
Volume 2, Issue 02, February 2024  ISSN (E): 2938-3757 

 

1 | P a g e  
 
 

PHYSICO-CHEMICAL BASIS OF OBTAINING 

DOUBLE SUPERPHOSPHATE FROM KARATOG 

PHOSPHORITE 
Sirojiddin Zoirov Saxomiddin ugli 

Termiz Institute of Engineering Technologies 
 

Abstract 

This article explores the physical-chemical processes involved in the production of Brown 

Superphosphate from Karatog phosphorite, an essential step in fertilizer manufacturing. The 

study delves into the acidulation and solubilization methods, presenting results and a 

comprehensive discussion on the efficacy of the process. 
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Introduction 

Phosphorus is a crucial element for plant growth, and its availability in soil is often limited. 

Brown Superphosphate, derived from phosphate rock, serves as a vital fertilizer. This study 

focuses on the transformation of Karatog phosphorite into Brown Superphosphate, elucidating 

the physical-chemical mechanisms involved in this conversion. 

Prior research emphasizes the significance of phosphorus in agriculture and the need for 

efficient fertilizers. Acidulation, particularly with sulfuric acid, is a common method for 

phosphate rock processing. The literature review underscores the importance of understanding 

the physical-chemical processes to enhance fertilizer production and agricultural sustainability. 

The study employed a laboratory-scale acidulation process to convert Karatog phosphorite into 

Brown Superphosphate. Sulfuric acid was utilized to initiate the reaction, and the resulting 

product was carefully analyzed for phosphate content, solubility, and other relevant parameters. 

Brown superphosphate is a type of fertilizer obtained by treating phosphorite rock with sulfuric 

acid. The process involves several chemical reactions that result in the conversion of insoluble 

phosphates in the rock into soluble forms that plants can readily absorb. Here is a simplified 

explanation of the physical and chemical basis for obtaining Brown superphosphate from 

karstic phosphorite: 

 

1. Phosphorite Composition: 

- Phosphorite rock primarily consists of calcium phosphate minerals, including hydroxyapatite 

[Ca₅(PO₄)₃OH] and fluorapatite [Ca₅(PO₄)₃F]. 

Phosphorite is indeed a sedimentary rock that is rich in phosphate minerals. The primary 

composition of phosphorite includes calcium phosphate minerals, with the two main types 

being hydroxyapatite [Ca₅(PO₄)₃OH] and fluorapatite [Ca₅(PO₄)₃F]. These minerals are part of 

the apatite group and are the major sources of phosphorus, an essential nutrient for plants and 

animals. 



Volume 2, Issue 02, February 2024  ISSN (E): 2938-3757 

 

2 | P a g e  
 
 

The chemical formulas for hydroxyapatite and fluorapatite are as follows: 

- Hydroxyapatite: Ca₅(PO₄)₃OH 

- Fluorapatite: Ca₅(PO₄)₃F 

These minerals often form in marine environments through the accumulation of phosphorus-

rich organic material, such as marine organisms' remains, over time. The presence of 

phosphorite deposits is crucial for the production of phosphorus-based fertilizers and various 

industrial applications. 

 

2. Sulfuric Acid Treatment: 

   - Karstic phosphorite is treated with sulfuric acid (H₂SO₄) in a process known as acidulation. 

   - The reaction involves the following chemical equation: 

  Ca₅(PO₄)₃OH+ 4H₂SO₄              5CaSO₄ + 2H₂O + 4H₃PO₄ 

 

3. Formation of Phosphoric Acid: 

   - The primary product of the reaction is phosphoric acid (H₃PO₄), which is soluble in water. 

   - Phosphoric acid can further react with calcium sulfate (CaSO₄) formed in the reaction to 

produce more soluble calcium dihydrogen phosphate: 

 

CaSO₄ + 2H₃PO₄              Ca(H₂PO₄)₂ + H₂SO₄ 

 

4. Soluble Phosphate Formation: 

 - The final product is a mixture of water-soluble phosphates, primarily calcium dihydrogen 

phosphate [Ca(H₂PO₄)₂] and monocalcium phosphate [Ca(H₂PO₄)₂]. 

