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Rare Earth Uses by Value and

Volume

Where else are rare earths used. ..
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RE Uses as Alloying Elements

Ductile iron (alter the carbon morphology),

Superalloys (increase operating
temperatures),

Magnesium alloys (enhance creep
resistance),

Aluminum alloys (improve tensile strength
and corrosion resistance),

Oxygen-free, high-conductivity copper
(improve oxidation resistance), and

Dispersion-strengthened materials (improve
high-temperature properties).
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Automotive - Toyota Prius
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Magnets - Nd,Fe, B

Ultra strong small permanent magnets enabled by
discovery of Nd,Fe,,B compound during search for low-
cost replacement for samarium-cobalt magnets.
Revolutionary advances in small electronics and actuators.

Beijing San Huan New Materials High-Tech Inc. and China
National Non-Ferrous Metals Import & Export Corporation
acquired control former GM Magnhequench operations,
moved to China in 2002.

Hitachi Metals (Japan) acquired ownership of Sumitomo
magnet operations.
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Rare Earth Content in NdFeB

Motors and Generators

How does a
wind turbine 54
work?

* Wind turbines: 400 kg-600 kg rare earth metals in
generator magnets. Neodymium and dysprosium
content is 31% and 5.5% of magnet weight,

respectively. inflow o wind

Rotor & blades

- spin the main shaft (C)
: and gearbox (D),
Inflow of wind which spins the

activates rotor i
generator (G), resulting
& blades (B) in electrical output

» Electric Drive Vehicles: Material intensity for
neodymium and dysprosium is calculated from
the estimated weight of total NdFeB magnet
material per vehicle motor. The weight for rare
earth magnets is about 2 kg per vehicle.
Neodymium and dysprosium content is 31% and
5.5% of magnet weight.
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Lighting

Phosphors represent a significant portion of
the cost of a compact fluorescent light (CFL)
bulb. Phosphors accounted for 7% of all REE
usage by volume and 32% of the total value in
2008.

Emerging lighting technologies (LEDs and
organic OLEDs) have dramatically lowered
REE content, some still use cerium and
europium phosphors to convert blue LEDs to
useful white light.
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NIMH Batteries

M Molar % Weight %

Lrergizer inAB5 | in AB5

P La 5.7% 11.2% 0.73 0.49
Ce 8.0% 15.9% 1.03 0.69
Pr 0.8% 1.6% 0.10 0.07
Nd 2.3% 4.7% 0.31 0.20
Ni 59.2% 49.2% 3.20 2.13
Co 12.2% 10.2% 0.66 0.44
Mn 6.8% 5.3% 0.34 0.23
Al 5.2% 2.0% 0.13 0.09
Total 6.5 4.33

GM Ovonics NiMH battery for EV1; superseeded by Li-ion battery for Volt

oo Ref [6, p. 129] EW’
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Material Content in Li-lon Batteries

(EVs and PHEVS)

Application | Material

Material
content (kg)

Battery

Chemistry
Designation

Cathode

3.77

NCA-G

LiNigsC0g 15Al5 0504

. Low 1.35 LMO-G LiIMn,0, Graphite
Lithium : : ; —
High 5.07 LMO-T10 LIMn,0, LiaT15O44
0 LMO (both LiMn,O Either
Cobalt I: ) 2

Graphite

Eliminates rare earth materials but raises new concerns about
sources for lithium, predominantly Chile and Bolivia.
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Lithium Low 3.38 LMO-G LiMn,O, Graphite
High 12.68 LMO-TIO LiMn,0, LisTi5045

Cobalt Lc.:uw 0 LMO (both) L!N!np_ﬂ,, Elther.
High 9.41 NCA-G LiNig sC0g 15Al; 0504 Graphite
Ref [6, p. 134]
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Wind Turbines

NdFeB magnets are a critical component for some models of the new
generation wind-powered turbines. Two tons of rare earth magnets are
required in the permanent magnet generator that goes on top of the
turbine. “If the permanent magnet is two tons, then 28 percent of that, or
560 Ibs. is neodvmium. Ref [x]
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Welding Electrodes

Welding electrodes used for automatic gas
tungsten arc welding and resistance spot
welding often contain 0.5-2.0% rare earth
oxides (Y,0,, La,0;5, ThO,, or CeO, proprietary
additions).
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The rare earth oxide additions enable a stable
arc to be established at a lower temperature,
reducing deformation of the electrode,
extending its useful life, and reducing
contamination of the weld.
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ewi.org * 614.688.5000

Since the early 1980s, EWI has helped manufacturers in the energy, defense, transportation, construction, and
consumer goods industries improve their productivity, time to market, and profitability through innovative materials
joining and allied technologies. Today, we also operate a variety of centers and consortia to advance U.S.

manufacturing through public/private cooperation.

Additive Manufacturing
A Consortum

Nuclear Fabrication
Consortium

8 Navy Joining Center

Rail Manufacturing
-_:@ Technol_ogy Center

ﬁ. EWI Energy Center

Introduction — The Importance of Rare

Earth Materials and Uses by Element

Kev Industrial Uses

Key Military Uses

China’s Role and Emerqing Sources

Opportunities and Needs
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