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This study examines the use of cement kiln dust (CKD) waste as an adsorbent for removing 

methylene blue (MB)  dye through a batch-mode adsorption technique. The effect of some 

physical parameters, such as initial concentration of MB dye, mass of CKD adsorbent, and 

contact time, was considered. As a result, the optimal contact time was found to be 15 min for 

95.35% removal of MB dye, the initial concentration of MB dye was 70 mg/l, and the mass of 

CKD adsorbent was equal to 0.10 g. The equilibrium data were analyzed using the Langmuir 

and the Freundlich isotherm models. The Langmuir isotherm model was found to fit the 

equilibrium data very well, with (R2) equal to 0.982 for the adsorption of MB, and the adsorption 

capacity was 34.48 mg/g. The adsorption kinetics were found to follow the pseudo-second-order 

rate kinetic model, with a good correlation (R2) equal to 0.988 for MB. This refers to the fact 

that the rate-limiting step was a chemosorption type of adsorption. The results showed that the 

CKD waste was found to be an attractive, low-cost adsorbent for the treatment of wastewater. 

  
©Author(s) 2026. This article is distributed under the terms of the CC BY-NC 4.0.

1. Introduction 

Human and industrial activities have significantly 

contributed to the pollution of the environment. The 

continuous discharge of dye wastewater from factories, such 

as paper printing, paints, plastics, and agricultural fertilizers, 

as well as leather and textile tanning plants, has become a 

major source of environmental concern and a global problem 

for environmentalists. Leather and textile tanneries are 

among the largest consumers of water during processing and 

manufacturing, and so, they discharge enormous quantities 

of wastewater containing dyes [1].  

Due to the random discharge of wastewater by some 

manufacturing facilities into open lands, rivers, and lakes, 

surface water and groundwater are often contaminated with 

hazardous substances. These substances can cause the 

depletion of dissolved oxygen (DO) in the water, which, in 

turn, contributes to the harm and death of aquatic organisms 

[2]. Most dyes are characterized by being carcinogenic and 

mutagenic substances, while exhibiting inertia and a lack of 

biodegradability for very long periods. They can also 

bioaccumulate within the living cells of host organisms 

(humans/animals), through the food chain, causing health 

risks [3, 4]. 

Manufacturing facilities face significant challenges in 

their own wastewater treatment. Primarily, the cost of 

efficient, advanced technologies and the need to treat limited 

pollutants, which sometimes requires specialized treatment. 

Fortunately, alternatives to these challenges always exist, 

including the use of cost-effective and efficient treatment 

systems and sustainable technologies presented in water 

reuse [5]. Innovative techniques in this regard include: 

Photodegradation, Biological Degradation, Ion exchange, 

Reverse osmosis, Electro-dialysis, Chemical reduction, 

Coagulation, and Adsorption [5-11]. 

Many studies and research papers emphasize the success 

of adsorption techniques in removing dyes using adsorbent 

surfaces made of inexpensive and effective materials, for 

instance: (a) food industry waste such as: date pits, olive pits, 

spent tea leaves, spent coffee grounds, and orange peels [12-

17], (b) agricultural residues and wastes such as: barley 

straw, acacia leaves (Acacia nilotica L.), and pine leaves [18-

20],  (c) earth components such as zeolite [21], clays such as 

bentonite, and kaolin [22, 23], (d) solid industrial wastes such 

as: fly ash, steel slag, and CKD [24-26]. The last is a solid 

industrial waste product emitted incidentally during cement 

manufacturing processes and is traditionally released into the 

atmosphere. Environmentalists classify the cement industry 

and its by-products as polluting industries that directly harm 

public health [27, 28]. 

