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BOPBEOPAYK KBISBITKYMAYH ®OCROPUTTEPHHEH A/TBIHTAH BYY/TAHTAH EPAHBIH
(40+56% P,0.) PUIUKAJIBIK-XUMHA/IBIK KACHETTEPH

®HU3IUKO-XMMHUYECKUE CBOMCTBA BEINIAPEHHOH 3®K (40+56% P, 03) U3 »0CPO-
PUTOB NEHTPAJIBHOTI'O KBI3BIJIKYMA
PHYSICO-CHEMICAL PROPERTIES OF EVAPORATED EPA (40+56% P» 0z) FROM
PHOSPHORITES OF THE CENTRAL KYZYLKUM

AHHoTanuA. Bya makanaga BopGopayk Kuizwikym uyenydHyH Temenky coprrory docdar
TEKTEPUHEH aAbIHIaH HeIMAYY npoueccreru Gochop kucnorackinbin (PKK) koHugHTpanHACkIH
HOrOPY/IATyy MEHEH MOropky canarrarst Gocop uep CeMUPTKUYTEPHH OHJAYPYY TEXHOLOIUACHI
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cyHymranatr. Qocpat keHuHeH yblKkaH komyamanap ©KKra eTyn, akeIpkbl NpOAYKTTa HOJ
GepHareH AeHr33J/1eH alllbill KETKEH/IMKTEH, KHCAOTAHBI TA3a/100 KaHa KOHIEHTPAIMAA00 Taaan
KeLABIHAT. P>05 Kypamer 25,13-27,5% 6oaron @KK anyy yuyH 3kH 6acKeluTyy OyynaHyy BIKMACHI
KOMA0HYATaH. KOHIEHTpalHa yuypyHAArkl KypaM/bIK 3repyyaepay Kezemenaee yuyH tept QKK
yarycy xaHa 16 yary tangaurad. Maruuiire 6ai yexkmeny (40-46% P,05) ankin caayy npoieccTuH
HATBLIHKANYYyAyryH xoropynataT. KoHueHTpanusaaadrad kucaortanap (45-55% P,0s5) xoropky
CanaTTarbl MUHEPaJ/bIK JXep CeMHPTKHYTEPH OHYPYYTe MYMKYH/YK Geper.

Herunzrn cezaep: Qocdop, dochoput, HeiMayy mpoueccrern ¢ocdop KHUCAOTACHI,
KOHLIEHTPALMHA, Ta3a/100, YbIIKAL00, }ep CEMUPTKHYTED, KUC/IOTaHbIH KACHETTEPH,

AHHOoTanudA., CraThd [OpPejCTABAAET TEXHOJOIHI0 [OJY4YEeHHHd BBICOKOKAuYeCTBEeHHBIX
dochopHbIx yAOOpeHWH 3a CYET NOBBLINEHMHA KOHLEHTPALUMH IKCTPaKuuoHHoH dochopHoi
kucaoTel (JDK), nony4yeHHOH W3 HHM3KOCOpPTHRIX GocdopuTor lleHTpanbHoro KeiZbLiKyma.
[Mockonbky npuMecn w3 $pochopuToBor pyawl nepexogar B IOK v npeBwllialT J0MyCTHMBLIE
YPOBHH B KOHEYHOM [IPOJYKTe, TPebyeTCa OUMCTKA H KOHLLEHTPHPOBaHHe KUCA0TEL [lid noay4eHHud
30K c coaepxannem P,05 25,13-27,5% npumenéH ABYXCTAAHHHBLIA METO/ BLIIAPUBAHHA. BhlIK
NpoaHaau3upoBaHbl YyeTwipe o6pazna IOK u mecTHagaTh Npod AA8 OTCASKUBAHUA U3MEHEHUH
COCTARA B IIPOIECCe KOHIIEHTPAIMK. Yianenue Goratoro maruuemM ocazika (40-46% P,05) noBeimaer
TEXHOJOTHYHOCTh Npolecca. KoHneHTpupoRaHHbie KHCA0ThI (45-55% P»05) no3roagioT noayyaTh
BBICOKOKA4YECTBEHHbIE MHHEpaNbHBIE YA0OPEeHHS.

