
Journal of Materials Science and Chemical Engineering, 2024, 12, 1-18 
https://www.scirp.org/journal/msce 

ISSN Online: 2327-6053 
ISSN Print: 2327-6045 

 

DOI: 10.4236/msce.2024.122001  Feb. 20, 2024 1 Journal of Materials Science and Chemical Engineering 
 

 
 
 

Optimization of Methylene Blue Dye 
Adsorption onto Coconut Husk Cellulose Using 
Response Surface Methodology: Adsorption 
Kinetics, Isotherms and Reusability Studies 

Frank Ouru Omwoyo, Geoffrey Otieno* 

School of Chemistry and Material Science, Technical University of Kenya, Nairobi, Kenya 

 
 
 

Abstract 
In this study, coconut husk cellulose was employed as a cost-effective and en-
vironmentally friendly adsorbent to eliminate methylene blue (MB) dye from 
aqueous solutions. The successful development of response surface method-
ology paired with a central composite design (RSM-CCD) enabled the opti-
mization and modelling of the adsorption process. The study investigated the 
individual and combined effects of three variables (pH, contact time, and ini-
tial MB dye concentration) on the adsorption of MB dye onto coconut husk 
cellulose. The developed RSM-CCD model exhibited a remarkable degree of 
precision in predicting the removal efficiency of MB dye within the specified 
experimental parameters. This was demonstrated by the strong regression 
parameters, with an R2 value of 99.79% and an adjusted R2 value of 99.6%. 
The study depicted that the optimal parameters for attaining a 98.8827% re-
moval of MB dye using coconut husk cellulose were as follows: an initial MB 
dye concentration of 30 mg∙L−1, contact time of 120 minutes, and pH 7 at a 
fixed adsorbent dose of 0.5 g. The Freundlich isotherm model provided the 
most satisfactory description of the equilibrium adsorption isotherms, sug-
gesting that MB dye adsorption onto coconut husk cellulose occurs on a het-
erogeneous surface. The experimental results demonstrated a strong agree-
ment with the pseudo-second-order kinetics model, indicating that the num-
ber of active sites present on the cellulose adsorbent predominantly influ-
ences the adsorption process of MB dye. Additionally, the adsorbent made 
from coconut husk cellulose exhibited the potential to be reused, as it re-
tained its efficiency for a maximum of three cycles of adsorption of MB dye. 
The results of this study show that coconut husk cellulose has the potential to 
be an effective and sustainable adsorbent for removing MB dye from aqueous 
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1. Introduction 

The proliferation of technological advancements globally across diverse sectors 
has resulted in an escalation of environmental pollution [1]. Water contamina-
tion is a prominent environmental concern on a global scale due to the limited 
availability of water supplies. An estimated 10% - 15% of the dyes utilized in 
sectors like textile, leather, pharmaceuticals, plastic, polymers, and pigment in-
dustries are discharged into industrial effluents while producing final goods [2]. 
Furthermore, with the expansion of the textile market, there has been a corre-
sponding increase in the volume of wastewater generated by the textile sector, 
making the sector a significant contributor to global water pollution [3]. Dyes 
possess significant toxicity and pose a substantial risk to terrestrial and marine 
ecosystems even at very low concentrations [4]. The presence of dyes in 
wastewater, even in trace amounts, is remarkably objectionable and undesirable 
[5]. Availability of these compounds has a significant impact on the ecological 
conditions of water bodies, as they disrupt sunlight transmission, hence imped-
ing the process of photosynthesis and the oxygenation of water reservoirs [6]. 
MB is a highly toxic thiazine dye used extensively in cotton dyeing. Numerous 
studies have demonstrated that MB dye causes nausea, ocular injury, vomiting, 
etc., in humans and animals [7]. 

Conventional water treatment technologies, including physiochemical processes, 
membrane processes, advanced oxidation processes, electrochemical technology, 
reverse osmosis, ion exchange, electrolysis, and electro-dialysis, are frequently 
employed in the removal of MB dye in water [8]. Nevertheless, the removal of 
pigmented contaminants from industrial wastewater using these techniques has 
significant limitations, including high costs, substantial energy demands, and the 
generation of hazardous byproducts. Hence, it is imperative to pursue advancing 
technologies and solutions that are more efficient, ecologically conscious, eco-
nomically viable, and sustainable to address the issue of dye removal from in-
dustrial effluents. 

