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Upscaling aerogel-based lithium-sulfur batteries: challenges and optimization
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The urgent necessity to realize efficient energy storage for the successful energy transition
towards renewable energy sources for key applications such as electromobility and stationary
storage is driving the demand for low-cost, safe and high-performance secondary batteries
(i.e. rechargeable) batteries. A promising candidate for the realization of applications with
such high energy demand is the lithium-sulfur battery offering a gravimetric energy density of
up to 500 Wh kg, which surpasses that of lithium-ion batteries and therefore represents an
attractive option especially for aerospace and heavy-duty applications [1].

At DLR, it is intended to map the process chain for the development, production, certification
and virtual demonstration of a DLR-owned lithium-sulfur battery with a capacity of the
individual cell of up to 25 Ah. In the further stages of the project, the activities will involve
designing a battery module that will be equipped with sulfur specific battery management
system, with the ability to predict the state of charge and monitor the battery during operation.
In addition, the developed module will be virtually integrated into a DLR-owned electric
vehicle to demonstrate its functionality.

To enable this, electrodes containing microporous carbon aerogel with high sulfur loading are
being developed. Carbon aerogels exhibit tunable and porous structures with porosities up to
97%, high surface areas (500-3500 m? g1), large pore volumes (0.1-2.5 cm? g'!) and significant
electrical conductivities (80-150 S m). These electrodes have been employed in the lab scale
for lithium-sulfur batteries indicating a capacity retention of 80% (= 1000 Ah kg(s)™?) at 0.3 C
in ether-based electrolyte systems [2]. In the DLR-funded project presented here, such
electrode materials and manufacturing processes are to be scaled up enabling the production
of high-capacity multilayer pouch cells. The initial results of the project on single layer pouch
cells with a capacity > 700 Ah kg(s)™* at 0.3 C after 100 cycles will be presented. The results in
different electrolyte systems, degradation mechanism, challenges of transfer from lab to
pouch cell will be discussed in details.
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