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Abstract - Textile wastewater accommodates many toxic organic 

contaminants which could potentially threaten the ecosystem if 

left untreated.  Methylene blue is a toxic, non-degradable, 

cationic dye which is reportedly found in significant amounts in 

the textile effluent stream as it is widely used to dye silk and 

cotton fabrics. This study reports an investigation of methylene 

blue removal using a composite membrane fabricated using 

chitosan- graphene oxide. The fabricated composite membrane 

was characterized using Scanning Electron Microscopy, FT-IR 

Spectroscopy, Raman Spectroscopy, UV-vis spectroscopy, and 

X-ray Diffraction. The isotherm modelling conducted 

confirmed a maximum adsorptive capacity of 179 mg/g which 

was well fitted with the Langmuir isotherm model indicating a 

homogenous monolayer adsorption. 
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I. INTRODUCTION  

Contaminated wastewater poses a great threat to the 
ecosystem and human health. The organic dye contaminants 
present in the effluent streams connected to textile, paper, 
printing, cosmetic, and food industries contain particles which 
are high in resistance to oxidizing agents, photodegradation, 
heat, and biodegradation which in turn create potential health 
risks to humans. The annual production of commercial dyes 
amount to over 7x105 tonnes of which the textile industry 
accounts for two thirds in consumption [1]. It has been also 
estimated that approximately 10-20% of the manufactured dye 
is yearly released to the effluent stream [2]. 

 Methylene blue (MB) is a toxic, non-degradable, cationic 
dye which is reportedly found in significant amounts  in the 
textile effluent streams as it is widely used to dye cotton and 
silk fabrics [3]. The basic dye disassociates into positive ions 
in aqueous medium which is difficult to remove due to its 
attractions with negative polar sites of the water molecules. 
The previous studies reported of significant health issues viz; 
nausea, jaundice, profuse sweating, burning sensations, 
quadriplegia, cyanosis and methemoglobinemia due to the 
methylene blue exposure [4]. This has propelled the search of 
solutions for removing methylene blue dyes from the textile 
wastewater stream.  This study reports of a  chitosan-graphene 
oxide (Ch-GO) composite membrane fabricated for removing 
methylene blue from wastewater. 

As highlighted in numerous researches some of the 
promising adsorbents for methylene blue removal include 
zeolite [5], chitosan [6] and carbon based adsorbents, i.e.  

graphene oxide, carbon nanotubes and activated carbon [7]. 
In comparison to the other materials, carbon-based 
adsorbents are extensively used for organic dye removal 
owing to their easy accessibility, facile synthesis, and 
inherent porosity.  

Graphene oxide (GO) is considered as one of the 
emerging adsorbents having a great potential for wastewater 
treatment applications owing to its two-dimensional 
structure, functional groups, high surface area and low 
production cost. The growing popularity of  GO as an 
adsorbent for methylene blue can be attributed to its strong 
interaction with cationic dyes owing to the presence of 
surface oxygen groups distributed over a very high theoretical 
area which contributes to a negative charge distribution 
aiding its capacity to attract positive ions [8]. Even though 
GO is considered as a highly effective adsorbent, its recovery 
process remains to be challenging owing to its tendency to 
produce stable colloids which inhibits phase separation.  
Several research studies reported that  the adsorbents 
fabricated through cross-linking GO with different polymers 
could serve as an attractive solution to overcome the stated 
issue [9].  

Hence, this study aims to cross-link GO with chitosan as 
a solution to overcome difficulties in GO recovery process. 
The rationale behind the usage of chitosan (Ch) to 
encapsulate GO can be approached from three perspectives ; 
as reported by Shao et al. [10] the epoxy groups on GO can 
react with the primary amino groups of chitosan and generate 
secondary amines (Fig. 1),  the hydroxy and amino groups 
available in chitosan present additional active sites for 
methylene blue adsorption and chitosan being  an abundant, 
non-toxic biopolymer which promotes sustainable practices. 

