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Abstract: The present work report removal of acid red 14 (AR14) and basic violet 3 (BV3) as anionic and cationic dyes, 

respectively, by adsorption process in batch mode from aqueous solution onto natural and modified forms of a local Cameroonian 

clay. The efficiency of these adsorbents materials (purified natural clay, P−Clay, sodium−clay, Na−Clay, and 

aluminium−pillared, Al−PILC) to remove dyes from aqueous medium was examined at different initial concentrations, pH, and 

ionic strengths. At the optimal contact time of 20 minutes, the maximum adsorbed dye amount on various adsorbents was 

obtained at pH 9 and pH 3 for AR14 and BV3 dyes, respectively. Adsorption process of both dyes on purified or modified clay 

was pH depend and the dyes molecules sorption over the clay surface occurs by electrostatic interactions. Ionic strength 

influenced significantly AR14 and BV3 dyes adsorption. Homo-ionization and pillaring clay increased its adsorption capacity. 

Kinetic studies showed that adsorption follows a pseudo−second−order model, and rate constants were evaluated. Non-linear fit 

of adsorption isotherm, qe vs Ce, were S−class for adsorption of both dye onto AL−PILC, indicating the heterogeneity of the 

adsorbent surface which leaded to a multilayer adsorption with interactions between dye molecules. Langmuir and Freundlich 

models were the best fits to the experimental data with the maximum adsorption capacities of AL−PILC for AR14 and BV3 dyes 

of 1.4 mg g
-1

 and 3.0 mg g
-1

, respectively. Lower adsorption capacities calculated from Langmuir isotherm model than the 

experimental values indicated adsorption mechanism occurs by multilayer formation on the adsorbent surface. 
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1. Introduction 

Water is an essential resource for live on the planet and 

human development. The textile industry is one of the 

anthropogenic activities that most consume water and 

pollute water bodies [1]. Dyes are widely used in 

papermaking and printing, food activities, cosmetic, and 

clinical industries, but especially in textile industries due to 

their chemical stability and ease of synthesis and variety of 

colors [2]. However, these dyes become the pollution 

source when released into environment. During various 

steps of dyeing process, high or less significant amounts of 

dyes are lost due to a lack of affinity with the surfaces to be 

dyed or colored and are found in the waste. At the end of 

the coloring process, an estimated amount of used dye of 10 

to 15% is found in wastewater [2, 3]. However, these 

organic compounds are carcinogenic and refractory to the 

treatment processes usually implemented and are resistant 

to biodegradation [4]. The development of new methods 

and optimization of existing processes, which must be 

efficient and inexpensive, are the principal goal of several 

previous works [2−6]. Several methods of dyes removal 

from contaminated water have been developed in research 

laboratories, e.g. electrocoagulation, biological treatment, 

advanced oxidation process, ion exchange, adsorption, 

filtration, electrodialysis, membrane separation, magnetic 
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separation [5, 7−9]. Among these methods, adsorption was 

the most used for its flexibility, easily and simplicity to 

implement and yielded purified water with high quality [10]. 

In addition, residual solid from adsorption process can be 

recycled or confined in construction materials. Although 

activated carbon is the most promising absorbent material, 

its use remain limited because its fabrication is relatively 

expensive and the regeneration of the adsorbent for several 

steps may cause difficulties [11]. Hence this cost problem 

has led to a search for cheap and efficient alternate 

materials including clay materials. Several papers reported 

utilization of biomass materials based adsorbents, 

agricultural wastes, activated silica, biopolymer (chitosan, 

alginate) based composites, zeolite, fly ash, metal oxides 

and clays [5, 12, 13]. Clay is abundant in the subsoil, it 

present high adsorption capacity and ion exchange 

properties and, have been used many time as adsorbent for 

organic and inorganic pollutants removal in waste water 

[14]. Adsorption efficiency of clays increases when 

modified with pillaring agents or organically modified [5, 

11, 15]. In the present work, a sample of purified local 

Cameroonian clay was homo-ionized with sodium, then 

pillared by aluminium and its efficiency as adsorbent was 

tested for removal of anionic (basic violet 3) and cationic 

(acid red 14) dyes from aqueous solution. Valorization of 

this clay as low cost adsorbent and natural resource for 

water treatment is also expected. The effects of certain 

parameters such as contact time, adsorbent dose, pH, ionic 

strength and initial concentration of the dye solution were 

studied. Furthermore, the kinetic and isotherm models were 

determined, and adsorption mechanism of both dyes on the 

surface of pillared clay was also proposed. 

