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Tribo-aero-electrostatic Separator
for Coarse Granular Insulating Materials

Mohamed Miloudi, Lucian Dascalescu, Jia Li, Sofiane ElI-Mossouess and Karim Medles

Institut PPRIME, UPR 3346, CNRS — University of Poitiers — ENSMA
IUT, 4 avenue de Varsovie, 16021 Angouléme Cedex, France

ABSTRACT

The tribo-aero-electrostatic separator achieves the selective sorting of mixed granular
insulating materials in a fluidized bed affected by an electric field orthogonally oriented
to the direction of the fluidization air. The aim of the present paper is to optimize the
design and the operation of such a separator, i.e. maximize the total mass of the
granules collected at the two electrodes that generate the electric field. The experiments
were performed for four different electrode configurations. The granular mixtures to
be separated were composed of Acrylonitrile Butadiene Styrene (ABS) and High
Impact Polystyrene (HIPS) originating from the recycling of waste electric and
electronic equipment (WEEE). The typical granule size was in the range 2 to 4.5 mm.
The highest separation efficiency was obtained when the electric field in the active zone
was intensified by the use of an additional electrode connected to the ground and when
the collecting electrodes were covered by a thin insulating layer, preventing charge
leakage from the particles in contact with them.

Index Terms — Triboelectricity, electrostatic processes, electrostatic separation.

1 INTRODUCTION

THE separation of mixed granular insulating materials is
typically a two-step process: the materials are first charged by
tribo-electric effect [1, 2], in vibratory, rotating or fluidized-
bed devices [3-8], then introduced in an electric field to be
sorted under the action of Coulomb forces: the positively and
negatively charged granules are driven to opposite electrodes
and collected in distinct compartments [9, 10]. The problem is
that certain granules carry enough charge to be electro-
statically separated, while others exit the tribo-charging device
with a less satisfactory charge level.

Better results could be obtained by increasing the duration
of the tribo-charging process [11, 12], but this would diminish
the hourly output of the installation and does not eliminate
another major drawback: the acquired charge can significantly
vary with the ambient humidity, and with the surface state of
the processed granular materials [13]. The charging efficiency
could be improved by thermal preconditioning of the materials
and controlling the ambient atmosphere, but these operations
would increase the cost of the processing [14].

In most of the existing installations [4, 14], the separation of
charged particles is achieved in the electric field generated
between two vertical electrodes. These installations have a
rather poor throughput, and are not robust enough to the
unpredictable variations of the ambient conditions and to the
non-controlled changes of the physical and chemical features
of the materials to be separated.
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Figure 1. “Standard” configuration of the tribo-aero-electrostatic separator
for mixed granular solids [16].

The installation described in a recent patent [16] is expected
to avoid these drawbacks, by the simultaneous usage of the
triboelectric effect, the Coulomb force and the electric image
force (Figure 1), where the ABS and the HIPS gets
respectively positive and negative charge.



Figure 2. Aspect and size of ABS and HIPS granules (the ruler is in mm).

Thus, the triboelectric effect provides the homogeneity of
the electric charge acquired by the granules in a fluidized bed
having the shape of a reverse truncated pyramid. The charged
particles move in the electric field generated between two
conveyor-belt-type high-voltage electrodes to the surface of
which they are driven by the Coulomb force, ant to which they
stay pinned by the electric image force.

The electrodes convey then the particles to the product
collectors. The feed-rate of the separator is adjusted at a value
which is equal to the sum of the mass of products collected in
a time unit. As no uncharged particle can leave the separation
chamber, the purity of the products recovered after separation
is practically 100%. On the other hand, each particle spends in
the separator only the time necessary to acquire a charge high-
enough for it to be attracted by one of the electrodes. Thus, in
case that the state of the surface of the materials and the
ambient conditions are adequate, the particles are rapidly
attracted to the electrodes and recovered in the product
collector, so that the installation can be operated at high feed
rates. Under unfavourable tribocharging conditions, the feed
rate will be automatically reduced, so that to adjust itself to the
longer residence time of the granules in the active zone of the
separator.

