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Abstract

Due to the increase in population and industrial activities, the demand for clean
water has increased. On the other hand, the amount of fresh water has decreased;
As aresult, wastewater treatment, including municipal and industrial wastewater,
has become very necessary. One of the wastewater treatment methods is the
Advanced Oxidation Process (AOP). This research used the advanced oxidation
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y process using the photo-catalyst based on modified activated carbon to treat
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municipal wastewater in Yasouj City. Activated carbon was prepared from the
mET walnut shell using the chemical activation method and then modified by a

composite of ZnO and SnO2 nanoparticles and used as a photo-catalyst in the
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TR designed reactor for wastewater treatment. The results of FTIR, XRD, and EDX
D e analyses confirmed the presence of ZnO/SnO2 nanoparticles on the modified
HE Faar ey activated carbon surface. Due to the coating of these nanoparticles on the surface

of the activated carbon and inside its pores, the specific surface area of the
modified activated carbon is greatly reduced compared to the activated carbon.
The results of the DRS analysis show the low band gap of the synthesized
photocatalyst and its applicability in the presence of visible light. To optimize
the effect of the parameters, the central composite design method was used to
design the experiment. The results showed that the maximum amount of COD
reduction of 97.41% has been achieved at a pH of 3, the amount of photocatalyst
of 1.25 g/L, and the duration of light irradiation of 45 minutes.
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Introduction

In the last two decades, advanced oxidation
processes (AOP) as an efficient and powerful
technology in various fields of environmental
engineering sciences to protect the environment
from pollutants and as a key technology for the
future in the world have received special
attention. The importance of this technology is
due to the treatment of industrial wastes,
especially wastes containing resistant organic
substances, which conventional treatment
methods are not able to remove these
compounds. The advantages of this technology
are: 1: it converts most organic compounds into
substances such as water, carbon dioxide, and
mineral acids, 2: It does not have the problem
of disposable waste (waste), 3- it is done at
ambient temperature and atmospheric pressure.
One of the important issues in the advanced
oxidation process is to be able to synthesize a
photocatalyst that can be activated using visible
light and perform the process of removing
pollutants in the presence of visible light,
including sunlight. Among the photocatalyst
materials with this feature are semiconductor
metal compounds such as titanium dioxide
(TiOy), zinc oxide (ZnO), cadmium sulfide
(CdS), etc. However, one of the major
drawbacks of these semiconductors is the wide
band gap and limitation of operation in visible
light. Therefore, it is necessary to design and
synthesize materials with a small band gap that
can be activated in a wide range of the visible
spectrum of the sun and can remove various
polluting compounds, and this matter is the
concern of many researchers today [1]. Various
indicators are used to express and measure the
level of water pollution. One of these indicators
is COD. Chemicals that can be combined with
oxygen that enter water show a similar
chemical reaction. These types of chemical
reactions cause a chemical demand for oxygen,
which is called COD. In general, the COD of a
water sample represents the amount of oxygen
required for the oxidation of oxidizable
substances present in that sample, and these
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oxidizable substances are mainly degradable or
non-degradable organic substances by bacteria.
Advanced oxidation process is one of the
proposed methods to reduce the pollution load
of municipal wastewater (COD reduction). This
treatment method has significant advantages
over other treatment methods such as
membrane methods, extraction, etc., [2] and
various studies have been reported in the field
of wastewater treatment with this method [3-8].
Zinc oxide (ZnO) and tin dioxide (SnO2) are
among the materials of interest as
photocatalysts and different methods are used
for their synthesis [9-15]. ZnO and SnO.
nanoparticles alone have little photocatalytic
activity. One way to increase their
photocatalytic activity is to combine them with
each other or with other metal nanostructures
[16-17]. It is also possible to use their
composite with porous materials such as
activated carbon [18]. In this research, activated
carbon (AC) was prepared from walnut shell
waste and used as a catalyst base to synthesize
AC/Zn0O/SnO; hybrid photocatalyst. This
hybrid photocatalyst was used in a
photocatalytic reactor designed to reduce the
pollution load of municipal wastewater in
Yasouj City, and the effects of different process
parameters were investigated by experimental
design.

Materials and Methods

Activated carbon (AC) was synthesized using
KOH activation of walnut shells. ZnO/SnO,
nanocomposite was synthesized by sol-gel
method. Finally, the hybrid nanocomposite of
activated carbon and ZnO/SnO, nanoparticles
(AC/ZnO/SnO;) was  synthesized. The
physicochemical properties of this hybrid
including the band gap were determined [19].
To perform photocatalytic tests, a tubular glass
reactor was designed and built. In this design, a
tube was placed in the center of the reactor for
better distribution of light and the possibility of
light radiation from all angles, and a strip of
blue visible light lamp was placed in this tube.
The photocatalyst is placed in the space
between two cylinders and the light shines on
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the photocatalyst from both inside and outside,
which is an advantage compared to other
designed reactors [20]. The effect of operating
parameters such as initial pH of feed, amount of
photocatalyst, and duration under visible light
irradiation on the COD reduction rate of
municipal wastewater of Yasouj City was
investigated by using the central compound
design (CCD) method.

Result and Discussion

The band gap measured for the synthesized
photocatalyst is 2.85 eV. A band gap lower than
3.16 eV indicates the ability of the
photocatalyst to work in the range of visible
light [26]. The simultaneous effect of pH and
duration of light irradiation was investigated by
experimental design. The results showed that
the COD reduction rate decreased with
increasing pH in different amounts of
irradiation time. Also, in each pH value, the
amount of COD reduction increased with the
increase in contact time. Also, the simultaneous
effect of pH and amount of photocatalyst was
investigated and the results show the
importance and more effect of pH parameter
than the parameter of photocatalyst amount on
COD reduction. The results show an increase in
the COD reduction with an increase in the
amount of light radiation and the amount of
photocatalyst. The effect of pH parameter on
COD reduction can be attributed to the change
of photocatalyst surface charge with pH
change, which changes the electrostatic
interaction between the photocatalyst surface
and pollutant molecules/ions in the effluent. To
determine the surface charge of the
photocatalyst at different pH, the pHzec of the
photocatalyst was determined and was found to
be 4.4. This means that at pH<4.4, the
photocatalyst surface is positive and can absorb
anions by electrostatic interaction. At pH>4.4,
the surface of the photocatalyst is negative. The
results show a high amount of COD reduction
occurs at low pH when the surface charge of the
photocatalyst is positive. This indicates that in
this pH range (pH <4.4), a strong electrostatic
attraction interaction is created between the
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positive surface of the photocatalyst and the
ions in the solution, which causes their surface
adsorption on the catalyst surface, and increases
the amount of adsorption. The high amount of
adsorption increases the chance of a
photocatalytic reaction [30]. In this research,
the goal is to achieve the maximum amount of
COD reduction. For this purpose, optimization
analysis was done with the experimental design
software and the results showed that at pH=3,
the amount of photocatalyst of 1.25 g/L, and the
duration of light irradiation 45 minutes, the
maximum COD reduction is achieved, equal to
97.41%.

Conclusion

The results of identification analyses showed
that the band gap of the synthesized
photocatalyst (AC/ZnO/SnO;) is 2.85 eV,
which shows its applicability and activity in
visible light. The effect of pH parameters,
amount of photocatalyst, and time under light
irradiation on COD reduction rate of municipal
wastewater by AC/ZnO/SnO; photocatalyst
was investigated using the method of CCD
design. The results showed that at pH=3, the
amount of photocatalyst of 1.25 g/L, and the
duration of light irradiation of 45 minutes, the
maximum COD reduction is achieved, equal to
97.41%.
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