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Abstract: The advantages of using encapsulated organo-mineral fertilizers are presented. It is
proposed to use a fluidized bed apparatus for coating carbamide granules with an organic shell.
Importance of the fluidized bed hydraulic characteristics and their influence on the energy
costs of the process are emphasized. Experimental study results prove that irrigation density
of granular layer with the suspension has significant influence on the hydraulic resistance of a
fluidized bed. Itis proposed an analytical dependence for determining the hydraulic resistance
of a fluidized bed, which takes into account influence of the organic suspension flow rate.
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1. Introduction

Present time agriculture is impossible without the use of granular mineral fertilizers.
At the same time, with increasing environmental problems, the use of granular
fertilizers, which combine mineral and organic substances, is actively promoted. This
approach is implemented by encapsulating of mineral granules with an organic shell.

The process of applying protective organic shells onto mineral fertilizer granules
can be called both encapsulation and granulation, since a significant increase of
the initial granule size is observed. Therefore, standard equipment designed for
granulation of fertilizers can be used to implement such a process [1-3]. However, it
should be considered that, unlike mineral substances, organic substance has its own
characteristics, which include burning ability, decomposition at high temperatures,
increased ability to stick together and lump.

Among all the types of granulation equipment, the most significant role in modern
technology is played by the fluidized bed [4, 5]. Encapsulation of dispersed materials
in the fluidized state is a common physical method of applying polymer shells, which
is used in chemical and related industries. Fluidization technique has become widely
used due to high intensity of heat and mass exchange processes.

To maintain the granular layer in suspended state, it is required the continuous
exchange of energy between it and the fluidizing agent. Energy released by the
fluidizing agent is spent both on overcoming the friction of particles against each other
and the gas flow on their surface, and on the expansion of the layer. It predetermines
the existence of a certain pressure drop, i.e. hydraulic resistance of the fluidized bed.
This parameter needs to be taken into account when choosing fan machines for
supplying the fluidizing agent to a fluidized bed apparatus. Therefore, calculation of
this parameter makes it possible to select rational energy costs for implementation of
the encapsulation process in a fluidized bed apparatus.
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2. Problem Statement

Hydraulic resistance is one of the mostimportant
characteristics of the fluidized bed apparatuses.
Classical ideas about the dependence of hydraulic
resistance of a fluidized bed on the velocity of gas
or liquid flows are as follows. Up to reaching the first
critical velocity (fluidization process initial velocity)
resistance increases and when this velocity is
reached, the resistance remains constant value [6, 7].
At the same time, it is proposed [8-10] to determine
the hydraulic resistance value of the layer using the
common dependence

AP= (ps= p,)g(1 - &)H, (1)

where AP — hydraulic resistance of the layer, Pa; H -
fluidized bed height m; g — free fall acceleration of
solid particles, m/s?; P, P —flow and solid particles
density, respectively, kg/m? e — layer porosity.

Particle size has significant effect on the hydraulic
resistance of a fluidized bed. With the particle
size increase, the hydraulic resistance of the layer
increases [11]. Neglecting pressure losses due to
friction, the authors of [11] propose an equation for
determining the hydraulic resistance of a fluidized
bed as following

AP/H =g (p&, + psey), (2)

where £, €.~ volume content of the flow and solid
particles in the layer, respectively.

The more accurate Ergun formula takes into
account the fluidized particle size and flow velocity
[12]

Hw'p, (1-¢) 3
n(oe) o)
N

where f - flow resistance coefficient; w — flow rate,
m/s; d. — particle diameter, m.

The authors in [13] obtained an empirical
dependence for determining the flow resistance
coefficient in the equation (3) as a function of the
Reynolds criterion. A similar approach was applied
by the authors in [14]: the formula for determining
the flow resistance coefficient was defined by
introducing the layer porosity into the equation.

In [15], the authors analysed the most well-
known dependences for determining the
hydraulic resistance of a fluidized bed. The results
are presented for the fluidization mode with and
without the thermomechanical effect. The effect
of the fluidized bed height and fluidizing agent

AP=f
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velocity on the pressure drop across the fluidized
bed was determined. A regular increase in the
pressure drop with an increase in the layer height
and gas flow rate was revealed. The authors
proposed an experimental correlation to determine
the maximum hydraulic resistance of the layer in the
form of a dependence

0.65 B 03575
AP —1,069(%) (—ng(pS pL)] , (4)

psw P,

where D - layer diameter, m.

