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Synthesis of X-type zeolite and their influence on the filtration of dye effluents
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ABSTRACT

In the present study, a clay-based membrane support (m-S), and X-type zeolite, and a composite
clay/zeolite membrane (m-ZX) were prepared. Membrane supports in the form of a flat-disc were
prepared by uniaxial pressing of a mixture of clay and starch (12.0%, w/w starch/clay). The results
of X-ray diffraction confirms the formation of X-type zeolite. While the scanning electron micros-
copy analysis shows the formation of fine particles with a crystal size between 1.47 and 2.08 pm
with an octahedral shape. The nitrogen adsorption analysis showed that the specific surface area of
the membrane support was 0.7655 m>g" with an average pore diameter of 122.2 A. While the spe-
cific surface area of X-type zeolite was 316.95 m*g™ with an average pore diameter of 19.7127 A.
The initial water permeation fluxes begin with valued of 1,018 and 380 Lm™*h™ for the membrane
support (m-S) and the composite membrane (m-ZX), respectively. On the other hand, the filtration
of the Eriochrome Black T (EBT) dye by m-S and m-ZX showed retention percentages of 38% and
69%, respectively. This clearly demonstrates the significant enhancement of retention of the dye on
the m-ZX membrane. The points of zero charge (pzc) of the membrane support and X-type zeolite
were pHpzc = 8.77 and pHpzc = 10.2, respectively. Filtration of the EBT dye was carried out at a pH
of 8.2. This indicates that the membrane surface was positively charged while the EBT was nega-
tively charged. The mechanism of the dye filtration was dominated by the size of the EBT molecule
and that of the membrane pores, and also by the adsorption of the dye on the membrane due to the
attraction between the negative charge of EBT and the positive charge on the membrane surface.
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1. Introduction

Worldwide demand for colorful products in the indus-
tries, including all its categories namely textile, leather,
plastic, cosmetics, paper and food, has seen an increase
of 800,000 tons in consumption annually, with azo dyes
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accounting for 60%—-70% of the dyes used in the industry [1].
In view of the danger that may be caused by the damping
of these dyes in water sources to ecosystems and on human
health [2], in particular it may cause allergic disorders or
hyperactivity in children and also different forms of can-
cer. These effluents must be treated before being released
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to the environment. The most common methods used for
dye removal are coagulation—flocculation [3], photodegra-
dation, oxidation [4], adsorption [5] and membrane filtra-
tion [6]. Among the anionic azo dyes, the Eriochrome Black
T (EBT) (Fig. 1) is widely known, more than an indicator of
metal ions, in the textile dyeing industry. Its toxic and car-
cinogenic properties have been the main characteristics for
which EBT is the subject of several research for their elim-
ination. Some important physico-chemical characteristics
of EBT are molecular diameter ¢ = 15.50 A, pKa, = 6.2 and
pKa, =11.6 at T=25°C [7].

The membrane technology is one of the most attractive
separation methods due to its low cost and high selectivity.
Membrane filtration operations are common in the industry
[8]. Membrane filtration is increasingly used as a separa-
tion process in many areas, particularly in the water cycle
(purification of water, treatment of effluents, water reuse,
softening and desalination, etc.). The principle of membrane
filtration is based on the application of a pressure difference
which allows the transfer of the solvent through a membrane
whose pore size ensures the retention of solutes. Zeolite
membranes have gained considerable attention over the last
decade due to their interesting physicochemical properties
such as uniform microporous structure, high thermal sta-
bility, mechanical resistance, and inertia to most chemical
environments. Membranes are the subject of many appli-
cations, namely catalysis, pervaporation [9] metallurgical
industry [10], separation of domestic and industrial waste-
water treatment [11], and desalination of seawater [12]. In
the present work, two membranes have been prepared; the
first one is a clay-based named membrane support (m-S),
and the second one is a composite clay/zeolite membrane
named composite membrane (m-ZX), which is composed of
the membrane support and a layer of zeolite deposited using
the hydrothermal method for synthesis of X-type zeolite.
The deposition of the zeolite layer was made on membrane
supports based on clay that had a flat form. Starch was used
as a porogen agent in the preparation of the membranes to
ensure adequate porosity for filtration, with the presence of
starch at 12% w/w of the clay-starch mixture [13]. To study
the influence of the X-type zeolite layer on the ability of the
membrane to remove a pollutant, filtration of the EBT dye
in solution is carried out on both the membrane support
and the composite membrane by measuring the flux and
retention percentage of the dye.

