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ABSTRACT 

     Thermodynamic and kinetic investigations on the removal of Eu3+ ions from 
aqueous waste solution using bentonite and sandstone, as local clay minerals, has 
been done using batch technique. The influences of pH, contact time between liquid 
and solid phases, initial metal ion concentration, and temperature have been 
evaluated. Pseudo first-order and pseudo second-order kinetic models were used to 
analyze the sorption rate data and the results showed that the pseudo second-order 
model is best correlate the kinetic data. Equilibrium isotherms were determined to 
assess the maximum sorption capacity of bentonite and sandstone and the 
equilibrium sorption data were analyzed using Freundlich, Langmuir and Dubinin-
Radushkevich (D-R) isotherm models. All tested models fit the data reasonably well 
in terms of regression coefficients. The maximum sorption capacity of bentonite was 
found to be greater than that of sandstone and the mean free energy is in all cases in 
the range corresponding to the ion exchange type of sorption. Sorption studies were 
also performed at different temperatures to obtain the thermodynamic parameters of 
the process. The numerical value of ∆G0 decreases with an increase in temperature, 
indicating that the sorption reaction is more favorable at higher temperature. The 
positive values of ∆H0 correspond to the endothermic nature of the sorption process.  
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INTRODUCTION 
 
     The treatment of liquid radioactive waste solutions requires concentration of radiocontaminant 
in smaller volume followed by recovery or secure disposal(1). The sorption studies of 
radiocontaminant on various materials are of great importance to evaluate the feasibility of using 
a particular material for waste treatment and/or disposal practices. Sorption processes of various 
radionuclides on natural soils and clay minerals have been studied by several authors(1-19), the aim 
of such studies is to understand the factors that influence the sorption characteristics of the 
radionuclides and to extrapolate the sorption values outside the experimental range.  
 
     Adsorption of radionuclides on clay minerals is widely accepted to be an important process 
from the point of view of radioactive wastes. The natural availability of clays in large 
quantities, their relatively good sorption properties, their low permeability and their 
stability compared to organic exchangers are among the reasons that makes clays very 
useful in controlling radionuclide concentrations in waste effluents or their use as backfill 
material in burial sites of radioactive wastes. Several clay minerals have been found to be 
efficient and selective for the removal of radioactive ions from low level radioactive wastes and 
proposed as suitable engineering barriers to adsorb radionuclides and thus retard the migration to 
the surrounding environment in disposal sites. On the other hand, the sorption behavior of radio-
europium on different soils and clay minerals has been the subject of many studies(1-9) that 
investigate the mobility, role of hydrolysis and reaction with soils, and concentration effects. The 
studies have addressed the effects of various parameters on the extent and nature of 
radionuclides uptake by studied adsorbent and the thermodynamic aspects of their retention 
have also been discussed and reported.  



     To evaluate the feasibility of using some local soils and clays (bentonite and sandstone) as 
decontaminant for low-level radioactive wastewater effluents, the determination of the major and 
trace mineralogy of the studied clays using quantitative X-ray diffraction was carried out. The 
sorption behavior of europium radionuclide that is commonly encountered in Egyptian waste 
streams is studied under varying experimental conditions such as time of equilibrium, initial 
metal ion concentrations, pH and temperature. Then the kinetics and thermodynamics of the 
sorption process have been evaluated in the light of current known models and the relevant 
parameters were also determined. 

 

EXPERIMENTAL 

Chemicals and Reagents 
     All reagents used in this work were of AR grade chemicals and were used without further 
purification. Europium was supplied as europium (III) nitrate from Sigma-Aldrich Company, 
USA. The 152+154Eu isotope was prepared by irradiating europium nitrate in the second 
Egyptian Research Reactor, ERR2 at the Inshas site. The clay minerals used were obtained form 
natural deposits at Aswan area, Upper Egypt. The chemical composition of the used clays was 
firstly studied using X-ray fluorescence technique by means of Philips XRF Spectrometer. X-ray 
powder diffraction measurements were performed using a Shimadzu (Japan) diffractometer. The 
conditions of these measurements were set to use CuKα radiation and Ni filter. Analysis of the 
diffraction patterns was made by the whole-powder-pattern-fitting computer program 
intraconnected to the system. Infrared spectra were obtained by the KBr method on a Perkin–
Elmer infrared spectrometer (1600 Series FTIR). The specific surface area was evaluated from 
the optioned isotherms by application of the BET equation.  



