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ARTICLE INFO ABSTRACT

Keywords: Herein, efficient ZnWO,/g-C3N,4 hybrid photocatalysts with effective interfaces were designed by controlling the
ZnWO,/g-C3N, surface charges of the two individual materials via facile hydrothermal method. The photocatalysts were
Hydrothermal characterized by X-ray diffraction (XRD), Transmission electron microscopy (TEM), Energy dispersive X-ray
Catalyst

(EDX) analysis, Raman, N, adsorption-desorption, Photoluminescence spectroscopy (PL) and UV-Vis diffuse
reflectance spectra analysis. XRD and TEM results indicate the reasonable existence of g-C3N, (001)-ZnWO,
(010) interfaces. The incorporated g-C3N4 layer has shown a great impact on the structure and properties,
including lattice expansion, band-gap narrowing, luminescence enhancement, as well as photocatalytic activity.
Visible light induced photocatalytic degradation test was carried out for all the synthesized catalysts towards
rhodamine B (RhB) and 4-chlorophenol (4-CP) dyes. The results reveal that the hybrid catalyst show outstanding
degradation efficiency of 99%, high apparent constant (0.0931 min ') and long term stability towards RhB dye
under visible light irradiation. The degradation efficiency is only ~41 and 47% for the pure g-C3N4 and ZnWO,
catalysts, respectively. The synergic effect between these hybrid materials photocatalytic mechanism was also

4-Chlorophenol
Visible light

discussed in brief.

1. Introduction

In the past decades, great progress has been made in the develop-
ment of semiconductor photocatalysis for environmental protection and
health sectors [1]. Photocatalysts are expected to play important roles
in solving environment problems, particularly for the removal of or-
ganic and inorganic pollutants. Semiconductor photocatalysts films
have attracted widespread interest as promising materials for the re-
moval of organic contaminants. Nevertheless, TiO, is one of the most
widely used photocatalysts, suffers from two main problems, which are
the lows solar energy conversion efficiency and the high recombination
of photo-generated electron-hole pairs. Therefore, great efforts have
been devoted to searching for new efficient photocatalysts [2-11].
Since, it represents an easy way to utilize the energy of either natural
sunlight or artificial indoor light, which is inexhaustibly accessible all
over in the world. In any case, most of the broadly utilized

photocatalysts have two primary restrictions: one is the low solar en-
ergy conversion proficiency due to their wide band gap, and the other is
the high recombination ratio of photo-induced electron-hole pairs. In
this regard, looking for exceedingly dynamic photocatalysts is still a
growing effort around the world. Currently, inorganic nanostructured
materials have paid much attention in energy and environmental ap-
plications [12]. Among them, metal tungstates (AWO,4; A = Cu, Mn, Zn,
Co, Ni, Sm, etc.) were broadly utilized in different potential applica-
tions due to their extraordinary physicochemical properties [13].

