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Abstract- This paper reports synthesis of new hydrogel networks of poly (methacrylic acid-cross-dodecyle 

acrylate ammonium bromide) poly (MAA-cross-DAAB) were used as a novel sorbent to remove bemacid red 

(ET2) dye from aqueous solution under various operating conditions. The kinetic sorption uptake for ET2 by Poly 

(MAA-cross-ADAB) at various initial dye concentrations was analyzed by pseudo-first,  pseudo-second models 

and intra-particule diffusion. Three sorption isotherms, namely the Langmuir, Freundlich and  Dubinin-

Radushkevich isotherms, were applied to the sorption equilibrium data. The sorption kinetics of ET2 onto the 

hydrogels followed the pseudo-second-order kinetics model (R
2
 = 0.999) and the adsorption equilibrium data 

obeyed the Langmuir isotherm model (R
2
 = 0.999). It can be concluded that Poly (MAA-cross-DAAB) is an 

alternative economic sorbent to more costly adsorbents used for dye removal in wastewater treatment processes. 

Keywords- Methacrylic acid; N-acrylate-N,N-dimethyl-N-dodecyl ammonium bromide; Bemacid Red; Textil 

Waste 

I. INTRODUCTION 

The annual dye wastewater increases each year lead to severe hazard to the environmental pollution due to the 

rapid development of textile industries [1-3]. 

 For the past few years, several method was used for wastewater treatment and remediation like conventional 

methods such as sedimentation, flocculation, coagulation and biological processes [3,4] or by ozonation, 

however it is not suitable to remove highly polar contaminant such as antibiotics [3,5] 

Hydrogels are cross-linked polymers with three-dimensional network-structured construction and the capacity 

to absorb a large amount of water through hydroxyl, amide and carboxyl groups without compromising 

structural integrity [3,6]. Owing to its rapid swelling properties and porous structure of hydrogels, therefore 

dye molecules/antibiotics can be absorbed via chemical, electrostatic interaction and hydrogen bonding [3]. 

Among many pollutants, red dye of bemacide (ET2) will do harm to skin and respiratory tract, which can 

cause carcinogenic, vomiting, non-biodegradable and affecting growth of marine organisms due to ET2 absorb 

light and oxygen [7,8]. 

In this study, we prepared Poly (MAA-cross-M1) hydrogels as a novel sorbent to remove ET2 from aqueous 

solutions. Adsorption isotherm, the effect of initial dye and ADAB concentration were studied. The adsorption 

isotherms were fitted by the Langmuir, Freundlich and  Dubinin-Radushkevich models. The adsorption was 

examined by using pseudo-first,  pseudo-second models and intra-particule diffusion. 

II. MATERIALS AND METHODS 

II.1 Sorbent 

The monomers methacrylic acid (C4H6O2) (MW = 86 g mol
-1

), dodecyle acrylate ammonium bromide 

(C19H38O2NBr) (MW = 392 g mol
-1

) were supplied by Merck-Schuchardt and the initiator, 

l’azobisisobutyronitrile (AIBN) was supplied by Merck, Darmstad, Germany. All chemicals were usedas 

received. The mole number of  MMA is 1.2 × 10-1
 mol, and the concentration of 1, 10, and 20 % of ADBA are 

1.2 × 10-3, 1.2 × 10-2, and 2.4 × 10-2 
mol, respectively. 

2.2 Sorbate 
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The basic cationic dye, bemacid red (C14H17NSO3Cl) [7], was obtained from the silk production (SOITEX) Tlemcen 

industry (Algeria). The structure of this dye is displayed in Fig. 1. A 500 mg L
-1

 stock solution was prepared by 

dissolving the required amount of dye in distilled water. Working solutions of desired concentrations were obtained 

with successive dilutions. 

