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CuWOy4 materials were successfully prepared using a combination of hydrothermal and
calcination methods under various conditions and characterized through multiple techniques.
The influence of synthesis conditions on the physicochemical properties and photocatalytic
degradation of tetracycline (TC) using the CuWOy4 catalyst were systematically investigated.
The samples subjected to 24—hour hydrothermal treatment at 200 °C followed by calcination
at 500 °C exhibited the highest photodegradation efficiency, achieving a rate constant
of 1.24x1072 min"!. Notably, the prepared samples demonstrated the ability to perform
photocatalytic reactions over a broad pH range of 3.0 to 10.0. Reactive species such as *O,", h*
and *OH were found to contribute to TC degradation, with photo-generated h* identified as the
dominant species. This study presents an effective approach to enhancing the photocatalytic
performance of CuWOs-based catalysts for antibiotic degradation in wastewater treatment

applications.
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Pollution caused by human activities and rapid
industrial growth is giving rise to significant
environmental threats [1]. A particularly concerning
trend is the upward concentration of antibiotics in
water sources. The persistence of these antibiotics
in aquatic environments can disrupt the balance of
microorganisms, potentially affecting the food chain
and the overall health of the entire ecosystem.
Additionally, antibiotic residues in water may foster
the emergence of antibiotic resistance genes (ARGs)
and antibiotic-resistant bacteria (ARB) [2], leading to
the spread of resistance within microbial communities,
which could complicate the treatment of bacterial
infections and pose notable challenges to public
health and environmental safety.

In recent years, various strategies have been
explored for the removal of antibiotic pollutants
from water sources, with photocatalytic degradation
emerging as a highly promising technique. The use of
nanoscale semiconductor oxide photocatalysts that
harness sunlight has gained global attention. These

photocatalysts are economically viable, chemically
inert, non-toxic and environmentally friendly, while
also being performed under ambient conditions and
offering broad applicability [1, 3]. Recent studies
have highlighted that metal tungstate with the general
formula AWO4 (where A = Cu, Mn, Mg, Zn, and Cd)
have attracted considerable interest from the scientific
community [4-6]. These materials possess suitable
bandgap energy, which provides a capable of effectively
harnessing visible light for photocatalytic process,
thus presenting a promising area for further investigation.
Among of them, CuWO; stands out as a potential
photocatalysts for real-world applications due to
its narrow band gap energy (2.1-2.3 eV) and high
stability against photo-corrosion [7], which allows
it to effectively absorb and utilize a broad spectrum
of solar light [8]. As a result, CatWO4 has become
an attractive option for photocatalytic materials in
water purification.

Furthermore, the valence band (VB) edge
position of CuWOy has been determined to be 2.41 V
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vs. NHE [9], which is more positive than that of
*OH/OH™ (1.99 V vs. NHE). This characteristic
enables CuWOy to produce the hydroxyl radical
(*OH) more easily (Equation (1)). These *OH are
highly active and can attack to degrade contaminants,
breaking them down into intermediates or smaller
inorganic molecules.

hiz + OH™ — «OH (1)

While the CuWO4 photocatalyst offers
remarkable advantages, it still faces limitations
in the degradation of antibiotic degradation. Many
antibiotics possess robust molecular structures, making
them highly resistant to decomposition [10, 11].
Therefore, there is an urgent need to develop and
design photocatalysts with enhanced activity. Doping
CuWO, with foreign elements, either metallic or non-
metallic, can significantly improve its performance by
creating surface defects and oxygen vacancies. These
oxygen vacancies are particularly crucial as they act as
electron mediators, enhancing the photocatalyst's redox
capability [12]. Consequently, the accumulated electrons
in the conduction band (CB) of the photocatalyst
react with the adsorbed oxygen molecules to generate
superoxide radical anion (*O,"), further improving
photocatalytic efficiency. In general, semiconductors
photocatalysts suffer from electron-hole recombination,
where photogenerated electrons and holes recombine
before participating in redox reactions, reducing
overall efficiency. Decorating CuWO4 with graphene
quantum dots (GQDs) addresses this issue by
inhibiting electron—hole recombination and enhancing
visible light absorption. GQDs act as electron
extractors, providing conductive pathways for
photogenerated electrons to migrate from CuWOj,. By
reducing electron-hole recombination, GQDs increase
the availability of charge carriers for redox reactions,
significantly boosting photocatalytic performance [13].

