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Abstract—Photocatalytic degradation of dyes is one of the most effective methods that can be utilized for a pollution-
free environment. For this purpose, Tungsten oxide (WO,), zinc oxide (ZnO) and their composite WO,/ZnO were
synthesized using facile route. X-rays diffraction (XRD), Fourier transform infra-red spectroscopy (FTIR) and scan-
ning electron microscopy (SEM) confirmed their structural, spectral and morphological features, respectively. These
techniques confirmed the formation of desired products. The as-prepared samples were utilized as photocatalysts for
the evaluation of the photocatalytic removal of methylene blue and rhodamine B under solar light irradiation. The
obtained results showed that the synergistic effect of tungsten oxide and zinc oxide is responsible for the increased
charge separation and reduction in recombination chances of charge carriers that enhance the remarkable photocata-
lytic performance. For methylene blue and rhodamine-b, the percentage degradation was 94% and 85.7%, respectively.
Different scavenger studies showed that holes are the major active species responsible for the removal of methylene
blue. The EIS and Mott-Schottky plots confirmed the p-type and n-type character of WO, and ZnO, respectively.
Briefly, the as-synthesized nanocomposite showed enhanced photocatalytic behavior for the degradation of various dyes
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as compared to pristine metal oxides.
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INTRODUCTION

The increase in urbanization, global industrialization and popu-
lation explosion has resulted in a decrease in the availability of healthy
and pure water [1,2]. One of the main reasons behind this scarcity
of drinkable water is the contamination of irremovable organic dyes
that affect the water bodies tremendously [1,2]. Apart from these
dyes, various other factors from commercial, agricultural and indus-
trial areas are also responsible for creating toxic pollutants in water
bodies. Scientists are striving to offer specific solutions to overcome
these environmental problems [3]. Among these solutions, the best
and cost-effective approach is the conversion of polluted water to
healthy and fresh water. Solar light is free of cost and the most com-
mon element [4], which can be the best thing to degrade certain
water pollutants using photocatalyst in a photocatalysis procedure.
Semiconductor-based photocatalysis has gained great interest from
scientists in environmental remediation because of its simplicity, low
energy consumption and mild reaction conditions [7-10]. Metal
oxide based photocatalysts have been extensively used for the deg-
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radation of various pollutants due to their abundance, greater life
span, more light absorption, charge transport properties and elec-
tronic structure. These exceptional properties of metal oxides moti-
vate us to choose them for the photocatalytic degradation of toxic
dyes. ZnO is widely used as a raw material in the ceramic, cosmetic,
glass and textile industries. It is an n-type semiconductor which
has a band gap of 3.2 eV. The photocatalytic efficiency of ZnO has
attained great interest as it has a great ability to degrade organic
pollutants to H,O and CO, [5,6]. The demerits of ZnO include its
less efficiency and less stability due to photo-corrosion [7] as com-
pared to TiO, (common photocatalyst).

To enhance its photocatalytic efficiency, two approaches can be
made. The first one includes the changes in its properties, such as
particle size and morphology [14-16]. The second approach involves
improving the photocatalytic ability by metal ion doping [17-19],
semiconductor coupling [6,8], noble metal deposition [9,10] or non-
metal element doping [11]. Among these methods, an efficient way
to improve the separation of photogenerated holes (h") and elec-
trons (e”) is semiconductor coupling, because the band gap of two
different semiconductors would cause the separation of photo-pro-
duced e and h*. WO, is a p-type semiconductor which has less
energy gap of 2.7 eV and has conduction band and valence posi-
tions different from ZnO.
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For a pollution-free environment, the photocatalytic degrada-
tion of dyes is considered one of the most efficient, effective and
cheap techniques. We have adopted this method owing to its unique
benefits, such as cost-effectiveness, easy availability and formation
of non-toxic products. For this, we have prepared WO;, ZnO and
WO,/ZnO nanocomposite via facile and cost-effective wet precipi-
tation method and ultrasonication method, respectively. These as-
synthesized materials were characterized, and their photocatalytic
and electrochemical measurements were studied to measure the
degradation efficiency and flat band potential of as-synthesized
material. Photocatalytic degradation using different types of scav-
engers was also examined to confirm which species is responsible
for methylene blue degradation. This work will help to make new
combinations of metal oxides nanocomposites having enhanced
photocatalytic and electrochemical behavior.

