
��������	�
����������	���������	���	�
��	������	��	�����
���	�
����	

Buletinul AGIR nr. 1/2012 � ianuarie-martie �

  

  

 

COMBINED ELECTROSTATIC SEPARATION AND CLASSC METHODS OF RECYCLING 

PLASTICS FROM END-OF-LIFE VEHICLES 

 

 

 

 
Authors: Ec. Eng. Robert T. Toth, Ph.D Candidate

1
, Ec. Eng. Viorica Saplon�ai Ph.D Candidate

1
, Eng. Daniel 

Dobrean Ph.D Candidate
1
, Monica Saplon�ai Ph.D Candidate

1
, Eng C�lin Ple�a Ph.D Candidate

1
, Eng M�rioara 

Moldovan, Ph.D
2
, Prof.Eng. Roman Morar, Ph.D

1 

 
1 
Technical University of Cluj-Napoca, Cluj-Napoca, România

 

2 
University Babes Bolyai - “Raluca Ripan” Chemistry Research Institute, Cluj-Napoca, România 

 

��������	��������	��������	��������	
�������	������ !	����" � �"�	����� !��"#�	$�	"�%#�� #�	��&��� #���	"�	'� #$�"�	�#'%��� �	$�	����������	(�����"���)	
�������	������ !	����" � �"�	����� !��"#�	$�	"�%#�� #�	��&��� #���	"�	'� #$�"�	�#'%��� �	$�	����������	(�����"���)	
�������	������ !	����" � �"�	����� !��"#�	$�	"�%#�� #�	��&��� #���	"�	'� #$�"�	�#'%��� �	$�	����������	(�����"���)	
�������	������ !	����" � �"�	����� !��"#�	$�	"�%#�� #�	��&��� #���	"�	'� #$�"�	�#'%��� �	$�	����������	(�����"���)	
�	'� ����"�"#�	�"�* ���	��#+��� �	$��	+�,���"�	*�#�*�	$��	��(-�)��	'� ����"�"#�	�"�* ���	��#+��� �	$��	+�,���"�	*�#�*�	$��	��(-�)��	'� ����"�"#�	�"�* ���	��#+��� �	$��	+�,���"�	*�#�*�	$��	��(-�)��	'� ����"�"#�	�"�* ���	��#+��� �	$��	+�,���"�	*�#�*�	$��	��(-�)�				
.�	�#'�#���.�	�#'�#���.�	�#'�#���.�	�#'�#�����	�	�	�	+�,���"�"#�	�� �!	��	��'!�	'���	$�	'� ���+�,���"�"#�	�� �!	��	��'!�	'���	$�	'� ���+�,���"�"#�	�� �!	��	��'!�	'���	$�	'� ���+�,���"�"#�	�� �!	��	��'!�	'���	$�	'� ����"�	�#"�'�����		�	��&�"�	�#"�'�����		�	��&�"�	�#"�'�����		�	��&�"�	�#"�'�����		�	��&��� #�	"�	�����"����	���* #��		���� #�	"�	�����"����	���* #��		���� #�	"�	�����"����	���* #��		���� #�	"�	�����"����	���* #��		�#�'�"�	#�'�"�	#�'�"�	#�'�"�	�'��*�	�'��*�	�'��*�	�'��*�	
��	 �"��	 '��	 �"��	 '��	 �"��	 '��	 �"��	 '#�$��"/	  ���*��*�	 ����	 ��	 012340221	 ���#'��$�	 � ��5����	 ��##�$��"/	  ���*��*�	 ����	 ��	 012340221	 ���#'��$�	 � ��5����	 ��##�$��"/	  ���*��*�	 ����	 ��	 012340221	 ���#'��$�	 � ��5����	 ��##�$��"/	  ���*��*�	 ����	 ��	 012340221	 ���#'��$�	 � ��5����	 ��#��� �6�"��	 	 $�	 789	 $��	 '�*���� �6�"��	 	 $�	 789	 $��	 '�*���� �6�"��	 	 $�	 789	 $��	 '�*���� �6�"��	 	 $�	 789	 $��	 '�*�				  # �"�	 �	 # �"�	 �	 # �"�	 �	 # �"�	 �	
�� #+�,���"�"#���� #+�,���"�"#���� #+�,���"�"#���� #+�,���"�"#��				
				
