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Sujet:  
 
Context:  
Proton exchange membrane fuel cell (PEMFC) is a system of choice to feed electrical 
engine for transport application. Recent presentation of fuel cell electrical vehicles 
(FCEV) from major car manufacturer (Daimler, Toyota, Hyundai) shows the interest of 
the car industry for the technology.  
 
The principle of PEMFC is based on electrochemical reactions to produce electricity 
from hydrogen oxidation (HOR) and oxygen reduction (ORR) reactions. Those both 
reactions are catalyzed by platinum (Pt) nanoparticles to accelerate their kinetics 
making them compatible with the required power density by automotive application. 
The state of the art 100 kw gross power stacks require around 50 g Pt ; 80% of them 
are used at the cathode. Those platinum loadings are a real brake to the widespread 
of the technology. For several decades, scientist have been working of the decrease 
of Pt loading. One of the most “noble” way studied in literature is the use of non PGM 
(platinum group metal) catalyst at the cathode.    
 
The bioinspired approach lead to reproducing the CcO’s heme a3 structures. The first 
results with that approach was promising but since such materials lacked stability, then, 
most of the efforts consisted in grafting such catalyst on carbon support [1], which 
conducted to a family of catalyst based on transition metals (typically Fe and/or Co) 
coordinated to several N atoms occupying particular positions on a C-C sp2 network, 
typically denoted as Fe/N/C [2,3]. 2 approaches are described in literature to produced 
such compound :  

- “burn” iron and nitrogen precursors on carbon support under inert atmosphere 
to insert catalytic site 

- “burn” iron, nitrogen and carbon precursors on 3D structured sacrificial template 
(SiO2)  

 
Work description:  
The proposed thesis aims at exploring an innovative way to prepared PGM free 
catalyst for ORR. This way consist in producing carbon aerogel material doped with N 
and low cost transition metal. The student will explore different C and N precursors and 
metals (Fe, Mn, Cu) to prepare 3D structured aerogel materials. Depending on the 
experimental set up and the used operating conditions to prepare those materials 
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different structures will be obtained. Finally, this will give access to new family of 
catalyst with tunable:  

- Active site, depending on the metal/N ratio and the metal element 
- Pore size distribution thanks to the preparation technics (aerogel/xerogel 

synthesis) 
 
This approach allows to consider the catalyst (active site) and its support as a whole 
and a unique material prepared in one pot, which is in breakthrough regarding 
commonly describe preparation route.  
 
The activity of the as prepared materials will be tested in full MEA in order to have 
information on the:  

- catalyst activity  
- impact of catalyst 3D structure on mass transport (water management, oxygen 

diffusion, protons conductivity) 
 
The first step of the thesis, will be based on trial/error strategy with a lot of experimental 
work. Secondly, the most promising material will be deeply characterized. 
EXAFS/XANES and Mössbauer spectroscopy could be used to describe the active site 
chemical structure and tomography could be used to know the 3D structure of the 
material. Those 2 two last points will be made by approaching international experts on 
the field.  
 
 
This thesis will be made in collaboration between:  

- DEHT/STP/LCP (Pierre-André Jacques) which has all the required skill in the 
field material for PEMFC evaluation  

- DTNM/SEN/LSIN (Caroline Celle) in which the skills and equipment for aerogel 
or xerogel synthesis and nano-charactesisation are available.  

 
 
Contact : sent CV and cover letter to pierre-andre.jacques@cea.fr 
 


