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1. Introduction 
 There are different classes of dyes used by many industries to color their products. These dyeing 
processes require a substantial amount of water and generate large volumes of coloured wastewaters. It 
is known toxic dyes present in this wastewater degrade the ecosystem [1]. To stop this environmental 
pollution, dyes must be removed from wastewater before they are discharged into waterways. Anionic 
azo dyes, such as Congo red (CR), are known to have the potential to bioaccumulate, metabolise into 
carcinogens and cause allergy problems. Congo red is an electrophilic dye that is extremely toxic to the 
living body [1,2]. Various techniques for removing dyes include physicochemical, chemical and 
biological methods, such as bioassays coagulation and flocculation, precipitation, ion exchange, 
membrane filtration, electrochemical destruction, irradiation, ozonation and adsorption [1,3-5]. Among 
these methods, comparatively, adsorption process is a very effective separation technique, due to its 
convenience, ease of use and simplicity of design [5-7].  
 Several solid materials, can be used as adsorbents for dyes in aqueous solution [5-9]. Among these 
adsorbents, bentonite clays which are abundant and low-cost adsorbents have a strong affinity for the 
removal of dyes present in an aqueous solution [5;8;10;11]. According to the literature, the adsorption 
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capacity of clays is commonly high for cationic dyes, while a low adsorption capacity has been obtained 
for anionic dyes [5;12]. The reason for this case is that the negative surface charges of clays, due to 
isomorphic substitutions, allow the adsorption of anionic dyes (e.g., Congo red) in very small quantities 
[12-14]. Hence, the surface of natural clays must be modified in order to improve their adsorption 
capacities for anionic dyes [15,16]. In this study, the surface of clay was modified with a cationic 
surfactant [17]. Indeed, many reports showed that the hexadecyl trimethyl-ammonium bromide 
(HDTMAB) surfactant -used as a modifying agent- displayed higher adsorption capacity than the 
original clay and that the resulting organoclay material might be an ideal multifunctional adsorbent for 
various types of contaminants, such as the CR dye [10,15,18,19].The use of organobentonite as an 
adsorbent is great interest, due to its efficiency, cost, abundance and exhibits strong affinities for Congo 
red adsorption [20].  
 Recently, to improve the adsorption capacity of bentonite, some problems have arisen such as the 
difficulty in separating the solid matter from the treated water. To avoid problems of liquid-adsorbent 
separation at the end of the adsorption process, great interest is focused on the use of mixed 
alginate/material composite beads such as bentonite/natural alginate composite beads [12,21,22], 
alginate-nano-goethite beads [23] and alginate/regenerated spent bleaching earth [9].  
 In this study a new adsorbent was synthesized from modified bentonite clay using hexadecyl 
trimethyl-ammonium bromide as a modifying agent and a natural polymer namely alginate. The 
adsorption capability of the synthesized beads was tested for removal of Congo red (CR). The main 
objectives of the present study are to investigate the adsorption mechanism of CR onto alginate-
organobentonite composite beads, by using several parameters having an effect on the batch adsorption 
process (pH, contact time, initial concentration and temperature effects). Also, adsorption isotherms, 
kinetics and thermodynamic parameters were investigated. It is a contribution to improvement 
adsorptive capacities of organo-modified bentonite in the removal of anionic dye. 

