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COMBUSTION AND EXPLOSION OF TITANIUM

ALLOY Ti6Al4V

Myriam Millogo

Univ. Orlans PRISME EA 4229, 63 avenue de Lattre de Tassigny, 18020 Bourges, France

Abstract

The combustion in air-Ti6Al4V powders (median particle size, 13 µm, 26 µm
and 55 µm) mixture is studied to determine the sensibility and severity pa-
rameters. The interest for titanium alloy Ti6Al4V comes from its wide use in
metallurgy, especially for aeronautical applications. The powders were analyzed
by SEM with EDS coupling. The particle size distribution was obtained by the
use of a Spraytec laser granulometer. This paper reports the minimum ignition
energy (MIE) of Ti6Al4V alloy powders in air using Hartmann apparatus as a
function of the granulometry and of the powder mass. By comparing the values
of Ti6Al4V MIE with the MIE values of titanium and aluminum, it is noted
that the alloy is more sensitive to explosion than the pure metals that compose
it.

Keywords: Dust explosion, Minimum ignition energy, Ti6Al4V alloy

1. Introduction

In recent years, manufacturing processes by addition of matter have begun
to appear in companies working in aeronautics, space or the armament sec-
tor. These ALM (Additive Layer Manufacturing) processes use metal powders
derived from metallurgical alloys commonly used in the mechanical industry.
Among metals, Al, Ti, Si and Mg are currently used in powders metallurgy and
numerous studied were devoted to the hazards in their use with the possibility
of dust explosions. In the literature, we find surveys on the risk of explosion
of pure materials but few data are available in the case of alloys. Recently, on
August 2nd , 2014 a dust explosion occurred in a large industrial plant for pol-
ishing various aluminum-alloy parts in Kunshan, China [1]. This catastrophe
shows that the risk of dust explosion must be studied for all the alloys used
in industries.Behind the explosion studies, these materials can be seen as other
sources of energy.

The use of pure aluminum and magnesium of micrometric size is also in-
vestigated for combustion [2] with the idea of carrier energy by completing the
combustion by a cycle of regeneration of metal. It can also be interesting to
study combustion properties of alloys because they can have properties more
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Effects of Fire Behavior and Thermal Degradation on the Toxicity of Composite Materials Impacted 
by Air/Kerosene Diffusion Flame. 

R. Ogabi*,1, B. Manescau1, K. Chetehouna1, N. Gascoin1, S. Senave2, I. Reynaud2
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Abstract 
A full-scale fire test has been developed and used to study the fire behavior of Carbon-PEKK, Carbon-BMI and 
Carbon-Phenolic designed for aircraft applications. Research has been carried out in recent years to assess the volatile 
emissions and self-ignition risk of composites. Thus, in this research, emission gases were analyzed using the non-
dispersive infrared (NDIR) technique. Also, the back-face temperature and the mass loss of the composites were 
examined. This novel test bench of NexGen burner integrated with the Ecom J2KN-Pro gas analyzer follows the 
current aeronautical criterion fire test (ISO2685:1998 and AC20-135). The general research findings revealed high O2 
levels > 15 %, low CO2 levels < 5 % and a peak CO value of 211 ppm in a full-scale ventilated fire compartment.   
 
1.0 Introduction 

In the transport and power sector, composite 
materials have profoundly improved the structural 
design due to their main advantages in weight 
reduction and high mechanical properties, thus 
allowing significant cost reductions among other 
benefits. Currently, the amount of composite materials 
(usually fiber reinforced polymer) in aircraft structures 
has increased up to 52% in the new aircraft generation: 
Airbus A350 XWB and Boeing 787. Also, fiber 
reinforced composites such as carbon-reinforced 
bismaleimide are used as advanced materials in the 
hydroelectric turbines [1]. 
 
   However, most polymer composite materials are 
highly inflammable. If these composites are exposed 
to high-temperature environments (especially those 
higher than 300oC from heat rays, fire, or other thermal 
radiation) it can result in thermal degradation, thermal 
delamination, poor mechanical performance, and 
damage to an aircraft's structure [2]. 
Also, toxic emission fumes are released into the 
atmosphere during the combustion process, which 
results in very significant health and safety risks [5].  
The effects of the emission gases on human lives could 
vary from mild to toxic depending on their category. 
Toxic fire products can be classified into two main 
groups; asphyxiant gases, and irritant gases. Asphyxia 
can be described as the deficient supply of oxygen to 
the human body. 
   Carbon monoxide (CO) for example is an asphyxiant 
gas, it is colourless, odourless and tasteless but very 
toxic. The health effect of carbon monoxide when 
inhaled beyond the critical concentration could result 
in brain damage and/or death. This is due its affinity 
for the hemoglobin component of the blood, therefore 
displacing oxygen forming carboxyhemoglobin 
(COHb) [3]. 
   Carbon dioxide (CO2) is considered a green-house 
gas and it contributes to global warming. More so, 
according to the sustainable development goals (SDGs 
                                                           
* Corresponding author: raphael.ogabi@insa-cvl.fr 
Scientific Writing,  Université d’orleans (May 5, 2022) 

13), there is an increase in environmental 
consciousness of climate change as a result of green-
house gases.   
Thus, the United Nations under the ‘Paris-agreement’ 
which is a legally binding international treaty on 
climate change was adopted by 196 parties in 2015. 
And the goal is to limit global warming to well below 
2 oC preferably 1.5 oC compared to pre-industrial 
levels in the nearest future [2]. 
 
Thus, it is pertinent to explore in detail the behavior of 
composite materials exposed to harmful fire 
aggression in other to improve the ability to predict 
their thermo-structural characteristics. 
   Polymer composites can provide a rich supply of 
hydrocarbon species that drive and spread the growth 
of a fire, even after the suppression or extinction of the 
main fire source (fuel) [4].   
 
   Previous research done in this domain to address this 
challenge involves characterizing the gaseous 
emissions during the thermal degradation carbon-
reinforced composites materials using gravimetric 
analysis coupled with a pyrolysis-GC-MS. It is 
described as a good technique because of its high 
resolution for specific pyrolysis temperatures [4]. 
However, it is a small-scale thermal degradation test 
measure, therefore it doesn’t represent the actual fire 
condition the composite materials will encounter in 
real-life applications. 
   Therefore, at full-scale, a NexGen Burner (designed 
by the Federal Aviation Administration, FAA) is used 
to test samples that are representative of the parts of 
aircraft components (500 mm x 500 mm) based on the 
aeronautical standards using kerosene premixed flame 
[5, 6].  
   The present study is aimed at characterizing gaseous 
emissions during the thermal degradation of three 
different carbon reinforced composites cured of pre-
impregnated polymer reinforced carbon fibers. 
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Abstract: Vine disease is a serious issue in viticulture that causes increase in the quantity an dquantily 1

of grapes. The early detection of vine disease can significantly improve the control of vine diseases 2

and avoid spread of virus or fungi. One considerable solution is to use remote sensing for disease 3

detecting as it is considered as one of the important conventional eco-friendly methods for detecting. 4

Together with Deep learning models, they are used to improve the prediction quality and address 5

effectively disease detection within semantic segmentation. In this paper we present our approach 6

for mildiou detection in vineyard. 7

Keywords: Multi-modal fusion; Deep learning; Vine disease detection; Semantic segmentation 8

1. Introduction 9

Smart applications and digital technologies in viticulture: A review Plant disease is 10

a serious issue affecting the quality and quantity of agriculture production. They vary 11

seasonally depending on the presence of pathogen, environmental conditions and the crop 12

type [1]. The damage on the crops is highly related to the disease development stage and 13

can range from simple physiological defects to plant death [reference]. To limit damages 14

and improve crops quality, pesticides are widely used in crop security. Nevertheless, 15

the overuse of this chemical substance has negative impacts on human and nature, that 16

outweighs the benefits [2]. 17

Localization of infected areas in plantations can reduce the overuse pesticide. Direct 18

visual diagnosis by visual identification of disease symptoms on plant leaves reaches an 19

expensive cost regarding time and energy [3]. One considerable solution is to use remote 20

sensing for disease detecting as it is considered as one of the important conventional 21

eco-friendly methods for detecting, locating and monitoring physical characteristics. 22

Promising approaches for detecting and locating diseases were proposed in recent 23

years using machine learning and deep learning. For close range crop images, Support 24

vector machine (SVM) models were commonly used for plant disease detection due to their 25

prediction efficiency [] el massy wa ikhwatoh. Deep learning models were then used to 26

improve the prediction quality and address larger types of diseases and crops. 27

banana Authors solved the detect diseases problem by splitting it into three main 28

parts: First, pixel-based banana classification using SVM on multi-level satellite images 29

(Sentinel 2, PlanetScope and WorldView-2) and UAV (MicaSense RedEdge) images. Second, 30

banana plant detection in the field using object detection model RetinaNet on UAV RGB 31

images. And finally, classification for simultaneous banana tree localization and disease 32

classification using a customized classifier. Compared to the VGG model, the proposed 33

approach provided better results with an accuracy reaching 92%. Although the approach 34

has good classification results, it suffers from considerably important training time [4] . 35

The agricultural field provides a rich variety of data from multiple sources, it seems 36

more judicious to merge them to achieve a better performance. in disease detection, 37

multimodal fusion is still an ongoing area of study. In fact, fewer studies have been 38

conducted in this area [5]. 39
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Kinetic modeling of neopentane oxidation at high temperatures 

     Nurlan Amirov 

      13 May 2024 

Abstract 

A high temperature neopentane oxidation kinetic mechanism was developed and tested 
against an experimental data set of neopentane oxidation obtained using a jet-stirred reactor 
under 1 atm at temperatures of 1050-1100 K at 0.6-0.24 s residence time and three 
equivalence ratios of 0.5-2. The mechanism was developed based on an already existed 
mechanism in literature, which was built with a focus on low temperature neopentane 
oxidation. The important reactions for high temperature oxidation were identified and 
adjusted in neopentane submechanism, as well as in the core mechanism. The resulting 
enhanced mechanism was found to perform better than the original mechanism at different 
conditions.  

Keywords: neopentane, oxidation, kinetic mechanism, modeling 

Introduction 

Neopentane is one of the simplest branched hydrocarbons with two unique features in 
its oxidation mechanism. Since, it has a symmetrical molecular structure with equivalent H 
atoms, the H abstraction reactions produce only one alkyl radical. As a result, the simple 
reaction scheme makes it easier to follow the reaction pathways in its oxidation chemistry. 
Furthermore, the neopentane oxidation does not produce any C5 conjugate olefin from the 
neopently radical. As the conjugate olefins are considered to be the controlling intermediates 
during the hydrocarbon pre-ignition process, the absence of these intermediates, and in its turn 
the reactions occurring infrequently with other hydrocarbons are increased for neopentane [1-
2].  

