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Abstract— Corona discharge is applied in a wide range of industries,
including ozone generation, surface treatment, and specifically in
electrostatic applications including electrostatic precipitation and
separation. Corona discharge is an efficient method of charging
insulating films, non-woven media, and granular materials in certain
situations. The success of the process depends on the degree and
consistency of the electric charge distribution on the surfaces of the
materials being exposed. The goal of this work is to assess the
uniformity of discharge generated by two-wire or three-wire corona
electrodes by modifying the distance between wires. The experiments
were carried out with the objective to record the electric potential at the
surface of polypropylene (PP) films after exposure to a corona discharge
generated by these electrode configurations. The obtained results
revealed that the uniformity of the charge distribution depends on the
number of wires and the relative distance between them.

Index Terms— Corona discharge, charging uniformity, current
density, surface potential distribution, polypropylene films.

I.  INTRODUCTION

The wide range of applications for electrostatic separation has
propelled a rapid development of various equipment designed
to adapt to the specific requirements of each use case [1]-[4].
Corona discharge electrode system is one of those equipment.
A wide variety of corona electrodes have been developed in
order to improve the uniformity and the level of the charging
[5]-[8]. Wire-type corona electrode are the most widely used
because of their simplicity and low cost [9].

The wire-type electrode generate corona discharges quite
uniformly distributed along the emitting element. In order to
study the uniformity in the transversal direction, the potential
profile at PP films surface was measured by a non-contact
electrostatic probe. The non-contact measurement of the
surface potential remains a practical tool for studying the
distribution of charges on insulating surfaces.
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This paper aims to evaluate the uniformity of discharge
generated by two- or three-wire corona electrodes by modifying
the distance between wires. The obtained results concluded that
selecting the optimal number of wires and the suitable spacing
between them can significantly improve the uniformity of
corona charging.

The experiments were performed on (210 mm x 50 mm) and
(297 mm x 50 mm) samples cut from the same polypropylene
films, in ambient air (temperature: 19 °C — 21 °C; relative
humidity: 55% — 68%).

The samples were placed on an aluminium plate connected to
the ground. The electric charging of the samples was performed
using two models of corona electrodes, comprising two or three
copper wires of diameter 0.25 mm, spaced at a variable distance
d from 20 mm to 80 mm in 20 mm steps. The wires were
stretched by insulating supports and located at a distance
h = 30 mm from sample. They were supplied by a high DC
voltage power supply (model ISEG T1CP 300 304 P, 30 kV, 0.3
mA). The sample maintained immobile and centred under the
active electrode was exposed to a continuous corona discharge
for1ls.

After charging had been completed, the sample was
transferred, using a carrier placed on a belt conveyor, under an
electrostatic probe (model 3450, Trek, Inc., Medina, NY),
connected to an electrostatic VVoltmeter ( Model 341B, Trek), to
measure the surface electric potential along its axis (xx’) in
transversal direction to the electrode ( Fig. 1).

EXPERIMENTAL PROCEDURE

I1l. RESULTS AND DISCUSSION

A. Current-Voltage characteristic

The I-V characteristics were measured for various values of
the inter-wire spacing d in three-wire-plane electrode
configurations as it is highlighted in Fig. 2 shown below. The
results indicate that, for a fixed voltage, the corona discharge
current increases with an increase in the distance d between
wires. This phenomenon can be attributed to the reduction in the
mutual shielding effect exerted by the wires on each other. This
effect amplifies as the spacing between wires decreases, thereby
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reducing the discharge current for each wire, and consequently,

lowering the total current at the plate.
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Fig. 1. Experimental setup for the measurement of electric potential profile at the surface of polypropylene (PP).
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Fig. 2. Current-Voltage characteristics in three-wire-plane
arrangement for different values of wire-to-wire spacing d;
(h=30mm)

B. Current Density Distribution

Fig. 3 pointed out below depicts the distribution of current
density on the plane surface in the three-wire - plane electrode
system for varying inter-wire distances d. The applied high
voltage was maintained at U = 15 kV as it can be seen in Fig. 3
shown below.

