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ABSTRACT 

This study compared the methylene blue (MB) removal 

from aqueous solution by natural bentonite (Bent) and 

cement kiln dust (CKD). Bentonite and CKD were 

characterized by X-ray diffraction (XRD), X-ray 

fluorescence (XRF), Brunauer Emmett Teller (BET) 

specific surface area, Fourier transform infrared (FTIR), 

and scanning electron microscopy (SEM). The comparison 

between bentonite and CKD in the removal of MB dye was 

investigated in different conditions including initial MB 

concentration, adsorbent doses, pH, salt concentration, and 

temperature by batch experiments. Adsorption kinetics 

results were fitted with fractional power, Elovich, pseudo-

first-order, pseudo-second-order, and intra-particle 

diffusion equations. The pseudo-second-order model was 

well fitted for experimental results at the different tested 

initial concentrations (50-300 mgMB/L).  Equilibrium 

adsorption data were evaluated by Freundlich and 

Langmuir and Temkin models. The experimental results 

fitted very well by the Langmuir isotherm model. Bentonite 

exhibited the largest adsorption capacity (3257.33 mg/g) 

than CKD (2150.54 mg/g). Increasing the temperature 

from 298K to 323 oK convinced an increase of the 

adsorption of MB dye by both sorbents and the process 

was found to be endothermic and spontaneous. The 

obtained results indicated that both adsorbents are 

efficient and low-cost adsorbents for effective removal of 

MB dye with privilege in the efficiency for bentonite and 

with no cost for CKD. 

Keywords: Bentonite; Cement Kiln Dust; methylene 

blue; kinetic and adsorption isotherm; Thermodynamic. 

INTRODUCTION 

Dyes are one of the serious aquatic environmental 

threaten. More than 100,000 dyes used in several 

industries such as textile, leathers, paint, paper, plastics, 

food, cosmetics, pharmaceutica, etc (Sen et al., 2011; 

Djelloul and Hamdaoui, 2014). Textile industries use 

more than 70% of the total produced dyes all over the 

world (Chudgar et al., 2014). Annually, these industries 

used a huge amount of water and about 5,000–10,000 

tons of dyes which are released as effluent into the 

waterways (Pirkarami and Olya, 2017; Yagub et al., 

2014).  

Most dyes are toxic to human beings and can cause 

allergy to skin, and act as mutagenic and carcinogenic 

agents (Khan and Malik, 2018; Lellis et al., 2019).  Also 

can threaten aquatic organisms and can be resistant to 

natural biological degradation. Moreover, the presence 

of dyes in water bodies can decrease the transparency 

and light penetration through the water, related to the 

color, that influence photosynthesis then consequently 

reduces dissolved oxygen levels which affect aquatic 

biota (Sun et al., 2008; Hameed, 2009; Imran et al., 

2015; Hassan and Carr, 2018). According to the 

molecule's ionic charge, dyes classified as anionic, 

cationic, and non-ionic. Methylene blue (MB) is a 

cationic dye that has numerous uses, includes dyeing 

cotton, wools, coating for paper stock, etc (Vargas et al., 

2012; Fayoud et al., 2016). It can cause harmful effects 

to humans and animals such as eye burns, nausea, 

diarrhea, besides the negative effect on photosynthesis 

(EI-Latif et al. 2010; Bulgariu et al., 2019). Therefore, 

the removal of such dyes from waste effluent is very 

important for the aquatic environment. 

Numerous treatment techniques such as adsorption, 

ion exchange, reverse osmosis, biodegradation, 

coagulation-flocculation, electrochemical oxidation, 

fenton oxidation, and ozonation are applied to remove 

dyes from wastewater effluents (Pai et al., 2021). 

Adsorption is still the most efficient and cost-effective 

method for dye removal from waste effluent (Hassan 

and Carr, 2018). 

Most of the recent dye removal studies have 

concentrated on the developing of locally low-cost 

agricultural and domestic waste materials or industrial 

by-products (Bello et al., 2015; Kadhom et al., 2020; 

Wong et al., 2020). For its availability in nature, clay 

minerals or its modifications, by calcination, treated 

with acid, salt exchange, and organification, have been 

used as effective sustainable and low-cost materials for 

the dyes removal from aqueous solution (El Mouzdahir 
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et al., 2010; Pentrák et al., 2012; Liu et al, 2014; Medria 

et al., 2020). The variance in the dye adsorption 

capacity between different clay minerals is related to 

their surface properties and chemical structure. 