Kmwuessie cnoBa. Pocdop, pocdopuT, akcrpakimonnas pochopHas KUCAOTA, KOHIEHTPAILUA,
OUYHCTKA, GUABTpanys, yA06 peHHs, CROHCTBA KUCIOTHI.

Abstract. The article presents a technology for producing high-quality phosphorus fertilizers
by increasing the concentration of extraction phosphoric acid (EPA) obtained from low-grade
phosphorites of the Central Kyzylkum Desert. Since impurities from phosphorite ore pass into the
EPA and exceed permissible levels in the final product, purification and concentration of the acid are
required. A two-stage evaporation method was used to obtain EPA with 25.13-27.5% P,05. Four EPA
samples and sixteen subsamples were analyzed to track changes in composition during concentration.
Removing a magnesium-rich precipitate (40-46% P,05) improves processability. Concentrated acids
(45-55% P,05) enable the production of high-quality mineral fertilizers.

Keywords. Phosphorus, phosphorite, extraction phosphoric acid, concentration, purification,
filtration, fertilizers, acid properties.

Introduction. Agriculture heavily depends
onfertilizers, and phosphorusisakey nutrient for
all crops.Itenhances respiration, photosynthesis,
and metabolic processes, improving the
absorption of potassium, nitrogen, magnesium,
and other nutrients. Phosphorus fertilizers
increase the effectiveness of other fertilizers,
boosting yield and fruit quality. Although the
number of phosphorus fertilizer types is smaller
than others, phosphorus is present in many
complex fertilizers. The main types used by
farmers are simple and double superphosphate.
Simple superphosphate contains 16-20%
phosphorus, easily dissolves in water or acids,
and includes nitrogen, magnesium, calcium, and
sulfur, with low moisture content to prevent
caking.

Both simple and double superphosphates
are effective fertilizers, but their efficiency
varies with soil type. Simple superphosphate
works less effectively on acidic soils, while
double superphosphate, containing 42-50%
phosphorus, is highly concentrated and suitable
for all soil types. Both are beneficial for plants,
though double superphosphate and other
phosphorus-rich ammonium phosphates are
considered more important in practice.

To improve the quality of phosphorus
fertilizers, it is important to ensure a high
phosphorus content in phosphate rock and the
absence of deterioration of its quality indicators
by other impurities. It is also technologically
possible to process EPA and obtain high-quality
EPA from them.



Hosectna HAH KP, 2025, Nell

173

The rapid growth of the Earth’s population
requiresan increasein the quantitative indicators
of its food supply. This, of course, requires an
increase in the quantity and improvement of the
quality of fertilizers, which are the basis for plant
development. Based on this, the development of
phosphorus-containing fertilizers is considered
a priority.

As is known, phosphoric acid is used to
produce phosphate fertilizers. There are two
types of phosphoric acid: thermal and extraction
phosphoric acid. Thermal production of these
acids is expensive and, of course, requires the
extraction of phosphoric acid. Therefore, various
impurities in phosphate rock, especially those
that are not needed for fertilizer, cause problems
in the fertilizer industry. That is why phosphoric
acid is obtained by extraction and used for
production.

If we consider the entire world industry of
phosphorusfertilizer production, itis convenient
to obtain high-quality fertilizer by purification
from the initially obtained phosphorite and the
EPA obtained from it. It is known that scientists
from all over the world have achieved many
achievements in this direction. The cost of this is
determined by the cost of the reagents used [1].

Therefore, in order to provide agricultural
production with high-quality phosphorus and
complex nitrogen-phosphorus, and, if neces-
sary, potassium fertilizers, special attention is
paid to the following areas: development of ef-
fective methods for simplifying the process of
purification of EPA using inexpensive and cheap
calcium salts and magnesium, including miner-
al substances as additives. It is important to de-
velop an appropriate technology for obtaining
improved quality phosphate ore and complex
nitrogen-phosphorus fertilizers.

