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Concept and Design of the Test Bench for Electrostatic
Separation in Plastic Recycling Application
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Abstract. Plastics recycling has become a key industry in developed
countries, to reduce ecological damage and save non-renewable resources.
This paper discusses the concept and the design of electrostatic separator
as a test bench for the separation of different plastics in recycling
applications. In the automotive recycling process, all these waste materials
must be processed further for re-entering the cycle or thermal utilization.
The following application presents the possibility of research and
technological tests by changing several parameters, such as a position of
the electrodes, control of the polarity and voltage, variable speed of feeder
and drum, and also tribo-electrification parameters (time, intensity). The
impact of process parameters on the efficiency of the plastic separation can
be analyzed by the developed a specialized computer vision system. The
preliminary results of conducted tests showed that separation is dependent
on many variations of parameters. The results of this study indicate that the
proposed innovative design of the research stand ensures the high research
potential of the proposed equipment.

1 Introduction

Nowadays, for ecological, economic and legal reasons, there is an increase in interest in the
plastics recycling, especially in the automotive sector [1-4]. The applying of plastics in the
car manufacturing industry presents some advantages, such as car mass reduction, which
leads to lower fuel consumption and a decrease in emissions of Green House Gasses
(GHG). In the European Parliament Directive 2000/53/EC of 18 September 2000
established rules for dealing with end-of-life vehicles (ELVs), including the indicated levels
of recovery [5]. For example, in the 2017 year in the EU about 88 % of parts and materials
were reused and recycled [6]. The provisions execute producer responsibility in the field of
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material recycling processes and support the development of the market of recycled
materials in the direction of the circular economy [3]. It is assumed that by 2025 the share
of recycled plastics in new cars will amount to 25%, and by 2030 - 30% [4]. Hence, it is
important to work on the improvement and development of new technologies for recycling
polymers waste [1,2,4, 7, 8]. From a production point of view, this waste should be treated
as a valuable secondary material that can be recycled into the production of car parts
(bumper, airbag, carpeting, radiator grills, headlight, etc.).

The basic activities in the preparation of polymer waste for recycling include processes of
segregation and separation. In the case of cars, the problem is mainly the presence of a
large variety of plastics that require separation [9]. Main plastic materials used in cars
include polypropylene (PP), polyurethane (PU), polyamide (PA), polycarbonate (PC),
polyvinylchloride (PVC), polyformaldehyde (POM), acrylonitrile—butadiene—styrene
(ABS), poly(methyl methacrylate)-PMMA), thermoset composites, thermoplastic polyester
poly(butylene terephthalate)— (PBT) and poly(ethylene terephthalate)— (PET)[10]. In the
form of mixed form they are often immiscible blends, preventing further plastics
processing, therefore it is necessary to perform their separation into different fractions
material.

The process of sorting plastics consists in separating the multicomponent system (mixture)
into fractions that differ in physical properties, i.e. geometric particle size, density (cyclone
separator, sink-flotation), magnetic (magnetic separator) and electrical properties
(electrostatic separator), wettability [4, 11, 12]. One of the problematic processes of modern
waste management is the economically and technologically ineffective separation of
plastics. The problem is even greater when it comes to mixed plastics

The sorting of plastics must be characterized by high efficiency and purity of the obtained
raw material, and the choice of the method of separating mixed plastic waste depends on
the particle size, the form in which the waste occurs, and its source, the degree of
contamination, etc. In order to improve the separation efficiency of waste plastics to be
used with modern and fast instrumental techniques based on electrostatic methods.

1.1 Electrostatic plastic waste separation

Electrostatic separation is efficient method to separate not only plastics or metals (e.g.
cables and electric wires, electronic equipment, household appliances, cars), but also
organic materials such as wheat, grain, flour, roughage, protein, oilseeds, legumes and has
been used on a large scale for over 60 years [13-21]. Currently, scientists in many research
centers are working intensively on the development of modern electrostatic separation
systems - separators - aiming their efforts to increase the effectiveness of the separation
process. The design and principle of operation of the electrostatic separator (ES) depend on
the type and physical properties of the input material being separated. Analyzing the
scientific literature resources as well as patent descriptions, it can be concluded that there is
alarge number of different designs and methods of operation of electrostatic separators
[18], [21-25]. In general, in terms of the principle of operation two major types of ES can
be distinguished: (a) separators in which the difference of charge decay of the materials is
utilized to perform separation and (b) separators utilising triboelectric phenomena. Despite
these differences, several same components of ES can be distinguished, such as a charging
device for electrifying the sorted material, a feeder, electrodes, and a high voltage system.

