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Scientific Project:  The concept of lithium sulfur (Li-S) batteries has been existing since 1960s. Solid sulfur (S8) which is the 
initial phase of the cathode active material, reduces during discharge through a series of elementary steps to produce lithium 
sulfide (Li2S) by reacting with lithium ions from the oxidation of lithium metal anode. Complete phase conversion of each 
elemental sulfur atom into Li2S, would result in a superior theoretical capacity of 1675 mAh.g-1 based on the S8 mass in the 
cathode. However, in the past the Li-S batteries have suffered low sulfur utilization and poor cyclability, due its inherent physics 
such as insulating nature of S8 and Li2S.  
Renewed interest and efforts on Li-S batteries in the recent years, 
have improved its performance, through tailoring carbon/sulfur (C/S) 
composite electrodes,1 where carbon acts as porous matrix, which 
hosts and provides electron wiring for insulating solid species (e.g. 
S8 and Li2S) and soluble polysulfides. The porous carbon matrix also 
provides transport path for the soluble active species along the 
cathode. Therefore, overall performance of Li-S batteries, could be 
improved through optimization of the C/S cathode design, for which 
computational modeling tools could assist.2,3  
   As a part of a modeling Work Package of the European project “High Energy Lithium Sulphur cells and batteries (HELiS)”, 
and in strong connection with experimental characterizations, this Master thesis aims to study the impact of C/S cathode 
mesostructure on the discharge/charge performances of the Li-S batteries using a three-dimensional and atomistically-resolved 
Kinetic Monte Carlo (KMC) model. A preliminary version of the model, has been developed at LRCS which dynamically resolves 
the diffusions, chemical and electrochemical reactions of polysulfides, at time scales ranging from microseconds to hours.  
   This innovative thesis work will comprise 1) computer programming to make further developments on the pre-existing KMC 
code, such as expansion of simulation box, implementation of periodic boundary conditions, and inclusion of additional reactions 
and phenomena; 2) investigation through simulations and analyses of the results such as evolution of porosity, solid precipitate 
volume fraction and polysulfide concentrations; 3) comparison with experimental data including tomography analysis; 4) support 
the integration of the model into an immersive Virtual Reality software for advanced data analysis and simulation. 

 
Techniques used: 
- KMC model based on a stochastic algorithm called Variable step size method (VSSM)4 coded in Python language; 
- Reconstruction of real C/S structures (from tomography data) to be used instead of stochastically created structures; 
- Use of the software called Ovito for the visualization and interpretation of the simulated results; 
- Complementary experiments like galvanostatic cycling and SEM imaging (if the student is interested).  
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