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Abstract. Phosphate salts of calcium, ammonium, magnesium, etc., obtained by processing 

natural phosphate raw materials, are usually used as phosphorus-containing fertilizers. Known 

are single-component fertilizers based on calcium phosphate salts (simple, enriched and double 

superphosphates, thermal phosphates) and complex fertilizers based on ammonium and calcium 

phosphates. 
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Introduction. In the countries of Central Asia, nitrogen-phosphorus fertilizers (ammophos 

and ammophosphate) were mainly produced based on Karatau phosphorites. 

Note that it is impossible to obtain double superphosphate from them, since its production requires 

extraction phosphoric acid (EPA) with a concentration of 30-54% P2O5.  

EPA obtained from phosphorites of Karatau, Kingissep, Maardu and Central 

Kizilkum due to the content of higher amounts (than apatite) of impurities of magnesium 

and other elements is partially neutralized and the degree of decomposition of secondary 

phosphate in EPA, containing 21-30% P2O5, is very low. In addition, developed methods 

for concentrating EPA [1-4] were not used to produce concentrated single phosphorus 

fertilizers. Therefore, more than 50% of the total volume of phosphorus fertilizers consisted 

of ammophos and ammophosphate. 

Ammophos is a nitrogen-phosphorus fertilizer [5-8], mainly consisting of 

monoammonium phosphate, diammonium phosphate, ammonium sulfate, iron and 

aluminum phosphates and other components. In terms of the content of active ingredients, 

ammophos is one of the most concentrated fertilizers. For its product ion, the following 

types of technological schemes are used [9-11]: 

-based on the neutralization of unevaporated (20-30% P2O5) extraction phosphoric 

acids with subsequent dehydration of the suspension in dryers (spray, drum or fluidized 

bed); 

-based on the neutralization of unevaporated (20-30% P2O5) phosphoric acid, 

followed by evaporation of the ammophosphate suspension, granulation and drying of the 

product in drum granulator-dryers (DGD); 

-based on the neutralization of concentrated (48-54% P2O5) evaporated extraction 

phosphoric acid. Moreover, neutralization is carried out in two stages, first at atmospheric 

pressure in reactors, and then in drum ammoniator-granulators (AG). There is also a known 

method for carrying out neutralization in one stage - at elevated pressure, followed by 

drying the suspension by spraying in towers (or in DGD apparatuses).  

You can give comparative characteristics of production. Thus, the consumption 

coefficients per 1 ton of production ammophos from apatite (51% P 2O5, 12% N) and 
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      Karatau phosphorites (47% P2O5, 11% N) are approximately the following: extraction 

phosphoric acid (100% P2O5) - 0.54 and 0.50 t; NH3 – 0.15 and 0.14 t; natural gas (34.8 

MJ/m3) – 28 m3; electricity 111 kWh; water 22 m3; compressed air – 60 m3. The degree of 

utilization of P2O5 reaches 96%, NH3 – 97%. 

It is easy to notice that in the production of ammophos, the cost of raw materials is about 

70% of the cost of the product. In addition, it is necessary to keep in mind the fact that 70% of 

phosphorus-containing fertilizers in agricultural production are usually applied in the fall during 

plowing. At the same time, the nitrogen contained in the raw material (about 10%) is lost in 

nitrification processes, washed out by precipitation and melt water before spring sowing [12-14]. 

UzNIIH has established that with long-term use of ammophos, the soil structure and quality of 

agricultural products deteriorate due to a lack of calcium compounds [15]. According to experts, 

along with nitrogen-phosphorus fertilizers, it is also necessary to use calcium-containing 

phosphorus fertilizers. 

However, EPA obtained from magnesium-containing raw materials Karatau is low-active 

and thickens when it is concentrated to 37-38% P2O5 [16]. As a result, it was considered unsuitable 

for phosphoric acid decomposition of phosphate raw materials. 

In EPA solutions obtained during the processing of phosphorites, along with magnesium 

compounds, there are impurities of compounds and other metals, which also have a significant 

impact on the rheological characteristics of solutions and crystallization of solid phases during 

evaporation [17]. 

The process of evaporating phosphoric acid is often complicated by equipment corrosion 

and the release of impurities. Precipitates released during the evaporation process clog the 

equipment. Therefore, to obtain concentrated acid (40-60% P2O5) from magnesium-containing 

ores, it is necessary either to purify the acid from magnesium and fluorine ions before evaporation, 

or to achieve easy filterability of the resulting crystalline precipitates [18]. 

