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Abstract
Locally available bentonite clay has been modified by magnesium and used to eliminate acid blue 129
from aqueous solutions. The adsorption was studied under different experimental conditions such as dye
concentrations, temperature, and shaking time. The adsorption of the dye increased with time and followed
the pseudo-first-order kinetic with rate constant “k” 0.126 min-1 at 283 K. Thermodynamic parameters
such as ΔH°, ΔS°, and ΔG° were calculated from the slope and intercept of the linear plots of ln K against
1/T. Analysis of adsorption results obtained at temperatures of 283, 293, 303, and 313 K showed that the
adsorption pattern on bentonite seems to follow Langmuir and Freundlih. The increase in temperature
reduces adsorption capacity by magnesium-modified bentonite due to the enhancement of the desorption
step in the mechanism. The activation energy of the adsorption process was found to be 3.55 kJ mol-1.
The Mg-bentonite showed better adsorption than Ba and Al-bentonite. Our study reveals that abundantly
available local clay may be used to eliminate dyes from aqueous solutions.

Keywords: acid blue, clay, adsorption, isotherms, kinetics, bentonite

*e-mail: sajjadchemist@yahoo.com

1948

Hussain S. et al.
Introduction

Dyes and pigments are used in many industries to
color their products. The effluents discharged by the
dye industry are highly colored and are a major cause of
environmental pollution [1]. Dyes are resistant to light,
oxidizing agents, and heat due to their chemical nature, and
are also biologically non-degradable and cannot be easily
decolorized once released into an aquatic environment [23]. The strong colors imparted by the dyes cause aesthetic
and ecological problems to aquatic ecosystems [4-6].
In particular, the presence of dye-containing effluents
into a water environment may be carcinogenic and
mutagenic and may cause intense damage to human
beings, including the reproductive system, liver, brain,
central nervous system, and dysfunction of kidneys [7].
Wastewater treatment methods such as coagulation [8],
ozonation and filtration [9], oxidation, [10], sedimentation,
flotation, [11] reverse osmosis, nano filtration [12],
electrochemical oxidation [13], and photo-electrochemical
oxidation [14] are used to treat water-containing dyes
from the textile industries, but all these processes must be
considered for economic reasons. Adsorption has proven to
be very efficient at removing dye pollutants from effluent
[4, 15-16]. The interaction of wastewater molecules to
the surface of the adsorbent may be expressed in terms
of both adsorptive characteristics and physical properties
of the adsorbent [17]. The acid dyes can be successfully
removed with activated carbon [18] and with sepiolite
[19], and these processes have been carried out by many
researchers. It has been found that due to high adsorption
capacity, high surface area, micro porous structure, and
the high degree of surface reactivity of activated carbon,
it is widely used, but there are some problems with its use
such as being expensive in nature due to the operational
costs of activated carbon. The researchers are looking
for cheaper, easily available materials for dye adsorption
[20-21]. Various types of clay sepiolite [19], zeolite [22],
montmorillonite [23-24], smectite [25], and bentonite [26]
may be used as alternative low-cost adsorbents for treating
dye effluents. Specific surface area, high chemical and
mechanical stability, and various structural and surface
properties make the clays widely useful. The sorption
ability of a clay is usually determined by its chemical and
pore structure.
Bentonite (i.e., montmorillonite clay) is normally
characterized by one aluminum (Al) octahedral sheet
placed between two silicon (Si) tetrahedral sheets. The
negative surface charge on the bentonite is produced
due to isomorphous substitution of A3+ for Si4+ in the
tetrahedral layer and Mg2+for Al3+ in the octahedral layer.
The exchangeable cations (Ba2+, Mg2+, etc.) imbalance the
charge at the bentonite surface and both Ba2+ and Mg2+
are heavily hydrated in the presence of water, making the
Bentonite’s surface hydrophilic in nature [27].
The specific surface area of the clay samples can be
greatly increased by acid activation and therefore acidactivated clays can be used effectively as decolorizing
agents for various industries [28]. The surface properties

of bentonite clay can also be greatly modified with simple
ion-exchange reactions by using a cations exchanger
like H+, Mg2+, and Ba2+. This is favored by van der
Waals interaction between the cations and clay. These
cations occupy the exchange sites of bentonite clay and
hence the surface area is increased. This kind of cationic
bentonite has been used extensively for a wide variety
of environmental applications [29]. This work aims to
investigate the effectiveness of magnesium-modified
bentonite toward acid blue 129 removal. Adsorption
isotherm techniques are used to examine the adsorption
capacities of dye. The rate constants and activation energy
of adsorption process were used to calculate kinetics and
thermodynamic parameters. Langmuir and Freundlich
equations are applied to the experimental data in order to
determine the isotherm that gives the best correlation to
the experimental data.