EXPERIMENTAL SECTION

1. Chemicals

The following chemicals were utilized for synthesis of nanopar-
ticles: Zn(CH,COO),-2H,0, (Na,WO,-2H,0), Na,CO, and con-
centrated HCL The chemicals used during synthesis (obtained from
Sigma Aldrich (Germany)) were of analytical grade and there was
no need of further purification.
2. Synthesis of Nanoparticles of Zinc Oxide

The ZnO nanoparticles were fabricated by using sodium car-
bonate and zinc acetate dihydrate (CH;COO),Zn-2H,O by basic
co-precipitation. 0.25M and 0.5M solutions of zinc acetate and
sodium carbonate were prepared in distilled water separately. 30
ml of Na,CO, solution was then added to zinc acetate solution
gradually. The stirring was done continuously at 45 °C for 4 hours.
The precipitates of Zn(OH), were obtained having milky white
appearance. The precipitates were then washed with distilled water
until the pH became 7 and then dried in the oven. After drying,

the precipitates were ground and calcination was done for 4 hours
at 650 °C [12].
3. Synthesis of Nanoparticles of Tungsten Oxide

WO, nanoparticles were synthesized by the acid co-precipita-
tion method. An aqueous solution of sodium tungstate dihydrate
salt and concentrated HCI was used. In 0.1 M aqueous solution of
sodium tungstate, 20 ml of HCl was added gradually. The stirring
was done continuously for 2 hours. Yellowish precipitates of WO,
were formed. Washing was done until the pH became neutral, then
the precipitates were dried in an oven [13].

4. Synthesis of Nanocomposite (WO,/ZnO)

The prepared samples were mixed in distilled water in an appro-
priate ratio and then ultra-sonicated for an hour. The obtained
precipitates were placed in an oven for drying, and calcination was
carried out at 650 °C for 4 hours. The synthesized nanocomposite
(WO,/ZnO) was confirmed by various characterization methods
[14]. Fig. 1 clearly shows the schematic representation for the syn-
thesis of metal oxides and their nanocomposite.

5. Characterization Techniques

The XRD patterns of the synthesized nano-oxide and their com-
posite were obtained by utilizing Shimadzu 6100AS XRD instru-
ment with the X-ray source Cu Ker (4=0.15406 nm). The diffraction
study was done at room temperature. FTIR analysis was conducted
for the better determination of the structure and nature of the func-
tional groups present in synthesized nano-oxides. The FTIR analysis
was done with the help of the Shimadzu IRAffinity-1S spectrometer.
For analysis of optical properties, Agilent Cary 60 spectrophotometer
constituting spectral range of 200 nm-800 nm was utilized. For EIS
analysis, Gamry interface 5000 within the frequency range of 10*-
10° Hz was used. In this analysis, 100 ml of 0.5 M NaCl solution was
used for ZnO as an electrolyte, while 100 ml solution of 2 M H,SO,
was used for WO, and nanocomposite WO,/ZnO as an electrolyte.
6. Photocatalytic Removal

The photocatalytic removal ability of WO;, ZnO and WO,/ZnO
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Fig. 1. Schematic diagram of synthesis of Metal oxide nanoparticles.
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nanocomposite was noticed using MB and Rh-B as colorful con-
taminants. At first, 3 ppm solution of dye was prepared in 1 liter
and used as a stock solution. 20 mg of the photocatalyst was added
in a beaker containing 300 ml solution of dye. Then, the mixture
was agitated with regular stirring, and whole apparatus was kept in
the dark for about an hour for the study of the adsorption and de-
sorption of photocatalyst on the dye’s surface. After 1 hr, the sam-
ple mixture was transferred under solar radiation, and 3 ml off the
sample was taken after regular intervals from the beaker. The absorp-
tion spectrum was obtained using UV-Vis spectrophotometer. The
percentage removal of the photocatalyst was calculated by formula:

C
% Degradation = (1— E—;) %100

where,
C,=concentration of dye after irradiation
C,=concentration of dye before irradiation.