2. Methodology 
2.1 Material  

Raw bentonite (denoted "B") originating from Maghnia deposit (Western of Algeria) was kindly 
offered by Bental Company (Algeria). The natural bentonite was grounded and sieved into fractions 
using ASTM standard sieves, and particle sizes of 60-100 µm were used in the experiments. Chemical 
analysis of B yielded the following data: 69.4% SiO2, 14.7% Al2O3, 1.1% MgO, 0.8% K2O, 0,3% CaO, 
1.2% F2O3, 0.5% Na2O, 0.2% TiO2, 0.05% As, and a loss on ignition of 11% [24]. These results indicate 
that silica and alumina are the major constituents of bentonite. The SiO2 /Al2O3 ratio (4.7) is higher than 
the conventional value of bentonite (about 2.7), due to the presence of free silica (quartz) in the clay 
fraction [25]. In addition, the mineralogical analysis has shown that the raw bentonite contains mainly 
montmorillonite (86 wt %); the bentonite composition also includes as impurity; quartz, cristobalite and 
beidellite [24, 26]. The cationic exchange capacity (CEC) of B determined by the methylene blue method 
was 91 meq/100 g [24, 27], and the BET specific surface area (obtained with a Micromeritics ASAP 
2020) was equal to 84 m2/ g [12,24]. After grinding and sieving, B samples were used as precursor for 
the preparation of the organo-modified bentonite. The hexadecyl trimethyl-ammonium bromide 
(HDTMAB), sodium alginate, hydrochloric acid, calcium chloride, sodium hydroxide and Congo red 
(chemical formula: C32H22N6Na2O6S2 abbreviated as CR, molecular weight: 696,663 g.mol-1, λmax = 541 
nm) were purchased from Sigma-Aldrich Chemicals and used without any purification. Distilled water 
was used for the preparation of all required solutions. The pH of solutions was measured by a pH-meter 
(Hanna 2210) equipped with a combined glass electrode. 
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2.2 Preparation of organobentonite 
 A suspension of bentonite (B) was treated by adding amounts of the cationic surfactant equivalent 
to 100 % of the CEC value of B. The amount of surfactant was dissolved in distilled water and a mass 
of 10 g of bentonite was added to the surfactant solution under stirring for 3h at 80 °C. The separated 
samples were washed with distilled water several times, until the bromide ions had completely 
disappeared and then dried at 80 °C. The material obtained was named OB. Organo-modified bentonite 
composite beads were prepared by encapsulation within calcium alginate using the same method 
reported in our previous works [8,9,12,22]. A solution of 2% (w/v) sodium alginate was previously 
prepared by stirring for 4 h, then 2 g of organobentonite (OB) have been added to it. The mixture was 
stirred for 24 h and dropped through a syringe into a calcium chloride solution (4% w/v) to form a 
composite material of calcium alginate/organobentonite beads. Beads were washed several times with 
distilled water, then dried for 48 h at room temperature and stored in a clean bottle. The composite beads 
were named A-OB.  

2.3 Characterization of prepared samples 
The infrared spectra of organo-modified bentonite (OB), calcium alginate (A) and calcium 

alginate/organobentonite composite beads (A-OB) were analyzed using Fourier Transform Infrared 
spectroscopy (FTIR) (Perkin-Elmer spectrum FT-IR model 65 spectrometer) in the range of 4000-400 
cm-1 with KBr pellet technique. Scanning Electron Microscopy (SEM) analyses were performed using 
a CARL ZEISS GEMINI high resolution field emulation scanning electron microscope (FESEM). The 
determination of point of zero charge (pHPZC) of A-OB composite beads was performed according to the 
batch equilibrium method. Initial pH values (pHi) of 0.01M NaCl solutions (50 mL) were adjusted to a 
pH range of 2-12 using 0.1M HCl or NaOH. Then 0.2 g of adsorbent was added to each sample. 
Suspensions were stirred for 48 h at room temperature (24°C), filtered and the final pH of solutions (pHf) 
was measured. The point of zero charge (pHPZC) was obtained from the plot of (pHi-pHf) versus pHi. 

2.4 Batch adsorption study 
 The adsorption of Congo red (CR) was conducted in a batch system. All mixtures were stirred at 
room temperature (23-25 °C) and under a natural pH of Congo red solutions (6.5-8.5). CR adsorption 
isotherm onto A-OB was investigated using a range of initial concentration from 25 to 800 mg L-1. A 
mass of adsorbent equal to 10 mg was added to a volume of 10 mL of each initial dye concentration. 
Solutions were shacked until equilibrium time, and then analyzed at 541 nm using UV-VIS 
spectrophotometer (Optizen 3220 UV apparatus). The adsorption capacity of CR on the adsorbent at 
equilibrium was calculated using Eqn. 1. 

