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Abstract. The article discusses the current problem of the phosphorus industry related to the development of technology for the production of highly effective mineral
fertilizers based on substandard phosphate raw materials. Phosphorites from the Chilisai deposit are proposed as such raw materials, which are classified as low-grade due
to their high carbonate content (4.56—6.34% in terms of CQ,). This creates environmental problems. Scanning electron microscopy and X-ray fluorescence analysis methods
were used to study the physico-chemical properties of phosphorite samples. The results showed that phosphorites consist mainly of quartz grains of various sizes (from
0.002 to 15 mm) cemented with phosphate. Based on the conducted research, the optimal parameters of the technological process for obtaining monocalcium phosphate
from this raw material have been determined.
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JaiibiH eHimMai a1y yurin ¢ocdat MMKIZaTHIH 6HAEYIiH IKOJIOTUSJIbIK MAHBI3bI

Amnparna. Makanana ¢ocdar eHepkociOiHiH 03eKTi mpobiaeMacsl KapacThIpbLIa b, 01 KOHIUIIHOHEepIeHOereH Gocdar MuKi3aThl HETi3iH/e KOFapbl THIM/II MUHEpaI-
Il THIHAMTKBIIITAP/Ibl OHAIPY TEXHOIOTHSCHIH d3ipieyre OainanblcTel. MyH/ail mmkizar perinae Unnmncaii keH OpHbIHBIH (HOCHOPUTTEP] YCHIHBLIA/ABI, Oap KapOOHAT-
TapZbIH XKOFapbl 00TybIHA GalIaHBICTBI TOMEH COPTTHI O0ubIN XKikTenesi (CO, GolibHmIa 4,56-6,34%). Byl skarnail 5KOIOTUsUIBIK IIpo0ieManaps Tyabipasl. Pochoput
YIITiIepiHiH (PU3MKa-XUMHUSUIBIK KACUETTEPiH 3epPTTeY YIUIH PACTPIIBIK JIESKTPOHIBI MUKPOCKOIHUS JKOHE PEHTIeH-(IIYyOPECIeHTTI Tajjiay dAicTepi KonaaHbuiasl. Hotu-
sKesep pocdopurTepin HerisineH docdarnen nemeHtrenren aprypui memmepaeri (0,002-gen 15 MMm-re aeiiin) KBapll AOHICPiHEH TYPAThIHBIH KopceTTi. JKyprisinren
3epTTeyIep HEri3iH/ae OChI IIMKI3aTTaH MOHOKAIBLHI (hOCHATHIH amy/IbIH TEXHOIOTHSUIBIK POLECIHIH OHTAIIbI TapaMeTpIIepi aHbIKTAIIIBL.

Tyuinoi cesoep: sxonozusi, ocgop onepkacioi, oyoey, penmeen-pryopecyenmmi manioay, molHaumKsiuUmap, MOHOKAIbYuil pocamei.

JKOJI0rHYeCcKasi 3HAYNMOCTH NepepadoTku GochaTHOTrO CHIPbS AJs MOJyYeHUs TOTOBOI MPOTYKIHHI

AunHoTaumsi. B cratbe paccMarpuBaeTcst akTyaiabHas mpobiema GpochopHON MPOMBIIIICHHOCTH, CBI3aHHAS ¢ Pa3pabOTKOW TEXHOIOTHUH MPOU3BOACTBA BBICOKOI(-
(t)eKTHBHOI‘O MHUHEPaIbHOTO yz[oﬁpel-mst Ha OCHOBC HCKOHJIMIITHOHHOI'O (t)OCq)aTHOI‘O CBIPBS. B kauecTBe Takoro CBIPBS TIPEIIIOKCHBI lbOC('I)OpI/ITLI Ynmcanckoro MecTo-
POXACHHMS, KOTOpBIE KIacCH(UIUPYIOTCS KaK HU3KOCOPTHBIE M3-32 BHICOKOTO cofiepkaHus kapooHaToB (4,56-6,34% B nepecuere Ha CO,). DTO 00CTOATEIBCTBO CO3AALT
JKOJIOTUYECKHe TPobieMbl. JIist n3ydeHns: pU3NKO-XUMHUUECKHUX CBOMCTB 00pa3ioB (HochOopUTOB ObLIH HCHOIB30BAHBI METOIbI PACTPOBOI AEKTPOHHOH MUKPOCKOITHH 1
PEeHTreHO(ITyOpPECeHTHOTO aHanu3a. [1oydeHHbIe Pe3yabTaThl MOKa3ail, 4T0 (OCHOPUTHI COCTOAT MPEHUMYIIECTBCHHO U3 3€PeH KBapIia pa3ingHoro pasmepa (ot 0,002
a0 15 MM), CHEMEHTHPOBAHHBIX (pOC(l)aTOM. Ha ocnose TIPOBEACHHBIX HCCHBZ[OBaHHfI OIPECIICHBI ONITUMAJIBHBIC ITapaMETPhl TEXHOJIOTHYCCKOTO ITponecca IMOIyICHUs