RESULTS AND DISCUSSION

1. XRD

The numerous phases of the as-manufactured tungsten oxide
(WO;), zinc oxide and their nanocomposite (WO,/ZnO) were deter-
mined and studied by using an X-ray diffractometer. For ZnO,
from 20° to 80° range of 26the diffraction peaks appeared at 29.9°,
35.5% 37.8°, 48.6°, 60.1°, 63.5% 67.5° and 77.7° as shown in Fig.
2(b). The Miller indices (100), (002), (101), (102), (103), (200),
(112) and (202), respectively, compared with JCPDS card no. 00-
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001-1136 correlate with these diffraction peaks and indicates the
synthesis of zinc metal nano-oxides. [15]. For WO,, in range of
20=20" to 60° the diffraction patterns appeared at 25.9°, 34.7°, 43.2°,
46.2°, 494°, 52.6° and 56.7° as shown in Fig. 2(a). The Miller indices
(120), (220), (221),(002), (012), (022) and (240), respectively, related
to JCPDS card no. 01-075-2072 cor-relate with these diffraction
patterns, which indicates the preparation of tungsten metal nano-
oxides [16]. For nanocomposite, the diffraction peaks appeared at
25.7°, 34.7°, 43.2°, 46.3°, 49.5°, 52.7°, 56.6°, 61.9°, 64.8°, 69.5° and
78.3° as illustrated in Fig. 2(c). The Miller indices (120), (002),
(221), (002), (012), (022), (240), (103), (200), (112) and (202),
respectively, correlate with these peaks of diffraction, which indi-
cate the preparation of tungsten metal nano-oxides as it has almost
all the major peaks of metal nano-oxides. For determining the
crystalline size of the as-synthesized metal nano-oxides and their
nanocomposite, the Debye-Scherrer formula was used [17].

D=KA fcosb (1)

In this formula, D shows crystalline size, K is Scherrer constant, A is
the X-ray wavelength for copper source which is equal to 1.5406 A,
FWHM is shown by fand Orepresents Braggs angle [18].

The preparation of WO, and ZnO crystals in the nanocompos-
ite was restrained because the crystalline size of the pure metal nano-
oxides was greater than the crystalline size of the nanocomposite.
Two types of phases were identified in nanocomposite WO,/ZnO
from the X-ray diffraction pattern. Out of these phases, the orthor-
hombic phase represents WO; nanoparticles [19], while the hexag-
onal phase may represent the ZnO nanoparticles [20]. XRD patterns

b)

ZnO

————(101)

(112)

Intensity (a.u)

30 40 50 60 70 80
2 Theta(degree)

wo;

Intensity (a.u)

\(ZnO/WO:,)

20 30 40 S0 60 70

80

2 Theta(degree)
Fig. 2. XRD of WO;, ZnO and their nanocomposite WO,/ZnO, respectively.
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Table 1. Parameters obtained from XRD of WO;, ZnO and their nanocomposite WO,;/ZnO

Serial No. Parameters WO, ZnO

1) Symmetry Orthorhombic Hexagonal

2) Crystalline size D (nm) 2.4544 45118

3) Lattice constant (a) A a=6.847 a=3319
b=7.417 c=5.236
¢=3.857

4) Cell volume V (A)’ 195.87 57.678

5) R-Square (R?) 0.994 0.992

6) Adj.R Square (R) 0.994 0.992

of the synthesized nanoparticles were utilized to calculate the per-
centage crystallinity of the particles by using the given formula:

Percentage Crystallinity
=(Area of Crystalline Peaks/Area of all peaks)x100

The percentage crystallinity of WO;, ZnO and WO,/ZnO calculated
by using the above equation was 97.09%, 95.66% and 99.95%,
respectively.

Different lattice parameters, including crystallite phases and size
of metal nano-oxides and their nanocomposite, are recorded in
Table 1.

2. Fourier Transform Infra-red Spectroscopy

The FTIR spectra of synthesized WO;, ZnO and their nano-
composite WO,/ZnO is shown in Fig. 3. Among the various tech-
niques of infrared spectroscopy, FTIR spectroscopy has attained
greater attention. FTIR spectra illustrate the analysis of various
spectra of the synthesized nano-oxides and tell about the ions and
bonds position in the crystal of as-synthesized oxides [21]. FTIR
spectra were taken and analyzed between 4,000-400 cm™". In Fig,
3, the lowest peak (shown in purple color) illustrates the main
absorption bands, which authenticate the formation of tungsten
oxide. The peaks at approximately 851 cm ™' and 748 cm ™' are the
main characteristic bands and show the stretching vibrations of the
W-O functional group. Simultaneously, the absorption bands at
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Fig. 3. FTIR Analysis of WO;, ZnO and their nanocomposite WO,/
ZnO.
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around 3,469 cm™ and 1,636 cm™ illustrate the stretching vibration
modes of the OH™ [22].

