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• Specific Aims/objectives (JPL):
– To develop advanced components and materials, i.e., electrolytes, 

electrodes and cell components, for improving the performance and 
safety 

• Develop cathodes with high specific energy (1000 Wh/kg, i.e., high specific 
capacity and/or high voltage), with good to moderate cycle life and improved 
thermal stability

• Develop electrolytes with wide operating temperature range and reduced 
flammability.

• Develop stable electrolytes against high voltage cathodes.

– Develop a safe rechargeable lithium chemistry with significantly high 
specific energy in excess of 250 Wh/kg at cell level

– Assess the performance of High Specific Energy Lithium Rechargeable 
cells

Space-Rated Li-Ion Batteries for NASA’s ETDP
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High Specific Energy Cathodes Materials 

• Tested in coin cells 
• capacity and reversibility
• glass cylindrical (jelly roll) cells 

• Layered structure of LiCoO2, LiNiO2, and 
LiNiyMnyCo1-2yO2, showing the Li+ between 
the transition-metal oxide sheets. The 
actual stacking of the metal oxide sheets 
depends on the transition metal and the 
anion. 

• Strategy
– Layered oxide compositions of solid solutions 

of Li2MnO3 and LiMO2 (M = Mnx, Niy, Coz)  
exhibit capacities as high as 250 mAh/g on 
cycling from 4.8V – 2V.

• Problems
– Huge irreversible capacity loss

• 40 − 100 mAh/g in the first cycle, 

– Low power densities
• Capacity decreases from ~ 250 mAh/g atC/20 to 

210 mAh/g atC/5

– Poor low temperature performance

• Prepared by sol-gel synthesis from metal 
acetates or co-precipitation of metal 
hydroxides

• In some cases, incorporate coating on 
cathode particles post-firing

– Includes metal oxides, phosphates, fluorides
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SEM of as-prepared 
cathode particles:
•Macroscopic particles 
observed on the order of 
10- 500 μm with very wide 
particle size distribution
•Large particles are likely 
poorly adhered and may be 
broken apart with simple 
mechanical mixing based 
on quantitative particle size 
measurements
•Macroscopic particles 
consist of sub-particles on 
the order of 100 – 500 nm

Scanning Electron Microscopy
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Particle Size 
Distribution:
After air milling cathode 
powders, observe 
generally bi-modal 
distribution centered at 
ca. 1.2 μm and 12 μm

Particle Size Distribution Measurements
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X-Ray diffraction 
data:
•Well indexed to 
Li2MnO3 lattice (solid 
solution of Li2MnO3 and 
LiMn1/3Ni1/3Co1/3O2)
•Superlattice peaks  
associated with cation 
ordering observed at 
ca. 21o)

X-Ray Diffraction Studies
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Energy Dispersive 
Spectroscopy Data:

•Demonstrates predicted 
transition metal ratios:  
predicted: Mn:Ni:Co = 68:16:16
Measured: Mn:Ni:Co = 68:17:15
•Highly sensitive to scan area:  
small scan size reveals 
anisotropic x-ray emission and 
concomitant skew in 
composition

Energy Dispersive Spectroscopy Studies
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Performance Verification of Cathode Formulations:

(1) Results in coin cells 
• Size 2032 coin cells (two electrode design)
• Cathode: 80% active, 10% PVDF, 10% C black
• Anode:  Lithium foil in excess
• Electrolyte:  1M LiPF6 in 1:1:1 (EC:DEC:DMC)
• Separator: 20 μm Setella

(2)  Results in three electrode cell
• ~ 400 mAh cell size, jelly roll design
• Lithium metal reference and counter electrode
• Cathode: 80% active, 10% PVDF, 10% C black
• Electrolyte:  1M LiPF6 in 1:1:1 (EC:DEC:DMC)
• Separator: 20 μm Setella

Experimental Details
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• Candidate cathode materials for high specific energy batteries are 
evaluated by:

– Physical techniques including:
• SEM
• XRD
• EDS

– Electrochemical techniques including:
• Formation cycling/cycling as a function of temperature
• Rate studies
• EIS
• PITT

• Coin cell studies offer high degree of reproducibility cell to cell
• Several candidate materials operate at near 230 mAh/g under formation 

cycle conditions
• Cathode materials are highly rate sensitive
• Under KPP conditions (C/10, 0oC, 3V discharge cutoff) cathode 

performance falls sharply
• Additional studies are underway in-house and with ETDP partners to 

improve high rate and low temperature performance

Summary
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