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New ways of converting biochar into bio-sourced materials with controlled 

properties.   

G. FELIZ 1, 2*, M. RAGOUBI2, N.LEBLANC2 et L. ABDELOUAHED1  

1 LSPC, INSA Rouen Normandie, France.  
2 UniLaSalle, Rouen Normandie, France.   

*guillermina.feliz_florian@insa-rouen.fr  

  

Keywords: Biochar, pyrolysis, bio-based materials, characterization.  

Biochar is a porous, carbon-rich solid with several remarkable characteristics, such as a high 

specific surface area, well-structured pores, and an abundance of functional groups. It is 

obtained by thermochemical treatment of biomass. Its properties vary according to the source 

biomass and pyrolysis conditions. [1]. Generally, biochar is an economical and versatile 

material, making it attractive for use as a reinforcement in manufacturing bio-composites. [2]. 

This research aims to develop new high-performance polymer/biochar blends. The properties 

of biochar-reinforced polylactic acid (PLA) bio-composites prepared by hot-pressing and 

extrusion techniques are analyzed. The biochar used is derived from slow pyrolysis at 600°C in 

a semi-continuous reactor, using two types of biomass: beechwood pellets and Laminaria 

Digitata seaweed chaff. Elemental and proximal analyses were used to characterize the biomass 

feedstock. The results show that beech wood has a higher carbon content than seaweed straw, 

at 46.8% and 33.42%, respectively. Fig. 1 shows that the beechwood biochar (BCBH) has more 

pores and a more structured pore organization, with distinct shapes for each type of biochar. 

The thermal properties of the biocomposites were also examined using thermogravimetric 

analysis (TGA) and differential scanning calorimetry (DSC).  

  

Figure 1:SEM images of biochar prepared from (a) Laminaria Digitata algae, (b) beech wood.  

[1] Y. Li, R. Gupta, Q. Zhang, et S. You (2023): Review of biochar production via crop residue 

pyrolysis: Development and perspectives, Bioresource Technology, vol. 369, p. 128423, févr. 2023, doi:  
10.1016/j.biortech.2022.128423.  

[2] K. Aup-Ngoen et M. Noipitak,(2020): Effect of carbon-rich biochar on mechanical properties of 

PLA-biochar composites, Sustainable Chemistry and Pharmacy, vol. 15, p. 100204, mars 2020, doi:  
10.1016/j.scp.2019.100204. 

  

a   b   
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High-resolution characterization of bio-oil from catalytic pyrolysis by 

FTIR, GC-MS and FT-ICR-MS: a comparative study.  

Gian ARIAS1*, Bechara TAOUK1, Lokmane ABDELOUAHED1, Jason DEVEAUX2 et Melanie 

MIGNOT2 

1 LSPC, INSA Rouen Normandie, France  
2 COBRA, INSA Rouen Normandie, France  

*gian.arias_ramirez@insa-rouen.fr  

KEYWORDS: Catalytic pyrolysis, Bio-oil characterization, Petroleomic approach.    

Our work aims to study the deoxygenation potential of catalysts on the pyrolysis of biomass. 

For this purpose, bio-oil was produced from beechwood using zeolite in its commercial form 

(HZMS-5) and a modified zeolite with a metal loading of 1.4% of iron and nickel (FeNi/ZMS5). 

The modification was achieved by wetness impregnation and previously studied by our group 

[3]. A fluidized bed reactor loaded with the catalysts was used to perform the pyrolysis. The 

resulting bio-oil was characterized using FT-IR, GC-MS and high-resolution FT-ICR-MS with 

3 ionization sources (ESI (+), ESI (-) and APCI (+)). Bio-oil produced using sand as fluidized 

bed was also studied for reference and comparison purposes.  

FT-IR spectra shows a decrease in -OH peaks which are attributed to alcohols, carboxylic acids, 

phenols when catalysts were used. GC-MS provided an insight to the lighter molecules 

contained in the sample. Catalysts allowed for the identification of more molecules due to its 

cracking properties. The intensity of oxygenated compounds decreased in comparison to the 

raw bio-oil. Around 4000 chemical formulas were attributed by FT-ICR-MS with the ESI and 

APCI in positive ion mode and only around 1000 with ESI in negative mode. Oxygenated 

compounds with a maximum of 15 oxygens were identified. These attributions show that the 

bio-oils from catalysts have a similar chemical composition. No molecules for the classes 

O11O12 were identified with ESI (-) for the bio-oil obtained with FeNi/ZMS-5, suggesting the 

deoxygenation power of the catalyst.  

[1] P. M. Mortensen, J.-D. Grunwaldt, P. A. Jensen, K. G. Knudsen, and A. D. Jensen, “A review of catalytic 

upgrading of bio-oil to engine fuels,” Appl. Catal. Gen., vol. 407, no. 1, pp. 1–19, Nov. 2011, doi: 

10.1016/j.apcata.2011.08.046.  

[2] J. Hertzog, C. Mase, M. Hubert-Roux, C. Afonso, P. Giusti, and C. Barrère-Mangote,  
“Characterization of Heavy Products from Lignocellulosic Biomass Pyrolysis by Chromatography and 

Fourier Transform Mass Spectrometry: A Review,” Energy Fuels, vol. 35, no. 22, pp. 17979– 18007, Nov. 

2021, doi: 10.1021/acs.energyfuels.1c02098. 

[3] Y. Jaafar, G. Arias, L. Abdelouahed, A. El Samrani, R. El hage, and B. Taouk, “Upgrading Pyrolytic Oil 

via Catalytic Co-Pyrolysis of Beechwood and Polystyrene,” Molecules, vol. 28, p. 5758, Jul. 2023, doi: 

10.3390/molecules28155758. 
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Green Solvent and Catalyst Synergy: Maximizing Furfural Yield from 

Xylose Dehydration with a Co-Solvent System 

Daniel EDUMUJEZE1, Marie-Christine FOURNIER-SALAÜN1 and Sébastien LEVENEUR1 
1 LSPC- Université de Rouen Normandie, France 

daniel.edumujeze@insa-rouen.fr 

Keywords: Sustainable green process, biofuel, heterogeneous catalysis 

As we gradually recover from the impact of the global COVID-19 pandemic, the world is 

currently faced with an alarming energy crisis. Our dependency on the use of petroleum and its 

products as energy source and petrochemicals has led to an ever-increasing climate change and 

energy poverty. On a global scale, fossil fuel contributes to about 80% of the greenhouse gases. 

To achieve the Paris agreement and its goals to mitigate the global temperature rise to less than 

2°C by 2050, the transition from the dependency of fossil fuel into renewables must be swift 

and sustainable. 

Furfural is a high-value-added molecule which can be obtained from lignocellulosic biomass. 

Furfural and its derivatives are widely used as transportation fuels, gasoline additives, 

lubricants, organic solvents, resins, decolorizing agents, flavour enhancer for food, drinks and 

many other applications. The global market value of furfural was evaluated to about $520 

million in 2021 and is expected to reach $817.8 million by the end of 2031.  

Commercially, Furfural is produced from the mineral acid dehydration of lignocellulosic 

biomass with relatively high concentration of hemicellulose. Low furfural yield (<50%), 

corrosion of equipment and high cost of products-catalyst separation and recovery are some 

problems associated with the existing industrial process.  

Numerous methods have been proposed for the production of furfural from literature with a 

singular aim of increasing its yield. Due to side degradation reactions occurring concurrently 

(condensation, fragmentation and resinification) there have been no significant improvement in 

the process. 

Herein we proposed the use of an heterogenous solid catalyst (amberlyst-15) and a bio-based 

alcohol: co-solvent system for the dehydration reaction. It was observed that the co-solvent 

system was able to hinder the side reactions, thus promoting high furfural yield (> 70%) at a 

shorter reaction time (3hr). The inclusion of the co-solvent to the solvent system facilitate faster 

dehydration of xylose than pure alcohol and reduction in the formation of humins which are 

able to reduce the catalyst activity and thus hinder its reusability. Fig 1 illustrate pictorially the 

reduction of the dark humin formation as certain portion of co-solvent was included in the 

solvent mixture. Fig 2. displays the trend in furfural yield with and without the addition of co-

solvent while in Table 1, we compared our result with proposed strategies found in literature. 

The result confirms that our strategy was superior in terms of furfural yield (75.3%), reaction 

time (3hr) and amount of catalyst utilized 4:1). 

