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Abstract. The general aim of this study was to develop materials of the type: Y zeolite
(hydrothermal synthesis), ceramic support (forming of powder) and zeolite membrane
(rubbing). The preparation of the Y zeolite was conducted in accordance with the
hydrothermal synthesis method, the time of crystallization was one day. The ceramic
support was prepared by means of the forming of powder technique and subsequently
subjected to sintering at a temperature of 1400ºC/1h. The zeolite membrane (Y/αalumina) was prepared by secondary growth method (rubbing). These materials were
characterized by XRD and SEM. Obtaining Y zeolite could be confirmed by X ray
diffractograms. From the images obtained by SEM, it was possible to derive from
analysis that the Y zeolite is composed of a homogeneous morphology, where the
particles are crowded, with uniform size. The results obtained for the ceramic support
(α-alumina) showed that it displays characteristics peaks of aluminum oxide. By using
micrographs it was possible to observe a heterogeneous microstructure with a compact
form, without cracks upon the layers. According to the XRD, for the methodof
secondary growth (rubbing), it was observed that the Y zeolite wich had been
synthesized on the ceramic support displayed a crystalline structure. The micrography
of the zeolite membrane (Y/α-alumina) showed the formation of a layer of zeolite on the
ceramic support.
Introduction
In the two last decades, membranes of various zeolite structure types formed on
inorganic porous supports have been extensively studied for molecular separations of
gas and liquid mixtures [1]. Zeolite membranes are a class of inorganic microporous
membranes where crystals of zeolites grow as a continuous film on a support
commercial meso or macroporous (α,γ - Alumina, titanium) of flat or tubular geometry
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that provides strength to the membrane [2]. A zeolite membrane has the exceptionals
properties of zeolites: microporous crystalline structure and regulate with pore size of
the molecules (0.4-0.7 nm), high thermal and chemical stability, catalytic activity, the
possibility of ion exchange [3].
FAU-type zeolite membranes are intensively studied for the separation of CO2,
for example for CO2 capture from the exhaust gases of combustion processes, for
purification of natural gas, for the separation of CO2 from synthesis gas mixtures, etc.
FAU-type materials are large pore zeolites (ca. 0.73 nm). There is no steric hindrance
for small molecules, like CO2 or N2 (kinetic diameter of 0.33 and 0.37 nm, respectively)
[1]. The hydrothermal synthesis is the method most used in the preparation of zeolite
membranes, where the porous support is immersed in an alkaline solution synthesis or
hydrogel that contains the nutrients of silica, alumina and sodium along with a guiding
structuring agent and the membrane is synthesized atmospheric pressure [4].
The hydrothermal synthesis to obtain microporous membranes has been made
following two general lines: direct synthesis or in situ, where the stages of nucleation
and growth occur simultaneously about support or synthesis indirect (secondary growth)
which separates the nucleation and growth stages of preparing the crystals and
depositing them on the different supports by using electrostatic forces pushing the
surface of the support, and making them grow then in a second stage [5-6]. The control
of composition and concentration of the gel synthesis reduces unwanted crystallization
of zeolite phases and allows to some extent control the direction and rate of growth of
zeolite crystals on the surface of the support [4].
Zeolite membranes can be used in the reactors with the advantage of membrane
separation and catalytic properties. Until now, most zeolites membranes are still under
investigation, laboratory and many challenges still need to be overcome in both the
synthesis and the application [7]. The general aim of this study was to develop materials
of the type: Y zeolite (hydrothermal synthesis), ceramic support (forming of powder)
and zeolite membrane (rubbing). These materials were characterized by XRD and SEM.
Experimental
The zeolite membrane was prepared by secondary growth (rubbing). In this
method the crystals of zeolite are deposited on the surface of the ceramic support (αalumina) and grow in a second step through hydrothermal synthesis.
Zeolite NaY (hydrothermal synthesis)
Two solutions were prepared for the synthesis of zeolite NaY: Solution A (silica,
aluminum hydroxide and distilled water and solution B (sodium aluminate, sodium
hydroxide and distilled water). The solution A was added slowly under agitation to the
solution B. The mixture resulted in a milky solution of chemical composition: 6Na2O:
1Al2O3: 7SiO2: 165H2O remained at rest for 24 hours. Then was placed in a stainless
steel autoclave where the hydrothermal synthesis occurred at 95 ° C for 24 hours. The
sample was washed with distilled water until pH neutral and dried in oven at 60 º C.
Support (forming of ceramic powder)
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The support of α-alumina was obtained based on the method of shaping of
ceramic powders where the mixture (water and additives) was molded by pressing and
then was sintered at 1500 ° C for 1 hour.
Zeolite membrane (rubbing)
Entire surface of the support was rubbed with particles of synthesized zeolite
NaY, as a way to deploy the nucleation seeds. The porous support with the seeds
deposited was dipped in a synthesis gel prepared according to the methodology for
synthesis of zeolite NaY. The hydrothermal synthesis for the growth of zeolite film on
the surface of the support occurred at 95 °C for 24 hours. The material obtained was
washed with distilled water until pH neutral and dried in oven at 60 ºC for 24 hours.
Figure 1 shows the flowchart representing the steps of preparing the zeolite membrane
Y.

