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This document presents the work of doctoral and post-doctoral students carried out during 2022 at the Reac�ons 

and Chemical Engineering Laboratory (LRGP, Laboratoire Réac�ons et Génie des Procédés)  

 

The document was concisely wri�en in order to make it easier for the reader to quickly find out what is done at 

LRGP. For each study, a summary page presents (1) the general context of the work, (2) the objec�ves and chal-

lenges, (3) the methodology being developed, (4) a schema�c illustra�on, (5) the main results and (6) some refer-

ences. 

 

All PhD and postdocs research projects currently carried out in the laboratory regardless of their current progress 

are introduced in this document. Studies, which were recently started, are described by their expected results 

only while the findings of more mature projects are illustrated with the most significant results 

 

These scien�fic works are organized into 5 sec�ons according to the different Research Departments at LRGP, as 

following:  

 PERSEVAL : Processes for Environment, Safety and Resource Valoriza�on 

 PRIMO : Intensifica�on, Op�miza�on and Architecture of Processes 

 BIOPROMO: BioProcesses - BioMolecules 

 CITHERE: Kine�cs and Thermodynamics for Energy  

 Génie des Produits: Product Engineering 

 

Within each Department sec�on, the research projects were further sorted by alphabe�c order according to the 

researcher’s surnames instead of year because different new studies begin throughout the year. Moreover some 

projects may progress faster or slower depending on whether they are in the con�nuity of previous studies or 

they ini�ate a new topic.  

 

 

I wish you a pleasant reading ! 

 

 

 

Laurent FALK 

Director of Reac�ons and Chemical Engineering Laboratory, Nancy, France 
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The Reac�ons and Chemical Engineering Laboratory (LRGP) is a joint unit of CNRS (Na�onal Center for Scien�fic 
Research) and Université de Lorraine. 
 
 
On January 1, 2022, the laboratory had a 300-plus workforce, including 15 CNRS researchers, 82 research profes-
sors and lecturers, 35 technical and administra�ve employees as well as about 180 non-permanent staff 
(researchers on contract and post-doctoral fellows, more than 90 doctoral students, 65 Masters). 
 
 
The Process Engineering and Reac�ons Laboratory (LRGP) develops the necessary scien�fic and technological 
knowledge for designing, studying, running and op�mising the complex processes of physicochemical and biologi-
cal conversions of mass and energy. Its themes therefore incorporate the conven�onal scope of chemical engineer-
ing via study of the coupled processes of transfer of mass, heat and flows, physical chemistry, such as kine�cs and 
thermodynamics, and biology, with considera�on of the complex inter-dependencies and interac�ons between 
processes at different spa�al and temporal scales. This integra�ve approach encompasses a growing dimensional 
spectrum ranging, on the one hand, from nano and micro-scales for improving the considera�on of local phenome-
na, including by integra�ng or developing the very fundamental approaches of physics, quantum chemistry or biol-
ogy to, on the other hand, large systems, at the scale of the reactor, process, plant or even territory. 
 
Broadly speaking, the backbone structuring the approaches explored at the LRGP includes: 
• detailed knowledge of processes at micro- and even submicroscopic level (detailed chemical or biochemical ki-
ne�cs, sta�s�cal physics, etc.); 
• the mul�-scale approach to progress from this local knowledge to knowledge and control of the process, and of 
the plant even; 
• the development of robust metrology at an increasingly local scale, implemented to meet the objec�ves of the 
first two approaches and to be able to control the processes. 
 
The applica�ons studied are mul�ple and are geared towards the societal implica�ons of conversion processes, and 
more generally of a cleaner, safer plant of the future, which is resource-efficient (energy, fossil fuels and mineral 
resources) and prac�ses waste recovery, conversion of bio-based products and synthesis of recyclable materials 
and products. The laboratory's research ac�vi�es thus bear on, for example: 
 
- improving the effec�veness of conversion and treatment processes via the integrated management of mass and 
energy flows enabling the recycling and recovery (eco-design) of by-products (low-level energy and waste);  
- reducing the carbon footprint of conversion processes by using bio-based and petroleum-based resources, cu�ng 
back on process water consump�on, recycling and reducing pollu�on, capturing, storing and recovering CO2 and 
reducing industrial risks (clean, safe processes); 
the synthesis of eco-compa�ble and recyclable materials and products that are more respec�ul of humans and the 
environment as well as designing and developing high-performance complex products (chemical or biochemical) 
via an organisa�on at the molecular, macromolecular and colloidal level.  
 
The importance of both the economic aspects of sustainable processes via a life-cycle cost analysis, and the societal 

aspects via a social life-cycle assessment is also factored in  

Presenta�on of the laboratory  



 
 

 

Research departments 

 

The Process Engineering and Reac�ons Laboratory (LRGP) is organised around 5 main thema�c departments :  
 

PErSeVAL: Processes for the Environment, Safety and the Recovery of Resources  
PRIMO: Processes, Reactors, Intensifica�on, Membranes, Op�misa�on  
BioProMo: BioProcesses – BioMolecules 
CITHERE: Kine�cs, Thermodynamics, Energy  
Product Engineering: Process Engineering for Products and Materials 

 
PErSeVAL – Processes for the Environment, Safety and the Recovery of Resources  
Improving the quality of environments (air, water, soils), using resources wisely and controlling industrial risks 
have become fundamental stakes in a sustainable development and economy context. As an integra�ve science, 
process engineering can help in tackling these challenges. The themes of this strand therefore primarily concern 
reducing the nega�ve impacts of industrial conversion processes on the system itself, its environment (natural 
environment, rural or urban areas) and people (exposure of operators and consumers to risks and pollu�on).  
The PErSeVal strand addresses these scien�fic challenges by developing processes that are inherently cleaner 
and safer, through mul�-scale approaches in par�cular, and by designing innova�ve processes for effluent treat-
ment (waste gas, aerosols and liquid) and pollu�on (e.g. soil contaminated by industrial ac�vi�es). The products 
being treated generally derive their specific nature from their significant dilu�on (e.g. micropollutants), small 
size (ex. nanopar�cles) or complex state (colloidal, chemical complexes, fractal state) in close interac�on with 
their environment. The systems developed are o�en based on mul�phase treatment processes which require a 
detailed study of the physical or reac�onal phenomena, combined with an environmental analysis of the pro-
cesses (life-cycle analysis). Among these treatment or purifica�on processes, par�cular a�en�on is being devot-
ed to those concerning adsorp�on phenomena, ion exchange and aerosol separa�on by filter media, granular 
bed filters and bubble columns. Building on the study of gas/solid par�cle flows, the PErSeVal strand also delves 
into hybrid mixture, mist and dust explosion phenomena. Lastly, with wise energy and resources management 
in mind, PErSeVal helps to promote the recovery of secondary resources that are currently not or only very li�le 
harnessed (hydrometallurgy for metal recovery, biogas plants, waste recovery, etc.) and to develop processes 
for using and genera�ng renewable energy (electrochemical processes for energy conversion). 

 
PRIMO – Processes, Reactors, Intensifica�on, Membranes, Op�misa�on  
 
The research performed under this department is aimed at designing, studying and op�mally carrying out new 
processes involving intensified reactors and microstructured systems, membrane technology, innova�ve gas-
liquid contactors and supercri�cal processes. The study and development of mul�func�onal hybrid or coupled 
processes are thus considered fundamental in a bid to achieve technical and energy efficiency. Intensifica�on, 
defined as all technologies and methods that enable yields to be increased, and the architecture of processes 
(Process Systems Engineering) , perceived as the spa�al and temporal organisa�on of unit opera�ons, form the 
building blocks of the department scien�fic approach of PRIMO. 
The research combines experimental studies on pilots at different scales (intensified micro- and mini-reactors 
and microstructured systems, cataly�c reactors, polymerisa�on reactors, gas-liquid and liquid-liquid contactors, 
membrane modules, supercri�cal extrac�on processes), specific parametric determina�ons and computa�onal 
simula�on studies o�en including computa�onal fluid dynamics (reac�ve flows in mini-reactors, permanent or 
cyclic membrane gas separa�on processes, mass and heat transfer in clothes, evaporators). Beyond the simula-
�on of processes, performed for its specific purpose and for confirming the experimental findings coming from 
different pilots, the validated models enable iden�fica�on of processes' op�mum working condi�ons and their 
control to be studied. Regarding op�misa�on and control, the research �es in with the general topic of process 
systems engineering (PSE), bearing both on methodologies (hybrid or global dynamic op�misa�on, nonlinear 
and predic�ve control, control of distributed parameter systems) and their applica�ons (simula�on of an ad-
sorp�on process simulated under pressure via dynamic op�misa�on, control of reactors, exchangers).  



BioProMo – Bioprocesses - Biomolecules  
The ac�vi�es of the BioProcesses-Biomolecules (BioProMo) department involve acquiring knowledge about, 
developing and controlling bioprocesses for producing diverse func�onal biomolecules. They are grounded in 
the development of a mul�disciplinary, mul�-scale approach: i)- the micro-scale at which enzyme ac�vity or 
cell metabolism are characterised and measured (metabolic engineering, structural and func�onal quality of 
molecules produced, photodynamic therapy); ii)- the meso-scale at which we par�cularly assess the rela�ons 
between the local, hydrodynamic and biochemical environment of animal cells and filamentous bacteria for 
quan�fying macroscopic produc�on kine�cs; iii)- the macro-scale of the reactor and separator, whether mem-
brane or chromatographic, at which the op�mum working and performance condi�ons are determined by us-
ing computa�onal approaches, such as mul�-criteria op�misa�on, tailored to the specifics of bioprocesses.  
BioProMo scien�fic inquiries are primarily geared towards the societal challenges mainly concerning public 
health, the environment and sustainable development. To address these challenges, the topics explored fit 
squarely in with the applica�on fields specific to (bio)process engineering, including white biotechnology 
(chemical inputs by fermenta�on, func�onalised molecules, protein-driven biorefining), membrane processes 
(separa�on of complex mixtures of biomolecules), sensors (real-�me monitoring of bioprocesses), genome 
engineering (biocatalysts, whether living or not, that must address the process's constraints), technology for 
medical imaging and cancer treatment (func�onalised nanopar�cles), produc�on of molecules for therapeu�c 
purposes (animal cell culture processes), cell and �ssue engineering (stem cell expansion). 
 
CiTherE – Kine�cs, Thermodynamics, Energy 
This department groups together the research ac�vi�es associated with energy conversion processes, primari-
ly thermochemical ones, and with products associated with or derived from such conversion processes. The 
research bears on the development of advanced kine�c and thermodynamic models, the development and 
control of such energy storage and conversion processes as heat pumps, combus�on and pyrolysis reac�ons 
and biomass thermochemical conversion processes. 
A significant part of the research focuses on developing detailed reac�on mechanisms of the free-radical 
chemistry of combus�on and pyrolysis, which are applied with a view to reducing greenhouse gas emissions 
and pollutants emi�ed by internal combus�on engines, using conven�onal fuel (petroleum hydrocarbons) or 
new alterna�ve fuels produced by biomass conversion. Through the considera�on of complete reac�on ki-
ne�cs and the detailed thermodynamic descrip�on of phase transi�ons, significant progress is also possible in 
predic�ng the forma�on and exploita�on of oil reservoirs. Significant a�en�on is also devoted to thermody-
namic studies for using neoteric solvents for extrac�on processes. The thermochemical recovery (combus�on, 
gasifica�on, pyrolysis, carbonisa�on) of lignocellulosic biomass for obtaining synthons (synthe�c building 
blocks), 2nd genera�on biofuels or products, is also one of the department major themes and the "biorefinery" 
cross-cu�ng theme of the LRGP. Research encompasses the development of a systemic approach for analysing 
the different sectors with account taken of the various aspects associated with the environmental impact, via 
LCA type approaches and advanced mul�criterion analysis. Energy recovery remains the very last stage once 
recovery of raw materials has been exhausted.   
 
Product Engineering – Process Engineering for Products and Materials  
Research conducted within this department has to do with product engineering, aimed at studying, designing 
and op�mising the processes for developing mul�-structured materials and products with several proper�es 
and func�ons of use. This work first requires an understanding of the links between the physical, physicochem-
ical, biochemical, mechanical and structural proper�es at different scales of complex formulated products and 
materials, and then the transla�on of these proper�es into specific proper�es of use. 
The end goal is to conduct the process in the best possible way to achieve control of the proper�es of use and 
performances sought-a�er for the products, as part of a wide diversity of innova�ve applica�ons (safety, 
health, cosme�cs, applica�on products, catalysts ,…). The processes developed and studied can be used to 
make a large number of products and materials. They include, for example reac�ve extrusion processes for 
polymer materials, crystallisa�on and precipita�on processes for divided solids, or emulsifica�on processes for 
emulsions. The formulated products and materials studied concern speciality applica�ons: polymers, fibres, 
polymer matrix composites, granular media, nanopar�cles and crystals, emulsions, suspensions, physical or 
chemical gels, etc. The mul�disciplinary approaches developed within this department are grounded in the 
development of advanced tools and methods for characterising processes such as systemic rheology, in-line 
metrology and modelling and simula�on to describe the mul�-scale structuring of mul�-cons�tuent, typically 
mul�phase and rheologically complex media, o�en entailing chemical reac�ons at the interfaces. The evolu-
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Research subject: Wastewater treatment using novel electro-mixing reactor – 

comparison with conven�onal filter press electrochemical reactor 

Faidzul Hakim Adnan (Post-Doc) 

 Emmanuel Mousset 

Axe PERSEVAL 

 

Keywords : Electrochemical advanced oxida�on, electro-mixing reactor, microfluidic thin film, wastewater treatment, water reuse  

General context, scien�fic issues : 

Electrochemical reactor design has not evolved significantly 

since its introduc�on in the field of industrial processes in 

late 18th century [1]. The efficiency of an electrochemical 

process has been governed by either charge transfer or mass 

transport (the la�er in most cases in dilute media). As coun-

ter measure, innova�ons have done either by increasing 

electrode surface area or mass transport coefficient. For that 

reason, turbulence promoters as well as different reactor 

designs such as fluidized and packed bed, submerged mul�-

jet and flow-through electrodes have been introduced [2]-

[4]. Mass transport intensifica�on could also be achieved 

with the applica�on of microfluidic electrochemical reactors 

[5]-[7]. It would allow the intensifica�on of mass transport 

coefficient, avoid the addi�on of suppor�ng electrolyte and 

significant reduc�on in energe�c consump�on. Nevertheless, 

micrometric electrochemical reactors could not meet the 

treatment capacity requirement for water treatment applica-

�on. Moreover, they are more prone to clogging par�cularly 

while trea�ng effluents containing high concentra�on of sus-

pended solids 

Objec�ves and stakes : 

The purpose of this research work is to introduce a novel elec-

trochemical design that could offer a synergy between microflu-

idic and macrometric reactor configura�ons and to develop it at 

pilot scale with real effluents and on an industrial site, in collab-

ora�on with Tree Water company. 

Methodology :  

The key feature is an impeller with blades called reac-

�ve electro-blades. Each blade composes of thin-film 

electrochemical reactor set in mo�on within a s�rred 

tank macro-reactor from which the term reac�ve elec-

tro-mixing is adopted [8]. The second genera�on of 

reactor is under fabrica�on. In the mean�me, experi-

ments with the conven�onal sta�c filter press cell are 

currently done. In all cases, paracetamol (0.1 mM) was 

used as model micropollutant in a synthe�c effluent 

with a conduc�vity around 1 mS cm-1 and neutral pH. 

Anode and cathode were in stainless steel in both cas-

es, while varying interelectrode distance and current. 

Illustra�on : (a) design of the first genera�on of reac�ve elec-

tro-mixing reactor and (b) total organic carbon (TOC) removal 

as a func�on of the interelectrode distance. 

 

Main results 

The interelectrode distance of 0.5 mm demonstrated higher 

interest by reaching similar TOC removal (60%) at 3.5 A, 

while the energy consump�on was 2.75 lower due to the 

decrease of resistance at microdistances. 

References :  

[1] S. Bebelis et al., Chemical Engineering Research & Design, 91 
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[2] E.M. Stuve, Encyclopedia of Applied Electrochemistry, 2014, 
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 Research subject: EXPERIMENTAL STUDY OF THE CHEMICAL EFFECTS ON THE CLOGGING OF A 

FILTER IN BUFFERED SOLUTIONS IN THE NUCLEAR INDUSTRY 

Coralie Alvarez ( 3rd year) 

Marie-Odile Simonnot 

Axe  PERSEVAL 

 

Keywords: clogging; chemical effects; filter; LOCA (Loss Of Coolant Accident); IRSN  

General context, scien�fic issues : 

In the event of a LOCA involving a primary circuit breach, the 

emergency systems (RIS and EAS) are supposed to ensure 

reactor cooling and pressure reduc�on in the reactor con-

tainment. These systems are ini�ally supplied by a dedicated 

water tank. When the lower threshold level in the tank is 

reached, a “recircula�on” model becomes opera�onal. Wa-

ter collected from the sumps at the bo�om of the contain-

ment is reintroduced into the reactor core. In the LOCA situ-

a�on, debris is generated and can be par�ally transported 

through the sump filters. This debris can contribute to 

“physical” clogging. Other effects called “chemical effects” 

are due to the presence of ions in the solu�on. These ions 

result from the debris corrosion and to possible corrosion of 

the various metal surfaces in the reactor containment. Clog-

ging can lead to failures in the emergency systems and po-

ten�ally to a severe accident  

Objec�ves and stakes : 

To ensure the long-term func�onality of liquid recircula�on, 

the chemical effects must be understood: composi�on, condi-

�oning parameters, and their poten�al effect on clogging. This 

thesis aims at studying the chemical effects in a dedicated ex-

perimental loop by a parametric approach, combined with sev-

eral chemical and pressure measurements. Solu�on chemical 

specia�on and precipitate characteriza�on have been per-

formed by ICP-AES, MEB-EDX, IRTF-ATR, DRX, and ToF-SIMS 

respec�vely. This work has been carried out at the IRSN in Ca-

darache , in partnership with the LRGP 

 

Methodology / Experimental approach 

The first part is dedicated to sta�c tests to study the poten-

�al forma�on of precipitates under condi�ons representa-

�ve of a LOCA (Figure 1). In the second part, dynamic tests 

are performed in the scaled recircula�on loop. An inventory 

of debris will be injected into this loop using a scaling factor 

representa�ve of a nuclear power plant. Finally, the results 

of the sta�c and dynamic tests will be interpreted by a ther-

modynamic approach using geochemical calcula�on tools 

(CHESS). This will enable the consistency between the pre-

cipitates obtained and those predicted to be verified 

Illustra�on : : Schema�c diagram of the experimental set-up 

for sta�c tests. 

 

Main results 

The first part consisted of the study, under sta�c condi�ons, 

of the forma�on of precipitates likely to occur in a LOCA situ-

a�on in a boric/sodium buffer. Firstly, dissolu�on tests of the 

debris likely to be generated in case of LOCA were per-

formed. The objec�ve was to determine the dissolu�on ki-

ne�cs of the elements of interest (Ca, Si and Zn). The tests 

on the reac�vity between Si, Ca, Zn, Na, and B showed the 

forma�on of a precipitate composed of silica, calcium bo-

rate, borosilicate, and zinc silicate, all amorphous. They were 

iden�fied thanks to the data from the literature and the vari-

ous techniques of characteriza�on implemented (SEM-EDS, 

IRTF-ATR, DRX, ToF-SIMS). The experimental results were 

compared with those obtained from a geochemical simula-

�on tool (CHESS). The comparison between the experimental 

data and the simula�on results indicates a good overall con-

sistency. 

These sta�c tests will be completed by recircula�on tests in 

the COPIN (Clogging Of sumPs In the Nuclear industry) medi-

um-scale experimental loop (Figure 2). This pilot facility has 

been delivered, upgraded, qualified and experiments are 

underway. 

. 

Figure 2  : Schema�c diagram of the COPIN filter loop [1]  
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Research subject: Subject: Recycling of cigare�e bu�s 

Ka�a Begga (Research Engineer) 

Cécile Vallières  

Axe PERSEVAL | A&C Process 

 

Keywords: Cigare�e bu�s, cellulose acetate, minerals, recycling, process  

General context, scien�fic issues : 

Cigare�e bu�s or ends (CE) are a very wide spread waste in 

the environment. Every second, more than 137000 CB are 

thrown on the ground [1]. 

CE is a complex waste containing a lot of toxic substances for 

both the environment and human being. For this reason, 

A&C Process in partnership with LRGP and CNRS tries to de-

velop a method to recycle this waste.  

Objec�ves and stakes : 

The objec�ve of CERIUM ‘Cigare�e Ends recycling into useful 

materials’ project is to recover the cellulose acetate and the 

minerals contained in CE to reuse them and reduce the ciga-

re�e ends’ nuisances.[ 

Methodology :  

 

 

CB is composed of tobacco, ash, paper, and filter. In the fil-

ter, about 4000 substances with different quan��es are pre-

sent and some are currently li�le known [3]. The first step of 

this project was to study this waste, using several technical 

analyses such as ICP-AES and TGA and to iden�fy the con-

tained substances. 

For the moment, we focus the study on the valorisa�on of 

the cellulose acetate present in the filter of CE. 

To recycle this component, a series of tests was conducted 

using different solvents, for example solu�on of ‘sodium hy-

droxide’ selected a�er a bibliographic review [4]. Several 

process schemes were tested and their effec�veness were 

determined by comparing the used filter and the purified 

filter proper�es. The more effec�ve process is shown in fig-

ure 1. 

(Due to confiden�ality reasons, no details can be given). 

The obtained cellulose acetate is shown in the picture below. 

The aim of the developed process is to have the lowest envi-

ronmental impact. The solvents have to be reprocessed and 

reused in the recycling of the CE 

Illustra�on :  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 : the followed Process 

 

Obtained acetate 

Main results 

Thanks to the different technical analysis, we were able to 

iden�fy (and quan�fy in case of metals) some substances 

contained in CE. 

For the moment, we have selected a process which allows 

us to purify the cellulose acetate, this process needs to be 

op�mized before being fully validated and scaled-up 

The method of recycling the solvents and the extrac�on of 

metals are in progress. Currently, no specific process has 

been validated. . 

References :  

[1] h�ps://www.cleanwalk.org/ar�cles/vrai-ou-faux-un-

megot-pollue-500-litres-d-eau 
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 Research subject: PhD subject :  Development of an innova�ve methodology for the 

determina�on of the par�cle size distribu�on of submicron aerosols 

Lizeth Bernal Alvarez (1st year) 

Dominique Thomas, Augus�n Charvet, Sébas�en Bau 

Axe  PERSEVAL  

 

Keywords: Nanomaterials, Occupa�onal exposures, Par�cle size distribu�on, Collec�on efficiency, Permeance, aerosol 

General context, scien�fic issues : 

Numerous scenarios are at the origin of situa�ons 

of occupa�onal exposure to aerosols of any nature, 

size, shape, and chemical composi�on. A large pro-

por�on of them are composed in whole or in part 

of submicron par�cles, whether aerosols from inno-

va�ve processes such as addi�ve manufacturing, or 

more common processes such as welding, thermal 

spraying, or opera�ons involving manufactured na-

nomaterials. It is therefore legi�mate to assume 

that the presence of a submicron frac�on in aero-

sols, whatever they are, is ubiquitous. 

Objec�ves and stakes : 

Par�cle size distribu�on is one of the key parameters 

involved in the characteriza�on of exposure to submi-

cron aerosols. Indeed, the size of inhaled par�cles is of 

great interest because it is a determining factor in 

their deposi�on in the respiratory apparatus. Further-

more, the par�cle size distribu�on is an important pa-

rameter for the design of collec�ve protec�ve equip-

ment as well as transport and transfer capabili�es. 

Methodology :  

The characteriza�on of occupa�onal exposure to 

nanopar�cle aerosols requires measurement devic-

es that are o�en difficult to implement in the field 

because of their low portability, high cost, complex-

ity of use, and low temporal resolu�on.   

Currently, there is no device for real-�me measure-

ment of the par�cle size distribu�on of submicron 

aerosols that is adapted to the field: portable, ro-

bust, accessible to non-specialists, and (rela�vely) 

affordable. To overcome the lack of such instru-

ment, an alterna�ve solu�on may be considered, 

based on the use of different selectors associated 

to a detector. This approach allows to measure se-

quen�ally, different frac�ons of an aerosol and to 

determine the par�cle size distribu�on over a size 

range covering 10 nm - 1 µm. 

Illustra�on : Par�cle size distribu�on  

Main results 

Based on the knowledge acquired during previous works con-

ducted at INRS, this PhD thesis aims to: 

- iden�fy media allowing the selec�on of par�cles,  

- characterize the permeance of par�cles through these media 

(aerosol measurements, supplemented by physicochemical 

characteriza�ons of the collected par�cles), 

- set up a theore�cal approach, based in par�cular on a litera-

ture review and integra�ng the physical mechanisms of collec-

�on, allowing the descrip�on of the permeance curves, 

- op�mize the approach especially in terms of the number of 

configura�ons to be implemented (compromise between num-

ber of measurements / accuracy), 

- progress on the calcula�on of the par�cle size distribu�on by 

data inversion methods, 

- determine a confidence interval for the output quan��es, 

- increase the technical ease of implementa�on of the ap-

proach, so that it is suitable for field measurement, 

- design the prototype of a "turnkey" tool. 

Eventually, the result will be an innova�ve technical solu�on 

for es�ma�ng the par�cle size distribu�on of a submicron aer-

osol that can be more easily deployed in occupa�onal atmos-

pheres and that can be distributed within the preven�on net-

works and beyond  

References :  

Bau, S. and J. Nuvoli (2019). "Combining the Par�cle Size Selec-
tor and a condensa�on par�cle counter to determine the num-
ber size distribu�on of airborne nanopar�cles." Journal of Aer-
osol Science 128: 22-33. 
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 Research subject: Selec�ve recovery of precious metals from waste electrical and electronic 

equipment (WEEE) by electrochemical methods in ionic liquid 

Calogera BERTOLONI (1st year) 

Éric Meux (IJL), François Lapicque, Sophie Legeai (IJL) 

Axe PERSEVAL 

 

Keywords : Waste electronic and electrical equipments (WEE), precious metals, ionic liquids, deep eutec�c solvents, elec-

troleaching, electrodeposi�on. 

General context, scien�fic issues : 

This thesis is part of the EE4Precious project (Electroleaching-

Electrodeposi�on for the recovery of precious metals from waste 

electrical and electronic equipment), financed by the French Na-

�onal Research Agency (ANR). Indeed, the composi�on of precious 

metals in WEEE and in par�cular in printed circuit boards (PCBs) is 

higher than that of primary resources. Due to their increasing pro-

duc�on, they represent an important economic poten�al and espe-

cially an environmental advantage for the preserva�on of re-

sources. 

However, conven�onal methods to recover these precious metals 

use toxic products, dangerous for humans and the environment, so 

the development of a more environmentally friendly process is 

necessary  

Objec�ves and stakes : 

The thesis work consists of developing an electrochemical process for 

the recovery of silver, gold and palladium contained in an ul�mate 

metallic frac�on, resul�ng from the processing of electronic boards by 

the company Terra Nova Development (TND), by developing a method 

using a so�er chemistry than that used in exis�ng processes. This pro-

ject includes an in-depth study of the electrochemical reac�ons of 

anodic dissolu�on and cathodic deposi�on of the various metals of 

interest, with kine�c aspects of charge transfer and mass transfer. The 

objec�ve is to obtain metallic phases of high purity at the cathode 

(selec�vity) and to implement both reac�ons with a maximum faradic 

yield to ensure the sustained recycling of electrolyte. 

Methodology :  

For this work, the solvents used are ionic liquids (ILs) or deep eutec-

�c solvents (DES), which are non-vola�le and not very corrosive. 

Following the previous studies1, ethaline 1:2 is the solvent that was 

mainly chosen. It is a mixture of choline chloride (hydrogen bond 

acceptor) and ethylene glycol (hydrogen bond donor) with a molar 

ra�o of 1:2 respec�vely. First of all, the experiments are carried out 

using pure metal phases, then alloys will be considered, and finally 

the polymetallic phase resul�ng from the processing of electronic 

cards, and a mini pilot will be designed, allowing to come as close as 

possible to an industrial process. Thus, from silver wire/plate and 

gold plate, leachates are achieved by chronoamperometry by im-

posing an oxida�on poten�al or by chronopoten-�ometry by apply-

ing a current. So, to study the performance of the electro-leaching, 

gravimetric yields are determined by mass loss and confirmed by 

ICP analysis. With respect to electrodeposi�on, cross-linked electro-

chemical methods such as cyclic voltammetry, linear voltammetry... 

are used to study the transport proper�es (charge transfer, mass 

transport) of metal species in ethaline. Moreover, the op�miza�on 

of electrodeposi�on is developed by varying different parameters 

such as the concentra�on of metals in the medium, the deposi�on 

mode (at a fixed current or poten�al). The proper�es of metals 

deposited will be inves�gated using a Hull cell, and finally coupled 

leaching and deposi�on steps will be achieved in a pilot.  

Illustra�on : Electroleaching and electrodeposi�on cell  

Main results 

Currently, the results are focused on silver. The leaching 

runs carried out present gravimetric and ICP analysis 

yields close to 100%. The various electrochemical meth-

ods show that the mass transport is the rate-controlling 

step in this process. Indeed, with the values of rate con-

stant and transfer coefficient are respec�vely of 7,0×10-6 

cm/s and 1, whereas the diffusion coefficients are in the 

order of 6,23×10-7 cm2/s with a maximum of 20% of vari-

a�on depending on the techniques used 

References :  

 (1) Villemejeanne, B.; Legeai, S.; Meux, E. 2022. J. Environ. Chem. 

Eng., 10 (1) : 107063. 
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Keywords : Adsorp�on process, Gas separa�on, CO2 capture, PSA, Impact of NOx  

General context, scien�fic issues : 

Research has been revolving around carbon capture for 

decades in the context of global warming. One of the 

popular industrial processes for post combus�on CO2 

capture is Pressure Swing Adsorp�on (PSA) due to its 

advantages such as low energy consump�on, no haz-

ardous by-products and highly efficient automa�c oper-

a�on [1]. Even though this technology is evolved, its 

opera�on in presence of impuri�es such as NOx and SOx 

remains unexplored. Moreover, the numerical model-

ling of the complex process is challenging task [2]. 

Objec�ves and stakes : 

The following study is a joint project between LRGP and 

Air Liquide in the frame of PIGAZ joint lab. The preliminary 

objec�ve of this study is to characterise the experimental 

performance of different types of adsorbents for CO2 cap-

ture in the presence of impuri�es (NOx first). The project 

begins with the conceptualiza�on of the lab-scale pilot 

followed by its design, construc�on, experimenta�on and 

op�miza�on.  Eventually, the work would be expanded to 

a predic�ve numerical model to op�mize the PSA process 

Methodology :  

First months were dedicated to the conceptualiza�on 

of the process. The pipping and instrumenta�on dia-

gram was also dra�ed during this period. Accordingly, 

the instruments have been ordered and parallelly a 3D 

visualiza�on model, an electrical scheme and electronic 

circuits are underway. 

This test bench will be used to perform PSA type cycles. 

An example of PSA process for CH4/CO2 separa�on is 

given in the illustra�on figure. The minimum require-

ment is a basic four-stage Skarstrom-type cycle. To im-

prove the cycle efficiency, addi�onal co-current and 

counter-current balancing stages will be included at the 

end of the produc�on and purge stages respec�vely.  

Illustra�on : Graph overview of two-bed PSA system for biogas 

upgrading [3].  

Main results 

The tests will be carried out using given process pa-

rameters (gas flowrates, feed composi�on) and their 

effect on purity and yield will be studied. 

An essen�al aspect of the study will be the 

ability to precisely quan�fy the concentra�ons of im-

puri�es (NOx primarily), CO2 and oxygen in the 

(synthe�c) feed gas mixture and in the outgoing gas 

streams during the high-pressure produc�on, depres-

suriza�on and purge stages. Online monitoring and 

analysis during these long-term tests will be essen�al 

to perform mass balances.  

Secondly, it would be necessary to develop a 

model allowing the reconcilia�on of experimental data 

and predic�on by simula�on of the performance of 

industrial cycles. For this task, experimental measure-

ments of pure body adsorp�on isotherms and adsorp-

References :  

 [1] Xing, Rui, et al. "Vacuum pressure swing adsorp�on system for 

N2/CO2 separa�on in considera�on of unstable feed concentra-

�on." Adsorp�on 25.6 (2019): 1147-1158. 

[2] Sees, Michael D., Toni Kirkes, and Chau-Chyun Chen. "A simple 

and prac�cal process modeling methodology for pressure swing 

adsorp�on." Computers & Chemical Engineering 147 (2021): 

107235. 

[3] Bauer, Fredric, et al. "Biogas upgrading-Review of commercial 

technologies; Biogasuppgradering-Granskning av kommersiella 
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Keywords : Numerical Simula�on, La�ce Boltzmann Method, Mul�phase Flow, Complex Flow, Non-Newtonian fluid, Viscoelas�c 

fluid, Droplet, Spreading  

General context, scien�fic issues : 

The recent research showed that nega�ve wake ap-

pears during a sedimenta�on in a viscoelas�c fluid [1]. 

Furthermore, some advances are made in the la�ce 

Boltzmann method for simula�on axisymmetric case [2] 

and viscoelas�c fluid [3]. 

Objec�ves and stakes : 

Actually, the objec�ve is to realize a mul�phase axisym-

metric with high density ra�o code using la�ce Boltz-

mann method to compute viscoelas�c dop to recover the 

nega�ve wake. We also interest in coalescence of two non

-Newtonian bubble. And also, to realize an axisymmetric 

model for a sphere in sedimenta�on in a non-Newtonian 

fluid.  

Methodology :  

The main objec�ve remains to develop an axisymmetric 

high density ra�o la�ce Boltzmann method for non-

Newtonian fluid. In order to simplify the problem, we 

need to have a concrete interface. First, we develop an 

axisymmetric la�ce Boltzmann method, then we com-

plete with a Maxwell model for a non-Newtonian fluid. 

For the mul�phase case. The methodology is quit the 

same. Instead of develop a monophase axisymmetric 

la�ce Boltzmann we develop a mul�phase axisymmet-

ric high-density ra�o in order to allowed high viscosity 

ra�o and recover real cases.In order to validate the 

models, we try to recover experimental results from 

the laboratory.  

Illustra�on : Flow around two coalescing bubbles  

Main results 

The research take place in a context of im-

provement of numerical method for viscoelas�c fluid 

and non-Newtonian fluid. We developed an axisym-

metric high density ra�o mul�phase la�ce Boltzmann 

coupled with a Maxwell model. Same for the monoph-

asic case.  

We tried  to recover the nega�ve wake behind for a 

bubble and a sphere rising in a viscoelas�c fluid 

 References :  

[1] Frank, X., et H.-Z. Li. 2006. « Nega�ve wake behind a 

sphere rising in viscoelas�c fluids: A la�ce Boltzmann inves-

�ga�on ». Physical Review E : Sta�s�cal, Nonlinear, and So� 

Ma�er Physics 74 (056307): 9 pages. h�ps://

doi.org/10.1103/PhysRevE.74.056307. 

[2] Li, Q., He, Y.L., Tang, G.H., Tao, W.Q., 2010. Improved 

axisymmetric la�ce Boltzmann scheme. Phys. Rev. E 81, 

056707. h�ps://doi.org/10.1103/PhysRevE.81.056707 

[3 Wang, Di, Danielle Tan, et Nhan Phan-Thien. 2019. « A 

la�ce Boltzmann method for simula�ng viscoelas�c 

drops ». Physics of Fluids 31 (7): 073101. h�ps://

doi.org/10.1063/1.5100327 

2022 



 

25 

 
Research subject: Modelling and simula�on of micropollutant removal in the 

wastewater treatment plants and dedicated post-treatments 

Thi Mai Lan Duong 

Olivier Po�er 

Axe PERSEVAL  

 

Keywords : micropollutant removal, wastewater treatment, ac�vated sludge, biodegrada�on, modelling, hydrodynamic and kine�c models, post-

treatments.  

General context, scien�fic issues : 

Micropollutants (MPs) are low-concentra�on but hazardous pollutants from 
pharmaceu�cal products, pes�cides, etc., and for the past decades, they 
have been considered as a source of risk for public health and the environ-
ment. Being a main source of discharging these pollutants into the environ-
ment, wastewater treatment plants (WWTP) are therefore receiving more 
and more a�en�on for performance improvement research, especially for 
MPs removal. In addi�on to laboratory and pilot experiments, mathema�cal 
models are also essen�al tools for the design and the op�miza�on of the 
new processes. 

CoMinGreat is a project financed by INTERREG for the study on the treat-
ment of micropollutants in the wastewater of the Greater Region 
(Luxembourg, Belgium, Germany and France). By financing projects from 
European Regional Development Fund (ERDF), the European Union program 
INTERREG supports and promotes cross-border coopera�on. Its main aim is 
to solve common challenges and find shared solu�ons in different fields such 
as health, environment, research, educa�on, transport, sustainable energy 
and more.  

Objec�ves and stakes : 

Being a sub-part of the CoMinGreat project, the mission of this work is 

to modelling and simula�ng the removal of micropollutants of the Blie-

sen’s waste water treatment plant (WWTP) in Germany. The goal is not 

only the simula�on of the biological treatment system but also the 

different post-treatment methods that have recently been installed 

and tested at the plant. 

Methodology :  

WWTP: The studies are based on the WWTP of Bliesen, a city in Germany. It 

has been in service since May 1994 to treat wastewater with a capacity of 

13,000 popula�on equivalent and a flowrate up to 7,800 m³/d. The plant 

proceeds the mechanical, biological and chemical cleaning stages by the pre-

treatment and secondary treatment systems (biological reactor and decant-

er) without primary clarifica�on. Moreover, 4 different processes of post-

treatment are recently installed at the plant and are being tested by the 

other partners of the Interreg program, including a Constructed Wetland, 

PhotoFenton followed by Constructed Wetland, GAC columns and Ozona-

�on column followed by GAC columns. In this project, the simula�on focuses 

on the elimina�on of micropollutants through secondary treatment and 

post-treatments. 

2. Model: For biological reactors, the models used must take into account 2 

important processes: the hydrodynamics of the reactors and the kine�cs of 

the MPs biological elimina�on reac�ons. A bibliographical search was car-

ried out first, to study all types of MPs removal kine�cs (especially in differ-

ent anoxic and aerobic condi�ons) and the complex hydrodynamics of the 

sta�on's reactors. On the other hand, necessary data for a detailed under-

standing of the opera�on and configura�on of the sta�on have been collect-

ed, allowing the development of the basic model on the programming so�-

ware. Compartmental model approach with a study on CFD is carried out to 

be�er present local mixing and turbulence in the large reactor. A�erward, 

for the post-processing simula�ons a�er collec�ng the data on the opera-

�on and configura�on of the processes, also the experiments results 

(residence �me analysis for some cases), its models will be developed on the 

programming so�ware. 

Illustra�on : Water velocity magnitude of the biological reactor 

(Computa�onal Fluid Dynamics simula�on)  

Main results 

Kine�cs of the micropollutant elimina�on reac�ons: according to 

research, it appeared for some micropollutants, biodegrada�on is 

not sensi�ve to the presence or absence of oxygen, whereas for 

others, they are be�er degraded in aerobic condi�on than in anox-

ic condi�on.  

2. Simula�on program: The model is developed on the program-

ming so�ware including the kine�c and hydrodynamic processes 

from basic to complex model. For secondary treatment systems, 

the complex kine�c model integra�ng the different anoxic/aerobic 

mixing zones and the different behaviours of micropollutants in 2 

condi�ons has been included. Other part, the hydrodynamic mod-

els were programmed thus providing the basic structure of the 

simula�on program (rectangular reactor with recycle of mixed 

liquor).  

3. Fluid dynamics simula�on: The simula�on of the real size reactor 

integra�ng the ver�cal propeller movement, with/without aera�on 

system provide a be�er presenta�on of waterflow and turbulence 

behaviour of the biological reactor in aerobic/anoxic condi�on 

(illustra�on). The simula�on of residence �me distribu�on will 

then give the “virtual” ideal reactors in cascade, allowing the fine 

descrip�on of the hydrodynamics of the reactor.  
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General context, scien�fic issues : 

Biocatalysts such as oxidoreductase enzymes offer exquisite 

selec�vity under mild reac�on condi�ons, but have proved 

difficult to exploit in electrosynthesis for fine chemical pro-

duc�on. Many of the enzyma�c reac�ons catalyzed by oxi-

doreductases require a hydride transfer from the expensive 

biological NAD(P)H cofactor. In consequence, the applica�on 

of these enzymes for enzyma�c bioconversion requires the 

recycling of the cofactor in order to make the process eco-

nomically viable. The electrochemical regenera�on of the 

cofactor is possible, but problema�c at unfunc�onalized elec-

trodes due to the forma�on of non-ac�ve form of the cofac-

tor  . The immobiliza�on of an electrochemical or an electro-

enzyma�c redox mediator onto an electrode surface allows 

the regenera�on of the ac�ve form of the cofactor (NAD(P)

H  ) at much more modest poten�als   than using the unmod-

ified electrode  

Objec�ves and stakes : 

Our objec�ve is to combine the electrochemical regenera�on of 

NADH mediated by FNR covalently immobilized on a carbon 

paper with MWCNT (CP-MWCNT-Rh) at the cathodic compart-

ment, the applica�on of con�nuous flow reac�on, and the hy-

drogen oxida�on using a GDE at the anodic compartment in a 

single system. The system will be then coupled to an enzyma�c 

reac�on for the bioconversion of pyruvate mediated by LDH 

Methodology :  

This approach has been feasible using a bioreactor that cou-

ples the reduc�on of NAD+ to the cataly�c oxida�on of hy-

drogen. A nafion membrane has been placed between the 

anodic and the cathodic compartments allowing the passage 

of H+ from the anodic to the cathodic compartment. To op�-

mize the proposed process, various factors have been varied 

e.g. pH, the ac�va�on procedure for the carbon-based elec-

trode, as well as the cell opera�ng condi�ons such as the 

hydrogen and the solu�on flow rates.[2]In a second step, 

FNR has been immobilized on a CP-MWCNT for the regenera-

�on of NADH. Finally, lactate dehydrogenase has been im-

mobilized on CP-MWCNT for the bioconversion of pyruvate  

Illustra�on : Func�onal scheme of the bioelectrochemical reac-

tor 

Main results 

 

 

 

 

 

 

The first objec�ve in this study was to validate the stability of FNR 
immobilized in a CP-MWCNT.  

