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PART B: Description of the scientific project

State of the art

The past few decades have shown a rapid and continuous exhaustion of the available energy resources
which may lead to serious energy global crises. Researchers have been focusing on developing new
and renewable energy resources to meet the increasing fuel demand and reduce greenhouse gas
emissions. A surge of research effort is also being directed towards replacing fossil fuel-based vehicles
with hybrid and electric alternatives. Energy storage is now seen as a critical element in future “smart
grid and electrical vehicle” applications. Electrochemical energy storage systems offer the best
combination of efficiency, cost, and flexibility, with redox flow battery systems currently leading the
way in this aspect. The redox flow battery (RFB) is a highly efficient energy storage technology that
uses the redox states of various soluble species for charge/discharge purposes [1].

Currently the research in RFB development is a considerably hot topic: an important set of
publications is regularly released in most of the top-notch journals [2—5] illustrating the high impact
of the advances made on this technology. Though, the challenges remain numerous to leverage RFBs
toward the industrial scale. Their practical deployment in commerce and industry is still impeded
by their relatively high cost and low energy density [6]. With limited access to rare earth elements,
the availability of chemical compounds is also a critical point that needs to be addressed to ensure a
sustainable deployment of this technology. For systems that are intended for both domestic and large-
scale use, safety and cost must be considered as well as long-term access to metal resources, which
places limits on the classical lithium-ion-based and vanadium-based RFB development [7].

To tackle these issues, several research directions have been followed in the literature. From the
chemical engineering point of view, an active work is under way to find organic fuels and electrolyte
which are compatibles with the low cost and high-density objectives, but also from the
environmental perspectives: i.e. being non harmful, non-corrosive and available at large scales. One
can cite the use of organic polymers as the redox-active species (2,2,6,6-tetramethylpiperidinyloxyl,
known as TEMPO), and an aqueous sodium chloride solution as the electrolyte [7]. However,
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commercially available membranes acting as ions separators are still used in these systems, adding
system complexity and cost.

From the mechanical point of view, an intensive effort in put into characterizing the transport
properties of the fuels, designing new RFB architectures to improve the fluid circulation and the heat
removal and developing optimal real time control of the charge/discharge processes. For example, in
the work of Braff et al. [8], microfluidic RFB is used to remove the membrane and control the flow.
Microfluidic RBFs also offer an interesting opportunity to increase energy density. Operando imaging
methods can also be more easily implemented using microfluidic. As an example, Lang et al. [9]
reported Raman spectroscopy to image the concentration field in RFB and to elucidate the kinetics of
the reaction at the electrode interface. Following this work, an important effort needs to be made to
develop operando imaging techniques which can be applied to a wide range of RFB technologies.

As mentioned, the other important aspect is real-time energy management, which is now required for
every energy production and conversion systems. With the wide deployment of diverse energy sources,
it is important to control the energy fluxes. Therefore, several works were focused on the RFB on-line
monitoring to control its state-of-charge (SOC) predicting the battery lifetime and capacity [10].
However, very few works reported a complete integration of SOC monitoring systems. The
development of this target relies on an accurate knowledge of the fluid transport properties and
the integration of in situ sensors. Here again, the use of microfluidic appears to the appropriate tool to
answer this need as it facilitates sensor integration and make possible to measure the fluid properties.

Therefore, the present project aims to combine the chemical and mechanical engineering challenges
with the strong use of the microfluidic technology. Microfluidic ensures the development of advanced
flow properties characterization based on imaging techniques, advanced control of the fluid transport
and heat removal, the possibility to embed in situ sensors, and opens the way to miniaturized designs
using recent advances in microfabrication.

Objectives of the project

The project will answer to the main fundamental and technological challenges: (i) the fabrication of an
RFB on chip integrating real-time SOC monitoring using sustainable organic fuels and electrolytes;
and (ii) an advanced heat and mass transfer characterization tools for operando concentration
visualization to control the fuel circulation and lifetime of membraneless RFBs.

