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Proposition of PhD Thesis in CEMHTI-CNRS Orléans, France
Development of high energy density supercapacitors in environmentally friendly electrolytes
The Laboratory Conditions Extrêmes et Matériaux : Haute Température et Irradiation (CEMHTI), à CNRS laboratory in Orléans (France) invites applications for a PhD grant to investigate supercapacitors. 
Supercapacitors (or electrochemical capacitors) are energy storage devices characterized by an energy density higher than a capacitor and a power density higher than a battery. They are able to operate at high charge and discharge rates over almost unlimited cycle life, being highly desirable for applications in hybrid (HEVs) and electric vehicles (EVs), buses, forklifts, etc. 

Current industrial technologies for supercapacitors are based on porous carbon electrodes immersed in an organic electrolyte. Nevertheless, such electrolytes contain acetonitrile presenting safety and toxicity issues. Therefore, new strategies must be followed for developing systems able to address societal requirements in terms of environment and security. For that reason, the present thesis project proposes the development of supercapacitors in an environmentally friendly aqueous electrolyte. However, for reaching the same performances that their counterparts in organic electrolyte, the capacitance/operating voltage must be optimized. In an aqueous electrolyte, the operating voltage is limited by the water/carbon oxidation at the positive electrode and by the water reduction at the positive one. Therefore a detailed investigation of the reactions taking place at the interface electrode/electrolyte will allow determining the electrode/electrolyte couple resulting in an extended operation voltage.  In particular, coupling in-situ/operando Raman/mass spectrometry/electrochemistry will allow us to choose the best carbon material for the negative electrode while coupling in-situ/operando mass spectrometry/electrochemistry will be the tool adapted for identifying the best materials for the positive electrode. RMN experiments will give additional information of the local environment of electrolyte ions at the carbon porosity. The final goal will be developing high energy density and high power density asymmetric systems in an aqueous electrolyte by using a material adapted to the operation of each electrode. 
A strong taste for electrochemistry, for physics and chemistry of interfaces and for materials is required for this PhD as well as a strong hands‐in approach for experiments.

Candidate profile:

Master 2 or engineering school (background physics and chemistry, electrochemistry). Strong knowledge in materials, interfaces and electrochemistry.

Contact: 
Dr. Encarnacion RAYMUNDO-PIÑERO
e-mail adress: raymundo@cnrs-orleans.fr
Research Director 
CNRS – CEMHTI

Site Haute Température

1D avenue de la Recherche Scientifique

CS 90055

45071 Orléans cedex 2

Limit date for application: April 21st 2017

Expected starting date: September 2018
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