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INTRODUCTION
The most important sector of the economic development of our country, as in many
countries, is agriculture. Since Uzbekistan exports and imports mineral fertilizers,
the role of producing enough quality single-sided as well as complex fertilizers for
a successful harvest is directly related to the level of the country's economy.
Therefore, both the provision of agriculture with mineral fertilizers and the
possibility of increasing the export of mineral fertilizers to the world market
depend on the situation on the world market. Population growth and reduction of
cultivated areas in the world lead to an increase in demand for mineral fertilizers,
which is one of the leading factors in the growth of prices for these products.
Currently, the world's largest producers of mineral fertilizers are China, which
occupies more than 25% of the global market, India (about 13%), the USA (about
10%) and Russia (about 8%). In recent years, the US share of the global fertilizer
market has been gradually declining. The world market of mineral fertilizers
includes three main segments of nitrogen, phosphorus and potash fertilizers. The
share of nitrogen fertilizers is approximately 59%, phosphorus - 24% and potash -
17% of the world market [1].
High demand for nitrogen fertilizers is due to quality characteristics (nitrogen is the
main component of protein) and availability. The raw materials for them are mainly
natural gas, oil and coal. Therefore, enterprises from about 60 countries are
engaged in the production of nitrogen fertilizers. A significant part of them is
located in Latin America and the Middle East. The competitive advantages of these
countries are the relatively low cost of labor, a large number of reserves and a high
level of hydrocarbon production.
The situation on the market of phosphate fertilizers is as follows: more than 175
countries are consumers, only 30 countries produce phosphate raw materials, and

about 40 countries are producers of phosphoric acid and its products. The basis for



their production are phosphorites and apatite ores, and the deposits do not have a
geographical concentration. At the beginning of 2019, the estimated need of
agriculture in Uzbekistan for mineral fertilizers amounted to 395 thousand tons,
including nitrogen - 221 thousand tons, phosphorus - 162 thousand tons, potash -
12 thousand tons. Currently, the production of phosphate and potash fertilizers
provides only about 30% of demand (2019) [1].

Therefore, the "Strategy of Action in Five Priority Directions for the Development
of the Republic of Uzbekistan for 2017-2021" was put forward, among the tasks of
which is the modernization and accelerated development of agriculture. According
to the Decree On Measures for the Accelerated Development of the Chemical
Industry of the Republic of Uzbekistan [2], the President instructed to increase the
production of phosphorus, polyvinyl chloride and caustic soda, for which the task
was set to build two plants, and Ammophos-Maxam JSC was instructed to produce
20 tons more phosphoric fertilizers, polyvinyl chloride, caustic soda - by 75
thousand tons, methanol - by 300 thousand tons, nitric acid - 500 thousand tons at
Navoiazot JSC, ammonia with a capacity of 660 thousand tons, carbamide - 577.5
thousand tons at Navoiazot JSC, modern polymer wallpaper - 7.8 million units at
JSC "Ferganaazot" with the attraction of foreign direct investment.

It should be noted that the global intensification of agricultural sectors leads to an
ever-increasing consumption of mineral fertilizers, in particular, phosphorus-
containing ones. When using phosphorus-containing fertilizers, the quality
indicators of agricultural crops are improved, and their resistance to adverse
climatic conditions also increases.

World experience in the production of phosphorus-containing fertilizers shows that
the annual increase in capacity and the range of finished products leads to the
depletion of high-quality natural phosphate raw materials. In the current situation, it

Is expedient to involve low-grade phosphorites in the industrial production, the



reserves of which are practically inexhaustible. But the main difficulty in
processing this type of raw material is that they have distinctive features in terms of
mineralogical, chemical and fractional composition, which create difficulties in
their processing by traditional methods [3].

In the agro-industrial sector of the Republic of Uzbekistan, the state of production
of phosphate fertilizers for growing cotton and the restoration of its traditional
supplies to Russian enterprises is characterized as unsatisfactory for both countries.
The production facilities for the processing of phosphate raw materials created in
the Republic of Uzbekistan turned out to be cut off from the deposits of phosphate
raw materials located in the Republic of Kazakhstan (Karatau), the supply of which
to Uzbekistan ceased for various reasons.

At the same time, on the territory of the Republic of Uzbekistan, there are deposits
of phosphate raw materials with a low content of the main substance P-Os and a
rather high content of chlorine and carbonate admixtures, the development of
which requires large capital investments. Under the current conditions, the solution
of strategic tasks of restoring the production of phosphate fertilizers in the Republic
of Uzbekistan based on the use of its own raw materials and new technologies for
its extraction, enrichment and processing is a priority area of research and
development.

Relevance of the research topic

The need of agriculture in Uzbekistan is provided with nitrogen, phosphorus and
potash fertilizers by 100%, 33% and 59%, with their annual production in the
amount of 839.58; 145.33 and 168.47 thousand tons in terms of 100% nutrients,
respectively, and the need for them grows correspondingly with population growth
[1]. The most difficult situation has developed with the production of phosphorus-
containing fertilizers. Firstly, there is not enough raw material for their production,

since the Kyzylkum phosphate ore is classified as “poor” containing 10-18%



phosphorus oxide, and these resources are decreasing from year to year. The reason
Is exacerbated by the lack of high-quality phosphate raw materials, while the need
for agriculture in phosphate fertilizers is 746 thousand tons per year of 100% P20s
[4].

Whereas all three chemical enterprises currently operating in the republic: JSC
"Ammophos-Maxam", "Samarkandkimyo™" and "Kokand Superphosphate Plant"
annually produce about 135-140 thousand tons. per year of phosphate fertilizers in
the form of 100% P2Os. This is due to the close relationship with the low quality of
the original ore. At the same time, over 10 million tons of mineralized mass (12-
14% P,0s) have accumulated in dumps at the Kyzylkum phosphorite plant - off-
balance phosphorite ore, which is a waste of the process of enrichment of
phosphorites that can also be used as a raw material for the production of nitrogen-
phosphorus fertilizers.

The Kyzylkum Phosphorite Plant annually produces 716 thousand tons of washed
calcined concentrate with 26% P.Os (WCC-26) from 1875 thousand tons of
phosphorite ore with an average content of 17.12% P,Os. The release of off-balance
ores with the status of mineralized mass (12-14% P.Os) and sludge phosphorite
(10-12% P,0s) into the dump is 42% of the original ore or 134.77 thousand tons of
waste in terms of 100% P.Os [4]. Under the conditions of an acute shortage of
phosphate raw materials, it can also be involved in the production of phosphorus-
containing fertilizers.

In a world with depleted reserves of high-quality deposits of natural phosphates,
moreover, the extraction of which is becoming increasingly difficult and expensive,
manufacturers of phosphate fertilizers have begun to focus on the processing of
low-grade, especially carbonate-phosphorite ores (15-20% P.Os), which account

for two thirds of the world's reserves. [4].



To do this, it is necessary to substantiate the relevant scientific and technical
solutions, including the involvement in the technology of ammophosphate
fertilizers of low-grade phosphorites of the Central Kyzylkum (CK) as a secondary
raw material; establishing the optimal mode of concentration of extractive
phosphoric acid by the evaporation method; finding the optimal conditions for
obtaining double superphosphate and concentrated nitrogen-phosphorus fertilizer
based on the interaction of low-grade phosphorites of evaporated EPA using a
cyclic decomposition method.

Certain results have been achieved in the republic in the field of unilateral
phosphorus (simple and enriched superphosphates) and complex fertilizers
(ammophos, PS-Agro, ammonium sulphate phosphate, suprefos, Ammonium
Phosphate fertilizer, NPK based-fertilizer) based on acid processing of
phosphorites by CK. The third direction of the Action Strategy of the Republic of
Uzbekistan has set forward tasks for the period of 2017-2021 to come up with high-
tech processing industries especially for the production of high-quality finished
products based on utilization of local raw materials [2].

In this regard, the development and implementation of a rational and economic
solution that ensures the maximum degree of use of raw materials, the reduction of
mineral acids and waste is an urgent problem. In this aspect, one of the promising
methods can be considered a cyclic method of processing CK phosphorites with
one stripped off EPA into concentrated phosphorus and nitrogen-phosphorus
fertilizers, which are necessary for application both for autumn plowing and for
sowing and feeding plants.

This monograph to a certain extent serves to fulfill the tasks stipulated in the
Decrees of the President of the Republic of Uzbekistan PP-3236 dated August 23,
2017 "On the program for the development of the chemical industry for 2017-
2021" and PP-3983 dated October 25, 2018 "On measures to accelerate



development of the chemical industry of the Republic of Uzbekistan”, in Decree
UP-4947 dated February 7, 2017 “Action strategy in five priority areas of the
Republic of Uzbekistan in 2017-2021”, as well as other legal documents adopted in
this area.

The purpose of the study is to identify the optimal conditions for obtaining highly
concentrated nitrogen-phosphorus fertilizers by phosphoric acid processing of
mineralized mass with the status of "off-balance ore" obtained during the
enrichment of phosphorites at the Central Kyzylkum Combine.

The objectives of the study are to study the process of interaction of phosphorites
with a low content of phosphorus (V) oxide with partially ammoniated EPA to
obtain ammophosphate in various ratios of the reagent to phosphorus and the
acidity of the medium.

The object of study is low-grade phosphorites of CK, EPA, sulfuric acid,
monocalcium phosphate, ammonia, mother liquor, phosphogypsum, and
ammophosphate.

The subject of the study is the process of phosphoric acid processing of waste
phosphorites of the Central Committee into ammophosphate using partially
ammoniated EPA.

The theoretical and methodological basis of the study was the work of domestic
scientists on the enrichment of phosphate raw materials and the production of
nitrogen-phosphorus fertilizers, as well as the contributions of foreign researchers
in this area. The basis of this study is a comprehensive analysis and a systematic
approach to the study of the topic under consideration. When conducting research
and presenting the material, general scientific methods were applied: theoretical
and methodological analysis of literary sources, empirical research methods in the
form of observation, experiment, description, measurement and comparative

analysis. Chemical and physicochemical research methods were carried out: X-ray,



IR spectroscopic, electron microscopic and optical emission spectroscopy with
inductively coupled plasma (OES with ICP).

The use of these methods, as well as the analysis of the factual material, made it
possible to ensure the objectivity of the findings and results.

The scientific novelty of the research is as follows: The optimal mass ratio of
EPA : PR and pH of EPA was found at which an ammophosphate fertilizer was
obtained with the highest content of digestible and water-soluble forms of P20s,
which has good physical, chemical and commercial properties.

The practical results of the study are as follows: A technology has been
developed for obtaining ammophosphate fertilizer by involving a weak solution of
ammoniated EPA and low-grade phosphorites without the stage of ammophosphate
pulp evaporation on ammophos equipment.

The theoretical and practical significance of the study is that the development of
the technology of ammophosphate fertilizers will make it possible to involve poor
phosphorites in industrial production, while reducing the cost of deficient sulfuric
acid by 20-25% and thereby increase the gross volume of concentrated phosphate
fertilizers and meet the needs of agriculture for making under autumn plowing,
with sowing and top dressing. This technology reduces raw materials and energy
resources: sulfuric acid - by 15%, fuel - by 15%, phosphate raw materials - by 2%.
The ecological situation of production is improving due to the reduction of
phosphogypsum waste by 15%, the almost complete elimination of ammonia
losses. Replacing 15% P>Os of phosphoric acid with P>Os of phosphorite in
ammophosphate leads to positive technical and economic indicators.

Approbation of the research results

The results of this study were reported and discussed at the republican scientific
and practical conference on strategic chemical problems held at the National

University of Uzbekistan named after Mirzo Ulugbek in 2021, as well as at the



republican scientific and practical conference on strategic issues of chemistry of
complex compounds and analytical chemistry held at Termez State Pedagogical
University in 2022

Publication of research results. On the topic of the monograph, a scientific article

was published in the Russian journal Universum: technical sciences, 2022.



CHAPTER I. LITERATURE REVIEW
1.1. Natural phosphates, apatites and phosphorites

Phosphorus is a common element in nature. Its content in the earth's crust (clarke)
is 0.08-0.12% (by weight) or about 0.07% of the total number of atoms in the
earth's crust [3] . Due to the high activity of elemental phosphorus and its oxides, it
forms minerals that are sparingly and sparingly soluble in water. More than 200
minerals [4] containing phosphorus are known. Of these, minerals of the apatite
group, which are part of phosphate ores or phosphates, are of the greatest industrial
importance. Natural phosphates, called agronomic ores, are the feedstock for the
production of phosphorus compounds - elemental phosphorus, phosphoric acid,
mineral fertilizers, feedstuffs, polyphosphates, etc.

Natural phosphorus ores from different deposits differ in their physical and
chemical properties depending on the mineralogical composition, structure and
content of impurities. They are divided into two main types - apatite and
phosphorite. The phosphorus substance in both types of raw materials are minerals
of the apatite group with the general formula 3M3(PO4)2*MX2, where M is
calcium, and X is fluorine, chlorine, and the OH group. Calcium, which is part of
the phosphate part of the molecule, can be isomorphically replaced by strontium,
rare earth elements, sodium; ion PO4 % - ions SO4 %, SiO4 #* The natural mineral as
a variety contains fluorapatite, small amounts of chlorapatite and hydroxyl apatite.
Apatite ores contain minerals: nepheline (Na,K)AISiO4, pyroxenes - aegirine
NaFe(Si03)2 and others, titanomagnetite FesOs4 FeTiOsz, ilmenite FeTiOs, sphene
CaTiSiOs. Pure fluorapatite Ca, feldspars, mica and others. 5F(PO4)s contains
42.23% P>0s, 55.64% CaO and 3.77% fluorine. In addition to minerals of the
apatite group, phosphate ores contain other minerals - impurities. The most

common in nature is calcium fluorapatite 3Cas(PO.).-CaF, or Cas(POa4)sF, as well



as hydroxyapatite 3Ca3(PO.)2-Ca(OH). or Cas(PO.)3OH. Hydroxylapatite is found
in the bones of animals.

In apatite ores, the main phosphorus-containing mineral is calcium fluorapatite and,
in small amounts, hydroxylapatite and other forms of isomorphic substitution.
Fluorapatite in the ore is in the form of translucent irregular crystals, slightly
colored in green and yellow-green. The grains are sometimes shaped like
hexagonal prisms. Apatites consist of large crystalline particles characterized by the
absence of polydispersity and microporosity. The composition of chemically pure
calcium fluorapatite is as follows: 42.23% P20s, 55.64% CaO, 3.77% fluorine. Due
to partial isomorphic substitution, natural pure mineral contains on average 40.7%
P20s and 2.8-3.4% fluorine [5].

Phosphorites are characterized by fine crystalline structure, high polydispersity and
porosity of particles. At the same time, the microstructures of the phosphate
substance of various phosphorites are very diverse. The phosphate occurs both as a
coagulated near-amorphous gel and in a distinctly crystalline form, although there
are numerous intermediate groups. For example, relatively large and well-
crystallized particles with a size of 1-2 microns predominate in the Karatau
phosphorites, while particles with a size much smaller than 1 micron and very high
porosity predominate in the Estonian Kingisepp phosphorites [5, 6].

Apatite ores, in addition to apatite, contain minerals: nepheline (Na,
K)AISiO4-nSiO2, pyroxenes - aegirine NaFe(SiOs3), and others, titanomagnetite
FesO4 FeTiO3-TiO2, ilmenite FeTiOs, sphene CaTiSiOs, feldspars, black mica,
eudialyte . The amount of phosphate minerals in the earth's crust is no more than
0.75%. About 95% of phosphorus is in the earth's crust in the form of apatites,
which are present in almost all igneous rocks in an extremely dispersed state and

rarely form accumulations of industrial importance [7].



Large apatite deposits are of magmatic passage. There are hydrothermal formations
of apatite, i.e., released from hot aqueous solutions. Apatite was also formed during
the contact of magma with limestones. Phosphorite deposits arose as a result of the
precipitation of phosphates from sea water. There are also formations of
phosphorites close to francolite associated with hydrothermal solutions. Deposits of
phosphate ores are located on almost all continents of our planet. They are divided
into exogenous and endogenous. The first group includes deposits of a sedimentary
nature, formed as a result of weathering of phosphorite-bearing rocks and apatites.
Endogenous deposits are igneous in nature and are represented by carbonatite and
apatite ores. The largest deposits of phosphate ores are located in Morocco
(approximately 40% of all known reserves), as well as in China, North Africa, the
USA, Mongolia, Jordan, South Africa, Vietnam, Peru and Algeria [1,6].

For the industrial production of phosphorus-containing fertilizers, only phosphate
ores are used, which are classified according to their P.Os content into the
following rocks [3]:

very rich (more than 35% P,Os)

rich (28-35% P20s)

medium quality (18-25% P,0s)

poor (10-18% P,0s)

very poor (5-10% P,0s)

phosphate-containing (0.5-5% P20s).

o gk~ w0 D PE

Since the average content of phosphorus anhydride in the ores of Central
Kyzylkum is 12 percent, it can be seen from the classification of ores that domestic
ores fall into the category of "poor" requiring effective enrichment to obtain high-

quality phosphorus-containing fertilizers.



1.2. Characteristics of phosphorites of the Central Kyzylkum and methods of
their enrichment.

Phosphorites of the Central Committee are the main phosphate-raw material base of
Uzbekistan for the production of phosphorus-containing fertilizers. Granular
phosphorites of the Central Committee were studied by many scientists in the
second half of the 1950s [6, 8]. In 1953-1955. M.E. Egamberdiev first discovered
phosphorites in the Paleogene deposits of the Central Kyzylkum region [8]. On the
recommendation of the scientist for further study of this raw material, in 1974,
special geological exploration and scientific research was resumed with the
establishment of a wide distribution of granular phosphorites in the explored area.
Promising areas have been determined, the parameters, material composition and
technological properties of ores have been studied.

The phosphorite content of the territory of western Uzbekistan was studied by the
expedition "Khimgeolnerud" of the MG RUz, PGO "Kyzylkumgeologiya" and
research organizations (IG and GAN RUz, SAIGIMS, VNIlgeolnerud, GIGHS,
etc.). According to [7], in the Upper Cretaceous, Paleocene, and Eocene deposits,
several industrial types of phosphorite ores have been identified: granular (African
type), nodular (Chilisai), and halyno-gravel (Floridian).

According to the geological assessment, it has been established that phosphate
layers occur at depths from 0 to 280 m, as a result of which it is possible to extract
phosphorite ores, both by open and underground methods. In addition, they are
characterized by a small thickness (0.3-0.8 m), their number in the formation varies
from 1 to 7 [8]. The area of the Kyzylkum phosphorite-bearing basin occupies
about 65 thousand km.

However, the industrial phosphorite content covers only 5% of this area, however,

the predicted reserves of phosphorites with an average total thickness of their layers



of 2.5 m are 16.25 billion tons or 1.95 billion tons of P20s (with an average content
of P20s - 12%) [9].

The results of prospecting work testify to the discovery and study of marly granular
phosphorite ores in the Kyzylkum on an area of 3000 sq. m. If we take into account
that the calculated resources of phosphorites to a depth of 300 m are 10 billion t,
approximately 2 billion t P2Os, then at depths available for open mining (up to 60
m), 1000-1200 million tons of ore or 200-240 million tons of phosphorus pentoxide
[10; S. 10-16].

To date, four main deposits of granular phosphorites have been identified in the
explored areas of the Central Kyzylkum basin, the so-called Jeroi-Sardara,
Northern Dzhetymtau, Tashkura and Karakata. The reserves of these deposits have
been identified in the bowels to a depth of 50 m and they are suitable for open-pit
mining, the predicted share of which is more than 50% of P,Os in the explored
area. The total reserves of granular phosphorites are estimated at 10 billion tons of
ore.

Among the estimated phosphorite deposits, the Jerooy-Sardara deposit can be
attributed to the most promising. Among the 6 calcareous-clay deposits, two 1 and
Il are of industrial importance, the thickness of which is 0.2-1.2 m. Between them
there is a marly layer with a thickness of 8-12 m. reservoir (60%), with a content of
20.93% P20s. and in the 1st this indicator has 17.09% P20Os. In total, the forecast
ore resources are estimated at 2.9-3.0 billion tons (550 million tons of P,Os).

In the Northern Dzhetymtau, only one layer is developed with a thickness of 0.8-
1.5 m with an average content of 20.25% P>Os and, in terms of technological
characteristics, it is quite consistent with the Jeroy-Sardara field. Currently, it is
listed on the balance sheet of the State Committee for Geology, it is not being

developed, but the object has been prepared for industrial development.



The explored reserves of phosphorite ore of the Tashkurinskoye deposit were found
in two layers 0.3-1.2 m thick with a content of 13-24% P2Os. In the indicated layers
of the reservoir, the predicted resources of the deposit are 1100 million tons of ore
or 200-250 million tons of P2Os.

