OZONE DECAY IN CHEMICAL REACTOR
FOR OZONE-DYNAMICAL DISINTEGRATION OF USED TYRES

V.1 Golota, O.V. Manuilenko*, G.V. Taran, Yu.V. Dotsenko, A.S. Pismenetskii,
A.A. Zamuriev, V.A. Benitskaja

National Science Centre “Kharkov Institute of Physics and Technology”, Kharkov, Ukraine
E-mail: ovm@kipt.kharkov.ua

The ozone decay kinetics in the chemical reactor intended for used tyres disintegration is investigated experimentally
and theoretically. Ozone was synthesized in barrierless ozonizers based on the streamer discharge. The chemical reactor
for tyres disintegration in the ozone-air environment represents the cylindrical chamber, which feeds from the ozonizer
by ozone-air mixture with the specified rate of volume flow, and with known ozone concentration. The output of the
used mixture, which rate of volume flow is also known, is carried out through the ozone destructor. As a result of ozone
decay in the volume and on the reactor walls, and output of the used mixture from the reactor, the ozone concentration
in the reactor depends from time. In the paper the analytical expressions for dependence of ozone concentration in the
reactor from time and from the parameters of a problem such as the volumetric feed rate, ozone concentration on the
input in the reactor, volume flow rate of the used mixture, the volume of the reactor and the area of its internal surface is
obtained. It is shown that experimental results coincide with good accuracy with analytical ones.

PACS: 52.75.-d, 52.77.Fv, 52.80.Hc, 52.90.+z, 81.20.-n
1. INTRODUCTION

The ozone decay in the chemical reactor developed for
used tyres disintegration is investigated in the paper.
Ozone was synthesized in barrierless ozonizers, which are
based on the atmospheric pressure streamer discharge [1,
2]. Working gas is oxygen, or drained air.

2. THEORY
The conventional mechanism of O3 decay [3] is:
o
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where M = {03, Oy, N, H,O}, &, k' denote the
forward and reverse rate constants for (1), £ is the
forward rate constant for (2). The constants &/ and &/
for different gases-thinners are different. It is convenient
to introduce efficiency & of gas-thinners by means of a
factor which enters into the rate constants [3]. Efficiency
& shows, in how many times the appropriate constant

changes, if one gas-thinner to replace with another with
other conditions being equal. In [3,4] the following values
for effectiveness are presented: &= 1,0(0;), 0,44(0,),
0,41(Ny), 3,9(H,0).
It is easy to obtain from (1)-(2) the equation for O,
concentration [03]:
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As follows from (3), the O3 decay is described by kinetics
of variable order from the first to the second kind,
depending on the experiment parameters. If
k”[0,]>> k"M|[0,], then the reaction of O; decay
becomes the reaction of first order with the reaction rate
k" =2k M . Otherwise, if k/[0,]<< k“M[0,], the
reaction of Os decay is the reaction of second order with
the reaction rate k> = 2k k" / k[0, ].

The chemical reactor for tyres decomposition by means
of ozone-air environment represents the cylindrical
chamber from stainless steel, volume V=0.3 m’, which is
feeded by the ozone-air mix with O; concentration C"
from the ozonizer [2] with the rate of volume flow U™ .
The output of the used mix is carried out with the rate of
volume flow U™ into surrounding space. As a result of
O; decay in the volume, on the walls of the chamber and
output of the ozone-air mix from the reactor, the time-
dependent O; concentration C is got in the reactor.

If the O; decay in the volume is described by the first
order kinetics with the reaction rate &, then the equation

for O; concentration change is following [5]:
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where a=U"C"/V, b=U"+85)/V . The second
item in the expression for b considers the Os

disintegration on the reactor wall [5], S is the area of the
reactor internal surface, 9 is the coefficient considering
probability of O; decay on a wall. Assuming, that the
initial O; concentration is C, , we will obtain:

C(t) = C‘“{l _a-A’C exp|- /1“’;]} , )
a

where AV =b+k", C*=a/A" is the steady state O;
concentration in the reactor. If ¢* is known from the
experiment, neglecting O; decay on the chamber walls, it
is possible to estimate k" : k" =U"C"/C* -U")/V .

If the O; decay in the volume is described by the second
order kinetics with the reaction rate £, then the equation
for O; concentration change is following:

dcC
— =a-bC-k>C?, 6
7 v (6)
which solution is:
" 247N exp[— l‘z’t]
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where C* =(1?-b)/2k> is the stationary O;

concentration in the reactor, A% =b,1+4ak)”/b*,

A=A =2kPC, -b) /(AP +2kPC, +b). If, in this case,
C"1is known from the experiment, neglecting O; decay on
the chamber walls, it is possible to estimate &:
kl(/z) — (UmCin /CSS _Uout)/VCSS .

