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Liquid foams: the fluid mechanics of your 

shampoos and dishwashing liquids! 
Théo LENAVETIER 

 

 

Liquid foams are found in many goods we use on a daily basis. From shampoo to 

beaten egg whites, the properties of such materials are always complex... and 

surprising! When you add washing liquid to water in order to do the dishes, two regular 

liquids, the foam you produce have a wonderful behaviour: if you take some on top of 

the palm of your hand and shake it, it holds where it is, getting back to its position, it's 

elastic (which is usually a property for solids), and if you tilt your hand, it flows very 

slowly with a viscosity which can be a 1000 times higher than the viscosity of the water 

it is composed of! My thesis is interested in explaining what happens in these materials 

at the scale of several bubbles, which already allows to have explanations for some of 

these surprising behaviours. We developped a device allowing to stretch tiny foams in 

a well-controlled way, and managed to recover some of the complex properties you 

can witness in your sink at home. I'll explain how :) 



Laser shock experiments on metallic glasses: from 

the Newton’s pendulum to spallation process 
Yoann RAFFRAY 

 

 

Everyone has already experienced or at least seen a Newton’s pendulum in action. 

These swinging spheres, often used to explain the conservation of momentum and the 

conservation of energy, is used here to help us understand the dynamic fracture 

mechanism of a sample during laser shock experiments. In this work, we study the 

dynamic fracture mechanism, or spallation process (to use the right terms), for 

hypervelocity impacts applications such as space debris on satellites (≈ 7 - 15 km/s ). 

We present a method to calculate the spall strength which is the stress limit the sample 

can withstand before fracturing according to the intensity of the impact. We will also 

see that high power laser are well-adapted facilities to study the spallation process of 

materials and allows to reach extreme condition domains representative of those 

generated with hypervelocity impacts. We finally focus here on metallic glasses, 

innovative materials which seem to be good candidates to be used as shielding 

components of space infrastructures, bringing new data exhibiting a behaviour unseen 

up to now on those materials. 

 

 



Collisional excitation of radical species in the intersterllar medium

Paul Pirlot Jankowiak1, François Lique1

1Univ Rennes, CNRS, IPR (Institut de Physique de Rennes) - UMR 6251, F-35000 Rennes, France

The interstellar medium characterizes the space between stars. It is composed of 99% of gas and 1% of
dust. Although it represents only 0.5% of the total mass of the galaxy, it is in this environment that stars
and planets are formed and evolve. Its density and temperature conditions are difficult to reproduce on
Earth, which makes it a unique laboratory in which certain chemical species unstable on Earth can be
formed. These species are then detected by terrestrial and space telescopes as electromagnetic spectra.
The exploitation of these spectra allows then to describe the physical and chemical conditions of the
astrophysical environments in which the stars and planets evolve. The modeling and the interpretation
of molecular spectra require the knowledge of the radiative and collisional processes of energy transfer
between chemical species. However, among the 300 molecules detected up to date, only about fifty
species have theoretical and experimental data. Some classes of molecules such as radical species require
methodological and numerical development to provide reliable data for the modeling of spectra and to
determine the physical and chemical conditions of the interstellar medium.

This thesis work consists in quantifying the collisional excitation of these radicals in astrophysical media.
The complexity of the energetic structure of these molecules is a theoretical challenge. It requires the
development of methodological and numerical tools to characterize these physical and chemical processes
as precisely as possible. The collisional data provided are expected to interpret the observations and
corroborate experiments performed in laboratory.



Methodology and uncertainties in astrochemistry

Amélie Godard Palluet, and François Lique


In astrochemistry, one of the challenging goal is to compute accurate collisional 
data from which astrophysicists can derive the abundance of chemical species in space. 
The problem is that an exact quantum calculations of these rates is not reachable in terms 
of computational time and memory. Therefore, approximations must be made, from which 
uncertainties of different nature will arise. To measure the accuracy of these data, and 
validate our methodology, they should be compared to experimental measurements. 
However, the chemical species in space are not always stable enough to be reproduced 
experimentally. Then, how can we be sure that we are not completely wrong ?

I will show in this presentation results that we obtained for the CO2-He prototypical 
system, which was well studies over the years so that we could use it to validate our 
methodology. Then, we extrapolated this methodology to the brand new CCS-He system.



Fantastic nano-magnets and how to simulate them 
Julien MORDRET 

 

 

Some spintronics technologies require that the thickness of the systems must be very 

small, in the nanometer range (ultra-thin layers). When iron atoms are deposited on 

the surface of some materials such as semiconductors (silicon) or oxides (MgO or 

SrTiO3) in order to create an ultrathin layer, they tend to form islands with a height of 

1.5 nanometers and a diameter of 4 nanometers. We observe experimentally that the 

magnetic properties of such a granular layer is quite different from a continuous layer. 

