
Fabrication of amine cross-linked magnetic
biopolymer adsorbent for the removal of a cationic
dye and its isotherm, kinetics and thermodynamic
study
Md. Masudur Rhaman 

Chittagong University of Engineering & Technology (CUET)
Md. Din Islam 

Chittagong University of Engineering & Technology (CUET)
Md. Rezaul Karim 

Chittagong University of Engineering & Technology (CUET)
Yunus Ahmed 

Chittagong University of Engineering & Technology (CUET)
M. K. Mohammad Ziaul Hyder  (  ziaulhyder@cuet.ac.bd )

Chittagong University of Engineering & Technology (CUET)

Research Article

Keywords: Methylene blue, Wastewater treatment, Jute sticks powder, Cellulose

Posted Date: June 16th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1742914/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1742914/v1
mailto:ziaulhyder@cuet.ac.bd
https://doi.org/10.21203/rs.3.rs-1742914/v1
https://creativecommons.org/licenses/by/4.0/


 

Fabrication of amine cross-linked magnetic biopolymer adsorbent for the removal of a 

cationic dye and its isotherm, kinetics and thermodynamic study 

Md. Masudur Rhaman,a Md. Din Islam,a Md. Rezaul Karim,a Yunus Ahmed,a M.K. Mohammad Ziaul Hyder,a,* 

a Department of Chemistry, Faculty of Engineering and Technology, Chittagong University of Engineering & 
Technology (CUET), Chattogram-4349, Bangladesh. 

*Corresponding author:  
Mobile no: +8801815231060, Email- ziaulhyder@cuet.ac.bd ORCID iD: https://orcid.org/0000-0002-6255-
5349 
 

Abstract 

A novel amine cross-linked magnetic biopolymer based on jute stick powder (AMB-JSP) was fabricated by in 

situ chemical co-precipitation method. The adsorbent AMB-JSP was applied to remove methylene blue (MeB) 

from aqueous solution. The adsorption efficiency of fresh jute sticks powder (JSP) and magnetic jute stick 

powder (MB-JSP) were also taken in consideration to build up a comparison study with the novel AMB-JSP 

adsorbent. The maximum MeB removals with AMB-JSP were observed as 85.71% at pH 8.0. Freundlich 

isotherm was best fitted for AMB-JSP while the Langmuir adsorption isotherm was suited for JSP and MB-JSP. 

The maximum MeB uptake for JSP, MB-JSP and AMB-JSP were found to be 157.23, 169.45 and 181.49 mgg-1, 

respectively. The agitation times to reach equilibrium were found to be 160, 120 and 40 min for JSP, MB-JSP 

and AMB-JSP, respectively at temperature 303.15 K.  The interparticle diffusion kinetics showed the best result 

for JSP, MB-JSP and AMB-JSP. In addition thermodynamic study indicated that the adsorption procedure was 

endothermic in nature and thus spontaneous. This study reveals that AMB-JSP could be applied as a potential 

magnetic bioadsorbent for the removal of MeB dye from an aqueous solution. 
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1. Introduction 

Water pollution is a major problem which is principally caused by the toxic substances coming from various 

anthropogenic activities in water resources such as oceans, rivers, lakes and so on [1] Due to this, the quality of 

water degrades continuously and becomes contaminated within a short period of time. The contamination of 

water can happen in a number of ways [2]. Dyes are one of the major pollutants coming from various industries 

such as textile, paper and plastic industries and are responsible for the pollution of a major portion of water [3]. 

Therefore, significant considerations should be taken to handle the effluent containing dyes before release from 

these industries. Methylthioninium chloride is well known as methylene blue (MeB) is used as organic cationic 

dye and medication [4]. It is used in various applications such as wool or cotton or silk dying purposes, dyeing 

of leather, coloring of plastics and paper, producing paints and ink for printing purposes. Furthermore, it also 

has a significant impact for the treatment of infection caused by fungi and the load of microbes in milk [5]. 