Electrostatic separation uses the forces of an electric field exerted on electrified particles
(i.e. plastic granulates). Two major methods of electrifying particles such as mechanical
triboelectrification and corona charging can be distinguished. The most common subject of
scientific and industrial research related to plastics is mechanical triboelectrization in gas
solid fluidized beds. In industrial applications is mechanical triboelectrization, i.e.
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accumulation of electrostatic charge on its surface as a result of its friction with another
material is the most common method to charge the plastic particles. [18-20, 26]. Despite
many experimental and theoretical research of this process, due to its complexity in the
atom scale, the phenomena of triboelectrization of plastics is still not fully recognized.

An alternative way for electrification particles is charging through corona discharge. The
high voltage applied to the corona electrode causes ionization of the air in its vicinity.
Plastic particles in the area of ionization are charged [27-34]. Charging can occur directly
on the drum or belt. Then, charged particles are transported on the rotating part of the
separator. On the drum, particles with good conductivity (conductors or materials with a
short charge decay time) lose the acquired charge and are "thrown" from the drum surface
by centrifugal force, additionally, deflection electrodes are used, causing a deflection of the
trajectory of the ejected particles. Materials with poor conductivity and long charge decay
time, retain the obtained charge and are mechanically ejected from the drum surface
(by additional brushes or as a result of centrifugal force and gravity). Corona discharge
electrification is successfully used in the separation of waste plastic mixtures containing
contamination with metal particles [35, 36].

In electrostatic separation processes, regardless of the way they are carried out, and in
separators, regardless of the differences in their design, the forces acting on charged particle
can be described by equation (1) [34]:

F,= 2nr381%|7E2 +qE 1)

where: F, is the electric force [N], r is the radius of the particle, &;is the relative permittivity
of the particle, ¢ is the relative permittivity of the medium, Eis the electric field intensity
[V-m™], g is the electric charge of the particle [C].

In equation (1), the first component determines the force of diaphoresis appearing only in
inhomogeneous fields, and its use for separation purposes is difficult, as it requires high
gradients of an electric field, which creates technical difficulties [34]. The second
component of this equation determines the force of electrophoresis acting on the electrified
particle. Most of the separators used in laboratories and in the industry are based on the
phenomenon of electrophoresis.

The designs of separators presented in the literature can be divided into two groups: free-
fall separators (Fig. la, 1b) and separators with a rotating electrode (Fig.2, 3). Free-fall
triboelectrostatic separators are characterized by the fact that the particles of electrified
material fall freely in the electrostatic field of the separation system. The most common
structure of a free separator is a separator consisting of two parallel positive and negative
electrodes (Parallel Plate). Material input is charged in additional device or chamber where
triboelectric charging occurs.
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Fig. 1. Typical configuration of a free-fall triboelectrostatic separator a) parallel plate and b) skew
plate.

The separation of tribocharged mixtures is carried out in an electrostatic field between two
electrodes, e.g. a high voltage electrode and a grounded electrode. The particle carrying the
charge g placed in this field of electric intensity E is affected by the force F, which
according to electric field intensity definition can be determined as E = F/q [28].
Triboelectrification in a fluidized bed is a type of mechanical triboelectrification, where the
friction takes place in a fluidized bed and in the air stream flowing through it [32, 37].
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Fig. 2. Typical configuration of a high tension roll separator.

Two common types of rotating electrode separators are drum (roller) or belt separator. They
are the most common designs that can be found studied in the literature [19, 21, 22, 25, 38].

Particle charging mechanisms are mainly based on the corona discharge effect, however
these separators can be also fed with tribocharged material.
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Fig. 3. Typical configuration of a high tension belt separator.

2 Concept and Design of the test stand

The effectiveness of the separation process depends on many factors. Based on literature
studies and theoretical background it can be stated that impact on the effectiveness of this
process has among others, location of the electrodes, voltage value, drum and feeder speeds
as well as parameters influencing the tribocharging process like the humidity of material,
temperature, air pressure, etc.[28, 34, 35]. In general, the availability of the advanced
numerical methods of computer simulation of electrostatic field distribution, for instance
finite element method, FEM, allowing to formulate and solve models of phenomena
occurring in the separator should lead to omitting necessity of building the prototypes and
carrying out expensive experimental research. Nevertheless, still the biggest problem
related to the simulation of the electrostatic separation is the issue of identification of model
parameters. In practice, the input material for the separation has a form of granules of
different shapes and sizes affecting the balance of the forces. Moreover, electric properties
of the granules like charge decay, surface resistivity as well as electric permeability often
are not known in advance and may vary even for the materials of the same type due to
imposition in their production process ingredients modifying their electric properties. Out
of the discussed above reasons the research on the electrostatic separation process is often
supported by experimental studies. Often the set of separation process parameters of a
given pair of materials are identified initially on the basis of the simulation studies and next
verified and optimized on the test stand by experimental testing the influence of particular
parameters. The experimental research on the effectiveness of the electrostatic separation
process can be seen in the perspective of the typical optimization process in which the
values of design parameters (voltage,electrode location, etc.) are sought to maximize the
goal function (quality and throughput of separator). There are many effective optimization
methods that could be applied in solving such problems. Nevertheless, even applying
modern nature inspired optimization algorithms, like a bat or grey wolf algorithms, taking
into account a high number of degrees of freedom - design variables number of goal
function evaluations (tests performed on the stand) is very high. Out of the discussed
reasons, the development of dedicated and automated test stand allowing to perform a high
number of material separation tests for different process parameters is necessary.

