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Abstract
In the present study, the adsorption removal of anionic (MO) and cationic (MB) dyes with GO/HEMA and GO/HEMA/
TiO2 and GO/Fe3O4/HEMA nanocomposites as adsorbents was investigated. Characterization of properties was determined 
by FTIR, XRD, SEM, TEM, EDX, and zeta potential analysis. Parameters affecting the removal of pollutants including dye 
concentration (0.7 mg/l), contact time (60 min), and temperature (298 °K) were investigated. Pollutants removal mechanisms 
were studied with pseudo-first-order, pseudo-second-order kinetic models as well as Freundlich Langmuir isotherms. Pollut-
ant removal for all three composites was confirmed by the Freundlich isotherm (R2 = 0.99) and first-order kinetics (R2 = 0.98).

Keywords  Synthesis · Characterization · GO nanocomposite · Dye removal ability

1  Introduction

Extensive use of dyes and chemical compounds in various 
industries around the world has led to serious pollution of 
water and the environment [1]. Textile dyes are generally 
classified into two categories: ionic (anionic and cationic) 
and nonionic (dispersed) [2]. In addition to being toxic and 
carcinogenic, dyes used in the textile industry cause genetic 
mutations, which makes it important to remove them from 
wastewater and other water sources. In addition to the men-
tioned effects of methylene blue dye, side effects such as eye 
irritation, nausea, diarrhea, and vomiting have been reported 
in wastewater containing this dye on humans [3, 4].

Organic dyes are widely used in the textile, printing, plas-
tic, rubber, paper, leather, cosmetics, and pharmaceutical 
industries [5]. Almost half of the textile dye products are 
azo compounds whose molecular structure has a chromo-
phore group N = N [6]. Azo dyes are not easily degraded 
due to their chemical and biological stability, so they must 
be removed before being discharged into water [7]. Waste-
water containing anionic dyes has a net negative charge due 

to the presence of sulfonate (SO3
−) groups, while cationic 

dyes containing protonated sulfur or amine (NH2) have a 
net positive charge, so they need to be treated before being 
discharged to aqueous media [8]. The reason for excellent 
efficiency, ease of operation, and cost-effectiveness is one 
of the most effective adsorption processes for liquid or gas 
phases, which has been considered by many researchers [9].

Dye removal from industrial wastewater by various 
methods such as various physicochemical [10] methods, 
surfactant-assisted nanoparticles [11], ion exchange [12], 
coagulation [13], reverse osmosis [14], and adsorbents such 
as graphitic carbon nitride (g-C3N4) [15], zeolite [16], sil-
ica gel [17], and other studies [18] have been performed. 
Recently, extensive research has been conducted on the 
removal of these wastewater, using photocatalytic [18] and 
wastewater treatment [19] materials, which are a bio-friendly 
method without any secondary contamination.

GO, which has a high distinct surface area and specific 
functional groups like the epoxy, carboxyl, and hydroxyl 
groups at ends of its sheets, demonstrates the high potential 
for uranium adsorption [20–24].

Various studies have been performed to functionalize 
GO based on nanomaterials, for various applications with 
materials such as Au, Ag, ZnO, 2-hydroxyethyl methacrylate 
(HEMA), and TiO2 [20, 21]. TiO2 is used as a nanocom-
posite adsorbent for wastewater treatment due to its high 
efficiency, low cost and toxicity, and excellent physical and 
chemical stability, and the overall TiO2 efficiency is greatly 
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affected by its particle size, crystal structure, porosity, and 
surface area [22]. Fe3O4 has been considered by many 
researchers due to its high flexibility, ultra-magnetic prop-
erties, and low curie temperature, as well as the presence of 
magnetic nanoparticles in the structure of Fe3O4 leading to 
reduced toxicity and excellent chemical stability [23, 24] and 
many other applications [25].

In this study, graphene oxide (GO)–based nanocompos-
ites were synthesized using Fe3O4, HEMA, and TiO2. Prop-
erties were also characterized by FTIR, XRD, SEM, TEM, 
EDX, and zeta potential analysis. The nanocomposite mate-
rials used in this study were synthesized at room temperature 
and used as an adsorbent to remove pollutants from aqueous 
solutions. The effect of important parameters on the removal 
efficiency of pollutants from aqueous solutions including 
initial dye concentration, temperature, and contact time was 
examined. In addition, the pollutant removal mechanisms 
were studied with Freundlich, Langmuir, and isotherms, 
as well as the pseudo-first-order and pseudo-second-order 
kinetic models.

