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Abstract: In this work, the physico-chemical characterization showed that the adsorbent consists mainly of silica and alumina and 

its structure is disordered. The specific surface area measured is more considerable for purifying and activated kaolin. The point of 

zero load is measured at pH 6.6.The  envisaged process is in batch systems. The results of the tests carried out indicate that the 

equilibrium is reached after 30 minutes. This sorption is maximum at 20°C, for stirring speed of 150 rpm, particle size between 

150 and 200 µm and a pH 4.3. The maximum adsorption capacity is 39.9 mg/g. The kinetic study shows that the adsorption of 

zinc by kaolin follows the pseudo-first order kinetics and the Langmuir model is the most appropriate. In the same context, the 

results indicate a highly favorable adsorption of zinc on the kaolin(0 < RL< 1). Thus, application of the diffusion model informed 

that the external transport seems to be a step controlling the overall speed of the process while the intra-particle diffusion is 

involved in the overall rate of sorption process but this is not the only step that controls the speed.The thermodynamic parameters 

show that the adsorption of Zn on kaolin is spontaneous, exothermic and that randomness decreases at the interface during 

adsorption. 
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1. Introduction  

The pollution of water by toxic metals can create health 

risks for humans and their environment[1]. The control of 

this pollution type demands the implementation of specific 

processes of treatment. Among these, we find ion-

exchange[2], solvent extraction[3], reverse osmosis[4], 

ultrafiltration[5] and adsorption[6,7].Then it required the 

utilization of others efficient and low cost adsorbents. In this 

case, we have oriented our study on the elimination of 

metallic ions with a low-cost material namely Kaolin of 

Guelma as an adsorbent. The use of kaolin as adsorbent is 

intended to implement a method of water treatment by 

adsorption, in particular for the treatment of colored 

water[8-11], the elimination of organic molecules[12-14] 

and the adsorption of toxic metals[15-18] contained in 

wastewater. 

We have chosen the zinc as metal representing the heavy 

metals contained in wastewaters. It’s elimination from the 

aqueous medium is envisaged in static mode. The zinc 

solutions were prepared from zinc nitrate dissolved in bi-

distilled water. Some parameters influence the amount of 

metal ions being removed by kaolin; initial zinc 

concentration, agitation speed, pH, temperature and particle 

size of the solid. Optimization of these parameters is able to 

improve the capacity of solid adsorption, then made it 

possible to study the effect of every parameter. The 

isotherms, the kinetics and the adsorption mechanism can 

inform us about the quality of the process. 

2. Materials and Methods 

2.1 Materials 

The kaolin is a hydrothermal rock obtained from Djebel 

Edbagh of Guelma (east of Algeria). This kaolin is 

characterized after milling and sieving of powder which 

have a particle size below 300 µm and followed by two 

washings. The first wash is done from a solution based on 

sodium chloride. It consists to eliminate all the crystalline 

phases[19,20]. This treatment is follow eddirectly by other 

washings with bi-distilled water to remove the residual 

salts[21] followed by filtration [22]. The obtained powder 

was dried during 24 hrs under vacuum at 105°C. Further, all 

reagents used in the preparation of adsorbent materials such 

as HCl, zinc nitrate were obtained from Merck produce in 

analytical grade. 

2.2  Analytic methods 

The zinc concentration was measured by atomic absorption 

spectroscopy method [23] using PerkinElmer 3110 

equipments associated with hollow cathode lamp monolayer 

and oxidizing flame provided by mixed air-C2H2 and device 

coultornic Micrometrics 2100 E. The pH solution was 

adjusted with Ericsson pH meter. The characterization was 

carried out by FRX ( Siemens SRS 3000 ) and DRX (Rigaku 

Ultim IV). The morphology was observed using a scanning 

electron microscope (Zeiss EVO MA25). The specific 

surface area was measured by BET method [24]. 
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2.3 Adsorption experiments 

A series of batch experiments were conducted to study the 

adsorption mechanism of zinc onto kaolin, adsorption 

isotherms, adsorption kinetics and thermodynamic 

parameters. 

The adsorption experiments are realized by adding an 

amount 1 gr of prepared kaolin to an aqueous solution 

containing zinc ions. The zinc solutions were prepared from 

zinc nitrate (Zn(NO3)2, 6H2O)dissolved in bi-distilled water. 

