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Introduction: Li-Air Battery 

One major issue: practical specific 

energy is low; low rechargibilty.  

Capability loss occurs during 

operation, particular under high 

current density. One major reason 

comes from insoluble discharge 

products formation.  

 

Girishkumar et al. 2010 

Wang and Cho, 2013 

In 1996, Abraham 

and Jiang reported 

the first non-aqueous 

Li-air batteries that 

exhibit rechargibility. 

Girishkumar et al. 2010 

Li-Air Batteries use the oxidation of lithium at 

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). 

Prof. Y Wang @ UC Irvine Renewable Energy Resources Lab 
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Insoluble Discharge Product Formation  

•Y. Wang, Modeling Discharge Deposit Formation and Its Effect on Lithium-air Battery Performance, Electrochimica Acta 75 (2012) 239-246.  

Albertus et al. 2011 
Read and Wang, 

2013 
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Insoluble product covers the reaction 

surface; it is low in electric conductivity 
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Three typical growth modes Small li-air battery 
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PEFCs, also called PEM (Proton 

exchange membrane) fuel cells, 

offer the following advantages: 

 

•Primarily use hydrogen & air; 

•Only produce water as byproduct; 

•High energy capability &  efficiency 

(>50%); 

•Operate at low temperature (from -

30 to over 100 Co); 

•Easy scale-up. 

ORR: O2+4H++4e- 

 → 2H2O +heat 

HOR: H2→2H+     

+2e- 
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Prof. Y Wang @ UC Irvine Renewable Energy Resources Lab 

>740 citations 

By 10/2015 

scholargoogle 



ionomer

2O

e

2H O

H

2O
2H

2H O

inin

2O and out
2H Oand out

2H

C ice

bulb

x

2O
2O

cCLx cGDLx

BPC
LBP

C
L

M
e
m

G
D

L

G
D

L

Anode Cathode

ionomer

2O

e

2H O

H

2O
2H

2H O

inin

2O and out
2H Oand out

2H

C ice

bulb

x

2O
2O

cCLx cGDLx

BPC
LBP

C
L

M
e
m

G
D

L

G
D

L

Anode Cathode

ionomer

2O

e

2H O

H

2O
2H

2H O

inin

2O and out
2H Oand out

2H

C ice

bulb

x

2O
2O

cCLx cGDLx

BPC
LBP

C
L

M
e
m

G
D

L

G
D

L

Anode Cathode

ionomer

2O

e

2H O

H

2O
2H

2H O

inin

2O and out
2H Oand out

2H

C ice

bulb

x

2O
2O

cCLx cGDLx

BPC
LBP

C
L

M
e
m

G
D

L

G
D

L

Anode Cathode

PEM fuel cell shows similar voltage 

drop due to ice deposit, similar to 

insoluble product formation. 

Product water freezes 

under sub-freeze temperature, 

and ice is deposited at local 

catalyst surface, leading to 

voltage loss 

*Jeff Mishler, Yun Wang, Partha P. Mukherjee, Rangachary Mukundan, and Rodney L. Borup, Subfreezing operation of 

polymer electrolyte fuel cells: Ice formation and cell performance loss, Electrochimica Acta, 65 (2012) 127-133 
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Surface Coverage 
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•Y. Wang, Modeling Discharge Deposit Formation and Its Effect on Lithium-air Battery Performance, Electrochimica Acta 75 (2012) 239-246.  

planar-film 

growth mode 

Coverage 

model 

Prof. Y Wang @ UC Irvine Renewable Energy Resources Lab 
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Growth Modes @ Reaction Surface 
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Typical growth modes of the oxide 

precipitate film in air cathodes. f.) the SEM 

image of precipitate on highly ordered 

pyrolytic graphite (HOPG) at 10 μA/cm2 for 

1M LiTriflate in DOL:DME (1:1 w/w)  
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From a resistor model of the highly-resistive film, the 

spherical  

model  

gives: 

In practice, 

Surface 

coverage factor 
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validating exp 

data  

Y. Wang and S. C. Cho, Analysis of Air Cathode Performance for Lithium-air Batteries, Journal of The Electrochemical Society, 160 (10) A1-A9 (2013) 

Prof. Y Wang @ UC Irvine Renewable Energy Resources Lab 



Voltage Losses 
Porous electrodes  

Read 2002 

Zhang et al 2010 
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Oxygen Profiles 
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Oxygen profile in an air cathode 

under β=0.5 and two levels of the 

Li oxide volume fraction. 

Oxygen 

profiles in 

an air 

cathode 

under 

different 

Da and β.  
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Li Oxide Storage Capacity: Smax 
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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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Y. Wang and S. C. Cho, Analysis of Air Cathode Performance for Lithium-air Batteries, Journal of The Electrochemical Society, 160 (10) A1-A9 (2013) 
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Advanced Multi-dimensional Modeling 

Discharge product volume fraction inside the cathode under 0.05 mA/cm2: (a)7.5 

mAh/g; (b) 37.5 mAh/g; (c) 360 mAh/g; (d) 1080 mAh/g; (e) 1360 mAh/g. 
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Discharge product volume fraction distributions inside the cathode electrode 

under 0.1 mA/cm2: (a)7.5 mAh/g; (b) 37.5 mAh/g; (c) 360 mAh/g.  

Dimensionless oxygen 

content inside the cathode 

electrode under 0.05 

mA/cm2: (a)7.5 mAh/g; (b) 

37.5 mAh/g; (c) 360 

mAh/g; (d) 1080 mAh/g; (e) 

1360 mAh/g. 

Y. Wang et al, Analysis and Three-dimensional Modeling of Vanadium Flow Batteries. Journal of The Electrochemical Society, 161(9), A1200-A1212 

(2014) 
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Dimensionless oxygen in the cathode and gas 

channel under (a) 0.05 mA/cm2, (b) 0.1 mA/cm2, 

(c) 0.15 mA/cm2 for a Li-air battery 
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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 

width, r.  
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Other Ongoing Work: Vanadium Redox Flow Battery 

18 

Schematic of a flow battery (all vanadium 

redox flow battery as example) 

Flow battery technology offers several 

advantages in energy storage and 

conversion: 1.) almost unlimited capacity 

(related to tank volume); 2.) no degradation 

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.  

Very similar to a Li-air or fuel cell system 

20kW VRB stack module developed by 

H. Zhang and co-workers at Dalian 

Institute of Chemical Physics and Dalian 

Rongke Power Co., Ltd 

Innogy’s 12 MW 

Regenesys plant at 

Little Barford, UK 

(1800 m3 of each 

electrolyte) 

Intermittency of 

renewable 

energy needs 

energy storage 

solution 
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Other Ongoing Work: Advanced 3-D Modeling 

10 cm 

Exp data from Shah et al. 2008 
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Qiu et al. 

2012 

  )(ln0 )(
eSCe

eff

D

eeff


 

Conservation of 

charges  









 



e

eff

eff

D
Cd

fd
t

F

RT

ln

ln
1)1(

2
0




  )(

)(0 sSseff


 

Conservation of 

species  

Diffusional 

conductivity 

i

e
eff

iii
i

eff

ii
i SF

RT

DCz
CDCu

t

C





)()( )(

Fluid flow equations (continuity equation + Darcy’s law) 

    TlPlp STTCuTC
t




 2

, 


Energy equation 

3D 

Flow 

Battery 

comput

ational 

domain 

 

Electrode 

structure & flow  



20 

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 

lab. 
Prof. Y Wang @ UC Irvine Renewable Energy Resources Lab 
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