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ABSTRACT

The faujasite Y is a zeolite of large-pores with remarkable properties. It knew broad applications and was
used in many industrial processes. In this study, it is prepared by crystallization of the gel resulting from the
combination of the silica solution and that of the alumina. Its structure was characterized by XRD, SEM, BET, ATR-
FTIR, and by elementary analysis. It is used in organic depollution for removing of methylene blue by the technigue
of membrane treatment. The membranes are made from a biodegradable polymer, cellulose acetate and another non-
biodegradable polyvinyl chloride, serving as a matrix and containing different percentages of faujasite Y. The
composite films obtained behave like filters and were used for removing of the methylene blue of the aqueous
solutions. The filtrates obtained are analyzed by UV. The obtained results show the existence of a selective retention

for the selected polymers. Retention in general increases with increasing faujasite Y concentration.
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1. INTRODUCTION

Zeolites are porous materials with many elaborate forms (Barrer, 1978; Dyer, 1988). They belong to the
family of hydrated aluminosilicate minerals (Jacobs, 2001) and have been used in the development of membranes of
a mixed matrix. The polymer matrix membrane is a membrane made of a polymer interphase and provided with
selective permeability to certain chemical species. Membrane processes, which have been used for a few years in
industry (food processing, desalination, etc.), tend to develop at present in organic and mineral depollution (Erdem,
2008; Petrus, 2003) and the principle consists in filtering a solution through a membrane that stops certain molecules
and lets others pass. This selection can be explained either by Pores size’s pores, or by criteria of affinity between
molecules or ions and the membrane. Therefore, the filtration of liquids containing these ions is one of the depollution
methods used in the filtration and elimination of pollutants (Kaya and Oren, 2006). The studies that have used zeolite
membranes for the applications of separation or liquid phase depollution are not very numerous. Faujasite Y zeolites
were used for the development of membranes on an alumina tubular substrate and used for desalination of water, so
they were able to obtain a salt with a high rate of retention and which is estimated at 90 % (Zhu, 2015). Another
group of researchers used a technique of growth of flow out of water to synthesize the membrane of faujasite zeolite
and to use it in in Cr (Il1) removal. The elimination rate is estimated at 95% (Covarrubias, 2008). In another
development, the similar type of membrane was applied for protein separation and the efficacy of this technique was
evaluated at 82% (Kumar, 2015). Removal of metal ions by the membranes resulted in retentions about 86% (Jansen,
2001).

Among the available processing techniques for the displacement of metal ions on site: precipitation,
coagulation-flocculation, only these techniques are less effective in reducing ionic concentrations to standard levels
however, other techniques such as: lon exchange, electrochemical treatment, adsorption, filtration and reverse
osmosis provide good reductions in ionic concentrations (Basumatary, 2016), but which in most cases are very
expensive. Necessity requires the development and development of more economical and efficient processes for
removal of metal ions contained in aqueous solutions and which can be conducted at ambient temperatures while
ensuring better selectivity (Qin, 2002).

The membrane treatment method is economical, profitable and uses materials that have adsorption
characteristics such as zeolites (Dyer, 1988; Nibou, 2010). The increasing application of porous materials is due to
their physico-chemical characteristics (Nibou, 2010; Amokrane, 2007).

The purpose of this work is to test one of the applications of zeolite, according to the synthesis of membranes
(Leclerc, 1993; Basumatary, 2016) based on polymers reinforced by the zeolite, in order to use them for the organic
depollution, because the membranes of the zeolites are promoters because of their unique characteristics such as high
separation factor; when also find in the faujasite Y (Qin, 2002; Nibou, 2010).
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In this work, we study the preparation of zeolite of the faujasite Y type and its role in the preparation of
biodegradable and non-biodegradable polymer matrix membranes which will be used for elimination of the traces as
methylene blue contained in aqueous solutions. (Kusakabe, 1997; Huang, 2012; Zhu, 2009; Wang, 2013).

2. EXPERIMENTAL PROCESS

Preparation of the Faujasite Y: The used composition of the faujasite Y is: 5 NaOy; 1 Al,O3; 10 SiO; 120 H20, it
is prepared by the process of gelling and crystallizing of the gel resulting from the combination of the source of silica
(silicon oxide « Merck 98% »)) and that of alumina (aluminum hydroxide « Riedel-de Haen 65% »), dissolved with
an alkaline solution (NaOH « Aldrich 98% »). The gel obtained is mechanically stirred for 3 hours in a polypropylene
container. The hydrogel obtained was put in an ultrasonic bath (25 + 1°C.) for duration of 3 hours (ultrasonic
frequency: 40 kHz). The product recovered by filtration was then washed with demineralized water (pH = 5.59) and
dried at 100°C during 24 hours then calcined for 6 hours at 600°C.

