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ABSTRACT 
 

Adsorption techniques based on the use of natural polymers, such as non-toxic chitosan, which is made from leftover 

crab shells by demineralization (acid treatment) and deproteinization (alkaline treatment), have drawn more attention 

in recent years. The most popular method for advanced wastewater treatment is adsorption. Because of its many 

functional uses, chitosan is frequently employed as an efficient biomaterial in the field of adsorption. Chitosan's 

hydroxyl (-OH) and amine (-NH2) groups make it one of the most appropriate and adaptable adsorbents. By adding 

more functions to its fundamental structure, chitosan adsorption capability and selectivity can be further enhanced. 

While the Langmuir, Freundlich Isotherms study and kinetics investigations demonstrated that the adsorption process 

was suited by pseudo-first-order and second order for dye, the results from isotherm models demonstrated that the 

adsorption of dye on chitosan corresponded well with the Freundlich model. These three distinct factors influencing 

methylene blue adsorption performance were chosen for modelling and optimization procedures utilizing response 

surface methods in a central rotating composite design. A second-degree polynomial equation was used to predict the 

percentage of methylene blue elimination by chitosan made from crab shells. With an R2 = 0.9934 and a Radj = 0.9849, 

the proposed model was valid and accurately described the phenomenon investigated in the experimental area. 
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INTRODUCTION 

When numerous industries produce garbage that 

seriously pollutes the environment, environmental 

protection becomes a challenging undertaking. Large 

amounts of aqueous wastes and dye effluents with high 

BOD loading and strong, lasting color are released 

from the dyeing process in the textile sector, which is 

unsatisfactory from an aesthetic and environmental 

standpoint (Annadurai and Krishnan, 1997). Aquatic 

life is seriously at risk because the majorities of these 

dye wastes are poisonous and may cause cancer 

(Vandevere et al., 1998). Consequently, the elimination 

of dyestuffs from effluents becomes crucial, and 

numerous governments have imposed environmental 

regulations concerning the quality of colored effluents 

and mandated that enterprises that use dyes decolorize 

their effluents before to discharge. Numerous 

conventional dye removal treatment systems, including 

trickling filters, activated sludge, chemical coagulation, 

carbon adsorption, and photodegradation processes, 

have been thoroughly studied (Vandevere et al., 1998; 

Ganesh et al., 1994; Gan Yang et al., 2008). Among 

these chemical and physical techniques, the adsorption 

process is reasonably successful in producing a high-

quality effluent without the production of hazardous 

compounds like ozone and free radicals during the UV 

photodegradation process.  

 

Activated carbon (Walker and Weatherley, 1997), peat 

(Poots et al., 1976a;1976b; Ho and Mckay, 1998), pith 

(Mckay et al., 1987; Namasivayam et al., 1998; Ho and 

Mckay, 1999; Namasivayam et al., 2001; Namasivayam 

et al., 2002), fuller's earth (Atun et al., 2003; Mckay et 

al., 1985), and wood (Poots et al., 1976a;1976b; Asfour 

et al., 1985). The potential uses of polymeric 

nanoparticles in medicine and nanotechnological 

devices, especially as drug delivery vehicles, have 

drawn more interest in recent years. These 

nanoparticles are manufactured with a regulated 

composition, unique supramolecular structures, and 

dimensions. Due to intra- and or intermolecular 

interactions of hydrophobic segments in aqueous 

media, these polymeric nanoparticles with hydrophilic 

and hydrophobic segments have special properties, 

including thermodynamic stability, unusual rheological 

features, and the structure of a hydrophilic shell and a 

hydrophobic core (Chu and Tsui, 1999; El-Geundi, 

1991; Grau, 1991). Polymeric amphiphiles have been 

thoroughly investigated and identified as promising 

medication and gene delivery vehicles due to their 

ability to decrease harmful side effects and enhance 

therapeutic outcomes. Preparing biodegradable and 

nontoxic polymeric amphiphiles based on natural 

biomaterials like chitosan has received a lot of 

attention lately. 

 

Chitin is deacetylated to generate chitosan, a 

heteropolymer comprising β - [1→4]-2-amino-2-

deoxy-D-glucopyranose and β - [1→4]-2-acetamido-

2-deoxy-D-glucopyranose. An essential part of the 

adsorption process is chitosan; a type of natural 

polysaccharide made from chitin. The b (1-4)-2-

amino-2-deoxy-D-glucopyranose (D-glucosamine) 

repeating unit makes up the majority of chitosan, a 

polysaccharide that also contains trace amounts (less 

than 20%) of N-acetyl-D glucosamine residues 

(Ali Aberoumand and Maryam Hosseinian, 2025). 

