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ABSTRACT
Natural and synthesis apatites represent a cost effective soil amendment, which can be used for in situ reduction
of lead bioavailability and mobility. In our previous work, we selected Tunisian Phosphate Rock (TPR) and
Hydroxyapatite (CaHAp) as promising minerals for the removal of lead from aqueous solutions. X-ray powder
diffraction patterns (DRX), Infra Red (IR), Thermogravimetric analysis (TGA) and Scanning Electron
Microscopy (SEM) were used to characterize TPR and CaHAp.
CaHAp was prepared from TPR and employed for the removal of Pb 2+ ions at different concentrations from
aqueous solution to determine the adsorption properties of CaHAp and compare them with those of a TPR. The
kinetic data obtained indicated that the adsorption performances of the adsorbents depended both on their
specific surface area and crystallinity. Complexation of lead ion on the adsorbent surface favoured the
dissolution of hydroxyapatites characterized by a Ca/Pb molar ratio of 1.69. The maximum adsorption capacity
of CaHAp for Pb2+ ions at 25 °C was 1.806 mmol /g relative to 1.035 mmol /g for TPR at the same temperature.
The higher capacity of CaHAp was explained in terms of its porosity and crystallinity. The Pb2+ ions sorption
results could be modelled by the Langmuir and Freundlich isotherms. The simulations of adsorption isotherms
of Pb2+ on CaHAp allow us to conclude that there is a good correlation between the experimental data and the
Langmuir model. On TPR, we show a good correlation between the experimental data and the Langmuir and
Freundlich model.
Index Term - Tunisian Phosphate Rock, Hydroxyapatite, lead, sorption kinetics, Freundlich, Langmuir.
environment in the form of highly soluble minerals
such as PbO, Pb(CO3)2, PbSO4 [7]. For remediation
I. INTRODUCTION
of Pb contamination, phosphate minerals, especially
The presence of toxic heavy metal ions in
apatites, were suggested [8-10]. The apatites studied
industrial wastewater has caused considerable
include synthetic hydroxyapatite (HAp) [11-14],
concern in recent years. The majority of studies on
apatites of biological origin such as bone meal [15]
heavy metals (Pb, Cd, Cu ...) have shown that they
and Apatite [16, 17], and phosphate rock [18-20].
are among the most toxic elements, whose toxicity
In this work, we present the use of tow minerals
can affect the nervous system, blood, bone marrow,
(Tunisian phosphate Rock [TPR] and Hydroxyapatite
and can also be carcinogenic to living beings. In an
synthesized from TPR [CaHAp]) for the removal of
attempt to solve this problem, considerable efforts
toxic heavy metals such as Pb2+. The kinetics of the
have been made to develop effective technologies
process was determined, especially in relation to the
that allow us to either remove these heavy metals or
effects of various factors on the removal. The factors
make them reach very low concentrations in
investigated include different Pb2+ concentration and
industrial effluents or waters intended for living
contact time; Models were then developed for
beings’ consumption.
Indeed, diverse new
calculating the equilibrium metal ion concentrations
adsorbents have been developed such as
at the end of each stage using the experimental
hydroxyapatite, activated carbons, biomass, silica
Freundlich and Langmuir isotherm constants.
gels, Zeolites, clays, carbonaceous, and synthetic
polymers [1-6]. The adsorption of heavy metals
phenomenon by different materials concerns in
II. Materials and methods
particular, lead, cobalt, cadmium and copper.
II.1 Adsorbents
Considerable researches have been particularly done
Tow adsorbents were used in this study:
on apatites in recent years. They typically have
Tunisian Phosphate Rock (TPR) and Hydroxyapatite
tunnels and active surfaces responsible for the
synthesis from Tunisian Phosphate Rock (CaHAp).
adsorption phenomenon.
The phosphate rock sample chosen in this study
Lead is one of the most widespread heavy metals
originated from M’Dhilla region (Tunisia). Samples
present in the environment. Pb is present in the
were provided by the services of Gafsa Phosphates
www.ijera.com
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II.3 Sorption experiments
Synthetic aqueous solutions of different
concentrations of lead were prepared from lead
nitrate [Pb(NO3)2]. The adsorption of Lead ions on
TPR and CaHAp is performed by contacting 0.2 g of
the apatite studied in 100 mL of the solution of lead
at 25 °C. After stirring this mixture, all adsorption
experiments were carried out at an initial pH = 5. The
reaction time was set at 3 hours, except for kinetic
studies.
At the end of the adsorption process adsorbent
was separated from the solution and supernatant was
analyzed for residual Pb2+ concentration by Palintest
Scanning Analyze SA1100 with Precision Range 2100 µg/l, two replicates were used for each Pb 2+
sorption experiments and the results given were the
average values.
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𝑞𝑎 =

𝐶0 −𝐶𝑡 𝑉

(I)

𝑚

Were qa is the amount of Pb2+ adsorbed on TPR and
CaHap, C0 and Ct are the concentrations of metal ion
(mmol/L-1) in the liquid phase initially and at time t,
V is the volume of the medium (L) and m is the
amount of the TPR and CaHAp used in the reaction
mixture (g).

