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Abstract — Accumulation of electric charges on insulating
surfaces is frequently at the origin of severe eltostatic
hazards. The best solution to this problem is to neralize these
charges by the use of AC corona discharges. The aiof this
work is to evaluate the efficiency of this procesm the specific
case of fibrous electrets, by measuring the repation of the
electric potential at the surface of non-woven polyropylene (PP)
fabrics before and after neutralization. The sample were
charged for 10 s, in ambient air, using a triode—tge corona
electrode system of positive polarity. In all the xperiments, the
neutralization was performed 180 s after the chargig process.
In some of them, the neutralization electrode (tungten wire,
diameter: 0.3 mm) was fixed at a given distance (5@m) above
the samples and energized from an AC voltage ampkfr (model
30/20A, Trek Inc. Medina, NY). In other experiments the
samples moved at constant speed (3 cm/s) in the Arona
discharge zone generated by the neutralization elgode. The
experimental results show that the efficiency of néralization
(expressed as the relative reduction of the averagpotential
measured at the surface of the sample) depends dretamplitude
and the frequency of the sinusoidal high-voltage,sawell as on
the charging time and the neutralization duration.Better effects
were recorded in the case of the samples that movéttough the
corona discharge zone.

Index Terms— surface potential distribution, corona discharge,
charge neutralization, fibrous electrets

l. INTRODUCTION

The accumulation of electric charge on the surfate
insulating materials may enhance the collectioitieficy of
the air filters that use polypropylene (PP), poipoamate
(PC), polyethylene (PE) and other fibrous polymeiith
extremely low electrical conductivity [1-7]. Corodéscharge
is the most frequently used method for the electnrging of
the filtration media. Metal wires energized from D@h-
voltage supplies commonly serve as corona elecir¢8p
The using of the triode-type electrode arrangemeats be
employed to generate a uniform discharge and bettetrol
the potential at the sample surface [9]. In somsesathe
electric charge accumulates on the media at diffgskace on
the production line, due to tribo-charging effeictkerent to
material handling [10] and this phenomenon can denful
to either the operator or to the electronic device.
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The electrostatic discharges cause to industryiderable
losses [11-13], in spite of the fact that there\agous ways
to control static electricity [14-16]. “Passive”utealization is
based on the ionization of the air in the proximiy
conductive points or sharp edges of small curvatatbus,
connected to the ground [17, 18]. The efficiency this
method is rather low, as compared with the “active”
neutralization, which make use of custom-desigrwdzéers
[19]. These devices, which are typically energihexin AC
high-voltage supplies, produce both positive andatiee

ions to be attracted by the charged surface so that

neutralization can occur.
In two recent papers [20, 21], the authors haveesied

the problem of the accelerated discharge of fibrous

dielectrics. They pointed out that the neutral@atachieved
with a commercial ion generator depends on thereatfithe

processed materials, the distance between theatizatrand

the substrate, the duration of exposure and thitigosf the

sample with respect to the grounded electrode. Thery

evaluated two of the factors that influence the rgha
elimination on non-woven PP and PE fabrics: theuescy

and the amplitude of sinusoidal or triangular higitage

neutralizers. In both above-cited papers, the ¢hgrstate of
the non-woven fabrics was evaluated by electriceiptil

measurements [22-24] performed in one point atstiréace

of the sample.

The record of potential reparation at the surfatehe
sample [25] is likely to provide more informatiom dhe
charging state of the media and enable the refinewfethe
previous studies on the neutralization of coronargéd non-
woven fabrics. The present work takes advantagehisf
technigue and aims at a more accurately evaluaifothe
efficiency of two methods of charge neutralizat{stationary
and in-motion), for the particular case of PP nawan
fabrics. The neutralization rate (i.e., the relatreduction of
the average potential at the surface of the saipkes
determined under various experimental conditidms factors
under study being the frequency and the amplitud¢he
sinusoidal high-voltage that energizes the neuwali the
duration of charging, and the duration of the exjpego the
AC corona discharge.



Il.  MATERIALS AND METHODS metalic cylindr

The experiments were performed on 120 mm x 90 mm Tungsterwire
samples cut from the same non-woven polypropylateid

(sheet thickness: 400m; fiber diameter: 2&m), in ambient 0...100 kv grid

air (temperature: 15°C to 19°C; relative humidi0% to 15 mm

48%). The samples were placed on an aluminium a6 y )

mm X 115 mm) connected to the ground. The electric = LRI
charging of the samples was performed using a driod S '

electrode system (Fig. 1) that consists of a higltage wire-
type dual electrode [26], facing the grounded pkléztrode
and a grid electrode (Fig. 2). The high-voltagecttale
consists of a tungsten wire (diameter 0.3 mm) susdpe by a

PVC support  Grounded aluminium ~ Média -

metallic cylinder (diameter 26 mm) at 34 mm distfiom plate
the axis. The grid is located at equal distancenftiee corona
wire and the surface of the plate electrode. The and the Fig. 1. Wire —grid —plane electrode charging system

cylinder were energized from the same adjustablgh-hi
voltage supply, 100 kV, 3 mA (model SL300 Spellman,
Hauppauge, NY), as shown in Fig. 3.