In Fig. 3, the middle curve (showed in red color) illustrates the
stretching vibration modes of OH™ at 3,381 cm™" and 1,594 cm™’,
1,437 cm™". 1,262 cm ™' while the characteristic absorption bands at
around 1,058 cm™ and 726 cm™ are accredited to the ZnO stretch-
ing vibration [23].

In Fig. 3, the highest peak (in green color) illustrates the stretch-
ing vibration modes at approximately 916 cm ™" (stretching vibra-
tions of the W-O functional group) 767 cm™' (ZnO), that elucidate
the M-O-M bond stretch for the nanocomposite WO,/ZnO (where
M represents tungsten and zinc), while stretching vibrations at
around 3,699 cm ™" and 1,600 cm ™ elucidate the hydroxyl group [35].

The stretching vibration modes for hydroxyl group, which may
appear due to water molecule absorbed on the as-synthesized nano-
oxides, perform a significant role in the process of photocatalysis.
The reason is that the absorbed water molecules have the capabil-
ity of providing various active sites for the stimulation of chemical
reaction by reducing the photo-corrosion process of fabricated metal
nano-oxides.

3. Optical Properties

The synthesized oxide nanoparticles and their nanocomposite
have the potential to absorb the photons coming from sunlight irra-
diation on the basis of their band gap energies. The band gap anal-
ysis of the as-synthesized metal oxide nanoparticles (WO;, ZnO)
and the nanocomposite (WO,/ZnO) was conducted by using the
UV/Visible spectrophotometer and then the band gap energies for
these samples were calculated by using a Tauc plot.

The Tauc plot equation is as [24].

(chv)"=k(hv—E,) ()

where, « is molar absorptive, h is PlancKs constant, v is light
frequency, A is light absorbance by photocatalyst, E, is band gap
energy and n is the different values based on transition type [25].
The UV/Visible spectra and the Tauc plots of WO,, ZnO and their
nanocomposite WO,/ZnO are demonstrated in Figs. 4 and 5; the
direct band gap energies of the prepared samples are illustrated in
Table 2. The prepared nanocomposite WO,/ZnO has lesser band-
gap energy than that of pure oxide nanoparticles, making the nano-
composite more effective for various dyes by photo-degradation
under solar light illumination. Due to the increase in band gap
energy, the absorption of photons decreases in the visible light spec-
trum. It also induces more chances of recombination of photogene-
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Fig. 4. UV-Visible spectra of WO;, ZnO and their nanocomposite WO,/ZnO.

——WO, (a - ZnO (b)
- -
1 1
g £
v v
- >
& @
~C o
1 2 3 4 5 6 2.0 25 3.0 3.5
Energy (eV) Energy (eV)
ZnO/WO, (©)

(ah\’)z(e\’ cm‘l)

10 15 20 25 30 35
Energy (eV)
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Table 2. Direct band-gap values of WO;, ZnO and their nanocom-

posite WO,/ZnO
Serial No. Name Band gap (eV)
1. WO, 2.95
2. ZnO 3.14
3. WO,/ZnO 2.42

rated species like electrons and holes due to which photocatalytic
degradation ability of catalyst is reduced [26].
4. SEM Analysis

The morphological analysis of the as-synthesized samples was
confirmed using SEM analysis. Fig. 6(a) shows the SEM analysis
of WO;, which is spherical in shape and the particle size calculated
for them is 279.8 nm. Fig. 6(b) shows the granular morphology of
ZnO and the particle size calculated for zinc oxide nanoparticles is
261.5 nm. While the complex morphology of nanocomposite WO,/
ZnO showed the presence of both WO; and ZnO.
5. Photocatalysis

The photocatalytic removal of rhodamine b (Rh-B) and methy-
lene blue (MB) was analyzed using WO;, ZnO and WO,/ZnO nano-
composite as photocatalyst. Fig. 7 illustrates the photolysis test of
methylene blue. In this test, it can be clearly seen that methylene
blue can be degraded to some extent in the presence of sunlight

