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Abstract

In this research work, co-axial cylindrical dielectric barrier discharge (CCDBD) system has been used as a
ozone generator for ozone production with air as a working gas. The breakdown of air was generated inside
the reactor by using low line frequency of 50 Hz and high AC voltage power supply system. The variation
of air flow rate (Q) was taken from 10 to 16 I/min in this experiment. The Oz concentration denoted by
C(0Os) decreases with increasing the rate of flow of air at fixed discharge time and applied voltage. When
discharge time (t) increases, C(Os) increases at fixed applied voltage. C(O3) also increases with increasing
applied voltage (V) for constant discharge time. If the gap space between the electrodes increases then C(Os)
increases. We have used glass tube reactor for this work having internal diameter of 18 mm and copper,
brass and iron electrodes of diameter 8 mm. It was estimated that C(O3) found higher for copper electrode
than both brass and iron electrode for certain discharge time, applied voltage and reactor diameter.

Keywords: Applied Voltage, CCDBD, Electrodes, Ozone Analyzer BMT 964, O; concentration.

1. INTRODUCTION several applications such as in medicine, water

Atmospheric pressure non-thermal (cold) plasma  treatment, food chemistry, plasma assisted
technology offers an attractive perspective in ~ combustion, flue gas treatment, algae, bacteria,
industrial processes due to the elimination of  Viruses, cysts, spores killing and removing VOCs,
expensive vacuum equipment, easier handling of the ~ odor treatment, purification of ambient air,
samples [1, 2]. DBD reactor can produce active  disinfecting food products to increase shelf life [7,
species without using expensive vacuum systems.  8]. The interaction of high energy electrons with the
Normally, corona discharge generates nitrogen 0O, molecules within the inter electrode space give
species whereas DBD produces oxygen species. The rise to the dissociation of O, molecules, when air is
emission of UV-light, formation of radicals and  passed through the DBD reactor [9]. O; is a
charged particles contribute to the destruction of  relatively unstable molecule compared to O,, which
microorganisms in plasmas [3]. DBD is generally  is very relatively stable and O3 is 12.5 times more
generated in the filamentary mode when worked at ~ soluble than O, in water. O3 naturally can be formed
atmospheric pressure and is used for ozone by UV radiation, through the method of sunlight,
generation [4]. DBD finds its applications in excimer ~ Which can reduce O, in the air and it is smell-
lamps and plasma screens, carbon dioxide laser, irritating, colorless gas [10]. The oxidation potential
surface activation and treatment, waste gas treatment ~ 0f O3 is 2.07 V and has relatively higher disinfection
[3, 4, 5]. AC source supply of 50 or 60 Hz line  potential than chlorine of oxidation potential 1.36 V
frequency having a step up transformer can be the ~ and other oxidizing species [11, 12, 13]. The O,
best choice for formation of ozone in ambient air ~ breaks down into two radical O then reacts with O,
DBDs [6]. Due to strong oxidizing property of  to form O;[14, 15, 16]. A remarkable progress has
ozone produced in DBD and environmentally ~ been made in the production and applications of
friendly nature, it looks an increasing demand for ~ atmospheric pressure cold plasma DBD for O
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formation [17]. The main role of electrons produced
in electrical discharge is to excite and dissociate O,
molecules [7, 14].

e +0 — O0+0+e”
2

The plasma chemistry for the chemical reaction of
05 formation is given by [7, 14]:

0O+0+M —» O+M

M denotes N, or O, in air discharge.

The purpose of this work is to determine the effect
of the air flow rate, applied voltage, geometry of
the central electrodes and discharge time on the
generation of O; by CCDBD in cylindrical glass
tube reactor which has designed according to DBD
technique with air as a working gas.

2. EXPERIMENTAL DESCRIPTION

The generation of ozone (O;) in CCDBD has
been developed and an attempt to obtain the

optimum  condition  for  higher  ozone
concentration in cylindrical double dielectric
barrier glass tube reactor at atmospheric pressure
is conducted. The CCDBD reactor for generation
of ozone in laboratory at atmospheric pressure in
working air environment and its measurement is
shown in Fig. 1. AC high voltage source having
voltage of 0- 18 kV and low frequency was used
to CCDBD generator of internal diameter 18 mm
and its 1 mm thickness. The central electrodes
were made up of copper, brass and iron rods of
diameter 8 mm fixed inside glass tube.
Aluminum sheet wrapped outside the glass tube
acted as outer electrode.