Kinetic Measurements 

     Batch experiments with 200 µm clay particles were conducted to investigate the parametric 
effects of the initial metal ion pH on the sorption process. Europium samples were prepared by 
dissolving a known quantity of europium (III) nitrate in double-distilled water and used as a stock 
solution, which was labeled with 152+154Eu radioisotope. The pH of each solution was adjusted 
with liquid ammonia solution (35%) and 1M HCl solution. The kinetic behavior of Eu3+ ions on 
bentonite and sandstone clays was also followed up by application of batch technique. 1.0 g clay 
was shaken at room temperature (25 ±1°C) with 100 ml     10-4M of Eu3+ ions at a speed of 250 
rpm in a thermostatic shaker for a specified period of contact time. Then, a fixed volume (2 ml) of 
the aliquot was withdrawn as a function of time while the solution was being continuously 
shaken. Thus the ratio of volume of solution to the weight of adsorbent in the flask does not 
change from the original ratio. To avoid colloidal suspension in solutions to be analyzed, the 
withdrawn solution was highly centrifuged using 5500 rpm, MLW Zentrifugenban Co. 
(Germany), for 3 minutes. A fixed volume (1 ml) of the clear solution was pipetted out for 
determination of the amount of unsorbed metal ion. The concentration of metal ion in solution 
was determined radiometrically, using a NaI(Tl) scintillation detector connected to an ORTEC 
assembly (Nuclear Enterprises), USA. The amount of metal ion sorbed onto clay particles at any 
time, qt (mmol/kg) was calculated from the expressions: 
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where Ao and At are the initial and time interval activities of metal ion in solution, V is the 
volume (liter), m is the weight (gram) of the adsorbent and Co is the initial concentration (mmol/l) 
of the metal ion used.  
Sorption Isotherms 
 

     Batch sorption studies of europium ions were performed at different temperatures (25, 40 and 
60 oC) to obtain the equilibrium isotherms. For isotherm studies, a series of 25 ml test tubes were 
employed. Each test tube was filled with 10 ml of Eu3+ ions solution of varying concentrations 
(10-5 to 10-4 M) and a known amount of clay (100 mg) was added into each test tube and 
agitated for a sufficiently long time (~3 hr) required to reach equilibrium. The amount of metal 
ion retained in the solid phase, qe, (mmol/kg) was calculated using Eq. (1).  
 

RESULTS AND DISCUSSION 

 
Characterization of Bentonite and Sandstone Clays 
 
     The X-ray fluorescence for naturally occurring clay minerals, bentonite and sandstone, was 
carried out using 1.0g of the initial sample in the suitable standard. They were accordingly fused 
with sodium borate matrix for analysis. In case of bentonite, the chemical composition is mainly 
composed of sodium oxide, magnesia, alumina, silica, potassium oxide, calcium oxide, titania, 



and ferric oxide. The order of these constituents was found to be 57.3 wt-% Si, 18.7 wt-% Al, 8.9 
wt-% Fe, 5.6 wt-% Na, 3.3 wt-% Mg, 2.8 wt-% Ca and 1.22 wt-% K metals in their oxides. Other 
trace elements were found, which may affect the sorption behavior of bentonite. However, in case 
of sandstone, the main constituents in the material were found to be in the order of 57.5 wt-% Si, 
34.1 wt-% Al, 2.4 wt-% K, 1.3 wt-% Fe, 1.2 wt-% Ti, 0.3 wt-% Ca and 0.01 Mn in the 
corresponding oxides. From the ion exchange point of view, the two materials are mainly 
consisting of basic and acidic oxides, i.e. they act as amphoteric exchangers. The infrared spectra 
of the studied clays were measured in the active IR region between 600 and 3600 cm-1 as shown 
in Fig. (1a). A broad IR band was found in the 3200-3500 cm-1 region, which may be attributed to 
the physically adsorbed water as indicated in the thermo gravimetric and differential thermal 
analyses. At bout 1650 cm-1, the characteristic band of –OH group was observed in bentonite, 
whereas this peak was not sharply in case of sandstone. This may be ascribed to the sharing of 
oxygen atom to form more metal oxygen bonding as appears in the lower frequency region. The 
X-ray diffraction analysis was conducted to monitor the different inorganic phases present in the 
structure of both bentonite and sandstone clays. As be expected from the X-ray fluorescence, the 
used clays are mainly crystalline in the range 8-40 (2θ), as indicated in  Fig.(1b). However, more 
crystalline peaks appear in 60-80 (2θ) range. This may be attributed to the difference in 
crystalline structure of the constituting phases; monoclinic aluminum silicate was found in case of 
bentonite, whereas kaolinite-1A crystalline structure was observed in case of sandstone. The 
surface characteristic of the aforementioned clays expressed in terms of specific surface area were 
25.13 and 18.63 m2/g for bentonite and sandstone, respectively. 

