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ABSTRACT. The composition of phosphate rock and the impurities contained in it have a determining effect on the choice of processing technology, production 
capacity, consumption factors, properties of the final product and other important parameters. When developing methods for processing phosphate raw materials in 
target products, it is very important to study and take into account the impurities contained in it and their effect on technology. In this article, based on the summary of 
scientific and production experience and the latest researches by JSC “NIUIF”, the oldest and the only scientific & research institute in Russia on phosphorus-
containing fertilizers, the influence of impurities containing carbonates, calcium, iron, aluminum, magnesium, fluorine, chlorine, sodium, potassium, rare earths, silicon 
dioxide on process parameters of processing phosphate raw materials and properties of the final product is considered in detail. The methods of finding the optimal 
options for organizing of technological process of processing phosphate raw materials and stabilization of the quality of products are shown. 
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РЕЗЮМЕ. Съставът на фосфатната скала и съдържащите се в нея примеси имат определящ ефект върху избора на технология за обработка, 
производствен капацитет, фактори на потребление, свойства на крайния продукт и други важни параметри. При разработването на методи за преработка 
на фосфатни суровини в крайни продукти е много важно да се проучат и да се вземат предвид съдържащите се в тях примеси и техният ефект върху 
технологията. В тази статия, въз основа на научния и производствен опит и най-новите изследвания на "НИУИФ", най-старият и единствен научно-
изследователски институт в Русия за торове, съдържащи фосфор, се разглежда въздействието на примеси, съдържащи карбонати, калций, желязо , 
алуминий, магнезий, флуор, хлор, натрий, калий, редки земни елементи, силициев диоксид върху параметрите на процеса на преработка на фосфатни 
суровини и свойствата на крайния продукт. Описани са методите за намиране на оптимални възможности за организиране на технологичния процес на 
преработка на фосфатни суровини и стабилизиране на качеството на продуктите. 
 
Ключови думи: фосфатни скали, примеси, мокра фосфорна киселина, торове съдържащи фосфор, структура на гранулата, спичане, здравина на 
гранулата  

 
Introduction 

 
Phosphorus is quite a common element, its content in the 

earth's crust according to various estimates is 0.08-0.12% of its 
mass. In total, more than 120 phosphate minerals are known in 
nature, mostly chemically stable, insoluble in water and in soil 
solutions (Kopylev, 1981). The minerals of the apatite group 
are of the largest industrial value among them, as well as 
phosphorites that form large deposits. 

 
Like any natural mineral substance, phosphate rock (of 

apatite and phosphorite nature), besides the main target 
component (phosphorus, usually expressed through 
percentage of Р2О5 content), contains also various impurities: 
calcium and magnesium carbonates, compounds of iron, 
aluminum, silicon, fluorine, sodium, potassium, chlorine, 

strontium, rare earth elements, organic substances, etc. Many 
of these impurities, even after beneficiation of phosphate rock, 
have a significant influence on choosing the processing 
technology, the output of the target component, process mode 
parameters, capacity, consumption ratios of raw materials and 
energy resources and other indices. 

 
Main exposition 

 
The increased content of carbonates leads to intense 

foaming while processing phosphate rock via acidic methods, 
due to the release of carbon dioxide СО2, especially in 
combination with organic impurities. This leads to reduction of 
operation volumes of the reactors, malfunction of the pumps, 
and as a result, disruption of the entire technological process. 
In practice, it was confirmed that phosphate rock with СО2 
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content of more than 8% cannot be practically used to produce 
wet phosphoric acid (WPA) without special methods and 
means of defoaming applied (Evenchik and Brodskiy, 1987).  

 
The specific consumption of sulfuric acid in the production of 

WPA (and, consequently, the production economy to some 
extent), and also the specific rate of production waste – 
phosphogypsum, depend on the calcium content in the 
phosphate rock.  

 
The compounds of iron and aluminum (sesquioxides) are 

perhaps the most harmful impurities (especially iron), which 
largely determine the suitability of phosphate rock for acid 
processing. In sulfuric acid decomposition of phosphates with 
higher iron content, an excessive amount of sulfuric acid is 
consumed, and the recovery of Р2О5 is greatly reduced due to 
precipitation of insoluble iron phosphates (Р2О5 
retrogradation). In addition, filtration of the extraction slurry 
gets worse. Aluminum phosphates are more soluble than iron 
phosphates, and therefore, are less likely to contribute to 
retrogradation. The content of sesquioxides in phosphate rock 
is limited not by their absolute content, but by their ratio to the 
content of Р2О5. In practice it was confirmed that in phosphate 
rock suitable for sulfuric acid processing, the ratio of Fe2O3 
content to Р2О5 content should be not more than 8, that is: 

 
СFe2O3

СР2О5

	×	100	≤	8     (1) 

 
The content ratio of the sum of sesquioxides (Fe2O3 + Al2O3) 

to Р2О5 should be not more than 12 (Kopylev, 1981; Evenchik 
and Brodskiy, 1987), that is: 