2. Materials and Methods 

2.1. Reagents 

The samples of both dyes in powder solid forms were 

purchased from SIGMA−ALDRICH Corporation. Their 

structures and essential chemical characteristics are presented 

in table 1. Stock solutions of 1 g/L of AR14 and BV3 dyes 

were prepared by dissolving 1 g of each dye in 1000 mL of 

distilled water and the derived solutions with desired 

concentrations were obtained by dilution operations. NaOH 

and HCl diluted solutions were used to adjust the pH values. 

Table 1. Structures and chemical characteristics of AR14 and BV3 dyes. 

Structures/Properties Carmoisine Crystal Violet 

Structure 

  

Nature anionic cationic 

C.I. name Acid red 14 Basic violet 3 

C.I. number 14720 42555 
Chemical formula C20H12N2Na2O7S2 C25H30N3Cl 

Molecular weight 502.428±0.029 407.979±0.025 

λmax 516 nm 600 nm 

 

2.2. Preparation of Pillared Clay 

The natural clay used in this work was obtained from 

Boboyo’s deposit in the Kaele Sub Division, Far-North 

Region of Cameroon. This clay material has been 

characterized and described in previous works [16, 17]. Its 

physico-chemical properties reported in previous work are 

given in table 2. 

Table 2. Summary properties of raw clay [14, 15]. 

Parameters Values 

Moisture content (%) 22.39 

pH 8.53 

Rising index (%) 95.98 

Parameters Values 

Density 1.39 

CEC (meq/100 g) 74 

SBET (m2/g) 111 

Micropore volume (cm3/g) 0.0009 

Mesopore volume (cm3/g) 0.145 

Mineralogical composition (%) Illite: 62.2; Kaolinite: 27.0; Quartz: 10.4 

The starting clay, Na-saturated sample was prepared by 

treatment of purified natural clay with 1 N sodium chloride 

solution, with subsequent washing by centrifugation and to 

move excess chloride. The obtained solid was dried in oven 

at 80°C for 24 h. Aluminium-pillared clay was prepared 

following the procedure described by Yamanaka and Brindley, 

and Khedher and co-workers [18, 19]. The pillaring solution 
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(OH/Al = 2) was prepared by titrating 0.1 N NaOH aqueous 

solution with aqueous 0.1 N AlCl3.6H2O aqueous solution. 

NaOH solution (300 mL, 30 mmol) was added dropwise to 

AlCl3 solution (150 mL, 15 mmol) at a constant rate of 

1ml/min. Then the pillaring solution was agitated for 2 h at 

60°C and then aged overnight at room temperature. After 

aging, the resulting solution (350 mL, 15 mmol of Al) was 

reacted with 3 g of aqueous suspension of Na-clay (Al/clay 

ratio = 5 mmol/g). The slurry was agitated at temperature of 

60 ºC for 2 h, then washed with distillated water and 

centrifuged till the absence of chloride (test AgNO3 0.01 N) 

and oven-dried at 80 ºC for 20 h and calcined at 400°C for 3 

h. the resulting material was named Al-PILC. 

2.3. Batch Adsorption Experiments 

Adsorption experiments were conducted in batch mode using 

200 mL conical flasks containing a total volume of 20 mL of the 

reaction solution. Reaction mixture (adsorbent + dye solution) 

was agitated at constant speed of 300 rpm using a magnetic 

stirrer (SBS-MR-1600/1T Model) for the required time. The 

effect of some operating parameters such as, contact time 

(5−120 min), absorbent dosage (0.01−0.20 g), initial solution 

pH (2−12) and dye concentration (0.5−20 ppm), on the dyes 

adsorption were studied. After each adsorption experiment 

completed, the solid phase was separated from the liquid phase 

by centrifugation of the aqueous solution at 5000 rpm for 5 min. 

The initial and residual dye concentrations in aqueous phase 

were measured using a UV/Vis spectrophotometer 

(SOCOMAM-PRIM spectrophotometer model) at maximal 

wavelength values of 516 nm and 600 nm for AR14 and BV3, 

respectively. The amount of dye adsorbed per gram of 

absorbent, qe (mg g
−1

) were calculated using the equation (1): 

�� =
�����	
×�


                   (1) 

where C0 and Ce (ppm) are initial and residual dye 

concentrations at initial and equilibrium time, respectively, V 

(L) is the volume of the reaction solution, and m (g) is the 

mass of adsorbent. 