Bentonite, primarily smectite clay, has been successfully 

applied for adsorption of dyes for possessing permanent 

negative charges and exchangeable cations, its salt-

resistance, and low hydration rate (Tahir and Rauf, 

2006; Hong et al., 2009; Liu et al, 2014; Anirudhan and 

Ramachandran, 2015). Otherwise, cement kiln dust 

(CKD) is created in the cement manufacturing process 

as a by-product. Because of its physicochemical 

properties, CKD has reported as effective in removing 

heavy metals ions (Salem et al., 2015, El-Refaey, 2016 

and 2017; El-Refaey and Mohammad, 2019) and dyes 

(Magdy and Altaher, 2018). 

The aim of this study was to compare bentonite as a 

clay mineral and cement kiln dust as an industrial by-

product for methylene blue dye removal from aqueous 

solutions. Bentonite and cement kiln dust 

characterization were compared. Moreover, their surface 

morphology and infrared Fourier transform (FTIR) were 

inspected before and after the experiment with MB dye 

adsorption. Batch experiments were conducted for 

evaluating the impact of different conditions, such as 

contact time, pH solution, adsorbent dosage, initial dye 

concentration, and temperature on MB dye removal.  

Kinetic studies were examined by pseudo-first-order, 

pseudo-second-order, and Elovich models, while the 

equilibrium results were examined by Langmuir and, 

Freundlich isotherm models. Finally, to assess the 

feasibility and spontaneity of the removal reactions, 

thermodynamic parameters were determined. 

MATERIALS AND METHODS 

Adsorbate 

The methylene blue (MB) is a basic dye has strong 

ability for adsorption onto solids. The Chemical 

structure of MB is C₁₆H₁₈ Cl N₃S (Fig. 1), and the 

maximum wavelength (λ max) is 665 nm (Merck, 

German). One gram of MB dye was dissolved in 1000 

mL distilled water to make a stock solution of 1000 

mg/L. The different concentration solutions used in this 

study were 50, 100, 200, and 300 mg/L as prepared by 

dilution using distilled water.  

 

Fig.1. Chemical structure of methylene blue dye. 

Adsorbents characterization  

Two adsorbent materials were used in this study. (i) 

Bentonite (Bent) obtained from Egypt Company for 

Mining and Drilling Chemicals, (ii) cement kiln dust 

(CKD) collected from the El-Amerya cement plant, 

Alexandria, Egypt. Bentonite and CKD samples were 

sieved to ensure that the particle size range is less than 

0.5 mm and then stored in plastic bottles for 

experimental uses.  

X-ray diffraction (XRD) was conducted for 

bentonite and CKD by X-ray Powder Diffraction -XRD-

D2 Phaser Bruker (Germany) using the Cu Kα radiation 

((λ=1.541 Å) at 30 kV and 10 mA. The diffractogram 

was scanned from (2θ) 5 to 45◦.  

The elemental chemical composition of bentonite 

and CKD was identified by X-ray fluorescence 

spectroscopy (XRF) using Axios advanced sequential 

wavelength dispersive X-ray fluorescence Spectrometer 

(Malvern Panalytica) (Table.1). 

The specific surface area of bentonite and CKD was 

estimated using Brunauer–Emmett–Teller (BET) 

method from N2-adsorption isotherms using a gas 

adsorption analyzer (Beckman Coulter SA(TM) 3100). 

The Barrett–Joyner–Halenda (BJH) method from the N2 

desorption isotherms was conducted for estimation of 

the pore size distribution (Nader, 2015). 

Fourier transform-infrared (FTIR) spectra were 

determined at the range 400 – 4,000 cm-1 by a Fourier 

transform infrared spectrometer (Infra-Red Bruker 

Tensor 37, German) using the KBr pellet method. FTIR 

spectra were conducted before and after MB dye 

adsorption experiments by the two sorbents. 

The surface morphology of bentonite and CKD were 

performed by a Jeol IT-200 scanning electron 

microscope. Before the examination, samples provided 

with a thin layer of gold in the sputter-coating unit (JFC-

1100E). Scanning electron microscopy (SEM) images 

were obtained at various magnification scales before and 

after adsorption experiments. 

Adsorption experiments and analytical methods  

Batch studies were conducted to study the influence 

of two adsorbents (Bent and CKD) on the removal of 

MB dye from aqueous solutions under different 

conditions. These conditions included: adsorbent doses 

(0.05, 0.1, 0.2, 0.4, 0.6, and 1 g); pre-adjusted pH values 

(4, 6, 8, 10, and 12); initial MB concentrations (50, 100, 

200, 300 mg/L); NaCl concentrations (0.05, 0.1, 0.2, 

0.3, 0.4 and 0.5 g); and different temperatures (25, 35, 

and 45oC). The pH values were adjusted using 1M 

NaOH or 0.1M HCl. For pH, NaCl concentrations, and 

various temperatures conditions, a 0.20 g of adsorbent 

was added to 40 ml (100 mg MB/L) in 50 mL plastic 
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centrifuge tubes, and agitation was carried out for 4 h 

which is sufficient. The supernatants were chemically 

analyzed for the determination of the residual MB 

concentration at the end of the equilibrium period. All of 

the experiments were replicated. 

