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ABSTRACT: The. CeO,/Bi,WQs nanocomposite was synthesized using sonochemical and hydrothermal
methods. It was studied. for its catalytic activity in reducing 4-nitrophenol (4-NP), 4-nitroaniline (4-NA),
chromium (VI1), rhodamine B(RhB) and methylene blue (MB) in aqueous solutions. Analytical techniques like
Fourier transform infrared (FT-IR) spectroscopy, photoluminescence (PL) spectroscopy, Brunauer-Emmett-
Teller (BET), X-ray diffraction (XRD), transmission electron microscopy (TEM), UV-visible diffuse reflectance
spectroscopy (DRS), energy dispersive X-ray spectroscopy (EDX) and scanning electron microscopy (SEM)
were used to characterize the nanocomposites. The CeQO2/Bi.WOgs 10% composite showed the most effective
results, achieving complete reduction of 4-nitrophenol in 10 minutes. The nanocomposite also demonstrated

impressive recyclability, indicating its potential for practical applications.
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INTRODUCTION

Metal tungstates and their nanocomposites have earned significant attention in various fields, such as optical
devices, optoelectronics, photoluminescence, catalysis, and sensing owing to their unique structure and
exceptional physical and chemical properties [1-6]. Among these materials, bismuth tungstate (Bi,WOe) stands
out as a significant n-type semiconductor with a narrow band gap, offering promising prospects, including
excellent photocatalytic activity, ferroelectricity, piezoelectricity, and nonlinear dielectric susceptibility [7-9].
Various synthesis methods, such as template-assisted, sol-gel, hydrothermal, solvothermal, sonochemical and co-
precipitation, produced Bi;WOs nanostructures with diverse morphologies [10-14]. Organic pollutants from
industries like food, textile, and leather pose a significant environmental threat, and nanocomposites have emerged
as effective solutions for their degradation. Bi;,WOs and its nanocomposites are being investigated for their
potential to degrade dyes and other pollutants [8, 12].

4-Nitrophenol (4-NP) and its derivatives are crucial in synthetic dyes, pesticides, and herbicides production, but
their widespread use poses a significant environmental and human health threat [15-19]. This.contamination can
lead to severe consequences for both ecosystems and human well-being, including eye irritation, loss of
consciousness, and potential carcinogenic effects [20]. Therefore, the urgent need to remove 4-NP from the
environment is undeniable. Various technologies have been employed to address this challenge, including thermal
degradation, adsorption, electrocoagulation, photodegradation, ozonation; electrochemical degradation, and the
electro-Fenton method, as well as biodegradation [21-26]. These approaches often suffer from drawbacks such as
prolonged treatment times, generation of secondary -pollutants, high costs, low efficiency, and adverse
environmental impacts [27-30], prompting the exploration.of alternative methods [31]. Among these alternatives,
catalytic reduction using NaBH. stands out as aparticularly promising and environmentally friendly approach to
converting nitrophenol to aminophenol [32-34]. This reduction reaction has garnered significant attention due to
the production of 4-aminophenol, an-intermediate with diverse industrial applications in medicine, rubber
manufacturing, dye production;.photography, and anti-corrosion lubricants [34-38].The conversion of 4-NP to
amine offers significant advantages in_industrial, environmental, and economic aspects, necessitating the
development of efficient catalysts with robust adsorption capacity and affordability. Textile industry dyes pose a
significant global-water pollution threat due to their toxic, nondegradable nature, posing a significant threat to
human health and the environment [39, 40].

Chromium (V1) ions.represent a severe contaminant in industrial wastewater originating from various processes
for example paint manufacturing, electroplating, and leather tanning. Due to their high mobility in water and their
profoundly toxic, mutagenic, and carcinogenic properties, the imperative task at hand is their removal from
wastewater sources [41, 42]. Typically, the treatment of chromium (V1) involves a reduction step to chromium
(1), which is substantially less toxic and even serves as a vital trace metal in human nutrition [43-45].

