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In this paper we describe a compact, economical, easy to manage auto air ozonator developed at the Institute of
Plasma Physics of the NSC KIPT. It is designed for sanitation, disinfection of premises and cleaning the air from
foreign odors. A distinctive feature of the developed device is the generation of a given concentration of ozone,
approximately 0.7 maximum allowable concentration (MAC), and automatic maintenance of a specified level. This
allows people to be inside the processed premises during operation. The microprocessor controller to control the

operation of the ozonator was developed.
PACS: 52.70.Ds; 52.70Kz

INTRODUCTION

In recent years in many countries an increase of
interest to use ozone technologies is observed, and
Ukraine is not exclusion in this regard. The antiseptic
properties of ozone allows to process objects five times
more effectively than ultraviolet disinfection. Besides,
0zone can penetrate cavities closed for UV radiation.
Particularly relevant are devices based on air ozonators.
Earlier in the IPP NSC KIPT the air ozonator was
developed based on the principle of barrier discharge
[1]. The disadvantages of that device were the lack of
automatic mode and program control. Continuing the
work on perfection of the device, a new air ozonator
with program control was designed, which has no
disadvantages mentioned above. Below the work of
device is described in detail. It can be used for cleaning
of air in clinics and hospitals, where there are a large
number of infected patients, and also in surgical
premises for continuously maintaining sterility of air
during surgery. Maximum continuous cycle operation of
the device is 2 hours and is does not have a time limit of
use. The photo of ozonator is shown in Fig. 1.

Fig. 1. Photo of ozonator

HARDWARE AND SOFTWARE
PRINCIPLES OF AIR OZONATOR
Ozonator has the following specifications:
1. Ozone productivity — 6 mg / min.
2. Maximum area of treated premise — 99 m?.
3. Supported ozone concentration — 0.7 MAC.
4. Power — 5 watts (generation regime).
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5. Power consumption — 0.5 watts (ventilation).
6. Weight — 0.5 kg.
7. Dimensions 170x100x50 mm.

The control of the ozonator operation is realized by
means microprocessor controller developed in IPP NSC
KIPT. It is implemented on the basis of microcontroller
PIC18F series designed by Microchip company [2, 3].
The controller provides control of the ozone generator,
the operational configuration of the application of the
working gas injection, selection of work modes and
timing of the process. The input value of the premise
area is indicated on the dynamic display. The device
structural scheme is shown in Fig. 2.
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Fig. 2. The device structural scheme:

CPU - central processing unit;
TMRO...TMR3 — timer module;
Primary Osc. — Primary Oscillator;
Second Osc. — Secondary Oscillator;
PWM — Pulse Width Modulation Module;
M — Motor
Ozonator operates in a cyclic mode. The period of
continued operation of the device is 2 hours. The
number of two-hour cycles is unlimited.
The device can operate in two modes:
- the continuous ozone injection (with a ozone generator
productivity of 6 mg/min) without automatically aintain
the concentration ofozone gas to stop after 2 hours;
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- automatic maintenance of the ozone concentration on
the given level in the room 0.7 maximum allowable
concentration (MAC).
The device OCM-4 (Ozon Concentration monitoring)
has been used for the calibration of the new ozonator.
The OCM-4 is a modification of the OCM-3 device [4]
constructed on the basis of a semiconductor sensor MQ-
131 and calibrated by means of 2 methods:

e chemical,

e spectrometric.

Chemical calibration of the ozone generator was
performed in IPP NSC KIPT by experts of Sanitary
Epidemiological Station of specialized medical unit
Nel3 of Kharkov city. A series of measurements was
conducted of ozone concentration in the air; the ozone
was produced by the test generator. The spectrometer
calibration was performed by the use of the software
developed in IPP and the hardware complex [5]. The
measurement results are decorated by protocol.

For correct operation of the device OCM-4 it is
necessary to obtain such parameters as ozone decay rate
and the purge time of ozonated premises. With that end
in view, an experiment was conducted and some results
are presented graphically in Fig. 3.
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Fig. 3. Graph of the ozone decay rate in the room in
different modes (with a purge premises without purging
and at different ozone concentrations)
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Fig. 4. Theoretical graph of the ozone concentration
changes at ozonator work in automatic mode

The times of ozone half-life and purge obtained from
the experiment are used to construct a theoretical graph
of the ozone concentration change indoors at ozonator
operating in automatic mode (Fig. 4).

Fig. 5 presents the experimental graph of the ozone
concentration changes, measured by the device OCM-4.
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The device operates in the mode of automatic
maintenance of the ozone concentration.
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Fig. 5. Experimental graph of the ozone concentration
changes at ozonator work in automatic mode

The operational mode is selected by entering the
values of the ozonated premise area S (m?). If S = 0, the
device will operate in a mode of continuous ozone
injection. If S> 0, the device will operate in the
automatic mode to maintain the constant concentration
of ozone. The period of continued operation of the
device does not depend on the selected mode and equals
2 hours. For the countdown of time the module “Timer
0” is used.

When one selects a continuous ozone injection mode
(S = 0) and press the start button, the “Timer 0”, ozone
generator and fan will start automatically and will be
continuously running throughout the period of operation
of the device (2 hours), and then will be automatically
turned off. Further the device will wait for one of the
following user action:

e entering the new value of premise area and start of
the ozonation process;

e next start of ozonation process (without changing
the value of the ozonated premise area).

