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This study applied the solid-state reaction technique to synthesize g-C3N4, Fe3O4, and g-C3N4/Fe3O4 composites in various ratios. XRD confirmed the formation of g-C3N4, Fe3O4, and a g-C3N4/Fe3O4 heterostructure. SEM confirmed the rod-shaped structure of Fe2O3 and the layered-like fabrication of g-C3N4. The Eg of g-C3N4/Fe3O4 was approximately 1.9 eV, making it a beneficial composite material for visible response in photocatalysis activity, which was confirmed by UV-Vis spectroscopy. Dielectrics were used to study ferrite nanoparticles and provide information on the mechanism of conductivity in the parts of the dielectric that responded to an applied alternating electric field. In polycrystalline ceramics, the resistive and capacitive grains, contributions, electrode specimen interfaces, and grain boundaries may all be distinguished using impedance analysis, a crucial tool for the study of complicated electrical performance. The g-C3N4/Fe3O4 composite material showed high photocatalytic activity against methylene blue (MB) dye.
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1 INTRODUCTION
Water pollution has greatly increased due to industrialization, urbanization, and the absolute discharge of industrial and organic pollutants into water sources (Goel, 2006; Hussain et al., 2021). The large amounts of wastewater from many types of dyeing enterprises contain unused dyes and other chemicals (Shindhal et al., 2021). These pigments are mostly toxic and non-biodegradable (Najar and Najar, 2019). Pigment waste pollutes both subsurface and surface water, with negative consequences on vegetation and animals (Chowdhary et al., 2020). Methylene blue (MB) is the most widely used thiazine stain in the fabric industry. Its harmful effects include gastrointestinal irritation, cyanosis, and skin irritation (Khan et al., 2022). Many chemical and physical techniques, including flocculation-coagulation, ion exchange, surface adsorption, degradation of photocatalytic systems, and chemical precipitation, have been used to solve the challenge of the elimination of the dye from contaminated water (Vishnu et al., 2022). Among these, photodegradation is better than alternative techniques. In the context of the fundamental investigational technique and the existence of semiconductors under adequate light exposure, organic dye particles decompose into straightforward non-toxic byproducts (Som et al., 2020). TiO2, CuO, ZnO, and other materials have been extensively utilized as photocatalysts for semiconductor-assisted photocatalytic processes (Nemiwal et al., 2021). However, owing to their significant band gaps, which account for only approximately 3%–5% of sunlight, they only function as photocatalysts when exposed to ultraviolet (UV) light (Arora et al., 2022). Therefore, highly efficient visible-light catalysts remain the subject of extensive research due to their potential for numerous applications, including energy consumption and environmental pollution control.
The band gap of 2.7 electron volts (eV) of graphite-like carbon nitride (two-dimensional) (g-C3N4), which can absorb visible light, is a typical semiconductor; moreover, it is polymeric and a non-metal material (Hu et al., 2020). Owing to its proper band gap, high stability, and simple preparation method, g-C3N4 is mostly used in applications related to pollution degradation (Liu et al., 2021). Furthermore, researchers have worked hard to improve the effectiveness of g-C3N4 photocatalysis by doping it with non-metallic or metallic elements (Chi, 2021) or coupling it with other organic dyes (Gurylev, 2021), halides (Zhang et al., 2020), or semiconductors.
