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Abstract: 

The development of efficient and sustainable photocatalysts to purify wastewater is a major thing in the 

cleaning of the environment. The synthesis process of a vanadium molybdate/graphitic-carbon nitrate 

nanocomposite (V2MoO8/g-C3N4) by employing low-cost and simple, eco-friendly coprecipitation method. 

The nanocomposite was prepared to enhance the work of the solar-light-driven photocatalytic catalyst in 

the degradation of organic dye pollutants such as methyl orange (MO) in aqueous conditions. Structural 

and morphological, functional group analysis is proved the creation of a heterojunction between 

V2MoO8/g-C3N4 which allows a further division of charges and reduction of the fusion of electrons and 

holes. The degradation efficiency of the nanocomposite was very high compared to the single nanomaterial 

due to the synergistic effect of the elements of the nanocomposite and the capacity to absorb better light 

absorption. The low- amount of catalyst used and the initial dye concentration and the duration of 

irradiation were also investigated in a systematic manner. Additionally, the nanocomposite was also 

observed to be very stable and reusable even after a series of cycles, an indication of practical usability. 

This work provides a sustainable approach to designing effective photocatalysts by using low-cost 

materials and gentle conditions of the fabrication process. This increased photocatalytic activity and 

environmental support of the vanadium molybdate/g-C3N4 nanocomposite have made it a suitable material 

in wastewater treatment and environmental protection. 

1.0 INTRODUCTION 

The water, air, soil pollutions are mostly created by the releasing several industrial waste materials are 

easily combined with surrounding areas and readily affect the environment (Schwarzenbach et al., 2006). 

The textile industries is a major source of waste creation because of rapid production of unwanted materials. 

At the same time, rapid population growth has increased the demand for textiles, resulting in a substantial 

rise in textile organic waste release (Nunes et al., 2018; “Publisher Correction: The Price of Fast Fashion,” 

2018). Also, textile dye contains mixed colored polluted, these dyes breakdown to produce high harmful 

by-products, created serious health issues to both living thing and environment and easily spread in water 

bodies. To control the water contaminated dyes immediately, following many conventional techniques such 
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as reverse osmosis, membrane filtration (Cevallos-Mendoza et al., 2022; Liu et al., 2020) adsorption 

(Gadekar & Ahammed, 2019) oxidation, coagulation, flocculaation, biological treatment (Ahmad et al., 

2015; Bhatia et al., 2017) etc. are available, but these methods had some drawbacks due to high cost of 

working in this method. Although the renewable energy method is now increased around the world because 

of environmentally friendly, easy in working, reached expected products. The advance oxidation process 

(AOPs) such as photocatalysis is utilized solar-light helps to degrading the pollutant has occurred as an 

effective and sustainable solution and removal of CO2 and H2O (Wang et al., 2016) (Khanna & Shet ty, 

2014). The various photocatalyst are easily involved such as TiO2, ZnO, MgO etc but it is all conventional 

catalyst used in several research areas works and also single metal oxide undergo poor solar light 

absorption, easily recombination occurred, poor adsorption of material because of the wider band gap 

energy is 3.2-3.5 eV and affected photocatalytic performance. 

M.H. Khedr et al. reported FeO in Congo red degradation undergo visible light with crystalline size is 35 

and 150nm (Khedr et al., 2009). The carbon-based has two-dimensional material is good semiconducting 

properties of g-C3N4 is lower band gap available for visible light region helps for degrading the organic 

pollutants compared to metal oxide. But only g-C3N4 is fast recombination occurred, to improve efficient 

photocatalysis performance doping with another material improved broad-visble light absorption (Barrocas 

et al., 2022). The advantages are low-toxicity, inexpensive, easily synthesis, thermal and chemical stability 

more promising solar energy conversion (Song et al., 2015) (Fu et al., 2018), so doping with another 

compound to improve the heterojunction properties (Bafaqeer et al., 2019). Min Cui et al reported 

