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ABSTRACT

Anthropogenic activities in general and mining in particular, are at the root of the pollution of water resources by metals and metalloids
in the Ivory Coast. These pollutants have harmful effects on the health of the population and therefore must be eliminated from the
impacted water before consumption. Based on its mineralogical composition and physico-chemical properties, this study aimed to
assess the capacity of Katiola clay (Cote d’Ivoire) to remove metals (Hg, Pb, Cd) and arsenic in aqueous solutions. Adsorption was used
to remove the chemical species. Different parameters that can influence the adsorption were studied (mass, pH, contact time and initial
concentration). Relative to monometallic adsorption, the removal of chemical species decreased as follows: Pb<Hg<Cd<As. This removal
reached 63.86% for Pb, 45.25% for Hg, 31.92% for Cd and 25.46% for As. The pseudo-second-order kinetic model better described the
adsorption. As for the adsorption isotherms, the Langmuir model better represented the elimination of arsenic. While the Freundlich
linearization better described the adsorption of metal cations (Pb, Hg and Cd). During polymetallic adsorption, lead and cadmium
hindered the removal of arsenic. However, the use of the fine fraction of the clay saturated with sodium or magnesium optimized the

adsorption efficiency of arsenic.
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INTRODUCTION

Water is the origin of life on Earth. However, it is confronted with
much pollution. Anthropic activities, including mining, metallurgy
and steel industry, fertilizers and pesticides applied in soil cultivation,
incinerators and ashes from waste incineration, medical waste, city
garbage dumps, emissions from factories and combustion engines,
sewage effluents and sludge very often cause the presence of pollutants
in water resources'. These activities constitute excellent reservoirs of
metals and metalloids, and the discharge of their untreated effluents
into surface waters or onto soil causes enormous pollution. Of all these
anthropogenic sources, clandestine gold mining, which has grown and
affects all regions of Cote d’Ivoire, is the most polluting. This activity
which uses highly toxic chemicals (mercury, cyanide, sulfuric and
nitric acids, ammonium nitrate, detergents, etc.) pollutes rivers such as
the Cavally in the west, the Bandama and the N°Zi in the centre, the Bia
and the Tanoé in the east of Ivory Coast. In addition, the rejection of
large quantities of used batteries containing chemical elements such as
cadmium and lead on the sites also contributes to increased pollution.
Studies have found concentrations of arsenic, cadmium, mercury,
nickel and lead well above the limit values set by WHO in drinking
and irrigation water in the localities of Kong 2, Hiré, Degbézéré and
Aboisso?*%. Some populations use water contaminated with metals
and metalloids for drinking and other household activities. These
highly toxic pollutants affects human and animal health, as well as the
formation of plants >¢7%. In this context, it is necessary to preserve
its water resources without any threat of pollution. Several methods
and techniques of depollution have been developed in recent years.
Commonly adopted procedures to remove pollutants from water
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include chemical precipitation, lime coagulation, ion exchange,
reverse osmosis and solvent extraction®. Among these techniques,
adsorption is the most used and the most widespread adsorbents in
this field are activated carbon and clay’.

Ivory Coast has many clay deposits listed by the Society for Mining
Development (SODEMI)'"2. In light of all the above, the objective of
this work was to evaluate the capacity of Katiola clay (Ivory Coast) to
remove metals (Hg, Pb, Cd) and arsenic by using it as an adsorbent in
water treatment. Throughout this work, the effect of parameters (mass
of clay, pH, contact time and initial concentration, saturating cation)
that can influence the adsorption of chemical species was studied.

MATERIALS AND METHODS
Clay material

The clay used in this study is referenced KAT. It comes from Katiola
(north of Ivory Coast), a town located at 8°08 north latitude and
5°06” west longitude. In addition to the raw sample (Figure 1), the fine
fraction (¢ < 2 um) obtained by sedimentation'?, was made homoionic
by sodium (KAT-Na) or magnesium (KAT-Mg).

