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Abstract.

Studies on the consumption of energy by an ozone generator with various constructions
electrodes of dielectric barrier discharge plasma (DBDP) reactor has been carried out. This
research was done to get the configuration of the reactor, that is capable to produce high ozone
concentrations with low energy consumption. BDBP reactors were constructed by spiral-
cylindrical configuration, plasma ozone was generated by high voltage AC voltage up to 25 kV
and maximum frequency of 23 kHz. The reactor consists of an active electrode in the form of a
spiral-shaped with variation diameter De, and it was made by using copper wire with diameter
Dw.In this research, we variated number of loops coil windings N as well as Dc and Dw. Ozone
concentrations greater when the wire’s diameter Dw and the diameter of the coil windings
applied was greater. We found that impedance greater will minimize the concentration of ozone,
in contrary to the greater capacitance will increase the concentration of ozone. The ozone
concentrations increase with augmenting of power. Maximum power is effective at DBD reactor
spiral-cylinder is on the Dc= 20 mm, Dw = 1.2 mm, and the number of coil windings N = 10
loops with the resulting concentration is greater than 20 ppm and it consumes energy of 177.60
walls

A dielectric barrier discharge (DBD) will appear in a gas gap when an ac or rf voltage is applied to an
electrode system with one or both electrodes covered by a dielectric layer. The gas-filled gap is small.
Typical materials used for the dielectric layer are glass, quartz.ceramics, and polymer coatings [1-4].
Ozone can be produced by using electrical discharge in pure oxygen gas or air that was in the between
two electrodes in the DBD plasma system. The factors that can affect ozone formation in general are
voltage, dielectric materials, the pressure, the system configuration of the plasma reactor and a gas insert
in the plasma reactor [3-6]. The main mechanism of ozone formation are ionization, recombination,
dissociation and association. The reaction of ozone formation can occur in a plasma reactor has been

Couteut from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
[T of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.

Published under licence by IOP Publishing Ltd 1




8th International Conference on Physics and its Applications (ICOPIA) IOP Publishing
Journal of Physics: Conference Series 776 (2016) 012101 doi:10.1088/1742-6596/776/1/012101

explained for example by Fridman in his book [7]. Nur et al. produced ozone by using DBD plasma and
it has been implemented in the rice storage for maintaining the quality of rice [8]. Experimental study
on the current-voltage characteristics for atmospheric pressure DBD has been done by Pongsathon [9].
DBDP can be approximated by an equivalent electronic circuit. The equivalent circuit is based on the
model proposed by F. Massines et al [ 10].

This paper tries to discuss the energy consumption of ozone generators and production capabilities.
Several studies that have been done related to energy consumption and the concentration of ozone
generated. The ozone chamber was developed using the RLC circuit base on RLC resonance tank circuit.
This model was used to determine the resonance frequency for inverter as a power supply to ozone
generator [11]. Research on quantification of capacitance and power consumption [12]. Influence of
electrode configuration on ozone synthesis and micro-discharge property in dielectric barrier discharge
reactor has been studied [13].

2. Research Methods.

Figure 1 shows a series of experiments in this study. Ozone has been produced by using Dielectric
Barrier Discharge Plasma (DBDP) with spiral-cylindrical reactor configured. DBDP generated by high
voltage AC voltage up to 25 kV and maximum frequency of 23 kHz. Electrical parameters of DBPP
determined through a voltage divider (HV Probe DC Voltage DC max 40 kV; 28 kV AC EC code
number 1010, En G1010). Electrical signal from the probe detected by an Oscilloscope GOS-653, 50
MHz. The electric current, that was generated in the reactor was measured by using a multimeter (Sunwa
TRXn 360). Photo taken from experiments using a CCD camera (Creative, DV Cam).
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The concentration of ozone generated DBDP reactor with spiral-cylindrical configuration measured
using an ozone monitor (Quant Ozone "2"). Measurements were taken at applied voltage variations and
multiple electrode diameter cylinders/Pyrex tube.

Figure 1. Experimetal set up

Active electrode (spiral wire) with the variation of (D), (D¢, (N)
Dielectric barrier (pyrex) (D,) = 3cm, (T,) = 1 mm
Passive electrode (copper plate) (T¢) =0.4 mm, (Le) =13.70 cm
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Figure 2. Dielectric Barrier Discharge Plasma Reaktor
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The reactor used in this study was Dielectric Barrier Discharge Plasma reaktor (DBDP) reactor, with
wire spiral - cylinder configuration (Figure 2). The reactor consists of an active electrode in the form
of a spiral-shaped copper wire (wire diameters variation (Dy) are 0.4 mm and [.2 mm), the diameters
of the wire coil windings (D¢) are 9.2 mm, 15 mm, 20 mm, number of loops coil windings (N) are 10,
20, 30, 40, 50 loops. Wire spiral was inserted in a dielectric barrier was shaped pyrex tube pyrex
diemeter (Dp =30 mm) and pyrex thickness (Tp= 1 mm) and pyrexlength (Lp = 15 cm). the outer
part of the dielectric barrier will be veiled with a copper plate that serves as a passive electrode, with
copper thickness (Tc = 0.4 mm) and copper length (Lc = 13.70 cm).

3. Results and Discussion

We used air as source of ozone generator. The air most constituent is nitrogen and oxygen. The air
introduced into the reactor with a pump and with certain flow rate. According to Lofthus and Krupenie
[14], O, molecules have ionization and dissociation energies lower than N, molecules. So the O,
molecule more susceptible to ionize and dissociate of than nitrogen molecules. Energy levels of
molecules O2 and N> molecules that can be found in [ 15] and the ionization energy of O» molecule is 12
eV. If the O: molecules gain energy 12 eV can ionize the O:. Because the conditions of ionized
molecules in an unstable state and tends to return to its normal state (recombination), O.* ions can
capture electrons and emit an energy of 12 eV. How the same is true of N> molecules having ionization
energy of 15 eV can ionize and go back to the normal state (recombination) to emit an energy of 15kV.

