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ABSTRACT

This work has the purpose of evaluating the removal of zinc from aqueous solutions using
Algerian untreated bentonite clay as an adsorbent. The choice of using natural untreated clay
is justified by the fact that it is both a low cost and friendly environmental adsorbent material.
This local bentonite is a montmorillonite clay type with a relatively high cationic exchange
capacity of 136.2 meq/100 g. Calcium is the main exchangeable cation. A granulometric
analysis shows that 49.1% of the clay particles are submicronic. The zinc adsorption capacity
of bentonite was studied in batch mode. A kinetic study shows a fast removal capacity and a
highly influenced bentonite adsorption capacity by the operational parameters such as con-
tact time, mass of adsorbent, metal concentration, pH, and temperature. Fifty percent of the
Zinc was removed during the first 5 min and equilibrium is reached in 1 h. A maximal
removal capacity is obtained for a bentonite concentration of 5 g L−1 and a zinc initial concen-
tration of 100 mg L−1. A pseudo-second-order kinetic model could be fitted to the experimen-
tal data. The equilibrium data could be fitted with a Langmuir isotherm equation. Depending
on the negative value of ΔG, the adsorption of Zn2+ on SIG untreated bentonite surfaces was
spontaneous and the adsorption was an endothermic process.
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1. Introduction

Pollution by heavy metals is one of the major envi-
ronmental issues facing life on earth.

Heavy metals are stable and persistent environ-
mental contaminants since they cannot be degraded or
destroyed. Removal of heavy metals such as zinc,

cadmium, lead, nickel, chromium, and copper from
aqueous solution is necessary because of their frequent
appearance in waste streams from many industries,
including electroplating, metal finishing, metallurgical,
tannery, chemical manufacturing mining, and battery
manufacturing. This problem has received consider-
able attention in recent years, primarily due to the
concern that these heavy metals in waste streams can
be readily adsorbed by marine animals and directly
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enter the human food chain, thus presenting a high
health risk to consumers [1,2]. Several technologies for
treating contaminated effluents have been developed
over the years. The most important of these techniques
include chemical precipitation, filtration, ion exchange,
reverse osmosis, and membrane systems. However, all
these techniques have their inherent advantages and
limitations in application. Since they often involve
high capital and operational costs and may be associ-
ated with the generation of secondary waste, it is of
the utmost importance to consider other routes which
are low cost and more environmental friendly. In the
last few years, adsorption has been shown to be an
alternative method for removing dissolved metal ions
from liquid wastes [3,4]. Although there are many
adsorbents used in adsorption methods, active carbon
is the most common one used in wastewater treatment
all over the world [5,6]. However, its high cost causes
restrictions in use [7]. The use of commercially acti-
vated carbon can be replaced by the inexpensive and
effective low cost adsorbents. There is need for more
studies to better understand process of low-cost adsor-
bents and to demonstrate the technology effectively.
Various low cost adsorbents show a high degree of
removal efficiency for heavy metals and dyes. If low-
cost adsorbents perform well in removing heavy metal
complexes and dyes at low cost, they can be adopted
and used widely in industries, not only to minimize
cost but also to improve profit. In addition to this, the
living organisms and the surrounding environment
will also benefit from the decrease or elimination of
the potential toxicity due to heavy metals and dyes.
For this reason, many studies have been carried out in
order to find out effective and low cost adsorbents
[8–11]. Different adsorbents are used in zinc removal
such as chitosan [12], eutrophic and oligotrofic marsh
peat [13] and agricultural wastes like wheat shell [14]
and cocoa shell [15]. Clays were tested for the removal
of heavy metal ions by several researchers because of
their low cost and availability [16–21]. This is due to
their cation exchange capacity (CEC), selectivity, rege-
nerability, and abundance compared to other natural
and synthetic adsorbents. The negative charge on the
structure of clay minerals gives the ability to attract
metal ions. Although the results involving metal
removal by clays are significant and promising, the
properties of adsorbents for optimizing the conditions
of the process need to be better understood.