The electrochemical ac�vity of the CP-MWCNT-FNR was evaluated 
through cyclic voltammetry at a scan rate of 5 mV/s and with hy-
drogen and solu�on flow rates of 20 mL/min. Results showed 
(Figure on the le�) that the CP-MWCNT-Rh kept on its ac�vity for 
more than 6 days with a cathodic peak of 4.5 mA. The addi�on of 
NAD(P)+ exhibited an increase in the current related to the reduc-
�on of NADP+ by FNR 

A�er valida�ng the stability of the CP-MWCNT-FNR, the system 
was coupled to the bioconversion of pyruvate in the presence of a 
CP-MWCNT-LDH. The study of the bioconversion of 50 mM of Pyr 
in the presence of 10 µM of NADP+ (Figure on the right) showed a 
decrease of concentra�on of pyruvate with �me and an increase in 
the biosynthesis of lactate. 50 mM of lactate were synthe�zed 
a�er 48 h which proves the ac�vity of both the FNR and LDH sys-
tems toward the regenera�on of NAD(P)H followed by the biocon-
version of pyruvate. 
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General context, scien�fic issues : 

The chemical and petrochemical industries have witnessed a 

significant number of explosions triggered by involuntary oil 

mist releases. Such inadvertent releases can lead to the for-

ma�on of a flammable mixture that can cause an explosion 

in the presence of an igni�on source. ATEX Direc�ves recog-

nize the possible threat posed by mists. However, there is 

s�ll a lack of tools to assess explosion risks related to mists 

and only a limited amount of informa�on is available on 

how to es�mate the degree of the threat posed by high-

flashpoint (FP) fluid mists and the type of ATEX equipment 

to use. It also became evident that mist explosions can occur 

at temperatures below the FP of the aerosolized liquid [1,2] 

and that, although ATEX standards recognize the dangers of 

flammable mists, liquid categoriza�on is s�ll limited to this 

FP. Indeed, while the classifica�on of flammable gases and 

dust is well-established, that of liquid aerosols remains less 

so  

Objec�ves and stakes : 

The increased interest and concern in preven�ng and mi�-

ga�ng mist explosion incidents call for a standardized test 

method to evaluate such risks and a greater understanding of 

the influence of external condi�ons. This work, therefore, aims 

to propose a complete procedure allowing the evalua�on of 

the igni�on sensi�vity and the explosion severity of fuel mist 

clouds.  

Methodology :  

Based on the 14034 European standard series for the deter-

mina�on of explosion characteris�cs of dust clouds, this 

study proposes a test method for the experimental determi-

na�on of the minimum igni�on energy (MIE), the lower ex-

plosive limit (LEL), the maximum explosion pressure Pmax, 

and the maximum rate of pressure rise dP/dtmax in a single 

already-standardized test vessel. The selected test vessel 

was a closed 20 L explosion sphere in which mists were in-

jected using a Venturi-based spray nozzle. Seven fluids were 

chosen, characterized, and tested. Experiments were per-

formed to prove the feasibility of this proposed test proce-

dure and to highlight the necessity of high-flashpoint fuel 

mist classifica�on  

Illustra�on : Varia�on of Pm of LFO, diesel, and JetA1 mists  

Main results 

The figure demonstrates the evolu�on of the explosion overpres-

sure as a func�on of mist concentra�ons at T = 40 °C. Jet A1, diesel, 

and LFO mists of mean droplet diameters of about 9 µm exhibit a 

capability to explode, once ignited with 100 J chemical ignitors. 

Tests on other fluids were also performed under different experi-

mental condi�ons. The influences of the ini�al temperature, injec-

�on pressure, concentra�on, and droplet size distribu�on (DSD) 

were all assessed. The table below also demonstrates findings of 

the LEL and the MIE of the fuel mists at ambient T and a DSD be-

tween 8 and 10 µm. This study is a step forward toward establish-

ing a standardized procedure to test mist cloud explosions. It pro-

poses a procedure using a single apparatus available in most labor-

atories, accepted by researchers, standardized, and proven to be 

versa�le. The reproducibility and repeatability of this test method 

were verified with hundreds of tests. This test method is appropri-

ate for mist explosion tes�ng and adaptable to industrial or con-

serva�ve parameters. 

 
. 

Fluid LEL (g.m-3) MIE (J) 

Ethanol 77 < 0.1 

Isooctane 64 < 0.1 

Jet A1 94 0.2 

Diesel 123 0.3 

LFO 113 0.3 

Biodiesel 103 (5 kJ) 5000 

Mobil DTE No igni�on > 10000 
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General context, scien�fic issues : 

Metal-Organic Frameworks (MOFs) are microporous materials 

interes�ng for purifica�on and separa�on processes by ad-

sorp�on. They differ from common adsorbents by their mixed 

organic/inorganic (metallic) structure which gives them suita-

ble proper�es for various applica�ons (adsorp�on, catalysis, 

etc.) [1, 2]. In addi�on, vola�le organic compounds (VOCs) are 

natural or anthropogenic compounds emi�ed in- and outdoors 

from several sources (manufacturing industries, cleaning prod-

ucts, etc.) which can involve health or environmental problems 

when they are present in too high concentra�ons (the concen-

tra�on threshold is specific to the VOC) [3, 4]. Therefore, VOCs 

researches tend toward the elimina�on of these compounds. 

This study focuses more specifically on the treatment of indoor 

air by an adsorp�on process involving MOFs  

Objec�ves and stakes : 

The purpose of this research work is to introduce a novel electro-

chemical design that could offer a synergy between microfluidic 

and macrometric reactor configura�ons and to develop it at pilot 

scale with real effluents and on an industrial site, in collabora�on 

with Tree Water company. 

Methodology :  

As a first step, the adsorbent needs to be characterized to un-

derstand the structure, and hence the porosity, to poten�ally 

an�cipate the interac�ons between the MOF and the studied 

VOCs. The textural characterisa�on is obtained by sta�c meas-

urements of N2 adsorp�on at 77 K and provide adsorp�on iso-

therms. In addi�on, adsorp�on isotherms with water and sin-

gle pollutants are performed to observe the behaviour of the 

MOF with these molecules.  

The second step of the work is the study of dynamic adsorp-

�on of the VOCs on the MOF. The dynamic measurements are 

conducted on a lab-scale pilot to obtain breakthrough curves 

(C/C0 as a func�on of �me, with C/C0 being the ra�o between 

the concentra�on C at a �me t and the adsorp�on column in-

let concentra�on C0) (see below). 

A parametric study is made by changing the pre-treatment of the 

MOF and also by experimen�ng VOCs mixtures and regenera�on 

of the MOF by adsorp�on/desorp�on cycles. 

 

Illustra�on: Experimental lab-scale pilot and breakthrough curve 

 
 

 

 

Dynamic measurements of VOCs adsorp�on on HKUST-1 are per-

formed with this pilot. Succinctly, air is used as carrier gas and 

allows the transport of the VOC gases diluted at the required con-

centra�on. Pollutants are generated into a vaporisa�on chamber 

(VC) by a syringe pump (SP), if they are injected from the liquid 

phase, or with a gas cylinder. The VC can also act as a mixture 

chamber of the VOCs with air. Then, the gas mixture goes through 

the adsorp�on column (AC) where the adsorbent is placed, and 

the purified stream is finally analysed by gas chromatography (GC) 

coupled with a flame ionisa�on detector (FID). The GC/FID is used 

to quan�fy the concentra�on of VOCs at the column outlet and 

deduce the quan�ty adsorbed by the MOF, thus the adsorp�on 

capacity of the MOF.  

Expecta�ons 

The main expected result is to prove the interest of using HKUST-1 as 

an adsorbent for the adsorp�on of VOCs present in indoor air at too 

high concentra�ons. The final pilot-scale process should lead to high 

adsorp�on capaci�es with an op�mised pre-treatment of HKUST-1. 

Moreover, an op�mised granulometry of the adsorbent is expected to 

improve the VOC adsorp�on kine�cs. The possibility to regenerate the 

MOF in order to perform several adsorp�on/desorp�on cycles is an-

other objec�ve to make the process compe��ve with common adsor-

bents.  
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General context, scien�fic issues : 

This work is part of a European project « LiFE », which aims 

to develop the EU's sovereignty over the lithium value chain, 

including control of supply. Europe only produced 3% of its 

demand in 2020. 

Installa�ons such as geothermal wells or oil wells use a large 

volume of water in their extrac�on process. This water con-

tains a large quan�ty of lithium which is not 

exploited. 

With the help of various partners and under the direc�on of 

GEOLITH, the goal is to develop a process capable of ex-

trac�ng this lithium in an ecologically responsible way. 

Objec�ves and stakes : 

The main objec�ve is to contribute to the development of a 

cartridge that can be simply gra�ed to geothermal installa�ons.  

This technology has the ambi�on to be:  

- an economically compe��ve solu�on, guaranteeing Europe 

prices aligned with the market. 

- an eco-responsible technology, that respects European envi-

ronmental standards: no waste produc�on, no carbon emis-

sions, and no water waste. 

- a ready-to-use technology  

- a protected, scien�fically robust technology 

Methodology :  

First, the flow simula�ons through the different materials 

likely to compose the cartridge is realized to characterize 

the material’s permeability according to its composi�on and 

structure. The main goal is to find the most adapted to the 

realiza�on of the cartridge.  

A�er having determined the composi�on of the cartridge, 

the tests of various flow models according to the opera�ng 

condi�ons envisaged (flow rates to be treated, admissible 

velocity) are performed and compared to exis�ng experi-

ments to select the best one. 

Finally, several tests of different cartridge designs (radial or 

longitudinal) are launched to op�mize the flow. 

Illustra�on : 3D-Reconstruc�on of a sample of fibrous medium  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Par�cle residence �me in a cartbridge (s) 

Main results 

The different numerical studies realized in LRGP with the 

help of tomographic images made by a partner and the 

different experiments carried out in the laboratory help us 

calculate the permeabili�es of the different materials and 

compare the flows in different types of cartridges. 

With these results, LRGP can advise its partners on the 

choice of fibrous medium and cartridge geometry. 
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General context, scien�fic issues : 

In the case of an accidental scenario producing vapour 

(leading to a liquid aerosol), in a confined space, the filters 

present in the ven�la�on network could present a decrease 

of their filtra�on efficiency. Moreover, a quick and im-

portant increase of their pressure drop can lead to their 

rupture, and thus to an unexpected release of contaminant 

into the atmosphere. The solu�on considered to avoid this 

failure consists in the installa�on of a metal filter, more re-

sistant, upstream of these filters (made of glass fibres). 

Objec�ves and stakes : 

The objec�ve will therefore be to relate the physico-chemical 

proper�es of the liquid and the structure of the metallic media, 

to the pressure drop eleva�on and to the amount of liquid ac-

cumulated at satura�on. To do this, we will carry out analy�cal 

experiments with different liquid aerosols and different filters 

with controlled proper�es  

Methodology :  

The metal filters are composed of one or more layers of fi-

bres of different characteris�cs (in terms of fibre diameter, 

compactness or thickness). These filters have been previous-

ly characterised by analysing SEM images and the character-

is�cs obtained are: the average diameter of the fibres is 

between 1 and 13 µm, the thickness varies between 30 and 

300 µm and the packing density is between 0.30 and 0.50. 

These sintered layers increase the resistance of the filters to 

the mechanical stresses associated with the shaping of the 

filter (such as plea�ng of the media). These mul�layer media 

can also be of interest in terms of filtra�on performance 

(pressure drop and efficiency).  The mul�layer media stud-

ied differ in the nature of the layers and the arrangement of 

the layers. Two types of layer arrangement were studied: a 

so-called "symmetrical" arrangement (i.e. iden�cal layers 

are superimposed on either side of the central layer which 

serves as an axis of symmetry) and a so-called 

"asymmetrical" arrangement as illustrated. A�er studying 

the pressure drop and efficiency of the media layers sepa-

rately, the mul�layer filters were clogged with a liquid aero-

sol. The DEHS aerosol is produced by means of an atomiser 

and is applied to the filter by suc�on. The filtra�on rate is 

kept constant during the loading of the filter. A pressure 

drop sensor is placed around the filter to monitor the pres-

sure drop. A meter is placed upstream and then down-

stream of the filter to measure the aerosol concentra�on 

and par�cle size distribu�on of the aerosol. The filter is also 

weighed before and a�er each test to determine the mass 

of liquid accumulated in the filter. 

Illustra�on : Pressure drop and mass evolu�on for mul�layer 

filter to filtra�on rate 6 cm/s.  
 

Main results 

The results presented above show the evolu�on of the pres-

sure drop and the mass collected per �me step, for a mul�-

layer filter, at a constant filtra�on speed of 6 cm/s (figure 1). 

The evolu�on of the pressure drop of metal filters for a DEHS 

aerosol is characteris�c of that of a we�able filter. In the 

literature [1] [2], the pressure drop evolves in a quasi-linear 

manner, before increasing exponen�ally and stabilising at 

filter satura�on (a behaviour that has been observed when 

each layer is individually sealed). In contrast, for mul�layer 

metal filters, a further inflec�on of the pressure drop is evi-

dent between the exponen�al rise and its stabilisa�on. This 

inflec�on starts when the mass of liquid collected per �me 

step stabilises (figure 1). Thus it can be assumed that before 

this inflec�on point the media layers saturate one a�er the 

other, un�l the most effec�ve layer is reached. Then a�er 

this inflec�on point the liquid will migrate into the down-

stream (less efficient) layers (without satura�ng them) in 

order to be drained. These layers have the role of improving 

the drainage, and are called in the literature a drainage layer 

[3]. 
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General context, scien�fic issues : 

Mul�phase flows are commonly encountered in both nature 

and many industrial sectors [1,2]. Former important works 

in process engineering are o�en global results such as gas 

reten�on rate, distribu�on of sizes, therefore in the sense of 

the black box and in the form of empirical correla�ons. The 

phenomena of forma�on, interac�ons and coalescence be-

tween bubbles or drops in liquids of different nature are s�ll 

poorly understood [3,4]. 

Objec�ves and stakes : 

This research project aims at experimental inves�ga�on in 

transparent fluids to be�er understand fundamental mecha-

nisms governing the forma�on, spreading and coalescence of 

bubbles or drops whether in a liquid or at a solid surface. Ques-

�ons concerning the behavior and mechanisms of such bubbles 

and droplets composed in/with various fluids, such as their 

forma�ons/coalescence in various phases/thinning behavior/

spreading on interfaces, etc., will be studied. 

Methodology :  

Rheological experiments for all working fluids were conduct-

ed with steady shearing method aiming to study the viscosi-

ty evolu�on. Bubble rupture and droplet coalescence pro-

cesses were studied with a Newtonian fluid Emkarox and 

non-Newtonian fluid Polyacrylamide (PAAm), and high vis-

cosity Carboxymethyl cellulose (CMC). Super-hydrophobic 

par�cles (Lycopodium, size of 30-40 um) were added on top 

of the air-liquid interface as covering or interphase layer. 

The speed fields were measured around the bubbles and 

droplets while their rupture and coalescence occur using PIV 

system with revised laser-fluorescent photo system 

(Developed by Prof. Li and PhD. Q. Zhang). By deriving these 

velocity fields, one can obtain the stress fields for the shear 

stress exerted by surrounding liquid. Analysis of the life�me 

and rupture behaviors of bubbles could help understand the 

effect of fluid viscosity, par�cle packing density and thick-

ness on the bubble behavior during the rupture process.  

Illustra�on : Life�me of bubbles. Le�: bubble life�mes in differ-

ent fluids; Right: bubble life�mes in different fluids under par�-

cle-laden air-liquid surface.  

Main results 

The layer of hydrophobic par�cles completely changed the 

bubble rupture process on air-liquid surface. Three typical 

behaviors: rapid breakup, slow shrink and fast shrink were 

detected via high speed camera observa�on. The main fac-

tors inducing behavior changes are par�cle layer thickness 

and fluid proper�es. Bubble life�me are largely extended 

when par�cles were added on the surface. Increasing par�-

cle density and layer thickness, along with the dura�on of 

par�cle layer upon liquid surface could increase life�me of 

bubbles. Higher viscoelas�city significantly increased the 

strength of bubble sphere, which, at a great chance, leads to 

par�al rupture resul�ng a fast-shrinking bubble, and finally a 

non-rupture slow-shrinking bubble. Life�me for PAAm bub-

bles increased 2.5 �mes when CMC and Emkarox bubble 

only increased 0.3-1 �mes compared with bubbles on par�-

cle free surfaces. Velocity fields derived from PIV images 

indicate transforma�on of underwater flow fields for bubble 

rupture process. Eddies detected are results of regrouping of 

par�cles on surface. 
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General context, scien�fic issues : 

Constructed at the output of wastewater treatment plants, 

ar�ficial wetlands are used as a complementary way of pro-

tec�ng natural environments from pollutants, in addi�on to 

the abatement achieved by wastewater treatment plants. 

Furthermore, these wetlands could be a solu�on for trea�ng 

urban wastewater bypassed during rainy events. 

Objec�ves and stakes : 

 

The construc�on of wetlands to polish the treatment of treated 

waters is already used in France, but it concerns small 

wastewater treatment plants. The purpose of AZHUREV project 

is to build a large-scale demonstra�on wetland downstream of 

the Grand Reims wastewater treatment plant to provide an 

improved treatment during dry weather and a treatment of 

bypassed stormwater. At the same �me, this project aims to 

create habitats for wetland biodiversity. The first part of my 

thesis is to monitor the system and its performance, via sam-

pling campaigns, in terms of abatement of primary pollu�on, 

organic and inorganic micropollutants, an�bio�c resistant bac-

teria and faecal coliforms for dry and rainy weather condi�ons 

and to understand the abatement mechanisms. The second 

part is to model the constructed wetland with ordinary differ-

en�al equa�ons using MATLAB so�ware and to verify the pre-

dicted results by comparison with recorded data. 

Methodology :  

 

 

The wetland is composed of three ponds (2 hectares), each 

with different types of macrophytes and vegeta�on in vari-

ous amounts. By dry weather, a percentage of the water 

treated by the treatment plant is diverted and supplies 

equally each pond. During rainy events, the ponds are sup-

plied by bypassed urban rainwater. Flow meters and tem-

perature/conduc�vity sensors are installed at the entrance 

and exit of each pond on a hourly and 15-min basis, respec-

�vely. In each pond, two PAR sensors are set up in and 

measure a data every hour. A weather sta�on measures air 

temperature, wind speed and direc�on, precipita�ons and 

PAR. 

Illustra�on : Constructed wetland configura�on and sampling 

points . 
 

In 2019, a camera has been installed at the entrance to the 

wetland to monitor the development of vegeta�on. A sam-

pling campaign of surface water is conducted monthly (see 

illustra�on). With an aqua�c drone, water samples are col-

lected in the ponds and dissolved oxygen and temperature 

are measured. For each season, sediments and aqua�c 

plants are also sampled.  

Parameters measured in water samples are : organic and 

inorganic carbon, total nitrogen and its most common forms, 

o-phosphates, chlorides, sulphates, Ca, K, Mg, Na, Si, trace 

elements, op�cal characteris�cs of organic ma�er, an�bio�c 

resistant gene (class 1 integron), faecal coliforms and some 

organic micropollutants (pharmaceu�cals,  phthalates, AM-

PA, etc.) 

Parameters to measure in plant and sediment samples are : 

Ca, K, Mg, Na, Si, trace elements and some organic micropol-

lutants.  

Main results 

Removal of nitrogen (average efficiency = 50 %) by nitrifica-

�on/denitrifica�on, plants uptake and sediment adsorp�on. 

Enrichment in dissolved organic carbon (average efficiency = 

-33%) and in phosphorus (average efficiency = -35%) by plant 

decomposi�on. 

Removal of biodegradable and photodegradable pharma-

ceu�cals.   
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General context, scien�fic issues : 

Agromining is the process of extrac�ng metals with plants 

called hyperaccumulators able to store large amounts of 

said metals in some of their parts. Ini�ally developed to ex-

tract nickel and rare earth elements, its poten�al is now 

being inves�gated for other elements. Gold agromining in 

French Guiana is of par�cular interest. Field trials have 

shown that gold hyperaccumula�on can be ar�ficially in-

duced in plants, but no gold hyperaccumulator has ever 

been iden�fied in its natural environment. This could be due 

to the lack of effec�ve analy�cal tools able to perform plant 

elemental analysis on the field. Field Portable X Ray Fluores-

cence (FPXRF) spectrometers have shown a strong poten�al 

to fill this gap, thanks to their portable nature, ability to pro-

vide fast results and being non–destruc�ve. Iden�fica�on of 

gold hyperaccumulators in French Guiana could lead to the 

development of gold agromining in the region. 

Objec�ves and stakes : 

The first objec�ve of this work is to determine whether a NI-

TON FPXRF spectrometer is able to detect and accurately quan-

�fy gold in plants or plant ashes, with minimum sample prepa-

ra�on prior to analysis. 

Methodology :  

Synthe�c gold standards with concentra�on ranging from 10 

to 1000 ppm were prepared using microcrystalline cellulose 

and ashes from industrial oven by addi�on a chloroauric 

acid solu�on. These two matrices were chosen to simulate 

realis�c hyperaccumulator samples both before and a�er 

the combus�on step of the metal recovery process. Analysis 

were then carried out with a NITON xl3t GOLDD FPXRF spec-

trometer using two different modes: AllGeo mode and Soil 

mode. The standards were subsequently digested in aqua 

regia and analyzed by ICP-OES, and the results were com-

pared with the ones returned by FPXRF. Finally, real ash 

samples from plants collected on gold-bearing sites in 

French Guiana were analyzed by both FPXRF and ICP-OES.  

Illustra�on : Analysis using a FPXRF spectrometer  

Main results 

Comparison between the FPXRF and ICP-OES results showed 

that the NITON xl3t GOLDD was able to accurately quan�fy 

gold in both microcrystalline cellulose and ashes at concen-

tra�on above 50 ppm in AllGeo mode. In Soil mode, gold 

was poorly quan�fied in ash synthe�c standard. Gold was 

also detected in blank ash samples (with no gold added), and 

ICP-OES analysis revealed this to be a false-posi�ve. We emit 

the hypothesis that this result might be caused by an inter-

ference with zinc, present in significant amounts in industrial 

oven ashes (around 240 ppm). Indeed, there is a possible 

overlap between emission ray of gold and zinc. This phe-

nomenon was not observed with microcrystalline cellulose 

which does not contain zinc. Analysis of the French Guiana 

samples yielded similar results to industrial ashes: gold was 

detected in some of them in Soil mode while ICP-OES analy-

sis indicated these results were false posi�ves. These sam-

ples also contained zinc in variable amounts, strengthening 

our hypothesis about zinc interfering with gold detec�on. 

Therefore, FPXRF might not be best suited for gold detec�on 

in hyperaccumulators.  
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General context, scien�fic issues : 

The importance of merging process safety and engineering 

design together is well known. However, for dust explosion 

as for other risks, the industrial condi�ons are mul�ple, 

changing and can hardly be reproduced in a laboratory by a 

series of experiments. Suppor�ng the tests with a numerical 

model able to extrapolate their results to opera�ng condi-

�ons other than those defined by the interna�onal stand-

ards, would increase the relevance of a norma�ve approach.  

Objec�ves and stakes : 

In order to model a dust explosion phenomenon, a gasifica�on 

or a pyrolysis process, it is compulsory to determine the rate-

limi�ng mechanisms occurring during the rapid hea�ng of a 

dust cloud, followed by a flash pyrolysis and an oxida�on step. 

Among the essen�al bricks of this model, the chemical reac�on 

kine�cs is probably the most central input. Unfortunately, at 

present, the proposed reac�on mechanisms do not allow to 

represent the complexity of these phenomena, as they are al-

most always based on slow hea�ng tests. The main goal of this 

work is to iden�fy 5-10 lumped reac�ons able to coherently 

describe the kine�cs of these phenomena.  

Developing such a model is far from being easy as various steps 

have to be considered: the dust dispersion and its poten�al 

varia�on of par�cle size distribu�on, the dust igni�on, which is 

by nature a discon�nuous process, the flame propaga�on and 

the turbulence/combus�on interac�ons. 

Methodology :  

 

Cellulose was chosen as dust sample, since its chemical 

structure is well known. Its pyrolysis and combus�on mech-

anisms were studied using a modified Godbert-Greenwald 

furnace, to reproduce the characteris�cs of a dust explosion. 

Average residence �me and distribu�on were also es�mat-

ed. Tests were performed at three different temperatures 

(700, 800 and 900°C). Gaseous products, solid residues and 

condensable molecules were sampled a�er the heated 

chamber, in order to obtain further informa�on about the 

global conversion degree of the dust cloud.  

Illustra�on : Permanent gas composi�on from flash pyrolysis 

and combus�on tests  
 

 

 

 

 

 

 

 

 

 

 

 

Dust cloud thermal study, combining an experimental and a 

modelling approach  

Main results 

Results showed a clear abundance in CH4, H2, CO and CO2. 

The general reac�ons chosen for the model are: 

Cellulose  Gases 

Cellulose  Condensable molecules à Gases 

Cellulose à Char + Gases 

The Matlab code is currently being perfec�onated.  Data 

were introduced in an already existent model (realized by D. 

Torrado and A. Santandrea) in order to calculate the un-

stretched flame speed of cellulose, which seems to lay 

around 21.5 cm/s. 
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General context, scien�fic issues : 

This work falls within the context of the agromining chain, 

which aims to recover metals extracted from soils using 

plants. The objec�ve is to improve the separa�on of metals 

of interest (in this case, Mg, Ni and Mn) contained in acid 

leachate obtained from plant ash using membrane process-

es. The aim is also to limit the consump�on of reagents by 

recycling the acid. Membrane technology was chosen be-

cause it is known to reduce the environmental impact of 

industrial processes, especially if they involve many chemi-

cals. It also offers high selec�vity in the separa�on of metals, 

but the choice of best opera�ng condi�ons depends very 

much on the specia�on of the leachate. 

Un�l recently, membranes could not be used o�en in this 

kind of project, because of chemical and physical limits. To-

day, there are membranes capable of withstanding the diffi-

cult condi�ons of industrial leachates, at very low pH.  

Objec�ves and stakes : 

The objec�ve is to experimentally study the membrane separa-

�on of dissolved metals in highly acidic solu�on and to build a 

mathema�cal model to predict ion transport in nanofiltra�on 

membranes. 

Methodology :  

 A�er a bibliographical study, nanofiltra�on experiments 

with model synthe�c solu�ons (sulphuric acid + a dissolved 

metal) are carried out, in order to obtain data for the valida-

�on of the calcula�on code.  

In parallel, a mathema�cal model of electromigra�on diffu-

sion solu�on (SDEM), based on the Nernst equa�on, is being 

wri�en in MATLAB. For the moment, it is adapted to three 

ions and will be completed by taking specia�on into ac-

count, by coupling it to PhreeqC 

Metal separa�on can be performed using nanofiltra�on, 

because this type of membrane allows the monovalent ion 

to pass, but not the divalent one. However, it will not be 

effec�ve in achieving separa�on of divalent metals. Some 

technology, such as ultrafiltra�on assisted by complexa�on 

or shear-induced ultrafiltra�on assisted by complexa�on will 

be explored. 

Illustra�on : : nanofiltra�on pilot  
 

Main results 

The first nanofiltra�on experiments (acid solu�on + Ni ) 

showed that it was possible to concentrate each metal, up 

to a reten�on factor of over 90% for Ni. This is possible 

thanks to the recent development of new membranes that 

can be used in very acidic environments. 

The mathema�cal model was able to reproduce this result, 

the adjustable parameter being the permeance. For those 

carried out with Mn and Mg, the results are currently being 

acquired.  

In the short term, other experiments will be carried out with 

a mixture of several metals and later with a plant ash leach-

ate.  

The model is being generalized, with the aim of coupling it to 

the solu�on equilibrium calcula�on code PhreeqC.  

In the longer term, this approach will be applied to other 

industrial leachates and should lead to improved separa�ons 

with substan�al chemical savings. The knowledge acquired 

will be fundamental for the recycling of metals by hydromet-

allurgy, a field that is growing rapidly due to the scarcity of 

mineral resources.  
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General context, scien�fic issues : 

Air pollu�on, due to high concentra�ons of fine/ultrafine 

par�cles, was ranked as the leading cause of death in the 

world, in a recent report by the State of Global Air, 2018. 

The efficient fiber filtra�on process, for this fine par�cle 

separa�on, encounters great difficul�es of clogging due to a 

significant increase in pressure drop resul�ng from the high-

er specific surface area of par�cles. To delay the onset of 

clogging, the surface area of fiber filters is increased through 

the pleated process. However, this method of manufactur-

ing generates local solid volume frac�on heterogenei�es.  

This filter characteris�c being the cri�cal parameter 

affec�ng the filter performance, it is essen�al to know the 

impacts of such modifica�ons on the structure of a filter.  

Objec�ves and stakes : 

To study the impact of solid volume frac�on heterogenei�es on 

the overall performance of filters, the available experimental 

technique allows access to very localized informa�on.  Hence 

the CFD approach is adopted to perform the detailed study 

using the so�ware, GeoDict. The characteriza�on of the impact 

of the plea�ng processes is done to op�mize the shape and 

angle of the pleats. The objec�ve is thus to either limit hetero-

genei�es if they degrade the performance of pleated filters, or 

to promote them up to a certain limit if they prove to be bene-

ficial.  

Methodology :  

In addi�on to heterogenei�es on the surface, and the thick-

ness of the media, pleated filters present gradients of SVF in 

the depth of the fold as well, specifically at the bo�om due 

to the plea�ng process implemented. Hence, the approach 

determines the filter permeability and efficiency of 3D fi-

brous structures with added heterogenei�es generated on 

GeoDict. The progress made so far consists of performing a 

CFD simula�on of a 3D fibrous structure made with fixed 

structural parameters like fiber diameter, size distribu�on, 

etc., with added heterogenei�es in the form of different 

SVF. An analy�cal model for calcula�ng K in the presence of 

heterogeneity was also used, to compare the calculated and 

simulated values of K. The influence of heterogeneity loca-

�on within the homogeneous domain is also discussed.  

Illustra�on : Effect of added SVF heterogeneity on filter perme-

ability (K) 
Heterogeneity within the depth of the filter 

   
 

Fibrous Structure and its flow visualiza�on with two lower SVF heterogenei�es 

within the depth of the filter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

k (with heterogeneity) / k(without heterogeneity) with respect to % heterogeneity in the homogeneous domain 

for one random seed, the fibre diameter of 3mm, and heterogeneity SVF as 2% and 10% 
 

Main results 

The filter manufacturers can be advised based on the following 

results for monolayer media as the cau�ons to be considered while 

processing:  

Insignificant difference (≤1%) between the calculated and simulat-

ed K.  

With less % (≤12%) of heterogeneity within the homogeneous do-

main, the effect of different values of SVF on K is not significant. 

For lower SVF heterogeneity, the K increases with an increase in its 

% within the homogeneous domain. Vice versa for higher SVF 

heterogeneity. 

No significant impact on K of changing the loca�on of heterogenei-

ty within the domain.  

K increases when the heterogenei�es are located one a�er another 

within the depth of the filter, then when distributed randomly. 

Further steps include performing the efficiency study for each of 

the simulated cases for effect on K.  
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General context, scien�fic issues : 

In power plants, important quan��es of energy are generat-
ed through physical reac�ons (combus�on, nuclear fission). 
Therefore, effec�ve cooling systems are needed to evacuate 
heat excess. 

In France, half closed systems are mainly used. Those sys-
tems use cooling towers and have an important need in wa-
ter, partly due to evapora�on loss. To address it, water is 
collected from natural sources, usually rivers.  

Inside those systems, especially in the condensers, Fouling 
and Biofouling result of the opera�ng condi�ons. Biofouling 
results from microorganism development. Indeed, suitable 
temperatures (25-45°C), organically charged water allow 
good biofilm growth condi�ons.  

However, the thickness of biofilms reduces significantly the 
efficiency of the heat transfer. Furthermore, biofouling can 
cause biological pollu�on, corrosion. Also, the cleaning pro-
cesses to remove biofilms causes chemical pollu�on.  

Objec�ves and stakes : 

- With a laboratory pilote, iden�fy experimental condi�ons 

allowing the lowest biofouling (biofilm thickness).  

- Use the results to design a mathema�cal model coupling bio-

fouling development (including the kine�cs of growth, death 

and detachment), heat and mass transports and hydrodynam-

ics.  

- Determinate the impact of those phenomenon and their inter

-connexion and in par�cular, the effect of biofouling on the 

efficiency of the cooling process.  

Methodology :  

A laboratory pilote was designed to reproduce large op-

era�ve condi�ons of actual industrial heat exchangers 

used in power plants.  

Based on an experimental design, natural water collected 

from different rivers, heated at different temperatures, 

will flow under several hydrodynamic condi�ons (fluid 

velocity, turbulence regime, shear stressing).  

Temperature sensors will allow heat exchange calcula-

�ons. The incoming and outcoming water from the pilot 

will be chemically and biologically characterized. The 

structures and microbiological composi�on of biofilms 

and will be analysed with microscopic and metagenomi-

cal techniques. 

Illustra�on : Representa�on of the scien�fic issue  

Perspec�ves 

The expected results should allow crea�ng a model able 

to op�mize the cooling process, predic�ng biofilm devel-

opment and thermal efficiency loss and adap�ng the 

se�ngs (flow rates, shear stress, temperature) to reduce 

this impact. It could also be used to determine the thresh-

old of interference of biofouling to reduce biocides use 

and then rivers pollu�on. 

The model should also be transposable to different types 

of heat exchangers integra�ng different quali�es of water 

(chemical and biological). It should also be used as an 

ul�mate purpose to design new heat exchangers with 

limited biofouling impact. 
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General context, scien�fic issues : 

The explosion risk assessment related to combus�ble dust is 

based on the determina�on of the likelihood of dust disper-

sion, the iden�fica�on of poten�al igni�on sources, and the 

assessment of the explosion consequences. Within this con-

text, adding mineral par�cles to combus�ble powders can 

significantly impact all these steps [1]. Several industrial 

applica�ons exist for such mixtures of combus�ble and inert 

powders, from the pharmaceu�cal to the nuclear industries 

[2]. The animal feed industry is no excep�on, and the use of 

“premixes” combining combus�ble organic materials (e.g., 

cereals) and minerals (e.g., calcium carbonate) is wide-

spread. However, there is no predic�ve model for es�-

ma�ng the safety parameters of such mixtures [1,2], and the 

risk assessment relies upon present on the mul�plica�on of 

standardized tests to provide the necessary safety [2]  

Objec�ves and stakes : 

The scope of this research program is to consider the physico-

chemical contribu�ons of mineral addi�ves to propose predic-

�ve models to assess the igni�on sensi�vity and explosion se-

verity (Kst) of organic and mineral powder mixtures used for 

the manufacturing of premixes in the animal feed industry. 

Methodology :  

According to the applica�ons iden�fied by TECALIMAN and 

the industrial partners involved, this project aims to high-

light and quan�fy the influences of the par�cle size distribu-

�ons (PSD), powders propor�ons, fuel equivalence ra�o, 

and powder chemical nature on the explosion risk of dust 

mixtures. An extensive parametric study will be conducted 

using the modified Hartman Tube (Minimum Igni�on Ener-

gy) and the 20L Siwek sphere (Kst) based on the 14034 and 

13821 European Standard series. In addi�on, the composi-

�on of the combus�on gases will be determined to assess 

the gaseous products generated by accidental combus�on. 

A�erward, the models will be developed and adjusted ac-

cording to the significant effects observed during the experi-

mental tests and their future applicability to the develop-

ment of intrinsically safer industrial processes.  

Illustra�on : Varia�on of the PSD due to the 20L sphere disper-

sion step of a vitamin product  

Main results 

The above figure shows the PSD varia�on of a vitamin pow-

der before (ini�al) and a�er its dispersion within the 20L 

sphere. The mean diameter at the igni�on zone is about 10% 

of the corresponding value of the dust sample, which evi-

dences the significant fragmenta�on due to the dispersion 

stage of the standard explosion test. The PSD also evolves 

with �me, and both this parameter and the igni�on delay 

�me (here 60 ms) have a relevant influence on the explosion 

performance. The below radar chart evidences a more sig-

nificant difference in the explosion dynamics than thermody-

namic performance between the vitamins, addi�ves, and 

organic supports. The explosion performance of the binary 

and then more complex mixtures will be studied in further 

steps. 
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Keywords : Mine tailings repurposing, Cobalt, Agromining, Metal extrac�on, Hydrometallurgy  

General context, scien�fic issues : 

Mine tailings represent apromising secondary source of 

Strategic & Cri�cal Metals (SCM) (e.g., Co, Ni) because: 

• they contain some amounts of valuable metals, 

• they arealready excavated and finely ground. 

The recovery of Co and Ni from mine tailings might be of 

interest to: 

• allow a stable and secure supply by diversifying sources 

(economical benefit), 

• limit their impact on the environment during long-term 

storage (environmental benefit). 

Objec�ves and stakes : 

World increasing demands and monopolies of foreign countries 

have encouraged countries to find economically reliable 

sources which contains Co and Ni. The former Cobalt Mining 

Camp (ON, Canada) appears to be a promising loca�on for the 

recovery of Co (up to 3.5 wt%)1 and Ni (up to 2.2 wt%)1 s�ll 

present in mine tailings (arsenides, sulfides and sulfoarsenides). 

The aim of this project is to compare the performance of two 

pre-treatment routes to pre-concentrate Co and Ni prior to 

chemical leaching to reduce opera�ng costs related to the use 

of reagents. Pre-concentra�on pathways include: 

i) Metallurgical approach – use of gravity and/or magne�c se-

para�on as well as flota�on 

ii) Agromining approach – use of hyperaccumulator plants 

Methodology :  

i) Physico-chemical and mineralogical characteriza�ons of 

the tailings will be carried for the three different mine tai-

lings.  

ii) Metallurgical processes will be used to separate and pre-

concentrate elements of interest using gravimetric/

magne�c separa�on, flota�on. Subsequently, acid leaching 

tests (based on the previous characteriza�ons and leaching 

tests and literature) will be performed on the pre-

concentrated tailings. 

iii) Performances of an agromine system, followed by the 

recovery of these elements from incinera�on ash of aerial 

parts of plants by chemical leaching will be also evaluated.  

 

Illustra�on : General methodology . 
 

 

 

 

 

 

 

 

 

 

 

iv) Geochemical behaviour of new solid and liquid releases ge-

nerated by the different processes will be evaluated.  

v) Compara�ve study of the efficiency of the two pathways 

(metallurgical and agromine) will be done to determine the 

most suitable reprocessing process pathway for the recovery of 

Co and Ni in these mine waste. 

These two approachs will be compare according to different 

criteria (in terms of Co and Ni pre-concentra�on efficiency, 

amounts of valuable SCM recovered, stability of final residue 

and opera�ng costs). 

Main results 

A consistent bibliographical synthesis has already been 

done. Furthermore, the three sites were selected in the for-

mer Cobalt mining camp. For example, at Site B, Co and Ni 

concentra�ons measured in situ by an X-ray fluorescence 

spectrometer range from 200 to 17,500 mg.kg-1 for Co and 

45 to 10,400 for Ni, with an average Co/Ni molar ra�o of 2.3.  

For the processes, the results are currently being acquired . 
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Keywords : CFD (computa�onal fluid dynamics), Heat transfer, Hydrodynamics, Mass transfer, Membrane separa�on  

General context, scien�fic issues : 

Gas separa�on processes using membranes are gaining im-

portance in industrial applica�ons such as CO2 capture, nat-

ural gas purifica�on, etc., especially with the emergence of 

new inorganic materials offering high levels of selec�vity 

and/or permeability [1].  

However, high permea�on fluxes may lead to mass transfer 

limita�on within the gaseous mixture, i.e. concentra�on 

polariza�on phenomena. This effect is not accounted for 

exis�ng 1D models [2] which calls into ques�on their validity 

for predic�ng separa�on performance in such processes. 

Objec�ves and stakes : 

This PhD study aims at developing a full CFD model for simu-

la�ng gas permea�on in inorganic membranes. Comparison 

with the 1D modeling approaches used thus far in the literature 

[2] will allow iden�fying their limita�ons when applied to such 

processes  

Methodology :  

The commercial CFD code ANSYS Fluent is used for simu-

la�ng the coupled transfer phenomena inside a tubular 

(hollow fiber) gas permea�on membrane.  

Firstly, simula�ons are performed in the case of a pure gas 

and the numerical results are validated by comparison with 

the theore�cal model of Berman [3].  

Secondly, simula�ons are carried out for gas mixtures per-

mea�on in classical membranes and results are validated by 

comparison with those provided by the commercial code 

MEMSIC [2] which relies on a systemic 1D modeling ap-

proach. 

Finally, experimental valida�on will be carried out by com-

parison with data found in the literature as well as with ex-

perimental results acquired on a high-performance inorgan-

ic membrane available at the LRGP laboratory. 

Once the CFD model is proven to be accurate, it will used to 

generate a general cartography for iden�fying the opera�ng 

condi�ons where mass transfer limita�on occurs within the 

gas phase. The calcula�on of a concentra�on polariza�on 

index will allow quan�fying the amplitude and the effects of 

the phenomenon. .  
 

Illustra�on : Permeance effects and polariza�on impact on the 

stage cut: CFD versus 1D modeling approaches  
 

 

 

 

 

 

 

 

 

 

Main results 

As explained before, and due to the axial symmetry in the 

hollow fiber membrane problem, a 2D CFD model to simu-

late the coupled transfer phenomena is done.  

In the first comparison with the theore�cal equa�ons, the 

CFD model gave us the expected results with less than 1% of 

error. 

Next, as shown in the illustra�on above, it is obvious that 

the CFD model do not overes�mate the performance like 

the 1D simplified models, because it calculates the velocity, 

temperature, concentra�on profiles, … in every point of the 

domain especially the boundary layer due to finer meshing 

there. 

