Electrostatic Separation of Plastic Materials Recycled
from End of Life Vehicles
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The study was conducted on a powdery mixture derived from mechanical processing of plastics recovered
from the instrument panels of ELVs, which contain varying amounts of polypropylene (PP), acrylonitrile
butadiene styrene (ABS), polycarbonate (PC),cardboard, rubber, and other materials. The mixture was
deposited on a metallic belt-type electrode that infroduced them into an area of high intensity electric field
created by a rotating cylindrical electrode, connected to a high voltage supply. This electrostatic separation
method in association with classical waste processing techniques is a viable solution for the ELVs recycling

industry.
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The ever increasing number of vehicles imposes the
recycling issue as an extremely important problem
worldwide [1, 2]. The more and stricter environmental
protection regulations adopted by the European Union, for
instance, requires the recycling of 95 % of the mass of the
materials contained in ELVs [3, 4]. To achieve this goal, in
addition to recovering the ferrous and non-ferrous metals,
it is necessary to find effective solutions for the recycling
of plastics, which can represent 15 -20 % of the total weight
of the ELVs. After the usual mechanical processing
techniques employed for the recycling of this waste, a
relative large part of it is converted into a powdery mixture
of various plastics, textiles, cardboard, rubber, etc. Due to
their small size (0.1 - 1 mm) these materials are difficult to
sort both by classical mechanical, hydraulic, air-gravity,
pneumnatic methods and by less conventional electrostatic,
corona or corona-electrostatic separation techniques for
granular materials [5 - 10].

The aim of the present paper is to validate a method of
electrostatic separation that might improve the traditional
waste processing technologies. Each of these materials is
characterized by a different composition and structure,
which make them behave differently under the action of
intense electric fields [7].

Table 1
PLASTIC MATERIALS TO BE RECYCLED FROM ELVs

Experimental part

Table 1 lists the main plastic materials to be recycled
from ELVs. Their type and amount varies from manufacturer
to manufacturer.

The ability of particles to accumulate different charge
depending on their conductivity enable their separation in
the electric field of a bet-type electrostatic separator, as
the one schematically represented in figure 1. In such a
device, the powdery mixture is disposed in a mono granular
layer on a conveyor-type electrode connected to the ground.
This electrode transfers the granules to an area of intense
electric field generated by a roll electrode powered by a
DC high voltage supply. Due to the electrostatic induction
phenomenon the particles that are better conductors
(product A) get charged in contact with the conveyor and
will be attracted to the roll electrode of opposite polarity.
They stick to this electrode under the action of the electric
image force and will move with it until a scraper detaches
them so that to be disposed in the hopper A, while the
uncharged less conductive particles are transported further
on conveyer and collected at the end of it in a hopper B.

The design of experiments methodology adopted for
the present study has the following advantages: possibility
of studying simultaneously the effects and the interactions
of a considerable number of factors, notable reduction in
the number of experiments, high accuracy of the derived
models. As the objective was the optimization of the

. . Approximate weight in an average
ELV part Main types of plastics car (kg)
Bumper PS, ABS, PC/PBT 10.
Seating PUR, PP, PVC, ABS, PA 13.
Dashboard PP, ABS, PC, RUBBER, CARBOARD 7
Fuel system HDPE, POM, PA, PP, PBT 6
Body (including panels) PP, PPE, UP 6
Under-bonnet components PA, PP, PBT 9
Interior trim PP, ABS, PET, POM, PVC 20
Electrical components PP, PE, PBT, PA, PVC 7
Exterior trim ABS, PA, PBT, POM, ASA, PP 4
Lightning PC, PBT, ABS, PMMA, UP 5
Upholstery PVC, PUR, PP, PE 8
Liquid reservoirs PP, PE, PA 1
Total 105
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Belt electrode (grounded)

separation process, the response surface modelling
method was employed to express the response y as
follows:

y=ataxitaxtanxttapx’tapxix; O

where a, are the coefficients of a quadratic polynomial
model and x, is the normalized centered value for each
factor u; .
Xi = (u,- - u,-c)/Au,- = u,-* (2)
with
uic=(uimax+uimin)/2; Au; = (uimax - uimin)/z' ®3)

For the factors considered in the present study, i.e.,
conveyor belt velocity v and high-voltage U applied to the
electrodes, the quadratic model of the response y, which
can be the mass recovered at the electrodes or the purity
of the products, will take the following form:

y = aptayv¥+a Uktap viU* +ay v¥+ap U¥ ()
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Fig. 2. Composite
factorial experimental
design for the study of
the electrostatic
separation of powdery
mixtures
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In order to obtain such a quadratic model the composite
design (fig. 2) was employed for the present study [11,
12]. The experimental data were analyzed with MODDE
5.0 software (Umetrics,Sweden) [13], which calculates
the coefficients a, of the mathematical model, draws the
response contours, and identifies the best adjustments of
the parameters for optimizing the process. Moreover, the
program calculates two statistical criteria: the “goodness
of fit” R? and the “goodness of prediction” Q?. The latter
quantifies the ability of the model to predict the responses
for new experimental conditions. A good mathematical
model has criteria R?and Q? with the numerical value
approaching unity.

