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Mechanical Properties and Microscopic Structures
of Corrosion-Resistant Rare-Earth Magnets
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Synopsis:

Bending strength and elastic moduli were measured for corrosion-
resistant Ndis(Feo.7.2.9C00.sNizTiy) 12Bs sintered magnets, At the
composition of 2=0.1 and ¥ =0.015, the bending strength showed
a value of 392 MPa, much higher than 98 MPa of the Sm-Co mag-
net or 158 MPa of Nd-Fe-B magnet. Microscopic observations with
SEM and high-resolusion TEM clarified that Ti addition brought
forth a decrease in the grain size and that nano-sized precipitates of
TiB:z were present intergranularly and intragranularly. The intra-
granular TiB; precipitate with the habit plane {10-1} was semi-
coherent to the main phase of Nd;TM,B;. The intergranular
TiB: presumably acts as an inhibitor against grain growth. It is
considered that the improvement of bending strength in the Ti
doped Nd-TM-B magnet is attributed to a increase in the fracture

energy because of nano-sized precipitates of TiB..
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Fig. 1 Ni concentration dependence of the intrinsic coercivity
H,, bending strength, Young’s modulus £ and shear
modulus < for Nd;s(Feo.ﬁ_zCO:)_sNizTiu,cus)?’zBa sintered
magnets
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Fig. 2 Ti concentration dependence of the intrinsic coercivity
H,, bending strength, Young’s modulus E and shear
medulus & for Ndla(FEu.a.wCOn.aNin.lTiy}nBa sintered
maghets

Photo 1 Fractured surface of a Ndis(Fep. 585Ca0.aN10.1 Tlo.015)77Bs sintered magnet
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Table 1 MegHanical properties for rare-earth sintered magnets

Nd;s{Fes.s05C0ou.3Nio.1 Tie.015}17Ba NdisFewBs SmaCoir
Bending strength (MPa) 392 158 98
Young’s modulus £ (x 10! Nfm?} 1.5 1.5 no data
Shear modulus G (% 101 Nfm?) 5.8 6.1 no data
Poisson ratio 0.29 0.26 no data
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Pheto 2 Micrographs of Ndis(Feo.s.9Con.sNiog.1 Tiy)rBy sin-
tered magnets
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Photo 3 Backscattered electron image of the Ndis(Fep.sss
Coo.3Nio.1 Tio.015) 77Bs sintered magnet(NdzTM(=Fe,
Co, Ni)uBi, phase A; «’-Nd, phase B; and TiB;,
phase C)
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Photo 4 Transmission electron image with crystal orientation {a) and electron-diffraction pattern of intergranular preci-
pitate TiB: (b) in the Ndm(F80_555C00,3Nio,ITio,ms)ﬂBa sintered magnet
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Fig. 3 The schema of the nano-sized TiB: precipitated
intragranularly in the Nd,; TM,B; phase
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Fig. 4 Lattice constants of Nds(Feq.7.2Co0.sNiz)i:Bi phases
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Photo 5 Transmission electron image of intragranular preci-

pitate TiB; in the Nd15(FEo,sasCOu,sNio,lTio,ou) 71Bg
sintered magnet
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