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A study on the design and interaction between thin porous materials and liquid under heating is 

important for developing robust thin porous media for applications in separation, catalysis, energy storage, 

and sensing. Nanometer- to micrometer-sized particles are often added to functionalized thin porous 

materials. However, most of the presently available design strategy has not properly addressed the issue of 

the non-uniformity of particle distribution in the matrix of porous materials and the strength of particle-to

matrix interaction, which may risk particle leaching from the matrix during application. Additionally, only a 

few studies are focused on developing visualization techniques to monitor liquid flow in porous media during 

heating. These facts hamper our understanding of liquid dynamics in porous media as a function of 

temperature and limit our ability to develop a porous media with a robust design. 

In Chapter 1, key aspects of the design strategy of porous materials and methods for incorporating 

particles into the matrix of thin porous materials, along with the challenges needed to be addressed for each 

method, are summarized. The state-of-the-art insight into the study of liquid flow movement in porous media 

is also summarized along with a review of the existing visualization methods. 

In Chapter 2, a new technique involving the simultaneous burning of candles and electrospinning was 

used to integrate soot particles into fibrous polymer membranes. The position of the soot particles within the 

polymer fibers with submicrometer thickness was controlled by adjusting the injection location of the aerosol 

particles during electrospinning. The study demonstrated that the placement of the soot particles had no 

impact on the performance of photothermal conversion. When the resulting solar distillation membranes 

were applied to the water surface, there was a significant 194.5% improvement in heat localization compared 

to water samples without membranes. The mei:nbranes exhibited water evaporation and desalination rates of 

up to 1.60 and 1.59 kg.m―2h―1 · respectively under I-sun solar irradiation. 






