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Top of the learning curve: optimize current technology

Frontiers of Li-ion technology: new materials

Frontiers of energy storage: beyond Li-ion technology




Quantifying the demand for energy storage

Power:Watts =current-voltage

Energy:Watts-time=Watt-hours

Specific EnergyVh/kg

Energy DensityWh/liter




Current and future energy storage tech

?

. Whkg

——  Whikg

—— Batteries —

Thermoelectrics

——  Wh/kg

——  Wh/kg

— Lithium —

Beyond
Lithium

Courtesy S. Whittingham

safety

Li-sulfur -



Is there enough lithium?

Enough Li for: o " - Courtesy of Ted Miller
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Current Li-ion: Nuts & Bolts
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Typical Thickness of Li-ion cell components
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Frontiers of Electrochemical Energy Storage
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Climate Change Committee (2012) Final Report prepared by Element Energy Limited, Cambridge, UK .



Frontiers of Electrochemical Energy Storage
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MFrontiers of Li-ion technology: new materials
(> 200km range, <$150/kWh)

Typical Thickness of Li-ion cell components
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mAnode: alloy vs. intercalate L1

Graphite anode = ~330 mAh/g (theoretical = 372 mAh/q)
Si anode = ~1000 mAh/g (theoretical > 4000 mAh/qg)

Charge 'Dscharge .% Char’ge ‘ Many cycles .
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Silicon . Lithiated silicon . Mechanical clamping layer

Cui et al. (2012) Nature nanotechnology letters. Gorilla Glass(

+) Si is abundant & cheap ?) Cycle life; 300% volume change
+) Increase in capacity ?) Cost of manufacturing nano Si
+) Low voltage



The Periodic Table of the Elements
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FIFY Cathode: maximize Li utilization

Li,O

Li,MnO,-stabilized Li;MO,: ~ 286 mAh/g

Layered cathodes: Thackeray et al Argonne National Lab.

+) Doubling of capacity ?) Slow kinetic/power
+) No new elements ?) Crystallographic stability
?) Charged @ > 4.5V: no electrolyte
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mlmpact of new materials

w Active Anode w Active Cathode
. Inactive Anode u Inactive Cathode
w Separator « Housing

Adapted from: JohnsagrB.A. & WhiteR.E.
Journalof Power Sourceg0, 48-54 (1998).
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m Frontiers of energy storage: beyond Li-ion
(> 400km range, <$150/kWh)

Current
collector
4

Current

Ceramic Iay\er
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Separatcy\‘

Graphite—

Electrolyte metal AII‘ (Q) ) SUIfur ?

++) 3375 mAh/g (10X over graphite) ++) Li-Sulfur 2,500 Wh/kg Theoretical
++) Li-O, 3,500 Wh/kg Theoretical
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Li-O, dry (>500 km range, < $150 kWh)

Capacity (mAh g” C)

Bruce et al. 2012. Nature Materials 11: 19-29.
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Problems of Li metal

* Dendrite formation ——»

= Cycling efficiency

= Requires stable solid-
electrolyte interphase

= Safety issues
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++) High Specific Energy
+) O, is ubiquitous
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Electrolyte

= Stability

* Conductivity

= Volatility

* O, solubility, diffusivity

(D potential (V versus Li/Li*)
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Cathode needs a membrane to block CO,
and H,0, while allowing O, to pass.
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Porous cathode design

* Pore size, distribution
= Catalyst — type, distribution, loading

?) Must separate O,
?) Kinetics/Power/Hysteresis
?) Li metal anode stability
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m Li-Sulfur (>400 km range, < $150 kWh)
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+) High specific energy

+) Cheap, abundant
+) Light

+) 2 Li for every S (Li,S)
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——
———————

?) Sulfur conductivity
?) Li metal anode stability
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m Beyond Li-ion requires new electrolyte

Beyond Li-ion
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Sakamoto Group: Engineering nothing
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electrolytes

Meso pores connect
molecularscale
phenomena

to the macrescale

Macro scale phenomena

>50nm

LE]}v ”opwiBnsWwowd from large
linear to small orthogonal capillaries

Conventional electrode

Oxford University Press:
Oxford lllustrated Science

Encyclopedia

Engineered electrode

Meso pores deliver proteins to linear
macro pores that guide nerves
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