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Abstract In the current study, a type-I DyVO,4/AgBr heterojunction was prepared by a simple and
cost-effective co-precipitation method to obtain a highly efficient photocatalyst for water treatment.
The effect of different molar ratios of H,Salen to dysprosium and temperature reaction was studied
on the morphology of the products. As a result of the energy savings, the optimal temperature for
the preparation of DyVO, nanoparticles was chosen as 25 °C, and DyVO,4/AgBr nanocomposites
were prepared at this temperature. The XRD results revealed that DyVO, and DyVO,/AgBr
nanocomposites were pure in all conditions. A comparative study was conducted between the pho-
tocatalytic behavior of DyVO,, AgBr, and DyVO,/AgBr under UV and visible radiation. The pho-
todegradation result reveals that DyVO,/AgBr performs better than pure DyVO, and AgBr. 79.8%
and 72.0% of methylene blue (MB) were degraded by DyVO,/AgBr nanocomposites under UV and
visible light after 90 min, respectively. The kinetics study depicts that the higher reaction constant
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rate (k = 0.0187 min~") belongs to DyVO,/AgBr nanocomposite that has the maximum pho-

todegradation.
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access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Environmental difficulties and energy-related challenges are now two
of the main roadblocks preventing the sustainable growth of human
society as a result of the industrialization process’ ongoing advance-
ment. The ecological environment is under immense stress due to the
economies and technologies rapid development, and it is also challeng-
ing to supply the enormous demand for energy from human civiliza-
tion. Considering water contamination, the current rate of industrial
waste discharge has a huge negative influence on the environment
and residents’ health while simultaneously having a substantial adverse
impact on the industry’s development (Shen et al., 2019). Industrial
waste contains a wide range of contaminants. Pharmaceutical and per-
sonal care items, organic dyes, and other organic pollutants are all
common organic contaminants (Guo et al., 2020; Liu et al., 2018).
These compounds pose a serious risk to both the long-term health of
the ecosystem and human health since they are very poisonous and dif-
ficult to break down using conventional procedures. Organic dye con-
taminants can have various effects on human health depending on the
type and amount of dye present. Some of the potential effects are: 1)
Skin irritation: Organic dyes can cause skin irritation, itching, and
rashes when they come in contact with the skin. ii) Respiratory prob-
lems: Inhalation of organic dye particles or fumes can cause respira-
tory problems such as coughing, wheezing, and shortness of breath.
iii) Allergic reactions: Some people may be allergic to certain organic
dyes, which can cause severe allergic reactions such as anaphylaxis.
iv) Carcinogenicity: Some organic dyes have been found to be carcino-
genic or cancer-causing in animal studies. Long-term exposure to these
dyes may increase the risk of cancer in humans.v) Neurotoxicity: Cer-
tain organic dyes can affect the nervous system and cause symptoms
such as headaches, dizziness, and confusion. vi). Reproductive toxicity:
Exposure to some organic dyes has been linked to reproductive prob-
lems such as infertility and birth defects. Overall, the effects of organic
dye contaminants on human health depend on various factors such as
the type of dye, exposure level, duration of exposure, and individual
susceptibility. It is important to minimize exposure to these contami-
nants by using safe products and following proper safety measures
in industries that use these dyes (Manzoor & Sharma, 2020). The
search for low-energy and environmentally acceptable water pollution
treatment solutions is currently the subject of global attention. In con-
trast, the tension carried by ecological problems also advanced envi-
ronmental technology development. As a result of the ongoing
development and invention of technology related to environmental
protection, Advanced Oxidation Processes (AOPs), which have high
performance and efficiency, have distinguished themselves among envi-
ronmental governance technologies (Cheng et al., 2016). It is a result of
its commonly utilized active species. For instance, most organic con-
taminants can be effectively degraded by OH. Most biological materi-
als can be mineralized directly to create H,O, CO,, and other inorganic
materials (Xia et al., 2021). Photocatalysis, among AOPs technologies,
is also of tremendous importance in energy conservation since it uti-
lizes clean and plentiful sunlight to accelerate chemical reactions. As
a result, photocatalytic technology is a versatile, efficient, and cost-
effective water treatment approach (Lan et al., 2021).

