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Abstract 

In the wet phosphoric acid production using calcined phosphate particles, physical structure and 

chemical composition of used material have an impact on the reaction speed. 

In this study, porous properties of phosphate fraction size 125-200 µm after heating at different 

temperature between 240°C to 940°C was investigated. 

Fluorapatite, carbonate fluorapatite (Francolite), dolomite and calcite, constitute the major 

minerals of the phosphate rock used. 

TG/DTA, CRTA, IR and ESEM observations results were used to understand the chemical 

changes observed. The decline of the specific surface area (SSA) from 16.61 m2/g down to 

0.81 m2/g was interpreted according to the thermal results. The increasing of the linear 

shrinkage % by sintering process is observed. This process begins near 240°C and reach the 

maximum near 940°C. These results are in agreement with those in the literature. 

Some kinetic tests were understudying at laboratory scale to elucidate the relationship between 

reactivity and porous properties of phosphate particles. 
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I.    INTRODUCTION 

Previous works on the calcination of calcium phosphate compounds may be classified in two 

categories depending on the field of interest. 

The first category deals with the treatment of natural calcium phosphate to be used in the 

manufacture of phosphoric acid or super phosphate production. It is well known that the 

composition of phosphate reserves varies from one deposit to another and low-grade phosphate 

rocks (calcareous, dolomitic, siliceous) are not usually suitable for direct use in acidulation 

plants. Beneficiation techniques may be applied such as calcination for the carbonate phosphate 

and flotation for siliceous phosphate rocks. 

Calcination of phosphate rocks was proposed and used at the industry scale (1-2). The effect of 

the different experimental parameters on the beneficiation of phosphate ores by heat treatment has 

been considered by several authors (3-7). 

Previous investigations (8-10) were successful to enrich the low- g r a d e  calcareous phosphate 

using heat treatment. Kaljuvee et al. (6) proposed the calcination-separation method for the 

separation of carbonaceous phosphates issues from Kazakhastan region.  Zafar et al. (7) studied in 

their experimental investigation, dealing with thermal beneficiation of a low-grade dolomitic 

phosphate rock, the factors (size, temperature and time) affecting the increase of P2O5 

weight % upon heat treatment. 

Note that phosphate rock with a high level of organic matter can be also processed by thermal 

route (11). The principal objective of such process is the removal of the organic matter and the 

increase of the filtration speed of the phosphogypsium. 

The second series of studies concerns applications of synthetic calcium phosphate compounds in 

bioceramic industry. Abadou et al. (12) reported the influence of calcination conditions on the 

morphological evolution of synthetic hydroxyapatite. The calcination behaviors of pure 

fluorapatite and its sinterability under oxygen and argon atmosphere were studied by Ben 

Ayed et al. (13-14). The calcination and sintering of some powders of calcium phosphate 

apatites with variable (Ca/P) atomic ratio were studied by Raynaud et al. (15). 

Recently some synthetic calcium phosphate compounds were tested to trap heavy metals from 

some industrial wastes. The resulting solid were stabilized by calcination process (16-17). Since, 

the authors reported some results concerning the heat treatment of pure hydroxyapatite with 

different (Ca/P) atomic ratio. For the synthetic calcium phosphate compounds used in bioceramic, 

the X-ray diffraction, thermal analysis and specific surface area determination were used. 
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According to our knowledge, very few experimental works were devoted to the evolution of 

physical properties of natural calcium phosphate during heat treatment are available on the 

literature. 

Most of the commercial phosphate rocks are of sedimentary origin and several mineralogical 

studies indicated that East Mediterranean and North Africa phosphorites were sedimentary 

deposits with francolite as the main phase. The francolite mineral have the empirical formula 

[Ca9,51 Na0,35 Mg0,14 (PO4)4,47 (CO3)1,26 F2,50] which generally accompanied by the calcite or 

dolomite minerals (18). Al though, the choice of a technology for enrichment depends on the 

origin of phosphorites and on its physical and chemical properties. For Morocco or Tunisian 

phosphate, the flotation beneficiation results were less satisfactory and thermal methods can be 

more effective. 

