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Short description of possible research topics for a PhD: Hydrogels are polymer based 
materials composed of a network of polymer chains in water, which are covalently or physically 
bound. In nature, some bio-hydrogels have outstanding filtration properties. As an example, 
mucus prevents the entrance of toxic nanoparticles into the lungs. In the kidney, the glomerular 
barrier, which is composed of collagen fibers, filters proteins and nanoparticles. Such hydrogels 
are highly permeable to water but very efficiently filter nanoparticles. Our goal is to conduct a 
biomimetic approach to design bioinspired hydrogels that present similar properties to natural 
hydrogels. Our challenge will be to tune the toughness of the hydrogels so that they can sustain 
high filtration pressures. Indeed we expect that the deformation of hydrogels under pressure 
and their eventual compression may lead to a permeability decrease. Moreover we will design 
hydrogels with controlled spatial heterogeneity to control the water permeability.  
 
Required background of the student: background in chemical engineering or materials 
science 
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