In particular, zinc tungstate (ZnWO,), the 6- fold facilitated ZnOg
and WOg octahedrons are associated by means of corner sharing of
oxygen atoms [14]. The compound shows self-activated luminescence
and great photocatalytic capability, both emerging from its photoactive
tungstate ligand [15], and has generally stable electrochemical prop-
erties, high refractive index, short fluorescence decay and non-toxicity
[16]. It has widely used in numerous important applications including
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gas sensor, humidity sensor, solid state laser host, optical fibers, LED,
catalysis and photocatalysis areas [17]. However, because of its high
recombination ratios of photo-generated electron-hole pairs, the de-
gradation efficiency of phenol is relatively low. In order to address
these issues, coupling of heterojunction photocatalyst, which is consists
with combination of metal oxides with carbonaceous based materials
(Reduced graphene oxide, graphene, CNT and g-C3Ny etc.), is the ef-
fective way to improve the photocatalytic performance [18]. Recently,
graphitic carbon nitrides (g-C3N4) are considered as a promising can-
didate for preparation of hetero-nanostructure photocatalysts [19-23].
It is a soft polymer so that it can easily coat on other compounds sur-
face. On the other hand, its graphene like sp> bonding structure, to-
gether with abundant in-plane nitrogen dopants and defects, gives it an
appealing electronic structure [24], which is responsible for its multi-
functional catalytic activity [25]. Compared with other photocatalysts,
g-C3N, combines the advantages of low cost, non-toxicity and visible
light activity. For example, Wang et al. have reported the synthesis of
RGO-ZnWO, nanocomposite for photocatalysis applications and de-
composition of various toxic pollutants under visible light irradiation
[26] and his groups was further designed the ternary photocatalyst,
which is combination with RGO-ZnWO4-Fe;0, nanocomposite for
visible light photocatalysis. The results illustrate that the ternary pho-
tocatalyst show outstanding degradation efficiency towards various
organic pollutants under visible light illumination [27-29]. L. Sun et al.
[30] reported systematic investigation of the microscopic mechanism of
interface interaction, charge transfer and separation, as well as their
influence on the photocatalytic activity of heterojunctions by a com-
bination of theoretical calculations and experimental techniques for the
g-C3N4~ZnWO, composite. In this report, the desired ZnWO,/g-C3N,4
heterojunction photocatalysts were synthesized by hydrothermal
method. The hydrothermal method is a promising liquid phase pre-
paration technology that has developed rapidly during recent years. It is
widely used in many fields, such as the piezoelectric, ferroelectric,
ceramic powder, and oxide film fields. The hydrothermal method has
resulted in many new methods during the long-term research process,
such as adding other force fields to the hydrothermal condition reaction
system. These force fields mainly include direct current, electric,
magnetic (autoclaves composed of non-ferroelectric materials), and
microwave fields. In addition, the crystal size, morphology, and ag-
glomeration of ceramic oxides can be controlled by adjusting the ratio
of starting materials, pH of the reaction system, time, and temperature
of the reaction. Moreover, the method is convenient operation, simple
synthesis process, and controllable particle size. The photocatalytic
experimental results showed that, under visible-light illumination, the
hybrid composite catalyst exhibits tremendous degradation efficiency
towards RhB and 4-CP dyes. The narrowing the band gap end separa-
tion of charge carrier with possible photocatalytic mechanism of the
hybrid catalyst was systematically investigated.

2. Experimental procedure
2.1. Materials

Melamine (C3HgNg, 99%) was used in this study as a carbon nitride
precursor. Sodium tungstate (Na,WO,), zinc nitrate dihydrate (Zn
(NO3)32H,0), sodium hydroxide (NaOH), rhodamine B (RhB) and 4-
Chlorophenol (4-CP) solutions were purchased from Alfa Aesar com-
pany (Japan) with purity of 99%. Chemicals were used any further
sanitization.

2.2. Preparation of g-C3N,4, ZnWO, and ZnWO,/g-C3N, nanocomposites

Bare g-C3N, was synthesized from Melamine, which is direct an-
nealing of 450 °C for 2 h in air environment [31]. In this process, 2 g
melamine was put into an alumina crucible with a cover and calcined at
450 °C, with a heating rate of 2 °C min~’, then kept for 2 h at this
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Fig. 1. Powder X-ray diffraction pattern of pure g-C3N4, ZnWO, and various
composite samples.

temperature. Finally, the coarse g-C3N, was grinded into the powder
before further characterization. A facile hydrothermal route was used to
prepare the ZnWO, nanoparticles. Initially, 1.65 g of Na,WO, and
0.85 g of Zn(NO3)32H,0 were mixed with 50 ml of DI water under
vigorous stirring of 30 min. Subsequently, the concentrated NaOH so-
lution was added into the above solution to adjusting the pH value to
reaches to 8. When NaOH is added in the precursor solution, it mixed
well with the precursor solution and increased the pH of the solution.
NaOH absorbs more hydrothermal reaction than ammonia which re-
sults in increased reaction rate. The pH value was found to 6.5 before
adding of NaOH. The resultant suspension was transferred into a Te-
flon-lined stainless steel autoclave and heated to 150 °C and kept for
12 h, and then cooled down naturally. The milky white gel was se-
quentially washed with water, ethanol, and acetone (20 mL of each) and
dried in a dessicator under low vacuum (approx. 10~ *mbar) for 24 h
and dried at 80 °C overnight. The final product is pure ZnWO,4 nano-
powders. The g-C3N,/ZnWO, photocatalysts were prepared through
several steps. First, an appropriate amount of g-C3N4 was added into
methanol to be ultrasonically stirred for 1 h to completely disperse the
g-C3Ny. Then, the ZnWO, power was added into the g-C3N4 suspension
and magnetically stirred in a fume hood until solvent evaporation was
completed. The g-C3N,/ZnWO, composite photocatalysts with different
g-C3N,4 mass ratios were obtained after drying at 80 °C and then cal-
cinating at 300 °C for 4 h to provide enough thermal energy to achieve
an interaction between ZnWO, and g-C3N, samples, which could pro-
vide a favorable condition for charge transfer from one particle to the
other via the interfaces. The mass ratios of the resulting samples were as
follows: g-C3N4: ZnWO, = 1:1, 2:1, and 3:1. The composites with these
different mass ratios were denoted here as ZWG1, ZWG2 and ZWG3,
respectively.

