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The influence of combined supply voltage parameters (bias voltage and voltage pulse amplitude) on efficiency of
ozone synthesis in the negative pulsed corona discharge in oxygen was obtained. Pulse overvoltage led to
intensification of discharge processes. Bias voltage applied during the discharge channel relaxation essentially
increased the efficiency of ozone synthesis. It was established that the “optimal” bias voltage which provides
maximum ozone generation doesn’t depend on voltage pulse amplitude, but depends on input oxygen concentration

and generated ozone concentration.
PACS: 52.75.-d, 52.77.-j, 52.80.Hc, 82.33.Xj

INTRODUCTION

As a result of increased industrial use of ozone, the
economic and operational requirements for the processes
of its generation have been raised. Along with the
traditional barrier ozone generators, more and more
attention is paid to the barrierless discharges in a point-to-
plane electrode system [1]. One of the advantages of the
barrierless discharge over the barrier discharge is the
ability to control discharge processes using a combined
supply voltage. Due to the combined power supply, high
voltage can be applied to the interelectrode gap during the
discharge breakdown and can be completely or partially
removed during the channel relaxation. The matter is that
negative corona discharge at the DC voltage implemented
as Trichel pulses. Plasma-chemical processes take place
during these current pulses and between the pulses only
the charge particles motion occurs [2].

As was shown earlier [3], the pulsed power supply
results in a significant increase in both the maximum
achievable ozone concentration and the efficiency of its
synthesis. As it was assumed, the pulse power supply
provides overvoltage on the discharge gap during its
breakdown that leads to intensification of ionization and
excitation processes. Voltage decrease between pulses
gives the decrease of energy losses for charge particles
movement during the relaxation of the current channel.

At subsequent studies it was shown that the
discharge-to-spark transition voltage depended on the
bias voltage [4]. In sum, a hypothesis was put forward
that the negative space charge initiating a spark
breakdown is accumulated in the interelectrode gap. The
use of low-voltage DC component between high-voltage
pulses contributes to a faster absorption of the charge and
expansion of the operating voltage range for the ozone
generator.

So, the ability to apply higher voltage at the moment
of discharge breakdown results in the increased specific
energy input into the discharge. On the other hand, the
low-voltage DC component of the combined power
supply unit ensures the directional ion motion (electrons
left the gap or “stuck™) in the decaying current channel,
and the energy is spent on the processes not directly
related to the ozone synthesis. In this paper, the results of

the study for the dependence of ozone synthesis
efficiency on the low-voltage DC component of the
combined power supply in oxygen (90..96 %) are
presented.

EXPERIMENTAL UNIT

The plasma-chemical reactor (PCR) was a cylindrical
coaxial system. The PCR anode was made of finely
dispersed graphite 500 mm long and 38 mm in inner
diameter. A sectioned cathode was located along the axis
of the reactor, which consisted of 54 "star-like" electrode
sections separated by cylindrical spacer sleeves 8 mm
long. Each star-like cathode section was a 0.3 mm thick
stainless steel disc with 15 radially spaced beams. Each
beam was 4 mm high, 0.6 mm wide and had a wedge-like
apex with a 30° angle. The permissible deviation for the
axis of the sectioned cathode from the axis of the
cylindrical anode was no more than 50 um. The electrical
capacitance of one PCR was 44.5 pF. The experiments
were carried out using the module consisting of one to
four PCR connected in series along the gas path and in
parallel to the electric power supply unit.

In addition to PCR, the experimental stand (Fig. 1)
included an "oxygen source” module. This module
provided stable supply of the oxygen-air mixture with
oxygen concentration of up to 96 % and flow rate of up to

16 I/min.
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Fig. 1. Scheme of the experimental stand for
studying the PCR operation on oxygen
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This module contained three Onyx™ oxygen
concentrators connected in parallel to the gas path,
manometer, oxygen meter O,-Analyzer (0...100 %),
flow meter EPI 8636 MP (0...25 nl/min), receiver
(300 1), flow meters PM-0.63I" and PM-4T".

