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Scientific description: Aqueous foams provide a promising route towards sustainable
applications in a variety of domains, such as innovative construction, soil remediation, tissue
engineering, or smart filters.... However, controlling the morphology and the functional
properties of foamed materials constitutes a difficult task. This is due to the intrinsic aging
processes at play in liquid foams before the hardening step [1], among which coarsening is
challenging to be counteracted. Along this process, sometimes called “thermodynamic
capitalism” because big bubbles grow at the expense of small ones, the foam microstructure
is strongly altered. Therefore, the final microstructural features of the material are very
sensitive to the coarsening kinetics or its eventual arrest. Actually, strong scientific questions
remain about coarsening, especially in the case of liquid foams made with complex fluids,
such as particle suspensions, concentrated emulsions or colloidal pastes. Here we propose
to study coarsening dynamics of aqueous foams made from particles suspended in a yield
stress fluid.

The objective of the thesis will be to set experiments to probe the coarsening of such foams
with controlled parameters (bubble size, gas/particle/complex fluid volume fractions) and
ageing conditions. The foam structure and dynamics will be studied using several
techniques combining surface and bulk probes of the microstructure and its local
rearrangements. The investigations will be designed in order to identify the conditions for
which coarsening is efficiently counteracted by the particles confined between the gas
bubbles, in terms of particle concentration, particle shape, particle/bubble size ratio, and
rheological behavior of the suspending fluid. The analysis of the experiments will benefit
from results of coarsening experiments currently performed on-board the International
Space Station [2, 3], where gravity-induced flows are suppressed. The results will yield the
basis to elaborate a scaling model predicting coarsening arrest.

a) A complex foam made
from a particle suspension.

b) The international Space
Station facility provides
microgravity environment
suitable for long lasting aging
experiments.
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Techniques/methods: Millifluidic, optical and fluorescence microscopy, multiple light
scattering, x-ray microtomography, image and data analysis, mathematical modelling
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