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Abstract
Cobalt vanadate (Co3V2O8) nanoparticles were prepared by a hydrothermal process using ammonia 
metavanadate and cobalt nitrate as precursors and calcined at 450 °C to obtain pure Co3V2O8 nanoparticles. 
The sample was characterized by scanning electron microscopy, X-ray diffraction, Fourier transform infrared, 
and UV-visible diffuse reflectance spectroscopy. The characterization analysis confirmed variations in the 
structure, shape, functional group, and energy gap of Co3V2O8 nanoparticles. Using the Tauc relationship, 
the energy band gap was determined by analyzing the Tauc curve. The nanoparticles obtained had an average 
size of 40 nm and found the zeta potential of the nanoparticles was -78 mV, indicating good dispersion and 
stability. The photocatalytic activity of Co3V2O8 nanoparticles through the degradation of malachite green 
dye was investigated under UV light irradiation. According to the results, Co3V2O8 nanoparticles showed a 
maximum removal efficiency of 89 percent in 60 minutes. It shows that synthesized Co3V2O8 nanoparticles 
have a strong potential for application as a photocatalyst to degrade textile dyes in wastewater treatment 
rapidly.

Keywords: Cobalt Vanadate; Degradation; Hydrothermal Synthesis; Malachite Green; Photocatalyst; 
Wastewater Treatment.

INTRODUCTION
Non-biodegradable contaminants in the 

aquatic system have become increasingly serious 
and severe recently due to rapid industrial and 
socio-economic development and significantly 
impacts on human and animal health [1]. 
Dyes from manufacturing industries such as 
pharmaceutical, leather, paper, textile, food, 
printing, cosmetics and rubber also belong to 
this group. They pose a significant threat to 
public health and the environmental protection. 
These are all dangerous and can cause serious 
health problems to live beings. Malachite Green 
(M.G.) is the most hazardous synthetic dye used 
in industrial and scientific applications [2]. Due 

to its easy interaction with membranes, M.G. can 
penetrate cells [3]. It is used in various fields as 
a food colouring and colouring additive [4, 5]. 
Therefore, it is highly recommended to convert 
the colours into safe shapes.

For photocatalytic applications, scientists have 
searched for a suitable material with excellent 
exponential stability and exciting properties [6-
9]. The stability and versatility of transition metal 
oxides are best known in fields such as batteries 
[10], sensors [11], antimicrobial research [12], 
electronic devices [13], photocatalytic activity 
[14], etc. Because of these intriguing properties, 
scientists have experimented with a variety of 
mixed metal oxides to improve the performance 
of the nanomaterials [15]. Previous research 
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has shown that combining metal oxides such as 
TiO2-V2O5, Co3O4/TiO2, WO3/SnO2, CuO-NiO, and 
others improves their performance efficiency 
in various sectors [16–19]. In this context, a 
cobalt and vanadium oxide combination has 
been investigated. Vanadium oxide is an n-type 
semiconductor and one of the most stable forms 
of V2O5, and cobalt oxide is a p-type transition 
metal with a wide variety of uses. Co3V2O8, 
combined with other materials, can potentially be 
very effective in application. Numerous research 
groups have used metal vanadates (Zn, Co, Cu, 
Fe, Mn, Ni, etc.) as photocatalysts in recent 
years, and significant efforts have been made 
to synthesize various types of nanocomposite 
materials as mixed metal vanadates. Among the 
various trimetallic vanadates, cobalt vanadate has 
attracted particular interest due to its low cost, 
environmental friendliness, and availability. Due 
to their exceptional electrical properties, one-
dimensional (1D) materials such as nanowires, 
nanorods, nanotubes, etc., are gaining importance, 
especially in energy-related applications [20]. 
They have a high surface area to volume ratio, 
which makes them suitable for technological 
applications.

Many biological, chemical, and physical 
techniques have been used to remove wastewater 
dyes and other hazardous contaminants. Although 
membrane coagulation, filtration, precipitation, 
flocculation, adsorption, and ion exchange 
techniques are commonly used for contaminant 
removal, they are not ideal for obliterating 
the contaminants [21-23]. Heterogeneous 
photocatalysis with semiconductor oxides 
has been used to complete the processing of 
organic pollutants into CO2, H2O and inorganic 
salts [24]. Due to solar energy, photocatalysis 
in water treatment has an excellent position 
compared to other conventional approaches [25]. 
Nanomaterials have unique physical and chemical 
properties, such as increased surface area and 
defects on the surface. It would also be used in 
photocatalytic reactions. The optical properties 
of nanomaterials are mainly determined by their 
size and shape [26, 27]. Cobalt oxides are used 
in lithium-ion batteries, gas sensors, ceramics, 
heterogeneous catalysts, energy storage and 
other applications [28, 29]. Changing the 
size, distribution, and shape of nanoparticles 
makes heterogeneous catalysts more effective. 
Numerous methods are reported for synthesizing 

