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Abstract

The adsorption of methylene blue (MB) on graphene-based adsorbents was

tested through the batch experimental method. Two types of graphene-based

adsorbents as graphene oxide (GO) and reduced graphene oxide (RGO) were

compared to investigate the best adsorbent for MB removal. So that optimiz-

ing the MB removal for the selected type of graphene-based adsorbent, the

diverse experimental factors, as pH (2–10), contact time (0–1440 min), adsor-

bent dosage (0.5–2 g/L), and initial MB concentration (25–400 mg/L) were

analyzed. The conclusions indicated that the MB removal rised with an

increase in the initial concentration of the MB and so rises in the amount of

adsorbent used and initial pH. Maximum dye removal was calculated as

99.11% at optimal conditions after 240 min. Adsorption data were compiled

by the Langmuir isotherm (R2: 0.999) and pseudo-second-order kinetic

models (R2: 0.999). The Langmuir isotherm model accepted that the homoge-

neous surface of the GO adsorbent covering with a single layer. And the

adsorption energy was calculated as 9.38 kJ mol−1 according to the D-R

model indicating the chemical adsorption occurred. The results show that

GO could be utilized for the treatment of dye-contaminated aqueous solu-

tions effectively.
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1 | INTRODUCTION

The quality of water is a very important constituent of
our ecosystem.[1] Water pollution is one of the best
pressing troubles all over the world[2] and sufficient
data are not available about new emerging pollut-
ants.[3,4,5,6] Dyes are extensively used in industrial
applications and also, caused water pollution problems
owing to the presence in the wastewater of these appli-
cations.[2,7] It is reported that 10%–15% of dyes were
joined to the wastewater of fabrics, then discharged to

the environment.[2] Some physical, chemical, and bio-
logical techniques including fenton oxidation, mem-
brane filtration, and adsorption are used for the
decontaminate wastewater that has dye.[8–9] In these
techniques, adsorption is preferred among the other
processes because of its inexpensive nature.[10–11]

Recently, researches are focused on determining the
most suitable and efficient adsorbent used in the
adsorption process.[12–15] Different adsorbents for
methylene blue (MB) removal were used such as agri-
cultural wastes, plant solid wastes, biomass, clays
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minerals and zeolites, and some of them showed good
MB adsorption quality.[16] Graphene oxide (GO) is
suggested as an environmentally friendly candidate to
take out of dyes from aqueous solutions due to its rela-
tive biocompatibility.[17–19] Graphene and its deriva-
tives, particularly GO and reduced graphene oxide
(RGO), have been extensively used in the areas of sci-
ence and technology because of their large surface area,
possible further functionalization, free π–π electron
and reactive functional groups, biocompatibility, and
low toxicity.[20–22] GO and RGO is often prepared by
the top–down strategy because this method uses for
wide-reaching manufacture of graphene derivatives
exhibiting major economic advantage.[23] GO consists
of carboxyl (COOH) groups and carbonyl ( C O)
groups at the sheet edges, epoxy (C O C) groups, and
hydroxyl ( OH) groups on the basic plane and RGO
has carboxyl (COOH) and hydroxyl ( OH) groups on
their edges and basal planes. Therefore, they are hydro-
philic, can be well dispersed in aqueous solutions.[24–25]

These properties of GO and RGO have promising
potential for environment-friendly and effective
approaches in the fields of adsorption research.
Arabpour et al.[26] reported the effect of the synthesize
reaction condition of GO, Ferreira et al.[27] prepared
RGO-zinc oxide (rGO-ZnO) composite, Jiang et al.[28]

