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Abstract :Intercalation of highly polar organic compound dimethylsulfoxide (DMSO) with kaolinite and the 

formation of interlamellar complexes has been studied, and characterized by X-ray diffraction (XRD), Fourier 

transform-infrared spectroscopy (FTIR). Interaction was found to be dependent on the particle size of kaolin raw 

material. Nature of interaction achieved through the formation of hydrogen bonds between DMSO and both AlOH 

and Si – O surface of kaolinite. Effect of temperature on equilibrium adsorption of methylene blue (MB) from 

aqueous solution using kaolin and kaolin – DMSO complexes also studied, the results were analyzed by Langmuir 

and Freundlich isotherms. Thermodynamic parameters such as  ΔG, ΔH and ΔS were calculated. Results suggested 

that the MB adsorption on kaolin was spontaneous and exothermic process. 

 

Key words: organo-clays; intercalation; adsorption; adsorption   isotherms; dyes; FTIR; XRD;  TEM. 

 
Introduction 
       Kaolin is one of the clay materials widely used 

for a large number of applications such as in 

ceramics, paper coating, paper filling, paint 

extender, rubber filler, cracking catalyst or cements, 

oil refinery and water treatment [1], [2], [3], [4]. 

Kaolinite is the major mineral component of kaolin, 

which may usually contain quartz and mica and also 

less frequently feldspar, illite, montmorillonite, 

anastase, hematite, bauxite, zircon, rutile, kyanite, 

silliminate, graphite, attapulgite and halloysite 

[1],[2]. Kaolinite is a clay mineral with chemical 

composition Al2Si2O5(OH)4. It is a layered silicate 

mineral, with one tetrahedral sheet of being linked 

through oxygen atoms to one octahedral sheet of 

alumina [5]. Rocks that are rich in kaolinite are 

called kaolin. Kaolinite has a low shrink-swell 

capacity and a low cation exchange capacity. It is a 

soft, earthy material, usually white mineral produced 

by chemical weathering of 

aluminum silicate minerals like feldspar. In many 

parts of the world, it is colored pink, orange or red 

by iron oxide giving it a distinct rust hue. 

       Kaolinite like other clays are composed of fine 

grained minerals which are plastic at appropriate 

water content and hardens up when fired [6]. They 

have varying chemical composition depending on 

both physical and chemical changes in the 

environment where they are found. The industrial 

utilization of kaolinite is closely related to its 

reactivity and surface properties and depends 

strongly on surface modification. Several methods 

have been suggested in literature to improve the 

properties of clay materials with thermo-chemical 

treatment [1], [2] or chemical activation [7], [4]. 

         Some inorganic and organic compounds may 

penetrate into a newly formed interlayer space of 

kaolin – like layers and the factoids expand from 

0.72 to 1.00 – 1.47 nm [8]. The penetrating species 

that break the strong electrostatic and van der 

Waals types of interactions between the kaolin – 

like layers may form H – bonding with inner 

surface hydroxyls and inner surface oxygen's. This 

was first inferred by comparing calculated and 

experimental basal spacing and later proved by 

FTID and XRD spectroscopy.[9-12] 

         The layered kaolinite particles can be 

intercalated by small molecules , such as urea, 

potassium acetate, dimethylsulphoxide (DMSO), 

etc.[13-16]. The preparation of hybrid organic- 

inorganic materials by intercalation of organic 

molecules into kaolinite represents a clear 

possibility of new and interesting materials present 

unique properties [17]., furthermore, some small 

molecules that intercalated into kaolinite can be 

used for the precursors for the preparation of 

polymer – kaolinite compounds.[18]  

Experimental  
   Kaolinite used in this study was hydrated 

Aluminum silicate, provided from General 
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company for the manufacture of glass and ceramic 

( ceramic factory). Chemical analysis of kaolin is 

shown in table (1), and the other organic material 

is Dimethylsulphoxide (DMSO) provided from 

Merck Co. Germany. 

