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Abstract 

The RM (RM stands for the pristine clay) collected from sites in the Naima-Tiaret-Algeria and its purified 

phase TM (TM stands for the treated clay) were characterized using XRF, XRD, FT−IR, SEM−EDX, and DC 

electrical conductivity techniques. The as-prepared clays were used as potential adsorbents for the removal 

of Cu2+ and Zn2+ metals ions. Highly purified clay TM, exhibiting a basal, spacing of 25.83 Å and CEC of 51 

meq/100 g, was obtained. The type of interstratified I/M in the studied sites is S=1, based on the calculation 

method of Watanabe. The percentage of illite type S=1 is between 80−85% illite. The adsorption equilibrium 

was established in 60 min with the capacities of 28.57 and 24.39 mg/g for Cu2+ onto RM, 32.25 and 4.95 mg/g 

for Zn2+ in the presence of TM. D-R isotherm model was more suitable with the adsorption process than 

Freundlich and Langmuir models suggesting the ion exchange nature of the retention mechanism in most 

cases (E > 8 kJ/mol). Pseudo second-order model best described the kinetics of adsorption process. The 

adsorption mechanism was mainly monitored by ion exchange mechanism between exchangeable interlayer 

cations (Na) in the interstratified I/M and Cu2+ or Zn2+ metals from aqueous matrix. Further, the release of 

H+ ions from the edge of the layer structure in acidic environments promote the adsorption of heavy metals 

onto the surfaces interstratified I/M clay soils via electrostatic attraction. Copyright © 2020 BCREC Group. 

All rights reserved 
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1. Introduction 

The term "heavy metal" is often used for the 

group of elements that are associated with envi-

ronment pollution and have potential toxic ef-
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fects on wildlife. According to the latest recom-

mendations of the competent international bod-

ies, classification of metals on heavy and light 

should be based not only on the periodic table of 

elements and their chemical properties, but also 

on assessment of the impact of toxic metals in 

the environment [1]. Heavy metals are the ma-
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jor components of inorganic pollutants comes 

from the industrial  activity, such as: pesti-

cides, fertilizers, sludge, electroplating, battery 

manufacture, metal extraction and municipal 

solid wastes, which are considered a primary 

source of pollution of the  water, land, plants 

and animals [2]. Many heavy metals (copper, 

zinc, manganese and iron) are essential for all 

living organisms, since they play an important 

role as active centers of an enzyme and as es-

sentiel substances in mammalian metabolic 

systems, for instance, zinc plays a cruciale role 

in the development of the brain and intelli-

gence; copper is a constituent element of hemo-

cyanin in human body; manganese can promot-

ing the normal growth and development of 

bone, and maintain the normal metabolism of 

glucose and fat. However,  in higher concentra-

tions than optimal, they are harmful. Thus, the 

heavy metals are classified into  three  groups, 

for example, potentially toxic groupings 

(mercury, cadmium, arsenic and lead), normal 

harmful groupings (nickel, zinc, copper, chro-

mium), and less poisonous groupings 

(molybdenum, manganese and iron) [3]. The 

regular and  arbitral  releases of these harmful 

heavy metals in wastewater causes serious en-

vironmental, social and economic impacts. 

Thus, heavy metal pollutants have been à topic  

of intensive research  to their  connection with 

health hazards for all organisms due to its tox-

icity, persistence, recalcitrance, non-

biodegradable,  bioaccumulation and biological 

amplification in the food chain [4].  

Most heavy metals even at low concentra-

tion or high trace element unbalances exhibit 

harmful effects on the organisms due to their 

high carcinogenic and mutagenic impacts on 

wildlife [5]. Thus, the withdrawal of heavy met-

als form industrial and urban wastewater is a 

big environmental concern to provide a metal 

free water resource. Conventional processes for 

removing dissolved heavy metals, including ion 

exchange, chemical precipitation, membrane 

filtration technologies, electrochemical treat-

ment, phyto-extraction, ultrafiltration, reverse 

osmosis and electro-dialysis technologies. How-

ever,  most of these processes face various chal-

lenges and limitations, such as: a high cost, 

high-energy consuming, complicated equip-

ments, ineffective at low metal concentrations 

and  long reaction time [6]. From all these pro-

cesses, the adsorption process is one of the best, 

efficient, low-cost, green environmentally 

friendly, and ease of operation technique for re-

moving dissolved metal ions from wastewaters 

[7].  Right now, various materials have been 

proposed to remove heavy metal form 

wastewater including activated carbon, benton-

ite, kaolin,  clays, zeolite, algae, diatomite, lay-

ered double hydroxides (HDLs), advanced oxi-

dation processes (AOPs) and the emerging met-

al-organic frameworks (MOFs) [2,6,8]. Activat-

ed carbon is effective material in the removal 

of heavy metals from wastewater due to its 

high metal ions adsorption capacity. However, 

these adsorbent materials have disadvantages, 

such as: harmful byproducts and high treat-

ment cost [8]. Some researchers have focused 

on using clay soils due to its unique character-

istic, such as: availability, low cost, versatile 

metal composition,  chemical and mechanical 

stability, colloidal properties,  chemically ac-

tive surface, re-active interfoliar space, 

Brønsted and Lewis acidity, high  cation ex-

change capacity (CEC) and great surface area 

[9].  

Clay minerals are mostly phyllosilicate min-

erals, which are described by layered structur-

al units composed of polymeric sheets of SiO4 

tetrahedra linked to sheets of (A1, Mg, 

Fe)(O,OH)6 octahedra. They are found in the 

clay-size fraction of sediments and soils <2 µm. 

The tetrahedral sheets have a Si2O6(OH)4 unit 

consisting of four hydroxyl groups surrounding 

every silicon atoms in a tetrahedron coordina-

tion. By contrast, an octahedral coordination 

consists of Fe, Mg or Al atoms surrounded by 

six hydroxyl or oxygen atoms, such as in the 

composition of Al2(OH)6. The silicate clay min-

erals  composition changes regularly due to 

substitution of ions within the mineral struc-

ture. The process of replacing one structural 

cation for another of similar size is referred to 

as isomorphous substitution. This replacement 

represents the primary source of both negative 

and positive charges in clay minerals. For in-

stance, the substitution of one Al3+ for a Si4+ in 

the tetrahedron results in a gain of one nega-

tive charge and widely impolies in the removal 

of heavy metal cations from wastewater. Alter-

natively, replacement of a lower valence cation 

by one with a higher valence (Fe2+ by Fe3+) 

gives rise to a gain of one positive charge. In 

most soils, however, substitutions that result 

in net negative charge exceed those producing 

a positive charge [9]. 

Heavy metal removal by clay soils and clay 

composites consists of a series of complicated 

removal mechanisms, such as: ion exchange, 

surface complexation, and direct bonding of 

heavy metal cations to the surface of clays [10]. 