Metal oxides, particularly vanadates, are applicable compounds
that are gaining popularity in nanotechnology. Their intriguing ther-
mal, biological, electrical, and optical features are developing their
usage in multiple industrial fields, including photocatalysts (Guo
et al, 2018; Jayaraman et al, 2022; Van Thuan et al., 2022;
Abdulhusain et al.,, 2022; Mahde et al., 2022), catalysts (Palacio

et al., 2008), antibacterial agents (Wang et al., 2018), photovoltaic
cells (Crespo, 2019), sensors (Ribeiro et al., 2015), and storage cells
(Deng et al., 2018). Lanthanide vanadates are the most intriguing
vanadate compounds because of their exceptional qualities, which
include small bandgap, catalytic, luminescent, and considerable
antimicrobial action. Vanadium and lanthanide elements form dis-
tinct materials whose qualities are strongly influenced by their crys-
talline structure, size, content, and surface features (An et al., 2021;
Yu et al., 2009). DyVO,, a stable substance with multiple applica-
tions, including photocatalyst for degradation of organic dyes, bat-
teries, photoluminescence, and magnetic (Bulbul & Beyaz, 2016; He
et al., 2011; Li et al., 2016), is one of the most commonly used types
of lanthanide vanadate. Sol-gel, co-precipitation, solvothermal,
ultrasonic aided technique, and solid-state are a few chemical
approaches described in prior literature to fabricate the nanostruc-
tures used in many domains (da Silva et al., 2017; Ghanbari &
Salavati-Niasari, 2018; Karami et al., 2020; Wang et al., 2009).
Among the reported methods, co-precipitation process highlights a
careful control over the kinetic reaction, nucleation, and particle
growth with high simplicity, interesting morphologies and regular
size distribution (Dong & Koenig, 2020). According to the previous
studies, AgBr is a well-known photosensitive semiconductor, which
can employ as source materials in photographic films (Li et al.,
2013). However, single silver halides show a major shortcoming
under light irradiation, due to strong reduction of the interstitial
Ag" into Ag® cluster. Therefore, this response to light results in
instability and short lifetime of AgBr in photocatalytic reactions
(Ghattavi & Nezamzadeh-Ejhich, 2020). Since the practical applica-
tion of AgBr structures in environmental service can be controlled
by trapping the photogenerated electron concentration, it is recom-
mended that diverse techniques such as (i) combination them with
other semiconductors, and (ii) doping metal or nonmetal elements
can effectively modify the lifetime of the charge recombination
and subsequently enhance the photocatalytic activity (Cheng et al.,
2018; Xie et al., 2023). In this light, the catalysis activities of differ-
ent coupled semiconductors namely; AgBr/SmVO, (Li et al., 2013),
AgBr/MoO; (Feng et al., 2017), AgBr/Bi,MoOg (Jonjana et al.,
2016), AgBr/La,Ti,O; (Wang et al, 2019), Ag/AgBr/GdVO,
(Zhang et al., 2018), g-C3N4/Ag3;VO,4/AgBr (Barzegar et al., 2018),
etc have been explored. However, development of ideal support
photocatalyst structures is still needed. This research proposes an
approach via co-precipitation fabrication of pristine DyVO, and
DyVO,/AgBr nanocomposites and scrutinizes the influence of the
molar ratio of precursors to ligand (1:1, 1:2, and 1:0.5) and temper-
ature of reaction on the uniformity and size of the obtained prod-
ucts. The photocatalytic behavior of DyVO, AgBr, and DyVO,/
AgBr nanocomposites was studied over methylene blue (MB) under
visible and UV light.

2. Materials and methods

2.1. Materials

Dysprosium (III) nitrate pentahydrate (Dy(NOs);-5H,0), Sil-
ver nitrate (AgNOj3), N,N’- Bis(salicylidene)ethylenediamine
(Hssalen), Ammonium metavanadate (NH;VOs3), and Ammo-
nia (NHj3;), were purchased from Merck and applied without
further purification. In addition, MB utilized as an organic
dye, was obtained from Sigma-Aldrich.
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2.2. Synthesis of DyVOy by co-precipitation

First, 1.44mmol of H,Salen, 250mg of Dy(NO3);
(0.72 mmol), and 84 mg NH4VO; (0.72 mmol) were separately
dissolved in 25, 30, and 5 mL distilled water, respectively. The
solution containing H,Salen was added to the Dy " solution.
Then, NH4VO3 solution was added to the above solution
under stirring. Ammonia solution was added dropwise as a
precipitating agent (Jovanovic et al., 2018). The resulting pre-
cipitate was washed, centrifuged, dried, and calcined at 550 °C
for 4 h. Different conditions were tested to achieve the desired
sample (Table 1).

