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Figure 1 XRD spectrum of quenched (Fe, sC0,,)s7 «-

B.,Si,Y,(x=0—20) alloy
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Figure 2 TEM bright-field images, selected electron diffraction and grain distribution maps of (Fey sC0,.2)s7 xBie-

Si,Y,(x=0, 1) alloy
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Figure 3 DSC curves of quenched (Fe, sC0, 5)s7 Bio-
Si,Y, (x=0—20) alloy
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Figure 4 Characteristic temperature variation curves of quenched (Fe, sC0,.,)s; B12Si;Y,(Xx=0—20) alloy

2.3 EEAEHIHERE

K5 A (FeosCops) g BiSLY, (x=0—20)
G &K RO 2. INEI S AT LLE i, X 5 4
TR 10 B VAT [ 22 30 2 B AR ) S R R e IR 4,
T JE 7 5 ot A/ A 3 9 48 R T PR 4 K, 24 A
Wi ke —ERERGTFFEAN B, £H,
(Feo‘scoo‘z)w BeSuY, (x=0—20) é’ % %& % H ﬁ
B )RR RE S R 8 BB/ HLOSE BCRE T R
F . M a5, B ¥ KT 1.30 T, Hh
(Fey sCoy ) B 1St Fl (Fey §Coy ) 5B 1,SUY IR FE 1 B,
BOR A 171 T, i H A & 4 iR A B, A X L AR
/N, Hod (Fey sCoy o) B oSt Yoo B & iR 19 B/
0.60 T, XMW, HMLITE Y B Fe ComELT
HFAEMEGEMW BN, XEHTFYTEMBRM, L
br B> T FeCob M MR & =M S8 A4 BT
R, R AR KRB HE + Y S R 2 51 FeCo M
JE - [) o A i A 35 L A R B 1A A
R/ TR Y O 3 A a4 0 3% 58 % BE

fem, AR aahRALN IR TS MEES e an
AR TR I, B £ Y5, &80 BA

TRER RS
2.0
1.5
1.04
0.54
£0.0
4]
— x=0)
-0.5 —x=1
— =2
J —_— x=3
-1.0 — i
—_— x=5
-1.54 — x=10
—_— x=20
-2.0 ; | i
-2000 -1000 0 1000 2000

Magnetic Field(H)/Oe
B 5 FEZ(FeysC00.)sr BiSiY, (x=0—20) & & &TH
g Bl £k
Figure 5 Hysteresis lines of quenched (Fe, sC0g )57 »
B..Si,Y, (x=0—20) alloy strips



PRIISE .Y TEZR B INXF FeCoSiB & 4 34 55 T8 1 AE 1 5 17 P RE ) 52 1 297

R T HEEW RIS SRS R (HE R IR BRI R ST 2 A AR A 2
o, Mo B EY TR 1, m R 1AM, LI EE Y TR S ENEZ 5 & BEIE L
(FeysCops) g BrSLY, (x=0—0)WEFFGEE  BBOT-E ML FRZORE &, & &P A EZ Mk
Y SR G, H H A 208 5 K5 BT B o s AFL RS A /N oK R, DTG i 4 Y LTS [ s Bl
AGAE6.0 Aem 'y HILATHI, AIEM Y IR ME RS Y uR &~ B U 2 aEmail & &
BOEWMEmER., PRYITTRMWBEMAT 4k HKRKNG YRR EE RN RS FEME,

F1 EE(FersCoos)er B12SHY, (X=0—5) &5 &£ WHFSH
Table 1 Magnetic parameters of the quenched (Fey3C0,,)s; B12Si;Y, (x=0—5) alloy

Composition =0 =1 =2 =3 a=4 =5 =10 =20
B,/T 1.71 1.70 1.67 1.57 1.45 1.39 1.25 0.60
H./(A-m™") 32.4 114.9 23.3 22.1 19.9 6.0 — —
2.4 MBS S H LM BE S W, AR RAERS THEST. B 6N

(FeysCops) g BiSLY, (IZI\B)%é‘z\E;ﬁ [A] &
R XRD 3% o B 6 /] UL, 551Kk 1 #4 4k 2
I, A A LY FE 20=45"R0 BT HO 6055 1 1
e, R, Gah -t R &I G k4,
a-FeCo #H AR S B4R i i i o Fif 3 FA Ak 3803 B 11
Thin A iR L1 20=65"4b H L T B 1 S R A
SPUg IR BB AR g . R, G & a-FeCo MHTE
(200) &b T J7 Il BEAUAT Bl R RS A #E— 20 Tt
A AW XRD 3 B (210) i A B e, 3 A 34
A i A Hr T a-FeCo #, 1 JC FeCo-B b &
Yib L 3% A F TR A5 00 5 1Y BRORE T RE -

h T ARG AT R BANEAR HoAY Fe HE3E i 44
KA 4 2 AT BT Fe S 4 4 26 A A
KA, PIARAF AR RS B 5T a-FeCo 49K b 5
T M0 A B . Fe Tk Ak B4 4 Sl Fe
A R 4 AT LR AR A7 LA AN R o 1) a-Fe
KRS AR SR 2 A S ) — R AR R

