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The development of advanced lithium-ion batteries (LiBs) is 

still of highest priority for the fast-growing energy storage 

applications such as electric vehicles. Preferably, electrode 

materials in a LiB should have high specific charge capacities 

and also result with a high cell voltage. Unfortunately, this 

requirement also brings significant (electro)chemical 

instability issues in conventional battery systems which 

mainly consist of LiPF6 salt dissolved in organic carbonate 

solvents as the electrolyte due to their rather limited 

electrochemical stability window.1 As a result of this, 

electrolyte reduction and oxidation reactions occur on anode 

and cathode, respectively. In the case of low voltage anodes, 

Li dendrite formation poses another problem. Unfortunately, 

LiPF6 salt also has a relatively low thermal stability and 

carbonate-based solvents are volatile and flammable. All of 

these issues bring a negative impact on the battery cycle life 

and safety. 

One promising direction to overcome these problems is to 

increase the Li salt concentration in the electrolyte to high 

levels. In recent years, the realization of unusual physical and 

chemical properties of electrolytes with excessive salt 

contents has resulted with a significant interest in highly 

concentrated electrolytes, especially for their application in 

batteries with lithium metal and graphite negative electrodes.2 

Here, we report the electrochemical cycling results of a 

simple binary electrolyte system, consisting of lithium 

bis(fluorosulfonyl)imide (LiFSI) salt and ethylene carbonate 

(EC) solvent. This electrolyte system was tested in different 

cell configurations with a focus on the Si/Graphite – 

NMC111 full cell configuration. Li-metal - Si/Graphite cells 

with the LiFSI:EC electrolyte outperformed its LiTFSI-

counterpart as well as the conventional LP40 electrolyte, 

however, very high concentrations larger than 1:4 salt:solvent 

ratio need to be avoided due to negative impact on the Li-

metal performance. In the absence of Li-metal electrode, it 

was possible to use higher concentration electrolytes (e.g. as 

high as 1:2 salt:solvent).  

A considerable improvement on the electrochemical 

performance of NMC111 – Si/Graphite cells was achieved 

with the LiFSI:EC 1:2 electrolyte and LiFSI:EC 1:3 

electrolyte (see Figure 1) at elevated temperature.  
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Figure 1. Elevated temperature electrochemical cycling 

results of NMC111 – Si/Graphite full cells. The nominal 

capacity of NCM111 electrodes are 2 mAh cm-2. 

 

Surface characterization with SEM and XPS showed that 

thicker surface films are deposited on both NMC111 and 

Si/Graphite electrodes after cycling with the LiFSI-based 

electrolyte as compared to LP40. This difference is more 

pronounced in Si/Graphite electrodes and the results show 

that the LiFSI promote the formation of a thicker SEI film 

rich in oxygenated species but relatively deficient in 

fluorinated components (e.g. LiF) and cathode-originated Ni 

ions. It is understood that such surface films are beneficial to 

cycling stability during longer term cycling since the LiFSI-

based electrolyte considerably improved the capacity 

retention behaviour of both full and half cells. 
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