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Abstract The photocatalytic degradation of environmentally non-benign, toxic organic pollutants

such as bisphenol A (BPA), brilliant green (BG), or mixture of dyes have been carried out using g-

C3N4-TiO2 (GNT) nanocomposites. The GNT nanocomposites were synthesized by using

hydrothermal method with different compositions and these nanocomposites were characterized

using the different techniques. X-ray diffraction revealed that the anatase phase of TiO2 has been

retained in composites; while characteristic reflection of g-C3N4 at 27.07� (d = 3.22 Å) is not

observed due to its lower content in the nanocomposites. Raman spectra confirms the formation

of composites between TiO2 with g-C3N4. Furthermore nano-scale dimensions of the bare or com-

posites have been proved by FE-SEM and HR-TEM analysis. X-ray photoelectron spectroscopy

(XPS) shows the presence of C, N, Ti and O as a constituents, with peaks due to CAC, NAC‚N

of g-C3N4. Among the different nanocomposites, g-C3N4-TiO2 catalyst having 30% g-C3N4 and

70% TiO2 in molar proportion (i.e. 30-GNT) is exhibiting the highest efficiency for degradation

of the different dyes in correlation to its higher surface area, lower optical band gap as well as more

visible-light absorption (i.e., k > 400 nm) in the electromagnetic spectrum.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Among the various environmental issues, the contamination of toxic

waste into the atmosphere is one of the major challenge of the globe

and it forms the various ecological problems to be very harmful to liv-

ing organisms. The majority of environmental pollutants are the car-

cinogenic natured and non-degradable coloured dye effluents, to be

discharged by the textile, leather, printing and paper industries, etc.

Most of the industries use color dyes for uplifting the features of goods
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and hence unused or bare colorants during the industrial processes are

discharged in waterbodies or air (Sankar et al., 2014). In addition,

another group of compounds referred as chemical contaminants of

emerging concern (CEC) is also responsible for water pollution. These

CECs includes pharmaceuticals, personal care products and industrial

chemicals etc. Industrial CECs have the largest and most diverse set of

chemicals, some of them are organophosphate esters, synthetic addi-

tives to plastics such as phthalates, bisphenol A (BPA), benzotriazoles

and poly- and perfluoroalkyl substances (PFASs) etc (Program, 2017).

Now-a-days, several research groups from all over the world are

focused on the degradation of the dyes (or colorants) and CECs by dif-

ferent strategies. Among them, advanced oxidation process (AOP) is

one of the process used to treat the polluted water for removing the

contaminants. In comparison to the different oxidising agents used

in AOP, nanocrystalline semiconductor based photocatalysts having

overriding advantages include ease separation, higher catalytic rate,

ability towards removal of a wide range of inorganic and organic pol-

lutants (Kubacka et al., 2011), working without any external reagents

and mostly working under sunlight, etc.

Particularly, photocatalytic TiO2 materials commonly used in AOP

studies due to its overall cost, generation of reactive oxygen species,

etc. However, TiO2 has large band gap of 3.2 eV and the high recom-

bination rate of electron/hole pairs; which retards its practical applica-

tions in visible light activated photocatalytic studies (Fujishima and

Honda, 1972; Henderson, 2011; Hoffmann et al., 1995; Marugán

et al., 2006; Pan et al., 2012; Yang et al., 2012). To overcome these

drawbacks, there is dire need to modify the bare TiO2 for tuning opti-

cal band gap to absorb visible light as well as for increasing the sepa-

ration charge carriers to increase the photocatalytic performance. In

view of this, many strategies have been imparted, includes metal or

non-metal doping (Barkul et al., 2017; Ge et al., 2013), dye-

sensitization (Dai et al., 2014; Takanabe et al., 2010), surface modifica-

tion by controlling morphology (Ma et al., 2016b; Zhao et al., 2015),

constructing heterojunction (Gondal et al., 2015; Xing et al., 2014),

semiconductor-coupling (Sun et al., 2010a), etc. Among these strate-

gies, making nanocomposite (NC) with other material has been proved

to be an impactful method to enhance the photocatalytic activity due

to its significant impact on the modification of electronic and optical

properties of material (Fu et al., 2005; Li et al., 2007).

Graphite-like carbon nitride (g-C3N4) is the best material for mak-

ing nanocomposite with TiO2 because of the interfacial connection

between these two components as well as delocalized conjugated struc-

ture leads ease electrons transfer and hence this retards the recombina-

tion rate of the charge carriers (Ma et al., 2016a). In addition, g-C3N4

is also metal-free photocatalyst with band gap of 2.7–2.8 eV, which

having high thermal, chemical stability (Jun et al., 2013;

Schwinghammer et al., 2014; Yang et al., 2013) and it has been used

as heterostructure in several applications such as photocatalytic NO

removal, H2 production, hydrocarbon oxidation, etc. (Cui et al.,

2020; Ding et al., 2011; Liao et al., 2020; Samanta et al., 2014;