MOHOKaIIbIMi(ochara U3 JAHHOTO CHIPbSI.

Knrouesnte cnosa: sxonoeus, pocghopras npomwluieHHOCMb, nepepabomka, peHmeeHoMIyopecyeHmHblil anaius, yooopenus, MoHoKarbyutighocham.

Introduction

The ecological importance of processing phosphate raw
materials is expressed in several key aspects that contribute to
environmental protection, the rational use of natural resources
and the reduction of negative impacts on ecosystems. Since
phosphates are non-renewable natural resources, their reserves
are gradually being depleted. The processing of phosphate raw
materials allows you to reuse valuable components, extracting
them from production waste or used fertilizers, which contrib-
utes to a more efficient and careful use of resources. In addi-
tion, processing reduces the burden on ecologically vulnerable
areas where phosphate ores are mined, reducing the risks of
destruction of natural ecosystems and reducing the need for
energy-intensive and environmentally unsafe mining methods.
With dwindling reserves of rich phosphate ores in Karatau, the
mineral fertilizer industry is forced to process raw materials
with a lower P,0;content. This makes it particularly relevant
to develop new ore processing technologies and create alter-
native schemes for obtaining fertilizers from phosphate raw
materials. The Chilisai phosphorite deposit, also characterized
by a low P,O; content, is located in the Oktyabrsky district
of the Aktobe region. In the central part of the deposit is the
railway station of the phosphorite mine, located on the 17th ki-
lometer of the Kandahach-Atyrau railway line, which crosses
the deposit from northeast to southwest. The area has been ac-
tively developed economically, and the deposit itself has been
explored in detail [1].
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This deposit is the largest in the Aktobe phosphorous-bear-
ing basin. The useful stratum is represented by a horizon of
nodular phosphorites of Santon-Campanian age, and a slab of
nodular phosphorites lies in the roof, the dimensions of which
reach 7 cm. The thickness of the phosphorite-bearing reservoir
varies between 0.4—1.6 m. The phosphorite layer is overlain
by Campanian carbonate clays, whose thickness ranges from
0.35 to 7 m. The total area of the phosphorite formation in the
deposit is 1,555 km?. In a significant area of the deposit, the
phosphorite layer reaches the daytime surface, being covered
only with modern sandy loams or loams with a thickness from
0to 1 m[2].

The average content of P,0; in natural ore is 10.27%, in
washed concentrate — 17.5%, and in flotation concentrate —
23.8%. Phosphorite ore contains on average from 9% to 11%
P,0; and impurities such as Fe,0; (2-4%), AL,0; (2.5-4%)
and CO, (2-5%). Depending on the content of harmful com-
ponents, the following types of ores are distinguished: easily
enriched low-iron ores (Fe,0; < 3%, CO, < 3.5%), ferrugi-
nous ores (Fe,0; < 3.8%), as well as carbonate and carbon-
ate-ferruginous ores (CO, 4.5-5.2%, Fe,0; 2.7-3.6%) [3].
The phosphorite reserves of the Chilisai deposit are shown
in table 1.