REFERENCES 

[1] Shirotori (2016): One-Pot Synthesis of Furfural from Xylose Using Al 2 O 3 –Ni-Al Layered Double 

Hydroxide Acid-Base Bi-Functional Catalyst and Sulfonated Resin, Chemistry Letters,194–196 

[2] Takagaki (2010): One-Pot Formation of Furfural from Xylose via Isomerization and Successive 

Dehydration Reactions over Heterogeneous Acid and Base Catalysts, Chemistry Letters, 838–840  

mailto:daniel.edumujeze@insa-rouen.fr
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Fig 1. Comparison of humin formation with and with the addition of co-solvent (CS) 

AReactive mixture before experiment with 0%CS      CReactive mixture before experiment 

30%CS 

BReactive mixture at the end of reaction with 0%CS         DReactive at the of reaction with 

30%CS 

 

Table 1. Comparison of performance 

CATALYST SOLVENT Xylose to 

Catalyst ratio 

REACTION 

TIME 

(hours) 

FURFURAL 

YEILLD 

(%) 

REFERENCE 

Amberlyst-15 70%ALOH:30%CS 4:1 3  75.2 This work 

Amberlyst-15 

et Γ-Al2O3 

DMF 0.003:1 8 46 [1] 

Amberlyst-15 

et Hydrotalcite 

N,N-

dimethylformamide 

0.5:1 3 51 [2] 

 

 

Fig 2. Effect of co-solvent on the furfural yield 
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Experiments on permafrost blocks in a wave flume  

J. Clément1*, M. Font-Ertlen1, J. Stolle2, D. Mouazé1 and E. Lagniel1   

1Université de Caen Normandie (UNICAEN), CNRS, M2C, 14000 Caen, France   
2Centre Eau Terre Environnement, INRS, G1K 9A9 Québec, Canada  

*jeremiah.clement@etu.unicaen.fr  

  

Keywords: Permafrost, Experiments, Wave flume, Erosion rate, Melting processes.  

Permafrost is a ground that remains frozen for at least two consecutive years. It is controlled by 

the mean average air temperature, so it is found in high latitudes and altitudes [1]. Permafrost 

has been particularly affected lately by global warming [2]. Its extent is decreasing rapidly, 

sometimes leading to disastrous consequences, such as landslides or tsunamis [3]. It is an 

important topic to investigate, as many people and structures are affected by permafrost thawing 

near coastal areas.  Because of the ice mixing with sediments, those coasts are affected by 

important erosive processes, different from those affecting low latitude coasts [4]. Only a few 

studies have tried modelling physically permafrost, and even less from a coastal point of view  

[5].   

The purpose of this study is to place permafrost blocks in a wave flume in to assess the wave 

component in the coastal erosion. Permafrost blocks are created in the M2C cold rooms using 

box made of pvc. They are 30 cm high and 50 cm wide. A complex protocol has been imagined 

in order to carry the block into the flume. Only sinusoidal waves have been used for now. While 

the block is degrading, we monitor it with six instruments: a timelapse camera and a GoPro for 

the morphological evolution, a thermal camera and iButtons (small thermal sensors) placed 

inside the block for the thermal evolution, an acoustic Doppler velocimeter and resistive poles 

for the hydrodynamic evolution. Their purpose is to observe the changes under different 

experimental conditions (change of wave height, water temperature, sediment type).  

  

  
[1] Obu et al. (2016): Northern Hemisphere permafrost map based on TTOP modelling for 2000–2016 

at 1 km2 scale, Earth-Science reviews 193, p. 299-316.  

[2] J. Overland, E. Dunlea, J. Box, R. Corell, M. Forsius, V. Kattsov, M. Olsen, J. Pawlak, L-O. Reiersen 

and M. Wang (2019): The urgency of Arctic change, Polar Science 21.  

[3] C. Morino, S.J. Conway, Þ. Sæmundsson, J.K. Helgason and J. Hillier (2019): Molards as an indicator 

of permafrost degradation and landslide processes, Earth and Planetary Science Letters 516, p. 

136147.  

[4] F. Günther, P.P. Overduin, I.A. Yakshina, T. Opel, A.V. Baranskaya and M.N. Grigoriev (2015): 

Observing Muostakh disappear: permafrost thaw subsidence and erosion of a ground-ice-rich 

island in response to arctic summer warming and sea ice reduction, The Cryosphere 9, p. 151-178.  

[5] S. Korte, R. Gieschen, J. Stolle, and N. Goseberg (2020): Physical Modelling of Arctic Coastlines— 

Progress and Limitations, Water 12, n°8.  
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Methodological and operational approaches to the cumulative effects of 

human activities at sea (CIFRE thesis)  

Simon Police1*, Laurent Dezileau1, Sophie Le Bot2, and Jean-Claude Dauvin1 

(Times New Roman, 12, normal, centered, underline presenting author, mark 

corresponding author with * and enter the email address below, give the affiliations 

for all authors)  

1Institution, City, Country;   
2Institution, City, Country  

*simon.police@unicaen.fr  

Keywords: Cumulative effects, English Channel, Marine spatial planning, Methodology   

The English Channel-North Sea system is one of the most anthropized maritime zones in the 

world[1], with a significant accumulation of human activities (fishing, extraction of marine 

aggregates, submarine cables, offshore wind turbine installation, port dredging and dredging 

deposits). This multiplication of human activities raises the issue of so-called cumulative 

effects. Several factors of change can interact with each other, which can have significant 

consequences on ecosystems. Changes in ecosystems can therefore be attributed to different 

factors, but also to their interactions. The concept of cumulative effect resulting from the 

accumulation of multiple factors of change is used in many fields of science and applied in 

ecology in North America in 1990[2][3]. It was only later that the European scientific 

community became interested in this subject, notably in the transposition of the European 

Framework Directive Strategy for the Marine Environment (DCSMM) and with the recognition 

of the need for a global approach advocating the ecosystemic. In France, article R122-5 of the 

environmental code specifies that impact studies must deal with the ‘cumulation of impacts 

with other existing or approved projects (…)’. In this legislative framework, the development 

of a methodology for evaluating cumulative effects is a current issue shared by all project 

leaders subject to impact studies, in order to be able to build the ‘cumulative effects’ chapter of 

these studies. On the Eastern Channel - North Sea front, sea project leaders, as well as 

CRPMEM Normandie and the Universities of Caen, Rouen and Le Havre, have grouped 

together within the framework of the Scientific Interest Group ‘Cumulative Effects at Sea’ (GIS 

ECUME), with the objective of acquiring knowledge on the cumulative effects of human 

activities in coastal environments. The objective of the thesis is the implementation of a 

methodology for evaluating cumulative effects, intended to feed the impact studies of human 

activities at sea.  

  
[1] Halpern, B.S., Walbridge, S., Selkoe, K.A., Kappel, C.V., Micheli, F., D'Agrosa, C., Bruno, J.F., Casey, 

K.S., Ebert, C., Fox, H.E., Fujita, R., 2008. A global map of human impact on marine ecosystems. Science 319, 

948-952.   

[2] Duinker, P.N., Greig, L.A., 2005. The impotence of cumulative effects assessment in Canada: ailments 

and ideas for redeployment. Environmental Review 37, 153-161.  

[3] Crain, C.M., Kroeker, K., Halpern, B.S. 2008. Interactive and cumulative effects of multiple 

human stressors in marine systems. Ecology Letters 11, 1304-1315.  
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Algorithms to monitor an industrial area by a team of autonomous mobile 

robots  

Hamza Chakraa1* 

1Université Le Havre Normandie, GREAH, 75 Rue Bellot, Le Havre, 76600, France.  

*hamza.chakraa@univ-lehavre.fr  

  

Abstract: Recently, considerable attention has focused on enhancing the security and safety of 

industries with high-risk activities to protect equipment and the environment. Chemical 

processes and nuclear power generation, in particular, can have significant impacts on their 

surroundings. In major events such as chemical spills, oil rig explosions, or nuclear accidents, 

collecting accurate and rapidly evolving data becomes a challenging task. Coordinating a fleet 

of autonomous mobile robots is a promising way to handle unexpected events and prevent 

malicious actions. This presentation addresses the problem of optimally assigning a set of tasks 

to a set of mobile robots equipped with different sensors to minimize a global objective 

function. The robots perform sensing tasks to monitor the area and assist firefighters and 

inspectors during a disaster by providing necessary measurements. For this purpose, a 

centralized Genetic Algorithm (GA) is proposed to determine the tasks each robot will perform 

and their order of execution. Additionally, we focus on the task routing aspect to improve the 

computed solution using the 2-Opt local search method. The proposed approaches are tested 

through a simulation scenario of a grid map environment representing an industrial area of the 

city of Le Havre, France. Furthermore, a comparative study is conducted with the Hybrid 

Filtered Beam Search (HFBS) approach and the Mixed-Integer Linear Programming (MILP) 

solver CPLEX. The results demonstrate that the GA-based approach offers a favorable balance 

between optimality and execution time. Experimental validation with a team of drones is also 

presented.  

