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The present study focuses on the development of an 

effective methodology to obtain the optimum removal 

conditions assisted by ultrasonic to maximize the 

simultaneous removal of Bismarck Brown (BB) and Thymol 

Blue (TB) dyes on to TiO2 nanoparticles loaded on activated 

carbon (TiO2 -NPs-AC) in aqueous solution using response 

surface methodology (RSM). The experimental equilibrium 

data were fitted to the conventional isotherm models such as 

Langmuir, Freundlich, Temkin and Dubinin–Radushkevich. 

The Langmuir isotherm was found to be the best model for 

the explanation of experimental data.From the Langmuir 

isotherm, the maximum monolayer capacity (Qmax) was 

found to be 100 and 50 mg g-1 for BB and TB, respectively 

at optimum conditions. Kinetic evaluation of experimental 

data showed that the BB and TB adsorption processes 

followed well pseudo-second-order. 
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1. Introduction 

    Dyes as most abundant and hazardous pollutants in high extent presence in wastewater of 

dye manufacturing, textile and paper industries [1,2]. Their emittance and appearance in 

water media as associated with some difficultly accurate and safe treatment of such pollutants 

containing media. Some of accomplished hazards and difficultly from water [3,4]. In the 

present work, TiO2 nanoparticlesloaded on AC (TiO2-NPs-AC) as a novel adsorbent was 

simply synthesized and subsequently characterized by field emission scanning electron 

microscopy (FE-SEM) (not shown), Fourier transform infrared spectroscopy (FTIR) (not 

shown). 

    In dyes removal process, the effects of important variables such as (initial BB and TB 

concentration, pH, adsorbent mass and sonication time) were investigated and optimized by 

central composite design (CCD) under response surface methodology (RSM). It was shown 

that the adsorption of BB and TB follows the pseudo-second-order rate equation. The 

Langmuir model was found to be applied for the equilibrium data explanation. 

2. Experimental 

Materials and methods 

    All chemicals used in this work were of analytical grade and obtained from Merck, 

Bismarck Brown , Thymol Blue , activated carbon, sodium hydroxide, hydrochloric acid, 

activated carbon, sodium hydroxide, hydrochloric acid, ethanol and titanium tetra chloride 

were also from Merck (Germany).To adjust the pH of reaction mixture, a solution of 0.1 mol 

L-1 KOH was used. All aqueous solutions were prepared with ultrapure water and freshly 

prepared solutions were used for all chemical procedures. 

Measurements of dye uptake 

    Small central composite design as most applicable type of RSM was applied for modeling 

and the optimization of effects of concentration of BB (X1) and TB(X2) dyes, PH (X3), 



110                                                                    J. Chem. React. Synthesis 2020: 10(3) 108-113                                                                                 

 

amount of adsorbent (X4) and contact time (X5) on the ultrasonic-assisted adsorption of BB 

and TB by TiO2- NPs-AC. Five independent variables were set at five levels at which the R% 

of BB and TB as response was determined and shown in Table 1. 

Table 1: Matrix for the central composite design (CCD). 
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3. Results and discussion 

Response Surface Plots 

    The 3D RSM surfaces corresponding to R%BB and R%TB were depicted and considered 

to optimize the significant factors and to give useful information about the possible 

interaction of variables. For example table 3 that the dye removal percentage changes versus 

the adsorbent dosage. The positive increase in the dye removal percentage with increase in 

adsorbent mass is seen. Significant diminish in removal percentage at lower amount of TiO2-

NPs-AC is attribute to higher ratio of dye molecules to the vacant sites of the adsorbent. 

 

Fig 1: Response surfaces for the BB dye removal: initial TB concentration– adsorbent dosage. 

 

Adsorption Equilibrium Study  

    The experimental adsorption equilibrium data was evaluated for studying the mechanism 

of BB and TB dyes adsorption onto TiO2 -NPs-AC using different models such as Langmuir, 

Freundlich, Temkin, Dubinin– Radushkevich isotherms [5, 6, 7] in their conventional linear 

form. Subsequently, their corresponding constants were evaluated from the slopes and 

intercepts of respective lines (Table 2). , It was concluded that the Langmuir isotherm is the 

best model to explain the BB and TB dyes adsorption onto TiO2-NPs-AC. 
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Table 2: The resultant values for the studied isotherms in connection to BB and TB dyes adsorption onto TiO2-

NPs-AC. 

 

Kinetic Study  

    The kinetic of reactions in adsorption process is strongly influenced by several parameters 

related to the state of the solid and to the physico-chemical conditions under which sorption 

is occurred. To investigate the sorption processes of TB and BB dyes onto the adsorbent, 

different kinetics models such as pseudo-first order and pseudo-second-order models(Tables 

2 and 3) [8], As a result, the adsorption fits to the pseudo-second-order better than the 

pseudo-first-order kinetic model for both dyes. 

Table 3: The resultant values for the studied Kinetic in connection to BB and TB dyes adsorption onto TiO2-

NPs-AC. 
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4. Conclusions  

1. Ultrasound assists the whole adsorption time leading to omit undesirable effects.  

2. Combined ultrasound-assisted/nanoparticles adsorption as an efficient dye removal 

method. Experimental design based response surface methodology was used for optimization.  

3. We demonstrate a methodology for simultaneous dyes removal from aqueous solution.  

4. Nanoparticles shows considerable advantages on the removal yield of dyes. 
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