In this study, Algerian untreated bentonite was
used for removing zinc from aqueous solutions. The
effects of contact time, clay amount, pH, temperature,
and metal concentration on adsorption efficiency were
analyzed and the optimum values determined from
the experimental studies. In order to determine the

reaction of heavy metals with Algerian bentonite,
experimental results were applied to Langmuir and
Freundlich adsorption isotherms and isotherm con-
stants were obtained. Adsorption kinetics was applied
in order to determine adsorption mechanism and
adsorption characteristic constants. On this purpose,
first- and second-order reaction kinetics were calcu-
lated. The effect of changes in temperature during the
adsorption of Zn2+ onto untreated SIG bentonite was
studied to determine the nature of the process.

2. Materials and methods

2.1. Instrumentation

Zinc analyses were carried out using a Shimadzu
AA 6800 atomic absorption spectrophotometer (AAS)
at the wavelength of 213.9 nm. A NUVE model shaker
was used in all the adsorption experiments and pH
adjustments were performed with a Hanna model
pH-meter.

2.2. Chemicals

Zinc chloride (ZnCl2) solutions were used in
adsorption experiments. pH adjustments were carried
on using 0.1 N hydrochloric acid (HCl) and 0.1 N
sodium hydroxide (NaOH). The chemicals used for
zinc analysis are analytical grade reagents supplied by
Merck.

2.3. Adsorbent characterization

The clay used in this study was collected from SIG
bentonite deposit, 500 km Northwest of Algiers. This
bentonite sample, white in color, was cleaned, dried
under a temperature of 105˚C and sieved into sizes of
100 μm. It was characterized by different methods:
chemical analysis, X-ray diffraction (XRD), specific
surface area, and CEC.

The chemical composition of SIG untreated benton-
ite is provided in Table 1. The observed values for the
average composition of the clay agree very well with
that one found in the open literature [22].

Comparative XRD patterns of the untreated ben-
tonite clay are shown in Fig. 1. The XRD patterns of
this clay indicate that the dominant component is
montmorillonite. The remaining components are feld-
spar, Quartz, and Calcite.

The specific surface area of SIG untreated bentonite
was determined by applying the BET (Brunauer,
Emmet, Teller) method in the field 0.02 ≤ P/Po ≤ 0.35.
Isotherms of adsorption of N2 bentonite samples
were obtained on an apparatus TRISTAR 3000
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(Micromeritics) at the temperature of liquid nitrogen
(77.3 K) (Fig. 2). The microporous volume is equal to
24.3 × 10−3 m3g−1 and specific surface area of bentonite
is 56.44 m g−1. The clay used is a mesoporous material.

The cation exchange capacity was determined
using Schollenberger’s method [23]. This method con-
sists in displacing all the cations with an ammonium
acetate solution 1 N (pH 7) from which excess is

eliminated by a 95% ethanol solution. In the second
percolation, potassium chloride solution 1 N was used.
Calcium is the more abundant divalent cation, with a
concentration of 69.12 meq/100 g, three times higher
than the magnesium concentration (26.30 meq/100 g)
and for monovalent cations, sodium is the most domi-
nating (34.08 meq/100 g). Thus, the exchangeable cat-
ions in the bentonite sample are calcium and sodium
(Table 2).

Table 1
Chemical composition of SIG untreated bentonite (%)

Compound Amount (%)

SiO2 67.07
Al2O3 12.81
Fe2O3 1.43
CaO 2.64
MgO 2.01
Na2O 1.37
K2O 0.56
TiO2 0.20
P2O5 0.07
SO3 0.10
Ignition loss 11.47

Fig. 1. The XRD patterns of the SIG untreated bentonite.

Fig. 2. Isotherms of adsorption of N2 onto SIG untreated
bentonite sample.
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The quantitative CEC value obtained for SIG
untreated clay is of approximately 136.20 meq/100 g.
Clay minerals generally have CEC values between 3
and 150 meq/100 g [22]. The comparatively high CEC
value of natural clay indicates that the minerals have
a high level of isomorphic substitutions [22].

3. Adsorption process

The adsorption experiments were made by batch
technique at room temperature (25˚C) with known
amount of the adsorbent and 200 mL of metal solution
at fixed concentrations of metal. The Erlenmeyers
were kept under constant agitation (250 rpm). After-
ward, samples were taken out from the shaker at reg-
ular contact time intervals and the clay was separated
by filtering. The concentration of remaining zinc in the
solution, after shaking, was analyzed by using AAS.
All essays were carried out in triplicate and mean val-
ues are presented. In this study, the effects of several
factors such as contact time, clay amount, pH, temper-
ature, and metal concentration on adsorption effi-
ciency were examined.

