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PRINCIPLES OF INNOVATIVE SEED PELLETING TECHNOLOGY

The increase in the world's population to 9 billion people is leading to an aggravation of the global food crisis. A key
factor in solving this problem is the use of innovative technologies for preparing the seed fund, which will increase
crop yields and consumer characteristics of the productive part of the harvest while rationally using the land fund of
Ukraine, which is one of the five largest agricultural exporting countries.

An analytical review of the basic methods and equipment for processing crop seeds aimed at ensuring high yields,
increasing resistance to adverse agroclimatic conditions and improving consumer characteristics of products is carried
out. Existing methods of pre-sowing treatment include drying, coating, encrustment, and pelleting. These processes are
usually carried out in bowl-type, drum-type, or stirrer machines. Despite their widespread use, they have a number of
significant drawbacks. These include an increased risk of agglomerate formation, mechanical injury of the seeds, which
reduces their germination, and low heat utilization, which affects the energy efficiency of the process.

To eliminate these shortcomings, an innovative seed treatment technology based on the use of an apparatus with a
heterogeneous jet-pulsation mode of fluidization is proposed. This technology has a number of advantages, including
reducing the risk of seed damage, ensuring uniform distribution of the coating, and a significantly higher coefficient
of thermal utilization. The use of this technology allows for an efficient granulation process, which is especially
important in the production of granular organic-mineral fertilizers. The research results show that the use of a
Sfluidized bed apparatus contributes to the production of spherical granules with a layered structure. Such granules
contain nutrient minerals, bone meal, and humic compounds that provide comprehensive plant nutrition. An important
indicator of the process efficiency is the low dust emission factor of less than 12%. The thermal coefficient of the
technology exceeds 50%, which indicates its high energy efficiency.

The proposed innovative technology has high adaptive properties for a full cycle of pre-sowing seed preparation,
from drying, calibration and dressing to encrustment and pelleting. This allows us to achieve high results even in
unfavorable agroclimatic conditions. Innovative solutions are based on the use of the original jet-pulsation
fluidization mode, which allows to increase the efficiency of heat and mass transfer in combination with intensive
renewal of the phase contact surface. Due to this technology, it is possible to carry out pre-sowing preparation
according to an individual program, which will help to improve the consumer characteristics of agricultural products
and preserve environmental balance.
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Formulation of the problem. In modern conditions, pre-sowing seed treatment is increasingly used to ensure
sustainable yields of agricultural products with high consumer qualities. In particular, according to [1, 2], high-quality
seed preparation can lead to an increase in yields of up to 30 %. However, even in this case, without additional local
protection and nutrition of each seed, the desired results cannot be achieved due to the influence of weather conditions
and pathogenic microflora in the soil. Therefore, the first important step is seed treatment with special solutions for
each crop [3].

The global market for seed coating materials (dyes, polymers, fillers, and other additives) was worth 1.8 billion
USD in 2019 and is projected to reach 3.0 billion USD by 2025 [4]. The main group of active ingredients are chemical
seed treatments, which are estimated to be worth between 3 and 5 billion USD in 2020, accounting for at least 2/3 of
the total seed treatment market [5].

A wide range of materials are used for seed treatment and coating. These materials have been categorized
according to their composition and origin as synthetic chemicals (SYN), natural products or derivatives of natural
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products (NP), biological agents (BIO), and minerals extracted from the earth (MIN) (Table 1) [6]. Among these
categories, certain materials can be used for organic use and labeling, and materials approved by the US Organic
Materials Review Institute (OMRI) [7] have been labeled as organic (OR).

Seed treatments can contain fungicides, insecticides, nematicides, and bactericides to control pathogens and pests
during sowing [8, 9]. For seed dressing, water-based liquids containing colorants, dressing chemicals, surfactants for
better dissolution of these compounds, and binders are used. (Table 1). Each group of material in the table classified
by function and composition [6].

