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ABSTRACT. In the present research work, ternary composite g-C;N4-WO;/rGO was prepared by using ultrasonic
assisted wet impregnation procedure. The prepared ternary composite was characterized by using FT-IR, powder
XRD, SEM, and EDX techniques. FTIR studies confirmed the presence of characteristic bonds of the representative
components in the composite by showing their characteristic peaks. The XRD pattern of ternary composite g-C3Ny-
WOs/rGO showed the presence of peaks responsible for monoclinic phase of pure tungsten oxide (WOs) and the
characteristic peaks of graphitic C3N4 and GO. SEM studies of g-C3N4-WO;/rGO revealed the presence of randomly
dispersed tungsten oxide particles in between agglomerated 2-D layers of carbon nitride and GO sheets. EDX data
confirmed the phase purity in the form of elemental composition of the prepared composite and further provided At
wt% of each element in the composite. Photocatalytic activity of the synthesized composite was evaluated by
performing photocatalytic degradation test of methylene blue (MB). The rate of degradation was measured by using
Shimadzu UV-1800 UV-Vis Spectrophotometer by recording the decreasing concentration of dye in terms of their
absorbance values. The results exhibited that g-C3N4;-WO;/rGO showed better degradation efficiency in 180 min.
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INTRODUCTION

Fast industrialization, new growth processes and increasing population have been continuously
deteriorated global environment [ 1, 2]. The organic pollutants from various sources like industrial,
agricultural, chemical spills have been polluting water dangerously which is becoming threat for
human as well as aquatic organisms [3]. The organic dyes have been used extensively in various
industries like textile, leather, paper and pulp, etc. and are being discharged in industrial effluents.
Various studies have been conducted on degradation of these organic dyes by photocatalyst [4-
9], but there is lot of scope to find out an ultimate solution.

The design and development of photocatalyst worked under visible light for degradation of
organic pollutant has been an interesting and challenging research field now a day [10-12]. WO3
is a semiconductor photocatalyst with band gap of 2.8 eV has got attention during the last few
years due to its visible light harvesting ability but it has limitations of quick electron-hole
recombination, slow charge transfer rate, etc. [13, 14]. Various types of processes like doping
with metals, coupling with some other materials have been reported to enhance photodegradation
activity of WO; [15-18]. WOs3/rGO composite has been reported with enhance photocatalytic
activity because of large surface area, fast charge transfer and separation of carriers, good thermal
conductivity properties of 2-D, single layered graphene [19, 20]. In the present study, we have
coupled three components, WO3, rGO and g-C3N4 to form ternary composite (g-C3N4-WO3/rGO)
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with expectation of improved degradation efficiency due to interaction of three multifunctional
components which may lead to formation of electron-hole puddle and fast charge transfer
processes.

EXPERIMENTAL
Graphitic C3Nysynthesis

The graphitic-C;N4 was freshly prepared by using already reported procedure [21]. For
reproduction, the method is given as briefly, 4.0 g melamine was taken in a corundum crucible
and heated in a furnace at 500 °C for 2 hours initially and at 520 °C for another 2 hours. Then it
was cooled to room temperature, finally yellow color product was obtained and ground to fine
powder.

GO synthesis

The modified Hummer’s method [22] was used to prepare GO. The method is briefly described
as, 1.0 g of crystalline graphite powder was taken in a 500 mL beaker and then 45 mL of conc.
sulfuric acid was added. The reaction mixture was kept on stirring for 12 hours. After this, the
reaction mixture was cooled by adding ice cold water to about 12 °C. Then 3.0 g potassium
permanganate was added slowly and the temperature was slowly increased to 35 °C while stirring
for two hours. The mixture was put in ultrasonic bath for sonication for half an hour. The obtained
suspension was put on stirring again and 100 mL deionized water was added slowly. In the final
step H>O, (6%) was put into the above suspension until zero effervescence. Finally, the mixture
was put in centrifugation to get the final product which was then washed with dil. HCI several
times and deionized water to remove any left impurities. The ultimate product was dried in an
oven at 70 °C overnight.

WOs synthesis

Hydrothermal method was used to prepare WO; nanoparticles [23]. Na,W0O4.2H>0 (1.005 g) and
NaCl (0.931 g) were dissolved in 30 mL deionized water and stirred for 15 min. The pH was
maintained at 2 by addition of 3 M HCI. The solution was stirred further for three hours. Then
solution was taken into 100 mL autoclave (Teflon-lined stainless) and placed in oven at
temperature of 180 °C for 24 hours. The resultant precipitated product was collected by
centrifugation and washed with deionized water and ethanol several times. The final washed
product was dried at 60 °C in drying oven. The dried product was calcined at 450 °C for 4 hours
to remove any impurities.

