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Fig. 1. (a) XRD patterns of NigFe;5B,5S1;P3 and (b) NisgFeysB,55i;P5 alloys before and after annealing; (¢) FWHM of NiyFessB5

Si;P3 and NiggFeysB1551,P5 alloys before and after annealing.
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Fig. 2. DSC curves of (a) NiyFes;B;5Si,P3 and (b)
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NisoFey;B15517P3 alloys before and after annealing.
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Table 1. Thermodynamic parameters of NigFe;:Bys

Si;P3 and Nij FeysB551,P5 alloys before and after an-

nealing.

NigFesBsSi;P;  T./K

. NigFeyBisSiPy  T,/K

As-spun 711.25 As-spun 702.13
A643 712.97 B663 703.56
A653 714.12 B673 704.96
A663 715.56 B683 706.05

5 pm 5 pm
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HLRS, {5 EDS 43 H7 o o B W i e 2 A,
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T R O TR) DX 3 1) 2 TR & 2B AR Ak 28, ISR
T RE A X IR RS A, N K A it — 25 () B A S T
TR M, B 2 Th AR Y IX S T 25 ) ke A R
FEI B ETFIERS, T B0 REURE B A 34 K 129,
FCW, AR G R, SR R A R R, 2
HET R R F R EHHES, TR B AR R T A
¥, 2 R 2w i BE R R A A g, A2
A 2 18 5 DA 3 1T IX el % BIHG 3 18 B X 3K,
DB LR G SRR . X & FBUR MR
TR 35 00 A8 Ak, AT 38 K SR ThDREL RS 22 1. [w] B, 3%
T ) 7E SO IR BE AT A TIE RS B, 23T B RN
I FRA T 2540 BRANAE BY DG TR ALK HE
IRIFSE R, 38 3 H = A SR B - fig it v LA 3R
IR R AR B2, (R A R JORBEE G T 7, 3R
FERE B S SR BARAT B R DT R T, 1R
i 1 F AT R S B T N R HES RN, i
—HAESE T IR AR S A S MOESF 52, 3
5 XRD it i —2.

Kl 4(a), (b) & NijFes5B15Si,P; Fl A653 Ik &
A4 TEM K%, K 4(c), (d) f& NigFeqsB55i;P;

5 pm

3 BRI A4 SEM B8 (a) NigFesB55i:Ps; (b) A653; (¢) NiggFeysB158i-Py; (d) B673; (e) 5 A653 X i # EDS &
Fig. 3. SEM images of (a)NigFes5B,5S1,P3, (b)A653, (c) NisgFeysB551,Ps, (d) B673 alloys before and after annealing; (e) EDS

image corresponding to A653.
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TR I 772 1) ) 02 BEL RS A s R 285 4 P 4 KR B A%
ﬁ/}ﬁi [33]_

5 nm~—!

Kl 4 (a) NigFessB5Si:Ps, (b) A653, (c) NiggFeqsB15Si;Ps,
(d) B673 4 4xiB kAT )5 TEM K14, 4 18 Jy % ¥ 59 SAED
EIEES

Fig. 4. TEM images of (a) NiyFe3;B55i;P;5, (b) AG653,
(¢) NisgFeysB 551;P3, and (d) B673 alloys before and after
annealing with insets showing the corresponding SAED im-

ages.

5 R EE S A 4R K ET R TEM K1) 2D
FAHSCHEST L. 7] Lt — 25 43 MR KA BE RS P
Ak A A 2R H BT SR A2 A IR S R I AR k. S5 3R
B, NiyFeysB155i;P3 Fl NisgFeysB15Si;P3 A4 1R
TSI i A 85 4 1 R R 0 00y R 6% R 7%, T
A653 4 F1 B673 & 4 1Y Rl 28 iy B AR R 3 4k

G35 26% Fi 34%. HIGR KA B R S A 4
R SIS R B R IR, IR KR A S
A PP .

5 (a) NigFessB551;P3, (b) NiggFeyB155i,P3, (¢) A653,
(d) B673 &4 TEM [l 2D [ AH S W5 (&1, BLIE M 2k 8
) P T 07 RE AR I, o g Jm B2 it PR 254y

Fig. 5. 2D autocorrelation mapping of the TEM images of
(a) NigFes5B15Si,P3, (b) NisgFeysB5Si;Ps, (¢)A653, (d) B673
alloys before and after annealing, with clearly defined
striped patterns marked by red squares, corresponding to

the local quasi-crystalline structures.