For Kinetic and isotherms studies, a 1.00g of sorbent 

was added to 250 mL glass Erlenmeyer flasks containing 

200 mL of MB dye solution with various primary 

concentrations (50–300 mg/L) that were subjected to 

stirring at 130 rpm for 360 min at 25◦C to reach 

equilibrium. Samples of the mixture solution were 

withdrawn at various intervals time, centrifuged and 

analyzed for MB dye concentration. 

Standard concentrations of MB dye solution with the 

yield absorbance were obtained at 665 nm wavelength 

by using UV-VIS double beam JENWAY 140 

spectrophotometer model 6850 for obtaining the 

calibration curve. The concentration of MB dye was 

determined in the supernatant after centrifuged (for 5 

min at 5000 rpm) and measured for residual MB dye 

concentration. The adsorption amount (qt) and the 

removal percentage of MB (R %) are calculated by the 

following equations: 

q t = (co –ct)V / m  (1) 

R% = (co – ct) / ct x 100     (2) 

Where; qt equals the amount of MB dye adsorbed 

amount at time t (mg/g), R equals the removal 

percentage (%), m is the CKD sample weight (g), V is 

the solution volume (dm3), and c0 and ce equal the initial 

and equilibrium concentrations of MB dye, respectively. 

RESULTS AND DISCUSSION 

Adsorbents Characterization  

X-ray diffraction and fluorescence analysis 

The XRD diffractograms of bentonite and CKD are 

presented in Fig. (2). The XRD pattern indicated that 

montmorillonite is the main dominant mineral for 

natural bentonite. The XRD pattern also indicated the 

presence of quartz, dolomite, and calcite as impurities. 

Obviously, Calcite was the main mineral in CKD 

composition with miners of dolomite, feldspars, and 

quartz (Fig. 2). 

The main compositions of bentonite and CKD as 

identified by X-ray fluorescence spectroscopy (XRF) are 

presented in Table (1). The oxides: SiO2 (49.17%) and 

Al2O3 (14.55%) in bentonite are the main compositions 

with association other oxides present such as Fe2O3 and, 

MgO which their percentages were higher than those of 

the CKD contents (Table 1). 

Table 1. The main chemical constituents of bentonite (Bent) and cement kiln dust (CKD). 

 
Main Constituents (wt %)  

LOI* SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O SO3 Cl 

Bent 49.17 14.55 7.37 2.23 0.75 3.25 0.68 0.31 0.85 17.96 

CKD 11.10 3.08 2.07 1.82 43.42 4.93 1.41 10.99 2.63 37.4 

*Loss on ignition 

 

Fig.2. X-ray diffraction pattern of bentonite (Bent) and cement kiln dust (CKD). 

(A: Anhydrite; C: Calcite, D: Dolomite; F: Feldspars; M: Montmorillonite; Q: Quartz). 
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These constituents are accountable for the removal of 

MB dye (Tahir and Rauf, 2006). On the other hand, 

CaO (43.42%) is the main component of CKD with 

some alkali oxides (sodium and potassium) as reported 

in many studies (El-Refaey, 2016; El-Refaey, 2017). 

Also, the percentages of SO3 and Cl in CKD were higher 

than in those of bentonite. The adsorption characteristics 

of CKD can be attributed to both the high content of 

CaO and a significant percentage of SO3 (Miller and 

Azad, 2000; Magdy and Altaher, 2018). 

Specific surface area and pore analysis 

The specific surface area for bentonite and CKD was 

determined by the common N2-BET method at 77 ± 1o 

K. Figure (3) showed the increase of the volume of 

adsorbed N2 with the rising of relative pressures (P/Po) 

for bentonite than CKD. Therefore, the estimated 

specific surface area of bentonite and CKD were 44.78 

and 20.98 m2g-1, respectively. 

