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Iron oxide(III) nanoparticles fabricated 
by electron beam irradiation method 
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Iron oxide(III) nanoparticles were fabricated by the electron beam irradiation method. The structure 
and morphology of the iron oxide nanoparticles were analyzed by XRD, TEM, AFM and FTIR. Phase 
transformation temperatures were determined by DSC–TGA. Results showed that the phase transition 
point and melting point decreased greatly. The size effects were discussed to explain the reason. 

Key words: iron oxide(III); electron beam; irradiation; nanoparticles 

1. Introduction 

Iron oxide(III) is an extensively investigated material because of its magnetic, op-
tical and catalytic properties. It has been used as electrodes in non-aqueous and alka-
line batteries [1], as cathodes in brine electrolysis [2], shows photocatalytic properties 
for N2 fixation [3], etc. It is possible to change its semiconducting character from n- to 
p-type by applying an appropriate dopant. Also iron oxide is used to fabricate pig-
ments, sorbents and gas sensors [4]. 

Iron oxide(III) has been prepared by various methods such as chemical vapour 
deposition [5], sol-gel processes [6], pulsed laser evaporation [7], reactive sputtering 
[8], hydrothermal technique [9] and spray pyrolysis [10, 11]. In this paper, electron 
beam irradiation, a novel method to fabricate nanocrystalline iron oxide(III) has been 
described. The microstructure, morphology and thermodynamic properties of iron 
oxide were studied. 
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2. Experimental 

FeCl3·6H2O, NaOH, isopropyl alcohol and polyvinyl alcohol, all of analytical grade, 
were used to fabricate iron oxide(III) nanoparticles. FeCl3·6H2O was dissolved in de-
ionized water and the the following solutions were added: 1 M NaOH to adjust pH 
between 4 and 8, poly(vinyl) alcohol (PVA) to control the nanoparticle sizes and to 
prevent aggregation as well as isopropyl alcohol (IPA) as scavenger of oxidative radi-
cals (OH·). 

A GJ-2-II electronic accelerator was used to generate electron beams, working at 
2 MeV 10 mA. The solutions were irradiated under electron beam at various doses. 
After irradiation, the suspensions were left for several hours to allow precipitation. 
The sediments were collected by centrifuging, and washed several times with deion-
ized water to remove by-products. After vacuum drying at 60 ºC for 12 h, the powders 
were heat treated at 600 ºC for half an hour to obtain iron oxide nanoparticles. 

The particle structure was characterized by a D-MAX-rC X-ray diffraction. The 
crystallite sizes were calculated based on the X-ray diffraction spectrum using the 
Scherrer equation. The morphology and microstructure of particles were examined by 
Hitachi H-800 TEM. In order to study the fine structure of the films, the surface mor-
phology of the film was also examined by a Nanofirst-3000 AFM. Characteristic ab-
sorption bands of the powder were investigated by Avatar-370 FTIR. Thermal stability 
of samples was analyzed by TA SDT Q600 DSC-under dry nitrogen (containing less 
than 1% of oxygen) at a heating rate of 10 ºC/min from 20 ºC to 1400 ºC. 

3. Results and discussion 

The XRD pattern of fabricated iron oxide nanoparticles is shown in Fig. 1. The 
XRD peaks are at 2θ = 24.16o, 33.20o, 35.66o, 40.90o, 49.52o, 54.12o, 57.64o, 69.62o 
and 72.00o. According to JCPDS card (76-1821), the powder is hexagonal α-Fe2O3. 
Calculated from the Scherrer equation, the sizes of crystals ranged from 34.2 nm to 
53.9 nm (mean value –  42.5 nm). 

The TEM images are shown in Fig. 2. The iron oxide(III) particles have spherical 
shape morphology, fine dispersion and mean particle sizes between 20 and 60 nm. The 
nanoparticle sizes observed by TEM are in agreement with those calculated by XRD. 

