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Presentation of PhD and post-doctoral 
works at LRGP

This document presents the work of doctoral and post-doctoral students carried out during 
2019 at the Reactions and Chemical Engineering Laboratory (LRGP_Laboratoire Réactions et 
Génie des Procédés) 

The document was concisely written 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 objectives and challenges, (3) the methodology being developed, (4) a sche-
matic illustration, (5) the main results and (6) some references.

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 scientific works are organized into 5 sections according to the different Research De-
partments at LRGP, as following: 

 •  Processes for Environment, Safety and Resource Valorization
 •  Intensification, Optimization and Architecture of Processes
 •  BioProcesses - BioMolecules
 •  Kinetics and Thermodynamics for Energy 
 •  Product Engineering

Within each Department section, the research projects were further sorted by alphabetic or-
der according to the researcher’s surnames instead of year because different new studies be-
gin throughout the year. Moreover some projects may progress faster or slower depending on 
whether they are in the continuity of previous studies or they initiate a new topic. 

I wish you a pleasant reading !

Laurent FALK
Director of Reactions and Chemical Engineering Laboratory, Nancy, France
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The Reactions and Chemical Engineering Laboratory (LRGP) is a joint unit of CNRS (National 
Center for Scientific Research) and Université de Lorraine.
On 1 January 2019 the laboratory had a 300-plus workforce, including 18 CNRS researchers, 82 
research professors and lecturers, 43 technical and administrative employees as well as 180 
non-permanent staff (contract researchers, 82 doctoral students, post-doctoral fellows and 
Master’s students). 

The Process Engineering and Reactions Laboratory (LRGP) develops the necessary scientific 
and technological knowledge for designing, studying, running and optimising the complex pro-
cesses of physicochemical and biological conversions of mass and energy. Its themes therefore 
incorporate the conventional scope of chemical engineering via study of the coupled processes 
of transfer of mass, heat and flows, physical chemistry, such as kinetics and thermodynamics, 
and biology, with consideration of the complex inter-dependencies and interactions between 
processes at different spatial and temporal scales. This integrative approach encompasses a 
growing dimensional spectrum ranging, on the one hand, from nano and micro-scales for im-
proving the consideration of local phenomena, including by integrating or developing the very 
fundamental approaches of physics, quantum chemistry or biology 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 kinetics, statistical physics, etc.);
  • the multi-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 objectives of the first two approaches and to be able to control the processes.

The applications studied are multiple and are geared towards the societal implications 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 practises waste recovery, 
conversion of bio-based products and synthesis of recyclable materials and products. The la-
boratory’s research activities thus bear on, for example:

- improving the effectiveness of conversion and treatment processes via the integrated mana-
gement of mass and energy flows enabling the recycling and recovery (eco-design) of by-pro-
ducts (low-level energy and waste); 

- reducing the carbon footprint of conversion processes by using bio-based and petro-
leum-based resources, cutting back on process water consumption, recycling and reducing 
pollution, capturing, storing and recovering CO2 and reducing industrial risks (clean, safe pro-
cesses);
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- the synthesis of eco-compatible and recyclable materials and products that are more respec-
tful of humans and the environment as well as designing and developing high-performance 
complex products (chemical or biochemical) via an organisation at the molecular, macromole-
cular and colloidal level. 

The importance of both the economic aspects of sustainable processes via a life-cycle cost ana-
lysis, and the societal aspects via a social life-cycle assessment is also factored in.



Research departments

The Process Engineering and Reactions Laboratory (LRGP) is organised around 5 main thema-
tic department: 
 • PErSeVAL: Processes for the Environment, Safety and the Recovery of Resources 
 • PRIMO: Processes, Reactors, Intensification, Membranes, Optimisation 
 • BioProMo: BioProcesses – BioMolecules
 • CITHERE: Kinetics, 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 integrative science, process engineering can help in tackling these challenges. 
The themes of this strand therefore primarily concern reducing the negative impacts of indus-
trial conversion processes on the system itself, its environment (natural environment, rural or 
urban areas) and people (exposure of operators and consumers to risks and pollution). 

The PErSeVal strand addresses these scientific challenges by developing processes that are in-
herently cleaner and safer, through multi-scale approaches in particular, and by designing inno-
vative processes for effluent treatment (waste gas, aerosols and liquid) and pollution (e.g. soil 
contaminated by industrial activities). The products being treated generally derive their specific 
nature from their significant dilution (e.g. micropollutants), small size (ex. nanoparticles) or 
complex state (colloidal, chemical complexes, fractal state) in close interaction with their en-
vironment. The systems developed are often based on multiphase treatment processes which 
require a detailed study of the physical or reactional phenomena, combined with an environ-
mental analysis of the processes (life-cycle analysis). Among these treatment or purification 
processes, particular attention is being devoted to those concerning adsorption phenomena, 
ion exchange and aerosol separation by filter media, granular bed filters and bubble columns. 
Building on the study of gas/solid particle flows, the PErSeVal strand also delves into hybrid mix-
ture, 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 little harnessed (hydrometallurgy for metal recovery, biogas plants, waste recovery, 
etc.) and to develop processes for using and generating renewable energy (electrochemical 
processes for energy conversion).

