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Introduction:  A new energy storage technology that is attracting 
attention for grid-level applications is the Dual-ion battery (DIB). DIBs 
operate having anions and cations simultaneously intercalate at the 
cathode and anode, respectively, upon charge. Water-in-salt electrolytes 
(WiSE) have expanded the electrochemical stability window of water based 
electrolytes, allowing graphite to store charge in aqueous media. 

Approach and Objective:;
�‡ Choosing a high voltage low cost material and a WiSE electrolyte

to expand the water stability window.
�‡ To explore DIB mechanism in-depth, as an alternative energy

storage technology for grid-level applications. DIB advantages are
cost, modest performance and safety

Results and Discussion: Natural graphite has been successfully 
enabled in an aqueous system at high oxidation potentials. A suite of 
characterization techniques have been employed to prove and 
elucidate the anion storage mechanism into the graphite

Future Work :
�‡ Exploreanewtypeof electrolyteto achievelongercyclingandlowercost
�‡ Considerdifferentanodematerialsto achieveahigheroperationalvoltage
�‡ Investigatecapacitydecayandimpactof binderoncyclingandselfdischarge
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�™This set-up allows us to see the stable cycling of both electrodes in a full cell

�™Reversible anion intercalation is observed with 
�F�O�H�D�U���³�S�H�D�N���V�S�O�L�W�W�L�Q�J�´���S�K�H�Q�R�P�H�Q�D���X�S�R�Q���F�K�D�U�J�H����

�™Unwanted oxidation of the graphite is taking place, leading to low CEs 
�™Insights into the graphite surface changes can help up alter the electrolyte 

and even electrode surface modification to avoid such unwanted reactions

�™Full cell GCD and CV tests reveal the reversible plating and tripping of Zn 
metal in parallel to anion intercalation/deintercalation into the graphite cathode

�™Three electrode full cells show the stable, reversible record high cell voltage

b) Three-electrode Cell used for Electrochemical Characterization 

a) Electrochemical Characterization

c) In-Situ XRD and ex-situ XANES Structural Characterization

Suo, L et al. Adv. Energy Mater.2017, 1701189.

Full Cell

�™Symmetrical cell and XRD tests reveal the remarkably stable Zn anode 

Varying  concentrationZn Symmetric Cell

d) Electrode Surface Characterization Upon Charging �t IR and XPS

�™Clear sulfur signal is 
present in a fully charged 
graphite electrode �±
indication anions are 
indeed intercalated
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