Oo6rpynmoeano 0ouinvHicms i nepcnekmus-
Hicmb eupoOHUUmMea opzamiunux 000pue 6 ezpa-
HYJIb0BAHOMY 6ULNA0I. 3ANPONOHOBAHO 8 AKOCMI
opeaniunoi cycnensii suxopucmosyeamu pioxuii
Kypauuu nocaio. Excnepumenmanvno écmanog-
JIeHO MeMnepamypHi pexcumu npouecy zpamy-
J0BAHHSA KYPAU020 NOCAI0Y Ma 8U3HAMEHO POOO-
wuil pesxcum. Ompumano Kpumepianvhe pi6HAHHA
ons eusHavenns Koeiuicumy mennogioda4i 6io
meno6ozo azenma 00 nOEPXHI HACMUHOK Ni0 uac
sunaposysanus piokoi pasu cycnensii

Kmouoesi cnosa: epanymosanns, anapam xun-
NAM020 wWapy, Op2aHiuHa CYcneusis, Kypavuil
nocio, memnepamypHuil pexcum

[m, ]

Ob6ocnogana uenecoobpasnocms u nepcnex-
MUGHOCMb NPOU3B0OCMEA Op2aHuuecKux yooope-
Huil 6 epanyaupoeannom ude. Ilpednosceno 6 xa-
yecmee OP2aHuU™ecKoll CYcneHuu UcnoIb306ams
HCUOKUU KYpUuHoLil nomem. IKCnepuUMeHmaioHO
YCManoBeHvl memnepamypHovle pexcumvl npo-
uecca epanyauposanus Kypunozo nomema u onpe-
denen paéouuii pescum. Ilonyueno xpumepuans-
Hoe ypasnenue 015 onpedeenus KodpPuuuenma
menni0omoavu om menjio60zo azeHma K nogepx-
HOCMuU uwacmuy, npu ucnapenuu Huoxou Qasvi
cycnen3uu

Kniouesvie cnosa: epanyauposanue, annapam
Kunawezo cuos, Op2aHu4ecKas CYcCneH3us, Kypu-
Holl nomMem, memnepamypHbiil pescum

0 0

1. Introduction

Nowadays environmental problems have become excep-
tionally acute in the world. Ecological cleanliness, especially
in regard to food, is becoming the most urgent issue. It is
considered that genetically modified food is greatly harmful
to human health [1]. However, the danger of modified food
products has not been fully studied yet, and scientists still
have not come to the common ground on the issue. At the
same time, experts in this area believe that the most harmful
food for humans is the one grown with the use of large doses
of mineral fertilizers and special growth stimulants. Such
vegetables and fruit accumulate various toxic substances,
such as lead compounds and other heavy metals, mercury,
nitrates, etc. [2].

All mineral fertilizers being manufactured nowadays con-
tain about 50 % of the chemical elements necessary for plants,
the rest is ballast substances, which are also absorbed by
plants. Growing doses of mineral salts destroy humus, grind
the soil structure, making it more dense, cold and inaccessible
to air and moisture — all this reduces the natural fertility.

|DOI: 10.15587/1729-4061.2017.107169|

INVESTIGATION

OF THE KINETIC

LAWS AFFECTING THE
ORGANIC SUSPENSION
GRANULATION

IN THE FLUIDIZED BED

R. Ostroha

PhD*

E-mail: r.ostroga@pohnp.sumdu.edu.ua
M. Yukhymenko

PhD, Associate Professor®

E-mail: yunp@ukr.net

S. Yakushko

PhD, Associate Professor

A. Artyukhov

PhD, Associate Professor®

E-mail: artyukhov@pohnp.sumdu.edu.ua
*Department of Processes and Equipment
of Chemical and Petroleum-Refineries
Sumy State University
Rymskoho-Korsakova str., 2, Sumy, Ukraine, 40007

Organic farming is actively developing and applied in
the leading countries of the world (USA, France, Germany,
China). In 1980, the International Federation of Organic
Agriculture Movements (IFOAM) established the Basic
Standards for organic production (IBS). They include, first
of all, the following requirements: land cultivation must
be carried out without the use of any mineral fertilizers at
least for three years. It is forbidden to use herbicides, pesti-
cides, insecticides, nitrogen-containing and other chemical
fertilizers. At the same time, organic standards have al-
ready been introduced at the state level in many European
countries, such as Italy, France, Germany. A system for
monitoring and compliance with these standards has been
created [3].

