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Abstract:-Ozone is a technology that has been widely 

developed because it has many benefits in various fields. 

Therefore, the development of ozone generators 

continues to be carried out to find the most optimum 

setup. This paper will compare the effectiveness of ozone 

production from two reactors that have different 

geometries, namely a long reactor and a large diameter 

reactor with variations in flowrate and frequency. The 

ozone generator used is a dielectric barrier discharge 

(DBD). The increase in voltage applied to the reactor 

makes the current also greater. Apparently, the use of a 

small flowrate increases the concentration of ozone 

produced at each voltage variation. It was found that the 

large reactor had a better concentration than the long 

reactor at each variation of flowrate and frequency. 

Dissolved ozone was also observed, it was found that 

oxygen gas sources can dissolve ozone better than free 

gas sources in water. 
 

Keywords:-Dielectric Barrier Discharge, ozone 

concentration nano-micro bubble, gas flowrate, dissolved 

ozone. 
 

I. INTRODUCTION 
 

Cold plasma that can operate at atmospheric pressure 

is widely used in various fields such as agriculture and the 

environment. This is because it can be generated in the 

surrounding air and by using a fairly simple tool such as a 

dielectric barrier discharge (DBD) [1]. In simple terms, two 

electrodes are given a high voltage and one of the electrodes 

is blocked by a dielectric material will produce an electric 

field that ionizes the gas around the electrode so as to 

produce energetic species such as reactive oxygen species 

(ROS) which include O2+, O2-, and O3-[2]. DBD plasma 

reactor is also known as an effective ozone generator [3], 

[4]. 
 

Ozone is known as a strong oxidant which is widely 

used in killing bacteria, algae, spores, removing organic 

compounds, eliminating odors, to purifying and treating 

water [5],[6],[7]. The utilization of ozone dose used in each 

application requires a different characterization and shape of 

the DBD plasma reactor. This is because the use of the 

method affects the dose of ozone produced [8]. In general, 

voltage, type of electrode, reactor geometry, gas flow used, 

reactor configuration and gas source used are things that 

affect ozone production [9]-[15]. 
 

In this paper, we study the performance of two types 

of DBD reactors with different lengths and diameters. We 

also analyze the effect of flowrate and frequency variations 

on the ozone concentration and the capacity of the ozone 

produced. With micro-nano bubble technique, dissolved 

ozone in the water has been demonstrate.  
 

II. RESEARCH METHODS 
 

This research is an experimental research which 

carried out in the laboratory. Figure 1 show the 

experimental set up of this research. The equipment used 

includes:  two Dielectric Barrier Discharge(DBD) Plasma 

Reactors with deference of diameters and longs. The DBD 

plasma reactor used in this study is in the form of a cylinder 

where the inside is a threaded cylindrical mesh aluminum 

and the outer electrode is also a cylinder made of aluminum 

foil.   
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Fig. 1: Experimental Set Up 
 

Between one electrode to another there is a separator 

or barrier made of cylindrical pyrex material. The large 

diameter reactor has a diameter of 5 cm and a length of 30 

cm. The long reactor has two steps, while the long reactor 

has a diameter of 3 cm and a length of each step 20 cm  as 

shown in Figure 2. Both reactors have pyrex glass along the 

length of the reactor which functions as a barrier. For inside 

the reactor is flowed by dry air or oxygen gas which are 

made into plasma and finally it product. Source of High 

Voltage AC (High Voltage Alternating  Current). The high 

voltage source serves to supply high voltage to the plasma 

generator (CPR, 0-20 kV). 
 

 

Fig. 2. (a). Configuration of large DBD reactor (b) Configuration of long DBD reactor 
 

The high voltage pulsed AC applied to the reactor 

varied from 0 to 10  kV and 9 kV and used a free gas source 

with variations of 5,10,15,20 L/min. The measurement of 

ozone concentration was carried out by the titration method 

and calculated using the equation below [15],  
 

𝐶 =  
24 𝑥𝑉𝑡𝑥𝑀𝑥 1000

𝐹𝑙𝑜𝑤𝑥𝑇𝑖𝑚𝑒

 

 

Vt is the volume of titrant (sodium thiosulfate) in 

liters, M is the molar titrant in grams/L and t is the time the 

ozone is exposed to the KI solution. 