The main characteristics of our clay are grouped in Table 1
(Mineralogical composition in mass percentage of oxides, specific
surface and cation exchange capacity).

Methods

The chemical species (Hg, Pb, Cd and As) were adsorbed from
monometallic and polymetallic solutions. To describe, qualify and
quantify the elimination of chemical species, different mathematical
models were applied to the adsorption results.
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Table 1. Mineralogical composition of KAT clay '

Sample % Kaolinite % Illite % Smectite % Quartz % Goethite CEC (méq/100g) Sper (M?/g)
KAT 48.08 3.55 20.14 6.11 16.86 35.47 48.5
KAT-Na 53.7
KAT-Mg 50.1
Individual adsorption
Clay mass

Figure 1 Image of KAT clay sample

Preparation of adsorbate solutions

Adsorbate stock solutions of 1000 mg/L of Hg, Cd, Pb and As
were prepared by dissolving respectively an amount of Hg(NO;),.
H,0 (purity = 98%), Cd(NO;),.4H,0 (purity = 99%), Pb(NO;),
(purity = 98.5%) and Na,HAsO,.7H,O (purity > 98%) in MilliQ
water. Monometallic (containing a single metal) and polymetallic
(containing several metals) solutions at different concentrations were
prepared by diluting the stock solutions. The ionic strength of each
solution was fixed at 0.1M NaNO;.

Adsorption reactions

The experimental method followed was conducted in a batch reactor.
For each experiment, a quantity of clay was placed in contact with a
solution in a polypropylene tube. It is a synthetic solution containing
the different chemical species (Hg, Cd, Pb or As) studied with their
well-known concentration. The clay/solution mixture was stirred
for some time at room temperature. After stirring, the mixture was
centrifuged at 5000 rpm for 30 min and, the supernatant was taken for
the determination of the chemical species with ICP-AES to determine
their residual concentration. Each test was carried out in duplicate.
The efficiency of the adsorption process is defined by the calculation of
the adsorption capacity (Q,4,) and the compound removal efficiency
(R) according to equations 1 and 2 following'*:

Qads :% (1)
C
R(%) =( Coj x 100 @)

where, C: initial concentration of the pollutant (mg/L or mol/L); C;:
concentration of the pollutant at time t in the liquid phase (mg/L or
mol/L); V: solution volume (L); and, m: mass of adsorbent (g or kg).

The influence of clay mass, pH, contact time and initial concentration
was first studied with monometallic solutions to determine the
optimal adsorption conditions on raw clay (KAT). In the following,
the adsorption capacities of raw clay, saturated with sodium or
magnesium were evaluated using polymetallic solutions.

The study of the adsorption of ions on KAT clay as a function of
the mass makes it possible to determine the quantity of adsorbent
necessary for better adsorption efficiency. Thus, the elimination of
ions was studied with different mass of raw clay. A series of tubes
containing 10 mL of monometallic solution (Hg, Pb, Cd and As) of
concentration 20 ppm, was introduced respectively to 0.02, 0.05 and
0.1 g of clay. The whole was stirred for 1 hour. The pH of the various
solutions were adjusted to 5.7 by the controlled addition of HNO; or
NaOH.

pH of solutions

The pH is an essential parameter in the study of the adsorption of
chemical species. In this present work, the adsorption was tested at
different pH values considering the precipitation of the hydroxides
of the salts used. The pH at the onset of precipitation are: 3.3, 7.96,
and 8.82 for mercury, lead and cadmium, respectively. 10 mL of
monometallic solutions were brought into contact with 0.1 g of raw
clay in several 15 mL centrifuge tubes. The initial concentration was
set at 20 mg/L, and the pH of the solutions were adjusted by adding
nitric acid (HNOj;) and, or sodium hydroxide (NaOH). The adsorption
of mercury was studied by varying the pH from 3 to 5.7, from 3 to 7 for
lead and arsenic and from 3 to 8.5 for cadmium.