𝑞! =
(#!$#")&

'
          Eqn. 1 

Where Co and Ce are the initial and equilibrium concentrations (mg L-1) of CR solutions, respectively, 
V is the volume of the working solution (L), and m is the weight (g) of adsorbent used. Each experiment 
was repeated three times and the mean values were considered in the fitting process. 

2.2 Kinetic study 
The kinetic experiments were carried out at room temperature (24±1 °C) and at natural pH of CR 

solutions (pHCR= 6.5-7.5) in the batch system. For each experiment, 100 mL of the CR dye solution at 
specified concentrations (25, 50, 100, 200 and 300 mg L-1) were continuously stirred with 0.1g of A-OB 
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composite during different time intervals (1-480 min). At each contact time a sample of CR dye was 
taken and analyzed using UV-visible spectrophotometer at 541 nm wavelength. The amount of CR 
adsorbed (mg) per unit mass of adsorbent (g) at time t (min) named qt (mg g-1) was calculated by using 
Eqn. 2: 

𝑞( =
(#!$##)&

'
          Eqn. 2 

 

Where Ct (mg L-1) is the liquid-phase concentration of CR at time t. 

2.6 Effect of temperature 
The effect of temperature on the adsorption of the CR dye on A-OB was also investigated in 

order to find out the nature of the process by using an initial concentration of 100 mg L-1 at natural pH 
of dyes and at different temperatures (10, 20, 30 and 40 °C); a volume of 10 mL was added to 10 mg of 
adsorbent A-OB. Dye solutions were stirred to equilibrium time, and then analyzed in the UV-Vis [12]. 
The adsorbed amount was calculated using Eqn. 1 as described above. 

2.3 Regeneration study 
 The reusability of an adsorbent is a potential parameter; which make its use in the field of wastewater 
treatment efficient. CR desorption from the composite A-OB was investigated using distilled water at 
pH 10 as desorbing agent. Indeed, it was observed by some authors that a very highly basic pH leads to 
a better desorption of the dye and the CR dye changes its original red color beyond a pH of 10 [28,29, 
33,37]. Desorption experiments were carried out by agitating for 48 h at room temperature, using 100 
mL of desorbing agent and 100 mg of A-OB composite, saturated with CR dye (100 mg L-1). After 
desorption A-OB composites were washed several times with distilled water until neutrality, dried at 
room temperature and reused for five cycles of adsorption-desorption experiments (pHCR = 7.2, T = 
24°C, vagit = 200 rpm) [12]. CR removal for a cycle of regeneration R (%) was calculated by using the 
following equation (Eqn. 3): 

𝑅(%) = )$"%
)&$%

	× 100         Eqn. 3 

Where qads, qdes are the amounts of adsorbed and desorbed dyes respectively (mg g-1). 

3. Results and Discussion 
3.1 Characterization by FTIR spectroscopy  

The FTIR spectra of alginate (A), organobentonite (OB), alginate-organobentonite beads (A-OB) 
are shown in Figure 1. It’s well known, that the broad peak between 3300 and 3650 cm-1 is due to 
stretching vibration of OH (A, OB, and A-OB spectrum). This band is typical of the adsorption of water 
by clay, alginate and organoclays [30]. The sharp band at 3624 cm-1 is associated to the Al-OH and Mg-
OH vibrations. The peak at 1638 cm-1 is attributed to the bending vibration of the physically adsorbed 
water, while the peak at 1029 cm-1 is due to the Si-O stretching vibrations, which is also mainly 
associated with montmorillonitic clays [31]. FTIR spectrum of alginate (A) shows absorption band at 
2924 cm-1 assigned to the –CH stretching vibration. The bands at 1619 and 1412 cm-1 are attributed to 
the OH of H2O bending band and COO- antisymmetric stretching respectively [32]. In addition, a pair 
of new bands appeared at 2850 and 2923 cm-1 (OB, A-OB), which can be assigned to the symmetric and 
antisymmetric stretching vibrations of the methylene group [30]. These observed peaks confirm the 
intercalation of the cationic surfactant into the interlayer gallery of the bentonite [33].  
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Figure 1. FTIR spectra of organobentonite (OB), Alginate (A), and alginate-organobentonite 
composite beads (A-OB) 

The FTIR spectra in Figure 1 presented all the characteristics of bentonite and alginate and do not show 
any changes.  

