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Abstract 

Ozonizer is a method used for sterilization and food preservation by utilizing ozone produced from plasma discharge. The 
effective way of obtaining ozone is to use dielectric barrier discharge (DBD) plasma. The manufacture of a controlled ozonizer 
chamber system is important to result in effective and efficient performance. The aim of this study is to design and optimize 
the ozone chamber parameter using pulse width modulation (PWM). The system design is added with the Arduino Mega 2560 
microcontroller and the L296N motor driver as an ozone generator radiation controller by changing the pulse width 
modulation to determine the ozone levels produced. The experimental results show that the ozone concentration increases by 
50 % on average with increasing variations of the 10 % duty cycle (PWM) and the ignition time length. The optimum value is 
achieved on a 70 % duty cycle for 60 - 300 seconds, where the ozone level of 3 ppm is obtained and sustained for 
fruits/vegetables sterilization and preservation application. 

©2020 Research Center for Electrical Power and Mechatronics - Indonesian Institute of Sciences. This is an open access article 
under the CC BY-NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0/).  
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I. Introduction 

Ozone gas (O3) is a strong oxidizing agent used in 
many sector applications such as medical and 
pharmaceutical, agriculture, food industry, water 
purification, waste treatment, and other industrial-
environmental management. The common method 
used for ozone generation in industrial area uses the 
dielectric barrier discharge (DBD), consisting of two 
parallel electrodes connected to an AC power supply 
separated by layers of dielectric material. The 
method principle is a voltage applied between the 
two electrodes to ionize the oxygen-containing gas 
to form ozone. The generating ozone is based on 
spreading oxygen molecules with control of suitable 
voltage and frequency [1][2][3]. The DBD chamber is 

subjected to a voltage across the electrodes. The 
energy is supplied for the micro discharges, where 
oxygen molecules break into a single atom and 
combine with other oxygen molecules to form ozone. 
The advantage of using a lower applied voltage is the 
opportunity to have ozone generators using non-
conventional dielectric materials that have much 
lower dielectric breakdown voltage, such as mica, 
alumina ceramic, thin enamel, and polymer layers 
materials [4]. 

Ozone production using DBD is affected by 
several factors such as voltage, electrical 
characteristics, flow rate, power supply and 
consumption, power modulation, and pulse polarity. 
The discharge conditions, such as gap-width, 
electrode material and surface, and applied voltage 
waveform, affect the system efficiency. The 
employment of pulse waveform as the applied 
voltage is expected to emphasize the highly 
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distorted high electric field and reduce the loss in 
the dielectric barrier [5][6]. The ozone production by 
pulsed electric fields is preferred due to shorter 
processing times that lead to considerable saving 
cost, leaves no hazardous residues, and less thermal 
side effects. No heat requires and hence saves energy. 
High voltage pulse generation can increase efficiency 
on the ozone generator. The switch in the pulse 
generator circuits only turned on typically in less 
than 10 % of a period, which is called the duty cycle. 
It can be off for the rest of the time, reducing energy 
consumption and limiting the electrode system’s 
heating [7]. The duty cycle variation is a simple tool 
to develop a practical ozone generator with widely 
adjustable ozone concentration and simultaneously 
constant ozone yield [8][9]. 

The food processing industry continuously 
improves food quality and safety, mainly related to 
microbial food safety concerns. Hence, various food 
sterilization and preservation methods to prevent 
microbial contamination and maintain food product 
quality have been evaluated. Ozone is a suitable 
choice for food sterilization and preservation 
because it has strong oxidative characteristics that 
make it an effective anti-microbial agent 
[10][11][12]. It destroys different types of 
microorganisms at relatively low concentrations. 
Ozone can rapidly be decomposed and can oxidize 
organic substances into safer elements, leaving no 
hazardous compounds in the food products. The use 
of ozone is an energy-saving model as the energy 
input required for ozone treatment is lower than 
other treatments, such as thermal, radiation, and 
microwave. Ozone could be generated on-site using 
ozone generators with oxygen as the gas source. 
Therefore it meets the global demand for 
sustainability. Some combination application of 
ozonation with other methods, i.e., pasteurization, 
freezing, high-pressure processing, UV, or 
membrane technology can be very effective in 
microbial inhibition and shelf life extension of food 
products [13][14][15]. Combination treatments of 

ozone, chlorine dioxide, and ultrasound could be 
used for strawberry preservation to prolong the shelf 
life. It was found more beneficial for quality factors, 
such as pH, total soluble solids, texture, sugar 
content, and water content [16]. Ozone and UV - C 
disinfection methods for tomatoes, carrots, and 
lettuces were evaluated and found effective for the 
inactivation of E. coli. The effectiveness of such 
methods was influenced by the dose of the agent, 
the exposure time, and the surface of the food 
product tested. A smooth surface allows an easier 
sanitization process, while it shows lower 
inactivation on the more porous and rough surface 
of the fruits/vegetables products. Color changes can 
be controlled by optimizing the exposure time and 
disinfection agent concentration [17]. 