Moreover, it allows us to iden�fy the opera�ng condi�ons 

leading to high polariza�on, by tes�ng the parameters indi-

vidually or in combina�on to illustrate what is occurring in 

the membrane module. 

Finally, this model gives us the ability to calculate accurately 

the Sherwood number and evaluate correc�on factors, in 

order to improve the available mass transfer correla�ons 

under significant polariza�on of concentra�on condi�ons.  
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Keywords : Process intensifica�on, Process design, Mul�func�onal reactor, Cataly�c reactor, Heat exchanger, Membrane separa�on, Op�miza-

�on, Modeling, Power-to-X, CO2 valoriza�on, Renewable H2, dimethyl ether (DME), Transfer phenomena.  

General context, scien�fic issues : 

In addi�on to CCS technologies, decarbonated energy sources in 

industry sectors (low-carbon energy) and process efficiency im-

provement are becoming a necessity. These evolu�ons intend to 

meet the net zero carbon objec�ve at the 2050 horizon, while cre-

a�ng economic wealth simultaneously. Nowadays, the energy tran-

si�on requires the development of processes and technologies for 

a resource and energy efficient process industry. In this context, 

the Power-to-X concept, as a sector coupling and energy storage 

technology, has been the subject of intense discussion in recent 

years for an integrated future energy system architecture. This 

concept enables the synthesis of high value-added products for 

several purposes (alterna�ve fuel, petrochemical feedstock, etc.) 

through the CO2 hydrogena�on reac�on. 

Objec�ves and stakes : 

The current energy transi�on requires that certain raw material and 

energy transforma�on processes should be par�ally modified or deep-

ly redesigned to meet more sustainable opera�ng condi�ons 

(electrifica�on of unit opera�ons, intermi�ent opera�on, decentral-

ized produc�on, etc.). Process intensifica�on enables the develop-

ment of mul�func�onal units, which exploit the synergies between 

elementary processing func�ons (reac�ons, transfers, separa�ons, 

etc.) within a single equipment, to reduce the energy impact of these 

processes. The integra�on of mul�ple func�ons within an equipment 

is a poten�al source of economic and energe�c gains, especially when 

balanced exothermic reac�ons are intensified thanks to innova�ve 

coupling approaches. In this context, the dimethyl ether (DME), as 

alterna�ve fuel, is expected to play an important role in the energy 

transi�on. The DME direct synthesis from captured CO2 and renewable 

H2 is considered, first as a case study, because its industrial synthesis 

has a�racted a�en�on in recent years due to its poten�al in different 

Methodology :  

The concept of mul�func�onal reactors, coupling several elemen-

tary func�ons, has been a real success when historical demonstra-

tors were created (Eastman-Kodak process, …), but their imple-

menta�on has not been generalized, due to a lack of prac�cal de-

sign methodology. Therefore, the defini�on of innova�ve ap-

proaches helps to fill this methodological gap. The applied method-

ologies offer the possibility to explore a much wider range of de-

grees of freedom, enabling to reveal the maximum achievable 

performances, that further process design steps should try to 

reach. The developed methodologies in this work rely mainly on 

the dynamic op�miza�on of the mass and heat flux profiles and on 

the characteris�c �me analysis and dimensionless numbers. The 

proposed methodologies enable to quan�fy the impact of cou-

plings on the performance of the synthesis, with a view to tar-

ge�ng intensifica�on strategies that will take advantage of their 

synergies. These methodologies can be extended and easily used 

for other balanced exothermic reac�ons (Methanol, Synthe�c Nat-

ural Gas, etc.)  

Illustra�on : Schema�c view of proposed mul�func�onal reac-

tor configura�on.  
 

 

 

Main results 

Figure 2: Impact of characteris�c �me ra�os on process improve-

ment  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 illustrates a result obtained from the applica�on of one of 

the developed methodologies based on the characteris�c �mes. 

The analysis of this result provides an overview of the rates charac-

terizing each phenomenon. The results clearly reveal the require-

ment of a trade-off between these couplings in order to achieve 

op�mal condi�ons (synergic effect). 
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Keywords : heterogeneous catalysis, perovskites, kine�c, chemical reac�on engineering, process intensifica�on  

General context, scien�fic issues : 

The challenges of new hydrogen synthesis routes are enor-

mous. Dry methane reforming (DMR) is a reac�on of inter-

est which offers many environmental prospects by valorizing 

two greenhouse gases, CO2 and CH4, the main components 

of biogas. However, these molecules being very stable ther-

modynamically, the opera�ng condi�ons for reac�ng them 

are extreme, requiring a very high temperature of the order 

of 700 to 1000° C at atmospheric pressure. Furthermore, the 

reac�on is highly endothermic, which requires a significant 

heat input. The challenges encountered for the valoriza�on 

of biogas by DMR lie in the energy efficiency of the process 

and the development of catalysts compa�ble with the use of 

milder condi�ons and allowing the minimiza�on of coke 

deposi�on. This last point cons�tutes the main obstacle to 

its industrial applica�on [1].  

Objec�ves and stakes : 

 

The objec�ve of this work is to op�mize the formula�on of pe-

rovkites catalysts used in the DRM reac�on as well as op�mi-

zing the opera�ng condi�ons in a cataly�c microreactor. 

Subsequently, the most efficient catalyst(s) will be selected for 

a kine�c study. Finally, models will be used to carry out a simu-

la�on of an industrial process.  

Methodology :  

 

Perovskites are ABO3 type oxides. In catalysis, their reduc-

�on under dihydrogen allows the par�al exsolu�on of me-

tallic nanopar�cles (B sites), which makes it possible to ob-

tain supported nanopar�cles highly dispersed on the surface 

of the perovskite as well as a strong metal-support interac-

�on. In par�cular, they make it possible to oxidize the car-

bon deposited on the surface of thecatalyst, which makes 

them par�cularly interes�ng for the DRM reac�on.The 

structure of perovskites makes it possible to modulate their 

composi�ons via the ca�ons of sites A and B. This par�al 

subs�tu�on allows the incorpora�on of different metals 

with oxida�on-reduc�on proper�es to eliminate carbon 

deposited on the ac�ve metal [1].  

Illustra�on : SEM image of fresh catalyst SrZr0.25(Ni4/5Fe1/5)

0.75O3  
 

 

 

 

 

 

 

 

 

 

 

 

Main results 

Recent works on perovskites of formula SrZr0.85Fe0.03Ni0.13O3 

led us to study the influence of different formula�ons, in 

par�cular the doping in Ni and/or Fe as well as the par�al 

subs�tu�on of Sr by Ce to improve the proper�es. oxida�on-

reduc�on as well as to reduce the deposi�on of carbon and 

the sintering of the catalyst [2]. 

To do this and firstly, catalysts SrZrx(Ni4/5Fe1/5)1-xO3 type with 

x varying from 0 to 1 in steps of 0.25 were synthesized by 

the self-combus�on and citrate method. 

A�er screening the different samples, the catalyst with the 

best performance in terms of stability/yield will be selected 

for a second series of tests aimed at preparing catalysts of 

the SryCe1-yZrx(Ni4/5Fe1/5)O3 type with y varying from 0 to 1 in 

steps of 0.25. 

In a third part, we will focus on the synthesis of perovskites 

supported SrZrx(Ni4/5Fe1/5)O3/CeO2, SryCe1-yNi4/5Fe1/5/ZrO2 

and SrNi4/5Fe1/5O3/CexZr1-xO2. This study will determine the 

influence of Zr and Ce promoters in the perovskite structure 

and as supports. 
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General context, scien�fic issues : 

 

In the phosphate industry, phosphoric acid is a major com-

ponent in the manufacture of fer�lizers. It is mainly pro-

duced by the a�ack of phosphate ore with sulfuric acid. In 

the wet process, a�er its mining and beneficia�on, the ore is 

fed to the diges�on tank where it reacts with a mixture of 

sulfuric acid and phosphoric acid solu�ons. The phosphoric 

acid process has been, and con�nues to be the subject of 

many industrial and academic studies, at laboratory and 

pilot scale, and even at industrial scale [1]. However, alt-

hough the phosphoric manufacturing process is widely stud-

ied in the literature, its design and mastering of its opera�on 

s�ll pose several problems due in par�cular to the lack of 

thermodynamic, kine�c, hydrodynamic data ..., and to the 

lack of knowledge on many complex phenomena involved in 

the process. The understanding of these phenomena as well 

as accurate experimental measurements of the relevant 

variables are some of the key issues of the project that 

should be addressed in order to op�mally design and oper-

ate the phosphoric acid processes  

Objec�ves and stakes : 

The objec�ve of this work is the development of a database of 

physical and chemical proper�es of major subsystems involved 

in phosphoric acid processes. This is achieved by carrying out 

experimental measurements and thermodynamic modeling of 

vapor/liquid/solid equilibria.  

Methodology :  

 

Measurements of phase equilibria and physical proper�es of 

sulfuric and phosphoric acid solu�ons are carried out at the 

laboratory scale for different temperatures and concentra-

�ons. On the other hand, Pitzer’s model [2] is used for ther-

modynamic modeling and involves several unknown param-

eters that should be deduced from the measurements. How-

ever, it is well admi�ed that all the unknown parameters 

cannot be es�mated from the available measurements. In 

order to determine the set of the most es�mable unknown 

parameters, an es�mability analysis approach is developed 

based on the use of global sensi�vi�es [3].  

Illustra�on : predicted gypsum solubility 

 

 

 

 

 

 

 

 

 

 

 

 

 

The most es�mable parameters are then iden�fied using a 

branch-and-bound op�miza�on algorithm and their accuracy is 

assessed by means of confidence intervals.  The least es�mable 

parameters are fixed from previous studies or from literature. 

Main results 

 

The developed models allow us to accurately predict im-

portant equilibrium parameters as well as physical proper-

�es of the acid solu�ons considered. Further development 

of these models will enable the predic�on of important op-

era�ng variables of industrial phosphoric acid processes, e.g. 

free sulfates concentra�on which impacts directly the yield 

of the phosphate ore a�ack, the gypsum satura�on and also 

the phosphate losses. Furthermore, the developed models 

can be used and implemented within (mul�-objec�ve) op�-

miza�on algorithms in order to improve the current oper-

a�ng condi�ons of phosphoric acid manufacturing process-

es.  

References :  

 

[1] Becker, P. (1983). Phosphates and phosphoric acid. Mar-

cel Dekker, Inc.. 

[2] Pitzer, K. S. (2018). Ac�vity Coefficients in Electrolyte 

Solu�ons: 0. CRC press. 

[3] Bouchkira, I., La�fi, A. M., Khamar, L., & Benjelloun, S. 

(2021). Global sensi�vity based es�mability analysis for the 

parameter iden�fica�on of Pitzer’s thermodynamic mod-

el. Reliability Engineering & System Safety, 207, 107263. 

 

2022 



 

46 

 
Research subject: Performance evalua�on of pilot-scale reverse osmosis process  

Janney Debleza  (Research engineer)  

 Eric Favre1, Christophe Castel1, Thibault Neveux2, Florian Moyano2  

Axe PRIMO |EDF 2  

 

Keywords : reverse osmosis, membrane, permeability, simula�on, model  

General context, scien�fic issues : 

Popula�on explosion and human industrial ac�vi�es have been 

causing huge consump�on of water resources and water pollu�on.  

Power genera�on plants, in par�cular, nuclear power plants, pro-

duce liquid effluents that must be treated for disposal or recovery. 

Membrane technologies are regarded as the most powerful tools 

for addressing these issues because they enable the supply of high-

quality water at a low cost and energy consump�on [1]. 

With this vision, Melusine, a joint research team between re-

searchers from EDF R&D and LRGP, was set up to conduct studies 

on the evalua�on and development of liquid and gaseous effluent 

treatment processes in nuclear power plants using membrane 

technologies. 

The technology used in this study is reverse osmosis, which is well-

known for its performance in salt rejec�on and water permea�on 

[2]. His efficiency depends on a number of factors including opera-

�onal parameters, employed membrane, feed water characteris-

�cs and par�cularly, concentra�on polariza�on. This phenomenon 

is due to an accumula�on of rejected solutes near the RO mem-

brane surface and can be limi�ng for the process  

Objec�ves and stakes : 

 

The main objec�ve of this research is to evaluate the perfor-

mance of industrial unit modules by acquiring experimental 

data (flowrate, composi�on, temperature, pressure). Those 

parameters will be implemented in home-made simula�on 

tools able to predict separa�on performances for different op-

era�ng condi�ons and design industrial plants. Those simula-

�on tools will be par�cularly usefull in process synthesis meth-

odologies process aimed to conceive op�mised process archi-

tecture poten�ally based on different separa�on technologies 

(reverse osmosis, membrane dis�lla�on, thermal processes...)  

Methodology :  

The experiments are carried out with a fully designed re-

verse osmosis pilot at LRGP in order to determine the oper-

a�ng parameters of the study. Retentate and permeate 

characteris�cs are measured for different feed solute con-

centra�ons and the liquid samples, collected and analyzed  

via Induc�vely Coupled Plasma-Op�cal Emission Spectrosco-

py (ICP-OES) or �tra�on. 

The experimental results (permeabili�es of the different 

components of the system) obtained will then be imple-

mented in the developed simula�on tools based on mass 

balances and permeability laws [3].  

Illustra�on : Reverse osmosis unit  
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General context, scien�fic issues : 

Leaching processes are widely used in the industry (e.g. mining 

industry, nuclear industry or food industry) and the study of the 

involved phenomena (transfer mechanisms, kine�cs etc …) is com-

plex to set up. Leaching reactors are mul�-phase systems in which 

chemical reac�ons can be limited by transfer phenomena. Indeed, 

reac�ons kine�cs depend on reagents concentra�ons, which are 

directly impacted by these transfer phenomena. Finally, the meas-

ured reac�on kine�c is the addi�on of the dura�on of these sever-

al phenomena resul�ng in a poten�al false es�ma�on of the real 

chemical kine�c. This last parameter is however essen�al in the 

understanding of leaching mechanisms and their extrapola�on to 

industrial scale processes. 

Leaching is for example the first step of hydrometallurgical pro-

cesses. This step allows the dissolu�on of some solid species in 

solu�on as ions for further selec�ve separa�ons. Among leaching 

processes, bioleaching consists in a microbial assisted leaching 

through oxida�on or reduc�on reac�ons enabling the regenera�on 

of some reagents. This process can be operated at low costs due to 

the so� used condi�ons (T, P) and the low reagent consump�on. 

Bioleaching can be used for the treatment of different kind of ores 

such as copper or gold ores [1].   Other studies focus on the devel-

opment of this process for metal recycling [2]  

Objec�ves and stakes : 

 

This study aims to develop a method allowing a direct access to 

the measurement of leaching kine�cs in a catalyzed medium. 

This method should grant results that will not be limited by 

transfer phenomena or side reac�ons. A theore�cal model will 

be developed from these results. 

Methodology :  

The kine�cs study will rely on an op�c device allowing the in 

situ observa�on of dissolving par�cles [3]. The used material 

of interest will be a cobal�ferous pyrite mineral. The obser-

va�on will focus on pyrite bioleaching. The reac�on will be 

set in a specific dissolu�on reactor enabling par�cles obser-

va�on using ombroscopy principle. A camera will monitor 

par�cle size change over �me. The images will be analysed 

to calculate the chemical kine�cs.  

Several key-parameters previously iden�fied in literature 

[4,5] will be inves�gated in order to obtain a complete mod-

el of the involved mechanisms. Among them, reagent con-

centra�ons, pH and redOx poten�al can be men�oned  

Illustra�on : Pyrite Bioleaching 

 

 

 

 

 

 

 

 

 

 

 

 

Ongoing ac�vi�es: 

Preliminary experiments have been carried out in order to 

prepare the observa�on and the bioleaching set up (reactor 

residence �me, thermal loss …) and an�cipate nega�ve 

effects on the kine�cs measurements.  

A microbial bioleaching consor�um has been progressively 

adapted to the desired leaching condi�ons (pH, T, concentra-

�ons…). 

Perspec�ves: 

This project should grant a more accurate measurement of 

pyrite’s bioleaching kine�cs in controlled and stable oper-

a�ng condi�ons. It should also strengthen the knowledge of 

the related mechanisms. 

This work also aims to develop a method adapted for the 

image treatment of a heterogeneous popula�on of par�cles 

containing non-soluble elements.  

. 
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General context, scien�fic issues : 

Phosphoric acid is a key product in many industrial applica-

�ons, e.g., produc�on of fer�lizers, food, and even pharma-

ceu�cal industry. Its manufacturing process is one of the 

most important processes in phosphate industry [1]. The 

design and opera�on of these processes s�ll pose several 

problems due to the lack of thermodynamic, kine�c, hydro-

dynamic data ..., and to the lack of knowledge on many 

complex phenomena involved in the process. It is therefore 

of utmost importance to understand these phenomena to 

accurately model and op�mize the process performances in 

general, and the diges�on tank in par�cular, which cons�-

tutes the heart of the process.  

Objec�ves and stakes : 

 

The objec�ve of this work is to determine the op�mal oper-

a�ng condi�ons that maximize the yield and purity of the phos-

phoric acid produced in the exis�ng processes, and to design 

new compact, intensified, efficient and sustainable processes. 

The ul�mate goal is to further value the phosphoric acid by 

broadening its fields of applica�on and using it in the synthesis 

of products with very high added value.  

Methodology :  

 

The methodology adopted consists in developing accurate 

first-principles models in strong and permanent interac�ons 

with experimental measurements. The iden�fied and vali-

dated models will then be used in op�mal design and opera-

�on of processes.  This work deals more specifically with the 

phenomena involved in the diges�on tank, and more par�c-

ularly with the dissolu�on of phosphate ore in a phosphoric 

acid, and the crystalliza�on of the gypsum in the presence of 

the sulfuric acid solu�on. The dissolu�on of phosphates is 

considered as a non-cataly�c liquid-solid with elimina�on of 

products [2]. However, the rate limi�ng step is not easy to 

determine. For this reason, an experimental approach to 

study the kine�cs of the dissolu�on mechanism, including 

the iden�fica�on of the limi�ng step is carried out. Further-

more, a crystalliza�on model in developed by considering 

the nuclea�on and the growth phenomena  

Illustra�on : Diagram of the phenomenological modeling approach  
 

 

 

 

 

 

 

 

 

 

 

 

 

A global model is obtained by performing a coupling approach 

of the dissolu�on and crystalliza�on models. The model ob-

tained allows to describe in a sa�sfactory way the majority of 

the complex phenomena involved in the diges�on tank.  

Main results 

Simula�ons are carried out using gPROMS so�ware. The 

developed model predicted the concentra�on profiles in the 

liquid film surrounding the phosphate par�cles and in the 

liquid bulk within the diges�on tank, the conversion rate by 

the dissolu�on step, and the nuclea�on rate, the growth 

rate, the supersatura�on ra�o, and the crystal size distribu-

�ons, by the crystalliza�on step. Sta�s�cal methods, sta�c 

and dynamic data reconcilia�on, op�mal experimental de-

sign, global es�mability analysis are developed to iden�fy 

the unknown parameters of the model from the available 

measurements (illustra�on1). The model outputs are com-

pared to the experimental measurements. Once the final 

developed model is obtained, it will then be used to deter-

mine the op�mal opera�ng condi�ons that improve the per-

formances of the exis�ng phosphoric acid manufacturing 

processes . 
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and simula�on, Pilot plant, Post-combus�on, Process intensifica�on  

General context, scien�fic issues : 

C2FUEL project aims to develop energy-efficient, economi-

cally and environmentally viable CO2 conversion technolo-

gies for the displacement of fossils fuels emission. This con-

cept will be demonstrated at Dunkirk at DK6 power plant. 

Main goal is to develop, integrate and validate processes at 

industrial-relevant scale, for the conversion of captured CO2 

from carbon-intensive industries off-gases, in formic acid 

and DME. The produced fuel will be tested locally, for 

transport through mari�me/truck shu�le and green electric-

ity transport and storage  

Objec�ves and stakes : 

 

CO2 present in flue gas (blast furnace gas) produced by Arcelor 

Mi�al steel factor and routed to DK6 power plant, needs to be 

selec�vely captured, purified and sent in cataly�c reactors. 

Purity requirement is high and will be achieved by imple-

men�ng a chemical absorp�on process using hollow fiber 

membrane contactors (HFMC). HFMC consist in a gas-liquid 

contactor where hollow fibers act as an interface between the 

flue gas and the absorp�on solvent.  

LRGP has been involved in numerous projects in this field: 

CICADI[1]  and AMELIE[2]  validated the concept of membrane 

contactor for CO2 absorp�on at the lab scale on key chemical 

solvents; EnergiCapt[3] and C2B[4]  projects involved the upscal-

ing and its valida�on on real flue gas. Results shown in each 

case high intensifica�on poten�al compared to conven�onal 

contactor. Thanks to its exper�se, LRGP is responsible of devel-

oping a carbon capture and condi�oning demonstrator unit for 

C2FUEL, able to produce 0.5 Nm3/hr of CO2 for 4,000hr. 

Methodology :  

LRGP contribu�on consist of 4 steps:  

(i) Development of a lab-scale CO2 absorp�on unit used to 

assess compa�bility and performances of a selec�on of ab-

sorp�on solvents and several HFMC; (ii) Design, construc�on 

and commissioning of a fully  instrumented mobile semi-

industrial absorp�on and regenera�on pilot plant, in order 

to assess impacts of real flue gas complex composi�on; (iii) 

Valida�on of an ab ini�o tailor-made 1D isothermal model 

of CO2 chemical absorp�on by experimental results, to pro-

vide final design of the demonstrator unit; (iv) Design of a 

CO2 capture demonstrator according to experiments and 

modelling.  

Illustra�on : Mobile pilot unit installed in Dunkirk. 

Main results 

(i) A method has been developed to assess, through one 

experiment, both thermodynamics and mass transfer data 

based on a batch to con�nuous approach. The set-up can 

easily be used for studies of membrane and solvent perfor-

mances, and allowed to obtain quickly key data of several 

solvents (MEA, MDEA, AMP, taurate) and commercial 

HFMCs.  This work was presented during Euromembrane 

2021 and ECCE/ECAB 2021. 

(ii) On site experimental campaigns with the mobile pilot 

unit have proven the effec�veness of a polymethypentene 

HFMC and MEA solvent with real flue gas over several hun-

dred hours. Key pre-treatment technologies for removal of 

sulphur compounds and dust were also validated by a�ain-

ing CO2 purity and trace compounds requirements.  

(iii) Both lab-scale and pilot-scale unit results were correctly 

predicted by a 1D absorp�on model.  

(iv) Design and safety analysis of the demonstrator unit were 

performed, and construc�on by the manufacturer PIGNAT 

SAS is star�ng in June 2022. 
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ca�on  

General context, scien�fic issues : 

The manufacturing of methionine, an animal feed addi�ve, 
requires the cataly�c oxida�on of propylene to acrolein. This 
highly exothermic reac�on has been the subject of numer-
ous studies [1][2]. The results show that the secondary reac-
�ons are thermally ac�vated and that any devia�on from an 
op�mal temperature profile induces the forma�on of hot 
spots that nega�vely affect acrolein yield and selec�vity. 
Furthermore, these hot spots promote the forma�on of by-

products, some of which have a bad effect on catalyst ac�vi-

ty. The parasi�c reac�ons lead to more than 40 lights or 

fouling side products causing frequent shutdowns of the 

industrial reactor which, added to low propylene yields, in-

crease opera�ng costs  

Objec�ves and stakes : 

 

The aim of this thesis is to develop a global model of the indus-

trial acrolein produc�on reactor taking into account catalyst 

deac�va�on. The ul�mate goal will be to op�mize the oper-

a�ng condi�ons to extend the catalyst life while maintaining 

the desired value of acrolein yield  

Methodology :  

 

The first step of this work is to establish a kine�c model 

without considering the deac�va�on effectA kine�c model is 

developed using the experimental data of micro-pilot Real-

Cat (a screening pla�orm broadband cataly�c ac�vi�es 

based in UCCS - Lille) by comparing the modelled and the 

experimental flowrate values using MATL The second part 

consists in a catalyst characteriza�on that will determine the 

cause of the deac�va�on. In addi�on to the coking effect 

that was suspected, the bibliographic research showed a 

possible link between the loss of molybdenum on the sur-

face of the catalyst (mainly composed of Bi and Mo) and its 

deac�va�on. Experimental inves�ga�on is required in order 

to iden�fy the cause of deac�va�on using advanced tech-

niques such as Temperature Programmed Reduc�on/

Oxida�on (TPR/TPO) and X-Ray photoelectron spectrometry 

(XPS). The data collected during the structural analysis will 

help complete the kine�c model.  

 

Illustra�on :  Industrial pilot from Adisséo research lab 
   

 

 

Main results 

The reactor model is based on a previous thesis [3] and de-

scribes efficiently the forma�on of most of the major products 

and by-products of the process for fresh catalyst. The reac�on 

rate constants of this model were adjusted using data from the 

industrial pilot (available in Adisseo research lab) in order to 

cover larger interval for opera�ng condi�ons such as the gas 

temperature.  

This model will be a base for a more accurate model that con-

siders the catalyst deac�va�on effect by adding the data col-

lected during the structural analysis. 

The experimental results using TPR/TPO technique provided 

informa�on about the capacity of oxida�on of the used catalyst 

by comparing it with the fresh catalyst. The observa�ons show 

a more deac�vated sample of catalyst at a certain region of the 

reactor (results are confiden�al). This result is included in the 

model by considering a catalyst ac�vity that varies locally.  

The kine�c constants of the rate law describing this local deac�-

va�on are adjusted by using accelerated test data of deac�vat-

ed catalyst such as propylene conversion evolu�on over �me 

and temperature.   

The resul�ng deac�va�on rate law is added to the industrial 

reactor model in order to find the opera�ng condi�ons that can 

extend the catalyst life.  
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Keywords : Modelling, dissolu�on, nuclear fuel, fractal surface, mixed oxide  

General context, scien�fic issues : 

Dissolu�on processes, present in a great variety of indus-

tries, imposes the use of downstream processes equipment, 

needed to be efficient and performant as possible.  

Dissolu�on of spent nuclear fuel represents the first chemi-

cal step in the reprocessing of the nuclear fuel cycle. The 

presence of plutonium rich zones in the pellet fuel cons�-

tutes nowadays a challenge during its treatment, which in-

flicts the need of a technological leap forward for the pluto-

nium mul�-recycling scenario. Modelling emerges as a use-

ful tool allowing the design and development of new disso-

lu�on technologies that must include the most relevant fea-

tures describing the system  

Objec�ves and stakes : 

- Development of a descrip�ve and predic�ve model of the 

different mechanisms that take place during the dissolu�on of 

MOX  ((U, Pu)O2 ) powders in nitric acid solu�on at microscopic 

scale. 

- Design of a new design/process for the dissolu�on of MOX   

powder at the macroscopic scale. 

Methodology :  

 

This work is divided in two main parts: experimenta�on and 

modelling. The experimental part involves the dissolu�on of 

MOX powder in nitric acid to determine the intrinsic kine�cs 

of the reac�on by using op�cal microscopy and image pro-

cessing.  

For modeling, a first step is to develop a microscopic model 

that accounts for the dissolu�on of a single par�cle through 

�me. Such approach includes the defini�on of the reac�ve 

surface of the solid through fractal geometry. Indeed, par�-

cle surface does not always correspond to something per-

fectly smooth, but it has some roughness that implies that 

the dimension can no longer be considered equal to two. 

Such dimension D  varies between two to values close to 

three (highly rough surface). Besides, in some cases the sur-

face where the reac�on takes place is not always the same 

as D. This introduces a new parameter in the model ( ) 

that can provide informa�on about how and where the re-

ac�on actually takes place [1]  

Illustra�on : UO2 single par�cle dissolu�on in nitric acid through 

�me. (●) Experimental data (─) Model . 
 

 

 

 

 

 

 

 

 

 

 

 

Main results 

The main equa�on that describes a single par�cle dissolu-

�on corresponds to: 

 

Where  is the par�cle radius,  is a unit conversion con-

stant and  is the dissolu�on rate. 

Illustra�on shows a very good fit of the model to the experi-

mental data for a  smaller than . This means that not 

all the surface is available for reac�on. In other words, the 

surface characterized by  corresponds to the collec�on 

of all sites that dissolve. Which either can be the total geo-

metric surface   ( ) or a subset of specific sites (

) [2].  

The la�er phenomenon can be explained by the fact that 

some molecules can be sterically hindered or that parts of 

the surface are not available for dissolu�on [1]. 

Thus, the reac�on dimension parameter gives a quan�ta�ve 

idea of surface sensi�vity during par�cle dissolu�on and 

improves the understanding about reac�on mechanism  
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General context, scien�fic issues : 

Vibra�on and noise not only harm people's physical and 

mental health, but also seriously affect the stability and reli-

ability of mechanical equipment opera�on. Among numer-

ous methods of vibra�on and noise reduc�on, One of the 

solu�ons is to use polymer materials with excellent damping 

performances which can absorb vibra�onal energy and dissi-

pate it as heat energy. [1-3] However, there has been li�le 

research on environment-friendly polymer damping materi-

als. Recently, bio-based itaconate elastomers were synthe-

sized by an environmentally benign emulsion polymeriza�on 

process of bio-based dibutyl itaconate with butadiene, 

which bore crosslinkable double bonds and many lateral 

ester groups a�ached to the polymer backbone. And this 

new type of bio--based polymer exhibited good physical and 

damping proper�es. [4,5] However, it usually only had effec-

�ve damping performance below the room temperature 

with a narrow temperature range of 20–30°C, which does 

not meet requirements for certain applica�ons. Therefore, it 

is important to prepare bio-based elastomer materials with 

a high loss factor at room temperature and a broad damping 

temperature range.  

Objec�ves and stakes : 

 

 

(1) Clarify the damping mechanism by studying the rela�onship 

between the microstructure and proper�es of bio-based elas-

tomers; (2) Elucidate the damping mechanism and influencing 

factors of bio-based elastomer composites by blending it  with 

other rubbers, nano-fillers or organic small molecules, etc.;  (3) 

Provide theore�cal guidance and design principles for the de-

velopment of new bio-based elastomers with high damping 

performances. 

Methodology :  

 

(1) Blending natural rubber (NR), bromobutyl rubber (BIIR) 

and poly (dibutyl itaconate/butadiene/Glycidyl methacry-

late) (PDBIBG) by the mixer to obtain high damping elasto-

mers over a broad temperature range. 

 (2) Studying the contribu�ons of the crosslink network and 

the dispersion of fillers in different phases to damping prop-

er�es.  

Illustra�on : Figure 1 shows the scheme of the structural evolu-

�on of the NR/BIIR/PDBIBG blends in the presence of carbon 

black during blending. With the incorpora�on of PDBIBG, the 

con�nuous phase of NR turned into PDBIBG, and the intermo-

lecular force increased significantly . 
 

 

 

 

 

 

 

 

Main results 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Improvement in damping performances of the 

NR/BIIR blend by adding PDBIBG 

The incorpora�on of a significant amount of PDBIBG (over 

40 parts) in the NR/BIIR blend improves the damping perfor-

mances of the la�er (the wet slip resistance is increased, the 

rolling resistance is decreased, the loss factor Tan δ is in-

creased, and the damping temperature range is broadened.  

When the  PDBIBG content is 60 parts, the damping temper-

ature range spans over 44°C, which is very significant. This 

material seems to be an excellent damping material.  
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Keywords : microfluidics, modelling, mass transfer, liquid-liquid extrac�on, kine�c rate constants, uranium  

General context, scien�fic issues : 

Reac�ve liquid-liquid extrac�on is a common opera�on for 

the purifica�on of effluents and the recovery of species of 

interest. For instance, in the nuclear field, the PUREX pro-

cess is employed, where uranium and plutonium are recov-

ered from spent fuel using TBP as an organic solvent. How-

ever, despite the high selec�vity towards uranium and plu-

tonium, TBP holds several drawbacks that complicate the 

recovery process [1, 2]. Hence, new extractants are inves�-

gated to replace TBP in the extrac�on process. Studies con-

ducted by the CEA have shown that monoamides have a 

great poten�al in this regard [3, 4]. However, knowledge of 

extrac�on kine�cs is crucial to judge the performance of 

these new extractants and to determine whether or not the 

extrac�on process can be industrialized. 

Objec�ves and stakes : 

 

Many methods exist to study the kine�cs of reac�ve mass 

transfer in liquid-liquid extrac�on. However, recently, there has 

been an increased interest in microfluidic devices due to their 

inherent advantages. Thus, this work aims to determine kine�c 

rate constants of uranium extrac�on by several extractants 

using an approach coupling microfluidic devices and mass 

transfer modeling.  

Methodology :  

 

Extrac�on kine�cs of uranium (VI) (10-120 g.L-1) from aque-

ous nitric acid solu�ons (0.1-5 M) by TBP (5-30 % (v/v)) [5] 

were inves�gated using a stra�fied flow Y-Y shaped micro-

fluidic device. Short residence �mes were applied to mini-

mize the diffusional contribu�ons and reach the chemical 

kine�c constant. 

Data were modeled using an approach taking into account 

convec�on in the axial direc�on, molecular diffusion in the 

transverse direc�on, and a reversible first order reac�on 

taking place at the interface. 

Then, the developed model was used to find the appropri-

ate opera�ng condi�ons for determining the apparent rate 

constant as shown in the illustra�on. 

Illustra�on : Determina�on of appropriate opera�ng condi�ons 

([U(VI)]0 = 10 g.L-1, [HNO3] = 3 M, %TBP = 30 % (v/v))  

 

 

 

Main results 

 

Modeling results suggest that the mass transfer was under a 

mixed regime under the selected opera�ng condi�ons. The 

forward apparent rate constant is calculated to be (7,3±2)

x10-4 m.s-1. The la�er is much higher than what is predicted 

by conven�onal extrac�on techniques [6], demonstra�ng 

the performance of mass transfer in microfluidic devices. 

Reac�on orders with respect to nitrate and TBP were also 

determined and the intrinsic value of the rate constant was 

then es�mated. Furthermore, the reverse rate constant de-

creased with increasing nitrate and TBP concentra�on, sug-

ges�ng the presence of a more complex reac�on mecha-

nism. The next step in the research is to apply the developed 

model and methodology to inves�gate the kine�cs of mono-

amide extractants.  
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Keywords : Membrane gas separa�on, Zeolites, Molecular dynamics simula�on, Grand Canonical Monte Carlo (GCMC)  

General context, scien�fic issues : 

Membrane-based processes are widely used in indus-

try for separa�on and purifica�on of different gas mix-

tures like CO2/CH4, CO2/N2, N2/O2 and many others. 

Inorganic zeolite membranes have been extensively 

studied for these applica�ons as they are beneficial in 

terms of thermal and chemical stability, high permea-

bility and selec�vity as well as the possibility to inte-

grate reac�on and separa�on in a single unit [1]. The 

zeolites have pores of molecular size which make them 

promising molecular sieves. However, mass transport 

mechanisms in the porous membranes are complex 

and their quan�fica�on is challenging. The studying of 

zeolite membrane applica�on for the gas separa�on 

has already started at LRGP laboratory [2].  

Objec�ves and stakes : 

This work aims to evaluate the efficiency of the zeolite 

porous membranes for the gas separa�ons through a 

mul�-scale study coupling macroscopic and microscopic 

levels. The transport mechanisms as well as coupling phe-

nomena are going to be inves�gated  

Methodology :  

 

Methodology of this PhD thesis involves:- Experimental 

measurements of the membrane performance using 

different zeolite membranes (chabazite, MFI). Pure gas 

permeance values are determined at different oper-

a�ng condi�ons (T, P) and membrane selec�vi�es are 

evaluated. Future tests imply studying of gaseous mix-

tures.     

- Molecular simula�ons using Grand Canonical Monte 

Carlo (GCMC) technique enabling one to determine 

adsorp�on isotherms, Equilibrium Molecular Dynamics 

(EMD) calcula�ons of diffusion coefficients (self-

diffusion, Maxwell-Stefan and Fick) and Non-

Equilibrium Molecular Dynamics (NEMD) experiments 

allowing the direct determina�on of the permeance. 

These numerical data are going to be compared with 

experiments.- Modelling of the transport phenomena 

in porous media in order to represent involved mecha-

nisms and to calculate mass transport parameters.   

Illustra�on : Permeance of pure gases at 25 °C as a func�on of 

difference of pressure between feed and permeate sides meas-

ured for a CHA SSZ-13 membrane.  

 

 

 

 

 

 

 

 

 

 

 

 

Main results 

The results of laboratory experiments provided with a high-

performance chabazite membrane show that permeance of 

different pure gases in porous media depends on several 

parameters such as: (i) preferen�al adsorp�on of CO2 as its 

permeance is not stable and decreases with Δp; (ii) molecu-

lar sieves effects - molecules having bigger kine�c diameter 

have lower permeance, like CH4 which diameter is similar to 

the pore openings (3.8 Å). 

Molecular simula�ons are performed in order to have a 

deep insight into the molecular scale interac�ons. Firstly, 

experimental adsorp�on isotherms from literature are re-

produced with GCMC method proving a right choice of force 

fields. Secondly, different intra-crystalline diffusion coeffi-

cients are determined with EMD and compared with litera-

ture data. Future work is to model the permeance with 1D 

equa�ons as a combina�on of diffusion and/or adsorp�on 

contribu�ons and to obtain the permeance directly via 

NEMD simula�ons. The data are to be compared either with 

experiments or with literature.  

References :  

[1] P. F. Zito, A. Caravella, A. Brune�, E. Drioli, et G. Barbieri, 

« Knudsen and surface diffusion compe�ng for gas permea�on 

inside silicalite membranes », J. Membr. Sci., vol. 523, p. 456‑469, 

févr. 2017, doi: 10.1016/j.memsci.2016.10.016. 

[2] S. Picaud Vannereux, Étude expérimentale et simula�on de 

procédés hybrides intégrant des membranes zéolites et polymères 

pour la purifica�on d’hydrocarbures gazeux biosourcés par per-

méa�on de vapeurs, thesis, Université de Lorraine, 2019  

2022 



 

55 

 
Research subject: Transmembrane dis�lla�on for recovery of industrial aqueous effluent  
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Keywords : Membrane dis�lla�on, Industrial effluents, process system engineering.  

General context, scien�fic issues : 

Chemical products used in industrial processes generate 

liquid and gas effluent to be treated. Thermal power plants 

generate wastewater mainly from withdrawal of the water 

circuits containing key chemical substances. Nowadays, 

those effluents are treated with high energy demanding 

technologies e.g evapora�on, to accomplish the actual envi-

ronmental regula�on.  

Membrane technologies are a poten�al alterna�ve to im-

prove energy and produc�vity performance. Reverse osmo-

sis is already deployed for desalina�on at industrial scale, 

but it has technical limita�ons while trea�ng high-salinity 

brines [1]. 

Membrane dis�lla�on is intensively inves�gated as an alter-

na�ve or complement to achieve high-salinity wastewater 

treatment, however, there are s�ll some technical challeng-

es [2]. 

Objec�ves and stakes : 

This research study aims to provide alterna�ves process to the 

wastewater treatments for those used in today’s plants. It will 

propose a generalized solu�on to achieve be�er energy perfor-

mance. It also targets the evalua�on of a key chemical recy-

cling.  

This work will provide a hybrid technology process evalua�on 

for a selec�ve recovery of chemical substances from industrial 

effluents.  

Methodology :  

 

iComputer-aided process simula�on is the main tool de-

ployed to do a systema�c comparison of process perfor-

mance. This tool is based on a superstructure op�miza�on 

[3] of membrane modules coded into a dedicated in-house 

unit and performed in ProSimPlus. 

However, the toolbox code requires parameters to calculate 

mass and heat transfer adapted to wastewater composi�on 

e.g permeance of each component through the membrane 

and thermodynamical proper�es for aqueous mixtures. That 

informa�on is available for a sodium chloride / Water solu-

�on but not for all the other components present in power 

plants liquid effluents. 

Then, an experimental installa�on is deployed to calculate 

permeances through membrane modules of two binary sys-

tems of interest.  

Illustra�on : General schema of transfer phenomena through a 

membrane for: 

 

 

 

 

 

 

 

 

a) Dis�lla�on Transmembranaire               b) Reverse osmosis 

Main results 

A generic map of key performance indicators for MD, RO 

and MSF is obtained as the main result, with the associated 

op�mal process design (number of stages) and opera�ng 

condi�ons (pressure, temperature, stage cut). 

- The experimental installa�on is deployed to measure per-

meance of different membranes for membrane dis�lla�on 

on sweep gas opera�on mode (SGMD). The methodology to 

obtain mass transfer parameters is set up and tested with 

three different hollow fiber modules.  

 - Mass transfer measures were conducted for two systems: 

water with a component A and B, where A is more vola�le 

than water (e.g Ammoniac) and B is less vola�le than water. 

- Experimental data were treated with the dedicated code 

for permeance calcula�on under experimental condi�ons. 

 

Perspec�ves 

Results of experimental methodology will provide data to 

support the toolbox for superstructure op�miza�on. Those 

results will lead to a be�er predic�on to guide process syn-

thesis on liquid effluent treatments for power plants. . 
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Keywords : Carburizing furnace, Pyrolysis, Modeling, Simula�on, Op�miza�on  

General context, scien�fic issues : 

Low pressure carburizing (LPC) is a thermochemical process 

that aims to strengthen the surface of metals by increasing 

the carbon concentra�on at their surface. These metals are 

then used by the automo�ve or aerospace industry. A major 

drawback of LPC is that it produces toxic compounds (mainly 

Polycyclic Aroma�c Hydrocarbons (PAH) and soot) to which 

workers are exposed during the maintenance of carburizing 

furnaces  

Objec�ves and stakes : 

 

This thesis deals with the development of an op�miza�on 

methodology for low-pressure gas carburizing furnaces. The 

objec�ve is to determine safer opera�ng condi�ons for work-

ers exposed to the toxic by-products that are generated, i.e. 

PAH and soot while guaranteeing the carbon content and hard-

ness of the metal. 