Adsorbent/adsorbate contact time

The adsorption reaction time was monitored from 10 min to 120 min
for an initial content of 20 mg/L and a mass of clay of 0.1 g. The pH of
lead, cadmium and arsenic solutions were fixed at 7. For mercury, the
pH of the solution was set at 4. This study allowed the determination of
the rate of elimination of pollutants and, consequently the assessment
of adsorbent efficiency.

Initial concentration of chemical species

To study the influence of the initial concentration on adsorption, the
elimination of pollutants was evaluated at varying concentrations. In
a series of tubes, 0.1 g of raw clay was successively placed in contact
with 10 mL of monometallic solutions (Hg, Pb, Cd and As) with initial
concentrations varying from one tube to another (5 to 100 mg/L). The
whole was stirred for 90 min using a mechanical overturning stirrer
at room temperature. For Pb, Cd and As, the pH of the solutions was
fixed at 7. While pH four was used for Hg. After centrifugation, the
supernatants were analyzed, the residual concentrations at equilibrium
(Ce) for each pollutant were measured, and the quantities adsorbed at
equilibrium (Q,4,) were determined.

Simultaneous Adsorption

When several components are in the same solution, interference
and competition between the species present can occur and lead to
a modification of the individual adsorption results. In this part, the
elimination of the chemical species was carried out simultaneously
from the polymetallic solutions. The adsorption of arsenic was
studied in the presence of lead and cadmium. In addition to crude
clay (KAT), sodium (KAT-Na) and magnesium (KAT-Mg) homoionic
clays were the adsorbents considered in this part to understand the
influence of saturating cations on adsorption. The effect of the initial
concentration on adsorption was evaluated (from 5 to 20 ppm). The
optimal adsorption conditions, such as : 0.1 g of clay, pH 7 and 90 min
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of agitation, were retained for this study. Mercury is not concerned in
this part because its optimal adsorption pH is 4.

RESULTS AND DISCUSSION
Individual adsorption

Effect of clay mass on adsorption

The adsorption capacity and percentage removal results are
respectively shown in Figure 2 and 3. For an increasing mass of
adsorbent (0.02 to 0.1g), the percentage of adsorption of chemical
species by KAT clay increased. This elimination reached 63.86% for
Pb, 45.25% for Hg, 31.92% for Cd and 25.46% for As. However, the
variation of the adsorption capacity follows an opposite trend. This
adsorption capacity decreased from 1.18 to 0.86 mg/g, 2.66 to 1.25
mg/g, 0.99 to 0.61 mg/g, and 0.68 to 0.50 mg/g for Hg, Pb, Cd and
As, respectively. Several research works corroborate the increase in the
percentage of elimination with the clay mass. It is due to the rise in
the number of active sites available on the surface of the adsorbent
1617 On the other hand, a greater quantity of clay tends to reduce the
amount of pollutants adsorbed per unit mass. Olu-Owolabi et al.'®
and Taha et al."” also noticed that the adsorption capacity of bentonite
decreased with increasing mass. They argue that at a constant volume
of adsorbate, as the mass of adsorbent increases, there is an increase in
the solid/liquid ratio, which leaves many sites unoccupied during the
adsorption process and hence a reduction in capacity clay adsorption.
The affinity of metal cations for KAT clay would be due to
electronegativity. Indeed the electronegativity (x) of the metal cations
studied and their adsorption evolve in the same direction : Pb (x=2.33)
>Hg (x=2) > Cd (x=1.69). This result corroborates that of Mohan and
Singh, who claim that the most electronegative metal ions are more
strongly attracted to the surface of the adsorbent®. This study made it
possible to retain 0.1g as the optimal mass for better adsorption.

