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Efficiency of neutralization of electric charges on the surface of dielectric nonwoven fabric
of two dual and triode electrode systems

Introduction._The accumulation of electrostatic charges are exploited in various technological and industrial applications, but they can also
pose significant challenges, especially due to the accumulation in inappropriate locations that can reach dangerous levels. Problem. The
static charges are often considered annoying and constitute one of the main sources of hazards. Thus, their neutralization is more than
necessary. The objective of this work is to improve the neutralization rate with equipment that can be easily integrated in the production
lines. Novelty. The paper reports a comparative study of the neutralization efficiency of two electrode systems, dual and triode, with different
high alternating voltages at the industrial frequency of 50 Hz. The use of the industrial frequency of 50 Hz reduces the elements of the
neutralization equipment. By connecting the grid to ground, we aim to impose a zero potential on the surface of the initially charged
polypropylene fibrous dielectric and to determine the variation of the neutralization rate as a function of the discharge intensity (voltage
amplitude). Methodology. The samples were charged during 10 s using a triode-type corona electrode configuration supplied by negative or
positive DC high voltage. After 300 s of the charging process. The neutralization was performed during 4 s, using the dual or the triode
systems powered by sinusoidal high voltage. Neutralization efficiency is achieved by non-contact sampling of surface potential profiles
before and after neutralization. The results show that neutralization efficiency is proportionate to the discharge current intensity. The
neutralization using the triode system is more efficient. The results show the possibility of imposing a desired potential on the charged or
uncharged dielectric surface by acting on the potential of the metallic grid and the discharge intensity of the triode system. Practical value.
The results demonstrate the proportionality of the neutralization efficiency with the discharge intensity for the triode system. Therefore, an
adjustment of the voltage amplitude is necessary in order to optimize its efficiency for the dual system. References 30, figures 7.
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Bcemyn. Haxonuyenns enekmpocmamuinux 3apsoié UKOPUCHIOBYIOMbCS 8 PISHUX MEXHON0TUHUX Md NPOMUCTIOBUX 3ACHOCYBAHHAX, djle
6OHU MAKOJIC MOJICYMb CMAHOBUMU 3HAYHI Npodiemu, 0cOOIUBO Yepe3 HAKONUYEHHs 8 HeBIONOGIOHUX MICYAX, WO Modice 00CAaAmU
nebesneunux pisnis. Ipobnema nonsieae 6 momy, wo cmamuuHi 3apsaou 4acmo 86adICAIOMbCS HENPUEMHUMU | € OOHIEIO0 3 OCHOBHUX NPUYUH
nebesnex. Tomy ix uetimpanizayis ¢ 6inbwi Hixc Heobxionow. Memolo pobomu € nokpawenns pigHs Hetimpanizayii 3a 00NOMo201o
00NIaOHaNHS, sIKe MOJICHA Jleeko [nmeepysamu 6 eupoonuui ninii. Hoeusna. Y cmammi npedcmagneno nopigHsiibhe O0CIONCEHHs
epexmusHoCmi Heumpanizayii 080X eleKmpoOHUX cucmem:JloOHOI ma MpPIOOHOIL, NPU PISHUX GUCOKUX 3MIHHUX HANPY2ax HA NPOMUCTOGIl
yacmomi 50 I'y. Buxopucmanus npomucnosoi uacmomu 50 Iy 3meHuiye KinbKicmv enemenmis Heumpanizayitiioco 00IaOHAHHSL.
Iioknouenna cimku 0o 3emai 00360JA€ HAB A3AMU HYIbOBUL NOMEHYIAN HA NOBEPXHI NOYAMKOBO 3APAONCEHO20 NOAINPONINEHO8020
BOJIOKHUCIMO20 OleleKmpuKa ma GUSHAYUMU 3MIHY DIGHA Heumpanizayii 3a1eicHo 6i0 IHMEHCUGHOCMI po3pA0y (aMnuimyou Hanpyeu,).
Memoodonozia. 3pasku 3apadacanu npomsazom 10 ¢ 3a 0onomo2or enekmpooHoi Kongieypayii muny mpiooa, HCueieHoi He2amusHow abo
no3umMueHol0 nocmitinolo gucoxoro Hanpyeotw. Ilicna 300 ¢ sapadacanns, neumpanizayiss NpogoOUAAcs NPomsazom 4 ¢ 3a 00noMozoio
NOOBIIHUX abO0 MPIOOHUX CUCIEM, JICUBTCHUX CUMYCOIOATLHOIO 8UCOKOIO Hanpyeolo. Egexmusnicme netimpanizayii eusnauanace uwiisxom
6e3KOHMAKMHO20 3HAMML NPOGLNI6 NOBePXHe8020 nomeHyiany 00 ma nicis Heumpanizayii. Pesynomamu noxazanu, wo epexmugnicmo
Heumpanizayii. nponopyitiHa IHMeHCUgHoOCmi  po3psiono2o cmpymy. Hetimpanizayis 3a donomozoro mpiodHoi cucmemu € 6inbut
epexmusHoro. Pe3ynomamu nokasyions MONCIUSICMb HAB A3amMU OAXCAHUL NOMEHYIAN HA 3aPAO0dCeHill abo He3apA0dICeHill OleNeKMPUYHIL
N0GEpPXHI, BNIUBAIOUU HA NOMEHYIal Memaneoi Cimku ma iHmeHCUusHicms po3pady mpioonoi cucmemu. Ilpakmuuna uinnicme.
Pesymmamu demoncmpyroms nponopyitiHicms eghekmusHocmi Heumpanizayii 00 iHmeHcueHocmi pospaoy ona mpioonoi cucmemu. Tomy

