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Abstract

The danger that dyes pose to the biosphere is a worry for the entire planet. So, it is essential to remove these colors using
the appropriate methods from the aquatic system. The best and most efficient approach for removing colors from water
and wastewater is photodegradation utilizing graphitic carbon nitride (g-C,N,). The photocatalytic activity of the g-C3N4
nanoflakes down the visible light was examined in the current work using crystal violet dye. Due to its high efficiency, visible
light radiation is typically used to photodegrade dyes. The environmentally benign molecular precursor urea was employed
to initiate a single-step pyrolysis procedure that yielded g-C,N, nanoflakes. The efficiency of the urea conversion process was
determined at 550 °C. X-ray diffraction analysis has confirmed the graphitic phase of the synthesized carbon nitride material.
The layered structure of the sp2 hybridized carbon and nitrogen bonding characteristics is confirmed by FT-IR analysis. The
synthesized g-C,N, has a nanosheet like morphology according to HRTEM analysis. g-C,N, showed enhanced photocatalytic
activity resulting in 97 % mineralisation of Crystal Violet (CV) dye and also compared its efficacy with dye concentration. All
photocatalytic behavior was analysed by using a UV-Visible spectrophotometer.
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1.0 Introduction

Recent years have seen a major exaggeration of the
environmental system crisis as a result of the rapid rise
of industrialization. Different organic dyes are employed,
particularly in industries like textile, cosmetic, paints,
tannery, printing in textile industries, and so on"* Across
the globe, all these dyes are released into the marine
atmosphere, where they have teratogenic, carcinogenic,
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HRTEM, Mineralisation, Photocatalysis, Pyrolosis.

and mutagenic effects in humans. Destructive organic
dyes from the marine atmosphere is therefore essential
for the preservation of our ecosystem in order to avoid
these risks®>. Physical, chemical, and biological methods
have all been used in this regard to sanitizing the area
where these organic pigments are present®’.

One of the sustainable energy methods used to
decompose organic contaminants is visible light-driven
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photocatalysis. Due to their broad intrinsic band gap,
conventional semiconductors metal oxide nanoparticles
like TiO,, ZnO, and SnO, are UV light active but
ineffective for visible light photocatalytic activity. Rapid
photoinduced electron-hole pair recombination is another
barrier to using these semiconductors as photocatalysts.
Carbon nitride which is stable allotrope has a mid-band
gap energy of 2.7 eV and that is g-C\N . It has 2D
stacked conjugated graphitic planes made of carbon and
nitrogen atoms that have undergone sp® hybridization''.
Since the graphitic phase of C\N, is extremely constant in
air up to 600°C, it can be used in applications that need
high temperatures'?>. Additionally, one of the intriguing
options is g-C,N,".

The preparation of g-C N, from substances including
dicyandiamide', melamine'®, thiourea'®, urea', and
trithiocyanuric acid® has been described by several
researchers. The majority of these precursors are
overpriced, destructive, and sometimes even hazardous.
Urea is one of the plentiful, inexpensive, and non-toxic
precursor compounds.

In the current study, g-C,N, was produced utilizing
a single phase of pyrolysis without any pre- or post-
treatment, using urea as a precursor. XRD, HRTEM, EDX,
and FTIR are a few of the advanced analytical techniques
used to create and characterize g-C\N,. Additionally, the
photodegradation of the produced g-C\N, in response
to visible light was investigated for the deterioration/
mineralisation of the crystal violet dye.

2.0 Materials and Materials

2.1 g-C N, Fabrication

A single-step pyrolysis process was used to create g-C,N,
utilizing analytical grade urea as a precursor. A typical
synthesis procedure involved heating 15 g of urea to 550°C
in a muffle furnace for 240 minutes in a crucible that
was closed with a lid. The final step involved annealing
the resulting product for three hours at 500°C. After the
heating process, the furnace was allowed to cool to room
temperature. The ash portion that was collected has a
light yellow color. The process of g-C,N, formation can be
expressed simply as follows.
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HN-CONH,(m) > CHN,(s) 5 gCN,
Urea Melamine graphitic carbon
nitride

2.2 Characterization of g-C N,

With a Bruker D8 advance diffractometer outfitted
with Cu k alpha radiation with a wavelength of 0.15406
nm, X-ray diffraction tests were performed. The Parkin
Elmer Spectrum 1000 was used for the spectral methods
of infrared light using the total reflectance attenuated
mode. Data from MIRA 3’s Field Emission Scanning
Electron Microscopy (FESEM) and Quantax 200’s energy
dispersive X-ray spectroscopy studies (EDS). With double
detection and adjustable spectral resolutions, the Specord
210 Plus was used for UV-visible absorption research.

2.3 Photocatalytic Behavior of g-C N,

The photodegradation investigations were carried out
using a light source made up of mercury vapor lamp
(125 W) in a photocatalytic reactor. Typically, a known
amount of photocatalyst was put to the dye solution of
known concentration and magnetically agitated for
around thirty minutes to let adsorption-desorption
equilibrium to be attained between the pollutant dye and
the photocatalyst under dark conditions. The solution was
then continuously stirred while being exposed to visible
light. By continuously noting the absorbance maxima at
591 nm after 2 mL of material was removed periodically
without disrupting the apparatus, the concentration of
CV dye was analysed.

3.0 Results and Discussion

3.1 XRD Analysis

The graphitic carbon nitride subjected to X-ray diffraction
experiments shown in Figure 1 showed a typical intense
diffraction peak at 2 theta 27.6 ° that can be indexed to
the (002) graphitic plane (PDF#87-1526) indicative of the
graphitic interlayer stacking. The graphitic materials’ less
strong diffraction patterns obtained about 17.7 ° can be
attributed to the (100) plane, suggesting the packing of
structural motifs in-plane, and are consistent with JCPDS
87-1526".
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Figure 1. XRD pattern obtained for g-C.N

4.