Removing of heavy metal by  bentonite with re-

spect to  Cu2+, Zn2+ and Pb2+ were studied by 

Karimi and Salem [11]. They concluded that 

the release of H+ ions from the edge of the of 
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the layer structure in acidic environments 

boosts the adsorption of heavy metal ions from 

wastewaters. Bhattacharyya and Gupta [12] in-

dicated that kaolinite is able to remove  various 

heavy metals like Hg2+, Cd2+, Cu2+, and Pb2+ ef-

fectively  in aqueous solution due to its H+ ions 

released from the edge of the  structure in acid-

ic conditions and surface adsorption on the ex-

posed tetrahedral or octahedral sheets. Wang et 

al. [13] investigated the removal capacity of 

heavy metals ions in aqueous solution, using 

acid-activated montmorillonite. The modifica-

tion by acid activation assistances alter the 

surface area, increases the sorption sites, en-

hances thermal stability and adsorption capaci-

ty. The sorption process for cadmium and cop-

per from aqueous solutions using activated coal 

was assessed by Rao et al. [14] and  20 mg/g of 

Cd2+ and Cu2+ were highly up taken. The  up 

take capacity of heavy metals ions like Cr3+, 

Cd2+, Cu2+ and Pb2+ using Jordanian zeolite 

was investigated studied by Baker et al. [15]. 

The Jordanian phillipsite tuff exhibited high 

selectivity for the discharge of Pb2+ about 98% 

achieved within 90 min, then Cr3+, Cu2+ and 

Cd2+ about 96% achieved within 5 h. Mishra 

and Patel [16] studied the use of activated car-

bon, kaolin, bentonite, blast furnace slag, and 

fly ash as adsorbent to remove the lead and 

zinc ions from water. From their results, it was 

found that bentonite and fly ash were effective 

for lead and zinc removal. Aytas et al. [17] in-

vestigated the effect of various  key parameters 

(pH, contact time, temperature, and initial 

metal concentration on uranium (U(VI)) ad-

sorption) on thermally activated bentonite 

(TAB). It was found that when bentonite was 

calcinated at 400 °C, the adsorptive capacity is 

highest but decreases when above 400 °C. The 

TAB has a maximum sorption at pH 9.0. It was 

shown that  the percentage sorption of uranium 

at the optimum adsorption conditions was 

found as 66.2±0.7%.  Oliveira et al. [18] pre-

pared clay iron oxide composite for adsorption 

of metal ions Ni2+, Cu2+, Cd2+, and Zn2+ from 

aqueous solution. They compared the metal ad-

sorption capacity of bentonite clay and its mag-

netic composite. They showed that the pres-

ence of iron oxide increased the adsorption ca-

pacity of the bentonite. These adsorbents 

showed the advantage to be easily removed 

from the medium by a simple magnetic separa-

tion procedure after saturation is reached. 

As deduced from  the above literature re-

view, clay materials have been applied to up-

take  various  heavy metals ions from simulat-

ed wastewater due to its availability, large sur-

face area and expandable layered structure, 

and the high adsorption capacity. Algeria pos-

sesses enormous reserves of clay soils  in the 

region of Naima-Tiaret. The soil of NAIMA is 

basic completely devoid of limestone, more or 

less rich element (potassium, sodium), and or-

ganic matter. These sites are operated by local   

people, mainly for the manufacture of various 

potteries. Based on the above highlights, the 

clay soils located in the region of Naima-Tiaret,  

Algeria, as shown in the Figure 1,  are used as 

potential adsorbents for the removal of two 

heavy metal ions such as Copper (Cu2+) and 

zinc (Zn2+) in the simulated aqueous solution.  

We examined the adsorption of these heavy 

metals which could pollute the waters, the ad-

sorbates used are metallic trace elements, the 

choice of these two metals has been motivated, 

first, by the dangers to their health and the en-

vironment and, secondly, the ease of their de-

termination in water. Zinc (Zn) is the most tox-

ic. Indeed, it is now recognized that the toxicity 

increases gradually as the amount released in-

creases. Copper (Cu) production has increased 

in recent decades and thus the amounts of cop-

per in the environment increased.  

To the best of our information, there is no 

work have been stated on the use of the Naima 

clay soils as an adsorbent for these heavy met-

al ions. The pristine and chemically treated 

clays were characterized by different tech-

Figure 1. Map showing the locations of the clay deposits (Algeria, Tiaret-Naima). 
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niques including X-ray fluorescence (XRF), X-

ray diffraction (XRD), Fourier transform infra-

red (FT−IR), scanning electron microscope with 

energy-dispersive X-ray (SEM−EDX) and DC 

electrical conductivity techniques. The varia-

tion Δ2θ1−Δ2θ2 method of Watanabe was used 

to determine the type and percentage inter-

stratification illite/montmorillonite. The impact 

of two key parameters (contact time and initial 

metal ion solution concentration) on the remov-

al process of these heavy metals onto  clay ma-

terials was investigated in detail. Three ad-

sorption isotherm models, such as Langmuir, 

Freundlich and Dubinin–Radushkevich (D–R) 

isotherm were applied to the equilibrium data 

to explain the main interactive mechanisms 

implicated in the sorption process. For better 

description of the adsorption mechanism, kinet-

ic data  were correlated with the pseudo-first-

order and pseudo-second-order models. The 

mechanism of the enhanced adsorption efficien-

cy of our materials towards Cu2+ or Zn2+ metal 

ions from aqueous matrix was investigated in 

details. Finally, a comparison study between 

the adsorption capacity of our clays towards 

Cu2+ and Zn2+ metals and those removed by 

various clay materials from previous relevant 

studies was highlighted. 

 

2. Materials and Methods 

Clay soil was obtained from clay deposits lo-

cated in the region of Naima-Tiaret, Algeria. 

The clay sample was disintegrated mechanical-

ly and passed through the sieve of 2 mm. The 

sifted sample in the tray (small sizes) is used 

for the batch study (is denoted as untreated 

clay; RM). The preliminary treatments of the 

natural clay soils were performed by washing 

with distilled water to remove impurities and 

organic species, drying  in oven at 105 °C for 24 

h to eliminate moistures and then sodium hom-

inization to replace all the exchangeable cati-

ons by sodium cations (Na+) to obtain good clay 

colloidal dispersions and expandable layered 

structure with the well-defined size fractions, 

smaller than 2 micron. The <2 µm particle size 

fraction was filtered,  and then washed several 

times with distilled water until free Cl− was not 

detected in the suspension (AgNO3 test). The 

<2 µm fraction was collected by centrifugation,  

dried at 60 °C for 24 h and grinded (is denoted 

as chemically treated clay; TM)  to be used for 

the batch investigation. 

 

2.1 Determination of  the  Cation Exchange Ca-

pacity (CEC) 

In a series of Erlenmeyer flasks, we intro-

duce a constant volume of a clay suspension 

concentration equal to 1 g/L and varying 

amounts of methylene blue, the various mix-

tures are stirred normal hang one hour at room 

temperature. Balance after the suspensions 

were centrifuged and the solutions of meth-

ylene blue were measured by residual UV-

Visible spectrophotometry at a wavelength of 

665 nm. The isotherm is obtained by plotting 

the amount of methylene blue set according to 

the residual concentration. 

 

2.2 Acid-base Surface Properties 

Solid surface properties were determined by 

potentiometric titration. The titration was car-

ried out using 0.01 M potassium hydroxide 

(KOH) in a 0.01 M NaCl electrolyte solution. 

The solid surface electrostatic charge results 

from an acid-base surface reaction. These are 

correlated by the mass conservation equation, 

based on the reactions of surface hydroxyl 

groups. For each acid-base titration point, the 

surface charge Q is obtained from following ex-

pression equation (1): 

 

(1) 

 

where Q (mol/g) is the  surface charge, Cb 

(mol/L) is the amount of base added and m 

(g/L) is the  test sample. We can therefore ob-

tain the average surface charge of the solid Q 

as a function of the pH. The results obtained 

for test portion (m = 0.1 g/L). 