 

 
Fig.1  Chemical structure of bemacid red 

 

2.3 Preparation of analytical method MAA-cross-DAAB 

Poly (methacrylic acid-cross-dodecyle acrylate ammonium bromide) materials, henceforth designated as poly 

(MAA-cross-DAAB), were prepared by solution polymerization with a total concentration 10 wt.% (10 g of 

MAA). The concentration of  0.1 wt.% (0.1 g) was the initiator shown in Fig. 2. The free radical 

copolymerization was carried out under a nitrogen atmosphere in a three-necked flask equipped with a 

nitrogen inlet and a reflux condenser immersed in a constant temperature oil bath (yellow,  1 °C). The 

reaction mixture was stirred using a magnetic stirrer. A continuous supply of nitrogen was maintained 

throughout the reaction period. The solution polymerization proceeded for 24 h at 60 °C. Three various 

crosslinked poly (MAA-cross-DAAB) samples were prepared with nominal crosslinking ratios, X, of 1, 10 

and 20 % mol DAAB/mol MAA. Then, the copolymers obtained were washed by CH2Cl2 several times to 

extract unreacted monomers. The solid copolymer slab was cut into circular disks using punches. 

.  

 

Fig. 2  Chemical structure of poly (MAA-cross-DAAB) 

2.4 Characterization technique 
The samples were analyzed using FTIR spectroscopy IFS66 in 4000–400 cm

−1
. Before the measurement, the 

samples were dried under a vacuum until reaching a constant weight. The dried samples were pressed into the 

powder, mixed with 10 times as much KBr powder, and then compressed to make a pellet for FTIR 

characterization. 
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To study the morphology of poly (MAA-cross-DAAB) hydrogels, the HIROX SH400 M SEM–EDS 

BRUKER scanning electron microscope was used. 

 

2.5 Kinetic and isotherm models 

Equilibrium isotherms and adsorption properties describe the adsorbate–adsorbent interactions system, supply 

complete information about the type of the interaction [9], play an important role in providing practical 

information in the predictive modelling for the analysis and design of adsorption systems [10] and inferences 

on possible mechanisms of the adsorption processes [10]. 

For this work, linear forms of four different adsorption isotherms notably Langmuir (L), Freundlich (F) and 

Dubinin-Radushkevic (D-R) models were employed to obtain conclusive information on the adsorbent surface 

characters and its affinity to ET2 molecules (Table 1). 

Modeling of adsorption isotherm data is important for predicting and comparing adsorption performance. 

Three parameter isotherm models are applied in this study available for modeling adsorption data of ET2 

pollutants. Langmuir isotherm assumes that a single layer of adsorption takes place on the surface of 

adsorbent having certain number of vacant sites for adsorption of uniform strategies of adsorption [11]. The 

Freundlich adsorption isotherm is an empirical equation based, on the equilibrium distribution of a solute 

between the solid and aqueous phases. It assumes that multilayer occurs on the heterogeneous adsorbent 

surface [10]. The Dubinin-Radushkevic isotherm equation is more general than the Langmuir isotherm 

because it does not assume a homogeneous surface or constant adsorption potential. It was applied to 

distinguish between the physical and chemical adsorption of dye. Applicability of these equations was 

compared by judging the correlation coefficients [12]. 

To better understand the adsorption behavior, three linear kinetic models are used to test the experimental 

data. The pseudo-first-order (PFO), pseudo-second-order (PSO) and intra particule diffusion models were 

used to evaluate the adsorption of ET2 dye on hydrogels. Pseudo-first-order, pseudo-second-order Lagergren 

and intra particule diffusion models are given in Table 1. 

 

3. Results and discussion 

3.1 Characterizations of hydrogel 

3.1.1 FTIR analysis 

The characteristics functional groups of prepared (MAA-cross-DAAB) hydrogels sample were characterized 

by FT-IR spectrum (Fig. 3). The FTIR spectrum of hydrogels contains a broad band at 3340-3565 cm
−1

 related 

to contains large amounts of hydroxyl groups. The adsorption bands located at 2932 and 2857 cm
−1

 

correspond to the C–H stretching vibration of –CH3 and –CH2 groups, the stretching vibration of the formation 

bonds of (-C-N–) and (C=O) groups, 1482 and 1725. 

3.1.2 SEM analysis 

Photos provided by scanning electron microscopy allowed us to observe the morphology of the hydrogels we 

have prepared. This microscopy analysis aims to highlight the link between the morphology of these 

hydrogels and their swelling properties. Photos provided by scanning electron microscopy are shown in Fig. 4. 

According to the analysis by the scanning electron microscopy (SEM) we can see that the surface becomes 

more porous and filamentous gradually as the rate of ADAB incorporated into the network increases. These 

results are in agreement with those achieved by the swelling properties study [7]. 

