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ance compared to the other heterojunction samples. This improvement is
p-n heterojunction effect in which the photoinduced electrons and holes could be
the different semiconductors and facilitate the formation of radical active species,
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M?;‘:mr g penhancement of photocatalytic performance. Brsides, the results obtained from DRS
ZnWO0. ed that visible light absorption of the heterojunction samples is decreased as the ZnWO,
Photocatalyst 30% wt. which is corresponded to the shielding effect of UV-responsive ZnWO,

Heterojunction Hydroxyle radicals was determined as the main active species responsible for

tunable bandgap [3-5]. Additionally, its layered structure
and strong interlayer interactions result in efficient

material\ that has gained significant attention for its charge separation and transfer [6]. MoS; based

unigue properties as a promising photocatalyst [1,2]. As
a photocatalyst, MoS; can absorb visible light energy to
promote chemical reactions, making it a potential
solution for energy conversion and environmental
remediation. MoS; exhibits excellent catalytic activity
due to its high surface area, strong adsorption ability, and

photocatalysts have been studied for their applications in
hydrogen evolution, water splitting, and degradation of
organic pollutants [7]. Further research on MoS; as a
photocatalyst may lead to the development of more
efficient and sustainable technologies for various
industrial and environmental applications [8]. Although
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MoS; has shown great potential as a photocatalyst, there
are still some limitations that need to be addressed. Some
of the notable limitations of MoS; as a photocatalyst
include poor charge carrier mobility, limited light
absorption and chemical insatbility [9].

As an n-type semiconductor, ZnWQ4 has the ability to
utilize ultra viollent (UV) light energy to promote
chemical reactions and degrade pollutants [10-12]. Its
unique properties include high surface area, stability
under harsh conditions, and efficient charge separation,
which contributes to its high photocatalytic activity [13].
The combination of ZnWQO, with MoS, semiconductors
can broaden the absorption spectrum, thereby increasing
the utilization of solar energy. In additiom, the
ZnWO4/MoS, heterojunction can promote charge
separation, leading to more efficient electron-hole pair
generation. This is because ZnWO, has a higher
conduction band position than MoS,, which facilitates
the transfer of electrons from MoS; to ZnWO,. The
combination of ZnWOQO, and MoS, can improve the
stability and durability of the photocatalyst. ZnWQO, has
good chemical stability and can protect MoS; from
oxidation or corrosion under harsh reaction conditions
[14]. Overall, the use of ZnWO, as a co-catalyst with
MoS; can lead to improved photocatalytic performance,
enhanced charge separation and transfer, and increased
stability and durability.

In this study, 0D ZnWQO, nanoparticles was loaded on
3D flowerlike MoS; microspheres and applied
decomposition of Methylen blue (MB) dye from ageobis
solution through simple hydrothermal method

In this study (NH4)sMo07027, GHS
Zn(NOs)2-6(H20), ammonia sehuti
were purchased from Mer '@
further purification.

The flower-like ospheres were synthesized
by a one-st hy@rothepmal  reaction  using
hexaammonium § heptamolybdate tetrahydrate and
thiourea as i

2.28 g of thiourea)were dissolved in 36 ml deionized
igefous stirring for 30 min to form a
olution. The solution was then transferred

sealed tightly, heated at 220 °C for 6 h and then naturally
cooled down to room temperature. Black precipitates
were collected by centrifugation and washed with
distilled water and absolute ethanol for several times, and
finally dried in vacuum at 60 °C for 24 h.

To prepare ZnWO4/MoS; heterojunction with various
weight ratio of ZnWO, content, Zn(NOs),.6H,0,
Na;W0,.2H,0 and CTAB were dissolved in the mixed
solution of DMF (40 ml)/H20 (10 ml). Then, 0.4 g MoS;

was added to the clear solution and ultrasonically treated
for 1 h until a homogeneous mixture was obtained. It was
then transformed to the teflon-lined stainless steel
autoclave and heat treated at 180 °C for 12 h. The final
products was filtered, collected, washed 3 times with
ethanol and deionized water, and then dried in vaccum
oven at 80 °C for 12 h. The ZnWO4/MoS;
nanocomposites were denoted as 10ZM, 20ZM, 30ZM,
40ZM, in which the number represnts the weight percent
of loaded ZnWQ, nanopartiles on the surf f MoS..