 
С(Fe2O3+Al2O3)

СР2О5

	×	100	≤	12    (2) 

 
While processing phosphates by nitric acid and hydrochloric 

acid methods, the content of sesquioxides is less important 
due to its lower solubility in these acids (Evenchik and 
Brodskiy, 1987; Kononov et al., 1988), but it also leads to 
losses of Р2О5. That’s why, phosphate rock with ratio Fe2O3 to 
Р2О5 of more than 12 is also unsuitable for nitric acid 
decomposition (Kopylev, 1981). For production of thermal 
phosphates by sintering, the content of sesquioxides is not 
significant (Evenchik and Brodskiy, 1987). And the 
electrothermal method allows to process practically any 
phosphate rocks, including low-quality ones (Pozin, 1983). The 
presence of sesquioxides (Fe2O3 + Al2O3) in the slurry (when 
sulfuric acid method of decomposition of phosphates is 
applied) affects both the size and shape of generated CaSO4 
crystals, which in turn affects the washing of phosphogypsum 
(Kopylev, 1981; Kononov et al., 1988).  

 
The magnesium compounds in the sulfuric acid process of 

WPA production decrease the acid activity and increase its 
viscosity, so for this process it is recommended to use 
phosphate rock with the ratio (Kopylev, 1981; Evenchik and 
Brodskiy, 1987): 

 
СMgO

СР2О5

 × 100 ≤	7÷8     (3) 

 

While decomposing of phosphates with nitric and 
hydrochloric acid, magnesium impurities are not really 
significant. In the production of thermal phosphates, 
magnesium impurities do not cause negative effect, and they 
are even useful in the production of magnesium fused 
phosphates (Evenchik and Brodskiy, 1987). 

 
The behavior of fluorine contained in phosphate rock is of 

great importance (especially in fluorapatite-based rock). When 
the phosphate rock is decomposed by acids, fluorine transfers 
into hydrogen fluoride, which then reacts with silicon-containing 
minerals: 

 
6HF + SiO2 → H2SiF6 + 2H2O   (4) 
 

Part of the produced fluorosilicic acid is released in a gas 
phase as equimolecular mixture of 2HF + SiF4. The remaining 
amount of H2SiF6 transfers into the solution, where it reacts 
with excess SiO2: 

 
2H2SiF6 + SiO2 → 3SiF4 + 2H2O   (5) 

 
The silicon tetrafluoride is volatile and also passes into gas 

phase. Fluorine distribution between gas, liquid and solid 
phases depends on the phosphate rock processed, processing 
mode, and other factors (Kononov et al., 1988). During 
concentration (evaporation) of WPA, up to 80% of fluoride 
contained in it, is released during the gas phase. Fluorine 
compounds during processing of phosphate rock primarily 
have a negative impact in terms of increasing corrosion. In 
addition, as it will be proved later, fluorine can worsen the 
quality characteristics of the final products. 

 
Chlorine also significantly increases the corrosion of the 

equipment, therefore, for sulfuric acid processing, its content in 
phosphate rock should not exceed 0,03÷0,04%.  Impurities of 
alkali metals (sodium, potassium) form poorly soluble 
compounds of silicon fluorides Na2SiF6 and K2SiF6. This leads 
to increased clogging and deposits accumulation in the piping 
of filtering equipment, so it is preferable that the total content of 
Na2О and K2О in the phosphate rock should not exceed 
0,4÷0,6% (Kononov et al., 1988). 

 
Compounds of rare-earth elements (REE) contained in some 

types of phosphate rock (for example, in the Khibiny apatite 
concentrate there is about 1% of REE) can adversely affect the 
crystallization of calcium sulfate dihydrate, worsen the filtration 
of phosphogypsum and increase its moist content (Kononov et 
al., 1988). The compounds of cerium and strontium 
significantly slow the hydration of calcium sulfate hemihydrate 
to dihydrate (Kopylev, 1981), as a result of which the two-stage 
hemihydrate-dihydrate process for certain kinds of phosphate 
rocks becomes problematic and poorly feasible. 

 
Silicium dioxide, which is present in the form of silica and 

hardly soluble silicates and is  part of the so-called insoluble 
precipitate, in most cases has no harmful effect on acid 
processing of natural phosphates. However, its high content in 
phosphate rock can lead to increased erosion of equipment 
and create difficulties in the filtration stage (Kononov et al., 
1988). During the decomposition of phosphate rock with nitric 
acid, the presence of silicium dioxide, which is soluble in nitric 
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Impurities also have a very significant effect on 
retrogradation of P2O5 and on the content of nutrients in a 
water-soluble, assimilable and unassimilable form, though it’s a 
topic for another article. 
 
 
Conclusion 

 
In conclusion, it should be noted that when developing 

methods for processing phosphate rock into the target 
products, it is very important to study and take into account the 
impurities contained in it and their effect on the technology. 
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