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Adsorption of Methylene Blue (MB) from water via 
batch adsorption experiments onto montmorillonite  
(MMT) and organomodified montmorillonite (OMMT) 
was investigated. The organomodified montmorillonite  
was synthesized by montmorillonite and n-hexadecyl-
trimethylammonium chloride.  The organomodified 
montmorillonite was characterized by FT-IR, XRD, 
ATG, SEM, and Nitrogen adsorption measurements 
(BET). Studie concerning the factors influencing the 
adsorption capacitie of montmorillonite and 
organomodified montmorillonite, such as the contact 
time, adsorbent dosage, initial dye concentration, pH, 
and temperature were systematically investigated and discussed. The experimental results show that the percentage of dye removal 
increases with the increasing the amount of sorbent. Adsorption was pH dependent. The results revealed that organomodified 
montmorillonite demonstrated high adsorption capacities toward basic dyes, while montmorillonite exhibited sorption capacities 
lower than organomodified montmorillonite.The equilibrium data were fitted to Langmuir and Freundlich isotherms and the 
equilibrium adsorption was best described by the Langmuir isotherm model. The kinetics data were analyzed using pseudo-first and 
pseudo-second-order models. It was best described by the pseudo-second-order model. Thermodynamic parameters ∆G°, ∆H° and 
∆S° were calculated for the adsorption of Methylene Blue on montmorillonite and organomodified montmorillonite; the value of 
∆G° showed the spontaneous nature of adsorption for both sorbents and the process was endothermic. 

 

 
 

INTRODUCTION* 

    Dyes are more stable due to their artificial 
origin and their complex molecular structure, they 
are not easily biodegraded and conventional water 
treatment methods are proven to be ineffective.1  
Synthetic dyes can be found in the wastewater 
from various industries like paper, leather, plastics 
and textiles.2 Wastewater discharges into rivers and 
natural streams from the industries that use dyes 
poses stark environmental problems. When these 
                                            
* Corresponding authors: bsouf77@yahoo.fr 

dyes are introduced into surface waters, it limits 
sunlight transmission into the water due to its 
colour intensity. This has a negative effect on 
aquatic plants and therefore it is hazardous to the 
aquatic ecosystem.3,4 Furthermore, many of dyes 
are toxic or carcinogenic .5 Hence, the elimination 
of dyes from wastewater accepted environmental 
importance. Many approaches have been 
developed for decontamination of water, e.g. 
precipitation, electrodialysis, adsorption, filtration, 
coagulation, oxidation and membrane separation.6 
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However, adsorption is known to be one of the 
most effective techniques to eliminate dyes from 
water. Activated carbon has been familiarized as 
adsorbent due to its great sorption capacity for the 
dyes.7 However the high cost has led us seeking for 
low-cost sorbents. Recently, low-cost materials 
such as fly ash8, natural zeolite9, redmud10 and coir 
pith11 accepted vital interest for wastewater 
treatment. Several modified montmorillonite are 
also reported to be inexpensive and effective in 
water decontamination.12,13 
    Montmorrllonite is a 2:1 type of mineral, com-
prises of one octahedral alumina sheet lying between 
two tetrahedral layers of silica.  The permanent 
negative charge of montmorrllonite 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 replaceable cations (Ca2+, Na+, etc.) in the 
lattice structure, which enhance adsorbing cationic 
pollutants.14,15 Although, montmorrllonite weakly 
adsorbs acidic contaminants due to repulsion force 
between the anion and the negative charge on the 
surface of the montmorillonite.16,17 Several authors 
have informed the use of montmorillonite modified 
and organomontmorillonite with a cationic surfactant 
for acidic dye elimination via high loading quantity 
of surfactant.18,19 Basically, the modification reactions 
are accomplished by replacing the inter layer cations 
(e.g. Na+, K+, Ca2+) with specific species to alter the 
surface and structural characteristics of the clay. 
Hence organo clays are powerful adsorbents for a 
wide variety of environmental applications.19,20 The 
surface properties of montmorillonite can be greatly 
modified with a surfactant by simple ion-exchange 
reactions. This is favoured by Vanderwaals 
interaction between organic surfactant cations and the 
reduced solvent shielding of the ions in the 
interamolecular environment. Large organic cations 
(cationic surfactants) of the form (CH3)3N+ R (where 
R is an alkyl hydrocarbon) occupy the exchange sites 
of the bentonite clay and hence the surface area is 
increased.21 
    In the present study, montmorillonite was modi-
fied by n-hexadecyl trimethyl ammonium chloride  
resulting in a new adsorbent, organomodified 
montmorillonite, to improve the sorption capacity for 
basic contaminants. montmorillonite and organo-
modified montmorillonite were characterized by  
X-ray diffraction, infrared spectrophotometery, 
thermal gravimetric analysis,  scanning electron 
microscopy, and Nitrogen adsorption measurements 
(BET). The capacity of adsorption for the removal 
Methylene Blue was estimated. The influences of pH, 