2.3. Preparation of DyVO,/AgBr nanocomposites

H,Salen solution (1.44 mmol) was added to Dy*" solution
(0.72 mmol). After 10 min stirring, the solution containing
NH,;VO; (0.72 mmol) was added to the above solution-NHj;
solution was added drop by drop under stirring. In a separate
beaker, AgBr was prepared by adding Ag’ solution
(0.72 mmol, 120 mg) to the Br solution (0.72 mmol, 84 mg).
The containing AgBr was added to the beaker containing
DyVOy, and stirred for 15 min. The precipitate was washed
with ethanol several times, and dried at 75°C (Yu et al.,
2018). Finally, the powder was calcined at 550 °C for 4 h.

2.4. Photocatalytic experiment

In a common operation, 30 mg of DyVO,4 or DyVO,4/AgBr or
AgBr were mixed with 30 mL of MB (10 mg/L). Before turning
on the lamp, the suspension was then mixed for 30 min in the
dark to reach adsorption—desorption balance. Next, a 400 W
Osram lamp was turned on, a specific volume of suspension
was removed in ate certain intervals. The samples were cen-
trifuged at 9000 rpm for 4 min. In the end, the solution’s
absorption was checked by UV-Vis spectrophotometry at
665 nm (A,.x of MB). The degradation effectiveness (DE)
was computed as:

A=A 100 (1)
0

DE =

So that, Ay and A, display the initial absorption and final
measured absorption at specific time (t), respectively.

3. Results and discussion

3.1. Characterization

Fig. 1a reveals the XRD pattern of pure DyVOy, confirming
that all diffraction peaks correspond to DyVO, (015-0771)

Table 1 Different preparation conditions for DyVOy,.
Sample Molar ratio Dy:V: Reaction Product
No. H,Salen temperature ('C)

1 01:00.5 25 DyVO,
2 01:01:01 25 DyVO,
3 01:01:02 25 DyVO,
4 01:01:02 0 DyVO,
5 01:01:02 50 DyVO,
6 01:01:02 25 DyVO,/

AgBr

with a tetragonal structure. The XRD pattern of pure silver
bromide indicates that AgBr with reference code 01-079-
0149 (cubic, Fm-3 m) is composed (Fig. 1b). The XRD pat-
terns of DyVO,/AgBr nanocomposites before and after calci-
nation are depicted in Fig. 1(c, d), respectively. As can be
seen, the patterns contain DyVO, and AgBr, with the differ-
ence that the intensity of DyVO, peaks before calcination is
very low, which shows that this compound must be calcined.

The FT-IR spectroscopy was employed to characterize the
surface modification and structural features of the resultant
samples. Fig. 2 (a, b) illustrates the FT-IR spectra of the as-
prepared DyVO, (sample 3) and DyVO4/AgBr nanocompos-
ites in the range from 400 to 4000 cm ™", respectively. As shown
in Fig. 2a, the absorption bands in the window of 3200—
3600 cm~! can be assigned to the stretching vibrations of
OH groups. Also, there is a strong band at around
1630 cm ™!, which is due to the bending vibration of adsorbed
water. A band at 813 cm™' is due to the coupling vibration
between V = O and V — O — V, while the one at 451 cm ™! is
assigned to V— O —V bending vibration (Karami et al.,
2022). However, a weak band around 2924 cm™' is corre-
sponding to the -CH,— stretching vibrations of ligand on the
surface of DyVOy, (Salavati-Niasari & Tavakoli, 2015). For
DyVO4/AgBr nanocomposites, the evident interactions
between DyVO, and AgBr show a slow shift on some promi-
nent bands to a lower wavenumber (Fig. 2b).

