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ABSTRACT: In this work, the synthesis of zeolite Y from Akilbenza clay was studied.
The crystallization time of the process was investigated in order to reduce the synthesis
duration. Metaclay and dealuminated metaclay (METDEA) were synthetized from
Akilbenza clay and then used as sources of aluminium and silicon for zeolite Y synthesis
using the hydrothermal method of synthesis. The synthesis parameters used were:
ageing time 24 hrs, stirring time 3 hrs, crystallization temperature 110 °C and
crystallization time varying from 1 to 4 days. The synthesis was unfolded using a 10 M
solution of sodium hydroxide. The crystallisation times were 1, 2, 3 and 4 days. The
various products obtained in the course of the synthesis process were analyzed by using
XRD, X-ray fluorescence, BET, EDX and ATR-FTIR. XRD pattern of the zeolite
obtained match with a standard Y zeolite. It was found to have a specific surface area
of 149 m?/g, an average pore diameter of 10. 2074 nm, a pore volume of 0.0525 cm?
and a Si/Al ratio of 2.47. All chemical functions found on the material surface are Si-
0-Si, Si-O-Al and located between 455.18 and 1250 cm™. The crystal growth increased
with the time of crystallization but a minimum of two days was sufficient for the
synthesis. Akilbenza clay can be used for the Y-type zeolites synthesis and the
crystallization time impacts on the zeolites’ crystallization process.
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INTRODUCTION

Zeolites are crystalline porous solids. Their crystalline framework is constituted of
tetrahedral silicate and aluminate ions which are connected together and then form a
channel [1]. Due to this disposition, they possess a high cation mobility, uniform pores,
high catalytic activity, high surface area and high thermal stability. For those properties,
they are used for ionic exchange, separation, petrochemical refining and various
applications in the fine chemical industry. Zeolites are becoming the subject of many
interests [2].
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Zeolites occur naturally or are obtained by synthesis. Natural zeolites have the
following characteristics: rich in impurities, pores with heterogeneous dimensions and
a low cation exchange capacity [3]. Zeolites obtained synthetically have the advantage
of being of better quality due to their purity, pores’ size uniformity, and high thermal
stability. They thus open the way to several applications [4].Alkaline fusion and
hydrothermal synthesis are often used as methods for zeolites synthesis. The synthesis
of Y-type zeolites uses most the second method because it takes place at low
temperature and promotes reactants’ high reactivity, a low air pollution, easy solution’s
control, the formation of metastable phases and single condensed phases[4, 5].

Zeolites are produced from aluminate and silicate salts. According to the method of
synthesis, zeolite X, Y, A and ZSMD5 type are obtained at the end of the process [6, 7].
Y and ZSM5 zeolites are the most sought because they can either be used as an
adsorbent or a catalyst [8]. However, the synthesis of zeolites of type Y from the
chemical salts as the source of silica and alumina makes the cost of synthesis high and
consequently that of the zeolite material obtained. In order to meet the global demand
for this material, which is constantly increasing at around 15-20% per year, natural
resources made up of silica and aluminum are used for the synthesis [9, 10]. They are
volcanic ashes, industrial wastes which are rich in silica, rice cokes, clay etc. Amongst
these natural sources, clay is the most used because it is available and possesses at the
same time silica and alumina in their crystalline framework which can be isolated for
this synthesis [3, 11].

Synthesis protocole for Y-type zeolite from natural precursors is not standardized since
it relies on the environment in which the material is extracted [12]. This is the case for
clay materials whose chemical composition and crystalline phases vary according to
the geological layer of the soil where they are extracted [13]. Consequently, the
parameters of synthesis such as crystallization time, ageing time and crystallization
temperature vary in accordance with the natural precursor used [14]. This is the case
with crystallization time which was found to be 24 hrs. for Chinese Merglan kaolin [15]
and 6 hrs. for Ahoko kaolin [14] In the same light, the synthesis of the NaY zeolite from
Surzlay kaolin resulted in a crystallization time of 28 hrs. [14, 16, 17]. From these
previous works of other researchers, it is therefore clear that the conditions of zeolite
synthesis are not standard. Moreover, only a few studies can be found in the literature
on the hydrothermal processing of natural clay under suitable temperature conditions
for the synthesis of zeolites. The objective of this work is to show how the zeolite Y
(NaY) can be obtained from a clay collected at Akilbenza, a locality in the eastern
region of Cameroon. The effect of crystallization time is studied in this work in order
to determine the minimum value.

