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a b s t r a c t

This study investigates synthesis of erbium vanadate nanostructures via carboxylic-
assisted pechini method to optimization the morphology, size and physicochemical
properties. The optimized ErVO4 nanoparticles with range size of 12–98 nm were sub-
jected to photocatalytic ability for dye decolorization of Methyl orange (MO), Erythrosine
(ER), and Methylene blue (MB) using ultraviolet irradiation. The correlation between the
operational parameters (pollutant concentration and catalyst loading) and optoelectronic
properties in addition to the catalytic performance of the ErVO4 structure is reported.
The ideal condition for activity of ErVO4 nano-photocatalyst achieved in the 10 ppm
aqueous solution of MB with catalyst loading of 0.05 g which presents 77.85% efficiency
for decolorization of colored pollutant model. The recycle photocatalytic efficiency after
4 cycles is about 69.25%. Additionally, the photocatalytic mechanism direction studied
in the presence of some scavengers which confirms the role of hydroxyl radical in the
removal of MB. The magnetic properties of ErVO4 studied through VSM which shows
the paramagnetic behavior with saturation magnetization is 1.3341 emu g−1.
© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

The category of materials based on vanadium oxide has concerned superior consideration owing to their unique
hysical, optical, and magnetic features. It is recognized that composition stoichiometry in vanadium oxide-based
aterials can convert into diverse complex vanadates, namely metavanadate, pyro-vanadate and orthovanadate.
These features are correlated to the vanadium electronic configuration. This element is frequently found in oxides in

ll the oxidation states that can be between +5 to −3 in an aqueous solution (Aljeboree et al., 2021; Zhang et al., 1998;
Alshamusi et al., 2021). Rare earth vanadate (RVO4) has special attention for searching their fascinating relationships
among the crystal construction, electronic/atomic structure, and varied requests such as rare earth element free white
light-emitting devices, supercapacitors, photocatalysis and colored pollutant discoloration, electrode materials for solid-
state batteries, and drug recognition (Abdulsahib et al., 2021; Hunge et al., 2021; Ji et al., 2017; Zonarsaghar et al., 2022;
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Scheme 1. Schematic illustration for step-by-step synthesis of ErVO4 nanostructures with Pechini method.

Aljeboree et al., 2020). Today, vanadium oxide-based materials are mostly synthesized at lower calcination temperatures
compared with conventional ceramic materials, which is consistent with the necessity of low energy consumption for
material production (Ghiyasiyan-Arani and Masjedi-Arani, 2016; Ghiyasiyan-Arani et al., 2016a; Mahdi et al., 2022).

ErVO4 is one of the rare earth vanadate compounds with layered crystal structures. Rare earth vanadate materials with
diverse shapes and morphologies have been manufactured. Some authors observed that ErVO4 has photo-absorption in
the range of UV–visible light, and the band gap value was 3.24 eV. The obtained optical band gap shows that the ErVO4
structures are more possible to illustrate a semiconducting action that is crucial for the Ultra violet induced photocatalytic
decolorization of colored contaminants (Abedini, 2017; Obregón et al., 2018). The synthesis procedure has an important
effect on the material characteristics; it can control the features and usage of these compounds. The greatest kinds of
oxide materials are still manufactured by the conventional synthesis way such as solid-state or mechanical methods
which consume high energy, but moderately high temperatures are essential in this synthesis mechanism due to the
limited diffusion through the sintering or calcination process (Grabowska, 2016; Kim et al., 2018; Jasim et al., 2022).

Owing to the drawbacks of mechanical methods with high energy, chemical ways have emerged to manufacture oxide
compounds including solvothermal, precipitation, sonochemical, sol–gel and etc. (Ghiyasiyan-Arani et al., 2016b; Ganduh
et al., 2021a,b). Also, some biosynthesis methods suggest for preparation of metal oxide materials using plant extract,
vegetable waste, flower extract, algae, fungus and bacteria (AlNadhari et al., 2021; Ameen et al., 2021, 2019; Moghadam
et al., 2022; Mythili et al., 2018; Saravanan et al., 2018; Mahdi et al., 2020, 2021).

