
Non Technical Summary 
 
HyProMag wish to apply for a bespoke waste permit at Energy Way, Birmingham B25 8DW. 
They wish to import and treat waste metal components and WEEE in order to extract rare 
earth metals from the magnets contained in these elements.  
 
The process (HPMS – Hydrogen Processing of Magnet Scrap) is new and innovaƟve and is 
being done as a commercial enterprise. 
 
The Treatment Process 
 
In most cases HyProMag are aiming to divert exisƟng material waste streams through the 
HPMS process.  The process can liberate magnet material from components without the 
need to fully separate the magnet first.  The rest of the component can return to the waste 
stream to conƟnue it’s previous recycling route.  In a few cases these materials will need 
simple pre-processing to make them ready for the HPMS process – these pre-processing 
steps would involve some pre-damage to the components using either hydraulic or 
pneumaƟc systems. 
 
Material is loaded into a hydrogen vessel.  The quantity varies and the design for the Tyseley 
vessel is up to around 5 tonnes.  The limit is the embedded magnets – that can be up to 
around 400kg.  If the magnet material is 50% of the component material then we would be 
loading around 800kg and not 5 tonnes.  We evacuate the atmosphere from the vessel and 
then back fill with nitrogen.  We then evacuate the nitrogen (this gives us a very low oxygen 
content within the vessel) and back fill with hydrogen. It is possible in some downstream 
processing we may also use argon. 
Heat is not required to start the process, but the hydrogen reaction is exothermic so heat is 
generated. 
The hydrogen is under pressure inside the vessel.  The pressure required varies depending 
on the composition of the magnets but is usually 1.5 to 2 bar. (This is absolute pressure, so 
0.5 to 1 bar above atmospheric pressure.)  The vessel is being built to be able to run at up to 
4 bar. 
The internal volume of the vessel is around 3000 litres.  The design is still being developed, 
but externally it will be approximately 7 metres long, 3 metres wide and 4 metres high. 
 
 We put hydrogen gas into the vessel at just above atmospheric pressure – the hydrogen 
reacts with the rare earth metals in the magnets, becoming a hydride.  The hydriding causes 
a volume increase that causes the magnets to break apart into a powder.  We liberate the 
powder from the rest of the waste stream and then refine the powder to go back into a 
magnet production route.  The powder is fundamentally a product the same as virgin 
material from this point forwards.  
 
A short video of the process can be seen here from a recent News piece. 
 
https://www.youtube.com/watch?v=9P-dsNCffWw&t=2s 
 



HyProMag Ltd Proposed Process at Tyseley Energy Park 
 
Business Summary 
 
HyProMag Ltd (in conjuncƟon with the University of Birmingham) are planning to install a 
magnet producƟon facility at the Tyseley Energy Park.  Part of the process has been patented 
by the University of Birmingham and brings an indigenous source of criƟcal rare earth 
material to the UK.  The process involves capturing end of life magnets in various 
applicaƟons and components and then making new magnets from the resulƟng captured 
material.  Currently these magnets are almost exclusively lost in processes not designed to 
capture them – they end up as slag in melƟng furnaces recycling steel or as waste to landfill. 
The patented process, exclusively licensed by HyProMag, uses hydrogen in an enclosed 
vessel which reacts with rare earth magnets and turns them into a powder.  This powder can 
then be captured, refined and made into new magnets or supplied into other parts of the 
manufacturing supply chain.  The magnets being reacted within the vessel can be pre 
separated but can also be embedded within end-of-life components.  To capture magnets 
from waste streams HyProMag and the University of Birmingham are involved in studies and 
collaboraƟons with organisaƟons such as European Metal Recycling.  This would lead to a 
potenƟal diversion of exisƟng material waste streams through Tyseley Energy Park, where 
magnets can be liberated from components before the components themselves are 
returned back to their previous waste processing route. 
Equipment at Tyseley Energy Park will potenƟally be coming online in late 2023 and would 
have a capacity of 100 tonnes.  The actual quanƟty of rare earth magnet during 2024 is likely 
to be below 50% of that quanƟty.  The magnets are oŌen around 20% of the overall 
component weight so the total material throughput for the plant in 2024 is esƟmated as 250 
t.  The process uƟlises hydrogen and nitrogen, plus mechanical processes.  The final magnet 
is sintered at around 1000 degrees.  There are consideraƟons to made around hydrogen 
usage and the nature of the material as a powder, however the equipment being purchased 
to process the material is designed with all of these consideraƟons in mind. 
The focus of HyProMag is to recycle end of life magnets.  This could be to supply a magnet 
manufactured from the recycled material but it could also be to supply other processes that 
are able to recycle the liberated magnets using other parts of the manufacturing process, 
such as remelƟng or to separate the rare earths from the alloy.  The process flow is detailed 
on the next page, with typical quanƟƟes of material given at every stage (note, this run is for 
hard disk drive material and the numbers would be different for other scrap sources).