Kniouoei cnosa: noBepxHeBHii NOTeHILia, KOPOHHMIT PO3PS/L, HeliTpalizalis 3apsaiB, BOJOKHHUCTI eJIeKTPeTH, TPioJHA CHCTeMA.

Introduction. The use of static electricity extends to
various technological and industrial fields [1, 2], including
electrostatic painting, the removal of dust from waste gases
[3, 4], the separation of granular materials [5], and the
creation of electrets transducers [2]. Fibrous polymers such
as polypropylene, polycarbonate, polyurethane and
polyethylene are often used in electrostatic filters for their
ability to retain electrical charges for a long time [6].
However, the charge accumulated on these materials due to
different physical phenomena of charging generally by
triboelectric effect are inherent to the manufacturing
process and can be harmful either to the operator or to
sensitive electronic equipment and components. In the
electronics manufacturing industry, the main hazard is the
static charge accumulated on the manipulator’s suits [7].
Indeed, electrostatic discharges can interrupt the contacts
and the connection of increasingly miniaturized electronic
components. Electrostatic discharges cause considerable
damage in different industries, oil, electronics, textiles,
etc. On the other hand, static electricity is subject to
several studies aiming to improve some processes [2, 5],

to develop new applications and to limit their negative
effects [7, 8].

Corona discharge effects are exploited in various
industrial applications [9], ranging from surface and
material treatment, water treatment and air purification
[10, 11] to electrostatic charge neutralization [12] and
electrical network diagnostics [13]. Due to various
applications, corona discharge is the subject of several
researches [14-16]. For open, delicate or sensitive
surfaces, the most effective method of controlling static
electricity is active neutralization using a corona
discharge, because this method does not require direct
contact with the surface to be neutralized. Compared with
other neutralization methods, corona discharge can be
more energy-efficient [17-19].

The corona electrode is energized by different
amplitudes of high voltages (HV) at high frequencies [8].
Several studies have been carried out on the active
neutralization of the charge present on the surface of films
[20-22], granules and non-woven fibrous materials [23]. In
previous studies, the authors used the same method to
evaluate the effect of wave forms of the HV at different
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frequencies on the neutralization efficiency using dual
electrode system [24]. Also, they evaluated the effect of
charging time, neutralization time, the frequency and the
amplitude of AC HV on the neutralization efficiency [23].
Using the triode system, the authors were interested in the
effects of successive neutralizations with increasing discharge
intensities and also the effects of the neutralization modes
(fixed or scanning) on the neutralization efficiency [25].
Despite the high degree of neutralization obtained in previous
work, the complete neutralization has not been achieved yet.

The aim of this work is to improve the
neutralization efficiency and to evaluate the effect of the
voltage level at industrial frequency (50 Hz) as well as the
effect of the polarity of the deposited charge on the
neutralization efficiency. We also aim to compare the
neutralization efficiency of two electrode systems, dual
and triode, under the same ambient conditions.

