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Abstract

Different methods such as mechanical, pneumatic, and electrical techniques have

been used in the separation process of impurities from agricultural products. In elec-

trical systems, three methods, that is, triboelectrostatic, free fall, and roll type with

high-voltage corona discharge electrodes, are usually used. In the present study, sep-

aration trajectory of grain and wheat straw are firstly predicted using simulation of

roll-type corona system configuration in COMSOL Multiphysics and MATLAB. Exper-

imental tests are conducted to determine the separation performance of a roll-type

corona apparatus with 10, 15, 20, 25, and 30 kV voltages at 50, 70, and 90 rpm drum

rotational speeds. The simulation results showed that the trajectory of the grain par-

ticles deviated from that of straw when the voltage increased from 10 to 30 kV as

well as increasing the rotational speed from 50 to 90 rpm. Although the rotational

speed of 70 rpm resulted in a good separation of grains from straw particles, increas-

ing the speed to 90 rpm not only did not improve the separation performance but

also caused a dispersal of the particles and reduced the separation quality. The simu-

lation results were in good accordance with the experimental results obtained from

the developed prototype.

Practical applications: The results of this study can be used in configuration optimi-

zation design of “Corona Type Cylindrical Electrostatic Separation” for separating

seed and straw in agriculture production, especially where they cannot be separated

by conventional methods.

1 | INTRODUCTION

Seeds harvested from a farm often have various impurities such as

waste, weed seeds, stem, leaves, and damaged seeds. Some seeds are

completely cleansed after an initial cleaning process and become the

final product. However, in others, additional operations are required

to remove impurities (Miller & Copeland, 1997). Seed separation is

one of the important processes in obtaining pure high-quality seeds.

Many types of seeds can be completely cleaned using sieve cleaning.

In other cases, however, further operations may be desirable or neces-

sary to remove specific contaminants (Miller & Copeland, 1997).

Wheat is one of the most important human food elements and its

function highly depends on seed quality. Seed quality is achievable

under practical drying conditions to reach the desired moisture,

cleaning to remove impurities, and refining to remove wrinkled grains

(Butunoi et al., 2011). Traditional mechanical separators have the

capability of separating grains according to their geometric character-

istics and weights, such as width, length, and thickness (Rawa &

Kaliniewicz, 1998). However, when the impurities of the product, such

as shriveled and broken seeds, are dimensionally similar to the original

grains, it will be necessary to use wind turbines with segregated plates

with different wind currents (Drintcha & Pavlov, 2002). Therefore,

Received: 25 June 2019 Revised: 9 August 2019 Accepted: 12 September 2019

DOI: 10.1111/jfpe.13281

J Food Process Eng. 2019;e13281. wileyonlinelibrary.com/journal/jfpe © 2019 Wiley Periodicals, Inc. 1 of 11

https://doi.org/10.1111/jfpe.13281

https://orcid.org/0000-0003-1951-1604
mailto:chegini@ut.ac.ir
http://wileyonlinelibrary.com/journal/jfpe
https://doi.org/10.1111/jfpe.13281


their separation requires a knowledge on their electrical properties.

For more effective separation of undesirable seeds, a combination of

electrical and mechanical methods should be used (Kazimirchuk &

Xziretdinov, 1995; Požėlienė & Lynikienė, 1998). One of the separat-

ing methods that is used extensively for separating small particles of

dry material is electrostatic separation (Mortezapour, Moshirirad, &

Akhbari, 2015), which is based on the attractive and repulsive forces

among charged particles in a very strong electric field, which, in addi-

tion to the electrical conductivity of the particles, depends on their

moisture contents (Harmond, Brandenburg, & Klein, 1968). For this

reason, electrostatic separation is also called high-tension separation

(Ralston, 1961). In this method, particles become electrically charged.

Then, during passing through an electric field, they become influenced

by several forces, such as electricity and gravity, and pass different

paths based on their size, density, and electrical conductivity (Li, Ban,

Hower, Stencel, & Saito, 1999).