The removal percentage of metal ion at each time
step was calculated by Eq. (1).

E ð%Þ ¼ C0 � Ctð Þ
C0

� 100 (1)

where E: removal percentage of metal ion at t time
(%); C0: initial concentration of metal ion in solution
(mg L−1); Ct: concentration of metal ion in solution at t
time (mg L−1).

The experimental procedure mentioned above was
used with some changes depending on the parameter
studied. Each experiment, in this study, was repeated
three times. The values of the adsorbed amount and
efficiency are given with an accuracy of 5%.

4. Results and discussion

4.1. Effect of contact time

Zinc adsorption was studied by varying the con-
tact time between the adsorbate and adsorbent in the
range 1–180 min.

Adsorption of zinc at different contact time was
studied for an initial zinc concentration of 100 mg L−1,
while the dosage of clay sample was 1 g/200 mL and
the solution pH was kept unchanged at 7.2.

The data showed that the sorption of zinc ions on
SIG untreated bentonite was relatively fast where the
equilibrium was reached after 60 min (Fig. 3).

The results of the experimental studies show that
high efficiency (70%) for zinc adsorption can be
obtained at short time period. Vasconcelos et al. [17]
found 89.53% with Na-enriched gray clay in a finite
bath system under the following process conditions:
agitation of 150 rpm, pH of 8 and temperature of 27˚C
for 5 h.

4.2. Effect of pH

Solution pH is an important variable which con-
trols the adsorption of the heavy metal from wastewa-
ter [24–27]. The effect of pH on the removal of zinc
ions by SIG untreated bentonite was investigated
(Fig. 4). The adsorption of zinc was studied in the pH
range 2.32–9.37 with a constant clay amount of
1 g/200 mL of zinc solution, shaking time of 60 min,
and zinc concentration of 100 mg L−1.

Table 2
Exchangeable cations and CEC of SIG untreated bentonite

Exchangeable cations (meq/100g)
CEC (meq/100g)

Na+ K+ Ca++ Mg++ Total

34.08 4.90 69.12 26.30 134.40 136.20

Fig. 3. Effect of contact time on the removal of Zn2+ by
SIG untreated bentonite. Initial metal concentration
100 mg L−1, clay dosage 1 g/200 mL and pH 7.2.
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Fig. 4 shows the influence of solution pH on
removal of zinc ions by clay. The effect of pH changes
due to the adsorbent type, its behavior in the solution,
and the type of ions adsorbed [28]. There was an
increase of metal removal with increasing pH of
the adsorbate. The main mechanisms influencing
the adsorption characteristics of bentonite can be
explained by dissolution, ion-exchange/adsorption,
and precipitation [29,30]. In the pH range between 2
and 7, the removal process probably occurred by
adsorption. In the range of 7–9, there was a marked
increase in the amount of zinc removed, but, in this
pH range ZnOH+ and Zn(OH)2 were formed decreas-
ing the fraction of Zn2+ in aqueous solution. In this
study, the optimum pH value for the zinc removal
was determined as 7.42.

4.3. Effect of clay dosage

The effect of the amount of SIG untreated benton-
ite on zinc removal was investigated at a constant
value of initial metal concentration (100 mg L−1), clay
dosage (0.2–10 g/200 mL), contact time (60 min), pH
7.42, and temperature (25˚C). The data show that the
removal of zinc has reached 70% in the range of
1–10 g/200 mL (Fig. 5).

However, this result was expected since as the
dose of adsorbent increases, the number of adsorbent
sites increases and more ions are attached to their sur-
faces [20]. Similar results were reported for many
types of materials used as adsorbents [31].

4.4. Effect of metal concentration

Optimum concentrations were determined after
experimental studies done under various metal

concentrations ranging between 10 and 300 mg L−1.
The adsorption efficiency increased to a certain level,
and remained stable as the concentration increased.
Once the saturation on the surface, where the adsorp-
tion takes place, was reached, no more metal ions can
be adsorbed. The optimum metal concentration was
determined as 100 mg L−1. The results obtained from
the experimental studies are shown in Fig. 6.

