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Each EV needs ~2 kg of permanent magnets
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What magnets will drive future EVs?



Magnets need high magnetization
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Magnets need high magnetization, coercivity
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Magnets need high magnetization, coercivity, magnetic energy density |BH|max
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Nd2Fe14B is the leading magnet for EVs
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Adapted from: Cui, Kramer, Zhou, Liu, Gabay, Hadjipanayis, 
Balasubramanian, Sellmyer, Acta Mater. 158, 118 (2018)
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Nd2Fe14B is the leading magnet for EVs
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Nd2Fe14B is the leading magnet for EVs, Sm-Co are pricier alternatives

Dy, Tb
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Established PM materials rely on critical materials
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Emerging PM materials rely on non-critical materials
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Emerging PM materials rely on non-critical elements
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Sm2Fe17N3 relies on non-critical Sm and Fe
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Sm2Fe17N3 relies on non-critical Sm and Fe

Upper limit (BM)max = ¼ μ0Ms
2
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Sm2Fe17N3 relies on non-critical Sm and Fe

Upper limit (BM)max = ¼ μ0Ms
2

N expands lattice, strengthens magnet

Rom, Smaha, O’Donnell, Dugu, Bauers, MRS Bulletin, 2024, doi: 10.1557/s43577-024-00743-4

Adapted from: Coey, Sun, 
J. Magn. Magn. Mater. 87, L251 
(1990)

NH3

Kuchi, D. Schlagel, T.A. Seymour-Cozzini, J.V. Zaikina, I.Z. Hlova, J. 
Alloys Compd. 980, 173532 (2024)



Fe16N2 has unusually high Ms
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Fe16N2 has unusually high Ms

N changes charge distribution, strengthens magnet
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L10 FeNi has high Hc if ordered
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What is holding back these materials?

Sm2Fe17N3  Tdecomp. ~ 600 °C

Fe16N2   Tdecomp. ~ 200 °C

L10 FeNi  Tdisorder ~ 320 °C (thermodynamic)
530 °C (kinetic)      
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Needed: Low temperature processing methods
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Design principles

c) Linear coordination environments

a) 0D motifs

b) Combining 3d and 4d/5d metals 
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