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  Abstract 

  Background: Methylene blue dye uses as adsorbent to study the ability of different surface activities as adsorbents. 

The adsorbents can be used in the extraction of certain pollutant substances from solution on solids which is one of 

the cheapest and easiest separation methods. Furthermore, some of the extracted substances are economically 

important. In previous work, the ability of English bentonite to extract methylene blue dye from aqueous solution 

was carried out. In this work, Iraqi locally bentonite was used as a cheaper adsorbent for methylene blue from 

aqueous solution. The second aim of the present study is to make a comparison between English bentonite and Iraqi 

bentonite in different parameters of adsorption of Methylene blue dye from aqueous solution. Some practical 

parameters affecting adsorption process, in both clays, such as initial dye concentration and the thermodynamic 

parameters (ΔHº, ΔGº, ΔSº) for the adsorption process also computed and compared. 

  Materials and Methods: Ten milliliters of different concentrations of methylene blue solutions (5, 10, 15, 20, 25, 30, 

35, 40, 45, 50 mg/L) were mixed in water shakerbath with 0.05g of bentonite clay. Supernatants were separated by 

centrifugation.  UV-Visible spectrophotometer technique used to follow up the adsorbed quantities after mixing the 

dye solution with bentonite. The experiment repeated at three different temperatures (5, 25, 45°C) to measure the 

thermodynamic parameters (ΔHº, ΔGº, ΔSº) for the adsorption process.  

  Results: The extent of the methylene blue removal by Iraqi bentonite increased with increase in the initial 

concentration of the dye and with decrease temperature. Thermodynamic parameters, such as ΔHº, ΔGº, and ΔSº 

have been calculated by using the thermodynamic equilibrium coefficient obtained at different temperatures and 

concentrations.   

  Iraqi bentonite :( ΔHº=-32.04 KJ.mol
-1

, ΔGº=-14.78 KJ.mol
-1

, ΔSº=-9.751J.mol
-1

. ºK
-1

). 

  English bentonite: (ΔHº=20.21 KJ.mol
-1

, ΔGº=-5.17KJ.mol
-1

, ΔSº=85.16 J.mol
-1

. ºK
-1

). 

  Conclusion: Both English and Iraqi bentonite clays have ability to adsorb methylene blue. The dye removal increased 

with increase in the initial concentration of the dye. There is no significant difference in the amounts of dye adsorbed 

by both clays indicated the possible symmetry in the active sites of bentonite clays even they come from different 

origin. Thermodynamical data indicate that the adsorption of methylene blue on Iraqi bentonite is exothermic and 

spontaneous and high heat of adsorption indicates possibility of chemisorption process in addition to other ordinary 

forces including in adsorption. While same process on English bentonite is endothermic, spontaneous with very low 

free energy change. In conclusion, Iraqi bentonite clay is cheaper, available and has identical adsorptive activities for 

methylene blue. This research opens a series of studies for the uses of this Iraqi bentonite as adsorbent for different 

substances in pollution, medicine, supporter, and different fields in industry.  

 Keywords: clay, bentonite, adsorption, methylene blue, thermodynamic, ΔHº, ΔGº, ΔSº. 

 الخلاصة  

الوْاد الولْصةخ هةي الوؾلةْا ثبعةزعوبا الوةْاد  إصالخ أى: رغزعول صجغخ اصسق الوض٘ل٘ي ثكضشح كوبدح هبصح لذساعخ فعبل٘خ هخزلف ا لغطْػ كوْاد هبصح7  المقدمة 

بدٗخ ّاعزخلاصةِب ٗعزجةش رّ عةذّٓ الزصةبدٗخ7 فةٖ ألوبصح ٗعزجش هي أعِل ّاسخص طشق الفصل7 كوب اى ثعض الوْاد فٖ الوؾلْا ركةْى راد أُو٘ةخ الزصة

ّفةٖ ُةزاا لجؾةش رةن    هةي الوؾلةْا7 صةجغخ اصسق الوض٘لة٘يثؾش  عبثك أعشٗذ دساعخ الفعبل٘خ الغةطؾ٘خ لطة٘ي الجٌزًْبٗةذ الإًكل٘ةضٕ  اهزةضاص ّاعةزخلا  

لوؾلةةْا كوةةب روةةذ الومبسًةةخ ثةة٘ي الجٌزًْبٗةةذ العشالةةٖ  ّ هةةي ا اعةةزعوبا طةة٘ي الجٌزًْبٗةةذ العشالةةٖ كوةةبدح هةةبصح سخ٘صةةخ اعةةزخلا  صةةجغخ اصسق الوض٘لةة٘ي

