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Abstract

:

This study investigated the photocatalytic degradation of RB dye by V2O5@g-C3N4 nano-catalysts. The sonication method was utilized to create V2O5@g-C3N4 nano-catalysts. V2O5@g-C3N4 nano-catalysts were characterized using X-ray diffraction (XRD), energy dispersive spectroscopy (EDS), high-resolution electron microscopy (TEM), BET-surface area analyzer, X-ray photoelectron spectroscopy (XPS), and ultraviolet spectroscopy. In the meantime, the photocatalytic activity, pH, and photocatalyst dosage are investigated in depth to account for RB dye decolorization. The rate constant for RB dye photodegradation was 0.0517 (min−1) and the decolorization rate was 93.4%. The degrading efficiency of RB dye by V2O5@g-C3N4 nanocatalysts is consistent with pseudo-first-order kinetics. The results of this study demonstrated that V2O5@g-C3N4 nanocatalysts are particularly effective at destroying dyes in water.
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1. Introduction


Textile, paper, plastic, rubber, printing, cosmetics, leather, medicines, and food processing frequently employ a range of dyes to color their products [1,2,3,4]. By dumping dye-containing effluents into the soil and aquatic systems, these companies pollute the environment and pose a significant environmental hazard. The intense color of the dyes and pigments causes major aesthetic and ecological concerns for the acquired aquatic habitat, including the restriction of benthic photosynthesis [5,6]. For the former, human drinking water safety is directly impacted by water contamination. Among the numerous contaminants, dyes such as Rhodamine B (RB) merit special attention because of their extended emission from industries and daily use, complex degradation, and toxicity [7]. Owing to the toxicity of RB, many approaches, such as chemical degradation, physical and chemical adsorption, photocatalysis, and combinations thereof [8,9,10,11,12,13,14], have been utilized for its harmless treatment.



In addition, several of these colors are carcinogenic and poisonous [15,16]. To solve this problem, scientists and engineers have devised a number of physical, chemical, and biological approaches for treating effluents containing dyes [17,18,19,20,21,22]. Physical procedures include the adsorption method, coagulation-flocculation technique, membrane filtration, ion-exchange technique, and so on. Although physical methods for wastewater treatment are widely employed, they are nevertheless subject to some restrictions. For instance, the adsorption technique is slow and ineffective in treating brightly colored effluent [23]. In the case of the membrane separation method, the slow separation rate, the specific filtering need, the ultrahigh vacuum conditions, and the frequent clogging of membrane pores by organic contaminants limit its applicability to dye effluent treatment.



Graphitic carbon nitride (g-C3N4) nanomaterials have demonstrated excellent photocatalytic performance for water treatment in visible light [24,25]. In addition, g-C3N4 has several advantageous properties, such as an abundance of constituent elements, high stability, and relatively simple synthesis, making it very useful in photocatalytic dye degradation [26]. However, the high recombination rate of photogenerated electron–hole pairs and inadequate visible light absorption hindered the photocatalytic efficiency of g-C3N4 [27]. Numerous efforts have thus been devoted to enhancing the photocatalytic activity of g-C3N4 nanosheets, including constructing mesoporous structures [28], doping nonmetal [29] or metal [30] metal oxide [31], and coupling this metal oxide with other substances.



This work presents a heterojunction of V2O5 nanoparticles with g-C3N4 nanosheets as a nanocomposite for RB dye photodegradation. The nanocomposite of V2O5@g-C3N4 was synthesized using a simple sonication approach aided by methanol solvent. Compared with pure g-C3N4 nanosheets, the V2O5@g-C3N4 nanocomposite considerably enhanced the photocatalytic degradation activity of RB under UV/Visible light. In addition, the recyclability of the V2O5-g-C3N4 nanocomposite and the mechanism for enhancing the photocatalytic efficiency under UV/Visible light were investigated, as shown in Scheme 1.