cobalt vanadate nanocomposite, including co-
precipitation, sol-gel in combination with thermal 
decomposition, green hydrothermal synthesis, 
pulsed laser deposition and solution combustion 
[30-32]. The hydrothermal approach has attracted 
significant interest as it allows fully controlled 
dispersion, size and shape of nanoparticles [33].

The present work reports on the synthesis 
of cobalt vanadate (Co3V2O8) nanocomposite 
by hydrothermal method. Using state-of-the-
art analytical techniques, the Co3V2O8 produced 
was analyzed for crystallinity, phase, structural 
and morphological features. A photoreactor 
performed a thorough study of the synthesized 
materials’ photocatalytic properties. This work 
aims to advance cleaner, more sustainable and 
environmentally friendly technologies for a better 
world by utilizing Co3V2O8-based photocatalytic 
research for a wide range of energy applications.

MATERIALS AND METHODS
Materials

Materials used to prepare Co3V2O8 were of 
analytical reagent (A.R.) grade (≥99.0% (RT)) 
purchased from Sigma Aldrich. They Cobalt (II) 
nitrate hexahydrate (Co(NO3)2·6H2O), N-methyl-2-
pyrrolidone (C5H9NO), Ammonium metavanadate 
(NH4VO3,  ≥ 99.0%), ethanol (C2H5OH), urea 
(CH4N2O), and double distilled water made in a 
laboratory.

Synthesis of Cobalt Vanadate nanoparticles
A simple hydrothermal process was used to 

prepare the Co3V2O8 nanomaterial as shown in Fig. 
1 (a-f). In a typical synthesis, 87.5 mL of N-Methyl-
2-Pyrrolidone was added to a solution containing 
1.323 g of NH4VO3 (ammonium metavanadate) 
with steady magnetic stirring of 300 rpm for one 
hour. Further, 8.45 g of urea was added to the 
solution with steady stirring. Separately, 4.938 g 
of Cobalt (II) nitrate hexahydrate were added to 
250 mL of water. Then, with continuous stirring, 
the above solutions were gently mixed. Finally, 
the blended solution was diluted to 350 mL, 
transferred to a Teflon-lined autoclave, and heat-
treated for 36 hours at 180 °C. The powder in the 
autoclave was centrifuged, rinsed with deionized 
water, washed again with ethanol, and dried at 80 
oC for 12 hours after cooling to room temperature. 
To generate highly crystalline powders, the dry 
material was calcined in air for 3 hours at 450 °C 
at a heating rate of 2 °C/min. The calcined sample 
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shown in figure 1(g) is then used for further 
analysis.

Sample characterization
A diffractometer (CoK, PANalytical, X’Pert, 

data converted to CuK) was used to record X-ray 
powder diffraction (XRD) patterns. A JEOL2010 
transmission electron microscopy was used to 
take the images. To analyze the characteristics 
of synthesized nanoparticles, UV–Visible 
absorption spectra were recorded using a UV 1800 
spectrophotometer. A spectrometer was used to 
examine functional groups of the prepared sample 
using a Fourier transform infrared spectrometer 
(FT-IR) within the range of 4000 to 400 cm-1 using 
the KBr pellet technique.

RESULTS AND DISCUSSION
Fig. 2, represents the XRD pattern of prepared 

nanoparticles, which show a sequence of 
distinctive characteristic peaks situated at 2θ: 
19.74 (111), 29.6 (200), 33.54 (220), 43.48 (240), 
58.06 (115), 63.21 (244) of synthesized cobalt 
vanadate nanoparticles. The quantitative analysis 
was performed using the HighScore Plus software 
bundle, v 3.0. These planes match well with JCPDS 
file no. 16- 0675 [34] with Cmca space group and 
orthorhombic crystal system and other lattice 
parameters are shown in table.1. The crystalline 
size (D) of Co3V2O8 was calculated using the Debye-
Scherrer’s equation, which is shown below, and 
the spectra indicate strong peaks with a higher 
degree of crystallinity [35]:

 

Fig 1. The schematic representation of synthesis of Cobalt vanadate (a) vanadium and cobalt precursor solutions (b) 

Solution obtained after stirring (c) Autoclaves (d) Heating (e) Centrifugation (f) Powder obtained after hydrothermal 

treatment (g) Powder obtained after calcination at 450 oC. 