Adsorption is widely recognized as a highly favorable and promising tech-
nique compared to the aforementioned alternatives. This recognition stems from 
its inherent simplicity, effectiveness, ease of operation, ability to regenerate ad-
sorbents, and exceptional capacity to remove a wide range of dangerous com-
pounds from contaminated effluents [9]. Adsorption efficiency is impacted by 
various parameters, such as adsorbent material properties, contaminant origin, 
and how the adsorbent and adsorbate interact [10]. A variety of adsorbents, such 
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as bentonite, fly ash, wood shavings, silica, charcoal, china clay and activated 
carbon, have been researched for their effectiveness in the elimination of dyes 
from industrial wastewater [11]. Nevertheless, it is crucial to note that these ad-
sorbents typically exhibit minimal adsorption capabilities, necessitating their 
utilization in significant quantities. Consequently, there exists an urgent re-
quirement for the advancement of novel adsorbents that are both cost-effective 
and efficient, particularly those derived from natural resources and are biode-
gradable. 

The coconut husk is an agricultural residue that is abundantly found in the 
coastal region of Kenya. The coconut husk refers to the external covering of the 
coconut fruit, constituting around 33% - 35% of the total mass of the fruit [12]. 
Coconut husk can be converted to suitable materials such as cellulose which can 
be used to adsorb contaminants from wastewater. Additionally, coconut husk 
cellulose presents a potential solution to waste management challenges while 
enhancing the demand for coconut by-products. The primary objective of the 
recent study was to optimize the adsorption efficiency of MB dye onto coconut 
husk cellulose using response surface methodology with the central composite 
design (RSM-CCD). Additionally, the study aimed to assess the adsorption iso-
therms, adsorption kinetics, and reusability of the adsorbent.  

2. Materials and Methods 
2.1. Reagents and Methodology 

The cellulose used in the present study as an adsorbent was extracted from co-
conut husks. In this process, coconut husks were subjected to milling and alkali 
pretreatment using 10% sodium hydroxide (NaOH) at 70˚C for 4 hours, fol-
lowed by filtration and washing. The alkali pretreatment product underwent 
bleaching through the use of 12% sodium hypochlorite for 36 hours, followed by 
subsequent processes of filtration and washing. The products underwent a sec-
ond round of alkali pretreatment and bleaching, after which they were again 
subjected to filtering and washing. The resultant product was subjected to a 
drying process before use. The methylene blue dye and other chemicals used in 
this study were of analytical grade and were maintained in a desiccator to pre-
vent any alterations caused by moisture. The reagents and standards were pre-
pared using deionized water. The pH of the MB dye solutions was adjusted by 
using 0.1M hydrochloric acid (HCl) and 0.1M sodium hydroxide (NaOH). 

2.2. Central Composite Design 

The traditional method of optimizing adsorption processes for achieving opti-
mum dye removal efficiency, known as one factor at a time optimization, is an 
extensive process that necessitates conducting many experimental tests [13]. The 
efficacy of CCD in reducing the time and cost of experimental tests has been 
demonstrated in recent studies [14]. The present work employs this methodolo-
gy to effectively improve process parameters for the adsorption of MB dye onto 
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coconut husk cellulose. The 2n factorial design with the origin at the center al-
lows for the execution of multiple tests (N). The quadratic term is generated by 
the axial arrangement of the 2n points at a certain distance from the center, 
where n is the number of independent variables. The experimental design em-
ployed in the current study involves three independent variables. Given the 
above conditions, equation 1 can approximate the number of tests (N) needed 
for three independent variables. 

( )32 2 2 3 2 6 20n
cN n n= + + = + × + =                  (1) 

Table 1 shows the low, center and high levels of the independent variables to 
be optimized in the adsorption of MB dye onto coconut husk cellulose. 