The polymer has a very high affinity for a variety of 

dye classes, including disperse, direct, reactive, and 

acid dyes. It is also non-toxic and biodegradable. 

Through electrostatic attraction, cationized amino 

groups can adsorb anionic dye molecules in an acidic 

aqueous media. The manufacture of chitosan from 

crab shells is the subject of the proposed study 

(Musmade and Lalit Mahatma Ali Aberoumand, 

2021). The purpose of this research is to achieve the 

best removal efficiency of methylene blue with short 

contact and settling durations. Chitosan has been well 

examined for its capacity to remove dye from textile 

wastewater effluent. Experiments on a bench scale 

were carried out to investigate the impact of 

temperature and pH. Because of its vast surface area, 

the chitosan is thought to have a greater capacity. The 

sorption behavior of the chitosan research will be 

examined (Anggraeni et al., 2024). 

 

MATERIALS AND METHODS 

Chemicals, reagents, and media  

Crab shells were gathered from the fish market and 

extensively cleaned with distilled water to get rid of any 
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water-soluble compounds and adherent particles. After 

that, it was exposed to sunlight for four to five days to 

dry. The following compounds were graded 

analytically. Methylene blue, double-distilled water, 

and acetic acid glacial (CH3COOH) 100% GR (Merck) 

were supplied by Merck. 

 

Preparation of chitosan 

To the treatment conditions, chitin extraction from 

prawn and crab shells was accomplished using an 

alkali-acid treatment, as previously described for other 

crustacean shells. Samples (also known as crab shells, 

demineralized, or decolorized samples) were 

deproteinized by treating them with 1.2 N sodium 

hydroxide for 2.5 hours at 70-75 °C (10 mL g-1 of 

samples), demineralized at room temperature with 0.7 

N hydrochloric acid (10 mL g-1 of samples) for 15 

minutes, and decolorized with acetone for 10 minutes. 

They were then dried for two hours under a hood, and 

finally bleached with a 0.32 percent (v/v) solution of 

sodium hydroxide (10 mL g-1 of samples) for 15 

minutes at room temperature. Following each stage, 

the solid was filtered out and neutralized with distilled 

water. Chitin deacetylation was performed for 15 

minutes at 15 psi/121 °C using a 50% sodium hydroxide 

solution (13 mL g-1 of chitin). Following this stage, 

samples were filtered, cleaned with distilled water to 

achieve a neutral pH, and dried for eight hours at 60 °C 

in an oven to obtain the commercial chitosan material. 

 

Batch equilibrium studies 

The necessary quantities of methylene blue dye were 

achieved by dissolving the dye in deionized water. The 

chitosan 0.1 g of adsorbent with different dye 

concentration at various temperatures (30, 45, and 

600C) and pH levels (5.5, 6.2, and 7.8) was shaken for 24 

hours using a water bath to maintain the equilibrium 

adsorption isotherm tests. The solutions were examined 

using a UV/Visible spectrometer at the wavelength 

corresponding to the maximum absorbance (max) in 

order to assess the residual concentrations.  

 

Batch kinetic study 

The adsorbent material chitosan (0.1g/L) was added 

to 100 ml of dye solution (100 mg/L) while stirring 

continuously. Among the various parameters 

examined were (i). Effects of dye concentration at 

constant temperature (300C) and pH (6.2): 20, 40, 

and 60 mg/L. (ii). Temperature effects at constant pH 

(6.2): 300C, 450C, and 600C. (iii). Impact of pH: 5.5, 

6.2, and 7.8 at 300C. The concentrations of dyes were 

measured with an UV/visible spectrometer was used 

to measure the dye concentrations. Every experiment 

was at least repeated under the same circumstances. 

The following is the quantity of adsorption at time t, 

qt (mg/g) was obtained as follows; 

 

  MCCq tt /0 
                                                              (1) 

Where C0 (mg/L) and Ct (mg/g) are the liquid-phase 

concentrations of solutes at initial and any time t, 

respectively, M is the dosage of adsorbent in the 

solution (g/L). 

 

Box-Behnken experiments 

The Box-Behnken design was used to maximize the 

range of testing. Temperature (30, 45, 60 0C) X1, pH 

(5.2, 6.2, 7.2) X2 and time (mints) (20, 60, 140) X3 

were measured. As seen in Table 3, these were the 

crucial variables for the real studies. A known weight 

of chitosan (0.1g/L) was added to a 250 ml flask for 

each experimental batch, and the flask was then 

incubated for 24 hours at 30 °C on an orbital shaker 

(150 rpm). 

