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Abstract The studies of the kinetics and isotherms adsorption of the Reactive Red 120 (RR120) onto bentonite 

clay were explored in a batch study in a laboratory. The mechanisms and characteristic parameters of the 

adsorption process were analyzed using five parameter isotherm models which revealed the following order 

(based on the coefficient of determination): Langmuir (0.998)> Freundlich (0.964) and Halsey (0.931)>Harkin-

Jura (0.912)> Temkin (0.894)>Dubinin–Radushkevich (0.891). Kinetic parameters were tested using the 

pseudo-first order, pseudo-second order, and intraparticle and film diffusion models. The presence of film 

diffusion mechanism was found to play a major role in the adsorption process. The results indicated the 

potential of bentonite as a low-cost and eco-friendly adsorbent for the removal of dye ions from aqua media. 
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Introduction 

Color is an important part of the human world. A few decades earlier, the selection, application and  use of dyes 

were not seriously considered regarding their environmental impacts; even the chemical  compositions of dyes 

were unknown [1-3]. Dyes are widely used in the industries of dyestuffs, paper, plastics, textile, leather, 

cosmetics and food, which generate appreciable amount of wastewater [4]. The textile industry is the largest 

consumer of dyestuffs [5]. It has been reported that there is a large amount of residual dyes remaining in 

wastewater in the dyeing process, especially for reactive dyes [6, 7].  

It is estimated that an average of 30% of applied reactive dyes end up in effluent in the alkaline dye bath 

because their hydrolyzed form has no affinity for textile fabrics [8, 9]. Reactive dyes cause major problems with 

respect to color. Dyes have been considered harmful organic compounds for environment, and most of the 

residual dyes are resistant to biodegradation processes and toxic, which caused water unfit [10-12]. 

Dyes can have adverse and toxic effects to humans, such as skin irritation and cancer. Untreated dyes cause 

biological and chemical changes in aquatic system by reducing light penetration, thereby affecting 

photosynthetic activities [13, 14]. Therefore, there is a need to treat the effluent before discharge and comply 

with the environmental regulations [15]. 

Several methods involved biological, physical, chemical and associated technologies have been reported for 

dyes removal [16]. The adsorption process is one of the most effective methods for the removal of dyes from 

wastewater [17]. The process of adsorption has an advantage over the other methods due to its cost-effectiveness 

and sludge free clean operation [18, 19]. Adsorbents that are commercially available, e.g., commercially 

activated carbon, are very effective but expensive. Therefore, research is currently focused on adsorbents that 

remove dyes from wastewater at a low cost [20, 21]. 

In the last decade, bentonite clay has been successfully applied for the adsorption of dyes [22, 23]. Bentonite 

clay has been considered as a potential adsorbent for the removal of pollutants from water [23, 24]. In the 
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present research study, the adsorption capacity of bentonite clay was investigated for removing Reactive Red 

120 dye from an aqueous solution. 

 

Materials and Methods 

Adsorbate: One commercial dye, namely, Reactive Red 120 (RR120) (Figure 1), having a Number 61951-82-4; 

EC Number 263-351-0, molecular weight of 1469.98 g, Chemical Formula = C44H24Cl2N14O20S6Na6 and 

maximum wavelength λmax = 660 nm (Sigma-Aldrich), was selected as the adsorbate. 

Adsorption Equilibrium Studies: Various dye solutions with different initial concentration, in the range of 20-

200 mg/L, were prepared by diluting a stock dye solution. A sufficient amount of bentonite, 1.5 g/L, was 

brought into contact with known volumes (100 mL) of dye solutions. The bottles were sealed and agitated in a 

thermostatic shaker at a desired temperature, normally at 30 °C unless otherwise stated, for 1 h, which was 

found to be sufficient to reach equilibrium. After equilibrium was reached, each sample withdrawn was filtrated 

through a 0.45 𝜇m membrane filter to remove any particles. The residual dye concentration of RR120 was then 

determined. The amount of MB adsorbed at equilibrium, qe (mg/g) was obtained as follows [25, 26]: 

qe = (C0 − Ce) 
𝑉

𝑀
   

Where CO (mg/L) is the initial RR120 concentration, Ce (mg L) the RR120 concentration at equilibrium, V (L) 

the volume of the solution, and M (g) is the mass of the adsorbent. 

Adsorption Kinetics: Adsorption kinetics study was carried out in order to test the relationship between contact 

time and RR120 dye uptake. Dye solutions (1000 mL) with different initial concentrations were prepared and 

maintained at 30 °C, prior to the experiment. Bentonite was then added into the dye solution while being 

constantly stirred. Samples were withdrawn at different time intervals. 

