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Introduction
Generally, dyes are classified into three groups: (i) cationic: all 

basic dyes; (ii) nonionic: disperse dyes and (iii) anionic: direct, acid 
and reactive dyes [1]. Cationic dyes such as methylene blue (MB) 
can be applied to leather, wool, silk, paper, plastics, as well as for the 
production of ink, copying paper and cotton mordant with tannin 
[2,3]. MB is a toxic dye and can cause mutations, allergic dermatitis, 
cancer, skin irritation, eye burns in humans and animals, cyanosis, 
methemoglobinemia, convulsions, dyspnea, tachycardia, and if 
ingested irritation to the gastrointestinal nausea, tract, diarrhea and 
vomiting [4,5]. There are various methods for dye removal, such as 
biological methods, coagulation, coagulation–flocculation, oxidation-
ozonation and adsorption. Adsorption process is one of the simplest 
and effective techniques with easy working conditions for many 
applications, such as liquid mixture separation, wastewater treatment 
and purification, or polar organic solutes recovery from biotechnology 
processes. Adsorption is a widely used technique for the removal of 
dyes due to economical and environmentally friendly reasons [6]. 

Nowadays, there are many different adsorbents that can be used for 
water treatment and purification such as silica gel, activated alumina, 
zeolites, polymers & resins, clay and activated carbon and metal oxide 
loaded activated carbons [7-11]. 

Clay minerals are concerned as widely used adsorbents because 
of their high specific surface area, sustainable, low-cost and effective 
ability of the elimination of pollutants from environmental samples. 

Bentonite is a clay mineral, which is mainly composed of 
montmorillonite with chemical composition of SiO2, Al2O3, CaO, MgO, 
Fe2O3, Na2O and K2O. It comprises one octahedral alumina sheet lying 
between two tetrahedral layers of silica [12]. The permanent negative 
charge of bentonite is attributed to the isomorphous replacement of 

Al3+ for Si4+ in the tetrahedral layer and Mg2+ for Al3+ in the octahedral 
layer. This negative charge is balanced by the presence of replacable 
cations (Ca2+,Na+, etc.) in the lattice structure which enhance the 
adsorption of cationic pollutants [12]. 

Bentonite is widely applied in many fields of adsorption technology 
including the adsorption of phenols [13], metals [14], polymers [15,16], 
organic molecules [17,18], radionuclides [19], pesticides [20] and dyes 
[21,22]. 

Bentonite, from Egypt, is used in this investigation, because of 
its local profusion and availability for use in Egyptian wastewater 
treatment. Although it is probable to increase the physicochemical 
activity and surface area of bentonite via acid activation, the 
relationship between the structural change and adsorption kinetics of 
bentonite is not evident after acidification by mineral acid [23]. So, it 
is very significant to study the adsorption of organic cations on Bn and 
A-ABn.

The aim of this investigation is to test the adsorption behavior of
large organic cations from aqueous solution on Bn and A-ABn. To 
explain the role of the bentonite and the acid activated bentonite in 
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Abstract
In the present work, bentonite (Bn) clay, from Egypt, has been modified using HCl to produce the acid-activated 

bentonite (A-ABn). Both Bn and A-ABn adsorbents have been characterized using Fourier-transform infrared 
spectroscopy (FTIR), scanning electron microscopy (SEM) and nitrogen adsorption measurements. The prepared 
adsorbents have been used for removal of methylene blue(MB) dye from environmental samples via batch test. 
The factors influencing the adsorption capacities of Bn and A-ABn, such as: pH, adsorbent dosage, initial dye 
concentration, contact time, ionic strength and temperature, were systematically investigated and discussed. The 
adsorption capacities are 336.741 mg/g and 174.83 for Bn and A-ABn, respectively.The experimental data were 
analyzed using first order kinetics, pseudo-second order kinetics and intra-particle diffusion models. It is found 
that kinetics followed the pseudo-second order equation. The equilibrium isotherm data are analyzed according to 
Langmuir and Freundlich equations. The thermodynamic parameters including ΔG°, ΔH° and ΔS°for the adsorption 
processes of MB on Bn and A-ABn were also calculated; and the negative values of ΔG° indicated the spontaneous 
nature of adsorption. The proposed adsorbents were successfully applied to the removal of MB from different water 
samples with a recovery % >95% and a relative standard deviation, RSD,<3%.
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the solid phase extraction of MB from environmental samples, the 
different experimental factors affecting the adsorption process are 
thoroughly investigated viz.: the initial MB concentration, contact 
time, ionic strength and temperature etc…. In addition, kinetic and 
thermodynamic studies were established to expect the adsorption 
behavior. The present work may be useful to environmental engineers 
for designing and establishing a continuous treatment plant for 
wastewaters and water by using the data obtained.