Effect of pH on adsorption

Figure 4 shows the adsorption results as a function of solution pH.
Depending on the pH of the solution, the adsorption of the different
chemical species decreases in the direction Pb > Hg > Cd > As. This
study made it possible to retain 0.1g as the optimal mass for better
adsorption. The adsorption of metal cations such as Pb?* and Cd**
increases with pH (from 0.91 to 1.34 mg/g for Pb and from 0.50 to 0.63
mg/g for Cd). The elimination of mercury reaches its maximum at pH
4 (1 mg/g) and then decreases. As for arsenic, the adsorption varies
slightly (practically constant) when the pH increases from 3 to 7. The
variation in the adsorption of metal cations with pH is due to the
combined action of two phenomena related to the nature (acid or base)
of the solution and to the surface of the adsorbent. Indeed, at low pH
values, the solution is acidic. Thus, a large quantity of H* ion competes
with the metallic cations relative to their fixation on the clay surface.
Consequently, the adsorption of metal species is reduced. This result is
mentioned in many cation adsorption studies 1**!. In addition, H* ions
have greater mobility. This property also favours them in occupying
adsorbent sites?. When the pH generally increases between 4 and
7, the quantity of H* ions in solution decreases and the competition
between protons and cationic species for the occupation of surface
sites becomes less potent. Consequently, the cations are increasingly
adsorbed and therefore, the percentage of elimination increases?32425:26,
Besides competition between H* ions and metals cations, at low pH,
the clay surface functional groups become positively charged due to
the protonation reaction (-Si-OH + H* < -Si-OH,* and -Al-OH +
H* & -Al-OH,*). Consequently, an electrostatic repulsion is created
between the positive metal ion and the positively charged edge groups
(SiOH,* and -Al-OH,*), thus limiting the access of metal ions to the
adsorption sites. On the other hand, as the pH increases, negative
charges gradually settle on the surface of the clay. (-SiOH + OH" > -Si-

O+ H,0 and (-AIOH + OH" < -Al-O- + H,0). Then, an electrostatic
force of attraction is established between the positive metallic cation
and the negatively charged surface (-SiO- and -AlO"), thus improving
the adsorption of cations'®?. The decrease in mercury adsorption at
pH > 4 can be attributed to mercury species present at higher pH.
Indeed, according to Benhammou et al., in the range of pH 4 to 6,
the predominant species in solution is Hg(OH),, a soluble hydroxide
which persists in solution. Consequently, the fixation of mercury on
the surface of the clay is reduced?*?*. The quasi-stagnant appearance
of the rate of elimination of arsenic agrees with the observation of
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Figure 2 Adsorption capacity according to the mass of clay
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Figure 4 Influence of pH on the adsorption capacity of Hg, Pb, Cd and As
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Bentahar 3! This result suggests that the pH variation between 3 and 7
does not have an evident influence on the adsorption of arsenic.

Adsorption kinetics

The curves represented in Figure 5 show the effect of the adsorbent/
adsorbate contact time. The elimination of pollutants increases rapidly
with the contact time from the first 10 minutes of agitation, regardless of
the type of chemical species considered. As the contact time increases,
the adsorption becomes slow and tends towards an equilibrium. The
equilibrium time is estimated at 90 min for all the species studied.
Beyond this equilibrium time, a more or less significant rise in the
levels of the chemical species studied in the solution is observed,
characteristic of the desorption of pollutants by the clay.

Rapid removal of pollutants at the initial stage is consistent with
the biosorption of metal species involving non-energetic reactions,
where metal removal from solutions is purely due to physicochemical
interactions®>%. This rapid adsorption during the first few minutes
is attributed to the abundant and easily accessible active sites on
the uncovered surface. As the contact time increases, the adsorbate
increasingly covers the active sites of the adsorbent. Therefore,
the clay surface becomes saturated with time, and the adsorption
rate decreases. The decrease in the quantity adsorbed beyond the
equilibrium time (90 min) can be explained by the saturation of the
clay adsorption sites. Consequently, it follows desorption due to the
forces of physical interactions between the clay particles. Djelloul
et al. made the same observation during their study relating to the
adsorption of copper on raw and activated clay**. According to Achour
and Youcef, this observed desorption could also be explained by the
fact that clays are capable of adsorbing certain ions and fixing them
in a later exchangeable form. Thus, a displacement of the balances
between the different ionic forms of the elements in the solution due
to the variation of the pH, would more or less cause the release of the
adsorbed ions 115,

