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Abstract

Worldwide attention is being focused on nanociista zeolites and they are replacing conventiamees due to
their pronounced potential in many fields. In tefady, NaY zeolite has been prepared hydrothermaesiyg sol —gel
method and modified to the proton type by ion —axge process. Characterization is made using >diffraction
(XRD), thermogravimetric analysis (TGA), Fourieartsform infrared spectroscopy (FTIR), Atomic fricroscopy
(AFM), Brunauer —Emmet- Teller (BET) nitrogen adsiton method, Ammonia Temperature programmed dé¢isorp
(NH3-TPD) and Scanning electron microscopy( SEM). &fiect of aging time, silica to alumina ratio isidied and
the results show well defined crystalline structwith nano particle size (70 and 81nm) with surfacea of 499/tgm.

Keywords: Zeolite Y, nanozeolite, sol-gel method, characterization.

1. Introduction

Since their introducing in petroleum industry ,
zeolites provide the great role in many catalytic
and petrochemical processing such as in the yield
of high octane gasoline or in water filtration and
purification  in addition to their impact in
producing cleaner fuels and lubricants [1].
Zeolites are aluminosilicates materials having a
highly ordered crystal structure. The three
dimensional network structured of SiOand
AlO,- tetrahedral which provide the cavities of the
zeolite [2]. Often zeolites are prepared
hydrothermally from a period of time of many
hours to few days. The reaction gel mixture
provided from silicon source and aluminum
source under alkaline state in different
concentration and  suitable aging and
crystallization time to reach the final crystalline
zeolite[3]. According to many function of zeolite
such as solid acidity, shape selectivity and logdin

properties, nano-sized zeolites were prepared and

became a challenge to obtain unique properties

relative to microcrystalline zeolite having a high
surface area and small particle size of less than
100nm [4,5]. Nano crystalline Y zeolite having
more acid sites on its surface, large pore volume
exhibites higher stability and higher activity in
many application such as in fluid catalytic
cracking reveal to their good diffusion of reactant
and products and producing more gasoline and
lighter gas oil [6,7].

Zeolite Y displays the Faujasite type structure
having a 3-dimensional structure with pores being
perpendicular to each other in the X, y, and & It
constructed from sodalite cages with crystalline
cubic structure having a characteristic pores of
7.4A°. Also, it can be characterized by its silica to
alumina ratio of (4 to 6) which differs than the
other Faujasite type ; Zeolite X which have this
ratio as 2 to 3 while for type A is 2.

The acidity of zeolite Y is motivated by its
application as a solid catalysts, therefore thdystu
of the acid site became inevitable Several methods
had been successfully applied to study the active
sites present on zeolites, and most of them are
based on the adsorption or desorption of gas phase
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probe molecules, which are chosen on the basis of
their reactivity and molecular size.

NHs-TPD is a widely used, simple and
inexpensive technique for reflecting the surface
acidity of a catalyst, where the temperature
dependence in the desorption step is related to the
acid sites present which may involve physical or
chemical adsorption [8].

Preparation of nano zeolites is widely
experienced with different methods and
precursors. Therefore, microwave and ultrasonic
methods, templates and surface modifiers are used
mostly in Teflon- lined stainless steel autoclaves
[9].

In this study, a facile method for the
preparation of nonocrystalline zeolite Y s
investigated using clear hydrothermal synthesis.
Extensive characterization of the final product
was done using (XRD), (TGA) (FTIR), (AFM),
(SEM), (NH3-TPD),( BET).

2. Experimental

Sodium aluminate (NaAlg), sodium silicate
solution (NaSiOs) supplied by Sigma-Aldrich,
sodium hydroxide (NaOH) by Merck were used.
Zeolite Y was synthesized according to sol-gel
method. Seeding gel is prepared by adding 19.95
gm of deionized water to 4.07 gm of sodium
hydroxide and 2.09 gm sodium aluminate [10,11].
The mixture was stirred in a plastic bottle until
dissolved then 28.3gm of sodium silicate solution
was added and stirred moderately for at least 10
min. Then the seed gel was aged for different
aging time of 24,48 and 72 hr at room
temperature. The feed stock gel was prepared by
mixing 131 gm of deionized water, 0.14 gm
sodium hydroxide and 13gm sodium aluminate.
Stirring was continued in 500 ml plastic beaker
until the constituents were completely dissolved,
then 178 gm of sodium silicate solution was added
with stirring vigorously at 1600 rpm until smooth
gel was obtained.

