
 
Inorganic Chemistry Research 
Article 
 

 

1

Co-precipitation Synthesis of α-Fe2O3: Characterization and 
Their Activities on Photocatalytic Degradation of Methylene 
Blue 
Aliakbar Dehno Khalaji*, Emad Jafari 

Department of Chemistry, Faculty of Science, Golestan University, Gorgan, Iran 
 

Received: November 6, 2023; Accepted: January 6, 2024 
Cite This: Inorg. Chem. Res. 2023, 7, 27-33. DOI: 10.22036/j10.22036.2024.424174.1155 

Abstract: In this work, spherical α-Fe2O3 were synthesized using the 
facile co-precipitation followed by calcination at 500 °C (Fe-1) and        
700 °C (Fe-2) for 3 h. The as-synthesized Fe-1 and Fe-2 samples were 
characterized by Fourier-transform Infrared (FT-IR) spectroscopy, X-ray 
powder diffraction (XRD), vibrating sample magnetometer (VSM) and 
transmission electron microscope (TEM). All results predict the 
successful preparation of Fe-1 and Fe-2 as soft magnetic materials. In 
addition, the photocatalytic activity of as-synthesized Fe-1 and Fe-2 were 
evaluated by degrading methylene blue (MB) dye is aqueous solution 
under simulated sunlight irradiation at low alkaline pH in the presence of 
a small amount of H2O2 as an oxidant. The effects of the initial pH of the 
solution and irradiation time on the photocatalytic properties were 
investigated. Under the best optimized conditions, Fe-1 exhibited better MB degradation with 94% efficiency than Fe-2 (78%). The kinetic 
study showed that the photocatalytic degradation of MB was followed by a pseudo first-order (PFO) model. The reusability studies of the 
samples predicted good stability and efficiency after 6 cycles. 
Keywords: Spherical α-Fe2O3, Photocatalytic, Degradation, Methylene blue 

 
1. INTRODUCTION 
In recent years, one of the important challenges for human 
life is environmental pollutions by various organic dyes 
such as methyl orange,1,2 bisphenol A,3 congo red,4,5 
rhodamine B,6-9 bromo green,2 methyl red,2 crystal 
violet10 and methylene blue1,2,10-19 used in different 
factories. The organic dyes have complex structure 
containing azo, aromatic, cationic and anionic groups 
which are very stable in environment, soluble in water, 
toxic and potentially mutagenic and carcinogenic and 
finally reduces the photosynthetic reactions due to inhibit 
sunlight penetration.1-7 Therefore, removal of organic dye 
from environment is necessary. Until now, different 
techniques such as reverse osmosis, membrane 
technology, physical adsorption, biological, filtration, 
flocculation20-25 and photocatalytic degradation1-18 are the 
processes of pollution removal from wastewaters. From 
them, photodegradation of different organic dyes using 
different shapes of α-Fe2O3 has great attention1-3,5-

7,10,18,26,27 and is among the promising technology owing to 
its low-cost, low energy utilization, excellent catalytic 
activity, include mild reaction condition, and its capability  

