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We don’t want to We don’t want to 
trade one crisistrade one crisistrade one crisis trade one crisis 

for anotherfor another!!
•• Insure against materialInsure against materialInsure against material Insure against material 

shortagesshortages

•• Check for unforeseen Check for unforeseen 
environmental impactsenvironmental impacts

2



Recycling reduces virgin material demandRecycling reduces virgin material demand
•• Reuse delays return of material for recycling               Reuse delays return of material for recycling               y y gy y g

and increases peak demand for virgin materialand increases peak demand for virgin material



Known Li reserves could meet world demand to 2050Known Li reserves could meet world demand to 2050
Cumulative demand to 2050
(Contained lithium, 1000 Metric tons)

Large batteries no recycling 6 474Large batteries, no recycling 6,474

Smaller batteries,                     2,791
no recycling
Smaller batteries, recycling 1,981

Reserve Estimates

USGS Reserves* 9,900

USGS  World Resource* 25,500

Other Reserve Estimates 30,000+
*Revised January 2010
http://minerals.usgs.gov/minerals/pubs/commodity/lithium/mcs-2010-lithi.pdf



Lifecycle analysis compares all process impactsLifecycle analysis compares all process impacts
•• LCA addresses the environmental aspects and potential environmental impacts LCA addresses the environmental aspects and potential environmental impacts •• LCA addresses the environmental aspects and potential environmental impacts LCA addresses the environmental aspects and potential environmental impacts 

throughout a product's life cycle from raw material acquisition through throughout a product's life cycle from raw material acquisition through 
production, use, endproduction, use, end--ofof--life treatment, recycling, and final disposal if anylife treatment, recycling, and final disposal if any
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METROPOLISMETROPOLIS
City Limits

Population    23,443opu at o 3, 3
Elevation 1357’
TOTAL 24,800

There is no correct way to aggregate impacts There is no correct way to aggregate impacts 
into a single “score.”into a single “score.”
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The bulk of battery materials are well The bulk of battery materials are well 
characterized; we’ll examine the otherscharacterized; we’ll examine the others

Material Mass (kg) Mass %
Positive active 
material 2.25 13.1

LiO2 0.91 5.3
Nickel 0.46 2.6
Cobalt 0.46 2.7
Manganese 0.43 2.5Manganese 0.43 2.5

Graphite and carbon 1.82 10.6
Binder 0.35 2.1
Copper parts 4.21 24.5
Aluminum parts 3.20 18.6
Aluminum Casing 1.82 10.6
Electrolyte 1.50 8.7
SeparatorSeparator

Polypropylene 1.39 8.1
Polyethylene 0.492 2.9

Steel 0.029 0.2
Thermal insulation 0.089 0.5
Electronic parts 0.056 0.3
Total battery mass 17.21 100



We get lithium carbonate from brine or mineralsWe get lithium carbonate from brine or minerals
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Several routes are available to cathode materials Several routes are available to cathode materials 

•- Li2CO3 and Co3O4 to make LiCoO2

• Li2CO3 and FePO4 or iron oxalate and ammonium phosphate to makeLi2CO3 and FePO4 or iron oxalate and ammonium phosphate to make
LiFePO4

• Li2CO3 and MnO2 to make LiMn2O42 3 2 2 4

• Li2CO3 and (NixCoyMnz)(OH)2 to make Li (NixCoyMnz)O2 or spinel

• Li2CO3 and (NixCoyMnz)CO3 to make Li (NixCoyMnz)O2 or spinel (available)

• Li2CO3 and (NixCoyMnz)C2O4 to make Li (NixCoyMnz)O2 or spinel (Argonne)

•LiOH can also be used, but is harder to handle



Several issues are encountered in cathode material production Several issues are encountered in cathode material production 

• Use of nickel cobalt and manganese sulfates generates sulfuric acid• Use of nickel, cobalt, and manganese sulfates generates sulfuric acid  
(waste treatment is necessary, requiring water, so plant should be close to 
river or sea).

• Use of sodium hydroxide or sodium carbonate contaminates the resulting 
transition metal  hydroxides or carbonates with sodium (Negative impact on 
the performance).p )

• Ammonia (seeding/chelating agent) needs to be separated from the waste.  

• Waste treatment is a big concern (separation of sulfur and ammonia)• Waste treatment is a big concern (separation of sulfur and ammonia), 
sodium is OK.

