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Abstract: This study evaluates the potential of a natural clay from N’Djamena (Chad) for removing Pb*" ions from
aqueous solutions under static conditions. The adsorption performance was interpreted using Langmuir and Freundlich
isotherm models. Mineralogical characterization classified the raw material as a clay soil, predominantly composed of
kaolinite (49.3%), with contributions from goethite (15.8%), quartz (18.1%), vermiculite (1.5%), and k-feldspar*
(15.4%). The clay is primarily composed of silica (40.46%), alumina (23.84 %), and iron oxide (14.44%). Its specific
surface area is 86.82 m2/g. It has a cation exchange capacity of 46 meq/100 g and a swelling index of 2.71 cm3/g. Optimal
lead removal was achieved under the following conditions: 25 mL of solution per reactor; a clay-solute contact time of
90 minutes; an initial Pb?>" concentration of 20 ug/L; and a pH of 7. The adsorption of lead onto the studied clay is well
described by the Langmuir isotherm, with a maximum adsorption capacity of 14.64 pg/g. Kinetic analysis suggests that
the pseudo-second-order model accurately represents the adsorption process. These results show that the clay is an
effective natural material for removing lead from water, suggesting its potential use in water treatment.

Keywords: clay; characterization; Pb?" ions; water treatment

Caractérisation d’une argile de N'Djamena (Tchad) utilisée dans le traitement

de I'eau : le cas du plomb (Pb) dans les systemes aqueux

Résumé : Cette étude évalue le potentiel d’une argile naturelle de N’Djamena (Tchad) pour 1’élimination des ions Pb?*
en solution aqueuse. Les performances d’adsorption ont été étudiées et interprétées a 1’aide des modéles de Langmuir et
de Freundlich. La composition minéralogique est dominée par la kaolinite (49,3 %), le quartz (18,1 %), la goethite (15,8
%), de feldspath (15,4 %) et de vermiculite (1,5 %). La silice (40,46 %), I'alumine (23,84 %) et I'oxyde de fer (14,44 %)
dominent la composition chimique. La surface spécifique déterminée est 86,82 m2/g, tandis que sa capacité d'échange
cationique est évaluée a 46 meg/100 g et son indice de gonflement & 2,71 cm?/g. Le protocole expérimental a consisté a
utiliser 25 mL de solution par réacteur, avec une concentration initiale en Pb%* de 20 pg/L, un pH de 7 et un temps de
contact de 90 min. Dans les conditions optimales, I’adsorption du plomb suit 1’isotherme de Langmuir (Qmax = 14,64
Hg/g) et une cinétique de pseudo-second ordre. Ces résultats confirment I’efficacité de 1’argile étudiée pour la rétention
du plomb et son potentiel pour le traitement des eaux.

Mots Clés : argile ; Pb?* ; caractérisation ; traitement d’eau
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1. Introduction

Clay is one of the most essential components of the
Earth’s crust and plays a pivotal role in biotopes ™.
These minerals exhibit highly distinctive properties
and occur in nearly inexhaustible quantities in certain
countries, including Chad. Despite the considerable
quantity of clay available in N'Djamena, its
utilization is predominantly confined to the domains
of housing and traditional ceramics .. The scientific
literature pertaining to Chad's clays is scant, with a
paucity of studies addressing their physicochemical,
chemical and mineralogical characteristics . The
extant research on the application of Chadian clays
in pollution control is notably limited. In major urban
areas of Chad, the public drinking water supply
remains inadequate, resulting in populations relying
on untreated groundwater and surface water sources.
It is particularly evident that communities situated
along the Chari and Logone rivers in the capital city
directly utilize river water without the necessity of
prior treatment. It has been reported by several
studies that these waters are contaminated by
microbial, inorganic and organic pollutants, which
pose a significant risk to human health [ 71,
Consequently, these water resources require
appropriate treatment prior to human consumption.
In the domain of water pollution control, clays have
been extensively utilized due to their substantial
adsorption capacity and ubiquitous availability. A
substantial body of research has been dedicated to the
removal of pollutants from aqueous systems and the
associated pollution indicators %, An extensive
programme of research has been conducted on the
capacity of natural and modified clays to adsorb
heavy metals, with a particular focus on lead (Pb*").
Lead (Pb) is a toxic trace metal that can contaminate
surface water from various natural or anthropogenic
sources. Its presence in water can lead to
deterioration in water quality when its concentration
exceeds the permissible thresholds defined by WHO
and EU standard (< 10 pg/L) Ot 2 The US
Environmental Protection Agency (USEPA) has a
guideline value of 15 pg/L in drinking water 31, It is
therefore essential to minimize lead exposure
through systematic monitoring of water quality. In
instances of contamination, the implementation of
appropriate treatment processes is imperative for the
removal of pollutants and the mitigation of their
impact.

The objective of this study is to evaluate the capacity
of N’Djamena clay to remove lead from aqueous

solutions through a detailed characterization of its
physicochemical, chemical, and mineralogical
attributes. The present study investigates the impact
of solution pH, clay mass, contact time, and initial
lead concentration on adsorption performance, with
the objective of determining the conditions that
optimize lead removal.