Wang et al., 2018; Xiong et al., 2018). The synergetic of electron trans-

fer as well as optical absorption behaviour, g-C3N4 would boost the

opto-electrical properties of bare TiO2 materials and hence the NCs

between these two enhances the visible light driven photocatalytic

studies efficiently (Wang et al., 2011). Though, the photocatalytic

activity of g-C3N4 is restrained by the fast recombination rate of the

photo-generated electron hole pairs and the narrow excitation wave-

length range of photocatalysts (Shao et al., 2016). The various methods

have been used to prepare g-C3N4/TiO2 NC such as thermal transfor-

mation method (Sridharan et al., 2013), ball milling method (Zhou

et al., 2015) and so on. Taking into these considerations, in this present

work, we have developed a facile and reproducible strategy for prepar-

ing GNT NCs by employing hydrothermal technique. These prepared

NCs were characterized by most sophisticated techniques such as X-

ray diffraction spectroscopy (XRD), fourier transform infrared spec-

troscopy (FTIR), scanning electron microscopy (SEM), energy-
dispersive X-ray spectroscopy (EDX), high resolution transmission

electron microscopy (HRTEM), UV–Visible spectroscopy (UV–Visi-

ble), X-ray photoelectron spectroscopy (XPS), and Raman spec-

troscopy, etc. The result reveals the formation of g-C3N4-TiO2 NCs

by deposition of uniform TiO2 nanoparticles on to the surface of g-

C3N4. The photocatalytic activity of these NCs have been tested for

degradation of CEC bisphenol A (BPA), coloured dye brilliant green

(BG) and mixture of three dyes namely brilliant green, methylene blue

and methyl orange under direct sun light irradiation. The prepared

NCs have shown significant enhancement in photocatalytic activity

than pure TiO2 and g-C3N4. Furthermore, effect of concentration of

dye solution, pH of solution and amount of catalyst loading has been

tested for degradation of brilliant green dye.

2. Experimental procedure

2.1. Preparation of catalysts

Synthesis of GNT NCs has been carried out by using
hydrothermal method in the different molar ratio (such as
15:85, 30:70 of g-C3N4 and TiO2 denoted as 15-GNT and

30-GNT). Also, nanocomposite has been synthesized by one
more method, directly mixing hydrothermally formed TiO2

and g-C3N4 before calcination and abbreviated as M-GNT.

Details of catalyst preparation have been discussed in this
section.

2.1.1. Preparation of g-C3N4

g-C3N4 was synthesized by using reported method (Zhang
et al., 2017). In which, urea and thiourea was added in ethanol
by continuous stirring at 80 �C for 1 h. This mixture was
recrystallized by evaporation of ethanol. The obtained powder

was heated at the rate of 5 �C/min and maintained at 400 �C
for 2 h in an alumina crucible with a cover in air. Thus yellow-
ish powder was obtained.

2.1.2. Preparation of TiO2

Glacial acetic acid (2 ml) and ethanol (60 ml) were taken in
250 ml beaker and stirred continuously for 30 min. To this,

titanium tetra-isopropoxide (7 ml) and water (2 ml) was added
and solution was stirred for 30 min. at room temperature. This
reaction mixture was transferred into a stainless steel autoclave

and temperature maintained at 150 �C for 20 h. After
hydrothermal treatment, the solution was cooled; obtained
precipitate was filtered and washed with distilled water. Finally

the compound was dried at 80 �C and calcined at 450 �C for
4 h.

2.1.3. Preparation of GNT nanocomposites

Glacial acetic acid (2 ml) was slowly added into the ethanol
(60 ml) with vigorous stirring for 30 min. To this, titanium
tetra-isopropoxide (5.95 ml) and then water (2 ml) was added

and stirred for 30 min. Furthermore, synthesized g-C3N4

(0.246 gm) was added into this reaction mixture with appropri-
ate molar ratio and solution was transferred into a stainless
steel autoclave and maintained at 150 �C for 20 h. After

hydrothermal treatment, the solution was cooled and obtained
precipitate was filtered, washed with distilled water and dried
at 80 �C. Finally compound calcined at 450 �C for 4 h. By

applying this protocol, we have synthesized two nanocompos-



4968 R.S. Sutar et al.
ites 15-GNT and 30-GNT having molar proportion 15: 85 and
30: 70 of g-C3N4 and TiO2 respectively.

2.1.4. Preparation of M-GNT

The preparedg-C3N4 and TiO2 (before calcination prepared by
hydrothermal treatment) in the molar ratio 15:85, were mixed
thoroughly. The obtained mixture was dried at 80 �C and cal-

cined at 450 �C for 4 h.

2.2. Characterization

X-ray diffraction (XRD) spectra of the all samples were
recorded by using Regaku diffractometer with Cu Ka
(1.5418 Å). The diffraction data have been collected in the

range of 10� to 80� with scan rate 0.2/min. FTIR spectra of
the NCs were recorded on Thermo Nicolet Nexus 670 model
in the range of 400–4000 cm�1. UV–visible absorption spec-

trum of NCs were recorded in the range of 200–800 nm by
using Bio-Age UV–VIS spectrophotometer. The morphology
and elemental composition of the material was analysed by
using field-emission scanning electron microscope (FE-SEM)

with energy-dispersive X-ray spectroscopy (EDX). Further-
more, HR-TEM images were recorded on a PHILIPS
CM200 field emission transmission electron microscope hav-

ing operating voltages of 20–200 kV with resolution of
2.4 Å. XPS measurement of the prepared NCs were recorded
on a Shimadzu (ESCA 3400) spectrometer by using Mg Ka
(1253.6 eV) radiation as the excitation source. Raman analy-
sis of photocatalysts were carried out on Nicolet FT-Raman
960 spectrometer with a range of 4000–100 cm�1 and a spec-

tral resolution of 2 cm�1 using the 1064 nm exciting line
(~600 mV).

