FORHFF ST SR 2021,15(5) :520-524
Materials Research and Application

http://mra. ijournals. cn

Email:clyjyyy@gdinm. com

XEHS:1673-9981(2021)05-0520-05

Ni< 22X EME FeSiBCuNbNi & £ s BE B9 22 N
M O AR, EBE K, R, F T

(7RIl R MBS R IR, T4 T~ M 510006)

W OE SRHIRIE R A BG4 BE (] B TR A i 45 T FeSIBCuNDNI A 4 4l , Rl FH 2271
A PN X R AT S SR B R R IR 4% R 4 B BRSO TR S A e N R R
W% FeSiBCuNDNI A 42 19 3E i JE i AE 7 ity 1 3k B AR B 1R B (0 52 2647 17 o0 M. S BG &5 SR e B .
il 48 Y FegSi;B1CuyND,Ni (r=10, 12)3F f 25 & 4 1=l 58 % B RE 77 Bl Ni & % 7 i 100 9 59 , 26 i a-
Fe(Ni)H — 4G AH 1Y # b 31X 8] 22 %8 5 2 Fege,Si;B1sCuyNb,Ni (x=10, 12)% 4 73 B 7 480 #1470 CF
R 10 min B, HBF E Jy 35 B R N E L 4 B 6.9 A1 8.3 A/m; 4 G AL B R
FeSi;BCuyNb,Nij Ml FegSizB sCu,Nb,Niy, £ 4 (14 160 FH G 8% 0 58 B2 3y 1. 28 T, I i 5 2643 50 4 5. 6 Fl
4. 8 K, 1 FeSiyBsCuyNb,Niy, A 4 B % W5 Il 28 i) 4 M 2 s 4

KB AEM/AOK TG S PV 3R SR B RE T SRR T R w1 4R

hESES TG4l SCEEARIRED : A

Sl A& st BRIk, oC B, T K, 4 L Ni & i % & Al B FeSiBCuUNDNI & 4 e MERE M9 52 ma [T, MR 58 5 0, 2021,15(5)
520-524.

CHEN Mo, YANG Yuanzheng, WANG Guotai, et al. Effect of Ni content on the magnetic properties of boron-rich
FeSiBCuNbNi alloy[J]. Materials Research and Application, 2021,15(5) :520-524.

FLAE b/ A K b BG4 TR T LK TR 53 Y
BRHENVERE VAR 7= T B AR 7 SR B S AR X A G Tk
PR S AR B B R 25 SR IR 2 E S N B R TE , R4
B AR T B ol e A5 D5 T 2 BRI RO R
JEMT AR T T R e I ) LR AR
IR, T3 A S ) B I8 s A5 0 2 B B TR 2 7 B AR
LR E BRGS0 (E B IR 5 R R i ] 2%
2 1 BE B R AR R S RO 4 D A A A
B, B R BR Al T R AL

FEAR /90K S BRCRE BRI 58 T, B3 AR A B
TEREWG SHERMEZERER . EidEY
F4 8 1) 7 Bk B AT L R R AR 4% 1) S K, DA

75 B 8 : 2021-04-10
EE&WHE:BFEARF#ELTH (52071089)

ARAT AL B TR LA B B 2R PR G R Y R T T
5 R SR i R BUR (X | P iRy
SN — 2 B A NiJGE , 1] DL KA 4 00 145 1)
SR ARG WE S R R I R RGP RE . A IE R IRk
1B ok #RAbh BE R 8 S B A SR R T (H T T 1
FZ R H AR FHEE A . BeAh, 5 T B A 2 3R
PR 5 00 8 F - B (R SRR AR M R A 5%
1117 L34 7] B8 B s R

DL B % FeSiBCuNbNi & 4 4 BF 58 % 4, BF 5%
Ni 7 o A8 Ao AR 8 s RE i sg ma . 6], A
H Fer, Si;BisCuNb,Ni, (=10, 12) JF & & 4 47,
5% I A AT S B 2038 38 AR AL B IS 14 G 1 6

EE B A BRIk (1995-) 58 W0 50 A, W58 J5 1) Sy kAl /94 K A R E A1 B, E-mail : 273589648@qq. com

BIEE AT (1966-) , 5, #4Z , E-mail: yangyz@gdut. edu. cn



£ 15% Ho5M

A dbk , 45 NI 0 & B2 FeSiBCuNDNI & 4 7 M BE 19 52 1 521

1 HRS %

S AT JECRE b 4l 99. 9% Y Fe, Si, Cu, Nb
ANi, LA K Tl Fe-B & 4, Hovb B BT & 73 B0
17.51%. #%JEF A4y thBC RS , H IVAM-IIT /Y
25 LIV MR P I R LR, R T LR PR ) A s T
Fe..,SisBisCu,Nb,Ni, (z=10, 12,13, 14, 15) & & i
ML AR FE 290 21 pm B8 JE 2958 0.5 mm , 58 il #
RSN 12 mm AR 14 mm S EZ 0.5 mm.

