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ﬁsymmetry and optimization of charge-discharge reaction for rechargeable Li ion
attery
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In this research, we suggest design principles for the optimization of
electrode reaction by separating charge/discharge polarization using Laplace transform impedance
(LT1). In particular, the desolvation resistance of the Li metal electrode, which is strongly
related to the inhibition of Li dendrite formation, is investigated by applying a LTI technique. The

analysis revealed asymmetry in the desolvation/solvation resistances of Li metal electrodes. The
desolvation resistances, which supposedly require large amounts of energy derived from the strong
interaction between Li+ ion and solvents, were smaller than the solvation resistances. It has also
been revealed that the larger resistance in the desolvation process is effective for suppressing Li
dendrite formation further.
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Figure 1. Electrochemical measurement results of three-electrode Li cells with a liquid
electrolyte containing LiClO4 salt. AC impedance measurement results obtained (a) at
30 °C and (b) at —30 °C. (c) Time dependence of the response potential to the current

pulse of the charge and discharge processes with a current density of 200 pA at —30 °C.
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Figure 2. Laplace transform impedance results of three-electrode Li cells with
electrolyte using salts of (a) LiClO4, (b) LiPFs, and (c) LiTFSI at -30 °C. Black and red

dots indicate the results of the discharging and charging process, respectively.
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Figure 3. Equivalent circuit fitting for three-electrode Li cells at —30 °C. (a) Equivalent
circuit, where R1 is the sum of the resistances of the electrolyte and the external circuit,
R2 is the solvation resistance (during charging) or desolvation resistance (during
discharging), and R3 is the charge transfer resistance. (b) Fitting results for the Laplace
transformation impedance of the cell using LiClO4 salt as an example (left: discharge

process, right: charge process).
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Figure 4. Distribution of relaxation times (DRT) in a three-electrode Li cell using LiPFe
salt at —30 °C. Black and red plots indicate the data in the discharge and charge

processes, respectively.



Table 1. Desolvation and solvation resistance values of three-electrode cells using each
Li salt at —30 °C.

Li salt Desolvation resistance / Q Solvation resistance / Q
LiClO, 194 351
LiPF, 1925 2680
LiTFSI 473 559
Figure 5 Li SEM
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(b)

Figure 5. SEM images of the Li metal electrodes charged in the cells using propylene
carbonate electrolytes with salts of (a) LiClO4, (b) LiPFs, and (c) LiTFSI salts.
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