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Abstract: Ozone has been studied for various applications. Nevertheless, it is still rare that involves
photovoltaic source. The research was to make designing, implementing, wave form measuring and testing the
ozone generation based on solar power generation with de-dec converter. The corona discharge current
waveforms were investigated due to dec voltages. The relations among the oxygen flows, voltage levels and
oxygen debits to the ozone product were also investigated. Both voltage and discharge current waveforms were
measured by using a storage oscilloscope and transferred to a computer. The discharge currents were oceurred
in around every 72.6 psec intermittently. Tt was flowed 3 and 5 L/min of oxygen. It was yielded the greatest
produced ozone in the third stage of voltage, 7.047 V, 5 L/min of oxygen debit and at minute of 50 that was

0.0323 mgO./L..
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INTRODUCTION

Ozone has been currently studied for wvarious
applications such as water treatment, domestic and
mndustrial  effluent treatment, medicine dentistry,
veterinary medicine, agriculture, disinfectant of
environment and food preservation. An improvement in
its generation by ozone generator system is fundamental.
Ozone can be produced in three ways: by electrolysis,
Ultra Violet (UV) and corona effect (Schiavon et al., 2012).
Ozone 1s the triatomic state of oxygen that is a molecule
comprising of three oxygen atoms. Tt is a relatively
unstable and reactive gas (Smith, 2016).

Ozone 1s one of the most powerful chemical oxidizers
and has many applications in industry. However, its use
mn industry as an oxidizing agent has been limited by the
relatively low conversion efficiency of the ozone
generator (Izeki, 1983). Despite, the small amount of
generated ozone, there is enough to cause a variety of
interesting oxidations (Mattson et al., 2007).

Ozone 18 negative impacts, such as strongly
contributes to aging on polymeric and silicone rubber
materials (Ma ef al., 2010, 2011). Nevertheless, the ozone
or corona discharge has positive impact, mainly for
precipitation by Mizuno (2000) and Castle et al. (1969).
Ozone is a by-product of corona discharge. Corona is
observed in any forms mcluding glows and haloes, spots,
brushes and streamers. The potential at which corona 1s
found to origmate 15 called corona threshold
voltage. Above this voltage, there is a limited region in
which current increases proportionately with voltage

called the Ohm’s law regime. After this region, the current
increases more rapidly, leading to the complete
breakdown and arcing or sparking at a pomt called the
breakdown potential Corona discharge 1s highly
dependant on geometry. Electric field intensity 1s lugher
around a swrface of charged conductor with higher
curvature or lower radii of curvature. When the electric
field increases, it influences the atomic orbital and may
cause atoms or molecules to polarize or liberate electrons.
The maximum electric field that a dielectric material can
withstand without conduction i1s known as a dielectric
strength (Panicker et al., 2003; Loeb, 1965).

Ozone is manufactured in the corona discharge by
drawing in air which is composed of 20% oxygen. This
causes the oxygen molecules to disscciate and
reassemble as ozone (LLC., 2015). The streamer type
coronas used for ozone generation, generally use air or
oxygen filled short gaps where one of the electrodes is
covered with an insulating layer in order to prevent
streamer-arc transition (Goldman et al., 1985). Electrically,
ozone can be generated by breaking the oxygen molecules
1n a dielectric barrier discharge chamber. The important
property of the dielectric barrier discharge 1s the creation
of cold non-equilibrium plasma at atmospheric pressure
condition. In the chamber, a high voltage is applied
between two electrodes, one of which 15 covered with
dielectric. Oxygen 1s forced to flow in a space between the
electrodes, called discharge gap. If the electric field is
sufficiently lugh, it breaks the oxygen molecules into its
atoms, the latter then combines with other oxygen
molecules to ozone form. Excessive concentrations of
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ozone at the ground level have adverse respiratory
effects in humans (Ketkaew, 2007; Seinfeld and Pandis,
1998).

