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Abstract

Nano composite of g-CsN, / TiO, has been prepared from urea and an inorganic
precursor of titania by using precipitation method. The following samples have
been characterized using XRD and UV-Vis spectroscopy. Incorporation of
graphitic carbon nitride has been effected the properties of the nanocomposite.
The XRD data indicate that the nanocomposite has crystallite size about 8 nm.
Microstructural study confirms that, the TiO, nanocrystals are in interfacial
contacts with graphitic carbon nitride. Combining graphitic carbon nitride and
titania in the nanocomposites, resulted in enhancement of the adsorption
attitudetowards organic pollutants (dyes) which is related with their typical
surface properties. The Nanocompositealso exerts a substantial effect on the
photocatalytic activity toward methylene blue under visible light.

Keywords:Titania, Graphitic Carbon Nitride; Wet chemical route;
Photocatalyst



Contents

1. Introduction
1.1. Objective of the work
2. Experimental Section
2.1. Chemicals used
2.2.  Synthesis of Graphitic carbon nitride
2.3.  Synthesis of the composite
3. Result and Discussion
3.1. X-ray diffraction
4. Photocatalytic application
4.1. Experimental section
4.2. Discussion
Conclusion
Future work

Reference



1. Introduction

A breakthrough in photocatalysis research that has remained in the focus is environmental
protection. Among all the photocatalysts, TiO: is by far the most widely studied photocatalyst
because of its non-toxicity,stable and unsolvable nature in water with very good structural
and mechanical properties=. But due to its high band gap energy (3.2 eV for anatase and 3.0
eV forrutile) the activity of TiO2 makes it less economical for practical UV light
applications*®. In addition to that high recombination rate of photo induced electrons-holes
extremely hinder its practical application. So, for practical application it is essential to make
better photocatalysts which possess higher activity under visible light 8.Over the
decadesdifferent approaches on TiOzhave been taken to overcome this problem via doping
which influences the photo-responsiveness of the photocatalyst’—°.Graphitic carbon nitride (g-
C3Na4) belongs to a family of carbon nitride compounds with general formla near to C3Na.
Due to special semiconductor properties of carbon nitrides, they show unexpected catalytic
activity'. Ultrathin g-CsNsnanosheet has attracted tremendous attention among researchers
because of its high intrinsic photo resposiveness and high stability under physiological
conditions and good biocompatibility*!. Composites of g-CsNawith metal oxides have shown
to increase photocatalytic activity. Loading of noble metals on the surface of g-C3sN4 have
shown the best ways to suppress the rate of recombination of photo generated electron-hole
pairs. But, the fact is that the noble metals are costly 2. So it is necessaryto figure a way out
to develop g-CsNa4 basedefficient and low cost photocatalyst which is active under visible
light?3-18, In this study, by using precipitation we have developed a novel method to
synthesize a g-C3N4/TiO, composite by taking urea as a precursor to produce g-CsNa4 and
where TiOzis being precipitated on it. Different techniquesare used for the characterization of

the following sample.



2. Experimental Section

2.1 Chemicals :-
Urea ((NH.).CO), Titanium oxysulfate (TiOS0O.), 30% ammonia solution.
2.2Synthesis of Graphitic Carbon Nitride (g-C3N4)

g-CsNs was prepared by directly heating urea in ceramic crucible covered by aluminium
wrapper to prevent sublimation. 12g of urea was taken in a ceramic crucible and then heated
in a muffle furnace at 450°C for 60 minutes with heating rate of 14°/min. Then the sample
was cooled to room temperature. The prepared solid powder was shown in Figure 1. The

obtained powder was pale yellow in colour.

Figure 1. g-CsN4

2.3 Synthesis of g-C3N4/TiOznanocomposite.

The nanocomposite g-CsN4/TiO2was prepared in the ratio of 6:1; 0.02 M solution of titanium
oxysulfate was prepared in 100 ml of distilled water followed bystirring until clear solution

appears. To the above solution 0.8g of prepared g-CsNaswas added and sonicated for 45 minutes



to make a homogenous solution. After this, the mixturewas stirred magnetically for 60 minutes.
To precipitate TiO20n g-CsN4, 30% NH3 solution was added drop wise to the mixture with the
help of a burette. The reaction continues until pH of the solution reaches’. The precipitate
formed in the solution was then kept and aged for 48 hours. The precipitate was filtered by
centrifugation and washed with distilled water several times. The residue was collected on petri
dish and dried in an oven at 70°C for one day. The solid or composite formedwas crushed into
powder using mortar pastel. The prepared nanocomposite was annealed at 450°Cfor 120
minutes with heating rate of 12°/min in a muffle furnace usingceramic crucible. The obtained

powder was used for further characterization.