In 2004, the income of the environmental products mar-
ket reached $ 16 billion in the United States, representing
2 % of the total volume of food products sales. In Germany
and Denmark, the share of such products is 3 %, in France —
only 0.5 % [4]. At the beginning of 2009, there were 69 cer-
tified organic farms in Ukraine, and the area of agricultural
land under organic production was about 239.5 thousand




hectares. This enabled Ukraine to take the 16th place in the
world among more than 100 countries.

The agricultural potential of Ukraine is very high, which
makes it possible to supply organic products to both Euro-
pean and Asian countries. However, it should be born in mind
that the domestic market has always been and remains the
priority one.

There are many benefits of organic products, ranging
from the use of more nutritious food to soil conservation.
Organic farming is based on the organic fertilizers and harm-
ful chemicals are not used to increase productivity. Such
a strategy prevents depletion of the soil, it has a beneficial
effect on water and air nutrition of plants, promotes the
development of soil bacteria and microorganisms that help
plants to obtain necessary nutrients [5]. About 75 % of or-
ganic fertilizers from the introduced amount is mineralized
and they participate in plant nutrition, the remaining 25 % —
is humified, thereby refilling humus losses after processing
crops. Plant residues benefit to restore about 50 % of hu-
mus in the coarse soils, in light-textured soils — about 40 %
of humus losses; the rest should be restored using organic
fertilizers [6].

The most widespread organic fertilizer in Ukraine is
animal waste (manure and poultry litter), the constant accu-
mulation of which leads to pollution of the environment. The
total volume of livestock waste is about 10 times greater than
that of domestic human waste [7]. Livestock enterprises pol-
lute surface water, groundwater and soil since a large number
of biogenic elements come into the environment. Therefore,
there is a need to develop ways of utilization and rational use
of animal waste. Therefore, use of livestock waste in the bio-
chemical cycle contributes, on the one hand, to its utilization,
and on the other hand — to expansion of the raw material base
for the production of new fertilizers.

Livestock waste looks like a very moist suspension. The
fractional composition of solid (suspended) particles varies
and depends on the animal species and age, feed diet and
pre-treatment of its components. Apparatus with a suspended
layer or fluidized bed devices have proved to be universal
equipment with high specific power [8, 9]. Therefore, in
order to minimize the processing cost of the moist organic
substances, it is expedient to use the devices of this type
for the granulation purposes. The efficiency of such hydro-
dynamic system is proved by a number of works devoted
to the theoretical grounding of flow motion in apparatuses
with intensive hydrodynamic regimes [10] and the study of
their ecological safety [11]. Drying process in the mentioned
apparatuses using the active hydrodynamic mode, which
provides an increase in the relative velocity of the inter-
acting phases, provides the intensification of the process
without reducing the economic efficiency of the apparatus.
Other advantages of the active hydrodynamic mode are as
follows [12, 13]:

— hydrodynamic stability of the process;

— sufficient interaction surface of contacting phases;

— reduction of process energy intensity and metal inten-
sity of devices.

Livestock waste has a natural sticky texture, which
results in good adhesion, and therefore no special chemi-
cal needs to be added. In case of using liquid chicken
manure as an initial suspension, the mechanism of granule
formation and enlargement is ambiguous and substantial-
ly depends on the temperature mode of the granulation
process.

2. Literature review and problem statement

Heat transfer process during granulation in the fluidized
bed devices differs from the drying by the fact that a mix-
ture of liquid and small (10—20 microns) organic particles is
continuously applied onto the surface of suspended granules.
Heat exchange intensity functionally depends on the particle
velocity, air temperature, size of the particles and their phys-
ical and chemical properties [14, 15].

Interaction nature between droplets of the solution and
particles is the most important factor determining the gra-
nule growth kinetics. The first attempt to analyze the inter-
action of granules with droplets of the solution is described
in [16]. It is assumed that the solution completely covers the
granule. The author calculated evaporation of the solution
film under the condition of the combined heat supply: con-
duction from the granule and convection from the pseudo-
liquefying agent. Thus, one obtained the solution for the
simplified problem of heat exchange of the sphere with the
environment at a constant temperature. The obtained result
has a form of the criteria dependence:
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where Ay, Ag is the thermal conductivity of the solid material
and gas, respectively; Tg, Tr+a, T; is the surface temperature
of the granule, film and layer, respectively; Nugp, Nuyes are
the Nusselt criterion values: effective value and the one cal-
culated by the Nesterenko equation; Bi is the Biot criterion;
A, B are empirical constants.

