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In the present research, a measurement method of ozone decay half-life t (h) in air depending on the temperature
and humidity is proposed. This method allows simulating the conditions of ozone generation during sanitizing of
various premises. The ozone generation was carried out in a closed volume of 0.125 m® by ozonator based on
dielectric barrier discharge. Through measurement ozone decay at temperatures of 10, 24 and 40 °C and humidity
¢ ~ 10, 50, 80 % was calculated. The ozone decay was found to change depending on temperature and humidity.
The productivity of ARAO-1 type generator has been determined at various conditions. The H,S and NH; oxidation
mechanism has been studied. It was revealed that 8.6 mg of Os is required for of 1 mg of H,S oxidized and 1.8 mg

of ozone is required for 1 mg NHj; oxidation.
PACS: 52.70.Ds; 52.70 Kz

INTRODUCTION

Ozone is one of the strongest known oxidants having
strong bactericidal action. It destroys microorganisms,
fungi, toxins and microalgae even at low concentrations
[1-3]. However, the effectiveness of ozone treatment
depends on the ability to maintain the required ozone
concentration for a long enough period of time. This
study was focused on ozone half-life decay period in the
air depending on the temperature and relative humidity.
Ozone half-life is the time necessary the initial ozone
concentration decreased by a half. The half-life depends
on the temperature, relative humidity, degree of
interaction with the walls of the material, dust from air
pollution, leak and other parameters [4]. The
experiments have been carried out in specially created
ideal conditions to estimate the ozone decay half-life

period.
Hydrogen sulfide is an important atmospheric
pollutant. It reacts rapidly with ozone at room

temperature and their Kinetics is of great interest.
Nevertheless, there are few reported studies of the
oxidation kinetics. Therefore, the oxidation mechanism
of H,S and NH3 has also been investigated.

1. EXPERIMENTAL SETUP AND METHOD

The experiments were carried out in a sealed thermal
insulation volume of 0.125 m*® made of organic glass
and equipped with a humidity/temperature sensor. The
block diagram of the experiment is shown in Fig.1. The
ozone concentration from the reactor was measured
using M454 DIN (USA) ozone monitor. Ozone
concentration inside the reaction chamber was
determined by monochromatic device MDR-2 and
photoelectric counter (FEU).

The temperature and humidity was kept stable during
measurements. Ozone was generated in a volume of
ozonator until the predetermined concentration of Os
was reached.

2. OZONE DECAY HALF-LIFE

The experiments of ozone half-life measuring have
been carried out in the reaction chamber at temperatures
of 10...40°C and at a humidity of ¢ ~ 10...80 %.
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Fig. 1. Block diagram of the experiment

Each measurement was repeated 3...4 times and the
results were averaged. It was determined, that
increasing the temperature, the ozone half-life decreases
exponentially.
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Fig. 2. Dependence of ozone half-life on relative

humidity at fixed temperature

It was revealed that in the chamber filled with air, the
ozone half-life decreases by 13 % with increasing the
temperature from 10 to 24°C. Next, an increase from 24
to 40°C decreases the half-life by 16 %. In the presence
of ammonia vapor and during temperature growth from
10 to 40°C, the ozone half-life is decreased by 40 at
10 % humidity. At above mentioned conditions, the
half-life of ozone is reduced by 50 and 59 % at a
humidity of 50 and 80 %, respectively.
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Ozone decay half-life dependent on temperature and
relative humidity
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Fig. 2 shows the ozone decay half-life period at
relative humidity and at fixed temperature. The ozone
half-life reaches minimum values at 40°C and at a
relative humidity of 80 %.

3. ARAO-1 OZONATOR PRODUCTIVITY

Ozone generator of ARAO-1 type has been used as a
testing device in order to determine productivity of the
device depending on the temperature conditions and
humidity. Fig. 3 shows the dependence of productivity
of ozone generator on fixed relative humidity (a) and
temperature (b). As it can be seen from the figure the
productivity decreases with increasing the temperature
and humidity.

4. H,S AND NH; OXIDATION MECHANIZM

To study the kinetics of oxidation of hydrogen
sulfide by ozone, the following experiment was carried
out: hydrogen sulfide was injected into the reaction
chamber wusing a gas supply system. The gas
concentration was measured by gas analyzer "Dozor C-
Py" and it comprised 3.4 mg (see Fig. 1). Ozone was
generated by dielectric barrier discharge.

Fig. 4 shows the oxidation process of hydrogen
sulfide by ozone. As a result it was revealed that 8.6 mg
of O; is required for 1 mg of H,S oxidized.

The oxidation reaction of hydrogen sulfide starts
with sulfur formation with the following transition
directly to H,SOy:

H25+O3:S+02+H20,
3H25 + 403 = 3H2504

These reactions start at the same time, but the
second one prevails with an excess of 0zone. Ammonia
is oxidized by ozone transforming into ammonium
nitrate. Ozone converts oxidation of nitrogen from -3
oxidation state directly to +5 leading to the formation of
ammonium nitrate:

6NH; + 405 = 3NH4NO; + 3H,0.