  

Keywords: Multi-robot systems (MRS), multi-robot task allocation (MRTA), optimisation, 
industrial monitoring.  

  

  
[1] H. Chakraa, F. Guérin, E. Leclercq and D. Lefebvre, "Optimization Techniques for Multi- Robot Task 

Allocation Problems: Review on the State-of-the-Art," in Robotics and Autonomous Systems, vol. 168, 

2023, Art. no. 104492.  

[2] H. Chakraa, E. Leclercq, F. Guérin and D. Lefebvre, "A Centralized Task Allocation Al- gorithm for a 

MultiRobot Inspection Mission With Sensing Specifications," in IEEE Access, vol. 11, pp. 99935-99949.  

[3] H. Chakraa, E. Leclercq, F. Guérin and D. Lefebvre, "A Multi-Robot Mission Planner by Means of Beam 

Search Approach and 2-Opt Local Search," in 2023 9th International Conference on Control, Decision 

and Information Technologies (CoDIT), Rome, Italy, 2023, pp. 1906–1911  
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Necessary optimality conditions for time optimal control problems in the 

space of measures.  

F. Urrea1, H. Zidani1  

1INSA Rouen Normandie, France;   

*fernanda.urrea@insa-rouen.fr  

Keywords: Optimal control – Continuity equation - Wasserstein spaces – Pontryagin maximum 

principle  

We are interested in developing necessary optimality conditions in the form of a Pontryagin 

maximum principle ([1]) for the minimal time Bolza optimal control problem with constraints 

in the final time. In this problem the dynamic is given by a non-local continuity equation in the 

Wasserstein space of probability measures, the set of controls are taken in open-loop form and 

the set of constraints is represented by functional inequalities applied to the terminal time. To 

this end, we relate the main challenges of this problem from which a fair amount is accounted 

by the fact that Wasserstein spaces are not Banach and its difficulties on defining 

differentiability ([2],[3]).  

  

  

  
[1] Vinter, R. (2010). The Maximum Principle. Optimal Control, 201-231.  

[2] Bonnet, B., & Frankowska, H. (2021). Necessary optimality conditions for optimal control problems in 

Wasserstein spaces. Applied Mathematics & Optimization, 84, 1281-1330.  

[3] Bonnet, B., & Rossi, F. (2019). The Pontryagin maximum principle in the Wasserstein space. Calculus 

of Variations and Partial Differential Equations, 58(1), 11. 
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Study of the distribution of chemical elements in zirconia grains and grain 

boundaries using quantitative Atomic Tomography Probe analyses 

K. AGLIF1,2, T. RIEGER1, M. TUPIN1, and C. PAREIGE2* 

1CEA, Gif-sur-yvette, France; 
2GPM, Rouen, France 

*karim.aglif@cea.fr/karim.aglif@univ-rouen.fr  

Keywords: M5Framatome; Atom probe tomography; Zirconia; Corrosion  

The integrity of fuel rod cladding in Pressurized Water Reactors (PWRs) is critical for 

containing fission products. Zr-based alloys are commonly used for cladding due to their 

favorable mechanical properties and neutron transparency. However, these alloys are 

susceptible to corrosion, especially oxidation and hydriding, posing significant safety and 

performance challenges. B. Queylat's thesis utilized Secondary Ion Mass Spectrometry (SIMS) 

to analyze oxide layers on M5Framatome alloy under PWR conditions. His research identified 

a depletion of Nb near the oxide/metal interface, suggesting Nb rejection from oxygen-enriched 

areas, which is linked to hydrogen uptake and hydriding [1]. To thoroughly understand the 

oxidation and hydrogen absorption mechanisms in M5Framatome, a detailed study of Nb 

redistribution is necessary, achievable only through Atom Probe Tomography (APT) due to the 

small size of the oxide grains.  

Our research objectives are twofold: optimizing APT experimental parameters for enhanced 

accuracy and reliability, and investigating Nb distribution and quantifying its local 

concentration in the oxide layer. We studied thermal oxides formed on a quasi-pure Zr reference 

material and the M5Framatome alloy to compare mass spectra of zirconia with and without 

alloying elements. Needle-shaped samples were prepared using Scanning Electron Microscope 

coupled with Focused Ion Beam (SEM-FIB) and analyzed in laser mode to minimize 

electrostatic stress [2].  

A parametric study on the influence of laser frequency, base temperature, and laser energy on 

the oxygen fraction was conducted. Results showed preferential Zr evaporation at low laser 

energies and thermal tails at high laser energies, complicating Nb quantification. Base 

temperature had minimal impact on mass spectrum quality but affected spatial resolution and 

success yield, necessitating a compromise. Optimal parameters were determined for APT 

characterization of zirconia. Python scripts are being developed for accurate quantification 

using a deconvolution algorithm to mitigate thermal tail effects [3]. Initial results indicate a Nb 

concentration in the oxide layer of 0.26 at.% (relative to Zr atoms), aligning with the Nb content 

in the metal solution [4].  

This study enhances the understanding of APT evaporation mechanisms for accurate alloying 

element quantification in zirconia. Future work will investigate the role of Nb distribution in 

oxidation and hydriding processes.  
 B. Queylat. PhD (l’université Paris-Saclay, 2020). Understanding the evolution of the fraction of hydrogen 

absorbed by zirconium alloy claddings.  
[1] B. Gault. et al. 2012. Atom Probe microscopy. P 74-75  
[2] F. Meisenkothen et al, (2020). Exploring the accuracy of isotopic analyses in atom probe mass 

spectrometry.  
[3] P Barberis, 2004. Ternary Zr–Nb–Fe(O) system: phase diagram at 853 K and corrosion behaviour in the 

domain Nb < 0.8%,   
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Second harmonic generation by carbonaceous nanoparticle aerosols  

M. Joret1, S. Idlahcen1, M. Mazur1, and J. Yon1* 

1UMR 6614 CORIA, INSA de Rouen, 76800 Saint Etienne du Rouvray, France   

*jerome.yon@insa-rouen.fr  

  

Keywords: Black carbon, Second harmonic generation (SHG), non-linear optics, Aerosol  

  

In the present study the second harmonic generation (SHG) by black carbon particles, also 

named soot, is quantified an analysed.  

SHG is a non-linear optical (NLO) phenomenon that is typically used in biosciences and 

fundamental physics and has shown to have large potential for the investigation of surface 

sensitive phenomena. While well known in applications on particles in solution or nanoparticles 

located on the surface of droplets, the SHG by black carbon particles in aerosol phase 

themselves has not been demonstrated yet. The present work aims at narrowing this gap by 

exposing a jet of well-defined soot particles by a femtosecond laser featuring high peak pulse 

energies allowing to induce NLO phenomena. The experiments are carried out in an innovative 

optical setup allowing to analyse the NLO response resolved in time, wavelength and angle, 

thus having the capability to isolate SHG from other phenomena, such as laser filamentation. 

The optical setup was calibrated in order to quantify the generated energy and optimised in 

order to have a high signal sensitivity and in order to avoid NLO generation from its own optical 

elements.  

The results confirm that soot particles feature SHG at intensities that are more than 7 orders of 

magnitude smaller than that of linear light scattering. SHG increases with particle size, however 

the link with particle surface seems to be more complex. SHG is also giving different angular 

signatures at particles with different graphitic content, which could indicate that the 

phenomenon is driven by symmetry breaking on the particle surface.  

With the importance of composition related phenomena associated with black carbon, these 

results can give way to a new class of diagnostics for analysing the evolution of these particles.  
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The selenide CIGS (Cu(In1-xGax)Se2) is the most efficient thin-film solar cell, with a power 

conversion efficiency of 23.4%. However, achieving higher efficiencies is limited by the 

Shockley-Queisser limit, which sets the maximum efficiency for a single-junction solar cell at 

33%. This has led to the development of tandem solar cells. Pure sulphide CIGS 

(Cu(In1xGax)S2) is an ideal candidate for the top cell in a tandem configuration with silicon 

solar cell (as a bottom cell) due to its adjustable band gap ranging from 1.5 eV (CuInS2) to 2.4 

eV (CuGaS2) [1]. Incorporating sodium into CIGS, which can enhance performance, can be 

done before, during, or after layer growth. Additionally, molybdenum as a back contact 

facilitates the migration of sodium from the substrate to the CIGS layer [2].  

Our study aims to investigate, firstly, the structural properties of four differently sodium-treated 

CIGS films using X-ray diffraction (XRD) and, secondly, the optical properties of these samples 

using Cathodoluminescence (CL). This technique enables us to characterize the band structure 

of our layers. XRD patterns reveal that all four CIGS layers (for our four samples) have grown 

in a single chalcopyrite phase. Additionally, utilizing Vegard's Law, we determined GGI, which 

was confirmed by CL spectra. We also observed that sodium posttreatment helps eliminate 

defects within the bandgap as shown in figure 1. Finally, post-treated layers exhibit a larger 

bandgap grading, enhancing the electronic properties of the solar cell.  

