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INTRODUCTION

It is essential to find effective methods for removing organic
pollutants from the environment, especially from water [1-4].
Even-though many methods such as ion-exchange, coagulation,
adsorption, etc. are available for removing contaminants, they
all offers many limitations such as lower efficiency, high cost,
large residue production that all limits their usuage. Photo-
catalytic dye degradation receives greater attention due to its
efficient degrading ability, environmental adaptability enabling
the conversion of toxic dye compounds upon irradiation under
day light to harmless ecofriendly products like water and carbon
dioxide. The ease of availability, lower toxicity, enhanced stability
and economical aspects of TiO2 received greater attention of
researchers as an efficient material for organic dyes pollutant
removal [5,6]. The limitation of titania due to the recombination
of produced electron hole pairs can be effectively overcome by
using a combination of TiO2 nanoparticles with metal oxides or
by using carbon based materials [7,8].

Among the carbon based materials, graphene oxide receives
greater importance in preparing unique photocatalytic materials
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for its large specific surface area, good heat conductivity and
large electron-hole separation efficiency [9-14]. Thus, the effici-
ency of TiO2 can be enhanced by stabilizing them on graphene
oxide [15-17]. It was also found out that a combination of titania
with graphene could reduce the level of electron-hole recombi-
nation, can elevate adsorption capacity and extend light absorp-
tion into the visible region [18-25]. The increased surface area
offered by graphene-titania nanocomposite compared to pure
titania nanomaterial provides more active sites and it will enhance
contaminant degradation.

Graphene acts as a photosensitizer, allowing better light
absorption and efficient charge separation, which leads to the
improvement in the degradation of pollutants. Graphene has
excellent electrical conductivity, which can facilitate the transport
of photo-generated electrons from the TiO2 surface. This accel-
erates the reaction kinetics and reduces charge recombination,
leading to improved catalytic efficiency. One specific example
where the combination of TiO2 and graphene brings advantages
is in the field of hydrogen production through water splitting
[26]. TiO2 is a well-established photocatalyst for water splitting,
but its efficiency is limited due to the narrow light absorption
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range and fast charge recombination. By incorporating graphene
into TiO2, the catalyst can effectively absorb visible light, reducing
charge recombination and enhancing the overall photocatalytic
activity for hydrogen production [27-29]. These advantages enable
the development of more efficient and sustainable catalytic
systems for various applications.

Methyl orange (MO) is one of the regularly used dyes in
the textile industries and has been demonstrated to be quite hazar-
dous, causing eye damage and perhaps resulting in long-term
ocular disease. MO dye degradation can be achieved by different
methods such as electrochemical degradation, photocatalysis,
electrocatalytic degradation, pulsed power technique, low tempe-
rature catalytic degradation, advanced oxidation process, etc.
of which photocatalytic degradation is more advantageous. The
colouration of water by MO dye reduces sunlight penetration
and thereby affecting the water oxygen concentration [30]. While
comparing with the other methods like hydrothermal, sol-gel,
ion-exchange, vapour deposition towards the degradation of
MO dye, the processes involved in the sonochemical method
could minimize agglomerization, which results in the enhance-
ment of the crystal growth with the uniform shape and size in a
short time [31-37]. In this work, a calcined graphene-titania
(GT2) nanocomposite was synthesized by sonochemical method
followed by calcination. The efficiency of photocatalytic activity
of the synthesized nanocomposite was assessed by measuring
the degradation of methyl orange dye under UV-light.

EXPERIMENTAL

Characterization: The XRD patterns were recorded using
Bruker AXS D8 advanced X-ray Diffractometer. The Diffuse
Reflectance UV-Visible spectra of the samples were measured
using a Varian, Cary 5000 UV-visible NIR spectrophotometer.
The FTIR spectra were recorded in Thermo-Nicolet, Avatar
370 FTIR Spectrometer in the range of 4000-400 cm-1. The
transmission electron microscopy (TEM) images were recorded
using Jeol JEM 2100 ultrahigh resolution analytical electron
microscope. The X-ray photoelectron microscopy was done
on ESCA+ Omicron Nanotechnology (Oxford Instrument,
Germany). For the sonochemical method, Dakshin Probe Soni-
cator, India (Frequency 22 KHz, 200 W) was used

Synthesis of graphene oxide: In a beaker, conc. H2SO4

(360 mL) was added to 40 mL H3PO4 and stirred well followed
by the addition of 3 g graphite powder (99.99%, Sigma-Aldrich),
18 g KMnO4 (99%, Sigma-Aldrich) and stirred continuously
for 24 h. The resulting solution was cooled to room temperature
and then poured to 400 g ice along with 27 mL of 30% H2O2

(Sigma-Aldrich). The resulting precipitate was centrifuged,
washed with HCl followed by water and finally filtered to obtain
a brown coloured graphene oxide [38,39].