2. Materials and method

2.1. Materials

The geographical area under consideration is located
in central-western Chad, at the confluence of the
Chari and Logone rivers, on the right bank of the
Chari. The region is predominantly composed of
floodplains that were formed during the late
Quaternary period. The presence of low-lying
depressions is a pervasive phenomenon, with some
of these depressions exhibiting the capacity to
temporarily retain rainwater following the rainy
season %, Geolocation of the sampling site was
performed with a GARMIN 12XL GPS
(12°03'15.1"N, 15°06'58.5"E), and the sampling
areas are depicted in Figure 1. The clay in question
is denoted TKA and is extracted from the clay site of
Toukra. The selection criteria included clay
abundance, soil type, and site accessibility, with an
estimated clay reserve of 2.48 x 10° m>,

The prospecting and sampling procedures were
conducted in accordance with the methodology
described by Pansu et al. (1997) %1, The drilling of
wells was conducted to depths ranging from 1.5 to
3.0 metres, with the precise depth determined by the
specific characteristics of each site. Sampling was
carried out in situ using a hand auger, a method that
involves the use of a manual pump to extract samples
from the well. A representative quantity for
laboratory analysis was obtained using the quartering
method. The clay sample was subjected to a process
of crushing and sieving, with the resultant material
passing through a 80 um sieve. The analytical sample
was then prepared in accordance with the procedure
delineated in Figure 2.

In the environment, lead is found to occur in two
oxidation states. +2 and +4. The tetravalent state,
despite its high degree of oxidizing ability, is seldom
observed in nature. In contrast, the divalent state is
the most stable and prevalent 61, Depending on the
objectives of the experiment, a number of working
solutions were subsequently obtained by dilution.
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Figure 1: Location of TKA sampling Site

2.2. Experimental methods

These analyses were conducted to investigate the
physicochemical properties directly affecting the
adsorption capacity of the clay TKA, as well as its
chemical and mineralogical characteristics.

The determination of texture was conducted in
accordance with the Robinson pipette method, as
stipulated in the AFNOR NF X31-107 standard 71,
Textural classification was based on the USDA/FAO
(1938) texture triangle 8, This involves placing the
proportions of sand, silt and clay in a triangle. The
intersection of these three proportions provides the
texture of the TKA sample.

The moisture content was determined by measuring
the loss of mass of the sample at a constant
temperature of 105°C. The mass loss was then
calculated using equation (1) (¢,

%H =2 % 100 (1)

Where H |s moisture content, m; (g) is mass of wet
sample and m; (g) is mass of sample dried at 105 °C.
For the moisture content analysis, the sample was
subjected to oven heating, with a temperature ramp
of 5°C/min to 1000°C applied, after which the
sample was held for a duration of one hour.
Subsequently, the sample was subjected to a cooling
process in a drawer for a period of four hours prior to
undergoing a weighing procedure ¢, The loss on
ignition (LOI) was determined using the following
equation (2)
Lor =8 x 100 (2)
my

Where m, (g) represents the mass of the sample
dried at 105 °C, and m3 (g) denotes the mass of the
sample after ignition.

ASTM D854-23 standard was used to determine the
relative density of the clay material 2,
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Figure 2: Diagram of analytical preparation

The pH and electrical conductivity of the clay
material were determined using a pH meter (CG822)
and a conductivity meter (HQ40d). The pH was
measured accordance with international standard
ISO 10390 Y and conductivity according to 1SO
11265:2025 122,

The pH at the point of zero charge (pHpzc) was
determined using the method described by Tchakala
et al. (2012) 2%, The procedure involved mixing clay
with sodium nitrate solution. The initial pH (pH;)
was adjusted between 2 and 8 using 0.1 M HCI or
NaOH. The suspension was stirred for 24 h, after
which the final pH (pHg) was recorded. The point of
zero charge (PZC) was determined from the
intersection of the pH¢ = f(pH;) curve with the first
bisector.

Swelling index (SI) was determined by placing 2 g of
clay in 10 mL of water within a graduated test tube.
The swelling index, expressed in cm® per 2 g of TKA
, corresponds to the volume occupied by the sample
[24]

In order to ascertain the colloidality of the substance
under investigation, 4 mg of TKA were suspended in
100 mL of water, and 0.2 mg of magnesium oxide
were then added with the objective of inducing
deflocculation. The mixture was stirred for 5 minutes
and transferred to a graduated test tube. Following a
24-hour period, the volume of the resultant liquid
was measured, and the colloidality was calculated
using the following formula (3) 2!
C=100-V (3)
Where € (%) represents colloidality, and V(mL)
denotes the volume of the supernatant.