Fig. 1 shows the time dependence of O3 concentration
in the reactor at C, = 0 g/m3, U"=U"=U= 0.6 m’/h,
C™ =20 g/m’. Curve Cl is obtained in the assumption
that the O3 decay kinetics is the kinetics of the first order

— expression (5), curve C2 is obtained in the assumption
that the decay kinetics is the kinetics of the second order —

expression (7), A =C1-C2. k", k* are estimated from

the experiment (Fig. 3,a). Fig. 1 shows that the difference
is insignificant.
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Fig. 1. O; concentration (g/m’) in the reactor vs time
(hours). C1 — expression (5), C2 — expression (7),

A=CI-C2.U=0.60m’/h

3. EXPERIMENT

For our experiments U" ~U™ =U . In this case, as

follows from expressions for C”, both in the case of the
O; decay kinetics of the first order, and in the case of the
O; decay kinetics of the second order, at the same volume
flow rate U , with the growth of the O3 concentration at
the input C", the value of stationary concentration C* in

in

the reactor grows, remaining always less than C”.
Besides, the C* grow with the growth of the U at C" =

const, remaining always less than C".

Figs. 2;a, 3,a show the measured time dependence of O3
concentration C(¢) in the reactor, and Figs. 2,b; 3,b show
the theoretical estimations (7), corresponding to them, at
Oj; concentrations at the input C" = {5, 10, 15, 20} g/m3
and the volume flow rate U = 0.3 m’/h (see Fig. 2), and
U = 0.6 m*/h (see Fig. 3). It is clear that experimental
curves with good accuracy coincide with the theoretical
ones.

The residence times (7 =V /U )are ¢ =1 hour (at U =
0.30 m’/h, see Fig. 2), and 7 =0.5 hour (at U = 0.6 m’/h,
see Fig.3). As Figs. 2, 3 show at r~(2-3)7 the O;
concentration in the reactor comes close to its stationary
value C(¢t) = C". Besides, at U = const, with the growth

of C", the value C” grows, remaining always less than
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C" . As Figs. 2,3 show, the stationary concentrations C*

grow with the growth of the volume flow rate U at C" =
const, what coincides with theory conclusions.
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Fig. 2. O; concentration (g/m’) in the reactor vs time
(hours) at O; concentration at the input 5 g/m’, 10 g/m’,
15 g/m’, 20 g/m’: experiment (a), theory (b), U=0.3 m’/h
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Fig. 3. O; concentration (g/m’) in the reactor vs time
(hours) at Os concentration at the input 5 g/m’, 10 g/m’,
15 g/m’, 20 g/m’: experiment (a), theory (b), U=0.6 m’/h

4. CONCLUSIONS

The results of theoretical and experimental
investigation of ozone decay in the reactor intended for
used tyres disintegration in the ozone-air environment are
presented. The analytical expression for dependence of



ozone concentration in the reactor from time and from
parameters of a problem, such as the volume flow rate,
the ozone concentration at the input of the reactor, volume
flow rate of the used mix output, reactor volume, the area
of its internal surface are obtained. It is shown that at the
same input volume flow rate, with the growth of ozone
concentration at the input, the value of stationary ozone
concentration grows in the reactor, remaining always less
than the concentration at the input. Also it is shown that at
the same ozone concentration at the input, with the
growth of the input volume flow rate, value of stationary
concentration of ozone in the reactor also grows,
remaining always less than the concentration of ozone at
the input. The ozone decay in the reactor at various input
volume flow rates (0.3, 0.6 m’/h) and various ozone
concentrations at the input (5, 10, 15, 20 g/m’) are studied
experimentally. It is shown that experimental results with
good accuracy coincide with the theoretical ones.
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PACITAJL O30HA B XUMHWYECKOM PEAKTOPE JJI1 O30HO-JUHAMUYECKOI'O
PA3JIOKEHUA U3HOIEHHBIX HNIUH

B.U. I'onoma, O.B. Manyiinenko, I.B. Tapan, FO.B. /loyenxo, A.C. ITucemeneuxuii, A.A. 3amypues, B.A. benuykasn