Scientific studies have not adequately evaluated the 

effectiveness of CKD as an adsorbent for removing dye 

substances from wastewater. The question that arises from 

this study: How can we provide treated water that is free of 

dyes and complies with Libyan standards and specifications 

using sustainable solutions? This study aims to evaluate the 

feasibility and capability of batch mode adsorption in 

https://www.google.com/search?q=environmentalists&sca_esv=72405467a4d36a9a&ei=DFdvaZSGKZHz7M8PlPW5qQk&ved=2ahUKEwjKn7mV9ZmSAxXXU6QEHePHDi4QgK4QegQIARAC&uact=5&oq=what+do+call+those+interested+in+environmental+issues.+&gs_lp=&sclient=gws-wiz-serp&mstk=AUtExfDWScECj_Kf18NdCqsvzfeTqfEJ3_VCxmp2jtIi-eP84tbUD0TQzM3GqPEPmshbY-iuXWZeLdRbrnklAlFWVdAfX8ROYDMg4Lubt80rSDHMX3SnTMJVv6iqCCT2ee6aHXI&csui=3
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removing dyes from their aqueous solutions, as well as the 

effect of some physical factors, such as the initial 

concentrations of MB dye, the mass of CKD adsorbent, and 

finally, the contact time on the adsorption process. 

2. Methodology 

2.1 Chemicals and Reagents 

All chemicals used in this study were analytical grade 

reagents and used without any additional processing. The 

main chemical of the MB dye was of an analytical grade of 

< 98.0% purity, commercially obtained from Merck, in 

Germany. This was used to prepare the main solution and 

other standard solutions of varying concentrations of the MB 

dye. The adsorbent, consisting of CKD waste, was obtained 

from a Libyan cement plant, specifically, the Lubda plant 

located in Al-Khumms city in western Libya. It was collected 

from one of the plant's air pollution control units and placed 

in clean plastic bags. 

2.2 Instruments and Tools 

In this study, several instruments and tools were used, 

including a Fourier transform infrared (FTIR) spectrometer 

(Shimadzu, model IR Tracer-100 Kayto, made in Japan). It 

was used to identify the functional groups on the surface of 

CKD adsorbent before and after the adsorption process of 

MB dye, in the range of (400 – 4000) cm⁻¹. A Total 

Reflection X-Ray Fluorescence (TR-XRF) Spectroscopy, (A 

PicoTAX, Roentec model, made in Germany). It was used to 

measure the basic structures of minerals and provide 

quantitative or semi-quantitative results of the CKD 

adsorbent. A UV/VIS spectrophotometer (type UV-

Analytikjena K, model 205 Specord). It was used to measure 

the concentrations of MB dye molecules at a wavelength (λ) 

of approximately 665 nm. A pH meter device (type 740 

Inolab, WTW model) was also used. A dual electrode 

(SenTix 20) was also among the instruments utilised. The pH 

meter device was calibrated with a buffer solution to measure 

the pH of the solutions under study. For studying batch 

adsorption processes, a digital shaker device (model GFL 

3005, made in Germany) was used. A sensitive Sartorius 

competence balance (model CP224S, made in Germany), 

with a maximum reading of 220 g and a minimum reading of 

approximately 0.001 g, was also employed. Finally, a set of 

stainless-steel sieves with various mesh sizes, and a variety 

of glassware, including standard 1-liter flasks, 250 ml conical 

flasks, suction tubes, and other apparatus, were used.  

 

2.3 Description of CKD Adsorbent 

Chemically, CKD particles are basic materials. Based on 

texture, they are fine and dry, which makes them highly 

absorbent. The particle size varies depending on the cement 

manufacturing process. Dust collected from dry kilns is 

smaller than that from wet and semi-wet/semi-dry processes 

[28]. The diameters of these particles range from (0.3 - 9.3) 

µm, depending on the manufacturing process. The most 

common primary components present in quantities greater 

than 5.0% in CKD particles are SiO2, CaO, CO3
-2, and K2O 

[29-31]. On the other hand, the minor components, which 

constitute less than 5.0%, represent varying concentrations of 

hazardous organic compounds and heavy metals such as lead 

(Pb), cadmium (Cd), selenium (Se), and some radionuclides 

[32, 33]. 