Recent focus has centred on metal oxide nanoparticles due to their remarkable catalytic performance [34, 43-45],
by loading nanoparticles onto substrates, specific physical and chemical properties are enhanced, boosting their
catalytic activity [34, 46, 47]. The study incorporated CeQO: (5, 10, and 20 weight %) into Bi;WOs structure to
improve catalytic activity. The resulting CeO./Bi;WOs nanocomposite effectively reduced dye pollutants (RhB
and MB), 4-nitrophenol, 4-nitroaniline, and Cr(VI) ions using NaBH.. The nanocomposites' catalytic activity is
influenced by CeO; concentration, offering recyclability, reusability, simplicity, stability, strong catalytic activity,

and green chemistry adherence.



EXPERIMENTAL SECTION
Chemical reagents
Bismuth nitrate, Cerium (l11) nitrate hexahydrate, Nitric acid (HNOz 37%), cethyltrimethylammonium bromide
(CTAB) (C19H42BrN), potassium dichromate (K»Cr,0Oy7), Ethanol, Sodium hydroxide (NaOH), 4-Nitrophenol (4-
NP) (CsHsNOs3), 4-Nitroaniline (4-NA) (CsHsN20-), NaBH., methylene blue (MB), rhodamine B (RhB), Sodium

tungstate (Na;WOQO,4) were used as received (Merck company (Germany)).

Preparation of Bi2WOs

To prepare Bi;WQOg, 8 ml of 0.1 M HNO3; was added to an aqueous solution of bismuth nitrate (0.03g in 20 ml
distilled water) and stirred till a clear solution was obtained. After that, (0.24 g) of cethyltrimethylammonium
bromide (CTAB) under vigorous stirring was added to the above solution. Then, an aqueous solution of sodium
tungstate (0.1 g in 10 ml distilled water) with 0.24 g CTAB was prepared under ‘stirring for 10 minutes. The
bismuth nitrate solution was added dropwise to the sodium tungstate solution. The pH of solution was carefully
adjusted to 7 using a NaOH (1M) solution. The resulting white emulsion was moved to a 50 ml autoclave and
kept at 180°C for 24 hours. The prepared precipitate was filtered, thoroughly washed several times with

water/ethanol, and put in an oven at 80 °C for 8 hours.

Preparation of CeO2/Bi2WOs hanocomposites

To synthesize the CeO,/Bi;WQOgs nanocomposites, a well-defined procedure was followed. Initially, 8 mL of 0.1
M HNOs3 was added into an aqueous solution containing bismuth nitrate (0.22g) and the mixture was stirred until
a clear solution was achieved. Subsequently;.0.24 g of cetyltrimethylammonium bromide (CTAB) was added
under vigorous stirring, for 30 minutes. In.parallel, an aqueous solution of sodium tungstate (0.1 g in 10 ml distilled
water) was prepared, incorporating 0.24 g of CTAB, and stirred for 30 minutes. The bismuth nitrate solution was
then added dropwise to the sodium tungstate solution with continuous magnetic stirring. The pH of solution was
carefully adjusted to 7 using a NaOH (1M) solution. Different weight percentages of CeO; (5, 10 and 20 weight
%) were combinedto the resulting white gel of Bi,WOs under ultrasonically treated for 2 hours. Then, the resulting
gel was transferred to the autoclave with 50 ml capacity and kept at 180°C for one day. After being naturally
cooled, the solid powder was collected and washed with DI-H,O and EtOH and put at 80°C for 8 hours. The white
color of the Bi;WOs turned yellow.