2. Materials and Methods


2.1. Nanostructures’ Description Methods


Using a UV/Vis spectrophotometer in diffuse reflection mode with BaSO4 as the standard, the absorbance was measured (UV-2550, Hamamatsu, Shizuoka, Japan). A Nicolet 5700 FT-IR spectrophotometer was used to record the as-prepared samples’ 400–4000 cm−1 FT-IR spectra. The crystalline nature of the samples was investigated using a Bruker D8 Advance X-ray diffractometer (Bruker AXS, Karlsruhe, Germany) with Cu-Ka1 radiation (λ = 0.15406 nm) and a scan rate of 0.02 per second. The accelerating voltage was 40 kV, while the extraction current was 20 mA. Using ASAP 2020HD 88 equipment, the BET surface area and pore size distribution of produced samples were assessed by adsorbing N2 at 77 K. Using a Tecnai G20 transmission electron microscope and a 200 kV accelerating voltage, the TEM pictures were captured (Hillsboro, OR, USA). For X-ray photoelectron spectroscopy (XPS), Al Ka (1486.68 eV) X-ray generators were utilized to assess the bonding characteristics of the materials (VG ESCALAB 220i-XL, West Sussex, UK). Total organic carbon (TOC) analysis (multi N/C 2100; Analytik Jena, Jena, Germany) was measured to detect the TOC values in the studied samples.




2.2. Batch Experiments


The optimum conditions of the Rhodamine B (RB) degradation process based on V2O5@g-C3N4 nanomaterials were evaluated by applying a series of degradation experiments. The influences of essential parameters on the degradation process were examined, including RB initial concentration, the nano-catalysts’ concentrations, and the investigated mediums’ pH. Herein, all of the experiments were applied based on optimum conditions utilizing 0.1 L RB solution 25 ppm in a 2 mL volumetric flask. All of the measured experiments’ pH values were adjusted utilizing 0.1 MHCl and 0.1 MNaOH. The examined mediums of the RB dye and V2O5@g-C3N4 nano-catalysts colloidal mixtures were performed under 4400 rpm for 10 min magnetic stirring. The UV/Vis spectra of the RB solutions were conducted using the EvolutionTM 200 series-Thermo Fisher Spectro-photometer (Waltham, MA, USA).





3. Results


3.1. Nanostructures’ Characterizations


The optical absorption spectrum represents one of the most crucial instruments for constructing the energy band diagram. Figure 1a depicts the solid-phase absorption spectra for V2O5, g-C3N4, and V2O5@g-C3N4 nanocomposites. The absorption spectrum of V2O5, g-C3N4, and V2O5@g-C3N4 nanocomposites in the 300–800 nm wavelength range is depicted in Figure 1a. The amino absorption peak is centered at 230 nm and the strong absorption band at 320 nm indicates a conjugated carbon nitride link [32,33,34]. All of these peaks suggest the effective synthesis of g-C3N4 from urea. However, V2O5 nanoparticles affect and alter the peak intensity of g-C3N4. Compared with the pure g-C3N4 sample, the V2O5@g-C3N4 nanocomposites exhibit ca. in the visible light range at 400 nm.



This large absorption band peak could result from the ionizing action of g-C3N4 bonding. Compared with pure g-C3N4 nanosheets, V2O5@g-C3N4 nanocomposites exhibit the most intense broad absorption in the visible light region. The optical band gap falls from 2.84 to 2.41 eV when V2O5 nanoparticles are incorporated into g-C3N4 (see insert in Figure 1a). The estimated and documented band gap energies of g-C3N4 fabricated from urea range from 2.69 to 2.88 eV, depending on several reaction circumstances, such as sintering temperature, the solvent employed, and environmental effects [35]. Xiaojuan Bai et al. informed a band gap of 2.7 eV for g-C3N4 nanorods [36], producing a simple reflux technique. In the same way, Sushma Rawool et al. [34] conveyed a band gap of 2.71 eV constructed by coating g-C3N4 nanosheets on DFNS fibers.