 

2.3 DC Conductivity 

The DC conductivity of clay samples were 

measured using a bridge (LCR-821, Instek 

LCR meter) with the frequency (f) between 104 

and 106 Hz. The samples after preparationin 

the hydraulic hot press (300 bars) as the disk 

with dimension 1–2 mm thick and 12 mm in di-

ameter were inserted between the two plati-

num parallel plate electrodes  isolated from 

each other using the Teflon film sandwiched 

the sample. The instrument measures re-

sistance via two-probe technique and the resis-

tivity and conductivity are calculated according 

to this equation equation (2): 

 

(2) 

 

where I, V, S and e are current, applied voltage 

(50 Hz), sample area and sample thickness, re-

spectively. The instrument is connected with 

the heated chamber and temperature control-

ler to increase the temperature of the samples 

from 300 and 440 K with a step of 2 K/min. All 

( )bC OH H
Q

m

− +   − + −   
=

e
I

VS
 =
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system is attached to the standard PC monitor, 

Windows Private Software  accessible via the 

RS-232 terminal. 

 

2.4 Preparation of the Cu and Zn Solution 

For all the metals studied, we used the same 

method of preparation of a stock solution, from 

which we prepare a series of well-defined solu-

tion concentrations via successive dilution. Two 

stock solutions are prepared from the salt pre-

cursors: (ZnCl2, 0.5 g/L, Zn) for zinc and 

(CuSO4, 0.5 g/L, Cu) for copper, then a volume 

of stock solution is required each time and we 

vary the initial concentrations of metal ions by 

solution by successive dilution with distilled 

water. For each concentration of the metal ion 

mixing 50 mL of the diluted solution with the 

(RM or TM) clay mass at 100 mg thereafter, the 

contents of the flask were centrifuged at 4000 

rpm for 30 min and then determined by atomic 

absorption. 

 

2.5 Batch Adsorption 

Batch adsorption is a simple technique com-

monly used to assess the adsorption capacities 

of natural and synthetic sorbents. In addition 

to its easy handling, it makes it possible to 

bring out important information on the effec-

tiveness of a given sorbent in eliminating the 

solute studied in static conditions. Batch ad-

sorption is therefore widely used for environ-

mental purposes, notably for the treatment of 

waste water. The adsorption of the selected 

metal ions was carried out at various initial 

concentrations of 10 to 100 mg/L, pH 5.7 and 

stirring speed of 300 rpm in equilibrium time of 

60 min. 2 g/L of each RM (pristine) and TM 

(treated) samples were placed in an Erlenmey-

er flask containing metal ions of known concen-

tration. The pH of the metal solution was ad-

justed before mixing with the adsorbent with 

0.1 M HCl and 0.1 M NaOH. The samples were 

shaken at 200 rpm for 60 min to reach adsor-

bent-adsorbate equilibrium. The suspension 

was then centrifuged and 10 mL of supernatant 

was filtered. Finally, the resulting solution 

samples were stored at 4 °C until the Cu(II) 

and Zn(II) metal concentration was measured 

using Spectr. AA 50/55 S Atomic Absorption 

spectrophotometer. The amount of heavy metal 

removed was calculated from the difference be-

tween the initial and final concentration using 

the following equation (3) and percentage re-

moval was obtained using equation (4): 

 

(3) 

 

(4) 

 

where Qe is the equilibrium adsorption capaci-

ty (mg/g), C0 and Ce are the initial and equilib-

rium metal concentrations (mg/L) respectively, 

V is the volume of solution (L) and m is the 

mass of the adsorbent (g). 

 

2.6 Characterizations 

X-ray diffraction (XRD)  analysis was car-

ried out using a siemens D 5000 automatic dif-

fractometer with Cu-  radiation ( = 

0.154178 nm) and including a rear monochrom-

ator to eliminate the fluorescence of iron. The 

front and rear windows were fixed at 2 mm, 

plus an additional 0.2 mm rear slit. A low 

speed of rotation (0.01° s−1) was selected to ob-

tain well defined spokes over 10−80° for the 

both RM and TM samples. FT−IR spectrum 

was performed using a spectrometer Shimatzu 

8400 over a range of 400 to 4500 cm−1 with a 

resolution of 2 cm−1. The samples were pack-

aged in the form of dispersion in a KBr pellet 

(1/200) by weight. The powder morphology and 

elemental composition were obtained using a 

FEI Quanta 650 Scanning electron microscope 

(Bruker Nano GmbH Berlin. Germany) linked 

with a BRUKER XFlash 6/10 editor for energy-

dispersive X-ray (SEM−EDX) analysis. Ele-

mental analysis of crude and purified clays was 

obtained using a Bruker S1 Titan X-ray fluo-

rescence (XRF) spectrometer. The conductivity 

measurement was done by using Instek 821 

LCR meter with controlled temperature be-

tween 300 and 440 K with a step of 2 K/min.  

The optical density analysis was performed on 

a spectrophotometer agile model driven by a 

8543 computer. The peak wavelengths are ob-

tained directly by automatic scanning between 

200 and 800 nm. 

 

2.7 Kinetic Modelling 

The experimental kinetic data are investi-

gated by the pseudo-first-order model accord-

ing to the Lagergren’s equation [19] equation 

(5): 

 

(5) 

 

where k1 is the rate constant of pseudo-first-

order kinetics (min−1) and Qet is adsorption ca-

pacity at time t (mg /g). Hence, the values of k1 

and Qe are deduced from the slope (k1) and the 

intercept ln (Qe) of the linear plots of ln (Qe−Qet) 

versus t. ( )0e e

V
Q C C

m
= −

( )0

0

% 100
eC C

removal
C

−
= 

( ) 1ln lne et eQ Q Q k t− = −
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The kinetic data were further analyzed us-

ing pseudo-second-order model, as follows [20] 

equation (6): 

 

(6) 

 

where k2 is the rate constant of the pseudo-

second-order (g.mg−1.min−1) model. Thus, the 

plot of t/Qet versus t gives straight line whose 

its slope and intercept are equal to 1/Qe and 

1/Qe2k2, respectively. 

The initial sorption rate h (mg.g−1.min−1) 

was calculated when t approximates to zero as 

follows equation (7): 

(7) 

 

Then the equation (6) becomes equation (8): 

 

(8) 

 

 

2.9 Isotherm Adsorption Modelling 

The adsorption equilibrium data were tai-

lored by three isotherm models including Lang-

muir, Freundlich, Dubinin–Radushkevich (D–

R) to describe the adsorbent-adsorbate equilib-

rium in aqueous system. The laws governing 

the adsorption of solutes derived from the 

Gibbs [21] equation (9): 

 

(9) 

 

where Г is the number of molecules attached 

per unit area, C  is the average concentration of 

solute and dδ is changes in surface tension of 

solvent depending on the concentration of so-

lute. Integration at constant temperature, the 

differential relation Gibbs led the laws isother-

mal Langmuir and Freundlich. 