The cation exchange capacity (CEC) and
exchangeable bases were determined using the
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ammonium acetate method, in accordance with the
AFNOR NF X31-130 standard 261,

The sample was analyzed by nitrogen adsorption at
77K using a Nova 800 BET analyzer. Specific
surface area was calculated from the adsorption data
in accordance with ASTM C1069-09 27,

The organic matter (OM) content was determined
using the Walkley-Black method, as described by
Pauwels et al. (1992) 1. The organic carbon was
oxidized with 1 N K2Cr.07 in H2SOs4, and the excess
dichromate was titrated with ferrous sulphate. The
OM content was calculated using Van Bemmelen’s
conversion factor 281,

The TKA sample (< 80 pm) was further ground, and
then 10.0 g was homogenized with 0.8 g of four
additives using an RS200 vibrating disc mill for 3
minutes. The resulting powder was compressed into
pellets and analyzed by X-ray fluorescence (S8
TIGER) to determine the composition of the main
oxides.

To identify the various mineral phases, powder
diffraction method was employed, which involves
analysis of a completely disoriented powder.
Analysis was conducted using a Phillips PW1710
diffractometer operated at 40 kV and 40 mA, over a
20 range of 5° to 70°. The diffractogram was
analyzed using Origin 6.0 software, and the mineral
phases were identified by comparison with Powder
Diffraction File (PDF) and the open-access
Crystallography Open Database (COD).
Mineralogical analysis was conducted based on the
chemical composition determined by X-ray
fluorescence. Mineralogical calculations were
performed using the relationship proposed by Yvon
et al. (1982) in equation (4) 21,

Ty =%i=1M; X Pi(a) (4)

Where T, (wt.%) denotes the clay content, M; (wt.%)
represents the content of mineral i in the clay, and

P;(a) (wt.%) corresponds to the proportion of the
oxide in mineral i.

Fourier Transform Infrared (FTIR) spectrum of TKA
was recorded using a Vertex 70 DTGS spectrometer.
Sample mixture was pressed into a pellet prior to
analysis. Spectra were acquired over the range 4000
- 400 cm™ with a spectral resolution of 4 cm™. The
resulting transmittance spectrum as a function of
wavenumber was interpreted to identify the
functional groups present on the clay surface.
Retention tests were performed under static
conditions by contacting the synthetic solution with
the clay material. The mixture was stirred at room
temperature, and pH of the solution was adjusted
using 0.1 N sulfuric acid (H2SOs) or 0.1 N sodium
hydroxide (NaOH).

At the end of each experiment, the mixture was
filtered sequentially using Whatman No.4 paper
followed by a 0.45 um membrane syringe filter.
Residual lead concentrations in the filtrates were
measured using a HACH DR3900.

Adsorption capacity (Qaqs) and lead removal
efficiency (R) were calculated using equation (5) and

(©) Co-C
Qads = I xV 5)

m

R=2"x100 (6)
Co

Where Cy (Mg/L) is the initial concentration, C,

(Mg/L) is the residual concentration, m (g) is the

mass of the adsorbent, and V (mL) is the solution

volume.

At equilibrium, the residual concentration is

designated as C, (Mg/L) and the amount adsorbed as

Qc(H9/9).

The primary models utilized in this study for the

description of liquid-solid adsorption isotherms and

the conduction of kinetic analyses are presented in

Table | 29

Table I: Equations (7) and (8) of the adsorption isotherm and equations (9) and (10) of the kinetic models

Isotherm Kinetics
Langmuir Pseudo-First Order
S ™ In(Qe— Q) =InQe— kst (9)
e _ n — =InQ, —
Qe KLQm.slx Qmax € t € 1
Freundlich Pseudo-Second Order
1 8 t 1 4 t
InQ, = InKy + HlnCe 8) Q- Q2 | Q. (10)

Where Q, (1g/g) is the amount adsorbed at time t (min), Qmax (H9/g) is the maximum adsorption capacity, K; (L/ug) is
the Langmuir constant, Kg ((Lg/g)(L/ug)Y" is the Freundlich constant, n (dimensionless) is the heterogeneity factor
reflecting the distribution of adsorption energies, k,(min) is the pseudo-first-order rate constant, k, (g.ug*min?)is the
pseudo-second-order rate constant, and t (min) represents time.
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3. Results
3.1. Characterization of raw materials
3.1.1. Physico-chemical characteristics

A pragmatic approach to the analysis of particle size
distribution was realised through the graphical
representation of the percentages of sand, silt, and
clay on the textural triangle (Figure 3). This method
was utilised to ascertain the soil textural class.

