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The genesis of IONICS

‣ IONICS was inspired by gaps in previous 

device-oriented ARPA-E electrochemical 

programs.  
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IONICS: Separators for electrochemical cells
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IONICS program mission

Create solid separators for 

electrochemical cells using solid ion 

conductors to enable transformational 

performance and cost improvements 

in electrochemical cells.
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IONICS: a transformational component 

demonstrated in the device context
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Typical ARPA-E program IONICS program

Component metrics:
Selectivity, stability, separator 

and interfacial ASR, dendrite 

resistance, $/m2.

Device metrics:
W/kg, Wh/kg, $/kW, $/kWh, 

durability, mA/cm2 at a given 

V, etc.

Source of picture: Alveo
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IONICS focuses on three types of separators for 

three cell platforms

Category 1: Li metal battery
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Li 

metal

Category 2: Flow battery

Category 3: H2/O2 alkaline devices

Active 
material A

Active 
material B

H2

H2

O2H2O

O2

Block dendrites
High selectivity

High stability

H2O
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Why are we still talking about rechargeable lithium 

metal batteries, seven (in the case of IONICS) and 

~fifty (for the field in general) years later? 
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“DARPA has funded innovative 

scientific research and 

technology developments in the 

field of brain-computer interfaces 

(BCI) since the 1970s."



Takeaways from these recollections

‣ Battery R&D requires time and benefits from investments by multiple 

programs and agencies, and the private sector.  

‣ For an ARPA-E size and duration program, focusing on a single 

component (in a device context) worked for IONICS.  
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A possible future target:

350 kW chargers

75 kWh battery pack

4.67 C-rate 

For 5 mAh/cm2, >20 mA/cm2

350 kW 

Electrify 

America 

charge

https://www.greencarreports.com/news/1116550_electrify-america-switches-on-the-first-350-kw-fast-charging-station-in-chicopee-mass


Fast charge Li metal at >20 mA/cm2 ??

Crazy good or crazy bad? 
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Molten Na, Li with solid electrolytes cycle at >100s of mA/cm2
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1975

Journal of the American Ceramic Society, Volume 58, Issue1‐2, 

January 1975, Pages 63-67



Molten Na, Li with solid electrolytes cycle at >100s of mA/cm2
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1975

Journal of the American Ceramic Society, Volume 58, Issue1‐2, 

January 1975, Pages 63-67

Jin et al, Nature Energy, Volume 3, Pages 732–738 (2018)

~240°C



The last 5 years have produced outstanding scientific work in the 

area of solid electrolytes and lithium metal
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Electrodeposition driven fracture mechanism (2017)

Mechanical behavior of Li metal (2019)

Microscopy of Li penetration (2020)

New mechanisms (e.g., electronic conductivity) (2019)

Porz et al, Advanced Energy Materials, 2017.

Masias et al, J Mater Sci, 2018.  
Kazyak et al, Matter, 2020.

Liu et al, Nat Mater, 2021.



There is still limited and fragmented knowledge in quantifying 

performance limits of lithium metal with a solid-state separator
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https://64.media.tumblr.com/tumblr_m59kgnTbUJ1qfvq9bo2_r1_1280.jpg


There are lots of creative ideas informed by the improving science

‣ 3D anodes to reduce the interfacial current density.

‣ Making a “perfect” interface (in geometrical and other properties).

‣ Warming the battery during fast charge (already done for Li-ion today).

‣ Interlayers.

‣ Li metal alloys.  

‣ Building cells without metallic Li. 

‣ Processing.

‣ …
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Thank you!
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