Methodology :  

 

 

A first principle model of the process involving the three 

stages of carburizing, i.e. pyrolysis of acetylene [1], a hetero-

geneous surface reac�on that produces solid carbon and the 

diffusion of the la�er into the bulk of a metal was estab-

lished. Experiments conducted on a laboratory scale tubular 

reactor and a jet s�rred reactor were then carried out, as 

well as experiments on an industrial low-pressure gas carbu-

rizing furnace by adop�ng an industrial "recipe", i.e. prede-

termined opera�ng condi�ons established by trial and error 

basis in order to meet the desired carburizing depth. The 

experimental results were exploited to validate the model. 

The model was used in the formula�on of the dynamic op�-

miza�on problem which aims to minimize the produc�on of 

toxic compounds while ensuring the industrial quality of the 

carburized steel parts.  Equality and inequality constraints 

were added on the state variables to ensure the quality of 

the treated steel parts. The resul�ng problem is a mixed 

integer dynamic op�miza�on problem of infinite dimension.  

Illustra�on : PAH (a) and hardness of the treated steel parts (b) 

obtained with the industrial and the op�mized recipe  

 

 

 

 

 

 

 

 

 

 

Main results 

The op�miza�on problem of infinite dimension was trans-

formed into a finite-dimension problem by means of the 

control vector parameteriza�on approach and the op�miza-

�on algorithm was implemented within the MATLAB envi-

ronment. The ordinary differen�al equa�ons of the model 

are integrated using the MATLAB ode suite and the SQP al-

gorithm of solver fmincon is used to solve the op�miza�on 

problem. The outputs of the op�miza�on, i.e. the decision 

variables, are the opera�ng condi�ons of the process: the 

number of cycles (determined by the method proposed by 

Chachuat et al. [2]), the lengths of boost and diffusion stages 

and the inlet volumetric flowrate of acetylene. 

 

Experiments using the new opera�ng condi�ons were con-

ducted in the industrial furnace. The results corroborate that 

the op�mized recipe leads to less PAH produc�on 

(Illustra�on (a)) and steel parts of the same quality as the 

industrial recipe, i.e. same hardness (Illustra�on (b)).  
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Keywords : Membrane Separa�on Process, Helium, Permeance, Selec�vity, Process Synthesis, Simula�on  

General context, scien�fic issues : 

Promet-Hé is a project elaborated by 45-8 Energy in collabo-

ra�on with LRGP. Helium is an indispensable resource carry-

ing cri�cal issues for the future, being now a strategic re-

source vital for many industries (li�ing, leak detec�on, elec-

tronics, cryogenics…). [1] At a �me when 100% of European 

helium is imported at high-energy costs and carbon foot-

print, 45-8 Energy is the first company in France developing 

an eco-friendly local helium short circuit supply chain using 

membrane technology, which could therefore significantly 

reduce the environmental impact of such industry.  

Objec�ves and stakes : 

The main objec�ve of Promet-Hé is to produce helium gas with 

a much lower energy consump�on than the tradi�onal process 

based on separa�on gases by liquefac�on, extremely costly and 

energy-intensive in the case of helium, liquefying at -269°C. A 

recovery of 95% of helium is targeted with a purity, which can 

be adjusted according to customer needs, from 95% to 

99.999%. The valoriza�on of co-products will also increase the 

profitability of the project. An innova�ve, mobile and compact 

separa�on process based on membrane technology will be 

developed that will have to adapt to the specifici�es of new 

geological contexts (shallow depths) and be applicable on an 

Methodology :  

To obtain a good separa�on performance, it is necessary to 

choose judiciously the membrane materials, the architec-

ture of the process and the opera�ng condi�ons. The gas 

extracted from the subsoil mainly consists of He, CO2 and 

N2. Experimental tests were carried out at the LRGP to 

measure the permeance for several commercial modules 

based on different membrane materials. Using those experi-

mental permeance data, a process synthesis methodology 

has been carried out to op�mize the architecture of a mem-

brane separa�on process through a cost objec�ve func�on, 

allowing mul�-stage and mul�-membrane architectures. 

MEMSIC, a so�ware developed at LRGP for simula�ng mul�-

cons�tuent separa�on through a gas permea�on membrane 

module, is then used to simulate the membrane separa�on 

process depending on the opera�ng condi�ons. [2] The ob-

jec�ve of this pre-study is to study the main principles of 

concep�on and design of the process (size and type of mod-

ules, pressures, unit opera�on, etc.) and assess their indus-

trial robustness through sensi�vity analysis. These outlines 

will be discussed later on with the equipment manufacturer 

in charge of the pilot construc�on  

Illustra�on : Op�miza�on results from experimental permeabil-

ity data of different tested modules  

Main results 

For He/N2 separa�on, it is possible to have access to materi-

als with high selec�vi�es and exhibi�ng good permeabili�es. 

It's the case including polyimides, some of which are com-

mercially available (e.g.: Evonik, UBE…). Meanwhile, He/CO2 

system, has a par�cularity: it is possible to have access to 

materials selec�ve to He (selec�vity He/CO2 >1) or selec�ve 

to CO2 (He/CO2 selec�vity < 1) but the performance of com-

mercial materials is quite low with few materials with selec-

�vi�es greater than 10 or less than 0.1. By elsewhere, some 

non-commercial materials show interes�ng selec�vi�es. The 

experimental obtained results, and par�cularly the tempera-

ture dependence of the permeances, were compared with 

those reported in the literature. The first results using pro-

cess op�misa�on clearly show the interest of a mul�-stage 

architecture using different types of membranes. The target-

ed helium purity and recovery rate constraints are accessible  
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Keywords : : Process synthesis, Superstructures op�miza�on; Combined Cooling, Hea�ng and Power (CCHP) cycles, Mul�-criteria 

op�miza�on, MINLP.  

General context, scien�fic issues : 

One of the strategies to achieve the target of 32% share of 

EU energy consump�on coming from renewable energy 

sources (RES) by 2030 is to increase the use of distributed 

energy systems (DES). The promo�on of DES has opened the 

way to different technologies such as combined heat and 

power (CHP) or combined cooling, hea�ng and power 

(CCHP) systems. Recently, a novel CCHP cycle, opera�ng 

with two-phase expanders and compressors, has been de-

signed. Such a cycle enables the development of an all-in-

one device capable of producing electric, hea�ng and cool-

ing power with a single working fluid. Among the design 

challenges of this novel CCHP/CHP system, the working-fluid 
1 and architecture selec�on appears as key stages of its de-

velopment. 

Objec�ves and stakes : 

In terms of architecture, a CHP cycle may include different vari-

a�ons such as: regenera�on, rehea�ng, superhea�ng or bleed-

ing. The current research work aims: 1) to study how the above 

variants can be adapted to a CHP applica�on; 2) to automa�cal-

ly design the op�mal architecture of the CHP process. For the 

process design problem, a superstructure op�miza�on ap-

proach has been implemented 2. 
 

Methodology :  

 

To consider the flowsheet configura�on as a degree of free-

dom during op�miza�on, it is decided to define a super-

structure of the CHP process including all possible flowsheet 

sub-configura�ons. The selec�on of a path among the su-

perstructure can be controlled by a switch unit whose posi-

�on depends on a binary variable (see Illustra�on).  

      The superstructure, which contains 60 sub-structures, 

has been implemented in the CAPD so�ware ProSimPlus® 

following the methodology proposed by Quintero- Masselski 

et al. 3. In order to assess the per�nence of the studied pro-

cess structures, two objec�ve func�ons are defined for the 

superstructure op�miza�on: 

1. Energy u�liza�on factor. 

2. Levelized cost of electricity produc�on. 

Illustra�on : Switch for path selec�on 

. 

 

 

 

Main results 

Preliminary results include 2 op�mal points from a total 

number of solu�ons reaching 7 000, among which 50% of 

them are feasible (full respect of constraints). Such results 

suggest that the op�mal CHP process should contain two 

turbine bleedings, one for the end-user heat supply (see 

figure below), and another one for heat integra�on. 
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Keywords : Process design, superstructure, ammonia synthesis, MINLP op�miza�on, energy storage  

General context, scien�fic issues : 

Storage of energy is a trending reality and favours the inte-

gra�on of renewable energy in the energy market. This work 

is oriented on conceiving an op�mal process for ammonia 

synthesis for the chemical storage of renewable energy, 

using a methodology based on superstructure op�miza�on. 

A superstructure can be defined as the representa�on in-

cluding several alterna�ves to perform a process, which are 

simultaneously evaluated to determine the best process 

configura�on. Its resolu�on requires an op�miza�on algo-

rithm to handle MINLP problems. 

Objec�ves and stakes : 

The main objec�ve is to determine the set of op�mal configu-

ra�ons allowing to minimize the Levelized Cost of Ammonia 

(LCOA), while maximizing the energy efficiency of the process. 

Among the structural alterna�ves, there exists the choice of: 

the reactor configura�on (mul�bed adiaba�c and mul�tube 

autothermal) and the number of reactors, the catalyst, the sep-

ara�on technology (condenser, membranes, PSA), the use of 

intermediate separa�on and the type of cooling (indirect or 

direct). 

Methodology :  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 1. Methodology for the superstructure op�miza�on 

Illustra�on :  

 

 

 

 

 

 

 

 

 
Fig. 2. Superstructure representa�on of the op�mal solu�on (red) 

Main results 

Four superstructures were op�mized to determine the best 

reactor configura�on and the most suitable separa�on tech-

nology. The best solu�on was obtained for the use of Ru-

based catalyst, two autothermal reactors in series, with in-

termediate and final separa�on by condensa�on, while us-

ing 2 compressors in the compression stage. The synthesis 

pressure for this solu�on is 100 bar, allowing to reduce in 33 

% the pressure regarding the conven�onal Fe-based catalyst. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. Results of the energy consump�on and the ammonia produc-

�on regarding data from literature [1].  

 

This configura�on reaches an LCOA of 790.3 €/t, compe��ve 

regarding the ammonia produc�on with natural gas (1500 €/

t in April 2022 in Europe) and an energy efficiency of 67.1 %, 

almost ten point higher than the adiaba�c configura�on. 

The scenario represents a power consump�on of 5.10 MW 

to store 2.58 MW in ammonia, for a total power consump-

�on of 10.23 kWh/kg. 
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General context, scien�fic issues : 

 

Incinera�on is a widely used waste treatment technique. Its 

sani�zing and volume reduc�on abili�es, alongside the re-

covered energy explains its prevalence in many countries for 

the treatment of both household and industrial waste. De-

spite advances in equipment, fine and stable control of the 

process remains difficult, mostly because of the heterogene-

ity of the waste fuel and the lack of local measurements. 

Troubleshoo�ng in incinera�on plants is also o�en impaired 

by the lack of scien�fic understanding.  A model adapted to 

these difficul�es is expected to bring significant opportuni-

�es for opera�onal improvement.  

Objec�ves and stakes : 

 

The main objec�ve is to produce a model able to predict the 

behavior of the key opera�ng variables. Compared to other 

works of the same kind, the model must be able to be calculat-

ed in real-�me. The unavoidable uncertain�es are to be coped 

with. The scope is the whole main process: from the waste feed 

to the stack. The kiln is the most cri�cal and complex unit in the 

process and modelling the combus�on in a way that is suitable 

for real-�me calcula�ons is one of the main challenges.  
 

Methodology :  

 

The model being built is separated into units whose delimi-

ta�ons are conven�onal in the industry. The sub-models are 

based on conserva�on principles. The phenomena are mod-

elled using semi-empirical laws found in the literature. The 

corpus on waste incinera�on is small [1][2][3], so literature 

on biomass combus�on [4] and other processes is also 

screened. Depending on the unit, the representa�on used is 

either 0D, 1D or 2D. For non-0D, the par�al differen�al 

equa�ons obtained are discre�zed using the finite volumes 

method. The resolu�on is done using a MATLAB code spe-

cifically developed. Once the model brings sa�sfac�on, it is 

expected to develop a state observer. The predic�ons are to 

be compared with measurements of a SUEZ operated 

household waste incinerator in Alsace.  Once the model 

brings sa�sfac�on, its applicability to online use is to be ex-

plored. 

Illustra�on : Overview of a grate waste incinerator  
 

 

 

 

 

 

 

 

 

 

 

 

Main results 

 

No original results were obtained yet. 

The literature for waste characteriza�on and combus�on 

was thoroughly reviewed, while the literature around bio-

mass combus�on and other related industries was sparsely 

reviewed.  

The reproduc�on of some models found in the literature has 

been undertaken to verify the same results could be ob-

tained. Some results were successfully reproduced while 

others are s�ll under development. Such a reproduc�on will 

also allow a preliminary sensi�vity analysis to guide the 

choices to be made for the final model. 
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Keywords : : corrosion-erosion, abrasive par�cles, erosion rate, zirconium  

General context, scien�fic issues : 

Corrosion-erosion of a duc�le and subject material is the 

result of a combina�on of different degrada�on phenomena 

(chemical and electrochemical, mechanical) which make it 

difficult to understand. In order to es�mate the contribu�on 

of each phenomenon, different approaches have already 

been proposed in the literature [1-2]. It is well recognized 

that, in addi�on to the contribu�on of “only” corrosion and 

erosion, there is a contribu�on of a synergis�c term be-

tween these two phenomena which contributes to the loss 

of material observed experimentally  

Objec�ves and stakes : 

 

In the 1st year, we were par�cularly interested in the corrosion 

behavior of Zr and in the determina�on of its repassiva�on 

kine�cs. The various tests carried out made it possible to estab-

lish a panel of knowledge on the “only” corrosion behavior and 

the influence of erosion on the corrosion of Zr in HNO3 4 mol L-1 

medium at room temperature.  

During the 2nd year, the objec�ve is to study the performance 

of Zr when it is subjected to the ac�on of a jet enriched (or not) 

with abrasive par�cles and to determine the contribu�on of 

the “only” erosion and the possible influence of corrosion on 

erosion. We want to know the influence of the varia�on of the 

different experimental parameters on the loss of mass of Zr 

over �me.  

As an illustra�on, the results obtained in water under the ex-

perimental condi�ons presented in the next sec�on will be 

presented. 

Methodology :  

 

The test (carried out in a submerged jet device) decom-

posed into 4 periods of 24 h, with the renewal of the solu-

�on (water + abrasive par�cles in 316L steel) between each 

period, in order to study the behavior of the material over 

�me. A�er each period, analyzes with an interferometric 

confocal microscope (determina�on of the depth of the 

crater formed a�er the impacts) and gravimetric measure-

ments (es�ma�on of the loss of mass of the sample) were 

carried out. 

Illustra�on : Above, evolu�on of the volume loss kine�cs (mm3) 

as a func�on of �me (h) of a Zr sample subjected to an erosion 

test in water with abrasive par�cles (jet speed: 4.3 m s-1, abra-

sive concentra�on: 22.4 kg m-3 and mean diameter of the pow-

ders: 3.5·10-4 m). Below, images of the crater formed on the 

sample a�er the different periods.  
 

 

Main results 

The result presented in the Figure shows that the cumula�ve 

mass loss increases during the different periods. This indi-

cates that the crater formed in the sample – by the ac�on of 

the fluid loaded with par�cles – becomes deeper with the 

test �me (as observed in the images obtained by interfero-

metric microscopy at the bo�om of the Figure). The kine�cs 

of loss of volume have a cumula�ve and linear character, 

which results from the degrada�on of material entrained by 

the abrasive jet. By transposing the loss of volume into loss 

of thickness, it is possible to determine an approximate ero-

sion rate (mm year-1). Under these condi�ons, it is of the 

order of 8.5 mm year-1. For comparison, in HNO3 without 

abrasive par�cles, the corrosion rate of Zr is less than 10 µm 

year-1. This shows the effect that the presence of abrasives 

can have on its behavior in a given medium  
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General context, scien�fic issues : 

Global warming is a severe environmental issue that has drawn the 

a�en�on of the scien�fic community to propose reduc�on strate-

gies of carbon dioxide emissions related to their numerous 

sources. Among these sources, buildings account for about 40% 

and 36% of the total European energy consump�on and green-

house gas (GHG) emissions respec�vely [1]. Around 75% of the 

total European building floor area correspond to residen�al build-

ings [2], where the vast majority (up to 80%) of energy use and 

emissions are related to hea�ng applica�ons [3]. Since the 1990s, 

micro-cogenera�on or micro-CHP has been proposed as a possible 

alterna�ve to gas-fired boilers for households. In terms of efficien-

cy, for the same amount of produc�on of electricity and heat, CHP 

systems require 30% less primary energy compared to central pro-

duc�on plants. This gain in energy efficiency immediately trans-

lates into economic and environmental gains through a 30% reduc-

�on in associated greenhouse gas emissions. 

Objec�ves and stakes : 

The aim of the present work is to combine process simula�on and 

experiments to analyze the feasibility and interest of micro-

cogenerator as a solu�on of energy transi�on applied to novel individ-

ual buildings, focusing here on a HT-PEMFC-based 1 kWel micro-CHP 

system including a microstructured heat-exchanger-reactor for inten-

sifica�on of the steam reforming step.  

The model of heat-exchanger-reactor and HT-PEMFC is developed 

separately from the en�re process of HT-PEMFC based micro-CHP 

system. The integra�on of these unit models in a complete process 

with all other components of the plant should be performed and vali-

dated.  

Moreover, to ensure the feasibility of µ-CHP system. A mul�-

objec�ves process op�miza�on should be carried out based on the 

results from process parametric study by considering not only the 

system performance index but also the different opera�ng modes. 

Methodology :  

The experimental campaign consists of the test bench inte-

grated, used to carry out the experimental campaigns and 

iden�fy the influence of opera�ng parameters. The simula-

�on model of the process and its sensi�vity analysis are per-

formed in ProSimPlus®, a process simula�on so�ware. The 

system op�miza�on is performed with the external op�miz-

er MIDACO Solver, an evolu�onary algorithm for MINLP res-

olu�on.  

The electrical and thermal efficiencies are chosen as objec-

�ve func�ons for system full-load and par�aliza�on oper-

a�ng modes with 5 decision variables and 7 inequality con-

straints  

Illustra�on : Schema�c view of the HT-PEMFC based plant.  
 

 

Main results 

 

 

Due to a numerical restric�on in the exchanger-reactor sim-

ula�on module, the mul�-objec�ve op�miza�on is carried 

out in mul�-run mode using different ini�aliza�ons and 

changing the op�miza�on parameter (i.e. seed) in order to 

exploit a more integrated form of Pareto front. The feasible 

solu�ons have been selected for further analysis.  
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General context, scien�fic issues : 

Monoclonal an�bodies (mAbs) represent nearly 50 % of the 

therapeu�c protein market. More than 70 % of these an�-

bodies are currently produced by the CHO cell lines [1]. 

Efforts to improve performance, robustness, and controllabil-

ity to automate these produc�on processes include the de-

velopment of digital twins to simulate, test, and predict the 

system behavior quickly and at low cost. However, the con-

struc�on of these twins requires models, ranging from the 

microscopic (intra-cellular mechanisms) to the mesoscopic 

(tank hydrodynamics) that would be capable of integra�ng all 

the process data necessary for the quan�fica�on and predic-

�on of performance indicators (growth rate, produc�vity, 

and product quality). 

Objec�ves and stakes : 

This work will integrate experimental kine�c monitoring of CHO 

cultures producing monoclonal an�bodies and the development 

of models (microscopic and macroscopic). The informa�on col-

lected at the microscopic scale as well as the experimental data 

will allow to be�er understand the intracellular dynamics during 

the culture and to propose and/or improve mechanis�c and/or 

sta�s�cal macrokine�c models.  

Methodology :  

 

Experimental data: Collec�on of experimental kine�c data of 

CHO cell cultures from the literature and complemented 

by data generated in the laboratory in batch and fed-

batch cultures at the Erlenmeyer flasks and s�rred tank 

bioreactor scale. 

Microkine�c modelling: Distribu�on of intracellular fluxes 

and modelling of the intracellular metabolism to simu-

late the obtained experimental data.  

Macrokine�c modelling: Development of mechanis�c and/

or sta�s�cal macrokine�c models to predict the impact 

of changes in culture condi�ons. 

Real-�me pilo�ng: Evalua�on of the predic�ve relevance of 

the models built by es�ma�ng and correc�ng culture 

trajectory in real �me to op�mize process control. 

Illustra�on : Mul�scale modelling  

Main results 

Kine�c data of cell cultures of CHO producing monoclonal 

an�bodies were generated at the scale of Erlenmeyer 

flasks (100 mL) and controlled mini bioreactor (200 mL). 

More data expected to be generated using different 

culture condi�ons to capture different phenomena and 

to expand the validity range of the developed models. 

 
The basis of a kine�c model using intracellular metabolism 

was established. It is expected that the results of the 

microkine�c simula�ons/internal flux distribu�on will 

allow the establishment of an intracellular network that 

will correctly represent the changes in metabolism evi-

denced during animal cell culture. 
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General context, scien�fic issues : 

The principle is to produce singlet oxygen, a�er the excita-

�on of nanopar�cle (NP) by X-rays. A photosensi�zer (PS) is 

coupled to the nanopar�cle as well as a pep�de for NRP-1 

ac�ve tumor targe�ng (collabora�on LCPM UMR 7375) [1,2]. 

The use of X-rays allows penetra�on into deep �ssues to 

overcome the limita�on of light penetra�on [3].  

Objec�ves and stakes : 

The nanopar�cles used are chelated with lanthanides. A�er the 

excita�on of these nanopar�cles by X-rays, the lanthanides emit 

luminescence that is absorbed by the photosensi�zer. An over-

lap between absorp�on spectrum of the PS and the emission 

spectrum of the lanthanides is required allowing to have an 

energy transfer between these two species. Following this ener-

gy transfer, the PS is ac�vated and produces singlet oxygen in 

an oxygenated medium.  

Methodology :  

 

 

Before the synthesis of NP@PS, the confirma�on of the ener-

gy transfer between lanthanides and PS is essen�al. The vari-

a�on of luminescence intensity and life�me as a func�on of 

PS concentra�on was studied.  

The NPs used are AGuIX with chelated Gadolinium or Terbi-

um. These NPs are in phase two clinical trials. These NPs are 

coupled to Rose Bengal (RB) as a PS. This covalent coupling is 

realised directly on the nanopar�cles or through a spacer 

arm. Two types of spacer arms were evaluated: bromohexa-

noic acid (ester bond) or aminohexanoic acid (amide bond). 

This allows to confirm the stability of the amide bonds com-

pared to the ester bonds in the biological medium. For ac�ve 

targe�ng DKPPR and NKRTR pep�des were synthesized as 

targe�ng vectors to the NRP-1 receptor overexpressed in 

several tumor types and neovessels. These pep�des were 

coupled via an amide bond to the RB. A�er transforma�on of 

the amine groups of AGuIX in SH, a maleimide was coupled 

to the RB-pep�de. The maleimide-lysine(RB)-pep�de was 

coupled to the AGuIX by a sulfide bond. 

Illustra�on : AGuIX@RB  

Main results 

The energy transfer between free Terbium or Gadolinium 

ions and the RB was confirmed in solu�on. This FRET type 

energy transfer was also confirmed between the NPs and 

the RB before coupling.  

A�er the covalent coupling between the RB and the AGuIX 

with and without arms, an energy transfer under X-ray was 

confirmed (collabora�on CRAN UMR 7039). Singlet oxygen 

produc�on was confirmed by using SOSG and DPBF. The 

energy transfer was more important for NPs coupled to a RB 

with arm than AGuIX@RB without arm. This might be due to 

steric hindrance around the AGuIX when coupled directly to 

the RB.  

The size of these AGuIX was between 4 and 7 nm. The zeta 

poten�al of AGuIX coupled to the RB was greater in absolute 

value than AGuIX alone, confirming that these AGuIX were 

stable in solu�on. 
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General context, scien�fic issues : 

Bioac�ve Pep�des (BPs) are biological compounds, naturally 

encrypted within protein sequence under an inac�ve form 

and released upon proteolysis. Nowadays, these pep�des 

have gained great interest due to their numerous biological 

and biofunc�onal ac�vi�es reported such as an�oxidant, 

an�hypertensive, an�microbial, and metal-chela�ng proper-

�es[1]. Biofunc�onal pep�des, as metal-chela�ng pep�des 

(MCPs), are derived either from matrices of animal origin or 

from vegetable[1].  

In a bioeconomy strategy, the protein sources from plant and 

agro-industrial co-products have currently gained significant 

interest due to their low environmental impacts produc�on, 

high protein content, and poten�ally high-added value[2].  

Objec�ves and stakes : 

This PhD thesis aims to inves�gate the use of vegetable and fish 

processing co-product proteins for the produc�on of pep�de 

hydrolysate and the discovery thereof of MCPs  

Methodology :  

Produc�on of protein isolated from agro-industrial co-

products. Tilapia scale flour was prepared according to the 

literature [3]. Then, demineraliza�on process and hydrother-

mal extrac�on were carried out to obtain gela�n protein. 

The extrac�on condi�ons of gela�n protein were op�mized 

using a frac�onal factorial design, which involved 4 factors: 

the solvent- to-solid ra�o of extrac�on (A, 2-10 mL/g), the 

extrac�on �me (B, 1-3 h), the temperature (C, 65-85 °C) and 

the ultrasound �me (D, 0-60 min). The protein percentage 

(%), the free amino groups (FAG, mmol Eq G/g) and the pro-

tein extrac�on yields (PEY, %) were determined.  

According to the best condi�ons obtained for protein extrac-

�on, Tilapia scale gela�n was hydrolyzed using three enzy-

ma�c treatments: Alcalase® alone (Alc), Flavourzyme® alone 

(Flav) or a sequen�al treatment Alcalase® followed by Fla-

vourzyme® (Alc+Flav).  Physico-chemical, and biofunc�onal 

characteriza�on (i.e., metal-chela�ng, an�oxidant, an�hyper-

tensive, and an�microbial ac�vity) were carried out for all 

samples.  

Illustra�on 1 : Op�miza�on of gela�n and TSGH proper�es 

 

 

 

 

 

 

 

 

 

 

Illustra�on 2: An�oxidant proper�es of TSGH and controls   

Main results 

The protein percentage of gela�n extracts varie slightly 

(95.41-99.20%), and is in agreement with isolate protein 

content (>85%)[4]. The solvent-to-solid ra�o, the tempera-

ture, and their interac�on have the most significant effect 

on the FAG, and on PEY. Concerning hydrolysates, the se-

quen�al treatment (Alc+Flav) shows the highest DH value 

(29.74%), followed by the Alc (19.70%), and Flav (4.35%) 

ones. Hence, the Alcalase® has a higher proteoly�c ac�vity 

towards Tilapia scale gela�n, compared to Flavourzyme®. 

Alc and Alc+Flav hydrolysates show the highest biofunc�on-

al proper�es (metal-chela�ng, TEAC, ABTS, DPPH and reduc-

ing power, and an�hypertensive ac�vi�es), which depend of 

their cons�tu�ng pep�des, and especially their size, amino 

acid composi�on and sequences. Inversely, for all of them, 

the Flav hydrolysate show the lowest values, in rela�on to 

the lowest DH and thus, the presence of bigger pep�des. 

Both hydrolysates offer an effec�ve strategy for obtaining 

metal-chela�ng pep�des. 
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General context, scien�fic issues : 

Every year, more than 130 million pairs of polyamide �ghts (be�er 

known as "pantyhoses") are sold in France. In general, these �ghts 

are rela�vely short-lived products. In fact, in more than 70% of cas-

es, the �ghts do not last more than six uses, and even only three 

uses for more than 40% of users (according to a survey report by 

the HOP associa�on published on the website 

www.halteobsolescence.org). This fast consump�on generates a 

significant amount of waste: it is es�mated that 104 million used 

�ghts are thrown away in France each year, which represents 7,315 

tons of wastes. 

The complex composi�on of �ghts makes difficult the revaloriza�on 

of the components such as nylon and elastane. A closed-loop recy-

cling process consis�ng of remaking �ghts from used �ghts would 

make it possible to get out of this linear "produce, consume, throw 

away" model. The process used to carry out this depolymeriza�on is 

based on an enzyme-catalyzed cleavage of the polyamide chains in 

the aqueous phase, in order to limit as much as possible, the impact 

on the environment.  

Objec�ves and stakes : 

The main objec�ve of this project is the development of a green pro-

cess for the hydrolysis of polyamide 6,6 which is one of the main 

polymer’s component of pantyhose. 

The study will include a laboratory scale experimental work on the 

selected processes (thermomechanical and enzyma�c) in order to de-

crease the crystallinity degree of polyamide 6,6.  

Several hydrolases enzymes will be used for the enzyma�c hydrolysis of 

raw materials (polyamide, elastane and yarn blends). 
 

Methodology :  

A first approach will be focused on the understanding of the hydrol-

ysis mechanisms of polyamide 6,6 and polyurethane catalyzed by 

enzymes and the possible impact of dyes addi�ves on the enzyma�c 

ac�vity. The produc�on of oligomers and monomers cons�tu�ve of 

polyamide 6,6 will be the key to select the op�mal condi�ons of the 

various treatments implemented.  

 

To this end, analyses of the primary amino groups are established 

[1] and the residual material will be characterized by different 

methods: thermal analysis (DSC) and (TGA), rheological and gel 

permea�on chromatography (GPC) in order to determine its depol-

ymeriza�on degree [2]–[4] . In a second approach, the coupling of 

thermomechanical and enzyma�c treatments will be considered. A 

schema�c representa�on of the process is shown in the illustra�on 

1  

Illustra�on 1 : Thermomechanical and enzyma�c processes for 

pantyhose recycling  

Expecta�ons 

 

 

The process will be developed in a pre-industrial stage per-

spec�ve. An appropriate enzyma�c system will be selected 

in order to depolymerize the polyamide 6,6. It is expected to 

op�mize a type of process with low energy consump�on 

and the use of enzymes as reac�on catalysts in aqueous 

media.  
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General context, scien�fic issues : 

More than 100 years ago it has been known that microorgan-

isms can be killed using nontoxic dyes known as photosensi-

�zers (PS), combined with light. In 1900, Raab reported suc-

cessful inac�va�on of Paramecium caudatum by acridine 1. 

He observed that acridine is efficient during the day under 

light condi�ons and kill these microorganisms, while in dark-

ness there is no effect. One of the reasons why PDI has been 

forgo�en for many years was due to the discovery of an�bi-

o�cs and their large applica�on and use ranges. 

However, conven�onal an�bio�cs are no more efficient, and 

the problem of increased resistance developed by bacteria, 

fungi, viruses, lead to find new methods and develop already 

exis�ng ones, such as PDI. One of the challenging advantages 

of PDI is the ability to oxidize different biomolecules. Also, 

the same photosensi�zer is able to destroy viruses, bacteria, 

yeasts, fungi and protozoa2-6. Another important advantage 

of PDI over conven�onal an�bio�c treatment is that no mi-

crobial resistance has been reported so far. PDI is a combina-

�on of photosensi�zer (PS) and light to generate cytotoxic 

reac�ve oxygen species (ROS) that kill bacteria and viruses  

Objec�ves and stakes : 

Our goal is the development of new an�microbial films7 for PDI 

for applica�on in hygiene and food safety.  These films can be 

introduced to any kind of surface in order to kill bacteria and 

prevent its growth on the surface. The objec�ve consists in sev-

eral steps: 

- Synthesis of PS (porphyrins, phthalocyanines and chlorins)  

Study of Influence of counteranions and symmetry on electro-

chemical proper�es of water-soluble porphyrins.                                                                               

- Incorpora�on of PS into film: Our main candidate for film is 

polyethylene terephthalate (PET)                             

Photophysical studies of PS                                               

- An�microbial studie  

Methodology :  

- Synthesis of organic molecules 

- Characteriza�on by UV-Vis, MS, HPLC phase normal and 

reverse phase, 1H RMN, Fluorescence and Singlet Oxygen 

produc�on measurements. 

Illustra�on : Fabrica�on of an�microbial films 

Main results 

- Synthesis of second-genera�on photosensi�zers has been 

released. 

- Successful incorpora�on of porphyrins into polyethylene 

terephthalate (PET) 

- Photophysical proper�es of PS, PS+film have been inves�-
gated 
- Singlet oxygen produc�on for some of PS+film have been 

demonstrated  
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General context, scien�fic issues : 

Limoni�c nickel laterite are oxidized ores mainly composed of goe-

thite (FeOOH) which host up to 2 % of nickel and 0.5 % of cobalt. 

Tradi�onally, they are processed through Pressure Acid Leaching 

(PAL), which consists in dissolving goethite at high temperature (220 

to 270 °C, 60 bars) in sulphuric acid in an autoclave. Unfortunately, 

PAL plants have o�en proven to be very costly, plagued with tech-

nical challenges. Recently, the bacterial catalysis of goethite dissolu-

�on have been highlighted using iron reduc�ve acidophilic microor-

ganisms like Acidithiobacillus (At.) ferrooxidans [2]: 

 
They are able the breath ferric iron in anaerobic condi�on while 

oxidizing sulphur and using CO2
 for their growth in less energy-

consuming condi�ons (30°C, atmospheric pressure) than PAL pro-

cesses [2]: 

 
However, the op�mal opera�ng condi�ons for coupling biological 

ac�vity and chemical dissolu�on reac�ons remain to be deter-

mined.   

Objec�ves and stakes : 

The objec�ve of this work is to develop a con�nuous process at pilot 

scale, based on the reduc�ve bioleaching of goethite by Acidithiobacil-

lus species (At. ferrooxidans in our case), to extract nickel and cobalt 

from limonite nickel laterites of New Caledonia. This study is divided 

into three steps, using shake flasks and bioreactors from 2L to 51L:  

* The determina�on of experimental condi�ons that favour bacterial 

growth coupled with iron reduc�ve ac�vity. 

* The iden�fica�on of the rate-limi�ng factors of limonite leaching, 

especially concerning the mineral composi�on of the ore and bacterial 

growth inhibi�on. 

 * An op�miza�on of opera�ng parameters in a con�nuous bioreactor 

to promote iron bio-reduc�on performance, metals dissolu�on rates 

and reduce chemical reagents consump�on. 

Methodology :  

 

*Iron reduc�on kine�cs: Redox monitoring using an Ag/AgCl redox 

probe and a correla�on with the Fe(III)/Fe(II) ra�o [3]. 

*Sulphur oxida�on: By IEC of sulphate. 

*Leaching kine�cs: By SAAF and MP-AES analysis of the pregnant 

leaching solu�on and mass balance with mineral composi�on. 

*Bacterial growth: By Thoma cell coun�ng method. 

*Gas-liquid mass transfer coefficient, oxygen and carbon uptake 

rates: using an oxygen probe or an oxygen sensor spot.  

Illustra�on : Reduc�ve bioleaching of limoni�c laterite scheme 

and key opera�on factors.  

Perspec�ves 

The main challenge to overcome in this study is to obtain a culture 

of At. ferrooxidans with sufficient growth and iron reduc�ve rates 

in anoxic condi�on. At present, the reduc�ve bioleaching of nickel 

laterites has been conducted in two steps: aerobic growth of bac-

teria on sulphur followed by the anaerobic reduc�ve bioleaching 

step with the ore [4]. However, it has been highlighted that At. 

ferrooxidans can lose the iron reducing ability a�er prolonged aer-

obic cul�va�on on sulphur but can regain it a�er one sub-culture 

on ferrous iron [5]. 

In order to inves�gate this ma�er, the growth kine�cs of At. fer-

rooxidans will be studied in shake flasks of 250 mL at pH 1,8 and 

30°C, using ferrous iron or/and sulphur as substrates in aerobic 

condi�ons. The iron reducing ability of different subcultures will be 

tested for ferric iron reduc�ve (anaerobic) a�erwards to determine 

the best ferrous iron/sulphur ra�o to keep the iron reducing ability. 
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General context, scien�fic issues : 

Monoclonal An�bodies (mAbs) and more specifically Immunoglobu-

lins G (IgG) are the most commonly u�lized an�bodies for therapeu-

�c use. They are produced by Chinese Hamster Ovary (CHO) cells in 

animal cell culture process. One of the main challenges in such pro-

cess is to guarantee the quality of the product at large scales. In 

recent years, industries focused on Process Analy�cal Technology 

(PAT) in order to achieve real-�me monitoring of cell culture and to 

make possible control of bioprocesses using performant technolo-

gies such as near infrared, dielectric or Raman spectroscopies. Ra-

man spectroscopy is commonly used in industry [1] because it is 

non-destruc�ve and easy to use through chemometric approaches. 

Objec�ves and stakes : 

Cell cultures are operated in 2L bioreactors. Seven batch and twenty-

three fed-batch cultures were realised in order to calibrate models 

using Raman and dielectric spectrometers. Spectral data need to be pre

-processed before making opera�onal models. That is why an op�miz-

ing/improving program were developed. For types of pre-processing 

were studied: Savitzky Golay filter, Standard Normal Variate scaling, 

simple Normaliza�on and Mul�plica�ve Sca�er Correc�on. More than 

six thousand combina�ons/pre-processing were tested for each stud-

ied parameter (Viable Cell Density (VCD), glucose and lactate). The 

model performances were evaluated by various sta�s�c parameters 

including Root Mean Square Errors and regression coefficients.  Finally, 

these models will be used to calculate kine�c parameters such as cell 

specific growth rate (µ), specific product forma�on rates (π) and/or 

substrate consump�on rates (η) 

Methodology :  

 

2L scale bioreactor cultures: Thirty bioreactors were performed 

implemented with on-line analysers such as Raman, dielectric, pH, 

O2 and temperature probes. Three types of process mode were 

studied: batch, fed-batch with manual adding and fed-batch with a 

pump. 

Batch cultures: 2L scale bioreactor with 1.5 working volume. Only 

concentrated glucose and glutamine solu�ons were added at the 

end of the culture in order to extend it.   

Manual fed-batch cultures: Industrial concentrated solu�ons (feeds) 

were added from the third day of culture. Required volumes were 

calculated thanks to concentra�on balances.  

Fed-batch culture with pump: Concentrated ini�al culture medium 

were added. The working speed of the pump were calculated for 

each sample and adjusted calcula�ng the feed flow rate. 

Illustra�on : Methodology of CHO cell culture process  

Main results 

Chemometrics and modelling: Par�al Least Square regression was 

compared with Regressions Trees, Support Vector Machines, 

Gaussian Process Regression Models (GPR), Ensembles of Trees 

and Neural Networks for the monitoring of VCD and metabolite 

concentra�ons. Results showed that GPR is more reliable and al-

lows the best predic�on of these process parameters. Then it was 

possible to calculate precisely µ and YX/S in real-�me, that was not 

possible with the PLS regression only. 

    

      
Figure – Es�ma�on of glucose concentra�on, r’’’glc, η and Yx/s 

Fed-batch cultures:  In future experiments, the best models will 

allow to calculate the feed flowrate of the fed-batch process, re-

sul�ng in a good regula�on that will ensure the maintenance of 

op�mal performance of the process. It will be possible to compare 

achievements of monitored/controlled processes with those oper-

ated manually. 

 

References :  
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General context, scien�fic issues : 

The decrease in petrochemical resources, easily accessible, 

has generated, over the past decade, a growing interest in 

the use of raw materials of renewable origin. Bio-sourced 

chemistry first developed strongly around annual agro-

resources. The project fits in that context of valoriza�on of 

wood by-products, through the use of wood secondary me-

tabolites. Many medicinal plants contain large amounts of 

an�oxidants such as polyphenols, where the interest in valor-

ising those compounds. 

Objec�ves and stakes : 

 

The main objec�ve is the valoriza�on of phenolic extractable. 

These compounds are indeed of interest because of their an�-

oxidant and an�-radical proper�es. 

In order to valorize these compounds, their structure will be 

selec�vely modified by chemical and enzyma�c way in order to 

exacerbate their an�oxidant proper�es, their an�-inflammatory 

and / or an�-prolifera�ve ac�vity by the modula�on of their 

hydrophilic / hydrophobic balance, in par�cular to facilitate 

their passage through the biological barriers and, secondly, to 

facilitate their formula�on by providing them with self-assembly 

proper�es. Since the proper�es and biological ac�vi�es of the 

products are directly related to their structure, par�cular a�en-

�on will be paid to understand and control the regio- and 

chemo-selec�vity of the reac�ons by molecular modelling. The 

an�oxidant and self-assembly proper�es of the deriva�ves ob-

tained will be characterized and the biological proper�es such 

as an�-free radicals or an�-prolifera�ve can be evaluated  

Methodology :  

Flavonoids’ acyla�on will be done by chemical and enzyma�c 

ways in order to obtain tri-modular amphiphilic compounds. 

Chemical acyla�on will be done on aglycone flavonoids with 

protec�on/deprotec�on to target the alipha�c hydroxyl 

group. On the other hand, enzyma�c acyla�on will cover 

glycosylated flavonoids using lipases from Candida antarc�-

ca. The obtained products will be characterized by NMR, IR 

and mass spectroscopy, then their an�oxidant, an�prolifera-

�ve and self-assembly proper�es will be tested  

Illustra�on : Tri-modular compound  

Main results 

 

Chemical of catechin with different amino acids and fa�y 

acids, allowed us to obtain three types of compounds. The 

first type of molecule has one polar head (catechine), one 

junc�on module (alanine) and one hydrophobic chain (fa�y 

acid). The second type of molecule has two polar heads, one 

junc�on modul (glutamic acid) and one hydrophobic tail. 

And finally the last type of molecule has one polar head, one 

junc�on module (lysine) and two hydrophobic tails. 

 
  

Enzyma�c acyla�on of ru�ne and naringin with an excess of 

6 fa�y acids in a very dry media using lipase B of Candida 

antarc�ca allowed us to obtain products with a very high 

yield and acyla�on with di-acids using the same enzyme, 

allowed us to obtain products as well. 

The physicochemical proper�es of the obtained compounds 

showed self-assembly proper�es for the compounds with 

fa�y acids but not with the glycosylated compounds and 

that’s due to their high solubility. 

Also all the compounds showed good an�oxidant ac�vity 

with DPPH and inhibi�on of the methyl linoleate. A correla-

�on exists between the an�oxidant ac�vity and the fa�y 

acid length chain. When the chain length increases the ac�v-

ity decreases. 
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General context, scien�fic issues : 

Ferroptosis is a recently defined type of cell death, whose 

main feature is lipid peroxida�on catalysed by iron-overload 

and is reported in diseases such as Atherosclerosis. To date, 

there is no model of ferroptosis based on cardiovascular cells 

to test molecules able to inhibit ferroptosis.  Metal-chela�ng 

pep�des (MCPs) can reduce cellular oxida�ve stress caused 

by metal ions overload. Hydrolysates cons�tute poten�al 

sources of metal-chela�ng pep�des that could be used for 

reducing ferroptosis.  