MATERIAL AND METHOD
Material and synthesis mixtures

The clay material was collected at a depth of 2 m below the ground. It was washed with
distilled water to remove impurities like organic matter and other particles. Clay
particles with sizes less than 2 um were obtained using the Stocke’s method and sun
dried [18]. The dried clay was ground, sieved and stored in an oven at 110 °C for further
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experiments and analysis. No other chemical or physical treatment was applied prior to
this. The zeolite was synthesized in three steps:

- Thermal activation of the clay in order to get metaclay ;

- Dealumination of metaclay using sulphuric acid to form a product called
METDEA

- Hydrothermal reaction of metaclay and METDEA at various crystallization
times in aqueous alkaline medium.

« Thermal activation of the clay

The synthesis of metakaolin is done in a single step. According to research carried out
previously by some authors, metakaolin is obtained at a temperature between 500°C
and 900°C. Above this temperature, the kaolin is transformed to mulite which is not
favourable for the synthesis of zeolites [19]. For this research a mass of 300 g of clay
sample was placed in the oven. The temperature of the oven was gradually increased to
750°C at the rate of 10°C/min. It needed three hours for the metakaolin to be obtained
at this temperature. This product was characterized and used as reagent for the zeolite
synthesis.

¢+ Dealumination of kaolin

Dealumination was carried out by mixing 150 g of metakaolin with 250 mL of 10 M
sulphuric acid. The mixture was agitated under reflux at a constant temperature of 90°C
for 10 hrs. The resulting product was cooled to room temperature and separated from
water by sedimentation. The product obtained was washed with distilled water until the
sulphate ions were removed. The washing was stopped when the supernatant gave a
negative test (absence of a white precipitate) with 0.1M BaCl». The product was finally
dried and stored in plastic tubes for various analysis and uses. XRD and X-ray
fluorescence analysis were carried out on the product.

+« Hydrothermal reaction of metaclay and METDEA for Y zeolite Synthesis
For the synthesis of the zeolite Y, metakaolin was used as a source of aluminum and
the dealuminated metakaolin as a source of silica. The synthesis of type Y zeolite as
earlier mentioned takes place in three steps as follows; synthesis of the germination gel
(1), synthesis of the growth gel (2) and the synthesis of the product from a mixture of
the two gels.

» Synthesis of the Germination Gel

The germination gel was prepared using 75 mL of 10 M of sodium hydroxide solution.
7.51 g of metakaolin were placed in 20 mL of sodium hydroxide(10 M) solution and
the mixture agitated for 1h. This mixture constitutes a solution (1). In another conical
flask containing 55 mL of 10 M of sodium hydroxide solution, 15.36g of dealuminated
metakaolin was introduced. This second mixture (2) was also agitated for 2 hrs at a
temperature of 90 °C. The solution (1) was gently introduced into solution (2) under
strong agitation. The third solution obtained was then agitated for 1 hr and then the
content of the Pyrex Erlenmeyer flask was then placed in a Teflon tube and allowed to
stand for 24 h in order to allow for the formation of chemical bonds (ageing time). The
final product obtained in the Teflon tube constitutes the Germination Gel.

» Synthesis of the growth gel
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Here a mass of 13.77 g of metakaolin was introduced in 42.5 mL of 10 M NaOH
solution in a Pyrex Erlenmeyer. This mixture (1) was agitated for 1h. The solution rich
in silica on the other hand was prepared by placing 28.146 g of dealuminated
metakaolin in 100 mL solution of 10 M NaOH. This second mixture (2) was then
agitated for 2 hrs. at a temperature of 90°C. Mixture (1) was then gently introduced into
mixture (2) under strong agitation for an hour. The third solution obtained is the growth

gel.

» Synthesis of the final product from a mixture of the two gels.

For this synthesis, the germination gel was gently poured in the pyrex conica flask under
strong agitation into the growth gel. The resultant mixture was then agitated for 24 hrs
at a temperature of 90 °C, then poured into a Teflon tube which was then placed in an
oven for crystallization to take place. The temperature and time for crystallization to
take place were 100 °C and 4 days respectively. In order to determine the minimum
time of crystallization, the preceding process was repeated for crystallization times of
1, 2 and 3 days.