Experimental

Materials

Bentonite applied in this investigation was obtained from Egypt. The 
chemical component of bentonite is illustrated in Table 1 (determined 
by x-ray fluorescence). The basic dye, methylene blue (Figure 1), was 
used without further purification. A stock solution of 2000 mg/L was 
prepared by dissolving a weighed amount of MB in 1000 mL distilled 
water. The experimental solution was prepared by diluting the stock 
solution with distilled water when necessary.

Synthesis of acid-activated bentonite (A-ABn)

 The acid-activated bentonite was synthesized as follow: 50 mL of 3 
N HCl were added gradually to 30 g sample of the dried bentonite for 
5 h at the boiling point (~ 378 K) with continuous stirring. After this 
time, the product was filtered and washed repeatedly with bi-distilled 
water until no Cl- ion was detected by titration with silver acetate 
solution (0.1 M). The Acid-activated bentonite was dried at 110°C for 
12 h.

Characterization

Surface area measurements: The specific surface area of the 
adsorbents was estimated by BET method (Brunauer–Emmet–Teller) 
using liquid N2 adsorption at 77°K by means of a conventional 
volumetric apparatus. This was determined by a McLeod system 
connected to the apparatus. 

Scanning Electron Microscopy (SEM): The morphology of the 
samples surfaces was investigated using scanning electron microscopy 
(SEM, model JSM-T 220A, JEOL, Japan) at an accelerated voltage 20 
kv.

Fourier transform infrared spectroscopy (FT-IR): FTIR spectra 
were analyzed with a Nicolet FTIR spectrophotometer using KBr in a 
wave number range of 4000–400 cm-1 with a resolution accuracy of 4 
cm-1.

Adsorption studies

The batch sorption was executed on Shaking Water Bath (NE5, 
Nickel-Electro Ltd., UK) at 220 rpm. To investigate the influence of Bn 
and A-ABn on sorption capacities of MB experiments, 0.1 g adsorbent 
and 50 mL MB solution (initial conc.1000 mgL-1, natural pH 6.9) were 

used. The method was operated under shaking at 25°C till adsorption 
balance was reached. The influence of pH on MB elimination was 
studied by adjusting 50 ml MB solutions (1000 mg/L) at pH range (2.0-
10.0) using 0.01 mol/L NaOH or HCl solution with 0.1 g of adsorbent for 
120 min at 25°C. The influence of temperature on MB elimination was 
executed in the 50 mL MB solutions (2000 mgL-1, pH 6.9) by adding 0.1 
g adsorbent till balance was completed. The influence of sorption time 
on MB elimination was executed in the 50 ml MB solutions (700 mg l-1, 
pH 6.9) by adding 0.1 g adsorbent at 25°C for determined period of time. 
The influence of the initial MB concentration on MB elimination was 
executed by exciting 50 mL several dye concentrations of MB solution 
at conditions: pH 6.9; 0.1 g/50 mL; T 25°C; 120 min. Subsequently, the 
samples were filtered and the adsorbate of residual concentrations was 
measured. The quantities of MB removed via sorbents qe and percent 
extracted %E can be calculated by the subsequent equations:
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Where qe (mg/g) is the equilibrium concentration of MB on the 
adsorbent, C

°
 and Ce are the initial and equilibrium liquid-phase 

concentrations of dye (mg/g), respectively, m (g) is the mass of 
adsorbent and V (L) is the volume of solution. The concentration of 
MB in the residual solution was analyzed spectrophotometrically by 
UV-Vis spectrophotometer at wavelength 662 nm and the amount of 
adsorption qt was calculated according to equation (1).