For kinetic experiments, predetermined optimum adsorbent 

mass of 0.01 g was contacted with 20 mL of dye solution, 

initial concentration of 14 ppm. The amount of dye adsorbed 

at time t (min), qt (mg g
−1

), was calculated by equation (2): 

�� =
������
×�


                  (2) 

where Ct (min) is the dye concentration at specific time t. 

3. Results and Discussion 

3.1. Adsorption Experiments 

3.1.1. Effect of Contact Time 

Evaluation of the effect of contact time is essential because it 

provides fundamental information on how fast the adsorption 

process reaches equilibrium. From the results presented in 

Figure 1, it was observed the fast dye adsorption at initial stage, 

which became gradually slower as equilibrium was approached. 

Pillared clay (Al-PILC) had highest adsorption capacity, 

followed by Na-Clay and P-Clay. The time required to reach 

equilibrium was found to be 20 minutes for adsorption of both 

dyes on the three clay materials. The rapid adsorption process at 

the initial stage could be attributed to the easily accessible 

active sites on the adsorbent surfaces and the slow adsorption 

rate in later stage was apparently due to slower diffusion of dye 

molecules into the interior of the adsorbents [20]. Indeed, 

numerous and vacant active surface sites of adsorbent were 

available in the early stages of the adsorption, while as the 

contact time increased, the number of vacant sites decreased, 

thereby slowing down the adsorption process. Similarly, the 

increase of the initial dye concentration led to higher loading 

rates of the adsorbate molecule, which was attributed to the 

enhanced driving force of the concentration gradient to the 

vacant sites of adsorbent [17, 21, 22]. Therefore, the adsorption 

time was fixed to 20 min in all adsorption experiments to make 

sure that the adsorption reached equilibrium. 

 

Figure 1. Effect of contact time on adsorbed quantity of AR14 (a) and BV3 (b) on the three adsorbents. Conditions: initial dye concentration 14 ppm, 25±°C, 300 

rpm. 
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3.1.2. Effect of Adsorbent Dose 

P−Clay, Na−Clay and Al−PILC quantity influence over 

AR14 and BV3 adsorption is presented in Figure 2. It can be 

seen that as the adsorbent amount increases, adsorption 

capacity decreases. In fact, until adsorbent amount remain 

weak in solution, dye molecules can easily reached adsorption 

sites. The decrease in adsorbed amount at higher dosage is due 

to a decrease in the number of occupied sites per unit mass 

[23−25]. This may also be ascribed to the total adsorption 

surface area available to dye molecules resulting from 

overlapping or aggregation of adsorption sites [7]. For further 

experiments, 0.01 g was used as adsorbent mass. 

3.1.3. Effect of Solution pH 

The influence of pH over dye adsorption onto purified and 

modified clays was studied while the initial dye concentration, 

contact time and adsorbent amount were fixed at 14 ppm, 20 

min and 0.01 g, respectively. As presented in figure 3, the 

variation of dye adsorption on the three adsorbent materials 

over a pH range of 2.0–12.0 revealed that the adsorption of 

AR14 dye increased with an increase in pH of the solution 

from 3.0 to 9.0, while for BV3 dye its adsorption variation 

decreased from pH 3.0 to 9.0 and then remained almost 

constant. It can be also observed that maximum adsorbed 

amount on various adsorbents was obtained at pH 9 and pH 3 

for AR14 and BV3, respectively. This observation indicates 

that adsorption of both dyes was pH dependent. When the pH 

of the reaction solution decreased, the number of positively 

charged sites on the clay surface increased, and the number of 

negatively charged sites decreased. The negatively charged 

sites on the adsorbent surface favored the adsorption of 

cationic dye due to electrostatic interaction. The lower 

adsorption at acid pH was due to the presence of excess H+ 

competing with the AR14 dye for adsorption sites. Lower 

sorption of the anionic dye at alkaline pH could be attributed to 

the abundance of OH
−
 ions which will compete with the BV3 

anions for the same sorption sites [15, 26, 27]. Further 

adsorption experiments were conducted at initial solutions pH 

of 9.0 for AR14 and 3.0 for BV3. 

