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Fig. 1. (a) Activation energy (E,) of the onset temperature of the first crystallization peak (7y;) based on the Kissinger method in

AL AR (d) JE M FeBuoo, A4 L 3F il LA SRR A MRS A9 45

Fe-B amorphous alloys; (b) evolution of the spin-wave parameters B and C with Fe content in Fe-B amorphous alloys; (¢) depend-

ence of the M, on Fe content; (d) T, of amorphous Fe B , ribbons, amorphous films, and metastable and stable crystalline Fe-B

compounds as a function of Fe content34.
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Fig. 2. The saturated magnetic flux density B,, average hyperfine field B;,, intensity ratio A3, and coercivity H, as functions of the

correlation length in melt-spun Fe-M-Si-B (M = Co, Ni) amorphous alloys/*®.
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Fig. 3. Correlations between B, and metalloids/Fe content in Fegsg5(B, C, Si)14 14P; amorphous alloys: (a) 83% Fe content; (b) 84%
Fe content; (c) 85% Fe content. (d) Overall effect of contents of C on the B of Fegs ¢5(B, C, Si) 4 14P; amorphous alloys/?!l.
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Fig. 5. (a) Variation trends of saturation flux density B, and deviation degree §; of Fe-B amorphous nanoparticles at room temper-

ature (298 K) and different annealing temperaturel™!; (b) variation trend of the cluster connections and the Mj; (c) the schematic

diagram of the cluster connection mode and the magnetic coupling interaction!*?.
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Fig. 6. Schematic diagram illustrating the atomic evolution of Fe;;SigB(P5 alloy during different isothermal annealing processes,

Glass I, II, and III represent three amorphous states evolved under different annealing conditions, the potential energy hypersurface

in the figure shows the variation trends of the different glass typest®ll.
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Fig. 7. Atomic structures of representative B-centered clusters (a) and Fe-centered clusters (b) extracted from amorphous Fe,y, ,B,
alloys, larger blue spheres represent Fe atoms, and smaller pink spheres represent B atomsP; (c) partial density of states of Fe, P,
and B atoms in the Feg)PyB; amorphous alloy®l; (d) relationship between the Fe magnetic moment and the corresponding charge

quantity(©,
F 1 FegPr CsBi(z =0, 1,2, 3, 4) FEFHA AR HFT4ME 61
Table 1. Charge distribution of Feg,Py, ,CsB, (z = 0, 1, 2, 3, 4) amorphous alloys!'l.
Fe P C B
Average 7.80 5.64 5.02
By Distribution 7.49—8.09 5.55—5.72 4.94—5.05
Range 0.60 0.17 0.11
Average 7.80 5.65 5.02 3.50
B, Distribution 7.51—8.05 5.57—H.75 4.96—5.08 3.48—3.52
Range 0.54 0.18 0.12 0.04
Average 7.80 5.64 5.03 3.50
B, Distribution 7.57—8.10 5.53—b5.72 4.98—5.08 4.45—3.57
Range 0.53 0.19 0.10 0.12
Average 7.81 5.63 5.08 3.42
Bs Distribution 7.58—8.09 5.48—5.70 4.98—5.37 2.89—3.59
Range 0.51 0.22 0.39 0.70
Average 7.81 5.64 5.05 3.46
By Distribution 7.50—8.08 5.54—b5.72 4.99—5.18 3.16—3.61
Range 0.58 0.18 0.19 0.45
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Table 2. Fe-centered total and partial coordination num-

bers in the Feg,,Si; ,Bis (z = 0-4) alloyslo0.

Alloys Fe-Fe Fe-Si Fe-B Total CN
FegySisBys 12.10 0.81 1.68 14.59
Feg; S4B 12.32 0.65 1.70 14.67
FegySizBys 12.45 0.45 1.80 14.70
FegySiyBs 12.40 0.32 1.82 14.55
FeuSiBis  12.80 0.14 1.70 14.64

£ Fe HAR MG S MBI, # (Ge) FEA—Fl
5 C I Si RS mouR, HA & et
AR AZ B T 2 0 BT, S (P) AHLE, Ge
HA M T 5, e mTR A 78U R
S PRI G BRI AL B A RRAR 109, SR,
EAPITERY], Ge REMSYR M JE BB, Tk 5
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Feg;Mn(Co);Si,B,,P, amorphous alloy without and with relaxation, the vertical line corresponds to the value of Feg,Si,B;oP,[™.
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SPECIAL TOPIC— Order tuning in disordered alloys

Correlation between microstructure and magnetism of
iron-based amorphous alloys

LIU Xiaorong LI Kangyuan LI Maozhi'

(Key Laboratory of Quantum State Construction and Manipulation (Ministry of Education), School of Physics,
Renmin University of China, Beijing 100872, China)

( Received 25 November 2025; revised manuscript received 17 December 2025 )

Abstract

Fe-based amorphous alloys have continuously attracted extensive attention due to their excellent soft
magnetic properties, such as high saturation magnetization, high permeability, low coercivity, and low core loss.
However, the theoretical studies on the magnetism of amorphous alloys remain incomplete, and the structural
origins of the magnetic properties in Fe-based amorphous alloys are still unclear, making it difficult to fully
explain their magnetic behaviors. Existing research primarily focuses on how different elements affect the
electronic structure, magnetic moment, saturation magnetization, and other properties of iron-based amorphous
alloys. However, little effort has been paid to the in-depth exploration into the underlying mechanisms of the
local atomic structures, including short-range and medium-range order, influence magnetic properties. This
review summarizes the recent experimental and computational progress in exploring the potential correlation
mechanism between amorphous structures and soft-magnetic properties, aiming to provide a reference for
further elucidating the structural origins of magnetic properties in Fe-based amorphous alloys, and to identify

key unresolved issues in future research.
Keywords: Fe-based amorphous alloys, soft magnetism, structural origin, amorphous alloys
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