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ABSTRACT: In this study, eco-friendly composite material polyacrylamide/cellulose hydrogel 

reinforced with fuller’s earth (PAAm/CG/FE), has been synthesized and used for the effective 

adsorption of the Methylene Blue (MB) dye. The synthesis of PAA/CG/FE composite followed the free 

radical polymerization method. Chemical compositions and morphology of the synthesized composite 

have been characterized by Fourier Transform InfraRed (FT-IR) Spectroscopy and Scanning 

Electron Microscope (SEM). Thermal stability has been determined by TGA analysis. Batch 

adsorption experiments have been carried out by varying different parameters viz. contact time, pH  

of the solution, and temperature in order to determine the maximum dye adsorption capacity  

of the composite. Introducing cellulose and fuller earth into the polyacrylamide eventually enhanced 

the structural stability, thermal stability, and MB adsorption capacity. Based on the experimental 

data, adsorption kinetics has been found to be well correlated with the pseudo-second-order kinetic 

model. It has been found that the equilibrium adsorption isotherm data perfectly followed the Langmuir 

isotherm model and maximum adsorption capacities were found to be 48.30 and 56.17 mg/g for PAAm 

and PAAm/CG/FE composite, respectively. Furthermore, the prepared composite exhibits good 

reusability, and it is economic, eco-friendly, and nontoxic material.  
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INTRODUCTION 

Water pollution is a serious environmental problem 

existing on the earth for both aquatic and nonaquatic life.  

 

 

 

There has been tremendous focus on the development of 

newer materials to tackle the latest challenges arising  
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in the field of waste-water treatment. Advancement in 

technology has confirmed the presence of various organic 

and inorganic impurities in wastewater, present in trace 

amount can affect all the living organisms which 

ultimately leads to the destruction of the ecosystem. 

Moreover, different types of heavy metals (inorganic), 

chemicals, dyes (organic) are continually discharged in 

water bodies which cause toxicity and adverse effect on 

living organisms, as these are very harmful because of 

their non-biodegradability, bio-accumulative behaviour 

and high toxicity [1, 2]. Synthetic dyes have been widely 

used in different industries like leather, plastic, dying, 

cosmetics, textile, petroleum, paper and foodstuff industry. 

According to Food Safety and Standards Act (FSSA) in 

Indian law, Methylene blue is not a food-safe dye and 

should not be present in any food items [3]. The presence 

of methylene blue (MB) dye in water also reduces sunlight 

transmittance and dissolved oxygen content and eventually 

upsets the biological activity. Therefore, owing to these 

noxious properties of MB dye, it causes water pollution 

and could pose a threat to ecosystem when released in 

water sources. Methylene blue (MB) is used in large 

amounts as a basic dye in various industries. This can 

cause a number of harmful effects on living beings such as 

eye injury, burning sensation, nausea, profuse sweating, 

vomiting, methemoglobinemia, mental confusion, etc. It is 

highly toxic and has carcinogenic property. Due to its 

complex aromatic structure, it is stable and difficult to 

biodegrade and photodegrade under natural conditions. Its 

chemical formula is C16H18N3SCl and molecular weight is 

319.85 [4, 5]. In recent time, apart from using conventional 

adsorbent materials for MB removal, a number of 

scientific studies have been carried out towards the 

development of low cost composites for MB dye 

adsorption [6-7]. M. Saghanejhad et al. synthesized a 

metal organic framework (MOF) MIL-68(Al) for 

ultrasonic-assisted adsorption of MB and rhodamine B. 

The MOF are used as porous coordination polymers and 

are soft analogues of zeolites [8]. F. Marahel et al. worked 

on ultrasonic assisted MB adsorption and neural network 

model for MB dye adsorption by Mn-doped PbS 

nanoparticles. It is low-cost and promising adsorbent for 

proper adsorption of MB dye in short time [9]. L. Wang et 

al. synthesized chitosan-g-poly (acrylic acid)/ attapulgite 

composite for fast removal of MB dye from its aqueous 

solution [10]. C. Zhou et al. worked towards the synthesis 

of partially hydrolized polyacrylamide/cellulose 

nanocrystal nanocomposite hydrogels for adsorption of 

MB dye [11]. Y. Bulut et al. synthesized crosslinked 

Chitosan/Bentonite composite for fast adsorption of MB 

dye from waste water [12]. For the synthesis of all these 

composite materials, researchers have taken low cost, 

biodegradable and nontoxic materials. All composites 

effectively removed MB dye from its aqueous solution in 

single use. Many low-cost adsorbents have been studied 

for effective adsorption of dyes for waste water treatment.  

