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MECHANISMS AND DRIVING FORCES OF SAFE AND
TECHNOLOGICAL PROCESSING OF GRAIN
PRODUCTS USING VARIOUS ENERGY SOURCES

Abstract

The article discusses modern technological approaches to ensuring grain quality preservation and increasing yield in
grain processing, particularly in wartime conditions. Particular attention is paid to energy-intensive post-harvest grain processing
and the use of the latest methods of influencing raw materials, such as thermal irradiation, microwave and acoustic treatment. The
article examines modern mechanisms and driving forces that determine the efficiency, safety and technological feasibility of grain
processing using various energy sources. The theoretical principles underlying the transformation, distribution, mixing and dehydra-
tion of grain products are presented. The importance of complying with the basic principles of thermodynamics for the qualitative
assessment and optimisation of technological processes is demonstrated. Particular attention is paid to post-harvest processing,
which is a key link in preserving quality and increasing yield in conditions of high energy intensity of production processes. An anal-
ysis of the latest technological approaches to thermal and moisture-thermal processing of grain, such as microwave, infrared, and
ultrasonic heating, as well as methods of drying, irradiation, grinding, and mixing, is presented. It is noted that the main processes of
grain conversion, mixing and distribution are based on the fundamental principles of thermodynamics, in particular the equations of
material and energy balance, kinetics and equilibrium. The influence of the dielectric and magnetic properties of grain products on
the efficiency of electromagnetic heating is also described. Approaches to energy calculations for microwave processing are pro-
posed, which take into account the peculiarities of the physical and chemical properties of grain. The advantages and limitations of
high-frequency processing methods compared to traditional ones are noted, taking into account technical, environmental and eco-
nomic aspects. A conclusion is made about the need to adapt equipment to the conditions of grain procurement enterprises and the
advisability of further research to ensure the efficiency and safety of technological processes. The advantages of microwave treat-
ment as an inertia-free, controllable and energy-efficient technology capable of destroying pests, increasing seed germination and
preserving the biological value of the product are highlighted. At the same time, the difficulties regarding energy consumption, high
equipment costs and the need to comply with environmental standards are emphasised. The work is based on the results of research
by scientists at Odessa National Technological University and has practical significance for the agro-industrial complex.

Key words: grain processing, post-harvest grain processing, quality preservation, drying, microwave treatment,
thermal processes, electromagnetic radiation, dielectric heating, thermodynamics, heat and mass transfer, energy consump-
tion, technological processes, bacterial treatment, vibrating channel, ultrasonic treatment, energy efficiency
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Introduction

The main goal in any grain processing produc-
tion is to increase yield and ensure quality preservation.
These processes are very energy-intensive. At the same
time, quality assurance is considered one of the main and
final stages.

Previously, aviation technologies were used to
increase yield, which had certain advantages over ground
technologies, but now there are certain restrictions [1].
However, post-harvest grain processing is becoming in-
creasingly relevant, especially in wartime conditions.
Therefore, various types of energy supply are used to
process grain (seeds) at any stage to achieve increased
yield and bacterial treatment, but evidence of their effec-
tiveness is not always provided. Scientists at ONTU have
laid out the theoretical foundations and proven the practi-
cality of using the latest grain processing methods, name-
ly heating with rays, drying, and other methods of mois-
ture-heat treatment.
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The objects of grain storage and processing
technology should be considered to be grain, the grain
environment, and the processes of transformation, distri-
bution, and mixing that occur during its storage and pro-
cessing.

The subject may be our understanding (theoreti-
cal patterns) of the main processes of transformation,
distribution, and mixing during storage and processing,
i.e., the theoretical foundations of these processes.

To preserve the quality of grain (seeds) and pre-
pare it for long-term storage, excess moisture must be
removed. The drying process is the most common meth-
od, but it is characterised by a high degree of technologi-
cal complexity due to the simultaneous occurrence of
interrelated thermophysical, physicochemical and bio-
chemical processes. At the same time, the possibilities
for increasing the drying temperature are limited by fac-
tors such as loss of germination, changes in individual
components of the grain, disruption of the biological
structure, and changes in quality indicators.

http://grain-feed.ontu.edu.ua
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The transformation of grain properties is carried
out by processes of various natures: chemical and bio-
chemical.