 

Figure 1: a) CL spectrum of the ITO sample (without NaF treatment) obtained at 9kV, b) 

normalized and superimposed spectra of the ITO and ITONaF samples (with NaF treatment).  

[1] Mabvuer, Francis Tchomb, Fridolin Tchangnwa Nya, Guy Maurel Dzifack Kenfack, et Amel 

Laref. « Lowering Cost Approach for CIGS-Based Solar Cell Through Optimizing Band Gap Profile 

and Doping of Stacked Active Layers─SCAPS Modeling ». ACS Omega 8, no 4 (31 janvier 2023): 

3917‑28.   
[2] Zhao, Chenchen, Shen Yu, Wei Tang, Xinye Yuan, Hongfei Zhou, Tongqing Qi, Xue Zheng, et 

al. « Advances in CIGS Thin Film Solar Cells with Emphasis on the Alkali Element Post-Deposition 

Treatment ». Materials Reports: Energy 3, no 3 (août 2023): 100214.   
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La demande croissante d'énergie et l'épuisement continu des combustibles fossiles incitent à 

trouver de nouvelles sources d'énergie renouvelables susceptibles de satisfaire une grande partie 

des besoins énergétiques et de réduire les problèmes de réchauffement de la planète. Cette étude 

présente une simulation du procédé de gazéification de la biomasse selon deux voies de 

valorisation, la production d’hydrogène et la production d’électricité.   

La première étape considérée pour la simulation est le prétraitement de la biomasse incluant le 

séchage et le broyage. L’étape de gazéification utilise un réacteur à lit fluidisé simulé à l’aide 

de corrélations en fonction de la température provenant de résultats expérimentaux obtenus par 

notre équipe [1], [2]. Afin d'optimiser la production d'hydrogène, trois étapes clés des réactions 

catalytiques ont été simulées. La première étape consiste à réduire les goudrons par craquage 

catalytique en utilisant du biocharbon comme catalyseur. Cette étape est simulée à l'aide d'une 

cinétique spécifique. Par la suite, le gaz produit passe dans un réacteur de reformage catalytique 

à la vapeur dans lequel une cinétique de type Langmuir-Hinshelwood-Hougen-Watson 

(LHHW) est appliquée. La dernière étape est la réaction Water-Gas Shift (WGS), également 

simulée avec des cinétiques.  

Après l'étape de gazéification, le procédé de production d’électricité est simulé à partir d’un 

réacteur de combustion qui augmente le pouvoir calorifique du gaz de synthèse. Ce gaz de 

combustion est ensuite utilisé afin de générer de la chaleur alimentant une turbine à vapeur, 

produisant de l'électricité.  
Biomasse

 
Prétraitement de la  Reformage  Reformage de  Water-Gas-Shif biomasse catalytique 

des  méthane à la vapeur 

 goudrons   

Fig. 1. Schéma de l’installation de production d’H2 par gazéification de la biomasse  

Références   

[1] L. C. Reyes Alonzo, L. ABDELOUAHED, B. TAOUK, and J.-C. BUVAT, ‘Thermodynamic analysis of 

gasification and pyrolysis of lignocellulosic biomass: Parametric study, energy/exergy balance and kinetic 

modelling.’, Normandie Université,, Laboratoire de Sécurité des Procédés Chimiques- LSPC, 2020.  
[2] L. M. Hernández, M. L. Feliz, L. R. Alonzo, L. Abdelouahed, and B. Taouk, ‘Aspen Plus® modeling approach 

of beechwood gasification in a fluidized bed reactor using biochar as bed material’, in Computer Aided Chemical 

Engineering, vol. 51, Elsevier, 2022, pp. 571–576. doi: 10.1016/B978-0-323-958790.50096-5.   
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The understanding of Zirconium (Zr) and Hydrogen (H) interactions is a topic of interest in the 

field of materials science. Zr is known to have a strong affinity with hydrogen, which can lead 

to the formation of hydrides that can affect the mechanical properties (embrittlement, cracking, 

etc) of the material [1]. Our studies are carried out on pure Zr analysed by laser-assisted atom 

probe tomography. This is complex, because the hydrogen detected during the analysis could 

come from the analysis chamber (parasitic hydrogen) or from the material (hydrogen contained 

in the material). Our results show the formation of hydrogen species H+, H2
+, H3

+
 and hydrides 

ZrHx
2+. The evolution of the relative abundances of H+, H2

+, H3
+
 depends on the surface field 

estimated from the Zr3+/Zr2+ ratios, as seen in previous studies on other materials[2]. This is not 

the case for the hydrides which overlap with the Zr isotopic species. In this contribution we will 

discuss the quantification of hydrogen and zirconium hydrides, their localization inside the 

material and their dependence on the field.  

  

  

[1] J. Bair, M. Asle Zaeem, et M. Tonks, « A review on hydride precipitation in zirconium alloys », J. Nucl. 

Mater., vol. 466, p. 12‑20, nov. 2015, doi: 10.1016/j.jnucmat.2015.07.014.  

[2] L. Rigutti et al., « Surface Microscopy of Atomic and Molecular Hydrogen from Field-Evaporating 

Semiconductors », J. Phys. Chem. C, vol. 125, no 31, p. 17078‑17087, août 2021, doi:  
10.1021/acs.jpcc.1c04778.   
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During the last two decades, global air traffic has sharply increased and in 2022, the aviation 

industry was responsible for 2% of total CO2 emissions [1]. Radical changes are needed to 

reach net zero emissions by 2050. To do so, several solutions are considered and among them, 

replacing conventional fuels by hydrogen seems promising [2].  

Producing no carbon-based emissions, hydrogen combustion is characterized by fundamentally 

different properties. Because of this, combustion chamber architecture has to be entirely 

revised, especially in the near-wall zone, which is subject to important thermal fluxes. It is 

necessary to enhance our understanding on flame-wall interactions, term referring to all the 

coupled processes between the reactive flow (heat transfers, temperatures, chemical 

composition) and the material (mechanical properties, role of the manufacturing process).  

The aim of this study is to implement a laser-based diagnostic to perform temperature 

measurements on academic installations and hence, clarify the role of temperature during flame-

wall interaction processes. Two-line atomic fluorescence is the chosen technique: the 

population of two lower lying electronic states of a seeded atom, for example indium because 

it is a suitable marker for flame temperatures (above 1000 K) [3], are probed and the ratio of 

the resulting fluorescence is proportional to the temperature [3]. In addition to its non-intrusive 

feature, its main advantage for a near-wall combustion application is the use of a seeded tracer. 

Indeed, a method developed by Whiddon et al. [4] using tri-methyl-indium allows to seed 

atomic indium in all the zone of interest: in the burnt gases as well as in the fresh gases.  

The new thermometry platform AURYGA (Atomic fluorescence platform for thermometry in 

gases) is being developed at CORIA for this study. During a first stage, a reference flame will 

be seeded (premixed methane/air) with tri-methyl-indium. A calibration of the technique will 

be performed before implementation on the THOR (Thermal aggression bench to study flame-

wall interaction) bench of CORIA. A characterization of the used diode lasers as well as an 

estimation of uncertainties are planned during this first stage.   

[1] International Energy Agency - IEA (2023): Tracking Aviation.  

[2] International Air Transport Association – IATA (2022) : Aircraft Technology – Net Zero Roadmap.  

[3] J. Borggren, W. Weng, A. Hosseinnia, P.-E. Bengtsson, M. Alden and Z. Li (2017): Diode laser-based 

thermometry using two-line atomic fluorescence of indium and gallium, Applied Physics B 123, 278.  

[4] R. Whiddon, B. Zhou, J. Borggren, M. Alden, and Z. S. Li (2015): Vapor phase tri-methyl-indium seeding 

system suitable for high temperature spectroscopy and thermometry, The Review of scientific instruments 

86.    



 

21 

 

Évaluation de mesures d’accord sur des structures relationnelles par la 

dégradation contrôlée d’annotations 

 A. Boiteau 1 *, Y. Mathet1, and A. Widlöcher1 

1Normandie Université, UNICAEN, ENSICAEN, CNRS, GREYC, 14000 Caen, 

France 

*antoine.boiteau@unicaen.fr 

Keywords: annotation of relational structures, inter-coder agreement, argumentation analysis, 

evaluation. 

