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The advent of miniaturized electronic devices has increased the demand of micro electrochemical 

energy storage devices. To increase the energy storage performance on limited footprint area, nano 

structuring (3D) of electrode materials is often employed. Unfortunately, conventional approaches 

to 3D fabrication require cost intensive processing and are slow to execute1. 

Herein, we demonstrate high- throughput nanoimprint lithography (NIL) for the preparation of 

high aspect ratio nanoporous carbon pillars. NIL enables the fabrication of 3D structures on flat 

substrates such as Si wafers and stainless steel. The nanoporous carbon was derived from the 

carbonization of self-assembled nanocomposites of polydimethylsiloxane – polyethylene oxide 

(PDMS-PEO) brush block copolymers (BBCPs) as the template and phenol formaldehyde resin as 

the carbon precursor. BBCP templates allowed us to introduce porosity in the carbon pillars and 

to tune the pore size of the carbon ranging from 10    nm -100 nm. The nanoporous carbon pillars 

exhibit very high strength to density ratios, approaching the theoretical limit. Moreover, we plan 

to utilize these porous pillars for the deposition of active materials to further increase the 

electrochemical performance. Our group has previously reported nanoporous amorphous carbons 

and their application for supercapacitors2. The nanoporous carbons show excellent areal 

capacitance of 6.7 mF/cm2 (tested in 6 M KOH at 0.8 mA/cm2) when prepared on stainless steel. 

This method provides a scalable pathway for the fabrication of high aspect ratio carbon 



nanostructures with their promising applications in structural metamaterial and energy storage 

devices.  
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Figure 1: (a) Cylindrical nanoporous pillar, (b) Square nanoporous pillar, (c) Variation of the Young’s 

modulus with porosity, (d) Stress strain curves of the cylindrical nanoporous pillar 

a b 

c d 