However, in nature, g-C3N4 nanomaterials are highly dissolved. They cannot be recycled or reused due to a lack of catalyst-friendly environments. Fe3O4 nanoparticles with an outer magnetic field in a solution can be easily removed as they exhibit super-para-magnetism. Fe3O4 synthesis is easy and has good magnetic properties compared to all other super-paramagnetic materials. The conduction and valence band edges of Fe3O4 were −0.24 eV and 1.44 eV, and −1.61 eV and 1.73 eV for g-C3 N4 (Hussain et al., 2023a; Hussain et al., 2023b). Therefore, it was suitable for making a heterostructure and suppressing the recombination rate. Both Fe3O4 and g-C3N4 have band gap energies in the visible region. Therefore, they cover a broad spectrum of light, resulting in increased photocatalytic activity (Hussain et al., 2022a; Hussain et al., 2022b). Consequently, Fe3O4-based nanoparticles have been used in different research fields, including drug distribution procedures (Li et al., 2011), solid-phase extraction [26], and lithium storage in lithium-ion batteries (Yang et al., 2014). Magnetic nanocomposites of Fe3O4 and TiO2 are regularly used for pollutant degradation (Xuan et al., 2009; Jing et al., 2013). Therefore, combining Fe3O4 with g-C3N4 may increase nanomaterial durability and make it easier to extract Fe3O4/g-C3N4 nanocomposites from suspensions in external magnetic fields. By encouraging the charge carrier’s separation, the heterostructure of g-C3N4 and Fe3O4 increases visible light absorption and suppresses the electron and hole recombination rates. Numerous amino groups have been identified on the edges and surfaces of g-C3N4 and form coordination compounds with metal ions. Therefore, the edges or surfaces of g-C3N4 can be doped with coordination doping caused by metal ions (Lai et al., 2023). Different photocatalysts have been used for contaminant removal, such as the methylene blue dye with g-C3N4 and Fe3O4. Comparative studies on the degradation of MO using g-C3N4 and Fe3O4 are listed in Table 1.
TABLE 1 | Comparisons of MB degradation analysis reported in various studies.
[image: Table 1]However, this study used a photocatalysis process to degrade the pollutants, utilizing optimized photocatalyst composites to achieve higher photocatalytic activity. We applied a facile approach for the synthesis of g-C3N4/Fe3O4 composites with different ratios, such as 1:1, 60:40, 70:30, 80:20, and 90:10. While different studies have reported the composites of g-C3N4/Fe3O4, ours is the first study to determine the optimized ratio for enhanced photocatalytic activity. We have largely increased the quantity of one material and decreased the quantity of the second material. In the 1:1 ratio, both materials show good structural, optical, and photocatalytic properties. These are magnetic and electrical materials; therefore, at a 1:1 ratio, these materials can be used in other optical, magnetic, and electronic instruments to increase efficiency and reduce device costs.
2 EXPERIMENTS
Materials: Urea, iron chloride, iron sulfate FeSO4.7H2O (99–100%), FeCl3.6H2O (99.0%), ammonia (25–28%), and distilled water. All other solvents were purchased from Sigma-Aldrich and were 99.6% pure. The materials were used without further modification.
2.1 Fabrication of g-C3N4
g-C3N4 was synthesized at 550°C for 5 h during thermal polymerization (pyrolysis) using urea as a precursor, at a temperature of 5°C/min. After cooling, powdered g-C3N4 was obtained by grinding.
2.2 Fabrication of Fe3O4 and g-C3N4/Fe3O4 composite
By default, g-C3N4 (0.68 g) was dispersed in 90.0 mL of distilled water mixed with FeCl3 (0.94 g) and FeSO4 (1 g) before being added to 10 mL NH4OH and stirring for 1 h at 70°C. Next, until the pH reached 10.0, the ammonia solution was added dropwise to the reaction mixture. The powder was obtained after centrifuging and washing three times with ethanol and distilled water. The particles were dehydrated at 70°C for 12 h. Composites of g-C3N4/Fe3O4 were prepared in ratios of 1:1, 50:50, 60:40, 70:30, 80:20, and 90:10 to study the effect on this change on the energy band gap (in eV) and its effect on MB dye degradation. Pellets were fabricated using the hydraulic press (Apex) from each composition’s final product. By applying a pressure of 4 tons, each pellet’s diameter was 10 mm. The pellets were then sintered in a muffle furnace for 2 h at 310°C. These pellets were used for the assessment of dielectric properties.