Additionally, designing heterostructure catalyst
systems is a great strategy for developing advanced
photocatalysts for diverse applications. For instance,
the Z-scheme CuWO4/g-C3N4 nanocomposite improves
light absorption and promotes charge separation,
achieving high efficiency in the synthesis of
tetrahydroindazolone derivatives [7]. Similarly, the
ZnFe;04/CuWOy heterostructure has demonstrated
excellent photocatalytic activity, even under real
wastewater conditions under visible light irradiation,
achieving TC degradation rates that are 5.1 and 3.3
times faster than those of ZnFe;O4 and CuWOg4
individually [14]. Furthermore, the Z—scheme of
Ag3;P0O4/CuWOy4 heterojunction not only improves
charge separation and transportation but also extends
the photocatalyst's visible-light absorption range [15].
It could be concluded that doping CuWO4 with foreign
elements or combining it with suitable substances can
significantly enhance the photocatalytic activity of the
modified-CuWO4 [15]. Moreover, intrinsic properties
of the catalyst, such as crystalline structure, band
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gap energy, band edge position, particle size, surface
area and morphologies are influenced by synthetic
conditions. Therefore, to further improve the
photocatalytic performance of modified CuWOs, it is
crucial to systematically investigate the synthetic
conditions employed in its preparation.

To the best of our knowledge, the influence
of synthetic conditions on the photocatalytic activity
of CuWO4 under visible light irradiation for antibiotic
degradation has not yet been systematically investigated.
Previous studies have examined the effect of pH
(ranging from 3 to 9) on the photocatalytic efficiency
of CuWOy for TC degradation, using a constant catalyst
dosage of 0.5 gL ™!, and proposed a photocatalytic
degradation mechanism for TC by CuWOy4 [9]. In
this study, we focus on different synthetic conditions
influence the photocatalytic activity of CaWO4 samples
prepared via the hydrothermal method. The appropriate
parameters for achieving high photocatalytic performance
in TC degradation were identified. Furthermore, the
effects of key treatment conditions such as catalyst
dosage and solution pH, on the photocatalytic
degradation of TC was systematically elucidated.
The roles of active radicals in the degradation process
were also examined through radical scavenging
experiments, enabling the proposal of a potential
TC degradation mechanism. This study provides
a comprehensive understanding of CuWO4 as an
efficient photocatalyst and offers valuable insights for
designing effective catalyst system for wastewater
remediation. Additionally, this study introduces a
straightforward approach to optimizing the balance
between light absorption, particularly under low-
power simulated sunlight (26 W), and preparation
conditions to achieve superior photocatalytic
degradation performance.

EXPERIMENTAL
Chemicals and Materials

Copper(I) nitrate trihydrate (Cu(NO3),.3H.0, 99%)
and sodium tungstate dihydrate (Na;,WO4.H,0, 99.5%)
were purchased from Macklin. Ethanol (C,HsOH,
99.5%) was sourced from CEMACO. Sodium hydroxide
(NaOH, >98%), hydrochloric acid (HCI, 36.5%), tert-
butanol (TBA, 99%), p-benzoquinone (p-BQ, CsH4O»,
99%), and Tetracycline (C22H24N>O3.HCl, p.a) were
obtained from Xilong Scientific Co., Ltd. Ammonium
oxalate ((NH4)2C204, AO, 99%) was provided by
GHTECH Co., Ltd. All reagents were used as received
without further purification. Double distilled water
(DW) was used in all experiments.

Synthesis of CuWO4

CuWO4 was fabricated via a hydrothermal method
followed by heat treatment. In typical procedure, 2.984
g Na;WO4.2H20 (9.0 mmol) and 2.196 g Cu(NO:3)..
3H,0 (9.0 mmol) were dissolved separately in 30 mL
of DW and stirred for 30 min. The Na;WOj4 solution
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was then added dropwise to the Cu(NOs3), solution
under vigorous stirring. The pH of the resulting
mixture was adjusted to 8.0 for 1 h, then transferred
into a 100 ml Teflon-lined stainless-steel autoclave
and subjected to hydrothermal treatment at predetermined
temperature (160, 180, 200, 220 °C) for 24 h. After
naturally cooling to room temperature, the green
precipitate was collected by centrifugation, washed
multiple times with DW and ethanol and dried at
60 °C for 4 h. Finally, the dried samples were calcined
at designated temperatures (400, 500, 600 °C) for 2 h
at a ramp rate of 10 °Cmin !, The CuWOj final products
were denoted as CWO-x-y, where x represents the
hydrothermal temperature (160, 180, 200, 220 °C),
and y indicates the calcination temperature (400, 500,
600 °C). For instance, CWO-200-500 denotes the
product hydrothermally treated at 200 °C and then
calcined at 500 °C.

