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a b s t r a c t
Herein, graphene oxide (GO)–magnesium oxide (MgO) nanocomposites (GO-MgO) (GO1.5MgO, 
GO3MgO, GO4.5MgO, and GO6MgO) were synthesized and characterized. Methylene blue (MB) 
and crystal violet (CV) as cationic dyes were used as contaminants. The results showed that MB and 
CV adsorption followed pseudo-second-order kinetics. The isotherm data indicated that MB and CV 
removal obeyed the Langmuir isotherm model. It means that the adsorption process was carried out 
in specific homogeneous sites on the adsorbent surface. The adsorption thermodynamic data pre-
sented that the negative ΔG of CV and MB removal by the synthesized adsorbents presented phys-
ical and spontaneous adsorption. Also, the positive values of ΔH and ΔS showed the endothermic 
properties of adsorption and the increase of dye irregularity on the adsorbent surface. The amount 
of dye adsorbed on the synthesized adsorbents increases by increasing the contaminant concentra-
tion. The results indicated that contaminant adsorption capacity enhances by enhancing the adsor-
bent dose and then decreases to some extent. As the adsorbent dose increases, the active sites will 
be more accessible. The adsorbent particles are agglomerated at values higher than the optimal 
value of the adsorbent dose. Thus dye removal is reduced. It can be concluded that the synthe-
sized GO-MgO nanocomposites could be used as alternative adsorbents to remove cationic dyes.
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1. Introduction

The high speed of industrialization has caused our 
water resources to be in danger of destruction and deteri-
oration. A huge range of toxic and dangerous substances 
are constantly being released into the waters. One of the 
causes of this issue can be the lack of effective control of 
the output flow in the production source. Among these 
cases, synthetic dyes have attracted a lot of attention due 
to the estimated release of 280 thousand tons annually 
into the environment. According to the information from 
the World Bank, 17%–20% of the share of industrial water 

pollution originates from the purification and dyeing pro-
cesses of textile industries. Due to their inherent properties, 
dyes are easily observed even in low concentrations in pol-
luted waters. The complex aromatic structure along with 
their synthetic origin has made these substances to be in 
stable form and difficult to biodegrade. By preventing the 
passage of light, dyes can affect the photosynthetic activ-
ity (by reflection and adsorption of sunlight), hence they 
can cause disturbances in the ecology of receiving waters. 
Some dyes are highly toxic, carcinogenic, and mutagenic in 
nature and can even accumulate naturally in the food cycle. 
Therefore, it can be said that the direct release of colored 
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wastewater into the aquatic ecosystem is both environmen-
tally unsafe and visually unacceptable [1–6].

Textile dyes can increase the environmental pollution 
potential. About 50% of the dyes available in the market 
are azo dyes that have an azo bond (–N=N–). Azo dyes are 
found in different acidic, basic, direct, and dispersed groups. 
Some of them and their raw materials are carcinogenic to 
human because they produce toxic aromatic amines. About 
1%–20% of the total global production of dyes is removed 
from the cycle during the dyeing process and released into 
the effluent. In addition, other compounds such as poly-
acrylates, phosphonates, and anti-clotting agents may be 
present in the textile wastewater. In order to maintain the 
ecological balance, it is necessary to remove dyes from 
textile wastewater. Applying conventional methods of col-
ored wastewater treatment has become a big challenge for 
engineers due to the existing strict laws on the quality of 
the effluent. Some dyes are composed of non-biodegrad-
able substances, which has caused the common methods of 
biological treatment to be ineffective due to the resistance 
of some dyes to decomposition [7–11]. Therefore, it seems 
necessary to find a suitable and effective solution for the 
complete removal of the dye molecules.

The removal of dyes by the adsorption process has 
many advantages such as very low operating costs, simple 
operating conditions, etc. This process is one of the leading 
processes in the treatment of wastewater in industrial sec-
tors, domestic activities, municipalities, agricultural activ-
ities, hospitals, etc. Currently, the adsorption process is 
considered a green method [12].

In recent years, we have seen a lot of progress in the 
study of graphene-based materials (the first atomic crystal 
available in atomic form), along with significant measures 
in the mass production of this material. These material with 
the thickness of one carbon atom uniquely shows its char-
acteristics such as very high mechanical resistance, special 
thermal and electronic conductivity, high adsorption capac-
ities, etc. These features have made these materials become 
a very attractive material for various applications [13]. 
Inorganic nanoparticles can improve various properties of 
polymer matrices such as density and thermal stability, and 
this can open the way for more applications. For example, 
MgO nanoparticles have applications in various fields and 
can act as excellent catalysts and absorbers. Also, these 
nanoparticles can have antibacterial properties [14].