Fig. 5 shows the process of ozone oxidation of

ammonia. The experiments have shown that 1.8 mg of
05 required for 1 mg of NH; oxidized.
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Fig. 3. Dependence of productivity of ozone generator
on fixed relative humidity (a), and temperature (b)
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CONCLUSIONS

1. A measuring method of ozone decay half-life t (h)
in air depending on the temperature and humidity has
been proposed. The results of measuring of ozone half-
life were obtained at 10, 24 and 40 °C and humidity — ¢
~ 10, 50, 80 %. It was shown that ozone decay half-life
decreases by 13 % with increasing the temperature from
10 to 24 °C. The half-life decreases by 16 % at
increasing of temperature from 24 to 40 °C. In the
presence of ammonia vapor and at temperature growth
from 10 to 40 °C, the ozone half-life is decreased by 40
at 10 % humidity.

2. It was found that the productivity of ARAO-1
type ozone generator decreases with increasing the
temperature and humidity.

3. The H,S and NH; oxidation mechanism has been
studied. It was revealed that 8.6 mg of Os is required for
of 1 mg of H,S oxidized and 1.8 mg of ozone is
required for 1 mg NH; oxidation.

NCCIEJOBAHUME INIEPUOJA ITIOJYPACIHTAJA O30HA B 3BABUCUMOCTHU OT TEMIIEPATYPBI
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BJIA’KHOCTHU, A TAK)KE MEXAHU3MA OKUCJIEHUS H,S U NH;

B.C. Tapan, B.B. Kpacnwuii, A.C. Jlo3una, O.I. Yeuenvnuykuii, A.B. I1l]edemyn
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[pemmoxkeH MeTox HW3MEpeHHWs Mojdypacmaga 030Ha T (4) B BO3AyXe B 3aBUCHMOCTH OT TEMIIEPaTyphl H
BITQXHOCTH. MeToJl MO3BOJISICT MOJEIMPOBATH YCJIOBHS TEHEPAIlMM O30Ha BO BpEMs CaHUTApHOM 00pabOTKH
pa3IMYHBIX TOMENIeHUH. [ eHepupoBaHWE O030HA MPOBOIIIOCH B 3aMKHyTOM 00B&me 0,125 M® ¢ TOMOMIBO
030HaTOpa Ha OCHOBE JHMIJIEKTPUUECKOTO OaphepHOTO paspsaa. M3mepeHnns nomypacnana 030Ha IPOBOIMINCE MPH
temneparypax 10, 24 u 40 °C u Bnaxuzoctn ¢ ~10, 50, 80 %. YcTaHOBIEHA 3aBHCHMOCTh [EPHOA MONypacaga
030Ha OT TeMIeparypsl M BIaXHOCTH. OrmpeneneHa NPOW3BOIUTENHLHOCTE TeHeparopa o3oHa APAO-1 mpu
pa3IMIHBIX YCIOBHX. V3ydeH Mexanm3M okucieHus coenuHernit H,S m NHj. Beuto yeranosneno, uro 8,6 mr Oj
Tpebyercs mg okucnerus | mr HpS u 1,8 Mr o30Ha Tpebyercs ans okucienus 1 mr NHs.

JOCIIKEHHA NEPIOAY HAIIIBPO3MALY O30HY 3AJIEXKHO BIJI TEMIIEPATYPH
I BOJIOT'OCTI, A TAKOXK MEXAHI3MY OKHUCJIEHHSA H,S i NH;

B.C. Tapan, B.B. Kpacnuii, A.C. Jlozina, O.I. Yeuenvnuyskuii, O.B. Ll]ebemyn

3anpornoHOBaHO METO/] BUMIPIOBaHHS HAMIBPO3Maay 030HY T (r0J) B MOBITPI B 3aJIeKHOCTI Bijl TeMIeEpaTypH i
BoJIOrocTi. MeTo 7103BoJIsie MOJISTIOBATH YMOBH I'eHEpallil 030HY Iij1 4ac caHiTapHOI 0OPOOKH Pi3HUX MPUMIILICHB.
[enepyBaHHS 030HY NPOBOIMIOCS B 3aMKHYTOMy mpoctopi 0,125 m° 3a JOIOMOroi 030HATOpa HA OCHOBI
JienekTpuaHOro Gap'epHOTO po3psny. BumiproBaHHS HariBpo3nary 030HY NTPOBOAMIOCS MpH TemmepaTtypax 10, 24
i 40 °C i Bomnorocti ¢ ~ 10, 50, 80 %. BcTaHOBIICHO 3a/IeKHICTh IEPioAy HAMIBPO3MALy 030HY Bij TeMIEpaTypH i
BoJIOTOCTi. BU3HaueHO TpomyKTHBHICTH TeHepaTopa 030HY APAO-1 mpu pisHEX ymoBax. BuBueHO MexaHi3M
oxucieHHs crniosryk H,S 1 NH3. Byno BcranosieHo, 1o 8,6 mr O3 notpiono /uist okucienHs 1 mr HyS 1 1,8 Mr o3ony
notpibHO st okucieHHs 1 mr NHs.
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