The particle size analysis (Table 11) showed that clay
was the dominant fraction (60.0%). In accordance
with the USDA/FAO textural classification 18] the
TKA sample was therefore classified as a clay soil.
The physicochemical properties of the clay under
scrutiny are presented in Table I11. The elevated pH
(greater than 7.0) indicates the presence of 2:1-type
clay minerals, including illite, smectite and
vermiculite B%, The point of zero charge (pHpgc) of
the material is 6.62. Below this pH, the surface is
positively charged, whereas above it, the surface is
negatively charged, favoring the adsorption of
anionic and cationic species, respectively [,
Consequently, it is hypothesized that the adsorption
of lead ions from an agqueous solution will be favored
at pH values greater than 6.62. The measurement of
clay electrical conductivity is a valuable tool that
provides insight into the concentration of
exchangeable base cations within the interlayer
spaces. This, in turn, allows for the assessment of the
salinity status of the material. In accordance with the
classification scale proposed by Durand J.H. (1983),
the electrical conductivity (CE) value of 85.00
uS/cm falls within the range of 0-500 uS/cm. This
finding indicates that the studied clay material, TKA,
is non-saline 21, The measured moisture content (H)
is 3.18%, indicating a low water retention capacity
and suggesting that the TKA sample is essentially
non-hygroscopic. The relative density of such

minerals is influenced by their mineralogical
composition, water content, and degree of
compaction. The relative density (d) is

Table I1: Proportion of clay, silt and sand (%) in

approximately 2.27, a value that falls within the
typical range reported for typical clay soils. The
swelling index (SI) of the TKA sample was measured
at 2.71 cm?3 per 2 g of clay material. This value falls
within the range of 2.50-3.00 cm?/2, indicating that
the studied clay belongs to the category of soils
susceptible to significant volumetric variations %,
Hebert et al., (2015) B® demonstrated that the
swelling index increases with higher smectite
content, while kaolinite and illite/mica also exert a
measurable influence. It is well established that the
presence of expansive clay minerals, particularly
vermiculite, is strongly correlated with high swelling
potential in clays. The colloidality of the TKA
sample (C) is 7.10%, which is a relatively low value.
This can be attributed to the limited ionization of the
constituent particles B4, This characteristic is
indicative of the material exhibiting poor dispersion
in an aqueous medium. In the context of the
extraction of heavy metals from aqueous solutions,
higher colloidality is generally considered
favourable, as it has been demonstrated to enhance
the adsorption of metal ions onto the material
surface. The loss on ignition (LOI) of the clay sample
is 12.13%, which is indicative of a coexistence of
clay minerals with associated minerals 11,

As illustrated in Table 1V, the organic matter (OM)
content of the TKA sample has been determined to
be 4.97%. As posited by the classification proposed
in the UNDP/FAOQO project Gui 72/004, this value
indicates that the studied clay is rich in organic
matter . A high organic matter content can
enhance metal adsorption through the formation of
stable complexes. Gossart P. (2001) ¢! demonstrated
that specific functional groups, such as carboxyl,
phenol, and amine groups, are capable of forming
stable complexes with lead (Pb), cadmium (Cd), and
zinc (Zn). Consequently, the organic matter content
may be regarded as a pivotal factor when selecting a
clay for the immobilization of certain metal cations
in agueous environments.

Table IV: Organic carbon (OC) and organic matter

TKA (OM) in the TKA sample
Interpretation Clay Silt Sand OC (%) OM (%)
TKA 60.00 33.00 7.00 2.88 4.97
Table 111: Physico-chemical parameters of TKA sample
pH PHpz CE(ES/cm) H(%) d Sl (cm®2g) C (%) LOI (%)
7.61 6.62 85.00 3.18 2.27 2.71 7.10 12.13
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Table V: Exchangeable cations (%) and CEC at pH 7 (meg/100 g of clay)

Calcium  Magnesium  Potassium  Sodium  Som of the bases CEC pH7
14.80 12.40 0.12 0.19 28.00 46.00
Table VI: Surface and porous structure parameters of clay material
Seet (M?Q)  Smicro (M) Sext (M2/g)  Vmicro (cM?/Q) Vp (cm®/g) Dp (Nm)
86.82 12.87 73.95 6.04.10* 0.19 3.24

Seet: BET specific surface area; Smicro: micropore area; Sext: External surface area; Vmicro: Micropore volume; Ve: pore

volume; Dp: pore diameter

silt loam

5 B % % B

- Sand Separate, %

Figure 3: Soil textural triangle

As demonstrated by the findings outlined in Table
V, calcium and magnesium are the primary
exchangeable cations. Chouchane et al. (2011)
demonstrated that the sorption of lead by sawdust in
an aqueous environment predominantly occurs via a
cation-exchange mechanism, wherein exchangeable
base cations assume a pivotal role 71, Nevertheless,
elevated concentrations of divalent exchangeable
cations such as Ca?* and Mg** on clay surfaces may
inhibit the adsorption of heavy metals, including
Pb**, Cd**, and Zn>* B8 The cation exchange
capacity (CEC) of the clay under scrutiny is
marginally elevated in comparison to the values

3.1.2. Chemical and mineralogical characteristics

The results of the IR analysis are presented in Figure
4 and Table VII. These results highlight the
principal functional groups of aluminosilicates, as
well as other chemical functionalities. These
functionalities govern the clay's interaction with
pollutants.

