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 Abstract:- 
               Kaolin  clay and Modified clay ( Polymer of kaolin- poly vinyl Alcohol) as 

an adsorbent  for the removal of textile dye from aqueous solution .  

The aim of this study was to search for selective active surface in adsorption of 

Leshman's  stain .The  adsorption of dye on clays were found to be dependent             

contact time, dye concentration, initial pH , and amount of adsorbent. The removal data 

of Modified clay were fitted on Freundilch and Langmuir adsorption isotherm 

equations., While  adsorption isotherm  on Kaolin clay was fitted on Freundilch 

isotherm  only .The adsorption of Leshman's  stain on Modified clay was much higher 

than that on Kaolin clay . The  adsorption isotherm data will employ to Calculate the 

thermodynamic parameters like (∆G) Gibb s free,( ∆H)change in enthalpy and (∆S) 

entropy .The values of percent removal and KD for dye by modified clay and Kaolin  

clay were also calculated at temperatures ranging from (298-328 K)                     

,dye ,Adsorption isotherms. Modified clay, polymer , Kaolin  clay  -:Key words

Thermodynamics of adsorption 

 

 

 Introduction:- 
Many industries like plastics ,paper, textile and cosmetics use dyes in their 

products .these dyes are common water pollutants and they may be frequently found in 

trace quantities in industrial wastewater .In addition , many dyes were difficult to 

degrade due to their complex aromatic structure and they tend to persist in the 

environment and creating serious water quality and public health problems .Several 

physical and chemical techniques including coagulation, precipitation, filtration, 

Oxidation, membranes ,reverse osmosis have been used for the treatment of dye(1,2),but 

all of these methods suffer from one or other limitations ,and none of them were 

successful for completely removing the color from wastewater .These dyes can be 

partially or totally purified by adsorption process .Among the adsorbents normally used 

in this process ,clay has been an important material due to its good sorption capacity 

such as Kaolin clay(3), modified clay with Urea –Formaldehyde polymer (4), natural 

zeolite (5) and clay fixed on polymers (6 ) , red mud(7)were successfully employ for 

removal of dyes from aqueous solutions . The most important clay mineral is kaolinite 

[A12O3, 2 SiO2, 2H2O] which is the main composed of kaolinite clay(8).Table .1. 
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Although kaolinite exhibits the least exchangeability among clay minerals , several 

studies have confirmed the potential of natural kaolinite for the adsorption of metal 

ions from solution(9,10) . 

 

     Polymer of kaolin- poly vinyl Alcohol is the commercial name of modified 

clay(11), is an amorphous synthetic on of kaolin and poly vinyl Alcohol produced 

under carefully controlled conditions in order to achieve specific adsorbing 

properties, modified clays are odorless tasteless, free flowing grayish white powders 

practically, insoluble in water, organic solvents mineral acids and solutions of alkali 

hydroxides.  
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    In this work , the use of modified and unmodified Kaolin clays as  adsorbent 

agents was studied .the removal of certain water- Soluble dye, namely Eosin methylen 

blue (Leshman's stain)as an organic pollutant was the main goal of the study .  

Table/ 1.The Chemical analysis of Duekhla kaolinite  

 

% Oxides % Oxides 

1.11 MgO 52.35 2SiO 

1.05 3SO 43.02 3O2Al 

- O2Na 1.31 3FeO 

- O2K 0.12 3TiO 

12.54 L.O.I 1.04 CaO 

 

Materials and Methods  

Materials and Apparatus:- 
 

Adsorbates: dye were used as adsorbates: 

Eiosn methylen blue (Leshman's  stain)  it was used as commercial salts without 

purification and were supplied by B.D.H .Adsorbents: Kaolinite was obtained from the 

general Company for Geological survey and mining, Duekhla, Iraq, poly vinyl alcohol 

was supplied by, AG,CH-9470 Fluka Apparatus: shimadzu UV-Vis 1700 digital double 

beam recording spectrophotometer using (1) cm glass cells. 

