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Other requirements are rechargeable, safety, power, recharge time, cost, etc.

Major requirement is: High Energy Density

Specific 
Energy

(Wh/kg)180 300 400 500 750
SOA Limit Gen. Aviation 

Outcome: NT
Regional Jets 
Outcome: MT

Li-ion Technology “Beyond Li-ion”

Green 
Aviation

SOA All Size Aircraft 
Outcome: FT

750+

Hybrid 
Aviation
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-I (electron current)

-ILi (electrolyte current)
-ILi (electrolyte diffusion flux)

ϵ (porosity change -from Li2O2 deposition)

Over-voltage

electrolyte electrode

thermodynamic

Li2O2

Reaction rate

-IO2(O2 diffusion flux)

𝑉discharge = 𝑗dis𝛿𝐿𝑖2𝑂2𝜌Li2O2
exp 𝛼𝑗𝑑𝑖𝑠

−𝛿𝐿𝑖2𝑂2
10nm

𝑐𝑂2 𝐿𝑐 = 𝑁𝑂2 = 𝑘𝑓 𝑝𝑂2 − 𝑘𝐻𝑐𝑂2 0Oxygen dissolvation
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Model calibration

Model Verification

Electrolyte Kinetics

MD Simulations Experiments

Simulating cells for high power cell needs accurate 
electrolyte properties and current dependent kinetics

Mehta et. al. under review, 2019
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Identifying the salient electrolyte properties for high specific capacity

Mass transport of oxygen is the 
most influential parameter
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Oxygen diffusion length determines 
the optimal cathode thickness 

Mehta et. al. under review, 2019
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Simulations can aid in selection of optimized 
electrolytes based on mission requirements
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Microstructure can be tuned to improve 
mass transport or to increase cell impedance

Mehta et. al. under review, 2019
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Multivariable optimization can suggest path 
to improvement for a given chemistry



11

Thermodynamic

Electrochemical

Ohmic and 
short-circuit

+ qchem

Chemical 
decomposition Thermal profile without qchem

Optimal microstructural designs can improve thermal performance
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𝑽𝐜𝐞𝐥𝐥 𝒕 = 𝑬𝒆𝒒 − 𝜼𝒂 − 𝜼𝒄 𝒕 − 𝜼𝐋𝐢𝟐𝐎𝟐
𝒕 − 𝜼𝐨𝐭𝐡𝐞𝐫

Total cell voltage:

Anodic overpotential:

Cathodic overpotential:

Potential drop across Li2O2:

𝜂𝑎 = 2𝑉𝑇 sinh
−1

𝑗𝑑𝑖𝑠
2𝑗𝑎0

𝜂𝑐(𝑡) = 2𝑉𝑇 sinh
−1

𝜖(𝑡)

𝑎(𝑡)

𝐷𝑂2
2𝜆(𝑡)2𝑘𝑐

tanh
𝐿𝑐
𝜆

=
𝜆𝑗𝑑𝑖𝑠

𝑛𝐹𝑐𝑂2 𝜖(𝑡)𝐷𝑂2

𝜂Li2O2
(𝑡) = 𝑅Li2O2

(𝑡)𝑗𝑑𝑖𝑠𝜖Li2O2
(𝑡)

𝑅Li2O2
(𝑡) = 𝜌Li2O2

𝑟𝑝,0
𝜖Li2O2

𝜏 + 1

1 −
2
3
𝜖Li2O2

𝜏
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− 1

𝟎



13



14

Solid-State Battery:

Li-CO2 Battery:

Solvent-in-Salt Battery

A
n
o
d
e

A
n
o
d
e

Solid 
electrolyte

Solid 
electrolyte

C
o
a
t
i
n
g

C
o
a
t
i
n
g

c
a
t
h
o
d
e

c
a
t
h
o
d
e

A
n
o
d
e

A
n
o
d
e

very-high 
concentration

electrolyte

very-high 
concentration

electrolyte

c
a
t
h
o
d
e

c
a
t
h
o
d
e



15



16

Li-CO2 Battery:

Charge 

Transport

Mass 

Transport

Electrode 

Kinetics

Discharge 

Products

• OCV similar to Li-O2 chemistry
• The reaction pathway changes below 1.89V
• Lithium carbonate is more insulating than Li2O2

• The kinetics are facile than Li-O2

2Li2CO3 → 4Li+ + 2CO2+ O2+ 4e− 𝐸0 = 3.82V

4Li+ + 3CO2+ 4e− → 2Li2CO3 + C 𝐸0 = 2.8V

4Li+ + 2CO2+ 4e− → 2Li2O + C 𝐸0 = 1.89V
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• Physics-based models can guide cell and pack 
designs for aviation batteries 

• Optimal cell design changes based on discharge 
time, discharge current density, and operating 
conditions

• UQ provides insights into the evolution in 
probability distributions (Bayesian framework) 

1. Batteries for Aviation

2. Batteries for Space

• Physics-based models for emerging chemistries need to be developed

• Models on Li-O2 can be ported to simulate Li-CO2 batteries for Mars and Venus

• Highly resistive microstructure or molten salt batteries can improve performance at low temperatures