The desorption BJH pore size distribution for 

bentonite and CKD are listed in Table (2). Most of the 

pore diameter ranges fall within the range of 

mesoporous and microporous structures for both 

adsorbents. In addition, the pore diameter <6 nm, which 

is related to micropores, was the highest percentage in 

comparison with to the rest ranges, and bentonite has a 

higher percentage (49.59%) than CKD (37.67%). Thus, 

about 50% of the BJH pore diameter in bentonite relates 

to micropores and that may be reflected in the 

adsorption capacity. Also, the total pore volume of 

bentonite (61.70 mm3g-1) was higher than CKD (37.30 

mm3g-1) (Table 2). CKD characterization depends upon 

the chemical composition of raw materials, the plant 

configuration, and the preprocessing type (Rahman et 

al., 2011; El-Refaey and Mohammad).

 

Fig. 3.  N2-adsorption isotherms of bentonite (Bent) and cement kiln dust(CKD). 

Table 2. Desorption Barrett-Joyner-Halenda (BJH) pore size distribution for bentonite (Bent) and cement kiln 

dust (CKD). 

Pore diameter range 

 nm 

Pore volume  

Bent  CKD 

ml g-1 %  ml  g-1 % 

< 6 0.0263 49.59  0.0136 37.67 

6 - 8 0.0033 6.22  0.0028 7.68 

8 - 10 0.0019 3.62  0.0019 4.40 

10 - 12 0.0023 4.41  0.0020 4.74 

12 - 16 0.0025 4.67  0.0018 5.07 

16 - 20 0.0027 5.15  0.0022 6.02 

20 - 80 0.0110 20.78  0.0096 26.55 

> 80 0.0030 5.56  0.0028 7.88 
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FTIR analysis  

FTIR spectra of the bentonite, as well as CKD, were 

conducted before and after the adsorption of MB dye 

from aqueous solutions including the bands 

corresponding to stretching and bending vibrations (Fig. 

4). The bands at 3623.63 cm-1 and 916.36 cm-1 

confirmed the presence of dioctahedral Smectite mineral 

with Al–OH–Al (Toor et al., 2015; Kumararaja et al., 

2017). The band at 3695.61 cm-1 is assigned to Al-Mg-

OH stretching and Al-Fe-OH bending vibration at  

787.52cm-1 was representative of the bentonite clays 

(Sikdar et al., 2008; Osman et al., 2017). Peaks position 

at 1032.23 cm-1, 529.11 cm-1 and 465.85 cm-1 were 

attributed to the Si–O stretching vibration of bentonite 

mineral (Paluszkiewicz et al., 2008; Benhouria et al., 

2015; Kumararaja et al., 2017). The band at 1463.20 

cm-1 was corresponded to C-H stretching (Pavia et al., 

2009; Anirudhan and Ramachandran, 2015). The broad 

band’s at 3421.38 and 1633.03 cm-1 ascribed to the 

stretching of O–H stretching vibrations in the mineral 

(Toor et al., 2015; Shehata et al., 2016; Reddy T et al., 

2017). On the other hand, CKD FTIR spectrum 

indicated the presence of carbonate (CO3
2- group) at 

1424.60 cm-1 and 873.58 cm-1 (Salem and Velayi, 2012; 

El-Refaey, 2016 and 2017). Peaks position at 1133.04 

cm-1and 710.20 cm-1 attributed to silicate stretching 

vibration (Al-Ghouti, 2003; Saraya and Aboul-Fetouh, 

2012). The bands at 2978.79 and 2872.79 cm-1 are 

attributed to C-H stretching in alkanes (Xue et al., 2007; 

Meziti and Boukerroui, 2012; Chinoune et al., 2016), 

but the wave number of 613.30 cm−1 is related to K–O 

vibration (Salem et al., 2012; El-Refaey and 

Mohammad, 2019). The existence of shifts and 

disappearance of functional group peaks in bentonite 

and CKD bands, were detected in FTIR spectrum after 

the adsorption experiment, which confirm the bending 

of MB dye onto bentonite and CKD (Fig.4). 

 

Fig. 4. FTIR spectra of bentonite (Bent) and cement kiln dust (CKD) before and after the methylene blue (MB) 

dye removal. 
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Scanning electron microscopy analysis 

Bentonite and CKD surface morphology was 

analyzed by scanning electron microscopy (SEM) before 

and after the removal reaction of methylene blue (MB) 

dye removal (Fig.5). SEM image demonstrated that 

bentonite has a clear plate with lamellar curly surface 

morphology. While, SEM of CKD revealed irregular 

shape particles distributed heterogeneously. The 

difference in morphology between before and after MB 

removal reaction was clearly observed with CKD than 

with bentonite.  Hence, CKD particles were concealed in 

bulk and complexes formation and it may denote 

different mechanisms for MB dye removals. 