Text corpora are invaluable data sets for scientific research. Already essential for experimental 

approaches, their interest has grown even more in recent decades with the advances on machine 

learning. Yet, for these datasets to be usable in the training, and evaluation, of supervised and 

semi-supervised learning systems, they need to undergo an additional annotation stage [1]. 

Inter-coder agreement measures are essential for assessing the quality of human annotations on 

those corpora. In the context of relational structures, however, the question of the quality and 

interpretability of these measures remains open. This article presents the adaptation of a tool 

already used for other annotation paradigms. Its aim is to generate erroneous artificial 

annotations in a controlled manner. The resulting annotations are provided to agreement 

measures adapted to relational structures, allowing the identification of the behaviour of the 

measures as well as the differences between them. 

[1] K. Fort, (2016): Collaborative Annotation for Reliable Natural Language Processing : Technical 

and Sociological Aspects, Wiley. 
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On vise à développer de nouvelles méthodologies pour le dimensionnement des systèmes mécaniques, en tenant 

compte des phénomènes aléatoires. Nous nous concentrons sur trois objectifs spécifiques : premièrement, l'étude 

approfondie des systèmes mécaniques pour mieux comprendre leurs comportements [FRI10, HAR16, SAN19]; 

deuxièmement, le développement de méta-modèles spécifiquement conçus pour quantifier les incertitudes dans 

les systèmes structurels, comme dans les références [BAE19, CHA21, SUD12, SOU15, SAM18]; et enfin, si le 

temps le permet, l'analyse de sensibilité pour évaluer l'impact des variabilités et des incertitudes sur les modèles, 

en combinant approches théoriques et numériques. Cette recherche vise à optimiser le dimensionnement des 

systèmes mécaniques en présence d'incertitudes, améliorant ainsi leur efficacité et leur performance. 
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Le criblage des différentes phases cristallines d’une molécule est essentiel, notamment pour 

l’industrie pharmaceutique, chacune ayant ses propriétés propres (biodisponibilité, solubilité, 

etc). Il consiste à utiliser différentes conditions de cristallisation (Température, solvants, 

sursaturation …) et à observer la phase cristalline qui en résulte. Cette opération nécessite 

généralement une quantité de produit et un nombre d’essais important [1].  

La microfluidique de goutte (µFG) représente une technique de choix pour réaliser ce criblage. 

En effet, la génération de nombreuses gouttes semblables à de microréacteurs indépendants 

permet la réalisation d’études statistiques pour des conditions données en un temps réduit. De 

plus, le volume de ces gouttes (à l’échelle du nanolitre) réduit drastiquement la quantité de 

produit requise. Enfin, cette technique peut permettre l’obtention de phases cristallines 

métastables non accessibles par des voies plus « classiques » [2]. La caractérisation des cristaux 

formés dans les gouttes implique généralement leur extraction et leur  collecte donc une analyse 

ex situ et peut se révéler complexe. Il est préférable d’opter pour une caractérisation in situ des 

cristaux. L’analyse Raman est souvent choisie mais elle requiert un temps d’analyse important 

pour chaque cristal (plusieurs minutes/heures par cristal) [3].  

Un nouveau couplage est proposé ici entre µFG et microscopie SHG (Génération de Seconde 

Harmonique). Cette technique d’optique non-linéaire permet de distinguer les structures 

noncentrosymétriques (signal SHG) de celles centrosymétriques (pas de signal SHG) [4] avec 

un temps d’analyse réduit à quelques secondes/goutte. Nous montrerons que ce couplage est 

particulièrement adapté à l’étude de composés présentant des phases stables et métastables 

différentiables par SHG et qu’il permet un criblage rapide des conditions de cristallisation pour 

l’obtention d’une forme spécifique.  

  

[1] M. Ildefonso, N. Candoni, and S. Veesler (2011): Using Microfluidics for Fast, Accurate 

Measurement of Lysozyme Nucleation Kinetics, Cryst. Growth Des. 11, 1527-1530.  

[2] B. Ji, M. Cusack, A. Freer, P. S. Dobson, N. Gadegaard and H. Yin (2010): Control of crystal 

polymorph in microfluidics using molluscan 28 kDa Ca2+-binding protein, Integr. Biol. 2, 528-535.  

[3] S. Bernard, O. Beyssac, and K. Benzerara (2008): Raman Mapping Using Advanced Line-Scanning 

Systems: Geological Applications, Appl. Spectrosc. 62, 1180-1188  

[4] S. K. Kurtz and T. T. Perry (1968): A Powder Technique for the Evaluation of Nonlinear Optical 

Materials, J. Appl. Phys. 39, 3798-3813 
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Active pharmaceutical ingredients (APIs) are commonly administered to patients as solid-state 

formulations, which offer stability and compactness, with a convenient format of delivery. The 

production of APIs in various solid forms, such as single components (e.g., metastable and 

amorphous phases) or multicomponent systems (e.g., solvates, co-crystals, or salts), yields 

distinct physicochemical properties. These properties significantly impact the drug's 

bioavailability, manufacturability, solubility, and stability, thus influencing its overall 

performance in pharmaceutical processes.[1] Subsequently, salt formation has become a 

prevalent technique for ionizable compounds in pharmaceutical development. Despite over 

50% of approved APIs being marketed in their salt form, [2] challenges persist in the industry 

to achieve the desired results within the time limitation enforced in industry. Therefore, this 

work aims at creating an experimental database serving as a tool to aid industrial professionals 

in their salt screening process. The initial phase focuses on the case of racemic Ibuprofen. It 

was firstly selected because of its global commercial significance [3, 4] and extensive literature 

on reported salt formations (e.g., with sodium, lysine, and arginine) [3, 4]. Three inorganic 

counterions: Calcium, Magnesium and Potassium ions where selected for salt formation 

experiment. Without any: time, solvent or synthetic method restriction, promising results had 

been observed, including system with multiple salts and particular solubility behavior. 

Parameters such as crystalline structure, solubility, hygroscopicity, and thermal stability are 

studied to provide a comprehensive overview of the obtained salts. The same methodology will 

be extended to other APIs (e.g., Clopidogrel, Zolpidem, Ketoprofen, etc.) and counterions 

broadening the database with a diverse array of data points.   

Through systematic experiment and analysis, this study aims to facilitate the decision-making 

in pharmaceutical salt screening processes.  

[1] S. R. Byrn and J.-O. Henck. (2012): Optimizing the physical form – opportunities and limitations, Drug 

Discov. Today Technol., vol. 9, no 2, Art. no 2.  

[2] C. Saal and A. Becker. (2013): Pharmaceutical salts: A summary on doses of salt formers from the 

Orange Book , Eur. J. Pharm. Sci., vol. 49, no 4, Art. no 4.  

[3] Armitage, B. J., Lampard, J. F., & Smith, A. (2001): Composition of S(-) sodium ibuprofen. US Patent 

No. 6,242,000 B1.  

[4] Bruzzese, T., Ferrari, R. and SPA-Socita Prodotti Antibiotici. (1981): Method of relieving pain and 

treating inflammatory conditions in warm-blooded animals. US Patent No, 4279926.  
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Seagrasses are marine plants we can find in coastal habitats worldwide. During the 20th century, 

zosteras meadows have been fragilized by anthropogenic and climatic threats and thus have 

declined. However, this species is of great interest to preserve the coastline from erosion 

(sediment stabilization), to filter water, and to maintain the environment’s biodiversity 

(breeding and nursery area for marine fauna, feeding area for marine birds) [1]. A lot of studies 

focused on the aerial part of the plant, the leaves, but only a few talks about rhizomes [2][3]. 

Underground interactions are crucial to fully understand the species dynamics and to be able to 

determine why in some areas seagrasses are declining while elsewhere they are recovering. To 

do this, we aimed to combine two imaging methods, DET 2D hydrogels [4] and planar optodes 

[5], in order to better know biogeochemical fluxes between rhizomes and sediment in two 

dimensions and at least at a millimeter level.  

  

[1] C. Hily and T. Bajjouk (2010): Fiche de Synthèse Habitat “herbiers.” Rapport IFREMER.  
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twodimensional planar optode study, Limnol. Oceanogr., 51(2), 1072-1083.  

[3] C. Li et al. (2024): Root-mediated acidification, phosphatase activity and the phosphorus-cycling microbial 
community enhance phosphorus mobilization in the rhizosphere of wetland plants, Water Research, 255, 121 
548.  

[4] J. Huang et al. (2019): Comparison of DET, DGT and conventional porewater extractions for determining 
nutrient profiles and cycling in stream sediments, Environ. Si.: Processes Impacts, 21, 2128.  