��+�� �	�,���:��+�� �	�,���:��+�� �	�,���:��+�� �	�,���:				����������	
����
�
�����������	
��	�	����
�	������������	
����
�
�����������	
��	�	����
�	������������	
����
�
�����������	
��	�	����
�	������������	
����
�
�����������	
��	�	����
�	�����������������������������������������������				
				
��������	��������	��������	��������	�,�	�����	���*�� *	 ,�	��*�" *	�,�	�����	���*�� *	 ,�	��*�" *	�,�	�����	���*�� *	 ,�	��*�" *	�,�	�����	���*�� *	 ,�	��*�" *	#&	"�%#�� #�;	��*����,	#�	 ,�	�#'%���$	'� ,#$*	#&	���#+��;	(���;�"��5)	�"�* ��*	#&	"�%#�� #�;	��*����,	#�	 ,�	�#'%���$	'� ,#$*	#&	���#+��;	(���;�"��5)	�"�* ��*	#&	"�%#�� #�;	��*����,	#�	 ,�	�#'%���$	'� ,#$*	#&	���#+��;	(���;�"��5)	�"�* ��*	#&	"�%#�� #�;	��*����,	#�	 ,�	�#'%���$	'� ,#$*	#&	���#+��;	(���;�"��5)	�"�* ��*	
&�#'	*������$	+�,��"�*�&�#'	*������$	+�,��"�*�&�#'	*������$	+�,��"�*�&�#'	*������$	+�,��"�*�				�,�	+�,��"�*	'� ����"	�#'�#*� �#�	�#� ���*	�,�	+�,��"�*	'� ����"	�#'�#*� �#�	�#� ���*	�,�	+�,��"�*	'� ����"	�#'�#*� �#�	�#� ���*	�,�	+�,��"�*	'� ����"	�#'�#*� �#�	�#� ���*	�	"��5�	��'%��	#&	�#";'�����	"��5�	��'%��	#&	�#";'�����	"��5�	��'%��	#&	�#";'�����	"��5�	��'%��	#&	�#";'��������				
				��5��$��5	 ,���	���;�"��5/	��5��$��5	 ,���	���;�"��5/	��5��$��5	 ,���	���;�"��5/	��5��$��5	 ,���	���;�"��5/	 ,� ,� ,� ,�				5"#%�"";	�* �%"�*,�$	* ��$��$*5"#%�"";	�* �%"�*,�$	* ��$��$*5"#%�"";	�* �%"�*,�$	* ��$��$*5"#%�"";	�* �%"�*,�$	* ��$��$*/	 ���*�#*�$	%;	 ,�	012340221	�#+���'�� /	 ���*�#*�$	%;	 ,�	012340221	�#+���'�� /	 ���*�#*�$	%;	 ,�	012340221	�#+���'�� /	 ���*�#*�$	%;	 ,�	012340221	�#+���'�� 				����*�#�/	�$+�*�*	����*�#�/	�$+�*�*	����*�#�/	�$+�*�*	����*�#�/	�$+�*�*	
 #	����,	 #	����,	 #	����,	 #	����,	789	#&	 ,�	 # �"	<��5, 	#&	 ,�	+�,��"�789	#&	 ,�	 # �"	<��5, 	#&	 ,�	+�,��"�789	#&	 ,�	 # �"	<��5, 	#&	 ,�	+�,��"�789	#&	 ,�	 # �"	<��5, 	#&	 ,�	+�,��"�****				
				
=�;<#�$*=�;<#�$*=�;<#�$*=�;<#�$*:	-�-�-�-�/	/	/	/	�"�� �#*���� �#��"�� �#*���� �#��"�� �#*���� �#��"�� �#*���� �#�/	�"�� �#* � ��	&��"$/	/	�"�� �#* � ��	&��"$/	/	�"�� �#* � ��	&��"$/	/	�"�� �#* � ��	&��"$/	��+��#�'�� 	��# �� �#���+��#�'�� 	��# �� �#���+��#�'�� 	��# �� �#���+��#�'�� 	��# �� �#�				

 

��	������������	

The vehicles are part of our personal lives but also part 

of providing services that assure our daily comfort and 

economic prosperity. 