Instrumentation

The FT-IR spectra were obtained using a Perkin-Elmer Spectrum RXI FT-IR spectrophotometer. XRD analyses
were conducted using X-ray diffractometer (PANalytical/X'Pert Pro MPD) with a wavelength (X) of 1.5406 A.
UV-vis spectra were acquired through a Perkin-Elmer Lambda 25 UV-vis spectrophotometer. To explore the
morphology and size of the CeO,/Bi,WOg nanocomposites, an in-depth examination was performed using a
MIRA3 TESCAN field emission scanning electron microscope (FESEM) equipped with an associated energy
dispersive X-ray (EDX) analyzer. The surface area of the synthesized nanocomposite was evaluated by BET

model. Additionally, BJH method was employed to investigate the pore size and volume pore distribution of the



nanocomposite. The photoluminescence (PL) properties of the samples were analyzed by a Varian Cary Eclipse

fluorescence spectrometer at room temperature. TEM was investigated by an EM10C-100 KV series microscope.

Catalytic activities test for reducing 4-nitrophenol and 4-nitroaniline

The catalytic efficacy of the CeO2/Bi;WOgs nanocomposites in reducing 4-nitrophenol and 4-nitroaniline with an
excess of NaBH. was systematically explored in a quartz cell at ambient temperature. The catalytic reduction of
4-nitrophenol (4-NP) utilizing NaBH, served as a model reaction, and the reaction progress was monitored by
UV-vis spectroscopy. For the catalytic assessment, a quartz cell containing 2 mL of 4-NP (0.2 mM).was utilized.
Then, 0.5 mL of NaBH4 (20 mM) and 1 mg of the CeO4/Bi,WOQOs nanocomposite was added into the reaction
mixture. Subsequently, at 2-minute intervals, the conversion of 4-NP was investigated withinthe scanning range
of 200-500 nm. Upon completion of the reaction, the catalyst was separated from the solution; subjected to
multiple washes with deionized water (DI-H,0), and then dried for subsequent cycles. Equations (1) and (2) were

employed to calculate the rate constant and conversion efficiency.

— Ct
Ke=- gt (1)

Co—Ct
Co

R(%) = x100  (2)

Investigation of Cr(V1) catalytic reduction

A stock solution of Cr(V1) at a concentration of 0.1 mM was prepared by dissolving K>Cr,O7 in deionized H-O.
Subsequently, 2 mL of this solution was transferred into a quartz cell, and its absorption spectra were recorded
using a UV-visible spectrophotometer in the range of 200-600 nm. The Cr(VI) ions in the aqueous solution
exhibited a distinctive absorption peak at 373 nm. To observe the changes in the absorption peak at 373 nm, 0.5
mL of NaBH4 (20 mM) and 1 mg of the CeO,/Bi,WOs nanocomposite was introduced into the quartz cell and
the UV-visible spectrum was monitored at 2-minute intervals. The influence of only the reducing agent (NaBH.)

and only the CeO,/BixWOs nanocomposite on reducing Cr(V1) ions was systematically investigated.

Catalytic reduction of dyes
The methylene blue and.rhodamine B dye stock (0.2 mM) solution were prepared by dissolving a proper amount
of dyes (0.2 mM) in deionized water. The progress of dyes reduction by CeO,/Bi;WOs nanocomposite in the

present.and absence of NaBH4 was monitored via UV-vis.

RESULTS AND DISCUSSION

Optimization of the synthesis conditions
This study investigated the impact of various operational variables, for instance temperature, pH, and reaction
duration, on the fabrication of nanocomposites to determine the most favorable synthesis conditions. We
investigated the pH values ranging from 5 to 9, with the most favourable outcome achieved at pH 7. The impact
of varying reaction durations between 8 to 24 hours was studied at temperatures ranging from 90°C to 180°C. The
results revealed that a pure CeO/Bi;WQOgs nanocomposite was only achieved at 180°C after 24 hours. It was

observed that lower temperatures led to the formation of a multi-phase structure instead. Furthermore, the



concentration of NaBH, in the catalytic experiments was analyzed, with the optimal concentration of 20 mM.
Lower concentrations of NaBH, resulted in insufficient progress of the reduction reaction, while higher

concentrations led to an immediate reaction that was difficult to monitor.

