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1. Introduction
The interesting of ozone reactions with specific group of halogencarbons - freons (CFC), has
been the focus of numerous kinetic studies in chemistry as well as in plasma [1 - 5].
To our knowledge there are only a few studies on the effect of CFC on ozone production in
DC corona or barrier discharges [6 - 13]. Various mechanisms were proposed to explain
observed phenomena, sometimes contradictious.
The primary goal of the present work is to study the influence of CHxCly impurities on
the process of the ozone generation by DC negative corona discharge in oxygen and to find
the main mechanism responsible for the deterious effect of such compounds on the ozone
generation.

2. Apparatus
All of our experiments were performed using the earlier described [11, 14, 15], modified
version of the corona discharge apparatus. The coaxial cylindrical system of the inner and
outer electrodes having diameters 0.1 mm and 15 mm respectively, was used. The discharge
has been operated at regular intervals lasting eight seconds. After each of these, the ozone
concentration was determined by UV light absorption technique [16]. All experiments were
carried out at a constant pressure of gaseous mixture of 900 mbar and ambient temperature.
The effect of three diluent gases CH2Cl2 , CHCl3 and CCl4 has been studied.

3. Results and discussion
Figs. 1-3 show plots of the time dependent ozone concentration [O3] in series of five intervals
with various CHxCly compounds and at various concentrations of these. It is evident from
presented plots, very similar to those reported earlier [13] that :
(i) as the concentration of the diluent gas increases the ozone concentration decreases,
(ii) the more substituted chlorine atoms in the methane molecule are, the more intensive
reduction of ozone concentration is observed.
The kinetics of ozone generation by corona discharge in pure oxygen can be restricted
to five basic reactions already considered in [17].
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I. Production of oxygen atoms
R1
e + O2 → e + O(3P) + O(3P)
→ e + O(1D) + O(3P)

k1
k1*

II. Conversion of oxygen atoms into ozone
R2
O + O2 + O2 → O3 + O2

k2

III. Decomposition of ozone
R3
O + O3 ——→ O2
R4
e + O3 → O2
→ O→ O2R5
O2 + O3 → O2

k3
k4
k4*
k4**
k5

+
+
+
+
+

O2
O2 + e
O2
O
O2 + O

All three former groups of processes can be affected by presence of CHxCly molecules
in oxygen.
The production of oxygen atoms via R1 can be reduced by additional dissociative
electron attachment
R6

e + CHxCly → Cl- + CHxCly-1

k6

The possibility of such explanation is supported by mass spectrometric measurements made in
TCE [5]. However the submitted explanation can not be accepted as the most likely
mechanism of inhibition effect because the changes in experimentally measured ozone
concentrations do not correspond to more, than three order differences in values of electron
attachment coefficients, corresponding to the tested compounds.
The conversion of oxygen atoms into ozone can be influenced by the lost of a part
of oxygen atoms due to the reactions of these either directly with added chloromethane
molecules or with radicals produced by decomposition processes of CHxCly to be active in
discharge [4]. The reactions of O(1D) atoms with chloromethane impurities are much more
faster in comparisson with these where O(3P) is as a reactant. However, also these reactions
can be neglected if concentrations of CHxCly in oxygen are below 5% because O(1D) atoms
are lost preferentially to quenching by molecular oxygen [18]
R7

O(1D) + O2 → O(3P) + O2

k7

There are two others most probable sources of by-products available for reactions with
oxygen atoms:
1. The direct dissociation of halomethane molecule by electron impact, similar to the
photodissociation of mentioned molecules, producing CHxCly-1. Recently the data for two
following processes consuming O were experimentally determined [19]
R8

O + CH2Cl → products ( CHClO, CH2O, H, Cl)

R9

O + CCl3

→ products

k8
k9

2. Taking into account the results following from theoretical calculations[20], and supposing
that O-, O2- are the dominant in the drift region of the negative corona discharge generated in
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Figure 2.
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Figure 3.
of ions extracted from negative corona
discharge initiated in mixtures of air with
trichlorelthylene (TCE) [5]. The reactivity of ions Cl- with ozone is low, but due to the
detachment of electrons via the collisions with oxygen atoms, especially in O(1D) state
[O3] %

4

R10 Cl- + O → e + ClO
k10
the reactive ClO oxides are produced [3]. The Cl ions are also produced in collisions of Oand O2- ions mainly in the drift region of the discharge with CHxCly molecules
R11