The Karakata field consists of two sections - Aznek and Ayakuduk. The predicted
reserves of raw materials are estimated at 600-650 million tons of P2Os or 3000-
3500 million tons of ore. Down to a depth of 60 m, it is 55-60 million tons of P.Os
(320 million tons of ore).

Granular phosphorites of the Central Committee are predominantly loose
argillaceous-calcareous polymineral rock consisting of phosphatized shells of
foraminifers, pteropods less than 1 mm in size, oolites, pseudoliths, fragments of
pelecypod shells, gastropod nuclei, bone fragments, fish scales, etc. The
polymineral rock itself is cemented with clay-carbonate cement and the P.Os
content in it varies from 15 to 26.7% [11, 12]. In these phosphorites, carbonate
minerals have three forms: relics of calcite preserved from replacement by
phosphate inside phosphatized shells - “endocalcite”; cement calcite - “exocalcite”;
carbonate groups isomorphically included in the crystal lattice of the phosphate
mineral [13].

The phosphate grain is represented by fluorocarbonate apatite (francolite) with a
unit cell -4.0% CO2 and up to 3% SOs, isomorphically included in its crystal
structure [14].

These two types of minerals - francolite (fluorocarbonate apatite) and calcite,
together make up from 75 to 95% in the mass of raw materials. Calcite is
characterized by close and deep intergrowth with the phosphate mineral. In
phosphate grains, it composes both the pelitic fraction and unsubstituted valves of
the fauna, which makes it very difficult to isolate carbonates. Its effective release

from phosphorite ores is possible only by roasting them, followed by quenching



with an ammonium chloride solution [8; S.84-86]. Such behavior of calcite in the
composition of raw materials in the structure of the phosphate mineral was not
found even in phosphorites similar to it from the deposits of the African-Arabian
phosphorite province, processed at the enterprises of Morocco, Algeria, Tunisia,
Jordan, Israel, Egypt and Iran, containing 20-30% P>Os into commercial
concentrates with 30-35% P.Os [15; pp.7-12. 16; S. 17-20].

The composition of cement also includes another important component - a clay
substance. The clay substance is characterized by a polymineral composition
consisting of hydromica (21-87% fraction), montmorillonite (0-86%) and kaolinite
(2-15%). In the total amount of clay minerals in the ore is 5-25%. The process of
their isolation from cemented faunas with calcite can be carried out partially by
washing or dry scrubbing before firing. Gypsum and hydrogoethite are always
present as accompanying minerals in oxidized phosphorite ores, and organic matter
up to 4% and pyrite up to 1% in non-oxidized ores. The ore of the Jerooy-Sardara
deposit has the following mineral composition, (wt.%): francolite - 56.0; calcite -
26.5; quartz - 7.5 - 8.0; hydromicaceous minerals and feldspars - 4.0 - 4.5; gypsum
- 3.5; goethite - 1.0; zeolite <1.0; organic matter - about 0.5 [17].

The average sample of the Jerooy-Sardara deposit contains (wt. %); 16.2 P2Os; 46.2
Ca0; CaO: P,0Os = 2.85; 17.7 CO2; 0.6 MgO; 2.9 (Fe:Os + Al03); 1.5
(K20+Na20); 2.65 SO3z; 1.94 F; 7.8 insoluble residue. This type of raw material is
not suitable for acid processing in order to obtain from it qualified types of
phosphorus-containing fertilizers. Therefore, it is necessary to enrich it. First you
need to get rid of excess carbonates.

In world practice, the flotation method of enrichment operates. Flotation
enrichment of apatite raw materials is successfully used in operating companies of
the world, such as Brazil, South Africa and Finland with initial content of 4-5%

P.Os to obtain concentrates containing 36-39% P,Os [18]. However, attempts at



flotation enrichment did not lead to positive results. Although the works [19-21]
show the possibility of enrichment of phosphorites with CC by the flotation
method. Soap stock, an intermediate product of the oil and fat industry, was used as
a flotation agent. The low recovery factor of the concentrate in the range of 60-65%
and the use of scarce raw materials for detergents is the main disadvantage of this
work [22; S.82-83, 23; 26 p.].

As an alternative to the above method, a chemical enrichment method using both
inorganic and organic acids can also be cited. The method is based on the selective
dissolution of carbonates.

Several works are devoted to this direction [24, p.3-7: 25, p.64-66; 26, pp. 10-13;
27, pp. 51-54; 28; 29, 20 s]. Thus, concentrated (57-59%) nitric acid was used to
enrich phosphorites with CK. The developed method consists in the treatment of
phosphorite with nitric acid with a concentration of 45-60%, taken in an amount of
90-110% of the stoichiometric norm required for the decomposition of calcium
carbonate, for 10-15 minutes, followed by repulpation with a circulating solution
containing 5-25% Ca(NOs)2, at a mass ratio of phosphate raw materials to
Ca(NOs)2 solution equal to 1 : (2.0-3.5), settling the resulting nitrophosphate
suspension for 5-10 min, washing the precipitate with water and drying the product.
The disadvantages of this method are the low yield of the main component P2Os in
the phosphoconcentrate (56-65%), the non-filterability of the acid suspension and
the formation of a large volume of acid effluents containing calcium nitrates and
phosphates, which requires additional costs for its processing into solid fertilizers.
The authors of these works continued their research in search of ways to improve
the process of chemical enrichment and eliminate losses of P2Os in the liquid phase
[30; pp.79-86, 31; pp. 26-34, 32; S. 51-54].



P-Os losses are prevented by the use of gaseous ammonia in a system consisting of
monocalcium phosphate and calcium nitrate. The following reaction takes place in
this system:

Ca(H2P04)2+ Ca(NO3)2+ NH3z= 2CaHPO4 + 2NH4NO3

The resulting dicalcium phosphate precipitates, and the extracted phosphorus is
practically returned to the composition of the phosphorite concentrate. For
enrichment were taken two types of phosphate rock composition (wt.%): 16.33-
17.52 P,05, 47.13-47.53 Ca0; 15.23-17.23% CO,; 1.24-2.00 SO,; CaO: P.0s =
2.71 and 2.89, respectively, HNO3s 58.78% concentration. The norm of HNOs was
taken as 40, 45, 50 and 60% in terms of CaO. Processing of phosphate raw
materials (PR) with nitric acid was carried out for 25-30 min. The temperature of
the reaction mass was maintained at 40 °C. After decomposition, the resulting
nitrocalcium phosphate pulp was repulped with a 5-20% solution of calcium nitrate
at various weight ratios of PR:Ca(NOz3).=1:(2-3) solution for 3—4 minutes.

Then the nitrocalcium phosphate solution was ammoniated with gaseous ammonia
to a pH value of 3 in order to exclude the transition of P2Os into the solution, then
the liquid and solid phases were separated by filtration. Next, the resulting wet
phosphorite concentrate was washed with water at a mass ratio of PR: H,O = 1: 1.5,
Wet phosphoconcentrates were dried at 100°C. Depending on the norm of HNOs,
the pH of the medium, the weight ratio of the PR: solution Ca(NOs)., the
concentration of Ca(NOz3). (5-20%), the amount of wash water and its temperature
(20-80°C) were obtained phosphorus concentrates with P>.Os content from 22.58 to
25.88% and from 24.03 to 27.14% with a calcium module from 1.83 to 1.47 and
from 1.82 to 1.44, respectively. The research results show that the greater the
amount of calcium nitrate solution and the higher the water temperature, the higher
the degree of washing the latter from phosphoconcentrate increases from 93.04 to
94.78% and from 89.34 to 95.97%, respectively.



In order to bring to the minimum content of calcium nitrate in phosphoconcentrate
in [33; S.279-285] offers three-time washing, simulating the washing of
phosphogypsum in the production of EPA. The conditions of the experiment are the
same, but differ in that to ensure the mobility of the pulp, a part of the 7.16-16.83%
washing solution of calcium nitrate, returned from the first stage, was added to the
original phosphorite. As the results of studies on a three-fold washing scheme of
wet phosphorus concentrate at a ratio of PR: solution Ca (NO3) 2 \u003d 1: (1.60;
2.29; 2.97) and a norm of HNOs - 50%, a phosphorus concentrate is formed with a
content of P20s 25 .90-26.1 1%; CaO 39.94-41.13%; CO- 2.29-2.34% CaO: P.Os =
1.53-1.59 and the degree of washing 96.52-98.92% Ca(NO3)..

In the chemical enrichment of phosphate raw materials, the limiting factor is phase
separation. Therefore, in [34; P.57-62] presents a detailed study of the process of
filtering nitrocalcium phosphate suspension obtained on the basis of the
decomposition of phosphorite flour composition (wt.%): 17.52% P20s; 47.53%
Ca0; 15.23% CO; and Ca0:P.0s = 2.71 nitric acid 58.78% concentration at 40 °C
for 25-30 minutes. followed by neutralization with gaseous ammonia to a pH value
of 3, repulpation with a 10% solution of calcium nitrate at a weight ratio of PR:
solution Ca (NO3) 2 = 1: 2.5 for 3-4 minutes.

And to improve the pulp filtration rate, 0.1 was added to the neutralized
nitrocalcium phosphate suspension; 0.2; 0.3; 0.4 and 0.5% aqueous solutions of
various coagulants, such as Gipan-UM, aluminum sulfate, PC-2-3, K-9 and
polyacrylamide (PAA). Among them, PAA with a concentration of 0.1 and 0.2%
turned out to be the most effective (the filtration rate of the nitrocalcium phosphate
suspension was 785.96 to 1028.8 kg/m 98% P20s; 40.83-40.90% CaO; 2.28%
CO2; CaO:P.0s=1.57-1.58. The degree of washing Ca(NOs3), from the
phosphoconcentrate is in the range of 97.26-97.83%.



Based on the above, the nitric acid method of phosphorite enrichment requires strict
technological control when washing commercial phosphorus concentrate from
calcium nitrate at certain ratios of PS: H>O, maintaining the water temperature to
the required value, and using expensive filtration reagents, which in turn creates
unfavorable conditions for large-tonnage production.

Of scientific and practical interest is [35; pp.111-112. 36; pp. 121-124, 37; S.5-11,
38; pp.5-11, 39; P.15-23] nitric acid enrichment of phosphorites of the Central
Committee using an organic solvent - ethanol to leach the resulting calcium nitrate
from nitrocalcium phosphate pulp. The peculiarity of this method lies in the
regeneration of ethanol and its return to the technological cycle. The essence of the
developed technology consists in the decomposition of phosphorite flour of the CC
composition (wt.%): 16.60-18.22 P»Os; 47.13-47.80 CaO,; 14.90-17.23 CO: and
Ca0:P20s = 2.59-2.84 with 58.78% nitric acid, followed by leaching of calcium
nitrate with ethyl alcohol (EA) with a concentration of 96%. The rate of nitric acid
varied from 30 to 60% of the stoichiometry for the decomposition of CaO in the
raw material and the weight ratio PR: EA = 1: (3-10). Phosphorite was treated with
nitric acid for 20—-30 min. at a temperature of 40°C. After decomposition, a thick
nitrocalcium phosphate pulp is obtained, which was repulped with alcohol for 3-4
minutes, after which the contents were separated into liquid and solid phases by
vacuum filtration. Wet precipitates were dried at 100 °C. So, when enriched with
nitric acid with its norm of 30-45% of the stoichiometry and the ratio of PR: EA
from 1: 3 to 1:10, the content of P>Ostot in the phosphorus concentrate increases
from the initial 16.60% from 21.62 to 23.74%, and the content of CO, decreases
from the initial 17.23% from 7.62 to 4.26%. At the same time, the degree of
decarbonization of phosphate raw materials increases from 60 to 82%. The calcium

module in this case decreases from the original 2.84 to 1.95 - 1.60.



The same authors proposed a method for neutralizing a nitrate-phosphate-alcohol
suspension with ammonia (up to pH = 3) before separating it into liquid and solid
phases, which prevents the transition of P2Os into the liquid phase [40; S.37-40.41;
pp. 114-121, 42; 70-80, 43]. The optimal conditions for the enrichment of raw
materials were: HNO3 norm - 50%; PR : EA = 1. 5; pH = 3. Under these
conditions, a phosphoconcentrate was obtained with the following composition (wt
%): P20stot 26.20; CaOtot 38.25; CO, 2.80 and CaO:P»0s=1.46. Such a
concentrate meets the requirements of sulfuric acid extraction to obtain EPA. After
the alcohol is distilled off, a concentrated nitroammonium-calcium solution is
obtained containing 50% Ca(NOs). and 3% NH4NOs. However, the disadvantages
of these studies are the use of a flammable liquid - alcohol, sealing of equipment is
required, a large weight ratio of PR : EA and a low degree of calcium nitrate
washing from phosphoconcentrate.

According to the results of [44; S.96-107, 45; S.573-586, 46; pp. 133-141. 47; pp.
41-48, 48; pp. 286-292, 49; 1459-1461, 50; P. 113-119] of world survey studies,
chemical enrichment of carbonate phosphorites is possible with the use of organic
acids, such as acetic, lactic, formic and succinic. Seitnazarov A.R. et al.
systematically studied the process of enrichment of phosphorites with CK by acetic
and formic acids [51; pp. 12-18; 52; S.215-221]. The optimal conditions for
conducting the enrichment process were found: the acid rate is 11% of the
stoichiometry for the decomposition of CaCO3 in the raw material, the ratio S : L =
1 : 8, the temperature is 25°C, the mixing time is 30 min. It is shown that from
ordinary phosphorite flour with a content of 16.33% P20s; 17.23% CO»; CaO :
P.Os = 2.89, you can get a concentrate with a content of 25.58% P,Ostot, 4.24%
CO2 and a calcium module of 1.66. Such a concentrate can be successfully

processed by acid extraction into any type of phosphorus-containing fertilizers.



In any case, a reliable way to remove CO. and organic matter from carbonate
phosphorites is thermal. Calcined roasting of phosphorites in rotating horizontal
drums and in fluidized bed furnaces at a temperature of 800-950 °C is widely used
in Algeria, Tunisia, Israel and Morocco [53; S.226-230]. In contrast to flotation, the
yield of concentrate by thermal roasting is 90% with a content of 31% or more
P2Os [54; pp. 49-52, 55; pp. 15-19, 56: pp. 44-52, 57; pp. 387-407; 58; S. 35-42].
After roasting at 680-980°C, the ore is treated with water or salt solutions (sea
water can be used) and calcium hydroxide is separated.

In 2001, the thermal method of enrichment of phosphate raw materials of the
Central Committee was introduced into production at the Kyzylkum Phosphorite
Plant (KPP). The finished thermal concentrate with a content of 28% P,Os was sent
to the Almalyk and Samarkand plants, now Ammophos-Maksam JSC and
Samarkandkimyo JSC, for the production of ammophos. However, the content of
chlorine in the concentrate in the range of 0.12-0.18% caused corrosion and failure
of the equipment of enterprises. Manufacturers were faced with the question of
reducing the chlorine content in raw materials to its permissible concentration
(0.04% C1) [59; 460 p].

According to the Decree of the first President of the Republic of Uzbekistan I.A.
Karimov No. PP-420 dated July 18, 2005, an industrial plant was built at KPP to
wash phosphorite ore from chlorine. Starting from 2007 to 2014, KPP produced
three types of phosphorite products: 400 thousand tons per year of washed calcined
phosphorus concentrate (WCC) with a content of 27-28% P>Os; 200 thousand tons
per year of washed dried phosphorus concentrate (WDC) with a content of 18-19%
P.Os and 200 thousand tons per year of ordinary phosphate rock with a content of
16-17% P20s. WDC served as a raw material in the production of simple
ammoniated superphosphate at the Kokand superphosphate plant, and nitrocalcium

phosphate fertilizer was produced from ordinary phosphorite flour at



Samarkandkimyo JSC. WCC is a raw material for the production of ammophos,
suprephos and ammonium sulfate phosphate.
In 2014, within the framework of the project "Expansion of the existing production
for the enrichment of phosphorite raw materials™ on the basis of KPP, according to
the new technological scheme, the production capacity of WCC was increased from
400 thousand tons to 716 thousand tons per year with an average content of P,Os of
at least 26%. However, the currently functioning technological scheme of
enrichment at KPP cannot be considered rational. Since the new enrichment
scheme does not provide for the associated production of WDC and ordinary
phosphate rock. And the increase in the concentration of P>Os in the WDC (26%
P.Os) compared to its concentration in the original ore (17.58%) by only 8.42%
occurs against the background of a significant loss of P.Os (134.77 thousand tons
of P,Os or 42% of the original P.Os in ore) with enrichment tailings with the status
of "off-balance ore". Of these, 9.6% occurs during dry sorting at the site of the ore
control station, 28.3% during hydrosorting and 4.1% at the stages of drying and
roasting. This is, respectively, a mineralized mass (12-14% P20s). sludge
phosphorite (10-12% P»0s) and pulverized fraction (18-20% P.Os). To date, more
than 10 million tons of mineralized mass and more than 4 million tons of slurry
phosphorite have already been accumulated. However, there is no effective
technology for enrichment and processing of waste phosphorites into finished
fertilizers.
With the accumulation of factual and scientific material on the nature of
distribution, geological and technological types and features of the phosphate
mineral, various methods and options for ore enrichment are proposed [60]:
1) mechanical enrichment methods based on the use of differences in the physical
and granulometric characteristics of phosphate and carbonate minerals. The

most common variants of this method are the following: reduction of the



calcium module by averaging the quality of the ore in the process of mining and
removing the main part of carbonates by screening (with a favorable
granulometric characteristic of the ore);

2) flotation methods for the separation of phosphate minerals (search and synthesis
of new reagents, development of special reagent regimes and technological
schemes);

3) radiometric enrichment methods based on the use of chemical elements to
separate the atomic and nuclear properties that manifest themselves when
interacting with various types of radiation (photometric, X-ray luminescent,
neutron absorption, and others; separation or separation of ore into technological
grades, as a rule, in a lumpy state );

4) thermal enrichment methods based on ore roasting followed by hydration and
removal of calcium and magnesium oxides by washing or pneumatic
classification;

5) chemical enrichment methods based on different rates of decomposition of the
carbonate and phosphate parts of phosphate rock (ore, concentrate, intermediate)
in mineral acids or acidic salt solutions;

6) combined methods of enrichment with various combinations of the above
methods and options.

Phosphorites of the Central Kyzylkum differ sharply in their mineralogical and

chemical composition from their foreign counterparts. Phosphorites of the largest

deposits of the African-Arabian phosphorite province processed at the enterprises
of Morocco, Algeria, Tunisia, Jordan, Israel, Egypt and Iran contain 20-30% P20s,
and commercial concentrates 30-35% P20s. This type of raw material is easily
enriched by the thermal method, according to which, after firing at 680-980° C, it is
treated with water or saline solutions (sea water can also be used), followed by the

separation of calcium hydroxide.



However, the close interspersing of calcite mineral with small phosphate faunas
makes ore from phosphorites of Central Kyzylkums difficult to enrich by known
methods. In this case, ore with a high content of carbonates (up to 17% CO>) from
2005 to 2014 and up to today at the Kyzylkum phosphorite Combine is processed
according to the current combined technological line of dry and wet screening of
phosphorite in class 5 mm with the withdrawal of a fraction of +5 mm into the
dump (off-balance ore with a content of 12-14% P,Os), which is 9.6% of the initial
ore; deslamation of the flow of -0.5 mm in three steps on hydrocyclones [61].
Desliming is carried out along the boundary grain of 0.02 mm. At the same time,
poor sludge is removed into the dump, and a fraction of -0.5 +0.02 mm is prepared
as a concentrate (the content of P.Os is 23-25%), then the stages of filtration of the
washed concentrate with washing from chlorine are followed; drying of the washed
concentrate to a humidity of less than 7%, sent to the firing department to obtain a
washed burnt concentrate with a yield of 58% of the initial ore (25-26% P,0s), at
which 4.1% of the pulverized fraction (18-20% P20s) is formed in the form of
waste; sludge thickening, return of clarified water (thickener drain), removal of
condensed sludge in the amount of 28.3% of the total, so-called slurry phosphorites
(8-10% P,0s) in the tailings pond.

Based on the above, it can be seen that the volume of waste is about 42%, of which
off-balance ore - mineralized mass reaches 13 million tons. Due to the shortage of
phosphate fertilizers in the Republic, this type of waste can become an alternative
to get out of the most acute situation. At the same time, the issue of choosing
methods for its processing becomes the most relevant. The fact is that the existing
traditional methods of processing this ore, such as nitric acid and sulfuric acid, are
not acceptable. But if the raw material is unconventional, then it is also necessary

to find an unconventional approach for it, which will become classic over time.