Modelling of adsorption kinetics

The adsorption kinetics results are modelled based on the assumptions
of the pseudo-first-order (Figure 6), and pseudo-second-order (Figure
7) models. The equations that serve as the model are respectively:
dﬁt =K,(Q.-Q,) and % =K, (Q, —Qt)2 with K: first-order rate
constant (min); Q. quantity adsorbed at time t in mg/g; Q.: quantity
adsorbed at equilibrium in mg/g and K,: adsorption rate constant for
the pseudo-second order (g.mol’.min" or g.mg'.min"')*. The values
of the correlation coeflicients and the experimental and theoretical
adsorption capacities determined by the two models, are grouped
in Table 2. The model most representative of the data is chosen
based on the correlation coefficient R? but also by comparison of Q,
(experimental) and Q, (theoretical).

Compared to the pseudo-first-order kinetic model, the values
of the theoretical adsorption capacities determined by the pseudo-
second-order model are closer to the experimental values. Moreover,
this model gives a good correlation (R? > 0.9). Therefore, the pseudo-
second-order model better describes the adsorption of Hg, Pb, Cd and
As on KAT clay. This observation confirms that the adsorption is fast
on the most reactive sites and slow on the low-energy sites.
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Figure 5 Adsorption kinetics of Hg, Pb, Cd and As
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Figure 7 Application of the pseudo-second-order kinetic model for the
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Table 2 Values of the correlation coefficients of the two kinetic models with the experimental and theoretical results of the adsorption capacities at equilibrium

Pseudo-first order kinetics

Pseudo-second order kinetics

Chemical species Q. (mg/g) theoretical R?
Hg 0.13 0.6658
Pb 0.12 0.8914
Cd 0.10 0.7501

As 0.10 0.4181

Q. (mg/g) theoretical R? Q. (mg/g) experimental
0.85 0.9355 1.14
1.37 0.9977 1.42
0.57 0.9962 0.63
0.50 0.9821 0.56
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Effect of initial concentration on adsorption

Figure 8 shows the evolution of the adsorption capacity of KAT clay
as a function of the initial content of the chemical species. The results
obtained show that the adsorption of chemical species on KAT clay
increases when the initial concentration increases (5 to 100 ppm).
Lead elimination varied from 0.43 to 3.55 mg/g while 0.21 to 2.91 mg/g
of cadmium were adsorbed. Regarding mercury, 0.34 to 3.37 mg/g
were eliminated. As for arsenic, the adsorption varied from 0.30 to
0.84 mg/g. The adsorption of arsenic (oxyanions) increased gradually
and remained stable between 80 and 100 ppm by observing a plateau.
On the other hand, concerning the metal cations, we follow just the
beginning of plateau formation.

The growth of the adsorption curve would be due to the increase in
the concentration gradient and the driving force with the rise in the
initial content. Indeed, the more the initial concentration increases, a
unit mass of the adsorbent is exposed to a more significant number of
ions. Moreover, increasing the initial concentration also enhances the
interaction between adsorbate and adsorbent. Therefore, the amount
adsorbed per unit mass of clay increases 3%’. Relative to the adsorption
of arsenic, the formation of a plateau is a corollary to the saturation of
the surface of the adsorbent. However, in the case of the elimination
of metal cations, saturation of the clay surface is not observed. This
difference suggests that the mode of adsorption of oxyanions is distinct
from that of cations. To describe and quantify the elimination of
chemical species, adsorption isotherms were constructed (Figure 9).

Using the classification of Giles et al,, the experimental isotherms
obtained following the adsorption of pollutants on KAT clay are of
type (L). This type of isotherm suggests that adsorption takes place on
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Figure 8 Influence of the initial concentration on the adsorption of Hg, Pb,
Cd and As
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Figure 9 Adsorption isotherms of Hg, Pb, Cd and As on KAT clay

microporous adsorbents with progressive saturation of the active sites®.