The final gel is prepared by adding 16.5 gm of
aged seed gel to feed stock gel slowly with mixing
up for 20 min. at 1600 rpm..After that the final ge
was transferred to a poly propylene bottle and
heated in an oven at % overnight. Precipitation
occurred until a clear solution was observed
indicting complete crystallization. The bottle was
opened and left to cool then the wet solid product
was set to filtration, washing with distilled water
several times until the pH of the filtrate was 9.
The product was dried at 12Q for 24 hr. and
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then calcined at 50Q at a rate of 2C /min. for 3
hr.

lon Exchange Step

The acid form of zeolite Y was obtained by ion
exchange with a solution of Ammonium chloride
NH4CI using two concentrations ( 2 and 4 N) at
70°C. 10 g of zeolite NaY was slurried in 200 ml
of ammonium chloride solutions with mixing at
70°C for 2 hr and then left at room temperature
overnight. After that the exchanged zeolite was
filtered off ,washed with deionized water, dried at
1100C overnight, and then calcined at 5250C for
3 hr.[12].

The prepared zeolite were characterized by
different technigues and compared with
commercial type. These techniques include
(XRD), (FTIR), (BET), (TGA), (SEM), (AFM)
and (NH3-TPD).

The XRD for powder product were measured
using Philips diffractometer with Cu target at 2
theta value from 10 to 60 The particle size and
morphology were analyzed using SEM at different
magnification by oxford instrument. The IR
spectra was analyzed using Perkin FTIR in the
wavelength range of 400 — 4000 cm-1. With KBr
pellet method. BET surface area and pore volume
were performed using a micrometrics ASAP
2020,the sample were degassed for 2 hr under
vacuum at 25 .AFM was performed using
scanning probe microscope (SPM), TGA test
using SHIMADSU TGA-51 Thermo-gravimetric
Analyzer and NH3-TPD was obtained using
Micromeritics Auto Chem Il Chemisorption
Analyzer.

3. Results and Discussion

3.1. XRD

The powder diffraction patterns of zeolite
samples were scanned using XRD diffract meter
in the 2 theta range between 5 -60 degree at
scanning speed of 5 deg / min using Cu-K
radiation source of wave lengik1.5406 A°. The
formation of zeolite Y phase was confirmed by
comparing the diffract grams of all synthesized
samples to the diffract grams of the reference
zeolite Y[10].

Comparison indicates that the preparation
method results is compatible with crystal structure
of Y zeolite to conclude that the preparation
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method gives a good synthesized indigenousness

of Y zeolite [13].
The size of crystallites was correlated using
Scherrer eq.1

d = 0.942 /BcosO (1)
Where d is the diameter of crystallité is the X-

ray wave lengthp, is the broadening line at the
half maximum intensity which represent the full
width at half maximum (FWHM) an® is the
Bragg angle at which the scattering wave was
reflected or scattered at lattice plane producing
intense peaks.

The average diameter of crystallite is 29.6 nm
for prepared zeolite while for reference is 18nm.
All peaks observed can be assigned to Y zeolite
structure characterized byo2of standard type
equals to 6.3, 15.8 &23.7 degree as shown in
Table.1 and 2.

Table 1,
XRD data of Synthesized zeolite NaY.
Synthesized 1/1, FWHM
zeolite Intensity degree
6.344 100 0.327
15.97 75 0.247
23.61 84 0.9162
Table 2,
XRD data of reference zeolite NaY.
20 I/1, FWHM
Reference Intensity  degree
zeolite 6.181 100 0.501
15.518 78.7 0.398
23.478 83.1 0.589

3.1.1 Aging Time

The effect of aging time on zeolite formation
was investigated and the XRD patterns of
prepared samples were shown in Fig.2and the
crystallinity was calculated using eq.2 by
considering the ratio of the sum of intensities of
10 major peaks [14,15].

The results showed that 48 hr aging time was
preferred in comparison to other aging time of 24,
and 72 hr giving higher crystallinity of about 82%
while for other samples was 75% and 52% as
shown in Fig.1.

crystallinity % = 222, 100 ..(2)
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Fig. 1. Crystallinity % of the Prepared Zeolite.