PEHL(Fey sCoy o). BuSLY, (x=1.3) & 4, W
S 4 SR A e R B B B 4
W LA TR . AR =13 B A @ 4 4 0 DSC
28 05— U 6 1 20 K 3 77
J e B KRB T (10 min) fE % (R IR B

(a) (b)
o l 680K n Jl 730K
= = J\ 660K 5
z % | om A “ 710K
[ <
E ’ 640K| E
A 690K
- A 620K . A 670
3 e |
600 K :]
‘L As-quenched L 630
S enc
20 30 50 60 70 80 90 20 30 60 70 80 90
20/(°) 20/(°)

(a)—(Fey sC0p.2)B1:51 Y15 (b)—(Fey sCop5)eB1:SH Yo
6 EEAELEWAREEBETIRA10 min/5 XRDiE
Figure 6 XRD spectra of quenched alloy after annealing for 10 min at different temperatures

A fi AT IR O AT AR R B TH AR X (Feo sCoon) 6B oS Y R 13, Bl IR IR EE 1Y T
MEPEREM EZL N R, WA (Feo iCoox)wBuSUY 5 5 BRI K5 W/, 76 660 K i BE T B k4 4 il ke
(Feo sCoo.) 5B SHY 5 B IR AR BIREHRE MIZe 0 g B K R 1,88 T 1 4 (Fe «Cop ) ouB1SL Y Ak
EI7TRR. 7 EIEM R e & SR REAT & 4 ok 6, 78 52 W 5L 1 30 BB 1N . B 25 #h 4 39038 s T
2B REE S0, R 200 T HBUH . B HE 7w s sl BR P

G 4 1URE I W T 1] R % 2 vl R L B Pk 2 AT



298 MEFIE S 20254855 19 545 2 1]
b)2.0
(), ] (h)
1.5 k2
1.04 1.04
0.5 0.5
g =
= 0.0 m 0.0
= As-quenched
-0.51 600K —0.5- e As-quenched
— 650 K
~1.04 —620 K
—0640 K —-1.04 — 670 K
-1.51 ——660K = 690K
=680 K -1.57 e 710 K
-2.0 730 K
T T -2.0 T T
-2000 -1000 0 1000 2000 ~2000 -1 000 0 1000 2000
Magnetic field(H)/Oe Magnetic field(H)/Oe
(a)—( Fe, C00.2)gsB12SHY 5 (b)—( Fe, 3C0p2)8B12SH Y50

E7

ESEEFHARBETIRA10 min 5#H EI%

Figure 7 Hysteresis return lines after annealing of quenched alloy strips at different temperatures for 10 min
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the relaxed amorphous phase in iron-based amorphous

Enhanced Glass-Forming Ability and Saturated Magnetization of
FeCoSiB Through Y Addition

CHEN Xiang"*,XU Liming®,ZHAO Yong”, YAN Yuqiang”, YANG Yuanzheng",ZHANG Bo™

(1. Faculty of Materials and Energy, Guangdong University of technology, Guangzhou 510006, China; 2. Songshan
Lake Materials Laboratory, Dongguan 523770, China)

Abstract: Amorphous alloys have long attracted attention due to their excellent soft magnetic properties. With the rapid
advancement of modern technology, the environments in which materials used are becoming more and more demanding,
leading to continuously optimized application requirements. Iron-based amorphous nanocrystalline soft magnetic materials, with
their extremely low coercivity, magnetic loss, high saturation magnetic induction, and very high permeability, play a crucial
role in key technological fields such as power electronics, new energy vehicles, and high-speed motors. However, a trade-off
exists between the glass formation ability and the saturation magnetic induction strength of these materials; specifically, as
saturation magnetic induction increases, the glass formation abilitytends to decrease. To improve both the glass formation
ability and magnetic properties of Fe-based amorphous nanocrystalline alloy strips, a high iron content Fe-based amorphous
nanocrystalline alloy was produced using the Cu Kun dump belt fast quenching process in (Fe, (Co,.)g ,SiiBY, (x=0—20)
alloys. The effects of Y element addition on glass formation ability, crystallization behaviour, and magnetic properties before
and after annealing were investigated. The results show that the addition of the rare earth element Y can effectively enhance
the glass formation ability of the alloys. As the Y content increases, the temperature interval between the two crystallization
exothermic peaks (A T=T,,— T,,) also increases, with a maximum temperature interval of 189 K. This indicates that Y
element extends the temperature range available for subsequent heat treatments, facilitating effective regulation of the crystal
size during annealing. It also suggests that the addition of Y element improves the nanocrystal formation ability of the alloy,
and the saturation magnetic induction increases from 1.71 T to 1.88 T. These high saturation magnetic induction strength
amorphous nanocrystalline soft alloys exhibit excellent comprehensive performance and hold significant potential for engineering
applications.

Keywords: iron-based soft magnets; amorphous alloys; nanocrystals; rare earth elements; glass forming ability; crystallization

behaviour;soft magnetic properties; thermal stability
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