PRIMO – Processes, Reactors, Intensification, Membranes, Optimisation 

The research performed under this department is aimed at designing, studying and optimal-
ly carrying out new processes involving intensified reactors and microstructured systems, 
membrane technology, innovative gas-liquid contactors and supercritical processes. The study 
and development of multifunctional hybrid or coupled processes are thus considered funda-
mental in a bid to achieve technical and energy efficiency. Intensification, defined as all techno-
logies and methods that enable yields to be increased, and the architecture of processes



(Process Systems Engineering) , perceived as the spatial and temporal organisation of unit ope-
rations, form the building blocks of the department scientific approach of PRIMO.

The research combines experimental studies on pilots at different scales (intensified micro- 
and mini-reactors and microstructured systems, catalytic reactors, polymerisation reactors, 
gas-liquid and liquid-liquid contactors, membrane modules, supercritical extraction processes), 
specific parametric determinations and computational simulation studies often including com-
putational fluid dynamics (reactive flows in mini-reactors, permanent or cyclic membrane gas 
separation processes, mass and heat transfer in clothes, evaporators). Beyond the simulation 
of processes, performed for its specific purpose and for confirming the experimental findings 
coming from different pilots, the validated models enable identification of processes’ optimum 
working conditions and their control to be studied. Regarding optimisation and control, the re-
search ties in with the general topic of process systems engineering (PSE), bearing both on me-
thodologies (hybrid or global dynamic optimisation, nonlinear and predictive control, control 
of distributed parameter systems) and their applications (simulation of an adsorption process 
simulated under pressure via dynamic optimisation, control of reactors, exchangers).

BioProMo – Bioprocesses - Biomolecules 

The activities of the BioProcesses-Biomolecules (BioProMo) department involve acquiring 
knowledge about, developing and controlling bioprocesses for producing diverse functional bio-
molecules. They are grounded in the development of a multidisciplinary, multi-scale approach: 
i)- the micro-scale at which enzyme activity or cell metabolism are characterised and measured 
(metabolic engineering, structural and functional quality of molecules produced, photodyna-
mic therapy); ii)- the meso-scale at which we particularly assess the relations between the lo-
cal, hydrodynamic and biochemical environment of animal cells and filamentous bacteria for 
quantifying macroscopic production kinetics; iii)- the macro-scale of the reactor and separa-
tor, whether membrane or chromatographic, at which the optimum working and performance 
conditions are determined by using computational approaches, such as multi-criteria optimisa-
tion, tailored to the specifics of bioprocesses. 

BioProMo scientific 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 application fields specific to (bio)process 
engineering, including white biotechnology (chemical inputs by fermentation, functionalised 
molecules, protein-driven biorefining), membrane processes (separation of complex mixtures 
of biomolecules), sensors (real-time monitoring of bioprocesses), genome engineering (bio-
catalysts, whether living or not, that must address the process’s constraints), technology for 
medical imaging and cancer treatment (functionalised nanoparticles), production of molecules 
for therapeutic purposes (animal cell culture processes), cell and tissue engineering (stem cell 
expansion).

Research departments
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CiTherE – Kinetics, Thermodynamics, Energy
This department groups together the research activities associated with energy conversion 
processes, primarily thermochemical ones, and with products associated with or derived from 
such conversion processes. The research bears on the development of advanced kinetic and 
thermodynamic models, the development and control of such energy storage and conversion 
processes as heat pumps, combustion and pyrolysis reactions and biomass thermochemical 
conversion processes.

A significant part of the research focuses on developing detailed reaction mechanisms of the 
free-radical chemistry of combustion and pyrolysis, which are applied with a view to reducing 
greenhouse gas emissions and pollutants emitted by internal combustion engines, using conven-
tional fuel (petroleum hydrocarbons) or new alternative fuels produced by biomass conversion. 
Through the consideration of complete reaction kinetics and the detailed thermodynamic des-
cription of phase transitions, significant progress is also possible in predicting the formation 
and exploitation of oil reservoirs. Significant attention is also devoted to thermodynamic stu-
dies for using neoteric solvents for extraction processes. The thermochemical recovery (com-
bustion, gasification, pyrolysis, carbonisation) of lignocellulosic biomass for obtaining synthons 
(synthetic building blocks), 2nd generation biofuels or products, is also one of the department 
major themes and the «biorefinery» cross-cutting 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 multicriterion 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 stu-
dying, designing and optimising the processes for developing multi-structured materials and 
products with several properties and functions of use. This work first requires an understan-
ding of the links between the physical, physicochemical, mechanical and structural properties 
at different scales of complex formulated products and materials, and then the translation of 
these properties into specific properties of use.

The end goal is to conduct the process in the best possible way to achieve control of the pro-
perties of use and performances sought-after for the products, as part of a wide diversity of 
innovative applications (safety, health, cosmetics, application products, catalysts and so on). 
The processes developed and studied can be used to make a large number of products and 
materials. They include, for example reactive extrusion processes for polymer materials, crys-
tallisation and precipitation processes for divided solids, or emulsification processes for emul-
sions. The formulated products and materials studied concern speciality applications: polymers, 
fibres, polymer matrix composites, granular media, nanoparticles and crystals, emulsions, sus-
pensions, physical or chemical gels, etc. The multidisciplinary approaches developed within this 
department are grounded in the development of advanced tools and methods for characteri-
sing processes such as systemic rheology, in-line metrology and modelling and simulation to 
describe the multi-scale structuring of multi-constituent, typically multiphase and rheologically 
complex media, often entailing chemical reactions at the interfaces.
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PerSeVal - PROCESSES FOR ENVIRONNEMENT, SAFETY AND 
RESOURCE VALORIZATION

