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KEY FACTS ABOUT ARGONNE
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Security
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ANL BATTERY PROGRAM: 50 YEARS OF R&D

History of the

BATTERY PROGRAM at Argonne National Laboratory

methods
tha

Argonne wins a S-year,
$120M DOE-BES Energy
Storage Hub and $8.8M
in ARRA funding to build
battery materials
scabe-up and post-lest
analyses facilities.

Argonne execules two
mubti-year multi-million
dollar GRADAs with
industry on L{AI)/FeS and
Li-Polymer batteries.

DOE and Argonne inftiate
a major R&ED program
focused on Li{All/Fes
Li{Al)/Fes, couples; DOE
eslablishes the National
Battery Test Laboratory
al Argonne,

Argonna provides DOE-EERE astablishes Argonne wins a 5-yoar, $19M Energy
technical management of their on-going Argonne-led Frontier Research Center funded by
industrial R&D projects == $10-12 million/year applied DOE-BES; Argonne’s patent portfolio
on agueous battery m battery R&D program on grows and numerous patents are
technology and initiates advanced Li-lon batteries. pranted o companies.

R&D on high-temperaturo

sodium batteries.

Argonna's nuclear snorgy
pyrochemical processing
expertise with molten salts
led to exploratory studies
of LifS and Li'P palvanic
onergy storage cells.

@ ENERGY =

R&D focus:
1964 - 1998: High/Moderate temperature Li batteries
1998: Room-temperature Li-ion batteries

2012: Li metal, oxygen, sulfur, flow, Mg
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ANL BATTERY PROGRAM: ACROSS THE VALUE CHAIN

Material Discovery
Models, Synthesis

iy

Material Characterization
In Situ, Operando

Electrode and Cells

System-level Analysis
A Modeling, Characterization

Vehicle, Grid, Techno-Economic

BATTERY
RESEARCH
AT ARGONNE
Li-ion, Li-metal,
flow batteries,
multivalent systems

Material Process
R&D and Scale Up

Organic, Inorganic

Recycling
Life Cycle, Processing

Cell Diagnostics and Modeling
Performance, Degradation

Large Format Devices
Pouch, 18650

Standardized Testing
Vehicle, Grid
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COMPARISON OF OTHER CHEMISTRIES

Energy density has increased through time with different chemistries

Smaller
A

Raf: 18650; 4.0AN
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on
I’
Ni-vH ohme
Li-Metal This is why there is so
a0 much interest (again)

in lithium metal. In
general metal anodes

Li-Titanate . increase Wh/kg
Ni-Cd EV Everywhere Wl ©reonaTedologies
e I Establizhed Tecnalogies
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HOW LITHIUM ION BATTERIES WORK

Charge (energy storage) ——=— e-

— T

Al current collector

MWW s
e- —af}— Discharge (power to the device)

UL €

Electrolyte

Separator

Cu current collector

= All batteries use this same bhasic
configuration

— Anode, cathode and electrolyte

= | ithium batteries and lithium ion
batteries are different

— Lithium batteries use lithium
metal anodes (usually non-
rechargeable)

— Lithium ion batteries use
graphite or other material
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LITHIUM ION CHEMISTRIES

Cathodes sm;:eozu:rmmmw Anodes
LiCoO, (LCO) - |
Graphite
Li(NIMnCo0)O, (NMC)
Li(NiCoAl)O, (NCA) Li, Ti:O,,
LiFePO, (LFP .
+ (LFP) Li,Si,
LiMn,O, (LMO)
Cell Module Pack
| Source : L. Gaines and R. Cuenca, Costs of Lithium-lon Batteries for Vehicles, Report ANL/ESD-42 (2000)
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CHEMISTRY vs USE

Charge & Energy

Chemisiry (V) (V) limit Dléihuzzo m Applications Note
Cobalt 1C limit 110-190 Cell Phone, Since 1990s, most
cameras, commonly used
laptops for portable
. . . devices, h
= Different chemistries are righest energy
. . . density.
used for dlﬂ:erent appllca‘tlons Manganese . 10C cont. 110-120 Power tools, Low internal
(spiral) 40C pulse medical resistance: offers
. vipment high curmrent rat
= Consumer electronics use i e
but lower energy
the most energy dense densily.
NCl?M ~5C cont. 140-140 Powler fools, Nickel, Coball:
= \Vehicles use other Cobait i el o
. . Manganese) compromise
chemistries between high

current rate and
high capacity.