constructed a cross-linked graphene aerogel, Rohaizad
et al.[29] synthesized silver nanoparticles from Cat-
haranthus roseus (C. roseus) dried peels extract doped
with GO, Calimli et al.[30] used RGO-supported Ni
nanoadsorbents for the removal of MB at the last man-
uscripts. Wang et al.[31] and Xu et al.[32] investigated
effective adsorption of MB from aqueous solution to
GO-modified persimmon tannins and triethanolamine-
modified GO. Lokhande et al.[33] synthesized a new
adsorbent, the combination of GO, alkyd resin, and sil-
ica nanoparticles to suspend the MB from aqueous.
Pethsangave et al.[34] presented an easy and productive
synthesis of nanocomposite samples of magnetic
detachable graphene polyaniline-ferrite and graphene
polypyrrole-ferrite for photocatalytic use dye degrada-
tion of pollutants. However, available literature con-
tains limited amounts of studies including the isotherm
and kinetic modeling of dye adsorption by GO. Also, in
this paper, RGO is produced by vitamin C (ascorbic
acid) and according to our knowledge, no information
about adsorption studies of RGO is produced by vita-
min C. This study aims to establish the potential appli-
cation of graphene-basic adsorbents (Graphite [G], GO,
and RGO) in the treatment of MB dye-contaminated
wastewater. The results of this study suggested that the
use of GO compared to G and RGO in dye polluted
water resources.

2 | EXPERIMENTAL

2.1 | Preparation of adsorbents

Natural graphite (45 μm nominal particle size, ≥99.99%
trace metals basis, CAS Number 7782-42-5) powder (G),
concentrated sulfuric acid (98% H2SO4), potassium per-
manganate (KMnO4), hydrochloric acid (HCI), hydro-
gen peroxide (30% H2O2), and vitamin C (L[+]-ascorbic
acid) were provided from Merck. All the reagents were
used without further refinement. The GO powder syn-
thesis from G was obtained using the modified Hum-
mer's method.[35] G (3 g) and concentrated H2SO4

(207 ml) was mixed into a circular bottom flask. The
mixture was held on an ice bath for 30 min. Subse-
quently, KMnO4 (24 g) was progressively added with
stable stirring in an ice bath to avoid an instantaneous
increase in temperature and the reaction mixture was
stirred for 15 min. The ice bath was then taken and the
mixture was stirred at 35�C one-night to form a thick-
ened paste. Subsequently, 210 ml deionized water was
added stepwise, and the mixture was stirred at 98�C for
about 2 h. About 36 ml of H2O2 (30 wt%) solution was
added to the mixture and the solution color turned into
golden yellow instantly. Eventually, the mixture was
after that filtered and washed more than once together
with 3% HCl and deionized water up to pH 7 and
dehydrated at 65�C for 12 h to get GO powders. The
RGO powder was prepared using the method reported
in our previous works.[36]

2.2 | Characterization of adsorbent

Structural analyses of the GO and MB-treated GO (MB-
GO) were obtained by Fourier transformed infrared
spectroscopy (FTIR) spectra (Spectrum 100, Perkin
Elmer) 4000–400 cm−1 of range. The crystalline struc-
ture of samples was examined by X-ray diffraction
(XRD) using Cu Kα radiation (λ = 1.5404 Å) in the 2θ
range of 5.0–60� with a step size of 0.1� to measure the
interlayer distance for both samples. XRD data were
provided by a PAN analytical Empyrean diffractometer.
The surface morphology was analyzed by a scanning
electron microscopy (SEM, Supra 40VP, Zeiss). Energy-
dispersive X-ray spectroscopy (EDS) analysis was also
performed on the same device.

2.3 | Preparation of dye solution

The cationic dye called MB was provided from Merck.
The stock dye solution was prepared by dissolving in

486 MINDIVAN ET AL.

 15480585, 2021, 3, D
ow

nloaded from
 https://4spepublications.onlinelibrary.w

iley.com
/doi/10.1002/vnl.21821 by B

ilecik Seyh E
debali, W

iley O
nline L

ibrary on [22/12/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



deionized water at a concentration of 2.0% (wt/vol).
Experimental arrangements were prepared by adding the
desired amounts of this stock solution into the working
solutions.