4.5. Adsorption isotherms

Several models have been published in the litera-
ture to describe experimental data of adsorption iso-
therm. For the sake of convenience, explicit and
simple models are preferred and commonly used;
these include several two and three-parameter iso-
therm models. The Langmuir and Freundlich models

Fig. 4. Effect of pH on the removal of zinc by SIG
untreated bentonite. Initial zinc concentration 100 mg L−1,
clay dosage 1 g/200 mL, contact time 60 min.

Fig. 5. Effect of clay dosage on the removal of zinc by SIG
untreated bentonite. Initial zinc concentration 100 mg L−1,
pH 7.42, contact time 60 min.

Fig. 6. Effect of metal concentration on the removal of
Zn2+ by SIG untreated bentonite. Clay dosage 1 g/200 mL,
pH 7.42, contact time 60 min.
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are the most frequently employed models. The Lang-
muir model is obtained under the ideal assumption of
a totally homogenous adsorption surface, whereas the
Freundlich isotherm is suitable for a highly heteroge-
neous surface.

In this work, adsorption isotherms of bentonite for
zinc ion were expressed mathematically in terms of
the Langmuir and Freundlich models.

The Langmuir equation, in the linear form, is
written as:

Ce

qe
¼ 1

qm � bþ
Ce

qm
(2)

where Ce: equilibrium concentration of metal ion in
solution (mg L−1); qe: amount of adsorbed heavy metal
per unit clay mass at equilibrium (mg g−1); qm:
maximum adsorption capacity (mg g−1) b: adsorption
equilibrium constant (Lmg−1).

For the Freundlich equation, the linear form is
written as:

log qe ¼ log Kf þ 1

nf
log Ce (3)

where Kf and nf are the constant characteristics of the
system. The best estimated values of all the equation
parameters are summarized in Table 3. The adsorption
isotherm data are well fitted with the linearized Lang-
muir equation and give R2 = 0.9980 as shown in Fig. 7.
The maximum adsorption of SIG untreated bentonite
equals to 14.92 mg g−1. This behavior agrees very well
with other studies presented in the open literature
regarding to experimental results of heavy metals
removal [32,33].

4.6. Kinetics of adsorption

Adsorption kinetics is used in order to explain the
adsorption mechanism and adsorption characteristics.

4.6.1. Pseudo-first-order reaction kinetic

The adsorption rate constant proposed by Lager-
gren [34] and Ho [35] using first-order reaction kinetic
is shown below:

dqt
dt

¼ k1 qe � qtð Þ (4)

where k1: adsorption rate constant for the first-order
adsorption (min−1); qt: amount of adsorbed heavy
metal per unit clay mass at t time (mg g−1); qe: amount
of adsorbed heavy metal per unit clay mass at equilib-
rium (mg g−1).

The integration of the Eq. (4) gives the following
expression:

log qe � qtð Þ ¼ log qe � k1
2:303

t (5)

4.6.2. Pseudo-second-order reaction kinetic

Adsorption data was also evaluated according to
the pseudo-second-order reaction kinetic proposed by
Ho and McKay [36]:

dqt
dt

¼ k2 qe � qtð Þ2 (6)

where k2: adsorption rate constant for the second-
order adsorption (gmg−1min−1).

If Eq. (6) is integrated, the following expression is
obtained:

t

qt
¼ 1

k2q2e
þ t

qe
(7)

In order to calculate the adsorption rate constants of
zinc, the first-order reaction kinetic was applied. For
this metal, it is seen that the curve in the plot of log
(qe− qt) against time, is linear. First-order reaction

Table 3
The parameters for langmuir and freundlich isotherms

Langmuir qm (mg g−1) 14.92
b (Lmg−1) 0.0870
R2 0.9980

Freundlich KF 2.29
n 2.54
R2 0.8230

Fig. 7. Comparison of the experimental results with the qe
values obtained by Langmuir and Freundlich isotherms.
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kinetic for zinc adsorption onto clay is shown in
Fig. 8. Rate constant (k1) was calculated from the slope
of the curve (Table 4).

Pseudo-second-order kinetic was also applied for
the experimental data of zinc metal. The curve in the
plot of t/qt against t is linear and k2 rate constant can
be calculated from the slope of this curve (Fig. 9).

Fig. 9 shows the good linearization of the model
proposed by Ho and McKay [36] presenting R2 =
0.9960 (Table 4). It means that the proposed model
adjusts the experimental data and, therefore, the kinet-
ics of zinc ion adsorption on SIG untreated clay fol-
lows the pseudo-second-order model. This behavior
agrees very well with other studies presented in the
open literature regarding to experimental results of
heavy metals removal [17,37,38].