-A digital pH meter. 720 WTW 82362 was used. 

 

Thermic treatment of the clay 

Kaolinite sample (50 Mm) was washed with an excess amount of distilled water. 

It was treated in an oven with temperatures varying from (50 to 100 c°) for 24 hours, 

and at 100 c° at the heating time 7 hours ground then sieved by 50 Mm sieve. The 

particles under 50 Mm are used in further experiment. 

 

Modified clay Manufacturing 

Poly vinyl Alcohol solution(12) were mixed with (100 ml) of distilled water in 

container with magnetic stirrer at 85c° for 30 min. 

It was sopended in Hcl solution of pH=5. then it was mixed with clay and heated 

at nominal softening temperatures of 200c° for two hours in an oven, sieved by 50 Mm 

sieve, the ratio mass of clay/ polymer was (2/3). 

 

General Procedure 

The adsorption isotherms have been determined by mixing of dyes solution    (20 

ml) of known initial concentration (5-60 p.pm) and varied amounts of adsorbents (0.05-

0.2gm) were placed into volumetric flasks. Analytical determinations of dye in solution 

after reached equilibrium (30 min at 25c°) were performed by means of ashimadzu 
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TRUV 754 spectro photometer. Optical densities were determined at (516 nm) Fig.1 

for Leshman's  stain, which corresponds to the maximum absorption peak of dyes.The 

adsorption capacity Qe was calculated from the difference between the initial and 

equilibrium adsorbate (dye) concentration which as follows: 

 

 

Qe= 
(Co – Ce) Vsol 

……… (1) 
M 

 

Where: Qe is the adsorption capacity (mg.g.-1), Co and Ce are the initial and 

equilibrium Concentration (mg. L-1) respectively, M is the adsorbent doseage (g) and 

V is the solution Volume (L). A plot of equilibrium dye loading Qe, against the residual 

concentration of dyes remaining in the solution Ce is shown in figure (2). It is evident 

that dyes can generally be easily removed from the solution by modified clay and 

unmodified Kaolin clays particles and reducing the particle size will increase Qe for 

high values of initial dye Concentration Co. 

The adsorption Capacity was determined with the effects of contact time, initial 

concentration of dye solution and pH, adsorbent dosage, temperature, The equilibrium 

concentration, adsorption capacity at equilibrium were determined to fit in the 

adsorption isotherms.       

 
Fig:1-Spectrum of Leshman's stain 

 
Fig: 2-Adsrption isotherm of Leshman's stain by modified and 
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Contact time 

 

For the determination of effect of time for the adsorption of Leshman's stain on  

modified and unmodified Kaolin clays ,the optimum amount of adsorbent (0.05g)was 

added in flasks with 20ml of optimum concentration(30p.pm) of dye solution for 

different intervals of time . was conducted through batch experiments to achieve the 

equilibrium as shown in Fig.3 The mechanism of colour removal Can be described in 

migration of the dye molecule from the solution to the adsorbents particle and diffusion 

through the surface. The results showed that the equilibrium time was reached with in 

30 min of operation for modified and unmodified Kaolin clays. The adsorption capacity 

was constant there after for case of all dyes observed. 

 

 

 
 

F ig:3 Adsorption capacity against contact time of Leshman's stain 

 with modified and unmodified Kaolin clays at pH(7) .  

 

Results and Discussion 

Adsorption isotherm 
 

       Many theories of adsorption were put forward to explain the phenomena of 

adsorption  . Langmuir and Freundlich adsorption isotherm are some of them . The 

: given below(13 )  well known Langmuir eqution(2) is  
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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 sitesTable (2) Fig (4). 

 

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

assume of 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: 

 

Log Qe = Log Kf + 
1 

Log Ce ….. (2) 
n 

 

Where Kf and n are Freundlich Constants characteristics of the system, including 

the adsorption capacity and the adsorption intensity, respectively(14-15), Table.2. Fig.5. 