2 � Experimental

2.1 � Materials

Figure 1 shows the chemical structure of methyl orange 
(MO) and methylene blue (MB) dyes. Graphene oxide (GO) 
nanoparticles (99.0%, 3.4–7 nm, 6–7 layers) and Fe3O4 nano-
particles (99.5% and 20–30 nm) were purchased from the US 
Research Nanomaterials Company. TiO2 nanoparticles were 
purchased from EVONIK.In. Acetone (COC2H6) and etha-
nol (C2H5OH) were purchased from Hamonteb, hydrochlo-
ric acid (HCL) from Ghatran shimi, hydrazine monohydrate 

(H6N2O), sodium disulfate (Na2O5S2), and 2-hydroxyethyl 
methacrylate (C6H10O3) from Merck, and azobase isobu-
tyronitrile (AIBN) was taken from Sigma-Aldrich.

2.2 � Synthesis

2.2.1 � Synthesis of nanocomposites GO/HEMA

0.1 g of graphene oxide was added to 100 ml of deionized 
water and placed in an ultrasonic bath for 1 h. By bringing 
the temperature of the mixture to 80 °C and after 1 h at the 
same temperature, 2 g of SDS was added to it, and under the 
mentioned time and temperature, it was subjected to a mag-
netic stirrer. Then, 0.5 g of AIBN and 15 g of HEMA were 
added drop by drop to the above mixture, and 5 drops of pure 
ethanol were added for 10 min in an ultrasonic bath and then 
the mixture was stirred for 30 min with a magnetic stirrer 
then for 6 h. The clock was refluxed at 80 °C. After 6 h, 
11 g of H6N2O was added to the mixture and continued for 
16 h under reflux at the same temperature. After this time, 
it was washed by adding 0.1 M HCL solution. The resulting 
precipitate was washed several times with deionized water 
to remove SDS and finally dried for 72 h in an oven at 60 °C.

2.2.2 � Synthesis of nanocomposites GO/TiO2

One-step colloidal mixture method was used for the synthe-
sis of GO/TiO2 nanocomposite. In this method, first 0.3 g 
of GO in 300 ml of deionized water was added and placed 
in an ultrasonic bath for 45 min, then 0.3 g of TiO2 P25 
was poured into a container containing GO and placed in an 
ultrasonic bath for 90 min. The homogenized mixture was 
then stirred with a magnetic stirrer for 1 h. After several 
washes at 40 °C, it was dried for 48 h.

2.2.3 � Synthesis of nanocomposites GO/TiO2/HEMA

The GO/TiO2 suspension was subjected to ultrasonic waves 
for 45 min. Then, by adding deionized water, the volume of 
suspension was increased to 500 ml, and 4 g of SDS was 
added to it. The resulting mixture was stirred for 1 h by a 
magnetic stirrer at 80 °C. Then, 0.2 g of AIBN was added to 
the mixture, and also 25 g of HEMA drop by drop was added 
to the above mixture while stirring; meanwhile, 5 drops of 
ethanol was added to it. Then, it was refluxed for 6 h at 
80 °C. After this period, 15 g of H6N2O was added to the 
above mixture, and reflux operation was continued at 80 °C 
for 16 h. By adding 0.1 M HCL solution, the precipitate was 
washed several times with deionized water to remove SDS 
and finally dried in an oven at 60 °C for 72 h.

Fig. 1   Chemical structure of methylene blue a  and methyl orange 
b dyes
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2.2.4 � Synthesis of nanocomposites GO/Fe3O4

GO/Fe3O4 nanocomposite was synthesized by co-precipi-
tation method. First, 0.3 g of GO was added to 300 ml of 
deionized water and placed in an ultrasonic bath for 45 min. 
Then, 0.3 g of Fe3O4 was added to it and placed at 50 °C 
for 5 h by magnetic stirring. Finally, it was washed several 
times with deionized water.

2.2.5 � Synthesis of nanocomposites GO/Fe3O4/HEMA

The GO/Fe3O4 nanocomposite suspension was subjected 
to ultrasonic waves for 45 min. Then, by adding deionized 
water, the volume of suspension was increased to 500 ml, 
and 4 g of SDS was added to it. The resulting mixture was 
stirred for 1 h by a magnetic stirrer at 80 °C. After this 
period, 0.2 g of AIBN was added to the mixture, then 25 g of 
HEMA was added drop by drop to the mixture while stirring 
with a magnetic stirrer. Meanwhile, 5 drops of ethanol were 
added, then refluxed for 6 h at 80 °C. After this period, 15 g 
of hydrazine monohydrate was added to the above mixture, 
and the reflux operation was continued at 80 °C for 16 h, 
then the resulting mixture was washed with 0.1 M HCL solu-
tion and the precipitate was removed. The precipitate was 
washed several times with deionized water to remove SDS, 
and the precipitate was dried in an oven at 60 °C for 72 h.