Apart from the usefulness of this dye, it is responsible for various adverse effects on the health of human being 

for instance aching head pain, hypertension, rapid heartbeat or palpitations, nausea, diarrhea, vomiting, 

cyanosis, shortness of breath (dyspnea), jerky movements of the arms, legs, body, or head, fever, trouble seeing, 

lightheadedness or feeling faint, abnormal or incoherent speech, and cancer [6]. For this reason, MeB should be 

removed from the waste water coming with the effluent from various industries. The removal of MeB is difficult 

because of its atomic structure, stability, oxidation reaction, high visibility in light and properties like xenobiotic 

compounds [7]. The elimination of MeB from effluent has been broadly studied for decades, and numerous 

methods have been established, including degradation of carbon skeleton with oxidation, biochemical and 

photocatalytic reaction, electrocoagulation, and adsorption [3]. Among these techniques, adsorption is the most 

promising, recognized and cost-effective methods for the removal of MeB and other pollutants as a result of it is 

economical, highly efficient, convenient in operation, and recyclable properties [8, 9]. Agricultural waste 

materials are the most effective biopolymers among all other adsorbents. In recent decades, a huge number or 

range of modified and non-modified biopolymers such as magnetic peanut husk [10], tea waste [5],  citrate 

modified bagasse [5], biologically activated banana peel, garlic peel[11], Lathyrus sativus husk [12],  pineapple 

waste [13], polydopamine functionalized recyclable coconut shell [14], magnetic coffee husk hydrochar [15], 

carbonaceous hydrocarbon from coffee husk [16],  walnut shell powder [17], rice husk [18], magnetic 

alginate/rice husk bio-composite [19], fava bean peel [20], soybean hulls [21], silica nanoparticle extracted from 

skewer coconut leaves[22],  crab shell chitosan/neem leaf composite [23], neem leaf powder (NLP) and 

activated NLP [24], pine cone biomass of Pinus radiate [25], activated carbon from Palm Fibres [26], ZnCl2 

activated carbon from wood apple outer shell [27], brown linseed reoiled cake-activated carbon [6], modified 

bamboo hydrochar [28] and magnetized papaya seeds [29] have been applied for the removal of MeB from 



 

aqueous solution. It is necessary to find an adsorbent material that is available abundantly and low-cost [30]. In 

Bangladesh jute is known as the golden fiber and its average production is 1.09 million tons/year. Jute fiber is 

widely used in the preparation of clothes, bags, tobacco sheets and other decorative items. Jute stick is obtained 

after the separation of jute fiber which doesn’t have significant economic value but low-grade fuel in household 

cooking. It has been observed that biopolymer derived from different parts of jute plants is effective for the 

removal of MeB, such as jute fiber carbon [31], ZnO/biochar nanocomposites from jute fibers, jute stick 

charcoal [32]  but the application of JSP for the removal MeB has not been done yet. The removal of JSP after 

adsorption of MeB from solution is the major challenge because the treated water might be contaminated due to 

the presence of JSP. For this reason, an effective separation technique is required. Therefore, the raw JSP is 

modified with magnetic Fe3O4 which gives magnetic properties to the adsorbents and by using a small magnet; 

the separation can be done from the effluents after treatment. In our previous work, we have synthesized the 

MB-JSP which was used for the removal of hexavalent Cr(VI) from wastewater [33]. In this study, the MB-JSP 

is modified with amine crosslinking to produce the novel amine cross-linked magnetic biopolymer based on jute 

stick powder, AMB-JSP. The physicochemical characteristics of JSP, MB-JSP and AMB-JSP have been 

determined by FESEM, VSM, XRD, FTIR and TGA. After that the effects of adsorbent dosage, pH, 

temperature, contact time and regeneration efficiency were also assessed. Besides, the results of the experiment 

were assessed via the pseudo-first-order, pseudo-second-order and intraparticle models. We also compare the 

adsorption capacities, mode of adsorption and kinetics of AMB-JSP with the raw JSP and MB-JSP.  

2. Material and Methods 

2.1. Bio adsorbent and Reagents  

The bio-absorbent was collected from Kustia District under Khulna Division of Bangladesh. At first the raw jute 

sticks were dried in the oven for 3 hours at 100oC followed by washing with deionized water and was crushed 

into a primary crusher. Then the crushed jute stick was dried in the sun and made into 20∼500 µm particle size 

through roll crusher and hammer mills. All of the chemicals like FeSO4.7H2O, FeCl3.6H2O, NH3.H2O, NaOH, 

K2Cr2O7, HCl, KCl, NaCl, diphenyl carbazide, epichlorohydrin, ethylenediamine, triethylamine, and N, N-

dimethylformamide were purchased from Sigma Aldrich. 