رن فٖ ُزا الجؾش ؽغبة ّهمبسًخ رأص٘ش ثعض الوزغ٘ةشاد الزغشٗج٘ةخ علةٔ ااهزةضاص هضةل  7 كوب ااًكل٘ضٕ فٖ لبثل٘زِب علٔ اهزضاص الصجغخ هي الوؾلْا الوبئٖ
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 لعول٘خ ااهزضاص علٔ كلا الغطؾ٘ي7 (ΔHº, ΔGº, ΔSº)الزشك٘ض ااثزذائٖ ّدسعخ الؾشاسح ّؽغبة الذّاا الضشهْداٌٗوك٘خ 

 50 ,45 ,40 ,35 ,30 ,25 ,20 ,15 ,10 ,5ّثزشاك٘ةض هخزلفةخ  صةجغخ اصسق الوض٘لة٘ي فةٖ اًبث٘ةت هؾكوةخهل٘ل٘زةش هةي هؾبل٘ةل  01أخةزد  :طريقةة الممة     

mg/L) اعةزخذهذ  الٖ صن فصل الشاشةؼ ثغِةبص الطةشد الوشكةض7ٕغشام هي ط٘ي الجٌزًْبٗذ العش 1719هع فٖ ؽوبم هبئٖ ُضاص لوذح عبعخ ّاؽذح ( ّسعذ

 ,25 ,45) اسٗخ رمٌ٘خ الوط٘بف٘خ فْق الجٌفغغ٘خ لوزبثعخ الكو٘بد الووزضح ثعذ هضط هؾلْا الصجغخ هع ط٘ي الجٌزًْبٗذ7 أع٘ذد الزغشثخ عٌذ صلاس دسعبد ؽش

 ااهزضاص7لعول٘خ  (ΔHº, ΔGº, ΔSº)دسعخ هئْٗخ ّرلك لم٘بط الذّاا الضشهْداٌٗوك٘خ (5

ؽغبة لة٘ن  أظِشد الٌزبئظ أى كو٘خ الوبدح الوضالخ ثباهزضاص علٔ عطؼ الط٘ي العشالٖ  رضداد ثضٗبدح الزشك٘ض ااثزذائٖ ًّمصبى دسعبد الؾشاسح7 رن  النتائج:  

 ΔHº=-32.04) الجٌزًْبٗةةذ العشالةةٖ:  الةذّاا الضشهْدٌٗبه٘ك٘ةةخ ثبعةةزخذام صْاثةةذ اارةةضاى الوغزؾصةةلخ عٌةةذ الةةذسعبد الؾشاسٗةةخ الوخزلفةةخ ّكبًةةذ كةةبارٖ:

KJ.mol
-1

, ΔGº=-14.78 KJ.mol
-1

, ΔSº=-57.19 J.mol
-1

.ºK
-1

)(ΔHº=20.21 KJ.mol
-1

, ΔGº=-5.17KJ.mol
-1

, ΔSº=85.16 J.mol
-

1
.ºK

-
 
1
    الجٌزًْبٗذ ااًكل٘ضٕ :(

هةي الوؾلةْا7 رةضداد كو٘ةخ الوةبدح الووزةضح هةع صٗةبدح  اصسق الوض٘لة٘يصةجغخ لط٘ي الجٌزًْبٗذ هةي كةلا الوصةذسٗي المةذسح علةٔ اهزةضاص ّاعةزخلا   :الاستنتاج  

الوْالع الفعبلةخ لطة٘ي الزشك٘ض ااثزذائ7ٖ كوب اًَ ا رْعذ فشّق هعٌْٗخ إؽصبئ٘خ فٖ كو٘خ الوبدح الووزضح العظؤ لكلا الغطؾ٘ي هوب ٗذا علٔ اؽزوبل٘خ روبصل 

هي الوؾلْا علٔ عطؼ ط٘ي الجٌزًْبٗذ العشالةٖ ُةْ  صجغخ اصسق الوض٘ل٘يْدٌٗبه٘ك٘خ الٔ أى اهزضاص الجٌزًْبٗذ ثغض الٌظش عي الوصذس رش٘ش الٌزبئظ الضشه

