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Abstract In this study, ultra-fine soft-magnetic micro-powders are prepared by high-pressure gas atomization of an
Fe-based alloy, Fe-Hf-B-Nb-P-C. Spherical powders are successfully obtained by disintegration of the alloy melts under
high-pressure He or N, gas. The mean particle diameter of the obtained powders is 25.7 um and 42.1 um for He and N,
gas, respectively. Their crystallographic structure is confirmed to be amorphous throughout the interior when the particle
diameter is less than 45 um. The prepared powders show excellent soft magnetic properties with a saturation magneti-
zation of 164.5 emu/g and a coercivity of 9.0 Oe. Finally, a toroidal core is fabricated for measuring the magnetic per-
meability, and a p, of up to 78.5 is obtained. It is strongly believed that soft magnetic powders prepared by gas

atomization will be beneficial in the fabrication of high-performance devices, including inductors and motors.
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Fig. 1. (a, ¢) SEM images of Fe-Hf-B-P-Nb-C powders which
were gas-atomized using He gas (a), and N, gas (c). (b, d)
Particle size distribution of the powders which were gas-
atomized using He gas (b), and N, gas (d).
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Fig. 2. SEM images and particle size distributions of He-gas-
atomized powders: (a, b) <20 um (He-1), (¢, d) <45 um
(He-2), (e, f) 45-75 um (He-3), (g, h) () 75-100 um (He-4).
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Fig. 3. SEM images and particle size distributions of N,-gas-
atomized powders: (a, b) <20 um (N,-1), (¢, d) < 45 pm (N,-
2), (e, f) 45-75 pm (N2-3), (g, h) (f) 75-100 pm (N-4).
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Table 1. Summary of particle size and oxygen concentration for
He-gas-atomized powders after classification.

Sample

P He-4
nomination

He-1 He-2 He-3

Classification range < 20 um < 45 pm 45-75 pm 75-150 um

Dy (um) 2756 1008  49.62 85.02
Dso (um) 7465 2346  60.97 1063
Dy (m) 2097 4433 77.94 137.7
Oxygen 9369  340.1 196.2 2237

concentration (ppm)

Table 2. Summary of particle size and oxygen concentration for
N,-gas-atomized powders after classification.

Particle diameter N,-1 N,-2 N,-3 N,-4
Classification range < 20 um < 45 um 45-75 pm 75-150 um
Dy (um) 5.539 14.56 46.51 85.97
Dso (um) 16.91 30.41 60.11 109.6
Dy (um) 48.91 46.07 74.79 146.6
Oxygen 511 2614 1947 1972

concentration (ppm)
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Fig. 4. XRD patterns of gas-atomized powders: (a) For He-
gas-atomized powders, and (b) for N,-gas-atomized powders.
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Fig. 5. (a) M-H hysteresis curves for He-gas-atomized
powders. (b) Variation of saturation magnetization (cs) and
coercivity (H;;) depending on particle diameter (Ds).
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Fig. 6. (a) Digital image of a fabricated toroidal core. (b)
Digital image of the toroidal core rapped with electrical
wires. (¢) Frequency dependence of effective permeability
with different particle size (N,-1 and N,-2).
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