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Scientific description: Liquid foams play a crucial role in the ecological and energy transition. With
their excellent thermal insulation properties, they enhance the energy efficiency of buildings and
infrastructures (see left image below). In the field of flotation, foams enable the separation of finely
divided materials, a process particularly used for treating contaminated soils. Additionally, new
processes are emerging, leveraging the properties of foams for extracting precious metal particles
from recycled electronic devices (urban mining), thus promoting a more sustainable management
of resources and urban waste. The presence of solid particles within liquid foams, possibly in high
concentration, raises several fundamental questions, the most general one being: can a liquid foam
be stabilized using the particles it contains? Indeed, it is well known that simple liquid foam ages(!!
through various processes, with coarseningl? being particularly difficult to counteract: can
coarsening dynamics be arrested by incorporating particles of a specific concentration and size?

a) Aerated foam cement is an example of industrial application involving foamed particle suspensions. b) Model
foam made from a suspension of solid particles. ¢) Bubble dynamic activity map of a coarsening foam.

The PhD project consists in developing and conducting experiments to investigate the coarsening of
foams made from suspensions of solid particles. Structural foam changes induced by the coarsening
process will be tracked using optical microscopy and x-ray microtomography combined with image
analysis using recent advanced Machine Learning tools. The work will encompass the elaboration of
model particle laden foams using milli-fluidic devices, with fine tuning of bubble and particle
distributions as well as concentrations. The results will evidence original coarsening laws and
dynamics. Their modeling, drawing on concepts from both liquid foams and granular media, will
provide physical insights into the underlying mechanisms of diffusive gas transfer in such complex
systems. Predicting their coarsening phase diagram is a challenging fundamental problem of great
interest for many applications in material sciences.
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Techniques/methods: Millifluidic, optical microscopy, x-ray microtomography, machine learning
image analysis, data analysis, physical and mathematical modeling.
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