الوغةةججخ لعول٘ةةخ عول٘ةةخ ثبعضةةخ للؾةةشاسح ّاً٘ةةخ ّاى ؽةةشاسح ااهزةةضاص العبل٘ةةخ ًغةةج٘ب رشةة٘ش الةةٔ اؽزوبل٘ةةخ ّعةةْد اهزةةضاص ك٘و٘ةةبّٕ ثبا ةةبفخ الةةٔ المةةْٓ الوعزةةبدح 

ل٘خ ااهزضاص علٔ الجٌزًْبٗةذ ااًكل٘ةضٕ هبصةخ للؾةشاسح ّاً٘ةخ ّلة٘ن  ّاطئةخ للطبلةخ الؾةشح7  ٗغةزٌزظ هةي ُةزٍ الذساعةخ اى طة٘ي 7 ثٌ٘وب كبًذ ًفظ عوااهزضاص

هةي الذساعةبد ؽةْا الجٌزًْبٗذ العشالٖ ٗوزلك لبثل٘خ اهزضاص همبسثخ للجٌزًْبٗذ اااًكل٘ضٕ هةع ه٘ةضح اًةَ هزةْفش ّاسخةص7 اى ُةزٍ الذساعةخ رفةزؼ ثبثةب لغلغةلخ 

 جٌزًْبٗذ العشالٖ كوبدح هبصح لوخزلف الوْاد الولْصخ ّااعزعوباد الطج٘خ ّكؾبهل للوْاد  فٖ هخزلف هغباد الصٌبعخ7 ال

 ΔHº- ΔGº - ΔºS7-الذّاا الضشهْداٌٗوك٘خ -ااهزضاص –اصسق الوض٘ل٘ي -هفبر٘ؼ الكلوبد: ط٘ي الجٌزًْبٗذ  
 

 

 

INTRODUCTION  

Solids have the property of holding molecules at their surfaces either from the gas phase or 

from solution; this property is quite marked in the case of porous and finely divided materials 
(1)

. The 

term adsorption refers to the accumulation of atoms, ions or molecules (adsorbate) on a surface of a solid 

substance (adsorbent) 
(2-3)

. Many factors can influence the process of adsorption; the concentration of 

adsorbent (substance being adsorbed), surface area of the clay; temperature, pH, ionic strength, 

solubility, chemical state of both adsorbent and adsorbate molecules and the kinetic effect 
(1, 2, 4)

.  

The most important application of the surface active substances is as an adsorbent for different 

water pollutants such as metal ions 
(5, 6)

, different industrial dyes 
(7, 8, 9)

. Some active surface materials 

also have important applications in medicine arises from their high adsorption capability as physical 

antidotes in the treatment of acute poisoning by toxic substances and drug overdosage 
(10, 11)

, as a drug 

carrier 
(12)

, and it used as a component of some pharmaceutical preparations such as calamine lotion. 

Some clay materials were studied and found to possess high surface activity such as attapulgite 
(13)

, kaolin 
(14, 15)

, and bentonite 
(16)

. 

In previous work 
(17)

, carried out in our laboratory, English bentonite (British Pharmacopoeia 

2001) 
(18)

 used as adsorbent for methylene blue dye (Methylthioninium Chloride) from aqueous solution. 

The clay showed good adsorptive activity. The British Pharmacopoeia define bentonite as a natural clay 

containing a high proportion of montmorillonite, a native hydrated aluminium silicate in which some 

aluminium and silicon atoms may be replaced by other atoms such as magnesium and iron. 

Montmorillonite, the most abundant mineral of bentonite, showed adsorption ability of bacteria 
(19)

, 

different toxins 
(20, 21)

, metal ions 
(22)

, different herbicides in environment 
(23) 

and used in different 

agricultural formulations 
(24)

.  

The selection of methylene blue due to the fact that in medicine, methylene blue used as antidote and in 

the estimation of adsorptive capacity of Kaolin and attapulgite clays that used for drug formulation 
(18, 25)

.  

The term adsorption isotherm refers to the relation between the extent of adsorption (Qe) or (X/M) with 

the equilibrium concentration of the adsorbate in solution (Ce) at constant temperature. (X) is the amount 

of dye adsorbed in milligrams by (M) grams of the adsorbent
 (26)

. Two main theories have been adopted 

to describe adsorption isotherms. The first, Langmuir adsorption isotherms which represented by the 

linear equation: 
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a

Ce

abQe

Ce


1
…………………………….(1)     

Where (a) represents a practical limiting adsorption capacity when the surface is fully covered with a 

monolayer of adsorbate. The constant b is the equilibrium adsorption constant which related to the 

affinity of the binding sites 
(27)

. 