2.3. Photocatalytic degradation

The photocatalytic activity of the GNT and bare TiO2 has
been tested on the degradation of organic pollutants such as
Fig. 1 XRD spectra of bare TiO2, bare g-C3N4 and GNT

nanocomposites.
BPA, BG and mixed dyes (20.0 mg/L) in aqueous solution
under direct sunlight. Also various parameters of degradation
reaction, such as concentration of dye, amount of catalysts,

pH of dye solution, etc. has been studied. The pH of the dye
solution was adjusted by adding few drops of NaOH or HCl
(1 N).

2.3.1. Photocatalytic degradation of BG, BPA and mixture of
dyes

The 200 ml (20 mg/L) BG solution was taken in 250 ml round

bottom flask and 100 mg prepared catalyst was added. This
assembly was stirred in dark at room temperature for 30 min
to reach the adsorption desorption equilibrium and then kept

in sunlight directly. Samples were taken after given time inter-
vals and centrifuged for analysis. Absorbance of obtained sam-
ples were measured at wavelength 200–800 nm. Also the colour

of dye solution decreased with time illumination. Furthermore,
similar protocol was used for degradation of BPA and for mix-
ture of dyes (a solution of methyl orange, methylene blue, BG).

3. Results and discussion

3.1. X-ray diffraction study

XRD patterns of all samples are shown in Fig. 1. Diffraction
pattern of pure g-C3N4 shows strongest broad (0 0 2) reflection

peak at 27.07� (d = 3.22 Å) matches with reported XRD data
of g-C3N4 (Guo et al., 2003). Diffraction patterns of GNT and
pure TiO2 correspond to anatase phase of TiO2 (JCPDS-

211272); which reveals that bare TiO2 or GNT retain tetrago-
nal structure only. In the diffraction patterns of GNT, with
increasing the percentage of g-C3N4 in the nanocomposite,

diffraction peaks become broad with decrease in intensity.
The structural parameters of these NCs and bare TiO2 are
listed in Table 1. The average crystallite size of 30-GNT is
11.42 nm, 15-GNT is 12.22 nm, M-GNT is 18.24 nm, whereas

pure TiO2 having crystallite size 20.13 nm.

3.2. Raman spectra

Raman spectra of pure TiO2 and composite 30-GNT in the
range of 50–800 cm�1 is shown in Fig. 2. Here, Raman spectra
were used to approve the attachment TiO2 with g-C3N4 in the

prepared catalyst. Five spectral bands of TiO2 were observed
in GNT and these bands are at ~144 cm�1 (strong band, Eg),
~198 cm�1 (Eg), ~399 cm�1 (B1g), 514 cm�1 (A1g + B1g),

and 638 cm�1 (Eg). All these bands are the characteristic bands
for anatase phase of TiO2. These observed peaks were assigned
to the Ti-O-Ti network structure of TiO2. When the TiO2

nanoparticles attached to g-C3N4, there is a considerable not

only increase in peak broadening but also decrease in intensity
of characteristic bands; which confirms a strong chemical
interaction between both components. A spectrum of 30-

GNT composite exhibits the characteristics bands of TiO2

and in addition, a new peak has been observed at ~482 cm�1

due to g-C3N4 (Troppová et al., 2018). Furthermore, the stron-

gest intensity band of TiO2, which is at 144 cm�1, has been
decreased in the prepared composite, confirms the strong inter-
action of TiO2 with g-C3N4 rather than existing purely as a

mixture of both.



Table 1 Structural parameters of bare TiO2, composites M-GNT, 30-GNT and 15-GNT.

Catalysts Standard d value Observed d value hkl plane Cell parameters Crystallite Size (nm)

a(Å) c(Å) V(Å3)

TiO2 3.52 3.52 (1 0 1) 3.76 9.48 134.02 20.13

2.37 2.37 (0 0 4)

1.33 1.33 (2 2 0)

M-GNT 3.52 3.52 (1 0 1) 3.76 9.49 134.16 18.24

2.37 2.37 (0 0 4)

1.33 1.33 (2 2 0)

30-GNT 3.52 3.52 (1 0 1) 3.76 9.51 134.30 11.42

2.37 2.37 (0 0 4)

1.33 1.33 (2 2 0)

15-GNT 3.52 3.52 (1 0 1) 3.76 9.49 134.16 12.22

2.37 2.37 (0 0 4)

1.33 1.33 (2 2 0)

Fig. 2 Raman spectra of pure TiO2 and 30-GNT composite.

