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Abstract 

A novel Fe2O3@S-g-C3N4 nanocomposite has been prepared via an ultrasonication method. The degradation of 

methylene blue (MB) over Fe2O3@S-g-C3N4nanocomposites was investigated to evaluate their photocatalytic 

performance. The results showed that the Fe2O3 nanoparticles were dispersed on the surface of the S-g-C3N4, and the 

heterojunction was formed on the interface. The Fe2O3@S-g-C3N4sample presented the best photocatalytic activity, 

stability and reusability, degrading 99% MB after irradiation for 10 mints. The obtained Fe2O3@S-g-C3N4 

nanocomposite catalysts were characterized by UV-vis diffuse reflection spectroscopy (DRS), FT-IR spectroscopy, 

powder X-ray diffraction (PXRD), high-resolution transmission electron microscopy (HRTEM). This work 

demonstrates new sights for synthesizing high-efficient and environment-stable photocatalysts by engineering the 

surface heterojunction. 
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1. Introduction 

Water is an indispensable requirement of life as well as industries. However, wastewater from these industries is an 

alarming situation that requires immediate attention due to the adverse effects of the discharge pollutants on human 

and aquatic life [1]. Organic dyes have a wide range of application areas in the textile and food industries. On the 

other hand, they are important sources of environmental contamination due to their non-biodegradability, high 

toxicity to aquatic creatures, and carcinogenic effects on humans [2]. It is well-known that even 1 ppm of dye can 

cause serious problems in water environments. It has been reported that dye-contaminated wastewater is hazardous, 

dangerous, poisonous, carcinogenic, allergenic and teratogenic to human beings [3, 4]. The dyeing effluents are 

coloured even in a very low concentration. This necessitates to degrading the dyes in effluents, at least to decolorize 

therefore effluent disposal to environment [5].So far, many strategies have been designed to clear the dyeing 

effluents, such as adsorption [6], flocculation [7], extraction [8], ultrafiltration/nanofiltration [9], bioremediation [10], 

electrochemical reduction [11], and photocatalytic degradation [12]. The complete degradation of organic pollutants 

into nontoxic or considerably less toxic inorganic compounds make the photocatalytic process a widely preferred one. 

Furthermore, photocatalytic treatment is simple, easy to employ, green technique which makes it environment 

friendly. Photocatalytic degradation has been studied in a similar context this work. 

Semiconductor photocatalysis can be used to decompose various volatile organic compounds in aqueous conditions 

for environment. It has become one of the most important technologies for environmental remediation [13, 14]. 

Recently, graphitic carbon nitride (g-C3N4), has attracted intensive interest for its promising applications in 

photocatalytic decomposition of organic pollutants because this material shows good visible light response and 

unique electro-optical properties [15]. Therefore, it has attracted considerable attention in the fields of catalysis, 

degradation and sensor [16] in recent decades. However, the photocatalytic activity of pure g-C3N4 is usually 

restricted by low efficiency due to the insufficient sunlight absorption and the fast recombination of photo-induced 

electron-hole pairs and poor electrical conductivity. To overcome this shortcoming, many efforts have been doping 

with anions, metal oxides [17], coupling with graphene, CNTs, and conducting polymers [18] and so on. Based on 

this, it is noteworthy that the polymeric nature of g-C3N4 makes the ample choice of chemical protocols possible to 

introduce foreign atoms into the graphitized backbone so as to alter the optical and electronic properties. For instance, 
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doping of g-C3N4 with heteroatoms such as B, S, P, and Iis expected to present a homogeneous functionalization 

through the bulk matrixes and extended electronic possibilities [19]. It is well known that the separation of 

photocatalysts from large volumes of reaction solutions can be very costly. Therefore, the development of 

photocatalysts that can easily be separated from the solution is required. Along this line, numerous magnetically 

separable photocatalysts have been designed, which has shown novel optical, magnetic or catalytic properties 

compared with their individual single-component materials. Iron oxide nanoparticles (Fe2O3) is attracted more and 

more attentions in the recent years, due to the stability, non-toxicity and low cost of Fe2O3, which make Fe2O3 

become an appropriate material for photocatalysis [20]. 

