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ABSTRACT 

Dyes have long been used in dyeing, paper and pulp, textiles, plastics, leather, paint, cosmetics and food 

industries. Nowadays, more than 100,000 commercial dyes are available with a total production of 700,000 

tones manufactured all over the world annually. About 10-15% of dyes are being disposed off as a waste 

into the environment after dyeing process. This poses certain hazards and environmental problems. The 

objective of this study is to investigate the adsorption behavior of Methylene Blue (MB) from aqueous 

solution onto natural and acid activated Jordanian bentonite. Both bentonites are firstly characterized using 

XRD, FTIR and SEM techniques. Then batch adsorption experiments were conducted to investigate the 

effect of initial MB concentration, contact time, pH and temperature. It was found that the percentage of dye 

removal was improved from 75.8% for natural bentonite to reach 99.6% for acid treated bentonite. The rate 

of MB removal followed the pseudo second order model with a high correlation factor. The Langmuir and 

Freundlich adsorption models were applied to describe the equilibrium isotherms. The Langmuir isotherm 

model was found more representative. The results indicate that bentonite could be employed as a low cost 

adsorbent in wastewater treatment for the removal of colour and dyes. 
 
Keywords: Adsorption, Bentonite, Methylene Blue, Acid Activation 

1. INTRODUCTION 

Dyes have long been used in dyeing, paper and pulp, 

textiles, plastics, leather, paint, cosmetics and food 

industries (Chen and Zhao, 2009; Gupta and Suhas, 

2009). Nowadays, more than 100,000 commercial dyes 

are available with a total production of 700,000 tones 

manufactured all over the world annually. About 10-15% 

of dyes are being disposed off as a waste into the 

environment after the completion of dying process 

(Gupta and Suhas, 2009). Coloured stuff discharged 

from these industries poses certain hazards and 

environmental problems. These compounds are not only 

aesthetically displeasing but also dyes interfere with the 

transmission of light and upset the biological metabolism 

processes which cause the destruction of aquatic 

communities present in ecosystem (Ozcan and Ozcan, 

2004). In addition, dyes usually have complex aromatic 

molecular structures which make them more stable and 

difficult to biodegrade. Furthermore, many dyes are toxic 

to some microorganisms and may cause direct 

destruction or inhibition of their catalytic capabilities 

(Srinivasan and Viraraghavan, 2010). 

Dyes also affect human and animal health. For 
example, when they come into contact with eyes, they 
result in eye burns and could lead to permanent injury 
to human or animals. In addition, inhalation of some 
dyes could result in rapid or difficult breathing. While 

ingestion through the mouth produces a burning 
sensation and may cause nausea, vomiting, profuse 
sweating, mental confusion and methemoglobinemia 
(Hameed et al., 2001). In addition dyes can cause 
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allergic dermatitis, skin irritation, cancer and mutations 
(Gupta and Suhas, 2009).  

Hence treating wastewater with dyes is of a prime 

importance. There are several methods for dye removals, 

such as adsorption, oxidation-ozonation, coagulation, 

coagulation-flocculation and biological methods (Eren 

and Afsin, 2009; Turabik, 2008; Waranusantigul et al., 

2003; Juang et al., 1997). 
Adsorption process provides an attractive treatment 

of wastewater containing dyes over other conventional 
wastewater treatment techniques due to economic 
consideration, its availability and easy to operate as well 
as greater efficiency (Eren and Afsin, 2009; Gok et al., 
2010). Activated carbon is widely used as an adsorbent 
in gas and liquid phase separation. However, the 
activated carbon remains an expensive material. This 
depresses its large scale usage. In order to overcome this 
deficiency, many researchers investigated the 
development and preparation of low cost alternative 
adsorbents such as wood (Poots et al., 1978), dead and 
pretreated (A. niger) fungus (Fu and Viraraghavan, 2000; 
2001a; 2001b; 2002a; 2002b), zeolite (Armagan et al., 
2004; Wang et al., 2006), Tripoli (ALzaydien, 2009) and 
bentonite (Ozcan and Ozcan, 2004; Hu et al., 2006). 

