Polymer-based batteries:
Thin-film printable batteries and scalable redox-flow batteries
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To enable the integration of renewable energies into the energy mix, new types of
electricity storage systems are needed, which have to rapidly store and release large
amounts of electrical energy in order to compensate supply peaks as well as
bottlenecks. Similarly, the number of mobile devices that rely on mechanically stable,
space-efficient and safe batteries is steadily increasing. The active materials used so
far are based mainly on metals, which can hardly meet the requirements for safety and
sustainability. Therefore, polymeric compounds are developed as active materials,
which offer a benign raw material base and disposal, superior charging times and
performance, and improved safety and toxicity. They are mainly based on established
redox-active moieties, such as quinone and anthraquinone derivatives, stable organic
radicals (e.g. TEMPO) or viologen compounds, which are incorporated into suitable
(co)polymer structures.

In comparison to small-molecule organic active materials, polymers allow for a more
facile thin-film processing via casting and printing techniques (e.g. inkjet printing,
screen printing), while cross linking leads to highly insoluble compounds. Both enables
the utilization in solid-state thin-film batteries suitable for application in small, flexible
mobile devices (“Internet of Things”, smart clothes, intelligent packaging). On the other
hand, solubilizing comonomers enable the preparation of highly soluble active
compounds. These are suited as charge-storage materials in solution-based redox-
flow batteries, which are mainly used for storing large amounts of electricity (e.g. in
wind and solar parks). Here, the large molar masses of the polymers allow for the
usage of cost-efficient dialysis instead of more expensive ion-selective membranes,
which have to be used for small-molecule- and metal-based redox-flow batteries.
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