Fig. 3 (a) UV–Visible absorption spectra and (b)
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3.3. UV–Visible absorption study

UV–visible absorption spectra of the representative samples

are shown in Fig. 3(a). It is seen that the stronger absorption
edge is red shifted towards the higher wavelength than that
of bare TiO2. It also reveals that the optical absorption of
NCs is observed in the visible region of electromagnetic spec-

trum. This is attributed to matchable optical band levels of
TiO2 with g-C3N4. In the nanocomposite, the g-C3N4 would
perform the role of a photo-sensitizer and responsible to

extend the absorption of TiO2 photocatalyst to the range of
visible light through electron transfer as shown in Fig. 4. This
figure also reveals that the charge carriers are transferred from

LUMO of g-C3N4 (�2.4 eV) to conduction band of TiO2

(�4.2 eV) (Troppová et al., 2018). To know the optical band
gap of the samples, a graph of ht vs (aht)2 is plotted and
shown in Fig. 3(b). The band gap range of prepared compos-

ites is from ~2.9 eV to 3.16 eV, whereas bare TiO2 having band
gap 3.3 eV (Fig. 3(b)).
plot of ht vs (aht)2 of GNTs and bare TiO2.



Fig. 4 Possible schematic representation of mechanism of GNT

catalyst.

Fig. 5 FT-IR spectra of the 30-GNT, 15-GNT, g-C3N4 and bare

TiO2.
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3.4. FT-IR studies

FT-IR spectra of all samples are shown in Fig. 5. The patterns

of all GNT are similar and all these patterns consist of the
peaks corresponding to the anatase TiO2 as well as g-C3N4.
All FT-IR spectra show the bands at 1722, 3202 and
3247 cm�1; due to the stretching and deformation modes of

NH2 group, while a peak at 1634 cm�1 is due to stretching
C-N bond and also shows good crystallinity of g-C3N4 (Liu
et al., 2011; Troppová et al., 2018). While other bands at

1336, 1269 cm�1 corresponds to CAN (Zhou et al., 2014). Also
the bands at 1435, 1465 cm�1 attributed due to s-triazine ring
(Sun et al., 2010b).

In addition, the spectrum of pure TiO2 and GNT also
shows a broad band in range of 453–973 with sharp tip at
530 cm�1 attributed due to OATiAO bonding in anatase
TiO2 (Barkul et al., 2017). The peak at 1630 cm�1 and broad

bands at 3397 cm�1 correspond to bending and stretching
vibrations of AOH group respectively and appear due to phy-
sisorbed water molecule present on the TiO2 surface. Surface
hydroxylation is more in GNT samples than the pure TiO2,
which is more capable to reflect through more percentage

transmittance at 3427 cm�1 in the IR spectrum and results in
efficient photodegradation activity of GNT samples.

3.5. Field emission scanning electron microscopy (FESEM) and
EDAX measurements

EDAX spectrum and FE-SEM images of representative sam-

ples are shown in Fig. 6. FE-SEM images reveals the forma-
tion of agglomerated nano-crystalline nature of the bare
TiO2 as well as GNT NCs with average grain size 500 nm to

10 lm. Whereas EDAX patterns of all representative GNT
and TiO2 provides useful information of elemental composi-
tion of synthesized materials. These EDAX spectrums show
the peak of C, N, Ti and O in the samples.

3.6. High-resolution transmission electron microscopy

(HRTEM)

The structural properties of prepared material 30-GNT cata-
lyst were further investigated by using HR-TEM spectroscopy.
Clear lattice fringes were obtained for both 15-GNT and 30-

GNT nanomaterial as shown in Fig. 7(a, b, c). Both the
HRTEM image shows well anatase crystalline compound
and distances (d) of crystal lattice fringes is 0.352 nm which
is corresponding to the spacing of (1 0 1) lattice plane of the

anatase TiO2 (JCPDS 211272). Also, area of g-C3N4 and
TiO2 has been shown in Fig. 7(b, c). The selected area electron
diffraction (SAED) pattern of 30-GNT NC has been shown in

Fig. 7(d), confirms the anatase phase of TiO2, which is in good
agreement with XRD results. The brightness and intensity of
polymorphic rings in SAED pattern, reveals the well crys-

talline nature of nanocomposite. The average crystalline size
of the composite was calculated from XRD is ~12 nm is also
matches with HR-TEM results.

3.7. X-ray photoelectron spectroscopy

XPS measurements were taken for the analysis of chemical
states of element and bond nature of prepared nanocomposite

30-GNT and shown in Fig. 8. From the Fig. 8(b) three peaks
are positioned at 283.3, 284.8 and 287.1 eV; the peaks situated
at 283.3 and 284.8 eV can be ascribed to the CAC, and the

peak at ~287.1 eV is corresponds to CAO bond due to
adsorbed CO2 and isocynic acid (HN‚C‚O), or moderately
reacted oxygen-containing intermediates products throughout

the heating process (Liu et al., 2011; Zhou et al., 2014).
Fig. 8(c) represents N 1s spectra. The peak at binding energy
398.0 eV is attributed due to NAC‚N or ‚NH, another peak

at 399.4 eV is corresponds to NAC3 or ANHA and peak at
binding energy 401.4 eV, which is attributed due to CANAH
or ANH+ group of g-C3N4 (Sun et al., 2010b). Fig. 8(d) shows
O 1s spectrum containing a peak at binding energy 528.8 eV,

which is corresponds to the O2� in TiO2 and the AOH group
on the surface of GNT (Ng et al., 2010). In the Fig. 8(e), two
peaks are obtained for Ti 2p spectrum at binding energy 457.4

and 463.3 eV. All the analysis of XPS confirms the successful
and proper synthesis of NCs by hydrothermal method.