Results and Discussion
Characterization of bentonite and acid activated bentonite

Textural properties

Surface area, volume and width of the micropores: By modeling 
the adsorption of gases by porous materials, it is possible to evaluate 
various characteristics of the porous solids, such as surface area, pore 
volume and width. Obtaining these parameters is important since they 
are related to the sites available for adsorption. The surface area and 
porosity of an adsorbent are significant parameters in determining its 
adsorption capacity as well as its adsorption performance [24]. The 
adsorption isotherms so obtained were analyzed by the traditional 
BET equation. Table 2 reveals that activation of bentonite with HCl 

Table 1: The chemical composition of bentonite.

Component SiO2 Al2O3 Fe2O3 MgO Na2O CaO TiO2 K2O SO3 other Loss of ignition
 Weight % 70.7 15.5 2.23 0.212 0.85 0.46 0.00 2.7 0.170 1.06 8.6

Table 2: The textural properties of the investigated Bentonites as determined from nitrogen adsorption isotherms.

Adsorbent Surface area SBET(m
2/g) BET-C constant Pore volume VT (ml/g) Average pore diameter. r (nm)

Bentonite 32.17 75.29 0.0162 1.009
A-ABn 79.84 210 0.0408 1.022
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Figure 1: Structure of methylene blue dye.
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was found to be linked with an increase in the surface area, the mean 
diameter and total pore volume. The SBET (m2/g) increased from 32.17 
to 79.84. The pore volume VT (ml/g) increased from 0.0162 to 0.0408. 
The average pore diameter (nm) increased from 1.009 to 1.022 nm. 
The acidification can cause replacement of exchangeable cations (Na+, 
Ca2+, K+) with H+ ions, removal of impurities and leaching of Mg2+, Al3+ 
and Fe3+ from the tetrahedral and octahedral sites in bentonite which 
expose the edges of platelets [6]. 

These textural activations are illustrated when the textural 
properties of bentonite are compared with those of A-ABn. The evident 
changes in the textural parameters caused by activated bentonite by 
HCl may be ascribed to the construction of smaller pores takes place 
as the impurities are removed and the exchangeable cations are 
substituted by H+ ions [25].

SEM: The SEM images of Bn and A-ABn are shown in Figures 2 and 
3, respectively. Obviously, the agglomerates of Bn contain few numbers 
of particles compared with those of A-ABn. The particles of A-ABn 
are more eroded than the particles of bentonite which increased the 
surface area. This acidification alters the morphology of the bentonite 
as the pores open up. So, the SEM images of Bn and A-ABn confirm 
the results obtained from the surface area. Activation of bentonite by 
HCl was associated also with evident change in the morphology and 
particle size.

FTIR spectroscopy: To obtain evidence for the adsorption of 
MB into bentonite and acid-activated, the FTIR spectra of bentonite, 
A-ABn and MB loaded bentonite (Mb-Bn) are shown in Figures 4a-4c. 
The broad absorption bands observed at 3350–3650 cm−1 are caused by 
the O–H stretching vibration of the Si–OH bands and HO–H vibration 
of the H2O adsorbed on silica surface. The band appearing at 1630 cm−1 
is due to the H2O bending vibration [26]. The broad bands at 1093-1032 
cm−1 are related to the stretch vibrations of Si-O in the Si-O-Si groups 
of the tetrahedral sheet. Also, the bands at 524 and 464 cm−1 are caused 
by Si-O-Al (octahedral sheet) and Si-O-Si bending vibrations [27,28]. 
For Mb-Bn, two peaks appear at 3020, 2924 cm−1 which represent the 
stretching vibration of -CH- aromatic and -CH3 methyl groups of MB, 
the band near 1488 cm−1 is related to the -CH3 peak and the peaks at 
1397-1323 cm−1 region and the feature conforming to the C=C skeleton 
stretching at 1596 cm−1 create from the aromatic ring vibrations 
of MB (Figure 2c). The percolating of Al and Mg was shown by the 
disappearance of the Al–Mg–OH bands and the intensity reduction 
of Al–Al–OH bands. The band of amorphous silica was shown in the 
range of 1260-1120 cm−1 (Figure 2b) [29].

