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INTRODUCTION

Heavy metal is one of the most dangerous en-
vironmental issues threatening life on the Earth. 
Heavy metals are determined environmental pol-
lutants that cannot be eliminated (Lacin et al., 
2005; Helena et al., 2011). The continuous dis-
charge of pollutants was due to the increase in 
the generation of human waste, which is mainly 
produced by industries, leading to the deteriora-
tion of the water quality. The most dangerous 
pollutants which influence the biological perfor-
mance of some organisms are mineral species 
from industrial waste, which reduce the ability 
of water for self-purification, interfere with meta-
bolic cycle leading to an increase in the minerals 
concentration within the food chain (Galindo et 
al., 2013). Serious soil and water pollution were 
caused by several toxic heavy metals discharged 
into the environment as industrial wastes (Nassef 
et al., 2017; Abbas et al., 2019). The heavy metals 
contamination was known as a possible threat to 
soil, water, and air.

One of the heavy metals which is considered 
in this research is copper (cu+2). Copper is a widely 
used material (Mnasri-Ghnimi and Frini-Srasra, 
2019). Although it is essential for human health, 
it poses a health hazard when it exceeds the per-
missible concentration, causing kidney damage, 
anemia, stomach intestinal distress, coma, and 
eventual death (Lacin et al., 2005). Cu+2 causes 
many skin diseases, including itching, dermatitis, 
and keratosis of soles to hands and feet (Benzaoui 
et al., 2017). When the concentration of this trace 
element is 0.80 mg/l in water, it may be respon-
sible for the pink disease among infants, in addi-
tion to being a carcinogen for animals.

Lead (Pb+2), another heavy metal investigated 
in this paper, is very poisonous as it harmfully af-
fects kidneys and red blood cells of the human 
nervous system (Acharya et al., 2009; Potgieter et 
al., 2006; Mutter et al., 2017). Due to its existence 
in the environment as gases resulting from burn-
ing materials with lead content, fuels, soil also 
water contamination via lead smelting effluents, 
battery industries, paint, paper, and mining, it is 
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ABSTRACT
Bentonite clay was utilized in this research as adsorbent element to remove the lead and copper ions from waste-
water. Series of tests were performed at multiple parameters, such as pH solution, initial concentration of lead 
and copper ions, adsorbent mass, and contact time. The greatest removal was attained at pH 5, adsorbent weight 
of 0.5 g, initial heavy metal concentration of 10 mg/l, and a contact time of 60 minutes. The results revealed that 
bentonite clay is suitable in the removal of metal ions from polluted water. The ion exchange rate of lead was faster 
than that of copper. The isotherm for the adsorption of the lead and copper ions on bentonite clay was confirmed 
by the Freundlich and Langmuir isotherms which offered good consequences. The results indicated that bentonite 
was utilized as an efficient ion exchange element for the removal of heavy metal ions from polluted water. Fourier 
Transformed Infrared Spectrophotometer (FTIR) images of bentonite clay before and after adsorption showed the 
imbibition of metal ions by bentonite clay. 
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considered one of the most prominent ecological 
pollutants (Mohan and Pittman, 2006; Hannachi 
et al., 2013).

Numerous methods have been applied for 
the removal of heavy metals from aqueous solu-
tions, including reverse osmosis, ultrafiltration, 
electro-dialysis, solvent extraction, chemical 
precipitation, ion exchange, and adsorption (Fu 
and Wang, 2011; Jiang et al., 2009). Adsorptions 
of heavy metals from aqueous solutions have 
been examined using different adsorbents (Gu-
sain et al., 2014; Karapinar and Donat, 2009). 
One of these adsorbents includes clays (espe-
cially bentonite). Clay is considered as low-cost 
adsorbent. Clay has gained great attention in 
heavy metals sorption from polluted water as 
a result of their acceptability and applicability 
(Zuzana and Michaela, 2015).

Bentonite is natural clay with silicate layers 
of 2:1. The clay surface has a negative charge due 
to replacement of aluminum and magnesium for 
silicon and aluminum, in a tetrahedral and octa-
hedral layer, respectively. An important property 
of bentonite, is its great ability to absorb a cation. 
The essential component of bentonites was mont-
morillonite, which is a 2:1 mineral with one octa-
hedral sheet and two silica sheets, creating a layer. 
The Van der Waals forces are acting on these lay-
ers keeping them together. Water can easily pen-
etrate these layers and cations balance as a result 
of these weak forces (Ding et al., 2009).

