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Towards new all-solid-state batteries for long lasting electric vehicles

Batteries, as one of the most versatile energy storage technologies, play a central role in the ongoing transition from fossil 
fuels to renewable energy. Among them, thanks to their high energy density, the Li-ion batteries have conquered the EV’s 
market and stand as a serious contender for grid applications. Common to both of them is the need to have safer batteries 
while preventing high energy density, namely for EV’s. This requirement has rekindled great interest for the development of 
inorganic solid state Li batteries as witnessed by the increasing amount of enthusiastic press releases. Such excitement has 
been triggered by the recent discovery of inorganic ionic conductors (Li10GeP2S12) having room temperature ionic 
conductivity of 10 mS.cm-1 that compares favorably with those of liquid electrolytes [1,2]. Unfortunately, solid state batteries 
based on this new ionic conductor suffer from limitations in terms of rate capability and cycle life associated to poorly 
uncontrolled interfaces during cell assembly [3]. To mitigate these limiting aspects, the most advanced ASSB systems 
presently combine a sulfide or oxide-based solid electrolyte (SE) with a coated Li-based oxide as positive electrode and a 
lithium anode. To compensate the loss of capacity associated to the use of an electrochemically dead oxide coating, our 
group has recently used an electrochemically active sulfide coating. Moreover, to simply bypass the extra step of adding a 
coating as a whole, we recently proposed a different twist that consists in switching from layered oxides to layered sulfides 
as active cathode materials [4]. Hence, solid state batteries based on a Li-rich sulfide Li1.13Ti0.57Fe0.3S2 (LTFS) as 
positive electrode, Li3PS4 as a solid electrolyte and both InLi and Li as anode materials were assembled with enhanced 
performances. Both of these promising conceptual approaches to master interfaces required further exploration and this will 
be the main topic of the present thesis. 
The PhD student will conduct the synthesis of both highly ionic conducting sulfides and positive electrodes (oxides, sulfides) 
as well as engineer novel coating-grafting techniques to tailor made interfaces for enabling the assembly of operational solid 
state batteries. Through the course of this work, there will be numerous opportunities as well to improve/develop in situ 
characterization techniques to probe the structuring and phase composition of interfaces.   
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Background: This project will be carried out mainly at the Collège de France within the RS2E network with the benefits of 
having an easy access to state of the art characterization techniques. We are looking for a highly motivated PhD candidate 
with a strong background in inorganic synthesis, electrochemistry, material science, and crystallography. Applications should 
be sent with a full CV (with marks) to JMT and GR.  


