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Abstract—Triboelectric charging is used for many applicatims including electrostatic sepa-
ration of granular insulating materials. For this application, the granules should get the high-
est electric charge, so that the electric field faes could easily separate them. Triboelectric
charging is a surface phenomenon and dielectric bdaer discharge (DBD) is known for its
ability to change surface properties of different materials. This study is focused on the evalua-
tion of the DBD factors that might enhance the trilmelectric charging properties of Polypro-
pylene (PP) mm-size granules: the discharge duratip as well as the frequency and the ampli-
tude of the high-voltage. After having been exposetb the DBD, the granules were tribo-
charged in a vibratory device for 5 min. Then, thecharge was measured by a Faraday pail
connected to an electrostatic voltmeter. The residtshow that under optimal operating condi-
tions, DBD exposure can enhance the triboelectridarging by about 30%.

|l. INTRODUCTION

Until recently, triboelectric charging of insulagirmaterials was only considered as
source of electrostatic hazard [1-3]. In such agc#agboelectric charge needs to be the
lowest. However, the triboelectric effect is moralanore used in electrostatic applica-
tions such as the separation of granular mixtuféssolating materials [4-7]. Indeed, the
efficiency of the electrostatic separation increasith the level of charge acquired by the
particles in tribocharging devices of vibratoryetary-, or fluidized-bed-type [6, 8-11].
These devices give high charges but are difficulig integrated to industrial facilities.

One parameter which influences the acquired ch@ghe charging duration. The
longer the patrticles stay in the device, the highsetheir charge. However, the increase of
charge duration implies the decrease of treatedtdies in a given unit of time. Moreo-
ver, no tribocharging device is able to highly geaall materials.
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Tribocharging is known to be a surface phenomeWith plasma treatment being able
to change the surface state of insulating matefi#lsl5], is can be expected that their
tribocharging characteristics could be modifiededxposing them to a dielectric barrier
discharge (DBD). The aim of this study is to shiw effect of ambient-air DBD dura-
tion, voltage and frequency on the triboelectriarge of PP particles.

Il. MATERIALS AND METHODS

All experiments were carried out at relative huryidif 57.8% - 60.1% and tempera-
ture of 18.8 °C — 19.5 °C.

A. Sudied particles

This study was made on polypropylene (PP) partiokéginating from waste electric
and electronic equipment. Their size ranged betWemm and 6 mm (Fig. 1).
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Fig. 1. Photograph of PP particles.

For each experiment, new 7-g samples of PP patieége used.

B. Dielectric barrier discharge set up

Firstly, particles were treated by a dielectricrleardischarge (Fig. 2) under atmospher-
ic conditions. To create this DBD, a square wavafsignal was produced by a function
generator (Yokogawa FG300). The amplitude and tbguency of the voltage provided
by this generator could be changed by the opetgtdo 20 V and up to 2.5 kHz respec-
tively. The produced signal represented the inpbiga voltage power amplifier (Trek
model 30/20A; amplification ratio 1 V / 3000 V). 0% the maximum amplitude of the
voltage applied to the upper electrode of the DBBctor was 60 kV (centered on 0 V).
A digital oscilloscope (Lecroy, model Waveace 100Hs used to monitor the output
signal of the amplifier and also display the effeztvoltage, which was one of the factors
considered in the present study.

Dielectric barrier discharge was created betweaenaluminum disk-type electrodes of
75 mm diameter. The upper active electrode was Imoliereas the grounded one was
fixed. A square glass plate (150 mm x 150 mm x 3) muas put on the grounded elec-
trode and represented the first dielectric bar®articles to treat were placed on this plate
with the help of a cylindrical support (diamete& mhm, height: 5 mm) that contained
them. A second glass barrier (150 mm x 150 mm x§ mas placed between the upper
electrode and this cylinder. Plasma was thus aleatehe same place where particles
were.
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Fig. 2. DBD experimental setup

Based on the results of several preliminary expenis) three DBD factors were con-
sidered: signal frequency, range 50 to 1000 Hz, effective voltagé, range 15 to 27
kV, treatment duratiort, range 1 to 600 s. The study was conducted actptidia “one-
factor-at-a-time” experimental design.

C. Tribocharging

After DBD treatment, the PP particles were tribaged in a vibratory device (Retsch
AS200 basic). Thus, particles were placed in akss$ steel container which was put on
the vibrating plate of the device. For all expenitse the tribocharging duration and am-
plitude were respectively 5 min and 3 mm. Thentiglarcharge was measured by putting
them in a Faraday pail connected to an electrongiggthley, model 6514).
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Fig 3. Vibratory tribocharging device. 1: Retschratory device, 2: Stainless steel contaiger (L60 mm).
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I1l. RESULTS AND DISCUSSION

A. Effect of DBD duration

To create an homogeneous DBD, the effective voltage the signal frequency were
kept constant at 27 kV and 400 Hz respectively.

As shown in Figure 4, DBD duration had a significafiect on the triboelectric charge
of PP particles. Without DBD treatment, the 7 g giE® got a charge of about 130 nC.
This value increased by 32% for 3 s treatment. Hewefor 30 s, the charge decreased
by 39%. In the experiment when the DBD was londemt30 s, the particle charge
quickly decreased. The “antistatic” behavior of #I particles wass due to the surface
modifications produced by the DBD. In fact, undéBplasma exposure, the roughness
and the wettability increase. For short DBD expedime (like 3 s), particles roughness
increases and creates charge traps at their ssrigbereas the wettability does not
change significantly. Thus, the acquired chargeease. However, for longer exposure
time, PP wettability increases and particles becoam&luctive by absorbing atmospheric
moisture [13, 16-22].
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Fig. 4. Effect of DBD duration on PP particles el = 27 kV,f = 400 Hz.

Based on these results, the experiments descrireddffter were carried out usinga 3 s
treatment duration.

B. Effect of effective voltage

The characteristics of the HV amplifier limited thigghest effective voltage to 27 kV
for a DBD frequency of 400 Hz. The results in FBgshow that the higher is the voltage,
the higher is the acquired charge of particleseéntj DBD is more effective for high
voltages as it generates more changes in the suda@racteristics of the particles, to
which it delivers more energy.
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Fig. 5. Effect of DBD voltage on the triboelectoharge of PR.= 3 s,f = 400 Hz.

C. Effect of signal frequency

To study the effect of DBD frequency on the tribace of PP, the effective voltage
and the treatment duration were kept constant &v24nd 3 s respectively.
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Fig. 6. Effect of DBD frequency on the triboelécitharge of PP particles= 3 s,U = 21 kV.

The results displayed in Fig. 6 show that the fesmy has not a high influence on the
triboelectric charging of PP as long as the DBMasnogeneous. Indeed, some studies
show that the DBD is homogeneous up to 800 Hz awtine more filamentary beyond
this value [22-24]. Thus, some particles are neated by DBD. That is why charge
slightly decreases for 1000 Hz.
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IV. CONCLUSIONS

The present study points out the influence of DBiatment on the triboelectric charge
acquired by PP particles in a vibratory device. figmilts confirm that:

(1]
(2]
(3]
(4]
5]

(6]
[7]
(8]
(9]

[10]

[11]
[12]
[13]
[14]

[15]

[16]

[17]

DBD treatment modifies the tribocharging behavibP® particles,

Frequency has no influence on PP charge as loB@Bsis homogeneous,

Increasing the effective high voltage applied t® ¢fectrode of the DBD reactor for
short duration (typically, 3 s) has a significaffeet on the tribocharging of PP
particles,

DBD exposure time significantly influences the ¢riharge, which can be either
improved or highly diminished.
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