Adsorption of methylene blue

Effect of pH: The pH value of the solution, which affects the surface 
charge of the adsorbent and the degree of speciation of adsorbate, was 
an important controlling parameter in the adsorption process. Figure 5 
shows the effect of pH on the removal of MB onto Bn and A-ABn from 
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Figure 2: SEM micrographs of Bn.

Figure 3: SEM micrographs of A-ABn.
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Figure 4: FTIR spectra of natural bentonite (Bn), Acid Activation bentonite 
(A-ABn) and methylene blue loaded bentonite (MB-Bn).
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Figure 5: Effect of the pH on adsorption capacity of Bn ■ and A-ABn ● for 
Methylene Blue (Conditions: Cₒ=700 mg/L; adsorbent dose=0.1 g/50 mL; 
T=25°C; equilibrium time, 160 min).
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aqueous solution. The pH of the solution was controlled by the addition 
of 0.1 M HCl or 0.1 M NaOH solution. When the pH value of the dye 
solution was raised from 2 to 10 the adsorption capacity increases 
significantly from 264 to 343 mg/g. The high increase in adsorption 
may be attributed to the attraction between cationic dye molecules and 
the excessive hydroxyl ions at alkaline pH values. Similar results have 
also been reported for MB sorption onto modified mesoporous clay 
[30] and vegetal fiber activated carbons [31].

Effect of initial dye Concentration: In general, the sorption of 
dye was dependent on the initial concentration of the dye [32]. Figure 
6 shows the effect of initial MB concentration on the adsorption 
capacity of bentonite and A-ABn towards MB. It can be shown that qe 
increased sharply from 295.40 to 331.46 mg/g for Bn and from 144.49 
mg/g to 172.58 mg/g for A-ABn when the initial MB concentration 
increased from 600 to 800 mg/l. However, the amount of MB adsorbed 
at equilibrium (qe) enhanced slightly from 331.46 to 336.74 mg/g for 
Bn with an increase in the initial MB concentration from 800 to 1100 
mg/l. For A-ABn the qe increased from 172.58 mg/g to 176.18 mg/g 
from with an increase in the initial MB concentration from 500 to 800 
mg/l at 25°C. Figure 6 shows that higher elimination of MB onto Bn 
is greater than that of A-ABn. It appears that an increase in adsorbate 
concentration results in an increase in the driving force which leads to 
an increase in the MB diffusion rate [33]. The amount of MB adsorbed 
at equilibrium (qe) increased from 25 to 336.74 mg/g and from 24.898 
to 176.18 mg/g for Bn and A-ABn, respectively. The results indicated 
that the Bn is an efficient adsorbent for MB.

Effect of amount of adsorbent: The effect of adsorbent dosage on 
removal %s of MB by bentonite and A-ABn is shown in Figure 7. When 
the sorbent dose increases from 0.025 to 0.2 g, the percent dye removal 
by Bn and A-ABn increases from 27.51% to 99.97% and from 8.61% 
to 84.43%, respectively. It was observed that the adsorption of the MB 
enhanced rapidly with increasing amount of adsorbent from 0.025 to 
0.075 g and slightly enhanced from 0.1 to 0.25 g. This can be simply 
attributed to the increased sorbent surface area and the availability of 
more sorption sites. However, the amount of MB adsorbed (mg/g) was 
found to decrease with further increase in adsorbent dosage due to the 
high number of unsaturated adsorption sites.

