9525 %3 3 1] TR ¥R Vol.25 No.3
202543 H The Chinese Journal of Process Engineering Mar. 2025

DOI: 10.12034/j.issn.1009-606X.224121

Effect of alloying elements on RE,Fe ,B (RE=Nd, Pr) based
nanocomposite permanent magnets

Chuanyou HUO', Dianbao ZHANG', Xiaoyu BO', Erbao QIAN', Zhen ZHANG',
Jinghan NIU', Shengnan JIANG', Hailing LI"*
1. School of Materials Science and Engineering, Anhui University of Technology, Ma'anshan, Anhui 243002, China

2. Key Laboratory of Green Fabrication and Surface Technology of Advanced Metal Materials (Anhui University of Technology),
Ministry of Education, Ma'anshan, Anhui 243002, China

Abstract: Nanocomposite magnets have become a promising next—generation permanent magnet material due to
their potential high magnetic energy product. The implementation of high magnetic performance depends on precise
control of the microstructure, including the grain size and distribution of soft and hard magnetic phases, the content
of soft magnetic phases, the orientation of hard magnetic phases, the structure and chemical composition, etc. At
present, the microstructure of nanocomposite magnets is mainly controlled by adjusting the alloy composition and
preparation process. By adding alloying elements, not only can improve the microstructure of nanocomposite
permanent magnets, but also can change the intrinsic magnetic parameters of the main phase in the magnet, which is
a common method to improve the magnetic performance of the magnet. In this work, the role of alloying elements in
microstructure control of RE,Fe ,B (RE=Nd, Pr) based nanocomposite permanent magnet materials is summarized
and evaluated. The addition of rare earth elements (La, Ce, Pr, Dy, Tb, etc.) to replace Nd atoms alters the intrinsic
magnetic parameters of Nd,Fe,,B phase. Elements such as Co, Cr, Ni, and Mn can enter the lattice of a—Fe and
RE,Fe,,B to replace by the point position of Fe, while changing the intrinsic magnetic parameters of the soft and hard
magnetic phases, thereby altering the magnetic properties of the magnet. It has been confirmed that elements such as
Nb, Ti, and Zr can enter the main phase Nd,Fe B, but are more enriched at grain boundaries, playing a role in
enhancing domain wall pinning and refining grain size. Elements such as Sn and Ga can improve the high—
temperature magnetic performance of magnets and enhance their thermal stability. Adjusting the alloy composition
through the addition of alloying elements is an effective way to control the microstructure of nanocomposite
magnets, but the content of alloying elements should be controlled within a certain range. Excessive addition will
deteriorate the magnetic properties of the magnets.
Key learning points:
(1) The effect of microstructure on magnetic properties of nanocomposite permanent magnets is described.
(2) The mechanism of the influence of substitution and doping elements on the microstructure and magnetic
properties of nanocomposite permanent magnets are introduced.
(3) Some of the previous work and looks forward to the future development direction of nanocomposite permanent
magnets are summarized.
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Table 1 J, H,, and T, of the RE,Fe ,B compounds (RE=La,
Ce, Y, Pr, Nd, Dy, Tb) at room temperature

Compound JJ/T H,/kOe TJK Reference
LaFe B 1.38 20 530 [23,24]
Ce,Fe, B 1.17 26 424 [23-25]
Y,Fe B 1.41 26 565 [24,26]
Pr,Fe B 1.56 87 565 [20,27]
Nd,Fe ,B 1.61 73 585 [20,23,27]
Dy,Fe B 0.71 158 598 [27]
Tb,Fe, B 0.70 220 620 [27,28]
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Fig.1 SEM images of the RE, Fe, ,Co,,B,, [RE=Nd (a) and Pr (b)] ribbons after optimally annealing treatment™”’
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[NdO.S(DyD.SYO 5)0.2] IOFeSZ.SBbzrl .5
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Pr, Fe,B, P, Zr 0.8808 1.2244
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Fig.3 TEM images of Pr, Fe,, B, P, Zr, (x=1~3) alloys"”
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