K H D/Max-11TA B X 5 £ 777 554 (43 $ 3 [l
20 4 30~90 °, 1l B 10 °/min) , 43 & 4 $ik 1
HIEYIH. R SDT Q600 A 22 7% 41 4 = B AL (FF
L o 20 °C/min, N, SRR 6 & & 17
DSC #r #r . FH NBD-O1200-601T I AT 4 4 4
A m R BEES b, 78 NS AR T 3547 83 uhk 3
L 20 °C/min F4 ik 3 22 T4 2R KRB T, J5 ORI 10
min, 2R J& BE % 5% AT E 150 CHp, B H MATS-
2010SD i B I W e S 38 JFE P e

2 HEERKITIE

2.1 AEWIFERMMESN K DSCHH

VEA Feow,SiBisCu,Nb,Ni, (x=10, 12, 13, 14,
15) &4 XRDIEWE 1w . W 1[0l x=
L10F1 =12 B} AL AE 20 29 g 45 “Ab B — D901
BB, R JC e R B RY ShALi 5 1f 2 2=13, 14
F 15 B FE G A6 24 A4 bty B 56 00 A 568 0, X 7
F FeNigMl. B4 Ni & &8 10% f112% BF, B
R & GRS EM RS Y NIG®S T 12%
BF, & 4 Ak S BLRE 0 9855 , = A Ak

24 Fes, Si;BisCu,Nb,Ni, (=10, 12) & 4 &
B DSC . MW 207 W, B EE LA 43
P I T A TR B, L R B — A R B L B
IR W B 3R W A A R I B AR P AR 3
Lo L WA B B, FLES — B B AE BT B AR /N L R
FIZR RIS/ KRG ET S E— DB B —
By B 43 5310 X6k R AT S a-Fe (N1 5 A0 A0 B0 £k 42 s
FHN FE ) A A R

Fe, Si,B,Cu,Nb,Ni, ® FeNi,

WWMMM x=15
A il iad. Yy byl
htdhe H b
W o i ¥ Y ikt
' x=13
rry loaen il o
‘

Intensity/(a.u.)

30 4IO SIO 6IO 7I0 8I0 90
20/(°)
Bl1 A Fer,SiyBCuNbNi, (x=10,12,13,14,15) & 4
B ) XRD i
Fig.1 XRD patterns of melt-spun Fey ,Si;B;CuNb,Ni,
(z=10,12,13,14,15)alloy ribbons

20°C/min

Heat flow/mW

1 1 1 1 1
400 450 500 550 600 650 700
Temperature/ C

B2 Feo,SiBuCuNbNi (x=10, 12) 4 4 B &4 b DSC
i £&
Fig.2 DSC curves of the Fey,SisB;Cu,Nb,Ni, (x=10,

12) melt-spun ribbons

BE A, I 2 38 AT WL, 78 DSC il kAT 35k B
Fer, SiyBisCuyNb,Ni, B FFE il B, 24 Ni & & 43 38
1096 F1 12 %6 B 55 — 2 b fi Ak TR (T,0) 43 501 O 474
472 °C 55 R I AR BE (T.) 43 il 2 558 i
532 °C, &tk AL 22 (AT, =T, — T.) 43 5 0 84
60 C. XL, ARF Ni & =& dEf A4 7.8
B BB AS Ak, T N & 129 B9 AT, L Ni & ok
10% M EAL 24 °C. W, Ni & & & B Al a-Fe
(N Gl 2K fth BAL— A A Ak P L B X 1R 2245, B I
T v B B 1 10 AN R G P i ) A A



522 LI

N
Y

5 A 2021

2.2 FRAEWRMLTE
P 3 R AN [l T 4035 A4 BR K OR HE A
4 Fep,SizBsCu,Nb,Ni, (=10, 12) iy XRD &l % .
M3 AT UL % T =10 B & 42, 7E 440~500 “Cifit B
X [a] 38 kBT H B — Y a-Fe (N A, I K 46 1 2]
Hoe S s 2 520 ‘CiR k5 A 4 B2k R a-Fe(Ni)

(a) Fe,SiB,,Cu,Nb,Ni,, * a-Fe(Ni)
. * Fe,B
‘\
3 \
= WW}\M L 520
i ""“"mem 500°C
E e M, 480
[ L 470
P iy 460
T SO 440

30 40 50 60 70 ) 90
20/(°)

B 3 Feu,SizBCuNb,Ni, (x=10,12)3F i &

AN, IRA A Fe,B AT i, I H a-Fe(Ni) X i 1Y
=S A A A 0 R R T AR . R =125
GMEEH B S 2=10 195 4 ML, 5 HAE 500 C
B (3 RS I 8] 24 Fe,B f Al | 3% 26 B 8 43
4 B A TR B T R S 5 A b A, T Al AR
P fiE

