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ABSTRACT

In this article, maintaining the quality and commercial properties of mineral fertilizers during
repeated transshipment and long-term transportation is an important issue. The purpose of the
research work is to study the structure of granules in complex mixed fertilizers and to develop
methods to improve it at the production stage, thereby improving the physical and mechanical
properties of the finished product. In order to improve the granular structure of the mineral
fertilizer, the static strength of the granules, the mass fraction of moisture, the chemical
composition, and the structural shape of the granules were determined using an electron
microscope. To improve the structure and increase the strength of mineral fertilizers, a method
of encapsulation was used using 0.5% aqueous solutions of organic polymers of modified
polyacrylamide, followed by granulation and drying at a temperature of 75 °C and a tralchet
granulator. A comparative analysis was conducted to study the structure of mineral fertilizers,
diammonium phosphate, and encapsulated superphosphate using modern instrumental
methods. The structure of encapsulated superphosphate was studied, and its strength was
increased using 0.5% aqueous solutions of modified polyacrylamide at a temperature of 750 °C,
with an increase from 40 to 2000 times. Spectral studies of superphosphate treated with
polymer solutions were carried out, and structural features corresponding to the functional
groups of organic compounds were identified. The research results showed that aqueous
solutions of modified polyacrylamide allow structure formation, creating a polymer shell and
increasing the strength of mineral fertilizer granules.
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Introduction

The manufacture of mineral fertilizers is an
important area of the Kazakh agro complex,
occupying a leading position in non-hydrocarbon,

non-resource exports.

The country is experiencing an increase in the
production of complex mixed mineral fertilizers for

export.
The range of mineral fertilizers produced in the

Republic of Kazakhstan today is changing in favor of
mineral fertilizers, which meet modern consumer
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preferences. Complex mixed fertilizers, as a rule,
are more concentrated and require lower costs for
transportation, storage, and application compared
to single-component fertilizers.

Improved quality of exported mineral fertilizers
is a prerequisite for increasing export potential and
an important factor in  maintaining the
competitiveness of Kazakhstani producers. Thus,
the problem of preserving the quality of mineral
fertilizers during numerous transshipments and
long-term transportation is one of the key ones for
the industry as a whole. In addition, improving the
physicochemical properties of mineral fertilizers
can significantly increase the efficiency of their use
and avoid losses at the application stage [[1],[2]].

The consumer properties of granular mineral
fertilizers - static strength of granules, caking,
dustiness - are interrelated and depend on the
substance constituents and building of the
granules, which is largely determined by the
technological parameters of the production process
(3], [4]].

Currently, modern non-destructive methods for
studying the structure of solids, such as scanning
electron microscopy (SEM), have appeared and
become available. The use of these methods allows
us to study in detail the structure and distribution
of chemical elements in granules of complex
mineral fertilizers, as well as their relationship with
physical and chemical properties [[5],[6]].

The importance of scientific work is to study
the structure of granules of complex mixed
fertilizers, as well as to search and develop
methods for improving them at the production
stage to improve the physical and mechanical
features of the eventual product.

Experimental part

Object of research. To study the properties of
granular mineral fertilizers, the most popular
brands of mineral fertilizers produced by
Kazphosphate LLP selected.
preparation and sampling for experimental work
were carried out in accordance with the established
procedure [7].

Research methods. Determination of the static
strength of sample granules. The static strength of

were Sample

sample granules was measured according to GOST
21560.2-82. The static strength of the granules was
studied using an automatic dual Rockwell hardness
tester HRS150/45T-Z. The strength measurement
range is from 3.0 to 20 MPa, with a relative error
+1%.

Determination of mass fraction of water. The
mass fraction of hygroscopic and total water was
determined by drying in an oven in accordance with

[8].

Study of the structure and chemical
composition of granules using scanning electron
microscopy. The microstructure and a cut of a
sample of the mineral
instrumental method determined using scanning
microscopy SEM (JSM-6490lV, Jeol, Tokyo, Japan).
The scale of this microstructure is x50-2000 times
the increase from the actual state (600 micron,
spectral 0 - 20 keV).

fertilizers was an

Study the structural features of the studied
sample. An IR Fourier spectrometer (Zhimadzu IR
Prestige-21 with an attenuated total
reflection attachment, Miracle Pike Technologies
(Tokyo, Japan)) was used to study the structural
features of the studied sample.

internal

To improve the structure and increase the
strength of mineral fertilizers, a method of
encapsulation was used using 0.5% aqueous
solutions of organic modified
polyacrylamide, followed by granulation and drying
at a temperature of 75 °C and a tralchet granulator.

polymers of

The discussion of the results

The structure of granules of complex fertilizers
is determined, first of all, by the technology of their
production: the method of granulation, as well as
the modes of the method of introducing raw
materials. In turn, the structure of granules affects
the physico-chemical and physico-mechanical

characteristics of granular fertilizers - static
strength [[9], [10]].
The work of the author (Kochetova |.M.)

presents experimental images of the results of
microphotography and the distribution of chemical
elements on a chip of a DAP granule of grade 18-46,
treated with 1-40 oil (magnification x200).
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Figure 1 - Microphotograph and distribution of chemical
elements on a chip of DAP granule grade 18-46 treated
with 1-40 oil (magnification x200)

It is noted here that the presence of surface pores
largely determines the hygroscopic characteristics of the
product and can also increase the consumption of
conditioning additives (Figure 1).