 
Table (1): Chemical analysis of kaolin 

Constitunet Wt % 

SiO2 48.57 

Al2O3 35.05 

CaO 0.6 

MgO 0. 77 

K2O 0.08 

Fe2O3 1.34 

TiO2 1.19 

Moisture 0.08 

Loss on ignition 12 

 
Preparation of Kaolin – DMSO Organoclay ( 

granular size 53 μm and 106 μm ).: 

     1- 70 gm of grinded kaoline of granular size 53 µm was 

 weight and placed at a beaker 500 ml. 

2- 200 ml of DMSO was added to the clay and mixed 

very well. 

3- The mixture was refluxed at 60
0
C for 48 hours, using 

a hot plate with magnetic stirrer. 

4- The precipitate was filtered and washed 3-4 

times by methanol. 

5- The product was dried in oven at 50
0
C. 

6- The dry clean precipitate, then was grinded and 

became ready for the required testing. 

7- The kaolin of granular size 106µm was prepared 

using the same steps as above mentioned. 

Preparation of Methylen blue solution:  

      1 gm of Methylen blue dye (MB) was 

dissolved in one liter of double distilled water to 

obtain 1000 ppm MB dye solution. UV-Vis spectra 

of this solution appeared an absorption band at λmax 

= 660 nm and from this solution different 

concentration of methylen blue were prepared to 

make standard curve as shown in figure (1). From 

this standard curve we calculat the concentration of 

unknown.  

 

 

 

 

 

 

 

 

 

 

Figure.1: Standard curve for methylen blue solutions                      
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Steps of adsorption. 

- 0.5 gm of the prepared organoclays was weighed, and 

placed at 25 ml volumetric flask. 

- 10 ml of methylen blue solution dye of the 

required concentration was added to the clay 

and stirred very well. 

- The flasks were placed at shaker water bath at 

different temperatures (10, 30, 40 and 50 
0
C) 

and stirred for 1 hour. 

- The solutions were filtered. 

- The absorption was measured for each filtered solution 

at wave length 660 nm. 

- The adsorption required calculation according 

to (Langmuir and Freundilch isotherms ), from 

which the thermodynamic constant can be 

obtained (  ΔG, ΔH and ΔS ). 

Preparation of nano organoclays 

        1- 5 g of prepared organoclay were placed in a 

glass Beaker 250 ml. 

           2- Added 200 ml of a solution of DMSO 

concentration 2 M and Shake well. 

  3-The solution is placed on the ultrasonic for 

one hour and placed the amount of ice around 

the beaker. 

4- Separating the precipitate from the filtrate 

using a centrifuge. 

5- Dried the pricipitate and then grinds it  and 

conducted the tests required. 

Results and Discussion 

          Dimethylesulphoxide (DMSO) intercalation 

has been used to separate the chlorite fractions 

from the kaolinite minerals. The reason DMSO is 

so successful at separation the clay minerals is that 

the kaolinite after intercalation by DMSO expand 

from 0.72 to 1.12nm [8].  

    The corresponding FTIR spectra of kaolin and 

their complexes are shown in figures (2, 3). 

From these figures, one could observe some bands, 

which are very important for the kinetic process. 

        Band at 3621cm
-1

 in each complexes are due 

to an inner hydroxyl group in kaolin bonded to 

S═O group of DMSO.[19] and it is unlikely to be 

significantly affected by the inclusion of DMSO 

molecules in the inter lamellar layers, because of 

its presence within the bulk of kaolin structure. 

       Bands at 3478 and 3428cm
-1

in the figure (3.19 

C) and at 3471cm
-1

in the figure (3.20 C) are due to 

the formation of moderately strong H-bonding 

between some of inner surface hydroxyls of the 

kaolinite and the sulphonyl oxygen for DMSO.[17] 

        Band at 2938cm
-1

 in each figures chart C of 

complexes are assigned to symmetric CH vibration 

in the complexes. The water bending vibration at 

1631cm
-1

and 1646cm
-1

 in figures (3.19 C, 3.20 C) 

respectively indicate one type of water molecule 

present. 

