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In response to global carbon neutrality policies and the escalating demand for high-performance permanent magnets in the e-
mobility sector, ThMn,-type Sm-Fe-based compounds have emerged as a prominent candidate for next-generation rare-earth-lean
magnets. While these materials exhibit intrinsic magnetic properties comparable to those of Nd,Fe;;B, including a high Curie
temperature (7¢ = 580 °C), challenges such as structural instability during bulk processing, the realization of sufficient coercivity, and
high-density anisotropic bulkification have hindered their practical application. This review systematically explores the development of
high-density ThMn;, bulk magnets fabricated via high-pressure pressing (HPP) of amorphous precursors. A “stepwise crystallization”
mechanism—transforming from an amorphous state to the 1:12 phase through a TbCu;-type metastable phase—is discussed as a key
strategy to achieve phase purities exceeding 97 wt.% and a maximum energy product ((BH)m.x) of 12 MGOe in the bulk magnet. The
structural stabilization effect of Ti-V pair substitution on the c/a lattice ratio and its influence on magnetocrystalline anisotropy are
analyzed. Furthermore, this work highlights “grain boundary engineering” as a pivotal strategy for enhancing coercivity. By
optimizing the Sm content and utilizing post-aging treatments, a nanoscale, non-ferromagnetic Sm-rich grain boundary phase is
successfully formed, facilitating magnetic decoupling between the main phase grains and achieving a coercivity of 10.8 kOe
(0.859 MA/m). Finally, the fabrication of anisotropic bulk magnets is detailed, where powders produced by ball milling are aligned
under an external magnetic field. This process led to a significant improvement in magnetic alignment (83.7%), resulting in a (BH)max
of 7.85 MGOe, a 3.7-fold increase compared to isotropic counterparts. These integrated research efforts demonstrate the great potential
of ThMn,-type bulk magnets as high-performance, rare-earth-lean permanent magnets, providing a technical milestone for the
localization of magnetic materials and resource security.
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Fig. 1. (Color online) (a) TEM and SAED images of Sm(Fe(3Cog5),,Ti melt-spun ribbon. (b, ¢, and d) The TEM images of the specimen of the
bulk sample heated in-situ at different temperatures of 240, 310, and 590 °C. (e and f) STEM and FFT images of the bulk samples annealed for 10
and 20 min [1].
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Fig. 2. (Color online) XRD patterns of the ground Sm(FepgCog2)12-2:Ti,V, (0.5 < x < 1.0) (a) arc-melted ingots, (b) melt-spun ribbons, and (c)

bulks annealed at 800 °C for 15 min [2].
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Table 1. Lattice parameters of the ThMn,-type phase and weight fractions of crystallized phases for the Sm(FeosC0¢2)12-2:TiyV, (0.6 <x < 1.0)
bulks annealed at 800 °C for 15 min. The confidence interval of a, b, and c is = 0.005. The weight fractions of phases have a confidence interval

of + 0.1 wt.% [2].

Lattice parameters of ThMn,, (A)

Weight fractions (wt.%)

* a c cla ThMn,, TbCuy; o~(Fe,Co) Fe,Ti
0.6 8.509 4.829 0.5675 93.5 1.7 4.8 -
0.7 8.515 4.795 0.5631 96.3 1.8 1.9 -
0.8 8.527 4.785 0.5611 98.8 12 - -
0.9 8.529 4.784 0.5609 98.6 - - 1.4
1.0 8.530 4.780 0.5604 94.1 1.1 0.7 4.1
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Fig. 5. (Color online) The SEM-BSE images of the Sm,Fe oV, (x = 1.4~1.9) bulks, which were heat-treated at 1,140 °C for 30 min [3].
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Fig. 6. (Color online) The TEM images and line scans of Sm,Fe oV, (x = 1.7 (a), 1.9 (b)) bulks, which were heat-treated at 1,140 °C for 30 min [3].
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Fig. 8. (Color online) Thermomagnetic curve (a) and its derivative (b), hysteresis loops (c), and M/H-T (d) curves of SmFe,,V, sintered bulk and
aging-treated bulks. The aging treatment was performed at 730~900 °C for 10 h. The magnetic properties of sintered bulk are shown by the open

points in Fig. (c). [4].
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Table II. Summary of chemical compositions, fabrication processes, microstructural features, and magnetic properties of key ThMn,,-type Sm-

Fe-based bulk magnets.

Ref. Composition Fabrication Process

Microstructural Features

Magnetic Properties

Melt-spinning + HPP +
Phase transformation
annealing

[1] Sm(FepgCogo)i Ti

Stepwise crystallization from a fully amorphous
state via a 1:7 metastable phase, 50~100 nm
equiaxed grains, phase purity of 97%

(BH)mar ~ 12 MGOe

Master alloy melting +
HPP + Heat treatment
at 800 °C

2] Sm(FepsC0p2)12-2¢Tix Vs
(x = 0.6, 0.8, 1.0)

c/a lattice ratio contraction and structural
stabilization via Ti-V pair substitution, suppression
of ferromagnetic a-Fe precipitation at x = 1.0

Securing A, > 10 kOe
and achieving phase
purity > 95 wt.%

Hydrogen decrepitation +

Formation of a continuous Sm-rich phase

Rapid increase in coercivity

3] (xsilxll:?i\lfzg) HPP + Heat treatment network along grain boundaries due (H. > 10) in compositions
o at 1,140°C to excess Sm addition (x > 1.6) with x > 1.6

Bulk sintering + Magnetic decoupling through the formation Achievement of H, =

[4] SmFe,,V, Subsequent aging of an amorphous Sm-rich/Fe-poor grain boundary 10.8 kOe upon aging
at 730~900 °C layer with a thickness of approximately 1.8 nm at 800°C
Wet ball milling + Induction of uniform crystallographic H, = 10.1 kOe,
Magnetic field alignment alignment along the <001> easy axis, (BH)max = 7.85 MGOe

[5] SmFe;,V,

molding (1.0 T) +
HPP (3.5 GPa)

achieving a magnetic alignment degree
of 83.7% based on EBSD analysis

(3.7-fold increase compared
to the isotropic counterpart)
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