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INTRODUCTION

The frequent contamination of water sources by organic
waste from various human activities makes water unfit for
consumption and is also very hazardous for aquatic organisms
[1,2]. For removing the carcinogenic organic pollutants from
aquatic sources, several methods like coagulation, oxidation,
ion exchange, adsorption, efc. are available, photocatalysis
found to be more attractive due to its eco friendly nature and
less toxic compounds formed by the degradation of organic
dyes [3,4]. The nature of the adsorbent material selected for
photocatalytic degradation of the dye is also very important.
Different types of materials offers varying adsorption capacity
and also their degradation efficiencies will also be different.

Nanotitania material can be effectively used for waste water
treatment [5,6]. It offers enhanced stability, less hazardous
nature and also economical. The highly oxidative holes in valence
band of titania can react with organic pollutants generating OH
radicals thereby achieving pollutant degradation [7]. However,
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Titanium dioxide (TiO,) is reported to exhibit high degradation efficiency to degrade organic water pollutants without any decomposition |
thereby acting as an excellent photocatalyst. The catalytic performance of pure TiO, (T1) can even be enhanced by incorporating graphene |
forming graphene-TiO, (GT1) nanocomposite. We suggest, a modified sol-gel method for synthesizing T1 and GT1 nanocomposites and
they were characterized by XRD, FTIR, UV-visible spectra, TEM and XPS techniques. The removal efficiency of organic dye, methylene |
blue, was investigated by the photocatalytic degradation efficiency of GT 1 nanocomposite under daylight irradiation. Degradation studies |
revealed that more than 90% methylene blue dye removal was achieved with 3 mg GT1 with an initial concentration of 10* M under an |
|
|
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nanotitania also exhibits distinct drawbacks as it shows higher
degradation activity only in UV-visible region and is less active
in visible region of sunlight. Also the electron-hole pair
recombination is higher in nanotitania [5,8-15].

Although various approaches are available for modifying
titania [5,16-18]. We adopted a method by modifying nano-
titania with reduced graphene oxide to overcome the disad-
vantages of titania [19-22]. Graphene offers high stability,
better thermal conductivity, good electronic property, high
surface area, mechanical strength, efc. [23-26]. Also graphene
based nanocomposites provides catalytic efficiency, oxidising
property and adsorbing ability, thereby making them excellent
components for water purification. Thus, graphene incorp-
oration in nanotitania can effectively enhance the quality of
aquatic sources.

Due to its many applications in the medical, textile, and
coir industries, the cationic dye methylene blue was chosen
for this study of nanocomposite efficiency. Since methylene
blue dye offers good solubility in alcohol and water, it is fre-

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.



https://orcid.org/0009-0008-7795-030X
https://orcid.org/0000-0003-1941-0926
https://orcid.org/0000-0002-3181-183X
https://orcid.org/0000-0001-7642-9311
https://orcid.org/0000-0003-2519-975X
https://orcid.org/0000-0001-5261-3472

2652 Rajesh et al.

Asian J. Chem.

quently used in many pharmaceutical industries [27]. The
increased concentration of methylene blue dye has the potential
to provide a risk to the developing human fetus [28]. Hence,
removal of methylene blue dye from aquatic sources is given
the highest priority. Several attempt to degrade methylene blue
dye was performed by various researchers by using different
adsorbing materials [29,30]. Methylene blue dye degradation
can be achieved by different methods such as electrochemical
degradation, photocatalysis, electrocatalytic degradation, pulsed
power technique, low temperature catalytic degradation, adv-
anced oxidation process, efc. Among them, the photocatalytic
degradation technique is more advantageous. Different materials
like TiO,, ZnO, WOs;, CdS, NiO, etc. are used for photocatalysis
[31-38].

Several researchers have also reported the degradation of
methylene blue dye using graphene-titania (TiO,/GO) nano-
composites with varying degradation efficiency ranging from
60% to 100% [39-43]. However, the efficiency of degradation
in a material is often closely linked to the manner in which it
was produced. Even though several methods like in sifu poly-
merization, hydrothermal, solvothermal, melt mixing, simple
colloidal blending, self-assembly solution mixing, atomic layer
deposition, electrospinning, aero-gel, sonochemical methods
are available. We adopted sol-gel method since it allows the
alteration of composition and microstructure by controlling
precursor chemistry and processing conditions, resulting in
the formation of a desired nanocomposite photocatalyst
[7,18,19,28,44-48]. Additionally, the ultimate outcome
provides a state of uniformity and integrity [49,50].

with ESCA+ Omicron nanotechnology, Oxford Instrument,
Germany was operated at 20 mA and 15 kV. The survey scan
pass energy was 50 eV and short scan pass energy was 20 eV.