 
of consuming renewable solar energy.28 Until now, 
Various shapes of hematite α-Fe2O3 have been prepared 
and attracted considerable attention to many researchers 
owing to their capability to photocatalytic degradation                    
of different organic dyes under UV/visible light             
irradiation.1-3,5-7,10,18,26-28 α-Fe2O3 is an n-type 
semiconductor with the narrow band gap of ≈ 2.2 eV,1 
known as good candidate to adsorb UV and Visible light 
and can be used as an efficient photocatalyst for 
photodegradation of organic dyes.1-3,5-7 Previous results 
confirmed that the crystalline size, shape and also              
surface area of α-Fe2O3 are very important for the 
photodegradation of different organic dyes.6,7,28 Therefore, 
many researchers’ effort to prepared new α-Fe2O3 with 
different shape, size and surface area.1-3,5-7,10,18 For 
example, Weldegebrieal et al.1 prepared α-Fe2O3 
nanoparticles by biosynthesis route for application as new 
photocatalyst to photodegradation of methylene blue and 
methyl orange dyes at alkaline pH under sunlight 
irradiation. Rhombohedral α-Fe2O3 nanoparticles has been 
successfully synthesized by Ye et al.3 as an efficient 
photocatalyst in photocatalytic degradation of bisphenol 
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A9. Kusior et al.6 was synthesized different shapes of α-
Fe2O3 nanoparticles via an ion-mediated hydrothermal 
route to photodegradation of rhodamine B. Gupta et al.2 
reported fast photodegradation of methylene blue (95%), 
bromo green (94%), methyl red (76%) and methyl orange 
(94%) within 5 min in 32 W UV/H2O2 system using as-
prepared coral-like α-Fe2O3 nanoparticles by surfactant-
mediated simple co-precipitation-oxidation route. 
Khurram et al.5 showed high-efficient degradation of 
congo red dye (98.9%) using α-Fe2O3based 
nanocomposites in 60 min under visible light. Qiu et al.7 
reported high photodegradation (99%) of RhB using as-
prepared hollow polyhedral α-Fe2O3 nanoparticles under 
visible light/H2O2 system. α-Fe2O3 nanofibers prepared by 
Arauji et al.10 and used as photodegradation of methylene 
blue, 66 and 48%, under visible and UV light irradiation 
after 5 h. These works showed that the morphology               
of α-Fe2O3 nanoparticles greatly influences the 
photodegradation performance.10,18 Even though α-Fe2O3 
photocatalysis has great attention in degradation of 
organic dyes, it remains a challenge to prepared high-
efficient α-Fe2O3 photocatalyst. 
     In this work, in continuation of our previous works,29,30 
we aimed to explore the effects of calcination temperature 
on morphology, magnetic properties, and their 
photocatalytic activity of as-synthesized α-Fe2O3. 
 
2. EXPERIMENTAL  
Material and methods 
FeCl3·6H2O as iron precursor, polyvinylpyrrolidone (PVP), 
KOH, H2O2 and MB were purchased and used as received 
without any further purification. Fourier Transform Infra-Red 
spectra of α-Fe2O3 nanoparticles were recorded using NICOLET 
IR200 FT-IR spectrophotometer in KBr pellets from 4000 to     
400 cm-1. XRD patterns were performed using a PANalytical’s 
X’pert system by Cu kα radiation at scan range of 10° < 2θ < 
80°. The magnetic properties of the as-synthesized α-Fe2O3 
nanoparticles were recorded by the American Lake Shore VSM 
7307 vibration sample magnetometer (VSM). Transmission 
electron microscopy (TEM) image were recorded on a FEI 
Tecnai G2 f20 microscope.  The Ultraviolet-Visible absorption 
of MB dye solution at over time were recorded on a Shimadzu 
UV-3101 PC UV-Vis spectrophotometer. 
 
Preparation of α-Fe2O3 (Fe-1 and Fe-2) 
To an aqueous solution of FeCl3·6H2O (0.01 mmol in 20 mL), 
was added a solution of PVP (15 w/v, 10 mL) and vigorously 
stirred for about 30 min. After that, an aqueous solution of KOH 
(1 M) was added dropwise under magnetic stirring until the pH 
solution was achieved to 12. After stirring for 10 h at 80 °C, the 

brown precipitates were filtered, washed with deionized water 
three times, and dried at 80 °C for 12 h. The dried brown 
precipitates were calcined at 500 °C and 700 °C for 3 h. The 
obtained dark red precipitates (Fe-1 and Fe-2) were washed, 
dried and characterized. 
 
Photocatalytic experiments  
All the photocatalytic experiments were performed at room 
temperature by the photocatalytic reactor which consisted of a 
reaction beaker and a Xe lamp positioned vertically to the 
beaker. Typically, to a 50 mL of MB solution (25 mg/L) in a        
100 mL glass tube was added the suitable amount of 
photocatalysts Fe-1 and/or Fe-2. The mixture was magnetically 
stirred at the speed of 500 rpm for 30 min in the dark to achieve 
an adsorption/desorption equilibrium between the MB dye and 
α-Fe2O3 catalysts. Then, 3 mL of H2O2 was added to improved 
catalyst efficiency and the suspension was exposed to simulated 
sunlight (high-pressure Xe lamp, 300 w) for 150 min. After a 
given time intervals, 3 mL of suspension was collected and the 
catalysts in the solution were removed using a centrifuge. 
Afterwards, the content of MB dye was analyzed using UV-Vis 
spectrophotometer at λmax of 664 nm. For the reusing tests, the 
samples were recovered after centrifuged, washed with alkaline 
solution and subsequently dried at 80°C for 3 h. The 
photodegradation efficiency (%) of MB was calculated using the 
following equation where Co and Ct are MB concentration at 
initial and over time, respectively. 
 