® a-Fe(Ni)
% Fe,B

() pe,si B, Cu,Nb,Niy,

< “”‘“‘“W, A& 1500
g . . 480
= wm_ . 470
R S 460
440G

G AN TA) il IR S XRD B

(a)a=10;(b)x=12
Fig. 3 XRD patterns of Fe;,Si;B;Cu;Nb,Ni, (x==10,12) amorphous alloy annealed at different temperatures

2.3 HEWRELIERE

Xof A [ B 3B K Y Fess., SisBigCuNb,Ni, (r=
10, 12) I FpEE A A E A7 i g (HO) D &, Ho 25
WE 4. E 4RI, B &R JORE M T &, &
s R R SRR VANEE: N =Y b N
s B E TR a-Fe (N1 H R4 B8 i, o b 8] #
G AR RN A G 4 0 45 ) S 1 B AR i O 4k 22 T
1R, H 32 W B AR O 38 20 A% /M 5 B IR B b 22 T v
i 3G R 5 35 HL T e, 22 0 R A B A 4 A o B HL
SRR XMF =100 46 4, 7 480 CiB kB &
& H AN 13.6 A/mBERI/ME6. 9 A/m. Xt
F =12 04 4,16 470 “CiB KB & 4 Ho i B Y
12.9 A/m &2 /MES. 3 A/m.

XF 13k 28 480 “CiR K 1Y FegSi;B1sCuNb,Ni,, &
4 F 25 470 CiB K 1) FeySisB,Cu,Nb,Ni,, & 4> # 47
FRAS R BB DU, BT A RV I R IR 5 TR . KRS
AL, =10 F & 0BG A 9] 2 10 6 Mk B W A F =12
E@Aé F AR B % &, A5 2 =10 fl 2=

B 4 Y 10 NG SRR N B B A 1. 28 T, TR A i JRK

180 7/
Fe,, Si,B,,Cu,Nb,Ni,
150
——x=10
T ——x=12
E 1202 T
ik
=
20F
10F
0 1 /I/ll 1 1 1 1 1
0 20 440 460 480 500 520

Temperature/ C

B4 Fe,, Si,B,,CuNb,Ni,(x=10,12) % 4 il 77 bifi 1B K 3

TR A

Fig.4 The coercivity as a function of the annealing tem-
perature for Fesg,Si;BsCu;Nb,Ni, (x=10, 12) alloy
37 5% B B, 4331 A 0. 29 1 0. 35 T, 2 i i 5 3R 0 43 31

5.6 F 4.8 K, fix KW T % w, 539 K 7.7 F
8.8 K.



5% Mo M WA B, 45 NAr i & B8 FeSiBCuNDNI & 4 M RE 14 52 i 523
1.5 (3): 718-734.

[5] LASHGARI H R, CHU D, XIE S. Composition
or dependence of the microstructure and soft magnetic
0.5 properties of Fe-based amorphous/nanocrystalline

o alloys: Areview study [J]. Journal of Non-Crystalline

= 0 Solids, 2014, 391+ 61-82.
-0.5¢ (6] WA, Mim A, MRS, &5 B Ami Ak fh /9K i &
S R T R K PV A T S [T ). M B4, 2018, 67(1) -

-Lor 016101.
15 L L [7] GHEIRATMAND T, MADAAH HOSSEINI H R.
-600 -300 0 300 600

HI(A*m") Finemet  nanocrystalline  soft magnetic  alloy:
Investigation of glass forming ability, crystallization

5 Feu,SizBsCuNb,Ni, (x=10,12) & 4= 18 Ak PR 5 7
T Rl £k
Fig. 5 Hysteresis loop of Fey,SisBysCu,Nb,Ni, (=10, 12)

alloy after annealing

3 & it

(1)XF & 68 FeSiBCuNbNi & 4, 4 Ni & & 4
1020 F1 12% B, B2 il 28 th A il A AT . NIy i
k125 B A 4k A S Ak, R B NI oy 109 1
G 4 B TS 0 R b A IR R 25

(2) 4 4 M NI &N 102 1 125% B, 4 5 4
480 F1470 °CF 415 10 min, 2 4 55 1 43 755 5 4%
/IME 6.9 A/m A8 3A/m.

(3) 2 3% 8 b B NI & 8 10% F112% (1)
PR 4 00 100 IR JE% N 5 B BE R 1. 28 T, Ni & it
S 10% 16 A 0 Ry 0] 26 20 1 B W 41 N i o
129 &4

CESEE

[1] YOSHIZAWA Y, OGUMA S, YAMAUCHI K. New
Fe-based soft magnetic alloys composed of ultrafine
grain structure [J]. Journal of Applied Physics, 1988,
64: 6044-6046.