Removal of methylene blue  

Influence of contact time and initial dye 

concentration 

The influence of contact time and the initial 

concentration of MB dye on the adsorption processes by 

Bent and CKD are shown in Fig. (6). The results 

revealed that the MB dye removal was increased with 

time with rapid removal of MB dye in the first 60 min 

for bentonite and CKD at all tested initial MB 

concentrations then slowed the removal down close to 

equilibrium. The first rapid removal percentage of MB 

may be ascribed to a large number of binding sites on 

the adsorbent surfaces, while the slower removal 

percentage may be occurred after the saturation of the 

binding sites before reaching the equilibrium (Hameed 

and Ahmad, 2009; Omer et al., 2018). For bentonite, 

there was increasing in MB removal percentage and 

reaching equilibrium time after 2 h for 50- 100 mg/L. 

But for MB dye concentration 200-300mg/L, 3 h was 

very sufficient (Fig. 6-a). For CKD, the MB dye 

removal was gradually increased with time till it reached 

equilibrium after 3h and maximum MB dye removal 

percentage for all initial concentrations. In general, the 

equilibrium time, a steady-state approximation, varied 

depending on various adsorbents and adsorption 

conditions (Hameed, 2009). Otherwise, the MB dye 

removal percentage decreases with increasing the 

concentration from 50 to 300 mg/L. For bentonite, MB 

dye removal percentage decreased from 92.55 to 

42.14% (Fig. 6-a) and from 73.57to 26.67% for CKD 

with increasing the initial MB concentration from 50 to 

300 mg/L (Fig. 6b). 

 

 

Fig. 5.  SEM images analysis of bentonite (Bent) and cement kiln dust (CKD) before and after methylene blue 

(MB) dye removal reactions from aqueous solutions. 
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Fig.  6. Kinetic of methylene blue (MB) dye removal by bentonite (a) and cement kiln dust (b) at different 

initial dye concentrations (50 – 300 mg/L) at room temperature (25°C). 

 

Influence of adsorbent dose 

Generally, gradually increasing the adsorbent mass 

from 0.05 g to 1.0g (at 100 mgMB/L) showed an 

increase in the MB dye removal by bentonite (Fig. 7-a). 

The increase of removal percent was due to the increase 

in the adsorption surface sites. There were close results 

for bentonite (88.25%) and CKD (84.04%), at 1.0 g 

mass adsorbent. This decrease indicates the role of the 

ratio of absorbent with a concentration of MB in the 

system. 

 

Influence of pH 

One of the affected parameters on the dye removal is 

the pH because of its effect on dye molecules ionization 

process and the adsorbent functional groups (Liu et al, 

2014). Results reveal that the removal percentages of 

MB dye by bentonite and CKD increase with increasing 

solution pH from 4 to 12 (Fig. 6-b). At the initial low 

pH system, the numbers of surface negative charge sites 

are decreased, and the surface positive charge sites are 

b 
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increased.  As a result that the MB dye cation removal 

decreases because of electrostatic repulsion and the 

competing of excess H+ ions with MB dye (Tahir and 

Rauf, 2006; Djelloul and Hamdaoui, 2014). For 

bentonite, the removal percentage increased from 45.00 

to 81.29% with increasing pH from 4 to 6 and there 

were no significant differences in the removal 

percentage as the pH value was beyond 6.0. This could 

be explained as due to clay mineral buffering capacity 

(Grim, 1968; Bloom, 2000). So, bentonite could be used 

as an efficient removal sorbent for MB in a considerable 

pH range (6 -12). For clay minerals, the electric layer 

polarity change on both the silica and alumina contents 

from positive to negative charge, especially in the higher 

pH and that could increase the dye removal by appealing 

the dye cations (Tahir and Rauf, 2006; Anirudhan and 

Ramachandran, 2015; Abd-Elhamid et al., 2019). 

Otherwise, the removals of MB dye by CKD slightly 

increasing with increasing from pH 4 to 8. However, a 

sharp rising in their removal percentage of MB dye by 

CKD (84.7%) at pH 12 revealed that the removal 

efficiency is considerable at the high alkane range. 

Influence of salinity 

Generally, NaCl is presented in the dyeing industries 

wastewaters, especially textile industries, for enhancing 

the fixation of dyes (Liu et al., 2014). So, the effect of 

salinity on the MB dye removal by bentonite and CKD 

was investigated in the range of 0.05- 0.5 g of NaCl 

(Fig. 7-c). Figure (7-c) showed that the MB dye removal 

percentage was increased as NaCl concentration in 

solution increased, to reach 98.82% for bentonite and 

64.46% for CKD at 0.5g NaCl.  

