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ABSTRACT: In this research, a chitosan-immobilized magnesium oxide nanoparticle (CS-MgONP) 

was synthesized to evaluate it as a prospective adsorbent for a cationic Methylene Blue (MB) dye. 

For the synthesized adsorbent, functional groups were analyzed through Fourier transform InfraRed 

(FT-IR) spectroscopy. X-Ray Diffraction (XRD) and Scanning Electron Microscopy (SEM) were used 

to identify the structural and morphological observations. The evaluation of process parameters such 

as pH (5-9), CS-MgONP dosage (0.2-0.6g/L), initial MB concentration (10-30mg/L), and 

temperature (283-323K) on MB adsorption was done at an equilibrium agitation time of 70 min using 

Central Composite Design (CCD) of Response Surface Methodology (RSM). MB removal percentage 

of 94.51% (desirability=0.829) was obtained under the optimal conditions of pH=7.28, 

dosage=0.47g/L, initial MB concentration= 19.37mg/L and temperature =309.76K. The adsorption 

onto CS-MgONP fits well with pseudo-second-order kinetics equation and equilibrium data made  

the best fit with Langmuir isotherm with maximum MB uptake capacity of 163.87mg/g. 
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INTRODUCTION 

Due to the enormous quantities of industrial effluents 

released as a consequence of rapid industrialization,  

the environment is at considerable risk [1,2]. Major 

contributors to colored effluents are textiles, dying,  

 

 

 

printing, leather, food, cosmetics and paper industries, 

which are making extensive use of dyes [3]. Wastewaters 

from these industries are quite lethal and have genuine 

consequences for people causing cancer and mutagenic  
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effects [4]. Dye particles are stable and in normal 

conditions do not break down effectively. Therefore, 

before releasing processed water into sewage, it is 

important to remove coloring. Numerous techniques, 

including adsorption, chemical coagulation, biological 

degradation, and oxidation, have been used to treat dye 

effluents these day[1,5]. Chemical and biological methods 

that will be used for color removal are technically complex 

and costly. Adsorption is an effective and promising color 

removal method from wastewater [6]. Methylene blue 

(MB, C16H18N3SCl) is a cationic dye considered as a model 

pollutant due to the complex structure and high non-

biodegradability. Exposure of higher levels of MB 

(>2ppm) may cause eye burns, leading to permanent  

eye injury [7,8]. MB will be used in textile, leather, pulp  

and paper industries. 

Because of their superior characteristics, metal oxide 

nanoparticles have been widely researched for their 

environmental and energy applications. Among various 

nano-metal oxides, nano-sized magnesium has proven  

to be a destructive adsorbent for treating various gaseous 

pollutants and often receiving significant consideration  

for wastewater decontamination [9,10]. Low magnesium 

oxide costs, outstanding chemical stability, higher surface 

area and non-toxicity are the primary reasons for this 

improved attention [11]. Although nano-MgO efficiently 

removes anionic dyes, there is little study of their 

adsorption effectiveness against cationic dyes [12]. 

The natural high molecular weight polymer Chitosan (CS) 

attracted significant interest with its non-toxicity, 

antibacterial activity and biocompatibility [13]. Chitosan 

has an excellent binding capacity of pollutants on the 

surface by means of hydroxyl (-OH) and amino (-NH2) 

groups, making it an effective adsorbent with a high dye 

removal capacity [14, 15]. However, the greater solubility 

of Chitosan with many organic acids, poor mechanical 

strength, and small surface area limit its application  

in waste water treatment. Several researchers  

have been exploring chemical modifications such as cross-linking  

to enhance the mechanical and physiochemical 

characteristics [16]. Recent studies have shown that 

nanocomposites formation is a good way to obtain 

improvements in the specified properties. Because  

of the strong interaction between chitosan and nano 

particles [17], chitosan-based nanocomposites have shown 

great capacity to remove pollutants. Haldorai et al. [18] 

synthesized chitosan-immobilized magnesium 

nanoparticles. The synthesized composite demonstrates 

excellent removal of dye in the case of methyl orange and 

also displays antibacterial characteristics. Travolu et al. [19] 

functionalized Graphite Oxide (GO) with magnetic 

chitosan, with a higher adsorption capacity of 425mg/g  

for reactive black adsorption. The chitosan obtained from 

shrimp shells treated by impregnation with granular 

activated carbon used as an adsorbent to remove MB. 