The current density profile had a distribution with maximum
and minimum values located respectively under each wire and
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midway between two neighbouring wires. Furthermore, the
current density peak values obtained for a spacing of 40 mm
were lower than those obtained for a spacing of 80 mm. This is
due to the shielding effect exerted between the wires. The peak
value of the central wire is lower than that of the end wires due
to the influence of a single nearby wire on the ends, while the
central wire is influenced by two neighbouring wires.
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Fig. 3. Current density distribution in three wire-plane configurations
for different values of wire-to-wire spacing d;
(U=12kV, h=30mm)
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C. Electric potential distribution

Fig. 4 and 5 illustrate the impact of the change in wire-to-
wire spacing d on the surface electric potential. Samples are
charged with two-wire and three-wire electrodes for the same
high voltage U =15 kV and transferred with the same speed
v =38.2cm/s.

The influence of the interaction between adjacent wires is
readily apparent, and it becomes more clearer as the distance d
decreases. This interaction leads to a drop in the charge level,
specifically for the two-wire-plane electrode at an inter-wire
spacing of d = 20 mm. In this case, the loading level decreases
by 18%, as shown in Fig.4. In Fig.5, it is observed that the peak
value of the center wire in the three-wire-plane electrode is
attenuated at an inter-wire spacing of d = 40 mm. Additionally,
it is important to mention that increasing the spacing between
the inter wires, denoted as d, results in the expansion of the
charged surface.
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Fig. 4. Effect of wire-to-wire spacing d on the repartition of the
surface electric potential along the x-axis at the surface of
polypropylene charged in two-wire-plane configuration;
(h=30mm; U=15kV;t=15).

D. Charging uniformity

The electrodes of the two-and three-wire kind produce
corona discharges that are uniformly distributed along the
emitting elements. The rate of uniformity in the transversal
direction of the deposited charge on PP films surface is
evaluated considering various distances between wires.
According to Fig. 4 and 5, the electric charge is not uniformly
distributed in the transversal direction. A high potential level
was recorded in the areas just under the wires indicating a high
level of charge. A low potential level was recorded in the areas
located between the wires indicating that the charge density is
lower. The uniformity ratio coefficient was introduced and
calculated using the following formula, as in (1) [10]:

AV
[(1 - )] x 100% )
Vmax
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Where AV is the difference between values of the maximum
and minimum surface potential measured in the zones of width
d for the two-wire electrode and 2d for the three-wire electrode
located between and under the end wires, Vmax is the
maximum value of the unregistered surface potential in this
zone. The results obtained are presented on the Fig.6 and 7
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Fig. 5. Effect of wire-to-wire spacing d on the repartition of the
surface electric potential along the x-axis at the surface of
polypropylene charged in three-wire-plane configuration

(h=30mm; U=15kV;t=15).
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Fig. 6. Effect of the distance between wires on uniformity ratios for
corona charging of PP films by two-wire electrode
(h=30mm; U=15kV;t=15)

For the two-wire - plane electrode system, the degree of
uniformity increases gradually as the distance between wires
decreases. For the distance d = 20 mm, the rate of uniformity
exceeded 95% but the shielding effect reduced the level
charging of the films Fig. 6.

For the three-wire-plane electrode system, the best
uniformity was obtained for the distance d = 60 mm (70%). At
shorter distance between wires, the uniformity was deteriorated
because in this configuration, the centre wire is influenced by
two neighbouring wires indeed the Shielding effect is more
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important and the surface under this wire is low charged as
shown in Fig.7
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Fig. 7. Effect of the distance between wires on uniformity ratios
for corona charging of PP films by three-wire electrodes
(h=30mm; U=15kV;t=15).

IV. CONCLUSION

In this paper, the effect of the distance between wires on of
the corona discharge generated by two-wire and three-wire
electrode configurations and the uniformity of the charge
deposited on the PP film surface has been investigated. The
obtained results indicate that the current density and surface
electric potential profiles exhibit a peak beneath each wire and
a trough at the midpoint between two adjacent wires.
Furthermore, it was concluded that the number of wires and the
wire-to-wire spacing affect the distribution of the corona
current density and the surface electric potential on corona-
charged PP films. It is worth noticing that the distance between
wires should be large enough to avoid the shielding effect which
diminish the level of the corona charging. The uniformity of the
electric charge deposited on the surface of PP film samples
exposed to corona discharge is significantly influenced by the
distance between wires. For the two-wire electrode, the best
uniformity is achieved with a shorter distance d. In the case of
three-wire electrode, the optimal circumstances for optimizing
the uniformity and amount of corona charging, it is crucial to
select the appropriate spacing between wires for each electrode
arrangement.
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