 

  

  

Fig. 7. Effect of adsorbent dose (a), pH (b), NaCl (c) and temperature (d) on the removal percentage of 

methylene blue (MB) dye by bentonite (Bent) and cement kiln dust (CKD). 

a b 

c 
d 
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That can be interpreted by the electrostatic force is 

repulsive with increasing Na+ ion concentration 

(Alberghina et al., 2000; Oladipo et al., 2014). Also, 

increasing salt concentration, with the Cl- existence, can 

affect the dissociation of MB dye molecules by 

supporting the protonation, and thus the detachment dye 

ions are encouraged to contact the surface of the 

adsorbent, toward increasing the capacity of adsorption 

(Vermohlen et al., 2000; Tekin et al., 2005; Al-Degs et 

al., 2008; Liu et al., 2014). Clearly, the results indicated 

that the increase of NaCl concentration showed a higher 

progressive effect on the performance of the removal of 

MB dye by bentonite (98.82%) than CKD (64.46%) at 

0.5g NaCl. 

Influence of temperature 

The effect of different temperatures (25, 35, and 

45°C) on MB dye removal onto bentonite and CKD is 

illustrated in Fig. (7-d). The obtained results indicated 

the increasing percentage of MB dye removal with 

increasing the solution temperature for both adsorbents. 

Xue et al. (2007) and Toor et al. (2015) reported that 

increasing the temperature could result in deeper 

penetration of protons into clay layers and the removal 

of hydrated water provides further adsorption sites and 

increasing the specific surface area. On other hand, at 

low temperatures, the water molecules adsorption is 

higher than that of dye molecules due to their 

competition in the clay inter-lamellar spaces (Omer et 

al., 2018). 

Kinetic studies  

Different kinetics models were conducted to 

understand and describe the removal of MB dye by 

bentonite and CKD. These models are fractional power 

(Ho and McKay, 2002), Elovich (Inyang et al., 2016), 

pseudo-first-order (Lagergren, 1898), pseudo-second-

order (Ho, 2006), and intra-particle diffusion (Medria et 

al., 2020) models. The linear form of the used models: 

Fractional power:  ln qt = ln a + b ln t (3) 

Elovich:   

Pseudo-first-order: 
 

Pseudo-second order: 

  

Intra-particle diffusion:  qt= kit1/2 +C         (7) 

Where; 

qe and qt equal the MB dye adsorbed (mg g−1) by 

bentonite or by CKD at equilibrium and at a time t, 

respectively; α equals primary adsorption coefficient 

(mg/g min−1); β equals desorption coefficient (g mg−1); 

k1and k2 equal the rate constants of pseudo-first (min−1) 

and second-order models (g∙ mg−1 min−1), respectively; 

ki (gmg−1 min−1/2) equals intra-particle diffusion rate 

constant; C equals constant (mg g-1) that provides 

evidence of the boundary layer thickness. 

The removal kinetic parameters of different 

concentrations (50-300 mgMB/L) onto bentonite and 

CKD are shown in Table (3). The obtained data for both 

adsorbents pointed out a good agreement with the 

second-order equation for all examined initial dye 

concentrations. For most of the initially tested 

concentrations of MB dye, the regression coefficients 

(R2) for the two adsorbents regarding pseudo-second 

order model were more than 0.99 (Table 3). The 

excellent agreement of the obtained data to pseudo- 

second- order equation and independent of the rate 

constants values from initial MB dye concentration 

indicated the chemical nature of the adsorption process 

(Fig. 8) (Wu et al., 2009; Anirudhan and Ramachandran, 

2015; Konggidinata et al., 2017; Magdy and Altaher, 

2018). 

Under aqueous conditions, the surface negative 

charged functional groups drive the adsorption of dye 

molecules into adsorbents. However, this can be 

assigned mainly to be through the ion exchange process 

(Hassan and Carr, 2018). For bentonite, montmorillonite 

as the main content has a net surface negative charge 

due to isomorphic substitutions on its structure and 

compensates with interlayer cations that can be replaced 

by MB cations (Zhu et al., 2009; Şahin et al., 2015). 

Swelling may be having a significant role in increasing 

its inner specific surface area and pore size (Li et al., 

2019). Also, metal oxides and hydroxides in the 

adsorbent surfaces could form complexes with dye in an 

aqueous solution (Netpradit, et al., 2003).  However, the 

adsorption of MB dye by bentonite and CKD could take 

place through different stages. In the beginning, the dye 

molecules move to form a thin layer surrounding the 

hydrated adsorbent, and then the dye particles diffuse 

through the thin hydration shell around the adsorbent. 

After that the dye particles penetrate into the adsorbent 

surface through the pores, finally, it is adsorbed on the 

adsorbent surfaces (Tahir and Rauf, 2006; Fierro et al., 

2008; Magdy and Altaher, 2018). 