2.4 Description of MB dye 

Chemically, MB is known as a 3,7-bis(dimethylamino)-

phenothiazine-5-ium chloride cation, has a chemical formula 

C16H18N3SCl, a molecular weight of 319.85 g/mole, and a 

maximum absorption at a wavelength (λ) of 665 nm [34]. 

This dye was used in this study as a model compound of basic 

dyes in particular, and as an organic compound in general 

(Figure 1). 

 
Fig. 1: Chemical structure of MB dye molecule [34]. 

3. Study Methods 

3.1 Preparation of the CKD Adsorbent 

CKD is a byproduct of cement manufacturing processes. 

The gases emitted from the rotary kiln chimneys of the plant 

often carry large quantities of this dust. Typically, the dust is 

filtered using special filters installed in the plant chimneys 

[32]. This heterogeneous dust, varying in particle size, is 

collected and subsequently ground and sieved in the 

laboratory to a very fine size (1.0 – 5.0) µm, to obtain a 

homogeneous particle size suitable for use in this range. The 

collected CKD is dried in the kiln at 105 °C for 24 hours. The 

final step involved storing the dried sample in a glass 

desiccator to protect it from moisture until the time of use.  

3.2 Preparation of Standard Solutions of MB dye 

(1) The stock solution of 1000 mg/l MB is prepared by 

dissolving the weighted amount of dye in distilled water with 

thorough stirring and shaking. The dissolved amount is 

transferred to a 1.0 L standard flask, and the volume is topped 

up to the mark with distilled water. 

(2) Solutions of MB with different concentrations (10, 30, 50, 

70, 100, 150, 200) mg/l are prepared by diluting the stock 

solution to the appropriate concentration. 

3.3 Batch mode adsorption process 

 The adsorption process is performed using a digital 

shaker at a room temperature of (26 ± 2) °C, a pH of 6.5, a 

shaking rate of 200 rpm, for varying contact times (5, 10, 15, 

30, 60) min. Using 250 ml conical flasks, all adsorptions are 

carried out by mixing different masses of CKD adsorbent 

(0.05 – 0.30) g with different solutions containing initial 

concentrations of MB dye (10, 30, 50, 70, 100, 150, 200) 

mg/l in a fixed solution volume of 50 ml. In this study, the 

effect of several physical variables, such as initial MB dye 

concentrations, CKD adsorbent masses, and contact times, 

on the adsorption process was evaluated. 
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3.3.1 Testing the Effect of MB Concentration 

 The effect of this variable is investigated by weighing a 

fixed quantity of CKD (0.20 g is chosen preliminary as 

optimal) and adding it to 50 ml of MB dye solution on several 

occasions, each time at a different concentration (10, 30, 50, 

70, 100, 150, 200) mg/l at a shaking rate of 200 rpm for 15 

min at room temperature (26 ± 2) °C and a pH of 6.5.  

3.3.2 Testing the Effect of CKD Adsorbent Mass 

The effect of this variable is investigated by adding 50 

ml of MB dye solution at a concentration of 100 mg/l 

(previously selected as optimal) to varying amounts of CKD 

(0.05 – 0.30) g at a shaking rate of 200 rpm for 15 min. at 

room temperature (26 ± 2) °C and pH 6.5. 

3.3.3 Testing the Effect of Contact Time 

The effect of contact time is also investigated at different 

times (5, 10, 15, 30, 60) min by weighing a fixed amount of 

CKD equaled to 0.20 g (The best quantity tested in a previous 

test) and added to 50 ml of MB dye solution at the best 

concentrations tested previously, which is 100 mg/l, at a 

shaking rate of 200 rpm, room temperature of (26 ± 2) °C and 

a pH of 6.5. 