2.2. Synthesis of amine cross-linked magnetic biopolymer-based jute sticks powder 

In situ chemical co-precipitation technique through some modification was applied to prepare the amine-cross-

linked magnetic bio adsorbent based jute stick powder (AMB-JSP) [34]. Firstly, in 1000 mL conical flask 250 

mL deionized water, 13.9 g (0.05 molL-1), and 27.028 g (0.100 molL-1) FeCl3.6H2O (1:2) were added.  After that 

350 mL suspension with Fe2+and Fe3+ was made by adding 8.0 g of virgin jute stick powder (JSP) by stirring in 



 

a magnetic stirrer at 350 rpm at 80°C for 40 minutes. To avoid oxidation the inert atmosphere was created by 

passing N2 gas. Then the solution of NH4OH (25%) with a volume of 100 mL was taken slowly to observe the 

black color and  then set the mixer to stir with 300 rpm at 80°C. Then, after6 h of stirring, the products gained 

from this method were cleaned sensibly by using deionized water. After that, the magnetic bio adsorbent based 

on jute stick powder (MB-JSP) was obtained. Then, the MB-JSP was dried in a vacuum oven at 85°C for 5 h.In 

the further process, the reaction between MB-JSP, N, N- dimethylformamide (20 mL) and epichlorohydrin (20 

mL) took place and stirred at 300 rpm for 1.5 h at 85°C. Then the reaction mixture was stirred for 1h at 300 rpm 

with the addition of 6 mL ethylenediamine along with 25 mL of triethylamine.  Lastly, the products were 

obtained from keeping them overnight drying at 105°C and named amine crosslinked magnetic biopolymer-

based jute stick powder (AMB-JSP). 

2.3. Preparation of Stock solution of Methylene Blue  

A synthetic MeB adsorbent was used in analytical grade without further purification.  1 g of MeB was dissolved 

in one liter of water to produce stock solution and its pH was maintained by addition of 0.1 M HCl or 0.1 M 

NaOH..The dye solution was then diluted by using deionized water to afford the suitable range of concentration 

of investigated solutions. By using a UV-visible spectrometer,the residual dye concentration was determined at 

λmax = 668 nm by taking different samples at certain time intervals and the supernatant obtained by centrifuge 

was studied for the MeB residue. A calibration curve of the MeB solution was then plotted between 

concentration and absorbance. 

2.4. Measurement of Physicochemical Characteristics of JSP, MB-JSP and AMB-JSP 

The adsorbent morphology was determined by Field Emission Scanning Electron Microscope (FESEM) with 

EDX attachment (Model: JSM 7600F, JEOL, Origin: Japan). A vibrating sample magnetometer (VSM, Model: 

LDJ9500, Origin: Germany) was accustomed to maintain the magnetic actions of particles at room temperature. 

To determine the structural properties of MB-JSP XRD Diffractometer (Model: Empyrean, PANalytical, Origin: 

United Kingdom) (Cu-K radiation at 40 mA and 40 kV) was used. The functional groups of the bio adsorbents 

were examined by means of FTIR (Model: IRTracer-100, Origin: Japan) within the range from 400 to 4000 

cm−1.A simultaneous thermal analyzer (Model: NETZSCH STA 449F3, Origin: Germany) was used to estimate 

the thermo gravimetric (60 mLmin-1) at rate of 26°C/10.0 (Kmin-1), and the temperature was maintained 

sensibly at 25 to 800°C. With a phase size of 0.001°C and rapidity of scan 0.5 s per stage, outcomes were 

collected in the range of 10to 80°C and a rapidity of scan was 0.5 s per step.  

2.5. Batch adsorption experiment by JSP, MB-JSP and AMB-JSP 



 

The batch experiments of known quantities of the JSP, MB-JSP and AMB-JSP biopolymers through 50 mL of 

MeB solutions of exact concentration in a sequence of 250 mL conical flasks were used to measure the 

adsorption measurement. Then the resulting mixture was shacked in a water bath at constant temperature at 

30°C by 120 rpm for 240 min. After the completeness of shaking the reaction mixtures were centrifuged and a 

UV spectrometer was used to check the residual dye concentration. The experiment was done by changing the 

various conditions of reaction mixture such as pH, agitation time, temperature, adsorbent dose, and initial 

concentration of MeB as a part of adsorption isotherm and adsorption kinetics. The total number of adsorbed 

MeB onto the surface of JSP, MB-JSP, AMB-JSP was determined through the following equation: 𝑞𝑡 = (𝐶𝑂 − 𝐶𝑡)/𝑚𝑉      (1)   

Where, Co = initial dye concentration (mgL-1), 

Ct = concentration of dye at any time t, 

V = volume of solution (L) and 

m = mass of pine cone powder in (g). 

