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 Mining the Urban Environment: 
Rare Earth Magnets in ASR 



Why recycle? 



Mining the Urban Environment? 

�  Examples: 
�  Recycling of Autocatalyst. (industry well established) 
�  Recovery of PGM”s from road dust.  
�  Recycling of specific items from cars: Battery(Pb), 

Autocat ( Pt,Pd,Rh), Radiator (Cu). 
�  Processing of WEEE. (Cu+Ag+Au+PGM”s) 
�  Battery recycling (Li) +others. 
�  Plastic and glass recycling 

 

 



Example :PGM from road dust 

Case Study 
�  Pt,Pd.Rh can be produced from various urban 

wastes. Road dust, medical waste, recycled autocat. 
�  Road dust is collected from specific sites around UK. 
�  PGM level can be similar to South African mine. 
�  Dust processing via mineral processing techniques 

and pgms leached out. 
�  Plants running in UK. (Veiola). 
�  Research pioneered at UofB. 



Primary Sources of REE 

Significant ores: 
�  Steenkampskraal at 14%;  
�  Mount Weld at  10 %,  
�  Mountain Pass at 6 %  
�  Cut of grade 5% depending on mineralogy 

�  The Ion-Adsorption Clay deposits (Longnan, China) have the 
rare earth elements extracted by a completely different 
method from the classic processes for hard rock and their 
TREO contents vary from around 0.3% to 1.0%. The 
extraction process economics and the concentration of the 
scarcer elements change the feasibility judgement for these 
deposits.  



For Against 

�  Less processing 
�  Lower carbon footprint 
�  Higher grades 
�  Less cost per tonne of 

material 
�  Transport reduced 
�  Sustainable production in 

light of increased demand 
for metals. 

�  Allows strategic plan for 
country. 

�  Can de-stabilise metal 
markets and effect 
primary producers.
(PGM). 

�  Processing can occur in 
build up areas. 

Advantages of Urban Mining 



Mineral occurrence of REE 

REE are found in almost all mineral groups including:  
�  silicates (e.g. eudialyte, allanite, zircon,), 
�  fluoro-carbonates (e.g. bastnaesite),  
�  oxides (e.g. euxenite, fergusonite, pyrochlore,)  
�  phosphates (e.g. xenotime, apatite). 

Currently three mineral species, i.e.  
�  bastnaesite, a LREE fluorocarbonate (China and USA) 
�  monazite, a LREE/HREE phosphate (Australia)  
�  xenotime, a HREE yttrium phosphate (Malyasia)  
as well as lateritic ore containing HREE rich ion adsorption clays in 
China are exploited commercially. Besides, loparite is processed in 
Russia to extract REE enriched in the Lovozero Complex. 



Primary production Mineral Processing 

�  There are two major REE ore 
minerals from which LREE can be 
extracted bastnaesite and 
monazite.  

�  Bastnaesite, a fluorocarbonate 
mineral and monazite, a 
phosphate, contain predominantly 
either cerium, lanthanum or 
yttrium. 

�   Mountain Pass (California, 
USA), operated by Molycorp, 
contains bastnaesite ore as part of 
a carbonatite body (8-12 % REO) 
intruded into gneiss.  

�  The Mount Weld (southern 
Western Australia) REE deposit 
shows generally high LREE/HREE 
ratios with locally enriched HREE 
and yttrium. 

�  Physical concentration of the REE 
minerals is performed at Mount 
Weld. The run of mine material is 
subjected to crushing, grinding and 
flotation to produce a concentrate 
with a grade of 40% REO.  

Mine operations 



Typical Primary Monazite 



Worldwide Distribution 



Processing routes 



Mix of REE”s in different deposits( Lehmann) 



Development flowsheet for deposit in Canada 



New deposit mineralogy Distribution of REE 

Canadian REE deposit 



Primary Secondary 

�  Majority of production 
in China. 

�  Volatile metal prices. 
�  Expensive 

development costs. 
�  Unwanted minerals 

(Th, Ce) 

�  Local supply. 
�  Lower start up costs 
�  Recycle further up 

production process. 
�  Other value added 

components (Al,Cu,) 

Primary versus Secondary ? 



Environmental impact of REE processing 



Markets for REE 



Typical Key REE for Magnets 



Production Changes Historical Perspective 



Car Scrap processing 

�  In nearly all areas of scrap metal processing, 
standard minerals processing unit operations are 
used to liberate the “values” and separate them 
from the “gangue”.  A car scrap processing plant is 
a typical example as there is a large amount of 
cheap (£23/tonne) raw material available inmost 
of the UK and in all areas of the USA. 



Preparation and analysis of raw materials 
Prior to processing, the scrap yard would remove the following: 

• Radiator – high in copper so would be sold on to IMI for example. 