The modified sol–gel (Pechini process) can be considered by the esterification reaction in the presence of carboxylic
acids and the creation of a polymeric system followed by the thermal treatment, crystals can be attained. The pechini
method has some advantages consisting of production materials with low-cost, suitable size and morphology control,
uniform structures, and ideal phase purity at low calcination temperature (Mamonova et al., 2017; Souza et al., 2021)
(see Scheme 1).

Size reduction of materials to nanometric scale generally presents innovative attributes compared to bulk or micro-
metric materials. These phenomena basically ascend from the limited size and surface defects of material and because its
electronic attributes start to alteration owing to the quantum size effect (Fernandez-Garcia et al., 2004). Consequently,
the capability to scientifically manipulate nanostructures is a significant task in current materials knowledge (Fadillah
et al., 2022; Wang et al., 2014). Highly effective and reusable catalyst is always desirable for practical photocatalytic
applications (Li et al., 2020). The semiconductor-based photocatalysts can provide a novel insight into designing light-
driven photocatalyst with excellent photocatalytic performance (Liu et al., 2022; Yang et al., 2020). Different Nobel metal
or metal oxide materials used for degradation of colored or colorless pollutants such as methylene blue, methyl orange,
Congo red, 4-nitrophenol, 2,4-dinitrophenylhydrazine, potassium hexacyanoferrate (Ahmad et al., 2019; Jaleh et al., 2020;
Musadiq Anis et al., 2022; Nasri et al., 2021)

This research presents an optimized synthesis of ErVO4 nanostructures by the pechini method and comparative study
of carboxylic and diol effect of the morphology and size of obtained products. The effect of the synthesis condition can
change the particles morphology, size, crystalline structure, and optical properties. So, the activity of synthesized ErVO4
on the decolorization of colored pollutants was studied on the ER, MO and MB as models with changing the operational
2
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Table 1
Summarized synthesis condition and derived data from XRD and FE-SEM analysis.
Sample No. Carboxylic acid Diol Crystallite size

(XRD)/nm
Particle size range
(SEM)/nm

Morphology

P1 Citric acid EG 18.89 12–98 Uniform nanoparticle
P2 Malonic acid EG 36.10 15–1036 Bulk structure
P3 Citric acid PG 26.28 62–374 Agglomerated structure
P4 Citric acid PEG 25.78 22–165 Non-uniform particles

parameters of catalyst loading and pollutant concentration. Also, the stability, cycle ability and mechanism process of
obtained ErVO4 nano-photocatalyst was investigated in the series of experimental test.

2. Material and method

The starting materials employed in the pechini sol–gel synthesis method of ErVO4 samples including, Er(NO3)3.6H2O
and NH4VO3, citric acid, malonic acid, ethylene glycol, propylene glycol and poly ethylene glycol, were acquired from a
company of Aldrich and used as arrived without additional purification.

In order to synthesis of ErVO4, 0.15 g Er(NO3)3.6H2O (0.33 mmol) and 0.35 g citric acid (1.82 mmol) were dissolved in
deionized water. Next, the 0.039 g NH4VO3 (0.33 mmol) were dissolves at 70 ◦C in 20 ml deionized water and added to
the above solution. The diol agent of ethylene glycol (2 drops) added to the resultant mixture and heated on the stirrer
at 120 ◦C to formation of gel condition. The resultant gel dried in an oven for 24 h at 60 ◦C. The dried gel was treated in
furnace at 750 ◦C for 3 h to further crystallization and remove the organic compounds of samples. The synthesis condition
for preparation of ErVO4 summarized in Table 1 in terms of changing carboxylic acid and diol agent.

