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THE NEGATIVE CORONA DISCHARGE IN A MIXTURE
OF AIR WITH HALOCARBONS
IN THE CONCENTRATION RANGE OF 0—200 ppm”

SKALNY 1.2 SOBEK V..” LUKAC P.?2 Bratistava
VARGA A.” Vrable

The influence of the concentaration of halocarbon upon the discharge current of
the negative corona discharge in air was studied. In a mixture of air with halocarbon
a significant decrease of current compared with the discharge current in the negative
corona discharge in air was measured. This is caused by a dissociative attachment of
electrons on the halocarbon molecules. The values of the rate coefficients of the
electron attachment for various halocarbons were estimated from the current de-
crease.

I. INTRODUCTION

The influence of halocarbon impurities upon the discharge current of the
negative corona in air has been described earlier [1], [2]. The decrease of the
discharge current due to the addition of halocarbon vapour to pure air has been
observed to be evident even at very lowe densities of halocarbons in air. In the
present paper, the rate coefficients for the dissociative attachment of electrons
to halocarbons are assumed. The values of the rate coefficients for various
halocarbon molecules are estimated from the mentioned current decrease.

II. THEORETICAL CONSIDERATIONS

Electrons created in the ionization region of a negative corona discharge in
pure air are captured by oxygen molecules due to the dissociative attachment
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where k, is the rate coefficient. The attachment is effective only in the vicinity
of the negative electrode. This reaction is followed by a sequence of reactions
in which ions CO; (H,0), are created. The ions COj (H,0), are the dominant
types of ions in the drift region of the negative corona discharge in air atmo-
spherical pressure [3]. The presence of halocarbon molecules in the discharge

space gives electrons the chance to get attached also due to the competitive
reaction

e+ R-X = R+ X, )

where R—X is the molecule of halocarbon containing the halogen atom (F, Cl,
Br, 1) and k, is the rate coefficient for the dissociative attachment of halocar-
bons. This reaction is very effective for electrons with energies slightly above the
thermal energy, therefore the reaction is effective also in the drift region of the
discharge. Due to this reaction the electrons not attached to oxygen molecules
can be attached to halocarbon molecules in the whole discharge space. As a
result of this attachment the total number of free electrons is reduced and the
discharge current is lower in comparison with the current in pure air at the same
voltage on the electrodes.

For the negative corona discharge current I between coaxial electrodes (inner
radius r, and outer radius R), the following formula was derived [4]
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where U is the voltage on electrodes, U, is the corona onset voltage, b; is the ion
mobility and y = (b, — b))/b, (B, — electron mobility). The term 4 contains the
information about the electron attachment to electronegative molecules. The
latter can be written as

I
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where b, is the mean mobility of electrons in the discharge space and k; are the
rate coefficients for the attachment reactions of electrons to the electronegative
components i of air with the particle densities [M;]. For the pure air we suppose
only an attachment to oxygen molecules, therefore

In R/rg
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while in the air containing halocarbon molecules the term A can be expressed
as follows
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In R/r,
A == (k,[0,] + k. [R-X]). 6
NPQA [0,] + & [R-X]) (6)

The ratio of the discharge currents I/I, (, is the current in pure air) can be
expressed from (3), (5) and (6) by the following formula
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can be mooom.x@m. using this assumption from (7) there follows
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Thus the ratio k,/k, can be estimated from the experimental ///, values using the

formula
2
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III. EXPERIMENTAL RESULTS AND DISCUSSION

A system of coaxial cylindrical electrodes was used for the experiments.
Details concerning the experimental apparatus were published earlier {1}. The
experiments were carried out in flowing ambient air. The influence of hal-
ogenated alkanes (CCl,, C;h,Cl,, CHCl,), alkanes (C,Cl,, C,HCL,) and arenes
(CH.Cl, C;H,Br, C(H,I) upon the discharge current of the negative corona in
air was studied.

