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Working Principles of An Li-Air Battery

Discharge (ORR)
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Discharge (Oxygen Reduction Reaction ORR)

solid

O, +2Li*+2e =2 (Li,0,)
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O, +4Li*+4e —>2(Li,0)

Y.C. Lu, D. Kwabi, K.P.C. Yao, J. Harding, J. Zhou, L. Zuin, Y. Shao-Horn, Energy Environ. Sci., 4, 2999 (2011)
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Motivation for High-Energy Lithium Storage
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~ 4X Higher Gravimetric Energy

than Li-lon Batteries
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~ 75% of theoretical energy density at low-power

R. R. Mitchell, B. M. Gallant, C. V. Thompson and Y. Shao-Horn, Energy & Environmental Science 4 (8), 2952 (2011).
H. Chen, M. Armand, G. Demailly, F. Dolhem, P. Poizot and J.-M. Tarascon, ChemSusChem 1 (4), 348-355 (2008).



Major Challenges of Rechargeable Li-Air Batteries

Poor round-trip efficiency
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Oxygen Electrocatalysis => Efficient Li-Air Batteries

Poor round-trip efficiency
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Probing Li-O, reaction products via /In situ XPS
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In collaboration with Veith G.M. & Dudney N.J. et al. at Oak Ridge National Laboratory and Liu Z. at Advanced Light Source, LBNL
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Examine Li,0, oxidation with controlled

capacity and morphologies
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Y.C. Lu, H.A. Gasteiger, M.C. Parent, V. Chiloyan, Y. Shao-Horn, Electrochem. Solid State Lett. 13, A69 (2010) 11
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i,0,-Filled Electrodes to probe Li,0, oxidation kinetic
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Use Au, Pt, and Ru nanoparticles

Y.C. Lu, H.A. Gasteiger, M.C. Parent, V. Chiloyan, Y. Shao-Horn, Electrochem. Solid State Lett. 13, A69 (2010) 12
J. Harding, Y.C. Lu, Y. Tsukada, Y. Shao-Horn, PCCP 2012



Oxidation kinetics of submicron Li,O, particles

enhanced by Ru & Pt
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J. Harding, Y.C. Lu, Y. Tsukada, Y. Shao-Horn, PCCP 2012



Pt-based NPs promote round-trip efficiency

C: ~0.6 mg and Pt/C: ~0.5 mg; thickness: ~14 microns
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Li,O, Coats the Surface of Carbon and Li,CO,

Forms at Carbon Surface on First Discharge
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B. M. Gallant, R. R. Mitchell, D. G. Kwabi, J. Zhou, L Zuin, C. V. Thompson and Y. Shao-Horn, submitted.



Surface of Li,0, is Stable on First Discharge

“Low” capacity
Li202 (~1000 mAh/g)
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Li,O, covers Li,CO, on the CNT/Li,0, interface upon discharge

B. M. Gallant, R. R. Mitchell, D. G. Kwabi, J. Zhou, L Zuin, C. V. Thompson and Y. Shao-Horn, submitted.



Cycling of Li-O, batteries using free-
standing CNT carpets (DME)
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Li,CO, Agglomerates with Cycling
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B. M. Gallant, R. R. Mitchell, D. G. Kwabi, J. Zhou, L Zuin, C. V. Thompson and Y. Shao-Horn, submitted.
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Soft X-ray Absorption Spectroscopy
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B. M. Gallant, R. R. Mitchell, D. G. Kwabi, J. Zhou, L Zuin, C. V. Thompson and Y. Shao-Horn, submitted.



Li,CO, Agglomerates with Cycling =>
Li-O, redox irreversible

Capacity

B. M. Gallant, R. R. Mitchell, D. G. Kwabi, J. Zhou, L Zuin, C. V. Thompson and Y. Shao-Horn, submitted.



Enabling the reversibility of O, electrocatalysis

in aprotic electrolytes for Li-air batteries

Poor round-trip efficiency
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