Note: Ore — thousand tons, P,0; — thousand tons, reserves
of dry phosphorite ore are calculated at volume weights of
1.92-2.12 tons/m>. The natural moisture content of the ore
is 5%.
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Table 1

Reserves of Chilisai phosphorite
Kecme 1

Yunucaii pocghopuminin Kopol
Tabnuua 1

3anacer Yunucaiickozo pochopuma

Balance sheets, Off-balance sheet,
thousand tonnes (kt) | thousand tonnes (kt)
Including Including
Category in the in the
Total Total
career career
contour contour
A 47923 47923 8058 8058
5140 5140 896 896
B 136162 136162 23307 23307
14602 14602 2488 2486
C 474469 201190 395360 118013
: 49275 21562 37124 12346
C 492131 3317 i i
: 40872 362

The production of phosphorous fertilizers is a critically im-
portant stage in ensuring global food security. Phosphorus,
which is an essential macronutrient for plants, is present in
nature mainly in the form of phosphorites, sedimentary rocks
with a phosphate content ranging from 15 to 40%, although
richer deposits are also found. Phosphorite mining is carried
out both in an open-pit (quarry) method, which is more eco-
nomical with a high concentration of minerals and favorable
geological conditions, and underground (mine), which is nec-
essary when phosphorite formations occur at great depths or
with complex field geometry. The choice of extraction method
directly affects the cost of the final product and the environ-
mental impact [4, 5].

After extraction from the subsoil, phosphorites are thor-
oughly crushed and crushed into fractions, the size of which is
determined by the technological process of obtaining fertiliz-
ers. The purpose of this stage is to maximize the surface area
of phosphorite particles in order to ensure effective interaction
with acid in subsequent stages. The quality of the grinding
is critically important because it directly affects the reaction
rate and the degree of phosphorus extraction. Various types
of crushing and grinding equipment are used, from jaw and
cone crushers to ball and vibrating mills, the choice of which
depends on the hardness and physical properties of a particular
type of phosphorite [6].

The most common method of obtaining phosphoric acid
from phosphorites is the sulfate method based on the interac-
tion of phosphorite with sulfuric acid. However, this is not the
only way. There are other technologies such as the thermal
method, where phosphorite is processed at high temperatures,
and the extraction method using organic solvents. The choice
of method is determined by economic factors, the availabili-
ty of raw materials and the quality requirements of the final
product.

Let’s take a closer look at the sulfate method. Crushed phos-
phorite is mixed with sulfuric acid in special reactors, where

an exothermic reaction occurs, which generates a significant
amount of heat. As a result, phosphoric acid, gypsum (calcium
sulfate) and other by-products are formed, the composition of
which depends on the chemical composition of phosphorite.
It is important to carefully control the process parameters: sul-
furic acid concentration, temperature, and reaction time. The
yield of phosphoric acid and its quality depend on this [7].

The resulting phosphoric acid is usually purified from im-
purities, after which it is used to produce various phosphorous
fertilizers such as superphosphate, ammophos, nitroammo-
phoska and others. The composition and properties of these
fertilizers are determined by the ratio of phosphorus, nitrogen
and other elements necessary for the proper nutrition of plants.
Gypsum formed as a by-product can also be used, for exam-
ple, in the construction industry or in agriculture to improve
soil properties. However, its large volumes require address-
ing issues of its disposal or recycling, which is an important
task for the environmentally responsible production of phos-
phorous fertilizers. In addition, the efficiency of phosphorite
extraction and processing is constantly being improved in or-
der to minimize waste and increase resource efficiency. The
research is aimed at developing more environmentally friendly
technologies, reducing energy consumption and increasing the
efficiency of phosphorus extraction [8].

Cas(P0O4):+3H2S0,—2H;3P0.+3CaS0;

Phosphoric acid is a fundamental substance in the produc-
tion of phosphorous fertilizers, which play a critical role in
modern agriculture. These fertilizers make up for the lack of
phosphorus in the soil, a vital element for plant development.
Phosphorus is involved in a variety of biochemical process-
es, providing root system formation, flowering, fruiting and,
importantly, increasing plant immunity to diseases and pests.
Phosphorus deficiency manifests itself in slow growth, pale
leaf color, poor root development, and decreased yield. There-
fore, the use of phosphorous fertilizers is a prerequisite for ob-
taining high and high-quality yields of most crops [9].