Dehagi et al. [20] synthesized chitosan-ZnO nanoparticles 

with superb adsorption performance to remove pesticides 

with extremely good regeneration capability. The 

chitosan-Al2O3-iron oxide composite adsorbent has been 

prepared to remove methyl orange reveals a strong 

adsorption ability of 417mg/g[21 ]. 

Design of experiments (DOE) will assist us in 

conducting acceptable optimal experimental runs and for 

studying the interaction and relationship between variables [22]. 

Response Surface Methodology (RSM) is an  

appropriate modeling and optimization method that 

utilizes quantitative data from suitable designed trials  

to determine working conditions [23]. The present work aims 

to prepare a composite for the MB removal using 

magnesium oxide nanoparticles and chitosan and to 

develop a model to predict the optimum operating 

conditions relying on the experimental findings. Central 

Composite Design (CCD) was used to evaluate the effects 

of pH, CS-MgONP dosage; MB concentration and 

temperature on the adsorption efficiency were examined 

by using batch experiments. Kinetics, isotherm and 

thermodynamic tests were also performed. The adsorption 

mechanism was evaluated using the kinetic parameters.  

To determine the correlation between isotherm models and 

experimental information, the Langmuir, Freundlich, 

Temkin and Redlich-Peterson (R-P) models were employed. 

CS-MgONP morphology was evaluated using Scanning 

Electron Microscopy (SEM). Also, the structural and 

functional groups were determined by X-Ray  

Diffraction (XRD), and Fourier Transform InfraRed (FT-IR) 

spectroscopy. 

 

EXPERIMENTAL SECTION 

Chemicals & Reagents 

Magnesium Nitrate GR (Mg (NO3)2.6H2O) procured 

from Merck Chemicals. Chitosan with a high degree  

of acetylation (>86%), with molecular weight of 2.6×105, 
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Polyvinylpyrrolidone (PVP) & ammonium hydroxide (NH4OH) 

were purchased from Loba Chemie Pvt. Ltd. (India). 

Glacial Acetic acid, NaOH was obtained from  

Fisher Scientific. Double distilled water was used to prepare 

all the solutions. The pH adjustments were carried out  

by the addition of 0.1N HCl or 0.1N NaOH. 

 

Synthesis of adsorbent: 

The synthesis procedure used in the current study  

was adopted from haldorai et.al(18). MgO nanoparticles 

were produced with PVP as a stabilizer and ammonium 

hydroxide as a precipitating agent by chemical 

precipitation of Mg (NO3)2.6H2O. 1g of chitosan flakes 

dissolved in a 50mL acetic acid solution of 1% (v/v) and 

stirred at 50°C and 500rpm overnight until a clear solution 

was obtained. In order to remove the insoluble chitosan 

flakes, the solution was further filtrated. To this, 1g of 

MgO nanoparticles dispersed in 50mL of 1% (v/v) acetic 

acid were added and continuously stirred until  

a homogeneous clear solution was obtained. 0.1N NaOH 

was then added drop-wise until the pH value of 10  

was reached by the solution. The resulting precipitate  

was heated for 5h at 800C and then rinsed and filtered 

extensively with distilled water to remove any residual 

NaOH and dried overnight at 600C. The synthesized 

composite was labeled CS-MgONP and was used  

in adsorption experiments. 

 

Characterization of adsorbent 

Field emission scanning electron microscopy  

(FE-SEM Carl Zeiss NTS GmbH, Germany) was employed 

for the study of the size and morphology of synthesized 

MgONP and CS-MgONP.  The studies of X-ray 

diffraction were performed using X-ray diffractometer 

regaku, in the 2 range of 10-80 degrees, Cu-Kα radiation 

(λ=1.5418 Aº) is used with a scan rate of 0.05º s-1.  

The unused and used adsorbent samples FT-IR spectra  

were recorded using the 4000-400 cm-1 Bruker alpha FT-IR 

spectrometer. 

 

Adsorption Experimentation and Statistical Analysis 

50mL of an aqueous solution (containing a specified 

initial dye concentration) is taken in a conical flask  

of 250mL for adsorption experiments.  In an orbital shaker 

at room temperature (303K), a certain quantity of adsorbent 

is added to the aqueous solution and agitated.  Similarly,  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Synthesis Procedure for CS-MgONP. 