However, EPA obtained from magnesium-containing raw materials Karatau is low-active and 

thickens when it is concentrated to 37-38% P2O5 [19]. As a result, it was considered unsuitable for 

phosphoric acid decomposition of phosphate raw materials. 

In EPA solutions obtained during the processing of phosphorites, along with magnesium 

compounds, there are impurities of compounds and other metals, which also have a significant 

impact on the rheological characteristics of solutions and crystallization of solid phases during 

evaporation [20]. 

The process of evaporating phosphoric acid is often complicated by equipment corrosion 

and the release of impurities. Precipitates released during the evaporation process clog the 

equipment. Therefore, to obtain concentrated acid (40-60% P2O5) from magnesium-containing 

ores, it is necessary either to purify the acid from magnesium and fluorine ions before evaporation, 

or to achieve easy filterability of the resulting crystalline precipitates [21]. 

It should also be noted the works in which the rheological properties of magnesium-

containing EPA from Karatau phosphorites were studied and for the first time the technological 

regimes of the process of concentration (up to 50-55% P2O5) and defluorination (0.1-0.5% F) were 

developed by introducing activating additives into the EPA, as well as the production of 

defluorinated ammonium phosphates in industrial conditions [1]. The achieved results made it 

possible to significantly expand the scope of use of concentrated EPA in the processes of producing 
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      not only defluorinated ammonium phosphates using an accelerated scheme, but also to obtain 

concentrated fertilizers such as double superphosphate [22]. 

Double superphosphate, a product obtained by decomposing natural phosphate with 

phosphoric acid, is a more concentrated phosphorus fertilizer than simple superphosphate. The 

main component of double superphosphate is monocalcium phosphate Ca (H2PO4)2∙H2O. It 

contains 42-55% P2O5, including about 90% phosphorus in water-soluble form [23]. 

The production of double superphosphate is carried out by several methods [24]: 

- Chamber method. According to this (semi-continuous) method, phosphate is decomposed 

with concentrated (evaporated or thermal) phosphoric acid (50-55% P2O5) with intense stirring. 

Chamber double superphosphate undergoes long-term (25 days) warehouse processing, after 

which it is granulated and dried. The technological scheme of this production method is similar to 

the production of simple superphosphate. 

The chamber-flow method differs from the chamber method in the absence of a stage of 

additional decomposition of the product. In this regard, to achieve a high degree of phosphate 

decomposition, easily degradable finely ground phosphorites are usually used. 

The multi-return method for producing double superphosphate eliminates the process of 

drying the pulp in a spray dryer and the evaporation of all introduced water occurs in the 

granulator, as well as in the drying drum. Repeated circulation of the retur and application of pulp 

to its surface makes it possible to obtain dense flaky granules. The disadvantage of this method is 

the presence of a larger mass of the retur, which entails an unproductive increase in the dimensions 

of the equipment, the need to use powerful transport mechanisms and excessively high energy 

consumption metals. 

Cost-effective processing of technogenic raw materials is possible by conducting 

preliminary waste mapping and developing technologies for processing individual fractions of raw 

materials in accordance with the needs of the economy based on the use of new modern methods 

and equipment, with the production of high-quality commercial products. 

Waste-free and low-waste technology is a modern direction for the development of 

industrial production. The main goal of this direction is to reduce the harmful effects of industrial 

waste on the environment. Non-waste technologies provide the opportunity for complex 

processing of raw materials, and the development of such technological processes helps. As a 

result of the development of these technologies, it is possible to use natural resources more 

efficiently, recycle industrial waste, reduce the amount of waste and reduce its negative impact on 

the environment [25]. 

Results and discussion. 

The involvement of poor high-magnesium phosphorite ores of Karatau in the production 

of mineral fertilizers, due to the depletion of richer sources, raises a serious problem of processing 

them into phosphoric acid, mineral fertilizers, etc. 

An increase in the content of magnesium compounds, sesquioxides, insoluble residue, etc. 

in the ore leads to a sharp deterioration in the technological parameters of the phosphoric acid 

extraction process. 

Quantitative change in components depending on the quality of raw materials [26] and the 

degree of phosphorite grinding determines some technological conditions for acid processing of 

raw materials. 
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      Therefore, we have studied the chemical and salt composition of phosphate raw materials 

of varying degrees of grinding. For this purpose, two samples of phosphorites from the Kokdzhon 

deposit were selected. Sample No. 1 complies with the standards of ST TOO 38515646-003-2007, 

and sample No. 2 does not comply with ST TOO and the content of particles larger than 160 

microns is 20%. Sieving and chemical analysis of these samples were carried out. 