• Catalytic converter – contains precious metals (Platinum, Palladium etc.) 
which would go to Johnson Matthey for example. 

• Tyres – for reuse, retreading or recycling. 

In addition the petrol tank should be removed as this poses a safety risk.  
What is left is cubed and consists of: 
Ferrous metal     75% 

Aluminium     3% 

Copper      1% 

Copper wire     0.2% 

Zinc      0.1% 

Glass/stone/ Non-combustible waste   10% 

Plastic/Rubber/Combustible waste   10% 

If recycled at 100% 
efficiency this would yield 
a profit of approx.  £20 
per car (i.e. 90% profit) 



Processing of the cars. 
1. Comminution 

The first stage of processing is to liberate the various materials by 
comminution.  This is usually carried out in a shredder/ large scale hammer 
mills which shear the metals, plastics and rubber into fragments of 10cm to 
4mm in size.  Glass and stone are shattered and as such are generally 
finer.  If used, with screening, the feed can immediately be upgraded.   

Shredders can process up 
to 300 tonnes per hour 
and are the major 
investment in the plant 
costing in excess of 1 
million pounds. 

https://youtu.be/
lXfitusZ9qY 



Size Reduction 



Processing of the cars. 
2. Magnetic separation 

Magnetic separation is the second stage in the plant. 

It can be carried out as a wet process to help remove dirt and fluff and 
suppress dust from shredding. However normally dry: over-band and 
conveyour pulley separators : Removes mild steel. 

75% of stream is ferromagnetic and is removed here therefore further 
processing is on a much smaller scale.   

 



Processing of the cars. 
3. Screening 

This stage is important for both sizing the material for further processing 
and for the removal of waste.  Trommel screens are used as they rotate 
and are less susceptible to blinding. 

Typical fractions removed are: 

+100mm   High in metallics – hand sorted 

-100mm+16mm  High in metallics dense media separation 

-16mm +4mm   ~40% metallics –jigging 

-4mm    high in stone, glass, fluff, plastic :small metallics 

As most of the ferrous metals have been removed density separation is 
used to upgrade the non ferrous metals. 



Vibratory screen Trommel screen 

Size separation of auto shredder residue 



Processing of the cars. 
4. Density separation methods 

To remove non ferrous metals from waste material. Higher density than 
plastic, stone, rubber and glass. 
Ballistic separation –Material is thrown from a conveyor and air jets blow the light 
material into one hopper while heavier more dense materials are carried further. 

Jigging – Can remove plastics, rubber, glass, and stone from the materials.  Usually 
carried out in stages. 

Elutriation – Material is dropped into a rising current of water or air.  Heavy more 
dense materials sink to the bottom while lighter materials are carried over the top. 

Dense media separation – Drum type separators used to separate copper rich 
fraction.  Main method of non-ferrous metal upgrading. Magnetic fluid dense media 
separation is being developed which involves using magnetic media in a high 
magnetic field.  Simulated media densities of up to 10 can be achieved allowing 
separation of lead from copper. 

Disadvantage is loss of aluminium to lights waste stream. 



Gravity Separation: Air Table 



Processing of cars. 
5. Eddy current separation 

Based on the conductivity/density ratio of non-magnetic materials.  The 
separators consist of a conveyor with a rotating high intensity magnetic 
drum in the end pulley.  This induces a current in the conductive material 
on the conveyor which causes the particles to act as similar pole electro 
magnets and as such repel the drum magnet.  As a result, the conductors 
“jump” from the end of the pulley whilst non-conductors simply drop of the 
end.  Any magnetic material that sticks to the pulley is brushed off.  

Conductors 

Non-
conductors 

Magnetics 

Feed 

Drum 

Rotor 

Aluminium particularly well suited 
to separation by this method due to 
its high conductivity/density ratio. 



Processing of the cars. 
Conductivity density ratio of certain materials. 

Material Conductivity/ density ratio 
Aluminium 13 

Copper 6.7 

Silver 6.0 

Zinc 2.4 

Brass 1.7 

Tin 1.2 

Lead 0.4 

Stone/glass 0 



Non Ferrous 
Metallics 

Non-metallics 

Rapidly  
rotating  

Rotor 
 

Shell 

Feed material 

Magnetic  
poles 

Shell rotation 

ECS Head Pulley 
Assembly Repulsion 

Eddy Current Rotor Design 



Mixture of 
Aluminium  

and sand 

Tail pulley Rotor 

Sand 

Aluminium 

Feed material 

Splitter 

Typical schematic Hopper 

Conductors thrown from rotor 



Fixed belt speed 
60m/min 

Displacement - metres 0.1m 0.7m 2.0m 2.5m 

Displacement field in Gauss Zero field 800 1350 3000 

Rotor 

Belt 

Throw 

Stronger magnets in rotor give larger throw 



Future trends for car processing 

Optimise: Eddy Current Separator 
�  Rotor Design (Magnet Size/Strength) 
�  Rotor Speed/Direction 
�  Aspect Ratio of Metallics (-2 mm issues) 
�  Feed Presentation to Separator. 

