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Abstract

Adsorption phenomena are operative in the most normal physical, biological, and chemical systems. These adsorption
operations have been widely applied in the industrial fields, drinking water purification and wastewater treatment. Elemental
analyzes of water from drinking water treatment plants indicate the presence of many chemical elements, sometimes toxic, in
significant concentrations. Moreover, in most cases, the presence of lead (I1) and copper (I1) in large quantities in drinking water
generally poses a problem and can even be toxic, which makes its elimination necessary. Thus, the preparation of solid matrices
capable of trapping these pollutants then proves to be of interest. For this, we synthesized using the method of precipitation of porous
hydroxyapatite (HAp). The characterization of HAp by X-ray diffraction and also the study of the specific surface showed that the
hydroxyapatites have a large specific surface and a disordered structure. This HAp was used as an adsorbent of Cu?* and Pb?* ions
present in aqueous solutions. Pseudo-first-order and pseudo-second-order kinetics as well as Langmuir and Freundlich isothermal

models were studied to confirm the mechanism of heavy metal adsorption on HAp.
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1. Introduction

In natural aquatic ecosystems, metals are found in
low concentrations, usually in the order of nanograms or
micrograms per liter [1]. In recent times, however, the
presence of contaminating heavy metals, especially heavy
metals at concentrations above natural loadings, has become
a problem of increasing concern[2]. This is due to rapid
population growth, increased urbanization, the expansion of
industrial activities, exploration and exploitation of natural
resources, the extension of irrigation and the spread of other
modern agricultural practices, as well as the lack of
environmental regulations[3] [4] [5]. Unlike other pollutants,
such as petroleum-derived hydrocarbons, and the waste that
invades the environment in plain sight, heavy metals build up
surreptitiously, eventually reaching toxic levels [6] [7]. As
industrial and urban activities are expected to increase in all
parts of the continent, this issue now assumes even greater
importance [8]. Some heavy metals, such as Zn, Cu, Mn and
Fe, are essential for the growth and well-being of living
organisms, including humans [9]. However, they can be
expected to have toxic effects when organisms are exposed to
higher levels of concentration than they normally require
[10]. Other elements, such as Pb, Hg and Cd, are not essential
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for metabolic activities and exhibit toxic properties [11].
Metals can be absorbed in the inorganic form or the organic
form. For some elements, such as arsenic and copper, the
inorganic form is the most toxic [12]. For others, like Hg, Sn
and Pb, the organic forms are the most toxic [13]. At low
concentrations, many heavy metals, including Hg, Cd, Pb, As
and Cu inhibit photosynthesis and phytoplankton growth.
Effects observed at higher trophic levels include delayed
embryo development, malformations and poorer adult growth
in fish, mollusks and crustaceans [14].

Over the past twenty years, many studies have been
devoted to the toxicity of metals; Based on these results,
several international and national organizations have
developed water quality criteria for aquatic life [15]. For this,
several researchers have worked on the elimination of heavy
metals found in wastewater using different treatment methods
namely, exchange [16], [17], chemical precipitation[18] and
adsorption [19]. Adsorption is the most universal technique
of all available physical techniques [20]. It is fast, efficient
and inexpensive to set up and operate, so adsorption can be
used for a wide variety of different treatments [21]. Research
is already carried out on a wide variety of adsorbents such as
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activated carbon, carbon nanotubes, zeolites, clays, and
apatites [22]. In this context, porous hydroxyapatites were
synthesized by the precipitation method at a temperature of
25°C, this synthesized HAp was used as adsorbents of heavy
metals Cu(ll) and Pb(ll) found in the aqueous medium. An
analysis by BET and XRD was carried out to study the
specific surface and the crystal structure of the synthesized
Hydroxyapatite. The following results show us that HAp has
a high retention capacity for heavy metals.

2. Materials and methods
2.1. Materials

Porous hydroxyapatite (HAp) is prepared by the
neutralization method of calcium hydroxide Ca(OH), and by
ammonium dihydrogen phosphate NHsH>POs at room
temperature and in an aqueous medium [16]. 20 grams of
Ca(OH); was dissolved in a volume of 200 mL of distilled
water and then stirred for 1h30 min at room temperature
(Solution 1). And, A mass of 18.6334 g of ammonium
dihydrogen phosphate NH4H2PO4 was dissolved in a mixture
of 200 mL of distilled water (Solution 2). Finally, solution 2
was added to solution 1, and the reaction mixture was left
under stirring for 48 hours. The precipitate obtained is filtered
off under a vacuum and dried in an oven at a temperature of
100° C. overnight.
10(OH)2 +6 NH4H2PO4 —Calo(PO4)6(OH)2
+ 6 NH4OH + 12 H,0

2.2. Characterization of adsorbent

The surface area of synthesized HAp was calculated
according to the Brunauer-Emmett-Teller (BET) method
using adsorption data in the relative range of 0.05 to 0.25, and
the distribution was determined using the approximation of
Barret-Joyner-Halenda (BJH) in the mesoporous range.
Characterization by X-ray diffraction (Philips PW131
diffractometer, Cu Ko radiation) was made, to study the
crystal structure of HAp. And to determine the characteristic
bands of HAp, an analysis of the infrared spectra recorded on
a spectrophotometer, (Bruker counter, IFS 66v FT-IR) with a
resolution of 2 cm™* was carried out.