1.8

Dye
1.54 Dye+ Sunlight

1.24
0.91
0.61
0.31

0.0 D
500 550 600 650 700 750 800
Wavelength (nm)

Absorbance (Arb.Units)

Fig. 7. Photolysis test of Methylene Blue (MB).

without any addition of photocatalyst. Fig. 8 shows the absorption
spectra of MB dye taken after regular time intervals to study the
degradation efficiency of as-synthesized nanomaterials under solar
radiation. The removal ability of pure metal oxides is lower than
the nanocomposite due to electron-hole pair recombination and
higher band gap energy of metal oxides [27]. The main reason
behind the increase in degradation ability of WO,/ZnO nanocom-
posite was attributed to fewer recombination chances of e -h* pair

Fig. 6. SEM images of (a) WO;, (b) ZnO and (c) their nanocomposite WO,/ZnO.

Table 3. Comparison of percentage removal of MB and Rh-B with WO, ZnO and their nanocomposite WO,/ZnO

Serial No. Photocatalyst Percentage removal of MB Percentage removal of Rh-B
1. WO, 79.6% 66%
2. ZnO 91.6% 78%
3. WO,/ZnO 94% 85.7%

June, 2023
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Fig. 8. Removal spectra of MB with WO;, ZnO and their nanocomposite WO,/ZnO.

and lower optical band gap energy.

Table 3 shows the comparison between percentage degradation
of pure metal oxides and their nanocomposite. It is proved that
WO,/ZnO nanocomposite showed greater degradation efficiency,
which is 94% and 85.7% for MB and Rh-B, respectively, than pure
metal oxides. A kinetic study was also done to explore the photo-

catalytic reaction in detail. For this purpose, the kinetic equation for
the pseudo first-order reaction was applied [28].

lnﬁ =Kt

At

The results calculated from the above equation can be seen in

Korean J. Chem. Eng.(Vol. 40, No. 6)
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Table 4. Comparison of rate constants for MB and Rh-B degradation with WO;, ZnO and their nanocomposite WO,/ZnO, respectively, with

different scavengers
. Reaction rate Reaction rate Reaction rate
Serial .1 .1 -1
No Photocatalyst constant (min~ ) constant (min~) constant (min )
’ WO, ZnO WO,/ZnO
MB 0.0159 0.0184 0.02
Rh-B 0.008 0.0122 0.0125
MB+Isopropyl Alcohol 0.012 0.026 0.028
MB+EDTA 0.015 0.016 0.018
MB-+vitamin C (ascorbic acid) 0.016 0.02 0.027
MB+AgNO; 0.017 0.0195 0.02
Solar
Irradiation
Dark
Stirring Degradatio Degradation
—, ) —
Adsorption/Desorption
equilibrium
Rense - Recovery
.d‘ AL J \ .
[
':, % e -
e 9
-

Fig. 9. Schematic diagram showing the photocatalysis process.

Table 4, which shows the rate constant of photocatalytic degrada- 2.WO,/ZnO (¢ )+O0* >0,
tion reaction using WO;, ZnO and WO,/ZnO nanocomposite. The
general schematic diagram for the process of photocatalysis can be
seen in Fig. 9 that gives the main idea how photocatalytic degrada-
tion of dyes proceeds.
5-1. Role of Scavenger and Mechanism of Photocatalysis
Scavenger studies were performed to study the reactive species
responsible for the removal under solar radiation. Ethylenediamine-
tetraacetic acid (EDTA) was utilized as scavenger of holes. Silver
nitrate (AgNO,) was used as a quencher of electrons. In the same
way, ascorbic acid and Isopropyl alcohol were utilized for quench-

3. WO,/ZnO (h*)+OH —>-OH+WO,/ZnO
4. -0, +H,0—»>-O0OH+OH —H,0,

5. H,0,+0; > OH+OH"

6. Dye+-OH+-O,—Degradation products

The first step involves the adsorption of dye molecules on the
surface of synthesized photocatalyst. Dye sensitization of ZnO in
WO,/ZnO nanocomposite takes place because of this adsorption.

ing (*027%) superoxide anion radicals and (*OH) hydroxyl radi-
cals [6,7]. Fig. 10 shows the degradation variation of methylene
blue by as-synthesized photocatalyst using EDTA scavengers.