Develop sensor based sorting options 
�   Optical, Near I.R. ,Microwave Detection 



Secondary Processing Techniques 



Electrostatic Separation 
Electrostatic separations separate one material from another by exploiting the 
difference in electrical conductivity. 

High Tension roll separator was tested using a titanium roll set at 100rpm set at 
0.2mA and 20kV   

Feed 
Hopper 

Ionising electrode 

Static electrode 

Brush 

Earthed titanium roll 

Vibratory feeder 

Insulators Conductors 

Middlin
g 



Eddy Current Separation 



Eddy Current Principle 

www.youtube.com/watch?v=rHemCWkjnB4 



Sensor based Sorting 



Optical Sorter 



Refractory lining PGM 



Refractory lining PGM 



Potential …. 



Secondary Occurrences of REE 

�  TSB Project looking at auto shredder residue. 

�  Occurrence of RE magnets 

�  Recovery of RE Metals ( plus other critical metals) 



Recovery of 
high value 
metals from 
ASR 
TSB funded 
project   with 
Axion 
Consulting 
+MIRO. 
Final report 
March 2013 
 



The remaining body of the 
ELV is passed to a scrap 
metal processing plant 
where the material is 
shredded and ferrous 

and non-ferrous metals 
are recovered. The waste 
fraction which contains 
glass, fibre, rubber, foam 
and plastic is known 

as auto shredder residue 
(ASR). ASR can be 
differentiated into heavy 
and light fractions 
dependent on how it is 

removed from the process. 
Traditionally the majority 
of ASR (~25% of the initial 
vehicle weight) is 
landfilled; representing 

a significant cost to the 
processor and a waste of 
valuable resources and 
landfill space. 

Dismantlers de-pollute the ELV 
and remove reusable items for reconditioning or 
reuse and specific high value items for direct 
recycling (catalytic 
converters, fuel tank batteries, bumpers,tyres 
etc.). 



Determine an accurate measure for the arisings of high value, strategic metals 
in these material streams; and 
2. Examine options for further processing of the material streams for the 
recovery of these metals and then 
produce an assessment of economic viability. 

Axion Recycling has 
developed and now 
operates an innovative 
Shredder Waste Advanced 
Processing Plant (SWAPP) 

capable of recovering a 
range of materials from 
each ASR fraction that are 
saleable products, suitable 
for recycling 

which also results in 
diversion from landfill. 
The plant is capable of 
processing 200,000 
tonnes ASR per annum. 
The 

SWAPP is the one of the 
most advanced facilities of 
its type in Europe and the 
World, with only a handful 
of similar 

facilities operating or 
under development 
elsewhere. 1.  



Car Strategy 

�  Some of the strategic elements listed above are used in 
the automotive industry. Most notably is neodymium, a 
REE, which is used in magnets for motors. In the past 
magnets were largely strontium or barium ferrite 
magnets.. 

�  A typical rare earth magnet would have the composition 
Nd15Fe77B8 and would also be likely to include other 
REE such as niobium and dysprosium. It is a continuing 
trend that Nd magnets are being used in these types of 
vehicles as they are more lightweight. 

�  Electric and hybrid cars currently entering the market 
(from 2013) contain about 12 -20 kg of REE primarily 
from magnets. Petrol and diesel cars entering the market 
contain about half this amount at 5-8 kg of REE. 



Recycling rates for key elements 

Recycling of ELV is 
becoming more 
complex and rigorous.  

Any added value 
components  that can be 
recovered economically 
can enhanced the 
overall profitability. 

Electric and hybrid cars 
currently entering the 
market (in 2013) 
contain about 12 kg of 
REE primarily from 
magnets.  

Petrol and diesel cars 
entering the market 
contain about half this 
amount at 5 kg of REE. 

 

 

 



SWAPP Trafford 

�  Capacity 200,000 t/y 
�  600,000 cars per year 
�  Sophisticated plant 

allows recovery of 
plastics; solid 
recovered fuel and base 
metals. 

�  Designed and built by 
Axion   

 

Recovery of metals from ASR 



Recovery of high value metals from 
ASR 
TSB funded project 2012-2013 

Project took place 
over a 9 month 
period:3 stages 

1.Sampling and 
mass balance across 
plant. 