In the present study, the adsorption of Methylene 

Blue (MB) dye onto two adsorbents; natural and acid 

activated bentonite were studied. Various parameters 

affecting adsorption process, such as contact time, initial 

dye concentration, temperature and pH were investigated. 

In addition, kinetic parameters were also calculated to 

determine adsorption mechanism and rate constants. 

Experimental data at equilibrium was fitted into adsorption 

isotherms in order to give the best fit correlation.  

2. MATERIALS AND METHODS 

2.1. Bentonite 

The bentonite used in this study was supplied by 
Jordanian Natural Resources Authority (NRA) from Al-
Azraq Basin, northeastern Jordan. Clay sample was 
crushed, ground and sieved. The bentonite sample was 
stored in an air-tight container for further use.  

2.2. Preparation of Acid-Activated Bentonite 

For acid-activation bentonite, sample of 100 g of 
natural bentonite was soaked in 500 mL of 5M HCl acid 
for 24 h. at room temperature. The activated bentonite 
was washed several times with distilled water until the 
pH of the solution was 6. Then it was dried at 105°C 
until constant mass and grounded to pass 106 µm. It is 
then stored for further use.  

2.3. Adsorbate 

The Adsorbate used in this study is the basic dye, 
Methylene Blue (MB). It was purchased from Sigma-
Aldrich (molecular weight 319.87 g moL

−1
) and used 

without further purification. Different concentrations of 
MB were prepared from a stock of 1000 ppm solution 
with distilled water. To determine the dye concentration, 
a calibration curve was first obtained from a series of 
predetermined concentration of dye solutions. The 
maximum absorbance of the dye was confirmed by 
scanning the dye aqueous solution over the spectral 
range of 550-660 nm by using UV-vis spectrophotometer 
(Model SPUV-19). The absorbance of those standard 
samples was then measured at the corresponding 
maximum wavelength. Absorbance of dye solution after 
adsorption experiment was then converted to 
concentration using the established calibration curve. 

2.4. Adsorbents Characterization 

The mineralogical composition of bentonite samples 
was determined using X-ray Diffraction (XRD) 
technique. X-ray analyses of the samples were made 
using (Shimadzu model XRD6000). The FTIR spectra of 
both natural and acid activated bentonite were obtained 
with KBr using Shimadzu model R-prestige Fourier 
Transform Infrared Spectrometer to observe the surface 
functional groups. FTIR spectra were recorded in the region 
of 4000-400 cm

−1
. The Scanning Electron Microscopy 

(SEM) analysis was carried out using a FEI Scanning 
Electron Microscope (Inspect F 50) equipped with a 
Silicon-drifted Energy Dispersive X-ray spectrometer 
(SEM-EDX). Operating conditions were 5 kV accelerating 
voltage at full vacuum.  

2.5. Batch Adsorption Study 

Adsorption experiments were carried out batch wise. 

A specific amount of adsorbent was added to dark amber 

glass bottles of 100 mL capacity containing 50 mL of 

MB solution of desired concentrations in the range 10 to 

100 mg L
−1

. The bottles were subsequently capped and 

placed on a controlled temperature mechanical shaker at 

a speed of 250 rpm at desired temperature and time. 

After adsorption, the solution was centrifuged at 3000 

rpm for 6 min. The residual dye concentrations of each 

solution were determined by measuring their 

characteristic absorbance using a single beam UV-Vis 

spectrophotometer (Model SPUV-19) at a wavelength of 

maximum absorbance (660 nm). The absorbance is then 

converted to concentration using the calibration curve.  

The amount of adsorbed MB at any time, qt (mg/g), 

was calculated using Eq. 1: 



Laila Al-Khatib et al. / American Journal of Environmental Science 8 (5) (2012) 510-522 

 

512 Science Publications

 
AJES 

( )0 t

t

C - C V
q =

m
 (1) 

 
where, C0 and Ct are the initial and liquid-phase 
concentrations at any time t of dye solution (mg/L), 
respectively, V is the volume of dye solution (L) and m 
is the mass (g) of the adsorbent used. 