the contact time, adsorbent dosage, initial dye 
concentration,  temperature, and equilibrium time on 
the adsorption were also investigated in batch 
methods. Also, in order to evaluate the adsorption 
process we used the first- and second- order sorption 
kinetics model. The Langmuir and Freundlich 
isotherms were investigated. 

EXPERIMENTAL 

1. Materials 

   Ruffi an montmorillonite (MMT) with cationic exchange 
capacity of 95 meq/100 g was supplied by the County of 
Maghnia, Algeria, and used after purification. n-Hexadecyl 
Trimethyl Ammonium Chloride (HTACl) as organo-
modification was obtained from Alfa Aesar. Methylene Blue 
(MB) {3, 9-bis dimethyl- aminophenazo thionium chloride}, 
was obtained from Merck and was used without further 
purification. The dye has molecular formula C16H18ClN3S and 
molecular weight 319.85 g/mol. The standard dye solution of 
1.000 mg.L-1 was prepared as stock solution and subsequently, 
whenever necessary, diluted. The structure of this dye is 
shown in Fig. 1. 
 

 
Fig. 1 – The structure of Methylene Blue. 

 
2. Organomontmorillonite (OMMT) preparation 

    The OMMT was prepared by cation exchange reaction 
between the cation of the MMT and modifying agent 
(HTACl). Typically, 100g of MMT was suspended into  
600 ml distilled water and stirred for 1h at 75°C. Then clay 
suspensions were dropwise slowly added into the modifying 
agent (34.4g HTACl + 200ml distilled at 75°C), the mixture 
was stirred vigorously for 2 h at 75°C. The OMMT was 
separated by centrifugation (4000rpm, 7min). after, that, the 
precipitate was collected on a filter paper, washed three times 
with distilled water at 65°C under the control of AgNO3. The 
precipitate was dried to obtain a modified montmorillonite 
with HTACl (OMMT). 

3. Adsorption Studies 

    In order to study the effects of different parameters such as 
the contact time, pH, sorbent dosage, and initial dye 
concentration on sorption, various experiments have been 
carried out by agitation of known amounts of OMMT (0.1 g) 
in 50 mL of dye solution with an initial concentration of  
100 mg.L-1 on a rotary shaker at a constant speed of 150 rpm 
at room temperature (25°C). Samples were withdrawn at 
appropriate time intervals and centrifuged at 3000 rpm for  
5 min, and the absorbance of the supernatant was measured 
using a UV-vis spectrophotometer at maximum absorbance 
(λmax) of dye. The effect of pH was studied by adjusting the 
pH of the dye solutions in the range of 2-12 with 0.1 N NaOH 
or HCl solutions. To evaluate the adsorption thermodynamic 
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parameters, the effects of temperature on adsorption were 
carried out at 20-60°C. Kinetics of adsorption were deter-
mined by analyzing sorbate uptake of the dye from aqueous 
solution at different time intervals. For sorption isotherm 
determination, dye solutions of different concentrations were 
agitated with known amounts of sorbents until the equilibrium 
was achieved at room temperature (25°C). The amount of MB 
adsorbed by sorbent % adsorption was calculated by the 
following mass balance relationship: 