4.7. Diffusion models

Sorption kinetics are mainly controlled by various
steps including diffusion processes. These steps can be
enumerated and applied to zinc removal [39].

(1) Step 1 Metal ion transfer from the boundary
film bordering the particle surface that consti-
tutes the film mass transfer resistance. A good
agitation makes it possible to reduce consider-
ably the film thickness and make negligible its
resistance,

(2) Step 2 Metal ion transfer from the surface to
the intra-particle active sites. This step is con-
trolled by diffusion,

(3) Step 3 Uptake of metal ion on the active sites
via complexation, sorption, and intra-particle
precipitation phenomena, which is generally a
rapid no limiting step.

The transfer of a solute from a solution to a porous
solid is according to mechanism described above and
it is the slowest step that controls the process rate.
Various models of diffusion have been examined,
including single steps of diffusion external or intra-
particle or combined phenomena [40,41].

4.7.1. External mass transfer diffusion model

This model, which is an application of the Fick’s
law, describes the evolution of the solute concentra-
tion in the solution Ct (mg L−1), as a function of the
difference in the concentrations of the metal ion in the
solution, Ct, and at the particle surface CS (mg L−1)
according to Eq. (8)

@Ct

@t
¼ �bS ðCt � CSÞ (8)

where β is the external mass transfer coefficient
(mmin−1) and S the surface area of the bentonite per
unit solution volume (m−1).

The coefficient is determined after making some
assumptions such as a surface concentration CS negligi-
ble at t = 0, a concentration in solution tending to the
initial concentration C0, and also negligible intraparticle
diffusion. So, the previous equation can be simplified to

dCt

dt

� �
t!0

¼ �b S C0 (9)

The initial rate of sorption, −β S (min−1) is obtained by
polynomial linearization of Ct/C0 and subsequent
derivation at t = 0.

The surface area is approximated as the external
surface area. Moreover, the particles are supposed
spherical and S calculated as the external surface com-
pared to the solid/liquid ratio in the solution, gives

S ¼ 6CB

dP qapp
(10)

where S: surface area of the clay per unit solution
volume (m−1); CB: adsorbent concentration in the
solution (gm−3); dp: particle size diameter (m); ρapp:
apparent volume mass of the clay (gm−3).

4.7.2. Intraparticle mass transfer diffusion model

In this study, the models chosen refer to theories
developed by Weber and Morris [42] and Urano and
Tachikawa [43].

Fig. 8. Plot of first-order model for zinc adsorption by SIG
untreated bentonite.
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According to the intraparticle diffusion model pro-
posed by Weber and Morris [42], the initial rate of
intraparticle diffusion was calculated by linearization
of the curve qt ¼ fðt0:5Þ and using the Eq. (11).

qt ¼ KW t0:5 (11)

where qt: amount of adsorbed heavy metal per unit
clay mass at t time (mg g−1); t: time (min); KW: diffu-
sion coefficient in the solid (mg g−1min−1/2) (Eq. (12)).

KW ¼ 12 qe
dp

� �
Dw

p

� �0;5

(12)

where Dw is the diffusion coefficient in the solid
(m2min−1).

Another kind of intraparticle diffusion model was
proposed by Urano and Tachikawa [43]. The sorption
kinetic data were modeled by the following equation:

�log10 1� qt
qe

� �2
" #

¼ 4p2Dut

2.3d2p
(13)

where qt: amount of adsorbed heavy metal per unit clay
mass at t time (mg g−1); qe: amount of adsorbed heavy

metal per unit clay mass at equilibrium (mg g−1); Du:
diffusion coefficient in the solid (m2min−1); dP: particle
size diameter (m).

The results of these diffusion calculations are
shown in Table 5.

4.8. Thermodynamic study-effect of temperature

The effect of temperature on adsorption isotherms
was conducted under isothermal conditions at 293,
313, and 333 K by maintaining the mixtures in a water
circulation shaker bath. In order to assume maintain-
ing thermal equilibrium, the bottles were first put into
the temperature controlled shaker bath for about 1 h
prior to the experiment [44].

The effect of changes in temperature during the
adsorption of Zn2+ onto untreated SIG bentonite was
studied to determine the nature of the process.