The application of this method is in minerals, agricultural seeds,

food industry, and recycling. In other words, the electrostatic separa-

tor is an equipment for the separation of charged and dipolar solids by

electrical forces (Reguig et al., 2017). The electrical separation process

is the result of a balance between electrical forces and other mechani-

cal forces. It is difficult to obtain a precise theoretical model illustrat-

ing the performance of all forces. Therefore, the application of an

empirical method is the only way to optimize the separation condi-

tions (Remadnia et al., 2014; Messal, Zeghloul, Benhafssa, &

Dascalescu, 2016). More recent research has investigated electro-

static fractionation of solids. Electrostatic separation has been studied

for the recovery of valuable materials from spent lithium-ion batteries

(Silveira, Santana, Tanabe, & Bertuol, 2017). This method relies on dif-

ferences in the dielectric properties of feed particles instead of differ-

ences in their size and density (Assatory, Vitelli, Rajabzadeh, & Legge,

2019). The principle underlying electrostatic separation is that for pro-

tein/starch mixtures, the proteins can be charged to a much higher

extent than carbohydrates due to the presence of ionizable groups in

their amino acid residues, N terminus and C terminus (Tabtabaei,

Jafari, Rajabzadeh, & Legge, 2016). Thus, an electric field can separate

protein-rich and carbohydrate-rich particles according to their differ-

ing types and magnitudes of charge (Assatory et al., 2019). The charg-

ing behavior of flour is species dependent, as protein bodies from

flours of different origins exhibit different shapes, sizes, and surface

properties (Pelgrom, Wang, Boom, & Schutyser, 2015; Wang, de Witt,

Schutyser, & Boom, 2014). Extensive laboratory and pilot-plant exper-

imentation is needed for the development of new electrostatic sepa-

ration applications. The efficiency of the separation process depends

on the characteristics of the granular mixtures to be sorted, the feed

rate, and the configuration of the electrode (Dascalescu, Tilmatine,

Aman, & Mihailescu, 2004).

Optimization of electrostatic separation processes requires the

simultaneous control of various electrical and mechanical factors

(Dance, Kojovic, & Morrison, 1991; Dascalescu et al., 2004; Iuga,

Morar, Samuila, & Dascalescu, 2001). In a roll-type corona–

electrostatic separator, for instance, the particles to be separated are

fed with a certain speed on the surface of a rotating roll electrode and

connected to the ground. A high-intensity electric field is generated

between this roll and one or several electrodes connected to a high-

voltage supply (Dascalescu, Morar, Iuga, Samuila, & Neamtu, 1998;

Iuga, Neamtu, Suarasan, Morar, & Dascalescu, 1998). The insulating

particles are charged by ion bombardment in the corona field zone

and are pinned to the surface of the rotating roll electrode by the

electric image force. The factors influencing the efficiency of the elec-

trostatic separation process include the high-voltage level, the elec-

trode configuration, the feed rate, the particle size, and the roll speed

(Dascalescu, Mihalcioiu, et al., 2004).

The design of roll-type corona–electrostatic separator depends on

various factors such as roll speed, high voltage amount of corona, and

electrostatic electrode that improve the efficiency of process.

Tabtabaei, Konakbayeva, Rajabzadeh, and Legge (2019) showed that

the functional properties of navy bean protein concentrates obtained

by pneumatic triboelectrostatic separation applied a sustainable,

chemical-free dry triboelectrostatic separation method for soybean

protein concentrate as well as navy bean protein. They reported that

the functional properties of these fractions were examined and com-

pared with the commercial soybean protein concentrate as well as

navy bean protein isolate obtained by a conventional wet fraction-

ation process. The results showed that protein-enriched fractions had

36–38% protein on a moisture-free basis, accounting for 43% of the

total available protein. Analysis of the dry-enriched protein fractions

showed a similar protein profile to that of the original navy bean flour.

Landauer and Foerst (2018) in a study on the effect of electric field

strength and flow rate on the separation of the barley starch and

whey protein mix reported that different gas flow rates at a turbulent

flow regime in charging tube did not change the separation character-

istics. In contrast, increasing electrical field strength increases the sep-

aration efficiency of protein particles, regardless of gas flow

conditions. The proportion of starch at the anode is the same for all

the investigated parameters. Požėlienė, Lynikienė, Šapailaitė, and

Sakalauskas (2008) showed that the energy in the corona discharge

field appearing in wheat seeds did not affect the relative energy con-

tent received by the seed due to the polarization of charge. In the

electrostatic separation procedure, the objective of optimization is to

increase the efficiency of the process and/or the purity of the prod-

ucts (Dascalescu, Tilmatine, et al., 2004).

