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ABSTRACT: Recently, cerium oxide (CeO,) nanoparticles have been widely used in engineering and
medical sciences due to the diversity of their applications. Fe-Ce nanoparticles were synthesized by
simple co-precipitation method via iron nitrate (Fe(NO,),.9H,0) and cerium nitrate (Ce(NO,),.6H,0) as
precursor in the presence of cetyltrimethylammonium bromide (CTAB) surfactant. The samples were
characterized by high resolution transmission electron microscopy (HRTEM), field effect scanning
electron microscopy (FESEM), X-ray diffraction (XRD), vibration sampling magnetometer (VSM), and
Fourier transform infrared spectroscopy (FTIR) in different temperature. The XRD results showed that
Fe-doped CeO, was single-phased with a cubic structure. The particle size of as-prepared samples
was around 45 nm and for annealed one was around 32 nm in diameter at 500 °C for 3 hours. The
TEM studies showed the squared-like shaped nanosized particles with good distribution particle. The
sharp peaks in FTIR spectrum determined the element of Fe-Ce nanoparticles. The result of magnetic
measurements showed coercive field and saturation magnetism around 1632 G and 0.055 emu/g,
respectively for as-prepared samples.
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INTRODUCTION

Magnetic nanoparticles are of great interest for re-
searchers from a broad range of disciplines, including
magnetic fluids, data storage, catalysis, and bioapplica-
tions (Farahmandjou, 2016, Farahmandjou and Khalili,
2013, Farahmandjou and Ramazani, 2015, Jurablu, et
al., 2015, Farahmandjou and Soflaee, 2015, Farahman-
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djou and Soflaee, 2015, Shadrokh, et al., 2016, Khoda-
dadi, et al., 2019, Farahmandjou, 2012, Farahmandjou
and Golabiyan, 2016, Farahmandjou, 2010, Akhtari,
et al, 2018, Akhtari, et al, 2018, Khoshnevisan, 2018,
Marami, 2018, Farahmandjou, 2018, Farahmandjou
and Khalili, 2013, Jurablu, ef al., 2015, Farahamndjou,
2013, Farahmandjou, et al., 2016, Jafari, et al., 2018)
In the recent years, cerium dioxide (CeO, or ceria) has
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received considerable attention because this material
shows promising applications in solid oxide fuel cells,
environmental catalysis, redox catalysis, and wet cata-
lytic oxidation of organic pollutants (Liu and Flytzani,
1996). However, the band gap of CeO, (3.22 V) has
limited the activation of solar energy; only UV light
can be applied to generate electron-hole pairs at the
beginning of photocatalytic processes (Zarinkamar, et
al., 2016, Zarinkamar, et al., 2016). Thus, it is neces-
sary to extend the absorbance of CeO, into visible re-
gion and reduce the electron-hole pairs recombination.
There are many methods to modify light absorption
properties of CeO,, such as metal doping, surface sen-
sitization and coupling with semiconductor that has
smaller band gap (Gr"atzel, 2001). Recently, transition
metal doping/loading has been widely used to enhance
the light absorption of CeO, by our group (Avila, et
al., 2010). It has been reported in many works of lit-
erature that the metal ions of Fe (Farahmandjou and
Dastpak, 2018, Dastpak, et al., 2016), could improve
CeO, photocatalytic activity towards the visible-light
region. Among these metals, Fe has been considered
as a candidate owing to its special Fenton reaction of
iron. The Fenton process can improve the photocata-
lytic activity by producing the hydroxyl radicals (OH-)
which are very powerful oxidizer in photocatalytic
process (Ara, et al., 2001). There are many methods
to prepare unloaded CeO, and Fe-doped/-loaded CeO,
nanoparticles such as sol-gel (Yan, ef al., 2006), sur-
factant-assisted precipitation (Terribile, et al., 1998).
In our present investigation, FeCe magnetic nano-par-
ticles were synthesized using iron nitrate and cerium
nitrate precursors. Structural and surface morphologi-
cal properties are discussed by XRD, HRTEM, FE-
SEM, VSM and FTIR analyses.

EXPERIMENTAL DETAIL

Iron-cerium nanoparticles were synthesized by a
simple synthesis according to the following manner.
Firstly, 1.7 g CTAB surfactant was dissolved in 50 mL
pure water and then 3 g Ce(NO,),.6H,0O was added to
the solution with stirring at room temperature. After
10 min, 5 mL ethanol was slowly added to the milky-
colored solution. Then 3.3 g of Fe(NO,),.9H,0 was
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added to the solution and synthesis temperature was
increased to 90°C. The color of solution changed from
milky color to red color by adding iron precursor. The
pH=4 was maintained during the synthesis. The prod-
uct were evaporated for 2 hours, cooled to room tem-
perature and finally calcined at S00°C for 4 hours. 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 nanopar-
ticles were carried out. X-ray diffractometer (XRD)
was used to identify the crystalline phase and to es-
timate the crystalline size. The XRD pattern were re-
corded with 20 in the range of 4-85° with type X-Pert
Pro MPD, Cu-Ko: A = 1.54 A. The morphology was
characterized by field emission scanning electron mi-
croscopy (SEM) with type KYKY-EM3200, 25 kV
and transmission electron microscopy (TEM) with
type Zeiss EM-900, 80 kV. Fourier transforms infra-
red spectroscopy (FTIR) with WQF 510. Magnetic
measurements were carried out using vibration sam-
pling magnetometer with type VSM 7400 Lake Shore.
All the measurements were carried out at room tem-
perature.

