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Abstract: We propose in this work to study thermally the decomposition of two Tunisian natural phosphates or carbonated fluorapatite in a range of 
temperature between ambient and 1000°C. Several techniques were used such as thermo gravimetric analysis, differential scanning calorimetry and 
Infra-Red Spectroscopy for this mineralogical study. The results showed that after dehydration, decarbonation occurs in two steps. In the first one the 
maximum decomposition rate appears near 660°C for the sample of phosphate 1 and 770°C for the sample of phosphate 2. In the second one the 
maximum is about 780°C for phosphate 1 and 810°C for phosphate 2. In addition, it was reported that the first decarbonation translated the kinetics of 
decomposition of the carbonate ions of the type B associated with a vaccum, while the second decarbonation is related to the thermal decomposition of 
the entity of CO3F, generated by the decomposition of carbonate ions of type B and A. 
 
Index Terms: Carbonated Fluorapatite, Decarbonation, Differential Scanning Calorimetry (DSC), Infra Red Spectroscopy, Thermal Decomposition, 
Thermo Gravimetric Analysis (TGA), Tunisian Natural Phosphate, Kinetic Decomposition. 
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1 INTRODUCTION  
Tunisian natural phosphate is an essential element used in the 
plants of production of phosphoric acid. It is a highly form of 
fluorapatite, carbonate fluorapatite, also known as ―francolite‖ 
[1], [2], [3], [4], [5]. It is an amorphous and a mesoporous 
material [4]. It is well established that carbonate substitution 
has a destabilizing effect on the apatite structures resulting in 
increased solubility [2], [3], [4], [5], [6]. In addition, the 
presence of carbonates in the mineral phosphates greatly 
influences their reactivity towards acid attack [7], [8]. The 
presence of free carbonates in the phosphate rocks usually 
requires additional acidulent (sulphuric acid) during the 
manufacture of phosphoric acid by the wet process. In 
addition, the carbon dioxide produced during acidulation 
causes more foaming and results in production of smaller size 
gypsum crystals, that may blind the downstream 
phosphgypsum filters, and a low quality phosphoric acid is 
produced [9].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The carbonate content in commercial phosphates should not 
exceed 8% [4], [8], [9]. Beneficiation by calcination is one of 
the well known processes. It is based on the dissociation of 
the calcium carbonate by thermal energy. Depending on the 
efficiency of the process, calcination may lead to almost 
complete disposal of the carbonates present in the phosphate 
rock [4], [5], [10], [11], [12]. There are two types of carbonate 
apatite: The carbonate apatite of type A in which CO3

2-
 ions are 

fixed along the senaire helical axis where usually located the 
monovalent anions [4], [13], [14]. The carbonate apatite of type 
B in which CO3

2-
 ions occupied the sites of phosphate ions [4], 

[13], [15], [16], [17] with creation for each substitution, a 
lacuna in a calcium site and the other in oxygen site and the 
third in the tunnels site. Infrared spectroscopy is one of the 
main techniques for detection and study of the environment of 
carbonate ions in synthetic and natural apatites [3], [4], [5], [6], 
[7], [8], [9], [10], [11], [12] [13], [14], [15], [16], [17], [18], [19], 
[20], [21], [22], [23], [24], [25], [26]. In addition, thermal 
analysis can show that after dehydration, decarbonation 
occurs in two steps. In order to study the effect of temperature 
on natural phosphates. We study the thermal decomposition of 
two natural phosphates containing different contents in 
carbonate ions. This study was undertaken by infrared 
spectroscopy, thermogravimetric analysis and differential 
scanning calorimetry. 
 

2. EXPERIMENTAL PROCEDURE 
 

2.1. Thermal analysis 
The thermal analysis equipments served to detect thermal 
phenomena that start with heat at specific temperatures. The 
thermal analysis is a very old technique but its use is 
becoming more important particularly in the controls and the 
characterization of products. The TGA and DSC were 
performed in the range of temperature 25-1000°C under argon 
using an apparatus of type ―TA Instruments SDT-Q600‖. 
 