The obtained products were characterized by diverse methods and equipment. XRD diffractograms were recorded
by an X-ray diffractometer device using Ni-filtered Cu Ka radiation (Philips-X’pertpro). FT-IR spectra were managed on
Nicolet Magna- 550 spectrometer in KBr pellets. SEMmicrographs were achieved on LEO-1455VP equipped with an energy
dispersive X-ray spectroscopy. The EDS analysis with 20 kV hasten voltage was operated. TEM images were captured on a
Philips EM208 transmission electron microscope with an accelerating voltage of 200 kV. The BET analysis was conducted
at −196 ◦C using an automated gas adsorption analyzer (Tristar 3000, Micromeritics). The distribution of pore size was
measured applying the desorption branch of the isotherm by the BJH way. Magnetic properties were measured using a
vibrating sample magnetometer (VSM, Meghnatis Kavir Kashan Co., Kashan, Iran).

The photocatalytic response of provided ErVO4 toward degradation of colored pollutants of erythrosine (ER), methyl
orange (MO) and methylene blue (MB) were performed in 120 min under UV light. The specific ErVO4 dosage dispersed
in 50 ml dye solution in a quartz vessel, aerated and took place for 30 min. Sampling was achieved at definite period by
means of the UV–Vis spectrometer for absorbance evaluation.

3. Results

3.1. Chemical and crystallite structures (XRD, FT-IR, EDS)

Resultant samples synthesized in the different conditions (mentioned in Table 1) were analyzed via the XRD technique
in the range of 10–80 degrees. The obtained phase for samples P1 (Fig. 1a), P2 (Fig. 1b), P3 (Fig. 1c), and P4 (Fig. 1d)
is tetragonal ErVO4 with space group of I41/amd well matched with reference pattern with code of 01-086-2349. The
calculated crystallite size with the Scherrer equation for samples P1, P2, P3 and P4 are 18.89, 36.10, 26.28 and 25.78 nm
respectively.

The chemical bands for ErVO4 structures were studied using the FT-IR method. The display bands in Fig. 2 confirm the
stretching and bending vibration of the hydroxyl category were situated at 3438 cm−1 and 1642 cm−1. A band at 805 cm−1

is due to the coupling vibration between V==O and V–O–V, while the one at 448 cm−1 is assigned to V–O–V bending
vibration. The elemental composition for the resultant sample of ErVO4 was studied by the EDS technique and shows the
presentment of Er, V, and O in the nanostructured sample (Fig. 3). Fig. 3 (a–d) presents the elemental composition of
samples P1, P2, P3, and P4 respectively.

3.2. Microscopic structure and surface area (FE-SEM, TEM, BET)

According to the obtained FE-SEM images in Fig. 4 (a, b), effect of citric acid and malonic acid on the morphology of
synthesized samples was investigated. The citric acid-assisted synthesized ErVO4 (P1-Fig. 4a) has uniform particles in a
range size of 12-−98 nm. However, the bulk ErVO4 (P2-Fig. 4b) was achieved in the presence of malonic acid with a range
size of 15-−1036 nm. The obtained results authenticate that citric acid is the optimum fuel for the synthesis of ErVO4
on a nanoscale with uniform distribution. On the other hand, the effect of diol on the shape of samples was compared
through FE-SEM images in Fig. 4(c, d). Sample P1, P3 and P4 were synthesized by EG (Fig. 4a), PG (Fig. 4c) and PEG (Fig. 4d)
3
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Fig. 1. Phase detection of synthesized EuVO4 samples using XRD pattern. (a) P1, (b) P2, (c) P3, and (d) P4.

