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The efficiency of ozone generation for barrierless plasma chemical reactors with different cathode designs was
compared. The characteristics of ozone generation for a plasma chemical reactor with a string-type cathode in
comparison with the previously developed star-shaped cathode for different combinations of bias and pulsed

components of voltage have been investigated. The special feature of the operation of a plasma-chemical reactor
with a string cathode is revealed. There is consisting in the absence of dependence of the transition of the discharge

combustion mode into the spark breakdown phase from the presence of a bias voltage.

PACS: 52.80.Hc, 52.90.+z,52.75.—d.
INTRODUCTION

The high efficiency of the using ozonation for
bactericidal water treatment [1], control of biological
contamination of grain [2, 3] and other bactericidal
applications has long been known. Recently, due to the
spread of a new strain of coronavirus, attention to
mobile technologies of sterilization and disinfection has
increased significantly.

The main chemical reagent of ozonation technology
- ozone can be produced "in situ" in a plasma chemical
reactor from air or oxygen. Due to the high oxidizing
ability of ozone, this technology allows you to
effectively disinfect water, surfaces and bulk substances
[4].

But for the most common in ozone generation
technologies use plasma chemical reactor with dielectric
barriers have a big problem in the low service life if
ordinary air is used as the working gas, as well as the
impossibility of restoring the dielectric barrier after
transition of discharge in spark mode. Barrierless
plasma chemical reactors based on a combination of a
star-shaped cathode and a cylindrical anode developed
at NSC KIPT haven't the above-mentioned problems
and are also highly mobile and reliable [5]. In addition,
it was demonstrated that such plasma chemical reactors
can be used not only in ozone generation systems, but
also in systems for controlling the content of volatile
hydrocarbon compounds in the air [6,7]. But the heavy
weight of the electrode system and the cost of its
manufacture significantly reduce the competitive
advantages of this type of system. The barrierless
plasma cathodic systems with star-shaped cathodes to
long-term using (more than a year) require
maintenance, which also negatively affects their
commercial attractiveness.

A possible alternative to using a star-shaped cathode
is to replace it with another type of barrierless cathode,
such as one consisting of stretched thin strings. The
paper compares the efficiency of using star-shaped and
string structures of electrodes to generate ozone from
the air at different air flow rates through the plasma
chemical reactor and the values of bias voltage [8].

EXPERIMENTAL SETUP

To increase the competitiveness of barrierless
plasma chemical systems, in contrast to pre-designed
electrode systems with a cathode consisting of a large
number of star-shaped electrodes, was design new type
of barrierless plasma chemical reactor - string. Photos of
the central part of the reactors are shown in Fig.1. The
tubular cylindrical carbon anode (see shown in Fig. 1
next to the string electrode) is the same for both types of
reactors.
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Fig. 1. Photos string (a) and star-shaped (b) electrods

The star-shaped cathode consisted of 100 "stars"
with a diameter of 27 mm with 30 beams placed on a
metal rod at a distance of 2.5 mm. The weight was
3.6 kg.

The string cathode consisted of 12 stretched by
means of a special design pieces of metal wire with a
thickness of 0.15 mm. The weight was 2.7 kg.

The advantages of the string cathode design are low
weight and lower price.

To compare the efficiency of ozone generation, we
used an experimental stand consisting of an air
compressor SECOH, a switching power supply with
variable systems for forming bias voltage, flow meters,
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power meter, 0zone concentration meter Teledyne API
Model 454 and oscilloscope. Photo stand shown in
Fig. 2.
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Fig. 2. Photo of experimental stand

The scheme of the experimental stand is shown in

Fig. 3.
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Fig. 3. Basic scheme of the experimental setup

High-voltage pulsed power supply forms high-
voltage pulses of microsecond duration (1300 ns) with a
pulse repetition rate of 1...15 kHz and amplitude up to
15 kV. The rise time of the pulse is 500 ns. The current
pulse was recorded using a current shunt.

