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ABSTRACT: In this study, α-Fe2O3/α-AgVO3 nanocomposite was successfully synthesized via a solvothermal 

process, followed by a co-precipitation method. The products were characterized by  X-Ray Diffraction (XRD), Field 

Emission Scanning Electron Microscopy (FESEM), Energy Dispersive  X-ray (EDX) spectroscopy, Fourier 

Transform InfraRed (FT-IR) spectroscopy, Diffuse Reflectance Spectroscopy (DRS). The photocatalytic activity  

of α-Fe2O3/α-AgVO3 nanocomposite was investigated for the removal of Methylene Blue (MB) dye from aqueous 

solutions under UltraViolet (UV) light irradiation. The results revealed that the photocatalytic performance  

of the nanocomposite is higher than that of the pure compounds. The effect of pH, MB concentration, and photocatalyst 

dosage on the removal efficiency of MB was also evaluated. The solution pH of 5.9, MB concentration of 20 mg/L, 

and photocatalyst dosage of 1.5 g/L were obtained as the optimal conditions. The kinetics of MB degradation  

was studied, and it was found that the reaction follows the pseudo-first-order equation. Under the optimal conditions, 

the MB removal efficiency of 98% was obtained, and the rate constant was calculated to be 0.0312 min-1. A possible 

mechanism for the p-n heterojunction was proposed to describe the enhanced photocatalytic activity of the α-Fe2O3/α-

AgVO3 nanocomposite. The findings demonstrated that the α-Fe2O3/α-AgVO3 nanocomposite with improved 

photocatalytic activity can be used to remove contaminants from aqueous media. 
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INTRODUCTION 

In recent decades, chemical pollution has 

adversely affected the environment and human 
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health. The elimination of chemical pollutants is 

crucial, as they can persist in the environment and 
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cause damaging effects [1, 2]. Organic dyes are  

a significant source of water contamination and  

are classified as environmentally hazardous. These 

chemicals are widely utilized in different industries, 

including textiles, paper, printing, food, and 

cosmetics. For example, cationic dyes like methylene 

blue (C16H18N3SCl) are essential chemical molecules 

with various industrial applications suspected of 

posing health and environmental risks. Many of these 

chemicals cause human health issues such as skin 

diseases, cancer, and mutation. Thus, removing 

contaminants such as dyes from water is of essential 

importance [3, 4]. Many techniques, including 

advanced oxidation processes (AOPs), have been 

utilized to remove organic contaminants from 

aqueous media. Among AOPs, heterogeneous 

photocatalysis has received considerable interest  

as a cost-effective and environmentally benign 

technique [5, 6]. Various semiconductor metal oxides 

such as TiO2 [7], α-Fe2O3 [1], CuO [8], ZnO [9], MgO [10], 

and hybrid of metal oxides [11] have been used in the 

photocatalysis process. However, some weak points 

such as wide band gap, low conductivity, and high 

recombination rate of charge carriers have restricted 

the photocatalytic applications of semiconductors. 

Hence, many attempts have been devoted to 

overcoming these restrictions. The main modifications 

for improving the photocatalytic activity of 

semiconductors include (1) doping with metal or 

non-metal elements [12], (2) heterojunction with 

other semiconductors, and (3) surface plasmonic 

resonance by deposition of a noble metal on the 

surface of particles [13]. 

α-Fe2O3 (hematite) is an n-type semiconductor 

that has been widely studied for photocatalytic 

applications due to its unique properties such as 

stability, low cost, narrow band gap, abundance, and 

non-toxicity [14]. α-Fe2O3 nanostructures can be 

synthesized via different methods, including 

hydrolysis, co-precipitation, hydrothermal method, 

solvothermal method, thermal dehydration, sol-gel, 

and solid-state reaction [15]. The hydrothermal and 

solvothermal methods are one-step processes with 

the possibility of controlling particle size and 

morphology and have been widely used to synthesize 

different shapes of α-Fe2O3  [16]. Different 

morphologies of  α-Fe2O3, including nanoplatelets [17], 

hexagonal plates [18], rod and ellipsoidal [19], 

flowerlike [20], and 3D multileaf [21], have been 

successfully prepared using the hydrothermal or 

solvothermal treatment. Despite the advantages of 

hematite, some weaknesses, such as low conductivity 

and high recombination rate of charge carriers, 

restrict its application as a photocatalyst [22].  