Table 1 — Seed treatment and coating materials grouped as active components, liquids and solid

particulates™®
Active Components Liquids Solid Particulates
Biostimulants Water colorants Binders
- SYN, NP, BIO (OR) - SYN, NP (OR) - Also, under Liquids
Plant nutrients Adjuvants - Soy flour: NP (OR)
- SYN, MIN (OR) - SYN (OR) Fillers
Abiotic  stress: Drought and | Binders - Diatomaceous earth (DE): MIN
Salinity - Polyvinyl alcohol (PVOH) and | (OR)
- SYN, BIO (OR) Polyvinyl acetate (PVAc): SYN - Limestone: MIN (OR)
Plant Protectants - Methyl cellulose: SYN - Gypsum: MIN (OR)
- SYN, NP, BIO, MIN (OR) - Carboxymethyl cellulose (CMC): | - Bentonite: MIN (OR)
Inoculants SYN - Vermiculite: MIN (OR)
- BIO, MIN (OR) - Plant starches: NP (OR) - Talc: MIN (OR)
- Gum Arabic: NP (OR) - Zeolite: MIN (OR)
- Silica: MIN (OR)
- BaSO4: MIN

*Abbreviations for material source/origin: Synthetic Chemicals — SYN, Natural products or derivatives — NP,
Biologicals — BIO, Mineral — MIN, substances may be Organically approved — OR

Analysis of previous studies. The most typical devices for applying the liquid phase to the grain surface are
shown in Fig. 1 [6, 10, 11, 12].
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Fig. 1 — The three major types of seed coating equipment: dry powder applicator, rotary coater and
drum coater used to produce five seed coatings: dry coating, seed dressing, film coat, encrustment and
seed pellet
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Dry powder coating is a seed coating method that involves mixing seeds with a dry powder used for fungal or
bacterial treatment and then drying them [13, 14].
According to the authors of [6], the dosage of dry powders applied to seeds is limited by their adhesion to seeds and
ranges from 0.06 to 1.0 % by weight of seeds (Fig. 2).
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Fig. 2 — Percent weight increase after dry coating, seed dressing, film coat, encrustation
and pellet seed technology [6]

The gray bar for seed dressing and film coating is the addition of finishing powder during the coating process.
The percentage increase is shown on a logarithmic scale to facilitate comparison between technologies in Fig. 2.

In the work [6] is shown that the most common apparatus for all types of process (Fig. 1) is an apparatus with a
stirrer in various modifications, in which the liquid and dust phases are sprayed using a mechanical disk-type
disperser. In this case, due to the action of mechanical blades on the seeds, both the surface applied layer and the seeds
themselves may be damaged. In addition, there is a high risk of agglomerate formation. To dry the resulting product,
a drum machine is usually installed, or the process is carried out in a bowl granulator with subsequent drying of the
material. Sometimes the pelletizing process is carried out in a cascade of drum machines (Fig. 3) [15].

Fig. 3 — Pelletizing system DPP [15]

In the first drum, the product is irrigated with oil or other liquids, and in the second drum, it is mixed with bulk
flavoring additives [15]. This technology is multi-stage with a low heat efficiency.
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The company Petkus/Roeber [16] proposed a new multi-coater containing a rotating bottom filled with granular
material, which rotates in the middle of a cylindrical apparatus, and the liquid phase is sprayed by a mechanical
disperser into the middle of the rotating bottom, shown in Fig. 4.

Fig. 4 — Photo of the multi-coater Petkus/Roeber rotating bowl [16]

To reduce the risk of seed injury in these machines, which contain a rotating bottom, the seeds are supported on
a pneumatic cushion [17]. This apparatus is batch and has the following stages, shown in Fig. 5.
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Fig. 5 — The principle of Petkus/Roeber multi-coater functioning [17]

The cylindrical body of the apparatus 1 and the rotating bottom 2 are made of mirror-smooth stainless steel with
electrolytic polishing to avoid sticking of liquid products. The stirrer has a special streamlined shape and an adjustable
gap between the wall of the apparatus and the rotating bottom, and air is supplied through diffusers 5.

The obvious complexity of the design and the high cost of the manufacturing technology do not reduce the risk
of seed injury in the gap between the edges of the rotating bottom and the walls of the cylindrical body. In addition,
insufficient mixing does not ensure effective contact of the coolant with individual particles, which significantly
reduces the mass and heat transfer coefficients. As a result, the specified coating uniformity is not ensured, the
granular material is not dried sufficiently, and agglomerates spontaneously form during the pelletizing process.

