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ABSTRACT 
 

This article shows how high-intensity electric fields are effective in grain disinfection and cleaning. 
The use of high-intensity electric fields for influencing biological matters opens the prospect for the 
use of electro-technology in biotechnology, agro-industrial production, medicine and other branches 
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of the national economy. The authors found that the efficiency of disinfection is determined by the 
duration, intensity and sequence of external physical influences. The parameters were identified, 
whose effects are destructive for insect cells and safe for grain cells. The longer the exposure time, 
the effectiveness of disinfection is greater. A 100% lethal effect of all types of insects occurred 
already at 30 seconds, which indicates a 25% microwave exposure time reduction. In addition, the 
study shows the function of changes in separation angles of grain from the surface of the crown type 
electric separator drum, thereby confirming the possibility of implementing electro-technologies in 
cleaning. 
 

 
Keywords: Electro-technologies; electro technical installations; grain; grain cleaning; electric fields; 

process of electrical separation. 
 
1. INTRODUCTION  
 
Prohibitive sanctions enacted to Russia by other 
countries opens up opportunities for Russian 
developers in various sectors of the national 
economy. The Government of the Russian 
Federation has developed a number of draft laws 
to support agricultural producers. Particular 
attention is given to the development of grain 
production, as well as the introduction of new 
types of machines and technologies. The 
technological lines being developed must meet 
ecological requirements which can be achieved 
by using high-intensity electric fields. 
 
In any freshly picked grain there are considerable 
amount of pathogen bacteria, insects and mites 
[1]. These grain pests under favourable 
conditions have a negative effect by reducing the 
amount of dry matter and contaminating and 
spoiling the grain crop. For preventing the crop 
failure it is necessary to disinfect and disinsect 
the freshly picked grain before the storing period. 
The grain crop that has not been disinfected 
properly is became the reason of decreasing the 
quality of grain crop and the level of crop yield 
[2]. 
 
Implementing new electrical technologies and 
developing new electro technical installations call 
for a theoretical analysis of electrical grain 
separation [3,4,5]. The purpose of this work is to 
determine the parameters of the physical effects 
on grain during disinfection. Moreover, the aim is 
to find whether the known calculation methods 
used in electrical grain separation within the field 
of crown discharge can be applied in field testing 
or not. 
 
Number of scientists around the world has done 
research concerning selective heating of 
agricultural products [6-16], of which some are 
about the issues of disinsection [3-8]. The main 
purpose of the research is to determine the 

optimum time and frequency of microwave 
exposure. Heating by microwave energy makes 
possible to accurately dose the heating, thereby 
fulfilling the selective heating condition for grain 
and insects. 
 

It was necessary to determine the parameters of 
grain disinsection with the help of ozone and 
microwaves during the course of preliminary 
studies. It is well known that among the various 
types of electromagnetic field treatments on 
living tissues, ozonation is the most suitable 
means for disinsecting grains. Ozone has a 
harmful effect on the body of insects - it destroys 
the weak and weakens the strong insects [17]. 
Ozonation has a stimulating effect on seeds at 
low ozone concentrations. Thus, ozonation is the 
most suitable preliminary treatment of grain prior 
to microwave radiation [18]. 
 

The purpose of this paper is to study the effects 
of electric field on grain crop cleaning and 
disinfection 
 

2. MATERIALS AND METHODS  
 
The processing of the experimental data was 
carried out in accordance with the developed 
methodology.  
 
As can be seen in the Fig. 1 the experimental 
study consists of next stages: 1 – seed 
preparation; 2 – insect contamination of seed; 3 - 
insects rearing; 4 – sampling; 5 – disinfection 
process. 
 

Wheat seed preparation: Two varieties of 
wheat seed were selected “Rossiyanka” and 
“Krasnoufimskaya-100” sampled from “Agro-
SelhozProduct” farm in Chelyabinsk city and 
from “Belorechenskiy” farm in Sverdlovsk region.  
Wheat seed moisture content was about 14.0%. 
 

Insect contamination of seeds: The wheat 
seed was stored in the glass jars (10 l each) 
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where the insects (Sitophilus granaries, 
Sitophilus oryzae, Ostrinia nubilalis, Plodia 
interpunctella) were placed. Each species of 
insects were placed into jars in the proportions of 
30-50 insects per jar. The glass jars were closed 
with plastic caps with holes for air flow. Totally, 
12 glass jars (3 jars for each type of insects) 
were prepared for experiments. 
 
Insects rearing: The jars were stored at 20-
25°C with low light. Such kind of environment 
allowed quickly reproduction of insects. After 1.5 
month the population of insects increased twice. 
Herewith the insects were in the different stage 
of growing – from larvae in the crop to adult 
insects.  
 

 
 

Fig. 1. The seed disinfection and insect 
removing unit 

 
The disinfection unit (Fig. 1) consists of an 
electric motor 6, ozonizer and ozonizing 
chamber, microwave emitter which installed 

before the hopper 5, high voltage source 7, 
ionizing electrode 1, receiving electrode 2, 
separator 4, brush 3 for removing the adhered 
particles [19]. 
 
This unit works in a following way: the ozonizer, 
microwave emitter and corona-type separator 
can disinfect the grain crop and kill the insects 
and separate the crop from the foreign matters. 
Ozonizing effect weakens the strong insects or 
kills the weak insects. Without the ozonizer the 
grains would require longer treatment in 
microwave emitter (about 35 sec against of 23 
sec while using of ozonizer) which can cause 
grain viability damage. The corona-type 
separator is required for separating the killed 
insects from the grain crop. 
 
