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ABSTRACT

The present study aims to synthesize a hybrid thin film with sol-gel process via dip-coating and
spin-coating techniques. Prepared films are used in the elimination several pollutants using the
photodegradation process. Used films are prepared by mixing polyvinyl chloride (PVC)/hydro-
phobic-modified clays (Hc). First, we modified natural bentonite (Bt) and sodium montmorillonite
(Na-Mt) with a surfactant cetyltrimethylammonium bromide. incorporation of methylene blue (MB)
as photosensitizers into Hc was realised with different percentage of hydrophobic clay/photosensi-
tizers at ambient temperature and optimum pH for 3 h. Secondly, the PVC/modified clay thin films
were elaborated with sol-gel technology, using two techniques for deposition: Dip-coating in dimeth-
ylformamide and spin-coating in tetrahydrofuran. We modified some parameters such as weight ratio
polymer/modified clay, number of dipper, rotational velocity, viscosity of polymer solution, rotation
time and ramping —up rate for optimum conditions. Prepared films are characterized by X-ray dif-
fraction, scanning electron microscopy-X-ray fluorescence and Fourier-transform infrared spectros-
copy, the obtained results show the good insertion of MB into different support. The deposition on
PVC increase the distance basal of materials. The efficiency of our prepared films was evaluated
through the degradation of some dyes such as tartrazine (TR) and methyl orange (MO), using pho-
toreactor upon irradiation with visible light and air injection. The obtained results show a signifi-
cant efficiency of the films in the degradation of MO and TR. The TR degradation yields obtained
vary from 72% to 76% for films containing 5% MB, and a yield close to 99% for the degradation of MO.

Keywords: Photodegradation process; Sol-gel films; Spin-coating technique; Dip-coating; Photo-
sensitizer; Organoclays; Polymer-clay hybrids

1. Introduction The majority of these infrastructures use large quanti-
ties of water, which subsequently leads to a large contami-
nation of these waters by organic contaminants harmful to
human health and the environment.

Industrial development has grown exponentially in sev-
eral areas such as pharmaceuticals, textiles, paints and var-
nishes, etc.
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In order to avoid the dispersion of these contaminants
into the environment, it is imperative that wastewater be
treated by physical or chemical means.

Among the physical processes, clays have attracted
the interest of researchers and have proven their incompa-
rable effectiveness in the decontamination of wastewater
with its good adsorption capacities [1-4]. The most effec-
tive species used in water purification is natural bentonite
and sodium montmorillonite, but their fine size less than
2 um restrains its applications in the treatment of industri-
als effluents, because it necessary required an others treat-
ment for separate the clays from water such as flocculation
or high speed centrifuging. However, porous granular clay
[5], porous beads [6] and immobilisation of clays on dif-
ferent supporting materials such as polymers [7-9] are
considered a solution to remedy this difficulty.

Polymeric supporting are relatively easy to synthe-
sise, use and flexibility. Nevertheless, polymers must have
required certain performance as excellent stability and mis-
cibility with clays. In some cases, clays need to be altered
in order to make miscible with polymers. For example, the
immiscibility of clays with hydrophobic polymers, namely
polystyrene, polyvinyl chloride (PVC), polyethylene, poly-
propylene, etc., can be corrected by treating clays with
surfactant. Research on polymer clay composites and nano-
composites has been motived by Toyota in the early 1990s
when discovered nylon-6-clays hybrids [10]. Since that time,
innovative research in this field has exploded. One of the
most applications of polymers clay hybrids is the removal of
organic pollutants from water [11-14]. The majority of these
works used the adsorption capacity of clays for the removal
of contaminants.

Another process for treatment of wastewater is the pho-
tosensitization by generation of singlet oxygen. This process
involves a photosensitizers using visible light in the pres-
ence of O,. The photosensitizers is supported on the clay, the
observed phenomena will be adsorption-photodegradation
of pollutants [15,16]. The clays are used as immobilising mate-
rial due to their large surface area and chemical stability [17].

The objective of the study is (1) to elaborate new PVC/
modified clays/photosensitizer hybrid thin film with sol-
gel technology, (2) and application in photodegradation of
some dyes.

Tartrazine (TR) and methyl orange (MO) were chosen
for the present research as a model pollutant dye. Tartrazine
called by other names included E102 (EFSA), FD&C Yellow
5 (FDA-U.S. Food and Drug Administration, FDA) or C.I.
19140 (Color Index International). it is certified as a col-
orant by FDA for its use in food, drugs and cosmetics.
Tartrazine’s chemical name is trisodium-5 hydroxy-1-(4-sul-
fonatophenyl)-4-(4-sulfonatophenylazo)-H-pyrazole3-car-
boxylate and incorporates azo bonding (-N=N-) in its form.
Its chemical structure is presented in Fig. 1.

