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Abstract— This work is focused on the experimental study oh new propeller-type tribo-
charging device specifically designed to operate iconjunction with an electrostatic separator
for mixtures of granular insulating materials. The device consists in two coaxial aluminum
propellers, rotating in a polyvinyl chloride pipe; it has two control variables: the material
feed-rate and the rotation speed of the propellers. Virtual instrumentation using the
LABVIEW software is used for measuring the mass andhe electric charge of the tribo-
charged samples of four types of polymers: polyprogene (PP), high impact polystyrene
(HIPS), high-density polyethylene (HDPE), and polywmyl chloride (PVC). In accordance with
the sign and the magnitude of the charge/mass ratithe four polymers are arranged in a tri-
boelectric series, starting from the negative polaty: PVC — HDPE — PP — HIPS. The effec-
tiveness of the tribocharging process is validatelly using a free fall electrostatic separator.
The best results (purities and recoveries higher #m 90%) are obtained in the case of
PVC/HIPS granular mixtures.
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|l. INTRODUCTION

Recycling of plastics has become a hot issue dubea@ver increasing quantities of
waste of electrical and electronic equipment (WEE&} need to be processed every yea
[1-2]. Various technologies (air-gravity separafi®nray fluorescence, electrostatic sepa-
ration and flotation.) are currently employed foe recovery of the materials contained in
this kind of wastes [3-8].

Electrostatic separation is a generic term giveartomportant class of materials pro-
cessing technologies, widely used for sorting gi@nmixtures by means of the electric
forces acting on charged or polarized bodies [9-D8}ing the last 20 years, electrostatic
separation has been adopted as the solution afelfiai the recycling of the plastic mate-
rials from granular WEEE [14]-[17].

The triboelectric effect [15-16] can be effectivelynployed for charging of granular or
powdery insulating materials in a wide variety odahanical devices (vibratory feeders,
rotating tubes, fluidized beds, ...) [17-24]
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The propeller-type tribocharging device consista tylindrical chamber, made of pol-
yvinyl chloride (PVC). At its upper end, the chamigeprovided with one or several alu-
minum coaxial propellers, driven by a variable-gshb& electric motor. This device en-
trains the granular materials into a helical motioat is expected to favor their triboelec-
tric charging by granule-to-propeller, granule-iohzder wall, and granule-to-granule
collisions. The sign and the magnitude of the chasfjeach granule are determined by
the combined action of these three physical meshan[25].

The aim of the present work is double: (i) evalude tribocharge imparted by the
propeller-type device to four types of granularsfitzs; (ii) validate the possibility of us-
ing this tribocharger for the electrostatic separadf several mixtures of such materials.

Il. EXPERIMENTAL SETUP
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Fig. 1. Schematic representation of the propejlpe-tribocharger and of the experimental setup.

The propeller-type tribocharger for granular ingak materials is presented in Fig. 1.
A vibratory feeder introduces at a variable feew-rthe granular material into the
tribocharger, which consists of a PVC pipe (diamete1l40 mm) and two aluminum
propellers (diameter: 80 mm). The propellers argagred by a variable speed DC
motor.

The granular material introduced in the tribochartggs a first impact with the blades
of the aluminum propellers. Then, the aerodynaroices generated by the propellers
project the particules towards the walls of the PM@e. The multiple impacts with the
blades of the propelles and the wall of the pipargh the particles by triboelectric effect.
The tribocharged particles fall then freely into Faraday cage connected to the
electrometer KEITHLEY 6514, and placed on an etettr scale of resolution of 0.1
g.The electronic scale and the electrometer araexiad to a PC using RS232 and GPIB
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cables. The charge and the mass measured by thendtwoments are recorded using a
custom-designed LabView data acquisition prograrne Tharge/mass ratio is then
calculated, to evaluate the tribocharging of eaaktenmal under test.

B. Electrostatic separation setup

The electrostatic separation experiments are deimg & free-fall electrostatic separa-
tor (Fig. 2). The granular mixture to be separagefirst charged by the propeller-type
device. Then, the tribocharged particles fall fydalthe electric field generated between
the two plate electrodes (length: 1250 mm; widd0 Bnm) of the electrostatic separator.
The positively- and negatively-charged particles mspectively attracted by the negative
(-30 kV)- and positive (+30 kV)-polarity electrodes

The distance between the upper-edges of the etixstris 120 mm to obtain maximum
electric field strength in that area. The electsodee inclined at an angle of 5° with re-
spect to the vertical, so that to interfere lesh warticle separation trajectories.

DC voltage power ~ Fe® DC voltage power

supply (+) supply (-)

Collecting
boxes (1-5)

Fig. 2. The free fall electrostatic separator.

The separated product is recovered in five colgcboxes. The negatively-charged
particles are collected in boxes 1 and 2, and tsitipely-charged particles - in boxes 4
and 5. The uncharged particles accumulate in box 3.
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I1l. MATERIAL AND METHOD

The granular materials that make the object ofptessent study are 4 types of poly-
mers: polypropylene (PP), high impact polystyreh#PS), high-density polyethylene
(HDPE), and polyvinyl chloride (PVC), originatingom the processing of WEEE at
APR2 company, France. The diameter of the particdesetween 1 mm to 5 mm, as
shown in Fig. 3. During all experiments, the featkrof the tribocharger is maintained
constant (3 g/s).