The effect of different molar ratios of H,Salen as a ligand
was studied on the morphology of DyVO, nanostructures.
Fig. 3(a-f) shows the FE-SEM images of DyVO, in the pres-
ence of different molar ratios of H,Salen. Fig. 3(a, b) illustrates
that the nanoparticles with an average diameter of 36.2 nm
(Fig. 5a) are formed as the molar ratio of metal: ligand is 1:
0.5. Some areas show signs of agglomeration. The uniform
agglomerated tiny nanoparticles with an average diameter of
26.18 nm (Fig. 5b) are composed when the molar ratio is 1:1
(Fig. 3(c, d)). As can be seen, the homogenous nanoparticles
with an average particle size of 52.5 nm (Fig. 5¢) are formed
using a 1:2 M ratio of metal to ligand (Fig. 3(e, f)). These
micrographs reveal that the optimum ratio is 1:2 at room tem-
perature. This molar ratio was chosen for further testing and
research into the effect of reaction temperature on particle
morphology. The temperature of 0°C produces strongly
agglomerated particles (Fig. 4(a, b) and Fig. 5d). The morphol-
ogy of DyVOy prepared at 50 °C (Fig. 4(c, d) and Fig. 5e) is
similar to that at 25 °C (Fig. 3(e, f)). As a result of the energy
savings, the optimal temperature for the preparation of
DyVO4 nanoparticles was chosen as 25 °C, and DyVO,/AgBr
nanocomposites were prepared at this temperature. Fig. 4(e, f)
depicts the morphology of DyVO,4/AgBr nanocomposites with
cubic AgBr particles with an average particle size of 175 nm
(Fig. 5f) formed next to tiny DyVO,4 nanoparticles. Fig. 5(a-
f) compares the size distribution diagrams of all samples
obtained from Digimizer software, which shows the good dis-
tribution of particle size. The TEM images of DyVO,/AgBr
nanocomposites are indicated in Fig. 6. As observed, this fig-
ure confirms the result obtained from SEM images. The uni-
form DyVOQ, particles with an average diameter of 51 nm in
matrix are visible. The elemental analysis (EDS) of pure
DyVO, and binary DyVO,4/AgBr nanocomposites displays
the high purity of products. The elements, including Dy, V,
and O are seen in the EDS spectrum of DyVOy (Fig. 7a). Also,
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in addition to the mentioned elements, Ag and Br are observed
in the nanocomposite (Fig. 7b).

The optical bandgap of the oxide compound influences
its ability to capture light in photocatalytic reactions signif-
icantly. The DRS spectra of DyVO, and DyVO,/AgBr
nanostructures show a number of absorption peaks in the
200-400 nm range (Fig. 8a and 8e). However, for bare
AgBr, compare with DyVO,, it can be seen that there is
an optical absorption at about 474 nm, which could confirm
its performance to absorb visible light (Fig. 8c). The Tauc

XRD patterns of (a) DyVO, (sample 3), (b) AgBr, (c) DyVO4/AgBr nanocomposites before, and (d) after calcination.

plots can be used to calculate the bandgap (Tauc et al.,
1966). By fitting to a plot of (ahv)? versus hv, DyVO,, AgBr
and DyVO,/AgBr depict bandgap energies of 3.19, 2.50 and
3.08 eV, respectively (Fig. 8b, 8d and 8f). When the AgBr
nanoparticles were introduced, the photo-excited electron-
hole separation and transfer mechanism of DyVO,/AgBr
nanocomposites follows an obvious enhancement in pho-
toactivity applications. These compounds can be used as
photocatalysts for environmental purposes due to their abil-
ity to be quickly activated by light.
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3.2. Photo sensitive catalytic proficiency& plausible mechanism

MB is a highly colored combination that is employed in textile
dyeing and printing and is often found in water pollution.
Under UV and visible radiation, DyVO,, AgBr, and DyVO,/
AgBr nanocomposites were applied to remove MB from an
aqueous solution. Fig. 9a reveals that the degradation percent-
ages of DyVOy, AgBr, and DyVO,/AgBr are 63.0, 74.1, and
79.8%, respectively, under UV light. Besides, under visible
radiation (Fig. 9c), the degradation percentages of DyVOQ,,
AgBr, and DyVO,/AgBr are 57.0, 64.7, and 72.0%,
respectively.

It is imperative to analyze a complete energy band structure
of individual semiconductors in composite for the deep insight
of photocatalytic progress over created heterojunction. There-
fore, we are intensively interested on the relative band posi-
tions of DyVO, and AgBr components in composite
structure. The corresponding conduction band edge (Ecg)
and valence band edge (Eyg) of products can be predicted
based on Mulliken electronegativity theory (Jiao et al.,
2019). Based on all the observations, a possible type-I hetero-
junction charge transfer mechanism was suggested upon
DyVO,/AgBr nanocomposites for MB degradation. Through
calculation, the values of Eyp for bare DyVO, and AgBr
nanostructures were evaluated to be 2.88 eV and 2.55eV vs
normal hydrogen electrode (NHE), respectively. Also, the cor-
responding values of Ecp for DyVO, and AgBr nanostructures
were estimated to be —0.30 eV and + 0.05 eV vs NHE, respec-
tively. Specifically, the values of energy levels of the AgBr was
enveloped in the relative wide bandgap of DyVO,, which
describe the recombination of photo-generated ¢ and A"
according to the type-I DyVO4/AgBr heterojunction (Li
et al., 2020). In DyVO4/AgBr heterojunction, a probable
mechanism is related to the photo-generated electron-hole sep-
aration and facile charge transfer from semiconductor II
(DyVO,) to the CB and VB of semiconductor I (AgBr) with