Material and Methods
Material Preparation and Chemicals
The bentonite clay sample was collected from
Nowshera city KPK, Pakistan. The Clay sample was
ground into powder manually and the wet sedimentation
process was used to get refined particles of the clay.
Initially 50 g of raw bentonite was refluxed with 1 molar
of hydrochloric acid for two hours in a round-bottomed
flask at 80ºC. The slurry was air cooled and washed
with doubly distilled water and then the clay was dried
in an oven at 120ºC. After complete drying, 50 g of clay
was added to 1 molar of MgCl2 solution and stirred for
24 hours on a magnetic stirrer. It was then air cooled,
dried, and washed with doubly distilled water four times
to eliminate free salts, and finally dried in an oven at
150ºC. Acid Blue 129 from Aldrich Chemicals Pakistan
(and used as received) was employed as a pollutant. All
other chemicals – HCl, NaOH, and MgCl2 – were obtained
from Aldrich.

Characterization of Samples
The textural structure of the clay sample was measured
by N2 adsorption at NOVA 2200e Quanta Chrome, USA.
All samples were degassed at 373 K for 2 h, prior to the
adsorption experiments. The BET surface area and pore
volume were obtained by applying the Langmuir method.
Microstructure and surface morphology of the adsorbent
samples were characterized by a JEOL 5910 field emission
scanning electron microscope (SEM) with an accelerating
voltage 15.0 kV at 1,500x magnification.

Adsorption Tests
The adsorption tests were conducted by batch
experiments. In each assay, 0.1 g of modified
magnesium clay and 30 ml of solution with 4×10-5 mol
L-1 concentration of AB129 (Fig. 1.) filled a bottle and
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of supplementary for Mg-, Ba-, and Al-bentonite, and
the presence of O2, Si, Al, Mg, Ba, Fe, and Cl may be
observed in these EDX spectra.

Batch Adsorption Studies
Effect of Contact Time

Fig. 1. Chemical structure of dye AB129.

were put in a shaker at 120 rpm. The samples were taken
out, filtered, and analyzed (using a Shimadzu UV-160
A) at λmax 629 nm, and the amount of dye adsorbed
(qe, mol g-1) was calculated accordingly [30-31].

Results and Discussion
Characterization of Mag-Bentonite
The surface area was calculated using Langmuir
method and revealed that Mg-, Ba-, and Al-modified clay
are, respectively, 1310.03, 1010.22, and 878.77 m2 g-1.
Figs S1, S2, and S3 of supplementary information show
the SEM images of the Mg-, Ba-, and Al-bentonite clay,
respectively, and it can be observed that clay constituted
of hollowed spheres of different sizes and some other
agglomerated unshaped fragments can also be seen in S1,
but large particles can be observed in S2 and S3, which
may cause a reduction in adsorption of dye molecules.
Elemental analysis is presented in Figs S4, S5, and S6

We studied the adsorption of acid blue 129 ions on
Mg-bentonite clay from aqueous solution at different
temperatures (Fig. 2). The results make it clear that the
adsorption on Mg-bentonite clay increases with time.
Furthermore, the dye uptake by activated Mg-Bentonite
clay was rapid initially up to 25 minutes, followed by a
continued rise up to 40 minutes, and 5.397×10-6 mol g-1
of AB129 was adsorbed on Mg-Bentonite at 10oC. The
40 minutes were taken as equilibrium time and used for
further study. The initial rapid uptake from solution was
due to extra cellular bonding and the slow sorption phase
likely resulted from intracellular binding.
Effect of Temperature
Fig. 3 also shows the effect of temperature on the
adsorption of AB129 ions on Mg-bentonite clay. You can
observe in Fig. 2 that the amount of adsorption decreases
from 5.400×10-6 mol g-1 to 3.864×10-6 mol g-1 with the rise
in temperature from 10 to 40oC, which means that AB129
ion adsorption from aqueous solution is more practical at
low temperatures. The data in Table 1 also showed that
the adsorption capacity of Mg-bentonite clay decreases
with the increase in temperature. This is due to the dye
molecules escaping from solid phase to bulk phase when
there is an increase in temperature of the solution.
Effect of Initial Dyes Concentration
The influence of the initial concentration of AB129 in
the solutions on the rate of adsorption onto Mg-bentonite
was investigated at various concentrations at pH 3.
It is clear from Fig. 3 that the adsorption of AB129
increases from 15.15 to 67.92 ×10-5 mol g-1 as the
concentration increases from 1.0 to 6.0×10-7 mol L-1 in
40 min of treatment at constant pH. This is due to the
greater availability of AB129 ions to the active sites
of the activated clay. It is clear from Fig. 3 that at low
concentrations most of the AB129 ions are adsorbed.
At higher concentration there is no significant effect
on the AB129 ions due to the saturation of the surface.
This indicates that the initial dye concentration plays an
important role in the adsorption capacities of AB129 onto
Mg-bentonite clay.

