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Abstract—Ultrafine iron-cobalt alloy powders having diameters less than 0.1 micron were manufactured
by hydrogen reduction of vapor mixtures of iron(I[) chloride and cobalt(I) chloride. The effects of the
following variables on chemical, morphological and magnetic properties of the powders were experimentally
investigated: composition of iron and cobalt in the alloy powder, concentrations of the metal chlorides in
the vapor, flow rates of hydrogen and carrier gas(argon), conditions for the post-formation of oxide films
on the powder surface, and the magnetic field applied where the powder is formed. Particle size distribution,
chemical compositions of impurities, crystal structure and magnetic properties of the powders were measured
using ICP, PIXE, XRD, EDS, XPS, TEM and VSM. The average particle size of the powder was in the
range of 0.025 to 0.045 micron. Most of oxygen and chlorine, major impurities in the powder, were observed
to exist on the surface of the powder. By applying a magnetic field where the powder is being formed,
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the curved chain of iron-cobalt alloy particles was straightened, and a higher coercive force was obtained.
The maximum coercive force of the iron-cobalt powders was 1,466 oersted. The saturation magnetization

of the powder ranged from 130 to 180 emu/g.
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Fig. 1. Configuration of reactant-gas mixing nozzles.
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Fig. 2. Schematic diagram of experimental apparatus.
1. Copper powder column
2. O, removing purifier
3. Gas purifier

4. Pressure indicator

5. Flowmeter
6. Load cell
7. Thermocouple
8. Tube furnace
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Fig. 3. Axial distribution of temperature in the reaction
Zone.
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Fig. 4. X-ray diffraction pattern of Fe-Co powder produ-
ced by gas phase reaction.
(concentration of chlorides: 0.68X 1075 g/mol, car-
rier gas flow rate: 5 //min, hydrogen gas flow rate:
5 I/min, reaction temperature: 900C)
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Table 1. Particle sizes with varying chlorides concentrations and reactant gas flow rates

. Carrier gas Concentration of chlorides Hydrogen gas . Average
Experiment . . s Reaction )
o flow rate, in the carrier gas, 107> gmol// flow rate, temp. particle
’ I/min FeCl, CoCl, total I/min P- size, um
1 5 131 0.55 1.86 5 900 0.041
2 5 0.39 0.29 0.68 5 900 0.032
3 5 0.24 0.15 0.39 5 900 0.025
4 5 0.80 0.66 1.46 5(11)* 950 0.025

*11 I/min of argon was injected with hydrogen to increase the total gas flow rate.

Fig. 5. Transmission electron microscopic images of Fe-
Co ultrafine powder.
(concentration of chlorides: 0.68X 10~° gmol/!, car-
rier gas flow rate: 5 //min, hydrogen gas flow rate:
5 I/min, reaction temperature: 900C )
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Fig. 6. Transmission electron microscopic image of Fe-Co
ultrafine powder produced under the condition of
cooling.

(concentration of chlorides: 0.68 X 10~° gmol/l, car-
rier gas flow rate: 5 //min, hydrogen gas flow rate:
5 l/min, reaction temperature: 900C)
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Fig. 7. Effect of Fe/Co composition on coercivity.
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Table 2. Effect of oxidizing condition of produced powder
on coercive force

Oxidizing condition Coercive
Oxygen conc. Argon flow Time, force,
in argon rate, cc/min hr  oersted
<10 25 17 1,380
1% 25 17 1,000
<10 175 17 962

Manufacturing condition of the powders:
reaction temp.: 900C
reactant gas flow rate: Hy; 5 //min

Ar; 5 //min

FeCly; 0.39X1075 gmol/!

CoCly; 0.29X1075 gmol/!

chloride concentration:
in the argon carrier gas
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Fig. 8. Transmission electron microscopic images of
Fe-Co ultrafine powder produced under the condi-
tion of magnetic field.

(concentration of chlorides: 0.68X 10~° gmol/l, car-
rier gas flow rate: 5 //min, hydrogen gas flow rate:
5 I/min, reaction temperature: 900C)
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