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Enhanced Li-ion Next Gen Li-ion
Projected Cell Specific Energy, Cost Projected Cell Specific Energy, Cost
300Wh/kg, $100/kWh 400Wh/kg, ~$75/kWh

Current cycle life Current cycle life

Calendar life Calendar life ~3years
Mature Manufacturing Mature Manufacturing No

Fast charge Fast charge Yes, at BOL
Cost positive recycling Cost positive recycling No

R&D Needs R&D Needs

- Fast charge - Enhanced calendar life
+ Low temperature performance + Abuse tolerance improvement
+ Low/no cobalt cathodes + Low/no cobalt cathodes
- Cost positive recycling - Cost effective and scalable pre-lithiation

(3% 3) 2IF0I2TX|2| Sixfiet ei= Lret

Li metal/NMC or Sulphur

Projected Cell Specific Energy, Cost
500Wh/kg, ~$50/kWh

Current cycle life >300

Calendar life

Mature Manufacturing

Fast charge 7?7
Cost positive recycling No
R&D Needs

+ Enhanced cycle and calendar life

+ Protected lithium

+ Dendrite detection and mitigation
- Cost effective manufacturing

+ High conductivity solid electrolyte

Z=x] : DOE/VTO Annual Merit Review Plenary, Dave Howell, Junet, 2020,
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Electrocatalytic conversion
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ZX{ : Eunho Cha et al., Nanoscale Horiz., 2020, 5, 808.
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Z£X : Faraday Insight, “Lithium—sulfur batteries: lightweight technology
for multiple sectors,” The Faraday Institution, Didcot, 2020.
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Challenges

Nanoengineering

Goal

s ) N\ Ve i
Intrinsic Issues:
Polysulfide

Low conductivity ¢ ¢4
of Sulfur il

Lidendrite
formation

Porous network

Engineered anodes:

Sulfur cathode

separator

Practical Issues:

Excessive
amount of
electrolyte

Small Low P
amount of energy - J

sulfur density

Preventing

Engineered cathodes:

/ - Electrolyte/separator modifications:
O o ‘\ d

\_ polysulfide shuttling

Utilizing
high-loading
amountof S

Outcome:
Less

electrolyte
A More
‘ Sulfur 3

Carbon nanotubes +

Lo
Protecting fa

Li-metal é it Long cycle life
_ against 3>
dendrites & -

corrosion

[T

1
Y]

High energy density &
long cycle life

| >500-600 Wh kg
Y, >1,000 cycles

(O 7) 2|E-ETXI2| EMIE sHZ517 | ol =UE 4= U= LI 7182 GilA|
£X{ : Eunho Cha et al., Nanoscale Horiz., 2020, 5, 808.
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M
Long cycling life acropore

and high efficiency High energy

Triple-phase boundary

Single-atom Low ion transport
Single-atom catalysing resistance
Co-N-C catalyst

Fast electrochemical
reaction kinetics

(O% 8) ElE—EXX|0f| MBE|= 2] 7HX| Lt 7| T2t
ZX{ : Chen Zhao et al., Nat. Nanotechnol., 2021, 16, 166-173.
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Yield Strength

The amarphous structure of Liguidmetal
nat only gives itincredible strength bat it
reaches ultimate strength without any
plastic deformation.

Yield Strength [MPa)

Hardness

Mosi alloys reguire a heat-treating
process to schisve a usable hardness
Liguidmetal is naturally hard and cannot
be heat-treated any further.

Hardness [Vickers]

Low Modulus of
Elasticity

MNaormally whean a matarial is very strong
and hard it is also veary rigid and brittia.
The amorphous atomic structure of
Liguidmetal opposes this phenomenon
and has the elasticity of a spring steal

Elasticity [% of Original Shape]

S

Strength to Weight

Liguidmetal has B5-90% the density of
Stainless Steel. Along with reducing wall
sections with the higher strength material,
there ara opporiunities Tor signincant
welght reduction

Strength to Welght IMPa.cm/gl

1250 590 1.6
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£X] : Liquidmetal Co.
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Outdoor Environment Test

» Test Specimens

Infill Garment Garment g
Pertex Quantum@© 100% Nylon
400 Jacket eieaRer : QOrange
Duckdown (1) 1165 Mini Ripstop DWR 0.8 oz/vd
¢ EETEE

Solar-ball 116.5

Right Body:116.5g conamg\ = Test Environment

Time : AM 10:00~13:30 (3h 30m}
Temperature : -3.8£0.6°C / Humidity :44+5%
Intensity of Illumination : 55,000lx(2FA[)
Cloudless Sky

= Measuring ltems

N =  Garment Lining Temperature(back side)
= Test Results
Jadket Inner Lining Temp.
£ e Solar-ball
E o] +12.23°C
g‘ 20 ——duck down
10

a 1o 60 a0 120 150 180
Timagminy
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- s mDoor Panel
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LHRE 8= ; .. mPick-up Bed
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®Running Boards

mInstrument Panel

Under the Hood

: mSeat B
m]nlet Manifold -D%aory\jzzule
mAir Filter Housing mHandles
mFuse Boxes mPulls

=Valve QS =ABC Pillar Trim

mConnectors
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