The kinetic mechanism of the neopentane oxidation has caught the attention of 
different researchers over the last decades, who have carried out studies mainly for low 
temperature neopentane oxidation by using different experimental techniques. Liu et al. 
conducted the oxidation experiments of neopentane using jet-stirred reactors at the 
equivalence ratios of 0.5-1.62, at 1 atm pressure and the residence time of 3s [3]. The authors 
added the pressure dependent rate constants for the reaction classes of Q̇OOH + O2 and 
Q̇OOH decompositions, which improved the prediction capability of the kinetic mechanism 
for the low temperature oxidation. An experimental and modeling study carried out by Dagaut 
et al. was the first ever investigation covering the high temperature neopentane oxidation 
(800-1230K) at the pressures of 1-10 atm and equivalence ratios of 0.25-2 [4]. The H-
abstraction and the thermal decomposition reactions were identified as the responsible 
reactions for the neopentane combustion at 1 atm. The main decomposition products of 
neopently radicals were isobutene and methyl radicals.  
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a) Diterpenoids 
Phytol (the chlorophyll-α molecule), as a most important acyclic diterpenoid, can be found in 
many other chlorophylls. In addition, dihydrophytol (or phytanol), which is a saturated 
analogue of phytol acting as an intermediate in the biosynthesis of phytanic acid, is present in 
a variety of bacterial glyceride lipid ether (Killops & Killops, 2005). Most diterpenoids are di- 
and tricyclic compounds, and are particularly common in higher plants. In particular, they are 
easily found in resins of gymnosperms (e.g. conifers). Therefore, these compounds are 
considered to be widely distributed biomarkers in recent sediments, coals, oils, peats, amber 
and fossil resins (Ellis et al., 1996; Kopaczyk et al., 2020; Otto et al., 2002; Otto et al., 2005; 
Otto & Wilde, 2001; Pereira & Rostad, 1983; Tavendale et al., 1997a; Tavendale et al., 1997b). 

b) Triterpenoids.  
As a ubiquitous component in organisms (e.g., shark oil, vegetable oils, fungi), most 
triterpenoids are proven to use biosynthetic enzymes from the acyclic squalene isoprenoids 
(Bianchi & Canuel, 2011; Connolly, 1971; Sell, 2003). Most triterpenoids are either pentacyclic 
or tetracyclic (Killops & Killops, 2005). Unlike tetracyclic triterpenoids, which mainly belong to 
the important class of compounds, steroids, distributing widely in plants, animals, fungi and 
bacteria (Bird et al., 1971; Harvey et al., 2006; Písová & Souček, 1973; Ruzicka et al., 1953; 
Ruzicka et al., 1959; Summons et al., 1999; van Graas et al., 1982; Weete, 1973), most of the 
pentacyclic triterpenoids with an E at 6 ring carbons which are of higher plant origin where 
they function as resins in higher plants (Bianchi, 2007; Killops & Frewin, 1994; Ogihara et al., 
1987; Rowe, 1964; Tsuda et al., 1964; Walpes & Machihara , 1991). On the other hand, 
hopanoids possessing a five-carbon E ring are often called bacterio-hopanoids because they 
are common components of cell membranes of eubacteria, in particular diploptene, 
diplopterol (Inglis et al., 2018; Ourisson et al., 1979; Ourisson et al., 1982; Ourisson et al., 1987; 
Rohmer et al. 1992), bacterio-hopanetetrol and aminobacteriohopanetriol (Huang et al., 2015; 
Innes et al., 1997; Kannenberg & Poralla 1999; Pancost et al., 2003; Sinninghe Damsté et al., 
1995). Three major series can be distinguished among these plant triterpenoids: the oleanoid, 
ursanoid and lupanoid series (Killops & Killops, 2005). Like hopanoids, these compounds can 
have various functional groups and are found in the environment as alcohols, alkenes and 
alkanes. They can be easily identified by GC-MS using the fragment m/z 191. 

 
Thanks to the contributions of researchers during the 1960s, 1970s and 1980s on organo-geochemical 
and paleoenvironmental issues (Blumer, 1965; Corbet et al., 1980; Greiner et al., 1976; Hills & 
Whitehead, 1966; Hills et al. , 1968; Meyers et al., 1984; Rullkötter et al., 1982; Simoneit et al., 1985; 
ten Haven & Rullkötter, 1988; Trendel et al., 1989; Wakeham et al., 1980 (a); Wakeham et al., al., 1980 
(b)), but also benefiting from the development of technical separation, such as HPLC, HPGC and MS 
(Baas, 1985; Goad & Akihisa, 1997), over the last 40 years, studies of molecular biomarkers extracted 
from lake and marine sediments as well as from other geological sources, have shifted well towards 
specific compounds, for example, diterpenoids and triterpenoids, which allowed us our knowledge of 
their significance, their distribution and their role in the vegetable kingdom.   

Although they are relatively stable compared to other molecules (amino acids, acyclic alkanes, sugar, 
etc.), diterpenoids and triterpenoids undergo alterations during diagenesis. It must be said that these 
transformations play an unfavorable role by hiding certain information which links these biomarkers 
to their precursors. However, their molecular structures converted into possessing chemically basic 
and estimable skeletons have reciprocal advantages of studying the diagenesis and 
palaeoenvironmental conditions of sediment deposition and the quality of petroleum source rocks 
(Brassell et al., 1983). Therefore, the interpretation of the signals preserved there is dependent on our 
ability to decipher them. This review will attempt to discuss the diageneses of diterpenoids, 
triterpenoids and their derivatives in sedimentary environments of lakes and rivers in order to better 
understand the conditions during the sedimentation and burial of source organism debris in 
ecosystems. aquatic non-saline. 
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discuss and what results you want to demonstrate.
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The determination of the location of pulsars leads us to look for systematic e�ects.
Declination and right ascension angles to the beam 0 (timing position) are represented
in Figure 4, e�ects on the elevations and the azimutal pointing are in Figure 5. The 1 ‡
error recover the beam 0, so observations don’t seem to be a�ected by systematic e�ects
at this precision of measurement. We can see on Figure 4 the 1 ‡ error with the beam 0
around 0.03¶. This value is comparable with an angular shift due to ionospheric refraction
Equation (2) from Loi et al. (2015). With the angular shift �◊ in radians, the transverse
gradient of total electron content (along the line of sight in the ionosphere) Ò‹TEC value
of 1010 - 1011 electrons m≠3, and ‹ in Hz. Calculated at 60 MHz �◊ =0.006 - 0.06¶ which
is comparable to the FWHM of the beam. Consequently this e�ect could explain 50 %
error on the flux from a single beam and the 1 ‡ value from Figure 4.

�◊ = ≠40.3
(‹2)Ò‹TEC (2)

Figure 4: Di�erences between the fitted locations and the real positions obtain from timing on
(ATNF) pulsar catalogue. The timing location is represented by red lines and 1 ‡ range on delta
declination and delta right ascension by two green zones. Right ascension values are corrected
by the cosine of the declination.

Conclusion

To summarize, our analysis of this low frequency pulsars census improve the method for
the observations of pulsars under 100 MHz by the reduction of ionospheric and interstellar
medium e�ects on the line of sight. On the 90 observed 37 pulsars have been detected and
flux calibrated in all beams. For all of these objects, a shifted location and a corresponding
flux have been fitted. To enhance the flux calibration of pulsars at this frequency we should
worry of the maximum angular shift due to the ionospheric refraction comparatively to
the beam. These results suggest that low frequency flux calibration of pulsars is possible
but with a lot of care on the dispersion, the scattering and the ionospheric refraction of
the signal.

7

University of Orléans T. Dudok de Wit
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1 Al Thib

Originality and significance Yes, the article is sufficiently novel and convincing to warrant publication.

I’m doubt for the article adhere the journal standard, because, the abstract is too long, the references just
gives 5 references, the methods is not clearly writen.

For the side originality, the article is originally product. For the appropriateness for the journal, the article
in the top 50% of paper in this field.

Structure of the article The article clearly laid out. All of the key element was already mentioned.

Title In my opinion, the title is not enough clearly describe the article because the title had wide point of view,
just mentioned about different recycled fine agregates but we dont now with kind that must be compared,
mechanical properties or thermal properties or something else.

Abstract Yes, the abstact contect the article but in mi opinion is too long. more than 700 words. That I know,
abstract should be 250 - 350 words.

Introduction the introduction is good, there is summarize relevant research to provide context, the objective
is well defined and described the experiment is well wrote.

Method The author accurately explain how the data was collected and it was suitable for answering the ques-
tion posed. Since I am not well understood of the methods, I think the article identify the procedure
followed, but I have a question what a dimension of the samples and are the experiment did in the re-
peatability way, in this section I did not find it.

Results " For the result (3.1) the reason what a connection of a high LOI with the hight cement content, the
author should gives the analysis and the reason completely why like this.

For the result (3.2) I find the dimension of the sample which is in my opinion it should be located in the
methods. the reason and the interpretation is appears here.

For the statistic, the author didn’t given on it. "

Conclusion and Discussion yes, the conclusion is reasonable, for a take-home message I think it was not ap-
pears just the next future research will be doing.

Language ya sometimes there is a typo but just a little.

Figures and Tables the table and the figures in the whole article, there is an important part of the story, for the
data there is no statistics result so for this I can’t sure the data have repeatability. Yes, bars in charts are the
same width, the scales on the axis are logical/

Citations and References In my opinion, the citation and references is not work appropriately, some times
"the years" using paranthesis and sometimes is not. The references is accurate. yes they can be accessed
but in my opinion the references must be improve to create better state of the arts of the research.

1

Régularité de la fonction zêta spectrale du tore plat

Avant d’aborder le problème qui nous intéresse, déterminons le spectre du tore.
Soit ⌧ 2 C. L’ensemble défini par

R(⌧) = Z+ ⌧Z
est un sous-groupe discret de C et s’appelle réseau. L’ensemble G des applications de C :

z 7! g⇠(z) = z + ⇠ où ⇠ 2 R⌧ ,

est manifestement isomorphe à R(⌧). On sait que G est proprement discontinu sans point fixe
(voir par exemple Berger,Gostiaux/ géométrie di↵) et par suite l’ensemble T⌧ = C/R(⌧) est une
C1�variété, revêtue par C. T⌧ est munie de la métrique induite par |dz|2 de C.
Dans toute la suite on prendra ⌧ dans

D = {z 2 C|=(z) > 0, |z| � 1, |<(z)|  1/2}.

Pour des raisons pratiques nous allons prendre pour domaine fondamental de T⌧ , le parallélogramme

x

y

O 1

⌧

dans lequel on a identifié les côtés portant la même couleur.

1 Spectre de T⌧

Avant toute chose, nous allons faire un changement de coordonnées qui aura le bon goût de
redresser notre parallélogramme.

1
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use fonts that are 
readable

Les éléments de provenance capturés sont :
— Données : source, transformations appliquées, ver-

sion du dataset ;
— Modèle : hyperparamètres, dataset utilisé, algo-

rithme, résultats d’évaluation, version du modèle ;
— Agent : acteur, horodatage, outils/environnements

utilisés.

3.3. Application sur des données d’imagerie mé-
dicale

Pour illustrer notre approche, nous avons utilisé un no-
tebook Kaggle de détection de tumeurs cérébrales basé sur
un modèle CNN développé avec PyTorch 1. Le graphe de
provenance correspondant a été modélisé pour démontrer
l’applicabilité de notre solution.

FIGURE 4. Graphique de provenance pour la détection des tumeurs
cérébrales

4. PROV-DATAMART

La contribution principale de ce travail est la concep-
tion d’un outil nommé PROV-DATAMART, permettant
de capturer la provenance des données au sein des data
marts dans l’écosystème eHOP. L’approche repose sur le
modèle PROV-DM et introduit trois niveaux de granula-
rité.

4.1. Création du data mart

Ce niveau enregistre les requêtes SQL ou processus
ETL utilisés pour alimenter un data mart. Il permet de
tracer l’origine des données, les transformations, filtres et
règles appliquées.

4.2. Jeux de données dérivés

Une fois le data mart construit, plusieurs datasets
peuvent être générés. PROV-DATAMART trace leur lien
avec le data mart source, les transformations effectuées et
les métadonnées associées.

1. https://www.kaggle.com/code/pkdarabi/
brain-tumor-detection-by-cnn-pytorch

4.3. Applications et études

Enfin, notre outil capture l’usage des datasets dans
des contextes scientifiques ou applicatifs (visualisation,
rapports médicaux, recherches), assurant une traçabilité
complète des résultats produits.

5. Conclusion et Perspective

La traçabilité des données est un enjeu critique dans
les systèmes d’information médicaux. Nous avons proposé
une solution nommée PROV-DATAMART, permettant de
capturer finement la provenance des données dans les data
marts à l’aide du modèle PROV-DM.