 

3.2 Adsorption study 

3.2.1 Adsorption kinetics 

The initial dye concentration and the contact time between the dye solution and the adsorbent surface have a 

profound effect on the dye adsorption rate. The observed adsorption rate of the ET2 as a function of contact 

time at six different initial dye concentrations (16, 26, 36, 40, 50 and 60 mg/L) is presented in Fig. 5-

7.Calculated parameters of adsorption kinetics for the three kinetics model used are summerarized in Table 2. 

For pseudo first order il is observed that the experimental data does not fit a straight line and well with the 

experimental data over the whole range of initial concentrations studied. The R
2
 values obtained for this 

model did not show a consistent trend. This shows that the adsorption of ET2 dye on the adsorbent does not 

follow a pseudo first order kinetic model. 
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Table 1. The Kinetics and isotherms models with their nonlinear forms 

     Models                   Linear equation                  Plot                                                           Parameters                                         References 

Pseudo first                     
    

     
        qt Vs.t             qe is the adsorbed amount at equilibrium, (mg/g), qt is the adsorb      [12,13] 

        ordre                                                                                      amount per unit weight of adsorbent at time (mg/g), k1 is the rate  

                                                                                                       constant of PFO sorption (min−1) 

Pseudo second            
 

  
 

 

       
  

 

  
                 t/qt Vs.t            qt and qe have the same meaning as in the PFO model, k2 is the          [12,13] 

         ordre                                                                                      rate constant of PSO model (g mg-1min-1) 

Intraparticule                    
 
                  qt Vs.t1/2           qt (mg g-1) is the adsorption capacity at time t, ki (mg g-1min-1/2)        [13,14] 

     diffusion                                                                                   is the intraparticle diffusion rate constant, and the constant Ci is  

                                                                                                       proportional to the thickness of the boundary layer i. 

Langmuir                     
  

  
 

 

    
 

 

  
               ce/qeVs.ce        Ce is the equilibrium concentration of the ET2 (mg L-1), qe is the         [15-17] 

                                                                                                      amount of dye adsorbed at equilibrium (mg g-1), q0 is the maxi- 

                                                                                                      mum adsorption capacity of the adsorbent (mg g-1), and b is the  
                                                                                                      Langmuir constant (L mg-1) related to the free energy and affinity  

                                                                                                      of  adsorption. 

Freundlich                 
 

 
               LnqeVs.Lnce      qe is the amount adsorbed (mg g-1), and ce is the equilibrium con-        [15-18] 

                                                                                                     centration of the adsorbate (mg L-1). kf (mg g-1)(L g-1)1/n and n, the  

                                                                                                     Freundlich constants, are related to adsorption capacity and adsor- 

                                                                                                     ption intensity, respectively. 

Dubinin-                                        Lnqe Vs.         qs is parameter to express the isotherm theoretical saturation,              [13,15-17]     
Radushkevich                                                                              β  denotes to the constants of D-R isotherm (in mol2.kJ-2), and the  

                                                                                                     Polanyi potentials (ε) were computed. 

                                              
 

  
                                   Ideal gas constant’s value (R) is 8.314 J.mol–1K-1, and T is the solu- 

                                                                                                      tion temperature in Kelvin. 

                                      
 

    
                                                    D-R model is applied to differentiate between physical and chemi-  

                                                                                                     cal adsorption by calculating the free energy, E (in kJ/mol), necessa-  
                                                                                                     ry to eject molecule of an adsorbate out of its position to infinity at  

                                                                                                     the active site of adsorption. If E is less than 8.0 kJ mol-1, the process  

                                                                                                     occurs through physical adsorption, and if it is more than 16.0 kJ mol-1,        
                                                                                                     chemisorption takes place. 