The removal efficiency, R (%) of the system, is Eq. 2: 
 

0 t

0

C - C
R = ×100

C
 (2) 

 

2.6. Effect of Adsorption Parameters 

To examine the effect of temperature, adsorption 
experiments were conducted at 25, 35 and 45°C, 
respectively. The influence of the initial pH was studied 
at values: 3, 5, 7 and 9. Dye solution pH was adjusted 
using 0.1M NaOH and 0.1M HCl solutions and 
measured using a Meter Lab, pH M210 meter. Adsorbent 
dosage used in this study was in the range 2 to 60 g L

−1
. 

3. RESULTS  

3.1. Characterization of the Adsorbents 

Bentonite is considered one of the most promising 
natural materials available in Jordan that can be used for 
adsorption of some dyes found in wastewater. The 
chemical composition of natural bentonite is (in %): 
SiO2: 43.32, Al2O3: 12.59, K2O: 2.89, CaO: 9.59, MgO: 
4.99, Fe2O3: 5.95, TiO2: 0.59, Na2O: 2.25 and loss of 
ignition: 17.41 (Khoury, 2002). This indicates the 
presence of silica, alumina, calcium oxide, iron oxide 
and magnesium oxide as major constituents. Traces of 
sodium, potassium and titanium oxides are found in the 
form of impurities. 

The ratio SiO2/Al2O3 is 3.44 which indicate that the 
bentonite is of montmorillonite nature. This is also 
confirmed by the XRD analysis. The mineral phases 
identified along with montmorillonite were quartz and 
minor levels of feldspar, dolomite and calcite.  

In order to illustrate the effect of acid activation of 
bentonite, FTIR and SEM have been conducted. The 
FTIR spectra of natural bentonite and acid activated 
bentonite were taken in the range of 4000-400 cm

−1
. 

FTIR spectroscopy is very sensitive to modification of 
the clay structure upon acid treatment as illustrated in 
Fig. 1. In FTIR-spectrum of the acid activated bentonite, 
weakening of absorption band intensity at 3426 and 1639 
cm

−1
 is marked (Fig. 1b). It corresponds to the process of 

removal of interlayer water (Farmer, 1971; 1974; 
Wilson, 1994; Olphen, 1977; Hideomi, 1977; Loeb and 

Schrader, 1992). Absorption peaks between 3426 and 
3626 cm

−1
 are due to stretching bands of the OH groups. 

While the band at 1639 cm
−1

 corresponds to the OH 
deformation of water to observe natural bentonite and acid-
activated bentonite, but the peak intensities of acid-activated 
bentonite are lower than that of natural bentonite. 
Absorption band reduction at 3626 cm

−1
 indicates 

development of dehydroxylation process. This is believed to 
occur as a result of acid activation of bentonite (Ozcan and 
Ozcan, 2004; Vlasova et al., 2003).  

In addition, the transformation of the tetrahedral sheet 
was found at 781 cm

−1
. The acid activation leads to the 

formation of amorphous silica, indicated by the increased 
intensity of the peak, which may expose more adsorption 
sites (Komandel et al., 1990). 

Natural and acid activated bentonite samples were 
analyzed to detect the change in surface morphology 
after acid activation using SEM. Clumps of uneven 
surface can be seen for acid activated bentonite with 
distribution of pores (Fig. 2b) compared with flat flakes 
of low porosity for natural bentonite (Fig. 2a). The 
leaching of cations by acid activation creates voids in the 
bentonite leading to increase its surface porosity. 

3.2. Effect of Contact Time and Initial (MB) 

Concentration on Adsorption 

The effect of contact time on the percentage of color 
removal using various initial dye concentrations range 
from 10 to 100 mg L

−1
 was examined at different time as 

shown in Fig. 3. The results showed that the rate of 
adsorbed MB onto both natural and acid activated-
bentonite was initially rapid and then it slowed down 
gradually until equilibrium was attained. 

 As Fig. 3 illustrates, uptake attained equilibrium at 60 
min for acid activated bentonite while it needed 180 min 
using natural bentonite at the same conditions.  

The results also indicated that the amount of retained 

dye increased with the increase of initial dye 
concentration. Although the rate behavior of both 

bentonite and acid activated bentonite was similar, but it 
has been found that under identical conditions the acid 

activated bentonite presented higher adsorption capacity. 

