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BE-HyFE is a Belgian academic collaboration project that brings together several Ph.D students on the topic of hydrogen technologies. Among these technologies are Proton Exchange Membrane Fuel Cells (PEMFC). These non-polluting electrochemical systems are capable of delivering electricity through the hydrogen oxidation reaction (HOR) and oxygen reduction reaction (ORR), with only H2O and heat as by-products. However, the low kinetics of ORR still greatly limit their industrial and automotive applications. A catalytic layer is therefore needed in PEMFC stacks to alleviate this problem. In this type of layer, catalyst nanoparticles are supported on a carbon structure and are covered by a proton-conducting ionomer. The optimization of the carbon structure, acting as an electrical conductor and a support for nanoparticles, will be the main focus of this thesis.

In the industry, catalytic layers consist of platinum nanoparticles deposited onto carbon blacks and covered by Nafion®. A large amount of platinum is a prerequisite in these systems, reducing PEMFC attractiveness from both an economical and environmental standpoint. Moreover, carbon blacks lack durability under PEMFC oxidant environment. Therefore, mitigation strategies have to be developed and appraised so as to pave the way towards low-priced, durable and efficient catalytic layers.

Graphene and carbon nanotubes are promising alternatives to carbon blacks as they boast large electrical conductivities and high corrosion resistance1. But their production is costly and controlling the porosity remains challenging. This in turn does not allow for a precise management of mass transport properties. On the other hand, carbon xerogels could serve as substitutes to carbon blacks2. Carbon xerogels are amorphous materials made of covalently-bonded spherical carbon nodules. The sphere size is controllable by selecting the appropriate reaction parameters, enabling a good adjustment of the porosity. However, these materials do suffer from the same issue than carbon blacks, namely a relatively poor resistance to corrosion.

Nevertheless, it has been demonstrated in recent years that carbon supports with improved performances could be obtained through (1) surface heterodoping, particularly with nitrogen atoms, reinforcing catalyst – support interactions and expanding nanoparticles dispersion3 (2) graphitization4, producing a corrosion-resistant ordered carbon surface (3) micropores coating5. As the ionomer long-chain molecules hardly enter micropores, ionomer-carbon-catalyst triple interfaces are too sparse in this type of pore, making them underused. All of these different methods will be applied in this thesis so as to obtain optimized carbon supports. Moreover, bimetallic hollow nanoparticles6 will be used as low-platinum catalysts and tested in Membrane-Electrode Assembly (MEA) configuration.
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