Effect of Impedance and Capacitance Against Ozone Concentration

The influence of impedance to ozone production was investigated to get the best value of the parameters
for an ozone generator that constructed base on DBDP. In this study, the impedance value was obtained
by calculation using equation (9).
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Figure 3. Ozone concentration as function of impedance for N= 50 coils Dy =0.4 mm, D¢=
20 mm, and Dp = 30 mm

The impedance value depends on voltage variation (V), the wire diameter (Dw), the diameter of the wire
windings (D¢) and the number of wire windings (N). Graph ozone concentrations as a function of the
impedance shown in Figure 3 for the number of wire windings (N = 50 coils), the diameter of the wire
windings (D¢ = 20 mm) and wire diameter (Dyw = 0.4 mm). We found that the greater the value of the
impedance then the concentration of ozone generated is getting smaller. This is because the electric field
near the electrode active decline. So the process of ionization and recombination also decreased.

Capacitance influence on ozone production also investigated in this study. In the DBD reactor, the
electrical equivalent circuit consists of two capacitances, the capacitance of gas (Cy) and dielectric

. . . . 11,1
capacitance (Cy). Total capacitance can be obtained with equation =t & The reactance value was
d
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determined by the equation Xc = 1/2rxfC. While the dielectric capacitance obtained from
measurements using capacitance LCR meter. Graph of ozone concentrations as a function of gas
capacitance shown in Figure 4.
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Figure 4. Ozone concentration as function of voltage with several number of winding coil
N= 50 coil spools , for Dy =0.4 mm, D¢ =15 mm, and Dp = 30 mm

From this figure, it can be seen that the concentration of ozone enlarges with the enlargement
capacitance of gas discharge. It can be understood that the electric current had been enlarged with
increasing capacitance of gas discharge. Already mentioned earlier that in the gas discharge, electric
currents are capacitive current. That’s mean, the greater the capacitance, the greater the charge in the
discharge. The total electrical charge determined transformation to the electric current. Moreover, it was
followed by greater of the electrical charge changes in change of time (dQ/dt). Electric current shows
the occurrence of ionization, and other processes such as dissociation. Energetic electrons produced in
the plasma that will be able to break up oxygen molecule (O:) becomes oxygen atomic (O). These
process are the main condition occurrence of tree reaction bodies in the formation of ozone reaction
such as: 0> + O + M = O; + M. In this reaction M is other molecules inside reactor such as, N, Oy,
etc.

The effect of power consumption to produce ozone

The influence of power by generator to the ozone concentration produced is shown in Figure 5.
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Figure 5. Orzone concentration as function of power for several number of coil spools (N) ,
for Dy= 1.2 mm, Dc = 20 mm and Dp =30 mm
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From all the reactors that tested, we select on the DBD reactor with a construction which was capable
to produce large ozone concentration. Construction selected is reactor that has components such as: Dw
= 1.2 mm, D¢ = 20 mm and Dp = 30 mm, Ly= 150 mm. Figure 6 shows that the change in the number
of windings coil (N) affect the value concentration of ozone generated. It is closely related to the electric
field distribution and decomposition of ozone.

When the number of windings coil on the more active electrode electric field between the electrodes is
much more uniform and almost complete in the area so that the ionization electrode is also much more
intense and uniform. The concentration of ozone produced is also higher. In the figure 6, we can see that
windings coil N = 50 coil spools produce ozone concentration is more high than N= 30 and 40 coil
spools, with less power consumption.
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Figure 6. Orzone concentration as function of power for coil spools N =50, for Dy =04

mm, Dw= 1.2 mm, Dc =15 mm, and DP =30 mm
The graph shown in Figure 7 is ozone concentration as a function of power. From the figure it can be
seen that no ozone is generated for all input power. It is very influential here is the distance between the
active electrode with Pyrex tube. This graph is for diameter spiral made of copper wire of 9.2 mm or
4.8 mm from the axis (radius).
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Figure 7. Orzone concentration as function of power for Dy =04 mm, Dy= 1.2 mm, Dc =

9.2 mm, N =50 coil spools and Dp = 30 mm
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So that the edge of the active electrode to a distance of 11.2 mm tube (tube radius = 15 mm). The distance
is so large that the electron energy is not enough to dissociate the oxygen molecules. Furthermore, tree
bodies reaction does not take place so that ozone is not formed.

Results are shown in Figure 7 corresponds with previous research that has been reported [16].
Differences in diameter spiral-shaped of the active electrode give effect to the concentration of ozone
generated. The larger the diameter spiral-shaped of the active electrode closer to the Pyrex, it can
generate the greater the concentration of ozone.

4. Conclusions

Ozone concentrations greater when the wire’s diameter Dw and the diameter of the coil windings applied
was greater. We found that impedance greater will minimize the concentration of ozone, in contrary to
the greater capacitance will increase the concentration of ozone. The ozone concentrations increase with
augmenting of power. Maximum power is effective at DBD reactor spiral-cylinder is on the diameter of
coil winding (D¢ = 20 mm), diameter of wire (Dw = 1.2 mm), and the number of coil windings (N =10
loops) with the ozone concentration produced is greater than 20 ppm and it consumes energy of 177.60
watts. Differences in diameter spiral-shaped of the active electrode give effect to the concentration of
ozone generated. The larger the diameter spiral-shaped of the active electrode closer to the Pyrex, it can
generate the greater the ozone concentration.
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