Fig. 10, S2, S3 and S4 shows the results of this quenching exper-
iment, and it was found from Fig. 10 that holes are the major reac-
tive species responsible for the degradation of methylene blue.

Based on these scavenger studies, the proposed procedure of pho-
tocatalytic removal of dye as shown in Fig. 11 is as follows:

1. WO;/ZnO+hv—hvWO,/ZnO (egz+hyz)

June, 2023

Due to solar light, the excitation of electrons (e”) takes place from
VB (valence band) to the CB (conduction band) of dye-sensitized
ZnO and WO;, and the same amount of holes (h*) are produced
in VB as mentioned in Eq. (1). The WO, has more negative VB
potential than ZnO, which has more positive CB potential. So, the
photogenerated electrons (e”) were moved from WO, to ZnO’s
surface across the WO,/ZnO nanocomposite interface. In the mean-
time, photogenerated holes were moved from ZnO toWO,. The
active free radical species (OH, O*") will result from the reaction
between dissolved oxygen (O,) (Egs. (2)-(5)). It was proved from
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Fig. 10. Removal spectra of MB with WO;, ZnO and their nanocomposite WO,/ZnO using EDTA as scavenger.

the data given in Table 5 that these holes are the main species in
charge of the removal and ring-opening reaction of dye molecules.
It can be seen from Fig. 12 and Fig. 13 that these metal oxides and
their nanocomposite can be recycled and reused again and again
even after many cycles. The comparative study of our current work

with already reported literature can be seen in Table 6, which demon-
strates the percentage degradation of different dyes using different
metal oxides under various light sources. Methylene blue showed
greater photocatalytic efficiency than Rhodamine B with as-syn-
thesized photocatalysts because it depends upon the interaction of

Korean J. Chem. Eng.(Vol. 40, No. 6)
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Fig. 11. Schematic diagram of photocatalytic removal of various dyes by WO;, ZnO and their nanocomposite WO,/ZnO as a photocatalyst.

Table 5. Comparison of percentage removal of MB with WO,, ZnO and their nanocomposite WO,/ZnO, respectively, with different scaven-

gers
Isopropyl Ethylenediamine .
SN. Photocatalyst alcohol tetra-acetic acid (EDTA) Vitamin € AgNO;
WO, 62.8% 73.6% 83.9% 80%
. ZnO 84.6% 77.4% 89.6% 87.6%
3. WO,/ZnO 88.4% 81.35% 97.5% 91.3%
12 120
—&— ]1st Cycle 1st Cycle
—o—2nd Cycle 100 2nd Cycle
94 —&—3rd Cycle 3rd Cycle
— £ 80-
@, 2
~_ 6+ =
(=] = 60+
) 2
o
3 X 40+
204
0 = T T T
0 100 200 300 400 0-
Ti .
ime (min) Fig. 13. Reusability of as-synthesized samples after three cycles hav-
Fig. 12. Recyclability of as-synthesized samples after three cycles. ing error bars.

photocatalyst and dye. The degradation of a particular dye varies
with the semiconductor used in the reaction. It also depends on
many other factors like activity of reactive intermediates, solution
pH, adsorption of dye on the photocatalyst surface etc.

Fig. 14 shows a bar chart of the comparison between percent-
age degradation of MB and Rh-B, while the comparison between
percentage degradation of methylene blue dye using as-synthesized

June, 2023

nanoparticles and their nanocomposite with different scavengers
can be seen clearly in Fig. 15. It was noticed that EDTA showed
lowest degradation efficiency, that confirmed that holes are the main
species responsible for the degradation of dye.
6. Electrochemical Impedance Spectroscopy

Electrochemical impedance spectroscopy (EIS) was used under
frequency ranging from 10° Hz to 10° Hz in 100 ml of 0.1 M NaCl
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Table 6. Comparison table of current work with the reported literature