 

more samples with varying parameters are prepared  

in conical flasks. The samples after adsorption are filtered 

separately by whatman grade 42 filter paper and analyzed 

for residual dye concentrations in UV-absorption spectra. 

The percentage of dye adsorption is calculated as (C0-Ce) 

x100/C0 where C0 is the initial dye concentration  

in aqueous solution and Ce is the equilibrium concentration 

of dye in aqueous solution(24). 

RSM is a set of mathematical and statistical methods 

based on the fitting the experimental information with  

a polynomial equation [25].  The goal is to simultaneously 

optimize the levels of these process variables in order  

to achieve the best system performance. The process  

of optimization includes three major steps: conducting  

the experimentation that is statistically designed, quantifying 

the coefficients in a mathematical model and making 

predictions about the response as well as checking  

the adequacy of the model. To optimize process parameters 

in adsorption studies, CCD can be applied with great 

confidence [26, 27]. The full CCD consists primarily of (1) 

a full 2n factorial design (n = number of test variables) (2) 

n0 center points (n0 ≥ 1) and (3) two axial points on the axis 

of each design variable at a distance of 2n/4 from  

the design center. Hence, the total number of design points, 
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Fig. 2: FT-IR spectrum of (a) MgONP  (b) CS-MgONP  (c) MB 

treated CS-MgONP. 

 

N = 2n + 2n + n0 and the five levels of the variables are  

(–2n/4, –1, 0, +1, +2n/4). 

 

RESULTS AND DISCUSSION 

Characterization of adsorbent 

Fig. 2 is the FTIR measurement of MgONP,  

CS-MgONP and CS-MgONP treated by MB.  In Fig.2(a), 

the bands below 1000cm-1 indicates the presence of Mg-O 

bonds. The band at 1055cm-1 might be because of  

the stretching vibrations of C-O-C.  In Fig. 2(b), the expanded 

band at 1638cm-1 confirms the presence of amide group 

indicating the presence of chitosan.  The asymmetric  

and symmetric stretching COO- vibrations were observed at 

1383cm-1. A small narrow band around 2350cm-1 confirms 

the presence of CO2 absorbed by magnesium oxide.  

The band at 3000 cm-1 denote the presence of stretching C – 

H vibrations in CH2 or C = C – H group. The narrow bands 

at 3420cm-1 and 3699cm-1  were due to stretching 

vibrations correspondingly of physically adsorbed H2O 

molecules as well as surface -OH groups, -NH2 strongly 

disturbed by hydrogen bonding. When compared with 

Fig.2 (b), the spectrum changes observed in Fig. 2(c)  

at 3699cm-1 indicates that -OH groups were one of  

the functional groups responsible for adsorption [28]. Apart 

from -OH groups, the functional group present at 1663cm-1 

i.e.  N–H (amide) bending vibrations are probably another 

functional group responsible for MB adsorption.  

Fig. 3 (a) shows the XRD pattern of chitosan 

immobilized magnesium nanoparticles (CS-MgONP).  

Both chitosan, MgO peaks have been identified  

in the synthesized composite. The peak at 200 reflects chitosan, 

and the peaks at 380, 620 and 740 reflect the MgO.  

From other peaks at 500 and 580, a small amount of MgO 

hydration into Mg (OH)2 was evident.  The SEM image 

(Fig.3 (b)) showed the successful chitosan immobilization 

onto MgO. The nanoparticles of magnesium retain their 

nanostructure while strengthening the matrix of chitosan. 

Chitosan-MgO interaction enhanced the properties of 

composite CS–MgO. 

 

Effect of agitation time: 

The effect of agitation time has been an essential factor 

in the sorption experiments as the data will enable 

confirmation of the duration of agitation to achieve  

the adsorption process equilibrium [29]. MgO nanoparticles 

could quickly adsorb dyes, achieving equilibrium  

in very short time, with very high capacity for adsorption [30]. 