Figure 1: Flowchart of preparation of zeolite membrane (Y/α-alumina)
Characterizations
X ray diffraction (XRD): The samples were sieved in an ABNT no 200 (0.074 mm)
sieve and then placed in an aluminum sample door for the X-ray diffraction, using a
Shimadzu XRD 6000 equipment. Operational details of the technique have been set as
follows: Copper Kα radiation at 40 KV/30 mA, with a goniometer velocity of 2 o/min
and a step of 0.02 o in the range of 2θ scanning from 3º to 50º.
Scanning Electron Microscopy (SEM): the powder samples were recovered with a thin
layer of gold, due to the high electron conductivity of this metal, fixed in the alumina
sample door by an adhesive carbon tape. The micrographs needed to analyze the
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morphology of the samples were obtained through a scanning electron microscope FEI,
Quanta 200 FEG.
Results and Discussion

Intensity

Figure 2 shows x-ray patterns of zeolite NaY, ceramic support (α-alumina) and
zeolite membrane: (2a) Is the X-ray diffractogram of Zeolite Y. It is observed that the
synthesized material showed characteristic peaks of NaY zeolite structure, in the range
2θ = 5 to 35º; (2b) shows the X- ray diffractogram of ceramic support can observe the
formation of the characteristic peaks of the aluminum oxide in the region
corresponding to 2 θ = 25 – 45º, in (2c) is observed the presence of crystalline phases
of zeolite Y and alpha-alumina.
It has been reported in the literature [8] that the synthesis of zeolite seed crystals
grow from the beginning of synthesis, while an induction period for nucleation is
observed, both processes of nucleation and growth become decoupled. In the particular
case of films of zeolite, the seeding of the support is reported to be an effective
approach to improve the quality and reproducibility of membrane synthesis.
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Figure 2: Diffractograms of the samples: (a) NaY zeolite, (b) ceramic support (αalumina) and (c) zeolite membrane.
SEM images of zeolite Y, ceramic support and zeolite membranes are
presented in Figure 3. The zeolite Y (Figure 3a) has a homogeneous morphology,
where the particles are crowded, with uniform size. Ceramic support (Figure 3b) has
ceramic grains distributed heterogeneously, but no cracks on the layers where there is
the presence of intergranular pores and a typical structure of the support α-alumina with
particles agglomerated. The micrography of zeolite membrane (Figure 3c) shows three
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areas in cross section. In region (I), there is the formation of a homogeneous and
uniform zeolite film, which is composed of zeolite Y. In zone (II), there is the
morphology of the ceramic support (α-alumina), In region (III) is observed the image of
the interface between the ceramic support zeolite Y (α-alumina).
These images corroborate the results from X-Ray Diffraction zeolite membrane
(Figure 2), where it is possible to define clearly distinct phases. The crystalline phases
of zeolite Y and the porous support (α-alumina), respectively. Figure 3d displays the
zeolite membrane surface where it is observed a high level of zeolite crystallization of
the film and also the presence of many pores intergranular. The zeolite film is firmly
adhered to the surface of the ceramic support (α-alumina).

(a)

(b)

(c)

(d)

Figure 3: Micrographs of the (a) zeolite NaY (b) support (α-alumina) (c) cross section
of the zeolite membrane (d) surface of the zeolite membrane.
As the method used in the preparation of membranes was the method of friction
of seeds of zeolite Y on the support surface, probably the growth of crystals inside the
pores of the support was limited to a certain extent, but since the outer surface was
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formed layer zeolite uniform, because the crystals of zeolite Y that were planted there
grew up in a second step by hydrothermal synthesis.
Conclusions
Obtaining Y zeolite could be confirmed by X ray diffractograms. The results
obtained for the ceramic support (α-alumina) showed that it displays characteristic
peaks of aluminum oxide.
X-Ray diffraction patterns present characteristic peaks of alumina and zeolite Y,
showing that there was impregnation of NaY zeolite on the support surface porous (αalumina).
A composite faujasite membrane has been prepared by rubbing followed by
hydrothermal synthesis resulted in the formation of a thin film, porous and firmly
adhered to the surface of the support. SEM analysis confirms the formation of
microstructure characteristics of zeolite Y and α-alumina.
So it is possible to synthesize zeolite membranes through routes more
economical as the proposed procedure: the secondary growth method - rubbing, which
uses smaller amounts of reagents, making the process of synthesis of these materials
viable and economical.
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