                    (1) 

 
3. RESULTS AND DISCUSSION 
Synthesis 
To date, various shapes of α-Fe2O3 have been prepared 
using different techniques such as solvothermal,31,32 
hydrothermal,34-37 thermal decomposition,30 green 
chemistry,1,38 sol-gel,39 co-precipitation,2,40 solution blow 
spinning,10 and p123 soft template assisted.3 From them, 
co-precipitation accompanied thermal decomposition is 
the best routes for preparation of different metal oxide 
nanoparticles because of it is low-cost, simple and 
convenient method.29,30,35,41-47 
 
Characterization 
FT-IR spectroscopy was used to identify the surface types 
of functional groups available in the as-prepared Fe-1 and 
Fe-2 nanoparticles. Figure 1 shows a typical FT-IR 
spectra of Fe-1 and Fe-2 samples prepared at 500 and              
700 °C, respectively. The broad and weak absorption 
peaks at ≈ 3430 and 1640 cm-1 corresponded to the O-H 
vibration  of  H2O  molecules  physically  adsorbed on the  
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surface of particles.1,2,18 In addition, the three sharp                        
peaks appeared at ≈ 445, 530, and 645 cm-1 are ascribed                                       
to the Fe-O vibration bonds as characteristic peaks of                     
α-Fe2O3. 1,2,7,18,29,30,34,35,40  
The XRD patterns of the as-prepared Fe-1 and Fe-2 
samples are shown in Figure 2, predicted that all 
characteristic peaks observed at 2θ values of 24.15 (012), 
33.15 (104), 35.65 (110), 40.87 (113), 49.45 (024), 54.82 
(116), 57.63 (112), 62.45 (214) and 64.01 (300) are well 
matched with the standard card of rhombohedral structure 
(JCPDS no. 33-0664) of pure hematite α-Fe2O3 with cell 
parameters of a = b = 5.036 Å, and c = 13.749 Å.1-3,5-

7,10,18,29,30,34,35,40 Using Debye-Scherrer equation according 
the maximum intensity peak at 33.15° corresponding to 
(104) plane, D = 0.9 λ / β cosθ, where λ is the X-ray 
wavelength, β is the line broadening at half of the 
maximum intensity and θ is the diffraction angle,10 the 
average crystalline sizes of particles was calculated about 
28.3 nm for Fe-1 and 25.8 nm for Fe-2 are close to those 
values from TEM images (Figure 3). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. TEM images of Fe-1 and Fe-2. 

 
The morphology of the as-synthesized α-Fe2O3 was 
characterized by the transmission electron microscope 
(TEM) were shown in Figure 3. It can be seen that the 
samples Fe-1 and Fe-2 presented the quasi-spherical 
shapes, with smaller sizes of < 100 nm with small 
aggregation.  
Figure 4 shows magnetic hysteresis loops of samples      
(Fe-1 and Fe-2) at room temperature. VSM curves exhibit 
the ferromagnetic behavior of Fe-1 and Fe-2 nanoparticles 
with Ms of 4.69 and 7.41 emu/g, respectively. Also, the 

 
Figure 1. FT-IR spectra of α-Fe2O3 nanoparticles Fe-1 and Fe-2. 

 

 
Figure 2. XRD patterns of Fe-1 and Fe-2. 
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samples have no hysteresis loops and Hc (coercivity field) 
and also Mr (remanent magnetization) are very small. This 
value is larger than the reported 0.78 emu/g for α-Fe2O3 
fibers.10,48-50 

 
Figure 4. VSM curves of Fe-1 and Fe-2. 

 
At ambient conditions, the surface of α-Fe2O3 can be 
exposed to hydroxyl as a functional group, which 
corresponds to the adsorption/desorption of organic 
dyes.6,51-53 The isoelectric point of Fe-1 and Fe-2 in 
aqueous solution almost equal and calculated at pH of 8.7 
(Figure 5), similar to previous reports for hematite.6 
Under this pH, the surface of samples has positive charge 
due to the formation of FeOH2

+ groups, and at pH > 8.7, 
the surface of samples become negative due to the 
increases of FeO- groups.6 The values of zeta potential are 
sensitive to temperature, and impurities. 

 
Figure 5. The zeta potential of Fe-1 and Fe-2 samples at 200 °C for               
16 h. 
 

