
 

Chemical additives improve stability of high-
density lithium-ion batteries
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The diagrams in this picture show the makeup of the cathode, how the cathode
and the electrolyte interact (CEI), and the solvation sheath, which is how the
different chemical molecules in the solvent interact with each other. The graphs
show how the electrolyte responded at high and low temperatures, including a
graph for showing capacity over time and capacity at different voltages. Credit: 
Nano Research

As our need for high-density batteries increases with widespread
adoption of electric cars and alternative energy sources, improving the
stability and capacity of lithium-ion batteries is a necessity. Current
lithium-ion battery technology, which often uses nickel, is less stable at
extreme temperatures, leading to overheating due to both temperature
and high voltages. These batteries also tend to deteriorate quickly.

To solve this problem, researchers are studying new chemical
combinations that can address these drawbacks. In a recent study,
scientists demonstrated how a solvent and an inorganic compound
additive can improve the stability and performance of lithium-ion
batteries with nickel cathodes.

They published their results on Sept.12 in Nano Research.

The basics of how batteries work are the same, whether you are thinking
about an industrial lithium-ion battery or an average household AA
battery. The cathode is the positive electrode, the anode is the negative
electrode, and between them inside the battery is a solution called the
electrolyte. Positively and negatively charged ions flow through the
electrolyte and a chemical reaction generates electrical energy. In this
study, researchers identified a sulfolane-based liquid electrolyte with
lithium perchlorate added to it as a potential solution to common lithium-
ion battery drawbacks.
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"For nickel-based cathodes, good low-temperature electrochemical
performance is usually achieved at the expense of property and safety at
room temperatures. This is because electrolytes with low melting
solvents deteriorate dramatically. The high volatility and flammability of
these electrolytes also limit their application at high temperatures," said
professor Fang Lian at the School of Materials Science and Engineering
at the University of Science and Technology Beijing in Beijing, China.
By adding lithium perchlorate to the sulfolane, researchers found they
could improve upon many of these drawbacks.

Sulfolane is a solvent that was originally created for use in the oil and gas
industry, but it is now used in many different industrial settings because
it stays stable at elevated temperatures. Lithium perchlorate is an
inorganic compound that is combined with the sulfolane to help maintain
the electrolyte's stability. A third chemical is added to dilute the
electrolyte and help the electrolyte's stability at a wide range of
temperatures.

To test how well the proposed electrolyte worked, researchers created a
battery using the electrolyte and performed a series of tests and
theoretical calculations.

They found that the solvent was able to maintain conductivity at a wide
range of temperatures, varying from –60 to 55 degrees Celsius. In
comparison, traditional electrolytes tend to solidify at temperatures
below –20 degrees Celsius. Adding lithium perchlorate to the electrolyte
strengthens the way the different chemicals in the electrolyte interact
with each other and reduces the amount of energy required, making it
easier for the electrolyte to work at lower temperatures.

"The diluted high concentration sulfolane-based electrolyte with lithium
perchlorate additive realizes the wide-temperature application in high
voltage cells. This combination improves the lithium-ion transference
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and reduces the desolvation energy, while inhibiting the continuous
decomposition of the electrolyte and the acute deterioration of the
cathode at high temperatures," said Lian. "Our work provides a
comprehensive understanding of the molecular design of the electrolyte,
facilitating the development of high energy density lithium batteries."

  More information: Yixin Zhu et al, The sulfolane-based liquid
electrolyte with LiClO4 additive for the wide-temperature operating
high nickel ternary cathode, Nano Research (2022). DOI:
10.1007/s12274-022-4852-y
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