A number of methods have been used for the removal 

of MB from water viz. electro-coagulation, ozonation or 

oxidation, biological treatment, coagulation and 

flocculation, membrane separation and adsorption. Out of 

these methods, adsorption is a low-cost, effective, simple, 

and easy to operate method for wastewater treatment [13]. 

The use of several adsorbents towards the removal of MB 

dye has been reported in literature, such as activated 

carbon [14] carbon nanotube [15] nanoparticle and 

polymer based adsorbents [16] chitosan composite [17] 

natural clay[18] mesoporous silica [19] graphene oxide 

and modified graphene oxide [20] magnetic adsorbents 

[21], metal organic framework[22-24], agricultural waste 

[25], animal waste [26] etc. Clay and cellulose are natural 

materials that have been used as adsorbents. They can be 

used in modified or unmodified form.  

In the past few years, natural clay composites have 

drawn significant attention, owing to the biodegradability, 

nontoxicity, low cost, and reusability of such materials 

[27, 28]. Fuller’s earth (FE) is a sedimentary, stiff clay and 

has high magnesium oxide content including aluminium, 

silicon and a trace amount of other minerals. It consists of 

different kind of sepiolite like natural zeolites, 

dioctahedral smectites and loughlinite having a fibrous 

nature with fine channels. It is widely used as adsorbent in 

refining oils, bleaching, petroleum cleaning, decolourization 

due to having efficient absorptivity nature. It is found 

naturally in the Mihaliccik region of Turkey. The minerals 

present in it has an excellent capacity to adsorb 

heteroaromatic cationic dyes. FE has large micro pore 

volume, large cages which is helpful in adsorption-

desorption process [29, 30]. Cellulose, a biopolymer 

containing hydroxy groups is helpful in wastewater 

treatment. It is an abundant natural material and can be 

used as an easily available and low cost material for the 

water treatment process. It has been used by many  
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researchers to make different types of composites for water 

treatment [31]. Liu et al. studied cotton cellulose for 

adsorption of boron from a desalination plant [32]. B. 

Wanassi et al. investigated an eco-friendly composite of 

phenolic resin and waste cotton fibre as green precursors 

for the synthesis for removal of the Alizarin Red S dye 

from textile effluents [33]. A chitosan-cotton composite 

has been prepared by an easy and economical “Pad-dry 

process” for adsorption of acid dyes from aqueous solution 

by M. Jabli et al. [34]. In comparison with raw cotton, 

cotton-based materials have shown better results for the 

removal of adsorbate. It can easily form composite 

materials. Niu et al. studied on preparation of cotton-based 

fibrous adsorbents for adsorption of harmful metal ions. It 

is a very promising material as it can be easily recycled 

after completing adsorption from waste water [35]. A. 

Yang prepared and studied the low cost novel 

MOF@cotton fibre composite for effective removal of 

uranium. The recycling experiment on composite showed 

that it can be used more than five times with less than 10% 

efficiency loss [36]. It is a biopolymer having a large 

surface area and its polymerization capacity depends upon 

materials and synthesis procedures. Cellulose gel has been 

prepared from waste cotton fibre collected from cotton 

textile mills. A large amount of waste cotton fibre is 

generated by the cotton textile industry due to rapid 

development and high capacity of production. Recycling 

of waste cotton fibre to prepare composite reduces the 

problem of textile waste disposal and economic issue of 

waste-water treatment [37-39]. 

Polymer hydrogels can retain various types of 

dissolved solute molecules and water due to its three-

dimensionally crosslinked, porous polymeric network of 

flexible chains. The ionic functional groups are 

responsible for the adsorption of cationic dyes. Hence, the 

composite of clay/cellulose gel with PAAm has potential 

applicability for effective adsorption of various water 

pollutant like heavy metal ions, dyes etc [40, 41]. 

In the present study, a novel adsorbent material viz. 

PAAm/CG/FE composite, has been synthesized from low-

cost and eco-friendly materials like, polyacrylamide, 

cellulose gel and fuller’s earth. This composite has been 

used for the removal of MB dye from water. The 

experimental findings confirm that the PAAm/CG/FE 

composite is a biodegradable and recyclable material. The 

composite has been successfully used for the removal of 

MB dye from aqueous solution. The effect of contact time, 

pH of MB solution, MB concentration and temperature on 

the adsorption capacity of composite have been 

investigated. The controlling mechanism of adsorption has 

been examined by the kinetic studies, and isotherm studies.  