As a modification method, the heterojunction 

between α-Fe2O3 and other semiconductors can improve 

the photocatalytic performance of α-Fe2O3 [23].  

AgVO3 is a p-type semiconductor with remarkable 

photocatalytic activity [24]. AgVO3 nanostructures 

with various morphologies such as nanorods [25], 

nanowires [26], nanobelts [27], and nanoribbons [28] 

have been prepared via hydrothermal and co-

precipitation routes. To the best of our knowledge,  

no research has been conducted on the synthesis  

and photocatalytic activity of a hybrid of α-Fe2O3  

and α-AgVO3. This research aimed to synthesize novel  

α-Fe2O3/α-AgVO3 nanocomposite and investigate  

the photocatalytic activity of the material. In a slurry 

annular photoreactor, the photocatalytic performance 

of the nanocomposite was compared with the pure 

components by measuring the degradation of MB  

as a pollutant model under UV light irradiation.   

The effect of reaction parameters including pH, MB 

concentration, and photocatalyst dosage on the 

removal efficiency of MB was studied. The kinetics of 

photocatalytic degradation of MB was also 

investigated.  

 

EXPERIMENTAL SECTION  

Materials 

Ferric chloride hexahydrate (99.5% FeCl3.6H2O, 

Merck), urea (99.5%, ChemLab), and anhydrous 

ethanol (99.9% C2H5OH, Merck) were used to 

synthesize α-Fe2O3 nanostructures. Ammonium 
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metavanadate (NH4VO3, Merck) and silver nitrate 

(AgNO3, Sigma) were used to synthesize α-AgVO3. 

Deionized water was used in all cases. All the 

materials were of analytical grade and used without 

further purification. 

  

Synthesis of catalysts 

Synthesis of α-Fe2O3  

α-Fe2O3 was prepared via a solvothermal process 

according to the previous work [29]. In a typical 

synthesis, 1.323 g of FeCl3.6H2O and 0.441 g of urea 

were dissolved in 70 mL of ethanol. The mixture was 

magnetically stirred at room temperature for 30 min to 

obtain a clear and homogeneous solution. The obtained 

solution was transferred into a 100 mL teflon-lined 

stainless steel autoclave, sealed, and heated in an oven 

at 180 °C for 8 h. Then, the autoclave was naturally 

cooled down to room temperature. The precipitates 

were collected by centrifugation, washed with ethanol 

several times, and dried in an oven at 80 °C for 4 h. 

 

Synthesis of α-AgVO3  

α-AgVO3 was synthesized by a co-precipitation 

method [30]. In a typical synthesis, 0.117 g of 

NH4VO3 was dissolved in 80 mL of distilled water 

and magnetically stirred. Then 0.170 g of AgNO3  

was dissolved in 40 mL of distilled water. Afterward, 

the AgNO3 solution was added to the NH4VO3 

solution drop by drop, and the reaction was continued 

for 3 hours in the temperature range of 35-40 °C  

in the dark. Finally, the precipitates were collected  

by centrifugation, washed with water and ethanol  

in turn, and dried in an oven at 80 °C for 5 h. 

 

Synthesis of α-Fe2O3/α-AgVO3 nanocomposite 

For the synthesis of α-Fe2O3/α-AgVO3 (FAV) 

nanocomposite, 0.200 g of the as-prepared α-Fe2O3 

powder was ultrasonically dispersed in 40 mL of 

distilled water. A 0.120 g of NH4VO3 was dissolved 

in 40 mL of distilled water until a yellow solution was 

obtained. A 0.170 g AgNO3 was dissolved in 20 mL 

of distilled water. The NH4VO3 solution was added 

dropwise to the hematite suspension under vigorous 

stirring. Then, AgNO3 solution was added dropwise 

to the α-Fe2O3-NH4VO3 suspension under stirring, 

and the reaction was continued for 3 hours in the 

temperature range of 35-40 °C until light brown 

precipitates were obtained. The precipitates were 

separated by centrifugation, washed with ethanol and 

distilled water several times, and dried at 80 °C for 5 h. 