Fig. 6 FE-SEM images and EDAX spectrum of (a) 15-GNT, (b) 30-GNT, (c) TiO2, (d) M-GNT.

Fig. 7 HR-TEM micrographs of (a) & (b) 15 GNT, (c) 30-GNT, d) SAED pattern of 30-GNT.
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Fig. 8 (a) XPS spectra of GNT, high-resolution spectra of (b) C 1s, (c) N 1s, (d) O 1s, (e) Ti 2p.
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4. Photocatalytic activity

The photocatalytic activity of prepared NCs is evaluated for

degradation of BG dye, mixture of three dyes (BG, MB and
MO) and remerging contaminant BPA. The effect of various
parameters such as pH of solution, catalyst composition, cat-
alyst loading and concentration of dye solution on photocat-

alytic activity is studied thoroughly during degradation
reactions.

4.1. Photocatalytic degradation of BG dye

UV–Visible absorption spectra of BG dye in the suspension of
30-GNT composite with respect to irradiation time are shown

in Fig. 9(a). As can be seen from the figure, the characteristic
absorption peak of BG dye at ~623 nm with other peaks at
Fig. 9 (a) Optical absorption spectrum of BG, (b) Kinetic plot of

corresponding plot of lnC0/C vs time [Experimental Conditions: [BG]

solution = 200 ml and aqueous medium].
420 nm, 310 nm are decrease gradually with respect to time
irradiation. The complete degradation of BG dye has been

observed after 150 min by using 30-GNTnanocomposite.
Kinetic plot of BG photodegradation reaction for the dif-

ferent catalysts with respect to varying irradiation time is

shown in Fig. 9(b). The control of experiments reveals that
concentration of BG has been constant in absence of photocat-
alyst in presence of sunlight, suggest that BG dye is very much
stable photochemically. Within irradiation time of 150 min.,

the complete degradation (~95%) of BG is observed for 30-
GNT composite; while 59.82%, 70.40%, 73.74%, 78.67%
degradation of BG is noted for M-GNT, g-C3N4, TiO2, 15-

GNT, respectively and hence it reveals that 30-GNT required
less time to degrade BG completely to that of other compos-
ites, bare g-C3N4 and bare TiO2. This observation indicates

that the photocatalytic degradation reaction of the composite
is highly dependent upon the amount of g-C3N4 incorporated
BG photodegradation reaction for the different catalysts and (c)

= 20.0 mg/L, amount of 30-GNT catalysts = 100 mg, volume of
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into TiO2. Higher activity of 30-GNT as compare to other pre-
pared NC’s and bare TiO2 is because of lower crystallite size
and band gap. As discussed in earlier section, 30-GNT having

lower average crystallite size i.e. 11.42 nm as compare with
other prepared catalysts such as 15-GNT, M-GNT and bare
TiO2 having average crystallite size 12.22 nm, 18.24 nm and

20.13 nm respectively. Furthermore, 30-GNT catalyst having
higher photoresponce in visible light, as it shows more absorp-
tion in visible region with lowest band gap about 2.9 eV.

In the photodegradation studies, the apparent rate constant
was applied usually because it consents for the independent
determination of photocatalytic activity of the previous
adsorption period. The apparent first order kinetic equation

is given as follows:

� log
C0

C
¼ Kapp:

t

2:303
ð1Þ

where, Kapp is the apparent rate constant of a reaction, C0 is
the initial concentration of dye solution at t = 0 and C is
the remaining concentration of dye solution at time t (Barkul

et al., 2016).
Table 2 shows the reaction kinetic parameters for photocat-

alytic degradation of BG using different NCs, bare g-C3N4 and

bare TiO2. As compared to other catalysts, 30-GNT has shown
the higher rate constant (19.85 � 10�3min�1) for degradation
of BG under direct sunlight and it is almost twice to that of

bare TiO2 and bare g-C3N4.
Fig. 9(c) shows plot of lnC0/C of BG dye in the suspension

of all samples with irradiation time. The linear nature of graph

of lnC0/C of all samples with respect to irradiation time, sug-
gest that photocatalytic degradation is first order kinetics
(Barkul et al., 2017).

Due to better catalytic activity of 30-GNT, the further

photo-degradation studies are carried out using 30-GNT cata-
lyst by varying the other preparative parameters such as con-
centration of dye, pH of dye solution, amount of catalyst, etc.

Different concentrations of BG dye (15 ppm to 30 ppm)
was used to explore the effect on rate of photocatalytic degra-
dation. From the plot of change in concentration of BG per

minute with irradiation time (Fig. 10(a)), the photodegradaton
rate was found to be increases with increase in the initial con-
centration of dye from 15 to 25 ppm initial concentration of
BG dye. This is due to availability of more number of dye

molecules for excitation and degradation. Further increasing
the concentration i.e. for 30 ppm solution of BG, rate of degra-
dation remains same or slightly decreased. This is due to the
Table 2 Reaction kinetic parameters of photocatalytic degra-

dation of BG using GNT, bare TiO2 and g-C3N4 after

irradiation time of 150 min (peak at wavelength ~623 nm).