1.3. Kyzylkum phosphorite complex.

As follows from the message of Uzkimyosanoat JSC [1], the Kyzylkum
phosphorite complex is included in the list of affiliates of the Uzbek chemical
industry. Uzkimyosanoat JSC owns 100% of the shares in the new subsidiary
business company, the Qizilgum fosforit kompleksi limited liability company.

The first line of a modern mining and processing complex in Kyzylkum with an
almost completed production cycle - from operational exploration to the production
of phosphorite raw materials was commissioned by the Navoi Mining and
Metallurgical Combine in 1998. The decision of the government of Uzbekistan in
the first decade of independence to protect the domestic phosphorus industry from
the supply of phosphorites from Kazakhstan's Karatau can be attributed to the
disadvantages of decentralization in Central Asia. This step, according to experts,
resulted in a loss of quality for the Uzbek chemical industry and a significant
decrease in the production of phosphorus fertilizers [10]. In Uzbekistan, they are
produced by three enterprises — Almalyk JSC "Ammophos — Maxam", JSC
"Kokand superphosphate Plant” and JSC "Samargandkime". The key market player
with a share of more than 90% is Almalyk Ammophos, which has been producing
phosphorus fertilizers since 1969 [1].

According to official data [2], the production of phosphorus fertilizers (in terms of
100% nutrients) in 2017 decreased by 4.6 times compared to 1991 — from 551.1
thousand tons to 119 thousand tons last year. A major accident in February 2014 at
the main producer of phosphorous fertilizers, Almalyk OJSC Ammophos-Maxam,
made its contribution, when more than three thousand tons of chemicals leaked as a
result of a welding seam rupture in the sulfuric acid warehouse of the enterprise.
Uzbekistan's demand for this type of fertilizers, according to experts, is at the level

of 700 thousand tons [1]. The high cost and low quality of local phosphorus



fertilizers is due, according to experts, to the decentralization of the production of
phosphorus fertilizers at the expense of local raw materials.

No data on the total costs involved in the construction of the Kyzylkum phosphorite
complex built by the Navoi MMC due to gold mining is available to public. The
first line of a large mining and processing complex, which currently employs 800
people, was commissioned in 1998 [17]. Problems immediately arose. It turned out
that there is an increased content of chlorine in locally produced fosmuk. It
destroys the equipment of chemical plants adapted for Karataus phosphorites [62].
Over 2000-2005, according to official data, a sharp decline in the phosphate-based
fertilizer production in Uzbekistan. In 2000, 116.7 thousand tons were produced, in
2005 — 101.2 thousand tons [1]. It was necessary to create a combined scheme for
the enrichment of phosphorous ores. Then an additional 10 million euros were
added to the construction costs of the apparently expensive KPP. For this money,
the German company INGINEERING DOBERSEK GmbH supplied ore washing
equipment, which reduced the chlorine content in the concentrate to 0.04 percent
[20]. Installations for washing chlorides from phosphoric ore with a capacity of 400
thousand tons of washed burnt phosphor concentrate (for the production of
ammophos) and 200 thousand tons of washed dried phosphor concentrate (for the
production of superphosphate) have been used at the KPP since 2007 [16]. This
circumstance did not significantly increase the productivity of Uzbek chemical
enterprises. Suffice it to say that in three years — 2010, 2011 and 2012 Uzbekistan
produced a little more than 440 thousand tons of phosphorus fertilizers —
significantly less than in 1991 (551.1 thousand tons) [19]. In 2014, the phosphorite
industry needed additional funds to expand production that amounted to about $ 60
million, of which about $ 30 million has been allocated to the State Enterprise
"Navoi MMC".



1.4. Existing and alternative methods of phosphoric acid processing of
phosphate raw materials for phosphoric fertilizers

Traditional methods of processing phosphate raw materials into one-sided
phosphoric fertilizers are based on the use of phosphoric and sulfuric acids. Among
unilateral phosphoric fertilizers, double superphosphate is more promising, as a
ballast-free concentrated phosphoric fertilizer obtained by phosphoric acid
decomposition of natural phosphates. Depending on the quality of phosphate raw
materials and phosphoric acid, double superphosphate contains 42-55% P,Os and
about 90% of it is in a water-soluble form (60; 216 p., 61; 32 p.62; 13 p.]. Double
superphosphate is most effective when applied under winter plowing. It should be
noted that in 1980 the world production of double superphosphate accounted for
16% of the total amount of phosphorus-containing fertilizers, but today this figure
has decreased to 6% [60; 216 p., 63]. The reason for such a decrease in the
production rate of double superphosphate is due to a sharp decrease in the quality
of phosphate raw materials and the lack of a more modern technology for drying
and granulation of the finished product.

The main suppliers of high-quality phosphate raw materials on the world market
are the USA, Morocco, China and Russia [64; 457c.. 65; 259 p., 66; 354 p., 67; pp.
752-757, 68; pp.6-11]. However, the reserves of rich phosphate raw materials are
being depleted, mining and processing it is becoming more difficult and more
expensive. Intensive exploitation of deposits leads to their depletion, which creates
a critical situation for producers for further development and supply of mineral
fertilizers [6; pp.22-37, 59; 460 p.]. Phosphate raw materials with a content below
30% P,0s practically do not enter the international market, and raw materials
containing less than 32% P20s find only limited sales.

It is known from practice that the traditional methods of processing natural

phosphates into double superphosphate are the following: chamber, chamber-flow,



flow and retour [60; 216 p., 61; 327 p., 69; 336 p., 70; 29 p., 71; 235 p.]. These
methods differ in the concentration of phosphoric acid used, and accordingly, the
technical and hardware design of the main stages. The above methods are based on
high-quality phosphate raw materials.

According to the selected technological parameter of a particular method, the
decomposition of phosphates is carried out in thickening and non-thickening
modes. The thickening mode of processing phosphate raw materials is applicable
for chamber and chamber-flow methods, and not thickening for in-line.

When decomposing phosphate raw materials by the chamber method, apatite
concentrate or rich phosphorites and phosphoric acid with a concentration of 52-
54% P,0s are used with its consumption rate of 100-105% of the stoichiometric for
the formation of monocalcium phosphate. The decomposition of phosphate raw
materials by phosphoric acid takes place in a mixer for 57 minutes at 60-65 ° C.
Next, the pulp enters the superphosphate chamber, where the process of
crystallization of calcium dihydrophosphate begins. The subsequent decomposition
of phosphate raw materials is carried out in the aging warehouse. Here the
superphosphate mass is shoveled from time to time and cooled from 80 to 40 °C.
The duration of storage aging depends on the type of raw materials, which is 15-30
days for apatite concentrate, and 6-8 days for phosphorites. In the process of
warehouse aging of a product based on apatite, the decomposition coefficient of
Kraz. it is 77-80%, whereas for phosphorite products this indicator reaches 80-85%
[60; 216 p., 71; 235 p.].

Thus, the matured powdered superphosphate with the composition: P2Osusb - 46%;
P20savb - 8%; H.O - 13% and P2Osusb - 42%; P.Osavb - 6%; H.O - 9%,
respectively, obtained on the basis of apatite and phosphorite raw materials, is
neutralized with limestone or ammonia before or after granulation. The

neutralization and granulation process is carried out in drum granulators and



ammonizer granulators, followed by drying and sieving of the finished product on
screens. After the completion of the process, the granular double superphosphate
has 2.5% P.Osavb, 3% H.O and 41-44% P,Osusb in its composition with a relative
content of 90% relative to its total form.

The chamber-flow method for producing double superphosphate differs from the
chamber method with the exception of warehouse maturation, where acidic
superphosphate enters immediately for granulation and drying. According to this
method, easily degradable phosphorites are processed in a high-speed mixer (15-30
seconds) and further decomposed in a superphosphate chamber with phosphoric
acid concentration of 48-50% P»Os and 85% stoichiometric norm at a temperature
of 95-105 ° C for 70-90 minutes. Then the cut-out superphosphate is fed into the
granulator drum, where retour and water are additionally introduced to moisten the
charge to 13-15% moisture. Dried granules are classified and neutralized from
8.5% to 3.5% P.0s.

Recently, the in-line method of producing double superphosphate using phosphoric
acid with concentrations of P,Os of 28-36% and BGS (drum-granulator-dryer),
SBDG (spray-boiling dryer-granulator) and "spherodizer" devices has become
widespread. Drying and granulation of the product are combined in them, which
makes it possible to decompose secondary raw materials up to 80-85% in a short
time. The in-line method for producing double superphosphate using the BGS
apparatus includes the process of decomposition of phosphate raw materials with
phosphoric acid in reactors with mixing devices, where the process temperature is
maintained at 65-75 ° C for 60-90 minutes. Such pulp is easily pumped by pumps
to the spray devices of devices designed for granulation and drying of the product.
Dried acid granules with a content of 6-8% P2Osaw. are neutralized, cooled, and

then sent to the warehouse.



In any method of obtaining double superphosphate, depending on the type of raw
material, the product contains: P,Ostot. 45-56%, P2Osusb 42-50%, P>0Osaq38- 42%,
P20savb 2.5-5.0%; H.0 3-4%.

However, all the mentioned methods have their drawbacks. So, for the chamber
method, warehouse maturation is necessary, which requires significant costs for
structures,. labor and energy consumption for repeated periodic shoveling of the
product with the release of large amounts of toxic fluoride gases. Therefore, this
method is excluded from the production node in almost all countries of the world.
The disadvantages of the chamber-flow method, first of all, include low
productivity and the need to use only easily degradable phosphorites, since not all
types of raw materials are acceptable for this technology. The flow method using
BGS and other types of devices has a number of limitations due to the use of
relatively pure phosphoric acid. But most importantly, both chamber and tubeless
methods after the classification process of acidic products require additional
conditioning of intermediate products with ammonia or limestone. The connection
of an additional technological line for the improvement of commodity properties
complicates and hinders the increase in the production of double superphosphate.
The most common method of processing phosphates into double superphosphate is
considered to be retour (Dorr-Oliver process), which uses phosphoric acid with a
concentration of 37-39% P2Os [70; 29 p., 71; 235 p.]. According to this method,
easily degradable Moroccan, Syrian and Tunisian phosphorites decompose with
phosphoric acid at lower stoichiometric norms of the latter. The technological
scheme includes three mixers followed by mixing the pulp in a two-shaft paddle
mixer-granulator, which also receives retour in the amount of 13-15 tons per 1 ton
of finished product. On average, the granular material passes through the paddle
mixer 13-15 times, and due to this, after drying, the product granules have a very

high strength (more than 5-6 MPa versus 2-3 MPa according to chamber, chamber-



flow and in-line methods). Phosphorite in mixers decomposes by 80-85%, and at
the outlet of the drying drum this indicator increases to 94% (against 75-85% by
chamber, chamber-flow and in-line methods). At the same time, the free acidity of
the product does not exceed 2-3%, so no additional stage is required -
neutralization. It should also be noted that the composition of the double
superphosphate of the foreign brand "45-15" corresponds to 45% P,0s, 15% CaO
with pH = 1-3[70; 29 p.].

The main disadvantage of the "Dorr-Oliver" method is the high retroactivity
associated with mechanical and thermal energy costs for fractionation and return of
small granules, as well as the complexity of the technological process.

Based on the above, the rate of decomposition of natural phosphates by phosphoric
acid at the initial stage of the process is relatively high, but over time it abruptly
decays [60; 216 p.]. This phenomenon is especially pronounced when poor
phosphorites interact with extraction phosphoric acid from the same raw material,
since it is considered unsuitable for the production of double superphosphate. To
intensify the decomposition process, the use of stronger acids - sulfuric, nitric and
hydrochloric - has been proposed as an additive [72; pp.43-49, 73; pp. 1425-1428].

The paper [72; pp. 43-49] shows the results of the introduction of double
superphosphate technology at the Dzhambul plant using Karatau phosphorites and
at the Gomel Chemical Plant using apatite concentrate by replacing part of
phosphoric acid with sulfuric acid. At the same time, the optimal norm of
phosphoric acid was 85% of stoichiometry, and the weight ratio of sulfuric acid to
phosphoric acid was 0.1-0.2. It was found that at ratios of H.SO4:H3POas, less than
0.15-0.2 (depending on the total acid norm), the degree of decomposition by acid
mixtures exceeds the degree of decomposition of phosphorite by phosphoric acid
alone, and at ratios greater than 0.15-0.4 - vice versa. This dependence is explained

by the increased content of HSOs in the mixture, which in turn leads to the



formation of large amounts of small crystals of calcium sulfate, which are
deposited on the surface of phosphate grains [74; pp. 113-115].

At the Gomel Chemical Plant, apatite concentrate and most (~ 80% of the total
consumption) of phosphoric acid enter the first section of a four-shaft continuous
mixer. Sulfuric acid is mixed with the remaining part (~ 20%) of phosphoric acid
and this mixture is fed into the third section of the mixer. As a result, sulfuric acid
mainly reacts with the monosubstituted calcium phosphate present in the solution.
Such a sequence of reagent supply allows to avoid crystallization of calcium sulfate
on phosphate grains and thereby accelerate the decomposition of apatite already at
the stage of mixing it with acids and during the chamber aging of the product [75;
pp. 670-672]. One of the drawbacks of this work is the relative dilution of the
double superphosphate by SO4 and NOs ions, which worsen its physico-mechanical
and marketable properties.

The authors of the work [76; p. 8; 77; p.259-260] studied in detail the complex
effect of impurities present in phosphate raw materials on the decomposition of
phosphates by phosphoric acid by multivariate regression analysis. The raw
materials for the experiment were Kovdorsky apatite concentrate (Russia),
phosphorite concentrates Lao-Kai (Vietnam), Kingisepp (Russia), Jebel Onk
(Algeria), Chilisaya (Kazakhstan), Eastern (Syria), Kuribga (Morocco), Shra-
Huertana (Tunisia), Gafsa (Tunisia) with an average content 24-36% P2Os. The
study of the effect of impurities on the degree of decomposition of phosphates was
carried out at 60 ° C using an EPA containing 28% P»0s; 0.3% CaO; 1.8% F; 0.9%
Fe.Os; 0.7% Al1,0s under the conditions of a flow method. The granulometric
composition corresponded to a 20% residue on a 0.0074 mm sieve. The norm of
phosphoric acid was 85% of the stoichiometry calculated for the formation of
calcium dihydrophosphate, taking into account the decomposition of impurities

contained in the raw materials. The degree of decomposition of Kr phosphate in the



pulp was determined 2 hours after the start of the experiment and calculated as the
ratio of the amount of P>O5 passed into the solution to the initial amount of P2Os in
phosphate. Further, the obtained pulps were dried at. 105 °C to a humidity of 1.5-
2.0% and the degree of decomposition of phosphate in the product was calculated.
The obtained analysis data indicate a high reactivity of Gafsa phosphorites (95%),
Shra-Ueran (92%), Kuribga (92%) and low- Kovdorsky apatite concentrate (75%).
A double superphosphate was obtained from Tunisian phosphorite depending on
the aging time at a temperature of 45° C with and normal EPA - 90% of
stoichiometry. It is shown that when the product matures with a shelf life from the
initial to 20 days, the degree of decomposition of phosphorite ranges from 74 to
85%, respectively. Under the above conditions, the double superphosphate contains
P2Ostot. 48.7%; P>Osush 46.9%; P»Osaq. 45.9%; P2Osavb 3.9%; H20 3.8%.

In [78; 48 p.], structural changes of the lifting-blade nozzles in the BGS apparatus
made it possible to intensify the process of phosphate decomposition. It is
established that the optimal norm of phosphoric acid for the decomposition of
Kingisepp phosphorite is 72-80 mass parts of P.Os acid per 100 mass parts of
phosphorite. Under this condition, the pulp before entering the BGS apparatus
contains 13-14.5% P.Osavb., and the dried product contains P,Osavb. does not
exceed 7%. It was revealed that an increase in the content of free acidity to 15% or
more led to a violation of the granulation regime. This work deserves special
attention because a part of the Kingisepp phosphorous (10-15%) is replaced by a
hard-to-decompose apatite concentrate in the in-line method for producing double
superphosphate. As the results of the analysis show, when apatite is introduced into
an EPA containing 27-30% P20s, in an amount that ensures the concentration of
CaO in solution within 1-3%, the degree of its decomposition will be close to
100%, and the resulting solution can be neutralized with Kingisepp phosphorite to

obtain a double superphosphate composition (wt.%): P>Ostot. 48.6-50.28; P.Osusb



44.7-47.18; P,Osavb 4.42-6.0; H.O 2.0-2.4. The essence of the experiment is as
follows: EPA with a concentration of 26.3% P20s, 2.0% SOs; 1.6% F and 0.09%
CaO is mixed with apatite concentrate in a ratio of 1.3-1.4:1 for 1 hour at a
temperature of 60-70 °C and the resulting suspension is separated by filtration. The
cake is sent to the extractor, and the filtrate containing P.Os is shared. 31.5%; SO3
0,3%; CaO 3.1%; Fe.030.4%; A1,03 0.8; F 1% is processed by Kingisepp
phosphorite flour at a rate of 72 m.h. P20s to obtain double superphosphate.

A long maturation time, a low degree of decomposition of raw materials and the
performance of the BGS apparatus are the disadvantages of the developed
technology.

One of the ways to increase the use of phosphate raw materials is the liquid-phase
circulation technology of double superphosphate. The present technology differs
significantly from traditional methods in that phosphate raw materials, regardless of
their quality and chemical and mineralogical composition, decompose with an
excess rate of phosphoric acid. The essence of the cyclic method consists in the
decomposition of phosphate raw materials with 3-5 times the amount of phosphoric
acid, followed by the crystallization of monocalcium phosphate, its separation from
the mother liquor, neutralization of acid monocalcium phosphate (MCP),
sulfatization of the mother liquor, separation of phosphogypsum and the return of
acid to the production cycle. At the same time, the maximum opening of the
phosphate mineral is ensured up to 98-99% and the production of double or triple
superphosphate with a content of 50-59% P,0Os.

The whole process proceeds in a liquid-phase, i.e. non-thickening mode similar to
the flow, but at high concentrations of phosphoric acid (40-65% P»0s), and on the
other hand, in relation to the chamber or chamber-flow method, differing only in
the use of high 300-800% norms of acid reagent. The advantage of cyclic

technology is that it becomes possible to obtain high-quality double superphosphate



from almost any type of phosphate raw materials based on its phosphoric-sulfuric
acid processing in the same cycle.

According to the authors [60; 216 p.], the issue of intensification of the process of
obtaining double superphosphate is acceptable only when it is possible to use the
SBDG apparatus and circulation of a recycled phosphoric acid solution. The
recycling of working solutions in the technology of many salts creates conditions
for the separation of salts in a more concentrated commercial form and the
exclusion of energy-intensive processes of solution evaporation and salt drying
from the technology of their production. The principles of cyclic technology are of
particular relevance in the production of salts consumed on a large scale and in
many areas of agriculture [79; 400 p.]. It is shown that in order to ensure energy
saving, the use of recycling is effective in the technology of the following salts:
potassium, zinc, copper sulfates; sodium, potassium, magnesium, barium,
manganese, lead, aluminum nitrates: sodium, potassium, lithium, calcium
phosphates; sodium and ammonium thiosulfates; ammonium, potassium, barium.

In the author's certificate [80], the process of obtaining double superphosphate
based on the decomposition of apatite concentrate (39.4% P»0s) with phosphoric
acid with a concentration of 45% P»Os at a rate of 300-400% of stoichiometry for
the formation of WCC was investigated. Conducting the process at a temperature of
60 ° C for 2 hours ensured the degree of decomposition of phosphate raw materials
up to 91-96%. According to this method, the pulp saturated with WCC and a small
amount of unreacted apatite is divided into two parts. Part of this pulp, after
separation from the liquid phase to form a solid phase - acidic WCC, is neutralized
with ammonia or limestone at 80 ° C for 30 minutes, resulting in a double
superphosphate (mass. %): 57.50 P,Ostot, 56.3 P>Osusb., 49.2 P,Osag. and 57.54
P.0stot, 56.21 P»Osusb, 52.70 P>Osaq. accordingly. The rest, together with the



mother liquor from the first part, is treated with 55% sulfuric acid to regenerate
phosphoric acid in order to return the latter to the cycle.

Kingissep flotation concentrate (28.9% P.0Os) was decomposed by both thermal and
extraction phosphoric acid with a concentration of 55-65% P»Os at their norms of
400-600% of stoichiometry, followed by crystallization and filtration of anhydrous
WCC [81.P. 1445-1450]. The decomposition process lasted 1-1.5 hours at 110-130
° C, which provided a fairly complete (up to 95-98%) opening of phosphate raw
materials. The process of circulating a recycled phosphoric acid solution with the
addition of fresh phosphoric acid (58.3% P20s) up to 5 cycles was studied and a
positive assessment of crystals in the form of spheroidal accretions with an average
diameter of 70 microns was given. After 5 cycles of the process, the separated solid
phase was subjected to ammonization and a double superphosphate of the
composition (wt. %): 51-54 P,Ostot; 50-52.5 P,Osusb; 39- 50.7 P,Osag.; 13-14
Ca0; 2.0-5.9 N and 0-8 P,Osavb.