The values of free energy (ΔG˚), enthalpy (ΔH˚),
and entropy (ΔS˚) were calculated using the following
equations and their values are given in Table 6.

DG� ¼ �RT Ln Kd (14)

where:

Ln Kd ¼ DS�

R
� DH�

RT
(15)

where R: ideal gas constant (kJ mol−1 K−1); T: tempera-
ture in Kelvin scale (K); Kd: distribution coefficient
(L g−1) calculated with the following equation:

Kd ¼ qe
Ce

(16)

ΔH˚ and ΔS˚ values can be obtained from the slope
and intercept of Van’t Hoff plots of Ln Kd vs. 1/T
(Fig. 10) [45,46].

ΔH˚, ΔS˚, and ΔG˚ values were calculated using the
sorption data that correspond to the same initial

Table 4
Parameters for adsorption of Zn2+ onto SIG untreated bentonite derived from the pseudo-first- and second-order kinetic
model

Zn+2

Pseudo-first-order Pseudo-second-order

k1 (min−1)
qe, calculated
(mg g−1)

qe, experimental
(mg g−1) R2

k2
(gmg−1min−1)

qe, calculated
(mg g−1)

qe, experimental
(mg g−1) R2

0.074 7.28 13.88 0.9430 0.014 14.71 13.88 0.9960

Fig. 9. Plot of second-order model for zinc adsorption by
SIG untreated bentonite.
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concentration (i.e. 100 mg L−1) for the three tempera-
tures 293, 313, and 333 K and for a mixing period of
60 min.

The results of these thermodynamic calculations
are shown in Table 6. The negative value for the Gibbs
free energy for zinc adsorption shows that the adsorp-
tion process is favorable and spontaneous. The degree
of spontaneity of the reaction increases with increasing
temperature.

The positive value of ΔH˚ shows the endothermic
nature of adsorption process and its value 14.80 kJ
mol−1 indicates the possibility of physical adsorption.
This result also supports the suggestion that the

adsorption capacity of this clay for zinc increases with
increasing temperature. The positive value of ΔS˚
shows the increased disorder at the solid solution
interface components. The increased adsorption
capacity at higher temperatures was attributed to
the enlargement of pore size and activation of the
bentonite surface [45–47].

Table 5
Parameters of diffusion models

Cation
β (mmin−1) external mass
transfer coefficient

Dw (m2min−1) according to Weber
and Morris model

Du (m2min−1) according to Urano
andTachikawa model

Zn2+ 15.12 × 10−4 3.41 × 10−11 5.79 × 10−11

Table 6
Thermodynamic constants for the adsorption of Zn2+ on
SIG untreated bentonite

ΔS˚ (J mol−1 K−1) ΔH˚ (kJ mol−1)

ΔG˚ (kJ mol−1)

293 K 313 K 333 K

101.33 14.80 −14.91 −16.90 −18.94

3.0 3.1 3.2 3.3 3.4

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

1/T.103

LnKd

Fig. 10. Plot of the Langmuir isotherm constant (Ln Kd) vs.
temperature (1/T).

Table 7
Adsorption capacities of different adsorbents for the removal of Zn2+ from water

Adsorbent Zn2+ (mg L−1) Modifying agent(s) Qm(mg g−1) Source

Bagasse 200 Sulfuric acid 31.11 [48]
Moss 100 Distilled water 14.7 [49]
Brazylian bentonite 100 NaCl calcination 7.97 [50]

4.39
Botrytis cinerea 100 NaOH 12.98 [51]
Sea nodule residue 200 Hydrochloric acid 32.46 [52]
Powdered waste sludge 200 H2O2 168 [53]
Waste-activated sludge 16 – 36.9 [54]
Sugar beet pulp 160 Deionized water 17.78 [55]
Clarified sludge 25 Distilled water 15.53 [56]
Natural zeolite 120 – 2.21 [57]
SIG untreated bentonite 100 – 14.92 This study
Black gram husk 10 Distilled water 33.81 [14]
Carrot residues 500 HCl 29.61 [58]
Sawdust-poplar 130 NaOH 15.8 [59]
Sawdust-fir 40 NaOH 13.4 [59]
Lignin 6.5 HCl + ether + benzene 73.2 [60]
Bagasse fly ash 50 Hydrogen peroxide 2.34 [61]
Rice husk ash + coal fly ash + palm oil fuel ash 15 Sol gel method 16.95 [62]
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5. Comparison of Zn2+ adsorption capacity by
different adsorbents