3.2 Characterization by Scanning Electron Microscopy (SEM) 
The morphological features of A-OB composite beads were obtained by SEM and presented in 

Figure 2.  
 

  
 

Figure 2.  SEM images of A-OB at 500 µm and 200 µm resolution 
 

The samples have shown a rough and heterogeneous surface structure, and small pores are 
present on their surface due to the presence of clay in the composite beads [34]. 

3.4 Point of zero charge (pHPZC) and pH effect 
Congo red is a dipolar molecular. It exists as anionic form at basic pH (pH>5.5) and as cationic form at 
acidic pH (pH<5.5) [19,28]. For the interpretation of the effect of pH on the CR adsorption, the point of 
zero charge (pHpzc) of adsorbent must be investigated. 

4000 3000 2000 1000 0

10
29

wavenumber (Cm-1)

29
25

28
54

36
24 34
45 16
38

14
76

79
2

51
8

33
90 29

24 16
19 14
1234
35 29

23 28
50

10
29

79
1 A-OB 

A

OB



Ousalah et al., J. Mater. Environ. Sci., 2022, 13(5), pp. 526-543 531 
 

   

 

 

 

 

 

 

 

 

 

Figure 3. pHPZC of A-OB 
 

The results presented in Figure 3 show that the adsorbent has zero potential charge at its surface 
at pHpzc, has a positively charged surface at pH <pHpzc, and has a negatively charged surface at 
pH>pHpzc. The pHpzc= 6.6 value is very close to the pH of CR solutions (6.5-7.5) and similar results 
are also reported elsewhere [29,36-38]. The effect of pH on CR adsorption was studied in a pH range of 
4-12 and the results are shown in Figure 4.  

 
Figure 4.  Effect of pH on the CR adsorption onto A-OB (initial concentration =100 mg L-1, 

m=10 mg, T = 24 ± 1°C) 

The highest CR removal percent was found at pH 4. It decreases from 22.21 % to 18.23 % with 
the increase of pH from 4 to 12. However, it can be notice that the removal percent values have relatively 
stabilized after pH 5.  
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The positively or negatively charged active sites to the adsorbent surface (see Figure 3) do not 
favour the removal of CR at acid and basic pH respectively. This is may be due to the competition of H+ 
with CR ions (in its cationic form) for the cationic sites of the composite. While in basic medium, this 
is may be due to the competition of OH- ions with CR ions (in its anionic form) for the anionic active 
sites of the composite [12,33,38]. Because of this, the surface charge of adsorbent is likely to be Si-
OH2+, Al-OH2+, and Si-O- , Al-O- in acidic and alkaline medium, respectively [39]. 

the most of studied aqueous solutions have a pH between 6.5 and 7.5, maintaining the natural pH 
of the solution (6.5–7.5), close to pHpzc, without adjustment, has environmental and economic 
advantages. In fact, the treated water can be discharged directly to watercourse without a need to add 
additional reagents to adjust its pH. The system is easy to maintain, and it can be applied at an industrial 
scale in a cost-effective manner. For our future experiments, we have chosen to work without any 
adjustment of the pH of solutions. 

