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Abstract. The efficlency of ozone synthesis in pulsed corona discharge has been
investigated for a system consisting of a plane electrode and a wire. The gorona was
sustained by positive and negative aperiodical pulses of microsecond and
sub-microsecond duration as well as by alternating-sign pulses of microsecond
duration of oscillation frequency 1.5-3.1 MHz. In a number of experiments, a fibre
glass dielectric barrier was placed on the earthed plane. In the case in which the
streamer crossed the discharge gap, employment of the dielectric barrier allowed us
to estimate the relative contribution of the primary streamer to the overall production
of ozone. !t is shown that a combination of an aliernating-sign pulse and a dielectric
barrier permits one to obtain simultaneously the greatest ozone yield in a singte pulse

and the best plasma-chemical efficiency of ozone synthesis.

1. Introduction

Excitation of a corona discharge represents a relatively
simple way of producing weakly ionized (n,/n,, = 107*-
1077, where n, is the density of electrons and r_, is the
density of heavy particles) low-temperature non-equilib-
rinm plasmas in a wide range of gas pressures and
temperatures. One of the properties of the corona dis-
charge that is of interest for applications is its ability to
produce considerable amounts of chemically active par-
ticles (radicals), thereby initiating gas-phase chemical
reactions, whose performance under conditions of ther-
modynamic eguilibrivm would require ¢
several thousands of kelvins. When the initial gas mix-
ture contains oxygen and water vapour the intermediate
reaction products include such powerful oxidizers as Q,

"OH, HO,, H,0, and O,, with the absence of strong
heating of heavy particles in the corona discharge being
favourable for preservation of relatively fragile ozone
molecules.

The aforesaid has given rise to interest in the corona
discharge as a way of increasing the degree of oxidation
of the lowest nitrogen and sulphur oxides in flue gases
for the purpose of more effective removal of NO, and
SO, as well as to produce ozone from air or oxygen,
which is attractive because of its simplicity and insensi-
tivity to the presence of dust in the air.

Since electron-induced plasma-chemical processes
proceeding in the discharge are sensitive to the electric
field strength (which determines the electron energy
distribution function and so influences the energy-loss

spectrum in the plasma), changing the geometry of the
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allows one to affect selectively specified reactions in the
discharge plasma. In particular, in production of ozone
from air, this property of the corona discharge allows
one to reduce significantly the relative yield of nitrogen
oxides [17.

As is shown in [2], in producing ozone from air, the
best plasma-chemical efficiency of ozone synthesis, with
the discharge fed by constant voltage, is observed in
streamer regimes. In this case the efficiency of ozone
synthesis may reach 20-30 g kW ™' h~! for dried air [2]
and 90g kW~ 'h~! for O, [3].

Further increase in efficiency of ozone production in
the corona discharge is connected with application of a
puised voltage. Employment of short (tens or hundreds
of nanoseconds) rapidly rising (dQU/d¢ > 10'2Vs™!)
voltage pulses, changing the dynamics of volume charge
formation in the gap, allows one to increase values of
parameters E/n, and n, at the front of the streamer [4]
and thereby to increase the path length of streamers [5].
When employing such corona feeding regimes, ozone
yields may be as high as 100g kW' h™! of deposited
energy or may even exceed this value I6-81,

Substantiation of regimes of corona pulse feeding
with respect to increasing the efficiency of ozone syn-
thesis adduced in [7,9] allows one to consider sub-
microsecond pulses as preferable owing to lower energy
losses on gas heating and lower ozone destruction,
though pulses with t = 10 s (half-height) applied in [8]
provided ozone yields of 110-145g kW~ 'h™!, that is,
not less than in [7], where pulses with 7 = 100-200ns
and values of dU/dr close to those in [8] were used.

