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High Bs and Ultra-Low Core Loss
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Abstract: Recent research progress of FeCuSiB (P) Fe-based nanocrystalline alloys with high Bs(1.8~1.94T)
and better core loss than that of highly oriented silicon steel when Bm value is from 1.5T to 1.7T are reviewed

briefly in this paper.
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Figure 1. Different Crystallization

model owing to annealing process'”!
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Table 1. Properties of novel FeCuB. FeCuSiB system nanocrystalline alloys” ™

% 1. 8! FeCuB. FeCuSiB Z&K RE & HTELE"

o Bs 5 Bgc | Bso He P1sss0 P1esso P17s50 um p AS
22 A (at% Br/B:
I at%) T | Aamt | wke!' | wke' | owke' 100 P00 | wom | /109
Feg3_7Cul_5B14_g 1.82 1.52 7.0 0.38 6.0 0.85 0.70
Fegs75Cuy25Bis 1.83 1.41 8.0 7.2
Fegz_75Cu1_25Si2B14 1.87 0.49 0.53
2177 978-1-935068-41-9 © 2010 SciRes.
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Fess.6sCuy 35Si2B 14 1.85 1.71 6.5 0.30 0.35 120 | 094 0.70 5~10
Fego,sCu.4SisBy3 © 1.80 1.70 5.7 0.26 0.30 0.42 0.80
Fego 6Cuy 4SigBis™ * 1.80 0.33 0.46
Fego.sCu; sSigB1y™ " 1.84 1.65 5.7 0.26 0.32 0.45 9.7 |0.95
Fegs.5Cu; B3P, 1.84 1.41 8.0 72
Fes; 1Cuy.,BsPs 1.82 1.67 3.8 78
Feg sCuy 2Si:B12P) 1.81 1.67 10.9
Fegs 6:Cu1 35818 12P> 22 1.85 1.68 7.2 0.32 0.36 0.43 120 |0.93
Fes; 6Cuy4SisB 2P, " 1.82 1.74 5.9 0.26 0.32 0.37 82 | 091
Fego.6:CU1 35818 14P> 1.81 1.68 8.4 0.36 0.30 102
2605SA1 & 1.56 1.53 3.4 — — — 0.79 1.20 27
2605HB1 © 1.64 1.59 24 0.38 — — 0.82 1.20 27
0.23mm JF 4085 5 LA SiFe 2 2.03 1.80 6.0 0.5~0.59 0.68 0.75~0.819 0.50 1~3

AMECEH )5 4 ANZA A P7ss0=0.51W/Kg, Pap=1.8W/Kg, Pysix=1.3W/Kg
XA A Prao=2.6W/Kg, Pk =5.7W/Kg, Pysix=3.6W/Kg

XKL A Prae=2.7W/Kg, Posix =3.7W/Kg

Y%A Prug=1.9W/Kg, Posix =1.6W/Kg

*i\(ﬁé’(ﬂ%lﬂ"] P1/400=1.6W/Kg1 P]/]K =58W/Kg

Table 2. Properties for FeCuB. FeCuSiB . FeCuSiBP system alloys with addition element M(=Ni. Co. C. Al****** )6l
2. FAFMITEM (=Ni. Co. C. Al+++) Hj FeCuB. FeCuSiB. FeCuSiBP R& & agthggEl
HF R %) > ?"ergk ]?;0 Bi/Bso /AI-ICm'l /L;(r)f‘l / V\IIJ l?s;iog‘l /V\f i'éfg‘l
Feg, 7Cuy sB14gNi; 1.84 1.54 0.84 7.7 6.9
Feg 65Cu; 35S12B14C 1.81 1.64 7.2 12.0
Fegp.65Cu; 35S1,B14Co, 1.87 1.71 7.4 10.1
Fego.65Cu; 3551:B14Niy 1.81 1.63 8.4 7.9 0.31
Fego.65Cuy 35S1,B1aMny 1.79 1.61 8.0 7.0
Feg1.15Cu1 35Si:B14Aly s 1.80 0.95 8.5 0.41 0.45
Feg1.15Cuy 35S13B14Co 5 1.80 0.91 8.5 0.41 0.45
Fesg1.15Cu; 35813B14Wo 5 1.79 0.94 7.2 0.32 0.36
Feg1.15Cu; 35S13B14Nig s 1.81 0.92 7.0 0.32 0.35
Fesg1.15Cu; 35S13B14Mog 5 1.78 0.93 7.1 0.32 0.36
FCg]_ﬁsCH[_}sSi;;BMA 1.82 1.61 0.92 8.7 0.32 0.36
Fegn 65Cu1.35S12B1s> 1.85 1.71 0.94 8.5 030 0.32( Py 3550)
Feg13Cu12813B12P2Alg 5 1.80 3.5
Feg13Cu12813B12P2Coss 1.80 4.5
Fegi3Cu;2813B12PyWo s 1.80 7.2
Feg13Cu12813B12P2Cro s 1.80 8.0
Feg13Cu12813B12P2Mog 5 1.78 7.1
Feg; 3Cu2813B12P2Mng 5 1.80 4.2
Fego.sCuy 2Si:B12PoNi; 1.81 1.55 4.5 6.2
Fem_gCul_zSi3B12P2/\ 1.79 1.65 4.8 9.7
Fegz‘gcuLzsizBlszA 1.81 1.67 4.6 10.9