4. Measurement Method 

After the adsorption process is completed, the content of 

each conical flask is filtered, and the adsorbent is removed 

and separated using Whatman filter paper. The residual 

concentration of MB in each conical flask is determined 

using a UV/VIS spectrophotometer, and the amount of 

adsorption at equilibrium (qeq), expressed in mg/g, is 

calculated as follows [35]: 

qeq = [ (C0 – Ce) * V ]  / W                          (1) 

Where: (C0) and (Ce) (mg/l) represent the initial and final 

concentrations of MB at the beginning and end of the 

adsorption process, respectively; (V) represents the volume 

of MB solution, measured in liters; and (W) represents the 

mass of CKD adsorbent, measured in grams. However, the 

adsorption percentage (%) is estimated as follows [35]: 

% Adsorption = [ (C0 – Ce) / C0 ] * 100                (2) 

5. Results and Discussion 

5.1   Adsorbent Properties 

Generally, CKD, like other solid dust residues, contains 

primary components present in quantities greater than 5%, 

such as SiO2, CaO, CO3
-2, K2O, SO4

-1, and Cl-1 [29 - 31]. For 

example, in the United States, several CKD samples from 

various raw cement sources were analyzed, and it was 

confirmed that all contained CaO at a rate of (38 – 63)%, total 

alkali metals between (2 – 11)%, SO4
-1 between (3 – 17)%, 

and MgO between (1 – 25)%. This report indicated that 50% 

to 90% of CKD had particles with diameters less than 10 µm, 

making it a harmful substance to human health, as it falls 

within the range of particles that can be inhaled through the 

respiratory system. In this study, the particle size of the dust 

after manual grinding, drying, and sieving was between (5 - 

10) µm. Therefore, masks are required during laboratory tests 

as a precautionary measure. 

A sample of CKD is analyzed using Total Reflection X-

ray fluorescence (TR-XRF) spectroscopy, and the specific 

compositions are shown in Table 1. 

Table 1: Chemical Composition of CKD by (TR-XRF) 

spectroscopy. 

Serial 

Number 

Chemical Composition 

Name 
Quantity 

(%) 

1 Calcium oxide CaO 70.9 
2 Silica SiO2 7.28 
3 Ferric oxide Fe2O3 4.3 
4 Alumina Al2O3 3.14 
5 Magnesium oxide MgO 1.29 
6 Potassium oxide K2O 0.51 
7 Titanium oxide TiO2 0.22 
8 Phosphorus oxide P2O5 0.11 
9 Sulfur oxide, SO3 0.09 

10 Chlorides, Cl- 0.07 
11 Manganese oxide MnO 0.05 

 

(TR-XRF) The spectroscopy results in Table 1 show that 

the primary component of the studied dust is CaO, 

comprising 70.9 % by weight. SiO2 is also present at 7.28%. 

The remaining components consist of Fe2O3 with 4.3% and 

Al2O3 with 3.14%. 

5.2  FTIR analysis 

 
Fig. 2: FTIR spectra of CKD adsorbent before (Bottom) 

and after MB dye removal (Top). 

In Figure 2, the FTIR spectra of the CKD adsorbent were 

conducted before (The bottom spectrum with red color) and 

after the adsorption (The top spectrum with blue color) of the 

MB dye from its aqueous solutions. This spectrum shows 

both stretching and bending vibration types of bands 

involved in the molecular structure of the CKD adsorbent. In 

the CKD FTIR spectrum, it can be seen that the broad band 

at a wavenumber equal to 3421.38 cm-1
 is ascribed to the O–

H stretching vibrations type of bands in minerals [36, 37]. 

While the absorption bands at the wavenumber equaled to 

2978.79 and 2872.79 cm-1 may be attributed to C-H 

stretching vibrations in alkanes [38]. However, the 

absorption bands at 1424.60 cm-1 and 873.58 cm-1 may be 

assigned to the presence of carbonate (CO3
2-) group [39]. The 
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absorption bands positioned at 1133.04 cm-1 and 710.20 cm-

1 may be attributed to the presence of silicate stretching 

vibration bands [40]. Finally, the wavenumber of 613.30 

cm−1 may be related to K–O vibration bands [41]. In the top 

spectrum (Blue one), which belongs to the CKD after 

finishing the batch mode adsorption process, it can be seen 

that there are weakening, small shifts, and sometimes 

disappearances of some peaks in CKD bands, which are 

detected in the FTIR spectrum. In this way, the bonding of 

the MB dye onto CKD particles is strongly confirmed, as 

seen in Figure 3. 