The objectives of the present study are as follows: (a) to investi-

gate the effective factors in the electrostatic separation systems using

a software environment; (b) to study the behavior of grain and straw

particles when moving on surface of a rotary cylindrical electrode and

detaching it in an electrostatic field by developing a prototype appara-

tus, and (c) to do a comparison between simulation and experimental

results.

2 | MATERIALS AND METHODS

The straw and wheat grain samples (Mehregan cultivar) were provided

from Lorestan Agricultural Research Center. The physical and geomet-

ric properties of the particles were measured and their moisture
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contents were measured just before the experimental tests using a

halogen moisture meter device (PCE-MB-210, PCE, UK), which works

based on the gravimetric or loss on drying principle.

2.1 | Experimental procedure

The experiments were performed using a roll-type laboratory electro-

static separator (Carpco Inc., Jacksonville, FL) to study the spatial posi-

tion of grain and straw particles (Figure 1a). The value of the applied

voltage and the rotational speed of the roll-type grounded electrode

were the controllable factors to study the performance of separating

grain and straw particles in boxes below the apparatus. A schematic

view of the electrodes and the trajectory of a particle is shown in

Figure 1b. The separator consisted of a vibrating feeder system, a

grounded rotating cylinder, a corona wire electrode that was attached

to a high voltage supply, and an elliptical electrostatic electrode. Sev-

enteen collecting boxes for grain and straw with 2-cm width were

located below the device, covering the entire width of the device. The

corona–electrostatic electrodes were connected to a DC voltage sup-

ply and fixed at a constant angle of 20 and 60�, respectively, from the

perpendicular axis passing through the center of the grounded elec-

trode. The feed rate of particles was passed through a monolayer in

the corona electrode zone and was then placed on the grounded elec-

trode. The experiments were performed at three speed levels of a

rotating cylinder (50, 70, and 90 rpm) and five voltage levels (10, 15,

20, 25, and 30 kV). The moisture content of grain and straw was

10 and 15%, respectively. The weights of grain and straw were

approximately 50 g (±1 g) and 20 g (±1 g), respectively, similar to the

ratio of straw and grain weight in a wheat cluster.

The wheat particles were fed at a certain rate by a vibrating mech-

anism on the surface of a rotating grounded roll electrode in the

corona–electrostatic separator. A high-intensity electric field was gen-

erated between this roll and the other electrode connected to a DC

high-voltage supply. The insulating particles (straw) were charged in

the high-voltage field zone and were “pinned” to the surface of the

rotating roll electrode because of their low weight while the semi-

conductive grain particles were not attracted by the grounded elec-

trode. The electric field strength was the main parameter that

affected the behavior of insulating particles, thus the study of the

electric field strength distribution is of importance for the design and

dimensioning of high-voltage equipment. For each experiment, wheat

grain recovery and purity in compartment Bi were calculated, respec-

tively (Richard et al., 2017):

RECgBi =
mgBi

mTg
×100, ð1Þ

PURgBi =
mgBi

mTBi
×100, ð2Þ

where mgBi corresponds to the mass of wheat grain collected in the

compartment Bi, mTg is the total mass of grain in all compartments

and is the total wheat grain and straw mass of the compartment

Bi. Similar formulas are used to calculate the recovery of straw parti-

cles. Since the experimental measurements of the field strength are

difficult and are not enough accurate due to the interference of the

measuring devices, which may affect the distribution of the electric

field, a numerical study was made to define the configuration that

might give the best separation. So we used computer-aided methods

that can provide us with a good understanding of the process.

