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Abstract

In order to provide inexpensive and efficient technique for wastewater treatment, the
present research, aimed to prepare nano composites out of graphene oxide, namely
GO/SA aerogels and focused on its application to remove methyl orange dye from
industrial wastewater. Energy dispersive X-ray analysis (EDX), field-emission
scanning electron microscopy (FE-SEM), and X-ray diffraction (XRD) were employed
to identify the compound of GO/SA composite aerogel. High porosity was shown in
nanomaterials, sample purity was demonstrated by EDX analysis, and the impact of
temperature on dye absorption was investigated. In other words, the process is
endothermic, as the data revealed that raising the temperature improved absorption
efficiency. The results conclude that the GO/SA composite aerogel can be an effective
adsorbent for eliminating the pollutants such as dyes from an aqueous environment.
Keywords: Graphene oxide; aerogel; Nano-material; Polymer; Dye removal

Introduction
Nowadays, water pollution is a major environmental problem that negatively affects

the aquatic species and biological community. The environmental pollution problems
emerge as a side effect of the industrial activities’ growth [1]. The main classes of
water pollutants are organic contamination such as hazardous dyes coming from
industrial wastewater [2]. Among these dyes, Methyl orange is a very common water-
soluble dye that is vastly used in various industries such as textile industry [3]. Methyl
orange dye has carcinogenic and toxic effects on human and aquatic environment
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[4,5]. Therefore, it is essential to remove this dye from industrial wastewater before
discharging it into aqueous environment. So far adsorption is a rabid, low cost and
high effective method used for treating and eliminating the organic dyes from
industrial wastewater which has drawn a great attention of scientists [6-8]. Through
this technique, dye molecules adhere to the surface of adsorbent (solid material) by
physical or chemical interactions [9]. There are various factors that affect the
procedure of wastewater treatment by adsorption including pH solution, temperature,
and adsorbent concentration [10,11]. Graphene oxide (GO) is the most attracted dye
adsorbents in wastewater treatment due to its unique conjugated formation which
provides higher capacity of adsorption for different dye particles by n-m interactions
and their key features including large surface area and several oxygen-based functional
groups (i.e., carboxy, carbonyl, hydroxyl groups) [12-15]. Hummer’s method is the
most common method used to synthesize GO from graphite [16]. However, GO
particles exhibit a high tendency to agglomerate and they are difficult to disperse in
water as it decreases the adsorption technique efficiency [17-19]. It has been reported
that GO can be a great constituent for efficient nano-composites in treatment of
pollutants [20,21]. To achieve enhanced adsorption performance by facilitating the
separation of dyes adsorbed-GO from water, porous graphene oxide aerogel (GO/SA)
was introduced in this study in a composited form. The nano-composites were
obtained using the process of freeze-drying. Freeze-drying is a common technique for
obtaining GO/SA with a unique look, similar to molds [22].

Currently, aerogel has become very vital in terms of removing different types of
pollutants for example heavy metals, radioactive elements and dyes [23-26]. Aerogels
are a specific class of 3D substance with high porosity, a high specific surface area, as
well as low density and thermal conductivity [27]. Thus, aerogels are considered
superior adsorbents due to their particular properties and their highest adsorption
capacity [28]. There is a wide range of chemical substances that may be used to create
aerogels [29]. They are made by supercritical drying or freeze-drying gel to remove
the liquid component. Because of this, the liquid may be evaporate slowly without
causing the solid matrix in the gel to collapse as a result to capillary action. Up to date,
there are different types of aerogel molecules that have been suggested to treat
wastewater. This study focuses on graphene oxide based aerogel that is the most
commonly used. GO/SA composite aerogel was prepared and the prepared nano-
composite structure was identified by X-Ray diffraction, field-emission scanning
electron microscopes (FE-SEM) and energy dispersive X-Ray analysis (EDX). Methyl
orange dye adsorption with this synthesized nano-composite was studied in a package
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of experiment. The impact of experimental parameters including Methyl orange dye
concentration in solution, pH, and temperature was evaluated

Methodology
Preparation of adsorbate

Methyl orange dye (Sodium4- {[4 (diethylamino) phenyl] diazenyl} benzene-1-
sulfonate) with molecular weight of 327.34 gm/mol, was used as adsorbate. The stock
solutions of Methyl orange were prepared through dissolving 0.02 gm of dyes in 1000
ml distilled water. After that, a series of solutions with desired concentration was
prepared by sequential dilution of methyl orange stock with deionized water at suitable
volume. UV-visible spectrophotometer was used to analyzed the aqueous solution of
methyl orange. The wavelength corresponding to maximum absorbance was at 464
nm.

