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SETTING THE STAGE

Projected Global Spent EV Battery Volume

= A flood of Lithium-ion 5
batteries coming in electric &’
vehicles (EV) E

25
E

= Cannot meet demand FE

without recycling 33
=
c2
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CURRENT PROCESSING

Resources

= Recycling lithium-ion batteries is
possible today

Mixed

= Pyrometallurgical metals Recycling
» Hydrometallurgical
» These processes are over a Second life
hundred years old and very mature  coreae
= Products are low value metal salts
Battery- Primary use
grade
materials
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Purpose

» Foster the development of cost-effective and environmentally sound processes to recycle
lithium-ion batteries.

= Bring together experts from various battery recycling areas and bridge the gaps between
them.

= Efficiently address the many challenges that face a successful advanced battery
recycling infrastructure.

Qutcome

= Minimize use of the earth’s limited resources, reduce energy consumption and increase
our national security.

= Drive battery costs down to DOE’s $80/kWh goal
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BAPrice of Constituents ($/kg)
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LITHIUM-ION
BATTERY
RECYCLING

Direct recycling
offers the most
potential for cost
effectiveness

Landfill

attery
Manufacturing




FOCUS AREAS

DIRECT
CATHODE
RECYCLING

© Cathode Separation

o Binder Removal

o Relithiation

o Compositional Change

OTHER
MATERIAL
RECOVERY

7 Electrolyte
o Graphite
o Electrode/Foil

DESIGN
FOR
RECYCLING

o Cell Design
o Cell Rejuvenation
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MODELING
AND
ANALYSIS

71 Materials Analysis

7 Thermal Analysis

o Supply Chain Analysis
7 TEA/LCA Modeling



DIRECT CATHODE RECYCLING

CHALLENGE
= Contaminants from processing

= Mixtures of cathode chemistries ":;,:
= Old chemistry -
SOLUTION
= Binder removal

= Cathode separation
= Compositional change
» Relithiation

Many different aspects of the cathode material can
b ploited t te cathode powders. Electrical

IMPACT cz:;uc?vity, :l::f:trl.z suiaceptll':llfty, an?:ﬁ:rystalnca
density are just a few. Courtesy of Argonne

» Increased product value (even w/out Co)

» Decreased processing and waste

» Decrease dependence on raw materials
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RECOVERY OF OTHER MATERIALS

CHALLENGE
= Low value materials
= Cost effective processes

SOLUTION

= Cost effective recovery of
electrolyte components

= Direct recycling of anode

IMPACT
» Increased revenue potential
= Decreased waste treatment

A laboratory scale froth flotation unit is used to
separated anode powders from cathode powders.
Courtesy of Michigan Technological University
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DESIGN FOR RECYCLE

CHALLENGE
= Minimizing cost and performance
impacts

Nitab Al tab Ni tab Al tab
port

port

SOLUTION

= New cell designs

= New cell component design

= Enabling cell flushing for
rejuvenation

+ port
IMPACT 4*"‘“

» Reduced cost of recycling

electrode

SINGLE PORT DUALPORT  port  OVERSIZING PACKAGE

Initial pouch and cylindrical cell designs that will

= Qverall cost reduction be used to determine the pressures and flows
= Reduced number of cells reaching needed torinse” used cels.
end of life

= Extended cell life
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MODELING AND ANALYSIS

CHALLENGE

= Myriad of recycling pathways

= Need for preliminary review of new
technologies to streamline work

= Need for research validation

SOLUTION

= Supply chain modeling (LIBRA)
= TEA/LCA modeling (EverBatt)
= Material Analysis at end of life

= Thermal analysis at end of life

IMPACT

= Cost/time efficient work plan to
achieve the Center’s objectives
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BATTERY —_— i%%i — COLLECTION,
MANUFACTURING BATTERY USE PRETREATMENT

=
S~ Dhrec,
~ Cathogy,
~wlec
= {c/m
fock r

COST, EMISSIONS, ENERGY, THROUGHPUT WATER CONSUMPTION,
COMMODITY RECOVERY, REVENUE, WASTE TO ENERGY, ...

Process flow of EverBatt model. Courtesy of
Argonne

Infrared thermal image of a lithium-ion battery
cell with poor terminal design. Courtesy of
NREL



VEHICLE TECHNOLOGIES OFFICE BATTERY RESEARCH PLAN FOR

CRITICAL MATERIALS

Lithium Battery

Sateass asarenr

Recycling R&D #0AK RIDGE
' Center R
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NO COBALT/LOW COBALT Early-stage research to Development of e e
develop low/no-cobalt innovative, effident
materials for next- recycling technologies
generation batteries for current and future UCSan Difgﬂ

cling Prize
t fo enable efficient and
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battery chemistries

* Funded by the 1.5, Department of Energy Vehicle Technologies
Office, in collaboration with the Advanced Manufacturing Office,
and administered by the National Renewable Energy Laboratory
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