2.4 | Dye removal experiments

Dye removal studies were realized by the batch technique
in 50 ml bottles containing MB including synthetic solu-
tions at the wanted level of every component at the
starting of the adsorption. The flasks were regularly agi-
tated on a shaker at stable shaking rate of 100 rpm for
24 h to provide that balance was reached. To determine
the effect of adsorbent type on MB adsorption, the differ-
ent types of adsorbent (Dry weight: 1 g/L) were added
into flasks that contained 50 ml deionized water with
50 mg/L MB at pH 7.05 for 0–1440 min. To examine the
effect of initial MB concentrations on adsorption, the
adsorbent was added into flasks that contained distilled
water with 25, 50, 100, 200, and 400 mg/L MB. The effect
of pH was detected in flasks that contained distilled water
with 25 mg/L MB at pH 2, 4, 6, 8, and 10. To investigate
the effect of adsorbent dosage 0.5, 1, and 2 g/L dosages of
adsorbents were added into the flasks containing 50 ml
of deionized water with 50 mg/L MB dye. The effect of
contact time was tested with samples taken at certain
periods such as 0, 30, 45, 60, 90, 120, 150, 180, 240, 360,
420, and 1440 min. The 50 ml distilled water flask con-
taining only MB without adsorbent was used as a control.
The experiments were repeated four times and the aver-
ages were used and also, the standard deviations were
calculated.

2.5 | Dye removal analysis

Samples (1 ml) were taken at a certain period, and then
centrifuged at 10000 rpm for 7 min (Hettich EBTA12
model centrifuge). The supernatants were analyzed at
665 nm wavelength by spectrophotometric method. Dur-
ing the spectrophotometric analysis, the flasks that con-
tained distilled water were used as controls. Absorbance
measurements and centrifugation were realized using a
Thermoscientific, Genesys 150 UV–Vis spectrophotome-
ter, and Hettich EBTA12 model centrifuge device,
respectively. The percentage adsorption of dye was calcu-
lated from;

DR %ð Þ= Co –Cfð Þ=Co x 100: ð1Þ

The dye uptake capacity of adsorbent is calculated
based on the mass balance principle from;

qm = Co –Cfð Þ=Xm: ð2Þ

In these equations; DR (%) is the percentage of dye
removal rate, qm is the maximum specific dye uptake
(mg/g), Xm is the maximum dried cell mass (g/L), Co is
the initial dye concentration (mg/L), and Cf is the final
dye concentration (mg/L).

2.6 | Adsorption isotherm and kinetics

The frequently used isotherm models called Freundlich,
Langmuir, and Dubinin–Radushkevich (D–R) were calcu-
lated using the results of experiments at optimal conditions.

The isotherm equations were calculated from Equa-
tions (3) and (4).

Ce=qe = 1=qmð ÞCe + 1=KLqm: ð3Þ

Langmuir isotherm equation.

ln qeð Þ= ln KFð Þ+1=n ln Ceð Þ: ð4Þ

Freundlich isotherm equation.

q=XDRe−KDR
ε2: ð5Þ

Dubinin-Radushkevich (D-R) equation.

ε=RT ln1+ 1=ceð Þ: ð6Þ

Polanyi potential calculation in D-R.

E= 2KDRð Þ−0:3: ð7Þ

Adsorption free energy calculation in D-R.In these
equations; qe: the amount of dye adsorbed per unit
weight of adsorbent at equilibrium (mg/g), qm: the maxi-
mum dye uptake per unit mass of adsorbent (mg/g), KL:
the Langmuir isotherm constant (L/mg), KF: the
Freundlich isotherm constant (L/mg), q: the amount of
adsorbed MB dye (mol kg−1) in D-R equation, XDR:
adsorption capacity, KDR: a measure of activity coefficient
(mol2 K J2), ε: Polanyi potential, R: the ideal gas constant
(8.314 J mol−1 K−1), T (K): the absolute temperature,
E: adsorption free energy (kJ mol−1).

