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• Dick Tracy cartoon strip, 
created by Chester 
Gould.

• Circa early-1960’s i.e., 
before rare earth 
magnets and the Chinese 
dominance of RE supply 
chain and magnet 
industry!

“The Nation That Controls Magnetism Will 
Control The Universe”
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Introduction - Me

• BSc, MSC and PhD in Metallurgy from the University of Manchester (1972 – 1978).

• Magnetics career began for Philips (UK and Holland) – 1979 – 1990.

– Developed and commercialized SmCo5, 2:17 and NdFeB magnets.

• Joined Arnold Magnetic Technologies (USA) responsible for soft and hard magnetic materials 
development and GM for permanent magnets ( 1990 – 2002).

• 2002 - 2014 President of Res Manufacturing in Milwaukee.

– Metal stamping and value-added assemblies to the automotive market (Toyota, GM, Nissan).

– Major supplier to Tesla Motors for Model S and Model X.

• Founded business and technology consultancy for magnetics and metals related industries in 
2015 – JOC LLC (www.jocllc.com) assisted clients in all aspects of the PM supply chain.

• Provided expert testimony on key NdFeB patent challenges over the last few years.

• Advisory Board member for Bunting Group, Technology/Industry Advisor for Bunting, CMI and MP 
Materials.

http://www.jocllc.com/


Introduction – Rare Earths

China



China’s REE dominance is (might be) diminishing

MP Materials’
Mountain Pass 
back online.



China's Dominance of Mining is 

Diminishing, but………

China Still Dominates Downstream 
RE Processing – Global Capacities

• Separation: 80%

• Reduction to Metals: 75%

• Magnet Manufacturing: 75%



Rare Earths – Supply Demand (out of) Balance

Texas Mineral Resources: http://tmrcorp.com/ree/market_dynamics/



Rare Earths – DOD Systems Need REE’s
Not A Good Idea To Be Dependent On China 
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Hysteresis Measurement of Ideal Magnet

Steel Electromagnet

FeCo pole pieces

Hall Probe for Field Measurement H

Search coil for 
Magnetization 
measurement M 
and flux density B 

Ideal Magnet
H



Ideal Permanent Magnet -Magnetics

B, 4πM

+H-H

1st Quadrant2nd Quadrant

4πM

Ideal Properties (cgs)
Hm = 0.5 kOe

Msat, Hm



Ideal Permanent Magnet -Magnetics

B, 4πM

+H-H

1st Quadrant2nd Quadrant

4πM

Msat, Hm

∞ Br

Ideal Properties (cgs)
Hm = 0.5 kOe

Hci = ∞
µrec = 1



Magnetizing Field < Hc?
Grain Boundary Pinning Mechanism (SmCo5 and Nd2Fe14B)

Hm of 10 kOe with Hci of 22 kOe?

Saturating at 3 kOe

Source: J. Ormerod, Journal of the Less-Common Metals, 111 (1985) 49 - 69



It’s all About the Grain Boundaries (and 
Energy Wells)

Initial Magnetizing Field Maximum Coercivity

Magnetostatic Energy Magnetostatic Energy



Ideal Permanent Magnet -Magnetics
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Ideal Permanent Magnet -Magnetics

B, 4πM

+H-H

1st Quadrant2nd Quadrant

4πM

Msat, Hm

Br

(BH)max

Ideal Properties (cgs)
Hm = 0.5 kOe

µrec = 1
Hc = Br

(BH)max = Br
2/4

Hci = 1.1 Hc

Operate at 1000°C with zero reversible 
losses of B and H

HcHci



Ideal Permanent Magnet -Magnetics

B, 4πM

+H-H

1st Quadrant2nd Quadrant

4πM

Msat, Hm

Br

(BH)max

Ideal Properties (cgs)
Hm = 0.5 kOe

µrec = 1
Br = 24 kG

Hc = 24 kOe
(BH)max = 242/4 = 144 MGOe

Hci = 1.1 Hc = 26.4 kOe
Operate at 1000°C with zero reversible losses of 

B and H

The ideal permanent magnet depend 
on the application and numerous 
other considerations

HcHci



The Ideal Magnet Depends On Application – Duh!

Sintered NdFeB IPM machines with a Br of 10 kG at 150°C with 
a straight-line B versus H characteristic. Work holding application using alnico magnets with a Br of 

13 kG and Hc of 1.0 kOe



The Ideal Permanent Magnet – Other 
Considerations

• Critical Material Content

• Uniformity

• No toxic or environmental damaging processes

• Usable temperature range

• Magnetization change with temperature (RTC)

• Corrosion resistance

• Physical strength

• Electrical resistivity

• Available sizes, shapes, and manufacturability

• Raw material cost and availability

• Net shape processing



US DoE Critical Materials Assessment – 2015 -
2025



EU 2020 Critical Raw Materials List

2020 critical raw materials (new as compared to 2017 in bold)

Antimony Hafnium Phosphorus

Baryte Heavy Rare Earth Elements Scandium

Beryllium Light Rare Earth Elements Silicon metal

Bismuth Indium Tantalum

Borate Magnesium Tungsten

Cobalt Natural graphite Vanadium

Coking coal Natural rubber Bauxite

Fluorspar Niobium Lithium

Gallium Platinum Group Metals Titanium

Germanium Phosphate rock Strontium



Typical Applications

Dysprosium, Weight %
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Dysprosium, Coercivity and Higher Application 
Temperatures

Reference: IEEE Transactions on Magnetics, Volume 20, Issue 5, September 1984, pp. 1584-1589



Dy-Diffusion of NdFeB magnets

• Dy-diffusion technologies produce grades with 
approximately 50% Dy content and 5% improvement in 
Br. 

• However, this is low temperature solid state diffusion 
process limiting the cross sectional that can be treated 
and tends to develop a concentration profile.

Heat Treat Time



Dy-diffused magnets in IPM EV drivetrains 
(GM Research Center)

HEVs and EVs frequently have interior permanent 
magnet-type motors where the permanent 
magnets are embedded inside the rotor in one or 
more layers with V-shaped poles M. P. Thompson et al, IEEE Electrification, March 2017
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Achievement of High Coercivity in Sm(Fe0.8Co0.2)12

• Sputtered 100 nm films?

• Sm supply issue?

• Interesting but a long 

way from prime time.

Acta Materialia, Volume 194, 1 August 2020, Pages 337-342
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Composition and 
Crystal Structure

Intrinsic properties: (Ms, 
Ha, Tc)

Bulk Fabrication

Powder 
metallurgical, 

casting, polymer 
bonding, hot 
pressing etc.

Microstructure

Phase 
distribution, grain 
size. texture etc.

New Permanent Magnet Materials
It’s A Challenge To Hit The Sweet Spot

Extrinsic properties: Br, Hc, 
(BH)max, Thermal, Chemical 
and Mechanical properties 
plus $$$$



Thank you for your attention
Any Questions?

Dr. John Ormerod

JOC LLC

Loudon, Tennessee

https://www.linkedin.com/in/jormerod/

+1 414 899 2859

Jormerod8@gmail.com

John@jocllc.com
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