CdV2O6/g-C3N4 nanocomposites used Rhodamine B dye reached 50% degradation within 50 min, used 

visible light of 350 W xenon lamp with rate constant value is 0.041 min-1 (Cui et al., 2016). Rare earth 

element doping such as bismuth vanadate, lanthanum vanadate (Lotfi et al., 2023), Magnesium vanadate 

(M. et al., 2019) proved helps to destroy the pollutant but cost effective, not moderate condition (Liao et 

al., 2021). But compared to other, the vanadium molybdate (V2MoO8) is a d-block transition elements 

combination of vanadium and molybdenum (Arunadevi et al., 2018) belong to n-1 subshell and behave 

large surface area, electronic properties, good reduction ability, proved effective ions separation. Metal or 

transition metal Anna Khlyustova et al. doped TiO2 with aluminum or copper only reached 70% 

degradation but doping with transition metals improved visible light radiation up to 96% with 1hr 

(Khlyustova et al., 2020). 

In this work, heterojunction of V2MoO8 doped g-C3N4 attributed photocatalytic performance and showed 

highly efficient degradation than bare materials. The photocatalyst are prepared by simple by 

coprecipitation method and gained high methyl orange degradat ion. The target pollutant is well 

decolorization with 95% is achieved with in 90 min. 

2.0 Experimental Method 

2.1 Materials and methods 

The materials are Sodium molybdate dihydrate (Na2MoO4.2H2O), Ammonium hepta vanadate (NH4VO3), 

Melamine or graphitic carbon nitride (g-C3N4) are bought from Sigma -Aldrich and distilled water used 

entire the experiment. The purchased chemicals were used without any further purification process.  

2.2 Preparation of V2MoO8 

0.5 M in 50 ml of H2O of Na2MoO4.2H2O and another separate beaker 0.5 M in 50 ml H2O of NH4VO3  are 

separately stirring for 30 min and initial materials are dissolved in water.  The second solution is slowly 

drop-wise added into first solution. Add 3-5 drops of nitric acid to reach pH 2 and further continously stirred 

for 4hr a reddish brown colored formed and aging for 14hr to form brown colored precipitate are filtered 

and washed with H2O and C2H5OH and drying for 150° for 8hr and calcined at 500°C. 

2.3 Preparation of melamine 

The bare g-C3N4 was prepared by direct calcination steps. 2.0g of g-C3N4 kept in silica crucible and 

placed in a furnance for 4 h at 500°C (Prabavathi et al., 2021). 

2.4 Preparation of V2MoO8/ g-C3N4 via solid-sate method 

The V2MoO8 / g-C3N4 nanocomposites are prepared through solid-state method. A certain equal amount of 

0.5g of V2MoO8 and 0.5g of g-C3N4 were mixed by grinding in a mortar for 45 min and particles are equally 

mixed and then the sample was kept for calcined using muffle furnance for 2 h at 500º C (Rosa et al., 

2023)(Fig. 1.) 
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Fig 1. preparation steps for V2MoO8/ g-C3N4 

2.5 Characterization 

The formation of prepared catalyst of V2MoO8/g-C3N4 confirmed by several characterization analyses is 

used. The X-ray’s Diffraction spectra (XRD), a pananlytical of g-C3N4 , V2MoO8 and V2MoO8/ g-C3N4 

were determined the crystalline nature, a pananlytical Xpert Pro Diffractometer. The Fourier transform 

infrared spectroscopy (FT-IR) was conducted with an ALPHA-T-FT-IR to verify the functional group 

compounds . The structural of prepared composite was scan with morphology of High-resolution scanning 

electron microscopy (HR-SEM). The photocatalyst degradation efficiency was determined by the Ultra 

violet-visible spectrophotometer at  near ambident condition on  Shimadsu, UV 3600 plus between the 

wavelength range of 200-400nm. 