MB's adsorption was examined with agitation time varying 

from 5 to 120 min. At a concentration of 20mg/L  

and a dosage of 0.2g/L, the rapid adsorption capacity of 

CS-MgONP adsorbent is indicated by 60.25% of MB 

adsorption with in the first 5 minutes. The percentage of 

adsorption within 70 minutes reaches up to 85.6 percent, 

later remains constant, indicating the achievement  

of equilibrium. In the present study, the adsorption rate  

of MB was very fast in the initial stages from 5min to 

30min and stable at 70minutes of agitation time, which  

can be attributed to the availability of active sites on CS-MgONP 

and as time goes by, the saturation of active sites with  

the dye molecules occurs and therefore the adsorption 

slows down and the adsorbent's capacity was found  

to be constant. Consequently, the effect of other parameters  

on MB's adsorption was studied at a time of 70min.  

 

Experimental design & optimization using Response 

Surface Methodology (RSM) 

A four-factor CCD (Central Composite Design) was used 

to monitor the effect of variables based on 30 experimental 

runs at different numerical values of pH (X1), adsorbent 

dosage (X2), initial dye solution concentration (X3),  

and temperature (X4) to investigate their main and 

interaction contribution to dye removal while maintaining 

agitation time as constant. STATISTICA Version 8.0 

(Stat-Ease, Inc) was used for analyzing the response.  

Variance analysis (ANOVA) was used to carry out diagnostic 

checking tests based on the Fishers F test for adequacy of 

the proposed model. 
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Fig. 3: (a) XRD Image; (b) SEM Image of CS-MgONP. 

 

The coefficient of regression (R2) shows the amount  

of variation around the model's mean. Table 1 summarizes 

the ranges of each studied variable. Table 2 presents  

the coded and uncoded levels of independent factors 

corresponding to CCD along with their responses 

according to 30 experiments. Experimental conditions 

[Coded Values] and observed response values of central 

composite design with 24 factorial runs, 6- central points 

and 8- axial points, and accordingly regression and 

quadratic equation was constructed by means of CCD  

to correlate relationship among approximation and prediction 

of responses. Thus, the second-order CCD models  

with variables obtained for adsorption process were as follows:  

Final Equation in Terms of Actual Factors:   

% MB Removal = -1789.80615 +42.16667*pH-

32.12583*dosage(g/L) -2.42063*concentration(mg/L)+ 

11.37493 *Temparature(K)+9.275*pH*dosage+ 

0.19575*pH*concentration+0.09*pH*Temparature+0.49

7*dosage* Temparature+0.015125*concentration 

*Temparature-5.36792*pH2-202.79167*dosage2-

0.095267*concentration2 -0.020267*Temparature2 

Analysis of variance (ANOVA): 

Table 3 presents the variance analysis corresponding  

to experimental results. The low probability (< 0.05)  

of 302.03 F-value implied the accuracy of the model. 

Furthermore, the acceptable and reasonable value  

of the lack of fit with F-value of 0.7022 with probability (> 0.05) 

indicates that the method is suitable for the proper 

presentation of experimental data.  The model shows  

the high R2 value of 0.9959 for MB removal indicates  

that a good agreement existed between the experimental 

 and predicted results. The predicted value of R2 was also 

0.9852, which was in reasonable agreement with  

the adjusted value of R2 of 0.9926. Appropriate accuracy 

(signal to noise ratio) of the model was found to be 63.374, 

which indicates an adequate signal and demonstrates that 

this model can be used to navigate the design space. Fig. 4 

showed that predicted value of the responses from model 

was in agreement with observed values over the selected 

range of independent variables with reasonable higher 

values of coefficient of determination (R2) 

 
Response surface plots and interactions between  

the adsorption parameters for MB adsorption 

The response surface 3D contour plots of percentage 

adsorption of MB vs. the interactive effects of pH, initial 

MB concentration, adsorbent dosage and temperature of 

the aqueous solution were shown in Fig 5(a) – 5(e).  Each contour 

plot represents a number of combinations of two  

test parameters with the other parameter maintained at zero 

levels. The surface confined in the smallest curve (circular 

or elliptical) of the contour plot indicated the maximum 

percentage adsorption of MB. The experimental results 

indicate that MB adsorption increased with higher solution 

pH and higher dosage [Fig. 5 (a)]. The efficiency of 

adsorption increased and then remained almost constant 

with a dosage range of 0.3–0.4g/L and 0.4–0.5g/L 

respectively at pH > 7.0, the transfer of an excess proton 

to the reactive center led to the appearance of more 

repulsive electrostatic forces and a decrease in the 

percentage of removal. From the pH values 4.0-7.0, MB 

molecules showed strong attractive forces with  

the adsorbent surface causing more reactive centers  

to be generated as well as more accumulation mechanisms 

such as hydrogen bonding, vander-waals interaction  

and electrostatic attraction forces. Therefore, the removal 

percentage reaches its maximum pH 7.0.  As illustrated 
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Table 1: Levels of process variables in coded and un-coded form for % adsorption of MB by CS-MgONP. 