Methyl orange (MO) is an anionic dye preferred
International Union of Pure and Applied Chemistry name
sodium 4-{[4-(dimethylamino)phenyl]diazenyl}benzene-
1-sulfonate. MO is one of the very common water-soluble
azo dyes (commonly known as a pH indicator) that is exten-
sively used in several industries including the textile, paper,
printing, and food industries and mostly discharged in indus-
trial wastewater. Its chemical structure is presented in Fig. 2.

Here, the choice of tartrazine and methyl orange as the
target pollutants, because of its difficult biodegradability.

2. Experimental section
2.1. Materials

The natural clay bentonite (Bt) used in this study was
sampled from mining site in Maghnia located in the west
of Algeria. The principal characteristic was previously cited
[18,19]. Sodium montmorillonite (Na-Mt) with a cation
exchange capacity CEC = 78 meq/100 g was prepared from
natural bentonite [20]. The cetyltrimethyl ammonium bro-
mide (CTAB), the dimethylformamide, the tetrahydrofuran,
the methylene blue (MB), the tartrazine and methyl orange
were used without prior purification. The polyvinyl chlo-
ride (PVC) used with M, = 62,000 g/mol, M = 35,000 g/mol
from Aldrich Company (United States).

2.2. Methodology

2.2.1. Preparation of modified organoclay with
photosensitizers

The organo-bentonite and organo-montmorillonite,
noted CTA-Bt and CTA-Na-Mt were prepared by dispers-
ing an amount of clay with CTAB in Milli-Q water. After
purification and drying of powders, the methylene blue
(MB) was inserted on the surface of the powders at differ-
ent percentages (0.5%, 1%, 5%, 10%, 15%, 20%, 25%, 30% and
35% of MB). Prepared powders were noted as % MB-Bt, %
MB-CTA-Bt and % MB-CTA-Na-Mt.

All the synthesis procedures were described in our
subsequent work [21].

2.2.2. Elaboration of the hybrid material PVC/hydrophobic
modified clay with dip-coating deposition

Before any manipulation, we must perform swelling
tests of hydrophobic (Hc) in organic solvents. Because PVC
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Fig. 1. Chemical structure of tartrazine.

Fig. 2. Chemical structure of methyl orange.
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is soluble in tetrahydrofuran (THF) and dimethylformamide
(DMEF), these two solvents were chosen for swelling test.
Another parameter to be considered is the compatibility
test between PVC and He.

We elaborate a thin film of PVC/Hc using sol-gel process
with dip-coating technique. The assembly is made in our
laboratory. The dip-coating involves the immersing a sub-
strate (in our case a glass), and then lifting from the solu-
tion with a constant velocity. The substrates are then dried,
and the solvent evaporated.

In a beaker, 4 g of PVC was dissolved in 50 mL of DMF.
After dissolution of polymer, different amounts of He (10,
15, 20, 25, 30 and 40 mg) in DMF were incorporated into
PVC solution. The substrate is a glass with dimensions
(3 cm ’ 5 c¢m), the substrate was immersed in the PVC/Hc
solution at a constant velocity for different soaking numbers
(3-6). After each immersion, the film was dried using hair
dryer. All the films prepared in this study were preserved
for a possible application to photodegradation.

2.2.3. Elaboration of the hybrid material PVC/hydrophobic
modified clay with spin-coating deposition

The spin-coating technique is commonly used to pro-
duce thin and uniform films on flat substrates [22]. PVC
is considered to be the most widely used polymer in this
technique. The spin coater used in this study is the model
SUSS MicroTecRCDS.

The principle of the process consists in dissolving a
known quantity of the polymer in a preferably volatile
solvent such as THF. The solution is deposited on a hor-
izontally rotating disc equipped with a glass substrate
with dimension of 3 cm x 5 cm. The rotation generally
goes through bearings that allow controlling the thickness
of the films.

To optimize and control the thickness of the films, sev-
eral parameters have been studied such as the viscosity
of the PVC in the THEF, the number of layers, the rotation
speed, rotation times and the variation of the mass of mod-
ified clay. These parameters are:

Viscosity of PVC/THEF is: 5%, 10%, 15% and 20%.
Number of layer: 1, 2, 3, 4, 5 and 6 layers.

Rotation speed: 0-3,000 rpm with different bearing.
Rotation times: 0-90 s.

Weight ratio modified clays/PVC: 5% and 10%.