2.2 | Mathematical simulation model

During the separation, the charged particles are subjected to an elec-

trostatic force due to the action of the electric field in the inter-

electrode zone (Hakima et al. 2017). The distribution of the electric

potential U in this area is given by the Laplace equation:

F IGURE 1 (a) Apparatus and (b) schematics for roll-type laboratory electrostatic separator
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∂2U
∂x2

+
∂2U
∂ y2

+
∂2U
∂z2

= 0, ð3Þ

−rU= E: ð4Þ

COMSOL Multiphysics 5a working based on a finite element

method can calculate the distribution of the electric field tension in

the separation zone using Equation (3). In this study, the geometric

position of the electrodes was designed in the COMSOL software

environment. After 2D meshing the electric field zone between the

electrodes and the boxes, at the specified input voltages, the spatial

distribution of electric field intensity was obtained as an output at

25,000 nodes in the field zone. These electric field data along with

the rotary speed of the grounded cylinder and the physical properties

of the particles entered a code written in the MATLAB 2015 program-

ming environment as the input data. The particles were affected by

the mechanical and electrical forces of the separator system including

electric image force (Fi), electric field force (Fq), drag force (Fd), gravita-

tional force (Fg), and centrifugal force (Fc) (Figure 2) (Dascalescu et al.,

1995; Felice, 1996).

The first step in the path simulation is to determine the departure

angle of a moving particle from the surface of a rotating cylinder. The

simulation was based on three assumptions (Li, Lu, Xu, & Zhou, 2008):

distribution of particles' mass and their movement on the feed path

and the cylindrical surface in a monolayer; the space between the par-

ticles is high enough so that each particle can be considered indepen-

dent for examination; and the effect of particles on each other is not

significant.

The electrostatic field was simulated in an corona–electrostatic

separator system with two corona–electrostatic electrodes in the sep-

aration zone. The particles passed through the corona region and

were electrically charged. The corona charging equations are as fol-

lows (Dascalescu, Mizuno, et al., 1995; Dumitran et al., 2010):

dQp

dt
=

Qs−Qp

� �2
τQs

, ð3Þ

where t is the time, Qp is corona charging, τ is the time delay constant

for particle charging, and Qs is the saturate corona charging of particle.

In addition to the corona charge, the electrical charge induction by the

electrostatic field also affects the particles' charge. In total, Qm, the

maximum charge of nonmetallic spherical particle in a constant elec-

tric field can be calculated using Equation (2) (Li et al., 2008; Wu, Cas-

tle, Inculet, Petigny, & Swei, 2003).

Qm =
0:55d2πε0εrE

εr + 2
: ð2Þ

In a corona discharge electric field, a semispherical nonconductive

granule of mean diameter d, and relative permittivity εr acquire the

maximum (saturation) charge Qs and is calculated by Equation (3)

(Li et al., 2008):

Qs =Qim = πε0d
2 3εr
εr + 2

� �
E, ð3Þ

where d is the particle mean diameter and E is the electric field ten-

sion. In addition, for nonspherical particles, the mean diameter can be

obtained using Equation (4)

F IGURE 2 Effective forces in the process of particle separation
from the rotating cylinder

F IGURE 3 Distribution of (a) wheat grain particles (Mc10%),
recovery (up)—purity (down) and (b) wheat straw (Mc15%), recovery
in collecting boxes in five voltage ranges at 70 rpm
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ds =

ffiffiffiffiffi
Sp
π

r
=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r2 + 2rh

p
, ð4Þ

where ds is the mean diameter, Sp is the surface area, and r and h are

the maximum radii and thicknesses of the particles, respectively. So,

we have the following:

Qs = πε0 r2 + 2rh
� � 3εr

εr + 2ð Þ
� �

E: ð5Þ

Particle charging involves induction, one-way neutralization, and

corona charge during the process. When the nonconductive particles

enter the electric field, they become positively charged (Qm) because

of the positive induction and then, due to the negative corona charg-

ing, the positive charge of the particles disappears and then they get

negatively charge (Qs) at saturation. When the time the particles take

to pass through the corona zone (ts) is greater than 5τ, the particles

get 95% of their maximum charge (Equation 6) (Iuga et al., 2001)

ts = 5τ =
20ε0εr
qk

, ð6Þ

where q is the charge density in electrical field and k is ion mobility

and equal to 2 × 10−4 m2/V.s. So the necessary time needed for non-

conductive particles (tgs) can be calculated by Equation (7)

tgs =
60w
2πRn

, ð7Þ

where w is the width of corona zone, R is the radius of the rotating

cylinder, and n is the speed of rotation.