2. Materials and methods
2.1. Chemicals and reagents

Sodium aluminate (NaAlO2, Sigma-Aldrich), sodium
silicate (Na,SiO,, Sigma-Aldrich), sodium hydroxide
(NaOH, 99%, Merck), hydrochloric acid (HCl, 37%, Merck),
sodium chloride (NaCl, >99.5%, VWR Chemicals BDH),
starch (C,H, O,)", Loba Chemie) and Eriochrome Black T
(C,,H,,N,O,SNa, Loba Chemie). it should be noted that all
these reagents are used without purification. In all exper-
iments, Millipore deionized water with a resistance of
17.2 MQ-cm™ was used. During zeolite synthesis, an auto-
clave and polypropylene bottles for the preparation of pre-
cursors based on silicates and aluminates were used.

2.2. Preparation of the membrane supports (m-S)

In this study, a clay extracted from the rif mountains
of Morocco, precisely between the cities of Nador and
Al-Hoceima (35°13'16.5”N 3°35'37.2”W) was used. The clay
is then ground to fine particles and sieved using standard
AFNOR sieves. Two ANFOR-standard sieves with mesh size
of 80 and 160 pm were used to obtain clay particle sizes of
d <80 um and 80 < d < 160 um. The two particle sizes were
used to prepare two membrane supports. The aforemen-
tioned were made with a mass fraction of 88 wt.% of the clay
and the rest of the starch (12 wt.% by mass). The total mass
of the sample was 4 g. The mixture was introduced to a stain-
less-steel die, and uniaxially pressed under a load pressure of
1,380 bars to obtain raw pellets (flat discs) 4.0 cm in diameter
and 2.0 mm in thickness. The obtained discs are sintered to
950°C in a muffle furnace (type Nabertherm 2804) accord-
ing to a heating program developed based on the thermal
analysis of the raw clay.

2.3. Synthesis of X-type zeolite

In a polypropylene bottle, 0.035 mol of sodium aluminate
and 0.01 mol of sodium hydroxide were placed, followed by
1.11 mol of distilled water heated to 60°C, the mixture was
stirred until it becomes homogeneous. In other polypropyl-
ene bottle, 0.088 mol of sodium silicate were placed, followed
by 2.77 mol of distilled water heated to 60°C, the mixture
was stirred until it becomes homogeneous. Then the alu-
mina precursor was added slowly to the silicate precursor
under vigorous stirring. After the complete addition, the gel
was left to age at room temperature for 30 min under vig-
orous stirring to obtain a homogeneous gel-mixture. Then
it was transferred to a Teflon bottle, the latter being well
sealed and placed in an air oven kept at a temperature of
100°C for 48 h. The products were then filtered, washed with
water, and dried.

2.4. Preparation of the zeolite membrane by depositing of the
X-type zeolite

The preparation of the m-ZX membrane is performed
using a hydrothermal method. The clay-based membrane
support sintered at 950°C was introduced into the Teflon
bottle in a horizontal position, and then the gel previously

Fig. 1. Structure of Eriochrome Black T.
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prepared was poured into the Teflon bottle. Then it is intro-
duced into the oven for 48 h at a temperature of 100°C.
Afterwards, the formed zeolite membrane is washed with
distilled water and dried in an oven at a temperature of 60°C
overnight [14].