  

Fig 1. The schematic representation of synthesis of Cobalt vanadate (a) vanadium and cobalt precursor solutions (b) Solution ob-
tained after stirring (c) Autoclaves (d) Heating (e) Centrifugation (f) Powder obtained after hydrothermal treatment (g) Powder 

obtained after calcination at 450 oC.

Table. 1. Lattice parameters of Co3V2O8 nanostructure. 
 

Lattice parameters 

a  (ÅÅ)  b  (ÅÅ)  c  (ÅÅ)  α = β = γ  a/b  b/c  c/a  V (ÅÅ3)  D (nm) 
For plane (220) 

6.03  11.486  8.312  90o  0.524  1.381  1.378  575.69  26.6 
Space group:  Cmca 
Structure:  Orthorhombic 

 
   

Table. 1. Lattice parameters of Co3V2O8 nanostructure.
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Sample characterization 
A diffractometer (CoK, PANalytical, X'Pert, data converted to CuK) was used to record X-ray powder 

diffraction (XRD) patterns. A JEOL2010 transmission electron microscopy was used to take the images. To 

analyze the characteristics of synthesized nanoparticles, UV–Visible absorption spectra were recorded using a 

UV 1800 spectrophotometer. A spectrometer was used to examine functional groups of the prepared sample 

using a Fourier transform infrared spectrometer (FT-IR) within the range of 4000 to 400 cm-1 using the KBr 

pellet technique. 

Results and Discussion 

Figure. 2, represents the XRD pattern of prepared nanoparticles, which show a sequence of distinctive 

characteristic peaks situated at 2θ: 19.74 (111), 29.6 (200), 33.54 (220), 43.48 (240), 58.06 (115), 63.21 (244) of 

synthesized cobalt vanadate nanoparticles. The quantitative analysis was performed using the HighScore Plus 

software bundle, v 3.0. These planes match well with JCPDS file no. 16- 0675 [34] with Cmca space group and 

orthorhombic crystal system and other lattice parameters are shown in table.1. The crystalline size (D) of 

Co3V2O8 was calculated using the Debye-Scherrer’s equation, which is shown below, and the spectra indicate 

strong peaks with a higher degree of crystallinity [35]: 

                                        D = kλ
βcosθ                                                                                 (1) 

The average crystallite size of synthesized nanoparticles was deducted to be ~28.36 nm. D is the average 

crystallite size, k is Scherrer’s constant for orthorhombic structure (0.89), θ is the Bragg's diffraction angle, λ  is 

the wavelength (1.540 Å) of the X-ray source, and β is full width at half maximum (FWHM).  

 

Table. 1. Lattice parameters of Co3V2O8 nanostructure. 

Lattice parameters 

a  (ÅÅ) b  (ÅÅ) c  (ÅÅ) α = β = γ 
a/b b/c c/a V (ÅÅ3) 

D (nm) 

For plane (220) 

6.03 11.486 8.312 90o 0.524 1.381 1.378 575.69 26.6 

Space group:  Cmca 

Structure:  Orthorhombic 

 � (1)	

The average crystallite size of synthesized 
nanoparticles was deducted to be ~28.36 nm. D is 
the average crystallite size, k is Scherrer’s constant 
for orthorhombic structure (0.89), θ is the Bragg’s 
diffraction angle, λ  is the wavelength (1.540 
Å) of the X-ray source, and β is full width at half 
maximum (FWHM). 

The morphology of hydrothermal prepared 
Co3V2O8 nanoparticles was examined using 
TEM images. The shape and sizes of Co3V2O8 
nanoparticles are shown in Fig. 3. For calcination 
temperature, irregular morphologies of Co3V2O8 
nanoparticles with minimal agglomeration were 
obtained. The particles were spherical primarily; 
however, at calcination temperature, more 
irregular morphologies of Co3V2O8 nanoparticles 
were noticed. This could be due to small primary 
particles aggregating to generate secondary 
or even ternary particles. The images of the 
hydrothermal nanomaterial formed in Fig. 3(a-b) 
show the material’s circular and ovular structures 
nanospheres, with sizes ranging from 10 nm to 20 

nm. Individual rock-like structures are piled-up 
agglomerations of smaller units, which may be 
explained by the solvent used. It displays many 
crystal planes as shown in Fig. 3 (c-d), proving 
the development of the crystalline structure. The 
TEM images demonstrate that the diameters of 
the nanoparticles were very near to the average 
crystallite (DXRD), indicating that the calcined 
synthesised nanoparticles did not combine into 
bigger crystallites.