respectively. According to Fig. 4c, the resultant ErVO4 has agglomerated structures in the range size of 62-−374 nm. The
rovided ErVO4 in the presence of PEG (P4) shows particle size in the range of 22-−165 nm. So, the ideal ErVO4 in these
eries of synthesis conditions is sample P1 which is prepared in the presence of citric acid and EG. The size distribution
istogram for all samples displays in Fig. 5(a–d).
The mechanism for pechini synthesis of ErVO4 was proposed in terms of the presence of carboxylic acid and diol. The

arboxylic acid with the role of fuel and reductant, and metal ions with the role of oxidant can provide an oxidation–
eduction reaction. Malonic acid as bidentate acid may coordinate with other malonic acids and associated in the reaction
nd does not chelate with metal ions due to bending configuration to form a ring structure. Therefore, the synthesized
ample in the presence of malonic acid has a large size. Tridentate citric acid can react with glycols (hydroxyl groups) and
tabilize by the polymerizing and chelating procedure, then the creation of large polymeric construction in the reaction
edium. Citric acid formed complex structures with metal ions to prevent agglomeration of particles due to the hindrance
ffect of citric acid and prevent the growth of crystal facets. This mechanism can limit the crystal growth to obtain uniform
anoparticles.
The morphology of optimized sample (P1) of ErVO4 which synthesized in the presence of citric acid and EG was further

tudied using TEM images (Fig. 6).
Thereinafter, the surface characterization of optimized sample (P1) was performed using BET-BJH methods. According

o Fig. 7a, the resultant isotherm is the type IV with a H4 hysteresis loop (Leofanti et al., 1998). The pore size distribution
4
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Fig. 2. Chemical band detection for synthesized ErVO4 (P1) using FT-IR spectrum.

Fig. 3. Elemental detection of synthesized ErVO4 samples. (a) P1, (b) P2, (c) P3 and (d) P4.

isplays in Fig. 7b. The surface area and average pore size for this sample calculated about 16.919 m2g−1 and 39.77 nm
orrespondingly. Total pore volume in P/P0 = 0.981 reports as 0.1682 cm 3g−1. The attained data shows the possibility
of the ErVO nanoparticles for catalytic application due to normal surface area and porosity.
4
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Fig. 4. Morphological investigation of synthesized ErVO4 samples (a) P1, (b) P2, (c) P3 and (d) P4 using FE-SEM images.

3.3. Magnetic properties (VSM)

The room temperature hysteresis loops of ErVO4 nanoparticles (P1) were restrained using VSM technique in the
magnetic field range of −15,000 to 15,000 Oe that demonstrated in Fig. 8. Magnetic action of sample P1 was reflected
paramagnetic material. The magnetic factors of saturation magnetization is 1.3341 emu g−1. In order to the detected
results, the provided sample is potential recyclable catalyst for applying in the water treatment usage.

3.4. Band gap (DRS)

The band gap is a significant information for check of the right kind of illumination source required for the photo-
catalytic action. The UV-DRS analysis for sample P1 was conducted to estimation of optical properties and band gap of
synthesized ErVO which illustrates in Fig. 9a, b. The Tauk model for pure ErVO was appraised by extrapolating (KMhυ)n
4 4
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Fig. 5. Histogram for synthesized ErVO4 samples (a) P1, (b) P2, (c) P3 and (c) P4 (count vs. size distribution).

curve versus hυ to zero. The correlated curve is displayed in Fig. 9. The assessed value for band gap is approximately
3.45 eV. So, the suitable illumination source is ultraviolet lamp due to the placement of wavelength in the range of
100-−400 nm (UV range).