Bands observed between 3200 and 3800 cm™ are
assigned to the stretching vibrations of internal O-H

documented for pure illite (20 to 40 meg/100 g) B°
%l This finding indicates that the material may
comprise illite in conjunction with other clay
minerals, thereby enabling its categorisation within
the group of clay materials that demonstrate a
moderate capacity for metal adsorption 1,

Table VI provides a synopsis of the textural
characteristics of the investigated clay. The BET
specific surface area was found to be 86.82 m2/g,
with an external surface area of 73.95 m%/g and a
micropore surface area of 12.87 m?/g. The external
surface area falls within the range reported for illite
(65-100 m2/g) and is slightly lower than that of pure
smectite (=80 m?/g) B%. Moreover, the external
surface area of the studied material is comparable to
that of a natural clay investigated by Bagane M.
(2000), which exhibited a value of approximately
71.00 m?/g [, The total specific surface area of
86.82 m#/g falls within the typical range reported for
smectic clay minerals (40-800 m?/g) [, The
measured micropore volume was 6.04 x 10~ cm®/g,
which corresponds to approximately 0.32% of the
total pore volume (0.19 cm?3/g). The pore size
distribution, determined using the Barrett-Joyner-
Halenda (BJH) method, indicates a predominantly
mesoporous structure, with an average pore diameter
of 3.24 nm.

The observations suggest that the TKA is composed
of a mixture of clay minerals. The integration of
cation exchange capacity data with the existing body
of knowledge lends support to the hypothesis of the
presence of 2:1 type clay mineral in TKA.

groups, whereas those between 1600 and 1700 cm™
correspond to the bending vibrations of the O-H
groups associated with structural water [2 %31 The
intense bands observed between 900 and 1200 cm™
are attributed to the stretching vibrations of the Si—
O-Si bond 2 431, Bands near 800 cm™* correspond to
Si—O bending vibrations, while those around 460
cm ™ are associated to Si—O rocking vibrations. The
bands observed between 795 and 748 cm! are
ascribed to the Si-O-Al linkage > “1. The
absorption bands observed around 520 cm™ and 700
cm™! are attributed to Fe-O bending and Fe-O

C.A. Ngarmadji et al. 35



J. Soc. Ouest-Afr. Chim. (2026) 055 ; 30 - 44

stretching  vibrations,  respectively,  thereby
confirming the presence of Fe2Os in the samples 191,
A thorough analysis of the obtained spectra reveals
the presence of absorption bands that are indicative
of phyllosilicate groups.

The X-ray diffraction patterns (Figure 5) showed
that the raw clay consisted mainly of quartz, with
minor amounts of kaolinite, vermiculite, potassium
feldspar and goethite. The prevalence of quartz has
been demonstrated to diminish the adsorption of Pb?*
41 Conversely, the presence of other minerals has
been shown to enhance the binding of Pb*,
attributable to their augmented surface reactivity and
cation exchange capacities [,

X-ray fluorescence (XRF) analysis was employed to
guantitatively determine the major oxides and
elemental composition of the investigated material.
The corresponding results of TKA are summarized
in Table VIII. The clay TKA is an iron-rich
aluminosilicate, composed mainly of SiO- (40.46%),
ALOs (23.84%) and Fe20s (14.44%). The presence
of MgO, K20 and Na:O confirms the existence of

Transmittance (%) -
B [8)] [o2] ~ 0] [{e] o
o o o o o o o

30

Wave number (cm-?)

Figure 4: IFTR spectrum TKA sample

4000 3600 3200 2800 2400 2000 1600 1200 800 400

exchangeable basic cations and vermiculite/feldspar
phases. The SiO2/Al:0s (1.70) and Al.05/SiO2 (0.59)
ratios indicate, respectively, a high free silica content
and low moisture permeability, which is consistent
with the low measured moisture content 1,
Mineralogical and chemical analyses identified
kaolinite (49.3%), goethite (15.8%), quartz (18.1%),
vermiculite (1.5%) and K-feldspar (15.4%) (Table
IX). The relatively large external surface area of the
clay sample is attributed to the presence of smectite
and goethite, as previously reported “71. Moreover,
the high abundance of goethite is likely to generate
reactive surface sites, thereby enhancing surface
complexation processes with metal ions such as lead.
Vermiculite is a type of clay with a high cation
exchange capacity (CEC). The layered structure of
the substance is characterized by a negative charge,
which has been demonstrated to facilitate the
attraction and retention of metallic cations, including
lead, through the mechanisms of adsorption and ion
exchange 81,

Gt : Goethite

Kin : Kaolinite
Kfs : K-feldspar*
Qtz : Quartz
Vrm : Vermiculite
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Figure 5: XRD diffractogram of TKA

(S}

Table VII: Main IR bands with their assignments

Bands (cm™)

3695.34 and 3621.69 1634.51 995.72 909.32 787.51 677.03 522.65
vs (O—H) 5(O—H) vs(Si-0) vs (AI-OH) vs (S-O-Al) vs (AI-OH) vs (Fe-O)
Table VIII: Main oxides
Oxide SiOz A|203 Fe,O3 CaO MgO K,O Na,O P,Os Ti02
% 40.46 23.84 1444 <0.01 0.68 0.50 0.14 0.04 2.51

Table 1X: Semi-quantitative mineralogical composition of the investigated clay

mlgseeral Kaolinite  Quartz Goethite  Vermiculite K-feldspar Total
Y%wt 493 181 158 154 100.00
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3.2. Evaluation of the capacity of clay to adsorb
lead ions in solution

3.2.1. Optimization of influencing parameters
This study investigates the effects of pH, contact
time, adsorbent dosage, and initial lead ion
concentration on lead adsorption by TKA, under
constant stirring at room temperature.