Les travaux futurs porteront sur le développement d’un
prototype en collaboration avec le CHU de Rennes afin
d’évaluer la faisabilité et la pertinence de cette approche.
Nous envisageons également d’explorer l’intégration de
technologies de registres distribués comme la blockchain
pour renforcer la sécurité, l’intégrité et l’immutabilité des
traces de provenance.
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1 Amraoui, Mohammed

Originality and significance

Structure of the article Ça commence bien, avec une introduction et un résumé de taille plutôt cohérente.
Mais les transitions entre les parties sont assez étranges, notamment à cause des tirets. La partie sur l’état
de l’art fait très « annuaire » et pourrait être intégrée à l’introduction. Il manque les sections classiques
(matériel et méthodes, résultats). Même en modélisation, il est possible d’avoir une section « méthode
», en expliquant les logiciels utilisés, leurs différentes applications, ou encore les équations derrière les
modèles. Il n’y a pas de véritables résultats, ou alors ils ne sont pas expliqués. La conclusion est très brève.

Title Il est clair, il pourrait parler de son cas plutôt que "cliniques"

Abstract Il respecte les points clés du résumé, mais il manque la définition des acronymes

Introduction Dans l’introduction, il n’y a que 2 références. Il en manque, d’où viennent toutes ces informa-
tions? Il y a un manque de cohérence dans les acronymes " RGPD (Règlement Général sur la Protection
des Données)" puis "Clinical DataWarehouse (CDW)"

Method "Il n’y a pas ces parties dans cet article, mais d’autres: Etat de l’art C’est une partie pourrait être ajouté
à l’introduction . De plus, il y a un problème de numérotation dans les sous-parties (par exemple, une
section 2.1 sans 2.2 ) Cas d’usage: Certaines figures sont présentées sans aucune explication. Elles gagn-
eraient à être commentées pour en comprendre la pertinence. PROV-DATAMART: Je ne vois pas l’intérêt
de diviser cette section en trois sous-parties pour seulement une douzaine de lignes. Des puces ou un
paragraphe synthétique seraient plus appropriés."

Results

Conclusion and Discussion Il n’y a pas le résultat principal de son article.

Language L’article est écrit en français, et il y a de mauvaises tournures, graphe au lieu de graphique. Et il y a
des mots en anglais au milieu du français.

Figures and Tables Il y a quatre figures pour trois pages, ce qui paraît disproportionné. Plus on avance dans le
document, plus les figures deviennent difficiles, voire impossibles à lire. La figure 4 est illisible. De plus,
ces figures ne sont pas expliquées : aucune analyse ni conclusion n’en est tirée.

Citations and References Il y a 3 références et une quatrième cachée autre part. Elles ne sont pas citées les 4
pareillement.

Comments to the author Je n’ai pas spécialement compris ce qu’il essayait d’obtenir avec ces bases de don-
nées.

Confidential comments to the editor J’ai trouvé cela très léger par rapport à ce que j’ai rendu. Je pense que le
travail a été fait rapidement, et peut-être fait par de l’IA. J’ai plus eu l’impression de lire un cours sur un
langage informatique qu’un article.

Your recommendation Reject

1
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Melt segregation and strain localization in oceanic mafic1

mushes: an experimental approach2

L-L Baudry, L Arbaret, R Champallier, J Précigout, M Boulanger, A Slodczyk3

May, 19th 20254

Abstract5

Intensive research over the last decades led to a reappraisal of magmatic systems beneath oceanic6

ridges. The classical vision of a melt-dominated magma chamber has been shaken up in favour of7

crystal-dominated bodies and only minor localized melt-rich lenses. This led to a change in appre-8

hending melt mobilisation processes at play to feed the extrusive magma flux at mid-oceanic ridges.9

One explored mechanism is deformation, and how it can lead to the formation of melt-rich and melt-10

poor areas. This study aims to further constrain the behaviour of a partially molten mafic system11

(mush).We investigate the parameters and characteristics of deformation-induced melt segregation,12

and we explore the topology of the liquid and the stress recording through associated microstruc-13

tures. The starting product is an oceanic gabbro sampled from a “diabase” dyke cored at Atlantis14

Bank (Southwest Indian Ridge). Partial melting of the gabbro was performed in a Pressure Vessel15

(IHPV) at 200 MPa to characterize the melt fraction and phases present prior to deformation. We16

explored temperatures ranging from 1075°C to 1125°C resulting in partial melt ratios comprised17

between 8 and 20%. Deformation (torsion and compression) experiments on partially molten gab-18

bros were conducted in a gas-medium apparatus (Paterson press), following the previous results.19

Results show that the initially homogeneously distributed deformation becomes rapidly overprinted20

by brittle strain localisation initiating along with melt-rich pockets. With increasing strain, these21

tensional gashes evolve as transtensional shear bands. High finite strain experiments are in progress22

to decipher the potential control of strain localisation on melt segregation. This constitutes a sig-23

nificant lead towards the understanding of the influence of deformation on MOR mafic systems and24

melt extraction processes.25

1 Introduction26

Oceanic ridges are places where an important magmatic activity occurs, fuelled by inputs from deeper27

Earth (Cooper [2017]). To reach the near surface for an eruption the magma has to travel through28

the crust and possibly be stored in a magmatic chamber on the way (Boulanger et al. [2020]; Cooper29

[2017]). Yet, the classical model of a large magma chamber filled with melt has been challenged30

over the past decades to reach a new consensus —a reservoir where the crystals form a continuous31

network that coexist with melt-rich areas (Bachmann [2004]; Cashman et al. [2017]; Cooper [2017]).32

At mid-oceanic ridges (MOR) this was highlighted through geophysical investigations that showed33

the lack of crustal melt-filled chamber underneath the ridges using the speed of Vp and Vs seismic34

waves through the crust (Lissenberg et al. [2019]; Sinha et al. [1997]; Sinton and Detrick [1992]). An35

alternative model has then been proposed, the presence of a small (tens to hundreds of meters high),36

narrow (<3km) and transient pocket of magma called AML (Axial magma lens) situated on top of a37

mush area(Aghaei et al. [2017]; Lissenberg et al. [2019]; Sinha et al. [1997]; Sinton and Detrick [1992]).38

This raises a question: if there are no such things as large, magma-filled chambers underneath mid39

oceanic ridges how is it possible to concentrate the melt in a quantity big enough to erupt (Cooper40

[2017])? The processes of magma migration through the crust and thus through the mush are still not41

fully constrained. Two means have been identified: magmatic intrusion of sills that are stacking and42

reactive porous flow (RPF) where melt percolates in channels through a permeable rock.(Boulanger43

et al. [2021]; Holtzman et al. [2003a]) This transport depends on the permeability of the mantle which44

is linked to the amount of melt, its topology and connectivity. The role of stress in melt segregation,45

1

What would you change ?
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atom system.
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Keywords:
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Abstract

The calculation of the energy configurations of an atomic or molecular system is a challenge
in reaction chemistry, biochemistry and biology. The umbrella sampling method is e!ective in
providing a long coordinated reaction time using molecular dynamics simulation. At the heart of
this method we apply a force bias to force the system to explore unfavorable energy patterns. We
simulated a system of argon atoms in a box by imposing an energy barrier at the center. In order
to explore the energy configurations of this system, we forced an argon atom to move along the
x-axis by adding a harmonic bias force. The reaction coordinate has been divided into windows,
in which a molecular dynamic simulation is executed. Subsequently, the Weighted Histogram
Analysis Method (WHAM) method was used to obtain the potential mean force (PMF) of the
system. The result shows a good agreement with the potential barrier imposed at the outset. The
Umbrella Sampling (US) method was e!ective in replicating the system’s PMF with reduced
computation time. It would also be interesting to compare this method with other existing ones,
such as free sampling, with more complex systems, in order to have an overview of this method,
with all its advantages and limitations.

1. Introduction1

In a molecular or atomistic simulation, the free energy is used to determine the most stable configuration state of2

an atomic system. To map the energy barriers and meta-stable states of the atomic system.3

In a conventional simulation (MD) the system may sometimes remain in a state of minimum free energy for a certain4

long time before passing an energetic barrier (see Figure 1a). So that makes it di"cult to sample all the relevant5

configurations of the system.6

Thus the numerical method Umbrella sampling (US) allows to sample the free energy profile of di"cult access states7

of a system along a reaction coordinate.8

Matthews et al, 2017 indicated that this method is very useful when the configuration space of a system presents9

important energy barriers which impedes the scaling of energy configurations with conventional MD simulation.10

fatokhoma.camara@cnrs-orleans.fr (F.A. Camara)
ORCID(s):

F. A. Camara et al.: Preprint submitted to Elsevier Page 1Thank you for numbering the lines 
Beware of text alignment and acronyms
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Review : Listing positive points is good. 
Suggestions for improvement are also important

Comments to the author I find that enumerating the lines is not really practical, and also the shape of the
pages are to be reconsidered (a lot of blank surfaces...)

Confidential comments to the editor

Your recommendation Major revision required

4 Chakraborty, Mehul

Originality and significance The article addresses a relevant and important research question with a novel
approach, particularly through the proposed J-filtering technique. I can’t say exactly how it ranks in the
field, but it seems good enough for publication with some minor improvements

Structure of the article Yes, this article is well structured and contains all the elements

Title The title is clear, however, it is not directly linked to the outcomes. It mainly emphasizes the methodology
and subsequent measurements. The overall outcome of the J-filtering technique is to visualize the current
distributions in space, but this global outcome is not highlighted in the given title

Abstract Yes, the abstract is well written. The issues are clearly discussed, though in too much detail. On
the other hand, the objectives are not well explained. For example, the author proposes a new technique
called J-filtering to overcome the drawbacks of the curlometer. However, he does not explain what makes
this filtering technique special, which makes it difficult for non-experts like me to understand the novelty
of the proposed method directly from the abstract. Moreover the impacts of the proposed technique and
their perpectives are not discussed in the abstract.

Introduction The introduction is well articulated. The author clearly describes the broader context of the
research, referencing relevant previous works. It is also interesting to read about the two different multi-
point missions, highlighting their importance in space physics studies. The conventional measurement
technique is clearly outlined, and its drawbacks are well explained. The proposed technique is well mo-
tivated. The author also includes necessary validations in the research, such as comparing the proposed
technique with the conventional one, along with the future perspectives.

Method The author clearly explains the methodology from a mathematical point of view with proper deriva-
tions. However, the implementation of these mathematical conditions is not described. It is unclear
whether any mathematical solvers were used, and if so, which solver was applied in the research. This
makes the methodology section incomplete, making it difficult to replicate the study. Additionally, the au-
thor does not specify the source of the data used to implement the J-filtering technique, nor is there any
information on how the data obtained from the mathematical derivations was processed for analysis.

Results "The author provides information about the dataset used for the study. However, it would have been
better if this information had been discussed in the methodology section, with a clear description of the
dataset and the specific area of interest selected for the study. The author mentions that the crossing
from the magnetosphere to the magnetosheath can be observed in the lower panel of Figure 1. However,
it would be more informative if this graph were shown more clearly, with the crossing event highlighted
along with the corresponding time scale. The first four panels present the actual outcome of the work,
which is the validation of the proposed technique against the curlometer. The graphs are clear, and one
can easily identify the similarities. However, it would have been helpful to include and discuss statistical
similarities and slight variations between the two techniques. Moreover, the author refers to large-scale
currents like the Chapman-Ferraro currents and magnetotail currents; a brief explanation of these and
their relevance to the study would have been valuable. Overall, the results and discussion part is too short,
and more interpretations and discussions are needed"

Conclusion and Discussion Overall, the conclusions look good. The author explains the successful validation
of the new technique against the conventional one. In addition to the validation, the author also presents
preliminary results of upcoming work focused on small-scale currents. The idea of comparing simulations
with the actual J-filtering outcomes for small-scale currents is quite interesting. The future perspectives
are well articulated, and I hope the proposed technique, with broader research, will be successfully imple-
mented to study small-scale currents in upcoming missions.

3
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Language Overall, I don’t see any grammatical errors. The language used in this article is very clear.