2.3. Batch Adsorption Studies 

The adsorption experiment tests were conducted following the CCD experi-
mental model. The experimental procedure involved conducting every experi-
ment within a 250 mL Erlenmeyer flask, which had a maximum capacity of 50 
mL for the reaction mixture. The pH of the aqueous MB dye solutions was ad-
justed by adding an appropriate amount of either 0.1 M HCl or 0.1 M NaOH. 
The conical flask was filled with the prescribed initial MB dye concentration and 
combined with 0.5 g of coconut husk cellulose. The mixture was then subjected 
to swirling for a designated period using a level shaker, followed by centrifuga-
tion at 5000 rpm for 10 minutes. The UV-Vis spectrophotometer (UV-1800 
SHIMADZU) was used to measure the absorption intensity of the supernatant 
solution at a wavelength of 664 nm. The concentration of dyes in the superna-
tant solution was calculated by using the calibration curve of methylene blue. 
The experimental tests were performed twice, with each run being randomly 
chosen, and the mean of the measurements was shown. Equation (2) was used to 
calculate the response of interest in this experimental design, which was the re-
moval efficiency (%) of the MB dye; 

( ) ( )Removal efficiency % 100Co Ce C= − ×                (2) 

where Ce (mg/L) is the concentration of the dye at equilibrium and C0 is the ini-
tial concentration of MB dye. The adsorption capacity equilibrium qe (mg∙g−1) 
was calculated using Equation (3); 

( ) ( )( )Adsorption capacity Qe Co Ce W V= −               (3) 

 
Table 1. Actual experimental values and levels in CCD. 

 Levels 

Factors Symbol Low (−1) Center (0) High (+1) 

Contact time (minutes) A 40 80 120 

Dye concentration 
(mg∙L−1) 

B 30 65 100 

pH C 3 5 7 
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where Ce (mg/L) is the concentration at equilibrium, C0 is the initial concentra-
tion of MB dye, W is the adsorbent mass (g), V is the volume of the dye solution 
(L). 

2.4. Adsorption Kinetics 

In this study, a fixed mass of coconut husk cellulose 0.5 g, initial MB concentra-
tion of 30 mg∙L−1, at pH 7, and varied contact time of 30, 60, 90, 120, 150 and 180 
minutes were used in batch adsorption experiments at room temperature. The 
pseudo first and pseudo second order kinetic models were evaluated separately 
to analyze experimental data. Linear Equation (4) is the pseudo-first-order ki-
netic model. 

( ) 1ln lne t eq q q k t− = −                         (4) 

Equation (5) is the linear form of the pseudo second-order kinetic model; 

2
2

1

t ee

t t
q qK q
= +                           (5) 

where qt and qe refers to the adsorption capacity (mg∙g−1) at time t and equilib-
rium, respectively, k1 is the equilibrium rate constant of pseudo-1st-order model 
(min−1) and K2 is the equilibrium rate constant of pseudo-second order model 
(g∙mg−1∙min−1). 

2.5. Adsorption Isotherms 

Adsorption studies were carried out by changing the initial concentration of MB 
dye between 20 and 100 mg/L. pH, adsorbent dose, and contact time were held 
constant at pH 7, 0.5 g, and 120 minutes, respectively. The Langmuir and Freun-
dlich isotherm models were used to align with the experimental results in order 
to appropriately depict the interaction between the MB dye and the cellulose 
adsorbent at equilibrium. The linear form of the model equation is presented as 
follows: 

( ) ( ) ( )1ln ln lne F eq K C
n

= +                      (6) 

The Langmuir isotherm model equation is expressed in linear form as follows: 
1e e

e m L m

C C
q q K q

= +                         (7) 

where Ce is the MB concentration at equilibrium (mg∙L−1), qe is the adsorption 
capacity at equilibrium (mg∙g−1), KL is the Langmuir adsorption constant 
(L∙mg−1), KF is Freundlich adsorption constant, and n is the heterogeneity factor 
and qm is the maximum adsorption capacity (mg∙g−1). 

2.6. Desorption and Reusability Studies 

A batch adsorption experiment was performed at room temperature for 120 
minutes with an initial MB dye concentration of 30 mg/L and an adsorbent dos-
age of 0.5 g to explore the reusability of the cellulose used as an adsorbent.  
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Adsorbent desorption was accomplished after attaining equilibrium by dissolv-
ing 0.5 g of saturated cellulose adsorbent in 50 mL of 0.5 M HCl as the desorbing 
agent. A level shaker was used to agitate the mixture for one hour followed by 
filtration, washing with deionized water and oven dried before use. 