Several dye adsorbents such as clay nanocomposite 
(clay/GO/Fe2O3) (for removing methylene blue) [15], Fe3O4 or 
γ-Fe2O3 coated multi-wall carbon nanotube methylene blue 
(MB, neutral red, and brilliant cresyl blue) [16], Magnetic 
(γ-Fe2O3) sugarcane bagasse activated carbon (MB) [17], ZnO: 
Cr-AC (malachite green (MG), eosin yellow, and auramine 
O) [18], Konjac glucomannan/graphene oxide (KGM/GO) 
sponges (MG) [19], Cobalt iron oxide nanoparticles func-
tionalized hydrazine (CoFeNPs) (amaranth, naphthol blue 
black, acid orange 7, reactive orange 16, and acid orange 
52) [20] were synthesized and used.

A literature review presented that cationic dye removal 
using graphene oxide (GO)–magnesium oxide (MgO) 
nanocomposites (GO-MgO) was not investigated in detail. 
Herein, GO-MgO nanocomposites (GO1.5MgO, GO3MgO, 
GO4.5MgO, and GO6MgO) were synthesized, characterized 

and used to remove methylene blue (MB) and crystal vio-
let (CV) as cationic dyes. The kinetics, isotherm, and ther-
modynamics of MB and CV removal by the synthesized 
adsorbents were studied. Also, the effects of pollutant 
concentration, solution pH, and adsorbent dosage on MB 
and CV adsorption were investigated.

2. Experimental set-up

2.1. Materials

Graphite powder, H2SO4, KMnO4, sodium nitrate, H2O2, 
HCl, sodium hydroxide, and magnesium nitrate were 
obtained from Merck. Methylene blue and crystal violet were 
achieved from Sigma-Aldrich. The materials were used as 
obtained without any purification.

2.2. Synthesis

2.2.1. Graphene oxides (GOs)

GO nanosheets were synthesized in water by the mod-
ified Hummer method. For this purpose, 1  g of expanded 
graphite powder was stirred in 120  mL of concentrated 
sulfuric acid for 2 h. In the next step, 1.5, 3, 4.5, and 6 g of 
potassium permanganate and 1  g of sodium nitrate were 
gradually added to the solution to prepare GO1.5, GO3, 
GO4.5, and GO6 samples. The mixing of the solution was 
carried out for 72 h. After diluting the solution with 600 mL 
of deionized water, 5 mL of H2O2 was added to end the oxi-
dation reaction. With this, the mixture color changed from 
brownish-green to yellow, which indicates the end of the 
reaction. The mixture was kept motionless and stable in a 
corner for 24 h to precipitate, and then centrifuged for two 
min at 4,000  rpm and the mixture was washed using 1 
molar HCl and deionized water three times.

2.2.2. Graphene oxide (GO)–magnesium oxide (MgO) 
(GO-MgO)

0.1 g of the synthesized GO was dispersed in 100 mL of 
distilled water using ultrasound. Then the solution pH was 
adjusted to 7 using NaOH. 0.2 g of magnesium nitrate salt 
was added. The solution was placed on the stirrer at room 
temperature for 30  min and then transferred to the auto-
clave. The autoclave was placed in the oven for 24  h at a 
temperature of 80°C (hydrothermal reaction and synthe-
sis of magnesium oxide on the surface of graphene oxide 
sheets). According to the type of graphene oxide used in 
this reaction, 4 samples of modified graphene oxide plates 
were synthesized (GO1.5MgO, GO3MgO, GO4.5MgO, and 
GO6MgO). After 24  h, they were centrifuged and washed 
using deionized water three times.

2.3. Characterization

The material morphology was investigated by the 
field-emission scanning electron microscopy model 
TESCAN MIRA 3. The Brunauer–Emmett–Teller (BET) sur-
face area analysis of material was performed by BELSORP-
mini II (Japan). The zeta potential of the nanomaterials 
was investigated using ZETASIZER Nano-NS through 



215N. Behzad et al. / Desalination and Water Treatment 300 (2023) 213–229

Malvern instrument. The thermal gravimetric analysis 
(TGA) was performed by the Mettler Toledo machine in 
the temperature range of 25°C–600°C. The amount of dye 
was measured using double beam UV-Vis spectrometry 
(model CECIL 9000).