The % of dye removal was determined by- % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 = {(𝐶𝑂 − 𝐶𝑡)/𝐶𝑡} × 100    (2) 

All quantities are in general reproducible within ± 10%. To compare the amount of adsorption qt (mgg-1) and 

extent of adsorption % between the raw and chemically modified JSP, the same experiments were repeated for 

MB-JSP and AMB-JSP. 

2.6. Regeneration experiment 

By a batch technique, the renewal processes of adsorbents (JSP, MB-JSP, and AMB-JSP) along with the 

recovery of the remaining chemicals are substantial and are done with several types of chemical agents. The 

adsorbent with MeB was engaged in the appropriate chemical environment for desorption and then strongly 

stirred at 300 rpm at room temperature for 2 h. The ratio of elution was determined by the amount of MeB 

adsorbed on the adsorbent particles.  

3. Results and discussions 

3.1. Characterization of adsorbents 

The functional groups of the modified adsorbent were determined by FTIR over the range of 4000-400 cm-1 in 

Fig 1.  FTIR spectra of JSP, MB-JSP, and AMB-JSP showed strong bands at 3397 cm-1, 3379 cm-1, and 3409 

cm-1indicating the presence of N-H stretching. The band at 2909 cm-1, 2901 cm-1, and 2906 cm-1 indicating C-H 

stretching. Those at 1642 cm-1, 1612 cm-1, and 1638 cm-1 are due to the bending vibration of N-H. The peaks at 



 

625 cm-1 and 625 cm-1 are the characteristic peaks of MB-JSP, and AMB-JSP denoted the modification of the 

adsorbent by Fe3O4.  

 

 

 

 

 

 

 

 

Fig 1. FTIR spectra of JSP, MB-JSP & AMB-JSP before the MeB adsorption 

XRD (X-ray powder diffraction), is a tool for phase identification of the crystalline material and provides 

information on unit cell dimensions. The material to be analyzed was excellently grounded, homogenized, and 

bulk composition of this was studied. X-ray diffraction (XRD) patterns of JSP, AMB-JSP and Fe3O4 were 

shown in Fig 2. 

 

 

 

 

 

 

 

Fig 2. XRD pattern study for the identification of crystalline structures of JSP, AMB-JSP, MB-JSP and Fe3O4. 

 



 

The lattice structure of Fe3O4 was confirmed by diffraction peaks of the composites (30.1°, 35.4°, 43.0°, 53.45°, 

56.9° and 62.5°) indicating to planes at (2 2 0), (3 1 1), (4 0 0), (5 1 1), (422), (4 4 0) respectively. As compared 

with the XRD pattern of JSP, the peaks of 17.61° and 25.2° were distinguished which were not present in both 

MB-JSP and AMB-JSP, providing the crystallinity of cellulose that was not detected for MB-JSP and AMB-

JSP. These revealed that the JSP crystalline structure has been dilapidated throughout preparation. 

Scanning electron microscope (SEM) is used to investigate the basic physical properties and surface 

morphology of the adsorbent. SEM images of raw JSP, MB-JSP and AMB-JSP are illustrated in Fig S1. By 

comparing with the bare surface of the JSP, the surface pore channels were increased dramatically in MB-JSP 

and AMB-JSP. In addition, the particle size of the MB-JSP and AMB-JSP were reduced to nano size 

approximately 10-100 nm from the micrometer sized JSP. This reduced size was responsible for the increase of 

surface area and pore volume which increased the enhanced adsorption rate of MeB by MB-JSP and AMB-JSP.  

In Fig. S2, the compositions of elements present in AMB-JSP are shown by the EDX investigation. The 

presence of significant amounts of C, N, Fe and O (38.32, 3.29, 30.00, and 26.29 mass%) clearly reveal the 

presence of Fe3O4 and -NH2 in synthesized AMB-JSP. 

The magnetic hysteresis loop is used for identification of the response ability of magnetic materials. It is seen in 

Fig. S3, the saturation magnetization of AMB-JSP was 9.60 emu/g suggesting enough magnetic properties to 

separate AMB-JSP from aqueous solution. In addition, no pronounced hysteresis was found in AMB-JSP which 

showed retentivity and coercivity of adsorbents was almost zero. The magnetization of AMB-JSP allowed them 

to separate easily from the treated solution and collected them using an external magnet within 10s. 