FT-IR spectra of (a) DyVO, (sample 3), and (b) DyVO4/AgBr nanocomposites (sample 6).

a lower band gap. Although charge carriers are agglomerated
on the surface of semiconductor I, the difference in recombina-
tion rate of charge carriers can act as a key factor on the degra-
dation efficiency.

3.2.1. Hole scavenger scrutiny

The influence of the addition of free radical scavengers in the
reaction environment were investigated to survey active trap
species. Methanol (CH;OH), triethanolamine (TEA), dis-
odium ethylenediamine tetraacetic acid (EDTA®*), and sodium
sulfite (Na,SO3), were chosen as hole removers in this study
(Fig. 8e). As shown in Fig. 8e, the dye degradation perfor-
mance when in the presence of TEA decreased slightly
(75.3%), while the percentage of dye degradation in the pres-
ence of methanol was significant (42.1%). Therefore, the agent
considered and active to catalyze dye degradation is hole (h
+ ) (Liu et al., 2019). Methanol (MeOH) is acknowledged to
be a more efficient hole scavenger than TEA and bear irre-
versible and faster oxidation. This can be accomplished by
(a) direct interaction of organics with semiconductor valence
band (VB) vacancies or trapped holes or (b) reaction of valence
band holes with surface hydroxyls by the attack of OH radical
group or adsorbed water. These reaction pathways can pro-
ceed in parallel and can barely be dignified from each other
(Chiarello et al., 2011). In general, the corresponding reactions
on the surface of theses catalysts that are responsible for the
dye degradation can be illustrated as:

Semiconductor I + hv — e (CBI) +h* (VB I) (2)
Semiconductor I+ hv — e (CB II) +h" (VB II) (3)
¢ (CBI) — CBI )
e (CBI) + 0, — -0; (5)

K (VBII) — h*(VBI) (6)
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Fig. 3 FE-SEM images of DyVOy in the presence of different molar ratios of Dy to H,Salen: (a, b) 1:0.5, (¢, d) 1:1, and (e, f) 1:2 at 25°C.
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Fig. 4 FE-SEM images of DyVO, nanostructures in different reaction temperatures: (a, b) 0 °C, (c, d) 50 °C, and (e, f) DyVO,4/AgBr
nanocomposites prepared at 25 °C.
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(c) 1:2 at 25°C, in different reaction temperatures: (d) 0 °C, (¢) 50 °C, and (f) DyVO,4/AgBr nanocomposite at 25 °C.

‘0, + 2H" + ¢ (CBIl) — H,0,
H,0,+ ¢ (CBI) — -OH + OH~
'0; + H,0, — -OH + OH + 0,
O+ 2e¢ (CBI)+2 H — H,0,

OHje + h* (VB II) — -OH

OHabxorbed + h+ ( VB I) - OHabxorbed ( 1 2)

(13)

Driven by the potential and energy gap difference, it can
well explain that the as-prepared nanocomposite follow two
interface effect on their photocatalytic system, as irradiation
source is changed. It should be noted that the DyVO,/AgBr
heterojunction show a high ability of single AgBr structures
under visible light due to their small band gap energy. Thus,

‘OH/ h™/ 035 + pollutant — H,0 + CO,
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20nm

Fig. 6 TEM images of DyVO,/AgBr nanocomposites prepared at 25 °C (sample 6).

this compounds act as a single visible-active photocatalyst dur-
ing reaction. However, the pristine DyVOy, can be efficiently
activated in the presence of UV light irradiation. Based on
these results, the photocharges cannot be excited by visible
light over the DyVOy structures, which limit their performance
as a Type-I heterojunction photocatalyst under visible light. In
this case, the produced photogenerated-electrons on CB and
photoinduced-holes on VB in AgBr structures were restricted
by visible light. The overall process of photodegradation under
visible light can be expressed by the following equations:

Semiconductor I + hv — e (CBI) +h" (VB I) (14)
W (VBI) +H,0 — OH +H" (15)
OHabsorbed + h+(VB I) - 'OHabsorbed (16)

0.+ 2e¢ (CBI)+2 H" — H,0, (17)