Kinetics of Adsorption
Fig. 2. Time versus amount adsorbed (qe) plot of AB129
(pH = 3.0) adsorption by Mg-bentonite, (0.1 g/30 mL) at 10ºC,
20ºC, 30ºC, and 40ºC.

In order to investigate the kinetics of adsorption of acid
blue 129 on Mg-bentonite clay, the Lagergren equation
(Eq. 1) was found to apply to the adsorption data:
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Table 1. Rate constant and activation energy parameters for the
adsorption of AB129 on Mg-bentonite at different temperatures.
T
(oC)

qe
(mol g-1)

k1
(min-1)

R2

1/T
(×10-3 K-1)

10

5.397

0.126

0.9961

3.53

20

4.887

0.132

0.9615

3.41

30

4.356

0.143

0.9734

3.3

40

3.864

0.144

0.9743

3.19

Ea
(kJ mol-1)

3.550

Adsorption Equilibrium

Fig. 3. Effect of initial acid blue 129 concentration for the
adsorption by Mg-bentonite clay (0.1 g/30 mL) at pH 3.0 and
10ºC, 20ºC, 30ºC, and 40ºC.

The equilibrium adsorption study of AB129 on Mgbentonite clay was evaluated at 10oC, 20oC, 30oC, and
40oC. Two isotherm equations were applied since the
adsorption isotherm plays a vital role in studying the
nature of the adsorption system. The data of this study
is evaluated by applying the Langmuir and Freundlich
isotherms. The linear form of Langmuir (Eq. 2) was
applied to the adsorption data:

(1)
…where qe and qt are the amount of AB129 (mol g-1)
adsorbed at equilibrium and at time t, respectively, and k1
is overall rate constant. Straight lines were obtained by
plotting log (qe - qt) against t, as shown in Fig. 4. These
straight lines indicate that the adsorption process follows
first-order kinetics. The values of rate constant k were
calculated from the slopes of straight lines of Fig. 4 and
are given in Table 1, which increases with increases in
temperature. The activation energy Ea for adsorption was
calculated using the Arrhenius equation and was found to
be 3.550 kJ mol-1.

Fig. 4. Time versus log (qe-qt) plot of AB129 (pH = 3.0)
adsorption by Mg-bentonite (0.1 g/30 mL) at 10ºC, 20ºC, 30ºC,
and 40ºC.

(2)
…where Ce is the equilibrium concentration (M), qe is the
amount (mol g-1) of AB129 adsorbed, and Xm and K1 are
Langmuir constants that represent adsorption capacity
(mol g-1) and energy of adsorption (mol g-1), respectively.
Fig. 5 Ce/qe against Ce indicate the applicability of the
Langmuir adsorption isotherm, consequently the formation
of the monolayer surface of the adsorbate on the surface of
the adsorbent. Langmuir constant Xm (adsorption capacity)
and K1 (binding energy constant of adsorption or energy of

Fig. 5. Langmuir adsorption isotherms for adsorption of acid
blue 129 over Mg-bentonite clay (0.1 g/30 mL) at pH 3.0 and
10ºC, 20ºC, 30oC, and 40ºC.
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Table 2. Isotherm parameters for the adsorption of AB129 on Mg-bentonite at different temperatures.
Langmuir constant

Freundlich constant

T(oC)

Xm1(x10-5 mol g-1)

K1(x104 mol L-1)

RL

R2

1/n (g L-1)

K(xμmol g-1)

R2

10

1.215

4.2092

0.70

0.9913

0.411

1.603

0.9946

20

1.489

2.3405

0.81

0.9592

0.436

1.393

0.9838

30

2.350

0.9595

0.51

0.9019

0.509

1.030

0.9778

40

1.653

1.3504

0.88

0.9404

0.479

1.018

0.9925

adsorption) were calculated from the slopes and intercepts
of plots of Ce/qe against Ce, respectively, and are given in
Table 2.
The Langmuir isotherm also reveals that the adsorption
of AB129 dye is feasible onto Mg-bentonite based on
separation factor (dimensionless constant) RL which is
given by the following equation:
(3)
Adsorption of any contaminant is regarded as
favorable if RL values follow 0 < RL < 1, whereas
RL > 1 (unfavorable), RL = 1 (linear), and RL = 0
(irreversible). An RL value less than 1 shows that adsorption
of AB129 is favorable onto Mg-bentonite (Fig. 5).
The Freundlich isotherm is an empirical equation
employed to describe the heterogeneous system. The linear
form of Freundlich isotherm (Eq. 4) was also applied to
the adsorption data of AB129 ions as given in Table 2.