3. Results and Discussion 
3.1. Response Surface Methodology Modelling Using Central  

Composite Design 

The application of RSM-CCD was employed to optimize the experimental pa-
rameters for the effective adsorption of methylene blue dye molecules onto co-
conut husk cellulose. Three independent factors were chosen for investigation: 
contact time, MB dye solution pH, and initial MB dye concentration (mg/L). 
The aim was to examine their linear effects, two-factor interactions and quad-
ratic effects. The selection of these parameters was informed by existing litera-
ture on the adsorption of MB dye [15], as well as by the findings of preliminary 
investigations conducted in the laboratory. The amount of adsorbent (g) was 
held constant at 0.5 g. Table 2 demonstrates the experimental design matrix for  

 
Table 2. Experimental design matrix. 

Runs  Actual values for variables Removal efficiency % 

Standard Order Run order A: Time (min) 
B: Dye  

concentration (mg/L) 
C: pH Y Ŷ  

20 1 80 65 5 90.5 90.9 

12 2 80 124 5 92.3 92.4 

14 3 80 65 8.36 94.6 94.7 

15 4 80 65 5 90.5 90.9 

2 5 120 30 3 84.2 84.2 

18 6 80 65 5 90.6 90.9 

7 7 40 100 7 90.5 90.2 

3 8 40 100 3 75.9 75.7 

9 9 13 65 5 79.4 80.0 

4 10 120 100 3 84.4 84.4 

8 11 120 100 7 96.5 96.7 

13 12 80 65 1.64 71.7 71.9 

6 13 120 30 7 96.8 96.8 

10 14 147 65 5 91.6 91.3 

16 15 80 65 5 91.4 90.9 

19 16 80 65 5 90.9 90.9 

17 17 80 65 5 91.3 90.9 

5 18 40 30 7 92.3 92.0 

1 19 40 30 3 77.8 77.3 

11 20 80 6 5 93.5 93.8 
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the examined factors and the responses (Y for the experimental removal effi-
ciency and Ŷ for the predicted removal efficiency). 

A quadratic CCD model was obtained for the optimization MB dye molecules 
adsorption onto coconut husk cellulose. The Design Expert 13 software sug-
gested quadratic polynomial model, which links the response (removal efficien-
cy) to the selected factors involved in the adsorption of MB dye onto coconut 
husk cellulose, as shown in Equation (8): 

2 2 2

ˆ 45.5344 0.2801 0.1182 10.6174 0.00032 0.0069
0.000714 0.00114 0.000645 0.6641

Y A B C AC
BC A B C

= + − + + −

− − + −
    (8) 

The sign preceding the chosen independent, quadratic, and interaction model 
terms was utilized to determine if each model term has a positive or negative 
impact on the MB adsorption process. In the equation, the positive coefficient 
values indicate that the independent and interaction terms favor the MB dye 
adsorption process whereas a negative coefficient values negatively affect the 
adsorption process within the design space [16]. Table 3 demonstrates the eval-
uation of the predictive capability of the designed model in terms of MB dye 
removal (%). The model’s suitability was assessed through the use of statistical 
parameters, including analysis of variance (ANOVA) and coefficient of deter-
mination (R2). An estimated adjusted determination coefficient of 0.9960 was 
observed, indicating a high level of predictive accuracy in the model. Therefore, 
the proposed model has the ability to explain 99.6% of the total variability seen 
in the data regarding MB dye adsorption. 

Table 4 illustrates the ANOVA results for the optimization of MB dye adsorp-
tion onto coconut husk cellulose. A statistical model is considered significant 
when it has a high F value (530.77) and a low p value (less than 0.05) [17]. The 
F-value of a model is estimated as the ratio of the individual terms’ mean squares 
to the residuals’ mean squares. The p-value is the probability associated with the 
observed F-statistic value and is used to evaluate the null hypothesis’s validity. 
Parameters that exhibit statistical significance are characterized by a p-value that 
is lower than 0.05. The variables A, B, C, AB, AC, A2, B2, and C2 exhibited statis-
tical significance in the designed model. The insignificance of the lack of fit can 
be inferred from the “Lack of fit value” of 1.43 when compared to the pure error. 
The adsorption of methylene blue dye is significantly influenced by contact time 
(A),  start ing dye concentrat ion (B) ,  and pH (C).  This  implies  

 
Table 3. Adequacy of the model tested. 