 



Process Description 
Pre-Processing 
The components to go into the HPMS vessel might need some iniƟal damage so that there is 
a route in to the magnet for hydrogen and a route out for the demagneƟsed powder.  This 
pre-processing would be carried out using one of three pieces of equipment that have been 
bought as off the shelf soluƟons: 
McIntyre 600HD Shears: 

 
 
Moros H-H-11 Cracker: 

 
 
SBC420 Foot Operated Sand Blast Cabinet with Built in Dust Extractor: 



 
The waste codes that might be processed through these pieces of equipment would include: 
16 01 17 ferrous metal (Housing of components?) 
16 01 18 non-ferrous metal (Aluminium as housing of components?) 
16 01 22 components not otherwise specified (Motors, pumps) 
16 02 10* discarded equipment containing or contaminated by PCBs other than those 
menƟoned in 16 02 09 (HDDs, MRIs) 
16 02 16 components removed from discarded equipment other than those menƟoned in 
16 02 15 (Speakers, MRIs) 
20 01 36 discarded electrical and electronic equipment other than those menƟoned in 20 01 
21, 20 01 23 and 20 01 35 
HPMS 
Hydrogen processing of magneƟc scrap (HPMS) is a current process patented by University 
of Birmingham, with HyProMag the exclusive licensee. The HPMS vessel is a controlled 
environment pressure vessel which is used for recycling of NdFeB material – this material 
can be in pure NdFeB form (whole magnets) or can be embedded within a component (such 
as within a hard disk drive or rotor). 
A typical procedure for HPMS is: 

1. Load material into the reactor and seal the vessel. 
2. Evacuate the vessel and fill with nitrogen, creating an inert atmosphere and removing 

oxygen. 
3. System performs various safety checks. 
4. Evacuate the nitrogen and fill with hydrogen to the desired operating pressure. 
5. Components are mechanically agitated under hydrogen for a given time (typical 8 hours for 

a load of hard disk drives). 
6. Hydrogen is exhausted, before chamber is evacuated and backfilled with nitrogen. 
7. Collection vessel is sealed under nitrogen (for safe handling and purification reasons), and 

can then be disconnected from the vessel and the liberated NdFeB material moved to the 
next stage. 

