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THE NATIONAL LAB SYSTEM



KEY FACTS ABOUT ARGONNE



R&D focus:
1964 - 1998: High/Moderate temperature Li batteries 
1998: Room-temperature Li-ion batteries
2012: Li metal, oxygen, sulfur, flow, Mg

ANL BATTERY PROGRAM: 50 YEARS OF R&D



ANL BATTERY PROGRAM: ACROSS THE VALUE CHAIN



COMPARISON OF OTHER CHEMISTRIES
Energy density has increased through time with different chemistries



HOW LITHIUM ION BATTERIES WORK

 All batteries use this same basic 
configuration
– Anode, cathode and electrolyte

 Lithium batteries and lithium ion 
batteries are different
– Lithium batteries use lithium 

metal anodes (usually non-
rechargeable)

– Lithium ion batteries use 
graphite or other material



LITHIUM ION CHEMISTRIES

LiFePO4 (LFP) 

LiMn2O4 (LMO)

LiCoO2 (LCO) 

Li(NiCoAl)O2 (NCA)

Li(NiMnCo)O2 (NMC)
Graphite

Li4Ti5O12

LixSiy

Cathodes Anodes

Source: L. Gaines and R. Cuenca, Costs of Lithium-Ion Batteries for Vehicles, Report ANL/ESD-42 (2000)



CHEMISTRY vs USE

 Different chemistries are 
used for different applications

 Consumer electronics use 
the most energy dense 

 Vehicles use other 
chemistries



CHEMISTRIES AND VOLTAGE

 Organic electrolytes 
are needed for higher 
voltage chemistries

 Organic electrolytes 
are flammable



STARTER BATTERIES REPLACING LEAD ACID
Considerations are being made to ban lead acid

 It is a difficult decision

– Lead is a concern

– But 99% of lead acid batteries are recycled

– Lithium-ion collection isn’t established



MATERIAL RESOURCES AND RECYCLING
Lithium with and without recycle

 Recycling batteries can 
minimize the use of our 
natural resources

 Long battery lifetime delays 
material return



RECYCLING TECHNOLOGY

Pyrometallurgical Hydrometallurgical Direct

Temperature High Low Low

Materials 
recovered

Co, Ni, Cu 
(Li and Al to slag)

Metals or salts, 
Li2CO3 or LiOH Cathode, anode, 

electrolyte, metals

Feed 
requirements None Separation 

desirable
Single chemistry 
required

Comments
New chemistries 
yield reduced 
product value

New chemistries 
yield reduced 
product value

Recovers high-
value materials



MATERIAL VS CATHODE COST

 The cathode is the most 
valuable 

 Material value is cheap
 Cathode materials is 

expensive



ELECTRONICS AND VEHICLE BATTERIES

 Electronics’ batteries have a 
collection challenge

 Electric vehicle batteries have a 
cost challenge



ARGONNE’S ReCell CLOSES THE LOOP
Quantitative model evaluates cost and environmental impact
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