
International Journal of Thin Film Science and Technology International Journal of Thin Film Science and Technology 

Volume 11 
Issue 2 May 2022 Article 9 

2022 

Solar Light Induced Photo Catalytic Properties of α-Fe2O3 Solar Light Induced Photo Catalytic Properties of -Fe2O3 

Nanoparticles for Degradation of Methylene Blue Dye Nanoparticles for Degradation of Methylene Blue Dye 

Amanullakhan Pathan 
Shri Sarvajanik Science College (PG), Mehsana-384001, India, shaileshvajapara91@gmail.com 

Sandip H. Bhatt 
Chemical Engineering Department, L.D. College of Engineering, Navarangpura, Ahmedabad-380009, India, 
shaileshvajapara91@gmail.com 

Shailesh Vajapara 
Department of Chemistry, Hemchandracharya North Gujarat University, Patan- 384265, India, 
shaileshvajapara91@gmail.com 

C. P. Bhasin 
Department of Chemistry, Hemchandracharya North Gujarat University, Patan- 384265, India, 
shaileshvajapara91@gmail.com 

Follow this and additional works at: https://digitalcommons.aaru.edu.jo/ijtfst 

Recommended Citation Recommended Citation 
Pathan, Amanullakhan; H. Bhatt, Sandip; Vajapara, Shailesh; and P. Bhasin, C. (2022) "Solar Light Induced 
Photo Catalytic Properties of α-Fe2O3 Nanoparticles for Degradation of Methylene Blue Dye," 
International Journal of Thin Film Science and Technology: Vol. 11 : Iss. 2 , PP -. 
Available at: https://digitalcommons.aaru.edu.jo/ijtfst/vol11/iss2/9 

This Article is brought to you for free and open access by Arab Journals Platform. It has been accepted for 
inclusion in International Journal of Thin Film Science and Technology by an authorized editor. The journal is 
hosted on Digital Commons, an Elsevier platform. For more information, please contact rakan@aaru.edu.jo, 
marah@aaru.edu.jo, u.murad@aaru.edu.jo. 

https://digitalcommons.aaru.edu.jo/ijtfst
https://digitalcommons.aaru.edu.jo/ijtfst/vol11
https://digitalcommons.aaru.edu.jo/ijtfst/vol11/iss2
https://digitalcommons.aaru.edu.jo/ijtfst/vol11/iss2/9
https://digitalcommons.aaru.edu.jo/ijtfst?utm_source=digitalcommons.aaru.edu.jo%2Fijtfst%2Fvol11%2Fiss2%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.aaru.edu.jo/ijtfst/vol11/iss2/9?utm_source=digitalcommons.aaru.edu.jo%2Fijtfst%2Fvol11%2Fiss2%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://www.elsevier.com/solutions/digital-commons
mailto:rakan@aaru.edu.jo,%20marah@aaru.edu.jo,%20u.murad@aaru.edu.jo
mailto:rakan@aaru.edu.jo,%20marah@aaru.edu.jo,%20u.murad@aaru.edu.jo


 

*Corresponding author E-mail: shaileshvajapara91@gmail.com           © 2022 NSP 
Natural Sciences Publishing Cor. 

 
 
 Int. J. Thin.Film. Sci. Tec. 11, No. 2, 213-224 (2022) 213 

International Journal of Thin Films Science and Technology 
 
            http://dx.doi.org/10.18576/ijtfst/110209 

 

Solar Light Induced Photo Catalytic Properties of α-Fe2O3 
Nanoparticles for Degradation of Methylene Blue Dye 
Amanullakhan Pathan1, Sandip H. Bhatt2, Shailesh Vajapara3,* and C. P. Bhasin3  

1Shri Sarvajanik Science College (PG), Mehsana-384001, India 
2Chemical Engineering Department, L.D. College of Engineering, Navarangpura, Ahmedabad-380009, India 
3Department of Chemistry, Hemchandracharya North Gujarat University, Patan- 384265, India 