Charact
erization technique
kmjljjki

- X-ray Diffraction (XRD)

X-ray Diffraction analysis was carried out on a powder sample. The XRD patterns were
monitored by X-ray diffraction ex-situ using the apparatus Siemens D-5000. It has a Ge
crystal primary monochromator which contains Ni-filtered Cu Kol radiation, lambda
= 1.54056 A with 6/ 26 diffraction instrument operating in reflection geometry. The
tube of cupper is run at 40 mA and 40 kV.

The data was collected at a 20 angle in the range 5-60°, with a scanning step of 0.02°.
All the materials were crushed using an agate mortar and pestle, ground to powder (<5
um) and mounted on an aluminum plate sample holder of volume of 0.1 cm?.

- Fourier Transform Infrared (FTTIR)

The Fourier Transform Infrared ( FTIR) spectra of the clay material was recorded in
the range 4000-400 cm™ using a Mattson Genesis 1l FTIR spectrometer in transmission
mode, used in conjunction with a diamond Attenuated Total Reflectance (ATR)
accessory. Powdered samples were sieved to give a particle size <5 pum and then placed
onto the diamond ATR crystal surface for analysis.

- Scanning Electron Microscope (SEM) and EDX

The morphology of the clay material was investigated by SEM on a JEOL JSM 7600F,
JEOL JSM 5800LV scanning electron microscope equipped with a SDD SAMX energy
dispersion spectrometer and JEOL (hybrid of two microscopes), under the following
analytical conditions: EHT = 20.00 kV, Signal A = SE1, WD = 4.0 mm. The samples
were prepared by spray drying the clay material mounted onto aluminum stubs using
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double-sided adhesive carbon discs and sputter coated with gold to reduce static charges
and then observed under a scanning electron microscope.

For EDX analysis, the samples were prepared in a similar manner to those of the SEM.
However, to avoid errors in the aluminum content, a carbon sample holder was used
instead of aluminum stud and the samples were not gold-coated.

- X-ray fluorescence (XRF)

The chemical composition was determined with a "SHIMADZU" X-ray fluorescence
(XRF) analyzer fitted with an EDX 800 HS X-ray tube, a gas scintillation detector and
a PR-10 anode.

- BET Analyzer (Nitrogen sorption)

The surface area and the porosity of the clay sample were determined by the sorption
of nitrogen gas using AZAP 2000 BET analyzer. For this purpose, a mass of 0.5 g of
samples was degassed for 1 day to dehydrate the sample and to remove impurities,
followed by nitrogen sorption for 24 h.

RESULTS AND DISCUSSIONS
Characterization
Clay

From the XRD pattern of the clay (Fig 1), it is found that the material is mainly
composed of kaolinite (K), (JCPDS card No 06-0221) as indicated by the peaks at 26
=12.6, 20.1, 21, 24.9, 35, 36.5, 38.5, 39.6, 46, 50.4, 55 [20-23]. The peak at 20 = 26.7
indicates the presence of quartz (Q), (JCPDS card No 5-0490). The low intensity peak
Ilat 26 = 6.86 indicates the presence of illite (I), and mica (M) (JCPDS card No. 26-
0911). Hence, Akilbenza clay is found to be richer in kaolinite which is 1:1 consisting
of one tetrahedral sheet and one octahedral sheet.
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Figure 1: XRD spectra of the Alkibenza clay

From the chemical analysis of the clay by XRF (Table 1), the clay material is mainly
composed of silica, aluminum, titanium, iron and potassium. The elements (E), sulfur,
phosphorus, calcium, zirconium, chromium, nickel, nobelium and zinc are present in
trace quantities. The Si/Al ratio 1.41 is higher than the ratio of one for standard
kalolinite clay [24].The excess silicon is as result of the presence of quartz in this clay
material [25].