According to the patent [82], a method for obtaining double superphosphate by a
cyclic method is proposed, including decomposition of apatite concentrate with a
mixture of fresh thermal acid (TPA) with a concentration of 53% P>Os or EPA with
a concentration of 48% P.Os with a circulating mother liquor (58-60% P20s), pulp
filtration, return of the mother liquor to the cycle and neutralization of the product
precipitate. The decomposition reaction is carried out at 60 ° C for 3 hours. Then
the pulp is evaporated to a liquid phase concentration of 58-60% P.Os at 90-110 °
C, and is delayed for 1-4 hours with the transfer of single-water WCC (Ca(H204)-
H20) in the product to anhydrous (Ca(H204). form. The last one from 8.6-10.5%
free P20s. is neutralized with chalk and a double superphosphate of the
composition (wt. %): 59.8-59.0 P2Osusb, 2.8-3.0 P.Osavb, 2.8-3.0 H20.

In contrast to [82], in order to reduce the time of the decomposition process, a

cyclic method has been developed [83], which provides for evaporation not of a



suspension of a single-water WCC, but a mixture of a circulating mother liquor
(55.7-59.6% P20s) and fresh EPA (49-50% P20s) to 63-65% P20s. As a result, the
resulting evaporated mixture is sent to the processing of apatite (39.4% P20s) or
Kingissep (28% P20s) flotation concentrate at a rate of 300% of stoichiometry.
According to the authors, the combination of the decomposition of phosphate raw
materials and the crystallization of anhydrous WCC reduces the duration of the
technological cycle to 1-2.5 hours instead of 4-7 [82]. The precipitate of anhydrous
WCC with 8,7-10% P.Osavb., separated from the mother circulating solution, is
neutralized with chalk and a double superphosphate containing 56-59.3% P.Osusb,
and 1,8-3,0 P2Osavb is obtained.

In [84; pp. 170-176], the mode of decomposition of apatite TPA concentrate with a
P.Os content from 40.4 to 42.04% at a rate from 333 to 694/0 from stoichiometry in
closed and open cycles was investigated. The contact time of the reagents was 60
minutes at 100-115 °C. After the process was completed, the pulp was evaporated
to a concentration of 53% P»0s, and then cooled at 40 ° C for 1.5 hours. The
essence of the evaporation is to increase the decomposition coefficient of apatite
concentrate from 84-89 to 93-98%, respectively. The obtained crystals of acidic
WCC contain 53.87-55.69% P.Os tot, 53.45-55.41% P.Osaq, and 21.05-24.01%
P.Osavb.

In [78; 48 p.], the prospects of a recirculating method for obtaining triple
superphosphate of the composition P20s are substantiated. 55.5%; P2Os tot 55.0%;
P.Osavh.2.5%. Apatite concentrate and evaporated EPA containing (wt. %): 63.1
P.Os; 0.25 CaO; 1.5 R203; 0.04 MgO; 4.1 SO3; 0.2 F. This includes the
preliminary mixing of a part of the mother liquor and EPA, the separation of the
calcium sulfate precipitate, the decomposition of phosphate, the crystallization of
WCC, the separation of the product from the mother liquor and the return of the

phosphoric acid solution to the mixing and decomposition stage.



Kazakh researchers have shown the principal possibility of processing low-quality
phosphorites of the Chilisai and Karatau deposits into double superphosphate by a
cyclic method [85; pp. 107- 112. 86; pp.34-38]. Chilisai phosphorite with a content
of 17.72% P20s, 5% CaO decomposes with thermal phosphoric acid with a
concentration of 40-41% P>0O5 at its rate of 450-550% of stoichiometry in the
temperature range of 90-95°C for 40 minutes, followed by separation of the
insoluble residue from saturated solutions of WCC by filtration [86; pp.34-38, 87,
18 s].

The resulting filtrate is cooled at 40 ° C for 90 minutes in order to crystallize WCC,
and the mother liquor is treated with 100% H>SO4 (92-93%) at 50-60 ° C and a
duration of 15-20 minutes. to obtain phosphoric acid, which is returned again to the
phosphorite decomposition cycle. After neutralization of acidic WCC with a free
content of 28.7-31.3% HsPO4 with ground limestone, a double superphosphate of
the composition (wt. %): 51.50 P»Ostot, 49.30 P,Osusbh, 47.20 P»Osaqg., 0.70
P20savb and 2.80 moisture.

In [88; pp.60-64, 89; pp. 183-190], a graphical calculation is proposed to find
optimal conditions for the decomposition of substandard phosphorites of the
Karatau basin of the Kokjon and Koksu deposits with thermal phosphoric acid with
a concentration of 40% P,Os, with its norm of 450-500% of stoichiometry in a non-
thickening liquid-phase regime according to a recirculation scheme. The contact
time of the components was 50-60 minutes. at 90-95°C, followed by filtration of
the reaction mass from the insoluble residue (decomposition coefficient 99.0-
99.5%), cooling of the filtrate at 40 ° C for 90 minutes, regeneration of the mother
liquor by sulfuric acid extraction, mixing it with fresh thermal phosphoric acid and
returning to the cycle for decomposition of the subsequent batch of phosphate raw
materials [%: pp. 11-15]. Neutralization of acidic WCC was carried out with

ammonia water and calcium oxide. Chemical composition of the finished product



(mass. %): 54.28 P,Ostot.; 52.53 P,Osusb; 52.14 P,Osavb. 3.01 P.Osusb., 3.54 N
and 54.53 P»0stot; 51.11 P,Osush, 51.13 P2Osavb. , 97 P2Osavb. accordingly [90;
145 p.].

One of the possible directions of direct processing of low-grade phosphorites
without their enrichment may also be the hydrochloric-phosphoric acid
decomposition process with the recycling of the mother liqguor when obtaining
WCC [91; pp.65-69].

In these works, the method of processing phosphorous flour of the Polpinskoye
deposit of composition (mass. %): 15.50 P.Os; 27.40 CaO; 0.96 MgO; 3.29 Fe203;
3.80 Al20s; 5.00, n.o. 43.03 (including 36.4 SiO2) using phosphoric acid in the
conditions of recycling of hydrochloric-phosphoric acid mother liquor to obtain
WCC. The mother solution containing calcium chloride, after separation of the
WCC, is mixed with phosphoric acid introduced into the process and, in the form
of a so-called "circulating solution”, returns to the decomposition stage, while
hydrochloric acid is regenerated. A distinctive feature of this technological
approach is the crystallization of WCC together with an insoluble residue, which
passes into the finished product. After washing, the resulting product has the
composition: POstot. 38.6-39.0%; P»Osusb. 38.1-38.5%; P20saq. 33.2-33.7%;
P.Osavb. 0.3-0.5%; CaO 14.4%; MgO 0.3%; Cl 0.8-1.1%; Fe.Os 2,0%; A1.03
2,3% [90; 16 p.]. Optimal conditions of the decomposition process have been
identified: temperature 40 ° C, decomposition duration 20 min, phosphoric acid
norm 110%, at which Kraz is at least 97.3%.

According to the proposed method [92], double superphosphate is obtained by
decomposition of natural phosphate with a mixture of phosphoric and hydrochloric
acids at a ratio of HC1: (CaO + P»0s) phosphate equal to 0.76-3.62 at a temperature
not higher than 50 °C for 60 minutes. The resulting pulp is cooled to 25 ° C for 3-4

hours, the precipitate, which is monocalcium phosphate, is filtered out, and the



mother liquor containing hydrochloric acid is returned to the process for
decomposition of another portion of phosphate. At the same time, the authors
managed to obtain a double superphosphate with a content of 51.56-54.6% P20s
with a total ratio of CaO:P>0s= 0.394. In all the proposed variants of the study, the
degree of decomposition of phosphate was 98.2-99.8%. It is concluded that the
advantage of the cyclic method is manifested in cases when the raw materials are
not subjected to additional enrichment and do not require significant resource and
energy costs for their processing, which leads to a reduction in the cost of the target
product by 1 ton of 100% P20s. The essence of the processes of obtaining
phosphorus fertilizers consists in the conversion of the indigestible form of P>Os in
the raw material into a form assimilable for plants in the product. An alternative to
non-traditional methods of obtaining phosphorus-containing fertilizers from poor
phosphate raw materials is its chemical activation. The essence of this process is
the processing of raw materials with phosphoric acid, but in much smaller
quantities than is required for the complete decomposition of phosphorites. In this
case, the so-called undecomposed or partially decomposed phosphates are formed.
These works began to develop after realizing the fact that rich phosphate raw
materials are becoming increasingly scarce, and such fully water-soluble highly
concentrated phosphorus-containing fertilizers as ammophos and double
superphosphate are becoming more expensive.

Studies on the production of activated types of phosphoric fertilizers based on the
decomposition of low-grade phosphate raw materials at reduced phosphoric acid
consumption rates were carried out in [93; from 27-99; pp. 30-31. 94; pp. 7-12].
Three variants of technological schemes for obtaining a new phosphorus-containing
fertilizer - calcium dimonophosphate containing a mixture of mono- and dicalcium
phosphate have been developed. The technology has been tested on the processing

of the yellow type of phosphate raw materials: Vyatka-Kama (21.522.5% P.Os and



6.2-6.9% R203), Yegoryevsky (20% P.Os and 11% R20s3). The Chilisai (17.1%
P2Os and 4.7% R203) deposits, as well as the residual metasomatic type of the
Ashinsky deposit (22.5% P,0s). The product contained 31-43% P,0s at C = 70-
80%. From an agronomic point of view, calcium dimonophosphate has certain
advantages over other phosphorus fertilizers, since its ratio of P2Os ag: P2Osusb is
in the range of 0.4-0.7, which allows plants to absorb nutrients more evenly during
the growing season, growth and maturation and provides a more effective
aftereffect of fertilizer.

In the 90s of the last century, specialists of the NGO "Minudobrenia”, NGO
"NIITHIMMASH?", NIIFA, Mendeleev Moscow Art Institute developed a resource-
saving technology for the production of nitrogen-phosphorus fertilizer called
"Ammophosphate"” [90, 16 s, 94; 56 p.]. Phosphate components in the ammonium
phosphate are mainly monoammonium phosphate, dicalcium phosphate, in a
smaller amount, monocalcium phosphate, and as impurities, it also contains highly
basic calcium phosphates such as hydroxyl fluorapatite. The technology includes
the decomposition of phosphorite in excess of EPA (150-300%) at a reagent ratio
of 0.15 wt.h. P.0s from phosphorite per 1 wt.h. P.0s from EPA; neutralization of
phosphate pulp with ammonia gas to pH 3.0 - 3.5; granulation and drying of the
product in the BGS apparatus. The production of a new fertilizer is carried out
using the equipment of the ammophos workshops [94; 51 p.].

The technology of ammonium phosphate based on Karatau phosphorites was
introduced at the Dzhambul superphosphate plant in Kazakhstan, at the Chardzhou
Chemical Plant in Turkmenistan, and at the Almalyk Chemical Plant in Uzbekistan.
At the Balakovo software "Mineral Fertilizers" in Russia, this method was
introduced using Khibiny apatite concentrate. According to TU No. 113-08-552-84,

the ammonium phosphate from Karatau phosphorites contains 39% P2Os and 5% N



[120]. Ammonium phosphate based on apatite concentrate contains 47.0% P20s
and 8.4% N [ 95; pp.50-56].

This technology solves the problem of involving in the production of almost all
types of phosphates from various deposits, which reduces raw materials and energy
resources: sulfuric acid - by 15%, fuel - by 15%, phosphate raw materials - by 2%.
The environmental situation of production is improving due to a 15% reduction in
phosphogypsum waste, and the almost complete elimination of ammonia losses.
The replacement of 15% P.Os phosphoric acid with P2Os phosphorite in
ammonium phosphate leads to positive technical and economic indicators. The
technology of ammonium phosphate is carried out by a non-welding method, which
greatly simplifies the hardware and technological scheme of the process and
reduces the metal consumption of production. The technological line excludes four-
body vacuum evaporators with circulation pumps, tanks and auxiliary equipment.
According to the author's certificate [82], a method is proposed to improve the
quality of the product to a content of 44.9% P.Os tot. compared with the known
method with a content of 39.0% P»0s, described in [91] and increasing the process
manufacturability due to evaporation of phosphate pulp before granulation. To do
this, 20 kg of phosphorite with the composition (mass.%): 27.41 P2Os; 44.14 CaO;
2.21 MgO; 3.80 CO2; 2.48 F; 14.84 n.o. decompose 100 kg of apatite EPA
containing (wt.%): 26.16 P20s; 0.32 Ca0; 1.40 R203; 1.18S03 at 50 °C for 3 hours.
The resulting pulp in an amount of 118 kg is neutralized with gaseous ammonia to
a pH value of 3.7 and subjected to evaporation to a humidity of 30%. Then 90 kg of
evaporated ammonium phosphate pulp is mixed with 200 kg of retour, granulated
and dried. After drying, 267 kg of product is obtained with a humidity of 67 kg and
a composition (wt. %): 44.9 P,Os total; 44.0 P,Osusb.; 27.8 P>Osaq.; 6.2 N.

The patent [82] describes a method for increasing the productivity of the process,

which includes the decomposition of poor phosphate raw materials with phosphoric



acid in the presence of sulfuric acid at a mass ratio of H2S04:P-0Os, equal to (1.0-
0.5):1 and the mass ratio of HsPO4:CaO, MgO, R203 in phosphate equal to (0.9-
2.2): 1.0, followed by neutralization of phosphate pulp acids with ammonia. The
ammonium phosphate pulp is pretreated with a retour taken in the ratio of pulp to
retour equal to (2.5-20) with a retour particle size of 0.2-2.0. It was found that the
structure of the phosphate component in the pulp and the size of the crystals
sharply differ from the initial state. Their surface is etched with acid, and the
dimensions do not exceed several microns, which is the reason for the assimilation
of the phosphate component in the soil.

Based on the results of laboratory studies [96; 31 p.], the technological parameters
of the process were clarified and experimental production lines were installed at the
Almalyk Chemical Plant and at the pilot plant of the NPO "Minudobreniya". The
results of industrial tests have shown that when Karatau phosphorites are
decomposed with an excess of EPA with a concentration of 19-21% P.0Os, the
process proceeds without thickening of the phosphate pulp. The degree of
extraction of phosphoric anhydride from phosphorite is 90-95%. Pumping
phosphate pulps with a pump into the BGS apparatus did not cause technical
difficulties. The resulting fertilizer contained 38-40% P.Os, including 25-28%
water-soluble form; 4-6% nitrogen and 1-1.5% HO.

In [94; 19 p. the issue of activation of the ores of the Karatau basin by various
phosphorus-containing solutions is considered. It was found that the degree of
activation is influenced by the duration of treatment (30-90 min), the ratio of L:S
from 2:1 to 7:1 and the degree of neutralization of the phosphorus-containing
solution (pH from 0.65 to 5). Under optimal conditions, two types of ammonium
phosphate were obtained, grade "A", containing 45-46% P,Ostot.; 40-41%
P.Osusb.; 34-36% P20saq.; 7-9% N and grade "B" of the composition 38-39%
P2Ostot.; 31-32% P,0sush.; 27-28% P20saq.; 4-5% N.



It is shown that, along with a high content of nutritional components, ammonium
phosphate is also characterized by non-compressibility, moderate hygroscopicity,
high strength of granules, good flowability and dispersibility. Ammophosphate is
suitable for bulk storage and can be used in dry form for the preparation of
concentrated PK, NP and NPK mixtures with different ratios of nutrients [86;
pp.68-70, 97; pp.29-39]. The ammonium phosphate is intended for use as a
complex nitrogen-phosphorus fertilizer in agriculture. The agrochemical efficiency
of ammophosphate is equivalent to ammophos and double superphosphate and can
be used in various soil and climatic zones for all agricultural crops [96 p.35-41].
The analyzed materials indicate the acceptability of the technology of ammonium

phosphate for poor phosphorites of the CC.

1.5. Phosphoric acid processing of Kyzylkum phosphorites for ammonium
phosphate fertilizers.

For the production of complex and concentrated phosphorus-containing

the main reagent of fertilizers is EPA, which causes a large consumption of scarce
sulfuric acid. Thus, to obtain 1 ton of P2Os in the form of ammophos from Kola
apatite concentrate requires 2.5 - 2.7 tons of H,SOs , and from Karatau
phosphorites - 3.5-3.7 tons. In the production of ammophos from washed burnt
concentrate of CC phosphorites with a calcium modulus of 1.9-2.0, the
consumption of sulfuric acid is even more - 4.3-4.4 tons. The amount of
phosphogypsum thrown into the dump increases by the same amount.

In the works of Asamov D.D. et al. [98], the principal possibility of obtaining
phosphorus-calcium fertilizer with a high content of the relative digestible form of
phosphorus and calcium from unenforced phosphate raw materials and washed
concentrate is shown. The optimal conditions for conducting the process are: 100-

120% EPA norm from stoichiometry for the formation of dicalcium phosphate,



temperature - 60-80 °C pH — 2.9-3.67. The authors also developed an intensive
technology for obtaining PR fertilizers by decomposing Kyzylkum phosphorites
first with sulfuric acid, and then by decomposing phosphate raw materials with
extraction phosphoric acid. The developed technologies of phosphorus-calcium and
PS-fertilizers have been tested in industrial conditions at JSC "Ammophos-Maxam™
with the release of experimental batches of products.

Kanoatov H.M., Seitnazarov A.R. et al. [99,100 ] studied the possibility of
obtaining activated single phosphorus fertilizers based on the interaction of various
types of poor Kyzylkum phosphorites at a reduced EPA rate. For the activation of
phosphate raw materials, an unpeeled (18.69% P.05) and evaporated EPA (29.05 -
46.00% P»0s) was used. The compositions of the phosphorus fertilizers obtained
were determined. It is shown that an increase in the fraction of phosphorite in a
mixture with EPA, i.e. a decrease in the weight ratio of P,Os EPA : P,Os PR has a
significant effect on the relative content of the digestible form of phosphorus. The
content of the total and digestible amount of phosphorus pentoxide in fertilizers,
depending on the concentration of the initial EPA, the type of phosphate raw
materials and the ratio of P.Os EPA : P>Os PR, varies between 30.18 - 47.46 and
19.00 - 41.93%, respectively.

In [101], the process of activation of Kyzylkum phosphorites by a mixture of EPA
and H>SOq4 in the range of weight ratios of P>Os in acid to P2Os in raw materials
from 1:0.3 to 1:1 and P2Os in acid to H.SO4 (monohydrate) was investigated from
1:0.25 to 1: 0.5. It was found that the addition of sulfuric acid increases the content
of digestible and water-soluble forms of P>Os and CaO in the products. The
technology of obtaining concentrated phosphorous fertilizers based on phosphorites
of CK and EPA has been tested on a model installation with the establishment of

the main technological parameters of the process. The material balance of



production has been compiled. Chemical and radiographic! the methods of analysis
established the approximate salt composition of the fertilizer.

In [102], the process of obtaining activated phosphorus-containing fertilizers by the
interaction of various types of CK phosphorites with partially ammoniated
extraction phosphoric acid from Karatau phosphorites was studied in detail. It is
shown that the decomposition of highly carbonized phosphate raw materials by
phosphoric acid is accompanied by abundant foaming. A significant reduction in
pricing is achieved in the case of using a pre-ammoniated EPA-having a pH-2. It is
established that the elimination of pricing allows for two-stage phosphoric acid
decomposition of phosphorite. The first stage - decarbonization of phosphate raw
materials is carried out in a heterogeneous process with a minimum amount of
liquid phase flowing in a screw mixer reactor. The second stage - additional
decomposition of decarbonized phosphorite is carried out in a conventional reactor.
Depending on the experimental conditions, it is possible to obtain a nitrogen-
phosphorus-calcium fertilizer containing from 33-38% P»Ostot, 4-8% nitrogen and
11.56 to 21.12% CaO. The relative content of the digestible and water-soluble
forms of P2Os in fertilizers ranges from 89-96 and 52-72%, respectively.