2.3 � Characterization of nanocomposites

The functional groups present in nanocomposite materials 
GO, GO/Fe3O4, GO/TiO2, HEMA, GO/HEMA, GO/HEMA/
TiO2, and GO/HEMA/Fe3O4 were investigated by FTIR 
(Perkin Elmer Spectrum 400) in the span of 4000–400 cm−1. 
X-ray diffraction (XRD) patterns were recorded to detect 
the crystalline phase with the device D6792-PHILIPS under 
copper irradiation conditions. SEM (JSM 6400) and TEM 
were used to determine the morphology and size of the syn-
thesized nanocomposites. Analysis of elements in synthase 
nanocomposites was performed by energy dispersive X-ray 
(EDX). Zeta potential (Zetasizer Nano ZEN 3600) was used 
to measure the surface charge of nanocomposite materials 
at different pHs.

2.4 � Dye adsorption experiment

The adsorption of anionic dye methyl orange (MO) and 
cationic methylene blue (MB) was performed using synthe-
sized nanocomposite adsorbents. The concentration of dye 
molecules remaining in solution before and after adsorption 
was measured using a UV–visible spectrophotometer. The 
maximum absorbance wavelength for the anionic dye methyl 
orange 464 nm and the cationic methylene blue 663 nm 
appeared. All adsorption experiments were performed at 

ambient temperature in a 100-ml Erlenmeyer with specified 
concentrations of different adsorbents. In this study, vari-
ous conditions and factors affecting the adsorption process 
such as (pH = 7), adsorbent dose of 0.01 g, and contact time 
(5–60 min) were investigated. The pH of the dye solutions 
was adjusted by the addition of NaOH and HCL. Removal 
percentage (R%), adsorption capacity (mg/g) qt for dyes 
at time t (min), and the adsorption capacity at equilibrium 
(mg/g) qe were calculated from the following equations, 
respectively [26].

where C0 (mg/L) and Ce (mg/L) are the initial dye concen-
tration and are in equilibrium, respectively, V (L) volume of 
media and m (g) adsorbent mass are used.

3 � Results and discussion

3.1 � Characterization of nanocomposite

3.1.1 � FTIR

In order to investigate the synthesis of nanocomposite 
materials and type of functional groups, FTIR spectra 
obtained in 4000–450  cm−1 and provided in Fig. 2a–g. 
The FTIR spectrum of GO is shown in Fig. 2a. The peak 
in 3425.37 cm−1 is corresponding to the OH functional 
group, the peaks in 1744 cm−1 belong to the functional 
group C = O, and the peak in 1568.18 cm−1 corresponds 
to C = C GO aromatic surface. The peak in 1208.09 cm−1 
is related to COC and COH. The peaks in 2921.60 and 
2852.04  cm−1 are related to CH bending vibrational 
[27, 28, 29]. The FTIR spectrum of GO/Fe3O4 nanocom-
posite is shown in Fig. 2b. The 583 cm−1 band is related to 
the vibration of the Fe-O bond in Fe3O4 attributed to GO/
Fe3O4 nanocomposite. In this spectrum, the band 1221 
cm−1 corresponds to the C-N bond. The band of 1571 cm−1 
indicates the tensile and bending vibrational of the N-H 
band on the surface of GO. The broad band observed at 
3386 cm−1 may be related to the O-H tensile vibration of 
H2O adsorbed on the GO/Fe3O4 surface [30]. Figure 2c 
shows the FTIR spectrum of GO/TiO2 nanocompos-
ite. The bands 3431 and 1574 cm−1 represent the tensile  

(1)R% =
(C0 − Ct)

C0

∗ 100

(2)qt =

(

C0 − Ct

)

V

m

(3)qe =

(

C0 − Ce

)