In [16], authors analysed the pressure drop
during the movement of the gas flow through the
holes of a gas distribution grid and free space for
unloading particles from the layer. Dependences
have been obtained for estimating the velocity
profile of a gas flow as it passes through perforation
holes of an inclined gas distribution grid.

In [17], the authors studied the dependence of
the hydraulic resistance of a circulating fluidized bed
on different heights of the bed. In [18], the authors
studied influence of the apparatus diameter ratio to
the diameter of the granular material particle on the
hydraulic resistance of the layer.

In [19], the authors studied the influence of
factors such as inlet air temperature, gas flow rate,
moisture content, mixing rate, and binding agent
properties on the fluidized bed agglomeration
process.

The authors in [20] prove the crucial influence
of such factors as the height of the fluidized bed
and the solid particles circulation on the granule
coating process. It is shown that regulation of these
parameters leads to a change of the particle coating
thickness. However, influence of the flow rate of the
suspension, sprayed onto the fluidized bed, on the
value of the hydraulic resistance of the fluidized bed
has not been studied.

In [21], a new conceptual model for the
simultaneous control of a particle size and porosity
in the fluidized bed granulation process was
proposed, which ensured stable operation of the
process, automatic adjustment of the desired
properties of the finished product, and prevention
of unforeseen violations of the technological mode.
However, regulation of the particle size was carried
out by auxiliary processes - grinding and sieving
of the finished granules. The influence of mode
and technological parameters on the granulation
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process, including the hydraulic resistance of the
layer, has not been studied.

In [22] there was studied influence on the
granulation process in a fluidized bed of such
parameters as the granule growth rate and density
of the granule surface spraying. Though density of
spraying influence on the granule growth rate was
studied, but there was no research of its effect on
hydrodynamic characteristics of the fluidized bed.

The analysis of the conducted studies of
the fluidized bed processes showed insufficient
knowledge of the hydraulic characteristics. Density
of spraying influence on the layer hydraulic
resistance in a fluidized bed granulator remains
insufficiently studied.

3. Experimental Materials and Methods

Studies of encapsulation of mineral fertilizer
granules with an organic shell were carried out in
a laboratory unit (Fig. 1, a). Urea was used as a core
mineral fertilizer.
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Figure 1: Scheme of the laboratory unit (a) and apparatus (b)
for encapsulation of granular fertilizers: 1 — working chamber; 2
- air distributor; 3 - separation chamber; 4 - pneumatic nozzle;
5 - measuring tank; 6 - compressor; 7 - blower; 8 - heater; 9
- air corrugation; 10 - pellet drying zone; 11 - irrigation zone.

The laboratory unit (Fig. 1,a) includes the working
chamber 1, made of organic glass, which enables
visualization of the research process. Encapsulation
takes place directly in the fluidized bed. For this, a
suspended layer of 150-200 mm height is prepared
on the surface of the gas distribution grid 2. On the
side of the device, approximately in the middle part
of the layer, a pneumatic nozzle 4 is installed, to
which compressed air and liquid organics, which is a
suspension (a mixture of liquid and small (10-20 pm)
organic particles), are supplied from the compressor
6. The organic suspension from measuring tank 5 is
captured by compressed air and sprayed onto the
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layer of granules, forming a cavity in it. Thus, the
fluidized bed is divided into two zones: the main
zone 10, where the granules are dried, and the
spraying zone 11, where the granules are covered
with the layer of suspension (Fig. 1, b). The drying
agent is supplied into the device by the gas blower
7 and heated in the heater 8 to a temperature of
80°C. Spent drying agent is removed from the
device through the separation chamber 3.

First, the initial sample of urea granules was
weighed on a Momert-6000 electronic balance with
an accuracy of 0.1 g and loaded into the product
chamber 1. The gas blower 7 was turned on and
four different air flows were set through the layer
of granules under study with the help of a control
valve. Semiconductor hot-wire anemometer with
an accuracy of 0.001 m/s measured the gas flow
rate in the free space under the gas distribution grid.
The apparatus pressure drop was measured with an
alcohol U-shaped manometer, one tube of which
was connected to a point in the apparatus body
at a distance of 2 mm above the gas distribution
grid, and the second tube was connected to the
gas outlet opening positioned past the fluidized
bed section. The measurement error when reading
two levels (on each tube) was +2 mm at an ambient
temperature of 20 + 5°C.

