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Abstract: The motion of a contact line is classically described by the Cox-Voinov theory,
linking the macroscopically contact angle to the contact line speed and the microscopic wetting
angle. Here, we investigate how viscoelasticity, specifically via the normal stress effect, modifies
the wetting dynamics. Using the thin film equation for the second-order fluid, it is found that
the normal stress effect is dominant at small scales yet can significantly affect macroscopic
motion. We show that the effect can be incorporated in the Cox-Voinov theory through an
apparent microscopic angle, which differs from the true microscopic angle. The theory is ap-
plied to two classical wetting problems. First, viscoelastic effects slow down the retraction of a
drop, which justifies the polymer-induced suppression of rebound observed experimentally after
drop impact (Fig. 1(a)). Secondly, we extend the model to large angle, deriving a viscoelastic
generalized lubrication theory, which is used to investigate dip coating (Fig. 1(b)). The critical
receding speed for liquid entrainment decreases with increasing normal stress.

Figure 1: (a) Polymer-induced suppression of the rebound of a drop impacting a hydrophobic surface
(adapted from Bartolo et al. 2007 PRL 99). (b) Schematic of dip coating.
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Abstract: The complex interaction between cancer cells and their microenvironment plays
an essential role in tumor progression and metastasis. Collagen appears as a key structural
component of the extracellular matrix (ECM) that interacts and influences cells and their
behavior, including migration. Understanding the link between the microstructure and the
mechanical properties of the collagen fibrous gels would be a major step toward comprehending
cancer cell interplay with the matrix. We experimentally investigate the influence of different
physico-chemical parameters such as temperature, collagen concentration and pH on the gel
structure. From confocal microscopy, we infer several structural descriptors to characterize the
gels morphology, through the pore size distribution, the fiber thickness and volume fraction.
This catalogue of gels microstructure is rationalized through coarse-grained molecular dynamics
simulations of a model gel system that incorporate simple but enough ingredient to capture
several structural features of collagen networks formation.

Figure 1: (left) A SEM image of collagen gel at concentration 2 mg/ml (right) A typical network
structure from a simulated system at 2 % particle volume fraction.
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Abstract (250 Words Max):

At large scales, granular suspensions flow like viscous homogeneous liquids, but at the par-
ticle scale they are granular liquids. Depending on the flow, a suspension will therefore behave
like a homogeneous or a heterogeneous medium. Both dynamics can be observed during the
pinch-off of suspension drops. As a drop detaches, the thickness of the liquid thread that holds
it must vanish, and so the flow evolves through all the scales from the size of the drop down
to zero. Experimentally, we observe a clear threshold under which the flow differs from New-
tonian behavior. We derive a scaling law by comparing two mechanisms of viscous dissipation,
which describes this intermediate scale. It is validated by our experiments with suspensions of
spherical polystyrene beads, both in the monodisperse and polydisperse cases, and also with
suspensions of rigid nylon fibers. It also matches separate experiments in which a capillary
bridge of granular suspension is quickly stretched between two rods; constant upward accelera-
tion replaces gravity, but the physics remain unchanged. This universal rescaling suggests that
a least dissipation principle proves efficient in describing the suspension, at least in extensional
flow.

Figure 1: Detachment of a drop of suspension of rigid rods. The nozzle (left) is 2.75 mm wide; the
rods are 1 mm-long and 50 pm-thick. Gravity goes from left to right.
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Abstract: Coextruded multinanolayer polymer films have attracted attention due to their
numerous applications, for example in gas barrier plastic films. During the multilayer coextru-
sion, the polymer melts experience shear and extensional flows. Here, we present a combined
rheological and microscopical study of the properties of a non-compatibilized interphase of two
well-known immiscible amorphous polymers: polystyrene (PS) and poly(methyl methacrylate)
(PMMA). Films with 129 to 2049 layers and layer thicknes down to about 100 nm were exam-
ined in oscillatory shear at different strain amplitudes and frequencies. Starting from uniform
layers, the morphology of the multilayer films is monitored up to the appearance of defects and
breakup of layers. The complex viscosity time evolution and the role of the interface will be also
discussed. The onset of dewetting is found to have a smooth transition as a function of time
and is independent of the oscillation frequency. The large amplitude oscillation has a drastic
effect on the breakup. These findings give insights into layer breakup kinetics and mechanisms.

Figure 1: Microscope images of multinanolayer PS/PMMA films
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Abstract : Particle laden interfaces are ubiquitous in industry (e.g. oil recovery, filtration processes,
armored droplets used as microreactors, or concrete foams) where the interface stabilization effect must be
controlled. Recent studies [1,2] have shown that mechanical properties of particle-laden films differ from
those of single particle laden interface, though the origin of the differences remains unclear. We study
experimentally the rheology of a macroscopic particle-laden soap film constituted of polystyrene spheres
trapped in a single film made of a tetradecyl trimethyl ammonium bromide (TTAB) and glycerol aqueous
mixture of the same density as the particles. The particles are larger than the typical film thickness, they
cross both interfaces and capillarity gives rise to attractive interactions between the particles. To study the
strain-stress relation of such particle laden film, it is first stretched in an annular rheometer cell and sheared
at imposed velocity, measuring the stress. The strain-stress results are compared with local shear rate
measured through image correlation. We show that, at dense particle volume fraction, the granular film
exhibits a complex visco-plastic behavior which is influenced by interfacial parameters such as surface
tension and surface viscosity of the carrying fluid. To account for the non-local rheology of the particle laden
soap film, we confront the particle velocity fields to kinetic theory extended to dense granular media [3]. In a
second configuration the extensional viscosity of the particle laden film was studied. The film was stretched
between a ring and a particle raft.