Synthesis of graphene oxide (GO1): For this, 9:1 H,SO.
and H;PO, solutions were prepared. In a round bottom flask, 40
mL H;PO,4 was added dropwise in to a flask containing 360 mL
conc. H,SO, and 3 g graphite powder with constant stirring. To
this, 18 g KMnO, was added slowly, maintaining the temperature
of mixture below 40 °C and stirred for 10 h. Later pour the mixture
to 400 mL ice water along with 27 mL of 30% H,0O,. Centrifuged
the mixture and washed thoroughly with 1 M HCl and deionized
water three times. Finally, it was filtered with 0.2 p filter paper
to obtain light brown powder [18,51,52].

Synthesis of reduced graphene oxide (RGO1):Prepared
GO1 (100 g) was mixed with 100 mL of deionized water and
sonicated for 90 min to obtain a yellow brown dispersion.
This was then reduced to graphene by adding 1 mL hydrazine
hydrate and the solution was heated for 14 h at 75 °C. It was
then filtered, washed with ethanol, deionized water and obtained
as a black solid.

Preparation of graphene-titania composite (GT1): A
mixture of 0.08 g RGOI1, 0.5 g cetyltrimethylammonium
bromide (CTAB) and 25 mL ethanol was stirred magnetically
for 30 min. To this, 11 mL titanium tetraisopropoxide and 20
mL deionized water were added, respectively dropwise. This
was stirred for 8 h and dried at 60 °C to obtain a white gel,
which was calcined at 500 °C for 10 min and finally cooled to
room temperature. Pure titania was produced using the same
method, but without the addition of RGO1.

EXPERIMENTAL

RESULTS AND DISCUSSION

Characterization: For XRD patterns, Bruker AXS D8
advance X-ray diffractometer was used and intensities were
recorded. Thermo-Nicolet Avatar 370 spectrometer was used
to obtain FTIR spectra. For recording diffuse reflectance UV-
visible spectra, a Varian Cary 5000 UV-visible NIR spectro-
photometer was employed. A Jeol JEM 2100 ultrahigh resol-
ution electron microscope was used for obtaining the TEM
images. For XPS results, an X-ray photoelectron microscope

XRD analysis: In both Fig. 1a-b, prominent peaks were
observed at 20 = 25.5°, 38.1°, 48.2°, 54.3°, 55.1°, 62.9° which
are attributed to (101), (004), (200), (105), (211) and (204)
planes of anatase phase, respectively [5,18,53]. Also no peaks
were observed at 20 = 27.5° and 30.8°, which indicates the
absence of rutile and brookite phases [6,54-56]. The size of
crystallite calculated from 101 plane of anatase phase of GT1
and T1 were 8.85 nm and 9.2 nm, respectively. Also the cryst-
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Fig. 1. XRD spectra of (a) GT1 and (b) T1
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allite size of GT1 nanocomposite was comparatively lower than
that of T1 confirmed the incorporation of graphene in titania
system. The peak width of GT1 is slightly broadened than T1,
which may be also due to the graphene-titania interaction [57].

FTIR analysis: Fig. 2a-b represents the FTIR spectra of
GT1 and T1, respectively. A broad band was obtained around
500-700 cm™ and 3400-3420 cm™" which may be, respectively
due to the Ti—O-Ti stretching and O-H stretching vibrations.
A board peak at 1625 cm™ represents a hydroxyl group [6] and
also some low intensity peaks were seen due to the stretching
vibrations [5,6,18,58].
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Fig. 2. FTIR spectra of (a) AT1 and (b) T1

UV-visible diffuse reflectance spectra: The UV-visible
diffuse reflectance spectra of GT1 and T1 are shown in Fig.
3a-b, respectively. For GT1 nanocomposite, the absorption
edge is extended more to visible region. Such a shift may be
due to the Ti-O-C bond [18,59,60].
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Fig. 3. UV-visible spectra of (a) GT1 and (b) T1