 0

0

–% Adsorbtion 100C C
C

 
= ×  

  (1) 

 The amount of adsorbed MB at any time, qt (mg/g), by 
MMT and OMMT can be calculated from the mass balance 
expression: 

 0( – )t
t

C Cq V
m

= ×  (2) 

where qt (mg/g) is the amount of MB adsorbed at time t, C0 
and Ct are, respectively, the initial concentration and 
concentration at time t (mg/L), V the volume of solution (L), 
and m the weight of adsorbent used (g).   

4. Characterization 

    FTIR spectrum of MMT and OMMT were achieved by 
Fourier Spectrophotometer Spectrum type Shimadzu FTIR-8300 
one in the range of 400-4000 cm-1, using KBr disc method. 
 X-ray diffraction (XRD) measurements were carried out 
Philips diffractometer (PW-1710). using a CuKα (λ = 1.54 Å) 
radiation source accelerated at 40KV and 30 mA at room 
temperature. All scanning were performed in 2θ range 2–20 
degrees with scan speed: 2 deg/min.  
    The morphology of the samples surfaces were investigated 
using scanning electron microscopy (SEM) (JSM-5900 LV).  
    The specific BET surface area was measured at 77 K using 
liquid N2 adsorption (Micromeritics – TriStar 3020 Gas 
Adsorption Analyzer).  
    Thermal gravimetric analysis (TGA) was conducted on a 
Shimadzu TGA - 51H analyser with  temperature program = 
heat from 30 °C to 900 °C; heating rate of 10°C/ min in 
Nitrogen atmosphere with a purge rate of 20 ml/min. 

A UV-vis spectrophotometer 160 A Shimadzu was used for 
determining dye concentration. 

RESULTS AND DISCUSSION 

1. Characterization of Sorbent 

1.1. Scanning electron microscope images (SEM) 

   The surface morphology of both, the MMT and 
the OMMT is illustrated in Fig. 2. This figure 
presents typical images of both kinds of clay, when 
they are examined with SEM. MMT shows a 
massive and aggregated morphology. However, the 
presence of the alkylammonium cation expands the 
clay structure, which exhibits a more open 
morphology, while individual blocks of layers can 
be distinguished in it (Fig. 2b). 
 

1.2. IR spectroscopy 

    FTIR spectra of MMT and those OMMT are 
shown in Fig. 3. As noted, all the spectra show 
bands at 3636 and 3395 cm−1 attributed to O–H 
stretching for the silicate and water, respectively, 
1639 cm−1 (related to O–H bending), 1040 cm−1 
(owing of stretching vibration of Si–O–Si from 
silicate), 917 cm−1 (from Al–OH–Al deformation 
of aluminates), and 524 and 472 cm-1 (Al-O 
stretching and Si-O bending vibrations of MMT, 
respectively).22 However, there are some bands in 
OMMT spectra which are not exhibited by the 
MMT; these bands were located at 2924, 2842 and 
1475 cm−1 and were assigned to C–H vibrations of 
methylene groups (asymmetric stretching, 
symmetric stretching and bending, respectively) 
from chemical structure of the surfactant.23 

    

 
Fig. 2 – SEM micrographs of: (a) MMT (b) OMMT. 



502 Soufiane Boudjemaa and Belkacem Zidelkheir 

 

 
Fig. 3 – FTIR spectra of: a) MMT and b) OMMT. 

 
 

1.3. XRD analysis 

    The X-ray spectra for powder MMT, and 
OMMT are shown in Fig. 4. Bragg’s equation, 2d 
sin θ = nλ, was used to calculate the basal spacing 
of the OMMT as well as the MMT. 
 

 
Fig. 4 – XRD pattern of MMT and OMMT. 