  The applicability of these equations on the adsorbent-adsorbate (solute) system assume the 

formation of one layer of adsorbate molecules on the surface while the Freundlich adsorption isotherm 

(equation) consider heterogeneity of the surface and the formation of more than one layer is probable. 

The linear form of Freundlich isotherm is:  

             ee C
n

kQ log
1

loglog            ------------------ (2) 

  Where k and n are Freundlich constants characteristics of the system, including the adsorption 

capacity and the adsorption intensity, respectively 
(4,

 
27)

.  

In this work, a study of Iraqi available bentonite clay as an adsorbent for the methylene blue dye 

from solution and compare the adsorption capacities, isotherms, and thermodynamical parameter 

values between English and Iraqi bentonite. 

 
 

 

 Materials & Methods 
 (a) Clay Treatment: 

The Iraqi bentonite clay was collected from an open mine in Trifawi area and classified as 

bentonite contains about (75%) of its weight montmorillonite mineral. The analysis showed the 

chemical components of the bentonite expressed as weight per weight ratios are SiO2=54.66%, 

Al2O3=14.65%, MgO=6%, Fe2O3=4.88%, CaO=4.77%, SO3= 1.2%, Na2O=0.65%, and Loss On 

Ignition=12.56% in addition to other rare ions that were not analyzed. The clay was washed with 

excessive amounts of distilled water to remove any soluble materials, filtered and dried at 160
˚
 C for 

three hours and kept in an airtight container. The clay was grinded and sieved to a particle size of 75µm 

and then used in all adsorption experiments. 

            The English bentonite clay B.P. was obtained from (Evans-Liverpool). The clay was dried at 

160
˚
 C for two hours and kept in an airtight container. The particle size of clay was equal or less than 

75µm and then used in all adsorption experiments. 

 

 (b) Adsorption process: 

A volume of 10 milliliters of ten different concentrations of methylene blue solutions (5, 10, 15, 

20, 25, 30, 35, 40, 45, 50 mg/L) was shaken with 0.05g of bentonite at a certain temperature in a 

thermostated shaker bath at shaking speed 60cycle/minute for one hour which is measured 

experimentally as a time needed for reaching the equilibrium state. After the equilibrium time is 

elapsed, the mixtures were centrifuged at a speed of 3000Xg for 10 minutes. Absorbencies were 

measured at the maximum wave length (λmax) of methylene blue solution (664nm) using UV-Visible 

spectrophotometer (Apple
®
 type) and then converted into absolute concentration readings through the 

calibration curve. The experiments were repeated at different temperatures (5, 25, 45ºC) in order to 

measure the thermodynamic parameters (ΔHº, ΔGº, ΔSº). 

 

 (c) Calculations: 
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  In order to obtain a thermodynamical state of the adsorption process, the adsorption 

experiments were repeated at different temperatures (5, 25, and 45ºC) to measure the thermodynamic 

parameters (ΔHº, ΔGº, ΔSº). The equilibrium constant (K) for the adsorption process at each 

temperature is calculated from division of the quantity of dye adsorbed on the bentonite surface on the 

quantity of dye still present in solution:-  

               
01.0*

05.0*

Ce

Qe
K     -----------------------------------------------------(3) 

Where (0.05g) represent the weight of the clay that has been used and (0.01L) represents the volume of 

the dye solution used in the adsorption process.  

        The change in free energy (∆Gº) could be determined form the equation:- 

               KRTG ln     ----------------------------------------------------(4) 

Where R is the gas constant (8.314 J.mole
-1

.ºK
-1

) and T is the absolute temperature.  

  The heat of adsorption (∆Hº) may be obtained from the vant Hoff's equation:- 

               tcons
RT

H
K tanln 


  ---------------------------------------------(5) 

Where K is the equilibrium constant when Ce approaches to zero at certain temperature as shown in 

Figure (1). It obtained from plotting (Ln K) of each concentration against Ce. Plotting (In K) versus 

(1/T) should produce a straight line with a slope =(-∆Hº/R) from which enthalpy (∆Hº) of the 

adsorption process is obtained as shown in Figure (2) and Table (1). 

