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ABSTRACT
In the present study, porous structure of raw and calcined phosphate ore particles was examined. The specific
surface area and the pore volume were determined by nitrogen adsorption. Raw particles and calcined ores were
leached using dilute phosphoric acid solution (4% P2O5). In all cases, the ESEM (Environmental Scanning Electron Microscopy) observations show that the grain of phosphate holds its shape ovoidale. The sample heated at
780˚C presented the lowest specific surface area 0.6 m2/g at each reaction time, and the unreacted phases were
analysed using XRD, FT-IR, Nitrogen adsorption and ESEM observations. The selective leaching curves were
evaluated in order to test the validity of kinetics models. A mathematical model in the following form was applied: ( − ln (1 − α ) =
kt m ). The dissolution of the two samples (raw and calcined phosphate) has been observed to
take place in two steps: the first being fast and the second being slow.
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1. Introduction
Phosphate rocks are complex raw materials and are mainly
used in the manufacture of phosphate fertilizers. The composition of this rock varied from ore deposit to another
and cannot be used directly as fertilizers because of their
solubility in humid soil.
To be utilized by plants, phosphorus must first be dissolved in various acids (phosphoric, nitric, sulfuric, mixture phosphoric/sulfuric). Sardisco et al. [1] investigated
the digestion of low-grade phosphate ores using phosphoric acid.
Several studies [2-8], have shown that the calcium carbonate content of phosphate rocks can be reduced by calcinations or by acid leaching Ben Brahim et al. [9] this
can affect the particle’s texture.
According to Sengul et al. [6], calcinations may lead
to almost complete disposal of carbonates present in the
phosphate rock.
*
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Mgaidi et al. [10] concluded that the morphology of
phosphate particles after different calcinations treatments
are not affected but up to 780˚C the microstructure was
close to that of pure Fap.
Ben Brahim [11] showed that the specific surface area
of a raw phosphate rock decreases and then increases with
the reaction time in diluted phosphoric (0.2 M), while the
conversion rate increases continuously.
Zafar et al. [7] concluded that the change in the reaction rate constant of leaching of calcareous phosphate
rock in dilute phosphoric acid can be attributed to the porous matrix of the rock particles. However, no experimental phosphate was given.
Blazy and Jdid [12] noted that the flash calcinations
enable to removal of 57.5% of the total CO2, while the
apatitic CO2 is less affected.
According to Gharabaghi et al. [13], the calcinations
decrease the reactivity of phosphate rock during phosphoric acid production and change the surface proprieties
of phosphate mineral.
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A number of studies for the kinetic model describing
the selective acid leaching of phosphate rock and analyzing kinetic data were found in literature [4,5,7,13-16].
The aim of this work is to understand and compare the
structural changes due to the combined effects of calcinations and reaction time of acid leaching.
Furthermore, this investigation is focused on the application of an kinetic heterogeneous model to fit experimental data.

2. Materials and Experimental
2.1. Materials
Samples Preparation
Phosphates rocks were obtained from a mine located at
Gafsa (southern of Tunisia).
It was supplied by the manufacture CPG (Company of
Phosphate from Gafsa).
The rock samples were crushed and sieved to collect
various site fractions.
The desired site fraction (250 µm) was dried in an
electric oven at about 105˚C cooled to room temperature
and stored in closed desiccators.
A known amount of this fraction was heated at 780˚C
for 1 hour. This sample will be noted in the text (PC).
The unheated ore, to compare the effects of acid leaching,
will be noted (PN).
For the selection of an acid, the following important
factors were taken into considerations.
1) Selected acid should be cheaper and easily recovered like phosphoric acid present in the plant.
2) Dilute acid will be less destructive and products
must be collected separately. For example H2SO4 is not
suitable to avoid the gypsum precipitation at the particle
surface.
3) The reaction time of the leaching process will be relatively small (30 to 50 min).
In this work, one term of the above factors dilute
phosphoric acid was selected for the leaching process.
Chemical pure phosphoric acid (85 wt% H3PO4) and
distilled water were used to prepare the solution containing 4wt% P2O5 (1mol∙L−1).

reaction time was varied between 1 and 60 min.
At the end of each experiment, the stirring was stopped,
the reactor was placed rapidly in a bath of ice, to stop the
reaction, and all of the reactor contents were then filtered
off. The solid remaining was washed, dried during 12
hours at 105˚C then weighed with a precision.
The remaining solids and the sample PC and PN were
characterized by diffraction of X-ray diffraction (XRD),
infrared spectroscopy (FT-IR), BET method and examined by Environmental Scanning Electron Microscopy
(ESEM).