Objec�ves and stakes : 

 

The objec�ve of our study is to screen metal-chela�ng pep�des 

present in soy protein hydrolysates (SPHs) using novel screening 

techniques that overcome the limita�ons (ex. �me consuming, 

fas�dious, unspecificity, etc.) of the empirical approach usually 

employed to screen MCPs. On the other hand, we aim to devel-

op a model of ferroptosis on primary human smooth muscle 

cells (HAoSMC) to test MCPs as drug candidate to limit the de-

velopment of atherosclerosis. 

Methodology :  

 

Soy protein hydrolysates (SPHs) were produced under vari-

ous hydrolysis condi�ons. Three enzymes were used individ-

ually (AlcalaseⓇ, and ProtamexⓇ) during 1 or 3 h and sequen-

�ally (AlcalaseⓇ 1h followed by Flavourzyme 2h Ⓡ, and Prota-

mex 1h followed by Flavourzyme 2h). The hydrolysates were 

then ultrafiltrated through 1kDa membrane. 

 
  
Before ultrafiltra�on, the whole hydrolysates were examined 

by dynamic biosensor switchSENSE®, a screening method 

applied for the first �me on MCPs. A�er ultrafiltra�on, the 

binding affinity of pep�des hydrolysate to Ni2+ was analysed 

by SPR using Biacore X100 instrument equipped with NTA 

sensor chips. 
  

Illustra�on : Aim of the PhD  

Main results 

Time-resolved molecular dynamics (switchSENSEⓇ) has 

proven to be very sensi�ve for detec�ng the presence of 

MCPs in pep�de hydrolysates. This methodology is able to 

categorize the metal-chela�ng ac�vi�es of the studied hy-

drolysates according to the enzyma�c treatment or the pro-

tein source: Tilapia viscera or soy isolates. 

Screening by SPR has revealed the associa�on and dissocia-

�on phases for MCPs binding to Ni2+ in a concentra�on de-

pendent manner. Thanks to its sensi�vity we were able to 

conclude that sequen�al hydrolysis of soy protein isolate by 

Alcalase® followed by Flavourzyme® was the best treatment 

to produce MCPs. 

In cellular experiments, the ferroptosis model is validated by 

the deple�on of GSH intracellular concentra�on upon Eras-

�n incuba�on since, as a system Xc- inhibitor, Eras�n, is re-

sponsible for the decrease of cysteine entry into the cells, 

which is a precursor for GSH synthesis, and by lipid peroxi-

da�on by Eras�n and ferric citrate incuba�ons. The rescue 

model is validated by lipid peroxida�on upon the addi�on of 
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General context, scien�fic issues : 

For the last two decades, research on ionic liquids has in-

creased drama�cally as chemistry trends are poin�ng to-

wards “green” solvents. First described in 2003 [1], deep eu-

tec�c solvents (DESs) have emerged as the green solvents of 

choice considering their proper�es, low mel�ng point, ease 

of synthesis and tunability to a wide array of biochemical 

applica�ons. Among these, deep eutec�c solvents of the cho-

line chloride analogues have a�racted much a�en�on during 

the past decade for their capability to dissolve biomolecules 

and their use as a medium in reac�ons catalyzed by enzymes. 

Experimental techniques are costly and limited in their ability 

to analyze reac�ons parameters, As such; computa�onal 

studies have become a trend in the study of DESs and their 

interac�ons with different biomolecules. However, adequate 

force fields parameters need to be adapted correctly in order 

to have a precise predic�ve model that can then be validated 

by experimental techniques. 

Objec�ves and stakes : 

Bibliographical review on force fields advances, publica�ons and 

parameters op�miza�ons regarding DES systems. 

Molecular dynamics on DESs/amino-acids systems to under-

stand the interac�ons on a molecular scale and valida�on with 

experimental techniques. 

Methodology :  

 

The MD simula�ons are carried out using GROMACS so�-

ware. Systems studied are 1:2 mixtures of DESs: 

- Reline (choline chloride + urea) + glycine at 0%, 5% and 10% 

wt 

- Glyceline (choline chloride + glycerol) + glycine at 0%, 5% 

and 10% wt 

- Ethaline (choline chloride + ethylene glycol) + glycine at 0%, 

5% and 10% wt 

OPLS AA force field [2] and GAFF1.21 [3] are used in these 

simula�ons. A 10000-step energy minimiza�on is performed 

followed by two simula�ons; the first one for 10 ns for equili-

bra�on and the final one for 50 ns for produc�on  

Illustra�on : Explora�on of DESs using MD simula�ons  

Main results 

A bibliography review was prepared. It comprises of sec�ons 
briefly describing DESs types, proper�es and applica�ons 
and poin�ng to the current state of scien�fic research. The 
last sec�on intricately details the work done of the explora-
�on of DESs system via force fields and presents an exhaus-
�ve chronological table on publica�ons and studies which 
explored DESs systems with molecular dynamics along with 
the evolu�on on force fields parametriza�on. 
  
MD simula�ons results are compared with literature data 

and previous experimental data. Some physicochemical 

proper�es (density, viscosity, surface tension) and structure 

analysis data (RDFs, coordina�on numbers, H-Bonds analy-

sis) are calculated. These results serve as a baseline for the 

choosing of an adequate force field to develop next simula-

�ons with different amino acids and eventually build a DES-

biomolecule system. 
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General context, scien�fic issues : 

Stem cells are at the heart of the recent development in cell 

therapy and �ssue engineering(Carrion and Figueroa, 2011). 

Human mesenchymal stem cells (hMSC) are among the most 

widely studied stem cells. However, these cells are present in 

a very limited amount in the body. Consequently, the devel-

opment of a high-performance process for the expansion of 

hMSC is essen�al to meet therapeu�c needs (Mar�n, 2016).  

Objec�ves and stakes : 

The main objec�ve is to develop original approaches combining 

mul�-scale modeling and experimenta�on to improve the per-

formance of the hMSC expansion process. This will involve: i) 

improving the understanding of the phenomena that govern the 

adhesion and stalling of cells on controlled surface 

(microcarriers) by molecular / mesoscopic modeling; ii) stream-

line the choice and formula�on of microcarriers; iii) provide the 

necessary data (adhesion forces, shear forces) to refine CFD 

simula�ons at the macroscopic scale of the bioreactor. 

Methodology :  

1. Iden�fica�on of membrane phospholipids: to find out the 

main phospholids present in the membrane of mesenchymal 

stem cells, we performed a lysate analysis of membranes by 

liquid chromatography coupled with mass spectrometry 

(LCMS). 

2. Study of cell / microcarrier systems at the molecular level: 

First, the membrane is considered as a simple bilayer of 

phospholipids with different propor�ons of PC, PG and PE. 

Two types of microcarriers surfaces are studied (Cytodex1, 

Plas�c +). Molecular dynamics applied to these systems pro-

vides adhesion work, van der Waals interac�ons, electro-

sta�c forces and hydrogen bonds. The results obtained are 

compared to adhesion forces measured by atomic force mi-

croscopy (AFM the).  

 
Membership work calculation formula 

 
  

3. AFM measurement condi�on: contact �me of 5 s, 10 s and 

15 s, , used microcarrier material of plas�c, cells 48 hours 

a�er trypsina�on. 

Illustra�on : adhesion and modeling study  

 

 

 

 

 

 

 

 

 

 

 
Figure 1 study of work adhesion by AFM and by molecular dynamics 

Main results 

LCMS analysis shows that the phospholipids predominantly present 

in the membrane of MSCs are PC, PG and PE with a different distri-

bu�on  
Table 1 result of the adhesion work between MSC membrane and microcarriers by 

modeling and average of experimental measurements  
 

 

 

 

 

 

 

 

 

 
Table 1 showed that the work of adhesion values, obtained by 

molecular modelling, between the membrane and the two types of 

support are 1,99.10-16 J and 1,41.10-16 J for with DEAE and polysty-

rene, respec�vely. The measured work of adhesion increase within 

the �me of measurements, with an average value of 7,99.10-15J. 
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General context, scien�fic issues : 

Acylated deriva�ves of amino acids and pep�des are inte-

res�ng compounds for many industrial applica�ons due to 

their emulsifying and foaming proper�es. The structure of 

these biobased compounds consists of one hydrophilic amino 

acid or pep�de unit and one fa�y acid chain from vegetable 

oils. The industrial scale produc�on process is based on the 

Scho�en Baumann’s reac�on, the main drawbacks of which 

are the use of acyl chlorides and organic solvents, a lack of 

selec�vity and the produc�on of toxic waste. The aminoacy-

lases iden�fied in Streptomyces ambofaciens supernatant 

specifically catalyze the N-acyla�on reac�on in aqueous me-

dium. The main limita�on to their use is the lack of 

knowledge about their structure and their cataly�c me-

chanism  

Objec�ves and stakes : 

This project aims at developing a selec�ve, efficient and eco-

friendly bioprocess for the produc�on of acylated deriva�ves of 

amino acids and pep�des using enzymes of the aminoacylase 

type. This could cons�tute an alterna�ve produc�on pathway to 

the exis�ng chemical produc�on process. 

Methodology :  

 

A combined experimental/numerical approach is imple-

mented, using experimental tools as molecular biology, enzy-

mology, process engineering and molecular modeling tools 

as docking simula�ons and homology models. The study is 

organized according to three main issues: (1) intensifying the 

produc�on and the purifica�on of the four recombinant ami-

no-acylases from S. ambofaciens in order to produce  suffi-

cient quan��es of pure enzymes for cristallographic studies 

(2) studying the cataly�c mechanism of aminoacylases. The 

structure of the enzymes will be determined using homology 

models and then compared to the structures obtained by 

crystallography analyses. Enzyme-substrates binding modes 

will be determined with molecular docking simula�ons (3) 

determining the op�mum opera�ng condi�ons for each en-

zyme in different reactor configura�ons in order to design 

enzyma�c N-acyla�on bioprocesses. 

Illustra�on : Homodimeric model of SamAA obtained with Al-

phaFold2, basing on the protein sequence  

Main results 

The study began with the Sam_AA protein, which catalyzes 

the N-acyla�on reac�on at the α posi�on of amino acids. 

This selec�vity is rare in the world of enzymes. The Sam_AA 

enzyme is mainly produced in the form of insoluble aggre-

gates called inclusion bodies in the E. coli bacterial system. 

Many opera�ng parameters have been tested to solve this 

problem, without success. It is currently planned to work on 

inclusion bodies with a refolding strategy, with the aim of 

increasing the amount of Sam_AA soluble form. Similar pro-

duc�on work is in progress with the Sam_ELA enzyme cata-

lyzing the N-acyla�on reac�on at the ε posi�on of lysine. In 

parallel to this experimental approach, molecular modeling 

simula�ons were performed. Homology modeling is a com-

puter predic�on method for determining the 3D structure of 

a protein based on its amino acid sequence and its homolo-

gy with one or more templates of known structure. A�er the 

iden�fica�on of the templates, the performances of differ-

ent homology modelling tools (Modeler, Swiss Model and 

AlphaFold) were compared and a model of the 3D structure 

of Sam_AA was developed. This model will be op�mized and 

then used for molecular docking simula�ons in order to 

study the enzyme/substrates binding modes and the cata-

ly�c mechanism of the enzyme. 
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General context, scien�fic issues : 

Pathogenic fungi represent a generic problem for cereals, 

including barley, as they can produce a number of thermo-

stable toxic metabolites such as mycotoxins that contami-

nate plants and food products, leading to serious health is-

sues for human and animals and causing significant losses in 

global food produc�on. In addi�on, mycotoxins represent a 

significant technological concern for the mal�ng and brewing 

industries, as they may affect the quality and safety of raw 

materials (barley and malt) and final products (beer). Moreo-

ver, this situa�on is worsening due to the highly variable cli-

ma�c condi�ons that favor microbial development and the 

societal desire to reduce the use of phytosanitary products, 

including fungicides. In this complex environmental, legal and 

economic context for agriculture in general and more specifi-

cally for the barley-malt-beer sector, the use of technological 

microorganisms to reduce the development of spoilage fungi 

and the produc�on of mycotoxins, is considered to be a po-

ten�ally interes�ng and natural solu�on for protec�on 

against these fungi, given that several studies have shown 

their effec�veness for this purpose [1, 2]. 

Objec�ves and stakes : 

The main goal of this project is to develop an an�fungal bio-

control process applicable in mal�ng in order to maintain 

and improve the sanitary and technological quality of French 

malts. This will be done by using technological bacteria, iso-

lated from infec�on-resistant barley cultures, that are able to 

reduce the development of pathogenic fungi and the associ-

ated mycotoxin produc�on. 

Methodology :  

The experimental approach consists of i) co-culturing bacteri-

al and pathogenic fungal strains in solid and liquid media to 

access the growth kine�cs of these microorganisms and to 

evaluate the impact of these bacteria on fungal growth and 

mycotoxin produc�on; then ii) the results will be used to 

carry out a micro-mal�ng process in order to develop the 

aforemen�oned process, and iii) the technological and sani-

tary proper�es of the generated barley malts will finally be 

evaluated in order to validate the biocontrol process devel-

oped  

Illustra�on : The mal�ng process  

Main results 

Our results highlight the ability of a novel bacterial strain isolated 

from barley kernels, Erwinia gerundensis, to inhibit the growth of 

fungal species and to reduce their toxigenic poten�al. E. gerunden-

sis exhibited a significant fungista�c ac�vity against pathogenic 

fungi by reducing their growth and their mycotoxin produc�on by 

60 to 100%. Based on these results, our study supports the use of 

E. gerundensis as a biocontrol agent in strategies aiming at reduc-

ing the presence of pathogenic fungi and mycotoxins in cereal-

based products, or as a food and feed supplement for the bio-

detoxifica�on of mycotoxins [3]. Further experiments are under-

way, for the development of a bioprotec�on process based on E. 

gerundensis, applicable during the mal�ng process. It is expected 

to make it possible to guarantee an irreproachable hygienic and 

technological quality of the malt obtained from barley. The use of 

this process will also contribute to the reduc�on of contamina�on 

levels of mal�ng plant effluents. 
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General context, scien�fic issues : 

MCPs are obtained from protein hydrolysates and co-

products as well and present various applica�ons in nutri�on, 

pharmacy, health, cosme�c and separa�on processes. Yet, 

MCPs separa�on is challenging due to their low concentra-

�on in hydrolysates (i.e., complex mixture of pep�des). To 

date, the empirical approach used to discover MCPs consists 

of many cycles of separa�on /frac�ona�on followed by bio-

logical ac�vity tests un�l the target pep�de iden�fica�on. 

This method is �me consuming, expensive and finding a tar-

get pep�de is uncertain. 

Objec�ves and stakes : 

Considering the expected SPR-IMAC analogy based on the simi-

lar pep�de-metal ion interac�ons, this PhD work aims to simu-

late the separa�on of MCPs in IMAC using a transport dispersive 

model and pep�des binding affinity data obtained from SPR. 

Methodology :  

Pep�de sequences to be inves�gated were obtained from 

pea proteins theore�cal hydrolysis. These synthe�c pep�des 

were studied in SPR using a Ni2+-NTA sensor ship to obtain 

their binding affinity data (KA, qmax)
 [1], that serve as input 

data for pep�de reten�on �me (tR) simula�on, using a 

transport dispersive model [2] described by the following 

equa�on: 

∀i=1, 2,…,Nc and z∈

(0,L)  given that  (Linear driving 

force) and  (Sorp�on isotherm 
equilibrium) 
On the other side, the same pep�des were inves�gated in 
IMAC using a HiFliQ-Ni2+-NTA column in order to make  cor-
rela�on between the experimental tR and the simulated tR to 
validate the approach. 

KD: constant of dissocia�on; KA: Affinity constant; Rmax: maximum 

response; Concentra�on of the solute in the mobile phase; q: con-

centra�on of the solute in the sta�onary phase; MW: molecular 

weight; t: �me coordinate; z: axial coordinate; ɛT: total porosity; u: 

the superficial velocity; DL: apparent axial dispersion coefficient; km: 

lumped mass transfer coefficient; Nc: number of components in the 

system, L: column length. 

Illustra�on : Simula�on of pep�des separa�on in IMAC  

Main results 

SPR results show that pep�de affinity to Ni2+ immobilized on 

NTA chip depends on pep�de amino acid composi�on and 

posi�on. Pep�des containing his�dine and tryptophan show 

good affini�es with some excep�ons. On another hand, the 

pep�des with good affinity constant in SPR are also well 

retained in IMAC (high Tr). Thus, the quan�ty of imidazole to 

elute pep�des (IMC) increases when the its affinity constant 

for Ni2+ increases. These results validate the analogy be-

tween SPR and IMAC. 

Besides, the simula�on part is under op�misa�on to vali-

date the approach of simula�on of pep�des separa�on in 

IMAC from SPR data. The proof of concept was validated on 

small-sized pep�des (2-3 residues) [3] and must be extended 

to pep�des with ≃10 residues. 

Finally, pep�des with good affini�es to Ni2+ according to SPR 

have been also inves�gated to evaluate their ability to inhib-

it lipid oxida�on in oil-in-water emulsions by chela�ng Fe2+ 

in the frame of an interna�onal mobility carried out at Den-

mark Technical University  
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General context, scien�fic issues : 

Mesenchymal stem cell-based therapies require large quan�-

�es of cells which have maintained the appropriate quality 

for therapeu�c use. This expansion can be performed using 

microcarrier-based bioreactor processes for which the bio-

chemical parameters (substrate and/or gas concentra�on) 

and mechanical parameters (hydromechanical constraints) 

can be modified to achieve maximal expansion.  

Objec�ves and stakes : 

Since mesenchymal stem cells are adherent cells, their expan-

sion can be performed using suspended adhesion supports such 

as microcarriers (small par�cles of approximately 200µm in di-

ameter). However, hydromechanical stresses, fric�on or shocks 

between microcarriers, are likely to lead to undesired cell death 

or degrada�on of cellular quality, resul�ng in a significant de-

crease in the produc�vity of the process.  Our objec�ve is to 

quan�fy the amount and intensity of collisions between micro-

carriers and define their impact on the quality of expanded 

Methodology :  

 

The impact of collisions on cell growth and the quality of 

expanded MSC’s (clonogenicity, func�onality or senescence) 

will be determined at different scales and using different 

agita�on condi�ons (Erlenmeyer flasks, spinner flasks and 

agitated bioreactors). For this, the concentra�on of suspend-

ed par�cles will be adjusted in different cultures while main-

taining similar agita�on condi�ons.  

 

In parallel, the quan�fica�on of collisions in an agitated bio-

reactor and ideally, their intensity, will be performed using 

acous�c emissions. If successful, these results will be used to 

define the distribu�on of these collisions within an agitated 

bioreactor and correlate with the in-vitro expansion results. 

Lastly, the analysis of acous�c emission during the progres-

sive suspension and/or se�ling of microcarriers will be per-

formed in partnership with the university of Liège to corre-

late with results using light a�enua�on technique [1] for 

par�cle concentra�on distribu�on in dynamic condi�ons. 

Illustra�on : The use of acous�c emission sensors for microcar-

rier-based MSC cultures  

Main results 

Cell growth was performed by culturing hMSC’s extracted 

from the Wharton’s Jelly of umbilical cords (WJ-MSC’s) on 

Cytodex-1 microcarriers. The concentra�on of viable micro-

carriers remained constant, and as a result, the seeding con-

di�ons and available surface was maintained. The addi�on 

of inert microcarriers, on which cells cannot adhere, was 

used to increase the number of total par�cles and thus par-

�cle collisions. Analysis of the cells produced will be used to 

see if the inhibi�on of cell growth is associated, or not, with 

a degrada�on of MSC quality a�ributes such as clonogenici-

ty, func�onality or senescence. 

The addi�on of inert microcarriers has an impact on cell 

growth which seems to slow down the more inert microcar-

riers are added. As a result, a compromise between increas-

ing par�cle concentra�on (available surface for cell culture) 

and cell growth may be required. Whether these results are 

valid in larger scale agitated condi�ons like bioreactors or 

spinner flasks remains to be verified. 
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General context, scien�fic issues : 

The use of hydrogen as an energy carrier is a relevant alter-

na�ve to fossil fuels, provided that its produc�on is clean and 

does not require fossil resources. One promising approach 

would be to produce bio-H2 using microbial organisms. 

Among interes�ng microbial candidates, a consor�um has 

been selected in the framework of the ANR project EPIC-H2. 

This consor�um is composed of two micro-organisms: Desul-

fovibrio vulgaris (Dvu) and Clostridium acetobutylicum (Cac) 

which seem act in symbiosis for the produc�on of bio-

hydrogen. Indeed, the amount of produced hydrogen by the 

consor�um is higher than the sum of hydrogen produced by 

the two micro-organisms independantly [1].  

Objec�ves and stakes : 

A transfer of metabolites between the two bacterial partners of 

the consor�um is suspected to be responsible for the biohydro-

gen overproduc�on. To iden�fy the exchanged metabolites, it is 

planned to model the global metabolism of the bacterial con-

sor�um. This modeling study requires several steps. First the 

metabolic modeling for each organism composing the consor�-

um has to be performed. Then, from these individual models, a 

community model for the consor�um will be constructed. Later, 

this model will be used to determine the impact of spa�al and 

temporal varia�ons of the consor�um environment on the me-

tabolism and on the biohydrogen produc�on.  

Methodology :  

 

The construc�on of a numerical model was performed from 

biochemical reac�ons listed in databases, as well as in the 

scien�fic literature. Some models also existed in the litera-

ture but have to be adapted to our case study. 

 

To solve the models, the simula�on tool CobraToolbox 

(Matlab so�ware) has been used. Using an adequate solver, 

the respec�ve metabolic flux of each reac�on contained in 

the models have been calculated according to the "flux bal-

ance analysis (FBA)" method. To solve the consor�um model, 

an original mul�-objec�ves numerical tool named Xcom was 

then developed [2]. 

Illustra�on : Contact between D. vulgaris and 

C. acetobutylicum  [3].  

Main results 

A simula�on of the consor�um model with constraints recrea�ng 

the experimental environment was performed. These constraints 

were imposed fluxes of glucose consump�on by Cac and of a car-

bon source by Dvu, this one provided exclusively by Cac. The other 

constraint was the possibility, for both bacteria, to exchange, in the 

physical bridge (illustra�on), all their common intracellular metab-

olites. The fluxes found for the biomass synthesis of each organism 

and the global hydrogen produc�on were compared with and with-

out exchange between cac and dvu (Fig 1). 

 
Fig 1. comparison of biomass and hydrogen produc�on fluxes with 

and without metabolite exchange within the bacterial consor�um. 

 It appeared that the metabolite exchange led to an overproduc-

�on of hydrogen. This confirmed the experimental results previ-

ously obtained by Benomar et al. (2015)  [3]. An electron exchange 

between cac and dvu is suspected to be responsible for this in-

creased hydrogen produc�on. 
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General context, scien�fic issues : 

This thesis is part of the Air Liquide’s biogas project which 

aims to increase the produc�on of biomethane and to reduce 

the produc�on costs. Industrial digesters are usually 

equipped with an agita�on system whose main func�ons are 

to: ensure a good homogeneity (such as substrate and tem-

perature), release the generated biogas, avoid sedimenta�on 

etc. However, the energy consump�on of the agitators must 

also be considered because it represents most of the opera-

�onal expenditures (OPEX). Applying an op�mal agita�on 

(sufficient but not excessive) would not only improve the 

produc�on of biomethane but also limit the process energy 

cost  

Objec�ves and stakes : 

This thesis aims to describe the hydrodynamics of an industrial 

agricultural digester. More specifically this research intends to 

op�mize the agita�on of the industrial digester from Pot au Pin 

Energie (PAP) in Cestas - France so as to limit the energy con-

sump�on and avoid sedimenta�on. The PAP’s digester is a con-

�nuous s�rred tank reactor (CSTR) of roughly 2000 m3 volume 

and fed with a mixture of corn silage and rye  

Methodology :  

First, experimental work will be carried out to characterize 

PAP’s digestate rheology and flow field in digester at a re-

duced scale. Then the CFD modelling and simula�on of the 

digester at pilot scale will be performed followed by model 

valida�on. Finally, scale up from pilot to industrial scale of 

the digester to predict hydrodynamics in PAP digester.  

Illustra�on : Effect of shear stress and impeller design on 

biogas produc�on in anaerobic digesters [1]    

Main results 

1. Rheology of digestate 

- PAP’s digestate has a non-Newtonian shear-thinning with a 

yield stress behavior described by the power law and the 

Herschel Bulkley model. 

  

- Models linking solid ma�er and rheological parameters has 

been established. 

- A coarse grinding has no significant impact on the rheology 

of the digestate, while a fine grinding result in decreases in 

viscosity and yield stress. 

  

2. CFD Modeling 

- CFD simula�ons of the PAP digester were performed. The 

total power required by the agitators obtained from CFD 

and the electrical power measured on the produc�on site 

are close. The cavern (well-mixed zone) diameter obtained 

from CFD is similar to the value calculated with a model 

from the literature [2]. 
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General context, scien�fic issues : 

Because of a lack of symptoms, ovarian cancer is o�en diagnosed at 

an advanced stage of the disease. Despite a conven�onal treatment 

combining pla�num-based chemotherapy to maximal cytoreduc�on 

surgery, about 60% of women relapse1. This high recurrence rate is 

mainly due to the presence of microscopic peritoneal carcinomato-

sis residues, not visible to the naked eye of the surgeon, which were 

not removed a�er surgery. In order to increase the life expectancy 

of diseased women, our research project aimed to specifically target 

this microscopic tumoral residues. 

Our main strategy is the ac�ve targe�ng of the α isoform of folic 

acid receptor (FRα), by using photodynamic therapy (PDT). In fact, 

this receptor is overexpressed by various cancer cells, including 

those of ovarian origin2. Furthermore, the main advantage by tar-

ge�ng FRα is that this la�er is only slightly expressed by healthy 

cells and �ssues, allowing a specific target to ovarian cancer cells. In 

this context, various photosensi�zers (PS) coupled to folic acid mol-

ecule has been previously synthe�zed by our research group. One 

of them was the object of one patent. But some stability issues 

were observed with the folic acid molecule3.  In fact, some degrada-

�on products were observed upon illumina�on. Therefore, our main 

objec�ve is to find folic acid analogue which could circumvent this 

stability problem. Indeed, based on molecular docking studies, 

some folic acid analogues with a poten�al affinity to folic acid re-

ceptor should be developed  

Objec�ves and stakes : 

Our goal is to synthe�ze these new folic acid analogues which would 

poten�ally target the FRα receptor and to combine them via a PEG 

spacer with a PS, for PDT treatment of peritoneal carcinomatosis. 

Three main parts composed our project: 

-  Synthesis of folic acid analogues followed by coupling with a PS. 

- Inves�ga�on of photophysical proper�es of the newly synthe�zed PS. 

Methodology :  

 

- Organic synthesis methodology and purifica�on by HPLC or col-

umn chromatography. 

- Characteriza�on of compounds by HPLC, MS, RMN 1H and 13C. 

- Photophysical characteriza�on: UV-visible absorp�on, fluores-

cence emission, singlet oxygen and ROS produc�on. 

- Photostability studies. 

Illustra�on : Photodynamic therapy principle.  

 

Main results 

Proof of concept: 

To established the proof of concept, we have thought coupling folic 

acid analogues to a PS via a PEG spacer, to obtain a targeted PDT 

effect towards ovarian cancer cells. 

- Synthesis, purifica�on and characteriza�on of a first new photo-

sensi�zer (PSAAF), resul�ng from a coupling between a folic acid 

analogue and pyropheophorbide a via a PEG spacer. 

- Photophysical proper�es (quantum yields and life�mes of fluo-

rescence and singlet oxygen) of PSAAF was inves�gated in EtOH. It 

demonstrated a quantum yield of fluorescence of 0.26 and a sin-

glet oxygen quantum yield of 0.41. 

- No dark toxicity was observed in vitro for a concentra�on up to 9 

µM. 

- Phototoxicity in three cancer cell lines (the SKOV3, OVCAR3 and 

HT1080). In each cancer cell lines, a�er illumina�on with a 672 nm 

laser for 5 minutes, cellular viability was closed to 0% at concentra-

�on of 1.8 µM and 4.5 µM. 100% of cells were killed at a concen-

tra�on of 9 µM. 

Stability studies 

PSAAF will be coupled to other PS in order to study its stability in 

func�on of the one with which it is coupled. 

Synthesis of further folic acid analogues 

We will also synthesize a second folic acid analogue, discovered 

during the molecular docking studies. This second analogue will 

also be coupled to various PS via PEG spacer. 
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General context, scien�fic issues : 

Recently, the green extrac�on techniques have become of 

utmost importance in research related to biomolecules pro-

duc�on. Therefore, food, cosme�c and pharmaceu�cal in-

dustries operated a transi�on from conven�onal extrac�on 

to the green extrac�on processes, using alterna�ve cost-

effec�ve and earth-friendly solvents1. 

Rhamnus alaternus is empirically considered as a medicinal 

plant. Hence, this source of natural compounds possesses 

pharmacological ac�vi�es, and is tradi�onally used for its 

cura�ve effects to treat some symptoms and diseases2  

Objec�ves and stakes : 

The aim of this PhD was to evaluate the efficiency of three Nat-

ural Deep Eutec�c Solvents (NaDESs), in order to develop green 

and sustainable process for the extrac�on of high-value phenol-

ic compounds, from various parts of R. alaternus and to inves�-

gate the bioac�ve proper�es of collected extracts. 

Methodology :  

 

Three choline chloride-based NaDESs (i.e., choline chloride-

glycerol: ChCl-Gly; choline chloride-ethylene glycol: ChCl-EG 

and choline chloride-urea: ChCl-Ur with molar ra�o of (1:2)) 

in addi�on to the ethanol as reference solvent were used for 

efficient extrac�on of total phenolic compounds (TPC) from 

the leaves, pods and roots of Rhamnus alaternus plant. In 

each extract, their total phenolic content using Folin Ciocal-

teu test and their an�oxidant ac�vity were evaluated (i.e., 

free radical scavenging, reducing power and iron chela�ng 

capacity). More, their an�bacterial ac�vity was carried out 

against Gram-posi�ve and Gram-nega�ve strains including 

Staphylococcus aureus, Enterococcus faecalis, Pseudomonas 

aeruginosa, Escherichia coli and Klebsiella pneumoniae3. The 

minimum inhibitory concentra�ons (MIC) were determined 

using the microdilu�on broth method in 96-well microplates. 

The best extract in term of biological ac�vi�es obtained from 

the three parts of R. alaternus was characterized and quan�-

fied by mass spectrometry (HPLC-MS/MS) to determine their 

bioac�ve compounds.  

Illustra�on : Total phenolic content (TPC) of R. alaternus’s leaves, 

pods and roots extracted with natural deep eutec�c solvents 

(NaDESs): ChCl-Gly, ChCl-EG, ChCl-Ur and Ethanol as reference3  

Main results 

The inves�gated extracts presented an�oxidant and an�mi-

crobial ac�vi�es. The leaves extracts obtained by the choline 

chloride-glycerol (ChCl-Gly) mixture exhibited a high value of 

TPC (437.7 – 317.0 mg GAE/100 g d.w.) with the best an�ox-

idant proper�es. The study of various extracts indicated that 

ChCl-Gly is a sustainable NaDES and alterna�ve solvent with 

the highest extrac�on efficiency. 

HPLC-MS/MS analysis confirmed that the phenolic acids and 

flavonoids were the main an�oxidant compounds present in 

the extracts. 
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General context, scien�fic issues : 

The PAT (Process Analy�cal Technology) approach consists in 

developing on-line monitoring methodologies for produc�on 

processes to ensure their real-�me control. However, apart 

from the classical probes (pH, temperature, O2 concentra-

�on), the bioreactors of animal cell cultures remain very li�le 

instrumented. To overcome this lack, spectroscopic tools 

coupled to sterilizable fiber op�c probes are beginning to be 

evaluated.  

Objec�ves and stakes : 

The overall objec�ve of this thesis work is to lay the first build-

ing blocks for the combina�on of sensors used in bioprocesses. 

Thus, the monitoring of industrial processes could move from 

"Process Control" to "Quality A�ribute" which gives access to 

qualita�ve and quan�ta�ve informa�on on the culture in pro-

gress. Obtaining in situ informa�on related to cell metabolism 

and reac�on kine�cs will allow produc�on enhancement  

Methodology :  

The modeling of the raw spectroscopy measurements is the 

first milestone of this thesis. The conversion of these data 

into numerical values related to cells in culture will be op�-

mized and adjusted as much as possible. The objec�ve is to 

obtain in real �me a global view of the physiological state of 

the cells in culture. For the qualita�ve aspect, a coupling of 

spectroscopies will be realized. An innova�ve model giving 

access to the cellular aspect and their metabolic state will be 

built. 

 

Several cell culture runs will be performed to assess the ac-

curacy of the modeling approaches. 

Illustra�on : PAT approach for bioreactors automa�on  

Main results 

The final modeling will give the user access to qualita�ve 

and quan�ta�ve informa�on about the current cell culture  
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General context, scien�fic issues : 

Extracellular vesicles (EVs) produced by mesenchymal stem 

cells (MSC) have regenera�ve proper�es and are promising 

as cell-free therapy to repair damaged �ssues. However, lack 

of large-scale GMP compa�ble EVs produc�on processes, 

limits clinical transla�on. EVs produc�on yield can be im-

proved by mechanical stress induced by turbulence but a 

large number of cells is s�ll required. MSC are anchorage 

dependant and need specific surface area for their expan-

sion. Conven�onal 2-Dimensional systems are �me consum-

ing and allows insufficient control of cell culture parameters. 

Development of 3D culture systems with microcarriers tend 

to give interes�ng solu�ons to these issues. Nevertheless, 

even with these systems, high cell density could lead to cell 

growth inhibi�on by confluence and aggregates appari�on 

which are harmful for EVs produc�on performances  

Objec�ves and stakes : 

MSC are able de migrate from confluent microcarrier to new 

one. This phenomenon is called bead-to-bead transfer. Adding 

fresh microcarriers increase surface area available for cell 

growth to avoid confluent. This could permit to control cell den-

sity on microcarriers and scale-up without using enzyme for cell 

detachment. The aim of this PhD project is to design a cell cul-

ture process compa�ble with reglementary requirements and 

based on bead-to-bead transfer as scale-up method to produce 

large amount of human adipose derived stem cells (ADSCh) to 

support EVs therapies development.  

Methodology :  

ADSCh are cul�vated in 2D systems before being inoculated 

on microcarriers in spinner flasks with human platelet sup-

plemented media. Samples are taken daily to monitor me-

tabolites (glucose, lactate & LDH) with a an automate Gallery 

and to check cell distribu�on on microcarrier by nuclei stain-

ing with DAPI and images analysis from epifluorescence mi-

croscope. New microcarriers are added according to cells per 

microcarrier ra�o and glucose consump�on rate. A�er each 

feed, 24 hours of intermi�ent agita�on is applied to promote 

cell migra�on  

Illustra�on : Effect of fresh microcarriers addi�on on ADSCh 

culture on microcarrier in 100 mL spinner flasks  

Main results 

Microcarriers addi�on increase final harvest and allow to 

maintain cell culture during longer period than the control. 

It also permits to reduce number of overpopulated micro-

carriers (>12 cells per bead). This technique allows to limit 

the inhibi�on caused by confluence and delay aggregate 

appari�on. Moreover 24 h of intermi�ent is efficient to fa-

vour cell migra�on on new beads with 97,5 % of microcarri-

ers occupied by at least one cell. Nevertheless, �ming of 

addi�on is a cri�cal parameter which need to be op�mized 

to allow best culture performances. Bead to bead is promis-

ing to obtain large number of cells required for the develop-

ment EVs based therapies. However, process parameters 

have to be defined to maintain high expansion rate. Finally, 

it could be considered to automate microcarriers addi�on 

with on-line solu�ons like permi�vity measurement to have 

more control on process and ensure low varia�on between 

batchs. 
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General context, scien�fic issues : 

In the context of the energy crisis which depends on fossil fuels, research 

tries to develop method for green energy produc�on such as hydrogen. 

Hydrogen is commonly used as raw material in many fields but it could be 

also used as a powerful clean energy vector [1]. Different methods already 

exist to produce H2, but they are associated to CO2 and the process needs a 

huge amount of external energy (even for the water electrolyse which is the 

only green method used nowadays)[2]. Bioproduc�on of hydrogen is an alter-

na�ve and is intensively studied, mainly for concept, process accessibility 

and cost. One of these methods is the use of dark fermenta�on (DF) to pro-

duce H2 from organic wastes by anaerobic microorganisms but it permits to 

produce only 2.4 molH2/molhexose instead of 4 molh2/molhexose
[3]. This is proba-

bly due to methanogenic bacteria that decrease the H2 produc�on. However, 

effluents from dark fermenta�on can be oxidised to increase the produc�on 

yield. Our studies explore the possibility to combine Microbial Electrolysis 

Cells (MEC) and DF to produce more H2. In fact, MEC can oxidise fermenta-

�on co-products (mainly acids) to create a current that allow the reduc�on 

of protons in a bioelectrode. However, both methods need an external ener-

gy for the non-spontaneous reac�on of the acids oxida�on that cannot be 

overcome by the current produced. Thus, many studies separated MEC and 

DF by transferring effluents from fermenta�on phase into a double chamber 

MEC which increase the complexity of the process in terms of concep�on, 

materials and maintenance. 

Objec�ves and stakes : 

The aim of the work is to integrate DF and MEC into the same bioreac-

tor to produce H2 without external energy supply, using at first pure 

cultures of Clostridium sp., and cons�tuted microbial ecosystem taken 

from a biomethanizer (experimental farm, la Bouzule, université de 

Lorraine). The objec�ves are the produc�on of current and a microbial 

specialisa�on at both electrodes, in order to improve H2 produc�on  

Methodology :  

Electrodes 
A tubular silicone-carbon membrane is used as cathode and for 
gases extrac�on. Anode is made of carbon felt. Gas extrac�on from 
the medium is carried out by a vacuum of 2.5 bar through the tubu-
lar membrane. Electrodes are connected to a poten�ostat to meas-
ure poten�al and current during the �me. Voltametry test are also 
made using the same poten�ostat. 
 

Culture in bioreactor 

A 5 L scale bioreactor, is used as the only chamber of reac�ons. 
Organic ma�er is taken from a biomethanizer and used with or 
without treatment (to inhibit methanogenic bacteria). The pH mean 
of each culture is 7.5 ± 0,2 with a conduc�vity of 13 ± 2 mS/cm and 
an ohmic drop of the media was 14,6 Ω. The gas produced were 
analysed using a gas chromatography  

Illustra�on : Experimental approach  

Main results 

Electrochemical Noise (ECN) 

Electrodes were connected to a poten�ostat in order to measure the sys-

tem poten�al and current naturally reached in its equilibrium state. 

The system poten�al reached -321 mV vs. SHE with a current density of 

5,21 mA/m². The poten�al seems to be the maximum that can be reached 

by bacteria and it is close to de redox poten�al of NADH/NADH+ which is a 

co-factor used for biohydrogen produc�on.  

Open Circuit Poten�al (OCP) and Circuit Voltage (CV) 

The poten�al of each electrode was first measured by disconnec�ng the 

system. Then, regarding of this poten�al, the system is reconnected, and a 

range of poten�al, containing the system poten�al, was applied. The re-

sponded current is measured. This allows to see different oxida�on and 

reduc�on reac�ons on each electrode. 

The O2 contamina�on was controlled and methanogens microorganism 

were inhibited. H2 produc�on was observed in gas chromatography which 

means that its produc�on could be reach at the system poten�al.  

Constant Current (CstC) 

To determine the limit of the system, a range of current was applied on 

References :  

[1] Associa�on Française pour l’hydrogène et les piles à combus-

�bles (AFHYPAC), 2016. Produc�on et consomma�on d’hydrogène 

aujourd’hui. 

[2] Ministère de la transi�on écologique et solidaire. 2018. Plan de 

déploiement de l'hydrogène pour la transi�on énergé�que. 

[3] Pierra M., 2013. Couplage de la fermenta�on sombre et de 

l'électrolyse microbienne pour la produc�on d'hydrogène : forma-

�on et maintenance du biofilm électro-ac�f  

2022 



 

88 

 
Research subject : Study of the impact of enzyma�c acyla�on of amino acids on   the 

rheology of acylated deriva�ves products  

Ahmed ZOUARI  

Isabelle CHEVALOT  

Axe BIOPROMO 

 

Keywords : Emulsion, Amino-acids, Fa�y acids, Enzyma�c acyla�on, Acyl-amino acids, Rheological proper�es, Food, Response 

surface methodology  

General context, scien�fic issues : 

Emulsion stability in food industries has been considered as 

an important key factor in food prepara�on and sensory 

proper�es evalua�on. Some of the used emulsifier in food 

industries are almost chemically synthe�zed and may have 

low stability during manufacturing and storage. This concern 

could affect the rheological proper�es during food manufac-

turing due to the emulsion instability. That’s why new emul-

sifiers, such as Acyl-amino acids, should be produced and 

studied. 

Objec�ves and stakes : 

In this project, the evolu�on of the structure of amino-acylated 

products will be studied using an approach based on the change 

of their rheological behavior. Indeed, acylated amino acids are 

enzyma�cally produced and present very interes�ng techno-

func�onal proper�es as bio-based surfactants. The acyla�on 

reac�on occurs between a fa�y acid and an amino acid. The 

choice of the chain length of the fa�y acid and the nature of the 

amino acid as well as the concentra�on of the Acyl-amino acids 

in the formulated product will have an impact on their surface 

ac�ve proper�es and subsequently on the rheology of the for-

mulated products.  

Methodology :  

 

First of all, a concise review of the state of the art during the 

two decades is being realized. This step will indicate the re-

cent scien�fic findings related to use of Acyl-amino acids as 

bio-surfactant in serval applica�ons. Then, based on re-

sponse surface methodology and experimental design ap-

proach a preliminary study using different biosynthesized 

Acyl-amino acids will be applied to prepare a simple food 

matrix (water/Oil/emulsifier). The emulsion microstructure, 

the droplet sizes, the emulsifying ac�vity index (EAI) and 

emulsion stability index (ESI) as well as the viscosity of the 

prepara�on will be studied. Based on these results some 

other complex food structure such as dairy products will be 

studied. 

