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Some Suggestions to Search New Permanent Magnets Using First-Principles Calculations
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Since Nd,Fe4,B permanent magnet was developed in 1982, a new permanent magnet with higher performance than Nd,Fe,,B has
not been reported yet. On the other hand, new permanent magnet materials, which do not include rare-earth elements but are
competible to ferrites in price, also are needed to be searched urgently. In this paper, we will review required material properties for
good permanent magnets and discuss ways to search new permanent magnets, using first principles calculations. The goal to search
the new permanent magnets should be set to find materials to have higher performance than Nd,Fe;;B or to be consisted of 3d
transition metal as magnetic elements with compatible performance to Nd,Fe;4B to replace high performance rare-earth magnets or
cheap ferrites.
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BIM B-H loop

M-H loop

Fig. 1. (Color online) B(M)-H hysteresis loop.
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Table I. Physical properties of some typical permanent magnets

[10,18].
Magnet Te M, (BH)yux K
Alnico 5 1210 K 1100 kA/m (378) kI/m*  0.66
BaFe ;010 740 K 380 kA/m 45 kI/m*  1.35
SmCos 1020 K 860 kA/m 231 kIim* 430
Sm,Coy7 837 K 970 kA/m 260 kJ/m*  1.90
Nd,Fe,B 588 K 1280 kA/m 512 kI/im* 154
Sm,Fe /N3 749 K 1230 kA/m 473 KIim®* 213
MnBi 628 K 580 kA/m 105 kI/m*  1.46
FeoN, 810 K 1920 kA/m  (1152) kI/m* 043
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Fig. 2. (Color online) Slater-Pauling curve.
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Table II. Possible contribution to the magnetization and the sign of
the atomic quadruple moment Q of magnetic 3d elements [18].

Cr Mn Fe Co Ni
M (kA/m) 0.33 0.59 1.76 1.44 0.52
Q + - - + +
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Table I11. Possible contribution to the magnetization and the sign of the atomic quadruple moment Q of magnetic 4/ elements [18].

Ce Pr Nd Sm Gd Tb Dy Ho Er Tm Yb
M (kA/m) 0.59 0.89 0.93 0.20 2.03 2.69 3.06 3.08 2.80 2.18 1.26
Q - - - + - - - + + +
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(NRF-2016M3D1A1027831).
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