 - These soluble phosphates are readily available for plant uptake, serving as a source of 

phosphorus, an essential nutrient for plant growth. 

Soluble phosphate formation is a crucial process in soil chemistry, particularly in the context 

of providing essential nutrients for plant growth. Phosphorus is a vital element for plants as it 

plays a key role in various physiological and biochemical processes, including energy transfer, 

nucleic acid synthesis, and root development. The transformation of insoluble phosphates into 

water-soluble forms ensures that plants can readily access this essential nutrient. 

The formation of soluble phosphates involves the conversion of less soluble forms of 

phosphorus, typically found in minerals or organic matter in the soil, into more soluble 

compounds that can be easily absorbed by plant roots. Two important water-soluble phosphates 

that result from this process are calcium dihydrogen phosphate [Ca(H₂PO₄)₂] and monocalcium 

phosphate [Ca(H₂PO₄)₂]. 

 Calcium Dihydrogen Phosphate [Ca(H₂PO₄)₂]: 

   - This is a water-soluble compound that contains calcium ions (Ca²⁺) and dihydrogen 

phosphate ions (H₂PO₄⁻). 

   - The presence of calcium is beneficial for plants as it contributes to cell wall structure, 

membrane integrity, and various enzymatic activities. 

   - Dihydrogen phosphate ions provide an easily accessible source of phosphorus for plant 

uptake. 
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 Monocalcium Phosphate [Ca(H₂PO₄)₂]: 

   - Similar to calcium dihydrogen phosphate, monocalcium phosphate is also water-soluble 

and contains calcium ions and dihydrogen phosphate ions. 

   - It serves as a readily available source of phosphorus for plants, supporting their growth and 

development. 

The conversion of insoluble phosphates to these water-soluble forms is often facilitated by soil 

microorganisms and weathering processes. Microorganisms can release organic acids and 

enzymes that break down organic matter or minerals containing phosphorus, making it more 

available for plant uptake. Additionally, weathering of minerals can contribute to the release 

of soluble phosphates over time. 

In summary, the formation of water-soluble phosphates, such as calcium dihydrogen phosphate 

and monocalcium phosphate, enhances the availability of phosphorus for plants. This process 

is essential for ensuring that plants have an accessible source of this crucial nutrient to support 

their growth and overall health. 

 

5. Drying and Granulation: 

 - The resulting mixture is often dried and granulated to form a more convenient and 

manageable fertilizer product. 

- The granulation process helps to improve the handling characteristics and nutrient distribution 

in the final product. 

 

6. Nutrient Release in Soil: 

- When Brown superphosphate is applied to the soil, the soluble phosphates undergo further 

reactions with soil components, becoming available for plant roots. 

The physical and chemical basis for obtaining Brown superphosphate from karstic phosphorite 

lies in the conversion of insoluble phosphates in the rock into water-soluble forms through the 

application of sulfuric acid. This process makes the phosphorus in the rock more accessible to 

plants, promoting better nutrient uptake and enhancing agricultural productivity. 

The observed increase in solubility can be attributed to the effective breakdown of the 

phosphate mineral matrix during acidulation. The acid reacts with the phosphate rock, forming 

water-soluble phosphates that are more readily available to plants. The results suggest that 

Karatog phosphorite has the potential to be a valuable source for Brown Superphosphate 

production. 

 

Conclusions: 

This study provides valuable insights into the physical-chemical processes involved in 

obtaining Brown Superphosphate from Karatog phosphorite. The increased solubility of the 

resulting product highlights the effectiveness of the acidulation method. Utilizing Karatog 

phosphorite for fertilizer production can contribute to sustainable agriculture by enhancing 

phosphorus availability in soils. 

Further research could explore optimization strategies for the acidulation process, considering 

factors such as acid concentration, reaction time, and temperature. Additionally, field trials are 
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necessary to validate the efficacy of Brown Superphosphate derived from Karatog phosphorite 

in improving crop yield and quality. Continuous efforts to refine these production methods will 

contribute to sustainable and efficient phosphorus utilization in agriculture. 
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