 
Fig. 3. Schematic representation of the adsorption mechanism of the 

MB dye molecule onto CKD particle surface [42]. 

5.3   Effect of the adsorption parameters 

The various adsorption operating conditions, like 

concentration of MB dye, CKD mass, and contact time, are 

varied and optimized to attain the efficient adsorption of MB 

dye onto CKD. 

5.2.1 Effect of Initial Concentrations of MB Dye 

 
Fig. 4: MB dye Concentrations vs. the (%) removal of MB. 

 
Fig. 5: MB dye Concentrations vs. the adsorption Capacity (qeq) of 

CKD adsorbent at equilibrium. 

From Figure 4, it is clearly observed that the removal 

rate of MB molecules increases from the start, and remains 

relatively constant up to an initial MB dye concentration of 

70 mg/l. Subsequently, the removal rate of the dye in its 

aqueous solution decreases significantly from (95.35 – 

43.79)% as its concentration increases from (>70 – 200) 

mg/l. Conversely, the amount of MB adsorbed per unit mass 

of adsorbent (qeq) increased from (4.96 - 37.79) mg/g (Fig. 5) 

with increasing dye initial concentrations from (10 – 200) 

mg/l. 

The high removal percentage (%) at low dye 

concentrations is attributed to the fact that all dye molecules 

present in the adsorption solution at these low concentrations 

interact with the freely available active sites, thus enabling a 

high removal percentage. Conversely, at higher 

concentrations, the active sites become saturated with dye 

molecules in the adsorption solution, resulting in saturation 

and a decrease in the removal percentage [43]. 

However, published scientific studies [43, 44] attribute 

the significant increase in the adsorption capacity (qeq) of 

CKD to the fact that the initial concentrations of MB dye 

provide a substantial driving force to overcome the mass 

transfer resistance of MB dye molecules between the 

aqueous solution and the solid phase. The difference in 

adsorption capacity between various solid adsorbents 

depends on the differences in their surface properties and 

chemical compositions [46]. 

5.2.2  Effect of CKD adsorbent mass  

 
Fig. 6: CKD adsorbent mass vs. MB particles (%) removal. 
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Fig. 7: Mass of CKD adsorbent vs. its adsorption capacity for 

different MB molecule concentrations. 

Figure 6 illustrates the relationship between different 

masses of the CKD adsorbent, ranging from (0.05 - 0.30) g, 

and the percentage removal of MB dye molecules from its 

aqueous solution. In contrast, Figure 7 shows the relationship 

between different masses of the same adsorbent versus its 

adsorption capacity (qeq) at equilibrium as it adsorbs the MB 

dye molecules from its aqueous solution. 

The percentage removal (%) of MB dye molecules from 

its aqueous solution is obtained using a batch mode 

adsorption process under the operating conditions described 

previously. Initially, Figure 6 clearly shows the decrease in 

the concentration of residual MB dye molecules in the 

conical flask solution from (100 - 0.26) mg/l as the CKD 

mass increased from (0.05 - 0.30) g. With such an increase in 

CKD mass, the percentage removal of MB dye molecules 

increased from (69.57 - 97.63) %. Several published 

scientific reports attribute these results to the increase in the 

number of active sites available within the CKD particles for 

the adsorption of MB dye molecules, with an increase in the 

CKD mass from (0.05 - 0.3) g. This, in turn, causes an 

increase in the percentage removal of MB dye molecules [43, 

44]. On the other hand, when calculating the adsorption 

capacity (qeq) at equilibrium (using Equation (1)) of the 

CKD, it can be observed that the adsorption capacity (qeq) of 

CKD for MB dye molecules was 38.66 mg/g when using 0.05 

g of the adsorbent mass, and 11.65 mg/g when using 0.30 g 

of the same adsorbent mass. It is likely that the reduced 

abundance of active sites in the CKD during the adsorption 

of MB dye molecules, resulting from the entanglement and 

overlap of these active sites when the CKD mass increased 

from (0.05 - 0.30) g, contributed to the decrease in the 

adsorption surface area. This, in turn, led to a decrease in the 

amount of MB dye molecules adsorbed by the CKD 

adsorbents [45, 47]. 