Preparation of Membranes: The method employed to prepare composite films of membranes polymer/zeolite is
the solvation pathway. The polymer and the zeolite are dissolved separately in a proper solvent under constant
mechanical stirring and at ambient temperature. The two solutions are then mixed with stirring for 30 minutes. The
mixture is then spread on a glass surface (20 x 20 cm). After evaporation of solvent, a film is formed which can
easily be removed from the glass surface. The two polymers used are polyvinyl chloride and cellulose acetate and
their respective solvents are tetrahydrofuran (Fluka 99%) and acetone (Biochem Chemopharma 99.78%). The mass
percentages out of faujasite mixed with the polymers are the following: 10%, 25% and 50% based on total weight
polymer’s. The faujasite used in the preparation of membranes was manually ground and sieved using a 45 um mesh
sieve and the thickness of the membranes thus prepared for removing of organic pollutants is between 0.03 and
0.04 mm.

The membranes prepared are then tested for their depollution effects of aqueous solutions containing

methylene blue (BM).
Characterization Techniques: The qualitative elementary analyzes of faujasite have been applied by dispersive
analysis in wavelength using an apparatus of x-ray fluorescence X PHILIPS MagiX. Surface morphology of zeolite
was observed by PHILIPS XL FEG microscope. Few milligrams of the solid sample are deposited on an adhesive
patch fixed on the sample holder and then metalized (10 to 20 nm of gold) by cathodic sputtering.

The powder diagrams were recorded on a STOE STADI P diffractometer equipped with an anticathode
copper tube (40 kV, 30 mA), a front monochromator (crystal curve of germanium cut according to the family of
planes (111)) allowing to select copper Kal radiation (A = 1.5406 A) and a linear detector PSD (Position Sensitive
Detector). The acquisitions are done in Debye-Scherrer mode at ambient temperature on the ground sample and
placed in a Hilgenberg capillary 0, 3 mm in diameter.

ATR-FTIR spectroscopy using a Perkin Elmer spectrum 2000 equipped with diamond cell, spectrum was
obtained by 16 scans experiment with a 4 cm™ resolution.

The adsorption and desorption isotherms of N, for the measurement of the surface area carried out by an
automatic apparatus Micro active for TriStar 1l Plus at temperature of liquid nitrogen (77K).

To analyze the filtrates containing traces of the methylene blue dye, the UV-Visible spectrophotometer of
SHIMADSU UV-1650C of double beam (Japan) was used.

The morphology and the distribution of the pores of membranes observed using scanning electronic
microscopy of the FEI brand and of the Qanta 250 type with a tungsten filament.

3. RESULTS AND DISCUSSIONS
Characterization of the Faujasite: The powder diffractogram (Fig.1) showing the characteristics of Faujasite phase
without other identifiable phases. These results are compatible to those reported in literature (Traecy, 2001) after
indexing the DRX (hkl) models corresponding to the phase of faujasite Y.
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Figure.1l. DRX of the faujasite Y
Fig.2, shows that faujasite Y presents two types of crystals because two morphologies can be observed: heaps
of crystals of octahedral shape, the individual size of which is of the order of half a micron and heaps of very small
crystals whose size is less than 50 nm.
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Figure.2. SEM of the faujasite Y

Scanning electron microscope observations also show the presence of structure spotted of aggregates of

Y-faujasite grains of heterogeneous dimension, the interstices between the grains form pores. For a higher
magnification (from 2 um to 10 um) (Fig.2), we notice large cavities of irregular shape.
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Figure.3. Spectrum of elements present on the outer surface of faujasite Y by EDX (rays energy dispersion)
Some platelets were also noticed, and spectrum EDX (Fig.3) shows that these constitute Al, Si, Na,
Cand O.
The results of analyzes by EDX are given in table.1, show that faujasite Y has a high percentage of oxygen,
about 44.47%, followed by silicon 29.22% and aluminum with 9.76%.

Table.1. Mass Percentage of faujasite, using energy dispersion of X-ray (EDX).
Elements | Weights % | Atomic %
O] 44.47 56.71
Na 16.55 14.69
Al 9.76 7.23
Si 29. 22 21.37
Total 100.00 100.00

The Si/ Al molar ratio is 2.99 and the Al / Na molar ratio is 0.59. This analysis is consistent with a Y -type
faujasite (Mohamed and Ezzat, 2015; Wolfgang Lutz and Zeolite, 2014).

These results confirm those found by chemical analysis by fluorescence which was quantitatively treated
with the FLS-QCX software which also revealed the presence of these elements in the form of oxides and which are
given in table.2.

