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ABSTRACT

The excessive use of chemical inputs in agriculture for wastewater irrigation, both on the surface
and the groundwater. These pollutants are from the organic or inorganic origin. The treatment of
these wastewaters is therefore very important and this is a great concern to many sustainable devel-
opment goals such as preservation of human health, environmental protection and access to drink-
ing water and sanitation. In Togo, no study has been carried out on the sorption capacity of rock
phosphate. This work will lay emphasis on the lead chemical pollutant elimination by sorption on a
mineral sorbent, the rock phosphate of Togo. The physicochemical characterization of the material
by techniques such as X-ray diffraction, IR spectroscopy, pH of zero charge, Brunauer-Emmett-Teller
surfaces was performed. The majority phase is fluoroapatite and traces of clay minerals have been
found. Its specific surface is 20.78 m? g and its pH,,. = 6.82. The batch method was used for the

PZC

sorption study. Several experimentation parameters having an impact on the sorption process of
the pollutant such as the pH of the solution, time of contact, the amount of sorbent and the initial
concentration of the pollutant have been studied. The results of our study show that the maximum
sorption capacity of lead is 166.67 mg g over the rock phosphate of Togo. The best sorption is

obtained for pH values < pH

PZC*

The equilibrium time is 30 min. In view of these different results, rock

phosphate constitutes an alternative to commercial sorbent that costs a lot in the water treatment.
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1. Introduction air, water and soil [1]. On the one hand, as traces, they are

The metallic trace elements or heavy metals are natural
elements present in all compartments of our environment:
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necessary for all living beings [2,3], but on the other hand,
at high concentrations, they constitute a serious threat to
the fauna, flora and human beings due to their bioaccumu-
lation, their non-biodegradable property and their toxicity
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[4]. The lead (Pb*) is one of the most dangerous metallic
trace elements for human health that has no favorable bio-
logical activity [5-9]. Exposure to lead can have harmful
health effects and can even be fatal in high doses [3]. It can
cause anemia, muscle weakness and damage to the kid-
neys, liver and nervous system [10,11]. The emission of lead
in the environment (air, water and soil) is respectively 332,
138 and 796 thousand tons y™ [12]. 10%—20% of the lead
consumed by humans may originate from water. The rest
may come from food and dust from the air [13].

Considering everything that has been said above, there-
fore, it is necessary to treat these wastewaters before their
utilization or reutilization according to their origin. Several
treatment methods are being developed to comply with
or satisfy restrictive international standards. Coagulation
and flocculation, oxidation process, membrane filtration,
chemical precipitation, cationic exchange are often used
[14,15]. In recent years, much work has been done on
techniques for the sorption of pollutants on porous mate-
rials. The activated carbons have remained one of the
best sorbents but its preparation is expensive. This is why
research focused on more available natural materials.

Togo has a significant reserve of rock phosphate and
its production is mainly assigned to the export market. No
study has been carried out on the sorption capacity of this
natural resource to test its capacity for sorption of metallic
trace elements. Previous work on this material has focused
on its physicochemical characterization [16] and dissolu-
tion [17]. It is in this context that this work has been under-
taken. It will therefore be necessary to characterize Togo’s
rock phosphate in order to use it as a sorbent to reduce the
polluting load of wastewater containing lead ions (Pb*).
The isothermals of Langmuir and Freundlich are used to
determine the maximum sorption capacity of the material.
The kinetics of lead sorption, the influence of the amount of
the sorbent and the pH of the solution have been also studied.

2. Material and methods
2.1. Material

The merchant rock phosphate used is from the treat-
ment factory based in Kpeme, Lomé-Togo. In order to
obtain the powder, the material has been pulverized, sieved
to 50 um, washed and dried up at 105°C in an oven for 5 h.

The solution of lead has been prepared by dissolving
an appropriate quantity of nitrate of lead Pb(NO,), in dis-
tilled water. The initial pH is 3.4. The salt is of analytical
purity and has been provided by Fluka Company (Munich).

2.2. Methods
2.2.1. Characterization of the rock phosphate

e X-ray diffractometry: It is a universal method used to iden-
tify the nature and structure of crystallized products.
This method applies to crystalline environments (rocks,
crystals, minerals, clays, etc.) only. The device used is
an X-ray diffractometer of the type “X'PERT MPD”
equipped with a monochromator using the ray K of the
copper with A = 1.540598 A. The results have been treated
by means of X’PERT HighScore software.

® IR spectroscopy: Fourier transform infrared spectroscopy
has allowed determining in a qualitative way the func-
tions of the surface of the material. The rock phosphate
powder to be analyzed was mixed with dry KBr. The mix-
ture is compressed into a hydraulic press to obtain a pas-
tille. The specter is that of rock phosphate because KBr
is transparent in infrared. The device used is a Fourier
transform spectrometer VERTEX 70.

e Specific surface: The specific surface or mass area,
expressed in m? g7, represents the total area per unit of
sorbent mass accessible to molecules [18]. This surface is
obtained by applying the theory of Brunauer-Emmett—
Teller [19], hence the name surface Brunauer—-Emmett—
Teller. The device used is an “autosorb station 1'.