V

m
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and bending vibrational of the O-H band, respectively, 
while the strong uptake at 580–617 cm−1 is related to the 
tensile vibrations of Ti-O in TiO2 [31]. The FTIR spec-
trum of HEMA is shown in Fig. 2d. The strong peak in 
3442.96 cm−1 belongs to the OH functional group in the 
OH and COOH groups. The peaks in 2924.14, 2853.07, 
and 1391.12 cm−1 are related to the bending vibrations of 
C-H bond of methylene and methyl groups. The peaks in 
1278, 1159, 1074, and 1023 cm−1 belong to the C-O bond 
belonging to the ester and OH groups. Figure 2e shows 
the FTIR spectra of the GO/HEMA nanocomposite. The 
strong peak in 3441 cm−1 belongs to the OH functional 
group; the C=O group, which has been functionalized and 
produced the carboxylic group (COOH), has a peak of 1735 
cm−1, and an COC bond in 1156 cm−1 and an alcoholic 
C-OH in 1459 cm−1 and 1405 cm are related to the C=C 
aromatic bond of GO surface. Clear peaks of HEMA are 
observed in areas 2923, 2852, and 1365 cm−1, which are 
related to the flexural vibrations of the C-H bond of the 
methylene and methyl groups. The peaks of 900, 945, 850, 
and 748 cm−1 are related to the flexural vibrations outside 
the aromatic plate, or the bending vibration outside the CH 
surface is alkaline. The GO/HEMA/TiO2 nanocomposite 
has a common feature with the GO/HEMIA nanocompos-
ite, so the peaks shown in both cases have considerable 
similarities. As shown in Fig. 2f, the FTIR spectra of the 
GO/HEMA/TiO2 nanocomposite, the strong peak in 3441 
cm−1 is related to alcoholic OH, and the peaks of 2954 and 
1391 cm−1 are related to the bending vibrations of the C-H 
bond in the methyl and methylene groups. The peaks of 
1457 and 1488 cm−1 belong to the aromatic groups of GO 
surface. Peaks of 1276 and 1156 cm−1 are related to C-O 
alcohol and C-O ester of GO plates, respectively. The peaks 
of 945, 900, 850, and 748 cm−1 are related to extra-aro-
matic vibrations, and the peak of 519 cm−1 belongs to C-Ti. 
The GO/HEMA/Fe3O4 nanocomposite FTIR spectrum is 
very similar to the GO/HEMA/TiO2 nanocomposite FTIR 
spectrum because most of the bonds in both nanocompos-
ites are almost identical [23, 32]. As shown in Fig. 2g, the 
FTIR spectra of the GO/HEMA/Fe3O4 nanocomposite, the 
peak in 3434 cm−1 corresponds to O-H alcohol; the peaks 
in 2925, 2853, and 1391cm−1 belong to the methyl and 
methylene groups. The peaks of 1486 and 1455 cm−1 are 
related to the C=C bonds of GO plates. The peaks of 1278 
and 1160 cm−1 are related to C-O alcohol and ester of GO 
plates, respectively. The peaks of 945, 899, 851, and 748 
cm−1 are related to the bending vibrations outside the aro-
matic plate of graphene oxide filters, and the peak of 521 
cm−1 belongs to the C-Fe bond [33-39].

Fig. 2   FTIR spectra of a GO; b GO/Fe3O4; c GO/TiO2; d HEMA; e 
GO/HEMA; f GO/HEMA/TiO2; and g GO/HEMA/Fe3O4

▸
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Fig. 2   (continued)
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3.1.2 � XRD

The XRD pattern of the synthesized nanocomposite mate-
rials is presented in Fig. 3a–e. The XRD, GO spectrum, 
is shown in Fig. 3 at which corresponds to the previously 
reported work [28]. According to Fig. 3b, it is obvious that 
the XRD spectrum of HEMA consists of a very wide peak, 
which indicates the amorphous morphology of HEMA, and 
is related to the polymeric structure of the material [28, 30].
The XRD GO/HEMA sample can be seen in Fig. 3c. Due 
to the presence of the HEMA polymer substrate and the 
formation of a wide peak, and as a result of its amorphous 
peak, other elements and phases are covered by it, which can 
be due to high energy effect XRD on HEMA polymer [20]. 
Like the XRD pattern of HEMA and GO/HEMA, which 
have a wide peak due to the structure of the polymer base, 

so that the phase of other materials is covered. In the XRD 
spectra of GO/HEMA/Fe3O4 in Fig. 3d and GO/HEMA/
TiO2 nanocomposites Fig. 3e, they are also wide due to the 
peak polymer substrate, so the XRD spectrum cannot be 
used to determine the structure of these nanocomposites, 
which is in accordance with previously reported work [26, 
40].