5.3.4  Effect of Contact Time 

 

 

 

 

 

 
Fig. 8: Contact time vs. the (%) removal of MB dye molecules by 

CKD adsorbent. 

Batch mode adsorption is performed at different contact 

times (5, 10, 15, 30, 60) min. The concentration of MB dye 

was 100 mg/l, while the mass of the CKD was 0.2 g. Figure 

8 shows that the MB dye removal rate increases rapidly with 

increasing contact time up to 15 min. Subsequently, the 

adsorption process continues slowly until it gradually reaches 

an equilibrium state. At this point, it can be said that most of 

the active sites are occupied, and the process reaches a near-

equilibrium state after 15 minutes under the operating 

conditions. 

As previously reported, the adsorption rate is highest at 

the beginning of the adsorption process due to the larger 

surface area and the abundance of active sites in the CKD 

responsible for trapping the MB dye molecules [48, 49], in 

addition to the driving forces provided by the initial 

concentrations. These forces overcome the resistance of the 

MB dye's transition mass between the solution and the solid 

phase [50]. 

6.  Isotherm Analysis 

Two Isotherm Line Equations: Langmuir and Freundlich 

Models for the Adsorption of MB. 

 
Fig. 9: Isotherm for the Freundlich Model of the Adsorption of MB 

dye molecules by CKD. 
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Fig. 10: Isotherm for the Langmuir Model of the Adsorption of MB 

dye by CKD. 

Figures 9 and 10 show line graphs obtained from the 

relationship between the logarithmic (qeq) and (Ce), as well 

as the relationship between the quotient (Ce/qeq) and the 

equilibrium concentrations (Ceq) for the adsorption processes 

of MB dye. 

For the Langmuir and the Freundlich models of isotherm 

line equations, the coefficient of determination (R²) for each 

relationship was estimated to be approximately 0.982 and 

0.686, respectively. The slope and intersection values, 

derived from the linear relationship, were used to calculate 

the constants in the aforementioned isotherm line equations. 

Table 2 presents the data obtained from the isotherm line 

equations, representing the values of the constants for the 

Langmuir and the Freundlich models of the batch mode 

adsorption process of MB dye. Linear equations were used in 

Figures 9 and 10, which represent the relationship between 

the logarithmic values of (qeq) and (Ce), as well as the 

relationship between the quotient of (Ce/qeq) and the 

equilibrium concentrations (Ceq) for the adsorption 

processes. 

Table 2: Results of the two-line equations of isotherm 

models: the Langmuir model and the Freundlich model for 

the adsorption of MB dye. 

 

Langmuir Model Freundlich Model 

qmax 

(mg/g) 
KL 

(l/mg) 

R2 Kf 

(l/g) 
n 

(l/mg) 

R2 

34.48 0.3372 0.982 14.158 4.329 0.686 

 

Regarding the adsorption process of MB dye molecules, 

it can be observed that the constants of the isotherm line 

equations for the Freundlich model, representing the 

adsorption capacity (Kf), adsorption intensity, and validity 

(n), are estimated to be approximately 14.158 l/g and 4.329 

l/mg, respectively. Meanwhile, the values of the Langmuir 

model's equilibrium constants, namely the maximum 

adsorption capacity (qmax) in mg/g and the active site 

attraction (KL) in l/mg, are approximately 34.48 mg/g and 

0.3372 l/mg, respectively. 

The linear equations in Figures 9 & 10 for the adsorption 

process of MB molecules indicate that the coefficient of 

determination (R²) of the Langmuir model is higher than that 

of the Freundlich model. This agreement with the Langmuir 

model suggests that the isotherm line equation provides a 

good model for the system. 