 
(a) 

 

 
 

(b) 
Fig.(1): (a)FTIR spectra, and (b) X-ray diffraction pattern of bentonite and sandstone clays. 
 
Effect of pH 
     To determine the chemical condition at which Eu3+ ions are effectively sorbed onto studied 
clays, the sorption was studied at different pH ranging from 3.0 - 8.0. It was observed that the 
uptake of Eu3+ ions was inhibited in the acidic medium, pH< 2.0. This could be attributed to the 
competition between hydrogen ion and studied ions. The highest uptake was observed at pH 
range 3.0 - 4.0. At higher pH values, the uptake of Eu3+ ions was slightly decreased, which may 
be attributed to the variation of the chemical species, due to the formation of the hydroxide 
complexes of Eu3+ ions in solution(9). All future sorption studies were carried out at pH 4.0. 
Effect of Contact Time 
      Figure (2) shows plots of the amount sorbed of Eu3+ ions from aqueous solution onto 
bentonite and sandstone powders, at initial metal ion concentration of 10-4M and at room 
temperature (25 ± 1oC), as a function of contact time. The figure shows a high initial rate of 
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removal within the first 30 minutes of contact (70 - 80% removed) followed by a slower 
subsequent removal rate that gradually approached an equilibrium condition in about two hours. 
The rapid uptake of Eu3+ ions by both studied clays may be due to adsorption and/or exchange of 
the ions with some ions in the surface of the clays. It should be noted that the diffusion of metal 
ions onto the clay lattice is a time and a temperature dependent. Therefore pseudo equilibrium is 
attained when the contact time is lengthened. On the basis of these results, three hours of 
equilibration time was chosen as the optimum period to ensure equilibrium conditions. 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
Fig.(2): Effect of contact time on the amount sorbed of Eu3+ ions onto both studied 

clays. 
Sorption Kinetic Modeling 
       
      There are a lot of parameters affecting the sorption rates like structural properties of the 
sorbent, metal ion properties, initial concentration of metal ions, pH, temperature, or presence of 
competing ions(20). It is known that sorption kinetics is dependent or controlled by different kind of 
mechanisms like mass transfer, diffusion control, chemical reactions, and particle diffusion. In 
order to clarify the kinetic characteristics of sorption of Eu3+ ions onto bentonite and sandstone, 
two well known kinetic models namely; pseudo-first order and pseudo-second order kinetic 
models were applied to evaluate the experimental data.  
 

Pseudo first-order model 
 

     Sorption kinetics of metal ions from liquid phase to solid is considered as a reversible reaction 
with an equilibrium state being established between two phases. A simple pseudo first-order 
model(21-24) was therefore used to correlate the rates of reaction and expressed as: 

                       ( ) t
k
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 (2)    
where, eq and tq  are the concentrations of ion in the adsorbent at equilibrium and at time t, 
respectively (mmol/ kg) and k1 is the pseudo first - order rate constant (min-1).                              
 
     Plots of log (qe - qt) versus t, as shown in Fig.(3), gives  straight lines and the rate constants 
(k1) and theoretical equilibrium sorption capacities, qe, were calculated from the slopes and 
intercepts and presented in Table (1). The straight lines obtained from pseudo first-order kinetic 
plots suggest the applicability of the pseudo first-order kinetic model to fit the experimental data. 
But it is also required that theoretically calculated equilibrium sorption capacities, qe, should be in 
accordance with the experimental sorption capacity values. As can be seen from Table 1, linear 

0 20 40 60 80 100 120 140
0

2

4

6

8

10

 Sandstone
 Bentonite

q t, 
m

m
ol

/k
g

Time, min



correlation coefficients of the plots are not so good and, qe (calculated) values are not in 
agreement with qe (experimental). So, it could suggest that the sorption of Eu3+ ions onto each 
clay type is not a first-order reaction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.(3): Pseudo first-order and Pseudo second-order kinetic plots for sorption of Eu3+ions 
onto    
             both studied clays.  
 