Name Surname Subject Page

ARORA Divyesh
Direct hybridization of a PEM fuel cell to a supercapacitive storage device – Compara-
tive study of the aging in urban cycling mode and optimal management of hydrogen 
consumption

1

CHARPIN Thomas Study of the volatilization phenomena in the calcination & vitrification process 2

GODOY Charlotte Biphasic Aerosols Filtration – Solids Agglomerates and Liquids Droplets (Falbala) 3

HATOUM Rana
Elimination of micropollutants in wastewater treatment plants – the effect of the 
biological reactor configuration on the elimination of micropollutants 4

JALLY Bastien
Development of an efficient recovery process for the agromining of rare earth ele-
ments 5

JOURDAN Nicolas
Hydrodynamics in industrial plants cooling circuits: influence on fouling phenomena, 
characterisation and compartmental modelling 6

KHIROUNI Nassim
Optimizing the performances of industrial filtration systems for the removal of ultra-
fine metallic particles 7

LISSANEDDINE Amina
Formulation of adsorbent based on natural materials and their combinations to the 
electrochemical process for treating industrial effluents 8

LOUIS Pauline Origin, behavior and fate of Rare Earth Elements in wastewater treatment plants 9

MAIHATCHI AHA-
MED

Abdoulaye
Valorization of iron-rich tailings from mining industry. Design and development of a 
process for the production of electrolytic iron from complex matrices 10

MAURICE Nicolas Large-scale constructed wetlands : Monitoring and modelling 11

MOHD ADNAN
Mohd Faidzul 

Hakim

Elimination of Pharmaceutical Micropollutants in Effluent of Municipal Wastewater 
Treatment Plants by Nanofiltration Coupled to Electrochemical Advanced Oxidation 
Process

12

MUKHERJEE Mainak
Estimation of through-plane gas permeability across gas diffusion layer in a dedicated 
measurement cell using single and mixed dry gases

13

NUVOLI Jonathan
Study of the mechanisms about formation of particles depositions applied to HEPA 
filtration

14

SANTANDREA Audrey
Better understanding of nanoparticle specificities to develop comprehensive mode-
ling approach for nanodust explosions 15

SCALA Marco Gas-liquid hydrodynamics and mass transfer in a transparent Sulzer SMX static mixer 16

SHIRSATH Anantrao Vijay
Electrochemical pressure impedance spectroscopy for transport characterization in 
electrochemical cells (EPISTEL)

17

ZHANG Qindan Formation dynamics of elastic droplets at a T-junction 18



PRIMO - INTENSIFICATION, OPTIMIZATION AND 
ARCHITECTURE OF PROCESSES

Name Surname Subject Page

ABUSHAMMALA Omran Optimal shape design of Hollow membrane modules 20

BEN AMMAR Ridha
Membrane contactors with dense membranes for physical absorption of carbon 
dioxide under pressure ; application to syngas purification

21

BOUCHKIRA Ilias
Thermodynamic analysis of concentrated solutions of sulfuric and phosphoric 
acids in the presence of phosphate ore: modeling and experimentation

22

BOZORG Marjan Optimization of Architecture of Membrane Process 23

CARDENAS Cristian 
Modeling and analysis of the behavior of the air purification boxes used in 
construction machinery for the protection of operators against gases and vapors

24

COURTAIS Alexis Optimal design of fixed bed reactors using additive manufacturing 25

ELMISAOUI Sanae
Modeling, simulation and experimentation of digestion tank in phosphoric acid 
manufacturing process

26

FONSECA GAMBOA Juan David
Design and optimization of a distributed energy system with hydrogen as energy 
vector

27

GAHFIF Karima
Analysis and quantification of catalyst deactivation during  acrolein synthesis by 
propylene oxidation for the manufacturing of nutritional additives 

28

HENRY Guillaume Experimental characterization and design of a millichannel vaporiser 29

JIANG Zhengkun
Development and implementation of systematic model-development strategy 
using model-based experimental design

30

MATAMOROS Fatima Modeling and optimization of low pressure carburizing furnaces 31

MOHD SHAFIE Zulfida Mohamad 
Functionalized Graphene Oxide as Additive in Dense Skin Thin Film Nanocompo-
site Hollow Fiber Membranes for Biogas Upgrading

32

MORSHED Mahbub
Study of the separation by organic solvent nanofiltration of diluted solutes using 
commercial, dense and porous membranes and their derivatives by deposition of 
polyelectrolyte nanolayers 

33

QUINTERO Christian
Superstructure optimization approach for process design for the industry of the 
future (PROFUTUR)

34

RAMIREZ BOTERO Asdrubal 
Modeling, simulation, dynamic optimization and nonlinear control of a reactive 
evaporation process for synthesis and deposition of zinc oxide thin films

35

SOARES TEIXEIRA Vinicius
Multi-physical modeling of the corrosion-erosion process: case of a liquid jet 
containing particles

36

URIBE-SOTO Wilmar
Conceptual process design for the thermochemical valorization of gases from 
integrated steelworks

47



 BioProMo - BIOPROCESSES, BIOMOLECULES

Name Surname Subject Page

ALBE SLABI Sara
Development and optimization of a process for the production of sunflower protein 
isolates

38

BEAUBIER Sophie
Improvement of rapeseed albumins digestibility and functionalities by enzymatic proteoly-
sis

39

BOURKAIB Mohamed Chafik
Intensified & sustainable enzymatic acylation processes on innovative macroporous/meso-
porous materials 

40

BRIKI Amani
Succinate production by Corynebacterium glutamicum: from metabolic modeling to dyna-
mic optimization