Superphosphate is one of the most common phosphorous
fertilizers. Its production is based on the reaction of phosphor-
ic acid with phosphorites, which are natural minerals contain-
ing calcium phosphates. Depending on the raw materials used,
there is a distinction between simple superphosphate (obtained
by reaction with phosphorite) and double superphosphate (ob-
tained by reaction with phosphorite and sulfuric acid). Double
superphosphate contains a higher phosphorus content, which
makes it more cost-effective for transportation and application.

Ammophos is a complex nitrogen-phosphorus fertilizer
obtained by neutralizing phosphoric acid with ammonia. It
contains two main nutrients at the same time — nitrogen and
phosphorus, which makes it especially effective for fertilizing
plants that need both of these elements. The ratio of nitro-
gen and phosphorus in ammonium may vary depending on the
technological process [10].

In addition to these, there are many other types of phospho-
rous fertilizers produced by various methods. For example, the
ammonification of phosphorites can be used, which results in
the formation of ammonium phosphate fertilizers. Carbonate
methods of processing phosphorites are also used, which make
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it possible to obtain preparations with different ratios of nutri-
ents. The choice of a specific type of fertilizer depends on the
type of soil, the type of crop being grown, and its nutrient needs.

However, the production of phosphorous fertilizers is not
without environmental problems. The extraction of phos-
phorites is accompanied by landscape disturbance and envi-
ronmental pollution. Production processes are associated with
greenhouse gas emissions, in particular, carbon dioxide, as
well as other pollutants. Various technologies are used to min-
imize the negative impact on the environment, including the
improvement of phosphorite extraction methods, the introduc-
tion of energy-efficient fertilizer production technologies and
the development of industrial emissions treatment systems.
Research is actively underway to create more environmentally
friendly technologies for the production of phosphorous fer-
tilizers, for example, the use of renewable energy sources and
the development of waste-free industries. It is also an import-
ant task to develop methods for the rational use of phospho-
rus fertilizers in order to minimize nutrient losses and prevent
their ingress into reservoirs [11].

Phosphorite treatment, especially with the use of sulfuric
acid, can cause the release of dangerous gases into the atmo-
sphere. The sulfate processing of phosphorites releases sulfur
dioxide (80:), which can be converted into sulfuric acid in the
atmosphere, contributing to the formation of acid rain. Phos-
gene (COCL) and compounds containing fluorine may occur
among the by-products of improper phosphorite processing,
especially if fluorides are present in the starting material.
These substances pose a serious threat to health. Recycling
also generates waste with toxic components that can pollute
water sources and soil. Fluorides can affect aquatic ecosystems
with their toxic effects. Calcium sulfate (gypsum) (CaSOx),
formed during processing, can cause difficulties with drain-
age, creating precipitation that degrades water quality. Addi-
tionally, mechanical processing of phosphorites can lead to the
formation of dust with heavy metals, which negatively affects
the health of workers and local residents. Phosphorites also
contain small amounts of radioactive elements such as urani-
um (U) and thorium (7#), which requires special handling of
radioactive waste [12].

Materials and methods

Various techniques were used in the study, such as chemi-
cal analysis, X-ray phase analysis and scanning electron mi-
croscopy. The main attention was paid to the decomposition of
phosphate raw materials from the Chilisai deposit in interac-
tion with phosphoric acid.

Chilisai phosphorites contain significant amounts of car-
bonates, which in equivalent results in 4.56% carbon dioxide,
as well as glaconites. During the decomposition of these phos-
phorites, a large mass of stable and difficult-to-decompose
foam is formed, caused by the release of carbon dioxide. This
phenomenon complicates the decomposition of phosphate raw
materials, as it reduces the useful volume of the reaction cham-
ber by 60-80%, increases the loading time of phosphorite and
the total reaction time.

It is proposed to solve the problem of foaming by pretreat-
ing phosphate raw materials in a loose state with phosphoric
acid, adding a decarbonization stage before the decomposition
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of phosphorite. At this stage, optimal conditions (temperature,
norm, acid concentration) are selected to maximize the decar-
bonization of Chilisai phosphorite.