Preparation of g-C3N-WOs

g-C3N4-WO; was prepared by ultrasonic assisted wet impregnation method [22]. 0.3 g WO; (30
wt %) was dissolved into a mixture of ethanol and water (1:1) and put on stirring for 3 hours.
Then 0.7 g g-C3N4 (70 wt %) was mixed into the solution. The resultant mixture was kept on
stirring and heating until dryness. The product was placed in an oven at 70 °C for complete drying.
The final product was obtained by calcination at 400 °C for one hour.

Preparation of g-C3Ny-WO3/rGO

Ternary composite g-C3N4-WO;3/rGO was synthesized using wet impregnation method [22]. First
of all, an appropriate weight of graphene oxide solution was made by dissolving GO powder in
40 mL of a mixture of solvents (ethanol and deionized water in 1:1 ratio) and then sonicated for
1 hour. Then 0.3 g of WO; (30 wt %) was put into the above solution and stirred for 2 hours.
Lastly 0.7 g g-C3N4 (70 wt %) was added and the whole mixture was stirred and heated slowly
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until the evaporation of all solvent. The resultant product was placed in an oven at 70 °C for drying
and then calcined at 400 °C for 1 hour to get final ternary composite product.

Photocatalytic application in degradation of MB dye

The g-C3N4-WOs/rGO photocatalytic application as visible light driven photocatalyst was
investigated in degradation of methylene blue (MB). 200 W bulb was used as source of visible
light. 10 ppm initial dye concentration was used. The Pyrex reactor was 10 cm apart from the
source of visible light. The dye degradation was observed by using UV- visible spectrophotometer
(Shimadzu UV-1800) measuring change in absorbance (Amax) value of dye. The sample aliquot
was taken at a regular interval of time and degradation rate was recorded at Am.x of 664 nm for
MB.

First of all blank experiment without using photocatalyst was performed in which 10 ppm dye
solution was placed under 200 W bulb (visible light source) and then absorbance was recorded.
After blank experiment, 0.05 g photocatalyst was added into 10 ppm dye solution. The resultant
solution was placed in dark for one hour under stirring so that an absorption-desorption
equilibrium is achieved. Then reactor was illuminated using 200 W visible light source for a xenon
lamp and allowed for degradation process within dye solution having photocatalyst. After a
regular interval of time, 4 mL sample solution was taken out of the reactor, centrifuged at 4500
rpm for about 5 min to separate catalyst and then absorbance was recorded in visible range of
800-400 nm.

RESULTS AND DISCUSSION
FT-IR studies

In FT-IR spectrum of g-C3Ns, the main characteristics out of phase bending vibration peak
appeared at 807.15 ¢cm’' which represent breathing mode of triazine units. The C-N fully
condensed (C-N(-C)-C) and partially condensed (C-N-H) peaks were appeared at 1206.39 cm’!,
1242.07 cm™! and 1318.25 cm’!, respectively. While C=N stretching vibration band appeared at
1664.45 cm™. The N-H and OH broad peaks were appeared at 3039.60 cm™ and 3338.55 cm’!,
respectively. In FT-IR spectrum of GO, the main characteristics peak due to C-O stretching
vibration appeared at 1018 cm!. The stretching vibration of tertiary C-OH group appeared at 1348
cm’!. The peak appeared at 1560 cm! is assigned to unoxidized C=C bonds. The ~OH stretching
broad band due to absorbed water molecule appeared at 3360.73 cm’!.

In the FT-IR spectrum of pure WOs the two main characteristics peaks due to O-W-O
stretching vibration were appeared at 731.94 ¢cm™ and 815.83 ¢cm™. A broad band at 3450 cm'!
was assigned to OH stretching vibration band of water molecule absorbed on surface of WOs;.

By comparing FT-IR result of GO with WO;/rGO, it is noted that characteristic peak of GO
disappeared in hybrid composite which may be due to relatively lower concentration of GO and
its reduction to rGO. The binary composite g-C3;N4-WOs3 FT-IR results showed that all
characteristics peaks of g-CsNs e.g. 807.15, 1235.32, 1244.00 and 1530.60 cm™ appeared but the
peak of WOs not appeared which may be due to relatively lower weight of WO; and coupling of
graphitic carbon nitride with tungsten oxide.
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Figure 1. FT-IR Spectrum of g-C3N4-WO;/rGO ternary composite.