Preparation of GO/SA composite aerogel

Graphene oxide was prepared using Hummer’s method [16,30]. Preparation of GO/SA
composite aerogel was achieved by using an ultrasonic bath. For 1 hour, 0.32 gm of
dried GO (8 mg/ ml) [35] was equally disseminated in 40 ml of deionized water. This
was followed by the addition of 0.32 gm, 0.96 gm, and 1.6 gm of SA. After 30
minutes of cross-linking with Ca+2, hydrogel beads were made by injecting the
homogeneous solution drop by drop into the CaCl2 (2 wt.%) solution [31]. To make
GO/SA aerogel, the hydrogel beads were first washed five times in deionized water.
Then, they were vacuum freeze-dried for 72 hours.

Use of GO/SA aerogel as adsorbents

To choose the most suitable model for adsorption, A 0.01 gm of each the three
prepared GO/SA aerogel samples were added to 10 ml of the standard solution of
methyl orange dye (20ppm). The solutions were filtered and the absorbance of the
filtered solution was then measured by UV-Vis at 464 nm.

Time required for equilibrium

Equilibrium time was determined by preparing 6 solutions (20 ppm) of methyl orange
dye, (0.01 g) of GO/SA aerogel was added to each dye (20 ppm) solution. Samples
were taken (with filtering) to measure the change in concentration every 15 minutes
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for up to 90 minutes (15, 30, 45, 60, 75, 90 minutes). They were stirred continuously
during this process at 185 rpm at a temperature of 25°C, the absorbance was measured
after adsorption using a UV-Vis spectrometer at a wavelength of 464 nm. Experiments
showed that the equilibrium time was (75 minutes) for the GO/SA aerogel. [31].

Effect of pH

This parameter was established by adding 0.01 gm of GO/SA aerogel, to 3 flasks
containing a certain concentration of methyl orange dye (20 ppm), to prepare 3
solutions with the same concentration but different in acidity functions (4, 7, 9 pH).
GO/SA aerogel samples were kept on a magnetic stirrer for 75 minutes at 25°C and
185 rpm. The solutions were then filtered and the absorbance was then measured after
adsorption using a UV-Vis spectrometer at 464 nm [32].

Effect of adsorbate concentration

Various concentrations of methyl orange dye (2, 4, 8, 12, 16 ppm) were used to
examine the impact of varying adsorbate concentration on the adsorption process. A
0.01g of adsorbent (GO/SA aerogel severally) was added to each of the above
concentrations. Continuous stirring at speed of 185rpm and temperature of 25°C for 75
minutes was done for GO/SA aerogel. Finally, the mixing solutions were filtered and
their absorbance was measured at 464 nm [33]. The dye removal rate and the amount
of adsorbate were calculated according to the following equations (1-2), (2-2).

R%=100[Ci — (Ce/Ci)] +veueerinieeiie i (2-1)
Qe=[Ci-Ce]l V/M ..o (2-2)

Where the R is a removal rate, C, is the residual concentration of the dye in ppm
(mg/l), C; is the initial concentration of the dye in ppm (mg/l), Qe is amount of
adsorption in (mg/g), V is the volume of the dye solution in (L) and m is the weight of
the nanomaterial.

Temperature effect

This parameter was investigated using 0.01gm of the adsorbent (GO/SA aerogel
severally), which was added to 5 solutions of methyl orange dye at same concentration
but different temperatures (15, 25, 35, 45 and 55). Continuous stirring at a speed of
(185 rpm) and temperature of 25°C for 75 minutes in case of GO/SA aerogel. Finally,
the sample solutions were filtered and their absorbance was measured at 464 nm.