2.2. FTIR Spectroscopy 
The apparatus used in this study is Perkin Elmer Spectrum 
BX, infra-red spectrometer with transform of Fourier, 
assembled in transmission. The resolution of the apparatus is 
2 cm

-1
 and the studied spectral field extends from 4000 to 400 

cm
-1

. The pellets were prepared according to the technique of 
Hannah and Swinehart [27], which consists in grinding only the 
product to be analyzed. The anhydrous potassium bromide 
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(KBr) is then added to the resulting powder and the mixture 
was homogenized by a spatula and then pelletized. 
 

3. RESULTS AND DISCUSSION 
 

3.1. The thermo-gravimetric analysis (TGA) and 
differential scanning calorimetry (DSC) 
The thermo-gravimetric analysis (TGA) is used to determine 
the losses of mass that a sample undergoes during its heating 
and allows to measure the thermal stability of the sample and 
to determine the kinetic parameters of the reaction. The 
differential scanning calorimetry (DSC), identical to the (TDA) 
in its principle is a technique used to determine the enthalpies 
of the changes of the state of the sample when its temperature 
increases. The DSC and TGA spectra of the two samples of 
phosphate are represented in figure 1 and figure 2. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
  
 

 
 

 
 
 
 
 
 
 

  
 
 
 
 
The analysis of the various thermo-gravimetric and 
calorimetric curves of the two samples of phosphate shows 
that they decompose into four main stages. For the sample of 
phosphate 1, the first stage of decomposition is located 
between 25°C and 160°C; and between 25°C and 180°C for 
the sample of phosphate 2, with a maximum around 60°C for 
the both samples of phosphate. This decomposition is due to 
the departure of the water of hydration [28], [29]. The second 
stage of decomposition is between 160 and 500°C for the 
sample of phosphate 1 with a maximum around 380°C, and 
between 180 and 500 ° C for the sample of phosphate 2 with a 
maximum around 370°C. This decomposition corresponds to 
the departure of the water of structure [28], [29]. The third 
stage of decomposition is slightly observable, it is a shoulder 
on the thermo-gravimetric curve but it is very observable on 
the calorimetric curve in the range of temperature between 
500 and 710°C with a maximum located around 660°C, 
contrary to the sample of phosphate 1, the third stage of 
decomposition is observed on the thermogravimetric and 
calorimetric curves of the sample of phosphate 2 in the range 

 

Fig. 1. Thermo-gravimetric Spectrum (a) and 
calorimetric spectrum (b) of the sample of phosphate 

1. 
 

 

Fig. 2. Thermo-gravimetric Spectrum (a) and 
calorimetric spectrum (b) of the sample of phosphate 

2. 
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of temperature between 500 and 800°C with a maximum 
located around 770°C. Finally, the fourth stage of 
decomposition is between 710 and 1000°C with a maximum 
around 780°C for the sample of phosphate 1; and between 
800 and 1000°C for the sample of phosphate 2 with a 
maximum around 810°C. The attribution of the losses may be 
deducted while relying on our earlier work [30], [31] which 
showed by the study of the thermal decomposition of sodium 
carbonate hydroxyapatites, realized by thermogravimetry 
(TGA) coupled with the produced gas analysis (AGE) that 
beyond dehydration, the departure of CO2 is made according 
to two distinct kinetics of decarbonation (in two stages). In 
addition, it was reported that the first decarbonation translated 
the kinetics of decomposition of the carbonate ions of the type 
B associated with a vaccum, while the second decarbonation 
is related to the thermal decomposition of the entity of CO3F, 
generated by the decomposition of carbonate ions of type B 
and A. The presence of these ions would be the result of a 
reorganization of the crystal lattice [31]. In this context, we can 
attribute the third loss to a departure of CO2 due to the 
decomposition of carbonate ions of type B, and the fourth loss 
in a departure of CO2 due to the decomposition of carbonate 
ions of type A and B [31]. 
 

3.2. FTIR Spectroscopy  
The samples of phosphates, crude or heated at various 
temperatures, analyzed by infra-red spectrometry are 
characterized normally by the presence in their absorption 
spectra of the absorption bands relating to CO3

2-
, PO4

3-
 and 

OH
- 
groups. Other absorption bands Characteristics of several 

other atomic groups may be present in samples to be 
analyzed. The location and the identification of characteristic 
bands of functional groups are done through the existing 
tables in the literature [4], [31], [32] [33], [34], [35]. The 
analysis by infra-red spectrometry is used to determine the 
functional groups existing in each sample of phosphate during 
its heating, in a range of temperature from ambient until 
1000°C. The infra-red spectra are given on figures 3 and figure 
4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

