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Abstract -- Several tribocharging devices are commonly used for 

charging insulating particles in order to separate granular 

plastic mixtures using vertical triboelectric separator. However, 

there is no comparative analyze of these devices when 

tribocharging is achieved in the same climatic conditions and 

using identical samples of insulating particles. The objective of 

this paper is to carry out an experimental study that compares 

several tribocharging devices build-up in the laboratory, which 

are: rotating cylinder, tribo-cyclone, static tribocharger, 

propeller-type and the fluidized bed. The study was performed 

using two granular samples of PVC and PEHD, having two 

different particle sizes of 1 mm and 2 mm. Experimental results 

showed that when tribo-charging pure samples of either PVC or 

PEHD tribo-cyclone is the most efficient. However, when mixed 

samples are processed the fluidized bed device gives best results 

of electric charge and separation efficiency. 

 

Index Terms-- Tribocharging device, triboelectric separator, 

triboelectric charge. 

 

I.   INTRODUCTION 

Whenever two materials of different nature are subjected to 

either a simple contact or a friction test, electrical charges are 

generated and exchanged between them. This phenomenon 

has been known as the triboelectricity [1-4]. Triboelectricity 

is attributed to the electron transfer from one body to another 

[5-8]. However, in some specific cases (especially involving 

polymers), it’s shown that the triboelectric charge created on 

the surfaces of particles may be the result of a ions transfer 

[9] or mass transfer [10]. In some systems, the three 

mechanisms of charge transfer can occur simultaneously [7]. 

The electrostatic separation methods such as corona 

discharge and electrostatic induction can separate mixtures of 

metals/insulators, whereas the triboelectrostatic method is 

specific for separating various mixtures of insulator/insulator 

particles [11-13]. Industrial applications of triboelectrostatic 

separation are numerous. The most important are the 

treatment of ash from coal power plants [14-17] and 

separation of granular plastic mixtures in the recycling [18-

19].  

In triboelectrostatic separation, the charged particles 

separate through an electric field by the particle–particle and 

particle–surface charging mechanisms. The charging method 

and charge density (nC/g) of the plastics have been reported 

by various researches. Many studies have been performed to 

analyze performance of triboelectric separators for sorting 

different types of insulating particles. There are currently 

several methods of triboelectric charging using rotating tubes 

[20-22], fluidized beds [23-28], a vibrating feeder [29-30], 

tribo-cyclones [31-32], fans [33-34], static charger, a 

honeycomb and a spiral tube charger. Many studies have 

been published on the subject. The objective of this paper is 

to perform a comparative experimental study of five 

tribocharging devices that are rotating cylinder, tribo-cyclone, 

static tribo-charger, propeller-type and the fluidized bed. 

 

II.   MATERIAL AND METHODS 

The five tribocharging devices which are subject to a 

comparative study are described below: 

a) Tribo-cyclone: a facility used for dust control in 

workshops has been modified to be used as triboelectric 

charging device (Figure 1). The particles to be tribo-charged 

are "blown" by the fan inside the cyclone, the inner wall 

being covered by a PVC layer, where they undergo 

continuous rubbing against the inner wall. In this case, the 

charge acquisition occurs upon contact of particles with the 

wall. 

b) Fluidized bed: this process is the one most commonly 

used for the acquisition of triboelectric charge. The mixture 

of particles which is deposited on a sieve support is then 

brought into agitation by blowing air using a fan (Figure 2). 

The particles which are thus set in agitation in a fluidized bed 

acquire electrical charges of opposite signs due to collisions 

between them. In this case there is little charge acquired by 

collisions with the wall of the device. 

c) Static Charger: plastic particles fall in vertical drop and 

slide into this device by gravity along the sloping Plexiglas 

walls, each one being inclined with an angle of 60° (Figure 

3). The acquisition charge occurs as a result of "friction 

contact" between the granules and the walls. 

d) Rotating tube: the particles of the granular mixture are 

introduced into an inclined PVC rotating tube, of 100 cm 

length and 10 cm in diameter, where they undergo many 



  

collisions of particle-particle and particle-wall types (figure 

4). At the exit of the rotating tube, the granules of the mixed 

product acquire electric charges of opposite signs.  

e) Propeller-type: The device consisted in a cylindrical 

chamber (diameter: 100 mm; length: 350 mm), made of 

Polyvinyl Chloride (PVC) (figure 5). At its lower end, the 

chamber is provided with a coaxial propeller, driven by a DC 

electric motor. This device entrains the granular materials 

into a helical motion that is expected to favor their 

triboelectric charging by granule-to-propeller, granule-to-

cylinder wall, and granule-to-granule collisions. The sign and 

the magnitude of the charge of each granule are determined 

by the combined action of these three physical mechanisms. 

  

The experimental study was performed using PVC and 

HDPE samples of two different average particle size (1 and 2 

mm )  as shown in figure 6.  

In a first set of experiments, the estimation of the charge 
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was carried out using pure samples containing 100 % PVC or 

100% HDPE. The electric charge was measured using a 

sensitive electrometer (Keithley 6514) and a Faraday pail. 