After optimisation, the program chosen in our study is
illustrated in Fig. 3, with 10% of viscosity of PVC/THF.

To this solution (10% of PVC in THF), several quantities
of He (0.5%, 1%, 5% and 10% of Hc in PVC) with different
percentages of MB were added. All prepared films were
preserved for a possible application to photodegradation.

2.2.4. Photodegradation

In order to study the efficiency of prepared thin films in
the degradation of organic pollutants, we have chosen two
types of dyestuff, tartrazine (TR) toxic food dyes and methyl
orange (MO) (azo dye) an anionic dye. Physico-chemical
properties of tartrazine and methyl orange are presented
in Table 1.

The photodegradation was carried out in a glass photo-
reactor, equipped with air injection pump, a pH meter and
a thermometer.

Degradation tests of MO were carried out on films pre-
pared by dip-coating technique. On the other hand, the TR
has been degraded using films elaborated by spin-coating
technique.

In the reactor, 50 mL of a solution of dye (TR or MO)
with known concentration is mixed with PVC/modified
clays film in the dark to establish the adsorption-desorp-
tion equilibrium between a dye and material hybrid. The
parameters such as pH, time of contact were varied during
the different sets of batch experiment. pH of the solution
was adjusted before addition of film using 0.1 N HNO, and
0.1 N NaOH.

The photosensitization reaction was carried in an open
reactor, which was irradiated under visible radiation by a
high-pressure sodium lamp through a solution filter (1 mM
of potassium chromate K,CrO, in aqueous solution of
0.22 M sodium carbonate Na,CO,) [23]. The wavelengths of
radiation are >450 nm.

The conditions required in the photodegradation tests
of TR are:

e 50 mL of TR with concentration: 5 and 10 mg/L.

¢ Thin film with surface area of 15 and 30 cm*

¢ 5% and 10% of Hc/PVC with different proportion of MB
on organoclay: 0.5%, 1%, 5%, 10%, 15%, 20%, 25%, 30%
or 35% of MB in 50 mL in batch fixed bed photoreactor.
Temperature: T =298 K.

Optimal pH=5.

Irradiation times: 0-210 min.

Under visible light, and sun light.
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Fig. 3. Spin-coating technique rotation program.

Table 1
Relevant characteristics of tartrazine and methyl orange

Name Molecular A absorption  Color
(g/mol) (nm)

Tartrazine 534.36 427 Yellow 23

Methyl orange ~ 327.34 464 Orange
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The conditions required in the photodegradation tests
of MO are:

¢ Thin film with surface area of 15 and 30 cm?*

* 10% of modified clay/PVC with different proportion of
MB on organoclay contain 5% of MB in 50 mL in batch
fixed bed photoreactor.

Temperature: T =298 K.

Optimal pH = 3.

50 mL of MO with concentration: 10, 25 and 50 mg/L.
Irradiation times: 0-210 min.

Under visible light.

The adsorption performance of TR and MO into thin
film hybrid was estimated and calculated using the Eq. (1):

R% = S0=C 100 A=A
C A

0 0

x100 1)

where C; (mg/L) is the initial concentration of pollutants,
C (mg/L) is the concentration at time ¢ (min), or A is the
initial absorbance (Abs), A is value of absorbance at the
time f of UV-Vis.

Since the objective of this work is the elaboration of a
film with economic interests in the field of industrial waste
treatment, we have carried out a comparative study with
powders. To do this, we would have to deduce the mass
of the powders on each film. For example, if the mass of
a film that contains 10% of Hc is equal to 10 mg, by a sim-
ple calculation it is assumed that the mass of the powder
is equal to 0.7 mg.

3. Results and discussion
3.1. Characterisation of modified clays

The characterization of powders is quoted in the fol-
lowing reference [21]. Nevertheless, we consider it useful to
present briefly the main characteristic results of Hc.

The attenuated total reflectance-Fourier-transform
infrared (ATR-FTIR) spectroscopy of different materials
(Fig. 4) confirmed the good insertion of photosensitizer,
by appearance of bands at 1,590 cm™ corresponding to
aromatic C=N bending and 1,336 cm™ corresponding to
C-N bending [21].

Examination of the X-ray diffraction spectra of 5-MB-
Bt, 5-MB-CTA-Bt and 10-MB-CTA-Na-Mt (Fig. 5) confirms
the correct insertion of the photosensitizer:

* Adsorption of MB on natural bentonite caused a decre-
ase in basal distance from 14.71 A (6 = 6° for Na-Bt)
to 14.15 A (0 = 6.1° for MB-Bt).

e 5-MB-CTA-Bt has a basal distance 18.8 A (0 = 4.59°)
greater than 5-MB-Bt.