 

 
 

Fig.3  FTIR spectra of poly (MAA-cross-DAAB) : (b) 1%, (c) 10 % and (d) 20 % of DAAB 
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Fig. 4  Photos supplied by the scanning electronic microscopy of poly (MAA-cross-DAAB) : 

(a) 1%, (b) 10 % and (c) 20 % of DAAB 

 
 

 

 

 
 

Fig.5  Pseudo first order kinetics plot for adsorption of ET2 onto poly (MAA-cross-DAAB) hydrogels : 

1%, (b) 10 % and (c) 20 % of DAAB 
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Figure. 6 : Pseudo second order kinetics plot for adsorption of ET2 onto poly (MAA-cross-DAAB) hydrogels : 1%, (b) 10 % and (c) 20 % of DAAB 

 

 
Fig.7  Plot of intraparticule diffusion model for adsorption of ET2 onto poly (MAA-cross-DAAB) hydrogels : 1%, (b) 10 % and (c) 20 % of DAAB 
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Fig. 6 shows the pseudo second order plots for adsorption of ET2  dye by poly (MAA-cross-DAAB) at various 

varoius initial dyes and DAAB concentration. The correlation coefficcient values are higher than the values of 

pseudo first order model. It is also noticeable that with the increase of the initial concentration of the dye there 

was an increase in the adsorption capacity for the textile dye concentrations in the range 16–60 mg L
−1

. The 

intraparticle diffusion plot for the adsorption of ET2 onto the surface of poly (MAA-cross-DAAB) hydrogels 

exhibited two linear regions. The first linear region is due to the transfer of ET2 molecules from the liquid 

solution to the outer surface of the adsorbent. The second linear region is attributed to the intraparticle pore-

diffusion process in which ET2 molecules diffuse throughout the porous surface of the hydrogel [13,19]. This 

also confirms that the adsorption of ET2 onto poly (MAA-cross-DAAB) hydrogels is a multistep process that 

involves adsorption on the external surface and diffusion into the interior [13,20] (Fig. 7). 

 

3.2.2 Adsorption isotherm 

Adsorption isotherm indicates the relationship between the adsorbate in the liquid phase and the adsorbate 

adsorbed on the surface of the adsorbent under equilibrium at constant temperature. Adsorption isotherms are 

important to describe the interaction of adsorbate molecules with adsorbent surface. In this study, Langmuir 

(Figure 8 (a-c)), Freundlich (Figure 8 (d-f)) and Dubinin–Raduskevich (Figure 8 (g-i)) isotherms have been 

employed for the treatment of the equilibrium adsorption data. The applicability of the isotherm equation is 

compared by judging the correlation coefficient R
2
. 

  
Table 2. Kinetics parameters for the adsorption ET2 onto poly (MAA-cross-DAAB) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DAAB             Model              Parameter 

(%) 

              ET2 (mgL) 

 16           26          36            40            50             60 

            Pseudo first order     k1 10-3 (min-1)                1.1          2.3          2.5            2.5           2.9             2.9 

                                               qe,exp (mg/g)               0.391      0.609      0.611        0.614       0.616         0.619 
                                               qe,cal  (mg/g)              0.287       0.552      0.529        0.529       0.505         0.588 

                                                       R2                      0.981       0.974      0.969        0.967       0.957         0.967 

1       Pseudo second order    k2 10-3 (min)                  1.1          2.3          2.5           2.5            2.9             2.9 
                                               qe,exp (mg/g)               0.391      0.609      0.611        0.614       0.616         0.619 

                                               qe,cal (mg/g)                0.416      0.666     0.666        0.669        0.671         0.657 

                                                       R2                       0.996      0.999     0.998        0.998        0.998         0.998 
             Intraparticule     kint 10-3 (mg g-1 min-0.5)        6.8          12.9        13.1         13.1          12.3          12.3 

                diffusion                     C 10-3                       6.5          47.0        49.4         59.7          87.7           58.0 

                                                        R2                      0.956       0.953     0.943        0.629        0.928        0.933 

             Pseudo first order     k1 10-3 (min-1)                2.5          2.3          2.7           2.6            3.2            2.1 

                                                qe,exp (mg/g)              0.332       0.337      0.339       0.349       0.348         0.352 

                                                qe,cal (mg/g)               0.303       0.317      0.335       0.353       0.393         0.318 
                                                        R2                      0.828       0.883      0.984       0.946       0.967         0.823 

10     Pseudo second order    k2 10-3 (min)                4.637       4.410        4.341     4.129       4.007         3.870 