* pH of zero charge: The pH of zero charge pH,,. is the
pH setting for which the solid surface has a zero load.
The method described by Ferro-Garcia et al. [20] and
Sontheimer et al. [21] has been used.

2.2.2. Experimental protocol

The sorption of Pb* has been realized by ‘batch method’
[22,23]. During these studies, the agitation speed is settled
at 4,000 rpm and the time of centrifugation of the mix-
tures (sorbent — pollutants) is 10 min. The experiments
have been realized at ambient temperature evaluated to
25°C. The quantity of the sorbed pollutants Q (mg g™) is
calculated using the following equation:

(C,-C )V
m

Q,= )
where C, is the concentration of sorbent at equilibrium
(mg L), C, the initial concentration of the sorbent (mg L),
V the volume of the pollutants solution (L) and m mass
of the sorbent (g).

The pollutants retention rate is calculated by this
equation:

T(%)z(
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Oci”)xloo @)

0

The kinetic, the isothermal of sorption, the amount of
sorbent and the pH of the pollutant solution have been stud-
ied. The isothermals of Langmuir and Freundlich are used
to determine the maximum sorption capacity of the material.

3. Results and discussion
3.1. Characterization of the natural phosphate
3.1.1. X-ray diffraction analysis

The X-ray diffraction characterization of the mate-
rial is reproduced in Fig. 1. The majority of the X-ray is
attributed to the apatitic phase. Comparing the inter-retic-
ular distance of the peaks and those of the apatitic phase
of the database of ASTM field, the rock phosphate of Togo
is fluorapatite of C (PO,),F (PDF # 03-0736) formula con-
firming therefore the works of Tchangbedd;ji et al. [16].
Other minority phases attributed to the silica (SiO,) and
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Fig. 1. Diffractogram of rock phosphate.

the fluorite (CaF,) have been observed. The good reso-
lution of the peaks of the diffractogram is due to a better
crystallinity of the material. X-ray diffraction analysis of
the rock phosphate from the eastern region of Algeria [24]
and Benguerir in Morocco [25] have led to the same results.

3.1.2. Infrared spectroscopy

Analysis of rock phosphate by infrared spectroscopy
allowed to obtain the specter reported in Fig. 2. The bands
raised at 1,096; 1,040; 602; 570 and 470 cm™ characterize the
phosphate ions. Bands found in the 3,500-3,700 cm™ region
frequently occur in laminate and fibrous clay containing
Al, Si, and other elements [26]. The carbonates are well
characterized by the bands at 1,456; 1,430 and 870 cm™ [27].

The specter also shows the presence of a band at
3,695 cm™. The wavenumber of this band is high compared
to the usual OH encountered in the case of water or in
alcohol. It can therefore be attributed to structural hydrox-
yls in clay. The numbers of waves recorded correspond
exactly to those of the kaolin. The peak at 3,620 cm™ was
attributed to the internal hydroxyls between the two lay-
ers [28]. The shoulders located at 3,654 and 3,695 cm™ were
assigned to the external hydroxyls located in the interfo-
liary space separating the adjacent leaflets that constitute
the structure of the kaolinite [28,29]. The low intensity
observed on our specter compared to that of the silica and
phosphate bands (1,040 cm™) therefore reveals the pres-
ence of traces of clay in our samples. In this same region
of hydroxyl elongation, there is a poorly resolved broad-
band strip on which three components can be pointed at
3,547; 3,485 and 3,412 cm™. At the same time, in the region
of deformation vibration of water molecules (OJH-O-H),
there are two well-resolved peaks located at 1,637 and
1,616 cm™. These bands can be attributed to hydroxyls
engaged by hydrogen bonds. The presence of two defor-
mation bands and three hydroxyl elongation bands can
be explained by the presence of at least two types of
water molecules differently linked by hydrogen bond [30].

3.1.3. Specific surface

The specific surface is very important in interpreting
the sorption of pollutants on the surface of the material.
The specific surface of rock phosphate produced in Togo
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Fig. 2. IR spectra of rock phosphate.

is 20.78 m? g™'. This value is very close to that of the rock
phosphate (RP) produced in Tunisia (20.7 m? g7) in the
region of Bachoua et al. [31] and much higher than that of
the Eastern Algerian RP (5.20 m? g™') [24]. Rock phosphate
produced in the Khouribga region of Morocco has a specific
surface area of 23.7 m? g™ [32] greater than Togo’s RP.