The grid is connected to the ground through a sesfe
calibrated resistors of a total resistaiten this way, for a
current intensity, a well-defined potentialy = Rl is imposed
between the grid and the grounded plate on whigls#mples
are deposed. Parts of the ions generated by thenaor
electrode pass through the grid and are driven Hiyg t
potential to the surface of the media, which retdairem. The
potential at the surface of the media,; is limited by the
potential of the grid/y or by the partial discharge voltage of
the samplevy. In all the experiments described herea¥gr
3 kv.
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Fig. 3. Experimental set-up for the measuremeti@fkurface potential before and after neutrabrati



The sample carrier consisted of a PVC plate, t@lhvthe
assembly plate electrode + non-woven fabric wamlyir
attached. A conveyor belt supported the sampleecaand
transferred it from the charging position to therface
potential measurement and charge neutralizatiotiosscof
the experimental set-up. The speed of the conveguold be
adjusted from 1 cm/s to 6 cm/s, for the variousdseef the
experiments.

As soon as the high-voltage supply of the cororerggr
was turned-off, the conveyor belt transferred the@es at a
constant speed through the measurement sectiors fheu
repartition of the surface potential along the raraxisOx of
the sample was measured with an electrostatic etdim
(model 341B), equipped with an electrostatic pr¢imedel
3450, Trek Inc., Medina, NY), and
electrometer (model 6514, Keithley Instruments,vEland),

connected to a personal computer. The acquisitiod a

processing of experimental data was performed usingd-
hoc virtual instrument, developed in LabView enwingent.

The neutralization was performed with a dual wieet
electrode similar to the one described above, atrdeto a
high-voltage amplifier 30 kV, 20 mA (model 30/20Arek
Inc., Medina, NY). The amplitudg, and the frequenc§ of
the high-voltage were adjusted using a synthesiaadtion
generator (model FG300, Yokogawa, Japan). The sleagr
— sample spacing was 50 mm (Fig. 3). The poteatigdhe
surface of the sample after neutralization was omeaisusing
the previously-described method.

In the three series of experiments described & plaper
the surface potential was measured at variousnitsttaafter
charging the samples and once againt,at 30 s after
neutralization. Thé ratewas expressed in function ¢f and
V,, which were the mean values of the potential altrey

central axisOx of the sample respectively before and after

neutralization:
N [%] = [1 — (V2/V4)] X 100 1)

In a preliminary experiment the samples were cbadrigr
T. =30, 10 and 2 s, and the repartition of the serfaotential
was recorded dt = 30, 90, 180, 600 and 900 s.

For the first and second set of experiments, trergihg
duration was maintained constant at respectiVely/10 s, and
T, = 2 s, with the neutralization time fixed at eitfig =2 s or
T, = 4 s. The amplitude of the neutralization voltagas

recorded via an

surface potential (kV)
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position (cm)
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Fig. 4. Repartition of the surface potential altingOx axis for PP sample
in contact with the grounded electrode, at variostantst , for two values
of the charging timéa) Tc =10 s, (b)Tc= 2 s (grid potentiaV/y = 3 kV).

Ill.  RESULTS ANDDISCUSSION

The preliminary set of experiments pointed outghdace
potential decay during the first 900 s = 15 mireaftorona-
charging (Fig. 4). This decay is due to the comthiaetion of
several physical mechanisms  (partial  discharges,
recombination, and lateral and transversal condajtiand is
known to be influenced by the value of the chargintential
[23, 27]. The initial potential is higher and rolgkhe same
in the case of the two longer charging durafigs 30 and 10
s. This means that shorter charging durafips 2 s is not

varied at three leveldJ, = 16, 20 and 24 kV. The voltage €nough to charge the sample at saturation. Howevati the

frequency was adjusted to four valdfes 50, 100, 200, 400

cases, the charge decay after 180 s was slow entmugh

Hz. For each combinatiotf, f), the tests was repeated thre€onsider that it did not affect the accuracy of theface

times, and each run was performed on a new sample.

The third sets of experiments were carried outoaistant
charging durationT,
performed with the sample moving at a constant dp@e
cm/s) through the AC corona discharge zone, so ttiat
sample passage from end to end under the neutr&didast
roughly 4 s. In this way, the durations of the finotion” and
some of the “stationary” neutralization were simila

10 s, but the neutralization was

potential repartition measurements.

