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Abstract
The dissolution process of phosphate rock from the Semikan area (Mardin-Mazıdaği, Turkey) using dilute phos-
phoric acid has been investigated. The work involved studying the effect of important variables, such as reaction 
time, stirring speed, particle size fraction, phosphoric acid concentration and temperature. Van der Sluis et al.’s 
model was used to determine the rate of the partial dissolution of phosphate ore. Mass-transfer coefficients (kL) 
varied between 2.8 and 28.5.10-3 m.s-1. The activation energy of the process varied between 16 and 20 kJ.mol-1.  It 
has been found that the dissolution process is controlled by calcium ion diffusion, rather than by chemical reaction.
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Introduction
Phosphate rock is an important economic resource 

for the chemical industry, particularly in fertilizer pro-
duction.  About 85% of world phosphate production 
is consumed in the fertilizer industries. Phosphatic 
fertilizers form more than 30% of all fertilizers. In 
agriculture, phosphate rock is added to the soil as 
ground raw phosphate material (or after being chemi-
cally changed into more soluble compounds in the 
form of processed fertilizers) to maintain and increase 
food production. The rest is used in medical and other 
chemical industries (Anonymous, 1979).

The production of phosphoric acid is almost directly 
related to the world phosphate fertilizer consumption, 
which is increasing. Almost all phosphoric acid needed 
for the fertilizer industry is produced by wet processes. 
The phosphate ores used in wet processes today are 
mainly sedimentary phosphates or francolites. These 
ores consist of fluorapatite, with part of the phosphate 
ions replaced by fluoride and carbonate ions. In many 
of these processes, the raw phosphate ore is converted 
into phosphoric acid and calcium sulfate dehydrate 
(gypsum) by sulfuric acid (Jansen et al., 1984).  

The main chemical reaction involved in the wet 
process may be represented by the following equation, 
using pure fluorapatite to represent phosphate rock:
     (3 Ca3(PO4)2) CaF2 + 10 H2SO4 + 10n H2O 	
	 →6H3PO4 + 10 CaSO4

.nH2O + 2 HF     (1)
where:
n = 0, 0.5 or 2, depending on the hydrate form in 

which the calcium sulfate crystallizes (Abu-Eishah 

and Abu-Jabal, 2001).
Beneficiation of phosphate rock creates large amounts of 

waste material to be removed. The phosphate ore, moreover, 
still contains residual waste components.

If phosphate ore is digested by phosphoric acid, the follow-
ing reactions take place (Elmore and Farr, 1940): 
     Ca10(PO4)6F2  + 4 H3PO4  →  10CaHPO4  + 2HF	    (2)

     Ca10(PO4)6F2  + 14 H3PO4  →  			 
	 10Ca(H2PO4)2  + 2HF  	                (3)

The amount of calcium ions dissolved depends strongly on 
the temperature, as well as on the phosphoric acid concentration 
of the solution. Accordingly, the type of calcium phosphate 
formed depends on the phosphoric acid concentration. While 
CaHPO4 forms at a low acid concentration, Ca(H2PO4)2 forms 
at a high acid concentration.

The plant fertilizer industry uses phosphate-rich apatites for 
the production of phosphoric acid, using the method of dissolu-
tion in mineral acids described by Becker (1983). Serdyuk et 
al. (1982) studied the effect of strong electrolytes on the rates 
of dissolution of apatites by phosphoric acid. Huffman et al. 
(1957) studied dissolution rates in an effort to understand the 
processes involved in a soil-plant system when a phosphorus 
fertilizer is introduced. They found that hydrogen ions play an 
important role in the dissolution mechanism, as evidenced by 
the apparent proportionality of the initial rate to their activity. 
In addition, Gioia et al. (1957), Shakourzadeh et al. (1980) 
and Elnashaie et al. (1990) proposed a kinetic model in which 
the addition of the hydrogen ion is the rate-limiting step. Van 
der Sluis et al. (1987), studying the kinetics of dissolution, as-
sumed that the diffusion of calcium ions from the surface of the 

Key words: Phosphate rock, Phosphoric acid, Dissolution kinetics

˘