2.5. Characterization techniques

In this work, several physical-chemical analysis tech-
niques were used to characterize the clay and on the zeo-
lite membrane, namely: X-ray fluorescence spectrometry in
order to identify the elemental composition of the chosen
clay and Fourier-transform infrared spectroscopy (FTIR) is
carried out by dispersing clay and zeolite powders in KBr
dried at 105°C and recorded on a JASCO - 4000 Fourier
transform spectrometer in the range of 4,000-400 cm™. The
X-ray diffraction (XRD) diffractograms of clay and zeolite
were obtained using an X’PERT MPD-PRO type powder
X-ray diffractometer (XRD) equipped with a diffracted beam
monochromator and a Ni-filtered CuKa radiation source
(A = 1.5418 A). The recording of X-ray diffraction data was
done in a range of 20 =[2.5°, 50°] with a step increase of 0.02°
and t = 1 s/step [15]. Differential thermal analysis (DTA) and
thermogravimetric analysis (TGA) were conducted under air
atmosphere and within a temperature range of 25°C-900°C,
with a temperature increase of 10°C/min using SHIMADZU
60H apparatus. The need for thermal analysis lies in the
information given about the material’s behavior vis-a-vis tem-
perature change, hence the importance of these results in the
treatment and preparation of clay support. The Topcon EM
200B, equipped with energy-dispersive X-ray analysis (EDX)
was used for detecting elemental analysis of micrographs
scanned by scanning electron microscopy (SEM). This is to
examine the morphology of the zeolite membrane and the
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support on which it is deposited. Micromeritics ASAP 2010
is used to gain information about the textural characteristics
of the material, exploiting nitrogen adsorption/desorption.
Adsorption—desorption isotherms of N, were measured at
77.35 K, for the total pore volume was estimated at a pres-
sure of about 0.96 bar. The resulting parameters are calcu-
lated using the Brunauer-Emmett-Teller (BET) theory and
the Barrett-Joyner-Halenda (BJH) method, and the param-
eters obtained through this analysis are the total volume of
the pores, the diameter of the pores and the size of the pores
and the distribution of the pores, and the specific surface.

2.6. Point of zero charge

In a solution containing 100 mL of NaCl (0.001 M) and
1 mL of HCI (0.3 M), 0.2 g of the solid (X-type of zeolite or
membrane support) was added. This mixture was stirred
overnight, and another solution was prepared under the
same conditions but without adding the solid (blank solu-
tion). The pH of the solutions was measured after each
addition of a 50 uL volume of NaOH (0.3 M). In order to
determine the pHpzc, pH curves vs. the volume of NaOH
were made. The pHpzc is defined as the point of intersec-
tion between the curve of the studied solid and the curve of
the blank solution [16].

2.7. Filtration flow loop

The filtration of the Eriochrome Black T dye was per-
formed in a filtration system made in our laboratory, the
components of which are illustrated in Fig. 2. This system
consists of a feed container, a pump, control valves, pressure
gauges for pressure control, and the filtration unit where
the flat membrane is housed. The pressure is set to 1.0 bar,

Pressure gauge

3 Pressuie gauge
1 1 Controller valve
£8 8
BT ]

Housing of thz
membrane

Permeate solution

Fig. 2. Schematic representation of the frontal filtration system used at the scale of our laboratory.
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the initial dye concentration was 10* M, the measured pH
of the EBT stock solution was 8.2 (without any addition of
other reagents), the filtration was done at room tempera-
ture (25°C), and the permeate was taken every 15 min. The
samples have been analyzed by the Shimadzu UV-1240 to
quantify the concentration of the dye in the permeate.

The performance of the synthesized membrane with or
without a zeolite layer was assessed by the retention per-
centage of the dye used using Egs. (1) and (2). Eq. (2) gives
another parameter which corresponds to the flow rate,
which is defined as the movement of a fluid through a given
surface of the membrane for a period of time (f) [17].

Retention (%) = % x100 )

0

In Eq. (1) C, is the molar concentration of Eriochrome
Black T in the initial solution and C, is the molar concentra-
tion in the permeate solution in a time.

Rate Flux(D) = 4 2)

Sxt

In Eq. (2) V is the volume of the permeate (L), S is the
filtering surface (m?) and ¢ is the filtration time (h).