Table 1: Chemical composition (C) of the clay

E| Si Al Ti Fe K S P Ca Zr Cr Ni Nb 2zn Si/Al
Cl498 354 60 51 11 <1 <1 <1 <1 <1 <1 <1 <1 14

From the FTIR-ATR spectral (Fig 2), the presence of a large band observed between
3331.16 and 3787.59 cm! is characteristic of Al-OH stretching vibration, Al-OH inter
octahedral and H-O-H stretching vibrations of kaolinite [26, 27]. The band at 3695 cm"
! corresponds to the stretching vibration modes of OH groups located at the surface of
the octahedral sheets opposite to the tetrahedral oxygens adjacent kaolinite layer.
Whereas the band at 3623 cm™ is related to the stretching vibration modes of OH groups
which are in the plane common to octahedral and tetrahedral sheets. They are also
hydroxyl linkage and water adsorption [28]. The band at 2360.6 cm™ represents organic
materials. Whereas the bands at 1017 cm™ is attributed to Si-O stretching vibrations
while the bands at 1031.09 and 1002.14 cm™ are as a result of Si-O-Si and Si-O- Al
stretching. The band at 907 cm is attributed to OH bending vibration. This band is due
to the presence of AI-OH groups [29]. The bands at 776, 689.55, 529.91, 464.57 and
420.7 cm™ are attributed to Si-O and Al-O vibrations. The presence of Al-O-H at 3623
and 907 cm bands is characteristic of a kaolinite. The presence of Si-O-Si, Si-O-Fe,
Al-O-H bands at 1002.14, 1031.09, 457.0 and 914.16 cm respectively is attributed to
the quartz.
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Fig 2: FTIR-ATR Spectra of the clay

The SEM micrograph is represented in the Figure 3a and shows a heterogeneous surface
with no particular form. [30, 31]. EDX analysis (fig 3b) was done to confirm the results
obtained by XRF. The results obtained by this analysis show that the clay is rich in
silica, aluminum and iron.
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Fig 3: SEM (3a)-EDX (3b) micrograph of Alkibenza clay

The adsorption-desorption isotherm of nitrogen on Alkibenza clay given in Figure 4a
shows a hysteresis between 0.74 and 1 P/Po. This is indicative of a type 1V isotherm,
which is characterized by the presence of micropores in the clay material. In fact, the
adsorption of nitrogen on Alkibenza clay causes a capillary condensation. That is why
the adsorption-desorption curve is not superimposable. The adsorption-desorption
process is not a reversible phenomenon in this material. Hence, the distribution of the
pores on Alkibenza clay is heterogeneous. According to Figure 4b, the pore volume
decreases with an increase in the pore diameter to zero at a pore diameter of 120 nm.
This result also confirms that this clay is composed of both micro and meso pores. A
measure of diameter by the BJH method gave an average pore diameter of 19.41 nm
and a cumulative pore volume of 0.21 cm®/g. The BET surface area is 45.62 m?/g (Table
2).

Table 2: Surface area and porosity parameters

Parameters | Value
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AREA (m?/g)

Single Point Surface Area at P/Po 0.20069150 44.3435

BET Surface Area 45.6293

BJH Adsorption Cumulative Pore Surface Area 44,7953

VOLUME (cm¥/ g)

Single Point Total pore volume less than 156.3257 nm diameter at P/Po | 0.221609

0.98746794

BJH Adsorption Cumulative Pore Volume between 1.7 and 300 nm | 0.217477

diameter

PORE SIZE (nm)

Average pore diameter ( 4 v/A by BET) 19.4269
19.4196

BJH Adsorption Average Pore Diameter (4V/A)
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Fig 4a: Sorption of N2 by the clay and pore volume of the clay Fig 4b: Pore volume

distribution of the clay

Metakaolinite

XRD pattern of metakaolinite illustrated in the fig 5 below shows that some kaolinite’s
peaks have completely disappeared. These peaks are located at the two theta 12.43 and
18.37. Bands ranging from 2 theta 19.98 to 26 and 35 to 60 have almost disappeared
giving room to peaks of low intensity but clearly visible. The disappearance of peaks
shows that the thermal activation of kaolinite has expelled some impurities existing in
the material [32]. The presence of kaolinite peaks shows that the crystal lattice of
kaolinite has not undergone much modification. The new material obtained has an

almost amorphous structure
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Fig 5 : XRD pattern of metakaolinite compared to that of kaolinite.

The chemical composition of the metakaolin shown in the table 3 below shows some
differences in comparison with kaolinite. Proportions of silica and aluminum existing
in metakaolinite are slightly higher than those of kaolinite. On the contrary, other
elements such as titanium, iron and potassium have small quantities [33]. The analysis
shows that the first material (kaolinite) contained impurities. Thermal activation has
therefore enriched our precursor in silica and aluminum.

