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	Introduction

The low energy density and relatively high price of traditional lithium-ion batteries (LIBs) are dramatically limiting their application in large-scale energy storage systems, especially in the fast-growing field of electric vehicles。To overcome these limitations, a more realistic alternative battery chemistry is based on sulfur cathods, which can offer very high potential energy densities 2600Wh Kg-1 compare to 470Wh Kg-1 and specific capacity 1675 mA h g-1 . Besides, the recycling of sulfur/based batteries are potentially much more simple and cost/effective than for LIBs, which facilitates a circular economy. In particular, the Li-S battery (LSB is considered the most promising technology for the next generation of energy storage for portable applications, transportation and stationary storage, and have attracted extensive attention from both academic and industry.
Objectives
In my PhD project, I aim at developing conversion type batteries based on sulfur cathods that contribute to both the ecological and digital transitions. I will optimize an LSB technology and contribute to the development of an SSB technology by carefully designing, engineering and testing the different battery components at the pouch cell level and considering commercially relevant parameters.

The main general objective of the project is to develop a potentiallly cost/effective rechargeable battery, based mostly on abundant, low cost and environmentally friendly elements and particularly on sulfur based cathods, offering simplified recycling and characterized by a high specific capacity above 1000mAh g-1 and large energy densities of 500 Wh Kg-1 , and capacity rention above 80% of the initial average capacity after 4000 cycles.
The partial/specific objectives of the project are the following:

1. To determine electronic structure, charge distribution, LiPS and NaPS adsorption energy, Li-S and Na-S reaction energy barriers and Li and Na diffusivity within single metal catalysts, 2D chalcogenides and superlattices, toward enabling a rational design of the cathode adsorption/catalytic additives. 

2. To produce large area (100-400 cm2) carbon fibre-based current collectors with high electrical

conductivity (> 100 S m-1) and controlled porosity and fibre thickness, density, and alignment by electrostatic jet deflection (near field) electrospinning. 

3. To produce multifunctional membranes that beyond electrically separating the two electrodes, are able to effectively block the crossover of short LiPS/NaPS.
4. To engineer single-atom catalysts, nanosheet-based nanostructures of 2D materials and carbon-chalcogenide superlattices with high LiPS and NaPS affinity as determined from polysulfide adsorption tests; high electrocatalytic activity towards the Li-S and Na-S as determined from a range electrochemical measurements and high electrical conductivity as measured by four-probe method. 

5. To produce highly high-performance, homogeneous and mechanically stable cathodes using multifunctional binders and with a 90-95 % sulphur composition to maximize the cell energydensity. 

6. To develop cathodes with sulfur loads above 5 mg cm-2 that provide a specific capacity of 1000 mAh g-1, thus areal capacity of 5 mAh cm-2, to enable full batteries with energy densities of 500 Wh kg-1.
7. To develop Li alloys anodes that combined with optimized coatings can effectively enhance the anode stability, preventing dendritic growth and continuous electrolyte consumption.
8. Formulate stable superconcentrated electrolytes with a wide temperature stability range that enable efficient and stable cycling. 

9. Upscale the developments obtained at the coin cells used for rapid material screening to 58mm x 45 mm pouch cells with 5 layers and (1 Ah capacity using electrolyte/sulfur ratios below 3. 

10. To produce Na-S cells with specific capacity (500 mAh g-1, gravimetric energy density (300Wh kg-1, specific power (500 W kg-1, and capacity retention above 80 % after 500 cycles. 

11. To comprehensively test Li-S and Na-S pouch cells to determine charge/discharge rates and history effect, performance in the temperature range 0 ( C - 60 ( C, cycling stability and self-discharge rate. 

12. Identify possible mechanisms of cell degradation and contribute to the development of techniques for operando studies of the electrolyte-electrode interphases in Li-S and Na-S cells. 

13. To establish a strong IP position within the next generation conversion-type battery technologies by increasing UB/IREC’s portfolio in at least two patents. 

14. To efficiently disseminate the project results in at least 5 publications in international journals with impact factor above 10. 

15. To write a PhD thesis and defend it in front of a jury composed of main experts in the field.
Work Plan and Schedule
The research and development work involved in this research project will be carried out at the laboratories of the University of Barcelona (UB) and its affiliated research centre, the Catalonia Institute for Energy Research (IREC). To achieve the very ambitious goals of the project within the timeframe of four years, the work plan is structured in 8 work packages (WPs).
WP1 (M1-M12) will use computational approaches to screen the properties of cathode additives. WP1 results will allow designing optimized compositions and structures to be used as polysulfide adsorbers and Li-S or Na-S electrocatalysts. 
WP2 (M1-M24) will focus on the development of carbon-based current collectors and polymeric membranes using the innovative electrospinning strategy developed at the Andreu Cabot Group. 
WP3 (M6-M30) will synthesise polysulfide adsorber materials and Li-S and Na-S catalysts that will be optimized according to results provided by WP1. 
WP4 (M12-M30) will deal with the engineering of anode alloys, and it will be particularly tightly coordinated with WP5 (M12-M30) where supersaturated electrolytes will be formulated. 
WP6 (M18-M30) Li-S cells will be assembled and thoroughly tested. Coin-type cells will be initially used to screen different components and cell parameters, but soon within the project, the best candidate components will be scaled up to a pouch cell level. 
WP7 (M18-M30) will carry out particularly high-risk/high-gain research in the development of Na-S cells using the current collectors and membranes developed in WP2 and the adsorbents/catalysts produced inWP3. 
WP8 (M24-M36) will take care of the exploitation and dissemination of the project results andthe writing and defence of my PhD thesis.
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