Variable Name of the Process Variable 
Range and levels 

-2 -1 0 1 2 

X1 pH of aqueous solution 5 6 7 8 9 

X2 adsorbent dosage, w, g/L 0.2 0.3 0.4 0.5 0.6 

X3 Initial concentration of MB in  aqueous solution, Co, mg/L 10 15 20 25 30 

X4 Temperature,  T, K 283 293 303 313 323 

 

Table 2: Results from CCD for MB adsorption by CS-MgONP. 

Run no. X1, pH X2, w X3, C0 X4, T 
% adsorption of MB 

Experimental Predicted 

1 7.00 0.40 20.00 303.00 92.8 92.68 

2 8.00 0.50 25.00 313.00 90.1 89.83 

3 7.00 0.40 20.00 323.00 89.46 89.07 

4 7.00 0.40 20.00 283.00 80.56 80.08 

5 7.00 0.40 20.00 303.00 92.34 92.68 

6 7.00 0.60 20.00 303.00 89.12 88.83 

7 6.00 0.50 15.00 293.00 81.3 81.45 

8 7.00 0.40 10.00 303.00 86.38 85.93 

9 5.00 0.40 20.00 303.00 67.92 67.39 

10 8.00 0.30 15.00 313.00 81.8 82.03 

11 8.00 0.50 15.00 293.00 83.16 83.37 

12 7.00 0.40 20.00 303.00 91.93 92.68 

13 6.00 0.30 25.00 293.00 73.6 73.78 

14 8.00 0.30 25.00 313.00 82.32 82.72 

15 8.00 0.50 15.00 313.00 88.78 89.15 

16 8.00 0.50 25.00 293.00 80.7 81.03 

17 6.00 0.30 15.00 313.00 80.47 80.22 

18 7.00 0.40 20.00 303.00 93.6 92.68 

19 6.00 0.50 25.00 293.00 75.1 75.20 

20 6.00 0.50 15.00 313.00 83.14 83.63 

21 6.00 0.50 25.00 313.00 80.3 80.40 

22 6.00 0.30 25.00 313.00 76.41 77.00 

23 7.00 0.40 20.00 303.00 92.16 92.68 

24 6.00 0.30 15.00 293.00 79.44 80.04 

25 8.00 0.30 25.00 293.00 75.6 75.91 

26 7.00 0.20 20.00 303.00 80.89 80.31 

27 9.00 0.40 20.00 303.00 75.37 75.03 

28 7.00 0.40 30.00 303.00 80.8 80.37 

29 7.00 0.40 20.00 303.00 93.24 92.68 

30 8.00 0.30 15.00 293.00 78.26 78.24 
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Table 3: ANOVA Table for model to predict % removal of MB by CS-MgONP using CCD. 

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

Model 1340.24 13 103.1 302.03 < 0.0001 

X1-pH 87.63 1 87.63 256.73 < 0.0001 

X2-dosage 108.97 1 108.97 319.24 < 0.0001 

X3-Conc. 46.43 1 46.43 136.01 < 0.0001 

X4-Temp 121.32 1 121.32 355.42 < 0.0001 

X1X2 13.76 1 13.76 40.32 < 0.0001 

X1X3 15.33 1 15.33 44.9 < 0.0001 

X1X4 12.96 1 12.96 37.97 < 0.0001 

X2X4 3.96 1 3.96 11.6 0.0036 

X3X4 9.15 1 9.15 26.81 < 0.0001 

X1
2 790.34 1 790.34 2315.4 < 0.0001 

X2
2 112.8 1 112.8 330.46 < 0.0001 

X3
2 155.58 1 155.58 455.8 < 0.0001 

X4
2 112.66 1 112.66 330.05 < 0.0001 

Residual 5.46 16 0.34   

Lack of Fit 3.34 11 0.3 0.71 0.7022 

Pure Error 2.12 5 0.42   

Cor Total 1345.7 29    

df- degree of freedom; SS- sum of squares; F- factor F;  P- probability 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Comparison plot between the experimental and 

predicted data for adsorption of MB onto CS-MgONP. 