2.3 Characterizations
The crystal structure and phase development of the samples were assessed using a Rigaku D/MAX-IIA X-ray diffractometer (XRD). The wavelength was 1.5406 A° and ranged from 10 to 70°. A Nova-Nano scanning electron microscope (SEM) 450-FESEM was used to examine the morphological features of the produced specimens. The frequency-dependent dielectric characteristics of the present specimens were explored on a Wayne Kerr (6500 B) precision impedance analyzer with copper electrodes through 20 Hz to 20 MHz. The original synthesized material was in powder form. For dielectric measurements, pellets with diameters of 1.01 cm and thicknesses of 0.1 cm were made from powder using an Apex hydraulic press under a pressure of 4 tons for 2 min in each case. All processes were performed at room temperature.
2.4 Photocatalytic tests
The photocatalytic performances of the Fe3O4/g-C3N4 composites were tested in glass reactors. In an MB aqueous solution (60 mL, 5 mg L-1), 0.020 g of the sample was dispersed in each experiment. The Xe lamp (500 W output) served as the light source. The chemical solution was agitated magnetically in the dark for 65 min to attain MB saturation absorption onto the catalyst before irradiation. The following equation was used to determine the percentage of MB degradation.
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In Eq. 1, η, Аt, and А0 represent the degradation efficiency, verified concentration at time “t”, and initial concentration at “t = 0”, respectively.
3 RESULTS AND DISCUSSION
3.1 X-ray diffraction
The XRD patterns of g-C3N4, Fe3O4, and their composites are shown in Figure 1A. The g-C3N4 nanosheets exhibited two stable peaks along with g-C3N4, indicating that the crystal structures of the nanosheets and bulk g-C3N4 were essentially the same. The reflection peak at 13.1° with an hkl value of (100), originating from lattice planes along the c-axis (Figure 1A), was less apparent in nano-sheets. The peak occurs due to the commonly decreasing layer planar size during the thermal oxidation etch of bulk g-C3N4. The g-C3N4 nanoparticles showed the same effect (Niu et al., 2012). Compared to bulk g-C3N4, the peak initiating from the repeated layering in nanosheets moved from 27.23° to an hkl value of (002), indicating closer spacing between the sheets. The individual layers in bulk g-C3N4 are said to be fluctuating but might be made planar by additional heating, leading to compact stacking. Since the gallery distance decreased due to annealing during thermal oxidation, a denser packing should have formed in our situation (Zhou and Qiu, 2019). In previous studies, the g-C3N4 pure XRD spectrum showed two prominent peaks at 2θ of 2.23 and 13.1° (Yang et al., 2020). Therefore, the normal distribution of the (002) interfacial diffraction peak high value may be the cause of the strong height of 27.23°, while the interlayer structure’s (13.1°) significant value (100) may be the cause of the peak’s strong height (Tang et al., 2018). The characteristic peaks (Figure 1A) of the g-C3N4 were prepared by urea, as shown by the aforementioned data and the crystal database JCPDS 87–1,526, which have no additional impurity peaks, showing that g-C3N4 was effectively synthesized. Because of the long-range interplanar layering of the aromatic structure, the sharp peak at 27.23° belongs to d = 0.324 nm and is identified as the (002) plane of bulk g-C3N4. The minor peak at 13.1° belongs to the (100) plane with d = 0.676 nm.
[image: Figure 1]FIGURE 1 | (A) XRD pattern and (B) Raman spectra of g-C3N4, g-C3N4 nano sheets, Fe3O4, and g-C3N4/Fe3O4 composites.
Figure 1A shows the formation of the Fe3O4 nanoparticles. The peak position hkl values of (220), (311), (400), (422), (511), and (440) are clearly visible, showing the presence of a crystalline spinel phase composed of magnetite (Fe3O4) iron oxide. In the composite 1:1 of g-C3N4/Fe3O4, the peak of g-C3N4 shows low intensity. This confirmed the formation of a heterostructure.
