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Treatment of waste water sprayed into non-thermal plasma produced in air will show higher efficiency compared
to conventional plasma treatment inside the body of waste water because non-thermal plasma in air produces
high-energy electrons, free radicals and UV more than that in the water. Experimental trials for water droplets spray
treatment were carried out using a plasma reactor driven by pulsed power. The tested water was 0.1 % solution of
sodium dedecylbenzensulfonate (Cy,-1.AS) and ejected from an air-assisted nozzle at a flow rate up to 1.9 mL/s. The
mean diameter of the droplet was 35-60 um. From the comparison of discharge characteristics in air and in the
presence of the water droplets we found that the presence of water droplets in the reactor made discharge voltages
decreased and discharge currents increased. The change in flow rate and diameter of water droplets never affected
discharge characteristics. When the repetition rate of pulsed discharge and the transit time of water droplet were set
such that the water droplets could be exposed at least once in the discharge, the concentration of C-LAS after the
plasma treatment could be decreased less than 20 %. Measurements of infra-red absorption spectra indicate that

C,,-LAS was decomposed to CO, and H,0.
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Fig. 1 The experimental setup with the pulsed corona reactor.
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Fig. 2 Distributions of droplet diameter expressed with water
volume and distributions of flow rate as a function of a radial

distance from the center of the pulsed corona reactor .
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Fig. 3 Luminous aspects of streamer discharges caused by a

single pulsed voltage with and without water spray.
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Fig. 5 Magnitude of discharge voltage and current as a function

of the flow rate of water droplets spray.
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Fig. 6 Magnitude of discharge voltage and current on the

difference of ambient conditions of the discharge electrode.
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Optimum Operating Conditions for Ozone Generation
in AC Corona and AC Silent-discharge Reactors

A. HashemT, M. Abdel-Salam ¢, A. Mizunoi, A. YehiaT, A. Turky' and A. Gabr'
Y
(Received October 24, 2002; Accepted April 24, 2003)

The linear relationships between the specific energy and the energy density (or Becker parameter)
are investigated for ozone generation by AC corona and AC silent-discharge. These relationships are
used to determine the ozone formation and destruction coefficients in dry-air-fed wire-cylinder AC-
corona and silent-discharge reactors. These coefficients depend on the investigated parameters of the
reactor; namely, the radius of the discharge wire, the air flow rate and the active length of the reactor.
The ratio between the specific energy and the ozone concentration, referred to as the economical
criterion parameter, is assessed as a function of the energy density for the different investigated
parameters. The optimum operating conditions for ozone generation can be estimated by the minimum
values in the economical criterion parameter proposed in this study. This condition is valid both for
the AC corona and AC silent-discharges until the saturation of the ozone concentration.

1. Introduction
Among the methods for generating non-equilibrium
plasmas at atmospheric pressure and temperature are the AC
corona and the AC-silent discharge ".

There are numerous applications of AC silent discharges.

Typical examples include the elimination of NOy and SOy
from flue gases 249 pumping CO, lasers and excimer lamps,
surface treatment and modifications as well as CO,
hydrogenation 9. On the other hand, AC corona generates
light, audible noise, radio noise and ozone 8 around the
stressed conductor. AC corona produces also bipolar ions
used for discharging charged dielectric plates by neutralizing
their charges 7 AC corona on EHV lines is used to
attenuate the over voltage traveling waves along these lines
9 thus reliefing the electric stress on the line insulation.

The characteristics of corona and silent discharges as
influenced by the geometry of the discharge electrode have
been investigated before by the same authors 19 The corona
discharges have been generated in wire-cylinder and wire-
duct reactors stressed by dc and ac voltages. The pulse
characteristics of silent discharges are compared with those
of ac corona discharges. The current-voltage and the ozone
generation characteristics of these discharges are recorded.
These characteristics depend significantly on the geometry
of the reactor irrespective of the discharge type.

Ozone being generated by AC corona and AC silent
discharge has many applications in industries. ~These
include deNOx and deSOx processes”™, water purification
without ojfectionable byproducts and residues™”, oxidation

Key words: Ozone, Ozonizer, Non-thermal plasma, Silent
discharge, Corona discharge,
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of oleic acid and synthesis of certain hormones, vitamins and
some perfumes”). The ozone layer, which is apparently
endangered by anthopogenic emissions, —protects the
biosphere against dangerous short-wave radiations from the
sun 2.
A global approach was first proposed by Becker and
Lunt *'® from the electrosynthesis of some chemical
products (ozone). Global rate coefficients K; and K4 were
introduced to describe respectively the ozone formation and
destruction phenomena in discharge reactors. These kinetic
rates are generally considered as proportional to the energy
density '©.

Experimental measurements resulting from ozone
electrosynthesis pointed out a fundamental parameter p=P/Q,
relating the discharge power input into the reactor P with the
gas flow rate Q, assuming homogeneous energy distribution
in the flowing gas inside the reactor 1319 This is well
known as the Becker (or energy density) p parameter and is
acknowledged as an important dynamic characteristic of the
reactor. The gas flow rate Q is equivalent to the volume of
the reactor Viescor SWept by the running out gas during the
residence time t; (Q=Vieactor/ts)- BOth Vigaotor ~ and & depends
on the geometrical characteristics of the reactor.

In relation to the Becker parameter, the specific energy &
is defined as representing the energy necessary to obtain one
molecule of product per unit volume; e=p/C, where C is the
volumetric concentration of the resulting product (ozone)
inside the flowing gas. The optimum product concentration
inside the reacting carrier gas corresponds to the minimal
energy consumption in the reactor. Thus, it is possible to
define an economical criterion related parameter y as equal
to the ratio between the energy expended for one molecule
of product (the energy density) and the product
concentration C: y=s/C=B/C2‘ The minimum value of y
dictates the reactor operating conditions for optimum ozone
generation.