[1] N. Taccoen, F. Lequeux, D. Z. Gunes, and C. N. Baroud, Physical Review X 6, 011010 (2016).
[2] Y. Timounay, O. Pitois, and F. Rouyer, Physical Review Letters 118, 228001 (2017).
[3] W. Losert, L. Bocquet, T. C. Lubensky, and J. P. Gollub, Phys. Rev. Lett. 85, 1428 (2000).
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Abstract: The dilational response of complex interfaces exhibit often non-linear features even in the linear
regime of deformation. It is therefore difficult to characterize. Here we use “General Stress
| Decomposition” (GSD) to analyze the pressure-deformation relations of bubbles covered by polyelectrolyte
multilayers, which undergo a liquid-solid transition after four layers. Originally developed for large amplitude
| oscillatory shear rheology, GSD was only recently applied to oscillatory dilatational interfacial rheology.2-4 It
uses symmetry arguments to decompose the total effective interfacial stress yer (Fig. 1a) into four
| contributions v (Fig. 1b-e), such that yefr - yo = T1 + T2 + T3 + T4. Here yp is the yer value in the absence of
deformation, t: and T are the purely elastic and viscous stresses, resp., and 13, t4 include the non-linearities
introduced by the equation of state of the interface. For small deformations, t1 and t. exhibit a linear
response and are directly related to the elastic and viscous moduli (Fig. 1b-c), even though a strong non-
linear behavior, associated with t3 and w4 (Fig. 1d-e), is clearly visible in the total stress-strain curve (Fig. 1a).
| Thus, GSD allows a clean analysis of the dilational response of complex interfaces, including highly non-
linear signals, arising here after the liquid-solid transition of the viscoelastic interface. Our results are
| validated with Bubble Shape Elastometry and Capillary Meniscus Dynamometry. \We also show that the
method can be applied to other systems, for example, to follow chemical reactions at interfaces.
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Figure 1: GSD of the stress-strain response of a bubble covered by an increasing number of polyelectrolyte
layers and undergoing sinusoidal area variations in the linear deformation regime.
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[4] S. Pivard, L. Jacomine, F.S. Kratz, C. Foussat, J.-P. Lamps, M. Legros, F. Boulmedais, J. Kierfeld, F. Schosseler, W. Drenckhan, Soft Matter,
| 2024, 20, 1347-1360.

[
[2

—_—



GFR 2024 in Marseille

Stress redistribution in flowing liquid foam

Florian Schott 1*, Stefan Gstohl 2*, Christian M. Schlepitz 2*, Benjamin Dollet 3*, Christophe
Raufaste 4*,5*, Stéphane Santucci 6*, Cyrille Claudet 4*, Rajmund Mokso 1*,7*

1 Division of Solid Mechanics, Lund University, Lund, Sweden
2 Swiss Light Source, Paul Scherrer Institut, Villigen, Switzerland
3 LIPhy, Université Grenoble Alpes, CNRS, Grenoble, France
4 Université Cote d’Azur, CNRS, INPHYNI, Nice, France
5 Institut Universitaire de France (IUF), Paris, France
6 Laboratoire de Physique de 'ENS Lyon (Phys-ENS), Ecole Normale Supérieure, Lyon, France
7 Department of Physics, Technical University of Denmark, Lyngby, Denmark

florian.schott@solid.lth.se
Preference : TALK

Keywords : 3D foam, T1 event, stress redistribution.

Abstract : It is challenging to capture the structure evolution of 3D flowing liquid foams, such as the bubble
deformation and plastic rearrangements. Lately, X-ray tomographic microscopy appeared as one of the useful
probes to visualize the deformation and displacement fields of bubbles flowing around an obstacle [1] and
through a constriction [2]. For the first time, we present a multiscale description of liquid foam subjected to a
rheometric flow inside the rheometer and simultaneously 3D imaged. The foams were produced by a
microfluidic setup and placed inside a plate-plate rheometer. The liquid fraction, bubble mean diameter and
rheometer gap were systematically varied, respectively between 5-30 %, 50-200 um, and 0.375-3 mm. While
measuring the macroscopic torque, high-resolution tomograms were recorded every 3 s for 9 min. Each
experiment consisted of three phases: elastic loading, elastoplastic plateau, and relaxation after shear
cessation. We developed a 3D quantification toolbox (FoamQuant) to reconstruct the individual bubbles
geometry, and to extract their individual displacements, full stress tensors and structural rearrangements
(T1s). We validate our local stress measure with our macroscopic torque measurement, and unravel the way
T1 plastic events redistribute the local stress in their surroundings, combining a quadrupolar response in the
plane of bubble swapping with nontrivial 3D effects. This paves the way to better understand the elastoplastic
behavior of foams, and more generally of amorphous materials.

[1] C. Raufaste, et al., EPL 111, 38004 (2015).
[2] F. Schott, et al., Soft Matter 19(7) (2023).


https://foamquant.readthedocs.io/en/latest/