To date, our republic has achieved signifi-
cant results in modernizing and improving the
chemical industry based on innovation, building
enterprises to produce new types of high-quality
products, and localizing the raw material base.
Large-scale measures have been implemented
to develop the chemical industry. Both scientific
and practical results have been achieved in the
production of new types of import-substituting
products [2].

In this regard, the issue of developing a tech-
nology for obtaining high-quality phosphorus
and complex nitrogen-phosphorus fertilizers

free from unnecessary impurities by purifying
extracted phosphoric acid (EPA) from fluorides,
sulfates, etc. during the extraction process is rel-
evant. It is very important that the technological
efficiency of the processes of obtaining EPA, its
concentration, obtaining solid and liquid phos-
phorus fertilizers and feed phosphates largely
depends on the physicochemical properties of
the solutions used and formed and, it should be
noted, on the technology of obtaining their prod-
ucts [3-7].

Such properties of EPA solutions as density,
viscosity and electrical conductivity are neces-
sary for assessing the possibility of transporting
solutions, analyzing the processes of decompo-
sition of phosphate raw materials and crystalli-
zation, selecting flow meters, pumps and other
chemical equipment, and carrying out EPA evap-
oration processes.

An analysis of scientific and technical
literature shows that the density p, viscosity
p and electrical conductivity w of extraction
phosphoric acid are mainly determined by its
chemical composition, which depends on the
type and quality of the phosphate raw material
and the content of various impurities in it
[8,9,10].

For example, the viscosity of the EPA from
Karatau phosphorites, all other things being
equal,is 1.5+3.2 times higher than the viscosity of
the acid from the apatite concentrate. Moreover,
as the acids evaporate, the difference increases
sharply [11,12].

The viscosity of evaporated EP2 “-om
Chilisai phosphorite, containing 47.7% * 2 05 at
70 °C is 3 times higher than the viscosity of acid
from Karatau phosphorites [13]. Thus, the type
and quality of natural phosphate raw materials
has a significant impact on the rheological
characteristics of phosphoric acid solutions.

In the literature, we did not find any
information  about the  physicochemical
properties of extractive phosphoric acid from
phosphoritesofthe Central Kyzylkum Desert. The
latter are characterized by a fairly high content
of carbonates, mainly in the form of calgit~ =
relati=~"- 'ow content of impurities of MQO
and “*2%3, which creates certain prerequisites
for obtaining high-quality extraction phosphoric
acid and its concentration.

Necessary materials. In this regard, we
conducted studies to determine the density,
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viscosity and electrical conductivity of
evaporated EPA from phosphorites of the Central

Kyzylkum. Evaporation of the initial EPA of the
following composition, wt.% (Table 1):

Table 1. Contents of components in the composition of EPA

ppiarthe pateat HaS 0y Content of components, mass%
P,0. | CaO | MgO | Fe,0, | ALLO; | Na,0 | K,0
from stoichiometry, %
95 2513 | 041 0,56 0,57 1,09 0,362 0,014
100 27,53 | 0,34 0,55 0,58 1,08 0,364 0,015
101 27,39 | 024 0,53 0,58 1,07 0,377 0,015
103 2742 | 0,21 0,49 0,59 1,07 0,387 0,016

The procedure was carried out in the same
way as described in the previous section, with
the concentration of EPA reaching 40+56,10%
P, 0. Preliminary experiments have shown
that with single-stage evaporation of acid,
without intermediate purification of the EPA
from impurities, as the P, (. content increases
above 57-58% by weight at Toom temperature,
the acid quickly crystallizes and loses fluidity. In

this regard, concentration was carried out to a

content in the EPA, depending on the sulfuric acid

standard, of 54,88 and 56,11% P, O-.
Laboratory studies. Samples of evaporated

EPA were analyzed for the content of P 05

chemical composition of evaporated EPA from
phosphorites of the Central Kyzyl Kum is given in
following composition, wt.% (Table 1):