3. Results and discussion
3.1. X-ray diffraction analysis

The XRD analysis was done on raw and sintered clay
at 550°C (to identify the presence of kaolinite) (Figs. 3
and 4). The diffractogram of the raw clay shows that the
clay is made up of a mixture of phases, The identification
of the different phases of the clay was made on the basis of
the inter-reticular distances, the Miller indices, and position
20 as follow: quartz 4.22, (100), 20.92°; 3.32, (101), 26.7°; 2.45,
(110), 38.65°; 2.23, (111), 40.56°; 2.12, (200), 42.5°; 1.98, (021),
45.58°. Quartz diffractions were identified by powder dif-
fraction file n ° 96-900-5018. Kaolinite: 7.06, (001), 12.52°; 4.43,
(020), 19.97°; 3.65, (002), 24.31°; 3.51, (112), 25.5°. Kaolinite
diffractions have been identified via the powder diffraction
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Fig. 3. XRD of the raw clay.
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file n ° 96-900-9231. Illite: 9.96, (002), 8.8°; 4.94, (004), 17.9°;
2.55, (-131), 35.06°% 1.87, (-134), 48.65° illite diffractions
were identified using a powder diffraction file 96-900-9666.
Calcite: 3.84, (012), 23.13% 3.02, (104), 29.5° 2.48, (110),
36.17°; 2.27, (113), 39.5°; 2.08, (202), 43.29°, calcite diffrac-
tions were identified using a powder diffraction file 96-900-
0096, Vermiculite: 14.11, (002), 6.14°; 7.03, (004), 12.29°; 3.52,
(008), 25.35°, vermiculite diffractions were identified using a
powder diffraction file 96-100-0037.

The diffractogram obtained from the X-ray diffrac-
tion analysis of the prepared X-type zeolite shows that it is
indeed the desired phase, based on the characteristic peaks,
in particular: 14.4, (111), 6.2°; 8.8, (220), 10.0°; 7.5, (311), 11,7°;
5.5, (331), 15.5% 4.8, (511), 18.5% 4.4, (440), 20.1°; 3.9, (620),
22.5° 3.8, (533), 23.3% 3.3, (642), 26.7° 3.0, (733), 29.3°; 2.9,
(822), 30.3°; 2.8, (555), 30.9° (Fig. 5). The indexing of the peaks
was made on the basis of the data published by the inter-
national association of zeolite (IZA) and using the powder
diffraction file 96-150-5694.

3.2. X-ray fluorescence analysis

Table 1 shows the X-ray fluorescence elemental analy-
sis of the raw clay used in the preparation of the supports
m-S. The major oxides observed in the sample are silicon,
calcium, and aluminum, representing 72.95% of the over-
all composition of the clay. In addition, there are very low
percentages of alkaline and alkaline-earth oxides (Na,O,
K,0O, and MgO). The presence of a large proportion of iron
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Fig. 4. XRD of the calcined clay at 550°C.
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Fig. 5. XRD of the X-type zeolite.
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oxide (5.43%) explains the appearance of the red coloration
after heat treatment of the clay [18].

3.3. TGA/DTA analysis

The TGA curve in Fig. 6 shows that the clay has lost
18 wt.% (-2.443 mg) of its total mass during heat treatment
between 25°C and 800°C. This total mass loss is due to the
elimination of adsorbed water indicated by an intense peak
around 84°C, the dehydroxylation of kaolinite and illite is
indicate by a mass loss between 400°C and 700°C, and the
decomposition of carbonates is found at a temperature of
768°C. Likewise, the DTA curve (Fig. 6) shows four endo-
thermic peaks: two are intense peaks and two are of low
intensity. These are responsible for the phenomena observed
in the TGA analysis, namely the elimination of moisture
from the water (intense peak at 84°C), dehydroxylation of
kaolinite and illite (low intensity at 400°C and 531°C) and
decomposition of carbonates (intense peak at 768°C) [19,20].

3.4. Infrared (FTIR) analysis

Fig. 7 shows the FTIR spectrum of the natural clay used
in the preparation of the supports m-S. The recorded spec-
trum presents two bands of 3,643 and 3,482 cm™ attributed
respectively to OH stretching vibration of the AI-OH and
Si-OH of the clay fractions and to the stretching vibra-
tion of the OH group from interstitial water between the

Table 1
Oxides composition of the raw clay obtained by XRF analysis

Oxides % mass
SiO, 47.97
ALO, 13.2
CaO 11.78
FeO, 5.43
MgO 242
K,0 1.63
TiO, 0.71
Na,0 1.33
P,0; 0.09
Mn,O, 0.07
SO, 0.44
Texo -

100 <

- 20

90 -

Weight (%)
Heat flow (uV)

85 - | o

20 T T T L]
o 200 400 600 o0
Temperature (°C )

Fig. 6. TGA/DTA curves of the raw clay.

layers of the clay. The band of 1,680 cm™ is attributed to the
water adsorbed on the surface. The bands noted at 1,470
and 730 cm™ are attributed, respectively, to the deforma-
tion and stretching vibrations of carbonates (CaCO,). The
band appeared at 1,025 cm™ corresponds to the stretching
(in-plane) vibration of the Si-O-Si bond [21]. The bands
appearing at 490 and at 515 cm™ are both attributed to the
deformation vibrations of the Si-O bond [22].