The use of the industrial frequency of 50 Hz allows
to directly using the output voltages of the autotransformer
(without the function generator and the amplifier).
Polypropylene samples are charged by negative or positive
corona discharge using a triode electrode system. After the
surface potential decay becomes almost zero [26, 27], the
samples are subjected to an AC corona discharge
generated by the dual electrode system in the first part of
the tests and by the triode system with the grid connected
directly to ground for the second part of the tests. During
neutralization, both electrode systems are powered by high
sinusoidal voltages at industrial frequency (50 Hz). This
work aims to improve the neutralization efficiency with a
simple device that is easy to incorporate into the
production chain.

Materials and methods. The experiments were
performed at ambient air temperature (18 °C to 23.5 °C)
and relative humidity (50 % to 61 %). The samples used
are 120x9 mm (Fig. 1l,e), cut from the same nonwoven
sheet of polypropylene. The electric charging of the
samples was performed using a triode electrode system
(Fig. 1,a,b) [28, 29], composed of a HV wire-type dual
electrode [24], facing a grounded plate -electrode
(aluminum, 165x115 mm), and a grid electrode. The HV
electrode consists in a tungsten wire (diameter 0.2 mm)
suspended by a metallic cylinder (diameter 26 mm) at 34
mm distance from the axis.

The wire and the cylinder were energized from the
same adjustable HV supply, 100 kV, 3 mA (model SL300
Spellman) as shown in Fig. 1,a. The distances between
the wire and the grid and between the grid and the surface
of the plate electrode were 15 mm.

The metallic grid (Fig. 1,d) is connected to the ground
through a series of calibrated resistors of an equivalent
resistance R. In this way, for a current intensity 7, a well-
defined potential V, = I-R is imposed between the grid and
the grounded plate on which the samples are placed.

Part of the charge generated by the corona electrode
will be discharged to ground through the resistors
connected to the grid, the other part, the ions which pass
through the grid, will be retained by the surface of the
sample. The potential at the surface of the sample is
limited by the potential of the grid V, or by the partial
discharges of the deposited charge.

In all the experiments described hereafter, the
samples were charged for 10 s. The grid potential
Ve = 1.2 kV for negative and positive polarity.
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Fig. 1. a — configuration of electrode system type «triode» used for
charging and neutralization; b — triode system «wire — grid — plane»;
¢ — dual electrode system used for neutralization;

d — metallic grid; e — fibrous polypropylene sample

The sample carrier consisted of a polyvinyl chloride
PVC plate; to which plate electrode was firmly fixed. A
conveyor belt supported the sample carrier and transferred
it from the charging position to the surface potential
measurement and charge neutralization sections of the
experimental set-up. The speed of the conveyor can be
adjusted from 1 cm/s to 6 cm/s, for the various needs of
the experiments.

The efficiency of the neutralization is obtained by
comparing the profiles of the potential of the surface charge
before and after neutralization [8, 24]. Non-contact
measurement of the surface potential is used to take
multiple profiles without affecting the sample charge state.

As soon as the HV supply of the corona charger was
turned off, the conveyor belt transferred the samples at a
constant speed through the measurement section. Thus the
repartition of the surface potential along the central axis
OX of the sample was measured with an electrostatic
voltmeter (model 341B), equipped with an electrostatic
probe (model 3450, Trek Inc., Medina, NY), and recorded
via an electrometer (model 6514, Keithley Instruments,
Cleveland), connected to a computer. The acquisition and
processing of experimental data was performed using an
ad-hoc virtual instrument, developed in LabView
environment.

In the first part of the experiment the neutralization
was performed with a dual wire-type electrode similar to
the one described above. The neutralizer—sample spacing
was 50 mm (Fig. 2).
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In the second part of the experiment, the neutralization
is carried out by the triode system, used previously to charge
the sample, by closing the switch K and putting the switch K'
on position 2 (Fig. 2). Closing the switch K imposes a zero
potential to the grid. The intensity of the discharge is
measured by the micro-ammeter connecting the grid to the
ground. In both systems, the neutralization electrode was
connected to a HV amplifier 30 kV, 20 mA (model 30/20A,
Trek Inc., Medina, NY).