X40 . 1063 BEC

From Figure 2, it follows that the
microstructure of superphosphate granules with an
X40 magnification and treated with 0.5% aqueous
solutions of polycarilamide appears amorphous at a
temperature of 75 °C. In the top layer of
superphosphate, the formation of links occurs,
leading to structuring in the form of amorphous
and crystalline structures with the formation of a
polymer layer on the surface of the granules. The
binding of components with polymer solutions
during granulation and the polymer layer on the
surface of superphosphate have a positive effect on
the structure and strength of the granules.

Figure 3 - The microstructure with a cut of the sample of
the modified superphosphate (magnification x40)

From Figure 3, it follows that the pores of
superphosphate granules are associated with
cracks and are the centers for cracks, and the
formation of a thin film on the surface of the
granules provides an increase in strength up to 17
MPa.

Figure 2 - The microstructure of a sample of the
modified superphosphate (magnification x40)

Figure 4 - The microstructure of a sample of the
modified superphosphate (magnification x500)
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Figure 4 shows that barrel-shaped structures
with properties characteristic of phosphorus
compounds were detected.

This indicates that the appearance of these
fragments in the fertilizer structure is associated
with the aggregation of fertilizer particles and the
subsequent formation of large interconnected units
due to the adsorption properties and functional
groups of the polymer solutions, which influence
the structural strength of the entire system (Fig.4).

Figure 5 - The microstructure with a cut of the sample of
the modified superphosphate (magnification x500)

Figure 6 - The microstructure of a sample of the
modified superphosphate (magnification x2000)

From Figure 6, it follows that there is a
secondary adsorption layer in which the molecules
are directed, and on the outside, there is a
hydrophilic part that promotes coagulation binding

of particles.
From Figure 7, it follows that the structure is

observed on the surface of the granules, and in
parallel, it is visible how a polymer layer is formed
due to the interaction of the active centers of

mineral fertilizers and the active functional groups
of aqueous solutions of the polymer with the
formation of thin films.

Figure 7 - The microstructure with a cut of the sample of
the modified superphosphate (magnification x2000)

The improved mechanical properties of
superphosphate positively impact the fertilizer's
effectiveness. For example, due to its greater
strength, dust formation during application is
eliminated.

The obtained modified superphosphate had the
following functional groups during research. The
superphosphate was analyzed in an IR
spectrometer (Shimadzu IR Prestige-21), and the
results of the studies are shown in the table. 1 and
Fig. 8.

Table 1 — Spectral data of modified superphosphate

No Peak Intensity Corr. intensity
1 601.79 81.382 1.048
2 690.52 73.207 5.766
3 752.24 75.802 0.256
4 775.38 74.927 1.098
5 875.68 81.125 0.797
6 910.40 75.602 3.854
7 1002.98 68.732 3.190
8 1026.13 70.113 1.435
9 1365.60 86.484 0.112
10 1377.17 86.282 5.189
11 1558.48 86.358 0.447
12 3390.86 87.240 0.241
13 3618.46 91.620 0.855
14 3691.75 94.343 1.326
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Figure 8 - IR-spectrum of modified superphosphate

As can be seen from the data in Figure 8, there
are the following IR absorption spectra:

-non-intensive  absorption  spectra  with
wavelengths of 3691.75-3390.86 cm™ characterize
the presence of bonds (RC—COOH) carboxylic acids,
bonds (RC—COH) aldehydes and ketones (R—CO-R)
functional groups of superphosphate;

-non-intensive  absorption  spectra  with
wavelengths of 1558.48-1365.60 cm™ characterize
the presence of bonds (C—C) between carbons and
(C—H) hydrocarbon groups in superphosphate;

-intensive absorption of 1026.13-910.40 cm
determines the compounds of hydroxyl, sulfur,
nitrogen molecules —OH, N, S;

-Intensive absorption values of 875.68-752.24
cm? are characterize the presence of a bond
between phosphorus and sulfur (P=S).

-intensive absorption values of 690.52-601.79
cm® are are characteristic of Ca*> compounds in the
valence state O-Ca-O.