Several chitosan and graphene oxide based composites 
have been reported for methylene blue adsorption, however,  

O

HO

H2N

O

OH

n

OH COOH
HOOC

COOHHO O

OH
HOOC

Ultrasonication

+
Dried at 120 degrees

Chitosan
Graphene Oxide

C
H

CH2

O

N
HH

C

H

C

O

H
H

N

H

H
C C

HO

H

H

H

N H

O

oo

oooo

oo

oooo
oo

 
Fig 1: Cross-linking Mechanism between Chitosan and GO 



the majority of such adsorbents have been prepared using 
commercially available chitosan [11]–[13]. The composite 
highlighted in this work is composed of chitosan extracted 
from shrimp shells waste and GO synthesized using an 
improved Hummer’s method. The present study aims to 
investigate the effect of pH, temperature, and contact time of 
the Ch-GO composite on methylene blue removal and 
maximum adsorption capacity of the proposed solution 
through isotherm modelling.  

II. MATERIALS AND METHODOLOGY 

A. Materials 

Shrimp shells, collected from household waste, were used 
to synthesize chitosan. Graphite powder, purchased from 
Neochem International (Pvt) Ltd, was used to prepare 
graphene oxide. Acetic acid (Glacial), Potassium 
permanganate (KMnO4, 99.9%), Sulphuric acid (H2SO4, 
99%), Phosphoric acid (H3PO4, 85%), Hydrogen chloride 
(HCl, 37%), Hydrogen peroxide (H2O2, 30%), and Ethanol 
(C2H5OH 99%) were purchased from Sigma Aldrich. All the 
chemicals were used without any further purification. 

B. Extraction of Chitosan 

The extraction of chitosan was carried out in three stages, 
i.e., demineralization, deproteinization and deacetylation. In 
the demineralization process, dried shrimp shell powder (Fig. 
2a) was treated with 1M HCl (pH 1-3) of ratio 1:16 (w/v) at 
room temperature and kept for 24 hours. The sample was 
neutralized by washing using tap water until pH 6.5-8 was 
achieved. The sample was collected and washed with distilled 
water. The demineralized sample was dried in vacuum oven 
(SVAC2,SHEL LAB, USA) at 800C (Fig. 2b). In the 
deproteinization process, the demineralized product was 
treated with 2M NaOH (pH 11-13) with ratio of 1:14 (w/v) at 
room temperature for 48 hours. The solid sample was 
collected and washed with distilled water. The solid sample 
was dried in vacuum and the resultant product was chitin (Fig. 
2c). In the deacetylation process, the chitin sample was treated 
with 48% NaOH (pH 12-14) of ratio 1:16 (w/v) at room 
temperature for 48 hours with stirring. The deacetylated 
sample was initially filtered,collected and subsequently 
washed with distilled water to neutralize the sample. The solid 

sample was dried in a vacuum oven which yielded in chitosan 
(Fig. 2d).  

C. GO Production 

For the synthesis of graphene oxide using natural graphite 
powder, a modified Hummer's technique was employed. The 
established technique in modified Hummer's methodology 
[14] was used to oxidize graphite flakes. The graphite flakes 
were oxidized for 4 hours and a magnetic stirrer was used to 
mix a combination of concentrated H2SO4:H3PO4 in 9:1 ratio 
with a solution of graphite flakes (1% wt) and KMnO4 (6% 
wt). A minor exothermic temperature increment of 35–40 0C 
was achieved by the mixture. Then, the mixture was heated to 
500C and stirred for 4 hours. The mixture's color shifted from 
a dark purplish green to a dark brown (Fig. 3a) To terminate 
the oxidation process, it was cooled to room temperature by 
pouring over ice solution with H2O2 (30%).  At this point, the 
mixture’s color turned to a brilliant yellow (Fig. 3b), 
indicating a significant degree of graphite oxidation [14]. 
After the settlement of residual solid material, it was washed 
once with water, once with HCl (30%), and two times with 
ethanol. The mixture was centrifuged (Z 326 K, HERMLE,  
Germany)for one hour at 9000 rpm, and then decanted the 
supernatant. The washing procedure was continued until the 
pH level reached 4–5. 