In this paper, we report the fabrication of magnetically separable polymeric carbon nitride photocatalysts, i.e. 

Fe2O3@S-g-C3N4 nanocomposite, and their enhanced photocatalytic activity for photodegradation of methylene blue 

(MB) dye under visible light. 

2. Experimental section 

2.1 Chemicals 

All reagents used in this study were analytical grade and not further purified. Ferric chloride hexahydrate, thiourea 

and methylene blue dye were purchased from Sigma–Aldrich, India. Distilled water was used throughout the 

experiment. 

2.2 Synthesis of Fe2O3@S-g-C3N4 nanocomposite 

In a typical synthesis, a desired amount of ferric chloride hexahydrate (FeCl3.6H2O) was dissolved in 1.5–2.5 mL of 

ethanol, and then 2.0g of thiourea was added and ultrasonicated for 5 min. After that, the mixture was dried at 80 ºC 

overnight to remove ethanol. Subsequently, the mixed powder was put into a crucible with a cover and heated at 

500ºC in a muffle furnace for 2 h with a heating rate of 20ºC min-1, and then heated at 520ºC for another 2 h. For 

comparison, pure S-g-C3N4 was also prepared in a similar way without addition of ferric chloride hexahydrate and 

ethanol. 
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2.3 Instrumental characterization 

The UV-Vis diffuse reflectance spectroscopy was recorded on a UV-2450 spectrophotometer (Shimadzu Corporation, 

Japan) using BaSO4 as the reference. Chemical transformation on the catalyst surface was detected by Fourier 

transform-infrared spectra (FT-IR) using a model 460 Plus FT-IR spectrometer (JASCO). The crystal structure of the 

prepared samples was recorded in X-ray diffraction unit, Cu Kα radiation (λ = 1.5418º A) on JEOL JDX 8030 X- ray 

diffractometer. High-resolution transmission electron microscopy and corresponding selected area electron diffraction 

(HR-TEM/SAED) were carried out on a transmission electron microscope (TEM, FEI TECNAI T20 G2. Finally, the 

photodegradation experiments were performed in a HEBER immersion type photoreactor (HIPR-MP125).  

2.4 Photocatalytic activity 

The photocatalytic activity of Fe2O3@S-g-C3N4 nanocomposite was evaluated with its catalytic degradation of MB 

under visible light irradiation. For each test, 50 mg catalyst was added into 100 mL of 10 mg/L MB solution and 

irradiated with the visible light. During the irradiation process at regular time intervals, a 5 ml aliquot of the reaction 

mixture was taken every 10 min and centrifuged at 2000 rpm. Then the supernatant liquid was separated and analyzed 

by UV-visible absorbance spectra to evaluate the degradation of MB at different time intervals. The degradation 

efficiency of dye was calculated by the following equation, 

             Photodegradation (%) = C0-C/C0 x 100                       (1) 

Where, C0 and C are the initial concentration of MB before and after visible light irradiation respectively. 
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3. Results and discussion 

3.1 XRD 

  

 

 

 

 

 

 

Figure.1 XRD pattern of Fe2O3@S-g-C3N4 nanocomposite 

The XRD pattern of Fe2O3@S-g-C3N4 nanocomposite is shown in Fig. 1. The diffraction peaks at around 33.2°, 

35.6°, 40.9°, 49.5°, 54.1°, 57.6°, 62.4° and 64.0°, which can be respectively indexed to the crystal planes of (1 0 4), 

(1 1 0), (1 1 3), (0 2 4), (1 1 6), (0 1 8), (2 1 4) and (3 0 0) of hematite α-Fe2O3 (JCPDS 33-0664) [21].  However, the 

two peaks at 13.2° and 27.4° of S-g-C3N4 are not changed [18]. These results shows that the intercalation of Fe2O3 

into the layered structure of the S-g-C3N4. 