The authors' work presents data on
determining the basic physicochemical properties
of fertilizer for its mechanized application to
improve soils and increase crop yields [[11], [12]].
Using additions that improve the properties and
increase the effectiveness of waste-based fertilizers
corresponds with the modern approach to creating
waste-free technologies, observed in agriculture
and other branches of the economy [[13], [14]].

This work presents the results of research on
the leaching of solid phosphorus-containing waste
with humic acid. Such waste includes the by-
products of the electrothermal processing of
phosphate raw materials—phosphorus sludge and
cottrel dust [[15], [16]].

Conclusions

A literature review was conducted of scientists
who contributed to the study of the structure of
granules and their influence on the
physicochemical properties of mineral
fertilizers[[17], [18], [[19], [20]].

A comparative analysis was conducted to study
the structure of mineral fertilizers, diammonium
phosphate, and encapsulated superphosphate
using modern instrumental methods.

The structure of encapsulated superphosphate
was studied and its strength was increased using
0.5% aqueous solutions of modified polyacrylamide
at a temperature of 750 °C with an increase from
40 to 2000 times.

Spectral studies of superphosphate treated
with polymer solutions were carried out, and
structural features corresponding to the functional
groups of organic compounds were identified. The
research results showed that aqueous solutions of
modified polyacrylamide allow structure formation,
creating a polymer shell and increasing the strength
of mineral fertilizer granules.
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MuHepanabl TbIHAUTKbILWTAP TYMIPLWIKTEPiHiH KYPbINbIMbIHbIH,
onapAabiH PU3NKA-XUMUANDIK KacueTtepiHe acepi

'Cmaitnos 6.M., 'Beiicenbaes 0O.K., 'AHap6aes A.A., 23akupos B.C., *Aravind U.K.
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TYRIHAEME

MwuHepanabl TbIHAUTKbIWTaPAbI KalTa TUey XaHe y3ak mep3simre TacbiMangay KesiHge onapabiH,
canacbl MeH Tayap/blk KacueTTepiH cakTay MaHbi3abl macenenepgiH, 6ipi 6onbin Tabbinagpl.
fbINbIMU-3EPTTEY KYMbICbIHBIH, MaKcaTbl — KYPAENi apanac ToIHAWTKbIWTAPAbIH, TYMipLWIKTEPIHIH,
KYPbINbIMbIH 3€PTTEY, COHbIMEH KaTap AalblH OHIMHIH, (U3MKa-MeXaHWKanblk KacueTTepiH
JKAKCApTy MaKcaTblHA@ 6HAIpIC caTbiCbiHAA OHbl XKETingipy aaicTepiH Taby »kaHe asipney.
MuHepanapl TbIHAUTKbIWTLIH, TYWIPWIKTi KYPbIbIMbIH KAaKCapTy MaKcaTblHAA TYMipLWiKTepAiH,
CTaTUKaNbIK OepiKTiri, bIAFanablH, MaccanblK yneci, TYMipWiKTepaiH XMMUANBIK Kypambl MeH
KYPbINbIMAbIK ~ MiliHi  9N1EKTPOHABI MWKPOCKONTbIH, KemerimeH aHbikTanabl. MuHepanabl
TbIHANTKBILITAPAbIH, KYPbINbIMBIH ¥KaKCapTy aHe BepiKTiriH apTTbipy ywWwiH moguduKkaumuanaHFaH
NOSIMAKPUNAMUATIH, OpraHuKanblK nonumepnepidiv, 0,5% cynbl epiTiHAinepiH KonaaHbin,
KeWiHHEH TYMipLWiKTey KaHe KOHTeMHepAiK rpaHynsTopaplH, KemerimeH 75 °C Temnepatypaza
KenTipy apKblabl Kancynauua a4ici KongaHbingbl. 3amaHayu acnanTblK a4icTepai KonaaHa
OTbIPbIN, MWHEPaNAbl TbIHANTKBIWTAPAbIH, AMAMMOHUIA  docdaTbl MeH  KancynanaHfaH
cynepdocdatTblH,  KypblUIbIMbIHA  CanbICTbipManbl  Tangay  kacangbl.  KancynananfaH
cynepdochaTTbiH, KypbiNbIMbl MeH OHbIH, 6epikTiri MoaudUKaumAnaHFaH MNONNAKPUAAMUATIH,
0,5% cynbl epitiHainepiH 75 °C Temnepatypaga 40-taH 2000 ecere AeiiH apTTbipy apKblibl
3epTTeniHgi. Monvmep epiTiHainepimeH eHAenreH cynepdochaTka CnekTpAik 3epTTeynep
JKYPFi3inin, OpraHWKanblK, KOCbINbICTapAblH, PYHKUMOHANAbIK TONTapblHa COWKEC KeneTiH
KYPbIIbIMABIK ~ epeKLWenikTepi  aHblKTangpl. 3epTrey  HaTukenepi  moaubuKaumanaHfaH
NONMAKPUNAMMUATIH, CyNbl epiTiHAiNepi KypblabiMAbl KanbinTacTblpyfa, noavmep KabblKLacbiH
JKacayfa JKoHe MWHepanabl TbIHANTKbIW TYMipLWIiKTEpPiHiH, 6epiKTiriH apTTbipyFa MYMKIHAIK
6epeTiHiH KepceTTi.