To examine the kinetics of the MB dye adsorption in
terms of the theoretical qe values and order of rate con-
stant, pseudo-first-order and pseudo-second-order kinetic
model equations were used. Kinetic data were calculated
with the equations;
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log qe−qtð Þ= −k1=2:303t + logqe: ð8Þ

Pseudo first-order kinetic model equation.

t=qt= 1=k2qe2 + 1=qe:t: ð9Þ

Pseudo second-order kinetic model equation. In these
equations; qe: the adsorption capacity, k1: the rate con-
stant of the pseudo-first-order kinetic model, k2: the rate
constant of the pseudo-second-order kinetic model.

2.7 | Desorption experiments

Batch systems were used in the desorption processes for
the purpose of evaluating the reuse efficiency. The GO
adsorbent was added to the experimental tubes con-
taining 10 ml HCl, NaOH, and ethyl alcohol (each one,
0.1 mol L−1) solutions and agitate at 150 rpm for 24 h.
The solutions were centrifuged at 5000 rpm for 10 min
and the dye concentration in the supernatant was mea-
sured by UV–vis spectrophotometric method.

% Desorption was calculated with Equation (10).

Desorption%= qdes=qadsð Þ x 100: ð10Þ

In these equations; qdes; desorbed amount of MB
(mg/g), qads; adsorbed amount of MB (mg/g).

3 | RESULTS AND DISCUSSION

3.1 | The effect of adsorbent type

In this study GO and RGO were used as adsorbents for
the removal of MB dye from an aqueous solution. As seen

in Figure 1, GO showed maximum decolorization activ-
ity. It was reported that GO had a huge surface area and
oxygen-containing groups on its surface.[37] The number
of oxygens on the GO surface is more than on the surface
of RGO and the surface charge becomes negative. This
situation encourages the attraction of MB cations on the
surface of GO. The MB dye removal percentage by GO
was found the best in this study (Figure 1). Sharma
et al.[38] reported that the π–π stacking formation
occurred between GO and MB dye.

3.2 | The effect of initial dye
concentration

The initial dye concentration is another parameter that
influences the adsorption efficiency. To determine the
effect of initial dye concentration on adsorption, the
variety of dye concentrations were tested in the range
from 25 to 400 mg/L in this study. Figure 2 indicated
the results of the effect of dye concentration on the dye
adsorption rate experiments, the decolorization rate
was decreased by increasing dye concentration.
Recently, El-Sharkaway et al.[12] reported that the MB
dye removal by using polyaniline/GO percentage was
decreased with the increasing dye concentration. Simi-
lar results were obtained in this study and these results
were considered that the saturation on the surface
adsorption sites of GO responsible for the decline of
decolorization rate.

3.3 | The effect of pH

pH is an important parameter in the adsorption process.
To examine the effect of solution pH on decolorization,
the solution pH was set with varied pH values such as

FIGURE 1 The effect of adsorbent type FIGURE 2 The effect of initial dye concentration
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2, 4, 6, 8, and 10 used in the experiments. While
Figure 3 examined, the decolorization rates were very
closed. The pH did not affect the adsorption process. El-
Sharkaway et al.[12] showed that the maximum MB
removal by polyaniline/GO occurred at pH 7–9 (neutral
and basic pH values). In this study, the natural solution
pH (at about pH 7) was selected to continue other
experiments.

3.4 | The effect of adsorbent dosage

The influence of adsorbent dosage was also examined with
the different amounts of adsorbent (0.5, 1, and 2 g/L). The
dye removal rate was increased by increasing the adsor-
bent dosage (Figure 4). Recently, Othman et al.[39] demon-
strated that the MB dye removal percentage was increased
with the increment of adsorbent called magnetic GO
owing to the increase of active sites on the adsorbent
surface.