Numerous studies were conducted by using 
bentonite clay as adsorbent of heavy elements. 
Karapinar and Donat (2009) considered the ad-
sorption method of cadmium and copper. The 
results indicated the highest removal efficiency 
for cadmium and copper were 87.0 and 84.5%, 
respectively, onto natural bentonite. Bertagnolli 
et al. (2011) achieved the removal percentage of 
50.0% for adsorption of copper in porous beds 
using Brazilian bentonite clay. Neto et al. (2012) 
estimated copper removal with bentonite clay, 
attaining 81.0% for raw clays and 42.0% for 
calcined bentonite clays. Hannachi et al. (2013) 
performed several experiments to evaluate the 
possibility of using bentonite as adsorbent mate-
rial to remove Pb+2 from aqueous solutions. The 
contact time, influence of pH, initial concen-
tration of metal, and adsorbent mass to adsorb 
Pb+2 were considered. Different kinetic models 
were used for studying kinetics of Pb+ 2 adsorp-
tion rate on bentonite clay. Experimental data 
were applied on different isotherm equations to 

investigate the best one for associating the ex-
perimental data. The Fourier Transformed Infra-
red Spectrophotometer (FTIR) was applied to 
describe and discriminate position of Pb+2 cat-
ions on bentonite clay.

Furthermore, Inglezakisa (2019) investigat-
ed the capability of clinoptilolite, naturalist zeo-
lite as well as bentonite in removing Pb+2 from 
aquatic solutions through batch devices with a 
high 120.0 minute of contact time. The adsorp-
tion experiment of Pb+2 was performed with 
initial metal concentration 1,036 mg/l, pH = 4, 
and solid to liquid ratio of 2 g/100 ml. The mix-
ing speed varied from 0, 100, 200, to 500 rpm, 
particle diameter from 2.5 to 5.0 mm dust, and 
temperature of 28.0°C, 45.0°C, and 60.0 °C, the 
acidity effect of aqueous solution was tested as 
well. Bentonite was active in the removal of Pb+ 
2 from clinoptilolite, under the same experimen-
tal conditions. At the agitation speed of 100 rpm 
and ambient temperature, the removal of Pb +2 
by bentonite reached 100%. In turn, at 60°C 
without agitation, it was about 90%. Otherwise, 
the maximum removal via clinoptilolite reached 
55%. Granular clinoptilolite was less effective 
than Clinoptilolite dust. Agitation and the up-
take of Pb+2 affected by temperature especially 
in the case of granular clinoptilolite from 2.5 to 
5.0 mm. Finally, the lead removal by minerals 
could be affected by the acidity of the aqueous 
solutions. As the pH value increased from 1 to 4, 
the removal of Pb+2 improved too.

The aim of this study was to evaluate the ca-
pability of bentonite clay to adsorb Pb+2 also Cu+2 

by ion exchange from aqueous solutions and to 
explore the impact of pH, mass of adsorbent, ini-
tial metal concentrations, and contact time on the 
adsorption these minerals by the bentonite clay.

METHODS AND MATERIALS

Preparation of Bentonite

In this study, pure bentonite was used as ad-
sorbent material. It was attained from the local 
market in Baghdad city. The samples of benton-
ite were dried on air at room temperature and 
sieved with a (1.18 mm) diameter. The X-Ray 
Fluorescence (XRF) was performed to charac-
terize the dried samples. The chemical composi-
tions are listed in Table 1. The highest chemical 
component 50.5% for SiO2 and the lowest one 
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was 0.001 for Y2O3. The physical analysis of 
bentonite clay found that cation exchange capac-
ity (CEC) and surface area were 104 meq/100g 
and 67.6 m2/g, respectively. 

Instrument

The functional group illustration of the soil 
sample was carried out by Fourier Transformed 
Infrared Spectrophotometer (FTIR). The FTIR 
spectra of the samples were placed in wave 
length varying in the range of 4000–400 cm−1. 
The concentration of metals was investigated by 
Atomic Absorption Spectrophotometry (AAS). 
The chemical composition of the clay soil sample 
was established using X-ray Fluorescence (XRF). 
Brunauer-Emmett-Teller (BET) method was uti-
lized to measure surface area using nitrogen gas 
adsorption. The NH4Cl-50% and CH3CH2OH 
were found by CEC. 