41

CHERON Jonathan
Study of the bacterial microenvironment in a bioleaching stirred tank bioreactor: transport 
phenomena and kinetic modeling in three-phase flow

42

DENNER Aurélia
Application of the PAT approach for on-line monitoring and control of functional parame-
ters of animal cells cultured in bioreactors

43

EID Georges
New lipophilic or amphiphilic derivatives of bio-based phenolic compounds with antioxi-
dant, anti-inflammatory and / or anti-proliferative properties

44

EL HAJJ Sarah
Innovative screening methodology for metal-chelating peptides with antioxidant properties 
using Surface Plasmon Resonance 

45

GAYE Ibrahima Study of  stem cells adhesion to microcarriers for cell culture process development 46

LARUE Ludivine Platforms for improving the treatment of glioblastoma by photodynamic therapy 47

LE Thi Tuong
Purification and biomedical valorization of phenolic fractions captured from liquid side 
products obtained during sunflower and rapeseed protein purification

48

MOUSSARON Albert
Diagnosis of brain metastases by Positron-emission tomography (PET): complementarity of 
dual targeting NRP-1 & LRP-1 receptors

49

PARIS Cédric
Optimisation of LC-MS methods for the screening and the direct identification of iron che-
lating peptides – Structural characterization after functionalization

50

SION Caroline
Development of an optimized perfused-continuous process ofculture of human umbilical 
cords mesenchymal stem cells (hMSC) grown on innovative adhesion supports

51

ZAVALA ORTIZ Daniel
Application of in situ near-infrared spectroscopy (NIRS) for monitoring biopharmaceuticals 
production by cell cultures

52



CiTheRe - KINETICS AND THERMODYNAMICS FOR ENERGY 

Name Surname Subject Page

ARUNTHANAYOTHIN Suphaporn
Experimental study of the formation of pollutants, in particular PAHs and NOx, 
during the combustion of biogas 

54

BARTOLOMEI Erika Biorefinery: lignin liquefaction to produce green aromatic chemicals 55

BERRO Youssef
Elaboration of catalytic systems for biomass upgrading under HydoDeOxygenation 
conditions: a combined theoretical/experimental study 56

BOUIZI Younès Valorisation of lignin in biorefineries: from molecular to process scales 57

BOUNACEUR Arezki Study of pressurized biomass pyrolysis 58

BUENDIA KANDIA Felipe Continuous liquefaction of lignocellulosic biomass 59

DEHLOUZ Aghilas Two-phase flow modelling for the storage of Liquefied Natural Gas (LNG) 60

DEMOL Rémi
Hydrogen Production from Biomass and Waste Gasification: Modeling, Techno-Eco-
nomic & Environmental Assessment of Innovative Solutions 61

DHAHAK Asma Experimental study of polyethylene terephthalate pyrolysis 62

DMITRIEV Artem Kinetic study of ester biofuels in flames 63

EL SAYAH Zaki
Experimental study of the impact of biofuel addition on the aging of conventional 
fuels 64

GIARRACCA Lucia
Detailed chemical kinetic modeling of the impact of biofuels addition on the aging 
of conventional fuels

65

GOUSSOUGLI Matieyendou
Detailed kinetic modeling of the biomass pyrolysis : application of hemicellulose 
structures 66

HONORIEN Jonathan
Kinetic study of the combustion of heteroatomic organic compounds using theoriti-
cal chemistry approaches 67

LE Minh Duy
Study of the influence of the additives chemical structure on the control of high 
and low temperature reactivity by multi-scale modeling approach 68

LIZARDO-HUERTA Juan carlos
Development of numerical methods for the calculation of thermokinetic data for 
the degradation of toxic compounds 69

NAMYSL Sylvain
Experimental study of pollutants formation during the combustion of model mole-
cules from bio-oil 70

NESSAKH Fatima Zohra
Study of new working mixtures containing deep eutectic solvents for absorption 
heat transformers 71

PINA MARTINEZ Andrés David
A product-design approach for an optimization of the working fluid in the cycles of 
thermal and refrigeration machines of tomorrow

72

RAMIREZ VELEZ Nicolas
Industrialisation of SAFT and cubic equations of state : automatic determination of 
the association schemes and corresponding parameters

73

RUIZ BAILON Miguel Development of new strategies at pilot scale for the upgrading of syngas 74

XU Xiaochun
Calculation of Phase Equilibria Involving Several Solid Phases Using Gibbs Energy 
Minimization Approach in Multicomponent Systems 

75
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Name Surname Subject Page

CHOUCHENE Bilel Polymers for the adsorption of metals 77

DJOUDI Neila
 Design and development of a hydrometallurgical process of Cobalt (II) recovery from secondary 
mining by precipitation

78

FLOREZ Daniela 
Effects of the presence of recycled tire powders on the kinetics of the radical polymerization of 
styrene and the properties of the materials obtained

79

GALIYEVA Perizat
Mn-doped Ag-In-Zn-S QDs as dual-modality probes for magnetic resonance and fluorescence 
imaging of cells

80

GUIGOZ Vincent Hydrogen photoproduction by water splitting using LaFeO₃ perovskite 81

LIAO Jingjing Preparation and modification of thermoplastic/tannin composites via reactive extrusion 82

MABROUK Salima Colloidal synthesis, optical and structural properties of ternary doped ZnSeS quantum dots 83

MAKHMET Azat Flow simulation of thixotropic fluids 84

MEULDERS Martin Transitional Phase Inversion Emulsification with Surfactant Copolymers 85