D. Synthesis of Ch-GO Composite Membrane 

A 2% chitosan (Ch) solution was prepared by dissolving 
prepared chitosan powder in 4% acetic acid solution at 600C 
for 12 hours with continuous stirring. A certain amount of 
prepared GO was dispersed into 1% acetic acid solution. GO 
loading was maintained at 0.5% (w/v), and prepared chitosan 
solution was added into the GO suspension and stirred for 3 
hours in 600rpm to form a homogeneous solution. Then the 
Ch-GO solution was treated using a bath sonicator for 4 hours 
for preparation of further homogenous solution, and  the 
resultant Ch-GO solution was  poured onto a glass plate. The 
solution was dried in oven for 4 hours in 1200C. 

E. Characterizations 

The surface morphology and topography of Graphene 
oxide and Ch-GO membrane was investigated using SEM 
(Zeiss Evo 18 Research SEM, Carl Zeiss Microscopy, USA). 

Fig 2: a) Dried Shrimp shells, b) Demineralized Sample, c) Deproteinized Sample, d) Chitosan Sample 

a) b) c) d) 

Fig 3: a) Oxidized acid and graphite mixture, b) Reaction solution after H2O2 addition, c) Prepared Graphene Oxide 

a) b) c) 



FTIR Spectroscopy (FTIR Bruker Vertex 80, Bruker 
Corporation, USA) was used to determine the chemical 
structure and functional groups of the fabricated membrane, 
in the range 4000 to 400 cm−1. The absorbency study of 
Methylene Blue dye onto Ch-GO composite membrane was 
conducted using UV-Visible NIR Spectrometer (UV-3600, 
Shimadzu, Japan). Further, the synthesized GO powder was 
characterized using X-ray diffraction (D8 Focus X-ray 
diffractometer, Bruker Corporation, USA) diffractometer to 
obtain the X-ray diffraction patterns of GO. The diffraction 
patterns were scanned in continuous mode with a scan speed 
of 3°/min over a 2ϴ range of 5°-60°. The synthesized GO 
powder was also characterized using RAMAN Spectroscopy 
(BRUKER SENTERRA II -Confocal Raman Microscope, 
Bruker Corporation, USA). RAMAN spectra were obtained 
between 500 and 3000 cm-1 with a 514.5 nm laser beam with 
a power of 0.5 mW. 

III. RESULTS AND DISCUSSION 

A. FTIR analysis 

In the FTIR spectra of the synthesized chitosan shown by 
the red graph in Fig. 4, reveals a strong band in the region 
3285-3356 cm-1 which is indicative of the O-H and N-H 
stretching vibrations of the biopolymer. The small peak at 
2874 cm-1 is characteristic of CH2 and CH3 groups present in 
the synthesized sample. The peaks at 1566 cm-1 and 1642 cm-

1 correspond to the NH bending of the primary amine and the 
amide band respectively. The absorption bands found in the 
fingerprint region of the FTIR spectra corresponding to 1027 
cm-1 and 1062 cm-1 wavenumbers could be attributed to the 
C-O stretching vibrations while the peak at 1150cm-1 is 
representative of its C-O-C asymmetric stretching vibrations. 
The absorption peaks are consistent with results reported by 
Knidri et al. [15]. The FTIR spectra of the synthesized 
chitosan sample was also compared with two reference 
chitosan samples (shown in blue and green in Fig 4) which 
shows similar peaks. 