3.2 FT-IR spectroscopy 

 Functional group present in Fe2O3@S-g-C3N4 nanocomposite was analyzed by FTIR spectroscopy and 

presented in Fig.2.  
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Figure.2. FT-IR spectra of Fe2O3@S-g-C3N4 nanocomposite 

 

The absorption peak between 3200 and 3700 cm-1 can be attributed to the O-H stretching vibration of the H2O 

molecules on the surface of the sample and the N-H stretching vibration of the S-g-C3N4 [17]. The peaks in the range 

of 1200 to 1700 cm-1 represent typical C-N or C=N tensile models. Absorption peak near 801 cm-1 is related to the 

triazine ring vibration in S-g-C3N4. All of the characteristic vibration modes assigned to typical S-g-C3N4 could be 

clear seen for Fe2O3@S-g-C3N4 [15, 16]. Additionally, the two distinct peaks at 537 and 454 cm-1 in Fe2O3@S-g-

C3N4 nanocomposites are attributed to the vibration of Fe-O chemical bond [20], indicating the successful decoration 

of Fe2O3 on S-g-C3N4 layers. 

 

 

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                                © 2020 IJCRT | Volume 8, Issue 10 October 2020 | ISSN: 2320-2882 

IJCRT2010294 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 2197 
 

3.3 UV-DRS 

 The light absorption properties of the nano photocatalysts is shown in Fig.3. The absorption at around 

470 nm wavelength corresponded to the band gap of S-g-C3N4 approximately 2.7 eV [22]. The optical absorption 

behavior of Fe2O3has not been affected after coupling S-g-C3N4. It is evaluated that it's optical absorption threshold 

of Fe2O3is about 630 nm. The above result indicates that dispersing Fe2O3 on the S-g-C3N4 surface leads to the 

enhanced absorption in the visible light range, electron hole pairs are formed due to the enhanced light absorption and 

this would be the promising mechanism for the photocatalysis application.  

 

 

 

 

 

 

 

Figure.3. UV-DRS spectra of Fe2O3/S-g-C3N4 

3.4 Surface morphology 

 The TEM images were provided to obtain more information about the morphology and nanostructure 

of the Fe2O3@S-g-C3N4 nanocomposite. As shown in Fig.4 S-g-C3N4 nanosheets with a lamellar-like porous 

structure. As seen in Fig. 5.4 clearly shows the TEM image of Fe2O3 spherical like structure. It can be seen that 

particles of Fe2O3 have been randomly deposited on the surface of S-g-C3N4. The heterojunction interfaces between 

S-g-C3N4 and Fe2O3have formed, which are favorable for the transport of photoexcited charge carriers. 
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Figur.4 HR-TEM image of (a) S-g-C3N4 and (b) Fe2O3/S-g-C3N4 nanocomposite  

3.5 Photocatalytic activity  

 The photocatalytic activities of the synthesized pure Fe2O3, S-g-C3N4 and Fe2O3@S-g-C3N4 samples were 

evaluated by the degradation of MB dye.  The continuous degradation process can be observed by UV–visible 

spectrophotometrically and results are shown in Fig.5 

 

 

 

 

 

 

 

 

 

Figure.5 UV/Visible absorption spectra of MB in the presence of Fe2O3@S-g-C3N4 photocatalyst with different 

degradation time intervals. 
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It was observed that, in the presence of Fe2O3@S-g-C3N4 the peak intensity at 663 nm (MB) decreasing with 

increasing irradiation time.  

 

 

 

 

 

 

 

 

Figure.6 Comparative photocatalytic efficiency of without catalyst, S-g-C3N4, Fe2O3 and Fe2O3@S-g-C3N4 

