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The utilization of metallic Li anodes provides high 

gravimetric and volumetric energy densities for next 

generation Li batteries. The limitation of its utilization 

presents in the unwanted interfacial processes taking place 

such as Li plating and dendrites formation. In any Li battery 

chemistry, Li is protected by a passive layer which prevent it 

from reacting with the electrolyte. This layer is called the 

Solid Electrolyte Interface (SEI) and has important role in the 

battery operation by allowing Li-ions to transport with the 

prevention of electron leakage [1]. Understanding the 

underlining Li-ion transport mechanisms through such 

interfaces is crucial for the utilization of metallic Li and in 

preventing the accompanying unwanted processes.  

For this aim, we use temperature dependent Electrochemical 

Impedance Spectroscopy technique. The linear and accurate 

Electrochemical Impedance technique is shown to clarify 

various processes of the Li based batteries [2]. The obtained 

data show a drastic change in the electrochemical impedance 

of the high frequency response by varying the temperature 

which can be seen in Figure 1.  

Analysis of this data is achieved by Equivalent Circuit 

models. The models show the existence of two-layer structure 

for the SEI with larger variations in the second layer. Kinetic 

parameters are studies using the resistance values obtained 

for the two layers. The transport of Li-ion through the second 

layer is showing Arrhenius behavior at low temperatures and 

non-Arrhenius behavior at high temperatures as shown in 

Figure 2. The two behavior temperature dependency is 

indicating the existence of more than one mechanism for the 

Li-ion transport in the anode. The calculated activation 

energy obtained from the linear regions shows values around 

30 kJ/mol for Lithium Thionyl Chloride and 50 kJ/mol for 

Lithium Manganse Dioxide which highlights the effect of the 

different SEI structures on the activation energies of the Li-

ion transport process. 

 

We will show temperature dependent investigations for 

various chemistries of metallic Li based batteries such as 

Lithium Thionyl Chloride, Lithium Manganese Dioxide and 

Lithium Polycarbon Monofluoride chemistries which all 

illustrate the high temperature dependency of the different 

electrochemical processes.  
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Figure 1. Nyquist plots for Li/SOCl2 battery from -15 ºC 

to 65 ºC. 

 

 

Figure 2. Arrhenius plot obtained from the resistance for 

the Li-ion transport process (R2). 

 