 

EXPERIMENTAL SECTION 

Materials 

Acrylamide (AAm) (purity 99%), Potassium persulfate 

(KPS) (98%), Copper acetate (99%), paraformaldehyde, 

HCl and methylene blue (MB) were purchased from SRL 

Pt. Ltd. (India) and are used as such. Waste cotton fibre 

was collected from the local textile factory for preparation 

of cellulose gel. Fuller’s earth (FE) was purchased through 

Amazon.com and milled and passed through a 320 mesh 

screen, dried at 80 °C for 4 h before use. The molecular 

structure of MB is shown in Fig. 1. All solution for study 

were prepared in distilled water. The stock solution of MB 

(500 mg/L) was prepared by dissolving 250 mg of MB in 

500 mL deionized (DI) water. The pH of MB solution was 

adjusted with dil. HCl or NaOH according to the 

requirement. 

 

Synthesis of cotton cellulose gel  

Waste cotton fibre was washed with mild non-ionic 

surfactant followed by washing with distilled water. Now 

it was dried in oven at 70 °C for 8 h. The preparation of 

cellulose gel (CG) was done by alkali oxidation, and 

mechanical amine gelation by a reported method [42]. 

Cotton (6 g) was dispersed in a solution of 2.1 M NaOH 

and 2.5 M urea at -10 °C in a beaker to destroy the polymeric 

structure of cellulose (Fig. 2). The whole material has been 

stirred on a magnetic stirrer at 200 rpm. The urea 

(CO(NH2)2) gelled the open-ended chains of cellulose.  

 

Synthesis of N,N’-Methylenebisacrylamide 

The crosslinker used for making hydrogel network is 

N,N’-Methylenebisacrylamide. It has been synthesized by 

the general procedure described in literature.43 Acrylamide 

(2 g) , paraformaldehyde (0.35 g) and copper acetate 

(0.01g) were added in a three-neck round bottom flask. 

Subsequently, conc. HCl (0.4 mL) was added in mixture 

and the reaction mixture was refluxed in a water bath at 90 °C 

for 100 mins. The synthesized N,N’- Methylenebisacrylamide 

crosslinker was obtained as yellow solid precipitate 

followed by crystallization with hexane-methanol  
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(C16H18ClN3S) 

 

Fig.1: Molecular structure of Methylene Blue. 

 

 

Fig. 2: Preparation of cellulose gel from cotton fibre. 

 

solution. At last, crosslinker was dried at room temperature 

of 32 °C for 48 hrs (Yield = 1.24 g, 62%).  

 

 

Fig. 3: Schematic representation of the structure of PAAm/CG/FE 

composite. 

 

Synthesis of PAAm/CG/FE composite 

The polyacrylamide/cellulose gel/fuller’s earth 

(PAAm/CG/FE) composite has been synthesized by free 

radical polymerization method [45]. The Fig. 3 shows the 

schematic representation of the structure of PAAm/CG/FE 

matrix. The procedure of synthesis was as follow, 0.4 g FE 

and 0.6 g CG was mixed in 40 mL water in a two-neck 

round bottom flask with stirring for approx. 20 mins. After 

that acrylamide monomer (2 g) , potassium persulphate 

(0.042 g) and N,N’- Methylenebisacrylamide crosslinker 

(0.050 g) were added to the flask with stirring. The 

reaction was carried out under nitrogen atmosphere at 80 

°C for 140 minutes. The synthesized, gel-like composite 

material was washed with distilled water and then dried at 

70 °C in oven for 72 h. The yield of composite was about 

99 %. The synthesized composite has been cut into small 

pieces of 2 mm size.  

 

CHARACTERIZATION OF PAAm/CG/FE 

COMPOSITE 

The FTIR spectra of the synthesized composite before 

and after MB adsorption were taken on Spectrum GX 

(Parkin Elmer, U.S.A.) model FTIR apparatus in range 

4000-400 cm-1. The samples for testing were prepared by 

using the KBr pressed pellet method. The surface 

morphological structure of the composite was obtained by 

scanning electron microscopy (SEM), (ESEM EDAX XL-

30, Philips, Netherlands). Samples for analysis were 

coated with a thin film of platinum with sputter coater. The 

elemental analysis of the composite has been done by 

EDS. A digital pH-meter (Orion 900S2 model) was used 

to prepare the solutions of different pH values. The surface 

charge of the prepared composite was studied by Zeta 

potentials (Malvern Instruments Ltd., Zetasizer ver. 7.11). 