On the other hand, the addition of Fe2O3@S-g-C3N4 to the MB leads to a successive decrease in the peak intensity 

within 10 mints. Based on (Fig.6), the order of photocatalytic activity for the photodegradation of MB of 

nanomaterials is given as S-g-C3N4 < Fe2O3 < Fe2O3@S-g-C3N4. The higher photocatalytic performance of Fe2O3@S-

g-C3N4 is due to the presence of Fe2O3 on S-g-C3N4 nanosheets which promoted the electron– hole pairs separation 

and transportation. The metallic decoration was more beneficial, which was resulted from the higher specific surface 

area and strong synergistic effect between nanoparticles accounting for the substantial enhancement of the 

photocatalytic activity [23]. Moreover, with no photocatalyst, there was no change in the degradation, indicating that 

the degradation reaction does not proceed without a catalyst. The degradation efficiency of the Fe2O3@S-g-C3N4 for 

the photodegradation of the MB was investigated considering the different parameters like effect of catalyst loading, 

initial dye concentration, pH and degradation kinetics. 
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3.6 Effect of initial dye concentration 

The effect of initial dye concentration of the selected model dye molecules on degradation efficiency was 

investigated by varying the concentration of dye molecules from to 10 to 50 mg L-1) keeping the catalyst 

concentration fixed at 1 mg L-1. 

 

 

 

 

 

 

 

Figure.7 Effect of (a) dye concentration (b) dosage  

 

 From the Fig.7, it has been clearly observed that the degradation efficiency of dyes was decreased with increasing 

dye concentration. Moreover, the dye degradation efficiency of MB dye molecules with more than 99% when initial 

concentration dye is 10 mg/L. But beyond this concentration, degradation efficiency was decreased due to the 

following factors. 1) Unavailability of active sites on the photocatalyst in high dye concentrations 2) the number of 

photons absorbed by the catalyst decreases due to decreased path length of the photons entering the solution [24].
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3.7 Effect of catalyst dosage  

 In order to avoid the excess use of the catalyst, it is necessary to study the optimum dose or loading of 

the catalyst on photodegradation for its practical purpose. Experiment was performed by varying the catalyst amount 

from 0.25 - 1 mg and keeping the dye concentration fixed at (10 mg L-1) under light irradiation. The effect of catalyst 

dosage on photodegradation is unveiled in Fig.8. By increasing catalyst dosage from 0.25 - 1 mg, the amount of dye 

degradation increases sharply from 71.6% - 99.7% at 10 minutes. From the photocatalytic activity results, it can be 

concluded that enhanced activity may be due to increasing number of active sites present in the catalyst which leads 

to the adsorption of photons as well as dye molecules onto the catalyst [23].  

3.8 Effect of pH 

 The pH is one of the most important factors that influence the net charge on the surface of photocatalyst as 

well as that of the organic pollutants. Thus, the efficiency of the Fe2O3@S-g-C3N4 photocatalyst for the degradation 

of aqueous MB dye solution, with an initial dye concentration of 10 mg L and catalyst load of 1 mg L was studied at 

pH range of 4–10. Maximum degradation efficiency of 99.7% was obtained at pH 6. It can be observed from the plot 

in Fig.8 that as the solution becomes more basic, the photocatalytic degradation efficiency of the catalyst tends to 

decrease owing to the development of negative charge on the catalyst surface, which induces repulsion on the 

negatively charged dye molecules [25]. 

 

 

 

 

 

 

Figure.8 Effect of pH 
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3.9 Possible photocatalytic mechanism 

The schematic diagram representing the electron-hole separation and transport process at the visible-light-driven in 

Fe2O3@S-g-C3N4 is illustrated in Fig.9. According to the typical photocatalytic process of the MB degradation, the 

decolourization ability of the Fe2O3@S-g-C3N4 composites may be related to the following factors. The higher 

photocatalytic activity of Fe2O3@S-g-C3N4 is mainly due to the suitable heterojunctions formed between the two 

semiconductors (metal oxide–organic semiconductor) with different energy levels. Firstly, the photogenerated 

electrons transferred from the valence band (VB) of S-g-C3N4 to the conduction band (CB). Then, owing to the 

heterojunction built between S-g-C3N4 and Fe2O3, and that the conduction band edge potential of S-g-C3N4 (−1.12 

eV) is more negative than that of Fe2O3 (about 0.3 eV), the photogenerated electrons in S-g-C3N4 could transfer to the 

CB of Fe2O3 via the interface, while the holes at the valence band of Fe2O3 could transfer to S-g-C3N4 . It is deduced 

that the electrons in the conduction band of S-g-C3N4 can be easily accepted by Fe2O3. 

