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Abstract. The zeolite MCM-22 has been studied extensively as a promising catalyst because 
of the high thermal stability and high activity for acid catalysis and selectivity of molecular 
shape. The synthesis of MCM-22 is carried out by hydrothermal treatment and long times 
required for complete crystallization gradual growth of crystals of 10-14 days for the 
synthesis of static. This work aims to synthesize the precursor of zeolite MCM-22 using the 
method of hydrothermal synthesis with a reduction in crystallization time of 8 and 9 days. The 
precursor of zeolite MCM-22 was obtained using sources of silica, soda, deionized water and 
the director of structures hexametilenoimina (HMI). The samples were synthesized at 150° C 
for 8 to 9 days, with the following molar composition: 0.511 SiO2: 0.039 NaOH: 0.024 Al2O3: 
23.06 H2O and subjected to characterizations by X-ray diffraction (XRD), scanning electron 
microscopy ( SEM) and energy dispersive (EDX). According to tests carried out showed that 
the hydrothermal treatment used to synthesize the precursor of zeolite MCM-22 was effective 
during times of crystallization of 8 and 9 days. The results for the micrographs showed that 
the samples consist of clusters and / or aggregates of small crystals.  

Introduction 

In 1990 researchers at Mobil Oil Corporation developed and patented a new zeolitic 
material called zeolite MCM-22 (MWW, code IZA). According to his patent, this new 
material can be synthesized in a range of molar ratios of SiO2/Al2O3 between 10 and 150. All 
examples of the synthesis report presented by the patent SiO2/Al2O3 molar ratio of 30 and 
hexametilenoimina (HMI) as an organic director, resulting in a material with high thermal 
stability above 925° C [1]. 

Its structure consists of two systems of independent channels, both accessed by windows of 
10 members TO4 (T = Si or Al). The first system consists of two-dimensional sinusoidal 
channels of 10 members, whose free diameter is 0.40 x 0.59 nm and the second system, three 
dimensional, are formed by stacking layers of lamellar where the sinusoidal channels, leading 
to formation of supercages cylindrical members 12, whose free diameter is 0.71 nm and 
height of 1.82 nm, where its huge voids intracristaline are accessible only by gaps of 10 
members. Each supercages communicates with the neighboring supercages six rings of 10 
members, whose free diameter is 0.40 × 0.54 nm. From the standpoint of structural zeolite 
MCM-22 is characterized by its porosity complex and unusual because of the presence of two 
types of pores, medium and large [2]. 

Some authors argue that a synthesis of zeolite MCM-22 of good quality is possible only 
with hot water treatment with agitation, in periods of three to twelve days, however, recently 
been reported syntheses with static duration much smaller than that produced material of good 
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crystallinity . In order that the MCM-22 is obtained in a static summary, several reaction 
parameters need to be controlled, such as the nature of silica source, time and aging 
temperature, molar ratio SiO2/Al2O3 with molar Na/SiO2 [3].  

For the hydrothermal synthesis of zeolite MCM-22 are required: the hexametilenoimina 
(HMI), the inorganic cations compensating loads, silica, sodium aluminate, water and sodium 
hydroxide [4]. According to [5] long times are needed for a complete crystallization of zeolite 
MCM-22, with gradual growth of crystals: 5-7 days for the dynamic synthesis and 10-14 days 
for synthesizing static [6]. The reason SiO2/AlO3 more favorable ratio of reagent needed for 
crystallization of zeolite MCM-22, is in the range of 25-30. Examples of preparations of 
MCM-22 with reason SiO2/AlO3 high (> 30) resulted in formation of ZSM-12, ZSM-5, or 
mixtures thereof with zeolite MCM-22. When the HMI is used as an director, one reason 
SiO2/Al2O3 between 7 and 25 can be found [7]. 

The hydrothermal synthesis of zeolite MCM-22, dynamic or static, above 150° C results in 
the appearance of other phases due to the metastability of this material. However, this 
synthesis has been carried out below 150° C decreases the crystallinity of the final material.  
In this study, were synthesized zeolite MCM-22, by hydrothermal synthesis, with two times 
of crystallization, 8 and 9 days. The structure and morphology of the zeolites were 
investigated by X-ray diffraction (XRD), scanning electron microscopy (SEM) and energy 
dispersive (EDX).  

Experimental  

The static synthesis of zeolite was performed by a method based on the methodology 
reported by [8]. Initially formed in a solution of sodium hydroxide (97%, Merck), where 
1.544 g of NaOH was dissolved in 415mL of deionized water at room temperature. To this 
solution was added 2.488 g sodium aluminate (50-56% Al2O3, 0.05% max Fe2O3, 40-45% 
Na2O, Riedel-Dehaene), under mechanical stirring for 20 minutes to completely dissolve the 
salt. Then was added 25.4 g of hexametilenoimina (HMI) (99%, Aldrich), drop by drop for 40 
minutes and 30.7 g of silica (Aerosil 200, Degussa). The latter reagent was added during a 
period of 30 min. 