3.5 | The effect of contact time

The efficiency of the adsorption process is dependent on
the optimal time because the rapid occurrence of this
process saves both time and cost.[40] Figure 5 illustrates
the effect of contact time on dye removal by GO. The dye
removal percentage was 95.68% within 30 min and the
equilibrium was found at 240 min. as 99.12%
(Equation (1); Figure 5). Also, it was observed that the
MB removal was rapid at the beginning and after that
slowing down continuously due to the saturation of the
adsorbent surface. This fast equilibrium rate probably
depended on the absence of internal diffusion
resistance.[41]

3.6 | Adsorption isotherms

Adsorption isotherm models were calculated at maxi-
mum decolorization environment with optimal condi-
tions. The Langmuir and Freundlich isotherm correlation
values were calculated as 0.999 and 0.949 for the adsorp-
tion of dye, respectively (Table 1). Besides, the adsorption
isotherm graphics are given in Figure 6. The qm value
indicating the adsorption capacity from the Langmuir
constants as 71.43 and the KL value indicating the
adsorption energy, were found as 1.399 L/mg
(Equations (2), (3), and (4); Table 1). The adsorption was
suitable with the Langmuir isotherm model due to the
highest correlation value. Similarly, Alhujaily et al.[42]

indicated that the anionic textile dye biosorption by a cat-
ionic surfactant-modified mushroom waste was best
fitted with the Langmuir model. The Langmuir isotherm
model shows the homogeneous surface of the biosorbent
covering with a single layer. Also, the adsorption energy
was found to be 9.38 kJ mol−1 according to the D-R

FIGURE 3 The effect of pH

FIGURE 4 The effect of adsorbent dosage

FIGURE 5 The effect of contact time
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model calculation, which indicated that the adsorption
process was chemical (Equations (5)–(7); Table 1).

3.7 | Adsorption kinetics

Adsorption kinetic models were calculated from the data
obtained at optimal conditions. The calculations about
adsorption kinetics are given in Table 2. The graphics of
adsorption kinetics are given in Figure 7. The correlation
value of the pseudo-second-order model was the highest
as 0.999 (Table 2), so the adsorption of MB on the GO
was fitted with the pseudo-second-order kinetic model
(Equation (9)). The pseudo-first-order model correlation
was calculated as 0.946 which was a high value but on
the other hand the difference between experimental qeexp
value (11.63 mg/g) calculated qecal. (71.43 mg/g) was also
high (Equation (8)). The correlation of the pseudo-sec-
ond-order model was high as 0.999 and the experimental
and calculated qe values were very close as 71.43 and
71.428 mg/g, respectively (Table 2). The MB adsorption
on the GO was fitted with the pseudo-second-order
kinetic model. Similarly, Chaleshtori et al.[43] reported
that the pseudo-second-order kinetic model was compati-
ble with the adsorption of Acid Red 18 dye on activated
charcoal prepared from the almond shell. Also, a recent
study exhibited that the dye adsorption process by
surfactant-coated mushroom waste was described by the
pseudo-second-order kinetic model.[42]

3.8 | Biosorption-desorption
performance

The re-use of adsorbent is very important issue to make
the adsorption process more economical. Reusability
investigated the desorption ability for MB onto GO
adsorbent. The GO adsorbent was renovated HCl,
NaOH, and ethyl alcohol (the most common solutions
used in desorption studies). The results are shown in
Figure 8. Due to the results of recovery experiments, the
maximum desorption capacity was examined with the
ethyl alcohol (10.05%) solution. The minimum recovery
percentage for MB onto GO adsorbent was obtained
with HCl (7.70%).

TABLE 1 Adsorption isotherm parameters for the adsorption of MB on graphene-based adsorbent (qm: The maximum dye uptake per

unit mass of adsorbent, KL: Langmuir isotherm constant; KF: Freundlich isotherm constant; MB: methylene blue; XDR: adsorption capacity,

KDR: a measure of activity coefficient; E: adsorption free energy)

Langmuir Freundlich Dubinin-Raduskevich

Qmax (mg/g) KL (L/mg) R2 KF (L/mg) 1/n R2 XDR -KDR x 106 E (kJ Mol−1) R2

71.43 1.399 0.999 71.307 0.021 0.949 3.94 5.68 9.38 0.999

FIGURE 6 Adsorption isotherm graphics

TABLE 2 Kinetic parameters for the adsorption of MB onto

graphene-based adsorbent (qecal: the theoretical adsorption

capacity; qeexp: the experimental adsorption capacity; k1: rate

constant of the pseudo-first-order kinetic model, k2: rate constant of

the pseudo-second-order kinetic model)

