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Fig. 1. Phase analysis of quaternary Fe-B-Nb-Gd metallic glasses: (a) XRD patterns; (b) bright-field TEM image and SAED

patterns of Gd2 alloy.
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Fig. 2. DSC curves of Fe-B-Nb-Gd metallic glasses with different Gd contents: (a) Glass transition and crystallization curves;
(b) melting curves.

# 1 (FersBypNbs)ig.Gd, (=0, 0.5, 1.0, 1.5, 2.0) JEAHE & NPIES S

Table 1. Thermophysical parameters of (Fez3ByoNbs) g0 ,Gd, (z = 0, 0.5, 1.0, 1.5, 2.0) metallic glasses.
Alloy T,/K T /K T,/K Ty/K T, /K AT/K T, v
Gdo 811 855 862 1409 1529 44 0.576 0.365
Gdo0.5 826 875 885 1364 1521 49 0.606 0.377
Gdl 838 897 908 1362 1528 59 0.615 0.384
Gdl.5 863 933 941 1359 1504 70 0.635 0.398
Gd2 864 937 943 1357 1494 73 0.637 0.400
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Fig. 3. Microstructure and thermodynamic parameters of metallic glasses: (a) Basic parameters of each constituent atom; (b) atom-

ic size difference; (c¢) configuration entropy; (d) enthalpy of mixing.
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Fig. 4. Magnetic properties of quaternary Fe-B-Nb-Gd metallic glasses: (a) Hysteresis loop; (b) remanence; (¢) coercivity; (d) satur-

ated magnetization.
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Fig. 5. Temperature dependence of oxidation process for Fe-B-Nb-Gd metallic glasses: (a) Mass gain curves; (b) mass gain rate

curves.
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Fig. 6. Microstructure morphology and solute distribution of oxidation products for Fe-B-Nb-Gd metallic glasses: (a) GdO; (b) Gd2.
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Fig. 7. Oxidation mechanism of Fe-B-Nb-Gd metallic glasses: (a), (b) Atomic diffusion and oxide structure models; (c), (d) oxygen

diffusion models.
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Influence of gadolinium content on magnetic property and
oxidation mechanism of Fe-B-Nb-Gd metallic glass”
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Abstract

In this work, we use the rapid solidification technique to prepare five kinds of metallic glasses with different
Gd content, and investigate in depth the influences of Gd content on the amorphous formation capability,
thermal stability, and magnetic properties of (Fe;3BoyNbs)igy ,Gd, (z = 0, 0.5, 1.0, 1.5, 2.0) alloys. By
comparing the microstructural morphology and solute distribution of oxidation products before adding Gd and
those after adding Gd, the amorphous oxidation mechanism is analyzed systematically. With the addition of
Gd, the atomic size difference of the alloys exceeds 13%, and the configuration entropy increases from
7.27 kJ/(mol-K) to 9.44 kJ/(mol-K). The glass-forming ability of the alloy is significantly improved. The
increase of Gd content can increase the glass transition temperature of the alloy to 864 K, and the undercooled
liquid region can reach 73 K, significantly enhancing the thermal stability of the metallic glasses. The Gd limits
the local anisotropy of the alloy and reduces the density of quasi-dislocation dipole defects. This can effectively
reduce the pinning sites that hinder the rotation of magnetic domain walls, thereby improving the soft magnetic
property. By comparing with the metallic glasses without Gd, only 2% (atomic percentage) Gd can reduce the
coercivity by 8%. Moreover, the Gd makes the metallic glasses more sensitive to temperature variation in the
oxidation process, and the temperature of the maximum oxidation rate is reduced by 15 K. However, their
antioxidant performance does not deteriorate. The Gd atoms are influenced by binding energy and migrate to
the surface, forming Gd-rich oxides. They fill surface defects and occupy a large part of the top space, leading to
the structure becoming more compact near the surface. This structure reduces the channels for oxygen atoms to
diffuse through the microstructure interface, which helps to improve antioxidant capability. This work provides
a new approach for designing high performance Fe-based metallic glasses.

Keywords: rare earth element, metallic glass, rapid solidification, oxidation mechanism
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