2.3. Characterization techniques

Bruker D8 diffractometer with Cu Ka radiation (A = 1.5418 1°\) was
used to analysis the structural nature of the samples. The micro-
structure and elemental composition of the samples were analyzed by
using scanning electron microscope (JEOL Model JSM - 6390LV),
transmission electron microscope (TEM, H-600-1I, Hitachi) and energy
dispersive spectra (EDS) (JEOL Model JED - 2300) analysis. The
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Fig. 2. SEM images of a) g-C3Ny4; b) BiVO,; ¢) ZWG3; TEM images of d) g-C3N4; e) ZnWOy; e) ZWG3; f) EDAX spectra of BVG3.

fundamental vibration modes of the samples were measured by Fourier
transforms infrared spectroscopy (FT-IR, Nicolet Nexus 470). The
photoluminescence (PL) spectra of the samples were obtained by a
QuantaMaster & TimeMaster Spectrofluorometer with an excitation
wavelength at 38 nm using He-Ne laser as input source. The specific
surface areas and porous nature of materials were further investigated
by nitrogen adsorption/desorption measurements on nova 2200e.
BRUKER RFS 27: spectrometer and Perkin- Elmer lambda 950 UV-vis.-
NIR spectrophotometer was utilized to identify the vibration mode and
optical nature of the products.

2.4. Photocatalytic assembly

A glass type photo-reactor which is consists of 500 ml capacity with
dimension of 15 cm diameter and 20 cm height. Xenon lamp XQ-500 W
with an intensity of 40 mW/cm? has been used as the source of visible
light to activate the photocatalytic reaction. Initial concentration of the
solution consists of 10 mg of catalyst powders with mixed with 50 ml of
dyes (20 mg L.™') and stirred for about 30 min to accomplish the ad-
sorption-desorption equilibrium. The absorption ability of rhodamine B

(RhB) and 4-chlorophenol (4-CP) dyes were monitored using UV-Vis-
NIR spectrophotometer (UV-2600SHIMADZU) with the corresponding
wavelength of 540 and 220 nm, respectively. The visible light activa-
tion time is varied from O to 100 min with optimum interval of 20 min.
The photocatalytic degradation efficiency (E) was obtained by the fol-
lowing formula [32,33]:

E = (1 — C/Cy) X 100% = (1-A/A,) X 100%

where C is the concentration of the solution at reaction time t, C, is the
adsorption/desorption equilibrium concentration at reaction time t0, A
and A, are the corresponding values.

3. Results and discussion
3.1. Powder X-ray diffraction (XRD) analysis

XRD measurement was recorded to identify the information of
crystallographic nature and purity of the samples. Fig. 1 shows the XRD
graph of pristine g-C3N4, ZnWO, and various compositions of the cat-
alyst samples. There are two peaks of g-C3N, is located at 11.2° and
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Fig. 3. FTIR spectra of pure g-C3N4, ZnWO, and various composite samples.