[2] HASEGAWA R. Applications of amorphous magnetic

alloys [J]. Materials Science and Engineering A, 2004,

375-377: 90-97.

B, UL, KT, & RBRETT T RAER S

k5 R ). MoRb 5 5 0, 2010, 4 (4) .

526-529.

HERZER G. Modern soft magnets: Amorphous and

nanocrystalline materials [J]. Acta Materialia, 2013, 61

[3]

[4]

[8]

[10]

[11]

[12]

[13]

[16]

mechanism, production techniques, magnetic softness
and the effect of replacing the main constituents by other
elements [J].
Materials, 2016, 408: 117-192.
BAME, ARIEML, BRIGEET, 55 .l B FerSigB,, 0 iy 1H
FHETEREDT S [T). BB R, 2014, 22(45) » 22031-
22035.
SORS, BROCH, £IRE, A REEER FerSiBy &
BRSPS [T] P RE A KL, 2005, 11(36) : 1706-
1708.

YOSHIZAWA Y.

Journal of Magnetism and Magnetic

Magnetic  properties  and
microstructure of microstructure of nanocrystalline Fe-
based alloys[J]. Materials Science Forum, 1999, 307:
51-62.
HERZER G.
nanocrystalline alloys [J]. Journal of Magnetism and
Magnetic Materials, 2005, 294 : 99-106.

AT, SRR, E A, AR RS 0] B3 Bk BN R AR RN
T % T iR B F e R TR A 2 1 B 9 5 o [ ] 1 bR 22
W, 2009, 40(3) :38-40,45.

U B, RO, ZR4E K BRI K T A X Finemet & 42
s 5 vk Re Ry 2w [J]. T AE A #2020, 2
(51) : 2188-2192.

FWESE, ZEEA, 2k, 4F . NiX FeCuNbSIB 44k &
HaE TR ERMEZmEII] #n T T2, 2015, 4
(4) : 66-69,73.

LIZ, YAO KF, LI D R, et al. Effect of annealing
time on the magnetic properties of FeNiCuNbSiB dual-
phase alloys[J]. Materials Science Forum, 2018, 913:
691-699.

HOU F T, YANG Y Z, LUO T, et al. Effect of Ni

substitution to Fe on amorphous nanocrystalline soft

Anisotropies in  soft magnetic

magnetic alloy [J]. Physica B: Physics of Condensed
Matter, 2020,595: 412293.
OHNUMA M, HERZER G, KOZIKOWSKI P, et



524 MoB o o x® 5 N OH 2021

al. Structural anisotropy of amorphous alloys with [19] K&, FAEE, BE, 55 S ERE S N 581

creep-induced magnetic anisotropy[J]. Acta Materialia, Ay A Fe B B R [T, mE e A R M g8 A, 2016, 47
2012,60(3): 1278-1286. (1) : 57-60.

(18] WEH, XKML, 2, 45 . 3k Iy iR SO A & m) 3 1 X [20] W3cAe, A, SRR, & B AR BFE I 6 77 12
YUK f A G RETERE RS [T ] MR 5 4, 2020, 34 WG L3RR [T ] BEE MR S, 2017, 48(1) : 60-65.

(10) : 735-760.

Effect of Ni content on the magnetic properties of boron-rich
FeSiBCuNbNi alloy

CHEN Mo, YANG Yuanzheng", WANG Guotai, XIAO Guihua,LUO Ting
(School of Materials and Energy, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: The influence of Ni content on the amorphous formability, crystallization process and soft
magnetic properties of boron-rich FeSiBCuNbNi alloy was studied, the master alloy ingot was prepared by
arc melting furnace, and the strip was prepared by single roll rapid quenching method. The thermal
stability, phase analysis before and after heat treatment and soft magnetic properties of the alloy were
analyzed by DSC, XRD, DC soft magnetic testing equipment, and the Fe,Si;B;;Cu;Nb,Ni, (x=10, 12)
amorphous alloy was successfully prepared. The experimental results show that with the increase of Ni
content, the amorphous formability of the alloy decreases, and the heat treatment range of forming @-Fe(Ni)
single soft magnetic phase becomes narrow. When the Fe.,Si;BsCu,Nb,Ni,(z=10, 12) alloy was annealed
at 480 °C and 470 °C for 10 min, the coercivity reaches the minimum value of 6.9 A/m and 8.3 A/m,
respectively;  after annealing, the saturation magnetic induction of FeSi;B;;CuNb,Ni, and
FesS1;B1Cu;NbyNiy, alloys are both 1.28 T, and the initial permeability are 5.6 K and 4.8 K respectively.
The linearity of hysteresis loop of FeSi;B;Cu;Nb,Niy, alloy is better.

Key words: amorphous/nanocrystallize alloy; heat treatment; glass formability; soft magnetic properties;

hysteresis loop