 

Characterization 

The crystal structure of products was determined 

by XRD on XRD PANanalytical with Cu Kα 

radiation at λ=1.54060 Å. The morphology of 

samples was investigated by FESEM with 

MIRA3TESCAN-XMU. The chemical composition 

of samples was determined by EDX along with 

FESEM. The type of bonding structure was examined 

by FT-IR with Thermo AVATAR. The optical 

property of samples was determined by DRS with 

Avantes-Avaspec-2048.  

 

Photocatalytic experiments 

The photocatalytic activity of the as-prepared 

nanocomposite was evaluated by the photodegradation 

of methylene blue dye as a model pollutant under  

UV light irradiation. For photocatalytic experiments, 

a lab-scale slurry annular photoreactor was built (Fig. 1). 

A 250-mL cylindrical tube with a working volume of 

100 mL was used as the reaction vessel. A UV lamp 

(6 W, Philips, irradiation intensity = 3.8 mW/cm2) 

with the main emission at 254 nm was located inside 

the vessel, and a quartz tube was used to separate the 

UV lamp from the reaction suspension. A cooling 

water jacket provided water with a continuous flow 

to keep the reaction temperature in the range  

of 25-27 °C. An air pump supplied the oxygen needed 

for the photo-oxidative reaction. For each photocatalytic 

experiment, a specific amount of the photocatalyst 

powder was ultrasonically dispersed in 100 mL of 

MB dye solution. Before irradiation, the reaction 

suspension was magnetically stirred in the dark  

for 90 minutes 
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Fig. 1: Schematic diagram of photoreactor used in this study. 

 

to attain the adsorption-desorption equilibrium point 

between MB and the photocatalyst. Then, the 

suspension was exposed to UV light illumination 

under mixing and aerating. In regular intervals  

of 30 min, the suspension samples were taken, 

centrifuged, and the concentration of MB was 

measured at 664 nm by a Hach 2800 Vis 

spectrophotometer. The following equation was used  

to calculate the removal efficiency of MB:  

η(%) =
C0 - C

C0

×100                                                    (1)                 

Where 𝜂 is the removal efficiency, and C0 and C are 

the initial concentration of MB and the concentration 

of MB at a specific time, respectively. 

 

Kinetics study 

The Langmuir-Hinshelwood model was used to study 

the kinetics of MB photodegradation [31]. 

According to this model, the kinetics of the reaction 

can be explained by the following pseudo-first-order 

equation: 

ln (C0 C⁄ ) = kt + s                                                         (2) 

Where k is the rate constant (min-1), t is the irradiation 

time (min), and s is a constant parameter that shows 

the adsorption capacity of the photocatalyst. 

 

 
Fig. 2: XRD pattern of the α-Fe2O3, α-AgVO3, and FAV 

nanocomposite. 

 

RESULTS AND DISCUSSION 
Characterization 

The crystal structure of the products was determined 

by XRD analysis. The XRD patterns of the pure α-Fe2O3, 

pure α-AgVO3, and α-Fe2O3/α-AgVO3 nanocomposite 

are shown in Fig. 2. The XRD pattern for the pure α-

Fe2O3 sample illustrates diffraction peaks that can be well 

ascribed to the standard peaks of the hematite structure 

with JCPDS 033-0664 [32]. This pattern shows no peaks 

related to impurities and confirms that the α-Fe2O3  

has been successfully synthesized via the solvothermal 

method. In the XRD pattern of the α-AgVO3 sample,  

all diffraction peaks can be well indexed to the standard 

peaks of the α-AgVO3 with JCPDS 089-4396 [33]. In the 

XRD pattern of FAV nanocomposite, the characteristic 

and overlapping peaks of the α-Fe2O3 and α-AgVO3  

can be observed, which confirms the presence of the pure 

compounds in FAV nanocomposite. 

The morphology of the products was characterized 

using the FESEM. Fig. 3 shows the FESEM images 

of the α-Fe2O3, α-AgVO3, and FAV at different 

magnifications.  As can be seen in Fig. 3(a), the pure 
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                      (a)                                        (b)       

   

                      (c)                                        (d) 

 
Fig. 3: FESEM Images of the Α-Fe2O3 (A), Α-Agvo3 (B), FAV 

Nanocomposite (C,D), and EDX Pattern Of The FAV 

Nanocomposite (E). 