3.1.4. pH of zero charge

In view of the sorbent—pollutant electrostatic forces
that play an important role in the sorption phenomenon,
the pH at zero charge (pH,,.) of the rock phosphate has
been determined. It is slightly acidic and is worth 6.82.
For pH < 6.82 values, the surface of the material is pos-
itively charged and for pH > 6.82 the surface is negatively
charged.

The pH,,. of rock phosphate produced in Togo is lower
than Barka’s found on the RP of the Khouribga-Morocco
region (pH,,. =7.9) [33] and that found by Malash et al. on
the Abu-Tartour region, which is also 7.9 [34].

3.2. Lead sorption studies
3.2.1. Effect of pH

The results reveal the increase of the lead elimina-
tion percentage in solution while the pH varies from 2 to
7. At pH = 7, the retention rate maximum value is 97.91%
(Fig. 3). The effect of the pH has not been observed over
the pH =7 due to the precipitation of Pb* into a hydroxide.
The low retention obtained at four low pH (pH < 3) would
be explained by the competition between hydronium ions
H,O* and Pb* on the sorption sites of the rock phosphate
[24]. Some authors explain the retention of lead ions at
low pH on the RP by a dissolving reaction of the latter fol-
lowed by a precipitate reaction in which the ions Pb* are
substituted for the Ca® ions; with the appearance of new
crystalline phases. This results in less stable crystallized
fluoropyromorphite, which can develop into chloropyro-
morphite in the presence of Cl- ions [35,36] as a solution
according to the equations:

Ca,, (PO, ), E, +12H" —10Ca™ + 6H,PO, + 2F ©)
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Fig. 3. Influence of pH of the solution.

10Pb* +6H,PO, +2F" — Pb,, (PO, ) F, +12H" 4)

For pH > 3 where the dissolution of the rock phosphate
is very low, in addition to the precipitation phenomenon,
the retention of the Pb? would be the result of the complex-
ation phenomenon due to the hydroxyl grouping discov-
ered in the material or to the deprotonation of the surface
and to the retention on the sorption sites [35].

3.2.2. Effect of the amount of the rock phosphate

The data obtained from the experiments on the effect of
the amount of the material are shown in Fig. 4. The more
the amount of the material increases, the higher the reten-
tion rate is. This can be due to the augmentation of the avail-
able surface which generates an augmentation of the active
sites [23,37]. For R = 4 g L7, the retention rate is 89.71%.
Filali et al. [24] obtained maximum sorption for the same R.

3.2.3. Influence of contact time

During the first 10 min of contact between the pollut-
ant and the sorbent (Fig. 5), a high speed sorption is noticed
and then the process becomes slower to reach the bal-
ance around ¢ = 30 min. Former studies have reached 180
and 55 min during the elimination of the lead on the rock
phosphate from Tunisia [38] and Benguerir in Morocco
[39], respectively. This difference in balance time of Pb*
sorption the different apatites would be a result of their
structure which varies from an area to the other.

3.2.4. Kinetics models of lead sorption

The Kinetics study of the reaction of Pb* retention on
the rock phosphate has been made using pseudo-first-
order and second-order kinetic models. The coefficient to
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Fig. 5. Kinetic of lead sorption (R =1 g L™; C,=100 mg L™).

determine (Table 1) the pseudo-first-order kinetic model is
0.90. This value is proportionally high but the quantity of
Pb* sorbed at resulted balance theoretically is different from
the experimental value. We therefore conclude that the pro-
cess of lead sorption on the material is not of the first order.

Applying the pseudo-second-order kinetic model,
the coefficient of determination is close to the value of
the experimental Q. The kinetic model of pseudo-sec-
ond-order shows a better description of the kinetic of
sorption of lead. The same result was obtained on the RP
of the Jebel Onk deposit in Algeria [24].

3.2.5. Sorption isotherms of lead

The obtained isothermal is assimilated to the one of
type S (Fig. 6) according to the classification of Giles et al.
[40]. The type S shows a variable affinity of the sorbent to
the sorbed substance and indicates multilayer sorption as
Kifuani et al. [41] highlighted.

Table 1
Values of the constants of both kinetic models used
Pseudo-first-order Pseudo-second-order Qe (Mg )
kl (minil) Qe,thco (mg gil) RZ k2 (g Irlg*1 minﬁl) Qe,lhco (mg gil) RZ
RP 0.07 5.37 0.95 0.04 66.67 0.99 65.93




306 K.A. Degbe et al. / Desalination and Water Treatment 224 (2021) 302-307

Table 2
Langmuir and Freundlich models constants values

Pseudo-first-order

Pseudo-second-order Qe (Mg g™

k, (min™) Qyineo (M 8™ R k, (g mg™ min™) Qytreo (M8 &™) R’
RP 0.07 5.37 0.95 0.04 66.67 0.99 65.93
120 a good capacity for sorption and is therefore an alternative
to the commercial sorbent.
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In order to determine the maximum quantity of sorp-
tion of the metallic ion studied and the type of sorption,
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