Figures and Tables The figures are clear to me. However, I would recommend that the author rename the leg-
ends in Figure 1 using appropriate scientific terms. The title of Figure 1 could also be elaborated to include
more scientific context

Citations and References Yes, the citations are clear and appropriate. The supplementary data is not provided

Comments to the author

Confidential comments to the editor

Your recommendation Minor revision required

5 Chartier, Philippine

Originality and significance "I’m not a specialist in this area so it is a little bit difficult to evaluate original-
ity and significance. The quick research on the Internet demonstrated that there are some studies on
this subject, for example: Nicotinic acetylcholine receptors in the synganglion of the tick Ixodes ricinus:
Functional characterization using membrane microtransplantation, doi: 10.1016/j.ijpddr.2020.10.005 But
I found one important difference in methodology: direct receptor’s subunit’s expression for reviewed ar-
ticle and membrane microtransplantation for the article from the Internet. I suppose that this difference
makes the reviewed article original in terms of methodologies. Also, I suppose that the information about
the receptor’s subunits make the article significant for specialists.

But in my opinion, for non-specialists it is not clear at all why the author declares that it is important
to evaluate pharmacological properties of this receptor. It would be better to develop perspectives and
applications of this research (in conclusion).

About journal standards: it depends on the journal. I can say only one thing that it seems (because of the
style) that the article wasn’t written in LaTex, as it was noted in requirements for this task.

About percentile: I don’t think that it is in the top 25%. The data is not enough. But at the same time it is
normal for a PhD student."

Structure of the article The structure is ok, all the key elements are presented

Title The title is too general. It is not clear what information about this receptor the article contains

Abstract For me the last phrase is not clear. Which "targeted control strategies"? In the same time it is very
important phrase, because it is about application and perspectives.

Introduction Introduction is ok

Method Methods are ok

Results "the max currents for nicotine and ACh were 212 ± 0.13 and 56 ± 09 nA+ respectively" - it’s not clear
why for -212 SD=0,13 and for -56 SD=9. I would ask to send all datas to understand this difference in SD.

"The EC50 for Nicotine was 790 M whereas for ACh, we were not able to calculate it" - Why you couldn’t
calculate for ACh?

You compare Nicotine and ACh, but why you didn’t use statistical methods?

The results are not finished. The statistical analysis is necessary. To present the results as a diagram is
recommended. "

Conclusion and Discussion The perspectives are not clear

Language "On the one hand the author writes correctly and fluently, but on the other hand, in some parts
it seems too difficult to understand because of the complicated constructions. For example: "In the tick
Ixodes ricinus, for which a proteomic analysis of nAChR subunits was performed, 6 alfa and 2 beta nAChR
subunits from the synganglion were identified". I suppose that some sentences could be divided into 2
more simple sentences. Like: "A proteomic analysis of nAChR subunits was performed in the tick Ixodes

4

Review: beware of special characters that may not always be rendered 

Language Overall, I don’t see any grammatical errors. The language used in this article is very clear.

Figures and Tables The figures are clear to me. However, I would recommend that the author rename the leg-
ends in Figure 1 using appropriate scientific terms. The title of Figure 1 could also be elaborated to include
more scientific context

Citations and References Yes, the citations are clear and appropriate. The supplementary data is not provided

Comments to the author

Confidential comments to the editor

Your recommendation Minor revision required

5 Chartier, Philippine

Originality and significance "I’m not a specialist in this area so it is a little bit difficult to evaluate original-
ity and significance. The quick research on the Internet demonstrated that there are some studies on
this subject, for example: Nicotinic acetylcholine receptors in the synganglion of the tick Ixodes ricinus:
Functional characterization using membrane microtransplantation, doi: 10.1016/j.ijpddr.2020.10.005 But
I found one important difference in methodology: direct receptor’s subunit’s expression for reviewed ar-
ticle and membrane microtransplantation for the article from the Internet. I suppose that this difference
makes the reviewed article original in terms of methodologies. Also, I suppose that the information about
the receptor’s subunits make the article significant for specialists.

But in my opinion, for non-specialists it is not clear at all why the author declares that it is important
to evaluate pharmacological properties of this receptor. It would be better to develop perspectives and
applications of this research (in conclusion).

About journal standards: it depends on the journal. I can say only one thing that it seems (because of the
style) that the article wasn’t written in LaTex, as it was noted in requirements for this task.

About percentile: I don’t think that it is in the top 25%. The data is not enough. But at the same time it is
normal for a PhD student."

Structure of the article The structure is ok, all the key elements are presented

Title The title is too general. It is not clear what information about this receptor the article contains

Abstract For me the last phrase is not clear. Which "targeted control strategies"? In the same time it is very
important phrase, because it is about application and perspectives.

Introduction Introduction is ok

Method Methods are ok

Results "the max currents for nicotine and ACh were 212 ± 0.13 and 56 ± 09 nA+ respectively" - it’s not clear
why for -212 SD=0,13 and for -56 SD=9. I would ask to send all datas to understand this difference in SD.

"The EC50 for Nicotine was 790 M whereas for ACh, we were not able to calculate it" - Why you couldn’t
calculate for ACh?

You compare Nicotine and ACh, but why you didn’t use statistical methods?

The results are not finished. The statistical analysis is necessary. To present the results as a diagram is
recommended. "

Conclusion and Discussion The perspectives are not clear

Language "On the one hand the author writes correctly and fluently, but on the other hand, in some parts
it seems too difficult to understand because of the complicated constructions. For example: "In the tick
Ixodes ricinus, for which a proteomic analysis of nAChR subunits was performed, 6 alfa and 2 beta nAChR
subunits from the synganglion were identified". I suppose that some sentences could be divided into 2
more simple sentences. Like: "A proteomic analysis of nAChR subunits was performed in the tick Ixodes
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Figure 1: Normalized Zn K-edge spectra as a function of temperature and salinity. The shift towards lower energies for the
1mNaCl solution indicates the transition from octahedral to tetrahedral Zn complexes

Figure 2: Linear combination fitting of XAS spectra for the 1mNaCl and 4.5mLiCl solution. The octahedral to tetrahedral
geometrical transition is progressive for the 1mNaCl solution while the tetrahedral is already present at 30⋛C for the 1mNaCl
solution.

: Preprint submitted to Elsevier Page 3 of 6
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7 Cheikh, Nassim

Originality and significance "I have no idea of the originality and significance of the article. The methods
used are not novel but the application may be novel. I think that the results shown in this paper are not
sufficient for a publication."

Structure of the article "The article structure is clear, but not like I’m used to see. The parts are not clearly
defined, sections are either continuity of the introduction, part of the methods and also results without
clear separation. Maybe the article in the domain are structured like this, it is still uinderstandable."

Title The title is really simple but clear. It could be more precise by adding more information on the methods
used.

Abstract The abstract is consive and generally clear.

Introduction The introduction is clear. Yet, the part that introduces the work done for this article is missing.
The part 2 Colloid Filtration Theory could be part of the introduction.

Method The method introduces mathematical model of CFD

Results "A mathematical method is described and a calcultation is done. Yet, I don’t really see what are the
main results of this calcultations and why is it important in the field. Be more clear on the what is this
calculation brings in the field and focus more on what you have done."

Conclusion and Discussion The conclusion could focus more the work produced

Language Some mistakes on subject-verb agreement can be found int he article but nothing that can make it
more difficult to understand.

Figures and Tables The figure is clear and explains well what is happening. Yet, a reference to this figure in the
text is missing.

Citations and References I don’t know enough the domain to judge the references. There is only 7 references,
maybe the author can ass more references in the introduction.

Comments to the author "Introduction L15: “nano – micrometer sized particles" Remove the space between
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Radiation e!ect considering water addition in laminar hydrogen
premixed flame on burning velocity, Lewis number and Markstein

length
Vivek Shamrao Chougale

Université d’Orléans, PRISME Laboratory, France

Keywords: Hydrogen combustion, Water addition, Laminar flame speed, Radiation heat loss, Lewis
number, Markstein length

1 Abstract
Diluting hydrogen flames with steam can increase flame stability and reduce nitrogen oxide emissions. While
the e!ects of dilution on the flame characteristics due to variations in chemistry or transport properties have
been well investigated, this is not the case for those related to thermal radiation. Thermal radiation is
indeed often neglected in free flame simulations. However, it can be critical in diluted flames in which
participating species are present in the fresh gases. This study explores thermal radiation’s impact on H2-
Air flames diluted with steam through 1D laminar flame computations. To this end, a reactive fluid solver
is coupled with a semi-analytical thermal radiation code. The combustion numerical setup is validated
against literature results. Three main thermal radiation e!ects are highlighted: a preheating of the fresh
gases, an increased laminar flame speed, and a decreased temperature in the burnt gases. It is found that
domain length considerably a!ects this preheating and flame speed, which can then a!ect laminar burning
velocity measurements. It is shown that thermal radiation and combustion can often be decoupled and that
a preheated adiabatic flame can recover the main characteristics of the corresponding radiative flame. The
increase of the laminar flame speed by thermal radiation is reported for a wide range of equivalence ratios,
dilution levels, and pressures.

2 Introduction
Hydrogen is a promising fuel for decarbonizing the transportation industry, as its combustion produces

significantly fewer emissions than conventional hydrocarbon fuels. Water dilution can enhance flame stability
and simultaneously reduce nitrogen oxide NOx emissions. While the e!ect of dilution on combustion chem-
istry and transport properties has been extensively studied, thermal radiation e!ects are often neglected
in simulations. This study focuses on the combined impact of water addition and thermal radiation on
fundamental combustion characteristics. Key parameters analyzed include laminar flame speed, adiabatic
flame temperature, flame thickness, density ratio, e!ective Lewis number, Zel’dovich number, activation
number, and Markstein length. The objective is to gain a physical understanding of the interaction between
combustion and thermal radiation and how it varies with equivalence ratio, dilution level, and temperature.

3 Definition of Fundamental Parameters
The theoretical relationships proposing the relationship between Markstein length (Lb) and Lewis number

(Le) along with the progression of various other fundamental flame parameters is well defined in Chen and
Ju [1, 2] and Bechtold and Matalon [3]. The activation energy (Ea) is formulated such that the slop of the

1
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Originality and significance This is an interesting study which provide new results considering parameters
that were never considered before, being sufficiently worth for publication in this field. There is still a
general lack of discussion and the author is not always going straight to the point though, so some revisions
would probably improve the final result to be more consistent.
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5.3 Simulation result
Results indicate that laminar flame speed decreases with increasing water content as shown in fig.1a.

However, thermal radiation has no direct e!ect on flame speed. Similarly, the adiabatic flame temperature
decreases with water content as depicted in fig.1b. Two flame thickness definitions—Zel’dovich and ther-
mal—are used in the analysis. Radiation has no e!ect on flame thickness using either definition as showed
in fig.2. As the mixture becomes leaner, flame thickness increases with added water, and thermal flame
thickness is consistently greater than Zel’dovich flame thickness. Markstein length is calculated using two
formulations: Bechtold & Matalon, and Chen. Both show a decrease in Markstein length with increasing
water content as seen in fig.3. When radiation e!ects are considered, the Markstein length decreases further
for both formulations.

(a) Laminar flame speed (b) Adiabatic flame temperature

Figure 1: Laminar flame speed & Adiabatic flame temperature

(a) Adiabatic flame thickness (b) Radiative flame thickness

Figure 2: Zel’dovich & Thermal flame thickness

6 Conclusions and Perspectives
Laminar flame speed is una!ected by radiation e!ects but decreases with increasing water addition. Ra-

diation has a significant impact on the adiabatic flame temperature. However, flame thickness predicted
using the Bechtold & Matalon and Chen formulations is not a!ected by radiation. On the other hand, the
Markstein length decreases with both water addition and radiation e!ects. For a more detailed understand-
ing of the phenomenon, more complex simulations must be performed using tools such as CHEMKIN or
OpenFOAM.

7



T.	Dudok	de	Wit Scien0fic	wri0ng	-	2025

8.	Vivek	Shamrao	CHOUGALE

393

Review

Structure of the article The key elements are there but the manuscript is not well proportioned and some parts
are not where they are supposed to be. For instance, the definition of fundamental parameters could fit in
the introduction while the first 2 subparts of the Results and Discussion section could fit in the methodol-
ogy.

Title Good title that describes well the content of the study

Abstract The abstract is well structured and well written but a discussion is provided here and not really in the
manuscript which makes the content not really reflecting the article in the end.