Table 2. Chemical composition of evaporated EPA from phosphorites of the Central

Kyzylkum
Content of components, mass%
No of acid |Norm of H 2 S Osl- when
samples | obtaining EFA, % of ' 0- L 2
p g 6ol | P05 (803 freany| CaO | MgO | Fey0; | ALy,
1 38,0 0,85 0,35 0,77 0,79 1,50
2 45,5 0,98 0,32 0,81 0,91 1,64
3 95 48,8 1,30 0,34 0,96 1,01 1,80
4 53,9 1,46 0,37 0,11 1,12 1,96
5 40,0 1,31 0,25 0,73 0,88 1,60
6 46,1 1,50 0,29 0,84 1,01 1,85
7 100 49,8 1,71 0,31 0,91 1,09 2,00
8 54,9 1,76 0,34 0,99 1,20 2,20
9 41.7 2.20 0.26 0.73 0.90 73
10 46.6 2.37 0,29 0.82 1.01 94
[1 101 51.2 262 (L32 0.90 1.10 213
12 56.1 291 0.35 0.99 1221 2.33
13 41.9 2.25 027 0.76 0,93 1.78
14 46.2 247 0.30 0.83 1.04 2.04
5 103 50.9 2.71 038 092 12 2,19
6 56.7 2.98 0.42 1.09 27 241
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The determination of the density (p),
viscosity (p), and electrical conductivity (w)
of the evaporated EPA obtained from the
phosphorites of the Central Kyzylkum was
carried out in the temperature range of 20-120
°C with a thermostatting accuracy of 0.1 °C, in
accordance with standard methods. The results
are presented in Tables 3-5. Analysisofthe data in
Table 3 shows that the density of the evaporated
EPA solutions depends significantly on both the
acid concentration and the temperature.

An increase in temperature leads to a linear
decrease inthe acid density. At the same time, the

slope tangent of the straight lines is practically
constant for all studied concentrations of
evaporated EPA from phosphorites of the Central
Kyzylkum. This indicates that, at a constant rate
of sulfuric acid in the process of obtaining EPA,
the density of the evaporated EPA (in the studied
concentration =~~~~] is directly proportional to
the content of £ 2%'5.

From the data conducted it can be shown
that 100% and 101% sulfuric acid standards
coincide almost closely with production.
Therefore, the data below shows data on these
standards.

Table 3. Density p (kg/m?) of evaporated EPA from the phosphorites of the Central Kyzylkum

No Temperature, °C

j 20 30 40 50 70 80 100 120

T 1602,9 15%9e6,1 1389,7 15829 13673 15586 13446 BBy
2 17136 1706,1 16983 1691.9 16759 1668,1 16527 16373
3 18028 17933 1786,0 17784 T763.1 17544 17392 72,1
q 18888 18794 18711 18644 18493 18404 18725.6 18108
2 15417 15333.2 15282 15213 1506.9 14997 1485.8 14713
10 T642,1 16344 16277 16204 16047 15073 13821 13672
1T 1752.6 7455 17383 T730.9 T715.1 707,38 1691.8 16763
12 1833.2 1746,6 1839,0 18322 1816.3 18083 17924 1777.1

Discussion. Increasing the rate of sulfuric
acid in the process of obtaining EPA from 100
to 101% of stoichiometryleads toasignificant
change in the physicochemical properties
of the solutions. With the same content of
P, O.in the evaporated EPA, the acid p in the

second case is 60-70 kg lower than in the
first. As the concentratien of EFA increases,
this difference decreases somewhat, but
insignificantly. The concentration of acid and
temperature have a very significant effect on
the viscosity of the evaporated EPA (Table 4).