Progress made in manufacturing vehicles is extremely 

rapid, and at the same time the increase of consumers, 

the need for comfort and safety and also the frequent 

replacement of vehicles determine a significant issue 

worldwide: the dramatic increase of waste from end-of-

life vehicles (ELV). 

Annually millions of tons of ELV waste affects directly 

all the population’s health and the quality of the 

environment worldwide. Presently are manufactures 

over 50 million vehicles as follows: 15 million in USA, 

10 million in Europe, 15 million in Japan, and around 

10 million in other countries. 

In Europe, 5 million vehicles are retired from service. If 

for a vehicle we need at least one ton of materials, it 

means that over 50 million tons of resources are used 

for manufacturing these vehicles. In the case of 200 

years of production, it means that at least 10 billion tons 

of materials are consumed, without mentioning the fuel. 

This consumption cannot be sustained as the safety 

supplies of oil will last around 45 years, the iron 

supplies 120 years, copper 30 years, lead 21 years. In 

2000, the European Directive 2000/53/CE has been 

issued and transposed in our country by the 

Government Decision 2406/2004 regarding the 

management of vehicles and end-of-life vehicles, with 

its subsequent amendments (GD 1313/2066, GD 

163/2009). The European Directive regulates waste 

prevention from ELV, reuse, recycling and other forms 

of reusing their components, by reducing the quantities 

of waste disposal. 

 

II. IDENTIFICATION OF COMPOUNDS IN THE ELV 

GRANULATED MIXTURE BY IR SPECTROSCOPY AND X-

RAY DIFFRACTION  

 

In this stage of research, we analyzed the 

granulated mixture of plastic materials resulted after 

ELV grinding, that is the subject of electrostatic 

separation in order to identify the existing compounds 

by spectroscopy and X-ray diffraction.   

The analysis of IR spectrum from Figure 1 

indicates that the most important components are 

polymethyl methacrylate(PMMA-) and, polypropylene 

(PP) with polyethylene(PE) in small amounts. A typical 

sample of granulated plastics mixture contains the 

polymers mentioned above and also polyvinyl chloride 

(PVC) and other impurities 
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The absorption bands registered in Figure 2.1 can be 

identified for PMMA, PE and PP. The band at 1735 cm
-

1 
corresponds to C=O bond valence vibration, and the 

band at 1245_ cm
-1 

corresponds to C-O-C acetate 

asymmetric valence vibration. PMMA has the band at 

1245cm
-1 

together with the band at 836 cm
-1  
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Figure 1 IR spectrum of ELV plastic sample 

The band at 716 cm
-1 

together with the CH2 bands 

- described here above, can be assigned to  

Polyethylene,.  

The band at 1163 cm
-1 

together with the CH2 bands – 

are assigned to the polypropylene. 

Determining the concentration of each polymer 

in a sample becomes an important issue, because each 

polymer can react quite differently under pressure and 

high temperature. 

The X-ray structural analysis(Figure 2) indicates 

that this sample of granulated plastic mixture contains 

first of all polymethyl methacrylate (PMMA), high-

density polyethylene (HDPE), and polypropylene(PP) –

Figure 2 
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Figure 2 X-Ray Spectrum for ELV  granulated plastic 

mixture 

For a correct interpretation, the spectra will be 

compared to those registered for each separate 

component or for pure commercial polymers.  

Table 1 presents the main plastic materials 

that are used at the present for an average vehicle. 

Polymeric composition and shape of these materials 

differs from one manufacturer to, being subject to 

change according to needs and comfort.  