Table.2. Chemical analyzes of faujasite (Weight %).
Element Al,O; | SIO; | Fe:O3 | CaO MgO | K:O Na,O | SO; Cl
Faujasite Y | 38.21 | 11.36 | 0.36 3.05 1.19 0.31 7.87 0.05 0.02

Figure.4. ATR-FTIR spectrum of the faujasite Y

Fig.4, shows spectrum FT-IR of the zeolite elaborated faujasite Y. The bands lying between 500 and
1500 cm™ are due to the vibrations Si-O-Al, Si-O-Si, Si-O, Si-Al (Breck, 1974). The bands located from 3750 to
3450 cm™ are attributed to the Si-OH, Si-OH-Al and the OH hydroxyl groups bonds OH (Nibou, 1999).

The surface specific of faujasite is estimated from the quantity of nitrogen adsorbed in relation to its pressure
at the boiling point of liquid nitrogen and normal atmospheric pressure. The information is interpreted according to
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the model of BET theory and gave a value of a specific area estimated at 10.7694 + 0.0966 m2/g, an adsorbed
quantity estimated at Qm: 0.11039 mmol / g and an area of a molecular cross-sectional zone equal to: 0.1620 nm?,
The experimental results of this analysis are mentioned in table.3.

Table.3. Results of the BET analysis

Relative Pressure (P/Po) Quantity Adsorbed (mmol/g) | 1/[Q(Po/P - 1)]
0.006181837 0.05493 0.11324
0.012217748 0.06631 0.18653
0.027038055 0.054900317 | 0.08065 0.34457
0.061413899 0.074863799 | 0.09563 0.60746
0.099772002 0.112319882 | 0.09842 0.66485
0.124793806  0.149664715 | 0.10341 0.78255
0.162407906 0.175027112 | 0.11094 0.99897
0.181275622 0.11435 1.10650
0.11752 1.21332
0.12299 1.43111
0.12573 1.54215
0.12825 1.65425
0.12954 1.70923

Characterization of Membranes:
SEM analysis of Membranes: Analysis by Scanning electron microscope shows that the distribution of the pores
in the state of the matrix membrane elaborated in polyvinyl chloride (PVC) is clear whose predominant shape is
circular, and their sizes are larger than that prepared from cellulose acetate(AC), whom we could not determine their
sizes of pores until after the increase in the accelerating tension (accelerated the primary electron beam): from 5 kV
to 10 kV (the porosity in this case is hidden because surface of membrane is Smooth), where:
e PVC membranes: on a 100 um scale and for a magnification of 500 times, the pore size varies from 106.4
um to 162.0 um. (Figure 5a).
e AC membranes: on a 20 um scale and for a magnification of 4000 times, the pore size varies from 110.2 pm
to 132.6 um. (Figure 5b).
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Figure.5. SEM of blank membranes (a). in PVC (b). in AC
Several images acquisitions were analyzed on surface of samples in several zones and with several
enlargements to underline the surface porosity of the two types of membranes, first blank and without addition of
the zeolite, thus a possible estimation on the dye retention parameters on both types of membranes.
The addition of the different percentage of the zeolite (faujasite Y) to the membranes in the state of composite
membranes increases the porosity of latter in both cases. (SEM images are mentioned after membrane treatment).
Removal of the dye by the Membranes:
A-Preparation of the Mother Solution of the Dye: The mother solution was prepared with an initial concentration
of 2.5x 10°°mole/l, and from this stock solution, daughter solutions were prepared to plot the dye calibration curve
(methylene blue solutions have a pH of about 6.15) and the table.4, shows the variation of the absorbance according
to the concentration;

Table.4. Variation of Absorbance as a Function of Concentration for Different Solutions of Methylene Blue

Concentrations of daughters | Volume taken from the | Volume of H,O | Absorbance of
solutions | solutions (mole/l) mother solution in ml to adjust to 50 ml | methylene blue
1 0 0 50 0
2 1.5*10° 30 20 1.103
3 1.75*10° 35 15 1.368
4 2*10° 40 10 1.601
5 2.25%10° 45 5 1.878
6 2.5*10° 50 0 2.107
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The equilibrium (Ce) concentrations of methylene blue are determined from the UV absorption, at the
wavelength ARmax = 663 nm.

The linear regression of calibration curve indicates the following correlation factors:

A =81181*C avec R? = 0,991 with ¢ = 81181 L.molt.cm™.
B- Membrane Treatment: As explained above, we filter a volume of 30 ml of initial deconcentration equal to 2.5x
10° mol/l of mother solution containing the coloring through the composites membranes; in polyvinyl chloride /
faujasite Y and cellulose acetate / faujasite Y separately. The obtained filtrates are analyzed by UV to determine the
removal capacity of the dye on the two composites membranes. The procedure is repeated until saturation of the
membrane. The filtration is applied with pressure (about 12 bars) at ambient temperature (21°C.) and the absorbance
of mother solution is A = 2.107.