MOUSSA Hatem Polymers for the adsorption of metals 86

MRAD Maroua Quaternary ZAIS quantum dots for optoelectronic applications 87

PEREIRA 
MACHADO

Norma 
Maria

Rheological study of Platinum Group Metals agglomeration in a glass melt 88

RAMOS 
REMOLINA

Diego 
Mauricio

Pickering emulsions fabrication process: the synergy or antagonism between the formulation and 
the process parameters. Interaction between the interface and volume properties

89
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Keywords: PEMFC, supercapacitors, direct hybridization, hydrogen saving, fuel cell, dynamic load cycling (FC_DLC) 

General context, scientific issues 
PEM fuel cell (FC) technology is gaining adequate 
interest by the transport applications in order to reduce 
greenhouse gases emissions. However, PEMFC has 
some limitations of too long response at the demand of 
high current. This limitation can be mitigated by 
hybridization of PEMFC with energy storage devices 
such as batteries or supercapacitors (SC).  

Direct hybridization (without power converters) has 
shown higher durability and reduction in the demand 
for fuel, i.e. hydrogen [1] in view to transported 
applications, i.e. with a regular change in power 
demand. In a previous work, we have shown that direct 
hybridization of a single cell with a stack of SC was 
beneficial in terms of H2 feed and durability [1-2]. 

Yet, for transportation applications, higher voltages are 
usually required. Because a single PEMFC has a voltage 
below 1 V, a stack of FCs in series is generally considered 
to reach the suitable voltage.  

In this regard, the present study details the feasibility of 
coupling of the PEMFC stack with different sizes of the 
SC during cycling tests, using Fuel Cell Dynamic Load 
Cycling (FC-DLC) [3]. 

Objectives and stakes 
•Feasibility of coupling of the PEMFC stack with 
different sizes of supercapacitors.  

•Size optimization of FC/SC hybrid source. 

Methodology / Experimental approach 
A progressive investigation was conducted by : 
(i) performing FC-DLC profiles to an unhybridized stack 
of three 100 cm² single cells,  
(ii) performing comparable cycling tests with 
hybridization with varying size of supercapacitors to 
investigate the hydrogen demand per cycle,  
(iii) examining the influence of supercapacitor sizing on 
FC efficiency,  
(iv) optimizing the size of the hybrid source in terms of 
mass, volume, efficiency and cost.  

2019 
 

 
 

 
 

Direct hybridization of a PEM fuel cell to a supercapacitive storage device – 
Comparative study of the aging in urban cycling mode and optimal 

management of hydrogen consumption 
 

   Divyesh ARORA (3rd year) 

Caroline BONNET, Stéphane RAËL 
Axe  PErSeVAL |  SysPol  

 

Illustration 1: Hydrogen feed and FC yield vs storage device 
capacitance  

 
 

Main result 
In Illustration 1, with increasing size of SC, the 

hydrogen feed decreases due to the smoothing effect 
provided by the SC to the FC current.  

The FC yield is defined as the electrical energy 
produced per cycle over the hydrogen feed. The energy 
of the FC increases since the losses associated with FC 
and SC internal connections reduce, and as shown 
before, hydrogen feed decreases, thus the FC stack 
increases.  

From Illustration  1, in these working conditions, 
the 3 cell stack coupled with 3 kF seems to be a more 
advantageous size for the current transport application 
in terms of hydrogen saving and increasing FC yield. 
 
 

 
References 
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Keywords: calcination, vitrification, volatilization, volatility, aerosol, cesium, technetium, rhenium, alkali 

General context, scientific issues 
A calcination and vitrification process is under 
industrial operation in the La Hague facility to confine 
nuclear waste in a glassy matrix. A significant part of 
the radionuclides volatilizes while being vitrified, 
forming a solid aerosol which is recycled in the 
vitrification process. The 137-cesium is a major volatile 
fission product, highly radioactive (4150TBq/ton), 
which can associate with technetium. 
 

Objectives and stakes 
The studies aim at highlighting how cesium volatilizes, 
what the interactions with other elements are and how 
the integration of radionuclides in the matrix can be 
optimized. Experiments are conducted at laboratory 
scale to observe the competition between alkalis to 
form volatile species and are compared to the 
industrial scale ones by performing balances. 
 

Methodology / Experimental approach 
Some glassy matrices are synthesized in a laboratory 
scale oven with different quantities of alkalis (Li, Na, K, 
Rb, Cs). These glasses are then cut and analyzed. The 
aerosols which volatilize during vitrification are 
captured, and then analyzed. Material balances allow 
determining the volatility of each element. 
 

Another glass is synthesized in an industrial scale oven. 
The aerosols are sampled using an ELPI+ cascade 
impactor. This device allows getting information on the 
particle size distribution, and then the particles are 
recovered to be analyzed using a SEM-EDS technique. 
 

Main results 
Laboratory experiments show that the volatilization of 
rhenium happens simultaneously with that of the 
alkalis. The volatility of these elements is low under 
950°C, and sharply increases from 950°C. It seems that 
these elements are linked in the vapor phase, and the 
literature suggests the formation of alkali perrhenates 
MReO4 in the form of solid particles. 
 