The objective is to use the opportunity of microfluidic technology to fabricate high power density
RFBs (~ 1 W/cm? [8]), embed organic fuel sensors, and develop advanced chemical visualizations
dedicated to these electrochemical systems. Fundamental advances can be expected in term of organic
sensors integration and operando heat and mass characterization technique in reactive flows.

Methodology
The fabrication of the RFB will be done using the microfabrication platform located at LIMMS

laboratory. RBF prototyping will also be done in Bordeaux in collaboration with the LOF laboratory
(the French PI has access to their cleanroom). The microfabrication techniques enable to make channels
(either in PDMS or using silicone/glass etching) using soft photolithography. The electrodes required in
the RFB will be done using metal deposition via Physical Vapor Deposition (PVD) or sputtering
technique depending on the targeted metals. Since the RFB will be membraneless, it will ease
microfabrication and device integration.

At the onset of the project, state-of-the-art RFB fuels and electrolyte will be used, i.e. TEMPO redox
fuels and an aqueous sodium chloride solution as the electrolyte [7]. This organic fuel satisfies
already the need in terms of cost, availability, and sustainability. This organic RFB will be used to
validate the microfabrication process and to start in-operando testing. In the second part, other organic
fluids based on the literature will be tested with state-of-the-art fuels (see ref [11]). The compatibility
with organic sensors will be also studied to fulfill the need of on-line SOC monitoring.



The development of the chemical sensor design will be done using the Organic Thin Film
Transistors (OFET) method functionalized with molecular recognition materials [12]. Minami group
has a great expertise in this topic [13,14], and all its experience gathered in the field of biology and
pollutant sensing will be used to develop state of charge sensor in organic RFB. Basically, the sensor
will be able to measure the fuel concentration. After calibration with the SOC, this sensor will measure
this parameter in real time. This information would open the gate to advanced control of the RFB [10].

The RFB characterization will be done using infrared (IR) spectroscopic imaging technique [15].
It measures the local concentration field of compounds from their IR spectrum. The platform already
developed in Chevalier group images the concentration of compounds based on the spectral IR
transmission [16]. Thus, applied to RFB, the mass transfer properties of the organic fluids will be
measured (mass diffusivity, kinetic rates...). Measurements of the concentration fields will also be of
prime interest to study the fuel interdiffusion and SOC in absence of membranes. These criteria will
help the RFB performance assessment from the chemical point of view. This characterization will start
as soon as the first RFB is operating (without any embedded sensor at the beginning).

Heat transfer and heat generation will also be characterized using IR imaging. Chevalier group has a
great expertise in the development of such imaging system. Since the temperature increase has a great
impact on both the system performance and safety, it is of prime importance to measure it [17]. Thermal
camera associated with operando calibration will be used to obtain the temperature field in the
RFB. The modeling of the heat transfer will then be used in an inverse engineering method to estimate
the heat source generated at the electrodes.

The RFB testing will be done using microfluidic setups available in both Minami and Chevalier
groups. Syringe pump and potentiostat will be used to control the cells. The RFB will be cycled over a
hundred times, which is usually enough to be significative in the literature, to quantify the performance
decrease over time. The RFB electrochemical performance will be measured through polarization
curves and electrochemical impedance spectroscopy (EIS). During these endurance experiments, the
great advantage of microfluidic is illustrated since only a small quantity of fluid and material will be
used. An organic RFB including SOC on-line sensing system will be tested at the end of the project
and its performance quantified through the electrical and operando heat and mass transfer visualization.

Expected Results

This project will demonstrate the concept of energy storage on chips: a novel sustainable and
affordable RFB technology based on microfluidic will be reported. Using the embedded SOC
monitoring, this technology will provide better control of energy management. To develop it, an
advanced characterization of the RFB will be done. Reporting heat and mass transfer properties of
organic fluids will be one major result since there is a lack of data in this domain for a large
quantity of application in chemical engineering. Then, the strategy used to control membraneless
RFBs with limited performance degradation, compared to standard membrane RFBs, will also be
reported as an intermediate result.

