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Abstract: The functionalization of our 13X zeolite was carried out by
the post-synthesis method wusing an organosilane of the
Trimethylchlorosilane type (TMCS) to obtain a more hydrophobic
organic-inorganic hybrid zeolite. Our zeolite before and after
grafting was characterized by different analysis techniques (XRD,
FTIR, BET, and SEM). The XRD results of the grafted 13X zeolite,
show that the functionalization does not destroy the crystal structure
of the material. FT-IR analysis of the 13X zeolite before and after
grafting confirms the grafting of our organosilane on the surface by
the disappearance of the absorption band of the silanol groups at 980
cm™ and the appearance of a band of absorption attributed to the
vibrations of the trimethylsilyl Si (CH3) group at 2970 cm™. The
specific surface area of our grafted 13X has been reduced by 63.22
m? / g thanks to the organic group which has been grafted on the
external surface. According to SEM results, the morphology of the
surface of our material was slightly modified after grafting. The
results of various analyses demonstrated that the grafted 13X zeolite
is successfully obtained using the post-synthesis method.

l. Introduction

Porous sorbents such as zeolites, porous silicas,
activated carbons, have widespread applications in
the field of purification processes and catalysis.
Zeolites, among all types of porous materials,
possess the best technological impact due to their
variety, their stability, their catalytic activity and
their behavior as selective adsorbents and ion
exchangers. These physicochemical properties of
zeolites explain the interest of scientific research on
these materials to widen their field of application.

occurring
compounds that come from volcanic earth deposits
produced from the interaction between ash and
volcanic rock with underground water. Their
porous nature has been crystallized and developed
over a long period of time in lake and marine basins

Zeolites are  naturally

[1].

Zeolites are crystalline aluminosilicates of alkali
and alkaline earth elements such as sodium,
potassium and calcium. Their empirical formula
is M,,,0[(Al,03)(Si0;),]yH,0 where x varies
between 2 and 10, n is the cation valence, and y
represents the water contained in their pores [2, 3].
The crystal lattice consists of the three-dimensional
arrangement of tetrahedron (SiO4) and (AlOs) -
linked by their vertices. These sequences form
polyhedra which are arranged in a given symmetry
to form the crystal. The vacant space delimited by
the aluminosilicate framework is organized in a
network of cavities connected by pores of uniform
size (effective pore diameter from 3 to IOA) [4].
The cations M and the water molecules constitute
extra-structural spaces. The cations compensate the
negative charges induced by the aluminum atoms of
the framework and can be exchanged to adjust the
adsorption properties. The water occupying the

clay-like
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pores can be desorbed by heating under vacuum or
sweeping dry gas [4, 5].

Natural zeolites are more than 40 types [6]; they are
used as filtering agents and molecular sieves to
remove various pollutants and heavy metals from
the atmosphere, earth and water.

Synthetic zeolites, prepared in the laboratory, are
more efficient and more used than natural zeolites
because of their high adsorption capacity and their
selectivity [7].

In general, zeolites are good acidic catalysts [8].
This acidity is due to the presence of different types
of acid sites such as Bronsted acid sites which are
hydroxyl groups (-OH) [9] located at the same time,
inside the pores and on the outer surface of the
zeolites.

These hydroxyl groups can be reacted with an
organosilane to give a hybrid material [10].

Hybrid  materials are obtained by the
functionalization of zeolite materials by an organic
compound using the post-synthesis method which is
widely used in this type of synthesis [11 - 13].

I1. Materials and methods
11.1. Sample preparation and functionalization

The zeolite X used in this study is a commercial
synthetic ~ zeolite  (Aldrich). The chemical
modification of this material is carried out using the
post-synthesis technique. This technique is based
on substitution reactions between the silanol (Si-
OH) groups of the surface and an organosilane of
the type (TMCS) according to the following
reaction:

Si — OH + (CH3)3Si — C1 - Si — 0 — Si(CH3)3 + HCl

Before the silylation reaction, the material should
be calcined under air at a temperature of 550 ° C for
12 hours to remove the structuring agent and open
the pores.