Table 3: Chemical composition of kaolinite and metakaolinite

Si Al Ti Fe K S P Ca Zr Cr Cu Ni Nb Ga Z Si/
n Al
Kaolinite 49.89 3540 6.08 517 118 <1 <1 <1 <1 <1 <1 <1 <1 <1 < 14
1 1 5 6 3 1
Metakaol 4999 3754 569 463 113 <1 <1 <1 <1 <1 <1 <1 <1 <1 < 133
1

inite

5 6 2 8 2

The analysis of the FTIR-ATR spectra of the metakaolinite presented in fig 6 shows
peaks at 2364.4, 1056.8, 788.8 and 455.15 cm™*. Those peaks represent respectively, Si-
O-Si vibration (456.8 and 455.15 cm™) and Si-O-Al. The peaks between 3331.16 and
3787.59 cm™ which are characteristics of the presence of hydroxyl groups have totally
disappeared even the peaks at 914.16 cm™. All the peaks which were the indication of
the presence of the hydroxyl groups have completely disappeared. This result shows
that the thermal activation of the clay has reduced its impurities and some hydroxyl
groups [34] .
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Fig 6: FTIR-ATR spectral of kaolinite and metakaolinite

The analysis of the isotherm of the adsorption of N2 (Fig 7) on this material shows that
the surface of this clay is constituted of meso and micro pores. The pore volume is 0.237
cm?®/g and the surface area is 45.62 cm?/g and the porous diameter are 22.10 nm.
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Figure 7b: Pores volume distribution of
the metakaolinite
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Fig 7a : Sorption of N2 by the
metakaolinite

Dealuminated Metakaolinite

The XRD spectra’s analysis in the figure 8 shows that they have the same crystalline
phases. This indicates that the treatment of metakaolin with sulfuric acid did not alter
the crystalline phases of our precursor. The dealuminated metakolin obtained in this
way still contains silanol and aluminol bonds in its matrix [35]. The analysis of the
chemical composition of the dealuminated metakaolinite present in table 5 below shows
that this material is richer in silica than in aluminum. Similarly, a comparative analysis
of the chemical composition of metakaolin and dealuminated metakaolin shows
discrepancies. The proportion of silicon increased from 49.995 in metakaolin to
78.614% in de-aluminated metakaolinite. There is also a decrease in the proportion of
aluminum in the de-aluminated metakaolin. The Si / Al ratio in metakaolin is 1.33 and
10.03 in the dealuminated metakaoilin (table 4), this result is due to the sulfuric acid’s

10
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action on metakaolinite. This indicates that the dealuminated metakaolinite produced
can be used for the synthesis of the zeolites Y, because the synthesis of Y-type zeolites

requires a precursor very rich in silica.
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Figure 8: XRD pattern of metakaolinite and metakaolinite dealuminated

Table 4: Chemical composition of METDEA compared to that of Metakaolinite

The table 5 shows the characteristics of the porosity and the surface area of the clay,
the metaclay and the metaclay dealuminated.

Chemical element

Chemical composition (%)

Si
Al
Ti
Fe
K
S
p
Ca
Zr
Cr
Ni
Nb
Ga
Zn
Si/Al

Metakaolinite
49.995
37.546
5.692
4.638
1.132
9!

9!

9!

9!

9!

9!

9!

9!

Q!
1.33

METDEA
78.614
7.838
9.909
1.694
0.331
<

9!

<

9!

<

9!

<

9!

Q!
10.03

Table 5: Surface parameters and porosity of kaolin, metakaolin and metakaon

dealuminated

11
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Parameters Kaolinite Metakaolini METDEA
te

AREA (m?/g)

Single point Surface Area at P/Po 0.20069150 44.3435 41.6474 123.693

BET Surface Area 45.6293 43.0282 124.551

BJH Adsorption Cumulative Surface Area of pores | 44.7953 39.1170 79.37

VOLUME (Cm?¥ g)

Single point Total pore volume of pores less than | 0.221609 0.237812 79.37

156.3257 nm Diameter at P/Po 0.98746794

BJH Adsorption Cumulative Pore Volume of pores | 0.217477 0.233150 0.24

between 1.7 and 300 nm Diameter

PORE SIZE (hm)