Another expected result will come from the development of in situ sensing of SOC batteries based
on the OFET technology for organic fuels. Currently, energy management is a quite hot topic and any
advances in the online monitoring of these systems will have a great impact (not only in the RFB
domain). All these results will answer the questions raised in the objectives of the project. Alternatively,
patents regarding the development of RFBs and the SOC sensor may be applied.

Quality and originality of the project

The major qualities of the project stem from the RFB miniaturization on a chip with real-time
sensing. This research direction has been acknowledged in many reviews since it enables to increase
the power density of the system, suppress the membrane, increase the fluid control, improve the heat
removal and embed many sensor technologies[18]. However, mechanical and chemical engineering




are clearly required to fulfill these objectives with advanced skills, expertise and know-how in
microfluidic fabrications, mass transfer characterizations, organic chemistry, and electrochemical
measurement. “In short, engineers are the clinicians of energy” [19].

The originality of the project is to be focused directly on the small-scale development of RFBs. It
enables the development of both the characterization and advanced control techniques needed to reach
their low cost and sustainability objectives. Once the technology is secured at small scale, the scaling
up will be almost straightforward by stacking elementary cells. Such an aspect will be a direct
continuation of the project between the two groups after the Joint PhD program.

Added value of the joint PhD fellowship

In SmartBat, the PhD fellowship will be at the heart of the project. With the industrial scaling of the
battery technologies, there is an important demand for young scientists with strong skills in
experimental battery testing, characterization, and modeling. Thus, two scientists will be trained
with mechanical and chemical engineering expertise. This would not have been possible if the PhD
thesis was done in France or Japan only. Finally, the French-Japanese industrial relationships are
quite tight, thus having PhD candidates trained in both countries will be an important advantage in this
industrial development and for their young scientist career.

A PhD candidate in Minami group has already been identified (Koshei Ohishiro). As he is already
trained on the organic sensor fabrication, he will ensure a fast start to the project. In Chevalier group,
a Master Research internship on supercapacitor microfabrication and testing will start in early
2023. If the intern is eligible to a PhD course, he/she will be proposed to apply to this joint PhD program.
Her/his skills will be directly used in the project and will ensure also an efficient start to the project.

Relation between the project and the research theme of the laboratories

The project was clearly built according to the respective skills of the laboratories. The expertise of
Chevalier group in microfluidic fuel cells, and operando visualization method for microfluidic will
be combined with the expertise of Minami group in microfabrication, organic chemistry, and
organic transistor for reversible and real-time monitoring. All the proposed methodology in this
project is therefore perfectly doable by the association of the two labs.

PART C: Added-value of the international cooperation

This joint PhD program will be done in the framework of an existing coloration between the two PIs.
Prof. Chevalier recently obtained a scholarship from the IRL LIMMS to initiate a one-year
collaborative project started in April 2022. He will be travelling to Minami lab in November 2022
and in spring 2023 to develop new imaging techniques for supramolecular sensors. Thus, this call will
be a direct continuation and push forward the collaboration initiated this year between the two teams.

A second added value of this call concerns the long-term project of Prof. Chevalier. He will ask for a
one-year research sabbatical (“Délégation CNRS” in French) at LIMMS laboratory starting in
2024 or 2025. Thus, with the SmartBat project it will ensure a strengthened collaborative project
between the two groups and an intensive exchange between the two PhD students.

Since the project is built based on the respective skills and expertise of the two groups, the implication
of each team is well balanced. Most of the microfabrication will be mainly done by the Japanese team.
Microfluidic prototyping can also be done in France (in collaboration with the LOF at Bordeaux),
but the LIMMS cleanrooms definitively present more opportunities to fabricate the RFBs. The
sensor integration and organic chemistry will also be led by Minami group as he is internationally
recognized in this field. On other hand in France, the unique operando imaging platform, dedicated to
fuel cells, will be used and to characterize and guide the RFB design. To the PIs best knowledge, such
imaging platform has no equivalent in Japan.