Langmuir adsorption isotherm is based on 

the assumption that only one monolayer is 

formed during reaction, presence of equivalent 

sites, immobility of adsorbate and absence of 

adsorbate-adsorbent interaction. The linear 

form of Langmuir equation, equation (10) is the 

following [21]: 

 

(10) 

 

where Ce is the equilibrium concentration of 

the studied metal (mg/L) and Qe is the amount 

of the metal adsorbed per gram of adsorbent 

(mg/g). Q and KL are Langmuir constant relat-

ing the adsorption capacity (mg/g) and the en-

ergy of adsorption (L/g), respectively. These 

constants can be calculated from the slope and 

intercept of the linear plots of Ce/Qe versus Ce, 

respectively. A dimensionless constant called 

equilibrium parameter RL that is defined by 

the following equation (11): 

 

(11) 

 

where C0  is the initial concentration of the 

dye.  Depending on the RL value,  there is four 

possibilities for adsorption: (i) unfavorable 

(RL>1), (ii) linear (RL = 1), (iii) favorable 

(0<RL<1), or (iv) irreversible (RL = 0). 

The adsorption data were also analyzed 

with Freundlich isotherm which expressed the 

adsorption on heterogeneous surfaces of solid 

with infinity site. The logarithmic form of the 

Freundlich equation (12) [22] is:  

(12) 

 

where KF (L/mg) and 1/n are Freundlich con-

stants. The adsorption process to be linear (n = 

1), chemical (n < 1) and favorable physical pro-

cess (n > 1). Therefore KF and 1/n were deter-

mined  from the intercept and the slop of the 

linear plot of ln Qe against  ln Ce.  

The Dubinin-Radushkevich isotherm (D-R) 

was applied to the adsorption data to deter-

mine the predominant type adsorption. The 

linear form of this model is described by the 

following equation (13) [23]: 

 

(13) 

 

where ε is the Polanyi potential equation (14) 

 

(14) 

 

where  R is the universal gas constant (8.314 

J/mol.K), T (K) is the absolute temperature and 

 ± (mg2/kJ) is a constant linked to the adsorp-

tion energy. The values of Qm and  are calcu-

lated from the intercept and slope of the plot ln 

Qe against ε2. The average adsorption energy E 

(kJ/mol) is determined from the following equa-

tion (15). 

 

(15) 

 

The withdrawal mechanism occurs mainly (i) 

via physical interaction when E < 8 kJ/mol and 

(ii) by ion exchange if 8 kJ/mol ≤ E ≤ 16 kJ/mol 

[23]. 

 

3. Results and Discussions 

3.1 Characterization of the Powder 

Cation exchange capacity (CEC) is one of 

the crucial means for assessing the general 

chemical properties of clays. Table 1 presents 

2
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the estimated CEC values for the raw (RM) and 

treated (TM) clay samples along with these re-

ported for different materials in the literature. 

The CEC of TM clay is slightly significant (51 

meq/100g) than that of RM sample due to high 

availability of active materials and the effec-

tiveness of the purification process.  

Surface acidity of clay minerals describes 

their ability to donate a proton or an electron 

pair. Usually, it is expressed in terms of 

Bronsted acid sites (donate protons) and Lewis 

acid sites (accept electron) which are represent-

ed by different surface groups and ions 

(exchangeable cations. Coordinatively unsatu-

rated ions Al3+, Mg2+, Fe3+, acid/basic hydroxyl 

groups and oxygen anions). The nature of sur-

face sites of RM clay sample are determined by 

using potentiometric titration. As reported in 

Table 2, the surface of RM clay is positively 

charged in the whole range of pH acid. The 

weak  isomorphic substitution of low valence 

cations for higher valence cations and the  in-

fluence of the contaminant  minerals such as 

kaolinite and illite are expected to be the pri-

marily reasons of elevated yield of acidic prod-

ucts. It is wealthy to know that kaolinite and 

illite, which are alumino-silicate clays,  have 

the higher Lewis acid components. Besides, 

Brønsted acid sites are characterized by 

MVI−OH  (M = Si, Al, Mg, Fe), in agreement 

  

Minerals 

NT  clays 
K I K OM S LS to SL L C 

RM TM 

CEC 

meq/100g 
35−50 51 3−15 15−40 80−100 200−400 1−5 5−10 5−15 >30 

Table 1. Cation exchange capacity (CEC) in meq/100g of clay minerals [24] 

NT clays: Naima-Tiaret Clays; K: kaolinite; I: Illite; M: Montmorillonite; OM: Organic matter; S: Sand; LS to SL: Loamy Sand to 

Sandy Loam; L: Loam and C: Clay 

pH 5.45 5.55 5.59 5.62 5.83 5.90 6.2 7.5 

 Surface acidity Q > 0 Q > 0 Q > 0 Q > 0 Q > 0 Q > 0 Q > 0 n.d 

Table 2. The surface acidity of RM clay. 

n.d.: not detected  

Figure 2. XRD pattern of TM sodium clay monoionique (a). Inset : XRD pattern of RM (b). 
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with FT−IR results which revealed an intense 

band at 1600 − 1400 cm−1 region. 

The XRD patterns of the raw (RM) and 

treated (TM) clay samples are displayed in Fig-

ure 2. XRD patterns of the both clay samples  

displayed mainly basal reflections of montmo-

rillonitic, illite with interstratified illite-

montmorillonite, quartz and kaolinite as the 

major phase, besides minor amounts  of musco-

vite  (mica derivative group) and chlorite min-

erals. In the XRD patterns of raw clay (RM), 

montmorillonite was identified by the presence 

of peak (001) at 2θ = 6.49° and (003) at 2θ = 

17.17° while illite was evidenced by the main 

peak (002) at 2θ = 8.87°. The basal spacing at 

7.20 Å and 3.58 Å corresponding to the (0 0 1) 

and (0 0 2) reflections, confirming the presence 

of kaolinite. The interstratified illite-

montmorillonite (interstratified I/M) was evi-

denced by the main peak located at 2θ = 3.42 ° 

with a calculated basal spacing of 25.83 Å. Ad-

ditionally, quartz was presented by the promi-

nent  peak (011)  at 3.33 Å. In the sodium clay 

monoionique (TM) sample, no significant 

change in the XRD profile was observed upon 

purification process. However, the decrease in 

intensity of the quartz reflections at 2θ = 27.8°  

(3.2 Å), indicating effectiveness of the purifica-

tion process [25].  

Interstratified montmorillonite / illite 

(denoted as Interstratified I/M) is a two-

component mixed-layer minerals composed of 

dioctahedral illite and montmorillonite. Mixed-

layer minerals are identified as components, 

proportions, and levels of composition order 

that has been determined. As a parable, the 

mixed-layer minerals consisting of two compo-

nents A-B. The two components are probabili-

ties and be grouped into types of Random Se-

quence Stacking (S=0): Random Sequence 

Stacking (S=0) is a sequence of random stack-

ing, la yer A can be followed by A or B layer 

without provisions sequence. Maximum Degree 

of Order (S=1): While the Maximum Degree of 

Order (S=1) is a sequence of layers with the 

provisions of the order, for example, when a 

layer of clay mineral composition of sequences 

is composed of 10 layers containing 40% B, 

hence the sequence arrangement applied as fol-

lows: B-A-B-A-A-B-A-B-A-A. The sequence may 

be present, but when the order as B-A-A-AB-B-

A-B-A-A, then it is not allowed. A long-range 

order (S>1): can be formed with at least two or 

three in a row A after each B. Thus the inter-

stratified illite/montmorillonite has a layer 

variation between illite/montmorillonite. 