2.4. Dye adsorption

To study the adsorption of dyes with synthesized adsor-
bents, solutions (100  mL) containing 10  mg of adsorbent 
with pollutants (40  mg/L) were prepared at various pHs 
(3–11). The optimal amount of adsorbents (0.005–0.015  g) 
was measured in the solution with the same laboratory con-
ditions mentioned above and at the optimal pH. The exper-
iments were done with pollutants concentrations from 10 
to 80  mg/L, the time of the adsorption process (from 5 to 
120  min) and the temperature of the solution (15°C, 25°C, 
and 35°C), and the optimal conditions obtained. After the 
adsorption process, the sample was centrifuged to separate 
adsorbent particles. The concentration of the unadsorbed 
dye in the remaining solution after centrifugation was 
measured using UV-Vis spectroscopy using Eqs. (1) and (2).

q
C C V

me
e�

�� ��0 	 (1)

Removal %� � � �C C
C

e0

0

	 (2)

where C0, Ce, qe, V, m, and R represent the initial pollutant 
concentration (mg/L), equilibrium concentration (mg/L), 
adsorption capacity (mg/g), the volume of solution (L), 
amount of adsorbent (g) and removal efficiency (%), 
respectively.

3. Results and discussion

3.1. Characterization

3.1.1. Scanning electron microscopy

The morphology of materials is studied by scanning 
electron microscopy (SEM) images. Fig. 1 shows the SEM 
images of synthesized adsorbents including GO1.5MgO, 
GO3MgO, GO4.5MgO, and GO6MgO. Due to the strong 
interplanar reaction, GO layers are no longer similar to 
flat and straight graphite sheets. The edges and plates of 
GO are curved and rough, this issue was also observed in 
other research [20,21]. The addition of magnesium oxide 
to graphene oxide causes surface changes in the form of a 
porous, uneven, and irregular surface to be observed in 
graphene oxide. It was found that the twisted GO layer and 
well-dispersed MgO were anchored on the graphene oxide 
sheets. This issue was also observed in other research includ-
ing TiO2/graphene oxide nanocomposites [22]. In general, 
the GO has a thin layer structure and irregular shape. It 
shows multilayer structures because of the presence of oxi-
dizing functional groups. The special layered structure of 
GO shows that it was beneficial for the growth of MgO.

3.1.2. Brunauer–Emmett–Teller

The porosity of GO-based nanocomposite can be studied 
using BET analysis. Herein surface area of the synthesized 

GO-based adsorbents was measured (Table 1). The results 
indicated that the BET surface area of GO1.5MgO, GO3MgO, 
GO4.5MgO, and GO6MgO was 196.5, 482.3, 398.7, and 
542.36  m2/g, respectively. The data showed that the sur-
face area increased by increasing MgO. It can be attributed 
that the MgO prevents the accumulation of graphene oxide 
layers. Increasing the surface area increases the ability to 
adsorb pollutants by adsorption in the water environment  
[22,23].

3.1.3. Thermal gravimetric analysis

The TGA is used to determine the thermal stability of dif-
ferent materials. The thermogravimetric analysis measures 
the weight loss of materials. Fig. 2 presents that the thermal 
stability of GO composites was investigated by TGA analysis 
at air environment. The results show that GO is degraded in 
three stages. The first and second stages of weight loss are 
at 50°C–120°C (loss of water molecules) and at 120°C–440°C 
in (loss of oxygen-containing groups), respectively. The 
third stage above 440°C is related to the remaining unsta-
ble carbon in the structure and destruction due to the heat 
of oxygen functional groups in the original structure. It is 
for the production of CO and CO2 [24–26]. The increase in 
GO nanocomposite thermal stability can be attributed to 
two reasons. MgO nanoparticle has higher thermal stability. 
Thus, the MgO presence in the composite may make it more 
stable thermally. Also, the MgO interacts with GO through 
the functional groups such as OH and COOH available 
in the GO surface [14].

3.1.4. Zeta potential

When the adsorbent surface charge is positive, it can 
adsorb pollutant molecules with a negative charge. Also, 
when the adsorbent surface charge is negative, it will adsorb 
the pollutant with a positive charge. The surface charge of 
the material is measured using a zeta potential analyzer. 
Fig. 3 shows the zeta potential of the synthesized adsorbents 
at different pH values. The results show that GO1.5MgO, 
GO3MgO, GO4.5MgO, and GO6MgO have a zeta potential of 
+4.4, –2.4, –10.3, and –17.8 mV. These results can be because 
of the presence of more functional groups on the surface of 
the synthesized nanocomposite.

