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Abstract. Theoretical investigations concerning the
compounds release out of globular capsulated particles
within a wide variable range of criteria diffusive
complexes have been examined. The effect of capsulated
particle size on the process kinetics has been determined.
The simplified andytical dependencies have been
obtained to calculate the parameters of particles coating
for the main soluble nitrogen fertilizer in order to ensure
the necessary activetime.
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1. Introduction

The plating over the surface of dispersed
materials particles (capsulation) allows to modify their
physico-chemical properties. If mineral fertilizers are
capsulated the compounds with prolonged action are
obtained. It is especially urgent for easy-solublefertilizers,
losses of which may achieve 50 % due to the washout or
ventilation [1]. The active time of capsulated fertilizersis
essentially higher than that of traditiona granulated
fertilizers and may achieve 10-12 months [2]. Therefore,
the determination of release time for the compounds of
mentioned matters depending on shell material and shell
thickness is of great importance. In our previous work [3]
we obtained the equation connecting sizes of globular
particle and dilution time. In the dimensionless form it is
asfollowing:
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Fo, S, Bi — criteria dependencies of Fourier, Sherwood
and Bio, respectively [4]:
% T Sh= E : Bi= E
R D, D,
r s — solid phase density, kg/m® W — solvent volume, m®;
R — solid phase radius at the process initial time, m; r —
radius of the solid phase which dissolves in any moment
of the process, m; Cs — saturation concentration of the
compound on the dilution boundary, kg/m® d — shell
thickness, m; D, —diffusion coefficient inside the particle,
mé/s; D, — diffusion coefficient in the membrane pores,
m’/s, b — mass transfer from the external surface to the
solvent medium, nVs; t —processtime, s.

The intensity of compounds release from the
capsulated particles during their dilution is determined by
components diffusion in the solvent and through the shell,
aswell as by the mass transfer from the external surface of
the capsule. Such parameters come part of the criteria
complex (Bi + 1)/Sh of the process mathematical model
[3]. The prognosis based on theoretical dependencies of
active time and release kinetics is of great practical
interest for the production of capsulated mineral
fertilizers.
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2. Theoretical Investigations
and their Interpretation

In order to capsulate the dispersed materials with the
aim of dilution rate regulation we may use various film-
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forming compositions [5]. By means of mathematical
model (3) we may theoretically investigate the components
diffusive release within a wide range of penetrating ability
of the coatings. The easy soluble nitrogen granulated
mineral  fertilizers were the investigation objects:.
ammonium nitrate, calcdum nitrate, carbamide and
nitroamophose. These fertilizers are widdy used in
agriculture. The capsulation of the mentioned compounds
will reduce the unproductive | asses of feeding e ements[6].
The dependencies Ci/Cs=f(Fo) were caculated under
different values of (Bi+1)/Sh complex. The bounds of the
complex were taken from 0.01 to 1000 with the step 10 on
the basis of diffuson values and mass transfer coefficients
[7, 8]. Theresults of calculations are represented inFig. 1.
One can seefrom Fig. 1 that under (Bi+1)/Sh < 0.01
the theoretical lines are superimposed one upon another
for all matters. In such a case release kinetics does not
depend upon coating parameters but it is determined by
the properties of the solid phase. Thus we may determine
the value of (Bi+1)/Sh complex under which the
capsulated matter obtains the necessary properties.
Thefirst aim of the mineral fertilizers capsulation is
to reduce the solubility of easy soluble matters. The
producers of capsulated mineral fertilizers declare
different active times: 34, 56 and 12-14 months for
Osmoacot fertilizersand 4, 6 and 8 months for Plantcot [2].
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For theoretical investigations we assume the equal
size of the particle for al samples. The granulated mineral
fertilizers refer to polydispersed mixtures. The particle
sizes in them vary from 1 to 5 mm. During the
components release the particle Sze is a determinative
parameter affecting the process kinetics. The parameters
of the shell which determines the release intensity are
taken into account in the criteria dependence Bi. The other
criteria in the mathematicall model characterize the
properties of a solid phase. The dependence of Bi value
ensuring the definite active time for capsulated fertilizers
upon the particles size is caculated by means of the
mathematical model. The resultsarerepresentedin Fig. 2.

The analysis of presented results shows that the
increase of particle sze decreases the coating value and
increases the part of components of mineral feed
capsulated particle. Hence, it is more advisable to use
fractions of the large size for the capsulation of minera
fertilizers by the materia which is inert to plants. It is
especially actual for the fertilizers with long active time.

The dependencies Bi = f(R) represented in Fig. 2
are described by the following equation:

Bi=AR® (2

The values A and B are determined from the

equations of the corresponding curves on the basis of

computer’s treatment. The obtained results are given in
Table 1.
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Fig. 1. Theoretical dependencies of release kinetics of mineral fertilizers components out of globular particle
covered with insoluble shell at different values of (Bi+1)/Sh: 0.01 (1); 0.1 (2); 1 (3); 10 (4); 100 (5) and 1000 (6)
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Fig. 2. Dependence of Bi criterion upon the particle size at which capsulated fertilizers are characterized
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by the corresponding activetime: 4 (1), 6 (2), 8 (3) and 10 (4) months
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Fig. 3. Dependence of A and B constants on the active time for different fertilizers
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On the basis of the data from Table 1 a graphicd
dependence of A and B constants upon the active time is
plotted. The results are represented in Fig. 3.

Table 2 represents the dependencies of A and B
constants upon the active time of capsulated fertilizers.

Substituting the obtained results (Table 2) into Eq.
(2) we receive the analytical formulae to calculate Bi
criterion depending upon the particle size and necessary
active time of capsulated fertilizers (Table 3).

The difference between the results obtained by
means of the mathematical model and eguations from

Oleg Nagursky et al.