Effect of volume of MB: The volume of MB solution is one of the 
factors that influence the effective capacity of the adsorption for MB. 
Various volumes of MB solutions (0.025-0.25 L) with 0.1 g sorbent 
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Figure 6: Effect of initial dye concentration on adsorption capacity of Bn ■ and 
A-ABn ● for MB.(Conditions: adsorbent dose=0.1 g/50 mL; T=25°C; equilibrium 
time, 180 min).
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Figure 7: The effect of adsorbent dosage of Bn and A-ABn on MB removal 
(Conditions: Cₒ=600 mg/L; T=25°C; equilibrium time, 24 h).
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Figure 8: The effect of volume of MB solution on the removal % of MB using Bn 
and A-ABn (Conditions: Cₒ=600 mg/l; T=25°C; equilibrium time, 24 h).
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Figure 9: Effect of the contact time on adsorption capacity of Bn and A-ABn for 
MB.(Conditions: adsorbent dose=0.1 g/50 mL; T=25°C; Cₒ=600 mg/l).
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were applied at pH 6.9, 25°C, and MB 600 mg/l. Figure 8 shows that 
the removal % of MB onto Bn is higher than that of A-ABn. The MB 
removal % decreased slightly from 99.99% to 57.30% (Bn) and from 
74.53% to 21.35% (A-ABn) with increasing volume of MB solution 
from 0.025 to 0.25 L.

Effect of contact time on adsorption: Figure 9 shows the influence 
of contact time on the sorption capacity of Bentonite and A-ABn for 
dye solution using 600 ppm MB. It is evident that the sorption capacity 
of Bn and A-ABn increases rapidly by the increase of contact time from 
0 to 90 min and more than 92% of the equilibrium sorption capacity 
for MB are executed at 90 min. After 120 min, the sorption capacity 
became constant and the adsorption equilibrium is accomplished. 
Consequently, 120 min was chosen as the contact time for the sorption 
of MB onto the adsorbents under our study conditions. As shown, the 
sorption process can be divided into three steps: (a) an initial step with 
sorption occurring promptly, (b) subsequently slow sorption, and (c) 
a final step with sorption getting equilibrium and residual constant. 
The first step can be attributed to the rapid attachment of MB to the 
surface of the bentonite by surface mass transfer. At this step (0-20 
min) more than 85% of MB adsorption was achieved in Bn, while more 

than 55% was achieved in A-ABn. The second step was slower (20-
90), probably because many of the available external sites were already 
occupied in addition to the slow diffusion of MB molecules into the 
network of bentonite. The kinetics of the sorption process shows that 
the adsorption of MB onto Bn and A-ABn indicate a fast sorption 
process because more than 85% of MB was adsorbed within 20 min 
especially at MB concentration lower than the maximum adsorbed. 
This result reveals the advantages of using this low-cost adsorbent for 
the treatment of aqueous solutions loaded in dyes in general and MB 
in particular.

Effect of ionic strength: The presence of salt in water leads to high 
ionic strength that may affect the efficiency of the adsorption process 
[33]. As can be shown in Figure 10, the variation of salts concentration 
(NaCl, KCl, and CaCl2) had a major effect on the range of basic dye 
adsorption. The current study indicates that the sorption of positively 
charged MB on Bn and A-ABn decreased with the addition of salts in 
the order: NaCl<KCl<CaCl2. The escalates of ionic strength in aqueous 
solution may be resulting in the compression of the diffuse double 
layer on the adsorbent which eases the electrostatic attraction and 
participates to the adsorption consequently [34].
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Figure 11: (a) Pseudo-first-order kinetic and (b) Pseudo-second-order kinetic model for the adsorption of MB by Bentonite and A-ABn at initial concentrations 600 ppm.
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Figure 10: Effect of ionic strength on the removal of MB by (a) Bn and (b) A-ABn (Conditions: T=25°C; adsorbent dose=0.1 g/50 ml; Cₒ=700 mg/l; time=6 h).
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Effect of temperature on adsorption: The influence of temperature 
on adsorption was investigated at 25, 35 and 45°C, Table 3. It can be 
clearly seen that the amount of MB adsorbed at equilibrium increases 
with increasing temperature. When the temperature increased from 
25°C to 45°C, the maximum amounts of MB removed increased 
from 336.742 to 352.472 mg/g and from 172.58 to 178.99 mg/g for Bn 
and A-ABn, respectively. It is found that high temperature eased the 
sorption of MB on Bn. It is common that increasing temperature may 
create a swelling influence inside the adsorbent structure facilitating 
the penetrative addition of big dye molecule [30].