Fig. 5 illustrates FTIR spectra of the synthesized graphene 
oxide sample which displays a strong peak at 3203 cm-1 
which is indicative of the O-H stretching vibration. The 
absorption band in 1720 cm-1 corresponds to C-O stretching 
vibrations of ketones and aldehydes.  The small absorptive 
band at 1168 cm-1 is indicative of carboxy stretching 
vibrations, whereas the peak corresponding to the C-O-C 
stretching of the of epoxy groups in GO is seen at 1042 cm-1. 
The peaks are similar to the results reported by Nazri et al. 
[16]. The FTIR spectra of the Ch-GO composite is depicted 
in Fig. 6. FTIR results of the synthesized chitosan sample and 
Ch-GO membrane, indicate the peak locations of C-H 

stretching (2871-2874 cm−1), C-O-C stretching (1061-1150 
cm−1) and O-H and N-H stretching bonds (3203–3249 cm−1) 
to be similar. The reaction between epoxy groups and amino 
groups converts primary amine groups (NH2) into secondary 
amine groups (NH) which displays similar FTIR peaks.  
However, upon close examination, blue shift of N-H bending 
from 1566 cm-1 of chitosan to 1550 cm-1 of Ch-GO which 
indicates the occurrence of epoxy- amine reaction.  The 
results remain to be consistent with the research study 
presented by Shao et al. [10].  

B. SEM Results 

As shown in Fig. 7, SEM was used to analyze the 
morphological properties of graphene oxide and Ch-GO 
composite. The SEM image of the synthesized GO reveals 
the materials' layered structure. Further, in the GO cross-
linked composite membrane, numerous visible wrinkles and 
grooves could be observed. The cross-linked GO composites, 
when compared to GO, feature wrinkled edges and uneven 
forms of dense interconnecting layers. Moreover, the SEM 
analysis showed that majority of the GO flakes were 
encapsulated by chitosan, and the composite had greater 
surface roughness. These differences in morphological and 
texture qualities facilitate the creation of a distinct product 
morphology when GO and CS are cross-linked together.    

C.     XRD and RAMAN characterization 

The XRD pattern for the synthesized graphene oxide 

sample is shown in Fig. 8.  The most significant  diffraction 
peak is found at 2Ɵ = 100 which is lower than that of the XRD 
peak position of pure graphite (2Ɵ = 260) [17]. Therefore, 
based on Braggs law, it can be deduced that the d spacing is 
higher for the synthesized GO sample than pure graphite; this 
can be attributed to space increment imparted due to 
oxidation reaction. The intercalation of oxide functional 
groups at the carbon basal plane, i.e., hydroxy, epoxy, 
carbonyl and carboxy groups formed during the synthesis of 
GO contribute to the d-spacing increment.  A small peak 

Fig 6: FTIR spectrum of CH-GO composite 

Fig 5: FTIR spectrum of GO 

Fig 4: FTIR Spectrum of Chitosan 
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found at 2Ɵ = 420 can be attributed to the presence of residual 
MnO2 originating from KMnO4 used in the synthesis of GO. 

   The synthesized GO sample was characterized from the 
obtained Raman spectra (Fig. 9) which is a widely used, non-
destructive analytical tool for carbon-based products as the 
carbon-carbon double bonds lead to high Raman intensities. 
Three peaks, i.e., D, G and 2D, can be identified in the Raman 
spectra of graphite-based samples. The graphitic G peak, 
located around the 1581 cm-1 denotes the primary in-plane 
(stretching of sp2 atoms) vibrational mode, while the D peak 
(at 1344 cm-1) is indicative of the edge effects and defects, 
ID/ IG ratio is an indicator of product quality and is generally 
higher for multilayer graphene and graphene oxide in 
comparison to graphite. The ID/IG ratio of the GO sample 
reported in this study amounts to 1.09 which is more similar 
to the study of Jorah et al. [18]  and is significantly higher 
than that of graphite (0.04) [19]. Moreover, as evident in the 
previous literature studies, the broad 2D peak at 2700 cm-1 in 
Fig. 9 confirms the formation of multilayer graphene oxide 
[18]. 

