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The working characteristics of the sterilizer, which acts with use of ozone and ultrasonic cavitation, have been
investigated. In this sterilizer the ozone is produced by ozone reactor with superposition of dielectric barrier discharge
and surface discharge. The ozone concentration in sterilization bath was enhanced up to 10 mg/l owing to water
temperature lowering to 15 °C with help of thermoelectric cooling module. The spectrometric researches of dielectric
barrier discharge, surface discharge, and theirs combination have been accomplished. The experiments on bacteria
sterilization in present sterilizer have shown that inactivation of Bacillus Cereus, E. coli, S. aurues takes 3...5 min,

whereas the inactivation of spores requires 15 minutes.
PACS: 52.77.-J

1. INTRODUCTION

At the presait time the problem of low temperature
derilization is very actud. The ozone technologies with the
use of the barier glow discharge are one of the promisng
methods and a good dtendive for the above-mentioned
methods [1,2,34]. The expandon of the sphees of the
application of ozone initiates new sudies directed toward
improvements in the characteridics of reactors far obtaining
ozone Different methods, connected with the pre-ionization in
the main discharge, so-cdled dud discharges, dso attract an
atention [5]. The ozoniser with superpostion of didectric
barrier discharge (DBD) and surface discharge seems as one
of the most perspective.

Additional posshilities appear with generation of
ultrasonic cavitation in ozonized media. In present work
we investigated the low-temperature ozone sterilizer with
ultrasonic cavitation.

2. EXPERIMENTAL APPARATUS
AND METHOD

The ozone reactor with superposition of double barrier
and surface discharges was used for ozone producing. The
scheme of superposed discharge under atmospheric
pressure is shown in Fig. 1. Didlectric barier discharge
was generated between two flat metdlic eectrodes
(180" 100 mm), which were coated with glass-enamel
dielectric material, having a dielectric constant equal to 7
and athickness of 0.2 mm. The high-voltage pul ses were
applied to these electrodes. The first of the electrodes for
the surface discharge was composed of still strips of
2mm width and was placed on the top glass-enamel
surface. The second one was arranged on the bottom
surface. The dielectric barrier discharge and the surface
discharge have been excited by ac voltages of 8 and 4 kV
respectively. The phase between applied voltages can be
varied from 0 to 180°. Discharges were exited in dry air
which after airflow controller flows through a 2.5 mm gap
between electrodes. Parameters of these discharges were
measured using ozone monitor, oscillograph, Rogowski
coil and spectrometer. The data from these devices were
processed by PC system with multifunctional plate input-
output type L-Card L-783 (3MHz, 32 channels). The
information system modul es were based on C™*Builder-6.
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Fig. 1. Ozonereactor with superposition of barrier
and surface discharges

3. RESULTS AND DISCUSSION
3.1. OZONE REACTOR CHARACTERISTICS

The ozone concentration at reactor output was
measured for every of three possible regimes of its
functioning: 1) surface discharge; 2) dielectric barrier
discharge, and 3) the superposition of these discharges.
The results presented in Fig. 2 shows that breakdown
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Fig. 2. Ozone generation characterigtics of
surface discharge, DBD and superimposed
discharge
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voltage required for the dielectric barier discharge
ignition is lower in combined discharge than in single
barrier discharge (6 and 8 kV respectively). In addition,
the ozone concentration is approximately 1.5 times
greater in combined discharge than in DBD discharge.

The number of streamers, estimated by Rogowski cail,
in superposed discharges is greater as compared to the
singles DBD or surface ones. The maximal number of
streamers is observed under the maximum phase shift, in
180°, between of voltages applied to the electrodes of
surface and DBD discharges.
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Fig. 3. Emission intensity for linesof N,.in
combined discharges under voltage of 8 kV and
a phase shift in 180° between of voltages applied to
the eectrodes of surface and DBD discharges

Spectroscopic measurements, which were carried out
on spectrometer SL40-2-3648USB, have shown the
changes in concentration of nitrogen in dependence on
parameters of dischargesthat was exited in pure air at one
atmosphere and room temperature. Fig. 3 shows the
emission spectra obtained over the wavelength range of
200...800 nm from surface and DBD  combined
discharges under phase shift in 180° between of voltages
applied to surface and DBD discharges. The spectra
lines intensity of nitrogen is maxima at phase shift in
180° that corresponds to the maximum electric field
strength in the discharge gap of the reactor and connected
with increasing the discharge power. Thelinesintensity in
combined discharge under 180° phase shift between the
applied voltages is substantially larger than in al others
cases. The growth in ozone concentration is a
consequence of the major intensity of combined discharge
as compared with surface and DBD discharges.