The determination of the type and percent-

age of interstratified I/M was based on the cal-

culation method of Watanabe [26]. This first 

calculating can be traced as follows: 2θ2 − 2θ1 = 

Δ2θ1 and 2θ3 − 2θ2 = Δ2θ2. The results of these 

calculations will result in Δ2θ2 and Δ2θ1 val-

ues. Calculation results of Δ2θ2 and Δ2θ1 are 

then plotted on the diagram variation Δ2θ2 and 

Δ2θ1, so the values of the proportion of inter-

stratified illite/montmorillonite will be ob-

tained. The calculation results of the type and 

percentage of interstratified I/M in the RM 

sample only are presented in Table 3.  Plotting 

of the results can be seen in Figure 3.  From 

the result of variation diagram diagram Δ2θ1 

and Δ2θ2 plotting, the obtained values of  S = 1 

varies from 80 − 85% illite. 

Chemical analysis showed that silica (SiO2), 

alumina (Al2O3) and ferric oxide (Fe2O3) are the 

three main components of RM and TM clays, as 

summarized in Table 4. Besides, the RM clay 

collected in the NAIMA region, contained calci-

Clay 

soils 

2θ1 

(°) 

d(hkl) 

(Å) 

2θ2 

(°) 

d(hkl) 

(Å) 

2θ3 

(°) 

d(hkl) 

(Å) 

∆2θ1=2θ2−2θ1 

(°) 

∆2θ2=2θ3−2θ2 

(°) 
S=1 

Illite 

(%) 

RM 6.49 13.61 8.87 9.96 17.17 5.16 2.38 8.3 80−85 80−85 

Table 3. Calculation results interstratified Illite/Montmorillonite using calculation methods of Wata-

nabe  show type interstratified  S = 1 and % illite. 

Figure 3. Diagram for identification of inters-

tratified illite/ montmorillonite (Δ2θ1 and Δ2θ2 

value on the diagram represents the value of 

the difference in the angle of reflection (Cu Kα 

radiation) [26]. 
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um, potassium, magnesium and titanium ox-

ides, as obvious minor amounts, with other 

metal cations, traces fractions. The mass frac-

tion of silica and alumina increased from 42.2 

to 46.45% and from 11.97 to 12.98%, respective-

ly. Conversely, the CaO and MgO mass fraction 

decreased from 1.52 to 1.23% and from 2.05 to 

1.97%, respectively. The magnesium oxide con-

tent in both samples can give evidence to the 

presence of smectite [12]. Furthermore, the oc-

currence  of these oxides suggested the pres-

ence of mineral contaminants such as dolomite 

[CaMg(CO3)2] and calcite (CaCO3). It should be 

highlighted that the contents of SiO2 and Al2O3 

were apparently higher in TM as compared to 

these in RM clay. The removal of carbonate and 

organic matter improved by the percentage of 

silica and alumina in the treated clay, never-

theless the exchangeable and octahedral cati-

ons clearly decreased, which are in good con-

sistency with the reported studies [27]. The 

SiO2/Al2O3 molar ratio of 3.52 and 3.57 for RM 

and TM, respectively are greater than those of 

ideal kaolinite (1.18) [28] and montmorillonite 

(2.36), suggesting the occurrence of quartz and 

other silicates in both clay samples compared 

to the aluminum probably due to the detritus 

load of the neighboring continental area 

[29].  The prominent K2O content may indicate 

the possible presence of large amounts of illite 

in both samples [30], as displayed in Table 3. 

Based on the chemical properties, the clay sam-

ples explored are expected to demonstrate dis-

tinct removal profile. The presence of carbonate 

contents in both clays can improve the removal 

of Cu2+ and Zn2+ metal ions in adsorption pro-

cess. It is likely that RM clay can remove high-

er amounts of metal ions than the TM sample. 

Such a composition would contribute to higher 

removal of Cu2+ and Zn2+ metal ions due to the 

presence of aluminol (Al−O) and silanol (Si−O) 

groups) on the surface of the clay samples stud-

ied. 

Figure 4 illustrates the FT−IR spectrum of 

the treated clay (TM). From the FT−IR spec-

trum  obtained, the following minerals were 

classified: OH group indicated by  two adsorp-

tion bands ranges between 3200−3800 cm−1 

and between 1600−1700 cm−1. The band near 

1600−1700 cm−1 is attributed to the bending vi-

bration of adsorbed hydroxyl groups of water. 

Bands in the range 3200−3800 cm−1 with an in-

tense band and landslide in 3625 and 3400 

cm−1 characteristic of montmorillonite related 

to stretching vibrations of OH groups of the oc-

tahedral coordinated either 1AL + 1Mg (3640 

cm−1) or 2Al (3620 cm−1). The bending vibra-

tions of H2O molecules are characterized by the 

band at 3400 cm−1. The band located around 

1630 cm−1 is ascribed to deformation vibrations 

of adsorbed H2O molecules between the sheets. 

Si−O group: the Si−O are characterized by the  

intense band between 900−1200 cm−1 and cen-

tred around 1040 cm−1 are attributed to the 

stretching vibrations of the Si−O. The lower 

wavenumbers at 525, 468 and 425 cm−1 indica-

Figure 4. FT-IR spectrum of TM clay sample. 

Elements 
Raw clay (RM) 

(wt%)  

Treated clay (TM) 

(wt%)  

SiO2 42.21 46.45 

Al2O3 11.97 12.98 

Fe2O3 5.8 5.48 

K2O 3.32 3.45 

MgO 2.05 1.97 

CaO 1.52 1.23 

TiO2 0.84 0.89 

Ba 0.05 0.04 

P2O5 0.04 nd 

Rb 0.03 0.02 

MnO 0.02 0.03 

Sr 0.02 0.01 

V 0.01 0.01 

Zr 0.01 0.01 

Cl 0.01 nd 

Ta 0.009 nd 

Y 0.006 0.006 

Ag 0.005 nd 

Cu 0.004 0.007 

Ni 0.003 nd 

Mo 0.002 nd 

As 0.001 nd 

Table 4. Physico-chemical properties of the 

studied clay samples (wt%). 

nd : not detected 
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tive of a greater proportion of Si−O−AlVI, 

Si−O−MgVI and Si−O−Fe in the clays. MVI−OH 

(M= Al, Mg, Fe) bonds or illite-montmorillonite. 

The sharing of the OH group between the at-

oms Fe and Al in octahedral position may move  

Al−OH vibrations at low frequencies around 

815 and 915 cm−1. Thus the vibration Mg−O 

and Mg−OH (combined with that of Si−O) lo-

cated at 530 and 560 cm−1, respectively 

[31−35], highlighted the presence of illite-

montmorillonite mixtures. Kaolinite: the in-

tense band at 3694 cm−1 corroborated the pres-

ence of kaolinite [36]. Quartz: quartz usually 

detected by two characteristic bands near 

790−795 cm−1 and 750−755 cm−1. Calcite: the 

stretching band at 1435 cm−1, corresponded to 

the CO stretching of carbonate, is attributed to 

calcite.  

