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ABSTRACT
Ozone is a strong oxidizer that can kill bacteria and other microorganisms very effectively. In the recent years, ozone has become very
important for sterilization of water used in shrimp farming and treatment of
wastewater from food industry. However, ozonisers available in the markets
are very expensive and have low energy-efficiency. In this work, a highlyefficient and low-cost system that can produce high-concentrations of ozone
gas and dissolved ozone in water has been developed. The system consists
of a dried air unit, high-voltage rf power supply, ozoniser tubes and venturi
injector. The tubes are designed and configured to convert oxygen gas to
ozone gas by atmospheric surface glow barrier discharge.
Keywords: Ozone, atmospheric surface glow barrier discharge, oxidizer,
sterilization of water, wastewater treatment
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INTRODUCTION
Ozone has been known to be very strong oxidizer that can kill Escherichia coli
bacteria and other micro-organisms effectively [1,2]. Dissolved ozone having a
concentration of 0.3 ppm can reduce the amount of E. coli by more than 99 % within 2
min. Therefore, in recent years, ozone has become very important for the sterilization of
water used in shrimp farming and treatment of wastewater from the food industry. Since
ozone is unstable and decomposes to oxygen within ca. 10 min without harmful byproducts, using ozone is friendly to the environment. Ozone technology is necessary for
the sustainability of water use in industries. However, ozonisers available on the market
are quite expensive and have low energy-efficiency [3,4]. In this paper, we have
developed a highly-efficient and low-cost system that can produce highly concentrated
of ozone gas and dissolved ozone in water. Dependence of ozone concentration on rf
power and gas flow-rate will be shown.

MATERIALS AND METHODS
Figure 1 shows the schematic diagram of the experimental setup consisting of
the ozone generator, a resonant high-voltage high-frequency power supply [9], air dryer
unit and ozone venturi injector. The system is composed of dried air unit, high-voltage
rf power supply, ozoniser tubes and venturi injector. The configuration of the tube is
carefully designed to convert oxygen gas to ozone gas by atmospheric surface glow
barrier discharge [3-6]. The discharge occurs at the dielectric surface of the Pyrex glass
generating highly active non-equilibrium plasmas at atmospheric pressure. Therefore,
ozone is formed during the discharges of air or oxygen gas. Monitoring of the ozone gas
and dissolved ozone in water is achieved with a ozone monitor model C-30ZX from
ECO Sensors Inc. and the indigo colorimetric method [7,8], respectively. In the ozone
generator there are 8 ozoniser tubes connected in series as shown in Figure 2.
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Figure 1 Schematic diagram of the experimental setup.

Figure 2 Eight ozoniser tubes connected in series to produce maximum ozone concentration.

Figure 3 shows the schematic detail of the air dryer consisting of 2 columns a
desiccant air dryer and a refrigerated air dryer. The 4 solenoid valves are controlled
automatically to optimize the working conditions of the air dryer. Therefore dried and
cool air having a dewpoint less than −10 oC can be obtained. Reduction of moisture in
the air is very important for highly efficient of ozone production in the discharges [10].
Once the ozone gas is generated, it is fed into the venturi injector to mix with the water,
and more than 80 % of the ozone gas is dissolved.
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Figure 3 Schematic detail of the air dryer.

Figures 4 and 5 show the schematic details and picture of each ozoniser tube.
The tube uses water as a cooling medium and ground electrode. The temperature of the
tubes has to be maintained at room temperature during the discharge for effective
production of ozone [11], since dissociation of ozone occurs easily at high temperatures.
The high voltage electrode made of a stainless mesh is on the inside surface of the
Pyrex glass tube. The 2 mm thickness glass tube is used as a dielectric barrier to prevent
the transition from glow to arc discharges [12]. The details of the resonant inverter
power supply are discussed elsewhere [9]. The concentration of ozone can be controlled
easily by variation of frequency and peak voltage of the rf signals.
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Figure 4 Schematic details of ozoniser tube.

Figure 5 Picture of ozoniser tube when the discharge occurred and ozone is produced.
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RESULTS AND DISCUSSION
The threshold rf peak voltage for ozone production occurs at about 2 kV as
shown in Figure 6. The highest concentration of ozone at each supplied rf peak voltage
value is produced at the resonant frequency of the LC oscillator of the ozoniser tube and
compensated inductor. Since the tube will behave as a capacitor in parallel with a
resistor during the discharge, the inductance of the compensated inductor has been
designed carefully for resonant frequencies between 10 kHz and 800 kHz.

Figure 6 Dependence of ozone concentration on the rf peak voltage, gas flow rate is 40 l/min.
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Figure 7 Dependence of ozone gas output on (a) rf power and (b) flow rate of oxygen at various
rf powers. In (a) the rf frequency and oxygen flow rate are 36 kHz and 10 l/min, respectively.

Figure 8 Dependence of dissolved ozone on flow rate of dried air, when the water flow rate is
50 l/min, rf power and frequency are 667 W and 34 kHz, respectively.
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Figure 7a shows that ozone output is increased with rf input power. That is
because more energetic electrons are generated and more oxygen molecules are
dissociated into oxygen atoms. Therefore interaction among atoms and molecules of
oxygen to form ozone is increased. Figure 7b shows the dependence of the ozone
output upon the oxygen gas flow rate for different rf input powers. They have similar
characteristics to have peak of ozone output. However, the gas flow rate corresponding
to the peak is increased with the rf power. The results have suggested that a higher
ozone output capacity can be obtained by increasing the gas flow rate and input rf
power. At the peaks, the residence time of oxygen atoms and molecules is optimized
with the number of the particles produced in the rf field, so that the highest reaction rate
for ozone production occurs [11]. In Figure 8 dried air is used to feed into the ozone
tubes. The ozone output capacity is reduced by about 50 % as compared to production
when using oxygen gas. As the ozone gas is injected into the venturi, dissolved ozone of
a concentration greater than 0.7 ppm will be obtained.

CONCLUSIONS
The system has a maximum ozone capacity of 40 g/h and 15 g/h when oxygen
gas and dried air are used respectively. Consequently, a dissolved ozone concentration
greater than 0.7 ppm can be obtained when dried air is used. The ozone production
system studied in this paper has the potential for development for commercial use in the
shrimp industry. To achieve that, high power electronics for high power rf generators
and discharge physics during ozone production have to be investigated carefully.
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