Thus, the SmartBat project can only be achieved by the two teams working together. The benefits
for their respective groups are quite straightforward given the objectives and the methodology proposed
in the project. On the Japanese side, the use of the imaging platform and heat and mass transfer
characterization will extend the in-situ chemical sensor toward more accurate technologies [12]. On
the French side, the Minami group knowledge in organic chemistry and microfabrication will be
used to improve the performance of the RFB batteries developed and tested in France.

PART D: Planned activities

The project is divided into three scientific work packages (WPs) and one coordination and
management WP. A Gantt chart is provided in Figure 1 with the timetable. Annual in person meetings
with the PIs and the PhD students will be scheduled in addition to bimonthly remote meetings to
ensure a maximum shared skills between the groups (2 in France and 2 in Japan) Specific experimental
campaign (microfabrication and operando visualization) will involve the two students (either in France
or in Japan). In the planned activities, no specific funds are requested since the project will use
already existing equipment. Small consumables will be taken in charge by the group's own funds
(see below). The program will only fund the travelling missions and student exchange.

WPO0: Management and coordination led by the French and Japanese teams.
WP1: RFB and sensor microfabrication, led by the Japanese team
WP2: RFB operando characterization, led by the French team.

WP3: RFB active control and performance assessment, led by the French and Japanese teams
Time (months)| 0 | 2 [ 4 | 6 | 8 |10(12]|14|16|18|20|22|24|26]|28|30]|32|34]|36
WPO TO Coordination| # # # #
T1.1 RFB prototyping
T1.2 investigation of organic fuel
T1.3 Chemical sensor design and integration
T1.4 final RFB design fabrication
T2.1 RFB electrochemical testing
T2.2 Operando visualisations of the RFB concentration field
T2.3 Heat and mass transfer characterization
T2.4 SoC sensor calibration
T3.1 RFB charge/decharge cycling
WP3 T3.2 RFB performances assessment
T3.3 RFB on-line SOC control

WP1

WpP2

Figure 1. Gantt chart of the planned activity. In-person meetings are indicated by #.

PART E: Perspectives & external funding

Extra funds for each group of the project will support the program in experimental developments. Prof.
Minami’s fund from KAKENHI Japan Society for the Promotion of Science, Grant-in-Aid for
Scientific Research (B) JP21H01780 will support the cost of the RFB fabrication and the organic sensor
development (cost for consumables and small equipment). On the French side, Prof. Chevalier will
ensure the development of the RFB prototyping through the grand ANR-20-CE05-0018-01 from
ANR. Extra grants will be asked through several call for proposal from Bordeaux University to
support the international collaboration (like the PhD international mobility support).

The direct perspective of the project, as mentioned above, is the scaling of this microfluidic based
technology toward preindustrial scale. This next step will be done through transfer technology
agencies, like the Aquitaine Science Transfert in Bordeaux.

PART H: Ethics

No ethical questions will be raised in the project. However, particular attention in the PhD candidate's
hiring will be paid to satisfy the gender parity in the working team. The place of women in science
will also be particularly highlighted in this project through small popular science presentations and
communications (such as Pint of Science and small events in high schools in Bordeaux).
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PART F: Scientific quality of the teams

Below the selected publication list of the two PI groups. The publications from Minami group highlight
his great expertise in the microfabrication device and organic sensors embedded in microfluidic chip.
The publication from Chevalier group reports the main works in the development of heat and mass
transfer imaging techniques for microfluidic and fuel cells.
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PART G: Short curriculum vitae

Tsuyoshi Minami, PhD, Associate Professor 22/10/2022

Contact details and website URL:

Institute of Industrial Science, The University of Tokyo
4-6-1 Komaba, Meguro-ku Tokyo, 153-8505, JAPAN
Tel: +81-354526364, Fax: +81-354526365