Results of the FT-IR analysis are presented in 
Fig. 4. The broad absorption band centred in the 
range of 3600-3000 cm-1 was due to – O.H [36, 37] 
and stretching vibrations of absorbed moisture 
available in the sample, as shown in the inset of Fig. 
4. Vanadium stretching modes (V-O) are allocated 
to bands at wavenumber 932 cm-1, and V-O-V 
stretching was allocated to bands at 775 cm-1. The 
band has been investigated in the FTIR at 430 cm-1 
and is associated with the extended mode of CO-
O-V and Co-O-Co inorganic bonds. As seen in all 
spectra, the strong peaks at wavenumber around 
572 cm-1 are characteristic of Co-O and O-Co-O 
stretching vibration, respectively.

The optical properties of Co3V2O8 nanoparticles 
were studied by measuring the ultraviolet-visible 

 
Fig. 2. XRD pattern of Cobalt Vanadate nanoparticles. 

  

Fig. 2. XRD pattern of Cobalt Vanadate nanoparticles.
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Fig. 3. Cobalt Vanadate TEM images (a-d) at different magnifications.  

  

Fig. 3. Cobalt Vanadate TEM images (a-d) at different magnifications.

.  
 

 

Fig. 4. FTIR spectroscopy of Co3V2O8. 

  

Fig. 4. FTIR spectroscopy of Co3V2O8.
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spectrum from 200 nm to 800 nm, as shown in 
Fig. 5(a). The synthetic composite has a broad 
spectrum band ranging from ultraviolet to visible 
light, reflects a broad spectrum of absorbed light 
by Co3V2O8 nanoparticles, and improves optical 
properties. This has been explained as a result 
of the characteristic intrinsic bandgap absorption 
of cobalt oxides caused by the photoexcitation 
of electrons from their valence bands to the 
conducting bands. To study the band gap energy 
of nanocomposite particles, the Tauc diagram [38] 
was plotted using equation (2), as shown in Fig. 
5(b) and the band gap energy was estimated by 
drawing its tangent line:

(αhν)2=A(hν-Eg)   		�  (2)

Where α, h, ν and A are absorption coefficients, 
Planck constant, frequency and absorption, 
respectively. Fig. 5 shows the nanoparticle’s 
calculated band gap energy, which was found 
to be 3.896 eV [39]. Several properties, such 

as crystallite size, specific surface area, defect 
locations, etc. can all affect band gap energy

The size and the distribution of the Co3V2O8 
particles were further verified by the dynamic light 
scattering (DLS) particle size analyzer, as shown in 
table 2 and Fig. 6. Particle size analysis shows that 
the range of Co3V2O8 nanoparticles had a size of 
35–60 nm with a mean particle size of 42.8 nm 
[40]. The polydispersity index (P.I.) of nanoparticles 
was found to be 3.334. Dynamic light scattering 
analysis was used to measure the zeta potential 
value of synthesized Co3V2O8 nanoparticles. 
The zeta potential of the synthesized Co3V2O8 
is essential in determining its shelf life. The zeta 
potential of Co3V2O8 was found to be -48.8 mV 
in this study, as shown in Fig. 7. Due to negative-
negative repulsion, high negative zeta potential 
indicates that Co3V2O8 is long-term stable without 
agglomeration and promotes strong colloidal 
nature, high scatter of Co3V2O8 produced [41]. 
High stability is required to use nanomaterials in 
photo catalysts and energy storage devices.

 

 

 

Fig. 5. (a) UV-Visible diffuse reflectance spectra (b) Tauc plot of (αhν)1/2  Vs photon energy (hν). 

 

   

Fig. 5. (a) UV-Visible diffuse reflectance spectra (b) Tauc plot of (αhν)1/2  Vs photon energy (hν).

Table 2. Calculation Results of DLS. 
 