3.2. OPERATING MODESOF THE STERILIZER

The functional diagram of sterilizer is shown in Fig. 4.
From reactor an ozone-air mixture goes to the ultrasonic
bath filled with digtilled water. The ultrasonic source
generates ultrasonic cavitations that enable the penetration
of ozonized water into cavitations that enables the
penetration of ozonized water into cavities and gaps of
sterilized ingruments and pefoomance of thers
preterilization trestment. Water is cooling by
thermodectric cooler. The work of ozone resctor,
ultrasonic source and thermodectric cooler is headed by
microprocessor. It is well known that ozone solubility
strongly depends on water temperature. The considerable
enhancement of ozone concentration and effectiveness of
the gterilization may be provided by periodic switching and
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turning off of the ultrasonic source When the water
temperature is decreased to the lower designated limit, the
ultrasonic source starts to operate, providing a cavitations
that, in turn, causes water heating. When the water
temperature reaches the upper of these designated limits,
the ultrasoni ¢ source stops operating and water temperature
drops. Fig. 5 shows the operating mode of sterilizer, when
the upper seiting temperature have been chosen at 15°C,
and lower level of temperature was 14° C. Theinitial water
and air temperatures was 19 °C, the rate of air flow through
the reactor was maintained near 0.2 I/min. The reactor
yielded at these conditions the ozone concentration of
36 mg/l inair and near 10 mg/l in water.

Fig. 4. Block diagram of sterilizer with a cooling module
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Fig. 5. Time dependence of ozone concentration
under maintaining of water temperature between
14and 15°C

3.3. BACTERICIDAL INFLUENCE OF STERILIZER
ON THE TEST-CULTURESOF MICROORGANISM

Experiments on the bacteria inactivation were carried
out in ozonized distilled water. The following test-
cultures of microorganism have been studied:

1. E. coli 055 K59 Ne3912/41, the Staphylococci aureus
ATCC Ne25923, Pseudomonas aeruginoza 27/99 seeded
on meat-peptone broth (MPB), as well as Cl.Oedematiens
198 and B. cereus Ne 8035 seeded on this medium.

2. Test-cultures seeded on the agar endo, 6, 5 % sdt agar
and meat-peptone agar (MPA) with 1% glucose. In the
smears it is established 70...80% of spore culture
Cl. Oedematiens 198 and B. cereus Ne8035. On the endo
agar it is seen the increase of the colonies of dark-cherry
color with the metallic luster. On the salt agar it is seen
the growing of colonies of gray-white color. On MPA the
colonies of blue-green color increased.



3. Theisolated colonies were seeded on MPB and MPA.
4. The plasma-coagulation reaction is postive with the
staphylococcal culture.

5. Daily cultures E.coli, Staphylococcus aureus,
Pseudomonas aeruginoza and seven-day spore culture
Cl. Oedematiens were placed into sterilization camera and
processed by ozone and ultrasound over the time of 90
minutes. The control samples have been taken from the
sterilization water bath after 1, 3, 5, 10, 20, 30, 60, 90
minutes for a microbiological analysis. During these time
intervals the ozone concentration increased from 0 to the
val ues indicated in second column of the Table.

Time-kill assay for some bacteries

Conc. Os|Water Time-kill
Test - culture inwater |temper. |assay
From from (min)
0mg/l to: |0° C to:
E. coli 18 19 2
Staphylococcus | 1.8 19 2
aureus
Pseudomonas 6 175 5
aeruginoza
Cl.Oedematiens | 8.5 16.25 10
198
B. cereus Ne 8035 | 10 15 15

It have been found that the complete inactivation of
E. cali and Staphylococcus aureus is realized under small
ozone concentration and demands no more than 2 minutes.
Meanwhile, the most persistent micro organisms— spores
B. cereus Ne 8035, takes 15 minutes during which the
ozone concentration in water rises from 0 to 10 mg/l, and
the temperature reduces from 19 to 15 °C.

CONCLUSIONS

The low-temperature gterilizers used for disnfection and
serilization in water has been developed and investigated. The
combined action of ozone and ultrasonic cavitations in
aqueous medium makes it posshble to achieve effective
cleaning of the artides of complex form with internd cavities
and possihilities of theinactivation of microorganisms on todls
of complex configuration.