A similar experiment has been conducted with the 
industrial process. The aerosols were sampled and the 
SEM-EDS analyses show that the particles are mainly 
made of Cs, Re, Na, Mo and Ru (see illustration). […] 
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Study of the volatilization phenomena in the  
calcination & vitrification process  

 
Thomas CHARPIN (2nd year) 

 
D. Thomas (LRGP), F. Poineau (UNLV), A. Ledoux (CEA), C. Michel (CEA) 

Axe PERSEVAL |  Equipe SAFE | Université de Lorraine  

Main results 
[…] The sieve analyses show that the particle size 
distribution is centered around 0.3µm in the 
vitrification oven, leading to the conclusion that cesium 
and rhenium volatilization may occur in the form of 
nanoparticles. 
 

When doping the glass with high quantities of cesium 
and rhenium, a white segregated phase appears. XRD 
analyses show that this phase is constituted of NaReO4, 
CsReO4 and Na2MoO4. The species found in the white 
phase are the same as those found in the aerosol. 
Therefore these results may suggest that the alkalis 
volatilize in the form of perrhenates and that there is a 
solubility limit for cesium and rhenium in glass. 
 

Illustration: 2 µm-size aerosol particle composition 
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General context, scientific issues 
Fibrous media embody the most effective and widely 
used method for separating ultrafine particles from a 
carrier fluid. This separation technique, used for the 
protection of people and environment, is proven in 
terms of initial collection efficiency but its behaviour 
over time remains difficult to predict.  
This  observation  is  all  the  more  noticeable  when  
these  devices  are  exposed  to  biphasic  aerosols 
constituted by solid and liquid particles. These situations 
can notably occur during metals machining, pesticides 
spreading or even during fire in confined zones such as 
nuclear power plants. 
 

Objectives and stakes 
The aim of this study is to examine the performances of 
a fibrous media towards biphasic aerosols constituted 
by solid particles (micron-sized or nanostructured) and 
of droplets (submicron-sized or micron-sized).  
If the filtration of solid or liquid aerosols is relatively well 
documented in the literature, no  study  has  been  
interested  in  the  collect  of  diphasic  aerosols. 
 

Methodology / Experimental approach 
This thesis work is divided into four steps: 
  
- A bibliographic report structured around four main 
axes: Solid aerosols filtration, liquid aerosols filtration, 
solid aerosols filtration under humidity and biphasic 
aerosols filtration. 
- The setting up of two separate experimental benches:  
one to characterize the soot generation of the mini-
CAST (Combustion Aerosol Standard) and the other one 
to characterise a water droplet generator.  
- The development of a small-scale experimental bench 
for the study of biphasic aerosols filtration. The 
development and validation of the protocol to 
characterise the particle size of such aerosol.  
- Performing biphasic aerosol filtration tests of pleated 
filters on the CATFISH test bench (Analytical 
Characterization of Filtration under Moisture). 
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Illustration: Evolution of the pressure drop 
for a HEPA filter with droplets water  

 
 

Main results 
Two experimental benches have been established: one 
with a generation of water droplets and another with 
soot particles from the CAST generator. The aim of these 
two benches is to characterize the two generation 
(water and soot) separately before mixing them. 
The size distribution of the water aerosols could be 
obtained with an optic counter (Welas 2000 H). The 
results show a monodisperse distribution with a median 
diameter around 0,360 µm.  
 
A loading of high efficiency filters has been made with 
water droplets and soot particles separately. The 
illustration shows one of the results for the loading of 
HEPA filter by droplets water. This evolution of the 
pressure drop with the generated mass per unit area is 
characteristic of liquid aerosol filtration. Indeed, there 
are three steps: a slow increase of the pressure drop, 
then an exponential rise, at the end a stabilisation is 
obtained and drainage of the liquid appears.  
Concerning, the soot particles, the loading is also 
characteristic of solid aerosol filtration. The loading of 
HEPA filter with soot particles has been tested with 
different air/fuel ratio. 
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General context, scientific issues 
The most widely accepted and used models for 
wastewater treatment process modeling are those of 
activated sludge models. As commonly known that 
ASM1 is successfully used to represent the degradation 
processes of macro-pollutants in the activated sludge 
treatment plants. However, the control of the removal 
mechanisms of emerging organic micropollutants (MPs) 
still remains a big challenge. In conventional activated 
sludge systems, the hidden second order (commonly 
known by the pseudo-first order) [1], is the most 
frequent model used for MPs’ kinetics biodegradation 
in the literature, assuming that biomass, since it is an 
excess, does not play direct role in the kinetics of MPs 
removal. In this case, the removal rate constant would 
be directly proportional to the biomass concentration 
(CTSS). Interestingly, our experimental results on the 
effect of CTSS on the MPs’ removal in the sequencing 
batch reactor (SBR) showed that the increase of CTSS 
from 3 to 5 gTSS L-1 significantly improves the removal of 
studied MPs, whereas a further increase to 8 gTSS L-1 has 
a small effect; showing that the MPs removal rate is not 
proportional to the biomass concentration (CTSS). 
Therefore, the use of a pseudo-first order is 
questionable in certain range. 
 

Objectives and stakes 
The aim of this project is to investigate a more elaborate 
kinetic model “power law kinetic” to describe the 
relation between rate constant and biomass 
concentration in the biological treatment and 
considering possible local physical processes. 
 