* Modification of montmorillonite by CTAB and then
MB causes an increase of the basal distance from
12.58 A (6 = 7.02° for Na-Mt) to 20.15 A (0 = 4.38° for
10-MB-CTA-Na-Mt).

After insertion of MB on 10-MB-Bt, the Brunauer-
Emmett-Teller surface area and porosity of 10-MB-Bt

corresponds to non-porous or macroporous solids, because
it is type III according to the International Union of Pure
and Applied Chemistry classification (Fig. 6) [21]. The
non-porous structure of the clay surface will certainly dis-
favour the adsorption phenomenon, and leaves a strong
possibility for degradation by photosensitisation. This
hypothesis will be verified by the tests we will carry out.

3.2. Characterisation of thin hybrid film PVC/modified clay hybrid

The films were produced using the sol-gel process with
two deposition techniques: dip-coating and spin-coating.
Two parameters have to be checked during the synthesis
of these films: we should to find a solvent that would be
able to completely dissolve the polymer and swell the Hc.
The second point is to find the polymer that will be com-
patible with the hydrophobic clay. After several labora-
tory tests, we opted for PVC as the polymer and the two
solvents DMF and THF.

THEF is very volatile, so it will be used in the spin-coat-
ing technique. On the other hand, DMF is a very heavy sol-
vent, so we will use it in the dip-coating technique.

An important release phenomenon has been observed
by bringing the Hc in contact with the DMF, the film
formed by dip-coating takes the blue colour of the MB. It
remains to be verified whether this release phenomenon
affects the efficiency of thin films on the photodegrada-
tion of pollutants.

The ATR-FTIR spectroscopy of film is shown in
Fig. 7. The MB molecules are confirmed the presence of
bands located at 1,590 cm™ C=N links. The bands at 2,970
and 2,915 cm™ assigned to CH, belong to PVC chains.

It should be noted that, the deposition of the 5-MB-CTA-Bt
and 10-MB-CTA-Na-Mt on the PVC caused a remarkable
increase of the basal distance (26.59 and 22.40 A, respec-
tively). Whereas with the 5-MB-Bt the distance remains
practically unchanged (14.71 A). The different graphs
are shown in Fig. 8A-C.

The polymer/modified clay were examined for their mor-
phology by scanning electron microscopy using Quanta 650
with low vacuum mode. The morphology becomes rough
with addition of different modified clay as shown in Fig. 9.

The rough morphology was resulted by agglomera-
tion of modified clay in the polymer matrix, which was
caused by undistributed of clay fillers in the polymer
matrix resulting by the absence by the dispersing agent.
Sarkar et al. [24] stated that the clay tends to be exfoli-
ated as individual silicate layers separated in the polymer
matrix by average distances that depend only on the clay
loading.

3.3. Tests of photodegradation on different support

For economic reasons, and because there was not a
large difference in the results obtained between 5% and
10% of PVC/THF, we are going to prepare PVC solutions
with a viscosity of 5%.

Before each experiment, the dye and the films hybrids
were put in contact in the absence of irradiation for 2 h at
25°C to reach an adsorption—-desorption equilibrium at
optimum pH.
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The photodegradation results of 5 mg/L of TR onto dif-
ferent thin film prepared by spin-coating technique with
surface area of 15 cm? are illustrated in Fig. 10.

The photodegradation of tartrazine on the different films
gives a good yield. However, the decomposition is very
slow, it takes more than 90 min for the degradation to reach
a yield of about 30%. This may be due to photolytic resis-
tance of tartrazine under visible light [25]. Yield results are
very similar with all three materials, with a small improve-
ment with MB-CTA-Na-Mt. We also note that materials
that contain 1% and 5% of the photosensitizers give the best
degradation yields. On the other hand, with materials con-
taining 20%, 25%, 30% and 35%, the degradation yields are
low with the appearance of a phenomenon of release of the
photosensitizer into the solution. The release is confirmed
by the appearance of a band at 664 nm by characterizing
the tartrazine solution by UV-Vis spectroscopy.

— 5-MB-Bt
T —— 5-MB-CTA-Bt
1 — 10-MB-CTA-Na-Mt

0 20 40 60 80 100
2 Theta

Fig. 5. X-ray diffraction patterns for different modified powders.