3.3. Effect of pH on Adsorption 

The effect of pH on MB adsorption onto natural and 
acid activated bentonite was studied through tests carried 
out on solutions of various pH as shown in Fig. 4. It 
showed that the adsorption of MB dye onto natural 
bentonite increased with increasing solution pH.  

However, the adsorption of MB dye on acid activated 

bentonite was controlled by a pH-independent adsorption 

mechanism as indicated in Fig. 4.  
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3.4. Effect of Temperature  

The effect of temperature on the equilibrium adsorption 

capacity of MB onto both bentonite and acid activated 

bentonite was investigated at a concentration of 100 mg L
−1

 

at 25, 35 and 45°C. The results were presented in Fig. 5. It 

can be seen that with the increase of temperature, the 

adsorption capacity of MB onto natural bentonite was 

slightly increased (about 3%). This observation revealed 

that the adsorption process is slightly endothermic.  
On the other hand, the adsorption capacity of MB 

onto acid activated bentonite has a negligible effect, 
suggesting the adsorption behavior was insensitive to 
the changes of temperature in the range investigated.  

3.5. Effect of Adsorbent Dosage 

The effect of adsorbent concentration on the 

percentage removal of MB dye using an initial dye 

concentration of 100 ppm is examined. The studied 

adsorbent dosages were 2, 10, 40 and 60 g L
−1

 as shown 

in Fig. 6. It can be noticed that increasing the natural 

bentonite dosage gradually increase the percentage 

removal of MB. It was also noted that increasing the 

dosage of acid activated bentonite from 2-10g L
−1

 increase 

the percentage removal of MB dye. 

However, when the dosage of acid- activated 

bentonite increased from 10 to 60 g L
−1

 the removal of 

MB was constant.   

 

 
(a) 

 

 
(b) 

 
Fig. 1. FTIR spectra of natural bentonite (a) and acid-activated bentonite (b) 
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(a) 

 

 
(b) 

 

Fig. 2. SEM surface morphology of natural bentonite (a) and acid-activated bentonite (b) 
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(a) 

 

 
(b) 

 
Fig. 3. Effect of contact time on MB adsorption on natural bentonite (a) and acid activated bentonite (b) at different initial 

concentrations (temperature = 20 ±2°C, pH = 9, dosage = 10 g L−1) 

 

 
 
Fig. 4. Effect of pH on MB removal by natural bentonite 

(diamonds) and acid- activated bentonite (triangles) at 

initial concentration = 100 ppm, temperature = 20 ±2°C 

and dosage = 10 g L−1 

 
 
Fig. 5. Effect of temperature on MB removal by natural 

bentonite (diamonds) and acid- activated bentonite 

(triangles) at initial concentration = 100 ppm, pH = 9 

and dosage = 10 g L−1 
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Table 1. Kinetic models’ parameters for natural and acid-activated bentonite 

 First order kinetic model parameters   Second order kinetic model parameters 

 ----------------------------------------------------------------------- ------------------------------------------------------------------ 

 Natural bentonite  Acid-activated bentonite Natural bentonite  Acid-activated bentonite 

 ------------------------------- ----------------------------- ---------------------------- ------------------------------ 

C0 qe K1  qe K1  qe K2  qe K2 

(mg/L) (mg/g) (min– 1) R2 (mg/g) (min– 1) R2 (mg/g) (g/mg min) R2 (mg/g) (g/mg min) R2 

10 1.14 0.031 0.670 0.07 0.034 0.220 0.94 0.174 0.999 1.00 5.258 1 

30 0.74 0.033 0.910 0.13 0.052 0.314 2.76 0.221 1.000 2.99 6.052 1 

50 1.00 0.039 0.488 0.76 0.470 0.594 4.57 0.392 1.000 4.99 0.359 1 

80 0.75 0.040 0.368 0.54 0.061 0.474 7.03 0.622 1.000 7.98 1.764 1 

100 1.70 0.061 0.718 0.33 0.067 0.718 7.58 0.392 1.000 9.96 3.600 1 

 

 

 

Fig. 6. Effect of dosage on MB removal by natural bentonite 

(diamonds) and acid- activated bentonite (triangles) at 

initial concentration = 100 ppm and temperature = 20 

±2°C, pH = 9 

3.6. Adsorption Kinetics 

In order to examine the adsorption kinetics, two 

popular kinetic models: pseudo-first order and pseudo-

second order were applied. The linear forms of these 

models can be expressed as follows Eq. 3 and 4 

(Lagergren, 1898; Ho and McKay, 1998): 

