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        FeCe nanoparticles were synthesized by simple co-precipitation method using Iron chloride hexahydrate (FeCl3.6H2O) 
and cerium chloride (CeCl2·5H2O) as precursors in the presence of cetyltrimethylammonium bromide (CTAB) surfactant. 
The samples were characterized by high resolution transmission electron microscopy (HRTEM), field emission scanning 
electron microscopy (FESEM), X-ray diffraction (XRD), vibration sampling magnetometer (VSM), electron dispersive 
spectroscopy (EDS) and Fourier transform infrared spectroscopy (FTIR) at different temperatures. The XRD results showed 
that Fe-doped CeO2 was single-phased with a cubic structure. SEM images showed the rod-shaped particles of as-prepared 
sample in the range size of 40-80 nm and annealed smallest one around 15 nm in diameter at 500 °C for 3 h. The TEM 
studies revealed the squared-like shaped nanosized particles. The sharp peaks in the FTIR spectrum determined the element 
of Fe-Ce nanoparticles. The EDS spectra showed peaks of iron and cerium with less impurity in the prepared samples. The 
result of magnetic measurements showed a coercive field and saturated magnetization around 1650 G and 0.04 emu g-1 for 
as-prepared samples, respectively.  
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INTRODUCTION 
 
      In recent times, metal oxide nanoparticles have found 
many applications in the fields of optics, electronics and 
medicine [1-18]. In recent years, CeO2/Ceria nanoparticles 
have been widely considered in various industries. Among 
the most important series of applications, light absorber and 
filter, gas sensor, catalyst in oxidation and fuel cell have 
been mentioned [19,20]. Cerium oxide materials            
have the cubic fluorite crystal structure [21]. This material 
has the ability to conduct oxygen as a result of its      
capacity and ability to change (Ce3+/Ce4+). Therefore, it 
exhibits good catalytic properties. Ceria ceramic materials 
have been widely studied due to the low ionic conductance 
of oxygen at low temperatures [22]. However, the wide 
band of CeO2 (3.22 eV) cerium oxide allows the activation 
of  solar  energy  only  within  the  UV  range  [23,24].  This 
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can be used by doping ceria with transition metals such as 
Fe2+, Mg2+, Zr4+, Zn2+, Cu2+, produced through a 
photocatalytic process with the production of electron-hole 
pairs [25]. Among these elements, Fe atoms have a lower 
bandwidth than cerium oxide and are capable of oxidizing 
more than other elements [26]. Therefore, it is necessary to 
transfer the absorption of CeO2 to the visible region and 
reduce the recombination of electron-hole pairs. The 
application of this material and its properties are highly 
dependent on the quality and form of the powder. It is 
known that the synthesis method has a very important effect 
on the properties and quality of the powder. In recent years, 
as a result of the special properties of nanoparticles, the 
synthesis of nanopowders has been widely considered. For 
the synthesis of the CeO2, various chemical treatments   
such as hydrothermal, chemical-chemical pyrolysis, 
combustible, sol-gel are used [27-32]. Among these 
methods, the coprecipitation method is very attractive      
due to the high speed and cheapness of raw materials.        
In  the  present  study,  FeCe  magnetic  nano-particles  were  
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synthesized using iron chloride and cerium chloride 
precursors in the presence of CTAB surfactant. Structural 
and surface morphological properties are evaluated by 
XRD, HRTEM, FESEM, EDS, VSM and FTIR analyses. 
 
EXPERIMENTAL  
 
      In a typical experiment, 3 g FeCl3.6H2O and 0.5 g 
CTAB was dissolved into 100 ml pure water under a 
magnetic stirrer. Thereafter, 3 g cerium chloride 
(CeCl2·5H2O) was added to the solution with stirring at 
room temperature. After 10 min, the synthesis temperature 
was increased to 90 °C. In the first reaction, the pH = 4 and 
after 30 min at 90 °C, the pH reached 7. The products were 
evaporated for 3 h, cooled to room temperature and finally 
calcined at 500 oC for 4 h. All analyses were done for 
samples without any washing and purification. 
     The specification of the size, structure and optical 
properties of the as-synthesis and annealed nanoparticles 
were carried out. An x-ray diffractometer (XRD) was used 
to identify the crystalline phase and to estimate the 
crystalline size. The XRD pattern was recorded with 2θ in 
the range of 4-85o with type X-Pert Pro MPD, Cu-Kα:           
λ = 1.54 Å. The morphology was characterized by field 
emission scanning electron microscopy (SEM) with         
type   KYKY-EM3200,   25 kV   and  transmission  electron  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
microscopy (TEM) with type Zeiss EM-900, 80 kV. Fourier 
transform infrared spectroscopy (FTIR) was conducted with 
WQF 510. Magnetic measurements were carried out using a 
vibration sampling magnetometer of type VSM 7400 Lake 
Shore. The Fe and Ce elemental analysis of the samples was 
performed by energy dispersive spectroscopy (EDS) type 
VEGA, 15 kV. All the measurements were carried out at 
room temperature. 
 