The Fe2O3@g-C3N4 (1:1) NCs’ Raman spectra are depicted in Figure 1B. Fe2O3-NPs showed distinctive Raman bands with Raman shifts of 607, 410, 294, and 221 cm-1, which corresponded to the E1g, E1g, E1g, and A1g Raman modes, respectively. Raman peaks were likewise examined at ∼480, ∼708, and ∼760 for g-C3N4. The s-triazine ring was indicated by the strongest peak of g-C3N4 at 708 cm-1 (Kang et al., 2018). The production of an NC of g-C3N4 and Fe3O4 was confirmed by the presence of both g-C3N4 and Fe3O4 peaks.
3.2 UV-Vis spectroscopy and Raman analysis
The band gap energy (Eg) of the produced sample was derived by the following Tauc equation to fit the investigation’s absorption data (Pareek et al., 2018; Zhu and Zhou, 2021).
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where hν and α are the photon energy and adsorption coefficient, respectively. The contact of the extended linear component of the (αhν) (Hussain et al., 2021) against the curve axis of the (hν) axis yields the Eg value. The Eg values of the g-C3N4/Fe3O4 nanocomposite, g-C3N4, and Fe3O4 are 1.9 eV, 2.7 eV, and 2.4 eV, respectively (Figure 2). These Eg values indicate that each compound and its nanocomposites were semiconductors in nature (Usman et al., 2019; Zhu and Zhou, 2021).
[image: Figure 2]FIGURE 2 | Tauc plot of g-C3N4, g-C3N4 nano sheets, Fe3O4, and g-C3N4/Fe3O4 composites.
Figure 2 shows that the Eg of the composite g-C3N4/Fe3O4 prepared in the ratios of 1:1, 50:50, 60:40, 70:30, 80:20, and 90:10 decreased gradually to less than that of pure g-C3N4. Hence, the absorbance value of a pure g-C3N4 sample was lower than that for the composite g-C3N4/Fe3O4 ratios, which signified that composites were good photo-absorbers and photocatalysts.
3.3 Scanning electron microscopy (SEM) analysis
SEM micrographs of Fe3O4, g-C3N4, and their composites are shown in Figure 3. Fe3O4 showed a rod-like structure in SEM images. This structure is good for photocatalysis due to its high electron mobility. Regarding the weak van der Waals among layers in the graphite, g-C3N4 has a layered structure, while the assembly of the planar bonding is completely different.
[image: Figure 3]FIGURE 3 | SEM micrographs of (A–C) Fe3O4, (D) g-C3N4/Fe3O4, and (E–I) g-C3N4.
The tri-s-triazine (heptazine) rings, which are connected to the structure’s hypothesized aggregated mlem, are the energetically preferred form of g-C3N4. The composite materials showed both rod-like and layered structures, which confirmed the formation of composite materials.
Chemical mixing draws graphite with fewer or more pages while maintaining its composite structure. The main structure was composed of thick micron-sized particles evenly distributed throughout the sample area. Most of the particles had many full layers and hard surfaces.
3.4 Dielectric properties
Evaluation of the dielectric characteristics of ferrite nanoparticles provides information about the mechanism of conductivity in the parts of the dielectric that respond to an applied alternating electric field. These properties are dependent on various factors, such as the mode of production, chemical composition, stoichiometry, porosity of the ion charge, particle size, and cation distribution between the octahedral and tetrahedral structures (Khan et al., 2020). In the current study, dielectric parameters, such as capacitance, and the dielectric loss angle (tan δ) were assessed using an LCR meter at room temperature. The real part of the permittivity (ε′), the imaginary part of the permittivity (ε") or dielectric loss factor, and AC conductivity ([image: image]) are given by the following relationships (Hossen and Hossain, 2012; Zidi et al., 2015; Şaşmaz Kuru, 2020):
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The capacitance of the pellet is represented by “C”. Its unit is the farad. The thickness of the pellet is measured in meters, and its symbol is d. The cross-sectional area of the flat pellet surface is A. εo is the permeability of free space, and f is the frequency. Figures 4A–D show the behavior of ε′, tan δ, and ε'', respectively, at the applied frequency. The stored energy can be described by the permittivity (ε′). ε′ has a higher value in the lower-frequency range and decreases with increasing frequency, consistent with the default behavior in most ferrite materials. The reduced ε′ with greater frequency occurs because at higher frequencies, there is a time delay for each detected security. It also contributes to the polarization of the applied field (polarization cartridge damping), which leads to a reduced ε′, and is assigned to the contribution to the electric polarizability (Prakash and Vasudevan, 2020). The reason for this change may be related to the g-C3N4 concentration, in which there is less of a chance to jump on grain boundaries. This will increase the grain boundary charge and, thus, the value of ε′ changes (Patnaik et al., 2020). If the amount of iron ions is high, then the permittivity is high due to the presence of Fe ions in the S octahedral region (Khorsandi et al., 2021). Therefore, these ions can produce high polarization.