 
Figure 1: Molecular structure of RR120 

Results and Discussion 

 Effect of Temperature: The effect of temperature on adsorption capacity was investigated by measuring the 

adsorption isotherms at various temperatures, namely, 10, 20, 30, 40 and 50 °C. The corresponding isotherm 

parameters obtained by fitting the experimental data are listed in Table 1. As can be seen with the increase of 

temperature from 10 to 30 °C, the adsorption capacity increases slightly from 128.5 to 144.2 mg/g. This 

observation reveals that the adsorption process is slightly endothermic. This may be caused by the increased 

tendency of adsorbate ions to be adsorbed from the solution into the dye clay interface. The adsorption capacity 

does not change as much when the temperature increases from 30 to 50 °C, suggesting the adsorption behavior 

is insensitive to the changes of temperature in this range. The overall temperature influence is weak for the 

adsorption of RR120, which probably indicates the low activation energy in the predominantly ionic system [27, 

28]. 

 

 

 

 

 

 
 

 

Adsorption Kinetics 

Adsorption kinetics governs the rate of reaction, which determines the residence time and is one of the 

important characteristics defining the efficiency of an adsorbent. The kinetics of dye sorption can be controlled 

by several independent processes which could act in series or in parallel, such as bulk diffusion, film diffusion, 

Table 1: Langmuir Adsorption Isotherm Constants 

Temperature (°C) qmax K R
2
 

10 

20 

30 

40 

50 

128.5 

137.4 

144.2 

139.7 

138.8 

1.98 

2.48 

2.74 

2.65 

2.59 

0.994 

0. 992 

0.996 

0.998 

0.997 

http://www.sigmaaldrich.com/catalog/search?term=61951-82-4&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=IR&focus=product
http://www.sigmaaldrich.com/catalog/search?term=263-351-0&interface=EG/EC%20No.&N=0&mode=partialmax&lang=en&region=IR&focus=product
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chemisorptions and intraparticle diffusion [27, 28]. In the quest to investigate the mechanism of adsorption of 

RR120 ions unto bentonite and the potential rate controlling steps. The pseudo first order, pseudo second order, 

intraparticle and liquid film diffusion kinetic models were applied to the experimental data and their kinetic 

parameters are presented in Table 2. 

The Lagergren pseudo first order model considers that the rate of occupation of adsorption sites is proportional 

to the number of the unoccupied sites and the linear form of this model equation is given as [29, 30]: 

Log (qe – qt) = log qe – 
𝐾1

2.303
t 

Where K1 is the Lagergren rate constant of adsorption (min
-1

), qe and qt are the amounts of RR120 ions adsorbed 

(mg/g) at equilibrium and time t respectively. The slope and intercept of the plots of log (qe-qt) versus t were 

used to determine the pseudo first order rate constant K1 and the equilibrium adsorption capacity qe. 

The pseudo second order model is based on the assumption that adsorption follows a second order mechanism. 

So the rate of occupation of adsorption sites is proportional to the square of the number of unoccupied sites. The 

linear form of the pseudo second order equation is expressed as [4, 31]: 
t

qt
  = 

1

k2qe2  
 + 

t

qe  

Where K2 (g/mg.min) is the equilibrium constant of pseudo second order adsorption. The initial sorption rate (h) 

can be calculated from the equation [9]: 

h =K2qe2 

The applicability of the pseudo second order model was tested by a linear plot of t/qt versus t with a slope of 

1/qe, the value of K2 was calculated from the intercept of the plot (Fig 2). 

The diffusion mechanism was determined by the intraparticle diffusion model. This is due to the fact that dye 

ions are transported from the aqueous phase to the surface of the adsorbent and subsequently they can diffuse 

into the interior of the particles if they are porous. The intraparticle diffusion equation is given as [32, 33]: 

qt = Kd t
0.5

+ C 

Where C is the intercept and Kd (mg/g. min
1/2

) is the intra-particle diffusion rate constant. Intraparticle diffusion 

is the sole rate determining step if the plot of qt versus t
1/2

 is linear and passes through the origin (C=0). Values 

of qt and C were obtained from the slope and intercept of the plot and are shown in Table 2. 

When the transport of the adsorbate from the liquid phase up to the solid phase boundary plays the most 

significant role in adsorption, the liquid film diffusion model can be applied [34]: 

Ln (1-F) = Kf t 

Where F is the fractional attainment of equilibrium (F=qt/qe) and Kf is the adsorption rate constant (mg/g.min). 

A linear plot of Ln (1-F) versus t with zero intercept would suggest that the kinetics of adsorption is controlled 

by diffusion through the liquid film surrounding the solid adsorbent. The constant Kf was obtained from the 

slope of the plot. A comparison of the correlation coefficient results (Table 2) showed that both the pseudo-first 

order and pseudo second order models gave good fits to the experimental data. However, the R
2
 values 

presented by the Pseudo second order model were better than that of the Pseudo- first order model, which 

indicates greater conformity of the adsorption process to the former. However, the calculated qe values (qe cal) 

obtained from both models showed a great discrepancy with the experimental qe value (qe exp) for the sorption of 

RR120 ions. 

 
Figure 2: Pseudo- second-order kinetics of RR120 dye adsorption onto bentonite 
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Conclusion 

A low-cost and easily obtainable bentonite was utilized for the removal of RR120 dye from a binary system. 

The bentonite was used without chemical modification in order to keep the process cost low.  The scatchard plot 

analysis revealed the homogeneous nature of bentonite confirmed by the Langmuir isotherm which provided the 

best fit to the experimental data. 
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