However, it should be noted that the correctness of
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determining the energy deposited in [8] is in doubt.
Indeed, the discharge current used in [§] for caleulation
of the energy deposited, [, was determined as the
difference between total measured current, I, and the
induced capacitive component, f;,9. The value of [y
was determined in a separate experiment in which the
streamer zone of the discharge was replaced by a ¢ylin-
drical electrode selected so that, when a high-voltage
pulse was applied, almost no discharge could be ob-
served. Such a replacement does not allow one to take
into account changes in dynamic capacitance of the
streamer zone during its development. The current I,
obtained in such a manner had a triangular shape, of
half-height duration about 50 ns, and contained signifi-
cant noise. In view of the aforesaid, the values of the
energy deposited calculated in [8] seem to be under-
estimated.

The specific energy expenditures for ozone produc-
tion calculated from the total energy CUZ/2 of the
feeding capacitor (£,) as well as from the energy deposi-
ted in the discharge (£,) vary within wide limits, depend-
ing on feeding pulse parameters and discharge gap
geometry. As this takes place, the values of £, and &,
may differ by orders of magnitude [6], so that regimes
of corona feeding attractive with respect to F may turn
out to be absolutely unacceptable with respect to &.. 1
is obvious that, in order to choose the regime of corona
feeding in the ozonator device, one should know the
dependences of £, and £, on the feeding pulse character-
istics for a given geometry of discharge gap. Owing to
the lack of detailed literature data of this kind, in
particular for the wire—plane system, the authors under-
took the present study of the dependences of £, and &,
on the duration of the aperiodical feeding pulse of
nositive and negative nolarity {pp and Np) and the
electrode gap 4, with and w1thout a dielectric barrler on
the earthed plane.

It is known [10] that, with corona discharges fed by
alternating-sign pulses, employment of a dielectric bar-
rier allows one to increase the ozone yield and to reduce
£o. Continuing the investigations started in [10], the
authors also present the results of experimental studies
of ozone production efficiency in the corona discharge
in undried atmospheric air fed by alternating-sign pulses
from three different pOWer SOurces. For all types of

pulsed power sources the validity of 1ntroducmg a
dielectric barrier with regard to reduction in £, is shown.

2. Experimental set-up

A schematic sketch of the experimental set-up is pre-
sented in figure 1. Experiments were performed with a
wire~plane electrode sysiem. The high-voitage electrode
(nichrome wire 0.2 mm in diameter wound on a dielec-
tric frame of size 360 mm x 300 mm with a pitch of 20
mm) was placed in a reaction chamber of internal size
310 mm x 412 mm x 76.5mm (volume 1001} fabricated
from organic glass and fitted with quartz windows for
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Figure 1. Schematic skefch of the experimental set-up: 1,
Hg arc lamp; 2, collimator; 3, reaction chamber; 4,
high-voltage electrode; 5, earthed plane; 6, shunt; 7, master
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high-voltage alternating-sign pulse shaper; 10, voliage
divider; 11, backing pump; 12, monochromator; 13,
photomultiplier; 14, oscillograph; 15, digital voltmeter; and
16, dielectric barrier.

passage of diagnostic Uv radiation from a mercury lamp.
The plane electrode made of Al alloy was earthed
throngh a low-inductive resistance r= 20020, Dis-

charge voltage was measured by an ohmtc divider. As a
source of high-voltage aperiodical pulses, an RC circuit
commutated by a controlled spark gap was used. The
feeding condenser of 1.33 nF capacitance was charged to
35 kV, with discharge time constant, when running idle,
variable in the range 0.13-45 us by means of a set of
resistors.

Spiral generators (strip lines rolled up in a spiral) of
oscillation frequencies 2.6 and 3.1 MHz and a pulse
fmannrmpy with a ceramic capacitor (l’f =20 nF‘H in

primary winding circuit and oscﬂlatlon frequency of
1.51 MHz were used as a source of alternating-sign
pulses. When running idle, all sources indicated devel-
oped a voltage above 150 kY, with charging voltages of
5, 9 and 10kV, respectively.