The FT-IR spectra of V2O5, g-C3N4, and V2O5@g-C3N4 nanocomposites are depicted in Figure 1b. In the V2O5 FTIR spectra, three significant absorption bands are found at 592, 812, and 1006 cm−1. The bands at 592 and 812 cm−1 correspond to V–O–V asymmetric stretching modes, while the band at 1019 cm−1 is related to the V=O stretching vibration [37,38]. The characteristic band at 804 cm−1 in the spectra of g-C3N4 is attributed to out-of-plane bending modes of C–N heterocycles. The stretching vibration of C=N and aromatic C–N heterocycles corresponds to peaks at 1245, 1316, 1405, 1569, and 1636 cm−1 [37,39]. The spectrum of the obtained nanocomposite shows the presence of characteristic bands of g-C3N4 and V2O5, which confirms the formation of V2O5@g-C3N4.



The XRD patterns of fabricated g-C3N4, V2O5, and V2O5@g-C3N4 nanocomposites are displayed in Figure 1c. The XRD pattern of pure g-C3N4 shows two distinct diffraction peaks at 13.0 and 27.5° attributed to the (100) and (002) planes of carbon nitride, respectively. Based on the XRD pattern of pure V2O5, it was possible to guarantee that the growth of V2O5 would have an orthorhombic phase (JCPDS 89-0612) [40]. For the V2O5@g-C3N4 nanocomposites, both the distinctive diffraction peaks of the orthorhombic phase of V2O5 and g-C3N4 can be identified in addition to the absence of any additional impurity.



The crystallite size of the V2O5@g-C3N4 nanocomposites was computed using the Scherrer equation [41]:


  D =   0.9 λ   β c o s θ    



(1)







The expressions calculated the lattice parameters and the d-spacing:


  d =  λ  2 s i n θ      



(2)
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The crystal sizes, lattice parameters, and d-spacing of g-C3N4, V2O5, and V2O5@g-C3N4 nanocomposites are given in Table 1.



As depicted in Figure 1d, the adsorption–desorption isotherms denote a typical type IV curve per the IUPAC categorization [42,43] for all of the samples that designate mesoporous characteristic nanostructures [44]. For pure V2O5, the isotherm exhibits a hysteresis loop of H2 type, indicating the ink-bottle-type pore structure as typically shown by inorganic oxide [45]. Besides, g-C3N4 exhibits hysteresis of type H3, according to the IUPAC or Brunauer’s classification for sorption isotherms with a slit-like pre-structure. The V2O5@g-C3N4 nanocomposites display an overlap of type H2 and H3 loops, suggesting the existence of both types of pores, i.e., ink-bottle and slit-like pores [46]. This finding means that the coupling of V2O5 to the g-C3N4 has altered the hosting matrix pore size features. The BET surface area was 6.752, 154, and 61.042 m2. g−1 for V2O5, g-C3N4, and V2O5@g-C3N4 nanocomposites, respectively (Table 1). The BJH pore size distribution, derived from the desorption branch of the isotherm (Figure 1d), shows a narrow pore size distribution for g-C3N4 and V2O5@g-C3N4 nanocomposites (Table 1). The enhanced porosity characteristic of V2O5@g-C3N4 is revealed by the larger specific surface area. A higher pore volume will boost photocatalytic activity owing to more available active sites at the surface, facilitating charge carrier migration [47].



The morphologies and microstructures of V2O5, g-C3N4, and V2O5@g-C3N4 samples were further analyzed using transmission electron microscopy (TEM). The structure of pure g-C3N4 appears to be that of a nanosheet, as can be seen rather plainly in Figure 2b. Regarding the V2O5@g-C3N4 photocomposite (Figure 2c), it can be observed that a few smaller V2O5 nanoparticles are encased within the thin layers of g-C3N4. In addition, the energy-dispersive X-ray spectrometer (EDS) (Figure 2f) provided evidence that the elements in question were successfully mixed.



