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Synopsis

A soft magnetic material with high saturation magnetization, B,, low core loss, and good workability is required for the
development of higher power density, high efficiency motors. We have been developing a new Fe-18Co-Si-Al alloys (x=0.5, 1.0,
1.5 mass%)y with high Bs and good workability. In this study, we investigated the effects of final rolling reduction rate on the
microstructure, recrystallization behavior, and magnetic properties of Fe-18Co-xSi-0.541 alloys. It was found that rolling with
95 % reduction lowered the core loss of the annealed Fe-18Co-0.5Si-0.541 alloys to 151 W/kg while maintaining high Bs above
2.2 T. The microstructure investigation revealed that the recrystallized texture changed from the y-fiber (ND// {111 , hard axis)
to A-fiber (ND// {100) , easy axis) at 95 % reduction. This change of the recrystallized texture is thought to be the reason for the
improvement of the core loss. On the other hand, the core loss of the high-Si alloys worsened at high rolling reductions. This
result may be attributed to the dominant orientation e {411} (148) , which is similar to that observed during recrystallization fin
Fe-Si alloys.

EDRREL) 74 ICHERINLEHNEEE—F 128

1. # B

BRE—FEEY A7 21k, HAEEOBEIHEED
a3 ~46 % 2 HO L LHEEINTEBY, ThiL6Gt
AL CO HEMBEBICHINST 2 Y. ZORE 2T
b7z, E—=FIZIZEHEAIRO LN, E—=FaT
RSN L EREEEA RN, ST — 7 ORSSIC B
LEELREEMFO—2TH L. HH BRI (Fe—
Sift&E) BEEETHLZ NS, FHE—S DT
MELE L T—MICHWONR TS, LALARYS, &
SEBE, BRI, Fo—r, S5HICEERRER

W, k) EVEHIBEREE (B) 2HT AMERK
LML, FDH, REETE B, 2R T HEOR%E
P EEIN TS

— 75 C, Permendur (Fe-49Co0-2V mass%) (&, &\ A4,
EENTHRBEREE AT A NS, BHREE— I
BEICHERH SN TS, LA L&A 5 Permendur DR i &
LT, B2 FUBIAIEE ISR 3 5 Mk s L I TEo
REypzFons, HAMLZIHET27200—20F 2
Ji& L, Fe-Co&5&H®D Coma il % Hikdd 5.
L2 L Co&AmEIET 5 & £, RIS & OB

20264F 31 27H SfF

* 1 KIFIFFZRSIERF AT B ZE M ZEFT (Corporate Research & Development Center, Daido Steel Co., Ltd.)

* 2 JUKIAFFEREAER, T4 (Dr. Eng)



BERHM H978% 15 20264

W2%B1b$ %720,
TEHW?,

INFTICFK AL, Fe-Co 5EDHMAMLIZB XITT
Co GHEDHEZFEL, Fe-18Co A&ITBWVT22T
EWBZLEB, RMFELoD, ALz RIcExs 2 L
#BHOLNIC L7 F72, Fe-18CoBE&NSiBL U Al %
W 52 8T, $IBE2IE 00 & 2B T E
ENBZELRHBLEY. L L, EMiEE— 7 ~0HE
HEZET2L, E—FMFEALOLOIZIE, EH%5
HIEOKBSVLETH 5.

MADEBY, AEMBEOBETIESIi BLTAIOR
2SI HE R TH D, I Si &A= MA R
HEBICL ) KRELSFGT LI EARENTVE,. —F
T, BRI OZEIZB T, GEETREZHM L TE
BB ZEET A 2 212X ) SIBHERT 2554 <
s nTns Y7,

RIFFEClE, ST — 5 2 7R ORICHIT T,
Fe-18Co0-xSi-0.5A1 mass% & &2 817 5 SiifkmEmB L O
FOREIE DL T ARG E 72 b IR SIS EIC B LT

COTFEEFOFERAT A LI

FEA - SOWTTHAE L7
2. REFH&E
2. 1 @&

Si D% % 35O FA (05Sialloy, 1.0Sialloy,
1.5Si alloy) % BLZEEMIFICCTHRER L. 2hb ofbs:
W4y % Table 1 127:79.