A. Effects of AC voltage amplitude and frequency

Figs. 5 and 6 present typical surface potentiahm#pn
profiles obtained under various AC corona neutadilin
conditions. The non-uniformity of these profiles fdre
neutralization is due to the non homogeneous strei@f the
media [25]. The average surface potential aftergihg is in
the range 1.25 - 1.5 kV.
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Fig. 5. Typical curves of the surface potentiatribsition beforeViand after neutralizatiod,, charging duratioffc= 10 s.

The neutralization was performed 3 min after coroharging turn-off, during,=2 s

using a sinusoidal high-voltage with various anyalés and frequencies.
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The neutralization was performed 3 min after coroharging turn-off, duringn,=4 s

using a sinusoidal high-voltage with various anyalés and frequencies.
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The surface potential repartition after neutraiorais not 2 o, |
symmetrical (Figs. 5.b, e) because of the impeidastof the ?:
experimental set-up: the wire neutralizer cannopfecisely =<' 60 -
positioned on the axis of the sample However, whenaxes 10 |

of the wire and of the sample are in the same cadrpilane,
the repartition of the surface potential after naigation is 20 -
symmetrical, and the maximum effect is obtainedtlie
middle of the sample, as in Fig. 6.d.

The surface potential repartition after neutradlora is 20
directly related to the frequency and the amplitwdethe
neutralization voltage. For the frequenicy 50 Hz, and all
amplitude levels, the surface potential after redizintion is 60 -
negative, i.e. of opposite polarity to the init@btential, as

200 300 400
frequence (Hz)

—— 16k, 7,25 —em==16kV, T =45
20KV, T,=25 et = 20kV, T =45
e 24KV, T =25 e 24KV, T, =45

shown in Figs. 5.a, c, e, and 6.a, ¢, e). This sdhat the 80 (a) T.=10s

initial charges are completely neutralized and nbarges are 100 sE

deposited at the surface of the samples. At a higaguency -

f = 100 Hz, the degree of neutralization dependstren =280 ~——ooc=teee===—— —

amplitude of the sinusoidal high voltage appliedh® corona & ;| T

electrode. Thus, the neutralization is almost tfaalJ, = 20

kV, but negative charges are deposited by the A 40 1 — - = _—

discharge at, = 24 kV. In the experiments carried ouf at 20 | < T

200 and 400 Hz, the neutralization is more effectiv higher £ m

amplitudes of the applied AC high-voltage (Fig, &, f, and 0 - ' ' '

6.b, d, f). These observations can be straightfatlya 20 1 200 200 100

explained by the lower corona onset voltage at thega fréquence (Hz)

polarity and the higher mobility of the negativasagyenerated 40 1 16KV, T,=25 ——m--16kV,T,=4s

by the AC corona ionizer. 60 1o _—
The variation of the ratio/,/Vy as a function of the iztt ;”;is - ig tt :";:s

frequencyf for three amplituded, = 16, 20 and 24 kV of the e

neutralisation voltage is shown in Fig. 7. In @kes this ratio ~ -100 - (b) Te=2s

is negative af = 50 Hz. FolU, = 24 kV, it remains negative

atf = 100 Hz, but is positive at the other frequenciEse Fig. 7. Variation of the surface potential ragV;*100 as a function of the
change of sign of the ratid,/V; means that for each voltage  frequencyf of the neutralizing voltage, fas, = 16, 20 and 24 kV,
level U, there is a frequencfy where the neutralization is for two neutralization durations (@) = 2's, (b)Tn =4 s.
complete. Thusf, = 65, 85 and 150 Hz, fdJ,, = 16, 20 and TABLE |

24 kV, respectively. NEUTRALIZATION RATE N% AT VARIOUS FREQUENCIESf, AMPLITUDES Uy,

AND DURATIONS T, OF THENEUTRALIZATION VOLTAGE

L . (CHARGING DURATION Tc= 10s)

B. Effect of the neutralization duration
The calculated values of the neutralization Mter two N [%)]

charging durationd, = 2 and 10 s are given respectively in' (H?) : _Lé"s‘ 16 kV4$ 2520 kv " 2324 kv "

A Y =

Tabl_eds 1 d f"‘n?h 2, for tthte d’tv'vgznetatrihzagﬂn ?rura?lc‘.. 50 30.76 33.57 54.53 67.17 48.03 53.53

considered In the present study.= 2 and 4 s. The efiect 0344 38.2 472 90.00  91.85 _ 79.39 _ 80.94