A characteristic oscillogram of the voltage pulse at
complex power supply is shown in Fig. 4.
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Fig. 4. The characteristic oscillogram of the supply
voltage pulse of plasma chemical reactors

The supply voltage supplied to the plasma chemical
reactor consists of DC (bias voltage) and pulse
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components. For this case, the pulse repetition
frequency was 14.89 kHz, the bias voltage was 1.6 kV,
and the total pulse amplitude was 11.4 kV. It should be
noted that these parameters of the complex power
supply of the reactor are optimal for long-term operation
and efficiency of reactors with star-shaped cathodes [8].

The electric signals were recorded with a Tektronix
TDS-2024 digital oscilloscope, bandwidth of 100 MHz.

Measurements of 0zone concentration in the air were
performed with a ozone concentration meter Teledyme
API Model 454 with an accuracy of 0.1 g/m”.

RESULTS

Energy consumption for the generation of grams of
ozone is determined by the formula:

Pt
W= —
cf
where w — specific energy consumption, P — energy
consumed W, t — time, ¢ - 0zone concentration, f — air
flow through the plasma chemical reactor.

String and star-shaped reactors were tested to
compare the efficiency of ozone generation at different
air flows through a plasma chemical reactor at the same
power, which is applied in the discharge (104 W) and
the same power parameters (bias voltage — 1600 V).

The test results are shown in Fig. 5.
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Fig. 5. The dependence of ozone concentration on air
flow through a plasma chemical reactor for power
applied in the discharge of 104 W

It is seen that for this case the efficiency of ozone
generation, i.e. energy consumption for ozone
generation doesn't differ significantly.

It should be noted that the applied power at the level
of 104 W is the maximum for the cathode of the string
type without the transition of the mode of the discharge
in the mode of spark breakdown. The maximum power
that can be applied in a reactor with star-shaped
cathodes is 126 W.

For a string reactor the ignition voltage of discharge
decreases by 1 kV with increasing bias voltage from 0
to 1600 V, and for a star-shaped electrode the ignition
voltage gradually decreases by 2 kV with increasing
bias voltage from 0 to 1000 V, and then increases
sharply at 1.5 kV with a bias voltage at the level of
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1600 V for which the most stable long-term operation
and maximum productivity are recorded.

It should be noted that the applied power in the
discharge at the level of 104 W for a reactor with a star-
shaped cathode can be achieved only by using a
complex voltage of power supply with a bias voltage,
without a bias voltage, the maximum power that can be
applied in the reactor the phase of the spark breakdown
with a star-shaped electrode doesn't exceed 90 W.

In Fig.6 the graph of ozone concentration
dependence for string and star-shaped cathodes
depending on the value of the bias voltage of power
supply voltage in the range 0...2000 V (for air flow
through the reactor 1.6 m*h) is given.
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Fig. 6. Dependence of ozone concentration on the bias
voltage at the same power, which is applied in the
discharge and air flow through the plasma chemical
reactor at the level of 1.6 m*h

It is seen that the ozone concentration for the string
cathode (blue curve) differs at the level of measurement
error, and for the star-shaped has a significant
correlation with the value of bias voltage [8]. In Fig. 7
shows the dependence of the ozone concentration for
the string cathode on the air flow through the plasma
chemical reactor for the bias voltage at the level of 0
and 1600 V and the star-shaped reactor with a bias
voltage of 1600 V.
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Fig. 7. Dependence of ozone concentration on air flow
through a plasma chemical reactor

It is seen that the concentration of ozone doesn’t
differ significantly for different flow rate with a bias
voltage and without.

Thus, for a plasma reactor of string type, there is no
effect on the efficiency of ozone generation of the bias
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voltage, which has a significant effect on the stability
and efficiency of ozone generation for reactors with a
star-shaped cathode. The efficiency of ozone generation
for both types of electrodes in a wide range of air flow
through the plasma chemical reactor differs at a level
less than the measurement error. The physical
preconditions for the difference in the influence of the
bias voltage should be studied in more detail, but it can
be assumed that they are related to the difference in the
formation of the bulk charge region for different
electrode geometries.