The impact of the temperature on electrical 

conductivity of our clays used in this study is 

reported in Figure 5. The electrical conductivity 

of the both clays showed different sensitivities 

to temperature. For TM sample, the electrical 

conductivity sharply increased from 8.910−7 

Ω−1 m−1 at 8 °C to 1.4510−6 Ω−1 m−1 at 32 °C 

and decreased linearly with rising tempera-

ture, almost reaching 2.2310−7 Ω−1 m−1 at 140 

°C. For  the pristine RM clay, the electrical con-

ductivity slightly increased from 2.1210−7 to 

1.6910−6 Ω−1 m−1 as the temperature was in-

creased from 8  to  100 °C and then declined se-

verely to 9.1310−8 Ω−1 m−1 at 140 °C. For low 

temperature  (8 °C ≤ T ≤72 °C), significant elec-

trical conductivity  (σ = 1.45 10−6 Ω−1 m−1 ) for 

TM clay  was observed, whereas a significant 

conductivity  response (σ = 1.6910−6 Ω−1 m−1 )  

for RM sample as found for high temperature 

(72 °C ≤ T ≤ 140 °C). Higher electrical conduc-

tivity is associated with moisture content and 

saturation of clay, and this is presented by 

many researchers [37]. However, there are 

many parameters  that can affect the measure-

ment of the electric conductivity  such as clay 

texture, porosity, particle-size distribution, 

mineralogical composition, form and distribu-

tion of water in clay, salt content, charge carri-

ers and temperature. An increase in tempera-

ture can result in a rise  in clay  electrical con-

ductivity. The mobility of Na+ counter‐ions and 

the charge carriers are  the main driving force  

for increasing the electrical conductivity for 

TM clay. However, the reduction in conductivi-

ty with temperature being due to a smaller 

proportion of these ions in the Gouy layer 

and/or a decrease in their mobilities. For  the 

pristine RM clay, in contrast, the optimum 

moisture content (saturation) is found to be  

the primarly cause for rising the electrical con-

ductivity, while, the decline in electrical con-

ductivity with temperature is ascribed tothe 

decrease in the mobility of the charge carriers 

and the moisture exclusion effect (via  drainage 

and evaporation process). 

The SEM images of the clay samples with 

different resolutions are shown in the Figure 6. 

The SEM image of the bare RM (Figures 6 (a-

c)), collected in the Naima region, revealed a 

uniform paste with a few dolomite rhombohe-

dra. The sample showed lamellar flakes and a 

spongy structure, which could be a typical SEM 

micrograph of sodium montmorillonite [38]. In 

contrast to the RM sample, the TM clay parti-

cles are in the form of clusters of fine aggre-

gates and platelets in the form of sticks with ir-

regular contours, as displayed in Figure 6 (d-g). 

This is a morphology encountered both for 

poorly crystallized kaolinites and illite as ob-

served by Konan [39]. The SEM image shown 

in Figure 6 (b) and in agreement with what we 

obtained in XRD analysis. There is no doubt 

about the presence of carbonates and quartz in 

the sample. Carbonates and calcite are in the 

form of clearly visible aggregates and quartz is 

in the form of small grains [40]. 

The energy dispersive X-ray (EDX) mapping 

was carried out to determine the chemical com-

position of the clay samples. The EDX spec-

trum shown in Figure 7, obviously reveals the 

presence of Si, Al, Mg, Fe, K, P, S, O, Ca, C ele-

ments within the RM clay sample (Table 5). 

There is a significantly high concentration of 

silicon mainly due to the majority presence of 

quartz in the sample studied. These results are 

in good accordance with XRF and XRD analy-

sis which revealed the occurrence of these ele-

ments in the form of oxides, such as: Al2O3, 

SiO2, Fe2O3, MgO, CaCO3, and K2O. Mean-Figure 5. Conductivity measurement of RM 

and TM clay samples. 
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Figure 6. SEM images of  clay soils:  (a-d)  RM clay and (e-h) TM clay samples. 

(a) (e) 

(b) (f) 

(c) (g) 

(d) (h) 
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while, the appearance of new peaks correspond-

ing to the carbon element, probably coming 

from the support grid of the sample. The EDX 

result largely confirms the presence of the clay 

phases in relation to the percentage of silicon, 

aluminum and oxygen. Carbon ions are absent 

in the spectrum of TM clay (Figure 8) and the 

results basically confirm the removal of car-

bonate and organic matter during treatment 

process. The low potassium fraction and the ab-

sence of calcium in the treated clay indicates 

the efficient exchange of these ions by the sodi-

um species which makes the clay surface more 

homogeneous, so in this case we are talking 

about a sodium mono ionic clay. The discrepan-

cy observed between the total net and normal 

composition for both clay soils attributed to the 

loss of the precursor powders during synthesis 

route. As displayed in Table 5, the total net 

composition for RM (102.42 wt%) and for TM 

(154.41 wt%) appeared higher than normal 

composition (100.00 wt%).  

 

3.2 Adsorption Experience 

3.2.1 Effect of contact time 

The impact  of contact time on the adsorp-

tion of Zn2+ and Cu2+ metal ions on the RM and 

TM clays was investigated and the results 

were displayed in Figure 9. Basically, the ad-

sorption process of these  ions was fast in the 

first 10 min  with more than 95% of the total 

adsorption capacity obtained  for the both Zn2+ 

and Cu2+ ions, and then gradually slows until 

equilibrium sorption metal/clay was reached 

after 60 min. The sorption capacity of  clay 

 Elements 

        RM  composition   TM composition 

Net 

(wt%) 

Normal  

(wt%) 
  

Net 

(wt%) 

Normal 

(wt%) 

Silicium (Si) 

Oxygen (O) 

Aluminium ( Al) 

Potassium (K) 

Iron (Fe) 

Carbon  (C) 

Magnesium (Mg) 

Titanium (Ti) 

Sodium (Na) 

19.75 

47.95 

7.56 

3.68 

3.48 

14.76 

1.29 

0.39 

nd 

19.29 

46.81 

7.39 

3.59 

3.39 

14.42 

1.26 

0.39 

 Nd 

  

27.62 

75.90 

7.60 

1.90 

2.30 

35.35 

2.24 

0.45 

1.05 

17.89 

49.16 

4.92 

1.23 

1.49 

22.89 

1.45 

0.29 

0.68 

Total (wt%) 102.42 100.00   154.41 100.00 

Error (wt%) 2.42   54.41  

Table 5. Energy dispersive X-ray test results of the clay samples. 

nd : not detected 

Figure 7. EDX spectrum of RM clay sample. Figure 8. EDX spectrum of TM clay sample. 
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samples towards Cu2+ and Zn2+ ions  were 4.53 

and 2.07 mg/g for RM and 3.45 and 2.15 mg/g 

for TM clay, respectively. The adsorption of 

Cu2+  was  approximately 2 times  higher than 

that of Zn2+ for RM and almost 1.5 time as 

much as that of Zn2+ for  TM clay. 

The enhanced sorption efficiency of Zn2+ and 

Cu2+ metal ions in the first adsorption stage 

was primarily attributed to the precipitation as 

copper and zinc carbonates, in consistency with 

XRF, FT−IR, EDS and mineralogical composi-

tion analysis which reveal the occurrence of 

carbonate minerals. However, in the second 

stage, subsequent gradual adsorption may be 

attributed to the saturation and removal of car-

bonate minerals. So, on the base of the kinetic 

results, the adsorption equilibrium time of 60 

min was chosen as a compromise between theo-

ry and practical approach [41]. The discrepancy 

in removal capacity of clay soils (RM and TM) 

toward  heavy metal ions at the same operating 

conditions may be ascribed  in point of view 

mineralogical composition feature (high CaO 

and MgO contents and low K2O mass fraction 

in RM compared to these of TM), determination 

of the type and percentage of interstratified I/M 

aspect (less proportion of interstratified I/M 

type S=1 (less % of illite)  in the  RM in com-

parison to TM, acting as a passive phase) and 

 molecular size of the adsorbed metal ions  

(ionic radii of Cu2+  ion (72 pm) is lower than 

Zn2+ (74 pm)). This allows probably to remove 

higher amounts of Cu2+ metal ions than Zn2+ 

ions  and  greater adsorption capacity of RM 

for Cu2+ ion than TM, via ion-exchange process.  