3.4 Kinetic study  
 In order to evaluate the kinetic behavior of the adsorbent, two kinetic models -pseudo-first-order 
(PFO; Eqn. 4) and pseudo-second-order (PSO; Eqn. 5) models- were applied to the experimental data: 

𝐿𝑜𝑔(𝑞! − 𝑞() = 	𝑙𝑜𝑔𝑞! −
*'

+.-.-
𝑡       Eqn. 4 

𝒕
𝒒𝒕
= 𝟏

𝒌𝟐𝒒𝒆𝟐
+ 𝟏

𝒒𝒆
𝒕         Eqn. 5 

With  
Where t is the time (min) and qt is the amount (mg) of CR adsorbed per g of adsorbent (mg g-1) at time 
t; k1 (min−1) and k2 (g mg-1 min-1) are the rate constants of pseudo first-order and pseudo second-order 
adsorption, respectively.  
The R2 and RMSE can be determined by the following equations: 

𝑅+ = 1 −
∑ 4)".",-..$)"./&0..5

1.
.2'

∑ 4)".",-..$)".",-..6666666666651.
.2'

       Eqn. 6 

𝑅𝑀𝑆𝐸 = 6 7
8$7

∑ 8𝑞!.!9:.8 − 𝑞!.;<=.89
+8

8>7       Eqn. 7 

Nonlinear plots of qt (mg g-1) versus t (min) for A-OB adsorbent are presented in Figure 5 and 
kinetic parameters (k1, k2 and qe) obtained from pseudo-first-order and pseudo second-order equations 
are summarized in Table 1. Figure 5 shows that, for A-OB adsorbent, there was rapid adsorption for 
the first 100 min but thereafter slower adsorption was observed. Therefore, the adsorption capacity 
increases with the increase of contact time and with the increase of the initial concentration until the 
equilibrium is reached. This behavior can be explained by the fact that all surface binding sites were 
rapidly filled, and then the CR gradually diffused into the pores of composite beads. The contact time of 
CR adsorption on A-OB was approximatively 300 min for all initial CR concentrations. 

According to the results presented in Table 1, the adsorption kinetics for CR on A-OB is better 
described by the PSO kinetic model because the R2 values are close to unity, and the RMSE values are 
lower than those of the PFO model in all initial concentrations, in most cases, respectively. Previous 
results related to the adsorption kinetics of CR by different alginate-composites also support the pseudo 
second-order model [12,23]. 

2
2 eqkh =
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Figure 5.  Effect of contact time on the adsorption of CR onto A-OB at different concentrations (m = 
100 mg, V = 100 mL, agitation speed = 200 rpm, T= 24 ± 1°C, pH= 7.2) 

Table 1. Kinetic parameters for the adsorption of CR onto A-OB composite beads. 

C0 

(mg L-1) 
qe,exp 

(mg g-1) 
Pseudo-first-order model,  

non linear fit 
Pseudo-second-order model,  

non linear fit 

qe,cal k1*10-3 R2 RSME qe,cal k2*10-3 R2 RSME 

25 3.46 03.48 20.91 0.995 0.068 3.87 7.49 0.972 0.217 

50 10.32 10.07 51.87 

 

0.984 

 

0.346 10.48 

 

10.59 

 

0.997 

 

0.133 

100 24.74 23.83 

 

28.67 

 

0.968 

 

1.201 25.80 

 

1.73 

 

0.994 

 

0.468 

200 47.49 47.22 

 

24.53 

 

0.979 

 

1.919 51.86 

 

67.56 0.961 

 

2.989 

300 72.2 71.18 58.00 0.990 1.813 73.46 1.94 0.998 0.740 

C0 (mg L-1), qe (mg g-1), k1 (L min-1), k2 (g mg-1 min-1). 

