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ABSTRACT

Introduction: Ethylbenzene is a volatile organic compound used in many industries, including oil and gas,
oil colored and insecticides. Due to the toxic effects of this chemical substance, control and elimination
of this vapor is necessary. Photocatalytic degradation is a possible method to remove organic compounds
from air. This study was performed to determine the efficiency of photocatalytic removal of ethylbenzene
vapor using ZnO nanoparticles immobilized on modified natural zeolite.

Material and Methods: Natural zeolite was first modified with hydrochloric acid and then with diphenyl
dichlorosilane. Next, zinc oxide nanoparticles were stabilized on the zeolites. Dynamic air flow and
different concentrations of ethyl benzene (25, 50, 100 and 200 ppm) were produced and the removal
efficiency of ethylbenzene vapor was investigated using UV/MZe/ZnO. The temperature and relative
humidity were set at 25+2°c and 35%. The surface and volume of the pores of the bed were determined
by the BET method and surface structure was determined by Scanning Electron Microscope (SEM) and
X-Ray Diffraction (XRD).

Results: Evaluations for BET showed the specific surface areas decreased by increasing the amount of
ZnO. XRD analysis and SEM images showed that zeolite structure was stabled and nanoparticles was
successfully stabilized on Ze. The results showed that the highest removal efficiency (50.8%) by the
process of UV/MZe/ZnO at concentration 25 ppm.

Conclusion: The result of this study showed that the Ze/ZnO catalyst may be an applicable and hopeful
method to removal of ethylbenzene from air flow under UV irradiation
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1. INTRODUCTION

Air pollution induced by volatile organic
compounds (VOCs) hasrecently become the world’s
most important environmental concern due to the
rapid growth of industrialization and urbanization
[1]. Most of the VOCs are toxic, carcinogenic and
some of them have mutagenic or teratogenic effects.
Thus control of these compounds originated from
industrial processes has become increasingly crucial
as the emission standards are getting improved to
ensure high quality of air. Photocatalytic oxidation
process is an advanced oxidation technology that
is one of the most effective methods to remove
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organic contaminants in the gas and water phase.
This method has a great potential in environmental
remediation. In this process, a semiconductor
as ZnO was activated by UV radiation and was
used for removing organic pollutants which has
proved to have several advantages than classical
chemical oxidation. This study was performed to
determine the efficiency of photocatalytic removal
of ethylbenzene vapor using ZnO nanoparticles
immobilized on modified natural zeolite.

2. MATERIAL AND METHODS

In this study, natural zeolite of Semnan Garmsar
clinoptilolite with a size of 0.5-0 mm and the nano
sized ZnO with average sizes of 20-40 nm and
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Fig. 1. A simple diagram of a system designed for dynamic photocatalytic analysis experiments. 1) air pump, 2) split valve, 3) rotam-
eter, 4) container containing ethyl benzene, 5) mixing chamber, 6) electric fan, 7) measuring port, 8) photocatalytic reactor, 9) UVA
lamp, 10) substrate Photo catalyst, 11) Ethyl benzene concentration measuring device

Table 1. Surface area and total pore volume of prepared catalysts

Sample unit
Specific Surface Area (BET) m?/gr
Total pore volume cm?/gr
Average pore diameter °A