3.3.1. Reusability of 0.5-MB-Bt/PVC thin film

To assess the reusability of 0.5-MB-Bt/PVC film, after the
first use, the thin film was washed with distilled water and
dried at ambient temperature. Afterwards, a new tartrazine
solution with same concentration 5 mg/L was put in contact
with the film, and the same procedure was adopted. For
this, we tested three uses of the film. The results presented
in Fig. 11 show that 61.22% of degradation was obtains after
210 min. After the second use, 59.78% of tartrazine was
degraded which corresponds to 1.45% of efficiency loss.
After the third use, 49.5% of tartrazine was degraded, and
correspond to 10.62% of efficiency loss.

This loss of efficiency is due to the detachment of clay
particles on the polymer matrix during the second use
or cleaning step [25-27].
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Fig. 6. Curves of nitrogen adsorption/desorption isotherms of
10-MB-Bt.
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Fig. 7. ATR-FTIR spectra of thin films prepared with spin-coating technique.
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Fig. 8. X-ray diffraction patterns for different modified powders
and corresponding thin films.

3.3.2. Effect of initial concentration of tartrazine

We study the effect of initial concentration of tartrazine
on degradation yields with 5-MB-Bt after 210 min. We have
chosen two concentrations 5 and 10 mg/L. The results are
illustrated in Table 2. It was found that there is a relation-
ship between the percentage of photodegradation and the
initial concentration of the dye. The concentration decrease
from 88.88% to 76.58% with increasing concentration of

the dyes from 5 to 10 mg/L. The rate of photodegradation
is related to the availability of active sites present on the
surface of the material. The high concentration of pollut-
ants reduces the adsorption of visible light by photosensi-
tizers, leading to lower photodegradation efficiencies. The
same phenomena is observed in catalysis reaction [25,28].

3.3.3. Effect of area surface of thin film

In this party, we used 5 mg/L of tartrazine on 5-MB-
Bt/PVC with two area surfaces 15 and 30 cm? after 5 h of
radiation exposure. The increase of the film surface leads
to a clear increase of the degradation yield from 81.88%
to 88.98%.

The results are illustrated in Table 3.

3.3.4. Comparative study between the film and the
corresponding powder

In our work cited in reference [21], we have study the
photodegradation of tartrazine on several powder of Hc.
The quantities of the powdered materials correspond per-
fectly to those present on the polymer. The results of this
comparative study are illustrated in Fig. 12. The histo-
gram shows the results of the photodegradation of 5 mg/L
of tartrazine on powders and films with 5% MB for an
exposure time of 210 min.

Even if powders are very efficient in photodegradation,
their use in continuous systems remains limited because of
the problem of powder entrainment. The immobilization
of the powder on film form is recommended.

3.3.5. Photodegradation of methyl orange onto film elaborated
with dip-coating technique

Due to the MB release phenomenon in the DMF solu-
tion observed during film preparation (which is not the
case for films prepared in THF), it was impossible to
predict the amount of MB adsorbed on He.

To test the efficiency of these films in the photodegra-
dation of MO, we mixed 10 mg of Hc containing 10% MB
with the solution of PVC in THF. Obviously, this percent-
age cannot be taken into account, which leads us to note
the Hc per MB-Bt and MB-CTA-Na-Mt.

As shown in Figs. 13 and 14, the degradation at different
concentrations of MO is very rapid. After 5 min, a photodeg-
radation efficiency of 96% is achieved on a 6-layer 5-MB-Bt/
PVC film with an initial concentration of 10 mg/L of MO.
This rate increases to 99.61% after 180 min. The multiplica-
tion of the number of layers improves the efficiency of the
film in photodegradation, for example, a film with 3 lay-
ers degrades 90% of the MO whereas one can reach 99.61%
degradation with a 6-layer film.

Photodegradation tests were performed by examining
the effects of irradiation time (0-180 min) with different
concentrations of MO on MB-Bt/PVC films with 6 layers.
The corresponding results presented (Fig. 14) clearly show
that at concentration of 10 mg/L of MO, the efficiency of dye
degradation increases rapidly to 96.04% after 5 min, while
the maximum photodegradation is obtained after 180 min
with 99.61% photodegradation.
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Flement Series Net unn. C norm. C Atom. C Error (3 Sigma)
[WL.%] [wt.%] [at.%] [wL.%]
silicium K-series 3019 1.66 2.84 2.24 0.32
chlore  K-series 73862 38.54 66.07 41.40 3.98
carbone  K-series 756 17,48 29,96 55,42 12,95
aluminium K-gseries 864  0.66 1.13  0.93 0.21
Total: 58.34 100.00 100.00
Element Series Met unn. © norm. © Atom. C Error (3 Sigma)
(B) (wt.s] [wt.%] [at.$] (Wt .3]
chlore K-series 74741 50.34 91.75 84.78 5.18
silicium K-series 2155 1.52 2.77 3.23 0.31
azoLe K-series 96 2.60 4.74 11.09 4.04
aluminium K-series 426 0.41 0.74 0.90 0.17
Total: 54.87 100.00 100.00
Element Series Net unn. C norm. © Atom. C Error (3 Sigma)
[wt.%] [wt.%] [abt.%] [wt.%]
silicium K-series 1875  0.69 0.93 0.76 0.18
chlore K-series 116478 52.68 71.04 46.05 5.39
carbone  K-series 993 20.47 27.60  52.82 13.99
aluminium K-series 620 0.32 0.43 0.37 0.14
Total: 7T4.15 100.00 100.00

