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Rechargeable batteries comprising the lithium-sulfur (Li-S) 

chemistry are esteemed to be one of the most promising 

candidates for next generation battery systems owing to their 

high theoretical energy density, specific capacity and low 

cost. Cell design plays an important role on the performance 

of Li-S batteries; there is a strong relation between key 

design factors such as electrolyte-to-sulfur (E/S) ratio, 

carbon-to-sulfur (C/S) ratio, and sulfur loading and the cell- 

and system- level battery performance. Consequently, these 

design factors must be carefully selected [1]. 

Sulfur loading is one of the key design parameters that has a 

significant impact on the Li-S battery performance. Li-S 

batteries are expected to excel the energy density of Li-ion 

batteries only at high of sulfur loadings [2]. Areal sulfur 

loading in the cell can be increased by increasing the cathode 

thickness at a constant C/S ratio, yet, at high electrode 

thicknesses mass transport becomes more challenging 

hindering the diffusion and the reaction kinetics and thus 

worsening the performance of the cell [3]. Therefore, sulfur 

loading should be optimized to achieve high performance Li-

S batteries. 

In this work, the effect of sulfur loading on the 

electrochemical, cell- and system-level performance of Li-S 

batteries was characterized by integrating electrochemical 

characterization and modeling techniques. Li-S cathode was 

produced by mixing carbon, sulfur and binder at a C/S ratio 

of 0.5 as described elsewhere [1]. Cathode thickness was set 

to 500, 700 and 800 m with a doctor blade corresponding 

approximately to sulfur loadings of 1.6, 2.4 and 3.4 mg cm-2, 

respectively. Electrochemical performance was examined by 

galvanostatic cycling and the discharge capacities and the 

cycling performance of Li-S cells with varying S loadings 

were obtained. 

Figure 1 illustrates the cycling behavior of Li-S batteries with 

different sulfur loadings. As the sulfur loading increases, the 

initial discharge capacity of the Li-S cell decreases. Li-S cell 

with a sulfur loading of 1.6 mg cm-2 provides the highest 

initial discharge capacity of 1016 mAh g-1 S. Low electronic 

conductivity at higher S loadings may hinder the reaction 

kinetics, this may create the difference in the initial discharge 

capacities. However, better capacity retention is achieved 

with higher sulfur loadings; after 30 cycles all cells show a 

similar cycling performance.  

 
 

Figure 1. Cycling performance and Coulombic efficiency of 

Li-S cells with different sulfur loadings at an E/S ratio of 35 

L mg-1 at 0.1C. 

 

Cell- and system-level energy densities of Li-S batteries with 

varying sulfur loadings are also projected in this study by 

developing performance models, which are fed by the 

experimentally achieved discharge capacities. System-level 

performance was modeled by altering the publicly available 

design and cost model, Battery Performance and Cost 

(BatPaC). An one-dimensional electrochemical model was 

developed as a part of the system-level performance model to 

calculate the area specific impedance (ASI) and overpotential 

for each cell component and thus to predict the current-

voltage relationship. 
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