
Research topics for graduate students for 2025 

Professor Timothée Mouterde 
Department of Mechanical Engineering  

Acceptable course(s) 

 Master’s Degree 

 Doctoral Degree 
 

Research Topics 

  The main topic of research is the fabrication, characterization, and application of surfaces able to control fluids 

behavior at different scales, from confined flow inside nanochannels [1] to condensation, icing and drop behavior 

tailored by surface micro/nanostructures [2,3]. Applications range from freshwater production to functional surfaces 

with anticondensation or anti-icing properties. Following are a few research topics. 
 
1. Water and ions transport inside 2D nanochannels 

The transport of liquid and ions in nanochannels made of 2D materials strongly depends on the atomic nature of 

the confining walls [1] (e.g. graphene, hBN). The van der Waals assembly of 2D materials allows to control layer-

by-layer the atomic properties of a surface [1] (e.g. conductive graphene, insulating hBN). One research subject is to 

fabricate nanochannels with controlled electrical properties and to understand how it affects water and ions at the 

interface using electrical measurements and non-linear optical techniques (e.g. Sum-Frequency Generation [4]). 
 

2. Anti-icing properties of nanostructured materials   

Hydrophobic nanostructures are known not only to repel water and condensation [2,3] but also to decrease ice 

adhesion [5]. The mechanism responsible for the adhesion reduction and how it is related to the cooling dynamics 

and structure size need to be understood. The results will be used to design anti-icing surfaces. 
 

3. Hot liquid resistance of superoleophobic surfaces 
Covering a surfaces with hydrophobic nanopillars allows to efficiently repel hot water [2,3]. Using ‘re-entrant’ 

structures, low surface tension liquids such as oils or solvent can also be repelled [6]. However, the resistance of these 

superoleophobic surfaces to hot liquids remains to be explored. The design of hot liquid repellent superoleophobic 

surfaces will be challenged.  
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