Fig. 8 shows the FTIR spectrum of the prepared zeolite,
characterized by a broad band at 3,440 cm™ and a band at
1,650 cm™ corresponding to OH stretching and bending
vibration modes of the water molecules adsorbed by the zeo-
lite, respectively. On the other hand, the band appearing at
1,001 cm™ is attributed to the asymmetric stretching vibra-
tions of the bridge bonds v_ Si-O(Si) and v, Si-O(Al) [23].
Other significant bands were noticed at 554 and 665 cm™
and they are attributed to symmetric stretching vibrations
of bridge bonds v, Si-O-Si, and to symmetric stretching
vibrations of bridge bonds v_Si-O-Al, respectively. The
weak band observed at 462 cm™ is attributed to internal
vibrations of Si-O [24,25].

3.5. SEM analysis

SEM is used to examine the morphology of the sur-
face and the shape of the crystals obtained, as well as the
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Fig. 7. Infrared analysis of the raw clay material used in the
preparation of membrane support m-S.
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Fig. 8. Infrared analysis of X-type zeolite.



234 A. Tahiri et al. / Desalination and Water Treatment 284 (2023) 229-239

deposition of these crystals on the entire surface of the mem-
brane support. Fig. 9 shows the selection of images under
the SEM microscope coupled with EDX. The image in Fig. 9a
is for the membrane support sintered at 950°C, Fig. 9c for
the X-type zeolite powder, and Fig. 9d for the composite
membrane.

The micrograph in Fig. 9a of the membrane support
shows many pores with various sizes ranging from macro
to micro sizes. It is also noted that the surface of the support
is homogeneous and flawless because there are no agglom-
eration or cracks observed. The micrograph in Fig. 9c shows
an SEM image of the X-type zeolite confirming the pres-
ence of small crystals of variable octahedral size between

1.47 and 2.08 um. Fig. 9d represents the morphology of the
zeolite membrane elaborated by the hydrothermal method.
The presence of zeolite crystals was noticed inside the
pores as well as on the surface of the flat disc supports [26].
The results of the semi-quantitative EDX analysis on
the m-S membrane, X-type zeolite and m-ZX membrane are
shown in the spectra presented in Fig. 9b, e and f, respec-
tively. The percentages by weight of the oxides forming the
prepared zeolite are as follows: silicon oxide (48.38%), alu-
minum oxide (35.76%), and sodium oxide (15.86%). On the
other hand, the percentages by weight of the two chemical
compositions of the m-S and m-ZX membranes clearly show
the presence of silicon oxide (42.46%), aluminum oxide
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Fig. 9. SEM micrographs and EDX analysis of the clay support (a,b), X-type zeolite powder (c,e), and composite membrane (d,f).
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(16.13%), and calcium oxide (23.73%) as the main elements
for m-S, as well as silicon oxide (42.59%), aluminum oxide
(21.22%), and sodium oxide (5.64%) as the main components
of the m-ZX composite membrane. This shows that there is a
significant increase in the weight percentages of silicon oxide,
aluminum oxide, and sodium oxide in the m-ZX composite
membrane compared to the m-S membrane support due to
the deposition of the zeolite layer, in contrast, a reduction
in the percentages of other oxides of Ca, Fe, and Mg.