The paper presents an innovative design of a test stand developed by the authors for the
research on plastics waste electrostatic separation. The proposed system is equipped with an
own developed computer vision system for analyzing the impact of process parameters
(electrode position, polarity and voltage control, variable speed of the feeder and drum, as
well as triboelectrification parameters) on the separation efficiency of plastics. The
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application of the vision system enables fast assessment of the quality of the separation.
The overall concept of the proposed system is shown in Fig. 4.
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Fig. 4. Side and isometric view of the designed ES system: 1 - material feeder, 2 - aluminum frame,
3 - belt transporter, 4 - rotating drum, 5 - corona electrode, 6 - deflection electrode, 7 - material
collectors, 8 - electrical cabinet

The applied CAD methods allow us to predict the shape of every part and any dimensions
of the ES. The backbone frame of the construction is based on prefabricated aluminium
profiles and it is assembled as one structure (2). Due to the application of prefabricated
aluminium profiles any connections changes and corrections, if needed, can be made
quickly. Main parts of the ES were designed in a modular way. Fedder (1) can be easily
adapted as a free fall hopper, a vibration fedder device, or as a tribocharging bed. The
amount of material fed from the hopper is adjustable. The next main part of the system is a
belt conveyor (3), where input material is transported from the fedder to the rotating drum.
The belt is driven by a servo motor with additional mechanical transmission. The
application of advanced industrial servo drive allows precise control of the linear speed of
the belt, which can be changed in an easy way.

The principle of operation of the separator is based on a rotating drum (4) which is on the
ground potential. The drum rotation is forced by the servo motor connected directly to the
shaft through the elastic clutch. The fedder as well as the drum servo motors are driven by
the separate inverters controlled by a Siemens PLC. The proposed ES test rig is equipped
with two high voltage electrodes: corona and deflection. Corona electrode (5) is mounted
on two linear actuators that give the possibility of positioning the whole stage in relation to
the drum in the X and Y axes coplanar to the drum base. Linear actuators with stepper
motors can hold the specific setpoint of the electrode position during the separation process.
The deflection electrode (6) is mounted on a movable and adjustable holder. The position
and rotation of this part can be changed manually.

Container collectors (7) for separated material are located under the drum, inside of the
frame. To facilitate the emptying of the container, they were attached to a linear cart. The
container has been divided into equal chambers. After each separation process, the whole
cart can be pulled out, so the result of the experiment can be easily analyzed by the
developed vision system and the research can be repeated. Next to the material collectors,
the electrical cabinet (8) is mounted. Whole electrical equipment of the ES such asPLC,
inverters, stepper motor drivers, and high voltage power supply is placed inside. Due to the
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high voltages in the range of 5 to 60 kV the cabinet and frame are isolated from the power
supply. The high voltage applied to the electrodes has been provided through a special
highly insulated wires.

In order to assess the potential risk of damage of the control equipment (servo drives as
well as the electrode positioning system) by the presence of the high voltage the numerical
model of the electric field in the designed ES has been elaborated in the Ansys Maxwell
environment. Application of the Finite Element Method (FEM) allows determining the
electric field distribution in the studied separator and has been used to define the insulation
system of the designed ES. The exemplary electric field lines distribution for electrode
voltage equal to 20kV has been shown in Fig. 5.

Fig. 5. Distributions of the electric field excited by the corona and deflection electrodes at 20kV.

3 Conclusions and Future Work

The paper presents and discusses an innovative design of an automated test
stand developed by the authors for the research on plastics waste electrostatic separation.
The design of the proposed system has been based on literature studies as well as carried
out numerical simulations employing FEM. In order to provide the ability of effective
testing of the impact of a high number of parameters of electrostatic separation process
(electrode position, polarity, and voltage control, speed of the feeder and drum, as well as
triboelectrification and/or corona electrification parameters) the designed test stand has
been equipped with own developed computer vision system for analyzing the impact of
process parameters on the separation efficiency of mixed plastics waste. The application of
the vision system enables a fast assessment of the quality of the separation.

Currently the developed test stand has been built and commissioned, the preliminary tests
of separation process performed on poly(methyl methacrylate) -PMMA and polystyrene
(PS) mixture confirms high research potential of the developed ES test stand. The results
presented in this article are the beginning of the research focused on the development of
separation techniques difficult to separate mixtures of polymer and the results will be the
scope of the further scientific publications of authors.
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