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Abstract. With the development of modern technologies in integrated and miniaturized devices, permanent magnets with
high energy products and impressive performances are needed. Fabrications and assemblings of nanostructured magnetic
materials possess versatile prospects for applications. Next-generation permanent magnets can be fabricated utilizing nano-
particles as building blocks by exploiting nanoscale effects, especially by the exchange-coupled nanocomposites. A typical
design of the nanocomposites made of fine mixture of magnetically hard and soft nanoparticles needs well-controlled compo-
sitions and interfaces, and vigorously enhances the magnetocrystalline anisotropy and the saturation magnetization. Chemi-
cal synthetic routes possess characteristic flexibilities on materials design, sizes, morphologies and self-assembled pros-
pects. This review reports some representative studies on rare-earth magnetic nanomaterials and proposes some idealized

nanocomposites for nanoparticle-based future permanent magnets with enhanced energy products.
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Table 1 Intrinsic magnetic properties of the major hard magnetic
intermetallic compounds!®!

H/T K,/MJ-m® J/T T./K
Nd, Fe ,B 6.1 4.9 1.6 585
SmCos 32 17 1.1 1020
Sm, Co,; 5.4 3.3 1.2 1190
Sm, Fe; N, 11.2 8.6 1.5 749
FePt 9.2 6.6 1.4 750
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Fig. 1 HRTEM image of an assembly of nanocrystalline SmCoy struc-
tures with the dashed lines indicating the nanocrystalline grain
boundaries (a), and SAED patterns (b) ; hysteresis loops of

nanocrystalline SmCos measured at 300 K (¢) (211
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Fig. 2 Schematic diagram for the approach of increasing intrinsic coerci-
vity through tailoring the crystal structure by nanostructuring

the material*!)
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Fig. 3 Various schemes for the exchange-coupled nanocomposite structures

composed of magnetically hard (black) and soft (grey) nanoparti-

cles: (a) conventional structure with soft and hard nanoparticles ;

(b) core-shell hard-soft nanoparticles and (¢) nanocomposite par-

ticles with a non-magnetic layer (white) , where the pinning of do-

main walls is indicated by black-dotted lines ')
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