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In-operando transmission X-ray microscopy for Li plating and stripping 

 

Figure S1. In-operando TXM measurement for Li plating/stripping. Mosaic images of the Cu surface (a) after Li deposition and (b) Li 

stripping under the current density of 2 mA cm-2 with 1M LiPF6 in EC:DEC as the electrolyte. (c) From left to right are the selected 

images showing the Li growth during the deposition process in the inset of (a). (d) From left to right are the selected images showing 

the Li stripping during the dissolution process in the inset of (b). 
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Figure S2. (a) Charge-discharge curves of NMC/Li cell with deep discharge.  

Preparation of different amount of Lithium Metal 

The A/C = 50 and A/C = 16.5 Li were calculated directly from a 300 µm and 100 µm Li foil (16 mm in diameter), respectively. The 

A/C= 10 and A/C = 2 pre-plated Li was prepared by applying 0.1 mA cm-2 on a copper foil (19mm in diameter) to plate Li metal from 

a Li foil with the diameter of 16mm for 135 and 27 hours, respectively.  

 

Fig. S3. Charge/Discharge profiles of NMC//Li cells with (a) A/C = 50, (b) A/C = 16.5, (c) A/C = 10, and (d) A/C = 2. 

 

(a) 
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Fig. S4. Scheme, cycle life, and coulombic efficiency comparison of cells using different amounts of Li at the negative electrode. 

 

 
Fig. S5. Areal capacity retention under different parameters. (a) 0.2 mA cm-2 of current density, (b) 0.4 mA cm-2 of current density, 

and (c) 0.2 mA cm-2 of current density with 5% FEC added in commercial electrolyte, 1M LiPF6 in EC:DEC. 

 

Fig. S6. (a) Scheme of soft short-circuit, (b) areal discharge capacity, and (c) coulombic efficiency of NMC/Li cells under different 

current density.  

 
Fig. S7. Charge/Discharge curves of NMC/Li cells under (a) 0.2 mA cm-2 and (b) 0.4 mA cm-2 of current density. 

 

Comparison of Initial Overpotential and Polarization at 50% SOC 

Fig. S8 shows the corresponding initial overpotential, the polarization of Li//Cu, NMC//Li, and NMC//Cu cells under different 

parameters.  

For a low current density of 0.2 mA cm-2, Li//Cu cell shows larger initial overpotential and polarization at 50% SOC than Li//Li 

(Fig. S6a). This can be explained by the lower lithiophilicity of Cu, which leads to a larger Li nucleation barrier on Cu. It is also noticed 

that during the stripping process of Li//Cu cell, different from Li//Li cell, the second plateau relating to the Li+ diffusion from the bulk Li 

beneath the thick SEI formed due to the low reduction potential of metallic Li after cell assembly. This can be attributed to the 

substitution of Cu for Li, in which bulk Li does not exist thus the thick SEI is absent. In addition, it is found that the initial nucleation 
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overpotential of Li//Li cell is strongly influenced by the length of resting time before cycling as shown in Fig. S1, the longer the cell 

rests, the higher the initial nucleation overpotential. As a result, when applying the proposed protocol, the resting time of each cell 

should also be considered and controlled.  

Lastly, when using 5% of FEC as an additive in the commercial electrolyte, the initial overpotential and polarization at 50% 

SOC are both smaller than that in the electrolyte without 5% FEC except Li//Li cell, suggesting a more stable yet Li+ conductive SEI 

formed after adding FEC into the electrolyte, which reduces the charge transfer resistance between the electrode/electrolyte interface. 

 

Fig. S8. Initial overpotential and polarization at 50% state of charge (SOC) comparison. (a) 0.2 mA cm-2 of current density, (b) 0.4 

mA cm-2 of current density, and (c) 0.2 mA cm-2 of current density with 5% FEC added in commercial electrolyte, 1M LiPF6 in EC:DEC. 

The initial overpotential of NMC//Li and NMC//Cu cells are calculated by the initial cell voltage difference of the 1st and the 2nd cycle. 

 

 

 

Fig. S9. performance of integrated protocol, (a) NMC/Li, (b) NMC/Cu, (c) Li/Li, and (d) Li/Cu, using 1M LiPF6 in EC:DEC as 

electrolyte with the current density of 0.4 mA cm-2. We selected NMC532 as the cathode material used in this electrolyte, one can 

substitute desired cathode material for cathode study in half-cell and AFLMB. 



 5 

Fig. S10. Electrochemical performance of integrated protocol, (a) NMC/Li, (b) NMC/Cu, (c) Li/Li, and (d) Li/Cu, using 1M LiPF6 in 

EC:DEC with 5% of FEC as electrolyte with the current density of 0.2 mA cm-2. We selected NMC532 as the cathode material used 

in this electrolyte, one can substitute desired cathode material for cathode study in half-cell and AFLMB.  

 

Calculation of average coulombic efficiency of NMC//Li and NMC//Cu cells 

For NMC//Li cells, 
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As for NMC//Cu cells, we calculated the average CE after the transition state, namely in A/C ratio < 1 region. 
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