The purpose of the article is to provide scientific substantiation of the use of innovative technology for the
processes of encrustation and pelletizing of agricultural crop seeds using a heterogeneous jet-pulsation mode of
fluidization.
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The scientific novelty lies in the interaction of the gas coolant with the granular material in the apparatus by
introducing two jets in orthogonal planes into the lower part of the granulator, which, after combining, create a cyclic
jet-pulsation mode of fluidization, accompanied by removal to the space above the initial bed and return to the initial
state of about 40 % of the mass of the initial bed with a frequency of 1.7-2.7 Hz.

Presentation of the main material. The peculiarity of the pelletizing process is the formation of a multilayer
cluster on the surface of the grain, which is 5 or more times its initial mass. At the same time, the pelletized seed is a
biological object with a specific genetic code and, when applied to the soil, must be active and have the resource to
counteract negative factors of organic, chemical and climatic origin.

Technologically, the pelletizing process involves the cyclical application of a liquid phase containing a solvent,
mineral and organic nutrients, and growth stimulants to the seed surface, followed by evaporation of the solvent
(water). As a result, a composite solid phase with a micro-layer structure is formed on the seed surface. To do this, it
is necessary to ensure effective circulation of the granular material between the irrigation and drying zones without
mechanical damage to the seeds. But the main feature is that the process can only take place at a temperature of 40 °C,
and the heat supply for the evaporation of the solvent from the liquid formed on the grain surface can only be due to
convection from the heated coolant.

Given that the heat transfer coefficient a from the gas coolant has a limited value, an increase in the amount of
heat supplied can be achieved by increasing the total contact surface of the phases F, i.e., the product aF tends to max.
Considering that the liquid phase is continuously dispersed into the fluidized bed, to ensure stable kinetics of the
process with a layer-by-layer granulation mechanism, it is necessary to actively renew the working surface of the
phases in the irrigation and drying zones at a high driving force for mass transfer. This will increase the coefficient of
utilization of the supplied heat with the heated coolant.

All of these requirements are met by a fluidized bed apparatus, in which a continuous gas medium is used as a
liquefying agent, heat carrier, and moisture-receiving phase. It is known that the coefficient of utilization of the
supplied heat of such an apparatus can reach 50 % or more, and in the case of heterogeneous fluidization, the
coefficients of heat and mass transfer increase by 1.5-2 times [18]. High efficiency of the transfer processes in a
fluidized bed apparatus is achieved through the use of a heterogeneous jet-pulsation hydrodynamic regime, the
physical model of which is shown in stages in Fig. 6 [19].
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Fig. 6 — Stages of evolution of inhomogeneous jet-pulsation fluidization [19]
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At the first stage of the cycle (induction period), during time 7; a gas bubble is formed at a height z-+ A (Fig. 6 b)
and reaches its critical size. The second stage (72) is the pulsatile ejection of a significant mass of granular material
from zones //I and /I into the space above the initial bed and its movement to zone / (Fig. 6 ¢) by one or more bubbles
until the residual height of the granular material in zone III H,es.my < zr+ A. Then there is an intensive movement of
the bed of granular material from the space above the initial bed of zone [ into the formed voids in zones /I and /1] ,
and the system returns to the initial state of equilibrium (Fig. 6 a) with the countercurrent movement of the solid and
gas phases (stage 3) — (z3). That is, the duration of one cycle of pulsations is, s: 7. =71 + 72 + 73 [19].

Such a hydrodynamic regime is characterized by a nonlinear change in the bed height to (1.7+2.0)H, in zone /
and the heterogeneity of its porosity (in a fixed volume absrkp), which in zone / remains constant &7 = gy = 0.4, and in
zones /I and /I can cyclically change from &gmin) t0 €rgmax) = 1.5¢0 and from &zzpmin) 10 Emipmax) = 2€0. For flat slots of
gas distribution device, the size of the gas bubble is determined by equation (1) and in the case of a decrease in the
height of the granular material at the boundary of zones /7 and /I the size of the bubble will adequately decrease as
the height of the residual bed of solids in the zone of the vertical jet decreases (Fig. 6).