III. Results and discussion

112

102

III.1 Characterization of TPR and CaHap
III.1.1 DRX analysis
The figure 1 shows the powder XRD patterns of
TPR (a), shows, others apatite phase, the crystalline
phases such as Carbonate-Fluorapatite, Dolomite,
Calcite, quartz and fluorite [15, 22,23]. The diagram
associated to the powder synthesis from TPR in
figure 1(b) which indicates the presence of a single
phase of apatite that it is similar to the
hydroxyapatite, matching well with the ICSD card
#99358 for Ca5(PO4)3(OH).
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II.2 Characterizing
X-ray diffraction analysis was carried out by
means of a X'Pert Pro PANalytical diffractometer
using Cu Kα radiation (λ=1.5418 Å), with θ–θ
geometry, equipped with an X'Celerator solid
detector and a Ni filter. The 2 range was from 15 to
120° at a scanning speed of 0.0167° /minute. The
thermogravimetric analysis was carried out in airflow
using a TGA-DSC 1 Star system METTLERTOLDO. Heating was performed in the range of 25°
C to 1000° C. The morphology of samples was
characterized using a scanning electron microscope
(SEM) Zeiss Supra 55 type-VP in low voltage. The
concentration of residual Pb(II) ions in the
supernatant was determined by using Palintest
Scanning Analyze SA1100.

The adsorption capacity of TPR and CaHAp was
calculated using the general equation (I): [30]

200
111

Company (CPG). The principal constituents of
phosphate used in this study are the apatitic phases.
The starting materials were washed with water, dried
at 110°C overnight and sieved to give a size fraction
between 100 and 400µm using ASTM sieves,
according to the protocol used the research centre of
CPG. The sample was crushed to obtain a
homogeneous phosphate.
The hydroxyapatite (CaHAp) obtained from the
Tunisian Phosphate Rock (TPR) was synthesized by
a principle based on the dissolution of TPR in the
nitric acid [21]. The dissolution reaction of the TPR
is realized by the addition of 20 mL of nitric acid
(HNO3, 65%) to 500 mL of distilled water and 30 g
of PNT. The reaction mixture was stirred for 3 hours
at room temperature. After filtration, the filtrate
obtained is neutralized by a concentrated NH4OH
solution (25 %). The pH of the reaction must be more
than 10 to avoid the formation of acid phosphates.
The mixture is kept in agitation for 3 hours at 90° C.
The precipitate was then filtrated, washed with hot
distilled water and dried at 110° C for 24 hours.
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Figure 1 The XRD patterns
of (a) TPR compared
with that of curve of (b) CaHAp

III.1.2 Thermogravimetric analysis
The TGA analysis of the TPR and CaHAp
curves are illustrated in figure 2(a) and 2(b). The firth
loss shows for CaHap in temperature from ambient to
250°C is 2.39%, while the loss of weight of TPR in
same region is 1.06%. This is due to desorption of
water. When the temperature in the range of 250°C
and 500°C, the curves indicated a loss of 1.03% for
CaHAp, it is caused by decomposition of the
carbonate ions. These carbonate ions were formed as
result of CO2 absorbed by the calcium phosphate [24,
25]. And loss 1.83% for TPR corresponds to the
elimination of organic matter and the carbonate ions.
Beyond 500°C to 1000°C, the curves shows for
CaHap a loss of 1.25% and 7.38% for TPR
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correspond to decomposition of molecule water in
structure and carbonate ions.

Figure 3 SEM photographs of (a) TPR and (b)
CaHAp synthesis from TPR

Figure 4 EDX spectra of (a) TPR and (b) CaHAp
synthesis from TPR

Figure 2 TGA thermogram of (a) TPR and (b)
CaHAp synthesis from TPR
III.1.3 SEM and EDX analysis
The observation under the scanning electron
microscopy (SEM) (Figure 3) shows that the
morphology of TPR is made mainly by particles of
irregular forms, other particles, is related to the
presence of the organic remainders and quartz grains.
SEM analysis of CaHAp synthesis from TPR was
present as aggregates, rough, granular to dense and
its particles showed different shapes as short and long
columns.
Coupled with the Dispersive analysis in Energy
of X-rays (EDX) (Figure 4) is show the presence of
Ca, P, O, Si, C, F and trace of other elements. This
observation confirmed the results found by X-rays.
EDX of CaHAp indicates only the presence of the
elements associated to hydroxyapatite Ca, P and O,
the presence of carbon due to the adsorption of CO2.
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III.2 Sorption kinetics
Adsorption of Pb2+ ions by TPR and CaHAp was
measured at give contact times for three different
initial Pb2+ concentrations (1; 2; 4 mmol/L)
illustrated in figure 5 (a) and (b).
A rapid kinetic reaction of Pb2+ removal by
CaHAp according in 20 min for 1 and 2 mmol/L
initial concentration. While for the concentration of 4
mmol / L, it takes a longer duration (120 min) to
reach this equilibrium. This difference of the time
needed to equilibrium is linked firstly to the number
and type of active site in the adsorbent, and the other
hand to types of metal-phosphate electrostatic
interactions.
Removal of Pb2+ from aqueous solution by TPR
shown in figure 6 indicates that take more than
duration (180 min) to reach equilibrium kinetic. This
longer duration is due to the low force of retention of
Pb2 + in the surface of TPR.
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(a) TPR
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1

