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Abstract: Here, we report the facile synthesis of graphene oxide/gold nanocomposite, and dye removal
ability as an adsorbent was studied. Sodium citrate as a reducing agent was used to reduce Au (I11) ions
to the formation of gold nanoparticles on the surface of graphene oxide sheets that were prepared by
Hummers’ method. Transmission electron microscopy (TEM), Fourier transform infrared spectroscopy
(FT-IR), and X-ray diffraction (XRD) was used to specify nanocomposite synthesis. Adsorption dosage
and contact time were investigated and explained as influencing parameters in removing methylene
blue and methyl orange. In optimum conditions, the amount of adsorbent 30 mg and contact time 15
min for methylene blue and the amount of adsorbent 30 mg and contact time 25 min for methyl orange
were quantitatively removed from 10 mL of wastewater. The pseudo-second-order model explained the
kinetic data. Since graphene oxide/gold nanocomposite could be reused reasonably and had adsorptive
properties, it tends to be produced as a modest and elective adsorbent to treat wastewater.
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1. Introduction

Currently, the drinking water supply has become one of the problems of human society
because of the lack of water resources [1-3]. Water is important for preserving living
organisms, and water pollution has become a global problem. One of the most dangerous water
pollutants, even small amounts, are dyes and aromatic [4,5]. The use of aromatic dyes and other
pollutants has enhanced globally since the industrial revolution [6]. Various methods have been
used to remove contaminants from water, such as membrane filtration, optical decomposition,
and reverse osmosis [7].

Nevertheless, some of these methods have limitations, such as cost and complexity. The
adsorption method is one of the simplest and best systems for this purpose and does not cause
secondary contamination [8]. After adsorbing contaminants from water, the adsorbent can be
recycled and reused. Researchers are constantly researching to improve the quality of
adsorbents. A successful adsorbent should have a high adsorption rate and capacity and be
selective [9,10]. Porous materials, metal-organic frameworks, activated carbon, etc., have been
used as adsorbents to achieve this goal. Among these, carbon-based materials are more
important as a result of their high adsorption capacity [11,12].

Graphene oxide (GO) is a 2D nanomaterial with sp? hybridization that has functional
groups of epoxide, hydroxyl, and carboxylic acid on its surface. Because of its great surface
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area has been considered in many water treatment methods [13,14]. Metal nanoparticles are
also used for decolorization. The size and shape of nanoparticles play an important role in this
regard, and different synthesis methods can be used to prepare different shapes of these
nanoparticles. One of the nanoparticles' high tendency to aggregate reduces their performance.
Hence, methods such as blending with polymers or coating with other materials are used to
prevent irreversible aggregation. Another method is to use graphene oxide as a substrate. Metal
nanoparticles act as a spacer inside the graphene oxide sheets and prevent agglomeration during
the reduction process [15]. Adsorption of the dye into graphene oxide is due to hydrogen
bonding and 7-7 interaction [16,17]. Graphene oxide adsorbs anionic less than cationic dyes
due to its strong electrostatic repulsion with them [18].

In this study, methyl orange (MO) dye was used, an azo and industrial dye. It is used in
the industry because of its low cost and high effectiveness. Also, methylene blue (MB) was
used as cationic dying material that was utilized in wool, silk, and cotton products. Although
MO and MB are not dangerous, prolonged exposure can increase heart rate, shock, jaundice,
vomiting, etc. Thus, the removal of these two from the wastewater was significant and was
chosen as model dyes [19,20].

In this research, GO-Au nanocomposites are synthesized with the appropriate surface
area by an easy method without any additional treatment. Then, synthesized nanocomposite
adsorption behavior studies for water treatment.

2. Materials and Methods

2.1. Materials and reagents.

Graphite, Hydrogen tetrachloroaurate (I11) (HAuCls.4H20), sodium hydroxide
(NaOH), potassium permanganate (KMnOg), polysorbate 80 (TWEEN 80), hydrogen peroxide,
methyl orange (MO), methylene blue (MB), hydrochloric acid, and sulfuric acid were
purchased locally from Merck and used as received. Chitosan 10° — 3x10° g/mol and degree of
deacetylation >75% provided by Sigma.

2.2. Synthesis of GO.

GO was made through the Hummers method with the usage of graphite powder. In a
common synthesis, 0.5 g of graphite and H2SO4 (24 mL) were agitated at ambient temperature
for about 2 h. Next, the combination was kept at a low temperature, and KMnOa4 (1.2 g) was
gently added to the mixture. Next, the mixture was heated to 30-35 °C and stirred for the other
24 h. Afterward, 20 mL of deionized water was added to the mixture for 5 min. To end, 10 mL
of distilled water and 5 mL of 30% H>O> were added to the mix to finish the reaction. In the
final step, the resultant mixture was washed with H>O and 5% HCI till the pH achieved 5-6
and dried. Eventually, GO was synthesized [21,22].