dy=4 (Ho—zr—A)/ (4 + n). e

The experimental studies conducted by the authors of [20], shown in Fig. 7-9, confirm the provisions of the
physical model of the jet-pulsation fluidization with a pulsation frequency of 1.7 Hz when using granular organic-
mineral fertilizers with a diameter 4 mm, a density 1450 kg/m? at a height of the initial (stationary) bed Ho = 0.32 m.
Hydrodynamics studies were conducted on a pilot installation with a granulator chamber size of
AxBxH=03x0.1x1.5m [20]. Photographic fixation of the state of the bed of granular material at the first,
second, and third stages of the cycle at d. = 4.0 mm; K, = 1.43; Wgpeq) = 1.64 m/s; Wygiisy = 36.6 m/s) is shown in
Fig. 7-9.

a)r=0.16s b)7=0.20s c)t=024s d)7=0.285s e)1=032s Nr=036s g 1=040s

Fig. 8 — Photo fixation of the state of the fluidized bed at the second stage of the cycle 0.16 <7<0.40 s
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c)t=052s

a)t=044s

Fig. 9 — Photo fixation of the state of the fluidized bed at the third stage of the cycle 0.44 <7< 0.56 s

The results of the experimental studies were summarized in the form of indices of increasing the total height of
the bed of granular material Hpea/ Ho = in, Hpea/ Ho = f(v) and AP, = f(t). The dynamics of changes in these parameters
in one cycle is shown in Fig. 10-11 [19]. Thus, the maximum value isuay =2 is achieved for pellet diameters
d. = (1.5-4.0 mm), and the duration of one cycle adequately increases from 0.32 to 0.56 s, corresponding to a
pulsation frequency = 1.7-2.7 Hz (Fig. 10). Moreover, this result is achieved at higher values of the fluidization
number for smaller pellet diameters, which is very important for minimizing the risk of agglomeration and maintaining
the driving force for heat and mass transfer
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Fig. 10 — Dynamics of changes in the index of increase in the total bed height at Hyo = 0.32 m or different
values of d. [19]

The results of monitoring the pressure drop across the fluidized bed during one cycle are shown in Fig. 11 [19].
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Fig. 11 — Dynamics of changes in the pressure drop in the bed of granular material at Ho = 0.32 m for
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This made it possible to calculate the dynamics of changes in the mass of granular material in the initial geometric
volume of the bed, shown in Fig. 12.
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Fig. 12 — Dynamics of the change in the mass of the fluidized bed in the initial volume of the bed for
particles with different values of the diameter d. at different fluidization rates K,

Therefore, regardless of the size of the particles, the removal of material outside the initial bed of solids is
achieved by removing more than 30 % of the initial mass of the fluidized bed not only in a strictly vertical direction
in the bed, but also in a transverse horizontal direction in the space above initial bed. Moreover, for 2/3 of the cycle,
the material is carried out from the initial volume of the fluidized bed to the space above the initial bed (forward flow),
in the center of which the mechanical disperser of the liquid phase is located, while 1/3 of the cycle the transferred
material moves in the opposite direction (counterflow) (Fig. 13). Given this time ratio, the particle velocity in the
counterflow movement is on average 2 times higher than in the forward flow. This leads to the turbulization of the
boundary hydraulic sublayer around the solid particles, which significantly reduces the diffusion resistance to mass
transfer. That is, in three cycles, there is a high probability of achieving a complete renewal of the entire working
surface of the bed of granular material in the granulator chamber due to volumetric 3D mixing.

The essence of the process of the proposed technology is that seeds are loaded into the chamber of the
granulator 2, which has the shape of a parallelepiped, equipped in the lower part with a gas distribution device 1
(GDD) (Fig. 13). The heated coolant is introduced asymmetrically into the apparatus through the GDD to create a jet-
pulsation fluidization. The liquid phase is sprayed by a mechanical disperser 3 located inside zone /I, through which
the mass of granular material moves bilaterally (Fig. 13).

