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By using photocatalytic processes, it is possible to reduce volatile organic
compounds in the air under special conditions. The aim of this study was to
evaluate the efficiency of the photocatalytic process in the presence of
organic-metallic nanostructures model Bi2Ss@NH>-MIL125(Ti) in reducing
ethylbenzene concentration. The concentration of 150-300 ppm and the
amount of deposited catalyst (1-3 g/m?) were studied. By increasing the
airflow rate contaminated with ethylbenzene, the efficiency of the process
decreased from 79% at 0.5 I/min to 41% at the flow rate of 3 I/min. By
increasing the amount of catalyst coated on the reactor wall, the efficiency
of the process increased from 65% at a dosage of 0.5 g/m? to 86% at a
dosage of 3 g/m?. By increasing the amount of input concentration. Of
ethylbenzene, the efficiency of the process decreased from 94% at a
concentration of 150 ppm to 55% at a concentration of 300 ppm. The
optimal process conditions were determined at a flow rate of 0.5 I/m, the
concentration of ethylbenzene, 150 ppm, and the amount of catalyst, 3.0
g/m2. The presence of different light sources including UV A, C, and
visible light could reduce the initial concentration of ethylbenzene by.94,
95, and 67% respectively.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).

@E0d 8

Introduction

hydrocarbon that is used extensively in the
petrochemical industry in the production of

The most important volatile organic compounds
are compounds (BTEX). These compounds
include  benzene, toluene, xylene, and
ethylbenzene isomers, which are monoaromatic
hydrocarbons. Ethylbenzene is an organic
compound with the formula (C8H10). This
highly flammable compound is a colorless liquid
with a gasoline-like odor and an aromatic
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styrene, a plastic material. Ethyl benzene is also
used in the manufacture of chemicals in fuel and
as a solvent in ink, rubber adhesive, and paint.
The toxicity of ethylbenzene, with LDso, is about
4 g/kg of body weight. There is a possibility of
toxicity and cancer when exposed to high
concentrations for a long time. Eye and throat
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Photodegradation of Ethylbenzene from Air Stream

sensitivity can occur when a person is exposed to
a high concentration of ethylbenzene in the air.
High levels of ethylbenzene can cause
headaches, dizziness, and nausea. The use of the
photocatalytic process for various reasons,
including an environmentally friendly process
due to the non-use of hazardous chemicals and
the non-creation of residues of consumable
compounds, the non-production of hazardous
waste, and the complete mineralization process
of organic compounds and the production of final
mineral products such as water and Carbon
dioxide is considered. The aim of this research is
to evaluate the efficiency of the photocatalytic
process in the presence of organic-metallic
nanostructures model BiSs@NH>-MIL125(Ti)
by designing and using an advanced oxidation
system to reduce the concentration of
ethylbenzene from polluted air.

Material and Methods

The design of the experimental stages was done
using the one-factor-at-time (OFAT) method.
The number of samples was determined by
considering 3 influencing parameters: initial
ethylbenzene concentration, inlet flow rate and
catalyst concentration. To design and build the
reactor, a Plexiglas photochemical reactor has
been used. The dimensions of this reactor were
25x35x35 ¢cm and equipped with an ultraviolet
ray lamp in the A range and wavelength of 385
nm with a power of 16 (Philips-F77T12). Two
fans were used to create turbulence and regulate
temperature. Standard 1501 introduced by
NIOSH was used to determine the concentration
of ethylbenzene. Air sampling was done by a
sampling pump (SKC Company, Model 222-3).
Sampling was done by a solid absorbent tube
(activated carbon from coconut shell, Model 63
BD) connected to the pump. It should be noted
that the catalyst was purchased commercially.
The samples were extracted with 1 ml of carbon
disulfide (Merck, Germany) and the samples
were analyzed using a gas chromatography
device equipped with an ion flame detector (GC-
FID, 2 Varian 3800). Ethylbenzene standard
solution (Merck, Germany) and practical
standard solutions with specific concentrations
were made from the original ethylbenzene
standard solution. GC device was set to measure
ethylbenzene. To prepare the standard curve of
ethylbenzene, after preparing the gas
chromatograph device, 1 pl of each of the
applied standards was taken and injected into the
device by a syringe. According to the area under
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the peak and the concentration of the sample, the
calibration standard curve was drawn.