Results and discussions
Electrostatic separation experiments

The set of experiments was carried out in ambient air
(temperature: 18°C+1°C; relative humidity RH 50% + 3%)
on 5 g samples of a powdery mixture containing 52% of
plastic materials acetate butadiene styrene - ABS,
polycarbonate - PC and polypropylene - PP), the remaining
48% being represented by cardboard, rubber and textiles.
The limits of the experimental domain were established
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highlightning the forces that act on the
electrostatically charged powdery
materials.
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Product B

based on some theoretical considerations, exposed in the
next section of the paper, and by a series of preliminary
experiments.

The more conducting materials (cardboard, rubber and
textiles), designated as “product A”, are subject to the
Coulomb electric force:

Fo=QEF (5)

Q being the electric charge carried by a particle and £
the intensity of the electric field that act on it. With E
proportional with U, by increasing the high-voltage applied
to the electrodes, this force becomes strong enough to
produce the lift-off of these particles from the belt electrode
and to drive them to the rotating roll electrode. A particle of
radius a will be pinned on due to the electric image force

Fi =%/ [4me (2a)°] (6)

Part of the charge Q of the particles A may leak to the
rotating roll electrode they are in contact with. This
phenomenon is accompanied by a reduction of the electric
image charge F.. As a consequence some of the particles
may detach from the roll electrode and return on the belt
electrode, under the action of centrifugal and gravitational
forces. In some cases, they may recover their charge in
contact with the belt electrode and be again lifted-off by
the Coulomb force F,. Rapid camera video-recoding put
into evidence this “bouncing” motion between the two
electrodes. This explains the relative poor purity of the less
conductive product B (ABS, PC, PP), which is unpurified by
A particles. From the above considerations it is expected
that better results be obtained at higher applied voltages
and hence stronger electric fields. However, the occurrence
of parasitic corona discharges from the edges of the
metallic belt electrode imposed U = 22kV as the upper
limit of the applied voltage. The fower limit U. =4kV
was suggested by several preliminary experiments
showing that particles lift-off at this value of the applied
high-voltage. The domain of variation of the belt velocity v
was easier to establish. The lower limity_. =2 cm/s was
imposed by the minimum quantity of one gram of material
to be processed in one second for a belt length of one
meter. The upper limit v . = 12 cm / s was fixed by the
characteristics of the beft electrode employed in the
experiments. A composite factorial experimental design
was conducted in the domain defined by the above
considerations. The masses of products A (conductive)
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Run | U[KV] | v[em/s] | my[g] | mg[g] | Ra[%] | Rs[%] | ps[%]

1 4 2 035 | 413 | 7.81 | 92.19 | 66.67

2 | 2 2 1.84 | 2.13 | 4635 | 53.65 | 93.06

3 4 1210251 433 | 546 | 94.54 | 57.89 Table 2

4 | 22 12 | 179 | 233 | 4345 | 56.55 | 87.50 RESULTS OF THE COMPOSITE FACTORIAL
5 4 7 041 | 426 | 878 | 9122 | 55.77 EXPERIMENTAL DESIGN
6 | 22 7 1.84 | 225 | 4499 | 55.01 | 90.16

7 13 2 205 | 246 | 4545 | 54.55 | 94.12

8 13 12 171 | 2.58 | 39.86 | 60.14 | 86.21

9 13 7 1.76 | 2.57 | 40.65 | 59.35 | 90.14

10| 13 7 177 | 2.68 | 39.78 | 60.22 | 91.04

1] 13 7 1.76 | 2.58 | 40.55 | 5945 | 90.00

Fig. 3. ) MODDE 5.0 calculated equal-
response contours of the relative mass
R, [%] of the recovered plastics as
function of applied voltage U [kV] and
belt velocity v [cm / s]; b) MODDE 5.0
calculated equal-response contours of
the purity P, [%] of the recovered
plastics (B poduct), as function of
applied voltage U [kV] and belt velocity
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Fig. 4. Predicted purity P, [%] of the
recovered plastics (B product), as
function of applied voltage U [kV]

and belt velocity v [cm / s]. The
upper and lower curves define the
95% confidence interval
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and B (less conductive) are given in table 2. The same
table also contains the values of

R4 [%] = 100 [my (m4+ mg)] ™
Ry [%] = 100 [mz A(m4 + mp)] ®)

which designate the percentages of feed material
recovered respectively as conductive A and non-conductive
B products. It should be noted that R, [%] = 1 - R, [%]. As
the purity of the conductive product P, is almost 100%
(practically none of the non-conductive granules candetach
from the belt and be collected in the A hopper) reported in
table 2 are only the values of P, i.e. the purity of the non-
conductive product, expresse(f as the ratio between the
mass of plastics granules and the total mass collected in
the B hopper. The analysis of the purity was done by manual
separation of the cardbord, rubber and textile from the
plastics that represent the major product in that hopper.