Fig. 9. Scanning electron microscopy images of the sample (A) 5-MB-Bt/PVC, (B) 5- MB-CTA-Bt/PVC and (C) 10-MB-CTA-Na-Mt/PVC.

With a concentration of 25 mg/L of MO, the photodeg-
radation increases to reach 69.84% after 5 min and 89.36%
after 180 min then it stabilizes.

Finally, at a concentration of 50 mg/L of MO, the pho-
todegradation increase to reach a photodegradation maxi-
mum of 79.6% for 180 min.

The same phenomena were observed with MB-CTA-
Na-Mt with values close to those obtained with MB-Na-Bt

(Fig. 15). Thin films prepared with 6 layers prove their effi-
ciency in the photodegradation of MO, a rate of 99.73%
was obtained with 10 mg/L of MO. However, this rate
decreases when the concentration of the pollutant increases,
that is, 81.44% with 25 mg/L of and 79.44% with a solution
of 50 mg/L of MO. This phenomenon has been reported in
several studies on photocatalysis [29-31]. High concentra-
tions of pollutants lead to saturation of the surface of the
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Fig. 10. Shows the results of photodegradation of 5 mg/L
of tartrazine on 10% of different thin film elaborated by
spin-coating deposition.
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Fig. 11. Photodegradation of tartrazine (C,=5 mg/L) with 0.5-MB-
Bt in three consecutive uses under 210 min of visible exposure.

Table 2
Effect of initial concentration of tartrazine on 5-MB-Bt
Initial concentration Photodegradation
of tartrazine (mg/L) (%)
5 88.88
10 76.58

Table 3
Effect of area surface of thin film

Area surface (cm?) Photodegradation (%)

15 81.88
30 88.98
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Fig. 12. Histogram which presents a comparative study between
the percentage photodegradation of tartrazine on powder and
thin film.
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Fig. 13. Photodegradation kinetics of 10 mg/L of MO on multi-
layer films at pH = 3.
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Fig. 14. Influence of irradiation time of MB-Bt/PVC with: 10,
25 and 50 mg/L of MO at pH = 3.

clays, and decreases the absorption of visible light by the
photosensitizer, which naturally leads to a decrease in its
activity.
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Fig. 15. Influence of irradiation time of MB-CTA-Na-Mt/PVC
with: 10, 25 and 50 mg/L of MO at pH = 3.

4. Conclusion

New thin film material hybrids were prepared for pho-
todegradation of pollutants with sol-gel process using
two methods for deposition: spin-coating and dip-coating.
Different hydrophobic clays were used as support for the
photosensitizer (in our case methylene blue), then immobil-
ised on PVC matrix. In the preparation of thin film, DMF and
THEF were utilised as solvent. We observed a good compatibil-
ity between PVC and clays modified by methylene blue.

During the elaboration of the films by dip-coating in
DMF, we observed a significant release of the photosensi-
tizer in the solution. The hybrid film obtained is colored by
methylene blue.

In THE, the release did not occur on the powders with
0.5%, 1%, 5%, 10%, and 15% of methylene blue. On the
other hand, we observed a less important leaching on the
other powders with 20%, 25%, 30%, and 35% of MB.

In the application part, the photodegradation tests
on the two dyes tartrazine and methyl orange were eval-
uated by establishing adsorption and photodegradation
kinetic curves.

In general, we could access the following information
and conclusions:

® The pseudo-equilibrium times obtained by the pho-
tosensitized clay powders and the hybrid films are
around 2 h.

¢ The adsorption tests of the pollutants on the differ-
ent supports present lower rates, which eliminates the
hypothesis of adsorption of the pollutant on the clay
instead of a photodegradation.

® The effects of the parameters used in this study in terms
of pH, the initial concentration of the dye, the time
of exposure to the irradiations, the type of adsorbent
remain the most important and essential factors which
condition the process of photodegradation.

e At low initial concentrations of the pollutants, the
photodegradation is better in terms of yield.

e The degradation of methyl orange is very fast, it
reaches yields of the order of 99%.

e The degradation of tartrazine is slow, the yields are
about 88%.