Results

The effect of different airflow rates on the
efficiency of the photocatalytic process, air
containing ethylbenzene entered the reactor with
a high flow rate of 0.5, 1, 2, and 3 I/min.
Ethylbenzene concentration and catalyst dosage
was considered constant at 250 ppm and 1 g/m?
respectively. Based on the results, with the
increase in the airflow rate contaminated with
ethylbenzene, the efficiency of the process
decreased from 79% in 0.5 dl/min to 41% in 3
di/min. The main factor in reducing the
photocatalytic efficiency of ethylbenzene is
reducing the retention time in the system and in
turn, reducing the opportunity to oxidize the
pollutant by the direct and indirect oxidation
process. Therefore, 0.5 I/min, the appropriate
flow rate, was chosen to reduce the concentration
of ethylbenzene, and this flow rate was used in
the rest of the experiment. With the increase in
flow rate from 0.5 to 3 I/min, the pollutant
retention time decreased from 45 to 16 s. To
investigate the effect of different amounts of the
catalyst: 0.5, 1, 2, and 3 g/m? were coated inside
the reaction reactor. At this stage, the flow rate of
polluted air flow was 0.5 I/min and the
concentration of ethylbenzene used at 250 ppm
was considered constant. The results showed that
by increasing the amount of catalyst placed on
the reactor wall, the efficiency of the process
increased from 65% in the flow rate of 0.5 g/m?
to 86% in the amount of 3 g/m2. The main factor
for increasing the efficiency of the photocatalytic
process was increasing the photochemical
reaction sites in the system and increasing the
opportunity to oxidize the pollutant by direct
oxidation process (by photolysis process) and
indirect oxidation (by radicals and electron-
holes). The amount of catalyst 3 g/m? was
selected as the appropriate amount to reduce the
concentration of ethylbenzene, and this amount
was used in the rest of the experiments. To
investigate the effect of different concentrations
of ethylbenzene on the efficiency of the
photocatalytic process, 150, 200, 250, and 300
ppm of ethylbenzene concentration were injected
into the reaction reactor. The flow rate of
polluted air was considered to be 0.5 I/min and
the amount of catalyst was used 3 g/m?. Based on
the results, increase in the concentration of
ethylbenzene entering the reactor, the efficiency
of the process decreased from 94% at 150 ppm to
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55% at 300 ppm. The main factor in reducing the
efficiency of the photocatalytic process in
removing ethylbenzene by increasing its
concentration was increasing the number of
pollutant molecules in the environment for
photochemical reactions in the system and
reducing the opportunity to oxidize the pollutant
by direct oxidation (by photolysis) and indirect
oxidation (by radicals and electron-holes).
Therefore, the concentration of 150 ppm was
chosen as the appropriate value for reducing the
concentration of ethylbenzene. The efficiency of
the photocatalytic process was the highest when
the concentration of ethylbenzene, catalyst dose,
and flow rate are 150 ppm, 3 g/m?, and 0.5 I/min,
respectively. The efficiency of the process under
these conditions was 94%. Considering this
efficiency, the concentration of ethylbenzene exit
from the system was 9 ppm.

Conclusions

In this research work, the photodegradation
efficiency of nanostructure in the removal of
ethylbenzene, as a model VOC, was evaluated
and the main results of this research are as
follows:

Environment and Water Engineering

1. The highest photodegradation efficiency of
ethylbenzene (94%) was achieved at a flow rate
of 0.5 I/min, ethylbenzene concentration of 150
ppm, and nanostructure amount of 3 g/m?.

2. the effluent concentration of ethylbenzene was
reduced to 9 ppm.

3. Under UV-A, UV-C, and visible light
illumination, the ethylbenzene was reduced by
94, 95, and 67% respectively.
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