Characterization of CeO2/Bi2WQOs nanocomposite
The FT-IR spectrum of CeO/Bi,WOg was analyzed across the 400-4000 cm™ range to determine the chemical
bonds and functional groups present within the nanocomposite (Fig. 1a). Aband at 722 cm™! is indicative of the
W-O stretching vibration within Bi,WOQOe. Additionally, characteristic peaks corresponding to Bi—O stretching
and W-O-W bridging stretching are discernible at 561 cm™ and 1361 cm'?, respectively [48, 49;-4]. Notably,
peaks associated with H-O-H bending and free OH stretching vibration emerge at 1610 cm:* and 3416 cm™,
respectively. These bands confirm the presence of water molecules physically adsorbed onto the surface of the
nanocomposite. Furthermore, faint bands observed around 561 cm™ and 433 em? are attributable to Ce-O
stretching vibration [50, 4].
The XRD pattern of the CeO,, Bi,WOs and CeO2/Bi,WOgs nanocomposite.are shown in Fig. 1b. Bi;WOg¢ has
strong diffraction peaks at 26 =28.50°, 32.92°, 47.26° and 58.65°, corresponding to:(131), (200), (202) and (133)
diffraction planes, respectively. All the diffraction peaks can be indexed to orthorhombic Bi,WOg according to
the JCPDS card no. 39-0256 [48]. In Fig. 1b, the XRD pattern of the nanocomposite reveals the presence of CeO,
nanocubes. All diffraction peaks of CeO, are related to a FCC structure (JCPDS 89-8436).
The characteristic peaks at 20 angles of 28.50°, 47.26°, 58.65°,:68:82°, 76.22°, and 79.18° correspond to the
reflection planes (111), (200), (220), (311), (222), (400), (331), and (420), respectively [51]. The sharp and intense
diffraction peak indicates the sample's high crystallinity. As depicted in Fig. 1b, the CeO2/Bi,WOgs nanocomposite
exhibits the coexistence of Bi,WOg and CeO3 phases without any impurity phase [4, 5]. Figs. 2a and b show the
results of FE-SEM analysis, revealing the surface morphology, size, and shape of the nanocomposite. The SEM
images in Figs. 2a and b illustrate that the nanecomposite comprises nanorods decorated with cube nanoparticles.
The average diameter of the nanorods is:about 24.76 nm. Figs. 2c and d show TEM images of CeO./Bi,WOgs 10%
nanocomposite. It is.evident from the images that particles exhibit nanorods morphology. To further investigate
the elemental distribution and composition of the CeO./Bi;WOs 10% nanocomposite, EDX mapping

measurements were conducted (Fig. 3).
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Fig. 1 (a) FT-IR spectra of CeO2/Bi2WOs nanocomposite, (b) XRD pattern of pure Bi2WOQOs, CeO2 and CeO2/Bi2WOs

nanocomposite.

The examination of surface texture and pore structure in the CeO2/Bi,WOs 10% nanocomposite was conducted
by analysing nitrogen adsorption-desorption isotherms. As illustrated in Fig. 4a, the nitrogen adsorption-
desorption isotherms of the CeO2/Bi>WOs 10% nanocomposite exhibit a type 1V isotherm (hysteresis loop) with
an Hs hysteresis loop initiating at P/P0<0.4. This observation signifies the existence of a mesoporous structure.

The characteristics of the nanocatalyst's surface texture and pore distribution significantly impact its catalytic



activities. The average pore diameter, total pore volume and specific surface area of the CeO2/Bi;WQOgs 10%
nanocomposite were measured at 27 nm, 0.174 cm®/g and 25 m?/g respectively. Estimating pore size distributions
in the nanocomposite was accomplished using BJH method.