In this paper, ozone is generated using DBD with 
a plate-type reactor, with a variation of the duty 
cycle of pulse width modulation and reactor time 
duration. The generated ozone is then collected in 
the box equipped with an ozone meter sensor to 
determine its concentration. The optimization was 
performed to obtain the targeted ozone level. For 
further study, the ozone generation system’s 
optimum condition will be used for fruits/vegetables 
sterilization and preservation applications, i.e., pears, 
apples, berries, lettuces, and onions. 

II. Materials and Methods 

The ozone room system in the experiment was 
carried out in a closed box measuring 60 cm x 40 cm 
x 40 cm to produce optimal work without any 
external disturbance factors such as wind and 
ambient temperature (Figure 1). The first 
experiment measured the maximum ozone level 
produced by a commercial ozone generator with the 
rate of change levels and the ozone’s residence time 
in the chamber. The second experiment measures 
the amount of ozone produced over time changes 
determined using the pulse width modulation 
method (PWM). Finally, the third experiment 

 
Figure 1. Design of the sterilization and preservation chamber 
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measures the length of time required for the amount 
of ozone determined changes in pulse width 
modulation. 

A. Sterilization and preservation chamber 

There are several methods of sterilization and 
preservation of foodstuffs. One of those is called an 
ozonation. Ozone can be formed through the 
collision process produced by the dielectric barrier 
discharge (DBD) plasma reactor, as shown in Figure 2. 
Oxygen molecules undergo ionization, which is the 
process of releasing an atom or molecules from their 
bonds to oxygen ions, called the plasma condition. 

The ozone molecule is formed by the ionization 
process of oxygen gas [18]. Oxygen is oxidized by 
colliding with an electron (e-). Furthermore, oxygen 
reacts with atoms O and M in the particulate form 
where M is any non reactive species that can take up 
the energy release in reaction to stabilize O3. M is 
either O2 or N2 which are the major components in 
the atmosphere. 

O2 + e-  O- + O2 (1) 

O- +O2  O3 + e-  (2) 

O2 +O- + M  O3 + M (3) 

Figure 3 shows the block diagram of the ozonizer 
system which is equipped with a speed converter 
and time controller. It is designed using an Arduino 
Mega 2560 microcontroller to get the desired ozone 
concentration. The ozone generator consists of an 
ozone reactor, a high voltage generator (HV), a fan to 
suck air from outside into the chamber, and a 
cooling medium for the ozone reactor. Sterilization 
and preservation system equipment is divided into 
three parts, namely the ozone generator to produce 

ozone gas, the PWM controller to control the pulse 
width of the ozone generator, and the chamber as 
the object container. The commercial ozone 
generator is a portable ceramic powered by 12 V DC 
input voltage that produces 2.5 kV AC output voltage, 
450 mA working current, 6 W power, and 200 mg/h 
ozone output. The L296N motor driver module 
controls the ozone generator converter, boost 
converter (0 - 32 V) to change the output voltage by 
14 V required by the motor driver module, gas ozone 
sensor, and a 12 V 5 A switching. 

B. Ozone gas sensor 

In this experiment, a semiconductor gas sensor 
(MQ-131) that can read the range of 10-1000 ppm is 
used to measure the ozone gas concentration. This 
sensor work system requires an input voltage of 5V 
DC and a heating time of 48 hours before use to get 
the sensitivity of the response to the correct reading 
and is calibrated with an ozone meter (BH-90A) to 
ensure that the reading is accurate along with any 
changes in the levels of ozone gas produced. 

C. Pulse width modulation (PWM) 

The modulation technique is applied by changing 
the pulse width (Duty Cycle) with a fixed amplitude 
and frequency. This experiment uses Arduino Mega 
2560 as an L296N motor driver of a pulse width 
control module to control the ozone generator 
radiation to determine the amount of ozone 
concentration produced. This study used a 
randomized block design in taking the sample data 
to characterize the chamber design; each treatment 
combination was repeated three times. The 
treatment control consists of adjusting the pulse 
width of 10 % – 100 % with the duration of the 
ozone generator is varied from 60 to 300 seconds. 
The time rate results are obtained with the variation 
of the ozone concentration is set at 1 - 3 ppm. 