Grinding can be viewed, on the one hand, as a
process of transformation and, on the other hand, as a
process of distribution depending on its purpose.

Distribution (sorting, separation) is carried out
by precipitation, filtration in a gravitational field and in
fields of centrifugal, electric and other forces. Sorting
into fractions is carried out according to differences in
size, shape, electromagnetic properties, density, etc.
When distributing substances, combined methods are
mostly used, which carry out distribution according to a
set of characteristics, ensuring the removal of most of the
distribution components.

Regardless of the purpose of the main processes,
any processing and reprocessing of products is based on
three principles of thermodynamics and can be general-
ised at a qualitative level. The basic provisions of ther-
modynamics are specifically defined by equations of
material and energy balance, kinetics and equilibrium,
which are used for the quantitative assessment of techno-
logical processes. The theoretical basis, i.e. the basic
provisions, of these processes is the kinetics of chemical
and biochemical transformations, heat and mass transfer,
dissolution, compression, etc. That is, their implementa-
tion is based on the general principles of thermodynam-
ics, according to which a qualitative assessment of spe-
cific processes can be made. This specific manifestation
of the principles of thermodynamics is described by the
equations of material and energy balance, kinetics and
equilibrium, according to which a quantitative assess-
ment is made, provided that the so-called transfer coeffi-
cients are determined.

For example: when processing grain into flour,
it is moistened and ground into particles, i.e. compo-
nents, with properties that allow the most valuable sub-
stance (endosperm) to be extracted; cereal crops are
steamed and moistened in order to change the physical
properties of the husks and kernels to increase their dis-
tribution characteristics; cereals are also steamed to im-
prove their nutritional properties; primary feed products
are heated, steamed, roasted and extruded to obtain better
nutritional properties. Chemical (biochemical) transfor-
mations take place here.

Irradiation in a broad sense is considered one of
the methods of influencing grain products, which in-
cludes thermal radiation treatment with infrared (IR) and
ultraviolet (UV) fields, high-frequency (HF) and ultra-
high-frequency (UHF) radiation, and sometimes with
frequencies in the X-ray range at different oscillation
frequencies, as one of the possible means of energy trans-
fer (heating) and is carried out in the volume of the raw
material mass. In accordance with international agree-
ments, frequencies of 915, 2450, 5800, 22500 MHz are
used for industrial and scientific work. For example, in
microwave treatment, the frequency is (2450 + 50) MHz
with a generator efficiency of 55...60% and a power of
2.5...100 kW, and in the low-frequency field, the fre-
quency is 915 MHz, with an efficiency of 80...86% at a
power of 25...30 kW.

The purpose of grain treatment with energy
drive is deep heating as a prerequisite for further dehy-
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dration, destruction of pests, increasing the biological
value of products, increasing the germination energy and
germination of seeds, etc. due to the propagation of elec-
tromagnetic waves and their absorption by the product
(grain) [3]. Obviously, it is necessary to adapt generators
in accordance with technical capabilities, technological
indicators of processing quality in accordance with the
operating conditions of grain procurement enterprises, as
well as to ensure compliance with environmental re-
quirements and the economic attractiveness of this meth-
od compared to traditional ones. The use of chemical
potential for the practical determination of energy costs
requires the determination of the characteristics of the
working agent and the object of transformation in a given
or defined range of property changes. Since the charac-
teristics of the technological process are probabilistic in
nature, probability theory, which is the mathematical
basis of the general principles of thermodynamics, is
used along with the above methods to determine the
characteristics.

Results and discussion

The efficiency of the heat treatment process in a
microwave field [3] is characterised by the field energy
absorption coefficient, the speed of propagation of the
electromagnetic wave, which depends on the properties
of the medium in which it propagates.