Methodology / Experimental approach 
Based on the non-linear relation deduced from the set 
of experimental results with various CTSS, we assumed a 
saturation of the system by the presence of the CTSS. 
Therefore, the order of the reaction (n) for CTSS to be less 
than 1 (n < 1) must to be identified. The model can be 
translated mathematically by the following equation: 

rMPs =−𝑘𝑘𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀  𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇
𝑛𝑛 

where r is the removal rate (µmol L-1 h-1), kMP is the 
micropollutant removal rate constant, CMPs (µmol L-1) 
the dissolved MPs concentration. Giving the removal 
rate, the TSS concentration and the residual 
concentration of MP according to time, n and kMPs were 
then determined through the equation linearization. 
The removal rate logarithm vs CTSS logarithm profiles 
were represented for each micropollutant up to the first 
hour of the reaction phase. Then obtained values of n 
were represented versus time for each micropollutant 
(Figure 1). 
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Figure 1. n values for the global removal by activated sludge of 
sulfamethoxazole (SMX), benzotriazole (BZT), roxithromycin (ROX), 
erythromycin (ERY) and diclofenac (DCF). 

   
 

Main results 
According to Figure 1, it can be deduced that n values remain 
constant but varied from one MP to another. These results 
suggest an order of the reaction depending on MP diffusion in 
flocs. Models such as the Wilke-Chang and Tyn-Calus were 
developed in the framework of the Stokes-Einstein equation 
to obtain a good approximation to the real diffusion 
coefficient (Dm) value of component in liquid phase systems 
from the molecular volume. The rearrangement of Wilke-
Chang equation as a function of the molecular weight (Mw), 
reveals in fact, a non-linear functional dependence Dm = 
ƒ(1/Mw0.6): 

 
𝐷𝐷𝑚𝑚= 7.4 ×10−8 𝑇𝑇 𝛼𝛼0.5𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠

0.5𝜌𝜌0.6 
𝜂𝜂  𝑀𝑀𝑤𝑤

0.6
 

which is given where T is the absolute temperature, M is the 
MP molecular weight, Msol is the solvent molecular weight, η 
is the viscosity, ρ is the density of the solvent and α is the 
association parameter which proposed to be 2.3 for water. 
Figure 2. Plot of the average order of the reaction for each MP 
versus its respective 1/ Mw0.6 

 
As indicated in Figure 2, a good fit is obtained to the Wilke-
Chang model. The R2 for a linear fit with the respective model 
was 0.92, indicating that the diffusion of each MP influences 
the micropollutant removal rate and that physical 
phenomena should be considered for further kinetics studies. 
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General context, scientific issues 
Rare earth elements (REEs) are the 15 lanthanides 
(lanthanum to lutetium) in addition with scandium and 
yttrium. They are more and more required by today’s 
industry for a wide variety of applications. Because of 
the high demand for these strategic elements, in the 
frame of circular economy, there is a growing research 
effort on their recovery from secondary resources. 
Hyperaccumulating plants (e.g. Dicranopteris linearis) 
growing on former mines and mine tailings in South 
China are able to accumulate up to 2.8 g.kg-1 of REEs and 
4.6 g.kg-1 of aluminum (Al) in their aerial parts.  
The very first pathways for the processing of these 
plants and the recovery of these valuable elements have 
been developed [1] and will be further investigated in 
this work. This thesis is done under the co-supervision 
of LRGP and LEPCRT (Sun Yat-sen Univ., Guangzhou). 
 

Objectives and stakes 
One objective is to acquire general knowledge on the 
recovery and purification of REEs from 
hyperaccumulating plants using hydrometallurgical 
processes. The understanding of reaction mechanisms, 
equilibria and kinetics measuring will enable to achieve 
efficient separations and purifications.     
 

Methodology / Experimental approach 
Several pathways were explored for the processing of 
the tropical fern Dicranopteris linearis [1].  
One promising way is the extraction from the ashes of 
the plant after combustion at 550°C. Advantages include 
possible heat valorization, organic matter destruction, 
concentration of the valuable elements 
([REEs]ashes = 30 g.kg-1). Ashes can then be considerate as 
a mineral bio-ore. A soda solution is used to remove 
silicon (Si), aluminum (Al) and phosphorus (P) from the 
bio-ore. Optimal set of experimental conditions are 
obtained via the methodology of design of experiments 
(composite factorial design, n=20 experiments). The 
remaining solid cake is then leached with HNO3 to 
recover the REEs. Purification of the solution will be 
achieved through a column of resin. Adaptability of the 
process will be assessed using another accumulating 
species Phytolacca americana. 
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Illustration:  Contour representation of aluminum 
extraction rate from the ashes of Dicranopteris linearis.   

 
 

Main results 
For the caustic soda treatment of the ashes, analysis of 
the composition of the remaining solid revealed that a 
fitting model has been successfully obtained. Extraction 
rate of aluminum can be modelled by: 

XAl = 93.4 + 0.63 T* + 1.39 [NaOH]*+ 0.673 [NaOH]*T* 

With T* the normalized temperature of extraction for T 
varying from 75 to 95°C, and [NaOH]* the normalized 
concentration of caustic soda for [NaOH] varying from 4 
to 8 mol .L-1. 
Composition analysis of the leaching solution also 
showed that quantitative extraction of P was achieved, 
Si mean extraction rate was 90%. No detectable levels 
of REEs were found in solution. Kinetics study also 
showed that the step could be performed in less than 7 
minutes for maximal Al extraction. Manganese is 
another impurities and show maximal dissolution at 
specific duration (at 10 minutes). Hence, duration of the 
extraction will correspond to maximize purity.  
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based porous layer i.e. ‘gas diffusion layer’ (GDL) for access 
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verall thickness 230 μm and 5% PTFE content.
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ü



