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Overview/Description
Li-Air batteries are a unique fit for electric aircraft due 
to their high theoretical energy densities and their 
potential to leverage on-board oxygen systems. 
Electrolytes are the limiting factor for advancing this 
technology. We will investigate novel “electrolyte 
engineering” concepts to enable Li-Air batteries with 
high practical energy densities, rechargeability and 
safety.  New stable electrolytes will be designed and 
fabricated for Li-Air batteries and tested in an electric 
flight.  An unprecedented “Dream Team” of experts 
from NASA, DOE, academia and industry will tackle 
this problem.

Feasibility Assessment / Benefit if Feasible
• Li-Air battery with energy density of 400+ Wh/kg
• Li-Air battery that cycles 100+ times
• Li-Air battery demonstrated in UAV flight
• High energy density, rechargeable, safe batteries are 

essential to enable electric and hybrid-electric aircraft
• ARMD SIP: Thrust 4 Outcome Risk - ARMD needs 

targeted research in critical areas such as batteries to 
account for the significant differences in requirements for 
electric aircraft

Partners – “Li-Air Dream Team”
• NASAARC, Computational Materials
• NASA GRC, Materials Science; Electrochemistry
• NASAAFRC, Electric Flight Analysis
• UC Berkeley, Li-Air Battery Characterization
• Carnegie-Mellon University, Computational Screening
• IBM Almaden Research Center, Synthetic Chemistry
• Lawrence-Berkeley National Lab, Material Characterization

Li-Air Batteries for Electric Aircraft

2. Material Design I: Molten Salt Electrolytes

Li-Air Battery Challenges 

Electrolytes are limiting factor for Li-Air batteries 
for:
• Practical energy densities
• Rechargeability
• Safety
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Lirseparator interface. Thus, the moss caused the separa-
tor disconnection from the lithium which became isolated
from the polymer electrolyte. This drastic deterioration of
the interface seemed to be the reason for the rapid capacity
decrease observed for that cell. This effect was strongly
enhanced with increasing the cycle number so that after 50

Ž .cycles Fig. 5c a very thick mossy layer has formed. In
this extreme case, one should be aware that the cutting and
the cooling of the battery could accentuate the poor ap-
pearance of the interface, and could explain the large
empty space between the lithium and the separator. The
morphology of the mossy layers, which were mainly the

Ž .Li-deposits during the charge s , is shown in Fig. 6. After
one charge the moss appeared porous and probably crystal-
lized, while it was more and more compact for the further
charges. The effect of the cycling is then the formation of
a more and more important amount of moss, whose mor-
phology slowly changed to a more dense texture.
To observe the growth of true dendrites, similar experi-

ments were carried out on lithium batteries cycled at
higher current rates. The polarization was larger, and the
capacity decrease faster than for a Cr5 cycling rate. After
one charge to 4.5 V corresponding to the extraction of 0.65
Li from the Mn-spinel, the cell was cut, transferred, and
observed within the SEM. Fig. 7a shows a general view of
the cell section, which presents an inhomogeneous Lirsep-

Ž .arator interface. After only one charge lithium deposition
the lithium surface was already pushed aside from the
separator, due to the growth of the lithium deposits at the
lithium–polymer interface that are visible at a higher
magnification in Fig. 7b and c. More precisely two kinds
of lithium deposits can be distinguished on the Li-surface:

Ž . Ž .aggregates Fig. 7c and tangled dendrites Fig. 8 . Note

that the morphology of the aggregate looks like the moss
Ž .deposited during a first charge at Cr5 Fig. 6a . According

to the Li-surface state and to the separatorrLi contact, the
lithium plating led either to true dendrites or to aggregates.
Nevertheless these aggregates seemed to be ‘pressed den-
drites’ which could not grow freely. This assumption is
uncertain because of the poor physical pressure applied by
the separator against the lithium. Finally the shape of the
deposits reported here is comparable with previous studies
w x9 . However, rarely has such a three-dimensional aspect of
the dendrites in a complete battery been so clearly ob-
served.

3.2. Copper cells

To determine the importance of the substrate, we de-
cided to study the phenomena of Li-plating on copper
instead of lithium. Copper cells were cycled at a low rate
Ž . Ž 2 .Cr10 to obtain a current density 0.45 mArcm of Cu
comparable to a lithium battery cycled at Cr5. A typical
galvanostatic cycling curve is shown in Fig. 9. Fresh and
cycled cells were then observed by SEM to determine the
morphology of the deposited lithium. For the non-cycled
cell, the lithium-free Cu grid was embedded in the elec-
trolyte polymer, which was completely fused with the
cathode-separator part, and the copperrseparator interface

Ž . Ž .was well defined Fig. 10 . After one charge Fig. 11 a
moss appeared that tends to push the separator away, as in
the case of the lithium batteries. The EDS spectra of this
moss as well as its morphology were similar to those
observed upon cycling for the lithium batteries. The influ-
ence of the lithium plating rate on its morphology was also

Fig. 8. Dendrite formed in a lithium battery after one charge at 2.2 mArcm2.Electrolyte decomposition limits 
energy density and rechargeability

SOA electrolytes are flammable.  
Unacceptable for aircraft

Li-Air has the highest theoretical 
battery energy density

SOA Li-Ion plateaus at 300 Wh/kg. 
Advanced technologies required!

Big Question: Can we design and build a viable battery which 
satisfies the significant requirements of electric aircraft

Accomplishments: 
• High stability inorganic molten salt electrolytes designed and 

demonstrated to improve Li-Air cycle life
• Novel electrolyte additives designed, synthesized and 

demonstrated to improve cycle life
• Fundamental organic electrolyte decomposition chemistry 

discovered and detailed
• Li-Air battery pack built and demonstrated in the laboratory under 

electric flight conditions
• Multiscale modeling and simulations framework from fundamental 

chemistry to high throughput materials screening to battery 
multiphysics implemented and demonstrated to accelerate 
materials and cell development

• More than 20 peer reviewed journal articles and more than 40 
conference presentations

1. Multiscale Battery Modeling 3. Material Design II: Electrolyte Stabilizers 4. Li-Air Battery Pack

Multiscale modeling and simulation tools for arbitrary 
application specific battery chemistry

5X improvement in cycle life vs SOA organic electrolytes

Calphad 
modeling to 

obtain optimal 
mixtures

Unconventional 
molten salt 
electrolytes

TTT Vision 
2040 

Report

Tunable platform of electrolyte stabilizer 
materials.  Vary properties by different 

substituents 

Computational chemistry 
confirms the correct behavior 

5 cell 12-V Li-Air pack

Electric flight power profile 
test


