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Objectives: Background:
Develop a wide operating temperature Li-ion battery cell to enable a Venus  JPL seeks to develop technologies to enable a mission with a Venus-deployed
aerobot mission by way of: aerobot with a temperature range from -30°C to 100°C. While space-rated Li-ion
1) Identifying Generation-1 wide temperature electrolytes to be provided to  cells can be tailored to meet the lower temperature limit, operating or storage
a commercial battery vendor temperatures higher than about 60°C can rapidly degrade cell performance. As
2) Procuring flight-like battery cells that incorporate these electrolytes such, a new mission-enabling battery cell technology must be developed that
3) Demonstrating performance improvements over state-of-art cells can tolerate the temperature extremes of the Venus atmospheric mission.
operating from 85°C to 100°C
Approach:

« Carry out a sequential set of experiments working towards understanding the two primary failure mechanisms in Li-ion batteries associated with
high temperature cycling: 1) Decrease in current-carrying capability and 2) loss of capacity.

* Focus on high temperature resilience since low discharge rates are anticipated at the low temperatures during the mission.

« Based on these studies, downselect and test promising electrolyte variants three-electrode cells to facilitate detailed electrochemistry studies.

* Provide four early-stage Generation-1 electrolyte formulations to the cell vendor (Saft Portiers) for incorporation into high TRL, flight-like cells.

Results:

« Screening studies carried out using coin cell experiments identified several promising
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* Anode impedance growth at high temperatures is negligible (Fig. 1). Al dod] 1 A Al T T T

« Cell impedance growth is dominated by cathode impedance (Fig. 2).
« Liinventory loss is conclusively demonstrated to be a key failure mechanism (Fig. 3). N
« Flight-like cells with JPL electrolytes outperform state-of-art commercial cells in terms of
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Fig. 1. Anode impedance before (left) and after (right) cycling at 80°C (1.0 M LITFSI + 0.50 160 T
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Fig. 3. Swagelok cell data replacing cell electrodes demonstrates failure Fig. 4. Cell-level specific energy vs. cycle for cells with standard Saft and JPL
mechanism is associated with loss of Li inventory. electrolytes. Three JPL electrolytes outperform standard Saft electrolytes.

Significance/Benefits to JPL and NASA:

« This work has resulted in significant advancements in the understanding of two key failure mechanisms of Li-ion cells when operated at high temperatures.

* We have successfully identified and in partnership with Saft infused new wide operating temperature electrolytes into flight-like battery cells.

« Three of the four electrolytes specified by JPL have demonstrated improved high temperature cycle life relative to baseline Saft cells.

« These accomplishments will facilitate the rapid TRL elevation and future adoption of these cells into not only Venus aerial missions, but to other missions
where the spacecraft is exposed to large variations in temperatures such as lunar surface missions.
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