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Improving Calcium−Sulfur Battery 

Performance Through Electrolyte 

Modification

Introduction
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Electrochemical properties of modified borate electrolytes 

Calcium 
• The 5th most abundant element;
• The reduction potential of -2.87 V 

versus SHE, which is close to that of 
Li (-3.04 V vs SHE);

• Ca+ S + 2e−  CaS (theoretical cell 
voltage of 2.47 V, volumetric 
capacity of 2073 mA h cm−3).

▪ The modified electrolyte (Na-CaBhfip/DME) is capable of efficient Ca 
plating/stripping and has a high oxidation stability (>4 V). 

▪ The Na-CaBhfip/DME electrolyte is compatible with Ca metal anode, 
allowing reversible Ca deposition at a low overpotential <0.1 V.
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• Develop a compatible 
electrolyte with fast Ca ion 
transport;

• Suppress polysulfide 
shuttle and the passivation 
of Ca anodes;

• Understand the sulfur 
redox chemistry in Ca 
systems and achieve 
reversible sulfur 
conversion.

Sulfur
• Low cost, sustainable;
• high theoretical capacity (1672 

mA h g−1).

Current Challenges in Ca-S Batteries

Post-SEM/EDS of the Ca anode after cycling
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▪ The introduction of Na⁺ enables the formation 
of a Na-based metallic interphase with a stable 
SEI layer, which suppresses anode passivation.

Ca anode after 100 cycles in Ca||Ca cell

▪ The Na-CaBhfip/DME electrolytes have been utilized for calcium-sulfur batteries, 
which exhibit an initial capacity 867.7 mA h g-1 at a current density of 167.5 mA g-1 
(0.1C) and a discharge voltage plateau at  ~2.2 V (close to its thermodynamic value).

Electrochemical characterization of the Ca-S batteries

Mechanistic investigation

▪ Na-CaBhfip/DME electrolytes enabled the effective and reversible conversion of 
sulfur to polysulfides and finally to sulfides.

▪ Na polysulfide and Na2S were generated from the NaBhfip additive during cycling.
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