
საინჟინრო საქმე – Engineering – Инженерное дело 

 

_____________________________________ 
ISSN 1512-0996  სტუ-ის შრომები – Work of GTU – Труды ГТУ 

www.shromebi.gtu.ge 101  №1 (515), 2020 

UDC 536.423.4 uak  

SCOPUS CODE 2208  

https://doi.org/10.36073/1512-0996-2020-1-101-105 

Dependence of the minimum charge of particle of induction charging on the electric field in 

the model condenser of an electric separator 
 

 

Aleksandre Gorgoshidze Department of Electrical Engineering and Electronics, Georgian Technical University, 

75, M. kostava Str, 0160 Tbilisi, Georgia  

E-mail: alexgorgoshidze@gmail.com 

Zurab Chachkhiani Department of Engineering Physics, Georgian Technical University, 75, M. kostava 

Str, 0160 Tbilisi, Georgia  

E-mail: zura_chachxiani@mail.ru 

 
 

Reviewers:  

P. Kervalishvili, Professor, Faculty of Informatics and Control Systems, GTU 

E-mail: kerval@globalerty.ru  

Z. Jabua, Professor, Faculty of Informatics and Control Systems, GTU 

E-mail: z.jabua@hotmail.com 

  

 

Abstract. This article deals with the method of 

mineral particles separation according to their electric 

conductivity. This process was carried out in the model 

condenser by induction charging and dependence of the 

minimum charge of the particles breaking away from the 

charging electrode on the electric field strength was 

studied. 

Comparison of obtained results with the theoretical 

calculation shows that, from the three forces – adhesion, 

gravity and electrical acting on the particles, adhesion 

force, acting between the particles and electrode, can be 

neglected in case the minimum charge of the particle 

breaking away from the electrode, because the particles 

in this case have no time to change the orientation. 

 

Key words: Adhesion force; depolarization; electrical 

separation; minimum charge; orientation of particles.  

 

Introduction 

Recently, a strong electric field is widely used in 

technological processes among methods of mineral 

reaching, in particular in electron-ionic technology 

(EIT). 

EIT processes are widely applied in electric sepa-

rators, where particles separation takes place according 

to different physical properties. Among these, particles 

separation according to electric conductivity during 

their induction charging, is very often used [1] 

Efficiency of electric separation is related to determi-

nation of forces arising during induction charging. To 

analyze processes taking place on the electrode charging 

the electric separator during induction charging, it is 

better to view particles charging and forces acting on 

them in a uniform field of a plane condenser and 

generalize obtained results for a real electric separator. 
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Main part 

The balance of the forces acting on the particles in a 

uniform field can be written as follows: ܨ௘௟ - ܨ௚௥ - ܨ௔ௗ = 0 

Where ܨ௘௟ - electric force, ܨ௚௥ - gravity force, ܨ௔ௗ – par-

ticle adhesion force with electrode. 

 Electric force acting on particles is defined as a 

force arisen by acting of bound charges, formed as a 

result of particles polarization in an electric field, 

which reaches its peak at the beginning of charging, 

also by action of free charges. After polarization, 

formed free charges interact with own reflection and 

because of this total force acting on particles is 

calculated as follows: ܨ௓ = ]ଶܧ଴ߝܾܿߨ
଴,ହ(ఌభିଵ)మ(ଵିூ)௄మ + ௗೌఌభమି(ௗೌିூ)ఌభା(ଵିூ)௄మ  ߚ • 

+
଴,ହௗమೌ൫ఌభమିଵ൯ାௗೌି଴,ହூ௄మ  , [ଶߚ • 

 Where ܨ௭ - force acting along the vertical axis 

 b,c – semiaxles of particle equivalent to ellipsoid 

 ଴ - dielectric constantߝ 

 E – electric field strength 

K, ߚ and I are defined as follows: 

K=1+(ߝଵ − 1)݀௔, ߚ =	 ௤೑ೝగ௕௖ఌబா, I=	 ଵగ௕௖ ׬	 ௦௦భ݀߆ଷݏ݋ܿ , 

 Where ݀௔ – depolarization coefficient 

 ଵܵ – particle surface area excluding area of particle 

contact surface with electrode 

 Gravity is defined as follows: ܨ௚ = ݉݃ = ଵଶ ∙ ସଷ ߨ ∙ ܽ௛	௘௟ ∙ ܾ௛	௘௟ ∙ ܿ௛	௘௟·	ߛ௣ 	 ∙ ݃ 

 Where ߛ௣ - particle density 

 g – gravitational acceleration  

 ܽ௛	௘௟ ∙ ܾ௛	௘௟ ∙ ܿ௛	௘௟ - semiaxles of ellipsoid equivalent 

to particle volume 

Assuming that adhesion force is zero, then particle 

breaks away from charging electrode with its minimum 

free charge magnitude. 