Received: 22 Feb. 2022, Revised:  2 Apr. 2022, Accepted: 12 Apr. 2022 
Published online: 1 May 2022 
 
 
Abstract: The present work describes α-Fe2O3 nanoparticles are prepared by chemical displacement method using CTAB 
as a stabilizing agent. Glutaric acid as fuel and metal salt like ferrous sulphate was used in synthesis.  The structural, 
morphological, metal percentage and optical properties of as synthesized nanoparticles are investigated by using x-ray 
diffraction (XRD), UV-Visible Spectra; field emission gun Scanning electron microscopy (FEG-SEM) with EDS, Fourier 
transforms infrared spectroscopy (FTIR), High-resolution Transmission electron microscopy (HR-TEM) and 
Photoluminescence Spectroscopy (PL). The photocatalytic degradation of Methylene Blue dye was measured by visible 
absorption spectroscopy. To obtain the most favorable conditions for degradation of MB dye, the effect of various 
experimental parameters, i.e., pH, amount of nanoparticles, concentration of dye and light intensity on the rate of reaction 
was studied. A tentative mechanism for the photocatalytic degradation of Methylene Blue was proposed. Photocatalytic 
degradation of Methylene Blue dye followed pseudo first-order kinetics. It was found that the dye degradation gave the 
best results at a pH of 6.0, and using a 70 mW•cm–2 light intensity with 0.3 g of α-Fe2O3 nanoparticles. At room 
temperature, the photocatalytic degradation of Methylene Blue dye was observed about 92.3%.  

Keywords: Nanoparticles, α-Fe2O3, XRD, FTIR, UV-Vis, FEG-SEM, EDAX, HR-TEM. 

 
 

1 Introduction 

Iron oxides are very useful materials with three common 
forms likes hematite, maghemite, and magnetite [1]. 
Among them, hematite (α-Fe2O3) is most stable under 
ambient conditions and the most environmentally friendly 
n-type functional material and semiconductor [2,3,4,5] 
(e.g., 2.1eV). Therefore, it has wide applications in many 
fields such as catalysts, electrodes, gas sensors, pigments, 
magnetic materials, clinical therapy and diagnosis [6,7,8,9] 
etc. They are also used as dye sensitized solar cells [10], 
lithium-ion batteries [11], gas sensors [12,13], red pigments 
[14], anticorrosive agents [15], high density magnetic 
recording media [16], catalysts [17], magnetic resonance 
imaging (MRI) contrast agents [18], dye degradation 
[19,20], printing ink [21] and nanofillers [22]. As a result, 
many methods including sol–gel method [23], hydro 
thermal synthesis [24], micro-emulsion technique [25], 
solvothermal synthesis [26], high energy ball milling [27], 

thermal decomposition method [9], in situ synthesis [28], 
vapor–solid growth technique [29], modified Pechini 
method [30], solution combustion method [31],  

 
method [32], Precipitation method [33], template synthesis 
[34], and sonoelectro chemical anodization method [35] 
have been developed to synthesize α-Fe2O3 nanomaterials 
with different morphologies and nanostructures. Review of 
literature reveals that the size and morphology of α -Fe2O3 
nanoparticles strongly depend on the composition of 
precursors, pH of the solution and rate of heating/cooling 
during synthesis. Thus, a significant attention must be paid 
on the optimization of experimental parameters to avoid the 
formation of undesired products [36, 37, and 38]. 8 years 
ago, Peng [3] et al. have reported hydrothermal process of 
α-Fe2O3 nanoparticles by using ferric hydroxide suspension 
and excess amount of NaOH. A synthesized nanoparticle 
was homogeneously sized and hexagonal in shape. Wang 
[39] et al. have reported Iron oxide (α-Fe2O3) nanoparticles 
were synthesized by a simple hydrothermal synthesis 
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method using only Fe (NO3)3.9H2O and NH4OH as raw 
materials.  

