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A simple sonochemical method for the preparation of
air-stable iron nanoparticles has been developed
employing commercial edible oils as solvents. Upon
annealing of the as-prepared material in argon, an air-
stable ferromagnetic nanocrystalline material with a
saturation magnetization comparable to that of bcc Fe is
obtained.

The synthesis of magnetic iron nanoparticles is of interest to
research workers because of its application in magnetic and
electronic devices,1–3 medicine,4 and new technologies such as
environmental remediation,5 etc. Unfortunately, the high air
sensitivity is the main problem in the technological application
of this material, and for that reason many different methods
have been developed to prevent iron nanoparticles from oxida-
tion. They include: embedding the nanoparticles in polymer
matrices,6 passivating them with an oxide shell,2 the carboniza-
tion of iron powder with methane to obtain a different surface
content of iron carbide in a carbon matrix,7 and high
temperature annealing mixtures of hematite and carbon
powders,1 etc. Recently, an effective synthetic method for
highly magnetic air-stable iron–iron carbide nanocrystalline
particles was reported using ultrasound irradiation of
iron pentacarbonyl.8–10 The process was carried out in a
diphenylmethane (DPhM) solution, which formed a polymeric
product as the result of the sonochemical decomposition of
DPhM coating the surface of the iron nanoparticles. Annealing
the as-prepared material at 700 uC resulted in the formation of
a protective shell consisting of a mixture of Fe3C and C. This
synthesis of nanocrystalline iron (particle size 20–100 nm)
yielded a material with magnetic properties comparable to, or
even higher than, those for bulk bcc Fe. The annealed iron
nanopowder is stable in air (for at least four months). The
drawbacks to this synthesis are the production of some toxic by-
products during the sonochemical decomposition of diphenyl-
methane,11 and the high cost of this solvent (about 70 dollars
per kg). Recently, we have found a cheap and environmentally
friendly process to replace DPhM; the use of edible vegetable
oils.12 In this article we present the results for two such
solvents, rapeseed and corn oil, employed for the sonochemical
preparation of air stable, highly magnetic iron nanopowders.
The importance of using a nonvolatile solvent in sonochemical
processes has been emphasized by many authors, and these
edible vegetable oils answer this requirement.

The methods of sonochemical synthesis and the material
characterization are described below.13 The XRD analysis
showed that the black, as-prepared material, obtained by using
the commercial food oils as solvents, was amorphous. After
annealing under Ar at 750 uC, the color of the material changed
to dark gray, and diffraction patterns of bcc Fe were the sole
detected peaks for both solvents [Fig. 1].

The TEM studies demonstrated the different changes in

particle size after annealing of the samples prepared in the
rapeseed and corn oils [Fig. 2].

The material prepared in the rapeseed oil revealed a drastic
increase in particle size upon annealing. Changes in size from
20–30 nm for the as-prepared sample to 180–200 nm after
annealing [Fig. 2(a,b)] were observed. On the other hand, for
the products obtained using the corn oil as a solvent, only slight
changes in size were observed upon heating the as-prepared

Fig. 1 XRD patterns of the annealed products.
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Fig. 2 TEM images of materials prepared in rapeseed oil (a, b) and in
corn oil (c, d); (a, c) as-prepared samples, (b, d) annealed samples.
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sample at 750 uC under Ar. Size changes from 10–15 nm to
20–25 nm [Fig. 2(c,d)] were measured. For both solvents, the
as-prepared material represented nanoparticles of iron
embedded in a matrix, which was a product of the sono-
chemical decomposition of the solvent [Fig. 2(a,c)]. During the
annealing process the organic phase was partly removed and
partly converted into another product, while the iron nano-
particles crystallized in a spherical form [Fig. 2(d)]. The organic
residues were able to form a protective layer on the surface of
the iron particles. The organic layer surrounding the iron
obtained in the corn oil was more noticeable after the anneal-
ing, as observed in the TEM picture in [Fig. 2(d)]. The
difference in the stabilization properties of rapeseed and corn
oils can be explained in terms of their composition. The
rapeseed oil is known to contain less polyunsaturated and more
monounsaturated fats than any other commercial edible oil:
about 2% polyunsaturated and 78% monounsaturated fats. In
the corn oil the concentration of polyunsaturated oils is rather
high: about 59% polyunsaturated and 24% monounsaturated
fats. As usual, the polyunsaturated compounds are more
inclined to undergo polymerization than the monounsaturated
ones. Such polymerization could take place during the
sonochemical reaction. The products of the polymerization
process form the protection layer that keep iron nanoparticles
stable to air oxidation. The higher concentration of poly-
unsaturated compounds makes the corn oil more effective for
air-stabilization.

In Table 1 we present the result of the C, H analysis of the as-
prepared and annealed products for both solvents. We believe
that some hydrocarbons have evaporated from the surface
upon annealing, which reduced the carbon content. The sample
prepared in corn oil contained more carbon than the sample
synthesized in the rapeseed oil. The larger amount of carbon
perhaps caused the growth of smaller iron nanoparticles,
arresting their growth.

The presence of an organic shell in the annealed samples was
detected also by HR TEM (Fig. 3).

According to the HR TEM images, the iron nanoparticles

are coated with a non-crystalline layer with a thickness of
about 2.5 nm. SAEDS analysis using a 25 nm beam determined
a positive gradient of carbon concentration towards the edge of
the particle (Table 2). This result shows that although we
cannot detect a clear core–shell border separating the iron and
the carbon, their concentrations change along the particle
radius and a higher carbon content on the edge helps to protect
the iron from oxidation.

To investigate the nature of the changes that the oil
undergoes in the sonolysis process, and the way the protection
layer is formed, FTIR and Raman studies are now in progress.
Early results show that the strong carbonyl peak at 1730 cm21

disappears during the sonication, and we could find some
evidence that the unsaturated C–C bonds remain intact.

Both annealed materials demonstrated ferromagnetic pro-
perties, having a saturation magnetization (Ms) of about
200 emu g21. Taking into account the 7.5% carbon means that
its Ms is very close to that of bulk bcc Fe (222 emu g21) [Fig. 4].

The magnetic properties of sonochemically prepared air-
stable iron were highly stable and did not change during
exposure to air for more than two months. Thus, we have
reproduced the early sonochemical results obtained with an
expensive solvent, DPhM, using much cheaper solvents such as
edible vegetable oils.
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Fig. 3 An HR TEM image of an annealed iron sample prepared in
corn oil.
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Spectrum location

Relative concentration (%)

C Fe
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Spectrum border 3 10.02 89.08
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Fig. 4 A magnetization curve of annealed material prepared from the
corn oil.
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