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The object of research is granulation of mineral fertilizers by the rolling method. One of the most problema-
tic places is the uncertainty of the conditions of the temperature regime of granulation. The paper considers
the technology for obtaining enlarged urea granules of prolonged action. It is indicated that an increase in the
diameter of the granules to 7—10 mm increases the efficiency of the use of mineral fertilizers by the consumer.
It is proposed to obtain large carbamide granules by rolling in a plate granulator. It is indicated that the setting
of the optimal operating parameters of the tray granulator is an important factor in the efficient operation of the
equipment. A scheme of a pilot plant for granulating mineral fertilizers is presented, a methodology for conducting
experimental studies and design parameters of a plate granulator are described. It is indicated that in the process
of experimental studies, the design parameters changed: the tilt angle of the plate, the height of the side and the
Jfrequency of rotation of the plate, the angle of opening of the spray jet by the hydraulic nozzle. In the process of
research, the influence of regime and technological parameters, namely, the temperature of the layer on the plate
is studied. As a result of experimental studies, the optimal ranges of design and regime-technological parameters
Jfor obtaining enlarged carbamide granules in a plate granulator were revealed. The influence of the location of the
nozzle for spraying the melt on the layer relative to the plane of the plate is shown, which results in the particle size
distribution of the granular product. It is indicated that a higher content of the commercial fraction in the finished
product is observed when the layer in the left sector of the upper part of the plate is irrigated by the rising melt.
A technique for determining the static strength of the obtained carbamide granules is given. A calculation equation
Jfor determining the static strength of a granule is presented. A diagram of a laboratory device for determining
the static strength of granules is presented, which made it possible to determine the values of the static strength of
granules for individual fractions, namely: for coarse, fine and commercial fractions. It is shown that the obtained
values correlate well with standardized indicators.
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1. Introduction

The range of nitrogen fertilizers used in all soil and
climatic zones is dominated by urea. This concentrated
fertilizer belongs to the category of universal fertilizers,
since it is used as the main fertilizer or for top dressing,
providing the nitrogen needs of vegetative plants [1]. The
main macroelement of this type of fertilizer is nitrogen, which
is present in a concentration of at least 46 % (in terms of
dry matter) [2].

Along with the well-known advantages, nitrogen fertilizers
have significant drawbacks — high solubility in water, increased
leaching from the arable layer, which leads to pollution of
surface and groundwater. In addition, the use of high doses
of fertilizers is often associated with the accumulation of
a significant amount of nitrate nitrogen in the main agricul-
tural products, as well as in the soil, which leads to envi-
ronmental degradation and a decrease in product quality [3].

In this regard, it is extremely necessary to create such
forms of nitrogen fertilizers that have a prolonged effect,
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ensuring the efficient use of nitrogen during several cycles of
the plant’s vegetation. One of the ways to improve efficiency
is the use of urea in the form of granules with a diameter
of 7-10 mm. According to literature sources [4, 5], coarsen-
ing the size of the granules of mineral fertilizers used can
increase crop yields by 10-30 % (depending on the crop
and soil type), while reducing the total nitrogen consump-
tion. This is what determines the relevance of the study.
One of the most common granulation methods is roll-
ing [6, 7], due to which granules are formed by aggregation
and layering of particles, followed by compaction of their
structure. One of the devices for this process is a plate
granulator. In this device, it is possible to obtain granules
of sufficient strength, the value of which corresponds to
the technological standards of use [8]. Plate granulators are
simpler in design and more economical than drum granulators,
which are currently most often used in the production of
granular fertilizers [9, 10]. For plate granulators, a characteris-
tic feature is the best classifying effect, that is, the separation
of granules by size [11]. The
strength properties of the ob-
tained granules are influenced

— hydraulic nozzle 3 with a maximum flow rate of

200 g/min;

— radiation heater 4 with a power of 15 kW,

— control panel 5 with thermal protection.

The research was carried out in the following way. The
carbamide melt (Table 1) with a concentration of more than
92 % is fed directly to the material layer, which is in a heated
state on the granulator plate, using a centrifugal nozzle, in
which an excess pressure of 0.6-0.9 kgf/cm? is created. The
high temperature of the formation is maintained due to the
heat of crystallization of the melt. The granulator plate is
rotated by an electric motor at a speed of 15-28 rpm. The
design of the granulator allows to change the frequency
of rotation of the plate and the tilt angle. The design of
the sector dispenser involves changing the recycle feed rate.
Electrical appliances were controlled using a control panel
with thermal protection. The product grown to a commer-
cial size (7-10 mm) was rolled over the side of the dish
and collected on a special tray for subsequent dispersion.

by such operating parameters
of the process as the rate of
spraying of the binder, its con-
centration, the quantitative
supply of powdered retour, the
tilt angle and the rotational
speed of the plate [12—-14].
These studies were obtained
for certain process conditions
and specific types of material,
therefore, they cannot be used

to select operating parameters
in the case of obtaining coarse
carbamide granules. Therefore,
the object of research is the
process of granulation of mine-
ral fertilizers by the rolling

method. The aim of research is

to establish the optimal regime
and technological parameters
of the urea granulation process
in a plate granulator.

2. Research methodology

The methods of physical modeling of granulation pro-
cesses by the rolling method were used in the work. When
conducting experimental studies, methods of multifactorial
planning of the experiment were used. The particle size
distribution was determined by sieve analysis. To generalize
the experimental data obtained, differential methods of
mathematical analysis and integral calculation were used,
performed using computer technology and an application
package, namely: MathCAD, MS Office Excel.

