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Abstract: Fast charging batteries are key to many promising energy technologies, including 
regenerative energy storage and ubiquitous access to electric vehicles (EVs).  While a lack of fast 
charging stations is often cited as the key reason for long EV charging times, the reality is that it is 
damaging to most conventional batteries to repeatedly charge them quickly due to high over-
potentials and resistive heating.  To fully address this problem, new electrode materials are also 
needed.  In this talk, we thus examine ways to use nanostructured electrode materials to enable fast 
charging.  We specifically focus on nanoporous materials, because the combination of nanoscale 
structure and porosity can produce a very desirable combination of electrical connectivity, 
electrolyte access to the interior of the material, and short solid-state diffusion lengths for lithium 
ions, all of which facilitate fast charge/discharge kinetics.  Using operando diffraction collected 
during electrochemical cycling, we further find that many nanoscale materials show suppression of 
intercalation induced phase transition that can cause kinetic limitations in bulk materials.  This leads
us to explore in more detail the question of ‘what limits charging speed in faradaic systems like 
batteries and pseudocapacitors?’  Our results indicate that size and disorder interplay to control 
phase stability and rate capabilities.  Importantly, by understanding these phenomena on a 
fundamental level, we are able to impact the practical problem of creating fast charging energy 
storage devices.
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