The continuous mixing was ensured during the experiment 

with a constant stirring speed using a mechanical agitator. 

The temperature was controlled with water bath shaker. The 

pH solution was fixed in desired value by adding a few 

drops of concentrated ammonia. The adsorption kinetics 

were followed by sampling of 5 ml every 5mins. 

2.4 Operating conditions 

The operating conditions used in this process are represented 

as follows:  

 Determination of equilibrium time: Cinitial: 30 mg/L; 

Vagitation: 100 rpm; pH: 5,4;T: 20 °C; granulometry: 

150 ≤ Ø kaolin < 200 µm; Mkaolin : 1 g . 

 Optimization of the agitation speed of the medium: 

Cinitial.: 30 mg/L; Vagitation: 50,100, 150, 200 rpm; pH: 

5,4; T: 20 °C; granulometry: 150 ≤ Ø kaolin < 150 µm; 

Mkaolin : 1 g.  

 Optimization of temperature:Cinitial.: 30 mg/L; 

Vagitation: 150 rpm; pH: 4,3;T: 20, 30, 40, 60°C;  

granulometry: 150 ≤ Ø kaolin< 200 µm; Mkaolin : 1 g. 

 Optimization of the solid particle size: Cinitial.: 30 

mg/L; Vagitation: 150 rpm; pH: 4,3; T: 20°C;  

granulometry: Økaolin< 100 µm, 100 ≤ Ø kaolin< 150 

µm, 150 ≤ Økaolin< 200 µm; 200 ≤ Økaolin< 300 µm, 

Mkaolin : 1 g. 

 Measurement of the maximum absorbed capacity: 

Vagitation: 150 rpm; pH: 4,3; T: 20 °C;  granulometry: 

100 ≤ Økaolin< 150 µm; Mkaolin : 1 g. 

 Adsorption isotherm: Vagitation: 150 rpm; pH: 4,3;T: 

20 °C; granulometry: 100 ≤ Økaolin<150 µm; Mkaolin : 

1 g. 

 

3. Results and Discussion 

3.1 Characterization of kaolin 

The physical and chemical characteristics of the kaolin 

studied were obtained after grinding, sieving of the particles 

below 40 μm and degaussing under vacuum at 105 °C for 12 

hours. 

The chemical composition of kaolin is reported in Table 1, 

where we found a dominance of Al2O3 and SiO2 of the order 

of 82.02%. The remaining oxides are divided into two 

categories. Those which have a low percentage by mass 

(Fe2O3, MnO, TiO2) and those which are in trace form 

(MgO, CaO, NaO2). A loss on ignition of 13.55%.

 

Table 1. Chemical composition of Djebel Edbagh kaolin 

Elements SiO2 Al2O3 Fe2O3 MnO MgO CaO 

% Mass 46.58 36.82 0.730 Trace Trace Trace 

Elements NaO2 K2O TiO2 LI H2O 
 

% Mass Trace 0.051 0.029 13.55 1.43 

 

X-ray diffraction analysis allows the nature characterizing of 

crystallized mineral phases present in the kaolin Figure 1 

shows the diffractogram of the raw kaolin sample. The 

results of this test show that the kaolin of Guelma contains 

kaolinite and quartz, where we note intense peaks of 

kaolinite. This observation justified the results obtained by 

X-ray fluorescence.  

 
Figure 1. Diffractogram of raw kaolin 

The morphologies of both the raw kaolin and the kaolin after  purification and activation are determined by scanning 
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electron microscope. The obtained results are shown in 

Figures 2 and 3. From these pictures, we note hexagonal 

faces that are difficult to observing it and also we note a 

disorder in the distribution of the pores (structures upset). 

For the Figure 2, we notice the presence of new sites caused 

by the activation of the kaolin. 

The specific surface area of the kaolin raw, purified and 

purified then chemically activated, was determined 

experimentally in the laboratory by BET method. The 

purified, then chemically activated showed a high specific 

surface equals 74.4 m
2
.g

-1
 compared to purified kaolin and 

raw kaolin, which showed the following specific surface 

values respectively: 31.4 and 13.5 m
2
.g

-1
. 

Determination of point zero charge is an analytical method 

which has been the subject of several studies[25,26]. The pH 

point zero of charge is the pH value of the solution 

surrounding the adsorbent when the sum of surface positive 

charges is equal to the sum of surface negative 

charges[27].The point of zero charge (pHPZC) is determined 

by the method of P. Chutia et al.[28]. For the kaolin studied, 

the pHPZC is 6.6. 