ANAELEBI & <
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Figure 2. Curve: Annealing temperature (Ta) dependencies of (a) Hc and (b) Bs (=Bg,) (b) for Fegy.,Cu,Si;B;4 (x=0. 0.5. 1. 1.35)"
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Figure 3. Curve: Si content x dependences of He(a)s Bsi(b) and
Bgo(c) for Feg; sCuy35SiBis alloys annealed at 410°C for 60 min.(d)
x dependences of average grain size D and (e) crystallization
temperature Ty, and precipitation temperature T,, of Fe-B
compounds®
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Figure 4. Curve: Annealing temperature(Ta) dependence of
coercive force(Hc) for Fegs, yCu,Si;B14(y=1.35, 1.5) alloys together
with that for Feg, ¢sCu, 355i,B14 alloy!”!

4. Feg,Cu,SigByy (y=1.35, 1.5) A Fey,.5Cuy35Si:B1s &4 HI He
FLRAGEE (Ta) KR
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Figure 5. Curve: Iron loss curves for HA and NA FegsCu;sSisBi4
nanocrystalline alloys with heating rates of 3°C/s(HA) and 0.3°C
/s(NA), together with those for oriented Si stell and Fe-based
amorphous alloy(2605HB1) """

5. FHBIEE A 3°C/s(HA)FA 0.3°C/s(NA)HI FegysCuysSisByy K
R EMKIR ML, £ HINEENM Fe 2IERKESE (2605HB1)
SR H k"

978-1-935068-41-9 © 2010 SciRes.
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Table 3. Volume fraction of crystal grains (Vcr%) in as-quenched
state versus the Hc in a crastallized state after heat treatment
relationship for Feg, ;sCu, 25 Si; B4 alloy' !
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Figure 6. The profile of stratum form microstructure in
roll-contacted furface (symbol 2) for Feg)cCu,4SisBi4 aloy ribbon
annealed at 450°C for 10 min.(a) TEM image (b) schematic view
for (a)[s‘ 10]
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Figure 7. X-ray diffraction (XRD) patterms of as-quenched
Fegs.65Cu135SiBisx (x=0~ 2 5) alloys (a) and Transmission electron

microscopy (TEM) image for alloy with x=2(b) " *!
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()F x=2 & &K TEM Ep) *
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Figure 8. Curve: XRD patterms (a) and TEM selected-area
electron diffraction (SAED) images for Fes; 6sCu35SixB1x (x=0~ 2+

5) alloys annealed at 410°C for 1 hour '
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Figure 9. Curve: Coreloss (Pc) of 5S0Hz vs. fluk density (Bm):
(a)-wound core and (b)-sigle sheet, core loss (Pc) at Bm=0.2T vs
frequency (c) for developmental Material (Fes; ¢sCuy35Si; B4 alloy)
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Figure 10. Curve: Dependence of a-Fe grain size(a) and Hc(b) on
the substitutional amounts of P for B and Cu for Fe in
Feg,ySioBo_,P,Cuy in an as-quenched state!® 14
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Figure 11. Curve: XRD diffraction pattern for

the as-quenched FeSiBPCu system alloys'"!
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Table 4. Composition and properties of novel FeSiBPCu systems alloys. Data Of the other

representative soft magnetic alloys are shown for comparison

[16]

% 4. #TH FeSiBPCu REE MM SR, FSHEARFRMEMNRES SHREM L

S @) D* | Bs | Hc ue As | P14/50 | P1.5/50 | P1.7/50 - Txii;xl
(nm) | (T) | (A/m) | (atlkHz) | (10-6) | (W/Kg) (w/Kg) (w/Kg) 5 5
1C)y| a7
Fegs 3Si4BsP3Cug 7 17 [1.94] 10 16000 3 0.37 0.57 408 135
Feg; 3SisBgP4Cup 10 |1.88] 7 25000 0.32 0.55 384 168
Fe735Si13.5BoNbsCu; 20 | 124 | 05 | 150000 | 2.1 530 105
FeoyZr;B;" 13 | 1.7 ] 58 | 30000 | -1.1 0.14 552 200
Fegs sZr,Nb,Bg 5" 11 [1.64] 3.0 | 60000 | -0.1 0.09
Feg 7Si;B14Cuy 3 22 [185] 6.5 5~10 0.30 320 160
(Feo.7C003)ssHEB4Cu; * 10 |1.77 | 200 240
Fe7SioB13(2605SA1) * Amo | 1.56 | 3.4 27 0.32 510
Feg,Si,B13C2(2605HB1) Amo | 1.64 | 2.4 27 0.29 0.38
YW v LI SiFe(0.23mm J5) ° 2.03| 6.0 1~3 | 0.46~0.51 | 0.5~0.59 | 0.75~0.81
HPL AR 7% 1.94T [ Bs {8 136 A e 3 Ak Wi R0 40K i 25 6 119 Bt
A AL A 4
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Figure 13. Curve: Core loss(Pc) of nanocrystalline Feg; 3SisBsPsCu, 7
alloy as a function of maximum magnetic flux density(Bm). The

data of Fe;sSisB;; amorphous alloy are also shown for comparison'®
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FesSioBi; IERE & X L™
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Figure 14. Curve: CRelation between Bs and Hc Fe-based soft
magnetic materials. Developmental materials consist of FeCuB(SiP)
systems alloys'!
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