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2.5. Production of Fe-Co Nanopowders 

The iron-nickel alloy (FexCo1−x) has a high saturation magnetization and a high Curie temperature, 
which can be used as excellent soft magnetic material and also suitably for high temperature 
applications. In this study, nitrogen plasma forming gas (3000 L/h), hydrogen carrier gas  
(1375 L/h), and nitrogen cooling gas (2000 L/h) were selected as the processing condition for 
synthesizing iron-cobalt nanopowders. The hydrogen carrier gas also serves the role of a reducing 
agent in the synthesis process. Iron (III) chloride anhydrous powder and cobalt (II) chloride powder 
were used as the precursor materials and were pre-mixed uniformly with a mechanical method before 
putting them into the powder dosing device. Traditional paste mortar was used to finely grind the 
precursor powders in order to uniformly mix the two components. The particle size calculated from the 
XRD analysis for the sample using the feeding rate of 4.04 mL/min was about 45 nm. XRD 
characterization also demonstrated that a pure synthetic wairauite CoFe phase was obtained. No 
particles larger than 100 nm were present as confirmed by the TEM studies (Figure 8). This study 
showed that high purity and highly crystalline Fe-Co metal alloy nanopowders can be formed through 
the simultaneous thermal decomposition of CoCl2 and FeCl3 in N2 atmosphere using H2 as the carrier 
and reducing gas. It should also be noted that longer processing times should be avoided because of the 
hygroscopic property of the NiCl2 precursor that can block the inlet of the solid phase dosing device. 
We believe that other metal alloys such as Fe-Ni and Fe-Mo could also be prepared using the same 
method. The Fe-Mo alloy particle is an efficient catalyst for the synthesis of carbon nanotubes with the 
CVD method [18]. 

Figure 8. (a) Transmission electron micrograph of Iron-Cobalt nanopowders; (b) X-ray 
diffraction pattern of Iron-Cobalt nanopowders. 
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Figure 8. Cont.   
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3. Experimental Section 

During the microwave plasma synthesis of nanopowders, plasma gas, carrier gas, and cooling gas 
are first purified with a series of gas purifying systems. The precursor material (either liquid or 
powder) is put into the feed dosing device. The liquid precursor materials must first be heated, 
evaporated, and injected uniformly into the reaction quartz region by the movement of the carrier gas 
at a suitable flow rate. The powder precursor is then carried into the reaction quartz tube by the action 
of the motor fan together with the flow of carrier gas. The feeding rate of the precursor materials can 
be manipulated by controlling the up-moving rate of the piston in the feeding equipment (Figure 1(8)). 
The reaction temperature is directly related to the power of the microwave generator that can be 
controlled by adjusting the actual operating current. For example, during the preparation of metal 
oxides and nitrides, ionization and dissociation of the precursor species occur in the plasma, the 
dissociated species reacts to form nitride or oxide molecules. A nucleus can then be formed by the 
collision of these molecules, followed by the growth of the nuclei by further collisions. Much larger 
particles are formed by coagulation of the reactive species or molecules. Cooling gas will be used to 
quench the synthesized particle in order to inhibit further particle growth and minimize coagulation. 
The precursor is decomposed thermally in the plasma reaction region, and the products are then 
condensed in the heat exchanger, separated from the gas by the powder filter, and finally collected in 
the powder collector. Preparation of Cu, Mo, W, Mo-Ni and Fe-Co nanopowders using the microwave 
plasma synthesis method were studied, and the effect of various processing parameters (e.g., effect of 
plasma gas, carrier gas, cooling gas, precursor raw materials, and feeding rate) was investigated in  
this work.  

The synthesized nanopowders were characterized by X-ray diffractometer (Philips 1700) equipped 
with a graphite crystal monochromator for phase analysis. The diffraction pattern was obtained by 
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scanning at a 2θ step-size of 0.04°. The particle size and morphology were studied by transmission 
electronic microscopy (JEM 2000EX). 

4. Conclusions 

This study shows that the microwave plasma synthesis can be a conventional method of obtaining 
nanopowders with high purity. Metal (Cu, Mo and W) and metal alloys (Mo-Ni and Fe-Co) were 
produced using the microwave plasma synthesis method. The processing conditions can be tuned to 
manipulate the structure and average particle size of the nanopowders. Experimental results suggest 
that the effect of feeding rate, plasma gas, carrier gas, and cooling gas is critical in controlling the 
particle size during the microwave plasma synthesis process. The as-synthesized pure nanopowders 
can be used directly and do not need further purification procedures. This technique can be used to 
prepare other metal alloy systems. 
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