 

α-Fe2O3 consists of distorted microspheres with an 

average diameter size of around 1 µm. The 

microspheres are composed of nanoparticles with 

diameters in the range of 10 to 30 nm. Hematite 

nanostructures with similar morphologies were prepared 

in previous studies. Tadic et al. synthesized ellipsoid-like 

3D hematite superstructures with diameters around  

1.5 µm composed of self-assembled nanoparticles with 

sizes around 50 nm by a hydrothermal process [34]. 

Trpkov et al. obtained hematite microparticles with 

dimensions of 2.7 µm with nanoparticle sub-units 

using a hydrothermal route [35]. In another research, 

iron oxide nanocomposite was prepared with  

the morphology of nanoclusters covered with silica 

 
Fig. 4: FT-IR spectra of α-Fe2O3, α-AgVO3, and FAV  nanocomposite. 

 

with diameters of about 100 nm and their hierarchical 

assemblies with a bundle-like morphology of 8 µm-

length and 1µm-width [36]. The FESEM image  

in Fig. 3(b) shows the morphology of microrods for the 

pure α-AgVO3. Fig. 3(c) and 3(d) show the FESEM 

image of the FAV nanocomposite in different 

magnifications and evince that α-AgVO3 microrods  

have been attached to the surface of the nanostructured 

α-Fe2O3 microspheres. The EDX pattern was taken  

to specify the composition of the samples. As shown  

in Fig. 3(d), the EDX pattern shows the elements Fe, O, 

Ag, and V in the structure of FAV nanocomposite. 

The chemical structure of the products was studied 

by FT-IR analysis. The FT-IR spectra were obtained 

in the wavenumber range from 400 to 4000 cm-1  

at room temperature. As shown in Fig. 4, in the pure 

α-Fe2O3 spectrum, two vibrational bands at 474 and 

562 cm-1 related to the Fe-O stretching modes 

confirm the formation of α-Fe2O3 crystals. The bands 

at 1625 and 3417 cm-1 are related to the bending and 

stretching modes of the O-H groups, respectively, 

which show the presence of the hydroxyl group 

and/or water molecules on the surface of α-Fe2O3 [37]. 

In the spectrum of the pure AgVO3, the absorption 

bands at 634, 777, 895, and 934 cm-1 are related  

to the symmetric and asymmetric stretching 

vibrations of VO3. The absorption bands at 1628 and 

3435 cm-1 are attributed to the vibrational modes of 

the hydroxyl group on the surface of the AgVO3 [38]. 

The spectrum of as-synthesized nanocomposite  

(e) 
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Fig. 5: UV-Vis spectra and band gap of pure α-Fe2O3 (a), pure 

α-AgVO3 (b), and FAV nanocomposite (c). 

 

shows overlapping of the absorption peaks of α-Fe2O3 

and α-AgVO3, which indicates the presence  

of these pure compounds in the composition of FAV 

nanocomposite.  

The UV-Vis spectra of the pure compounds  

and the nanocomposite is shown in Fig. 5(a-c).  

The optical band gap (Eg) was determined  

by the Kubelka-Munk equation using UV-vis DRS. 

The band gap was calculated by plotting (αh)2 vs h 

and extrapolating the linear component of UV-Vis 

absorbance curve. For the pure α-Fe2O3 and  

α-AgVO3, Eg was determined to be 2.0 and 2.6, 

respectively, which are compatible with reported  

 
Fig. 6: The calibration curve obtained for MB at 664 nm. 

 

values in the literature [15, 38]. For FAV 

nanocomposite the band gap was obtained to be 2.6, 

showing the energy is mainly absorbed by α-AgVO3.  

 

Photocatalytic degradation of MB  

A calibration curve for MB was provided  

by a spectrophotometer at 664 nm. MB solutions with 

a concentration of 0 to 10 mg/L were used to obtain 

the calibration curve. As shown in Fig. 6,  

the absorbance is linearly dependent on MB 

concentration withR2 = 0.9987. This calibration 

curve was used for measuring MB concentration  

in photocatalytic experiments. To measure the MB 

concentrations higher than 10 mg/L, the solutions 

were diluted to the concentration within the 

calibration curve range. 

The photocatalytic activity of the as-prepared 

photocatalysts was evaluated by the photocatalytic 

degradation of MB dye under UV light irradiation. 