In case where heat conductivity within the particles
can not be neglected, the process of heat transfer in the vo-
lume of a solid spherical particle, provided that the particle
contains a certain amount of moisture, will be written as
a system [17]:
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where ¢ is the current temperature of the particle, °C; U is the
moisture content of the material, kg/kg; ¢ is time, s; ap is the
coefficient of thermal conductivity of solid particles, m?/s;
ris the current radius of the particle, m; €* is the criterion of
phase transformation; 7¢ is the specific heat of evaporation, J /kg;
cp is the specific heat of a solid particle, k] /(kg-K); kis the
coefficient of potential conductivity; 6* is the thermal-gra-
dient coefficient of moisture transfer.

The kinetics of solid spherical particle drying, described
by the system of differential equations (2), is a complex prob-
lem of heat and mass transfer. A similar problem of drying
granules in a vortex suspended layer was solved in [18],
where the author obtained a regularity of temperature distri-
bution along a particle radius and described the kinetics of
its dewatering. During granulation, liquid phase covers the
granule surface with a thin film. Having sufficiently intensive
drying process, we assume that moisture evaporates from the
surface layer of the granules, and therefore, the criterion of
phase transformation, the gradient of moisture content and
the change of the moisture content in time within the granule
are close to zero.



Thus, the differential equation of mass transfer inside
the granule loses its meaning. The differential heat transfer
equation in case when the phase transformation criterion
tends to zero is converted into a differential equation of
non-stationary heat conduction. To solve the latter, it is
necessary to determine the values of the established con-
stants, which, in their turn, depend on the Biot criterion
value [17]:

o-R
Bi=——, 3
i . 3)

where o is the surface coefficient of heat output, W /(m?-K);
R is the particle radius, m; A7 is the coefficient of heat con-
ductivity, W/(m-K).

To determine the value of heat transfer coefficient,
which is a part of equation (3), it is necessary to deter-
mine the explicit form of the function Nu= f(Re,Pr). The
experimental data are generalized based on the functional
dependence between the criteria of heat and hydrodynamic
similarities using the well-known equation of convective
heat transfer:

Nu=A-Re"-Pr". (4)

Considering that physical parameters of air will change in
the narrow range, we take Nu~Pr033,

The authors of [15, 19] defined the unknown coeffi-
cients A, n, m, in the indicated criteria equation (4) but
it is impossible to use them for other materials or drying
conditions, as this leads to significant errors in the calcu-
lations. In [20], the authors also attempted to determine
unknown coefficients from the equation (4) for the case of
dehydration of porous ammonium nitrate when covering it
with an additional shell. In this case, an optimal operation
mode of the equipment is provided, which is characterized
by minimal energy consumption to remove a stated amount
of moisture. Application of the methods proposed by the
authors for determining the coefficients for modeling of
the organic suspension granulation is acceptable in the case
under consideration. This approach corresponds to modern
views on the theoretical description of the dewatering pro-
cess, which are described in the works devoted to granula-
tion and drying [21, 22].

3. The aim and objectives of the study

The aim of the research is to study the mechanism of
granular fertilizers formation by dehydrating organic suspen-
sions in the suspended layer (fluidized bed), as well as deter-
mination of the granulation temperature modes. This enables
to improve the technology of organic fertilizers production
and continuously obtain a multilayered product of specified
strength and density.

To achieve this aim, it is necessary to solve the following
objectives:

—to study the granulation mechanism in the fluidized
bed devices;

— to establish granulation temperature modes for chicken
manure suspension in a fluidized bed;

— to offer equipment for the production line of granula-
ted organic fertilizers to cultivate environmentally friendly
organic food products.

4. Investigation of the organic suspension granulation

in a fluidized bed

4. 1. Granule formation mechanisms in a fluidized bed

Granulation process efficiency depends on the mecha-
nism of granule formation, which is determined by the
suspension properties, granulation method and equipment
in use. Dispersion granulation method is a method wherein
using impulses a thin film of a wet substance is applied onto
the surface of solid particles in a fluidized bed. Evaporation of
liquid takes place due to the heat supplied from the outside.
Water or solution evaporates, and the formed layer of dry
matter increases the granule diameter. A significant increase
in the size of granules takes place after many of such cycles.
A zone of suspended granules of 150—200 mm in height is
prepared for granulation, which is limited by a gas distribu-
tion grid (from below) and the device walls (on the sides).
There is a free space on the top since granules come up to
a certain height and again fall into a layer.