                                                qe,exp (mg/g)               0.332      0.337      0.339       0.349       0.348         0.352 
                                                qe,cal (mg/g)                0.397      0.409      0.408       0.418       0.422         0.429 

                                                        R2                       0.934      0.926      0.930       0.926       0.926         0.925 

             Intraparticule      kint 10-3 (mg g-1 min-0.5)        5.6         5.8          5.8            5.3           6.0             6.1 
                diffusion                     C 10-3                        51.6       49.9        49.9          75.0          47.5          46.4 

                                                         R2                       0.826     0.826      0.826        0.814       0.837         0.849 

             Pseudo first order     k1 10-3 (min-1)                1.5          2.0          1.7        2.1               2.2             2.1 
                                                qe,exp (mg/g)                0.231     0.242      0.242      0.246         0.246        0.242 

                                                qe,cal (mg/g)                 0.221     0.242      0.230      0.250         0.246        0.232 

                                                        R2                        0.919     0.945      0.707      0.954         0.940        0.951 
20       Pseudo second order   k2 10-3 (min)                9.582     2.670       9.979      9.754        2.935           10.38 

                                                 qe,exp (mg/g)               0.231     0.242      0.242      0.246         0.246        0.242 

                                                 qe,cal (mg/g)                0.397     0.409      0.408      0.418         0.422        0.429 
                                                        R2                        0.993     0.996      0.996      0.996         0.995        0.996 

             Intraparticule       kint 10-3 (mg g-1 min-0.5)       3.8          4.1          4.1       4.2                4.2             4.1 

                diffusion                      C 10-3                       24.4        27.3        27.6      27.7             30.6           29.1 
                                                         R2                       0.967      0.937     0.932     0.933           0.926         0.921 
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Fig. 8 shows a linearized plot of Ce/qe  against Ce. Values of qo and b are given in Table 2. Thus, it could be 

demonstrated that the adsorption of the three dyes using superadsorbent hydrogel is monolayer chemical 

adsorption process and confirms the presence of homogenous adsorption sites on it. Values of isotherm 

constants and parameters are presented in Table 2 [15]. In the case of the Freundlich model, the value of 1/n 

obtained for the dye is below 1 signifying the favorable adsorption condition. The comparison of maximum 

adsorption capacity of superadsorbent hydrogel towards three dyes shows that its efficiency was maximum in 

the case of ET2 and minimum for ET2 [15]. 

 

 
 

Fig. 8  Adsorption isotherm models of ET2 onto poly (MAA-cross-DAAB) hydrogels : 

(a, d and g) 1 %, (b, e and h) 10 % and (c, f and i) 20 % of DAAB 

 
Table 2. Adsorption isotherm parameters 

     Isotherm                 Isotherm constants           DAAB  

  1 %             10 %            20 % 

 Langmuir                       q0 (mg/g)                      0.631          0.361          0.254 

                                        b (L/mg)                      0.827          0.563          0.662 

                                             R2                           0.999         0.999          0.999 
Freundlich                       kf (mg/g)                      0.518          0.290         0.202 

                                             1/n                          0.0447       0.0469        0.0507 

                                             R2                           0.848         0.880          0.891 
 Dubinin                          Qs (mg/g)                      0.635         1.266          1.120 

-Raduskevich                  k 103 (mol/kJ)                  6                5                 6 
                                           E (kJ/mol)                    28,86         31,62          28.86 

                                             R2                           0.944         0.948          0.950   

4. Conclusions 

The (MAA-cross-DAAB) hydrogels with 1%, 10 % and 20 % DAAB were synthesized, characterized and 

used as an adsorbent for asdorption of dye ET2 from aqueous solutions. The adsorption capacity (kf) decreases 

with increase DAAB concentrations. It is observed that Langmuir isotherm is found to be more suitable and 

appropriate model to explain the adsorption isotherm of ET2 on poly (MAA-cross-DAAB) hydrogels.  
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Value of E and n (D–R and Freundlich constant) concluded that adsorption process is chemical in nature. 

However intraparticle model suggested that adsorption of ET2 on poly (MAA-cross-DAAB) hydrogels is 

diffusion controlled process. The results obtained from the kinetic study confirm the adsorption of ET2 on 

poly (MAA-cross-DAAB) hydrogels follows pseudo second order rate equation.  
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