The objective of this study is to improve the design of this
tribo-aero-electrostatic separator, to allow the processing of a
wide range of granular materials, in view of applications in the
recycling industry [17-19]. The tests were performed for four
different electrode configurations using a mixture of ABS and
HIPS, which are commonly found in granular WEEE.

2 EXPERIMENTAL PROCEDURE

2.1 MATERIAL

The 2000 g samples were prepared as binary granular
mixture of 50% ABS and HIPS 50%, originating from
shredded out-of-use computer cases. The two sorts of granules
were provided by APR2, Bonnieres-sur-Seine, France, a
WEEE recycler. The typical granule size was ranging between
2 and 4.5 mm (Fig. 2).

2.2 ELECTRODE SYSTEM CONFIGURATIONS

In order to improve the efficiency of the “standard”
separator in the case of large particles (2 to 4.5 mm), the
bottom level of the fluidized bed was set at 20 cm below the
bottom edge of the conveyors, so that to increase the residence
time of the granules in the tribocharging device.
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Figure 3. Electrode configuration IlI: bottom level of the fluidized bed 20 cm
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Figure 4. Electrode configuration Ill: bottom level of the fluidized bed
20 cm below the lower edge of the metallic belt conveyors and electrodes
covered by a thin insulating layer.

Three new solutions have been tested:
(1) add a V-shaped earthed electrode to enhance the electric
field (Figure 3);
(2) cover the electrodes with a thin insulating layer in order to

prevent granule charge decay and increase the adhesion of the
granules to the metallic belts (Figure 4);

(3) combine the two solutions (Figure 5).

2.3 EXPERIMENTAL PROCEDURE
All experiments included the following operations:

1. Charge the granular mixture for t = 4 min, at full speed of
the air blower motor (3600 RPM), and no high voltage applied
to the electrodes;
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Figure 5. Electrode configuration I1V: bottom level of the fluidized bed
20 cm below the lower edge of the metallic belt conveyors, additional V-
shaped earthed electrode, and electrodes covered by a thin insulating layer.

2. Apply the high voltage U = + 30 kV to both electrodes, and
start the metallic conveyor belts (speed: 16 c¢cm / s) for
simultaneous product recovery

3. Measure the quantities of products recovered after t = 4, 10
and 15 min (beyond 15 min, there are no more particles
collected at the electrodes).

The ambient conditions were stable: temperature T=18+ 1 °
C and relative humidity RH = 46 + 2%.

3 RESULTS AND DISCUSSION

3.1 PRELIMINARY EXPERIMENTS

Two series of electrostatic separation experiments were
performed in order to point out the specific difficulties related
to the processing of coarse granules with Irregular shapes (size
range: 2 to 4.5 mm). The “standard” configuration in Fig. 1
was employed for the first series of tests, then a V-shaped
earthed electrode similar to the one in Figure 3 was added, but
without lowering the position of the air diffuser (i.e., the base
level of the fluidized bed). The results obtained are
summarized in Table 1 and plotted in Figure 6. Even the best
recovery rates (36.5% for the ABS and 15.8% for the HIPS)
that were obtained after t = 15 min, using the configuration
with additional earthed electrode, are totally unsatisfactory.

The explanation of the poor efficiency of the separation is
simple: charged granules accumulate fast at the bottom end of
the two belt-type electrodes, but their charge is not sufficient
to keep them “pinned” to the conveyors under the action of
electric forces. These poorly-charged granules form a sort of a
fence between the belts and the core of the fluidized bed,
preventing the other granules to get to be collected at the
electrodes.
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Figure 6. Mass recovery [%] of ABS and HIPS, as function of the duration
of the tribo-aero-electrostatic separation process, when using the “standard”
configuration or adding a V-shaped earthed electrode.

Table 1. Mass recovery [%] of ABS and HIPS after separation, when using
the “standard” configuration or adding a V-shaped earthed electrode.