Sattarov T.A. et al. studied in detail the process of obtaining ammonium phosphate
fertilizers based on the decomposition of CK phosphorites by extraction phosphoric
acid [103]. To conduct laboratory experiments, the authors used various types of
phosphate raw materials from the Jeroy - Sardarinsky deposit; ordinary
phosphorous flour, thermal concentrate, chemically enriched concentrate,
pulverized fraction. As an acid reagent, the EPA of Almalyk OJSC "Ammophos"
of the composition (wt.%) was taken: 21.45 P,Os; 0.77 CaO; 0.89 MgO; 0.51
Fe203; 1.33 A1,03; 1.78 F 0.50.The mass ratio of EPA : PR is taken in the range of
100: (5-30). The duration of the decomposition process was 45 minutes. The

content of the digestible form of P20s in phosphate pulp in relation to the total form



of P20s remains high at all EPA: PR ratios. The same is observed for the content of
the water-soluble form of P>Os. As a percentage, this value lies in the range of
83.77-98.50% for ordinary phosphorite flour, 68.67- 97.57% for thermal
concentrate, 84.24-99.02% for the pulverized fraction and 84.27-99.17% for
chemically enriched concentrate.

According to the authors, this indicates that CK phosphorites decompose fairly well
with phosphoric acid to form digestible phosphates. Further, the authors subjected
acid phosphate pulps to neutralization with gaseous ammonia to pH values of 3.10-
4,40 and drying. The composition of ammonium phosphate fertilizers varies
depending on the conditions of their production (weight %) P.Os tot. from 43.27 to
49.85%; from 43.30 to 50.10%; from 40.11 to 50.36; from 43.80 to 50.25;
P2Os.usv. from 34.55 to 48.69; from 34.64 to 49.02; from 32.50 to 49.38; from
31.08 to 47.60; P2Os ag. from 24.60 to 43.00; from 25.43 to 45.34; from 26.24 to
46.48; from 24.40 to 42.41; nitrogen from 4.74 to 10.40; from 4.86 to 9.58; from
4.92 to 8.97; from 4.97 to 9.78, respectively, for phosphorite flour, pulverized
fraction, chemically enriched concentrate and thermal concentrate.

Taking into account the consumption of phosphoric acid per 1 ton of 100% P.Os
and the content of digestible and water-soluble P.Os handicap in the final product,
the authors recommend obtaining ammonium phosphate fertilizers from all types of
CC phosphorites at EPA ratios:PR equal to 100:( 15-20).

In order to intensify the decomposition of phosphate raw materials, the same
authors [170- C 57-62. 171; p.57-61, 172; p.65-68] carried out the process by
adding a small amount of sulfuric acid to the EPA. To conduct the study, the same
types of phosphorites of CK and EPA were used as in the preparation of
ammonium phosphate fertilizers. Sulfuric acid used as an additive had a
concentration of 93.52%. The proportion of sulfuric acid was from 3 to 7, the

proportion of phosphorite in relation to the mass fraction of EPA was from 10 to



25; from 10.44 to 26.11; from 10.06 to 25.16; from 8.75 to 21.88 for ordinary
phosphorite flour, pulverized fraction, chemically enriched concentrate and thermal
concentrate, respectively.

Experimental data show that with an increase in the addition of sulfuric acid, the Cr
of phosphate raw materials increases. So, with a mass fraction of phosphorite flour
15 and with mass fractions of sulfuric acid 3, 5 and 7, the Kr are equal to 64.27,
68.20 and 70.95%, respectively. The highest Kr. phosphorite flour - 81.31%,
pulverized fraction - 87.85%, chemically enriched phosphoconcentrate - 92.07%
and thermoconcentrate - 68.73% is observed with mass fractions of EPA : H>SOq:
PR, equal to 95:5:10; 95:5:10,44; 95:5:10.06 and 95:3:8.75 respectively. The
excess acidity of the obtained pulps was neutralized with ammonia.

The composition of sulfoammophosphate fertilizers obtained under the found
optimal experimental conditions is as follows (wt.%): for ordinary phosphorite
flour (EPA: H2S04:PR = 93:7:20 and 93:7:25) P.Ostot. 38.60 - 40.02; P.Osusb.
according to the trilon B 31.68- 34.71; P.Os aq. 23.04 - 25.73; N 5.22 - 6.50; for the
pulverized fraction. (EPA: H2SO4:PR = 93:7:20.89 and 93:7:26.11) P.Ostot 38.27 -
39.74; P20sush. according to the trilon B 31.67 - 34.56; P2Os aq. 24.90 - 27.31; N
5.85 - 6.20; for chemically enriched phosphoconcentrate (EPA:H>SO4:PR =
93:7:20,13 and 93:7:25,16) P2Ostot 37.35 - 38.92; P,Osusbh. according to the trilon
B 31.51 - 34.49; P,Osaq. 26.79 - 30.27; N 5.32 - 6.33; for thermal concentrate
(EPA: H>SO4:PR = 93:7:17.51 and 93:7:21.88) P.Os in general. 40,90- 41,09;
P.Osusb. according to the trilon B 28.77 - 31.61; P2Os aq,. 22.90 - 24.88; N 5.24 -
6.15.

These authors also systematically studied the decomposition processes of
Kyzylkum phosphorites of EPA with the addition of nitric acid [104]. The
decomposition of phosphorites was carried out at a mass ratio of EPA:PR for an
ordinary from 100:30 to 100:60, for a dusty fraction from 100:30.4 to 1'00:60.7 and



for a thermal concentrate from 100:20.7 to 100:41.4. The HNOs norm varied from
15 to 40% of the stoichiometry on the CaO. The content of the water-soluble and
digestible form of phosphorus according to trilon B in the activated nitroams
obtained.monophosphate fertilizers under the optimal conditions found fluctuates,
respectively, in the range of 59.71 - 66.27 and 77.72 - 88.27% of the total P.Os.
The main technological parameters of the process of obtaining all types of
ammonium phosphate fertilizers have been worked out at the laboratory model
plant and experimental batches of products for agrochemical tests have been
released. A technological scheme has been developed for the recommended
fertilizers and the material balance of production has been compiled.

Scientific results indicate the value of ammonium phosphate fertilizers and the
possibility of obtaining from poor phosphorites, which are Kyzylkum. From these
positions, slow-acting fertilizers that release macronutrients evenly and gradually

are the most preferable for irrigated agriculture [108].

1.6. Conclusion on the literary review

Reserves of high-quality ores are steadily being depleted, and it is becoming more
difficult and more expensive to extract and process them. The current situation
leads to the need for an increasing appeal to the poor phosphate-raw material base.
In this regard, the decisive technical and economic factor in the phosphate industry
Is the successful enrichment of poor phosphate, in particular phosphate-carbonate
ores, whose reserves make up two thirds of the world's reserves. Phosphorites of
the Central Committee can be attributed to this type of raw material. Kyzylkum
phosphorite consists mainly of calcite, fluorocarbonate apatite and a small amount
of clay mineral. But because of the close germination of phosphate .of a mineral
with "calcite” and a high value of the calcium modulus, CC phosphorites are not

amenable to flotation and are not suitable for sulfuric, nitric and hydrochloric acid



extraction of phosphoric acid to obtain standard highly concentrated and water-
soluble fertilizers such as ammophos and double superphosphate.

For the processing of poor phosphorite ores, which are phosphorites of the Central
Committee, it is necessary to develop effective technologies that require knowledge
of the physico-chemical and technological features of the enrichment processes, or
direct acid processing of phosphorites of various nature, chemical and
mineralogical composition.

Scientists and specialists of NIIHIMMASh, NIIFA, Mendeleev Moscow Art
Institute have developed a technology for obtaining a new nitrogen-phosphorus
fertilizer - ammonium phosphate. It is important that the consumption of sulfuric
acid for the production of 1 ton of P2Os in the form of ammonium phosphate is 10-
15% lower compared to ammophos, and the degree of use of phosphate raw
materials is 1.0-1.5% higher. The production of ammonium phosphate from
Karatau phosphorites has been mastered at the Dzhambul superphosphate plant in
Kazakhstan, at the Charzhou Chemical Plant in Turkmenistan, at Almalyk OJSC
Ammophos in Uzbekistan, and from the Khibiny apatite concentrate at the
Balakovo Mineral Fertilizers Plant in Russia. It is necessary to master the

technology of ammonium phosphate fertilizers based on CC phosphorites.



CHAPTER 2. RESEARCH METHODS AND TECHNIQUES.

2.1 Objects and methods for conducting experiments.

To conduct a study on the production of ammophosphate fertilizers, high-carbonate
phosphorites of the Central Committee were used - ordinary phosphate rock (OPR),
pulverized fraction (PF), washed dried concentrate (WDC), mineralized mass
(MM), washed calcined phosphorous concentrate (WCC) and chemically enriched
phosphate concentrates (CEC) , the compositions of which are given in Table 2.1,
as well as EPA, obtained by the dihydrate method from the WCC of phosphorites
of the Central Committee, composition (wt.%): 20.5 P.Os; 0.28 CaO; 0.66 MgO,;
0.51 Fe»03; 0.80 Al203; 2.98S03; 1.05 F; 0.1Cl.

Table 2.1. The chemical composition of phosphorites of the Central Kyzylkum used to
obtain ammophosphate.

Types of Content of components, wt. % CaO:
phosphorites | p,Os | CaO | MgO |Fe203|A1203] F | CO2 | H20 P20s
% by limit.
acid
1 2 3 4 5 6 7 8 9 10 11
High-carbonate phosphorites
OPR 17,20 | 46,22 | 1.75 | 1,05 | 1.24 | 2,00 | 16,00 | 7,691 | 18.50 2.69
PF 18,54 | 44,72 | 0,80 | 0,80 | 0,95 | 2,22 | 14.80 | 8,54 20.71 2.41
WDC 18,22 | 47,28 1 0,99 | 0,60 | 1,18 | 2,29 | 14,90 | 6.81 17,80 2.60
MM 1468 140,80 | 053 | 1,37 | 1,17 | 1,85]12,80 (11,89 | 16.41 2.78
phosphate concentrates

wWCC 27,26 | 53,36 | 0,61 | 051 | 1,30 | 291 | 241 | 595 12.24 1.96
CEC 26,55 | 4162 | 1,36 | 093 | 1,86 | 2,37 | 2,89 | 9,45 44,71 1.57

CEC was obtained by the method of [118; p. 5-10.], by the interaction of OPR with
57.87% nitric acid at a rate of 50% of stoichiometry on CaO, followed by the

release of calcium nitrate.



2.2 Methodology of chemical and physico-chemical analyses of raw materials
and obtained products.

Laboratory experiments were carried out on an installation consisting of a tubular
glass reactor equipped with a screw stirrer driven by a motor. The required amount
of EPA was stirred by the reactor and ammoniated with ammonia gas to the pH
value 1,2; 1,5; 1,7, 1,8, 2,0, 2,2 and 2.5. After reaching the pH, the calculated
amount of phosphate raw materials was added to the partially ammoniated acid
obtained with intensive stirring (the rotation speed of the agitator is 250-300 rpm).
The temperature of the reaction mass was maintained at 60 ° C using a contact
thermometer. After the phosphorite dosage, the contents in the reactor were kept
for 30 minutes. Then the obtained pulps were dried in a thermostat at 90-100 ° C.
Chemical analysis of dried products was carried out according to the generally
accepted method [110].

Determination of phosphates (total, usable and aqueous forms of P>Os) was carried
out by differential photometric method. The method is based on the formation of a
yellow-colored phosphor-vanadium-molybdenum complex and photometric
measurement of the optical density of this complex at a wavelength of X = 430-450
nm relative to a reference solution containing a known amount of P.Os. The usable
form of P,Os was calculated using solubility in both 2% citric acid and 0.2M
solution of trilon B, while the amount of usable form of CaO was determined only
by citric acid.

Calcium and magnesium were determined by the complexometric method [111].
The method involves a color change of the indicator (fluorexone for the
determination of calcium and acid chromium dark blue for the estimation of

magnesium) during the interaction of calcium and magnesium ions with trilon B.



Sulfates were determined by the weight method [112.]. The method is based on the
precipitation of sulfates with barium chloride in an acidic medium and subsequent
weighing of the precipitate.

The content of iron and aluminum oxide was determined on the basis of the
complexometric method [113]. The method is based on titration of iron with 0.0125
M solution of trilon B in the presence of sulfosalicylic acid as an indicator and
reverse titration of the excess of trilon B with a solution of zinc sulfate to determine
aluminum in the presence of xylene orange indicator.

The free form of P,O5 in the products was determined by the potentiometric
method on the 1-130M ionometer with an electrode system of ESL 63-07, EVL-
1M3.1 and TKA-7 electrodes with an accuracy of 0.05 pH units. This method is
based on titration of an alkali solution (0.1 N NaOH solution) to pH 4.0 [114.].

The fluorine content in the raw material was determined by ionometric method
[115]. The method is based on measuring the concentration of fluorine in a solution
using a fluoride selective electrode without prior extraction of fluorine.

The amount of carbon dioxide in phosphate raw materials and products was
determined by the volumetric method [116]. The method is based on the
decomposition of carbonates with 10% hydrochloric acid and the determination of
the volume of carbon dioxide released when absorbed by a 40% solution of caustic
potassium.

The moisture content in solid samples was determined by drying in a drying cabinet
to a constant mass at a temperature of 100-105 ° C. The pH of solutions and
suspensions was determined by the electromechanical method [117]. The pH value
of a 10% aqueous suspension of the products, after their hourly agitation, was

determined on an H-130M ionometer.



Total nitrogen was determined by the method [118]. The method is based on the
reduction of nitrate nitrogen to ammonia by the Devard alloy, followed by
distillation of ammonia and its titrometric determination.

The granulation of wet phosphate masses was carried out during the drying process
by the rolling method.

The X-ray analysis of phosphogypsum was studied on a DRON-3 diffractometer
with filtered (Fe) radiation mode: | = 25-30mA, U-30kV, Vdetect = 2°min,
Vdifr.tape = 600 mm/hour, measurement limit - 4x102 imp/sec, t = 0.5 sec, slots:
1x4x1 mm. The survey area is 20=3-820 for the initial samples.

The IR spectra of the sample were recorded on a PERKIX-ELMER IR Fourier
spectrometer (Japan) in the form of tablets with KBr in the area of 400-4000 cm.
Decoding of radiographs was carried out using a database [119], carrying bands of
IR spectra was carried out using reference literature [120].

The component composition of the W samples was determined by the OES with the
ICP. The OES method with ICP is based on the emission of a certain wavelength
for each element, where the release (emission) of absorbed energy occurs
depending on the concentration of the element. The plasma here serves to transfer
the element under study to an excited state. When an element goes into a normal
state, it emits (releases) the absorbed energy E =hv. The wavelength is measured in
nm.

The method of quantitative determination of micro- and macroelements by the OES
method with ICP is as follows: 0.5000-0.0500 g of the test substance is weighed on
analytical scales and transferred to Teflon autoclaves. Then 3 ml of concentrated
nitric acid (pure) and 2 ml of hydrogen peroxide (pure) are poured into autoclaves.
Next, the autoclaves are closed and placed on a Berghoff microwave
decomposition device with MWS-3+ software or a similar type of microwave

decomposition device. The decomposition program is determined based on the type



of the substance under study, the degree of decomposition and the number of
autoclaves (up to 12 pcs.) are indicated. When the decomposition is finished, the
contents in autoclaves are placed to a 50 ml volumetric flask in which the volume is
brought to the mark with 2% nitric acid. The determination of the test substance is
carried out on an OES device with the Optima-2400DV ICP (USA) or a similar
device of an optical emission spectrometer with inductively coupled argon plasma.
In the determination method, the optimal wavelength of the micro- or
macroelement being determined is indicated at which it has the maximum
emission. In the construction of the sequence of analyses, the amount in mg and the
degree of its dilution in ml are indicated. After receiving the data, the device
automatically calculates and enters in mg/kg or mcg/g the true quantitative content
of the substance in the test sample.

In order to establish the shape, size and nature of the distribution of substances in
the composition of the ICP sediment, electron microscopic studies were carried out.
Electron microscopic studies were carried out on a BS 242E electron microscope
(Tesla, Czech Republic). The samples were sprayed with a vacuum VUP-5
installation using a carbon replica method. After spraying, the samples were
dissolved in hydrochloric acid (HCI) at a concentration of 5-10%. The samples
were then washed in distilled water, followed by purification in alcohol. The
replica was mounted (caught) on a mesh object holder, and after drying it was
viewed on an electron microscope.

The chemical composition of the water-insoluble part of the ammonium phosphate
fertilizers has been determined. In the composition of the water-insoluble part of
fertilizers, the presence of a large amount of the digestible form of P,O5 and CaO
and a high degree of decarbonization of phosphate raw materials confirms the fact
that the phosphate mineral was subjected to acid activation during the processing of

raw materials with partially ammoniated EPA. At the same time, the structure of a



phosphate mineral in a water-insoluble precipitate differs significantly from its
structure in the initial phosphate raw material, since its grains are etched with acid,
have a porous structure and are 15-30 times smaller in size than the original one.
All this contributes to the conversion of the indigestible form of P2Os in the raw
material into the form of P.Os assimilable for plants in a water-insoluble
precipitate. It should be noted that when highly carbonized Kyzylkum phosphorites
interact with partially ammoniated EPA, intensive decarbonization occurs.
Intensive release of CO. destroys the structure of the phosphate mineral, also
contributing to its activation.

The salt composition of NP fertilizers was determined by X-ray and IR
spectroscopic analysis methods. It is shown that the salt composition of fertilizers
mainly consists of ammonium dihydrophosphate, calcium hydro- and

dihydrophosphates, as well as partially activated and undecomposed phosphorites.



CHAPTER I11Il. AMMONIUM PHOSPHATE FERTILIZERS BASED ON
THE ACTIVATION OF KYZYLKUM PHOSPHORITES WITH
PARTIALLY AMMONIATED EPA.

3.1 Reaction of unenforced high-carbonate phosphorites of Central
Kyzylkums with partially ammoniated extraction phosphoric acid.

The variable parameters were the pH of the acid and the mass ratio of partially
ammoniated EPA to phosphate raw materials (PR) [78.95]. When phosphate raw
materials interact with partially ammoniated phosphoric acid , the following
reactions occur:

CaO + 2H3PO4=Ca(H2P04). + H20

CaO + H3PO4= CaHPO4+ H0

The general picture of the interaction of highly carbonized CC phosphorites with
partially ammoniated EPA is similar to that given in [78, 95,98] for Karatau
phosphorites. The difference is only in the absolute values of the degree of
decomposition of phosphate raw materials. With a 30-minute interaction at a
temperature of 60 °C, we observe the following patterns for all types of
phosphorites studied: the lower the pH of the acid and the higher the EPA : PR
ratio, the greater the value of the degree of decarbonization of raw materials.

In the case of using OPR at pH = 1.2 and the ratio of EPA : PR = 100 : 50, the
degree of decarbonization is 82.8%, whereas at pH = 2.5 and the same ratio of
EPA: PR, it reaches a value of only 68.77%. At EPA: PR =100 : 20 and pH = 1.2,
it is 95.11%, and at pH = 2.5 - 83.03%. Only with EPA:PR = 100:15 and pH = 1.2
we have almost complete decarbonization - 98.05%, and at pH = 2.5 it is 86.32%.
At pH = 2.5 and EPA : PR =100 : 15 - 91.82%, and at EPA : PR = 100 : 50 -
65.01% (Fig.3.1).
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Fig.3.1 - dependence of the change in the degree of decarbonization of the mineralized mass
on the pH of EPA and the mass ratio EPA: PR

Exactly the same pattern has been established with respect to the relative content of
the form P2Os digested by citric acid in fertilizers. For phosphorite flour at pH of
acid 1,2 and EPA: PR = 100 : 15 P>0Osusbh: P,Ostot = 98.6%, and with EPA: PR =
100 : 50 - 80.01%. The relative content of digestible and aqueous forms of P>Os in
fertilizers based on Kyzylkum phosphorites, depending on the pH of EPA and EPA
. PR are shown in Figure 3.2. The main factor affecting the composition of
fertilizers is the mass ratio of EPA : PR. With the same pH value of EPA equal to
1.2 and a decrease in the ratio of EPA : PR from 100:15 to 100: 50 leads to a
decrease in the relative content of the water-soluble and digestible form of P2Os in
2% citric acid and 0.2 M solution of Trilon B in fertilizers from 76.79 to 34.89;
from 72.86 to 29.90; from 98.60 to 80.01; from 92.16 to 72.27, from 86.51 to 61.48
and from 81.86 to 56.13%, respectively, for OPR and WDC. The composition of

fertilizers is also influenced to a certain extent by the pH value of partially



ammoniated EPA. For example, an increase in the pH of EPA from 1.2 to 2.5 with
a ratio of EPA : PR = 100 : 15 contributes to a decrease in the products of P,Osaq :
P.Ostot and P2Osusb : P20stot for trilon B from 76.79 to 67.46; from 72.86 to 63.67;
from 86.51 to 82.02 and from 81.86 to 76.15%, respectively, for ordinary
phosphate flour and washed dried concentrate. Similar patterns are observed when
using PR and MM.

