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Over the past seven years, significant improvements with in-situ electrochemical scanning/transmission 

electron microscopy (S/TEM) platforms have allowed for the real-time observation of nanoscale 

reactions on battery electrodes [1]. The field has advanced from uncontrolled electrochemical potentials, 

into quantitative charge cycling [2], analytical characterization during charge cycling [3], and correlated 

structure-electrochemical relationship determination [4,5]. These advancements have been useful in 

gaining a deeper understanding of the electrochemical plating and stripping of metals (Li, Mg and Ca) 

that are among the highest theoretical energy storage capacity electrodes available for future portable 

batteries. The in-situ STEM insights thus far gained on Li electrodeposition and dissolution have 

indicated that electrochemical S/TEM platforms fall short in the ability to replicate the electrode contact 

pressure that is applied in general battery testing platforms (coin cells) [6]. Electrochemical S/TEM 

platforms are configured with electrodes patterned in a planar geometry on the SiN membrane windows, 

as imaging is performed on individual electrodes instead of stacked electrodes. Therefore, this limitation 

produces electrodeposited morphologies that are not representative of the structures observed in coin 

cells. 

 

In order to use electron microscopy to precisely characterize the structure and composition of electrode 

materials from realistic battery testing conditions, we have turned to using the ex-situ approach 

demonstrated by Zachman et al. [7]. Cryogenic temperature electron microscopy can provide the 

stability needed to image beam-sensitive Li structures, create focused ion-beam cross-sections for 

S/TEM analysis, and to collect analytical maps from the electron transparent lamella and cross-sectional 

samples. These methods have been explored to gain deeper insights into the electrodeposition of Li, Mg, 

and Ca structures, with an emphasis in retaining the surface structure on the electrodes (including 

electrolyte and separator contact). Sample preparation techniques will be discussed in this presentation, 

for obtaining SEM and S/TEM cross-sectional images from metal electrode surfaces.  

 

Our early data on using these approaches suggests that there is a range of surface contact pressures that 

have a strong impact on the resulting electrodeposited Li morphology during cycling. Li morphology 

has been observed with cryo-SEM imaging (Figure 1) to change relative to the cycle number and contact 

pressure. The details of these changes will be presented. Additionally, details about the characteristics of 

the surface compositions for Li, Mg, and Ca metal electrodes will be discussed. This ex-situ 

characterization methodology provides the means to understand the critical factors in controlling 

electrodeposition of promising metal anode electrodes for future portable energy storage technologies 

[8]. 
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Figure 1.  Scanning Electron Microscopy data from a focus ion beam milled cross-section of a dried Li 

metal electrode on a copper current collector at liquid nitrogen temperature. A) SEM image, the yellow 

region indicating the region of interest, B) electron x-ray spectroscopy maps of elements O, F, S, and Cu 

from the region of interest of Li metal plated vs. a Li metal counter electrode in 4M lithium 

bis(fluorosulfulfonyl)imide in dimethoxyethane.   
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