3.2. Dyes removal

3.2.1. Adsorption kinetics

Adsorption kinetics models provide useful informa-
tion about the interactions between the adsorbed pollutant 
molecule and the adsorbent, and the parameters affecting 
the adsorption rate [27–32].

The pseudo-first-order (Fig. 4) [Eq. (3)] is based on 
adsorption due to the concentration difference between the 
adsorbent surface and the pollutant molecule. Therefore, 
this process takes place only with the external mass 
transfer coefficient [29].

log log
.

q q q
k t

e t e�� � � � 1

2 303
	 (3)
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In the pseudo-second-order (Fig. 5) [Eq. (4)], the rate 
of adsorption is proportional to the square of vacant sites. 
It is obtained by integrating from the sides and applying 
the following boundary conditions [31].

t
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Fig. 1. Scanning electron microscopy images of the synthesized adsorbents (GO1.5MgO, GO3MgO, GO4.5MgO, and GO6MgO).

Table 1
Brunauer–Emmett–Teller of the synthesized adsorbents 
(GO1.5MgO, GO3MgO, GO4.5MgO, and GO6MgO)

Adsorbent Mean pore 
diameter (nm)

Total pore 
diameter (cm3/g)

as,BET 

(m2/g)

GO1.5MgO 1.1254 0.1137 196.5
GO3MgO 2.6741 0.3715 482.3
GO4.5MgO 1.9634 0.3822 398.7
GO6MgO 4.2347 0.5186 542.36
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Fig. 2. Thermal gravimetric analysis of the synthesized adsor-
bents (GO1.5MgO, GO3MgO, GO4.5MgO, and GO6MgO).
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The intraparticle diffusion model (Fig. 6) is studied by 
the following equation [32].

q k t It p� �0 5. 	 (5)

where I (mg/g) is the intercept and kp (mg/g·min1/2) 
is the slope and represents the permeation rate constant 
inside the adsorbent. The I value gives useful information 

about the thickness of the boundary layer: the greater the 
thickness, the greater the effect of the boundary layer [32].

Herein, kinetic models (Figs. 4–6) were used to inves-
tigate the adsorption process. The selection of the dom-
inant system in the process was done by comparing the 
determined coefficient (R2) of the models. The results in 
Table 2 indicated that MB and CV removal follows pseudo- 
second-order. It means that the adsorption process 
depends on pollutant concentration and adsorbent dosage.

3.2.2. Adsorption isotherms

It becomes possible to describe the reaction of adsor-
bent and adsorbate (organic pollutant) with adsorption 
isotherms. The adsorbent surface may act as a single layer 
or multiple layers. The different isotherm models are used 
to study the adsorption isotherm in this treatise [27,33–37].

The Langmuir adsorption isotherm [Eq. (4)] (Fig. 7) is the 
simplest one for monolayer adsorption in liquid solutions, 
which is based on several assumptions:

•	 Adsorption is carried out in specific homogeneous areas 
of the adsorbent.

•	 The adsorption sites present in the adsorbent are the 
same.
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Fig. 3. Zeta potential of the synthesized adsorbents (GO1.5MgO, 
GO3MgO, GO4.5MgO, and GO6MgO).

 
(a) 

(b) 

Fig. 4. Pseudo-first-order of dye adsorption by the synthesized 
adsorbents (GO1.5MgO, GO3MgO, GO4.5MgO, and GO6MgO) 
(a) MB and (b) CV.

  
(a) 

 
(b) 

Fig. 5. Pseudo-second-order of dye adsorption by the synthe-
sized adsorbents (GO1.5MgO, GO3MgO, GO4.5MgO, and 
GO6MgO) (a) MB and (b) CV.
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•	 Each of the adsorption sites is able to adsorb only one 
adsorbed molecule.

•	 The adsorbent has a certain capacity to adsorb the 
pollutant.

•	 All the adsorption sites in the adsorbent have equiv-
alent energy, that is, the adsorbents are identical in 
structure [27].
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Freundlich isotherm [Eq. (7)] (Fig. 8) predicts that 
by increasing the initial concentration of the dye in the 
solution, the adsorption rate of the dye will increase. 
The Freundlich equation is presented as follows [37]:

log log logq K
n

Ce F e� �
�

�
�

�

�
�

1 	 (7)

The Temkin isotherm (Fig. 9) is used to interpret the 
interactions between the adsorbent and the adsorbate. In 
this model, ignoring very low or very high pollutant con-
centrations, the contaminant adsorption heat diminishes 
linearly with the surface coverage due to the adsorbate–
adsorbent interaction. The equation of the Temkin isotherm 
is as follows [37]:

q B A B Ce T T T e� �ln ln 	 (8)

Herein, the isotherm models (Figs. 7–9) were used to 
study the adsorption process. The selection of the dom-
inant system in the process was done by comparing the 
determined coefficient (R2) for each of the models. The 
results in Table 3 indicated that MB and CV removal follows 
the Langmuir isotherm model. It means that the adsorp-
tion process was carried out in specific homogeneous sites 
on the adsorbent surface.

