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The Progress of Li-Ion Intercalation Battery Science
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Cathode Trends:
High Ni NMC will dominate for EVs

Trend to move higher Ni than 622
Challenges

1st cycle loss
Meatballs vs separate crystals (Dahn)
Status of Battery 500
Protocols

Consortia Arising around the world
Science
Manufacturing



The 1st Cycle Loss of High Ni NMCA Intercalation Batteries

33

Today ~ 12% capacity loss on 1st cycle
• If eliminated allows:

• 400-500 Wh/kg cells
• 1000 Wh/l



How to get even Higher Energy Density: Use all the Material!

Today ~ 12% capacity loss on 1st cycle
• If eliminated allows 400-500 Wh/kg cells?

What are the possible causes of loss?
• Slow Li+ in-diffusion

• Coatings and Substitution

Xin et al ACS Appl Mtls Interf., 11, 34889, 2019
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“Meatballs” or Separate Crystals for High Ni NMCA Intercalation Batteries
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622TiS2

LiCoO2 Nishi/SONY 
20 mm particles
(Figure – Dahn 2007)
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Battery500 Now Achieved >350 Wh/kg with NMC 622

• LiNi0.6Mn0.2Co0.2O2 was 2019 baseline for the consortium
• X-ray characterization normal 
• Electrochemistry good
• Achieved 350 Wh/kg goal 

PNNL/INL Unpublished results



R,D&E Now Emphasizing NMC 811 over 622 as Tomorrow’s Choice 
(How low can the Co go?)

• The cells cycled at different current densities, mA/cm2, from 2.5 to 4.6 V 

• 622 show dependency of loading on electrochemical performance at high rates

• 811 has better rate capability compared to 622, less thermally stable and more air sensitive

622 811



Protocols and Pathways for Future Intercalation Batteries
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What are the battery systems of the future? – No change from 2019 

ü Lithium intercalation systems will dominate for next 5-10 years
ü NMCA likely to be dominant
ü LiFePO4/LiMnPO4 /LiVOPO4 systems still have key markets
ü Need safe and stable electrolytes

ü Na cells (1-2 Na) may also be viable for fixed storage, but safety issues (mp 100°C)

X Magnesium not a technical option
X No evidence that Mg can transfer more than 1 electron/TM (=1/2 Mg); lower voltage than Li
X Mg readily grows dendrites
ü “Anything Mg can do, Li can do better”

ü Calcium more attractive than magnesium
ü Lithium sulfur has the highest ED but is a real bear
X Lithium air not viable technically and no ED incentive
ü Zinc systems have renewed interest for low ED applications
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