K 6(a), (b) & NiyFessB15Si;P3 F1 NigFeys By
Si Py BRI ATBHEAS ] B N 1R KT i IE— b
PR R Lh 300 K WS HIE T, ¥ NigFes;
B,5Si,P; fil Nij FeysB,5Si; Py BiFAFRHE Ty % T
(4 L BHRAR SIC R pag B p o AERLIREE THEHY
HLBEL 53 508 pp (T) Al pp(T), HIA—fL HLBH R
Poorm( T) FEIEUNTF AKX IATHE

PA ,norm (T) - pzA(f) B (1)
PB,norm (T) = sz(Z;)a (2)

Hrb, pagH 131.8 pQem, ppoH 126.6 pQ-cm.
ATLVEH, ZEZIR T, NiggFessB5Si,Py B HLBH A%
T NiggFegsB15Si,Ps ARG 4z, 2 A Ekny i
FHHY ([Ar]3d64s?) LR ([Ar]3di4s?) 5 Z A A
CXS H -, O R A H - L HUR M -
O, TR T HLBHR. & 6(a), (b) FTHI, PR
G 4 1R 1 H BEL 258 347 it 5 18R TR BE 1% Ty T 4
K, SRR IR 1) B kG40 B AR,
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Fig. 6. Normalized resistivity (pr/psp0 k) curves of (a) NiygFessBi551,P3 and (b) NiggFeysB155i,P3 alloys before and after annealing;
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Fig. 7. Room-temperature carrier concentration and carrier mobility curves of (a) NiyFes;B55i;P3 and (b) NisgFeosB15S5i;P3 alloys

before and after annealing.
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Table 2.

Hall parameters of of NiyFes;B,55i;P5 and Nis Fe,sB551,P3 alloys before and after annealing.

NiyFe5B155i7P3 nyg/(10% cm®) p/(em?V 1s1) Ry/(10% cm®-C)  NiggFegsB15Si7P3 nyg/ (102 cm®) u/(cm? V- 1-s1) Ry/(10% cm?C)

As-spun 1.40 205.17 —44.53
A643 1.47 172.04 -42.36
A653 1.50 156.51 —41.54
A663 1.73 127.64 -36.02

As-spun 1.37 278.17 —45.71
B663 1.44 246.19 —-43.24
B673 1.48 224.32 —42.22
B683 1.50 201.35 -41.59
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Microstructure and electrical properties of Ni-Fe-B-Si-P
amorphous alloys controlled by supercooled
liquid-phase annealing”
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Abstract

Amorphous alloys have become a research hotpot in the field of materials science due to their unique long-
range disordered structure and excellent physical properties. However, the complex microstructural evolution

and electronic transport mechanisms of amorphous alloys under thermal effects still need in depth investigating.
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In this work, NiyFes;B1551;,P3 and NisFeysB,55i;P5 amorphous alloy ribbons are prepared by the melt-spinning
technique, and the as-cast samples are subjected to annealing treatments within the supercooled liquid region.
The results show that annealing within the supercooled liquid region enhances the short-range order, reduces
the free volume, and increases the atomic packing density of the alloys. The volume fractions of the local quasi-
crystalline clusters in the annealed samples increase to 26%— 34%. Furthermore, the increases in scattering
centers and the release of internal stresses induced by the supercooled liquid region annealing lead to an increase
in the electrical resistivity of the alloys. Specifically, the resistivity of the Nij Fes;B;55i;P5 alloy increases from
131.8 puf2-cm to 217.0 pf-cm, a increase of 64.6%. Under an applied magnetic field, the deflection of electron
trajectories due to the Lorentz force and the magnetostriction effect further increases the resistivity of the
alloys. Additionally, thermal activation releases the bound electrons and enhances their scattering, resulting in
an increase in the carrier concentration and a decrease in the carrier mobility of the annealed alloys. This study
demonstrates that annealing can effectively control the short-range order and free volume distribution of
thereby The findings provide an

experimental basis for designing high-performance amorphous alloy electronic devices.

amorphous alloys, influencing their electronic transport properties.
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