2.3. Preparation of GO-Au nanocomposite.

A 20 mg of graphene oxide concentration in 10 mL of distilled water was dispersed and
sonicated by a two-hour ultrasonic bath. 20 mg of graphene oxide in 10 mL of distilled water
was dispersed and sonicated for 2 h. Next, 5 ml of 8 mM HAUCI4, 1 ml chitosan solution (0.5%
(w/v) in acetate buffer (pH= 4.8)), and 100 uL of 1 M NaOH aqueous solution were added to
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the GO dispersion by gently shaking. The final product was washed in deionized water and
dried at ambient temperature [23].

2.4. Adsorption experiments.

MO and MB adsorption in water-based solutions through GO-Au nanocomposite was
discussed. The adsorption amount of colorant factor by nanocomposite was determined by
adding a variety of adsorbent/dye concentrations. After the speed of 100 rpm stirring for 30
min at 25 £ 1 °C, the suspension was centrifuged, and a trace of the supernatant was collected
for assessment. The concentration of MO and MB in the supernatant was investigated using a
UV-Vis spectrophotometer at Amax = 465 nm and 660, sequence. Qq, the quantity of adsorbed
dye was calculated by Equation (1):

Co—C)V
R L €
E=@x100% )

0

where, Co (mg/L) and C (mg/L) are the primary and the equilibrium concentrations of dyes in
the solution, V (L) is the total volume of the solution, and W (g) is the weight of the adsorbent.

2.5. Characterization of the synthesized nanocomposite.

The crystallinity of the structural samples was examined using a Bruker D8 Advance
diffractometer with Cu-K, radiation (A = 1.54 A). A UV-Vis spectrometer (Genesys, Madison,
WI, USA) with 1 cm quartz cells has been used to determine UV-Vis absorbance spectra.
Fourier-transform infrared (FT-IR) spectra were done on a Bruker Tensor 27 (Biotage,
Germany) using pressed KBr disks. Transmission electron microscopy (TEM) has been used
to study nanocomposite size and morphology (CM120 TEM (Philips)).

2.6. Reusability test.

Moreover, to the dye elimination activity, stability is an additional important factor in
specifying the usage of the catalysts in applications [24]. The adsorbent regeneration was done
by desorption of dye from the GO-Au nanocomposite. Desorption of dye molecules was
performed by using 100 mg adsorbent in 500 ml of 0.1 M NaOH solution for 24 hours.
Afterward, shaken at 5000 rpm and 24 + 1 °C, the nanocomposite was removed and dried at a
temperature of 60 °C for 24 hours.

3. Results and Discussions
3.1. Characterization of the nanocomposite.

3.1.1. XRD analysis.

XRD patterns of GO-Au nanocomposite are shown in Figure 1. The crystal structure of
the graphene oxide has been verified at 26= 11.4° corresponding to the (001). The diffraction
peak at 21° demonstrates the (001) crystal face of graphene oxide, suggesting that the regular
GO sheets were destroyed by the interaction of Au NPs with the GO surface, which is similar
to as described in our previous article [23].
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Figure 1. XRD patterns of the (A) GO and (B) GO-Au nanocomposite.

3.1.2. Fourier-transform infrared spectroscopy analysis.

FT-IR spectra of the GO and GO-Au nanocomposite are displayed in Figure 2. The
1084 cm peak is correlated with the C-O bond. The peak at 1631 and 1735 cm™ can be set to
the vibrations of aromatic C=C in graphene rings and stretching of the C=0 and COOH groups
on GO sheets, respectively. The band at 3434 cm™ shows the O-H stretching bond. The FT-IR
spectra of GO-Au nanocomposite are demonstrated (Figure 2b). The bands at 1090 and 1588
cm* showed chitosan C-N and N-H groups, respectively [25], matching the creation of GO-
Au nanocomposite. Besides, the new band at 3200 cm™ appears to have an N-H stretching
vibration, confirming the deposition of Au NPs with a chitosan shell.
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Figure 2. FT-IR Spectra of (a) GO and (b) GO-Au nanocomposite.

3.1.3. Morphological characterization.

Figure 3 demonstrates a TEM image of GO-Au nanocomposite. The result indicated
the presence of uniform spherical Au nanoparticles on the surface of the graphene oxide sheet.
Au nanoparticle size varies from 6 to 10 nm without agglomeration.
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Figure 3. TEM image of GO-Au nanocomposite.

