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SAVE THE WORLD



Total final consumption (TFC) by source, World 1990-2017
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Total CO, emissions, World 1990-2017
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- Metals
- Semiconducting
- Insulators
- A variety properties...







Supercapacitors based 2D nanomaterials inks:
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Stamped Micro-Supercapacitors

Rapid production

Stamping




Stamped Micro-Supercapacitors
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Stamped Micro-Supercapacitors
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Ink-jet printed microsupercaps
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3D printing of supercaps




Going from 2D to 3D Supercapacitors
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g= 62X 200 um WD = 14.9 mm EHT = 5.00 kV
LTRA PLUS-40-38 —— Noise Reduction = Line Avg
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3D-Supercapacitors
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Potential versus Li/Li*

What about batteries?

= Smaller - higher volumetric performance

" Longer lasting - better cycling performance
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How about Batteries?

Improve conductivity AND mechanics of electrodes

1. Conductivity -> charge delivery

2. Mechanics -> stability....and....thickness

The critical crack
thickness
depends on
mechanics




Silicon anodes are projected to replace graphite anodes in Li-ion
batteries with a huge impact on the amount of energy stored.

Silicon anodes can accept up to four lithium ions, while in graphite
anodes take in just one lithium.

Delithiation
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Volume expansion Cracking Pulverization
(~400%) (Loss of reaction site :

capacity fading )

Lithiation
(Charging)
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Silicon particle

Many cycles

Improve conductivity AND mechanics of electrodes



Si/CB/Li-PAA electrode

Conventional system
(Tri-component electrode)

1. Si NPs : active material

2. Carbon black (CBs) : conductive agent
3. Polymeric binder (Li-PAA)




Si/Mxene composite

(Viscous

slurry

Interconnected
MXene scaffold




Mechanical enhancement allows thick electrodes

Nickel Manganese Cobalt oxide Cathodes

NMC/CNT

—

Record thickness
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Where we are and what is coming next...

B Commercial cell |
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3D printing Batteries




Beyond Lithium ion batteries...

Abundance of elements in the earth's crust
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Paper-Polymer
Batteries

Salt-Water
Batteries

Potassium-lon
Batteries

Magnesium Silicon-Based
Batteries Batteries

Paper

DISRUPTIVE
BATTERY

Nickel-Zinc Aluminum-lon
Batteries Batteries

Room-Temperature
Sodium Sulfur
Batteries

Proton
Batteries

Graphite Dual-lon
Batteries




Summary of Characteristics of Each Battery Technology

Battery Type Phase Cost Performance  Capacity  Rechargeable Applications
Small electronics (e.g.
Silicon-Based Prototype EE +++ HEE &7 smartphones, smartwatches),
automotive
Large-scale (like renewable energy
oom-Temperature e e - o : s
* Sodin Sl Research grid storage), ut!hty scale load
e leveling
Bréton —— 2 o i & Automotive, infrastructure grid
— scale storage
Graphite Dual-lon Research + ++ + Na Industrlal., goEbie elgctr_onlcs,
cars, grid-level applications
Aluminum-lon Research + +++ +++ N4 Grid-scale storage
Nickel-Zinc Prototype + ++ +++ &7 Automot|ve, renewables.,
_—— electronics, telecom, marine
Potassium-lon Prototype + e + 7 Flexible and bendable devices,

grid-scale energy storage

Utility-scale use, underwater
Salt-Water Prototype ++ + ++ N4 autonomous vehicles, stationary
energy storage systems

Paper-Polymer Prototype + + + 3% Biosensors
* Magnesium
Electronics, EVs, Grid-scale
Mg-Metal Prototype ++ +++ + &7 storage, etc.
Solid-State Mg~ Research +++ +++ + <4
+++ HIGH ++ MEDIUM + LOW

PRESCOUTER






