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Fig. 1. XRD patterns of all samples.
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Fig. 2. (a)The magnetic hysteresis loops and (b) the temperature-dependent magnetization (M-T) curves of all the samples.
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Fig. 3. The initial magnetization curves and corresponding recovery curves to zero field of samples A (a) and B (b).
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Fig. 4. The demagnetization curves and recovery curves during demagnetization of samples A (a) and B (b).
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Abstract

Rare-earth elements share similar ground-state electronic properties, and their unique lanthanide

contraction effect can lower the mixing enthalpy of rare-earth elements in high-entropy materials, which is of

great

significance for

fabricating low-cost and high-performance high-entropy rare-earth

intermetallic

compounds. In this work, the magnetization reversal mechanisms of rapidly quenched ribbons such as

Nd,; 7¢Fego36Bs3s (NdFeB) and the relevant high-entropy rare-earth permanent magnet alloy compounds

(Lag 2Prj oNdg 9Gd 2Dy 2)11.76F €s2.36B5.85 and (Lag oPr oNdy 2Gdg 9 Thy 9)11 76Fess 36B5.85 are studied by analyzing

the magnetization and demagnetization curves, supplemented by Henkel curves and magnetic viscosity

coefficient S. Compared with the pure NdFeB sample, the high-entropy rare-earth permanent magnet has the

027501-7
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inter-grain exchange coupling significantly enhanced and the magnetic dipole interaction weakened, indicating
that the element diffusion mechanism in heavy rare-earth containing high-entropy material homogenizes the
sample, and significantly increases the coercivity. The mechanism of the coercivity is the nucleation of
magnetization reversal domains in the grains of the hard magnetic phase. The magnetization mechanism is
dominated by pinning at low magnetic fields and by nucleation at high magnetic fields, which is different from
the magnetization mechanism of pure NdFeB and has some similarities with the self-pinning mechanism. The
magnetic viscosity coefficient of (LagoPrgoNdy2GdgoDyg2)11.76Fes2.36B5.85 is larger than that of pure NdFeB. Due
to the asynchrony of hard magnetic phase reversal and intergranular magnetic coupling in (LagoPrg,Nd,Gdg
Thgo)11.76Fes2.36Bs5.88, the magnetic viscosity coefficient is small but the anisotropy field is large. This indicates
that high-entropy sample reduces the magnetocrystalline anisotropy field barrier but increases the
magnetocrystalline coupling length. This suggests that the magnetization reversal of high-entropy rare-earth
permanent magnet material is significantly different from that of conventional rare earth permanent magnet

material and it is worthy of further in-depth research.
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