To simplify the decomposition process of decarbonized
phosphorite, it is necessary to determine the optimal param-
eters — the rate and concentration of phosphoric acid, as well
as the decomposition time. At the stage of hot filtration, at 100
°C, the insoluble residue is separated from the monocalcium
phosphate solution, but this process is complicated due to the
content of organic matter in phosphorite. To speed up filtra-
tion, granular materials such as sand can be added to the filter
surface to increase the filter area and improve the process.

After crystallization of monocalcium phosphate, the precip-
itate is filtered. The mother liquor is returned to the sulfatiza-
tion process to obtain phosphoric acid. A neutralizing reagent
is needed to neutralize the free acidity in monocalcium phos-
phate. In this case, calcium carbonate with a content of 88%
CaCO; is used.

Results

Phosphorite samples No. 1 and No. 2 were used to analyze
the elemental and mineralogical composition. The elemental
analysis was performed using a JSM-6490LV scanning elec-
tron microscope, which is equipped with the INCA Energy
350 energy dispersion microanalysis system and the HKL
Basic polycrystalline sample structural and textural analysis
system. Figure 1 shows the energy of the dispersion analysis
of phosphorites from the Chilisai deposit.

Weight
Element o
C 4.23
(0] 44 .80
Na 0.64
Mg 0.42
Al 0.83
Si 10.91
P 10.98
S 0.56
K 0.57
Ca 24.38
Fe 1.69
TOtal 100 |]-|c.m= wxanjﬂsdmmn K:ptup:DODD ¢ ° - ,:325

Figure 1. Energy-dispersion analysis of phosphorites from
the Chilisai deposit.
Cyper 1. Uniucaii keH OpHBIHBIH ocopuTTEpiH
JHepPrus-IMCIepPCHsIIBIK TaJIAay.
Puc. 1. DHeprusi-1ucnepcuoHHbIA aHa U3 pocdhopuToB
MecTopoxaeHus: Yuinucau.

Figure 1 shows that the elemental analysis of phosphorite
differs in the content (sample No. 1) of the following elements:
P, Ca, Mg, Fe, Si, C.

X-ray diffractometric analysis was performed on an auto-
mated diffractometer DRON-3 with Cu,, radiation, a B-fil-
ter. Conditions for recording diffractograms: U = 35 kV; I
= 20 mA; recording 6-20; detector 2 deg/min. X-ray phase
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analysis in a semi-quantitative version was carried out using
diffractograms of powder samples using the method of equal
weights and synthetic mixtures.Quantitative ratios of crys-
talline phases were established. The diffractograms were an-
alyzed based on data from the ICDD file: PDF2 powder dif-
fraction data base Release 2022 and diffractograms of sam-
ples without mineral admixtures. The content was calculated
for the key stages. Possible impurities, the identification of
which is difficult due to low concentrations and the presence
of only 1-2 diffraction reflections or insufficient crystallinity
of compounds. The mineralogical composition of sample No.
1 is shown in table 2.

Table 2
Results of semi-quantitative X-ray phase analysis of the
crystalline phases of sample No. 1
Kecme 2
No [ Ynzioezi kpucmanowlk ghazanapoviy ycapmauliai

CAHOBIK peHM2eHOIK (ha3anvlK mandayblHblH HaOmudicenepi

Tabnuua 2
Pe3ynvmamot nonykonuuecmeenHozo peHmeenodhazo6020
aHanu3za Kpucmainuueckux gaz oopazuya Ne 1

The mineral Formula Concez}tratlon,
()

Quartz 8i0, 54,8

. (CaF)Ca, PO,y

Fluorapatite CaF,3Ca PO, 26,6

Hematite Fe,0, 8.2

Fluorite CaF, 57

Albit Na(AlSi; 0y 2.4

Classes of .

feldspar KAISi;0, 2,3

X-ray analysis of the crystalline phase (table 2) revealed
that sample No. 1 mainly consists of SiO, (54.7%), (CaF)
Ca (PO, /CaF,23Cay(PO,), (26.6%), Fe,0; (8.2%), and the
minerals fluorite and albite. The diffractogram of phosphate
sample No. 1 is shown in figure 1.