3. Results and Discussions
3.1. Physico-Chemical Characterizations of the
Phosphate Samples before Dissolution
The X-ray diffractograms of PC and PN were obtained
with a Philips diffractometer using the CuKα radiation
produced at 32 kV and 20 mA by a Philips PW 1043 Xray tube.
As seen in Figure 1, peaks characteristic of carbonate
apatite, fluorapatite Fap and calcite are present and persist even after calcinations at 780˚C during 1 hour.
According to the Ben Brahim et al. (1999) [11], the
calcination lead to a phosphate with relatively higher
P2O5 and CaO contents and a low CO2.
The two Samples (PC and PN) were further investigated by infrared (IR) spectrometry analysis on PERKIN
ElMER apparatus using KBr pastilles technique. A scanning rate of 40 cm−1 per minute was employed.
Spectrums were recorded and bands were assigned
(see Figure 2). Peaks observed at 564, 608, 960 and
1063 cm−1 were assigned to PO34− groups. The characteristic vibration bands of CO apatitic carbonate are located to 864, 1435 and 1470 cm−1. This assignment
agrees with the Brassens [17] and Szilas [18] results. The
bands relating to the carbonates ions observed at 864,

2.2. Experimental Procedure
The dissolution process was carried out in a reactor with
dual envelope of a capacity of 150 ml. A magnetic stirrer
was used to stir the reactor contents, and a thermostat
was employed to maintain the reaction medium at a given temperature. At the beginning, 100 ml of the phosphoric solution (1 mol∙L−1) was put into the reactor, and
after it reached the desired temperature, 10 g of the ore
sample (PC or PN) was added to the system. The solid/
liquid ratio is equal to 1/10 (mass/Volume) and the temperature (25˚C) were fixed for all the experiments. The
OPEN ACCESS

Figure 1. X-ray powder diffractograms of two phosphate
samples: PN raw material, PC calcined at 780˚C.
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1435 and 1470 cm−1 were inexistent in the XRD patterns
of the igneous phosphate from Kola can be it seen from
Figure 2.
The particles size distribution of the two samples was
determined with a MALYERN laser master sizer hydro
2000. The grains were placed in a water suspension. The
mean size of 216 µm was obtained and as it can be seen
from Figure 3, the volume particle diameter distribution
was narrow and monomodal.
The surface characteristic and elementary composition
of the two samples (PC and PN) were studied using Environmental Scanning Electron Microscopy. As illustrated in Figure 4, the shape of phosphate particles is
not affected after heating at 780˚C during 1 hour but PN
particles seem more pitted and more porous. Microanalysis revealed the same elementary composition (P, Ca and
O) for the two samples.
Furthermore, no distinguishing parts, the dark gray ore
attributed to CaCO3, were observed in our samples, contrarily to Turkey phosphate particles (Sengul et al.) [6].
According to Mgaidi et al. [10], calcination affects the
nitrogen isotherm adsorption/desorption of the phosphate
grains.
The porosimetric parameters of the two samples (PC
and PN) were obtained from the analysis of the adsorption/desorption isotherm of N2 at 77K.
Using the BET method, the PC sample exhibit an SBET
equal to 0.6 m2/g however the PN have an SBET equal to
16 m2/g.
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Figure 2. Infrared absorption spectra of three samples PN,
PC and igneous phosphate (Kola).
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Figure 3. Voluminal granulometric distribution.
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Figure 4. ESEM, Micrographs of phosphate samples: PN (raw sample), PC (calcined at 780˚C) and PN (a), PC (a) represents:
the qualitative chemical composition.
OPEN ACCESS

IJNM

H. Lefires ET AL.

4

As it can be seen from Figure 5, for the heated sample
at 780˚C (PC) the hysteresis phenomenon was absent but
the PN sample indicate an hysteresis loop corresponding
to H3 type (according to the WPAC classification) with
indicates the presence of the ink-bottle shaped mesopores.

3.2. Effect of Reaction Time on the Texture of
Reaming Solids
The XRD patterns of the reaming solids after 2, 10 and
30 min of acid leaching of the PC samples were illustrated in Figure 6. From this figure, we can conclude that
all peaks characteristic of phosphate rocks still present.
Also, peaks characteristic of calcite the mineralogical
composition of the particles does not change significantly.
According to Gharabaghi et al. [13], the time required for
carbonate dissolution depends on the particles size and
the nature of the adherent materials existing in the phosphate rocks, but this conclusion is not consistent with the
IR analysis. As it can be seen from Figure 7, peaks assigned to PO groups, remained at the same position (564,
608, 960 and 1063 cm−1). However, a very marked reduction in the CO vibration band at 864 cm−1 was observed. The well defined doublet at 1435 and 1470 cm−1
assigned to CO vibration was also affected by acid
leaching.
The change of texture of calcined phosphate accompanying acid leaching was revealed by nitrogen adsorption.
As shown by the curves plotted in Figure 8, an appearance of a hysteresis loop after 2 min of leaching.
This is can be attributed to the widening of mesopores.
This is confirmed by the results given in Figure 9, the
SBET increase reaching the value of 10.5 m2/g after 3O
0
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Figure 6. Diffractograms of x-rays of solid residues of a PC
after various apparent times of reaction.