T, on the neutralization ratd is statistically significant at™ g 15.16 21.69 5463 60.05 89.45 89.54

lower voltage amplituded, and frequencie§ as it can also 400 28.04 35.26 55.58 62.28 90.30 92.12

be observed by examining the curves in Fig. 7. édde

exposing the charged samples for a longer timen¢éo AC

. . ; TABLE Il
corona dISCharge Increases the Ch_ances Of th&wéskjarges NEUTRALIZATION RATE N% AT VARIOUS FREQUENCIE§,AMPLITUDES Un,
to be neUtra“Ze_d by the incoming ﬂU)_( of bipolaons. AND DURATIONS T, OF THENEUTRALIZATION VOLTAGE
However, at higherU, and/or f, the increase of the (CHARGING DURATION T, =25)
neutralization duration is not accompanied by aifigant
improvement of the neutralization efficiency. A quete N [%]
expl . . fdH2) Un=16 kV 20 kV 24 kV
planation of the observed phenomena requires th —
development of a physical model capable to take @&etount =25 25 23 25 25 2
50 13.75 31.94 62.28 66.59 53.03 59.06

not only the generation of the bipolar charge drdion drift ——qg 3520 4566 9049 9496 8488 8880
to the sample, but also the charge injection amdigction at — 200 20.13 21.98 58.84 63.32 84.08 85.75
the surface and in the bulk of the samples. 400 26.44 31.65 64.04 70.86 86.89 90.59
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Fig. 8. Variation of the surface potential ratigV,1*100 as a function of the
frequencyf of the neutralizing voltage, fdw= 16, 20 and 24 kVT, =4 s,
for two charging durationsc =2 and 4 s.

C. Effect of the charging duration

The results of the first and the second experimeatried
out at two different charging duratiois = 10 andT, = 2 s
are given respectively in Tables | and Il. As expdc the
neutralization rate was lower in the first casedeled, in
previous paper [25], the authors have pointed bat the
level of the surface potential and the extensiorcafona-
charged area increased with the charging duraltiotihe case
of a longer exposure to the corona discharge, hheges can
accumulate not only at the surface of the mediaalnat in the
depth of the samples, which have a porous struciline
presence of this charge tends to repel the in-ogruns to
the not-yet charged area at the surface of the Isarhpus, a
more-and-more larger area of the sample becomestadf by
the corona discharge, as it can be also seen indFigs a
consequence, in order to have the same neutralizatite,
more time is needed to neutralize the charges erstiface
and in depth of the sample. By examining the resint
Tables | and I, this effect can be clearly seenhigh

frequencies folJ, = 20 kV and at low frequencies for the

voltageU, = 24 kV, but is less noticeable@ = 16 kV (Fig.
8). A larger volume of experimental data would leeessary
in order to formulate a more firm conclusion orstissue.

D. In-motion neutralization

The results of the third set of experiments, pentd with
the sample moving through the AC corona dischaeez
are given in Fig. 9. As for the stationary neumatiion, the
efficiency of the process is correlated to both aneplitude
U, and the frequendfyof the high-voltage. Fdd = 20 and 24
kV, the best results were obtained respectivelyf fol90 and
150 Hz (Fig. 10), similar to the stationary casee(section
Ill, A). The advantage of having the sample in-motioaugh
the AC corona discharge: the repartition of thefesa
voltage after neutralization is more uniform tham the
stationary situation.
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Fig. 9. Repartition of the surface potential bef(g and afterY>)
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Fig. 10.. Variation of the surface potential ra#gV1*100 as a function of
the frequencyf of the AC voltage of amplitude, = 16, 20 and 24 kV, for
the stationaryT, = 4 s) and in-motion (sample speed : 3 cm/s)
neutralisation charging durationg € 4 s).



IV.  CONCLUSIONS

The study of the potential repartition at the scefaf the
PP samples enabled a better evaluation of the réa¢hat
might accelerate the charge neutralization whemgushe
bipolar charge generated in an AC corona discharge.

(1) The efficiency of the process is correlatechtth the
frequency and the amplitude of the sinusoidal highage
applied to the neutralizing electrode. For a nomwavofabric
charged under given conditions, at any given anmbditof the
applied high-voltage, complete neutralization carabhieved
by an appropriate adjustment of the frequency.

(2) The neutralization rate achieved under wellrobaf
conditions (amplitude and frequency of the neutedion
voltage, duration of exposure to the AC corona tdisge)
depends on the charging duration. The longer ishizeging
duration, the more demanding is the neutralizgtiartess.

(3) In the conditions of the experiments descriedhe
present paper, the increase of the neutralizatioratidn
improves the efficiency of the process, at lowduga of AC
high-voltage amplitude and frequency.

(4) In-motion neutralization is at least as effextas the
stationary one. This technique is easier to implgnie an
industrial application.
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