The maximum adsorption capacities of different
adsorbents for the removal of Zn2+ were compared
with extensive reports in the literature and the values
of adsorption capacities are shown in Table 7. Never-
theless, the maximum adsorption capacity qm (mg g−1)
is usually calculated from an adsorption isotherm
equation, based on equilibrium data. Also, it was
noticed that modification of the adsorbents could also
improve Zn2+ adsorption capacity. The experimental
data of this present study are comparable with the
reported values.

6. Conclusion

Different studies have been made to specialize in
the recent developments associated with Zn2+ removal
by low-cost adsorbents utilizing agriculture, agro
industrial wastes, and clays [63]. It absolutely was
demonstrated from the literature that utilization of
waste materials as low-cost adsorbents for removing
Zn2+ presents many enticing features particularly their
contribution within the reduction of costs for waste
disposal, hence promoting environmental protection.
Also, adsorbents may be regenerated and recycled for
reuse but may account a large portion of operating
costs. Due to their low-cost, after these materials have
been expended, they can be disposed of without
expensive regeneration. The literature indicated that
only limited references are available on industrial
applications and only a few studies were reported.
Furthermore, more studies should be carried out for
Zn2+ removal in large scale.

For this purpose, an experimental study on the
adsorption of Zn2+ on an untreated SIG bentonite was
carried out at different contact time values, pH, initial
metal ion concentrations, amount of adsorbent, and
temperature.

The obtained results can be summarized as:

(1) Using the study of the kinetics of removing
zinc, in a batch system, by sig untreated be-
tonies, it was verified that the equilibrium
time is reached after a time lapse of 60min
and the percentage removal of zinc was found
to be equal to 70%,

(2) Results obtained from the effect of pH on the
adsorption capacity of the betonies indicated
that the major factor which affected this
parameter are competition of the H+ ions with
Zn2+ ions (under pH 4), ion exchange (pH
from 4 to 7) and participation of the heavy

metal species to the adsorption and precipita-
tion of some onto the betonies (pH 8),

(3) The fit of the adsorption data shows that the
Langmuir equation is the best one to describe
the adsorption process of Zn2+ onto the beton-
ies (R2 = 0.9980). By using the Langmuir iso-
therm, the maximum adsorption capacity for
Zn2+ is found as 14.92 mg g−1,

(4) Kinetic data were fitted to the pseudo-first-
and second-order model. The best correlation
was for pseudo-second-order equation (R2 =
0.9960). In the second-order reaction kinetic,
we, calculated (14.71 mg g−1) and we, experi-
mental (13.88 mg g−1) values are quite close to
each other whereas in the first-order kinetic,
the difference between these values are
greater,

(5) The removal of zinc increases as the dose of
SIG untreated betonies increases. This is due
to increase in the number of adsorbent sites,

(6) Increase in the initial metal ion concentration
leads to increase the adsorption to a degree
(qe, experimental= 13.88 mg g−1) then, a plateau
occurs, which indicates fully saturated materi-
als with the heavy metal cation,

(7) Depending on the negative value of ΔG˚, the
adsorption of Zn2+ on SIG untreated bentonite
surface was spontaneous and the adsorption
was endothermic process.

As a result of this study, it may be concluded that
SIG bentonite may be used for elimination of heavy
metal pollution from wastewater since it is a low-cost,
abundant, and locally available adsorbent.

This work is a first step in the study of ion adsorp-
tion capacity of Zn2+ on an Algerian bentonite in the
rough. The first experiments were performed in batch
mode with synthetic solutions and the first results are
promising. The shift to the industrial application
requires tests in dynamic mode. Currently, these tests
are in progress. The ultimate goal is to treat real efflu-
ents of a zinc electrolysis unit located in Ghazaouet, in
the Northwest of Algeria.

Symbols
b — adsorption equilibrium constant (Lmg−1)
Ce — equilibrium concentration of metal ion in

solution (mg L−1)
C0 — initial concentration of metal ion in solution

(mg L−1)
CS — concentration of the metal ion at the particle

surface (mg L−1)
Ct — concentration of metal ion in solution at t time

(mg L−1)
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