only involve ion-exchange reaction but can also
occur through surface dissolution, surface adsorption
and precipitation [27].
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Table 1 Maximum adsorption capacity of the TPR
and CaHAp ([Pb2+]0 = 4 mmol/L, t = 3h)
qa

Pb2+

SS

(mmol/g)
1.035
1.806

(%)
51.75
90.30

(m2/g)
20.70
47.02

Ca/P
2.17
1.69

III.3 Adsorption isotherm
Figure 6 (a) and (b) illustrates the effect of the
initial concentration on the removal of Pb2+ ions in
aqueous solutions. We note that the adsorption
isotherms obtained have a similar pattern, they show
an increase of the adsorbed amount when the initial
concentration Pb2+ ions is increased to a level
indicating saturation of all sites on the surface of TPR
and CaHAp. These adsorption isotherms are L-type
according to the classification of Giles et al 1974
[26]. This suggests that the sorption process does not
www.ijera.com
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From the results of the kinetic study illustrated
by figures 5 (a) and (b), we notice that the maximum
amount of Pb2+ions adsorbed on the CaHAp is larger
than that adsorbed on the TPR. This difference in
amount of Pb2+ ions adsorbed by ours two powders is
due to both the difference between their specific
surfaces (Table 1).
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Figure 5 Effect of the initial concentration on
removal of Pb2+ from TPR (a) and CaHAp (b)
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Figure 6: Effect of concentration of lead on TPR (a)
and on CaHAp (b) (T= 25°C, pH0 = 5)
III.4 Freundlich isotherm
The Freundlich adsorption isotherm is the
earliest known relationship describing the sorption
equilibrium. It is in the form (II) [28]:
1

𝑛𝑓

𝑞𝑎 = 𝐾𝑓 𝐶𝑒
(II)
Where qa is equilibrium solid phase
concentration (mmol/g), K and nf are indicative
isotherm parameters of adsorption capacity and
intensity, respectively [29, 30]; Ce is equilibrium
liquid phase concentration (mmol/L). The wellknown logarithmic form Freundlich isotherm is given
by the following equation (III):
1
𝐿𝑜𝑔 𝐶𝑎 = 𝐿𝑜𝑔 𝐾𝑓 +
𝐿𝑜𝑔 𝐶𝑒
(III)
𝑛𝑓

In this equation, 1/nf represents the gradient of
the straight. When this ratio 1/n, is equal to unity, this
means that there is a constant distribution of solute
between the adsorbent and the liquid phase. In the
case of curves for apatites that have values 1/nf
different from unity, the corresponding isotherms are
not linear, indicating that it becomes increasingly
difficult for a molecule or ion to find a Site adsorbent
174 | P a g e

Hassen Bachoua et al Int. Journal of Engineering Research and Applications
ISSN : 2248-9622, Vol. 4, Issue 7( Version 2), July 2014, pp.171-178
available. The adsorption coefficient Kf translates the
adsorptivity of an adsorbent for a given adsorbate.
Representation of Log qa depending to Log Ce
relating TPR and CaHAp give two lines (Figures 7
(a) and (b)). The equations for the two curves
obtained are:
-TPR: Log qa = 0.465 Log Ce - 0.466
(IV)
With R2 = 0.979
-CaHAp: Log qa = 0.370 Log Ce + 0.247
(V)
With R2 = 0.862
0

(a) TPR

ln qa

-0.5
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The linearization of the above equation leads to the
following relationship (VII):
𝐶𝑒

1

= 𝑏.𝑞 +

𝑞𝑎

𝑚

𝐶𝑒

(VII)

