ZSM-5 and Cu/ZSM-5
catalysts typical microporous molecular sieves with zeolitic structure. Materials
Research, Vol.5, n. 3, (2002), p. 321-327.
[15] M.M.J. TREACY, J.B. HIGGINS: Collection of Simulated XRD Powder Patterns
for Zeolites, International Zeolite Association, 4th ed., 2001.
[16] A. RIBERA, I.W.C.E. ARENDS, S. VRIES, J. PÉREZ-RAMÍREZ, R.A.
SHELDON: Preparation, Characterization, and Performance of FeZSM-5 for the

Seventh International Latin American Conference on Powder Technology, November 08-10, Atibaia, SP, Brazil

624

624



Selective Oxidation of Benzene to Phenol with N2O. Journal of Catalysis, Vol. 195,
(2000), p. 287- 297.

Seventh International Latin American Conference on Powder Technology, November 08-10, Atibaia, SP, Brazil

625

625


