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Fig.1 XRD patterns (a) and DSC curves (b) of melt-spun Fe,, .B,.Cu, .M, (M=Fe, Ti, V, Cr, Zr, Nb, Mo) alloys



BT s

A PR 2 R 45 2 0 Fey B Cu, (AN & < S5 K R RENE RE R 211

+ 1735

b LAk T AT BE A TRAE a-Fe Sk, 0T M=Zr PRy
&, HEE — AR RO R — T, HE %A Al
PR AT a-Fe &b IAEAE

I TEM RAE T S REE S M4 (E12) . I M=Fe
&4 TEM B 37545 (0 P 2a) W] A %2 31) K B 498 oK R 1)
i A R, A B 138 [X FL 97 5 (SAED) B A I 2 4R 117
SR a-Fe(110) 58 HIAT 5 BE L, HO9BEHLEL ] 1) a-Fe
FH s A3 B A 5 H A & TIAF a-Fe SR IR N AT d, g, 3731
496.3x102 m2A19.1 nm. M=Ti/V/Cr/INb/Mo &4 th 1%
TE AT a-Fe dh b LI 2b.2d~2h) , (H & & &I\ N, A dp,
PIE AR R OLR D s Hof,M=Cr &4 N, fd,
4399 4 5.6x10% m 2 A1 7.0 nm (& 2e) , #; M=Fe & & I8
FEAK . M=Ti & & N, A d ., 2 5 A 1.7x10% m® Al
3.3 nm (& 2b) , [ 5 K 5 38 I o L v 7 7% 0 A R
(HRTEMDAZ H A5 € » d AH [ & 10 18] #E 4 0.201 nm, &5
o-Fe (110) & 71 5] FE A% Dy 45230, AH L ) R 3ol fe B oA 46
(FFD B ZE M5 a-Fe<111> gy AT , 3 — B A hig
B &P AEEE TUT a-Fe fbki. 1 M=Zr & 4 (1 B 150
SAED ¥ REY) R o AT a-Fe diki £ 7E (& 26) , 9k &

1 Fe,,BCu, M (M=Fe, Ti,V, Cr, Zr, Nb, MO REESERI T\ T,

x1¥

157771

DLW, X5 DSC Mg R—8. U EERERNE, E
FeussB1sCU, s B & 15 24 M UG SR I TE A [RIFE B L] T
PAA G a-Fe i TE A, TIAT a-Fe & 19 Ny A1 d,, (B
g4 Yk 9 Cr<V<Mo<Nb<Ti<Zr.

Feg, sB1,CU, M, & 42 [ PR S 45 4 5 3 AFA % D) A
o Be R T RATEVEC B (0) R A1 (AH, ) /& 521
AFA IR R, K oA ATt s &4
JEFHEVR 3 FE , AH, AEL 847 0] 26 G [a) A B4 R B, X
AR A SRR, BRAS PAd fE b 7 10 R EL
I A P BT 2 1 AFAR 24, 5 R AH, A 7T LA
DA A 20 52

5= S0 el (S er)F (D
AHp =400 1 CiCAH Y, 2
o, e, M 2 Bl i JE R R T O R 7245, AH L
B SR T ek R IR A . B 5 Fey B,
Cu, M, 7 4 F 6 FT AH,, AT 1, #526 M TE 20 2 &1 5
8 A [R) F2 B 34 OK, [A) i Af AH, (E 58 67 C AR B0(E
R D,

Ncl * da-Fe

TN OFAH ARG T AIBEHV, D

a-Fe

BAIH,

x2®

Tablel T,, T, N, d ., T, é and AH_, of melt-spun Fe,, .B,.Cu, M, (M=Fe, Ti,V,Cr,Zr,Nb,Mo) alloys and V .., D_ ., B, and H_ of the

alloys after annealing at T ,

Alloy TJ/K  TJK  N/x10?m?® d_/cm T /K 3% AH, /kJmol* V /% D, /om BJT HJ/Am*
M=Fe 604 767 6.3 9.1 668 11.94 -10.89 64.8 17.9 1.90 22.1
M=Ti 625 796 1.7 3.3 683 12.13 -11.65 60.3 20.6 1.81 31.6
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Fig.5 XRD patterns (a) and V., and D__, results (b) of Fe,, .B,,Cu, .M, (M=Fe, Ti, V, Cr, Zr, Nb, Mo) alloys after annealing at T_, for 60 min
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Effects of Early Transition Metal Doping on Structure and Magnetic Properties of
FeqsB.,Cu, ; Nanocrystalline Alloy

Sun Yu', Li Yanhui', Zhu Zhengwang?, Jiang Li*, Zhang Haifeng®, Zhang Wei'?
(1. School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China)
(2. School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: The effects of adding 1at% early transition metals (M=Ti, V, Cr, Zr, Nb, Mo) on the melt-spun structure, crystallized microstructure, and
magnetic properties of Fe,, .B,.Cu, .M, alloys were investigated. The mechanisms of different M elements in regulating the alloy structure and
magnetic performance were also discussed. Results show that except for the M=Zr alloy presenting fully amorphous state in the as-spun condition,

other alloys all contain pre-existing «-Fe grains dispersed in amorphous matrix with average grain sizes (d . ) smaller than 10 nm and high

a-Fe:

numerical density (N,). M doping can reduce both N, and d .. of pre-existing «-Fe phases to varying degrees, with reduction effectiveness

a-Fe
following the sequence: Cr<V<Mo<Nb<Ti<Zr. This trend positively correlates with the enhanced amorphous-forming ability derived from
increased atomic size mismatch and negative mixing enthalpy induced by M elements. M doping significantly influences the o -Fe phase/
amorphous-nanocrystalline composite structure and magnetic properties after heat treatment. Compared with Fey, .B,,Cu,  alloy, alloys with M=V/
Cr/Nb/Mo exhibit reduced average grain size (D
H.. All doped alloys demonstrate slightly decreased saturation magnetic induction (B). Notably, the Mo-doped alloy achieves optimal
=14.9 nm, H=8.3 A/m and B, =1.84 T, which significantly outperforms the

of pre-

) and coercivity (H) of a-Fe, while alloy counterparts with M=Ti/Zr show increased D_, and

a-Fe

nanocrystalline structure and soft magnetic properties, showing D

a-Fe
results as 17.9 nm, 22.1 A/m and 1.90 T of reference alloy, respectively. Mo doping attains optimized matching between N, and d_.,
existing a-Fe grains in melt-spun alloys, which enhances the coordinated intergranular competitive growth effects during thermal crystallization.
This mechanism effectively refines the nanocrystalline structure, reduces magnetocrystalline anisotropy, and consequently improves soft magnetic
properties.

Key words: Fe-B-Cu nanocrystalline alloy; early transition metal doping; pre-existing o.-Fe grains; amorphous-forming ability; soft magnetic

properties; competitive growth effect
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