Fig. 2. XRD pattern of synthesis Na- Y zeolite at
different aging time (A. 24 hr. , B. 48 hr., C.72
hr.), X-axis 2theta,Y-axis Intensity .
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3.2.Surface Area and Pore Volume

Nitrogen adsorption —desorption were carried
out using Micromeritics ASAP 2020 instrument
to determine the BET (Brunaure Emmett Teller)
surface area and pore volume.

After degassing the isotherms is investigated at
relative pressure P/Po from 0 to 1. surface area
and pore volume are also measured. BET surface

area is calculated according to this equation:
v
Sy=o—= = N = 10720
4= 22400

..(3)

Where SA : surface area m2 /gm, Vm : volume
of monolayer m3, am : area occupied by one
molecular of nitrogen in monolayer is 0.162 nm2,
N: Avogadro's number 6.02*1023 molecules
/mole.

It can be seen from the isotherms in Fig. 3 that
the sample exhibited behavior of type two
according to the classification of BET and this
type shows large deviation from Langmuir model
of adsorption and the intermediate flat region in
the isotherm correspond to the formation of
monolayer formation and best surface area and
pore volume were obtained at aging time of 48 hr
as shown in Table 3.

S N

Quanity Adsorbed (mmol/g)

Qe -1)]

Fig. 3. (A) Adsorption Isotherm of prepared Y
zeolite at aging time 48hr, (B) BET plot.
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Table 3,

Surface area and Pore volume of prepared Zeolite.

Aging BET Langmuir Pore

time Surface Surface area volume

hr area m%gm m%gm
m%gm

24 201.9 286.63 0.213

48 499.43 707.95 0.38

72 210.6 298.79 0.209

3.3.XRF

XRF was used to determine the chemical
composition and structural formula of prepared
samples were determined ,and Si/Al ratio was also
calculated from the results of this analysis as
shown in Table 4.

Table 4,
Chemical composition and silica to alumina ratio of
prepared zeolite.

Aging time o4 48 72

Hr

SiO, wt.% 63.86 59.17 64.63
Al,O; wt.% 22.32 20.10 23.83
Na,O wt.% 8.966 9.30 7.208
SOy /AlOsmolar 4 g5 5004 461
ratio

3.4.lon Exchange

The exchanged technique was used in this
process is one step batch impregnation under a
constant temperature and different normality to
convert NaY zeolite in to HY . Fig.4 shows the
mechanism of ion exchange.

+ + +

e e b
O T T N 0o i 9
Ny SN \ A/
- M\ /Sl\ loneachange Al\ /S‘\ - - M\ /Sl\
S0 0 0 0
00 00 00

Fig. 4. lon-exchange of Na-form of zeolite Y into H
form zeolite.

Zeolite is normally hydrophilic especially for
small Si /Al ratio, the number of free cations is
high so it is favored to increase the Si/ Al rdiio
ion exchange.

The number of cations able to interacts with
water decreases and the absorption of non-polar
compounds molecular such as hydrocarbons leads
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to use these zeolite as a catalyst in many
petroleum processes such as cracking or
reforming.

The percentage of the ion exchange, silica to
alumina ratio and the concentration of sodium ion
before and after protonation are listed in Table.5.

Table 5,
Chemical composition of modified zeolite.

Weight percent \Wt.% Before 2N 4N

Na,O 9.30 358 1.954
Sio, 20.10 54.84 57.96
Al,O3 59.17 17.86 19.01
SiO; / AlO; 5004 522 5183
Molar ratio

% lon Exchange - 61.50 78.98

3.5. FTIR

The chemistry of the surface of catalyst
including surface acidity was measured using
infrared technique. Faujasite structure is
characterized by the functional groups and regions
found in Fig. 5 The bands that appear in the
region between 3365-3489 ¢meveal to the OH
stretching band in the sodalite cage which belongs
to the Bronstest acid protons, also called low
frequency band ,SidOnolecules and AlI-OH .The
bands in the range of 1010- 1019 tindicate the
presence of Si-O, assigned to external
asymmetrical stretching while the band at about
600 cm' is assigned to the internal tetrahedral
symmetrical stretching . The peak in about 1600
cmi' corresponds to the bending vibration of water
molecules in the zeolite structure. Absorption at
about 443 -465 cthwas assigned to Si — O — Al
stretching where Al is in the octahedral
coordination. Therefore, it was concluded that the
FTIR spectra of the synthesis zeolite matches the