Adsorption isotherm studies  

The isotherm analysis gives an idea of how the 

adsorbent will relate to the adsorbent and its adsorption 

capacity (Salleh et al., 2011). The results of the 

isotherms experiments were analyzed using Freundlich 

(Freundlich, 1906), Langmuir (Langmuir, 1918),  
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Table 3. Kinetic parameters for the removal of methylene blue (MB) dye onto bentonite and cement kiln dust 

(CKD). 

model 
Bentonite  CKD 

50mg/L 100mg/L 200mg/L 300mg/L  50mg/L 100mg/L 200mg/L 300mg/L 

Fractional power 

 a 40531.96 70260.17 97713.20 61033.30  3575.39 10500.53 43432.99 23892.09 

 b 0.200 0.036 0.072 0.119  0.453 0.321 0.084 0.207 

 R2 0.984 0.933 0.976 0.847  0.664 0.672 0.981 0.981 

Elovich 

 α 1.063x1019 2.924 x1013 1.48 x108 6.53 x105  3743.57 10665.20 5406.36 5406.36 

 β 0.0010778 0.000331 0.0001039 0.00008  0.00012 0.000094 0.000195 0.000084 

 R2 0.8733 0.928 0.972 0.824  0.853 0.853 0.981 0.964 

Pseudo-first-order 

 qe 3127.99 10646.44 37317.78 68927.64  25032.41 27207.36 27346.73 39849.20 

 k1 -0.00331 -0.0067 -0.0134 -0.01543  -0.01982 -0.00501 -0.01511 -0.00873 

 R2 0.905 0.899 0.942 0.973  0.965 0.839 0.942 0.97315 

Pseudo-second-order 

 qe 45454.55 90909.09 142857.14 125000  41666.66 62500.00 71428.57 83333.33 

 K2 0.000002 0.000002 0.0000011 0.0000005  0.0000007 0.0000007 0.0000018 0.0000005 

 R2 0.999 0.999 0.999 0.994  0.980 0.995 0.999 0.992 

Intra-particle diffusion 

 ki 200.90 686.70 2110.40 2981.69  1590.00 2082.40 1112.70 2674.20 

 C 42652 75666 113316 74453  12849 24384 51536 33360 

 R2 0.913 0.655 0.925 0.913  0.652 0.6555 0.915 0.966 

 

Fig. 8. Pseudo-second-order plots for methylene blue (MB) dye (at 100mgMB/L) removal kinetics by bentonite 

(Bent) and cement kiln dust (CKD) 

 

and Temkin (El-Refaey and Mohammad, 2019) isotherm 

models as follows: 

Freundlich: qe = KF Ce
1/n                (8) 

Langmuir: qe = qmax (KLCe /1 + KLCe)  (9) 

Temkin:  θ = RT/ΔQ lnK0 Ce  (10) 

Where: 

qe: MB dye adsorbed (mg g-1), Ce: equilibrium 

concentration of MB dye (mg L-1), KF: constant 

associated with the adsorption capacity (mg1−(1/n) 

L1/ng−1), n: a constant, qmax:  maximum adsorption 

capacity (mg g-1), KL: constant associated with the 

adsorption free energy (L mg−1), θ: fractional coverage, 

R:  universal gas coefficient (kJ mol−1 K−1), T: 
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temperature (oK), ΔQ: (−ΔH) adsorption energy 

difference (kJ mol−1), and K0: Temkin coefficient (L 

mg−1). 

The isotherm parameters of methylene blue (MB) 

dye removed by bentonite (Bent) and CKD are shown in 

Table (4). The results were fitted within the following 

isotherms order: Langmuir>Freundlich>Temkin 

according to regression coefficients values (R2) for both 

adsorbents (Table.4). The equilibrium was excellently 

fitted to Langmuir isotherm and R2 for bentonite and 

CKD were 0.994 and 0.996, respectively (Fig.9). The 

Langmuir isotherm was established to represent the 

chemisorption. According to Langmuir model theory, 

the sorption is confined in a mono-layer, nointeraction 

among the MB dye particles, and no additional 

adsorption occurred on a site after a dye molecule has 

occupied this site (Wang and Ariyanto, 2007; Liu et al., 

2014). The maximum sorption capacity of bentonite for 

MB dye (3257.33 mg g−1) was significantly higher than 

that of CKD (2150.54 mg g−1) (Table.4). The presented 

result that the adsorbent used in this study indicated 

higher adsorption capacity as compared to those 

prepared from agricultural waste (Kadhom et al., 2020), 

ion-exchange resin adsorbents (Hassan and Carr, 2018), 

and activated carbon derived from any carbonaceous 

raw material (Katheresan et al., 2018). 