The synthesis gel obtained was aged for 30 minutes under mechanical agitation at room 
temperature. At the end of aging, the gel with pH 13, was transferred to Teflon crucibles, 
which were inserted into stainless steel autoclaves. The autoclaves were taken to the 
greenhouse, without a system of mechanical stirring, preheated to 150º C, starting the 
hydrothermal treatment for periods of 8 and 9 days. 

After the hydrothermal treatment, we separated the bittern material and was measured its 
pH, whose value was about 12. After centrifugation was performed with approximately 2 
liters of deionized water until a pH value of 9.0. The resulting precipitate was transferred to a 
Petri dish and taken to an oven temperature of 60 º C for drying, obtaining then the precursor 
MCM-22 (P) static method. Soon after, this material was subjected to the characterizations.  

Results and discussion  

Fig. 1 shows the X ray diffraction on the sample of zeolite MCM-22 obtained by the 
method of hydrothermal synthesis on the eighth and ninth days of crystallization.  
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Fig. 1. XRD patterns of zeolite MCM-22 obtained from the hydrothermal synthesis time of 
treatment: (a) and 8 (b) 9 days.  

According to difatograma (Fig.1a) we can observe that there is the beginning of the 
formation of the precursor in the regions corresponding to 2

 

= 12-25° and 2

 

= 26-29°, 
where the characteristic peaks have a narrow basal interplanar distance and low intensity, 
respectively. 

[6] when they studied the synthesis, characterization and catalytic activity of molecular 
sieve MCM-36 also observed the existence of the region corresponding to the material MCM-
22 (P), located between 2

 

= 12-25°. In the region between 2

 

= 26-29° was observed by [9], 
when investigated Zeolite MCM-49: MCM-22 synthesized by similar three-dimensional 
crystallization in situ. 

We can observe from the XRD pattern (Fig. 1b) extending the interplanar basal distance of 
the diffraction peaks as well as an increase in the intensity of these regions between 2

 

= 12-
25° and 2

 

= 26-29°, when compared with the XRD pattern of zeolite MCM-22 eighth day. 
The raw referring to Figs. 1a, 1b obtained by hydrothermal treatment are consistent with 

those reported in the literature, but with lower crystallization times [1, 9, 10] whose 
characteristics are related to crystalline materials and without the presence of secondary 
phases. 

It was observed, also, the peaks indexed as (001) and (002) that are characteristic of the 
MWW topology [10]. They are located at: 2

 

= 2.5 - 7.5°, the region is identical to the eighth, 
ninth and tenth days of crystallization (MCM-22 (P)). Topology MWW precursors present in 
MCM-22 (P) corresponds to a lamellar structure consisting of lamellae of 2.5 nm interspersed 
with HMI molecules [11, 10].  

The Chemical Analysis by X ray spectrometry energy dispersive (EDX) analyzes the 
chemical composition of the sample in question and the percentage of each species within it. 
Table 1 shows the chemical compositions in the form of oxides, the samples of zeolite MCM-
22 with eight, nine and ten days of crystallization.   

Table 1. Chemical composition of samples of zeolite MCM-22 with eight, nine and ten days 
of crystallization in the form of oxides. 

Components SiO2 (%) Al2O3 (%) SO3 (%) Na2O (%) 

MCM-22/8 day 91.472 7.021 0.045 1.462 

MCM-22/9 day 92.013 6.937 0.066 0.984 

 
a) b)
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You can see from the results in Table 1 that the samples studied have a high percentage of 
silica (SiO2) and low alumina (Al2O3) in the zeolite structure, which gives them a high ratio 
SiO2 / Al2O3 structure characteristic of MWW [10]. It is observed that the MCM-22 obtained 
with eight days of crystallization showed higher contents of aluminum and sodium in its 
composition. Oxides with low levels in the composition of the zeolite does not cause 
significant changes in materials, are considered impurities coming from the reagents used in 
the preparation of materials. 

The micrographs obtained from scanning electron microscopy, referring to the zeolite 
MCM-22 are shown in Fig. 2.   

     

Fig. 2. Micrograph of zeolite MCM-22 obtained from the hydrothermal synthesis time of 
treatment: a) 8 days b) 9 days.  

The morphologies shown in Fig. 2 are typical of MCM-22 material [12] where fine 
particles grow in the form of spherical structures, resulting from the agglomeration of these 
particles, with a depression in the central region. According to [13] these spheres are perfectly 
set with approximately 11 mm in diameter, some showing a fracture along the axis c.   

a)

 

b)
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Conclusions   

According to the analysis of X ray diffraction [XRD] showed that the hydrothermal 
treatment used to synthesize the precursor of zeolite MCM-22 was effective during all times 
of crystallization used (8, 9 and 10 days). By EDX it was possible to confirm that the 
precursor MCM-22 (P) showed high values of silica. 

Through the micrographs it was observed that the material zeolite MCM-22 has fine 
particles that grow in the form of spherical structures, forming a porous material. 
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