[5] K. Klaus and S. E. Zieger (2021): Optode based chemical imaging—possibilities, challenges, and new 

avenues in multidimensional optical sensing, ACS Sens. 6, 5, 1671-1680.   
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Coastal communities, at the interface of land and sea, face several threats, that can impact the 

composition, productivity and functioning. In the context of the Water Framework Directive  

(Directive 2000/60/EC), and the Marine Strategy Framework Directive (Directive 

2008/56/EC), macroalgal communities are a recognized tools for the ecological state 

assessment of coastal waters. Seaweed zonation is traditionally described as the succession of 

several seaweed belts, that are characteristic of a given bathymetric range, and dominated by 1 

- 2 characteristic brown macroalgae. However, this zonation is highly variable between sites 

due to the varied environmental and anthropological conditions impacting seaweeds. One of 

the most important factor is tide (and tidal range).  

Few studies have focused on the vertical distribution of seaweeds, and the comparison of this 

distribution across a geographical range. In this study, we selected three sites in Brittany and 

Normandy, exhibiting different tidal ranges, ranging from 5.5 m to 10 m. Apart from tide, all 

sites share common characteristics, with extensive rocky substrata and significant seaweed 

covers. Nine species of brown seaweeds, were targeted. In each site, the seaweed individuals 

were sampled by foot at low tide, and precisely positioned using a GNSS (SparkFun Facette 

RTK GNSS) with CentipedeRTK NTRIP correction. The heigh from ellipsoid measured in situ 

with the GNSS was converted into the heigh from chart datum, and heigh from the mean sea 

level (MSL). The latter was normalized into a -1 to 1 relative heigh scale.  

When comparing the species heigh across the three sites, the range colonized by seaweeds was 

higher in the high tidal range site. When using the relative heigh, all species shared broadly 

similar heigh range, with high shore species developing higher than 0.2, medium shore 

developing around 0.2 and -0.4, and low shore species down to -0.8. However, the distribution 

of seaweeds reached lower values in the high tidal range site comparatively with the two others, 

with values reaching -1.1.  

Used on a larger scale, this index will help to understand the vertical distribution of species 

along a longitudinal scale. Moreover, it will be used together with morphometric indices in 

prediction models to estimate species repartition at large scale.  
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With regard to the stringent fire safety regulations for thermoplastic-based (TP) composites in 

aeronautics field [1], it is a critical issue to understand and quantify the fracture mechanisms of 

degraded laminates, whose behavior is highly heterogeneous and anisotropic. To date, most 

attention has been given to unidirectional (UD) thermosetting laminates [2-3]. Therefore, this 

study aims at investigating the influence of different critical thermal conditions (resulting in the 

decomposition of the polymer matrix) on both the thermally-induced damages and the fracture 

behavior of hybrid woven-ply carbon/glass fibers reinforced PolyEther Ether Ketone 

(CG/PEEK) laminates, as a function of heating temperature and fire exposure time.  

Compact Tensile (CT) specimens are exposed to isothermal (melting temperature 350℃ to the 

decomposition temperature of matrix 550℃ by a high temperature furnace, for 15 min) and 

one-side kerosene flame (characterized by a heat flux of 116 kW/m2 and a temperature of 

1150℃ by a burner bench, from 5 min to 15 min) exposure conditions. Tensile tests are then 

conducted to assess the mode I translaminar fracture toughness at room temperature. Crack 

propagation is measured during mechanical loading using a Digital Image Correlation (DIC) 

device combined with a binarization algorithm [2]. Then, the G-R curves have been obtained 

from the compliance method during crack propagation [3].   

In the isothermal case, the residual mechanical properties degrade with increasing heating 

temperature, particularly once thermal decomposition is about to start, due to the formation of 

porosities and extensive delamination. Under the kerosene flame exposure, the microscopic and 

tomographic observations reveal thermally and mechanically induced damages with a 

heterogeneous distribution due to temperature gradients. Depending on the pyrolysis degree of 

each ply, the structural capacities of the plies gradually deteriorate from the exposed to the 

opposed side. The translaminar fracture toughness tends to slightly increase during crack 

propagation, whereas the structural capabilities of CG/PEEK laminates decrease with the 

increasing flame exposure time, as secondary cracks within the char region may prevent the 

compliance method to be applied.  

[1] A. P. Mouritz, A. G. Gibson (2006): Fire Properties of Polymer Composite Materials. Solid 

Mechanics and its Applications, Springer, Dordrecht.  

[2] J. D. Pujols Gonzalez, B. Vieille, C. Bouvet (2021): High temperature translaminar fracture of 

woven-ply thermoplastic laminates in tension and in compression. Eng. Fract. Mech. 246, 107616.  

[3] M. J. Laffan, S. T. Pinho, et al. (2010): Measurement of the in situ ply fracture toughness associated 

with mode I fibre tensile failure in FRP. Part I: Data reduction. Compos. Sci. Technol. 70(4), 606-613.  
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Buck converter, a popular non-linear DC/DC converter, reduces a higher DC voltage to a lower 

level for various applications, such as in DC microgrids, electric vehicles, and electronic 

devices. Maintaining a stable output voltage requires precise closed-loop control, as the 

converter is sensitive to unpredictable input voltage variations, disturbances, and variable load 

conditions. These challenges are further amplified by the negative impedance effect of constant 

power loads (CPLs), where even small voltage fluctuations can be amplified into uncontrolled 

voltage swings [1]. Therefore, a critical robust and fast-acting control strategy is essential for 

efficient voltage regulation. Model-based controllers such as PI has been employed for voltage 

regulation, however, their performance is heavily influenced by the accuracy of the 

mathematical model of the converter, any unmodeled dynamics and uncertainties can hinder its 

effectiveness [2]. Furthermore, any dynamic changes within the converter itself, such as those 

resulting from aging or replacement of worn-out components, might necessitate re-tuning for 

improved performance. To address these challenges this paper presents an improved double 

deep Q-network (DDQN) controller that utilizes deep neural networks to learn the optimal duty 

cycle based on the current state of the converter without the needs of its detailed mathematical 

model. Firstly, the improved DDQN achieves stability through well-defined observation 

parameters and an appropriate reward/penalty function. Secondly, tuning of the agent’s 

hyperparameters was carried out to realize robust controller.  The proposed controller was 

simulated and tested in Matlab/Simulink environment under different input voltage and variable 

load conditions. The simulation results in Figure 1 demonstrate better transient response and 

robustness against varying load conditions compared to PI controller.  

 
Figure 1: Voltage Response using DDQN & PI Control under Varying Load Conditions  

[1] G. Balta, N. Güler, and N. Altin, “Global fast terminal sliding mode control with fixed switching frequency 

for voltage control of DC–DC buck converters,” ISA Trans, vol. 143, pp. 582–595, Dec. 2023, doi: 

10.1016/j.isatra.2023.09.014.  
[2] O. Zandi and J. Poshtan, “Voltage control of DC–DC converters through direct control of power switches 

using reinforcement learning,” Eng Appl Artif Intell, vol. 120, Apr. 2023, doi:  
10.1016/j.engappai.2023.105833.  



 

29 

 

Test Protocol Development for Electric Vehicle Fast Charging  

H. Mustapha1*, R. Petrone1, H. Gaulous1, and A. Rachid2 

1University of Caen Normandy, LUSAC Laboratory, Cherbourg, France;  2Université 

de Picardie Jules Verne, Amiens, France  

*hamza.mustapha@etu.unicaen.fr  

Keywords: Lithium-ion batteries, fast charging, ageing test   

The successful integration of the EVs system in the market largely depends on the battery 

technology used. Lithium-ion batteries are widely used in the EVs due to their performance, 

such as high energy, power density, and lifespan. However long charging time compared to the 

refueling ability of the conventional ICE vehicles hinder their wider acceptation [1]. There are 

a lot of concerns with regards to the fast charging of the lithium-ion batteries which include, 

among others accelerating aging factors, the temperature rising and the dendrites’ formation [2] 

[3]. Thus, an appropriate fast charging strategy to achieve a compromise between charging time 

and battery lifetime is the current challenge.   

In this study, pulse charging technique is studied  by investigating the sensitivity of its control 

parameters. Therefore, different charging conditions are established through combination of 

three different duty cycles (𝛼) and frequencies in the range of 1 Hz to 0.01Hz. In each condition, 

three cells are sampled and charged with  the positive pulse charging strategy characterized by 

a 3C current value, at the selected duty cycles (𝛼) of 33.3%, 50%, and 66.6%, respectively.  

Performance of the fast charging is evaluated by comparing results obtained during the pulse 

test with ones obtained in nominal CC charge. Li-ion batteries with LiFePO4/graphite (LFP/G) 

electrode materials are used in this research. Results’ analysis showed that the 33.3% duty cycle 

has a similar behavior to the CC charge. Consistent time reduction is observed by increasing 

the duty cycle to 50% and 66.6%. Moreover, both battery capacity and charge/discharge 

efficiency are respected. However, the heat generation increased with (𝛼) causing a higher 

temperature rise. As a consequence, a suited cooling system (regulation) is recommended. 