The UV-visible absorption spectra of CeO,, Bi2WOs and CeO/Bi;WOs 10% nanocomposite were analyzed to
examine their optical properties (Fig. 4b). Pure CeO; and Bi>WOs samples exhibited broad absorption peaks at
300 nm and 307 nm, respectively. The absorption characteristics of CeO; varied based on their morphologies and
sizes [4, 5]. The UV absorption capacity of CeO; is linked to its band gap energy, which is crucial for
understanding its optical properties. The UV-vis spectrum of the pure Bi;WOs sample demonstrated high
absorption in the UV-visible region, with an absorption edge at 307 nm owing to the intrinsic band-gap transition
from the hybrid orbitals of O 2p and Bi 6s to the W 5d orbital. In contrast, the CeO2/Bi,WOgs 10% hanacomposite
exhibited lower absorption in the UV-visible spectrum, with an absorption edge at 254 nm. The band gap energy
was calculated by plotting the absorption coefficient (ahv)" against photon energy (hv), where a is the absorption
coefficient and Egrepresents the band gap energy. The Eq values of CeO,, Bi;WOg and CeO,/Bi WO 10% samples
were 3.3, 3.2, and 2.9 eV, respectively, as shown in Fig. 4c through a Tauc plot. The Egof Bi,WOs decreased
when loaded with CeO, nanoparticles, indicating that adding CeO; altered the band gap of Bi;WOQs.

Fig. 4d shows PL spectra of CeO2, Bi;WOs and CeO./Bi,WOgs 10% samples. In this study, the PL peak intensity
of CeO2/Bi;WOs 10% nanocomposite is lower than that of the as-prepared CeO- and Bi,WOs samples. The PL
spectrum of CeO- shows a prominent peak at 368 nm and one small peakat 577 nm. In cubic structure of CeOg,
the oxygen ions are not closely packed for which ceria form many oxygen vacancies. Ce3* is present in the grain
boundary. The presence of Ce3* acts as a hole trap and oxygen:vacancy as an electron trap. These two undergoes
radiative recombination results in the 577 nm emission peak. . The PL intensity was observed to be more in pure
sample compared to CeO,/Bi,WOgs nanocomposite [4]. The results illustrated that the recombination rate of
photoinduced charge carriers of CeO,./Bi;WOQOg nanocomposites was less than that of pure CeO; and Bi;WOs

samples.
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Fig. 2 SEM (a, b) and TEM (c, d) images of CeO2/Bi2WQOs nanocomposite.

Fig. 3 EDX pattern of CeO2/Bi2WOs nanocomposite.
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Fig. 4 (a) N2 adsorption-desorption isotherm of CeO2/Bi2WOs 10%nanocomposite, (b) UV-Vis of all samples and (c)
Tauc plot of pure samples and CeO2/Bi2WOs 10% nanocomposite, (d) PL spectra of CeO2, Bi2WQs, and
CeO2/Bi2WOs 10% nanocomposite.
Catalytic reduction of nitroaromatic compounds

The synthesized® CeO2/Bi,WOs nanocomposites catalyzed nitroaromatic compounds using NaBHs as the
reductant. Typically, a UV-vis spectrum of a 4-nitrophenol solution displays a broad peak at 317 nm. This peak
shifts to 400 nm when.NaBH4 was introduced to the reaction mixture, because of the formation of 4-nitrophenolate
anions [32-34]. Interestingly, the peak intensity at 400 nm remains constant for up to 48 hours, indicating that the
reduction of 4-nitrophenol has not occurred in the absence of a catalyst. This stagnation could be attributed to a
high kinetic barrier between the donor and acceptor molecules (BH4~ and 4-NP, respectively). Consequently,
adding a catalyst to the reaction mixture becomes necessary to overcome this kinetic barrier, enabling the
monitoring of the reduction reaction through UV-vis analysis. Therefore, similar experiments were conducted
using the 4-NP-NaBHj solution. Upon introducing the nanocomposite into the reaction mixture, the peak intensity
at 400 nm begins to decrease. Over time, a new peak appears at 300 nm in the UV-visible spectra (Fig.5). This

shift is attributed to the formation of 4-aminophenol (4-AP) [32-34].
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Fig.5 UV-vis spectral for reducing 4-NP (a) CeO2/Bi2WOs 5%, (b) CeO2/Bi2WQs 10%, (c) CeO2/BiWOs 20%
and (d) 4-NA with CeO2/Bi2WOs 10% (with 0.5 mL NaBH4 20 mM andl.mg CeO2/Bi-WOs nanocomposites),
(c) plot showing pseudo-first-order kinetic for 4-NP and 4-NA with CeO2/Bi:W0s10 % .