Table 1 Plastic materials found in the structure of an 

average vehicle 

Plastic materials 

Weight 

(kg) 

% Weight 

percent in 

cars 

ABS(Acrylonitrile 

Butadiene Styrene) 9.7 0.006 

ABS - PC 2.8 0.002 

Acetate 4.7 0.003 

Acrylic resins  2.5 0.002 

ASA(Acrylonitrile 

 Styrene Acrilate)  0.18 <0,1% 

Epoxy resin 0.77 0.001 

PA 6(Polyamide 6) 1.7 0.001 

PA 6 - PC 0.45 <0,1% 

PBT(Polybutylene) 0.37 <0,1% 

PC(Polycarbonate) 3.8 0.002 

PE(Polyethylene) 6.2 0.004 

PET(Polyethylene 

terephthalate) 2.2 0.1 

Phenolic resins 1.1 0.001 

Polystyrene resins 11 0.007 

PP(Polypropylene) 25 0.016 

PP foam 1.7 0.001 

Pp blended with EPDM 0.1 <0,1% 

PRO - PC blend 0.025 <0,1% 

PS(Polystyrene) 0.007 <0,1% 

PUR (Polyurethane 

rubber) 35 0.023 

PVC 20 0.013 

HDPE 0.31 <0,1% 

 

III. STAGES OF PROCESSING AND 

RECYCLING OF ELV’S 

 
The processing flux of end-of-life vehicles 

includes the following stages: de-pollution, dismantling 

(materials recovery for recycling and reuse), chopping 

(use of ferrous and non- ferrous metals), post-shredder 

separation of non-metals flows. Selective dismantling 

of certain materials and car components has also 

become important, due to the fact that their mechanic 

and electrostatic separation depends mostly on the 

method of primary selection of the ELV components. 
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Figure 3 presents installations of primary processing of 

ELV 

 

 

 

 

 

 

 

Figure 3 Installations of primary processing for ELV 

         Current situation in the recycling of plastics 
At the moment, different methods of separation 

and recovery of plastics are used, generally based on 

mechanical technologies as follows: 

Pneumatic separation is used in the recovery of 

plastics that have similar dimensions-but different 

densities. The granulated mixture, after grinding is put 

in a cyclone, and by the use of air flow the separation 

takes place- depending on the particles’ weight.  

 

Densimetric selection is a method based on 

specific equivalence of similar materials in an 

ascending air stream. This process is also called 

ranking. 

Eddy current separation is based on eddy-

currents induced in conductive particles. The interaction 

between these currents and a magnetic field generates 

the separation of particles in the granulated mixture.  

 

 

 

 

                              Figure 4, Installation and  technological  principle of sink-float in fluid 

 
 

IV.  LABORATORY RESEARCH 

 

During the laboratory experiments, was used a 

granulated mixture that resulted from the technological 

process of recovery of ELV polymeric materials. 

The granulated mixture has been taken out from 

the sink-float tanks, precisely the part that has a higher  

density than water. Afterwards then the mixture has 

been subject to a drying process. The research has been  

conducted on samples of mixture of 200 g each 
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containing polypropylene, rubber, cardboard and also 

metallic impurities as per structural diagrams (Figures 1 

and 2). The samples have been processed on the ILES -

1 laboratory installation (figure 5 a), at the High  

Intensity Electric Fields Labortory of the Technical 

University of Cluj-Napoca. 

 
Fig. 5 Mixture subject to separation depending on density (a) Mixture with density > higher than H2O (b) Mixture 

with density <  lower than H2O(c) 

The installation was equipped with a cylindrical  

stainless steel electrode of 150 mm diameter, dual 

active corona electrode wire, and an elliptical 

electrostatic electrode. 

The two active electrodes were connected to a 

DC adjustable high voltage power source of.  In this 

configuration of the corona electrostatic separator, the 

granulated mixture is fed  with a certain rate on the 

surface of the metallic cylinder connected to earth. 

Between the cylindrical electrode and the electrodes 

connected to a high voltage electric field occurs the 

corona discharge.  

 

 

 

The   NC(non conductive); Fr.I M(mixt); Fr. II C(conductive); Fr. III technological variants and the corrected  

 

Figure 6 Corona electrostatic separator with rotating drum  
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Figure 6 Corona electrostatic separator with 

rotating drum (a); schematic representation of the 

configuration used in the corona-electrostatic tests.  