F IGURE 4 Wheat grain particles recovery (left) and purity (right), (a) 5 kV, (b) 25 kV—straw particles recovery, (c) 5 kV, (d) 25 kV
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The electric image force Fi that pins the nonconductive granule to the

surface of the roll electrode is proportional to the square of the charge Qi:

Fi =
Q2

i

4πε0d
2

h i ≤ Q2
im

4πε0d
2

h i : ð8Þ

These granules will detach from the roll electrode when (Richard

et al., 2017)

Fe + Fc ≥ Fgcosαd, ð9Þ

Fe = Fqj j−Fi , ð10aÞ

Fq =QE, ð10bÞ

where Fc is the centrifugal force, Fg is the gravitational force, and αd is

the detachment angle. For the nonconductive particles such as straw,

F IGURE 5 Distribution of the norm electric field intensity (V/m) for different voltage levels: (a) 10 kV, (b) 15 kV, (c) 20 kV, (d) 25 kV, and (e) 30 kV
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detachment usually occurs at αd > 180�, where E = 0 and the detach-

ment condition can be simplified (Younes et al., 2007):

Fc – Fi > Fg cos αd.

The Coulombic force (electric attraction) Fe, which in the case of

semicylindrical wheat particles, can be expressed as (Salama, Richard,

Medles, Zeghloul, & Dascalescu, 2018; Younes et al., 2007):

Fe = 0715QdE before detachment, ð11aÞ

Fe =QdE after detachment, ð11bÞ

Qd = 2πrplε0E x0, y0ð Þ, ð11cÞ

where Qd[C] denote the particle charge, E (V/m) is the electric field

strength, rp (m) is the particle radius, l (m) is its length (for semicylindri-

cal wheat grain particle), and ε0 (F m−1) is the air electric permittivity.

The behavior of the particle separation from the grounded cylinder

and its path can be obtained by using Equation (9) (Hong-Zhou, Jia, Jie, &

Zhen-Ming, 2006). In nonspherical particles such as wheat or cereal straw,

the charge magnitude depends on their surface area. The mean radius (rs)

of the particles can be calculated by using rs =
ffiffiffiffiffiffi
S=π

p
3 , where S is the sur-

face area (Li et al., 2008). At the moment of detaching the particle

from the rotating cylinder which is in α angle direction, the force acting on

the particle is zero in parallel and perpendicular directions toward the cylin-

der, and there is no image force (Fi) after this moment. Therefore, we can

calculate the angle of particles being detached from the cylindrical surface

using Equation (11a–c) (Salama et al., 2018; Younes et al., 2007):

Fe + Fgcosα−Fc = 0! cosα=
Fc−Fe
Fg

= 0: ð12Þ

The particles' motion in a fluid is faced with the drag force calcu-

lated by using Equation (13)

Fd =
1
2
ρCdApv

2, ð13Þ

where Fd denotes the drag force, Ap denotes the particle project area,

and v denotes the particle velocity. However, for fine particles in air,

Fd is obtained by using the Stokes' equation (Salama et al., 2018)

Fd = 6πrηv, ð14Þ

where η = 1.83 × 10−5kg/ms was the value considered for the

dynamic viscosity of air.

In the whole process, the gravity direction is downward and the

centrifugal force is acting on the particle as long as the particle is at

the surface of the rotating cylinder:

Fg =mg, ð15Þ

Fc =mRω2 =mR
2πn
60

� �2

, ð16Þ

where m denotes the particle mass. After the particles being detached

from the electrode surface, the velocity vector resulting from the out-

come of all electrical and mechanical forces determines the angle and

initial velocity of the particle in the electric field. All particles of wheat

and straw receive electric charge due to the ionization of air with the

corona electrodes in proportion to their shape and dielectric proper-

ties. Because of receiving more electric charge, straw particles are

thrown to the cylinder. In addition, the gravity and centrifugal forces

are less than those of grain, and therefore, they are thrown toward

the rear of the rotating cylinder and their path is separated from the

grain particles path.

