Thermal Runaway analysis of Lithium Metal Anode Cells:
a review of current testing protocols and findings
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Lithium metal and its various possible electrolytes

Different characteristics

» Thermal stability
» Interfacial compatibility

» Mechanical strength

Thermal Runaway happens and have been reported with different
Solid State Electrolyte-based Lithium metal anode batteries
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Thermal behaviors of various Lithium metal batteries
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Cells with different chemistries have varying onset TR temperatures, some close to those of
contemporary Li-ion technology
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Thermal-related reaction and degradation in the Solid State
Lithium Batteries

Lithium dendrite growth

‘ Internal short-circuit
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Li metal Solid electrolyte Cathode

LIB (Lithium-lon Batteries) < Li Metal
up to 300 Wh kg Energy density up to 500 Wh kg
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Thermal Runaway response of four different oxide Solid

State Electrolytes with a metallic lithium anode

Different Lithium metal and oxide-based Solid Electrolyte underwent TR
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This example demonstrates that SSBs are not absolutely safe when compared with conventional LIBs.
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Thermal Runaway response of four different oxide Solid
State Electrolytes with a lithium metal anode

Accelerating rate calorimeter (ARC) test
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Displayed significantly different thermal responses
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Time Triggering TR by heating the cell in
the arc chamber
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hermal Runaway response of a Polymer electrolyte with a
lithium metal anode

Using a heating plate to induce thermal runaway in the pouch cell
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a lithium metal anode

hermal Runaway response of a Polymer electrolyte with

Li|LLZO|NMCS811 cell-Lithium as anode material, PEO-LLZO ((poly(ethylene oxide)-lithium lanthanum zirconium oxide) as
electrolyte and a commercial 18650-type cell NMC (LGHG2, 3Ah)
Triggered by an external heater
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The cell is wrapped with a heating wire
(9A power supply, 300V) to trigger TR

In this study, the thermal runaway of a
reassembled ASSB with a lithium negative
electrode is much faster than that of a Lithium
lon battery
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Conclusion

Lithium metal anode cells with ceramic and polymer electrolytes are shown to be able to go
Into thermal runaway (TR)

Lithium metal anode cells have varying onset TR temperatures, some close to those of
contemporary Li-ion technology; TR in lithium metal anode cells can be more violent

The stages of TR are similar to those in lithium-ion batteries with liquid electrolytes

Initiation methods used for triggering TR in Li-ion cells with liquid electrolyte, e.g. external
heating, heating in an ARC, have successfully been used to initiate TR in lithium metal anode
cells.
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