The purpose of this work was to investigate the evolution of physical properties according to the 

temperature of calcination of raw phosphate particles fraction (125-200 µm). The chemical and 

structural changes were investigated using experimental techniques such as, Thermal analyzer 

(DTA-TG and CRTA), I.R spectroscopy, X-ray Diffraction, true density, BET surface area and 

Environmental Scanning Electron microscopy (ESEM). 

II.  MATERIAL AND METHODS 

The phosphate ore used in the study was provided from the Gafsa area reserves, in Southwest 

Tunisia. The ore was crushed, ground and sieved to obtain the fraction size (125-200 µm) 

using ASTM sieves. The analysis of calcium were performed using Flame Atomic Absorption 

spectroscopy ‘FAAS) from varian. Phosphor as the anion H2PO4
- and F- were analyzed using a 

Dionex ion chromatograph with ion Pac AS12A Guard  Plus  analytical  column.  The chemical 

analysis of the sample is reported in Table 1. This chemical composition was given as weight % 

in dry basis. From this analysis, we observed that the ratio (CaO/P 2O5 = 1.605) is greater than the 

one observed for the synthetic fluoraptite (CaO/P2O5 = 1.31) and the amount of fluor found in 

this ore is high (3.16 %). The high fluorine content and the high ratio (CaO/P2O5) were 

attributed to the francolite and fluorapatite the main minerals of phosphate particles. 

 

Table 1: Chemical composition of the phosphate rock used  (data* from Ben Brahim (28)) 
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pressed under vacuum. A scanning of 40 cm-1 per minute was employed. 

On the other hand, the true densities of different samples after heating at 240, 400, 550, 600, 780 

and 940°C were measured by volume displacement using an Accupyc®1330 Helium 

(Micromeritrics) pycnometer. In addition, the specific surface area was measured by BET method 

using N2 at 77 K as an adsorption gas (Micromeritics® ASAP 2000 Norcross GA). 

The shrinkage tests for all raw and calcined samples were carried out by Thermomechanical 

Analyzer (TMA, Setaram® Setsys 16/20) with 5g constant load using Helium flow and the 

heating rate of 10°C/min. 

The surface characteristics of the sintered phosphate samples agglomerate as well as the 

unsintered particles-aggregates was studied using Environmental Scanning Electron Microscopy 

ESEM (XL 30 ESEM-FEG, PHILIPS®). 

III. RESULTS AND DISCUSSION 

III.1.   Chemical changes of phosphate ore 

III.1.1. Effect of the temperature on the weight loss 

The effect of temperature on the weight loss % of samples heated for one hour is illustrated in 

figure 2. The weight loss increased continuously indicating that at each temperature, chemical 

phenomena take place and lead to gas release. Two zones of weight loss are observed, even if the 

processes generating the weight loses cannot be easily identified, because of the heterogeneity of 

the phosphate considered. Nevertheless, the weight loss of 2.5% in the first zone below 550°C 

can be attributed to the evaporation of water and organic matter. In the second zone, the total 

weight loss of 5.5% is observed from 550 to 600°C and from 600 to around 1000°C. 

 

 

 

 

 

 

 

Fig.2: Weight loss (per cent) of phosphate fractions at various temperatures. 

Several methods were used to better understand the chemical changes observed.  

5/15



















	

§ The decreases of the specific surface area and of the pore volume combined with the 

increasing of the shrinkage percentage  confirms the sintering of the ore phosphate during 

the calcination, 

§ The ESEM observations reveal the rounding of particles below 600°C and the formation of 

necks up to this temperature. 

More investigation concerning the reactivity of heated phosphate particles is required for 

better understanding of the influence of chemical and physical properties on the acidic phosphate 

rate leaching. 
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