The reduction reaction of 4-NP was completed within 18 minutes and 10 minutes in the presence of CeO2/Bi;WOg
5 %, and CeO,/Bi;WOs 10 % nanocomposites , respectively. The reduction reaction using the same amount of
CeOy/ Bi;WOs 20% nanocomposite was found to be prolonged, taking over 150 minutes to complete with a TOC
of approximately 57% (Fig. 5¢). The results show that the speed of the reduction reaction decreased when the
CeO; dosage frequently increased from 10 % to'20.%. Most likely, the large quantity of CeO, assemble on the
surfaces of Bi2WOs, which be able to coat Bi,WOs active sites for 4-NP adsorption and fasten the synergetic
effects between CeO; and Bi,WOs, as-a. result reduce the catalytic speed of the reduction reaction. The best
catalytic efficiency of CeO./BiaWOs 10% nanocomposite could be attributed to close contact between CeO; and
Bi,WOs, which facilitates the electron transfer. The mixture of CeO, nanoparticles and Bi,WOs in the solution
offers more active sites for the formation of H, and e~ (from NaBH,) on the surface of CeO./Bi.WQOs 10 %, giving
rise to increased reaction‘rate. Here 10 % weight of CeO- is considered as optimum loading on the surface of
Bi;WOs. The findings indicate a notable acceleration in the reduction reaction rate with increasing amounts of
Ce02/Bi,WOg 10% nanocatalyst, completing the reaction in just 1 minute. Accordingly, we selected 1 mg of
catalyst as the optimal quantity for subsequent experiments. The augmentation of CeO/Bi,WOQOg 10% nanocatalyst
quantity facilitates greater accessibility to active sites for 4-NP adsorption, thereby enhancing the reduction
reaction rate."The superior catalytic efficiency of the CeO,/Bi,WOs 10% nanocomposite can be allocated to the
intimate contact between CeO- and Bi;WOg, facilitating electron transfer from BH4 to 4-NP. The synergistic effect
of Bi,WOQOg and CeO- within the nanocomposite increases the availability of active sites for the formation of H;
and e~ (from NaBH.) on the surface of CeO2/Bi,WQOg 10%, consequently accelerating the reduction reaction rate.
Primarily, H atoms/H2 molecules are produced by reacting BH4~ ions with water [33, 34]. These molecules and 4-
nitrophenol are adsorbed simultaneously onto the surface of the CeO./Bi;WQs10% nanocomposite. The nano-
sized particles within the CeO2/Bi,WQOgs 10% nanocomposite facilitate electron transfer to 4-NP, effectively
overcoming the reaction kinetic barrier. BH4~ ions adsorb onto the nanocomposite surface, releasing hydrogen as

hydride. The H anion then transfers to the metal particles within the nanocomposite, forming a complex.



Concurrently, the nitro group of the 4-nitrophenolate ion is reduced by capturing the hydride from the complex.
After three hydro-deoxygenation reactions, 4-AP is generated from 4-hydroxylaminophenol, a stable intermediate.
In the final step, 4-AP is desorbed from the nanocomposite's surface, resulting in the ultimate reduction of 4-
nitrophenol within the reaction mixture (Scheme 1).

Reducﬁo“

Scheme 1 The catalytic reduction mechanism of 4-NP.

