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DEPENDENCE OF NEGATIVE CORONA CURRENT
IN AIR UPON OZONE DENSITY*

MIRKO CERNAK**, JAN SKALNY**, STEFAN VEIS**, DANIELA DINDOSOVA**,
Bratislava

Dependences of the negative corona current upon the ozone density were measured in
air at laboratory temperatures and pressures 46.55—86.45 kPa. Using a simple theory
the rate coefficient &, of the three-body attachment of electrons to ozone molecules was
calculated. The obtained values 3.95—4.70 X 10~ m®s—" are higher than those for the
three-body attachment to molecular oxygen.

3ABHCHUMOCTDb TOKA OH—-EE.»HM.:EIOHO.NO—uO::@HO
PA3PHNIA B BO3AYXE OT INIOTHOCTH O30HA

B pa6ote npuseneus! pesynbraTol M3MEPEHHH 3aBUCHMOCTH TOKA OTPULATENBHOrO
KOPOHHOTO pa3psajga B BO3AYXe OT KOHUEHTPALUMH 030HA NpH KOMHATHOI TeMnepaType
B AxaniazoHe nasnenuit 46,55-—86,45 kIla. [na Buiuucnenns KOHCTaHThI CKOPOCTH K,
3aXBATA INEKTPOHOB MOJIEKYJIaMU O30HA MCIIOAb30BANACH npocras teopus. Monyyen-
HbI€ 3HaMCHU KoadpuumenTa B npefenax 3,95—4,70 X 107 m~%c~" guiute 3HAYCHUI
AnA TPEXYACTUYHOTO 3aXBATA MONEKYNAPHBIM KHCIIOPOAOM.

L. INTRODUCTION

In earlier papers [1], [2] the decrease of the negative corona current in air
dependent upon time had been qualitatively explained. Better experimental
techniques allowed us to measure the mentioned dependences of the corona
current upon the ozone density at constant voltage on the electrodes. Experimental
curves were used to the calculation of the rate coefficient k,. The three-body
attachment process to ozone was presumed.

IL EXPERIMENTAL APPARATUS

The block diagram of the experimental arrangement is in Fig. 1. Two synchron-
ous time dependences of the corona current and ozone density were taken. Ozone

* Contribution presented at the Second Symposium on Elementary Processes and Chemical
Reactions in the Low Temperature Plasma, Vritna dolina near Zilina, 1978.
** Department of experimental Physics PFUK, Miynské dolina, CS-816 31 BRATISLAVA.
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density was measured from the absorption of UV light in the middle of the Hartley
zone at 250 nm. The beam of light was parallel to the inner electrode and crossed
the outer zone of the discharge. The light intensity was registered with
a photomultiplier and the time dependence of the transmittance plotted on an
X—Y plotter. Because the light of the discharge is strong enough and disturbed the
measurement of the transmittance, we had to eliminate it. The discharges were

TR 1652 BAK 4T
ﬁ. DIG. CW
VOLT, |

SPECORD UV Vis - *

T T T T e ey
2

Fig. 1. Block diagram of the experimental apparatus.

created within short intervals: with a duration of three seconds. During an
interruption the measurement of the transmittance was done. The dependence of
the discharge current on the ozone density was constructed from the two measured
time dependences.

The discharge tube consisted of coaxial cylindrical electrodes, an inner one with
the radius 0.05 mm and an outer one with the radius 7.5 mm and the length
40 mm. The electrodes were inserted into a glass tube with quartz windows.
A parallel tube with the same dimensions was connected with the above by a glass
cock. Both tubes were filled with air and then scparated by the cock. The parallel
tube served as the comparative normal. The experiments were carried out at
laboratory temperatures 46.55—86.45 kPa. The air was not treated in any special
way. ‘

UIL. EXPERIMENTAL RESULTS

.H: Fig. 2 are three of the measured dependences. In all experiments the initial
discharge current was 80 wA per cm of the length of the outer electrode. All

currents were normalized to this value. The duration of intervals for the creation of

the corona discharge and intervals for the measurmeent of the ozone density had
no influence on the reproducibility of the curves. The experimental curves were
used to calculate the rate coefficient ks as follows.
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IV. THE CALCULATION OF k; AND DISCUSSION

The discharge current at a constant voltage on the electrodes is proportional to
the mobility of ions in the outer zone of the corona discharge as it follows from the
Townsend formula for the current-voltage characteristic and other formulas [3] It
had been shown [2] that a small part of the electrons issuing from the ionizing zone
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Fig. 2. Dependences of the negative corona discharge current on the ozone density at various pressures.

impinge on the outer electrode. Taking this into account, the effective mobility b of
the charged particles in the, outer zone could be employed in formulas for current
voltage characteristics

szm.fw.:.
v ”l &n . ~Q\. , H
R h n,+n; 1
where R is the radius of the outer electrode; b., b, are the mobilities of electrons
and ions; n., n, are the corresponding densities.
Two kinds of ions can be considered O5 and O5. They are formed via three-body
attachment processses because the pressure is high.