3.6. Adsorption/desorption of nitrogen (N,) analysis

Fig. 10 shows the nitrogen adsorption/desorption anal-
ysis of raw clay powder, the membrane support with
d < 80 um and sintered at 950°C, X-type zeolite powder and
m-ZX membrane. The adsorption desorption parameters
were grained using the BET theory and the BJH algorithm.
According to the IUPAC’s hysteresis classification, the fun-
damental isotherms are classified as type IV with a d-Loop
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and H.-type hysteresis. It is concluded from these results
that these solids are mesoporous. In Table 2 are given the
surfaces areas, the total pore volume and the pore diameter
of the materials studied [27]. By Comparing the specific sur-
faces of the materials, the surface of the zeolite has a large
surface area of 316.95 m?g™ compared to the other materi-
als. The surface decreases from 12.1751 to 0.7655 m*g™ when
moving from the clay powder to the membrane support
because of the consolidation between the grains at 950°C.
The same reasoning applies to the decrease in the total pore
volumes from 0.030684 to 0.002960 cm*g™ and the increase
in pore diameters from 96.7859 to 122.1971 A. The surface of
the m-ZX membrane was 3.3995 m*g™, greater than that of
the support (0.7655 m>g™), which is due to the deposition of
the zeolite layer on the surface and in the pores of the sup-
port. The same reasoning applies to the increase in total pore
volumes from the membrane support m-S to the composite
membrane m-ZX, which have 0.002960 and 0.015226 cm®g™,
respectively. This indicates that the deposition of the
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Fig. 10. Nitrogen sorption of raw clay (a), membrane support made from clay d < 80 um (b), and X-type zeolite powder (c),

and m-ZX membrane (d).
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zeolite on the support could further influence the filtration
of the dye by reducing the size of the pores of the membrane
support from 122.1971 to 68.9862 A (Fig. 10).

3.7. Point of zero charge (PZC) of m-S and X-type zeolite

Since it provides information about the surface charge
of the membrane, the pH of pzc (pHpzc) is a crucial param-
eter in membranes filtration, Fig. 11 shows the pHpzc of
m-S and X-type zeolite. The curves represent the variation
of pH vs. volume of NaOH added for the blank solution and
the solution that contains the solid. The point of intersec-
tion between the curve of the solid analyzed with the curve
of the blank solution corresponds to pHpzc. The pHpzc
of m-S and X-type zeolite are 8.77 and 10.20, respectively.
Therefore, the surface is negatively charged for higher pH
values compared of pHpzc of the analyzed solid. While for
pH below 8.77 and 10.20 the surface is positively charged
for m-S and X-type zeolite, respectively. Since EBT filtration
is greater in membranes which have positively surfaces.
Because EBT filtration is more effective on membranes with
positively charged surfaces, filtrations are carried out at a
pH lower than the pHpzc of the two membranes. In addi-
tion, the pH of the dye solution measured during filtration
were found to be around 8.20, so that the surfaces of m-S
and zeolite are positively charged.

Table 2

Structural parameters of adsorption/desorption isotherms of
N, on raw clay (d < 80 um), membrane support, X-type zeolite
(powder), and m-ZX membrane

Materials Sper (m*g™)  Vp (em’g™) dp (A)
Raw clay 12.1751 0.030684 96.7859
Membrane support  0.7655 0.002960 122.1971
X-type zeolite 316.9507 0.150153 19.7127
m-ZX membrane 3.3995 0.015226 68.9862
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3.8. Calibration of the spectrophotometer UV/Vis for Eriochrome
Black T

Fig. 12 represents the UV visible spectrum of the
Eriochrome Black T solution, a characteristic band in the
visible region located at 530 nm. This band was used for
the determination of the corresponding concentrations of
the permeates of the EBT dye. An external calibration curve
of the spectrophotometer, is made using series of solutions of
EBT dye ranging from 10* M to 10° M.

3.9. Water flux permeability for the clay support, membrane
type-X zeolite

Water permeation tests were performed on clay supports
with the two chosen granulometries (80 um < d < 160 pm
and 4 < 80 pm) in order to select the appropriate granulom-
etry and the most efficient support for the deposition of the
zeolite layer.

Abs
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Fig. 12. UV-Vis absorption spectra of the EBT (pH = 8.2).
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Fig. 11. pHpzc of membrane support m-S (a) and X-type zeolite powder (b).
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Fig. 13a depicts the fluxes of the two supports as a func-
tion of time. After 15 min, the fluxes of the supports begin
with the values of 1,018 and 1,272 Lm=h™. For supports
of d <80 um and 80 pm < d < 160 um the values decrease
as a function of time until reaching the values of 424 and
480 Lm=-h7, respectively. After 3 h, the fluxes are almost sta-
ble, and final values of 410 and 471 Lm>h" are obtained for
supports d < 80 pm and 80 pm < d < 160 pum, respectively.
It is concluded that the support made from clay powder of
granulometry less than 80 um can be considered as the most
suitable for filtration because the other support has a remark-
able high permeation of water, resulting in large pores,
which makes the membrane less efficient for filtration.