8]
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=
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=

0 ; -
5 10 40 50
2-Theta - Scale

My 1 B3 11. matite- Fezoa - |KoF - KAISIZOE -

Fluorite - CaFz - S-
albit - Na(Al1%:0:)

O quartz. sioz - s-
Fluorapatite - (CaF

Figure 2. Diffractogram of sample No. 1.
Cyper 2. Ne 1 yarinin gudpakrorpammacsl.
Puc. 2. Inppaxrorpamma odpasma Ne 1.

The analysis of the data presented in Figure 1 indicates the
presence of $i0, (quartz) in the sample with characteristic dif-
fraction maxima at d/n = 4.25496, 4.03464, 3.34257 A°. The
diffraction maxima at d/n = 3.34257 and 3.04923 A° corre-
spond to CaF, (fluorite). The maximum at d/n = 2.78867 and
2.76934 A° is identified as Cay(PO,);F/CaF,3Ca;(PO,), (flu-
orapatite), and the peak at d/n = 2.69039 A° Fe,0;. Finally,
the diffraction maximum at d/n = 3.24215 A° corresponds to
KAISi;,0; classes of feldspar. A more detailed mineralogical
composition of sample No. 2 is presented in table 3.

Table 3

Results of a semi-quantitative X-ray phase analysis of the

crystalline phases of sample No. 2
Kecme 3
No 2 Ynzioezi kpucmanowik ghazanapoviy s3capmuliail

CAHOBIK peHM2eHOIK (a3anvlK maadayblHblH Hamuicenepi
Tabnuua 3

Pe3ynvmamut noayKonu4ecmeennozo penmzenoqhaz06020

aHanu3a Kpucmaniuyeckux gasz oopazuya Ne 2

The mineral Formula Copcel(l)tra-
tion,%
Lizardite Mg;(Si,O5(OH), 79,1
Sjoegrenite | (MgFe,(OH),,(CO,)(H,0),),s 12,0
Fluorapatite | CayPO,);F/CaF,3Ca;(PO,) 42
Magnesite MgCO; 6,1
Dolomite CaMg(CO,), 2,8

Analysis of the data presented in table 3 shows that sam-
ple No. 2 mainly consists of the mineral lizardite (Mg;(Si,05)
(OH) ) — 79.1%, as well as sjoegrenite (Mg,Fe,(OH),(CO;)
(H,0)) - 12,0%. The sample also contains Cas(PO,);F/
CaF,3Ca;(PO, in an amount of up to 4.2%, magnesite and
dolomite. The results of a semi-quantitative X-ray phase anal-
ysis of the crystalline phases of sample No. 2 are shown in
figure 2.

L] 0 20 a0 40 50

2-Theta - Scale
Magnesite - Mg(CO3) - 8-0 6.1
dolomite - CaMg(CO)2 - 8-Q 2

My 2
Ed jizargite - M@R(SI205{OHM) -
Siosarenite - (MaBFe2(OH6(C

Figure 3. Diffractogram of sample No. 2.
Cypert 3. Ne 2 Yarinin iudgpakrorpaMmmacsl.
Puc. 3. Inppakrorpamma odpasna Ne 2.

Figure 2 shows an analysis of sample No. 2, in which dif-
fraction maxima were detected, indicating the presence of
the following minerals: sjoegrenite (MgsFe,(OH),(CO;)
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(H,0),) with the lattice parameter d/n = 7.82219 A°, lizardite
(Mg;(Si,040OH) ) with the lattice parameter d/n = 7.32308 A°,
dolomite (CaMg(CO;),) with the lattice parameter d/n =
2.88428 A°, magnesite (MgCO;) with the lattice parameter
d/n=2.74893 A°. The intensity of the detected peaks confirms
the presence of these minerals in the sample.

Analysis of sample No. 1 revealed that phosphate raw
materials from the Chilisai deposit are classified as sand-
stone. It mainly consists of quartz grains of various sizes
(0.002-15 mm) cemented with phosphate. Hydrated iron
oxides, glauconite, limonite, pyrite, feldspars, gypsum, and
carbonates were found in smaller quantities. Sample No. 2
is mainly represented by grains of the minerals lizardite and
sjoegrenite.