Illustra�on : Graphical abstract  

Main results 

State of the art analysis indicated that bio-emulsifiers were 

used in several applica�ons such as controlling and pre-

ven�ng biofilm forma�on on food surfaces [1] and food in-

dustries equipment (an�-biofilm agent) [2]. Biosurfactants 

were also used as an�bacterial agent since they can change 

the permeability of the plasma membrane of bacterial cells 

[3]. In addi�on, it was shown that bio-surfactants acted as 

ac�ve food ingredient since they presented interes�ng 

emulsifying proprie�es and great capacity to reduce the 

surface tension. Indeed, it was found that the use of Rham-

nolipids (Bio-surfactant) enhanced the stability of bu�er 

cream and non-dairy cream (composed of vegetable oil) [4]. 

Besides, Zouari et al., (2016), proved that lipopep�de addi-

�on while preparing dough improved the quality of wheat 

sesame cookies [5]. 

From the literature review it was evident that biosurfactant 

contribute to the stability of food formula�on and therefore 

the consistency and texture of the food products through 

the modifica�on of the rheological proper�es of food prod-

ucts  
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General context, scien�fic issues : 

The management of Olive Pomace creates major envi-

ronmental difficul�es, and finding a sustainable way to 

manage them is an important requirement[1]. The ther-

mochemical conversion of OP residues allows recover-

ing value-added products which can be used in several 

fields. One of the main thermochemical valoriza�ons is 

pyrolysis. 

Objec�ves and stakes : 

This study assesses the oxida�ve fast pyrolysis feasibility 

to convert the OP into biofuels (bio-oil and syngas) and 

biochar which can be used as fer�lizer or adsorbent. The 

poten�al advantage of oxida�ve pyrolysis is to allow the 

industrial reactors to be autothermal (no external heat), 

whereas complex allothermal reactors are needed in the 

case of classical pyrolysis with inert gas[2]. The goal of this 

study is to determine the influence of the O2 content on 

the product yields and composi�on. 

Methodology :  

The OP was fast pyrolyzed using a spoon oven (tubular 

furnace) at 500°C with 2.5s gas residence �me inside 

the reactor. The solid holding �me is set 10 minutes at 

500°C. Different atmospheres were used: totally inert 

(100% N2) or oxida�ve (mixture of nitrogen (N2) and air 

with different ra�os to obtain 1, 3 or 5% of O2 at the 

inlet). The recovered biochar was characterized by Ul�-

mate analysis, FTIR and 13C NMR CP MAS. The con-

densed bio-oil was characterized using GC-MS-FID and 

1H NMR and the gas produced was analyzed using a 

Micro GC 

Illustra�on : Tubular reactor diagram  

Main results 

 

 

 

 

 

 

 

 

 

 

 

The oxida�ve pyrolysis increased the yield of bio-oil and gas 

quan�fied by micro-GC (specially CO2) and slightly de-

creased the yield of biochar. 

The oxida�ve pyrolysis maintains a comparable quality of 

bio-oil with aroma�c and acids. 

The composi�on of biochar is affected by the atmosphere 

condi�on but is s�ll rich in carbon. 

This study confirms the feasibility of scaling-up the autother-

mal pyrolysis to convert the OP into biofuels (bio-oil and 

syngas) and biochar which can be used as fer�lizer or adsor-

bent  
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General context, scien�fic issues : 

- At present, the thermal engine remains the most reliable commer-

cialized technology enabling the conversion of thermal energy into 

electricity. Although classical thermal engines are par�cularly suita-

ble for high-temperature and high-power fossil fueled thermal 

sources, their employment to convert the lower-grade energy con-

tent of renewable and waste heat sources reveals strong perfor-

mance limita�ons. Therefore, this thesis intends to contribute to 

the development of a highly efficient and extremely compact closed 

power cycle owing its promising–and s�ll unexploited–

performances to the use of a properly selected equilibrated reac-

�ve working fluid, instead of a classical inert one. Preliminary cal-

cula�ons[1] have indeed shown that the simultaneous conversion of 

the thermal and chemical energy of reac�ve fluids may result in the 

intensifica�on of closed power cycles. 

- Fossil-fuel based hea�ng systems are s�ll heavily used in the con-

text of space, water, and industrial processes hea�ng. However, in 

order to meet the net zero emissions by 2050 scenario, greener and 

more efficient hea�ng technologies like heat pumps are needed. 

Hence, this thesis inves�gates the poten�al of reac�ve fluids in a 

heat pump system. 

Objec�ves and stakes : 

The objec�ve of this thesis is, firstly, to assess the use of a fic-

�ve reac�ve fluids in power cycles and heat pump systems for 

different opera�ng condi�ons and reac�on stoichiometries, 

secondly, develop an original methodology enabling the selec-

�on of exis�ng suitable reac�ve fluids for different opera�ng 

condi�ons, and then develop a test rig enabling the valida�on of 

the theore�cal calcula�ons performed in the first part of the 

Methodology :  

The approach of selec�ng op�mal working fluids that will be 

followed is twofold. The research of the reac�ve fluid will be 

performed, on one hand, considering reac�ons whose ther-

modynamic and kine�c data are present in available data-

bases and, on the other hand, considering designed reac�ons 

with specific enthalpy, entropy of reac�on, and kine�cs. The 

experimental apparatus will consist of a micro-power cycle 

ini�ally tested with pure gaseous CO2 and, as a second step, 

with a preliminary selected reac�ve fluid. Experimental 

measurements of the reac�ve fluid composi�on throughout 

the cycle will be performed using online Raman spectroscopy 

measurements  

Illustra�on : T-s diagram of an inert fluid vs. reac�ve fluid in a 

heat pump system  

Main results 

For power systems, preliminary calcula�ons show that the use of 

specific reac�ve fluids (i.e., characterized by specific stoichiometric 

and thermal proper�es) enables the simultaneous maximiza�on of 

the work generated by expansion and minimiza�on of the work 

required for compression, resul�ng in an extremely high net work 

output. It is also observed that properly selected reac�ve fluids 

allow obtaining the best performances at extremely low and cost-

effec�ve pressure ra�os. 

Furthermore, the net power obtained by a Brayton cycle working 

with reac�ve fluids is increased by more than 140% with respect to 

that of the most-efficient comparable inert fluid. Preliminary re-

sults also show that the higher is the increase in power output, the 

lower is the increase in efficiency. Nonetheless, a range of poten-

�al efficient working fluids for power cycles that provide a desira-

ble increase in both power output and efficiency is an�cipated. 

Applying the same methodology to heat pumps, results show an 

increase in the coefficient of performance (COP) of a system u�liz-

ing reac�ve fluids that can reach 212% compared to an inert fluid 

system. However, there exists a trade-off between the system’s 

COP and the required mass flow rate that  dictates the tur-

bomachinery design. 

References :  

1] S. Lasala, R. Privat, O. Herbinet, P. Arpen�nier, D. Bonalu-

mi, and J.-N. Jaubert, ‘Thermo-chemical engines: Unexploit-

ed high-poten�al energy converters’, Energy Convers. 

Manag., vol. 229, p. 113685, Feb. 2021, doi: 10.1016/

j.enconman.2020.113685  

2022 



 

94 

 
Research subject : Pyrolysis of invasive plants for the produc�on of biochar and bio-oil: 

the case of Japanese knotweed 

 Manon BECHIKHI (Engineer)  

Anthony DUFOUR 

Axe CITHERE 

 

Keywords : Invasive plant, Pyrolysis, Biochar, Bio-oil 

General context, scien�fic issues : 

Japanese knotweed (JKW) is an invasive plant responsible for 

the fragility of our environment and infrastructure1. This in-

vasive plant is present in many countries worldwide2, where 

it causes many damages. Its prolifera�on is exponen�ally: a 

simple fragment of rhizome (~10cm) allows to regenerate a 

new plant3. 

Thus, JKW can generate up to 30 tons of dry ma�er per hec-

tare4. But, at this moment, no method has proven to be 

effec�ve to eliminate it. 

Consequently, its deposits are significant. So, its use as a 

source of energy might be an answer to problems of treat-

ment of green waste. 

Objec�ves and stakes : 

This study is a new approach to recycling the huge amount of 

green waste generated each year by this invasive plant by pro-

ducing products of interest (biochar, bio-oils and gases) using a 

fast pyrolysis process. 

Methodology :  

For this study, JKW was collected from two sites in the Met-

ropolitan Metz. It is divided into three parts: rhizome, stem 

and leaf. These biomasses have been subjected to fast py-

rolysis at 773K in a fixed-bed reactor under an inert atmos-

phere (con�nuous nitrogen flow). Bio-oils were collected by 

condensa�on, char were recovered in a quartz reactor. At 

the exit of the system, gases formed during the pyrolysis 

experiments were collected with a tedlar bag. 

The fast pyrolysis products (bio-oils, biochar, and non-

condensable gas) have been characterized by physical and 

physicochemical techniques (GC/MS, FT ICR MS, XRF, SEM, 

EDX, µGC…). 

Illustra�on :  

Main results 

JKW pyrolysis generates approximately 15, 30 and 55% of 

gases, biochar and bio-oil respec�vely. The characteriza�on 

of different fast pyrolysis products highlights the bio-oils 

richness in compounds of interest (hydrocarbon, alcohols, 

…). Also, the composi�on of biochar focus their use for soil 

amendment or ac�ve carbon. This process of pyrolysis 

formed different gases: CO2, CO, CH4 and H2. Finally, alumi-

num is observed at the rhizome surface (biomass and char). 
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General context, scien�fic issues : 

Nowadays the increase of the share of biofuels in the 

transport sector, imposed by European regula�ons, requires 

studying their impacts on the liquid phase aging of conven-

�onal fuels in tanks. The thermal oxida�on of liquid fuels 

stability of fuels is a key factor in the transporta�on and the 

energy fields and induces structural changes in the fuels, 

leading to safety problems and engine malfunc�on [1]. This 

stability can be jeopardized by the slow oxida�on of fuels 

occurring during their storage, manipula�on, and use in en-

gines [2].  

Objec�ves and stakes : 

The objec�ve of this project is the development of the experi-

mental set-up to study the aging of biofuels and its consequenc-

es on their combus�on characteris�cs (reac�vity, pollutants). A 

microchannel reactor will be used to carry out the experiments 

on the aging of liquid. These liquid phase oxida�on experiments 

will be coupled with an ideal gas phase combus�on reactor. 

Analy�cal methods will also be developed to monitor the ki-

ne�cs of aging and combus�on (Raman, HPLC, GC).  

Methodology :  

The product used as a surrogate of fuel is n-decane. For sur-

rogate biofuel different molecules of each oxygenated family 

will be used and TBHP (terbutyl hydroperoxide) was used as 

the ROOH source. 

 

 Firstly, the analy�cal part was studied. Indeed, the main 

factor of stability of liquid fuel is its peroxide concentra�on. 

The standardized method using iodometric �tra�on in an 

aqueous solu�on is known to be less reproducible [1]. The 

iodometric method in an organic solvent is used and com-

pared to the method conducted in an aqueous solvent. Cullis 

and al. used an HPLC (high-performance liquid chromatog-

raphy) to precisely determine ROOH concentra�on [3]. 

The methodology is detailed in the illustra�on part. 

  

Hydrodynamic and process parameters were studied con-

cerning the microchannel reactor to determine the op�mal 

condi�ons for the future pilot. 

Illustra�on :  

Main results 

The quan�fica�on of peroxide by iodometric �tra�on, in 

organic solu�on, shows that it is more reproducible and has 

a detec�on range more interes�ng for our purpose 

This HPLC setup quan�fies ROOH in solu�on by determining 

the concentra�on of I2 using an easy and reproducible meth-

od. The coupling of this iodometric technique in an analy�-

cal apparatus such as HPLC enables the detec�on of low 

concentra�ons of hydroperoxides at low concentra�ons. 

 
Figure 1: Chromatogram of TBHP diluted in isooctane 104 times detected 
at 362nm. 

By comparing each method, we were able to determine the 

detec�on range of each technique. 

 No results yet on the microchannel reactor. 
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General context, scien�fic issues : 

Green chemistry promotes the use of renewable resources 

and eco-friendly processes. Lignocellulosic biomass (LCB) is 

the main renewable carbon source on earth. LCB can be used 

to subs�tute petroleum resources for the produc�on of phe-

nolic compounds (PCs) (high-added value molecules) by using 

thermochemical processes (i.e. liquefac�on). Nevertheless, 

the separa�on of PCs is complex and remains an issue 

(dis�lla�on, liquid-liquid extrac�on with organic solvent). 

Moreover, biomass solubilisa�on recalcitrance is also an is-

sue for the development of “biorefinery”. Therefore, several 

pre-treatment processes can be involved but the environ-

mental impact is not negligible. 

Objec�ves and stakes : 

This work inves�gates the use of new type of solvents (deep 

eutec�c solvents: DESs) in the field of biomass valorisa�on. In a 

first part, hydrophobic DESs (HDESs) are used for the extrac�on 

of phenolic compounds from aqueous media and from liquefac-

�on bio-oil (1). In a second part, hydrophilic DESs are used for 

LCB pre-treatment in order to isolate lignin, hemicellulose and 

cellulose (2). 

Methodology :  

1) A theore�cal study based on quantum chemistry (COSMO-

RS, ab ini�o) is used to determine the most efficient extrac-

�on solvents and to inves�gate the interac�ons between DES 

and PCs (H bonding). 

Then, liquid-liquid equilibria of ternary systems {HDES-Water

-PCs} are determined to evaluate the poten�al to use the 

selected HDESs as an extractant media. 

Efficiency of selected solvents are evaluated on PCs extrac-

�on from synthe�c oil and from liquefac�on bio-oil. Lique-

fac�on are performed in a high-pressure reactor with water 

in alkaline condi�ons on beech wood. 

2) A box-Behnken design is used for the op�misa�on of 

beech wood delignifica�on (lignin extrac�on). Several anal-

yses (TGA, NMR, FTIR, CHNS…) have been made on solid frac-

�ons (lignin – hemicellulose and cellulose) in order to evalu-

ate the pre-treatment impact.  

Illustra�on : Scien�fic strategies to answer the two problem-

a�cs Scien�fic strategies to answer the two problema�cs  

Main results 

1) Phenolic compounds have stronger interac�on with HDES 

than with water according to the results of quantum chem-

istry calcula�ons. These results are confirmed with the ther-

modynamic study but performance of the selected HDESs 

appears to be similar. Extrac�on of PCs from synthe�c oil 

allows a more effec�ve comparison and the HDES octanoic 

acid-menthol [2:1] have the highest extrac�on efficiency. 

Extrac�on on liquefac�on-bio-oil shows that the selected 

HDES is able to extract some polyphenols molecules but not 

monomers. 

2) The Box-Behnken design gives the following op�mised 

parameters for the delignifica�on process: 65°C – 22h – 2%

w. Based on the ini�al wood mass, a delignifica�on efficien-

cy of 54% is reported. Moreover, the treated wood is com-

posed of 83% of cellulose (44% ini�ally). During the process, 
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General context, scien�fic issues : 

Biofuels are a solu�on of choice to decrease the emission of 

greenhouse gas in several transport sectors, such as avia�on 

and road freight, whose combus�on engines are very difficult 

to replace with electric energy. However, biofuels have poor 

resistance to liquid phase oxida�on, which deteriorates the 

fuel performance and safety. In this context, kine�c mecha-

nism generators are powerful tools to understand and model 

the chemical mechanism behind this phenomenon [1]. These 

tools produce detailed models that contain thousands of 

species and reac�ons. Accurate kine�c data are essen�al to 

improve the predic�on capacity and accuracy of these mod-

els. 

Objec�ves and stakes : 

The main objec�ve of the thesis is to contribute to the develop-

ment of automa�c genera�on of kine�c model for biofuels oxi-

da�on modeling, mainly by improving the accuracy of the ki-

ne�c and thermodynamic data. Specific objec�ves can be listed 

as follow: 

 - Create tabulated transi�on state (TS) models for the kine�c 

rate rules of different reac�on classes and validate them against 

experimental data ; 

- Develop algorithms to automa�cally calculate thermo-kine�c 

data related to these rate rules. 

Methodology :  

The impact of different aspects of transi�on state structures is in-

ves�gated to create tabulated kine�c rate rules based on TS mod-

els. 

- In the first stage, the degree of subs�tu�on and  

branching of cyclic transi�on state structures for intramolecular H-

shi� reac�ons were studied.      

The rate rule coefficients were theore�cally calculated based on the 

transi�on state theory and electronic structure calcula�ons, adding 

tunneling effect and hindered rota�ons treatments. 

  - In the case of H-shi� reac�ons with 6 and 7 membered ring TS, 

hundreds of cases have to be treated to englobe all the subs�tuent 

combina�ons. Therefore, the automa�za�on of these calcula�ons is 

being developed using python code. This code starts from a non-

subs�tuted TS structure and its respec�ve reactant and product to 

create all combina�ons and run the necessary calcula�ons to obtain 

the kine�c constant for each combina�on of the subs�tuted TS 

model. 

Illustra�on : Impact of the R1 and R2 alkyl subs�tuents on the 

kine�c constants of a 5-ring membered TS H-shi� intramolecu-

lar isomeriza�on  

Main results 

The study of TS models for intramolecular H-shi� reac�ons 

showed that a rate rule based solely on the radical nature 

and TS cycle size is not sufficiently accurate. 

Different sizes and branching levels of alkyl subs�tuents 

were inves�gated and it was found that the influence of 

these aspects over the kine�c constant was minor. There-

fore, a methyl subs�tuent was suggested as a surrogate to 

represent alkyl group subs�tuents.  Tabulated values of ki-

ne�c constant were proposed for all combina�ons of subs�-

tuted TS models of 1,3 and 1,4 intramolecular H-shi� reac-

�ons. 

For the 1,5 and 1,6 intramolecular H-shi� reac�ons, the au-

tomated TS model calcula�on tool is being implemented to 

calculate the tabulated values for all cases. 

The implementa�on of this tool to create TS models tabulat-

ed kine�c data for other reac�on classes is envisaged as the 

next step. 
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General context, scien�fic issues : 

Olive oil industry generates a huge amount of wastes, either 

from pruning or oil extrac�on. The la�er produces effluents 

with composi�on and proper�es that depend highly on the 

extrac�on methods. These generated wastes were the sub-

ject of several research papers that have proven their nega-

�ve environmental impact, due to the exis�ng phenolic com-

pounds. Facing these environmental issues, as well as the 

high energy demand in the world, the Mediterranean coun-

tries must profit from the amount of wastes, with the aim to 

respond to their increasingly energy needs. Thus, due to the 

chemical composi�on of these effluents and their high-water 

content, hydrothermal process appears to be a suitable ther-

mochemical technique for processing and recovery of this 

effluent to produce liquid and solid biofuels. 

Objec�ves and stakes : 

The aim of this study is to op�mize the conversion of wet olive 

oil waste of Moroccan origin, mainly wastewater and pomace, 

by hydrothermal processes into liquid and solid fuels. This work 

deals, first, with the characteriza�on of the raw materials used, 

then with the understanding of the effect of the opera�ng pa-

rameters. The resul�ng products (hydro-chars and heavy-oils) 

will be characterized by different techniques and the op�mum 

opera�ng condi�ons will be iden�fied depending on the prod-

ucts yields and quality. 

Methodology :  

A�er the characteriza�on of the raw biomass (vola�le 

ma�er, ash content and fixed carbon, elemental analysis, 

FTIR spectra). Hydrothermal liquefac�on (HTL) tests were 

performed in a 300mL batch reactor using water as solvent. 

A parametric study of the process was conducted to evaluate 

the effect of temperature, reac�on �me and biomass to wa-

ter ra�o on the products yields and quality. The obtained 

products were analyzed with different techniques (Elemental 

analysis, Total organic carbon (TOC), Thermogravimetric 

analysis (TGA), Fourier Transform Infrared Spectroscopy 

(FTIR)). 

Illustra�on :  

Main results 

The two-phase olive mill wastes hydrothermal liquefac�on 

parametric study highlighted the impact of biomass to water 

ra�o, reac�on temperature and �me on the heavy-oil and 

hydro-char yields and quality. 

  

Results suggested that the op�mal condi�ons for maximum 

yield and high quality for HO were different. For instance, 

the highest heavy-oil yield was about 37 wt.% with 

HHV=30.9 MJ/kg. While the highest HHV value was equal to 

32 MJ/kg with yield of 34 wt.%. For process efficiency op�-

miza�on, the calculated energy recovery resulted in a maxi-

mum value of 80%. 

References :  

[1] M. Gimenez et al., « Two phase olive mill waste valoriza-

�on. Hydrochar produc�on and phenols extrac�on by hy-

drothermal carboniza�on », Biomass and Bioenergy, vol. 

143, p. 105875, déc. 2020, 

doi: 10.1016/j.biombioe.2020.105875 

[2] M. Déniel, G. Haarlemmer, A. Roubaud, E. Weiss-Hortala, 

et J. Fages, « Op�misa�on of bio-oil produc�on by hydro-

thermal liquefac�on of agro-industrial residues: Blackcur-

rant pomace ( Ribes nigrum L.) as an example », Biomass 

and Bioenergy, vol. 95, p. 273 285, déc. 2016, 

doi: 10.1016/j.biombioe.2016.10.012 

2022 



 

99 

 
Research subject :  Development of a model to simulate gaseous and par�cle pollutant 

emissions from domes�c wood-burning appliances  

Joseph Darido ( 2nd year) 

Frederique Ba�n-Leclerc, Roda Bounaceur, Celine Le Dreff 

Axe CITHERE 

 

Keywords : Wood combus�on, inset, heat transfer, modeling, soot, pollutants  

General context, scien�fic issues : 

Even though it provides an affordable and efficient solu�on 

based on renewable fuels, biomass based domes�c hea�ng 

appliances are a significant par�cle ma�er emi�er, if le� 

uncontrolled. 

Objec�ves and stakes : 

Modify and upgrade a kine�c model (BioPOx) 
Modify and upgrade the equivalent reactor network used to 

represent a wood burning inset in Chemkin. 
Obtain numerical results for the combus�on of different types 

of woods and study the sensi�vity of some factors. 
Add a chimico-physical model of soot forma�on. 

Methodology :  

The kine�c model BioPOx was op�mized and validated using 

results from experiments done in parallel under similar con-

di�ons. 

BioPOx was then coupled with an equivalent reactor network 

and the obtained model was validated using old studies on 

the oxida�on and pyrolysis of individual components from 

the biomass. 

The soot model developed by Politecnico di Milano [1] was 

selected and coupled to the kine�c gas phase model. Several 

changes were made to the obtained model to fix the reac�on 

blocs leading to the forma�on of Polycyclic aroma�c Hydro-

carbons (PAHs). A�er several studies, a number of intermedi-

ate soot precursors were added to op�mize this coupling, 

like the dibenzofuran.  

A�er that, the ERN chain will be op�mized using the results 

of several of the ongoing CFD studies in ANSYS Fluent [2] as 

shown in Illustra�on 2. And finally, the parameters with high-

est influence will be iden�fied by a sensibility study, and sev-

eral characteris�cs of the wood inset will be op�mized, in-

cluding the dimensions, the flame temperature, the wood 

type and moisture content. 

Illustra�on : Back view of the 3D meshed structure showing the ve-

loci�es inside the inset (le�). A 2D plane view of a burning log inside 

the wood inset colored by temperature (right). Both calculated and 

colored in ANSYS Fluent.  

Main results 

The used ERN, as shown in illustra�on 1, is divided into 6 

phases: The pyrolysis phase which occurs at the surface of 

the log in an inset. The primary and secondary combus�on 

phases. The deflector where the main heat exchange occurs 

and the chimney flue where the emission happens at its 

output. 

The developed model simplified the heat exchanges and 

mass fluxes of the combus�on process, and successfully 

reproduced the experimental trends of some measured 

emissions (CO, CO2, O2, Levoglucosan, PAH, aroma�c com-

pounds…). Studies to op�mize the soot trends obtained with 

experimental data are ongoing, with the soot par�cles divid-

ed into 84 pseudo-species (BINs) of different carbon num-

bers and hydrogena�on levels. 

A detailed predic�on of other expected major gaseous pol-

lutants and soot precursors was also given by the model 

along with a sensi�vity study showing the impact of each 

parameter defining the type of wood used, on the forma�on 

of these gases [3]. 
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Illustra�on 1 : The Equivalent reactor network (ERN)  
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General context, scien�fic issues : 

In a context of global warming and exhaus�on of fossil 

sources of energy, the role of science and engineering is to 

study and develop new technologies to contribute to the 

energy transi�on in order to reach carbon neutrality. 

Transport is one of the bigger emi�ers of greenhouse gas: 

25% in 2019; 29% of final energy is consumed in this field [1]  

Objec�ves and stakes : 

The European project EHLCATHOL [2] aims to develop a new 

kind of 2G biofuel synthesized from EHL, a waste of 2G bio-

ethanol refineries. It gathers Universi�es (AALTO, LIKAT, EPFL, 

NTNU, TU/E, LRGP-CNRS) and an industrial partner (Vertoro). 

Our team in Nancy is in charge of the combus�on study with 

experimental and numerical works. 

Methodology :  

The methodology is to separately work on the biofuel com-

pounds, arenes and oxygenated aroma�cs, the combus�on 

proper�es of the biofuel are then interpolated.  

The tasks on which I am involved are the measurement of 

Laminar Burning Veloci�es (LBV), the development of a de-

tailed kine�c model (DKM), the predic�on of igni�on proper-

�es (CN/RON) and Lower Hea�ng Values. 

 

- LBV are measured with a flat flame burner at atmospheric 

pressure using the heat flux method [3]. Experiments are 

performed on a wide range of equivalence ra�os for various 

fresh gas temperatures.  This facility is one of the last devel-

oped apparatus, its main advantage is the direct way to ob-

tain the LBV value. 

- The DKM allows to model the combus�on on Chemkin Pro. 

The basis of this DKM is a merge of Curran [4] and Yuan [5] 

model to allow a good precision and a good numerical con-

vergence. Blocks for other aroma�cs will be then added. This 

developed DKM is validated with experimental literature 

data and the ones established by our team (species profiles 

in JSR and LBV).   

- RON and CN are non-linear proper�es, rarely studied for 

our compounds of interest. A bibliographical work was per-

formed to evaluate the predic�ve methods. 

Illustra�on : Experimental and modeling results of LBV of toluene 

symbols are experiments and lines are simula�on  

Main results 

LBV measurements are performed with toluene, 3 xylene 

isomers, styrene, 2 trimethylbenzene isomers, anisole and 

acetone. Results are in accordance with literature data; 

some experiments were also achieved in new condi�ons 

that extend the available database. 

The DKM for toluene, base of the aroma�c mechanism, has 

been built. The numerical results on toluene kine�cs are in 

good agreement with our team’s experimental data and 

literature one. Even for aroma�cs LBV, numerical conver-

gence is excellent despite the size of the mechanism  
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General context, scien�fic issues : 

To mi�gate climate change, a fast development of renewable 

energies is required. In France, wood is the first renewable 

energy used mainly for local heat produc�on [1]. It is also 

technically feasible to produce electricity from wood gasifica-

�on i.e., the par�al oxida�on of the feedstock into a syn-

the�c gas. This syngas is mainly made of H2, CO, CO2, CH4 and 

hydrocarbons. However, a lot of undesired species, such as 

tars, are also created requiring subsequent cleaning steps 

and penalizing the economic viability of the process [3]. Re-

newable hydrogen is produced during the process and can be 

separated and valorized. Biomass and waste gasifica�on is 

iden�fied by the French environmental agency (ADEME) as a 

poten�al major supplier of renewable gas for the next dec-

ades [2]. 

Objec�ves and stakes : 

This project models and compares different processes designed 

to produce hydrogen, heat and biochar on an economic and life 

cycle basis.  

Methodology :  

To get detailed data to build the techno-economic assess-

ment, process simula�on so�ware are powerful tools. Sever-

al unit opera�ons along a process are combined [4,5], par�c-

ularly with the downstream gas cleaning process [3]. These 

simula�ons provide heat and mass balance required for the 

es�ma�on of CAPEX and OPEX and also for the life cycle as-

sessment (LCA). This project focus on a small unit of 20 meg-

awa�s of biomass input. This scale seems more appropriate 

for the smaller area of supply required and for social accept-

ability purpose (LHV basis).  This project tends to maximize 

the efficiency by upgrading mul�ple products: heat, hydro-

gen and biochar, to overcome the small size of the unit. A life 

cycle assessment is done to evaluate the global impact of the 

different op�ons inves�gated. Under few assump�ons, pyro-

gasifica�on could be carbon neutral or even carbon nega�ve, 

when biochar is produced [6]. 

Illustra�on :  

Main results 

Along this project the main findings are 
 
 - The development of a par�al oxida�on unit model with a 
radical kine�c mechanism on Chemkin validated on experi-
ments and coupled with Aspen Plus. 
- The development of a hybrid process to separate hydro-
gen from a wood gasifica�on syngas. 
- The detailed modeling of three processes of hydrogen, 
heat and biochar produc�on from wood. Es�ma�on of mass 
and heat balances for a 20 MW-scale unit and its u�li�es 
and consumable consump�on [7]. 
- The comparison of these processes on economic and envi-

ronmental basis. The produc�on of hydrogen from wood is 

ten �mes less emissive of warehouse gases than steam me-

thane reforming. Subsidies are required to reach profitabil-

ity in the market past condi�ons (120-210 €/t CO2 avoided), 

unless the natural gas price remains permanently high. A 

poten�al carbon sequestra�on is able with the pyrolysis 

process. 
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General context, scien�fic issues : 

Industries produce a significant amount of waste heat, 

usually rejected in the atmosphere but poten�ally ex-

ploitable in the context of the increase in energy de-

mand. Among exis�ng technologies, absorp�on heat 

pumps can be used for hea�ng as well as for cooling 

(air condi�oning or refrigera�on). Unfortunately, tradi-

�onal working fluids (Water/Lithium Bromide or Am-

monia /Water) display numerous drawbacks (corrosion, 

toxicity, risk of crystalliza�on) which hinder the devel-

opment of these technologies  

Objec�ves and stakes : 

As an alterna�ve to classical working fluids, new solvents 

ought to be less toxic and at least as effec�ve. Among 

those inves�gated, Ionic Liquids (ILs) and Deep Eutec�c 

Solvents (DESs) are of interest. Indeed, they display tuna-

ble physical and chemical proper�es which can be easily 

altered by changing the components of the DES or the 

structure of the ca�on or anion of the IL. However, the 

behavior of these solvents with other fluids is s�ll li�le 

known. Thus, in this study the inves�ga�on of {IL/DES-

water} mixtures as a part of a hea�ng process using heat 

transformers is considered. The aim of this work is the 

evalua�on of the performances of the fluids in absorp�on 

heat transformers and the op�miza�on of the process  

Methodology :  

The infinite number of ILs and DESs makes quite incon-

ceivable the measurements of the proper�es of all pure 

ILs/DESs and of their mixtures with other fluids. Ac-

cordingly, the development of predic�ve models re-

quiring no experimental data is essen�al. To do so, an 

innova�ve method based on a mul�-scale approach is 

inves�gated. 

A microscopic study by means of ab ini�o calcula�ons 

allows to gain insight on the influence of the structure 

of various components on the different interac�ons 

involved in the working materials. This way, stable mo-

lecular arrangements are determined and then fed to a 

predic�ve and robust thermodynamic model. This 

model can finally be integrated into a simula�on so�-

ware to design and op�mize processes  

Illustra�on : Methodology for the choice of working fluids in 

absorp�on heat pump processes  

Main results 

Ab ini�o calcula�ons were performed with Gaussian 09 to 

provide descriptors of a reference state for molecules in a 

virtual conductor. 

  

Based on the Conductor-like Screening Model (COSMO), 

COSMO-RS1 and COSMO-SAC2 methods make use of these 

descriptors to predict the ac�vity coefficients γi of molecules 

of interest in a mixture. They combine sta�s�cal thermody-

namics and quantum chemical calcula�ons and take into 

account different energies of interac�ons (such as hydrogen 

bonds) related to the molecules being back in a real conduc-

tor. 

 Parameters were op�mized for a be�er representa�on of 

the hydrogen bonds in mixtures involving halogens. Ac�vity 

coefficients of various systems were computed for given 

temperatures and composi�ons. This enables to predict 

vapour-liquid, liquid-liquid and solid-liquid equilibria of 

{water + IL/DES} mixtures. When compared to vapor-liquid 

experimental data, the accuracy of the predic�ons are im-

proved by around 10%. 
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General context, scien�fic issues : 

Despite the growth of the electric vehicle fleet, spark-

ignited (SI) petrol engines will s�ll account for at least 50% 

of light vehicles over the next decade. Direct injec�on (DI) 

SI engines provide substan�al fuel economy. Yet, they also 

emit a significant amount of soot caused by the combus-

�on of the fuel film that se�les on its walls. 

The European Union (EU) favors the use of oxygenated 

biofuels in vehicles, which tend to reduce soot emissions. 

However, they can increase the emission of other par�cles 

such as aldehyde and NOx. 

This study aims at predic�ng the various types of par�cles 

emi�ed.  

Objec�ves and stakes : 

The purpose of this project is to model and simulate soot and 

pollutants forma�on from biofuels when used in DI-SI en-

gines to inform the development of a low emission motor. 

The detailed kine�c model of the oxygenated gasoline com-

bus�on should be able to predict the main combus�on pa-

rameters and forma�on of aldehydes, NOx and soot precur-

sors (polycyclic aroma�c hydrocarbons - PAH). 

  

Methodology :  

The oxygenated gasoline will be modeled with isooctane, 

n-heptane, toluene and either ethanol or isobutanol to 

make it computa�onally usable.  

Different kine�c models from the literature will be tested, 

modified, and reduced through the u�liza�on of the Ansys 

Chemkin-Pro so�ware or the Cantera Python module. This 

will comprise  

* The comparison between experimental and simulated 

igni�on delay �mes (IDT) in a shock tube. 

* The comparison between experimental and simulated 

species profiles and burning veloci�es (BV) in a burner. 

The study of reac�ons sensi�vity and reac�ons paths be-
tween models. 

* The fusion and modifica�on of different models through 
homemade code, whenever required  

Illustra�on : : Parity plot between experimental IDT and sim-

ulated IDT per model.  

Main results 

Among the various models reviewed, two models have been heavi-

ly changed: 

1. NUIGMech1.2[1] (Galway): The low temperature of the mecha-

nism has been removed (HGalway) and a sub mechanism of high 

temperature isooctane has been added. 

2. LLNL Gasoline Surrogate[2]: A more updated aroma�c sub-

mechanism from LLNL (Alkylaroma�c2.1) has been fused with the 

LLNL mechanism giving the new mechanism AlkylLLNL  

 

 

Over the range of IDT (821 experimental points) and the BV studied 

(table 1), the best mechanism so far seems to be the Galway mech-

anism. HGalway has a reduced accuracy (as expected when reduc-

ing a model) and s�ll a heavy weight with over 9000 reac�ons and 

2000 species. As such, while s�ll performing, it may not cons�tute 

the best candidate for future and heavier simula�on. Other less 

performing but smaller models such as LLNL (6000/1400) and Al-

kylLLNL (6500/1500) have rela�vely close results and have not yet 

been reduced. Therefore, by improving those small models, we 

may achieve a model that is more computa�onally usable than 

Galway  
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General context, scien�fic issues : 

The amount of plas�c consump�on is increasing every year 

worldwide. The waste generated by their produc�on, trans-

porta�on and disposal creates various environmental prob-

lems. Within the different ways of using plas�c waste, pyroly-

sis seems to be an a�rac�ve and environmentally friendly 

possibility for a sustainable use of waste in the long term [1], 

[2]. 

The products obtained by the pyrolysis of plas�cs depend 

generally on the evolu�on of the temperature of the plas�c, 

the use of reflux, the type of reactor, the pressure, the resi-

dence �me of the solid and the gas, the catalysts, the type 

and the ra�o of carrier gas flow to the plas�c flow [3]  

Objec�ves and stakes : 

The goal of this PhD is to manage plas�c waste by pyrolysis, 

with the aim of recovering and valorizing the products. To this 

end, a pyrolysis pilot with reflux has been developed to increase 

and op�mize the produc�on of light hydrocarbons, which are 

easier to recover as raw materials or fuel. In order to do so, it is 

necessary to consider an equilibrium model between the gas 

phase and the liquid phase (biphasic reac�ve environment) cou-

pled with a kine�c model of radical cracking, without forge�ng 

to take into account heat and ma�er transfers because the �me 

scales of these can be close to those of the reac�on kine�cs. 

The modelling component will be developed using a MATLAB 

code and will comprise several stages. The molar mass distribu-

�on (polymer chain length distribu�on) will be completely re-

Methodology :  

The experimental work related to this thesis started on a 

small, well-controlled reflux semi-batch reactor with a poly-

olefin (polypropylene), before working on a semi-industrial 

pilot. These tests are explored at various condi�ons (pure or 

mixed polymer, hea�ng power, inert gas flow). The various 

products are characterized (gas by online micro-GC, oils by 

GC-FID-MS).  

Illustra�on : Effect of the reflux temperature 

 

 

 

 

 

 

 

 

 

 

 

 

 

Three temperatures of reflux have been tested: 125°C, 170°C 

and 200°C. The effect of reflux temperatures on the yield of 

liquid product and gaseous product were studied and com-

pared with pyrolysis experiments without reflux. The products 

were qualita�vely and quan�ta�vely analyzed by different 

techniques.  

Main results 

The importance of the use of a reflux to control products 

composi�on and to narrow the molecular weight distribu-

�on of the valuable compounds (naphtha cuts) were suc-

cessfully demonstrated in this study even if the temperature 

range used did not have that much influence on the distribu-

�on of the products  
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Main Objec�ve :  

One of the main objec�ves of this PhD thesis is to study the 

influence of a reflux in order to obtain and maximize the pro-

duc�on of hydrocarbons with a narrow distribu�on of light 

molecular weight (MW) compounds which are more highly 

valuable, especially those corresponding to the naphtha cuts 

(light naphtha with 4–7 carbon atoms and heavy naphtha 

with 8–12 carbon atoms).  
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General context, scien�fic issues : 

Technological innova�ons for more economical and ecologi-
cal internal combus�on engines require a knowledge of the 
elementary reac�ons governing the auto-igni�on and oxida-
�on of hydrocarbons and biofuels, especially at low tempera-
tures (< 1000 K). 

Ozone (O3) addi�on is one of the promising methods to 

achieve improvement and control of combus�on/igni�on 

processes because of its O3-related chemistry. However, the 

complexity of the chemistry induced by the ozonolysis reac-

�on makes inves�ga�ons on O3-assisted oxida�on with al-

kenes s�ll scarce. 

Objec�ves and stakes : 

 

- Inves�ga�on of the O3-assisted oxida�on of alkenes by gas 

chromatography (GC) and mass spectrometry (MS) in a jet-

s�rred reactor (JSR). 

 

- Coupling of the JSR with cavity ring down spectroscopy (CRDS) 

and cavity enhanced op�cal frequency comb spectroscopy to 

measure intermediates and radicals of the low temperature 

combus�on chemistry. 

Methodology :  

An illustra�on of the experimental setup used for GC meas-

urements is provided. 

Constant pressure, residence �me, and equivalence ra�o of 

800 Torr, 2.5 s, and 0.5, respec�vely, were maintained for all 

the experiments. Prehea�ng upstream of the JSR was per-

formed, but up to 393 K to prevent the thermal decomposi-

�on of O3 before entering the reactor. 

The oxida�on of ethylene (C2H4) and 1-hexene (C6H12) was 

inves�gated under dilute condi�ons, with and without O3 (up 

to 2000 ppm). 

When available, chemical kine�c models1,2 were used for 

simula�ons in CHEMKINPro, and their results were compared 

with the experimental ones obtained in this study. 

Illustra�on : Scheme of the experimental setup  

Main results 

The thermal decomposi�on of O3 starts ~450 K and ~90% of 

O3 is consumed by 550 K. 

O3 addi�on enables a fuel conversion of ~10% and ~20% for 

C2H4 and C6H12, respec�vely, in the low temperature regime 

(from ~350 K). 

O3 enhances as well the produc�on of formaldehyde (CH2O), 

methanol (CH3OH), acetaldehyde (CH3CHO), oxirane (C2H4O), 

carbon monoxide (CO), and carbon dioxide (CO2). 

The ini�al ozonolysis reac�on, therefore, shi�s the tempera-

ture window of the conversion of the fuel and product for-

ma�on to a lower temperature regime, in which the tradi-

�onal oxida�on cannot be ini�ated  

Fuel consump�on as a func�on of temperature 
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General context, scien�fic issues : 

LRGP-CNRS is involved in the EHLCATHOL1 project since No-

vember 2020. EHLCATHOL is a European project that aims to 

develop a new kind of second-genera�on (2G) biofuel syn-

thesized from Enzyma�c Hydrolysis Lignin (EHL), a by-product 

of 2G bio-ethanol refinery. These liquid fuels are intended to 

be used as alterna�ve fuels, as they are generated from re-

newable and sustainable sources with a low CO2-emission. To 

achieve the objec�ves of this project, I perform laboratory 

experiments and develop detailed kine�c models. 

Objec�ves and stakes : 

•   Characterize the intrinsic reac�vity of these fuels 

  

•  Set up one- and two- dimensional gas chromatography (GC) 

methods to iden�fy and quan�fy the reac�on products. 

  

•   Establish a comprehensive experimental database 

 of the combus�on products for this class of fuels. 

Methodology :  

Bio-oils can be made from biomass, especially lignocellulosic 

biomass. Biomass is mainly composed of three polymers: 

cellulose, hemicellulose, and lignin. In addi�on, EHL is a by-

product of the bioethanol produc�on process2. 

The oxida�on experiments were carried out in a jet-s�rred 

reactor opera�ng under dilute condi�ons. The iden�fica�on 

and quan�fica�on of the products were achieved using 

mono-dimensional GC with a mass spectrometry (MS) and a 

flame ioniza�on detector (FID). 