27.8° equivalent to 0.288 nm and 0.335 nm can be allocated to (100)
and (002) facet [34]. Pure ZnWO, show a series of diffraction angles at
15.35, 23.73, 24.38, 30.65, and 36.42°, corresponded to 0.571, 0.372,
0.364, 0.293, and 0.243 nm, which can be assigned to (010), (01 1),
(021), (111), (002). All the diffraction peaks can be indexed to the
monoclinic ZnWO4 phase structure with the space group of P2/C which
is good consistence to their standard JCPDS file No. 73-0554 [35]. No
peak related to g-C3Ny is detected in the bare ZnWO, catalyst, but all
the composite catalyst show combination diffraction of both g-C3N, and
ZnWOy,. This could be due to the composition of heterojunction catalyst
behavior of the samples. Further, the sharp intense peak of the com-
posite sample is indicated that high order crystalline nature.

3.2. SEM, TEM, HRTEM with EDAX analysis

Morphological feature of the catalyst were analyzed via SEM, TEM
and HRTEM images. Fig. 2(a—c) displays the SEM images of g-C3N,,
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ZnWO,4 and ZnWO,/g-C3N4 (ZWG3) composite samples, respectively.
The clear sheet like and mono-dispersed collective spherical shaped
particles were found in the of g-C3N, and ZnWO, samples. The ZnWO,
nanoparticles are decorated on the g-C3N, nanosheets surface, which
can be found in the composite samples. The obvious sheets like with
layer structure and spherical shaped morphologies were found in the
TEM images (Fig. 2d&e). The uniform decoration of ZnWO, nano-
particles on the g-C3N4 nanosheets surface was clearly visible in the
composite sample (Fig. 2f). The interaction of ZnWO, and g-CsN, was
further examined by HRTEM image (Fig. 2g). The clear lattice fringes of
0.572 nm and 0.332 nm indexed for (010) and (002) planes of ZnWO,
and g-C3Ny, respectively. The interface between these heterostructure is
encouraging for the transport of photoexcited carriers and improved the
photocatalytic activities. The corresponding EDS image is further proof
to creation of heterojunction due to the presence of major elements
such as N, C, O, W and Zn (Fig. 2h).
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Fig. 4. UV-Vis DRS spectra of pure g-C3N4, ZnWO, and various composite samples. a) Absorption spectra b) Kubelka-Munk model.
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3.3. Raman spectra analysis

Raman spectroscopy was also performed to better understand the
interaction of g-C3N4 and ZnWO,, and the results are displayed in
Fig. 3. The obvious D and G bands were positioned at 1345 cm ™! and
1581 cm™ ! in the pure g-CG3N, catalyst illustrate that inter-
layer-stacking of aromatic systems as in g-C3N,4 [36]. A series of Raman
modes (275, 356, 415, 702 and 915 cm ™ ') in the bare ZnWO, catalyst
is due to the internal and external vibration modes of ZnOg octahedron
and WOg octahedron [37]. A,y symmetric stretching (~915 cm ™Y, E,
asymmetric stretching (~702 em™ 1) and T,y bending deformation
(2Ag + Bg, ~415, 356 and 275 cm™!) are corresponding to the
monoclinic structure of ZnWO, [38]. The coexistence of g-C3N, and
ZnWO,4 Raman modes in the composite sample is found and the relative
intensity variation also been observed. This could be due to the size
variation of the different samples. The Ip/I; ratio value of the g-C3Ny is

calculated to be 1.15, which is higher than that of ZnWO,/g-C3Ny4
(ZWG3) (0.78), indicating successful incorporation of g-C3N4 in the
ZnWO, matrix.

3.4. UV-Vis DRS analysis

Fig. 4a) shows the UV-Vis absorption spectra of all the catalysts
samples. The bare ZnWO, show the absorption edge in the UV region
(372 nm), while the absorption edge is extended in the visible light
region (450 nm) for g-C3Ny catalyst. Due to the synergic interactions of
g-C3N4 and ZnWO, in the composite, the absorption edge was sig-
nificantly shifted towards the higher angle side. The results suggest that
the visible light absorption is considerably increases and narrowing the
band gap energy of the samples. Moreover, the significant enhanced
absorption intensity in the visible light, resulting from the role of g-
C3N, as a light sensitizer in the heterojunctions, is another factor for the
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Fig. 7. UV absorption spectra of RhB using a) ZnWO,; b) ZWG3; UV absorption spectra of 4-CP using c¢) ZnWO,; d) ZWG3 under different illumination time.