Source 
Sequential 

p-value 
Lack of Fit 

p-value 
Adjusted R2 Predicted R2  

Linear <0.0001 <0.0001 0.7937 0.7135  

2FI 0.9528 <0.0001 0.7523 0.6645  

Quadratic <0.0001 0.3529 0.9960 0.9894 Suggested 

Cubic 0.4736 0.1922 0.9960 0.9126 Aliased 
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Table 4. Analysis of variance (ANOVA), test of significance for MB adsorption on cellulose from coconut husks. 

Source Sum of Squares df Mean Square F-value p-value  

Model 943.09 9 104.79 530.77 <0.0001 significant 

A-Contact time 154.39 1 154.39 782.00 <0.0001  

B-Initial Dye Concentration 2.48 1 2.48 12.55 0.0053  

C-pH 623.99 1 623.99 3160.61 <0.0001  

AB 1.62 1 1.62 8.21 0.0168  

AC 2.42 1 2.42 12.26 0.0057  

BC 0.0200 1 0.0200 0.1013 0.7568  

A² 48.03 1 48.03 243.29 <0.0001  

B2 9.01 1 9.01 45.63 <0.0001  

C2 101.70 1 101.70 515.13 <0.0001  

Residual 1.97 10 0.1974    

Lack of Fit 1.16 5 0.2322 1.43 0.3529 not significant 

Pure Error 0.8133 5 0.1627    

Cor Total 945.07 19     

 
that the developed model demonstrates a strong connection between the input 
variables. 

Table 5 displays an estimated adjusted determination coefficient of 0.9960, 
indicating a substantial level of significance as the selected model is able to ac-
count for 99.6% of the entire variation in MB adsorption data. The determined 
value of the signal to noise ratio, also known as the appropriate precision ratio, 
was 78.8958, which suggests that the model exhibits a satisfactory level of signal. 
Given that the predicted and adjusted coefficient of determination exhibit a sat-
isfactory level of concurrence, with a difference of less than 0.2, and the adequate 
precision ratio exceeds 4, it is justifiable to employ the quadratic model for the 
purpose of investigating the design space and identifying the optimal conditions 
for the adsorption process. 

The assumption of a normal distribution of experimental data holds signifi-
cant importance in the realm of statistical analysis [18]. Figure 1 illustrates the 
normal probability distribution of externally studentized residuals. The experi-
mental data exhibits a linear relationship, hence, it can be inferred that the re-
sidual distribution conforms to a normal distribution [17]. The observed data 
points have a clear normal distribution, devoid of any outliers, and are evenly 
distributed across the range of −4 to +4 studentized residuals. 

Figure 2 shows a perturbation plot that was employed to assess and evaluate 
the impact of various factors on MB adsorption onto coconut husk cellulose. 
The pronounced curvature seen suggests that the independent factors (A-contact 
time, B-initial dye concentration and C-pH) have a substantial influence on the 
adsorption of methylene blue. The curve depicted in Figure 3 exhibits a  
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Table 5. Quadratic model fit statistics. 

Std. Dev. 0.4443 R2 0.9979 

Mean 88.34 Adjusted R2 0.9960 

C.V. % 0.5030 Predicted R2 0.9894 

  Adeq Precision 78.8958 

 

 

Figure 1. Normal probability plot of the externally studentized residuals. 

 

 

Figure 2. Perturbation plot of MB adsorption. 
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Figure 3. Plot of actual versus predicted values. 

 
robust linearity between the predicted and experimental values of adsorption of 
MB dye onto coconut husk cellulose, hence indicating the high level of accuracy 
of the presented data. 

3.2. Interactive Effects of Factors Involved in the Adsorption of  
MB Dye by Coconut Husk Cellulose 

MB dye removal efficiency from wastewater or an aqueous solution is dependent 
on the interaction effects of two or more variables in addition to their inde-
pendent effects. Contour plots were produced to investigate the variables’ inter-
actions on MB dye removal. Optimum removal (96.8%) occurred at pH 7, 30 
mg∙L−1 initial MB dye concentration, and 120 minutes at 0.5 g cellulose adsor-
bent mass. Figure 4 illustrates how the initial dye concentration and contact 
time interaction have a positive impact on MB dye removal. Individually as the 
contact time increases the removal efficiency increases whereas as initial dye 
concentration increases the removal efficiency decreases. Hence, there is a clear 
indication that the effect of contact time is dominant compared to that of the in-
itial MB dye concentration. 