3.2 HRTEM and EDX Analysis

Images from high-resolution transmission electron
microscopy taken of g-C,N, show that it has a sheet-like
appearance comparable to graphene. The synthesized
g-C.N, is within the nanoregime in thickness, as shown
by Figure 2, and its look is consistent with the literature
that is now in circulation. The selected area diffraction
(SAED) pattern for g-C\N, showed a diffused ring
pattern, suggesting that the substance is amorphous
and lacks a clear atomic organization. Additionally, the
Energy dispersive elemental analysis (Figure 3) exhibits
the carbon and nitrogen-related signals and this justifies
the presence of g-C\N,.

Figure 2. Image of HRTEM of g-C\N, .
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Figure 3. EDX spectrum for g-C\N,.

3.3 FTIR Analysis

The stretching mode vibrations of aromatic C-N bonds
and C=N heterocycles can be attributed to the bands at
1630, 1563, 1420, 1324, and 1241 cm™ that are revealed
by Fourier transform infrared spectroscopy studies on
g-C N, (Figure 4). The band that began at roughly 808 cm™
and is attributed to the breathing mode of the heptazine
ring structure reflects the intact-well preserved graphitic
C-N network. Additionally, the existence of terminal NH,
showing the N-H stretching vibrations is suggested by the
broad band at 3175 cm™ 2!,
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Figure 4. FTIR spectrum of g-C\N,.
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4.0 Photocatalytic Dye
Degradation Activities g-C,N,

The photocatalytic degradation ability of the synthesized
g-C)N, for the mineralization of crystal violet dye
which is cationic in nature is investigated. A known
concentration (10 ppm) of crystal violet dye solution was
stirred for uniform concentration, to which 50 mg of the
photocatalyst is added and degradation experiments are
carried out. The results are depicted in Figure 5 in the
form of UV-Visible absorbance spectra of crystal violet
dye at different time intervals.
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Figure5. UV-Visible absorbance spectra of CV dye during
degradation.

4.1 Effect of Initial Dye Concentration

As CV dye concentration increased, g-C,H, catalyst
action decreased. The concentration of the dye plays a
major role in how quickly it degrades beneath the light
source. The study was done in 100 ml with 10 ppm, 20
ppm, 30 ppm, and 40 ppm dye concentrations to find the
ideal dye concentration, which is depicted in (Figures 6).
This depends on how dense the dye molecules are on the
catalytic surface, which limits the amount of light that
can flow through the catalyst and slows dye breakdown
as a result. As a result, it was discovered that there was a
decrease in the rate of hydroxyl and superoxide radical
formation. The 10 ppm finding shows that higher
dye concentrations are related to more photocatalytic
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Figure 6. Degradation studies of CV dye at different
concentrations.
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Figure 7. Dye degradation percentage for 50mg catalyst.

degradation. (10-20 ppm). The exact dye degradation
efficiency for different dye concentrations is clearly
expressed in (Figure 7).

5.0 Feasible Procedure of Dye
Degradation

Here, the photocatalytic mechanism has been succinctly
presented. Figure 11 illustrates how photon energy has
fallen to the surface. When g-C.H, were exposed to
photons, the presence of electrons (e”) in the valence
band (VB) stimulated the conduction band (CB) with

Journal of Mines, Metals and Fuels



M. Nikitha, Nagaraju Kottam, S. P. Smrithi, Bharath K. Devendra, S. G. Prasannakumar and G. Prasanth

Reduction

ey L, T L,

N o 0

e
— 10

Visible light
A
‘ ‘ o an Tl \.__
*} : e e s
LY
Y . I v
.II
hv T"':\-\
o) '\.%.‘-. 1
L|
:"' ¢ _E‘ .J
O T
% s )
L -
Oxidat

0: i -
g 15
L -

"

[ o,

Crvstal Vialet

C0,+ 1,0

Figure 8. Mechanism of photocatalyst degradation for CV dye shown schematically.

the identical number of holes (h*) lasting in the VB#%.
While photogenerated h* oxidizes CV dye on the surface
of g-C,N, samples, photogenerated electrons (e’) combine
with O, to produce O,. The CV dye molecules could then
be significantly reduced by these potent oxidants to H,0,
CO,, and other insignificant molecules (Figure 8). It
was hypothesized that CV may undergo photocatalytic
degradation over g-C H, samples.

g-CH, + hv> e~ (VB) + h+ (CB) (1)
O,+e->0," (2)
h+ (or -O,) + CV > Products (3)

6.0 Conclusion

Inourcurrentresearch,ureawasusedasanenvironmentally
safe starting material to create g-C\N, nanoflakes.
Numerous characterization methods, including HRTEM,
EDX, XRD and FTIR, have been used to validate
successful growth of the sample. The synthesized sample’s
2.7 eV bandgap makes it appropriate for photocatalytic
applications that respond to visible light. Surprisingly, the
g-C.N, could degrade CV dye to the extent of 97 %. The
photocatalytic activity has been demonstrated at different
dye concentrations as CV dye concentration increased,
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g-C,H, catalyst action decreased. The breakdown of
CV dye by photocatalysis when exposed to visible light
suggests that g-C,N, nanoflakes are suitable for treating
pollutants. Overall, g-C,N, sample will eventually replace
the current techniques for waste management and water
disinfection.
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