[image: Figure 4]FIGURE 4 | (A–D): Behaviors of the (A) dielectric constant (ε′), (B) dielectric loss angle (tanδ), (C) dielectric loss factor (ε''), and (D) AC conductivity ([image: image]) for the applied material frequencies.
3.4.1 Variations in dielectric loss tangent (tanδ) and dielectric loss factor (ε'') with frequency
Dielectric loss occurs due to energy dissipation in the dielectric materials and is explained in terms of tan δ and ε''. It appears as a result of impurities and poor crystal lattice in the material, leading to polarization lagging of the supplied alternating field (Liu et al., 2020). Figures 4A, B show the variation in tan δ and ε'', respectively, as a function of [image: image] at 27°C. The tan δ and ε'' decrease with increasing frequency, which is the normal behavior of ferrites. The decreased ε'' and tan δ values with the frequency were associated with the Maxwell–Wagner model and Koop’s theory (Ünal et al., 2021). The sudden decline in dielectric constant, according to Kumar et al., is caused by inertia, which prevents immediate dipolar polarization. Polarizations with longer relaxation durations are frozen over a certain frequency (only electronic polarization mainly contributes); thus, the imaginary dielectric constant (ε'') is decreased. The hopping of electrons between adjacent Fe ions (Fe3+ and Fe2+) in the octahedral region requires only a tiny amount of energy in the high-frequency zone, which correlates with a small resistance (due to grains). Additionally, the grain boundaries are responsive and offer a high level of resistance in the low-frequency range. Consequently, significant energy is required to transfer electrons between two Fe ions. The energy lost in dielectrics is known as dielectric loss. Dielectric loss (tan δ) occurs because of crystal flaws such as secondary phases, defects, and delayed polarization with the applied field. As shown in Figure 4C, the tan δ values of Fe3O4, g-C3N4, and composite g-C3N4/Fe3O4 ratio systems demonstrated minimum and maximum values at high and low f, respectively. Koop’s phenomenology theory explains why the dielectric energy loss and constant become frequency-independent at higher [image: image]. Substitution of g-C3N4 in the Fe3O4 sites increased both tan δ and ε''. The trends shown by the samples in the current study design might be attributed to the combined influence of g-C3N4/Fe3O4 doping in composite ratios. The enhanced dielectric properties displayed by the specimens in later examination occurred due to the doping of g-C3N4 nanoparticles at Fe3O4 sites in the composite as the amount of g-C3N4 differed among the current compositions. Therefore, g-C3N4 can be used to improve the dielectric characteristics of the composites.
3.4.2 AC conductivity
The frequency-dependent AC conductivity (σac) spectra of Fe3O4, g-C3N4, and composite g-C3N4/Fe3O4 are explained in Figure 4D. The spectra demonstrated that all samples have very low σac values at low frequencies, indicating considerable resistance. After a certain high frequency, conductivity steadily increased. These types of processes are explained in Koop’s model. This concept states that low conductivity at lower f is caused by weakly conducting grain boundaries, while strong conductivity at higher f is caused by highly conducting grains (Guo et al., 2021). The electron-hopping frequencies between Fe3+ and Fe2+ are severely hampered at lower frequencies (Wu and Zhu, 2019). Therefore, the observed conductivity of the material at a lower frequency is lower. However, as the frequency of the applied field rises, the conductive grain becomes highly active by promoting electron hopping between nearby ions and enhancing the interaction between ferrous iron (Fe2+) and ferric iron (Fe3+) ions on the octahedral sites. Consequently, the electrical conductivity increases with the frequency. The AC conductivity of g-C3N4 was low because the conductivity of polycrystalline materials declines with reducing grain size. Smaller grains contain more insulating grain borders and a smaller contact area between grains, which inhibit electron flow and, in turn, increase conductivity (Xi and Chung, 2021). In general, conductivity and permittivity are significantly influenced by grain size, stoichiometry, porosity, grain borders, and crystal defects.