Name

of

catalysts

Initial

concentration

of BG (%)

Remaining

concentration of BG

after 150 min (%)

Rate

constant

(min�1)

TiO2 100.0 26.86 9.327 � 10�3

g-C3N4 100.0 29.60 7.725 � 10�3

M-GNT 100.0 40.18 6.641 � 10�3

15-GNT 100.0 21.33 12.42 � 10�3

30-GNT 100.0 5.05 19.85 � 10�3
fact that, at more concentration of dye, colour intensity
increases; which affects the light intensity passing through
the reaction medium to reach the surface of the photocatalyst

(Abdellah et al., 2018). Furthermore, the complete degradation
of 15 ppm solution can be achieved in 120 min. But for 20, 25
and 30 ppm concentration complete degradation has not been

achieved in 120 min., whereas 90, 78 and 67% degradation has
been achieved respectively (Fig. 10(b)).

The photodegradation efficiency of the reaction greatly

depends up on pH of dyes solution. Also, the wastewater from
textile, cosmetics, and printing industries contains mixture of
dyes, mostly having a wide pH range. Therefore, the optimized
results of photodegradation of BG dye by changing pH of dye

solution have been illustrated in Fig. 10(c). The rate of reaction
is higher in acidic medium (pH 3.0, 5.0) than that of basic med-
ium (pH 11.0, 9.0). The different pH of solution can change the

surface charge of GNT composite and change the potential of
the photocatalytic reactions. Reactive species OH�, O2

��, and
HO2

� are responsible for photodegradation. Formation of these

reactive species takes place as shown in Eqs. (2)–(5)
(Pingmuang et al., 2017). Formation of HO2

� is favoured under
acidic condition. Higher degradation rate under acidic condi-

tion, shows that HO2
� is main oxidation specie in prepared

composite photo catalysis system. In basic and acidic condi-
tion of the solution deprotonate and protonate the surface of
catalysts respectively. Hence the surface of titania have appear

negatively charged in alkaline medium and positively charged
in acidic medium. The adsorption of dye on the surface of tita-
nia can change the rate of reaction (Rauf and Ashraf, 2009).

e�CB + O2(aq) ! O2
�� ð2Þ

e�CB + O2(aq) + Hþ !HO2
� ð3Þ

hþ
VB + OH� !OH� ð4Þ

hþ
VB + H2O ! Hþ + OH� ð5Þ
The photocatalytic degradation efficiency was evaluated by

changing catalyst loading of 30-GNT from 0.25 g/L to 1 g/L
mg for BG solution and illustrated in Fig. 10(d). The results
revealed that the rate of catalytic reaction increases with

increase in amount of catalyst loading, as the presence higher
amount of catalyst provides the higher active surface area and
sites, which are involved in the degradation reaction. Also, due
to increase in catalyst loading adsorption of dye on the surface

of catalyst also increases. For 0.25 g/L loading the initial
adsorption (in dark) of dye on the catalyst surface is
about12% and increases to 20% for 1 g/L catalyst loading.

4.2. Photocatalytic degradation of BPA

Photocatalytic studies of the synthesized NCs were tested

against the degradation of BPA under sunlight irradiation.
Measured absorption spectrum of BPA during photocatalytic
studies with relevant irradiation time in presence of 30-GNT

is shown in Fig. 11(a). From the figure, absorbance maximum
of BPA solution is observed at wavelength ~277 nm. Peak has
been gradually decreased with increase in time illumination
and complete degradation of BPA occurred in 240 min.

Fig. 11(b) shows change in concentration of BPA dye in the
suspension of 15-GNT, 30-GNT, M-GNT, TiO2, g-C3N4 and



Fig. 10 Plot of (a) d[BG]/dt versus time, (b) percentage degradation of BG dye versus irradiation time (min.) for different concentration

of BG dye solution, (c) C/C0 versus irradiation time (min) for varying pH of dye solution and (d) change in concentration of BG by using

30-GNT with different amount of catalysts with irradiation time.

Fig. 11 (a) Absorption measurement of BPA solution by using 30-GNT with irradiation time, (b) Change in concentration of BPA and

(c) plot of lnC0/C of BPA by using 30-GNT, 15-GNT pure TiO2, M-GNT and without catalyst with irradiation time. [Experimental

Conditions: [BPA] = 20.0 mg/L, amount of catalyst = 100 mg, volume of solution = 200 ml, in aqueous medium].
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without catalysts. The control experiment i.e. without using
any catalyst, has not shown any degradation of BPA, which
suggest that BPA is more stable photochemically. The higher

photocatalytic degradation of BPA is observed for 30-GNT
in 240 min as compare to other catalysts. Hence, this overall
study again confirms that proportion amount of g-C3N4 incor-
porated into TiO2 have more significant factor in the prepared

nanocomposite. The higher efficiency of 30-GNT is due to
lower crystallite size and band gap than other catalysts. The
plot of linear nature of lnC0/C of all photocatalysts with

respect to time (Fig. 11(c)), shows that the photocatalytic
degradation reaction is first order kinetics. Rate constant for
BPA photodegradation study using 30-GNT is twice of using
bare TiO2 under similar experimental conditions (Table 3).