 

  
Figure 2.SEM picture of raw kaolin of djebel Debagh / Guelma 

 

  
Figure 3. SEM picture of activated of djebel Debag / Guelma 

 

3.2 Effect of agitation time 

The influence of contact time on the adsorption of zinc in 

solution by kaolin  was studied at various initial 

concentrations: 10, 20 and 30 mg/L. From figure 4, we 

notice the increased agitation time increased the uptake of 

zinc with maximum adsorption was observed after 30 min. 

Beyond this time, the residual concentration becomes almost 

constant. This means that the adsorbent has reached the 

saturation phase. for this purpose, we consider this duration 

as the equilibrium contact time. 

 
Figure 4. Residual concentration of Zn

+2
 as function of time: Effect of agitation time 
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3.3 optimization of influencing parameters 

The optimization of the influencing parameters is an 

indispensable step in the adsorption processes. It allows us 

to study the kinetics of adsorption in order to optimize the 

parameters influencing and to determine the maximum 

quantity adsorbed by the solid. 

3.3.1 Effect of stirring speed  

The influence of stirring speed is an important factor in this 

adsorption process. In fact, it contributes to the distribution 

of the adsorbate in the adsorbent and the determination of 

the maximum adsorbed quantity[29].  

 

 
Figure 5. Residual concentration of zinc as function of time: Effect of stirring speed 

 

In this work, the speeds are fixed between 50 and 200 rpm 

(Fig. 5,6). Figure5 show that the zinc quantity adsorbed by 

the kaolin increases with the increase of stirring speed until 

150 rpm. For a speed of 200 rpm, We observe fluctuations 

in residual zinc concentration values. This phenomenon is 

probably due to the return of the ions from the solid to the 

solution[30].  

Following these experimental results, we consider 150 rpm 

the optimal stirring speed and we conclude that the stirring 

speed contributes greatly in the transfer of zinc from the 

solution to the adsorbent which gives it an important role in 

external transport[31].  

 

 
Figure 6. Zinc removal efficiency as function of stirring speed 

 

3.3.2 Effect of pH   

The pH of the solution is an important parameter in the 

adsorption phenomenon because it affects the form of metal 

in solution, as well as the surface properties of the 

adsorbent[32-35].  

In this work, the pH range of the explored medium is ranges 

from 2.5 to 6 (Fig. 7). The effect of the pH of the solution 

shows that at pH 2.5 the adsorption of the zinc on the solid 

is unfavourable(Fig.7,8). Indeed, for a strongly acidic 

medium (pH 2.5), the proton excess slows the transfer of ion 

from the solution to the adsorbent[36,37].  

we notice that the capacity of adsorbed zinc has increased 

remarkably as the solution pH increased from 2.5 to 4.2. 

Indeed, in this pH range, the yield increased from 18.63 to 

62.83% (Fig. 7,8). The efficiency of adsorption can be 

explained by the effect that the pH of the solution has 

favorably influenced the surface charges of adsorbent[38].  

For the high pH values, the adsorption of zinc is less 

important and begins to decrease as the pH increases. The 

residual measured concentration and the calculated yield are 

respectively: 15.64 mg/L, 18.74 mg/L and 47.86%, 37.73%. 

This phenomenon can be explained by the surface charge of 

adsorbent. given that the net charge of the adsorbent is zero 

at pH 6.6. 
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Figure 7. Residual concentration of zinc as function of time: the influence of pH 

 
Figure 8. Zinc removal efficiency as a function of pH 

 

3.3.3 Effect of temperature  

The temperature of the medium is very important 

influencing parameter affecting the fixation of metal on the 

adsorbent because it exerts a considerable influence on the 

sorption rate [39-41]. The temperatures studied in this work 

are varied from 20 to 60 °C (Fig. 9). 

 
Figure 9. Residual concentration of zinc as a function of time:  the influence of temperature 

 

The study of the temperature influence on the zinc 

adsorption by kaolin in solution shows the tan inverse 

relationship between temperature and quantity of adsorbed 

ion (Fig. 9,10). Indeed, the results showed clearly that the 

fixation of zinc is more important at 20 °C and the adsorbed 

quantity begins to decrease from 30 °C (Fig. 9,10). The 

inefficiency of zinc adsorption with temperature rise is due 

to the destruction of the active binding sites, or the 

weakening of the attraction bonds between the adsorbate and 

the adsorbent[42]. This result also explains that the sorption 

of zinc in aqueous medium on the kaolin is exothermic[43].  