Thermodynamic studies 

Thermodynamic parameters of MB dye removal 

onto bentonite and CKD surfaces were determined using 

van’t Hoff relation in the range of temperature was 298–

318 oK. The following equations used for the estimation 

of Gibbs free energy (ΔGo), enthalpy change (ΔHo), and 

the entropy change (ΔSo) parameters (Trana et al., 2016; 

El-Refaey, 2017, Danish et al., 2018): 

ΔG◦ = - RT ln KL                        (12) 

ΔG◦ = ΔH◦- T ΔS◦                 (13) 

  (14) 

Where: 

R: gas coefficient (8.314 J/mol K), KL: equilibrium 

constant obtained by divided MB adsorbed dye (qe, mg 

g-1) by the equilibrium concentration of MB dye (Ce, mg 

L-1) and T: absolute temperature (oK).  

The determined thermodynamic values of Gibbs free 

energy change (ΔG◦), enthalpy (ΔH◦), and entropy (ΔS◦) 

are shown in Table (5). The negative values of ΔG◦ for 

removal of MB dye by bentonite and CKD indicate that 

the adsorption is spontaneous and the feasibility of the 

process for both sorbents (Table 5). The decrease of ΔG◦ 

values for the MB dye removal by bentonite and CKD 

with increasing temperature gives an increase in the 

process feasibility and becomes more favorable at 

higher temperatures. The ΔH◦ positive value for 

bentonite pointed out that the nature of the adsorption 

process is endothermic. Spontaneous and endothermic 

adsorptions have also been described by Hong et al. 

(2009), Chinoune et al. 2016, and Omer et al. (2018) for 

bentonite, and Kadhim and Hassan (2016) for CKD. The 

positive value of ΔS◦ reflects the affinity of bentonite 

and CKD for removing MB dye and suggests growing 

the randomness at the solid/solution interface through 

the removal reactions. 

Table 4. Adsorption isotherm parameters of methylene blue (MB) dye by bentonite (Bent) and cement kiln dust 

(CKD). 

 Freundlich Langmuir Temkin 

 KF 

mg1−(1/n) L1/ng−1 1/n R2 

qm 

mg g-1 

KL 

Lmg−1 R2 

A 

L g-1 B R2 

Bent 972.71 0.271 0.785 3257.33 0.031 0.994 3.218 580.9 0.771 

CKD 481.32 0.268 0.973 2150.54 0.046 0.996 0.96 371.09 0.991 

 

Table 5. Thermodynamic parameters of methylene blue (MB) dye removal by bentonite (Bent) and cement kiln   

dust (CKD) from aqueous solutions at temperature range from 298 to 323 ±2 oK. 

 
ΔGo,kJ/mol ΔSo 

J/mol K 

ΔHo 

kJ/mol 298K 308K 323K 

Bent -13.66 -14.57 -16.93 2.34 0.50 

CKD -13.23 -13.79 -16.79 2.53 0.57 
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Fig. 9. Methylene blue (MB) dye adsorption isotherm 

regression using the Langmuir equation for 

bentonite (Bent) and cement kiln dust (CKD) 

CONCLUSION 

The chemical composition and surface 

characteristics of bentonite and cement kiln dust were 

investigated by XRF, XRD, BET specific surface area, 

FTIR, and SEM analysis. The results of batch 

experiments indicated that the methylene blue (MB) dye 

removal has been increased with time and decreased as 

its initial concentration increased. On the other hand, 

increasing the dose of adsorbent increased the dye 

removal percentage by both adsorbents. The removal of 

MB dyes onto bentonite was slightly pH dependent at 

pH>6 with a maximum removal percent of 81.29% at 

pH 12. Otherwise, the removal percent of MB dye by 

CKD increased with pH increase to reach its maximum 

(84.7%) at pH 12. The bentonite adsorption capacity 

was also increased by the presence of NaCl compared to 

CKD. Langmuir isotherm was a preferable fit for the 

experimental results for both adsorbents. The maximum 

adsorption capacity for bentonite and CKD were 

3257.33 mg g−1 and 2150.54 mg g−1, respectively. 

Kinetic data for MB dye removal by bentonite and CKD 

obeyed the pseudo-second-order at all tested 

concentrations. The high removal of MB dye indicated a 

high potential for the two adsorbents. For economic 

issues, CKD proved to be effective and to be applied for 

removing MB dye from wastewater at the same time; it 

is considered a value-added product valuable for 

hazardous waste disposal in waterways. 
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