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TRADITIONAL LITHIUM BATTERY Li Metal Anode LICERION®SOLID-STATE
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Rechargeable Battery Technology
For 100 years, only Lead-Acid and Nickel Cadmium.  NiMH and Li-Ion in 1991. 
What is next and when? 

NiMH and Li-Ion 
Commercial 1991

Li-Metal and ASSB
Commercial 2025 projected
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Nickel – Metal Hydride (NiMH)
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Nickel-Metal Hydride
Metal hydride anode, nickel hydroxide cathode, water based alkaline electrolyte
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Button, Cylindrical, Prismatic Cells 50 mAh→ 200 Ah

30 Million Hybrid Cars, Billions per year Consumer Cells
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Major NiMH Consumer Producers
Creating Chemistry for a Sustainable Future
1 NiMH AA cell replaces 1000 Primary Alkaline Cells
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Recharge!

NiMH continues to replace Primary Alkaline
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1993 Article in Science – “A Nickel Metal Hydride Battery for Electric Vehicles”
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NiMH replaced Lead Acid in iconic GM EV1
Led to formation of GM – Ovonic Joint Venture

GM EV1 Battery Pack

• Voltage 340 V

• Capacity – 87 Ah

• Energy - 32 kWh

• Pure electric range - 240 miles

• Excellent customer response

NiMH doubled the driving range of the incumbent lead-acid battery 
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Ovonic Battery Company 
received the very first 
development contract from 
USABC in 1993, also first 
chemistry to become 
commercial.



NAATBatt February 22, 2023

30 Million Commercial Hybrids use NiMH
Exceptional Track Record of Success 

“The hybrid batteries used in Toyota and Lexus models can last longer the 
vehicles themselves, so often they are only recovered when the cars reach 
the end of their useful life, or if they have been involved in an accident.”

Battery collection and recycle more than 90%, targeting 100%.

Hybridcars.com    February 9, 2015

 Over 30 million hybrids with NiMH 

 Proven safety, life, reliability and cost

 NiMH – “Life of the Car”

 Sustainable materials and recycle capability
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While NiMH cannot compete with LiB in xEV applications, NiMH remains an important HEV and Consumer Technology

Real world 55 mpg
Life of the car battery
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Original surface oxide inhibited the high rate discharge capability of the NiMH battery.

By adding the catalytic sites to the oxide surface (SEI Layer), NiMH batteries could 
operate at extremely high rate, opening many new product applications.

Prior Art

Invention
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SEI layer on Metal Hydride alloy surface enables rate, power capability, low temperature
Hybrid vehicles were enabled by NiMH Surface Oxide 
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Crucial NiMH Battery Patent – Enablement of High Power
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Inventor and Licensor of NiMH Technology
Fundamental Worldwide Patent Position

 96 US patents
 Worldwide counterparts
 3rd party recognition of patent value
 40+ licensees

http://www.catalysts.basf.com/NiMH-licenses
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All major suppliers of NiMH globally are licensed
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Lithium – Ion (LiB)
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Two Presidents Recognized the Contributions of the ANL Team
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Key People who have enabled practical Li-Ion and practical 
EV Li-Ion
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Michael Thackeray (l), John Goodenough (r) Stan Whittingham (l), Martin Winter (c) Michael Thackeray (c), Martin Winter (r)

Would Lithium – Ion inventors have been recognized with Nobel Prize if LiB was limited to consumer only?
Lithium Ion for EV was enabled by practical low cost NCM cathode invented by Michael Thackeray, Khalil Amine, 
Chris Johnson and the Argonne National Laboratory team. 
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Commercial NCM Cathode Material
Dual Phase, Overlithiated NCM

• TEM examination clearly shows 
evidence of multiple phases.

• Evidence shows presence of 
both LiMO2 and Li2M’O3
domains. 

NCM cathode materials are the 
industry standard for EVs
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BASF - ANL NCM Licensees 

https://www.catalysts.basf.com/products-and-industries/battery-materials/licensing-agreements

User Licenses
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Michael Thackeray, John Goodenough, Stan Whittingham, Clare Grey, Martin Winter, Michael Fetcenko

2016 ACS EV Murphree Award Symposium for Michael Thackeray
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How do we translate this success in NiMH and ANL 

NCM Licensing to Emerging Technologies?
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Int'l Battery Seminar 2021
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Commercialization of ANL NCM Technology by BASF
ANL NCM available to all global cathode and battery producers

Joint Development
Capital Investment

Joint Patent Enforcement
Licensing

Cooperation
Aligned Strategy

Complimentary Strengths
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Lessons Learned – NiMH and NCM Licensing
Invention must be real, must be commercial, must have enforceable patents

 Strong, enforceable patents are critical
– Composition of matter and processing
– Global, not just United States
– Early adopter licensees
– Patents will be challenged, plan for it

 Collaboration between National Laboratory and Industry needed at early stage
– Partner selection is important, compatible and each brings strengths
– R&D direction commercially may be quite different than early stage incubator 
– Patent improvements
– Revenue and risk sharing
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Thank you for your attention!
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