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Space-charge layers of Li-ion-conducting
solid electrolyte shown to not cause large
resistance

April 12 2023, by Liu Jia
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Probing the charge of the grain-boundary core. a, b HAADF-STEM image (a)
and the corresponding accumulated intensity profile (b) of a grain-boundary
(GB) core. The region indicated with red dashed lines is the grain-boundary core
with darker contrast. c—e EELS data of Li-K (¢), Ti-L,; (d), and O-K edges (e).
To better illustrate the intensity of O-K with respect to that of Ti-L, 3, the range
of energy loss in e is intentionally broadened to show the Ti-L, ; edge in the same
spectrum. o1;,0(GB core) and or;,0(Bulk) represent the Ti-L, ;/O-K integrated
intensity ratio of the grain-boundary core and that of the bulk, respectively.
Credit: Nature Communications (2023). DOI: 10.1038/s41467-023-37313-2
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A research team led by Prof. Ma Cheng from the University of Science
and Technology of China (USTC) of the Chinese Academy of Sciences
(CAS) revealed that the large resistance in Li-ion-conducting electrolyte
is not caused by space-charge layers, contrary to what was believed in
the past decades.

Compared with commercial lithium-ion batteries that adopt liquid
electrolytes, all-solid-state lithium batteries are much safer and more
promising in realizing ideal energy density. In an all-solid-state Li
battery, space charge layers are generated near various solid-solid
interfaces, which was previously believed to lead to large interfacial
resistance: the space charge layers form regions of extremely low
concentration of Li ions near the grain boundary, which limits ion
migration efficiency.

To gain a thorough understanding of the actual effect of space charge
layers on ion transport, the team conducted direct observations of the
material at the atomic scale using atomic-resolution high angle annular
dark-field (HAADF) scanning transmission electron microscopy
(STEM).

Surprisingly, researchers discovered that the concentration of Li ions
near the grain boundaries was higher than the average level. They
pinpointed the location of these excess Li 1ons in the lattice. Then,
researchers combined theoretical calculations and electrochemical tests,
and found that this crystal structure enabled quite efficient ion transport,
contrary to the commonly accepted hypothesis.

This finding not only clarifies the role that space-charge layers play, but
also provides a guiding law for the optimization of the interface of all-
solid-state batteries. The information on the detailed atomic structures
near the grain boundary is also essential for understanding the physical
properties of solid electrolytes.
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The paper is published in the journal Nature Communications.

More information: Zhenqi Gu et al, Atomic-scale study clarifying the

role of space-charge layers in a Li-ion-conducting solid electrolyte,
Nature Communications (2023). DOI: 10.1038/s41467-023-37313-2
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