The photocatalytic experiments were performed  

at inherent pH of MB solution of 5.9, an initial MB 

concentration of 20 mg/L, and a photocatalyst dosage 

of 1.0 g/L. The plots of C/C0 versus time are depicted 

in Fig. 7. For the blank solution without 

photocatalyst, MB concentration slightly decreased, 

which shows the photostability of MB dye under  

UV light irradiation. The as-prepared photocatalysts 

showed different capacities for the adsorption  

of MB during the dark stage. The adsorptive removal 

efficiency of MB for α-Fe2O3, α-AgVO3, and FAV 

nanocomposite was 2%, 29%, and 36%, respectively.  

(a) 

(b) 

(c) 
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Fig. 7: Plots of photodegradation rate of MB under UV light 

illumination for the photocatalysts (initial MB solution pH=5.9, 

initial MB concentration=20 mg/L, photocatalyst dosage=1.0 g/L). 

 

Thus, the FAV nanocomposite shows a higher 

adsorption capacity favored for photocatalytic 

degradation. During light irradiation, MB 

concentration decreased, and after 120 min of 

irradiation, the removal efficiency of MB was 

obtained at 21%, 82%, and 96% for α-Fe2O3, α-

AgVO3, and FAV nanocomposite, respectively. 

Compared with the pure α-Fe2O3 and pure α-AgVO3, 

the FAV nanocomposite showed a superior removal 

efficiency of MB. The enhanced removal efficiency 

is attributed to the synergistic effect of adsorption and 

photocatalytic activity of the FAV nanocomposite. 

Higher adsorption capacity provides more active sites 

accessible to the dye species and promotes the 

decomposition rate of MB. In addition, the heterojunction 

between the α-Fe2O3 and α-AgVO3 in FAV 

nanocomposite improves the separation of electrons 

and holes, leading to a lower recombination rate  

of charge carriers. This increases the number  

of photogenerated electrons and holes and facilitates 

the degradation of MB dye [39]. 

 

Effect of reaction parameters on the MB degradation 

The effect of photocatalytic reaction parameters, 

including pH, MB concentration, and FAV 

nanocomposite dosage, on the degradation of MB 

was investigated. Fig. 8(a) shows the degradation rate 

of MB in pH of 5.9, 8.0, 9.2, and 11.1 at MB 

concentration of 20 mg/L and FAV dosage of 1.0 g/L. 

As can be seen, pH has a negligible effect on the  

 

 

 
Fig. 8: Effect of pH (a), MB concentration (b), and FAV dosage 

(c), on the MB removal. 

 

degradation rate of MB, and the removal efficiency 

was obtained at 96% in all experiments. The constant 

removal efficiency shows that increasing pH  

does not affect the interaction between MB species 

and the surface of photocatalyst particles. This is 

attributed to the adsorption of MB dye into the gel 

texture of α-AgVO3, which predominates the 

interactions between cationic MB dye and anionic 

hydroxyl groups on the surface of nanocomposite [40]. 

Thus, the adsorption capacity and photocatalytic 

activity of the nanocomposite remain almost 

unchanged. Accordingly, the subsequent experiments 

were accomplished at the inherent pH  

of MB solutions (pH=5.9).  

(a) 

(b) 

(c) 
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Fig. 8(b) shows the photocatalytic degradation rate 

for different MB concentrations at FAV dosage  

of  1.0 g/L. For MB concentrations of 10, 20, 30, and  

40 mg/L, the removal efficiency of 94, 96, 90, and 82% 

was obtained, respectively. The maximum removal 

efficiency was obtained for MB concentration of 20 

mg/L. With increasing MB concentration 

from 10 to 20 mg/L, more MB species are accessible 

in the photocatalytic reaction. When MB 

concentration increases to 30 and 40 mg/L, less 

portion of the MB can reach the surface of the 

photocatalyst particles, and fewer active sites are 

accessible to the MB species, which leads to a 

decrease in the photocatalytic degradation rate and 

removal efficiency of MB [41].  

Fig. 8(c) shows the photocatalytic degradation rate for 

different dosages of FAV nanocomposite at MB 

concentration of 20 mg/L. The removal efficiency for 

nanocomposite dosage of 0.5, 1.0, 1.5, and 2.0 g/L was 

91%, 96%, 98%, and 96%, respectively. With increasing 

the photocatalyst dosage from 0.5 to 1.5 g/L, adsorption 

capacity and active sites of the photocatalyst increases 

accordingly. Thus, more photogenerated electrons and 

holes are provided for the oxidative degradation of 

MB species, which leads to the enhancement of the 

photodegradation rate and removal efficiency of MB. 

