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ABSTRACT

Introduction: Regarding the daily growth of Volatile Organic Compounds (VOCs) application in a vast
variety of industries which also contributed to their adverse effects, different methods were used for
controlling their emission. One of the most effective methods for this purpose, is a combination of cold
plasma and catalyst or photo catalyst. In this study, the effectiveness of the HZSM-5/ Tio2 for Toluene
treatment removal was investigated

Material and Methods: HZSM-5 zeolite, and Tio2 in 3 and 8 weight percent were used for photo catalyst
preparation. The TiO2 particles were coated on the zeolite by impregnation method. X-Ray Diffraction,
Scanning Electron Microscope and Brunauer Emmett Teller tests were used for the identification of photo
catalyst structural properties. Toluene vapors with 58+2 PPM concentrations were produced in ambient
condition including the room pressure and temperature by a dynamic system and introduced to a reactor
included 1 gr of the photo catalyst. Vapors were passed from the reactor continuously with a rate of 0.5
liter per minute. Removal efficiency in three different states; plasma only, plasma /HZSM-5/Ti02 3%tw,
and plasma/HZSM-5/Ti02 8% tw were assessed at the voltages of 4000 to 8000.

Results: In the current study, the removal efficiency of toluene vapors were 44.9, 75.36 and 66.68 percent
for plasma, plasma /HZSM-5/TiO2 3%tw and plasma/HZSM-5/Ti02 8% tw, respectively. Photo catalyst
with 3 weight percent showed the best removal efficiency. In all tests, the removal efficiency increased
when the voltage increased and in 7000 volts it reached the maximum level. Therefore, adding photo
catalyst to the plasma caused significant improvement in removal efficiency. Also, HZSM-5/Ti02 3% tw
showed the best performance for toluene vapors removal.

Conclusion: According to the current study findings, using this combination in an industrial environment
can be an effective way for Toluene vapors without the need for high temperatures. This combination can
be proposed for other VOCs.

Keywords: Cold Plasma, Photo Catalyst Toluene Vapors, Removal Eeeficiency.
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1. INTRODUCTION

Volatile Organic Compounds (VOCs) are of the
most important vaporous pollutants in industries
and the environment. Most organic compounds
are volatile, toxic or odorless. Toluene, as a VOC,
has vast applications in a variety of chemical
products such as sprays, Glue, and antifreeze
solvents.  Catalytic =~ combustion,  thermal
combustion and biological methods are among
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the common methods for removing VOCs in
industrial environments. Non-Thermal Plasma
(NTP) developed as an effective method for
gaseous pollutant removal that combines with lots
of catalyst and photo catalyst.

2. MATERIAL AND METHODS

For photo catalyst preparation TiO2 particles
were coated on HZSM-5 zeolite by impregnation
method with the two different weight percent of 3
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Fig. 1. XRD pattern of HZSM-5 ( a:standard pattern, b:study pattern)
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Fig. 2. Removal efficiency for tree modes

and 8. Then, XRD, BET, SEM, and EDS tests were
used to photo catalyst structure determination.
Then, 1 gr of prepared photo catalyst was placed
in a reactor with a length of 25 cm and an internal
diameter of 1 cm. After that, 58+2 ppm of toluene
vapors in ambient air temperature and pressure,
and with a humidity of 6 percent were passed
constantly through a reactor in 0.5 lit/min flow by
a dynamic system. In this study, continuous plasma
was created using DC power and dielectric Barrier
Discharge mechanism. Toluene vapors degradation
studied from 4000 to 7000 volts with 500 volts
interval.
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3. RESULTS AND DISCUSSION

Based on the results, the XRD pattern for HZSM-
5 zeolite was compatible with standard pattern
and both of them indicated two sharp peaks at
20 = 7°— 9°and . The Si/Al ratio was 52.9 indicating
the high degree of hydrophobicity of the zeolite and
consequently, the lack of significant active sites to
be occupied by water molecules. The results of BET
test also showed a specific surface area per gram of
298.8 m*/gr for zeolite and 212.80 and 189.33 m*/
gr for photo catalyst 3% and 8%, respectively. The
best removal efficiency was 44.9, 75.36 and 66.68
percent for plasma, plasma/HZSM-5/TiO02-3% and
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Plasma/HZSM-5/Ti02-8%, respectively.

4. CONCLUSIONS

The photo catalyst / plasma combination was able
to remove 75% of the input toluene concentration,
which is considered as an acceptable result. So, this
combination could be a good way to remove volatile
organic pollutants such as toluene. This solution can
be a good alternative over the other methods that
require time, cost and energy. This study showed

[ Dow!ed from jhsw.tums.ac.ir on 2026-06-28 ]

that using a plasma / photo catalyst combination has
the ability to remove a high percentage of toluene
vapors, even without the need for an external UV
source and can be, therefore, a cost-effective method
for this purpose. However, other studies are needed
to further optimization of our developed system.
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