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Recently, grain boundary diffusion process (GBDP) with light rare-earth (LRE) elements has attracted considerable attention for the
efficient utilization of rare-earth resources and reduction of material costs. Among the LRE, La possesses advantages including high
natural abundance and low raw-material cost; however, its application has been limited because the La,Fe 4B phase exhibits low
magnetocrystalline anisotropy and saturation magnetization. Nevertheless, recent studies have suggested various GBDP strategies that
utilize the preferential segregation behavior of La into the grain boundary phase rather than the Nd,Fe;;B main phase, enabling
simultaneous control of grain boundary microstructures and reduction of heavy rare-earth consumption. Notably, La is considered as a
promising element for suppressing abnormal grain growth induced by chemically induced liquid film migration (CILFM) associated
with the formation of shells. In this study, the microstructural and magnetic property changes of Nd-Fe-B sintered magnets subjected
to grain boundary diffusion using La-Al-Cu and Pr-Al-Cu diffusion sources were comparatively investigated. The influence of GBD
behavior of La on the shell formation, CILFM, and magnetic properties of magnets were systematically analyzed. Based on the results,
the applicability and future research directions of La-based LRE-GBDP technology will be discussed for developing high-performance
and cost-effective Nd-Fe-B sintered magnets.
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Fig. 1. (Color online) (a) Intrinsic coercivity (Hj), (b) remanence (B,), and (c) maximum energy product {(BH)max} of Nd-Fe-B sintered magnets
GBDP treated with LRE7yAlyCuyo (LRE = La and Pr) alloys as a function of diffusion temperatures. (d) Demagnetization curves of the magnets
optimally GBDP treated with LRE;oAloCu,q (This figure reproduced with permission from Ref. [15]).
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Fig. 2. (Color onhne) Cross-sectional BSE-SEM images and EPMA mapping results of Nd, Pr, Fe, Al, Cu and La elements were obtained in (a)
LAC-GBDP and (b) PAC-GBDP at a depth of 50 um from the magnet surface.
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Fig. 3. (Color online) HAADF-STEM images and EDS elemental near the GBP of (a) LAC-GBDP and (b) PAC-GBDP magnets at a depth of 50
um from the magnet surface. Line concentration profiles performed across the GBP along the white dotted line marked in the HAADF-STEM

images (This figure reproduced with permission from Ref. [15]).
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Fig. 4. (Color online) Structural and compositional analysis of the asymmetric shell observed in the PAC-GBDP (a) HAADF-STEM image and
EDS elemental maps, (b) High-magnification HAADF-STEM image taken from the area indicated by the arrow in (a). The inset shows an
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2 FAHE BYFS e old wel LAC-GBDPE
PAC-GBDP?|| Hl&} Bx}E &4} Gah= UgkA|vl CILFMS
B oR ARt EHN HTh 9575 B SFE UERITH

olgfgt A¥= Las Mol =AU A5, 4AH La-rich
AP B4 gkl =2 H& ZX= RE-rich shell2 34
& e 7Fede AR olF B8l A9l B, SF %
HANUAE {(BH)pe) S HASEEAT Sk vl
< Ak a9t s AoE ddEh

H olgfgt Lad] &S 83 S8t vt At 5
e glom, 3R ofe] HIEF(LRE) 7|WF ik 24
oA La2] AF L shell 4 wAYUZ vXe Gl o
3 F71EQ] As FIER glo] aXT A Az
3k Hl& F83¢ LRE-GBDP 7% 7ike] F3F Higko]
g AoZ 7). ofee] A FE ES 1S 1
el x71A B9 9 B digh HSe] e E 9
T, o]Z &3l La 74k GBDP 7]159] A%1% H& 7Vs
A8 B} AAZo g AES Fert Qo)

dAtel 2
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