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Self-propagating exothermic reactions during mechanical milling of FeCl3/CoCl2 mixture together with
sodium seeds resulted in formation of Fe50Co50 nanoparticles. Highly exothermic reactions resulted in
temperature raise and formation of Fe50Co50 phase within the !rst 5 min; however Fe50Co50 single-phase was
obtained after 30 min of milling. The products were characterized by XRD, SEM, EDS, TEM and VSM. Obtained
results showed that both milling time and NaCl salt matrix affected the size, morphology, microstructure and
magnetic properties of the produced particles.
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1. Introduction

Fe–Co alloys are known to have many applications in a wide
variety of areas due to their soft magnetic property, high Curie
temperature, large saturation magnetization and great permeability
[1–3]. These properties being signi!cantly dependent on grain size,
internal strain and crystal structure are shown to be superior in the
nanostructured materials [3–8].

Synthesis and characterization of Fe50Co50 via mechanical alloying
of elemental powder mixtures of iron and cobalt has been reported by
previous researchers, intensively [9–14]. Mechanochemical proces-
sing has been shown to have advantages over other methods in terms
of being controllable and low cost method for production of advanced
materials with narrow size distributions [15,16]. Mechanochemical
route which is carried out by an abrupt solid-state reaction induced by
mechanical milling can be used to synthesize materials with high
performance [17–20]. If the reaction is exothermic enough to yield the
required adiabatic temperature, milling can lead to self-sustaining
reactions similar to self-propagating high-temperature synthesis
(SHS). SHS is an ef!cient and economical technique for synthesis of
various materials that have such abilities as materials improvement,
energy saving and environmental protection [21].

In this research, Fe50Co50 nanoparticles were synthesized by a
mechanically induced self-propagating reaction (MSR) route that
consists of ball milling of the metal chloride precursors in the
presence of an alkaline element.

2. Experimental procedures

Dried iron/cobalt chloride powders with atomic ratio of Fe/Co=1
and stoichiometric amount of sodium seeds were milled together in a
vial containing hardened steel balls using a Spex 8000M high-energy
ball-milling machine for different milling times with 3:1 ball-to-
powder weight ratio. All milling and handling processes were carried
out in a glove box !lled with argon to protect the particles from
oxidation. In the second set of experiments, 50 wt.% NaCl was added
to the same precursors andmilling was preformed to study the effects
of NaCl on starting SHS time (ts) and morphology of the particles.
Aftermilling, the sampleswerewashed using DI water and ethanol for
several times with centrifuge to remove NaCl and then dried at 100 °C
for 24 h in a vacuum oven. Phase identi!cation was performed by X-
ray diffraction (XRD, Philips PW 3710, Netherlands) and microstruc-
tural characterization was carried out using scanning electron
microscope (SEM, VEGA II XMU, Tescan, Czech Rep.) and transmission
electron microscope (TEM, Philips CM200, Netherlands). Magnetic
properties of the powders were also investigated using a vibrating
sample magnetometer (VSM, MDK Co. Ltd, Iran) working at the room
temperature.
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