To study the magnetic properties of this type of system we need to know what are the 

properties of a single island and its interactions with its neighbors. In this presentation 

I will present the relevant parameters to model our system as a whole and the 

justifications and needs that allow us to consider these islands as nanomagnets. 



Valorization of small rubber particles: biochemical composition, interfacial 
films, rheology and mechanics 

 
M.Baudoina,b, G.Paboeuf a,c , C.Bottierb & V.Vié a,c 

 
a Univ Rennes 1, CNRS, IPR (Institut de Physique de Rennes) – UMR 6251, F-35000 Rennes, France 

b Univ Rennes 1, CNRS, ScanMAT – UMS 2001 F-35042 Rennes, France 
c Univ Montpellier, CIRAD, SupAgro – UMR IATE, F-34098 Montpellier, France 

 
 
Hevea Brasiliensis latex is used as a raw material in the latex industry for the manufacture of products 
such as surgical gloves. It is described as a suspension of various micrometer-sized objects composed 
mainly of rubber particles (RP). It is these particles that contain the polymer chains needed to 
synthesize the rubber. But, today, the latex industry uses only a part of these particles, called large 
rubber particles (PLC), and ends up with the small rubber particles (PSC) as a co-product that is difficult 
to valorize, because their use requires a large amount of acid. We will try to understand the 
polymerization phenomenon of these two categories of particles by linking their biochemical and 
physical characteristics to the macroscopic and mechanical properties of rubber by studying the 
interfacial behavior (liquid/air). 
 
 
 



 

A rocket reactor and a microwave to understand the chemistry in space 

 

Myriam Drissi, Divita Gupta, Brian M. Hays, Theo Guillaume, Ilsa Rose Cooke, Omar Abdelkader 

Khedaoui, Alberto Macario and Ian R. Sims 

Univ Rennes, CNRS, IPR (Institut de Physique de Rennes) - UMR 6251, F-35000 Rennes, France 

 

To understand the variety of environments existing in space, it’s necessary to understand the 

different chemical reactions that could take place. In other words, how the different molecules 

existing in a given media will evolve over time. This information is known as the reaction kinetics,  

and it provides crucial inputs to model astrophysical environments. To determine these quantities, 

we have coupled the chirped pulse microwave spectroscopy technique to the continuous CRESU 

(Cinétique de Réaction en Ecoulement Supersonique Uniforme) flows available in Rennes, and have 

observed the products of chemical reactions using an E-band chirped pulse Fourier transform 

millimeter wave spectrometer. The behavior of the products from the reaction of CN radical with 

hydrocarbons down to 10K will be shown and a method to determine the branching ratio using a 

calibration reaction scheme will be presented. The future directions of this experiment using a 

pulsed system of gas will also be discussed. 

 



Aging of rubber parts inside a train’s braking system 

 

A. Redon1,2, M. Miroir1, E. Robin1, J.-C. Fralin2 and J.-B. Le Cam1 
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O-rings made of nitrile butadiene rubber (NBR) are used in the braking system of the French 
high-speed train (TGV). Like most elastomers, NBR is sensitive to thermo-oxidative aging [1]. 
In the current application, aging results in a strong hardening of the O-rings, which alters the 
sealing function and impacts the lifetime of the mechanical braking system. This places severe 
demands on maintenance operations. Therefore, understanding the origin of this aging, 
studying its effects on the material properties, and modeling it is significant in limiting train 
maintenance operations. 

In the first part of this study, the chemical aspect of aging was investigated. Accelerated aging 
tests [2,3] have been carried out at different temperatures, to reproduce ex-situ the hardening 
observed on the O-rings. Aging mechanisms were identified and related to the aging conditions 
of the NBR formulations through different characterization techniques: infrared spectroscopy, 
swelling tests, X-ray fluorescence spectrometry, differential scanning calorimetry, 
thermogravimetric analysis and micro-hardness [4-7]. 

To consider the effects of the mechanical loading on the aging process and the mechanical 
behavior of the tested NBRs, mechanical analyses are currently carried out [8,9]. These results 
should highlight how mechanical loadings impact the aging of these NBRs and quantify its 
effects on their viscoelasticity.  

Finally, from the collected data, a hyperelastic model will be identified to simulate the behavior 
of O-rings by the finite element method. These first results will lay the foundations of a selection 
methodology for O-rings used in a train’s braking systems. 

Keywords: Elastomer, NBR, accelerated aging, lifetime prediction 
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Valorisation of plant co-products: bio-sourced 

ingredients for new texturizing formulations 
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Abstract :  

During the industrial treatments of soybean, various co-products are obtained. The valorisation 

of these plant co-products, by finding them original functionalities, is today an important 

industrial challenge. Here, the functional properties of two co-products are studied: first, a 

foaming soy filtration retentate (SR), and secondly, an emulsifying fiber dispersion (FD) - often 

named ‘okara’.   