Batch Adsorption Study of Heavy Metals 

The stock solution of lead and copper ions 
were prepared using lead nitrate Pb (NO3)2 and 
copper nitrate trihydrate Cu (NO3)2.3H2O. One 
thousand in mg/l was obtained by dissolving 
1.6 gm of Pb (NO3)2 in 1000 ml deionized wa-
ter and 3.8 gm of Cu (NO3)2.3H2O in 1000 ml 
deionized water, as shown in Figure 1. The es-
sential concentration in each experiment of Cu+2 
and Pb+2 was obtained by diluting stock solu-
tion. The batch equilibrium tests were con-
ducted to assess ideal pH, mass of clay, contact 
time and initial concentration of heavy metals. A 
500 ml flask with 300 ml heavy metals solution 
of 10 mg/l was performed using electrical bal-
ance weight of clay adsorbent and 0.5 gm was 
added into different flask. The mixture was shak-
en at 200 rpm in the shaker with contact time 

of 30 min. The adsorbent and the solution were 
separated through filter paper (0.45 µm) diam-
eter and then analyzed by AAS to determine the 
final concentration of heavy metals. The effect 
of pH on the heavy metal ions removal using ion 
exchange was studied in the range (5, 7, and 9) 
by adding 0.1N HCL, 0.1N NaOH to obtain the 
desired pH checked by a pH-meter. The amount 
of clay were 0.2, 0.5, 1, 1.5, and 2 gm, the con-
centrations of heavy metals ions were 10, 20, 30, 
40, and 50, and contact times were 15, 30, 45, 
60, 90, and 120 minutes. The removal percent-
age is estimated as follows: 

𝑅𝑅 (%) =  
(𝐶𝐶𝑂𝑂 − 𝐶𝐶𝑒𝑒)

𝐶𝐶𝑂𝑂
∗ 100  (1)

where:	 R is removal efficiency in %; and
	 Ce and Co are equilibrium and initial con-

centrations in mg/g, respectively. Then, 
the capacity of adsorption in mg/g can be 
found from the following:

𝑞𝑞𝑒𝑒 = 𝑉𝑉(𝐶𝐶𝑂𝑂 − 𝐶𝐶𝑒𝑒)
𝑀𝑀   (2)

where:	 qe is concentration of the adsorbed metal 
ions in mg/g;

	 M is mass of adsorbent in g;
	 V is solution volume in l.

Table 1. Chemical analysis of bentonite clay by XRF

Composition Content, % Composition Content, %
SiO2 50.459 MnO 0.021
Al2O3 33.235 SrO 0.018
CaO 8.043 ZnO 0.010
Fe2O3 5.581 ZrO2 0.008
K2O 1.535 CuO 0.005
TiO2 0.501 NiO 0.003
SO3 0.497 MoO3 0.003
V2O5 0.040 Y2O3 0.001
Cr2O3 0.030 CO2 0.010 Figure 1. Heavy metals stock solutions
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RESULTS AND DISCUSSION

Influence of pH

In order to examine the influence of pH on 
the removal of lead and copper by bentonite clay, 
multiple pH levels ranging from 3 to 5 and 7 to 
9 were studied as shown in Figure 2, with a con-
stant clay mass of 0.5gm, initial concentration of 
heavy metals of 10 mg/l, 30 min contact time, 
and 300 ml volume at room temperature. The 
main mechanisms of the adsorption properties 
on bentonites are adsorption and ion exchange. 
At pH of 5, the competition between the metal 
ions and H+ ions reduces on the active sites of 
the adsorbents clay because the concentration of 
H+ ions in solution decreases while attraction be-
tween metal ion and the surface of clay increases 
through electrostatic force. At these pH levels, 
the negotiable cations, present at the redeemable 
positions in bentonite structure (such as sodium, 
potassium, calcium and magnesium) were ex-
changed for lead and copper cations in the metal 
solutions. In the present study, a pH value of 5.0 
was used for further tests to avoid the precipita-
tion of metal ions. When pH values more than 
5.0, the removal efficiency rises because metal 
ions precipitate from the solution in the form of 
hydroxides (Ogbu, 2019).