improved visible-light photocatalytic activity of as-prepared hetero-
junctions. The band gap energies calculated using Kubelka — Munk (K-
M) model [39] is described below; K/S = (1- R.)%*/2R,. = F (R.). The
K-M model at any wavelength is given by F(R.) is the so called re-
mission or Kubelka — Munk function, where R, = R sample/R standard
where R is the percentage of reflectance. A graph is plotted between [F
(R.)hv]? Vs ho and the intercept value is the direct band gap energy
[40]. The extrapolated band gap energies are 2.75, 3.33, 2.68, 2.53 and
2.42 eV for g-C3N4, ZnWO,, ZWG1, ZWG2 and ZWG3 catalysts, re-
spectively (Fig. 4b).

3.5. Photoluminescence spectra analysis

Structural disorder or defects and photo-induced electron-hole pair
recombination rate of the semiconducting nanoparticles are generally
evaluated using the photoluminescence studies. The measurement of PL
emission is often carried out on many kinds of photocells because it is a
natural recombination process competitive to the required separation
and photocurrent generation. The goal is to reduce the emission in-
tensity in the photoluminescence as much as possible. Fig. 5 shows the
room temperature PL spectra of all the catalysts measured with the
wavelength region of 350-650 nm. He-Ne with excitation wavelength

of 380 nm has been used to trigger the luminescence properties. The
emission intensity of g-C3N4 and ZnWO, catalysts were found to be 440
and 360 nm. While, the emission intensity was significantly shifted
towards the longer wavelength side. A considerable red-shift in the
emission intensity of composite sample sis due to effective generation of
electron-hole pair. It was clearly seen that the emission intensity was
drastically decreased when the g-C3N, content is increased in to the
ZnWO,. Hence, the PL results suggest that a drastic decrease in emis-
sion intensity was observed in the composite sample than compared
with pure samples. This might be attributed to prevent the re-
combination rate of electron-hole pair, which is encouraging for de-
veloping the photocatalytic efficiency.

3.6. Nitrogen adsorption and desorption analysis

The specific surface area and pore size distribution was performed
by the Njadsorption/desorption analysis (Fig. 6a) and estimated via
Brunauer-Emmett-Teller (BET) Barrett- Joyner-Halenda (BJH) model
(Fig. 6b). The curve clearly displays a type IV isotherm with H3 type
hysteresis loop, indicating that mesoporous nature of the samples
[41,42]. The BET surface area and BJH pore size was found to be
94.8 m?/g and 22.51 nm for NWGS catalyst, which is higher than bare
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NiWO, catalyst (56.8 m?/g and 43.67 nm). The improved textural
properties of the composite sample is due to the interface between the
g-C3N4 and ZnWO, heterojunctions, which might be promote adsorp-
tion, desorption, and diffusion of reactants and products, which was
favorable to the photocatalytic performance.

3.7. XPS analysis

The chemical composition and valance state of the sample was
further examined by XPS. Fig. 6¢) shows the survey spectrum of
ZnWO0,/g-C3N4 (ZWG3) sample, which is mainly composed of Zn, W, O,
C and N. From Fig. 6(d), the peak of C 1 s binding energies at 284.1 eV
can be ascribed to the adventitious carbon species in g-C3N,4 The peak



V. Rathi, et al.

Table 1
Photocatalytic parameters of pure g-C3N4, ZnWO, and various composite
samples.

Samples Band Rate constant of RhB Rate constant of 4-  Degradation
gap CP efficiency at
(eV) 100 min