3.2.3. Adsorption thermodynamics

In the adsorption process, it is interesting to investigate 
the pollutant transfer from one phase to another and how 
it is distributed between phases in the state of composition. 
In most cases, pollutants are transferred from one phase 
to another. The study of mass transfer for each pollutant is 
determined by the chemical potentials. The chemical poten-
tial is the Gibbs free energy (ΔG, J/mol) of the pollutant in 
the superior phases [38–40]. The ΔG, entropy (ΔS: J/mol·K), 
and enthalpy (ΔH: J/mol) are obtained using the following 
equations:

 

 

(b) 

(a) 

Fig. 6. Intraparticle diffusion of dye adsorption by the synthe-
sized adsorbents (GO1.5MgO, GO3MgO, GO4.5MgO, and 
GO6MgO) (a) MB and (b) CV.

Table 2
Kinetics parameters of dye (MB and CV) adsorption by the synthesized adsorbents (GO1.5MgO, GO3MgO, GO4.5MgO, and 
GO6MgO) (k1 (min–1), q (mg/g), and k1 (g/min·mg))

Dye Adsorbent Pseudo-first-order Pseudo-second-order Intraparticle diffusion

q k1 R2 q k2 R2 kp I R2

MB

GO1.5 48 0.0763 0.7228 116 0.0016 0.9979 6.5558 52 0.7080
GO3 100 0.0906 0.7807 293 0.0013 0.9993 10.0375 195 0.7458
GO4.5 65 0.0851 0.7163 314 0.0017 0.9997 9.4060 225 0.6705
GO6 58 0.0772 0.6741 325 0.0019 0.9998 8.0897 248 0.7050

CV

GO1.5 40 0.0689 0.5509 92 0.0011 0.9924 6.1861 27 0.7766
GO3 113 0.0861 0.7418 240 0.0011 0.9989 10.0048 140 0.7845
GO4.5 60 0.0720 0.5275 224 0.0011 0.9989 10.1361 125 0.7432
GO6 116 0.0873 0.7507 196 0.0009 0.9976 10.1605 93 0.7925
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Dye removal experiments were performed at tempera-
tures of 288, 298, and 308  K to investigate its effect on CV 
and MB adsorption (Fig. 10). The lnKd vs. 1/T was presented 
in Fig. 10. ΔG value was –1,505.4; –3,198.4 and –4,891.4 J/mol 
(GO1.5MgO), –5,153; –6,083 and –7,013  J/mol (GO3MgO), 
–5,200.8; –6,386.8 and –7,572.8  J/mol (GO4.5MgO), and 
–5,922.2; –6,796.2 and –7,670.2  J/mol (GO6MgO) for CV 
dye and –373.6; –2,050.6 and –3,727.6  J/mol (GO1.5MgO), 
–3,949.2; –4,883.2 and –5,817.2  J/mol (GO3MgO), –3,865.4; 
–4,658.4 and –5,451.4 J/mol (GO4.5MgO), and –4,219; –5,724 

and –7,229 J/mol (GO6MgO) for MB at 288, 298, and 308 K 
(Table 4). The negative ΔG of CV and MB removal con-
firmed the spontaneous and physical adsorption. The 
positive values of ΔH and ΔS, respectively indicate the 
endothermic properties of adsorption and the increase of 
dye irregularity on the adsorbent surface.

3.2.4. Effect of pollutant concentration

The contaminant concentration effect on dye removal 
was investigated in detail. The MB and CV cationic dyes 
concentration effect on the equilibrium adsorption capacity 
was investigated (Fig. 11). The dye removal ability increases 
by enhancing the cationic dye concentration from 10 to 
80  mg/L. The cause of this phenomenon is the enhancing 
driving force of the concentration gradient at higher ini-
tial contaminant concentration. The removal of dye by the 
adsorbent is rapid and reaches equilibrium rapidly due to 
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Fig. 7. Langmuir isotherm of dye (CV and MB) adsorption by the synthesized adsorbents (GO1.5MgO, GO3MgO, GO4.5MgO, 
and GO6MgO).
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the forming of a single-layer coating of molecules on the 
outer surface of the adsorbent. The number of adsorption 
sites diminishes at higher contaminant concentrations. It is 
unlikely that the contaminant is adsorbed in only one layer 
at the adsorbent external surface. In fact, the diffusion of 
exchange molecules in the adsorbent surface may control 
the extent of adsorption [29–32].

