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SRI SO FAR
• Ultrasound: 2005-2013
• MRI: 2009-20017

MRI ACHIEVEMENTS
2011/2017
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SRI SO FAR
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MANAGEMENT OF
HAZARDOUS CHEMICALS
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MANAGEMENT OF
HAZARDOUS CHEMICALS
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COCIR STUDIES
•

COCIR contracted RINA to
perform an assessment on
the methodological steps to
assess a substance:
✓ Exposure risk
✓ Alternatives assessment
✓ Global Trends
✓ Time needed for
substitution
✓ Impact on innovation
✓ Risk/benefit analysis

COCIR contracted RINA to perform
an assessment on the CMR 1a, 1b
and ED substances used in
medical devices.
The list is being used by
companies and has been included
in BOMCheck to help sourcing info
from the supply chain

PARALLEL ACTIVITIES

1st Public Hearing: 4 April 2019

Released October 2010
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CRITICAL RAW MATERIALS

RECYCLING NIOBIUM
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NIOBIUM IN MEDICAL DEVICES
• Niobium is mainly used in steel alloys
and superalloys. 3% is estimated to
be used in superconductors.
• Niobium-Titanium alloy is used in
MRI magnets.
• The thin wires are embedded in a
copper matrix for protection.
• The wiring is then encapsulated into
resin.
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SUPERCONDUCTIVE MAGNETS
• 4,5 tons of wire used per magnet
• Almost 19 km of wire per magnet.
• 17 kg of wire is wasted per unit on
average, during the production process
Application

Weight

Cu:NbTi

4500

Kg/unit

Cu

4100

Kg/unit

NbTi

457

Kg/unit

Nb

212

Kg/unit
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REFURBISHMENT AND REUSE
• Refurbishment extend the lifetime of MRIs restoring their
functionality, safety and performance to a level comparable
when they were new.
• By extending life of MRIs, 9,7 tons of virgin niobium are saved
every year in EU and around 40 tons globally, to manufacture
new magnets.

• Reuse of magnets in the production of new equipment is
another activity in the frame of circular economy that prevents
niobium to be lost.
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REUSE OF RECOVERED NBTI
• The main uses of niobium is in high strength steel alloys
and superalloys. Standards for these alloys have been
reviewed and there are many alloys that contain both
niobium and titanium which would remove the need to
separate niobium from titanium.
• High strength alloys and superalloys are usually made by
addition of primary ferroniobium (FeNb) to the melt under
reducing conditions to prevent oxidation of niobium.
• Scrap alloys with a high niobium content are used to
provide the niobium content but is usually “new scrap”
which is a single alloy of known composition.
• There is no technical reason, though, why NbTi
superconductor wire could not be used as a feedstock.
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MRI MAGNET RECYCLING
There are 3 ways to cut a magnet coil and
remove the resin:
✓ Torcing: using a propane torch to burn off
the resin. It is effective at removing the
resin, but it produces a lot of smoke and dust
and causes metal loss and diminished
quality.
✓ Mechanical separation: the coils is cut to
small pieces with mechanical cutters. The
wire is mechanically separated from the
resin.
✓ Pyrolisis: in a temperature, pressure,
oxidation controlled, inert-gas atmosphere,
the furnace runs at about 450 degrees
Celsius, resin-free copper and niobiumtitanium wire is produced. Low generation of
pollution.
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MRI MAGNET RECYCLING TODAY:
SMELTING

• Recovered wire is sent to smelting to recover copper.
• Niobiumis stable in air but oxidises when heated at >200°C to form
Nb2O5.
• When MRI scrap is recycled, this is usually carried out in a basic oxygen
furnace or electric arc furnace. Usually, niobium-containing alloys are
not segregated and so the mixed scrap metal is melted to make lower
grade steels and the niobium content is diluted or oxidised and lost.
• Recovering niobium: slug containing niobium can be heated in a
mixture of carbon monoxide and chlorine gases. Carbon monoxide is a
reducing agent and the ratio of gases affects the product. With excess
carbon monoxide, carbides can be produced, but with lower
concentrations, volatile chlorides are produced, including the chlorides
of niobium, tantalum and titanium.
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MRI MAGNET RECYCLING TODAY
REFINING*
• Scrap containing niobium is pulverised to small particles which are then
leached in a column with a solution of alkali sodium cyanide for 15 days.
This extracted 48.1% of the niobium content. The concentration of
niobium in the leach solution is very low, but can be absorbed by active
carbon with a recovery rate of 98.2%.
• Most electronics scrap contains very little niobium so its recovery is
uneconomic. However, scrap from MRI including the superconductor
cables may have sufficient niobium to make this process economically
viable for niobium recovery.

