PhD Thesis to begin in october 2008 at the
Centre RAPSODEE / UMR CNRS - Ecole des Mines ALBI (France)
Study of powder mixing processes of fuel cells components -

sensor development and mixing kinetics
Powder mixing is an essential operation for various fields (pharmaceuticals, agro-food, special cements, etc), as a first responsible for the attainment of end used properties of formulated products. A powder mixing problem is never a trivial task to address. For each case, one has to develop a methodology and a measuring technique of the homogeneity of the mixtures. An adapted process must be defined and studied from all viewpoints (energy requirements, dynamics, scale-up), modelled and optimised. Because of its pluri-disciplinarity, Chemical Engineering is the only science able to manage all the aspects of such type of industrial problem efficiently.
In the present work, we propose to study, at lab and pilot scales, various mixing processes of powders entering in the composition of bipolar plates that are essential parts of fuel cells. This type of application experiences a great deal of interest today, and after the completion of a formulation phase, it is now entering a pre-industrialisation phase for which process definition and optimisation remains to be performed. Different mixing processes, such as drum mixers or convective mixers, will therefore be studied and compare for the different mixing steps of the overall process: graphitic charge homogenisation, polymer compound mixing, polymer-graphite mixing. In particular, we will choose a measuring technique for powder mixture homogeneity assessment, such as electrical capacitance or thermal conductivity, taking into account for the statistical aspects of powder sampling. At the process level, the kinetics of batch mixing will be studied in order to determine the mixing times to extrapolate. This will be partly done at the pilot scale.
The PhD student recruited will have a solid formation in chemical engineering. Knowledge in powder technology and/or adapted sensors will be appreciated.

Scientific staff and contacts
Cendrine Gatumel (Assistant professor, gatumel@enstimac.fr) et Henri Berthiaux (Professor, berthiau@enstimac.fr).

Doctoral school
MEGEP (Toulouse)

Environment :
This work is part of the MASCOTE project founded by the French National Research Agency (ANR) in the section “Functional Materials and Innovative Processes”. From this project, the lab will have the possibility to ensure the salary of the PhD student for 36 months, as well as buying the necessary equipment and related expenses. The student will be in direct contact with all the academic and industrial partners of the project: INSA Lyon, RAPSODEE EMAC, RAIGI SA, HELION SA, TIMCAL SA, BILLION SA, CEA Le Ripault.
The Centre RAPSODEE is a 80 researchers, teachers, technician, PhD and post-doc research centre located in Albi, in the south-west of France (80 km away from Toulouse). Its main field of research is Chemical Engineering as applied to Powder Technology and is strongly in touch with the related industries.