typical absorption peaks of commercial
type[16,17,18] .
3.6.TGA

Thermal analysis is performed for the

synthesized samples of zeolite NaY, HY and
commercial type. Thermogravimetric plots are
shown in Fig.6. It can be interpreted that as the
temperature increases (30-2Q@), there was a

little weight loss from the samples due to the
water evaporation and dehydration. The same
trend was found for the three samples. This give
an indication of the validity of the calcination
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temperature ,also after the ion exchange step using
NH4Cl. The percentage of weight loss of the
physically adsorbed water for synthesized NaY
and HY zeolite are 22.92% and 18.72
respectively while for commercial zeolite is
23.9% which is in agreement of the results in
references of published studies [19, 20].

. e AV ,a-/‘\,,ﬁ”‘ . -
%t o ( “‘, ‘\"A"““‘\"v’w\” P~
)

11111

Fig. 5. FTIR of Synthesized zeolite Y at different
aging time, (A)24hr, (B)48 hr, (C)72hr and (D) HY
Zeolite .
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Fig. 6. TGA of Zeolite Y, (A) Synthesized NaY, (B)
Synthesized HY,(C) Commercial HY.

3.7.SEM and AFM

Na-Y zeolite crystal size and morphology were
observed by SEM. Results show the cubic
crystalline micrographs of the synthesized zeolite
having small average size of nano sized particles
as compared with commercial type and the
images show a good agreement with that shown in
literature which reveals a uniform particle size
with regular shape[11,13,14].

To investigate the surface uniformity AFM
technique is used. By comparing the surface of
synthesized and commercial zeolite there is no
change in surface roughness as shown in Fig.9. It
depicts a uniform nano and micro structure and
highly crystalline material with uniform pores.
The average patrticles size of the prepared zeolite
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is 80 nm and for exchanged is 71nm while for
commercial type is about 91nm. [21],[22].

Fig. 7. SEM images of Synthesized zeolite Y,
(A)25 000 X, (B) 50 000 X.

Fig. 8. SEM images of commercial zeolite Y,
(A)25 000 X, (B) 50 000 X.

3.8.TPD

Temperature programmed desorption of
Ammonia (NH3-TPD) is used to determine the
acidity of prepared zeolite samples. All samples
are heated up according to steps shown in Figs.
10-13 and the thermal conductivity detector
(TCD) is recorded. Data obtained is utilized and
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plotted by calculating the area under the peaks
shown in these graphs.

Zeolite acid sites are characterized using NH3-
TPD ,total amount of acidity and acid distribution
are obtained from peaks area ,position and shape.
Although NH3-TPD giving an information about
the strength of acid site but it cannot distinguish
between acids site types as Bronsted or Lewis.
Figs.10-13 show NH3-TPD spectra of prepared
,modified and commercial zeolite and all profiles
of the sample represent the low peak while for
modified samples high peak are also appear and
are noticeable than Y zeolite this because of
protonation effect .

The results obtained are in agreement with that
in literature as the low peak appears at a
temperature of about 200C and intermediate
appears between 350 — 380 while the high
acidity peak represented at temperature between
500 -600°C, sometimes it doesn't appears purely
because its overlapped or engaged with other
peaks. Acidity peak represented at temperature
between 500 -600°C, sometimes it doesn't
appears purely because its overlapped or engaged
with other peaks.

The high temperature peak can be attributed to
the desorption of ammonia from both strong
Bronsted and Lewis acid site and on the other
hand the low temperature peak can be related to a
number of causes such as the adsorption of
ammonia on weakly acid site as Bronsted and
Lewis, silanol groups and formation of NH+
4groups.[ 23, 24, 25].

Granularity Curnulation Distribution Chart
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Fig. 9. Particle size distribution and 3-D
Dimensional Images. (A) Synthesized zeolite Y (B)

lon exchanged zeolite HY (C) Commercial zeolite
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4. Conclusion

Nano crystalline Na-Y zeolite has been
prepared successfully using sol-gel method under
hydrothermal condition. The decrease in crystal
size affects the physical properties of the product
such as surface area and surface uniformity as
compared with microcrystalline type. Nano
crystalline zeolite NaY and HY are prepared and
characterized using different methods. Results

showed well defined morphology, uniform
distribution, high surface area, and stable
structure.
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