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Project Objectives

» Correlate local electrode and interfacial properties at sub-micron level
to the macroscopic electrochemical performance .

* Investigate local inhomogenity, composition, structural changes
during lithiation-delithiation of high energy lithium electrodes.

* Dynamical/in situ studies for spatio-temporal mapping of commercial
electrodes subjected to stress/abuse.



Programmatic Milestones

Task 1. Electrode Fabrication and Electrochemical Testing

Subtask 1.1 : Electrochemical performance of Excess Lithia Compositions from Toda Inc.
Progress/Status : Work in progress (70% complete)

Task 2: Ex-situ SoC analysis of commercial and Laboratory Fabricated High Energy
Cathodes

Subtask 2.1 Local SoC Analysis of Commercial fresh and degraded LiCoNiAIO, (Gen-2)
Electrodes

Progress/Status : Completed ( in collaboration with Ford Motor Co.)

Subtask 2.2 Local SoC studies of high energy Lithium Rich compositions
Progress/Status: Work in progress

Task-3 In-situ SoC and Structural Studies at Cell Level

Subtask 3.1 Development of in-house fabricated optical Raman Cell in ““edge” configuration

Progress/Status: Work in progress



Confocal Micro Raman-AFM
Setup

Confocal x-y spatial resolution ~ 350 nm
Confocal along depth (z) ~ 700 nm
Excitation Laser 532 nm



Silicon Excess Lithia Composition
Video Image
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Task-1 Electrochemical Performance of Li, ,Mng s Nig17:C0y 4

Two types of composition

1. Conventional slurry 85 % active mass- 7.5% each of PVDF and C-black
2. Instead of 7.5% C-black- 1.5 % Carbon fiber and 6 % Carbon black
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Cycling Efficiency
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Capacity / mAhg™
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Rate Performance
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Task-2 Local State of Charge
Concept

Electrode Secondary particle Primary particle
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Micro-Raman Mapping
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Intensity
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Intensity Map SoC Map : Surface
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Severely Degraded Electrodes
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Counts

1300 —

The Anode Story
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SoC

Histogram Analysis :
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Ex-situ Raman Spectra of Li, ,Mn, c,c Nij 17:C0, 4

Li, Mn _Ni. .Co, O,
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Fresh Electrode
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Micro Raman Imaging of Pristine Li,,Mn,c,: Nij7:C0, 4

Integrated Carbon Peaks

Video Image
Integrated M-O Peaks




3D Imaging of Lithium In porous Carbon
Electrodes : Neutron Radiography

Nanda, Bilheux et. al. Unpublished 2011



Summary and Conclusion

» Good columbic efficiency and capacity of Li, ;,Mngsos Nig 175C0q 4
 Stable cycling (> 100 cycles) without high voltage additives and
 Addition of graphitic fibers improves the capacity retention and rate.
 Raman analysis provides spatial information about the electrode SoC
at various cycling conditions.

« Statistical analysis of degraded electrodes.

Work in Progress

* In situ Raman studies of Excess Lithia compositions
» High Resolution Electron Microscopy of Excess Lithia compositions at
various lithiation stages (SoC).
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