Peak No  S.P Area Ratio  Mean  S.D.  Mode 
1  1.00  45.5 nm  6.9 nm  42.8 nm 
2  ‐‐‐  ‐‐‐ nm ‐‐‐ nm ‐‐‐ nm
3  ‐‐‐  ‐‐‐ nm  ‐‐‐ nm  ‐‐‐ nm 

Total  1.00  45.5 nm  6.9 nm  42.8 nm 
Cumulant Operations 
                                 Z‐Average : 40.0 nm 
                                 PI               : 3.334 

 
   

Table 2. Calculation Results of DLS.
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Photocatalytic studies of Co3V2O8
The photocatalytic reactor comprises a 125 W 

mercury vapour lamp that serves as an ultraviolet 
light source. A pollutant solution containing 20 
parts per million (ppm) of 250 mL was poured 
into the circular glass reactor, adding 60 mg of 
the catalyst. The distance between the UV Source 
and pollutant solution was 21 cm. An open 
environment was chosen for all the photocatalytic 
experiments. 

The industrial dyes, namely malachite green 
(M.G.) degradation studies of the synthesized 
Co3V2O8 photocatalyst, were examined under 
irradiation with ultraviolet light at regular intervals 
(15 min) up to 60 min. The first degradation 
performance was observed under dark conditions 
by scanning the 20ppm dye solution separately, 
and it was found that the dye solution underwent 
no appreciable change. Next, degradation studies 
were performed under the UV light for some time 
as an initial confirmatory test and noticeable 
deterioration of the dye solution was observed. 
Finally, dye degradation studies were performed 
considering time as a parameter under UV. Light 
exposure by taking Co3V2O8 as a catalyst for the 
dye at room temperature.

Based on these findings, photocatalytic tests 
for the degradation of M.G. Dyeing were carried 

out in the presence of a catalyst for 60 minutes. 
M.G. has absorption peaks at 592 nm, as shown in 
Fig. 8(a) [42, 43]. When the dye solution is exposed 
to UV light, the decolorization clearly distinguishes 
photocatalytic observation from photolysis. The 
photocatalytic degradation analysis was carried 
out for M.G. using the synthesized catalyst after 
preparing a dye solution containing 20 ppm. Each 
solution included 60 mg of the Photocatalyst 
(Co3V2O8), individually mixed with the M.G. dye 
solution. The degradation efficiency of the dyes 
was determined under UV irradiation and at 
15-minute intervals by subjecting a known amount 
of solution to the UV-Vis Spectrometer; the 
resulting UV-Vis spectra of the dyes are depicted 
in Fig. 8 (a) (M.G. dye). There was a frequent 
drop in the dye’s absorption band; as a result, the 
degradation increased with time.

The absorption peaks gradually decrease with 
irradiation time when the solution is irradiated 
with ultraviolet (UV) light in the presence of the 
catalyst, confirming the enhanced photocatalytic 
activity of Co3V2O8 nanomaterial. The reduction in 
absorption peak for M.G. occurred rapidly during 
the preliminary phase of the contact period, but 
was delayed as the system gradually reached 
equilibrium. The initial rapid degradation can be 
attributed to the abundance of active sites on the 

 
Fig. 6. Analysis of average particle size, particle size distribution and polydispersity index of Co3V2O8. 

   

Fig. 6. Analysis of average particle size, particle size distribution and polydispersity index of Co3V2O8.
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catalyst, but discoloration became less favored 
after a period of time due to the occupation 
of these sites. The degradation percentage, as 
shown in Fig. 8(b) for M.G. Dye over Co3V2O8 was 
calculated using Equation 3 and gave 89.19 [44].

% Degradation =  1 00 %Co Ce x
Co
− 	�   (3)

Where Co is the initial dye concentration and Ce 
is the dye concentration after photodiscoloration 
at a time per second. Fig. 8(b) shows a plot of 
percent dye degradation versus irradiation time 
for synthesized Co3V2O8. The graphs show that 
M.G. Dye had a higher percentage of degradation. 
A graph of percent degradation with time is shown 
in Fig. 7(c), the degradation efficiency of the 
synthesized sample was 89.19% for M.G.

Total organic carbon (TOC) was measured 
using a Shimadzu 5000 TOC analyzer to assess 
the mineralization of MG using the TOC method. 
After photodegradation, the percentage of 
mineralization (%TOC) of the MG dye solution was 
estimated using the following relationship:

% TOC =    1 00 
 

TOC initial TOC final x
TOC initial

−                                         (4)

 

Fig. 7. Zeta potential of Co3V2O8. 

   
Fig. 8(d) shows the percentage removal of 

total organic carbon (%TOC) [45] found in the last 
experiment, i.e. 60 minutes is 63% for M.G. dye 
solution.