Phosphorites of the Chilisai deposit are characterized by
significant variability in their mineral composition. The qual-
ity of phosphorites varies significantly depending on the con-
centration of impurities that negatively affect the technological
parameters of the products obtained. Quartz is represented by
rounded platbands, as well as large and small angular grains.
The grains are mainly composed of pure quartz, the surface
of some of them is covered with films of limonite or hydrous
mica.

Limonite is a product of the oxidation of minerals contain-
ing iron, such as pyrite and glauconite. It is found in pebble
deposits in the form of large accumulations or fine powder on
the surface of glauconite, pyrite and quartz. The proportion
of organic matter in the phosphorites of the Chilisai deposit
reaches 0.8% and is mainly associated with phosphate matter
and clay materials. During the experiment, a sample of phos-
phorite from the Chilisai deposit was used, the chemical com-
position of which is described in detail in table 4.

Table 4
Chemical composition of phosphorite from the Chilisai
deposit (sample No. 1)

Kecme 4

Yunucaii KeH OPHBIHBLIH, POCHOPUMIHIH XUMUATBIK,

Kypamul (Ve 1 ynaei)
Tabnuua 4
Xumuueckuit cocmas gpocghopuma Qunucaiickozo
Mmecmopodncoenusn (oopazey Ne 1)

Component Content, % The mineral
P,0; 26,40 Apatite
CaO 37,16 Feldspar
MgO 0,75 Hydrosludes
Na,0 0,95 Glauconitis
AlLO; 1,69 Glauconitis
Fe,0; 2,35 Glauconitis
SO, 1,45 Pyrite, goethite
Cco, 4,56 Kurskite

F 3,39 Fluorite
K,0 0,76 Glauconitis
Sio, 25,04 Kurskite
Total 100
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An analysis of the data presented in table 4 shows that
phosphorite from the Chilisai deposit is characterized by the
following chemical composition: 26.40% P,0;, 37.16% CaO,
25.04% Si0, and up to 4.56% CO,. During the research, phos-
phorite samples were subjected to thermal decomposition at a
temperature of 95-1000 ° C for 40-50 minutes. The duration
of the process varied depending on the specific sample and the
required amount of phosphoric acid. To obtain monocalcium
phosphate from Chilisai phosphorite, a mixture of extraction
and thermal phosphoric acid with a concentration of 50-56%
H;PO, was used. The sulfatization of the solution, followed by
the formation of gypsum, was carried out using 93% sulfuric
acid.

Discussion

Phosphoric acid of a certain concentration was used in the
first cycle. Decomposition was carried out in a thermostati-
cally controlled reactor equipped with a stirrer. At the end of
decomposition, the pulp is filtered on a heated vacuum filter
through a filter cloth (2 layers) at a dilution of 0.6-0.7 kg /
cm?, the filtration time was measured. The precipitate was
washed with a certain amount of water heated to 75-80 °C.
The washed precipitate was dried, weighed, and analyzed for
total P,0;and digestible P,0; content. The phosphate decom-
position coefficient and the filtration rate of the residue were
determined.

After separating the insoluble impurities, the filtrate was
placed in a thermostatically controlled reactor equipped with
a stirrer. During cooling to a temperature of 4045 °C and
subsequent exposure for 60-90 minutes with slow stirring,
crystals formed. The formed crystals were separated by filtra-
tion on a vacuum filter. The resulting precipitate was weighed
and analyzed for the content of total P,0;, Ca(H,PO,), and
H,PO,. Wet crystalline monocalcium phosphate (MCF) was
treated with limestone to neutralize free acid. After drying, the
precipitate was weighed and analyzed for the content of all
forms of P,0;.

The sulfatization process of the initial sulfuric acid solu-
tion was carried out in a thermostatically controlled reactor
equipped with a mechanical mixer. The temperature of the
solution was maintained at no higher than 60 °C. After 20
minutes after mixing the reagents, the formed calcium sulfate
crystals were separated by vacuum filtration. The resulting
precipitate was washed with hot water (75—80 °C), after which
weighing, drying until a constant mass was reached, and lab-
oratory analysis for total P,0;, and P,0; aqueous, F, Fe,0;,
ALO;, Ca0, and SO; were performed.