Average pore Diameter (4 v/A by BET) 19.4269 22.1076 8.39

BJH Adsorption Average Pore Diameter (4V/A) 19.4196 23.8413 13.32

Zeolite Y

The XRD pattern of the zeolite synthesized is presented in the fig 9 below. According
to the data base of the International Zeolite Association, (AlZ, 2017), a zeolite Y is
expressed by the presence of the crystalline phases at 26 6.18, 10.08, 15.58 and 18.58.
These peaks are observed in the zeolite synthesized at 26 6.26, 10.17, 11.93, 15.63,
18.68, 23.59 and 31.19 and it fits well with standard zeolite. The small differences
observed are attributed to the presence of impurities such as Fe?*, Ti** and Ca?* in the
Akilbenza clay[36]. Similar results were also obtained for Zeolite Y from metakaolin
and metakaolin residus in Brazil and from Elefun kaolinite clay in Nigeria [37, 38]

1600 —

Intensity

-200 T T r T r T

2 théta

Fig 9: XRD spectral of the zeolite Y synthesized from Akilbenza clay.

12
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The chemical composition of the Y-type zeolite obtained was determined for the
purpose of identifying chemical elements assembled in its crystalline mesh. However
it should be noted that a Y-type zeolite has aluminum and silica as its main chemical
elements, and the Si/Al ratio is between 2 and 5 [3]. The results of the chemical
composition’s analysis of the zeolite obtained are shown in the table 6 below. The
synthesized Y- type zeolite is rich in silica (54.67%) and aluminum (22.12%) which are
considered as main elements. Other elements such as titanium and iron are minor
elements and the proportion is low. Potassium, zirconium, sodium, manganese, calcium
are in trace form. The Si/Al ratio of the zeolite is close to 2.47. Therefore the result
obtained is in line with the chemical composition of a Y - type zeolite [14, 39].

Table 6: Chemical composition of zeolite Y

N°  Chemical element Chemical composition (%)

1 Si 54.67
2 Al 22.12
3 Ti 15.76
4 Fe 4.32
5 K 0.87
6 Zr 0.77
7 Na 0.88
8 Ca 0.49
9 Y 0.02
10 Nb 0.06
11 los 0.04
12 Si/Al 2.47

The FTIR-ATR spectral of the zeolite obtained is presented in the fig 10. It shows the
peaks at the wavelengths of 464.80, 798, 707.81, 970.1, 1652.83, 2370.70 and 3432 cm’
! They represent respectively the stretching of Si-O-Al (464.80 and 707.81 cm™), Si-
0 (970.1 cm™), Si-OH and AI-OH (2370.29 and 3432 cm™). According to other studies,
the peaks between 400 and 1600 cm™ of this spectra represent the one of a zeolite Y
[14, 40, 41]. The presence of the functional groups silanol and aluminol are due to the
adsorption of water at the surface of the zeolite.
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Fig 10 : ATR spectral of zeolite Y from Akilbenza clay

The analysis of the SEM images of this zeolite (Fig 11a) shows a clear octahedral
structure which is formed. The analysis of the EDX spectral of this material (Fig 11b)
at two areas shows that it is rich in silica and aluminum[41]. The intensity of the silica
Is higher than the one of alumina. This result confirms the chemical composition of this
material obtained from XRF and SEM analysis.
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Fig 11: SEM Image (11a) and EDX (11b) spectral of zeolithe Y from Akilbenza clay

The adsorption-desorption isotherm of N2 on the synthesized zeolite is shown in Fig
12. This isotherm can be divided into three zones. The area between 0 and 0.1 P/Po has
a slight concavity that reflects the formation of a single layer of nitrogen on the zeolite’s
surface. The result indicates that the adsorption of nitrogen at the surface of the material
progressively build up to constitute a monolayer and thus covering the entire external
surface of the pores of the zeolite. Zone 2 which lies between 0.1 and 0.9 of P/Po is
linear and reflects the adsorption of nitrogen on this material on the initial monolayer.
Zone 3 which ranges from 0.9 to 1 P/Po indicates the presence of nitrogen in the pores
of the zeolite. The micro-capillary nitrogen thus constitutes a continuous phase. The
desorption curve has the same shape like the one of adsorption. However, hysteresis is
observed between 1 and 0.5 P/Po. This shows that the capillary condensation of
nitrogen molecules in the pores of the zeolite is not reversible. This is an evidence that
the zeolite synthesized has mesopores.