 

in Fig. 5 (b), at lower initial dye concentration, the maximum 

removal percentage was observed. Fig. 5 (c) indicates  

the MB adsorption temperature interaction of the aqueous 

solution with the pH. Consequently, the efficiency  

of adsorption increased at higher temperatures. The 

enhancement in removal percentage with increased dosage 

at higher temperatures may be related to the high available 

surface area and vacant site of adsorbents (Fig. 5 (d)).  

The effect of initial dyes concentration on % MB removal 

shows that at low concentrations of MB, the % adsorption 

was higher due to the low solute to adsorbent vacant sites 

ratio. The decrease in % MB removal at higher 

concentrations was found to be less at higher temperatures, 

when compared with % MB removal at lower temperatures 

(Fig.5 (e)).  

 

Optimization 

Fig.6 shows the desirability profile for the percentage 

of removal of MB versus the variables. The desirability 

varies from 0.0 to 1.0 corresponds to the approach  

to the very desirable condition from undesirable. Considering 

the percentage of removal to be maximized, optimum 

conditions were obtained to be pH 7.28, dosage 0.47g /L, 

19.37mg/L  of  initial  MB  concentration at  309.76K. 
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Fig.5: 3D response surface plots for adsorption of MB onto CS-MgONP- Interactive effects of  (a) pH and Dosage (b) pH  

and Concentration (c) pH and Temperature (d) Dosage and Temperature (e) Concentration and Temperature 

 

The 94.51 percent removal percentage was obtained  

with a total desirability of 0.829. 

 

Adsorption Kinetics 

For the kinetic study, the effect of contact time on MB 

adsorption was investigated at an initial concentration of 

MB 20mg/L at pH=7 and Temperature= 303K in solutions 

containing fixed adsorbent amounts (0.4g/L). Fig. 7 (a) 

represents non-linear fitting of experimental kinetics  

with Pseudo-First Order (PFO), Pseudo-Second Order (PSO) 

and Elovich models. Table 4 presents the coefficients  

of regression (R2, 2) along with the kinetic constants. 

The inapplicability of the pseudo-first-order model  

for experimental data representation was confirmed  

by the difference between calculated (qe, cal) and experimental 

(qe, exp) values and their lower coefficient of correlation. 

Pseudo-second order kinetics best describes the kinetics  

of CS-MgONP adsorbent MB adsorption, which was evident 
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Fig. 6: Desirability Plot for MB Adsorption onto CS-MgONP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Kinetic studies for adsorption of MB onto CS-MgONP 

(a) PFO, PSO and Elovich (b) IPD models. 

from high values of R2 and low levels of 2[31].  The high 

values for the linear regression coefficient (R2 > 0.979) 

show the suitability of the Elovich model for the best 

representation of data corresponding to the present 

adsorption system and also the contribution of 

chemisorptions (chemical reaction) to the current 

adsorption mechanism, particularly in the kinetic region.  

If the plot of qt versus t0.5 gives a straight line, passing 

through the origin, then intra-particle diffusion becomes  

a rate-limiting step, according to the intra-particle diffusion 

model.  From Fig. 7(b), it was identified that  

the relationship between qt and t0.5 was not linear over a whole 

time range in the present study, indicating that  

the adsorption is affected by several processes. Intercept 

values give an idea of the thickness of the boundary layer, 

i.e. the larger intercept the greater would be the effect  

of the boundary layer and this means that more boundary 

layer is controlled by the adsorption. Ri value (0.6366) 

between 0.5-0.9 indicates the process of adsorption  

is the initial process of adsorption. 

 
Equilibrium 

Studies show that linear regression may not be  

a suitable technique for predicting the optimum isotherm 

as the linearization of experimental data can sometimes 

distort the isothermic error distribution structure [36,37].  