Thermal analysis of JSP and AMB-JSP showed three stages of mass lossand MB-JSP showed four stages of 

mass loss at the ranges of different temperature from 25 to 800°C illustrated in Fig S4. For AMB-JSP, the mass 

loss was alienated into three major steps. The initial period reached at 30–200°C with a mass loss of 

8.00∼10.00% indicating release of moisture and low molecular weight volatile compounds. Then, the mass loss 

of the second stage reached 200 to 300°C revealed the decline of samples due to destruction of lignocellulosic 

structures and dehydration of hydroxyl groups present on the structure. The main pyrolysis process occurred 

when the temperature rose 300 to 800°C. After this period, loose porous char was formed when the weight loss 

of samples reached 55% with the release of various volatile components. 

DSC curves of JSP, MB-JSP and AMB-JSP are also shown in Fig S4. Endothermic reaction occurred due to the 

gas molecules volatilization whereas the production of charring is responsible for the exothermic reaction (solid 

residue). For MB-JSP, the removal of moisture by evaporation was attained at 92°C. Then a slight exothermic 

peak achieved which was accountable for the decomposition of hemicellulose and lignin at 340°C. Finally, 



 

owing to formation of char and the magnetic part of AMB-JSP a significant exothermic peak was found at 400-

500°C.  

3.2. Batch adsorption study of methylene blue 

3.2.1. pH Effect on the removal MeB 

The effect of pH for the MeB removal with synthesized adsorbents is illustrated on Fig. 3.The removal 

percentage of MeB increased with the increase of pH and it reached at maximum about 95 mgL-1 at pH 6.0 by 

using JSP as an adsorbent. The pH effect on MB-JSP adsorbent also showed a rising trend with the increase of 

pH value and around 88 mgL-1 of MeB removed at the pH value of 7.0. For AMB-JSP, the maximum value of 

MeB removal percentage was about 85 mgL-1 at pH 8.0. It was reported that the surface of adsorbents covered 

by H+ ions present in the solution at lower pH increases the positive charges on this surface [35]. This positive 

charge could not allow the cationic dyes to get attached on the surface due to the electrostatic repulsion. On the 

other hand, higher pH provides a large number of OH- ions which makes the surface negatively charged. As a 

result, the cationic dyes easily attach on the negatively charged surface due to electrostatic force of attraction. At 

lower pH, the surface of JSP is covered by positive H+ ions which repulse the cationic MeB dye. Due to this the 

initial removal percentage by JSP was minimum value. With the increase of pH, the number of OH- ions in the 

solution increases on the surface of JSP which attracts more cationic MeB dyes by electrostatic force of 

attraction. After reaching the maximum value, the removal percentage remained close to the maximum value 

because of the presence of enough dye molecules on the surface which did not allow further adsorption. In case 

of MB-JSP and AMB-JSP,the Fe3O4 and NH2 groups blocked the available OH- groups on the surface of raw 

JSP, as a result the maximum removal percentage of MeB was obtained at pH 7.0 and 8.0 respectively as 

compared to the pH value of raw JSP. 

 

 

 

 

 

 

 

 

Fig 3. The effect of pH on MeB removal by JSP, MB-JSP and AMB-JSP 

 

3.2.3. Effect of temperature with different initial concentration 



 

The effect of temperature on the adsorption of MeB at different initial concentrations is shown in Fig. S5. At 

temperature 40°C or 313.15 K, both JSP and MB-JSP gave the maximum percentage of MeB removal 76.63 and 

84.14 at the initial concentration of 25 mgL-1 for both cases. 

The result from our study revealed that the adsorption rate improved with the increase of temperature which 

specified the process was endothermic in nature. On the other hand, the AMB-JSP also showed the raising trend 

of removal percentage which also represented the process was endothermic. At temperature  303.15 K, AMB-

JSP gives the maximum percentage of MeB removal 85.44 at the initial concentration of 25 mgL-1. In 

comparison with JSP and MB-JSP, the maximum percentage of removal of MeB removal was obtained at a 

lower temperature which is due to the presence of an amine functional group in AMB-JSP. 

3.2.4. Effect of agitation time with different initial concentration  

In this study, the effect of agitation time on the removal of MeB for the JSP, MB-JSP and AMB-JSP 

biopolymers is illustrated in Fig. S6. For JSP and MB-JSP, the maximum percentage of the MeB removal was 

obtained in agitation time 160 and 120 min at the equilibrium pH 6 at temperature 303.15K respectively.  

On the other hand, the removal percentage of MeB was maximum in agitation time at 40 min where the 

equilibrium pH 8.0, temperature 303.15 K and absorption dose of 1 gL-1. From the observation of our research 

work, it was concluded that with the increase of time there was no obvious rise of adsorption as the active sites 

present on the surface of our adsorbents became saturated. Therefore, a repulsive force was generated between 

the adsorbent and adsorbate which was the main reason for the almost constant removal rate of MeB.  

