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Introductlon Li-Air Battery

Li-Air Batteries use the oxidation of lithium at

f Wang and Cho, 2013
/ the anode and reduction of oxygen at the
cathode to induce a current flow. They offer a

* - high theoretical specific energy (11,680 Wh/kg)
that is comparable to gasoline (13,000 Wh/kg).
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One major issue: practical specific
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Insoluble Discharge Product Formation

Insoluble product covers the reaction ™
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PEM Fuel Cell and Relevance

H2+0O2->H20+Ee-+heat
A PEFCs, also called PEM (Proton

! . exchange membrane) fuel cells,

HOR: H,—2H* ORR: O,+4H*+4¢"
+2¢ — 2H,0 +heat offer the following advantages:

Hydrogen

*Primarily use hydrogen & air;
*Only produce as byproduct;
*High energy capability & efficiency
(>50%);
*Operate at low temperature (from -
30 to over 100 C°);

e %

*Easy scale-up.
[
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Li-Alr Battery V.S. PEM Fuel Cell
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Surface Coverage

PEM fuel cell surface coverage

Battery surface coverage
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Growth Modes @ Reaction Surface

From a resistor model of the highly-resistive film, the
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Voltage Losses
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Oxygen Profiles
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Y. Wang, Z. Wang, H. Yuan and T. Li, Discharge Oxide Storage Capacity And Voltage Loss In Li-air Battery, Electrochimica Acta, 180 (2015)
382-393



LI Oxide Storage Capamty Smax

During discharging, insoluble Li oxides are
produced and deposited at local reaction
sites.
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Morphology’s Impacts on O2 Polarization
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Advanced Multi-dimensional Modeling
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Advanced Multi-dimensional Modeling (1)
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Towards High-Power Density Li-Air Battery

To reduce the volume of a Li-air battery and thus
Increase energy density, the gas channel dimension can
be changed by increasing the aspect ratio of length to
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Y. Wang et al, Analysis and Three-dimensional Modeling of Vanadium Flow Batteries. Journal of The Electrochemical Society, 161(9), A1200-A1212
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Other Ongoing Work: Vanadium Redox Flow Battery

Intermittency of  Flow battery technology offers several
renewable advantages in energy storage and

energy needs conversion: 1.) almost unlimited capacity
energy storage (related to tank volume); 2.) no degradation
" solution when left completely discharged for long
periods; 3.) charge through electrolyte
replacement or external power source; 4.)
no permanent damage if the electrolytes
are accidentally mixed.

pump pump it , o
(VO?+ +H,0 & VO,* +2H* +¢°) (V3+e oV2) Innogy’s 12 MW
Schematic of a flow battery (all vanadium  20kw VRB stack module deve|oped by Regenesys plant at
redox flow battery as example) H. Zhang and co-workers at Dalian Little Barford, UK
o o Institute of Chemical Physics and Dalian (1800 m3 of each
Very similar to a Li-air or fuel cell system Rongke Power Co., Ltd electrolyte) pe-



Other Ongoing Work: Advanced 3-D Modeling

Fluid flow equations (continuity equation + Darcy’s law)
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Qiu et al.
2012
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Conclusions

Insoluble Li-oxides products greatly impact battery
operation.

The similarity between Li-air battery and PEM fuel cell was
explained and stressed.

A surface coverage model was proposed for Li-air battery
to delineate insoluble Li-oxides formation and impacts;

The oxygen transport and associated voltage loss were
analyzed;

Advanced multi-dimensional model was developed,;

Analysis and model were successfully validated against
various experimental data,

The multi-D simulation was developed for high-power Li-air
battery design, which is currently under development in our
Ib.
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