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Effects of alloying elements on magnetic properties and corrosion resistance of
Fe-Cr-Si alloy magnetic powder

=l BT EEH Rz

Kodai MIURA, Toshiyuki SAWADA

Synopsis: In order to improve corrosion resistance of soft magnetic spherical and flaky powder, especially Fe-Cr-Si alloy,

effects of additive elements on corrosion resistance and magnetic properties were investigated. These properties
were evaluated by dissolution test and magnetic measurement of coercivity, saturation magnetization and
frequency dependence of permeability.

All tested powders showed excellent corrosion resistance for nitric acid regardless of shape of powder. For sulfuric
and hydrochloric acid, additions of Si, Ni, Cu or Mo were effective. Moreover, corrosion resistance to sulfuric and
hydrochloric acid improved with increase of Ni content.

From the viewpoint of magnetic properties, additions of Si and Al decreased coercivity and saturation
magnetization. Addition of Ni content maintained low coercivity and increased saturation magnetization. On the
other hand, addition of Cu or Mo increased coercivity markedly after annealing due to dispersion of Cu or Mo-rich
precipitates which acted as pinning site of magnetic domain wall.

Real parts of complex permeability of magnetic sheet including flaky powers were largely different in spite of
equivalent coercivity. By using Ollendorff equation, this difference was explained in terms of the volume fraction of
flaky powder in magnetic sheet. If volume fractions of flaky powder in magnetic sheet were the same, addition of Ni
content up to 4 mass% to Fe-Cr-Si alloy would be sufficiently effective for corrosion resistance and magnetic
properties.

Key words: magnetic powder, magnetic sheet, RFID, flaky powder, corrosion resistance
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Table 1 Chemical compositions of spherical powders of
Fe-Cr-Si alloy in mass%.

Fe Cr Si Al Ni Cu Mo
Base Bal. 15.06 4.94
28i Bal. 12.94 6.94 -
2A1 Bal. 12.96 4.94 1.91
2Ni Bal. 13.00 4.86 1.94
4Ni Bal. 11.01 5.06 4.03
6Ni Bal. 9.01 5.01 6.07 -
2Cu Bal. 13.06 4.85 2.00
2Mo Bal. 13.08 4.83 2.04

MRMFME LT, SERARICHRERELIZEROSR
HEZTEEI DBREHARZITE O/, BEREEII. MKRK
BOEEZZTDHIHY. 75~106umiCH#k L CHRE
171807z BEARIS. 10%HE. 10%HEE. 10%ERZ
ERALT. MARZ1£0.05gHEL. 20CDHEHERIBR
1OmIC60nERES B s TDARZ25MICESR L.
Fe. Cr. Si17A > DBHEZICPAMICTRAEL,

ZOMEMEE LT, 106umBTFICH#RLIZHARZRN
T BRIBHHAS L OMAROMEEREZITE DIz, R
DIFRBNIBMARB SO RDOFEREEEZZRB L. ArsSE
R C87T3KE LV M1073KTEHMIE L 72 KRIC DV THe

Fe-Cr-SIGEHMMRICH T DUIBUESIUMRMEICRIFTARMTROZE

39

A—% (Qumano HC-801) ZRWTHIE Lz, RIFHE
1Bl REVLIBIRICDINTVSM GREIEEHER DD %=
BT, ERIIREIST.2X 103KA/MICTRIE LTz, KimERsE
3. MARZBEEICIEDAAR, HELE. XZBEMBLS
USEM (EBZEFIEMIR) ZR\TITHE D, BH. B
B&IZ. HEE15ml. BE100ml. K100mIDEERIC /
ZAVRESEERISmIEZRM LA REER L,

22 HRBIUEE
2.2.1 BHHABRER

Fig. HICBERM ARD S EBIBRICT T DFe. Cr. Sio
FTUDEEAHERRT, HREICWTDBALET. MBS
FOIEB EEEE L. 60ppmUTEELKNEL, B
BMEEL TV Cricd T DNIBIREDEMICE B7E0N,
EEBADBHEITH T MICEM LT

M ICXW I DAaHEIL. AIRIMTIIZLZ <, Si. Ni.
Cu. MoZAMT DI TR LTIz, ZDORERIEFMo>Cu
>Ni>SIDIEICE. F/=. NIZEDEMICEEEL. HER
IZW T DBEEITRADTDH. MoBKUCURMICIERIE
Bh ol

1.0E+05
: [0 10% Nitric acid
-] - -
gl oEToelL 10% Sulfuric acid
Z m 10% Hydrochloric acid
g
= 1.OE+03
g
=1LOE+02
E [
2 |
% LOE+01
i |
-1_0]3.00 m .3r—| ot ] .:—‘ | .r o
6Ni

Base 28i 2Al 2Ni 4Ni 2Cu  2Mo

Fig.1 Results of dissolution test at 293K of spherical
powders of Fe-Cr-Si alloy before annealing.
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Fig.2 Coercivity of spherical powders of Fe-Cr-Si alloy before
and after annealing.
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Fig.3 Saturation magnetization of spherical powders of
Fe-Cr-Si alloy before annealing.
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Fig.4 Cross - sectional back scattered electron images (a) ~ (I) and optical micrographs
(OM) (m) ~ (o) of spherical powders of Fe-Cr-Si alloy; the upper left insets are full

view of observed powders.
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Fig.5 Schematic diagram of attrition mill.

Table 2 Average particle size and tap densitity of flaky
powders of Fe-Cr-Si alloy after annealing.

Ave. particle size(pm) Tap density (Mg/m?)
Base 165 0.69
2Ni 175 0.78
4Ni 150 0.80
6Ni 167 0.89
2Cu 173 0.73
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Fig.6 Results of dissolution test at 293K of flaky powders of
Fe-Cr-Si alloy after annealing.
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Fig.7 Coercivity of flaky powders of Fe-Cr-Si alloy after
annealing.
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Fig.8 Saturation magnetization of flaky powders of Fe-Cr-Si
alloy after annealing.
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Fig.9 Frequency dependence of complex permeability u’

and u” of magnetic sheet including tested flaky
powders of Fe-Cr-Si alloy after annealing. u’ and u”
denote real and imaginary part of complex
permeability, respectively.
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Fig.10 X-ray diffraction patterns of flaky powders of Fe-Cr-Si
alloy after annealing.
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Fig.11 Relationship between measured u’ and volume
fraction of flaky powders of Fe-Cr-Si alloy in magnetic
sheet. Solid line was calculated from aspect ratio and
estimated permeability using Ollendorff equation.
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