The differential equation of particles' motion in the electric field

and their acceleration at a point (xi − 1, yi − 1) are as follows (Younes

et al., 2007).

d2xi−1
dt2

=
Fqx i−1ð Þ + Fdx i−1ð Þ
� �

m
,

d2 yi−1
dt2

= Fqy i−1ð Þ + Fgy i−1ð Þ + Fdy i−1ð Þ
� �

=m: ð17Þ

The particles' speed at each point (xi, yi) can be calculated as follows:

vxi =
d2xi−1
dt2

:ts + vx i−1ð Þ,

vyi =
d2 yi−1
dt2

:ts + v y i−1ð Þ: ð18Þ

The angle of motion direction with the horizontal axial in each

point can be shown as α= tan−1 vyi
vxi
:

The position of each point can be obtained by the following differ-

ence equations:

xi+1 = vxi�ts + 1
2
�d

2xi−1
dt2

�t2s + xi,

yi+1 = vyi�ts +
1
2
�d

2 yi−1
dt2

�t2s + yi: ð19Þ

3 | RESULTS AND DISCUSSION

3.1 | Experimental results

The experimental results are brought at two parts, that is, for wheat

grains and straw particles which are recorded based on their weight in

each of the boxes by No. of 0–16 at different applied voltages and

rotational speeds.
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According to Figure 3, an increase in the separating voltage from

10 kV to 30 kV leads to a change in the motion direction of the grain

and straw particles toward the electrostatic electrode on the right side

of the electric field. Due to the electrostatic electrode repulsion and

the image force acting between the grounded electrode and particles,

straw particles were thrown to the left boxes. The sticking particles

on the surface of the drum are removed by a brush and then they fall

into the left boxes.

According to Figure 4, the recovery of grain and straw particles in

four box categories (Before1 [0–3], 1[4–6], 2[7–9], and After2 [10–16]) with

a width of 300, 75, 75, and 175 mm, respectively, at 5 and 25 kV volt-

ages was compared at three rotational speeds of 50, 70, and 90 rpm.

F IGURE 6 Simulated trajectories of wheat
grain (right) and straw particles (left) at various
rotational speeds of grounded electrode and the
applied voltage of a spark discharge (a) 10 kV,
(b) 15 kV, (c) 20 kV, and (d) 25 kV between the
electrodes
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It is observed that an increase in the rotational speed of cylinder from

50 to 90 rpm reduces the effects of increasing the applied voltage from

5 to 25 kV on the particles thrown by the electric field to the boxes

located at the right side. An increase in the rotational speed of the

cylindrical electrode from 50 to 90 rpm increased the centrifugal force

applied to the particles. Eventually, this increase in rotational speed

resulted in a change in the path of the grain particle toward the end

boxes [A2] and reduced the tendency of straw particles to move

toward the primary boxes [B1]. However, the increase in voltage had

significant effects on their displacement toward the boxes [2, A2]. Volt-

age increase led some grain masses to be poured at different boxes,

wherein this discrimination was considerably higher at higher rotational

speeds. The recovery of grain and straw particles at two voltage levels

of 5 and 25 kV was compared, while the rotational speed was set at

values of 50, 70, and 90 rpm, respectively. An increase in the rotational

speed of the cylindrical electrode from 50 to 90 rpm increased the cen-

trifugal force applied to the particles. Eventually, this increase in rota-

tional speed resulted in a change in the path of the grain particle

toward the end boxes [A2] and reduced the tendency of straw particles

to move toward the primary boxes [B1]. However, the increase in volt-

age had significant effects on their displacement toward the end boxes

located in the front. Voltage increase from 5 to 25 kV led some grain

masses to be poured at different boxes, wherein this discrimination

was considerably higher at higher rotational speeds.