3.5. Photocatalytic studies

In order to investigate the catalytic ability of synthesized ErVO4 in optimized condition (P1) for removing the organic
ye in an aqueous environment, a series of photocatalytic experiments were designed in terms of type of dye, dye
oncentration and catalyst loading. The first photocatalytic experiment was conducted to study the effect of type of
ye. The erythrosine (ER), methyl orange (MO) and methylene blue (MB) were selected as colored pollutant models.
he removal percentage versus time was recorded in Fig. 10a for comparing the type of colored pollutant. The removal
ercentage for MB (77.85%) is higher than MO (73.72%) and ER (70.94%) which specified the higher activity of ErVO4
hotocatalyst in cationic dyes than in anionic dyes. During the photocatalytic process of ErVO4, the dye adsorption
olecules on ErVO4 is preferable for positively charged dyes (cationic) than for negatively charged dyes (anionic).
his circumstance can be clarified in relation to the surface structure of ErVO4 nanoparticles. On the surface of ErVO4
anoparticles, oxygen atoms with a high electron density are present. Thus, ErVO4 has a negative charge and therefore
dsorbs the cationic molecules (Ghiyasiyan-Arani and Masjedi-Arani, 2016).
The second photocatalytic experiment was performed to study the effect of dye concentration with 10, 15 and 20 ppm

f methylene blue. According to Fig. 10b, the removal percentage in 10 ppm of MB is 77.85% and higher than the
onducted experiments in 15 (65.98%) and 20 (53.11%) ppm concentrations. In high concentrations, a larger amount of
ollutant molecules would saturate the binding sites found on the surface of the catalyst. It is clear that the decolorization
erformance reduced as the initial dye concentrations increased (de Luna et al., 2013).
The third experiment was studied to optimization of catalyst loading. The amount of 0.03, 0.05 and 0.07 g of ErVO4

ere used in 10 ppm methylene blue. The catalyst loading experiment is shown in Fig. 10c which explained the higher
ctivity of ErVO as a photocatalyst with the dosage of 0.05 g. The dye removal for this experiment exhibits 52.65%, 77.85%
4
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Fig. 6. Morphological investigation of ErVO4 (P1) using TEM images.

nd 64.38% efficiency for catalyst loading of 0.03, 0.05 and 0.07 g respectively. By Increasing the catalyst the dye solution
nvironment saturated and led to an irradiation barricade (Sunayana et al., 2010). This pheromone causes to decrease in
hotocatalytic efficiency by loading 0.07 g catalysts.
The proposed mechanism for the degradation of methylene blue is explained as follows. The methylene blue was

xcited using the UV light and the electrons from the MB were moved to the conduction band of ErVO4. Those
lectrons were borrowed by the oxygen species present in the water, which were responsible for the production of
eactive oxygen radicals. So, the pair of electron–hole created owing to excitation of ErVO4 under UV illumination
hich delivers the required circumstances for the creation of reactive oxygen species leads to the organic pollutant
emoval (Jeyasubramanian et al., 2015). The following equations clarify the several reaction sequences of photocatalytic
egradation:

MB + hv → MB∗ (1)

MB∗
+ ErVO4 → ErVO−1

4 + MB+1 (2)

ErVO−1
4 + O2 → ErVO4 + O−1

2 (3)

ErVO + hv → ErVO (h+
+ e−) (4)
4 4

8
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Fig. 7. BET-BJH analysis for sample P1 (Synthesized by citric acid and EG).

Fig. 8. VSM analysis for sample P1 (Synthesized by citric acid and EG).

h+
+ H2O → OH + H+ (5)

H+
+ O−

2 → HO2 (6)

HO2 → H2O2 + O2 (7)

H2O2 + O−

2 → OH + OH−
+ O2 (8)

H2O2 + e−
→ OH + OH− (9)

MB + ROS → Degraded MB (10)

he removal of dye pollutants can be done with help of active spices such as radicals of hydroxyl, holes and anions of
uperoxide. The photodegradation direction should be studied in the presence of scavenger species benzoic acid (BA),
9
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Fig. 9. (a) UV–Vis and (b) band gap determination for sample P1 (Synthesized by citric acid and EG).

Table 2
Comparison of photocatalyst materials with the results of this work in terms of degradation efficiency of colored pollutants.
Photocatalyst Dye Time Light source Efficiency Ref.