3.2.5. Effect of the solution pH

The solution pH effect on contaminant removal was 
studied in detail. To get more information about the pH 
effect on removal efficiency, experiments have been carried 
out in the range of pH = 3–11, which can be seen in Fig. 12. 
Dye removal by GO1.5MgO, GO3MgO, and GO4.5MgO was 
not changed considerably by the solution pH. It can be con-
cluded that it was not carried out by electrostatic attraction. 
Pollutant removal by GO6MgO increased by solution pH. 

Under acidic conditions (pH  =  3), the adsorption site was 
accumulated by proton and positively charged. MB and 
CV are cationic dyes with a positive charge. Thus, electro-
static repulsion occurs between the surface of adsorbents 
and dye molecules. Also, protons competing with the cat-
ionic dyes and contaminant removal reduces [27]. The 
zeta potential of the GO6MgO adsorbent starts to become 
negative at pH  >  5. It causes to increase in the removal 
of the cationic dyes (MB and CV).

3.2.6. Adsorbent dose effect

To evaluate the adsorbent dose effect, the dose of adsor-
bents was examined in the range of 0.005–0.015 g. Reactors 
of 100  mL of dye (MB and CV) solution (40  mg/L) were 
stirred for 100 min at room temperature. Fig. 13 shows the 
removal of MB and CV by the adsorbents and the value of 
qe in different amounts of adsorbent were presented. The 
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Fig. 8. Freundlich isotherm of dye (CV and MB) adsorption by the synthesized adsorbents (GO1.5MgO, GO3MgO, GO4.5MgO, 
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adsorption capacity of different adsorbents for 0.005, 0.008, 
0.010, 0.012, and 0.015 g was 73, 95, 110, 100, and 104 mg/g 
for GO1.5MgO, 210, 253, 274, 261, and 257 for GO3MgO, 272, 
275, 283, 295, and 264 for GO4.5MgO and 269, 287, 310, 314, 
and 261 mg/g for GO6MgO, respectively. The results indi-
cated that dye adsorption capacity increases by increasing 
the adsorbent dose and then decreases to some extent. As 
the adsorbent dose increases, the active sites of the adsor-
bent surface will be more accessible [33–36]. At values higher 
than the optimal value of the adsorbent dose, the particles 
are agglomerated, as a result, the amount of dye removal 
reduced.

3.2.7. Salt effect

The presence of charged electrolytes in dye-containing 
wastewater enables us to study the effect of foreign ions on 

dye adsorption. Herein, the effect of sodium sulphate on 
MB and CV removal was investigated (Fig. 14). Dye adsorp-
tion capacity of GO1.5MgO, GO3MgO, GO4.5MgO, and 
GO6MgO without salt (0 g/L of sodium sulphate) was 100, 
261, 295, and 314 mg/g for MB and 57, 211, 212, and 185 mg/g 
for CV, respectively. The presence of sodium sulphate 
(1  g/L) did not significantly decrease MB and CV removal 
(5%). The adsorption capacity of GO1.5MgO, GO3MgO, 
GO4.5MgO, and GO6MgO was 95, 248, 280, and 298  mg/g 
for MB and 53, 198, 199, and 174 mg/g for CV, respectively.

3.2.8. Comparison of different adsorbents

Various materials were synthesized and used as adsor-
bents for contaminant adsorption [37–45]. Clay nanocom-
posite (clay/GO/Fe2O3) was used for removing methylene 
blue (19.99  mg/g) [15]. Fe3O4 or γ-Fe2O3 coated multi-wall 
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Fig. 9. Temkin isotherm of dye (CV and MB) adsorption by the synthesized adsorbents (GO1.5MgO, GO3MgO, GO4.5MgO, 
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carbon nanotube was used to remove MB (15.87  mg/g), 
neutral red (20.51 mg/g), and brilliant cresyl blue (23 mg/g) 
[16]. Magnetic (γ-Fe2O3) sugarcane bagasse activated car-
bon was used for the adsorption of MB (36 mg/g) [17]. ZnO: 
Cr-AC was used as an adsorbent of malachite green (MG) 
(98.36  mg/g), eosin yellow (97.24  mg/g), and auramine O 
(99.26 mg/g) [18]. The Konjac glucomannan/graphene oxide 
(KGM/GO) sponge was used to adsorb MG (190 mg/g) [19]. 
The cobalt iron oxide nanoparticles functionalized hydrazine 