 
Figure 10. Zinc removal efficiency as a function of temperature 
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3.3.4 Influence of particles size of kaolin 

The particle size of the adsorbent has a predominant role in 

the rate of transfer of the cation from the solution to the 

adsorbent[44-46]. In this context, we have optimized the 

particle size of kaolin using diameters vary from 100 to 300 

µm (Fig. 12). From these results we can see that the best 

obtained yields are that for the kaolin particle size of 100 ≤ 

 < 150 μm (Fig. 11). The previous tests reveal that the 

absorption of zinc on the kaolin for diameter <100 μm is 

considered unfavourable (Fig. 11,12).  

 

 
Figure 11. Residual concentration of zinc as function of time: influence of the granulometry 

 
Figure 12. Zinc removal efficiency as a function of particle size of kaolin 

 

3.3.5 Effect of chemical activation of kaolin 

To improve the adsorption efficiency by creating other sites, 

we have activated the surface of our solid using 

ahydrochloric acid[48-50]. The experimental measurements 

showed that the optimal concentration of acid giving the 

best zinc fixation is 0.2 M (Fig.13).  

After activation of the kaolin by 0.2 M hydrochloric acid 

and by applying all the optimized parameters, we can see a 

decrease in the residual zinc concentration until 2.81 mg/L 

at equilibrium (Fig. 13) corresponding to an increase in the 

yield value of 13.1% (Fig. 14).  

The activation of kaolin by hydrochloric acid would 

probably increase the number of sites then favored the 

process of fixing of metal ions on its surface. 

 
Figure 13.Residual concentration of zinc as a function of time 

 
Figure 14. Yield of zinc adsorption for treated kaolin 
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3.3.6 Effect of initial concentration 

The removal of zinc by kaolin in synthetic solutions [10, 20, 

30, 40, 50, 60, 70, 80 mg/L] was carried out under the 

abovementioned optimum conditions. The maximum 

amount adsorbed at equilibrium was determined using the 

residual method (eq.1)[51,52]. 

   
     

 
                                                                        

(1) 

Where:C0 is Initial solute concentration (mg/L); Ce is the 

residual solute concentration at equilibrium (mg/L); m is the 

mass of the adsorbent and V is volume of solution. 

The adsorption isotherm of zinc at the surface of the solid is 

obtained by plotting the adsorbed amount as a function of 

initial concentration at equilibrium (Fig. 15). The obtained 

curve showed that the adsorbed amount are increased with 

increasing of initial concentration until  a certain threshold. 

The value of the amount adsorbed at this level is: 

39.39mg/g. This result allows us to conclude that this 

quantity represents the maximum quantity which can be 

fixed by one gram of kaolin. 

 
Figure 15. Adsorbed amount of zinc based on the initial concentration 

 

3.4 Adsorption isotherms 

to describe the adsorption phenomenon and  explicate metal 

ion–clay interaction, we used two frequently employee 

models in this case the Langmuir and Freundlich isotherms. 

The Freundlich equation is well adapted to describe the 

equilibrium in aqueous phase [53]. Its empirical formula is: 

   
 

 
     

 

                                                                  (2) 

Where qe is the amount of adsorbent fixed at equilibrium by 

the adsorbent(mg g
-1

), Ce is the residual concentration at 

equilibrium (mgL
-1

) ; KF and 1/n are  the Freundlich 

constants related to adsorption and affinity. The linearized 

Freundlich relation is written as follows: 

            
 

 
                                                       (3) 

The Langmuir equation[54], derived from kinetics where 

equilibrium arguments are commonly applied to 

chemisorption of gases, is expressed in the case of 

adsorption in solution: 

   
       

     
                                                                       (4) 

Where qe is the amount of adsorbent fixed at equilibrium by 

the adsorbent(mg g
-1

), Ce is the residual concentration at 

equilibrium(mg L
-1

), qmax is the maximum saturation 

capacity of the adsorbent(mg g
-1

) and b is the 

thermodynamic constant of the adsorption equilibrium 

(L.mg
-1

). The linear form of the Langmuir equation is shown 

below (Eq.5): 
  

  
 

 

    
   

 

     
                                                     (5) 

In this work, Langmuir and Freundlich isotherm models are 

used to fit the equilibrium adsorption data. The obtained 

plots are represented by Figures 16 and 17. The parameters 

of these equations are reported in Table 2. From the 

obtained results, the Langmuir model is more suited to this 

adsorption than that of Freundlich model. This result is 

justified by the values of the regression coefficients and the 

maximum adsorbed quantities (Table 2).  