Figure 5 shows that increasing both contact time pH favors MB dye adsorp-
tion. MB dye adsorption on cellulose is caused by electrostatic interactions be-
tween dye molecules and cellulose as hydroxyl groups on cellulose fibers are 
negatively charged while the MB dye is positively charged in water. The high 
concentration of H+ ions at lower pH levels leads to repulsion of the MB mole-
cules from the adsorbent surface, reducing adsorption efficiency. Additionally, 
as contact time increases, MB dye molecules are sufficiently adsorbed to the co-

https://doi.org/10.4236/msce.2024.122001


F. O. Omwoyo, G. Otieno 
 

 

DOI: 10.4236/msce.2024.122001 11 Journal of Materials Science and Chemical Engineering 
 

c o n u t  

 

Figure 4. 3D-surface plot of the effect of initial dye concentration and 
contact time on MB removal efficiency (%) by coconut husk cellulose. 

 

 

Figure 5. 3D-surface plot of the effect of contact time and pH on MB 
removal efficiency (%) by coconut husk cellulose. 

 
husk cellulose thereby increasing the removal efficiency. The interaction of pH 
and contact time favored adsorption of MB onto coconut husk cellulose indicat-
ing a positive interaction effect. 

Figure 6 demonstrates how the interaction of pH and initial MB dye concen-
tration has a negative impact on the adsorption efficiency as indicated by the 
surface plot. Individually increasing pH increases the adsorption efficiency 
whereas an increase in dye concentration decreases adsorption efficiency. 

3.3. Optimization Using the Desirability Function 
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In numerical optimization, it is common to define specific objectives for each  

 

Figure 6. 3D-surface plot of the effect of initial dye concentration 
and pH on MB removal efficiency (%) by coconut husk cellulose. 

 

element and response. These objectives can include maximizing or minimizing 
certain variables, targeting specific values, ensuring variables fall within a certain 
range, or setting factors to exact values [19]. In this study, the independent vari-
ables were assigned specific ranges of values (pH 3 - 7, dye concentration 30 - 
100 mg/L, and contact length 40 - 120 minutes), whereas the dependent variable 
was optimized to attain optimal removal efficiency. At an initial pH of 7, an ini-
tial dye concentration of 30 mg/L, and a contact time of 120 minutes, the opti-
mal predicted removal efficiency of MB dye was found to be 98.8827% as shown 
in Figure 7. The results of the confirmatory experiment demonstrated a meth-
ylene blue dye removal efficiency of 96.762% under optimal conditions, in con-
trast to the methylene blue dye removal efficiency of 98.8827% predicted by the 
model. This observation highlights the appropriateness and accuracy of the 
model, as the difference between the predicted and experimental values falls 
within an acceptable range. 

3.4. Adsorption Kinetics 

To accurately depict the adsorption kinetics of MB dye onto coconut husk cellu-
lose, the study applied both the pseudo-first order and pseudo-second order ki-
netic models [20]. Table 6 displays the linear representation of the adsorption 
kinetics model, together with their respective constants. According to the find-
ings shown in Table 6, it was established that the adsorption process of MB dye 
onto coconut husk cellulose adhered to the pseudo second order kinetic model, 
shown in Figure 8. Under the optimal conditions, it was observed that the 
pseudo-second order kinetic model demonstrated a notably higher degree of 
linearity, with a significantly elevated correlation coefficient (R2 = 99.992%), in 
contrast to the pseudo-first order kinetic model (R2 = 54.448%). In addition, 
there was a significant difference between the qe value (qe,calc = 2.9108 mg/g) cal-
culated from the pseudo-second-order model and the experimental value (qe, exp 
= 2.9034 mg/g) to that of the pseudo-first-order model. Consequently, the 
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pseudo-second-order model better fits the adsorption of MB dye onto coconut  

 

Figure 7. Desirability ramp for optimization of factors and MB dye removal efficiency. 
 
Table 6. Adsorption Kinetics model parameters. 