 
The characteristic d001 diffraction peak for MMT 

in the 2θ region is located at 6.52°, d001 = 13.54 Å. 
The modification of the MMT with HTACl shifts the 
d001 peak to lower values in the 2θ region, which are 
located at 4.51°, d001 = 19.74 Å for OMMT. This 
shift suggests an increase in the basal spacing of the 
silicate platelets. The increase of the basal spacing is 
due to the penetration and grafting of the quaternary 
salt via ion exchange to the clay platelets. The 
indexing of the d001 peak in the diffraction patterns of 
modified clays also suggests that the morphology of 
the clays is intercalated.24 

1.4. Thermogravimetric analysis (TGA) 

    The TGA curves MMT and OMMT are shown 
in Fig. 5. MMT displays two thermal degradation 
transitions. The first one occurs in the temperature 
range 100–350 °C and is due to the vaporization of 
both the free water (i.e., the water sorbed on the 
external surfaces of crystals) and the water residing 
inside the interlayer space, forming hydration 
spheres around the exchangeable cation.25 The 
second transition takes place at higher tempera-
tures (between 500 and 800 °C) and is owing to the 
structural water resulting from the dehydroxylation 
of clay OH units.   
 On the other hand, OMMT follows a fourstep 
decomposition process. The vaporization of free 
water takes place at temperatures below 200°C, 
while the surfactant’s decomposition happens in 
the temperature between 200–500°C. Dehydroxy-
lation of the aluminosilicates occurs between 500 
and 800 °C.26 

1.5. BET 

 The specific surface area and pore size 
distribution were determined by nitrogen adsorption 
isotherms for both MMT and OMMT were shown 
in Fig. 6. Both MMT and OMMT have mesopor-
ous structures. Mesoporous structure was shown 
by a hysteresis between adsorption and desorption 
curve after relative pressure (P/P0) of 0.4. The 
difference between MMT and OMMT lies on its 
volumetric adsorption capacity (Vads) and BET 
surface area. OMMT had larger Vads than MMT 
(0.75 cm3/g vs 0.51 cm3/g) but lower surface area 
(101 m2/g vs 119 m2/g) which indicates the 
formation of larger pore on OMMT as compared to 
MMT due to HTACl insertion MMT interlayer. 
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2. Adsorption studies 

2.1. Effect of Contact Time 

    The effect of contact time on removal of MB 
by MMT and OMMT is shown in Fig. 7. The dye 
adsorption by OMMT sorbent is faster than that of 
MMT. The rate of adsorption is initially quite 
rapid, with most of the compound being adsorbed 
within the first few minutes. The rate of adsorption 
then slows down with the elapsed time until an 
apparent equilibrium is reached. As seen from Fig. 
7, that equilibrium time required for the adsorption 
of MB is almost 60 min. HTACl modification 
covered the MMT surfaces and increased molecu-
lar interaction between MB molecules. Therefore, 

uptake of dyes increased from bentonite to 
OMMT. After the equilibrium time, the increasing 
rate of adsorption of dye decreased and the amount 
of dye adsorbed remained almost the same. The 
removal of MB from aqueous solutions by 
modified montmorillonite seems to be more 
effective than in the unmodified sample. 

The UV spectra of MB and MB loaded OMMT 
was studied. The spectrum is show in Fig. 8, which 
shows that there is a major absorbance peak at 663 
nm in the visible spectra of MB. This absorbance 
peak decreased in intensity as treatment time 
increased, and after treatment for 240 min this 
peak almost totally disappeared, which indicates 
the dye diminished after adsorption. 

 

 
Fig. 5 – TGA (a) and DTGA (b) curves of: MMT and OMMT. 

 

 
Fig. 6 – Nitrogen adsorption/desorption isotherms MMT and OMMT at 77K. 
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Fig. 7 – Effect of contact time on the sorption of MB. (50 ml of 
   100 mg/L of MB, pH 12, 0.5 g sorbent at room temperature). 
 