 

RESULTS AND DISCUSSION 

Effect of pH 

Fig. 1. shows the dye adsorption on chitosan at 

various pH values (5.5, 6.2, 7.8). Although there have 

been various attempts to calculate the amount 

adsorbed, the most popular method of getting an 

adsorption isotherm is to measure the concentration 

of dye solution before and after the adsorption tests 

(Bravo-Osuna et al., 2010; Cafaggi et al., 2007). The 

effect of the initial pH for the dye solution was 

experimentally investigated under a pH range from 

5.5 to 7.8 and the results can be observed in Fig. 1. 

Using chitosan powder, the solution pH has a major 

effect on chitosan adsorption behavior. It reaches its 

maximum adsorption efficiency of 17.2mg/g under 

acidic conditions (pH= 6.2) in comparison with a 
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12.2mg/g adsorption efficiency under alkaline 

conditions (pH = 7.8) (Akbar Bayat et al., 2008). The 

experiments were conducted under the following 

conditions; temperature 30°C, mixing speed 120 rpm, 

dose 0.1 g/L, and contact time 60 min (Dan Du et al., 

2009). 

 

 

Fig. 1. Effect of specific dye uptake at different pH 

with dye concentration 

 

Effect of temperature 

Fig. 2 illustrates how temperature affects the 

adsorption of Methylene Blue dye using 20 to 100 

mg/L dye solution supplemented with 0.1 g/L of 

adsorbent dosage under various temperature 

conditions. Temperature is a crucial parameter that 

can be regarded as a significant factor in the 

adsorption process. Between 30 and 60°C, the rate of 

decolorization rises with temperature. This 

demonstrates that the process of adsorption is 

exothermic. According to Le-Chatelier's Principle, 

adsorption occurs more quickly at lower temperatures 

and decreases as the temperature rises (Moradi et al., 

3009; Karam et al., 2024). The amount of Methylene 

blue dye absorbed reduces as the temperature rises, 

demonstrating that the adsorption process generates 

exothermic heat (Fig. 2). As the temperature rises, the 

Vander Waals force between the molecules of 

methylene blue dye and the active sites on the surface 

of the adsorbent doubles. At higher temperatures, the 

solvent is more attracted to the surfaces active sites, 

decreasing the surfaces capacity to adsorb material 

(Moradi et al., 2009; Ahmad et al., 2021; Karam et 

al., 2024). As the temperature rises, so does the 

unpredictable nature of the dye molecules stick to the 

compounds surface. The adsorption process is also 

influenced by the surfaces porosity. 

 

Fig. 2. Effect of specific dye uptake at different 

temperatures dye concentration 

 

Langmuir isotherm 

The adsorption systems, it is crucial to take into 

account the shape of the adsorption isothermal curve 

in Fig. 3-4, since it offers insights into the equilibrium 

curve and other associated phenomena. Based on 

their main slope, the equilibrium curves are separated 

into with subgroups distinguished by slope changes 

and upper section shapes. According to Eteba et al. 

(2022), these groups' L type curves are isotherms of 

constant partition. The fundamental idea behind the 

equilibrium curve initial shape (L shape) in Fig. 2 is 

that, up until the number of adsorption sites cleared 

is restricted, the higher the solute concentration, the 

greater the adsorption capacity, leading to 

competition between solute molecules for the 

available sites. This form of isotherm states that 

relatively weak forces, like "van der Waals forces," are 

responsible for adsorption. The Freundlich and 

Langmuir isotherms, two significant isotherms, were 

selected for this investigation from a variety of 

isothermal models. The Langmuir isotherm has found 

successful application to many other real sorption 

processes and it can be used to explain the sorption of 

dye into chitosan.  A basic assumption of the 

Langmuir theory is that sorption takes place at 

specific sites within the adsorbent (Poots et al., 1976a; 

1976b; Asfour et al., 1985; Fu Chen et al., 2008). The 

data obtained from the adsorption experiment 

conducted in the present investigation was fitted in 

different pH and temperature in isotherm equation. 