(CoFeNPs) was used to adsorb amaranth (11 mg/g), naph-
thol blue black (14  mg/g), acid orange 7 (8  mg/g), reactive 
orange 16 (68  mg/g), and acid orange 52 (68  mg/g) [20]. 
In this research, the adsorption ability of the synthesized 
adsorbents was indicated in Table 5. Dye adsorption capac-
ity of GO and MgO was 108 and 233 mg/g for CV and MB 
(GO) and 30 and 40  mg/g for CV and MB (MgO), respec-
tively. Also, dye adsorption performance using a commer-
cial activated carbon was carried out as a control group. 

Table 3
Isotherm parameters of dye (MB and CV) adsorption by the synthesized adsorbents (GO1.5MgO, GO3MgO, GO4.5MgO, and 
GO6MgO)

Dye Isotherm Parameter Adsorbents Adsorbents Adsorbents Adsorbents

CV-GO1.5MgO CV-GO3MgO CV-GO4.5MgO CV-GO6MgO

CV

Langmuir
Q0 118 269 268 200
KL 0.0294 0.1405 0.0899 0.2578
R2 0.8959 0.9958 0.9917 0.9959

Freundlich
KF 5 44 30 50
1/n 0.7233 0.5052 0.5755 0.3955
R2 0.9473 0.9492 0.9815 0.9172

Temkin
KT 0.2592 1.3126 0.7881 2.8009
B1 28 59 61 40
R2 0.8979 0.9721 0.9765 0.8951

Dye Isotherm Parameter Adsorbents Adsorbents Adsorbents Adsorbents

MB-GO1.5MgO MB-GO3MgO MB-GO4.5MgO MB-GO6MgO

MB

Langmuir
Q0 111 286 309 321
KL 1.67 2.8443 4.5715 3.4734
R2 0.9992 0.9999 0.9999 0.9997

Freundlich
KF 96 166 181 191
1/n 0.0295 0.1805 0.2158 0.1901
R2 0.8340 0.8001 0.9481 0.5169

Temkin
KT 1,213 373 338 539
B1 3 30 34 34
R2 0.8557 0.8893 0.9427 0.6898
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Fig. 10. Thermodynamic of dye adsorption by the synthesized adsorbents (GO1.5MgO, GO3MgO, GO4.5MgO, and GO6MgO) 
(a) MB and (b) CV.
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Table 4
Thermodynamic parameters of dye (MB and CV) adsorp-
tion by the synthesized adsorbents (GO1.5MgO, GO3MgO, 
GO4.5MgO, and GO6MgO) (T (K), ΔG (J/mol), ΔH (J/mol), and 
ΔS (J/mol·K)

Adsorbent T MB CV

ΔG ΔG

GO1.5MgO
288 –1,505.4 R2 0.9966 –373.6 R2 0.988
298 –3,198.4 ΔH 47,253 –2,050.6 ΔH 47,924
308 –4,891.4 ΔS 169.3 –3,727.6 ΔS 167.7

GO3MgO
288 –5,153 R2 0.9745 –3,949.2 R2 0.9999
298 –6,083 ΔH 21,631 –4,883.2 ΔH 22,950
308 –7,013 ΔS 93 –5,817.2 ΔS 93.4

GO4.5MgO
288 –5,200.8 R2 0.9991 –3,865.4 R2 0.9835
298 –6,386.8 ΔH 28,956 –4,658.4 ΔH 18,973
308 –7,572.8 ΔS 118.6 –5,451.4 ΔS 79.3

GO6MgO
288 –5,922.2 R2 0.9832 –4,219 R2 0.9973
298 –6,796.2 ΔH 19249 –5,724 ΔH 39,125
308 –7,670.2 ΔS 87.4 –7,229 ΔS 150.5
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Fig. 11. Pollutant concentration effect on dye adsorption by the 
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Dye adsorption capacity of commercial activated carbon 
for CV and MB was 75 and 80 mg/g, respectively. The data 
presented that GO1.5MgO (CV: 118 and MB: 111), GO3MgO 
(CV: 269 and MB: 286), GO4.5MgO (CV: 268 and MB: 309), 
and GO6MgO (CV: 200 and MB: 321) have high removal 
ability (mg/g) in comparison of other adsorbents.