 

( )e t e 1ln q - q = lnq - k t  (3) 

 

2

t 2 ee

t 1 1
= + t

q k q q
 (4) 

 

where, qe and qt are the amount of dye adsorbed on 

adsorbent at equilibrium and time t, respectively (mg/g) 

and k1 is the rate constant of first order adsorption 

(min
−1

). k2 is the pseudo-second order rate constant of 

adsorption (g mg
−1

min
−1

). 

 
(A) 

 

 
(B) 

 

Fig. 7. Pseudo-second order adsorption kinetic model for MB 

adsorbed on natural bentonite (A) and acid-activated 

bentonite (B) (initial concentration = 100 ppm, 

temperature = 20±2°C, pH = 9and dosage = 10g L−1) 
 
The parameters qe and k1 obtained from pseudo-first 

order adsorption kinetic model were calculated and 

summarized in Table 1. The regression correlation 
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factors were generally low; therefore, the adsorption 

kinetics of MB dye on natural and acid activated 

bentonite did not show good compliance with pseudo- 

first order adsorption kinetic model. 

Further investigation has been carried out to gauge 

the compliance of the adsorption kinetics with the 

pseudo-second order kinetic model. Figure 7 shows the 

application of the pseudo-second order kinetic model for 

the adsorption systems of both adsorbents and for initial 

dye concentration = 100 ppm. The regression 

coefficients obtained are almost 1, which indicates a 

good compliance of this model with experimental data.  
With increasing initial dye concentration from 10 to 

100 mg L
−1

, the adsorption capacity increases from 0.94 
to 7.58 mg g

−1
 and from 1.0 to 9.96 mg g

−1
 for natural 

and acid activated bentonite, respectively as summarized 
in Table 1. This indicates that dye removal content 
depends on the initial dye concentration when the 
adsorbent amount is constant. 

3.7. Adsorption Isotherms 

Adsorption isotherm models are very useful for 

predicting adsorption capacities and also for 

incorporating into mass transfer relationships in the 

design of contacting equipment. So, in order to optimize 

the design of an adsorption system to remove MB dye from 

effluents, it is important to establish the most appropriate 

correlation for the equilibrium curves. In this respect, the 

equilibrium experimental data for adsorbed MB onto 

natural and acid activated bentonite were compared using 

two isotherm models: Langmuir and Freundlich.  

3.8. Langmuir Isotherm Model 

The Langmuir adsorption model depends on the 

assumption that the intermolecular forces decrease rapidly 

with distance and consequently predicts the existence of 

monolayer coverage of the adsorbate at the outer surface 

of the adsorbent (Langmuir, 1918). In addition, the 

isotherm model assumes that adsorption occurs at specific 

homogeneous sites within the adsorbent. It is assumed that 

once a dye molecule occupies a site, no further adsorption 

can take place at that site. Furthermore, the Langmuir 

equation is based on the assumption of a structurally 

homogeneous adsorbent, where all sorption sites are 

identical and energetically equivalent. 

Theoretically, the sorbent has a finite capacity for the 

sorbate. Therefore, a saturation value is reached beyond 

which no further sorption can occur. The saturated or 

monolayer capacity can be represented as the known 

Langmuir (1918) Eq. 5: 

e max max L e

1 1 1 1
= +

q q q K C

 
 
 

 (5) 

 

where, qmax (mg/g) and KL (L/mg) are the Langmuir 

constants and Ce (mg/L) is the equilibrium dye 

concentration in the solution.  

The Langmuir adsorption equilibrium isotherm of 

MB dye onto both clays at 20°C is presented in Fig. 8. 

Regression analysis reveals that the Langmuir model 

fits the experimental data well with correlation factor 

higher than 0.98 for both adsorbents.  

An essential characteristic of Langmuir isotherm can 

be expressed by a dimensionless constant called 

separation factor, RL (Hall et al., 1966) given by:  

 

L

L m

1
R =

1+ K C
 

 

where, Cm is the highest initial dye concentration (here 

100 ppm). The value of RL indicates the type of the 

isotherm to be either unfavorable when RL>1, linear if RL 

= 1, favourable if 0<RL<1 or irreversible when RL = 0. 

