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Discovery

Albert Stwertka, a guide to the elements, New York 1996.
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• Nd is a rare earth metal discovered in 1885 by
Baron Carl Auer von Welsbach.

• He separated a mineral called didymium into
two new distinct elemental salts, one of which
contained neodymium.

• Greek words, neos "new," and didymos "twin.“
• The principal ores : bastnasite and monazite.
• Pure neodymium metal was not isolated until

1925.

2



World Production

Hobart M. King, REE - Rare Earth Elements and their Uses, https://geology.com/articles/rare-earth-elements/
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• Historically, a mine in
California produced most
of the world’s rare earth
minerals

• Since early 90s, China
has become the world’s
primary source

• Today China supplies
70% of the world’s REEsHistory of rare earth element production
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Abundance

Hobart M. King, REE - Rare Earth Elements and their Uses, https://geology.com/articles/rare-earth-elements/
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• 28th most abundant
element in the earth crust.

• Very difficult to mine
because it is unusual to
find them in concentrations
high enough for extraction.

• 2nd most abundant
element in the REEs.

• In terms of reserves, China
has the most, followed by
Vietnam, Brazil, and Russia.
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Physical Properties

Melting Point 1024 °C
Boiling Point 3080 °C
Density 7.01 g/cm3

J.H.L. Voncken, The Rare Earth Elements, 1st Ed., Springer, 2016.
N. Turova, Inorganic Chemistry in Tables; 1st Ed., Springer, 2011.
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Chemical Properties

J.H.L. Voncken, The Rare Earth Elements, 1st Ed., Springer, 2016.
N. Turova, Inorganic Chemistry in Tables; 1st Ed., Springer, 2011.
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• Oxidation states: +II, +III, +IV
• Readily reacts with oxygen
• Electronegativity (Pauling): 1,14
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Nd2Fe14B

Abhijit P. Jadhav, Bull. Korean Chem. Soc. 2014, 35, 887.
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Powerful and widely used type of
permanent magnet alloy
Property
• High Magnetic Strength
• Temperature Stability
Applications
• Hard Disk Drives
• Electric Vehicle Motors
• Speakers and Headphones Schematic representation tetragonal unit

cell of Nd2Fe14B (P42/mnm space group)
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Rare earth elements (REEs), which are the key materials for
creating NdFeB magnets, have been subject to significant
supply uncertainty in the past decade.

Magnet-to-Magnet Recycling

Advantage
1)Minimize waste and resource exhaustion
2)The use of mechanical processes reduces the use of
chemicals and harmful emissions

Hongyue Jin, Sutherland, Environ. Sci. Technol. 2018, 52, 3796−3802
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Neodymium-Iron-Boron
Magnet-to-Magnet Recycling
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Process flows for NdFeB magnet virgin production and magnet-to-magnet recycling

Hongyue Jin, Sutherland, Environ. Sci. Technol. 2018, 52, 3796−3802
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Life Cycle Impacts of Producing 1 kg of NdFeB Magnet through Magnet-to-Magnet Recycling

Properties of Virgin and Recycled NdFeB Magnets

Magnet-to-magnet recycling significantly reduces the environmental footprint of NdFeB
magnet production, because it minimizes the use of fresh rare earths.

Both are suitable for high temperature
applications such as electric vehicles (EVs),
offer similar performance, and thus can be
used interchangeably.

Hongyue Jin, Sutherland, Environ. Sci. Technol. 2018, 52, 3796−3802
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Recovery of Neodymium

C. Liu, Q. Yan, X. Zhang, L. Lei, C.Xiao, Environ. Sci. Technol. 2020, 54, 10370-10379.
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• High processing capacity
• Low cost
• Big environmental impact

Hydrometallurgy

Electrochemistry

Gas-phase extraction

Membrane Separation

Biological Extraction

Pyrometallurgy
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Complete
Leaching

Selective
Dissolution

Stripping/
Precipitation

Liquid-liquid
Extraction

Recovery of Neodymium

C. Liu, Q. Yan, X. Zhang, L. Lei, C.Xiao, Environ. Sci. Technol. 2020, 54, 10370-10379.
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Precipitation

• Acids/Bases • Organic solvents
• Ionic liquid

• Acid Stripping
• EDTA
• Oxalic acid

• Deep eutectic
solvents

• Oxalic acid
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Nd:YAG Laser

B. Denker, E. Shklovsky, Handbook of solid-state lasers, Woodhead Publishing, 2013.
J.Xu, J. Ueda, S.Tanabe, J. Am. Ceram. Soc. 2017, 100, 4033-4044.
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• Neodymium-doped yttrium aluminum garnet (Nd:Y3Al5O12)
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• Cutting
• Drilling
• Many more

• Skin treatment
• Ophthalmology
• Surgery

• Rangefinders

Nd:YAG Laser

B. Denker, E. Shklovsky, Handbook of solid-state lasers, Woodhead Publishing, 2013.
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Thank you !

Any questions or comments?
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