3.4 Adsorption mechanism  
 In any adsorption study, it was very important to examine the controlling mechanism of 
adsorption process [40]. The model of the intra-particle diffusion was used in order to determine the 
phenomenon limiting the mechanism of adsorption. The kinetic data of CR adsorption onto A-OB were 
fitted to Weber and Morris model, which can be written as follows:  
 

𝑞( = 𝐾? ∗ 𝑡7/+ + 𝐶         Eqn. 8 
 

Where kid is the intra-particle diffusion rate constant (mg g-1 min-1/2); C is the intercept related to 
the boundary layer effect.  
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kid can be evaluated from the linear curve of qt = f (t1/2). The values of constants of the diffusion 
(kid) and coefficients of correlation (R2) are presented in Table 2. When the plot of qt versus t1/2 is linear 
and passes through the origin, the intra-particle diffusion is the only rate-limiting step, otherwise, if the 
intercept of plots does not equal zero, then it indicates that the intra-particle diffusion is not the only rate 
determining step. In order to elucidate which mechanism controls the adsorption kinetics of CR onto A-
OB, the diffusion film model has been applied. This model is used to distinguish between the film 
diffusion and the intraparticle diffusion. Liquid film diffusion model was expressed as follows: 

−𝑙𝑛 >1 − )#
)"
? = 𝑘AB 	𝑡        Eqn. 9 

Where 𝐹 = )#
)"

  is the fraction of solute adsorbed and kfd  is the liquid film diffusion constant. 

In the presence of linear or non-linear plots of -ln(1-F) versus t at different initial concentrations 
that do not pass through the origin, the adsorption process follows the film diffusion mechanism.  

The examination of Figure 6 (A) indicates that the curves are not linear over the whole-time 
range for all concentration levels studied which proof that the intraparticle diffusion is not the 
mechanism determining of the adsorption into A-OB beads. It exists, but it is done at the same time as 
the other mechanisms of diffusion [35]. The curves can be separated into two different linear regions. 
This may reveal that there are two adsorption stages taking place. The first part describes the instant 
adsorption stage where, CR adsorption rate is high, because of the hydrophobic interactions between the 
surfactant aggregates and anionic dyes and the low competition between the dye molecules could 
significantly contribute to the adsorption process [41,42]. The second part describes the slow adsorption 
stage caused by the low concentration gradients and that finally produced the equilibrium condition. The 
dye particles from external surface were transferred and adsorbed into the pores of the adsorbent 
(intraparticle diffusion) [35,43]. The Boyd plots presented in Figure 6 (B) are linear, but do not pass 
through the origin, explaining the influence of film diffusion mechanism on the adsorption rate. In the 
other hand, by comparing the data presented in Table 2, the R2 values for the film diffusion model are 
higher than those of intraparticle diffusion model, suggesting that, the film diffusion controls the 
adsorption rate of CR onto A-OB.  

3.4 Isotherm study 

 Nonlinear isotherms models were applied to study the sorption behavior. The Langmuir and 
Freundlich models were used for isotherm modeling. Langmuir model assumes that the adsorption 
phenomenon is in monolayer and under a homogeneous surface. Freundlich model assumes that the 
multilayer adsorption is done onto the heterogeneous surface. They can be described by the following 
equations (Eqn. 10 and Eqn. 11 respectively): 

𝑞! = 𝐾C𝐶!
'
.          Eqn. 10 

𝑞! =
)3D4#"
7ED4#"

          Eqn. 11 

Where qe is the adsorbed amount of dyes per gram of the adsorbent at equilibrium (mg g-1); Ce is the 
equilibrium concentration of adsorbates (mg L-1); qm is the maximum monolayer capacity (mg g-1); KL 
is the Langmuir isotherm constant (L mg-1); KF is the Freundlich isotherm constant ((mg g-1)(L mg-1)1/n; 
n (g L)-1 related to the adsorption intensity predicts chemical, physical and linear adsorption system [15]. 
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Figure 6. Intraparticle (A) and film diffusion of CR adsorption onto A-OB 

Table 2. Intraparticle diffusion and film diffusion parameters in adsorption of CR onto A-OB. 
C0 (mg L-1) Intraparticle diffusion Film diffusion 

Step 1                                       Step 2  
kid R2 kid R2 Kfd R2 

25 1.219 0.904 0.024 0.480 0.01345 0.807 

50 2.451 0.950 0.116 0.538 0.01016 0.884 

100 5.037 0.890 0.107 0.482 0.00999 0.961 
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Figure 7 shows the nonlinear fits of Langmuir and Freundlich isotherm models of the 
experimental data. The values of isothermal parameters such as constant terms of the Langmuir (qm, KL) 
and Freundlich (KF, n) isothermal models, their correlation coefficients (R2) and their residual root mean 
square error (RMSE) are summarized in Table 3.  