The performance of the CeO,/Bi,WQs 10% nanocomposite was evaluated using the Langmuir-Hinshelwood
model for kinetic analysis. With a sufficiently high concentration of NaBH. solution relative to 4-NP
concentration, the-investigation focused on pseudo-first-order kinetics to determine the reaction rate constants (k).
The kinetics were modelled using the equation In(C+/Co) = - kt, where Co and C; represent the initial and time 't'
concentrations of 4-nitrophenol, respectively [33, 34]. Fig. 5e depicts a strong linear correlation between In(C+/Co)
and time during the reduction process catalyzed CeO2/Bi,WOg 10% nanocomposites, confirming the pseudo-first-
order kinetics. The rate constant (k) was determined from the slope of this line, yielding a value of approximately
0.46 min=* for the CeO./Bi,WOg 10% nanocatalyst, indicating exceptional efficiency in converting 4-NP to 4-AP.
The synthesized CeO./Bi.WOs 10% nanocomposite exhibited remarkable efficacy in reducing 4-nitroaniline (4-
NA) with sodium borohydride, as illustrated in Fig. 5d. Typically, the peak intensity of 4-nitroaniline decreased
upon addition of CeO./Bi;WOs 10% nanocatalyst, with reduction reactions completing within 4 minutes and a
corresponding rate constant (k) of 0.38 min~. Evaluation of CeO2/Bi,WOs 10% nanocatalyst's stability and
reusability involved collection, filtration, washing, drying, and reuse for subsequent cycles. Notably, the catalytic
efficiency remained unchanged after five cycles, as confirmed by FT-IR and XRD analyses of the nanocomposite
structure after each cycle. These results validate the stability and superior catalytic performance of the

Ce02/Bi,WO¢ 10% nanocomposite compared to the fresh catalyst. Consequently, the CeO,/Bi,WOs 10%



nanocomposite emerges as a promising, efficient, stable, and reusable catalyst. The results of this study on
reducing 4-nitrophenol using the 4-NP-NaBH4-H,O system have been compared with findings from other studies,
as shown in Table 1 [32-34, 36, 52-55]. Our study compared various parameters with those reported in the
literature for reducing 4-nitrophenol to 4-aminophenol (Table 1). Among the catalysts studied, the CeO2/Bi,WOs
10% nanocomposite exhibited exceptional catalytic activity in reducing 4-nitrophenol (Table 1). The
concentration of NaBH4 and the amount of nanocatalyst were found to influence the reduction time of 4-
nitrophenol significantly. Interestingly, the concentrations used in all entries were higher than those in our study,
which impacted the reduction time. Moreover, our study found that the rate constant was higher than previously
reported values. The dosage of the catalyst in our study was lower compared to those given in Table 1 in.
Additionally, the concentration of 4-nitrophenol in this study was higher than in previous reports. The nanocatalyst

used in our study was fabricated without expensive or toxic materials, making it suitable for practical applications.

Table 1 Comparison of catalytic activity of diverse reported catalysts for reducing 4-NP by:NaBHa.

Catalytic reduction of Cr(VI) ions by CeO2/Bi2WOs 10% nanocomposite

Chromium (VI) poses a significant threat to various biological organisms, making its removal from water
imperative. Researchers have dedicated efforts to mitigate.the toxic effects of Cr(V1), with a crucial treatment

method involving its reduction to Cr(l11) [41-45, 56]. However, Cr(lI1) exhibits relative inertness and lower

Entry  Catalyst NaBH4 Catalytic activity (%0) Catalyst amount Time (min) Ref.
1 ACMNPs CO?S'mM 100% 10 mg 18 [52]
2 NiO/AIMCM-41 20 mM 100% 4 mg 6 [32]
3 Mag-MMO 50 mM 100% 3 mg 1 [53]
4 NiO NPs 20 mM 100% 4 mg 21 [33]
5 AU/Pt/SnO; 200 mM 100% 6 mg 8 [54]
6 Cu-AG-sponge 200 mM 100% 20 mg 11 [55]
7 Ni-AG-sponge 200 mM 100% 20 mg 16 [55]
8 CuC0204/BiVO, 50 mM 100% 1mg 18 [36]
9 CoFe;04/ZrMCM4125% 20 mM 100% 5mg 6 [34]
10 CeO2/Bi,W0Os 10% 20 mM 100% 1mg 10 This work

solubility in water. Catalysts play a vital role in this process, facilitating the electron transfer to the metal's high
valence state, acting as an electron acceptor. The catalytic potential of the CeO2/Bi;WOs 10% nanocomposite was
explored, and UV-Vis spectroscopy monitored its activity. UV-Vis spectra depicted distinct absorption peaks for