 

Fig. 3: Experimental set up for 
 

This study included three experiments, first 

experiment was explored on ozone productions under 

different air flow rate. The second experiment last was 

concern on the dissolved ozone in the water  with air or 

oxygen as sources  The ozone concentration (𝐶𝑂3
) in the air 

was calculated by iodometry method [17]. The ozone 

capacity  was calculated by multiplying concentration with 

the flow rates [13]. The dissolved ozone was measured in 

the 10 L distilled water and obtained by Spectroquant® 

Move DC (173635) - ozone test kit (Merck KGaA, 

Germany).  
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The micro-bubbles were continuously produced for 70 

min with different ozone flow rate. The water temperature 

was between 25 to 27 °𝐶 during the experiments although 

without temperature controller. Fig. 1 shows a schematic 

representation of the experimental setup for ozone 

production   and Fig.3  for experiment dissolved ozone in 

the water. 
 

 

 

 

 

 

III. RESULT AND DISCUSION 
 

A. Electrical Analysis of Reactor  

This research uses a DBDP (Dielectric Barrier Discharge 

Plasma) reactor. Ozone in the reactor is generated by 

providing high AC voltage between 0 kV-10 kV. Figure 3 a 

and b  shows the current characteristics as a function of 

voltage. Current and voltage characteristics are obtained by 

providing varying voltages at different flow rates between 5 

L/min- 20 L/min. The graph in Figure 3 shows that the 

greater the applied voltage, the greater the current 

generated.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 

 

 

 

(b) 
 

Fig.4. (a) Electric Current as voltage function at long DBD reactor with frequency of 400 Hz and variation of flowrates. (b) 

Electric Current as voltage function at long DBD reactor with flowrate of 20 lpmand  variation of frequencies.  
 

This shows that the AC voltage applied to the DBD 

reactor (Dielectric Barrier Discharge) will increase the 

amount of electric charge generated in the process of 

ionizing gas molecules and followed by the formation of 

plasma. The increase in voltage causes a change in charge 

because the change in time (capacitive current) generated 

according to the equation (I = C dV/dt) will be even greater.  
 

 

This capacitive current is also an alternating current. 

From the graph, it can also be seen that the uncertainty 

current follows a second-order polynomial equation 

according to the formulation trend of modified Robinson 

[18]. The current in the dielectric barrier discharge plasma 

reactor is proportional to the square of the fitting voltage. 

This characteristic is as proposed, that the Robinson 

equation after being modified can apply more generally 

[18]. This equation can be used for DBD reactors with more 
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than one dielectric material and takes into account the 

electrode area.   

Ozone is usually formed as a result of a three-body collision 

reaction that occurs in a small gap between the dielectric 

surface of the DBD reactor which is fed with air. 
 

 

(a) 
 

 

(b) 
 

Fig.5. (a) Electric Current as voltage function at the big  DBD reactor with frequency of 400 Hz and variation of flowrates. (b) 

Electric Current as voltage function at big DBD reactor with flowrate of 8lpm and  variation of frequencies.  
 

Usually M represents O, O2, N2 and O3 in air. Figure 4 

shows a graph of the current characterization as a function 

of voltage in the DBD reactor in large diameter reactors and 

long reactors with free gas input. The increase in current is 

directly proportional to the supply of voltage, this applies to 

both types of reactors. The high voltage applied to the 

reactor causes the formation of a strong electric field, this 

strong electric field indicates the movement of electrons that 

accumulates very much in the electrodes. This movement of 

electrons increases the probability of the electron colliding 

with the oxygen molecule, resulting in ionization and 

dissociation. 