The present work describes the synthesis of α-Fe2O3 
nanoparticles by using Chemical Displacement Method. 
The present method is very low cost and very easy to 
prepare α-Fe2O3 nanoparticles. In this method, we have 
used Cetyl trimethyl ammonium bromide (CTAB) as a 
stabilizing agent, Glutaric acid as fuel and ferrous sulphate 
as a metal salt. Synthesized α-Fe2O3 nanoparticles are 
characterized by various analytical techniques like X-ray 
diffraction (XRD), UV-Visible Spectra; field emission gun 
Scanning electron microscopy (FEG-SEM) with EDS, 
Fourier transforms infrared spectroscopy (FTIR), High-
resolution Transmission electron microscopy (HR-TEM) 
and Photoluminescence Spectroscopy (PL). The 
Photocatalytic activity of synthesized α-Fe2O3 nanoparticles 
was investigated by photo degradation of Methylene Blue 
as a pollutant from industrial effluent. 

2 Experimental 

2.1 Materials 

AR-grade ferrous sulphate, Glutaric acid, Cetyl trimethyl 
ammonium bromide (CTAB), methanol and Methylene 
Blue dye (MB) were used as received from the s.d fine 
chemicals (India). All reaction was performed using double 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Distilled water. 

2.2 Synthesis of Fe2O3 nanoparticles 

In the following chemical displacement method, α-Fe2O3 
nanoparticles were prepared by reaction of 1 mol of FeSO4 
and 2 mol of Glutaric acid. Ferrous sulphate was dissolved 
in 30 ml double distilled water and was a transfer to a round 
bottom flask. In another beaker 2 mol of Glutaric acid and 1 
mol of Cetyl trimethyl ammonium bromide (CTAB) were 
dissolved in 50 ml of methanol. This whole mixture was 
added drop wise in ferrous sulphate solution and the 
resulting mixture was refluxed at around 65 0C for 4 hrs. 
After 4 hrs, colour of the solution changed from light green 
to yellow. Yellow solution was cooled at room temperature. 
The nanoparticles were centrifuged. The nanoparticles were 
washed with double distilled water for 5 times to remove 
the impurities. For Calcination, these nanoparticles were 
transferred to silica crucible and kept in muffle furnace at 
600 0C for 3 hrs. After this process the Brown colour 
crystalline nanoparticles of α-Fe2O3 were obtained. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.1: Schematic diagram for the synthesis of α-Fe2O3 Nanoparticles. 
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2.3 Instruments used for Characterization of 
synthesized α-Fe2O3 particles 

The synthesized α-Fe2O3 samples were characterized by 
using different analytical techniques likes UV-Vis spectra, 
Fourier transform infrared (FTIR) spectra, X-ray powder 
diffraction (XRD) analysis, Field emission gun scanning 
electron microscopy (FEG-SEM) with EDS, High-
resolution Transmission electron microscopy (HR-TEM), 
Photoluminescence spectra. The Photocatalytic Properties 
of α-Fe2O3 nanoparticles were recorded by using UV–1800, 
Shimadzu spectrophotometer. 
 
2.4 Photocatalytic activities 
 
The photocatalytic activity of the nanocomposites was 
assessed by monitoring decolorization of Methylene Blue 
(MB) in the presence of visible light. Methylene Blue (MB) 
is Phenothiazine dye that extensively used in dyeing, 
printing industries. It has severe toxic effects on the human 
health. Although there are many studies on 
adsorption/photo degradation of Methylene Blue using  

 

 

 

 

 

 

 

 

 

 

3.1.2 FTIR spectra of α-Fe2O3 nanoparticles: 

FT-IR is an important characterization technique to identify 
the functional groups present in a material. Figure-3 Shows 
the FT-IR transmittance spectrum of α-Fe2O3 nanoparticles 
recorded in the frequency range 400-4000 cm-1 using 
Bruker (ALPHA-T) FTIR spectrometer at room 

temperature. The characteristic absorption bands (Fe-O 
bonds) occur at 472 cm-1 and 831 cm-1. The broad peak 
around 3363 cm-1 is due to O-H stretching vibration and 
1193 cm-1 corresponds to O-H deformation band. The peak 
at 2339 cm-1 is attributed to the presence of adsorbed water 
molecule (H-O-H) in the sample [41,42]. 