H202+ e‘(CBI)—l— H+ —>0H + H20 (18)

-OH/ OH™ + pollutant — H,O0 + CO, (19)

As a result, under visible light, the possibility of participa-
tion of DyVO, along with AgBr as type-I heterojunctions is
eliminated. But, it seems that the interfacial defects in compos-
ite texture provide good separation efficiency of charge carriers
and thus, the higher photocatalytic activities under visible
area. However, under UV light, the type-I heterojunction
mechanism for the composite catalyst was established. But,
since the standard redox potential of O,/°O5 (-0.046 ¢V vs
NHE) is more negative than the CB potential of semiconduc-
tor I (+0.054 eV), the accumulated electrons cannot reduce
the O, species to form *O; . However, the holes in semiconduc-
tor I has the ability to oxidize the H,O or OH to produce
eOH (1.99¢V for OH™ /eOH and 2.27eV for H,O/eOH),
which is corresponding to the relatively more positive VB
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Fig. 8 DRS spectra and Tauc plots of (a and b) DyVOy, (c and d) AgBr, and (e and f) DyVO,4/AgBr nanocomposites at 25 °C.

potential (Lu et al., 2019; Wang et al., 2016). By employing
type-I heterojunction model, the DyVO,4/AgBr nanocompos-
ites could optimize the separation of the electron—hole pair
and eventually leading to the high photodegradation efficiency
(Scheme 1).

Based on the Langmuir-Hinshelwood mechanism, the pos-
sible rate constants of MB were calculated (Yu et al., 2007).

ln9 = kt

g (20)

Cy and C represent the concentration of organic dyes at first
and t time, respectively. The pseudo-first-order rate constant is
denoted by k (min~'). Based on linear correlations between
reaction time and In(C,/C), the pseudo rate constant (k) has
been calculated. The increased photocatalytic efficiency was
attained at a higher reaction rate constant, as observed in
Fig. 9b and 9d. A comparison of vanadate-based photocata-
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lysts is given in Table 2. DyVO,, AgBr, and DyVO,4/AgBr can
sufficiently degrade MB in both UV and visible light sources
based on their photocatalytic efficacy.

4. Conclusions

DyVO, nanoparticles were fabricated by simple co-precipitation
method and the effect of different molar ratios of H,Salen as a ligand
to metal (Dy) was investigated. The results indicated that the best
molar ratio of ligand to metal was 2:1. DRS spectra showed that the
bandgap of DyVO,, AgBr and DyVO,/AgBr was estimated at 3.19,
2.50 and 3.08 eV, making them good candidate for photocatalytic per-
formance. The photocatalytic degradation demonstrated that DyVO,/
AgBr nanocomposite has better performance in comparison to every
constituent (pristine DyVO, and pure AgBr) under UV and visible
light radiations. DyVO,4/AgBr nanocomposite could degrade 79.8%
and 72.0% of MB under UV and visible light, respectively. From these
results it can be inferred that the increased activity of DyVO,4/AgBr

nanocomposites can mainly ascribe to type-I heterojunction model
under UV light. However, with respect to the charge separation mech-
anism of composite under visible light, this phenomenon could show
the synergy and interfacial defects of two components as the main fac-
tors of improved photodegradation rate. The prepared DyVO,/AgBr
nanocomposites are of great significance due to its outstanding fea-
tures, which allow it for use in wastewater treatment.
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Table 2 Comparison of photocatalytic behavior of different vanadate compounds.

Photocatalyst Method Targeted Light Source  Photodegradation Degradation Ref.
Pollutants time (min) (%)

DyVO, Co-precipitation MB UV/ Visible 90 63.0/ 57.0 This work

AgBr 74.1/ 64.7

DyVO,/AgBr 79.8/ 72.0

HoVO, Sonochemical MV* uv 90 67.6 (Khorasanizadeh et al.,
2019)

CeVOy/silica Alcohol -thermal MB uv 90 48.5 (Chen et al., 2015)

fiber treatment

NdVO,/silica 32.3 (Chen et al., 2015)

fiber

GdVOQy/silica 64.5 (Chen et al., 2015)

fiber

YbVO, Sonochemical MB Visible 120 65.0 (Eghbali-Arani et al.,
2018)

CeVO, Hydrothermal RhB® uv 80 65.0 (Phuruangrat et al., 2021)

SmVO, Sol-gel Carbamazepine  Solar 300 26.6 (Mafa et al., 2021)

simulator
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