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Introduction
The properties of iron-based materials can be highly enhanced if particles in the nanometer size 
are  prepared.  A wide  range  of  methods  is  now available  for  the  preparation  of  iron-based 
nanoparticles,  e.g.  arc  discharge  method,  flame  synthesis,  laser  pyrolysis,  thermal 
decomposition of precursors, reverse micelles method, and microwave plasma synthesis [1,2]. 
In the present article, we describe the synthesis of  α-Fe nanoparticles by microwave plasma 
method.

Experimental
The Ar discharge was generated at a low pressure in a cylindrical quartz reactor passing through 
a surfaguide [3] in a microwave waveguide. A 2.45 GHz magnetron generator was operated at 
430 W. Iron pentacarbonyl Fe(CO)5 vapour was transported from a reservoir to the discharge by 
argon flow. In the plasma the Fe(CO)5 molecules got decomposed and iron nanoparticles were 
formed. The particulate products were trapped at the filter before a rotary pump.

We  used  100  sccm  argon  flow  rate,  which  corresponds  to  430  Pa  total  pressure. 
Maximum  Fe(CO)5 flow  rate  was  increased  from  zero  to  10  sccm.  The  duration  of  the 
experiment was about 2 hours and a few grams of a nanopowder were synthesized. After the 
experiment, the nanopowder was passivated in situ for a few hours being exposed to air at a 
reduced pressure.

The  plasma  diagnostics  was  performed  using  the  optical  emission  spectroscopy  by 
means of a grating spectrometer with CCD camera. The morphology and composition of the 
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Fig  1.  Experimental  setup:  1 microwave  generator,  2 ferrite 
circulator,  3 reflected  power  meter,  4 impedance  matching,  5 
surfaguide launcher,  6 brass flanges,  7 baratron gauge,  8 trap for 
solid products, 9 rotary oil pump, 10 iron pentacarbonyl reservoir, 
11 Ar gas line, 12 spectrometer Jobin-Yvon TRIAX 320.



prepared nanopowder were characterized by transmission electron microscopy (TEM), X-ray 
diffraction (XRD) using Co Kα radiation, Raman spectroscopy and Mössbauer spectroscopy.

Results and discussion
The XRD pattern from the prepared nanopowder is shown in Fig.2. The typical peaks were 
assigned to iron and iron oxides. From the peak widths the mean nanoparticle diameter was 
calculated. Most nanoparticles had diameters in 10-40 nm range.

Fig.2: XRD pattern of prepared nanopowder.

The TEM investigation revealed core-shell nanoparticles (Fig. 3). The cores are formed of α-Fe 
and the shells (4-5 nm thick) are formed of either Fe3O4 iron oxide or carbon. 

Fig.3: TEM image of prepared nanoparticles.
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