Together with detailed studies of their composition, we have investigated the foaming and 

emulsifying abilities of these co-products. We used different generation techniques to tune the 

foam and emulsion parameters. We also studied the stability and aging of the foams and 

emulsions. The objective is to find them food applications usable for the company. In parallel, 

we have performed experiments at the scale of the single interfaces and at the scale of the 

bubbles and drops, to understand the foam and emulsion macroscopic capacity and stability. 

These results are compared to foaming and emulsifying of products already known and used in 

food such as pea peptides. To optimize these functional properties, mixtures of the coproducts 

and pea peptides were realized, showing that the macroscopic features can be adjusted by 

mixing different vegetal products. 

 



Fatigue life prediction of Natural Rubber: effect of multiaxiality on the fatigue life 

reinforcement at different temperatures 
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Carbon Black filled Natural Rubber (CB-NR) is the most commonly used elastomer for 

antivibratory applications for its outstanding fatigue resistance. A strong lifetime reinforcement is 

observed in uniaxial fatigue under non-relaxing loading [1, 2]. This reinforcement is generally 

attributed to the strain induced crystallization (SIC). However, SIC may depends on multiaxiality 

[3]. In the late 2000s, special attention was paid on multiaxial fatigue in order to better meet the 

needs of industrial applications [4, 5, 6]. Nevertheless, no study was dedicated to the fatigue life 

reinforcement under non-relaxing multiaxial loadings in CB-NR. Therefore, a new multiaxial 

fatigue campaign is conducted to study the occurrence of the lifetime reinforcement under 

multiaxial loading. Results have been plotted in the Haigh diagram. It was shown that the lifetime 

reinforcement classically observed under non-relaxing tension is also observed in the case of non-

relaxing torsion. The effect of temperature on the lifetime reinforcement has been characterized as 

well. Post-mortem SEM analyses carried out at the microscopic scale enabled us to identify damage 

mechanisms. Similarly to [7] in the case of uniaxial fatigue, the role of SIC in the multiaxial fatigue 

damage mechanisms has been determined and linked to the loading conditions by using a pseudo-

Haigh diagram. 
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Is there ethylene in the atmosphere of the Hot 

Jupiter exoplanets? 
Solène PEROT 

 

 

The hot Jupiter exoplanets are giant gas planets orbiting very closely to their star. 
Therefore, their external temperature is extreme and can go up to 3000 kelvins. A 
better understanding of their atmospheric composition will be possible by the recently 
launched James Webb Space Telescope (JWST) and the upcoming Ariel mission, 
using infrared spectrometry. Among other species, methane and acetylene were 
already detected in hot Jupiter atmospheres, and the presence of other small 
hydrocarbons is thus expected. Their detection relies on the accurate knowledge of 
their absorption fingerprint at high temperature. My objective is to record, assign, and 
feed databases with newly observed infrared transitions of ethylene (C2H4). Before 
producing high temperature data which is very complex to analyze, I focus first on 
providing accurate assignments of the ethylene transitions at very low temperature 
(down to 10 K), which is neither available. An ultra-sensitive spectrometer (cavity ring-
down spectrometer) is used to probe the cold gas in the 1.65-1.68 µm spectral range. 
The low temperature is obtained by expanding adiabatically the gas contained in a 
high-pressure reservoir into a low-pressure chamber through an 80-mm long and 100-
µm wide slit aperture. This cooling process enables a simplification of the absorption 
spectrum by reducing drastically the number of molecular transitions. A preliminary 
assignment of the recorded absorption lines was performed using the theoretical 
model TheoReTS in collaboration with the GSMA at the University of Reims 
Champagne-Ardenne. 
 

 



How to evaluate scientific models in context of high uncertainties 
Marie Gueguen 

 In context of high uncertainties, from epidemiology to climate science or 
astrophysics, scientific models are developed in iterative ways. This means that the 
idealizations and simplifications on the basis of which a model is developed can 
only be estimated on the basis of an initial model, or template model, that we know 
will not match observations. Only on this basis can a model be understood and 
further refined. The  discrepancy between observations and the model's predictions 
is exactly what permits to identify the elements whose impact is the most significant 
for the model's outputs, and whose accuracy must be improved in priority. Hence, a 
discrepancy between predictions and observations is not necessarily an indication 
that the model fails, on the contrary. Rather, it is a guide for further improving it 
when data are lacking and part of the process of model building. Yet, the last years 
have shown how difficult it is to communicate this process to a general audience, 
and to convey how models should be evaluated at different stages of their 
development, even more so when models are developed in emergency situations 
that require fast decision-making. In this talk, I will highlight the main phases of 
model building, based on case studies from astrochemistry.