 
Fig. 8 – UV-Vis electronic spectra of MB before and after 
adsorption at different times (50 ml MB solution, initial 
  concentration 100 mg/L, initial pH 12, 0.1 g adsorbent OMMT). 

 

2 2. Effect of pH 

 The effect of pH on adsorption of MB on 
OMMT was studied by varying the pH of solution 
from 2 to 12. The experiments were carried out for 
50 ml of dye 100 mg/L and 0.5 g of sorbents for 60 
min contact time. It was observed that pH gives a 
significant influence to the adsorption process.27, 28 
The adsorption percentage of MB with OMMT is 
increased with increasing pH value, and the 
maximum uptake of the dyes takes place at around 
pH 12 (Fig. 9). Adsorption of MB at higher pH is 
higher and it may be explained on the assumption 
that HTACl modification covered the clay surfaces 
with positive charges and increased electrochemi-
cal interaction between dye molecules and 
modified clay surfaces. The high Adsorption 
capacity is due to the strong electrostatic 
interaction between CH3–(CH2)15–N+(CH3)3 of 
OMMT and MB. In contrast, betonite contains 
fewer adsorption sites, so a lower adsorption 

capacity was obtained due to the lack of 
electrostatic interaction between dye and 
bentonite.29 Therefore, it is observed that the rate 
of removal of dyes increases with increased in pH 
for bentonite remaining constant and the 
percentage of dye removal is very low. 
 

 
Fig. 9 – Effect of pH for adsorption MB onto MMT and OMMT 
(50 ml of 100 mg/L of MB and 0.5 g sorbent at room 
                                               temperature). 

 
2.3. Effect of Initial Dye Concentration 

    The adsorption experiments were carried out in 
the concentration range of dye from 10-70 mg/L at 
0.5 g sorbent, contact time 60 min, and pH 12. As 
shown in Fig. 10, when the initial dye concentra-
tion was increased to 15 mg/L, the adsorption 
uptake of dye increased to 94% for MB, and at 
higher concentration the uptake is constant. These 
indicate that the initial dye concentrations play an 
important role in the adsorption of MB on the 
OMMT.30 

 

 
Fig. 10 – Effect of dye concentration for adsorption MB onto 
MMT and OMMT (50 ml of MB and 0.5 g sorbent at room 
                                      temperature). 
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2.4. Effect of Adsorbent Dose 

    The effect of the adsorbent dose on the removal of 
MB was studied by varying the amount of adsorbent 
OMMT. Fig. 11 shows the removal of MB by MMT 
and OMMT at different adsorbent doses (0.1-1g) for 
the volume of 50 mL at dye concentration 100 mg/L. 
The results, in Fig.11, clearly show an increase in 
adsorption with increases in the amount of 
adsorbents. An increase in adsorption with the 
adsorbent dosage can be attributed to the availability 
of more adsorption sites and greater surface area for 
contact. At m>0.2g, the incremental MB uptake is 
very small as the MB surface concentration and the 
MB bulk solution concentration come to equilibrium 
with each other.31, 32 

 

 
Fig. 11 –  Effect of amount of OMMT  
and MMT on the adsorption of MB. 

 
 2.5. Adsorption Kinetics 

    It is important to be able to predict the rate at 
which contamination is removed from the aqueous 
solution in order to design an adsorption treatment 
plant. The transient behavior of the dye adsorption 
process was analyzed using the pseudo-first and 
pseudo-second kinetic models. The pseudo-first-
order kinetic model was appropriate for lower 
concentration, with the equation expressed as 
follows:33 

 1ln( – ) ln –e t eq q q k t=  (3) 

The rate of pseudo-second-order reaction 
depends on the amount of adsorbed solution, the 
surface of adsorbent, and the amount of adsorption 
at the equilibrium. The model was represented in 
the following linear form:34, 35  

 2
2

1 1

t e e

t t
q k q q

= +  (4) 

where qt is the amount of dye adsorbed at time t 
(mg/g), qe is the adsorption capacity at equilibrium 
(mg/g), and k1 and k2 are the apparent rate 
constants.  
    During this study, the two adsorption kinetic 
pseudo-first- and second-order models were used. 
The kinetics of pseudo-first- and second-order are 
discussed in Figs. 12 and 13.  
 