Acknowledgment

The films produced by the spin-coating technique
were developed at the Centre de Recherche en Technologie
des Semi-Conducteurs pour 1'Energétique (CRTSE) CMSI
Algiers, under the direction of DR Aissa KEFFOUS, whom
he finds here the expression of our sincere thanks for
their contributions and help.

References

[11 R. Koswojo, R.P. Utomo, Y.-H. Ju, A. Ayucitra, F.E. Soetaredjo,
J. Sunarso, S. Ismadji, Acid Green 25 removal from wastewater
by organo-bentonite from Pacitan, Appl. Clay Sci., 48 (2010)
81-86.

[2] PS. Thue, A. Carmalin Sophia, E.C. Lima, A.G.N. Wamba,
W.S. de Alencar, G.S. dos Reis, F.S. Rodembusch, S.L.P. Dias,
Synthesis and characterization of a novel organic-inorganic
hybrid clay adsorbent for the removal of acid red 1 and acid
green 25 from aqueous solutions, J. Cleaner Prod., 171 (2018)
30-44.

[3] Z. Huang, Y. Li, W. Chen, J. Shi, N. Zhang, X. Wang, Z. Li,
L. Gao, Y. Zhang, Modified bentonite adsorption of organic
pollutants of dye wastewater, Mater. Chem. Phys., 202 (2017)
266-276.

[4] A.A. Adeyemo, 1.O. Adeoye, O.S. Bello, Adsorption of dyes
using different types of clay: a review, Appl. Water Sci., 7 (2017)
543-568.

[5] B. Cheknane, O. Bouras, M. Baudu, J.-P. Basly, A. Cherguielaine,
Granular inorgano-organo pillared clays (GIOCs): preparation
by wet granulation, characterization and application to
the removal of a Basic dye (BY28) from aqueous solutions,
Chem. Eng. J., 158 (2010) 528-534.

[6] L. Chabane, B. Cheknane, F. Zermane, O. Bouras, M. Baudu,
Synthesis and characterization of reinforced hybrid porous
beads: application to the adsorption of malachite green in
aqueous solution, Chem. Eng. Res. Des., 120 (2017) 291-302.

[7] H.Tan,D. Yang, . Han, M. Xiao, J. Nie, Photopolymerization of
clay/polyurethane nanocomposites induced by an intercalated
photoinitiator through sol-gel modification, Appl. Clay Sci.,
42 (2008) 25-31.

[8] M. Kotal, A.K. Bhowmick, Polymer nanocomposites from
modified clays: recent advances and challenges, Prog. Polym.
Sci., 51 (2015) 127-187.

[9] Z. Cherifi, B. Boukoussa, A. Zaoui, M. Belbachir, R. Meghabar,
Structural, morphological and thermal properties of nano-
composites poly(GMA)/clay prepared by ultrasound and
in-situ  polymerization, Ultrason. Sonochem., 48 (2018)
188-198.

[10] Y. Kojima, A. Usuki, M. Kawasumi, A. Okada, Y. Fukushima,
T. Kurauchi, O. Kamigaito, Mechanical properties of nylon
6-clay hybrid, J. Mater. Res., 8 (1993) 1185-1189.

[11] G.R. Mahdavinia, A. Baghban, S. Zorofi, A. Massoudi, Kappa-
carrageenan biopolymer-based nanocomposite hydrogel and
adsorption of methylene blue cationic dye from water, ]. Mater.
Environ. Sci., 5 (2014) 330-337.

[12] A. Farman, U. Hayat, A. Zarshad, R. Fazal, K. Fahad, Zia Ur
Rehman, Polymer-clay nanocomposites, preparations and
current applications: a review, Curr. Nanomater., 1 (2016) 83-95.

[13] A.A. El-Zahhar, N.S. Awwad, E. El-Katori, Removal of
bromophenol blue dye from industrial wastewater by
synthesizing polymer-clay composite, J]. Mol. Liq., 199 (2014)
454-461.



(14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

Z. Zeffouni et al. / Desalination and Water Treatment 312 (2023) 187-197

K.A. Hernandez-Hernandez, J. Illescas, M. del Diaz-Nava,
C.R. Muro-Urista, S. Martinez-Gallegos, R.E. Ortega-Aguilar,
Polymer-clay nanocomposites and composites: structures,
characteristics, and their applications in the removal of
organic compounds of environmental interest, Med. Chem.
(Los Angeles), 6 (2016) 201-210.