(@ (b)

Figure 2. (a) g-CsNa/ TiO.and (b) 100°Cheated g-C3Na4 / TiO».

3. Results and Discussion

3.1 X-ray diffraction (XRD)

X-ray diffraction pattern of prepared g-C3N4 and g-C3N4/TiO2 were carried outon Philips
X’Pert Pro-diffractometer using Cu-Ka radiation. The characteristic sharp peak at 26 = 27.3°

and 14.7° (Figure 3a) corresponding to (002) and (100) planes confirms formation on g-C3N4



nanosheets. The wide peak at 14.7° indicates that the g-C3N4 nanosheets were disordered and

very thin. Since, during the thermal process the planner size of the g-C3N4 gets decreased.
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Figure 3. (a) As prepared g-CsN4 / TiO2and (b) 100°Cheated g-C3sNa4 / TiO».
On the other hand, the composites g-CsN4/TiO2, XRD peaks at about26 = 25.2°, 37.7°, 47.9°,
53.9°, 55.0°, 62.9°, 69.0°, 70.1°, and 75.1°can be observed, which are respectively
corresponding to (101), (004), (200), (105), (211), (204), (116), (220), and (215) crystal planes
of anatase TiO2(JCPDS card no-21-1272). No characteristic diffraction peak of g-CsNaswas

observed. So, g-C3N4 nanosheets have almost no effect on the anatase structure of TiO2. The



crystallite size of the TiO. in the composite is 7.47 nm, calculated using Scherrer’s equation

(D,

0.941
D :[W (1)

Where, A is the wavelength and g, is the FWHM (full width at half maximum)

3.4. Photoluminescence study

The photoluminescence spectra were taken in a FluoroMax-4 spectrophotometer by using
excitation wavelength of 370nm. The photoluminecence intensity of the g-C3:Nas / TiO>
composite was much lower compared to g-CsN4 because the lower recombination rate on
charge carriers’ (electron and holes) and that make the composite could be a good photocatalyst

in the visible range of spectrum.
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Figure 5.photoluminescence spectra of g-C3N4 and g-C3N4 / TiO2 nanocomposite.

4. Photocatalytic Application




4.1. Experimental Section

Photocatalytic performance of the nanocomposite was calculated by the extent of degradation
of methylene blue (MB) in aqueous solution under visible light. First, 50 mL of 4X10~>M MB
solution was taken and 30 mg photocatalyst was added to it, then the solution wasplaced under
visible light for photodegradation. The suspension waskept stirring at 450 rpm for better
mixing. The experiments using sunlight was carried out for a period ranging from 0 min. to 60
min. The solution was then extracted from the reaction mixture at a distinct time interval and
centrifuged. The concentration of MB in the residual solutions was then analysed using UV-
Vis spectrophotometer (Amax= 663nm). After, the degradation efficiency is evaluated using the

following equation;

% Degradation = (1 — %) x 100%

where,C;and C, signifies the conc. of the dye solution at initial and after irradiation time t,

respectively.

4.2. Discussion
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Figure 6.UV-Vis absorption spectra of methylene blue solution at different time interval.
We have estimated the photocatalytic performance of the g-CsNs and g-CsNs / TiO:
nanocomposite in terms of their degradation efficiency using MB aqueous solution under
sunlight. The percentage of removal using g-C3N4 / TiO2catalyst measured after 60 min. of
sunlight irradiation is 95% where it was only 45% for g-CsNa. Therefore, the increase in
photodegradation rate was due to combination. The UV- Vis absorption spectra of MB dye in
aqueous solution at different time interval were illustrated in Figure 6. In first 10 min. there
was 56% of MB degradationfor the g-CsN4 / TiO2 nanocomposite where it was only 29% for
the g-CsNas.Therefore, combination of g-CsNswith TiO.creates a synergistic effect, which
eventually improves the adsorption of the MB dye on the catalysts surface as well as the

photodegradation rate of the dye. The degradation profile has been shown in Figure 7.
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Fig. 7.MB photodegradation profile with irradiation time using g-C3N4/TiO> andg-
CaNjycatalyst.

Conclusion

By using asimple starting material we have developed a synthetic route for g-CzNa4 /TiO:
composite. The XRD data shows formation of anatase TiO: lattice on the nanosheet of g-C3Na.
The UV-Vis absorption spectra showed red shift for the composite. Finally, the prepared
composite used for the photodegradation reaction of methylene blue under visible light showed

95% degradation of the dye in just 60 min .

Future work

Further characterizationcan be doneof theg-CsN4 and g-C3sN4 /TiO2 composite. Vast range of
photocatalytic applications can be performed using the nanocomposite of other different
commercial dyes. Different parameters like pH, catalyst dosage, concentration of dye and

their effects on the photocatalytic process can be studied.
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