different reductants, it is of interest to investigate the 
environmentally kindly α-Fe2O3 nanoparticles. α-Fe2O3 was 
interacted with Methylene Blue (MB) solution at different 
pH (3-6.5), different amount of NPs, different concentration 
of dye and light intensity.  

3 Results and Discussion 

3.1 Characterization of α-Fe2O3 nanoparticles 

3.1.1 UV-Vis spectrum of α-Fe2O3 nanoparticles: 

The Figure-2 shows that UV–Vis absorption spectrum of 
synthesized α-Fe2O3 nanoparticles dispersed in the distilled 
water using by Probe sonication method. The UV 
absorption peak was observed nearby 350 nm also the 
previous report shown the absorption peak around 350-400 
nm. It confirms that formation of α-Fe2O3 Nanoparticles, 
while their found good particle size distribution and 
consistency of particles is confirmed based on the good 
width of this absorption peak [40]. 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

3.1.3 XRD spectra of α-Fe2O3 nanoparticles: 

The synthesized α-Fe2O3 nanoparticles by using chemical 
displacement process were characterized by X-ray powder 
diffraction (XRD) to evaluate and study their structure. 
XRD spectra of the synthesized α-Fe2O3 nanoparticles are 
shown in Figure-4. As seen, the prepared nanoparticles 
have a good crystallinity and all diffraction peaks are in 

 
Fig. 2: UV-Vis spectrum of synthesized α-Fe2O3 nanoparticles. 
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good agreement with hexagonal structures and peaks 
indexed in this pattern is consistent with the α-Fe2O3 
pattern (JCPDS Card No. 33-0664) [43,44,45].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The average particle size of the α-Fe2O3 Nanoparticles was 
estimated by the Scherrer equation. 

D = 		 𝟎.𝟗𝝀
𝜷	𝑪𝒐𝒔𝜽	

 

Where, D is the average crystallite size of the α-Fe2O3 
nanoparticles, θ	is the peak position angle, 𝜆 is is 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.3: FTIR spectrum of α-Fe2O3 nanoparticles. 

 
Fig.4: X-ray diffraction spectra of α-Fe2O3 nanoparticles. 
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Wavelength of the X-ray radiation and 𝛽 is the full width at 
half-maximum (FWHM) of the XRD corresponding Peaks. 
The results show that the average crystalline size of the 
obtained α-Fe2O3 nanoparticles was 21.1 nm. 

3.1.4 Field emission gun scanning electron 
microscope (FEG-SEM) with EDS of α-Fe2O3 
nanoparticles: 
Field Emission Gun Scanning Electron Microscopy (FEG-
SEM) analysis was performed by JEOL JSM-7600F model 
and showed morphological features and examine the 
surface morphology and distribution of nanoparticles. The 
Figure-5 shows FEG-SEM micrographs of the α-Fe2O3 
nanoparticles existing the homogenous distribution of nano 
particles. However, it should be noted that uniform in size 
and shape. FEG-SEM images (Figure-5) represented the 
hexagonal shape of α-Fe2O3 nanoparticles. The 
Stoichiometric composition of α-Fe2O3 nanoparticles is 
shown in the EDS profile.  
 