A. Charge measurement experiments

A program written in LABVIEW allows the continuonseasurement of the charge and
the mass of the particles collected in the Fardigye, as function of time.

In a first set of experiments, carried out withtea€ the four types of plastics, the rota-
tion speed of the propeller is varied from 0 to 4000 rpm.

The second set of experiment is performed at cohgt@peller speed = 4000 rpm,
with 3 different sizes of HDPE particles.

The ambient conditions are maintained stable: ivgatumidity RH = 45-55% and
temperature 18°C-21°C, and the results are predastéunction of the charge/mass ratio.
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Fig. 3: Size distribution of materials
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B. Electrostatic separation experiments

Three electrostatic separation experiments areopeed with 200 g — samples of
granular plastics. In each sample, PVC represdi% & the mass. The other material is
HDPE, PP or HIPS. The experiments are aimed &datalg the efficiency of the new
tribocharger.

They are performed in relatively stable weatherditioms: relative humidity RH = 40-
50% and temperature 18°C-19.5°C.

The negatively-charged PVC particles are colledteldoxes 1 and 2 of the separator,
and positively-charged particles accumulate in llb&es 4 and 5. The poorly-charged
particles fall into the box 3.

The purity and the recovery of the products areuwated for each experiment. The
product in each box is also sieved and the digichuwf particle size (expressed in per-
centage) is calculated.

IV. RESULTSAND DISCUSSION

A. Tribocharging

The results of a tribocharging experiment carrieti an a 20-g-sample of PVC, with
the propellers rotating at 4000 rpm, are givenigsF4 and 5. The discontinuity on the
curves of the charge and of the mass as functibtisie correspond to the moment when
the propellers are turned-off and the remainingeniatdrops freely in the Faraday cage.
It should be noted that about 3 g of particles ianadgtached to the walls of the tribo-
charger and this explains why the mass of the miochilected in the Faraday cage is less
than 20 g. The charge/mass ratio computed fronexperimental data is also representec
as a function of time, in Fig. 6. Its value is preally constant during the experiment.

Similar results are obtained for the other threlgmers under investigation: HDPE, PP
and HIPS. Their tribocharging capabilities are wred in relation with the values of the
charge/mass ratio calculated for each experiment.
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Fig. 4: Variation of the charge as function of time
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Fig. 6: Variation of charge/mass ratio as functiétime.

1) Influence of the propellers speed
Fig. 7 shows that by increasing the rotation sptetienergy exchange between parti-
cles and both the blades of the propellers anavitileof the PVC pipe increases and con-
sequently the charge/mass ratio increases.
PP and HIPS particles are positively chargedimttibocharger, while HDPE and
PVC are negatively charged. A triboelectric secias be established as follows:
(-) PVC — HDPE - PP — HIPS (+)
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Fig. 7: The charge/mass ratio as function as tbpellers speed for each material.

2) Influence of particles size
The results displayed in Fig. 8 show that the HpRHicles of less than 4.5 mm in di-

ameter have a slightly higher charge than thoggetahan 4.5 mm. This can be explained
by the fact that the tribocharging is a surfaceteel phenomenon and that the larger par
ticles tend to spend less time in the tribochafgad have less collisions with the blades

of the propeller and the walls of the pipe).

x> 454mm

Imm<x <45 mm

Particles size

x<3mm

50 25 0,0
Charge/mass (nC/g)

Fig. 8: Influence of the particles size on the ge&mnass ratio of HDPE samples.
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B. Electrostatic separation

The results of the electrostatic separation exparnmare summarized in Table 1. The
best separation is obtained for the PVC / HIPS unéstbecause the materials are farthes
in the triboelectric series. For the materials #n&t closer to each other in the series, the

separation quality is low.

TABLE 1: RESULTS OF SEPARATION EXPERIMENTS

] PVvC Product 2
Mixture
Rec (%)| Purity (%) | Rec (%), Purity (%
PVC/HDPE| 69.00 87.18 34.53 95.12
PVC/PP 72.13 96.46 81.51 97.95
PVC/HIPS | 94.74 97.91 93.08 97.92

The PVC particles are always negatively chargedraodvered in boxes 1 and 2. In
box 1 the particle size is always less than 3 nenabse of the higher density of PVC.
The PVC particles are heavier than the otherthepositive electrode attracts mainly
the particles that are smaller than 3 mm. Few gagithat are larger than 4.5 mm care

collected in the boxes 1 and 5 (Figs. 9 to 11).
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Fig. 9: Distribution of particle size in each caliag box for a 50%PVC / 50% HDPE sample.
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Fig. 10: Distribution of particle size in each eafling box for a 50% PVC / 50% PP sample.
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Fig. 11: Distribution of particle size in each eafling box for a 50% PVC / 50% HIPS sample.

V. CONCLUSIONS

The propeller-type tribocharger is highly effectimgprocessing mm-size granular plas-
tics. The experiments have proven the charge asdjliy these granular materials is re-
lated to the energy exchange during the collisisitis the blades of the propeller and the
walls of the tribocharger. The best tribochargiegults are obtained at high speed of pro-
pellers.

The combination of the propeller-type tribochargéth free-fall separator gives the
best results when the materials that compose thiraiare distanced in the triboelectric
series. The larger-size particle sizes are poaparted because of the poor ratio be:
tween the electric and gravitational forces thatacthem.
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