The thermal stability of composite was checked by TGA 

analysis. Table 1. Shows the chemical composition of 

fuller’s earth clay characterized by XRF (AxiosMAX, 

Panalytical Netherlands). 

 

ADSORPTION ANALYSIS OF PREPARED 

COMPOSITE 

All batch experiments for adsorption studies were 

performed on magnetic stirrer with constant stirring speed 

of 50 rpm. The effect of contact time on removal of MB 

dye were studied in 50 mL conical flask, 25 mL of MB 

solutions (100 mg/L, pH 7) with 0.05 g of PAAm/CG/FE 

composite adsorbent at 30°C for 10-120 min contact time 

range. The effect of pH on MB dye adsorption was 

investigated by adjusting the pH of 100 mg/L of initial 

concentration MB solution over the different pH values 

ranges from range 2-12 and 0.05 g of composite at 30 °C 

for 80 min. The influence of temperature on dye adsorption 

was carried out for 80 min in the 25 mL of dye solution  

 



Iran. J. Chem. Chem. Eng. Sharma A. et al. Vol. 41, No. 11, 2022 

 

3584                                                                                                                                                                Research Article 

Table 1: Chemical composition of the fuller's earth sample 

(Determined by X-ray fluorescence technique). 

Sr. No Metal Concentration (%) 

1 Na2O 0.9 

2 MgO 3.855 

3 Al2O3 9.383 

4 SiO2 56.562 

6 SO3 5.055 

7 K2O 0.717 

8 CaO 0.247 

9 TiO2 0.974 

10 V2O5 0.137 

12 MnO 0.168 

13 Fe2O3 19.041 

14 Rb2O 0.184 

15 SrO 0.1 

17 ZrO2 0.212 

 

(100 mg/L, pH 7) with temperature range 30-40 °C. The 

effect of concentration has been studied also with 25 mL 

MB dye solution (pH 7, 80 min) with concentration range 

50-250 mg/L. All experiment were repeated three times to 

determine and average has been reported to ensure 

experimental accuracy. 

The MB adsorption amount was determined quantitatively 

with the help of a Lambda 19 (Perkin Elmer, U.S.A.) model 

UV-Visible spectrophotometer, at 660 nm wavelength. The 

adsorption capacity (qe) and percentage removal R (%) of 

MB by composite was calculated by given equation [45]:  

qe =

C0 − Ce

w
 × V                                                                   (1) 

R(%) =
C0 − Ce

C0

 × 100                                                      (2) 

where, C0(mg/L) and Ce(mg/L) are the initial 

concentration and the equilibrium concentration of MB. 

V(l) shows the volume of the MB solution, and w(g) is the 

adsorbent weight. 

 

KINETIC STUDY OF PAAM/CG/FE COMPOSITE 

The MB removal kinetics was determined with the help 

of standard kinetics models such as pseudo-first-order, 

pseudo-second-order, and intraparticle diffusion models 

[46]. The pseudo-first-order model in linear form is shown 

by equation 3. 

log(qe − qt) = logqe −
k1t

2.303
                                          (3) 

 

Where, qe and qt are the amount of MB dye adsorbed 

mg/g on composite at equilibrium, and t is for 

instantaneous. time, respectively. The kinetic rate constant 

(k1) of pseudo-first order reaction can be obtained from the 

slope of log(qe-qt) versus t plot. The linear form of the 

pseudo second order is represented as  

t

qt

=
1

k2qe
2

+
t

qe

                                                                     (4) 

Where, k2 represents the pseudo second order rate 

constant, and qe values are obtained from the slope of the 

plot between t/qt versus t. The linear form of intra particle 

diffusion is shown by given equation 5, 

qt = kpt1/2 + C                                                                     (5) 

Where kp and C represent the rate constants and 

determined by the slope and intercept of the plot between 

qt versus t1/2.  