Fig. 13b shows the water flux on the membrane com-
posed of the clay-based support and the layer of X-type
zeolite. The result of the test shows that the flux decreases
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as a function of time, from which it begins with a value of
380 Lm=h and, after 3.5 h, it reaches a value of 240 Lm=h".

By comparing the water flux obtained with the clay sup-
port and that obtained with the m-ZX membrane, the lat-
ter has an extraordinary effect; its flux is reduced by about
3 times compared to the clay support made from grains with
diameter less than 80 um. This implies that the deposition
of the zeolite has an important role in reducing the pore
size of the support.

3.10. Filtration through m-S with and m-ZX membrane
(d <80 um)

The performance of the membrane in relation to the fil-
tration of the EBT dye has been studied in order to reinforce
the results obtained with regard to the filtration of water
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Fig. 13. Water flux variation vs. filtration time for the two supports made from d < 80 um (a) and 80 um < d < 160 um granu-

lometries, composite membrane (m-ZX) (b) (d <80 um, P =1 bar).
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Fig. 14. EBT flux variation vs. filtration time for m-S (a) and m-ZX membrane (b) (4 <80 um, P =1 bar).
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Fig. 15. EBT percentage of retention vs. filtration time on m-S (a) and m-ZX membrane (b) (4 < 80 um, P =1 bar).

on the zeolite membrane. Fig. 14 shows the evolution of
flows as a function of filtration time. The fluxes obtained
after the first 15 min are 771 and 189 Lm>h! of the bare
membrane support and with the zeolite layer, respectively.
There is also a significant decrease of about 50% of the ini-
tial flux of the support alone and 40% for the m-ZX mem-
brane after 3.5 h of filtration before the clogging of the two
membranes. This could be attributed to the deposition of
the zeolite, which reduces the size of the pores and the
size of its own channels.

3.11. Retention of EBT on m-S and m-ZX membrane (d < 80 yum)

Fig. 15 illustrates the evolution of the percentage of EBT
retention as function of the filtering time for both membranes
(m-S and m-ZX). For the support, the filtration reaches
a retention of 20% after 60 min, while in the same period,
the composite membrane reaches a retention of 45%. The
maximum retention values corresponding to saturation are
38% and 69% for m-S and m-ZX, respectively. These values
were marked after a filtration period of 3.5 and 2.67 h for
the first and second graphs, respectively. It should be noted
that the maximum retention of m-S was achieved by the
second membrane before 45 min of filtration.

4. Conclusion

In the present paper, X-type zeolite was successfully
synthesized by the hydrothermal route. The verification of
the obtained phase was identified by XRD, SEM/EDX anal-
yses. In addition, membrane supports were prepared from
a clay with grains’ size is less than 80 um, composed essen-
tially from kaolinite, illite, vermiculite, calcite, and quartz.
The use of starch as a porogen agent, helped in increasing
the porosity of support, but produced pores with less effec-
tive diameters for filtration. While the use of the zeolite
layer deposited on the support and inside its pores had a
significant impact on filtration. This is proven by the results
of the performed analyses, which showed an improvement

of approximately 60% of the initial flux permeability and
an improvement of the percentage of EBT dye retention
of about 26% compared to that of the membrane support
alone. Hence, the filtration method on the composite mem-
brane based on clay and X-type zeolite can be used as an
alternative ecological method to remove dyes from water
environment. The mechanism that explains the behavior of
the membrane during filtration could be attributed to the
size of the pores and the size of the dye without neglect-
ing the role of the adsorption of the dye on the membrane
because of the difference between the charge on the mem-
brane surface and the charge of EBT. On the other hand,
an additional study will be essential to the improvement
of the retention capacity of the EBT dye and of the factors
influencing the retention of this dye, such as the pH and
the temperature of the solution, and the choice of another
type of layer to be deposited on the support.
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Fig. S1. UV-visible spectra of Eriochrome Black T solutions,
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