Adsorption kinetics

In order to understand the process of adsorption, two kinetic 
models were applied to analyze the experimental data. The first-order 
rate expression given by Lagergren [35] can be expressed as Eq. (3):

( ) 1log log
2.303

  − = − e t e
K tq q q 			                  (3)

Where qe and qt (mg/g) are the amounts of MB adsorbed at equilibrium 
and at time t, respectively and k, is the equilibrium constant (min-1) 
which were obtained from the slopes of the linear plots of ln(qe – qt) 
versus time t (Figure 11a).

The pseudo-second-order model [36] can be expressed as Eq. (4):

2
2

1
= +

t e e

t t
q K q q 				                     (4)

Where k2 (g/mg min) is the equilibrium rate constant for the pseudo 

second-order adsorption and qe can be obtained from the plot of 
t

t
q  

against t (Figure 11b). 

A comparison of the results with the correlation coefficients for the 
first-order kinetic and second-order kinetic models is shown in Table 
4. For Bentonite and A-ABn the pseudo-second order model is the best 
fit model for experimental kinetic data. The value of the calculated qe 
approved very well with the experimental data and R2 is greater than 
0.977 for all adsorbents. These results also indicated the applicability 
of this kinetic equation and the second-order nature of the adsorption 
process of MB on clays [34].

Adsorption isotherms

The equilibrium adsorption isotherms were explained using 
Langmuir and Freundlich isotherm equations which are defined by the 
following equations, respectively:

1
= +e e

e m m

C C
q bq q 				                       (5)

1

= n
e f eq K C 					                    (6)

where b is Langmuir equilibrium constant (L mg-1), and qm (mg g-1) is 
the monolayer adsorption capacity; n and Kf (mgg-1) are the Freundlich 
constants. The Freundlich parameters can be obtained by the following 
linearized equation:

1ln ln ln= +e f eq K C
n

By linear plotting of ln qe as the function of ln Ce, the values of 
Kf and n can be obtained from the intercept and the slope of the plot 
(Figure 12).The isotherm parameters for the adsorption of MB onto Bn 
and A-ABn are given in Table 5. Langmuir adsorption model provides 
the best fit with experimentally obtained data for Bn and A-ABn with 

(R2 = 0.999). This shows that the surface of bentonite was enveloped by 
the monolayer of methylene blue.

Thermodynamic studies

Thermodynamic parameters were calculated from the difference 
of the thermodynamic distribution coefficient, kc with change in 
temperature. The standard free energy change, ΔG°, was calculated 
using the expression:

ln∆ ° = − cG RT K 				                    (7)

∆ ° = ∆ °− ∆ °G H T S 				                       (8)

where R is gas constant (8.314 J/mol/K), T the is absolute temperature 
in K0 and Kc is the Langmuir constant. Standard enthalpy (ΔH°) and 
entropy (ΔS°) of adsorption could be estimated from Van’t Hoff 
equation [37]:

Table 3: Effect of temperature on maximum adsorption capacities of MB by 
Bentonite and A-ABn.

Samples
Qe(mg g-1)

25°C 35°C 45°C
Bentonite 336.7416 347.5281 352.4719
A-ABn 172.58 175.28 178.99

Table 4: Kinetic parameters for the adsorption of MB onto Bentonite and A-ABn.

Pseudo first-order kinetic model
Qe,exp.( mg g-1) Qe,1cal (mg g-1) k1 (min-1) R1

2

Bentonite: 299.89 38.873 0.02879 0.97416
A-ABn: 174.83 204.164 0.03001 0.95204

Pseudo second-order kinetic  model
Qe,exp.  (mg g-1) Qe,2 cal (mg g-1) k2 (g mg-1 min-1) R2

2

Bentonite: 299.89 302.115 5.62*10-8 0.99998
A-ABn: 174.83 206.186 3.627*10-6 0.97749
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Figure12: Langmuir plot for the adsorption of MB by Bentonite and A-ABn at 
25°C. 