The amplitude U, and the frequency f of the HV
were adjusted using a synthesized function generator
(model FG300, Yokogawa, Japan). In order to follow the
decay of the surface potential and get a relatively stable
charge, neutralization is carried out after 300 s of the
charging turn off. For both neutralizing electrode
configurations, the corona electrode is energized by high
alternative voltage at industrial frequency (50 Hz).

The neutralization with the dual electrode system is
performed in motion at a speed of 3 cm/s.

In triode configuration, the neutralization is in static
mode, the sample is centered under the active electrode of the
triode system during the discharge which takes 4 s. The
profiles of the surface potential are obtained just before and
after the neutralization using the previously described method.

Each experiment was repeated 3 times, and each run
is performed on a new sample. If the tests show a
disparity, further tests will be performed.

The neutralization rate N % is expressed as a function
of Vo and Vy,, the maximum recorded values (absolute
values) of the potential along the central axis OX of the
sample, respectively before and after neutralization:

N[%]=[1-abs (Vo/Vo1)]-100. @)

In the first part of the experiments, we used the dual
system, the amplitude of the sinusoidal neutralization
voltage was varied through 6 levels: U, = 16, 18, 20, 21,
22, 24 kV at 50 Hz frequency. In the second part of the
experiments, the neutralization is carried out by
3 sinusoidal voltage amplitudes: U, = 6, 12.5, 15 kV,
associated with respectively 3 grid current values:
1,=10, 50, 100 pA.
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Fig.2. Experimental setup

Results and discussion. The non-uniform
distribution of the surface potential is due to the
inhomogeneous structure of the non-woven dielectric and
the partial discharges that can occur due to the local
intensification of the electric field [26, 27].

Samples are charged for 10 s with positive or negative
corona discharge. Each test is carried out on a new sample.
The neutralization is performed after 300 s after charging,
so that any variations in the profile of the surface potential
before and after neutralization are only linked to the
neutralization and not to the decline [6]. Thus, the effect of
the surface potential decay on the efficiency of
neutralization can be neglected. The decay of surface
potential is due to the combined action of several physical
mechanisms (partial discharges, recombination, lateral and
transversal conduction) and also influenced by the value of
the charge potential [6, 26, 27].

The efficiency of the neutralization of electrostatic
charges on the surface of the dielectric is obtained by
comparing the surface potential profiles just before and after
neutralization. It is calculated as the ratio between the
maximum electrical potential measured at the surface of the
dielectric before (Vy,) and after exposing them to the bipolar
ions generated by an AC corona discharge (Vo) [23, 24].

Dual electrode system neutralization efficiency. In
the neutralization with the dual system, the sample passes
through the AC zone discharge with a constant speed of
3 cm/s. Several amplitude values of the corona electrode
voltage were tested.

Figures 3, 4 show the surface potential profiles before
and after neutralization with a double electrode system at
high sinusoidal voltages at the frequency of 50 Hz. We
notice a non-symmetry of the surface potential profiles
shown in these figures and this is due to the inhomogeneous
surfaces and structures of the samples used (non-woven
fabric). Symmetry will be obtained if the samples are with a
homogeneous surface such as films are used.

At the amplitude of 16 kV, the neutralization did not
occur; this is due to the fact that this amplitude value is
slightly higher than the threshold value of the corona
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discharge. The few electrons created in the ionization zone
do not have enough energy to ionize other molecules and
create other additional electrons. The positive ions do not
have time to leave the drift zone before the arrival of the
negative alternation (Fig. 3,a). On the other hand, for the
positive charge, we notice a significant neutralization where
the maximum potential is 1.29 kV and decreases to 0.81 kV
after neutralization. This means that the negative ions arrive
at the surface of the sample before the positive half-wave,
due to the fact, that the mobility of the negative ions is
greater than that of the positive ions as shown in Fig. 4,a.
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Fig. 3. Typical surface potential profiles before and after
neutralization with dual electrode, negative initial charge

At the large inter-electrode distances or at weak
electric fields, there is an accumulation of space charges.
Indeed; for weak electric fields the positive ions do not
have time to be evacuated during the positive alternation.
Their presence around the conductor increases the
existing electric field. Therefore the following discharge
mode takes place at a lower applied voltage.