         The change in entropy (∆Sº( was calculated from Gibbs equation:  

                STHG      -------------------------------------------------- (6) 

 

Results and Discussion: 
Ability of Adsorption: 

 The adsorption processes still the most interested field for research because its applicability 

and minimum requirement for work in laboratories. Furthermore, different important applications use 

this process for pollution treatment 
(5, 9, 27)

 or in medicine 
(11, 12)

 as mentioned in the introduction. Many 

substances used as adsorbents for different dyes in order to obtain cheep, available, non toxic 

adsorbents for removing dyes from aqueous solutions in different industries 
( 28, 29, 30)

. The adsorption 

amounts may explained by dependency of adsorption on the relative energies of adsorbent-adsorbate, 

adsorbate-solvent, and adsorbate-adsorbate interactions 
(4)

. These findings may be applied for the 

adsorption of dye on bentonite surface in our study. In comparison, it’s noticed that there is no 

statistical significant differences in the amount of methylene blue dye adsorbed by English or Iraqi 

bentonite clays. This may be due to the fact that the adsorption on active sites is related to the backbone 

of bentonite clay regardless the origin of the clay.  

 

Adsorption Isotherm 

 Adsorption isotherm shape of methylene blue dye on Iraqi bentonite depends on temperature 

as shown in Figure (3). According to the Giles interpretation 
(31)

 for the adsorption isotherm shapes, the 

adsorption isotherm of the dye molecules on the Iraqi bentonite surface obeyed Langmuir adsorption 

isotherm (L2 type) at 5 and 25ºC indicating saturation process for the most active sites of the bentonite 

surface; i.e adsorption at 5 and 25ºC occurs mainly on the highest energy active sites and one adsorbed 

layer formed only. At 45ºC the both adsorption isotherm equations, Freundlich and Langmuir are 

applied as shown in Table (2). These results concluded from the applicability of linear form of both 

equations expressed in equations (1 & 2) as shown in Figure (4 & 5) respectively. This result may 

indicate that at 45ºC the most active sites for adsorption have equal energy of activation and can adsorb 
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dye molecule in a mechanism  differ from the adsorption mechanism that occur at lower temperature. 

The Freundlich equation, unlike Langmuir one, does not become linear at low concentrations but 

remains convex to the concentration axis; nor it does show a saturation or limiting value 
(32)

. 

In comparison, adsorption of methylene blue dye on bentonite from English origin obeyed 

Freundlich adsorption isotherm (S3 type) at all temperatures. The pure applicability of Freundlich 

equation may indicate the heterogeneity of the English bentonite surface and the presence of different 

types of forces between the dye molecules and the surface active sites 
(32)

. 

Adsorption isotherms of different dyes (malachite green dye) on bentonite 
(33)

 and (Acid Red 57 

and Acid Blue 294, and Acid Blue 193 dyes) on different modified bentonites 
(34, 35)

 were also obeyed 

Freundlich isotherm indicating heterogeneity of bentonite surface 
(4, 26)

. While the adsorption isotherm 

of methylene blue on Iraqi bentonite obeyed Langmuir isotherm as mentioned previously. 

Mechanism of adsorption 

         The process of adsorption from solution is more complicated than the corresponding process of 

gas adsorption on solid surface. The solvent effect and the complicated interaction between solvent 

molecules and dye molecules to be adsorbed have to be taken into account 
(32)

.  

The study of the adsorption process of dye on bentonite clay requires taking the nature of the surface 

and chemical structure of the adsorbed dyes into consideration. Bentonite surface consists of small 

patches of various kinds of active sites which are different in physical and chemical nature or in the 

steric orientation of molecules towards the surface 
(36)

. On the other hand the chemical structure of 

methylene blue showed the presence of phenothiazine ring that carry the positive charge on the sulfur 

atom of the ring. This fact may indicate the possibility of ion exchange or chemisorption process 

mechanisms in addition to the well known physical adsorption mechanism. 

 
Methylene Blue (3,7-Bis(dimethylamino)phenothiazin-5-ium chloride trihydrate) 

In one research, the adsorption of malachite green from aqueous solutions on bentonite has been carried 

out by physical adsorption concluded from the calculated thermodynamic parameters 
(33)

.  

         The mechanisms of adsorption of any adsorbent on different bentonites were best described with 

a model that included; cation exchange, surface complexation of ion forms of the compounds, solution 

speciation, the presence of other competitor ions in bentonite, and the exchangeable pore waters may 

also affect 
(37)

.  

Thermodynamic parameters  

 The thermodynamical parameters values  for the adsorption of methylene blue from aqueous 

solution by both clays are as follow: 

Iraqi bentonite: (ΔHº=-32.04 KJ.mol
-1

, ΔGº=-14.783 KJ.mol
-1

, ΔSº=-5.166 J.mol
-1

.ºK
-1

). 