Characterization

X-ray diffraction (XRD) patterns were obtained using
a Malvern X-ray diffractometer (Panalytical), which
employed a Cu-K, radiation source (40 kV, 40 mA,
A= 0.15418 nm). The diffraction angle varied with
a step size 0.01313° and a dwell time of 100 s per step.
The degree of crystallinity (X.) was calculated by
measuring the intensities of the crystalline (I.) and
amorphous (I.) components in the sample, as described
by Equation (2) [16]. Scanning electron microscopy
(SEM) analysis was performed on a Hitachi FE-SEM
S4800 instrument. N, adsorption-desorption isotherms
were recorded on a Quantachrome NOVA 1000E
analyzer, operating in the relative pressure (P/Pg)
range 0.046 — 0.350. Zeta potential was measured
on a Malvern Zeta-sizer. The pH value at the material's
isoelectric point (pHp.) can be calculated using
Equation (3):

X, = —< %100 2)

T Iatle
pH=7-mV/57.14 3)
Photocatalytic Performance Test

The photocatalytic activities of the catalysts were
evaluated by the degradation of TC. For each
experiment, 100 mg of the catalyst was dispersed in
200 mL of TC solution with an initial concentration of
20 mgL™!. The suspension was stirred continuously in
darkness for 1 h to establish the adsorption—desorption
equilibrium. Subsequently, the system was illuminated
by a 26W Exo Terra Natural Light lamp, positioned 5
cm above the surface of the suspension for 3 h. At
regular intervals, 3 mL of reaction solution was
withdrawn and filtrated through a 0.45 pm nylon
membrane to separate the catalyst before analyzing the
remaining concentration of TC using a UV—Visible
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spectrophotometer. The TC degradation efficiency
was calculated using the following equation (Equation
(4)). where A is the absorbance at the time t and A, is
the absorbance of the initial TC solution (20 mgL ™).

DR (%) = (1-2) 100% &)

At
0
The kinetic parameters of TC decomposition,
which follow pseudo-first order reaction kinetics,
were determined using Equation (5), based on the
Langmuir-Hinshelwood model.

—ln(cio) =kt (5)

Where C and Cy represent the concentration
of TC at a given treatment time and the initial
concentration at t = 0 during irradiation, respectively.
The symbol k denotes the apparent pseudo-first-order
rate constant.

The photocatalytic degradation mechanism of
TC was elucidated based on the result of radical
trapping experiments. Different scavengers such as
BQ (0.1 mM), TBA (0.5 M) and AO (1.0 mM) were
added into the suspension to quench *O,", *OH, and
hole (h*), respectively.

RESULTS AND DISCUSSION
Characteristics of the Prepared CuWO4

The crystallinity and phase integrity of the samples
were analyzed using XRD technique. Figure 1
displays the XRD patterns of CuWO4 samples
prepared at different calcination (a) and hydrothermal
temperature (b). Figure 1(a) displays the XRD patterns
of CuWO4 samples that were underwent hydrothermal
treatment at 200 °C followed by calcination at various
temperatures. It can be seen that the XRD pattern of
the sample calcined at 400 °C contains characteristic
peaks for both the monoclinic CuW04.2H,O (JCPDS
No 33-0503) and triclinic CuWO4 (JCPDS No 88—
0269) crystalline phases [17-19]. At higher calcined
temperature, both samples calcined at 500 °C and
600 °C resulted peaks characterizing the triclinic
CuWO4; crystalline phase only, with peaks at 15.3°,
19.0°, 22.9°, 23.5°, 24.0°, 25.9°, 28.7°, 30.1°, 31.6°,
32.1° and 35.6°, corresponding to the (010), (100),
(110), (011), (011), (101), (111), (111), (020), (111)
and (111) crystal planes, respectively. No impurity
phases were detected. The XRD pattern of samples
calcined at 600 °C presents the higher intensity
peaks. The correspondingly higher peak intensities
in XRD pattern of the sample calcined at 600 °C
indicates higher crystallinity of these prepared
samples [20].
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Figure 1. XRD patterns of CaWO4 samples with (a) varying calcination temperatures (CWO-200-y) and (b)
varying hydrothermal temperatures (CWO-x-500).