 

ADSORPTION ISOTHERM MODELS 

To study isothermal adsorption, the adsorption 

experiments were performed in concentration range 50-

300 mg/L at pH 7. Experimental data were fitted with 

different adsorption isotherm models such as Langmuir 

and Freundlich isotherm models to obtained equilibrium 

adsorption values. The Langmuir adsorption model 

explains about homogeneous adsorption of MB dye by 

monolayer adsorption on the composite without 

interacting each other, it is defined by Eq. 6. [47-49]9.  

qe = qmax

bCe

(1 + bCe)
                                                           (6) 

Where, qmax denotes maximum MB adsorption per unit 

mass of adsorbent in mg/g. The straight-line curve plotted 

between Ce/qe versus Ce gives slope and intercept values 

which determines related constants values of Langmuir 

equation as shown in equation (7) 

Ce

qe

=
Ce

qm

+
1

Kqm

                                                                    (7) 
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Fig. 4: Picture of (a) freshly prepared composite (b) composite after drying (c) composite before adsorption  

(d) after adsorption (e) MB solution before adsorption (f) MB solution after adsorption 
 

Where, Ce = equilibrium concentration of adsorbate in 

the solution (mg/L), qe = adsorbate amount adsorbed on 

the adsorbent at equilibrium (mg/g), qm = monolayer 

adsorption capacity (mg/g), and K = Langmuir adsorption 

equilibrium constant (mg/L), which is related to the energy 

of adsorption. 

The Freundlich isotherm model describes the non-

ideal, reversible and multi-layered adsorption. This 

empirical model refers to the heterogeneous surface of the 

adsorbent. The linear form of Freundlich isotherm is 

represented by the following equation; 

logqe =  
1

n
logce + log Kf                                                    (8) 

Where qe is the quantity of ion adsorbed at equilibrium 

(mg/g). Ce is the concentration of adsorbate at equilibrium 

(mg/L). Kf and n are Freundlich constants related to 

adsorption capacity and adsorption intensity of the 

adsorbent, respectively. The Freundlich isotherm constants are 

calculated from the plot of log qe versus log Ce.  

The average relative errors (ARE%) are calculated by 

using equation 9. This equation can determine about 

relative goodness of fitting of the data obtained from 

experiment with model equations. 

ARE =  
100

N
∑

|qcal − qexp|

qexp

                                            (9)

N

1

 

Where, N represents the number of experimental data 

points. qexp and qcal are experimental equilibrium value 

and model respectively having unit mg/g. 

 

REUSABILITY STUDY OF COMPOSITE 

Regeneration of the used PAAm and PAAm/CG/FE 

composite was performed by contacting a 0.05 g of MB-

adsorbed PAAm and composite samples with 25 mL of 

0.05 M of HCl solution separately for 80 min at room 

temperature. After 80 min desorbed samples were 

removed from the acid solution and centrifuged. Now 

samples were washed three times with distilled water and 

dried in oven at 75 °C for 8 h. This procedure was repeated 

four times. The adsorption capacity of adsorption capacity 

was analysed at the optimized conditions.  

 

RESULTS AND DISCUSSION 

Physical appearance of the prepared adsorbent 

Fig. 4 shows the digital images of prepared composites 

before and after the adsorption process. Prepared  
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composite exhibits better swelling properties (Fig4 d) after 

adsorption, the high adsorption affinity towards the 

crosslinked matrix of the composites. Fig. 4 (e) and 4 (f) 

also showed the removal of MB from water.  

 

FT-IR of PAAm/CG/FE composite 

FTIR spectra of the composite before and after 

adsorption of MB dye shows different characteristic bands 

in the range of 4000-400 cm-1 before and after adsorption 

(Fig. 5). The stretching vibrational peak of the carbonyl 

group has been found at 1667 cm-1. The broad band at 3439 

cm-1 is due to the N-H vibration of the amide group. The 

bands at 1416, 1318, 1184 cm-1 are due to the presence of 

cellulose in the composite. The bending mode of Si-O-Si 

is indicated by 469 cm-1 band. All functional groups of 

materials in composite are involved in MB adsorption and 

this has been confirmed by broaden the spectrum of 

composite after MB adsorption [50-52]. 

 

SEM analysis of PAAm/CG/FE composite 

The surface morphology of the PAAm/CG/FE 

composite before and after the MB adsorption has been 

studied by SEM images and indicated in Fig. 6(a). As 

shown in the Fig. 6(a) uniform even surface reveals the 

successful formation of composite. The cellulose part 

(CG) and fuller’s earth (FE) particles in composite are 

highlighted by a yellow rectangular box and green 

circle, respectively. Fig. 6(b) at little higher resolution 

shows the presence of craters in the surface of the 

composite, which can be useful in the adsorption of MB 

dye. In Fig. 6 (c) and (d), after adsorption of MB, some 

rough layered texture is observed, confirming the 

uniform adsorption of MB dye on the surface of 

composite. The smooth surface morphology of 

composite before adsorption, was changed after 

adsorption of MB and no other major changes were 

observed in post adsorbed samples, reflecting the 

excellent properties of adsorbent like easy and fast 

bonding of ions to the functional groups of composites. 