From the infrared spectra of the two samples of raw 
phosphate 1 and 2, we notice a great similarity through the 
existence of the 4 modes of vibration of the groups of PO4

3-
, 

reported to 568, 604, 1043 and 1092 cm
-1

 (from raw 
phosphate 1), and 568, 604, 1042 and 1096 cm

-1
 (from the 

raw phosphate 2); and the groups for CO3
2-

 which are of the 
type B observed around 865, 1429 and 1457 cm

-1
 for the 

sample of phosphate 1, and to 866, 1428 and 1457 cm
-1

 for 
the sample of phosphate 2. It is noted in the two samples of 
phosphate the existence of a weak band to 965 cm

-1
 and 

related from PO4
3-

 group of the tricalcium phosphate  (-
TCP). In the case of the two samples of phosphate, there are 
three bands of low intensities relating to OH

-
 groups differently 

surrounded. Indeed, one band is observed around 712 cm
-1

 for 
raw phosphate 1 and at 715 cm

-1
 for raw phosphate 2 relating 

to the mode of vibration of the OH
-
 group bordering by OH

-
 

ions. Another band is observed at around 688 cm-1 for raw 
phosphate 1 and 685 cm

-1
 for raw phosphate 2 relating to the 

mode of vibration of OH
-
 group bordering by F

-
 ions. The third 

and last band is observed at around 648 cm
-1

 for raw 
phosphate 1 and at 646 cm

-1
 for raw phosphate 2 relating to 

the mode of vibration of the OH
- 
group bordering by CO3

2-
 ions. 

Finally, we note the presence of a broad band around 3354 
cm

-1
 for the sample of phosphate 1 and at 3422 cm

-1
 for the 

sample of phosphate 2 relating to the mode of vibration from 
H2O group. We note that the duplication of certain bands in the 
level of vibrational modes of PO4

3-
, this is explained by the 

overlapping between these groups and the SiO4
4-

 groups. The 
IR spectra of the two samples of phosphates heated at 250°C 
shows the same spectra compared to those unheated, 
samples 1 and 2, except that the bands relating to H2O group 
decrease slightly in intensity. From the temperature 650°C, we 
notice the total disappearance of H2O molecules absorption 
bands, this is in agreement with the results already observed 
by TGA-DSC. In addition to this temperature we note that the 
intensity of the bands of carbonate groups decreases slightly. 
Finally at 1000°C and for the both samples of phosphate, Infra 

 
Fig. 4. Infra-red spectrum of the sample of 

phosphate 2 heated at various temperatures. 

 
Fig. 3. Infra-red spectrum of the sample of phosphate 1               

heated at various temperatures. 
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red spectra show almost total disappearance of the carbonate 
bands with a reorganization of the crystal lattice, which has led 

to the formation of the phase of the tricalcium phosphate  (-
TCP) at the expense of the apatitic phase, it is obvious by the 
presence of three bands for the sample of phosphate 1 as well 
as for the sample of phosphate 2, observed to 917, 945 and 
965 cm

-1
 relating from PO4

3-
 group of the tricalcium phosphate 

 (-TCP). 
 

4. CONCLUSION 
The results showed that the decomposition of natural 
carbonated fluorapatite is similar to the decomposition to 
carbonated hydroxyapatite containing sodium ions, the results 
show that decarbonation occurs in two steps. It was reported 
that the first decarbonation translated the kinetics of 
decomposition of the carbonate ions of the type B associated 
with a vaccum, while the second decarbonation is related to 
the thermal decomposition of the entity of CO3F, generated by 
the decomposition of carbonate ions of type B and A. From the 
curves of TGA, we can affirm that the rate of carbonation of 
phosphate 1 is lower than that of phosphate 2. Generally, the 
reaction between the fluorapatite and the acid is exothermic; 
the temperature of reaction of the phosphoric slurry is reached 
without needing to be heated and is maintained constant. 
There is a surplus of heat brought by the gases emitted by the 
francolite, these gases are eliminated by a cooling system of 
the air by ventilation. In order to have the minimum of heat and 
as a consequence an emitted gaz (CO2), which causes the 
formation of foam in the slurry, the quality of phosphate 1 is 
more appreciated than that of phosphate 2. 
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