specific surface areas of 45 and 50 m?/g were used.
Wet Insemination Technique (WIT) was used in
order to prepare MZe catalysts with Wt% 12% of
nanoparticles. To prepare 15gr of Ze catalyst, first
1.2 gr ZnO nanoparticles was added to 50ml of
distilled water and then the suspension was stirred
for 15 minutes in a mixer. Then, it was placed under
ultrasonic bath until ZnO nanoparticles were
separated completely from each other and created a
uniform suspension with 50 KHz frequency for 30
minutes. Afterwards, 0.25 g of ZnO nanoparticles
were poured into 50 ml of distilled water and the
resulting suspension was stirred for 10 minutes
and then added to MZe after ultrasonic bathing.
Finally, it was thermally stabilized at 400 °C for 4
hours. The prepared catalysts were characterized by
XRD, FESEM and BET test. The X-ray diffraction
patterns (XRD) of catalysts were obtained by
X-PERT PRO MPD instrument. The crystalline
phases were identified for each catalyst. Wavelength
radiative was the 54.1 A of the device by generating
40 Kv, 40mA. The samples were scanned at 20, 1
and 80. The surface area, pore size and pore volume
of catalysts were measured by the Quantachrome
Chem BET Instrument. The experimental setup
for removal of ethylbenzene is shown in Fig. 1.
In this experiment, the generated ethylbenzene
concentrations, were 25 ppm, 50 ppm, 100 ppm
and 200 ppm. In the upper part of the reactor, 3
UVA lamps were installed at a distance of 2 cm from
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the surface of the catalyst bed with the maximum
output power and maximum wavelength of 365
nm. The radiation intensity was measured at 1.9
w/cm?* bed surface. Removal efficiency was also
calculated using the data of input concentrations
(Ci) and output concentrations (Co) of the reactor
according to the following equation:

R= (C-C,/C) *100

3. RESULTS AND DISCUSSION

Results of surface area and pore volume of the
catalysts are presented in Table 1. According to the
results of the BET test, the specific surface area has
decreased from 139.75 m*gr in MZe to 132/61
m?*/gr in MZe / ZnO. The results of photocatalytic
adsorption and removal efficiency of ethylbenzene
on MZe / ZnO at concentrations of 25, 50, 100, 200
ppm are shown in Fig. 2. When the UVA lamp is off,
the adsorption system is active so that ethylbenzene
is physically adsorbed on the MZe / ZnO surface
and removed from the air stream. The results of the
adsorption of different concentrations in Table 2
show that by increasing the concentration of inlet
ethyl benzene from 25 to 200 ppm, the adsorption
saturation time decreased from 275 to 130 min.
The adsorbent capacity is also increased. Similar
results reported in some studies. According to the
results, the adsorption process speed increased
with increasing ethyl benzene concentration.
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Fig 2. Diagram of the effect of different concentrations on the adsorption efficiency and photocatalytic removal of ethyl benzene input

Table 2. Results of vapor adsorption of ethyl benzene vapor by stabilized zinc nanoparticles photocatalyst based on modified zeolite

" . , . . Absorbent

Flow Initial concentration Time of steam appearance Saturation time .

absorbent L . X capacity

lit/min ppm Ethyl benzene (min) (min)

mg/g
MZe/Zno 0.25 25 25 146 275 0.977
MZe/Zno 0.25 50 25 103 210 1.465
MZe/Zno 0.25 100 25 67 160 1.975
MZe/Zno 0.25 200 25 43 130 2.605

Because the presence of a large number of adsorbed
molecules increases the possibility of their transfer
and contact with the adsorption surface. For this
reason, by increasing the concentration of ethyl
benzene at a constant flow rate, natural zeolite has
reached the breaking point sooner. This finding is
similar to another studies.

4. CONCLUSIONS

The photacatalytic degradation of
ethylbenzene occurred in gas phase by using
both ZnO catalyst coated on zeolite. In general,
styrene removal efficiency of AC-TiO, catalyst
was higher than AC-ZnO catalyst. The best
ethylbenzene removal efficiency of MZe-ZnO

Journal of Health and Safety at Work 2021; 11(4): 661-673

catalyst was found in concentration of 50 ppm and
flow rate of 0.5 I/min. The ethylbenzene removal
efficiency decreased with the increase of the
gas flow rate and concentration. Based on these
functions, MZe-ZnO catalyst exhibited a good
photocatalytic performance in the decomposition
of ethylbenzene in the gas phase under UV
irradiation. The result of this study showed that
the Ze/ZnO catalyst may be an applicable and
hopeful method to removal of ethylbenzene from
air flow under UV irradiation
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