Synthesis of graphene-titania nanocomposite (GT2):
To 0.1 g graphene oxide, 20 mL ethanol was added and soni-
cated for 15 min followed by the addition of 50 mL isopropyl
alcohol (99%, Sigma-Aldrich) and 5 mL titanium isopropoxide
(97%, Sigma-Aldrich) and then sonicated again for further 30
min. To the resultant mixture, 80 mL demineralized water was
added dropwise to obtain a white coloured sol, which was then
aged at room temperature for 20 h and dried in an oven at 100 ºC

for 8 h. Now, 5 mL hydrazine hydrate (50-60%, Sigma- Aldrich)
was added to the dried sample and stirred. The resulting GT2
sample was then washed with deionized water twice and dried
at 100 ºC for 20 h. It was then calcined at 400 ºC in a muffle
furnace for 1 h resulting in the formation of a black coloured
GT2 powder. Pure titania (T2) was also prepared in the same
way except using graphene oxide and hydrazine hydrate.

Photocatalytic studies: Photodegradation of methyl orange
(MO) dye were conducted on sunny days between 11.00 am
and 2.30 pm. In brief, a 10 mL of MO (10-3 M) was diluted to
100 mL.  Then, 10 mL of this solution, 0.03 g photocatalyst
was added, stirred for 5 min in dark and then stirred again in
direct sunlight for 45 min. Absorbance of this solution was meas-
ured at 529 nm. Studies were further conducted using varying
amount of 0.02, 0.03 and 0.04 g of photocatalyst and labeled
as GT20.02, GT20.03, GT20.04, respectively. Percent of degradation
was calculated using the following relation:

o

o

C C
Degradation efficiency (%) 100

C

−= ×

where Co and C are the concentrations of dye before and after
irradiation.

RESULTS AND DISCUSSION

XRD studies: The XRD spectra illustrated in Fig. 1 showed
the peaks at 2θ = 25.413º (101), 38.017º (004), 48.104º (200),
54.619º (105) and 62.962º (204) giving the clear evidence of
anatase phase formation [40-43] in a calcined graphene-titania
nanocomposite. Depending on the specific synthesis method,
conditions and precursors used, there could be slight presence
of other phases such as secondary titanium dioxide phases or
additional carbon phases. This might be the reason for the appea-
rance of a peak at 31.00º. The inclusion of graphene oxide in
titania leads to an interaction between them during the hydro-
lysis stage, which causes the peak width to broaden [44]. For
the prepared GT2 nanocomposite, the average grain size calcu-
lated was in the range of 7.9 nm.

FTIR studies: Fig. 2 shows FTIR spectra of pure titania
and calcined GT2 nanocomposite. A broad band for titania at
3424 cm-1 appears due to the surface adsorbed water confirmed
the presence of hydroxyl groups on the titania surface. A vibra-
tion band at 1620 cm-1 was observed for graphene sheets in the
prepared calcined GT2 nanocomposite. The presence of graphene
oxide layer over titania in the synthesized photocatalyst material
is confirmed as a strong band at 700-450 cm-1 due to the Ti-O-Ti
vibration. A new peak at 1125 cm-1 is seen in the nanomaterial,
which band is attributed to the vibrations of Ti-O-C bands [45].

UV-visible studies: The UV-visible spectra of calcined
GT2 nanocomposite and titania are shown in Fig. 3. Titania
exhibited a peak near 300-400 nm, however, an increase in
visible light absorbance was found for calcined GT2 nano-
composte in the range of 300-700 nm, which might be due to
the presence of graphene oxide. The absorption peak of calci-
ned GT2 nanocomposite was found to be occurs above 450
nm and there seems to be a slight decrease in the band gap.
The reason is attributed due to the physical effects of the ultra-
sonic irradiation results into improved micromixing and rapid
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Fig. 2. FTIR spectra of (a) graphene-titania nanocomposite (GT2) and (b)
titania (T2)
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Fig. 3. UV-visible spectra of (a) graphene-titania nanocomposite (GT2)

and (b) titania (T2)

nucleation leads to faster reaction to produce graphene-TiO2

nanocomposite [46,47].

Morphologicial studies: The TEM and HRTEM images
of calcined GT2 nanocomposite are depicted in Fig. 4, which
revealed the graphene oxide-TiO2 nanocomposite are deco-
rated with high ordered morphology. The crystalline nature
and anatase phase of the calcined GT2 nanocomposite were
also confirmed from the HRTEM and SAED images. The reason
is explained as the ultrasound induces a gradual rise in the

Fig. 4. TEM, HRSEM and SAED images of graphene-titania nanocomposite
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Fig. 1. XRD spectra of (a) graphene-titania nanocomposite (GT2) and (b) titania (T2)
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rate at which energy is dissipated, leading to the formation of
a distinct and well-defined shape in the material.