 

Table 2. Isotherm parameters for adsorption of zinc by kaolin  

Modèle Freundlich Modèle de Langmuir 

KF (mg. g
-1

)(ml.mg
-1

)
1/n

 n R
2 
(%)

 
qmax (mg/g) B (L.mg

-1
) R

2 
(%)

 

11.88 3.03 0.92 40.81 0.326 0.99 

 

According to the value of the Freundlich parameter n (1 > n 

> 10), we conclude that the adsorption process is favorable 

[55]. Figure 18 shows the zinc adsorption isotherm by kaolin 

of Guelma in aqueous solution. The adsorption isotherm has 

a classical isotherm type I. The saturation of the adsorption 

sites takes place gradually until a plateau of saturation is 

reached. The maximum adsorbed amount is 39.39 mg/g. The 

presence of a plateau indicates a weak formation of the 

multilayer (Fig. 18)[56,57]. Consequently, the Langmuir 

equation gives a better representation of the zinc adsorption 

isotherm by kaolin. 

The parameters of the Langmuir model can even be used to 
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establish the affinity between adsorbent and adsorbate, this 

Affinity is determined by the ratio RL[58,59]. RL is a 

unitless quantity indicating whether the adsorption is more 

favorable as RL tends to zero and more unfavorable as RL 

tends towards 1[60,61]. 

The ratio is calculated as a function of the Langmuir 

constant and the initial concentration values as follows 

(Eq.6): 

   
 

     
                                                                          (6)

 

 
Figure 16.  Presentation of Freundlich model 

 

Where RL: the Ratio indicates the quality of the adsorption, b 

is the Langmuir isotherm constant and C0 is the initial 

concentration of solution. As the Figure 19, we observed 

that the values of RL as a function of the initial concentration 

are between 0 and 1. Thus confirm the favorable nature of 

the adsorption and indicate that the solid has a high 

adsorption capacity. 

 

 
Figure 17. Presentation of Langmuir model 

 
Figure 18. Adsorption isotherm of zinc on kaolin 

 
Figure 19. RL as function of zinc initial concentration 
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3.5 Kinetics of adsorption 

Monitoring the kinetics is an important step in the 

adsorption. The adsorption of the heavy metals from the 

liquid phase to the solid phase can be considered as a 

reversible reaction at equilibrium being established between 

the two phases[62]. The order of the reaction was 

determined on solutions of different concentrations, namely 

30, 40 and 50 mg/L. These tests were carried out under the 

optimum conditions. The pseudo order of the reaction is 

calculated by the two kinetic models: the Lagergren model 

and the Blanchard model.  

3.5.1 Pseudo first order 

The Lagergren relation[63] focused on the adsorbed amount 

is the first-rate equation established to describe the sorption 

kinetics in a liquid-solid system. This pseudo first order 

model is represented by the following relation: 
  

  
                                                                   (7) 

The integration of Equation 7 for boundary conditions: q= 0 

à t= 0 et q= q à t= t : 

  
    

  
                                                                       (8) 

Where qe is the adsorbed quantity at equilibrium (mg/g), q is 

the adsorbed quantity at time t (mg/g), t is Time of 

adsorption process in this study it is from 0 to 30 minutes, 

kLag is the constant pseudo first order sorption speed(s
-1

). 

                                                            (9) 

If the relation of Lagergren is satisfied by carrying ln (qe-q) 

as a function of time t, we must obtain a straight line with a 

slope -k and an ordinate at the origin equal to ln (qe) [64].  

In this case, the correlation coefficients must be R2 ≥ 0.9 and 

the values of the theoretically determined maximum 

sorption capacity at equilibrium are close to the 

experimental values[65,66]. 

  

Table 3. Parameters kinetic of Lagergren models 

C0 

(mg/L) 

Klag. 

(g/mg.min) 

qetheo. 

(mg/g) 

qeexp. 