Some characteristics, modeling, effects and
harmonics on ozone or corona discharge have been
mvestigated (Patil and Vyayan, 2010, Szczepanski ef al.,
2017, Pontiga et al., 2001; Ohkubo et al, 1990
Boonseng ef al., 2000). Gaseous ozone 1s toxic, e.g., the
OSHA permissible exposure limit in air is only 0.1 ppm for
an 8 h exposure. This concentration can be achieved by
aqueous ozone concentrations of 0.018 ppm in pools and
0.011 ppm m spas. The limit for as shorter exposure,
10 min is 0.2 ppm (Wojtowicz, 2001). Ozone is used in
industry as an oxidizing agent has been limited by the
relatively low conversion efficiency of the ozone
generator. For example, typical commercial ozone
generators utilize about 5% of the input power in ozone
production (Izeki, 1983). The temperature could influence
the productivity of ozone. The relationship of temperature
and ozone generating efficiency could be shown in
mathematic  polynomial equation (Sathalalai and
Khan-ngern, 2009). It was be told the lustory of medical
ozone and its other applications (Pressman, 2001 ).

The electric field mtensity could be used as a type of
ozone generator (Charlangsut et al., 2010). The generated
ozone concentration was very dependent upon the value
of pulse forming capacitance and ozone generator
capacitance and corona tip-to-tip distance of the
discharge electrode (Moon, 1992). Ozone could be
generated or produced by various methods such as DC,
pulsed and negative wire-to-cylinder corona discharges
(Pontiga et al., 2007, Chalmers ef al., 1996, Yanallah et af.,
2008), gas discharge (Samaranayake ef al., 2001), streamer
corona (Fukawa et al., 2008, Vijayan and Patil, 2011) and
high frequency (Udhayakumar et al, 2016). Another
proposed of ozone generator using a phase-shift PWM
full bridge inverter as a power supply. It offering high
voltage and high frequency is capable of generating
ozone (Hothongkham and Kinnares, 2009). A high
frequency plasma generator experimental model was
designed and built to study the behavior of the corona
discharge at MHz frequencies and using inverter
(Tudoran, 2011; Tsai and Ke, 2009). The L-C resonant

— Electrical flow

—p Gas flow

circuit-based  power supply uwed in  ozone
generation has been also mvestigated without a
transformer (Amjad et al,, 2012, 2013). A plasma generator
composed of high frequency, ligh voltage transformer,
discharging electrodes and zero voltage switching
resonant converter has been proposed with their
associated equivalent circuits (Yong-Nong and Chih-
Ming, 2013).

Ozone concentration measurements have been
evaluated to the ozone production, yield and production
energy cost. The ozone production yield and cost vary in
the range of 15-55 g/kWh and 35-110 eV/molecule
(Simele and Clupek, 2002). The maximum ozone generation
concentration and ozone generation efficiency are
obtained with the meshed-plate type electrode (Park et al.,
2006) and the highest energy efficiency for ozone
production was obtained using high voltage pulses
of approximately 150 n sec duration in Ar/O, mixtures
(Lukes et al., 2005).

In other hand, the solar energy source potential
is 4.8 kWh/m*day in Indonesia (Anonymous, 2016). A
prototype system of ozone generator using solar
energy could generate ozone gas from air at
approximately 20 mgO./h (Potivejkul ef af., 1998). Based
on, the above literatures, it was necessary to malke design,
implementation and test a ozone generator based on
photovoltaic source.

The objectives of research were to make design,
implementation, measwements and tests the ozone
generator based on a photovoltaic source with flyback
converter. Tt was investigated the corona discharge
current waveforms due to dc voltages. The relations
among the oxygen flow time, 10-50 min in 10 min
steps, voltage levels and oxygen debits to the
product of ozene concentrations were also investigated.
As a comparison, it was investigated the corona
discharge current waveforms based on the back up
battery source.

MATERIALS AND METHODS

Figure 1 shows the basic planming block diagram of
photovoltaic based ozone generation. The photovoltaic

Flyback
circuit

(==

Flyback
transformer

M= H =)

Fig. 1: Block diagram of photovoltaic based ozone generation
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panel would produce the voltage of 12 V. nominally, it
could reach 18 V,. Furthermore, this voltage would be
raised to a lugh voltage which finally it was necessary to
generate the ozone.