3.2.5 Adsorption isotherms 

The contact mood of adsorbent with the MeB is determined by using adsorption isotherm which created a 

connection between the MeB ions in solution and number of MeB ions in the solid surface that both phases exist 

at equilibrium position.The adsorption isotherm of Langmuir, Freundlich and Temkin have been studied and 

their adsorption isotherm shown in Fig. 4, Fig. 5, and Fig. 6 for JSP, MB-JSP and AMB-JSP, respectively. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4. (a), (b) & (c) represents Langmuir, Freundlich and Temkin models respectively for the MeB removal by 

JSP 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5. (a), (b) & (c) represents Langmuir, Freundlich and Temkin models respectively for the MeB removal by 

MB-JSP 



 

 

 

 

 

 

 

 

 

 

 

 

Fig 6. (a), (b) & (c) represents Langmuir, Freundlich and Temkin models respectively for the MeB removal by 

AMB-JSP 

According to Langmuir a unimolecular thick adsorbed layer is generated on the adsorbent surface and there is 

no significant interaction between the adsorbent and adsorbed molecules. The Langmuir adsorption isotherm 

stood   𝑞𝑒 = (𝑞𝑚 − 𝐾𝐿𝐶𝑒)/(1 + 𝐾𝐿𝐶𝑒)     (3) 

Converting the equation into linear form as 

1/qe = 1/qm +1/qmKLCe      (4) 

Here,     Ce (mgL-1) = concentration of MeBat equilibrium, 

qe (mgg-1) = adsorbed quantity of MeB 

qm(mgg-1) = adsorbent maximum efficiency and  

KL (Lmg-1) = equilibrium constant. 

Freundlich adsorption isotherm stated that the variation in the amount of matter adsorbed by a unit mass of solid 

adsorbent with the alteration of pressure of the system for a particular temperature. The expression for the 

Freundlich isotherm can be represented by the following equation: 𝑞𝑒 =  𝐾𝐹𝐶𝑒 1𝑛       (5)  

The equation then rearranged into linear form as       𝑙𝑜𝑔𝑞𝑒 = 𝑙𝑜𝑔𝐾𝐹 + (1/𝑛 )𝑙𝑜𝑔𝐶𝑒  `   (6) 

Where, KF = Freundlich constant. 

 n (gL-1) = degree of the deviation from linearity of adsorption and  

 1/n = heterogeneity factor. 



 

Freundlich constants at equilibrium were determined from the value of log qe versus log Ce.  

According to Temkin isotherm, most of the molecules showed lessening to heat of adsorption steadily instead of 

logarithmic with coverage which expressed by the following equation: 𝑞𝑒= 𝐵𝑙𝑛𝐴 + 𝐵𝑙𝑛𝐶𝑒      (7) 

Here, A (mgL-1) = binding constant at equilibrium linked to the binding energy at maximum level, and 

B = Temkin constant. 

The parameter of adsorption isotherms for JSP, MB-JSP and AMB-JSP presented in Table S1, S2 and S3 

respectively. R2 value from the Langmuir isotherm graph was nearer to 1 for both JSP and MB-JSP as compared 

to the values of other two isotherms.  This result revealed the monolayer adsorption of MB took place by raw 

JSP and MB-JSP. From Langmuir adsorption isotherm qmax (mgg-1) found 157.23 and 169.45 mgg-1 at 303K for 

both JSP and MB-JSP respectively. Multilayer adsorption took place in AMB-JSP as R2 value was higher in 

Freundlich adsorption isotherms compared to other two isotherms. The main reason for multilayer formation 

was the alteration of the surface of raw JSP by amine crosslinked and magnetic Fe3O4. The maximum 

adsorption by AMB-JSP increased to 181.49 mgg-1 at 303.15K. 

Removal of MeB by some raw adsorbent and modified adsorbent and their adsorption capacity was presented in 

Table 1. In comparison with previous work shown in the table, our prepared raw JSP and modified MB-JSP and 

AMB-JSP showed comparably high adsorption capacity. 