Introduction There is an evident lack of state of the art in the introduction on the general concepts of chemical
combustion and water dilution in the context of the study. The Definition of Fundamental Parameters part
could have fit into it instead of being a separate part, albeit in a reduced form though but is appreciably
very complete as it is. A lot of work has been done for that. Putting it in a supplementary section to only
focus on what is the most important could be an idea to better proportionate the manuscript.

Method As with the introduction the methodology is very complete with all the modeling steps perfectly de-
fined. Again the first subparts of the results could have fit into it. The way the modeling software works is
not explained in detail but this is not really the point.

Results There is very few results which is understandable since the study has just started but they are correctly
described.

Conclusion and Discussion The author does not provide the manuscript with a proper discussion leaving the
results described without an explanation of their implication in the general question, although a glimpse
of interpretation is given in the abstract. The conclusion is especially a sum up of the results but opens
on the idea of more complex and more accurate models already given in the Assumption and limitations
part. The discussion could have easily included this part.

Language Few English errors here and there and some sentences need to be rewritten but that does not prevent
from understanding correctly the article.

Figures and Tables Figures are present and are mostly consistent with the description given even though they
are very small, the axis values are hard to read and it is better to avoid screenshots in a scientific article.
They work as they are but it can be improved easily. The figures are well implemented in the LaTeX docu-
ment and the links work.

Citations and References Apart from the lack of references on the context, all the other ones are well imple-
mented on the LaTeX document (clickable links) except for only one where the quotation is absent in the
bibliography (ref 10). A quotation mistake is also present on page 3.

Comments to the author Overall, the study is interesting and could be worth of publication with more results
and a detailed discussion. The general structure of the introduction and methodology could also be im-
proved but all the elements are there for them. This is a mostly good first draft but not publishable in that
state as it requires more consistency.

Confidential comments to the editor I am not at all in the same field as the author with not the same conditions
of publication so some of my comments might be too picky or just not appropriate. I want to apologize
to the author and the editor if that is the case. Also I felt free to provide some corrections and suggestions
directly on the manuscript which I can send later to the author.

Your recommendation Major revision required

9 Daher, Abdel Rahman

Originality and significance The article presents a clear experimental study on nanoparticle growth and thin
film deposition. The research question is relevant and contributes to practical and theoretical understand-
ing in plasma materials science. In my opinion, the article at this point might be in top 30% of paper in
this field, they can include more result to providing more impact results.
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Nanoparticles and thin films synthesis in capacitive coupled methane/Argon RF1

plasma2

A.R Daher,⇤ A. Caillard, and M. Mikikian3

GREMI (Groupe de Recherches sur l’Énergétique des Milieux Ionisés) – UMR73444

CNRS / Université d’Orléans, 14 rue d’Issoudun, 45067 Orléans, France.5

(Dated: May 19, 2025)6

We investigated the reactivity of methane in a low-pressure capacitive coupled RF plasma to
monitor the evolution of NPs during a generation cycle and analyze the deposited films in terms of
thickness, density, deposition rate, and morphology. A parametric study identified optimal conditions
for film deposition and cyclic nanoparticle growth, as a pressure of 0.25 mbar, a power of 80 W,
and a methane flow rate of 2.5 sccm. The results show that the size of the nanoparticle increases
throughout the generation cycle, reaching a critical diameter of approximately 150 nm before being
evacuated from the plasma center. A new generation of particles then forms in the center, while
those displaced to the periphery continue to grow, reaching up to 343 nm at the beginning of the
next cycle. SEM analysis revealed that the deposited thin films exhibit a smooth and homogeneous
morphology. However, deposition is not spatially uniform, the rate of deposition at the center of
the electrode is higher than that at the edge (41% greater), and a similar inhomogeneity is observed
between the upper and lower electrodes. The deposition density, determined by combining the
QCM and SEM measurements, ranges from 1.0 to 1.2 g/cm3, aligning with values reported in the
literature.

I. INTRODUCTION7

Reactive plasmas based on hydrocarbon gases, such as8

methane, are weakly ionized gases that can contain elec-9

trons, neutral and charged molecular species, radicals,10

and sometimes particles ranging in size from nanometers11

to micro[1–5]. These reactive plasmas are now widely12

used for the synthesis of carbon-based materials and13

nanostructures, which have applications in diverse fields14

such as optoelectronics, microelectronics, and energy stor-15

age [3, 6, 7]. One of the significant challenges in plasma16

research and a task of significant importance is controlling17

the growth and transport dynamics of nanoparticles due18

to the potential applications of these nanoparticles [8–11].19

Hydrocarbon plasmas are also commonly used to deposit20

thin films of diamond and diamond-like carbon (DLC),21

which are widely used in various industrial applications22

[12].23

When methane is injected into the plasma, numerous24

complex chemical reactions occur, including dissociation25

and recombination, producing reactive species such as26

CH3, C2H2, CH, and C2 [3, 13]. These processes can27

lead either to nanoparticle formation in plasma volume28

or thin-film deposition on surfaces.29

In the volume phase, nanoparticle formation occurs30

in several stages. Initially, hydrocarbon molecules form31

small clusters (<0.2 nm) [1]. When the density of the32

cluster reaches a critical point, nucleation begins, result-33

ing in the formation of the first particles. These particles34

then collide and agglomerate, growing to tens of nanome-35

ters in diameter. Later, a slower accretion phase occurs36

as radicals and ions attach to negatively charged parti-37

cles [14, 15].38

⇤ abdel-rahman.daher@univ-orleans.fr

In the plasma core, electrons and ions bombard parti-39

cles. Since electrons are much lighter than ions (me ⌧40

mi) and have higher thermal velocity (vth,e � vth,i), they41

dominate the current, and as consequence, the particles42

acquire a negative charge. At equilibrium, the floating po-43

tential reaches V = �2.5 kTe, balancing ion and electron44

fluxes (Ie = Ii) [2, 14].45

The presence of nanoparticles affects the plasma param-46

eters. The electron density drops due to the charge of the47

particles, while the electron temperature increases, which48

affects the discharge current [9]. Negatively charged par-49

ticles experience multiple forces: electrostatic force (Fe)50

from the plasma field, ion drag pushing them toward elec-51

trodes, neutral drag (FN ), thermophoretic force (Fth),52

and gravity (FG) [2]. FN and Fth scale with r2p, while FG53

scales with r3p.54

The balance of these forces determines the distribution55

of particles. As the particles grow, ion drag becomes the56

dominant force. Once they reach a critical size, they are57

evacuated from the plasma center, creating a dust-free58

zone known as a void, where the nucleation of a new59

generation of particles starts [8].60

Meanwhile, reactive species (radicals and ions) from61

the plasma reach surfaces such as electrodes and chamber62

walls, leading to the formation of thin films [3].63

In this work, we first identify the optimal conditions64

for nanoparticle formation and hydrocarbon film depo-65

sition in a methane/argon plasma. We then study the66

evolution of nanoparticles during their formation cycle67

using a quartz crystal microbalance (QCM) and scanning68

electron microscopy (SEM). In a second phase, we also69

utilize these techniques to measure film thickness, esti-70

mate deposition rates and densities, and analyze surface71

morphologies.72

What would you change in the abstract ?
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We investigated the reactivity of methane in a low-pressure capacitive coupled RF plasma to
monitor the evolution of NPs during a generation cycle and analyze the deposited films in terms of
thickness, density, deposition rate, and morphology. A parametric study identified optimal conditions
for film deposition and cyclic nanoparticle growth, as a pressure of 0.25 mbar, a power of 80 W,
and a methane flow rate of 2.5 sccm. The results show that the size of the nanoparticle increases
throughout the generation cycle, reaching a critical diameter of approximately 150 nm before being
evacuated from the plasma center. A new generation of particles then forms in the center, while
those displaced to the periphery continue to grow, reaching up to 343 nm at the beginning of the
next cycle. SEM analysis revealed that the deposited thin films exhibit a smooth and homogeneous
morphology. However, deposition is not spatially uniform, the rate of deposition at the center of
the electrode is higher than that at the edge (41% greater), and a similar inhomogeneity is observed
between the upper and lower electrodes. The deposition density, determined by combining the
QCM and SEM measurements, ranges from 1.0 to 1.2 g/cm3, aligning with values reported in the
literature.

I. INTRODUCTION7

Reactive plasmas based on hydrocarbon gases, such as8

methane, are weakly ionized gases that can contain elec-9

trons, neutral and charged molecular species, radicals,10

and sometimes particles ranging in size from nanometers11

to micro[1–5]. These reactive plasmas are now widely12

used for the synthesis of carbon-based materials and13

nanostructures, which have applications in diverse fields14

such as optoelectronics, microelectronics, and energy stor-15

age [3, 6, 7]. One of the significant challenges in plasma16

research and a task of significant importance is controlling17

the growth and transport dynamics of nanoparticles due18

to the potential applications of these nanoparticles [8–11].19

Hydrocarbon plasmas are also commonly used to deposit20

thin films of diamond and diamond-like carbon (DLC),21

which are widely used in various industrial applications22

[12].23

When methane is injected into the plasma, numerous24

complex chemical reactions occur, including dissociation25

and recombination, producing reactive species such as26

CH3, C2H2, CH, and C2 [3, 13]. These processes can27

lead either to nanoparticle formation in plasma volume28

or thin-film deposition on surfaces.29

In the volume phase, nanoparticle formation occurs30

in several stages. Initially, hydrocarbon molecules form31

small clusters (<0.2 nm) [1]. When the density of the32

cluster reaches a critical point, nucleation begins, result-33

ing in the formation of the first particles. These particles34

then collide and agglomerate, growing to tens of nanome-35

ters in diameter. Later, a slower accretion phase occurs36

as radicals and ions attach to negatively charged parti-37

cles [14, 15].38
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mi) and have higher thermal velocity (vth,e � vth,i), they41

dominate the current, and as consequence, the particles42

acquire a negative charge. At equilibrium, the floating po-43

tential reaches V = �2.5 kTe, balancing ion and electron44

fluxes (Ie = Ii) [2, 14].45
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eters. The electron density drops due to the charge of the47

particles, while the electron temperature increases, which48

affects the discharge current [9]. Negatively charged par-49
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from the plasma field, ion drag pushing them toward elec-51

trodes, neutral drag (FN ), thermophoretic force (Fth),52

and gravity (FG) [2]. FN and Fth scale with r2p, while FG53
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dominant force. Once they reach a critical size, they are57

evacuated from the plasma center, creating a dust-free58

zone known as a void, where the nucleation of a new59

generation of particles starts [8].60

Meanwhile, reactive species (radicals and ions) from61

the plasma reach surfaces such as electrodes and chamber62

walls, leading to the formation of thin films [3].63
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Cnitrite = →0.0526 · n2 + 4.5003 · n+ 3.4917 (3)

where n denotes the number of plasma pulses. This non-linear increase sug-
gests that while nitrite production is initially e!cient, it may reach a saturation
point or encounter competing reactions at higher discharge numbers.

These findings demonstrate the e”ectiveness of plasma treatment for gen-
erating nitrites in aqueous media and highlight the potential of colorimetric
analysis, combined with acoustic levitation and image processing, as a powerful
diagnostic tool for plasma-chemical interactions in microvolumes.

4 Conclusion

In this study, we demonstrated the production and quantification of ni-
trite species in acoustically levitated droplets exposed to nanosecond plasma
discharges. By combining Griess reagent with plasma-treated droplets and
analyzing the resulting colorimetric changes via image processing, we estab-
lished a reliable correlation between droplet coloration (NTSC intensity) and
nitrite concentration. The calibration curve allowed us to quantify nitrite con-
tent with a simple and non-invasive optical method. Furthermore, we observed
that nitrite concentration increases with the number of plasma pulses, follow-
ing a second-order polynomial relationship, which suggests cumulative e”ects of
plasma–liquid interactions over time.