3.1.3 � SEM and TEM

Figure 4a–c shows scanning electron microscope (SEM) 
images of synthesized nanocomposite materials. Fig-
ure 4a shows the GO/HEMA scanning electron micro-
scope image. As shown in Fig. 4a, the HEMA polymer 
matrix is uniformly placed on the graphene oxide surface. 
According to Fig. 4b, dimensions below 100 nm indicate 

Fig. 3   XRD analysis of a GO; b HEMA; c GO/HEMA; d GO/HEMA/TiO2; and e GO/HEMA/Fe3O4

1190 Advanced Composites and Hybrid Materials (2021) 4:1185–1204
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the formation of GO/HEMA/TiO2 nanocomposite. Fig-
ure 4b shows that TiO2 nanoparticles are formed on GO. 
According to Fig. 4c, dimensions below 100 nm indicate 
the formation of GO/HEMA/Fe3O4 nanocomposite, which 
indicates the formation of Fe3O4 nanoparticles on GO. In 
SEM images, all three nanocomposites have gaps on the 
polymer surface, which is due to the polymeric nature of 
the nanocomposite substrate, which occurred with increas-
ing device voltage.

The structure size of the synthesized nanocompos-
ites was examined by transmission electron microscopy 
(TEM). The TEM image of GO/HEMA/Fe3O4 nano-
composite in Fig. 4d shows that the presence of Fe3O4 

nanoparticles on GO sheets in the nanocomposite is 
proved, which indicates a strong relationship between GO 
sheets and Fe3O4 nanoparticles. According to Fig. 4e, 
the presence of TiO2 nanoparticles on GO sheets in GO/
HEMIA/TiO2 nanocomposite has been proven and indi-
cates the formation of GO/HEMIA/TiO2 nanocomposite, 
which indicates a strong correlation between GO sheets 
and TiO2 nanoparticles.

3.1.4 � EDX

EDX analysis was used to determine the elements existing 
in GO/HEMA/TiO2 and GO/HEMA/Fe3O4 nanocomposites. 

Fig. 4   SEM images: a GO/HEMA, b GO/HEMA/TiO2, and c GO/HEMA/Fe3O4; TEM images d GO/HEMA/Fe3O4 and e GO/HEMIA/TiO2

1191Advanced Composites and Hybrid Materials (2021) 4:1185–1204
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Figure 5a EDX analysis of GO/HEMA/TiO2 nanocomposite 
shows that the presence of Ti metal element in the structure 
of this material is obvious. Figure 5b shows the EDX analy-
sis of GO/HEMA/Fe3O4 nanocomposite, where the presence 
of the metal element Fe in the structure of this nanocompos-
ite is distinct [23].

3.1.5 � Zeta potential

Zeta potential test was used to measure the surface charge 
of GO/HEMA, GO/HEMA/Fe3O4, and GO/HEMA/TiO2 
nanocomposites at pHs of 5.5, 7, 9, and 10, as shown in 
Fig. 6a–c. It was found that the zeta potential for GO/HEMA 
nanocomposite at pHs of 5.5, 7, 9, and 10 with increasing 
pH generally increased the zeta potential of − 33.5 mv at 
pH = 3 to − 16.8 mv at PH = 10, which indicates a decrease 
in negative charge with increasing pH in this nanocompos-
ite. Also, the zeta potential for GO/HEMA/Fe3O4 nano-
composite was measured at pHs of 5.5, 7, 9, and 10, and it 
was found that increasing the pH generally reduced the zeta 
potential to − 9.5 mv at pH = 3; it changed to − 22.7mv at 
pH = 10, which indicates an increase in negative charge with  

increasing pH in this nanocomposite. By measuring the 
zeta potential for GO/HEMA/TiO2 nanocomposite at pHs 
of 5.5, 7, 9, and 10, it was found that with increasing pH, 
the total zeta potential decreased to − 16.4 mv at pH = 5.5 
to − 22.4 mv changed in pH = 10, which indicates an increase 
in negative charge with increasing pH in this nanocomposite 
[41–44].

3.2 � Pollutant removal

3.2.1 � Initial DR23 concentration

In order to investigate the adsorption process, the effect of 
initial concentration of cationic (MB) and anionic (MO) dyes 
on GO/HEMA and GO/HEMA/Fe3O4 and GO/HEMA/TiO2 
nanocomposites with constant adsorbent dose (0.001 g) and 
with different concentrations (0.1, 0.3, 0.5, and 0.7 mg/l) was 
evaluated at pH = 7.0 and at ambient temperature. The results 
are shown in Fig. 7a–c. With increasing the initial concentra-
tion of dye (0.1 to 0.7 mg/l), the rate of dye removal efficiency 
did not change significantly. During the studies, the nanocom-
posite synthesized in this study showed a high ability to absorb 

Fig. 5   EDX analysis of GO/HEMA/TiO2 nanocomposite a and GO/HEMA/Fe3O4 nanocomposite b 
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Fig. 6   The zeta potential of 
a GO/HEMA; b GO/HEMA/
Fe3O4; and c GO/HEMA/TiO2 
under various pH (5.5, 7, 9, 
and 10)