The specification of the used photovoltaic panel was
100W, of power. The open circuit voltage was 21.5 V, the
short circuit current (1) was 6.46 A, the Voltage at
maximum power (V) was 17.5 V, and the current at
maximum power (I, ) was 572 A The flyback circuit, in
Fig. 2, served to produce variable voltages (Nurendi et al.,
2015). Here was a chopper circuit used in the design of the
ozone generator.

Figure 2, it was used RC oscillator circuit as the
oscillator generation. The used transistors in the circuit
were made up of transistors TIP32C and BU4522AF. The
function TIP32C PNP transistor was for an amplifier to a
digital circuit. While BU4522AF transistor was as a trigger
in the circuit that served to supply current to the
transformer. BU45S22AF transistor also served as a safety
in the event of over current. The following equations are
used to calculate the above circuit:

fol (1)
T
£ )
2nRC
_ CIXCZ (3)
C+C,
Ry (4)
R,+R,*R;
v, = Ry v, (3
R.+R,
Oxygen

High
voltage

Fig. 3: Ozone generation electrodes
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In this research, after obtaining the high voltage, it
was necessary to produce ozone. The high voltage was
connected to the plate conductor as generator of corona,
taken place with 3 variables for each condition by
adjusting the voltage to generate corona and two oxygen
debits for ozone production. Figure 3 shows the planned
electrodes that would generate ozone gas that insulated
by Pyrex tube.

When the electric field at the surface of energized
conductor exceeds 2-3 kV/mm, audible and scmetimes
visible corona discharges occurs (Jones, 1972). In this
research, the Pyrex insulator tube was designed that had
the following specification: 30 cm in length, 20 mm in
diameter, 10 mm in radius and 0.5 mm in radius of inside
copper conductor.
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Fig. 2: Flyback circuit
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The used electrodes was installed in two different
places, namely inside the tube and outside covering,
circular, the Pyrex tube. Corona discharge begins when an
electric field around the active electrode to form lighly
curved geometry has the ability to ionize the gas species
(Moon and Jung, 2007). To determine the distance (x) that
corona appeared, furthermore, the electric field m this
experiment could be determined by the following Eq. 8

(8)

Where, E, V, x, R and r were electric field, applied
voltage, distance of the corona occurred, outside
conductor radius on the cylinder and copper wire radius,
respectively. The minimum voltage to be corona could be
calculated using Eq. 8, namely for 2 kV/mm electric field.
Thus, the necessary minimum voltage was 2.996 V or
around 3 kV. Nevertheless, the generated voltage in the
designed circuit was around 3-7 kV. Therefore, the
maximum distance that corona discharge occurred was
1.3 mm radius.

In this testing, the voltage sowrce from the
photovoltaic source was raised by the flyback circuit,
mcluding the flyback transformer up to around 7 kV.
Therefore, it would require a voltage divider circuit to
facilitate the measurement up to around 7 kV. Thus, to get
the original value of the measurement results, it should be

the voltage divider were R, = 5.6, X 19 = 1064 and
R, =3.3 MQ. Besides that, the differential probe multiplier
constant was 500 times and the attenuation factor of the
oscilloscope was 10. Thus, the multiplier factor of the
recorded values in the storage digital oscilloscope to the
real values was 1.662. Figure 5 shows the diagram of
photovoltaic source ozone generation including the
measuring syster.

Photovoltaic power panel generated 12 up to 18 V,,
source. This dc source was connected to the flyback
circuit of supply voltage. Having obtamed the desired
voltage, the voltage was raised by using the flyback
transformer to generate corona. The oxygen in the gas
tube was flowed into the reactor through the pipes at a
rate that was set by the flow meter. The result of the
oxygen flowing m the corona reactor tube was ozone. The
generated ozone existence amount could be measured by
using a spectrophotometer as an ozone monitor.