Band at 914cm
-1

 is due to Al─OH, and the bands 

at 752, 686, 543 and 466 cm
-1

are assigned to Si─O 

vibration. 

      Since DMSO is a small molecule with high 

dipole moment, its intercalation in to the kaolinite 

structure can be enhanced by microwave 

irradiation. [20] 

XRD for kaolinite 53, 106 µm- DMSO complexes. 

     Figure (4) show the XRD for kaolinite (A), 

kaolinite 53 and 106µm- DMSO complexes charts 

(B, C) respectively. 

From these figure one could observe that: 

           The emergence of new peaks at a distance of 

11.06079 A
0
, 2θ= 7.9869 and 3.371850A

0
 under 

2θ= 23.9112 in chart B, and in distance of 

11.10646, 2θ= 7.9540 and 3.72325 A
0
 under 2θ= 

23.8802 in chart C in the same figure these a new 

peaks are due to DMSO. 

   These signify that the DMSO molecules are 

directly intercalated in to the kaolinite mineral in 

agreement with the reported in the literature [21-

23]. 

       The basal spacing of kaolinite expands and it 

may be proposed based on this expansion that one 

of methyl groups of DMSO is keying in to 

distrigonal holes of the siloxane layer [21, 24-26] 

            In order to check the effect of interlayer 

expansion on the uptake capacity of kaolinite, the 

clay was intercalated with Dimethylsulphoxide 

(DMSO) to increase the interlamellar space of 

kaolinite by breaking up the hydrogen bonds 

tightly interlinking the kaolinite lamellae. 

      According to these diagrams, upon intercalation, the 

characteristic peaks of kaolinite are changes in intensity 

its converting to low intensity when intercalated is 

happened, thus confirming the expansion of the 

interlayer space of kaolinite. [27]  

Adsorption study 

        The isotherm of the Methylene blue 

adsorption by kaolin and organoclay were 

represented by applying the Langmuir and  

Freundlich adsorption models. It was found that 

the adsorption process on the kaolin and 

organoclay fits very well with the isotherm models 

Freundlich. 

        The relations of equilibrium values of logQe 

vs. logCe and Ce/Qe vs. Ce for Methylene  blue 

adsorption isotherms using kaolin and organoclay 

powders at different temperatures (10, 30, 40, 50 
0
C) are shown in figures (5- 8). 
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Figure 2:  FTIR spectra of (A) kaolin 53µm,(B) DMSO and (C) Kaolin 53µm -DMSO complex 

 

Figure 3:  FTIR spectra of (A) kaolin 106µm,(B) DMSO and (C) Kaolin 106µm -DMSO complex 
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Figure 4: The XRD pattern of raw kaolinite (A), kaolinite 53 and 106 µm- DMSO 

complexes charts B and C respectively. 

 

 

 

 

 

 

 
Figure 5: Frendlich isotherm for adsorption of  MB 

on  kaolinie 53µm- DMSO complex. 

Figure 6: Frendlich isotherm for adsorption of  MB 

on  kaolinie 106 µm- DMSO complex. 
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The Freundlich linear isotherm is expressed in 

equation. 

Qe= Kf C
1/n

 

       This isotherm is usually used in special cases 

for heterogeneous surface energy and it is 

characterized by the heterogeneity factor 1/n. Qe is 

the equilibrium value of methylene blue adsorbed 

per unit weight of kaolin powder, a liquid-phase 

sorbate concentration occurred at equilibrium and 

Kf as the Freundlich constant. Freundlich constants 

are shown in table (2) while the relations are 

clearly indicated that the Freundlich isotherm 

model fits the analyzed data according to its 

correlation coefficients (R
2
). 

       The kaolin powder takes up methylene blue on 

a heterogeneous surface by multilayer adsorption 

as described by Langmuir. However, the Langmuir 

linear isotherm is expressed in equation. 