Email: tminami@iis.u-tokyo.ac.jp

Website URL: http://www.tminami.iis.u-tokyo.ac.jp/en

1. A summary of Tsuyoshi Minami’s education, dates of key career achievements:

Tsuyoshi Minami was born in Saitama, Japan, in 1983. He received his BEng on 24th March 2006
and MEng on 25th March 2008 from Saitama University, and, on 25th March 2011, he obtained his PhD
in Engineering from Tokyo Metropolitan University, under the direction of Prof. Yuji Kubo. Between 1st
April 2011 and 30th April 2013, he was a postdoctoral research associate at Bowling Green State
University, working with Prof. Pavel Anzenbacher, Jr. On 1st May 2013, he started an academic career
by appointment as a research assistant professor at the same university. Then, on 1st January 2014, he
moved to Yamagata University as an assistant professor. From 1st April 2016 to 31st August 2019, he
was a lecturer at The University of Tokyo. Meanwhile, he was selected as an excellent young independent
researcher at The University of Tokyo. Since 1st September 2019, he has been an associate professor at
the same university. He is also a visiting professor at Yamagata University, Tokyo Metropolitan
University, and The University of Technology of Compi¢gne, France.

OFET Sensors Real-World

Organic device design Application
. P
JApproach

Aim: Realization of supramolecular chemical
sensor devices in real-world scenarios

Figure 1. Schematic illustration of research concept.

2. Scientific research projects and papers in the past five years

to analytical devices, while the materials have not fully satisfied the requirements for practical
analysis to this date. Toward the realization of supramolecular materials in real-world scenarios, he has
continued comprehensive and cross-hierarchical research on areas ranging from molecules to devices.
Such interdisciplinary studies based on a bottom-up approach to designing chemosensor arrays and
organic transistors are a potent strategy for the establishment of easy-to-use supramolecular sensors. Thus,
his research field will contribute to the real-world implementation of analytical devices that further
improve people’s quality of life.



3. Equipment

His research fields based on analytical chemistry include the design and synthesis of artificial
receptors, semiconductor materials, and nanomaterials, and device fabrication for sensing applications
in solution, solid, and gas phases. To complete the above all of projects in only his group, his laboratory
possesses his own equipment for organic synthesis (e.g., glovebox, and fume hood), fabrication of
electrical devices (e.g., vacuum deposition equipment, low-energy electron-beam irradiation system,
reactive ion etching system, inert atmosphere glovebox, and robotic dispenser), analysis (e.g., NMR (600
MHz), HPLC-mass spectrometry, UV-Vis, fluorescence, FT-IR (ATR), and fluorescence
correlation/cross-correlation  spectrophotometers, multi-mode microplate reader, polarimeter, contact
angle goniometer, and photoelectron yield spectroscopy), observation of surface (e.g., AFM, and
metallurgical, polarized light, stereo and laser microscopes), electrical measurements (e.g.,
semiconductor parameter analyzer, source meter, LCR meter, oscilloscope, manual probe station with a
shield box, electrochemical analyzer, multi-function generator, and lock-in amplifier), gas sensing (e.g.,
permeator and vacuum glovebox), bio experiments (e.g., biological clean bench, centrifugal separator,
incubator, autoclave, PCR, and freeze dryer)

4. Competitive research grants

Total 246 million JPY
Funding Agency Grant name Total Project Amount (million JPY)

