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Advances in energy storage technology are critical to the widespread deployment of renewable power 
sources such as wind and solar, as well as for the success of all-electric vehicles.  Current lithium ion 
batteries are inadequate for these tasks given their intrinsically low volumetric and gravimetric energy 
densities.  Lithium-sulfur and lithium-air batteries have extremely high theoretical capacities and hold 
great promise to overcome these limitations, but serious technical hurdles must be overcome for these 
devices to become commercial.   Many of these problems can in principle be solved by gaining better 
control over interfacial phenomena such as electrical and ionic transport, electrolyte decomposition, 
and the dissolution of active materials.  Atomic layer deposition (ALD) is a thin film coating technology 
that uses alternating exposures between precursor vapors and a solid surface to grow materials in an 
atomic layer-by-layer fashion.  Self-termination of these growth reactions ensures that surfaces become 
coated precisely, even on non-planer or porous substrates.  At Argonne we are using ALD methods to 
deposit ultrathin films on the anodes, cathodes, and separators of lithium batteries in an effort to 
understand and control their behavior.  Part of our effort is devoted to developing new ALD processes 
for growing materials such as mixed-metal sulfide layers.  These mixed sulfides have high ionic 
conductivity that can serve as protective coatings to reduce solid-electrolyte interphase formation 
without inhibiting charge flow.  In addition to protective coatings, we are developing new active phase 
materials by depositing ALD films on nanoporous templates such as graphene and single-walled carbon 
nanotubes.  The resulting nanocomposite materials show high capacities and excellent cyclability as a 
result of the reduced length scales required for ionic and electronic diffusion as compared to bulk or 
micron-scale materials.  In this presentation I will highlight some of our ongoing work in ALD for energy 
storage, and also describe our plans to attack the vexing problems preventing the deployment of 
advanced lithium batteries for renewable energy storage and transportation. 