Figure 3 displays XPS spectral curves that can be used to determine the elemental composition, surface configuration, and oxidation states of the V2O5@g-C3N4 nanocomposite. Figure 3a shows C1s XPS spectra. Figure 3a data indicate that C–C and N=C–N with sp2-hybridized carbon are involved in constructing the created heterojunction owing to the binding energy peaks located at 284.6 eV and 285.5 eV, respectively [48]. Figure 3b depicts the XPS spectra of N1s, which exhibit two significant peaks at 395.7 eV and 397.8 eV that can be attributed to sp2-hybridized C–N and N–O, respectively [49,50]. In contrast, the XPS spectral curve of Figure 3c reveals two significant peaks at 527.1 and 528.2 eV, which could be attributed to V–O and V–OH, respectively. Therefore, the existence of V2O5 nanoparticles’ lattice oxygen in the fabricated heterojunction could be deduced [51]. V 2p XPS spectral curve underlines the presence of two peaks located at 514.6 and 527.8 eV, which may be assigned to V 2p1/2 and V 2p3/2, respectively, confirming the existence of V5+ in the manufactured heterostructures (Figure 3d) [52].




3.2. Photocatalysis Performance Part


3.2.1. Absorption Spectra Experiments


The Rhodamine B optical characteristics are introduced in Figure 4. The UV/Vis spectra of the RB dye present two maximum peaks at 552 and 256 nm separately. When we apply the nano-catalysts V2O5@g-C3N4 to the RB dye solutions, a substantial decrease in the prominent peaks at 552 and 256 nm is offered under UV light radiation. The spectacular absorbance spectra of the investigated RB dye depending on V2O5@g-C3N4 nano-catalysts can be attributed to the significant catalytic activity of the examined nanocomposite. Besides, the relation between the UV radiation time and the ratiometric absorbances of the RB dye was exhibited in the inset plot in Figure 5. This proves the optical activity of the V2O5@g-C3N4 nanocomposites on the degradation process of RB dye for one hour only.



Additionally, the degradation process of the RB dye was examined in the absence of UV light source radiation (in the dark). Besides, the absorbance spectra of the RB dye were collected and the resulting data give no observed changes in the absorptance spectra alteration in the absorbances of the RB dye at maxima 552 and 256 nm, correspondingly. RB shows high optical stability in the dark and in the absence of the UV radiation source [53,54], and the RB degradation process does not validate competently, as exhibited in Figure 3.



We can observe from the obtained results that the adsorption phenomenon of the RB dye to the nano-catalysts active sites under the optimum conditions is blocked after 5 min in the presence of a constant shaking rate in the dark, while the degradation process is significantly unfunctionalized. The absorption of RB dye to the surfaces of nanomaterials was carried out in the absence of UV radiation, and the RB residues were detected at constant intervals. The obtained data exhibit a constant concentration of RB residues after 5 min. Thus, for all experiments’ series, a constant shaking rate for 5 min was applied in order to obtain a regular adsorption equilibrium. The RB dye was completely degraded in the presence of V2O5@g-C3N4 under UV radiation, and the results are given in Figure 6a, where the initial concentration of the RB dye C0 and its concentration at any time Ct are used to calculate the ratiometric values Ct/C0, which has considerably decreased with the increasing irradiation time.



The efficacies of the studied materials were calculated to be 31.1, 16.1, and 93.4% for g-C3N4, V2O5, and V2O5@g-C3N4, separately, demonstrating the enormous photocatalytic characteristic of the different nanomaterials including the g-C3N4, V2O5, and V2O5@g-C3N4 nano-catalysts during 60 min (Figure 5a). Moreover, the RB degradation process based on V2O5@g-C3N4 obeyed pseudo-first-order kinetics, as presented in Figure 5b. This is because the relation of ln(C0/Ct) versus time of UV exposure in the presence of the studied materials is expressed by the linear relationship, as shown by the strong regression (R2). Table 2 shows that the V2O5@g-C3-N4 nanocomposite has improved photocatalytic activity owing to its high rate constant (k) and exceptionally short half-life (t1/2). This was attributed to dye sensitization, a process in which UV excites electrons from the dye molecule’s HOMO to LUMO, ejecting them into the V2O5 conduction band and eventually triggering dye breakdown on the semiconductor surface.