Ce/Q= (1/K) + (a/K) Ce 

      Where Ce is the equilibrium concentration 

(mg/l), Qo is the maximum amount of adsorption 

(mg/g) corresponding to complete monolayer 

coverage and KL are constants related to the 

binding strength respectively or sometimes called 

Langmuir constants. The Langmuir constants are 

shown in table (3) 

 

Table: 2 Freundlich constant for adsorption of methylene blue  

sample Particle size µm 
Freundlich 

constant 

Temperature K 

283  303  313  322  

Kaolin 53 

Kf 419.75 404.57 309.2 285.759 

n 1.315 1.207 1.331 1.360 

R2 0.913 0.938 0.897 0.864 

Kaolin - DMSO 53 

Kf 244.34 108.14 461.31 110.407  

n 1.934 5.128 0.531 4.784  

R2 0.912 0.422 0.989 0.938 

Kaolin 106 

Kf 319.15 1127.19 1879.31 434.51 

n 1.751 0.536 0.379 1.360 

R2 0.880 0.983 0.970 0.864 

Kaolin - DMSO 106 

Kf 357.27 311.88 373.25 263.026  

n 1.137 1.068 0.703 0.758  

R2 0.842 0.982 0.988 0.975 

 
 

 

Figure 7:  Langmuir isotherm for adsorption of  MB 

on kaoline 53µm- DMSO complex. 

Figure 8:  Langmuir isotherm for adsorption of  MB 

on  kaoline 106µm- DMSO complex. 

Figure 7:  Langmuir isotherm for adsorption of  MB 

on  kaoline 53µm- DMSO complex. 

Figure 7:  Langmuir isotherm for adsorption of  MB 

on  kaoline 53µm- DMSO complex. 
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Table: 3. Langmuir constant for adsorption of methylene blue 

sample 
Particle size 

µm 

Langmuir 

constant 

Temperature K 

283  303  313  323  

Kaolin 53 

Kf 1000 1000 1000 500 

a 1 1 1 0.5 

R
2
 0.535 0.411 0.504 0.64 

Kaolin - DMSO 53 

Kf 1000 0 142.8571 0 

a 3 0 -0.85714 0 

R
2
 0.899 0.84 0.982 0.993 

Kaolin 106 

Kf 0 250 142.857 250 

a 0 -1.5 -1.714 -0.5 

R
2
 0.817 0.933 0.933 0.345 

Kaolin + DMSO 106 

Kf 500 500 200 200 

a 0 0 -0.6 -0.4 

R
2
 0.061 0.133 0.916 0.637 

 
Thermodynamic parameters  

            Thermodynamic parameters such as ΔG, ΔH 

and ΔS were calculated using adsorption 

equilibrium constant obtained from Langmuir 

isotherm and shown in table (4). for these 

adsorption processes are determined by using the 

following equations [3]. 
ΔG

o
 = -RT lnK 

     Where K is the thermodynamic equilibrium 

constant. The effect of temperature on 

thermodynamic constant is determined by: 

ln K = ΔS
o
 / R – ΔH

o
/ RT 

      Where ΔG
o
 is the free energy change 

(kJ/mol); R is the universal gas constant (8.314 

J/mol K) and T (K) is the absolute solution 

temperature. 

            The ΔH
o
 and ΔS

o
 values were calculated from 

slope (-ΔH
o
/R) and intercept (ΔS

o
/R) of the linear 

plot, of lnK vs. 1/T as shown in figures (9 and 10). 

             Results suggested that methylene blue 

adsorption on kaolin was spontaneous and 

exothermic process. Decrease a negative value of  

ΔG with increase the value of ΔH (- ve) indicate 

that the adsorption reaction was exothermic. 