Kinetic model Equation 
 

Constants 

Pseudo-first-order ( ) ( ) 1ln lne t eq q q k t− = −  

qe, exp = 2.9034 mg∙g−1 
K1 = 0.02484 min−1 

R2 = 0.54448 
qe,calc = 0.1305 mg∙g−1 

Pseudo-second-order 2
2

1

t e e

t t
q K q q
= +  

qe, exp = 2.9034 mg∙g−1 
K1 = 0.2066 g∙mg−1∙min−1 

R2 = 0.99992 
qe,calc = 2.9108 mg∙g−1 

 

 

Figure 8. Linear plot of pseudo-second order kinetic model. 
 

husk cellulose. This model highlights the notable influence of the quantity of 
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available active sites on the cellulose adsorbent concerning the efficiency of MB 
adsorption. These findings are consistent with those presented by [21] in their 
study on the adsorption kinetics of MB dye using magnetic iron oxide nano-
sorbent. 

3.5. Adsorption Isotherms 

The equilibrium interaction between the MB dye and the cellulose adsorbent was 
accurately described using the Langmuir and Freundlich isotherm models [22] 
[23]. The Freundlich isotherm model takes into account the presence of surface 
heterogeneity in the adsorbent material and the exponential distribution of ac-
tive sites and adsorption energies [24]. The Langmuir isotherm theory suggests 
that the highest adsorption capacity is achieved when a monolayer of adsorbate 
molecules is established on the adsorbent’s surface, and this process exclusively 
takes place at designated, uniform sites within the adsorbent material [25]. Table 
7 provides the linear representation of the isotherms together with their respec-
tive constants. The Freundlich isotherm model accurately described the iso-
therms experimental data, as evidenced by the results presented in Figure 9 and 
the strong correlation coefficient reported in Table 7. The findings illustrate that 
the adsorption of MB onto cellulose extracted from coconut husks follows a 
multilayer adsorption mechanism on a surface that exhibits heterogeneity. The 
adsorption intensity, denoted as ‘n’ serves as a measure of the adsorption sur-
face’s heterogeneity. A favorable adsorption process is typi. 

 
Table 7. Adsorption isotherm parameters. 

Isotherm model Equation Constants 

Langmuir isotherm 
1e e

e m L m

C C
q q K q

= +  

qmax = 42.7168 mg∙g−1 
KL = 0.0858 L∙mg−1 

RL = 0.35 - 0.1 
R2 = 0.8593 

Freundlich isotherm ( ) ( ) ( )1ln ln lne F eq K C
n

= +  

KF = 3.3458 
1/n = 0.8777 
n = 1.1393 
R2 = 0.9995 
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Figure 9. Linear plot of Freundlich isotherm model. 

3.6. Desorption and Reusability Studies 

Adsorbent regeneration and reusability are critical to consider for industrial ap-
plication. The adsorbent should be reusable with no considerable degradation in 
its affinity for contaminants [26]. In this study, approximately 88% of the MB 
dye was desorbed, and the reusability of cellulose from coconut husks was stud-
ied in two successive cycles, as shown in Figure 10. The results indicated that the 
cellulose from coconut husks is easily recyclable/reusable, with a removal effec-
tiveness of more than 86% even after the second sequential batch of adsorp-
tion/desorption cycles. 

 

 

Figure 10. Removal efficiency of MB dye onto cellulose from 
coconut husks in three cycles. 

4. Conclusion 

In conclusion, this research employed coconut husk cellulose as an adsorbent to 
eliminate MB dye from aqueous solutions, due to its natural, cost-effective, and 
environmentally friendly attributes. Utilizing RSM-CCD, the study systemati-
cally assessed the impact of independent factors, individually and in combina-
tion, on MB dye adsorption. The developed model was reliable, with a high cor-
relation between the model-predicted outcomes and experimental values (R2 = 
99.79%). Notably, the solution pH emerged as a pivotal process variable in MB 
dye adsorption onto coconut husk cellulose. Under room temperature condi-
tions, the optimal removal efficiency was achieved with an initial MB dye con-
centration of 30 mg∙L−1, 120 minutes’ contact time, a pH level of 7, and a fixed 
adsorbent mass of 0.5 g. The Freundlich isotherm model excellently described 
the adsorption data (R2 = 99.91%), while the kinetic data indicated the domi-
nance of the pseudo-second-order adsorption mechanism (R2 = 99.992%). Im-
portantly, desorption and reusability studies confirmed that the coconut husk 
cellulose adsorbent could be recycled with only a minor reduction in its adsorp-
tion capacity. This study underscores the potential of coconut husk cellulose as 
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an eco-friendly and sustainable solution for dye removal from wastewater, con-
tributing to environmental preservation and the promotion of environmentally 
sound alternatives in the realm of water treatment. 
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