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ABSTRACT 
In the present study, the adsorption of disperse red dyes which is one of the most commonly used insoluble dyes in textile industries 
was studied using commercial activated carbon. to understand the adsorption behavior of the disperse red dye the adsorption 
kinetics and the equilibrium adsorption isotherm have been investigated. Batch experiments was carried out with an initial 
concentration of 50 mg/L with 2.0 gm of adsorbent to achieve the contact time of equilibrium and then mechanism of adsorption 
process using three kinetic models; Pseudo-first, second order and intra-particle model. Isotherm studies was carried out at three 
different adsorbent amounts (1.0, 2.0 and 3.0 gm) to predict the type of adsorption process on the surface (chemical or physical) 
using three isotherm models; Langmuir, Freundlich and BET models. The results showed that the intra-particle diffusion kinetic 
model fitted well to experimental data and is not the only controlling step of adsorption rate, and the adsorption isotherm follows 
the BET model referring to the physical adsorption. 
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INTRODUCTION 

 

The water consumption in textile industry, especially in dyeing and washing processes is too high. 

Therefore, a large amount of wastewater is produced and discharged to the receiving environment during the 

textile production process [1]. These effluents of wastewater contain various types of synthetic dyestuffs. The 

treatment of textile wastewater comprising dyestuffs and other non-biodegradable organics and inorganics poses 

considerable problems in the wastewater treatment industry [2]. Besides water resources are limited.  

The textile industry should look for recycling and reuse this water [1]. The discharge of colored wastes into 

receiving water bodies not only affect their aesthetic nature but also interferes with the transmission of sunlight 

thereby reducing photosynthetic activity. This disturbs the natural equilibrium by affecting aquatic life and food 

chain [3]. The presence of color in the wastewater is one of the main problems in textile industries. From the 

environmental point of view, the removal of synthetic dyes is of great concern, because some dyes and their 

degradation products are carcinogenic and toxic [4]. 

Azo disperse dyes have mostly been used in coloration of textiles, such as polyester, nylon, acetate, 

cellulose and acrylic, due to their bright colors, excellent colorfastness and ease of application [5]. Since the 

disperse dyes are low soluble in water and do not have a significant charge on them which makes it difficult to 

remove from wastewater [3]. Various processes for color removal include physical, chemical and biological 

schemes such as ion exchange, advanced oxidation, filtration, and adsorption. Adsorption has been found the 

efficient process to other techniques for water reuse in terms of initial cost, the simplicity of design, use of 

operation and insensitivity to toxic substances [6]. 



35-30, Pages: 6201December ) 17(10. Advances in Natural and Applied Sciences/6201 .,Alaa H. TahaRaid T. Hade and       31 

 

 

MATERIALS AND METHODS 

 

Materials: 

The Commercial Activated carbon (CAC) adsorbent is washed with tap water and distilled water several 

times to remove the dust particles then dried to 100 oC and sieved to 1.0 mm diameter. The adsorbate is disperse 

red dye with a molecular weight of 371.5 g/mol and wavelength of 456 nm. A stock solution of disperse red dye 

with a concentration of 1.0 g/L was prepared and then diluted to the desired concentration. 

 

Methods: 

A volume of 150 mL of disperse red was placed in a 250 mL beaker and 2.0 gm of activated carbon 

adsorbent at room temperature with 200 rpm shaking until the process reaches the equilibrium time 120 min to 

study the effect of kinetics and indicating the mechanism of the adsorption process. Different amounts of 

adsorbents (1.0, 2.0 and 3.0 gm) were used to study the effect of equilibrium isotherm effect and predicting the 

type of adsorption on the surface. The produced concentration was measured using double-beam UV-visible 

spectrophotometer (shimadzu -1800). 

 

3. Adsorption Isotherm and Kinetic: 

Adsorption Isotherm: 

In order to optimize the design of adsorption of disperse red dye onto the activated carbon, it is important to 

establish the most appropriate correlation for the equilibrium curves. The adsorption isotherms were studied 

through various models such as the Langmuir, Freundlich and BET isotherms. 

 

Langmuir model: 

Langmuir isotherm model is the best known linear model for monolayer adsorption on the homogeneous 

surface and most frequently utilized to determine the adsorption parameters. Langmuir model is represented by 

the following equations: [4] 
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Where qe is equilibrium concentration of adsorbate in solid phase (mg/g), Ce is the equilibrium 

concentration of adsorbate in liquid phase (mg/L), KL constant (mg/L) and qm is the maximum capacity (mg/g) 

[7]. 