For this experiment, air was given by air blower
and passes inside the chamber through the gap
space of reactor. The O; concentration C(O3) was
measured by using ozone analyzer BMT 964 device
after the discharge was developed inside the
CCDBD reactor. The BMT 964 can measure ozone
concentration from 0 to 5000 ppmv. The different
central electrodes and reactor were used to explain
the effect of the geometry on ozone concentration
inside the discharge chamber.

Gas inlet

Dielectric

Central metallic
electrode

Power supply (0-18 kV,
50 Hz)

Aluminum foil

(air+ ozone)

Ozone Analyzer BMT 964
Glass Gap
Beaker
with
water
sample

Fig. 1: Schematic diagram of experimental set -up for O; generation [8, 15]

3. RESULTS AND DISCUSSION

Fig. 2 shows the variation of O3 concentration with
rate of flow of air at applied voltage 14.87 kV for
constant discharge time of 7 minutes for copper,
brass and iron central electrodes of diameter 8 mm.
From Fig. 2, the C(O;) becomes fall with rising
flow of air which is due to complex composition of
air and containing of different species such as H,
He, Ny, O,, Ar etc. The ozone production is slowly
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suppressed when flow rate increases because atom
O generated runs out more quickly following the
flow rate of the gas that comes out more rapidly. If
low number of oxygen molecules per unit volume
of air with feed gas air then low C(Os) produces
inside the reactor. Less no. of collision of gas atoms
with electrons happen due to smaller residence time
for high air flow rate to take slightly longer time for
saturation. The fluctuations of data for C(O3) was
due to the raise in air temperature in the ozonizer.
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This may be due to the fact that when the air flow
rate is minimum then it takes longer time to occur
the collision between the gas molecules and
electrons reducing the number of excited species,
which influence the rate of plasma chemical
reaction. So, it takes slightly longer time to build of
step ionization which is responsible to produce
more 0zone concentration. There exist an optimum
flow rate at which the C(O3) reaches maximum
which is the dependence of C(Os) on no. of O,
molecules per unit volume and its residence time
inside the ozone generator.

The residence time of the air inside the discharge
chamber decreases for higher flow rate of air and
then hence probability of collision of O, molecules
with electrons decreases which ultimately reduces
the formation of Os;. The ozone efficiency also
affects by flow of air which is due to the increase in
cooling rate and rise in temperature of feed air and
also small factor of UV radiation. The air residence
time in the reactor reduces, if the air flow rate
increases. The O; formation reaction takes place in
the presence of O, in the reactor by the dissociation
of O, from collisions with electrons. The residence
time of the gas in the reaction chamber is inversely
proportional to the flow rate when residence time
increased giving much sufficient time for a higher
C(Os) to be generated. The shorter the residence
time of the O, molecules in the reactor is due to
higher flow rate of input gas and faster the O,
molecules reached out from the chamber. Low flow
rate will cause O, molecules to stay longer time
duration in the reactor with more dissociation of O,
and increases O5 formation.

When the applied voltage increases the ozone
begins to be formed and its concentration
increases rapidly with applied voltage for all
values of the flow rate. The air flow rate itself
also affects the ozone generation efficiency
because of increasing cooling rate with air cooled
ozone reactor. The ozone concentration is found
to be more in copper electrode than brass and
iron electrodes in air as a feed gas for all flow
rate of air as shown in Fig. 2.

This is because of higher electrical conductivity of
copper than brass and iron electrode. From Fig. 2, it
is clear that by using low flow rate of air and
copper electrode instead of brass and iron
electrodes, high concentration of ozone can be
produced at low cost, limited power supply, fixed
discharge time and fixed diameter of electrode in
the ozone reactor.
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Fig. 2: Plot of O3 concentration C(O3) with rate of flow
of air (Q) for copper, brass and iron electrodes.