P205 eq and
P205 usv

il 1,5
S0 — 2,0

T T T pH of ammoniated EPA
10 15 20 25 30

Fig. 3.2- Dependence of the change in the assimilable and water-soluble forms of P,Os in
ammophosphate fertilizers on the pH of EPA and the mass ratio of EPA : PR. | - P.Osusb.
according to citric acid, 11 - P2Osusb. according to Tr. B, 111 - P2Osag.

The water-soluble forms of P.Os and CaO in fertilizers prove the presence of
calcium dihydrophosphate in them. The excess of the digestible form of P>Os and
CaO over the water-soluble form indicates the formation of calcium

hydrophosphate and an activated form of fluorapatite in the products. At high acid



pH values and low EPA ratios. The aqueous and digestible forms of P>Os in the
products are formed as a result of the decomposition of calcium carbonate by
phosphoric acid. And only at low pH values and a high EPA: PR ratio, the
activation of the phosphate mineral also occurs.

Laboratory studies on the production of ammonium phosphate fertilizers were
carried out in laboratory conditions at a temperature of 60 °C for 30 minutes. The
mineralized mass (MM) was used as a raw material — the waste of the Kyzylkum
processing complex of the composition (mass. %): P.Ostot - 14.68; CaO tot —
40.80; MgO — 0.53; Fe;O3 — 1.37; Al.Os — 1.17; F-1.85; CO2 — 12.80, NO — 11.89
and extraction phosphoric acid composition (wt. %): 20.5 P20s; 0.28 CaO; 0.66
MgO; 0.51 Fe20s; 0.80 AlO3; 2.98 SOs; 1.05 F; 0.1 Cl. The variable parameters
were the pH of the acid from 1.2 to 2.0 and the mass ratio of partially ammoniated
EPA to MM from 100:15 to 100:50. Interaction time 30 min temperature 60 °C.
When phosphate raw materials interact with partially ammoniated phosphoric acid ,
the following reactions occur:

Ca0+2H3P0s—Ca(H2P04)2+H20 and CaO+H3POs—CaHPO4+H-0

After completion of the decomposition process, the reaction mass was dried at a
temperature of 85-90 ° C with simultaneous pelletizing by rolling. Dried fertilizer
samples were analyzed for the contents of various forms of P.Os, CaO and nitrogen
according to the method [93].

The usable form of P,Os was evaluated by solubility in both citric acid (2%) and
0.2M solution of trilon B, whereas the amount of usable form of CaO was
calculated only by citric acid. Nitrogen was determined by the distillation method
on a Kjeldaglia flask. The results of the studies are shown in the table. As can be
seen from the table, with a 30-minute interaction at a temperature of 60 °C, we
observe the following patterns for all types of phosphorites studied: the lower the

pH of the acid and the higher the ratio of partially ammoniated EPA: MM, the



greater the value of the assimilable and aqueous forms of phosphorus. To establish
the effect of the pH of partially ammoniated EPA on the relative assimilable by
citric acid, trilone B and aqueous forms of P20s, the mass ratio 100:15; 100:20;
100:25; 100:30; 100:35; 100:40 and 100:50 was conventionally designated by
dividing 100 by 15-50 as 6.67; 5.0; 4.0; 3.33; 2.5 and 2, respectively (Fig. 3.3 and
3.4). Note that the correct 5 curves belong to the relative usable form P2Os by citric

acid, and the lower one belongs to trilon B.

Table 3.3. Composition of ammonium phosphate fertilizers based on ammoniated EPA and

MM
Mass Chem. Content of dried product, %
?
;)Zrlg pH pulp H 10% P20s | P2Osusn CaOusp,

Ammo after sfs ension | 205 | e " P10 | a0 | In 2% | €20 | Rlon
EPA. " | decompose P tot. | in2%- | 0,2M. | aq. tot.. citric. aq. %
MM. citric.a | tril.B ac

1 2 3 4 5 6 7 8 9 | 10 | 11
part. Amm. Up to pH = 1,2 EPA (P205-17,35 %, N-1,86 %)
Y 2,21 280 | 40,06 | 36,34 | 3195 | 27,98 | 12,87 | 10,04 | 551 | 3,62
Do 23 319 | 3825 | 3382 | 29,31 | 25,04 | 1585 | 12,16 | 525 | 3,38
s 2,67 346 | 3658 | 31,34 | 27,01 | 22,13 | 17,91 | 1336 | 4,99 | 3,07
0 2m 367 | 3504 | 2912 | 2431 | 19,28 | 19,96 | 14,22 | 456 | 2,97
122 : 3,31 374 | 3411 | 2757 | 22,08 | 16,84 | 21,87 | 1525 | 3,97 | 2,58
] 34 403 | 3307 | 2529 | 1978 | 13,78 | 23,49 | 1554 | 340 | 2,47
1‘;8 : ; 447 | 31,34 | 21,94 | 17,26 | 9,39 | 26,48 | 16,35 | 2,64 | 2,24
Part. Amm. upto pH = 1,5 EPA (P,05-16,74 %, N-2,13 %)
e 2,56 323 | 39,71 | 3562 | 3124 | 27,29 | 12,76 | 9,74 | 514 | 448
1(2)8 : 2,85 332 | 37,69 | 32,80 | 2859 | 2398 | 1563 | 11,69 | 4,92 | 3,99
Do 33 357 | 3556 | 3003 | 2576 | 20,79 | 17,68 | 12,74 | 4,57 | 3,76
128 : 3,57 389 |3443 | 2811 | 2359 | 18,50 | 19,88 | 1366 | 3,78 | 3,45
1gg : - 423 | 3358 | 2662 | 21,40 | 1582 | 21,70 | 14,35 | 3,32 | 3,17
100 . 446 | 3251 | 24,17 | 18,94 | 13,22 | 23,34 | 14,83 | 2,88 | 2,98




40

100 :

. i 481 |3081 | 21,18 | 16,73 | 8,78 | 26,29 | 1560 | 2,01 | 2,57
Part. Amm. upto pH = 1,7 EPA (P,0s 16,49 %, N-2,27%
122 : 2,89 330 | 3887 | 34,38 | 30,27 | 2624 | 12,67 | 9,34 | 459 | 4,79
128 : 3,29 362 | 3678 | 31,55 | 27,34 | 22,59 | 15,56 | 11,21 | 4,31 | 4,36
122 : 3,58 384 | 3504 | 2920 | 2511 | 19,62 | 17,50 | 12,26 | 3,46 | 4,01
128 : - 417 | 3373 | 2704 | 2253 | 17,34 | 19,64 | 13,03 | 3,06 | 3,64
1gg : ] 438 | 3242 | 2494 | 2027 | 1452 | 21,60 | 13,75 | 2,61 | 3,37
128 : - 465 | 3156 | 22,01 | 1811 | 11,98 | 23,22 | 1417 | 2,18 | 321
18,8 : ] 489 | 3042 | 1988 | 1591 | 842 | 25,85 | 14,67 | 1,72 | 2,73
part. Amm. upto pH = 2,0 EPA (P205-16,07 %, N-2,50 %)
AR Nt 373 | 37,34 | 3246 | 2844 | 2454 | 1254 | 882 | 410 | 520
1gg : 3,67 399 | 3562 | 29,83 | 2588 | 20,94 | 1541 | 10,53 | 3,66 | 4,67
1(2)?, : 3,87 424 | 3376 | 27,24 | 2333 | 18,12 | 17,44 | 11,36 | 2,61 | 4,35
1gg : ; 461 | 3256 | 2527 | 21,27 | 1582 | 19,47 | 12,12 | 2,24 | 4,05
1gg : ; 478 | 31,48 | 2334 | 19,07 | 13,02 | 21,38 | 12,79 | 1,71 | 3,86
1% : ; 497 | 30,73 | 21,45 | 17,29 | 11,01 | 23,06 | 13,08 | 1,43 | 3,52
1gg : ; 535 | 2962 | 1843 | 1523 | 7,63 | 25,66 | 13,25 | 1,07 | 3,19
part. Amm. upto pH = 2,2 EPA (P205-15,72 %, N-2,70 %)
D2 sar 371 | 3605 | 3091 | 27,25 | 2301 | 1244 | 853 | 375 | 547
128 : 3,89 415 | 3472 | 28,70 | 2491 | 2001 | 1528 | 9,97 | 3,12 | 5,12
122 : - 452 | 33,00 | 2624 | 22,64 | 17,23 | 17,23 | 10,74 | 2,36 | 4,70
12,8 : ] 473 | 3213 | 2442 | 20,76 | 14,19 | 19,29 | 11,33 | 1,84 | 4,48
18,2 : - 499 | 31,15 | 22,66 | 18,61 | 12,05 | 21,20 | 11,88 | 1,41 | 4,19
123 : ] 521 | 3028 | 2051 | 16,83 | 9,56 | 22,85 | 12,37 | 1,14 | 3,84
100 ; 574 | 2915 | 1752 | 14,74 | 7,10 | 2553 | 12,61 | 0,77 | 3,51
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Fig.3.3. Influence of pH of PAEPA and mass ratio of PAEPA to MM. Here on the left is
P205 usb.

It follows from the figure that an increase in pH and a decrease in the mass ratio
from 6.67 to 2.0 contributes to a decrease in the relative digestible forms of
phosphorus from 90.71 to 60.01 and from 79.76 to 50.57%, respectively, for citric
acid and trilone B. While the relative aqueous form of P>Os decreases from 69.84 to
24.36%.

In agriculture, the most valuable phosphorus-containing fertilizers are those in
which ratio of P2Os aq : P20s tot is 50 percent or more. Thus, the optimal values for
production of such fertilizers can be considered the following: for OPR the pH of
partially ammoniated EPA - 1.2-1.5; ratio of EPA : MM is 100:(15-30).
Composition of fertilizers (wt. %): P2Os tot - 34.43-40.06; P.Osusb. by citric acid -
28.11-36.34; P2Osusb. by tril. B - 23.59-31.95; P,Osaq. - 18.50-27.98; CaOtot -
12.76-19.96; CaOush. - 9.74-14.22; CaOag. - 3.78-5.51; P.Osush. by citric acid:
P2Ostot. - 81.64-90.71; P2Osusb. by tril. B : P2Os total - 68.52-79.76; P.Os aq : P20s
tot - 53.73-69.84; N- 2,97-4,48. The strength of the fertilizer granules is at least 3
MPa.
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Thus, based on the data obtained, it can be concluded that the mineralized mass,
under the found optimal conditions, lends itself well to chemical activation with the
formation of assimilable calcium phosphate compounds. Studies of the process of
chemical interaction of MM phosphorites of the Central Kyzylkum with partially
ammoniated EPA showed the possibility of processing highly carbonized and
unenriched phosphate raw materials to obtain a fertilizer containing nitrogen,

phosphorus and calcium in its composition.

3.2 X-ray and IR spectroscopic studies of ammonium phosphate fertilizers and
their water-insoluble part.

X-ray and IR spectroscopic methods of analysis were used to determine the
approximate salt composition of ammonium phosphate fertilizers and their water-
insoluble part [111: p.87- 91]. The results of the X-ray examination showed that the
diffractograms of fertilizers and their water-insoluble part obtained on the basis of
OPR, MM, PF and WDC are very similar to each other. Therefore, we decided to



give X-ray images of samples of ammonium phosphate fertilizers and their water-
insoluble part obtained only on the basis of OPR (Fig. 3.5.-3.7).

kU

346

T T T T T T T T T T T
65 60 55 50 45 40 35 30 25 20 15

Fig. 3.5 - Radiograph of mineralized mass
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Almost all diffractograms of fertilizers have clear interplane distances characteristic
of ammonium dihydrophosphate 5,31 - 5,35; 3,76-3,77; 3,07 - 3,09; 2,65-2,67; 2,01
A, fluorocarbonatapatite 3,45 -3,47; 3,16-3,18; 2,80; 2,81; 2,70; 2,71; 2,62-2,64;
1,93;1,94; 1,77; 1,75 A, calcium hydrophosphate 7,63-7,69; 4,26 - 4,29; 3,01-3,03;
2,24-2,28; 2,13; 2,14 and calcium dihydrophosphate is 2.97; 2.98; 1.79; 1.60 A.
They only differ among themselves in the intensity of interplanar distances. The
higher the pH value of the ammoniated acid and its amount for processing
phosphate raw materials are taken, the more intense the peaks belonging to
ammonium dihydrophosphate appear. The diffractograms of the water-insoluble
part almost completely lack the interplane distances characteristic of ammonium
dihydrophosphate (5,31-5,35; 3,76; 3,77; 3,09; 2,65-2,67 A) and calcium
dihydrophosphate (2.97; 2.98; 1.79; 1.60 A). At the same time , peaks clearly
appear 3,45; 3,46; 3,16-3,18; 2,80: 2,70; 2,71 A related to fluorocarbonatapatite,
4,29; 4,27; 4,25; 3,04-3,07; 2,24; 2,13; 2,14 A - to calcium hydrophosphate.
Diffractograms of fertilizers and their water-insoluble part also show weak
interplane distances of 2.50-2.52; 2.28; 2.29 A, which are characteristic of calcite.

There are no interplane distances of 2.10 and 1.90 A in them, since when



phosphorites interact with partially ammoniated EPA, the main part of calcite
undergoes decomposition to form calcium dihydro- and hydrophosphates. X-ray
studies show that the water-insoluble part of ammonium phosphate fertilizers
mainly consists of undecomposed fluorocarbonatapatite, calcite, calcium
hydrophosphate. A comparative analysis of the radiographs of the initial phosphate
raw materials and the insoluble part of the ammonium phosphate fertilizers shows
that some interplane distances characteristic of phosphorite, after its treatment with
acid, largely shift in the direction of decrease or increase. In our opinion, this is due
to changes in the structure of the phosphate mineral as a result of decarbonization
and decomposition of the initial phosphorite EPA.

The absorption bands 1100, 1405, 1410, 1415, 1460 cm, which belong to
ammonium dihydrophosphate, are clearly visible on the infrared spectra of
ammonium phosphate fertilizers obtained on the basis of decomposition of
phosphorites of partially ammoniated EPA at different mass ratios of EPA: PR and
pH of EPA. The presence of water-insoluble calcium hydrophosphate in the
composition of fertilizers is confirmed by the absorption bands 1220, 1660, 1680
cm,

The absorption bands of 565, -0 cm may be attributed to calcium
dihydrophosphate. Bands of lower intensity - 880 and 890 cm™ indicate a small
residual calcite content after the decomposition of phosphate raw materials EPA.
Absorption bands are clearly visible on the IR spectrs of fertilizers 565, 570, 1050,
1080, 1100, 1460 cm show the presence of fluorocarbonatapatite, which indicates
incomplete decomposition of the raw materials. Thus, the data of X-ray and IR
spectroscopic analyses are in good agreement with each other.

The process of obtaining ammonium phosphate by chemical activation of various
types of Kyzylkum phosphorites with partially ammoniated EPA at weight ratios
EPA : PR = 100: (15-50) and pH intervals of ammoniated EPA 1,2-2,5 was studied.



The dependence of the change in the degree of decarbonization of phosphate raw
materials and the relative content of the digestible form of P.Os on the ratio of EPA
: PR and pH of EPA is established.

The chemical composition of the water-insoluble part of the ammonium phosphate
fertilizers has been determined. In the composition of the water-insoluble part of
fertilizers, the presence of a large amount of the digestible form of P,Os and CaO
and a high degree of decarbonization of phosphate raw materials confirms the fact
that the phosphate mineral was subjected to acid activation during the processing of
raw materials with partially ammoniated EPA. At the same time, the structure of a
phosphate mineral in a water-insoluble precipitate differs significantly from its
structure in the initial phosphate raw material, since its grains are etched with acid,
have a porous structure and are 15-30 times smaller in size than the original one.
All this contributes to the conversion of the indigestible form of P2Os in the raw
material into the form of P»Os assimilable for plants in a water-insoluble
precipitate. It should be noted that when highly carbonized Kyzylkum phosphorites
interact with partially ammoniated EPA, intensive decarbonization occurs.
Intensive release of CO. destroys the structure of the phosphate mineral, also
contributing to its activation. The salt composition of NP fertilizers was determined
by X-ray and IR spectroscopic analysis methods. It is shown that the salt
composition of fertilizers mainly consists of ammonium dihydrophosphate, calcium
hydro- and dihydrophosphates, as well as partially activated and undecomposed

phosphorites.



CONCLUSION
As a result of all this, the interaction of off-balance ores of CK phosphorites with
partially ammoniated EPA was investigated at a wide range of weight ratios of
EPA: PR (100: 15-50) and pH of ammoniated EPA (1.2-2.5). The compositions of
ammonium phosphate fertilizers were determined, the degree of decarbonization of
phosphate raw materials and the relative contents of the digestible and aqueous
forms of P>,Os were calculated. It is shown that the activation of phosphorites, i.e.
the conversion of the form of P>Os that is not digested in them into the digestible
form, occurs when they are treated with an ammoniated solution of phosphoric
acid. Both the fertilizer itself and its water-insoluble part have high concentrations
of the digestible forms of P>Os and CaO, having a prolonged effect. The products
consist of monoammonium phosphate, mono- and dicalcium phosphate, activated
fluorocarbonatapatite. Thus, this approach partially solves the problem of involving

low-grade phosphorites in the production of concentrated phosphorus fertilizers.
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V3BEKUCTOH PECITYBJIMKACH
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MWJLJIMIA YHUBEPCUTETH

npogheccopu, kumé gpanaapu dokmopu
AKBAPOB XAMJIAM UKPOMOBHUY
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xamoa uamuil ghaonusmunune 45 uunrnueuea 6a2UIAH2AH

KUMEHMUWHI JIOJI3APE MYAMMOJIAPH
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BOIPOC UCITOJNB30BAHHUE HU3KOCOPTHBIX ®OC®OPUTOB KbI3bLJIKYMA B
A30THO®OC®OPHBIE YIOBPEHHUSA

!Cynranos B.C., 2Anumor V.K., 'Mupcanamora C.P. 2CeiiTnazapor A.P., ZHamazos I1L.C.
! Depeancruii nonumexnuueckuti uncmumym, depeana
2Unemumym obwyeti u neopeanuyeckoti xumuu An PY3, Tawxenm

B Mmpe ¢ HcTOIIEHHEM 3aIacoB KadeCcTBEHHBIX 3alexkeil nNpuponHeIX docdaToB H 00U,
KOTOPLIX CTAHOBUTCA BCE CIOKHEE M JOpPOXKE, MPOH3BOIHTENH (ochOpHBIX yaoOpeHHil Hadamn
OPHEHTHPOBATLCH Ha NepepadoTKe HU3KOCOPTHRIX, 0cO0eHHO KapboHaTHO-(pochopuTOBLIX pya (15-
20% P20s), 00beM KOTOPHIX COCTABISET JBE TPETH MHPOBBIX 3anacoB. [[is 3Toro HeoOXoIUMO
000CHOBaTE COOTBETCTBYIOIIME HAYYHO-TEXHHYECKHE pelIeHHs, B TOM 4YHCIE BOBICUCHHE B
TeXHONOTHI0  aMModochaTHeix  ymoOpenwit  Hu3kocopTHRIX  (ochoputoB  LleHTpanbHBIX
KereukymoB (IIK) B KkadecTBe BTOPHYHOTO CHIPBS; YCTAHOBJICHHE ONTHMANEHOIO peKHMA
KOHIIEHTPHPOBAHUS OKCTPAKIHOHHOMH ocdoproit kucmoter (DPK) meromoM ymapupaHus;
HaXOJK/ICHHE ONTHMAIIBHBIX YCIIOBHII MOTy4YeHHs ABOiiHOTrO cynepdocdara 1 KOHIIEHTPHPOBAHHOTO
azotHo(ocopHOro ymoOpeHHA Ha OCHOBE B3aHMOMACHCTBHA HH3KOCOPTHHIX (hocdopHTOBR
ynapenHoi D®K ¢ npuMeHeHHEM IIMKINYECKOr0 METo/1a Pa3okKeHHS.

Texunonoruss ammocdocdara Ha ocHoBe ¢ocdoputor Kaparay Obuia BHenpeHa Ha
J:xambyneckoM cynepdocharnom 3aBoze B Kazaxcrane, Ha UapkoyckoM XHMHYECKOM 3aBOJiE B
TypkmeHucTane, H Ha AJIMAaIBIKCKOM XHMHYECKOM 3aBoje B Y30ekucrane. Ha Bamaxosckom I1O
«Munynobpenus» B Poccuu naHHEIH croco BHepeH ¢ MPHMeHeHHeM XHOHHCKOTO amaTHTOBOTO
kontenTpaTa. Cormacno TY Ne 113-08-552-84 ammodocdar u3 docdopuros Kaparay comepixur
39% P20s u 5% N. AmMModocdar Ha OCHOBE anaTHTOBOrO KOHIEHTpaTa cogepxuT 47.0% P20su
8.4% N.

