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Abstract 

In this paper we simulate and realize an electromagnetic separator excited with an alternating current. And, we 

will to see the factors that influence the separation. This realization is used for the separation of the 

ferromagnetic and non ferromagnetic particles. The aim of this application is to recover the particles of non 

ferrous and ferrous from mixture by attractive magnetic force with big rate of separation. Experiments’ results 

and simulation of this separator, finally the parameters of separation are optimized with prediction method is 

presented in this paper. 
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1. Introduction 

Electromagnetic separation is an effective method of recovering the mixture particles. The magnetic 

separators are widely used by various waste recyclers for valuable material extraction and in such industries to 

improve product purity. The magnetic separation of various materials depends not only on magnetic deflection 

or attraction forces but other competing forces: gravitational and the centrifugal forces [1,2]. The idea of this 

paper is the application of a variable generator of magnetic field by the variation of excitation source. The 

applicability of electromagnet to produce variable magnitude of magnetic field, used to a sort out variety of 

small metals sizes [2,3]. This must allow having an intense magnetic effect according to the variation of the 

excitation voltage in order to make better separations [9]. 

In this work we will study a modeling and simulation of magnetic propriety of a separator (ferromagnetic 

core and coils) and various small ferrous and non ferrous particles with finite element method (FEM), where 

the magnetic propriety of the separator they will be represented. 
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In the second part we will construct a prototype of variable magnetic field supplied by an adjustable power 

source for the generation so an important magnetic field, and improving the force of separation and make better 

separations of various sizes of particles with big rate of sorting. The parameters of separation are optimized 

with prediction method using Modde05 software. This technical is used because the cost of dispositive is also  

encouraged recycling of fine particles. 

2. Description of the Electromagnet Separator 

The electromagnet separator (ferromagnetic core and coils) of recycling particles is shown in Fig. 1 The 

system is composed of ferrite core with a U geometry form. The length is 7cm, width 2cm, thickness 2cm and 

the turns coil is 500 turns. The power supply voltage with potentiometer for adjusting current of coil and 

voltage excitation is generate by an electronic circuit characterized by a continuous voltage source of 30Volt, 

with a maximum current of 3 Ampere. 

 

 

Fig.1. Electromagnet Devices 

The circuit provides the necessary excitation current of the coils. There are two collectors: the closest to the 

first electromagnet which collects iron (CI fe) and the second collector farther that recovers non-ferrous 

particles (C II cu). The particle jet is at a horizontal distance of 5cm below the separator at a vertical distance of 

12cm. 

3. Numerical Model 

The electromagnetic representation of magnetic field is solved by Maxwell’s equations with boundary 

conditions. We can rewrite the Ampere’s law as 

   1

0 A v A J                                                                                                                          (1) 

This equation can be described mathematically the problem by the partial differential equation in terms of 

the magnetic vector potential [4]. 

Where, A represents the magnetic vector potential, Je the current density (A/mm2), v the velocity, μ the 

permeability of the involved media (H/m) and σ the electrical conductivity (S/m). A numerical method is used 

to calculate the magnitude of the magnetic field in the structure presented in the fig.2. The solution of these 

equations is obtained by finite element method (FEM). The FEM approaches provide a solution by minimizing 

the variation of a functional, taking into the problem description and the boundary conditions. The results 
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obtained with 2D FEM solving allow evaluating distribution of magnetic field.[11]  Fm 

4. Expression of the Magnetic Force 

The dipolar magnetic attraction force acting on a paramagnetic particle in a vacuum is given by: 


V

dVHJmF


                                                                                                                                             (2) 

mF


Magnetic force, H


 The magnetic, V  the particle volume and J


 represents the magnetic polarization 

[10] 
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With D is the demagnetization coefficient of the particles. 

The force on the dipole is then: 

 HMmF


                                                                                                                                                  (4) 

M: magnetic moment. After development the final formulation of the force is given by: 

 2

0
2

1
HVmF 


                                                                                                                                     (5) 

5. Simulation of the Model 

- Meshing the Area of Study 

Fig.2 shows the refine mesh of the study across the core area and the end of the ferrite core to have better 

accuracy than possible [5,9]. The simulation results are represented in the fig. 3 for a core configuration. 

 

 

Fig.2. Presentation of the Device in Matlab Pdetool in 2D
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Fig.3. Magnetic Vector Potential A 

Fig.3 represent the distribution of the magnetic vector potential A in the air. This map shows a high 

concentration in the core of the electromagnet, this distribution becomes small proportions moving away from 

the separator. 

5.1. Electromagnet Separator with Particles 

The presence of ferrous particles (iron) and non-ferrous (aluminum and copper) are around magnetic field 

lines resulting in a phenomenon of attraction between the induction separator and the ferrous particles. This 

attraction is owing to the nature of the iron in the presence of the magnetic field. This phenomenon can be 

explained by representing in a well-defined in the simulation results which are shown in the figure 4. 