The measurement of remaimng ozone concentrations
in this experiment were actually the concentration of
residual ozone. This case was due to the nature of ozone
gas which was reactive. The ozone reactivity complicated
for measurement of ozone solubility in water directly. To
perform the calculation of the concentration of residual

carried out the following voltage divider circuit as Fig. 4 v: + .
and the calculation method as Eq. 9 — I
R, .
V. = {RﬁRz};ﬂ (9)
2
. -
Where V, and V, were the real voltage and the
voltage measurement reading result. The resistors of  Fig. 4: Voltage divider circuit
DC chopper
Solar panel
electrical source ﬂ?'ba":'lt{
|
i
— Electrical flow g
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i |2
£8 |5
8 2
a @

Fig. 5: Diagram of photovoltaic source ozone generation including the measuring system
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ozone in the water, it was necessary to be done
using the mdigocalorimetry method and assisted by the
spectrophotometer and by following Eq. 10:

oo SOXAA{mgOS } (10)
fxbxv L
Where:
AA = The difference of Absorbance between samples

and blanks

b = The length of the used cuvette (4.5 ¢cm)
v = The volume of sample water (9 mL)
f = The 042 (based on the sensitivity factor of

20,000/cm for the change of absorbance 600 nm per
mole of the addition of ozone per liter

RESULTS AND DISCUSSION

Figure 6 shows the main components of implemented
photovoltaic source based ozone generation. Figure 6a is
the panel that used as photovoltaic energy source. The
used photovoltaic was 100 W, as energy conversion from
the sun light to the electric energy. Figure 6b shows the
flyback de chopper circuit and flyback transformer. The
circuit generated high frequency as chopper of de
voltage. Furthermore, this de voltage was multiplied to be
high voltage by flyback transformer. The dc high voltage
was entered to the electrode for producing corona
discharge. Figure 6¢ shows the voltage divider for the
measuring purpose of yielded high voltage to the storage
digital oscilloscope. Finally, Figure 6d shows the ozone
generator electrode where the device produced the ozone
as consequence of corona discharge (Nurendi ef al,
2015).

The mstruments for corona measurements were a
differential probe, digital storage oscilloscope and laptop

or computer. The differential probe was for reducing the
measured signals and safety purposes. The digital storage
oscilloscope was as main instrument for applied high
voltage and discharge current waveform measurements
and the computer was for data savings after transferred
from the digital storage oscilloscope. These data could be
carried out for further analysis. Figure 7 shows the main
instruments  of oxygen and ozone measurements.
Figure 7a shows oxygen tube which contammed oxygen
gas. The oxygen gas mn this research was as raw material
to produce ozone. Another one was a contamer tube to
accommeoedate the generated ozone gas. Figure 7b shows
a spectrophometer to measure the concentration of
generated ozone gas.

In this testing, the voltage source of the photovoltaic
was raised by the flyback circuit and flyback transformer
up to around 7,000 V. Therefore, it would required a
voltage divider circuit to facilitate the measurements.
Thus, to obtamned the original value of the measurement
results, it should be carried out to be multiplied certain
factors. The calculation results based on Eq. 1 until Eq. 7
were 7.692.4; 7,525 Hz, 235 nF;, 7.73 V, 526, 456 V
and 9.7 mA, respectively. The electric field could be
determined by using Eq. & It could be generated from
every stage voltage, using 0.5 and 10 mm for inside and
outside copper conductor radius, respectively. The
calculation results of electric field are listed in Table 1.

Based on the calculations results of electric field, it
was corona occurred in the design ozone reactor tube,
both from the photovoltaic and battery sources as a
comparison. In the maximum conditions, the output high
voltages based on the photovoltaic were lower than those
based on the battery, although, the photovoltaic voltage
output was higher, 18 V, than the battery voltage, 12 V.