Using the dependency B; = f(t) (Table 3) the
criterion B; is calculated. According to this criterion the
active time of mineral fertilizers is 4 months. Then the
coating thickness d with penetration D, over the particles
with radius R = 2 mm is determined. The polystyrene-
hydrolysis lignine blend with the ratio of 8:2 is used as a
film-forming medium. The calculation results and coating
parametersare givenin Table 4.

The theoretical data of the release kinetics are
obtained using data of Table 4 and then they are compared

Table 3 does not exceed 0.1 %. with experimental results (Fig. 4).
Table 1
Dependence of A and B constantsin the dependence Bi = f(R)
Matter
t, months | Ammonium nitrate Cddum nitrate Carbamide Nitroamophose
A B A B A B A B
4 13717 -0.93 5851 -1 5601 -1 12355 | -0.95
6 20126 -0.95 8790 -1 8430 -1 18281 | -0.96
8 26512 -0.96 11695 -1 11251 -1 24186 | -0.97
10 32908 -0.97 14625 -1 14057 -1 30127 | -0.98
Table 2
Dependencies of A and B constants upon
the active time of capsulated fertilizers
Matter Dependencies
A= f(t) B = f(t)
Ammonium nitrate A =3198t +930.1 B =-0.006t —0.907
Cadum nitrate A =1461t +10.8 B=-1
Nitroamophose A =2961t +509.9 B =-0.005t —0.93
Carbamide A=1400t —31.4 B=-1
Table 3

Dependencies of Bi criterion upon the particle size and necessary activetime

Matter

Dependencies Bi = f(t)

Ammonium nitrate

Bi=(3198r+930.1) R % %07

Cddum nitrate

Bi=(14611+10.8)R™

Nitroamophose

Bi=(29861+509.9) R "> 0%

Carbamide

Bi=(1409t+3L4)R*

Table 4
Coating parameters under which the mineral fertilizers
have necessary activetime
Matter Bi D,10% m%s $10°, /s 5-10°, m
Ammonium nitrate 7197.1 241 17.85 9.72
Cadum nitrate 2927.4 6.22 16.57 11.0
Nitroamophose 6394.7 0.798 5.58 9.15
Carbamide 2802.3 2.61 3.03 241




Release of Capsulated Mineral Fertilizers Components. Process Simulation

120 %, mas

* > H +»

N N S

() T T 1
0 50 100 © davs)sq

Fig. 4. Comparison of theoretical (line) and experimental (dots)
values of the release kinetics of the capsulated fertilazers:
carbamide (1); ammonium nitrate (2); cacium nitrate (3) and
nitroamophose (4)

The analysis of obtained dependencies shows their
satisfactory  coincidence.  The maximum difference
between experimental andtheoretical results are (%): 8.8 —
for carbamide; 11.9 — for ammonium nitrate; 1.6 — for
calcium nitrate and 10.8 —for nitroamophose.

3. Conclusions

Equations given in Table 3 were obtained on the
basis of devel oped mathematical model of the solid phase
release during its dilution from the capsulated globular
particles. They are applied for specific type of mineral
fertilizers and are more suitable for practical engineering
calculations.

325

References

[1] Pisarenko V.N., Pisarenko P.V. and Pisarenko V.V.
Ekologiczeskie Problemy pri Ispolzovanii Mineranyh Udobrenij:
Puti VVozmoznogo Zagrjaznenija Okruzajushze) Sredy Udobrenijami
i Meroprijatija po ego Predotvrashzeniju. Agroekologija, Pdltava
2008.

[2] Winiarski A.: Chem. for Agricult., 2003, 4, 270.

[3] Nagursky O. and Gumnyckyj Ja.: 14-a Mignarodna Nauk. Konf.,
Ukraine, Kyiv 2011, 73.

[4] Kasatkin A.: Osnovnyje Processy i Aparaty Khimicheskoj
Tehnologii. Himija, Moskwa 1972.

[5] Wielgosz Z., Winiarski A., Krzeczynska M. and Pasternacki J.:
Prace Naukowe Instytutu Technologii Nieorganiczng i Nawozow
Mineralnych Politechniki Wroclawskigj, 1996, 45, 61.

[6] Sabadash V.: PhD. thesis, Lviv 2005.

[7] Gumnyckyj Ja, Demchuk I. and Al-Alus K.: Teor. Osnovy
Khim. Techn., 1992, 26, 510.

[8] Gumnyckyj Ja, Demchuk I. and Al-Alus K.: Teor. Osnovy
Khim. Techn., 1994, 28, 1.

BUBUIBHEHHS KOMIIOHEHTIB
KAIICYJIbOBAHUX MIHEPAJIbHUX IOGPUB.
MOJEJJIIOBAHHSA ITPOLECY

Anomauin. Ipusedeno meopemuyni 00CIiONHCeHHS: npoyecy
BUBLTILHEHHSL PEHOBUH 3 KANCYIbOBAHUX YACMUHOK KVIACMOI hopmu
6 WUPOKUX Olanas’oHax 3MIHU —KPUMEPIATbHUX — OU@Y3iiHux
KomnaeKcie. Busnaueno ennus na Kinemuxy npoyecy posmipy Kan-
cynvosanoi yacmunku. Ompumani cnpowjeHi amanimuyHi 3anedic-
HOCMI PO3PAXYHKY NApPAMEmpié NOKPUMMS 4ACUHOK OCHOBHUX
JI€CKOPOZHUHHUX A30MHUX 000pus Ons 3a6e3neyentsi HeoOXiOHOT
mpuganocmi ix Oii.

Kniouosi cnoea. xancynvosami BUBIIbHEHHS
KOMNOHEHMI8, MOOENIOBAHHA.

dobpusa,