RESULTS AND DISCUSSION 
 
     An x-ray diffractometer (XRD) with CuKα radiation, 
operated at 40 kV, 250 mA was used to identify crystalline 
phases and to estimate the crystalline sizes.  Figure 1 shows 
the x-ray diffraction patterns of the powder before and after 
heat treatment. Figure 1a shows the XRD pattern of Iron 
ceria sample before annealing. Figure 1b shows the XRD 
patterns of Iron cerium after annealing at 500 °C. The 
exhibited peaks correspond to the cubic structure. The mean 
size of the ordered FeCe nanoparticles has been estimated 
from full width at half maximum (FWHM), using Debye-
Sherrer's formula [33] according to the following equation: 
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Fig. 1. XRD patterns of as-prepared and annealed FeCe samples. 
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Fig. 2. SEM images of the (a) as-prepared (b) annealed FeCe nanoparticles at 500 °C. 
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Fig. 3. TEM image of the as-prepared FeCe nanoparticles. 
 
 
 

 

Fig. 4. FTIR spectrum of (a) as-prepared and (b) annealed FeCe samples. 
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Fig. 5. EDS spectra of the as-synthesized FeCe prepared by wet synthesis. 
 

 

(a)

(b)

 
Fig. 6. Magnetic hysteresis loops at 300 K for representative iron cerium nanoparticles: (a) as-prepared,  

                      (b) annealed particles at 500 °C. 
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where, 0.89 is the shape factor, λ is the x-ray wavelength, B 
is the line broadening at half the maximum intensity 
(FWHM) in radians, and θ is the Bragg angle. From this 
Debye-Sherrer equation, The mean size of as-prepared 
samples was around 50 nm. 
     SEM analysis was used for the morphological study of 
the nanoparticles of samples. Figure 2a shows the SEM 
image of the as-prepared FeCe nanoparticles prepared by 
this method. In this figure, the particles were formed as rod-
shaped with the formation of clusters. Figure 2b shows the 
SEM image of the annealed FeCe nanoparticles at 500 oC 
for 3 h. The particle size of as-prepared samples was 
measured in the range of 40-80 nm and the crystallite size of 
the annealed nanocrystals for the smallest one was about 15 
nm in diameter. 
     The transmission electron microscopic (TEM) analysis 
was carried out to confirm the actual size of the particles, 
their growth pattern and the distribution of crystallites. 
Figure 3 shows the as-synthesized TEM image of squared-
like FeCe nanoparticles with an average diameter of 50 nm, 
prepared by the chemical co-precipitation route.  
     In Fig. 4, the infrared spectrum (FTIR) of the as-
synthesized and annealed FeCe nanoparticles are in the 
range of 400-4000 cm-1 wave number which identify the 
chemical bonds as well as functional groups in the 
compound. The large broad band at 3450 cm-1 is ascribed to 
the O-H stretching vibration in OH- groups. The absorption 
peaks recorded around 1632 cm-1, 1450 cm-1 are due to the 
asymmetric and symmetric bending vibrations  of C=O. The 
strong band below 700 cm-1 is assigned the Fe-Ce stretching 
mode. The bands corresponding to the Fe-Ce stretching 
mode for as-prepared samples can be seen at 586 and 482 
cm-1. 
      Figure 5 shows the energy dispersive spectroscopy 
(EDS) of the FeCe sample prepared by wet synthesis. This 
confirms the existence of Fe and Ce by weight percent. EDS 
was used to analyze the chemical composition of a material 
under SEM. EDS shows the peaks of iron and cerium with 
fewer Bromide and sodium elements. 
      Magnetizations M versus applied magnetic field H for 
powders of the samples are measured at room temperature 
by cycling the magnetic field between -20k to 20k G. The 
magnetization curve in Fig. 7 shows the hysteresis behavior 
in  the  low  field region. Figure 6a shows the coercive  field  

 
 
and saturated  magnetization around 1650 G and 0.04     
emu g-1 respectively, for as-prepared sample while Fig. 6b 
shows the coercive field and saturated  magnetization 
around 930 G and 0.07 emu g-1, respectively, for the 
annealed one. It can be seen that the saturated magnetization 
increased with annealing temperature. The difference in MS 
in the magnetic properties of Fe-doped CeO2 materials 
depends on the preparation conditions such as temperature 
and atmosphere [34,35].  
 
CONCLUSIONS 
  
     In the presence of CTAB surfactant, Fe-loaded ceria 
nanoparticles have been successfully synthesized using iron 
chloride and cerium chloride. The XRD spectrum shows the 
cubic structure of the samples. From the SEM images, it is 
clear that with increasing temperature, the size of the 
nanoparticles decreased with less agglomeration. The TEM 
image shows that the as-synthesized FeCe nanoparticles 
have an average diameter of about 50 nm with good 
uniformity. From the FTIR data, the presence of the Fe-Ce 
stretching mode can be seen. The EDS spectrum showed 
peaks of iron and cerium with less impurity. Magnetic 
measurements studies showed a magnetic coercive field and 
saturated magnetization around 1650 G and 0.04 emu g-1, 
respectively. 
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