The elemental distribution in composite has been 

revealed by EDX analysis and shown in Fig. 6 (e). EDX 

confirmed the presence inherent elements like C, O, Na 

and Si belong to fuller’s earth, as shown in Table1. No 

other major impurity was found in the composite. The 

presence of Pt on the surface of composite was observed 

due to the Platinum coating on sample.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: FTIR spectrum of PAAm/CG/FE composite (a) before 

and (b) after adsorption. 

 

Thermal analysis 

TGA thermogram (Fig. 7) reflects the degradation of 

composite material over temperature ranges from 25-600 
oC. PAAm/CG/FE thermogram, shows weight loss 

occurring in three stages. First stage corresponds to the 

loss of water (20 %) present in the form of hydrogen 

bonded water with the porous surface of the composite in 

the temperature range 60-130°C. The second stage from 

130 -180 °C shows ~ 12% weight loss in this range. This 

may be due to decomposition of the amide side groups and 

the crosslinker. 

The third stage ranges between 180-480 °C during 

which weight loss of 32% occurs due to the complete 

decomposition of the main backbone of poly acrylamide 

[53]. Similar trends was observed for the pure 

polyacrylamide (PAAm), but the relative thermal stability 

shown by final composite materials is ~ 10 % higher than 

that of polyacrylamide, which may be due to the addition 

of FE as filler exhibiting high thermal stability due to the 

presence of inorganic metal-oxides in FE. After the third 

stage no further weight loss occurs during TGA analysis 

upto 600 °C. 

 

Zeta potential analysis 

The adsorption mechanism of MB dye is better 

understood by the determination of surface charge of the 

adsorbent which is determined from zeta potential study. 

The zeta potential variation is shown in Fig. 8, which 

depicts the surface of the adsorbent is negatively charge 

which increased up to pH 10 and then almost becomes 

alter. The maximum Zeta potential value recorded for  
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Fig. 6: SEM micrographs of PAAm/CG/FE composite (a) and (b) before adsorption (c) and (d) after adsorption  

(e) EDS elemental analysis of composite. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7: TGA analysis of PAAm and PAAm/CG/FE composite. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8: Measurement of Zeta potential at different pH value. 

 

PAAm/CG/FE composite is -41.6 mv at pH 10 and beyond 

this, instability occurs in the surface charge of composite. 

This is due to the increase in competition for adsorption of 

OH ions in the basic aqueous medium and MB ions on the 

surface of the composite. The iso-electric point was not 

achieved in the full pH range because of insufficient net 

protonation due to medium to balance the negative charge 

of composite. Negative charges on composite occurs due 

to protonation of amide, carbonyl and hydroxyl functional 

groups present in composite. Therefore, on varying the pH 

of solution the cationic dye molecules show great impact 

on adsorption values due to increases in attraction between 

the negatively charged surface and cationic molecule [54, 55]. 

 

ADSORPTION AND KINETICS ANALYSIS 

Effect of Contact Time 

Study of effect of contact time on adsorption is very 

important because to determine equilibrium time and rate  
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kinetics for the MB-composite system in aqueous water. 

The effect of contact time on MB dye adsorption has been 

studied for time range 10-120 min and results are 

depicted in Fig. 9 (a). The study was done by setup of 25 

mL of MB dye solution of concentration 100 mg/L by the 

addition of 0.05 g of composite at pH 7 on magnetic 

stirrer with 100 rpm stirring rate at the room temperature. 

It is clear from the graph that the 80 minutes of contact 

time was required to achieve saturation. The rate of 

adsorption of dye decreases with increase in time 

however, the adsorption capacity of MB dye increases 

with increase in time [56]. The rate of dye adsorption is 

fast enough to reach its 80% of maximum values in 

during the initial 20 minutes, after that it decreases 

gradually and finally equilibrium is achieved. PAAm and 

composite removed 80% and 92% MB dye respectively. 

Hence, results confirmed that composite has higher 

affinity for MB dye removal as compared to PAAm. 