The saturation monolayer can be represented by the 

expression. The Langmuir isotherm has been 

effectively used in a number of sorption processes and 

maintains that sorption takes place at many 
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homogenous sites inside the adsorbent. The physical 

simplicity of the isotherm is predicated on the 

following: (1) adsorption is limited to monolayer 

coverage. (2) Only one adsorbate molecule can fit in 

each location. (3) The surface is homogeneous and all 

places have equal energy 

 

)1( e

e

e
bC

KbC
q




                                                                     (2) 

ee KbCKq

111


                                                                     (3) 

 

A plot of (1/qe vs 1/Ce) resulted in a linear graphical 

relation indicating the applicability of the above 

model as shown in (Fig.3-4). The values are 

calculated from the slope and intercept of different 

straight line representing the different particle size, 

pH and temperature (b) energy of adsorption and (k) 

adsorption capacity and Q0 is represented by (K). The 

Langmuir isotherm constant (Q0) in eqn (2-3) is a 

measure of the amount of dye adsorbed, when the 

monolayer is completed. Monolayer capacity (Q0) of 

the adsorbent for the dye is comparable obtained 

form adsorption isotherm. The observed statistically 

significant (at the 95% confidence level) linear 

relationship as evidenced of these by the R2 values 

(close to unity) indicate the applicability of the 

isotherm (Langmuir isotherm) and surface. 

 

   

Fig. 3. Langmuir isotherm for the 

adsorption of dye using Chitosan at 

different pH with dye concentration 

Fig. 4. Langmuir isotherm for the 

adsorption of dye using Chitosan at 

different temp. with dye concentration 

Fig. 5. Freundlich isotherm for the 

adsorption of dye using Chitosan at 

different pH with dye concentration 

 

Freundlich isotherm 

Freundlich isotherm is used for heterogeneous 

surface energies system.  The sorption isotherm is 

the most convenient form of representing the 

experimental data at different particle sizes, pH 

and temperature as shown in (Fig. 5-6.).   Fig. 5 

and 6 show the batch isothermal data fitted to the 

linear form of the Freundlich isotherm (Ho and 

Mckay, 1999; Namasivayam et al., 2001; 

Namasivayam et al., 2002; Atun et al., 2003; 

Mckay et al., 1985). According to the Freundlich 

isotherm, adsorption takes place on a 

heterogeneous surface, and as concentration rises, 

the adsorbed mass grows exponentially capacity is 

not assumed to be monolayer as this isotherm 

describes equilibrium on diverse surfaces. This 

isotherm in the liquid phase is provided by 

Equation. 

n

eFe CKq
/1


                                                               (4) 

eFe CnKq ln)/1/(lnln                                             (5) 

 

The various constants, associated with the isotherm are 

the intercept, which is roughly on indicator of sorption 

capacity (kf) and the slope (1/n) sorption intensity values 

are recorded in (Table 1). Freundlich of isotherm has 

been illustrated to be a special case of heterogeneous 

surface energies and it can be easily extended to this 

case.  It has been stated by (Fu Chen et al., 2008; Xu-Bio 

Yuan et al., 2008) that magnitude of the exponent 1/n 

gives an indication of the favorability and capacity of the 

adsorbent/adsorbate system.  

 

Adsorption kinetics 

The kinetic experiments were carried out by extracting 

and evaluating the samples at intervals of varying time 
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(min) till the successive residue dye concentrations 

became closer in order to comprehend the mechanism of 

the adsorption process. The well-known kinetic models, 

the pseudo-first-order model and the pseudo-second-

order model, were used to analyze the kinetic data for 

the adsorption process of methylene dye onto chitosan 

with an initial dye concentration of 20 mg/L. The 

kinetics of adsorption was studied for its possible 

importance in the treatment of dye-containing industrial 

effluents. Numerous kinetic models have been proposed 

to elucidate the mechanism by which pollutants are 

adsorbed at different dye concentration (20, 40, 60 

mg/L), pH (5.8, 6.2, 7.8) and temperature (30 45, 60 0C) 

as shown in Fig. 7-9.  

 

Table 1. Langmuir and Freundlich isotherm constants at different pH and Temperature 

pH Langmuir Isotherm -model parameters Freundlich Isotherm -model parameters 
5.5 K= 18.53; b= 1.40; R2= 0.9915 KF = 1.26; n= 0.793; R2= 0.8433 
6.2 K= 86.93; b= 0.82; R2= 0.9456 KF = 1.24; n= 0.795; R2= 0.8615 
7.8 K= 257.37; b= 0.90; R2= 0.9359 KF= 0.654; n= 1.52; R2= 0.8712 
Temp. (°C) Langmuir Isotherm -model parameters Freundlich Isotherm -model parameters 
30 K= 18.53; b=1.32; R2=0.9964 KF = 0.912; n= 1.095; R2= 0.8448 
45 K= 86.93; b=0.71; R2=0.9939 KF = 0.894; n= 1.118; R2= 0.9332 
60 K= 245.0; b= 0.69; R2=0.9930 KF =0.633; n= 1.579; R2= 0.9283 