After separating the calcium sulfate, the filtrate was
weighed and analyzed to determine the content of free H;PO,,
H,S0,, MgO, Al,0;, and F. After that, the filtrate was sent
back to the decomposition stage in the next cycle. The second
washing of the insoluble residue and gypsum was carried out
first with previously obtained filtrates from the first washing of
n.o. and gypsum, and then with water. In the third and subse-
quent cycles, the washing of oil and gypsum was carried out in
three stages: in the first two stages, filtrates obtained at previ-
ous stages of washing in the previous cycle were used, and in
the third stage, water was used. The filtrate obtained after the
first washing of the oil was added to the base solution obtained
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after separation of the crystals in the corresponding cycle. The
filtrate obtained after the first washing of gypsum was mixed
with recycled phosphoric acid (the main filtrate) obtained after
the separation of calcium sulfate crystals in the same cycle.
Thus, the implemented procedure allowed the regeneration of
phosphoric acid used for the decomposition of phosphorite.

In the course of the research, the optimal parameters of the
technological process for obtaining monocalcium phosphate
from phosphorite were established.

These parameters include:

1. Phosphoric acid concentration in the range of 36—42%
P,0;.

2. The ratio of the amount of recycled phosphoric acid to
the stoichiometric amount required for the formation of mono-
calcium phosphate should be 540-560%.

3. The temperature of the decomposition process should be
within 95—100 °C.

4. The duration of the decomposition process is 40—-50 min-
utes.

5. The filtration temperature of the insoluble residue varies
from 85 to 90 °C.

6. Monocalcium phosphate crystallization is carried out at
a temperature of 40—45 °C.

7. The duration of the crystallization process is 85—90 min-
utes.

8. The concentration of sulfuric acid used for sulfatization
of the mother liquor should be in the range of 86—-93% H,SO,.

9. The ratio of the amount of sulfuric acid to the stoichio-
metric amount required for the decomposition of Ca(H,PO,),
in solution to form gypsum and phosphoric acid is 95—100%.

The decomposition of phosphate raw materials by the circu-
lating method using phosphoric acid of 540-560% of the stoi-
chiometric amount to form monocalcium phosphate allowed
the transfer of Ca(H,PO,), into solution and impurities into a
precipitate with phosphogypsum.

Thus, based on the conducted research, the optimal modes
of the process of obtaining monocalcium phosphate from phos-

phate raw materials of the Chilisai deposit have been determined.
Monocalcium phosphate is a highly effective phosphorous fertil-
izer widely used in the agricultural sector. This compound serves
as a source of phosphorus, which plays a key role in the process of
plant growth and development. One of the advantages of mono-
calcium phosphate is its high solubility in water, which provides
plants with prompt access to phosphorus. This property is espe-
cially valuable at the stages of root system formation, flowering
and fruiting. Unlike a number of other phosphorous fertilizers,
such as superphosphate, monocalcium phosphate is able to slight-
ly reduce soil acidity, which is a significant advantage in regions
with predominantly acidic soils. In addition, monocalcium phos-
phate does not contain impurities that can pollute water resources,
which makes it an environmentally friendly product compared to
some other types of fertilizers.

Conclusion

Monocalcium phosphate is a highly effective fertilizer that
helps to quickly provide plants with phosphorus and increase
yields. Its use is especially advisable in situations requiring
prompt and accurate application of nutrients, as well as in the
composition of complex fertilizers. Despite this, the high cost
of monocalcium phosphate and the need for precise dosage
may limit its use. The production of monocalcium phosphate
is characterized by significant energy consumption. Heat
treatment of phosphorites, especially at high temperatures to
produce phosphoric acid, can be accompanied by significant
emissions of carbon dioxide (CO:) and other greenhouse gases.
The use of fossil fuels as an energy source also has a negative
impact on the climate. It is important to note that, despite the
effectiveness and relative safety of monocalcium phosphate
for plants, its production is associated with a number of envi-
ronmental problems, such as pollution of water resources and
the atmosphere, accumulation of toxic waste and high energy
consumption. However, the introduction of modern technolo-
gies and production methods can significantly minimize these
risks, contributing to sustainable fertilizer production.
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