The functionalization method used in this study is
that described by X.S.Zhao et al [14]. In this
method, 2 g of our zeolite is introduced into a
vacuum oven at a temperature of 250-300 ° C for 4
hours to remove the water molecules that are inside
the pores. After degassing, the material is directly
added to a refluxing solution of TMCS is toluene at
a mass concentration of 5% with the proportion (1g:
50ml) at a temperature of 70 ° C for 3h. After
filtration, the mixture is wash by toluene and then
by acetone to remove chemical residues. Finally,
our hybrid materials are filtered and dried in an
oven at 80 ° C.

11.2. Physicochemical characterization

The nitrogen adsorption-desorption isotherms of the
studied materials were obtained at a temperature of

77 K using a NOVA 1200 analyzer. The specific
surface and the pore volume of our studied samples
were calculated using the BET method. The
morphology of the surface of the 13X zeolite before
and after grafting was observed by an EVO MA 25
scanning  electron  microscope (Carl  Zeiss
Microscopy Limited). An infrared spectrometer of
the Perkin-Elmer 2000 type was used to confirm the
chemical modification of the surface of our
materials before and after grafting in a spectral
range from 400cm?® to 4000cm?.  The
diffractograms of the materials studied were
obtained at the same time using a CuKa radiation
diffractometer of the Bruker D8 Advanced X-ray

type.
I11. Results and discussion
111.1. X-Ray Diffraction (XRD)

The diffractograms of our materials, 13X and 13X
graft (13X-G), are shown in Fig. 1 and Fig.2. These
diffractograms show the presence of the
characteristic reflections of the 13X zeolite.
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Figure 1. XRD pattern recorded on calcined 13X

By comparing the diffractograms of 13X zeolite
before and after grafting, slight differences in the
peaks are observed, the decrease of the intensity of
the intense peaks (111), which indicates the
replacement of the silanol groups (Si-OH) by
organic groups. This confirms that the crystalline
structure of our material is maintained after
functionalization.
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Figure 2. XRD pattern recorded on grafted 13X
111.2. Fourier Transform Infra-Red (FT-IR)

The FT-IR spectra of 13X zeolite before and after
grafting were recorded in the 4000-400 cm range.
These spectra (Fig.3 and Fig.4) show the
appearance and disappearance of various absorption
bands after grafting. The FT-IR spectra (fig.3 and
fig.4) of our materials show the absorption band at
462 cm corresponding to the T- O (T = Si or Al)
bending vibration of the SiO4 and AlO, internal
tetrahedra. Peaks at 672 cm™ (Fig. 3) and 641 cm!
(Fig. 4) corresponding to the symmetric stretching
vibration of the internal tetrahedra [15]and peaks
observed at 1638 cm? (Fig.3) and at 1620 cm™
(Fig.4) which are attributed to the H-O-H bending
vibration of water molecule [16].

The FT-IR spectra of the calcined 13X zeolite show
the main bands, two of which are large and very
intense, the first peak at about 980 cm™ is attributed
to the symmetrical stretching vibration of the
silanol Si-OH groups [17]. While the second peak
at about 3472 cm! is assigned to the O-H stretching
vibration of the water molecules that are absorbed
in the zeolite cavities and channels [18]. Peaks
observed at 566 cm?® and 754 cm? and
corresponding respectively to the vibration of the
double six member rings and the symmetrical
stretching vibration of the external linkage [19,20].
The weak band at 1388-1490 cm™ may be affected
by the excess alumina in the pores [21]
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Figure 3. FTIR spectrum of calcined13Xzeolite