1193Advanced Composites and Hybrid Materials (2021) 4:1185–1204
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Fig. 7   Effect of initial pollut-
ants concentration (0.1, 0.3, 
0.5, and 0.7). a GO/HEMA; b 
GO/HEMA/Fe3O4; and c GO/
HEMA/TiO2 on dye removal

1194 Advanced Composites and Hybrid Materials (2021) 4:1185–1204
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the dye in different concentrations. According to Fig. 7a, in the 
case of GO/HEMA nanocomposites, the maximum adsorption 
for MB occurred at a concentration of 0.7 mg/l, which is 95%. 
As the concentration increases, more adsorption sites are used 
and filled [45, 46], but the maximum adsorption for MO occurs 
at a concentration of 0.3 mg/l, which was equal to 49.3%.

In the case of GO/HEMA nanocomposites, the max adsorp-
tion for MB occurred at a concentration of 0.7 mg/l, which is 
equal to 95%. But the max adsorption for MO at a concentra-
tion of 0.3 mg/l was 49.3%. In the case of GO/HEMA/Fe3O4 
nanocomposites, the max adsorption occurred at a concentra-
tion of 0.7 mg/l which was 96.29%. Also, the max adsorption 
for MO was obtained at a concentration of 0.5 mg/l and 71.4%, 
which is shown in Fig. 7b. If the amount of adsorbent does not 
change significantly with increasing the driving force of the 
concentration gradient, the amount of contaminant adsorbed 
on nanocomposites increases with increasing initial dye con-
centration [47]. For GO/HEMA/TiO2 nanocomposites as 
shown in Fig. 7c, the max adsorption at 0.7 mg/l was 97.29% 
and the max adsorption for MO at initial concentration were 
0.3 mg/l and 92.3%. It can be said that in high concentrations, 
more adsorption sites are used [45, 46].

3.2.2 � Adsorption contact time

Factors affecting the adsorption of MB and MO dyes by GO/
HEMA, GO/HEMA/Fe3O4, and GO/HEMA/TiO2 nanocom-
posites at different times of 5–60 min with initial concentra-
tion 0.7 ppm and adsorbent dose 0.001 g were investigated. 
According to the results obtained in Fig. 8a, the maximum dye 
removal percentage for MB with GO/HEMA nanosorbent at 
55 min is 85%. The maximum adsorption for MO dye in the 
same conditions is 45.6%, which indicates a sharp decrease 
in adsorption for MO compared to MB. In the case of GO/
HEMA/Fe3O4 nanosorbent, the maximum adsorption occurred 
in 35 min, and the maximum adsorption was 95.6%. Also, 
for MO in the same conditions, the maximum absorption in 
55 min is equal to 71.4%, which is presented in Fig. 8b. For 
GO/HEMA/TiO2 nanocomposite adsorbent, the maximum 
adsorption was 96% in 35 min, and for MO under the same 
conditions, was 55 min and the max adsorption was 69.6%, 
which is reported in Fig. 8c. Differences in removal percent-
age and adsorption time can be attributed to the effects of 
surface charge and type of interactions between nanosorbents 
and contaminants. The presence of metal oxide nanoparticles 
increases the electrostatic interaction between nanosorbents 
and pollutants. According to the results, GO/HEMA/TiO2 
nanocomposite has a max adsorption rate than GO/HEMA/
Fe3O4 nanocomposite, which seems to be due to the decom-
position of MB by GO/HEMA/TiO2 nanocomposite. As we 
know, MB molecule is a flat molecule, but MO molecule is a 
bulky and non-planar molecule, which reduces the electrostatic 
gravitational forces between MO molecule and nanosorbents. 

On the other hand, MO is an anionic dye that is the same as the 
surface charge of nanosorbents in adsorption conditions; there-
fore, it increases the electrostatic repulsion force, and thus, the 
amount of adsorption decreases [19, 48, 49].

3.2.3 � The effect of temperature on pollutants

The effect of temperature on the synthesized nanocompos-
ites with initial concentration of 0.7 mg/l and pH = 7 and 
adsorbent dose of 0.001 g at 5 different temperatures was 
investigated, which is presented in Fig. 9a–c. According to 
the data, with increasing temperature, the rate and amount 
of MB and MO dye adsorption by nanocomposites has 
increased that increasing the percentage of adsorption with 
increasing temperature indicates that the adsorption process 
is endothermic. This may be due to the increased mobility 
of the dye from the solution to the adsorbent surface. Also, 
with increasing temperature, dye molecules can have enough 
energy to interaction with active sites [28, 50]. However, 
as shown by the adsorption percentage diagrams relative to 
temperature, the adsorption reaction of MB by GO/HEMA 
nanocomposite is more endothermic.