 
 

 

 

 

 

 

Figure 7. Langmuir and Freundlich isotherms of CR adsorption onto A-OB (CCR = 25-800 mg L-1; m 
= 100 mg; V = 100 mL; agitation speed = 200 rpm; T = 24±1 °C, pH= 7.2). 

The adsorption isotherm of CR on A-OB given in Figure 7; shows that was an L-type appearance 
according to Gilles classification, characterized by a low adsorption capacity. The R2 and RMSE values 
were respectively recorded to be 0.98 and 7.13 for Langmuir model and 0.94 and 12.24 for Freundlich 
model (see Table 3). According to the highest correlation coefficient R2 and the lowest RMSE, CR 
adsorption onto A-OB is best described by the Langmuir model. This result indicates that adsorption 
sites of A-OB are uniforms, having the same adsorption energy and a monolayer adsorption takes place. 

Table 3. Langmuir and Freundlich isotherm parameters for the adsorption of CR on A-OB. 
 

Models Parameters A-OB 

Langmuir qm (mg g-1) 217.51 

KL (L mg-1) 0.0021 

R2 0.980 

RMSE 7.133 

Freundlich KF 2.43 

1/n 1.63 

R2 0.941 

RMSE 12.242 
 

In addition, KL values are less than unity (KL= 0.0021 L mg-1), which indicate the favourability 
of CR adsorption on A-OB composite beads. In the Freundlich model, the slope 1/n is a measure of the 
adsorption intensity or surface heterogeneity where, a value close to zero indicates high heterogeneity, 
a value of less than 1 indicates a normal Langmuir isotherm, and a value of more than 1 is indicative of 
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a physical process [44]. In our case 1/n=1.63 is more than 1, it indicates that the adsorption of CR on A-
OB is unfavourable and occurs according to homogeneous and physical process [44-46]. 

We can also use the maximum adsorption capacity (qm) as a key parameter to evaluate and 
compare the performance of different adsorbents through the work of the literature. The dye used as 
adsorbate and the adsorption conditions were taken into account for comparison in the present study. 
Some previously reported qm values for the adsorption of Congo red dye by different types of adsorbents 
are summarized in Table 4. 

 
Table 4. Comparison of maximum Congo red adsorption capacity obtained with previous data 

Adsorbent qm (mg g-1) References 

Alginate/Organobentonite beads  217.51 This study 

Alginate/bentonite 95.6 [12] 

HDTMAB (cationic surfactant) modified clinoptilolite 200.00 [15] 

Hydroxyapatite (HAp) /Brij-93 surfactant, 139.0 [46] 

Ag2O–Al2O3–ZrO2/rGO 333.32 [47] 

CABI nano-goethite 181.1 [23] 

Bentonite/chitosan@cobalt oxide composite 303 [11] 

Bent_C12mimCl 158.73 [48] 

(Chit/AILP-Kao) nanocomposite 104.6 [35] 

 
3.4 Effect of temperature  

 The values of thermodynamic parameters such as Gibb’s free energy (ΔG°), enthalpy (ΔH°), and 
entropy (ΔS°) at different temperatures (283, 293, 303, and 313 K) were calculated using Eqn. 12, 13 
and 14. Changes to ΔG°, ΔH°, and ΔS° with temperature were calculated to elucidate the process of 
adsorption [49,50]. According to the laws of thermodynamics, ΔG° of adsorption is calculated as 
follows: 
∆𝐺. = 𝑅𝑇𝑙𝑛𝐾B         Eqn. 12 

Where Kd is the distribution coefficient (dimensionless), R is the universal gas constant (8.314 J mol−1 
K−1), and T is the absolute temperature (K). 
The other thermodynamic parameters for adsorption can be calculated via: 

∆𝐺. = ∆𝐻. − 𝑇∆𝑆.         Eqn. 13 

Van’t Hoff equation: 

𝑙𝑛𝐾B = − ∆G!