2.Characterisation 
of each product 
stream 

3. Further 
processing of 
streams to identify 
and isolate added 
value metals. 



Plant performance 
2015 ELV targets achieved 
for all fragmentiser waste 
supplied to SWAPP 
Plant gives: 
� Metals 
�  Inert materials for 

construction 
�  Fuel for power generation 
� Mixed plastic for upgrade 





Value of metals at time of survey 



Streams sampled from site 



Processing options for ASR 



Electrostatic Separation 
Electrostatic separations separate one material from another by exploiting the 
difference in electrical conductivity. 

High Tension roll separator was tested using a titanium roll set at 100rpm set at 
0.2mA and 20kV   

Feed 
Hopper 

Ionising electrode 

Static electrode 

Brush 

Earthed titanium roll 

Vibratory feeder 

Insulators Conductors 

Middling 



Magnetic Separation 
Feed hopper  

Magnetic fraction Non-magnetic fraction 

Splitter Brush 

Pole piece Bridge bar Induced roll 

Induced roll magnetic separator 



Feed material:  +2mm  From Cu recovery process 

Processed streams TSBUM 001 



TSBUM 001 flowsheet: Cu recovery waste 



Conducting fraction 



Magnetics  Non magnetics 

TSBUM 001 



Sub processing of individual streams 005 



 Feed TSBM 005 

�  Cu rich fraction from 
Eddy current separator. 

�  Not very effective under 
2mm 



Magnetic fraction analysis 



Conductors Non conductors 

Stream TSBUM 005 



Conductors Non conductors 

Stream TSBM 005 



Contains Barium ferrite 
magnet 

Some removed and 
exported. 

Windscreen wiper 



Fuel pump petrol car 



Conclusions 

Existing levels of Cu and 
Al recycling efficiency was 
high 

Some  Ag,Au and,PGM 
detected in specific process 
streams. 

Strategic metals such as 
barium ,magnesium and 
strontium present. 

Rare Earth 
Elements :Cerium,Erbium,
Neodymium  and 
Scandium detected in very 
low levels. 

Very little evidence of  RE 
motors arriving as feed to 
plant. 
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Commercial	in	confidence	

Next Generation – Metal Recovery from E-Waste/ELV 

Segregation 
(manual picking, disassembly) 

Separation 
(crushing, sensing, sorting) 

Incineration 
(optional) 

Smelting 
(submerged arc, plasma) 

Refining 
(hydrometallurgical, electrolysis) 

Plastics, bulk metals 

Heating value 

Precious metals 

Aggregate 



Processing of EV 

�  Current status in UK 



Current EV Sales in UK 

�  Uptake of plug-in electric cars 
has reached a record high in the 
UK with more than 115 electric 
vehicle registrations every day 
during the first quarter of 2016. 

�  Representing the best period of  
sales since the Plug-in Car 
Grant was first introduced by 
Government in January 2011. 

�  The registration figures from 
the Society of Motor 
Manufacturers and Traders 
(SMMT) show plug-in car sales 
this year are already ahead of 
schedule to exceed 2015’s 
record total – when 28,000 
new plug-in cars were 
registered, more than the 
previous five years combined 
and a 94% rise compared to 
2014 



January –April 2016 

�  There were a further 
19,000 petrol-electric 
and diesel-electric 
hybrids registered in the 
same period, up from 
15,750 in the same 
period of 2015 

�  Over the past 12 months, 
the UK ranks as the 
biggest major market 
and second only to the 
Netherlands in total EV 
registrations, with 28,715 
new plug-in cars 
representing one fifth of 
the European Union’s 
collective EV sales 



Scrap rates July 2016 

�  950,000 cars scrapped in UK 
annually 

�  Pure electric and hybrid 
vehicles as well as their ages at 
one major operator (5% of 
market) 

�  2014: 11 pure electric 
vehicles Age, years: 9 (1 car), 
8 (1 car), 7 (1 car), 3 (8 cars) 

�  2014: Hybrids: 6 :14 (1 car), 
13 (2), 12 (1), 11 (1) 

�  2015:  No pure electric 
vehicles recorded  

�  2015 hybrids 7: 14 (1), 13 (1), 
12 (3), 10 (1), 8 (1) 

�  2014: 220 pure 
electric cars (uk total 
figure) 

�  2014: 120 hybrid 
cars(total uk figure) 

 
  
�  2015: 140 hybrids 

scrapped (total uk 
figure) 



RE in Electric and Hybrid cars 



2013 Critical Materials Strategy (Doe) 



Various sources of REE in cars 



Toyota Prius Hybrid 



Occurrence of permanent(RE) magnets in Electric 
Vehicles. 



Cu, Neo magnets, 
Al,Stainless steel 

20 kg Cu 

Motor from Toyota Prius 



Al,Stainless steel, RE 
magnets RE magnet plates slide in 

Generators 



Stainless steel,Al,Cu,Nd + Magnet assembly at centre 

Power steering 



New site survey 

�  Due to start autumn 2016 
�  Logging EV and hybrid cars at major UK dismantler. 
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