3. Result and discussion 

2.6 XRD 

The crystalline size and morphology are analyzed by X-ray diffraction pattern are shown in Fig.2 of 

V2MoO8, g-C3N4 and V2MoO8/ g-C3N4. The melamine which contains two strongest 2θ peaks at 12.7°, 

27.2º which is corresponds to the (100), (002) it related to the conjugated aromatic ring system is confirmed 

the presence of g-C3N4 and matched the JCPDS No. 01–087-1526(Shankar et al., 2024) In the V2MoO8, the 

2θ peak value of 15.3°, 20.3°, 21.7°, 26.2°,31.0°,34.3°, 41.20°, 45.3°, 51.0° which is corresponds to the 

plane of (001), (200), (101), (110), (301), (400), (002), (411), (020) is equal to the monoclinic phase of 

V2MoO8 well matched JCPDS card-01-074-1510 (Milton et al., 2025). The peak is indicated that the 

synthesized V2MoO8 proved monoclinic are highly presented. the other remaining peaks at 39.0º, 59.6 º 

shows to pure MoO3. The composite V₂MoO₈/g-C₃N₄ XRD pattern shows the presence of both V₂MoO₈ 
and g-C₃N₄ characteristic peaks, indicating that there are no impurity phases present in the composite 

material. The emergence of the diffraction peak of V₂MoO₈ confirms the coexistence of two materials in the 

composite, and the (002) diffraction peak of g-C₃N₄ remains as the dominant peak. The decrease in peak 

intensity and broadening can be attributed to well-built interfacial interaction between V₂MoO₈ and g-C₃N₄ 
and reduction in crystallite size of V₂MoO₈ after composite formation. Thus, XRD data clearly show that 

the crystalline V₂MoO₈@g-C₃N₄ heterojunction composite material has been successfully synthesized. 

 

Fig. 2 The XRD pattern of a) Pure V2MoO8 b) Pure g-C3N4 c) V2MoO8/ g-C3N4 
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2.7 SEM-EDAX 

The morphology structure of the V2MoO8/g-C3N4 are shown in Fig.3, the nanocomposite shows a highly 

agglomerated and layered morphology. The g-C₃N₄ has a proved sheet-like (lamellar) structure with stacked 

and wrinkled nanosheets. Irregularly shaped particles are evenly anchored on top of the surface of g-C₃N₄ 
sheets after incorporating V₂MoO₈, leading to suggest interfacial contact between two components. The 

nanosheets have a huge surface area and serve as an anchoring matrix for V₂MoO₈ particles. In addition, 

the surface roughness and porosity of composite developed the numeral of active sites and allows easy 

charge transfer at the heterojunction interface. The strong interaction between the V₂MoO₈ and g-C₃N₄ 
further validates the successful mixture of the V₂MoO₈/g-C₃N₄ nanocomposite, which is likely to improve 

the photocatalytic performance by boosting the charge separation efficiency. V₂MoO8 have been 

successfully anchored onto the layered structure of g-C₃N₄, which can help in efficient interfacial charge 

transfer and improve the photocatalytic activity performance. The elemental mapping also shows good 

agreement with the EDAX analysis and it is further confirmed the successful fabrication of the V₂MoO8/g-

C₃N₄ nanocomposite(Yu et al., 2022).Energy-dispersive/elemental mapping of X-ray spectroscopy 

(EDAX) analysis was used to explore the elements composition and distribution arrangements of the 

synthesized V₂MoO8/g-C₃N₄ nanocomposite are shown in Fig.4, verified the availability elements such as 

carbon (C), nitrogen (N), oxygen (O), vanadium (V) and molybdenum (Mo), which indicates the successful 

formation of the heterostructure. No any other impurity peaks were found in the spectrum indicating 

maximum purity of the synthesized material and further confirmed adornment of g-C₃N₄ on the surface of 

V₂MoO8. 