CeVO4 MB 35 min UV 63% Ekthammathat et al. (2013)
FeVO4/g-C3N4 RhB 120 min 350 W Xe lamp 68% Nong et al. (2015)
Zn3(VO4)2 MB 5 h Visible 37% Jiang et al. (2017)
V2O3/CNT/TiO2 MB 120 min Visible 70 Chen and Oh (2010)
YbVO4 MO 360 min Visible 82% Vadivel et al. (2020)
Fe3O4/CdWO4 RhB 80 min Visible 49% Sobhani-Nasab et al. (2021)
ErVO4 MB 120 min UV 77.85% This Work

Benzoquinone (BQ) and EDTA as scavengers of OH0, 0O−

2 and h+ correspondingly (Zhang et al., 1998). The low efficiency
n the presence of scavenger species explains the direction mechanism. The percent of dye removal in presence of EDTA,
A and BQ has been discovered in Fig. 10d. The removal efficiency in the presence of BA is lower than EDTA and BQ which
onsidered the role of hydroxyl radical in the photocatalytic removal of methylene blue (Ryu and Choi, 2006).
The comparison photocatalytic test for degradation of MB was performed in the presence of all samples (P1, P2, P3

nd P4) which presents in Fig. 10e. the results show better efficiency for sample P1 (77.85%). The removal percentage for
amples P2, P3 and P4 are 15.50%, 57.28% and 62.35% correspondingly. According to Fig. 10f, the blank test for degradation
f Mo, MB and ER was conducted under UV light in the absence of ErVO4 catalyst. The degradation efficiency is 8.33%,
.31% and 9.73% for Mo, MB and ER, respectively.
Based on the optimized condition, the 0.05 ErVO4 catalyst in the 10 ppm MB show higher efficiency than other dosage

catalysts. Also, the mechanism direction confirms through BA scavenger. Therefore, in order to determine the enough
catalyst for finishing the reduction process and high efficiency, the scavenger test was conducted in the presence of
different dosage of ErVO4. As shown in Fig. 11, the 0.05 g of ErVO4 in the scavenger test, presents lower response than
other dosage which confirms the conducted dosage test (Fig. 10c) in the absence of BA.

The optimized catalyst of ErVO4 was considered in terms of recycling ability after 4 runs which illustrate in Fig. 12. The
removal efficiency in 10 ppm of MB with catalyst loading of 0.05 g after 4 runs remains about 69.25% which decreased
by 6.9% from the first cycle to the fourth cycle. Correspondingly, the structure of ErVO4 was characterized after recycling
n terms of structural stability using X-ray diffraction patterns and Fourier-transform infrared spectroscopy. According
o Fig. 13a, the XRD pattern of the recovered catalyst exactly matched the reference pattern of ErVO4 (JCPDS= 86-2349).
The obtained chemical bands from FT-IR spectra show no changes against the not reacted catalyst before photocatalyst
experiments (Fig. 13b). According to Table 2, several photocatalyst material compared with ErVO4 in terms of degradation
efficiency of colored pollutants.

The FT-IR spectrum of MB before degradation is shown in Fig. 14a, and the assignments of spectral peaks are 665,
879, 1135, 1323, 1388, 1592, 1481, 1721 and 2924 cm−1 which related to the vibration mode of δ(C–S–C), γ (C–H)
10
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Fig. 10. Study the photocatalytic efficiency of ErVO4 nanoparticles (P1) in different operational conditions (a) effect of colored pollutant model, (b)
ffect of pollutant concentration, (c) effect of catalyst loading and (d) mechanism study using scavengers, (e) comparison photocatalytic test for
ample P1, P2, P3 and P4 and (f) Blank comparison test for different dyes.

romatic ring, υ(C==S), υ(C–N), γ (C–H) methyl, δ(C==C), υ(C==N) and υ(C–H) methyl, respectively. The FT-IR spectra of
the degraded products collected at 120 min is shown in Fig. 14b. In the comparison of Fig. 14a and Fig. 14b, the number
of absorption peaks after degradation markedly decreased. The C–S–C skeletal vibration absorption (665 cm−1) related to
the chromophoric groups of MB disappeared. The intensity of stretching vibration absorption of C==N (1721 cm−1) and
11
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Fig. 11. Scavenger study of BA in the presence of different dosage of catalyst (P1).

