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Fig. 1. Strain and strain rates curves of Fe-based alloy ribbons during tensile stress annealing: (a) Strains; (b) strain rates.
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Fig. 2. Residual macro-strains of Fe-based alloy ribbons as a function of annealing tensile stress: (a) Axial direction; (b) transverse
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Fig. 3. Fe-based alloy ribbons annealed with different tensile stress: (a) LDGMI effect; (b) the magnetic anisotropy as a function of

annealing tensile stress.
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Fig. 5. The XRD patterns of Fe-based alloy ribbons an-
nealed with tensile stress and isothermal tempered treat-
ment: (a) The diffraction vector is parallels to ribbon’s axi-
al direction; (b) the diffraction vector is parallels to ribbon’s
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Fig. 6. Relaxation dynamics curve of LPA in Fe-based al-
loy ribbons.
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Fig. 7. The SRXRD patterns of Fe-based alloy ribbons an-
nealed without tensile stress: (a) The full spectrum dia-
gram of SRXRD (3°—38°); (b) the multi-peaks fitting of

AP AT I —ER 3 IR 5 5 2 7 it ] B A Al el 1) (110) diffraction peak.
# 1  HHRAK Fe A EWATNISHSE
Table 1. Structural parameters of Fe-based alloy ribbons annealed without tensile stress.
N . bR /nm A i L H] Bt
RIEIPS -
D(uo) D(2oo) D(zu) D(220> D(310) Ver/ % 8o/nm
Al 1) 9.38 10.87 11.27 9.45 12.94 51.04 2.76
1) 9.30 11.77 12.03 10.40 12.66 51.27 2.74
A 11.00 51.16 2.75
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Table 2. Structural and magnetic parameters of Fe-based alloy ribbons annealed with different tensile stress.

B S)A 1) bk % 160
7/MPa Ad/nm Hy/(Am") K/(Jm?) Ky/(3m¥) K/(Jm?)
0 0 47.51 27.25 0

53 0.05 1181.73 692.14 99.67 592.47
117 0.14 2001.46 1229.06 176.98 1052.08
170 0.20 3194.23 1972.59 284.05 1688.54
223 0.28 4540.54 2777.20 399.92 2377.28
270 0.38 5645.52 3495.28 503.32 2991.96
343 0.51 7335.80 4498.91 647.84 3851.07
410 0.65 9380.54 5786.89 833.31 4953.58

% 2 MRR 7B K Fe A4 Wit i 45 g
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AR SR AN TR 5K R 7738 KO SR A B WA 1) S
K5y 3T VL 2% 0.144 E I SRAFA T3 1) SMA,
ISR IR AN 8 sk, i
MR BAU A1 R

Kq = Koe?/ o) _ K, (18)
A Ko =1235.70 J/m?, o.(K) =800 MPa 4l
G (17) CA (18) ATFF AT

oe(e)
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Ky = K, _ 11 —1 19
‘ O{ [50(%0 + €40) * } }’ (19)

P 3 B o(e) = oe(K) = 800MPa fRA 1,

\ Ky 3
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Fig. 8. Dependence of the magnetic anisotropy induced by
NGDA on tensile stress in Fe-based alloy ribbons.
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Abstract

Fe-based amorphous and nanocrystalline soft magnetic alloys are regarded as the significant dual-green
energy-saving materials because of their superior magnetic properties and straightforward fabrication procedure.
As such, they have attracted much attention in the fields of the electronic information and electrical power. In
this work, Fezs sCu;NbsSii3 5By (%) amorphous alloy ribbon is subjected to various physical ageing treatments in
nitrogen atmosphere. These treatments include annealing at 540 °C for 30 min under different tensile stresses
and isothermal tempering without tensile stress for several cycles. The origin of stress-induced magnetic
anisotropy is investigated through using dynamic strain analysis, the longitudinally driven giant magento-
impedance effect, and synchrotron radiation X-ray diffraction. In the process of tensile stress annealing, it is
found that the axial strain of ribbon is elastic strain when annealing temperature is below the glass transition
point, and plastic strain when annealing temperature is above the glass transition point; the precipitation of
nanocrystalline phase has a pinning effect on amorphous matrix, which slows down the strain rates and makes
the tend stable. Additionally, isothermal tempering studies show that the stress-induced magnetic anisotropy
and lattice plane anisotropy have different relaxation patterns. It is found through numerical fitting that the
stress-induced magnetic anisotropy can reach a stable value of 0.144 by infinite tempering, whereas the lattice
plane anisotropy can only relax to zero by finite tempering. A model of nanocrystalline grain distribution
anisotropy is developed to re-examine the origin of stress-induced magnetic anisotropy. It supports a viewpoint
that the nanocrystalline grain distribution anisotropy Ad is responsible for the stress-induced irreversible
magnetic anisotropy K4, and that their relationship can be described as a following function: Ky = kAS§.
Therefore, it is proposed that the stress-induced anisotropy originates from a synergistic interaction between the
lattice plane anisotropy and the nanocrystalline grain distribution anisotropy in Fe-based alloy ribbon. This

work has important implications for understanding the mechanism of the stress-induced magnetic anisotropy.

Keywords: irreversible magnetic anisotropy, lattice plane anisotropy, nanocrystalline grain distribution
anisotropy, synchrotron radiation
PACS: 75.20.En, 75.30.Gw, 61.05.cp, 61.46.Df DOI: 10.7498 /aps.71.20221509
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