2.3. Batch adsorption experiments

Discontinuous adsorption experiments were carried
out in a volume of 100 ml taking an initial concentration of
Cu?*, Pb?* of 20 mg/L and a mass of HAP of 0.2 g at a pH=5,
the pH of the solution was adjusted to the desired point using
solutions of 0.1 N HCI and 0.1 N NaOH. The solution was
stirred at 160 rpm for a period of 30 min to reach equilibrium.
The suspensions taken were then centrifuged at 4000 rpm for
20 min to eliminate the adsorbents and then analyzed by an
atomic absorption spectrophotometer. The percent removal
of Cu (Il), and Pb(Il) was calculated using the following
equation:

Ci—Ct
%R = — % 100

Where: Ci and Ct are the Cu(ll), and Pb(ll)
concentrations (mg/L) at the initial state and a given instant t
respectively. The adsorption capacity was determined using
the equation:

_Ci-Ce
qe = —_
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Where V is the volume of the solution, Ci is the
initial concentration (mg/l), Ce is the equilibrium
concentration (mg/l) and m is the mass of Hap (g).

3. Results and discussion
3.1. Characterization of synthesized HAp

To know the specific surface of synthesized HAp,
the distributions of the pores on the surface of the
hydroxyapatite and the isotherms of adsorption-desorption of
N2 (BET) were established. The results obtained show that
the variation in reaction temperature influences the specific
surface of the Hap. Hence, at a temperature of 25°C, the
specific surface of HAp is equal to 235 (m?g), and at a
temperature of 70°C and 90°C, the specific surface is equal
to 151 (m2/g) and 108 (m#/g), respectively. Then, the specific
surface of the synthesized hydroxyapatite decreases by
increasing the temperature of the reaction. X-ray diffraction
shows that the HAp is poorly crystallized, and the crystalline
phase develops by increasing the temperature of the reaction.
XRD also shows that HAp consists of an apatitic phase and
the lines are indexed in the hexagonal system of space group
P6am.7. To identify the characteristic bands of synthesized
HAp, an analysis by infrared spectroscopy was carried out.
Table 1 shows the characteristic bands indicated by the
infrared spectra.

3.2. Adsorption studies

The process of adsorption of the Pb?* and Cu?* ions
on the apatite is ensured by bringing 0.2 g of the apatite
studied into contact with 100 mL of the lead Pb (Il) and
copper (I1) solution. desired at a temperature of 30°C.

3.2.1. Effect of contact time

Samples were taken at time intervals, then filtered
through a micro-filter with a diameter of 0.45 pum, and then
analyzed by atomic absorption spectrophotometry.
During this study, we were interested in the kinetics of the
phenomenon of adsorption of Pb?* and Cu?* ions by
synthesized hydroxyapatites. The supernatant solution is
instantly analyzed. In Figure 1, we see that the equilibrium
time is quickly reached, after about 20 min. The equilibrium
plateau is linked to the number of active sites present in a
mass of 0.2 g of p-HAp and its saturation by the Pb?* and Cu?*
ions [23].

3.2.2. Kinetic study

During this study, we are interested in the kinetics
of the adsorption phenomenon of Pb?* and Cu?* ions by
hydroxyapatite. The supernatant solution is instantly
analyzed.During this study, we are interested in the kinetics
of the adsorption phenomenon of Pb?* and Cu?* ions by
hydroxyapatite. The supernatant solution is instantly
analyzed. Figure 2 groups the linear representations of
log(ge-qt) and t/gqt as a function of time relating to the
adsorption of copper (I1) and lead (I1) on the synthesized
hydroxyapatite. The adsorption rate constants of Cu (1) and
Pb (I1) are determined graphically (Figure 2).
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Table 1: Characteristics of bonds of HAP

Wave number (cm) Characteristics bonds
510 PO
1000 COz*
3500 HO

Table 2: Cu?* and Pb?* adsorption parameters on HAp according to the Langmuir and Freundlich model

Cu(ll) Pb(ll)
Langmuir
isotherm e mx 240 249
B 0.42 0.48
R2 0.9938 0.998
1/n 0.3678  0.3145
Freundlich isotherm InK¢ 0.1559  0.0157
R2 0.8976 0.952
2
1.8
o 1.6
=
o 14
£
e 1.2
g 1
0.8
0 50 100 150 200
Time (min)

—e—Cu(ll) —e—Pb(ll)

Figure 1: Effect of contact time of Pb(Il) and Cu(ll) on HAp
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Figure 2: Linear representations of the (a) pseudo-first-order and (b) pseudo-second-order Kinetic model for HAP
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Figure 3: Effect of the initial concentration of Pb?* and Cu?* on the adsorption capacity of Hap
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Figure 4: Model of the (a) Freundlich, (b) langmuir isotherms of HAp
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From Figure 2, we can conclude that the pseudo-second-order
equation gives the best correlation coefficient (R?=0.9998)
for the two pollutants (Cu?* and Pb?*), while the pseudo-first-
order equation -order yields a low correlation coefficient
(0.8638 and 0.8698 for Pb?* and Cu?*, respectively.) This
suggests that chemical adsorption is the rate-limiting step for
either adsorption process [24].