MB Photodegradation studies 
At different pH, the hydroxyl groups on the surface of        
Fe-1 and Fe-2, can be adsorbed or desorbed H+ ions and 
resulted to formation FeOH2

+ or FeO- groups.6 Then, the 
effect of different pH solution (3, 5, 7, 9, and 11) was 
studied for photodegradation of MB (Fig. 6). As can be 
seen in Figure 6, high efficiency of MB degradation was 

observed at pH value of 9 at the presence of 0.03 g of 
catalyst, because of MB molecules easy adsorbed by Fe-1 
and Fe-2 samples due to the good electrostatic attractions 
between the negative surface charge of Fe-1 and Fe-2 
samples and positive charge of MB molecules. Then pH 
solution of 9 was selected for investigation of irradiation 
time on photodegradation of MB.  

 
Figure 6. The effect of pH solution on the photocatalytic degradation of 
MB. 

 
Figure 7 represented the effect of irradiation time on the 
photodegradation efficiency of MB dye using 0.03 g of 
Fe-1, and Fe-2 as photocatalyst. As can be seen in              
Figure 7, the degradation activity decreased in the 
following order: Fe-2 < Fe-1, predict the 
photodegradation activity increased with small size of 
Fe2O3. After visible light irradiation for 150 min, the 
photodegradation of MB using Fe-1 reached 94%, is 
much higher than photodegradation of MB using Fe-2 
(77%), because of the difference in crystal size. In 
comparison to the other photocatalyst for MB 
degradation, Fe-1 shows a better efficiency in 
photodegradation of MB under visible light irradiation 
(Table 1).   

 
Figure 7. The effect of irradiation time on photocatalytic degradation of 
MB. 
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The MB photodegradation using as-synthesized Fe2O3 
was investigated using the simplified Langmuir kinetic 
model (Figure 8), and followed by pseudo first order 
kinetic model.1-3,6,7  
 
     ln(Ct/Co) = -k1t 
 
Proposed reaction mechanism of MB degradation in the 
presence of H2O2 (as electron trap) and Fe2O3 
nanoparticles (as absorption of visible light) is explained 
as follow equations:1-3,6,7 

 
Fe2O3 + hv → h+

VB + e-
CB   

e-
CB + O2 → O2

-°  
H2O2 + e-

CB → OH° + OH-   
O2

-° + H2O → HO2° + OH-  
HO2° + H2O → OH° + H2O2   
MB + OH° → Degraded products  

 

 
Figure 8. The pseudo first order kinetics of MB photodegradation. 

 
Table 1. Comparison of MB photodegradation using Fe-1 and Fe-2 and 
other photocatalyst 
Catalyst Conditions % of 

MB 
Ref. 

Biosynthesized α-Fe2O3 

nanoparticles 
UV/H2O2/90 min 94.7 1 

Co doped α-Fe2O3 nanoparticles UV/120 min 92 18 
α-Fe2O3 nano fibers Visible/5 h 66 10 
α-Fe2O3 nanofibers UV/5 h 48 10 
Coral-like α-Fe2O3 nanoparticles UV/H2O2/75 min 95 2 
CeO2 nanoparticles UV/120 min 96 12 
Cubic CeO2 nanoparticles UV/180 min 70 13 
CeO2 nanoparticles UV/75 min 85 14 
CeO2 nanoparticles Visible/70 min 99 16 
CeO2 nanoparticles UV/120 min 96 11 
Fe-1 Visible/150 min 94 This work 
Fe-2 Visible150 min 78 This work 

 
The reusability of Fe-1 and Fe-2 samples in 
photodegradation of MB studied after six times recycling 

process and represented in Figure 9. No significant loss of 
photocatalytic activity of samples was observed, predicted 
that the stability of the samples.1,7 

 
Figure 9. Recyclability of Fe-1 and Fe-2 for MB photodegradation in 
aqueous solution. 

 
4. CONCLUSIONS 
In summary, spherical α-Fe2O3 was synthesized using the 
facile PVP-assisted co-precipitation followed by 
calcination, characterized and the photocatalytic activity 
of them was studied by degradation of methylene blue 
under visible light irradiation in the presence of a small 
amount of H2O2. The results predicted that the Fe-1 
sample exhibited better MB degradation with 94% 
efficiency than Fe-2 sample (78%), because of difference 
crystal sizes. The samples remain stable with good 
efficiency even after 6 cycle’s times, which is favorable 
for the potential application in photodegradation of 
organic dyes.  
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