3.4.3 Impedance analysis
In polycrystalline ceramics, impedance analysis is a crucial technique for separating resistive and capacitive grains, grain boundaries, and contributions, as well as electrode specimen interfaces, when studying complex electrical performances (Tiwari et al., 2020). The boundaries between grains are typically of a distinct conducting nature. This will depend on the nature of the sample used, and the temperature and frequency range of the test. The present study used dielectric materials with dipolar rotation in their electrical properties, as well as materials used in electronic conduction, for impedance spectroscopy studies.
Figures 5A–D show the impedance spectroscopy output characteristics as a sequence of semi-circles with various radii and/or origins. The electrical phenomena representation occurs because of the grain boundaries, grains, and interface polarization when their graph is drawn in the complex plane (Mazen et al., 2021). The electrical conductivity was measured using AC-impedance analysis, which showed that depending on their chemical composition, a wide range of materials with electric, anti-ferroelectric, or paraelectric phases and slightly different dielectric properties formed crystal structures of varying sizes. Understanding the electrical conductivity of this type of ferroelectric and its physical characteristics is crucial (Fu et al., 2021). The internal defects in the material, such as the A-site vacancy, electron space charges, or oxygen, have significant effects on the electrical conductivity of the material. Therefore, it is important to have a basic understanding of their mechanics and the methods in the context of the defect mechanisms because of the different types of faults that are recommended for the relaxation of insulation material in high temperature ranges (Krauskopf et al., 2020). The formulas for impedance are as follows (Jha, 2013):
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[image: Figure 5]FIGURE 5 | (A–D) Frequency dependence for real and imaginary parts of the electric impedance for Fe3O4, g-C3N4, and composite g-C3N4/Fe3O4 with different ratios.
3.4.4 Modulus study
The modulus spectroscopy of graphs helps us identify the spectral components of the material; those showing a different capacitance but the same resistance. The e-modulus formula also has the benefit of suppressing the electrode effect (Oliveira et al., 2019). Therefore, this is the optimal method for learning the spectroscopy of complex moduli. The value of the electric modulus (M*) can be estimated based on the following: The formulas for real modulus and imaginary modulus are as follows (Joshi et al., 2017; Rayssi et al., 2018):
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The complex electric module of formalization and analysis revealed the nature of polycrystalline and grain boundary effects. Figure 6 displays the complex modulus spectrum for M′ and M΄, in which the arc was the electrical phenomenon with the lowest capacity to perform in a high-voltage system. Arcs appearing in the spectra demonstrate the ceramic’s phase characteristics. In addition, the non-semi-circular arc proved that electrical relaxation phenomena existed in the Behera.
[image: Figure 6]FIGURE 6 | Frequency-dependent (A) real and (B) imaginary moduli of Fe3O4, g-C3N4, and composite g-C3N4/Fe3O4 with different ratios.