• Nickel can’t be precipitated at 100 % (waste with nickel-ion contamination)Nickel can t be precipitated at 100 % (waste with nickel ion contamination)

• High temperature treatment is necessary to make the lithiated compounds. 
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The vehicle cycle is a small part of the total The vehicle cycle is a small part of the total 
impact; the battery is a small part of thatimpact; the battery is a small part of thatimpact; the battery is a small part of thatimpact; the battery is a small part of that
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Recycling can recover materials at different production stagesRecycling can recover materials at different production stages

•• It is difficult to recover all materialsIt is difficult to recover all materials

•• One possible goal is to recoverOne possible goal is to recover•• One possible goal is to recover                            One possible goal is to recover                            
batterybattery--grade materialsgrade materials
–– More energy saved if more steps avoidedMore energy saved if more steps avoidedgy pgy p

•• The other extreme would be to                  The other extreme would be to                  
recover basic building blocksrecover basic building blocks

•• There are pros and cons of different There are pros and cons of different 
approachesapproaches

•• LCA identifies “greenest” processesLCA identifies “greenest” processes
–– May not be most economicalMay not be most economical
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Smelting processes are operating nowSmelting processes are operating now
•• These can take just about any input high volumeThese can take just about any input high volume•• These can take just about any input, high volumeThese can take just about any input, high volume
•• HighHigh--temperature requiredtemperature required

–– Organics are burned for process energyOrganics are burned for process energy
•• Valuable metals (Co and Ni) recovered and sent to refiningValuable metals (Co and Ni) recovered and sent to refining•• Valuable metals (Co and Ni) recovered and sent to refiningValuable metals (Co and Ni) recovered and sent to refining

–– Suitable for any useSuitable for any use
•• Volatiles burned at highVolatiles burned at high--T                                               T                                               
•• Li Al go to slagLi Al go to slag•• Li, Al go to slagLi, Al go to slag

–– Could be recoveredCould be recovered
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ToxcoToxco Ohio plant will used improved process Ohio plant will used improved process 
to recover lithium to recover lithium 

16



Shredded batteries go to Shredded batteries go to hammermillhammermill

17
Copper cobalt and filter cake 
products



Future recycling could reuse materials in batteriesFuture recycling could reuse materials in batteries
•• Requires as uniform feed as possibleRequires as uniform feed as possible
•• Components are separatedComponents are separated

Ideal is to retain valuable material structureIdeal is to retain valuable material structure–– Ideal is to retain valuable material structureIdeal is to retain valuable material structure

•• All active materials and metals can be recoveredAll active materials and metals can be recovered
–– Purify/reactivate components if necessaryPurify/reactivate components if necessaryPurify/reactivate components if necessaryPurify/reactivate components if necessary

–– Ideal is to use product in new automotive batteries (will be largest market)Ideal is to use product in new automotive batteries (will be largest market)

–– Separator is unlikely to be usable, as form cannot be retainedSeparator is unlikely to be usable, as form cannot be retainedp y ,p y ,

•• LowLow--temperature process, low energy requirementtemperature process, low energy requirement

•• Energy and processing to produce batteryEnergy and processing to produce battery--gradegradeEnergy and processing to produce batteryEnergy and processing to produce battery grade grade 
material from raw materials is savedmaterial from raw materials is saved

•• Costs lower than virgin materialsCosts lower than virgin materialsgg

•• Does not require large volumeDoes not require large volume
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Plastics can be made into CPlastics can be made into C--nanotubesnanotubes
•• Argonne has developed a process for plastic bagsArgonne has developed a process for plastic bags

–– Vilas Pol is developerVilas Pol is developer
–– Process could be used for battery plasticsProcess could be used for battery plasticsProcess could be used for battery plasticsProcess could be used for battery plastics

•• React with cobalt acetate catalyst at 700˚ C, cool 3 hoursReact with cobalt acetate catalyst at 700˚ C, cool 3 hours
–– Recover catalyst when battery recycledRecover catalyst when battery recycled

•• CC--nanotubenanotube anodes are producedanodes are produced
–– Now made from petroleumNow made from petroleum

Cost $100/gramCost $100/gram–– Cost  ~$100/gramCost  ~$100/gram
–– Recycling process would be much cheaperRecycling process would be much cheaper

•• Argonne solvent extraction process also could be used Argonne solvent extraction process also could be used g pg p
to recover battery plasticsto recover battery plastics
–– Could utilize plastic stream from Could utilize plastic stream from ToxcoToxco//KinsburskyKinsbursky or Ecoor Eco--BatBat



Stay tuned for results. Thank you!Stay tuned for results. Thank you!
•• Work sponsored by DOE Office of Vehicle TechnologiesWork sponsored by DOE Office of Vehicle Technologies

•• Colleagues: John Sullivan, Andy Burnham, Ilias BelharouakColleagues: John Sullivan, Andy Burnham, Ilias BelharouakColleagues: John Sullivan, Andy Burnham, Ilias BelharouakColleagues: John Sullivan, Andy Burnham, Ilias Belharouak

Contact me: Contact me: lgaines@anl.govlgaines@anl.gov
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