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5@? Lithium lon Battery (L1B) Chemistry and Design
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@ Energetics of Failure as a Function of the State of Charge
o2 (SOC) by means of Copper Slug Battery Calorlmetry (CSBC)
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@ * Thermally Induced Failure of a Lithium lon Cell in Pictures
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@@g Failure Energetics of a Prismatic Lithium Cobalt Oxide Cell
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LIB Cascading Failure

https://iopscience.iop.org/article/10.1149/2.0111813jes




LIB Cascading Failure Setup
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Cell Installation:
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Cascading Failure Dynamics in Pictures
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Cascading Failure Dynamics Quantified
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- Impact of Physical Barriers on Cascading Failure in N,
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f/ - LIB Fire Suppression with a Clean Agent, Novec 1230

=W
{jRYLP’é

I

e

. -1 .
Novec 1230 Vapor Generation System [0 640 I min” of air
To exhaust hood - 320 l 'min_l Of air
L2 —| S 186 1 min™ of N, 21.6 3 In 8.5 vol.% Novec 1230 tests,
Top cover ¥ 0
e BEBY 640 I min” of air + Novec 1230 (8.5 vol.%) 100 % of LCO cells underwent
L . -1 ~ 0 -
e ) 7 Two-way flow valy B 320 [ min" of air + Novec 1230 (15.2 vol.%) thermal runaway.
~ DR S Flexible tube |
. aseous 08 — -1 144 '_f_"‘
Thermocouple/ Liquid Nc(i\fec 1230 — ' D In 15-2 VOI-% NoveC 1230

blanket ~

7]
Container Ceramic fiber —
| Moo balanco % underwent thermal runaway.

Workbench

s N ' _ | E tests, only 43% of LCO cells
| =
]

L

NN
KX

.
*a

NN\

Row # to Row #

https://doi.org/10.1016/j.firesaf.2021.103296




—
100 T
20 Basedon | |
EFlaming per
gram of
60 mass loss

40

20

Combustion efficiency (%)

https://doi.org/10.1016/j.firesaf.2021.103296

Suppression Mechanism

6401 min! of air + Novec 1230 (8.5 vol.%) (Complete cascading failure)

Cellzfallme B Cascading failure
ol 4.0 |
"o o3al <O
Y 3.2
2
&
.%ﬁ 24
L]
: 1
1.6 |
0.8 ;
,—\q}
\ O
N N
&
S o

420

400

380

360

340

Thermal runaway onset temperature (K)

14



R Conclusions
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O Upon failure, a single LIB cell may release heat up to 5 times larger than the stored electrical energy. This heat release is a
result of reactions between battery components as well as flaming combustion of some ejected battery materials, which
requires external oxygen.

O When normalized by the initial cell mass, this heat is 2 — 5 kJ g1, which is several times lower that the heat of combustion of
traditional flammable solids.

O In the absence of flaming combustion, LIB cells produce large amounts of hydrocarbons, CO, CO, and H, upon failure.

QO LIB cell hazards are primarily associated with their tendency to undergo and propagate thermal runaway in response to a wide
range of triggers. Presence of LIB cells does not alter dynamics of traditional fires. Cascading failure in a multi cell module
may lead to formation of large volumes of pre-mixed gaseous fuel and air, which creates a significant explosion hazard.

O Lithium iron phosphate appears to be the safest LIB chemistry, but, look out for hybrids.
O Physical barriers, even when a subject of spatial constraints, can be effective in slowing down cascading failure.

O A halocarbon clean agent, Novec 1230, can be used to suppress thermal runaway propagation and fire growth within LIB
modules. However, the agent concentration must be are several times higher than those used for traditional fires and a direct
injection of the agent into the module and continuous purge are required.
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