Finally, results are analyzed to find the optimal parameters for pulse charging. This allowed the 

long-terms ageing tests protocol set-up for ageing characterization.  

   

[1] M. S. Mastoi et al., “An in-depth analysis of electric vehicle charging station infrastructure, policy 

implications, and future trends,” Energy Reports, vol. 8. Elsevier Ltd, pp. 11504–11529, Nov. 01, 2022. 

doi: 10.1016/j.egyr.2022.09.011.  

[2] X. G. Yang and C. Y. Wang, “Understanding the trilemma of fast charging, energy density and cycle life 

of lithium-ion batteries,” J Power Sources, vol. 402, pp. 489–498, Oct. 2018, doi:  
10.1016/j.jpowsour.2018.09.069.  

[3] X. Huang et al., “A review of pulsed current technique for lithium-ion batteries,” Energies, vol. 13, no.  
10. MDPI AG, May 01, 2020. doi: 10.3390/en13102458.   
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Radiotherapy is a means of treating cancer by irradiating the cancer cells with nuclear particles. 

Radiotherapy planning involves several steps in which tumour and healthy organs are 

delineated on a CT scan, dose map is simulated, and irradiation machine parameters are 

specified. Patients’ outcomes may be enforced by radiotherapy quality assurance (RTQA). A 

particular process in RTQA in clinical trials is individual case review (ICR) in which radiation 

oncologists and medical physicists evaluate delineations and dose map on the CT scan based 

on a predetermined protocol of the clinical trial. Low quality of CT scan may hinder evaluation 

by the referring oncologists and the medical physicists. Quality of CT scans may suffer from 

the presence of metals, patient movement, wrong choice of CT scanner protocol, noise, low 

pixel resolution, focal spot (where electrons hit to create the beam) size and slice thickness. In 

this project, an image restoration algorithm from generative AI is investigated after the 

degradations significant for ICR are simulated computationally. To rank images in the dataset 

according to their quality, LIQE[1] and BRISQUE[2] algorithms are evaluated on a CT scan 

slice with its resized and Gaussian noise-added versions as well as comparing that slice to a 

slice right next to it with metal artefact. For metal artefacts, a way to simulate metal artefacts 

on clean CT scans is used[3]. For noise, local variance map is used to simulate realistic CT 

noise by CIL library[4]. For low pixel resolution, bicubic resizing is applied. For slice thickness, 

weighted average[5] is taken. For metal artefact simulation Feldkamp, Davis, and Kress 

(FDK)[6] filtered back projection is required. Ram-lak, Shepp-Logan, Cosine, Hamming, Hann 

and a Custom Ram-Lak(Ram-Lak filter multiplied by 1.04) for FDK are compared for fidelity 

to the original image[4]. To improve the quality of ground truths two computations are 

explored: ring removal and centre of rotation correction[4]. Mean absolute error (MAE) is 

measured for those comparisons. BRISQUE gave 131.4826, 114.7502, 153.5910, 89.0656 and 

LIQE gave 1.1897, 1.1212, 1.0560, 1.0887 for clean, with metal artefact, lowered resolution, 

and noise-added versions of the same image. Lower is better for BRISQUE and higher is better 

for LIQE. BRISQUE failed to give lower score for degradations of metal artefacts and noise 

meanwhile LIQE detected all the degradations. MAEs were 15.696573, 15.871427, 16.3526, 

16.877684, 17.010777, 12.44884for Ram-lak, Shepp-Logan, Cosine, Hamming, Hannand a 

custom Ram-Lak. Centre of rotation correction decreased MAE from 15.696573to 15.696262. 

Ring removal left artefacts on the scan while still maintaining the same MAE of 15.7. LIQE 

proved to be a good tool to measure CT degradations important in ICR. Ring removal and centre 

of rotation didn’t contribute any noticeable improvement for ICR but ring removal caused 

obstructing artefacts on the scan. The custom filter gave the most fiducial reconstruction. 
[1] W. Zhang, G. Zhai, et all (2023): Blind Image Quality Assessment via Vision-Language Correspondence: A 
Multitask Learning Perspective, CVPR 2023 
[2] A. Mittal, A. Krishna Moorthy, A. Conrad Bovik (2010): No-Reference Image Quality Assessment in the 
Spatial Domain, IEEE Transactions on Image Processing Vol. 21 Issue 12 
[3] Y. Zhang, and H. Yu (2019): Convolutional Neural Network based Metal Artifact Reduction in X-ray 
Computed Tomography, IEEE Transactions on Medical Imaging Vol. 37 Issue 6 
[4] E. Papoutsellis, E. Ametova et al (2021): Core Imaging Library - Part II: multichannel reconstruction for dynamic and 

spectral tomography 
[5] B. N. Narayanan, R. C. Hardie, and T. M. Kebede (2018): Journal of Medical Imaging Vol. 5, Issue 1  
[6] L. A. Feldkamp, L. C. Davis, and J. W. Kress (1984): Practical cone-beam algorithm J. Opt. Soc. Am. A 1, 12619  



 

31 

 

Experimental and numerical study of the chemical behavior of the ternary 

CoSO4-Li2SO4-H2O system  

Nino PATRY1*, Arnault LASSIN2, Laurent ANDRE2, Yohann CARTIGNY1, Nicolas 

COUVRAT1,  
1 Univ Rouen Normandie, Normandie Univ, SMS, UR 3233, F-76000 Rouen, France  

2 BRGM, F-45060 Orléans, France   

*nino.patry@etu.univ-rouen.fr  

Keywords: Solubility, phase diagram, Modeling, CoSO4, Li2SO4  

Cobalt sulfate and lithium sulfate are two of the main compounds obtained from the recycling 

of Lithium-ion batteries (LiB). Leaching is used to extract metals from the used batteries, but 

these methods require: i) high quantity of solvent and ii) expensive costs for neutralizing the 

acid. Multiple alternative recycling methods have already been proposed [1], but the cost is 

still too high compared to extracting raw materials [2].  

The improvement of previous methods or the development of new alternative methods for 

recycling LiB after leaching require an improved knowledge of the physicochemical properties 

of these solutions and a better understanding of their chemical behavior. The approach adopted 

in this study combines thermodynamic modelling, based on the Pitzer model [3], and 

experimental data acquisition. Thus, new experimental thermodynamic data, such as 

solubilities, heat capacities and osmotic coefficient have been measured to help developing a 

reliable thermodynamic model for the CoSO4-Li2SO4-H2O system.  

During this study, solubilities have been determined by Discontinuous Isoperibolic Thermal 

Analysis (DITA) [4]. Dynamic Vapor Sorption (DVS) experiments were carried out to 

characterize hydrated solid forms and to obtain osmotic coefficients. Calorimetric 

measurements have been performed to obtain heat capacities of CoSO4 and Li2SO4 aqueous 

solutions. InSitu-X-Ray Diffraction measurements (InSituX®) [5] were used to describe and 

characterize the rich landscape of hydrates of the binary phase diagram CoSO4–H2O.  

All these experimental data contribute to the calibration of the Pitzer model, i.e. the 

determination of the specific interaction parameters between solutes. In a first step, the binary 

cation-anion parameters are determined allowing description of the osmotic coefficient of both 

binary systems. In a second step, ternary interaction parameters are optimized to calculate the 

salt-solution equilibria in the ternary phase diagram CoSO4Li2SO4-H2O. The temperatures we 

investigated so far range from 10°C to 50°C.  

[1] Costa, C. M.; Barbosa, J. C.; Gonçalves, R.; Castro, H.; Campo, F. J. D.; Lanceros-Méndez, S. (2021): 

Recycling and Environmental Issues of Lithium-Ion Batteries: Advances, Challenges and Opportunities. 

Energy Storage Mater., 37, 433–465.  
[2] Walkowicz, K.; Meintz, A.; Farrell, J. (2019): R&D Insights for Extreme Fast Charging of  
Medium- and Heavy-Duty Vehicles: Insights from the NREL Commercial Vehicles and Extreme Fast 

Charging Research Needs Workshop, NREL/TP--5400-75705, 1604308; 2020; p NREL/TP--540075705, 

1604308.  
[3] Kenneth S. Pitzer (1991): Activity Coefficients in Electrolyte Solutions, 2nd ed (Boca Raton: CRC 

Press).  
[4] P. Marchand et al., (2001): Discontinuous Isoperibolic Thermal Analysis (DITA) (Applied to 

Organic Components), Le Journal de Physique IV 11, no PR10.  
[5] Gérard Coquerel, Morgane Sanselme, Anaïs Lafontaine. (2012): Method of measuring scattering of x- 

rays, its applications and implementation device. France, Patent n°: EP2694953A1 
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The Helmoltz-Hodge decomposition states that any sufficiently regular vector field f is uniquely 

given by grad(g)+h, where h is divergence-free. Extensions to the L² setting are known since 

the early 1960’s, and rely on the Hilbertian geometry of vector fields [1].  