3.2.9. Regeneration

The adsorbent regeneration is an important parame-
ter for its practical applications. Thus, the regeneration of 
GO6MgO was studied. The data showed that the GO6MgO 
recovery efficiency did not decrease considerably after 
three runs of operations. Adsorption capacity for MB was 
321, 312, and 305 mg/g after the three cycles.

4. Conclusion

Herein, graphene oxide–magnesium oxide nanocom-
posites were synthesized and characterized. Two cationic 
dyes were used as pollutants. The results presented that the 
adsorption of MB and CV onto the synthesized adsorbents 
followed pseudo-second-order. The MB and CV removal 
by the synthesized adsorbents followed the Langmuir iso-
therm model in specific homogeneous sites of the adsorbent 
surface. The negative ΔG value of dye removal indicated 
physical and spontaneous adsorption. The positive values ​​
of ΔH and ΔS, respectively indicate the endothermic prop-
erties of adsorption and the increase of dye irregularity on 
the adsorbent surface. The amount of dye adsorbed on the 
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Fig. 14. Salt (sodium sulphate: 0 and 1  g/L) effect on contami-
nant adsorption by the synthesized adsorbents (GO1.5MgO, 
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Table 5
Comparison of the adsorption capacity of different adsorbents

Adsorbent Dye Adsorption capacity (mg/g) References

Clay/GO/Fe2O3 Methylene blue 19.99 [15]

Fe3O4 or γ-Fe2O3 coated multi-walled carbon nanotubes
MB 15.87

[16]Neutral red 20.51
Brilliant cresyl blue 23

Magnetic (γ-Fe2O3) sugarcane bagasse activated carbon MB 36 [17]

ZnO: Cr-AC
Malachite green 98.36

[18]Eosin yellow 97.24
Auramine O 99.26

Konjac glucomannan/graphene oxide Malachite green 190 [19]

Cobalt iron oxide nanoparticles functionalized hydrazine 
(CoFeNPs)

Amaranth 11

[20]
Naphthol blue black 14
Acid orange 7 8
Reactive orange 16 68
Acid orange 52 68

GO1.5MgO Crystal violet (CV) 118

This study

GO1.5MgO MB 111
GO3MgO CV 269
GO3MgO MB 286
GO4.5MgO CV 268
GO4.5MgO MB 309
GO6MgO CV 200
GO6MgO MB 321
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synthesized adsorbents increases by increasing the initial 
contaminant concentration. The results indicated pollut-
ant removal capacity increases by increasing the adsorbent 
dose (0.005–0.015 g) and then decreases to some extent. As 
the adsorbent dose increases, the active sites of the adsor-
bent surface will be more accessible. The adsorbent particles 
are agglomerated at values higher than the optimal value of 
the adsorbent dose and dye removal diminished.
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Fig. S1. Non-linear Langmuir isotherm of MB adsorption by the synthesized adsorbents (a) GO1.5MgO, (b) GO3MgO, 
(c) GO4.5MgO, and (d) GO6MgO.
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Fig. S2. Non-linear Langmuir isotherm of CV adsorption by the synthesized adsorbents (a) GO1.5MgO, (b) GO3MgO, (c) GO4.5MgO, 
and (d) GO6MgO.
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Fig. S3. Non-linear Freundlich isotherm of MB adsorption by the synthesized adsorbents (a) GO1.5MgO, (b) GO3MgO, 
(c) GO4.5MgO, and (d) GO6MgO.
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Fig. S4. Non-linear Freundlich isotherm of CV adsorption by the synthesized adsorbents (a) GO1.5MgO, (b) GO3MgO, 
(c) GO4.5MgO, and (d) GO6MgO.
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Fig. S5. Non-linear pseudo-first-order of dye adsorption by the 
synthesized adsorbents (GO1.5MgO, GO3MgO, GO4.5MgO, 
and GO6MgO) (a) MB and (b) CV.
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Fig. S6. Non-linear pseudo-second-order of dye adsorption by 
the synthesized adsorbents (GO1.5MgO, GO3MgO, GO4.5MgO, 
and GO6MgO) (a) MB and (b) CV.
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Fig. S7. Intraparticle diffusion of dye adsorption by the synthesized adsorbents (GO1.5MgO, GO3MgO, GO4.5MgO, and 
GO6MgO) (a) MB and (b) CV.
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