Table 1. Comparison of adsorption capacity of MeB by using raw and modified adsorbent 

 Adsorbent Adsorbent 

isotherm 

Adsorption 

kinetics 

Adsorption 

capacity 

(mgg-1) 

Reference 

 Terminalia catappa 

shell 

Freundlich Pseudo second 

order 

88.62 [36] 

 Grape peel Langmuir Pseudo second 

order 

215.7 [37] 

 Oil palm ash 

zeolite/chitosan 

Freundlich Pseudo second 

order 

151.51 [38] 

 Citrus sinensis Langmuir Pseudo second 

order 

96.4 [38] 

 Pineapple peel Langmuir pseudo-first-order 

and pseudo-

second-order 

97.09  [39] 

Raw Potato peel Langmuir Pseudo second 

order 

105.26 [40] 

 Mango leaf powder Langmuir Pseudo second 

order 

156 [41] 

 Melon peel Langmuir Pseudo second 

order 

333 [40] 

      

 Bamboo shoot Langmuir Pseudo second 

order 

29.88 [42] 



 

 JSP Langmuir Interparticle 

diffusion kinetics 

157.23 

 

Present study 

      

 Corncob Langmuir Pseudo second 

order 

163.93 [43] 

 Corn straw 

core and chitosan 

Langmuir Pseudo second 

order 

122 [44] 

 Tectona 

grandis sawdust 

Langmuir Pseudo second 

order 

172.41 [45] 

Modified Coconut waste Langmuir Pseudo second 

order 

138.88 [46] 

 MB-JSP Langmuir Interparticle 

diffusion kinetics 

169.45 Present study 

 AMB-JSP Freundlich Interparticle 

diffusion kinetics 

181.49 Present study 

 

3.2.6. Kinetics of Adsorption 

It is very significant to study the kinetic model for knowing the rate of interaction and dynamic behavior for the 

removal of MeB by means of the JSP, MB-JSP, and AMB-JSP biopolymers. The properties of dynamic 

adsorption were explained with the help of pseudo-first order, pseudo-second-order and intra-particle diffusion 

models. The ability to accept MeB (qt, mgg-1) was measured by using the equation below 

𝑞𝑡 = (𝐶𝑂 − 𝐶𝑡)𝑣/𝑚      (8) 

Where, Ct= concentrations (mgL-1) of MeB at time t 

C0 = concentrations (mgL-1) of MeB at time 0  

V = solution volume (L)and  

m = adsorbents mass. 

The kinetic models of MeB onto JSP, MB-JSP, and AMB-JSP were determined through the expression below: 

The pseudo–first order equation is stated as (𝑞𝑒 −  𝑞𝑡) = 𝑙𝑜𝑔𝑞𝑒 −  𝑘2.303𝑡     (9) 

where, qe (mgg-1) = equilibrium adsorption  

qt (mgg-1) =equilibrium adsorption and time t (min), respectively.The rate constant is k (min-1).  

The pseudo-second order equation can be stated as 

t/qt = 1/k2qe
2 + t/qe     (10) 

where, k2 (gmg-1min-1) = the rate constant of the second-order equation. 

qe were obtained from intercept and slope of the plot of t/qt vs t. 

To plot the equation into intraparticle diffusion model is shown below: 𝑞𝑡 = 𝐾𝑖𝑑𝑡0.5 + 𝐶       (11) 

where, kid (gmg-1min-1/2) = intra-particle diffusion rate constant 



 

qt (mgg-1) = quantity of metal ion adsorbed at time t, 

the intercept is C (mgg-1).                                  

The pseudo–first order, pseudo–second order and Intraparticle diffusion model of JSP, MB-JSP and AMB-JSP 

tentative data signified by Fig. 7, Fig. 8 and Fig. 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7. Pseudo – first order, pseudo – second order and Intraparticle diffusion model of JSP. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8. Pseudo – first order, pseudo – second order and Intraparticle diffusion model of MB-JSP. 

 



 

 

 

 

 

 

 

 

 

 

 

 

Fig 9. Pseudo – first order, pseudo – second order and Intraparticle diffusion model of AMB-JSP. 
The rate constant value, linear correlation coefficients (R2), experimental (qe,exp) and (qe,cal) values for MeB 
shown in  Table S4, S5 and S6. 
 
3.3 Regeneration and reuse of JSP, MB-JSP and AMB-JSP 

The recovery of adsorbent is very significant for lowering the process cost of adsorption and reuse for the 

removal of pollutants. In our study, we used three reagents: 90% ethanol, 1 molL−1 NaOH, and 1 molL−1 HCl. 

Fig.10. illustrates that the ethanol was the most effective eluent which desorbs MeB from JSP, MB-JSP and 

AMB-JSP. For JSP,the maximum removal percentage  of MeB after cycle 3  were found to be 71.54, 64.45 and 

71.22 % by using ethanol, NaOH and HCl, respectively. For MB-JSP,the maximum removal percentage  of 

MeB after cycle 3  were found to be 71.23,71.26and 76.32% by using ethanol, NaOH and HCl, respectively. 