 

B. The Influence of Flowrate on Ozone Concentration  

The characterization of the ozone generator was charged 

using high voltage source of 10 kV. In the process when 

ozone has been produce, high energy needed to dissociate 

the Oxygen to produce O atoms. Then, the O atoms hit the 

O2 and these O atoms recombined in a three-body reaction 

to produce ozone [12]. 
 

                             (2)  

                    (3)  

 

 

 

  

 

(a) 
 

http://www.ijisrt.com/


Volume 7, Issue 12, December – 2022                International Journal of Innovative Science and Research Technology                                                 

                                                     ISSN No:-2456-2165 

IJISRT22DEC919                                                               www.ijisrt.com                                                           1160 

 

(b) 
 

Fig.6. (a)Ozone Concentration as function of voltage at long DBD reactor with frequency of 400 Hz and variation of flowrates. 

(b) Ozone Concentration as function of voltage at long DBD reactor with flowrate of 20 lpmand  variation of frequencies.  
 

The effect of flowrate on ozone concentration is given 

by Fig.6 adn Fig.7. The maximum ozone concentration was 

obtained when gas flowrate was 5 L/minute and 400 Hz 

frequency at 172 ppm and the lowest value when the gas 

flowerate was 20 L/minute and 700 Hz frequencyat  

43.1ppm. The increase in the gas flowrate results lower 

ozone concentration and on the contrary the decrease in the 

gas flow rate generate the higher ozone concentration. 
 

The graph of the ozone concentration as a function of 

stress is shown in Figure 6 and 7. The results show that the 

ozone concentration increases as the voltage increases. The 

increase in voltage makes the electrons have high energy to 

ionize and dissociate oxygen molecules into atoms which 

indirectly increases the possibility of ozone formation 

reactions. 

 

 

(a) 
 

 

(b) 

Fig. 7: (a) Ozone Concentration as function of voltage at big  DBD reactor with frequency of 400 Hz and variation of flowrates. 

(b) Ozone Concentration as function of voltage at big DBD reactor with flow rate of 8 lpmand  variation of frequencies.  
 

C. Disolved Ozone in the Water  

The concentrations of the dissolved ozone in water were 

plotted against time as seen in Figure8. Solid lines are the 

Boltzmann fit results.  We found that oxygen source 

produce better dissolved ozone than free gas. For a given 

constant gas flow rate, the dissolved ozone increase with 

aeration times goes by until reaching the equilibrium state. 

At equalibrium state, oxygen source can obtained 0.1 ppm 

meanwhile free gas 0.05 pppm. The gas flow rate also 

affects the size of the bubbles in the water. Higher gas flow 

rates produce larger bubbles. The larger the bubble size, the 

smaller the total surface area and bubble density, as a result 

the gas-liquid mass transfer decreases [19]. While [20] 

found that the average bubble size radius of the different air 
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streams, between 1 L/min and 0.25 L/min, was the same. 

However, the number of microbubbles is greater at lower 

gas flow rates [20]. 
 

In addition to the input ozone concentration and 

bubble diameter, the solubility of ozone is also significantly 

affected by other factors such as temperature, pH, the 

electrical conductivity of the medium, and the presence of 

impurities [21]. 
 

 

Fig. 8: Dissolved ozone in the water as function of time for sources air and oxygen at long DBD reactor with frequency of 400 

Hz, and 5 lpm 
 

IV. CONCLUSION   
 

The greater the voltage applied to the DBD reactor, the 

greater the current. At the same time, a small intake gas will 

produce a large concentration of ozone. This can happen 

because the contact time of the input gas in the reactor is 

getting longer so that the formation of ozone is getting 

better, this applies to both types of reactors. Large reactors 

have better ozone concentrations than long reactors at all 

flow and frequency variations. Also, oxygen source can 

produce better dissolved ozone than free gas in the 

equilibrium state in water. 
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