D. Drozd, K. Szczubiatka, L. Lapok, M. Skiba, H. Patel, S. Gorun,
M. Nowakowska, Visible light induced photosensitized
degradation of Acid Orange 7 in the suspension of bentonite
intercalated with perfluoroalkyl perfluoro phthalocyanine
zinc complex, Appl. Catal., B, 125 (2012) 35-40.

R. Sasai, D. Sugiyama, S. Takahashi, Z. Tong, T. Shichi,
H. Itoh, K. Takagi, The removal and photodecomposition of
n-nonylphenol using hydrophobic clay incorporated with
copper-phthalocyanine in aqueous media, J. Photochem.
Photobiol., A, 155 (2003) 223-229.

X. Yang, D. Yang, H. Zhu, J. Liu, WN. Martins, R. Frost,
L. Daniel, Y. Shen, Mesoporous structure with size controllable
anatase attached on silicate layers for efficient photocatalysis,
J. Phys. Chem. C, 113 (2009) 8243-8248.

O. Bouras, Synthesis and Characterization of Bridged
Montmorillonites Based on Algerian Bentonites, Master Thesis,
Institute of Industrial Chemistry, University of Blida, Algeria,
1992.

H. Khalaf, O. Bouras, V. Perrichon, Synthesis and
characterization of Al-pillared and cationic surfactant modified
Al-pillared Algerian bentonite, Microporous Mater., 8 (1997)
141-150.

O. Bouras, H. Khalef, A. Berrezeg, D. Ghribi, Synthesis, charac-
terization and application of a bridged montmorillonite
based on titanium polycations and surfactant, J. Alg. Chem.
Soc. (JSAC), 8 (1998) 57-66.

Z. Zeffouni, B. Cheknane, F. Zermane, S. Hanini, Synthesis
and characterization of a novel support based on hydrophobic
clays and a photosensitizer. Application to photodegradation
of dyes, Algerian J. Environ. Sci. Technol., 6 (2020) 1502-1511.

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

197

D.T.W. Toolan, ].R. Howse, Development of in-situ studies of
spin coated polymer films, ]. Mater. Chem. C, 1 (2013) 603-616.
Z. Xiong, Y. Xu, L. Zhu, ]J. Zhao, Photosensitized oxidation of
substituted phenols on aluminum phthalocyanine-intercalated
organoclay, Environ. Sci. Technol., 39 (2005) 651-657.

M. Sarkar, K. Dana, S. Ghatak, A. Banerjee, Polypropylene-clay
composite prepared from Indian bentonite, Bull. Mater. Sci.,
31 (2008) 23-28.

L. Aoudjit, PM. Martins, F. Madjene, D.Y. Petrovykh,
S. Lanceros-Mendez, Photocatalytic reusable membranes for
the effective degradation of tartrazine with a solar photoreactor,
J. Hazard. Mater., 344 (2018) 408—416.

S. Teixeira, PM. Martins, S. Lanceros-Méndez, K. Kiihn,
G. Cuniberti, Reusability of photocatalytic TiO, and ZnO
nanoparticles immobilized in poly(vinylidene difluoride)-co-
trifluoroethylene, Appl. Surf. Sci., 384 (2016) 497-504.

A. Snyder, Z. Bo, R. Moon, ]J.-C. Rochet, L. Stanciu, Reusable
photocatalytic titanium dioxide—cellulose nanofiber films,
J. Colloid Interface Sci., 399 (2013) 92-98.

V. Vaiano, G. Iervolino, D. Sannino, L. Rizzo, G. Sarno,
P. Ciambelli, L.A. Isupova, Food azo-dyes removal from water
by heterogeneous photo-Fenton with LaFeO, supported on
honeycomb corundum monoliths, J. Environ. Eng., 141 (2015)
04015038, doi: 10.1061/(ASCE)EE.1943-7870.0000986.

S. Al-Qaradawi, S.R. Salman, Photocatalytic degradation of
methyl orange as a model compound, ]. Photochem. Photobiol.,
A, 148 (2002) 161-168.

M. Hilgendorff, M. Hilgendorff, D.W. Bahnemann,
Mechanisms of photocatalysis: the reductive degradation of
tetrachloromethane in aqueous titanium dioxide suspensions,
J. Adv. Oxid. Technol., 1 (1996) 35-43.

N. Khalfaoui-Boutoumi, H. Boutoumi, H. Khalaf, B. David,
Synthesis and characterization of TiO,~montmorillonite/
polythiophene-SDS nanocomposites: application in the sono-
photocatalytic degradation of Rhodamine 6G, Appl. Clay Sci.,
80-81 (2013) 56-62.



	_GoBack