 

 

 

 

 

 

 
 

 

Figure 9:  The relation between (1/T)  and (LnK) for    

kaolin 53 µm Raw and kaolin 53 µm - DMSO complex  

Figure 10: The relation between (1/T) and (LnK) for 

kaolin106µm Raw and kaolin 106 µm-DMSO  complex  
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Table: 4 Thermodynamic parameters at conc. 150 ppm Methylen blue 

sample 
Parical 

size µm 

ΔH 

KJ/mol 

ΔS 

KJ/mol.k 

ΔG  KJ/mol 

283 K 303 K 313 K 323 K 

Kaolin 53 -9.11214 0.020427 -14.8366 -15.4886 -15.4007 -15.6932 

Kaolin - DMSO 53 13.26083 0.093034 -13.6943 -14.1581 -14.5762 -18.2953 

Kaolin 106 -8.17266 0.023171 -14.6237 -15.4084 -15.503 -15.4777 

Kaolin - DMSO 106 -0.965 0.014292 -14.1464 -14.5755 -14.6503 -14.689 

 
       Percentage of adsorption ( Q%) for kaolin and kaolin – DMSO at conc. 150 ppm of methylen blue are shown 

in table (5). 

 

Table: 5 Percentage of adsorption ( Q%) for kaolin and kaolin – DMSO at conc.150 ppm of methylen blue. 

sample 
Particle size   

µm 

Q% at different temp. 

283 K 303 K 313 K 322 K 

Kaolin 53 99.81743 99.78631 99.73098 99.71024 

Kaolin - DMSO 53 99.70332 99.63762 99.63071 99.89004 

Kaolin 106 99.80014 99.77939 99.74136 99.68603 

Kaolin - DMSO 106 99.75519 99.69295 99.64108 99.57884 

 

 
Transmission Eectron Microscopy (TEM) 
      A typical TEM micrograph of kaolinite – DMSO 

complexes are presented in Figures  (11 and 12).  

From this figures appeared formation of nanotube 

it is also very clearly in the images. The average 

diameters ranging of nanotubes are from (14.15 - 

20.61nm) in the figure (11) and from (24.15 - 

27.64nm) in figure (12) . 

 

         

 

 

 

 

 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

 

 

 
 

Figure 11.TEM of Kaolinite 53µm DMSO 

complexes after using ultrasonic 

 

Figure 12.TEM of Kaolinite 106µm DMSO 

complexes after using ultrasonic 
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التداخل بين الكاؤولين والداي مثيل سلفوكسايد ) دراسة ثرموديناميكية, حيود الأشعة السينية, طيف الأشعة تحت الحمراء  
 ودراسة نانوية (

 ستار سالم إبراهيم                 عمر حمد شهاب               صبري محمد حسين
E.mail:  dean_coll.science@uoanbar.edu.iq 

 الخلاصة
تحا  الساينية وطيالا اه اع   تضمن البحث دراسة التداخل بين المركب العضوي القطبي ثنائي مثيل سلفوكسايد مع الكااوولين بواساطة حياود اه اع        

وينيااة بااين تحاا  الحمراأظهرتاار  نتااائا الدراسااة كااون التااداخل يعتمااد يلاال الحواان الحبيبااي للكاااوولين وكااون طبيعااة التااداخل تااتن كنتيوااة لتكااوين ه اار   يدرو 
ساة تايثير درواة الحارار  يلال ثابا  اهمتاغاغ ل اب ة الثنائي مثيل سلفوكسايد ومومويتي التيدروكسيل العائد  للألمنيون والسليكون يلل سطح الكاوولينظتن درا

ثنااائي مثياال سلفوكسااايد بواسااطة اسااتخدان ايغوثيرمااا  هنكمياار ولريناادلي ظ     تاان حساااب  –المثلااين الغرءاااأ لااي المحلااول المااائي للكاااوولين ومعقااد الكاااوولين 
ل سااطح ايطيااان العضااوية المحضاار  يكااون تلقااائي والتفاياال بايااث ( والتااي هرتاار  كااون اهمتااغاغ يلاا ΔG, ΔH and ΔSالمت ياارا  الثرموديناميكيااة  

 للحرار ظ
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