TEM analysis: TEM images in Fig. 4a-b clearly depicts
the distribution of titania nanoparticles on graphene sheets.
Titania particles with 7-13 nm size have spherical morphology
even though some portions have agglomerization. Graphene
sheets as clearly seen in Fig. 4b. HRTEM and SAED images
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Fig. 5. (a) Survey scan, (b) carbon 1s, (c) carbon shows titanium 2p and (d) oxygen 1s XPS spectra of GT1

in Fig. 4c-d shows the crystalline and ordered morphology of
GT1 nanoparticles, which also supports XRD results.

XPS analysis: Fig. 5a depicts XPS survey scan spectra
and Fig. 5b shows carbon 1s peak. Two peaks near 284.1 eV
and 287.2 eV provided in Fig. 5b arises due to elemental carbon
and due to the presence of a carbonate species, respectively
[10,20,29,60-62]. Two peaks were obtained at binding energies
458.1 eV and 464.1 eV that corresponds to 2p3/2 and 2p1/2
states of titanium (Fig. 5c). A peak at 529.1 eV for oxygen 1s
level (Fig. 5d) is due to oxygen in Ti-O network and the peak
near 531.8 eV, which may be due to the presence of oxygen in
the hydroxyl group [10]. Thus, all the elements present in GT1
composite were confirmed.

Photocatalytic activity

Effect of amount of catalyst: Fig. 6 represents the percen-
tage degradation of methylene blue dye by GT1 catalyst. It
was observed that the degradation of methylene blue dye
increases with increasing amount of GT1 and attained an opti-
mum value of about 90% at 3 g/L of GT1. This could be due
to the availability of more active sites on the surface of the
catalyst, allowing it to absorb more light. However, once the
optimal value limit was exceeded, only insignificant increase
in degradation was observed.
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Fig. 6. Percentage degradation of methylene blue dye against amount of GT1

Effect of time: The study involved about 50 mL of 10* M
aqueous solution of methylene blue dye with GT1 of 3 g/L
added and irradiated for 0.5 h to attain an equilibrium between
methylene blue dye molecules and the GT1 surface. After
irradiating the system under sunlight, 10 mL was pipetted at
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regular intervals and the absorbance was measured. Also there
is a linear increase in percentage of degradation with increasing
time (Fig. 7). With increase in time, more light can fall on the
catalyst surface that may increase the excited species formation
thereby enhancing the photocatalytic efficiency.

Effect of catalysts: The percentage degradation of methy-
lene blue dye was carried out by GT1 and pure T1 under the
same concentration and irradiation time. As observed in Table-
1, the higher degradation percentage was obtained for GT1
than pure T1 indicating the impact of graphene incorporation.

TABLE-1
90 7 ° PERCENTAGE DEGRADATION OF
1 Lt METHYLENE BLUE AGAINST CATALYST
8 - Ve ' Catalyst Degradation (%)
70 o G-TiO, 90
;\? b . TiO, 40
g 60 . Time under sunlight: 60 min; MBD conc.: 10 mL of 10* M, GT1
2 ] e amount: 3 g/L
° -
5 07 o . .
§’ 1 e Moreover, Table-2 represents a comparison degradation
40 . efficiency of methylene blue dye incorporated binary and
1 . ternary composites prepared by different methods. Most of
80 1 o ‘ the composites mentioned in Table-2 were prepared by hydro-
] thermal method and showed different efficiency of degradation.
20 v T ™ T - T d T T T .. .. . .
10 20 30 40 50 60 Thus, it is clearly indicated that binary GT1 nanocomposite
Time (min) has a comparatively higher effectiveness in the photocatalytic

Fig. 7. Percentage degradation of methylene blue dye against solar irradiation

break-down of methylene blue dye.