00|

Rising zone
£>0.8

Downward zone
e=04

Ho

1 — gas distribution device, 2 — granulator chamber, 3 — mechanical disperser, 4 — directing distributor,

Fig. 13 — Scheme of the apparatus for carrying out the process of pelleting and granulation under
inhomogeneous fluidization
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Testing of this technology in the dehydration and granulation of heterogeneous liquid systems containing almost
the same amount of bone meal 29 % (organic matter) and ammonium sulfate 27 % (mineral component), 2 % each of
potassium chloride and humate, made it possible to obtain organic-mineral fertilizers of stimulating action (Fig. 14)
of spherical shape with a layered structure (Fig. 15) [18].
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Fig. 14 — General view of humic-phosphorus-calcium- 1 — initial center of granulation,
nitrogen-potassium-sulfur-containing fertilizers with a 2 — layered structure;

stimulating effect of the composition:

F:P:Ca:N:K:S=1:10:19:11:2:125 Fig. 15 — Cross-section of the pellet

(increased by a factor of 10)

At the same time, the granulation coefficient ¥ > 88 % (dust removal less than 12 %) with a specific moisture
load of the bed surface ar = 0.51 kg/(m?-h), which is 2 times higher than this parameter compared to the process when
implementing homogeneous fluidization [18].

Conclusions. An innovative technology of pelletizing with the use of heterogeneous jet-pulsation fluidization
has been substantiated and successfully tested for the production of granular organic-mineral fertilizers during the
dehydration of composite fertilizers containing nutrients of mineral and organic origin and stimulating macro-
impurities. The weight of the final granular product increased by 18 times compared to the initial one without
deterioration of physical, meso-mechanical and chemical properties, which indicates the high adaptability of the
proposed technology. The fundamental difference from existing technologies is the possibility of obtaining a layered
structure on the surface of seeds according to an individual recipe, which is determined by the agro-climatic and
environmental conditions of the region of application.

In addition, the proposed technology is also quite suitable for efficient drying, dressing, encrustment and even
calibration.

Prospects for further research. Further research will be aimed at determining the features of hydrodynamics
for each type of seed, taking into account their aerodynamic properties and conditions of pelletizing processes that
ensure the preservation of high biological activity of treated seeds.
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Kopuienuxo A. M., Mapuescokuit B. M., I'aiioaii C. C., Cemenenko /1. C.
3ACAJIA IHHOBAIIMHOI TEXHOJIOI'Li JIPA’KYBAHHS HACIHHSA

36invuenns uucenvrocmi HaceaenHs Ha naanemi 00 9 Mapo ocib npusooUms 00 3a20CmMpenHs C8inMo8oi NPOO0BOILUOL
Kpusu. Kniovosum ghakmopom y eupiuienni yici npobremu € 3acmocy8antsi iHHOBaYitiHuUX MexHoA02ill Ni020MoeKU
HACIHHEBO20 (OHOY, WO 00380AUMb NIOBUWUINU BPOICAUHICMb CITbOCHKYILIMYD | CNONCUBYT XAPAKINEPUCTIUKU
NPOOYKMUGHOT YACMUHU YPOAHCAIO NPU PAYIOHATLHOMY BUKOPUCIAHHI 3eMelbH020 PoHOY YKpaiuu, ska 6xo0ums 00
1 AmipKu HauOIbUWUX Kpain-eKcnopmepis ClibCbK020Cno0apcbkoi npooyKyii.

Ilpogedeno ananimuynuii 02110 6a306ux mMemooie ma 061A0HAHHA 01 0OPOOKU HACIHHSA CLIbCLKO2OCNOOAPCHKUX
KYIbMmyp, AKi CNpAMOBAHI HA 3a0e3neueHHs UCOKOI 8podcatiHocmi, NIOBUWEHHS CMIUKOCME 00 HeCHpUsimaugux
ACPOKNIMAMUYHUX YMO8 MA NOKPAWEHHS CNOACUBYUX XAPAKMEPUCMUK NPOOYKYii. IcHyoui memoou nepeonocienoi
00pobKU BKIIOYAIOMb NPOYecU CYUWLIHHA, NPOMPYIOBAHHA, [HKpycmayii ma Opasicyeanna. Lli npoyecu 3azeuuail
NPOBOOAMbBCS 8 ANAPAMAX 4auio8o2o, bapabannozo muny abo ¢ anapamax 3 miwankamu. Hezsascaiouu na ix wupoke
3ACMOCYBAHHA, BOHU MAIOMb HU3KY 3HAYHUX HeOOniKie. J{o maxux Hanexcams niO8UWeHUll PpUsUK YMeEopeHHs
aznomepamie, MexawiyHe MpAasMy6aHHs HACIHHSA, WO 3HUNCYE U020 CXOJCICMb, d MAKOJNC HU3bKUL Koe@iyicHm
BUKOPUCMAHHSA MeNnJIOmuU, Wo NIUBAE HA eHep2oeheKMUBHICb npoyecy.