(mg/g) 

R
2
 

(%) 

30 0.128 28.46 25.19 95.8 

40 0.123 32.14 30.76 97.5 

50 0.119 37.22 35.74 97.1 

 

The plots of ln (qe-q) curves as a function of time are shown 

in Figure 20 and the parameters of the Lagergren model are 

given in Table 3. According to Table 3, we note that the 

regression in all three cases is greater than 90% and the 

maximum theoretical and experimental adsorbed capacities 

are close for the three media used. 

 
Figure 20 .Pseudo first order kinetic 

 

3.5.2 Pseudo second order 

The application of the Blanchard model[67] allows us to 

define the pseudo-second order of the reaction in a sorption 

process. it is presented in the following form (éq.10): 
  

  
          (10)                                                     

(10) 

Where qe is the adsorbed quantity at equilibrium (mg/g), q is 

the adsorbed quantity at time t (mg/g), t is Time of 

adsorption process in this study it is from 0 to 30 minutes, kb 

is the constant pseudo second order sorption speed(min
-1

). 

By integrating equation 10 and applying the boundary 

conditions we obtain the following : 
 

 
 

 

    
  

 

  
                                                                     (11) 

By taking t / q as function of time t, we will have to obtain a 

straight line of slope 1 / qe and ordinate at the origin 1 / kb. 

qe
2
. The Blanchard model is verified only if the correlation 

coefficients R ≥ 0.9% and the theoretical and experimental 

maximum capacities are close [68,69].  
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Table 4. Parameters kinetic of Blanchard model 

C0 

(mg/L) 

Kb 

(g/mg.min) 

qe theo. 

(mg/g) 

qe exp. 

(mg/g) 

R
2
 

(%) 

30 0.006 27.21 25.19 36.2 

40 0.010 33.36 30.76 88.1 

50 0.006 39.24 35.74 80.6 

 

The plot of the t/q curves as a function of time is shown in 

Figure 21 and the parameters of the Blanchard model are 

given in Table 4. The presentation of the Blanchard model 

gives a poor regression and the values of the theoretical 

maximum quantities calculated are very far from the 

experimental values in the three cases studied. According 

from these results, we conclude that the kinetics of 

adsorption of zinc by kaolin in aqueous medium under the 

optimal operating conditions is pseudo first order. 

 
Figure 21. Pseudo second order kinetic 

 

3.6. Adsorption mechanism 

The adsorption of metals ions in solution by a solid is 

controlled by various steps including diffusion phenomena 

and fixation phases: 

 diffusion of the metals ion from the solution to the 

boundary layer,. 

 diffusion of the metals ion of the boundary layer 

toward the surface of the adsorbent: external 

transport, 

 diffusion of the metals ion from the solid surface to 

the inside of the pores: Internal transport 

 fixation of the metals ion on  the adsorbent material 

sites 

 

3.6.1.External transport 

If the adsorption process is controlled by the external 

transport (resistance due to the boundary layer) the 

logarithm of residual concentration as a function of time 

must be linear function[70]. The straight-line plot from the 

logarithm function of the residual concentration as a 

function of time [lnC = f (t)], has allowed us to conclude 

that external transport seems to be a step controlling the 

speed of the overall zinc sorption process in aqueous 

solution by kaolin (Fig. 22). This phenomenon is justified by 

the results of the tests carried out, where we find that the 

correlation coefficients for the three-selected media and 

under the optimum operating conditions are greater than 

0.95 (Table 5). 

 

 
Figure 22. External diffusion kinetic for adsorption of kaolin 
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3.6.2. Internal transport 

Weber and Morris[71] reported that if intra-particular 

scattering is involved in the sorption process, by increasing 

the adsorbed amount as a function of the square root of time, 

we need to obtain a line. This step is limiting if the line 

passes through the origin[72]. In the case where these lines 

do not pass through the origin, this indicates that the 

diffusion in the pores, but is not the only limiting 

mechanism of the sorption kinetics. It appears that other 

mechanisms are involved[73,74]. The relation of Weber and 

Morris is presented as follows:  

                                                                                (12) 

Where q is quantity adsorbed at time t, t is time measured in 

minute, kd,int is the diffusion rate constant in the pores(mg/m. 

min 
½
). Kw slope is defined as a speed parameter which 

characterizes the kinetics of adsorption in the area or the 

pore diffusion is the rate limiting step. The intercept 

indicates the effect of the boundary layer, and the greater the 

contribution of external diffusion in the sorption rate 

limitation[75,76].  