Linearization problems can be avoided if the isotherms 

were fitted by nonlinear regression method to the 

experimental data. Non-linear isotherm regression  

was performed here and results were compared with linear 

regression results. Table 5 presents the isotherm constants 

& regression parameters (R2, 2).  The three parameter  

R-P isotherm was better equipped with non-linear regression 

instead of the linear fitting trail & error procedure. Based 

on R2 values, the Langmuir isotherm's linear form  

has more efficiency in representing and explaining adsorption 

data, i.e. adsorption is limited to monolayer coverage  

and the surface is relatively homogeneous in functional groups 

with significant interaction with dye molecules. CS-MgONP 

adsorbent maximum adsorption capacity (qmax) of MB was 

163.87. Based on the RL values calculated from Langmuir 

constant kL, which were in the ranges of 0.0638-0.405 

(0<RL<1), the adsorption process could be assessed  

as beneficial(5). The value for Freundlich constant (n) of 0.3746 

(between 0 and 1), which was considered the adsorption 

intensity   factor   indicating   favourable    adsorption. 
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Table 4: Kinetic parameters& their correlation coefficients calculated using Non-Linear Regression Analysis fo.r the adsorption of 

MB onto CS-MgONP (pH=7; dosage= 0.4g/L; Concentration =20mg/L; Temperature=303K) 

Dye-Methylene Blue                                                                                                Adsorbent:CS-MgONP 

Model Equation Parameters Values 

Pseudo-First order[32] 

𝑞𝑡 = 𝑞𝑒(1 − 𝑒−𝑘1𝑡) 

Where qe & qt are the amount of dye adsorbed at 

the equilibrium & at a time‘t’; k1 is the overall rate 
constant of pseudo-first order adsorption. 

k1(min-1) 0.2357 

qe(calc)mg/g 38.263 

R2 0.9101 

2 3.596 

Pseudo-Second order[33] 

𝑞𝑡 =
𝑞𝑒

2𝑘2𝑡

1 + 𝑞𝑒𝑘2𝑡
 

k2 is the second order rate constant. 

k2(g/(mg-min) 0.00851 

qe(calc) mg/g 41.6176 

R2 0.9759 

2 0.599 

Elovich [34] 

𝑞𝑡 =
ln(1 + 𝛼𝛽𝑡)

𝛽
 

α is initial sorption rate constant. β is related to 

extent of surface coverage and activation energy 

for chemisorptions. 

β(g/mg) 0.1432 

α (mg/g.min) 48.711 

R2 0.9791 

2 0.5738 

Intra-particle diffusion[35] 

𝑞𝑡 = 𝑘𝑑𝑖𝑓𝑓𝑡0.5 + 𝐶 
kdiff is intra-particle diffusion rate constant. C is 

thickness of the boundary layer 

Kdiff(mg/g.min-1/2) 3.7281 

C(mg/g) 15.442 

Ri 0.6366 

R2 0.8618 

2 3.8388 

  qe(Exp.)mg/g 44.35 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Isotherm plots for adsorption of MB onto CS-MgONP. 

 

Temkin isotherm contains a factor that species-adsorbent 

interactions are explicitly accounted for. Sorption heat (b) 

was 81.36 J/mol, whereas the binding constant of 

equilibrium (KT) was 2.314 L/mg. The Redlich-Peterson 

(R-P) isotherm model will be used for representing 

adsorption equilibrium over a wide concentration range 

and can be applied in either homogeneous or 

heterogeneous system due to its versatility. The constant 

of R-P isotherm ‘g’ value which lies in between 0 and 1 

(0.78) indicates that the model was approaching Langmuir 

isotherm. 

 

Thermodynamics 

Thermodynamics parameters (energy and entropy) are 

used to determine the spontaneity of an adsorption process. 

The changes in Gibbs free energy (ΔG0), enthalpy (ΔH0) 

and entropy (ΔS0) of adsorption process were determined. 

Equilibrium constants at different temperatures were 

evaluated by plotting ln(CS/Ce) vs. Ce and extrapolating Ce 

to Zero[42]. 

where  

CS = concentration of adsorbate adsorbed on to the 

adsorbent = 𝐶0 − 𝐶𝑒 
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Table 5: Isotherm constants & their correlation coefficients calculated using Non-Linear Regression Analysis  

for the adsorption of MB onto CS-MgONP (Agitation time = 70min., pH=7; dosage= 0.4g/L; Temperature=303K). 