Kt R® K R® RhB 4-CP
th™h

g-CN, 275  0.0012 0.965 0.0112 0.965 41 45

ZnWO, 3.33  0.0221 0.948 0.0171 0.974 47 55

ZWG1 2.68  0.0451 0.933 0.0231 0.945 68 62

ZWG2 2.53  0.0621 0.988 0.0452 0.971 78 78

ZWG3 242 0.0931 0.994 0.0721 0.984 99 88

located at 288.1 eV can be assigned to sp2-bonded carbon in N-con-
taining aromatic rings (N-C-N), which are the major carbon species in
the g-C3Ny4. The peak of N 1s binding energies at 395.1 eV can be as-
cribed to the sp2 hybridized aromatic nitrogen atoms bonded to carbon
atoms (C-N-C) [43,44] (Fig. 6(e)). The binding energy values of Zn 2p5,
o and Zn 2p,,, are observed at 1021.5 and 1045.2 eV, respectively,
which can be assigned to the Zn?" ions of the ZnWO, [] (Fig. 6(f)). The
high resolution spectra of the W4f exhibits three peaks with binding
energies are 32.5, 35.1 and 38.1 eV (Fig. 6(g)). The O 1s peaks were
obtained at 529.1 and 531.5 eV as shown in Fig. 6(h).

3.8. Photocatalytic studies

3.8.1. UV absorption characteristics
The photocatalytic performances of the all the catalysts were
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Fig. 10. Schematic representation of the photocatalytic mechanism of the
ZnWO,/g-C3N,4 hybrid photocatalyst under visible light irradiation.

studied through absorption ability, removal efficiency, kinetic reaction
and stability test of RhB and 4-CP pollutants under visible light irra-
diation. The absorption ability of the catalysts towards RhB and 4-CP
dyes were initially monitored under various illumination time of visible
light and the resultant plot is shown in Fig. 7(a—d). Absorption ability of
the catalysts was evaluated using RhB and 4-CP dyes with equivalent
wavelength of 540 and 220 nm, respectively. UV-Vis-NIR spectro-
photometer (UV-2600SHIMADZU) was carried out to monitor the ab-
sorption characteristics of the catalysts. The strong absorption intensity
was found with respective dyes with equivalent wavelength region at
absence of visible light. When the visible light illumination is increases
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from O to 100 min the absorption was started to decreases. The ab-
sorption intensity is almost vanishing in the end of 100 min irradiation.
The results suggest that the obtained catalysts were highly active in the
visible light region to decomposition of toxic pollutants.

3.8.2. Degradation test
Under the same experimental condition the removal efficiency was
studied towards RhB and 4-CP pollutants using all the catalysts. Fig. 8(a
&b) sows the temporal degradation profile of RhB and 4-CP dyes under
stimulated visible source. The composite catalyst show high removal
efficiency towards both dyes compared with bare catalyst sample. The
optimized ZnWO,/g-C3N4 (ZWG3) catalyst highest activity, which de-
graded ~99% and 78% of the RhB and 4-CP dye molecules by 100 min
visible light irradiation. The degradation efficiency is only ~41 and
47% for the pure g-C3N4 and ZnWO, catalysts, respectively (RhB dye).
The order of the photocatalytic performance is as follows; ZWG3 >
ZWG2 > ZWG1 > ZnWO, > g-C3N,. The improved catalytic ac-
tivity of the composite catalysts is mainly due to the following reasons
(i) rapid generation of electron-hole pair (ii) suppress the recombina-
tion rate of electron-hole pairs (iii) high surface area and (iv) huge
absorption visible light on the catalyst surface during the photocatalytic
reaction.

3.8.3. Kinetic study

The kinetics of MO and RhB photodecomposition on the catalyst
surface could be described by the pseudo first-order reaction model In
(Co/C) = kt where k was the reaction rate constant, C, was the con-
centration of MO and RhB when the absorption—desorption equilibrium
has been reached, and C was the actual concentration of MO and RhB at
reaction time t [45]. The resultant plot is shown in Fig. 8(c&d). The
apparent constant (k) of RhB and 4-CP dyes are 0.0931 min~ ! and
0.0721 min~!, which is 4.21 times (0.0221 min~!) and 6.4 times
(0.0112 min™?) better than bare ZnWO, catalyst. Based on the photo-
catalytic results the photocatalytic parameter values are estimated and
summarized in Table 1. Among the various composite catalysts, the 3:1
mass ratio of ZnWO,/g-C3N, (ZWG3) catalyst show outstanding de-
gradation efficiency towards RhB and 4-CP dyes. This behavior was
further confirmed through the variation in their composites ratio.
Further the ratio of g-C3N4:ZnWOy is adjust to 4:1 and 5:1 and denoted
as ZWG4 and ZWGS5, respectively. The degradation efficiency was
found to be 43, 73, 99, 84 and 73 for ZWG1, ZWG2, ZWG3, ZWG4 and
ZWGS5 catalysts, respectively (Fig. 8e&f). The same trend was also ob-
tained in the 4-CP removal efficiency. Hence, the results suggest that
the optimum ratio of 3:1 ZnWO,/g-C3N4 (ZWG3) catalyst show out-
standing degradation efficiency compared with other composite cata-
lysts.