One of the important issues is to determine along 

which semiaxle particle lies on the electrode. In the 

initial stage the particle lies on the electrode in the 

most likely, comfortable and stable position. This is 

with a minor semiaxle along the field vector [fig. 1]. 

With this orientation particle perimeters are:	ܽ௛	௘௟  = 

2ܿ௛	௘௟ , ܾ௛	௘௟  = ܽ௘௟ , ܿ௛	௘௟ = ܾ௛	௘௟ . The coefficients are 

determined according to these data: ߚ = 
௕೓	೐೗௔೓	೐೗ , γ=

௖೓	೐೗௔೓	೐೗ . 
Coefficient of depolarization ݀௔ is determined by 

means of these coefficients. 

Later on, while charging particles, shape of which is 

not strictly symmetric, it is under the action of rotating 

moment. Because of this, it begins rotation and orien-

tates with its major semiaxle along the vector of an 

electric field (Fig.1௖). This phenomenon is confirmed 

both visually and by distribution of the particles brea-

king away probability function [3]. Accordingly, 

particle can break away from the electrode during any 

position shown on fig.1. 

 

 

     a               b           c 

 

Fig. 1. Orientation of the particle positioned on  

the electrode in the electric field 

  

To determine coefficient I analytically it is neces-

sary to turn real semiellipsoid into rotating semisphe-

roid i. e. into spheroid. This requires ܾ௛	௘௟  = ܿ௛	௘௟  = ඥܾ௘௟మ ∙ ܿ௘௟ . At this time, the main determining para-

meter magnitude value of the main semiaxle directed 

along the field is retained, but the change of the two 

others by their average geometric values for real 

particle, gives 3-4% error.  

Accoridng to the obtained specific parameters 

points, it is possible to determine theoretically mini-

mum charge magnitude for a particle breaking away 

from charging electrode. 
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Such measurements were practically carried out as 

follows: from conducting fraction of rutile was selected 

the three groups of particles. Each of which contained 

10 particles about of one size-minor, mean and large. 

Average radius of each group was calculated as equiva-

lent radius to sphere as follows a_(eq sp) = ∛(a_el)·b_el· 

c_el. Particle average magnitude in each group fluctua-

tes within 7-8%. Ten particles of one of the groups 

were placed into the central part of the flat condenser 

charging electrode. Experiments were carried out in 

five series i.e. initial number of particles was 50. When 

high voltage was supplied, particles after being charged 

broke out from the lower electrode directing to the 

upper electrode. 

As the surface of upper electrode was covered with 

a thin layer of insulation, charged particles sticked and 

stayed on them. We removed them by the use of a thin 

plate and put into charge measuring electrometer. 

Minimum measured charge values for one of the 

groups of the particles, in case of different field strength 

values, are given on fig.2. Their theoretical values for 

different orientation of particles are also given (Fig.1_a 

and Fig.1_c). The same results were obtained for the 

rest of particles. 

 

 

 

Fig. 2 Dependence of minimum charges of particles on the  

voltage of electric field 

 

3-particle oriented along the least semiaxle 

4-particle oriented along the largest semiaxle 

Rutile ܽ௘௟  = 106 μm, ܾ௘௟  = 72μm, ܿ௘௟  = 54μm, ܽ௘௤	௦௣ = 

74μm, ߛ௣ = 4,25·10ଷ kg/݉ଷ , 

 ଶ =173ߝ-ଵ = 31, 2ߝ-1

Considering that dielectric permeability of the rutile 

was unknown, calculation was carried out according to 

literary data. 

 

Conclusion 

In compliance with the obtained data, it is possible 

to conclude: 

1. The minimum charge magnitude of the particles 

broken away from the electrode increases with the 

increase of the field strength 

2. Breaking away from the charging electrode, partic-

les with the minimum charge do not have time to 

change orientation and they break away from them 

with the semiaxle in the oriented position 

3. Considering the experimental data of the minimum 

charge the adhesion force acting on the particle, as 

compared with the both gravity and electric forces, 

can be neglected. 
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Аннотация. В работе происходит индукционная зарядка минеральных частиц в однородном электри-

ческом поле плоского конденсатора. Из баланса сил, действующих на частице, не учитывается сила адгезии 

и на основе теоретических расчетов получены те минимальные значения зарядов частиц, которые удовлет-

воряют условия их отрыва от зарядного электрода. При расчете учитываются два крайних положения: 

нахождение несферических частиц на зарядном электроде и полученные значения минимального заряда, 

отрывающего частиц от электрода, сопоставляются соответствующие их экспериментальным значениям. 
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сепарация. 
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