4.3. Photocatalytic degradation of mixed dyes

As per our earlier photodegradation study of BG and BPA, it
is concluded that 30-GNT is more effective nanocomposite as

compared to other synthesized nanocomposites or bare TiO2.
Hence, photodegradation studies of mixed dye were carried



Table 3 Reaction kinetic parameters of photocatalytic degra-

dation of BPA using GNT, bare TiO2 and g-C3N4 after

irradiation time of 240 min (peak at wavelength ~ 277 nm).

Name

of

catalysts

Initial

concentration

of BPA (%)

Remaining

concentration of BPA

after 240 min (%)

Rate

constant

(min�1)

TiO2 100.0 45.26 15.75 � 10�3

g-C3N4 100.0 57.62 8.127 � 10�3

M-GNT 100.0 36.73 20.26 � 10�3

15-GNT 100.0 30.44 24.86 � 10�3

30-GNT 100.0 21.98 30.32 � 10�3

Fig. 12 Absorption spectrum of mixture of dyes by using 30-

GNT with irradiation time.

Fig. 13 Catalysts recyclability [Experimental Conditions:

[BG] = 20.0 mg/L, amount of 30-GNT catalyst = 100 mg,

volume of solution = 200 ml, in aqueous medium].
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out only by using 30-GNT nanocomposite. Here, we have used
aqueous solution of mixture of three dyes namely methyl

orange (MO), methylene blue (MB) and brilliant green
(MG). The control experiments reveals that the photolysis of
MO, BG and MB is very slow without photocatalyst under

solar irradiation. Fig. 12 shows change in concentration of
mixed dyes (MB, BG and MO) in the suspension of 30-GNT
with respect to irradiation time. Absorption peaks are

obtained at wavelengths ~464 nm, ~ 624 nm and ~662 nm,
which are characteristic absorption peaks (kmax) of MO, BG
and MB respectively. Initial concentration of mixed dyes
decreases with increase in time illumination and intensity of

these peaks gradually decreases. The complete degradation
of these dyes in aqueous solution has taken place in 270 min.
Overall photodegradation of these dyes confirms that 30-

GNT also degrade mixture cationic and anionic dyes under
direct sunlight irradiation.

5. Recyclability of catalysts

Reusability of the prepared NC is one the most significant fea-
ture for catalyst efficiency over practical reuses. Therefore,

three cycles of photocatalytic degradation of BG was carried
out using 30-GNT under sunlight and shown in Fig. 13. A
result reveals the outstanding efficiency of the catalyst after
three cycles and this confirmed the stability of the prepared
catalyst.

6. Conclusions

Visible active g-C3N4-TiO2(GNT) NCs were successfully synthesized

by using hydrothermal method. Among the various NCs, 30-GNT

has shown the better efficiency for photodegradation of brilliant green

(BG), bisphenol A (BPA) and mixture of three dyes namely methylene

blue (MB), brilliant green (BG) and methyl orange (MO). Further-

more, from the characterisation of the catalysts, it has been confirm

that g-C3N4 act as a sensitizer in the photocatalytic degradation. How-

ever, strong interaction of g-C3N4 with TiO2 has been proved by FTIR

and Raman analysis. From UV–Visible absorption study, 30-GNT

catalyst has shown better visible light absorption than other catalysts.

The band gap 2.9, 3.0, 3.16 and 3.3 eV has been observed for 30-GNT,

15-GNT, M-GNT and bare TiO2 respectively. Also, 30-GNT catalyst

has been shown almost similar efficiency for three cycles. Rate con-

stant of 30-GNT catalyst is twice to that of bare TiO2 for degradation

of brilliant green dye and bisphenol A.
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Unconventionally prepared TiO2/g-C3N4 photocatalysts for pho-

tocatalytic decomposition of nitrous oxide. Appl. Surf. Sci. 430,

335–347.

Wang, H., He, W., Dong, X., Wang, H., Dong, F., 2018. In situ FT-

IR investigation on the reaction mechanism of visible light

photocatalytic NO oxidation with defective g-C3N4. Sci. Bull. 63,

117–125.

Wang, Y., Shi, R., Lin, J., Zhu, Y., 2011. Enhancement of photocur-

rent and photocatalytic activity of ZnO hybridized with graphite-

like C3N4. Energy Environ. Sci. 4, 2922–2929.

Xing, C., Wu, Z., Jiang, D., Chen, M., 2014. Hydrothermal synthesis

of In2S3/g-C3N4 heterojunctions with enhanced photocatalytic

activity. J. Colloid Interface Sci. 433, 9–15.