Phosphate  3.2- 3.60v* 35C cont. 95-140 Power tools, New, high cumrent
3.30Vv medical rate, long cycle
equipment life.

* Higher voltages provide more capacity but reduce cycle life.

www.powerportstore.com/lithium_cell chemistries.htm




CHEMISTRIES AND VOLTAGE

= Organic electrolytes
are needed for higher
voltage chemistries

= Organic electrolytes
are flammable

Voltage vs. Lithium

Loves electrons

water stable region
| Pb-acid, NiCd, NiMH

_________________________________________

Li-Alloys

} LiM02 . Li“_leOE + xLi+

Lo LiFePO, « FePO, + xLi*

organic-based electrolytes

Li,Si, LiAl, Li,sn |

Hates electrons
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STARTER BATTERIES REPLACING LEAD ACID

Considerations are being made to ban lead acid

= |t s a difficult decision
— Lead is a concern
— But 99% of lead acid batteries are recycled

— Lithium-ion collection isn’t established
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MATERIAL RESOURCES AND RECYCLING

Lithium with and without recycle

80000 Impact of Recovered Material
70000
» Recycling batteries can — 60000 | Demand
minimize the use of our £ 50000 | —Recovered
natural resources £ 16006
=) —Virgin
= Long battery lifetime delays g 30000
material return & 20000
10000
0
2000 2020 2040 2060 2080

YEAR
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RECYCLING TECHNOLOGY

Pyrometallurgical Hydrometallurgical Direct
Temperature High Low Low
Materials Co, Ni, Cu Meé%s g: E?Olta Cathode, anode,
recovered (Li and Al to slag) —27 73 electrolyte, metals
Feed N Separation Single chemistry
: one : ;
requirements desirable required

Comments

New chemistries
yield reduced
product value

New chemistries
yield reduced
product value

Recovers high-
value materials
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MATERIAL VS CATHODE COST

Price ($/kg)

60
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10

Estimated Cathode Cost vs. Constituent Cost

m Element Value

m Cathode Cost

LCO NMC NCA LMO LFP

Cathode Type

= The cathode is the most
valuable

= Material value is cheap

= Cathode materials is
expensive
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ELECTRONICS AND VEHICLE BATTERIES

= Electronics’ batteries have a
collection challenge

= Electric vehicle batteries have a
cost challenge
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ARGONNE’S ReCell CLOSES THE LOOP

Quantitative model evaluates cost and environmental impact

BATTERY COMPONENTS
& VIRGIN FEEDSTOCKS

BATTERY
MANUFACTURING

COLLECTION, _
PRETREATMENT haldd  Manufacturing

~ 7ecy
= ~lowe GREET
= Lling Lifecycle Analysis
-~ -
CATHODE Feedstock recovery >~ RECYCLE

4 e e e e

PRODUCTION PROCESS

; MATERIAL

Recycled feedstock CONVERSION Metal salt recovery

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




THANK YOU ACCESS

Energy Storage at Argonne
https://access.anl.gov/

CONTRIBUTIONS FROM:

LINDA GAINES
ANDREW JANSEN

SUPPORT FROM DAVE HOWELL AND SAMM GILLARD; DOE-VTO

www.anl.gov Argonne a

NATIONAL LABORATORY



	Introduction to �Lithium Ion Batteries
	The National Lab system
	Key Facts about Argonne
	ANL Battery Program: 50 Years of R&D
	ANL Battery Program: Across the Value Chain
	Comparison of other chemistries
	How lithium ion batteries work
	Lithium ion chemistries
	Chemistry vs use
	Chemistries and voltage
	Starter batteries replacing lead acid
	Material Resources and recycling
	Recycling technology
	Material vs cathode cost
	Electronics and vehicle batteries
	Argonne’s ReCell CLOSES THE LOOP
	Slide Number 17