117



Journal of Kufa for Chemical Sciences VOl. (4) NO. (1) ceeeeeeeeeeneeeeeerioesreennssecasaane Dec. 2024

Effect of adsorbent weight on adsorption

Five dye solution samples at a concentration of 20ppm were prepared in 100 ml
volumetric flasks. Nanomaterials with different weights in grams (0.01, 0.02, 0.03,
0.04, 0.05) were added materials to each solution. The five flasks were placed in a
water bath with continuous stirring at a speed of 185rpm and temperature of 25°C for
75 minutes in case of GO/SA aerogel. The nanoparticles were filtered and the
absorbance was measured using a UV-Vis spectrometer at 464 nm.

Result and discussion

Characterization of GO/SA aerogel

X-ray Diffraction Analysis (XDR)

The structural information of prepared nanocomposites was verified using the powder
X-ray diffraction technique. All the scans have been recorded by SHIMADZU XRD-
6000. The XRD uses a monochromatic Cu Ka radiation line of wavelength (A =1.54
°A) in 20 range from 10° to 80¢, at 25 °C. The CuKa radiation source was set at 40 kV
voltage and 30 mA current and the scanning speed of 10°/min. The X-ray diffraction
patterns shown in Figure 1 the diffraction peaks appeared at 12.22°, which were
corresponding to the characteristic peak of GO. The peak at 20 = 12.22° of GO
corresponded to the (001) crystal plane reflection of GO. Another peak was observed
at the 20 = 42.49°, belongs to the crystal plane (100) [34]. Figure 2 displays the XRD
patterns of GO/SA aerogel. GO has a diffraction peak at 260 = 11.0°. The broad peak of
SA at 20 =13.6° demonstrates the amorphous nature of SA in general [35, 36]. XRD
pattern displays tetragonal shape of GO nanoparticles and the bandwidth refers to the
small size of the crystal. [37].
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Figure 1: X-ray diffraction pattern of Graphen Oxide (GO)
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Figure 2: X-ray diffraction pattern GO/SA aerogel.

Field Emission Scanning Electron Microscopy (FE-SEM)

The morphological features and the shape of synthesized nanomaterials as examine by
FE-SEM analysis. Figures 3 (A&B) and 4(A&B) represents the FE-SEM analysis at
different magnifications for synthesized nanomaterials GO and GO/SA aerogel
nanosheet respectively [38]. The two-dimensional structure of the GO nanosheet, and
GO/SA aerogel is clearly appeared; it shows the surface of GO nano-sheets with a
layer of wrinkles forming one on top of another, and the GO/SA NPs with different
sizes depend on the surface of graphene oxide
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Figure 3: FE-SEM images of GO (Nanosheet) at different magnification (A and B).
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Figure 4: FE-SEM images of GO/SA aerogel (NPs) at different magnification (A and B).
Energy Dispersive X-Ray Analysis (EDX)

The EDX technique was used to determine the chemical composition of the prepared
nanomaterials GO, and GO/SA composite aerogel. A sample of graphene oxide
nanoparticles contains carbon, oxygen, sulfur and a sample of graphene oxide aerogel
nanoparticles contains elements oxygen, carbon and sulfur. The presence of the sulfur
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element in the spectrum was due to the fact that the graphene oxide had not been
washed well during its preparation process, and residues of sulfuric acid remained in
the powder [39]. The proportions (percentage) of the elements in the samples were
obtained, in agreement with what was calculated theoretically for each element in the
studied samples as shown in Table (1&2). Figures 5 and 6 show the EDX map images
of nano-composite GO and GO/SA aerogel that display a map of the distribution of
atoms for each element in two samples. This study has found that the atoms are
distributed homogeneously in the map of each sample and that atoms are uniformly
scattered on the surface sample, which indicates that the atoms take multiple places in
the sample, giving wide space for diffusion. This is one of the properties of
nanomaterials, as they have smaller sizes and a wide surface area.