Fig. 6: The main components of photovoltaic based ozone generation: a) Solar panel; b) Flyback circuit and igmition coil,
¢) Voltage divider and d) Ozone generating electrode
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Fig. 7. The main instruments of oxygen and ozone measurements: a) Oxygen and ozone tubes and b) Spectrophometer
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Fig. 8: The voltage and discharge current versus time on first stage: a) Original display and b) Converted display

Table 1: The calculations results of electric field

Photovoltaic 12 'V, battery
Photovoltaic  output de hv output dc hv
Stages of  output dec elelctric field 12V, battery  elelctric field
voltage hv (V) kV/iem) output hv (V) kV/iem)
1 3.391 22.64 4488 29.96
2 6.250 41.72 6582 43.94
3 6.948 1638 7.047 47.05

Thus, the electric field would be lower too. This case
indicated that the battery was more stable due to corona
discharge than the solar panel. Fig. 8 shows the voltage
and discharge current versus time on first stage where

110

Fig. &a is the original bitmap display and Fig. 8b is excel
converted display. In this stage, the source voltage V|,
from the photovoltaic was 18 V , the voltmeter reading for
the output voltage V, was 75 V, and the converted
calculation voltage for the output voltage V, was 3391 V.
It was also mndicated that based on this voltage, the peak
discharge current was 3.9 mA 1n intermittent that signed
corona appearing in the reactor tube.

Figure 9 shows that in the second stage with
the source voltage of 18 V, from the solar panel where
Fig. 9a 13 the original bitmap display and Fig. 9b 13 excel
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Fig. 9: The voltage and discharge current versus time on the second stage: a) Original display and b) Converted display

Table 2: The generated residual ozone concentration of the photovoltaic
source first stage voltage
3 Vmin oxygen debit (Q)

5 l/min oxygen debit (Q)

Time (min) AA mg0; /L AA mgOy/L
10 -0.005 -0.0147 -0.003 -0.0088
20 -0.003 -0.0088 -0.001 -0.0029
30 0.001 0.0029 0.001 0.0029
40 0.001 0.0029 0.003 0.0088
50 0.003 0.0088 0.004 0.0118

converted display. The voltmeter reading of output
voltage was 180 V. Thus, the output voltage became
6.250 V, that cause the peak discharge current of 9.2 mA
in intermittent, indicating the appearance of the corona on
the reactor tube.

Figure 10 shows that m the third stage with the
source voltage of 18 V, from the solar panel where
Fig. 10ais the original bitmap display and Fig. 10b is excel
converted display. The voltmeter reading of output
voltage was 200 V. Thus, the output voltage became
6.948 V. that cause the peak discharge current of 11.2 mA
in intermittent, indicating the appearance of the corona on
the reactor tube.

Table 2 shows the number of absorbance
measurement results using the spectrophotometer from
the water sample that have undergone ozonation
reaction with oxygen debit of 3 and 5L/min at the first

Table 3: Generated residual ozone concentration by the second stage voltage
3 /min oxygen debit (Q) 5 l/min oxygen debit (Q)

Time (min) AA mg( /T, AA mgT.
10 -0.003 -0.0088 -0.001 -0.0029
20 -0.002 -0.0059 0.001 0.0029
30 0.001 0.0029 0.003 0.0088
40 0.003 0.0088 0.004 0.0118
50 0.008 0.0147 0.007 0.0206

voltage stage with 3.391 V. that has been raised by using
the flyback circuit from the sowrce of 18 V,,
output of solar panel. Table shows that each increment of
interval time reveals the mcrease in the absorbance and
the ozone concentration values of that have been
produced.

Table 3 the of absorbance
measurement results using the spectrophotometer from
the water sample that have undergone ozonation reaction
with the oxygen debit of 3 and 5 T/min at the second stage
from the photovoltaic source voltage of 18 V. where it
was increased by using the flyback circuit upto 6.250 V..
Table shows that each increment of interval time
reveals the increase in the absorbance and the ozone
concentration values of that have been produced.

Table 4 the of absorbance
measurement results using the spectrophotometer from

shows number

shows number
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Fig. 10: The voltage and discharge current versus time on the third stage: a) Original display and b) Converted display

Table4: Concentrations of residual ozone generated by the third stage
voltage of photovoltaic source

3 Vmin oxygen debit (Q) 5 l/min oxygen debit (Q)

Time (min) AA mg0s;/T. AA mg0:/1.
10 -0.002 -0.00359 0.001 0.0029
20 0.002 0.0059 0.003 0.0088
30 0.003 0.0088 0.006 0.0176
40 0.005 0.0147 0.008 0.0235
50 0.008 0.0235 0.011 0.0323

water samples that have undergone ozonation reaction
with the oxygen debit of 3 and 5 L/min at the third stage
voltage of the photovoltaic source which has been raised
using the flyback circuit from source 18 V. became
6.948 V. Table 4 shows each mcrement of time reveals
the increase in the absorbance and ozone concentration
values that have been produced.