 

Effect of pH 

The Fig. 9 (b) depicts the same trends and follow the 

zeta potential results, therefore the pH value of dye 

solution is an important factor in MB dye adsorption by 

synthesized composite. The effect of pH on adsorption on 

composites was shown in Fig. 9 (b). The adsorption of 

dye on PAAm/CG/FE composite increases from 18 to 

92% from pH range 2 to 8 and then becomes constant 

after the further increase in the pH value upto 12. pH 

affects strongly the surface charge of composite and also 

functional group dissociation of active sites. The H+ 

release in adsorption procedure changes the pH value of 

the dye solution by a small amount. The groups on the 

surface of composite changes with pH variation. The 

number of deprotonated or negative charged functional 

groups such as amide, and hydroxyl groups increase with 

the increase in pH of dye solution. The hydrolysis of MB 

dye also increases with pH increase [57]. Hence, the 

adsorption of MB on the composite was found to increase 

gradually with the increase in pH from 2 to 8. Most of the 

functional groups of composites are ionized and interact 

with the dye molecules with strong electrostatic 

attraction which increases adsorption capacity of 

composite.  

 

Effect of MB solution temperature 

The effect of temperature on MB dye adsorption on 

composite was investigated at 30, 40 and 50 °C. The 

concentration of dye was 100 mg/L taken at pH 7 with 150 

rpm. Fig. 9(c) shows the effect of temperature on 

adsorption capacity by composite. It was found that with 

the increase in temperature from 30 to 40 °C, the 

adsorption capacities increase. However, further 

temperature increases from 40 to 50 °C, the adsorption 

capacities decrease. This occurs due to the fact that on 

increasing the temperature from 30 to 40 °C adsorption 

sites of composite become more active and adsorption 

increases, but further increase in the temperature increases 

the mobility of large MB dye ions, resulting in decreased 

adsorption on the composite [58]. 

 
Effect of MB concentration 

The effect of initial concentration on MB adsorption 

was studied in range of 50 to 250 mg/L. The results have 

been shown in Fig. 9 (d). It can be concluded from the 

study that the percentage removal of MB from the 

aqueous solution strongly depends upon the initial 

concentration of MB dye. Percentage of adsorption is 

inversely proportional to initial concentration of MB 

means adsorption percentage decreased with increase in 

initial concentration of MB. This is due to at lower 

concentration the number of ions available are less as 

compared to sites of adsorption present on the 

composite [59]. However, higher concentration of MB 

contains high number of ions and adsorption sites on 

composite become saturated and this results in the 

decrease in percentage adsorption of MB on the 

composite surface.  

 

Kinetic study results 

The Table 2 shows the rate constant values (k1 and k2 ) 

for the pseudo first and second order kinetic studies, 

respectively along with their corresponding correlation 

coefficient values (R2 values). These values were 

determined with the help of linear fitting of the corresponding 

kinetics model with experimental data for the MB removal 

using PAAm and PAAm/CG/FE composite. The high 

correlation value (R2) is obtained for the pseudo-second 

order kinetic model than the pseudo first order model, 

which suggest that the pseudo-second order kinetic model 

fits better than the pseudo-first order model for the MB 

removal. Fig. 10 shows the corresponding fitting  
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Fig. 9: Effect on the adsorption capacity of PAAm and PAAm/CG/FE composite by (a) contact time variation;  

(b) variation of pH, (c) variation of temperature and (d) variation of MB concentration (dose:0.05 g, vol.: 25 mL). 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig.10: Kinetic model of Pseudo second order for removal of 

MB with PAAm and second order for PAAm/CG/FE composite. 
 

of pseudo second order kinetic model with experimental 

data for PAAm and PAAm/CG/FE composite. 
 

Adsorption isotherm analysis 

In adsorption isotherm studies the best fitted data has 

been found for the Langmuir adsorption isotherm model. 

The values of R2 (nonlinear) for PAAm/CG/FE in the 

Langmuir adsorption isotherm model are higher than that 

of Freundlich adsorption isotherms (shown in Table 3). 

This result suggests about monolayer adsorption and 

presence of finite number of sites of adsorption. Fig. 11(a) 

represent adsorption isotherm and 11(b) represent 

Langmuir isotherm fitting of PAAm/CG/FE composite. 

Freundlich model was also tested with experimental data 

but based on high ARE % and lower nonlinear correlation 

values, this model is not best fitted with the experimental 

MB-composite system as shown in Table 3. Therefore, 

Langmuir model has been found to be the best fitted model 

for this experimental study. Thus, it confirms that 

PAAm/CG/FE can effectively work for MB adsorption for 

waste water treatment. 