Cr(VI) ions in aqueous solution, with a characteristic Amax 0f 372 nm (Fig. 6).
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The absorption peak at 372 nm steadily diminished with rising reaction time, accompanied by vanishing yellow
color, confirming the successful reduction of Cr(VI) within 14 minutes using CeO2/Bi;WQOg 10% as the catalyst
(Fig. 6) [34]. To assess the catalytic nature, a blank experiment without the nanocatalyst showed a slight change
in peak intensity for Cr(VI) after 60 minutes (Fig. 6a). Similarly, an experiment with only CeO./Bi,WOs 10%
nanocatalyst revealed no catalytic reduction of Cr(\VI) after more than 60 minutes (Fig. 6b). The reduction of
Cr(V1) adhered to pseudo-first-order kinetics, given the excess of NaBH. compared to Cr(VI). The constant rate
(K) was calculated as 0.205 min, as shown in Fig. 6¢c. The CeO2/Bi,WOs 10% nanocatalyst demonstrated

sustained high catalytic activity and structural stability during the reduction reaction.

Reduction of organic dye pollutants

The research investigated the degradation of carcinogenic cationic dyes, particularly.methylene blue (MB) and
rhodamine B (RhB), utilizing NaBH. as an environmentally friendly reductant and CeO,/Bi;WOs 10% as a
catalyst. The results of MB and RhB reduction reaction are illustrated in Fig. 7a and b, Throughout the
experimental timeline, noticeable reductions in the peaks associated with. MB and RhB were evident. MB
displayed absorption peaks at 662 and 616 nm and the degradation of MB was.accomplished within 4 minutes,
achieving a 100% degradation rate. Similarly, the degradation of RhB reached completion in a mere 10 minutes,
also attaining a 100% degradation rate. The absence of a nanocatalyst impeded the progress of the reaction,
underscoring the pivotal role of CeO2/Bi;WQOs 10% as an effective nanocatalyst in facilitating dye degradation.
The calculated rate constants for MB and RhB, were found to be'1.3'min* and 0.43 min, respectively (Fig.7c).
The Langmuir-Hinshelwood mechanism [52] provides a detailed understanding of the dye degradation process.
According to this mechanism, both the dye‘and. BH4 -ions undergo adsorption onto the surface of the
Ce02/Bi,WOg 10% catalyst. As a surface mediator, the'catalyst enables the transfer of electrons from BH,4~ ions
to the dyes. This intermediary function'of CeO,/Bi;WO¢s 10% effectively lowers the energy barrier between the
reactant and the product, facilitating the completion of the degradation reaction and evolution of H, gas. Compared
with other reported methods this study shows excellent activity toward degradation of dyes and reaching higher

TOC removal at shorter times [57-59].
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Fig.8 Reduction of (a) MB, (b) RhB with NaBH4 and CeO2/BiWOs 10% nanocomposite, (c) plot showing

pseudo-first order law (-In (Ci/Co)) versus reaction time.

CONCLUSIONS

In this study, Bi;WQOs, CeO, and CeO,/Bi;WOg nanocomposites (5 %, 10 %, and 20% by weight) were
successfully constructed. The efficacy of nanocomposites is contingent upon factors such as temperature, pH
values of the solutions, and the molar ratio of starting materials. These variables collectively play a pivotal role in
shaping the nanocomposite's structure. The nanocomposites exhibit exceptional performance as heterogeneous
nanocatalysts for reducing toxic nitroaromatic compounds (4-NP and 4-NA), Cr(VI) ions, and dye pollutants
(RhB, MB). Moreover, they are cost-effective, readily obtainable, and easily recoverable and possess the potential
to replace expensive materials commonly employed in environmental remediation in wastewater. Their structural

flexibility allows for modifications, optimizing their properties for practical applications.
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