1. JSPS (PI) Grant-in-Aid for Scientific Research (B) 13.6
2. JSPS (PI) Grant-in-Aid for Challenging Exploratory Research 6.5
3. JSPS (PI) Grant-in-Aid for Scientific Research on Innovative Areas 10
4. JSPS (PI) Grant-in-Aid for Young Scientist 25
5. JSPS (PI) Grant-in-Aid for Research Activity start-up 2.5
6. JST (PI) J-RAPID Collaborative Research/Survey Program

for Urgent Research on the Coronavirus Disease 2019 (COVID-19) 15
7. NEDO (PI) New Energy and Industrial Technology Development Organization 5.0
8. Research Grants by 25 companies and private foundations (PI) 86.3
9. JSPS (Co-I) Grant-in-Aid for Scientific Research (B) 17.4
10. JSPS (Co-I) Grant-in-Aid for Challenging Exploratory Research 6.4
11. JST (Co-I) The Strategic Basic Research Program, CREST 50
12. NEDO (Co-I) New Energy and Industrial Technology Development Organization 3.0

5. Awards
Total 34 awards as an independent researcher

Representative awards; The Emerging Innovator _Award _in__Analytical Chemistry 2021

[International Union of Pure and Applied Chemistry (IUPAC), September 2021)], Journal of Materials
Chemistry C Emerging Investigators 2021 (Royal Society of Chemistry, September 2021), Nanoscale
Emerging Investigators 2021 (Royal Society of Chemistry, April 2021), The Young Scientists Prize, The
Commendation for Science and Technology by the Minister of Education, Culture, Sports, Science and
Technology (MEXT, April 2020), The Chemical Society of Japan Award for Young Chemists (The
Chemical Society of Japan, March 2020), ChemComm Emerging Investigators 2018 (Royal Society of
Chemistry, June 2018), The Japan Society for Analytical Chemistry Award for Young Researchers (The
Japan Society of Analytical Chemistry, September 2017).

6. Publication

Publications related to supramolecular sensors as Principal Investigator are 67 papers in total
(including 8 Top10% papers (Clarivate analytics) as a corresponding author).

Representative publication lists in the past five years

1) T. Minami* et al., Chem. Commun. 2022, 58, 5721. (Cover, Invited Paper for Special Issue
“ChemComm Pioneering Investigators collection 2022”)
2) T. Minami* et al., J. Mater. Chem. B 2022, in press. (Invited Paper for Special Issue “New era in
advanced functional materials emerging from molecular imprinting and related techniques™)




3)
4)

5)
6)

7)
8)

T. Minami* et al., Langmuir 2021, 37, 7305. (Cover)

T. Minami* et al., Commun. Mater. 2021, 2, 8. (Highlighted by “Nature Portfolio Device & Materials

Engineering Community”)

T. Minami* et al., Nanoscale 2021, 13, 100. (Cover, Invited Paper for Special Issue “Nanoscale

Emerging Investigators 2021”)

T. Minami* et al., Chem. Sci. 2020, 11, 3790. (Cover, HOT Article)

T. Minami* et al., ChemElectroChem 2020, 7, 1332. (Cover, Invited Paper)
T. Minami* et al., ACS Sens. 2019, 4, 2571. (Cover, Invited Review)
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Stéphane Chevalier

m— \\/Orking experiences and education

2022 - Authorization to Supervise a Thesis from Physics and Engineering doctoral school
(Bordeaux, France)

2018 - Associate Professor at Arts et Métiers (Bordeaux, France)

2016 - Incoming Marie Curie fellow in the thermal and energy science laboratory (LTEN),
Nantes France

2015 - Invited researcher in Helmholtz Institute of Ulm, Germany

2014 - Postdoctoral fellow at Thermofluids for energy and advanced materials (TEAM)
laboratory, University of Toronto, Canada

2013 — PhD Thesis, Mechanical Engineering
Title: Multiphysics modelling of PEM fuel cell impedance applied to stack diagnosis by
E.LS.

2010 — Junior Engineer at Safran

2010 - Engineering Degree at Polytech’Nantes.