These results highlight the potential of acoustic levitation combined with
optical analysis as a powerful tool for studying plasma–liquid interactions in
a controlled environment, more representative of aerosol conditions than tra-
ditional static configurations. Future work could extend this approach to the
quantification of other reactive species and explore the role of various plasma
parameters (voltage, pulse frequency, ambient gas composition) on species gen-
eration and reaction kinetics.

6
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Abstract7

The motion of colloidal particles induced by solute concentration gradients, called di!usiophoresis, has8

emerged as a promising transport mechanism in microfluidic and porous media applications. While9

previous studies have demonstrated the e”ciency of di!usiophoresis in dead-end pores, quantifying its10

e!ects in a simple and well-defined geometry is essential for advancing the understanding of transport in11

complex porous media. In this study, we investigate the dynamics of di!usiophoretic particle motion12

within a 60 µm wide pore under a controlled NaCl concentration gradient. There is a significant13

modification of the velocity field when a concentration gradient is applied. We observe that the14

di!usiophoresis velocity approaches 20 µm.s→1, in agreement with theoretical di!usiophoretic behavior.15

The negatively charged particles move towards the high concentration. These results confirm the16

potential of di!usiophoresis for enhanced particle transport in confined environments.17

1 Introduction18

The term ”di!usiophoresis” describes the spontaneous movement of a colloidal particle in a fluid19

solution, where a concentration gradient is applied (2, 6, 17). This phenomenon results from two20

mechanisms: chemiphoresis and electrophoresis (4, 22), as illustrated in Figure 1.21

Electrophoresis is a colloidal transport phenomenon in which charged suspended particles move22

under the influence of an electric field. This field is spontaneously generated in electrolyte solutions23

due to di!erences in the di!usivities of cations and anions. This electric field exerts a force on the24

surface of the charged particle, driving the particle toward a lower or higher concentration region,25

depending on the charge (ωp) and di!usivity of the ions present (3).26

Chemiphoresis is the movement of particles induced by a solute concentration gradient that gen-27

erates an osmotic pressure gradient along the particle surface. This pressure gradient propels the28

particles toward regions of higher solute concentration (26). When a charged particle is immersed in29

an ionic solution, it acquires a surface charge that attracts counterions, forming a Debye layer also30

called electrical double layer (EDL). In electrolytic solutions, the high ionic concentration increases31

the pressure in the EDL of the particles. Chemiphoresis is an osmotic transport mechanism that is32

commonly observed in colloidal and biological systems (3).33

Di!usiophoresis o!ers significant potential for a variety of applications, particularly in microscale34

systems, where it can be harnessed to enhance particle transport. The di!usiophoretic velocity Udp of35

particles with zeta potential ωp in a symmetric electrolyte Z : Z is given by (4, 17):36

Udp = #p→ ln C (1.1)

where C is the solute concentration and #p is the di!usiophoretic mobility of particles. In the limit37

1
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Abstract
Glioblastoma is one of the most dangerous brain tumors with a five-year mortality rate more than 90 percents, that despite recent

advances in surgery and radiotherapy treatments remains largely incurable. Preclinical and clinical results from the last decade
indicated that microRNAs are druggable molecules that hold promise as next-generation of cancer therapeutic drugs. In previous
research it was shown that some part of miRNAs goes to cytosolic biomolecular condensates as P-bodies. In our research negative
correlation between the microRNA’s RNAi activity and the condensation in P-bodies was observed, which allows talk about microRNA
decondensation to increase therapeutic outcome.

1 Introduction
Glioblastoma is one of the most aggressive, complex, frequent and treatment-resistant brain tumors between adult people. It is a
cancerous tumor of glial tissue, the 4 grade glioma or the astrocytoma - astrocyte’s cancer. The five-year survival rate for glioblastoma
patients is only about 7 percent. For nowadays there is no e!cient and safe treatment against this cancer. Usually, the treatment incluses
surgery, postoperative radiation and chemotherapy. But even after all of these steps the prognosis stays not optimistic [1]. For this
reason, in recent years scientists try to find alternatives for glioblastoma treatment. One of these alternatives could become microRNA-
based therapy [2]. MicroRNAs can target several genes at the same time, repressing their expression. This way it can completely change
the cell’s metabolism. For example, it was shown that microRNA-21 is overexpressed in a lot of cancers including glioblastoma. It
blocks apoptosis via a decrease in pro-apoptotic components, increasing multi-drug resistance. In turn antisense microRNA-21 reduces
the number of viable cells in cancer cell culture [3, 4, 5, 6, 7]. An opposite example of microRNA that is underexpressed in the most
part of cancers is microRNA-34a. Normally, it must regulate cell cycle and protect cells from cancerogenesis, inhibiting proliferation,
migration and invasion. It was observed that transfection of microRNA-34a enhances the response to chemotherapy in in vitro cultures
of glioblastoma cells [8, 9, 10, 11]. This type of microRNAs “onco-protectors’ could be applied as a therapy against glioblastoma and
other di!cult-treated cancers in the future. At present, clinical trial (ClinicalTrials.gov identifier: NCT01829971) of microRNA-34a
was finished because of serious immune-mediated adverse events resulting in four patient deaths [12]. MicroRNA-10b inhibitor
is on the pre-clinical studies, microRNA-16 is on the second-in-human clinical trial (ClinicalTrials.gov identifier: NCT02369198),
miR-155 inhibitor is on the Phase 2 clinical trial (ClinicalTrials.gov identifier: NCT03713320), miR-193a is on the phase 1 clinical
trial (ClinicalTrials.gov identifier: NCT04675996). In 2020 research of intracellular tra!cking monitoring of microRNA delivery
in glioblastoma cells demonstrated that some part of transfected microRNA locolises in condensates named P-bodies (processing
bodies) [13]. P-bodies are biomolecular condensates without any membrane that exist due to liquid-liquid phase separation. The
true function of P-bodies is currently unknown. It was previously believed that mRNA degradation occurs in P-bodies. But in 2017
Dominique Weil’s team purified P-bodies with their new purification method named FAPS (fluorescence-activated particle sorting),
and they did not find any traces of degraded mRNA [14]. At present, P-bodies are believed to primarily function as storage sites for
unused RNAs [15]. Thus, our hypothesis is that some part of microRNAs stockaged in P-bodies doesn’t play any biological (RNAi) or
therapeutic roles (toxicity). To verify this hypothesis we transfected synthetic microRNA in glioblastoma cells (U87MG) by di"erent
transfection agents to demonstrate the correlation between condensation of microRNA in P-bodies and RNAi activity.

2 Materials and methods
2.1 Tissue culture
U87MG human glioblastoma cells were from ATCC (American Type Culture Collection) and were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10 percents fetal calf serum (FCS) and Penicillin (100 U/mL) and Streptomycin (100
g/mL) antibiotics at 37 °C with 5 percents CO2.

1
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2.2 Plasmides
pT7-EGFP-C1-HsDCP1a was a gift from Elisa Izaurralde (Addgene plasmid 25030). pRILES-133T was a gift from Patrick Baril
(CNRS, Orleans).

2.3 DCP1a-GFP stable cell line production
To obtain a cell line stably expressing DCP1a-GFP the cells were first seeded in 6-well plates 2,5E5 cell/well and after 24 h transfected
with 5 g of pT7-EGFP-C1-HsDCP1a per well using Lipofectamine 2000 (Invitrogen Thermo Fisher Scientific) according to the
manufacturer’s protocol. On the third day after transfection selection by 500 g/ml of G418 was started. In six days selection dose was
reduced to 250 g/ml of G418 to allow the clones to divide (soft selection). In another 12 days (18 days of selection at all) fluorescent
positive clones were passed with cloning rings [16] to 24-well plate (1 clone/well). At passage 6 after selection the best clone was
sorted with cells sorter to obtain more then 80 percents fluorescent positive cells.

2.4 RNAi activity measurement
To measure RNAi activity a miR-ON bioluminescent system named RILES was used [17]. The cells were seeded in 24-well
plates 1E5 cell/well and after 24 h transfected with 0,5 g of plasmid DNA with RILES-133T construction using Lipofectamine
2000 (Invitrogen Thermo Fisher Scientific) for 4 hours, then immediately transfected with 350 ng (50 nM) of miRNA-133a mimics
(Thermo Fisher Scientific) using the following transfection agents: RNAiMax (Invitrogen Thermo Fisher Scientific), TransIT-X2
Dynamic Delivery System (Mirus Bio, USA), TransIT-Oligo Transfection Reagent (Mirus Bio, USA), TransIT-LT1 Transfection
Reagent (Mirus Bio, USA), TransIT-siQUEST Transfection Reagent (Mirus Bio, USA), HiPerFect Transfection Reagent (Qiagen),
INTERFERin (PolyPlus, France), Metafectene Pro (Biontex, Germany). After 48h cells were lysed, then bioluminescence in lysates
was detected and normalised to protein concentration.

2.5 Transfection for colocalization study
The cells were seeded in 24-well plates 0,5E5 cell/well and after 24 h transfected with 350 ng (50 nM) of miRNA-133a mimics
(Thermo Fisher Scientific) labelled with Cyanine 3 (Cy3) using the Label IT nucleic acid labelling kit (Mirus Bio, USA), according
to the manufacturer’s protocol using the following transfection agents: RNAiMax (Invitrogen Thermo Fisher Scientific), TransIT-X2
Dynamic Delivery System (Mirus Bio, USA), TransIT-Oligo Transfection Reagent (Mirus Bio, USA), HiPerFect Transfection Reagent
(Qiagen), INTERFERin (PolyPlus, France), Metafectene Pro (Biontex, Germany). Cells were fixed 6 hours after transfection.

2.6 Confocal laser scanning microscopy and colocalization quantification
Cells were fixed in 4 percents paraformaldehyde (PFA) in PBS solution at room temperature for 20 min. Then, the coverslips
were mounted in Vectashield medium for fluorescence (H-100, Vector Laboratories, USA). Confocal microscopy was performed
using a Zeiss LSM 510 confocal laser scanning microscope with an apochromat 63× /1.4 oil di!erential interference contrast (DIC)
objective (Carl Zeiss, USA). ZEISS ZEN software was used to quantify the cell-associated fluorescence. The comparative degree
of colocalization was expressed as Weighted Mander’s R (Mr) colocalization coe"cients. The weighted colocalization coe"cients
take into account the intensity value of the summed pixels. The weighted colocalization coe"cients use the same equation as the
colocalization coe"cients, but the value for each pixel is equal to its intensity value. Quantification results were obtained by analysing
10–30 images (di!erent cells) for each transfection agent.

3 Results
3.1 RNAi activity after microRNA transfection using di!erent transfection agents
It was shown that the same microRNA transfected using di!erent transfection agents has di!erent RNAi activity (Fig. 1). The
better result was shown for TransIT-X2 Dynamic Delivery System (Mirus Bio, USA), the second place belongs to TransIT-Oligo
Transfection Reagent (Mirus Bio, USA).

2
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In depth characterisation of clinker of calcium aluminate cement: setting a 
reference for the development of an innovative production process 

Y. Hocquemiller1, N.PELLERIN1, C.GENEVOIS1, E.Véron1, S.Bouillon1, S.BRASSAMIN1 E. 
de BILBAO1 
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Abstract: In order to tackle the environmental issues raised by clinker production, researches started to 
develop a new production process. This paper investigates the chemical and mineralogical composition, 
as well as the microstructure of a set of clinker chunks. The aim here is to settle a reference for further 
studies. XRF, XRD and SEM-EDS analysis reveal a complex material where microstructure and 
mineralogy can vary widely from a sample to another. 

Keywords: calcium aluminates cement; clinker; hydrogen; XRF; XRD; SEM-EDS 

 

1. Introduction 
Cement is the most used resource in modern 
building industry: according to the European 
Cement Association, worldwide production of 
cement is estimated to 4,1 billions of tons in 
2022. Such a huge production raises 
tremendous issues from an ecological point of 
view. Indeed, the production of clinker, the 
main component of cement, cause significant 
carbon dioxide emissions for two major 
reasons. First of all, clinker production implies 
a high temperature (above 1400°C) processing 
of carbonated raw material such as limestone, 
what will unavoidably result in decarbonation 
of these materials. Secondly, clinker is 
produced in large kilns where the high 
temperature required for this processing are 
most often reach thanks to the burning of 
hydrocarbons such as naturel gas or fuel oil. All 
together cement production is responsible for 
approximatively 7% of worldwide carbon 
dioxide emission.[1] In this context, and given 
that France is committed to achieved carbon 
neutrality by 2050, it is now necessary for 
French cement industry to find solutions to 
reduced its CO2 emissions. 