However, in the neutralization with a voltage of 18 kV,
the potential after neutralization is positive, with 856 V as
the maximum value, while the initial potential was negative
with a maximum value of |-1.2| kV. This means that all the
initial charges are completely neutralized and new charges
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are deposited (Fig. 3,b). The surface occupied by the
positive charges is wider than the initial negatively charged
surface; this difference is due to the mode of charge and
neutralization; fixed mode for depositing the charge and
scanning mode for neutralization. For the initial positive
charge, the neutralization is greater but the polarity of the
charge on the sample has not changed. The maximum
potential decreases from 1010 V to 231 V after
neutralization (Fig. 4,b).

Figures 3,c,d illustrate the profiles of the surface
potential before and after neutralization with the amplitudes
of sinusoidal high voltages of 20 kV and 21 kV respectively.
The initial negative charges are completely neutralized and
positive charges are deposited at the surface of samples.
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Fig. 4. Typical surface potential profiles before and after
neutralization with dual electrode, positive initial charge

The charge deposited by the magnitude of 20 kV is
greater than that registered by the amplitude of 21 kV. The
maximum values of the surface potential after
neutralization are 500 V and almost 200 V for the
amplitudes 20 kV and 21 kV respectively. At these voltage
amplitude values, the electric field is not strong enough to
create a significant number of positive ions and allow them
to reach the sample surface during the positive half-wave.
While for the initial positive charge, this is completely
neutralized and there is a deposit of new negative charge as
shown in Fig. 4,c,d. This means that the positive charge on
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the surface of the samples contributed to the corona
discharge by reinforcing the electric field during the
negative half-wave and reducing it during the positive half-
wave. Knowing that, the negative corona discharge appears
at higher voltages than the positive corona discharge.

However, at the amplitudes of 22 and 24 kV, the surface
potential is negative after neutralization with maximum
values -230! V and =300 V respectively (Fig. 3,e,f). These
results show the existence of a value of voltage between
21 kV and 22 kV which provides complete neutralization
without depositing new charges.

For the initial positive charges, after neutralization we
have deposition of new negative charges, where the
maximum surface potentials are -809! V and 538! V for the
respective amplitudes of 22 kV and 24 kV (Fig. 4,e,f). This
means that all the initial charge is completely neutralized.

At the alternating voltage amplitudes greater than
22 kV, the positive ions produced during the positive half-
wave do not all have time to be evacuated before the
arrival of the negative half-wave. This positive space
charge reinforces the electric field during the negative
alternation and the majority of the ions which arrive at the
surface of the sample are negative ions. In this case, there
will be a tendency to deposit a negative charge on the
surface of the samples.

The variation of the neutralization rate N [%] and the
ratio Vy/Vy [%] are displayed in Fig. 5. Vy; and Vi, are
respectively the maximum values of the surface potential
before and after neutralization. When the samples are
negatively charged, at the voltage of 16 kV, the potentials Vj,
and VY, are too close; with this amplitude no neutralization is
obtained. However, for the voltages of 18, 20, 21 kV, the
surface potential after neutralization is positive whereas the
potential before neutralization was negative.
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Fig. 5. Surface potential ratio V,/Vy [%)] and neutralization rate
N [%] as a function of high sinusoidal voltage amplitudes
U, (kV) for 2 polarities of deposited charges

The change of sign of the rate V,/V,; means that the
initial charge is completely neutralized and a new charge
of opposite sign is deposited. This also means that
complete neutralization and without deposition of any
new charge can be achieved in this voltage range.

The maximum neutralization of a rate greater than
85 % is obtained at the voltage of 21 kV. On the other
hand, when the samples are positively charged, at a voltage
of 16 kV, we obtain a neutralization rate of almost 38 %
and the maximum neutralization of almost 78 % at 18 kV.
This means that at these voltages, the charge on the
sample contributes to the discharge. However, for
voltages of 20, 21, 22, 24 kV, the surface potential after

neutralization is negative while the potential before
neutralization was positive.

The change in sign of the voltage ratio Vy,/Viy
means that complete neutralization and without deposition
of new charge can be achieved in the range of voltage.

We note for the voltages of 22 kV and 24 kV the
charge on the surface of the samples is negative whatever
the initial charge of the samples.

Neutralization efficiency of the triode system.
Samples are charged for 10 s by negative corona
discharge with current intensity / = 50 pA. The
neutralization is carried out with triode system in static
mode. The corona electrode of the triode system of
neutralization is powered by alternating sinusoidal
voltages corresponding 6, 12.5 and 15 kV with associated
grid currents intensity I, of 10, 50 and 100 pA
respectively. The samples are exposed for 4 s to bipolar
ions generated by an alternating corona discharge (AC).