In the course of experiments the discharge voltage
and the current through the earthed electrode were
registered by a Hv oscillograph of bandwidth 50 MHz,

allowing us to calculate the energy absorbed in the
discharge, Ozone concentration in the reaction chamber

was determined by absorption of uv radiation at
4 =2537A about 30s after the end of the package of
high-voltage pulses, when the relative absorption be-
came settled. The values of [O,] plotted on graphs and
used in calculations of specific energy expenditures were
obtained by averaging over ten measurements executed
under the same conditions. For each series of measure-
ments, the value of the root mean square deviation was
caleulated, which turned out to amount to about 2%.
x_,;cperimems WGCIT per:ormed ifi atmospueric undried air
without pumping; the number of high-voltage pulses in
a package was varied from 200 to 500 at pulse rate 50
pulses per second. In a number of experiments the
earthed plane was covered by a fibre glass dielectric
barrier 410 mm x 310 mm of thickness 2.5 mm.



3. Results and discussion

3.1. Aperiodical pulses

3.1.1. Positive polarity. Oscillograms of discharge voltage
and current as well as the dynamics of energy absorp-
tion in the discharge are presented in figure 2. As may
be seen therein, the presence of the dielectric barrier
does not affect the time-dependence of the discharge
current until time t,. Two maxima are clearly distin-
guishable on the current oscillogram, that of duration
7, = 25ns being conditioned by charging of the in-
ter-electrode capacitance, C,,. After completion of
charging, a fast rise of the current is observed in time
1 = 20-25ns until the value I,, following which the
rate of current rise dJ/dt decreases drastically; the cur-
rent reaches its maximum value {, and falls to 0.11; in
about 400 ns. The duration of the second pulse meas-
ured at the half-height, 7,, varies from 100 to 200 ns

according to the gap separation, d. It should be noted
that, when photographing from the oscillograph screen,
15-20 oscillograms coincided in all cases within the
thickness of the beam (about 1mm) at scanning rate
100 ns cm ™. This indicates the temporal stability of the
corona discharge development, with the scatter of lag
time between the moment of energizing the discharge
gap and the beginning of current rise being below 10 ns.
Temporal characteristics of the second pulse of current,
T, and 75, match those of the streamer process [11].

Everywhere over the range of 4 realized in the
experiment, the corona discharge exhibits channel struc-
ture, with the luminosity of channels.increasing as d is
reduced and decreasing drastically upon introduction of
the dielectric barrier into the discharge gap.

The divergence of current oscillograms at =1,
connected with introduction of the barrier into the gap

Ozone synthesis in corona discharges

is evidently a consequence of the barrier charging and is
possible only after the streamer has reached the barrier.
This allows one to distinguish two temporal areas on the
oscillograms: before and after streamers have crossed the
gap. On the other hand, the coincidence of current
oscillograms with and without the barrier indicates that
the streamer does not reach the earthed electrode.

Figure 3 displays the dependence of ozone yield N in
a single pulse on the electrode separation 4 for various
values of time constant RC of aperiodical puise shaping.
The maximum yield of ozone is observed in the absence
of the dielectric barrier at d = 25 mm for all values of
RC.

With the dielectric barrier, the dependence N(d) has
a more intricate character, the main differences being
that the maximum ozone vyield is observed at
d = 30 mm, the region of N falling off at d < 30 mm is
absent (as is the bright luminosity of channels); ozone
yield with the barrier is less than half that without the
barrier, all other things being the same.

The dependence of ozone yield on the number of
wire turns on the frame for the PP, RC = 5us,
d=25mm, is weak with and without the barrier as
shown in figure 4. Some gain in ozone yield may be
obtained by increasing the diameter of the corona wire
to 0.4 mm.