The speed in a dielectric (V) is less than in a

¢ If the

VE
medium, in addition to the properties of a dielectric (abil-
ity to polarise electrically), also has the properties of a
magnet (ability to polarise magnetically), then its mag-
netic permeability u also affects the speed of propagation
of the electromagnetic wave, as does the dielectric per-

vacuum (C) by a factor of y/& times, i.e. V =

meability, then 17 = E_u The energy entering the prod-
uct layer is determined by the formula
Q=K,-E-d-1, ()

where K}, — is the absorption coefficient; £ — is
the energy component, which is determined experimen-
tally.

The electromagnetic field is characterised by the
wavelength (1), which in turn depends on the field fre-

. c . .
quency (f), i.e. A = = It is known that electromagnetic

waves with a wavelength of 0.1...0.01 m are used for
dielectric heating, which corresponds to a frequency
range of 300...3000 MHz. Thus, under certain conditions,
the energy of an electromagnetic wave can be trans-
formed into heat, resulting in volumetric heating of die-
lectrics, due to the ability of the electromagnetic field to
penetrate them to a considerable depth.

When a material is exposed to an alternating
electric field, there is a continuous shift of charges and
associated molecules. Work is expended on the move-
ment of charged particles, which is converted into heat
due to the presence of ‘intermolecular friction’. The
higher the frequency of the electric field, the more heat is
released in the dielectric per unit of time.

Solid particles of liquid and gas are mixed in or-
der to obtain a uniform product composition (ice cream,
margarine, compound feed, dough, etc.) using various
machines or during transportation. The mixing process is
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usually preceded by a dosing process. At the same time,
transformation processes may also occur. The quality of
the mixing process can be assessed by the increase in
entropy.

In dielectric heating, the heat generated in the
material per unit of time is calculated as [2]:

Po = 0,556 &-1g&f-E* 10712, W/em® 2)

where & — is the dielectric permeability of the
material to be processed;

tgd— is the tangent of the dielectric loss angle;

f — is the frequency of the electric field oscilla-
tions, Hz ;

E —is the field strength, V/cm

At the same time, the values of &' and tgd de-
pend on the properties of the material being processed
and largely determine the choice of frequency and field
intensity when calculating the dimensions of the pro-
cessing equipment.

The process of heat treatment of products in an
electric microwave field boils down to determining the
heat consumption for heating the sample P3 and evapo-
rating a certain amount of moisture Pg from it.

Py=P3+ Ps. 3)

The specific power for heating is determined as
follows:

prc At
3T 'ﬂ_’BTf(cruﬁ
I T ! 4

where p — material density, kg/cm3;

¢ — specific heat capacity of the material,
W/(kgeK);

n:— 1is the thermal efficiency of the heating pro-
cess, taking into account heat losses to the environment;

At — is the temperature increase over a period
of time, s;

At .
A—t — is the heating rate (speed).

T
Specific power for evaporation
r AW 3
Pp =———,Br/em’, %)
n At

where r — latent heat of evaporation at a given
temperature, cal/g;

AW — decrease in moisture per unit volume
(g/cm?) over a period of time 1, s;

AW .
v evaporation rate (speed), g/(cm?-s).
T

The coefficient of field energy absorption by the
sample, which determines the efficiency of the heat
treatment process:

7.6-1012 (peAt + rAW)
leAFf'Ez

K Q)

If is denoted %as Un (heating rate) and
T

AW .
Ar as Us (evaporation rate), then
T

7,6-1012(peU,, + rAUy)

K 2
mArf - E

()
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The technological requirements for the heat
treatment process determine the specific power that must
be supplied to the product being treated over a certain
period of time. The field frequency that will allow the
required heating intensity to be obtained at the permissi-
ble electric field strength is determined as

7,6-1012 (pcU,, +rAU,)
/= S ®)
mK- Enpnn

Since the thermal conductivity of products does
not affect the heating rate, the heat treatment process
does not take much time. At the same time, the high-
frequency method itself is inertial-free and easily subject
to automatic regulation. However, it is necessary to dis-
tinguish between the types of energy loss in the genera-
tors themselves: electrical efficiency
(77e = P/ Pyep ~0.4...08) ) and the efficiency of the

heated system — the ratio of the energy theoretically re-
quired for heat treatment of a material sample Qr to the
energy transferred to the generator during heat treatment

Or.

