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Synopsis
Soft magnetic powder cores are used for choke coils, used in DC-DC converters, noise filters, etc. However, the increase
of core loss during high frequency driving needs to be improved. Since core loss is related to magnetic domain motion, it is
important to observe magnetic domains clearly to understand how to decrease core loss.
In this study, the relation between core loss and the magnetic domain motions in various Fe-Si alloy powders has been
investigated by observing magnetic domains with a Kerr effect microscope.
We concluded as follows:
(1) Grain boundaries, vacancies and precipitates prevent the motion of domain walls as pinning sites.
(2) The patterns of magnetic domains vary with internal strain, crystal orientation, or segregation in the powders. Change rate of
luminance value decreases in powder with complex magnetic domains.
(3) Hysteresis loss decreases with increase of change rate of luminance value which quantifies the ease of domain wall motion.
Therefore, it is important to relax the strain induced by solidification or to homogenize the segregation so that domain walls
can easily move.
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Table 1. Chemical compositions and circularities of

sample powders.

Chemical compositions

Preparation o Circularity
Sample mass%)
method Fel Si| Mn S o) @56 um
A Gas
Fe-3.0Si |atomization Bal.|2.85/<0.01|0.001|0.03| 0.90
B Gas

Fe-6.55i |atomization Bal.|6.27| 0.04 |0.004|0.04| 0.93

C  [Modified-water
Fe-6.5Si [atomization
D Water
Fe-6.5Si [atomization

Bal.|6.36] 0.07 |0.003|0.08| 0.89

Bal.|6.25| 0.11 |0.003|0.40{ 0.76
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R DY EEAT o 72, sin WO STHEREFLENIN T O R
XZAL @R % 38T 128 MO - FI3gfk L TR % %
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TABRICAEB L, SRBOBELE L X OB EE %
AT B L3I, KON % i L 7.

Table 2. Core density and iron loss value of powder

core.
Hysteresis Eddy
Core Tg@tgl 1IO.|S.S loss current loss
Sample density 30 I.<Hz’ @0.1T, @0.1T,
(kW/m% |  (kW/m®)
A
Fe-3.0Si 472 601 454 147
B
Fe-6.5Si 4.97 529 476 53
C
Fe-6.5Si 4.70 402 354 48
D
Fe-6.5Si 4.86 520 497 23
C (annealed)
Fe-6.5Si 4.95 340 267 73
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Fig. 1. Change in magnetic domain of gas-atomized Fe-
3.0Si powder during the magnetizing process.
Images (a) and (b) are magnified.
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Fig. 2. Change in magnetic domain of the other
gas atomized Fe-3.0Si particle during the
magnetizing process. Images (a) and (b) are

magnified.

Change rate of luminance value (%)

More complex magnetic domain pattern

Fig. 3. Relationship between magnetic domain patterns
and change rates of luminance value of Fe-3.0Si

gas atomized powders.
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Fig. 4. Magnetic domain structures and their changes
under magnetization process for gas-atomized
Fe-3.0Si and Fe-6.5Si powders.
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Fig. 5. Change rate of luminance value for gas-atomized
Fe-3.0Si and Fe-6.5Si powders.
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Fig. 6. Magnetic domain structures and their changes
during the magnetization process of Fe-6.5Si

powders atomized by different processes.
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Fig. 7. Change rate of luminance value of Fe-6.5Si

powders atomized by different processes.
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Fig. 8. Magnetic domain structures and their changes
during the magnetization process of modified-
water-atomized Fe-6.5Si powders before and

after annealing.
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Fig. 9. Change rate of luminance value of modified-

water-atomized Fe-6.5Si powders before and
after annealing.
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Fig. 10. Relationship between change rates of luminance
value and hysteresis losses of Fe-Si alloy

powders made by different processes.
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