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INVESTIGATION OF OZON ELEKTROSYNTHESIS .

V.Gebalov, V.Samoilovitoh, Yu.Filippov
Moscow University, Department of Chen{stry, Moscow, USSR

ABSTRACT

The process of ozone electrosynthesis in ozonirer, in gen,
was investigated by the method of numerical experiment. e spa-
tial-temporal distributions of concentrations, electric field
intensity and electron energy into the discharge channel so theb
the the ozcne electrosynthesis kinetic curves were obtained.

1. INTRODUCTION

The mathematical model of ozonizer was set up for the purposes
of the investigation of the mochanism and kinetics of the ozone
electroaynthesis. This modsl reflects the following ideas con-
nocted with this last one:

the discharge into the ozonizer consist of a number of separate
sparks-microdischardges between the dielectrig electrodes in the
gas gap. The charge transfered from cathode to anode takes pla-
co in the microdiecharge channel. The value of the transfered
charge defines the concentration of microdischarge channel in-
gredlents. Chemical reactiong occuring in the microdischarge ca-
uge the ozone concentration increase and after the discharge is
gboped,ozone will diffuse frome the mAcrodischargo channel to
the surrounding gas. FPhysical and chemical kinetlcs of ozone
electrosynthesis in ozonizer was satisfactoril degeribed the _
following migrodischarge channef ingredientss $ 02; 0,3 Og 03
0('D)§ 0,5 07 3 O, and electrons. The 29 reactfonsconfloct
thess indreddents®vere conmsidered (1.

Taking into congideration all these moments the plasma dyna-
mica and kinetics (with the assumption of the axissymmetxry of
the microdischur%o channel) were described by the system of di-
fferential equations
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where K; 1 = rate congtant of "i" reactiong bi = mobility of
"i* jonjy* V&na volosity of ilong + electric field potential.

Boundary initial conditions were followings
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where ¥ - initial anode potentials d = value of the dischar-
ge gap§ £, r - longltudinal and radial variablese

All calculations were made for the dry fure oxygene under at+
mospheric greeaure, discharge gap was equal to 4 mm.

he system /1/ with initial and bondary conditions was sole
ved by the method of finite elements with usual procedure of .-
fractional steps of time., The chemical kinetlcs was computed by
KungenK%ttg meghod‘ the Pousson equation was solved by Buneman
method G ) e

The conformity of the designed mathematical model with the )
real process of ozone electrosynthmsis was verified and tested ..
in the proliminary calculations in which the electron energy de-
pendence from the local intensity of clectric field woro dofi-
ned (5). Besldes the Towensend coefficients were calculated.For
this purpose experiments in which the initial alectirons odu-
ced with help of Y ~radiation or A ~particles werc modeled (6)e
Morover the average molecula:temperature in microdischarge chane
nel was difined in the preliminary numerical experimonts (7).

As it was showen the latter one was equal to elsotrodes tempe«

rature. Detail analysis of the data obtalned and literature re-
sults allowed us to explain such low value of temperature., The

role of volume photoionisation and its influcnce on the elect=

ron avalanche kinetics is naglicible (7).

Thusy all numerical experimonts on the investigation of the
ologtron avalanche kinetics and dymamice took plzce under con—
ditions of roonm temperatw. e, nesloviing the volume photoionisa-
tion but taking into considaration tho volume charge and modifie
cation of the ancde potential induced by the electron current,.

Different variants of mmerical exporimenta distingwished By
th9 initial elcctron number in the microdischarge channel (10°%
107) and discharge gay overvoltage value (5012%§. This varia-
tions of initial conaltions were caused by the absence of the
experimental data for these raramcters.

20 SPATIAL~TEMPORAL_DISUBIEUTIONﬁ OF MICRODISCUARGE PARAMETERS

Experiments which were cerried out showed that volume charge
defines the development of electron avalanche in our investiga—-
tion. It cause the thse fast stup of avarage intenuiti of the
electric field into the microdischarge channel when the elect-
ron avalanche is approanhbi to the anodo (fige 1y curve 6,7).
Radiaé %ﬁteﬁiib* is ob%er¥e ia this cape., Thls last fenomenon
gauee e} splacement or maximum of oluotron concentration
-‘W%Hé“aﬂbﬁﬂFﬁﬂceuﬁk‘tno electron current on the anode at the
moment of the olectrons avalzugho ls approching to the anode

T~ 5 n sec.) end anode potential reduction (5) sharply breaks
@as ionlation ir chenrel., From this moment electron concentra=
tions in the channed diminighed also (£ige2).

As tho result of the calculation of the spatial-temporal di-~
stribution of the concontration of chanuol ingredients and cloo-—
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Fige1. The changs of electric fleld intenaity on channel axix
time of processing 41 = 2,25 2 = 8,0; 3 = 2450 4 = 3,78
5 =4,08 6 = 4,7{ 7 = 544 nse mne(o) = 6°10°; overvolta-
o — 8%. Dotted line-inltial uniform glectris Piolg.