7 Adsorption Kinetics Analysis 

Pseudo-first-order and pseudo-second-order adsorption 

kinetics models 

 
Fig. 11: Pseudo-first order adsorption kinetics model for MB dye. 

 

 
Fig. 12: Pseudo-second order adsorption kinetics model for MB 

dye. 

Regarding the pseudo-first-order adsorption kinetics 

model, and based on the data in Table 3 and the kinetic 

equations, it can be observed that the coefficients of 

determination (R²) for the pseudo-first-order adsorption 

kinetics model and the pseudo-second-order adsorption 

kinetics model for the adsorption of MB onto CKD adsorbent 

particles were 0.960 and 0.988, respectively. Therefore, it 

can be concluded that the results are very consistent with this 

model of quasi-second-order adsorption kinetics and that the 

maximum adsorption capacity values recorded in Table 3 for 

quasi-second-order adsorption kinetics of MB molecules are 

very close to what was obtained experimentally. 
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Table 3: Comparison between first-order and second-order 

adsorption kinetics results for the adsorption of MB 

molecules onto CKD adsorbent surfaces. 

First-order adsorption 

kinetics 
Second-order adsorption 

kinetics 

K  

(min-1) 

Q 

 (mg/g) 

R2 K  

(min-1) 

q 

 (mg/g) 

R2 

0.107 14.776 0.920 0.00663 35.13 0.988 

Once again, despite the previous conclusions mentioned 

in the "Contact Time Effect" section, and the two linear 

relationships (t) versus (t/qt), as well as (t) versus (In(qe – 

qt)) (Fig. 11) and (Fig. 12), and through the results recorded 

in Table 3, it is clear that the adsorption process of the dye 

molecules did not follow first-order kinetics, indicating that 

the adsorption process was not controlled by diffusion and 

that the adsorption progressed by diffusion across the 

membrane, as indicated in a previous report [51]. The 

pseudo-second-order kinetic model clearly shows an 

agreement with the slightly higher coefficient of 

determination (R²) of approximately 0.988. This suggests 

that the rate-limiting step was a chemosorption mechanism 

(representing one of the adsorption mechanisms mentioned 

in a previous report [52]) arising from either valence forces 

through electron sharing between the adsorbent and the 

adsorbate, or covalent forces between them, as reported in a 

previous report [52]. The pseudo-second-order adsorption 

rate constant (K²) and the adsorption capacity at equilibrium 

and at a specific time (qe) were estimated by plotting the 

slope and the intersection point in the graph above, 

respectively. The estimated adsorption capacity (qe), 

approximately 35.13 mg/g, also confirms agreement with the 

experimental results. The pseudo-second-order kinetic rate 

constant (K2) for the CKD was approximately 0.00663 

g/mg/min. 

Conclusions 

The results of the study led to several conclusions, most 

notably the role of CKD wastes in removing water coloring 

MB dye pollutant from its aqueous solution. In specific: 

- Higher content of CKD adsorbent resulted in a higher 

removal percentage (%) of MB dye molecules from aqueous 

solution. 

- Higher initial MB dye concentrations inversely impacted 

the removal percentage (%) of MB dye molecules from 

aqueous solution. 

- The optimal contact time for the adsorption of MB dye 

molecules was 15 minutes under operating conditions.  

- Langmuir isotherm model was found to fit the equilibrium 

data very well, with (R2) equaled to 0.982 for the adsorption 

of MB.  

- Using the Langmuir equation, the maximum adsorption 

capacity of CKD adsorbents for MB dye was found to be 

34.48 mg/g. 

- The adsorption kinetics were found to follow the pseudo-

second-order rate kinetic model, with a good correlation (R2) 

equal to 0.988 for MB. 

- The rate-limiting step was a chemosorption type of 

adsorption.  

-  For economic issues, CKD wastes proved to be an effective 

adsorbent and can be applied for removing water coloring 

MB dye pollutant from wastewater at the same time; it is 

considered a value-added product valuable for hazardous 

waste disposal in waterways. 
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