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Lithium-ion Batteries i A Family of Chemistries

A NMC: Lithium Nickel Manganese Cobalt Oxide LINIXxMnyCo0zO2

A NCMA Lithium Nickel, Cobalt, Manganese, Aluminum" which are the elements
present in the cathode material

A NCA: Lithium Nickel Cobalt Aluminum Oxide LiNiCoAIO2
A LMO: Lithium Manganese Oxide LiMn204

A LFP: Lithium Iron Phosphate LIFePO4

A LCO: Lithium Cobalt Oxide LiCoO2

ALTO: Lithium Titanate Li4Ti5012



New
Chemistries

A There are a rise of new
chemistries

A Battery Types

A New Materials for Anode
and Cathode Materials

What If Your Tesla Could Run on Sodium?

Lithium-ion batteries in today’s electric vehicles have a credible new competitor

HEARD ON THE STREET

By Stephen Wilmot

April 19,2023 07:04 am.EDT

If sodium 1s the new lithium, investors
may need to rethink a favorite energy-
transition trade.

One of the most potentially
disruptive snippets of news to come out
of the Shanghai auto show this week
wasn’t from Tesla or one of its flashy
Chinese competitors but from a
company that doesn’t make vehicles at
all: CATL. The world’s largest battery
producer said its first sodium-ion
battery would power electric vehicles
built by Chinese brand Chery, though it
didn’t say when.

This adds to a drip-drip of signals
that cheaper sodium-ion battery
chemistry is moving out of the science
lab and onto streets. Another one:
Chinese EV leader BYD on Tuesday
launched a hatchback, the Seagull, one
variant of which may run on a sodium-
1on battery, according to some reports
that the company hasn’t confirmed. If
the Seagull doesn’t use the new
chemistry, other coming BYD models
likely will.
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Chinese electric-vehicle leader BYD’s Seagull at an auto show in Shanghai on Tuesday.

New technologies usually seep into
the car industry from the top end,
where consumers can afford the latest
gadgets. Battery innovations, where the
big goal 1s reducing cost, are shaping up
differently.

Cheaper but less powerful lithiun

ron phosphate, or LFP, batteries once
weren’t considered a mainstream
alternative to those that drive most EVs
outside China today, which are rich in

nickel and cobalt. Then nicke
cobalt prices rocketed, forcis

prepared their EV supply che
growth. In 2021, Tesla said it
adopt LFP for some lower-ra
models. Ford, Volkswagen ar
have since taken the same ro

Could sodium-1on technc
the pattern? LFP replaced sc
and cobalt with abundant irc
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Basic Views

ANot all batteries are Lithium lon
A Other battery emergencies will still occur

ASmoke is Gas

AWhat can look like light smoke is really a mix of off gassing
ATypically flammable in nature

ACells can become projectiles
ASecondary events are very likely



Inside of a Cell

Anode, Is a negative electrode
Cathode, the positive electrode

Electrolyte, a chemical which
allows an electrical charge to
pass between the anode and
cathode

Separator a porous, thin
material that separates the
anode and cathode

— [ abs

. O Anode foll
. Separator

Cathode foil

Cell casing



Battery Construction

APouch a soft battery where the
cell components are wrapped In
an aluminum-coated plastic.

APrismatic, rectangular, rigid
casing and can be stacked or
flattened

ACylindrical,a cell in a rigid
cylinder can. Their shape limits
swelling
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Thermal Runaway

ASelf-heating of an
electrochemical system In an
uncontrollable fashion.

Alnternal or external failure

AOff-gassing and high
temperatures



4 Messages

12:16 a1l 5G @m) 6:26 & ol = 6D
¢ @ Evan Baker is at University of Reels v ©

¥ Michigan Hospital.
Nov 25 - Ann Arbor, Ml - &

PSA: do not buy battery-operated heated insoles. When a Ilthlum battery
Mine exploded and caught fire on the walk to the a

stadium causing third-degree burns on my foot. Very eXPIOdeS

grateful to my brothers for quickly ripping the shoe
off and extremely thankful that it didn’t happen while

| was driving. Sounds like a long road ahead for full
healing, unfortunately.

Update: going to need skin grafts &3 my foot looks
like a charred, melted plastic bag.

1"
_ . hazmatnation & r
HAZMAT NATION
&V/ Remix with howallthisworks T V
Another e batt ...
@BP Followed by bsiriani3961 and 16 others
Q Comment ﬁ> Share J1 howallthisworks - Original audio ‘

Write a comment... @ C) AN Q T i\’\ )







THE PATH TO LITHIUM-ION BATTERY THERMAL RUNAWAY: CAUSES, MECHANISMS, AND CONSEQUENCES

INTERNAL INAL SHORT CIRCIT MEEHANISMS

Separator Tearing SHORT — b/ enting
Layer Misalignment Electrolyte ‘
Internal Deformation Bo|||ng GAS

. Internal
Pores Closed

Nail Penetration/Crush

Toxic and Flammable Gas
(CO, Co2, and H)

== Gas Generation ,
e (Toxic& Flammable)

i Anode Degradation
~ Lithium Dendrite Growth

Separator Piercing by Dendrites
- Overcharge/Overdischarge

Separator tearing
Internal deformation

Separator Melting & Collapse
Electrolyte Decomposition
Pressure Buildup

MANUFACTURING & External Heat Source

Separator Compromise &
Anode-Cathode Short Circuit ) ESIG N DEFECTS

K‘npuriti'e;, Ineffefctive Safety Vents CUDE
ter ST
Poor Desig | Battny A G EH%EPTS

EXPLOSION
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Cell Failure

()
2. Internal Defect
(Dendrite Short Circuit)
3. External Heat Exposure

Thermal Runaway

Single Cell Thermal Runaway -
Extreme Heat & Gas Release

@ Fires can occur in just 1 cell and
propagate throughout the battery pack.

R

Module Propagation Outcomes
(% ) , '..' .

Propagation (
Unmitigated o

Inter-cell 4
Thermal Barrier K3

.

Propagation - RISK REALIZED: Total Module Loss

/

Propagation |
| Prevented

R

lllustrating LACK of Cell-to-Cell Propagation
through containment and mitigation

J




Battery Responses Fall Into

CMobility/Consumer grade (ebikes,
scooters, hover boards etx)

GElectrical /Hybrid Vehicle
(Car/Bus/Vehicle)

ORecycling (hauling, storing, moving, In
waste stream

OESS (Energy Storage Systems)
ubtorage/Manufacture




UL/FSRI DEMONSTRATION




06-14-2016 Tue 11:97:51







B -
\ :3;"




Mobility Based Fires

.
N

AResponse to higher
trapped occupants due to
speed of fire

Alncreasing change in what
we must be evaluating
and educating

ANot just ebikes and e ‘
scooters | R

ACommunity response to
stopping the event and
second event






What do we do

A | have a swollen or damaged
4 battery pack what are my best
options?

A What do we tell the public?




Damaged Battery Packs




