Mediated Lithium-Sulfur Flow Batteries
Melissa L. Meyerson, Leo J. Small (P.I.)
Sandia National Laboratories, Albuquerque, NM, USA
mlmeyer@sandia.gov, ljsmall@sandia.gov

Overview:
Energy storage stands to be a key element of the DOE Office of Electricity’s drive for grid modernization. Lithium-Sulfur is a next generation
battery technology which leverages an inexpensive sulfur cathode to significantly increase battery specific capacity. Scaling a battery
technology from consumer-level Wh cells to GWh grid scale energy storage requires re-thinking the battery design for reasons of cost and
safety. In this project we are integrating Li-S chemistry into a redox flow battery (RFB) architecture. RFBs offer a readily scalable solution
to grid scale energy storage, physically separating anode and cathode and minimizing safety risks in case of failure. Specifically, we are
pursuing a mediated flow battery scheme, where flowing redox-active soluble molecules oxidize and reduce sulfur particles stored in a
separate reservoir, potentially enabling ultra-high effective concentrations of sulfur necessary for cost-effective long duration energy storage.

Operating Principle

Flow Cells Increase Performance

Soluble redox mediators (RM) oxidize and reduce
solid, energy-storing sulfur particles kept in the
catholyte reservoir tank. Catholyte is flowed into an
electrochemical cell where electrons are extracted
from mediators at a porous carbon electrode.

• Integrated mediated Li-S chemistry into flowing cells with filters to trap
solid S or Li2S.
• Capacity and capacity fade rates similar to those in static cells.
• Enhanced mass transport increased voltage efficiency from 81% to 87%.

No ion-selective membrane needed!

Cobaltocene (CoCp2) was chosen to reduce S
to Li2S, while decamethyl ferrocene (DmFc)
was chosen to oxidize Li2S to S. Cyclic
voltammetry (right) demonstrates the relative
redox potentials of CoCp2, S, and DmFc.

glassy carbon electrode
1 M LiTFSI in DME:DOL
10 mV/s

SEI Engineering Reduces Capacity Fade
• Taking from the Li metal anode literature, additives were used to control the
lithium metal solid electrolyte interphase (SEI).
• Li anodes were soaked in LiI in DME:DOL overnight1
• 1 wt% LiNO3 was added to the electrolyte (1 M LiTFSI in DOL:DME).2,3
• In static cells, accessible capacity improves by 2.5x, and % capacity retention after
50 cycles increases by 67%.

UV-Vis Corroborates Polysulfide
Evolution in Solution
• To confirm S-polysulfide-Li2S evolution, UV-Vis
spectra were periodically collected from the
solution of running cells.
• As expected:
• Initially, polysulfides were absent.
• Upon discharge polysulfides such as S42- and
S62- were detected over 420-470 nm.
• Polysulfide concentration decreased as solid
Li2S was formed.
• Upon charge polysulfide concentration again
initially increased and then decreased as solid
S was formed.

Long Duration Energy Storage

(a) SEM micrographs of lithium a
anode before cycling in battery,
(b) demonstrating successful iodide
incorporation in EDS map and (c)
XPS I 3d spectra
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• The mediated flow battery architecture
enables facile size scaling.
• Adding more solid S increases cell capacity.
• Up to 50 mgS cm-2 S loading demonstrated
with >60 h discharge times in flow cells.
• Long duration energy storage is viable with
the mediated Li-S chemistry!

Post cycling, a lower surface
area globular morphology is
observed on the lithium anode
attributed to the presence of
LiNO3.
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Future Work
• Higher rate Li-metal anode
• Larger size electrochemical cell to enable discharge of high S
concentrations in reasonable time frames.
• Safer, lower volatility electrolyte
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