Fig. 12. Recycle ability of ErVO4 nano-photocatalyst after 4 runs.

C==S (1135 cm−1) decreased. This result indicated that the sulfur–nitrogen conjugated system in the MB molecule was
destroyed during degradation. The C–N stretching vibration absorption (1323 cm−1) on the aromatic ring disappeared in
terms of decreasing the peak intensity; hence, a deamination or denitration reaction occurred during degradation. The C==C
skeletal vibration absorption (1592 and 1481 cm−1) and the intensity of C–H deformation vibration absorption (879 cm−1)
of the aromatic ring evidently decreased, indicating that the aromatic ring of the MB molecule was severely damaged. This
finding indicated that MB was possibly decomposed into small organic molecules, such as hydrocarbons. The absorption
peak at 3426 cm−1 cans be attributed to the stretching vibration of –OH in the associated alcoholic polymer (Lin et al.,
2018).

3.6. EIS and PL analysis

Electrochemical impedance spectroscopy (EIS) was carried out to investigate the migration and transfer processes of
photogenerated electrons and holes in the catalyst. The radius of the arc in the EIS spectra reflects the interface layer
12
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Fig. 13. Structural stability of used ErVO4 nano-photocatalyst after decolorization test.

resistance occurred on the surface of electrode. Generally, the smaller radius of the arc indicates the higher efficiency
of charge transfer (Yan et al., 2015). The Nyquist plots of ErVO4 before and after light irradiation is shown in Fig. 15. It
can be seen that the arc radius of EIS Nyquist plot of ErVO4 under the light irradiation is smaller than that in the dark,
suggesting the dramatically enhanced transfer and separation efficiency of photogenerated carriers and transfer rate of
photoexcited electron after light irradiation (Chen et al., 2015; Jing et al., 2016).

Photoluminescence (PL) emission spectra are usually employed to reveal the separation and recombination efficiency
of the photogenerated electron–hole pairs in photocatalysts (Di et al., 2015). Fig. 16 presents the PL spectrum of pristine
ErVO4 with an excitation wavelength of 399 nm. The PL analysis is consistent with the EIS analysis, further confirms that
the ErVO4 is effective photocatalyst candidate for degradation of colored pollutants.

4. Conclusion

Synthesis of tetragonal ErVO4 nanostructures (space group of I41/amd) via carboxylic-assisted pechini method was
successfully conducted to optimize the particle size and properties. The synthesized ErVO4 nanoparticles were subjected to
the photocatalytic ability for dye decolorization of Erythrosine (ER), Methyl orange (MO) and Methylene blue (MB) under
ultraviolet irradiation. The best catalytic performance of ErVO4 was achieved in the decolorization of MB with an efficiency
of about 77.85% with a concentration of 10 ppm and catalyst loading of 0.05 g. The photocatalytic mechanism process was
13
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Fig. 14. FT-IR spectra of MB before (a) and after (b) degradation.

Fig. 15. Electrochemical impedance spectra of ErVO4 photocatalysts before and after irradiation.

tudied in the presence of different scavengers which presents the role of hydroxyl radical in the photocatalytic removal
f methylene blue. Also, the recycling test for ErVO4 catalyst after 4 runs remains 69.25%. The magnetic behavior for
rVO4 is paramagnetic with saturation magnetization is 1.3341 emu g−1

. Also, the surface area and average pore size for
his sample were calculated at about 16.919 m2g−1 and 39.77 nm for optimized samples with particle sizes in the range
of 12-−98 nm.
14
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Fig. 16. Photoluminescence spectrum for pristine ErVO4 nanostructures (P1).
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