8. Vessel is evacuated again and slowly restored to ambient air. Once restored to air, the waste 
material can be removed from the vessel. 
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The vessel volume is 3000 L, with a floorplan of approx. 2m x 5.5m x 3.3m* (LxWxH) and a 
typical working pressure for hard disk drives (HDDs) is ~1.5 bar. This would correspond to 
4500 L of hydrogen, which is 0.37 kg by mass. 
NdFeB alloy will absorb ~0.4 wt% of hydrogen during the process, therefore for a 300 kg load 
of material the mass of hydrogen absorbed is ~1.2 kg. 
Hydrogen is currently exhausted at the end of the process, however this amount exhausted 
would be a maximum of 0.37 kg due to pressure control mechanisms built into the vessel. 
Furthermore, the pipework and flow restricƟons on the vessel ensure that exhaust gases are 
released at a controlled rate. (Time to exhaust from 2 bar to 1.1 bar is ~30 minutes). 
Waste removed at the end of a cycle is clean of NdFeB (in some cases having higher value 
than before HPMS) and can then be returned to a convenƟonal waste stream. 
All gases which are exhausted are done so through a custom designed exhaust stack. 
Sieving 
Given that the majority of NdFeB magnets in service have received some form of protecƟve 
coaƟng, these coaƟng materials are carried with the NdFeB powder. CoaƟngs are varied, 
however the most common coaƟngs are nickel, nickel-copper-nickel, zinc, or epoxy. Removal 
of these coaƟngs is a key step in the short loop recycling process. 
Due to the hydrogenaƟon of the NdFeB alloy, the material is very briƩle and will readily 
break up under any applied force. The contaminated NdFeB (with contaminant here 
meaning the coaƟng material) is placed in an ultrasonic sieving system – these systems use 
mechanical moƟon to agitate the material through the sieve stack, while simultaneously 
employing ultrasonic pulses to prevent blockages on the mesh. 
Material is passed through mulƟple mesh stages, of decreasing size, unƟl coaƟng 
contaminaƟon is reduced to a level that is sufficient for downstream processing. The waste 
material from this (nickel flake being an obvious example) can again be returned to a 
convenƟonal waste stream. 
The sieves are uƟlised in a nitrogen atmosphere (again for safety and purificaƟon reasons), 
which is within a secondary nitrogen isolator. 
Jet Milling 
Jet milling is a process which uƟlises a large volumetric flow of gas and cyclone technology 
to significantly reduce the parƟcle size of a powder. The powder travels at significant velocity 
within the cyclone, causing large numbers of high energy collisions, in turn, yielding the 
reducƟon in parƟcle size. 
Jet milling is performed using nitrogen gas, again within a secondary nitrogen isolator. While 
jet milling does use a significant volume of nitrogen (~210 m3/hr), this system is connected 
to a recirculaƟng unit which drasƟcally cuts this usage rate. The nitrogen which is exhausted 
is done so through a custom designed exhaust stack. 
Two fracƟons of powder are collected at the end of the process; a coarse and fine fracƟon. 
Predominantly, the coarse fracƟon is moved forward through the remainder of the short 
loop recycling process. The fine fracƟon may be applicable for magnet manufacture, 
however this fracƟon typically has higher oxygen impurity and chemical composiƟon is more 
variable, therefore is beƩer suited for other processing techniques and there are mulƟple 
opƟons for this material to be uƟlised effecƟvely. If the material is heated to ~1000 C, the 
engrained hydrogen is removed and the material will be consolidated together into a solid 
form (which is safe to handle in ambient air and transport under normal rules). While not an 
ideal composiƟon for short loop magnet making, this material is an NdFeB alloy and can be 