 

 

  

 

 

 

 

 

 

 

 

Figure.9 Possible photodegradation mechanism of Fe2O3/S-g-C3N4 nanocomposite  
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Subsequently, the electrons on the conduction band of Fe2O3 can be further transferred to dissolved oxygen molecules 

to form O2
−. The Fe2O3 species in the composite photocatalysts that may act as a recombination centre cover the 

active sites on the S-g-C3N4 surface. Therefore, the Fe2O3 particles could act as electron traps to facilitate the 

separation of photogenerated electron–hole pairs and promote interfacial electron transfer process. Moreover, the 

holes in the VB of Fe2O3 can oxidize H2O to give ●OH, making ●OH as the main active species in the 

photodegradation process [26-28]. 

3.10 Effect of Scavengers 

The photodegradation of pollutants are generally carried out by superoxide radical anions (O2-) and hydroxyl free 

radicals (OH), it is therefore, much needed to recognize the major degrading species involved in the degradation of 

MB. For this purpose, the radical/charge trapping experiments were performed and the photodegradation process 

sample was separately carried out in the presence of three commonly used scavengers such as p-benzoquinone (p-

BQ), disodium salt of ethylenediaminetetraacetic acid (EDTA-2Na) and isopropyl alcohol (IPA) to trap the super 

oxide anion (O2-), hole (h+) and OH free radicals respectively [27]. It is obvious from Fig.10 that the 

photodegradation activities in the presence of p-BQ and EDTA-2Na are nearly the same as that in the absence of any 

scavenger indicating that both O2- and hole are not involved in the degradation of MB [28].  

 

 

 

 

 

 

 

 

 

      Figure.10 Effect of different scavengers on degradation of MB 
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However, an obvious suppression in the photoactivity is observed when IPA is used as scavenger. This shows that 

OH free radicals are the major active species responsible for the photodegradation of MB. The photodegradation 

process is initiated with the absorption of suitable proton to generate electron-hole pair. Water in the aqueous media 

reacts with hole to form OH free radicals. On the other hand, the photogenerated electrons may react with adsorbed 

O2 molecules to generate super oxide anions [29, 30]. The formed anions undergo reaction with protons to form H2O2 

which combine with electron to generate more OH free radicals which degrade MO in to different intermediate 

products. 

3.11 Reusability Test 

For practical application, it is important to examine the stability and reusability of a photocatalyst because reusable 

catalytic activity is an essential factor for a photocatalyst. Therefore, we also have been investigated the reusability 

and stability of the magnetic Fe2O3@S-g-C3N4 for separated MO by recycling test. Fig.11 shows that, after five 

cycles (photodegradation of MO) there was no obvious change in the activity of the photocatalyst under irradiation 

with visible light. This confirms that the photocatalyst Fe2O3@S-g-C3N4 has potential applications in the water 

purification due to its good stability and reusability. 

 

 

 

 

 

 

 

   Figure.11 Repeated photocatalytic reduction of MB under visible-light irradiation 
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4 CONCLUSIONS 

 In this study, we have successfully developed a new type of Fe2O3@S-g-C3N4 nanocomposite photo catalyst 

via a simple hydrothermal followed by ultrasonication method.  

 The synthesized Fe2O3@S-g-C3N4 nanocomposite was characterized by UV-DRS, XRD, FT-IR and TEM 

analysis. The obtained results clearly confirm the formation of uniform Fe2O3 nanoparticles with 20 nm 

widths loading on the surface of S-g-C3N4 layer avoids the agglomeration of resulting nanoparticles. 

 Consequently, as-synthesized Fe2O3@S-g-C3N4 nanocomposite exhibits excellent photocatalytic degradation 

efficiency for MB (97.36% within 10 min) and exhibits excellent stability up to five repeated catalytic cycles. 

 In addition, the fast electron transfer mechanism was also investigated and discussed. 

 These results open a new avenue for developing various metal oxide catalysts, which are expected to be very 

useful photocatalytic application for wastewater treatment 
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