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Methyl Tert-Butyl Ether (MTBE) due to having different physical and chemical properties
compared to other fuel compounds and resistance to biodegradation has caused concerns
about contaminating water sources, especially underground sources. With the aim of
overcoming limitations related to the usual methods of removing MTBE organic pollutant
from water and improving the removal efficiency, in this research, using the hydrodynamic
cavitation (HC) method and combining it with the advanced oxidation method by adding
hydrogen peroxide as an oxidizing agent (HC/H202) has been investigated. In this research,
3 plates with orifice diameters of 2, 3, and 4 mm were investigated as cavitation devices and
the effect of their geometry, inlet pressure, pH, dissolved oxygen, inlet pollutant
concentration, and the effect of adding H202 on the pollutant removal rate. The comparison
and optimization of these parameters was done based on the maximum amount of pollutant
removal and total organic carbon. The results show that the optimal removal for pollutant
occurs at a cavitation number 0.13 and by 44% in hydrodynamic cavitation condition, and
by adding H20: as a chemical oxidizer, the performance of the cavitation reactor especially
in acidic conditions that are more favorable for the production of hydroxyl radicals up 88%
is promoted. In addition, the initial level of dissolved oxygen affects the production of OH
radical and the pollutant removal rate with this method. The comparison of the methods
used in this study showed that the combination of methods will synergize their effects and,
as a result, remove more of this pollutant from water.
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Extended Abstract

Introduction

Today, the use of hydrodynamic cavitation (HC) method to purify water containing organic pollutants has become a
promising trend for protecting human health and the environment. This technic can decompose and remove organic
compounds, especially compounds with a complex structure and resistant to biodegradation, by producing active
radicals with high oxidizing properties or reduction potential. (Wang et al., 2020) (Patil et al., 2023)

One of the most important organic pollutants, which has significantly different physical and chemical properties
among fuel compounds, is methyl tert-butyl ether (MTBE), and from beginning due to contamination of some water
sources and the resistance of this pollutant to biodegradation caused concerns about the possible toxicity and
carcinogenicity of this substance. With the aim of overcoming the limitations related to the removal methods of
MTBE organic pollutant from water and improving efficiency level, in this research the use of hydrodynamic
cavitation method and its combination with hydrogen peroxide has been investigated. (Levchuk et al., 2014).

Materials and methods

This research was conducted in 2 phases and 7 steps (the first phase includes 4 steps and the second phase includes 3
steps). In the first phase, the hydrodynamic cavitation method was used alone to purify the water containing the target
pollutant. In this phase, the performance of the hydrodynamic cavitation method is mainly determined by the physical
parameters of the reactor, including the geometry of the orifice, and the operational parameters of the system, such as
the inlet pressure (and the corresponding cavitation number), pH, concentration of the inlet pollutant, and the type and
amount of gas dissolved in the fluid.

In the second phase, the effectiveness of combining the hydrodynamic cavitation method with advanced oxidation
methods was tested by adding hydrogen peroxide (H.0.) and checking the effect of the operation parameters
considered in the first phase.

Results and Discussion

Effect of inlet pressure

The collapse of cavities (bubbles) will intensify with higher inlet pressures and lead to the creation of more active
cavity volume and more complete mineralization of the pollutant. In other words, in this process, with the reduction of
the cavitation number, more holes are formed in the reactor and in more optimal conditions, they deteriorate and
collapse, which leads to the formation of more active hydroxyl radicals in the environment and finally, a higher
efficiency of pollutant removal in the system. Also, comparing the cavitation reactor performance in different orifice
geometries shows that the cavitation number is a reliable parameter. Based on the obtained results, the conditions and
layout of the pilot used in this research are such that Ca~0.6 is a turning point in the performance process of the
system.

Effect of pH

The results indicate that the pH of the solution is an important parameter in determining the effectiveness of
hydrodynamic cavitation due to the possibility of influencing the chemical properties of the solution and the possible
location of the dissolved substance.

This effect is such that both in the conditions where the hydrodynamic cavitation method is used alone and in the
conditions in which H,0- is added, the acidic conditions lead to further degradation and decomposition of the MTBE
pollutant and, as a result, a greater reduction of TOC.

Effect of dissolved oxygen

Oxygenation reduces the pollutant removal efficiency. With the presence of more nuclei to cause cavitation events,
due to the excessive concentration of gas bubbles, on the one hand, the compressibility of the vapor-liquid medium
will decrease, and therefore this will lead to the collapse of the bubbles before reaching the critical size, and on the
other hand, Also, with the release of a part of dissolved oxygen in the form of gas bubbles, especially after the orifice,
a percentage of the holes created before reaching the critical size are absorbed and hydroxylation decreases in both
processes.

Effect of pollutant concentration

In the same condition, the lower concentration efficiency will be higher. While the initial pollutant concentration is
higher, the rate of color removal will be higher. In other words, the pollutant level reduction process is faster and more
especially at the beginning of the system operation. Although the pollutant removal efficiencies in both tests may be
close after more time, a higher initial concentration will result in a faster rate of pollutant removal.
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Conclusion

The hydrodynamic cavitation method and the use of hydrogen peroxide, despite the significant difference in
performance, are potentially effective tools for the treatment of MTBE-contaminated water.

The pilot-scale results showed that water purification with the combined method of hydrodynamic cavitation and
advanced oxidation can be an effective approach to remove organic pollutants even with complex structure from
surface and underground waters, which in addition to achieving higher efficiency, for a constant removal rate,
reducing the amount of peroxide consumption. It will lead to hydrogen and energy consumption. Therefore, it is
possible to obtain the highest efficiency from the hydrodynamic cavitation method, depending on the anticipated goals
and existing requirements, and even using this method in combination with other advanced oxidation methods, with
the minimum possible energy consumption.
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