Figure-5 depicts FEG-SEM images of α-Fe2O3 
nanoparticles. From the SEM analysis, it was observed that 
the nanoparticles are uniform in particle size and the α-
Fe2O3 nanoparticles morphology was observed like 
hexagonal in shape.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The EDS spectra obtained for α-Fe2O3 nanoparticles 
(Figure-6). EDS spectra of α-Fe2O3 show the peaks for Iron 
and Oxygen elements indicating the good development of 
α-Fe2O3 nanoparticles. Peak indexing of the elements is 
Oxygen 0.5 keV and Iron 0.8, 2.2, 6.4, 7.2 keV. The 
compositions in the mass percentage of the elements are 
Oxygen 30.53 % and Iron 62.96 %. The above data indicate 
no impurities in synthesized α-Fe2O3 nanoparticles. 

3.1.5 High resolution Transmission electron 
microscope (HR-TEM) of α-Fe2O3 nanoparticles: 

High resolution Transmission Electron Microscopy (HR-
TEM) was performed using Tecnai G2-F30 model. 
Crystalline Size and shape morphology studied by HR-
TEM.  

  

 
 

 

Fig.5: FEG-SEM spectra for α-Fe2O3 nanoparticles. 
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Fig.6: EDAX spectra for α-Fe2O3 nanoparticles. 

  

Fig.7: HR-TEM images for α-Fe2O3 nanoparticles. 
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Figure-7 highlights the transmission electron microscope 
(HR-TEM) images of the synthesized samples. The HR-
TEM images also show that the particle size of the pure 
hematite (α-Fe2O3) is 21 nm. These HR-TEM observations 
confirm the small size of the hematite nanoparticles and the 
obtained values are in good agreement with the size of 
crystallites calculated from the Scherrer equation. Using the 
selected area electron diffraction (SAED) pattern with 
bright circular spots, the crystallinity of the α-Fe2O3 
nanoparticles was evidenced. 

3.1.6 Photoluminescence Spectrum of α-Fe2O3 
Nanoparticles 

The photoluminescence spectrum of α-Fe2O3 nanoparticles 
is shown in the figure-8. The excitation wavelength is 340 
nm. The emission spectrum shows broad peak around 427 
nm. The peaks were attributed to emissions from defect 
levels. As observed from figure, a sharp emission peak is 
observed at 427 nm when the samples were excited at 340 
nm. The peak position remains constant in all the cases, 
although a variation in intensity has been recorded. L.E. 
Mathevula et al. have reported an emission at 422 nm in the 
PL spectra of α-Fe2O3 on excitation at 336 nm [46]. 
 

3.2 Photocatalytic activities: 

α-Fe2O3 is a semiconductor with a band-gap of 2.0–2.6 eV 
and can absorb from visible to UV region of the solar 
spectrum with assured wavelengths [47,48]. Therefore, α-
Fe2O3 nanoparticles can be a fine photocatalysis to speedy 
degradation of dyes. In this case, we evaluated the 
photocatalytic activities of as-prepared α-Fe2O3 
nanoparticles under visible light irradiation using 
Methylene Blue (MB) aqueous solution as model 
contaminants. The concentration of MB dye in the form of 
absorbance before and after photocatalytic degradation was 
measured at 664 nm (λmax value obtained for Methylene 
Blue dye). A 200 W tungsten lamp (Philips) was used as 
the visible light source. A cutoff filter was placed between 
the light and the sample (filled with water) to remove the 
thermal radiation just to ensure illumination by visible 
light. The progress of the photocatalytic reaction was 
observed by taking absorbance at regular time intervals. 

The photocatalytic activity of α-Fe2O3 nanoparticles was 
investigated for the degradation of Methylene blue as 
pollutant from industrial effluents. In the present 
investigation the Methylene blue solution prepared in 
double distilled water was used for photocatalytic activity. 
The values have been depicted in figure-13. It was 
observed that the absorbance of MB dye decreased in 
presence of photo catalyst and light. The plot has been 
depicted in Figure-13. The plot of absorbance versus time 
was linear. Hence, the reaction followed pseudo first order 
kinetics. The pseudo first order kinetic model has been 
depicted by the following equation: 

ln (𝑪𝟎
𝑪𝒕

) = kt …………… (2) 

Where C0 and Ct are the concentrations of dye in solution at 
times 0 and t respectively, and k is the first-order rate 
constant (min−1). The plot of C/C0 (the ratio of MB 
concentration to the initial concentration) versus time is 
shown in Figure-13. As the results reflected after 120 
minutes maximum degradation (about 92.3 %) of MB was 
achieved. This result suggests that α-Fe2O3 nanoparticles 
could be utilized as a good and effective photo catalyst for 
removal of methylene blue as a pollutant from industrial 
effluent. 
 