e+0,+0, —5 0;+0, )
ku
e+0,+0,—0,+0; . 3)

We neglected the charge transfer processes between the two ions because the
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differences in the mobilities of ions are not higher than 20 %. Other kinds of iong
can be neglected in the first estimation [4]. Then we can write for ions densities

dn, _ dn

de ™ dr . “)
dn._ _b, dn
dr= b, dr- ®)

We have used the transformation
—=v —=pE —: (6)

v is the drift velocity of the charged particle and E is the intensity of the electric
field. If we presupose only (2) and (3), then we can write for the electron density
the following equation

::W

dn, ro
T ThU (ko[O-}[O,] + £5[0,][0:)) 1. )

dr

where [O,], [O,] are densities of neutral molecules, r, the radius of the inner

electrode and U the voltage on the electrodes. After integration (7) we obtain

n.=n.(ry,.) exp [A(r2,— ], (8

where n.(7,,,) is the density of electrons on the boundary of the ionizing zone with
the radius r,,, and

_ko[0:][0:] - k5[0,][0:] , R
A= anq In ﬂm ¥

Using expressinon (8) in equation (5) we have
b.
== n(rion)(1 —exp [A(r2.— r?)]) . )

Under the usunal experimental conditions we can neglect the attachment in the
lonizing zone and write

n, HW ne (ron)(1—exp [ — Er?)) (10)
ne=n.(ro.) exp [— Ar?] . (11)

mccm%:m:mﬁovw:a A:vm:ﬁonﬁmmozﬁv,Sonmoon?o mobility is given by
formula .

b (" 1 ) (12)
ulxnh. Tﬁ%T?N_a? ,
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where
INVA II@..
Y= @u
Since y=1 and exp [~ Ar?]<1, relation (12) can be written
b, [*
vHM\ [1+y exp [~ Arfl+y*exp[-2Ar]+ .. ] dr (13)
o .
Or :
B, o
wNMTm. +h 2 v" exp[—nAr? a@. (14)
Substituting x =VnA r into (14), we have
@.. ﬁ o u\: .\ra\;w 2 g
b=—|R+ e dx]. (15
R =Muu_ nAlJ, : )
VnAR

As the value VnA R is high enough we put \‘ e™" dx =V7/2. Then expression
(4]

(15) is transformed into

Va & 7"
b=, T - . (16)
2RVA 2 Vi
The following condition can be applied to the estimation of the latter progression
o« g\s— %8 H’ o V\!
> dx > , a7
2Vl i EVe
and so
S e A L 18)
ZVRTTTEVE Vs Ty

As y=1, we neglect y in the latter formula. Using this estimation in the form (16),
we have obtained the final form for the effective mobility of charged particles in the
outer zone of the discharge

T
b=pb; T.rll'g 3
2RV—-An

Formula (19) can be employed to the calculation of the rate coefficient k, if
everything else is known. Under our conditions we have used the following
constants: k,=1.9x10"% mS~', b, =08 mv's™, b=23x10"*m*v s
Us ing these constants, the rate coefficient k, has the form

_4x107* ﬁ 8.07x 10 U

\a|§, 0,] SSAT%/\W\VILMHHV

(19)

(20
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Tablel

p [kPaj 86.45 79.80 73.15 66.50 59.85 53.20 46.55
ky [m®s™'] x 10% 4.60 4.70 4.35 3.96 4.00 410 3.95

4 is the relative density of air and [% O] is the percentage concentration of ozone
in the discharge tube.

The rate m is defined as I/I,=b/b,=m and is measured experimentally. The
rate koefficient k* was calculated by formula (20) for all the measured pressures.
The calculation was made at different points of the individual curves I/I,=f
([% Os)). The average values for the measured pressures are in Table 1.

The calculated values are hundred times higher than the equivalent value for the
attachment to molecular oxygen. The existence of process (3) was presupposed by
V.Samojlovich and his coworkers [5]. They had concluded that the attachment
coefficient for ozone in mixtures with nitrogen or argon is 10—1000 times higher
than the same coefficient for oxygen. Their experiments had been carried out at

pressures lower than 5 kPa. The existence of the presupposed three-body attach-

ment to ozone can be indirectly predictable from mass spectrometric studies of R.
K. Curran [6]. The appearence of the weak peak in the mass spectrum at the
maximum working pressure 0.1 Pa corresponds to ions 0;. As the pressure was
very low, the yield of 03 ions is low. The quadratic dependence of the yield on
pressure for the three-body process is known. At low pressures the predominant
process of interaction of electrons with ozone molecules is the dissociative
attachment [7]

e+0;—->0"+0,.

The experiments prepared for the study of the dependence of the negative
corona current in O, + N, mixtures on the ozone density may throw more light on
the presupposed process.
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