Theoretical calculation of the values of grain 
separation angles of different category grains: 
whole, with insects inside are compared with 
experimental data obtained during field trials at 
OAO Beloretskoye. 
 
Certain developed methods are used to calculate 
the separation angles, which for most laboratory 
test conditions yield results with sufficient 
accuracy for engineering calculations. 
 
Investigation includes numerical computation of a 
grain falling place after separation from a surface 
of a conveyor belt. The next differential equations 
are used for calculation of total current density on 
the surface of an ellipsoid 
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where  is the depolarization coefficient of the 
ellipsoid  
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This equation takes into account only two axes of 
the ellipsoid, which makes it possible to calculate 
objects roughly resembling a biaxial ellipsoid. 
Some types of grain crops are of forms of 
flattened ellipsoid and this equation is not 
applicable, so an adjustment is introduced to the 
coefficient that takes into account the third axis of 
the ellipsoid 
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For the triaxial ellipsoid, the analytic distribution 
of the field is known on the surface and in the 
vicinity of the ellipsoid. The electric field strength 
at the surface of the ellipsoid is written as: 
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where a, b, c are the semiaxeses of the ellipsoid, 
 

As a result, a Simulink (Mathlab) program was 
used for modeling a process of electrical 
separation of grain of different categories with 
new refinement coefficients. 
 

3. RESULTS AND DISCUSSION 
 

Fig. 2 shows the relation between the 
effectiveness of grain disinsection and 
microwave exposure time after ozonization with 
specified parameters: the dosage does not 
exceed 2.5 g / liter; duration of ozonation does 
not exceed 2.5 minutes. The longer the exposure 

time, the effectiveness of disinfection is greater. 
The heating time cannot be increased infinitely; it 
has a limit based on maintaining the viability of 
the grain. 
 

Fig. 2 shows that the preliminary ozonation shifts 
the dependence of the disinsection effectiveness 
on microwave time to the left meaning that lethal 
effect occurred with a shorter time. A 100% lethal 
effect of all types of insects occurred already at 
30 seconds, which indicates a 25% microwave 
exposure time reduction. Thus, it can be 
assumed that the preliminary ozonation allows 
reduction of the amount of energy necessary for 
the complete destruction of insects by a quarter. 
Types of insects play an important role in setting 
the parameters of ozonation and microwave 
irradiation. Sayed (2004) reported that the 
ozonation treatment killed 100% of all the insects 
(Sitophilus oryzae) in dried wheat seed (moisture 
12%) and 78% of all insects in the wheat seed 
with the moisture content of 15-18% [20]. 
 

Experiment results can provide basis to assume 
that there is a direct relationship between the 
insect dielectric parameters and the 
technological parameters of disinsection of grain 
(ozonation: concentration and exposure; 
microwave radiation: exposure time). 
 

Fig. 3 demonstrates a relationship constructed 
from experimental points with the help of a 
theoretical model. Fig. 3 shows the results of 
experiments, constructed from experimental 
points, which confirms the mathematical model. 

 

 
 

Fig. 2. Relation between the effectiveness of grain disinsection and microwave exposure time 
after preliminary ozonation: 1 - grains damaged by a Plodia interpunctella, 2 - grains damaged 

by a Ostrinia nubilalis, 3 - grains damaged by Sitophilus oryzae, 4 - grains damaged by 
Sitophilus granarius 
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Fig. 3. Relationships of theoretical equation and experimental data on the angle of grain 
separation: 1 - whole seeds; 2 - seeds with Sitophilus granaries inside; 3 - seeds with Ostrinia 

nubilalis inside; 4 – seeds with Sitophilus oryzae 
 
The correlation coefficient calculated for the 
dependence is, r = 0.9. 
 
As can be seen from the figure, whole grains and 
grains with insects inside have different values of 
the dielectric permeability, and hence different 
angles of separation from the drum. For instance, 
whole grains have a dielectric constant in the 
range of 2 to 5 and a separation angle of 80°-
100°, while grains with insects inside have 
values of the dielectric constant from 11 to 14 
and the angle of separation 110° to 140°. 
Moreover, the type of insect species significantly 
influences the value of the dielectric constant and 
separation angle from the drum, for example, 
grains with rice and granary weevils differ 
insignificantly, and the valuesof the permeability 
are in the range of 13-15 and the separation 
angles 120°-160°. For grains with Ostrinia 
nubilalis, the permittivity values were obtained in 
the range of 13-16, and the separation angles 
from the drum 130°-170°. For grains with grain 
moths, the range of permeability is 14 -17, and 
the separation angle is 140°-170°. 
 

4. CONCLUSION 
 
Preliminary ozonation allows reducing the 
amount of energy necessary for the final 
destruction of insects by a quarter. Type of 
insects plays an important role in setting the 
parameters of ozonation and microwave 
irradiation. The conducted field tests confirm the 
mathematical model of cleaning whole grains 
from grains with insects. Furthermore, the 
method previously developed by the authors can 

be recommended for determining grain 
separation angles from the surface of a crown 
type electric separator drum. The developed 
design allows using it as a prototype for creating 
similar lines with high-intensity electric fields as 
physical effects, which can be introduced in the 
production of food, medicine or agriculture. 
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