Physicd principles grounded in the gerilization process
alowed applying such devices in indudry and for everyday
purposes, for ingance medica tools, biotechndogy,
microdectronics, food industry, automobile congruction,
househald devices, dc.

The output ozone concentration from the reactor of
30mg/l provided the ozone concentration in a derilization
bath (2.5 and 05 liters) of order 10 mg/l. This concentration
was obtained due to a specidly desgned wae cooling
module.

The ozonizer with superpostion of double barrier and
surface distharges has been proposed as an dtenaive to
double dischargetype geneators Two high-valtage pulsed
power supplies of 10 and 20 W have been used in such an
ozonizer equipped with three pardle dectrodes (centrd,
surface, and outer one).

The phase between applied voltages was varied from 0° to
180°. An incresse of the phase displacement in the main
discharge leads to an increase in the output concentration of
ozone and nitric componentsin the consequence of an increase
of the fidd srength in thereactor

The breskdown vdtage in the superimposed discharge
occurs with the smdler applied valtage as compared to DBD
(6 and 8kV, respectivdy).

The output 0zone concentration increases with increasing
the discharge power. An increase of the main discharge gap
from 15 to 25mm dlows increasing the output ozone
concentration.
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O30HATOP HA OCHOBE COBMECTHOI'O PA3PAIA J1JI51 THAKTUBAITUA MUKPOOPI'AHHU3MOB
B.C. Tapan, O.I'. Yeuenvnuyxkuit, B.B. Kpacnwiii, O.M. Illgey

HccnenoBanbl paboune XapakTEPUCTUKH CTEPUIN3aTOPa, B KOTOPOM HCIOJIB3YETCS COBMECTHOE JACHUCTBUE 030HA U
yIbTPa3ByKOBO# kaBuTanuu. O30H BbIPAOATHIBAETCS B TCHEPATOPE O30HA C CYNEPHO3ULMEH TUIICKTPUIECKOTO
0apbepHOr0 M MOBEPXHOCTHOTO pa3psnoB. KoHIEHTpalms 030Ha B CTepWIM3anuoHHOW BanHe — g0 10 mr/m npu
TemrepaTrype Boasl 15 °C. BhINOMHEHBI CIIEKTPOMETPUUYESCKUE UCCIICI0BAHUS JUAICKTPUIECKOro OGaphepHOro paspsiia,
MOBEPXHOCTHOT'O pa3psifa U ux koMOuHanuu. [IpoBeieHHbIC SKCIIEPUMEHTHI [0 YHHUTOXKEHHIO OAKTEPHii MOKA3aIH, YTO
nnakTuBanus Bacillus Cereus, E. coli, S. aurues sanumaer 3...5 MuH, a U1l YHUYTOKEHUS criop Tpebyetcs 15 muH.

030HATOP HA OCHOBI CYMICHOT O PO3PSIY /151 IHAKTUBAIII MIKPOOPTAHI3MIB
B.C. Tapan, O.I'. Yeuenvnuywkuit, B.B. Kpacuuii, O.M. Illseus

HocmimkeHno po0oYi XapaKTEpUCTHKH CTEPIIIi3aTopa, y SKOMY BHKOPHUCTOBYETHCS CIUIbHA [isi O30HY U
YIIBTPa3ByKOBOi KaBiTamii. O30H BHPOOIAETHCS B TEHEPATOPi 030HY i3 CYIEPHO3HILIEI0 TIENESKTPUIHOTO Oap'epHOTO 1
MOBEpXHEBOro po3psiiB. KonieHrpallisi 03oHy B crepuisaniiniii Banni — no 10 mr/n npu temmnepatypi Bogu 15 °C.
BuKOHAaHO CHEKTPOMETPHYHI MOCTIKCHHS MIiCIEKTPUIHOTO Oap'epHOTO pO3pALy, MOBEPXHEBOTO PO3PSAY 1 IXHBOI
koMmOiHarii. IIpoBeieHI eKCIIepMMEHTH 110 3HUICHHIO GakTepiil mokasamu, mo inakrtusamis Bacillus Cereus, E. cali,
S. aurues zaiimae 3...5 XB., a I 3HULIECHHSI CIOp OTPiOHO 15 XB.
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