 

   

Fig. 6. Freundlich isotherm for the 

adsorption of dye using Chitosan at 

different temp. with dye concentration 

Fig. 7. Effect of specific dye uptake 

at different dye concentration with 

time (mints) 

Fig. 8. Effect of specific dye uptake 

at different pH with time (mints) 

 

 

   

Fig. 9. Effect of specific dye uptake at 

different temperature with time 

(mints) 

Fig. 10. Pseudo-first order plot for 

the adsorption of dye using Chitosan 

at various plot at dye concentration 

Fig. 11. Pseudo-first order plot for 

the adsorption of dye using Chitosan 

at various plot at pH  

 

The large number and array of different chemical groups 

on chitosan chains (e.g., –NH2, –OH) imply that there 

are many types of chitosan–solute interactions (Ho and 

Mckay, 1999; Namasivayam et al., 2001; Namasivayam 

et al., 2002; Atun et al., 2003). It is probable that any 

kinetic or mass transfer representation is likely to be 

global. From a system design viewpoint, a lumped 

analysis of adsorption rates is thus sufficient to practical 

operation. A simple kinetic analysis of adsorption is the 

pseudo-first-order equation; 
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 tqe

t

qqK
q

 1

tdq

                                                              (6) 

 

After definite integration by applying the initial 

conditions qt=0 at t=0 and qt=qt at t=t, equation (7) 

becomes; 

  t
K

qqq eqtqe
303.2

loglog 1
                                          (7) 

 

Where qeq and qt are amount of dye adsorbed at 

equilibrium and at time, in mg g-1 respectively, and 

K1 is the first order rate constant, was applied to 

the present studies of dye adsorption. As such the 

values of log (qe-qt) vs t were calculated form the 

kinetic data of (Fig. 10-12) and plotted against 

time. The first-order rate constant calculated form 

the plots are shown in (Table 2). Adsorption 

kinetics for some system can also be described by a 

pseudo-second order reaction (Namasivayam et al., 

2002; Atun et al., 2003; Mckay et al., 1985; Poots 

et al., 1976a; 1976b).  

 

Table 2. Pseudo-first and pseudo-second order rate constant at different dye concentration, pH and 

temperature  

Dye concentration (mg/L) Pseudo-first order rate constant Pseudo-second order rate constant 
20 K1=3.354; qeq= 1.41; R2= 0.9936  K2=0.0046; qeq=14.02; R2= 0.9709  
40 K1= 3.36; qeq= 1.54; R2= 0.9999  K2= 0.005; qeq=21.08; R2= 0.9807                 
60 K1= 1.29; qeq= 1.45; R2= 0.9999  K2=0.0051; qeq= 17.48; R2=0.9896  
pH Pseudo-first order rate constant Pseudo-Second order rate constant 
5.8 K1= 0.0653; qeq=1.416; R2= 0.99363  K2= 0.0015; qeq=16.07; R2= 0.8709  
6.2 K1= 0.059; qeq= 1.54; R2= 0.9999  K2= 0.0014; qeq= 13.81; R2= 0.8283  
7.8 K1= 0.10523 qeq= 1.45; R2= 0.9990  K2= 0.0018; qeq= 13.87; R2= 0.9896  
Temperature (0C) Pseudo-first order rate constant Pseudo-Second order rate constant 
30 K1= 0.0403; qeq= 1.54; R2= 0.9936 K2= 0.0105; qeq=13.86; R2= 0.8293 
45 K1= 0.051; qeq= 1.457; R2= 0.9999  K2= 0.006; qeq= 10.42; R2= 0.7747              
60 K1=0.0136qeq=1.459.10; R2= 0.9741  K2= 0.008; qeq= 10.8; R2= 0.7738                   

 

   

Fig. 12. Pseudo-first order plot for 

the adsorption of dye using Chitosan   

at various plot at temperatures 

Fig. 13. Pseudo-second order plot for 

the adsorption of dye using Chitosan 

at various plot at dye concentration 

Fig. 14. Pseudo-second order plot 

for the adsorption of dye Chitosan at 

various plot at pH 

 

The pseudo-second-order equation based on 

adsorption equilibrium capacity may be expressed in 

the form; 

 

 22
tdq

teq

t

qqK
q



                                                          (8) 

 