* Height will vary somewhat as vessel will tilt during normal operation. 
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taken back to a melƟng stage, where the composiƟon can be altered and the material 
returned to a manufacturing stream. 
Another opƟon for use of the fine fracƟon is a longer loop chemical recycling process, such 
as the work being performed by Mkango Rare Earths UK. This process allows extracƟon of 
the criƟcal rare-earth materials, by creaƟng a rare-earth carbonate. Again, this material can 
then be further treated and enter the manufacturing stream at a significantly lower 
environmental footprint compared to primary material. 
Blending 
The coarse fracƟon from jet milling requires a small addiƟon of virgin material to aid the 
remaining processing steps (approximately 3 wt% of neodymium hydride). Blending is 
performed using a 150 L batchmixer – this system uses a combinaƟon of vacuum and 
pressure to move the powder, creaƟng a circulaƟng moƟon between one (or more) powder 
beds. AŌer 7 volume changes, the material can be considered homogeneous. 
Aligning & Pressing 
The Tyseley facility has both a transverse and axial aligning press, both supplied by the same 
manufacturer. The fundamental operaƟon of these systems is equivalent, with the main 
difference being the direcƟon of applied magneƟc field with respect to the pressing 
direcƟon. 
The system works by feeding the powder into a cavity, which is then pressed under the 
applicaƟon of a magneƟc field. The combinaƟon of magneƟc alignment (causing the powder 
parƟcles to align in response to the field, increasing density and magneƟc properƟes) and 
pressing force, yields a green compact which can then be taken into the sintering stage. 
The systems use flowing nitrogen for inerƟsaƟon and operaƟon. InerƟsaƟon requires a 
higher gas flow (~4 m3/hr), with this being significantly reduced (~1 m3/hr) once the oxygen 
content reaches the operaƟon threshold. A moulding addiƟve is used (0.02 wt%) to assist 
with press quality. 
Compacts are double sealed in vacuum packages before removing from the press system. 
Sintering 
Sintering of NdFeB material takes place under a vacuum atmosphere, with a temperature of 
~1050 C. A full sintering cycle is on the order of 24 hours. 
The sintering furnace at Tyseley incorporates an inert loading system, which ensures that 
green compacts from the pressing stage are never exposed to ambient air. The vacuum 
sealed compacts are loaded into the antechamber, which is then sealed and evacuated to 
vacuum. This chamber is then filled with nitrogen (~2000 L), creaƟng an inert atmosphere. 
Operators then use the gloveports to unpack the compacts and place them onto the 
sintering tray, which when full is moved into the furnace area. 
The furnace is then isolated from the antechamber (via a sluice gate) and the furnace is 
evacuated to prepare for sintering. An argon gas quench may be used to facilitate rapid 
cooling of the compacts, however this is opƟonal and dependent on manufacturing 
decisions. 
Given that hydrogen will degas from the compacts during sintering, the vacuum pump for 
this system is connected to the exhaust stack previously menƟoned. Likewise, should the 
argon quench be used, the argon will also move through the same exhaust stack (at a higher 
flow rate). 
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Summary 
The works performed at Tyseley Energy Park are a conƟnuaƟon of scaling a technology from 
a pilot scale into producƟon. The facility will uƟlise bespoke equipment, with a target 
capacity of 100 tonnes/annum of powder producƟon, and an iniƟal output of 10 tonnes per 
annum of sintered magnets. The HPMS vessel can produce ~300 kg of material in a single 
run (~12 hours processing Ɵme), however this output mass is directly related to the 
morphology of input material and therefore the output mass may change. 

 
Figure 1. Engineering drawing of HPMS vessel. 
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Waste Codes 
 
The waste codes to be accepted at the site are 
  
16 01 end-of-life vehicles 
16 01 17 ferrous metal (Housing of components?) 
16 01 18 non-ferrous metal (Aluminium as housing of components?) 
16 01 22 components not otherwise specified (Motors, pumps) 
These are materials we will be processing, being supplied to us from other processing 
companies.  Under 20 tonnes. 
  
16 02 wastes from electrical and electronic equipment 
16 02 10* discarded equipment containing or contaminated by PCBs other than those 
mentioned in 16 02 09 (HDDs, MRIs) 
16 02 16 components removed from discarded equipment other than those mentioned in 
16 02 15 (Speakers, MRIs) 
These are materials we will be processing, being supplied to us from other processing 
companies.  Under 20 tonnes. 
  
19 10 wastes from shredding of metal-containing wastes 
19 10 01 iron and steel waste 
19 10 02 non-ferrous waste 
19 10 06 other fractions other than those mentioned in 19 10 05 
These are materials we will be processing, being supplied to us from other processing 
companies.  Under 20 tonnes. 
  
19 12 wastes from the mechanical treatment of waste (for example sorting, crushing, 
compacting, pelletising) not otherwise specified 
19 12 02 ferrous metal 
19 12 03 non-ferrous metal 
19 12 12 other wastes (including mixtures of materials) from mechanical treatment of 
wastes other than those mentioned in 19 12 11 
This is likely to be a catch all for things that don’t fit in the above categories.  Under 10 
tonnes. 
  
20 01 separately collected fractions (except 15 01) 
20 01 36 discarded electrical and electronic equipment other than those mentioned in 20 01 
21, 20 01 23 and 20 01 35 
20 01 40 metals 
This is likely to be a catch all for things that don’t fit in the 16.02 section 
 
The Site 
 



All waste acceptance, storage and processing will be inside a warehouse with a sealed 
drainage system. Firebays will be installed inside the warehouse. The site will accept no 
more than 20,000t of waste material per year. 
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