English bentonite: (ΔHº=20.21 KJ.mol
-1

, ΔGº=-5.17KJ.mol
-1

, ΔSº=85.16 J.mol
-1

.ºK
-1

). 

Thermodynamical data indicate that the adsorption of methylene blue on Iraqi bentonite is 

exothermic and spontaneous and high heat of adsorption indicates possibility of chemisorption process 

in addition to other ordinary forces included in the adsorption process. Other adsorption processes on 

bentonite clay was also exothermic processes 
(38)

  

 While the adsorption of methylene blue process on same English bentonite is endothermic, 

spontaneous with very low free energy change. Hence it may be entropically derived in addition to the 

change in energy associated the adsorption process. These values are low and indicated a spontaneous 

adsorption process as seen in the adsorption of other substances on bentonite 
(39, 40, 41)

. It is supposed 

from the thermodynamic values that, weak and nonspecific interaction occurs between dye molecules 
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and the active sites of bentonite clay surface. The main differences in the adsorption of methylene blue 

on Iraqi and English bentonite clays are shown in Table (3). 

Conclusion:  
Adsorption of on English bentonite is endothermic process with very low thermodynamic 

parameters values. While same process is exothermic on Iraqi bentonite. It can be concluded from the 

results of the present study that the process of adsorption of Methylene blue on both types of bentonite 

may be used effectively to remove the dye from aqueous medium. Iraqi bentonite clay is cheaper, 

available and has identical adsorptive activities for methylene blue. Furthermore, the thermodynamical 

data indicate higher binding forces between Iraqi bentonite and dye molecules than English clay. 

Therefore, this research open a series of studies for the uses of this Iraqi bentonite clay as adsorbent for 

different substances in pollution, medicine, supporter, and different fields in industry. 
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Figure (1): Natural logarithm of equilibrium constants (LnK) against equilibrium concentration 

(Ce) of adsorption of methylene blue on bentonite clay surface. The intercept represent the (LnK) 

when Ce approaches to zero at certain temperature.  
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Figure (2): Correlation of equilibrium constants, when Ce approaches to zero of adsorption of 

methylene blue on bentonite clay surface at (5, 25, and 45ºC) according to the vant Hoff's equation. 
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Figure (3): Adsorption isotherms of methylene blue on Iraqi bentonite clay surface at (5, 25,and 

45ºC). 
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Figure (4): Langmuir lines for the adsorption of methylene blue on Iraqi bentonite clay surface at 

(5,25, & 45 ºC) 
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Figure (5): Freundlich lines for the adsorption of methylene blue on Iraqi bentonite clay surface at 

(5, 25, & 45 ºC) 

 

Table (1): Vant Hoff’s parameters including reciprocal of absolute temperature and natural 

logarithm of equilibrium constant. 

T (1/T)*1000 Ln K 

278 3.597 6.9155 

298 3.356 5.9669 

318 3.145 5.1727 

 

 

Table (2): Correlation coefficients (r-value) of the Freundlich and Langmuir lines that represented in 

Figures (1 and 2) 

Freundlich  Langmuir  

Temperature (ºC) r-value Temperature(ºC) r-value 
5 0.514 5 0.675 

25 0.040 25 0.435 

45 0.911 45 0.945 
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Table (3):Comprehensive comparison between English bentonite and Iraqi bentonite for the adsorption 

of methylene blue from aqueous solution. 

Parameter English bentonite Iraqi bentonite 
Adsorption Isotherm Obey Freundlich at all 

temperatures 

Obey Freundlich & Langmuir at 5 & 

45ºC and obey Langmuir at 25ºC 

Equilibrium 

Constant (K) 

5 4.003224 1007.775 

25 8.044591 390.2939 

45 11.96517 176.3904 

Maximum 

Quantity adsorbed 

(Q) 

5 9.322854 mg/g 9.977941 mg/g 

25 9.484885 mg/g 9.960294 mg/g 

45 9.680774 mg/g 9.77941   mg/g 

ΔHº at 25ºC 20.212 KJ.mol
-1

(Endothrmic) -32.04KJ.Mol
-1

(Exothrmic)
 

ΔGº at 25ºC -5.166 KJ.mol
-1

 -14.783KJ.Mol
-1

 

ΔSº at 25ºC 85.16 J.mol
-1

.ºK
-1

 -5.166J.Mole
-1

.K
-1

 

Giles Classification of 

adsorption isotherm 
 

(S3) type at all temperatures (S1) type at 5 & L2 type  at 25 & 45 

ºC  

 