Table 1: Quantitative results of EDX image of GO(Nanosheet)

W% A% ZAF 0x%

Pk/Bg

Class LCon
f

C Ka 6074 34353 0.6509 02633 53.12 61.06 0.4957 0.00 268.29 A 51.60 5463 0.00
Ka 4471 34353 02752 01113 4338 37.44 0.2566 0.00 116.40 A 4194 4482 0.00

S Ka 1952 133160 0.0739 00299 3.50 1.51 0.8549 0.00 11.47 A 332 3.67 0.00
1.0000 04046 10000 100.00 0.00 0.00]

Table2: Quantitative results of EDX image for GO/SA aerogel (NPs).
Elt Lin Int Error K Kr Woa A ZAF 0x% Pk/Bg Class LConf HConf Cat
[ #

Ka 2337 29171 03621 01393 4029 51.69 0.3457 0.00 8493 A 3844 4214 0.00

Ka 2952 29171 02627 01011 4294 4136 0.2354 0.00 61.33 A 41.19 44 69 0.00

Ka 100.8 35101 00552 00212 241 1.16 0.8809 0.00 453 A 224 258 0.00

Ka 1954 35101 0.1188 00457 542 235 0.8439 0.00 12.61 A 5.15 5.69 0.00

Ka 2395 09990 02011 00774 894 344 0.8648 0.00 17.01 A 8.54 935 0.00
1.0000 0.3847 10000 100.00 0.00 0.00
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Figure 5: EDX spectra of GO (Nanosheet).
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Figure 6: EDX spectra GO/SA aerogel (NPs).
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Batch adsorption results

In order to achieve the adsorption efficiently, different experimental parameters were
investigated including pH solution, contact time, and adsorbent mass (weight), Dye
concentration and temperature.

Effect of contact time

The important parameter that influences the adsorption of methyl orange on the
GO/SA aerogel nano-composite is reaction time which was studied at 25 °C. Figure 7
displays the impact of the contact time on the removal percentage and adsorption
efficiency of the composite at time intervals (15-120 min). The methyl orange dye
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concentration was (2—20 ppm) in a volume of 10 ml and the amount of nanomaterials
added (0.01 gm). From (185 revolutions per minute), it was observed that the methyl
orange removal percentage increased with increasing contact time until it reaches a
steady state at 75 min in which all sites on the surface of adsorbent nanoparticles are
steadily occupied and the adsorption process slows down to eventually levels off [40].
This is corresponded to complete removal percentage of 46.79% at the time of the
equilibrium for GO/SA aerogel nanocomposites.
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Figure 7: The effect of contact time on the adsorption of methyl orange on GO/SA aerogel. nano

composite
Effect of adsorbent mass

The effect of adsorbent weight on the adsorption of methyl orange dye was studied
using GO/SA composite aerogel mass rang (0.01-0.1) gm at a temperature of 25 °C
with constant stirring in a water bath (185rpm). Figure 8 shows the removal rate of
methyl orange dye adsorbed with different amounts of GO/SA composite aerogel. The
results showed that while increasing the weight of the adsorbent material the
adsorption increases. This is due to the increased availability of adsorbent surface area
and active sites offered at greater mass. The excessive active sites formation on the
GO/SA aerogel nanocomposite at higher weight of adsorbent leads to an increase in
the removal percentage of the dye. The highest removal percentage at the weight of
(0.1 gm) for the GO/SA aerogel nanoparticles is 92%, and this is a normal behavior for
nanomaterials. In terms of the economic point of view and the performance of
adsorption, 0.1 gm/L of adsorbent would be useful as the ideal dosage for application.
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Figure 8: Effect of GO/SA aerogel nanocomposite mass on dye adsorption.
Effect of initial dye concentration

The effect of the initial concentration of the prepared dye on the adsorption process
was studied by combining 0.01 g of GO/SA aerogel nanocomposites with different
dye concentrations ranging 2-20 ppm for methyl orange at a temperature of 25 °C and
with contact time of 75 minutes. The results reveal that by increasing the dye
concentration from 2 to 20 ppm, the removal efficiency percentage of prepared GO/SA
aerogel nanocomposites began to decrease from 88% -25%. The reduction in removal
efficiency is attributed to higher concentrations of methyl orange, since the adsorbate
occupies all the multilayers of the adsorbent surface, resulting in lower adsorption
efficiency. Figure 9 shows the removal rate of different dye concentrations on the
prepared GO aerogel nano surfaces.
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Figure 9: Effect of dye concentration on adsorption on the surface of GO/SA aerogel.
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Effect of Temperature