Fig. 3 shows the variation of O; concentration with
discharge time at fixed applied voltage 14.87 kV for
constant flow rate 8 I/min of air for brass, copper and
iron central electrodes of diameter 8 mm. From Fig.
3 (), it can be seen that C(O3) becomes high for as
long discharge time and becomes saturated after
some discharge times. It is due to the reason that as
the discharge time increases, the O, molecules with
the electrons, reducing the number of excited
species, which influence the rate of plasma chemical
reaction and it takes some time to build step
ionization phenomenon which is responsible to
produce more C(O3). The C(O3) will be decreasing
after saturation of discharge time. This is due to the
fact that Os is highly unstable gas having half- life 10
to 30 minutes and also depends on the temperature
generated inside the reactor. When the temperature
increases inside the reactor, half- life of ozone
decreases. So that O; decompose to produce O,. In
Fig.3 (a), 3 (b) and 3 (c), we can be clearly seen the
decrease of ozone concentration when discharge
time increases somewhere and after saturation, C(Os)
will be decreasing. Fig.3 (b) and 3 (c) demonstrated
similar types of trend which is due to the residence
time of the feed gas in the chamber. This is due to
the increase of C(Os) with increasing non-elastic
collisions with O, molecules. The C(Os;) was
measured more in copper electrode than brass
electrode and iron electrode This is due to the
reason that C(Os) increases with increasing amount
of non-elastic collisions with O, molecules. Reaction
to the formation of O; in the discharge forms O,
dissociation due to collision with electrons where at
a constant flow rate, based on the number of
reactions which is very slower compared to collision
of electron dissociation impact. When residence time
increases for a reactor to occur then more Oz be
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generated. This is due to the long residence time of
the gas on the O3 generator.
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Fig. 3 (a): Plot of O; concentration C(O3) with discharge
time (t) for brass electrode.
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Fig. 3 (b): Plot of O3 concentration C(O;) with discharge

time (t) for copper electrode.
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Fig. 3 (c): Plot of O; concentration C(O3) with discharge
time (t) for iron electrode.

Fig. 4. shows the variation of C(O3) with applied
voltage at fixed discharge time of 4 minutes at
fixed flow rate 8 I/min of air for brass, copper and
iron central electrodes of diameter 8 mm using in a
double dielectric glass having thickness 1 mm and
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internal diameter of reactor 18 mm. From Fig. 4 (a),
If applied voltage increases, C(O;) increases at
fixed flow rate of air for brass electrode at fixed
discharge time. The collision of the electrons with
O, molecules inside the discharge chamber
increases with increasing applied voltage and
energy density. High voltages provide enough
energy for electrons to ionize and dissociate O,
molecules into atomic O and high enough electric
field can accelerate electrons, molecules, or ions
causing non-elastic  collisions and finally
augmenting the number of molecules ionized,
radicalized, excited also under this condition, the
ionization, excitation, dissociation process can be
continued. Collisions accompany this electron
movement with O, molecules which causes
ionization and dissociation, so the number of
charges will increase. C(O3) was found minimum
tend to zero below the applied voltage 11 kV and it
increased and found maximum at the applied
voltage of 17.22 kV for brass electrode as shown in
Fig. 4 (a). After comparison, similar types of trend
has obtained in Fig. 4 (b) and 4 (c) as well. For the
same applied voltage and discharge time at constant
flow rate of air, ozone concentrations are different.
C(03) was observed higher in copper electrode than
brass and iron electrodes at same condition. So,
from this experiment, it is clear that once can use
copper electrode instead of two other electrodes for
the production of high C(Oz) inside the ozone
reactor because of high electrical conductivity of
copper than other two materials. From this work,
it is also clear that proper choice of central
electrode is also equally play an important role for
the production of high C(O;) for limited power
supply, discharge time, low cost and effective
production of Os for its various applications.
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Fig. 4 (a): Plot of O; concentration C(O;) with applied
voltage (V) for brass electrode.
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Fig. 4 (b): Plot of O3 concentration C(O;) with applied
voltage (V) for copper electrode.
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Fig. 4 (c): Plot of O; concentration C(O3) with applied
voltage (V) for iron electrode.

4. CONCLUSIONS

The variation of C(Oz) with discharge time and
flow of air was studied at a constant applied
voltage. It was found that the C(Os3) produced,
increases with increasing voltage with the fixed
discharge time. The C(O3) also increases with
increasing discharge time in fixed applied voltage.
The C(Os) increases with increasing gap space
between the electrodes. But this C(Os;) decreases
with increasing the air flow rate. It is clear that for
low cost production of O3 yield, smaller reactor and
larger inner electrode can be investigated and also
for small diameter of Oz generator, there exists an
optimum inner electrode diameter. The O; reactor
has been designed and used copper, brass and iron
as central electrodes and air as a feed gas to
produce Oz;. The C(Os) was higher when using
copper electrode in air than brass and iron
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electrodes for fixed discharge time, applied voltage
and central electrodes diameter. For the generation
of high C(Os), residence time of gas need to
increase inside a DBD reactor. Although copper
electrode has high electrical conductivity and can
produce high C(O3) but brass electrode is used for
the generation of O; due to its high mechanical

strength and electrical resistance in the O;
generator.
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