In the FT-IR spectrum of ternary composite (g-C3N4-WOs/rGO) as represented in Figure 1, it
has been observed that a peak appeared at 802.45 cm'represent triazine units. This band does not
change after coupling however other characteristics peaks appeared at 1230.11 and 1316.14 cm’!
showed a little change in wavenumber indicating coupling of three components. The broad band
appeared at 3382.90 cm™! has been assigned to O-H stretching band for water molecule adsorbed
on the surface. The GO and WOj; characteristics peaks were disappeared in the spectrum which
may be due to reduction of GO to rGO and interfacial interaction with g-C3N4

XRD studies

The XRD patterns of pure, binary and ternary composite of tungsten oxide are represented in
Figure 2. The peak pattern of pure WOs3 at various 0 values exhibit its crystalline nature of
monoclinic phase (JCPDS 72-1465) with the sharp peak at 26 = 23°. The binary g-C;N4-WO;
composite and ternary g-C3sN4-WO3/rGO composite XRD peak pattern are similar except a sharp

and strongest peak with high intensity at 2 6 = 27.20° with 002 plane which is appeared due to
coupling interaction of WO3/rGO with g-C3Ns.
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Figure 2. Powder XRD of pure, binary and ternary composite of tungsten oxide
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Figure 3. Scanning electron microscopy images (a) Pure WOs3, (b) g-C3N4-WO; and (c) g-C3N4-WO3/rGO.
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SEM analysis

The morphology and structural characteristics of pure WOs, g-C3N4/WO3 and g-C3N4-WOs3/rGO
were characterized by SEM analysis given in Figure 3a-c. The bare WOs consists of agglomerated
and accumulated plate like morphology with particle size of 150 nm as sown in Figure 3a. The
Figure 3b represents the anchoring of these agglomerated and accumulated plates like WO;
particles on layered sheet of carbon nitride and calculated particle size is 135 nm. The layer
surface of g-C3N4 was covered by high density bare agglomerated and accumulated plate like
WOs; nanoparticles. The anchoring of these agglomerated and accumulated WO particles on sheet
like g-C3N4 could results decrease in size. Figure 3c showed the randomly dispersion of
agglomerated WOj; nanoparticles on the layer of g-C;N, and sheet of rGO with average calculated
particle size of 100 nm. When WO3/g-C;3N; is enveloped on 2-dimensional layered GO sheet, the
further decrease in size has been observed which could be due to stacked and interconnected
heterostructure formation.
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Figure 4. EDX spectra (a) Pure WOs, (b) g-C3N4-WO; and (c) g-C3N4-WO3/rGO.
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EDX (Energy dispersive X-ray) analysis

EDX was used to find out elemental composition of pure WO3, binary composite g-C3N4-WOs3
and ternary composite g-C3N4-WOs3/rGO and spectra are represented in Figure 4a-c. The
elemental composition of pure WOs is represented in Figure 4a which showed 23.7 At % of W
and 74.5 At % of oxygen. This shows that pure WO3 is formed.

The elemental composition spectrum of binary composite g-C3Ns-WOs is represented in
Figure 4b. The Figure 4b showed that W (tungsten) is present as prominent element. The atomic
percentage of other elements C, N and O are represent in inset Figure 4b. The overall At % of W,
C, N and O confirmed formation of g-C3N4-WOj; binary composite.

The elemental composition spectrum of g-C3N4-WOs3/rGO ternary composite is represented
in Figure 4c which showed prominent existence of W along with other concerned elements like
O, C and N. The atomic percentage (At %) of elements in the ternary composites was given in
inset in the Figure 4c. The carbon atomic percentage was contributed from g-C3;N4 while oxygen
atom was contributed from WOs and a small percentage from rGO in the ternary composite.
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Figure 5. Degradation rate (a) and visible light driven photogradation of methylene blue (b) using
g—C3N4, WO}, WO}/I‘GO, g-C3N4—W03 and g-C3N4—W03/rGO.
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Photocatalytic degradation application

The degradation property of ternary composite g-C3Ns-WOs3/rGO along with all building
precursors like WO3, g-C3Ny, WO3/rGO, g-C3Ny4-WO; was performed with methylene blue dye
(MB). The results are presented in Figure 5. The blank test with methylene blue dye was
performed first which result no change in absorption indicating stability of dye. The pure WOs
exhibited only 19% degradation efficiency. This may be due poor absorbance activity and fast
recombination of electron hole pair. The binary composite g-C3N4-WO;3 and WO;/rGO showed
comparatively better degradation efficiency of 64% and 49%, respectively. While ternary
composite g-C3Ny-WOs3/rGO exhibited better degradation efficiency of 76% which may be due to
more electron acceptor ability absorbance of UV light and large surface area. The increase in
degradation efficiency is due to coupled interaction of three components.

CONCLUSION

Ternary composite of g-C;Ns-WO;/rGO was successfully prepared by ultrasonic wet
impregnation method and its photocatalytic activity in degradation of methylene blue was
evaluated. The results showed 76% degradation efficiency. For comparison, pue WO3 and binary
composite g-C3N4-WOs were also prepared and their photocatalytic activity was compared. The
formation of pue WOs;, binary composite g-C3N4-WOj3 and ternary composite g-C3Niy-WO3/rGO
was confirmed by FT-IR, XRD, SEM and EDX analysis. The ternary composite exhibited better
photo-degradation activity than both pure and binary composite. This may be due to coupled effect
of three components which resulted in enhance charge transfer process, smooth transfer of
electrons and inhibit fast electron-holes recombination.
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