The adsorption of lead ions was evaluated across a
pH range of 3.00 to 7.50, selected to avoid
precipitation of Pb?>" in solution. The experimental
procedure involved the amalgamation of 25
millilitres of a 60 pg/L monometallic Pb*" solution
with 0.50 g of clay. The mixture was stirred at a rate
of 50 rpm at room temperature, with a contact time
of 90 minutes for the clay solution.

pH is a significant parameter in evaluating the
adsorption capacity of a clay. In the present study,
the pH of the lead solution was modified from 3.00
to 7.50, as demonstrated in Figures 6a and b.

The adsorption experiments conducted at varying pH
levels demonstrated a consistent increase in lead
removal with rising pH. As demonstrated in Figures
6a and b, the removal efficiency increased from
37.75% at a pH of 3.00 to 69.45% at a pH of 7.50,
with the corresponding adsorbed amount rising from
11.30 pg/g to 20.85 pg/g. It is noteworthy that the
adsorbed quantities at pH 7.00 and 7.50 were almost
equal, suggesting that the optimal pH for lead
removal is 7.00 within the experimental parameters
employed. The influence of clay mass on Pb*
adsorption was evaluated at pH7.00 and room
temperature, with a contact time of 90 minutes.
Figures 7a and 7b show that the removal efficiency
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of Pb*" increases with the mass of clay, whilst the
adsorption capacity (Qaqs) decreases. Although
0.125 g slightly improves removal (81.25%
compared to 77.70% at 0.100 g), the latter mass
yields a higher Q.qs (11.65 versus 9.75 pg/g),
indicating a more efficient use of the adsorbent.
Consequently, 0.100 g was selected as the optimal
mass, balancing removal performance and
adsorption efficiency whilst minimizing material
usage and solid waste production.

Utilising the optimised pH and clay mass, Pb**
adsorption exhibited accelerated initial rates and
attained equilibrium after 90 minutes, attaining a
maximum adsorption capacity of 11.55 pg/g and a
removal efficiency of 77.05%. As demonstrated in
Figures 8a and 8b, the impact of contact time and
initial Pb?*" concentration is evident. The
determination of equilibrium  conditions s
instrumental in ascertaining the contact time between
Pb?" and the adsorbent.

Pb?** solutions with concentrations ranging from 20
to 120 pg/L were exposed to 0.100 ug of clay for a
duration of 90 minutes at ambient temperature. The
measurement of residual lead concentrations was
undertaken in order to ascertain the initial
concentration at which maximum adsorption would
be achieved. As shown in Figures 9a and b, the
adsorption capacity increases with rising initial Pb?*
concentration, reaching a maximum at 100 pg/L,
beyond which the clay is unable to adsorb additional
lead. Conversely, the highest removal efficiency is
observed at lower concentrations.

25 1
(b)
& 20 -
(@)
=
o 15 +
10 +
5 } } {
2 4 6 8
pH

Figure 6: a) pH effect on Pb (II) removal; b) Effect of pH on the amount of Pb (I1) adsorbed.
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3.2.2. Adsorption Modeling

The Freundlich and Langmuir adsorption isotherms
for the clay are shown in Figures 10a and b, with
the corresponding parameters in Table X. The
results indicate favorable adsorption, as evidenced
by 0<K_<1 and n> 1, and allow estimation of the
theoretical maximum uptake 0% The Langmuir
model proved to be a better fit, as shown by its higher
R2 value, which suggests monolayer adsorption and

C.A. Ngarmadji et al.

allows the maximum adsorption capacity to be
estimated.

Both the pseudo-first-order and pseudo-second-order
kinetic models (Figures 11a and b) showed a high
degree of linearity (R? > 0.95). The Kinetic
parameters are shown in Table XI. However, the
pseudo-second-order model provided a better fit to
the experimental adsorption capacity, suggesting that
Pb* adsorption follows pseudo-second-order
Kinetics.
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Table X: Adsorption conditions, Langmuir and Freundlich constants

Adsorption constants

Adsorption conditions

Freundlich Langmuir

Te Co Mads 111

min) (o) (@) Ke(ug'nLng-1) 1N R Ku(L/pg) Qmax(Mo/g) R

90 20-120 0.100 6.23 0.23 0921 057 14.64 0.998

Table XI: Kinetic parameters

Q6o (L5/0) Pseudo-first-order Pseudo-second-order

e W9 Tkmind)  Qealigly) R ke(gugmin)  Qea(iglg) R
11.55 4.17.102 4.23 0.9996 1.99.10% 11.95 0.9996