3.8.4. COD removal test

The high catalytic efficiency of the obtained catalysts was further
evaluated through the monitoring COD removal efficiency both dyes
and the results are shown in Fig. 9(a&b). The results demonstrate that
the maximum decolonization efficiency was achieved by ZWG3 cata-
lysts, it was found to be 96 and 84% for COD removal efficiency of RhB
and 4-CP pollutants.

3.8.5. Stability test

The stability test was further carried out to identify the appro-
priateness of the practical device applications of the current catalysts.
Fig. 9(c&d) long term stability test of the catalysts towards RhB and 4-
CP dyes under same experimental condition. After five successive runs,
no obvious decomposition is detected. After the 5th run a slight loss
could be observed in the removal efficiency of both dyes. Thus, it was
terminating that the obtained catalysts were demonstrating tremendous
stability and it can be useful for photo-electrochemical and waste water
treatment applications.
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3.8.6. Photocatalytic mechanism

A proposed mechanism for the catalytic degradation of RhB is
shown in Fig. 10. In the g-C3N4/ZnWO, heterojunction system, the
work function of g-C3Ny is higher than that of ZnWO,, which causes the
electrons to flow from the ZnWO, to the g-C3N, until the Fermi levels of
the two materials are aligned. As a result, the g-C3N,4 is negatively
charged and the ZnWO, is positively charged near the heterojunction's
surface due to electrostatic induction. After the two phases are in
contact and reach electrical equilibrium, the energy bands of g-C3Ny4
bend downward and ZnWO, bend upward near the interface. Initially,
adsorption of RhB dye molecules took place over the surface of the g-
C3N4/ZnWO, composite followed by catalytic oxidation as a result of
hydroxyl radicals. Surface adsorbed material was preceded for visible
light illumination which upon excitation causes the movement of
electron from valence to conduction band in step, which trapped over
the graphene network and provided a channeling to photo-excited
electron, which in turn reduces the chances of e /h™* recombination.
Photo trapped electron reacts with surface adsorbed oxygen to produce
reactive oxygen species (ROS) in the form of superoxide and peroxide
radicals. On the other hand, hydroxyl radicals are generated, which are
responsible for oxidative degradation of RhB.

4. Conclusions

In summing up, we have rationally developed a 2D multilayered
nanostructure photocatalysts with various compositions of ZnWO, and
g-C3N4 by a one step facile hydrothermal route. Numerous character-
izations such as XRD, TEM, Raman, UV, PL, BET and EDS have been
explored to investigate their structural, morphological and optical
properties. XRD and TEM results indicate the reasonable existence of g-
C3N,4 (001)-ZnWO, (010) interfaces. The incorporated g-C3N4 layer has
shown a great impact on the structure and properties, including lattice
expansion, band-gap narrowing, luminescence enhancement, as well as
photocatalytic activity. The effective prevention of electron-hole pair is
observed by the photoluminescence emission intensities. A significant
reduction of band gap and prevent the recombination of electron-hole
pair is the major role to improving the photocatalytic activity. Visible
light induced photocatalytic degradation test was carried out for all the
synthesized catalysts towards rhodamine B (RhB) and 4-chlorophenol
(4-CP) dyes. The results reveal that the hybrid catalyst show out-
standing degradation efficiency of 99%, high apparent constant
(0.0931 min~") and long term stability towards RhB dye under visible
light irradiation. The role of g-C3N, as the light sensitizer to ZnWOy, is
proven to be real and the microscopic mechanisms of charge transfer
and separation for the g-C3N4,~ZnWO, interface are revealed as well.
The present investigation is useful in wider development of new het-
erojunction photocatalysts and will be of great importance to meet the
environmental demands in the near future.
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