  

Figure 2. Effect of adsorbent dose on AR14 (a) adsorption and BV3 (b) adsorption. Conditions: initial dye concentration 14 ppm, contact time 20 min, 
25±2°C. 

  

Figure 3. Effect of pH solution on AR14 (a) and BV3 (b) dyes adsorption. 
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3.1.4. Effect of Initial Dye Concentration 

The effect of the initial dye concentrations over the 

adsorption capacity of AR14 and BV3 dyes on the three 

adsorbents are shown in Figure 4. It can be observed that the 

adsorption amount of both dyes onto all adsorbents increase 

continuously with the initial AR14 and BV3 dye 

concentrations up to 14 ppm at the given adsorption 

conditions: T (25°C), pH (9.0) for AR14 and pH (3.0) for BV3, 

contact time (20 min), adsorbent mass (0.01 g). AR14 and 

BV3 adsorption on all the clay samples did not show a plateau 

suggesting that there was no formation of monolayer on the 

surface of the adsorbents [28]. 

  

Figure 4. Effect of initial dye concentrations on AR14 (a) and BV3 (b) adsorption amount. 

3.1.5. Effect of Ionic Strength 

Electrostatic and non-electrostatic interactions between dye 

molecules and adsorbent surface can be influenced by ionic 

strength of the solution [7]. In order to explore the effect of 

ionic strength of the solution on AR14 and BV3 adsorption, 

NaCl solutions with different concentrations values ranging 

from 100 to 500 ppm were prepared and 20 mL was added to 

the dye solutions. Experimental study of variation of adsorption 

capacity with NaCl concentration was carried out at initial dyes 

concentration of 14 ppm at 25 ± 2°C. The ionic strength effect is 

presented in Figure 5. As can be seen, the adsorbed dye quantity 

increased as the concentration of NaCl increased up to 200 ppm 

for both AR14 and BV3. After this concentration, a slight 

decrease in adsorbed amounts is observed for AR14 adsorption, 

while it remained almost constant for BV3. In the first hand, 

this observation could be attributed to the NaCl addition, which 

does not affect the interaction between AR14 molecules and 

active sites on adsorbent [7, 29]. The slight decrease in 

adsorption for the salt concentration over 100 ppm (Figure 5 (a)) 

can be attributed to competitive adsorption between AR14 ions 

and increasing sodium ions with increasing of NaCl 

concentrations on the negatively charged clay at pH 9 [7]. In the 

other hand, BV3 dye adsorption capacity remained constant for 

the salt concentration over 200 ppm (Figure 5 (b)), this could be 

explained by the slight influence of ionic strength on its 

adsorption. 

  

Figure 5. Effect of ionic strength on AR14 (a) (pH 9) and BV3 (b) (pH 3) adsorption. 
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3.2. Adsorption Kinetics 

Adsorption kinetic studies are conducted in adsorption 

process in order to examine the mechanisms controlling. 

Several kinetic models are available in the literature to 

describe and better understand the behavior and kinetics of 

adsorbents. In this work, four kinetic models were used to 

represent the AR14 and BV3 dyes adsorption on the three 

adsorbents, namely: Pseudo-first-order, Pseudo-second-order, 

Intra-particle diffusion and Elovich models. The best fit of the 

experimental data was established based on the value of the 

coefficient of determination R
2
. The linearized form of the 

pseudo-first-order model deduced from the model established 

by Lagergren [30] was given by equation (3). 

����� − ��
 = �����
 − ��.�
�.���           (3) 

where qe and qt represent the amount of dye adsorbed (mg g
-1

) 

at equilibrium and at specific time t (min), respectively. k1 is 

the Lagergren 1
st
 order rate constant (min

-1
). The plot of ln(qe 

− qt) as a function of t was used to determine the parameters of 

the pseudo-first-order model (Tables 3 and 4). 

The linear equation of the pseudo−second−order kinetic 

model was given by equation (4) [31] (Ho and McKay 19

99): 

	 ��� =
�

���	�
+ �

�	
�                (4) 

where k2 is the pseudo-second-order rate constant (g mg
-1

 

min
-1

). The plot of t/qt versus t (Figure 6) was used to 

determine the parameters of the pseudo−second−order 

kinetic model. 

The linear form of Elovich model [32] was represented by 

equation (5). 