Temperature is significant parameter to recognize the nature of the adsorption system.
The effect of temperature on the adsorption of methyl orange dye on surface of
GO/SA composite aerogel nanomaterials was investigated at the temperature ranging
15-55 °C with (it suppose initial conc) dye concentration (2-20 ppm) onto 0.01 gram
of the prepared GO/SA aerogel nanomaterials, in 10 ml volume at contact time 75 min
and shaking speed 185rpm. The effect of temperature on adsorption efficiency of
GO/SA aerogel nanocomposites for methyl orange dye is displayed in Figure 10.
According to the observed data, the removal rate increased from 33% to 47.28% with
increasing temperature from 290 t0 300k. Achieving a high removal efficiency is due
to an increase in both the surface energy and molecular diffusion of the dye on the
surface of adsorbent along with adsorption temperature rising [41]. However, after
temperature of 298K, the removal rate of GO/SA aerogel decreased as a result to the
fact that increasing the temperature above that temperature leads to a weakening of the
bond between the adsorbent and the adsorbate which induces the occurrence of the
desorption process. The highest removal rates for GO/SA aerogel nanocomposites are
(47.28%) at 75 minutes.

100

90-
Eﬂ-
?ﬂ—-
EU—.

50 4

Removal %

40
30
20

10

0 -
290 300 310 320 330
Temperature (K)

Figure 10: Effect of temperature on dye adsorption on the surface of GO/SA aerogel

Effect PH on Adsorption Process
The adsorption efficiency is influenced by the PH of solution. Therefore, one of the
most important parameters investigated in this study was the acidity function. The
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adsorption efficiency of GO/SA aerogel was performed at different pH values 4,7 and
9 with the fixation of other parameters. The concentration of the dye solution was 20
ppm, the mass of the adsorbent (GO/SA) aerogel was 0.01 g, the temperature was 25
°C, and the adsorption time period was 75 min. The findings reveal that at pH 4 the
removal percentage of methyl orange was 24%, however by raising the pH from 4 to
7, the adsorption efficiency has moderately decreased from 24% to 20% before
increasing again to 33% at PH 9 as illustrated in Figure 11. The relatively variation of
the removal rate values in the pH range was from 4 to 9, it can be attributed to the role
of electrostatic interaction between adsorbent and adsorbate that affects the adsorption
efficiency more than pH solution.
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Figure 11: Effect of pH of the solution on dye adsorption on the surface of GO/SA aerogel.

Conclusions

Overall, GO/SA nanocomposite aerogel was prepared to be used as low cost efficient
adsorbent to remove the methyl orange dye, one of the harmful polluting dyes from
industrial wastewaters. Prepared GO/SA nanocomposite aerogel was characterized by
analyzing FE-SEM, XRD and EDX, confirming the preparation of nanomaterial in
addition to porous structure exhibition on surface. The adsorption performance of
methyl orange dyes wastewater was investigated in this study. According to the
results, time reaction, amount of adsorbent mass, initial methyl orange dye
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concentration, temperature and pH in solution have effects on the dye adsorption
efficiency when prepared GO/SA nanocomposite aerogel is used. The highest removal
percentage (92%). at the weight of (0.01 gm) for the GO/SA aerogel nanoparticles in
short time (75 min) showed a good adsorption performance which qualified the of the
GO/SA Aerogel nano composite to be economically low cost and efficient adsorbent
for treating industrial wastewater dyes. With increasing initial adsorbate concentration
from 2-20ppmL, the removal efficiency percentage was decreased from 89% to 25%
suggesting saturation of active adsorptive site.

The other interesting result is that the adsorption of methyl orange dye onto two nano
surfaces GO and GO/SA nanocomposite aerogel improved with increasing
temperature revealing that the process is endothermic in nature. Meanwhile, the
GO/SA nanocomposite aerogel exhibited a good removal percentage for methyl
orange dyes. The current study has offered that the GO/SA nanocomposite aerogel can
be used as a cheap adsorbent with high adsorption efficiency for dyes removal from
industrial wastewaters which will achieve environmental benefits. In addition, it can
be considered as an appropriate method to remove of the contamination of wastewater.
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