JlaHHas TeXHOJIOTHA pelraeT 3a/iady BOBIEYeHHs B IPOM3BO/ICTBO ITPAKTHYECKH BCEX BHIOB
thocdaToB pasNHUHEIX MECTOPOXKICHHIH, 4TO COKPAIIAET CHIPHEBEIC M YHEPreTHYCCKHE PECypCHI:
cepHoil kucnoTel — Ha 15%, TommuBa — Ha 15%, docdarHoro ceipes — Ha 2%. Yiyumaercs
9KOJIOTHYeCcKasds 00CTaHOBKA MPOH3BOJACTBA 3a CYET COKpamleHHs Ha 15% oTxoma docdorumnca,
NPaKTHYECKH MONHOM THKBHAAIMU MOTeph aMMHaka. 3ameHa 15% P20s ¢ocdopHoil kucIOTH Ha
P;0s dochopura B ammodochare NPHBOIHT K IOIOKHTCIBHBIM TEXHHKO-YKOHOMHYESCKHM
HoKa3aTeIaM.

IMponece nccnenoBanne ammogochaTHEIX yA00peHHH OLITH NpOBEJEHHl B JIA00PAaTOPHBIX
yenoeuax mpH Temmeparype 60 °C B tedenue 30 MuH. B kadecTBe CHIpbsl OBLIA HCIONB30BaHA
MHHepanmu3oBanHas Macca (MM) — ortxon KBI3BUIKyMCKOrO 0OOraTHTENBHOIO KOMILIEKCA COCTaBa
(macc. %): P20sosm. — 14,68; CaOosm. — 40,80; MgO — 0,53; Fe203 — 1,37; AlO3 — 1,17; F-1,85; CO2
— 12,80, H.0. — 11,89 1 sxcrpakunonnas gocdopuas kucnora cocrasa (sec. %): 20,5 P20s; 0,28 CaO;
0,66 MgO; 0,51 Fe:03; 0,80 Al20s; 2,98 SOs; 1,05 F; 0,1 Cl. BappupyembiMu apaMeTpaMy ObLTH
pH kucnots! or 1,2 1o 2,0 1 MaccoBoe COOTHOIIEHHE YaCTHYHO aMMOHH3HpoBaHHOH DMK k MM or
100:15 mo 100:50. Ilpu B3aumoneiicTBUH (hocaTHOTO CHIPhS C YACTHYHO AMMOHH3MPOBAHHOI
thocdopHOI KHCIOTOH MPOTEKAIOT CIIeTYIONIHE PeaKIIni:

CaO+2H3P0O4—Ca(H2P04)2+H20 u CaO+H3P0O4—CaHPO4+H20

Mpu 30-MuHyTHOM B3auMofeitcTeuM mpu Temmepatype 60°C MEl HaGmonaeM cretyroniHe
3aKOHOMEpPHOCTH I BCEX BHIOB HCCICIOBAHHBIX (ocOpHTOB: yeM HHKe pH KHCIOTHI M BEIIIE
cootHonrenne D®K : MM, Tem Gonble 3HaueHHe CTeNeHH JekapOoHH3armu ceipbs. Jlma MM
ONTHMAJIBHBIMH 3HAYCHHUAMH MOxHO cuutats pH D®K - 1,2-1,5; D®K : MM = 100: (15-30). Cocras
yaodpenuit (Macc. %): P20sosm. - 34,43-40,06; P2Osyes. 10 M. K-Te - 28,11-36,34; P20syes. 10 TPHIL.
b -23,59-31,95; P20sgom. - 18,50-27,98; CaOopm. - 12,76-19,96; CaOyes. - 9,74-14,22; CaOgom. - 3,78-
5,51; P20syes, o M. K-T€: P20506m, - 81,64-90,71; P20syca, 0 Tpil. b 1 P205s06m, - 68,52-79,76;
P20ssomn. : P20sosi. - 53,73-69,84; N- 2,97-4,48.

Takum  ofpa3oM,  HWCCleJOBaHA  BO3MOXKHOCTE — NOTYYeHHS  HETPaJHIHOHHOTO
azotHodochopHoro ynodpenust — ammodocdara nyrem pasinoxeHus 3a0anaHcoBOi pyabl YACTHYHO
aMMOHHU3UpoBaHHOH (ochopHoil KucHoTOoMH U3 dhocdopuTor LienTpanbHbIX KBI3BLTKYMOB.
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3. Olimov B., Akhmedov V., Gafurova G. Production and use of corrosion inhibitors on the
basis of two-atomic phenols and local raw materials // Universum: XuMusi 1 OHOJIOTHS : 3JIEKTPOH.
Hay4H. xypH. 2021. 11(89). URL: https://7universum.com/ru/nature/archive/item/12473

4. Olimov B.B., Sadiqova M.L., Beshimov LA. Technology of obtaining effective corrosion
inhibitors in the oil and gas industry // Universum: TeXHH9ecKHe HayKH: dJIEKTPOH. HaydH. JKypH.
2022, 1(94). URL: https://7universum.com/ru/tech/archive/item/12950

HUCITOJB30BAHHE HEKOHJIUITHOHHOI'O ®OCP®OPHUTA JJIA
HOJYYEHHUA KOMILIEKCHOI'O ATPOXUMHMKATA -

AMMO®OCPATA
"Cyﬂmauoe B.C.,’Anumos Y.K., IMupcmuuoea C.P. ZCeﬁmuampas A.P., *Hamazos 1II.C.
' ®apIlH)
HOHX AH PV3)

bekhzodintill@mail ru

B cBs3u Toro, uro Habmonaens pe3kuil poct HaceneHws Ha ruadere (k 2050
YHCIICHHOCTh HACEJIEHHS JIOCTUTHET 9 wmupxa) morpedHOCTE K ochopHBIM
yI00OpeHUI0 HEYKIOHHO PacTeT ¢ KaxIbIM IofoM B cpenHeM 2,5%. A 3To cocTaBiseT
1 mmH ToHH 100% P05 B cpenneM. M3BecTHO, 4TO MUHEpanbHBIE YI00OpEeHHS UTPAIOT
BKHYIO POIb JUISl IIOJYYEHHsS BBICOKHX ypO)kaeB, MpuMepHO 55% ¥ cokpauieHus
3HAYUTE/IBHBIX 3aTpaT Ha 4eloBedeckHH Tpya. Oxnako He Bce BHIBL (oOC(aTHOro
CBHIPbSl MOAXOJAAT K TepepadoTke ¢ ILEeNbl IOJYYEHHs KOHIEHTPHPOBAHHBIX
tdbochopueix ymoOpenuii kak ammodoc, aumammodoc, TpPocTOH W BOHHOH
cynepdocdar, a Takxke NP u NPK-ynobpenus Ha ux ocHoe. [{ng 3Toro HeoOXoaumo
(occeipbe ¢ copepkanueM He MeHee 32% P,Os, M3 KOTOPOro MOXHO MONYYHTh
moboe  docdopHoe yaoOpeHHE € XOPOIIHMH  TEXHHMKO-3KOHOMHUYECKHMHM
nokaszatensMu. OJHako, Takue BUJABI CBHIPbS HCYEPINBIBAIOIS, W J00BIYA HX
CTaHOBHIIS BCE CIIOKHEE WM IOpoxke rof 3a rogoM. Ilostomy B Mupe HaOmiomaels
TEHICHLMS OpPHEHTHUpOBaThci npousBogurened ¢ocdopHblx ynoOpeHuil Ha
nepepabOTKy HH3KOCOPTHBIX, 0c0o0eHHO kapOoHaTHO-(hochopuroBeix pyn (15-20%
P,0s5), 00BbeM KOTOPBIX COCTABISET JIB€ TPETH MHUPOBBIX 3aMaCOB.

B onanHOH cHTyauMu anbTepHATHBOH K TPagUUHOHHBIM  (ochOPHBIM
yI00peHHsIM  MOXHO OTHecTH ammodocdaTHoe yaoOpeHHe, IOTydaeMoe
NPaKTHYECKH M3 HH3KOCOPTHBIX KapOOHaTHBIX 3epHHCTBIX (14-18% P,Os5) wu
acToBeIX (hocoputor (18-22% P,0s).

JlabopaTopHBIe HCCIEAOBaHHS MO IONy4eHHI0O aMMo(poc(haTHBIX yA0OpeHHi
OBLIM IpOBeNCHB! B Ta00OpaTOPHBIX YCIOBHIX Ipu TemnepaTtype 60°C B TeueHue 30
MUH. B kadecTBe CBIpbs OblIa HCIONB30BaHA psanoBas gocpopurosas Myka (POM) -
orxon Koi3puikymckoro oboraturensHoro kommiekca cocrasa (Macc. %): P2Osqary, -
17,20; CaOgp, - 46,22; MgO - 1,75; Fe;O; - 1,05; ALO; - 1,24; F-2,00; CO;, - 16,00,
H.0. - 7,69 n skcTpakimonnas hochopHas kucinoTa coctasa (Bec. %): 20,5 P,Os; 0,28
Ca0; 0,66 MgO; 0,51 Fe,0;; 0,80 Al,Os; 2,98 SO;; 1,05 F; 0,1 Cl. BapsupyeMbiMu
napamMerpamu OputH pH kucmoTe! oT 1,2 1o 2,5 1 MaccoBoe COOTHOLICHHE YaCTHIHO
amMmoHu3upoBaHHoii D®K k POM or 100:15 no 100:50. Ilpu B3aumozeiicTBuu
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(ocarHOro CHIPESI € YACTUYHO AMMOHU3HPOBAHHOH (ocopHOH KHCIOTOI
MPOTEKAIOT CIECAYIOMINE PEaKITHH:
C30+2H3P04—)Cﬂ(H2P04)2+H20 H CaO+H3PO4—>C3HPO4+H20

ITpu 30-muuyTHOM B3aumozeiicTBuu npu temneparype 60°C Mbl Habmogaem
cllelylolHe 3aKOHOMEPHOCTH IS BCeX BHJOB HCCIEIOBAHHBIX (OCHOPHTOB: ueM
Hiwke pH kucnorsl u Beime cootHomenue D®OK : POM, tem OGonblue 3HaueHue
CTENEHH JIeKapOOHHU3aIHH ChIPhS.

B censckom  XosgiicTBe  HamOonee IeHHBIMH  (ocdopcoaepamiuMu
yIOOpeHUAMH CUMTAIONA T€, B KOTOPBIX PyOsuom : P2Oseey. cocTaBiser 50 u Oomnee
MPOLICHTOB. Y CTAHOBIIEHO, YTO ONTHMAIBLHBIMH 3HAYEHHSIMH MOXHO cuMTaTh POM
pH D®K - 1,2-2,0; DK : ®C =100 : (15-35) cocraB ynobpenuii (macc. %): P2Osqu
- 33,58-41,36; P,0sy, 1o muMm. kuc-te - 28,44-40,78; P,Os,, 1o tpun. b - 22,85-
35,78; PyOsgomn. - 18,31-31,76; CaOyy, - 14,11-24,78; CaOy,, - 10,32-17,35; CaO,,y,.
- 5,18-7,69; PyOsys. mo muM. K-T€: P2Osesn - 84,69-98,60; PrOsy, 1o Tpui b:
P20505m_ - 68,05-86,51, PZOSBonH. . PZOSOBLT-L - 54,53-76,79, N- 2,73-5,16 HPO‘-IHOCT])
rpaHyIn ynoOpeHuii coctapnser He MeHee 3 MIla.

Takum oOpa3soMm, TpOBeIEHHBIE HCCICJOBaHHMA  JOKa3aJd MOIYy4UTh
KOMIUIEKCHOTO arpoXHMMHKaTa, ammodocdarta, H3 HH3KOCOpPTHOro (ocopura
Keizpimkyma. Ilomydennele mpoaykra coorBeutByior TY Ne 113-08-552-84, rme
ammoddocdar u3z dpocdopuros Kaparay conepaxur 39% P,0s u 5% N.

HKKWJIAMYY XUHOJIMH AMUHIAPUHUHI MACC CIIEKTPJIAPH
TAXJIAIHA
Kypoéanoea III.P., Huazmemos A.P.

VYpzanu oasnam ynusepcumemu,
xim_azamat@mail_ru

XWHOTHH OWpUKManapH a30TidH TeTePOLMKIMK OUPHKMAaTapHMHT MyXUM
cundnapunan oupHu xucobnaHanu. Xo3Upru KyHAa quinine, chloroquine xabu mopu
BOCUTAIIAPMHH SUTHFJIAHUINTA, capaTOHra, MHKpoOJiapra, acTMa Kacall/IATHIa Kapiu
KYJUIaHUIHO KeNMHETTAHIUTH XUHOIMH OWpUKManapH TYpIH XWl OHOJIOTHK
¢daonknapra sra SKaHIWTHAAH [Janonar Oepagd. AnaOuér MablIyMOTIapH
TaXJIWIKUAAH MablIyM O¥iau, TapkuOHuaa aMHH TYpyXJiap cakiarad OMpHUKMalTapHHHT
Ouonorux daonnukiapy HucOaTaH 0KopH O6ynumu MymxuH [1].

[llynapau wHoOaTra ofraH Xoija aMHHOIYOaMHHHHM apOMATHK allbIerujuiap
OMnaH MaxcynoTjapuH OHONOrMK (AOJUIMKMIM ypraHum Makcajuaa 4 Ta
KOHBIOTaTJIAPHUHT HKKH OOCKHYIH CHHTE3H YTKa3sHian [2].

CuHTE3 KWIHO OIMHTaH MOANaIapHUHT Ty3yaumu UK, 'H Ba °C sIMP ycymiap
épmamuga WUCOOTIAHOH XaMla YIApHHHT MacC CHEeKTplIapd TaxXJIHIH MOJEeKYJIsap
HOHNapaaH Ttawkapu 265 Ba 219 wonnu dparmentnapuy HucOataH Oapkapop
IKAHIMIMHY Kypcatau. bus Oyuu 2- [4°,5°-Metunenaunokcu-2'-(N-3"’-ruipokcu-4"" -
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AHHOTALIUA

H3yqen npouecc nepepadoTki MuHepann3osanHoi Maccel (MM) docdoputor LienTpansieix Kei3blikyMoB oTX01a
Kei3buikymckoro ocopuroBoro kKoMOHHATAa SKCTpPakUHOHHOH (ocdopHoil kucnotoi (DPK), neiitpanuzoBaHHOI
ammuaxoM ¢ pH ot 1,2 no 2,2. [1pu 3ToM MaccoBO€ COOTHOLIEHHE YaCTHYHO aMMoHu3upoBaHHoi DK x MM Bapeupo-
ganu ot 100 : 15 no 100 : 50 npu Bpemenu B3aumoaeicTBiu 30 Mun 1 Temneparype 60 °C. YcTaHOB/IEHO, 4TO 4€M HHKE
3Hadenne pH DOK 1 HizKe MaccoBOro COOTHOLIEHHE HaCTHYHO aMMOHH3HpoBaHHOH (HA) DK x MM, Tem HusKe 3HAYCHHS
OTHOCHTENBHBIX YCBOSEMBIX H BOAHEIX thopM P20s. B ces3u Toro, 4To 11 pacTeHHii HeoOXOIHMO HCNIONE30BATE YA0OpPEHHS
He HHKE OTHOCHTENBHOI BoHOI popmel P20s 50% ontumanbHEIMH 3HaYeHHAMH MOsHO cyutate pH HADDK - 1,2-1.5;
YADOK : MM = 100: (15-30). Coctae yaobpenuii (Mmacc. %): P2O0sosu, - 34,43-40,06; P2Osyes. 110 M. K-Te - 28,11-36,34;
P20syes. o Tpui. B - 23,59-31,95; P20sy0 - 18,50-27,98; CaOggyy - 12,76-19,96; CaOyq - 9,74-14,22; CaOyoy - 3,78-5,51;
P20syes. 10 M. K-Te: P2Ososn. - 81,64-90,71; P2Osyes. 0 TpHI. B 1 P2Ososin - 68,52-79,76; P2Osuom : P2Ososie - 53,73-69,84;
N- 2,97-4,48. IlpounocTs rpanyn yaoOpenuii cocrasnseT e meHee 3 MIla.

ABSTRACT

The process of processing the mineralized mass (MM) of phosphorites of the Central Kyzylkum from the waste of
the Kyzylkum phosphorite plant with extraction phosphoric acid (EPA), neutralized with ammonia with a pH of 1.2 to 2.2, was
studied. In this case, the mass ratio of partially ammoniated EPA to MM varied from 100 : 15 to 100 : 50 at an interaction
time of 30 min and a temperature of 60°C. It has been established that the lower the pH value of EPA and the lower the
mass ratio of partially ammoniated EPA to MM, the lower the values of relative digestible and aqueous forms of P20s.
Due to the fact that for plants it is necessary to use fertilizers not lower than the relative aqueous form P20s of 50%, the
optimal values can be considered pH of partially ammoniated EPA - 1.2-1.5; partially ammoniated EPA: MM = 100: (15-30).
The composition of fertilizers (wt.%): P2Osio - 34.43-40.06; P2Os4e. according to citric acid - 28.11-36.34; P2Osgee. EDTA -
23.59-31.95; P20syq. - 18.50-27.98; CaOyor. - 12.76-19.96; CaOgee. - 9.74-14.22; CaOyq. - 3.78-5.51; P20sqeg. by citric acid:
P20510t. - 81.64-90.71; P2Osgee. by EDTA : P205tot. - 68.52-79.76; P20saq. : P2Osior. - 53.73-69.84; N- 2.97-4.48. The strength
of fertilizer granules is at least 3 MPa.

Karouessie cnoBa: hocdopHT, skcTpaknuoHHas GocopHas KHCIOTA, MHHEPATH30BAHHAS MACcCa, YaCTHIHAS AMMO-
HH3a1Hs, aMModocar.
Keywords: phosphorite, extraction phosphoric acid, mineralized mass, partial ammonization, ammophosate.

Kax u3BectHo Kbibuikymckue docoputsl MecTo-
poxnennii [[epoii-Capnapa, Ceepublii [ixeTbiMTay,
Tamxypa n Kapakara B orimune ot cBonx ananoros Ce-
BepoadpukaHckux (ocdoputos u ochopuror Bmmxk-
Hero BocToka 3HAYHTENREHO OTIHYAIOT TIO CICHU(HKE 1
TEKCTYpE MHHEPATBHBIX COCTABMAIONIMX H X PAcToNo-
JKEHHEM B camoii mpupoanoii pyae. Pyaa B ocHOBHOM
COCTOMT H3 TPeX BHJIOB MHHEPAJoB: (ochaTsl H3 MOp-
CKMX (payHOB, KaIBIIUT C TPEMsI PA3HOBHIHOCTIAMH — 3H-
JIOKANBINT, K30KATBIHT M H30MOPHHO3AMEIICHHEIIH;
TIHHHCTBIE MHHEpANbl, 3TO THApocmoasl (21-87%
¢dpaxmun), MoHT™MopHmnonnTa (0-86%) M KaonMHHUTA
(2-15%) [1-3]. HUcxons U3 3TOro MpeICTAaBICH MHHE-
pansHbIit (Mac.%): dpaHkomHT — 56,0; KanemuT — 26,5;
kBapi — 7,5 - 8,0; THIpOCTIONNCTEIE MEHEPANEI ¥ TTONIE-
Bele mmnatel — 4,0 - 4,5; tunc — 3,5; retur — 1,0; neoaur
< 1,0; oprannueckoe BemecTBo — okono 0,5 1 xuMude-
ckuil coctas (Mac.%): 16,2 P20s; 46,2 CaO; CaO: P20s
= 2,85; 17,7 COy 0,6 MgO; 2,9 (Fe,03+ALOs); 1,5
(K20+Na,0); 2,65 SO;; 1,94 F; 7,8 HepacTBOPHMOTro

ocTaTka ycpeJIHeHHOii npodsl doctopura [3]. M3 npak-
THKH H3BECTHO, 4TO TAKOE CHIPHE HHKAK HE MOJUIAeTCH
000raiieHHIo U MOTyYHTh HA €0 OCHOBE CTaHAAPTHBIX
ocdopubx ynobpennii kak ammodoe, auamMmodoc,
npocToii u ABoiHOM cynepdocdar co 3HAKOM KayecTBO
[4]. TlonbITKH 0OOTAIIEHHS CHIPLS XHMHYECKHM METO-
JIOM JUTA y7ianeHus kKapboHaTOB B BH/C HHTPATOB, XJI0-
PHIOB H AIeTaTOB KalbIlHsA HE BRIILTH M3 maGopaTop-
HBIX pamMKkoB. Hanpumep, B pabote [5-7] npemnaraercs
pasnoskenne  Kwissukymckoro  docdopura  HNO;
58,78%-Hoill KOHIEHTpanuu Tpu e¢e HopMe oT 40 10
60% B mepecuete Ha Ca0. O6paboTky dochaTHOro ChI-
pbs (®C) a30THOI KMCIOTOI NPOBOHIN B TeueHHUE 25-
30 mun npu 40°C cornacHo ypaBHEHHIO:

Cas(PO4);F+CaCO3+8HNO; =
4Ca(NO3)+Ca(H2PO4):+CaHPO4+HF+CO2 + H20 (1)
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Iocne pasnoxeHHA NMONTY4YEHHYIO HHTPOKATbIHIi-
tocdaTHyIo mynemy penynsnuporamy 5-20%-HeIM pac-
TBOPOM HHTPaTa KanbLHsA NPH PA3THYHLIX BECOBBIX CO-
oTHowmeHuax @C:pacteop Ca(NOs), = 1:(2-3) B Teue-
HHE 3-4 MHHYT.