Figure 11 shows the relationship between the
concentration of ozone and the ozenation time in the
setting of oxygen flow rate of 3 and 5 L/min. These curves
show the first, second and third stages of voltage. Tt
reveals that the concentration of ozone product due to
oxygen flow rate of 5 L/min would be higher than
that 3 L/min. Besides that, the concentration of ozone
product would rise as the voltage level increased and also
the time increased too. The most substantial ozone formed
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Fig. 11: Relationship between the ozonation time and the
remaining ozone concentration in the oxygen
debit of 3 and 5 L/min, for first, second and third
stages of photovoltaic source

1s shown m the stage 3 with the voltage of 6.948 V,, the
oxygen flow rate of 5 L/min that produce ozone of
0.0323 mgO,/L at 50 min.

Figure 12 shows a graph of the residual ozone
concentration to voltage for 50 min. It can be seen that the
formed ozone would mcrease as the voltage rise. It also
reveals that the oxygen flow of 5 L/min would produced
the ozone concentration greater than that the oxygen flow
of 3 L/min.
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As comparison, Fig. 13-15 show the voltage and
discharge current versus time based on the 12 V,, battery
source (Nurendi et al., 2015). Figure 14 shows the voltage
and discharge current versus time for first stage. The
voltmeter reading for V, was 135 V,, and the converted
calculation voltage was 4.488 V. It was also indicated
that based on this voltage, the peak discharge current was
10.5 mA in intermittent that signed corona appearance in
the reactor tube.

The data in Table 5 are the concentrations of
residual ozone in water. The number of measurement
results used the spectrophotometer absorbance of water
sample had undergone the ozonation reaction with the
oxygen debit of 3 and 5 L/min. Table also shows each
increment of time that shows the increase of absorbing
values.

Table 5: The generated residual ozone concentration of the battery source
first stage voltage
3 Vmin oexgygen debit ()

5 limin oxygen debit (Q)

Time (min) AA

-0.003
0.002
0.003
0.004
0.006

AA

-0.004
0.002
0.003
0.005
0.007

me0:/L
-0.0118
-0.0059
0.0088
0.0147
0.0206

I, Stop
L

M Pos: 0.000 sec

Figure 14 shows that in the second stage, the output
converted calculation voltage became 6,582 V. that cause
the peak discharge current of 18.5 mA, indicating the
appearance of the corona on the reactor tube. In this
stage, the voltage meter reading V, was 198 V..

Table 6 shows the number of absorbance
measurement results on the second stage voltage of
6582 V.. The table shows each increment of time reveals
the increase in the absorbing values.
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Ozone concentration (mgO,/L)
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1 2
O, debit (1 =3;2 =35 L/min)
Fig. 12: The relationship between the remaining ozone
concentration and voltage levels for both 3 and
5 L/min of oxygen debits in 50 min
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Fig. 14: The voltage and discharge current versus time on the second stage of battery source: a) Original display and
b) Converted display
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Converted display
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Fig. 16: Relationship between the ozonation tune and the
remaining ozone concentration m the oxygen
debit of 3 and 5 L/min for first, second and third
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Table 6: The generated residual ozone concentration of the battery source
second stage voltage
3 Vmin oxygen debit (Q)

5 l/min oxygen debit (Q)

Time (min) AA mg0; /L AA mgOs/L
10 -0.003 -0.0088 -0.001 -0.0029
20 -0.001 -0.0029 0.002 0.0059
30 0.002 0.0059 0.003 0.0088
40 0.005 0.0147 0.006 0.0176
50 0.007 0.0206 0.009 0.0265

Table 7: The generated residual ozone concentration of the battery source
third stage voltage

3 Vmin ogygen debit ()

5 limin oxygen debit (Q)

Time (min) AA mg0; /L AA mgO:/L
10 -0.002 -0.00359 0.002 0.0059
20 0.002 0.0059 0.003 0.0088
30 0.004 0.0118 0.007 0.0206
40 0.006 0.0176 0.009 0.0265
50 0.009 0.0265 0.013 0.0382

Figure 15 shows that in the third stage, the output
voltage was 7.047 V. which appearing the peak discharge
current of 18.5 mA, indicating the appearance of corona
on the reactor tube. The voltage reading was 212 V.