�� = �
� ��� !
 +

�
� ����
            (5) 

where α is the adsorption rate constant and β is the adsorption 

constant related to the extent of surface coverage and 

activation energy for chemisorption. These constants were 

calculated from the straight line obtained by plotting qt versus 

ln(t) (Tables 3 and 4). 

To evaluate the contribution of dyes diffusion through the 

adsorbent pores, the rate constant for intra-particle diffusion 

kid (mg g
-1

 m
-1/2

) and the thickness of the boundary layer Ci 

(mg g
-1

) were also determined using Weber and Morris model  

[33] (equation (6)). 

	�� = "#$ . ��/� + &#               (6) 

The values of kid, Ci and R
2
 obtained by plotting

 
qt versus t

1/2
 

are represented in Tables 3 and 4. The experimentally 

determined amounts of dyes (AR14 or BV3), qe,exp, and the 

calculated values, i.e., qe,cal derived from the simulation of 

adsorption kinetics (pseudo-first-, and pseudo-second-order 

models) are shown in tables 3 and 4. The pseudo-second-order 

R
2 values (0.995; 0.994, and 0.999 for AR14 adsorption, 

0.991; 0.980 and 0.998 for BV3 adsorption) on various 

adsorbents were higher than the other models values and 

closer to 1. However, qe,cal values determined for the 

pseudo-second-order model were mainly close to the qe,exp 

values. Thus the simulation results suggest that the adsorption 

of AR14 and BV3 dyes fit the pseudo-second-order kinetic 

model quit well, and this kinetic model could be applied to 

describe adsorption mechanism of AR14 and BV3 dyes 

adsorption onto clay materials. Figure 7 shows the amounts of 

adsorbed dye, qe, function of t
1/2

 for different adsorbent 

materials. As can be observed, plots are linear over the range 

of time and the lower values of kid (Tables 3 and 4) which 

indicate that one of sorption, chemisorption involved in the 

AR14 and BV3 adsorption and slow diffusion through the 

adsorbent pores. Based on these, it can be concluded that 

diffusion in not the adsorption limiting step. [32]. 

 

Figure 6. Plot of linearized form of pseudo-second-order equation for AR14 (a) and BV3 (b) adsorption onto the three clay materials (V = 20 mL, pH 9 for 

AR14 and pH 3 for BV3, mClay = 0.01 g, T = 25 ± 2°C). 
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Table 3. Kinetic parameters for the adsorption of AR14 dye onto P−Clay, Na−Clay and Al−PILC (V = 20 mL, pH 9, mClay = 0.01 g, T = 25 ± 2°C). 

Adsorbent 

 Pseudo-first-order Pseudo-second-order Elovich equation Intra-particle diffusion 

qe,exp* (mg g-1) 
k1 

(min-1) 

qe,cal* 

(mg g-1) 
R² 

k2 

(g/min.g) 

qe,cal 

(mg g-1) 
R² β ' R² 

Ci 

(mg g-1) 

kid* 

(mg g−1 

min-1/2) 

R² 

P-Clay 0.960 0.05 0.967 0.556 2.08 0.941 0.995 22.98 2.83×106 0.112 0.82 0.01 0.047 

Na-Clay 1.558 0.01 0.970 0.516 0.61 0.979 0.994 5.73 2×103 0.640 1.51 0.08 0.611 

Al-PILC 2.459 0.07 0.934 0.889 0.87 2.489 0.999 14.51 6.3×1012 0.686 2.26 0.03 0.673 

Note:*e,exp = eqpilibrium, experimental; *e,cal =eqilibrium, calculated; *id = intra-particle diffusion 

 

Figure 7. Plot of linearized form of intra-particle diffusion equation for AR14 (a) and BV3 (b) adsorption onto the three clay materials (V = 20 mL, pH 9 for 

AR14 and pH 3 for BV3, mClay = 0.01 g, T = 25 ± 2°C). 

Table 4. Kinetic parameters for the adsorption of BV3 dye onto P−Clay, Na-Clay and Al−PILC (V = 20 mL, pH 3, mClay = 0.01 g, T = 25 ± 2°C). 