The dependence of the energy W deposited in the
discharge on d (figure 5) is monotonic with and without
the barrier. Introduction of the barrier lowered the
energy deposited, on average, by 20% in the case that
the streamer reached the earthed electrode. At
RC =5 us and in the absence of the barrier up to 66%
of the energy stored in the power supply was absorbed
in the gas.

Specific energy expenditures £y () caleulated from

—_— 100 s —

Figure 2. Oscillograms of voltage and current, Ugt), I{t) and the energy

absorbed in the dlscharge W(t) (a) Posntlve pu!ses d=50mm, RC =
fe)] ||t=yauvc pulses, d = 22.5mm, AC = 0.58 us. I, corresponds 1o 1
current in the presence of the barrier.
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Figure 3. Ozone yield in a single pulse for positive polarity
with and without the dielectric barrier (broken and full curves,
respectively).
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Figure 4. Ozone yield N as a function of the number of wire
turns. Aperiodical pulses: 1 and 2, positive polarity,
d=25mm, RC = 5 us; 3, negative polarity, d = 10mm,
C=1.33nF, RC = 1.21 us; and 4, negative polarity,
¢d=10mm, C=0.453nF, AC = 1.75 us. Alternating-sign
pulses {f = 3.1 MHz): positive {6 and 8} and negative (5 and
7} polarity of the first half-wave; d = 27.5mm (5 and 6} and
35 mm (7 and 8). Broken curves correspond to the case with
the dielectric barrier.

N(d) and W{d) are presented in figure 6. In the absence
of the barrier the dependence &4(d) is monotonic; in the
region d < d(N ,..,) (here d(N,,,) is the value of 4 corre-
sponding to the maximum ozone yield) &, rises sharply
as the d decreases, whereas at d > d{N ..} only a slight
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Figure 5. Energy absorbed in the discharge versus d
{aperiodical pulses). Broken curves correspond to the case
with the dielectric barrier.
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Figure 6. Specific energy expenditures for ozone synthesis
versus d (aperiodical pulses). Full curves are for negative
pulses with the barrier; broken curves are for positive pulses
without the barrier; and dotted curves are for positive pulses
with the barrier.

fall is observed, which is more pronounced for lesser
values of the feeding pulse duration. With the dielectric
barrier, energy expenditures are twice as much; the
dependence &,(d) in greater detail is discussed below.

3.1.2, Negative polarity. Voltage and current oscillo-
grams and the dependence W(z) are shown in figure 2.
Unlike the pp, in this case the dielectric barrier restricts
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Figure 7. Ozone yield in a single puise for negative polarity
with and without the dielectric barrier (broken and full curves,
respectively).

the charge transferred in a pulse and the energy deposi-
ted in the gas to a greater extent. Besides, at d > 30 mm
only the first current jump connected with charging of
the inter-electrode capacitance is observed, and hence
current oscillograms with and without the barrier co-
incide. The duration of the second current pulse does
not exceed 100 ns in all cases.

The dependence N(d} (figure 7) indicates that maxi-
mum ozone yicld was obtained at RC = 0.58 us and was

significantly lower than at the pr. Employment of the

dielectric barrier allows one to increase N essentially by
increasing pulse duration and decreasing ¢ without
spark-over of the discharge gap. At the PP the maximum

ozone yield was obtained in the absence of the barrier,

as opposed to the NP case,

The dependences W(d) and &g(d) are presented in
figures 5 and 6. It should be noted that, at the np, the
dependence £4(d) has an intricate non-monotonic char-
acter, with the peculiarities of its behaviour increasing as
the feeding pulse duration is reduced. The lowest level of
specific energy expenditure realized at the NP amounts
to about 32 eV mol ™!, which is almost twice as much as
at the PP (18eV mol™").