Spraying the suspension into a fluidized bed is performed
using a pneumatic nozzle (Fig. 1), to which compressed air
and liquid chicken manure are fed. The compressor maintains
pressure within the range of 4—6 atmospheres in the nozzle,
which provides the creation of proper irrigation zone in
a suspended granular layer.

Compressed air captures the suspension and sprays it into
a granule layer, forming a cavity in it, wherein the spray is fed.
Consequently, fluidized bed can be divided into two zones:
in the first zone drying of granules takes place, and in the
second one — the granules are covered with a suspension film.

Fig. 1. Placing of the pneumatic nozzle:
a — view from the outside; b — view from the inside

Depending on the process peculiarities, in particular on
the granulation mechanism, various parameters affect the size
of the granules at different extent or do not affect at all. There-
fore, fluidization rate and average stay period of a product in
the layer do not affect the size of the granules in a continuous
process. However, by heat grinding, as the product stay period
in the layer decreases, the formation intensity of new particles
goes down. As the fluidization agent velocity decreases, the
intensity of granular layer mixing falls. The factors mentioned
above reduce the number of heating and cooling cycles, which
causes the enlargement of the granule diameter.

Thus, the influence of the process technological para-
meters on the granulometric composition of the product is
reduced to the regulation of the fine fraction amount formed
in the layer. It is clear that in order to maintain optimal per-
formance of the granulation process of various substances,
different granulation modes are required [23].

Depending on the time of the suspension drop spreading,
granulation nature also changes: when heat is fed very quickly,




the liquid is removed from the drop, before it has properly
covered the surface. As long as the amount of heat fed to the
drop goes down, the latter covers the entire granule. In case
the heat amount is insufficient to evaporate the suspension
drop, the granule remains moist. Obviously, granulation na-
ture depends not only on the rate of moisture removal, but
also on the film spreading velocity, which, in its turn, is deter-
mined by the properties of the suspension and granule surface.

It should be noted that the conclusions obtained based on
the analysis of single droplets and granules interaction do not
give a clear explanation of enlargement regularities of gra-
nules in the fluidized bed. In the real process, this interaction
is complicated by the possibility of simultaneous contact of
a granule with several drops, the ingress of some drops of sus-
pension from one granule onto another one upon their direct
collision and friction, rotation of the granule, and the like.

As a result of laboratory studies, it was found that in case
of using chicken manure as initial suspension, the mechanism
of granule growth doesn’t always correspond to the uniform
or «normal» enlargement as it is considered to be. In other
words, it should be noted that the film doesn’t always spread
on the granule surface in a uniform way [24].

4. 2. Chicken manure properties

Chicken manure is a concentrated organic substance
containing the main nutrient elements (Table 1). Except for
organic matter, it also includes nitrogen, phosphorus and
potassium — macroelements that are so essential for plants.
In addition, livestock waste also contains sulfur, magnesium,
calcium and lots of trace minerals (manganese, zinc, copper,
iron, molybdenum, cobalt, etc.).

Table 1
Chemical composition of chicken manure
(% per wet substance)
. Phos- . .
Water | Nitro- horts Potassium | Calcium | Mag- | Sul-
(H,0) | gen (N) ?ons) (K,0) (Ca0O) | nesium | phur
53-57 | 0.7-1.9 | 1.6-2.0 | 0.8-1.0 24 0.7 0.4

Chicken manure is used as a quick and drastic fertilizer,
since it contains easily accessible nutrients for plants. The
acidity of chicken manure depends on the age and diet of
birds and it is in the range of moderate-alkaline pH (6.5-8.0),
which makes it suitable for use in almost all types of soils [6].

4. 3. Temperature modes of the chicken manure gra-
nulation

The formation of solid particles of the required size
in the granulation process of chicken manure suspension
takes place either simultaneously or gradually in a fluidized
bed. Depending on the temperature difference between
the pre-grid zone and the zone wherein the suspension is
fed, temperature modes of granule growth can be distin-
guished (Fig. 2). Therefore, the processes can be divided as
follows: granulation without changing of the particle size in
time (Fig. 2, ¢); granulation wherein particles change their
sizes in time (Fig. 2, @); granulation in which the enlargement
of particles and formation of new granulation centers take
place (Fig. 2, b).

In the course of laboratory studies, temperature under
the gas distribution grid was adjusted within the range of
50—100 °C, while air temperature in the granular layer was

40-80 °C. This drop in temperature is explained by the fact
that moist suspension is continuously fed into a fluidized
bed, which, by evaporation, absorbs heat. Thus, changing the
air temperature under the grid, it is possible to regulate the
process.