Dye: Methylene Blue                                                                                 Adsorbent:CS-MgONP 

Model Equation Parameters Value of parameters 

Langmuir [38] 

𝑞𝑒 =
𝑞𝑚𝑎𝑥𝑘𝐿𝐶𝑒

(1 + 𝑘𝐿𝐶𝑒)
 

Where qe is the amount of dye adsorbed at the 

equilibrium and qmax is the maximum monolayer 

adsorption capacity. Ce is equilibrium dye 
concentration. KL is the Langmuir constant related to 

free energy of adsorption 

qmax(mg/g) 163.87 

kL(L/ mg) 0.147 

RL 0.0638-0.405 

R2 0.981 

2 8.189 

Freundlich [39] 

qe = KF𝐶𝑒
𝑛 

Where KF is the Freundlich constant and n is an 
indicator of favorability of adsorption. 

n 0.3746 

KF (mg/g)/(mg/L)n 37.571 

R2 0.979 

2 4.5615 

Temkin[40] 

qe = B ln(CeKT) 

B= RT/b; R is universal gas constant =8.314 J.K-1.mol-

1; T is absolute temperature in K; b is heat of sorption 
in J.mol-1; KT is equilibrium binding capacity 

B 31.099 

KT(L/mg) 2.314 

R2 0.98 

2 6.9986 

Redlich-Peterson[41] 

𝑞𝑒 =
𝑘𝑟𝑝𝐶𝑒

(1 + 𝑎𝑟𝑝𝐶𝑒
𝑔

)
 

krp and arp are the Redlich-Peterson constants and g 

(dimensionless) is an exponent whose value must lie 

between 0 and 1. 

krp (L/g) 49.236 

arp  ((mg/L)-g 0.7052 

g 0.78082 

R2 0.9938 

2 0.9151 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: Van't Hoffs Thermodynamic plot for adsorption of MB 

onto CS-MgONP. 

Ce = concentration of adsorbate in solution at equilibrium 

C0 = initial concentration of adsorbate in solution. 

As a function of 1/T, Van't Hoff's ln KC plot yields  

a straight line as shown in Fig. 9 from which upper  

and lower slope0 and lower slope0 were calculated.  

The negative values of ΔG0 at different temperatures (Table 6) 

indicate that MB adsorption is a spontaneous process,  

and at higher temperatures the adsorbent used in this study 

has higher affinity. The positive value of the ΔH0 indicates the 

adsorption's endothermic nature. The positive value of ΔS0 

suggests that randomness on the solid / solution interface 

increases with MB's adsorption on the CS-MgONP adsorbent. 

 

CONCLUSIONS 

The objective of the current work is to evaluate and optimize 
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Table 6: Thermodynamic parameters for adsorption of MB by CS-MgONP. 

Temperature (K) Equilibrium Constant (KC) ∆𝐺𝑜 (K.J/mol) ∆𝐻𝑜 (J/mol.K) ∆𝑆𝑜 (J/mol.K) Vant Hoff Equation 

298 2.389 -2.1577 

10.625 43.324 
lnKC=-1278.65(1/T)+5.211 

R2= 0.9152 

303 2.795 -2.5893 

308 2.957 -2.7762 

313 3.149 -2.9850 

318 3.279 -3.1396 

323 3.403 -3.2887 

 

the suitability of magnesium oxide nanoparticles 

immobilized chitosan (CS-MgONP) as an adsorbent  

for the removal of a cationic dye i.e. methylene blue.  

 

Performance of CS-MgONP on MB removal 

 Equilibrium agitation time for adsorption was 

obtained as 70min. for CS-MgONP 

 % MB removal at the optimal variables by CCD-RSM 

was found to be 94.51% for CS-MgONP   

 The experimental kinetics data followed pseudo-

second order kinetics & the experimental isotherm data 

followed Langmuir isotherm. 

 The positive values of enthalpy change (ΔH)  

for the adsorbent indicated an endothermic and irreversible process. 

 Adsorption mechanism was identified through FT-IR 

analysis showed that surface -OH groups, as well as 

amides (-NH2) caused the adsorption of MB molecules  

on to the surface of CS-MgONP.  

 The adsorption capacity, which would be considered 

as a major parameter for evaluating the suitability of 

adsorbent was obtained as 163.87 mg/g for CS-MgONP. 
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