O- + CHxCly → Cl- + products

k11

R12 O2 + CHxCly → Cl + products
k12
and therefore the reactions R11, 12 followed by R10 are the source of reactive chlorine oxide
ClO.
-

-

Besides of already mentioned neutral and ionic product discussed above, the reactions
R11, 12 produce very reactive atoms, radicals or reactive by-products [21], mostly very
reactive like Cl, ClO and OH The possible exoergic pathway are discussed in [21]. We
suppose that among them Cl and ClO are the most important to be responsible for inhibition
of process of ozone production, because the portion of oxygen atoms needed for generation of
ozone is consumed by the chlorine oxides
R13

O + ClO → Cl + O2

k13

producing very reactive chlorine atoms efficiently destroying molecules of ozone
R14

O3 + Cl → ClO + O2

k14
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On the account of foregoing qualitative discussion, the set of reactions dominated to
the processes of ozone generation and the destruction was selected. The corresponding system
of simplified two differential equations was solved giving the time dependence of the ozone
concentration in the reactor. The system of reactions and details regarding the solutions will
be presented [22]. The exponential increase of the ozone concentration, similar to the
Becker’s relation [23] and very fast stabilisation of [O] concentration follows from the model
[24]. Furthermore, the saturated value of ozone concentration is inversely proportional to the
concentration of CHxCly in the mixture and to the summary rate constant characterising all
processes in which oxygen atoms are consumed by the by-products of the CHxCly impurities
present in oxygen.
Therefore we dare to make a conclusion, that the inhibition of the ozone production
observed when ozone is generated by the negative corona discharge in oxygen containing the
chloromenthane impurities is a multicomplex process, in which the consumption of the
oxygen atoms by the by-products of the decomposition of chloromethane impurities directly in
the discharge gap plays the dominant role.
Acknowledgement
The work was performed under the contract of the Slovak Grant Agency of No 1/5184/98
and Austria - Slovakia project of No 21s17. Authors are much obliged to the authorities of
mentioned institutions for support.
References
[1] Atkinson R. et al.: J. Phys. Chem. Ref. Data 26 (1997), 521
[2] Akhvlediani Z.G. et al.: Plasma Phys. Reports 22 (1996), 428
[3] Alexandrov N.L. et al.: Sov. Tech. Phys. Lett. 18 (1992), 791
[4] Penetrante B.M. et al.: Plasma Sources Sci. Technol. 6 (1997), 251
[5] Dono A. et al.: Rapid Commun. in Mass Spectrom. 11 (1997), 1687
[6] Chang J.S.: 3rd Int. Conf. on Reactive Plasmas, Nara (Japan) 1997, 369
[7] Oda T., Takahashi T., Tada K.: IEEE IA Soc. Annual Meet. New Orleans 1997
[8] Skalny J.D., Sobek V.: 3rd HAKONE conf., Strasbourg 1991, 185
[9] Pavlik M.. et al.: 18th Symp. on Plasma Phys. and Technol., Prague 1997, 248
[10] Cicman P., et al.: Cont. Pap. 23rd ICPIG, Toulouse 1997, part IV, 250
[11] Pavlik M.: Czech. J. of Physics (1998), accepted
[12] Cromwell W.E., Manley T.C.: Proceed.of Int. Ozone Conf., Chicago 1956, 304
[13] Akhmedzhanov R.A. et al.: Tech. Phys. Lett. 22 (1996), 104
[14] ernák M. et al.: Acta Phys. Slov. 29 (1979), 97
[15] et al.: 11th Symp. on Element. Process., Lipt. Jan 1998, to be published
[16] Huffman R.E.: Can. J. of Chem. 47 (1969), 1823
[17] Loiseau J.F., et al.: J. Phys D: Appl. Phys. 27 (1994), 63
[18] Penetrante et al.: Physics Letters A 235 (1997),76
[19] Seetula J.A., Slagle I.R.: Chem. Phys Lett. 277 (1997), 381
[20] Pontiga F. et al.: Journal of Electrostat. 40&41 (1997), 115
[21] Mayhew C.A. et al.: Int. J. Mass Spectrom. Ion Processes 125 (1993), 83
[22] Pavlík M. et all.: HAKONE VI, Corku (1998), to be published
[23] Monge C. et.al.: 10th Gas Discharges and theirs appl., Swansea (1992), 340
[24] Trunec D. and Drimal J.: Czech. J. Phys B 39 (1989), 725
2484