3.2.4 � Adsorption isotherms

The adsorption isotherm at constant temperature expresses 
the equilibrium value of the adsorbed substance on a solid 
surface physically or chemically. To analyze the data 
obtained from the adsorption experiment, Langmuir and Fre-
undlich isotherm models were used, which can investigate 
the relationship between adsorption capacity and adsorbent 
concentration in equilibrium. An adsorption equilibrium is 
established when the amount of dye adsorbed on the adsor-
bent surface is equal to the amount of dye desorption from 
the adsorbent surface. The mentioned isothermal models for 
GO/HEMA (Fig. 10a–d), GO/HEMA/Fe3O4 (Fig. 11a–d), 
and GO/HEMA/TiO2 (Fig. 12a–d) nanocomposites for MB 
and MO dyes are shown. In Langmuir model, it is assumed 
that the adsorption on the sites is homogeneous and is mon-
olayer. The Freundlich model assumes that adsorption is 
reversible on heterogeneous sites, and this model is suitable 
for multi-layer adsorption. This model also predicts that as 
the initial concentration of dye in the solution increases, the 
initial concentration of dye increases. The degree of compat-
ibility of each isotherm with the process is measured by a 
correlation coefficient of R2. In this way, the higher coeffi-
cient R2 of the isotherms is selected as the isotherm compat-
ible with the adsorption process [49, 51, 52].

The Langmuir and Freundlich equations are expressed 
according to Eqs. (4) and (5) as follows:

(4)Ce∕qe = 1∕Kl ∙ ql + Ce∕ql
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Fig. 8   Impact of contact time 
for MB and MO removal a GO/
HEMA; b GO/HEMA/Fe3O4, 
and c GO/HEMA/TiO2
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Fig. 9    The effect of tem-
perature on the synthesized 
nanocomposites a GO/HEMA; 
b GO/HEMA/Fe3O4; and c GO/
HEMA/TiO2
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In the above relation, qL in mg/g and constant Lang-
muir KL (l/mg) are the adsorption capacity and the adsorp-
tion energy, respectively. Also Ce is the equilibrium 

concentrations of the solution (mg/l); qe is the adsorption 
capacity in equilibrium (mg/g).

Fig. 10   The Langmuir isotherm nanocomposites GO/HEMA for adsorption: a MB and b MO; the Freundlich isotherm nanocomposites GO/
HEMA for adsorption: c MB and d MO

Fig. 11   The Langmuir isotherm nanocomposites GO/HEMA/Fe3O4 for adsorption: a MB and b MO; the Freundlich isotherm nanocomposites 
GO/HEMA/Fe3O4 for adsorption: c MB and d MO
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In this equation, KF (L/g) and 1/n (mg/L) are coefficients 
related to adsorption capacity and adsorption intensity, 
respectively. Values of 1/n indicate the type of isotherm if 
irreversible (1/n = 0), desirable (0 > 1/n < 1), and undesirable 
(1/n > 1). Also, if n = 1, the adsorption decreases linearly; 
in fact, it becomes independent of concentration (Table 1).

(5)loqqe = loqKf +
1

n
loqCe

3.2.5 � Adsorption kinetics

Adsorption kinetics depends on the physical and chemi-
cal properties of the adsorbent that affect the adsorption 
mechanism. In this research, two pseudo-first-order and 
pseudo-second-order kinetic models have been selected 
to investigate the adsorption process. The pseudo-first-
order kinetics is assumed that adsorption occurs due to 

Fig. 12   The Langmuir isotherm nanocomposites GO/HEMA/TiO2 for adsorption: a MB and b MO; the Freundlich isotherm nanocomposites 
GO/HEMA/TiO2 for adsorption: c MB and d MO

Table 1   Isotherm parameters 
for dyes adsorption on 
nanocomposites materials

Isotherm Parameter Adsorbents

GO/HEMA GO/HEMA/Fe3O4 GO/HEMA/TiO2

MB
Langmuir
Ce/qe = 1/KL qL + Ce/qL

qL 14.314 122.20 109.71
KL 3.302 28.53 5.625
R2 0.7652 0.9893 0.235

Freundlich
Log qe = log Kf + 1/n log Ce

KF 7.59 1165.47 75.076
n 1.171 0.535 0.967
R2 0.9972 0.9907 0.991

MO
Langmuir qL 14.314 115.624 112.414

KL 3.302 0.655 1.258
Ce/qe = 1/KL qL + Ce/qL R2 0.7652 0.9589 0.2479
Freundlich KF 2.08 5.576 5.95

n 0.879 0.88 0.825
Log qe = log Kf + 1/n log Ce R2 0.9719 0.9589 0.9632
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the concentration difference between the adsorbent surface 
and the solution. The mentioned kinetic models for GO/
HEMA (Fig. 13a–d), GO/HEMA/Fe3O4 (Fig. 14a–d), and 