Besides, crystallinity and phase integrity of
the samples, prepared at different hydrothermal
temperatures and followed by calcination at 500 °C,
were investigated and shown in Figure 1(b).
Interestingly, all samples calcined at 500 °C consisted
of the triclinic CaWOy structure, with no impurity
peaks detected. Specifically, the crystallinity of
these samples hydrothermally treated at 160, 180,
200, and 220 °C was calculated to be 93.65, 94.68,
95.15 and 91.58 %, respectively. This indicates
that the crystallinity improves as the hydrothermal
temperature increases from 160 to 200 °C, reaching
its peak at approximately 200 °C. However, as the
hydrothermal temperature increases from 200 to 220 °C,
the crystallinity decreases. The reduced crystallinity at
220 °C may be attributed to the accelerated reaction
rates at this elevated hydrothermal temperature, which
lead to uncontrolled growth of CuWO4 crystals.
This rapid growth disrupts the formation of well-
ordered crystals, resulting in smaller, poorly defined
nanoparticles with structure defects, such as vacancies
or misalignments [21].

The specific surface area (SSA) and pore
structure of the samples were thoroughly analyzed
using N> adsorption—desorption experiments with
the Brunauer Emmett-Teller (BET) method. The SSA
of the samples subjected to hydrothermal treatment
at (x=) 160, 180, 200 and 220 °C, followed by
calcination at 500 °C were found to be 20.3, 18.6, 22.6
and 15.234 m?g™!, respectively. The corresponding
specific pore volumes were 0.042 cm’g™!, 0.044 cm?g ™",
0.052 cm?g™' and 0.07 cm®g™!. As illustrated in
Figure 2(a), all the samples exhibit a typical type-IV
according the [IPUAC isotherm classification, with an

H3-type hysteresis loop (P/Py = 0.8 — 1.0), reflecting
the existence of primary slit-like mesoporous structure
[22, 23]. Additionally, all samples exhibit pore
diameters ranging from 1-80 nm, as shown in
Figure 2(b), confirming that the samples comprise
of micropores, mesopores and macropores. Pores
size of all samples falls within the 2—-10 nm range,
indicating that the pore size is primarily concentrated
in the mesoporous region. The mesoporous structure
in samples is particularly beneficial for enhancing
the adsorption capacity of organic pollutants from
wastewater. Variations in SSA and pore size among
samples prepared at various hydrothermal temperatures
suggest changes in morphology, with a tendency
toward increased agglomeration. This agglomeration
reduces the SSA, thereby limiting the photocatalytic
performance. Nevertheless, the substantial surface
area and the well-distributed mesopores are expected
to play a significant role in improving the photocatalytic
activity of samples.

Considering the crystallinity, phase integrity,
SSA, and the dominating mesoporous structure
discussed above, the CWO-200-500, synthesized at
200 °C and calcinated at 500 °C, appeared the most
attractive from the photocatalytic viewpoint. Its
morphology analyzed using FESEM is illustrated in
Figure 2(c) with noticeable aggregates consisting of
almost uniform 55 nm — 100 nm nanoparticles. The
zeta-potential of the sample was determined to be —83.9
mV, as shown in Figure 2(d). The point of zero charge
(PZC), calculated using Equation (3), was determined
to be 8.5. For example, when the medium pH is below
8.5, the surface of CWO-200-500 becomes positively
charged, favoring anion adsorption, and vice versa.
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Figure 2. (a) N adsorption-desorption isotherms, (b) BJH pore size distribution, (¢) morphology and (d) zeta
potential of the CWO-200-500 sample.

Isoelectric Point of Material

The surface charge of the catalyst plays a crucial
role in pollutant adsorption and significantly influences
its photocatalytic performance. The surface potential
of the catalyst can be altered by adjusting the
solution’s pH. As shown in Figure 2(d), the zeta
potential of the sample was measured to be —83.9
mV. Consequently, the pH at PZC (pHp..) of the
material is calculated to be 8.5 using Equation (3).
Accordingly, when the pH of the medium is below
8.5, the catalyst surface becomes positively charged,
facilitating the adsorption of anions from the

solution. Conversely, when the pH exceeds 8.5, the
surface acquires a negative charge, which favors
the adsorption of cations.

Band gap of the CWO-200-500 sample was
calculated by Kubelka-Munk transformation: (ahv)"" =
A(hv —Eyg), where hv, a, Eg, and A represent the photon
energy, absorption coefficient, band gap energy, and
arbitrary constant, respectively [24]. The value of n is
determined to be 1/2 owing to the direct band gap nature
of CuWOs. The band gap value for the sample was
determined to be 2.73 eV (as shown in Figure 3) which
is close to the values in previous researches [25, 26].
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Figure 3. Kubelka-Munk of the CWO-200-500 sample.

