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High Energy Lithium-Sulfur Batteries for EV Applications
Introduction

Advanced rechargeable batteries with high energy and power density and reduced cost have
attracted significant attention due to the urgent demand of energy storage technologies for green
transportation and large-scale energy storage applications. The Lithium-Sulfur (Li-S) battery has
the potential to meet the requirements for those systems because of its high theoretical capacity,
low cost, and environmentally benign attributes. However, the market penetration of Li-S
batteries has been plagued by the poor cycling stability, low round-trip efficiency, and severe
self-discharge rooted in the dissolution of long-chain polysulfide species and their reactions with
Li metal anode. To overcome these hurdles, focused material research and mechanism
understanding are urgently needed to understand the performance of thick sulfur cathode,
develop effective electrolyte/additive and stabilized anode.

Project Objective

The objective of this project is to develop high-energy, low-cost lithium sulfur (Li-S) batteries
with long lifespan. All proposed work will employ high-areal-capacity sulfur cathode at a
relevant scale for practical applications. High sulfur utilization rate will be achieved for high
loading sulfur cathode with reduced electrode thickness and electrolyte amount. The diffusion
process of soluble polysulfide out of the thick cathode and fundamental reaction mechanism of
polysulfide under the electrical field will be explored by applying advanced characterization
techniques to accelerate the development of Li-S battery technology. Alternative anode will be
explored to address the lithium anode issue.

Main Achievements

e Evaluated effects of carbon morphology and electrolyte/sulfur ratio on the performance of
Li-S batteries.

e |dentified the key challenges in preparation and application of thick sulfur electrodes in Li-S
batteries.

e Discovered sulfur radicals and their interactions with electrolytes during cycling.

e Developed new Li-ion sulfur batteries to decouple the lithium metal anode issue from the
system to enable focused study on sulfur cathode.
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Materials development

Fundamental understanding

Practical application

= Ni metal organic framework (Ni-MOF) was

developed to immobilize polysulfides.

= Direct observation of sulfur radicals by in

situ electron paramagnetic resonance (EPR).

= Large area coating of high
loading sulfur cathode.
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= Integrated Ketjen black (IKB) was
developed for high loading sulfur cathode.

= Electrochemical reaction pathways of sulfur

were studied by in situ NMR technique.

= Assembly of sulfur cell at

Advanced Battery Facility (PNNL)

= New electrolyte and non-Li anode were

developed for Li-ion sulfur batteries.
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= Failure mechanism of Li metal anode in

liquid electrolyte was studied.

= New porotype of Li-ion sulfur

battery.
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Contact: Dr. Jun Liu, jun.liu@pnnl.gov; Dr. Dongping Lu; donping.lu@pnnl.gov
Sponsoring Agency: DOE/EERE/VTO/BMR program
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