Table 5: Adsorption isotherm parameters for the adsorption of MB on Bn and 
A-ABn.

Adsorbent Langmuir Freundlich
qmax (mg/g) b (L/mg) R2 Kf  (mg/g) n R2

Bentonite: 336.74 0. 454 0.9999 306.7828 65.92 0.8555
A-ABn 176.18 0.704 0.9999 136.3957 21.94 0.7782



Citation: Youssef AM, Al-Awadhi MM, Akl MA (2014) Solid Phase Extraction and Spectrophotometric Determination of Methylene Blue in Environmental 
Samples using Bentonite and Acid Activated Bentonite from Egypt. J Anal Bioanal Tech 5: 179. doi:10.4172/2155-9872.1000179

Page 7 of 8

Volume 5 • Issue 1 • 1000179
J Anal Bioanal Tech
ISSN: 2155-9872 JABT, an open access journal 

ln ∆ ∆
= −C

S Hk
R RT

        				                    (9)

By plotting a graph of ln Kc versus 1/T (Figure 13), the values of 
ΔH° and ΔS° can be estimated from the slope and intercept of Van’t 
Hoff plots, respectively. The thermodynamic parameters are presented 
in Table 6. It is evident from Table 6, that the values of ΔG° are 
negative for bentonite and A-ABn. The negative values of ΔG° for all 
adsorbents at various temperatures indicate that the process is feasible 
and spontaneous. The magnitude of ΔG° increased with increasing 
temperature, which also indicated that better adsorption was actually 
obtained at higher temperatures. A more negative ΔG° implied a greater 
driving force of adsorption, resulting in a higher adsorption capacity.

For all the sorbents, the positive value of ΔH° suggested the 
endothermic nature of the adsorption process. The positive value of 
ΔH° reflects an endothermic nature of MB adsorption on Bn and A-ABn 
and indicates that the adsorption is favored at high temperature, which 
is supported by the increase of MB adsorption onto Bn and A-ABn 
with rising temperature. The adsorption is more favorable at higher 
temperature and MB was strongly adsorbed on the surface of both Bn 
and A-ABn. 

Moreover, the positive value of ΔS° indicates the increased 
randomness during sorption process. 

Analytical applications 

The prepared adsorbents were successfully applied for the removal 
of known amounts of methylene blue spiked to different natural water 
samples. The recovery % ranged between 70.00 and 99.30% with a 
relative standard deviation (RSD, %, <3), Table 7.

Conclusion
Bentonite deposits have been reported in different parts of Egypt. 

In the present study, bentonite clay was selected as a local, cheap and 
readily available adsorbent for the removal of MB from the aqueous 
solutions. Natural and acid activated bentonite was characterized 
using nitrogen adsorption isotherms, FTIR and SEM. Adsorption of 
the MB dye was studied by batch adsorption experiments. Natural 
bentonite used is of montmorillonite nature as confirmed by the chemical composition found in literature. FTIR and SEM analyses 

confirmed modification of bentonite treated with acid. The amount of 
MB adsorbed was found to increase in order Bn (336.7416 mg/g) > 
A-ABn (172.58 mg/g). The results revealed that the adsorption of the 
dye increases with increasing the pH using natural bentonite and acid 
activated bentonite. In addition, they indicated a gradual increase in 
the percentage removal of MB dye with temperature for natural and 
acid activated bentonite. An optimum dosage of both natural and acid 
activated bentonite is 10 gL-1. The adsorption kinetic studies showed 
that the removal of MB is a rapid process and the adsorption process 
obeys the pseudo-second order model, indicating that cationic dye 
has a very strong affinity for the bentonite surface. It was found that 
the experimental isotherm data can be fitted well to the Langmuir 
equilibrium isotherm model. Thermodynamic studies indicated that 
the adsorption process was endothermic and spontaneous in nature. 
The Bn and A-ABn adsorbents were successfully applied to the removal 
of MB from different environmental samples. The adsorption capacities 
for MB onto Bn and A-ABn are in good agreement with the previously 
reported data, Table 8.
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