Figure 6 shows the surface potential profiles before
and after neutralization with high alternating voltages, for
3 HV sinusoidal amplitude (6, 12.5 and 15 kV). The
profile of the surface potential is slightly affected at the
extremities of the potential profile, where there was a
decrease of a few volts due to exposure to the corona
discharge at the amplitude of 6 kV associated to the
current grid of 10 pA (Fig. 6,a). At this amplitude, there
is not any neutralization obtained in the middle of the
sample. This means that the discharge intensity is not
sufficient and most of the ions lose their charges by
hitting the grid connected to ground [30].

The discharge is between the active electrode and
the grid. However, the amplitude voltage of 12.5 kV,
associated to grid current intensity [, = 50 pA, a
maximum neutralization is achieved in the middle of the
sample, just below the corona electrode, with a surface
potential close to —25 V.

At the edges of the profile, the surface potential is
similar to the profile before naturalization, this means that
the energy of the discharge is not sufficient to allow the
neutralizing charges to deflect towards the sample
extremities (Fig. 6,b) [20, 25].

The surface potential profiles obtained before and after
neutralization with the voltage amplitude of 15 kV,
associated to grid current of 100 pA are presented in Fig. 6,c.

At this voltage, almost all the deposited charges are
neutralized. The surface potential profile after
neutralization is completely flattened with a small peak
surface potential with a value that does not exceed —40 V.
Indeed, under these conditions the corona discharge is
assisted by an intense electric field which accelerates a
portion of the positive ions and allows them to reach the
negatively charged surface of the sample [28].

So, the neutralization of electrostatic charges on the
surface of a fibrous dielectric material is more efficient at
higher voltage and higher current intensities of alternative
corona discharge.

Figure 7 presents the variation of the neutralization
rate N [%] and the ratio V/Vy, [%] as function of the
neutralization voltage with the triode system, V;; and Vo,
being respectively the maximum values of the surface
potential before and after neutralization. At the amplitude
of 6 kV, the neutralization is not obtained, the surface
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potential profiles before and after neutralization are
almost the same (¥, = V7). However, for the amplitude of
12.5 kV, the ratio of surface potentials just before and
after neutralization V,/Vy; is equal to 40 %, which leads
to a neutralization rate of 60 %.
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For the neutralization voltage of amplitude 15 kV, an
almost complete neutralization of 95 % of the charges
deposited on the sample surface is achieved. The results
show that the ratio V,/Vy, is positive for all voltage level;

this means that there is no deposition of a new charge of the
same polarity or of polarity opposite to the initial charge.

Indeed, with the neutralization by triode system,
only ions of polarity opposite to the charges of the
dielectric can cross the grid, due to the fact that the
electric field is reinforced by the negative surface charge
of the sample during the positive alternation.

However, the field is weakened by the negative charges
on the sample surface during the negative alternation. The
negative ions will therefore be repelled by the negative
charges of the sample and evacuated from the grid towards
the ground. During the negative alternation, the discharge is
between the corona electrode and the grid.

Conclusions. The neutralization by high alternating
voltages at industrial frequency is an advantage; this
allows the network voltage to be used by amplifying only
the voltage without any frequency adjustment.

Dual system. For certain voltages levels, the entire
initial charge is neutralized but new charges of opposite
sign are deposited. Proper adjustment of the exposure
time and amplitude of the high voltage is necessary to
ensure neutralization of all charges without depositing
new ones. For low neutralization voltage amplitudes, the
polarity of the charge to be neutralized has a significant
effect on the neutralization rate.

Triode system. The neutralization with the triode
system is more efficient, the grid connected to the ground
prevents the deposition of new charges of opposite sign
on the surface of the fibrous media. There is no deposition
of new charge. The neutralization efficiency of
electrostatic charge is proportional to the intensity of the
discharge current. It is important to find the relationship
between the exposure time and the intensity of the
discharge with the neutralization efficiency. In industrial
applications, the neutralization in scan mode is more
convenient. The efficiency of the neutralization using a
triode system can be improved by scan mode and
optimizing its scanning speed.
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