Fig. 3 shows sections of the granules obtained at tem-
peratures of 70—80 °C, corresponding to the shell-type mode
with cracks.

Fig. 2. Growth modes of granules:
a — shell-type; b — shell-type with cracks; ¢ — shell-type
with the formation of new granulation centers; 1 — organic
core; 2 — dehydrated component of the suspension

Fig. 3. Sections of the granules (20 times magnification)
obtained at a temperature of: a — 70 °C; b — 80 °C

When studying the sections in Fig. 3, one can see that
the granules obtained at a temperature of 70 °C (Fig. 3, a)
are characterized by a more dense structure. Such structure
provides a prolonged effect of the resulting product, since
the dynamics of the particle’s destruction directly depends
on the velocity at which the moisture diffuses inside the
granule.

4. 4. Heat transfer of the chicken manure granulation.
Summarizing of the results

On the basis of the obtained experimental values, the
coefficient of heat transfer from the heat agent to the surface
of the particles was calculated during evaporation of the sus-
pension using the heat transfer equation.

Air temperature in the granular layer was measured using
a recording potentiometer of KSP-4 type (accuracy of mea-
surement £0.5 °C). Thermocouple sensors are in the form of
thermometric tubes with a diameter of 2 mm and a length of
60 mm, at the ends of which there is a junction of chromel-
copel wires with a diameter of 0.1 mm. The thermal capacity
of this thermocouple is very small, which allows measure-
ments under conditions of variable temperatures during the
experiment. In each experiment, the initial and final tempera-
tures of the drying agent were also measured.

Under experimental conditions, the Biot criterion is
within the range of 0.15<Bi<0.3. According to the recom-



mendations [17], the heat transfer problem is considered to
be an external one. This means that the particle temperature
is the same within its volume and the entire thermal resis-
tance is concentrated outside the particle.

It should be also borne in mind that the layer tempera-
ture was measured with open junctions of thermocouples,
which recorded the intermediate value between the tem-
perature of the solid particles and the drying agent. Thus,
the calculated values of the heat transfer coefficients are
not true, but «effective». Experimental data were presented
in accordance with the traditional recommendations in the
form of equation (4).

Absolute values of the solid particle velocities are small
compared to the drying agent velocity. The relationship
between the gas flow rate in the free section of the device
and the flow rate in the layer between the particles varies.
This takes place both in the intersection and in the height
of the layer, and strongly depends on the hydrodynamic
mode of the suspended solid phase. Thus, in determining the
Reynolds criterion, the average drying agent velocity was
taken into account.

To calculate the suspension temperature on the particle
surface, the following dependence is obtained:

_ G,c, (tm - tA2)_ (O
= +1g,
Gy -cq

®)
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where G4 is the mass flow rate of air, kg/s; c4 is the heat
capacity of air, J/(kg-K); t41 is the air temperature under
the gas distribution grid, °C; t45 is the air temperature at
the outlet of the device working zone, °C; Geqqp is the mass
flow rate of evaporated moisture (water), kg/s; r is the spe-
cific heat of water evaporation, J/kg; Gy is the mass flow
rate of the suspension, kg/s; Cs is the heat capacity of the
suspension, J/(kg-K); s is the initial temperature of the
suspension, °C.

Assuming that the temperature on the surface of the
solid particles is equal to the temperature of the suspension
on their surface, one can build a dependence of the averaged
coefficient of heat transfer on the actual velocity of the fluidi-
zed air (Fig. 4).
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Fig. 4. Dependence of the heat transfer coefficient on the
fluidized air velocity under evaporation of the chicken
manure suspension from the granule surface

In this case, since physical parameters of air vary in the
narrow range, the coefficient m=0.33. Unknown coeffi-
cients A, n are determined by presenting the experimental
values in the coordinate system with the logarithmic scales.

Having substituted the values of the determined coeffi-
cients into equation (4), we obtain:

Nu=0.04-Re"®. Pr'¥, (6)
Using equation (6), we can calculate the values of the

heat transfer coefficients for the chicken manure granulation
with an accuracy of £8.4 %.

5. Development of the equipment for the production line
of organic mineral fertilizers

Bird manure contains a large amount of pathogenic and
potentially pathogenic microflora and helminth eggs. In ad-
dition, unprocessed manure can cause the transmission of in-
fectious and parasitic diseases (brucellosis, tuberculosis, etc.).
That is why bird manure is classified as a hazardous material
of class I1I. Therefore, before using it as a fertilizer, it is nec-
essary to prepare (process) it [23].