The RL values are 0.056 for natural bentonite and 

0.005 for acid activated bentonite as shown in Table 2 

indicating that the adsorption of this dye on both 

adsorbents was a favorable process. 

3.9. Freundlich Isotherm Model 

This model describes heterogeneous adsorption 

systems (Freundlich, 1906). The model is given in its 

linear form as Eq. 6: 
 

e F e

1
lnq = lnK + lnC

n
 (6) 

 

where, KF is the Freundlich constant related to overall 

adsorption capacity (mg/g); and 1/n is a dimensionless 

constant related to the intensity of adsorption, or the 

heterogeneity factor describes reversible adsorption and 

is not restricted to the formation of the monolayer. 

 Figure 9 shows plots of ln qe versus ln Ce for the 

adsorption of MB dye on natural and acid activated 

bentonite. Values of KF and n are obtained from intercept 

and slope, respectively. These are 1.54 and 1.7 for 

natural bentonite and 24.73 and 1.14 for acid activated 

bentonite. This indicates that both adsorption systems 

were favorable and the acid activated bentonite had a 

higher adsorption capacity. 



Laila Al-Khatib et al. / American Journal of Environmental Science 8 (5) (2012) 510-522 

 

518 Science Publications

 
AJES 

 
(A) 

 

 
(B) 

 

Fig. 8. Langmuir adsorption isotherm for MB adsorbed on natural bentonite (A) and acid-activated bentonite (B) (initial 

concentration = 100 ppm, temperature = 20±2°C, pH = 9and dosage = 10 g L−1) 

 

 
(A) 
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(B) 

 

Fig. 9. Freundlich adsorption isotherm for MB adsorbed on natural bentonite (A) and acid-activated bentonite (B) (initial 

concentration = 100 ppm, temperature = 20±2°C, pH = and dosage = 10 g L−1) 

 

Table 2. Isotherm models parameters for natural and acid-activated bentonite. 

Isotherm model Parameter Natural bentonite Acid-activated bentonite 

Langmuir qmax (mg/g) 10.27 20.16 

 KL (L/mg) 0.167 2.041 

 RL  0.056 0.005 

 R2 0.998 0.984 

Freundlich KF (L/mg) 1.543 24.73 

 n 1.700 1.143 

 R2 0.929 0.961 

 

  Both the Langmuir and Freundlich isotherms 

parameters for the adsorption of MB onto natural and acid-

activated bentonite and the correlation coefficients are 

summarized in Table 2. The correlation coefficients of the 

Langmuir model were higher than that of Freundlich model 

suggesting a more like monolayer adsorption process. 

4. DISCUSSION 

4.1. Effect of Contact time and Initial (MB) 

Concentration on Adsorption 

The rate of adsorbed MB onto both natural and acid 

activated-bentonite was initially rapid and then it slowed 

down gradually until equilibrium was attained. It would 

be for that a large number of vacant surface sites were 

available for adsorption during the initial stage of the 

treatment time and after a lapse of time, less remaining 

vacant surface sites were available. 

The amount of retained dye showed an increasing 

trend with the increase of initial dye concentration. 

Although the rate behavior of both bentonite and acid 

activated bentonite was similar, but it had been found 

that under identical conditions the acid activated 

bentonite presented higher adsorption capacity. 
This increase in the adsorption capacity of activated 

bentonite may be attributed to many factors. HCl dissolved 
impurities such as calcite and leached cations from 
bentonite sheets. In addition, it replaced the exchangeable 
cations with hydrogen ions (Diaz and Santos, 2001). 
Furthermore, acid opened the edges of the platelets and 
produced a more porous structure which implied a greater 
surface area as illustrated by SEM images. 