 
Fig. 12 – Kinetic of pseudo-first-order model for adsorption of 
MB onto OMMT. (50 ml of initial concentration 100 mg/L, 
                                 pH 12, 0.5 g adsorbent). 

 

 
Fig. 13 – Kinetic of pseudo-second-order model for adsorption 
of MB onto OMMT. (Initial concentration 100 mg/L, pH 12, 
                                     0.5 g adsorbent). 

 
    The related parameters are shown in Table 1. 
As shown, the R2 value of the pseudo-second-order 
model is better fitted and the adsorption process 
follows pseudo-second older kinetics. 

2.6. Adsorption Isotherm of MB 

    The adsorption isotherm indicates how the 
adsorption molecules are distributed between the 
liquid phase and the solid phase when the 
adsorption process reaches an equilibrium state. 
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Table 1 

Kinetics parameters for the removal of MB 

First order Second order 
R2 k1 R2 k2 

0.947 0.516 0.997 0.40 
 

The Langmuir36 adsorption model is given as: 

 
max (1 )

e L e

L e

q K C
q K C

×
=

+ ×
 (5) 

The linearized form of Langmuir can be written 
as follows: 

 
max max

1
( )

e e

e L

C C
q q K q

= +
×

 (6) 

where qe is the solid-phase equilibrium concentration 
(mg/g), Ce is the liquid equilibrium concentration of 
dye in solution (mg/L), KL is the equilibrium 
adsorption constant related to the affinity of binding 
sites (mg/L), and qmax is the maximum amount of dye 
per unit weight of adsorbent for complete monolayer 
coverage (mg/g).  
   The Freundlich37 adsorption isotherm model, which 
is an empirical equation used to describe heterogene-
ous adsorption systems, can be represented as 
follows: 

 1/ Fn
e F eq K C= ×  (7) 

where qe and Ce are defined as above, KF is the 
Freundlich constant representing the adsorption 
capacity (mg/g), and n is the heterogeneity factor 
depicting the adsorption intensity. In most 
references, Freundlich adsorption Eq. (7) may also 
be expressed as Eq. (8): 

 1log log loge F e
F

q K C
n

= +  (8) 

    The adsorption of MB was performed by 
shaking 0.5 g of sorbent in 50 mL MB at 30 oC and 
pH 12. It is known that the Langmuir isotherm is 
used on the supposition that the surface of the 
adsorbent is a homogenous surface, whereas the 
 

Freundlich isotherm applies to the adsorption process 
on a heterogeneous surface. The isotherm parameters 
of Langmuir and Freundlich for adsorption of  MB 
onto OMMT from graphs of equations 6 and 8 are 
shown in Table 2. A value for 1/n below one 
indicates a normal Langmuir isotherm, while 1/n 
above one is indicative of cooperative adsorption. As 
seen from Table 2, the Langmuir model yields a 
somewhat better fit R2 than the Freundlich model. 
The values of 1/n between 0.162-0.244 indicate 
favorable adsorption.38, 39 

 

2.7. Thermodynamic Parameters 

    In any adsorption process, entropy consideration 
must be taken into account in order to determine what 
process will occur spontaneously. Values of 
thermodynamic parameters are the actual indicators 
for practical application of a process. The amount of 
dye adsorbed at equilibrium at different temperatures 
(20, 30, 40, and 50°C) have been examined to obtain 
thermodynamic parameters for the adsorption 
system. The thermodynamic parameters, change in 
the standard free energy (∆G°), enthalpy (∆H°), and 
entropy (∆S°) associated with the adsorption process 
and these were determined using the following 
equations :40 

 – ln cG RT K∆ =°  (9) 

where, ∆G° is the standard free energy change, R 
the universal gas constant (8.314 J/mol.K), T the 
absolute temperature, and KC the equilibrium 
constant. The apparent equilibrium constant of 
sorption KC is obtained from: 