Table 7 shows the number
measurement results using a spectrophotometer from

of absorbance

water samples that have undergone ozonation reaction
with the oxygen debit of 3 and 5 L/min at the third stage
output voltage of 7.047 V, that could be calculated to
determine the amount of residual ozone concentration has
been produced. Table shows that each increment of time,
1t showed the ncrease m absorbing values.

Figure 16 shows the relationship between the
concentration of ozone and the ozonation time in the
setting of oxygen flow rate of 3 and 5 L/min from the
battery source. These curves show the first, second and
third stages of wvoltage. The concentration of ozone
product due to the oxygen flow rate of 5 L/min would be
higher than that 3 L/min. Besides that, the concentration
of ozone product would nise as the voltage and the time

0.040

| 488V
00351 ggsgo v
0.0304 B7047V

0.025

0.020
0.0154
0.0104

Ozone concentration (mgO,/L)

0.005

0-
1 2

O, debit (1 =3;2 =5 L/min)

Fig. 17: The relationship between the remaining ozone
concentration and and voltage levels for both
3 and 5 L/min of oxygen debits in the minute of
50 from the battery source

increased. The most substantial ozone formed was shown
1n the stage of 3 with the voltage of 7,047 V, the oxygen
flow rate of 5 L/min that produce ozone of 0.0382 mg O,/
at 50 min.

Figure 17 shows the graph of residual ozone
concentration to the voltage for 50 min. It can be seen that
the formed ozone would increase as the voltage rise. It
also reveals that the oxygen flow of 5 L/min would
produced the ozone concentration greater than those the
oxygen flow of 3 L/min from the battery source.

Based on the above figures and tables, 1t indicated
that the most substantial ozone formed was shown in
stage 3 with the voltage of 7.047 V. that produced ozone
of 0.0382 mgO,/L at 50 mm. The corona could be seen
without the use of visual aids by way of dimming the
lights, so that the light emitted by the corona could be
seenn out through the tip end of the conductor. A corona
was occurred if an electric field in the area around a
conductor 18 higher than the field strength of air
breakdown. The coronas due to electric field were
occurred at both raised voltage of the battery and
photovoltaic sources. The electric field magmtudes at the
raised battery voltage source were greater than the
photovoltaic source.

In the experiment using the direct source of solar
panel, the ozone was produced by the three stages of
generated voltage and by varying the flow rates of the
oxygen debit of 3 and 5 L/mm was with each experiment of
50 mn and the recording data were in every 10 min. From
the results of absorbing measurements to determime the
concentration of residual generated ozone from each
voltage calculation method of ozone
concentration, it could be seen that the first stage of
voltage produced 3.391 V, and the ozone product
conducted by the rate of flow of oxygen debit of 5 L/min

using the
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was more than that debit of 3 T./min that was equal to
0.0118 mgO4/T, at minute of 50. In the second stage of
voltage, it could be generated 6.250 V,, and the ozone
product conducted by varying the rate of flow of oxygen
debit of 5 L/mm was more than that debit of 3 L/min
that was equal to 0.0206 mgQ./L at 50 min. Finally, the
third stage of generated voltage was 6.948 V, and the
ozone product conducted by variation the flow rate of
oxygen debit of 5 T/min was more than that the debit
of 3 L/min that was as equal to 0.0323 mgO./L
at 50 min.

