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Effects of C, Cr, Si and Mn Additions on Frequency Characteristics of Fe-C-Cr Flaky Powders
AR 2P =Gl DRERT O EH Rz
HOSOMI Ryohei, MIURA Kodai and SAWADA Toshiyuki

Synopsis: Fe-C-Cr alloy flaky powders were investigated as materials used for magnetic sheets for RFID applications.
Test powders were prepared by the gas atomizing process followed by flattening process by an attrition mill to
obtain flaky powders. The permeability, coercivity He and saturation magnetization Ms of the flaky powders were
measured, and the effects of C, Cr, Si and Mn on the frequency characteristics and magnetic characteristics
were discussed.

Regarding the amount of C addition, it was confirmed that the 0.4C composition increased gradually in imaginary
part of frequency ux” on the low frequency side. This phenomenon is thought to be caused by eddy current loss.
Furthermore, the median diameter D50 of the 0.4C composition was larger than that of the 1.0C composition.
This is thought to be due to the high ductility of martensite of the 0.4C composition.

It was confirmed that resonance frequency fir was increased by adding C, Cr, Si, and Mn, which have the effect of
lowering the martensitic transformation start temperature. As a result of calculating the micro strain € of the flaky
powders, it became clear that the powders with a large amount of retained austenite y, in the spherical powders
also have a large €. As ¢ increases, Hc increases and u’ decreases. So, it was suggested that spherical powders
with a large y, contribute to the increase of fr.

From the relationship between fi- and Ms/ut"

, it was found that there is a difference in domain wall volume S 6
between 1.0C and 0.4C compositions. Furthermore, it was found that S0 increased as the crystallite size d

decreased. The 1.0C composition was able to reduce d and increase fr.

Keywords: magnetic powder; magnetic sheet; flaky powder; RFID; retained austenite; micro strain; resonance frequency.
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Table 1 Chemical compositions of spherical powders of Fe-
C-Cr alloy in mass%.

Alloy Fe C Cr Si Mn
Fe-0.4C-2Cr Bal. 0.37 1.98
Fe-0.4C-2Cr-Si, Mn Bal. 0.39 1.99 0.89 0.50
Fe-0.4C-4Cr Bal. 0.38 4.00
Fe-0.4C-4Cr-Si, Mn Bal. 0.38 4.00 0.88 0.51
Fe-1.0C-2Cr Bal. 0.97 2.00
Fe-1.0C-2Cr-Si, Mn Bal. 0.98 2.00 0.82 0.51
Fe-1.0C-4Cr Bal. 0.99 3.98
Fe-1.0C-4Cr-Si, Mn Bal. 0.98 3.97 0.80 0.50

Table 2 Characteristics of Fe-C-Cr spherical powders.

Alloy Vickers hardness Phase Amount of Coercivity Saturation magnetization
HVo. retained austenite yr(%) H. (A/m) M; (T)
Fe-0.4C-2Cr 630 v, o 24 4100 1.86
Fe-0.4C-2Cr-Si, Mn 650 v, o 5.1 4700 1.77
Fe-0.4C-4Cr 590 v, o 5.4 5000 1.76
Fe-0.4C-4Cr-Si, Mn 630 v, o 7.0 5500 1.64
Fe-1.0C-2Cr 810 v, o 22.6 5300 1.32
Fe-1.0C-2Cr-Si, Mn 740 v, o 283 5000 1.15
Fe-1.0C-4Cr 660 v, o 34.7 5400 1.00
Fe-1.0C-4Cr-Si, Mn 690 v, o 46.5 5600 0.77
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Fig.2 Optical micrographs of cross sectional view of flaky powders.

Table 3 Characteristics of Fe-C-Cr flaky powders.

Alloy Median diameter Phase H. M; Real part of permeability ~ Resonance frequency
D50 (um) (A/m) (T) u’ (at 13.56MHz) fr(MHz)
Fe-0.4C-2Cr 82 o 2700 1.79 20.3 232
Fe-0.4C-2Cr-Si, Mn 111 o 2600 1.78 20.0 241
Fe-0.4C-4Cr 83 o 2800 1.76 18.6 260
Fe-0.4C-4Cr-Si, Mn 102 o’ 2800 1.71 15.4 250
Fe-1.0C-2Cr 8.4 o 3400 1.64 19.6 320
Fe-1.0C-2Cr-Si, Mn 10.0 o 3700 1.63 20.1 320
Fe-1.0C-4Cr 10.4 o 3900 1.64 17.7 326
Fe-1.0C-4Cr-Si, Mn 10.8 o 4200 1.58 16.3 332
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