 

 

 

 

 

 

 

 

 

 

Fig.3, The morphology SEM image of (a-e) V2MoO8/ g-C3N4 nanocomposite with different ranges 

 

 

 

 

 

 

 

 

 

 

Fig.4 EDAX spectrum and Elemental mapping of V2MoO8/ g-C3N4 nanocomposite 
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2.8 FTIR 

The FT-IR report of V2MoO8/ g-C3N4 shows Fig.4 measured from range between 400-4000cm1. As per the 

literature, the peaks of g-C3N4 confirmed around 1600cm -1 to 1200cm-1 which showed stretching vibration 

of heterocyclic ring unit of heptazine ring unit (C=N, C–N) of sharp peak of triazine ring is formed in C-N 

.The N-H stretching vibration of broad around 3000 cm -1(Shankar et al., 2024).The FT-IR spectrum of 

V2MoO8 shows peak around from 500 to 700cm-1 which is corresponding to V-O bonds (M. et al., 2019). 

The spectra of near 700-800cm-1. The FTIR spectra of V2MoO8/ g-C3N4 composite keep up major peak of 

g-C3N4 and it holds vital V2MoO8 peaks. Finally shows both peaks of V2MoO8 and g-C3N4 are adapt in the 

composite form. 

 

 

Fig. 5, The FTIR pattern of composite V2MoO8/ g-C3N4 

3.0 Photocatalytic activity 

The photocatalytic degradation activity of V2MoO8/ g-C3N4 composite was estimated by the MO 

degradation in water solution under natural solar light irradiation. Fig.4.a) proved the absorption of MO 

with different time interval for of 20 mg of photocatalyst substance added into 10mg/L in 100ml of MO 

solution are continously stirred at 800rpm in dark upto 30min to obtained an adsorption-desorption 

equilibrium are obtained between the MO and photocatalyst. MO dye in photocatalyst showed higher 

degradation of 95% within 90 min of irradiation duration.3 ml of portion of MO solution is taken at every 

15 min and absorbance were evaluated. The degradation efficiency of composite catalysts was calculated 

using equation. 

       Degradation %= Co-Ct  x 100 ------------------- (1) 

                                      C0 

Where Co is initial concentration  and Ct is concentration at time, t for MO. Further reaction kinetics of 

MO degradation in Fig.4 d) the K value of rate constant was determined using equation and obeys first 

order reaction. 

       ln(Co) = Kt ------------------------(2) 

           (Ct) 

Where the Co and Ct is the MO concentration of dye solution at time 0 and t. Rate constant earned from 

MO degradation are 0.02534 and follows via pseudo first order kinetics reaction. This performance 

represents composite form of V2MoO8/ g-C3N4 is upgrading photocatalytic performance for MO under the 

solar light. 

Table 1. Comparative of different photocatalyst for dye degradation 

Photocatalyst 

involved 

Origin of Light Pollutant material Degradation 

efficiency with 

time 

Reference 

TiO2/ g-C3N4 Visible light RhB and MB 90% after 240 

min 
(Madima et al., 2022) 

g- C 3 N 4 @ V 2 C 
Mxene 

300W Xenon 

lamp 
MO 94.5% after 120 

min 
(Xu et al., 2024) 
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Fig. 6. a) Photodegradation of V2MoO8/ g-C3N4, b) Co/Ct, c) ln Co/Ct, d) Degradation efficiency. 

4.0 CONCLUSION 

The simple co-precipitation method is prepared the photocatalyst material of V2MoO8/ g-C3N4 

and characterized by XRD, FTIR, SEM-EDAX, UV-DRs. The photocatalyst materials helps to 

degrade the anionic dye and effectively develop the heterojunction performance and enhance 

photoexcited charge transfer and suppress the effective recombination of electrons and holes 

pair. The composite materials show good photocatalyst activity for various application under 

optimal testing (10mg/L of MO concentration,15 mg of photocatalyst, maintain neutral Ph level 7) 

with reached 95% degradation of efficiency was achieved in anionic pollutant. The performance 

of photocatalytic is pseudo-first-order kinetics with rate constant speed is 0.02534 min-1. 
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