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Characterization of frequency dependences of permeability in flaky powders of Fe-Si alloy
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Kodai MIURA and Toshiyuki SAWADA

Synopsis: Effects of Si content on frequency dependences of permeability in flaky powders were investigated. 0 to 11 %Si

powders were manufactured by gas atomizing process and flattened by attrition mill. Frequency dependences of
permeability were characterized in the range of 1 MHz to 9 GHz.

Real part of permeability i’ decreased at a certain frequency owing to eddy current loss or magnetic resonance. y’
at 10 MHz before magnetic resonance increased with Si content and decreased after taking a maximum at 9% Si.
This behavior was discussed from correspondence with coercivity. As a result, in the magnetic sheet of 6.5 % Si or
less, the orientation deterioration of the flaky powder due to excessively large powder particle size was inferred.
Evaluating the degree of orientation of flaky powder as an apparent aspect ratio according to the Ollendorff
equation, it was suggested that the magnetostatic couplings should be less than 2 powder particles at 6.5% Si or
less and were more than 2 particles at 9% Si or more.

Profiles of imaginary part of 1" were discussed from the viewpoints of resonance frequency f, around 100 MHz and
type of profile. Assuming that magnetization process is the movement of magnetic domain wall, f, around 100 MHz
was explained by parameter Ms/u:"2. On the other hand, new dispersion observed in x” profile between 2~3 GHz
and u” profile varied from unimodal type to bimodal one with increase of Si content. Based on the model of
flattening process in Fe-Si-Al alloy, change of profile was attributed to micro-strain ¢ calculated by Williamson-Hall
analysis as well as saturation magnetostriction is. Therefore, it was speculated that increase of |1slxe should induce

change of u” profile derived from magnetic resonance of magnetostriction effect.

Key words: Fe-Si alloy; magnetic flaky powder; frequency dependence of permeability; magnetostatic coupling; magnetostriction

effect
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Table 1 Flaky powders prepared in this study

Alloy Si content Cs; Median diameter D50 Tap density 7D Specific surface area S

(mass% ) (um) (Mg'm®) (m*g)
Fe <0.01 92.4 0.95 1.24
3Si 3.12 101.5 0.85 0.73
6.5Si 6.40 1532 0.85 0.56
9Si 8.84 74.1 0.98 0.79
10Si 10.06 37.7 0.82 1.13
11Si 11.07 39.6 0.93 1.03
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Fig.1 Frequency dependences of real part of permeability,
(a)As-attrited and (b)anneled at 873 and 1073K.
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Fig.3 Optical micrographs of cross sectional view of magnetic sheet, (a)Fe, (b)3Si, (c)6.5Si, (d)9Si, (e)10Si and (f)11Si.
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Table 2 Analytical parameters of Ollendorff equation

He Volume fraction of | Calculated 4’ | Measured u” | Difference of u” Measured Apparent
Alloy Condition mdm
(A/m) flaky powder (%) (A) (B) (B)-(A) aspect ratio m | aspect ratio m,"
Fe As-attrited 1050 36 229 25.5 2.6 58 74 1.3
3Si As-attrited 875 34 27.3 33.7 6.4 86 151 1.8
6.5S1 As-attrited 637 34 323 36.3 4.1 93 121 1.3
6.5S1 873K 366 33 389 535 14.7 97 179 1.8
9Si As-attrited 828 36 25.7 39.1 13.4 62 176 29
9Si 873K 454 36 31.0 48.9 17.9 62 142 2.3
9Si 1073K 414 33 28.1 54.6 26.6 62 220 3.6
10Si As-attrited 891 34 17.3 36.6 19.3 37 223 6.0
10Si 1073K 589 33 18.1 49.4 31.2 37 309 8.4
11Si As-attrited 812 35 20.1 35.0 14.8 42 136 32
1181 1073K 430 33 20.6 51.1 30.5 40 194 4.9

* Apparent aspect ratios were calculated as a fitting parameter.
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