Major: Heat and Energy Transfer, Minor: Mechanical engineering
— | caching activities (responsible of Energetic and
mechatronic systems department)
2021 - Advanced Fuel cells technologies. Lectures and tutorials for Master Research
students: 10h/yr
2018 — Experiments in Heat Transfers. Lab classes 60 h/yr

2018 — Advanced Energetic (Turbomachinery, compressible fluid dynamics,
Thermodynamics). Lectures and tutorials at Arts et Métiers, 123 h/yr

—— Research grants (666 k€ in total from Europe and French
Agencies)

2022 - OptUSeH2. Work package coordinator (WP1 & WP3). Grant from the Carnot Institute

ART in the framework of the hydrogen program. Project in collaboration with three

others academic partner. 120k€ for small equipments and an 18-month postdoc
2022 - NeuroTherm. Project coordinator. Grant from the Centre National de la Recherche
Scientifique (CNRS) in the framework of PEPS instrument. Project in collaboration with

IMS. 20k€ for small equipment.
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2021 - ITEM. Work package leader. Grant from the Region Nouvelle Aquitaine in the
continuation of the project I2MPAC. 60 k€ of equipment are funded to acquire new
cameras and optical sources. The total project funded by the Region Nouvelle
Aquitaine is 200 k€.

2020 - IMAGING. Project coordinator. Grant from the Research Collaboration Program
between The University of Toronto (U of T) and The Centre National de la Recherche
Scientifique (CNRS). 1 PhD scholarship (~123k€) and 15k€ for mobility. Project related
to K. Krause PhD thesis.

2020 - I2MPAC. Project coordinator. Grant from the French National Research Agency (ANR)
in the framework of JCJC instruments. A total of 238k€ for 1 PhD scholarship (~123k€),
80k€ for equipment, 20k€ for mobility and publications, and 15k€ for teaching release.
Project related to M. Garcia PhD thesis.

2016 - Engineered gas diffusion layer structure with controlled transport properties for
improved PEM fuel cell performance. Project coordinator. Grant from the European
Union (Marie Curie fellowship) for a two-year postdoctoral scholarship (~¥90 k€) at the

Laboratoire de Thermique et Energie de Nantes (LTEN).

m—— PhD Students supervision (1 defended and 3 undergoing)

Marine Garcia, Caractérisation multiphysique des piles a combustible microfluidique par
thermospectroscopie a détection synchrone, 2021-2024. Co surpervised 50% with J.-
C. Batsale (12M), and A. Sommier (12M)

Kevin Krause, Advanced PEM Electrolyzer Mass Transport Control using in Infrared Thermal
Imaging, 2021-2024. Co-supervised 50% avec J.-L. Battaglia (12M).

Coline Bourges, TomoThermoSpectroscopie InfraRouge pour I'étude des transferts de
chaleur et de masse en milieu vivant, 2020-2023. Co-director 30% with J. Maire (12M)
and S. Dilhaire (LOMA).

Abderezak Aouali, Tomographie thermo-spectroscopique pour I'étude des torches a plasma,
2019-2021. Co-supervised (50%) with C. Pradere (12M)

— Sclected publications (1200 citations and h-index of 22 on
Web of Science, data extracted on 01/11/2022)

S. Chevalier, Semianalytical modeling of the mass transfer in microfluidic electrochemical
chips, Phys. Rev. E. 104 (2021) 035110.

A. Aouali, S. Chevalier, A. Sommier, E. Abisset-Chavanne, J.-C. Batsale, C. Pradere, 3D infrared
thermospectroscopic imaging, Sci. Rep. 10 (2020) 22310.

S. Chevalier, et al., Infrared thermospectroscopic imaging of heat and mass transfers in
laminar microfluidic reactive flows, Chem. Eng. J. Adv. 8 (2021) 100166.

S. Chevalier, et al., Novel electrospun gas diffusion layers for polymer electrolyte membrane
fuel cells: Part Il. In operando synchrotron imaging for microscale liquid water transport
characterization, J. Power Sources. 352 (2017) 281-290.

S. Chevalier, C. Josset, B. Auvity, Analytical solutions and dimensional analysis of pseudo 2D
current density distribution model in PEM fuel cells, Renew. Energy. 125 (2018) 738
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