TyliiH ce30ep: mnHepanapl ToIHAUTKbIW, BepiKTINIK, Kypblabim, TYMipLWik, 3epTTey.
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AHHOTALMA

CoxpaHeHMe Ka4yeCTBEHHbIX M TOBapHbIX CBOMCTB MUHEpPasbHbIX yA0OpeHni i Npyu MHOrOKPaTHOW
nepesanke W A/UTENIbHON TPAHCMOPTUPOBKE ABAAETCA OAHMM W3 BaXkHbix Bomnpocos. Llenb
Hay4YHO-UCCNea0BaTENbCKON PaboTbl — M3y4MTb CTPYKTYPY FPaHY/N KOMMAEKCHbIX CMEeLaHHbIX
yAobpeHnid, a TakKe HalWTM U pa3paboTaTb MeTOAbl ee yNyYlleHUA Ha 3Tane NPousBOACTBA C
Lenblo ynyyweHna $GpU3MKO-MeXaHUYECKMX CBOWCTB FOTOBOrO NpoAyKTa. C Uenbio yaydyleHus
3€PHUCTON CTPYKTYPbl MWHEpPaNbHOro yAO0bPeHMA C MOMOLLbIO 31EKTPOHHOTO MMKpOCKONa
onpeaenanu CTaTUYECKYI0 NPOYHOCTb FpaHya, MaccoBylo AOAI0 BAArM, XMMWYECKUW COCTaB U
Moctynuna: 28 mas 2024 CTPYKTYpHYtO dopmMy rpaHyn. [Na  yAyylleHUa CTPYKTYpbl W MOBLIWEHUA MNPOYHOCTU
PelieHsnpoBaHue: 28 utoHa 2024 MUHepanbHbIX yAobpeHnii 6bin MCNONb30BaH METOA, Kancynauua ¢ npumeHeHvem 0,5% BOAHbIX
MpuHATa B nedaTb: 5 cenmabpa 2024 PacTBOPOB OPraHNYECKUX NOMMEPOB MOAUDULIMPOBAHHOIO NOAMAKPUNAMUAE, C nocneaytoLei
rpaHynAaumMent u cylkol npu Temnepatype 75 °C € NOMOLLbIO TapanbyeTHOro rpaHynaTopa.
MpoBeaeH cpaBHUTENbHBIN aHANN3 CTPYKTYPbl MUHEpPabHbIX yaobpeHui anammonuniidocdaTa n
MHKancyMpoBaHHoro cynepdocdata ¢ WMCNONb30BAHMEM COBPEMEHHbBIX WMHCTPYMEHTA/bHbIX
MeTof0B. M3yyeHa CTPYKTypa WMHKancynnposaHHoro cynepdocdata, M ero NpoyHocTb bbina
nosbilleHa ¢ wucnonb3oBaHnem 0,5%-Hbix  BOAHbLIX  PAacTBOPOB  MOAUPULMPOBAHHOTO
nonnakpunammaa npu Temnepatype 750°C c¢ ysenunyeHvem ot 40 go 2000 pas. MposegeHbl
CneKTpanbHble uccnefoBaHua cynepdocpata, o6paboTaHHOrO MOSMMEPHBIMK pacTBOpPamu, U
NAeHTUOULMPOBAHbI CTPYKTYPHbIE 0COBEHHOCTM, COOTBETCTBYIOWME GYHKLMOHA/IbHBIM Fpynnam
OPraHUYecKMX CcoeauHeHuin. PesynbTaTbl UCCE[OBaHUN MOKasanu, 4TO BOAHblE PacTBOPSI
MOANDULMPOBAHHOIO MOAMAKpUAamuaa MNo3BONAT (GOPMUPOBATL  CTPYKTYpY, CO34aBas
noaMMepHyto 060104KY 1 NOBbILLAA NPOYHOCTL FPaHYN MUHEPaNbHOTo yA06peHua.

Knrouesbie cno8a: MuHepanbHoe ya06peHne, NPOYHOCTb, CTPYKTYPA, 3epHO, UCCNeA0BaHMe.
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