CONCLUSIONS

A new design of a barrierless plasma chemical
reactor for ozone generation was developed,
manufactured and tested. Studies have shown a slight
difference in the efficiency of ozone generation for both
types of reactors. The string modification of the central
cathode turned out to be 50 % lighter and cheaper to
manufacture compared to the star-shaped cathode and
looks like a promising way to further upgrade the
barrierless ozonators.

Also, the absence dependence of the transition to the
discharge mode to the phase of spark breakdown from
the value of bias voltage for string cathode is fixed.
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BE3BAPBEPHBIN PEAKTOP « CTPYHHOI'O» THUIIA JIJISI TEHEPALIMH O30HA U3 BO3YXA
A.B. Kyoun, J1.M. 3asaoa, I1.0. Onanes, O.B. Komiwokoe, B.®@. Xmenesckan

IIpoBeneno cpaBHeHHE AP HEKTHBHOCTH HApaOOTKH 030HA IS Oe30aphepHBIX MIa3MOXUMHUIECKAX PEaKTOPOB C
Pa3IMYHBIMH KOHCTPYKIHMSAMH KaToIoB. MccienoBaHsl 0COOCHHOCTH I'€HEpally 030HA I IUIa3MOXUMHYECKOTO
peakTopa ¢ KaTOJOM «CTPYHHOI'O» THIIA II0 CPaBHEHHIO C Pa3pa0OTaHHBIM paHee 3Be3J000pasHBbIM KaTOAOM I
Pa3IMYHBIX KOMOWHAIMI IMOCTOSHHBIX U MMITYJIbCHBIX COCTAaBIISIOIIMX IUTAaHMA. BrlsBieHa 0coGEHHOCTh pabOTHI
IUIA3MOXMMHYECKOTO PEAKTOpa CO CTPYHHBIM KaToJOM, KOTOpas 3aKiIio4aeTcss B OTCYTCTBHH 3aBUCHMOCTH
nepexojia peXMMa TOpPEeHUs paspsga B a3y HCKpPOBOrO NHpoOOs OT HANW4YMS MOCTOSHHOW COCTaBIISIOIIEH
KOMIUIEKCHOT'O ITUTaHHS.

BE3BAP’EPHUI PEAKTOP «CTPYHHOI'O» TUITY A r EHEPA]_lli O30HY 3 IIOBITPA
.B. Kyoin, JI.M. 3asaoa, I1.0. Onanes, O.B. Komiokos, B.®. Xmeniecoka

IIpoBeneHo nopiBHAHHS €()EKTUBHOCTI HANpPANIOBAHHS 030HY A O0e30ap’epHUX IDIa3MOXIMIYHHX PEaKTOpiB 3
PI3HUMH KOHCTPYKIISIMH KaToZiB. JloCiTimkeHO OCOONMBOCTI reHeparii 030HY U IDIa3MOXIMIYHOTO peakTopa 3
KaTOJIOM «CTPYHHOTO» THITY MOPIBHSIHO 3 PO3POOJICHNUM paHiIie 3ipKOMOMIOHNM KaTOAOM I Pi3HUX KOMOiHamin
MOCTIHHUX Ta IMITYJILCHUX CKIIQJIOBUX JKUBJICHHSA. BusBieHa 0coONMmMBICTE poOOTH IIA3MOXIMIYHOTO peakTopa 3i
CTPYHHHMM KaTOAOM, LIO MOJIATAE Y BiJCYTHOCTI 3aJIeKHOCTI MEPEX0y PEKUMY TOpiHHS po3psany y ¢asy ickpoBoro
po0O0I0 B/l HASIBHOCTI MOCTIHHOI CKJIaJOBOT KOMIUIEKCHOTO KHUBJICHHS.
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