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Abstract - A new rotating disk electrostatic separator is developed in this work based on the travelling waves
technique. The rotating disk is realized using a circular electronic printed circuit board (PCB) with two helical
electrodes concentrically deposited on its surface. Copper and plastic particles were used to evaluate the
separation efficiency of the disk. Different parameters were studied in order to achieve the best separation results
such as the level and the shape of the voltage applied to the electrodes, the rotation speed of the disk and the
suction force of the vacuum blower used to collect the plastic particles. The obtained results have shown that
high values of recovery and purity rates were achieved.

I. INTRODUCTION

The global evolution of technology makes people's
lives easier, brings distances closer and minimizes
time and energy, but unfortunately it has negative
impacts to the environment and living beings. Among
these impacts there is electrical and electronic waste
which is growing at an alarming rate. The solution
found to minimize the risk of this waste is separate it
and recycle it [1].

In industry, the electrostatic corona discharge
separators [2—8] and the vibrating densiometric tables
[9-13] are the most separation devices used. The first
ones are based on the difference between their
electrical conductivity and the second ones are based
on the difference between the density values of the
both granules metal and plastic.

Other techniques such as the electric curtain board
(ECB) were developed and used for many
applications such as the displacement of the insulating
micronized particles [14-21]. This movement is
caused by a force applied on polarized particles called
dielectrophoretic force [22-25]. Another electro-
adhesive force exerted on the metal particles was
recently observed in several works [26—30]. The ECB
was then considered as a new technology used to
separate mixtures of metal/plastic particles using both
dielectric force and adhesion force. The ECB is an
electrical system comprising parallel electrodes (2, 3
or 4) powered by alternating shifted voltages [31].

The purpose of this paper is the development of a
new electrostatic separator with a rotating disk that
was experimentally investigated to analyze the
electro-adhesion force applied on metal particles. The
new device is a disk shape-ECB constituted by two
helical shape electrodes powered by a high voltage
power supply. This device was used to study both of
the adhesion force applied to copper particles and the
separation of mme-size granular mixture comprising
copper and plastic particles.

II. MATERIALS AND METHODS

An experimental setup was developed to study the
electro-adhesion force applied to metal particles by
using a new rotating disk electrostatic separator. As
shown in Figure 1, the device has a circular shape and
is constituted of a simple layer PCB of thickness
equal to 2 mm and a diameter of 20 cm. Two
interdigitated electrodes were deposited on the top
side of the circular PCB forming thus two phases
ECB. Each electrode has a helical shape and is made
of 35 um thickness of copper with a | mm width. The
distance between two adjacent electrodes is 2 mm.

The upper side of the disk is covered by an
insulating acrylic varnish layer to prevent electrical
breakdown between electrodes and metal particles.

As described in Figure 2, each phase of the disk is
supplied through a HV connector with a voltage
amplifier (Trek, Model 2220, +£2 kV, £20 mA). These
amplifiers were controlled by a function generator
(SDG Siglent 1025) in order to modify the frequency,
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the wave form and the voltage level applied to each
electrode. The phase difference between the two
signals is fixed at 180°. The signals were visualized
using a digital oscilloscope (Gwinstek GDS-3154) via
a high voltage probe (Tektronix P6015A). The
rotation of the disk is provided through a variable
speed DC motor. The plastic/metal particles were
spread on the disk using a vibrating feeder with a
controlled flow rate and a vacuum blower is used to
suck the plastic particles during the separation process
(Figure 3).

The size of the copper/plastic particles used in the
separation experiments is about 2-3 mm (Figure 4).

200

b)
Fig. 1. The rotating ECB device : (a) Dimensions of the ECB in
millimeter ; (b) Photography of the ECB.
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Fig. 2. Descriptive schematic of the electric connections.
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Fig. 3. The experimental setup :

a) General description of the experimental setup.
1-Vibrating feeder; 2-Vacuum blower; 3-The disk; 4- Brush; 5-
DC motor
b) Schematic illustration of the separation process.
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Fig. 4. Photography of copper and plastic particles.

Two sets of experiments were performed in the
framework of this study. The aim of the first one is to
focus on the adhesion force applied on copper
particles, and the second one is to investigate the
rotating disk efficiency during the separation process
of a copper/plastic mixture.

A) Attraction experiments

As described previously, the purpose of the
vacuum blower in the experimental setup is only to
suck up the plastic particles. Thus, and because in this
part we study only the electro-adhesion force applied
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on copper particles, there is no need to use the
vacuum blower which remains off in these attraction
experiments.

A quantity of copper particles equal to 5g is
deposed on the disk surface. The disk is then powered
and rotated during 2 min. At the end of the
experiment, the mass of the copper remaining on the
disk is weighed and compared with the initial 5g
deposited at the beginning of the experiment. Thus,
we define the parameter “R.,” as the metal recovery
percentage using the following formula:

Rew (%6)=(Mei/Mey 10) *100 (1)

Where :

M, : mass of the metal particles remaining attached
on the disk surface after 2 min of rotation.

M. o : total mass of the metal particles deposed
initially on the disk surface equal to 5g.

B) Separation experiments

In these experiments, a mixture of copper/plastic
particles composed of 50% of copper (5g) and 50% of
plastic particles (5g) is deposed on the surface of the
disk using a vibrating feeder. The disk is then
powered and rotated and the vacuum blower is
activated. Plastic particles were lifted by the vacuum
blower and the metal particles remain attached to the
disk surface till a brush collected them down in a
collecting box under the disk.

