Sandia National Laboratories

Andrew J. Kurzawski, Randy Shurtz, Michael A. Meehan, John C. Hewson
Sandia National Laboratories, Albuquerque, NM 87185-1135

PROJECT PROFILE RESULTS
Topic/Vertical: Safety & Reliability

Strategic Pathway: Stabilize: Addressing urgent needs
to ensure safety, reliability, and system security

Project start and finish: FY25-FY26

4 Ah LCO Pouch 113 Ah NMC Prismatic

Constant Heat Release Constant Heat Release
— CO, — COy
—— CO/H, — CO/H,

Constant Solvent Constant Solvent
--- CO, --= CO;
-==-CO/H, -—-- CO/H,;

o
o
o
o

o
o
©
o

o
~
o
~

—
__—-
—__——
—_——-
___—
-
-

Volume Produced (L/Ah)

Volume Produced (L/Ah)
o
N

o
N

PROBLEM

Li-ion batterles N thermal 'U naway prOduce hOt ﬂammable %2 03 04 o5 06 07 08 09 10 b2 03 04 05 06 07 08 09 Lo
gases that present explosion hazards and can spread fires.
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Partial oxidation releases much less heat: Unknown is fraction

* No predictive models exist for the vent gas composition. of electrolyte vented before thermal runaway. To get proper
Here we tie it to Sandia-developed material-specific behavior, need more post-TR electrolyte for partial oxidatiy
thermal runaway models [1].

»  Wide flammability 100% SOC cells in inert environments Partial oxidation (alone) improves gas composition prediction
I- . with different abuse methods . :
imits of » for layered metal oxides (black symbols). Adding water-gas
H,/CO/Hydrocarbon| - o partial equilibrium (red symbols) further improves CO/H2 ratio.
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APPROACH /For LFP cells, cathode chemistry doesn’t explain measuremena
Anode-electrolyte reaction plus water-gas shift together with

Sandia-developed thermal runaway models are applied to lower temperatures predicts large Hy/CO ratio.
hode-electrolyte r ions that pr majority of H,/CO. indri ismati :

cathode-electrolyte reactions that produce majority of H, MLFP CyllndrlcaI/PrlsmaCtll.cd. . CO + H,0 = CO, + H, L ower

Base cathode-electrolyte reaction [1,2]: o rsmai ) temperatures

° 3| watergas [CO,][H,] .
5MO, + x(CH,0),C0 = 5MO 4 aCO, + bCO + cH,0 + dH, N e\ equiibriom [COJH,0] | for LFP with
S, water-gas
0.6 e of o .

« Partial oxidation, water-gas shift reaction and electrolyte- oal £ equilibrium
dependent yields are used to link specific material AR L Fe favor observed
decompositions to specific gas yields. \ o, co i we 0 e o HL/CO rat/y

« Partial oxidation: (41* + 1)MO, + (CH,0),CO — (41" +

1)MO + (24" +1)CO, + 2(1 — A7)CO + 2A4"H,0 + 2(1 — A")H
MO J0 T2l =) 2 Eld SN CONCLUSIONS & IMPACT

- Water-gas shift: CO + H,0 = CO, + H, with K, = —

bc

Prediction of gas-compositions together with previous propagation
predictions provides a materials-science based mechanism to
estimate flammable gas generation rates in various large-scale

 Two parameters:
A*: partial-oxidation progress; K,: equilibrium constant.

FUTURE DIRECTIONS thermal runaway scenarios [3].

« Partial oxidation informs the flammable (H, and CO) versus
inert (CO,) content. Water gas improves the H,/CO ratio
prediction.

« Further analysis of anode decomposition, minor
components (PVDF, carbon binder, etc.)
« Modeling of solid particles ejected with the vent gases

. Generalization to chemistries beyond Li-ion » Use these to assess ventilation requirements for NFPA-68/69

and understand explosive risks from thermal runaway extent.

This material is based upon work supported by the U.S. Department of Energy, Office of Electricity (OE), Energy Storage Division.
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