Fig 13 shows the distribution of pore volume as a function of its diameters. From the
curve, it should be noted that the pore volume decreases with increase in diameter
thereof. This figure has two parts, one between 0 and 5 nm (pore diameter) where the
pore volume is high and another part between 5 and 115 nm where the pore volume
tends to zero. This result shows that the synthesized zeolite is rich in micro and meso
pores. Macropores are not existing within this crystalline structure. Moreover,
according to fig 13, the cumulative pore volume decreases with increase in pore
diameter until it is annulled around 150 nm. This curve has a high density of cumulative
volume between 0 and 10 nm. Also, it shows the strong presence of micropores in the
zeolite. Therefore, the zeolite contains more micropores than mesopores. The
measurement of the average pore diameter by BJH gave 10.2074 nm and the cumulative
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pore volume is 0.0525 cm? (table 7). The result confirms that obtained by the adsorption
isotherm and SEM.

Fores dametors (nm)

Fig 12 : Sorption of N2 by the zeolite Y | Fig 13: Pores volume distribution of the
zeolite Y

Fig 13: Pores volume distribution of the zeolite Y

Parameters Value

AREA (m?/g)

Single point Surface Area at P/Po 0.20069150 149.88
16

BET Surface Area 146.74
64

BJH Adsorption Cumulative Surface Area of pores 20.584
5

VOLUME (cm?/ g)
Single point Total pore volume of pores less than 156.3257 nm Diameter at | 0.1095

P/Po 0.98746794 40

BJH Adsorption Cumulative Pore Volume of pores between 1.7 and 300 | 0.0525

nm Diameter 29

PORE SIZE (nm)

Average pore Diameter (4 v/A by BET) 2.9858

BJH Adsorption Average Pore Diameter (4V/A) 10.207
4

Influence of the crystallization time on the synthesis of the zeolite Y

The XRD pattern of the samples of zeolite Y obtained during the crystallization times
from 1 to 4 days of synthesis are presented in the fig 14 below. According to this figure,
no peaks showing the synthesis of zeolite are visible during the first day of
crystallization. This indicates that new linkages between silica and alumina groups are
not yet well established. On the second day, new peaks appear, the most intense are at
2 tetha = 6.16; 10.15; 23.56 and 31.23. They indicate the initialization of a new crystal
formation. All peaks obtained on the second day reappear on the third day with a higher
intensity and tend to stabilize on the fourth day. Most intense peaks obtained on the
fourth day are at 2 tetha = 6.26, 10.17, 11.93, 15.63, 18.68, 23.59 and 31.29. All peaks
thus obtained from the second to the fourth day of crystallization compare well with
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those of a Y - type zeolite [42, 43]. From these results, we can mention thata Y - type
zeolite’ synthesis using this clay material requires four days of crystallization and that
increase in crystallization time increases the growth of the crystal. These results are in
agreement with with some works in literature [44, 45]. However, they do not agree with
a recent study carried out in 2018 which reported the synthesis of zeolite Y from kaolin
Bangka within 30h [15]. The difference between these two studies may be attributed to
the degree of cristalinity in Akilbenza kaolin and the quality of metakaolinization
carried out.

Fig 14: XRD pattern of zeolite Y from Akilbenza clay during 1, 2, 3 and 4 day of
crystallization time

Synthesized zeolite samples’ FTIR-ATR spectra during 1, 2, 3 and 4 days are shown in
figure 15 below. From them, we notice the presence of peaks that range from 400 to
1200 cm™. They represent Si-O-Si (970.099 cm™) and Si-O-Al (464, 798, 707.805 cm”
1Y functions. those peaks indicate the Y zeolite’s formation [46]. The result shows that
during the first day of crystallization, basic chemical bonds on which the growth of the
crystal will be done are formed. That is why the same functional groups are present in
the other FTIR-ATR spectra during the other days of crystallization. The FTIR-ATR
spectrum’s interpretation of zeolites synthesized during 1, 2, 3 and 4 days of
crystallization shows that favourable chemical functions for crystal growth are stable
as from the second day of crystallization as specified in figure 15 below.