Adsorbent 

 Pseudo-first-order Pseudo-second-order Elovich equation Intra-particle diffusion 

qe,exp 

(mg -1g) 

k1 

(min-1) 

qe, cal 

(mg/g) 
R² 

k2 

(g/min.g) 

qe,cal 

(mg g-1) 
R² β α R² 

Ci 

(mg g-1) 

Kid 

(mg g-1 

min-1/2) 

R² 

P-Clay 3.986 0.01 1.020 0.492 0.16 3.575 0.991 2.99 1.16×105 0.198 4.12 0.18 0.283 

Na-Clay 3.798 0.03 1.034 0.072 0.14 2.573 0.980 3.10 9.54×104 0.003 4.01 0.19 0.079 

Al-PILC 4.836 0.05 0.948 0.067 0.37 5.098 0.998 4.06 5.77×106 0.538 4.67 0.11 0.454 

Note:*e,exp = eqpilibrium, experimental; *e,cal =eqilibrium, calculated; *id = intra-particle diffusion 

3.3. Adsorption Isotherms 

The adsorption isotherms indicate how the adsorbate 

molecules (AR14 or BV3 dye) were distributed between the 

liquid and the solid phases when the adsorption process 

reaches an equilibrium state. Figure 8 gives the adsorption 

isotherms at temperature of 25 ± 2°C for AR14 and BV3 dyes 

on AL−PILC. It can be observed the AR14 or BV3 dye 

adsorbed amount increased slowly with increasing the initial 

concentration. According to the classification of Giles and 

co-corkers [35], both dyes showed a S-class isotherm. This 

type of isotherm is characteristic of multilayer adsorption due 

to the strong adsorbate-adsorbate interaction [34]. 

In order to understand the adsorption phenomenon, the 

experimental isotherm data of AR14 and BV3 dyes adsorption 

onto the three Clay adsorbents were analyzed by fitting them to 

four theoretical isotherm models, Langmuir, [37], Freundlich, 

[38], Temkin, [39], and Dubinin-Radushkevich (DR) [40, 41]. 

The Langmuir model is presented by the following equation: 

�� = �(�)�	
�*�)�	

                      (7) 

where qe (mg g
-1

), qm (mg g
-1

), Ce (mg L
-1

) and KL (L mg
-1

) are 

adsorbed amount of dye at equilibrium, Langmuir maximum 

adsorption capacity, dye concentration at equilibrium and 

Langmuir constant, respectively. 

The Freundlich model, is given by equation (8). 

�� = +,&��/-.                 (8) 

where kF [mg/g(L/mg)
1/n

], is the Freundlich constant and 

indicator of the adsorption capacity of the adsorbent while nF 

indicates favorability of the adsorption process (adsorption 

intensity) or surface heterogeneity. nF value between 1 and 10 

represents favorable adsorption. 

The Temkin isotherm model is expressed by following 

equation: 
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where kT (L mg
-1

) is the equilibrium binding constant 

corresponding to the maximum binding energy, bT (J mol
-1

) is 

related to the adsorption heat, R is the universal gas constant 

(8.314 J k
-1

 mol
-1

) and T is the temperature (K). 
The Dubinin-Radushkevich (D-R) isotherm assumes a 

Gaussian-type distribution for the characteristic curve and the 

model can be described by equation (10). 

�� = �34��567
�
               (10) 

where qD (mol g
-1

), is the theoretical isotherm saturation 

capacity, BD (mol
2
 kJ

-2
), gives the mean sorption free energy E 

(kJ/mol) per molecule of adsorbed at the moment of its 

transfer to the solid surface from the bulk solution [37] and 

can be computed using equation (11). 

8 = �
9�:;                   (11) 

The D-R isotherm model considers that adsorbent size is 

comparable to the micropore size and the adsorption 

equilibrium relation for a given adsorbate-adsorbent 

combination can be expressed independently of temperature 

by using the adsorption potential (ε) (equation (12). 

< = =>	�� ?1 + �
�	
A              (12) 

The nonlinear plots of the studied isotherm models relate to 

equations (7) – (10) applicate on the data of AR14 and BV3 

dyes adsorption on AL−PILC adsorbent are displayed in 

Figure 8. The fit quality of each isotherm model was evaluated 

through the determination coefficient R2. 

The isotherm parameters of models were presented in Tables 

5 and 6. By comparing the values of linear constant regression, 

R
2
, the Langmuir and Freundlich isotherm models have the 

highest values practically equal to 1, followed by the Temkin, 

and Dubinin-Radushkevich models for various adsorbents, 

which indicates that Langmuir model was the best fit to the 

experimental data. The maximum adsorption capacities of 

Al-PILC for AR14 and BV3 dyes were found to be 1.4 mg g
-1

 

and 3.0 mg g
-1

, respectively. The relatively low adsorption 

capacity of AL-PILC than experimental values (11.2 mg g
-1

 for 

AR14 dye and 24.95 mg g
-1

 for BV3 dye adsorption), can be 

explained by the heterogeneity of the adsorbent surface which 

would lead to a multilayer adsorption with interactions between 

adsorbate molecules (AR14 or BV3 dye molecules) [8]. 