 A
C

S

C
K

C
=  (10) 

 

Table 2 

Langmuir and Freundlich constants for the adsorption of  MB onto OMMT 

Freundlich Langmuir 
R2 1/n Kf R2 KL (L/mg) qm (mg/g) Temperature (°C) 

0.953 0.245 7.879 0.995 0.151 18.95 20 
0.984 0.164 9.641 0.997 0.162 19.96 30 
0.977 0.176 8.668 0.983 0.156 17.57 40 
0.983 0.180 6.681 0.985 0.145 16.33 50 
0.987 0.201 6.622 0.992 0.132 15.36 60 
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where KC is the equilibrium constant, CA is the 
amount of dye adsorbed on the adsorbent of 
solution at equilibrium (mg/L), CS is the 
equilibrium concentration of dye in the solution 
(mg/L). KC values were calculated at different 
temperature to allow the determination of the 
thermodynamic equilibrium constant (KC).40, 41 

The free energy changes also are calculated by 
using the following equation: 

 ln – –
RTC
G H SK

RT R
∆ ∆ ∆

= = +
° ° °  (11) 

   ∆H° and ∆S° calculate the slope and intercept 
of van’t Hoff plots of ln KC versus 1/T (Fig. 14). 
The results of thermodynamic parameters of MB 
adsorption onto OMMT are given in Table 3. The 
positive ∆H° value obtained in Table 3 indicates 

that the process is endothermic in nature. The 
overall standard free energy change during the 
adsorption process was negative for the 
experimental range of temperatures corresponding 
to a spontaneous physical process of MB 
adsorption, and the system did not gain energy 
from an external source. It becomes more 
favorable with increased temperature.41 

 

2.8. Activity comparison of OMMT  
with reported adsorbents 

   Table 4 summarizes a comparative evaluation 
of the adsorption capacities for MB onto different 
adsorbents. The adsorbent prepared in this work 
showed relatively high adsorption capacity for MB 
of 19.96 mg/g, as compared to some previous 
works as reported in the literature. 

 

 
Fig. 14 – Plot of ln Kc verses 1/T for adsorption MB onto OMMT. 

 
Table 3 

       Thermodynamic parameters for adsorption of MB onto OMMT 

∆S°(KJ/mol.K) ∆H° (J/mol) ∆G°(KJ/mol) KC T (K) 

-2.83 3.21 293 
-3.38 3.84 303 
-3.74 4.23 313 
-4.41 5.1 9 323 

 
 

53.18 

 
 

12.72 

-5.55 7.47 333 
 

Table 4 

                Comparison of adsorption capacities of MB onto different adsorbents 

Adsorbent qmax (mg/g) References 
Fly ash 10.20 42 
Wheat shells 16.56 43 
Tamarindfruitshell 1.72 44 
Raw beech sawdust 9.78 45 
TSAC 13.27 46 
Activated rice husks 0.21 47 
OMMT 19.96 Present work 
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CONCLUSIONS 

   The adsorption of MB from aqueous solution 
using OMMT was investigated under different 
experimental conditions in batch process. Results 
show that the adsorption capacity increases with 
the increase of contact time, initial MB 
concentration, adsorbent dosage and pH in the 
range of 2-12, where ionization surface area. The 
adsorption of MB onto the OMMT reached 
equilibrium within about 60 min. The Langmuir 
adsorption isotherm was found to have the best fit 
to the experimental data. The adsorption kinetics 
can be predicted by pseudo-second-order kinetics. 
Adsorption of MB onto OMMT is determined as 
an endothermic process and spontaneous, due to 
the negative  sign of its standard free energy, 
indicating physisorption as the controlling step of 
adsorption. The results indicate that OMMT could 
be used in potential applications as economical and 
environmentally friendly substrate, as they are 
effective adsorbents to removal methylene blue 
dye from aqueous solutions under soft conditions. 
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