Xiong, T., Wang, H., Zhou, Y., Sun, Y., Cen, W., Huang, H., Zhang,

Y., Dong, F., 2018. KCl-mediated dual electronic channels in

layered g-C3N4 for enhanced visible light photocatalytic NO

removal. Nanoscale 10, 8066–8074.

http://refhub.elsevier.com/S1878-5352(20)30023-X/h0010
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0010
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0015
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0015
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0015
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0015
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0015
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0020
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0020
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0020
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0020
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0025
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0025
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0025
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0025
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0025
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0025
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0025
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0030
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0030
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0030
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0035
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0035
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0035
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0040
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0040
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0045
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0045
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0045
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0045
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0045
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0050
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0050
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0050
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0050
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0050
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0050
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0050
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0050
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0055
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0055
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0055
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0055
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0060
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0060
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0065
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0065
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0065
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0070
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0070
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0070
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0070
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0075
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0075
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0075
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0080
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0080
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0080
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0080
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0085
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0085
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0085
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0085
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0085
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0085
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0085
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0090
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0090
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0090
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0090
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0095
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0095
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0095
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0095
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0095
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0095
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0100
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0100
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0100
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0100
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0100
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0105
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0105
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0105
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0110
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0110
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0110
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0110
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0110
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0110
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0115
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0115
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0115
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0115
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0115
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0120
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0120
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0120
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0120
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0120
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0130
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0130
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0130
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0135
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0135
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0135
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0135
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0135
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0135
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0140
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0140
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0140
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0140
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0140
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0145
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0145
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0145
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0145
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0150
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0150
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0150
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0150
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0150
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0150
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0155
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0155
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0155
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0155
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0155
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0155
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0155
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0160
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0160
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0160
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0165
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0165
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0165
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0165
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0170
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0170
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0170
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0170
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0170
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0175
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0175
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0175
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0175
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0175
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0175
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0175
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0180
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0180
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0180
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0180
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0180
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0180
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0185
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0185
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0185
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0185
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0185
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0190
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0190
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0190
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0190
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0190
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0190
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0190
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0195
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0195
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0195
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0195
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0195
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0195


Sunlight assisted photocatalytic degradation of organic pollutants 4977
Yang, F., Yan, N.-N., Huang, S., Sun, Q., Zhang, L.-Z., Yu, Y., 2012.

Zn-doped CdS nanoarchitectures prepared by hydrothermal syn-

thesis: mechanism for enhanced photocatalytic activity and stability

under visible light. J. Phys. Chem. C 116, 9078–9084.

Yang, S., Gong, Y., Zhang, J., Zhan, L., Ma, L., Fang, Z., Vajtai, R.,

Wang, X., Ajayan, P.M., 2013. Exfoliated graphitic carbon nitride

nanosheets as efficient catalysts for hydrogen evolution under

visible light. Adv. mater. 25, 2452–2456.

Zhang, Y., Gong, H., Li, G., Zeng, H., Zhong, L., Liu, K., Cao, H.,

Yan, H., 2017. Synthesis of graphitic carbon nitride by heating

mixture of urea and thiourea for enhanced photocatalytic H2

production from water under visible light. Int. J. Hydrogen Energy

42, 143–151.
Zhao, H.-M., Di, C.-M., Wang, L., Chun, Y., Xu, Q.-H., 2015.

Synthesis of mesoporous graphitic C3N4 using cross-linked

bimodal mesoporous SBA-15 as a hard template. Microporous

Mesoporous Mater. 208, 98–104.

Zhou, J., Zhang, M., Zhu, Y., 2015. Photocatalytic enhancement of

hybrid C3N4/TiO2 prepared via ball milling method. Phys. Chem.

Chem. Phys. 17, 3647–3652.

Zhou, S., Liu, Y., Li, J., Wang, Y., Jiang, G., Zhao, Z., Wang, D.,

Duan, A., Liu, J., Wei, Y., 2014. Facile in situ synthesis of graphitic

carbon nitride (g-C3N4)-N-TiO2 heterojunction as an efficient

photocatalyst for the selective photoreduction of CO2 to CO. Appl.

Catal. B. Environ. 158, 20–29.

http://refhub.elsevier.com/S1878-5352(20)30023-X/h0200
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0200
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0200
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0200
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0205
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0205
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0205
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0205
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0210
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0210
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0210
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0210
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0210
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0215
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0215
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0215
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0215
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0215
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0215
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0220
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0220
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0220
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0220
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0220
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0220
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0225
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0225
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0225
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0225
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0225
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0225
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0225
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0225
http://refhub.elsevier.com/S1878-5352(20)30023-X/h0225

	Sunlight assisted photocatalytic degradation of organic pollutants using g-C3N4-TiO2 nanocomposites
	1 Introduction
	2 Experimental procedure
	2.1 Preparation of catalysts
	2.1.1 Preparation of g-C3N4
	2.1.2 Preparation of TiO2
	2.1.3 Preparation of GNT nanocomposites
	2.1.4 Preparation of M-GNT

	2.2 Characterization
	2.3 Photocatalytic degradation
	2.3.1 Photocatalytic degradation of BG, BPA and mixture of dyes


	3 Results and discussion
	3.1 X-ray diffraction study
	3.2 Raman spectra
	3.3 UV–Visible absorption study
	3.4 FT-IR studies
	3.5 Field emission scanning electron microscopy (FESEM) and EDAX measurements
	3.6 High-resolution transmission electron microscopy (HRTEM)
	3.7 X-ray photoelectron spectroscopy

	4 Photocatalytic activity
	4.1 Photocatalytic degradation of BG dye
	4.2 Photocatalytic degradation of BPA
	4.3 Photocatalytic degradation of mixed dyes

	5 Recyclability of catalysts
	6 Conclusions
	Declaration of Competing Interest
	Acknowledgement
	References