3ateM HuTpoKanbuuiidocdaTHEIH pacTBOp aMMo-
HH3HPOBAIHN ra3000pa3HEIM aMMHAKOM JI0 3HaueHHs pH
3, g mpeAoTBpaIeHus noTep BogopacTsopumoii PoOS5
B MoHOKanbimitdocdare (Ca(H2PO4),):

Ca(H2POy): + Ca(NOs); +NH3=2CaHPO4 +2NH4NOs (2)

Jlanee npoHCXOAUT paseieHHe PEaKLHOHHOM Cyc-
NEH3HH Ha KHAKYK H TBepAylo (assl pasie/iuiM myTeM
(uIbTpaLMy ¢ nocaeayromei OTMBIBKOH HHIpaTa Kallb-
s
B pesynsrarte odpasyercs docdokonueHTpar ¢ co-
nep:xandeM P20s 25,90-26,11%; CaO 39,94-41,13%:;
C022,29-2,34% Ca0: P»0s = 1,53-1,59 u cTeneHsio oT-
MBIBKH 96,52-98,92%Ca(NO3)>.

Onnako, Handonee TY4IIHM METOJ0M 00OrallcHHA
kapOoHATHBEIX (OCHOPHTOB SBIAETCA TEPMHYECKHI,
410 ¥ ObL10 BHeApeHo B 2001 r, a nanee ObUI0 MOJIEPHH-
3uposaHo B 2007 n 2014 rr na KeismkymckoM ocdo-
puroBom xomOunare (K®K). Cxema BIoHaeT cyxoe
IPOXOYEHHE, OTMBIBKA OT XJI0pa, MOKpoe obeclulamMbl-
panne U yganenne CO; merogom obxwura mpu 950-
1000 °C [4].

OaHako, HEIHE AEHCTBYIOLIYI0 TEXHOIOTHIO 000ra-
wenns Ha KOK Henb3s cYMTATh paMOHAIBHOIM, T.K. B
cxeme 00OraleHns NOBbILICHHe KOHUeHTpaunn P2Os B
MBITBIH 000CKeHHBIH KoHueHTpar (MOK-26% P20s)
Beero Ha 8.42% no cpaBHEHUIO ¢ ero KOHIIEHTpaLHeii B
nexonuoii pyne (17,.58%) npoucxoaut Ha doHe 3HAYH-
TenbHoit notepu P20s ¢ xBoctamu oforauienus co cra-
TycoM «3abanancoeas pyaa» (134,77 teic. T P20s nmm
42% ot ucxomnoro P>Os B pyne). M3 uux 9,6% npouc-
XOJIUT TIPH CYXOH COPTHPOBKE HA IUIOIIA/IKE PYIOKOH-
TponsHOU cranuuH, 28,3% mpH THAPOCOPTHPOBKE H
4,1% Ha cTagMsAX cyIIKH A oOikura. JTo, COOTBET-
CTBEHHO, MHHepanusoBaHHas macca (12-14% P,Os),
mtamoBelii ocdopur (10-12% P20s) u neineBnaHas
¢pakuus (18-20% P20s). Ha ceropnsmmnii aens yie
HAKOIUICHO CBhille 14 MIH. T MHHEPAIH30BaHHOI
Macchl H 6onee 4 MiH. T mtamoBoro ¢ocdopura. Oa-
HaKo oTcyTcTBYeT 3(eKTHBHAsA TEXHOIOrHA oborailie-
HHUA H nepepadoTka 0TX0AHBIX (oc(OPUTOB B rOTOBLIE
yao0peHus.

B nanHO# cHTyaunH albTepHATHBOH K TPaJHLIHOH-
HBIM (ocOpHBIM YIOOPEHUAM MONKHO MPHIATATBCS K
TEXHONOrnH amMMopocdara, mpHeMIeMas MPaKTHICCKH
BCEM BHJIaM CHIPbS KaK HH3KOCOPTHBIM KapOOHATHEIM
sepraucTEIM (14-18% P20s), Tak n nnactoBemM (ocdo-
putam (18-22% P,0s).

Texnonorus ammodocara Ha ocHoBe (ochopHTOB
Kaparay 0b1a BHeipeHa Ha [xamOynbckoM cynepdoc-
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tatHoM 3aBone B Kazaxcrane, Ha YapIkoyckoM XHMH-
9eCKOM 3aBof¢ B TypKMeHHCTaHe, H Ha ATIMAIIBLIKCKOM
XHMHYECKOM 3aBoje B Y306ekucrane. Ha banakoeckoM
I10 «Munynobpennsa» B Poccun nannsiii crioco0 BHE-
peH ¢ IpHMEHEHHEM XHOHHCKOTO aNaTHTOBOTO KOHLIEH-
tpata. Cornacuo TY Ne 113-08-552-84 ammodocdar uz
tdocdopuros Kapatay comepixur 39% P.0s u 5% N.
AmmodocdaT Ha OCHOBE AMaTHTOBOTO KOHIIEHTPATA CO-
nepsxut 47.0% P20su 8.4% N.

[No nanHOIi TEXHONIOIHH COKPAIIAETCs ChIPhEBLIE U
JHEPreTHYECKHE PECYPCHI: CEePHOIl KHCIOTHI — Ha 15%,
ToIHBa — Ha 15%, docdaTHoro ceiped — Ha 2%. Yiyu-
maercs SKoIorHdeckas oOCTAHOBKA IIPOH3BOIACTBA 3a
cueT cokpamenus Ha 15% oTxona docdorunca, npak-
THYECKH NOJTHOH THKBHIALHY IOTEPh aMMHAKA. 3aMeHa
15% P»0s docdoproii kucnorsl Ha P>0s docdopura B
aMmodocdare OPHBOAHT K MONOKHTENLHBIM TEXHHKO-
JKOHOMHYECKHM [OKA3aTeIAM.

Llens HacTofmero MccleJOBaHHUA MOKa3aThb BO3-
MOJKHOCTb NepepaboTKH 3abanaHcoBOil pydsl B aMMo-
tocdarHoe ymodpenne 3xcTpakunoHHOH (ochopHoi
(DDK), HeHTpanH30BaHHOH AMMHAKOM.

JlabopaTopHble HCCIETOBaHHA M0 NONYYEHHIO aMm-
MmodochaTHEIX yA00peHHil ObLIH IpoBeIeHE B Tadopa-
TOPHBIX YCIOBHAX NpH Temnepatype 60 °C B Teuenne 30
MHH. B kadecTBe chIpbsa OBLIa HCIIOIb30BaHAa MHHEPAIH-
3oeanHas Macca (MM) — orxox Kenieiikymckoro obo-
raTHTEILHOrO KOMILIeKca coctaBa (Mace. %): P20sosuw —
14,68; CaOosuw. — 40,80; MgO — 0,53; Fe:0s — 1,37;
AlLOs - 1,17; F-1,85; COz — 12,80, n.0. — 11,89 u sKc-
TpakuHoHHas QocdopHas KHCIOTA cocTaBa (Bec. %):
20,5 P20s; 0,28 CaO; 0,66 MgO; 0,51 Fe:Os;
0,80 Al>Os; 2,98 SOs3; 1,05 F; 0,1 Cl. BapeupyembsiMu
napamerpamu Obuin pH kucnorst ot 1,2 no 2,0 1 macco-
BO€ COOTHOIIEHHE YAaCTHYHO aMMOHH3ipoBanHoH DDK
(HAD®K) k MM ot 100:15 no 100:50. Bpema B3anmo-
neticreug 30 mun Temnepatypa 60 °C. Ilpu B3anmoneii-
cTBUH (POC(HATHOTO CHIPHS C YACTHYHO AMMOHH3HPOBAH-
HOi (ocdopHOil KHCIOTOH NPOTEKAOT CIEAYIOIIHE
peaKIiu:

CaO+2H3P04—Ca(H2PO4)>+H20 1
CaO+H3P0Os—CaHPO4+H,0

ocne 3aBepiueHns IPOLECCA PA3I0KEHHS PeaKLH-
OHHYI0 MacCy NOJABEPIIH CYLIKE HOPH TeMIEpaType
85-90°C ¢ oAHOBpeMEHHBIM IPaHYJIHPOBAHHEM METO-
IOM OKaTbiBaHHA. BeicyuenHble o0pasusl yao0peruit
AQHAIM3HPOBAIMCE HA COACPIKAHHA PasIHYHBIX (OpPM
P05, CaO u azota cornacuo Metomuke [10]. YcBosemyio
topmy P20s onpepensnn mo pacTBOPHMOCTH Kak B
2 %-noit mMaMoHHOI Kucnote, Tak 1 B (.2M pactope
TpunoHa b, yesosemyio ¢opmy CaO — TonbKo 1O THMOH-
HOM KHCIOTE. A30T OMPEENsIH JHCTHIIISIHOHHEIM
merozoM Ha konbe Kuenpanes. Pesynsrarsl ueeneno-
BaHHI{ IPHBE/ICHEI B TabIHIIE.
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Tabauya 1.

Cocrap ammodocdaTHLIX y100peHHii Ha ocHOBe aMMoHH3HpoBaHHoii D®K n MM

Maccogoe XumHYecKHii cocTaB BRICYHIEHHOTO NPOAYKTA, Y%
COOTHOIIEHNE pﬂnnoii:“b] 100}) [__imﬁ oni-‘“' P205ycn. CaO“,m.
HAIDK : | wems | cycmen |P2O%m: B2% | m002M. | POsuar [CaOutm| 27 |CaOun | Mol
MM KHCI0TE TpuB KHCJI0Te
1 2 3 4 5 6 7 8 9 10 11
YactiuHo ammoHM3HpoBanHas 10 pH = 1,2 DOK (P,05-17,35 %, N-1,86 %)
100:15 221 2,89 40,06 36,34 31,95 27,98 | 12,87 | 10,04 | 5,51 3,62
100 : 20 2,36 3,19 38,25 33,82 29,31 25,04 | 1585 12,16 | 5,25 3,38
100:25 2,67 346 36,58 31,34 27,01 22,13 | 1791 | 13,36 | 4,99 3,07
100 : 30 2,94 3,67 35,04 29,12 2431 19,28 | 19,96 | 14,22 | 4,56 297
100 : 35 3,31 3,74 34,11 27,57 22,08 16,84 | 21,87 | 1525 | 3,97 2,58
100 : 40 3,45 4,03 33,07 25,29 19,78 13,78 | 2349 | 1554 | 3,40 247
100 : 50 - 4,47 31,34 21,94 17,26 9,39 |2648 | 16,35 | 2,64 224
Yactuano ammonusuposannas 1o pH = 1,5 DOK (P20s5-16,74 %, N-2,13 %)
100:15 2,56 3,23 39,71 35,62 31,24 27,29 | 12,76 | 9,74 5,14 | 448
100 :20 2,85 3,32 37,69 32,80 28,59 2398 | 1563 | 11,69 | 4,92 3,99
100 :25 3,33 3,57 35,56 30,03 25,76 20,79 | 17,68 | 12,74 | 4,57 3,76
100 : 30 3,57 3,89 34,43 28,11 23,59 18,50 | 19,88 | 13,66 | 3,78 3,45
100 :35 - 4,23 33,58 26,62 21,40 15,82 | 21,70 | 14,35 | 3,32 3,17
100 : 40 - 4,46 32,51 24,17 18,94 13,22 | 23,34 | 1483 | 2,88 298
100 : 50 - 4,81 30,81 21,18 16,73 8,78 26,29 | 1560 | 2,01 2,57
Yactuuno ammonnsuposantas 1o pH = 1,7 DOK (P205-16,49 %, N-2,27%)
100: 15 2,89 3,30 38,87 34,38 30,27 26,24 | 12,67 | 9,34 459 | 4,79
100 :20 3,29 3,62 36,78 31,55 27,34 22,59 | 15,56 | 11,21 | 431 4,36
100:25 3,58 3,84 35,04 29,20 25,11 19,62 | 17,59 | 12,26 | 3,46 | 4,01
100 : 30 - 4,17 33,73 27,04 22,53 17,34 | 19,64 | 13,03 | 3,06 3,64
100 : 35 - 4,38 32,42 24,94 20,27 14,52 | 21,60 | 13,75 | 2,61 3,37
100 : 40 - 4,65 31,56 2291 18,11 11,98 | 23,22 | 14,17 | 2,18 3,21
100 : 50 - 4,89 30,42 19,88 15,91 8,42 | 2585 | 14,67 1,72 2,73
Yactiuno ammoHu3upoBanHas 10 pH = 2,0 DOK (P,05-16,07 %, N-2,50 %)
100:15 3,16 3,73 37,34 32,46 28,44 2454 | 12,54 8382 4,10 5,20
100 : 20 3,67 3,99 35,62 29,83 25,88 20,94 | 1541 [ 10,53 | 3,66 | 4,67
100:25 3,87 4,24 33,76 27,24 23,33 18,12 | 1744 | 11,36 | 2,61 435
100 : 30 - 4,61 32,56 2527 21,27 15,82 | 1947 | 12,12 | 2,24 | 4,05
100 : 35 - 4,78 31,48 23,34 19,07 13,02 | 21,38 | 12,79 | 1,71 3,86
100 : 40 - 4,97 30,73 21,45 17,29 11,01 | 23,06 | 13,08 1,43 3,52
100 : 50 - 5,35 29,62 18,43 15,23 7,63 | 25,66 | 13,25 1,07 3,19
Yactuano ammoHu3uposanHas 1o pH = 2,2 DOK (P20s5-15,72 %, N-2,70 %)
100:15 3,37 3,71 36,05 30,91 27,25 23,01 | 1244 853 3,75 547
100 :20 3,89 4,15 34,72 28,70 2491 20,01 | 1528 | 997 3,12 5,12
100 :25 - 4,52 33,09 26,24 22,64 17,23 | 17,23 | 10,74 | 2,36 | 4,70
100 : 30 - 4,73 32,13 24,42 20,76 14,19 | 19,29 | 11,33 1,84 | 448
100 :35 - 4,99 31,15 22,66 18,61 12,05 | 21,20 | 11,88 1,41 4,19
100 : 40 - 5,21 30,28 20,51 16,83 9,56 | 22,85 12,37 1,14 3,84
100 : 50 l 574 | 2915 17,52 14,74 7,10 |2553 | 12561 | 0,77 | 3,51
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Kak Buano u3 Tabmuue! npu 30-MHHYTHOM B3aHMO-
aeiicTeun npu Temneparype 60°C Me1 Habmiogaem cre-
IYIOLIUE 3aKOHOMEPHOCTH UL BCEX BHIOB HCCIIEI0BAH-
HEIX (hocopuToB: yeM HHKE pH KHCIIOTEH H BBIIIE CO-
oTHomeHHe YADDK : MM, Tem

Oonbllic 3HAYECHHE YCBOAEMBIX M BOJHBIX (opm
docdopa. [lng yeranosnenne sausaus pH HADDK na
OTHOCHTENBHBIX YCBOSEMBIX IO JIHMOHHOH KHCIIOTe,

Tpunony b n Boauex dopm P:0s5 MaccoBoe cooTHOMIE-
Hue 100:15; 100:20; 100:25; 100:30; 100:35; 100:40 u
100:50 ycnoBHo o6o3Haunnu aenerueM 100 Ha 15-50
Kak 6,67; 5,0; 4,0; 3,33; 2,5 u 2 cooTBeTCTBEHHO (pHC. |
# 2). OT™MeTHM, 9TO BEpHBIE 5 KPHBLIC MPHHAMNEKAT OT-
HOCHTENILHEIM ycBoAeMbIM topma P20s mo numoHHO#
KHCJIOTE, 4 HHKHEE — TPHIOHY B.

L 100
- ——1,2
E 920 —— ],2
E c\i 80 ——15
2w
i s
E ; ——1,7
S 2 60
E _g_ 1,7
E 50 -2
——2
© 40
1 3 5 7 %22
MaccoBoe cooTHomenne YAIDK: MM ——2,2

Pucynok 1. Bauanue pH YAIDK u maccosozo coomnowienue YAIDPK k MM

H3 pucynka crenyert, uto yemmueHne pH u cHmke-
HHE MACcCOBOTO COOTHomeHue ot 6,67 mo 2,0 cnocob-
CTBYET CHHKEHHIO OTHOCHTENEHBIX YCBOSIEMBIX (pOpM
docdopa ot 90,71 no 60,01 uot 79,76 no 50,57% co-
OTBETCTBEHHO TIO IMMOHHOH KHCIOTE M TpHnoHy b.

Toraa kak OTHOCHTeNbHAs BoAHas opma P>Os cHu-
skaetes ot 69,84 10 24,36%.

B cembckom xo3stiicTBe HanGonee neHHBIMH docdop-
COJIEPKANIMH YI00PSHHAMH CHHTAIOTCA T€, B KOTOPBIX
P205somm. : P2Ososu, cocTanser 50 u Gonee nporenTos.

80
70
60

20
10

OrHocuTenbHas BoAHAA (popma
P205,%
[7¥] = h
S = =

(5]

th

Takum o00pa3oM ONTHMATHHBIMH  3HAUCHHAMH
MoxHO cuntath pH YADOK - 1,2-1,5; YADDK : MM =
100: (15-30). Cocrae ynobpenuii (Macc. %): P2Osqsu. -
34,43-40,06; P;Osy., mo mum. k-Te - 28,11-36,34;
P20syes. o TpuL. B - 23,59-31,95; P20sgou. - 18,50-27,98;
CaOggu, - 12,76-19,96; CaOyes. - 9,74-14,22; CaOuops. -
3,78-5,51; P20syes. mo mum. K-Te: P2Osou. - 81,64-90,71;
P2Osyes. mo TpHIL. b 1 P2Ososn. - 68,52-79,76; P2Osson. :
P20so6. - 53,73-69,84; N- 2,97-4,48. [IpodHOCTb TpaHyn
ynobpennii coctaBnseT He MeHee 3 MIla.

——1.2

——15

——17

-2

——2.2

MaccoBoe cooTHomeHne YADDK : MM

Pucynox 2. Biuanue pH YA3IPK u maccosozo coomnuouienue YAIOK k MM
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Takum 00pa3oM, HA OCHOBE IOJIYYEHHBIX JAaHHBIX npouecca XMMHYECKOro Bzaumoeiicteus MM docdo-
MOKHO 3aK/IFOUHTE, 4TO MHHEPATH30BAHHAS MACCa, IIPH puros LIK ¢ uactuuno ammonuzuposannoii DK noka-
Hal{/ICHHBIX ONTHMATIBHBIX YCIOBHAX XOPOILIO MOJUIA- 3a7M BO3MOKHOCTE MepepaGoTKH BEICOKOKAapOOHH3HPO-
€TCs XUMMYECKOIl aKTHBALMK ¢ 00pa3oBaHueM yCBOse- BAHHOTO U HeoGoraweHHoro (pocdaTHoro ChIpss ¢ Mo-
MBIX KanbieBodochaTHsIx coenunennii. Uccnenoanus Jy4eHHEM YI00peHHS, CONEPKAIIEr0 B CBOEM COCTABE

a30T, dochop K KalbLHId.
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ABBREVIATIONS
MM — mineralized mass

EPA — extraction phosphoric acid
CK — Central Kyzylkum

PR — phosphate raw

PAA — polyacrylamide

EA — ethylalcohol

tot — total
S —solid phase
L — liquid phase

KPP — Kyzylkum phosphorite plant

WCC — washed calcined phosphorous concentrate
WDC — washed dried phosphorous concentrate
avb — available

usb — usable

agq — aqueous

MCP — monocalcium phosphate

OES - optical emissions spectroscopy

ICP — inductively coupled plasma

SBDG - spray-boiling dryer granulator

TPA — thermal phosphoric acid

OPR - ordinary phosphate rock

PF — pulverized fraction

CEC — chemically enriched phosphate concentrate
IR — infra red

PAEPA — partially ammoniated extraction phosphoric acid

rpm — rotation per minute
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