3.2.3.  Effect initial concentration

Figure 1 shows the effect of the initial concentration
of lead (1) and copper (I1) on the adsorption capacity of the
synthesized hydroxyapatite. Figure 3 shows us that the
adsorbed quantity of Cu?* ions and Pb?* ions by HAp
increases with the increase in the initial concentration of these
ions, until a saturation plateau is obtained at 8 mmol/L for
Cu?* and also for Pb?* with a maximum adsorption amount of
1.9 and 2.02 for Cu?* and Pb?*, respectively. The saturation
plateau indicates that after a concentration of 8 mmol/L the
active sites of the HAp have been exhausted, this is why the
maximum adsorbed quantity is reached [25].

3.2.4.  Isotherms models

From Figure 4 and Table 2 and based on the
correlation coefficients (R?) relating to the linearity of the
lines of the adsorption isotherms of the two models, we can
conclude that the Langmuir model is the most probable to
characterize the adsorption of Pb?* and Cu?* ions on HAp.
The value of the maximum adsorbed quantity ge, max is in good
agreement with the maximum experimental value of the
quantity of Pb2* and Cu?* ions adsorbed. This shows that HAp
has a high affinity towards Pb?* and Cu?* ions.

The adsorption process depends on the specific
surface and therefore on the number of active sites present on
the surface of the adsorbent. The mechanism of adsorption of
Pb(1l) and Cu(ll) ions on HAp could therefore mainly be a
combination of the three mechanisms, starting with the
Complexation of Pb?* and Cu?* ions at the surface of the
apatitic solid according to the following:

O3P-O-H +Cu?" (Pb?*) —» O3P-O-Cu*(Pb*) + H*,
followed by ion exchange between the Pb2+ and Cu2+ ions
contained in the contaminated solution and the Ca2+ ions
present in the solid. This ionic exchange takes place thanks to
a dissolution of the apatite followed by precipitation
according to the equation below:

Caio(PO4)s(OH)2 + x Cu?* (Pb?*) ——»
Cai10-XCux(Pbx)(PO4)s(OH): + x Ca?*

Then a dissolution-precipitation, the dissolution of the
hydroxyapatite followed by the precipitation of a lead
phosphate and copper phosphate according to the following
two equations:

Caw(POs)s(OH)2+12H* 5 10 Ca?" + 6H2PO4
“+ 20H - (Dissolution)

10Cu?(Pb?")+6H:P04+20H ———»
Cu10(Pb10)(PO4)s(OH)2 + 12 H* (Precipitation)

4. Conclusions

During this study, we have shown that it is possible
to obtain apatites with large specific surface areas by
preparing very fine particles using an appropriate method.
Indeed, a porous hydroxyapatite HAp, with a very large
specific surface, was prepared by precipitation at 25°C in a
water-ethanol medium using the method of rapid
neutralization of Ca(OH), by NHsH,PO.. The crystal
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structure of the synthesized HAp and the specific surface area
as well as the characteristic bands of these hydroxyapatites
were studied by X-ray, BET and IR diffraction, respectively.
The study of the behavior of porous apatites in an
environment loaded with harmful elements is also studied.

The removal of lead and copper from an aqueous
solution by apatite HAp is successful. To show the effect of
the specific surface and consequently the crystallinity on the
phenomenon of adsorption of the Pb? and Cu?* ions, we
compared the power of the trapping of the Pb?* ions and the
Cu?* ions of the porous hydroxyapatite prepared. We have
thus shown that the retention capacity of Pb(ll) and Cu(ll)
ions by the porous apatite HAp is very important.

Finally, we studied the modeling of the phenomenon
of adsorption of Pb?* and Cu?* ions on HAp according to the
models of Langmuir and Freundlich. We noticed that in the
case of the two ions, only the Langmuir model correlates well
with the experimental points we have. Based on the
correlation coefficients (R?) relating to the linearity of the
lines of the adsorption isotherms of the two models, we
concluded that the Langmuir model is the most likely to
characterize the adsorption of Pb(I1) and Cu(ll) ions by HAp.
The very encouraging results of the phenomenon of
adsorption Pb?* and Cu?* by the porous apatites that we have
synthesized and characterized allow us to think that these
apatitic materials could be advantageously used in the fields
of catalysis of certain chemical reactions, depollution
wastewater and industrial effluents or bone substitution.
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