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First Realistic Portraits of Squishy Layer That’s Key to Battery
Performance

2022-01-09

Cryo-EM snapshots of the solid-electrolyte interphase, or SEI, reveal its
natural swollen state and offer a new approach to lithium-metal battery
design.

Lithium metal batteries could store much more charge in a given space than today’s lithium-
ion batteries, and the race is on to develop them for next-gen electric vehicles, electronics

and other uses.

But one of the hurdles that stand in the way is a silent battle between two of the battery’s
parts. The liquid between the battery electrodes, known as the electrolyte, corrodes the
surface of the lithium metal anode, coating it in a thin layer of gunk called the solid-
electrolyte interphase, or SEI.

Although formation of SEl is believed to be inevitable, researchers hope to stabilize and
control the growth of this layer in a way that maximizes the battery’s performance. But until
now they have never had a clear picture of what the SEI looks like when it’s saturated with

electrolyte, as it would be in a working battery.

Now, researchers from the Department of Energy’s SLAC National Accelerator Laboratory and

Stanford University have made the first high-res images of this layer in its natural plump,

squishy state. This advance was made possible by cryogenic electron microscopy, or cryo-
EM, a revolutionary technology that reveals details as small as atoms.

The results, they said, suggest that the right electrolyte can minimize the swelling and
improve the battery’s performance - giving scientists a potential new way to tweak and
improve battery design. They also give researchers a new tool for studying batteries in their
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everyday working environments.

The team described their work in a paper published in Science.

“There are no other technologies that can look at this interface between the electrode and
the electrolyte with such high resolution,” said Zewen Zhang, a Stanford PhD student who led
the experiments with SLAC and Stanford professors Yi Cui and Wah Chiu. “We wanted to
prove that we could image the interface at these previously inaccessible scales and see the
pristine, native state of these materials as they are in batteries.”

Cui added, “We find this swelling is almost universal. Its effects have not been widely
appreciated by the battery research community before, but we found that it has a significant
impact on battery performance.”
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This picture shows a lithium metal wire coated with a layer called SEl and saturated with the surrounding
liquid electrolyte; the dashed lines represent the outer edges of this SEI layer. As the electrolyte is
removed, the SEI dries out and shrinks (arrows) to about half its previous thickness. SLAC and Stanford
researchers used cryo-EM to make the first clear, detailed images of the SEl layer in the wet environment
of a working battery. The results suggest new ways to improve the performance of next-gen batteries.

A ‘thrilling’ tool for energy research

This is the latest in a series of groundbreaking results over the past five years that show cryo-
EM, which was developed as a tool for biology, opens “thrilling opportunities” in energy
research, the team wrote in a separate review of the field published in July in Accounts of
Chemical Research.

Cryo-EM is a form of electron microscopy, which uses electrons rather than light to observe
the world of the very small. By flash-freezing their samples into a clear, glassy state,
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scientists can look at the cellular machines that carry out life’s functions in their natural state
and at atomic resolution. Recent improvements in cryo-EM have transformed it into a highly
sought method for revealing biological structure in unprecedented detail, and three scientists
were awarded the 2017 Nobel Prize in chemistry for their pioneering contributions to its
development.

Inspired by many success stories in biological cryo-EM, Cui teamed up with Chiu to explore
whether cryo-EM could be as useful a tool for studying energy-related materials as it was for
studying living systems.

One of the first things they looked at was one of those pesky SEI layers on a battery
electrode. They published the first atomic-scale images of this layer in 2017, along with
images of finger-like growths of lithium wire that can puncture the barrier between the two
halves of the battery and cause short circuits or fires.

But to make those images they had to take the battery parts out of the electrolyte, so that
the SEl dried into a shrunken state. What it looked like in a wet state inside a working battery

was anyone’s guess.

Blotter paper to the rescue

To capture the SEl in its soggy native environment, the researchers came up with a way to
make and freeze very thin films of the electrolyte liquid that contained tiny lithium metal
wires, which offered a surface for corrosion and the formation of SEI.

First, they inserted a metal grid used for holding cryo-EM samples into a coin cell battery.
When they removed it, thin films of electrolyte clung to tiny circular holes within the grid,

held in place by surface tension just long enough to perform the remaining steps.




In next-gen lithium-metal batteries, the liquid between the electrodes, called the electrolyte, corrodes the
surfaces of electrodes, forming a thin, squishy layer called SEI. To make atomic-scale images of this layer
in its native environment, researchers inserted a metal grid into a working coin cell battery (left). When
they removed it, thin films of electrolyte clung to tiny circular holes within the grid, held in place by
surface tension, and SEl layers had formed on tiny lithium wires in those same holes. Researchers blotted
away excess liquid (center) before plunging the grid into liquid nitrogen (right) to freeze the films into a
glassy state for examination with cryo-EM. This yielded the first detailed images of the SEl layer in its
natural swollen state.

However, those films were still too thick for the electron beam to penetrate and produce
sharp images. So Chiu suggested a fix: sopping up the excess liquid with blotter paper. The
blotted grid was immediately plunged into liquid nitrogen to freeze the little films into a
glassy state that perfectly preserved the SEI. All this took place in a closed system that

protected the films from exposure to air.

The results were dramatic, Zhang said. In these wet environments, SEls absorbed electrolyte

and swelled to about twice their previous thickness.
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Cryo-EM images of electrolyte clinging to holes in a sample grid show why it’s important to blot away
excess electrolyte before freezing and imaging the samples. At top, excess electrolyte has frozen into a
thick layer (right) and sometimes even formed crystals (left), blocking the microscope’s view of the tiny
circular samples beneath. After blotting (bottom), the grid (left) and its tiny holes (right) can clearly be
seen and probed with beams of electrons. SLAC and Stanford researchers used this method to make the

first realistic cryo-EM images of a layer called SEI that forms on the surfaces of electrodes due to chemical

reactions with the battery electrolyte.

When the team repeated the process with half a dozen other electrolytes of varying chemical
compositions, they found that some produced much thicker SEI layers than others - and that

the layers that swelled the most were associated with the worst battery performance.




“Right now that connection between SEI swelling behavior and performance applies to lithium
metal anodes,” Zhang said, “but we think it should apply as a general rule to other metallic
anodes, as well.”

The team also used the super-fine tip of an atomic force microscope (AFM) to probe the
surfaces of SEI layers and verify that they were more squishy in their wet, swollen state than
in their dry state.

In the years since the 2017 paper revealed what cryo-EM can do for energy materials, it's
been used to zoom in on materials for solar cells and cage-like molecules called metal-

organic frameworks that can be used in fuel cells, catalysis and gas storage.

As far as next steps, the researchers say they’d like to find a way to image these materials in
3D - and to image them while they’re still inside a working battery, for the most realistic
picture yet.

Read the original article on Stanford University.
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