*Recovery of Gold, Silver, Copper and Niobium from Printed Circuit Boards Using Leaching Column Technique, Ricardo Montero, Alicia
Guevara and Ernesto de la Torre, Journal of Earth Science and Engineering 2 (2012) 590-595.
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MRI MAGNET RECYCLING TODAY
HIDROMETALLURGY

• Kuusakoski, Finland has recently (2018) developed a
process for recycling superconductor scrap that contains
NbTi or Nb3Sn5. The process involves using
electrochemical dissolution to dissolve copper, but
leaves NbTi wires which can then potentially be used as
a superalloy feedstock.
• Kuusakoski has developed a pilot scale process in
Finland.
• Copper is selectively dissolved by electrochemical dissolution
in sulphuric acid. This yields a solution of copper sulphate with
sulphuric acid from which copper metal can be electrowon
leaving sulphuric acid for reuse.
• It may be possible to carry out electro-dissolution and
electrowinning simultaneously so that as copper dissolves at
the anode, metal is simultaneously electrodeposited onto the
cathode.
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REUSE OF NBTI OR NB AND TI
It is possible to reuse recovered NbTi alloy to make superalloys or
possibly to make new superconductors, however, if neither of these are
viable, then separation of the two metals is possible:
➢ Titanium and niobium are attacked and dissolved by leaching in strong hot acid.
➢ Niobium has to be dissolved hydrochloric acid otherwise it forms a variety of
polymeric complexes in solution if sulphuric or chloridric acids are used
➢ Various separation methods are possible from fluoride solutions:
•

Fractional crystallisation

•

Solvent extraction
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ECONOMICS
• The market price of niobium metal between 2010 and 2018 has been $40,000 to
$42,000 per ton.
• Copper metal would also be recovered by a recycling process which currently has a
metal price of $5,900per ton.
• According to COCIR estimation:
✓ 212.7kg of niobium is present in MRI unit for a total value of €8,500 to €9000..
✓ 4.2 tons of copper is present in MRI unit and so the value of copper would be around €22,000
per unit.
✓ The total value of niobium and copper from a MRI unit is therefore 31,000€ per MRI.

• It is very difficult to estimate the number of MRI sent to recycling in EU each year as:
✓ Hospitals do not necessarily contact the manufacturer (WEEE Directive) and sell the MRI
directly to recyclers.
✓ The recycled MRI units are reported under the more general “Category 8” under the WEEE
reporting system

