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Master Thesis subjects 2015-2016 proposed by  

Service de Chimie Physique EP/microgravity Research Centre 
 

1. Vizualisation through in blood vessels by digital holographic microscopy 
Summary: Digital holographic microscopy allows to refocus objects recorded out of focus and to measure, 
with a nanometric accuracy, the optical thickness of transparent particles. For those reasons, it is a valuable 
technology to measure fluxes in 3D. In particular, it is used to analyze dynamical fluxes of platelets and red 
blood cells. However, actual vessels are covered by an epithelium that may disturb the imaging quality. For 
this master thesis proposed in collaboration with the Laboratoire de Médecine Expérimentale (ULB – CHU 
Charleroi), we propose to study the methods to improve the image quality in presence of such disturbing 
layers. The master thesis will target both experimental and software works. 
Contacts:  Prof. Frank Dubois, frank.dubois@ulb.ac.be, Prof. Karim Zouaoui Boudjeltia,  
Karim.Zouaoui.Boudjeltia@ulb.ac.be 
 
2. Ultra compact digital holographic microscopy 
The Service de Chimie Physique/Microgravity Research Center has developed a new type of miniature digital 
holographic microscope and applied for a patent. Thanks to its size, it is possible to combine several ones in 
order to implement new functionalities as improved 3D measurements. The objective of the master thesis 
will be to perform such combinations and to use it to perform measurements in fluid physics. The master 
thesis will target both experimental and software works. 
Contacts:  Prof. Frank Dubois, frank.dubois@ulb.ac.be 
 
1. Optical interferometer realized with a 3D printer 
Summary: Optical interferometry is used in numerous fields as in fluid physics, biomedicine and 
environment. This optical technique provides very accurate information on the samples under investigation. 
One of the limitations of interferometry is the flexibility of the instrumentation and there is a need to 
improve the usual manufacturing schemes. Recently, the 3D printers were developed and became in few 
years a unique way to manufacture and produce parts or complete objects that cannot be realized 
otherwise. In this Master Thesis, we propose the realization of an optical interferometer with the new 
emergent technology of the 3D printers. This work will involve the design, the realization and the test of the 
interferometer.        
 
Contact:  Prof. Frank Dubois, frank.dubois@ulb.ac.be, Dr. Carlo Iorio, ciorio@ulb.ac.be 
 
2. Functional patterning of surface by multi-layer/drops deposition 
Summary: Additive manufacturing – a technique for manufacturing complex 3D object “layer-by-layer” – was 
first introduced in the ’70, but it is only at the beginning of the XXI century that this technique became widely 
used in many industrial applications, thanks to the introduction of more advanced tools and processes such 
as stereo-lithography and laser sintering. In recent years, 3D-printing triggered a real technological revolution 
still on-going.  
An intriguing possibility to achieve layered structures opportunely functionalized could consist in depositing 
and evaporating successive layers/drops of fluid dispersed with micro/nano particles. Playing on the 
dispersed phase concentration and modulating the environmental conditions (temperature, pressure, speed 
of deposition, and wettability of the substrates) it will be possible to create peculiar particle assemblies.  
The proposed work will then focus on characterizing those assemblies and their properties respect to some 
external stimuli (e.g. light wavelength selection in the case of a photonic crystal structure) 
 
Contacts: 
Dr. Carlo Saverio Iorio, ciorio@ulb.ac.be 
Dr. Christophe Minetti 
Prof. Frank Dubois 
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3. Production of Hydrogen from Microalgae for fuel cell applications 
Summary: In the last decades, the search for new sources of energy created an increasing interest for a 
special class of eukaryotic cells: microalgae. This interest was more than justified by considering that 
microalgae are a tremendous source of lipids (in proportion to their mass) but also of other very valuable by-
products such as vitamins and proteins. More recently, it has been proved that some strains of microalgae 
(e.g. clamydomonas reinarditii) are able to up-regulate the expression of the enzyme hydrogenase – allowing 
for hydrogen production, when their culture media is deprived of sulphur based constituents and in 
anaerobic conditions.  
The work proposed in the frame of this master thesis will consists in quantifying the amount of hydrogen one 
or more microalgae cultures are able to release in a specific period of time as a function of the development 
evolution of the culture. 
 
Contacts: 
Dr. Carlo Saverio Iorio, ciorio@ulb.ac.be 
Dr. Christophe Minetti 
Prof. Frank Dubois 
 

 
3.  Lagrangian coherent structures in convective flows 

Summary: maximum 10 lines 

The basic approach aim is to fill the gap between real-life observations and classic nonlinear flow 
structures. Small particles transported by a fluid medium do not necessarily have to follow the flow.  
For a wide class of time-periodic incompressible flows inertial particles have a tendency to 
spontaneously align in one-dimensional dynamic coherent structures.  The examples include 
manipulation and segregation of biological and synthetic microparticles, concentration, and 
transport of pollutants, nutrients, and plankton by oceanic currents and etc. We focus on 
experimentally observed types of coherence of small particles in oscillatory periodic flows, such as 
those in Figure 1, and then seek the dynamical structures that may create these forms. The 
proposed work will focus on a time formation of coherent structures in periodic flows caused by 
thermocapillary and buoyant convection.  The experimentally observed structures will call for the 
theoretical explanation.  
 

 
 
Contact:  Dr. Valentina Shevtsova  (vshev@ulb.ac.be) 
 

2. Subject: Supercritical carbon dioxide as a green solvent 
Summary:  

The current practical interest in CO2 application is driven by peculiarly high solvent strength of CO2 
in near- and supercritical conditions. The solvent strength of CO2 is highly tuneable, which allows 
easy separation of solute and solvent. This makes CO2 a highly desirable new ‘green’ solvent.  We 
aim to make the breakthrough in comprehension of dynamics of mixtures in the states far from 
their thermodynamic equilibrium. We will finalize development of novel high-pressure set-up 
designed for measurement of the diffusion in CO2-rich liquid mixtures. These measurements are 
vital in view of CO2 sequestration in saline aquifers and depleted oil reservoirs. The proposed work 
will focus on study diffusion of hydrocarbons in supercritical CO2. 
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Contact:  Dr. Valentina Shevtsova  (vshev@ulb.ac.be) 

 

3. Subject 3: Why molecules move along a temperature gradient? 

 
Molecules drift along temperature gradients, an effect called thermophoresis, the Soret effect, or 
thermodiffusion. The molecules of the mixture redistribute, forming concentration gradient that 
normally follows thermal one.  The effect is slow and can play a visible role in large, geological, 
scales. It affects redistribution of species in underground oil reservoirs staying millions of years in 
geothermal gradient; it can affect redistribution of salinity in ocean producing impact on climate 
change. Finally, thermodiffusion allows the microscale manipulation of small particles. In liquids, its 
theoretical foundation is the subject of a long-standing debate initiated by Belgian Nobel prize 
winner I. Prigogine. The proposed work can be focused either on experimental or numerical side.  
An optical diagnostics of superior sensitivity and precision, namely interferometry, will be used for 
measurements of thermodiffusion coefficients in hydrocarbon mixture. On numerical side the 
redistribution of mixture components will be analysed using open software.  
 

Contact:  Dr. Valentina Shevtsova  (vshev@ulb.ac.be) 
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