Fig 8: XRD Spectrum of GO 

D. Adsorption Study of GO-CH Composite 

The equilibrium MB uptake capacity of Ch-GO 
composites was evaluated by batch mode using fixed 
amounts of adsorbent in sealed sample bottles. The 
adsorption isotherms obtained via batch mode conditions 
were initiated with a fixed adsorbent dosage of 2.8 mg under 
varying pH levels (pH = 3,5,7,9,11) and initial MB 

concentrations of (5-50 ppm). The final volume of MB 
solution was kept fixed at 25ml. A 200ppm stock solution of 
MB dissolved in water was prepared, and other solutions 
were obtained through required levels of dilution. Absorption 
measurements were carried out using UV-Visible NIR 
Spectrometer at λ = 664 nm, and a linear calibration curve for 
MB absorbance at variable concentration was obtained. The 
equilibrium uptake of MB was calculated using (1),  

�� =
�� − ��

�
× 	 

where Qe (mg. g−1) is the weight of MB adsorbed per unit 
mass of adsorbent, C0 (mg/l) is the initial dye concentration, 
Ce (mg/l) is the residual amount of MB, V(l) is the volume of 
the MB solution, and W(g) is the weight of the adsorbent.  

a) Effect of Solution PH on Adsorption 

The pH regulates the ionization of both GO and MB. To 
study the effect of pH on the adsorption capacity of MB onto 
Ch-GO membrane, an initial MB concentration of 5ppm was 
used and the pH was varied between 3-10 via a dropwise 
addition of 0.1M NaOH/ 0.1M HCl solutions.  

 As illustrated by Fig. 10, the adsorption capacity 
increased with increasing pH levels which can be attributed 
to the increase in surface ionization of carboxyl groups 
decorated on GO surfaces. As carboxylic acids are weak 
acids, they partially disassociate into carboxylate ions and 
hydrogen ions in the aqueous medium. As per the Lei 
Chatelier’s principle, the addition of a base would neutralize 
the H+ ions which would shift the equilibrium to the side with 
carboxylate ions to counteract the change. An increase of 
carboxylate ions in the solution would enhance the 
electrostatic attraction between MB and GO. As per the 
claims of Gupta et al. [20], the conjugated form of MB is 
subjected to protonation in acidic mediums which reduces the 
positive charge on the dye. A reduced positive charge on the 
dye will weaken its electrostatic attraction to the adsorbent 
which could further justify the reduction of adsorption 
capacity for MB at low pH levels. Therefore, through logical 

Fig 7: SEM images of a) GO and CH-GO composite in magnifications b) ×100 c) ×1000 d) ×5000 

Fig 10: Effect of Solution pH on MB Adsorption 

Fig 9: RAMAN Spectrum of GO 
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reasoning, it can be deduced that a highly basic pH is 
favorable for MB adsorption onto Ch-GO membrane.  

b) Effect of Contact Time and Temperature 

 As illustrated in Fig. 11, a sufficient contact time is required 
to reach equilibrium and as per the results given in the graph, 
a duration of at least 48 hours was required to achieve 
equilibrium. The effect of temperature on the adsorptive 
capacity of MB onto Ch-GO composite was investigated by 
varying the temperature, however no significant change in the 
equilibrium concentration was observed. 

E. Adsorption isotherm of Ch-GO Composite  

The equilibrium isotherm data for MB could be described 
by Langmuir (2) and Freundlich (3) Isotherm models. 
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The adsorption of MB onto Ch-GO is better suited with a 
Langmuir model due to a higher R2 value (0.9936) which is 
indicative of a homogenous monolayer adsorption. The 
isotherms of the above two models are displayed in Fig.13. 
The related equilibrium parameters can be determined from 
the corresponding linear fitting Fig. 12 (a, b) and the results 
are listed in Table 1.  

The higher correlation coefficient (R2 = 0.9915) of the 
Langmuir model suggests that the adsorption data of MB onto 
Ch-GO fit better with the Langmuir isotherm, indicating that 
the adsorption process is mainly a monolayer adsorption and 
relatively homogeneous. The obtained maximum adsorption 
capacity (qm) of  MB onto Ch-GO is 179.21 mg/g which is 
significantly higher than that of raw chitosan (11 mg/g) [21] 
and slightly less than graphene oxide powder (243 mg/g) [7]. 
The comparative results of maximum adsorption capacity of 
methylene blue onto CH-GO composite member with that of 
other adsorbents are depicted under Table 2. The expected 
increase of adsorption capacity of the fabricated composite 