Chemical analysis of the samples and each fraction was carried out using known methods 

[27-29], in 3-4 fold repetitions, in order to obtain reliable results. The obtained data are presented 

in table. 3.1. and 3.2. 

By studying the chemical composition (Table 2), it was established that the content of 

components in various fractions of the studied samples varies depending on the size class 

according to a certain pattern. The largest amount of insoluble residue and fluorine is characteristic 

of the fraction of phosphate raw materials, the particle sizes of which are 160-200 and more than 

200 microns. With an increase in the degree of fragmentation (grinding), the insoluble residue and 

fluorine are quantitatively reduced in the raw material, which indicates the high strength of the 

crystals and their compounds, characterized by high energy of the crystal lattice, which has a high 

specific surface energy. 

Table 1 

Chemical composition of Karatau phosphate raw materials and content 

Particles of varying degrees of grinding 

Name of samples 

Particle sizes (µm) and their content (%) 

More 200 

mkm 

160-200 

mkm 

100-160 

mkm 

70-100 

mkm 

0-70 

mkm 

Sample №1 “normal” 

(standard) grinding 
6,0 4,5 21,0 10,5 58,0 

Sample №2 

non-standard grinding 
15,0 5,0 26,0 11,5 42,0 

Chemical composition 

 Components, in% 

Р2О5 CaO MgO R2O3 Fe2O3 CO2 F 
Undist. 

remn. 

Sample №1 24,75 41,57 3,40 2,04 0,82 9,04 2,65 11,65 

Sample №2 24,53 41,76 3,50 1,92 0,86 9,23 3,75 10,46 

From the above, it can be established that small grains have a larger total surface area and 

the reaction proceeds at a high speed. Large grains, with a relatively small total surface area, react 

slowly.  

The decomposition of phosphorite larger than 200 microns occurs slowly, fewer 

crystallization centers are formed, as a result of which crystal growth occurs.  

The fraction with grain sizes of 160-200 microns decomposes a little faster and crystals of 

smaller sizes are formed.  

Due to the polydispersity of phosphorite, in all cases the rate of decomposition decreases 

towards the end of the reaction.  
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      Table 2 

Chemical composition of Karatau phosphate raw materials by size class 

Particle 

sizes, 

microns 

Components, in% 

P2O5 CaO MgO R2O3 Fe2O3 CO2 F SiO2 н.о. 

Sampe № 1 

More 200 27,05 41,25 2,95 1,24 0,75 6,71 3,27 9,00 12,0 

160-200 25,26 41,22 3,15 1,34 0,83 8,53 2,95 8,57 11,0 

100-160 25,22 41,25 3,42 1,40 0,40 9,45 2,57 8,15 10,0 

70-100 24,84 41,24 3,85 1,85 0,91 9,85 2,5 8,76 10,0 

0-70 26,05 41,22 5,53 1,88 1,01 9,00 2,42 8,39 9,6 

Sample №2 

More 200 27,21 41,85 3,10 1,10 0,76 6,96 3,26 7,88 10,86 

160-200 25,40 41,20 3,37 1,24 0,80 9,06 2,82 8,87 10,72 

100-160 26,07 41,43 3,37 1,28 0,85 9,82 2,57 8,34 10,42 

70-100 26,11 41,42 3,75 1,56 0,89 10,14 2,51 5,92 9,96 

0-70 26,18 41,42 3,60 1,76 1,04 9,86 2,51 4,99 9,16 

 

 
Fig 1. Change in the degree of phosphorite decomposition depending on the particle size over 

time. 

CONCLUSION 

The main practical results obtained during this work are: 

1. By studying the physical and physicochemical properties in the systems H3PO4 – H2O, 

H3PO4 – MgSO4 – H2O, H3PO4 – MgSO4 – NH4NO3 – H2O, the mechanism of the influence of 



 

SCIENCE AND INNOVATION 
INTERNATIONAL SCIENTIFIC JOURNAL VOLUME 3 ISSUE 1 JANUARY 2024 

UIF-2022: 8.2 | ISSN: 2181-3337 | SCIENTISTS.UZ 

 199  

 

      magnesium sulfate and ammonium nitrate on the properties of magnesium-containing phosphoric 

acids during concentration was established. It has been shown that in the presence of ammonium 

nitrate, the number of dissociated first hydrogen ions increases and the pH of the environment of 

phosphoric acid solutions decreases, which is reflected in a decrease in the heat of vaporization, 

an increase in vapor pressure and electrical conductivity, confirming the destruction of magnesium 

sulfate hydrates and changes in the physicochemical and rheological properties of EPA upon 

concentration. 
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