  

Figure 8. Adsorption isotherms AR14 dye (a) and BV3 dye (b) by AL-PILC. Conditions: contact time 20 min, 25 ±2° C, V = 20 mL, m = 0.01 g.

The nF values (equal to 1 for adsorption of both dyes onto 

all adsorbent materials), indicate that adsorption of AR14 and 

BV3 on various clays adsorbents is a favorable and linear, 

processing with high and intensity, indicating the 

heterogeneity in dye molecules and clay surface system, and 

involve constant adsorbent-adsorbate affinity [42]. The free 

energy values, E, obtained from D-R isotherm model were 

(1291 kJ mol
-1

 for AR14 adsorption, and 845.1 and 1000 kJ 

mol
-1

 for BV3) onto P−Clay, Na−Clay and Al−PILC, 

respectively. These values of E > 80 kJ mol
-1

, indicate that 

adsorption of both dyes on various clay materials in this study 

take place as chemisorption [43].

Table 5. Isotherm parameters for the adsorption of AR14 dye onto P−Clay, Na−Clay, and Al−PILC. 

Adsorbent 
Freundlich Temkin  DR 

kL* ×10-7
 qm* (mg g) R² kF* nF R² kT b R² E (kJ/mol) ΒD* ×10-7 qm (mg/g) R² 

R-C − − 1 1.99 1 1 1.96 3.84 0,92 1291 3 7.96 0.85 

Na-C − − 1 1 1 1 0.99 3.70 0,93 1291 3 7.57 0.89 

Al-PILC 1.4 1.4 1 1.99 1 1 1.79 4.16 0,91 1291 3 7.45 0.85 

Note:*L = Langmuir; *m = maximal; *T = Temkin; *D = Dubinin 
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Table 6. Isotherm parameters for the adsorption of BV3 dye onto P−Clay, Na−Clay and Al−PILC. 

Adsorbents 
Langmuir Freundlich Temkin  DR 

KL ×10-8 qm (mg/g) R² kF nF R² kT b R² E (kJ mol-1) ΒD ×10-7 qm (mg/g) R² 

P−Clay 3.6 1.11 1 0.39 1 1 1.86 1.17 0.85 1000 5 3.17 0.89 

Na−Clay 6.6 2.6 1 1.99 1 1 0.95 8.47 0.88 845.1 7 15.54 0.79 

Al−PILC 6.6 3.0 1 1.99 1 1 1.61 6.71 0.83 1000 5 21.03 0.92 

Note:*L = Langmuir; *m = maximal; *T = Temkin; *D = Dubinin 

4. Conclusion 

A local purified natural clay and its modified form 

(Na−Clay and Al−PILC), were tested as adsorbent for Acid 

Red 14 and Basic Violet 3 dyes removal from aqueous 

solutions. The study of effect of contact time over adsorption 

of both dyes revealed a rapid process with the equilibrium 

time of 20 minutes. The influence of solution pH showed that 

the maximum amount of AR14 dye adsorbed was observed at 

alkaline pH (pH 9), while the adsorption capacity for BV3 was 

lower in alkaline medium and the maximum was obtained at 

pH 3. From this observation, the adsorption process of AR14 

and BV3 dyes on various adsorbents could preceded by 

electrostatic interaction between dye charges and those on the 

clay surface. Application of kinetic models to analyze the 

adsorption mechanism of AR14 and BV3 dyes on various 

adsorbents showed that the pseudo-second-order model with 

R
2 values higher and closer to 1 than the other models, and qe, 

cal values determined for the pseudo-second-order model were 

mainly close to the qe, exp values indicating that the 

pseudo-second-order kinetic model could be applied to 

describe adsorption mechanism of AR14 and BV3 dyes 

adsorption onto raw or modified clay materials. The 

classification of experimental adsorption isotherms of both 

dyes on AL−PILC showed a S−class isotherm, characteristic 

of multilayer adsorption due to the strong adsorbate-adsorbate 

interaction. 
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