s ycynenns 3a3nayenux HeooiKi6 3anponoHo8an0 iHHOBAYIUHY MEXHON02iI0 00POOKU HACIHHA, KA OA3YEMbCA HA
BUKOPUCMAHHI anapamy 3 HeOOHOPIOHUM CINPYMeHe80-NYIbCAYIUHUM PeHCUMOM Nced003piocens. L{a mexnonozisa
Mae HU3Ky nepeeae, cepeod AKUX 3HUICEHHS PUBUKIE NOUKOONCEHHS HACIHH, 3a0e3nedeHHsl PIBHOMIPHO20 PO3nooiny
HOKpUMMS, @ MAKONMC 3HAYHO SUWULL KoeDiyicHm mennoeoco Gukopucmauus. 3acmocysanns yiei mexnonoeii
0038075€ epeKmueHo 30TUCHIOBAMU NPOYeC ePanyIayii, o 0CODIUBO BANCTUBO NPU BUPOOHUYMBT SPAHYTbOBAHUX
0peano-minepanbHux 000pus. Pezyniomamu 00cniodcenb ceiouams, ujo 6UKOPUCMAHHS ANapamy 3 nCes003pioNCeHUM
Wapom CRpUAE 00EPAHCAHHIO 2PaHyl cepuunoi opmu 3 nowaposor cmpykmypoiro. /o cKkiady maxux epamyn
6X0051Mb NOJNCUGHI MIHEPATIbHI PeHO8UHY, KiCmsAHe OOPOWHO ma 2YMIHOGI CNOYKU, SKI 3a0e3neuyoms KOMNIEKCHe
JHCUBTIEHHA POCIUH. Baswcaugum noxkasHUKoM epekmueHocmi npoyecy € HU3bKuil KoeqiyieHm nunesuHeceHHs, ujo
cmanosums menute 12 %. Tepmiunuil xoegiyienm mexuonocii nepesuwyye 50%, wo ceiouume npo it 6uUcoky
eHepaoeghekmusHicme.
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3anpononosana innosayilina MexHOI02iA MA€E BUCOKI A0ANMUBHI G1ACMUBOCI Ol NPOBEOeHHs. NOBHO20 YUKTY
nepeonocieHoi ni020moKU HACIHHS 8I0 CYUIHHS, KANIOPYSanHs I NPOMPYIOGAHHS 00 THKPYCMAayii ma opaxicy8aHHs.
Le 0o360nums Odocszamu BUCOKUX pe3VIbMAMIE HABIMb 3a HECNPUAMIAUBUX ACPOKIIMAMUYHUX YMO8. [HHO8aYilIHI
DillenHs TDYHMYIOMbCs HaA BUKOPUCTAHHI OPUSTHANILHO20 CIPYMEHEB0-NYIAbCAYIUHO20 PeHCUMY NCe8003PIOHNCEHH,
Wo 00360€ NIOBUWUMU ePEKMUBHICIb MENIOMACOOOMIHY 68 NOEOHAHHI 3 IHMEHCUGHUM OHOGICHHIM NOBEPXHI
Konmaxkmy a3z. 3ae0saxu yill mexHoao2cii MOdHCIUGe NPOBEOeHHs Nepeonocienoi nidcomosxku 3a iHOUBIOYaIbHOI
NpOSPaMoI0, Wo CHpUusmume NiOBUWEHHIO — CHOICUBUUX XAPAKMEPUCMUK CilbCbKO2OCNOO0ApChKoi npooyKyii ma
30epedtceHHaAM eKoN02IYHOI pisHo8azu.

Knrouoei cnosa: opasicysanns, epanyisiyis, HeOOHOPIOHe NCEBOO3DIONCEHHS, CMPYMEHE80-NYIbCAYIUHUL PedtCUM,
00 ’emHe nepemiutysanms
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