At the np, varying the length of the corona wire
essentially affects ozone yield (figure 4). In this case, with
the dielectric barrier, the energy stored in the power
supply, CU?%/2 = 2.01J, evidently permits one to obtain
greater quantities of O, with the number of turns
#, > 13, which, however, would require increasing the
dimensions of the reaction chamber. A similar situation
arises with the stored energy decreased by a factor of
three, so the value of specific energy expenditure for the
NP with the barrier, £, = 29 W h g™, is only tentative. In
the absence of the dielectric barrier, the dependence of
N on the number of turns has a maximum at », = §; in

Ozone synthesis in corona discharges

this case £, is more than that with the barrier by a factor
of 2.5.

3.1.3. Discussion. According to the concepts elaborated
in [2, 12, 13], streamer development from the anIf!vP

2,12, 131, streamer developmen the posit
point proceeds in three steps: (i) propagation of the
primary streamer; (ii) a resistive stage in which the
secondary luminous wave arises and the current decays;
and (iii) spark transition. Regimes of corona discharge
feeding accompanied by initiation of breakdown are
evidently unacceptable for the purpose of ozone syn-
thesis and are not discussed in the present paper.

As a characteristic of conditions in the discharge gap
during the second ‘resistive’ stage, the mean value of the
parameter J_.,.'u s Koy = U,t"{dﬁm) may be used with due
caution, which determmes the balance of concentrations
of charged particles and conditions of plasma-chemical
reactions proceeding with their participation.

At the beginning of the decay portion of current
oscillograms, the value of x_ varied under our condi-
tions within the limits 35—-70Td, depending on d, and,
on completion of the current in the gap, it was estab-
lished at a value 28-33 Td, which was always less than
the static breakdown one. .

As in [147, current decay has an exponential charac-
ter conditioned by electron attachment to oxygen mol-
ecules. The dependence of the decay time constant 7., on
d is displayed in figure 8 as well as the calculaied
dependence of t,,, on the parameter E/n,, accounting
for the processes of three-particle and dissociative at-
tachment and obtained from a numeric solution of the
kinetic Boltzmann equation for electrons. From figure §,
it follows that the value t,, = 80ns corresponds to
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Figure 8. Experimental time constant of current decay,
Tn(d) {positive pulses; RC = 5 us; curve 1, without the
barrier, curve 2, with the barrier), and theoretlcal fime
constant of electron attachment, 7, (E/n,,) (curve 3).
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Efn, = 35Td, which agrees satisfactorily with experi-
mental results. However, this model cannot provide an
explanation for the rise in 7 ,, occurring with increasing
d. Such a discrepancy may be connected with electron
detachment from negative ions O in collisions with
metastable oxygen O,('A,) {15]. ¢

As mentioned above, at the NP and for d > 25mm,
RC < 5us, only the first current peak connected with
electrode capacitance charging was observed (at
RC > 5 us, breakdown occurred at any value of d). The
value of discharge gap capacitance measured at low
voltage is approximately 1.5 times smaller than the value
obtained from the oscillograms of voltage and current.
Besides, at d > 25 mm the energy deposited in the dis-
charge is independent of d. Presented data testify that
streamers do not develop at the Np for d > 25mm,
though there is an ionized region near the wire. At the
PP, a similar situation was not observed under any
conditions.

In an effort to determine the relative contributions of
distinct stages of streamer process development to the
overall ozone yield, it is necessary to analyse conditions
existing in the discharge gap at every stage.

According to theoretical calculations [16] and re-
sults of spectroscopic measurements [17, 18] the electric
field at the head of a propagating streamer amounts to
200-300Td. From the analysis [19] of the distribution
of the energy gained by electrons in the applied electric
field over the degrees of freedom of the N, and O,
molecules, the indicated values of the parameter E/n_
are optimal for excitation of processes leading to O,
dissociation, namely direct dissociation by electron im-
pact and excitation of electronic levels of N, [20].
However, on account of the small size of the streamer
head (tens of micrometres) and high speed of its propa-
gation (about 10% ¢cm s~ 1), the duration of action of the
streamer head field in a fixed spatial point is very short
(a fraction of a nanosecond). Conditions in the streamer
channel depend essentially on whether the streamer
reaches the opposite electrode. In the case in which
streamer propagation is limited to only a part of the
discharge gap, the field in the streamer channel is
maintained at 5-7kVem ™' [5, 18], which corresponds
to effective excitation of the vibrational levels of N,
molecules, with O, dissociation being insignificant [19].
This field is maintained during a period longer than the
life time of electrons determined by attachment to O,
maolecules. Under similar conditions only a small per-
centage of the energy stored in the power source is
deposited in the gas [6, 7].