 

     
a- fine particles                                                                              b-big particles 

Fig.4. Distribution of the Magnetic Flux Density of Far Particles 

- Particles of Various Sizes far from the Separator 

In this section we see a large distance between the particles and the separator of about 6 centimeters but we 

see clearly the field lines in the materials used in the separation. When the particles are thrown, they are far 
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from separator, but the magnetic field is exerted and causes an attractive force on ferrous particles 

(ferromagnetic) and no force on non-ferrous (copper or aluminum) particles. 

- Particles of Various Sizes near from the Separator 

In this second simulation we chose a small distance between the particles and the separator of about 2 cm to 

visualize the field lines around the selected materials. The fine particles have a diameter of 4 millimeters, and 

big particles have diameter of 2 cm, see fig 5. 

The simulation results are given in fig 5. It is clear that the ferrous particles are attracted to the magnetic 

separator and gives a good distribution of the magnetic flux with a very high density around the surface of the 

ferrous particle, which will be translated into reality with strength of big attraction [6]. 

 

      
a- fine particles                                                                             b-big particles 

Fig.5. Distribution of the Magnetic Flux Density of near Particles 

Fig 6 show big variation of magnetic induction as a function of important current of excitation near and 

voltage of the separator 

 

 

Fig.6. Variation of Magnetic Induction as a Function of Current of Excitation near and Voltage of the Separator
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a- Fine particles                                                                           b- Big particles 

Fig.7. Attractive Force near from Separator 

We can to saying when moving away from magnetic separator the induction decreases. In Fig 7, the force 

increase when the particles approach at the separator and current of excitation increase. 

6. Realization of Magnetic Separator 

In experimental work of the static separator with single core Fig8, we will vary the supply voltage and see 

the influence on the separation process of a mixture of ferrous and non-ferrous particles of 4 mm and 2Cm Fig 

8. The quantities of mixture particles are equal to 10g of each material (iron and copper). 

 

          

a- Electromagnet separator                            b- Particles copper/iron of small size used in separation 

 

 
c- Result of separation by voltage of 20 V 

Fig.8. Realization of Magnetic Separator
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7. Results and Discussion 

The totals of separation with the particles mix are given in the table 1(fine particles). The variation of supply 

voltage was taken in consideration with the quantity of materials recovery. In each separation, were measured 

the weight of each materials by using a digital balance and we have compute the rate of separation between 

initial mass of ferrous particles and the recovered mass in the collector, SEE Fig 9. 

The quantity of the iron was separated easily in spite of the variation of its rate of recovery. But the copper 

will go on its vertical way during the fall of mixture. This separation was easy and uncomplicated [7]. 

Table 1. Quantity of Separate Mixture as a Function of the Supply Voltage Variation of Fine Particles 

Voltage (v) 30 25 20 15 10 

Current (A) 3 2.3 1.8 1.3 0.9 

C I (fe g) 10 8.1 7 6.9 2.2 

C II (cu+fe g) 9.8 11.8 12.4 13.5 17.5 

Mass tot (g) 20 20 20 20 20 

Recovery (%) 100 81 70 69 22 

 

 

Fig.9. Recovery Rate of Iron as a Function the Current and Size 

So, the separation of particles is better by increasing the voltage and current of excitation of the coil. The coil 

generates a significant flux in the ferrite core there will be a strong magnetic field and a high attraction force to 

sort particles. The quantity of the ferrous and non ferrous particles separated increases with high purity and big 

rate of recovery. [8] 

From Table 1, we can say that iron masses separated are proportional with the magnitude of current and 

supply voltage. The separation of iron contains copper particles at weak voltage but at high voltage the 

separation of iron does not contain copper, it's purely separated. 

8. Optimization of Separation with MODDE.05 Software 

Figure 10 represents the prediction curves obtained with MODDE.05 of the rate of separation according to 

the applied voltage, the size of particles and the distance between electromagnet and particles. 
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Fig.10. Plotted Coefficients of the Obtained Model for Magnetic Separation  

 

 

Fig.11. Prediction Curves of the Recovery Rate According to the a) Voltage; b) Size of Particle and c) Distance of Air Gap 

MODDE.05 offers the possibility to identify the optimal values of the coefficients which should give the 

highest amount of rate of separation with optimal values of voltage and size, distance. 

The software contains an optimization routine that is capable of simultaneously processing several responses, 

affected by different weighting coefficients. MODDE.05 has an optimizer tool which proposes the optimal 

values of factors by maximizing the rate of separation and minimizing the other factors (Fig.11, 12). 
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Fig.12. Response Contour Plots of a) Particles Recovery b) Magnetic Force 

9. Conclusion 

In this work, the objectives are to simulate the characteristics magnetic by FEM and to show the effect and 

distribution of lines of magnetic field around the particles ferrous and non ferrous near or far of the separator 

and also the computation of the attractive force of the separator of particles. But, the aim of experiment is to 

have a high recovery of particles. Improve the separation performance with high rate of recuperation by 

electromagnetic device when the excitation of coil is increase. The combination of the simulation results and 

the experiment explains the phenomenon of magnetic separation and the factors that influence the separation 

such as increasing voltage, a small distance between the particles and the separator and the important force of 

magnetic field. When these factors are realized, the separations give good results. There are many other factors 

affecting the separation which may be study in the future. 
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