The adsorptions of Cu2+ and Zn2+ metal ions 

on RM and TM clays were studied kinetically 

using pseudo-first order and pseudo-second or-

der models. Kinetic parameters of the pseudo-

first-order and pseudo-second-order models for 

the adsorption of Cu2+ and Zn2+ metal ions on 

RM and TM clays  are presented in Table 6. As 

it can be seen, the straight lines for the entire 

RM and TM clays of the plots of t/Qet versus t 

(Figures 10a-b), with high regression coeffi-

cients (R2 = 0.968−0.999) strongly suggest that 

the sorption processes of Cu2+ and Zn2+ ions on 

the both clays were satisfactorily fitted the 

pseudo-first-order model. Moreover, the calcu-

lated Qe values are almost closer to the experi-

mental data, indicating that the adsorption 

processes are controlled by a chemical adsorp-

(a) (b) 

Figure 9. Effect of contact time on Cu2+ and Zn2+ adsorption onto (a) RM and (b) TM clay samples 

Clays 

abbr. 

Metal 

ions 

Exp. results 

Qexp 

(mg/g) 

Pseudo-first-order model   Pseudo-second-order model 

Qcal 

(mg/g) 

k1 

(1/min) 
R2   

Qcal 

(mg/g) 

k2 

(g/mg.min) 

h 

(mg g−1 min−1) 
R2 

RM 
Cu2+ 4.53 1.239 0.043 0.758   4.69 0.094 2.075 0.998 

Zn2+ 2.07 1.136 0.002 0.08   2.50 0.143 0.897 0.968 

TM 
Cu2+ 3.45 1.397 0.001 0.002   3.49 1.185 14.430 0.997 

Zn2+ 2.15 1.433 0.004 0.21   2.16 0.834 3.891 0.999 

Table 6. Pseudo first and second order kinetic parameters for the sorption of Cu2+  and Zn2+ ions onto 

RM and TM clays. 

abbr.: Abbreviation; Exp.: Experimental 
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Figure 11. Effect of initial concentration on Cu2+ and Zn2+ adsorption onto (a) RM and (b) TM clay 

samples 

(a) (b) 

(a) (b) 

Figure 12. Adsorption isotherms of Cu2+ and Zn2+ions onto (a) RM and (b) TM clay samples. 

(a) (b) 

Figure 10. Pseudo-second order kinetic  of  the Cu2+ and Zn2+ adsorption onto (a) RM and (b) TM clay 

samples. 
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Figure 14. Langmuir isotherms: (a) RM and (b) TM clay samples 

(a) (b) 

(a) (b) 

Figure 15. Dubinin-Radushkevich 'DR isotherms: (a) RM and (b) TM clay samples. 

Figure 13. Freundlich isotherms: (a) RM and (b) TM clay samples. 

(a) (b) 
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tion process. On the other hand, the pseudo-

first-order model (R2 < 0.758) is not a suitable 

model for describing the adsorption kinetics for 

the both dyes onto clays. The calculated and ex-

perimental values Qe diverged significantly, as 

summarized in Table 6.  

 

3.2.2 Influence of initial concentration  

The effect of the concentration on the ad-

sorption of Cu2+ and Zn2+ metal ions were con-

ducted at various initial concentrations of 10, 

20, 40, 60, 80 and 100 mg/L at room tempera-

ture and pH of 5.7 within the equilibrium time 

of 60 min. As illustrated in Figure 11, the sorp-

tion capacity of the RM (Figure 11(a)) and TM 

(Figure 11(b)) clays towards Cu2+ ions linearly 

increased with increasing initial concentrations 

until the saturation of the available adsorption 

site, and  29.37 and 28.47 mg/g were obtained, 

respectively. For the same optimum contact  

time of 60 min, a similar tendency was ob-

served for Zn2+ ions removal by RM clay 

(Figure 11(a)) with a maximum of 22.00 mg/g. 

Conversely, the sorption capacity of TM clay for 

Zn2+ ions gradually increased with rising con-

tact time, and then remained almost constant 

after equilibrium, as displayed in Figure 11(b).  

The maximum sorption capacity of TM clay 

for Zn2+ ions was found to be 6.10 mg/g. On the 

base of the above results, the bare NAIMA RM 

clay demonstrated high effectiveness in adsorb-

ing of metal ions such as Zn2+ and Cu2+, hence 

the sequential sorption capacity was as follow: 

Cu2+
(RM)n > Cu2+

(TM) > Zn2+
(RM) > Zn2+

(TM).  

 

3.2.3 Adsorption isotherms 

Figure 12 described the equilibrium adsorp-

tion curves of Cu2+ and Zn2+ ions onto clay sam-

ples at room temperature. The adsorption of 

the both metal ions (Cu2+ and Zn2+) forms a typ-

ical Freundlich isotherm-type on the both clays, 

according to Giles classification system [42]. 

The maximum adsorption capacity of RM and 

TM clays were found to be 20.98 and 22.00 

mg/g for Cu2+ ions, and 11.42 and 6.13 mg/g for  

Zn2+, respectively.  

The adsorption equilibrium data were tai-

lored by three isotherm models including Lang-

muir, Freundlich, Dubinin–Radushkevich (D–

R). The linearized Freundlich,  Langmuir and  

Dubinin-Radushkevich 'DR adsorption iso-

therms of each clay sample  for Cu2+ and Zn2+ 

ions  are displayed in Figures 13a-b, 14a-b, 

15a-b, respectively, and their model parame-

ters  are listed in Table 7. On the base  of the 

regression coefficients (R2)  of the linearized 

form of the D-R adsorption isotherm (0.794 − 

0.981), we believe  this isotherm model more 

suitable with this adsorption process than 

Freundlich  and Langmuir models. In addition, 

the adsorption energy (E) given by D-R model 

suggests the ion exchange nature of the reten-

tion mechanism in most cases (E > 8 kJ / mol).  

The adsorption energy (E) for  Cu ions (12.909 

kJ/mol) are higher than that of Zn ions (11.18 

kJ/mol ), implying that Cu ions are  more ac-

tive and dynamic in the adsorption process, es-

pecially on RM. Furthermore, the values of 

Freundlich constant KF was higher  for adsorp-

tion of Cu2+ ions  on RM clay as compared to 

the adsorption on TM clay. All the n-values for 

the adsorption of Cu2+ and Zn2+ ions on clays 

are in the range of 0–1 (0 < n <1), suggesting 

that the adsorption process  is favorable. The 

separation factor RL varied between 0 and 1, 

confirming a favorable adsorption under the 

experimental conditions of the study. It is obvi-

ously  seen that the  maximum adsorbed capac-

ity Qm (mg/g) deduced from Langmuir and D–R 

models, respectively, were not comparable in 

most cases, and were significantly lower  than 

the experimental results. So, we can conclude 

that the best fit to D-R model due to the high 

Clays 

abbr. 