When the streamer crosses the discharge gap and the
secondary luminous wave arises, results of spectroscopic
measurements [21] allow one to suggest existence of
near-breakdown fields in a sizable part of the gap
adjacent to the wire. The duration of action of these
fields is of order tens of nanoseconds and permits one to
expect a considerable yield of ozone at this stage.

In this connection it is of interest to calculate separ-
ately the absolute and relative energy deposited in the
nea at +th

Rvot cof Ff+h +
gas at the first stage of the streamer process (W, and
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Figure 9. Absolute (1-3) and relative {(4-86) energy
deposited in the discharge during the primary streamer stage
and mean values of streamer propagation velocity (7-9).
Positive polarity; /G = 0.253 us (1,4 and 7}, 0.587 us (2,5
and 8) and 5 s (3, 6 and 9).

W, /W; figure 9) and to correlate them with the experi-
mental dependences of ozone yield per pulse and specific
energy expenditures (figures 3 and 6).

Figures 3,. 6 and 9 indicate correlations between
the dependences W, () and N(d) as well as between
W, /W{d) and £4(d). An analysis of the correlating func-
tions allows one to suggest, in particelar, that the main
reason for ozone yield decreasing at d < 25 mm is reduc-
tion in W,, due to rising streamer velocity (figure 9).

An increase in ozone synthesis efficiency with in-
creasing share of W, in the overall energy deposited
shows that conditions during the first stage of the
streamer process are more favourable to O, generation.
However, experiments with the dielectric barrier demon-
strate that the second stage accounts for up to half the
ozone formed during a pulse and the greater part of
energy absorbed in the gas.

Thus, in deciding on parameters of the aperiodical
feeding pulse, it is necessary to take into account that
production of the maximum amount of O, in 2 corona
discharge for a given energy stored in the power supply
requires observance of the following rules.

(i) The primary streamer should cross the discharge
gap.

(i1) The amount of energy deposited in the gas at the
primary streamer development stage should be the
greatest, which corresponds to the optimal value of d.

(it} The duration of the feeding pulse should be as
long as possible but excluding occurrence of breakdown;
in so doing, it should be noted that, at RC > 5 ps, the
dependence N{RC) is weak (figure 10).

HOWC‘.VEI' in this case the EII]CleIlCY of ozone syn-
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thesis is essentially lower than the best value achieved
experimentally. On the other hand, for regimes with
optimum plasma-chemical efficiency of O, generation,
the coefficient of energy utilization is small and, conse-
guentily, ozone yield is low. A different situation arises
with the use of alternating-sign pulsed feeding.

3.2, Alternating-sign pulses

As shown in [10], employment of alternating-sign pulse
voltages for corona discharge feeding allows one to
achieve relatively high efficiency ozone synthesis in air
and oxygen, provided that a dielectric barrier is used on
the earthed plane electrode. In this case conditions of
barrier operation are essentially easier than in a barrier
discharge.