4. Discussion

The material under study is a clay soil with a slightly
alkaline reaction and a lower swelling capacity than
sodium bentonite. Conversely, sodium bentonite is a
clay with a high alkaline nature and notable
dispersive properties, characterized by substantial
swelling and a comparatively high Pb(Il) adsorption
capacity, reported within the range of 10-132 mg.g!
49 The pH level of the material (7.6) is comparable
to that reported for green clays and distinctly
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different from that of kaolin. The near-alkaline pH of
the solution is conducive to the adsorption of heavy
metals, particularly Pb** ions %, he material exhibits
a density of 2.27 g/cms, which is commensurate with
that reported for various raw clays examined in
Cameroon, South Africa, and Tunisia BY. The
material displays a comparatively elevated swelling
potential, with a swelling index ranging between 2.5
and 3 cmd per 2 g . As indicated by preceding
research, heightened swelling indices are typically
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correlated with the existence of expandable clay
minerals 2, The colloidal stability of the material in
water was assessed through its colloidality, which
was found to be 7.1 %. This value is lower than the
9.8% reported by Qlihaa et al. (2015) B¢, for a
Moroccan clay used as an adsorbent in pollution
control and industrial wastewater treatment. The
authors attributed this relatively low colloidality to
limited ionization of clay particles. The moisture
content of the material under study was found to be
3.18%, a factor which could contribute to an increase
in the clay's adsorption capacity. Accordingly, the
material can be classified as being slightly
hydrophilic, a property that is analogous to that of
kaolinite . The electrical conductivity is low (85
pS.cm™) and markedly lower than that reported for
non-saline sodium clays (200-500 uS.cm™) 4, This
behavior may be related to a low content of free
soluble salts or to the limited release of exchangeable
base cations into the aqueous phase 2. The organic
matter content is 4.97 %, which is considered
moderate according to the literature and is
characteristic of natural or slightly weathered surface
clays B4, This value lies near the upper limit of the
moderate range, suggesting effective preservation of
organic matter within the clay matrix. Such
preservation may enhance the cation exchange
capacity through the formation of clay-humic
complexes 551,

The cation exchange capacity (CEC) of the studied
clay (46 meg/100 g) exceeds that typically reported
for kaolinite-type clays and is comparable to values
observed for charged illite or mixed-layer clays
containing smectite ¥, This relatively high cation
exchange capacity suggests a composite mineralogy
dominated by partially expandable 2:1 phase, such as
weakly  charged smectites, illite-smectite
interstratifications, or the presence of moderate to
low proportions of vermiculite. The validity of this
interpretation is further substantiated by the chemical
composition of the material. The SiO2/Al.Os ratio
(1.70) deviates markedly from that expected for
kaolinite (=1.18) but is consistent with dioctahedral
phyllosilicates ¢, In addition, the high Fe.Os
content (14.44%) and the presence of MgO (0.68%)
indicate the occurrence of isomorphic substitutions
(Fe*" « AIP" and Mg>" < AI*") within the octahedral
sheets. It is well established that such substitutions
have the effect of enhancing the permanent structural
charge of 2:1 clay layers, and consequently
increasing their cation exchange capacity [2,
Furthermore, the negligible presence of calcium
oxide (CaO) (< 0.01%) and the minimal levels of
sodium oxide (Na:O) (0.14%) indicate that
carbonates and alkali feldspars do not substantially

dilute the clay fraction. This lends further support to
the mineralogical interpretation based on a
predominant 2:1 phyllosilicate structure. The
chemical data demonstrate that the clay is
predominantly composed of dioctahedral 2:1 layer,
exhibiting moderate octahedral substitutions, a
finding that is in agreement with the measured CEC.
The negligible CaO content indicates an absence of
carbonates and the predominance of phyllosilicates,
a finding that is consistent with the results of IR and
X-ray diffraction (XRD) analyses. These reveal a
mixed assemblage of vermiculite, kaolinite,
potassium feldspar, goethite and quartz. The clay has
a partially expandable structure due to swelling
phases and Fe—Mg isomorphic substitution, which
gives it a high adsorption potential.

Thus, the combined action of the mineral phases that
make up the clay material is responsible for the
adsorption of lead ions. However, each mineral's
surface properties, charge distribution, and chemical
reactivity determine its proportionate contribution.
Among these clay minerals, vermiculite emerges as
the most efficient phase for Pb*" adsorption, owing
to its high specific surface area, substantial interlayer
spacing, and pronounced negative surface charge,
521 Bhattacharyya and Gupta (2008) 71 showed that
vermiculite significantly outperforms kaolinite in
terms of Pb?" adsorption capacity. Vermiculite’s
strong adsorption is primarily controlled by three
mechanisms: dominant cation exchange, surface
complexation, and interlayer sequestration 8. The
contribution of potassium feldspar to lead removal is
negligible relative to that of vermiculite and
kaolinite, which can be attributed to its low specific
surface area and weak surface charge . Previous
studies have demonstrated that even trace amounts of
goethite may significantly enhance lead adsorption,
owing to the high reactivity of its surface hydroxyl
functional groups . In contrast, quartz is generally
regarded as an inert phase, and its role in lead
adsorption remains minimal due to its low surface
reactivity and the absence of a significant permanent
surface charge [,

