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ABSTRACT 

 
The problem of radon generated during the treatment of phosphate rock by sulphuric acid to 
produce fertilizers can be solved by using nitric acid. In this case radium, which is the source of 
radon, goes into solution and can be precipitated by a controlled method and safely disposed of. 
A variety of options are discussed. 

INTRODUCTION 
 

Phosphate rock is the major source of phosphorus in nature.  It exists mainly in the form of 
hydroxy and fluorapatite, Ca10(PO4)6(OH)2 and Ca10(PO4)6F2 respectively, or a mixture of both.  
About 100 million tonnes of rock is treated annually mainly for the production of fertilizers and a 
minor amount is used in the detergent and food industries.  Phosphate rock is of two types [1,2]:  
 

 Sedimentary.  This represents about 90% of the world reserves and is characterized by 
containing about 100 ppm uranium and minor amounts of rare earths.  An example of this 
type is in Florida, North Africa, and the Middle East. 

  Igneous. This represents the remaining 10% the world reserves and is characterized by 
containing about 1 to 2% rare earths and negligible amounts of uranium.  An example of 
this type is in the Kola Peninsula and in Minas Gerais Province in Brazil. 

 
The phosphate fertilizer industry is at present based mainly on the use of sulfuric acid. The rock 
is reacted with sulfuric acid to produce phosphoric acid and gypsum which is filtered off and 
discarded. The problems of this technology are the following: 
 
• Generation of large amounts of radioactive gypsum that represents a disposal and 

environmental problems. While uranium in the rock goes into solution with phosphoric acid, 
radium precipitates and contaminates the gypsum rendering it radioactive. The radioactivity 
of gypsum is due to its radium content which disintegrates to produce radioactive radon gas 
which in turn disintegrates to deposit radioactive polonium (Figure 1). 

• The use of expensive reactors for acidification that necessitates the frequent replacing the 
damaged agitators. 

• Extensive material handling problems and large losses of P2O5 values in the circuit. 
 
In some European countries, for example in Norway and in Germany, these problems have been 
solved by using nitric acid to produce phosphoric acid according to [3]: 
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Figure 1- Decay series of uranium to produce radioactive radon gas 

 
Ca10(PO4)6F2 + 20 HNO3 → 6 H3PO4 + 10 Ca(NO3)2 + 2 HF 

 
After crystallizing a portion of calcium nitrate the solution is treated with ammonia to produce 
ammonium phosphate fertilizer (Figures 2-4): 
 

Ca(NO3)2 + 2 H3PO4 + 3 NH3 → 2 NH4NO3 + CaHPO4 + NH4.H2PO4 

 
Under the mild leaching conditions used in this process, HF in solution reacts with silica to form 
fluosilicic acid: 

6HF + SiO2 → H2SiF6 + 2H2O 
 
which can be recovered from the leach solution by precipitation with sodium nitrate to form 
sodium hexaflurosilicate [4]: 

 
H2SiF6 + 2Na+ → Na2SiF6 + 2H+ 
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Figure 2 - Nitric acid process for treating phosphate rock 
 

 
Figure 3 - General view of NorskHydro chemical complex at Persgrunn near Oslo in Norway 
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Figure 4 - Nitrophosphate fertilizer plant of NorskHydro at Persgrunn in Norway 

 
Applying hydrometallurgical techniques to phosphate processing could improve this technology. 
For example, using in situ, heap, or vat leaching solves the problem of the reactor, but nitric acid 
must be used in this case instead of sulfuric [5-8]. It is more expensive but this solves the 
disposal problem due to gypsum. The acid concentration must be 20% HNO3 so that the leach 
solution is monocalcium phosphate and calcium nitrate:  
 

Ca10(PO4)6F2 + 14 HNO3 → 3 Ca(H2PO4)2 + 7 Ca(NO3)2 + 2HF 
 
Radium can be removed from the solution before any further treatment [9]. The leach solution of 
monocalcium phosphate may be treated in a variety of ways to produce a product containing 40% 
P2O5 which is insoluble in water but soluble in citric acid:   
 
[1] Evaporation and decomposition to yield dicalcium phosphate as suggested in the previous 
publications (Figure 5).  
[2] Addition of limestone to precipitate finely divided dicalcium phosphate (Figure 6): 
 

Ca(H2PO4)2 + CaCO3  → 2 Ca HPO4 + CO 2  + H2O 
[3] Instead of filtering off the dicalcium phosphate in the previous process, the slurry is 
evaporated under vacuum to produce dicalcium phosphate - calcium nitrate fertilizer mixture. 
In this technology, less nitric acid is used as compared with the nitrophosphate process.  
 
Dicalcium phosphate produced by these processes is an excellent fertilizer. It is neutral and can 
be mixed with other nitrogen containing fertilizers. It can also be used as animal feed. 
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Figure 5 - Dicalcium phosphate produced by evaporating monocalcium phosphate solution 
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Figure  6 - Production of dicalcium phosphate by hydrometallurgical technique 
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