Photo-degradation of TC using the Prepared CuWO4
Effect of Hydrothermal Temperature

Photocatalytic activities of samples prepared at
different hydrothermal temperatures, followed by
calcination at 500 °C, are presented in Figure 4.
As the hydrothermal temperature increased from
160 to 200 °C, the degradation yield of TC improved
(Figure 4 (a)), and the pseudo-first-order degradation
rate constantly increased from 1.14x1072 min™!
to 1.59x1072 min~! (Figure 4 (b)). However, the
photocatalytic performance decreased sharply when
the temperature exceeded 200 °C. At 220 °C, only
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81.17% of TC was degraded after 240 min of
irradiation, with a corresponding rate constant
of 0.83x1072 min~'. The results indicate that the
hydrothermal temperature significantly influences
the photocatalytic activities of the triclinic CuWO4
phase [27]. The improvement in photocatalytic
performance can be attributed to the increase in
crystallinity with higher hydrothermally temperatures
[28]. The CWO-200-500 sample exhibits the highest
visible-light-driven photocatalytic activity, corelating
with its highest crystallinity and largest SSA, leading
to achieving a 92.35% degradation rate of TC within
3 h. Therefore, a hydrothermal temperature of
200 °C was selected for further analysis.
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Figure 4. (a) Photocatalytic degradation and (b) kinetic curves of the samples prepared at varying hydrothermal
temperatures. Reaction conditions: initial TC concentration 20 mgL™!; photocatalyst dose: 0.5 gL ™!, initial pH of
TC solution: 4.7.
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Figure 5. (a) Photocatalytic degradation and (b) kinetic curves of the samples prepared at varying calcination
temperatures. Reaction conditions: initial TC concentration 20 mgL™!; photocatalyst dose: 0.5 gL™!, initial pH of
TC solution: 4.7.

Effect of Calcinated Temperature

Figure S displays the photocatalytic performance of
samples prepared hydrothermally at 200 °C, followed
by calcination at various temperatures. Samples which
were calcined at 300 °C and 400 °C primarily acted as
adsorbents due to the presence of the monoclinic
CuWO04.2H,0 phase, both of which exhibit negligible
photocatalytic activity. The higher adsorption
performance of these samples can be also attributed
to the abundance of hydroxyl functional groups on
their surface [9], facilitating greater adsorption capacity.
Conversely, as the calcination temperature increases,
a phase transition occurs from CuWO4.2H>O to the
triclinic CuWOj4 phase, enhancing the photocatalytic
activity for TC degradation. However, further increasing
the calcination temperature to 600 °C results in higher
crystallinity, which is associated with a reduced SSA,
thereby diminishing the photocatalytic efficiency. As
a result, the sample prepared at 500 °C achieved
90.5% TC degradation with a pseudo-first-order
degradation rate constant of 1.24x1072 min™'.

Effect of Catalytic Dosage on Degradation of TC

Optimizing the photocatalyst dosage is essential not
only to maximize degradation rates but also to ensure
efficient utilization of catalyst resources. The effect of
catalyst dosage on photocatalytic elimination of TC
was investigated under specific conditions (initial pH
4.7, TC concentration 20 mgL™!). As illustrated in
Figure 6, increasing the catalyst dosage from 0.15 gL™!
to 0.50 gL™! significantly enhances the elimination of
TC. This improvement can be explained by the increase
of the available active sites in the solution due to
the higher dosage, resulting in the generation of a
greater number of reactive radicals responsible for the
photocatalytic process [22, 23, 29]. However, in case of
the catalyst dosage excess 0.50 gL', the TC
degradation efficiency increases slightly. This
phenomenon may be ascribed to the shielding effect
caused by the excessive catalyst particles, which can
reduce light penetration and limit photocatalytic
efficiency [30]. As a result, the ideal catalyst dosage is
selected to be 0.5 gL' and to be used in further
investigations.