In a corona field, the conductive particles in 

contact with the grounded electrode are subject to the 

action of the electric force Fqi; the value of this force 

[2] is determined as: 

22

0

3

q

3

2
Eaq επ== EF

��
,                                    (1) 

Where: 

q - electric charge accumulated by electrostatic 

induction by the conductive particles (a) in contact 

with the rotating grounded cylinder  

a -  radius of a granulated particle (a=0,1 - 1,5)10
-4m

 

E - the electric field intensity (E=3*10
5 

– 

7*10
5
)KV/m 

The non conductive particles charge in the corona 

field through the so called ion bombardment and are  

pinned on the surface of the cylindrical electrode by 

the image force  [6] expressed by: 

( )2

2

2a

q
KFi = ;                                                  (2) 

Where: 

K - Proportionality constant 

As can be noted the conductive and non 

conductive particles behave differently in the corona 

electrostatic separator. 

The non conductive particles maintain their 

charge; and they won’t be significantly affected by 

the high voltage electrostatic electrode and they will 

be recovered on the left side of the collector[1]. The 

conductive particles transfer the charge to the 

grounded electrode and they will charge by 

electrostatic induction [4] and will be drawn by the 

high voltage connected electrode, being recovered on 

the right side of the collector. 

The elements that influence the separation process 

include the applied voltage, the configuration of the  

electrodes, the flow rate, the particles’ dimensions 

and structure, the rotation speed of the cylindrical 

electrode. [5] 

The conductive particles are subject to 

mecanical forces as well, [7] that determine the 

separation of particles on the rotate grounded 

cylinder, among which:  

Centrifuge force (Fc), this varies direct 

proportionally with the particle’s dimension and 

density, with the diameter of the cylinder electrode, 

as per formula: 

RmFc

2
Ω=                                                   (3)

	

Table 4.1 Tests on the results of separation in the electrostatic configuration  

Exp. 

Nr. 

Voltage 

U[KV] 

Rotation 

n[rpm] 

Anglei 

�1[º] 

Results of separation 

NC 

Fr. I 

1 - 3 

M 

Fr. II 

4 - 7 

C 

Fr. III 

8 - 10 

1 25 40 50 12,03 184,17 3,80 

2 30 40 50 15,25 178,05 6,70 

3 35 40 55 16,33 176,51 7,16 

4 40 40 60 16,78 176,02 7,20 

5 60 40 65 16,80 175,37 7,83 

 

On this configuration we used  200g of  

granulated sample of 2 – 2,5mm, obtaining the 

following fractions : 

- 16,78 g cardboard, other insulate particles; 

(NC; Fr.I) 

- 176,02 g polypropylene – mix fraction (M; 

Fr. II) 

- 7,20 g rubber – conductive fraction (C; Fr. 

III) 

As a result of electrostatic separation, the 

granulate components follow different paths. The 

materials with non conductive properties (NC; Fr.I) 

such as cardboard and other impurities stick to the 

rotating cylinder until they are led to the neutralizing 

zone where an  electrode, connected to a alternative 

HV supply detaches same of the granules, other being 

wiped afterwards by a brush. 
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Mixed fractions contains polypropylene with a 

purity ranging between 94%-98%, depending on the 

impurities on the granules following the grinding 

process, having irregular shapes. Conductive fraction 

contains(C; Fr. III) rubber components, traces of 

polyurethane left in the original mixture as a result of 

mechanical selection and particles of polyurethane 

that are attracted by the electrostatic electrode. 

The corona electrostatic configuration is 

effective in removing metal particles [8] contained in 

the metal powder mixture on the surface of the 

conductive particles or traces of them. If certain 

technologies are used for sample preparation 

(hammer mills that don’t affect the material 

properties by heating), followed by magnetic 

separation, the electrostatic configuration can be 

effective[3].  

Corona electrostatic configuration used in 

parallel with other technologies will be the subject of 

further team study, using materials that have higher 

densities than the liquid used for sink-float, which 

corresponds to mixtures with high content of 

conductive impurities. 

 

Conclusions: 

 

Laboratory research shows the possibility of 

separation of useful ELV components by electrostatic 

methods, using electrostatic corona configurations.  

Electrostatic corona configuration provides a 

very good cleaning of metal particles from the 

granulated mix subject to separation.  

It is considered that electrostatic separation can 

be an effective method that provides a high purity of 

the components resulting from the electro-separation 

studied during the research.  

The authors believe that quality and 

productivity can be achieved also by using the 

intense electric field separators and gravity separators 

which will be the object of further research.  
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