By comparison of recovery and volumetric purity of wheat grains

and cluster straw due to an increase in voltage from 5 to 25 kV, it was

observed that at 5 kV, despite the grain concentration in the box

1 near to the grounded rotating cylinder, the purity was lower than

that at the voltage of 25 kV. Separation of grains and straw on the

right and left sides of the box was observed with higher volumetric

purity and higher quality at all three rotational speeds at a voltage

level of 25 kV. In a similar research, at recovery of valuable materials

from spent lithium-ion batteries, Silveira et al. (2017) report that the

best result was obtained using 25 kV, with 98.24 wt% of metallic

materials in conductive fraction.

3.2 | Simulation results

The path of wheat grain and straw particles at different input voltages

and cylindrical rotational speeds was simulated using the MATLAB

programming software. The effects of voltage magnitude in the form

of electric field strength (V/m) for a well-defined configuration of the

separator system in two directions of x and y at 28,000 nodes were

used in MATLAB program.

The distribution of the magnitude of electric field intensity at dif-

ferent voltage levels is shown in Figure 5. Colledani, Critelli, De Giorgi,

and Tasora (2014) obtained similar field intensity results in a simula-

tion of granular particles flowing in electrostatic separation processes

at 30 kV voltage.

According to the grain and straw path patterns shown in Figure 6,

it is observed that increasing the rotating drum speed from 50 to

70 rpm was effective on the particle shift in all voltage groups, but at

20 kV, an intense path dispersion was observed for both grain and

straw particles. The results of practical experiments confirm these

findings. It can be concluded that increasing the rotational velocity

beyond 70 rpm is not very favorable for better separation of grain

from straw particles. Figure 7 reveals that an increase in voltage up to

20 kV for straw and 25 kV for grain particles led to an optimal distri-

bution for separation. However, rotational speeds exceeding 70 rpm

lead to particle dispersion and degradation of particle separation qual-

ity, so that at 30 kV, simulating the motion of straw particles was

impossible and the path of grain particles was capable of being simu-

lated at up to 27 kV and at a speed of 57 rpm. This can be due to the

capture and release of particles instantaneously by corona–

electrostatic and electrodes at high voltages passing through the elec-

trodes. This phenomenon also was observed in practical experiments.

In the study of charged particles trajectories by simulating free-fall

electrostatic separators, Labair et al. (2017) showed that an increase

of the potential difference ΔU is desired to obtain a good separation.

However, an excessive increase of ΔU in the presence of particles

characterized by a high Q/m ratio may cause collisions between parti-

cles and electrode that affect the quality of the product recovered at

separator outlet. It should be noted that excessive increase of ΔU

may cause air breakdown in the inter electrode space. In a theoretical

simulation and comparison with the experimental results of the alumi-

num and copper particles separation, Li et al. (2008) obtained a good

correlation between computer simulation and practical results at

30 kV voltage. Here as well, similar results were obtained by simulat-

ing the rotational electrostatic separator for granular particles at

30 kV and the 70-rpm rotational speed. In a theoretical modeling of

F IGURE 7 Simulated trajectories of wheat
grain (right) and straw particles (left) at various
applied voltages of a spark discharge (10, 15,
20, 25, and 27 kV) between the electrodes in the
70 rpm rotational speeds of grounded drum
electrode
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high voltage electrodynamic drum separator, Ciesla (1999a) simulated

separating paths and trajectory of healthy and broken grain particles

due to their different capacities in electric charging at a voltage of

20 kV and a rotating speed of 76 rpm using a 125 mm radius cylinder.

In another research (Ciesla, 1999b), he reported similar experimental

results by using a grain particles separator

4 | CONCLUSIONS

The results of practical experiments and simulation in a computer

software environment revealed the optimal conditions for separation

of wheat straw and grain particles in an electrostatic separation sys-

tem with a wire-type corona electrode and a 300-mm-diameter cylin-

drical grounded electrode. The optimum rotational speed was

obtained at 70 rpm, and the voltage level required to create the desir-

able intensity of electric field was in the range of 20–25 kV. Rota-

tional speeds higher than 70 rpm and voltages higher than 25 kV lead

to dispersion of wheat straw and grains particles and decrease in the

quality of separation.

The results obtained in this study belong to the configuration of

the developed prototype with some specifications such as the loca-

tion of the electrodes. To investigate the effects of these factors,

more practical studies should be carried out in future to improve the

separation quality.
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