In situ Scanning Electron Microscopy of Silicon Anode Reactions in Lithium-Ion Batteries during Charge/Discharge Processes
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Movie legends
Movie 1 | In situ SEM images of a Si microparticle anode during the 2nd charge process. The charge process was conducted in constant current and constant voltage (CC/CV) mode with cut-off voltages ranging between –3.88 V and –2.40 V (vs. LiCoO2). The CC rates for charge and discharge were 0.12 C. The video clip plays at 640 × speed. 

Movie 2 | In situ SEM images of a Si microparticle anode during the 2nd discharge process. The discharge process was conducted in constant current and constant voltage (CC/CV) mode with cut-off voltages ranging between –3.88 V and –2.40 V (vs. LiCoO2). The CC rates for charge and discharge were 0.12 C. The video clip plays at 640 × speed. 

Movie 3 | In situ SEM images of a Si thin flake anode during the 3rd charge process. The charge process was conducted in constant current and constant voltage (CC/CV) mode with cut-off voltages ranging between –3.88 V and –2.40 V (vs. LiCoO2). The CC rates for charge and discharge were 0.50 C. The video clip plays at 640 × speed.

Movie 4 | In situ SEM images of a Si thin flake anode during the 3rd discharge process. The discharge process was conducted in constant current and constant voltage (CC/CV) mode with cut-off voltages ranging between –3.88 V and –2.40 V (vs. LiCoO2). The CC rates for charge and discharge were 0.50 C. The video clip plays at 640 × speed. 

Movie 5 | In situ SEM and BSE images of a Si thin flake anode during the 2nd discharge process. The charge process was conducted in constant current and constant voltage (CC/CV) mode with cut-off voltages ranging between –3.88 V and –2.40 V (vs. LiCoO2). The CC rates for charge and discharge were 0.50 C. The video clip plays at 640 × speed.
 
Movie 6 | In situ SEM and BSE images of a Si thin flake anode during the 3rd charge process. The discharge process was conducted in constant current and constant voltage (CC/CV) mode with cut-off voltages ranging between –3.88 V and –2.40 V (vs. LiCoO2). The CC rates for charge and discharge were 0.50 C. The video clip plays at 640 × speed.
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Supplementary Figure 1 | A typical LIB cell used for in situ SEM. a, A photograph of the LIB cell. b, A digital microscope image of a Si microparticle electrode. c, A SEM image recorded in the same area shown in Supplementary Fig. 1b. 
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Supplementary Figure 2 | An ex situ SEM image of the Si particle shown in Fig. 2g after rinsing with DEC. 
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Supplementary Figure 3 | In situ SEM images of the morphology variation of Si thin flakes during charging and discharging in the 3rd cycle. The charge/discharge curve of a Si thin flake anode measured in constant current and constant voltage (CC/CV) mode with cut-off voltages ranging between –3.88 V and –2.40 V (vs. LiCoO2). The CC rates for charge and discharge were 0.50 C. These images were captured at the points indicated by a-h in Supplementary Fig. 3i. i, The charge/discharge curve during the in situ SEM observation. 
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Supplementary Figure 4 | Discharge capacity retention and coulombic efficiency of LIB cells used for in situ SEM. Si thin flake and Si nanoparticle aggregate electrodes are shown as red circles and blue squares, respectively.
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