 
 
 
 
Table (1): Calculated parameters of the pseudo-first and pseudo-second order kinetic 

models for Eu3+ ions sorbed onto bentonite and sandstone clays. 
First-order kinetic 

parameters 
Second-order kinetic 

parameters 
Clay 
type k1, 

 min.-1 

qe, calc. 
mmol/k

g 
R2 

K2,  
kg/mmo

l min. 

qe, 
calc. 
mmol/

kg 

h,  
mmol/kg 

min. 
R2 

qe, exp., 
mmol/k

g 

Bentonit
e 0.0527 4.02 0.93

5 0.0274 9.08 2.313 0.999 8.85 

Sandston
e  0.0767 7.11 0.92

4 0.0166 8.63 1.241 0.998 8.00 

 
Pseudo second- order model 
     A pseudo second- order rate model(22-25) is also used to describe the kinetics of the 
sorption of ions onto adsorbent materials. This model is expressed as: 
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 (3) 
where k2 is the rate constant of pseudo second - order equation (kg/mmol. min).  
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     The kinetic plots of t/qt versus t for Eu3+ ions sorption onto both clays are represented in Fig.(3). 
The relations are linear and the values of the correlation coefficient (R2) suggest a strong 
relationship between the parameters and also explain that the process of sorption of ions follows 
the pseudo second-order kinetic model. The product k2qe

2 is the initial sorption rate represented as 
h = k2qe

2. The kinetic parameters of this model are calculated from the slope and intercept of the 
linear plots and are given also in Table (1). The correlation coefficients are higher compared to 
the results obtained from the first-order kinetic model. Also, the theoretical and experimental qe 
values are in a good accordance with each other. So, it is possible to suggest that the sorption of 
Eu3+ ions onto each clay type followed the pseudo second- order kinetic model.  
 

Sorption Isotherms 
      Sorption equilibrium is usually described by an isotherm equation whose parameters express the 
surface properties and affinity of the sorbent, at a fixed temperature and pH. An adsorption isotherm 
describes the relationship between the amount of adsorbate on the adsorbent and the concentration of 
dissolved adsorbate in the liquid at equilibrium. In this concern, the sorption isotherms for removal of 
Eu3+ ions from aqueous solution onto bentonite and sandstone clays at three different temperatures 
were determined and shown in  
 
 
 
 
 
 
 
 
 
 
 
 

Fig.(4): Sorption isotherm of Eu3+ions onto bentonite and sandstone clays. 
 
Fig.(4). The isotherms are regular, positive, and concave to the concentration axis. The initial rapid 
sorption gives way to a slow approach to equilibrium at higher ion concentrations. These results 
reflect the efficiency of bentonite and sandstone clays for the removal of Eu3+ ions from aqueous 
solution in a wide range of concentrations. The uptake of Eu3+ ions increased with the increase in 
temperature thereby indicating the process to be endothermic. The isotherm parameters were 
evaluated using Freundlich, Langmuir, and Dubinin-Radushkevich (D-R) isotherm models.  
 
 
Freundlich isotherm model 
 
     Freundlich equation is derived to model the multilayer sorption and for the sorption onto 
heterogeneous surfaces. The logarithmic form of Freundlich equation may be written as: 
                                                                                                                
                                                                                                                                                 (4) 
 
where, qe is the amount of metal ion sorbed per unit weight of clay (mmol/kg), Ce is the equilibrium 
concentration of metal ion in equilibrium solution (mmol/l), Kf is a constant indicative of the 
relative adsorption capacity of the clay (mmol/kg) and 1/n is a constant indicative of the intensity of 
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sorption process. The pictorial illustration of log qe vs. log Ce is shown in Fig.(5), which suggests 
that sorption of Eu3+ ions onto both clays obeys Freundlich isotherm over the entire range of 
sorption concentration studied. The numerical values of the constants 1/n and Kf are computed from 
the slope and intercepts, by means of the linear least square fitting method, and given in Table (2). 
The 1/n value is usually dependent on the nature and strength of sorption process as well as on the 
distribution of active sites. The numerical values of Kf represent sorption capacity of Eu3+ ions onto 
bentonite and sandstone clays of a narrow sub- region having equally distribution energy sites 
towards metal ion. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. (5): Freundlich isotherm plots for sorption of Eu3+ions onto both studied clays. 
Langmuir isotherm model 
 