Experiments have already been performed on guaiacol, tolu-

ene, the three isomers of xylene and acetone which is one of 

the solvents used in the manufacturing process. In addi�on, 

it is planned to study the oxida�on of phenol, o-, m-, p-

cresols, and other complex samples provided by the mem-

bers of the EHLCATHOL consor�um. 

Illustra�on : Schema�c of the experimental set-up 

Main results 

The experimental results obtained in this study showed  a 

start of the reac�vity at 700, 750 and 825 K for ortho , meta

-, and para-xylenes, respec�vely. Main products of the three 

isomers are CO, CO2, benzene, toluene, benzaldehyde, me-

thyl-benzaldehyde and benzofuran. Methyl-benzaldehyde is 

the major product below 800 K and the forma�on of phtalan 

(o-xylene oxide), a cyclic ether linking the two alkyl branches 

observed in the case of o-xylene, as proposed by Roubaud 

et al3. during their work in a rapid compression machine, 

was also iden�fied in the present work. 

  

 

 

 

Conversion of ortho-, meta-, and para-xylene during their 

oxida�on in a JSR (work in progress). 
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General context, scien�fic issues : 

The way towards sustainable power genera�on requires the 

explora�on of novel cycles that might enable a strong in-

crease in efficiency and decrease of fossil fuel consump�ons 

as well as CO2 emissions  

Objec�ves and stakes : 

Explore novel supercri�cal CO2 based power cycles. 

 

The stake is the iden�fica�on of high efficiency cycles to be po-

ten�ally applicable to convert high-temperature or residual 

heat fluxes into electricity . 

Methodology :  

 

The adopted methodology consists in the following steps: 

 

1- Acquiring the basic knowledge of the specifics of the ther-

modynamics of supercri�cal CO2 cycles (sCO2) along with the 

use of the dedicated simula�on so�ware items (i.e.: Simulis 

Thermodynamics & PROSIM Plus Energy). 

  

2- Exploring the capabili�es and limits of Rankine sCO2 cycles 

  

3- Focusing on the capabili�es of Brayton sCO2 cycles 

  

4- Making comparisons between the energy performances of 

the best sCO2 Brayton cycles with those of conven�onal 

steam Rankine ones. 

  

Since an experimental approach of this topic cannot be en-

visaged, due to the far-reaching equipment items that would 

be required and the mul�plicity of the possible cycle configu-

ra�ons, the studies of the sCO2 Brayton cycles is being per-

formed based on purely numerical simula�ons.  

Illustra�on : sCO2 Brayton cycle with Recompression  

Main results 

A thorough analysis of the performances of selected 
configura�ons of sCO2 Brayton power cycles highlights 
remarkable intrinsic efficiencies, up to 48%, in applica-
�ons where the heat sources are substan�ally isother-
mal, i.e. the temperatures of which are constant within 
some 100-150 °C. This quality makes them poten�al 
technologies of choice for solar or future nuclear pow-
er units. 

However, in waste heat recovery applica�ons, two-pressure 

steam cycles outperform sCO2 ones, even those equipped 

with a double heat recovery and this is namely due to a 

be�er ability of liquid water to transfer thermal energy from 

the topping cycle to the bo�oming one. However, the com-

parison is not en�rely consistent as the steam cycle involves 

more heat recovery exchangers. 

Finally, semi-closed, oxygen fired sCO2 cycles with inherent 

CO2 capture represent a technology breakthrough  
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General context, scien�fic issues : 

With the growth of environmental concerns, re-

searchers are focusing on the replacement of oil-

based products by bio-based ones to reduce the cli-

mate change impacts. Lignocellulosic biomass is the 

most abundant source of renewable polymers on 

earth. Lignocellulosic biomass (wood, bark, straw, 

etc.) is composed mainly of cellulose (40-60 wt %), 

hemicelluloses (20-40 wt %), and lignin (15-25 wt %). 

Valoriza�on of these three compounds presents an 

environmentally friendly promising source of renew-

able carbon. 

Objec�ves and stakes : 

The aim of this project is to study: 

-  Physico-chemical hydrothermal conversion mechanisms with 

original solid and liquid analysis methods. 

- Biomass conversion processes at different scales  

Methodology :  

Hydrothermal treatment at high pressure and temperature 

is applied on different biomasses. 

The follow-up of the conversion reac�ons of the different 

species is studied using different analy�cal methods (HPLC, 

ionic chromatography, etc.)  

Illustra�on :  

 

Main results 

Due to some technical problems, results are s�ll under pro-

cessing  
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General context, scien�fic issues : 

In recent years, industrial and domes�c ac�vi�es increased 
oil and fossil fuel demand while fossil fuel supplies of the 
world are limited and the fuel reserves are ge�ng depleted. 
Moreover, environmental problems represented by the 
greenhouse effect and increasing CO2 emissions have been 
rapidly thrust upon us. Therefore, we observed a growing 
interest in energy efficiency, increasing general interest in 
energy conserva�on and development of alterna�ve energy 
sources such as solar energy. Researchers are interested in 
developing equipment that facilitate the recovery and effi-
cient use of energy. It was found that absorp�on heat pumps 
are considered as a suitable solu�on for a ra�onal use of 
waste heat, in more specific details, the Absorp�on Heat 
Transformer AHT. 

Recently deep eutec�c solvents (DESs) have been presented 
with an important interest as the ionic liquids. Moreover, 
DESs possess a�rac�ve physicochemical proper�es such as a 
wide range of liquids, inflammability and negligible vapor 
pressure (nonvola�le), high ionic conduc�vity, high solubility, 
biodegradability, chemical and thermal stability, making 
them highly acceptable as solvents, catalysts and absorbers 
for various applica�ons [1], [2]  

Objec�ves and stakes : 

In this work, the thermodynamic proper�es of the pure DESs 

and its mixture with water and ethanol will be measured. 

Among others, vapor-liquid equilibria, excess molar volume, 

excess molar enthalpy and heat capacity we will determine in a 

large range of temperature and pressure. Then, Experimental 

data will be used to evaluate the performance of such fluids in 

AHT  

Methodology :  

In this work, the density of (Glyceline + water) and (Glyceline 

+ ethanol) were measured over the full range of composi�on 

in a large range of temperature using the ANTON Paar densi-

ty meter DMA™ 4500 M. The VLE measurements of binary 

systems have been performed in the temperature range 

from 298.15 K to 333.15K using a sta�c method. The appa-

ratus used is presented in the illustra�on. Excess enthalpy of 

the binary mixture for both binary systems were measured 

at 298 K using a SETARAM C80 calorimeter. 

Illustra�on : Schema of the VLE apparatus: VP: Vacuum Pump; 

VT: Vacuum Trap; A: Magne�c s�rrer; C: Equilibrium Cell; PT-

100: Pla�num resistance Thermometer; T: Temperature Indica-

tor, M: Calibrated Pressure Sensor, P: Digital Pressure Indicator 

and TB: Thermosta�c Bath  

Main results 

A bibliographic study had the main objec�ve to collect the 
thermodynamic data of various DES and their mixture in 
order to define the most efficient systems for the heat 
pumps. It was found that DES composed of choline has in-
teres�ng thermodynamic proper�es. 
Excess proper�es (VE and HE and CpE) were determined for 

working fluids containing {DES + water}. The studied fluids 

showed a nega�ve devia�on from Raoult’s low which con-

firm existence of the unlike interac�ons between the absor-

bent and the refrigerant. All these thermodynamic proper-

�es were used to evaluate the efficiency of these working 

fluids in absorp�on heat transformers. As we no�ced from 

the experimental data, the new fluid (H2O/DES) showed 

similar performance to ionic liquids [3] but they have a COP 

slightly lower than conven�onal working fluid (H2O/LiBr). 
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General context, scien�fic issues : 

Aging of biofuels relies on a complex free-radical oxida�on 

mechanism involving thousands of reac�ons and chemical 

species. The detailed oxida�on kine�c models are based on 

gas phase mechanisms that are adapted to the liquid phase 

through a correc�on that depends on the solva�on Gibbs 

energy   of each specie involved. However, there 

is a lack of reliable and high-throughput solva�on models 

that can handle radical species. 

Objec�ves and stakes : 

In this framework, the objec�ve of this study is to devise a 

method for calcula�ng the solva�on quan��es of radicals. 

Methodology :  

 

For a given parent molecule XH, , can be predict-

ed by cubic Equa�on-of-State, (cEoS). Our group has imple-

mented the UMRPRU cEoS. 

                     (1) 

For its radical X·, a correc�on term is added, as shown in 

Equa�on 2. The σ-moment approach was used for this pur-

pose. This method stands for an empirical extension of the 

COSMO-RS solva�on model 

         
(2) 

COSMO-RS uses as input the density charge distribu�on ob-

tained from �me-consuming quantum chemistry methods 

that are performed for each molecule. 

The σ-moment approach only considers the moments of 

these highly localized charge distribu�ons. 
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g (T,P) RT ln
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X , XH, XH,X ,
solv S solv S solv S

Radical Parent molecule correction term
(UMRPRU EOS) (COSMO based simplification)

g g g  



    
  

Parity plot:  [kcal/mol] at 298K  

Main results 

At first, a benchmarking involving the different approaches 
dicussed fo far (EoS and COSMO) was done over a dataset of 
more than 60,000 experimental points of binary mixtures at 
infinite dilu�on (only parent molecules). We obtained the 

following devia�on results for : 

 
This indicates that the first term of Equa�on 2 can be well-
predicted using either of the methods above. 
A�erwards, a database for the correc�on term was 
generated using COSMO-RS. This database involves all the 
combina�ons between 60 radicals and 80 solvents. 
The pseudo-experimental points from this database were 
than calculated using the method of moments, and the re-
sults are shown in the parity plot above. 
A good correla�on was obtained between calculated and 
pseudo-experimental data, since the average absolute devi-
a�on was around 0.2 kcal/mol 
The moments were obtained directly from the charge densi-
ty distribu�ons. The next step is to develop a GCM to predict 
their value. 

Model Average absolute deviation [kcal/mol] 

COSMO-RS 0.31 
COSMO-SAC 0.38 
PSRK cEoS 0.31 

UMRPRU cEoS 0.35 
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General context, scien�fic issues : 

As expressed in its scien�fic security plan [1], ONERA (Office 

na�onal d’étude et de recherche dans l’aérospa�al) has de-

cided to make research on hypervelocity propulsion a priori-

ty. To achieve its objec�ves, ONERA is working with MBDA  

on propulsion, aerodynamics and materials aspects, for high-

speed vehicles powered by supersonic combus�on ramjet 

(scramjet). This thesis is a part of all the research made about 

the combus�on of a scramjet fuel. 

Objec�ves and stakes : 

In this thesis, the main goal is to develop a combus�on mecha-

nism for both pyrolysis and oxida�on of a scramjet fuel. This 

mechanism will be validated against experimental results ob-

tained during the PhD or a literature review. 

Methodology :  

This work consists of 3 parts: determina�on of the fuel composi�on, 
experimental study of the pyrolysis and combus�on of the fuel, 
genera�on of a reac�on mechanism and simula�ons to validate it 
on the experimental results. 
 
 1.Determina�on of the fuel composi�on: 
The qualita�ve part of the composi�on determina�on is made by 
GC-MS. Then, some internal standards are injected with the pure 
fuel to quan�fy the propor�on of each compound of the fuel using 
the De Saint Laumer [2] method to conclude on an accurate compo-
si�on. 
      
2.Experiments: 
For this, an experimental pilot (see illustra�on) was set up in order 
to be able to make oxida�on and pyrolysis between 600°C and 
1000°C, a residence �me between 0.5s and 4s and an equivalence 
ra�o between 0.7 and 1.3. The products formed will be analyzed 
and quan�fied by gas chromatography  
 
3. Genera�on of the combus�on mechanism: 

Once the composi�on of the fuel is determined, a kine�c mecha-
nism will be developed to model the combus�on and pyrolysis of 
this fuel. The kine�c constants and thermodynamic data will be 
obtained either by electronic structure calcula�ons or by structure-
reac�vity correla�ons. A second part will consist in valida�ng the 
model by comparison with the experimental data and to complete 
or modify the mechanism accordingly. Once the mechanism is gen-
erated, it will be possible to use it for different opera�ng condi�ons 
closer to those encountered in ramjets  

Illustra�on : descrip�on of the experimental setup  

Main results 

 

 

The thesis started in December 2021 and very few results 

have been obtained so far 

On the other hand, most of the results related to this work 

are confiden�al  
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General context, scien�fic issues : 

This thesis aims to contribute to the development of a 

highly efficient and extremely compact energy conver-

sion closed cycle, whose promising - and s�ll untapped 

- performance is due to the use of a reac�ve working 

fluid, instead of a conven�onal inert fluid. In this thesis, 

thermodynamic models will be developed as well as 

algorithms and computa�onal codes to allow the calcu-

la�on of the proper�es of reac�ve fluids, in thermody-

namic cycles  

Objec�ves and stakes : 

The main objec�ve of the thesis is to develop a computa-

�onal tool for the predic�on of the thermodynamic pro-

per�es of inert and reac�ve mixtures  

Methodology :  

 

Calcula�on tool will be en�rely coded in Fortran, and 

will require the preliminary selec�on, improvement 

and implementa�on of: (1) a predic�ve equa�on of 

state based on the group contribu�on method; 

(2) algorithms for chemical equilibrium calcula�ons in 

the presence of chemical reac�ons and mul�ple fluid 

phases. 

 

The developed calcula�on program will be used in the 

project to perform real fluid calcula�ons in the ERC 

project « REACHER » funded by Horizon Europe. In ad-

di�on, it will make possible to carry out thermodynam-

ic calcula�ons on fic��ous reac�ons on the basis of the 

design and the selec�on of the real fluids to be charac-

terized. As a parallel ac�vity, this thesis is contribu�ng 

to the understanding of the researches performed on 

the subject of reac�ve fluids in power cycles in the So-

viet Union, in the years 1960 - 1980. Finally, this re-

search will be focused on the spectroscopy analysis of 

reac�ve fluids that will be tested at LRGP in the context 

of the ERC-REACHER project  

Illustra�on : Heat capacity of the N2O4 dissocia�ng system [1] 

Main results 

 

The PhD thesis has just started, a few amount of work 

has been done. 

Reac�ve fluids were highly inves�gated in the Soviet 

Union in the 1960-1980s [2], the results of their re-

searches were gathered and analyzed. 

 

Simple subrou�nes that are going to be used in com-

puta�onal tools have been wri�en in Fortran  
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General context, scien�fic issues : 

The produc�on of hydrogen (H2) and the use of its environ-

mentally friendly alterna�ve fuel is one of the most im-

portant needs of modern science and society as a whole [1]. 

As it is known, H2 can be produced by steam reforming, pho-

toelectrolysis, etc. However, there are some limita�ons in 

the use of these processes (CO2 emissions, their cost and the 

need to use renewable energy sources) [2]. 

In this context, the development and improvement of cata-

lysts based on semiconductors for photocatalysis, including 

H2 produc�on via water spli�ng, is the most affordable solu-

�on [3]. 

Objec�ves and stakes : 

Development of an efficient, scalable and economical approach 

for the synthesis of func�onalized g-CN to boost photocataly�c 

reac�ons. 

– Synthesis of porous 3-D g-CN and doping/func�onaliza�on. 

– Theore�cal calcula�ons and ESR measurements. 

– Photocataly�c and thermophotocataly�c H2 produc�on. 

–Inves�ga�on of the stability and the reuse of the catalysts.  

Methodology :  

 

Illustra�on : Influence of F-doping on the photocataly�c ac�vi-

ty of g-CN in degrada�on reac�ons.  

Main results 

At this stage of the study, g-CN was synthesized by a step-

wise solid-state reac�on from urea. To prepare catalysts, 

the g-CN compound was doped with fluoride ions during a 

hydrothermal synthesis. 

Successful prepara�on of the catalysts was confirmed by FT-

IR. All samples had similar spectra, which confirmed that the 

g-CN structure was not damaged a�er doping with fluorine. 

UV–Vis DRS curves for various g-CN-based catalysts reflects 

that doping with fluorine leads to a blue shi� of g-CN ab-

sorp�on. 

As shown in the figure, photocataly�c efficiencies under 

visible light irradia�on toward Orange II degrada�on were 

gradually enhanced with the increase of the dopant percent-

age (the greatest Orange II removal was 91% a�er 1 hour of 

irradia�on when the dopant amount is 8%) and then slowly 

decreased. These changes in the photocataly�c ac�vity orig-

inate from changes in the electrons distribu�ons, from a 

downshi� of the energy levels of g-CN and from the de-

creased hole-electron recombina�on that allow the produc-

�on of a higher amount of reac�ve oxygen species [4]. 
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General context, scien�fic issues : 

Colloidal suspensions containing xanthan gum (XG) have 

been widely used as a thickener and gelling agent for differ-

ent uses in petroleum, food, cosme�cs and other mul�ple 

industries [1]. In many of these applica�ons,  brines are used 

as solvents. However, the changes in conforma�onal struc-

ture of the xanthan gum macromolecules in a buffered ionic 

solu�on such as NaCl directly impact the rheological and sta-

bilized behavior of polymeric aqueous solu�ons [2]. There-

fore, hydrophilic silica nanopar�cles (NpSiO2) is proposed, to 

improve the rheological behavior of these polymer solu�ons 

by increasing their viscosity in monovalent ion environments 

[2,3]. 

Objec�ves and stakes : 

Evaluate the effect of the incorpora�on of hydrophilic silica na-

nopar�cles (NpSiO2) on the rheological behavior of XG polymer 

solu�ons in different monovalent ion (NaCl) environments. 

Methodology :  

The effect of silica nanopar�cles (NP-SiO2) in xanthan gum 

(XG) solu�ons was inves�gated through the analysis of vis-

cosity profiles. First, hydrocolloid XG solu�ons and hydro-

philic NP-SiO2 suspensions were characterized individually 

through rheological measurements, with and without salt 

(NaCl). Then, nanofluids composed of XG and NP-SiO2 dis-

persed in water and brine were studied through two differ-

ent aging tests. The addi�on of nanopar�cles was shown to 

produce a slight effect on the viscosity of the fresh fluids 

(ini�al �me), while a more remarka-ble effect was observed 

over �me. In par�cular, it appears that the presence of NP-

SiO2 stabiliz-es the polymer solu�on by maintaining its vis-

cosity level in �me, due to a delay in the move-ment of the 

molecule. Finally, characteriza�on techniques such as confo-

cal microscopy, capillary rheometry, and Zeta poten�al were 

implemented to analyze the XG/NP-SiO2 interac�on. Intrin-

sic viscosity and rela�ve viscosity were calculated to under-

stand the molecular interac�ons. 

Illustra�on : : Intrinsic viscosity [μ] as a func�on of �me. Storage and 

tests performed at T=60 °C. Nanofluid (–■). Polymer solu�on (–●).  

Main results 

The individual components were first characterized in water and 
brine. XG molecules are sa�sfyingly dissolved a�er 24 h and the 
resul�ng solu�ons (without par�cles) exhibits a shear-thinning 
behavior. The addi�on of salt to these solu�ons causes a viscosity 
decrease while maintaining a shear-thinning behavior. Nanopar�-
cle suspensions (without polymer) are Newtonian for the consid-
ered par�cle concentra�ons and their viscosity is not affected by 
the addi�on of salt. 
The rheology of the XG solu�ons with and without NP-SiO2 was 
characterized over �me. The presence of nanopar�cles led to high-
er viscosi�es. The viscosity of all fluids decreased in �me, but the 
decrease was limited by the presence of nanopar�cles, which 
demonstrates the stabiliza�on of xanthan gum solu�ons by the 
addi�on of nanopar�cles. However, these posi�ve effects of NP-
SiO2 are a�enuated by the presence of salt. 
The intrinsic viscosity of the polymer solu�ons with and without 

nanopar�cles was calculated from the rheological measurements. 

The intrinsic viscosity is higher with NP-SiO2 at every �me. This 

indicates that the hydrodynamics radius of the polymer is larger 

when nanopar�cles are present, which is a sign of polymer/par�cle 

interac�on.Confocal microscopy images show that the nanopar�-

cles dispersed in water form large aggregates (20 microns), but 

that the aggregates are much smaller (under 300 nm) in the pres-

ence of xanthan gum, evidencing an ac�on of polymer on par�cle 

dispersion. It was also shown experimentally that the presence of 

nanopar�cles affects the Zeta poten�al of XG solu�ons  
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General context, scien�fic issues : 

Currently, the vast majority of the plas�cs used are oil-based 

and it raises several issues: pollu�on from oil industries, oil 

resources deple�on… Last decades have seen the emergence 

of biobased plas�cs, such as polylac�c acid (PLA) to decrease 

the environmental impacts of plas�cs. At the end of its life, 

PLA may be chemically recycled by total depolymeriza�on 

into its monomers and repolymeriza�on of them enabling « 

infinite recycling ». However, depolymeriza�on into oligo-

mers may be more energy-friendly. 

Objec�ves and stakes : 

This work will focus on par�al enzyma�c hydrolysis of PLLA 

(poly L-lac�c acid) as a first step, using the following commercial 

enzymes: a protease (proteinase K) and a lipase (CALB). The 

ac�vity of these enzymes is different according to the isomers of 

PLA : proteases are efficient against PLLA unlike lipases which 

are efficient against PDLA (poly D-lac�c acid) [1]. However, 

some authors reported that lipases can depolymerize PLLA in 

organic solvents [2].   This study aims to explore “green sol-

vents” with low toxicity to solubilize PLLA making it more acces-

sible to enzymes. As a second step, other enzymes will be pro-

duced and their hydrolysis rates will be compared with former 

enzymes. Finally, as a third step, the objec�ve is to improve 

different proper�es of PLLA by enzyma�c copolymeriza�on of 

its oligomers. Enzyma�c copolymeriza�on of high molecular 

weight polymer from oligomers is s�ll challenging. 

Methodology :  

This study is divided into different parts:  

1 - Solubility tests of PLLA in mixtures of green solvents: di-

methyl carbonate (DMC)/diethyl carbonate (DEC) with buffer 

and acetone. 2 - Tests of enzyma�c hydrolysis of PLLA (using 

proteinase K and CALB) in these solvents and buffers to 

check impact of PLA’s dissolu�on on hydrolysis. Other para-

meters (temperature, crystallinity…) are inves�gated. 3 - 

Screening of other enzymes (cu�nases and proteases) which 

are able to hydrolyze PLLA and try to obtain be�er hydrolysis 

performance than those obtained with former enzymes. 4 - 

Finding of molecules to co-polymerize with PLLA by enzyma-

�c transesterifica�on to obtain be�er proper�es. 

Illustra�on : Reac�on scheme for obten�on of new polymer 

from PLLA  

Main results 

- Solubility tests of PLLA in mixtures of DMC/DEC – acetone – buff-

er: 

 
 Figure 1. Solubility of PLLA in mixtures of DMC-acetone-buffer at 85°C (with 10% (v/v) 

of buffer in each samples)  

PLLA reaches the highest solubility (120 g.L-1) in the mixture of 

DMC-Buffer 90/10 (v/v) (volume frac�on of buffer is kept constant 

between all samples). 

 

 

 

  

  

  

  

  Figure 2. Solubility of PLLA in mixtures of DEC-acetone-buffer at 115°C (with 10% (v/

v) of buffer in each samples  

 

 PLLA reaches the highest solubility (115 g.L-1) in the mixture of DEC

-Acetone-Buffer 80/10/10 (v/v) (volume frac�on of buffer is kept 

constant between all samples). 
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General context, scien�fic issues : 

Luminescent nanopar�cles (NPs) have been widely 

used in research and applica�on fields due to their dis-

�nc�ve proper�es, especially in the field of light-

emi�ng diodes [1,2]. However, there is an urgent de-

mand to improve their luminescence efficiency, which 

is greatly reduced by surface effects. In this context, our 

work is based on the development of the synthesis of 

non-toxic and cheap NPs/polymer nanocomposite with 

characteris�cs combining the proper�es of NPs and 

coa�ng polymers for applica�ons in the field of micro- 

and nano-manufacturing.  

Objec�ves and stakes : 

The overall objec�ve of this work is to develop innova�ve 

photoluminescent tex�les by coa�ng them with an ad-

vanced composite film combining heavy metal-free and 

non-toxic quantum dots (QDs) with a biocompa�ble for-

mula�on of light-cured methacrylate for a new genera�on 

of photoluminescent tex�les  

Methodology :  

 

 

To achieve the objec�ve previously described, the fol-

lowing methodology will be implemented: 

1-  Synthesis of silver- or copper-based QDs with tuna-

ble op�cal proper�es in the visible range. 

2- Structural and op�cal characteriza�ons of synthe-

sized QDs, and study of their photostability 

3- Developing a photo-induced synthesis of highly pho-

toluminescent QDs/polymer nanoassemblies by ad-

jus�ng the size, composi�on, organiza�on/spa�al dis-

tribu�on of QDs in the polymer film and implemen�ng 

this technology in tex�le applica�ons 

4- Preparing new photoluminescent tex�les with tar-

geted photometric characteris�cs when combined with 

violet/blue LEDs chips. 

Illustra�on : Digital photograph of green and red QDs prepared 

and the corresponding PL emission spectra  

Main results 

During the first quarter of work: 

  

Orange, yellow and green-emi�ng Cu- or Ag-based 

QDs will be prepared by a thermal-induced decomposi-

�on of precursors in presence of a mixture of dodecan-

ethiol (DDT) used as ligand and 1-octadecene (ODE). 

  

The crystal structure and phase of the as prepared QDs 

were analyzed via X-ray powder diffrac�on (XRD). The 

results revealed that the prepared par�cles crystallize 

in the cubic form of ZnS (PDF n° 05-0566) [3]. 

  

Photostability tests of the synthesized QDs have been 

carried out and show that the dots are photostable 

under UV irradia�on at 405 nm. 

  

The prepared par�cles show high photoluminescence 

proper�es with quantum yields varying between 45 

and 63%. 
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Keywords : Photocataly�c degrada�on-Emerging contaminants-Metal organic framewroks-UiO-66.  

General context, scien�fic issues : 

Emerging contaminants (EOCs) in water, such as phar-

maceu�cals and personal care products (PPCPs), indus-

trial chemicals, an�sep�c and an�microbial agents, 

flame retardants, detergents and their deriva�ves, plas-

�cizers and their deriva�ves, are of growing environ-

mental concern and there is a need to develop new 

materials and technologies for their efficient removal 

from water1. Photocatalysis process is a promising tech-

nology for environmental remedia�on. In the con�nu-

ous search of new heterogeneous photocatalysts, met-

al-organic frameworks (MOFs) have recently emerged 

as a new type of photoac�ve materials for water reme-

dia�on2.Metal organic frameworks (MOFs) are a novel 

class of crystalline materials based on the coordina�on 

of metal clusters by organic linkers. These materials are 

known for their ultrahigh porosity, high surface area 

(up to 12000 m2/g), flexibility, chemical tunability and 

Objec�ves and stakes : 

In this project, we aim to use Zirconium-based MOFs, 

namely UiO-66, as photocatalyst for the removal of 

Emerging contaminants from water. 

We report the solvothermal synthesis of various func�on-

alized, defec�ve, and doped UiO-66 deriva�ves by com-

bining different type of modulators, organic linkers, and 

metal salt. 

Ten UiO-66 MOFs based structures were fully character-

ized using SEM/EDX, TGA and BET. 

Methodology :  

1-Synthesis and characteriza�on of UiO-66(Zr) rigid 

structures. 

2-Photocataly�c degrada�on tests with model pollu-

tants such as:Carbamezepine, Ibuprofen, Metolachlor, 

Bisphenol A, Propranolol hydrochloride, 2-Naphthol, 1-

Naphthyl amine and 2,4-Dichlorophenol. 

3- Evalua�on of MOF structures to degrade a cocktail of 

micropollutants from real river water in Meurthe 

(France). 

Illustra�on : Photocataly�c degrada�on of ECs using MOFs. 

Main results 

A series of defec�ve, doped, and func�onalized Zr-

based MOFs have been synthesized via solvothermal 

means, fully characterized via scanning electron mi-

croscopy coupled with energy-dispersive X-ray spec-

troscopy (SEM-EDX), BET analysis, and thermogravi-

metric analysis (TGA). 

These MOFs are ready now to be tested for the remov-

al of organic pollutants from water. 

This study will help us determine the best func�onal 

groups, level of defects, and metal combina�on to en-

hance MOF’s catalysis proper�es. It is an�cipated that 

this work will pave the way for the development of 

new and highly efficient MOF catalyst for water reme-

dia�on. 
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General context, scien�fic issues : 

Powders are part of the concep�on and final products of 

different industries such as construc�on, pharmaceu�cals, 

food, and cosme�cs. At least 60% of chemical products are in 

powder form, with approximately 200,000 employees in 

France in charge of its process. Powder handling is a major 

topic as many complica�ons arise during manufacturing and 

transport. The flowability of powders and/or dust genera�on 

during unit opera�ons are key points, leading to safety prob-

lems for the employees. In order to ensure manufacturing, 

flowability issues can be overcome by: the modifica�on of 

facili�es that are seldom universal; the fluidiza�on of pow-

ders, which then involves a separa�on opera�on increasing 

process complexity; the addi�on of nanopar�cles (NP), or 

glidants, because it is cost/benefit effec�ve. Glidants adhere 

to the powder par�cles decreasing interpar�cle forces or 

absorbing moisture, elimina�ng liquid bridges between par�-

cles. Nevertheless, the use of glidants could lead to health 

and environmental implica�ons and dust genera�on, which 

increases employee exposure. The health, safety, and envi-

ronmental hazard of nanopar�cles are not yet well known, 

even if recent studies have shown their cytotoxicity [1]. 

Consequently, understanding end-use proper�es such as 

powders' flowability and dus�ness could lead to new and 

Objec�ves and stakes : 

 Establish a link between flowability and dus�ness. 

 Increase the understanding of the dus�ness phenome-

non. 

 Develop guidelines for safe handling: decreasing dust 

exposure and ingredients/addi�ves choice. 

 

Methodology :  

1. Define the influen�al factors on powder flowabil-

ity by experimental design (DoE). 

2. To determine how flowability enhancement im-

pacts dust genera�on. 

3. Develop methodologies for choosing ingredients 

to an�cipate formula�on and process changes, 

thus reducing employees' exposure to risks  

 

 

 

 

 

 

 

 

 

 
Fig1. Rota�ng drum dus�ness measure of pure wheat flour, D10 glidant, and the mixture 

of both (DoE24) 

Main results 

Powders flow enhancement with glidants was studied with a 

D-op�mal experimental design (DoE). The main objec�ve 

was to iden�fy the ac�on mechanisms of NP on granular 

flows [2]. Several factors were chosen (powders, glidants, 

moisture condi�oning, surface coverage, and protocol) and 

related to fric�on, cohesion, and flow behavior using Mohr-

Coulomb yield criterion parameters and Hausner ra�o as a 

flow index in the quasi-sta�c regime (QSR). The DoE analysis 

showed that powders' flow behavior is highly dependent on 

the type of powder due to grain proper�es, limi�ng global 

observa�ons. Regarding the mechanisms of ac�on, we show 

that bulk fric�on does not play a role in granular flows in the 

quasit-sta�c regime, varying randomly between the DoE 

runs. NP acts as surface modifiers, increasing powders' flow-

ability by reducing adhesive forces through surface energy 

changes or ac�ng as separators. 

 

The dus�ness of the mixtures having the best flow behavior 

was determined using a rota�ng drum (RD) and vortex shak-

er (VS). The results showed that powders covered with 40% 

of glidants generated a similar amount of dust in all inhala-

ble frac�ons than glidants alone. We conclude that dus�-

ness increases when the flowability is improved by glidants 

(Fig 1). 

We propose a protocol for adding NP’s required amount 

based on powder’s surface coverage. This method may re-

duce the amount of NP in formula�ons to mi�gate the risks 

of exposure. 
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General context, scien�fic issues : 

The objec�ve of this thesis is the implementa�on of an alter-

na�ve ecological system to prevent fouling of heat exchang-

ers. This an�fouling system uses mul�ple frequency hetero-

dyne technology based on the combina�on of ultrasonic 

passbands (spectrum scanning) combined with guided wave 

technology. The ac�on of the ultrasounds will consist in pre-

ven�ng the forma�on of deposits, especially calcium car-

bonate, on the exchanger plates. This technology concen-

trates the ultrasounds on the metal surfaces and limits the 

propaga�on of these la�er in the water. 

Objec�ves and stakes : 

- Establish the feasibility of limi�ng fouling by using heterodyne 

guided waves; 

- Op�mize the posi�oning of the transducers; 

- Characterize the effec�ve dose, including the minimum power 

for which there is a significant effect on the limita�on of depos-

it; 

- Iden�fy the effect of heterodyne technology on the nature of 

the deposit. 

Methodology :  

An experimental device has been designed, developed and imple-

mented. It consists of a pilot size heat exchanger containing 10 

plates with an exchange area of 0.38 m2. The exchanger is also 

equipped with thermocouples in the inlet and outlet streams to 

determine the heat transfer coefficient. A 100 liters tank of water 

containing 143 ± 23 mg. L -1 of Ca2+ is pumped into the exchanger 

and heated from 20 to 50°C. Due to the high content of dissolved 

calcium carbonate and the decrease of its solubility with increasing 

temperature [1], calcium carbonate precipitates inside and on the 

surfaces of the heat exchanger. The deposit is then dissolved in 

nitric acid and analyzed by ICP-OES to quan�fy the amount deposit-

ed in grams/day/m2. Analyses of the precipitated solid were per-

formed by RAMAN spectroscopy, scanning electron microscopy, 3D 

and confocal digital microscopy, and laser granulometry, to deter-

mine the nature, polymorphism, and size distribu�on of the precipi-

tated par�cles. 

The ultrasonic device used in this study is placed on the exchanger 

using a fixa�on system in the most sensi�ve area for calcium car-

bonate forma�on. This loca�on was iden�fied through a compari-

son between a numerical model of temperature distribu�on and 

fluid flow in the cold channels of the exchanger, and a scan of the 

scaled plates with a 3D digital microscope. To generate the hetero-

dyne effect, two transducers have been fixed on their resonance 

frequencies, 45 kHz and 27 kHz. 

Illustra�on : Scheme of the experimental set-up in the pre-

sence of the heterodyne effect of mul�ple frequencies  

Main results 

The results obtained show that the amount of scale deposit-

ed inside the exchanger without ultrasonic treatment is 

about 4.8 ± 0.9 grams/day/m2 and that the precipitate is 

composed of calcite agglomerates of 251 µm on average 

diameter by volume.  

 

 

 

 

 

 

 

 

 
Figure 1. The thickness of the scale at the inlet of the first compartment of the exchanger without any 

treatment a�er 72 h of opera�on, Tf °C (20), Tc °C (50), flow rate 100 L.h -1 

 

The op�mized power for the heterodyne effect is 15 VA. It 

reduces the deposit by 57%, without changing the nature of 

the deposit  

 

 

 

 

 

 
 

 

Figure 2. The solidifica�on rate of the deposited quan�ty in the presence of the heterodyne effect at 

different ultrasonic power 
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General context, scien�fic issues : 

Protein hydrolysates use in food and pharmaceu�cs industry 

gain importance because of their func�onal or nutri�onal 

proper�es. They are usually produced in a batch reactor by 

enzyma�c hydrolysis. But, that process is expensive due to 

the development phase and enzyme cost, so its industrial 

massive employment encounter obstacles [1]. In that case, a 

strategy with an enzyma�c proteolysis process coupled to 

membrane separa�on can be applied to overcome these 

limits.  

Objec�ves and stakes : 

An EMR (Enzyma�c Membrane Reactor) allows to strongly de-

crease produc�on cost by enzyme recycling and con�nuous 

process. Nevertheless, the produc�on of one hydrolysate is 

hardly manageable, because the mixture could be made up of 

more than 200 various pep�des [2]. To overcome these limita-

�ons and enable ingredients development from proteins, the 

project aims to elaborate a methodology to simulate the hydrol-

ysate composi�on in EMR process for a duo enzyme/protein: by 

preliminary enzyma�c ac�vity and material balance equa�ons, 

suitable proteolysis condi�ons could be known to have a stable 

hydrolysate produc�on [3]. Finally, the developed approach 

makes it possible to have a high value func�onal hydrolysate at 

reasonable cost with a possibility to scale up with standardiza-

�on. 

Methodology :  

First year, a method to monitor a stable hydrolysate was 

developed. Second year, this methodology was applied to 

model and op�mize a batch produc�on of an hydrolysate 

with interes�ng proper�es. This third year, implementa�on 

of proteolysis-ultrafiltra�on simula�on is targeted. To do so, 

a batch process of proteolysis reac�on Prolyve/total Rape-

seed proteins was produced and several ultrafiltra�on (UF) 

membranes calibra�ons were made. Molecular cut-off (10-

100 kDa), transmembrane pressure (1-2 bar) and shear rate 

(3000-6000 s-1) were studied to determine reten�on rate (R) 

and characterize the selec�vity for each set of parameters. 

Then, UF mass balance equa�ons were applied to predict 

proteins and pep�des frac�oning performances in retentate 

and permeate compartments in concentra�on (FRV) and 

diafiltra�on (DV) mode  

Illustra�on : Op�mal produc�on of hydrolysate with an�micro-

bial func�on and chela�ng proper�es  

 

 

Main results 

The most op�mal separa�on predic�ons were validated 

experimentally, characterized by a reten�on close to 1 for 

proteins and an efficient transmission of pep�des, with a 

high permeate flux. Thus, a cut-off threshold of 50 kDa, a 

PTM of 2 bars and a shear rate of 3000 s-1 were chosen and 

implemented in discon�nuous concentra�on mode up to 

reduc�on factor of 10. On the retentate side, the purity in 

proteins of 63.5% and the yield of napins of 1.2 were ob-

tained experimentally, at FRV 10, i.e. an average difference 

of 8.5% and 20%, respec�vely with the simulated values. On 

the permeate side, the yield of experimental total pep�des 

at FRV 10 of 0.46 was obtained, corresponding to a differ-

ence of 8.5% with the predic�on. In DV mode, the compari-

son of the experimental values to the simula�ons was also 

good for the retentate side except for the yield of total pep-

�des which showed greater difference (36.6%). The trans-

mission of total pep�des in the permeate appeared stabi-

lized for pep�des below 500 Da beyond the 4th diavolume, 

whereas these pep�des were s�ll present in the retentate. 

Concerning the other pep�de frac�ons, an overvalua�on of 

the transmission by the simula�on was observed, with a less 

efficient transmission experimentally. Further inves�ga�ons 

are necessary to be able to understand the differences. 
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General context, scien�fic issues : 

Addi�ve manufacturing, or 3D prin�ng, have shown to have 

many important applica�ons nowadays. The fused filament 

fabrica�on (FFF) is one of the most used technologies of 3D 

prin�ng. Among its advantages, it allows to obtain extremely 

complex and personalized objects, which would be impossi-

ble to obtain using another manufacturing process. Nowa-

days, a large range of thermoplas�c polymers are available 

for FFF process. Moreover, there are some mul�-material 

objects printed by FFF but they suffer of interlayer affinity 

especially when printed objects are made from different pol-

ymers (i.e. polymers with different affini�es). Even though 

this adhesion problem exists in all polymer manufacturing 

process, it has been poorly addressed in the 3D prin�ng 

world. 

Objec�ves and stakes : 

This thesis aims to synthesize and elaborate a 3D printable thermo-

plas�c elastomer (TPE) filament presen�ng a good affinity to poly 

(lac�c acid) (PLA). This filament will be formulated as a TPE, which will 

include a PLA as so� block and a classic rigid block, poly (butylene ter-

ephthalate) (PBT). Our goal is to be able to allow the fabrica�on of 3D 

printed objects including rigid and so� parts (fig. 1) 

The goal is the fabrica�on of mul�-material structures with spa�ally 

controlled damping proper�es thanks to an op�mal distribu�on be-

tween so� (TPE) and rigid (PLA) areas (Fig. 1). Such damping structures 

could be designed in the future to a�enuate mechanical and acous�c 

vibratory phenomena or to have shape memory type behaviours. So 

far, in the literature, studies concerning mul�-material polymer parts 

combining TPE and TP are very few, as well as studies concerning their 

interfacial affinity. Finally, there is no TPE filament that has a good 

affinity with PLA  

Methodology :  

1) Synthesis and characteriza�on of new TPE including a so� 

polyester block by reac�ve extrusion. 

2) Formula�on of TPE filaments: 

-Formula�on of a new TPE, fabrica�on, quality control and 

printability of filament 

-Formula�on of commercial TPE, and improvement of inter-

facial adhesion with PLA 

-Characteriza�on of interfacial proper�es between the new 

filaments and a PLA filament.  

3) Op�miza�on of mechanical proper�es of printed objects : 

-Evalua�on of vibratory proper�es (i.e. damping proper�es) 

-Op�miza�on of distribu�on between flexible and rigid zones 

Illustra�on : Example of mul�-material object including PLA, as 

rigid part, in red; and TPE, as so� part, in white.  

Main results 

Our research is focused on the synthesis by reac�ve extrusion of a 

new TPE incorpora�ng PLA as so� block and PBT as rigid block. For 

this, a screening was done using low quan��es of material and 

�tanium butoxide (TBT) as catalyst to aid the reac�on [2]. Varying 

the ra�o PBT/PLA and the reac�on �me, a micro-compounder as 

internal mixer (analogue to an extruder) was used to create sam-

ples. Characteriza�on such as hardness, FTIR, modulated DSC, 

DMTA and 1H and C13 NMR demonstrated the possible transester-

ifica�on reac�on between PLA /PBT resul�ng in mul�-block copoly-

mers.[1] In parallel, tests were carried out in order to transpose 

some opera�ng condi�ons carried out on a small scale to a pilot 

scale (with an extruder). In addi�on, other essays are being done 

using an amorphous PLA to promote transesterifica�on reac�ons 

between PLA and PBT, as well we plan to expand our research 

using a LMW PLA. 