1.0 MNaY 1d

AUNVAN A e Nav2d

Mw

T T T T T T T
1000 2000 2000 4000

Transmitance (%)

Wavenumber (cm™)

Fig 15 : FTIR-ATR spectra of zeolite Y from Akilbenza clay during 1, 2, 3 and 4 day
of crystallization time
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The chemical composition of each product obtained for crystallization times of 1, 2, 3
and 4 days together with the XRF analysis are shown in the table 8. The elements
present with high proportions are silica and alumina. Titanium and iron atoms are there
in low fractions. The proportion of other elements such as potassium, zirconium,
sodium, calcium, yttrium, and nobelium are lowest. The ratio of Si/Al obtained from
those materials are 1.95 (dayl); 2.78 (day2), 2.81 (day3) and 2.47 (day4). This result
can be explained by the fact that, during the first day, the crystallization time which was
supposed to allow the stabilization of chemical bonds is not yet reached. It is for this
reason that a value of the Si/Al ratio which is not close to that of a Y-type zeolite was
obtained, but however from the second day until the fourth day of crystallization, this
value of the ratio Si/Al is similar to that of zeolite Y [47]. This result shows that, the
zeolite Y has been effectively synthesized and from the second day of crystallization,
the zeolite obtained has a trend to be stabilized and the crystal is more rigid. This result
is in agreement with the one obtained from the XRD analysis of these materials. This
shows that the crystallization time has an effect on the chemical composition of the
zeolite synthesised.

Table 8 : Chemical composition of zeolite obtained on 1, 2, 3 and 4 days of
crystallization

N° Chemical NaY 1d NaY 2d NaY 3d NaY 4d

element
1 Si 42.11 59.68 58.99 54.67
2 Al 21.55 21.43 20.97 22.12
3 Ti 28.89 13.19 13.71 15.76
4 Fe 5.26 3.54 3.13 4.32
5 K 0.24 0.63 0.75 0.87
6 Zr 1.23 0.63 0.70 0.77
7 Na 0.18 0.23 0.80 0.88
8 Ca 0.30 0.60 0.50 0.49
9 Y 0.03 0.02 0.02 0.02
10 Nb 0.05 0.05 0.05 0.06
11  los 0.16 0.63 3.38 0.04
12 Si/Al 1.95 2.78 2.81 2.47

The SEM images of the zeolite obtained during the crystallization times of 1, 2, 3 and
4 day are presented in the figl6. This result shows that, during the first day, the zeolite
obtained does not show a particular form. But from the second day, there is an
appearance of an octahedral form. This is very precise with increasing crystallization
time. On the fourth day, the octahedral form obtained is well established. This shows
that crystallization time has an effect on the morphology of the zeolite. With an increase
of the crystallization time, the crystalline form is well established and indicates the
stability of the crystalline form.

The observation of the surface of those materials at any given crystallization time shows
that, during the first day, the surface of this material is not porous. But from the second
day of crystallization, there is an appearance of pores with different diameters. The sizes
of these pores decrease with an increase in the crystallization time as it is shown in the
image obtained on the third day. That is why during the fourth day, these pore sizes
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further grow small. This is explained by the fact that, the growth of the crystal occupies
progressively wide spaces within the crystalline structure with the crystalline time.
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Figure 16: SEM Images of zeolite Y from Akilbenza clay during 1, 2, 3 and 4 day of
crystallization time.

The analysis of the EDX spectral of the zeolite obtained during 1, 2, 3 and 4 days of the
crystallization times (fig 17) shows that all these materials are mainly rich in silica and
alumina. The chemical elements such as iron and titanium have lower peak intensities.
This result is in conformity with the XRF of these materials. According to the second
spectral, the intensity of the silica atom is higher than that of the alumina atom. From
the second day, this intensity of the silica atom looks double compared to that of
alumina. The same observation is made for the third and fourth day. This result shows
that from the second day of crystallization, if the ratio Si/Al is taken into consideration,
the product obtained is zeolite Y [7]. This result confirms the one obtained from the
XRF of those materials.
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Fig 17: EDX pattern of zeolite Y from Akilbenza clay during 1, 2, 3 and 4 day of
crystallization time

CONCLUSION

At the end of this work, it can be ascertained that a pure zeolite was synthesized from
the clay of Akilbenza. A zeolite Y was obtained at a crystallization time of 4 days, a
crystallization temperature of 110°C and at the ageing time of 24 h. The study of the
influence of crystallization time shows that at least two days of crystallization is
required for this synthesis and the growth of the crystal increases with crystallization
time. This work shows how the clay from Akilbenza can be used as a reference for the
synthesis of the zeolite Y.
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