Effect of Adsorbent Mass

Clay was utilized to find the quantities accep-
tance of metal ion. The number of sites existing 

for holding metals in a solution affects by the 
adsorbent mass removal of copper and lead ions 
by the adsorbent clay was studied with different 
mass from (0.2 to 2 gm), keeping each metal ion 
concentration 10 (mg/l), pH5 and 30 min mix-
ing speed as shown in Figure 3. It was noticed 
that the removal efficiency on bentonite clay in-
creased from 78.8 to 87.6% and 80.1 to 89% to 
copper and lead ions, respectively. The increase 
in the removal percentage with an increase in the 
adsorbent mass was due to availability of high ex-
changeable sites in clay structure. These results 
correspond to those obtained by Melichov and 
Hromada (2012). The absorption of heavy metal 
ions increases along with the amount of benton-
ite, due to the accessibility of a greater surface 
area which contains a greater number of ion ex-
change locations at a time when the initial metal 
concentration is constant, resulting in a higher re-
moval efficiency.

Influence of Initial Metal Concentration

In the adsorption experiments, the initial met-
al ion concentration is very important, so the con-
centrations of lead and copper ions were selected 
from 10 to 50 mg/l for bentonite clay. The experi-
ments were performed with optimum pH, contact 
time and adsorbent mass were kept at 5, 30 min. 
and 1, 0.5 g to copper and lead ions, sequentially. 
Figure 4 displays the impact of initial concentra-
tions of metal ions on the adsorption of heavy met-
als. The results showed the removal efficiency de-
crease with increasing initial concentration from 

Figure 2. Influence of pH on removal efficiency 
to lead and copper ions by bentonite clay

Figure 3. Influence of bentonite clay weights on 
the removal efficiency of lead and copper ions
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87.7 to 76.88% and 89 to 75.76% on bentonite 
clay for copper and lead ions, respectively. This 
was due to that the active sites in bentonite clay 
were saturated, so more metal ions would be left 
un-adsorbed at higher concentrations. At lower 
concentrations, more active sites on the adsorbent 
would be available to adsorb the metal ions (Jiang 
et al., 2009; Melichov and Hromada, 2012). 

Influence of Contact Time 

The contact time affecting on ion exchange 
of metal ions across bentonite was investigated 
by changing contact time from 15 to 120 min 
(Figure 5). The pH, clay mass, and initial metal 
concentration were kept constant at 5, 1 and 0.5 g 
for Cu+2 and Pb+2 ions, respectively, 300 rpm, and 
10 mg/l of 300 ml volume, sequentially, at 
room temperature. Figure 5 shows that the per-
centage removal of metal ion sorbed increased 
along with time until equilibrium was reached at 
30.0 minutes. The increase in contact time had no 
significant effect. At first stage, the ion exchange 
was fast due to the large number of active sites 
existing on the adsorbent clay which saturated 
with the passage of time until equilibrium was 
reached. The high percentage removal achieved 
on bentonite was 87.7 and 89.0% for copper and 
lead, respectively.

Adsorption Isotherms 

Equilibrium adsorption is generally defined by 
an isotherm equation which the surface properties 

and attraction of the adsorbent expressed by its 
parameters. The Freundlich and Langmuir iso-
therms were applied to found rapport between the 
amount of Pb+2 and Cu+2 ions sorbed by bentonite 
clay and their equilibrium concentrations in aque-
ous solution. The Langmuir isotherm was built on 
supposition one monolayer only shaped through 
reaction, existence corresponding positions, fixity 
of adsorbate and absence the interaction between 
adsorbate-adsorbent. The Langmuir isotherm re-
flects high sorption while the Freundlich isotherm 
reflects infinity position (Ugwu and Igbokwe 
2019) when variance between two models. The 
Langmuir equation (Figures 6 and 7) is described 
as shown:

𝐶𝐶𝑒𝑒
𝑞𝑞𝑒𝑒

= 1
(𝑞𝑞𝑚𝑚 ∗ 𝐾𝐾𝐿𝐿) + 𝐶𝐶𝑒𝑒

𝑞𝑞𝑚𝑚
   (3)

where:	 qm is the monolayer adsorption capacity 
in mg/g,

	 KL is the Langmuir equilibrium constant 
in l/mg. The Freundlich isotherm (Figures 
6 and 7) is explained as:

log 𝑞𝑞𝑒𝑒 = log 𝐾𝐾𝐹𝐹 + 1
𝑛𝑛 log 𝐶𝐶𝑒𝑒

  (4)

where:	𝐾F is Freundlich adsorption isotherm con-
stant, indicating the amount of adsorp-
tion, and

	 n is the Freundlich constant associated 
with adsorption intensity.