OKCHeprMEHTAIFHO W TEOPETHYECKH HCCIleloBaHa KHHETHKA paclaja o030Ha B XHMMHYECKOM peakTope,
MIpeAHA3HAYCHHOM JUIsl JIe3MHTErpallii M3HOWIEHHBIX MIMH. O30H CHHTE3MPOBAICS B 0e30aphepHBIX O30HATOPAaX Ha
CTPHMEpPHOM pazpsijie. XMMHUYECKUH PEaKkTop Ul pa3ioKeHHs LIMH B 030HO-BO3AYIIHON cpeje MpeicTaBisieT coO0oi
HWINHIPUYECKYI0 KaMepy, B KOTOPYIO OT O30HATOpa C OMNPEACJICHHOW OOBEMHOW CKOPOCTHIO MOAAETCS O30HO-
BO3/IyIIHAs CMECh C M3BECTHON KOHIEHTpalMel o3oHa. BeiBox oTpaboTaHHON cmecn, 00beMHAs CKOPOCTh KOTOPOH
W3BECTHA, OCYIIECTBISIETCS Yepe3 ACCTPYKTOp 030HA. B pesynbraTte pacmana o30Ha B 00beMe, Ha CTEHKaX peakTopa u
BBIBOJIa 030HO-BO3IYIIHONH CMECH, KOHIIEHTPALMS 030HA B PEAKTOPE 3aBUCUT OT BpeMeHH. [lomyueHsl aHaIuTHYECKHE
BBIPAKEHUS ISl 3aBUCHMOCTH KOHIICHTPAIlMM O30HA B PEAKTOPE OT BPEMEHHM M OT MapaMeTpoB 3a7add, TAaKUX Kak:
00bEeMHast CKOPOCTh MOAAYH 030HO-BO3AYIIHON CMECH Ha BXOJ PEaKTOpa, KOHIIEHTpAIMs 030HA Ha BXOJE, 00ObEeMHAs
CKOpPOCTh BBIBOJa OTPAaOOTaHHOM cMecH, 00beM peakTopa M IUIOIIA[h ero BHyTpeHHeW moBepxHocTH. [lokazaHo, 4TO
SKCIEPUMEHTAIBHBIE PE3YIBTAThI C XOPOIIEH TOYHOCTHIO COBMAAIOT C AHATUTUIECKUMHU.

PO3IIAL O30HY Y XIMIYHOMY PEAKTOPI AJIs1 O30HO-AUHAMIYHOI'O
PO3KJIAJAHHSA 3HOIWEHUX HINH

B.I. I'onoma, O.B. Manyiinenxo, I'.B. Tapan, FO.B. /louyenko, A.C. Ilucomeneyvxuii, A.A. 3amypics, B.A. benuyvka

ExcriepuMeHTanbHO 1 TEOPETHYHO [OCHI/PKEHO KIHETHKY pO3Majay O30HY B XIMIYHOMY pEakTopi, SIKHid Oyiio
po3po0ieHo A po3KiagaHHs 3HOImIeHNX MmmH. O30H cHHTE3yBaBcs y 0Oe30ap'epHMX 030HATOpax Ha CTPHMEPHOMY
po3psiai. XiMiuHUHN peakTop U PO3KIAJaHHS IIHUH Y 030HO-TIOBITPSHOMY CEPEIOBHII € HITIHAPUIHOIO KaMepolo, B
SIKY BiJl 030HATOpa 3 MEBHOK 00'€MHOIO IIBHKICTIO MOJAETHCS O30HO-MOBITPSHA CYMIIl 3 BiJIOMOIO KOHIICHTPAI[I€I0
030HY. BuBenenHs BianpanpoBaHoi cyMilri, 00'€éMHa MIBUAKICTh SKOI BiJIoMa, 3IHCHIOETHCS Yepe3 JECTPYKTOp O30HY.
B pesynbraTi po3nanay o3oHy B 00'eMi, Ha CTIHKaxX peakropa i BUBEJCHHS O30HO-TOBITPSHOI CyMillli, KOHIIEHTpPALlis
030HY B PEaKTopi 3aJeKHUTh BiJ yacy. OnepKaHO aHATITHYHI BUPas3H sl 3JIE)KHOCTI KOHIIEHTpALll 030HY y peakTopi
BiJl 4acy 1 BiJ mapaMmeTpiB 3aj1adi, TaKuX SK: 00'eMHa IBHJKICTh 110/1a4i O30HO-TIOBITPSHOT CyMillli Ha BXiJ] peakTopa,
KOHLICHTpALlisl 030Hy Ha BXO/Jli, 00'€éMHa HIBUJKICTh BUBEICHHS BiJIpanboBaHOI CyMili, 00'eM peakTopa i moma Horo
BHYTpIIIHBOI MoBepxHi. I[lokazaHO, M0 eKCIepHMEHTAJbHI pPe3yJbTaTH 3 XOPOLIOK TOYHICTIO CIIBIAAAIOTH 3
AHATI THIHUMH.
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