Where k2 is the rate constant of pseudo-second-order 

adsorption. Integrating equation (9) and applying the 

initial conditions, we have 

 

tK
qqq eteq

2

1

)(

1


                                                  (9) 

or equivalently, 

t
qqKq

t

eeqt

11
2

2



                                                     (10) 

 

The equilibrium adsorption capacity (qeq), and the 

second-order constants k2 (g/mg min) can be 

determined experimentally from the slope and 

intercept of plot t/qt versus t. 
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The applicability of the pseudo-second order models 

can be examined by linear plot t/q vs t respectively as 

shown in (Fig. 13-15). The correlation coefficient R2 

shows that the pseudo-second order model an 

indication of a chemisorption mechanism, fits the 

experimental data slightly better than the pseudo-first 

order model. Therefore, the adsorption of methylene 

blue dye can be approximated more favorably by the 

pseudo-second order model. This model has been 

successfully applied to describe the kinetics of many 

adsorption systems. Calculated correlations are closer 

to unity for second-order kinetics model; therefore, 

the adsorption kinetics could well be approximated 

more favourably by second-order kinetic model for 

dye adsorption. The k2 (mg g-1 min-1) and qeq (mg g-1 

min-1) values as calculated are listed in (Table 2). 

 

Design of experimental procedure 

Response surface methodology is an empirical 

modeling technique designed to evaluate the 

relationship between a set of controlled experimental 

factors and the observed results. Prior knowledge of 

the process is required to formulate a statistical 

model (Box and Hunter, 1957; Box and Behnken, 

1960; Cochran and Cox, 1968). Basically, the 

optimization process involves three major steps: 

performing the statistically designed experiments; 

estimating the coefficients in a mathematical model; 

predicting the response and checking the adequacy of 

the model.  

 

)..........,,( 321 kXXXXfY                      (11) 

 

The true relationship between Y and Xk may be 

complicated and, in most cases, it is unknown; 

however, a second-degree quadratic polynomial can 

be used to represent the function in the range of 

interest, 
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where X1, X2, X3, X4, …, Xk are the input variables 

which affect the response; Y, R0, Ri, Rii and Rij (i = 1–

k, j = 1–k) are the known parameters; and ε is the 

random error.  The parameters values have three 

levels as follows: pH (5.2, 6.8, 7.2), temperature 

(30,45, 60 0C), Time (mints) (20,60,140). This also 

enables us to identify significant interactions in the 

batch studies. In systems involving four significant 

independent variables X1, X2, and X3 indicate the 

mathematical relationship of the response of these 

variables which can be approximated by the following 

quadratic (second degree) polynomial equation: 
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Where Y is the Predicted value; bo is a constant; X1 is 

the pH; X2 is the temperature; X3 is the Time (mints); 

b1, b2, and b3 are linear coefficients; b12, b23, and b31, 

are cross product coefficients; and b11, b22, and b33
 are 

quadratic coefficients. The critical variables or 

parameters are chosen and designated X1, X2, and X3. 

The low, middle and high levels of each variable are 

designated as -1, 0, and +1, respectively, as seen in 

Table 3. A total of 17 treatments were necessary to 

estimate the coefficients of the model using multiple 

linear regressions. The experimental analysis was 

carried out using the design expert by Stat Ease lnc 

(Statistics Made Easy, Minneapolis, MN Version .7).  

 

The regression equation obtained after analysis of the 

variance gives the level of adsorption of dyes on pH 

(5.2, 6.8, 7.2), temperature (30,45, 60 0C), Time 

(mints) (20,60,140). A regression model containing 3 

linear (Xl, X2, X3), 3 quadratic (X1
2, X2

2, X3
2) and 3 

interaction (XIX2, X2X3, X1X3) terms, plus 1 block 

term was employed using the DESIGN EXPERT 

version (5.7.0.1.1997). The experimental results were 

analyzed through RSM to obtain find an empirical 

model for the best response. The theoretically 

predicted responses are shown in Table.3. The 

estimated responses seem to have a functional 

relationship only in or near a local region at the 

central point of the model. The quadratic model was 

used to explain the mathematical relationship 

between the independent variables and the dependent 

responses. 
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Table 3. The Box–Behnken design for the three independent variables adsorption dye in actual and predicted 

values 

Run no. pH X1 Temperature (0C) X2 Time (mints) X3 Experimental value 
(mg/g) 

Predicted value 
(mg/g) 