If the mode of automatically maintaining the
concentration of ozone in the room (S> 0) is selected
and the start button is pressed, the “Timer 0”, ozone
generator and fan will start as well as in continuous
ozone injection mode. However ozone generator will be
turned on for the time T (minute), equals to the time of
filling the room with ozone. After this time the ozone
generator and the fan will be turned off automatically
and will remain off during 6 minutes.

Then ozone generator and the fan will be turned on at
the time of the ozone injection T;. Such actions will be
repeated periodically until the set time of the device
work (2 hours) has elapsed. Further all operations will
stop automatically and the program will wait for user
directives. The work of ozone generator is provided by
the Pulse Width Modulation module output signal.
Parameters of the output signal (the period and duty
cycle) are given by setting the corresponding registers
of the programmable “Timer 2”. The “Timer 2” module
incorporates the readable and writable (both registers)
8-bit timer and period registers. The module also
includes:

o software programmable prescaler (1:1, 1:4 and 1:16);
e programmable postscaler (1:1 through 1:16).
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The fan is activated by setting of high level on the
appropriate port of the controller PIC18F2550.

Times of filling the room with ozone T; and ozone
injection T; depend on an area of ozonated premise and
were calculated by the formulas (1) and (2):

T=—2 - F(S), (1)

B

R-Cg-Tpp

Ti= F(S). )

F

Concentration of ozone in the mode of continuous
ozone injection is defined by the formula (3):

c=""H (3)

5-R

where :

S - area of premise (m?); H - height of the room (m);
Co - allowable concentration of ozone for long-term
stay (0.07 mg / m%); P - productivity of ozone generator
(6 mg / min); Ty - ozone injection period (6 min);
Ty - the half-life of ozone.

CONCLUSIONS

The use of a microcontroller allowed to create a
compact and easy-to-use air ozonator for industrial and
domestic purposes. When operating, the device is not a
threat to life and health of people being in the room. A
sophisticated algorithm for inclusion of the ozonizer
eliminates any unauthorized exploitation of the device.

The wuse of such kind microcontroller can
significantly improve the safe application of ozone
technology within human-aided activity.
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ABTOMATHUYECKHM BO3YIIHBII TIPOTPAMMUPYEMbIIT O30HATOP
C.II. I'ybapes, A.B. Knocoeckui, I'Il. Onanesa, B.C. Tapan, M.H. 3onomompyéoea

Onwmcan paspabotanHeid B Mucturyre Qmumkn mmasmMel HHI[ X®TU manoraGaputHBIN, SKOHOMUYHBIM,
MPOCTON B YNpaBJICHUH aBTOMAaTHYECKHH BO3AYIIHBIN o30HaTOp. OH NpeaHa3HadeH /sl CaHalWH, Ae3WH(EKINH
MOMEIICHNT M OYMCTKM BO3JyXa OT IOCTOPOHHUX 3amaxoB. OTIMYHMTENHOM OCOOEHHOCTBIO Pa3padOTaHHOTO
npubopa SBISETCS TeHepanys O30Ha 3ajaHHOW KoHmeHTpauuu (mopsaka 0,7 IIJIK) u aBTOMarmueckoe
MOJJIEp)KaHUE 3aJlaHHOTO YPOBHS. OTO TO3BOJIAET JIOAIM O€30MacHO HAaXOAWThCS BHYTPH 00pabaThIBAEMBIX
MOMeIIeHu BO Bpemsi paboTel mpubopa. YmpaieHue pabOTONl 030HATOpa OCYIIECTBISAETCS C TOMOIIBIO
pazpadorannoro B MuctuTyTe usuku mnazmel HHI[ XDTU mukpomnpoeccopHOro KOHTpoIuiepa.

ABTOMATUYHUI NOBITPSTHUI TPOTPAMOBAHUI O30HATOP
C.II. I'ybapes, A.B. Knocoecvkuii, I'.Il. Onaneea, B.C. Tapan, M.1. 3o0nomompyéoea

Omnwmcano po3pobnenuid B [HctuTyTi (izukn miasmu HHI[ XDTI manorabapuTHuil €KOHOMIYHHMA, MPOCTHIA B
VIpaBITiHHI aBTOMATHYHHUIA IOBITPSHUA 030HATOp. BiH mpm3HavueHWil ans caHamii, Ae3uHQEKIii MPUMIMICHb i
OUMILICHHS TOBITPS BiX CTOPOHHIX 3amaxiB. BiqMiHHOIO 0COONHBICTIO PO3pOOIICHOTO MPUIAAY € TeHepallisi 030HYy
3aganol koHneHtpamii (mopsaky 0,7 [IK) Tta aBTOMaTmyHa migTpuMka 3amaHoro piBHA. Lle mo3Bomsie JromsM
nepeOyBaTi Oe3MEYHO BCepeqrHi 0OpoOIIOBaHMX NPHUMILIEHb MiJ 4ac poOOTH Npuiaxy. YHpaBliHHI poOOTOIO
030HATOpa 3IIHCHIOETHCS 32 JOTIOMOTOI0 po3poOneHoro B IHctutyTi  ¢izukm  mrazmu  HHIT XOTI
MIKpOTIPOIIECOPHOTO KOHTpPOJIEpa.
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