3.2.2. Effect of the Nanomaterials’ Dosage and RB Content on Photodegradation


The RB dye degradation process in the presence of V2O5@g-C3N4 nanocomposites was investigated by altering the nano-catalysts’ concentration, as shown in Figure 6. The concentration of the V2O5@g-C3N4 nanocomposites varied within the range of 25–100 mg. The RB dye degradation process was studied in UV radiation and under optimum conditions. In the presence of 75 mg of V2O5@g-C3N4, the RB degradation process exhibited excellent efficiency after a reaction time of 1 h under UV radiation. At low concentrations of the V2O5@g-C3N4 nanocomposites, the RB particles can easily find their way to the active sites of the nano-catalysts and the destruction of these organic molecules. Moreover, the great diffusion of the tiny crystalline particles of V2O5@g-C3N4 nanomaterials enhances the probability of charge variation on the barrier region’s outer surface [55].



On the other hand, at a higher concentration (100 mg) of the nano-catalysts, the diffusion of the RB dye molecules towards the active sites of the V2O5@g-C3N4 became difficult. Moreover, the agglomeration of the nano-catalysts can take place at high concentrations. This shields numerous active sites of the V2O5@g-C3N4 nano-catalysts in the degradation medium. Thus, the photons cannot achieve the nanocomposite surfaces.



To examine the concentration of the RB dye molecules in the reaction medium of the degradation process, the degradation process was studied within RB dye content within the range of 25–100 ppm under UV radiation for 1 h. The resulting data are displayed in Figure 5. The degradation process of the RB dye in the presence of V2O5@g-C3N4 nano-catalysts under UV radiation was significantly affected by the RB dye content in the reaction medium. This can be attributed to the crowding of the RB molecules in the vicinity of the active sites of the V2O5@g-C3N4 nano-catalysts, which decrease the probability of these dye molecules reaching the active sites of the nanocomposites. Regarding this explanation, the production of the hydroxyl radicals will be quenched and the efficiency of the RB degradation processes will decrease.



Moreover, overcrowding of the RB molecules at high concentrations will inhibit the UV radiation photon path that crosses the RB solution’s threshold [56]. Moreover, by increasing the RB concentration, the dye molecules can adsorb the UV radiation and deactivate the degradation process considerably [57,58]. Thus, the proper concentration of the RB dye molecules was chosen to be 25 ppm for all series of experiments.




3.2.3. Effect of Inorganic Ions


The impact of cations (Ca2+ and Na+) and anions (SO42−, HCO3−, and Cl−) on the photocatalytic degradation of RB was investigated. The experiments were conducted with an initial dye concentration of 25 mg L−1 at a solution pH of 7 and using different salts at a loading of 1 g L−1. Figure 7 depicts the influence of inorganic ions on the photocatalytic degradation of RB. The % photodegradation of RB was 15.4.3%, 22.3%, 41.8%, and 53.2% in the presence of NaCl, CaCl2, NaHCO3, and Na2SO4, respectively. The presence of chloride and sodium ions negatively influenced the photocatalytic degradation of RB among the inorganic ions.




3.2.4. pH Influence on RB Dye Degradation


To study the pH effect on the degradation process of RB on the surface of the V2O5@g-C3N4 nano-catalysts, the following experiments were conducted under optimum conditions. The RB dye molecules have a cationic form in the solution; the amine group’s nitrogen atom bears a positive charge. In a basic medium, where pH is higher than 7, hydroxyl groups exist in excess, which causes an increase in the accumulation of negative charges on the nanocomposite surface. Thus, the negative charge behavior of the nano-metal oxide materials will alter into a basic surface. Thus, the efficiency of the RB degradation process will increase, as shown in Figure 8.