The obtained results for the final concentrations of filtrates are indicated in the following tables.5 and 6.
Figure.6, presents the graphs states that there is filtrates according to number of filtration.
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Figure.6. Filtration number graphs on the basis of the final concentrations on the membranes
(a). of PVC (b). in AC
We notice with reference to the two preceding graphs a progressive and rapid decrease in the first case,
which reaches a final concentration equal to 1.80 x 10° mol / | at the last state of saturation of the membrane, and
the same slow decrease is noticed in the second graph.

()
Figure.7. SEM of membranes
The following figures present the SEM cliches of the membranes in the following cases:
¢ PVC membranes (Figure 7a) and AC (Figure 7b) after membrane treatment.
o Composite membranes of PVC / faujasite Y and AC / faujasite Y before saturation after membrane treatment
(25% (Figure 7¢) and 10% (Figure 7d), respectively).
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e Composite membranes in PVC / faujasite Y and in AC / faujasity Y in the state of saturation before and after
membrane treatment (50% (Fig.7e, 7f) and 25% (Fig.7g, 7h), respectively).

e The membranes produced in PVC (7a) and in AC (7b) in the blank after membrane treatment or precisely
after adsorption of methylene blue shows that there is a constriction of the pores by comparing the latter with
those that are distributed in the membranes that are blanked without membrane treatment (Figure.5 (a) and
(b)), which can be explained by the accumulation of this dye in these pores, except that the decrease in pore
size in the case where the membranes are made of PVC is more significant compared to those developed in
AC since their surface porosity (PVC is higher than that of the AC).

o Composite membranes developed in PVC / faujasite Y and in AC / faujasite Y before their saturations after
membrane treatment (25% (7c) and 10% (7d) respectively) allowed us to notice that the addition of certain
percentages of zeolite increases the porosity distributed in both cases given the physico-chemical properties
of this added porous material which leads to a high elimination of the methylene blue by comparing it with
the previous case.

e The composite membranes of PVC / faujasite Y and AC / faujasity Y in the state of saturation before and
after membrane treatment (50% (7e, 7f) and 25% (79, 7h) successively) always states that there is an increase
in distribution of the pores, hence an elevation in the percent retention of the pollutant, except that the
saturation state of these composite membranes is not the same in the two case: removing of dye in the
membranes prepared with PVC is of great interest because of their Physical and chemical properties
compared with those prepared using cellulose acetate since the pores of the acetate are rapidly saturated and
can only remove a minor amount of dye.

All these notes correspond to the experimental values found in (Table.5 and 6), analyzing every time obtained
filtrates by UV to know the dye removal capacity.
Table.5. Results of adsorption of the dye on membranes made of polyvinyl chloride.

Membrane Number of | Absorbance of | Final concentration in

filtrations | methylene blue | BM filtrates (mole/l)
pvec 5 1.774 2.10 x 10
pvc/faujasite 10% | 5 1.665 1.975 x 10°
pvc/faujasite 25% | 3 1.580 1.87 x 10°
pvc/faujasite 50% | 1 1.522 1.80x 10°

Table.6. Results of adso

rption of the dye on the membranes made of cellulose acetate

Membrane Number of | Absorbance of | Final concentration in
filtrations | methylene blue | BM filtrates (mole/l)

a.c 4 1.989 2.36 x 10

a.c/faujasite 10% | 3 1.965 2.33x10°

a.c/faujasite 25% | 1 1.950 2.31x10°

a.c/faujasite 50% | / / /

With reference to the obtained results, we noticed the existence of a selective retention for the polymers used,
but the retention is greater with membranes made from polyvinyl chloride than with membranes made with cellulose
acetate. It is found that membrane retention is proportional to the faujasite concentration and that the composite
membranes are more efficient in removing the organic dye (BM).

This efficiency is related to the capacity of zeolites to adsorb the pollutants.

This selection can also be carried out either by Pores size’s pores or by affinity criteria between the molecules or the
ions and the membrane;

e The size of the pores of the matrix (PVC and AC).

e The nature of the interaction with the matrix:

* Interaction with chlorine in the state of polyvinyl chloride.

* Interaction with oxygen in the state of cellulose acetate, many OH groups are trapped by inter-chain
hydrogen bonds.

Finally, it concluded that organic depollution is better with membranes made out of polyvinyl chloride
because of their more interesting physicochemical properties compared to membranes prepared using cellulose
acetate. The pores of the acetate are in fact rapidly saturated and have eliminated only a minor amount of the dye.

4. CONCLUSION

In this manuscript, we have described all the steps involved in the preparation of the zeolitic faujasite Y type
and its characterization with different methods of analysis and its use as a decontaminating material. Removal of this
pollutant was carried out on mixed matrix membranes containing this synthetic faujasite as a microporous charge.
This work is the first to use such a technique and has allowed to deepen knowledge on this type of materials whose
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characterization suggests prospects for the development of other structures of membranes more specific and more
effective.
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