Typical oscillograms of voltage and current for the
power supply using a pulse transformer, at the pp and
NP of the first haif-wave, are shown in figure 11, as are
the temporal changes in energy absorbed in the dis-
charge. Streamer peaks accompanied by stepwise in-
crease in deposited energy are clearly distinguishable on
the oscillograms. During the first half-wave at the wp,
streamer peaks are not observed and the energy absorp-
tion is small, though the voltage across the gap exceeds
100kV (at d = 40mm). At d < 30mm streamers arise
even during the first negative half-wave, in which case
the energy returned from the discharge gap to the power
supply becomes low. Introduction of a dielectric barrier
into the gap slightly decreases the amplitude of streamer
current peaks and increases the remaining voltage.
Hence the energy deposited in the gas rises.

The dependences of O; yield on d for three different
sources of alternating-sign pulse voltage at the pp and
NP of the first half-wave are plotted in figure 12, As for

Ozone synthesis in corona discharges

UkV: LA We10%)

-120-

Figure 11. Oscillograms of voltage and current, (8, K1),
and energy absorbed in the discharge, WAt for
alternating-sign pulses (f= 1.5 MHz} with the barrier absent
and d=40mm.

the aperiodical pulse, introduction of the dielectric bar-
rier allows one to increase O yield within a certain
range of d. At the PP of the first half-wave, the greatest
yieid was observed at simiiar vaiues of d for all used
sources of alternating-sign pulses. At the np, the maxi-
mum N for spiral generators is less than at the pp due
to the fact that the amplitude of the second half-wave is
about 1.5 times that of the first half-wave. The effect of
the polarity of the first half-wave for the pulse trans-
former is small because of lower differences in voltage
amplitudes between first and second half-waves when
running idle. Optimization of corona wire length for the
power source of frequency 3.1 MHz permitted us to
increase ozone yield (figure 4); in this case & =
22.5Whg™!. Note that, in ozonizers based on batrier
discharge, the value £, (including air conditioning and
cooling) amounts to 20-30 Wh g™ !, depending on pro-
ductivity of the ozonizer.

The values of the energy deposited in the discharge
and the specific energy expenditures for the source with
the pulse transformer (figure 13) calculated from the
oscillograms show a rather high efficiency of O, gener-
ation (¢, = 10 Whg™!). Thus the greatest ozone yield
and best piasma-chemical efficiency are achieved under
the same conditions, which is a significant advantage
over corona feeding by aperiodical pulses, Ozone vield
normalized to the energy stored in the power source
amounis to 37.7gkW™'h~? in this case. The results
presented are not the best ones for the power source
involved, because the diameter and length of the corona
wire were not optimal.

The efficiency of corona feeding by alternating-sign
pulses of oscillator frequency of the order of several
megahertz appears to be connected with the possibility
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Figure 12. Dependence of ozone yield in a single pulse on d.
Power source: 1 and 4, spiral generator, f= 2.6 MHz; 2 and
5, spiral generator, f= 3.1 MHz; 3 and 8, pulse transformer,
f=1.5MHz. Polarity of the first half-wave: (a) positive,

{b) negative. Broken curves correspond o the case with the
dielectric barrier.

of exciting several streamers during a single pulse in a
time shorter than the characteristic time of ozone forma-
tion in a three-particle reaction,

It is known that ignition of corona discharge in flue
gases by use of short rapidly rising pulses aliows efficient
removal of the lowest oxides of nitrogen and sulphur,
which are responsible for acid ram [9]. Among the
particles forming in plasma, radicals OH, H, O and HO,
are of greatest importance in the NO_ and SO, removal
processes [22]. As theoretical calculations [16] of
streamer propagation in flue gases show, the ratio be-
tween yields of O and OH radicals depends only slightly
on feeding conditions. Thus, it may be expected that
regimes of corona discharge feeding by alternating-sign
pulse voltage ensuring effective generation of O5 can be
effective with respect to electrochemical treatment of flue
gases.
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Figure 13. Dependences &,(d) {full curves) and W(d)
{broken curves} for alternating-sign pulses, f= 1.5 MHz.
Polarity of the first half-wave: 1 and 2, positive; 3 and 4,
negative. 1 and 3 are with the barrier; 2 and 4 are without the
barrier.
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