Fig.2. Anode current change and the total numbor of electrons
in microdischarge channels 4 = I(t)/ o & ~ Nalt)/Ne

2 7452 ¥onax
- (t)/ =5 mA = 74 .10
ﬁe : =11;8§¥%o ) - Ini%zgl cgngTEfons are the sagi’as
on ii{;. ® .

tric potential were obtailned (1). It is posslble to understand
the channel chemical ximetics from the the analisys of the time
reduction of the full number of the chanmel ingredients. From

fige.3 on can see that the electron reactions stop to 10 asecy
lon-molecular and exited states reactions exist up to 100 nsec

%nd the finish reaction in channel as. those the neutral partic—
G8e

. ' )
(a) //’\

fige3
Fig.3s The change of total mumber of channel ingradients
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The main pert of ozone produced through the reaction of the
atomic o %Oﬂ with molocular oxygen (£ig.3) and atomic oxygen
concentrﬁz on dropps in two order up to 2 mkecce It'snocessary
to note that ozone formdilon by the ilon~molecular reactions /1.
Table 1, react. 11, 12, 20/ is less that 3%, but it is these re-~
actiona and electron reaction that define the spatial volume
cha{ge configuration and £inally define rhe channel chemlcal i
netlose

The fact of the existonce of the limited (stationary) ozone
ooncentration into the ozonizer is well known for a long time,
And 1t was establiched that this level (  10-12%) 1is defined
by the exited states reactions (0(°D)und O g which effective=
ly diasiciate ozmone /1, table 1, react, 2522 }. The appearence
of those oxiled pmrticins from vhe ozone reactions causes the
ozone concentration changee. Each microdischarge is stron de=
g ndent from the initial concentration od of the last one (fog.3,b

o And 1n approaching the ozone concentration to the astationa-
ry level this ozone concentration change approaches Boro. Com=
putional result of the ozone 32pcentration changes by the sole
miorodischarge is less than 1044,

But it 1s ncosssary to note that the alternative mcohanipm
of stationnry ozone concentratiova productlon i1y possible = the
eleotron =nergy drop caused vy vie ozong cdacentration rises.

The latter fenomenon may cauge a fast drop of the power of the
molecular oxygsn dlssoclation. .xlegtabticn off Low elestron le—
vels of ozon is well known (8), but the absence of the quanti-
tative data about this phenomonon made the investigation of this
altercative mechaniem in range of our model impossibles

Thusg, all chemical reactlons in the mlcrodischarge channell
ended np to 1-2 mKseo that is much less then diffusion time B

5 n see)e This time seperstion of chemical snd diffusial
kinetics in the ozone synthesis allowed us to consider the pro-
oess Of the ozone electrosynthesis 1n vuonizer as an additive
acoumulation of ozone by each microdischarge.

Je THE KINETICS CHARACTERISTICS OF OZONIZER

Tha calculations of the kinetics characteristics of the who-
le ozonizer demarsied the correllation bebwaeon thoe s{ucific eloc~
trio yower (9), number of microdiacharﬁea at the unit of surfa-
ceg electric and kinotics chareeteristics of the sole microdischa-
rgee Analysls of the numerical experiment resulbts showed that
all spabial-tenporal distibubions of avalanche parametrs were
toermined simply ba the transfored charge 1.e. the value of the
charge which reached the anods, The transfered charge is an ex—
perimentaly known paramcter but dilvergence into the value vhis
pargmgterhexiatadrertd dakothe cingle parameter which connected
tho change of ozone concentration by tha gole microdischarge
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with the initial ozone concentration in the region mear the mic—
rodischarge. Defined analytical expession

/3/

between the eleotrip power (u)§ volume gas velosity (v)j break-
down potential (v ), transfered charge (q) and the number of
microdischarge in time unit (1) allowed us to carry out the cal=-
culation of ozone electrosynthesis in whole ozonizar,

-3 Fig.4e The deperdence between

803 em 1 the ozone concenfiyation chan-—

%e. transfered change ond ini-

os I ;1al zozone concentration in

0% mlcredischarge
1 - [05!(0 22 Of‘z':
- 2 = [0J]'9 . g
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Diffusion ozone coefficient waa cqual to laninar value (0.23—§§7)
The kinetica curves of ozone electrosynthesis and experinonba?®C
data (11) are presented in fige.E in the seme tlacee A8 on can
see these results are in good acenment.
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Fig.5. %inetics curves of ozone electrosyrtheslse Cas veloalbys
1T =125 2=253~158/h; + ~ Gata zzcm (9)).

Fig.6. Dependence of ozone degomposition coofficient from gas
velosity in ozonizere (1 = data from (9)),
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Such well known cmpirical paramcters of ogoniger as kinotics
coeffloients of ozonse degompositlion and production computed
with tho help of curvee (£15.5) are In good agrecmant with ex-
porimental ones (9).

The dependence of ozong decompooltion cocfficiont from gas
velogity was oestablished in numerical cxperimental resultas gfle;.
ggtamé h%g)dopenduncc wos in gocd agroement with the exporiment

ata too o

As tho rosult of our numorical experiments the following
faetn wera digcovery and folling data were obtalneds electro=
sznthoulu takes place at room temporaturej tho spatisl-tomporal
dlotributlons of microdischarge porametors wore ¢stablish unl
the role of volume photolonizatlon, diffusion and individ
chonical reactions were cleoaved ups te parametery which dofines
the powor of oxone goncentration yreduction the single microe
dis se-trunsfored charge was found and caloulated, Kinotics
curved were in good aprecment with experimental resultes
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