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ABSTRACT:

The present study deals with the synthesis of mesoporous Fe/KIT-6 and catalyst has been successfully tested for
the heterogeneous photo-Fenton degradation of organic dye solutions under direct sun light. The physico-
chemica properties of the catalyst were analyzed by XRD, N2 sorption studies, SEM and TEM. From the
results we infer that the catalyst reveal excellent catalytic property for 97% removal of direct blue 71 within
75mins, which could be attributed to the adsorptive power of Fe/KIT-6. With the advantages of rapid
degradation and efficient magnetic separation, the synthesized material could gain a potential application in

wastewater treatment and organic pollutant.

KEYWORDS: Mesoporous material, XRD, visible light driven catalyst, photo fenton, wastewater treatment.

INTRODUCTION:

Now a day’s removing organic pollutant from the
industrial wastewater is most important aspect in
enviromenta technology. Dyes are the mgjor industrial
pollutants and water contaminants'®. During the dyeing
process about 20% of the dye is not fixed on the fabric
and enters into the environment. The conventional
physical-chemical and biologica trestment methods for
removal of pollutant from industria effluent are
unsuccessful, often resulting in a colored discharge from
the treatment plants®. Thus advance treatment methods
are essentia for the degradation of long lasting organic
pollutant or converting them to harmless products in
water®. Advanced oxidation processes (AOPs) have been
developed to removal of organic pollutant from
industrial waste. AOP produce an oxidizing agent
hydroxyl radical, which remove the organic compound
in effluent rapidly and non-selectively®.
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Fenton process is a most important oxidation system
amongst advanced oxidation processes, which has its
own advantages such as high removal efficiency, and
usage of low cost materias’. However, homogeneous
fenton system have own drawbacks such as recovery of
catalyst and maintaining narrow pH’. The use of zeolite-
immobilized Feions’. Fe pillared clay®, or polymer
supported Fe has been studied for the removal of organic
pollutant’. Nowadays, mesoporous materials (such as
SBA-15, MCM-41 and KIT-6) were widely used as the
catalytic support materia for the metal oxide, because it
has more specific area, controllable pore volume, narrow
pore distribution, and easy surface modification**™.
KIT-6 mesoporous materials show  enhanced
characteristics for metal immobilization due to 1a3d pore
architecture to better diffusion within the interconnected
cubic structure™. The aim of this study to investigate
catalytic efficiency of iron loaded KIT-6 as a
heterogeneous fenton type catalyst using sunlight for
removal of direct blue 71 dyes.
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MATERIALSAND METHODS.

TEOS (tetraethyl orthosilicate), P-123 poly (ethylene
glycol)-block- poly (propylene glycol)-block-poly
(ethylene glycol) triblock copolymer, hydrochloric acid,
n-butanol, ferric nitrate and methanol were purchased
from sigma-aldrich for the synthesis of nanocatalyst.
Deionized water was used during the experiment.

Synthesis of Fe/KIT-6:

According to our previous report, *° we have synthesized
iron loaded mesoporous KIT-6 cataysts by wet
impregnation method. In a typica synthesis, 4 ¢
amphilic triblock copolymer (Pluronic P123) in 144 ml
water was dirred for 1 h. Theredfter, 7.9 g of
hydrochloric acid solution was added to it and the gel
was stirred for 4 h *”. Then, 4 g n-butanol was added to it
and the stirred for 1 h at 35°C. Then 8.6 g of tetra ethyl
ortho silicate (TEOS) was added to it and then
continuously stirring for 24 h at 35°C. The mixture was
finally heated in an autoclave at 100°C for 24 h. Thus,
the solid product obtained was filtered, dried at 100 °C
and then calcined at 550°C in air to expel the template.
The loading of iron (10 wt%) into KIT-6 was carried out
as follows: 1 g of KIT-6 was treated with required
amount of 1 M iron nitrate solution as per loading in
ethanol solution (total volume ~25 ml) under stirring at
room temperature for 3 h followed by filtration and
drying a 80 °C. The obtained materials were then
calcined at 450 °Cin air.

Photo catalytic Experiments:

Photo degradation of direct blue 71 (DB) was carried out
to evaluate the cata ytic activity of Fe/KIT-16 according
to our previous report'®.  The experiments were
performed in a 100 ml beaker in presence of sun light
irradiation, suspended catalyst and dye solution stirred
under darkness to attain  adsorption/desorption
equilibrium and expose to the sunlight. At the given time
intervals, 2 ml of the suspensions were separated, and
then centrifuged to remove the catalyst. The amount of
direct blue present in the water was calculated by
Shimadzu UV-3600 Model UV-Visible
Spectrophotometer (Japan) and the wavelength of
maximum absorption at Amax = 587 nm was monitored.

RESULTSAND DISCUSSION:

XRD Pattern of F&/KIT-6:

Fig. 1 shows the small angle powder XRD pattern of
Fe/KIT-6. The high intensity peak in the 26 range 1°-3°
due to (211) reflection plane indexed to a body centred
cubic la3d space group.

intensity (a.u)

3

2 (theta)
Figure 1. XRD pattern of Fe/KIT-6
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Morphological study:

Typical SEM image shows the morphology of the
sample is shown in Fig.2. The deposition of iron oxide
on the surface of the catalyst formed agglomerations

irregular shapes and were
19-20

with
heterogeneity of the catalyst

responsible for

g

Figure2: SEM Image of Synthesized Catalyst

Photo catalytic activity of the synthesized Fe/KIT-6
catalyst:

The degradation efficiency of synthesized material was
studied using DB as the target compound under sun light
irradiation. The control experiments were performed
under different conditions it’s shown in Fig.3 From the
results we infer that negligible amount of degradation
was achieve with sun light irradiation and catalyst alone,
it’s clearly shows that DB was very stable in typical
condition. The Fe/KIT-6 catalyst associate with sunlight
has a significant influence on the degradation efficiency
of DB. Photo catalytic activity can be influenced by
various operating parameters, which could be optimized.
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Figure 3: Degradation of Direct Blue 71 by different process

I nfluence of catalyst dosage:

The influence of the Fe* ions on decolourization of DB
under direct sun light using Fe/KIT-6 was evaluated by
varying the catalyst concentration between 10% and
40% at 100 mg of DB concentration. The degradation
efficiency increases on increasing the concentration of
Fe** ions due to enhanced generation of OH radicals
(Fig.4). Further increase in the concentration,
degradation efficiency decrease because of Fe* act as a
filter of sun light™.
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Figure4: Effect of Fe* concentration on degradation

Effect of H,0, :

The effects of H,O, concentrations on the degradation
rate were investigate to explain the role of H,0,. Fig.5
illustrates the degradation efficiency at various
concentrations of H,O,. It was observed that the
degradation efficiency initially increased with an
increase in the H,O, concentration up to 6mi/L. At low
concentration, H,O, cannot generate enough hydroxyl
radicals so rate of the reaction is low. Above optimum
level of H,O, concentration the decrease in
decolourization occurs due to the scavenging effect of
excess H,O,, which decreases the number of hydroxyl

radicalsin the solution??*,
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Figure5: Effect of H,O, on degradation efficiency

CONCLUSION:

In summary, we synthesized Fe/KIT-6 photo catalyst by
wet chemical method. The synthesized materid was
characterized using XRD, HRSEM. Hence, the catalytic
efficiency of the synthesized sample was studied on the
removal of direct blue 71 under sun light and optimized
various parameters like H,O, and catalyst dosage. From
the results we confirmed the synthesized material shows
to be highly efficient for removal of organic dyes in
water by catalytic degradation.
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