This poster presents an extension of these results whenever the f to be decomposed is no longer 

a vector field, but a measure field, i.e. may give a probability to different vectors at each point. 

The recent development of the Wasserstein geometry [2] provides the correct generalization of 

the L² setting. It is shown that any measure fields decomposes in an unique way in two 

components that are orthogonal in some sense, and support the same gradient/divergence-free 

interpretation. However, some properties are lost with respect to the vector field setting: to a 

pair (g,h) might correspond several f, and Pythagoras fails. 

[1] Ol’ga Ladyženskaja (1963): The mathematical theory of viscous incompressible flows, Gordon and 
Breach. 

[2] Filippo Santambrogio (2015): Optimal transport for applied mathematicians, Springer. 

  



 

33 

 

Behaviors of Fluid Inclusions in Dicumyl Peroxide single crystals  versus 

temperature.  

Luis Salgado Paredes1*, F. Faure2, and G. Coquerel1, 

1Université de Rouen, Rouen, France;   
2Université de Lorraine, Nancy, France  

*luis-alberto.salgado-paredes@univ-rouen.fr  

Keywords: UV radiation, Impurities, Shrinking of Fluid Inclusions, Dicumyl Peroxide  

Common behavior of fluid inclusions (FIs) during heating-cooling cycles of different crystals 

of organic compounds has shown a change in size and morphology from a rounded shape 

towards a faceted shape (i.e., ‘negative crystal’) when they are heated up. On cooling, they 

come back to their original rounded shape with a gas bubble inside which is not the most 

thermodynamically stable shape. Since different parameters affect the properties of fluid 

inclusions, it has been studied the effects of impurities on the formation of fluid inclusions and 

then its impact in the fluid inclusion behaviors. By contrast to this ‘classical behavior’, Dicumyl 

Peroxide (DCP) present some FIs that exhibit a rapid and drastic shrinking with a change in 

curvature upon fast cooling rates. In order to have a high density of FIs in crystals, the crystals 

were grown slowly by cooling an aqueous solution of ethanol with a large amount of CO2. The 

FIs exhibiting shrinking on cooling often contains a large gas bubble. Depending on 

temperature, it takes from few minutes to several days to come back to rounded shape with a 

gas bubble. After a long period of time a more faceted shape reappears corresponding to 

thermodynamic equilibrium.   

This new behavior is not true for all FIs in ethanol/DCP systems. Experiments of the effects of 

impurities through UV radiation on DCP crystals were made and compared with different 

cooling rates. Results indicate that crystals with more UV radiation show a more drastic 

shrinking at a higher temperature. Consistently, a larger chemical degradation of the crystals is 

correlated with more UV exposition. This degradation is initially visible at the surface of the 

crystals and subsequently in the inner state of the crystals. The time at which the curvature 

changes the most significantly is correlated with the nucleation of a gas bubble.   

At slower cooling rates and in crystals without UV radiation the shrinking phenomenon is 

almost imperceptible in contrast with those irradiated with UV at slow cooling rates. The UV 

radiation is fostering the shrinking phenomenon but through optical microscope is visible that 

after more time crystals go to an irreversible change. The new reduced shape (shrunk) of FIs 

kept the same area as before. They went from a round shape to a concave shape with sharp 

corners and may be due to a transfer of matter foster by an excess number of impurities. The 

concave parts could be experimenting an inner crystallization and the sharp corners an outer 

dissolution.   

[1] Z. Jing, H. Lin, H. Hongxun, J. Xiongtao, L. Jun, Z. Li. Formation mechanisms of liquid inclusions in 

Dicumyl Peroxide, CrystEngComm, 2021, 23, 4551-4562. DOI: 10.1039/D1CE004. 

[2] Bobo E. (2016) Contribution on the formation and the behaviors of fluid inclusions in crystals. PhD 

Université de Rouen Normandie, 140p. 
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The current environmental concerns (CO2 emissions and energy demand) shows that one of the 

key issues in aeronautics is the design of lightweight structures [1]. Therefore, the integration 

of polymer matrix composites in structural parts is increasing [2]. However, due to their 

polymer matrix, their behavior is highly dependent on their thermal working conditions, which 

can be an issue in the case of an exposure to a flame. In fact, polymers decompose at high 

temperatures (400-600°C), which results in the formation of cavities filled with pyrolysis gas 

inside the plies. As the solid matrix is replaced by gas, there is less matrix available to ensure 

the load transfer. Thus, the mechanical behavior of the composite is altered [3]. For this reason, 

fire issue is of primary concern for aircraft manufacturers [4]. Understanding the 

thermomechanical behavior of composites under critical conditions (fire) is therefore essential. 

The literature on the fire behavior of composites has mainly focused on thermoset (TS) matrix 

composites [3] and much less on thermoplastic (TP) based composites [5,6].   

To understand the relationship between the thermal aggression and the mechanical loading, it 

is important to dissociate the different phenomena that occur within laminates. This study 

focuses on a C/PEEK laminates with a QI stacking sequence. Several tests have been carried 

out. The thermal decomposition process in the first seconds of the fire exposure is first analysed 

in terms of porosity content; it correlates well with the evolution of the mechanical properties 

and thereby constitutes a good indicator of damage level. Then, the residual tensile properties 

at room temperature after exposure to the flame were determined. Finally, the in-situ tensile 

properties during the exposure was investigated to be compared to the residual behavior.  

[1] L. Zhu, N. Li, and P. R. N. Childs (2018): Light-weighting in aerospace component and system design, 

Propulsion and Power Research 7 (2), pages 103-119. doi: 10.1016/j.jppr.2018.04.001.   

[2] T. Dursun and C. Soutis (2014): Recent developments in advanced aircraft aluminium alloys, 

Materials & Design 56, pages 862–871. doi: 10.1016/j.matdes.2013.12.002.  

[3] A. P. Mouritz and A. G. Gibson (2006): Fire Properties of Polymer Composite Materials, Springer   

Dordrecht.  

[4] ISO 2685:1998. Environmental test procedure for airborne equipment — Resistance to fire in designated 

fire zones, 1998.   

[5] A. G. Gibson, M. E. Otheguy Torres, T. N. A. Browne, S. Feih, and A. P. Mouritz (2010): High 

temperature and fire behaviour of continuous glass fibre/polypropylene laminates, Composites Part A 41(9), 

pages 1219-1231. doi: 10.1016/j.compositesa.2010.05.004.  

[6] B. Vieille, A. Coppalle, E. Schuhler, A. Chaudhary, A. Alia, N. Delpouve and A. Bourdet (2022): 

Influence of kerosene flame on fire-behaviour and mechanical properties of hybrid Carbon Glass fibers 

reinforced PEEK composite laminates, Composite Structures 279, 114786. doi:  
10.1016/j.compstruct.2021.114786.   
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The English Channel is one of the most anthropized marine ecosystems in the world (e.g. [1]). 

It is exposed to both multiple anthropogenic activities (development of renewable marine 

energies, aggregate extraction, dredging and trawling) and natural disturbances (strong 

hydrodynamics, extreme events). These pressures occur in a context of climate change and 

modify the structure of benthic communities. One of the particularities of the English Channel 

is that it is composed of more than 80% coarse sediments.   

Traditionally, these habitats have been mainly described using semi-quantitative tools and, 

more recently, studied from quantitative data to evaluate the functional response of these 

ecosystems to natural and anthropogenic disturbances. These data coupled with the analysis of 

biological traits of benthic macrofauna, will allow to better understand ecosystem functioning 

by linking abiotic parameters, community structure and traits distribution (e.g. [2]).  

The two main objectives of this PhD thesis are: (1) acquire a better knowledge of coarse 

sediments of the Channel in a highly hydrodynamic environment; (2) couple traditional ecology 

studies (species diversity, abundances and biomasses) with functional diversity calculated from 

biological traits of species.  

All the analyses will be based on the exploitation of different data sets describing the evolution 

of the diversity of coarse benthic communities exposed to various pressures.  

Thus, this PhD thesis will provide a better understanding of the spatio-temporal organization of 

the functional diversity of the benthic macrofauna in the eastern English Channel. It will also 

provide a better understanding of the response of coarse sediment ecosystems to natural and 

anthropogenic disturbances.  
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