3.2.1 Effect of the amount of α-Fe2O3 
nanoparticles 
 
The effects of the amount of α-Fe2O3 nanoparticles are also 
likely to affect the process of Methylene Blue dye 
degradation and therefore, different amounts of 
nanoparticles were used.  

It has been observed that as the amount of nanoparticles 
was increased, the rate of photo degradation of Methylene 
Blue also increased as well as the number of active sites. 
But eventually the rate became almost constant after adding 
a certain amount (0.3 g) of nanoparticles. This may be due 
to the fact that, after a certain limit, the increase in amount 
of α-Fe2O3 nanoparticles did not increase the exposed 
surface area (active sites) of the nanoparticles. It only 
increased the thickness of the layer, as the bottom of the 
reaction vessel was covered by the nanoparticles. It may be 
considered that a kind of saturation point was reached, and 
that, after this saturation point no effect of amount of 
nanoparticles was observed. 

3.2.2 Effect of pH  
 

The effect of pH on photocatalytic degradation was 
investigated in the range 3-6.5. It is evident from the Table-
10 that the degradation rate of Methylene Blue increases 
with increasing pH of solution up to 6.0 and above this 
value of pH, the rate of photocatalytic degradation of 
Methylene Blue starts decreasing. It may be explained on 
the basis that at low pH, the Phenothiazine dye was 
attracted by positively charged surface of nanoparticles, but 
after a certain limit, further increase in pH turned surface of 
nanoparticles as negatively charged. Due to presence of 
lone pairs on two oxygen atoms, Methylene Blue seems to 
face a force of repulsion from negatively charged surface of 
the nanoparticles, which results into a decreasing rate of 
reaction. 
3.2.3 Effect of concentration of Methylene Blue 

The concentration of dye was varied from 25 ppm to 200 
ppm. From the above data, it has been observed that the 
rate of photocatalytic degradation of MB dye increases with 
increase in the dye concentration up to 150 ppm. This may  
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be due to the fact that as the concentration of the Methylene 

 
 

Fig.9: Effective dose of α-Fe2O3 nanoparticles. 

 
 

Fig.10: Effect of pH. 
 

 
 

Fig.11: Effect of Dye concentration. 
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Blue was increased, more dye molecules were available for 
excitation and following degradation. Hence, an increase in 
the rate was observed. The rate of photocatalytic 
degradation was shown to decrease with further increase in 
the concentration of MB dye. This may be certified to the 
fact that the dye started acting as a filter for the incident 
light and it does not permit the desired light intensity to 
reach the photocatalyst surface in a limited time sphere; 
thus, decreasing the rate of photocatalytic degradation of 
Methylene Blue. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2.4 Effect of Light Intensity  
 

The effect of the variation of the light intensity on the rate 
was also investigated and the observations are represented 
in figure. The experimental data indicate that the 
degradation action was accelerated as the intensity of light 
was increased, because any increase in the light intensity 
increases the number of photons striking per unit time per 
unit area of the nanoparticles. An almost linear behavior 
between light intensity and the rate of reaction has been  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.12: Effect of Light intensity. 

 

Methylene Blue dye = 150 ppm; α-Fe2O3 NPs = 0.3 g, 

Light intensity = 70 mWcm-2; pH = 6, R.T. 

Fig.13: Photocatalytic performance of α-Fe2O3 nanoparticles. 
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Observed. However, higher intensities were avoided due to 
its thermal effects. 
 