Even if Ordinary Portland Cement (OPC) is 
from far the most produced kind of cement, the 
production of speciality binders such as 
Calcium Aluminates Cement (CAC) raises 
similar environmental issues. Therefore, 
researches to develop a new manufacturing 
process for CAC are essential. 

Since several years, studies have been carried 
out to find a proper way to decrease the use of 
hydrocarbon fuels in cement industry. So called 
“alternative fuels” such as tyre, waste oil or 
plastic are now commonly used.[2] On the 
opposite, use of hydrogen as an alternative to 
hydrocarbons has been less investigated. 
Nevertheless, the prospect of developing a 
cement manufacturing process based on 
hydrogen combustion requires understanding 
the effect of this new combustion atmosphere 
on the final product, so that this transition in the 
production process does not alter the product’s 
properties. Amongst the few papers published 
about the use of hydrogen in cement industry, 
tackled topics are usually flame behaviour or 
emission of NOx or CO2 [3] but at our best 
knowledge, no study did investigate whether the 
use of hydrogen has an impact on clinker quality 
and properties or not. Moreover, of all the 
studies concerning the use of new fuels for 
cement industry, none of them focused on the 
particular case of CAC. 

CAC are a special kind of cements, whose 
particularity is that the main hydratable phases 
existing in clinker are calcium aluminates rather 
than silicates. Due to this, CAC present the 
advantages of rapid hardening, enhanced 
mechanical, thermal and chemical resistance 
and capability to be used at temperature as low 
as -10°C.[4] Hence they are suitable for 
applications such as refractory materials, or 
when quick repair are needed.[4], [5] From a 
chemical point of view, CAC clinkers are made 

What would you change here ?
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Performing 3D CZT Camera performance measurements in planar
mode : how to and how much ?
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Nuclear Medicine Department - CHU Orléans
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Abstract

Introduction

Optimizing image quality in SPECT-CT requires to understand reconstruction algorithms but also requires
a deep comprehension of detection performances of a camera. The best way to evaluate global performances
is to follow international guideline such as NEMA NU1 2023 [18] or AAPM TG 177 report [12]. Yet, those
reference documents do not provide methods for 3D ring CZT cameras.

Material and methods

NEMA NU1 - 2023 extrinsic planar performance measurements (energy resolution, spatial resolution and
sensitivity) were adapted in order to be performed on a 3D CZT camera (GE Starguide).

Results

The results obtained with the methode described are in a good agreement with manufacturers data or
published studies. Although they are far from the original description of the reference documents, the
methods described allow the expectations and general idea of the tests to be respected.

Conclusion

This work showed how NEMA planar tests and analysis can be adapted to the geometry of this new kind of
camera.

1
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understanding of plasma - target interactions for 
enhanced therapeutic outcomes. 
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C. Scalability , Flexibility

To ensure the scalability and flexibility of the model,
it is essential to design a system that can adapt to the
increasing number of IoT devices and evolving protocols.
This begins with a modular architecture, allowing for the
seamless addition of new data collectors, processing modules,
and storage components. Each module should operate
independently while communicating through well-defined
interfaces, enabling easy upgrades and integrations without
disrupting the entire system
Integrating cloud and edge computing solutions is another
critical step. Cloud platforms provide scalable data processing
and storage capabilities, accommodating the vast amounts of
data generated by IoT devices. Meanwhile, edge computing
solutions can handle data processing closer to the source,
reducing latency and bandwidth usage by performing
preliminary data filtering and analysis locally.

D. Security and Privacy Considerations

Security and privacy considerations are paramount to protect
the integrity, confidentiality, and availability of data throughout
the system. Implementing robust data encryption for both
data in transit and at rest is crucial to safeguard against
unauthorized access. Secure protocols, such as TLS, should
be used for data transmission between devices, collectors, and
central systems.
Access control policies must be defined and enforced to restrict
data access based on user roles and responsibilities. This
involves implementing robust authentication and authorization
mechanisms for all system components, ensuring that only
authorized personnel can access sensitive data.
Additionally, maintaining comprehensive logs of all data col-
lection, processing, and access activities is essential. These
logs are invaluable for auditing, troubleshooting, and forensic
analysis, providing a detailed record of system operations and
aiding in the detection and investigation of security incidents.
By addressing these scalability, flexibility, and security con-
siderations, the model can effectively support a growing and
evolving IoT environment while ensuring data integrity and
privacy.

V. IMPLEMENTATION OF AUTOMATIC AND GENERIC
PENETRATION TESTS

Implementing automatic and generic penetration tests for
heterogeneous IoT environments requires a systematic ap-
proach encompassing various crucial steps. The process begins
with device identification and categorization, where a compre-
hensive inventory of all IoT devices is developed, capturing
essential metadata such as device type, manufacturer, firmware
version, communication protocol, and network topology. De-
vices are then categorized based on their function, communi-
cation protocol, and criticality to the overall system. Following
this, tailored test scripts are developed, covering both protocol-
specific and device-specific tests to identify common vulnera-
bilities such as weak authentication, unencrypted communica-

tion, and default credentials. Automation plays a pivotal role,
with the selection or development of tools supporting scripting
and capable of handling diverse IoT protocols. Integration into
the continuous integration (CI) pipeline ensures regular and
automated testing, facilitating early vulnerability identification
and continuous security monitoring. Centralized logging and
alerting mechanisms enable efficient analysis and immediate
response to critical vulnerabilities detected during tests. More-
over, dashboards and reporting tools provide visual insights
into test results and aid in tracking remediation efforts and
compliance. Subsequently, mitigation and response strategies
are devised based on test findings, including the development
and implementation of remediation plans, retesting to validate
effectiveness, and continuous improvement to enhance the
overall security posture. This systematic approach ensures
robust security measures in heterogeneous IoT environments,
safeguarding against potential threats and vulnerabilities.

VI. CONCLUSION

This research aims to address the critical security challenges
posed by the rapid expansion of IoT by enhancing SOC
functionality through defining one architecture that contains
: developing a generic and scalable data retrieval and pro-
cessing model , exploring innovative storage and visualization
solutions, this research will contribute to more robust and
effective security monitoring in heterogeneous IoT environ-
ments.Furthermore, implementing automatic and generic pene-
tration tests specifically tailored to the unique characteristics of
heterogeneous IoT environments is essential. These tests play
a vital role in identifying potential vulnerabilities within the
IoT system, enabling proactive measures to enhance security.
Additionally, they serve as a means to test and challenge the
defined architecture, ensuring its resilience and effectiveness
in safeguarding IoT environments against emerging threats.
Through these combined efforts, organizations can strengthen
their security posture and optimize data management practices
in the dynamic landscape of IoT technologies.
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Abstract 

The present work aims to study the effect of physicochemical parameters, namely equivalence 

ratio or reducer-oxidizer ratio  and reducer particle size on the burning velocity of Fe/CuO 
pyrotechnic compositions. The burning velocity is calculated by using a Matlab script. This 
script studies combustion videos by tracking front flame position and  then determine the 
burning velocity. The experiments showed that equivalence ratio or reducer-oxidizer ratio  
has a significant influence on the burning velocity. Indeed, for the majority of carried out 
experiments, the maximum burning velocities are obtained for an equivalence ratio  of 

1.4245, 1.7482 or 2.1367  higher than stoichiometry ( = 1) when the mixture is rich in Fe. In 
addition, the effect of Fe particle size on the burning velocity is investigated. Results showed 
that maximum burning velocities are obtained for Fe particle size between 20 µm and 40 µm 
and are equal to 5.22 and 10.91 𝑚𝑚. 𝑠−1 for first and second ignitions respectively. While the 
minimum burning velocities are obtained for Fe particle size between  40 µm and 80 µm and 
are equal to 1.392 and 1.940 𝑚𝑚. 𝑠−1 for first and second ignitions respectively. 

Key words: Fe, CuO, pyrotechnic compositions, burning  velocity, burning length, reducer 
particle size, equivalence ratio  

1. Introduction 
Pyrotechnic compositions are usually defined as energetic materials composed of at least one 
reducer, which is generally a metallic fuel, and an oxidizer [1][2][3]. These compositions are 
capable of producing several effects during their combustion, among them heat, light or sound 
[2]. This wide range of possible effects explains their use in numerous applications, civilian as 
well as military: airbags, fireworks, strategic and tactical missiles, rockets, gas or heat 
generators, etc. [4][5]. 

In recent years, many studies have been carried out on several pyrotechnic compositions [3-8]. 
In [4], Xiangbo et al. investigated the thermal behavior and  microstructure  of Al/Zr/KClO4 
pyrotechnic compositions. Another study is the one of Polis et al. [6], where authors focused on 
the combustion mechanism of a pyrotechnic delay composition, consisting of Zn as a fuel and 
KMnO4 as an oxidizer. In [3] and [5], authors respectively studied the effect of adding CuO 
and FeO in ammonium nitrate–magnesium–aluminum alloys (AN/MgAl) pyrotechnic 
composition . KClO4 is also investigated in the literature for smoke compositions, like in [7] 
which is a study on the ignition reaction kinetics and mechanism of B4C/KNO3 and B4C/KClO4 

What would you change ?
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Abstract

Workflow languages are widely used to model the sequence and logic of business processes in a graphical and accessible

manner. However, their lack of mathematical formalism limits the ability to guarantee the correctness and compliance

of workflows, particularly when data constraints, such as legal regulations like the General Data Protection Regulation

(GDPR), must be enforced. To address this issue, we propose the development of a specialized workflow language based on a

subset of the industry-standard Business Process Model and Notation (BPMN)[1][2] , with an explicit focus on data flows

and constraints and epistemic reasoning. This language will be equipped with a formal semantics and integrated verification

capabilities, enabling the formal proof of compliance with data-handling properties. Specifically, we plan to model and

verify these workflows using formal tools such as TLA+, providing a rigorous framework for correctness and regulatory

conformance through model checking.

Keywords: Workflow languages, Formal verification, Data handling, GDPR compliance, Model checking, TLA+, Formal

semantics.

1 Introduction

In today’s increasingly data-driven environment, or-
ganizations rely heavily on workflow languages to
model, automate, and monitor their business pro-
cesses. These workflows are often responsible for
handling sensitive personal data, which introduces
legal and ethical obligations for data protection. Reg-
ulations such as the General Data Protection Regu-
lation (GDPR) have set strict guidelines on how per-
sonal data should be managed, shared, and protected
within information systems.

Despite their widespread use, most industrial
workflow languages — including popular graphi-
cal notations — concentrate on the structural and
operational aspects of process execution. While this
ensures accessibility, it leaves important gaps in veri-
fying correctness and ensuring compliance with data
protection regulations. A key limitation is the lack of
mechanisms for reasoning about knowledge within
multi-agent systems, where the legality of actions
often depends on what information is known or un-
known by different agents at specific stages of the
process.

This challenge motivates my current Ph.D. re-
search, which aims to bridge this gap by introducing
formal verification techniques into the modeling of
workflows, with an emphasis on sensitive data man-

*Corresponding author: amine.rifi@insa-cvl.fr
Received: April 20, 2025, Published: May 10, 2025

agement. The core idea is to design a new workflow
language that explicitly incorporates epistemic rea-
soning, that is, the ability to formally capture and
verify properties related to agents’ knowledge and
ignorance as workflows execute. By doing so, the lan-
guage will allow system designers to verify whether
workflows respect both functional correctness and
privacy-related constraints imposed by regulations
such as the GDPR.

