Rare Earth Elements (REES)
Establishing a Domestic Supply of REESs
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China Currently Dominates
All Aspects of REE &
Magnet Production

Geographical concentration of [oiis
supply chain stages for sintered CESNS
NdFeB magnets XTI
From center: REE mining, Zs skl
oxide separation, metal refining, == Refining
& magnet manufacturing ’ Other
Magnet Mfg Countries

REEs are Essential
to Key U.S. Industries

Our Team’s Response to Chinese REE Dominance

e Demonstrate unique, high-efficiency processes to

provide a domestic capability to separate & refine
iIndividual REEs

* Develop the Bear Lodge Project for a domestic
source of REE materials

e Build a foundation for a domestic magnet &
electric motor manufacturing supply chain

Specific REEs (Nd, Pr, Dy, Tb) are vital input materials
for a vast range of future-facing products
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Rare Earth Elements (REES)
Separation & Processing

emonstration Plant Project
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Bear Lodge is a REE Separation Process
World-Class Resource PUG
Physical Upgrading
Rare Earth Elements Distribution by Weight (%) | ® Located in NE Wyoming Physical'Upgrading :
e _ ) sarvte e 0 0
Praseodymium (Pr)* 4.9 ¢ Rich Supply of REEs ' :
Dysprosium (Dy)" 0.5 T Crushing/Screening
Terbium (Tb)* 0.1 *| ong mine life
Samarium (Sm) 3.0 , PUG
Magnet Materials 26.4 ° ngonstratlon program PP SN
Europium (Eu) 0.7 will use 1,000-ton sample : ' < _
é:::zrr: g)e) 4;3 previously extracted from Primary siydromst Prosessing < FRodWester
- Counter-Current Leach raction 1, Ra,
Lanthanum (La) 26.8 Bear I—Odge HCI Filtration/Wash @@—
Gadolinium (Gd) 1.6 “U.S. DOE, Critical Materials Assessment 2023, July 2023. ' —
Other REEs** 0.2 Sm included because of its use in samarium/cobalt magnets.
Total Rare Earth Oxid 100.0 **Other REEs include Holmium, Erbium, Thulium, Lutetium, Selective Precipitation @
otal hare Ear X19es Scandium and Ytterbium. AcX Filtration/Wash
O
: Acid Recycle AcX/HCI .
\ 4 . .
Calcination
Process Advantages SIS
TREO (Th) (>97wt%) Key Precursor
e 92-97% recovery of REE concentrate from Bear Lodge
: TCS Th/Ce Separation
mineral sample . o
REE Separation/Refining
e Novel, high-efficiency process producing >99.5% pure NdPr HNO Chemical Digestion
. . 3
oxide & other rare earth oxides (REOs). The process recycles the - Acid Recycle AcX
mayjority of chemicals leading to reduced costs and process waste " Rad. Waste 2

Solvent Extraction SX

as compared to traditional practices SX O: Ce/Th Extraction @ o (ThFraction2

e First-of-a-kind, real-time control software developed from
first-principles for process design and optimization REE Raffinate (Non-Radioactive)

N PS NdPr Separation

REE Separation/Refining Acid Recycle AcX

e 100% separation of thorium, radium, & other radionuclides
disposed at licensed facilities

= - I
e Process designed for zero emissions NH, SX—Fﬁ;p':eE‘aEEXE;,‘}{;g:"’" . (O ! HREE Concentrate
I

' I
' La Concentrate

(SX_B)™: NdPr Separation .

Proprietary SX* Network SEC CENEETELE

Project Team ¥ 5

e U.S. Department of Energy (DOE) Ndp:i.ﬁaﬂﬁ,ﬁ,'\',?,gﬁt'on . :i‘:ﬂjﬁ;’f .;Zﬁning

e (General Atomics Electromagnetic Systems (GA-EMS) " By-Product NH_NO,
e Rare Element Resources (RER) Calcination

e Umwelt — und Ingenieurtechnik GmbH Dresden (UIT) .
NdPr Oxide (>99.5%)

e LNV, a division of Ardurra

PUG Physical Upgrading or comminution of the exploration sample; crushes sample to
1-3 mm size for further processing

Project Objectives . . o |
PP Primary Processing of the sample to produce a high-purity concentrate, separating the

e Demonstrate the separation of NdPr & other REEs at high purity bulk tailings and radioactive materials from REES
. TCS Thorium/Cerium Separation r ini dioacti terial | |
e Produce up to 15 tons of NdPr at >99.5% purity as well as La, P SMOVES TEMAININg Tadlodtiive materials as Well as Ceriim

SEG (combined Sm, Eu, & Gd) & heavy rare earth element (HREE) NPS gggdgimlngégﬁig%g}:;m Separation refines REEs into groups including: NdPr, LaCe,

concentrates, which would be subject to further refining

e Provide clear pathways for the separation of other rare earths,

including Sm, Dy, Tb, & other essential heavy REEs Project Timeline
e Provide a basis for scale-up to, and economic assessment of, Task 2021 2022 2023 2024 2025
a commercial capacity plant REE Demonstration Plant | Q4 Q1 | Q2 | Q3 | Q4 | Q1
. Design & Engineering
e Demonstrate a process capable of treating REO concentrate from Procurement
other sources, either in the US or obtained as a result of initiatives Construction
to obtain REO from allied countries Operations
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First-of-a-Kind REE Separation &

Rare Earth Elements (REES)
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an Ardurra Company
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Energy Efficiency &
Renewable Energy
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Rare Earth Elements (REES)
Separation & Processing

Produces High-Purity, Magnet Material
Rare Earth Minerals

s
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Vi g o) I =
Electric Transportation |t I
Computers & Advanced Electronics |
Power Generation

Defense

Satellite Communications
Guidance Systems
Aircraft Propulsion

4
Fly-by-Wire Technologies Communication Systems = L
Smart Missiles Medical Systems
B . FE Transported
Bear Lodge to Licensed

Disposal Facility

Dramatically reduced wastes as
compared to operations in China
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