4.2. Effect of pH on Adsorption 

The adsorption of MB dye onto natural bentonite 
increased with increasing solution pH. This might be 
attributed to the surface charge of the natural bentonite. 
Bentonite is positively charged at low pH values and 
negatively charged at higher pH (Tahir and Rauf, 2006). 
Therefore the electrostatic interactions between the 
positively charged alkylamino groups in the dye 
molecule and the negatively charged adsorbent 
increased. As a result, the amount of dye molecules onto 
the natural bentonite increased at higher pH values.  
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However, the adsorption of MB dye on acid activated 

bentonite was controlled by a pH-independent adsorption 

mechanism as indicated in Fig. 4. It is believed that the 

adsorption mechanism occured partly by ion exchange 

releasing exchangeable cations in the interlayer and basal 

plane surfaces and partly via non-columbic interactions 

between an adsorbed cation and a neutralized site. 

Similar behavior was observed by Eren and Afsin (2008) 

and Turabik (2008). 

4.3. Effect of Temperature  

A slight increase in adsorption capacity of MB onto 

natural bentonite was observed with increasing 

temperature. This observation revealed that the adsorption 

process was slightly endothermic. This may be caused by 

the increased tendency of adsorbate ions mobility with 

temperature which slightly enhances the adsorption of MB 

from the solution into the clay (Hameed et al., 2007; Alkan 

and Dogan, 2003). 

On the other hand, the adsorption capacity of MB 

onto acid activated bentonite has a negligible effect, 

suggesting the adsorption behavior is insensitive to the 

changes of temperature in this range. The weak influence 

of temperature for the adsorption of MB probably 

indicated the low activation energy in the predominantly 

ionic system (Hu et al., 2006). 

4.4. Effect of Adsorbent Dosage 

The increase in the adsorption efficiency of natural and 

acid activated bentonite by increasing the dosage can be 

explained by increasing surface area of the clay where the 

adsorption takes place. 

However, when the dosage of acid- activated 

bentonite increased from 10 to 60 g L
−1

 the removal of 

MB is constant. This may be attributed to the 

attainment of equilibrium between adsorbate and 

adsorbent under the operating conditions. The 

adsorption process reached a saturation point after 

which no further MB adsorption took place. 

4.5. Adsorption Kinetics 

The regression coefficients obtained for pseudo- 

second order adsorption kinetic model for both bentonite 

were almost 1, which indicated a good compliance of 

this model with experimental data. Consequently, the 

dye adsorption on natural and acid activated bentonite 

was assumed to be due to chemisorption. 

With increasing initial dye concentration, the 

adsorption capacity increased for natural bentonite and 

acid activated bentonite. This indicated that dye removal 

content depends on the initial dye concentration when 

the adsorbent amount is constant. 

4.6. Adsorption Isotherms 

Regression analysis reveals that the Langmuir model 

fits the experimental data well with correlation factor higher 

than 0.98 for both adsorbents. This indicates that the 

adsorption mechanism of MB onto bentonite can be assumed 

as monolayer coverage and the adsorption is homogeneous, 

where the adsorption of each adsorbate molecule onto the 

surface has equal sorption activation energy. 

The RL values were 0.056 for natural bentonite and 

0.005 for acid activated bentonite as shown in Table 2 

indicating that the adsorption of this dye on both 

adsorbents was a favorable process. 

5. CONCLUSION 

Bentonite deposits have been reported in different 

parts of Jordan. 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 bentonites were characterized 

using XRD, FTIR and SEM. Adsorption of the dye was 

studied by batch adsorption experiments. 

Natural bentonite used is of montmorillonite nature 

as confirmed by the XRD analysis and chemical 

composition found in literature. FTIR and SEM analyses 

confirmed modification of bentonite treated with acid. 

This led to increase adsorption capacity of activated 

bentonite. It was observed that the percentage of dye 

removal was improved from 75.8% for natural bentonite 

to reach 99.6% for acid treated bentonite. 

The results revealed that the adsorption of the dye 

increases with increasing the pH using natural bentonite. 

However, there was no effect of solution pH on the 

removal percentage of MB dye by acid activated 

bentonite. 

In addition, they indicated a gradual increase in the 

percentage removal of MB dye with temperature for natural 

bentonite. However, no effect was observed when acid 

activated bentonite was used. An optimum dosage of both 

natural and acid activated bentonite is 10g L
−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 cationic dye 

has a very strong affinity on the bentonite surface. It was 

found that the experimental isotherm data can be fitted 

well to the Langmuir equilibrium isotherm model. 
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