This paper serves as a representative illustration
of the concepts of workflow modeling and formal
verification, and does not present rigorous or final-
ized research results. Rather, it outlines the direction
in which my doctoral research is focused, aiming to
progressively build a formally grounded framework
for verifying the correctness and compliance of busi-
ness processes. To make these ideas more concrete,
a small illustrative example is introduced, offering a
simple yet effective way to understand how formal
verification can be applied to workflow systems. This
work also includes the development of an automated
verification toolkit capable of formally checking work-
flows for both correctness and regulatory compliance.
By combining formal semantics, epistemic reasoning,
and model-checking capabilities, the objective is to
address key limitations in existing industrial tools
and provide a rigorous, reliable foundation for man-
aging sensitive data securely within workflow-based
systems.

The introduction should include references, providing 
the reader with links to existing literature.
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Abstract

Surfaces with well-ordered periodic nanoscale patterns created by lithography are nowadays massively employed in many

miniaturized systems, such as memory devices and ultra-small circuit elements. In this context, it is still a great challenge

to produce sub-10 nm ordered patterns compatible with industry’s expectations. In this article, we aim to produce a

new approach to form sub-10 nm nanopatterned surfaces using preformed polymeric Janus nanorods (JNRs), which

are asymmetrical nanoparticles exhibiting two faces with different chemistries. For this purpose, amphiphilic JNRs,

formed in solution by pre-assembling two functionalized polymers PNAM-poly(N-acryloylmorpholine) and PDMAc-

poly(dimethylacrylamide) by hydrogen bonding stickers are used. By using the Langmuir-Blodgett deposition technique, we

successfully obtained a monolayer of densely packed PDMAc83_PNAM47 JNRs at the surface of the water and transferred it

onto a silicon substrate. In our case, we believe that the JNRs are trapped at the water-air interface due to their amphiphilic

properties resulting from their hydrophilic arms and hydrophobic core. Herein, we proved the capacity of amphiphilic JNRs

to self-assemble into 2D-patterns with a periodic distance that reached 6 nm, making them powerful candidates for future

potential applications in advanced lithographic processes with sub-10 nm features.

Introduction

The production of smaller, faster, and cheaper
electronic devices has been a major focus of the
semiconductor industry for decades. As a result
of this interest, a new generation of electronic
components, particularly transistors, appears every
two years, following the prediction of Gordon Moore,
co-founder of Intel [1]. Photolithography has greatly
contributed to this development and has maintained
Moore’s pace consistently for decades [2]. However,
as miniaturization decreases and feature sizes
shrink to the nanoscale (sub-10 nm), this technique
has reached its limits due to challenges such as
wavelength scaling and diffraction, which hinder
further miniaturization.

To overcome these issues, block copolymer (BCP)
nanopatterns have been investigated for several
decades now, but have found little success on the
microelectronic market because of the remaining
scientific and technological barriers to form sub-10
nm features with low density of defects and sharp
interfaces due to their inherent flexibility and
sensitivity to thermal fluctuations [3, 4].
Another versatile strategy to create structured sur-
faces with nanoscale features is colloidal lithography,
notably nanosphere lithography (NSL) [5]. NSL can

produce well-ordered 2D nanoparticle arrays. But
to the best of our knowledge, none of the colloidal
approaches described in the literature has ever
reported the ability to build a pattern consisting
of domains of lines that are highly required in
microelectronics.

Inspired by colloidal lithography, we developed a
new approach to address these challenges using a
robust self-assembly method involving polymeric
Janus nanorods (JNRs), which are asymmetrical
nanoparticles that exhibit two faces with different
chemistries or functionalities [6, 7]. Compared to the
formation of spherical Janus particles, the design of
JNRs is real challenge because of their very small
dimensions and anisotropic shape. And hence,
only two methods are documented in the literature
[8, 9]; Both of them rely on the supramolecular
self-assembly of block copolymers to form Janus
structures in bulk or in solution, which makes
them constrained by the use of highly incompatible
polymers.

Very recently, Han et al. [10] have developed
a robust and versatile strategy to self-assemble
end-functionalized polymers into JNRs that are
several hundred nanometers long (up to um-range)
with an average diameter of ca. 10 nm in aqueous

Names must be correct
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Figure 2. Overview of two Type III radio burst events observed on 2023-09-24 (left) and 2023-10-20 (right) by PSP and SolO.
The dynamic spectra (left panels) are overlaid with black crosses indicating the peak times at each frequency, obtained from
Gaussian fitting. The top-right panels show the peak spectral flux density, Speak, as a function of radial distance, r. The
bottom-right panels display the spacecraft positions and magnetic footpoints based on the Parker spiral model, computed using
the Solar-MACH source code (Gieseler et al. 2023).

Figure 3. Example of a Type III burst with fine structures
(Striae) observed on 2023-11-02. The panel layout is the
same as in Figure 2.

that Type III bursts with prominent striae exhibit sig-138

nificantly greater fluctuations in Speak as a function of139

distance compared to typical Type III events (see Fig-140

ure 3).141

4. DISCUSSION AND CONCLUSION142

In this study, we provide a preliminary cross-143

spacecraft analysis of solar Type III radio bursts using144

data from PSP and SolO, focusing on events observed145

between September and December 2023. By analyzing146

the temporal spectral profile of 391 bursts, we observed147

that fluctuations in the peak flux intensity appear con-148

sistently across both spacecraft, despite di!erences in149

their radial distances and heliolongitudes. This suggests150

that local conditions near the emission region may be151

primarily responsible for such phenomena.152

We are also interested in fine structures, such as striae,153

which are linked to CMEs. We aim to investigate this154

fine structure in more detail using fluctuations from the155

maximum type III spectra. Our future e!orts will focus156

on developing a model to characterize flux fluctuations,157

expanding the analysis of fine structures, and including158

a larger number of Type III events to enable more ro-159

bust statistical analysis. These steps aim to improve our160

understanding of the physical mechanisms of the Type161

III radio bursts generation and evolution. The multi-162

point observations will remain essential for capturing163

the spatial and temporal variability of these emissions164

throughout the heliosphere.165
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traces shown in Figures 2 and 3 were corrected for dilution 
over this time period.  

By contrast, the reactions with alcohols are ~1000 times 
slower, and competition emerges between SCI + alcohol reac-
tion and those with HCHO formed through ethene ozonolysis, 
as suggested by Docherty et al.33. If HCHO reacts with 
CH2OO with a rate coefficient of 3.5×10-12 cm3 molecule-1 s-1 
as reported by Enders et al. (2024)34 and the resulting SOZ 
(1,2,4-trioxilane) is stable, then the reaction rapidly becomes 
quenched as ethene consumption increases. Vereecken and 
Francisco (2012)6 note that the fate of SOZ is largely un-
known, and so far, detailed theoretical work appears limited to 
a fluorinated SOZ molecule,35 which has a high barrier to de-
composition. The compact size of 1,2,4-trioxolane, which is 
likely to be formed with excess energy, may afford some re-
versibility. In order to match modeled decays of alcohol to 
those observed in the experiment we assume a small reversible 
reaction of SOZ towards CH2OO + HCHO. No evidence of a 
stabilized SOZ was observed, and other decomposition path-
ways likely dominate, i.e. the decomposition to methylene bis-
oxy or dioxirane. Methylene-bis-oxy is known to decompose 
rapidly to OH + HCO through a “hot acid” precursor.5 The be-
haviour of the dioxirane is uncertain, but assuming reactivity 
with saturated species e.g. alcohols, as observed by Mello et 
al. 1989,36 suggests that it would react preferentially with the 
excess cyclohexane that is introduced to scavenge OH. Reac-
tions with HO2 can also be neglected, since the reactivity with 
alcohols is extremely low under ambient conditions.37 As in 
the case of the acids, evidence of hydroperoxide (and associ-
ated formate) production is clear in the PTR-MS measure-
ments, although to a lesser extent because of the reduced con-
version of reactant molecules in these experiments. Interest-
ingly, hydroperoxide production appears to be more efficient 
in the second injection of ethene, which may indicate that 
there is a difference in the energy partitioning of SCIs later on 
in the experiment.  

To investigate parallel oxidation channels that could inter-
fere with the relative rate determination, we created a tagged 
model, in which reactant loss due to reactive intermediates 
OH, HO2, RO2 and RO could be tracked individually. In these 
simulations, we find that SCI is responsible for the loss of 
>99% of acids and >95% of the alcohols. Detailed breakdowns 
of these additional channels are provided in Figures S4 and 
S5. 

A notable feature of these experiments is that modeled SCI 
concentrations are up to 106 times less than those in absolute 
measurements.17 Similarly, the concentration of co-reactant, 
although variable in this study, can be substantially reduced 
compared with absolute measurement conditions, e.g.13,17 by a 
factor of ≥104 or more. This leads to reaction times that ex-
tend 106 times longer, presenting the very different experi-
mental domains that are accessible to simulation chambers 
(Figure S6). 

Both acid and alcohol rate coefficients increase with molec-
ular mass, e.g. the rate coefficient of butyric acid is about 
twice that of acetic acid. Despite its effect on the electronic 
character of OH bonds present in these molecules, branching 
plays a minor role, with 1-hexanol and 2-hexanol exhibiting 
similar reactivity. This, together with literature measurements 
on heavier co-reactants,3,38 suggests that reduced mass affects 
these insertion reactions, as suggested by Chhantyal-Pun et al. 
(2018).19 

To summarize, we present a practical way to extend the rel-
ative rate approach for measuring the bimolecular reactivity of 
stabilized Criegee intermediates, which we demonstrate for 
two contrasting insertion reactions: CH2OO + carboxylic ac-
ids/alcohols. In both cases, experiments yield satisfactory rela-
tive rate data, although alcohols present a greater challenge be-
cause of their much lower reactivity. 

This new method can be applied to less volatile and less re-
active co-reactants than can typically be accessed through ab-
solute methods. Such reactions could result in extremely low 
volatility adduct species in the atmosphere,19 which may im-
pact aerosol formation processes. 

These experiments allow laboratories without dedicated ap-
paratuses for making absolute measurements, e.g. pulsed-laser 
photolysis–cavity ring down spectroscopic systems, to make 
relative measurements in chamber facilities, adding to the rep-
ertoire of accessible experiments. 

Finally, the parameter space of the SCI bimolecular reac-
tions remains sparse, and accurate absolute measurements are 
needed as references in this technique. Relative measurements 
represent an invaluable component to kinetic database for 
other oxidants, 39 and we anticipate the same rule will come to 
apply to SCI reactions. 

SUPPORTING INFORMATION 
 Schematic diagram of the experimental apparatus (Figure S1); 
Relative rate plots of acid and alcohol reactions (Figures S2 and 
S3); Tabulated kinetic information used for near-explicit numeri-
cal simulations (Table S1); Tabulated kinetic data from this work 
and literature measurements (Table S2); Simulated SCI concentra-
tions (Figure S4). 
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Figure 1 Muljijet setup developed at GREMI with reactors 

 

2.1 Operating condition for Plasma Multijet  
For this experiment, multijet plasma device was used in two configurations a 2- jet and a 4- 

jet reactor. The operating conditions included primary voltages of 50 V and 60 V, with helium 

as the gas source supplied at a flow rate of 1 liter per jet and a pressure range of 1.5 to2 bars.. 

The distance between the plasma outlet and the liquid surface was maintained at 10 mm, and 

the device was operated at a frequency of 8 kHz. 

 

2.2 Preparation of Liquid used in sample 
Distilled water and DPBS were used as the liquid samples for this experiment, placed in six- 

well plates in volumes sufficient to ensure direct contact between the plasmaand the liquid 

surface. Each sample was subjected to plasma treatment for up to one minute.  

 

 
Figure 2 2& 4 Jet reactor treating  D PBS and Distilled  Water 

 

2.3 Electrical characterization of plasma treated liquids 
For characterization of voltage and current in plasma treated liquid a setup shown in fig. 3 

were used in which a metallic wire ring was kept in the 6 well plate which was connected to a 

circuit connected to ground measureing current across the resister (100 ohm ). Then the liquid 

was plasma treated and the reading were recorded.  
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