Liquid air flow rate was changed according
to the values of 2.8; 3.5; 48; 56 m/s. The study
was conducted at four constant (for each case)
suspension flows: 10; 13.5; 20; 25 ml/min. The
obtained experimental results of the fluidized
bed hydraulic resistance were compared with the
hydraulic resistance values of the dry gas distribution
grid. To determine the latter, impulse tubes of the
U-shaped manometer were placed under the gas
distribution grid and above it, respectively. In this
case, the research was carried out without feeding
the suspension and without charging the granular
material.

4, Results

To generalize the results, hydraulic resistance
values of the dry gas distribution grid (Fig. 2) and
the suspended layer of urea granules (Fig. 3)
were determined at different liquid air flow rates,
respectively.
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Figure 2: Dependence of the dry gas distribution grid
resistance AP_on the liquid air flow rate w
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Figure 3: Dependence of the urea granule layer resistance
AP _in the fluidized form on the liquid air flow rate w with
the corresponding consumption of the chicken manure
suspension G_ (I,.): T~ 10 ml/min (0,00657 kg/(s:m’)); 2 — 13,5 mi/min
(0,00887 kg/(s:m?)); 3 — 20 mi/min (0,0131 kg/(s-m?)); 4 — 25 ml/min (0,0164 kg/
(s:m?)).

The hydraulic resistance dependence of the dry
gas distribution grid on the gas flow rate differs from
the one for the fluidized bed. In the first case, the
hydraulic resistance monotonically increases, and in
the second one, on the contrary, it decreases with
the gas flow rate growth.

5. Discussion

According to the classical concepts [4], in the
mode of active fluidization, fluidized bed hydraulic
resistance does not change with an increase in the
gas flow velocity in the range from the first to the
second critical velocity. As it is shown by the analysis
of dependences (Fig. 3), encapsulation process is
characterized by the hydraulic resistance change of
a different nature: its value increases with the gas
flow rate growth. It is explained by the presence of a
film-making substance on the granule surface. The
liquid film changes the rheological properties of
the granular layer by increasing the adhesion forces
between the particles. As it can be seen from Fig.3,
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as gas flow rate increases and suspension flow rate
decreases it reduces the difference between the
resistance values. It is explained by a decrease of
the particle surface area on which the film-forming
solution is spared.

The obtained experimental results are presented
as a dependence of dimensionless values:

AP, _ f[l_J (5)

AF. 8cons

where AP - resistance of the dry gas distribution
grid, Pa; AP, - total resistance of the granular
layer sprayed with the suspension and the
gas distribution grid, Pa; low=- - specific
consumption of organic suspension, kg/(ssm?),
Zeons =?”—gCONS specific consumption of liquid air,
kg/(ssm?); S — cross-sectional area of the apparatus,
m2 G, G, - respectively, mass consumption of
organic suspension and liquid air, kg/s.

According to equation (1), experimental data
can be represented by the dependences shown in
Fig. 4.
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Figure 4: Graphic dependence 3p. > with the
corresponding specific consumption of chicken manure
suspension /. : 1 - 0,00657 kg/(s-m?); 2 - 0,00887 kg/(s:-m?);

3-0,0131 kg/(ssm?); 4 - 0,0164 kg/(s-m?).

8cons

AR y .
Dependence Ff=f(lw—’vs], we consider
linear, i.e. ¢ &cons
APZ:A.(ICDNsJ+B (6)
AF. 8cons

where A, B — empirical constants.
Values of the constants A and B are found by
approximating the experimental data (Table 1).
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Table 1: Numerical values of constants A and B.

I ons K0/ (s-m?) A B

0,00657 1734 0,9547
0,00887 137,5 09511
0,0131 101,2 0,9495
0,0164 87,0 0,9489

As it can be seen from the Table 1, values of the
constant B at different feed of organic suspension
are approximately the same and equal to B=0,95.

To generalize values of the constant A, one
makes its graphic dependence on the specific
consumption of the suspension Leons (Fi9. 5), which
is best approximated by the following exponential
function

A=3,8-1,,,." (7)
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Figure 5: Dependence of constant A on the specific
consumption of the suspension | ..

Substituting (3) into equation (2) and taking
into account value of the constant B, one obtains
the equation for predicting the hydraulic resistance
change of the material in the fluidized bed during its
spraying, depending on the specific consumption
of organic suspension and liquid air:

AP,
—r-38. ICONS—O,M [ Leons ] +0,95. (8)
AP, Econs

The root-mean-square deviation of the

experimental and theoretical values according to
equation (4) fluctuates within the limits 5 — 10%.

6. Conclusions

An equation for calculating the hydraulic
resistance of a fluidized bed of granular material is
obtained, taking into account the spraying intensity
of the film-forming substance on the urea granule.
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