Electrode configuration

Time “ » “Standard” with additional
t Standard
[min] electrode
ABS [%] HIPS [%] ABS [%] HIPS [%]
4 4.6 1.1 14.1 7.1
10 19.3 4.1 27.4 12.7
15 29.9 5.2 36.5 15.8

This observation prompted the idea of lowering the base
level of the fluidized bed by 20 cm. In this way, the distance
between the metal belt conveyors and the granules is larger,
and the latter will need to acquire a higher level of charge
before being attracted to the electrodes. The higher charges are
expected to enhance their adhesion to the moving belts and
facilitate their evacuation. All the experiments described
hereafter were performed with the modified fluidized bed.

The differences in the mass recovery rates of ABS and HIPS
can be explained by the position of the two materials in the
triboelectric series. Thus, the ABS granules charge positively
in contact with both the HIPS granules and the PMMA walls
of the fluidized bed. The HIPS granules charge negatively in
contact with ABS granules, but positively when colliding the
PMMA walls. In absolute values, their charge will be at a
lower level than that of the ABS granules. As a consequence,
fewer of them will be separated from the granular mixture.

3.2 COMPARISON BETWEEN FOUR
ELECTRODE CONFIGURATIONS

The percentage of the initial mass of ABS and HIPS
granules recovered in the collector after the tribo-electro-static
separation has been calculated as the average of at least three
experiments performed for each of the four electrode
configurations under study (see Figures 1, 3, 4 and 5).



B ABS config I
60 - I HIPS config I
I ABS config 1T

T I HI1PS config IT
50 4 I ABS config I1I
I HIPS config II1
B ABS config IV
B 111PS config IV

20

Mass recovery [%]
[9%]
S
|

10 15

Time [min]

Figure 7. Mass recovery [%] of ABS and HIPS for the four configurations of the electrode system after 4, 10 and 15 minutes.

Table 2. Comparison between the mass recovery [%] of ABS and HIPS for the four configurations of the electrode system.

Electrode configuration

Time t I: “standard”, modified* 11: with additional 111; electrodes covered IV: combination of
[min] earthed electrode with an insulating layer Iland Il
ABS [%] HIPS [%] ABS [%] HIPS [%] ABS [%] HIPS [%] ABS [%] HIPS [%]
4 29.3 12.8 32.7 30.3 11.0 31.0 14.4
10 39.8 16.1 43.7 50.0 14.4 43.0 20.2
15 46.8 18.1 48.2 57.8 15.9 51.0 27.7
* the base of the fluidized bed at 20 cm below the bottom edge of the metal-belt electrodes
The results given in Table 2 and plotted in Fig. 7 for p (Fe + Fi +G sin o) > G cos o @

the “standard” modified configuration confirm the
prediction formulated after the preliminary experiments.
Thus, by lowering the position of the air diffuser (i.e.,
the base of the fluidized bed), the recovery of ABS
granules increased to 29.3%, from 4.6% with the
“standard” position, at t = 4 min; it doubled, from 19.3%
to 39.8%, at t = 10 min, and progressed by 50%, from
29.9% to 46.8%, at t = 15 min. The recovery of HIPS
granules remained very poor, as compared to ABS,
because of the detrimental effect of the granule-to-wall
impacts. This tribocharging mechanism seems to favour
the ABS charging.

The additional earthed electrode (configuration Il) is
beneficial to collection of both ABS and HIPS granules.
The quantities of products collected in this configuration
are higher than in any of the other three cases under
study (Table 3). This can be easily explained by
examining the mathematical formulation of the
condition for the separation of a spherical granule of
radius r, mass m, and charge Q:

where p is the friction coefficient, G = mg is the
gravitational force, o is the angle at which the belt is
inclined with respect to the vertical, F. = QE is the
Coulomb force, with E being the local strength of the
electric field at the surface of the electrode, and F; =
Q¥[4ney(2r)?] is the electric image force, with g, being
the electric permittivity of air. The intensification of the
electric field enhances the Coulomb force that pins the
charged granule to the surface of the electrode.