The onset voltage of the corona discharge U, depended neither upon the flow
velocity of air, nor on the density of halocarbon vapours in air within the whole
interval of the densities (0—200) ppm.
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The measured dependences Al = [, — I = f(c), where ¢ is the density of
halocarbons in air, are shown in Figs. 1, 2, 3. The comparative current in air was
kept constant in all experiments I, = 120 pA. it may be seen from these figures
that the discharge current is substantially reduced due to the addition of
halocarbons to the air. The A7 value depends strongly upon the number of the
substituted chlorine atoms on the same hydrocarbon radical (Fig. 1), which

means that the main part of the halocarbon molecules is destroyed due to the
sequential reactions

e+CHCL » CI" +CH,CL_, 5 CI-+ CH,CL ,. (11)

Only a slight effect of radicals can be deduced from the experiments (Fig. 2.).

More important is the effect of the substitued atoms on the same radical, as
can be seen from Fig. 3. An analogous effect was observed by Alge et al.
[5], who found that the rate coefficient for the dissociative attachment of
electrons with CH;I is substantially higher than that with CH,Br.

Table 1

Rate coefficients for the dissociative attachment of electrons to various halocarbon molecules |

[em®.s7Y]
CeH(Cl | CHBr | CH{l | cci, | cHey | ¢ HaL | o, [cH,al,
3 78 95 28 3.6 2.2 3.6 6.7
our 107 | 10 10~° 10-° 10-7 10-° 10~ 10-°
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All constants were taken from {7]
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Experimental data Al = f(c) were used for the calculation of the rate coef-
ficients k, for various compounds. These rates were calculated by using the
simple formula (10), in which &, was equal to 1 x 10~ 2 cm?s~! as the mean
value of the known values of other authors. The values of k, were calculated as
the mean value from calculations for 10 different densities. The standard devia-
tion was less than 30 percent of the mean value. The summarized values of k,
obtained from the calculations are given in Table 1 together with some previous
values of k, determined by other authors. Except for CCl,, a reasonable agree-
ment of our data with those of other authors can be seen. It must be noted that
our data are the mean values of &, valid for the interval of electron energies of
1—10 eV, while the data of other authors are determined for nearly thermalized
electrons. As it follows from theoretical calculations [6], the attachment coef-
ficient for CCl, decreases very strongly if the ratio E/N increases. This fact can
explain the discrepancy between our value of the rate coefficient for CCl, and
the values of other authors.
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HEFATHUBHBIT KOPOHHBI PA3PAA B CMECH BO3JAVXA
C TAJJOMA3AMEMIEHHBIM YIUIEBOAOPOAOM B KOHUEHTPALIMU
OT 0 4O 200 ppm

B pabote usyueno Biusinne KOHUCHTpPALMY raloMASaMELIEHHONO YI€BOJOPOIA HA TOK pa3-
PAl4 B HEraTHBHOM KODOHHOM pailpsje B Bo3gyxe. B cmecu BO3/yXa C rajloui3aMelLcHHbIM
YTTICBONOPOAOM GbLI2 H3MEPEHA 3AMETHOE NOHHXKEHNE TOKA 110 CPABHEHHUIO € PA3PSAHBIM TOKOM
8 HETAaTHBHOM KOpDOHHOM paspsie. 3To 06yCNaBiMBACTCS AMCCOUMATHBHBLIM ApULIOEAUHEHHEM
3JIEKTPOHOB K MOJIEKYJIAM I'aNOHA3aMEILCHHORO yrnesogoposa. Ha ocHOBe yMeHbILUEHHS HHTEH-
CHBHOCTH TOKA ObUTH OUCHEHB! 3HAYCHU S KO3POHUIHEHTOB CKOPOCTH TIPUCOeTHHEHHS 3IEKTPOHOB
A5 pA3HBIX TJTOHA3AMEILEHHBIX YIIEBOAOPOAOS.
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