3.2.5 Tentative Mechanism of Methylene Blue 
Photo Degradation 
 

Based on these observations, a tentative mechanism for the 
photocatalytic degradation of Methylene Blue (MB) is 
proposed: 

 
 

A molecule of Methylene Blue absorbs radiations of a 
suitable wavelength giving gives rise to its excited singlet 
state, which then undergoes intersystem crossing (ISC) to 
give the triplet state of the dye. On the other hand, the 
semiconducting α-Fe2O3 (SC) also utilizes the radiant 
energy to excite its electron from the valence band to the 
conduction band; thus, leaving behind a hole. This hole 
abstracts an electron from OH– to generate OH radicals. 
These radicals oxidize the dye to its Leuco form, which 
may ultimately degrade to harmless products.  

 

 

 

 

 

 

 

 
 

4 Conclusions 

Hematite α-Fe2O3 nanoparticles were successfully prepared 
by using simple Low-cost Chemical Displacement reaction 
at most favorable conditions with using CTAB as a 
stabilizing agent. Synthesized α-Fe2O3 nanoparticles by the 
chemical displacement method were composed of the 
hexagonal in shape. The composition and structure of the 
synthesized α-Fe2O3 nanoparticles at optimum conditions 
were characterized by various analytical techniques likes 
UV-Vis, FTIR, XRD, FEG-SEM with EDS, HR-TEM and 
Photoluminescence Spectroscopy techniques. The results of 
present work confirmed the formation of α-Fe2O3 
nanoparticles. From UV-Vis spectra, absorption peak 
observed around 350 nm confirms the formation of α-Fe2O3 
NPs and XRD patterns show that average particles size 
found 21.1 nm. Photocatalytic Performance of the 
synthesized α-Fe2O3 nanoparticles was studied and the 
results exposed the potential of the synthesized α-Fe2O3 
nanoparticles as a photo catalyst in Methylene Blue (MB) 
dye degradation. Photocatalytic degradation of Methylene 
Blue was performed in the presence of α-Fe2O3 
nanoparticles. The degradation rate increased with 
increasing pH because more hydroxyl ions were present 
(generating more hydroxyl radicals). It attains maximum 
rate at pH 6; a further increase in pH above 6 results in a 
decrease in the rate of the reaction, because of decreasing 
attraction between the neutral form of the dye and the 
negatively charged semiconductor surface. Increasing the 
concentration of Methylene Blue also increased the rate up 
to a certain value due to the increase in the number of dye 
molecules, but it shows a declining behavior on further 
increase of the concentration of dye. This decrease may be 
attributed to the fact that at higher concentration, the dye 
may acts as an internal filter for the incident radiations, 
which decreases the intensity of the incident radiation on 
the nanoparticles. The results indicate that initially the rate 
increases with increasing amount of semiconductor but 
after 0.3 g, the rate becomes virtually constant (saturation 

 
Fig.14: Photocatalytic degradation of Methylene Blue dye. 
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behavior). This may be due to the complete coverage of the 
bottom of the reaction vessel by the nanoparticles. Any 
further increase will not add to an increase in the exposed 
surface area but only increases the thickness of the layer. 
An increase in the light intensity will increase the number 
of photons striking α-Fe2O3 nanoparticles per unit area per 
second and as a consequence, the reaction rate increases 
almost linearly with the increase in light intensity. 
Scavengers trap the active species by reducing their activity 
in the solution and as a result reaction rate becomes quite 
low or reaction almost stops. Here, the participation of •OH 
as an active oxidizing species was confirmed by using 2-
propanol, which is a specific scavenger of •OH. It was 
observed that the rate of dye degradation was reduced 
drastically. The optimum reaction conditions were obtained 
as: pH = 6; [Methylene Blue] = 150 ppm; α-Fe2O3 NPs = 
0.3 g; contact time = 120 min; light intensity = 70.0 
mWcm–2. The results showed after optimum reaction 
conditions maximum degradation (about 92.3 %) of MB 
was achieved. 
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