The XPS results also demonstrated in Fig. 5, with binding
energies of elements expressed in eV. A peak at 284 nm arises
due to the elemental carbon (Fig. 5a) [48,49], whereas Fig. 5b
represents the oxygen 1s core level and main peak at 529 nm
showed oxygen in Ti-O of titania network. The peaks at 457
and 454 nm representing titanium 2p core level (Fig. 5c).

Photocatalytic activity: The efficiency of calcined GT2
nanocomposite and pure TiO2 as photocatalysts towards the
photodegradation of methyl orange dye was evaluated in this
study. The absorbance exhibited at different concentrations of
MO and different dosage of calcined GT2 nanocomposite are
illustrated in Table-1.

TABLE-1 
ABSORBANCE SHOWN BY DIFFERENT VOLUMES OF 10-5 M 
METHYL ORANGE AND DIFFERENT CONCENTRATIONS OF 

GT2 ADDED TO 10 mL METHYL ORANGE 

Volume of 10-5 
M methyl 

orange (mL) 
Absorbance 

Amount of GT2 
added to 10 mL  

10-4 M methyl orange 
Absorbance 

2 0.16 0.02 g 0.18 
4 0.22 0.03 g 0.14 
6 0.27 0.04 g 0.13 
8 0.32   
10 0.36   

 
Effect of amount: With increasing the calcined nano-

composite content, the photocatalytic activity was found to be
enhanced as shown in Fig. 6. The percentage degradation effic-
iency of GT20.02 was 59% while GT20.03 and GT20.04 exhibited
71% and 75% degradation efficiency, respectively with day
light irradiation of 45 min.

Effect of time: A study on degradation efficiency of GT20.03

at the time intervals of 15 min was also carried out. Table-2
shows that the degradation efficiency was found to be linearly
increased with the irradiation time as there is chance for more
and more photons to fall on the catalyst surface thereby creating
increased amounts of photoexcited species causing degradation.

Comparative studies: Table-3 represents a comparison
data of methyl orange dye degradation by various types of  nano-
composites prepared by different methods. The graphene incor-
porated titania sample prepared by sonochemical route under
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Fig. 6. Degradation graph showing percentage of degradation for varying
amount of catalyst (GT2)

TABLE-2 
% DEGRADATION OF GT20.03 AT VARIOUS TIME INTERVALS 

Time interval Degradation (%) 
After 15 min 53.1 
After 30 min 62.8 
After 45 min 70.6 

 
UV light irradiation for 30 min showed 70% degradation effici-
ency, however, the calcined graphene-titania (GT2) nanocom-
posite showed higher degradation efficiency of 75%  under sun
light irradiation. Thus, due to the high surface area and high
compatibility, calcined nanocomposite has better photocatalyst
activity.

Conclusion

We successfully synthesized nanostructured graphene-
TiO2 nanocomposite by sonochemical method followed by
calcination process at 400 ºC. The characterization results indi-
cated that calcined nanocomposite has high surface area and
high compatibility. By varying amount of the prepared nano-
composite, the photocatalytic efficiency can also be varied.
About 75% photodegradation of methyl orange dye shows that
the graphene-titania nanocomposite can degrade a target poll-
utant under certain conditions.
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Fig. 5. XPS spectra of graphene-titania nanocomposite (GT2)
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TABLE-3 
COMPARISON DATA OF DEGRADATION OF METHYL ORANGE DYE USING  

GRAPHENE INCORPORATED TITANIA PREPARED FROM DIFFERENT METHODS 

Photocatalyst Dye conc. Catalyst 
conc. 

Time 
(min) 

Degradation 
(%) 

Methods Light source Ref. 

TGO 5 mg/L 100 mg 30 70 Sonochemical route UV [50] 
TiO2 100 ppm 100 mg/L 60 14 Wet chemical method Visible light [51] 
Co:La:TiO2 100 ppm 100 mg/L 60 45 Wet chemical method Visible light [51] 
TiO2 20 mg/L 2.0 g/L 40 97.91 Degussa P25 from Degussa 

AG company in Germany 
UV irradiation [52] 

TiO2/ZnO heterojunction 20 mg/mL 0.1 g/L 30 97 Solvothermal method UV light [53] 
Undoped CeO2 0.025 mM – 120 15 Doctor blade method Visible light [54] 
Fe-doped CeO2 1.5% Fe doped in 
CeO2 

0.025 mM – 120 83 Doctor blade method Visible light [54] 

TiO2 – – 120 13.5 – Visible light [55] 
Synthesized α-Fe2O3 using glucose 20 mg/L 5 mg 100 82.17 Combustion process UV lamp [56] 

Synthesized α-Fe2O3 using sucrose 20 mg/L 10 mg 100 95.31 Combustion process UV lamp [56] 
Ligand free CdS nano crystals 10 mg/L 10 mg 300 95 – Visible [57] 
Graphene-TiO2 nanocomposite 0.1 mg/L 4 mg 45 74.8 Combined sonochemical 

and calcination method 
Sunlight Present 

study 
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