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In-situ Observation of Lithium-ion Battery Material during Charging and
Discharging Processes
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Lithium-ion batteries have been implemented for numerous applications, including portable electronic
devices and electric vehicles. There is a continuous demand to increase cell capacity, particularly in
the automobile industry. A great deal of effort has been made to explore novel battery materials and
structures that meet the demand. In this situation, an in-situ observation technique was expected to
be an effective tool to accelerate research and development. To realize this expectation, we developed
a novel in-situ observation technique by using a scanning electron microscope (SEM) and specimen
holder with build-in charge/discharge circuit. An experimental observation was conducted by using
silicon anode/solid state electrolyte (SE)/lithium cathode structure. It was observed that the anode
layer expands in thickness by a factor of 25 after 24 hours of charging with 04mA/cm® of current
density. It was also revealed that the expansion is due to the formation of a Li-Si alloy layer at the Si/
SE interface and the morphology of the unreacted Si layer remained unchanged. Another experimental
observation was made by using Lithium/solid electrolyte/Lithium stack. A growth of lithium whiskers
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from Li-saturated solid state electrolyte was successfully observed in real time.
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Fig. 1 Grove box for disassembling lithium ion battery cell
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Fig.2 SEM of atmosphere non-revelation type (left) and airtight
specimen holder (right)
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Fig. 3 Schematic diagram of SEM specimen holder with a built-in
charge/discharge circuit
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Fig. 4 In-situ SEM specimen holder with built-in charge/discharge circuit
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(A lithium ion battery cell is disassembled
and the objective electrode is cut out in a

grove box.
L /

™
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The cross section of a sample is

processed for SEM observation in inert
\_ambient. )

p |
The processed sample is set in the
specimen holder in a glove box and

\sealed with the cap.

|

The specimen holder is transferred to
kSEM.

The cap is opened in a load-lock
chamber of the SEM. The built-in timer
starts to count down.

(
Charge/discharge starts three minutes
after the cap is opened. The sample is
\ready for SEM observation.
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Fig. 5 Operation sequence of in-situ SEM observation
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Fig. 6 Experimental structure simulating silicon anode
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Fig. 7 In-situ observation of silicon anode showing expansion in thickness during charge operation
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Fig. 8 Experimental structure prepared for in-situ observation of
lithium precipitation
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Fig.9 In-situ observation of lithium precipitation from solid state
electrolyte
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Fig.10 Relation between elapsed time from the start of charging and
Lithium precipitate density
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