Table 3. Variation of mass recovery [%] of ABS and HIPS granules
in the configurations Il to IV, as compared to the configuration I.

t Compared electrode configurations

[min] - -1 V-

ABS HIPS ABS HIPS ABS HIPS

4 3.4 17.6 1.0 -1.8 1.7 1.6

10 3.9 22.8 10.2 -1.7 3.2 4.1

15 1.4 24.3 11.0 -2.2 4.2 9.6




This effect is more spectacular in the case of poorly
charged HIPS granules: the stronger electric field forces
more than double the quantities of the recovered
material, which increase from 16.1% to 38.9%, after t =
10 min. According to equation (1), the lower the value
of Q, the higher is the field E for which a granule can be
pinned to an electrode and separated from the granular
mixture. The ABS granules, which charge better that the
HIPS ones, separate quite well even at low values of E.
In their case, the increase of E is accompanied by only a
moderate increase of mass recovery.

The presence of the insulating coating (configuration
I11) had opposite effects on the two kinds of granules.
This can be explained by the observations made in a
previous study, which pointed out that the ABS granules
are more affected by the ambient humidity: as they are
more hydrophilic than the HIPS, a thin water film can
form at their surface, which favours the partial leakage
of charge Q to the metallic belt. The insulating layer
drastically limits this leakage. As a consequence, the
ABS granules better preserve their charge Q and stay
longer in contact with the belt collectors than in the
absence of the layer of thickness a, in spite of the
reduction of the electric image force

Fi = Q*H{4nso2(r+a)]*} < QY[4neo(2r)’]. O]

The increased friction coefficient p between the
granules and the rough surface of the insulating layer
also favours ABS recovery.

In the case of HIPS granules, which are intrinsically
characterized by very slow charge decay when in contact
with an electrode, the presence of the insulating layer
has less effect on the amount of the residual charge Q.
The main effect of this layer is the reduction of the
electric image force F;. Therefore, they detach easier
from the belt, and the recovery is poorer than in the
“standard” configuration. Surprisingly, the configuration
IV, which combined the effects of the configurations Il
and Il1, provided the best results for neither the HIPS
nor the ABS granules. In the case of the HIPS granules,
the increase of the Coulomb F. force due to the
intensification of the electric field E generated by the
additional electrode was not enough to compensate for
the reduction of the electric image force F;, due to the
presence of the insulating layer at the surface of the belt
electrode.

As for the fact that the recovery of ABS granules
was poorer in configuration IV than in configuration I11,
this can be explained by the wear of the PMMA walls,
which play an important part in the charging of ABS
granules. Indeed, this set of the experiments was
performed after the completion of all the others, and the
state of the inner walls of the fluidised bed was altered
as compared to the previous tests, and the level of the
charge Q was lower. This correlation between the wear
of the material and its capacity to exchange charge by
triboelectric effect had been pointed out in [6].

4 CONCLUSIONS

The tests carried out on an industrial pilot
installation are very encouraging. The efficiency of the
tribo-aero- electrostatic separation of coarse granular
plastics can be improved using one or more or the
following solutions:

(1) lowering the position of the air diffuser with respect
to the bottom edge of the belt-type electrodes; further
experiments are needed to optimize the location of the
base level of the fluidised bed.

(2) covering the metal-belt conveyors with a thin
insulating layer, to modify the friction coefficient and
prevent the granule-to-electrode charge leakage; the
nature and the thickness of the layer should make the
object of further studies.

(3) making use of an additional V-shaped earthed
electrode to intensify the electric field at the surface of
the two electrodes, and hence intensify the electric
forces that act on the charged granule.

Research is in progress to clarify the role of granule-
to-wall collisions in the tribo-charging of plastics in
fluidised bed devices, and optimize the electrode
configuration using experimental design methodology.
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