The values showed that the equilibrium data in modified clay fitted well to both the 

Freundlich and Langmuir isotherm in the studied concentration ranges .As seen that the 

Langmuir model is better than the Freundlich model in simulation of the adsorption 

isotherm. Based on the correlation coefficients (R2), While  adsorption isotherm  on 

Kaolin clay was fitted on Freundilch isotherm  only Table.2. many outhers have used 

these isotherms to evaluated the adsorption capacity by different dyes(16,17). The 

adsorption constants evaluated from the isotherms with correlation coefficient are 

shown in Table (2) very high regression coefficients (0.996-0.964) were found for 

dye.The percent adsorption (%) and distribution ratio (kd) of dye by adsorbents were 

calculated Table.3.For Leshman's stain as adsorbate ,the maximum and minimum 

adsorption values were obtained at concentrations of 5 p.p.m and 60 p.p.m respectively. 

While the maximum values for unmodified Kaolin clays 20 p.p.m and minimum values 

at 30 p.p.m at 298 K.The difference in % adsorption of this dye on the surface of 

Modified clay may be due to the presence of more or less irregular and defective edges. 

These play significant role on the adsorption phenomenon . These edges strike the 

unsaturated part of the dyes and accelerate the removal  of dye molecules (18) These  

types of observations were also observed for the adsorption of Fast green on the surface 

of Azodiracht indicia leaf powder(19) . 
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. 

 

Fig :4 Langmuir adsorption isotherm of Leshman's stain  

with modified Kaolin clay at pH(7) 

 

Table/2- Langmuir and Freundlich constants for dyes in aqueous 

solution using modified and unmodified Kaolin clays  

 
Fig :5 -Freundlich adsorption isotherm of Leshman's stain with 

 modified and unmodified Kaolin clays at pH(7). 

 
 

 

 

Table/3-Kd values and %  adsorption of dyes in aqueous solution 

using modified and unmodified Kaolin clays  
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5.6 3.84 0.938 2.705 1.564 0.986 Modified 
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- - - 0.997 0.999 0.983   Kaolin clay 
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Effect of pH 

 

The influence of the initial pH of the solution on the adsorption Capacity of 

adsorbates by clays appears to be much more efficient at lower pH is shown in      Fig. 

6. It may be related to the presence of excess H+ ions competing with protonate amine 

groups of dye molecules to form groups –NH3 , It is also possible that the surface 

properties of clays are depended on  pH of the solution . A similar trend was observed 

by Kaolinite(20) adsorbent . 

 

 
 

Fig: 6-Removal of colour from aqueous solution of Leshman's stain 

 with pH of solution. 
 

 

Effect of temperature 
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In order to fully understand the nature of adsorption ,the thermodynamic studies 

play an important role. removal of Leshman's stain using modified and unmodified 

Kaolin clays has been studiet at 298to 328K. determine the adsorption isotherms and 

thermodynamic parameters, which is presented in Fig. .8.9. thermodynamic parameters, 

i.e free energy (∆G) enthalpy (∆H) and entropy (∆S). changes were also calculated 

using Eqs. (4-6)(22) and are given in Table (4) . 

 

∆G = -RTlnK ……… (4) 

 

 

 

  

∆S = 
∆H - ∆G  

…….. (6) 
T 

 

According to equation  (5),the mean value of the enthalpy change due do the 

adsorption of Leshman's stain by modified and unmodified Kaolin clays over 

temperature range studied can be determined graphically by the linear plotting of  Log 

Xm against 1/T Fig.7. 

The negative values of ∆G indicate the feasibility and spontaneous nature for  dye 

adsorption on modified and unmodified Kaolin clays. While the values of (∆H) was 

found to be negative (Table.4). The negative values confirm the exothermic nature of 

adsorption (24,25), many variable such as the molecular volume of the dye its planarity 

and its ability to bind to the adsorbent, among others, Can effect the degree of 

adsorption. 