Modeling of adsorption isotherms

The adsorption results are modelled based on the assumptions of
the Langmuir (Figure 10) and Freundlich (Figure 11) mathematical
models. The equations that serve as models are respectively:
Gt
Qe Quux QuaKy
represent Langmuir constant; Q.. is the maximum adsorption
capacity and K and n are Freundlich constants. The Langmuir and
Freundlich parameters (K;, Qmax, K¢and n), as well as the correlation
coefficients (R?) are determined and presented in Table 3.

The application of mathematical models to adsorption shows that the
Freundlich model better describes the elimination of metal cations (Pb,
Hgand Cd) (R?>0.98). On the other hand, the adsorption of arsenic is
in agreement with the Langmuir model (R? > 0.99). This observation
confirms that the mode of adsorption of oxyanions is distinct from
that of cations. Indeed, the adsorption of metal cations which follows
the Freundlich model, supposes that the fixing of the chemical species
takes place on a heterogeneous surface and that the number of sites
likely to adsorb the species is unlimited®. This result corroborates that
it is difficult to obtain a plateau on the adsorption isotherms of metal

and LogQ, = LogK, + lLogCe , where K
n
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Figure 10 Application of the Langmuir model to the adsorption of Hg, Pb, Cd
and As on KAT clay
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cations. On the other hand, the elimination of arsenic, which follows
the Langmuir model, suggests that the number of sites likely to adsorb
pollutants is limited and that the surface of the clay is homogeneous®.
Moreover, the values of n (1 < n < 10 ) indicate that the adsorption of
the chemical species on the KAT clay is favourable'e.

Simultaneous Adsorption

Figure 12 below shows the results of arsenic adsorption on KAT,

KAT-Na and KAT-Mg clays. For an initial concentration ranging

from 5 to 20 ppm, the adsorption capacity of KAT clay varied from

0.26 to 0.45 mg/g. Regarding clay saturated with sodium (KAT-Na),

the adsorption capacity increased from 0.33 to 0.62 mg/g. As for clay

saturated with magnesium (KAT-Mg), its adsorption capacity varied
from 0.32 to 0.60 mg/g. Arsenic adsorption reached 59.04, 73.64 and

72.53% on KAT clays, KAT-Na, and KAT-Mg, respectively.

Four key points were noted :

« Adsorption increased with the initial concentration until it reached
a pseudo-plateau in the high concentration range (between 15 and
20 ppm) ;

 The KAT sample has a significantly lower adsorption capacity than
the treated clays (KAT-Na and KAT-Mg) ;

« Adsorption increased in the order KAT < KAT-Mg < KAT-Na;

o KAT-Na and KAT-Mg have practically the same adsorption
capacities.

The pseudo-step from 15 ppm suggests that the surface of the
adsorbent was saturated. Thus, beyond this concentration, there was
no additional adsorption. The high capacity of cation-treated clays
(KAT-Na and KAT-Mg) compared to raw clay (KAT) was related to
their specific surface. Indeed the adsorption capacity of clays and their
specific surface evolve in the same direction (KAT (48.5 m2/g) < KAT-
Mg (50.1 m2/g) < KAT-Na (53.7 m?/ g)). This observation agrees with
the work of Sei et al. (2002), which justifies the strong adsorption by the
large specific surface of clays relative to the elimination of phosphates®..

To understand the influence of metal cations on the elimination of
arsenic, adsorption isotherms are shown in Figure 13. The linearization
mathematical models of Langmuir and Freundlich were applied to
these isotherms (Figure 14 and 15). Parameters such as: K, Q.0 1,
K; and R? were determined and recorded in Table 4.

