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Abstract— Electrostatic separation of granular plastics mixtures has become a well-
established technology, with industrial applications in the area of waste electric and electronic
equipment (WEEE) recycling. The aim of this work is to validate the feasibility of selectively
sorting of micronized waste plastics in a two-rotating-disks-type tribo-aero-electrostatic sepa-
rator. The experiments are carried out on a binary mixture composed of Polypropylene (PP)
and Polycarbonate (PC) particles of size 250 um to 500 pum. A measurement system was set-up
to enable the continuous and simultaneous recording of the charges and masses of the separat-
ed products. It was thus possible to evaluate the performances of the separator operated at
various applied high-voltages.

I. INTRODUCTION

Every year larger quantities of plastics wastes are generated. Before recycling, plastics
must be sorted according to their type [1]. Tribo-electrostatic separation represents a solu-
tion for the selective sorting of plastic mixtures [2-3], this technique is simple, energy-
saving and able to lead to high quality of the separation products [4]. In this process, the
particles are first triboelectrically charged and then fed into an electric field separator [5].
The particle trajectories are deflected in the electric field according to the polarity and
amount of charge [6-7].

Currently, research and development efforts are focused on the development of the
separation of granular waste plastics [8-9], for the protection of the environment. In spite
of noticeable research efforts targeted at the performance optimization of the various
types of electrostatic separators [10-11], the industry application of such technology still
faces major difficulties, related to the specific behaviour of fine (sub-millimetre-size)
particles [12].

In order to address this problem, a new type of tribo-electrostatic separator has been
developed at the Applied Electrostatic Research Unit of the PPRIME Institute, on the
Angouléme Campus of the University of Poitiers. The aim of the present paper is to eval-
uate the efficiency of this new device in the separation of a PP/PC granular waste, with
particle size in the range 250 pm - 500 pm. By continuous measurement of the masses
and charges of the particles collected at the outlet of the separator, it was possible to ana-
lyse the effect of the high-voltage applied to the electrode system on the purity of the
products and asses the perspectives of industry application of this new technology .
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II. EXPERIMENTAL SET-UP

The new two-rotating-disks-type tribo-aero-electrostatic separator (Fig. 1), designed by
the authors and built by the CITF Company, Saint Cybardeaux, France, is able to sort
granular or micronized materials through the use of triboelectric effect as physical mech-
anism of electrical charging. The equipment consists of a separating chamber of 160 mm
x 160 mm x 240 mm, made of transparent PMMA walls, enclosing two rotating-disk-type
electrodes, entrained at adjustable speed by two DC electric motors. The two disks, which
have a diameter of 220 mm and a thickness of 2 mm, are spaced from each other by a
variable gap ranging from 40 mm to 120 mm. They are energized from two high-voltage
generators of opposing polarities (SPELLMAN, 30 kV /0.5 mA).

Four-hundred-gram samples of the powdery mixture to be separated are introduced in
the separation chamber, which also serves as fluidized-bed-type tribo-charging device.
The fluidized bed is generated by the injection of air from a variable speed blower (1.5
kW / 4000 rpm / 166 m*.h™), through the porous material that composes the base of the
separation chamber. In this fluidized bed, the particles collide with each-other and with
the PMMA walls of the chamber, so that they get charged by tribo-electric effect. The
charged particles are then attracted to the two disk electrodes and stick to them. By rotat-
ing, the disk electrodes carry the separated particles to the product collector. Indeed, the
front face of the chamber has slots through which the disks come out, so that two brushes
may remove the particles which stick to them.

Fig.1. Photograph of the two-rotating-disks-type tribo-aero-electrostatic separator; 1: Control panel; 2: Variable
speed DC motors; 3: Vibratory feeder; 4: Separation chamber; 5: Rotating disk electrodes; 6: Faraday cages; 7:
Scales; 8: Air blower; 9: Electrometers (Keithley 6514); 10: Portable colorimeter NH310, 11: Computer.
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The separated products are recovered in two Faraday cage collectors connected to two
electrometers (KEITHLEY, model 6514) and placed on two electronic scales with a reso-
lution of 0.1 g and an upper limit of 2 kg. The electrometer and the two scales are con-
nected to a PC via GPIB and RS232. The charges and masses measured by the instru-
ments are recorded using a data acquisition program piloted by Lab View.

The separator is equipped with a control panel allowing direct reading or instantaneous
acquisition of all the operating data: the high voltages applied to the electrode system; the
rotation speeds of the two disks; the speed of the air blower; the flow rate of the fluidisa-
tion air.

III. MATERIALS AND METHOD

The powdery material mixture used in the present study comprised two types of parti-
cles, mauve PP and white PC, supplied by APR2 Company, a French company special-
ized in recycling waste electrical and electronic equipment (WEEE). The size of these
particles is typically between 250 um-500 um, and their electrical properties are given in
a Table 1.

The study was performed with 400-g samples composed of 50% PP and 50% PC parti-
cles, at various high voltage applied to the electrode system. These experiments were all
carried out on the same machine, by the same operators, using the same samples and un-
der the same climatic conditions of humidity RH=50-65% and temperature 7=14-19°C, in
order to eliminate any cause of variability in the separation process.