RRSULTS AND DOSCUSSION

X-ray diffractometer (XRD) with CuKo radiation,
operated at 40 kV, 250 mA was used to identify
crystalline phases and to estimate the crystalline siz-
es. Fig. 1 shows the X-ray diffraction patterns of as-
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Fig. 1. XRD patterns of as-prepared FeCe sample.
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prepared sample. The exhibited peaks correspond the
cubic structure. The mean size of the ordered FeCe
nanoparticles has been estimated from full width at
half maximum (FWHM) and Debye-Scherrer formula
(Scherrer, 1918) according to equation the following:

D 0.89
Bcos6

(M

where, 0.89 is the shape factor, A is the x-ray wave-
length, B is the line broadening at half the maxi-
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Fig. 2. SEM images of the (a) as-prepared (b) annealed
FeCe nanoparticles at 500°C and (c) annealed one at
1100°C.
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Fig. 3. TEM image of the as-prepared FeCe nanoparticles

mum intensity (FWHM) in radians, and 6 is the Bragg
angle. The mean size of as-prepared samples was
around 45 nm from this Debye-Sherrer equation.

SEM analysis was used for the morphological study
of nanoparticles of samples. It can be seen that, with
increasing temperature size of the particles decreased
from 45 nm to 32 nm. Fig. 2(a) shows the SEM im-
age of the as-prepared FeCe nanoparticles prepared by
this method. In this figure, the particles prepared with
formation of clusters. Fig. 2(b) shows the SEM im-
age of the annealed FeCe nanoparticles at 500°C for 3
hours. Fig. 2(c) shows the SEM image of the annealed
sample at 1100°C for 3 hours. As it can be seen the
nano-rods particles were formed with less aggregation
(Sebt, et al., 2009). The particle size of as-prepared
samples was measured about 45 nm and crystallite
size of annealed nanocrystals about 32 nm and 30 nm
for samples at 500°C and 1100°C in diameter respec-
tively.

The transmission electron microscopic (TEM) anal-
ysis was carried out to confirm the actual size of the
particles, their growth pattern and the distribution of
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Fig. 4. FTIR spectrum of as-prepared FeCe sample
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Fig. 5. VSM loops at 300 K for representative Fe-Ce sam-

ples in different temperature

the crystallites. Fig. 3 shows the as-synthesized TEM
image of squared-like FeCe nanoparticles with aver-
age diameter of 45 nm prepared by chemical reduction
route.

In Fig. 4, the infrared spectrum (FTIR) of the syn-
thesized FeCe nanoparticles was in the range of 400-
4000 cm™ wavenumber which identify the chemical
bonds as well as functional groups in the compound.
The large broad band at 3450 cm™ is ascribed to the
O-H stretching vibration in OH™ groups. The absorp-
tion peaks around 1632 cm!, 1450 cm™! are due to the
asymmetric and symmetric bending vibration of C=0.
The strong band below 700 cm™ is assigned Fe-Ce
stretching mode. The bands corresponding to Fe-Ce
stretching mode are seen at 586 cm™ and 482 cm™.

Magnetizations M versus applied magnetic field H
for powders of the samples are measured at room tem-
perature by cycling the magnetic field between -20k
to 20k G. The magnetization curve in Fig. 5 shows
hysteresis behavior for as-synthesized samples and
annealed one at 500°C and 1100°C. Magnetic mea-
surements show a coercive field around 1632 G for
as-prepared and saturation magnetism of 3.79 emu/g
for annealed one at 1100°C.

CONCLUSIONS

Fe,0,-CeO, nanocomposites have been successful-
ly synthesized using iron nitrate and cerium nitrate
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in the presence of CTAB surfactant. XRD spectrum
showed cubic structure of the samples. SEM images
indicated that with increasing temperature the size of
the nanoparticles decreased with less agglomeration.
TEM image exhibited that the as-synthesized FeCe
nanoparticles with an average diameter about 45 nm
with good uniformity. FTIR spectra detected the pres-
ence of Fe-Ce stretching mode in the samples. Mag-
netic measurements studies showed a good coercive
field and saturation magnetism around 1632 G and
3.79 emu/g.
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