1 5.2 30 80 15.86 15.99 
2 7.2 30 80 16.19 15.81 
3 5.2 60 80 15.41 15.79 
4 7.2 60 80 17.54 17.41 
5 5.2 45 20 16.50 16.38 
6 7.2 45 20 16.18 16.55 
7 5.2 45 140 18.43 18.05 
8 7.2 45 140 19.20 19.33 
9 6.2 30 20 16.34 16.34 
10 6.2 60 20 17.49 17.24 
11 6.2 30 140 18.51 18.76 
12 6.2 60 140 19.26 19.26 
13 6.2 45 80 22.40 22.40 
14 6.2 45 80 22.40 22.40 
15 6.2 45 80 22.40 22.40 
16 6.2 45 80 22.40 22.40 
17 6.2 45 80 22.40 22.40 

 

   

Fig. 15. Pseudo-second order plot 

for the adsorption of dye using 

Chitosan at various plot at 

temperatures 

Fig. 16. Adsorption of dye on 3D 

graphics for response surface 

optimization versus time (mints) vs 

pH 

Fig. 17. Adsorption of dye on 3D 

graphics for response surface 

optimization versus temperature 

(°C) vs pH 

  

The mathematical expression of the relationship of 

the adsorption of dye concentration, pH, and Time 

(mints) is shown below as coded factors. All terms 

regardless of their significance are included in the 

following equation: 
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The results of variance analysis (ANOVA) are shown in 

Table 4. The predictability of the model is at the 99% 

confidence interval. The predicted response fits the 

experimentally obtained response well. The coefficient 

of determination (R2) value is 0.9934 which shows that 

the equation is very reliable. A ‗p‘ value of less than 

0.0001 indicates that the model is statistically 

significant.  The model was found to be adequate for 

prediction given the range of variables chosen. Fig. 16-

18 shows the observed adsorption of dye versus the 

values predicted by the statistical model (Eq. 14). The 

figure makes it clear that the predicted response from 

the empirical model is in good agreement with the 

experimentally obtained data.  

 

Effect of pH 

The effect of pH on adsorption process was studied at 

different pH values, namely, 6.7, 8, 5 and 9.5.   The 

results are represented in (Fig. 16). This may be due 

to the number of positive charges on the sorbent 

surface which leads to the no rejection of the 

negatively charged dye molecule, and thereby 
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increasing the adsorption.   In general, the uptakes 

are much higher in acidic solutions than those in 

neutral and alkaline conditions. The dye absorption 

may also derive support from the ion exchange 

reaction.   According to Yoshida (Sanjay K. Motwani 

et al., 2009; Yujun Wang et al., 2009; Yujun Wang et 

al., 2009a; 2009b) at lower pH more protons will be 

available to protonate amine groups of chitosan 

molecules to form groups –NH3
+, thereby increasing 

electrostatic attractions between negatively charged 

dye anions and positively charged adsorption sites 

and causing an increase in dye adsorption. This 

explanation agrees with our data on pH effect. It can 

be seen that the pH of aqueous solution plays an 

important role in the adsorption of methylene blue 

onto chitosan (Mckay et al., 1987). All amino groups 

of the chitosan fibers are cationized and the dye anion 

pulled in strongly by electrostatic attraction (Gui-yin 

Li et al., 2009; Gui-yin Li et al., 2009a;2009b; Sanjay 

K. Motwani et al., 2009). The similar pH effects were 

also observed by the adsorption of reactive on cross-

linked chitosan fibers (Sanjay K. Motwani et al., 

2009) adsorption of RR 189 (reactive dye) on cross-

linked chitosan beads (Guogen Liua et al., 2007) and 

reactive dye (RB2, RB2, RY2, RY86) on cross-linked 

chitosan beads (Mckay et al., 1987). 

 

Table 4. Regression analysis for the adsorption dye by chitosan nanomaterial for quadratic response surface 

model fitting (ANOVA) 

Source Coefficient value Mean square F-value Prob > F value 
X0 113.1087 12.56763 117.2979 < 0.0001* 
X1 1.05125 1.05125 9.811667 <0.0166* 
X2 0.98 0.98 9.146667 <0.0193 
X3 9.90125 9.90125 92.41167 < 0.0001* 
X1

2 0.81 0.81 7.56 <0.0285* 
X2

2 0.3025 0.3025 2.823333 0.1368 
X3

2 0.04 0.04 0.373333 0.5605 
X1 X2 44.13224 44.13224 411.9009 < 0.0001* 
X1 X3 35.71645 35.71645 333.3535 < 0.0001* 
X2 X3 10.61118 10.61118 99.03772 < 0.0001* 
Residual 0.75 0.107143 R-squared = 0.9934  
Lack of fit 0.75 0.25 Adj R-squared=0.9849  
Pure error 0 0   
Correlation total 113.8587    

*Values of ―Prob > F‖ less than 0.0500 indicate model terms are significant. 