Figure 6A shows the relationship of M′ with frequency. Except for g-C3N4, for which the real modulus M′ stayed essentially the same over the whole frequency range, M′ increased to a maximum value with greater frequency for all samples. This clarified the large frequency range across which relaxation processes occur. For g-C3N4, Fe3O4 = 0, which verified that the real modulus Mʹ remained the same because of g-C3N4 and other composite samples as a result of Fe3O4 and g-C3N4. Owing to the charge carriers’ limited mobility, conduction phenomena may be present. Figure 6B depicts the frequency-dependent imaginary component of the electrical modulus M΄΄. As the frequency and Fe3O4 content increased (up to 90%), the imaginary modulus M shifted to the high-frequency side. This is considered a non-Debye type of relaxation because the maximum peaks on either side of M″ are asymmetric and wider, demonstrating the distribution of relaxation periods rather than a single time constant (Arya and Sharma, 2018). The real modulus M″ maximum shifted toward a small frequency area for sample 70:30, indicating greater conduction. Therefore, at lower and higher frequencies, charge carriers can travel over short and long distances, respectively. The maximum real modulus M″ indicates a change in mobility from long to short range. The asymmetric modulus peaks will move in the direction of a higher frequency, which demonstrated the relationship between the movements of the mobile ion charges. The non-Debye type is implied by the asymmetry in the peak broadening due to a spread in the relaxation time caused by various time constants. The presence of low-frequency peaks points to the possibility of long-distance ion transport, while high-frequency peaks point to the possibility of ion confinement in a potential well.
3.5 Photocatalytic activity
The photocatalytic activity (PCA) values of the degradation of the methylene blue dye under visible light for g-C3N4, Fe3O4, and g-C3N4/Fe3O4 composites (1:1, 60:40, 70:30, 80:20, and 90:10) were 53, 38, 89, 88, 83, 80, and 59, respectively.
3.5.1 Evaluation of the phоtо-catаlytic activity
The rate соnstаnt of the рhоtо-degrаdаtiоn kinetics of the MB is shown in Figures 7A–J). Fe3О4 has a small PCA compared to MB under visible light irradiation, while Fe3О4/g-С3N4 nаnо-соmроsites and g-С3N4 nanosheets were effective under the same соnditiоns. In the nаnо-соmроsite materials, the electrons migrated easily to Fe3О4 NPs due to the lower conduction band (СB) of Fe3О4 compared to g-С3N4. Thus, the PCA improved and the rate of photogenerated electrons and holes was effectively reduced. The 1:1 NC showed the highest PCA (89%). However, photogenerated electrons (e−) have strong reductive properties. Photogenerated holes (h+) possess high oxidizing characteristics and can interact with MB to produce CO2 and H2O. They form OH ions when they react with H2О or О2. Therefore, an improved PCA of the iron oxide and Fe3О4/g-С3N4 nаnо-соmроsite was obtained. Compared to the g-C3N4 nanosheets, the 1:1 nano-composites showed higher-level photocatalytic effects, which were attributed to their greater dispersibility when combined with Fe3O4 nanocomposites. Owing to the reduced amounts of g-C3N4 in the 80:20, 70:30, and 60:40 nanocomposites compared to the g-C3N4 nanosheets, they showed weaker catalytic effects.
[image: Figure 7]FIGURE 7 | (A–G) Relationship between wavelength and absorbance. (H) Relationship between time and A0/A. (I) Relationship between samples and degradation efficiency. (J) Relationship between log A0/A and irradiation time.
4 CONCLUSION
In conclusion, this study used solid-state reactions and sol-gel techniques to synthesize g-C3N4, Fe3O4, and g-C3N4/Fe3O4 with diverse proportions of g-C3N4 and Fe3O4. The formation of nano-sheet structures of g-C3N4, the cubic phase of Fe3O4, and g-C3N4/Fe3O4 nano-composites were confirmed by XRD. In SEM, Fe3O4 showed a rod-like structure, g-C3N4 showed a layered-like structure, and the composites showed both rod-like and layered-like structures. The composites at the 1:1 ratio showed a small Eg, according to UV-Vis spectroscopy. This is due to the formation of defective sites at the junction of two semiconductors. The PCA of the magnetically separated g-C3N4/Fe3O4 catalysts under visible light illumination was up to 1.8 times greater for MB dye compared with the pure g-C3N4. Owing to the synergistic interactions between Fe3O4 and g-C3N4, which increase the migratory performance of photo-generated charge carriers, the PCA is boosted. Our findings indicate the new design possibilities of the solutions reported here open the field for recycled photocatalysts that are magnetically separable and have good visible light PCA.
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