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The Impacts of Primary Rare Earth Production



https://www.globalwitness.org/en/campaigns/natural-resource-governance/myanmars-poisoned-mountains/

Global Witness 
Report on heavy 
rare earths 
produced from 
Myanmar. 

Heavy rare earths mined in Myanmar 

It has been 
estimated that 
30,000 tonnes of 
REO is being 
exported across 
the border into 
Myanmar. 

The mines 
are at the 
head of 

Myanmar’s 
Main 

Water 
Source

https://www.globalwitness.org/en/campaigns/natural-resource-governance/myanmars-poisoned-mountains/


Transition from 
a hydrocarbon 
based 
economy to a 
electrified 
economy will 
shift the 
geopolitical 
balance.



Rare Earth Materials will be increasingly 
important in the future as a bargaining 
tool for trade given the centrality of the 
material properties to modern technology.

Secondary supply is one way for the West 
to regain sovereign control over these 
materials.







The use of rare earths in trade disputes

• Jul 2018: US imposes 10% tariff on Chinese 
REEs.

• Aug 2018: US National Defence Authorization 
Act explicitly prohibits US Department of 
Defense from sourcing REE-containing 
magnets from China, Russia, North Korea and 
Iran.

• Aug 2018: China imposes 5-25% tariffs on US 
REE products.

• Sep 2018: US removes tariffs on Chinese REEs.

• 2020 – The US authorized the Defence 
Production Act to streamline the 
construction of domestic mines whilst 
prioritizing the expansion and protection of 
minerals in secured supply chains.

• 2022 – Biden inflation reduction act 
Chinese President Xi visits the largest rare earth magnet 
producer in the world (JL MAG Rare-Earth Co), a few days after 
trade negotiations broke down with President Trump.



Hard disk drives Rotor from an 
automotive drive motor

Shredded automotive 
motor

(courtesy of Axion)

Current recycling processes are not suitable for NdFeB 
magnets (image from EMR in Birmingham)
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The separation problem and the reality today   

NdFeB



Use of hydrogen for separation

Porous rotating stage inside vessel

HDDs loaded into porous drum



Scale up – Tyseley Energy Park (2023)
Hydrogen production 
for fuel cell buses

Energy Production - Biomass

BEIC – University research building 

Waste handling site 
for Birmingham

Magnet manufacturing

Webster and Horsfall

DER (UK) have provided £4.4 million of predominantly capital funding to scale up the 
HPMS process and magnet manufacture. HPMS at 400kg batch sizes (semi continuous). 



SCALE UP OF THE 

HPMS PROCESS

Larger HPMS Vessel – 300-

400kg output per batch from a 

total processing load of up to 6 

tonnes

DER industrialisation centre equipment -

HPMS reactor

Powder processing (sieving, 

milling, blending)

Pellet press

Axial aligning press 

Inert sintering system

Transverse aligning
press

EDM

Grinding



Tyseley REE Magnet Recycling Facility 

• >100 tonne capacity recycling facility 
for REEs

• The only facility in the UK for 
manufacturing rare earth magnets

• The HPMS Technology is the most 
efficient method to separate magnets 
from waste globally. 

• The technology has been supported 
by the Mineral Security Partnership for 
scaling globally. 

• New company created (Hypromag) 
which is scaling this technology in the 
UK, Germany and the USA.

 

Automated powder processing – Sieving, jet milling, blending 

Separation of REE magnets (400kg batch sizes)



RE Alloy

Recycling options for extracted REE alloy powder or magnets 
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Conventional NdFeB magnet 
recycling – using solvent 

extraction

RE Carbonates RE Oxides RE Metals

HPMS

• There are multiple routes to reprocess EoL NdFeB magnets once extracted from the 
application

• The lowest environmental footprint results from direct short loop recycling by re-
sintering of the HPMS powder.

• The direct short loop re-sintering process only requires around 10-12% of the energy to 
make a magnet compared to the primary production route. 



Separation of components

Conveyor

HDD

Camera

Magnetic field superimposed over 
optical image of HDD

Magnetic sensor array



Critical materials in the automotive sector 

Rare earth magnets

Batteries – cobalt, 
nickel, lithium, 
graphite

Lithium Ion 
Battery Pack 



Synergy between the 
automated disassembly of 
Lithium Ion Batteries and 
Electric Vehicle Motors
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Electrically 
Excited 
Synchronous 
Generator

Permanent-
magnet 
Synchronous 
Generator

Double-
fed 
Induction 
Generator

Rare-earth magnets used in PMSGs pose critical material concerns; a
10 MW DD-PMSG turbine can contain >2,500 kg of NdFeB magnets

Squirrel 
Cage 
Induction 
Generator
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Rare-earth magnets used in PMSGs 
pose critical material concerns; a
10 MW DD-PMSG turbine can contain 
>2,500 kg of NdFeB magnets

Material intensity of direct-
drive onshore wind turbines
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Recycling options for 
separated NdFeB magnets 
from wind turbines



RESCu-M2 | The UK's National Centre for Robotics, 
AI, Automation and Smart Machine Enabled 
Circular Manufacturing and Material Recovery



Please get in touch:

g.d.j.harper@bham.ac.uk

@gavindjharper

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

gavin.wales
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