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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
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M=Ti 625 796 1.7 33 683 12.13 —11.65 60.3 20.6 1.81 31.6
M=V 610 778 4.5 6.3 683 11.97 -11.22 61.4 16.9 1.84 16.4
M=Cr 607 769 5.6 7.0 668 11.94 -10.95 60.8 17.7 1.85 21.0
M=Zr 653 813 - - 713 12.39 -11.99 61.7 26.8 1.80 972
M=Nb 623 799 2.7 4.1 698 12.08 -11.59 62.1 15.6 1.82 10.6
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Fig.2 Bright-field TEM images with insets corresponding to SAED patterns and grain size distributions with normal fitting (a—b, d—h) and
HRTEM image (c) of melt-spun Fe,, ;B ,Cu, M, alloys
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Effects of Early Transition Metal Doping on Structure and Magnetic Properties of
Fe,;B,;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 a-Fe grains dispersed in amorphous matrix with average grain sizes (d

a-Fe

) smaller than 10 nm and high
numerical density (N,). M doping can reduce both N, and d, .. of pre-existing a-Fe phases to varying degrees, with reduction effectiveness
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 Fe,, ;B,,Cu, ; alloy, alloys with M=V/
and

Cr/Nb/Mo exhibit reduced average grain size (D, ) and coercivity (/) of a-Fe, while alloy counterparts with M=Ti/Zr show increased D,

a-Fe a-Fe

H_. All doped alloys demonstrate slightly decreased saturation magnetic induction (B,). Notably, the Mo-doped alloy achieves optimal

nanocrystalline structure and soft magnetic properties, showing D, . =14.9 nm, H=8.3 A/m and B, =1.84 T, which significantly outperforms the

o-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_ ., of pre-
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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