The results were expressed in terms of the charge/mass ratio 

(nC/g). 

The second set of experiments was performed with the 

free-fall separator,  using mixed samples comprising 50 % of 

PVC and 50% of HDPE particles, for an applied voltage of 

±35 kV. A schematic representation of the process in shown 

in figure7; the vertical plate electrodes (110 x 40 cm) were 

connected to two DC high voltage power supplies of opposite 

polarities (ISEG, 60 kV, 6 mA). After each separation 

experiment, triboelectric charge and separation efficiency 

were estimated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Schematic representation of the tribo-cyclone tribocharger 

 

Fig. 2. Schematic representation of the fluidized bed  

Fig. 3. Schematic representation of the static tribocharger  
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Fig. 4. Schematic representation of the rotating tube tribocharger  

Fig. 5. Schematic representation of the propeller-type device  
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III.   RESULTS AND DISCUSSION 

A.   Ttriboelectric charge of pure samples 

The results of the tribocharging experiments of pure PVC 

samples (granule size: 1 mm) are shown in figure 8. The 

charge/mass ratio decreases with the mass before stabilizing 

at a certain amount. 

These experimental data show that the tribo-cyclone and 

the propeller are the two most effective charging devices, the 

charge/mass ratio attaining more than 7 nC/g for the former 

and getting close to 6 nC/g for the latter. The explanation is 

simple: the rubbing of the granules with the inside wall of the 

cyclone and the propeller is more energetic than in the other 

devices. 

 
 

 

 

 

B.   Triboelectric charge of mixed samples    

The results of triboelectric charging of mixed samples are 

shown in figures 9 and 10. In all experiments, PVC granules 

acquire negative charge while HDPE granules acquire 

positive charge. There is no significant difference between 

the charge levels acquired by particles of average sizes 1 or 2 

mm. 

In spite that tribo-cyclone is the most efficient for 

charging particles of pure products, when charging mixed 

samples small amounts of electric charge were obtained. The 

dominant particle-wall type collisions occurring in the 

cyclone device charge similarly the two constituents of the 

mixture. In the fluidized bed device, the particle-to-particle 

collisions are largely predominant and give opposite charges 

to the granules. In the case of rotating tube and propeller 

systems both types of collisions occur, making the acquisition 

of charge less efficient but significantly better than the static 

charger and cyclone devices.  
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Fig. 6. Shape and size of PVC and HDPE particles  
Fig. 8. Charge/mass of pure PVC particles using the different 

tribocharging devices  
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Fig. 7. Descriptive schematic of the free fall triboelectric separator  



  

 

 

 

 

 

 
 

 

 

 

Obtained results of separation efficiency using a sample of 

50% PVC and 50% HDPE particles, of granulometric size 1 

mm, are represented in figure 11. The purity (Pur in %) is 

computed as the ratio between the mass of HDPE (or PVC) in 

its compartment on the total mass (HDPE + PVC) recovered 

in the same compartment. The recovery (Rec in %) is 

computed as the ratio between the recovered mass of HDPE 

(or PVC) in its compartment on the total mass of HDPE (or 

PVC) introduced in the separator. 

It follows from above results that the tribo-cyclone device, 

whose inner wall has been covered with a PVC layer, is not 

recommended to use for tribo-electrostatic separation. One 

possibility would be to cover the inner wall with a material 

that is situated in the triboelectric series between the two 

plastics to be separated. The same comments are valid for the 

static tribocharger, for which also there are no collisions of 

particle-to-particle type, but separation efficiency is better 

than the tribo-cyclone because the walls are in Plexiglas. 

Indeed, the static charger was first build-up with PVC walls, 

results obtained with it were worse than those obtained with 

the tribo-cyclone. By comparing the three other devices, we 

note that the separation efficiency is substantially identical 

and imuch better compared with the previous two. However, 

the fluidized bed device is slightly more efficient compared 

to the propeller and rotating tube tribochargers. 

IV.   CONCLUSION 

Triboelectrostatic separation is considered as an effective 

way for sorting different plastics in the recycling industry. 

The comparative study of five tribocharging devices shows 

that, for the granules of particle sizes comprised in the range 

of 1 to 2 mm (the sizes obtained after crushing of the plastic 

to be recycled): 

a) The charge acquisition of granular mixtures for the 

triboelectrostatic separation is mainly a result of contacts 

between particles. 

b) The tribo-cyclone device is more efficient in the case of 

pure granular products comprising a single type of material, 

due to energetic friction of the granules with the inner wall. 

Nevertheless, this system is much less effective for charging 

granular mixtures for triboelectric separation. The same is for 

the static charger. 

c) Among the studied devices, the fluidized bed is the most 

effective for tribocharging mixtures of particles. The 

contribution of triboelectric charging by contact between 

particles is prevaling. 

d) Devices using a rotary tube or a propeller are also effective 

for the charging of particle mixtures. 
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