 

Effect of temperature 

Temperature is an important parameter for the 

adsorption process. A plot of the Methylene blue 

uptake as a function of temperature (30, 45 and 60 

°C) is shown in (Fig. 17). The results reveal that the 

dye uptake increased with increasing temperature at 

300C 56.0 mg/g; 450C 78.0 mg/g and 600C 96.0 

mg/g). The adsorption of dye at higher temperature 

was found to be greater compared to that at a lower 

temperature (Jong-Ho Kim et al., 2008; Lin and Lin, 

1993). The curves indicate the strong tendency of the 

process for monolayer formation (Lucarelli et al., 

2000; Poots et al., 1997a;1997b). The increase in 

temperature would increase the mobility of the large 

dye ion and also produces a swelling effect with in the 

internal structure of the chitosan, thus enabling the 

large dye molecule to penetrate further (Sanjay K. 

Motwani et al., 2009; Yujun Wang et al., 2009a; 

2009b). 

 

 

Fig. 18. Adsorption of dye on 3D graphics for 

response surface optimization versus time (mints) vs 

temperature (°C) 

 

Therefore, the adsorption capacity should largely 

depend on the chemical interaction between the 

https://www.innspub.net/


J. Biodiv. & Environ. Sci. Vol. 28, Issue: 2, p. 85-98, 2026 

 

95 Priyanga et al.  Journal of Biodiversity and Environmental Sciences | JBES 
Website: https://www.innspub.net 

 

functional groups on the adsorbent surface and the 

adsorbate and should increase with temperature 

rising. This can be explained in that an increasing 

diffusion rate of the adsorbate into the pores of the 

adsorbent at higher temperature might contribute to 

the Remazol black 13 (Reactive dye) adsorption, as 

diffusion is an exothermic process (Guogen Liua et 

al., 2007; Gui-yin Li et al., 2009). 

 

Effect of time (mints)  

The maximum amount of dye adsorption (88.45 to 

97.71mg/g) to chitosan can be clearly seen in Fig. 18. 

The optimal adsorption was 21.2 mg/g with 80.0 time 

(mints) with Temperature (450C) and a dye 

concentration of 40.0mg/L (Rajesh Kumar et al., 

2008; Tze-Wen Chunga et al., 2008a;2008b). The 

most probable explanation for the effect of the mass 

of orange peel on the biosorption of microbial cells 

form the bulk solution is that as the mass increased 

both the available adsorbent surface area and the 

pore surface area (Yakup Arica, 2001).  

 

CONCLUSION 

The purpose of this study is to investigate the ability of a 

adsorbent made from chitosan (crab shells) to bind 

dyestuffs. We will look at the potential of employing 

adsorbent wastewater and Agric-food industrial 

wastewater treatment plants. (i) Chitin will be prepared 

from crab and prawn shells at varying concentrations 

(NaOH); (ii) Chitosan will be prepared by soaking it in 

sodium hydroxide for 2.5 hours at 70-75 degrees Celsius, 

demineralizing it at room temperature with 0.7 to 1.0 N 

hydrochloric acid for 15 minutes, decolorizing it with 

acetone for 10 minutes, and drying it for 2 hours. Then, 

it will be bleached with a 0.32% (v/v) solution of sodium 

hydroxide (containing 5.25% available chlorine) for 15 

minutes at room temperature.  

 

Dyestuff will be utilized as an adsorbent to describe the 

adsorption capacity of various sorbent material 

conditions. Freundlich was used to examine the 

experimental isotherm data, and Langmuir was 

calculated for each isotherm analysis. The equilibrium, 

pH, and temperature margins of the tests were used to 

analyze the material sorption behavior. The equilibrium 

data were fitted using two isotherms (Langmuir and 

Freundlich). We will look into the surface area that 

corresponds to chemically sorbent and pyrolyzed 

materials. The adsorption kinetic data will be interpreted 

using the kinetic models, namely pseudo-first-order and 

pseudo-second.  The elimination of dyestuff will be 

modelled mathematically using the Box-Behnken design 

of trials. Three main processes are anticipated by this 

optimization method, which involves the coefficients in a 

mathematical model: carrying out statistically planned 

experiments, estimating the coefficient in a 

mathematical model, forecasting the response, and 

determining the model's adequacy.  
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