On the other hand, The FT-IR spectra of grafted
13X zeolite shows the disappearance of the band
980 cm, this spectrum also shows the appearance
of four additional bands, one of which is wide and
very intense, the first band around 1074 cm™!
corresponding to the Si-O-Si stretching vibration,
the second band around 800 cm-1 corresponding to
the Si-O-Si bending vibration [22] , the third band
at 952 cm-1 asymmetrical stretching vibration of
the internal tetrahedra TO. and the fourth band
around 2962 cm-1 is attributed to the stretching
vibration of the Trimethylsilyl Si-(CHs) group
obtained after the functionalization of the 13X
zeolite[13]. The disappearance of the band at 980
cm-1 and the appearance of a new band at 2962 cm-
1 is explained by the replacement of the silanol
groups (Si-OH) by the Trimethylsilyl groups
Si(CHs) and confirms the functionalization of our
material.
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Figure 4. FTIR spectrum of grafted13X zeolite
11.3. Nitrogen adsorption-desorption isotherm
(BET analysis)

The nitrogen adsorption-desorption isotherms of
calcined 13X zeolite are shown in Fig.5. It is found
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that the isotherms of our material are types | which
is a characteristic of microporous materials
(according to the IUPAC recommendation) [23].
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Figure 5. Nitrogen adsorption — desorption
isotherms of calcined13Xzeolite

Fig. 5 shows that the adsorption-desorption curves
of N, in the 13X zeolite before grafting are
superposable. The adsorption of the nitrogen
molecules is at the same relative pressures as the
desorption. For low pressures, the adsorption
isotherm results in the appearance of a liquid
nitrogen film on the surface of the pores to form the
mono-multilayers. A final plateau with a small
inclination at high relative pressures, corresponding
to the adsorption on the external surface of our
material.
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Figure 6. Nitrogen adsorption — desorption
isotherms of grafted13X zeolite

The N adsorption-desorption isotherms of the
grafted 13X zeolite (13X-G) are not superposable in
comparison with the calcined 13X zeolite. As seen
from Fig.6, the N, adsorption-desorption isotherms
of our material exhibit both type | and IV
isotherms, corresponding to hierarchical porosity
ranging from micropore to mesopore [24].

The adsorption of nitrogen molecules does not
occur at the same relative pressures as desorption.
The hysteresis presented in Fig. 6 indicates a
phenomenon of capillary condensation in the

12

pores[25]. These results support a heterogeneous
distribution of pore size.

The textural properties determined  after
exploitation of the nitrogen adsorption-desorption
analysis data are shown in Table 1.

Table 1. Physical and textural properties of the
studied materials

Sample | SBET Vpore Dpore | DBJH
(m2g-1) | (ml.g-1) | (A) (A)

13X 413.02 0.34 22.84 7171

13X-G | 349.78 0.23 27.80 | 47,95

In general, there is a decrease in the specific
surface, the pore volume, the average diameter BJH
after silylation.

The decrease of these parameters is relative to the
replacement of the silanol groups (Si-OH) by
trimethylsilyl Si (CHs) groups of larger size.
However, values are still characteristic of
microporous solids.

111.4. Scanning electron microscope (SEM)

The images shown in Fig.7 and Fig.8, obtained by
the scanning electron microscope, show the

morphology of the outer surface of the 13X zeolite
before and after grafting.

Figure 7. SEM micrograph of calcined13X zeolite

The image of Fig.7 shows the homogeneity of the
size of the basic structural unit of the 13X zeolite
before grafting. The image of Fig. 8 shows that the
size of the basic structural unit of our post-graft
material is less homogeneous because of the
chemical modification of certain active properties
of the surface by the silylation reaction material.
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Fig.8. SEM micrograph of grafted13X zeolite

IV. Conclusion

Our synthesized 13X zeolite has been modified to
be more hydrophobic by grafting an organosilane of
the TMCS type on its surface using the post-
synthesis method. The grafting of the trimethylsilyl
group was confirmed by FT-IR analyses and by the
reduction in the specific surface and the pore
volume. According to XRD and SEM results, the
crystal structure and the surface morphology of our
material after grafting have been maintained. The
results of this study show that the grafting method
used is very effective because it allows the insertion
of organic functional groups, on the surface of our
zeolite, by covalent bonds without affecting the
crystalline form of the material. Our grafted zeolite
can be used for selective and very specific
applications in the field of adsorption such as
removal of heavy metals, adsorption of organic
matter from wastewater and adsorption of CO: in
water.
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