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” Two Primary Advantages

* Energy density

 Li-metal anode

 Safety

* Replacement of flammable liquid electrolyte
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7/ Solid-State Batteries, Why the Excitement?

Miller T. Electric bus fires: Bolloré’'s LMP battery blamed. 247
News Bulletin. 2022 April 30, 2022.

Omit title from source and indicate it is a SSB fire
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Interfacial Resistance
e Voids

 Li-ion transport
 Lidendrite growth
» Volumetric energy density

Banerjee, A., Wang, X., Fang, C., Wu, E.A., and Meng, Y.S. (2020). Interfaces and Interphases in All-Solid-
State Batteries with Inorganic Solid Electrolytes.

/ Challenges Introduced by Removing Liquid Electrolyte
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Void

@ Li metal/electrolyte (void)

@ Electrolyte/electrolyte (void)
Coated cathode/electrolyte (void)

Chemical reaction
(1) Uncoated cathode/electrolyte

Electrochemical reaction

@ Coated cathode/electrolyte (contact)
@ Conductive additive/electrolyte

Grain boundary
@ Electrolyte/electrolyte (contact)

@ Coated cathode/conductive additive

@ Conductive additive/coated cathode (void)
Cathode current collector/coated cathode (void)
@ Cracks in the cathode

(6) Li metal/electrolyte (contact)

@ Li metal/electrolyte (contact)
@ Cathode current collector/electrolyte
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All: short circuit heat release equal
ASSB: no heat release from external heating
LIB: heat release dependent on VF (20 to 40%)

SSB: Heat release negligible <8% VF
« Cathode pores filled with SE

ASSB: large heat release on SE mechanical failure

Reference Joule paper

Heat
Release

~ Heat Release vs. Liquid Volume Fraction (VF)

14 All - Short Circuit
1] LIB - External Heating =~
10 ~

83.¢~— ASSB - Mechanical Failure

(J mAh™) 6—- ASSB - External Heating

SSB - External Heating
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» Liquid electrolyte in SSBs

* |ncrease in heat release

At low volume per electrode area, manufacturability and performance are more important
SSB potential temperature rise below cascading propagation

» Short circuit failure
« Higher potential temperature rise in ASSBs and SSBs than LIBs

Heat release over smaller volume and mass

» Mechanical failure of SE

 @Gases from cathode contact Li-metal
Significant heat release
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T Cathode, NM(C532

x/vvith Current Collector

- Solid Electrolyte, LLZTaO

Anode, Li-metal p/




s Point where in the theoretical graph that
DSC ReSUItS Of Mlcrocells Corresponds to experimental results

Theoretical Model Experimental Results
2700 -
! All-B 0.8 - ——SSB w/no LE
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Used experimental cell capacity to convert J/mAh to J/guc




Tabulated Heat Release Data
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Configuration P oL e
(J/gNMC) Change (J/gNMC) Change 0.0 0.1 0.2 0.3 0.4

Volume Fraction of LE 1n Electrodes

ASSB* 0 or 1429 1082

SSB 10% (O L LE) 804 1199 M  merten e
s 06 ———SSB W/ 2.6 uL LE

SSB 30% (2.6 pL LE) 975 21.3 1250 4.25 = 04 T LB pLLE
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7~ Impact of Liquid Electrolyte on SSB Heat Release
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_ 034 ——SSBw/nolLE
e Large exotherms occur at high ~ ——SSBw/0.9 uL LE
temperatures relative to the LIB = 05 ——SSBw/2.6 uL LE
1)) .
2
» Onset temperature to large exotherms 5 o
remains around 350 °C, regardless of =
LE volume ki
— 0.0
« LEvolume has an impact on the peak .

exotherm position (lower temperature) 100 200 300 400 500
Temperature (°C)




Effect of Li-metal on SSB Heat Release
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Cathode (NMC532, 100% SOC)
Anode (Li-metal)

Anode + SE (Li-metal + LLZTaO)
Microcell

« Without Li-metal (or with only Li-metal),
the high temperature exotherms
remain relatively small
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« With the cathode in proximity of Li-
metal (separated by SE), the
exothermic heat release increases
dramatically

Heat Flow (W/gxuic)
S
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100 200 300 400 500
Temperature (°C)
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> Experimental DSC results corroborate theoretical values well

The jump in heat release moving from SSB with LE to LIB is spot on

» Liquid electrolyte does have an impact on heat release in a SSB
« Heat release remains relatively small with a potentially higher onset temperature

» Adding and increasing the volume of LE in an SSB has an impact on heat release

* Heatrelease, and potentially onset temperature, remains small relative to the LIB, even with
LE

» Li-metal has a significant impact on the heat release of an NMC532 cathode at
100% SOC

« The ability of the SE to separate cathode generated species from reacting with the Li-metal
anode can significantly impact this heat release ‘
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Can | abuse your batteries?




// Co-authors for Joule Publication on Thermodynamic
Modeling of SSBs
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d Questions?

Alex Bates
ambates@sandia.gov

https:.//www.linkedin.com/in/
alex-bates/
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