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Task 1. Three-dimensional architectures at the Task 2. Self-healing and dynamically responsive
electrode / electrolyte interface interfaces

This subtask focuses on the design and electrochemical evaluation of three-dimensional
electrode/electrolyte interfaces using novel scaffolds, nano-architectures and surface
structures. The studies include both anode/electrolyte and cathode/electrolyte interfaces.

The goals of this task include the safe shutdown of lithium-ion batteries and the extension of
battery lifetime through electronic self-healing. For battery shutdown at elevated operating
temperatures, the concept is to thermally trigger the release of additives from microcapsules
Firararararas that can polymerize and thus prevent ionic conductivity and further battery operation. For life

C3Cs (o rara e as Lithographically created arrays of silicon micro-nanostructures with extension, encapsulated suspensions of conductive materials, when released, may be used to
S controlled spacing in a) 2 dimensions and b) 3 dimensions. Lithiating bridge gaps in cracked electrodes. Redox shuttles are being investigated to prevent overcharge.
PRt these structures, monitoring the Si expansion with SEM, and analyzing

, # the electrochemical capacity retention with cycling is leading to the
T development of design rules for 3-D Si anodes.

...........

Left: (a) Autonomic shutdown

concept using a triggered
microcapsule to coat a separator or
electrode after thermal activation.
(b) Microscope image of polymerized
poly(divinylbenzene) after thermally-
induced rupture of a microcapsule.
(c) SEM image of a polypropylene
separator partially covered with wax
after melting.

Mission

The overarching mission of the EFRC is to acquire, through
experiment and theory, a fundamental understanding of interfacial
phenomena controlling electrochemical processes that will enable

dramatic improvements in the properties and performance of
energy storage devices, notably batteries and supercapacitors.
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Research Goals with
Technological Implications

Control of ionic and electronic transport and the stability of an electrified
interface is central to the high energy and power output, lifetime, and
safety of batteries and supercapacitors. Radical improvements will be

Autogenic reactions at high temperature Right: Poly(urea-formaldehyde) microcapsules containing

SEM image of a SWNT/silicon-graphene/ and pressure are being explored to . . . . suspensions of stabilized carbon nanotubes in chlorobenzene.
SWNT nanocomposite being studied as a prepare mtercor)nectec_l, carbon-coated_ souggilzc Epgogﬁetttgiles}lenlgéﬁfcl)fyig(ijnci::leersgaggeoafnrz:lo’\cﬁé’ s;zs;g:sigfiggeocfwres These capsules have been used to restore approximately
Li-ion battery anode. electrode materials to improve electronic electrochemical brocesses at the interface 30% conductivity to a severed gold line upon release of the
SWNT = single-walled carbon nanotube conductivity at the electrode/electrolyte P ' core suspension.
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Density functional calculations
have been used to show the

- Y,
adsorption of a single Li,CO,
W molecule from electrolyte
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(a) Schematic drawing and (b) implementation of the low-

energy resolution inelastic X-ray (LERIX) system at Sector B 2 2 4 5 " 20mm (a) Side view of Li (green spheres) adsorption on a

. Q, (A% - Si(100) surface. (b) End view of a Si nanowire with
20 of the Advanced Photon Source at Argonne National Lab. _ . . .
LERIX will be used as a spectroscopic tool to compare Li K- Left: In-situ X-ray reflectivity data of 1.3 monolayer surface-adsorbed Li and hydrogen.

edges from standard SEI compounds and, in conjunction graphene films obtained at the Advanced Photon Source.

with x-ray standing waves, to generate elemental and Black line is a model fit to the data.

chemical depth profiles on single crystal electrodes to Al Sl tunnelmg_ IEEEEea Iele(S Cif & .
understand SEI formation. comparable sample showing 1- and 2-monolayer thick

graphene regions

Li ion migration pathway in (010)
channel of lithium carbonate. The
migrations barriers have been found

The goal of this work is to learn the thermodynamic to be very small.

and kinetic behavior of lithium adsorption on Si
surfaces, together with subsequent penetration into
those surfaces.

* Summary
kS5 IBEESRIMISIN S The Center for Electrical Energy Storage - Tailored Interfaces addresses a strategically important area of electrochemical science of
' EN ERGY enormous technological significance. Through 4 interactive tasks, the aim is not only to contribute to the further understanding of
electrochemical phenomena and electrode/electrolyte interactions in batteries and supercapacitors, but also to spawn cross-cutting NORTHWESTERN
research into related fields such as fuel cells, catalysis and materials for solar energy and conversion. UNIVERSITY

Follow us at http://www.anl.gov/energy-storage-science
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