Table 4. Viscosity i, (inPa - §) of evaporated EPA from phosphorites of the Central
Kyzylkum

Ne Temperature, °C
N 20 40 60 80 100 120
T 30,25 27,66 8,28 3,38 411 2.84
2 66,15 30,10 14,98 10,23 6,78 333
3 202.30 77,26 3746 21,723 13,76 3,88
4 829,40 254,20 1740 33.26 30,96 19,66
3 20,52 2145 7.98 323 3,69 213
6 61,32 27,87 13,29 9.38 6,19 3,08
7 192,64 13,15 35,56 19,96 12,43 8,28
8 676,40 213,00 89,43 4497 2591 16,31

Such a sharp change in viscosity in solutions
with increasing concentrations of phosphoric
anhydride is caused by a significant decrease
in the amount of free water in the system and a

corresponding increase in the salt content of
the solutions. A decrease in the temperature of
concentrated EPA (50-56% P,0;) leads to the
formation of stable solutions supersaturated
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with sesquioxide phosphates, which exhibit high
viscosity. For example, in EPA containing 40.0%
P,0s, the viscosity at 20 °C is 30.25 mPa-s, while
at 120 °C it is 2.84 mPa-s; thus, the ratio pzo/p120
equals 10.65.

Some reduction in the viscosity of EPA is
facilitated by an increase in the content of free
sulfuric acid in solutions, achieved by using
a slight excess of sulfuric acid in the process
of obtaining EPA. Apparently, this is due to an
increase in the solubility of salts and an increase
in the proportion of a component that is less
viscous than phosphoric acid.

Thus, the analysis of the results of the study
of the rheological characteristics of evaporated
EPA from phosphorites of the Central Kyzylkum
shows that it retains sufficient fluidity for
technological purposes up to a content of 50-
56% P, Os. Increasing the temperature of acids

to 40-60 °C leads to a sharp decrease in the
viscosity of evaporated EPA.

The study of the electrical conductivity of
evaporated EFA has established (Table 5) that w
depends significantly on the acid concentration
and temperature. and fluctuates in the range of
(1,93=228)- 10‘257'n/m.An increase in
the p ). content and a decrease in temperature
leads”to>a decrease in the specific electrical
conductivity of the evaporated EPA.

Increasing the temperature from 20 to
120 °C increases the electrical conductivity of
concentrated (55+56% P, (}5] EPA by 9+14
times, while in solutions containing 40+42%
P, O only by 3,2+3,3 times. Moreover, with an
increase in the content of free sulfuric acid in the
evaporated EFC, the electrical conductivity of
the latter increases (Table 5), which is due to an
increase in the concentration of hydrogen ions
in the system.

Table 5. Specific electrical conductivity X, (10-2 Sm/m) of evaporated EPA from phos-

phorites of the Central Kyzylkum

lemperature, °C
i 20 40 60 80 100 120
I 6,97 10,60 14,44 18,16 20,76 22,77
2 4,04 6,85 9,75 1332 17.87 19,68
3 2,35 4372 7.03 11,07 15,10 19,54
4 1,04 2,50 4,71 EAE] 11,29 14,56
5 0,49 14,05 18,34 23,24 25,90 30,04
6 0,33 10,54 14,71 17,11 22,41 20,39
7 3,63 6,33 10,19 14,40 17,87 22,23
3 T.O3 337 6.76 TO.12 351 T7.43
Based on the conducted research, it can Conclusion. To produce high-quality
be concluded that extraction phosphoric acid phosphorus fertilizers based on modern

from the phosphorites of the Central Kyzylkum
can be easily evaporated without preliminary
purification from impurities to a concentration
of 50-55% P,05;. The content of impurities
in the evaporated acid is within the following
ranges (wt.%): MgO - 0.7-1.0; Fe,0; - 0.9-1.2;
Al;0; - 1.6-2.2. The evaporated extraction
phosphoric acid exhibits satisfactory rheological
characteristics, providing technological
prerequisites for its use in the production
of liquid complex fertilizers, polyphosphate
fertilizers, double superphosphate, and feed
phosphates.

technologies for the production of mineral
fertilizers, the phosphorus fertilizer obtained
from phosphorite, which is its main raw material,
must be of high quality. The main problem is that
the high content of fluorine, which is an impurity
in phosphate rock, relative to the total mass
makes it difficult to obtain high-quality fertilizer.
Therefore, an important aspect of the process is
heating the initially obtained low-concentration
EPA in order to concentrate it and remove
excess fluorine from it. It has been proven that
complex fertilizer and, in addition, livestock feed
can be obtained on the basis of the obtained
concentrated EPA.
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