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Introduction To Permanent Magnets — Hidden But Essential!

JOC LLC



What Is A Rare Earth (NdFeB) Magnet?
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Automotive (ICE and EV) Is The Largest Market For Permanent Magnets

Application Guide (Automotive)
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Who Makes Permanent Magnets?

(US Manufacturing)

Arnold(Ferrite/Alnico/Smco/Bonded)
Crucible(Ferrite/Alnico/NdFeB) Closed

Permanent Magnet Co. (Alnico) Closed
General Magnetics (Ferrite) Closed
Ugimag(NdFeB) Acquired/Closed
TDK(Ferrite)

Hitachi Metals(Alnico/Ferrite/NdFeB)
Electron Energy (SmCo)
Dynacast(Bonded Magnets) Acquired
Thomas & Skinner(Alnico/SmCo)
Magnequench(NdFeB) Relocated
Tengam(Bonded Magnets)

Magnet Applications (Bonded)
Electrodyne(Bonded)

RJF (Bonded) Acquired

Magnum (Bonded)

Magnetic Specialty (Bonded) Acquired
Flexmag Industries (Bonded) Acquired

1995

Kane Magnetics(Ferrite/Alnico/Bonded) Closed

US Permanent Magnet Industry From 1995 to Today to 2025+

Arnold (Alnico/Bonded)

TDK(Ferrite)—Closing 2022
Hitachi Metals (Ferrite)
Electron Energy (SmCo)

Industry
consolidation,
relocation and
dosure

Thomas & Skinner (Alnico)

Tengam (Bonded)
Bunting-DuBois (Bonded)
Electrodyne (Bonded)
Magnum (Bonded)

2024

Noveon (NdFeB) - Operational?

Arnold (Alnico/Bonded)

oveon (NdFeB)
MP Materials (NdFeB)

VAC (NdFeB)

Quadrant (NdFeB)

USA Rare Earth (NdFeB)
Massive investmen Posco/Star Ind (NdFeB)
S0 mon Hypromag (NdFeB)

JS-Link (NdFeB

Electron Energy (SmCo)
Thomas & Skinner (Alnico)
Tengam (Bonded)
Bunting-Dubois (Bonded)
Electrodyne( Bonded)
Magnum (Bonded)
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Major Process Steps for Sintered NdFeB

| Magnets and assemblies || Magnetize

. v | & - i :'__: I L - -
—— = o ” " .
|Meta|hzatton | |Al]ov1ng and Strip Casting | 2 2 = ey
':r.@mf Vs
o

Hydrogen Decrepitation

Country or Region 2005 2010 2015 2020 2025 2030
China 36.1 48.8 51.4 57.0 62.7 66.1
Japan 29.7 234 20.3 16.4 13.3 10.1
USA 4.3 2.8 2.5 2.3 1.8 1.7
Europe 6.4 4.6 4.1 3.5 2.9 2.2
India 5.4 49 5.6 5.1 5.2 5.3
SE Asia 6.5 5.9 6.5 7.2 6.6 6.5
South America 4.4 3.6 35 31 2.7 2.4
All Others 7.2 6.0 6.1 5.5 4.7 5.6
Totals 100.0 100.0 100.0 100.0 100.0 100.0
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What Are The Rare Earth Elements?
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The Rare Earths — Not Really Rare!
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Integrated Rare Earth Magnet Supply Chain

Mixed REE Alloying and

Separation Reduction to metal

Concentrate Magnet Making

60% 60% B5% 75% >80%

Chinese Global %
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What Are The Markets And Applications?

IM Ferrite| |SmCo| __|AINiCo| |Other -___
Flexible Ferri 3% 1% | — | 1% 1%
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