As some copper particles may be sucked by the
vacuum blower with the plastic particles, the mass of
the copper collected in the box is compared with the
initial 5g deposited on the disk using the “R,”
parameter defined here as:

Ron (%) =(M/Mi, o) ¥100 )

Besides, some plastic particles may also fall down
in the collection box with the copper particles. Thus,
we define the parameter “P,” as the “purity” of
copper which calculates the percentage of copper in
the total mass collected in the box using the following
formula :

P (%) =(M,./My,) ¥100 3)

Where:

R., : The recovery rate of copper particles.

P, : The purity rate of copper particles.

M,, : mass of the copper particles detached by the
brush.

M., ¢ : total mass of copper particles deposited on
the disk surface.

My : total mass of the both copper and plastic
particles on the collection box

To calculate the recovery and purity of plastic
particles we use the following formulas:

R, (%6)=(MyM,, 10y *100 4
P, (%)= (M,/Mp,)*100 %)
Where:

R, : The recovery rate of plastic particles.

P, : The purity rate of plastic particles.

M, : mass of the plastic sucked by the suction
blower.

M, . : total mass of plastic particles deposited on
the disk surface.

III. RESULTS AND DISCUSSION

A) Attraction experiments

In this part, three types of voltage waveform were
analyzed and compared for two rotation speed values
and two areas (described in Figure 1/a) of the rotating
disk.

The variation of the recovery rate (%) of the
copper particles remaining attached on disk surface
was analyzed according to the applied voltage. The
obtained results are plotted in Figure 5 for the
different voltage waveforms, two rotation speeds (80
and 120 rpm) and two different areas of the disk.

When the metal particle is on the surface of the
disk, the electric field produced by potential
difference between the electrodes causes the opposite
charges on its surface at the helical electrodes causing
an adhesion force on particles (Figure 6).

Figure 5 shown the variation of the recovery rate
(%) of copper particles remaining on the disk as
function of the applied voltage for three waves forms,
two rotation speeds and two areas of disk. For the
wave forms; the square wave is the best then the two
others waves because the maximum high voltage
takes a long time before changing its polarity, so there
is a long time of contact between metal particle and
electrode. For the rotation speed, when the rotation
speed is higher the recovery mass is lower, because
the centrifuge force produced by the rotation, which
was detached the metal particles from the surface.
Also, for the disk area, when the metal particle was
deposited far from the center of the disk, the
centrifuge force became higher, so the detachment of
particle was easyer.

The study of the effect of the rotation speed on the
recovery rate was carried out for second area only;
this area will be used for the experimental analysis of
the separation process.

According to the plotted results in Figure 7, for
high voltage equal to 2 kV the recovery rate was
higher up to 100% until a rotation speed of 120 rpm
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where it was beginning to decrease. However, it was
decreasing at a rotation speed equal to 70 rpm for a

high voltage of 600V due to the centrifuge force.
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Fig. 5. Variation of the recovery rate (%) of copper particles
remaining on the disk as function of the applied voltage for three
voltages waves forms, two rotation speeds and two areas
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of the disk
(a) Area 1 & n=80 rpm; (b) Area 1 & n =120 rpm;
(c) Area 2 & n =80 rpm; (d) Area 2 & n =120 rpm

Metal particle
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Fig. 6. Schematic illustration of the electro-adhesion force
principle applied on conductive particles.
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Fig. 7. Variation of the recovery rate (%) of copper particles
remaining on the disk as function of the rotational speed for three
waves forms and two values of the applied voltage (Area 2) : (a)
V=600 V; (b) V=2kV.

B) Separation experiments

Following experiments were carried out with granular
mixture samples of total mass 10 g comprising 50%
of copper and 50% of plastic particles for analyzing
the separation efficiency using experimental setup
described in Figure 3.

The variation of the recovery and the purity rates
(%) of the copper and plastic particles was analyzed
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according to the applied voltage using the square
signal (Figure8).
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Fig. 8. Variation in the recovery and purity rate of copper and
plastic particles as a function of the applied voltage
Conditions: vibrator rate D = 0,08 g/s; vacuum blower rate Q =
1,43 m*/min; humidity H = 35-40% and rotation speed n = 60 rpm
a) Copper particles ; b) Plastic particles

The obtained results plotted in Figure 8 represent
the variation in the recovery and purity rate, of both
copper and plastic particles as a function of the
applied voltage. For maximal voltage equal to 2 kV,
the separation efficiency is better, 94% of metal
recovery with its purity at maximal 100%. All the
plastic particles are sucked by vacuum blower so in
this case, the vaccum blower rate was important.

In the same conditions of vibrator rate, vacuum
blower rate, rotation speed, the recovery and purity
rates were analyzed for two different values of the
ambient humidity (Fig. 9).

The particles were covered by the humidity;
therefore, its conductivity was higher which caused
the increase of adhesion force. This phenomenon is
confirmed by the obtained results shown in Figure 9.
For higher humidity and in zero applied voltage, we
saw that the recovery of copper was 95%, that caused
by charging disk and centrifugal force which will be a
positive factor for separation.
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Fig. 9. Variation in the recovery and purity of copper and plastic
particles as a function of the applied voltage for two values of
humidity Conditions: vibrator rate D = 0,08 g/s; vacuum blower
rate Q = 1,27 m*¥min and rotation speed n = 80 rpm:

a) Copper patrticles ; b) Plastic particles

IV. CONCLUSION

In this study, the effect of the applied voltage and
other parameters on a new rotating disk electrostatic
separator was analyzed wusing millimeter size
particles. The experimental results obtained in this
work pointed out the following conclusions:

v" The square wave form was better than the
others two signals.

v' The feasibility of metal/plastic particles
separation using a vaccum blower with high
value of recovery and purity.

v' This separator device was efficient in wet
conditions.
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