M =Om/Qz=02...0,5 )

where Or = G-¢c'(t> — t©1) — is the theoretically re-
quired energy for heat treatment of the material sample;

G — is the mass of the sample (productivity);

¢ — is the specific heat capacity;

ti, t» — are the temperatures of the sample before
and after treatment.

Considering the significant cost of microwave
equipment, economic efficiency should be approached
with caution.

Acoustic (ultrasonic) treatment of grain and
food products is used at a frequency of 0,002...10~° Hz.

The lengths (L) of the shortest ultrasonic waves
are close to the wavelengths of light [4]. The intensity of
sound / is measured in W/cm? or decibels (/ = 1 W/cm?,
which corresponds to 160 dB).

I
L =10lg (—)
10—16
(10)

The most intense heating occurs at a frequency
of 500...600 Hz with a sound intensity L > 160 dB. The
processing time is calculated taking into account the
thickness.

Conclusions

The listed types of processing are volumetric
and are not suitable for moisture removal, since internal
heat sources can create significant excess pressure in the
product, which can lead to destruction.

Most scientific and technical publications focus
on the advantages: high energy efficiency, intensification
of heat and mass transfer, and reduction of the duration
of technological processes. At the same time, important
aspects related to increased energy consumption at the
industrial level, the high cost of specialised equipment,
as well as issues of technical regulation and electromag-
netic safety, are generally not sufficiently covered.

http://grain-feed.ontu.edu.ua
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MEXAHI3MMU TA PYIUIMHI CUJIU BE3NEYHOI TA TEXHOJIOTI'TYHO1
IHHEPEPOBKU 3EPHOBUPOBHUILITBA 3 BHKOPUCTAHHSIM
PI3BHUX /IKEPEJI EHEPI'1I