Pseudo-first-order model

qecal qeexp k1 R2

11.63232 71.43 0.06909 0.946

Pseudo-second-order model

qecal qeexp k2 R2

71.428 71.43 3.457 0.999
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3.9 | FTIR analysis

The structure of the GO and MB-GO interactions was
investigated by the FTIR analysis. The FTIR spectra and
wavenumbers of samples are shown in Figure 6 and
Table 3, respectively. The FTIR analysis detected various
functional groups on the surface of GO and MB-GO sam-
ples. The FTIR spectrum of GO in Figure 6 was presented
the existence of functional groups such as the hydroxyl
(O H), the carbonyl (C O), the carboxylic acid (C OH),
and the epoxy groups (C O). For the FTIR spectrum of
GO, the wide peak at 3186.99 cm−1 could be attributed to
the O H stretching vibrations of the adsorbed water mol-
ecules.[44] The peaks at 1713 and 1369 cm−1 were due to
the C O carbonyl group and the C O C band.[45] As
can be examined in Figure 9, the bands at the
wavenumbers of 1215.83 and 1035.74 cm−1 are assigned
to C O vibration in epoxy and C OH vibration in car-
boxylic acid groups, respectively.[46] These results con-
firmed that GO had the oxygen-containing functional
groups.[36] The results of the FTIR analysis indicated that
the GO sample possessed the high-intensity characteristic

peaks compared to the MB-GO sample. As seen in
Table 3, some peaks were shifted, disappeared, and new
peaks were also detected. The peak at 3186.99, 1713.55,
1215.83, and 1035.74 cm−1 corresponding to hydroxyl
groups (O H), carbonyl groups (C O), epoxy groups
(C O), and carboxylic acid groups (C OH) bands shifted
to 3210.13, 1719.05, 1222.56, and 1039.90 cm−1 after
adsorption, respectively. In addition, there were many
new peaks in Figure 9, such as 1611.15, 1326.92, and
1379.74 cm−1 which are corresponding to the C C, S O,
and C N vibrations of the MB-GO sample. Also, C O
carbonyl and C O C groups of GO disappeared after
adsorption by the MB since these bonds caused the
appearance of the C C bond. These FTIR results con-
firmed that the MB molecules have been grafted on the
GO successfully.[39,46]

3.10 | XRD analysis

XRD was used to determine the crystalline structures of
the GO before MB adsorption and MB-GO after MB
adsorption as shown in Figure 10. XRD pattern of the GO
in Figure 10 showed a peak at 9.95� with a d-spacing of
about 0.82 nm according to Bragg's equation. This d-spac-
ing was owing to the presence of oxygen-containing func-
tional groups that increase the spacing between GO
layers.[47] These results showed that the accomplished
synthesis of the GO from G by the Hummers method.[48]

For the XRD patterns of MB-GO, the comparatively wide
diffraction peak centers at 5.17� with 1.70 nm d-spacing.
There was an apparent shift in the XRD peak position
from 9.95� to 5.17� and the distance between layers
increased from 0.82 to 1.70 nm after MB adsorption.
These results indicated the dye adsorption and confirmed
the attachment of MB onto GO. Similar results were pre-
viously reported and evaluated.[49–50] Because after
adsorption of dye, the characteristic peaks shift to lower

FIGURE 7 Adsorption kinetic graphics

FIGURE 8 The percentage of the recovery in various solvents

for desorption of MB ions. MB, methylene blue
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2θ values, and interlayer spacing increases. Furthermore,
the full width at half maximum (FWHM) measured on
the reflection (for GO 29.95�, for MB-GO 5.17�) was used
in the determination of the crystallite size of GO and MB-
GO samples, according to Scherrer's Equation.[51] The
provided values of the crystallite size of GO and GO-MB
were 14.73 nm and 29.91 nm. It was observed that MB-
GO results in an increase of crystallite size achieving
202.05%, for comparison with GO. The increase in the
crystallite size of MB-GO could be explained that the lay-
ered structure of GO changed completely during adsorp-
tion. In addition, the structural properties of the MB-GO
will be discussed by using SEM images.