AFM was also used to investigate the morphology and roughness of a nanometer-
order of magnitude in an area up to 1 μm2. Figure 3a shows a representative AFM 
image of α-Fe2O3 nanoparticles by electron beam irradiation. It can be seen that the 
powders have spherical particles, and the mean size of particles is about 39 nm. Fig-
ure 3b is a three-dimensional AFM image of the same sample, all island-like grains are 
strongly elongated in one direction. The size distribution of nanoparticles is shown in 
Fig. 3c, α-Fe2O3 nanoparticles obtained by electron beam irradiation have mean parti-
cle sizes of 39 nm. 
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Fig. 1. The XRD pattern of α-Fe2O3 powder prepared by electron beam irradiation 

Fig. 2. The TEM morphology of α-Fe2O3 powder  

The FTIR spectrum of α-Fe2O3 powder is shown in Fig. 4. Characteristic absorp-
tion bands at 536.57 cm–1 and 460.09 cm–1 for powder are assigned to α-Fe2O3. From 
the IR data, there is no evidence that α-Fe2O3 nanoparticles are contaminated by for-
eign materials in the system. 

DSC/TGA results were shown in Fig. 5. From the TGA curve, the sample dried at 
60 ºC undergoes a total weight loss of 25% with four decomposition steps from 20 ºC 
to 1400 ºC. The weight loss below 200 ºC is due to the removal of loosely bound wa-
ter of the sample. The decomposition step between 220 and 400 ºC is due to the de-
composition of nitrate ions and dehydroxylation of the sample. The third step between 
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400 and 900 ºC is attributed to the phase transformation from γ-Fe2O3 to α-Fe2O3. The 
weight loss over 900 ºC is extremely small. 

  

 
Fig. 3. AFM images of α-Fe2O3 powder prepared by electron beam irradiation: 

a) topography, b) 3D image, c) size distribution 

From the DSC curve, two main peaks can be observed at 770 ºC and 1355 ºC dur-
ing heating up to 1400 ºC indicating that two phase transformations occur. The peak 
temperature was employed to identify different phase transformation. The exothermic 
peak at 770 ºC should be ascribed to the phase transformation process of crystal type 
from γ-Fe2O3 (low temperature type) to α-Fe2O3 (high temperature type). In previous 
paper, Trautmann determined the enthalpy difference between γ-Fe2O3 and α-Fe2O3 as 
19.5 kJ /mol [12], In our works, the enthalpy change for the peak at 770 ºC (corre-
sponding to phase transition) is 99.90 J/g, equal to 15.98 kJ/mol. This is because the 

b) 

c) 

a) 
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nanoparticles have small particle sizes and high surface area, which bring high activity 
and decrease phase transition energy. The exothermic peak at 1355 ºC is attributed to 
the phase transformation process of α-Fe2O3 from solid to liquid state, lower than the 
normal melting point of Fe2O3, 1530 ºC. 

 
Fig. 4. FTIR spectrum of α-Fe2O3 powder 

 
Fig. 5. DSC-TGA curves for α- Fe2O3 powder 

According to Kelvin equation, RTln(pr/p) = 2γVm/r, the saturated vapour pressure 
of small particles is higher than that over a flat surface. For nanoparticles, the satu-
rated vapour pressure will be several times higher than that in normal state, which we 
think will cause the decrease of the melting point. 
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4. Conclusion 

In this paper nanocrystalline iron oxide(III) has been prepared by electron beam ir-
radiation. The optimal experiment condition was obtained at pH 6.0 and 300 kGy irra-
diation dose. XRD, TEM, AFM and FTIR results shown that the obtained particles by 
electron beam irradiation method are hexagonal α-Fe2O3, nanoparticles have average 
diameters around 30–60 nm, and have spherical shape morphology, well-degree of 
dispersion. The phase transition energy and melting point decreased from normal 
value, which are due to small size effects. 
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