TABLE 1: ELECTRICAL PROPERTIES OF PP AND PC MATERIALS

Electrical properties Polypropylene (PP) Polycarbonate (PC)
Conductor or insulator Good insulator Good insulator
Electrical resistivity (uohm.cm) 3.3e% - 3e” 1e® - 1¢”
Dielectric constant (relative permittivity) 21 - 23 31 - 33
Dissipation factor (dielectric loss tangent) 3e* - 7et 8e™ - 0.0011
Dielectric strength 1*10° V/m 22.7 - 246 157 - 19.2

The experimental procedure consisted of the following steps: (1) Introduce the PP/PC
mixture in the separation chamber; (2) Switch on the measuring devices: the electronic
scales and the electrometers to which are connected the Faraday cages; (3) Switch on the
electrical equipment: the air blower, the electric motors, and the high voltage power sup-
plies; (4) Start the data acquisition software Lab VIEW 6; (5) Turn off the electrical
equipment; (6) Stop the data acquisition; (7) Clean the electrostatic separator.

The experiments were carried out at a constant distance of 120 mm between the elec-
trodes and at a rotating speed of 50 rpm. The purity was measured using a portable
NH310 colorimeter. A calibration table was set up for mixtures of products ranging from
0% to 100% in steps of 10% for product PP and from 100% to 0% for -10% for product
PC. The colorimeter provides measurements in several modes: L, a, b, C, and h.
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IV. RESULTS AND DISCUSSION

The results of the calibration procedure of the colorimeter (Table 2) enabled the for-
mulation of mathematical models for the purity of the products, as a function of the five
parameters L, a, b, C, and h. For example, the purity of the PP product was expressed as
follows:

PP(%)=477-583L+1.1a+13.4b+58 C+0.092 h (1)

TABLE 2: CALIBRATION TABLE FOR MIXTURES OF PRODUCTS RANGING FROM 0% TO 100%

PP (%) 100 [ 90 | 80 [ 70 | 60 | 50 | 40 | 30 | 20 | 10 | 0
L | 508 | 529|550 | 564 | 60.0 | 627 | 656 | 69.6 | 73.9 | 81.3 | 953

a | 292|276 | 252 | 246|198 | 193 | 178 | 144 | 120 | 89 | 02

Parameter | b [ o001 268 [ -252 ] -25.1 [-21.1 | 205 | -18.9 [ -153 [ <125 | 75 | 37
C | 404 | 385|356 (351|289 282260 210|174 | 117 | 37

h 13162 (3158|3149 |314.4 | 313.1 | 313.2 | 313.4 | 313.1 | 313.9 | 3200 | 87.5

PP(?I))“‘"“ 1016 | 918 | 81.4 | 722 | 62.6 | 497 | 407 | 322 | 211 | 93 | 08

The effect of the applied high-voltage U on separation of the collected granules is
illustrated by the results represented on Figs. 2 to 5. The non-smooth aspect these curves
is due to fact that a tiny proportion of charged particles detached from the electrodes may
be attracted to some parts of the ducts that transfer them to the Faraday cages.
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Fig. 2. Variation of the mass of separated PP granules as function of time, at different voltage values U= +4;
+8; +12; +16; 20 kV.
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Fig. 3. Variation of the mass of separated PC granules as function of time, at different voltage values U= +4;
+8; +12; +16; 20 kV.
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Fig. 4. Variation of the charge of separated PP granules as function of time, at different voltage values U= +4;
+8; £12; £16; 20k V.

The increase of U intensifies the electric field in the separation zone and facilitates the
separation. For each experiment, the purity of samples was measured and analysed three
times, as shown in Fig. 8. The final average values of the purity are given in Fig. 9. The
higher values of the voltage favor the rapid separation of the products but reduce purity.

From these results, the optimum value of the voltage applied to the electrodes is +4 kV,
this means that the separation is good at the small voltage value with a percentage of the
purity of 90.7% PP and 92.1% PC, with mass and electric charges values successively
mpp=161.7 g, gpp=5.73x10° C and mpc=139.6 g, gpc= -7.32x10° C.
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Fig. 5. Variation of the charge of separated PC granules as function of time, at different voltage values U= +4;
+8; £12; £16; 20 kV.
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Fig. 6. The purity of samples is measured three times at different voltage values U= +4; £8; +12; £16; +20kV
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Fig. 8. The average purity at different voltage values U= +4; £8; +12; +16; +20kV

V. CONCLUSIONS

The two-rotating-disk-type tribo-aero-electrostatic separator developed on the site of
Angouléme of PPRIME Institute of Poitiers, is a multifunctional installation. It enabled
the study of the feasibility of electrostatic separation on a PP/PC powdery mixture.

The main conclusion of the present work can be formulated as follows;

1. The purity of the separated products can be conveniently evaluated using a
colorimetric method.

2. The higher voltages applied to the electrodes does not necessarily lead to better
separation.

3. If the voltages are high, the fine particles lose rapidly their charges in contact with
the electrodes.

4. The optimal value of the separation voltage can be experimentally determined.

5. Purities higher than 90% can be obtained for both collected products.
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