The second module of the stand included the test
PCR(s), pulse power supply unit (PPS) and diagnostic
tools. The high-voltage PPS made it possible to generate
high-voltage pulses of submicrosecond duration
(800...2200 ns) with the repetition rate of 1...20 kHz and
the amplitude of up to 12 kV. The rise time of the pulse
leading edge was ~500 ns. The typical oscillogram of
the high-voltage pulse for the equivalent load with the
capacity of 44 pF is shown in Fig. 2.
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Fig. 2. The typical oscillogram of the high voltage pulse

The bias circuit was formed by the high-voltage
capacitor C and the group of high-voltage diodes D
(Fig. 3). The bias voltage of negative polarity Uy was
maintained by this circuit in the discharge gap in the
interval between the high-voltage pulses.
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Fig. 3. Electric circuit for connecting the PCR unit with
the “bias chain”

The voltage across the discharge gap was measured
via the digital oscilloscope Tektronix TDS-2024V with
the transmission frequency of 200 MHz using the high-
voltage probe P6015A with the division ratio of 1:1000
and the bandwidth of 10 Hz...75 MHz. The signal from
the oscilloscope was sent to the computer. The power
consumed by PPS was recorded with a wattmeter. The
ozone concentration at the PCR output was measured
with the ozone meter Teledyne M465H.

EXPERIMENTAL RESULTS

The effect of the bias voltage Uy on the ozone
synthesis in PCR was investigated. Voltage Uy could
varied by changing the capacitance of the bias circuit.
The experiments were carried out for various amplitude
values of the high-voltage pulse Uy, It should be noted

ISSN 1562-6016. BAHT. 2021. Nel(131)

that dependence of ozone concentration at the output of
the PCR unit on the bias voltage (Fig.4) had a
maximum point. So, the corresponding value of bias
voltage is the “optimal” for ozone synthesis under
current conditions of gas supply.
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Fig. 4. Dependence of ozone concentration [O3] at the
output of the PCR unit on the bias voltage Uy at
different amplitudes of the voltage pulse Uy,. Oxygen
concentration is 91.3...91.6 %, flow rate is 2.5 l/min

At the optimal (from the point of view of the
maximum ozone concentration synthesis) values of bias
voltage, the power consumption also increase (Fig. 5).
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Fig. 5. Dependence of the power W consumed by the
power supply unit on the bias voltage Uy at different
amplitudes of the voltage pulse U,,. Oxygen
concentration is 91.3...91.6 %, flow rate is 2.5 I/min

However, at the optimal choice of bias voltage, the
increase in ozone concentration occurred not only due to
the increase in power consumption. In Fig. 6 the
dependence of energy consumption for ozone synthesis
(k, (W-h)/gOs) on the bias voltage Uy is presented. For
clarity, the value of power consumption was reduced by
the power constantly consumed by the power supply
source (fan power and stabilizer power). It was 38 W
for the power supply unit being used.

75



25
K OUM=10,24kV & Um=10,56kV A Um=10,72kV X Um=10,88KV
W*/905 || x um=11,04kv 0 Um=11,2kV +Um=11,36kV = Um=11,6kV
H
20
o
X
T :
Z Ox o 9 »x°
x 0O X - A
0 Sxh,0
10 . L . L
-1000 -800 -600 u,Vv -400

Fig. 6. Dependence of energy consumption for the ozone
synthesis k on the bias voltage U, at different
amplitudes of the voltage pulse U, Oxygen
concentration is 91.3...91.6 %, flow rate is 2.5 I/min

In addition, it can be seen (see Fig.6) that the
dependence of energy consumption for ozone synthesis
on bias voltage is almost independent of the high-
voltage pulse amplitude.

Pure energy consumption of the discharge processes
is of interest. The "net" power consumed by the
discharge was estimated as the difference between the
power consumed by the power supply unit loaded onto
the PCR unit and the power consumed by the power
supply source loaded onto the equivalent capacitive
load. The "net" energy consumption for ozone synthesis
ky, taking into account only the power of discharge
processes, depending on the "optimal™ generated ozone
concentration, is shown in Fig. 7. It should be noted that
specific energy consumption for ozone synthesis is

increased with increasing of generated ozone
concentration.
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Fig. 7. Dependence of "net" energy consumption for the
ozone synthesis kq on the value of the "optimal"
generated ozone concentration. Oxygen concentration is
91.3...91.6 %, flow rate is 2.5 I/min

The data on the experiments with different oxygen
concentrations (90...96 %) in the feed gas and different
gas flow rates (0.25...2.5 I/min) are presented in Fig. 8.
Experimental data for 96 % oxygen concentration show
that optimal choice of bias voltage can increase output
0zone concentration even into two times. Besides, one
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can see that the “optimal” bias voltage have to be raised
in the case of reduction of flow rate (increasing of
generated ozone concentration) and in the case of

decreasing of input oxygen concentration.