Exp.  results   Freundlich model   Langmuir model   Dubinin-Radushkevich (D-R) model   

Metal 

ions 

Qexp 

(mg/g) 
  

KF 

(L/g) 
n R2   

Qm 

(mg/g) 

KL 

(L/mg) 
RL R2   

Q 

(mg/g) 
 

(mol2/kJ2) 
R2 

E 

(kJ/mol) 

RM 
Cu2+ 20.98   4.452 0.429 0.939   28.57 0.073 0.43 0.711   19.638 0.003 12.909 0.981 

Zn2+ 22.00   1.782 0.618 0.913   32.25 0.036 0.99 0.738   11.233 0.004 11.18 0.932 

TM 
Cu2+ 11.42   2.951 0.444 0.645   24.39 0.042 0.99 0.279   9.559 0.004 11.18 0.961 

Zn2+ 6.13   2.534 0.197 0.373   4.95 0.581 0.34 0.833   7.499 0.002 15.811 0.794 

Table 7. Adsorption isotherm parameters for Freundlich, Langmuir and Dubinin-Radushkevich (D-R) 

models. 

abbr.: Abbreviation; Exp.: Experimental 
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correlation coefficient (R2) [43,44]. 

 

3.2.4 Potential adsorption mechanisms 

In the interstratified illite/montmorillonite 

(interstratified I/M), illite and montmorillonite 

both consist of aluminosilicate layers alternat-

ing with interlayers. In illite layers, the inter-

layer cations is prominently potassium (K+) 

ions. These are non-hydrated, due to how they 

are ‘fixed’ in the ditrigonal cavities on the sur-

faces of the tetrahedral sheet. As a result of the 

non-hydrated nature of its interlayer cations, it 

is a non-swelling clay mineral, in contrast to 

some montmorillonites. However, the interlay-

er cation in the montmorillonite layers, pre-

dominately sodium (Na+), have the capacity to 

be become hydrated – the formation of diffuse 

double layers via osmosis results in swelling 

behavior [45]. The exchangeable interlayer Na+ 

cations (ionic radii of Na+ ion is 97 pm) can be 

exchanged with other ions, Cu2+ (ionic radii of 

Cu2+ is 72 pm) or Zn (ionic radii of Zn2+ is 74 

pm)) metal ions in our assays, relatively easily 

via ion exchange mechanism without affecting 

the clay mineral structure. Further, in acidic 

environments, the release of H+ ions from the 

edge (more active) of structure causes metal 

adsorption, from aqueous matrices, onto the 

edges of TM or RM samples for ions like Cu2+ 

or Zn2+. Figure 16 shows the schematic dia-

gram of the ion exchange mechanism of Cu2+ or 

Zn2+ metal ions on the surface of TM or RM in-

terstratified I/M clay soils.  

 

3.4.5 Comparison with other studies 

Based on previous relevant studies, the 

amount of heavy metals removed by various 

clay materials is highly variable, as displayed 

in Table 8. In the current study, natural clay 

samples have demonstrated significant elimi-

nation of metals compared to the treated 

forms. It was clear from the study data that 

the efficiency of elimination depended on the 

physicochemical characteristics of clay and 

metal. The calculated capacities of Langmuir 

(RM and TM) were 28.57 and 24.39 mg/g for 

copper, 32.25 and 4.95 mg/g for Zinc. In gen-

eral, the removal remained more or less con-

Figure 16. The ion exchange mechanism of Cu2+ or Zn2+ metal ions on the surface of TM or RM inter-

stratified  I/M clay soils. 
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stant in the case of RM and TM for copper and 

decreased for zinc. All these results indicate a 

much higher elimination efficiency of the clay 

samples present than those shown by 

Bhattacharyya and Gupta [46,47] who exam-

ined the elimination of metals by various types 

of clay. We found that the clay samples taken 

in the Naima region had greater elimination ef-

ficiency greater than that reported in the liter-

ature. It is therefore possible to confirm that 

the clays of the Naima region are suitable for 

the removal of Cu(II) and Zn(II) metal ions 

from aqueous solution [48−52]. 

 

4. Conclusion 

Highly efficient purified clay TM (TM stands  

for  the chemically treated clay) collected from 

sites in the Naima-Tiaret-Algeria region was 

applied as potential clay adsorbent for the re-

moval of two metal ions, Cu2+ and Zn2+ in the 

simulated aqueous solution. The pristine RM 

(RM stands for the untreated clay) and its puri-

fied phase (TM) were subsequently identified 

by XRF, XRD, FT−IR, SEM−EDX and DC elec-

trical conductivity techniques. Experimental 

results revealed that clays, with montmorillo-

nitic, illite, and interstratified illite-

montmorillonite (I/M)  as major phase, exhibit-

ed a basal spacing of 25.83 Å, cation exchange 

capacity of CEC of 51 meq/100g and high 

Brønsted acid sites. Based on the calculation 

method of Watanabe, the type of interstratified 

I/M in the current studied sites is S = 1 and the 

percentage of illite type S = 1 is between 80 − 

85% illite. The electrical conductivity of the 

both clays showed different sensitivities to tem-

perature. The adsorption equilibrium was es-

tablished within 60 min. The sorption capacity 

of the RM and TM clays towards Cu2+ ions line-

arly increased with increasing initial concen-

trations. The maximum adsorption capacities 

of Langmuir were 28.57 and 24.39 mg/g for 

Cu2+ onto RM and TM, respectively, 32.25 mg/g 

and 4.95 mg/g for Zn2+ in the presence of RM 

and TM, respectively. The high regression coef-

ficients (R2) of the linearized form of the D-R 

adsorption isotherm (0.794 − 0.981) implied 

that D-R isotherm model was more suitable 

with this adsorption process than Freundlich  

and Langmuir models. In addition, the adsorp-

tion energy (E) given by D-R model suggests 

the ion exchange nature of the retention mech-

anism in most cases (E > 8 kJ/mol). Pseudo sec-

ond-order model best described the kinetics of 

adsorption process. All the n-values for the ad-

sorption of Cu2+ and Zn2+ ions on clays are  in 

the range of 0–1 (0 < n < 1), suggesting that 

the adsorption process is favorable. Pseudo sec-

ond-order model best described the kinetics of 

adsorption process. Energy of adsorption (E) 

deduced  from D-R isotherm suggests physical 

adsorption. The ion exchange mechanism be-

tween exchangeable interlayer cations (Na) in 

the interstratified I/M and Cu2+ or Zn2+ metal 

ions from aqueous matrix, and electrostatic at-

traction as initial driving force for Cu2+ or Zn2+ 

to bind onto the surfaces of TM or RM inter-

stratified I/M clays in acidic environments  are 

the primarily responsible for the  improved ad-

sorption efficiency of  the both clay soils. Com-

parison of the adsorption capacity with those of 

previous studies on the elimination of Cu2+ or 

Zn2+ metal ions was also highlighted. The clay 

from Naima region had greater elimination ef-

ficiency than that reported in the literature. Fi-

Metal Ions Adsorbent Qmax (mg/g) KL (l/mg) pH Reference 

RM 28.57 0.073 5.7 Present study 

Cu2+ 

TM 24.39 0.042 5.7 Present study 

Kaolin 4.47 0.15 6 [48] 

Bentonite  7.59 3.78 6 [43] 

Illitic clay  17.98 0.212 5.5 [53] 

Kaolinite  4.3 19.9 6  

Motmorillonite 25.5 43.7 6  

Zn2+ 

RM 32.25 0.036 5.7 Present study 

TM 4.95 0.581 5.7 Present study 

Bentonite 8.27 8.271 4 [39] 

Motmorillonite  13.26 13.269 3 [44] 

Table 8. Comparison of the adsorption capacity with those of previous studies on the elimination of 

Cu(II) and Zn(II) metal ions from aqueous solution. 
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nally, this study represents an important 

source of information on the predominant local 

clays in the NAIMA region. 
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