More increase in the photocatalyst dosage to 2.0 g/L 

increases the turbidity of the suspension and decreases 

the intensity of light, leading to a decrease in the 

photodegradation efficiency [42].  

 

Kinetics of MB photodegradation 

The plots of ln (C0/C) versus irradiation time are 

shown in Fig. 9(a-c). Data fitting and calculated 

correlation coefficients for the linear plots using 

equation (2) confirm that the photocatalytic degradation 

of MB over FAV nanocomposite follows the pseudo-

first-order kinetics [43, 44]. The pseudo-first-order rate 

constants for different conditions are shown in Tables 1 

to 3. The maximum rate constant of 0.0312 min-1  

was obtained under the optimal conditions.    

 

 

 

 
Fig. 9: Kinetic plots of the photodegradation of MB, for the 

photocatalysts (a), for different initial MB concentrations (b), 

and for different FAV dosages (c). 

 

The removal efficiencies of MB by adsorption and 

photodegradation are shown in Tables 1 to 3. 

According to data in Table 2, for lower 

concentrations, adsorption is the predominant 

process, and photodegradation has less contribution 

to MB removal. Based on data in Table 3, for higher 

catalyst dosages, adsorption is the predominant 

process, and the contribution of photodegradation  

in the MB removal decreases. The optimal conditions 

were obtained at the inherent pH of MB solution of 

5.9, initial MB concentration of 20 mg/L, and catalyst 

dosage of 1.5 g/L. Under these conditions, the final  
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Table 1: The Removal efficiency of MB and rate constant by the as-prepared photocatalysts. 

Photocatalyst 
Removal efficiency 

(adsorption) 

Removal efficiency 

(photodegradation) 

Removal efficiency 

(final) 

Photodegradation rate constant 

(min-1) 

α-Fe2O3 2% 19% 21% 0.0018 

α-AgVO3 29% 53% 82% 0.0117 

FAV nanocomposite 36% 60% 96% 0.0239 

 

Table 2: Effect of initial MB concentration on the removal efficiency and photodegradation rate constant. 
MB Concentration 

(mg/L) 

Removal efficiency 

(adsorption) 

Removal efficiency 

(photodegradation) 
Removal efficiency (final) 

Photodegradation rate 

constant (min-1) 

10 61% 33% 94% 0.0153 

20 36% 60% 96% 0.0239 

30 24% 66% 90% 0.0171 

40 22% 60% 82% 0.0120 

 

Table 3: Effect of FAV nanocomposite dosage on the removal efficiency and photodegradation rate constant. 
FAV nanocomposite 

Dosage (g/L) 

Removal efficiency 

(adsorption) 

Removal efficiency 

(photodegradation) 
Removal efficiency (final) 

Photodegradation rate 

constant (min-1) 

0.5 24% 67% 91% 0.0186 

1.0 36% 60% 96% 0.0239 

1.5 59% 39% 98% 0.0312 

2.0 57% 39% 96% 0.0211 

 
Table 4: The photocatalytic performance of FAV nanocomposite in comparison with other α-Fe2O3 based photocatalysts. 

Photocatalyst Synthesis method Photocatalytic application Photocatalytic performance References 

WO3-Fe2O3-rGO (WFG) Hydrothermal Removal of RhB and MB ~94% and ~98% [47] 

Fe2O3/TiO2 Sol-gel Degradation of MB 97% [48] 

CQDs/TiO2/Fe2O3 (CTF) Multi-step hydrothermal Degradation of MB 86.5% [49] 

Fe2O3/GO/WO3 Ex-situ and ultrasonic 
Degradation of MB, crystal violet 

(CV) dyes and phenol 
98% [50] 

α-Fe2O3/α-AgVO3 (FAV) 
Hydrothermal and             co-

precipitation 
Removal of MB 98% This study 

 

removal efficiency of 98% was obtained. According 

to the data presented in Tables 1-3, the FAV 

nanocomposite has a relatively high sorption capacity 

that is desirable for photocatalytic performance.  