120
[O4], \\ PR
o —\‘R osimn . . _. . 025Umin
1 \\}3_' 3 1 Vimin - T osmin
—-\\-— ‘ © = 1lmin
- \:\'\" Zagimia - TET T 15 limin
] ”‘A‘;; e T T 2 umin
P © 25 umin
------ 96% 02 — - — - 94% 02
— — — 92% 02 90% O2
0 - :
-900 700 500 UsV 300

Fig. 8. Dependence of the ozone concentration [O3] at
the output of the PCR unit on the bias voltage Uy at
different oxygen concentrations and flow rates.
Un=11.2 kV

CONCLUSIONS

The use of bias voltage has a significant effect on
efficiency of ozone generation in the negative pulsed
corona discharge. The correct choice of the “optimal”
bias voltage Uq results in maximum of consumed power
and minimum of specific energy consumption for ozone
synthesis that led to the maximum ozone output. The
wrong one can decrease this output at dozen of percents.

We have an experimental fact that there is no
dependence (weak dependence) of the "optimal" bias
voltage on the voltage pulse amplitude.

It was found that the value of the optimal bias
voltage should be decreased with decreasing of
expected ozone output (increasing of flow rate), and
also it should be increased with decreasing of input
0Xygen concentration.
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HCCJIEJOBAHUE CUHTE3A O30HA B OTPUIIATEJILHOM UMITYJIbCHOM KOPOHE
B KNCJIOPOJE ITPU KOMBUHUPOBAHHOM IIMTAHUHA

B.U. I'onoma, b.b. Kaoonun, H.A. Ilawenko

OOHapyX€HO BIIMSHHE IApaMeTPOB KOMOWHHPOBAHHOTO NHTAHUS (HANMPSKCHUS CMCELICHHS W aMILIUTYIbI
uMIynbca) Ha d3((GEKTHBHOCTh CHHTE3a O30HA B OTPHILATENBHONW MMITYJIbCHOH KOPOHE B KHCIOPOIE.
IlepenanpsikeHre BO BpeMs HMITYJIbCA NMUTAHUS NMPHUBOIIIIO K YCHJICHHIO Pa3psiIHBIX HponeccoB. Hampsokenne
CMELICHUs], PUII0KEHHOE BO BpEMs peJIaKCalliy Pa3psJHOTO KaHaja, CYIIECTBEHHO YBEIHMYMBAIO 3(PEKTUBHOCTH
CHHTE3a 030HA. VIMeeT MecTO «ONTUMAJIbHOE» HANpPSDKEHHE CMELICHHs, 00eCIeynBaloIee MaKCUMaIbHBIA BBIXOJ
030Ha, KOTOPOE HE 3aBUCHUT OT aMIUIUTYAbI UMITYJIbCAa HANPSDKEHHs, HO 3aBUCUT OT KOHIIEHTPALUU KHUCIOPOAA U
reHepupyeMoi KOHLIEHTPAIUK 030Ha.

JOCJIJKEHHS CUHTE3Y O30HY Y BIJI’€MHII IMIIYJIbCHIA KOPOHI B KUCHI
TP KOMBIHOBAHOMY KUBJIEHHI

B.I. I'onoma, b.b. Kaooniun, I.A. Ilawenko

BusBneno BB mapamMeTpiB KOMOIHOBAaHOTO J>KHBICHHS (HAIpYrW 3MIMIEHHS 1 aMIDNTYyIW IMITyJIbCy) Ha
e(heKTHUBHICTH CHHTE3y O30HY Yy BiJ €MHIH iMITynbCHIN KOpoHi B kucHi. [lepeHanpyra mij 9ac iMIIynbCy KUBICHHS
Beda 10 iHTeHcupikamii po3psaHuX mporeciB. Hampyra 3mimeHHs, MpUKIaneHa M Yac peJakcamii po3psaHOTO
KaHaJIy, 3HAa9HO Mi/JBHINyBaja epeKTHBHICTh CHHTE3Y 030HY. Mae Micle «ONTHMajbHa» HaIpyra 3MIIICHHS, sKa
3abe3nedye MaKCHMaJIbHMW BHXiJl O30HY 1 HE 3aJIS)KUTh BiJl aMIUNTYIU IMITyJbCy HANpyr, aje 3ajieKUTh BiJ
KOHLIEHTpALIT KUCHIO Ta TeHEPOBAHOI KOHIICHTpAllii 030HY.
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