 

The adsorption capacity on modified clay is higher than on unmodified Kaolin 

clay. This difference most be related to higher affinity of Leshman's stain for the 

modified clay than Kaolin clay. Also this may be due to a tendency for the dye molecule 

to escape from the solid phase of adsorbent surface to the liquid phase of dye with an 

increase in temperature of solution(26,27). 

 

LogXm = 
∆H 

+ Con. …….. (5) 
2.303RT 
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Fig 7-Relationship between the Log Xm and 1/Tof dye with modified 

 and unmodified Kaolin clays as an adsorb . 
 

 

 

 

 
 

Fig: 8-Effect of temperature on the adsorption capacity of Leshman's 

stain with modified Kaolin clay at pH=7. 
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Fig: 9-Effect of temperature on the adsorption capacity of Leshman's 

stain with unmodified Kaolin clay at pH=7. 
 

 

Table/4-Thermodynamic values of dyes in aqueous solution using 

modified and unmodified Kaolin clay as an adsorbents . 
 

Cos. 1-.k1-SJ.mol∆ 1-G KJ. mol∆ 1-H  KJ.mol∆ Adsorbent 

0.74 -9.4 0.028 2.83- modified Kaolin 

clay 

0.36 2.33 5.78- 5.08- unmodified 

Kaolin clay 

 

 

Conclusion 

 

          To produce modified clay as a sorbent for removing dyes and other 

toxicants from low quality water, Unusual treatments depend on thermal transformation 

and acid activation to increase the exchangeability properties of kaolinite. The Obtained 

results showed that the porous of collapsed crystalline structure of this modified 

kaolinite can adsorb a large amount of pollutants dyes such as Leshman's stain from 

wastewater. A comparison of relative removing values revealed that the removing on 

modified kaolinite is more favored than kaolin clay. Some advantage in using the pellets 

of P.V.A- clay with regard to the original adsorbent were noted. Such as sedimentation 

and separation in static process happened quickly and easily, without need of flocculent 

addition and/or use of centrifugation. 

 

 

 

0

2

4

6

8

10

12

14

16

18

20

0 5 10 15 20 25

Ce (mg\g)

Q
e
 (

m
g

\l
) 298 K

308 K

318 K

328 K



 2010سنة  4العدد  15مجلة القادسية للعلوم الصرفة المجلد 

 ( 2009ايار  14-13للبيئة والتلوث والمنعقدة بتاريخ  بحوث الندوة البيئية الخامسة ) 

 

101 

References:- 
1- Garg, V.K., R.Gupta, and R.Kumar. Technol., 89 (121-124), (2003). 

2- Shar .A,W.Y., Gharaibeh S.H, Mahmoud S., Environ. Geol .,39,1090 (2000) . 

3- Lekaa H, M.sc, thesis, college of Education for women, Kufa university, (2005). 

4- Al-Kime .A, Al-Watefi. A.S and Umran Z. ,National J.of Chem. 29(2008) . 

5- Markovska L. , meshko V. , Noveski V. and Marinkovski M., serb J .Chem .Soc. 

66(7),463-475.(2001) . 

6- Toni J ,Odinei G, Ricardo B and Marintho Q ,Sc .Brasil .48,275-280.(2005) . 

7- Shaobin W ,Boyjoo Y ,Choneib A and Zhu Z,water Research .39,129-138.(2005) 

. 

8- Shoruk .S ,M.sc. Thesis ,College of Science, Babylon university (2002) . 

9- Miranda T ,J.C and C.A coles ,Clay .Sci .,23,133-139 .(2003) . 

 10- Day  O, ,P.A ,Parks and Brown ,Clay & Clay Mineral, 42,337-355.(1994) .   

 11- Theng B.K.G., "Clay and Minerals", vol.10. (1-10), (1982). 