III. Results and Discussions 

The experiment was done to determine the 
maximum working capacity of the ozone generator 
for 30 minutes. Figure 4 shows that within 20 
minutes of observation, the optimal value is 
obtained after 9 minutes. There is no change in the 
ozone level produced in the remaining observation 
time. Initially, the ozone produced reaches the 

 
Figure 2. Dielectric barrier discharge plasma actuator 

 
Figure 3. Block diagram of the ozonizer system 
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optimal value of 4.4 ppm for a short moment, then 
decreases and increases back into the optimal value 
as shown in the figure. The results obtained in the 
first minute are related to the characteristics of the 
ozone generator used. These results show that the 
ozone generator used is sufficient for sterilization 
and food preservation. 

Figure 5 shows the rate of reduction in ozone gas 
levels and the residence time in the chamber when 
the engine is turned off, starting from 3 ppm as the 
maximum safe limit for food preservation. 
Industrial-scale use of ozone at 3 ppm concentration 
in the storage of onions, potatoes, and sugar beets 
remarkably inhibited bacterial and mold count 
without compromising the biochemical composition 
and sensory quality [13]. Ozone (3 ppm) treatment 
demonstrates effective inactivation of E. coli and L. 
monocytogenes on apples, lettuce, strawberries, and 
cantaloupe. Both pathogens were remaining 
undetectable during 9 days of storage at 4°C [19]. 
The water bubbled with ozone at 3 ppm was found 
as the efficient treatment for removing fungicides 

residue and improving the storage quality of 
tomato [20]. The duration from the ozone stayed 
until lost in the chamber for 3 ppm concentration is 
62 minutes 28 seconds. Meanwhile, the time to 
maintain a 3 ppm level is only 2 minutes 4 seconds 
after the concentration rate decreases until it 
disappears.  

The amount of ozone concentration was 
controlled using Pulse Width Modulation (PWM). 
Figure 6 shows a graph of the PWM duty cycle of 
10 %, 50 %, 80 %, with the motor driver voltage of 
14 volts, where the voltage per division is 5 volts. 
The results obtained from the oscilloscope 
observation show that the PWM signal control is 
appropriate based on the voltage graph according to 
the amount of the duty cycle used. 

The PWM control with a change in the duty cycle 
of 10 % - 100 % for 60 to 300 seconds was shown in 
Figure 7. It can be seen from the graph that the 
higher the percentage of the duty cycle used, the 
ozone levels and the efficiency value of the PWM 
percent control increase. The optimum of the duty 

 
Figure 4. Plot of the ozone generator performance 

 
Figure 5. Plot of ozone residence time and decline rate in the chamber 

 

Figure 6. PWM signal graph 
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cycle was found at 70 %, where the ozone level of 3 
ppm is obtained and sustained. In observations 
during the experiment on the length of the ignition 
time with a duty cycle of 10 % - 80 %, the ozone 
level experienced an increased rate when showing 
the ignition time of 60 - 120 seconds, while when 
entering the ignition time of 130 - 300 seconds, the 
ozone level obtained was constant. However, when 
the duty cycle treatment is 90 % - 100 %, the ozone 
levels fluctuate, wherein the initial 60 seconds the 
rate increases, then at 100 - 300 seconds, the rate 

decreases until it becomes constant. It is most likely 
influenced by the characteristics of the ozone 
generator used. 

The duration to reach a predetermined ozone 
level was measured with ozone level variation 1 - 3 
ppm. Figure 8 shows that the greater the percentage 
of duty cycle used, the faster the time required to 
reach the predetermined ozone level. It was also 
revealed that when the ozone generator’s set-point 
was set to 1 ppm, the 10 % duty cycle was unable to 
reach the set-point value even with infinite ignition 

 
Figure 7. Graph of ozone production based on duty cycle and time 

 

Figure 8. Graph of the ozone time requirements 
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time. Furthermore, when the set-point is increased 
by 2 ppm, the duty cycle of 10 % - 30 % is unable to 
achieve it. Then, when it is increased by 3 ppm, the 
duty cycle of 10 % - 50 % could not achieve it. It can 
be concluded that the greater the specified ozone 
level, the smaller range of the duty cycle allowed. 

IV. Conclusion 

The ozonizer chamber is designed based on pulse 
width modulation using a high voltage DC ozone 
generator. Optimization of the ozone chamber 
system was performed to obtain an effective and 
efficient performance. The experimental results 
show that increasing 10 % duty cycle variation 
affects the generated ozone concentration by 50 % 
on average. The optimum value was achieved on a 
70 % duty cycle for 60 - 300 seconds, where 3 ppm 
ozone level is obtained and sustained for 
fruits/vegetables sterilization and preservation 
applications. 
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