Based on the data in table 2, the software MODDE 5.0
calculated the coefficients of the quadratic models for each
of the output variables of the process R, [%], R, [%], P,
[%]. Thus, the relative mass of the recovered non-
conductive B product could be expressed as:
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Rz =58.74 + 1.8 v*-18.79 U*+
+0,14 v*¥U* - 0.51 v¥+ 15.18 U ©)

This model has quite satisfactory statistical criterias R?
=0.996 and Q2 = 0.965. The software MODDE 5.0 indicated
that two of the coefficients in this model are not statistically
significant, so they can be ignored. The new model:

Rz =58.54 +1.8v*-18.79 U*+ + 1525 U* (10)

is characterized by a slightly lower R? = 0.995 but a higher
predictive power: Q% = 0.988. The equal-response contours
obtained with this model are displayed on figure 3a.

According to this model, for a low belt velocity v = 2 cm/
s and a relatively high applied voltage U = 18.5kV, 51.1% of
the in-feed material will be recovered in the non-conductive
B product. The purity of the non-conductive B product could
be modelled by the following second order polynome:

Pp=89.65 -3.71 v*+ 15.06 U*+

+0.81 v¥U* + 1.64 v¥- 15.56 U* (11
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Fig. 5. Real-time data acquisition of the mass m [g] and the charge Q [nC]
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Fig. 6. Real-time data acquisition of the mass m [g] and the charge Q [nC]
of the conductive material extracted as B product

with R? = 0.989 and Q? = 0.904. By eliminating the non-
significant coefficients in the polynome, the model
becomes (R*> = 0.985 and Q* = 0.956):

Pp=90.03 -3.71 v*+15.06 U*15.13U% (12
The maximum purity P, = 97.54 is obtained for a belt
velocity v = 2 cm /s and an applied high-voltage U = 17.5
kV (fig. 3b). This can be easily explained by two interrelated
facts : at low values of the velocity, the more conductive
granules spend enough time in the electric field zone for
getting well charged; at high values of the applied voltage,
the electric field is more intense, so that the respective
granules charge better (by conductive induction) and are
practically all lifted-off the belt electrode. At applied voltages
higher than 18 kV, the intensity of the electric field is such
that the granules execute the “bouncing” motion described
earlier, so that reducing the purity of the B product (fig.
4.a). At higher belt velocities v, the particles spend less
time in the electric field zone. Part of the conductive particles
remain on the belt electrode and contamiantes the plastics
collected in the B hopper. Thus, the purity of the B product
decreases with the increase of v, as shown in figure 4.b)

Electrical charge measurements

In this series of experiments, carried out at U = 10 kV
andv = 12 cm/ s, the products of the separation of 10 g of
the powdery mixture originating from the processing of
instrument panels ELV were collected in two Faraday pails
connected to two electrometers (model 6415, Keitheley
Instruments), that enabled the continuous measurement
of the electric charge using a PC. The acquisition and
processing of experimental data was performed using an
ad-hoc virtual instrument, developed in the LabVIEW
environment [14]. The mass of the products is measured
in a continuous manner with electronic balances
(resolution 0.1 g) positioned under the containers and
connected to a computer via two RS232 connectors.

Both the mass m and the charge Q of the granules
collected as the A product vary linearly with time, as
displayed on the screen of the virtual instrument (fig. 5).
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The charge/mass ratio of this product is roughly Q/m =
100 nC / g, a value that can be obtained by deviding the
final values of the charge (Q = - 444.3 nC) and of the mass
(m = 4.5 g) in the A hopper.

The mass m and the charge Q of the granules collected
as the B product display also a linear increase with time, in
absolute values (fig. 6). Suprisingly, the charge of the B
product is also negative. However, the charge/mass ratio
of this product is roughly Q/m = - 20 nC / g, much lower
than that of the A product. This negative charge is due to
the conductive impurities that charge in contact with the
belt electrode, but at levels that are too low for them to be
lifted-up. Under the condition of this experiment, these
impurities represent more than 20% of the B product.

Conclusions

The belt-type separator is an effective equipment for
the recovery of plastics from powdery wastes generated
at the outlet of standard mechanical recycling processes
of the instrumentation panels of ELVs. More than 99% of
the plastics contained in such wastes can be recovered in
a product containing less than 5% of impurities (cardboard,
textiles, rubber,..). Using a 1 m wide belt, these
performances can be atteined at a throughput of 1 g/s (i.e.,
3.6 kg/h), which is enough for treating the relatively small
quantities of such wastes that should be treated in a
recycling plant. This separation method can be applied to
other powdery mixtures containing materials
characterized by different electric conductivities, in the
recycling industry, but also in mineral beneficiation or in
food processing.
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