HI
+ ∆J!

H
         Eqn. 14 

The values of ΔH° and ΔS° were obtained respectively from the slope and intercept from the plot of lnKd 

versus 1/T (see Figure 8). The values of ΔG° were calculated from Eqn. 13. Table 5 shows the 
calculated values of the thermodynamic parameters ΔH°, ΔS°, and ΔG°. 
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Figure 8. Vant Hoff’s plot of the Congo red adsorption by A-OB adsorbent. 

The negative value of ΔH° (-57.20 kJ mol-1) indicated that the adsorption process is exothermic and 
likely to be dominated by physical processes in nature involving weak forces of attraction [51,52]. 
Negative value of ΔS° (-162.35 kJ mol-1 K-1) indicates that the randomness at the solution/adsorbent 
interface has decreased during the adsorption process, and no significant changes occur in the internal 
structure of the adsorbents by the adsorption of CR on A-OB composite beads [50,51]. The values of 
ΔG° at all applied temperatures (283–313 K) are negatives indicating that the reaction processes are 
spontaneous, and the more negative reflecting a more energetically favorable process [53,54]. 
 

Table 5: Thermodynamic parameters for Congo red adsorption onto A-OB 
T (K) ΔGo (kJ mol-1) ΔHo (kJ mol-1) ΔSo (kJ mol-1 K-1) 

283 

293 

303 

313 

-11.25 

-9.63 

-8.00 

-6.38 

 

-57.20 

 

-162.35 

 

In addition, the negative value increases with the decrease of temperature (see Table 5) 
suggesting the feasibility of the process, that adsorption is spontaneous and is more favorable at lower 
temperatures [15,53]. This may be attributed to the greater mobility of the dye molecules in the solution 
at lower temperatures, which improves their adsorption at the adsorbent surface. Additionally, the ΔG° 
values provide insight into the nature of the adsorption process (chemisorption is associated with ΔG° 
values ranging from −80 to −400 kJ mol−1, and physisorption with ΔG° values ranging from −20 to 0 kJ 
mol−1) [23]. The ΔG° values for CR adsorption on A–OB composite beads were in the range of −11.25 
to −6.38 kJ mol−1. Hence, this process can be considered as physisorption. 
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3.4 Regeneration study  
 The regeneration of adsorbent is a significant economic factor for the treatment process.  
Regeneration cycles are shown in Figure 9.  

 
Figure 9. The results of regeneration test for the adsorption of CR onto A-OB composite beads. 

In the first cycle of adsorption-desorption, the regeneration shows a performance of 92.5%, then, 
the adsorption-desorption percentage was decreased intensively by the increase of the cycles number (up 
to 5). The percentage (%) of CR removal varies in the following order (from the first to the fifth cycle 
respectively): 92.5, 85.88, 78.96, 70.93 and 63.96%. The same results were also observed by certain 
authors [12,28, 29,54]. 

Conclusion 
Adsorbent prepared from organobentonite entrapped in calcium alginate A-OB was used to 

remove an anionic dye of Congo red (CR) from aqueous phase in batch system. It was found that the 
prepared composite can effectively remove Congo red (CR) anionic dye. Among the evaluated 
isotherms, Langmuir was found to be the best fitted isotherm model with higher R2 and lower RMSE 
value. The maximum monolayer capacity of adsorption (qm) was found to be 217.51 mg g-1. The 
adsorption kinetics was well described by the pseudo-second-order model. CR adsorption process was 
found to be spontaneous and exothermic. As the prepared composite beads are no pollutant, very 
effective, biodegradable and low-cost, we can suggest that these adsorbents could be utilized for the 
treatment of anionic dyes from industrial wastewaters.  
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