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Innovative nanostructured materials and flexible electrodes for next-generation batteries
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Within the BMBF-funded international collaborative project INNENERMAT, the partners are developing 
flexible batteries and supercapacitors and proof-of-concept for the hybridization of mentioned systems in a 
multidisciplinary approach. Safe and environmentally friendly high-performance cathodes and anodes, gel 
and polymer electrolytes and smart carbon textile electrodes for flexible energy storage cells are realized 
through the development of advanced functional materials. Here the primary results on the development of 
lithium sulfur battery component within INNENERMAT project are presented.

Carbon xerogels with different size of feeder pores were developed and designed with defined amount of 
microporosity for immobilization of sulfur species within the cathode [1]. Preparation and associated effect on
the electrochemical performance of such electrodes is investigated. To this end, the influence of preparation 
method such as grinding, handling, stability and viscosity on the wet coating process as well as on the quality
of cathode sheet in terms of defects and flexibility is discussed elaborately. Furthermore, the infiltration of 
sulfur into the carbon matrix is particularly studied for this innovative class of carbon materials [2].

In order to immobilize the polysulfide anions, the strategy adopted in this work is that of employing innovative
single ion conductor-solid polymer electrolytes (SLIC-SPEs), providing suppressed anion mobility. For this 
purpose, lithiated Nafion-based nanocomposite membranes were synthesized via dispersion of nano-
additives bearing suitable functional groups [3]. Two nanostructures have been investigated: graphene oxide 
(GO) and Nanoscale Ionic Materials (NIM) functionalized membrane. The presence of nanoparticles in the 
polymeric matrix is of great interest not only due to the significant gains in thermal and mechanical stability, 
but also the consequential barrier effect, hindering the diffusion of polysulfides and enhancing the cyclability 
of the cell. The implementation of these kinds of membranes have already been successfully demonstrated 
for lithium ion battery cathode and in the presented work the incorporation in the lithium sulfur system is 
showcased.



Cell setup for thin, flexible, environmentally benign high energy battery design for smart textile and wearable applications
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