The linear form Langmuir isotherm equation can be represented by: 
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Freundlich model: 

The Freundlich model assumes physicochemical heterogeneous adsorption due to the diversity of active 

sites on the surface. The Freundlich equation written below is an empirical equation for the adsorption isotherm: 
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where KF (mg/g) is an indicator of the biosorption capacity and 1/n (l/mg) is the biosorption intensity. A 

value for 1/n below one indicates a normal Frendlich isotherm (chemical adsorption) while 1/n above one is an 

indicative of a physical adsorption [8] 

 

BET model: 

BET model assumes that layers of molecules are adsorbed on top of previously adsorbed molecules. Each 

layer adsorbs according to the Langmuir adsorption model. The linear form of BET model can be written as 

follows: 
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Where qm is the maximum adsorption capacity (mg/mg); Co initial concentration of adsorbate at saturation 

of all layers; and KB is constant [9]. 

 

Adsorption Kinetics: 

Adsorption kinetics models are used in order to explain the adsorption mechanism and adsorption 

characteristics. Three common adsorption kinetic models, pseudo-first-order equation, pseudo-second-order 

equation and Intra-particle diffusion model, were selected to fit kinetic data [10]. 
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Pseudo First Order Kinetic Model: 

Pseudo first –order kinetic model assumes that the rate of change of solute uptake with time is directly 

proportional to difference in saturation concentration and the amount of solid uptake with time. It was proposed 

by Lagergren, the linear form of Pseudo-first order model can be written as bellow: 
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Where qt and qe are the amount of dye adsorbed (mg/g) at contact time t (min) and at equilibrium, and K1 is 

the pseudo-first-order rate constant (min-1) [11]. 

 

Pseudo Second Order Kinetic Model: 

The linear form of The pseudo second-order adsorption kinetic rate Equation is expressed as: 
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Where K2 is the rate constant of the pseudo second order adsorption (g.mg-1.min-1) [12]. 

 

Intra-particle diffusion model: 

The possibility of intra-particle diffusion of adsorbate onto the adsorbent by using the intra-particle 

diffusion model 

CtKq pt  2
1

             (7) 

where KIP (mg/g min1/2) is the intra-particle diffusion rate constant and C gives idea on the boundary 

thickness [13]. 

 

RESULTS AND DISCUSSION 

 

Adsorption Isotherm:  

Figures 1, 2 and 3 show the adsorption isotherm models; Langmuir, Freundlich and BET models 

respectively. Figures 1 and 2 show the poor fitting of Langmuir and Freundlich models and that indicates there 

is no chemical adsorption process on the surface [14]. BET model in fig. 3 indicates that there is a physical 

adsorption on the surface with more than on layer, and adsorption energy does not change with the progress of 

adsorption in the same layer, and there is no interaction among adsorbed molecules [15].  

 

 
Fig. 1: Langmuir isotherm model 
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Fig. 2: Freundlich isotherm model 

 

 
Fig. 3: BET isotherm model 

 

Adsorption Kinetics: 

Figures 4, 5 and 6 show the applying of three kinetic models; Pseudo first, second order and intra-particle 

models respectively. In the present study, the plot shown in fig. 4 was not linear over the entire time range, 

showing that the adsorption process involves more than one mechanism [16]. Pseudo-second order model have 

better fit as shown in fig 5. 

Figure 6 shows the intra-particle diffusion model with a higher fitting value and intra-particle model and is 

not the only controlling step of the adsorption process. If the plot (qt vs. t0.5) is straight line passing from origin, 

then intra-particle diffusion becomes rate-limiting step. The adsorption data indicated that removal of dye from 

aqueous phase is a complex process, involving both boundary layer diffusion as well as intra-particle diffusion 

[17]. The initial part of the curve refers to the diffusion process and the second part to the external adsorption 

process on the surface [18]. C is the boundary layer thickness effect which means that the larger the intercept, 

the greater the contribution of the surface sorption in the rate-controlling step [19] 

 

 
Fig. 4: Pseudo first order kinetic model 

 

 
Fig. 5: Pseudo second order kinetic model 
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Fig. 6: Intra-particle diffusion kinetic model 

 

Conclusions: 

From the above studies it can be shown that commercial activated carbon is a good adsorbent for an 

insoluble disperse red dye and the adsorption process is a physical adsorption on the surface of the adsorbent 

and follows the BET isotherm model. The kinetics studies showed that the there are two adsorption mechanism 

controlling the adsorption process the first on the surface and the second on the pores of the adsorbent as shown 

in the intra-particle diffusion model. Another isotherm models could be used to study the possibility of mono or 

multi-layer adsorption such as Elovich, Temkin and Anderson. 
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