3. RESULTS AND DISCUSSION
3.1. FE-SEM images
Figure 1 represents SEM images @ lower-like
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Figure 1. FESEM images of (a, b) MoS2 microsphere and
(c, d) ZnWO4/MoS2 heterojunction

3.2. XRD

XRD analysis was conducted to study the phase
structure of the prepared samples. As seen in Figure. 2,
the peaks at 26=14.5° (002), 34.2° (100), 39.0° (103),
49.5° (105) and 59.0° (110), can be asgined to hexagonal
structure of MoS; (JPCDS N0.00.037-1492). The peaks
obsorved in the XRD pattern of pure ZnWO4 could be
attributed to its monoclinic phase (JPCDS No0.00.015-
0774). Further, the asgined peaks of ZnWO. were
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appeared in the XRD pattern of the heterojunction
samples, indicating the succussful combination of
ZnWO, nanoparticles with the MoS, structure. There
exist no other peaks in the XRD patterns of
heterojunction samples. This reveals that the composite
samples with no other impurities are formed.
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Figure 2. XRD patterns of the pure and heterojunction
samples.

3.3 Optical properties
The optical properties of the prepared samples were
measured by diffuse reflectance spectroscopy (DRS
seen in Figure. 3, compared with pure MoS;, the opti

increased which is attributed to the lar

ZnWO, indicating the construction o at
the interface of MoS; and ZnWOa. 3
(Eg) of the samples was calculg ubelka-

Munk equation (a¢hv)"™ = A
represnted in  Figure.
heterojunction samples

Eg of
ased with icreasing the
instine MoS;. The
arrow band gap and
semiconductor benefits
heterojunction effect, which
otocatalytic performance.

ZnWO, as a
broader ligh

34 iC activity
Pho ic performance of the samples was
evaluatgd through photodecomposition of MB from

ageous $elution under visible light irradiation. The
obtained results are shown in Figure 5. As is clear, MoS;
revealed poor photocatalytic activity which is
corresponded to the fast recombination rate of the
electron-hole pairs, resulting from its narrow band gap.
However, as ZnWO; is loaded on the surface of MoS;
struture, the photodegradation activity is enhanced. This
improvment is related to the heterojunction effect in
which the produced electrons and holes in MoS; could

e 4

Absorbance (a.u.)

effectively separaetd and then lifespan of the charge
carriers is increased, facilitating the formation of active
species. As seen, photocatalytic decomposition of MB is
enhanced up to 30% wt. content of ZnWO, and then
decreased. Indeed, ZnWO, component is not able to
absorb visible light sepctrum due to its larger band gap.
It seems that the higher ZWQ,4 nanoparticles loading
could cover the optical active sites of the MoS;
hierarchical and decrease the visible light ab i

and shown in Figure 6. The resu

d that the
photocatalytic degradation tage ¢ 30Z sample
only decreased apprOX| %, ~/showing good

chemical stablllty
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Figure 3. DRS plots of pure MoS2 and prepared
heterojunctions.
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Figure 4. Tauc Plots of pure MoS2 and prepared
heterojunctions.
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Fig_ure 5. Photocatalytic decomposit!on of MB from ageous Type of scavenger
solution over prepared pure and heterojunction samples under
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Figure 7. Photocatalytic degradatiofp6f MB in the presence
~ 100+ erfous scavengers.
o
5 80- 4. CONCLUS
= In summ i igal ZnWO4-MoS; heterojunction
S 60 samplesgvitiydi t ZnWO, content were successfully
< prepared two-step hydrothermal method, and
"i 40 se photocatalytic degradation of MB dye
T,g om afyeous solutions under visible light irradiation.
g 20- the obtained results, ZnWO4-MoS;
2 hgterojinction with 30 mol. % content of ZnWO,
= g revgaled 8.33 times enhancement after 120 min
1 2 3 4 5 diation compared to pure MoS,. This improvement is
Cyecling number mainly attributed to the heterojunction effect during

d Y which photoinduced electrons and holes over MoS; could
effectively separated and easily participate for the radical
species production. Further, recycling experimets
showed that the fabricated ZnWQO,4-MoS; revealed only

Figure 6. Recycling evaluation of M30Z sa
MB decomposition under visible light irra

3.5 Photocatalytic mechanism

To study the photocatalytic me the prepared around 5% reduction in photodegradation of MB which
heterojunction, radical trappifig nts were represents that sufficient bondings are formed at their

conducted to determine the 3 esponsible for interface. Further, the results indicated that hydroxyle

the photocatalytic de B. For this, radical along with photoinduced holes are the main
triethanolamine (TE guinone (BQ), isopropyl species toward photocatalytic degradation of MB. The
alcohol (IPA) as scave f holes, superoxide radicals obtained results verify that the prepared ZnWO.-MoS;
and hydroxide i tively, were separately heterojunction could be a promising visible-light-
added. As s in Fi , the photodegradation of acivated photocatalyst for efficient degradation of dye
MB was creased in the presence of BQ, contaminants from wastewater.
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