PERLL724 Ty M &2 REFZEHAIFTI373KI2TT72
ks BRER L7212, $BREIC X - CTIE X 40 mm, TE 100 mm @
FEIR~EIE U 72, R, 1173 K T 7.2 ks O BUILEL
%, B&4mm FTHEELEIN, Ar FHAKF T 1023
K, 21.6 ks DEVLELZ 5 L 72 BVILERHE, FiarElm
TICE D FNFNEE 067 mm, 2.0 mm, 3.3 mm (2 Hl
DHL, 20k HEIITCETORF}EZES 02 mm F
TMLL7z (U, ohoz [HEERE] &),
DL ICHRMELEROE S AMET L2 L8, ET
T0 %, 90 %, BLUI5 % DEMT, REELZ02
mm (ZFE— L7 E A 2 ER L 72 (Bl 21E, 0.67 mm

-
—

M5 02 mm NOEEIIETET0 % I2HY4T 5). JELE
AL, 8F - KFBRETAFMAFIZT 287 Kis DF
MAREEC 1223 K T TR S I, 240 s fREF S fzth, 2
wane (Mg Ihe % (B8R L5e9).

2. 2 FHM@EAE

JEHE SR B & VBB BRI 6 L, TD (Transverse
Direction) THi2* 5 JCEEBAMERE & F W 72 Ak EIZE &, v
MEEH (72a—F 277 v 78 FT800) % Hw7-H s
HEEITo 72, MBI —) v 7w (EEE
WALSEZSH, =% /— ) THELZARETH @
SPEIZE Yy 7 —ATES (FFE 0.1 kg, &olEHAHOLET7
T OV fE) % B L7z,

JEIESE B & OBV PSR ND (Normal Direction)
7 SWIED 14 F2WFHIBRZE L, 57 Vv 3 F g
THMME L 72, BEMkoBlEi gt Lz, LEHRER
DOFHid 72%, EBSD (Electron Back Scatter Diffraction)
(H A& & 1 % JSM-7800F) % H| \» C ODF (Orientation
Distribution Function) #{E# L 72, F-£A5M#MkL Ex
BIWFEi S % 72012, ODF 025 A /87 A =% 2H L
72, 8T A =8 Ay L, EROBGENINIE 6 & ARFE 5
BEZEBLIEREOKMS I g LOMEETERINS
Ay (¢) &, ODF TSN AEE DS OME S (¢)
LoREMETERSNS (X (1), E—F0 L) %H
R & TUE, B O TN E AR N TS24
T B7D, Ay LA SIS L TCRgkL, 4
NG A= L LTHELE X (2) 7

Ag = [ f(9)Ag(9)dg.

-,

AWFFETlE, BEGENINT M Z EIEMAICERE L, &
Jifii % bee-Fe DFALAES I TH 5 (100) 1ZFEE L TA
TG A—FHEHB L2, SZOBE, ANXTA—FELT
HHENLZHEI/NS VT E, FIERmANIC (100)
RRORBRAL CEBLTVWDE I LR EL, KA
PR ED BN L 2 EIRT 5.

WA ERHME A oL, BRI r =y F v 7

Table 1. Chemical composition of Fe-18Co-xSi-0.5Al.

Composition (mass%)

Alloy C Si Mn P S Co Al Fe
0.5Si alloy < 0.001 0.48 <0.01 < 0.002 0.0005 18.01 0.47 Bal.
1.0Si alloy < 0.001 0.99 <0.01 < 0.002 0.0005 18.10 0.47 Bal.
1.5Si alloy < 0.001 1.48 <0.01 < 0.002 0.0004 18.08 0.48 Bal.
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Fig. 1. Magnetization B at each applied magnetic field in
annealed Fe-18Co-xSi-0.5Al alloys with different
final rolling reductions: (a) 0.5Si alloy, (b) 1.0Si
alloy, and (c) 1.5Si alloy.
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Fig. 2. Effect of Si content on the (a) Pc, (b) Pe, and (c)

Ph in annealed Fe-18Co0-xSi-0.5Al alloys with a

final rolling reduction of 70 %.
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Fig. 3. Relationship between Si content and electrical

resistivity in annealed Fe-18Co-xSi-0.5Al alloys
with a final rolling reduction of 70 %.
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in annealed Fe-18Co-xSi-0.5Al alloys with a final
rolling reduction of 70 %.
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Fig. 5. Effect of final rolling reductions on the (a) P, (b) P,,
and (c) P, in annealed Fe-18Co-xSi-0.5Al alloys.
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Fig. 6. Microstructure, Vickers hardness and average
grain size along the TD of Fe-18Co-xSi-0.5Al
alloys with different final rolling reductions:

(a) as-rolled samples, (b) annealed samples.
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Fig. 7. $2=45" ODF sections of Fe-18Co-xSi-0.5Al
alloys with different final rolling reductions:
(a) as-rolled samples, (b) annealed samples.
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(b) P,in annealed Fe-18Co-xSi-0.5Al alloys with
different final rolling reductions.
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Fig. 10. Relationship between {411} (148) fraction and
P, in annealed Fe-18Co-xSi-0.5Al alloys with
different final rolling reduction.
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