     Langmuir sorption isotherm models the monolayer coverage of sorption surfaces and assumes 
that sorption occurs on a structurally homogeneous adsorbent and all the sorption sites are 
energetically identical. The linearized form of the Langmuir equation is given by the following 
formula: 
 

(
5) 

 
where, Qo is the monolayer adsorption capacity (mmol/kg) and b is a constant related to the free 
energy of adsorption (b α e-∆G/RT).  
 

     The graphic presentations of Ce/qe vs. Ce give straight lines, as represented in Fig.(6), 
confirming that this expression is indeed a reasonable representation of chemisorption isotherm. 
The numerical value of constants Qo and b evaluated form the slope and intercept of each plot are 
given in Table (2). The value of saturation capacity Qo corresponds to the monolayer coverage 
and defines the total capacity of the clay for a specific metal ion. The Langmuir constants Q0 and b 
increased with temperature showing that the sorption capacity and intensity of sorption are 
enhanced at higher temperatures. This increase in sorption capacity with temperature suggested that 
the active surfaces available for sorption have increased with temperature(25). 
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Fig.(6): Langmuir isotherm plots for sorption of Eu3+ ions onto both studied 
clays. 

 
 
 
Table (2): Langmuir and Freundlich isotherm parameters for the sorption of 

Eu3+ onto bentonite and sandstone clays at different temperature. 
Langmuir model parameters Freundlich model parameters 

Clay type  Temp., 
°C Qo 

mmol/kg 
b*10-3, 
l/mmol R2 RL 1/n Kf, 

mmol/kg R2 

25 203.3 28.74 0.9966 0.258 0.848 12.70 0.9991 
40 212.5 52.02 0.9956 0.161 0.798 18.76 0.9986 Bentonite 

60 232.5 176.34 0.9830 0.054 0.601 24.00 0.9970 
25 78.20 41.50 0.9981 0.194 0.837 3.78 0.9980 
40 86.10 55.73 0.9939 0.152 0.782 4.83 0.9964 Sandstone 

60 94.35 105.87 0.9969 0.086 0.735 7.78 0.9953 
 
Dubinin-radushkevich (D-R) isotherm model 
      D–R isotherm describes sorption on a single type of uniform pores. In this respect, the D–R 
isotherm is an analogue of Langmuir type but it is more general because it does not assume a 
homogeneous surface or constant sorption potential(20). The D–R isotherm is given with the 
following equation: 
                                                                                                                            

(
6) 

 
where, qm is the maximum amount of ion that can be sorbed onto unit weight of clay i.e., sorption 
capacity (mmol/kg), β is a constant related to the sorption energy (mol2/kJ2); and ε  is the Polanyi 
potential = RT ln (1 + 1/Ce), where R is the gas constant (kJ/mol.K), and T is the absolute temperature.  
 
      The mean free energy of sorption is the free energy change when one mole of ion is transferred to 
the surface of the clay from infinity in the solution, and it is calculated from: 

 
                         

 (7) 
 
      The magnitude of E can be related to the reaction mechanism. If E is in the range of 8-16 kJ/mole, 
sorption is governed by ion exchange(22,24). In case of E < 8 kJ/mole, physical forces may affect the sorption 
mechanism. 
 

      The D-R plots of ln qe versus ε 2 at different temperatures are given in Fig. (7), these linear plots 
indicate that the D-R isotherm expression is followed. 
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  Fig. (7): D-R isotherm plots for the sorption of Eu3+ions sorbed both studied clays. 
 
    Linear regression analysis using paired of ln qe and ε 2 resulted in derivation of qm, β, E and the 
correlation factor (R2). The correlation factor is a statistical measure of how well the data points fit 
the regression line. These D-R parameters, evaluated at different temperatures, are presented in 
Table (3). The maximum sorption capacities of bentonite (qm) are in the ranges of 689.3 – 829.7 
mmol/kg, which are considerably higher than the qm values of sandstone presented as 390.6– 480.8 
mmol/kg. These values are in a good agreement with the values obtained by others(2-4, 9). The values 
of the mean free energy, E, of sorption in all cases is in the range of 8-16 kJ/mol, which are within 
the energy ranges of ion exchange reaction. 
 