The correlation coefficients obtained by the Langmuir model
are very satisfactory (R?> > 0.98) than those determined by the
Freundlich linearization (R* < 0.90). Consequently, the Langmuir
model better described the adsorption of arsenic in the presence of
lead and cadmium on KAT clays, KAT-Na and, KAT-Mg. Moreover,
the values of Q,,, obtained theoretically are very close to those

determined experimentally. Relative to the adsorption on the KAT
QAs;mult
max
As;indiv
max

=0.53 <1.Qpum"

max

clay, the ratio and QA% represent the

Table 3 Langmuir and Freundlich parameters

maximum adsorption capacities of arsenic from multimetallic and
monometallic solutions, respectively. This result suggests that the
presence of lead and cadmium in the solution has an antagonistic
effect on the adsorption of arsenic?. Indeed, the presence of lead
and cadmium in the solution reduced the elimination of arsenic to
46.43%.
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Figure 12 Influence of the initial concentration on the adsorption of As in the
presence of Pb and Cd
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Figure 13 Adsorption isotherms of As on KAT, KAT-Na and KAT-Mg

Chemical species Langmuir Isotherm

Freundlich isotherm Qunax (Mg/g) experimental

Quax Ky R? n K¢ R?
Hg 4.53 0.03 0.8823 1.72 0.27 0.9827 3.37
Pb 3.95 0.11 0.9672 2.48 0.68 0.9891 3.55
Cd 7.23 0.01 0.6793 1.22 0.08 0.9852 291
As 0.89 0.15 0.9980 3.66 0.26 0.9525 0.84

Table 4. Langmuir and Freundlich parameters for simultaneous adsorption

Chemical species Langmuir Isotherm

Freundlich isotherm Qunax (Mg/g) experimental

Qmax Ky R? n K¢ R2
KAT 0.47 0.8228 0.9855 3.80 0.2263 0.7789 0.45
KAT-Na 0.67 0.7590 0.9925 3.44 0.3075 0.8592 0.62
KAT-Mg 0.68 0.6149 0.9959 3.26 0.2897 0.8999 0.60
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Figure 14 Application of the Langmuir model to the adsorption of As/
(As+Pb+Cd) on KAT, KAT-Na and KAT-Mg clay

CONCLUSION

This study made it possible to evaluate the effectiveness of Katiola
clay in removing mercury, lead, cadmium and arsenic in an aqueous
environment. The influence of parameters related to operating
conditions such as the amount of adsorbent, the pH of the solution,
the contact time and the initial concentration of chemical species was
examined. The study of the individual adsorption of Hg, Pb, Cd and
As on the raw clay (KAT) allowed to determine the optimal adsorption
conditions. Using the optimal conditions, the adsorption capacity
of natural clay and clay saturated with sodium and magnesium was
evaluated for removing arsenic in the presence of lead and cadmium.

The elimination of chemical species is optimal with a mass of clay
of 0.1g. The adsorption of lead, cadmium and arsenic is better at pH
7. Relative to eliminating of mercury, the adsorption is maximal at pH
4. Tt appears from this study that the adsorption of chemical species
is fast and efficient. The study of adsorption in the monometallic
solutions showed better adsorption of lead compared to those of other
chemical species. The kinetic study showed that the equilibrium was
established after 90 minutes and that the pseudo-second-order kinetic
model better described the adsorption mechanism. The plot of the
adsorption isotherms indicated that the Langmuir model perfectly
represents the adsorption of arsenic. As for the elimination of lead,
cadmium and mercury, the Freundlich model is better suited. In
polymetallic solution, the elimination of arsenic in the presence of
lead and cadmium is favoured when the clay is rendered homoionic.
On the other hand, there was no significant difference between the
adsorption capacity of sodium and magnesium clay. This study showed
that the presence of lead and cadmium reduced arsenic elimination.

In light of the results, KAT clay has an excellent ability to eliminate
chemical species. This work is thus intended to contribute to water
treatment for better health of living beings using KAT clay as an
adsorbent. However, the intercalation of large polycations of iron
between the sheets of clay (bridged clay), can further enhance its
adsorption capacity.
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