Sr. No. Photocatalyst Contaminant Radiation source Percenta.ge Reference
degradation
L. ZnO/Ag MO Visible light 78% [29]
2. NiO/Ag MO Visible light 42% [29]
3. AgO MO Visible light 60.5% (30]
5. SnO, Congo red Solar radiation 90% [31]
6. Cdo Alizarin red S Solar radiation 78% [32]
7. 710, MB UV-light 99% [33]
8. NiO Evans blue Solar radiation 88.13% (34]
9. WO, MB Solar radiation 79.6% Present Work
10. ZnO MB Solar radiation 91.6% Present Work
11. WO,/ZnO MB Solar radiation 94% Present Work
12. WO, Rh-B Solar radiation 66% Present Work
13. ZnO Rh-B Solar radiation 78% Present Work
14. WO,/ZnO Rh-B Solar radiation 85.7% Present Work
120 D ——7n0
= 100 Rh-B| WO,
:g ——WO,/Zn0
< 80
i S
g.b 60 %
3 404 3
X 20
0
Fig. 14. Percentage of photocatalytic degradation of methylene blue
and Rhodamine-B.
8
2 sopropyl Alcohol YA (KQ)
EDTA
100 ‘\:;:_"0“‘ Acid _ Fig. 16. EIS of WO,, ZnO and their nanocomposite WO,/ZnO.
AgNO, |
S so- l— [ =l
= ] [ was used in preparation of working electrode. A thin coating of
E 60d this slurry was applied on Indium-Tin oxide (ITO) coated glass. In
oy the very next step, the prepared working electrode was dried at
Sy room temperature for 1hr. The charge transfer properties of as-
X prepared samples were determined by EIS. In Fig. 16, it can be
. seen clearly that diameter of Nyquistss semicircle of WO,/ZnO
nanocomposite is smaller as compared to pure WO; and ZnO nano-
0 oxides [28,35].

Fig. 15. Comparison of percentage degradation of Methylene blue
and Rhodamine-B with WO;, ZnO and their nanocompos-
ite WO,/ZnO, respectively, with various scavengers.

and 02M H,SO, electrolyte for ZnO and WO;, respectively. Ref-
erence electrode and counter electrode of Silver-silver chloride
Ag(s)/AgCl(s) and platinum wire were utilized, respectively. 5 mg
of as-prepared sample was mixed with Nafion to made slurry, which

The main reason behind this smaller diameter is lesser charge
transfer resistance which helps in the separation of photo-generated
electron-hole pair, also transfer charges between interfaces and also
decreases the possibility of recombination of electron/holes.

The Mott-Schottky plot was also drawn as in Fig. 17, which
confirms the p-type character (ascending peak) of WO; n-type
character (descending peak) of ZnO. The flat band potential of as-
prepared metal oxides was also measured by this plot, and the val-
ues of flat band potential for WO, and ZnO are illustrated in Table 7.

Korean J. Chem. Eng.(Vol. 40, No. 6)
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Fig. 17. Mott-Schottky plots of WO;, ZnO and their nanocomposite WO,/ZnO respectively.

Table 7. Flat band potential of WO, and ZnO oxides

Serial No. Name Flat band (eV)
WO, 05
ZnO —0.34
CONCLUSION

WO;, ZnO andWO,/ZnO nanocomposite, successtully synthe-
sized using co-precipitation and ultra-sonication route, respectively,
behaved as an effective photocatalyst for the removal of rhodamine
b (Rh-B) and methylene blue (MB) under solar light exposure. The
metal-oxygen-metal interaction in the nanocomposite is responsi-
ble for improved chemical reactivity, physical and structural prop-
erties. The nanocomposite showed 85.7% and 94% degradation
within 120 min and 105 min with rhodamine-b and methylene blue,
respectively, which is far better than pure metal oxides. Scavenger
studies proved that holes are the main reason behind this extraor-
dinary photocatalytic degradation ability. The Mott-Schottky plot con-
firms the p-type and n-type character of WO, and ZnO, respectively.
The value of flat band potential calculated from Mott-Schottky
plot is 0.5 eV for WO, and —0.34 eV for ZnO. The exceptional rate
of degradation of WO,/ZnO nanocomposite opens new doors for
the synthesis of more such combinations having new characteris-
tics in order to remove organic and toxic compounds from water.
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Fig. S1. Degradation spectra of rhodamine-b with WO;, ZnO and their hetero-metallic oxide WO,/ZnO.
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Fig. S3. Degradation spectra of methylene blue with WO;, ZnO and their hetero-metallic oxide WO,/ZnO using ascorbic acid as scavenger.



Fig. S4. Degradation spectra of methylene blue with WO;, ZnO and their hetero-metallic oxide WO,/ZnO respectively using AgNO; as scav-

enger.
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