Dark

Irradiation

0.15gL"
-0.25gL™!
02 —a—0.50 gL
——0.75¢gL"
0.0y T T T T T T T T
60 30 0 30 B0 90 120 150 180
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Figure 6. Effect of CWO-200-500 dosage on the TC degradation. Reaction conditions: initial TC concentration
20 mgL !, initial pH of TC solution: 4.7.
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Effect of pH on Degradation of TC

The influence of pH value on the removal efficiency
primarily depends on the existence forms of TC
molecules in solution, the catalyst surface charge,
and the formation of reactive species [31, 32]. In
this study, the effect of initial pH of TC solution
was studied in the range of pH3—-8, with a CuWO,
dose of 0.5 gL ™! and initial TC concentration of 20
mgL!, as displayed in Figure 7(a). It is noted that
the original pH of the TC solution (20 mgL™") was
recorded to be 4.7 TC exits in three predominant
forms as cation, zwitterion, or anion depending on
the pH conditions (as shown in Figure 7 (b)) [33].
At a pH value of media below 3.3, TC predominately
exists in its TCHF form, while the catalyst surface
also carries a positive charge. This leads to electrostatic
repulsion between the TC molecule and the catalyst
surface, reducing TC adsorption and consequently
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lowering the decomposition efficiency. As the
pH increases from 3.0 to 7.7 to 8.0, the structures
of TC changes progressively from TCHY to TCH}
(zwitterionic) and then to TCH™ (anionic). Consequently,
as the pH of the TC solution increases from 3.0 to
8.0, the positively charged surface of CuWO4 becomes
more attractive to the zwitterionic TC molecules.
This intensifies the adsorption capacity, leading to
an improvement in the TC degradation efficiency of
CuWO4. However, when the pH increases further
from 8.0 to 10.0, the adsorption capacity of TC by
the catalyst decreases. This is due to the electrostatic
repulsion between the anionic form of TC (TC?7) and
the negative charged catalytic surface, which weakens
the adsorption capacity of catalyst [30, 32]. Finally,
the appropriate pH for the effective elimination of
TC was determined to be pH8, which achieves the
highest TC removal efficiency, reaching 93.6%,
after 120 min of treatment.
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Figure 7. (a) Effect of initial pH on the TC degradation using CWO-200-500 (initial TC concentration 20
mgL!; photocatalyst dose: 0.5 gL.™"), (b) ionization equilibrium of TC and (c) illustrated the interaction of TC
molecule and catalyst surface as a function of solution pH.
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Figure 8. Radical scavenging experiments Reaction conditions: initial TC concentration 20 mgL~!; photocatalyst
dose: 0.5 gL ™.

Role of Reactive Species

Under visible light irradiation, the photoinduced
electrons and holes are transferred to the surface
of the photocatalyst, where they react with the
adsorbed water or dissolved oxygen molecules to
generate reactive oxygen species (ROS), such as
(*OH) and O, . To further confirm the role of these
reactive species during the photodecomposition of
TC, scavenger experiments were conducted. In each
experiment, quencher with specific concentration
was added into 200 mL TC solution containing
0.5 gL' CW0-200-500 catalyst and the pH was
maintained at original pH of 20 mgL ™' TC (pH4.7).
As shown in Figure 8, the addition of BQ and TBA
as quenchers of *O,” and *OH to the reaction
solution slightly inhibited TC degradation, with the
reaction still maintaining a high rate of approximately
85% after 180 min of treatment, indicating that «O,~
and *OH play only minor roles in the photocatalysis.
In contrast, the degradation of TC was significantly
inhibited by the addition of AO, with an inhibition
rate of approximately 64 %. These findings indicate
that although *OH, *O,” and h™ all contribute to the
photocatalytic degradation of TC, h™ plays a more
significant role. This observation aligns with previous
studies, which have identified h* as the primary
reactive species responsible for TC degradation
[12, 34, 35]. Based on these results, a mechanism
for the degradation of TC by CuWO4 can be proposed
as follows:

CuWO, + hy — CuWOs (egz+ hip) (6)
ecg + 02 — <0y (7
hiz + OH- — *OH (8)

hifs (major) + *O,~ (minor)+ *OH (minor)
+TC — €O, + Hy0 + 9)

CONCLUSION

The study demonstrates that calcination temperature
(400 °C — 600 °C) significantly influences the properties
of CuWO4 compared to hydrothermal temperature
(160 °C — 220 °C). Among the samples, CWO-200-
500, a triclinic phase CuWOy4 calcined at 500 °C,
exhibited excellent photocatalytic performance,
achieving 93.6% degradation of TC within 3 hours
under a low-power 26W lamp simulating natural
light. This exceptional photocatalytic activity is
attributed to its narrow bandgap, large SSA, and
high crystallinity, which enhance light absorption
and charge separation. The primary reactive species
responsible for TC degradation was identified as
h*. Furthermore, the effective use of a low-power
light source highlights the potential of CWO-200-
500 for efficient water treatment applications,
particularly in regions with limited sunlight exposure.
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