70

•
•
•
•

•Gas chromatography (GC) at low

•Molecular

–

Ethyl pentanoate flame

Height above burner, mm
0.0 0.5 1.0 1.5 2.0 2.5 3.0

M
ol

e 
fr

ac
tio

n

0

2.0x10-2

4.0x10-2

6.0x10-2

8.0x10-2

10-1

1.2x10-1

1.4x10-1

1.6x10-1

Te
m

pe
ra

tu
re

, K

0

200

400

600

800

1000

1200

1400

1600

1800

2000

CO

H2O

CO2

O2

EP

T

 Methyl hexanoate

Height above burner, mm
0.0 0.5 1.0 1.5 2.0 2.5 3.0

M
ol

e 
fr

ac
tio

n

0

2.0x10-2

4.0x10-2

6.0x10-2

8.0x10-2

10-1

1.2x10-1

1.4x10-1

1.6x10-1

Te
m

pe
ra

tu
re

, K

0

200

400

600

800

1000

1200

1400

1600

1800

2000
T

CO2

H2O

CO

O2

MH



71



72

o 

o Δ
o Δ
o 

the ΔG

contribution method (σ

quantum chemistry: COSMO‐RS approac

 



73

–



74

°
calculation cost,…) on target molecules.



75

fuel (blue) at 10 bar and Φ = 0.5. Experiments: symbol. 

0,5

5

50

0,9 1,1 1,3 1,5

Ig
ni

tio
n 

de
la

y 
tim

e 
(m

s)

1000/T (K-1)



76

 
 
 

 

Kinetic model

Thermokinetic data
NASA polynomials {H, S, Cp }

k(T) {A, n, Ea}

Theoretical data:
Quantum chemistry +

Statistical thermodynamics +
Transition State Theory (TST)

Experimental data:
Elementary reactions rates

+
ΔfH , S and Cp(T) in gas phase

Simulations
Main ways
 Final products
 Reactivity

d’Elimination d’Objets

P

O

O

F P

O

O

F
P

O

O N

C

N



77

 

In September 2016 the IMPROOF project started. This 
project is funded by the European Union and brings together 
11 partners from 6 different countries, including the LRGP 
from Nancy. The aim is to improve the energy efficiency of 
steam cracking furnaces by an economical optimization and a 
reduction of pollutant emissions. For this purpose, laboratory 
studies and industrial pilots are carried out in order to improve 
the designs and materials of the furnaces. In parallel, modeling 
will be developed on these furnaces as well as the study of 
alternative fuels, especially those derived from biomass. 

 Determine a surrogate for bio-oil obtained by pyrolysis 
 Establish an experimental database to identify 

combustion products  
 Develop and validate detailed kinetic models in order to 

reproduce the combustion of the fuel 

 
The composition of a bio-oil can be very variable considering 
some parameters. They are:  biomass origin, pyrolysis 
temperature, age of the oil... A very large spectrum of 
molecules can therefore be found in the bio-oil, that’s why a 
classification by functional group was made. The strategy 
consists in selecting model molecules which own the same 
functional group as molecules presents in the oil. Oxidation 
experiments were performed using a jet-stirred reactor. 
Thanks to its both homogeneity in temperature and 
concentration, it can be considered as an ideal reactor for 
kinetic studies. 
Three gas chromatographs are used to detect a wide range of 
reaction products. Gas chromatograph are directly connected 
to the outlet of the reactor thanks a heated transfer line and 
injection valve (online analysis). They are used to quantify the 
products of reactions. A gas chromatograph coupled to a mass 
spectrometer is also used to identify the products. 
Experiments were already carried on 1-pentanol, 1-butanol, 
butanal, pentanal, butanoic acid, pentanoic acid, furan and 
benzaldehyde. Next fuel to be studied is Guaiacol. 
It is also planned to study nitrogen containing fuels with 
special care taken to the formation of pollutants such as 
nitrogen oxides.

Diagram of the apparatus used for the study

 
Many experimental data, mole fraction profiles as a function 
of temperature, have been gathered. These data have been 
used for the validation of detailed kinetic models developed 
by the partner Politecnico di Milano. 

 
Mole fraction profiles of benzaldehyde during oxidation 

(xfuel= 0.005, P = 800 Torr, τ = 2s, φ = 0.5, 1 & 2) 
Dots represent the experimental data and lines are the 

simulated data.

[1] Bertero et al. 2012. Fuels from bio-oils: Bio-oil 
production from different residual sources, 
characterization and thermal conditioning. Fuel 95.  

[2] Negahdar et al. 2016. Characterization and Comparison 
of Fast Pyrolysis Bio-oils from Pinewood, Rapeseed 
Cake, and Wheat Straw Using 13C NMR and 
Comprehensive GC × GC. ACS Sustain. Chem. 
Eng. 4. 

[3] Sarathy et al. 2014. Alcohol combustion chemistry. Prog. 
Energy Combust. Sci. 44. 
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‐ ‐

–
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• TEM shows that

• 
→ 

• 

• 

–
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𝜏𝜏 = 𝜏𝜏𝑦𝑦[1 − exp(−𝑚𝑚�̇�𝛾)] + (1 + 𝜆𝜆𝑏𝑏)𝜂𝜂∞�̇�𝛾𝑛𝑛

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = −𝐾𝐾1�̇�𝛾𝜆𝜆 + 𝐾𝐾2(1 − 𝜆𝜆)
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I−III−VI

capping ligand,the pH of the reaction medium …

–

• 

• 

•
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emulsion’s formation and stability. 

 

 

 

layers of solutions and ‘suspensions’, Proc. Royal Soc. 
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