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Profile “Energy Conversion Materials”

Chair: Inorganic Materials Chemistry
Research Theme: Energy Conversion Materials

3TU.Center of Sustainable Energy Technologies
Department of Chemical Engineering and Chemistry, TU/e

Information at: www.3tu.nl/en

The Eindhoven University of Technology intends to establish a strong disciplinary oriented chair in inorganic materials chemistry, which aims at novel materials for renewable energy conversion processes, that require storage of electrons and hydrogen, fuel cell systems and electrocatalysts, photon conversion in photocatalysts, frequency converters and solar cells, batteries, supercapacitors or novel (bio)conversion catalysis. Such a chair should provide a centre for a coherent multidisciplinary approach to renewable energy conversion conversion with an important role for storage of hydrogen and electricity (i.e. materials for electrochemical energy conversion, fuel cells and photocatalysis) and connects activities that are going on in this area, both in Eindhoven and Delft, such as material synthesis, electrochemistry, catalysis, spectroscopic and structural characterisation and computational methods. 

Introduction

Providing the world with sufficient energy to sustain the desired quality of life for all generations to come, without placing an irresponsible burden on the earth’s ecosystem is one of the greatest challenges our society faces. Unquestionably, sunlight is the ultimately sustainable source of energy. Sunlight can be converted into electricity that is either used or stored in batteries, or into hydrogen, which can be used directly in fuel cells, or stored inside suitable materials. Sunlight is also the source of biomass. 
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Ultimate sustainability implies that the energy of sunlight is used at its full potential, i.e. with maximum efficiency at the thermodynamic limit. This requires the use of various approaches ranging from photon conversion in solar cells and photocatalysts, integrated with frequency conversion, and storage of the generated energy carriers, notably electrons and hydrogen atoms and novel catalytic processes for energy-transport and storage. Scientific breakthroughs in materials technology and combination of several materials e.g. in layered devices combining generation and storage of energy carriers will be necessary to achieve this.
The TU/e Chair “Inorganic Materials Chemistry” intends to build on the disciplinary knowledge and scientific methodology in electrochemistry, heterogeneous catalysis, inorganic and organic chemistry, and computational science that are traditional strengths in the Department of Chemical Engineering and Chemistry at Eindhoven.

Research Agenda

The following illustrates possible items for the research agenda for the new chair. The successful applicant is expected to contribute significantly to breakthroughs in at least one of such areas. Storage of carriers generated by photons from the sun (i.e. electrons, hydrogen, biomass, etc.) and efficient retrieval and conversion of these carriers presents a formidable challenge for the efficient utilization of solar energy. 

The ideal hydrogen-storage material is a cheap, lightweight host that is optimized for its hydrogen-interaction, and capacity such that it can be used for rapid and reversible storage and recovery under the wider range of conditions that are made possible by integration with an intermediate-temperature fuel-cell. For electron storage lithium-ion, nickel metalhydride batteries and supercapacitors (e.g. for transport applications) require a breakthrough in the energy and power they can deliver. For batteries this can be obtained by nanostructuring, and then investigating the materials characteristics, partial supercapacitor behavior, and electrolyte stability.
At the fuel cell level, the challenge is to develop new electrolyte membranes (intrinsic proton conduction, high temperature resistance) and reduction of costs by using less noble metals as catalysts. Catalytically stable electrodes that are less sensitive to poisoning and more active than current systems must be developed. 
In photocatalysis the challenge is to optimize materials for the conversion of photons into electron-hole pairs and their subsequent utilization in surface reactions to split water into hydrogen and oxygen on photocatalytic centers, on the basis of fundamental understanding, which is limited.

Solar cells are presently limited by an energy conversion efficiency of approximately 40 %. Development of the next generation of solar cells requires fundamental research towards energy transfer from photons to electrons in relation to material structure, as well as technological cell development. Key research items in this respect are 
· Improved utilization of the solar spectrum in layered multi-component PV systems
· Enhanced conversion of photon energy into electrical energy (rather than heat) by generating multiple charges per photon or extraction of hot carriers, and improved charge transport 

· Spectral conversion of that part of the solar spectrum that is difficult to use directly via photo-luminescent layers

· Direct conversion of the infrared part of the solar spectrum for heating
A classical problem in electrocatalysis is improvement of the oxygen reduction electrode. Conversion of renewable energy carriers will require breakthroughs in heterogeneous catalysis.
For all subjects mentioned above breakthroughs based on considerably improved fundamental insight in the underlying processes at the atomic level will be needed to support the necessary technological developments that will be addressed by partner Chairs at TUD and UT.

Focus of the chair is the search for novel functional inorganic (hybrid) materials that have the potential to contribute to the topics mentioned above.

Requirements and Embedding 

The Universities of Technology at Eindhoven and Delft already have strong positions in solar cell development, fuel cell technology, photo catalysis, storage of hydrogen and electrons in batteries as well as catalysis. Eindhoven focuses on the fundamental material properties while Delft concentrates more on application of the materials. A strong collaboration between the two partner universities is foreseen.

The new Chair “Inorganic Materials Chemistry” at the Department of Chemical Engineering and Chemistry at Eindhoven aims at fundamental research towards development of new solid state inorganic materials of use in electrocatalysis and fuel cells, storage and conversion of hydrogen, (electrochemical) storage of energy carriers, photocatalysis as well as catalysis, and solar conversion. The successful candidate will have an excellent track record in inorganic chemistry and related disciplines relevant to the synthesis and analysis of advanced materials for applications in sustainable energy technology and catalysis. The chair is expected to participate in the National Institute of Catalysis Research NIOK. The Chair holder is expected to build up a research group with the necessary expertises to make substantial contributions in the broad field of inorganic materials for sustainable energy technology. A significant contribution to education in inorganic chemistry and energy technology is expected. The Chair holder will collaborate with existing strong groups at TU/e in organic and silicon-based solar cells (Profs. R.A.J. Janssen, M.C.M. van der Sanden, R.J.C. van Zolingen), fuel cells (Profs. J.C. Schouten and G.J. Kramer, Dr. F.A. de Bruijn), hydrogen storage and batteries (Prof. P.H.L. Notten), electro and heterogeneous catalysis and computational chemistry (Prof. R.A. van Santen), materials science (Prof. G. de With) and surface science (Prof. J.W. Niemantsverdriet). The Department disposes over a range of state of the art materials characterization techniques, such as electron and scanning probe microscopy, diffraction and spectroscopy. The Chair is expected to collaborate efficiently with partner groups at Delft and Twente within the 3TU Federation.

Extended Deadline for Application: February 10, 2007
Further information can be obtained from:  www.3tu.nl/en  or form
Prof.Dr. J.W. Niemantsverdriet

Dean Chemical Engineering and Chemistry

Eindhoven University of Technology.

Email: j.w.niemantsverdriet@tue.nl
Phone: +31 40 247 3060
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Conversion of the full energy spectrum in sunlight into electrons and hydrogen as energy carriers along with typical storage systems and their application areas 








