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Introduction

Wastewater from industries such as textiles, paper,
textiles, etc. contain synthetic dyes and pigments that
can be a major threat to aquatic life and human health
[1]. Methyl orange is one of the dyes used in the textile
industry and due to its complex molecular structure,
treatment of the wastewater containing it is essential.
There are several methods for treatment methyl
orange wastewater [2]. The photocatalytic process
of wastewater treatment has received much attention
due to its low operating cost and environmental
compatibility. BiOI has attracted a great deal of
attention due to its ability to absorb light in the 400-
700 nm range and its narrow band gap of about
1.7 eV to absorb more visible light. However, the
separation efficiency of charge carriers in it is still low.
There are various strategies such as immobilization
semiconductors on a suitable support, connecting two
or more semiconductors to overcome these problems
[3]. Immobilization of semiconductors on high-
absorbency supports includes the following: reduction
of electron-hole pair recombination, easy separation
of photocatalyst from solution, and reusability
photocatalyst [4]. Due to its potential, Clinoptilolite
has been widely used in the treatment of various
effluents, including methyl orange as an adsorbent
and catalyst base [5]. Considering the advantages of
using natural zeolites and the richness of Iran in terms
of natural zeolite resources of Clinoptilolite, in this
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research, for the first time, the use of natural zeolite
clinoptilolite as a BiOI semiconductor support for
use in photodecomposition of methyl orange dye was
investigated.

Materials and Methods

Initially, the required amount of bismuth nitrate
(Bi (NO,),.5H,0) and potassium iodide (KI) were
dissolved in ethanol and distilled water, respectively.
In the next step, a certain amount of Clinoptilolite
was added to the bismuth nitrate solution and stirred.
Afterwards, potassium iodide solution was added
dropwise to the solution containing bismuth nitrate
and clinoptilolite. Stirring operation in the presence
of ultrasound waves was continued for 1 hour. In the
next step, the precipitate obtained in the reflux system
was stirred on a magnetic stirrer for 4 hours at a
temperature of 80-85 © C. The obtained precipitate was
dried after filtration for 12 hours at 80 ° C, and finally,
the photocatalyst was calcined at 350 ° C for 3 hours.

Photocatalytic Test

The laboratory system used includes a Pyrex 600 mL
reactor equipped with a cooling system that keeps the
reaction solution temperature constant at 25°C, an
air conditioning system mounted on a chamber wall
covered with aluminum foil, a 125 W medium pressure
Hg lamps as the ultraviolet light source and also a
400 w halogen lamp as the visible light source on the
reactor. In each test, 0.1 g of the photocatalyst was
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dispersed in 200 mL of the target pollutant solution
at a concentration of 20 ppm, under magnetic stirrer.
Before irradiation, the solution was magnetically
stirred for 2 hours in the dark to create an adsorption-
desorption equilibrium. After that, the light source is
turned on and the solution is irradiated for 2 hours.
At specified intervals, the test solution is sampled and
the concentration of methyl orange contaminant is
measured by a spectrophotometer at 480 nm.

Results and Discussion
Catalyst Characterization

The synthesized photocatalysts were characterized
by XRD, FESEM, EDX, PL and UV-vis techniques.
The XRD analysis confirmed the presence of BiOI and
Clinoptilolite index peaks in the synthesized samples.
By loading the BiOI on the zeolite support, the
intensity of the crystalline phase peaks of Clinoptilolite
decreases, which indicates the Clinoptilolite surface
coating, which is consistent with the results of FESEM
analysis. By investigating the results of FESEM
analysis, it can be seen that the use of ultrasound waves
leads to a uniform morphology of BiOI particles in
synthetic samples. The EDX spectra of the samples
also confirm the presence of all the elements used in
the synthesis as well as the absence of impurities in its
structure. Based on PL analysis, the recombination rate
of charge carriers is effectively reduced when BiOI
nanoparticles are loaded on the zeolite support.
Photocatalytic Performance

The amount of methyl orange dye removal was studied
by using samples of Clinoptilolite, pure BiOI and B/
CLT composites loaded with different percentages of
BiOI, under UV radiation over time, and the results are
presented in Figure 1.
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Fig 1 Photocatalytic degradation of methyl orange under UV
irradiation.

As can be seen, due to the loading of BiOI nanoparticles
on the zeolite support, the photocatalytic activity
of the obtained composite compared to pure BiOI is
effectively increased due to better distribution of BiOI
particles, less particle aggregation and also increased
efficiency separation of charge carriers. In addition,

among the samples loaded with different amounts of
BiOlI, the sample with 30% by weight of BiOI showed
the best performance. In addition, the kinetics of the
photocatalytic process of methyl orange pollutant
removal were studied by zero-order, first-order,
second-order, third-order, pseudo first order, pseudo
second order, modified Freundlich, and parabolic
diffusion models. Among the various models, second-
order kinetic models, modified Freundlich, and
parabolic diffusion show the best fit with the data. In
addition, the optimal dose and concentration for B
(30)/CLT photocatalyst in photodegradation of methyl
orange pollutant were determined to be 0.5 g/L and
S ppm, respectively. In order to further evaluate the
activity of B (30)/CLT photocatalyst, the removal
efficiency of methyl orange pollutant under visible
light irradiation was also performed. The obtained
results confirm that the optimal photocatalyst has a
very good photocatalytic activity under visible light.

Conclusions

Based on the results, it can be said that the presence of
clinoptilolite as a support and the use of an appropriate
amount of semiconductor material, leads to improved
performance of BiOI in the photocatalytic process
of dye pollutant degradation. Kinetic comprehensive
studies on the performance of selected B (30)/
CLT photocatalysts show that the results follow the
second-order kinetic models, modified Freundlich and
parabolic diffusion. In addition, the results showed that
the optimal photocatalyst B (30)/CLT, in addition to
excellent performance in ultraviolet light, also shows a
good performance under visible light to remove methyl
orange pollutant, which with the results compatible
with UV-vis analysis.
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