Fig. 9 illustrates the mechanism of 
photocatalytic activity for the proposed Co3V2O8 
dye and catalyst under UV irradiation [46, 47]. 
During UV Light hits Co3V2O8, electrons absorb 
UV energy and are excited from the valence band 
(V.B.) into the conduction band (C.B.), resulting in 
an equal number of carriers, electrons and holes. 
The C.B. Electrons generated are transferred to the 
Co3V2O8 catalyst, which combines with ambient 
O2 to generate superoxide radicals. Meanwhile, 
as the holes in the V.B. react with the H2O. The 
superoxide radicals generated during the dye 
activation phenomena enhance the degradation 
of the dye molecule [48]. The generated radicals 
react with the dye, break the dye molecules, and 
undergo discolouration.
 DYE* + Co3V2O8 à DYE+. Co3V2O8 + electron	�  (5)

degradation with time is shown in Fig. 7(c), the degradation efficiency of the synthesized sample was 89.19% 

for M.G. 

Total organic carbon (TOC) was measured using a Shimadzu 5000 TOC analyzer to assess the mineralization of 

MG using the TOC method. After photodegradation, the percentage of mineralization (%TOC) of the MG dye 

solution was estimated using the following relationship: 

% TOC = 𝑇𝑇𝑇𝑇𝑇𝑇 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑇𝑇𝑇𝑇𝑇𝑇 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝑇𝑇𝑇𝑇𝑇𝑇 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  𝑥𝑥 100                                         (4) 

Figure 8(d) shows the percentage removal of total organic carbon (%TOC) [45] found in the last experiment, i.e. 

60 minutes is 63% for M.G. dye solution. 

 

Fig. 9. Mechanism of photocatalytic activity. 

Figure 9 illustrates the mechanism of photocatalytic activity for the proposed Co3V2O8 dye and catalyst 

under UV irradiation [46, 47]. During UV Light hits Co3V2O8, electrons absorb UV energy and are excited from 

the valence band (V.B.) into the conduction band (C.B.), resulting in an equal number of carriers, electrons and 

holes. The C.B. Electrons generated are transferred to the Co3V2O8 catalyst, which combines with ambient O2 to 

generate superoxide radicals. Meanwhile, as the holes in the V.B. react with the H2O. The superoxide radicals 

generated during the dye activation phenomena enhance the degradation of the dye molecule [48]. The 

generated radicals react with the dye, break the dye molecules, and undergo discolouration. 

 DYE* + Co3V2O8 → DYE+. Co3V2O8 + electron          (5) 

          Electron + O2 → 𝑂𝑂2.−                            (6) 		          	�  (6)

DYE* + O2 / .
2O −  à Degraded product	�  (7)

Fig. 7. Zeta potential of Co3V2O8.
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Fig. 8. (a) Absorbance spectra of M.G. (20 ppm) dye solution with Co3V2O8 catalyst (b) % degradation of M.G. dye 

solution under UV irradiation. (c) The plot of ln(C/Co) Vs time under UV irradiation. (d) % TOC removal plot. 

   

Fig. 8. (a) Absorbance spectra of M.G. (20 ppm) dye solution with Co3V2O8 catalyst (b) % degradation of M.G. dye solution under UV 
irradiation. (c) The plot of ln(C/Co) Vs time under UV irradiation. (d) % TOC removal plot.

 

Fig. 9. Mechanism of photocatalytic activity. 

 

Fig. 9. Mechanism of photocatalytic activity.
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Co3 - (VO) 2 (electron)à Co3 - (VO) 2 + Co3 (electron)	�  (8)

Co3 - (VO) 2 (electron) or V (electron) à reduction 
reaction 	� (9)

The comparison of the photocatalytic 
degradation studies of different metal oxide 
nanocomposites using different light sources is 
given in Table 3.

CONCLUSIONS
Co3V2O8 nanostructures were fabricated 

using an inexpensive, simple hydrothermal 
process, followed by studies of extensive 
structural properties. The PXRD and TEM studies 
confirmed the material’s crystal purity, finding 
the d-spacing for the (220) plane to be 26.6 nm 
with an orthorhombic structure.  The studies were 
extended to photocatalytic properties. For the 
Co3V2O8 sample, the energy band gap was 3.896 
eV, which is sufficient to activate the materials for 
degradation studies when exposed to ultraviolet 
(UV) light. This is a good result as the breakdown 
of M.G. at 60 minutes was found to be 89.19. 
In summary, the prepared nanospheres show 
enhanced photocatalytic activity in degrading M.G. 
bright under UV irradiation. This indicates that this 
nanostructure is inexpensive, highly durable and 
has better photocatalytic activity towards organic 
dye removal from wastewater/water treatment 
applications.
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