 

Reusability of synthesized composite 

The reusability of composite material is a promising 

aspect which enhances its utility for end application,  
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Table 2: Parameters of pseudo-first and pseudo-second order constants values R2. 

Adsorbent Pseudo first order  Pseudo second order  

 k1 min-1 R2 k2/L(mg/min) R2 

PAAm 0.0536 0.7639 0.6180 0.7782 

PAAm/CG/FE 0.0438 0.8616 0.3299 0.8782 

 

Table 3: Parameters of Langmuir and Freundlich adsorption isotherm model for PAAm and PAAm/CG/FE. 

 adsorption parameters R2 nonlinear ARE% 

PAAm  

Langmuir Qm 48.30 b 0.15 0.984 4.51 

Freundlich 1/n 0.315 kf 11.09 0.896 15.10 

PAAm/PMC 

Langmuir Qm 56.17 b 0.30 0.983 6.85 

Freundlich 1/n 0.266 kf 17.29 0.896 14.02 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: (a) Adsorption isotherm and (b) Langmuir isotherm fitting of PAAm and PAAm/CG/FE composite. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Relation between the reuse frequency and adsorption 

capacity of PAAm and PAAm/CG/FE composite. 

therefore its adsorption capacity has been determined over 

the different cycles. Fig. 12 describes the reusability up  

to four cycles of the adsorption-desorption process. For 

analysing the reusability of PAAm and PAAm/CG/FE 

composite, 0.05 g of MB dye adsorbed samples were added 

in 30 mL of 0.05 M of HCl solution for 120 min at room 

temperature. Both desorbed samples were removed from 

HCl solution and centrifuged then washed with distilled 

water and dried in oven at 80 oC for 8 h. In comparison to 

PAAm the composite shows good adsorption capacity even 

after four times of recycling. The adsorption-desorption 

shows that adsorption capacity was decreased 30 and 9 % of 

PAAm and PAAm/CG/FE composite respectively and 

results are shown in Fig. 12.  
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Fig.13: Plant Growth Study on wheat plant in MB Wastewater 

and treated MB waste water. 

 

Ecological Assessment of treated MB Wastewater and 

Plant Growth Study 

For testing the eco-toxicological analysis, the untreated 

and treated MB wastewater were used for the growth of wheat 

plant to confirm the use of treated wastewater [60]. The 

growth analysis of wheat plant was done for 7 days in MB 

aqueous solution and the treated wastewater (MB dye 

removed by PAAm/CG/FE composite) and the growth result 

of plants were shown in Fig.13. Wheat seeds are purchased 

from the local market of Gorakhpur. Seeds are kept in water 

overnight. Next day seeds are planted in rice husk in two Petri 

dishes in equal numbers. One dish was watered by treated and 

other was watered with untreated waste water daily in 

sufficient amount. The growth of wheat plant was analysed 

for next 7 days. The study confirms that high inhibitory effect 

of the MB water in growth of both root and shoot of wheat 

plant. The treated wastewater shows good result with 

healthier growth as comparison to untreated wastewater.  

CONCLUSIONS 

From this study it can be concluded that, the removal 

of methylene blue dye can be effectively done in a short 

period of time by PAAm/CG/FE composite. The 

adsorption process has been found to be highly dependent 

on various physico-chemical parameters such as contact 

time, pH, initial concentration and the temperature of 

reaction medium. Under identical experimental 

conditions, the composite has been found to be a better 

adsorbent than pure PAAm. The FTIR, SEM, EDX and 

TGA were used for the characterization of the composite. 

PAAm is water soluble polymer, and due to this it gets 

dissolved in small amount in water, during the adsorption 

process and this is responsible for its poor reusability. 

However, the composite of PAAm can be reused many 

times, as it is highly stable in aqueous medium and is a 

low-cost material due to use of waste cotton fibre and 

fuller’s earth clay for its synthesis. The adsorption kinetics 

has been found to be well described by the pseudo-second 

order kinetic model and the adsorption process is very well 

described by the Langmuir adsorption isotherm model. 

The composite exhibited good maximum monolayer 

adsorption of 56.17 mg of methylene blue dye per gram of 

composite. The adsorption capacities were found to 

decrease only slightly even after four adsorption/ 

desorption cycles, this demonstrates the high reusability of 

the composite. The simple synthesis, low cost, 

biodegradability, high absorptivity, reusability, etc makes 

it an effective adsorbent for the removal of methylene blue 

dye from waste-water. 
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