In parallel, a new formulated TPE filament was successfully extrud-

ed, based on a commercial TPE with four different biomass addi-

�ves, as adhesion promoters, in order to test the adhesion of TPE/

PLA. Filaments with no defects, such as bubbles, were obtained. All 

but one of the addi�ves gave acceptable results in terms of hard-

ness and MFI. Except for this formula�on, all filaments were printa-

ble. An improvement of the interfacial adhesion was obtained, 

especially with one addi�ve that showed the greatest enhance-

ment. In order to a�aint our last objec�ve, some mechanical prop-

er�es will be measured. These entails vibratory proper�es (using a 

vibra�on system) and damping proper�es (using DMA in tempera-

ture sweep and frequency sweep).Finally, we will begin the 4D 

prin�ng of large structures with tailored mechanical proper�es, 

with PLA and in TPE (pure and formulated) (Fig. 1) [2]. 
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General context, scien�fic issues : 

Ternary alloyed QD nanocrystals offer be�er flexibility in 

bandgap modula�on and composi�on control than binary 

QDs, which provide them with advantages in device applica-

�ons [1]. Generally, alloyed QDs have been reported to gen-

erate greater output efficiency than conven�onal QD sys-

tems [2]. Hence, there is a growing interest in the study and 

development of alloyed QD nanocrystals. We have focused 

our research a�en�on on the study of ternary alloyed ZnSeS/

ZnS core/shell QDs doped with Cu2+ ions. These QDs are 

prepared via a simple aqueous synthe�c route and have a 

pure Cu-related photoluminescence located at 500 nm and a 

PL quantum yield of 20%. The PL emission of these QDs was 

demonstrated to be selec�vely quenched by Pb2+ ions and a 

method for the rapid and sensi�ve detec�on of Pb2+ in real 

water samples was developed.  

Objec�ves and stakes : 

Our objec�ves are: 

(i) Study the doping of these nanocrystals by Cu2+ ions 

(op�miza�on of experimental parameters to obtain a good crys-

tallinity, a small dispersion in size and an excellent stability in 

solu�on and in the solid state). 

(ii) Evaluate the impact of increasing the concentra�on of Pb2+ 

ions on the PL intensity of these QDs. 

(iii) Study the effects of the ZnS shell on the detec�on of Pb2+ 

ions. 

(iv) Study the quenching mechanism using on PL life�me meas-

urements and UV-visible absorp�on. 

Methodology :  

 

The synthesis of Cu-doped ZnSeS/ZnS/ZnS core/shell QDs 

capped with 3-MPA ligand is described using Zn (NO3)2, 

NaHSe and Na2S (Fig. 1). The pH was adjusted to 11 and the 

solu�on was heated to 100°C. A�er 4 h of growth, a Cu-

doped ZnS and a ZnS shells were installed at the periphery of 

the ZnSeS core. The prepared Cu-doped ZnSeS/ZnS QDs were 

characterized by UV-visible absorp�on, PL spectroscopy, X-

ray diffrac�on (XRD) and MET.  

 

A rapid and simple method was developed for the detec�on 

of Pb2+ ions in real water using ZnSeS/Cu:ZnS/ZnS QDs  

 

 

 

 

 

 
Figure 1. Schema�c representa�on of the synthesis of ZnSeS/Cu:ZnS/

ZnS QDs. 

 

 

 

 

 

 

 

 

 

 

Figure 2. (a) Sensi�vity of ZnSeS/Cu:ZnS/ZnS QDs towards various 

metal ca�ons (b) PL emission spectra of ZnSeS/Cu:ZnS/ZnS QDs dis-

persed in water upon addi�on of various concentra�ons of Pb2+.  

Main results 

• A�er two shell growth, a significant increase of the PL in-

tensity and so the PL QY, was observed thanks to the effec-

�ve elimina�on of the surface defects of ZnSeS QDs by the 

epitaxial growth of the ZnS shell. 

•The Cu-related PL emission of ZnSeS/Cu:ZnS/ZnS nanocrys-

tals is located at 500 nm and their PL QY is of 20%. 

•ZnSeS/Cu:ZnS/ZnS QDs were used as photo-luminescent 

probes for the detec�on of Pb2+ and a selec�ve quenching 

of the PL emission in the presence of Pb2+ was observed 

(Fig.2a). 

•The fast response and the high sensi�vity of ZnSeS/Cu:ZnS/

ZnS QDs towards Pb2+ combined with the low interference 

effect of other metal ca�ons make these photoluminescent 

probes of high interest for Pb2+ sensing in the environment. 
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General context, scien�fic issues : 

There is a growing interest in the study and development of 

new ZnO-based photocatalysts [1]. We have focused our re-

search a�en�on on the use of silver nanopar�cles as modifi-

ers of ZnO with the aim of improve its photocataly�c ac�vity 

under both UV and visible light for the degrada�on of organic 

contaminants. Indeed, modifica�on of semiconductors with 

noble metals has a�racted significant a�en�on as the la�er 

enhance oxida�on processes and thus the photocataly�c 

degrada�on [2]. Ag-doped ZnO catalysts were succesfully 

prepared at 300°C via a simple and rapid solvothermal meth-

od. 

Objec�ves and stakes : 

Our objec�ves are: 

(i) Design of new photocataly�c systems by func�onalizing ZnO 

nanopar�cles with Ag(0). 

(ii) Analyse the effect of processing parameters on the degrada-

�on of organic contaminants. 

 (iii) Evaluate the performance of the new materials for photo-

cataly�c water remedia�on under solar light irradia�on. 

(iv) Evaluate the effect of the Ag doping on the structural and 

op�cal proper�es. 

(v) Study the effects of pollutant concentra�on, catalyst mass, 

irradia�on intensity, pH and doping percentage on the pho-

tacataly�c ac�vity. 

(vi) Evaluate the stability of the photocatalysts. 

Methodology :  

The synthesis of ZnO and Ag(0)-ZnO was conducted using Zn

(NO3)2, Ag(NO3) and triethanolamine (TEA) in water (Figure 

1). The mixed solu�on was transferred into a Teflon-sealed 

autoclave and was heated at 110 °C for 2 h. The Zn layered 

double hydroxides (LDHs) and Zn-Ag LDHs were collected by 

centrifuga�on, washed four �mes with water and dried at 

60°C overnight. Finally the obtained products were calcinat-

ed at 300°C for 5 min.  

The materials were characterized by FT-IR, SEM, TEM, BET, 

XRD, XPS, Raman spectroscopy and UV-visible absorp�on.  

The photocataly�c performance of undoped and Ag-doped 

ZnO was evaluated for the degrada�on of organic contami-

nants in water. 

 

 

 

 

 

 
Figure 1. Schema�c representa�on of the synthesis of ZnO and Ag-

doped ZnO . 

 

 

 

 

 

 

 

 

 
Figure 2. (a) Influence of the Ag loading on the photocataly�c degrada-

�on of Rhodamine B, (b) Recyclability of the Ag-doped ZnO photocata-

lyst  

Main results 

 The presence of Ag(0) decreases the energy bandgap 

of ZnO. 

 The photocataly�c degrada�on of ca�onic or anionic 

dyes and of Ciprofloxacine under solar irradia�on 

showed that Ag(0)- ZnOcatalysts exhibit be�er per-

formance than the undoped sample. 

 The degrada�on of Rhodamine B is complete a�er 60 

min irradia�on using Ag(3%)-ZnO (Figure 2a). 

 The radical trapping experiments demonstrate that 

superoxide radicals are the main reac�ve species 

involved in the photodegrada�on. 

 The Ag(3%)-ZnO/Ag catalyst exhibits a good stability 

(Figure 2b) and DRX analyses confirm that the cristal-

linity of the photocatalyst is not affected a�er 12 

cycles of reuse.  
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General context, scien�fic issues : 

The massive increase of energy demand and its impacts on 

the environment and life cost are major problems of our so-

ciety. The development of alterna�ve eco-friendly source of 

energy is crucial. Quantum dots (QDs) are one of the best 

candidates for the third-genera�on of “QD-sensi�zed solar 

cells (QDSSCs)” [1]. Indeed, these nanocrystals have a�racted 

a lot of interests in many applica�ons such as laser/LEDs, 

biomedical imaging, photocatalysis and solar cells due to 

their broad absorp�on, high fluorescence quantum yield, 

mul�ple exciton genera�on from single photon and tunable 

optoelectronic proper�es depending on their composi�on 

and/or size. 

Ternary Ag-In-Zn-Se QDs (AIZSe) with a bulk bandgap of 1.2 

eV, are suitable to absorb solar irradia�on and cons�tute a 

promising material for solar cell applica�ons. Their compo-

nents are less toxic than commonly used QDs that contain 

heavy metal ca�ons (Pb2+, Cd2+ and Hg2+), or anions (As3-)

[2], and these nanocrystals have already proved their appli-

ca�on in  QDSSCs [2,3]. In this project, we will focus on the 

aqueous phase synthesis of AIZSe QDs because it is environ-

mentally friendly, simple, cheap and easily up-scalable. 

Objec�ves and stakes : 

In the frame of QDSOC project “environmentally friendly colloi-

dal QDs for high performance solar cells”, AIZSe QDs will be 

synthesized using aqueous solu�on methods. Next, they will be 

characterized and deposited on TiO2 photoanodes. QDs exhib-

i�ng the best performance will be integrated in full QDs-

sensi�zed solar cells with the collabora�on of interna�onal 

partners (Belgium, Morocco, South Africa). The ul�mate goal is 

to achieve PCE above 15% which cons�tute a ground-breaking 

performance for heavy metals-free PV cells.  

Methodology :  

QDs will be prepared using an aqueous phase method [4]. 

Currently, we are op�mizing the heat treatment condi�ons 

and the surface ligand (such as GSH, 3-MPA, TGA).Next, the 

molar ra�o of Ag/In/Zn/Se will be varied, and the QDs exhib-

i�ng the highest performance will be purified and precipitat-

ed into powder for further characteriza�on. Later, we will 

deposit these QDs on porous TiO2 by wet deposi�on te 

chniques. TiO2 layers will be prepared and op�mized at the 

IJL lab using different approaches. A�er the assembly, the 

QDs photovoltaic performance will be tested  

Illustra�on : (a) Digital photograph of AISe QDs under UV light 

illumina�on and (b) the corresponding PL emission spectra.  

Main results 

  

 

Figure (a) shows the results of a hydrothermal prepara�on 

of AISe core QDs and Figure (b) the corresponding PL emis-

sion spectra which confirm that the annealing �me plays a 

key role on the PL efficiency. 
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General context, scien�fic issues : 

In France, borosilicate glass is used as a matrix to immobilize 

nuclear fission products resul�ng from spent fuel repro-

cessing. In the high-temperature vitrifica�on process (1200 °

C), most of elements to be contained react chemically with 

the vitrifica�on addi�ves to form a homogeneous glass melt. 

Pla�num Group Metal (PGM) par�cles are not soluble in the 

melt and therefore are present as suspended par�cles of few 

microns. These par�cles exhibit an intense aggrega�on ten-

dency and consequently the suspensions may present an 

anomalously high apparent viscosity. These systems are char-

acterized by a shear-thinning and a thixotropic behaviors [1].  

Objec�ves and stakes : 

There are three main objec�ves to this study: 

1. Analysis of the impact of �me on the rheological behavior 

2. Study of the PGM par�cles aggrega�on 

3.Linking PGM par�cles sedimenta�on to aggrega�on 

Methodology :  

The present study aims to provide important inputs for the 

overall rheological behavior of this system and its features 

through the characteriza�on of a simulated nuclear glass 

melt containing 3.0 wt% (1.02 vol%) of PGM par�cles. A 

mathema�cal modeling of the thixotropic behavior of glass 

melts containing PGM par�cles is presented for the first �me 

using a model similar to that proposed by Houska (Houska, 

1981). This predic�ve model allow to describe experimental 

results obtained both in steady state and transient condi-

�ons. The impact of the shear stress and �me on PGM aggre-

ga�on degree and sedimenta�on kine�cs is determined us-

ing an imposed-stress rheometer at high temperature and 

imaging analyses via Scanning Electron Microscopy (SEM).  

Illustra�on : Scheme of the thesis in a nutshell: Firstly (1), the 

thixotropic behavior illustrates the reorganiza�on of the par-

�cles with �me, which is directly linked with their aggrega�on 

(2). The PGM aggrega�on kine�cs is dependent of the imposed 

shear, gradually changing its size and consequently its se�ling 

rate (3).  

Main results 

The complementary approaches implemented during this 

thesis have allowed an in-depth understanding of the rheo-

logical behavior of glass melts. Thus, this work has brought a 

qualita�ve and quan�ta�ve interpreta�on of the observed 

phenomena allowing a deeper understanding of the materi-

al behavior and consequently of the vitrifica�on process. 

The �me dependency of the melt viscosity evidences the 

reorganiza�on of the par�cles which affects directly the 

flow. Hence, the aggregates will gradually increase/ de-

crease with �me, depending on the rela�ve intensi�es of 

the forces ac�ng on the par�cles. Thus, the constant agita-

�on of the samples does not prevent sufficiently the se�ling 

of the aggregates, which increases with �me. In conclusion, 

as presented in Figure 1, the three studied phenomena hap-

pen simultaneously and are mutually dependent. 
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General context, scien�fic issues : 

PBT vitrimer, a par�ally crosslinked thermoplas�c ma-

terial with reprocessing and recycling proper�es, have 

shown outstanding poten�al for improved mechanical 

proper�es with limited change compared to classic PBT. 

[1,2] Nonetheless, it is yet to prove its industrialisa�on 

capabili�es either in tradi�onal applica�ons or diversifi-

ca�on towards new uses. Hence the project aims to: 

(i) Develop those PBT vitrimer matrices and light-

weight composites (embedded hollow glass 

beads) with industrial processes 

(ii) Understanding their rheological behaviour in sol-

id and liquid state 

(iii) Func�onalising glass bead to improve matrix/

reinforcements interface 

(iv) Understanding impact of the above func�onalisa-

�on on rheological behaviour and PBT vitrimer 

proper�es 

Objec�ves and stakes : 

 Func�onalisa�on of glass bead for PBT vitrimer ma-

trices 

 In situ curing of vitrimer compound during PBT ex-

trusion 

 Composites development with industrial compa�-

ble methods 

 Eco-friendly processes for func�onalisa�on 

 Lightweight composite proper�es inves�ga�on 

 Applica�on and limits of PBT vitrimer (& compo-

sites) for industries 

Methodology :  

 Op�misa�on to generalise extrusion parameter 

for polymer and composites 

 Manufacture of samples for thermomechanical 

and rheological tes�ng through microcompound-

er 

 Comparison of proper�es of model developed at 

the LEMTA Nancy  

Illustra�on : PBT vitrimer during extrusion and various formula-

�on extruded by kilograms  

Main results 

Extrusion and compounding of several PBT vitrimer 

formula�on and recycled versions 

Extrusion of PBT and PBT vitrimer composites with 

sample manufacturing 

Technological transfer to Plas�nov achieved for PBT 

vitrimer formula�on 

Determina�on of best vitrimer formula�on for classical 

PBT processes (1% vitrimer) 

Determina�on of applica�on for 2% vitrimer PBT: 3D 

prin�ng 
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General context, scien�fic issues : 

Medium Density Fiberboard is one of the most widely used 

materials for furniture. Every year, nearly 40 million m³ are 

wasted worldwide. [1] Acta Mobilier produces large quan�-

�es of Medium Density Fiberboard (MDF) waste, mainly saw-

dust. Recycling this material is a double opportunity to offer 

its customers new products, and to improve environmental 

responsibility. The crea�on of a new product via an addi�ve 

manufacturing process has an overwhelming advantage as it 

allows the fabrica�on of unique products. 

Objec�ves and stakes : 

The general objec�ve of this thesis is the produc�on of a printa-

ble bio-composite including MDF sawdust. The main challenges 

will be to re-use as much sawdust as possible in the printable 

composite material and to ensure the printability of it. Procure-

ment of MDF is changing every day, so sawdust is changing too. 

This is why, the variability of sawdust will be studied as well as 

its impact on the final product. 

In order to offer a new product to the furniture industry, the 

material will have to comply with various European standards. 

Moreover, the ability to 3D print the composite will offer a wide 

range of customiza�on to customers. 

Methodology :  

1/ Mul�-modal characteriza�on of the PLA and the 

MDF sawdust. The variability of sawdust mix is �ghtly 

correlated to the MDF suppliers and machining ac�vi-

�es… 

2/ Compare the proper�es and feasibility of the com-

posite with different matrices (bio vs oil 

 based). The composite will be characterised by mul�-

scale analysis.  

3/ Op�miza�on of the bio-composites formula�on to 

meet the company's requirements and specifica�ons. 

The printability of the composite will be evaluated by 

direct extrusion or through Fused Filament Fabrica�on 

(FFF) and its conformity to the various standards in 

force will be checked  

Illustra�on : Principal Component Analysis of different wood 

panels issued from different wood species. Purple and light 

green groups are the main types of MDF waste used. 

Main results 

MDF sawdust has been characterized with different meth-

ods. Using near infrared spectroscopy (NIRS) coupled with a 

PCA (cf. figure), a classifica�on of different waste batches 

(issued from various origin and thus containing different 

wood species) was obtained. To perform the PCA, spectra 

need to be compared with data for a database [2]. Subse-

quent computa�on by PLS-R allowed the modelling of the 

sawdust mix content and the determina�on of the rela�ve 

amount of raw material from each supplier in the first batch 

of MDF sawdust. In the same �me, we have studied the fea-

sibility to mix PLA and MDF. Indeed, various tests have been 

carried out in order to see what problems need to be 

solved. Preliminary results showed that the main issue was 

not compa�bility between the polymer matrix and the MDF 

sawdust but rather the printability of the bio-composite. 

The amount of sawdust seems to be one the main limi�ng 

factor. In the future, the printability of the composite will be 

improved. Moreover, the increase in MDF amount in the bio 

composite is one of the main short-term objec�ves  
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General context, scien�fic issues : 

In 1903, Dr. W. Ramsden claimed that the presence of a col-

loidal solid at a liquid-liquid interface could produce a persis-

tent emulsion. In 1907, the work of Dr. S. U. Pickering proved 

that the solid par�cles could stabilize an oil-in-water emul-

sion. Indeed, the adsorp�on energy of the par�cles at the 

interface is very high, which is an interes�ng characteris�c 

since the solid par�cles can form a coa�ng around the drop-

lets of the disperse phase. The par�cles can be func�onalized 

in order to respond to an environmental s�mulus. Thus, an 

ac�ve ingredient could be encapsulated in the droplets of the 

disperse phase and then delivered in a specific organ of the 

body. A lot of works focus on the formula�on of the Pickering 

emulsions but the influence of the process is not fully stud-

ied. The aim of this work is to study the produc�on process 

of the Pickering emulsions and to establish its rela�on with 

the formula�on parameters. 

Objec�ves and stakes : 

• Study reverse and direct emulsions prepared with the 

same silica par�cles. 

• Quan�fy the par�cles distribu�on between the liquid 

interfaces and the bulk as a func�on of the emulsifica�on ener-

gy and emulsion nature. 

• Establish a mathema�cal model describing the emulsion 

rheological behaviour as a func�on of the emulsion droplet size 

and the rheology of its con�nuous phase. 

Methodology :  

 

Illustra�on : Confocal pictures of (a) reverse and (b) direct 

emulsions  

Main results 

  

Water-in oil reverse and oil-in-water direct emulsions were 

prepared with a rotor-stator mixer and using the same par-

�ally hydrophobic silica par�cles. Both kinds of emulsion 

were stable. 

Reverse emulsions showed the smallest average droplet 

diameter. The rela�ve viscosi�es or elas�c moduli of these 

emulsions exhibited the highest values. 

In order to find the influence of the non-adsorbed silica in 

the rheological behaviour of Pickering emulsions, its frac�on 

in the con�nuous phase is experimentally determined. Then 

a material balance may be calculated on the whole emulsion 

system. This material balance will help to elucidate the 

origin of the Pickering emulsions stability against coales-

cence: are the droplets fully covered by the silica aggre-

gates? Does the process change the silica coa�ng character-

is�cs?  
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General context, scien�fic issues : 

 Many industrial products (cosme�cs, paints, food, etc.) ex-

hibit complex rheological behaviors such as shearthinning, 

viscoelas�ci�c or thixotropic behaviors. In order to manufac-

ture correctly these products and to provide them the de-

sired use proper�es, it is necessary to understand their rheo-

logical behavior. Thixotropy is a �me-dependent phenome-

non manifested by a decrease in the viscosity of the material 

over �me under constant stress. This phenomenon is o�en 

displayed by dispersions of par�cles or macromolecules with-

in which weak interac�ons produce a structured three-

dimensional network. Under the effect of stress, the network 

breaks, destructura�on occurs leading to facilitated flow of 

the fluid and therefore to a lower viscosity. This destructu-

ra�on is not instantaneous: it follows a kine�cs o�en de-

scribed by a first order differen�al equa�on, (Mewis & Wag-

ner, 2009). A rheological behavior model is associated with 

this structural kine�cs, such as the Houska model (Houska, 

1981) for thixotropic yield stress fluids  

Objec�ves and stakes : 

The rheological behavior of rheologically evolving fluids is the 

subject of numerous studies because knowledge of their flow 

modali�es is necessary for the op�miza�on of many industrial 

processes. However, structural modeling and numerical simula-

�on of thixotropic fluids remains a subject in full development. 

The aim is first to propose a rheological model that describes 

thixotropy and secondly to couple this model with the conserva-

�on equa�ons of mass and momentum in order to simulate the 

flow of these fluids. Computa�onal fluid mechanics codes such 

as ANSYS Fluent so�ware will be used.  

Methodology :  

During the present PhD, several thixotropic materials, 

commercial fluids and model fluids formulated in the 

laboratory, are currently being modeled. A model simi-

lar to those of Mewis and Houska is under develop-

ment to describe the rheological behavior of these ma-

terials. The model parameters are determined from 

experiments carried out on rotary rheometers available 

at the LRPG (a stress-controlled rheometer ARG2 and a 

strain-controlled rheometer ARES, both from TA Instru-

ments). 

Illustra�on : Comparison of the proposed model with the expe-

rimental flow curve of Nivea body lo�on.  

Main results 

The proposed rheological model was adapted from Herschel

-Bulkley model. In order to avoid numerical issues due to 

tending-to-infinity viscosity, the Herschel Bulkley model was 

regularized. To capture the thixotropic effects, the con-

sistency  was modified to be a func�on of the �me-

dependent structure parameter that evolves according to 

Moore's kine�cs. Here-a�er the proposed model in a scalar 

form : 

If  

 
 

If  

 

 
 

where         is governed by Moore kine�cs: 

 

 
 

with     the shear stress,    the shear rate. The model parame-

ters, the yield stress     , the consistency     , the flow index    , 

the two kine�c constants      and      ,    and parameter b are 

op�mized to best fit the experimental data. 
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General context, scien�fic issues : 

Granular materials are used in a vast number of industries 

and daily life. A persistent problem in the industry is related 

to the flow of cohesive powders, which is usually poor [1]. 

The flow behaviour, or flowability, is quite challenging to 

characterise. The complexity of the link between local par�-

cle interac�ons and their global macroscopic behaviour has 

undermined granular flows understanding, remaining, even 

nowadays, essen�ally empirical [2]. Understanding the role 

of interpar�cle forces is essen�al to apprehend powder flow-

ability. With this thesis, we aim to look for new ways to de-

scribe granular flow through the macroscopic flow proper�es 

of the powder, and a�emp�ng to develop some hypothesis 

about the rela�onship between this macroscopic behaviour 

and interpar�cle interac�ons. The primary objec�ve is to 

ensure process feasibility without compromising other im-

portant aspects such as safety, health, and economy. 

Using a mul�disciplinary approach, we propose a method to 

characterise granular flow, by an original approach based on 

the energy supplied to powders under vibra�on. 

Objec�ves and stakes : 

 Propose the role of par�cle interac�ons in powder flowa-

bility from the bulk analysis. 

 Quan�fy and relate bulk forces to flowability through an 

energe�c analysis. 

 Relate par�cle proper�es to bulk behaviour and associat-

ed phenomena. 

Methodology :  

We have focused our efforts on analysing powder compac-

�on by vibra�on as a method to evaluate powders' flowabil-

ity [3]. Using a par�cle damper, we control the amount of 

energy supplied (Ev) to the powder bed, observing the differ-

ent phenomena, and the bed high evolu�on as a func�on of 

�me. 

The descrip�on of granular flow through energy values al-

lows to extrapolate the flow behaviour and predict which 

phenomena could be observed in different configura�ons, 

targe�ng process descrip�on. 

From this energe�c approach, based on the bulk behaviour 

analysis, we will propose some rela�ons between par�cles 

characteris�cs and powders flow behaviour. 

Illustra�on : Granular compac�on of Avicel® PH102  

Main results 

Previous works show that the amount of energy supplied to 

a powder bed significantly influences its compac�on and 

flow behaviour [3-4]. As the energy provided to the granular 

media increases, the bulk compacts un�l reaching a maximal 

steady-state packing density (UHR, Fig. 1A). A�er this point, 

bigger energies will result in less compacted or fluidised 

granular beds (Fig. 1B). The many phenomena observed 

during compac�on are a func�on of the quan�ty of energy 

provided to the granular material. In general, when low en-

ergies are supplied, the granular media will compact calmly, 

and the contact force networks seem not to change. When 

the energy supplied increases, granular jets (Fig. 1C), bub-

bling, and even explosions (Fig. 1D) can appear during the 

first periods of compac�on, while a convec�on phenome-

non (Fig. 1E) can be observed during the second step of 

compac�on. If even more energy is supplied, the reorganisa-

�on will be affected, and at some point, under UHR, the 

powder bed will fluidise. Here, interpar�cle forces seem to 

be inferior to the energy provided to the media, giving rise 

to a fluidised bed where volume changes are observed  
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General context, scien�fic issues : 

Based on projec�ons by 2050 plas�cs in the oceans will over-

weight fish and the global plas�c produc�on is expected to 

increase to 850 million tons per year by the same year [1]. 

Past researches demonstrated that using distributed recy-

cling fits into the circular economy paradigm [2]; i.e. consum-

ers directly recycle their own waste, so recycling is done at a 

local scale, reducing waste associated to transporta�on and 

retail. 

Addi�onally, resent ini�a�ves have propose a new approach 

based on these distributes plas�c recycling for open-source 

3D prin�ng to help the plas�c waste u�liza�on called DRAM 

Distributed recycling and addi�ve manufacturing [3]. Howev-

er, every �me that the material is melt and then solidified 

the mechanical proper�es of the resultant 3-D print de-

crease. Other limita�ons include, impuri�es found in waste 

as well as contamina�on or mixture with incompa�ble poly-

mers, which complexify the recycling process. Indeed, the 

impuri�es reduce the rheological proper�es while incompa�-

bili�es increase the material heterogeneity and thus. Both 

lower the mechanical proper�es affec�ng the quality of the 

resul�ng object and worsen the plas�c waste process. 

Objec�ves and stakes : 

The thesis aim is to solve the current issues presented in the 

local scale plas�c recycling by direct prin�ng technology; 

1. Evalua�on the direct prin�ng of recycled mul�-material poly-

mers via Fused Granular Fabrica�on (FGF). 

2. Fabrica�on of an open-source melt flow index for rheological 

proper�es evalua�on before prin�ng. 

3. Compa�biliza�on and characteriza�on of Polyethylene ter-

ephthalate (PET) and incompa�ble polymer contaminant. 

4. Evalua�on of the use of compa�bilizers for prin�ng purposes. 

5. Proposal of a sustainable and economical process for mixed 

plas�c prin�ng. 

6. Fabrica�on of large-scale objects via FGF with recycled mul�-

materials mixtures. 

Methodology :  

1.Obten�on of the recycled raw material with easy imple-

mentable opera�ons at local level: 

-Collec�on, shredding, si�ing, cleaning and drying.  

2.First experimental assays of printability and op�miza�on of 

the prin�ng parameters. 

3. Elabora�on and characteriza�on of polymers blends using 

compa�bilizer.  

4. Evalua�on and valida�on of the blends in 3D prin�ng.  

5.Op�miza�on of the proper�es of the final prin�ng objects. 

Illustra�on : Global framework of the experimenta�on  

 

Main results 

At first, a systema�c biographic analysis has been carried 

out regarding the compa�biliza�on between PET and incom-

pa�bles polymers to determine the most appropriate com-

pa�bilizer for our study. From the analysis concerning PET 

an polypropylene, reac�ve compa�bilizers using Maleic an-

hydride func�onalized polymers were the most commonly 

used followed by non-reac�ve copolymers such as Poly 

(Styrene-co-Ethylene-co-Butylene-co-Styrene) copolymer 

(known as SEBS). A�er redirect my study towards a large 

significant problema�c, the separa�on and storage of plas�c 

waste, the blend between PET and High density polyeth-

ylene (HDPE) needs further bibliographic analysis. However, 

compa�bilizers appear to be similar of those found for PET 

and PP blends. 

To begging with the experimental tests, raw material was 

obtained following the framework of the experimenta�on. 

Both, PET and HDPE were shredded, si�ed, cleaned and 

dried to be later printed. First results on the obtained raw 

material a�er all those steps showed that the direct prin�ng 

of recycle mul�-material without compa�bilizer seems feasi-

ble if the accurate granulometry is obtained a�er treat-

ments. Three different si�ers sizes were used to determine 

the best appropriate granulometry of the par�cles. Op�mi-

za�on of the parameters have also been experienced. How-

ever, from the results obtained un�l now the repeatability, 

accuracy and proper�es of the final 3D printed pieces re-

quire further inves�ga�on  
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General context, scien�fic issues : 

Chemical Product Engineering (CPE) has numerous challeng-

es such as the complexity of the products and of the link 

proper�es-structure-ingredients-process, as well as the ne-

cessity to discover and develop quickly new products and 

proper�es. In recent years, ar�ficial intelligence (AI) and ma-

chine learning (ML) data-driven methods have gained in-

creasing a�en�on due to data explosion and technological 

breakthroughs. These methods have shown very good per-

formance in tackling par�cularly complex problems in other 

areas (computer vision, natural language processing…) and 

could therefore be very helpful to address CPE challenges, 

where classical approaches fail or are inefficient  

Objec�ves and stakes : 

This research focuses on the applica�on of ML approaches in CPE.  In 

par�cular, the objec�ves are to understand the characteris�cs of ML 

methods, provide guidelines in applying them given problem and data 

specifici�es and iden�fy their limits and challenges. Two applica�ons, 

where using ML methodology could greatly help, are under study: 

• The first applica�on consists in the modeling of radical polymeriza-

�on of styrene in presence of Ground Tire Rubber (GTR) powder [1]. 

Why ML? Phenomenological (i.e., knowledge-based) modeling is par�c-

ularly complex for this system (a lot of reac�ons and nonlinear phe-

nomena occur simultaneously) and the gra�ing of polystyrene on GTR 

is not completely understood. 

 • The second applica�on is done in collabora�on with the department 

CITHERE [2]. The goal is to predict the thermochemical proper�es 

(enthalpy and entropy of forma�on) of a molecule from its molecular 

descriptors. Why ML? Quantum Chemistry or Group Contribu�on 

methods, commonly employed to calculate these proper�es, have 

shown limita�ons in terms of applicability to more complex or larger 

chemicals and/or computa�onal costs. Comparing the results from 

different methods also guarantees more reliable property predic�ons  

Methodology :  

• Applica�on 1: First, an experimental procedure ena-

bling a homogenous and controlled polymeriza�on 

must be set up to produce enough data of good quality, 

necessary in any ML approach. Based on the obtained 

data, several ML techniques can be evaluated and com-

bined with phenomenological models. 

 • Applica�on 2: Data from public databases (ex: DIPPR) 

are used to construct the ML predic�on model. First, 

relevant molecular descriptors (i.e features influencing 

thermochemical proper�es) must be iden�fied, extract-

ed from molecules and preprocessed. Several ML tech-

niques can then be evaluated  

Illustra�on : Experimental set-up for radical polymeriza�on of 

styrene in presence of GTR powder (Applica�on 1)  

Main results 

• The state-of-the-art of ML in CPE resulted in a review ar�cle [3]. 

• Applica�on 1: To produce enough data, a system was designed to 

perform 6 polymeriza�ons in parallel (Illustra�on 1). To ensure 

data quality, several points were addressed such as agita�on, tem-

perature, reactor design and design of experiments while special 

a�en�on was paid to the calcula�on of uncertain�es and losses 

during the experiments. The obtained data consist in different 

input opera�ng condi�ons (temperature, �me, reactants composi-

�on) and the respec�ve output product characteris�cs (styrene 

conversion, gra�ing efficiency and polystyrene molecular weight).  

Several pure ML models are being inves�gated as well as hybrid 

ML/phenomenological models to combine their precision and ex-

plicability respec�vely. 

 • Applica�on 2: The so�ware AlvaDesc was selected to calculate 

5666 molecular descriptors of DIPPR’s 2230 molecules. The library 

RDKit was used to convert molecules from SMILES to MDL MOL 

format, the la�er containing 3D informa�on necessary for some 

descriptors. Then, a holis�c approach was implemented to evalu-

ate the impact of diverse preprocessing methods and scenarios as 

well as ML models on the predic�on performance. In par�cular, 

specific methods were used to deal with this high dimensionality 

and scarce dataset and descriptors’ physical meaning was inves�-

gated deeper to jus�fy if their choice is relevant. Different methods 

were also tested to iden�fy the most impac�ul descriptors. An 

ar�cle and an oral communica�on at ESCAPE 32nd congress are in 

prepara�on  
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General context, scien�fic issues : 

A promising energy recovery process for very wet or even liquid resources is 

gasifica�on in supercri�cal water to produce energy valuable gases (a mix-

ture of H2, CH4 and CO2). Supercri�cal water gasifica�on is based on the 

proper�es of water under high pressure and temperature. Beyond its cri�cal 

point (over 374°C and 22.1 MPa), water becomes a highly reac�ve medium 

and promotes gasifica�on reac�ons. In this process, contrary to dry gasifica-

�on, it is not necessary to dry the resource beforehand. This allows to main-

tain water as reactant and it also avoids energy losses due to the drying step. 

Among the resources targeted by this process, we can cite for example 

waste from the food industry (fruit pomace and brewers’ spent grains, vi-

nasse...), industrial effluents (black liquor), microalgae, methana�on diges-

tates, sewage sludge... This thesis focuses on black liquor which is largely 

available and which is a good candidate to study issues linked to inorganic 

content of wet resources  

Objec�ves and stakes : 

The development of the supercri�cal water gasifica�on process is at the 

laboratory pilot stage, the largest con�nuous reactors developed being of 

the order of 100 L/hour, with opera�ng �mes limited to few hours. Re-

search and development ac�ons are s�ll necessary to further its develop-

ment to an industrial scale. The main issues and lines of research are: ener-

gy supply and recovery, conversion efficiency of carbon into valuable gases 

(H2 and/or CH4), corrosion problems, resistance of the materials, pumping 

and high-pressure injec�on of solu�ons containing suspended solid par�-

cles and finally management of pollutants (such as H2S) and inorganic spe-

cies (salts). This thesis deals with this last point. The evolu�on of the dielec-

tric constant and the ionic product of water when reaching the supercri�cal 

state leads to the precipita�on of salts contained in the resource [1]. This 

phenomenon of precipita�on of salts in solid or liquid form o�en leads to 

the clogging of the reactor [1-2]. This study will focus on solu�ons to under-

stand the behaviour of these salts and their management, while taking into 

account the constraints. Another major problem concerns pollutants. Origi-

na�ng mainly from organic ma�er, gases such as H2S are very toxic and 

corrosive, inducing problems downstream in the process. One solu�on 

would be to capture these gases in inorganic salts during gasifica�on or 

prevent them from forming thanks to the use of addi�ves. It is also possible 

to add a gas cleaning step at the reactor outlet. These phenomena have 

been very li�le studied and characterized in the literature and yet they 

cons�tute one of the major challenges for the development of these pro-

cesses, par�cularly for resources rich in salts and sulfur such as black liquor  

Methodology :  

First, a bibliographical study was carried out concerning the salts, their 

behaviour in supercri�cal water gasifica�on, the forma�on of pollu-

tants and the solu�ons implemented in the literature. A second part of 

the study concerned the thermodynamic approach: the laboratory has 

thermodynamic equilibrium calcula�on tools (Factstage, Gemini...) 

which allow predic�ng the behaviour of inorganics (equilibrium dia-

grams of solid, liquid or gaseous phases as a func�on of temperature 

and pressure condi�ons). It is necessary to evaluate whether these 

tools and the thermodynamic databases are valid under condi�ons of 

supercri�cal water gasifica�on. These tools can lead to a be�er under-

standing of the behaviour of the inorganic species. In parallel, the ex-

perimental work focuses on the characteriza�on of resources and gasi-

fica�on products by all the necessary analy�cal means, with a special 

focus on inorganics. Black liquor is the resource studied in this project. 

This resource is available in the laboratory within the framework of the 

European Pulp&Fuel project, currently in progress. A second experi-

mental part of the thesis concerns the defini�on of a device to charac-

terize the behaviour of salts in supercri�cal condi�ons. The laboratory 

currently has two devices dedicated to supercri�cal water gasifica�on: 

a batch reactor (volume 500 mL) and a con�nuous reactor (capacity 10 

L/h). The idea was first to propose an adapta�on of one of these two 

devices. The ul�mate goal is to increase the understanding of the be-

haviour of salts and pollutants in supercri�cal water condi�ons. With 

this knowledge, an evalua�on of the different strategies for inorganics 

and pollutants management is expected, whether thermodynamically 

or chemically, and thus help the laboratory to propose design solu�ons 

for future supercri�cal water gasifica�on pilots. 

Illustra�on : Precipita�on of sodium carbonate in a con�nuous 

hydrothermal gasifica�on reactor, LITEN.  

Main results 

Some salts precipitate directly under supercri�cal condi�ons (type-2 

salts) while others can s�ll be dissolved near cri�cal point (type-1 

salts). Literature shows that one way to remove salts out of reactors is 

to make the inorganic mix tend to a type-1 salt behaviour, playing on 

elements ra�os [3-4]. In this case, most of the salts can be solubilized 

by water and then removed as a salt-rich effluent a�er cooling at the 

bo�om of devices, instead of being stuck on reactors’ walls. The work 

is composed of both simula�ons and an experimental approach. Model 

mixtures of salts, according to the resource composi�on, are first stud-

ied with the use of addi�ves in batch reactors to build a numerical 

model of global behaviour (work in progress) before looking for man-

agement solu�ons on real resources and con�nuous devices. 

References :  

[1] Lemoine G. Étude expérimentale et numérique d’écoulements réac�fs en 

condi�ons hydrothermales : mélanges de fluides et précipita�on de sels. Univer-

sité de Lorraine, 2017. 

[2] Blasio CD, Lucca G, Özdenkci K, Mulas M, Lundqvist K, Koskinen J, et al. A 

study on supercri�cal water gasifica�on of black liquor conducted in stainless 

steel and nickel-chromium-molybdenum reactors. J Chem Technol Biotechnol 

2016;91:2664–78. 

[3] N. Boukis, I. K. Stoll, J. Sauer, J. Fischer, and R. Kansy, “Separa�on of salts 

during the gasifica�on of spent grain in supercri�cal water,” presented at the 

European Biomass Conference and Exhibi�on Proceedings, 2017, vol. 2017, pp. 

338–343. 

[4] Wang R, Deplazes R, Vogel F, Baudouin D. Con�nuous Extrac�on of Black 

Liquor Salts under Hydrothermal Condi�ons. Ind Eng Chem Res 2021;60:4072–

85. 

2022 



 

137 

 Research subject : Designing emulsions stabilized with proteins: probing interfacial 

proper�es of Pea protein-stabilized emulsions 

San�ago Felipe VELANDIA RODRIGUEZ (3rd year)  

Thibault Roques-Carmes, Daniel Bonn 

Axe PRODUCT ENGINEERING | Van der Waals-Zeeman Ins�tute | University of 

Amsterdam  

 

Keywords : Emulsions, Rheology, Pickering Emulsions, So� Ma�er, Proteins, Interfaces  

General context, scien�fic issues : 

Protein-stabilized emulsions have a�racted great a�en�on in 

the last decades as they represent a good alterna�ve to 

emulsions with surfactants that can be harmful to the envi-

ronment. Proteins are one of the main agents for the prepa-

ra�on of emulsions in the food industry as they can be safely 

ingested, have an amphiphilic character, and provide favora-

ble nutri�onal proper�es. Recently, plant-based proteins, 

such as Pea protein isolate, have gained a lot of interest be-

cause they allow the development of products that meet the 

major environmental challenges of today [1]. 

However, these are complex systems due to the nature of 

the proteins themselves. Indeed, they are highly dependent 

on formula�on and processing condi�ons such as pH or 

emulsifica�on protocol. One of the main characteris�cs that 

differen�ate proteins from classical surfactants is their ability 

to change conforma�on depending on the surrounding prop-

er�es and this translates into key modifica�ons in the final 

emulsions. For instance, it is reported that proteins can be-

have as so� par�cles, stabilizers of what are known as Picker-

ing emulsions, and in other cases they appear to have simi-

lari�es to classical surfactants [2]. Due to this, predic�ng and 

controlling the proper�es of protein-stabilized emulsions 

remains a highly complex task of great industrial and funda-

mental interest. 

Objec�ves and stakes : 

Here we propose to study the interfacial proper�es of pea pro-

tein stabilized emulsions. Great a�en�on is devoted to the sta-

biliza�on mechanism and how this can affect the stability of the 

emulsions 

Methodology :  

 

Illustra�on : Schema�c representa�on of the protocol followed 

with protein-stabilized Pickering emulsions  

 

Main results 

Based on previous results obtained with animal-based pro-

teins of Bovine Serum Albumin, a simple protocol to stabi-

lize Silicone oil-in-water emulsions was implemented. 

The emulsions were visualized with confocal microscopy by 

means of molecular rotors a�ached to the proteins. The 

stability of the emulsions was studied for several days. A 

characteriza�on of the elas�city of the interfaces was per-

formed by means of the molecular rotors, as well as an ob-

serva�on of how the stabiliza�on mechanism varies as a 

func�on of a key property such as pH. 

The results show a correla�on between the elas�c character 

of the interfaces and the stability of the emulsions, thus 

rela�ng the mesoscopic scale to the macroscopic proper�es. 
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