Multifunctional 3-D Carbon Nanoarchitectures as Plug-and-Play Electrode Structures for Air-Cathodes, Electrochemical Capacitors, and Beyond
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We have developed 3-D carbon nanofoam architectures with through-connected pore–solid networks, high electronic conductivity, and tunable pore sizes to serve as high-performance electrodes for energy-storage and conversion applications.  These scalable, monolithic substrates are synthesized by infiltrating carbon fiber paper with a phenolic–formaldehyde sol followed by steam curing, ambient drying, and pyrolysis.  The structural characteristics of the nanofoams can be adjusted via synthetic and processing parameters to produce electrode structures with variable thicknesses (50–300 (m), tunable pore sizes (10–1000 nm), and with scalable geometric footprints (100s of cm2).  We then decorate the interior and exterior carbon walls of the nanofoams with mixed-conducting metal oxides or specifically adsorbed noble-metal nanoparticles, thereby providing the necessary electrocatalytic or charge-storage functionality for power-source applications.  For electrochemical capacitor electrodes we deposit conformal, nanoscopic coatings of either MnOx or FeOx onto the carbon walls of high-surface-area nanofoams via a self-limiting electroless deposition protocol such that the through-connected pore network is retained.  The nanoarchitecture design facilitates rapid charge-discharge of the oxide coating and higher charge-storage capacities than typically observed with conventional composite electrode structures utilizing polycrystalline forms of these oxides.  Active oxygen-reduction electrodes based on MnOx catalysts are obtained in a similar fashion, but are designed with different nanofoam pore structures and MnOx weight loading/crystal structure in order to optimize electrocatalytic turnover of molecular oxygen in the electrolyte of interest.  Additionally, noble-metal oxygen reduction electrocatalysts, such as Pd, Pt, Au, or Ag nanoparticles, are distributed on the carbon surfaces by specifically adsorbing the pre-formed monodispersed nanoparticles to heterocyclic sulfur functionalities on thiophene-modified nanofoams.  Here we present an overview of the fabrication and functionalization of carbon nanofoams and electrochemical characterization of these electrode architectures for a selection of energy-storage and conversion applications including electrodes for aqueous asymmetric electrochemical capacitors and as air-cathodes in either aqueous (Zn–air battery operation) or nonaqueous (Li–air battery operation) electrolytes.    









