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Biomass-derived activated carbon scaffolds for electrochemical energy storage

With increasing energy and environment concerns, how to efficiently convert and store energy has become a critical topic. 
Electrochemical energy storage devices, such as supercapacitors and batteries, have been proven to be the most effective energy 

conversion and storage technologies for practical application. Supercapacitors and lithium-based batteries are particularly promising 
because of their excellent power density and energy density. However, further development of these energy storage devices is hindered 
by their poor electrode performance. The carbon materials in supercapacitors and batteries, such as graphite, activated carbons and 
various nanostructured carbon materials (ordered porous carbon, CNT, graphene etc.), are often derived from nonrenewable resources 
under relatively harsh environments. Naturally abundant biomass with hierarchically porous architecture is a green, alternative 
carbon source with many desired properties for supercapacitors and lithium-based batteries.  Recently, we converted cotton, banana 
peel, and recycled paper into highly porous, conductive activated carbon scaffolds for advanced energy storage applications via 
a low-cost and high throughput manufacturing process. The activated carbon scaffolds were further coated with active materials 
such as NiCo2O4, NiO, Co-Al layered double hydroxides (Co-Al LDHs), Ni2S, sulfur nanoparticles, and graphene to enhance their 
electrochemical properties. The biomass-derived activated carbon materials are effective in improving supercapacitor’s energy density 
and in blocking the dissolution of reaction intermediates in lithium sulfur batteries. Especially, the biomass-derived carbons provide 
scaffolds for hosting sulfur in lithium sulfur batteries to manipulate the “shuttle effects” of polysulfides and improve the utilization 
of sulfur.  In particular, the activated carbon textiles (derived from cotton textiles) are flexible and conductive, and an ideal substrate 
for constructing flexible supercapacitors, batteries, and self-powered flexible solar cell/supercapacitor (or battery) systems. Using 
biomasses is definitely the right track towards making renewable carbon materials for future energy storage devices.
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