
 

First-ever 3-D-printed electrolyte for lithium-
ion batteries
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The 3D printing set-up. Credit: University of Illinois at Chicago

For the first time, researchers have successfully printed a complete,
albeit experimental, lithium-ion battery including a solid-state
electrolyte. While electrodes have been produced using 3-D-printing
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technology before, researchers at the University of Illinois at Chicago
College of Engineering have printed a stable, yet flexible, solid-state
electrolyte using an elevated-temperature extrusion printing technique.
They report their findings in the journal Advanced Materials.

Lithium-ion batteries are commonly used in home and portable
electronics, and in some motor vehicles. They function by the movement
of lithium ions from the negative electrode through an electrolyte, which
can be liquid or solid, to the positive electrode during discharge and then
back during the charge phase.

Mass producing these batteries is a laborious and expensive process. The
electrodes and electrolyte, which are manufactured separately, need to
be brought together and placed inside a casing. A controlled environment
is needed to avoid contamination and lots of coatings and modifications
are needed to complete the battery. With conventional production,
battery sizes cannot be easily changed, nor can individual batteries be
modified to fit specific devices because it would require that the
machines used to produce the batteries be reset to new specifications.

3-D printing allows for the production and customization of batteries
much more quickly and cheaply because all parts are printed together at
once. In lithium-ion batteries where the electrodes have been 3-D-
printed, the conventionally produced electrolyte has always been added
afterward in a separate step.

In conventional solid-state electrolyte production, battery casings need to
be prepared with various coatings and solvents used in the production of
the electrolyte which then must be evaporated away in a post-production
step. If an electrolyte is printed directly into a forming 3-D-printed
battery, evaporation would cause the electrolyte to shrink and pull away
from the electrodes. This could cause the battery to short out. Coatings
used to ensure the electrolyte makes good contact with the casings and
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electrodes are also extremely difficult to incorporate into a 3-D-printed
battery.

To get around these problems, Reza Shahbazian-Yassar, associate
professor, and Yayue Pan, assistant professor of mechanical and
industrial engineering in the UIC College of Engineering, along with
colleagues designed a unique 3-D printer that works at an elevated
temperature. It extrudes materials at around 120 degrees Celsius
compared with traditional extrusion 3-D printing, which takes place at
room temperature. Their solid-state electrolyte ink is made up of a
polymer base containing titanium oxide particles that allow it to be
flexible, as well as functional. The unique electrolyte ink can be directly
deposited into the battery as it is being printed.

"The high temperature prevents post-production shrinkage," said Meng
Cheng, a graduate student in the UIC College of Engineering and lead
author of the study. "Our technique dramatically improves the efficiency
of the preparation of the electrolyte and its incorporation into the
battery."

Shahbazian-Yassar's experimental 3-D-printed batteries had higher
charge/discharge capacity and better performance than batteries where
the electrolyte was fabricated using traditional methods. "The elevated-
temperature direct writing and our specialized inks is the proof-of-
concept that 3-D-printed lithium-ion batteries are possible," Reza said.

  More information: Meng Cheng et al. Elevated-Temperature 3D
Printing of Hybrid Solid-State Electrolyte for Li-Ion Batteries, Advanced
Materials (2018). DOI: 10.1002/adma.201800615
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