𝑞𝑚

where qa is the equilibrium adsorption capacity of
adsorbent (mmol/g), Ce
is the
equilibrium
concentration of metal ions (mmol/L), qm is the
maximum amount of metal ions adsorbed (mmol/g),
and b is the constant that refers to the bonding
energy of adsorption (L/mmol). The constants b and
qm can be determined from the intercept and slope of
the linear plot Ce /qa versus Ce.
Linear representation of the experimental values of
the adsorption of ions Pb2+ by TPR and CaHAp
studied claimed to the Langmuir model are illustrated
in figures 8 (a) and (b).
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Figure 7 Freundlich isotherm plot for the adsorption
of Pb2+ ions by TPR (a) and CaHAp (b)
III.4 Langmuir isotherm
It is the most widely used to model the results
found during the adsorption of heavy metals in
aqueous solution.
It is not theoretically applicable in the case of
adsorption sites localized, homogeneous and without
lateral interactions between the adsorbed particles. It
also indicates that the adsorption reaction is
reversible.
The Langmuir model thus based on the existence
of a dynamic equilibrium between the entities that
bind and those that leave the surface. This can be
defined by the following equilibrium equation (VI)
[31]:

𝑞𝑎 =

𝑏 .𝑞 𝑚 .𝐶𝑒
1+𝑏.𝐶𝑒

www.ijera.com

Ce (mmol/L)

0
0

0.5

1

1.5

2

Figure 8: Langmuir isotherm plot for the adsorption
of Pb2+ ions by TPR (a) and CaHAp (b)
Due to an adjustment by the least square method,
we obtain for each studied law and for TPR and
CaHAp tested lines with which various constants
were derived and are summarized in table 2.
Table 2 Freundlich and Langmuir constants and
correlation coefficients for adsorption of Pb2+ on TPR
and CaHAp.

(VI)
175 | P a g e

Hassen Bachoua et al Int. Journal of Engineering Research and Applications
ISSN : 2248-9622, Vol. 4, Issue 7( Version 2), July 2014, pp.171-178

Table 3 Comparison of adsorption capacities for
Pb2+ between different adsorbents.
qm
Adsorbent
Reference
(mmol/L)
TPR
1.045
This work
CaHAp
1.316
This work
CaHAp
0.410
[32]
Natural phosphate 0.555
[19]
CHAp
0.455
[33]
Phosphatic clay
0.179
[20]
III.5 Simulation of the adsorption isotherm
After obtaining all the experimental results and
established the adsorption isotherms of ions Pb 2+
about the two types of adsorbents. We have
undertaken to systematically simulate all the
experiences we have made by both Langmuir and
Freundlich to search and confirm the best
representation of the experimental points from these
models. The experimental points simulated using
equations Langmuir and Freundlich indicating the
variation of the adsorbed quantity (qa) of Pb2+ ions of
CaHAp and TPR depending on the residual
concentration of the solution at equilibrium (Ce) are
shown in figures 13 and 14. These results show that
for Pb2+ ions is on the agreement between simulation
and experiment is acceptable.
Indeed, the simulation curves of adsorption
isotherms of Pb2+ on CaHAp allow us to conclude
that there is a good correlation between the
experimental data and the Langmuir model. This
indicates the formation of a monomolecular covering
of the surface sites of CaHAp. For TPR, the
simulation curves of adsorption isotherms of Pb 2+
shows a good correlation between the experimental
data and the Freundlich and Langmuir model.
www.ijera.com

1

qa(mmol/g)

Based on the correlation coefficients (R2)
relative to the straight linearity of the adsorption
isotherms of the two models, we can conclude that
the Freundlich model is most likely to characterize
the adsorption of ions Pb2+ on both types of
adsorbents.
The
capacity
values
of
the
monomolecular qm coincide with those of the
experimental highest adsorbed amount of lead ions in
the data table X, This shows that CaHAp has a high
affinity with respect to ions Pb2+. Table 3 gives
comparative equilibrium capacities (q m) of lead ion
on various adsorbents. The result reveals that TPR
and CaHAp were effective in attenuating lead in
aqueous solution.

These simulation results are confirmed by the
Langmuir constants listed in the table 2 and are
determined graphically after linearization of the
equation of this model.
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TPR
0.627 0.465 0.979 1.045 1.858 0.969
CaHAp 2.368 0.370 0.862 1.316 9.500 0.992
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Figure 9 Langmuir and Freundlich models for the
lead adsorption isotherm by TPR (a) and CaHAp (b)

IV. Conclusion
After successfully synthesize hydroxyapatite
(CaHAp) from the Tunisian phosphate rock (TPR),
the comparative study of Pb2+ ions adsorption on
these two showed the effect of the specific surface of
the material used.
This study showed that CaHAp is an appropriate
and effective for the adsorption of Pb 2+ aqueous
solutions relative to a TPR. This is a consequence of
the lower crystallinity and higher porosity of the
former with respect to the latter material. The
Langmuir isotherm model fitted the experimental
equilibrium data reasonably well and was found to be
superior to the Freundlich model. The maximum
uptake capacity of Pb2+ was 1.806 mmol /g for
CaHAp and 1.035 mmol /g for TPR.
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