In the experiments by using the source of battery, the
generated ozone was produced by the 3 stages voltage
levels, varying the flow rate of the oxygen debit of 3 and
5 L/min with each experiment 50 min and recording data
per 10 min. The results of absorbing measurements to
determine the concentration of generated residual ozone
from each voltage level used the calculation method of
ozone concentration, so that, it could be seen that the first
stage was produced the voltage of 4.488 V,, and the ozone
results conducted by varying the rate of flow of oxygen
to the debit of 5 L/min generated more ozone than the
debit of 3 L/min was equal to 0.0206 mgQ./L at 50 min. The
second stage generated voltage of 6.582 V, and the ozone
results conducted by varying the rate of oxygen flow to
the debit of 5 L/min generated more ozone than the
debit of 3 L/min that was equal to 0.0265 mgO./L at 50 min
and the third stage voltage generated 7.047 V. and the
ozone results were done with the flow rate variation
oxygen debit of 5 L/min generated more ozone than
the debit of 3 L/min that was equal to 0.0382 mgO./L
at 50 min.

By doing two variations of the source of the above
experiments, it could be seen that the source using the
battery was better and produced more ozone due to the
voltage on the battery was more stable. In contrast to the
direct source of solar panel, although, the source voltage,
18 V,, greater than that the battery voltage, 12 V, the
output voltage after raising voltage using flyback circuit
was smaller than the output voltage generated by the
battery source. This case was predictly caused by the
voltage on the photovoltaic was less stable, influenced by
solar radiation and photovoltaic capacity. The discharge
current generated by the solar panels was smaller than the
current generated by the battery. The capacity of
photovoltaic source was suspected as cause of smaller
discharge cuwrrent. Nevertheless, the voltage magnitude
generated by the solar cell could be maintained in stable
condition when using the battery and control charging
with the constant voltage of 12 V..
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CONCLUSION

From the 18 V, source of the photovoltaic source at
first stage, it was generated the high voltage of 3.391 V.
and the ozone result conducted by the varymg the flow
rate of oxygen debit of 5 L/min generated more than that
debit of 3 L/min that was equal to 0.0118 mgO,/L at 50 min.
From the 18 V, source of the photovoltaic panel at
second stage, it was generated the high voltage of
6.250 V,, and the ozone result conducted by the varying
the flow rate of oxygen debit of 5L./min generated more
than that debit of 3L/min that was equal to 0.0206 mgO,/L
at 50 min. From the 18 V, source of the photovoltaic at
third stage, it was generated the high voltage of 6.948 V,
and the ozone result conducted by the varymg the flow
rate of oxygen debit of 5 L/min generated more than that
debit of 3 L/mm that was equal to 0.0323 mgO./L at
50 min.

From the 12 V, source of the battery at first
stage, 1t was generated the high voltage of 4.488 V,
and the ozone result conducted by the varying the
flow rate of oxygen debit of 5 L/min generated more than
that debit of 3 L/min that was equal to 0.0206 mgQ,/T.
at 50 min. From the 12 V, source of the battery at second
stage, it was generated the high voltage of 6.582 V,, and
the ozone result conducted by the varying the flow rate of
oxygen debit of 5 L/min generated more than that debit of
3 L/min that was equal to 0.0265 mgO./L at 50 min. From
the 12 V,, source of the battery at thurd stage, it was
generated the high voltage of 7.047 V. and the ozone
result conducted by the varying the flow rate of oxygen
debit of 5 L/min generated was more than that debit
of 3 L/mn that was equal to 0.0382 mgO,/L at 50 min. The
largest ozone result in oxygen debit of 3 L/min was
produced by the third stage voltage at 0.0265 mgQ./T.
whereas the largest ozone result of oxygen debit 5 L/min
was  generated by the third voltage of
0.0382 mgO/L.

The voltage source using battery was more stable
and produced more ozone than that the photovoltaic

stage

panel. In contrast to the direct source of solar power,
although, the source voltage was greater than the source
voltage of the battery, however, after raising voltage
using flyback circuit, it was smaller than the output
voltage generated by the battery source. This case
the

Wwas

was voltage on the
stable

influenced by solar radiation. The current generated by

predictly caused by

photovoltaic  energy source not and

the photovoltaic panel was also smaller than that by the
battery.
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