Anomauin

Y emammi pozensadaromsca cyvachi mexnonoziuni nioxoou 0o 3abe3neyents 30epexcenHts AKOCmi 3epHa ma niogu-
WeHHs1 8POJICAIHOCI NPU nepepodyi 3epHa, 30Kpema 8 ymMoeax 6ocHno2o uacy. Ocobausa yeaza npudiiacmovcs eHepeoEMtill
nicaa36upanvbritl 00podyi 3epHa ma 6UKOPUCIAHHIO HOBIMHIX MemOoOi8 6NIUBY HA CUPOBUHY, MAKUX K MepMIuHe ONpOMIHeH-
H3l, MIKDOX6UTbO8A MA AKYCMUYHA 00poOKaA. Y cmammi po3enadaromscs cy4acHi Mexanizmu ma pywiiHi cunu, wo usHava-
1omy epexmugnicms, 6e3neKy ma MmexHono2iuHy OOYiNbHICMb NepepodKuU 3epHa 3 GUKOPUCIANHAM PISHUX O0Jicepell eHepeii.
Ilpedcmasneno meopemuyni RPUHYUNU, WO 1EACATG 8 OCHOGI Mpanchopmayii, po3nooiny, 3MIULY8anHs MA 3HE80OHEHHS 3ep-
Honpooykmis. Tlokasano eaxciusicms OOMPUMAHHSA OCHOBHUX NPUHYUNIE MEPMOOUHAMIKU i AKICHOI OYIHKU ma onmumiza-
yii’ mexunono2iunux npoyecis. Ocobnusa ysaea npudiisemvpcs NICIA30UPATbHIT 00poOYi, SIKA € KIIOY0B0I0 TAHKOW Y 30epe-
JHCEHHI AKOCMI Ma NIOBUUEHHT 8DONCATIHOCT 8 YMOBAX BUCOKOI eHepeoEMHOCMI 8UpOOHUYUX npoyecis. [Ipedcmasneno ananiz
HOBIMHIX MEXHOO2IUHUX NIOX00I8 00 MEPMIUHOL ma 801020mepMiuHoi 00POOKU 3ePHA, MAKUX K MIKDPOX8UbOSULL, IH(pauep-
60HUIl Ma YIbMPA36YKOBUIL HASPIB, A MAKOIC MemMOOi8 CYWIHHA, ONPOMIHEHHSA, NOOPIOHEHH MAa 3MIULy8aHHsA. 3a3HAYAEMbCS,
WO OCHOBHI NPoYecyu nepemeoPerHsl, SMIUYBAHHA MA PO3NOOILY 3epHA 6A3VIOMbCSL HA QYHOAMEHMATLHUX NPUHYUNAX THEPMO-
OUHAMIKU, 30KPEMA PIGHAHHAX MAMEPIATbHO20 Ma eHepeemuiHo2o banaucy, Kinemuku ma pisnosazu. Takosic onucano 6niue
OleIeKMPUYHUX A MASHIMHUX BIACMUBOCHEl 3ePHONPOOYKMIE HA eEeKMUBHICIb e1eKMPOMACSHIMHO20 HASPIGAHHSA. 3anpo-
NOHOBAHO NIOX00U 00 eHepeeMUYHUX PO3PAXYHKIE OJi MIKPOX6UIbOBOT 00pOOKU, AKi 6paX08yIomb 0COOAUBOCME (DI3UUHUX Ma
XIMIiUHUX enacmusocmell 3epHa. 3azHayeno nepegacu ma OOMENCEHHs 8UCOKOUACTNOMHUX Memoodie 06pOOKU NOPIGHAHO 3
MPaOUYItIHUMU, 8PAXOBYIOUU MEXHIYHI, eKONOSIYHI MA eKOHOMIYHI acnekmu. 3pobiieHo 8UCHOBOK NPo HeoOXIOHIcmb adanma-
Yii 001A0HAHHA 00 YMOB 3EPHO3A20MIBENbHUX NIONPUEMCINE MA OOYLIbHICMb NOOANLUUX 00CTIONHCEHb 015 3a0e3nedenHs eqhe-
KmueHocmi ma 6e3neku mexHoaociuHux npoyecis. Budineno nepesacu Mikpoxeuib06oi 00pooku sk 6e3iHepyiiiHol, Kepo8aHoi
ma eHepeoephekmusHoi mexHono2ii, 30amHoi 3HUUY8aMuU WKIOHUKIE, NIOSUWYEAMU CXOHCICMb HACIHHA ma 30epicamu 0io0-
2iuHy yinuicms npooykmy. Boonouac naconoutyemocs Ha mpyoHowax wooo eHepeoChoNCUBAHH S, BUCOKOT eapmocmi 061a0-
HAHHSL Ma HeoOXIOHOCMI 0OMPUMAHHA eKoao2iuHUX Hopm. Poboma bazyemuvcs Ha pezynomamax docnioxcenv euernux Ooecob-
K020 HAYiOHANbHO20 MEXHON02TYHO20 YHIGepCUmemy ma Mac npakmuyHe sSHaAUeHHs Ons a2pONpoOMUCTIO8020 KOMNIIEKC).

Kirouosi ciioBa: 00po0ka 3epHa, micas30upanbHa o0po0ka 3epHa, 30epeskeHHs] AKOCTi, CyIIiHHs, MIKPOXBH-
Jb0Ba 00po0Ka, TepMiuHi NMpouecH, e1eKTPOMArHiTHe BUNIPOMiHIOBAHHS, AieJIleKTPUYHMI HATPiBaHHS, TePMOIUHAMI-
Ka, TeNnJa0Maco00MiH, eHeprocnoKHBaHHs, TEXHOJIOTiYHI NpouecH, 0aKkTepiajbHa 00podka, BiOpauiiiHuii kanam, yJabT-
pa3ByKoBa 00podka, eHeproeeKTHBHiCTH
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