On the other hand, at a lower pH of less than 7, this acidic medium will deactivate the adsorption process of RB molecules owing to the accumulation of the hydrogen protons on the surface of V2O5@g-C3N4 nano-catalysts. Remarkably, the RB degradation process initiates with the adsorption process to the surface of the nanocomposites [59]. Therefore, proficiency in the degradation processes of the organic dyes becomes significant in the basic medium [1]. The net results prove that the pH of the degradation medium is a substantial factor in the optical destruction process of the organic dye. Moreover, the acidic surface of the nanocomposites deactivates the photocatalytic process.




3.2.5. TOC Measurements


During the photocatalytic experiment, the drop in TOC (total organic carbon) concentration demonstrated that RB was mineralized and that organic carbon concentration decreased. Figure 9 depicts the experimental outcomes. Co and C represent the initial and time-varying concentrations of TOC, respectively. The starting TOC value before irradiation was 12.53 mg/L, and the findings indicate that the concentration of TOC decreases with the increasing irradiation duration. Approximately 24% TOC removal was obtained within 80 min for the g-C3N4, whereas TOC removal was 64% for the V2O5@g-C3N4 system. The elimination of TOC yielded identical outcomes to those of deterioration. However, the TOC measurements revealed that total mineralization (conversion of all carbon atoms to CO or CO2) was not possible, but complete degradation happened within 80 min. This suggests that certain organic substances (aldehydes, carboxylic acids, and so on) persisted after the chromophores (aromatic rings) had been completely shattered. In 80 min, the pH dropped from 7.21 to 6.71 during the decomposition of RB on the nanomaterials’ surfaces.




3.2.6. Nano-Catalysts Reused Study


The ability of reused V2O5@g-C3N4 nano-catalysts for several cycles was investigated [60]. All of the experiments in this study were carried out using optimum conditions and under UV radiation. Several simple washing cycles were introduced to remove any adsorbed dyes from the surface of V2O5@g-C3N4 nano-catalysts after each degradation process and before reusing them again in further degradation processes. After four degradation process cycles, the V2O5@g-C3N4 nano-catalysts display great and stable photodegradation activity towards the RB dye, as shown in Figure 10. Moreover, the degradation process activity does not change during the four cycles experiments. The net results prove that V2O5@g-C3N4 nano-catalysts have immense stability over the degradation process.




3.2.7. Photocatalytic Mechanism


The RB degradation process in V2O5@g-C3N4 nano-catalysts is based on the free radical mechanism. This mechanism takes place extensively at the surface of the nano-catalysts. This increases the velocity of the free radical production and enhances the RB degradation process. The proposed mechanism is produced when the V2O5@g-C3N4 nanocomposites are exposed to UV radiation with a wavelength longer than the band gap between the ground state valance band and the conductance band. This process promotes the free electrons (e−) and generates electron holes (h+) instead of the induced electrons. To investigate the proposed degradation mechanism of RB, quenching experiments were used to explore the mechanism of photocatalytic degradation (see Figure 9). To capture e-, h+, *OH, and *O2 in the solution, 50 mL of dye without scavenger, AgNO3, EDTA, isopropanol (IPL), and ascorbic acid (ASC) was added to 50 mL of 20 mg/L of RB dye solution. In photocatalytic reactions, active compounds may be produced via several processes. Figure 11 demonstrates that the addition of EDTA and isopropanol accelerated the breakdown of RB under UV light, whereas the addition of AgNO3 and ASC had little effect. The results demonstrated that the contribution of *O2 and e- to the photocatalytic activity was negligible, whereas *OH and h+ played a significant role. In general, the photogenerated holes can react with water molecules to produce hydroxyl radicals, which can then react with RB molecules and break them down into CO2 and H2O. Likewise, photogenerated holes can directly interact with RB molecules.



The resulting holes bear a positive charge, which attracts the adsorbed water molecules on the surface of the nano-catalysts and reacts with them to introduce OH- radicals, which significantly impact the RB degradation process. The radicals decompose the RB organic molecules into eco-friendly smaller molecules, as exhibited in Scheme 2.