3. Research results and discussion

For research, a laboratory bench was used (Fig. 1), con-
sisting of:

— plate granulator 1 (plate diameter 500 mm, side

height 100 mm);

— sector dispenser 2;

Fig. 1. Pilot plant for mineral fertilizer granulation: 1 — plate granulator; 2 — sector dispenser;
3 — hydraulic nozzle; 4 — radiation heater; 5 — control panel with thermal protection

Tahle 1
Characteristics of urea melt
Parameter Value
Temperature, °C 134-140
Concentration, % 92-99.9
Melting point (at atmospheric pressure), °C 132.7
Density, kg/m® 1220-1227
Melting heat, kl/kg 241.6
Thermal conductivity, W/(m-K) 0.413
Dynamic viscosity, mPa-s 2.58

Based on the results of the experimental studies, the
operating modes of a laboratory plant for granulating carba-
mide from a highly concentrated melt have been found.
It has been experimentally established that lowering the
bed temperature below 100 °C worsens the product quality,
causes agglomeration of small particles, and the obtained
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granules also have significant deviations from the spheri-
cal shape (Fig. 2).

a b
Fig. 2. Sections of carbamide granules obtained under the appropriate
temperature regime of the layer: a — 95-100 °C; b — 115-120 °C

The process of carbamide granulation in laboratory
conditions has optimal regime and technological charac-
teristics. The operating limits for changing the tilt angle
of the plate are 30—60° with a side height of 100 mm.
The optimal tilt angle of the plate when obtaining carba-
mide granules is 45°, and the temperature of its melt
during spraying is 134—140 °C. For a hydraulic nozzle,
the spray jet B=65° is optimal at a pressure in the tank
of 0.07-0.09 MPa.

Also, a huge role in obtaining a commercial fraction is
played by the place where the melt is fed to the granula-
tor plate (Fig. 3).
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Fig. 3. Dependence of the commercial fraction content in the granular
product on the process time for different methods of melt supply:
a — graph of the dependence of the commercial fraction content on time;
line 1 — when melt is supplied to the upper right sector of the plate;
line 2 — when melt is supplied to the upper left sector of the plate;
line 3 — when melt is supplied to the central sector of the plate;
b — scheme for supplying melt to the upper right sector of the plate;
¢ — scheme for supplying melt to the upper left sector of the plate;
d — scheme for supplying melt to the central sector of the plate

The location of the melt spraying zone relative to the
plate plane predetermines the granulometric composition
of the granulated product. It follows from the graphic

dependence (Fig. 3) that a higher content of the com-
mercial fraction in the finished product is observed when
the layer in the left sector of the upper part of the plate
is sprayed with the rising melt (experiment 2, Fig. 3).
This is due to the longer trajectory of the movement of
the granules (compared to experiments 1 and 3, Fig. 3)
due to the action of rolling friction forces, which causes
a longer layering of the material on the surface of the
granules and their subsequent strengthening.

Static strength is a very important technological in-
dicator of a granular product. The method for finding
the actual value of the static strength of the granules is
to determine the boundary force required to destroy the
granules of the tested fraction under uniaxial compression
between two parallel planes.

The static strength of the granules is calculated by
the formula [15]:

i=20

T
)
S

P F
— =l i=1
X225 w7 M
20- i

where P; — force required to destroy one granule, N; Sy — cross-
sectional area of the granule, cm? Day — average diameter of
the granules, cm.

Thus, several fractional weights of carbamide granules
were selected, which were sequentially destroyed on a labo-
ratory device (Fig. 4) and the critical value of the force
was measured on a scale.

~ N ey

Fig. 4. Scheme of the device for determining the static strength
of granules: 1 — base plate; 2 — rotating platform; 3 — adapter;
4 — frame; 5 — probe; 6 — body; 7 — measuring scale

Thus, the static strength of the obtained carbamide
granules was: for a fine fraction — 2.1 MPa; for the com-
mercial fraction (7-10 mm) — 1.6 MPa; for a large frac-
tion (more than 10 mm) — 1.4 MPa. The results ob-
tained were compared with standardized values for urea
DSTU 7312:2013 (Table 2).

Tahle 2
Static strength of carbamide granules [2]
Indicator Premium lst 2nd Retail
grade grade grade
Static strength of granules,
MPa (kg/cm?), not less than 140141 12 (12) | 1.2 (12) B

It should be noted that the above studies were car-
ried out on an experimental setup with a plate diameter
of up to 1 m. Therefore, the uniformity of spraying the
material layer with melt and the temperature regime of
the layer were maintained by a certain nozzle design and
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a radiative heater. The technical parameters of these ele-
ments satisfied the conditions of the experiment, namely,
the melt coating of the layer surface and the local action
of the heater, the thermal energy of which was sufficient
to heat the plate surface layer. But with a large-scale
transition to large plate diameters in industrial environ-
ments, manufacturers should take this into account and
possibly provide for other design approaches, using seve-
ral (or other types) of nozzles and other sources and
devices of thermal energy.

The above study did not take into account the particle
size of the retour for the process of rolling the granules,
so this issue will be the goal of further research.

4. Conclusions

The paper shows that carrying out the process of
carbamide granulation in a plate granulator makes it pos-
sible to obtain enlarged granules of a commercial fraction
of 7-10 mm. Optimal ranges of indicators of design and
mode-technological parameters have been obtained:

— the tilt angle of the plate upon receipt is 45°

— the temperature of the melt during its spraying is

134-140 °C;

— the optimal spray jet for a hydraulic nozzle is f=65°

at a pressure in the tank of 0.07-0.09 MPa.

It has been determined that melt spraying should be
carried out in the left sector of the upper part of the
plate, which leads to a higher content of the commercial
fraction in the finished product. The static strength of
the commercial fraction is 1.6 MPa, which corresponds
to the standardized value for carbamide granules.
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