 12- U.S. patent 4, 091.164, (1978). 

 13 E1 Geundi - M., Adsorption Sci. Technol., 8(2), 217, (1991). 

 14- Bouberka Z, Kacha S and Elmaleh S., J Hazarad mater 17.119 

             (1-3):117-24, (2005). 

15-Ofoe fule S.I. and Okonta M., Boll. Chem. Farma ceutico, 138.6. 

         (239-242), (1999) . 

 16- Oguz I. and Fatma T . Turk .J. chem ,24,9-19,(2000) . 

 17- Stephenson, R.J. and S.J. B Duff, water Res., 30 (781-792), (1996). 

 18-Khan AR ,Uddin F, Ahmed Z.Pak .J. Sci. Ind. Res. 45.82-85,(2002) . 

 19-Hajira T, Uzma H and Muhammad S. Karachi , Pakistan .J.Bio.7(21). 

          3906-3911,(2008) .                            

  20- Yavus .O , Altunkayak Y and Guzel.F,Water Research 37,948-952,(2003) . 

  22- Singh K.P., mohan D. and Gosh D., Ind. Eng. chem. Res. 42, (1965-1976),                                                                                                                

              (2003). 

  23- Al-Qodah Z., water Res. 34, 4295-4303, (2000). 

  24- Chu C.H. and Chen K.M., Process Biochem,37,595-600,2002 . 

  25-N.M. and R.N. Ram, Environ Pollut.77,79-86,(1992). 

  26-B.F.S.Al-Asheh and L. Al-Makhadmeh, Process Biochem,39,193-202,2003 . 

  27-Y.HO and Mckay ,Trans. Chem,76,183-191(1998)       

 

 

 

 

 

 

 

ازالة صبغة لشمان من المحاليل المائية بواسطة امتزازها على السطوح اطيان 

 الكاؤولين المعالج والكاؤولين بطريقة الدفعات
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 هيفاء جاسم محمد

 جامعة الكوفة / كلية التربية

 -:الخلاصة
بدراسةةةةةةل  عبضىل ب ط ح  سةةةةةةلمخ ارةىعث اللطيعرا حعا اللى  الل عل  بملىل  الدراسةةةةةةل التعلىل      

فعي ىا الكتمل( وةى  الكعوؤلى  في احيزاز صةةةةبيل لى ةةةةلعث في حتعلىضيع اللعثىل لضبتح    سةةةةلمخ  –الكعؤولب 

عا زح  ا يلدت احيزاز الصةةةةةبيل في البتح  ض   حطيضت اللييى ات ح.انيقعثىل ذات ف علىل في احيزازالا صةةةةةبع  

أث بى ت نيعث  الدراسةةةةةةةل .ار زاث ، الدالل اليىدروجى ىل، الي كىز الابيداثي لضصةةةةةةبيل وكيل  كلىل اللعاا اللعزا

 ح ضمحعت الا زاث لضصةةةةةةبيل  ض  سةةةةةةلا اللى  الل عل  كعث الانلبعع ليع ي ةةةةةةيلا  ض  ايزو ى حعت ف ندل 

أظي ت نيعث  الدراسةةةةل بمث كلىل ارحيزاز .فقط  ةى  الكعوؤلى  هم ايزو ى م ف ندل بى لع  ض  سةةةةلا .ولانكلعي 

 و   G∆حسةةةةةةةعة القىلةل الع حماي ةعحىكىةل حعةا كلةع     .ةى  الكةعوؤلى  اللى  الل ةعل  اكع  كلىةل ح  سةةةةةةلا

H∆  وكيلS∆ و(%). كلع    حسةةةةةعة ال سةةةةةبل الل ميلDK    للاحيزاز الصةةةةةبيل  ض  سةةةةةلمخ ارةىعث في اللد

 .  (K 328-298)الت اري اليج يبي

 

 

 

 

 
 