membrane than that of raw chitosan can be attributed to the 
superior adsorption capacity imparted by graphene oxide. 
The slight reduction in the adsorption capacity of Ch-GO in 
comparison to pure GO powder can be due to the reduction 
in available active epoxy sites owing to the epoxy amino 
reaction. The fabricated Ch-GO Composite also appears to 
display a superior adsorption capacity for MB in comparison 
to other similar composites reported in literature [11]. 
However, its adsorption capacity is lower than that of the 
adsorbent reported by Sabzevari et al. [12] which can be 
attributed to the difference in chitosan sources. The present 
study utilizes chitosan prepared from shrimp shells while low 
molecular weight commercial chitosan is used in the latter 
research [12]. According to the claims of Alves et al. [22], 
chitosan content varies with its extracted source. As the 
shrimp shells are extracted from domestic waste for the 
production of chitosan, the findings of the present study can 
also be stated to be beneficial from a sustainable perspective.  

Even though the fabricated Ch-GO composite displays an 
effective adsorption capacity for MB, its commercial 
viability is yet to be investigated. Regeneration of adsorbents 
is a pivotal factor affecting the commercial viability of the 
product. However, the alkaline, or acidic treatment methods 
available in literature for regeneration of chitosan-based 
adsorbents results in the hydrolysis of the biopolymer which 
could lead to a progressive decline in the adsorption capacity 
[22]. This constraint or the limitation in the methodology 
offers prospects for research in new regeneration methods for 
chitosan-based adsorbents. 

CONCLUSION 

A Ch-GO composite membrane was successfully synthesized 
to facilitate methylene blue removal. The synthesis was made 
possible owing to the natural cross-linking mechanism 
between the epoxy groups on GO and the primary amino 
groups on chitosan yielding to secondary amines. The 
crosslinking mechanism was confirmed using FT-IR 
Spectroscopy analysis, moreover other characterization tools 
were used to aid in material characterization. X-ray 
Diffraction, Raman Spectroscopy and FT-IR spectroscopy 

Table 1: Results of Langmuir and Freundlich isotherm models 

 
Langmuir Isotherm Freundlich Isotherm 

Adsorbent qmax 

(mg/g) 

KL 

(L/mg) 

R2 KF n R2 

Ch-GO 179.21 0.4028 0.9936 1.0397 3.2927 0.9757 

Table 2: Comparison of the adsorption capabilities of several adsorbents to 
MB dye in the literature 

Adsorbent 
Adsorption 

capacity 
(mg/g) 

Sources 

Magnetic β-cyclodextrin-Ch 50.12 [11] 
Magnetic β-cyclodextrin-Ch-GO 84.32 [11] 
Magnetic Ch grafted GO 95.16 [13] 
Low molecular weight Ch-GO composite 402.6 [12] 
Raw Chitosan 11 [21] 
Graphene Oxide powder 243 [7] 
Ch-GO membrane 179.21 Present 

work 

Fig 11: Effect of Contact Time on MB Adsorption 

(2) 

(3) 

Fig 12: Graphs for a) Langmuir and b) Freundlich isotherm models 



confirmed the synthesis of GO while Scanning Electron 
Microscopy was used to analyze the morphology of the 
synthesized Ch-GO composite membrane which showed that 
the majority of the GO flakes were encapsulated by chitosan, 
and the composite had greater surface roughness. The study 
on the effect of pH, temperature and contact time on MB 
removal revealed that; the adsorption process is more 
favorable in basic medium due to the ionization of carboxyl 
groups on GO, the temperature does not significantly 
influence the adsorption process and the reaction achieved 
equilibrium after a significant time interval. Further, the 
maximum adsorptive capacity of MB onto the fabricated 
membrane was determined to be 179 mg/g which was well 
fitted with the Langmuir isotherm model (R2= 0.9936) which 
indicated a monolayer adsorption mechanism. The adsorption 
capacity Ch-GO composite for MB explored in the present 
research was proven to be superior to the majority of 

adsorbents reported in literature.  
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