The BET surface area of α-Fe2O3 using N2 

adsorption-desorption analysis was 41.859 m2/g. Thus, 

the significant sorption capacity of the FAV nanocomposite 

can be attributed to the relatively high surface area  

of α-Fe2O3, as well as the gel state of α-AgVO3 [40]. 

Furthermore, the formation of p-n heterojunction 

between α-Fe2O3 and α-AgVO3 enhances the 

separation of the photogenerated electrons and holes, 

which decreases the charge carrier recombination 

rate, and increases the number of oxidizing agents 

[45]. As a result, the enhanced photocatalytic 

degradation rate of methylene blue can be due to the 

synergistic effect of high sorption capacity and 

heterojunction formation in the FAV nanocomposite. 

The photocatalytic efficiency of FAV nanocomposite 

is compared to that of other α-Fe2O3 based 

photocatalysts from the literature in Table 4 [46]. When 

compared to other photocatalysts, the photocatalytic 

performance of the FAV nanocomposite is satisfactory.  

   

Stability of FAV nanocomposite 

The stability of FAV nanocomposite was also 

investigated. After the first run, the nanocomposite 

was recycled by washing it several times with ethanol 
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and distilled water, centrifugation, and drying at 80 °C. 

The photocatalytic reaction was performed by the 

recycled FAV nanocomposite with a dosage of 1.0 g/L 

and MB concentration of 20 mg/L. The removal 

efficiency was 96% after 120 min irradiation which 

was the same as the removal efficiency in the first run. 

This result confirms the stability and reusability  

of the as-synthesized α-Fe2O3/α-AgVO3 nanocomposite. 

Moreover, the simple synthesis technique, easy 

separation of the photocatalyst, and low energy 

consumption by the light source are the main advantages 

for practical applications of the FAV nanocomposite.  
 

Charge transfer mechanism  

Fig. 10 schematically shows a possible mechanism 

for photodegradation of MB over FAV nanocomposite. 

During UV illumination, electrons of the Valence Band 

(VB) are transferred to the Conduction Band (CB)  

due to the photoexcitation of electrons. In the p-n 

heterojunction formed between α-AgVO3 and α-Fe2O3, 

photoelectrons of the CB  of α-AgVO3 can be 

transferred to the CB  of α-Fe2O3 because the CB  of α-

Fe2O3 is lower than that of α-AgVO3. Furthermore, the 

photogenerated holes can be easily transferred from 

the VB of α-Fe2O3 to the VB of α-AgVO3. Therefore, 

the separation of electrons and holes suppresses the 

recombination rate, increases the number of hydroxyl 

radicals, and enhances the degradation rate of MB [39]. 

 

CONCLUSIONS 

The α-Fe2O3/α-AgVO3 nanocomposite was synthesized 

for photocatalytic applications. A facile solvothermal 

treatment followed by a co-precipitation method was used 

to synthesize the nanocomposite. The XRD, FESEM, 

EDX, FT-IR, and DRS were used to characterize the 

products. The results revealed that in the FAV nanocomposite, 

the α-AgVO3 microrods are attached to the nanostructured  

α-Fe2O3 microspheres to form a heterostructure. A slurry 

annular photoreactor was assembled for photocatalytic 

experiments. The photocatalytic performance of  

α-Fe2O3/α-AgVO3 nanocomposite was evaluated  

for MB removal under UV light illumination.  

 

 
Fig. 10: The charge transfer mechanism for photodegradation 

of MB over FAV nanocomposite. 

 

The α-Fe2O3/α-AgVO3 nanocomposite showed a 

remarkable efficiency for the removal of MB, 

which was higher than that of the pure α-Fe2O3  

and pure α-AgVO3. The effect of pH, MB concentration, 

and photocatalyst dosage on MB removal was investigated. 

The optimal conditions were determined as the pH of 

5.9, MB concentration of 20 mg/L, and 

nanocomposite dosage of 1.5 g/L. It was found that 

the photodegradation reaction follows pseudo-first-

order kinetics. Under the optimal conditions, the MB 

removal efficiency and rate constant were 98% and 

0.0312 min-1, respectively. The main benefits for 

photocatalytic application of the nanocomposite are 

the stability, simple preparation, easy separation, and 

low energy consumption by the light source.  

As a result, the α-Fe2O3/α-AgVO3 nanocomposite 

with improved photocatalytic activity can be used  

for removing pollutants from aqueous solutions. 
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