(4)

Fig. 6. Freundlich adsorption isotherms for adsorption of acid
blue 129 over Mg-bentonite (0.1 g/30 mL) at pH 3.0 and 10ºC,
20ºC, 30ºC, and 40ºC.

…where K (mol g-1) and 1/n (g L-1) are Freundlich
constants, indicating adsorption capacity and adsorption
intensity, respectively. Fig. 6 shows the Freundlich profile
and the values are demonstrated in Table 2. This isotherm
fits better than the Langmuir isotherm (R2 > 0.994) to
the adsorption data. As the values of 1/n increase with
increasing temperature, it indicates favorable adsorption
at lower temperatures. The values of 1/n indicate the
formation of a relatively stronger bond between adsorbate
and adsorbent as temperature decreases. When the values
of K and 1/n (Freundlich constant) were compared at all
the temperatures under study, the results show that higher
values of 1/n and lower values of K were obtained at
higher temperatures.

Adsorption Thermodynamic
The influence of temperature on AB129 adsorption is
further explained by thermodynamic parameters. Various
thermodynamic parameters such as DG°, D H°, and DS°
of AB129 adsorption were calculated from Langmuir’s
binding constant K1 by using equations 5 and 6. The
values of DH° and DS° were calculated from the slope and
intercept, respectively, of linear variation of lnK1 versus
1/T (Fig. 7) using Equation 7:

Fig. 7. Plot of lnK1 vs. 1/T for the adsorption of AB129 on
Mg-bentonite clay.
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Table 3. Thermodynamic parameters for the adsorption of AB129 on Mg-bentonite at different temperatures.
T (ºC)

1/Tx10 -3(K-1)

ln K1

10

3.53

10.64

20

3.41

10.06

30

3.30

9.168

40

3.19

9.510

∆H (kJ mol-1)

∆S (kJ mol-1.K-1)

∆G (kJ mol-1)

R2

-25.05
-31.83

-25.03

-24.50
-23.09

0.879

-24.74

(5)

(6)
…where R is the ideal gas constant (8.314 J mol-1 K-1)
and T is the absolute Temperature in kelvin. The values
of DS°, DG°, and DH° are given in Table 3. The negative
values of DG° -25.05, -24.50, -23.09, and -24.74 kJ mol-1
at 10, 20 30, and 40oC show the spontaneous nature of the
adsorption process. The values obtained for DG° are nearly
constant, showing that there is no effect of temperature on
the free energy of adsorption. The negative value (-31.83
kJ mol-1) of DH° shows that the process of adsorption
is exothermic in nature. Moreover, the values of DH°
(> -8 kJ mol-1) verify that AB129 adsorption is a physical
process [32]. The value of DS° is also negative because
adsorption involves more order arrangement, or in other
words disorderliness decreases, resulting in a decrease in
entropy.

Comparison of Adsorption Capacity
of Mg-Bentonite and Ba, Al-Bentonite Clay

The bentonite clay was also treated with Al and Ba and
their capacity was compared to Mg-bentonite clay at the
same experimental conditions. Fig. 8 demonstrates that
Mg-bentonite has better adsorption ability for the removal
of AB129 from aqueous solution than Ba and Al bentonite,
mainly because of its porous surface and small particle
size. The SEM images in supplementary material explain

the porosity and small particle size of Mg-bentonite.
Natural bentonite is not a more effective adsorbent for
the removal of hydrophobic organic compounds from
aqueous solution, which is due to the electrically charged
and hydrophilic characteristics of the surface. However,
natural bentonite may be modified to improve its capability
of removing hydrophobic contaminants from water.

Conclusion
The results demonstrate that naturally occurring clay
bentonite has sufficient adsorptive properties and can be
used as a promising adsorbent to remove AB129 dyes
from an aqueous solution after chemical activation. The
adsorption process was fast and equilibrium between
AB129 in the solution and on the Mg-Bentonite surface
was achieved in 40 minutes. Adsorption kinetics
adequately obey the pseudo first-order model (R2>0.994).
Adsorption isothermal studies reveal that the Freundlich
model fits the experimental data well (R2 > 0.996). The
negative values of DG° showed that the adsorption process
was spontaneous and physiosorptive. These results showed
that AB 129 could be successfully removed from aqueous
solution using Mg-bentonite clay as a cheap adsorbent.
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