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ABSTRACT

Iron oxide (Fe,O,) nanoparticles were synthesized by a simple approach using sodium borohydride (NaBH,) and
Iron chloride hexahydrate (FeCl,.6H,0). Their physicochemical properties were characterized by high resolution
transmission electron microscopy (HRTEM), scanning electron microscopy (SEM), X-ray diffraction (XRD)
and electron dispersive spectroscopy (EDS). XRD pattern showed that the iron oxide nanoparticles exhibited
rhombohedral structure and gamma-Fe,O, (maghemite) to alpha-Fe,O, (hematite) structural phase transition in
nanocrystals. The particle size of a-Fe,O, was around 28 nm in diameter as estimated by XRD technique. The
surface morphological studies from SEM depicted spherical particles with formation of clusters by increasing
annealing temperature. The EDS spectrum showed peaks of iron and oxygen free of impurity.

Keyword: Iron oxide nanoparticles; Sodium borohydride reduction; Synthesis; Hematite; Crystal structure;
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1. INTRODUCTION

Magnetic nanoparticles have unique physiochemical
and optical properties due to surface and finite-size
effects. These promising magnetic nanoparticles have
been widely used as microwave radiation absorbers
[1, 2], spin-based devices [3], cathode materials of
lithium battery [4], ferrofluids [5, 6], drug-targeting
and cell separation carriers [7]. Several types of iron
oxides have been studied by researchers such Fe,O,
(magnetite), o-Fe,O, (hematite), y- Fe,O, (maghemite),
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FeO (wustite), e-Fe,0, and B- Fe,O, [8], among which
magnetite and maghemite is the very important in mag-
netic application. Magnetic iron oxide nanoparticles
have a large surface-to-volume ratio and therefore pos-
sess high surface energies. There are several methods
to preparation of the iron oxid nanoparticles such as
co-precipitation, thermal decomposition, hydrother-
mal synthesis, sol-gel synthesis, microemulsion, sono-
chemical synthesis, and sonochemical synthetic route
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[9, 13]. In the following, we focus mainly on chemical
reduction of the iron oxide nanoparticles using Iron
chloride hexahydrate (FeCl,.6H,0). Morphological
properties are discussed by XRD, TEM, SEM and
EDS analyses.

2. EXPERIMENTAL DETAIL

Iron oxide nanoparticles were synthesized by a new
borohydride reduction approach according to the
following manner. Firstly, 15 g of FeCl,.6H,O was
dissiolved in 150 mL pure water with stirring and then
2 g NaBH, was added to the solution and temperature
was increased to 80°C. The color of solution changed
from bright to dark. The pH for the solvent was main-
tained during the synthesis around 1.

The product was synthesized for 2 hours at the
mentioned temperature, cooled to room tempera-
ture and finally calcined at 500°C for 4 hours. All
analyses were done for samples without any wash-
ing and purification. The specification of the size,
structure and surface morphological properties of
the as-synthesis and annealed Fe O, nanoparticles
were carried out. X-ray diffractometer (XRD) was
used to identify the crystalline phase and to esti-
mate the crystalline size. The XRD pattern were
recorded with 20 in the range of 4-85° with type
X-Pert Pro MPD, Cu-K : A =1.54 A. 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. The Fe and O elemental
analysis of the samples was performed by energy dis-
persive spectroscopy (EDS) type VEGA, 15 kV. All
the measurements were carried out at room tempera-
ture.

3. RESULTS AND DISCUSSION

X-ray diffraction (XRD) at 40Kv was used to iden-
tify crystalline phases and to estimate the crystalline
sizes. Figure 1 shows the X-ray diffraction patterns
of the powder before and after heat treatment. Fig-
ure 1(a) shows the XRD pattern of Iron oxide before
annealing. A y —a-Fe,O, phase transformation took
place during calcination between 300 and 400°C [9].
Figure 1(a) shows the XRD pattern of Iron oxide af-
ter annealing. An abrupt increase in the amount of
a phase occurred when the calcinations tempera-
ture rose above 500°C. a-Fe,O, was the only phase
present for the powder calcined above 500°C [12].
The exhibited picks correspond to the (012), (104),
(110), (113), (024), (116), (018), (214) and (300) of
a rhombohedral (hexagonal) structure of a-Fe, O, is
identified using the standard data. The mean size of
the ordered Fe,O, nanoparticles has been estimated
from full width at half maximum (FWHM) and De-
bye-Sherrer formula according to equation the fol-
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Figure 1: XRD pattern of iron oxide nanopatrticles.
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lowing:
0.89A
D=
BcosH M

where, 0.89 is the shape factor, A is the X-ray wave-
length, B is the line broadening at half the maximum
intensity (FWHM) in radians, and 0 is the Bragg an-
gle. The mean size of as-prepared a-Fe,O, nanoparti-
cles was around 28 nm from this Debye-Sherrer equa-
tion. The lattice constant so obtained for alpha Fe O,
nanoparticles were a= b= 5.0352 A° and c= 13.7480
A°.

The scanning electron microscope (SEM) was

(b)

Figure 2: SEM images of the Fe,O, nanoparticles (a) as-

prepared (b) annealed at 500°C.

_

Figure 3: TEM image of as-prepared Fe,O, nanoparticles.

used for the morphological study of nanoparticles
of Fe,O, samples. These analyses show that high
homogeneity emerged in the samples surface by
increasing annealing temperature. With increas-
ing temperature the morphology of the particles
changes to the spherical shape and nanopowders
were less agglomerate. Figure 2(a) shows the
SEM image of the as-prepared Fe,O, nanoparticles
prepared by chemical reduction method. In this
Figure, the particles prepared with formation of
clusters. Figure 2(b) shows the SEM image of the
annealed Fe O, nanoparticles at 500°C for 4 hours.
The Fe,O, nanoparticles formed were not aggre-
gated. The spherical shaped particles with clumped
distributions are visible through the SEM analysis.
The SEM observation, the size of annealed nano-
crystals is in the range of 24-32 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 dis-
tribution of the crystallites. Figure 3 shows the as-
synthesized TEM image of spherical Fe O, nanopar-
ticles prepared by chemical reduction route. It can
be seen that nanoparticles were prepared with less
aggregation.

Energy dispersive spectroscopy (EDS) of Fe,O, pre-
pared by wet synthesis is shown in Figure 4 which con-
firms the existence of Fe and O with weight percent.
EDS was used to analyze the chemical composition of
a material under SEM. EDS shows peaks of iron and
oxygen with fewer chlorine and sodium element.
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Figure 4: EDS spectra of the as-synthesized Fe,O, prepared by wet synthesis.
4. CONCLUSIONS Appl. Phys., 97 (2005), 10J510.

3.
The a-Fe,O, nanoparticles have been prepared using
chemical reduction of iron chloride hexa hydrate and 4.
sodium borohydride. XRD spectrum shows rhombo-
hedral (hexagonal) structure of a-Fe,O,. From SEM
images, it is clear that with increasing temperature the 5.

morphology of the particles changes to the spherical

shape and nanopowders were less agglomerate. TEM

image exhibits that the as-synthesized TEM image of 6.
spherical Fe,O, nanoparticles prepared by chemical
reduction route with a diameter in the range of 24- 7.
32 nm with less aggregation. EDS shows only peaks

of iron and oxygen and indicates the absence of 8.
impurities in prepared Fe O,.

9.
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