3.11 | SEM analysis

The SEM images of the GO and MB-GO samples are
shown in Figure 11. From the low-magnified image of
GO shown in Figure 11, it was clear that large sheets of
GO had a smooth surface. The worm-like structure was

observed on the surface of GO as shown in the highly
magnified image. In the low-magnified SEM image of
MB-GO, MB agglomerated on the sheets of GO and the
highly magnified image of MB-GO in Figure 11 indicated
that it had the wrinkled structure compared to GO which
favors the π–π stacking interaction (adsorption) between
the aromatic rings of MB molecules and GO sheets. Molla
et al.[46] and Othman et al.[39] presented the same struc-
tural images for dye adsorption on GO.

The elemental analysis of GO as well as the prepared
MB-GO samples were investigated using EDS
(Figure 12). MB-GO sample showed a lower oxygen con-
tent with 30.12% (at. %) compared to GO. This could be
attributed to the fact that C O carbonyl and C O C
groups of GO were reduced to MB-GO during the adsorp-
tion by the MB, as confirmed by FTIR (Figure 9). The
chlorine and sulfur elements from the structure of MB
appeared from the same analysis results. These results
also showed the diffusion of MB molecules onto the
GO. To better elaborate this adsorption mechanism,
a schematic diagram is proposed in Figure 13. From the

TABLE 3 Vibrational modes and

wavenumbers of GO and MB-GO
IR peak

Frequency (cm−1) Assignment

Before adsorption After adsorption Bonded groups

1 3186.99 3210.13 OH

2
3

1713.55
–

1719.05
1611.15

C O stretching
C C stretching

4
5

1590.63
–

–
1326.92

C O stretching
S O stretching

6
7

–
1369.64

1379.74
–

C N stretching
C O C stretching

8 1215.83 1222.56 C O stretching

9 1035.74 1039.90 C OH stretching

FIGURE 9 The FTIR spectra of GO, MB, and MB-GO. GO,

graphene oxide; MB, methylene blue FIGURE 10 XRD patterns of GO, MB, and MB-GO. GO,

graphene oxide; MB, methylene blue; XRD, X-ray diffraction
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FTIR and SEM analyses, electrostatic interactions and
π-π interactions between the MB and GO were reported.
Also, these electrostatic interactions were present
between the N H and S Cl groups of MB molecules and
carboxyl (COOH) groups at the sheet edges, hydroxyl
( OH) groups on the basal plane of GO, and

Figure 13.[46] Also, the D-R adsorption kinetic model
results represented that the adsorption of MB on the GO
occurred chemically. The results obtained from all ana-
lyses proved that electrostatic interactions between MB
and GO played a prominent role in the adsorption
process.

FIGURE 11 SEM images of GO and MB-GO (magnification 500 X and 5.00 KX). GO, graphene oxide; MB, methylene blue; SEM,

scanning electron microscopy

FIGURE 12 EDS spectra of

GO and MB-GO. EDS, GO,

graphene oxide; MB,

methylene blue
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4 | CONCLUSIONS

The cationic dye removal capacities of graphene deri-
vates (G, GO, and RGO) were investigated in this man-
uscript. The GO provided maximum MB dye removal
among G and RGO due to its negative nature. The opti-
mal conditions for MB removal by GO were also deter-
mined and maximum dye removal was found as 99.12%
at optimal conditions. The adsorption of MB by GO
was suitable with pseudo-second-order kinetic model
and Langmuir isotherm. Also, the D-R model showed
that the adsorption occurred chemically. To character-
ize the GO adsorbent XRD, FTIR, and SEM analyses
were done. The obtained results of this study con-
cluded that GO was an effective and efficient adsorbent
for the removal of cationic dyes such as MB. Thanks to
this study, the selection of graphene derivatives can be
provided for the treatment of dye-polluted water
resources.
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