4. Conclusions


Sonication of g-C3N4 and V2O5 nanoparticles resulted in successfully constructing V2O5@g-C3N4 nano-catalyst heterojunctions. XRD peak analysis confirmed the attachment of V2O5 nanoparticles to g-C3N4 sheets by demonstrating the formation of the V2O5 phase alongside the characteristic g-C3N4 peaks. The FTIR, XRD, and XPS data showed the development of a nanocomposite with enhanced optical characteristics and smaller bandgap energy than g-C3N4. The photocatalytic capability of V2O5@g-C3N4 nano-catalysts was determined by RB dye degradation under visible light; the apparent reaction rate constant was seven and five times that of V2O5 and pure g-C3N4, respectively. The enhanced photocatalytic activity was attributed to the heterojunction generated by the coupling of V2O5 and g-C3N4, which enabled an efficient separation of photo-excited charge carriers.
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Scheme 1. Degradation of RB. 
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Figure 1. (a) UV/Vis spectra and bandgaps (in insert), (b) FTIR spectra, (c) XRD, and (d) nitrogen adsorption–desorption isotherm of g-C3N4, V2O5, and V2O5@g-C3N4 photocomposites. 
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Figure 2. TEM pictures and EDX of V2O5 (a,d), g-C3N4 (b,e), and V2O5@g-C3N4 (c,f). 
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Figure 3. XPS spectra of (a) C-1s, (b) N-1s, (c) O-1s, and (d) V-2p3/2 for V2O5@g-C3N4 nanocomposite. 
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Figure 4. Absorbance spectra of Rhodamine B in the presence of V2O5@g-C3N4 photocatalyst nanoparticles. 
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Figure 5. (a) The difference in photodegradation with time and (b) pseudo-first-order kinetics of the Rhodamine B dye. 






Figure 5. (a) The difference in photodegradation with time and (b) pseudo-first-order kinetics of the Rhodamine B dye.



[image: Crystals 12 01766 g005]







[image: Crystals 12 01766 g006 550] 





Figure 6. The photocatalytic efficiency of RB dye (a,b) at different V2O5@g-C3N4 mass concentrations and (c,d) at various RB dye concentrations. 
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Figure 7. Effect of various salts on the photocatalytic degradation of RB. 
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Figure 8. pH influence of RB degradation process in the presence of V2O5@g-C3N4 nano-catalysts. 
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Figure 9. TOC values through the photo-degradation process. 
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Figure 10. Photocatalytic cycling stability of V2O5@g-C3N4 photocatalyst nanoparticles. 
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Figure 11. Quenching experiments of the proposed mechanism. 
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Scheme 2. The proposed mechanism of RB degradation is based on V2O5@g-C3N4 nanocomposites. 
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Table 1. The Eg, crystallite size, lattice parameters, pore volume, average pore diameter, and BET surface area of g-C3N4, V2O5, and V2O5@g-C3N4 photocomposites.
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	V2O5 Nanomaterials
	Pure g-C3N4
	V2O5@g-C3N4





	Energy gap (eV)
	2.84
	2.27
	2.41



	Crystallite size (nm)
	45.62
	44.08
	44.38



	Lattice parameters
	a = 11.531Å, b = 4.377Å,

and c = 3.564 Å
	a = 6.237Å
	a = 11.543Å,

b = 4.382 Å,

and c = 3.570 Å



	d-spacing (Å)
	3.88
	4.74
	3.96



	BET surface area (m2/g)
	6.752
	154
	61.042



	Pore volume (cm3/g)
	0.057
	0.912
	0.353



	Pore radius (Å)
	17.10
	27.8
	18.46
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Table 2. Kinetics parameters of RB dye degradation.
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	Sample
	K (min−1)
	t1/2 (min)
	R2
	Degradation %
	Energy Gap (ev)





	g-C3-N4
	0.0080
	86.64
	0.92
	11.5
	2.27



	V2O5
	0.0026
	266.6
	0.95
	31.6
	2.84



	V2O5@g-C3N4
	0.0517
	13.41
	0.99
	93.4
	2.41
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