 
Figure 23. Intra-particle diffusion kinetic for adsorption of kaolin 

 

According to Figure 23, we observe that the set of straight 

lines resulting from the function qe = f (
t1/2

) doesn't pass 

through the origin, which shows that the diffusion of zinc 

into the pores is not the only mechanism limiting sorption 

kinetics, there are surely other mechanisms involved[77,78]. 

The  Weber and Morris model parameters are shown in 

Table 5. 

 

Table 5. Values of internal and external transport parameters 

 Weber et Morris parameters External  transport parameters 

C0 (mg/L) The intercept R
2
 % kw (mg/g.min) R

2
% 

30 6.63 98.4 5.43 98.5 

40 7.38 99.1 6.44 99.6 

50 8.65 98.4 7.69 99.2 

 

3.7 Thermodynamic study 

The thermodynamic parameters of zinc sorption by kaolin 

can be related to the distribution coefficient (kc) by the 

following equation[79,80]: 

                                                                    (13) 

Where R is perfect gas constant, T is Temperature in kelvin 

(K), Kc is Coefficient of distribution (L/g). 

We know from the laws of thermodynamics of solutions that 

the variation of the free enthalpy is given by the following 

equation (14): 

                                                                (14) 

hence, we will deduce the following equation 

     
   

 
 

 

 
 

   

 
                                                        (15) 

By plotting the logarithm of the distribution coefficient kc as 

a function of the inverse of the temperature [lnkc = f (1 / t)], 

we obtain a line which allows us to determine in the first-

place enthalpy. The entropy ΔS
0
 is calculated by the 

equation below (eq. 16) 

     
       

 
                                                              (16) 

The solute distribution coefficient is calculated from 

equation 17[81-83]. 

   
     

  
 

 

 
 

  

  
                                                    (17) 

 

Table 6. Values of the distribution coefficient at different temperatures 

T(K) 293 303 313 323 

kc (L/g) 1.911 1.626 1.369 0.99 
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Table 7. Thermodynamic parameters for the adsorption of kaolin 

Temperature (K) 293 303 313 323 

ΔH
0 
(kj/mole)

 
-13.379 

ΔG
0 
(kj/mole)

 
-4.647 -4.091 -3.561 -2.738 

ΔS
0 
(j/mole.K)

 
-40.20 

 

The values of the distribution coefficient kc are reported in 

table 6, the values of the thermodynamic parameters are 

presented in Table 7 and the line from the function lnkc = f 

(1 / T) is shown in Figure 24. Table 7 shows the following 

effects: 

 the negative values of ΔG
0 

indicate that the 

adsorption process is spontaneous[84,85], 

 the absolute value of ΔG
0
 decreases with the 

temperature increase which shows that the 

adsorption is favored at low temperature [86,87], 

 the negative value of ΔH
0
shows that the 

adsorption process is exothermic[88,89], 

 the negative value of ΔS
0 

reveals that the 

randomness of zinc adsorption by kaolin has 

decreased at the solid/solution interface[90-92] 

and the adsorption process is energetically stable 

[93]. 

 
Figure 24. Van’t Hoff linear plot of lnkc vs. 1/T 

 

4. Conclusion 

The characterization study of kaolin showed that it consists 

mostly of alumina, silica and a small amount of quartz. It 

also indicated that its structure is disordered and the zero-

point charge (PZC) of the kaolin, determined by pH 

measurements was 6.6.The kinetic study allowed us to 

conclude that the adsorption of zinc in solution by kaolin is 

feasible, where the yield is maximum (83.9%) for the low 

concentrations. The pseudo equilibrium is reached after 30 

minutes and the maximum capacity of adsorbed zinc is 

39.39 mg / g. This sorption phenomenon follows pseudo 

first-order kinetics and obeys Langmuir model. The affinity 

ratio RL showed that kaolin has a high adsorption capacity. 

The Freundlich constant (n> 1) reveals that the adsorption is 

favorable. The study of the adsorption mechanism shows 

that external transport seems to be a step controlling the 

speed of the overall process of zinc sorption in solution. 

However the diffusion into pores is not the only mechanism 

limiting the sorption kinetics. The thermodynamic study 

showed that this process is spontaneous, exothermic and the 

fixation of zinc by the kaolin did not change its structure. 
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