The correlation factor for the Langmuir and 
Freundlich models are 0.94 and 0.90 for lead and 

Figure 4. Influence of initial metal 
concentrations on the removal efficiency of 
copper and lead ions using bentonite clay

Figure 5. Influence of contact time on the removal 
efficiency of copper and lead ions using bentonite clay 
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0.94 and 0.88 for copper, respectively, as shown 
in Table 2. Thus, the Langmuir isotherm describes 
well the adsorption of Pb+2 and Cu+2 on benton-
ite clay and adsorption process occurs. There is 
a monolayer on the regular distribution of active 
sites on bentonite clay surface.

FTIR Analysis 

The FTIR Spectra of the bentonite, in the range 
of 400 to 4000 cm−1 was performed to approve the 
presence of functional groups that might be respon-
sible for the adsorption process and presented in 
Figures 8 and 9. The absorption peaks at 3624 to 
3406 cm−1 were attributed to OH- stretching of the Al-
OH groups. However, a broad band at 2513.25 cm−1 
in the spectrum of clay clarifies the possibility of 
water hydration (H-O-H) in the adsorbent. 

The bands at 1795 to 1435 cm−1 corresponded 
to the presence of C-H and C=C for organic com-
ponents of clay soil. The band near 1037.7 cm−1 
to 711.73 cm−1 is due to Si–O stretching in tetra-
hedral sheets. The bands at 694.37 to 424.34 cm−1 
result from Si–O–Al bending. Bentonite clay 
basically unchanged for the Pb (II) (3628.10, 

Figure 7. Copper ions modeled by the Langmuir and Freundlich isotherm formulas (linear equations)

Figure 6. Lead ions modeled by the Langmuir and Freundlich isotherm formulas (linear equations)

Table 2. Parameters of the Langmuir and Freundlich 
isotherm according ion exchange to metal ions by 
bentonite clay

Models Parameter Pb+2 Cu+2

Langmuir 
Isotherm

qm (mg/g) 0.60 0.22
KL (L/mg) 0.62 1.33

R2 0.94 0.94

Freundlich 
Isotherm

KF (mg/g)
(L/mg)1/n 7.61 2.27

R2 0.90 0.88
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1037.70, 916.19, 873.75, 796.6, 711.73, 694.37, 
520.78, 470.63, 424.34) and Cu (II) loaded sam-
ple (3628.10, 873.75, 796.60, 694.37, 520.78, 
470.63), a lot of increase and decrease in trans-
mission (T%) of the band was detected. In the Pb 
adsorption the band 3545.16 OH-, 1795.73 C-H 
and 669.3 Si–O–Al disappear and in the Cu ad-
sorption the band at 3545.16 OH-, 711.73 Si–O 
and 669.3 Si–O–Al disappear, which enhanced 
the adsorption of these metals in bentonite clay.

CONCLUSIONS 

The adsorptions to the copper and lead ions 
from polluted water on bentonite clay were 
based on pH and best removal was achieved at 
pH 5. The ideal concentrations with maximum 
removal efficiency for the Pb+2 and Cu+2 ions 
were achieved at 10 ppm. The removal capacity 
increased along with contact time and the appro-
priate adsorption times are 30 min. The adsorp-
tion data were defined well with the Freundlich 

and Langmuir isotherms. The Langmuir model 
was fitted well for the adsorption of metal ions, 
and showed monolayer adsorption of the lead and 
copper ions. The FTIR analysis showed that the 
OH- stretching was greatest functional group ac-
countable on the adsorption of heavy metals. The 
outcomes of this work showed that bentonite is 
operative and alternate adsorbent to remove the 
lead and copper ions from aqueous solution due 
to low cost, ecological, and accessibility. While 
comparing the individual adsorption for Cu (II) 
also Pb (II) onto bentonite, it was found that the 
affinity for Pb (II) to interact with bentonite was 
higher than Cu (II). 
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