✓ Since 2018 waste Medical Imaging Devices are reported in a even more general category
“Large appliances”
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ECONOMICS
• There are currently 8615 installed MRIs in EU (2016 data), for a
total 1800 tons of niobium.
• In 2017, new 918 MRIs were placed on the EU market, using
around 190 tons of niobium.
• Estimating 50 MRIs scrapped every year (tbc) in EU and 192
worldwide
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CONCLUSIONS
• Kuusakoski stated that their process has a capacity for 200 tons of copper per year /
20 tons of NbTi which would correspond to around 40/50 MRIs per year.
• The capacity of Kuusakoski is therefore sufficient to treat MRIs disposed of in EU
(Kuusakoski also stated they can scale up the capacity if required).
• The de-installation and transport of full MRI systems for recycling could be
antieconomic. For MRI only (no deinstallation) the return is positive.
• Treating magnet coils only is considered by Kuusakoski to have a significant positive
net value.
CONCLUSIONS
• It is technical feasible to recover niobium from MRI magnets
• There is already enough capacity to treat all MRIs (tbc) disposed of every year
• Around 21,5 tons of NbTi can be recovered every year (10 tons of niobium)
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HELIUM
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HELIUM
• Helium is a critical raw material for Europe
• On Earth it is relatively rare—5.2 ppm by volume in the atmosphere.
• Most terrestrial helium present today is created by the natural
radioactive alpha decay. This radiogenic helium is trapped with natural
gas in concentrations as great as 7% by volume, from which it is
extracted commercially by fractional distillation.
• Prices in the 2000s had been lowered by the decision of the U.S.
Congress to sell off the country's large helium stockpile by 2015.
• Global demand for helium has risen by 10% per year over the past
decade to an estimated 8 billion cubic feet. This far exceeds current
supply which sits at only 5.4 billion cubic feet. This shortfall has placed
an enormous strain on the price of helium, driving it up to an all-time
high this year to $119 per thousand cubic feet. This represents an 11%
increase over 2017. This trend is likely to continue into 2020, where the
value of the helium market could exceed $1.5 billion.
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HELIUM USED IN MRI
A quarter of the world's helium is
used for cryogenics in MRI machines.
• Around 2000 liters per MRI are used
on average to cool down the magnet
to 4 Kelvin through a GiffordMcMahon cryocooler.
• There are around 8500 MRIs
installed in EU which corresponds to
17000m3 of helium.
• 25000 MRIs estimated worldwide.
• 912 new MRI where placed on the
market in 2017 (1824 m3).
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HELIUM BOIL-OFF AND ZERO BOILOFF TECHNOLOGY
• In the past MRI needed to be regularly refilled as
the helium was boiling off. They relied on two
refrigerator-cooled shields in the vacuum space to
reduce the heat load to less than 50 mW, resulting
in a loss of less than 1 liter of helium per day. The
boil-off rate was from 0,02% per day to 0,14% per
day depending on the models
• In the 90s, zero boil-off magnets where introduced.
A cryocooler re-condenses the helium. Nonetheless:
• Some helium is lost during the assembly of the magnet
due to accidental quenches (most of the helium can be
recovered thanks to “recovery systems”)
• Some helium is lost during transportation to the final site.
• Quenching the magnet for emergency reasons means
loosing all the helium at once (65% of MRI users
experienced a quench every 10 years – source Philips).
• Restaring a magnet after a quench and bringing it back to
4k involves additional losses.

• It takes 8kW of energy to generate a 1W of cryocooling
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SAVING HELIUM
• There is 1 simple way to avoid losing helium
in MRI: not using helium
• This can be achieved in 2 ways:
• High-temperature superconductive materials
• High efficient cryocoolers
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HIGH TEMPERATURE SUPER
CONDUCTORS
• There are high-temperature superconducting materials such as
Yttrium Barium Copper Oxide (YBCO) tape.
• This material remains superconducting at temperatures above
77K, although for a practical magnet an operating temperature
of about 40K to 50K would be ideal.

• Being able to run the magnet at 40K to 50K instead of 4K would
allow a simpler and therefore more reliable refrigerator to be
used, and the electrical energy required to keep the magnet cool
could probably be reduced to around 1kW.
• YBCO tape is currently 200 to 300 times more expensive than
Niobium Titanium wire, which means that its use in MRI
scanners does not at the moment make economic sense.
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EFFICIENT CRYOCOOLERS
•

Helium is used to absorb the heat produced by the MRI. Helium evaporates
maintaining the temperature below 9 Kelvin and is recondensed with the
cryocooler.

•

Helium is used in large quantity to provide a buff.

•

New more efficient pulse tube and 2-stage Gifford-McMahon
cryocoolers are able to maintain temperatures below 9K without the need
for helium, or with just a small amount of helium

•

A few hundred liters of liquid helium or less would actually be sufficient to
keep the magnet superconducting, so the main challenge in developing
magnets without a large helium buffer volume is to make the refrigeration
system so reliable that it never fails, or so efficient that it can re-cool the
magnet without using much external helium after a failure.

•

Such technology would also allow quenching for emergency reasons, with
very reduced losses, if none at all.
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