TABLE-2
COMPARISON CHART OF MBD1 DEGRADATION OF GRAPHENE INCORPORATED TITANIA BY VARIOUS METHODS
Catalyst 5 .
S:)’ Catalyst name ]?I}Illeg/cri)lig conZ . ;l;;lrll:le) DEgE;S; tion Methods Ref. Remarks
i (mg/mL)
1 Graphene-TiO, (GT1) 3.74 x 107 3 60 Above 90  Sol-gel Present
nanocomposite work
2 TiO,/graphene/Ag 1.0 x 10 1.0 60 80-85 Sol-gel [63] Incorporation of
Ag nanoparticles
3 GO/TiO, 6 x 102 1 150 20 Sol-gel [64] UV light
irradiation
4 Ti0,/Si0,/-Fe,0,/rGO 3.74 x 10 0.25 30 66 Sol-gel [65] Incorporation of
SiO, and Fe,0;
5  P25-graphene 10.3x 10° 0.75 60 65 Hydrothermal [66]
6  CSA/TiO,/rGO 5% 107 0.1 30 Above 90  Hydrothermal [26] UV light
7 TNTS/rGO 2x10-2 0.25 60 60 Hydrothermal [67]
8 Graphene-supported TiO, 60 Above 90  Hydrothermal [68]
9  P25-graphene (GN) 1x 102 0.4 60 80-90 Hydrothermal [69] uv
10  TiOy/GO. 3.74 x 10° 1 60 55% Hydrothermal [70]
11 Graphene/titania (GR/TiO2) 2 x 1072 1 Hydrothermal [71] uv
12 TiO,/diazonium/graphene oxide 1x10* 0.2 120 67 Hydrothermal [72]
13 GO@TiO,-500 1x107 0.62 60 90 Thermal annealing [73]
treatment
14 TiO,/reduced graphene oxide 1 x 107 0.8 90 Above 90  Two-step [74] UV-visible
hydrothermal and
calcinations
synthesis
15 RGO/TiO, composites 1x10? 0.5 60 Above 90 Sonication [75] uv
16  MgFe,0,~TiO,NPs@GO 0.5 0.5 120 Above 90 Ultrasonication [76]
17  Graphene@TiO, 1x10? 0.5 180 85 Sonication and [77]
Solvothermal
18  Graphene/TiO, 7.4 x 10 0.3 60 35 One-step [78]
solvothermal

method
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19 rGO/TiO, 1x10" 0.5 Above 90  Ultrasonic spray [79] uv
pyrolysis
20  TiO,/graphene oxide 9.35x 10°¢ 0.2 80-90 One-step colloidal [55] High content of
blending and graphene
Sonication
21  Nitrogen-doped reduced 7.4 x10° 0.5 160 80 Annealing [80]
graphene oxide (N-RGO)
22 TiO, nanoparticles loaded on 15x10% 1.0 Above 90  Electro-spinning [81]
graphene/carbon composite techniques
nanofibers (TiO,-CCNF).
23  RGO/TiO, 1 x 102 0.8 20 Electrophoretic [82]
24  RGO/TiO,composites 1.87 x 10° 0.4 Above 90 In situ redox [83]
method
25  TiO,/Graphene oxide 5x107° 0.5 Above 90 Liquid phase [43]
deposition
26  TiO, (P25)-graphene composite 1x10? 0.75 Above 90  Self assembled [84]
hydrogels gelation method
27  RGO/TiO, 7.48 x 10 1.0 90 Facile mechanical [85]
method
Conclusion 9. R. Nawaz, C.F. Kait, H'Y. Chia, M.H. Isa and L.W. Huei, Environ.
. . . Technol. Innov., 19, 101007 (2020);
A nanocrystalline graphene-TiO, (GT1) nanocomposite https:/doi.org/10.1016/j.eti.2020.101007
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The XRD results confirmed that nanocrystalline graphene-TiO, Phys., 13, 659 (2013);
(GT1) nanocomposite have pure anatase phase. IR spectrum https://doi.org/10.1016/j.cap.2012.11.003
.. . 11. V. Stengl, S. Bakardjieva and N. Murafa, Mater. Chem. Phys., 114, 217
indicates the presence of carbon and the XPS analysis confirms (2009):
the presence of all elements present in GT1 nanocomposite. https://doi.ore/10.1016/i.matchemphys.2008.09.025
Also, more than 90% degradation of methylene blue dye on 12. R. Asahi, T. Morikawa, T. Ohwaki, K. Aoki and Y. Taga, Science, 293,
irradiation under sunlight with optimum GT1 nanocomposite 269 (2001.); )
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