After 3 cycle,  the maximum removal percentage  of MeB for AMB-JSP  were found to be 71.54, 64.45 and 

71.22% by using ethanol, NaOH and HCl, respectively.   

 

 

 

 

 

 



 

Fig 10. Regenration of JSP, MB-JSP and AMB-JSP by using C2H5OH, NaOH and HCl in three consecutive 

cycles  

After MeB adsorption,the adsorption capacity of JSP, MB-JSP and AMB-JSP declines quickly throughout the 

regeneration. Because during the MeB adsorption, a huge quantity of chemical reactions happened on the JSP, 

MB-JSP and AMB-JSP surface and the structure of pores distorted. Due to this, the capacity of adsorption 

reduced significantly after regeneration[17]. 

4. Conclusion 

The effectiveness of AMB-JSP as adsorbents for the elimination of MeB from synthetic contaminated water 

solution and the comparison of the adsorption parameters of JSP and MB-JSP with AMB-JSP were studied in 

our work. The batch mode adsorption experiments were conducted to determine the consequence of different 

variables such as the effect of agitation time, adsorbent dosage, initial concentration of the MeB, temperature 

and pH. The adsorbents such as JSP, MB-JSP and AMB-JSP were suitable to treat the wastewater containing 

MeB. The surface characterization of the raw and synthesized adsorbents from our study carried out by means 

of FESEM, XRD, FTIR and VSM gave valuable information about the high surface area, crystalline structure, 

functional groups and magnetic properties which were appropriate for the MeB adsorption from wastewater. 

The stability of adsorbents in higher temperatures found from the study of TGA and DSC of three biopolymers 

revealed the order as AMB-JSP>MB-JSP>JSP. We can conclude from FTIR analysis that the Fe3O4 

nanoparticles had been effectively introduced on the raw jute stick powder surface by which MB-JSP obtained. 

The maximum MeB uptake for JSP, MB-JSP and AMB-JSP were found to be 157.23, 169.45 and 181.49 mgg-1  

for JSP, MB-JSP and AMB-JSP respectively. Therefore, the maximum efficiency of MeB removal by JSP, MB-

JSP and AMB-JSP were obtained at pH 6.0, 7.0 and 8.0 at 303.15 K temperature whereas the equilibrium 

agitation time were different as 160, 120 and 40 min for JSP, MB-JSP and AMB-JSP respectively at 

temperature 303.15 K. The Langmuir adsorption isotherm was suited for both JSP and MB-JSP and Freundlich 

isotherm was best fitted for AMB-JSP. The interparticle diffusion kinetics was the reaction kinetics for JSP, 

MB-JSP and AMB-JSP which showed R2 closer to 1 compared to the pseudo-first order and pseudo-second 

order kinetics of MeB removal experiment. The maximum recovery of the JSP, MB-JSP and AMB-JSP 

biopolymers can be obtained by using 90% C2H5OH as compared to NaOH and HCl. From the above results, 

the JSP, MB-JSP and AMB-JSP can be used as excellent biopolymers for the removal of MeB from wastewater. 
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Figures

Figure 1

FTIR spectra of JSP, MB-JSP & AMB-JSP before the MeB adsorption 



Figure 2

XRD pattern study for the identi�cation of crystalline structures of JSP, AMB-JSP, MB-JSP and Fe3O4



Figure 3

The effect of pH on MeB removal by JSP, MB-JSP and AMB-JSP



Figure 4

(a), (b) & (c) represents Langmuir, Freundlich and Temkin models respectively for the MeB removal by
JSP

Figure 5

(a), (b) & (c) represents Langmuir, Freundlich and Temkin models respectively for the MeB removal by
MB-JSP



Figure 6

(a), (b) & (c) represents Langmuir, Freundlich and Temkin models respectively for the MeB removal by
AMB-JSP

Figure 7

Pseudo – �rst order, pseudo – second order and Intraparticle diffusion model of JSP.



Figure 8

Pseudo – �rst order, pseudo – second order and Intraparticle diffusion model of MB-JSP.



Figure 9

Pseudo – �rst order, pseudo – second order and Intraparticle diffusion model of AMB-JSP.



Figure 10

Regenration of JSP, MB-JSP and AMB-JSP by using C2H5OH, NaOH and HCl in three consecutive cycles 
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