Based on the theoretical and experimental research re-
sults, a unit for the production of granular organic fertilizers
has been developed, which takes into account physical and
chemical characteristics of the substances in use. The model
of such a pilot unit is presented in Fig. 5.

The unit works as follows. First, the initial suspension is
ground. Chicken manure goes into the working area of the
disk mill. Under the influence of cutting and stretching forces,
solid dispersed inclusions of feedstuff, straw, and the like are
destructed (ground).

The ground homogeneous substance is decontaminated
in the cavitator. Electromagnetic forces cause hydrodynamic
oscillations in the processed suspension, which further create
vapor-gas bubbles — a phenomenon of cavitation takes place.
This phenomenon is accompanied by a sharp local increase in
temperature and the creation of shock waves. These processes
lead to irreversible biochemical processes in microorganisms
at the cellular level.

Further, using a faecal pump, liquid chicken manure is
fed into a measuring tank that is equipped with a mixing
device, and from there — it goes by gravity into the dispen-
sing pump.

The process of granule formation takes place in the ope-
rating chamber of the fluidized bed device. The so-called
primer is supplied onto the gas distribution grid. Hot air is
delivered through the air-heater under the gas distribution
grid, in an amount necessary to provide a stable suspended
layer of granules. Doses of organic substance are supplied
into the pneumatic nozzle and are sprayed with a compressor.
New organic granulation centers are formed directly from the
suspension, as well as due to chipping of some particles from
the surface of larger granules.

Granules which go into the pneumatic classifier are con-
tinuously selected on the grid level. Pneumatic separation
process takes place in the pneumatic classifier with the help
of a gas blower: small granules (smaller than 2 mm) come
back through the pipeline to a fluidized bed for enlarge-
ment, and granules of a commercial size (2-5 mm) — are
removed from the process and accumulate in the collecting
tank.

Cyclone device ensures the ecological functioning of the
unit, wherein waste air is cleaned: dust particles accumulate
in the collecting tank, and purified air is removed from the
unit or production premises.



Fig. 5. Design of the pilot unit for organic fertilizers
granulation

6. Discussion of the temperature influence on the
granulation modes

It has been experimentally determined that if the air
temperature in the layer of suspended granules is main-
tained within 70-80 °C, then two processes take place
simultaneously — enlargement of the granules and forma-
tion of a small number of particles due to granule chipping.
This temperature mode corresponds to the shell-type with
cracks (Fig. 2, b) and it enables to obtain granular organic
fertilizers. This temperature mode also contributes to the
continuous operation of the unit for a long time with the
constant formation of commercial granules.

At a temperature of the granular layer of 70 °C, suspension
drops spread over the surface of the granules and the liquid
begins to evaporate vigorously. The newly formed organic sur-
face is cracked and fails to adhere to the granule (Fig. 3, @) —
this is accompanied by the chipping of organic substance in
some places of the granule and the formation of new organic
centers of granulation (reverse processes). Though, at the

same time there are processes, which are aimed at increasing
the size of particles.

With an increase in temperature to 80 °C, suspension
fluidization becomes even more intensive — moisture, when
evaporating, forms larger cracks on the surface of the gra-
nule (Fig. 3, b). Due to existing cracks, moisture quickly and
easily penetrates into the granule, dissolves and separates or-
ganic bonds. Such granules are characterized by lower static
strength and they dissolve in the soil much faster.

Therefore, in the set operating temperature range
(70-80 °C), lower temperature values should be kept. As
a result, we obtain multilayer granules of high density and
strength.

7. Conclusions

1. The mechanism of granule formation in a fluidized
bed device is studied and the influence of temperature on
the granulometric composition of the final product is deter-
mined. At a temperature of 70 °C, one can continuously ob-
tain organic granules of high density and strength in a layer
of suspended granules.

2. A criteria equation for determining the coefficient of
heat transfer from a heat agent to the surface of particles
during evaporation of chicken manure suspension is ob-
tained. This equation makes it possible to predict the rate of
heat transfer intensity at an increase in the air flow velocity
during granulation in a fluidized bed, which allows defining
the optimal flow rate of a drying agent.

3. The equipment design of the production line for gra-
nular organic fertilizers for cultivation of environmentally
friendly food products is proposed. The developed techno-
logy takes into account specific properties of wet chicken
manure, namely high humidity and stickiness, the presence
of viable organisms, weed seeds, etc.
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