3.2. Adsorption dosage.

Dye removal by using different amounts of GO-Au nanocomposite is shown in Figure
4. Adsorbent samples (15 and 30 mg) were added to a beaker containing 10 mL of 10 mg/L
MO and MB solution. Increasing the amount of nanocomposite to 30 mg increases the
adsorption process. In the first 15 minutes, complete absorption and balance are established.
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Figure 4. Effect of the amount of adsorbent of adsorption GO-Au nanocomposite.

3.2.1. Kinetics study of dye removal.

Kinetic parameters help predict the model and adsorption rate. Both pseudo-first-order
[26] and pseudo-second-order models were used for this study to understand adsorption
mechanisms and kinetics.

Pseudo-first order model:
https://biointerfaceresearch.com/ " 5of9
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3)

ky
log(qe — q¢) = log q. — 5303¢
Pseudo-second order model:
t 1 t

4
E k,(q.)? +E ( )
where, g.and g, are the amount of adsorbed MO and MB (mg g*) at equilibrium and at time t
(min), correspondingly. Moreover, ki shows the rate constant of pseudo-first-order reaction
(min), h is the initial rate constant and k, represents the rate constant of the pseudo-second-
order reaction (g mg™* min™).

Figure 5 (A) and (B) show the straight-line plots of t/q; vs. t and log(q. - q¢) VS. t
for different primary dye concentrations for the pseudo-second-order kinetic model and first-
order kinetic model. Table 1 shows the absorption rate constants. The correlation coefficient
(R?), and the experimental and calculated data are used to study the model's validity. As
expected for MO and MB adsorption on GO-Au nanocomposite, the second-order Kinetic
model has better prediction than a first-order kinetic model, with correlation coefficients R? =
0.9917 and R? = 0.9865, respectively.
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Figure 5. Plots of t/q.vs. t (A) and log(q. — q;) vs. t (B) for MO adsorption by GO-Au nanocomposite.

Table 1. Kinetics constants for dye adsorption.

Dye Pseudo-first-order Pseudo-second-order

K1, mint | ge, mg/g R? Kz, g/(mg.min) | de, mg/g R2
MB 0.5246 15.46 0.9829 0.1769 19.72 0.9917
MO 0.4756 13.54 0.9778 0.1612 20.25 0.9865

3.2.2. Adsorption isotherms.

Adsorption isotherms are elementary necessities for the design of adsorption systems
intended for the removal of pollutants. Different isotherms, such as Langmuir and Freundlich
models, were tried [27,28]. The adsorption isotherms of Langmuir (Equation 5) and Freundlich
(Equation 6) are usually used to study the adsorption activity.

Langmuir equation can be written here:

Co 1 C.

@ ke to ©
where C,, K and Q, are the equilibrium concentration of dye solution (mg/L), Langmuir
constant (L/mg), and the maximum adsorption ability (mg/g), respectively.

The Freundlich isotherm can be explained by:

log C,

(6)
where K is the adsorption ability at a unit concentration (L/g), and 1/n is the adsorption
intensity.

log q. = log Ki +
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Based on the Langmuir and the Freundlich isotherms for dye adsorption, linear plots of
C./q. against C, and log q, Vvs. log c, are designed. The values of Q,, K;, K, n, and R? are

shown in Table 2.
Table 2. Linearized isotherm coefficients for dye adsorption.

Langmuir isotherm Freundlich isotherm
Dye Qo KL R? Kr n R?
MB 52.754 0.016 0.720 16.136 0.993 0.997
MO 13.330 0.371 0.742 8.100 0.500 0.985

3.2.3. Regeneration/desorption of adsorbent.

Figure 6 is shown the reusability of GO-Au nanocomposite for MO and MB adsorption.
The nanocomposite was recycled three times in comparable situations. Before each step, the
adsorbent was collected with an external magnet, washed with ethanol, and deionized water
multiple times to eliminate the adsorbed, dried, and reused species. The results showed a slight
decrease in discoloration efficiency, revealing the consistent behavior of these products for the
adsorption cycles added for water treatment.

100 -

80 -

60

40

Adsorbed Amount (%)

20

Cycle
Figure 6. Regeneration and reusability of GO-Au nanocomposite.
4. Conclusions

We successfully produced GO-Au nanocomposite with a significant surface area by an
easy method. The study of the resulting products' adsorption efficiency showed a good
nanocomposite adsorption capability compared with zinc ferrite nanoparticles for water
treatment. Both magnetic characteristics for recovery and proper surface area can nominate the
produced nanocomposite as a great adsorbent for water purification.
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