Table (5): D-R isotherm parameters of Eu3+ions sorbed onto bentonite and sandstone 

clays. 
  

Clay type Temp.,oC β, mol2/kJ2 qm, mmol/kg R2 E, kJ/mol 
25 -0.00546 689.26 0.9999 9.56 
40 -0.00448 732.68 0.9994 10.55 Bentonite 
60 -0.00278 829.66 0.9991 13.40 
25 -0.00564 390.63 0.9995 9.43 
40 -0.00465 412.22 0.9982 10.36 Sandstone 
60 -0.00373 480.77 0.9980 11.58 

 
 

Effect of temperature 
 
    Temperature has two major effects on adsorption processes. Increasing temperature is known 
to increase the rate of diffusion of the adsorbate molecules across the external boundary layer and 
in the internal pores of the adsorbent particle, owing to the decrease in velocity of the solution. In 
addition, changing the temperature will change the equilibrium capacity of the adsorbent for a 
particular adsorbate(25). In order to gain insight into the thermodynamic nature of the sorption 
process, several thermodynamic parameters for the present systems were calculated. The Gibbs free 
energy change, ∆Go, is the fundamental criterion of spontaneity. Reactions occur spontaneously at a 
given temperature if ∆Go is a negative quantity. The free energy of the sorption reaction is given by 
the following equation: 

 

c
o KRTG ln−=∆      

 (8) 
where Kc is the sorption equilibrium constant, R is the gas constant and T is the absolute 
temperature (K). The values of the thermodynamic equilibrium constant (Kc) at different studied 
temperatures were determined from the product of the Langmuir equation parameters Q0 and b(25). 
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The variation of Kc with temperature, as summarized in Table (6), showed that Kc values increase 
with increase in sorption temperature, thus implying a strengthening of adsorbate-adsorbent 
interactions at higher temperature. Also, the obtained negative values of ∆Go confirm the 
feasibility of the process and the spontaneous nature of the sorption processes.  
    Table (6): Thermodynamic parameters for sorption of Eu3+ ions onto bentonite and sandstone 
clays. 
  

Clay type Temp., 
oC Kc 

-∆Go, 
kJ/mol ∆Ho, kJ/mol ∆So , J/mol.K 

25 5.85 4.37 
40 11.00 6.24 Bentonite 
60 41.00 10.28 

46.6 170.00 

25 3.25 2.92 
40 4.80 4.08 Sandstone 
60 10.00 6.37 

26.86 99.35 

 
Other thermal parameters such as enthalpy change (∆H° ), and entropy change (∆S°) were 
calculated using the relationship: 

                                              
RT
H

R
S K ln c

οο ∆∆
−=      

 (9) 
 
      The values of enthalpy change (∆Ho) and entropy change (∆So) calculated from the slope and 
intercept of the plot of ln Kc versus 1/T (Figure not shown) are also given in Table (6). The change in 
∆Ho was found to be positive confirming the endothermic nature of the sorption processes. ∆S° values 
were found to be positive due to the exchange of Eu3+ ions with more mobile ions present on the clays, 
which would cause increase in the entropy during the sorption process.  

CONCLUSION 
 
     Bentonite and sandstone, as local clay minerals, were tested as adsorbent material for the 
removal of europium ions from aqueous waste solution. The kinetics was experimentally studied 
and the obtained rate data were analyzed using pseudo first-order and pseudo second-order 
kinetic models. Results suggest that the sorption of Eu3+ ions onto each clay type followed the 
pseudo second-order rate model. Equilibrium isotherms have been determined and tested for 
different isotherm expressions and the sorption data were successfully modeled using Langmuir, 
Freundlich, and Dubinin-Radushkviech (D-R) approaches. Based on the D-R model expression, 
the maximum sorption capacity and the mean free energy have been determined. The values of 
the mean free energy, E, is in the range of 8-16 kJ/mol, which are within the energy ranges of ion 
exchange reaction.  The sorption is an endothermic process and the results show that both studied 
clays can be fruitfully employed for the removal of Eu3+ ions in a wide range of concentrations. 
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