GO/HEMA/TiO2 (Fig. 15a–d) nanocomposites for MB and 
MO dyes are shown. Kinetic parameters such as absorption 
capacity in equilibrium (qe), rate constant (K1 and K2), and 

Fig. 13   The pseudo-first-order kinetics nanocomposites GO/HEMA for adsorption: a MB and b MO; the pseudo-second-order kinetics nano-
composites GO/HEMA for adsorption: c MB and d MO

Fig. 14   The pseudo-first-order kinetics nanocomposites GO/HEMA/Fe3O4 for adsorption: a MB and b MO; the pseudo-second-order kinetics 
nanocomposites GO/HEMA/Fe3O4 for adsorption: c MB and d MO
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regression coefficients (R2) are given in Table 2. According 
to the data in Table 2, the adsorption of dye MB and MO 
on all three nanocomposite adsorbents is quite appropriate 
for the first-order-model and more for MB dye. Therefore, 
we conclude that the removal of pollutants follows the 
first-order model [53]. The linear shape of the mentioned 
models is in the form of the following equations [54, 50, 
55–60].

(6)log(qe − qt) = logqe − (K1∕2.303).t

where qe (mg/g) and qt (mg/g) are the dye capacity absorbed 
at equilibrium as well as k1 (min−1), k2 (g/mg.min), respec-
tively, constant rate of adsorption, pseudo-first-order, and 
pseudo-second-order.

(7)
t

qt
= 1∕K2qe

2 + t∕qe

Fig. 15   The pseudo-first-order kinetics nanocomposites GO/HEMA/TiO2 for adsorption: a MB and b MO; the pseudo-second-order kinetics 
nanocomposites GO/HEMA/TiO2 for adsorption: c MB and d MO

Table 2   The kinetics constants 
of dyes adsorption

Adsorbent Pseudo-first order Pseudo-second-order

log (qe –qt) = log qe–(k1/2.303)·t t/qt = 1/k2.qe
2 + t/qe

(qe)Cal k1 R2 (qe)Cal k2 R2

MB
GO/HEMA 0.666 0.0304 0.9846 0.953 0.0301 0.9669
GO/HEMA/Fe3O4 1.079 0.0590 0.9409 1.48 0.0250 0.9468
GO/HEMA/TiO2 1.115 0.0620 0.9758 76.92 0.0004 0.9416
MO
GO/HEMA 0.461 0.0325 0.9725 0.999 0.0140 0.8450
GO/HEMA/Fe3O4 1.006 0.0550 0.8596 1.2496 0.0172 0.8376
GO/HEMA/TiO2 0.7448 0.2925 0.9527 1.4832 0.0089 0.5360
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4 � Conclusion

In this study, GO/HEMA, GO/HEMA/Fe3O4, and GO/HEMA/
TiO2 nanocomposite materials with GO base were used as 
adsorbents to remove pollutants (dye MB, MO) from aque-
ous solutions. GO has a very high adsorption potential due to 
its very high surface area, free electrons, and OH and COOH 
functional groups. The polymer from 2-hydroxyethyl meth-
acrylate monomer can be a substrate for GO nanocomposites 
and prevent them from agglomerating, and it is also a compo-
nent of green materials. Fe3O4 and TiO2 nanoparticles have 
high adsorption power and low toxicity. Parameters affecting 
the removal of pollutants including dye concentration, con-
tact time, and temperature were investigated. According to 
the obtained results, GO/HEMA, GO/HEMA/Fe3O4, and GO/
HEMA/TiO2 nanocomposites are effective adsorbents for MB 
dye removal compared to GO/HEMA and had good perfor-
mance at pH = 7. Contaminant removal for all three composites 
corresponds to the Freundlich isotherm (R2 = 0.99) and first-
order kinetics (R2 = 0.98). The dye adsorption mechanism on 
nanocomposites was obtained by electrostatic interactions, π-π 
interaction, and hydrogen bonding. For the adsorption kinet-
ics, the high value of R2 indicates that the adsorption process 
is chemical and is controlled by the chemical process using 
hydrogen bonding and π-π accumulation.
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