The pore size distribution, as determined by the
Barrett-Joyner-Halenda (BJH) method, indicates that
the sample possesses an average pore diameter
ranging from 2 to 50 nm, consistent with mesoporous
materials. The measured specific surface area (86.82
m?/g) is substantially higher than that reported for
certain raw clays employed in heavy metal removal
from aqueous solutions 2. This enhancement is
attributed to the sample’s chemical composition,
particularly its elevated Fe.Os content %, The
external surface area is comparable to that of a
natural clay material investigated by Bagane (2000),

C.A. Ngarmadji et al. 40



J. Soc. Ouest-Afr. Chim. (2026) 055 ; 30 - 44

which was approximately 71 m2/g Y and falls
within the range reported for goethite (20-80 mz2/g)
[63]

Adsorption increases sharply with rising pH up to
approximately 7, after which a gradual deceleration
is observed until pH 7.5. This behavior indicates that
an increase in pH renders the clay surface more
negatively  charged, thereby reducing the
interference of H* ions with Pb?* ions and favoring
lead adsorption . The initial rapid increase can be
attributed first to the progressive deprotonation of
surface sites, which enhances the negative surface
charge and promotes Pb** uptake, and second, to the
stability of Pb** ions within this pH range [*4l. Beyond
pH 7, the adsorption capacity declines slightly, likely
due to competition with OH™ ions and potential
precipitation of Pb®*". Hence, lead adsorption is
governed by the clay’s surface charge, the
competition between H* and Pb** ions, and the
speciation of lead 8. The removal efficiency rises
from 47.21% to 81.85% as the adsorbent mass
increases from 0.025 g to 0.150 g. Conversely, the
adsorption capacity (ug/g) decreases. This behavior
can be attributed to the simultaneous effects of an
increased number of available active sites with the
addition of clay, and the underutilization of sites
resulting from an excess of adsorbent 3. The
adsorption kinetics exhibit a rapid uptake during the
first 60 minutes, followed by stabilization around
90 minutes. The initial fast adsorption is attributed to
the abundance of available active sites on the clay
surface, whereas adsorption slows as these sites
become increasingly  occupied, eventually
approaching saturation. Once saturation is reached, a
slight desorption is observed, as reflected in the
adsorbed quantity. The pseudo-second-order kinetic
model provides a good fit for the studied adsorbent—
solute system. Similar findings were reported by
Zhang and Zhang [ in their investigation of Pb**
adsorption on a natural clay from China. Moreover,
several studies have confirmed that lead ion
adsorption on clays generally follows pseudo-
second-order Kinetics © % With increasing initial
Pb*"  concentration, the removal percentage
decreases, whereas the adsorbed amount (Q., ng/g)
increases. This behavior can be attributed to the
enhanced concentration gradient between the
solution and the clay surface, which promotes the
transfer of lead to the adsorbent 7. The adsorption
isotherm of Pb** on the studied clay is well described
by the Langmuir model, indicating that lead removal
occurs predominantly via monolayer adsorption. The
adsorption process is strongly influenced by pH, clay
dosage, contact time, and initial concentration. At an
initial Pb?" concentration of 20 ug/L, optimization of

these parameters results in a maximum removal
efficiency of 96.90%, underscoring the considerable
potential of this clay for water purification,
particularly for surface waters, which typically
exhibit low lead concentrations with a median value
of approximately 5.8 ug/L %, The present study
demonstrates that static systems are inherently
incapable of achieving complete removal of lead at
trace concentrations (ug/L), thus emphasising the
necessity of dynamic configurations with enhanced
mass transfer to ensure consistent and reproducible
performance.

5. Conclusion

This investigation of TKA for its application in the
adsorption of metal ions produced important
outcomes and enabled the characterization and
assessment of its capacities. The mineralogical
composition of the subject is primarily quartz and
kaolinite, with smaller amounts of vermiculite. The
predominant oxides identified in this study include
iron oxide, silica, and alumina. The material can be
categorized as a swelling clay if the swelling index
falls between 2.5 and 3 cm3/2 g. The analysis of the
effects of solution pH, clay dosage, clay-solute
contact period, and starting solute concentration on
the adsorption capacity indicates that lead removal
from aqueous solutions is possible. The removal
effectiveness achieved 96.90% under ideal
conditions, which included a clay mass of 0.100 g, a
pH of 7; 25 mL of a lead solution at 20 pg/L, and a
contact time of 90 minutes. The Langmuir model
provides a satisfactory description of the Pb?
adsorption isotherm on the clay under study, with a
maximum adsorption capacity of 14.64 pug/g.
Furthermore, the pseudo-second-order model is
found to be consistent with the adsorption kinetics.
These findings suggest that the clay is a natural lead
adsorbent that might be used to clean lead-
contaminated water.
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