Figure 7. Infrared spectra of the absorption of residues of
acid dissolution of a PC after various apparent times of
reaction.
100

10
1010
10

88

Vol Adsorbed (cc/g STP)

30
25

66

PN0

20

44

15
10

22
5

PC0
0,2
0.2

0,4
0,6
0.4
0.6
RelativePressure
pressureP/P°
P/P˚
Relative

0,8
0.8

00
1.0
1,0

Figure 5. Isotherm adsorption-desorption of N2 relating to
PN and PC.
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Figure 8. Adsorption-desorption isotherms of N2 relative for
phosphate calcined during 2, 10 and 30 min.

min of leaching.
The evolution of specific surface area can be ascribed
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to the sponge like texture of grain after acid leaching
and somehow to the disintegration of the aggregates as
revealed by the ESEM photomicrograph reported in
Figure 10.

4. Variation of Conversion Rate (α) as
Function of the Time
The reaction of the conversion rate (α), expressed in % of
weight:

α=

( m0 − m ) ⋅100
m0

(1)

where m0 is the initially introduced mass equals 10 g and
m the remaining mass after a time t of reaction.
Where carbonate apatite is added into dilute phosphorric acid, the reaction taking place can be written as

Figure 9. Variation of the BET surface of PC as a function
of time of reaction
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Figure 10. ESEM, Micrographs of phosphate samples PC0 phosphate calcined at 780˚C, PC10 leached for 10 min, PC30
leached for 30 min, and the qualitative chemical composition.
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flows:
CaCO3 ⋅ 3Ca 3 ( PO 4 )2(s) + 14H +
↔ 10Ca 2 + + 6H 2 PO 4− + CO 2 + H 2 O

If we assume that the calcite can be dissolved in such
medium like apatite, a second reaction can be written:

CaCO3 + 2H3 PO 4 ↔ Ca 2 + + 2H 2 PO −4 + CO 2 + H 2 O
Figure 11, present the results from leaching tests under different reaction times at room temperature using
the two samples (PC and PN). In all cases, with increasing of reaction time, the extent of dissolution (α) increases. After 10 min of reaction time, the extent of dissolution remains constant equal to 38% for the PC sample
and 52% for the PN ore.
According to earlier studies, Mgaidi et al. [10], the reaction rate is controlled by the diffusion of Ca2+ from the
solid surface through the solution boundary layer.
According to Abali et al. [15], Huffmann et al. [14]
and Yartazi et al. [16], it seems that the reaction rate does
fit a pseudo homogenous first order reaction model in
following form:
− ln (1 − α ) =
kt m

Figure 12. Curve − ln  − ln (1 − α )  = f ( ln ( t ) ) for the raw
phosphate and the calcined phosphate.
Table 1. Pseudo homogenous first-order reaction kinetics
models.
Phosphate
samples

(2)

where m and k are constants.
Figure 12, present the representation of
ln ( − ln ln (1 − ∞ ) ) = f ( ln ln ( t ) ) . As it can be clearly see
from this figure that the dissolution process took place in
two steps. The first step was being attributed to freely
available calcite material and/or spaces on the phosphate
particle. The second step may be representing the dissolution of the apatite matrix.
The regression coefficients R and the parameters K
and m were calculated using the solver software. Values
of R, k and m are grouped in Table 1.

PC

PN

Correction.
Coefficient

Step

Kinetic model

1st (fast)

− ln (1 − α ) =
0.23t 0.32

0.996

2 (slow)

− ln (1 − α ) =
0.40t

0.6

0.987

1st (fast)

− ln (1 − α ) =
0.39t

0.23

0.998

2nd (slow)

− ln (1 − α ) =
0.53t 0.09

nd

0.988

5. Conclusions
The evolution of texture of heated phosphate sample as
function of acid leaching reaction time was investigated.
The results indicate that the specific surface area and
the isotherm adsorption/desorption of the solids are affected by the acid leaching time. However, the mineralogical composition is not affected.
At the beginning, the sample (phosphate heated at 780˚C
during 1 hour) is nonporous materiel and after acid leaching the solid presents a mesoporosity.
The kinetics of this leaching process were investigated
in terms of extent of dissolution evolution. It seems that
the reaction rate does fit a pseudo homogenous first order
reaction model.
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