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Stationary storage applications are very wide compared to
transportation applications
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Different methods for electrochemical energy storage
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Four major battery technologies: Li, Na, Pb-acid and flow batteries
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Grand Challenges for Large Scale Energy Storage

Fundamental understand of the materials properties and chemical
processes in complex, reactive environments and systems;

New materials, chemistry and components to significantly improve the
efficiency, reliability, safety and life span of current and future storage
systems;

Revolutionary designs, concepts and architectures that can significantly
reduce the system and maintenance cost: of large energy storage
systems;

Novel energy storage mechanisms, energy storage technologies that
are environmentally friendly and that are not dependent on materials
and chemicals of limited supply;

Tools and methodologies to predict and analyze the economics of
specific technologies for different scales/different applications and guide

smart grid integration. \?ﬁ/
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State-of-the-art characterization and modeling tools should be used to understand
the fundamental chemistry in aggressive and concentrated electrolyte solutions
encountered in redox flow batteries, Na-S batteries and Na-metal halide batteries.
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High field NMR technique is a powerful tool to study the chemical speciation and
reactions in the flow batteries.

The efficiency, durability, activity are limited
by the poor understanding of the chemical
speciation, chemical and materials reactions.
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Redox chemistries and exiting technologies
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Non-aqueous electrolytes for redox flow batteries with wide
operation voltage range
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Figure 1: A non-aqueous all-vanadium redox flow
battery chemstry supports a cell potential of 2.2V,

Cyvchic voltammograms (100 mV /s ) tor 0.01 M vanadium

acetviacetonate, supported by 0.05 M
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contact with a gold microelectrode.
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Figure 1: High coulombic ethiciency 15 achieved at lox
depth of discharge. Constant current charge/discharpe
experiments with 0.4 mA charge current and 0. 05 maA
discharge current. The system consisted of 0.1 M
vanadium acetvlacetonate supported by 0.5 M
tetraethylammonmm tetrafluoroborate 1n acetonitrile
solvent. Charged to 4% theoretical state of charge.
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Requirement of energy storage materials.
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TiIO, anode materials prepared by hydrothermal methods

Y. S. Hu, L. Kienle, Y. G. Guo, J. Maier, Adv. Mater. 2006, 18, 1421.



High quality mesoporous silica can be easily made with surfactant templated, self-
assembly approaches, but other crystalline materials are very difficult.
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Surfactant templated
mesoporous TiO, is usually made
of nanocrystalline, anatase walls.

Crystal growth and phase
transition causes pore structure
collapse during heat treatment.

B. Smarsly et al, Chem. Mat., 2004, 16, 2948



Novel nanoporous carbon materials have potential for
high energy density and high power
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Pore sizes matters for transport

J. Chmiola. G. Yushin, Y. Gﬂgﬂtsi, C. Portet. P. Simon. P. L. Taberna. Science 2006.

313, 1760.
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Highly Crystalline Mesoporous TiO,
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Electrochemical Performance of Mesoporous

Rutile ad Anode for

_I-lon Battery
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Low capacity loss (8%) after 100 cycles
at 1C charge and discharge rates

¢ Excellent structure and interface stability 8 good cyclability, low fade rate
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Modeling of charge transport and structural evolution complements
experimental results from electrochemical characterization and NMR.

Li»sT10, Rutile (P4,/mnm) LipsoTiO;  Spinel (Fd3m)

Disordered Rocksalt (Fm3m) Li; 0TiO, Rocksalt (Fin3m)

Rock salt cubit structure should have a capacity high than 300 mAh/g



Step 3. From single phase to mutliphase self-assembly
using extended nanostructural building blocks

' g 1gg: I Graphene
< ] CICNT
E %07 at3oc
> ?0:
‘G 60-
8 501
S 40
L 30
'S 20
8 10
2 ol '
0 0.17 0.5 5
Filler Content (wt%)

e
. ‘:3";_
N {/: 691 Sk 21210256 1) | B— =
B Rel ki |1 @%“g A
B B gt o i / T =

N G S Y1 1A 1 Nucleation
:3;2 : . ; Complexation ) "5 ) ?M H}@% — Rutile TiO,-FGS hybrids
s .':ﬂ'"". o ~ )]
o/ E . m"*f?‘:';":,?’ s¢ Condensation ™ *ace %8 s’ ®
T e R S el { e

o SHILRER | K A s B
3 LECC P, o Yn,

_ Anatase TiO,-FGS hybrids
The substrate becomes a functional component



Graphene TiO, nanocomposites

Want et al, ACS Nano, 2009




Improvement of high charge rate behavior for Both rutile and anatase



