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TITLE: TOWARDS SELECTIVE METAL-BASED PHOTOSENSITIZERS FOR
ANTICANCER PHOTODYNAMIC THERAPY

Topic number : 2024 _001

Field : Chemistry, Physical chemistry and Chemical Engineering - Life
and Health Science and Technology

Subfield: Bioinorganic Chemistry; Inorganic Medicinal Chemistry; Metals
in Medicine; Photodynamic Therapy

ParisTech School: Chimie ParisTech - PSL

Research team : Laboratory for Inorganic Chemical Biology
Research team website: www.gassergroup.com

Research lab: I-CLEHS - Institute of chemistry for life and health
Lab location: Paris

Lab website: www.gassergroup.com

Contact point for this topic: Gasser - Gilles -
gilles.gasser@chimieparistech.psl.eu

Advisor 1: Gilles Gasser - gilles.gasser@chimieparistech.psl.eu
Advisor 2: Kevin Cariou - kevin.cariou@chimieparistech.psl.eu
Advisor 3:
Advisor 4:

Short description of possible research topics for a PhD:
Photodynamic Therapy (PDT) is an approved medical technique to treat
certain types of cancer.[1-2] It relies on the use of photosensitizer (PS)
that is activated by light, producing reactive oxidative species (ROS) that
kills cancer cells. However, most PSs are not selective for cancer cells,
leading to some undesired side-effects. Our group has reported over the
years that metal-based PSs were extremely effective, even in mice.[3-4] In
this project, we envision to target some cancer-cell overexpressed
enzymes such as carbonic anhydrases (CAs) to increase the selectivity of
our metal-based PSs, as recently reported by our group.[5] At this end of
this project, we hope to have unveiled a compound that works not only on
cancer cells but also on mice tumor models.



Required background of the student:

The applicant should have a sound knowledge (theoretical and practical)
in both inorganic and organic synthetic chemistry and be proficient with
analytical techniques such as NMR and MS. The applicant must be fluent
in English since it is the language spoken in the Gasser group. Practical
knowledge in biology would be an asset.

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. G. Vigueras and G. Gasser,* Nature Chem., 2023, 15, 896-898.

2. ]J. Karges, F. Heinemann, M. Jakubaszek, F. Maschietto, C. Subecz, M.
Dotou, R. Vinck, O. Blacque, M. Tharaud, B. Goud, E. Viiuelas Zahinos, B.
Spingler, I. Ciofini, and G. Gasser, J. Am. Chem. Soc., 2020, 142, 6578-
6587.

3. ]J. Karges, F. Heinemann, M. Jakubaszek, F. Maschietto, C. Subecz, M.
Dotou, R. Vinck, O. Blacque, M. Tharaud, B. Goud, E. Viiuelas Zahinos, B.
Spingler, I. Ciofini, and G. Gasser, J. Am. Chem. Soc., 2020, 142, 6578-
6587.

4. A. Mani, T. Feng, A. Gandioso, R. Vinck, A. Notaro, L. Gourdon, P.
Burckel, B. Saubaméa, O. Blacque, K. Cariou, J.-E. Belgaied, H. Chao,*
and G. Gasser, Angew. Chem. Int. Ed., 2023, 62, e202218347.

5. Y. Wang, P. Mesdom, K. Purkait, B. Saubaméa, P. Burckel, P. Arnoux,
C. Frochot, K. Cariou, T. Rossel, G. Gasser, Chem. Sci. 2023, 14, 11749-
11760.
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TITLE: NEW CLASS OF ELECTROCHEMICAL APTASENSORS FOR EARLY
DISEASE DIAGNOSIS

Topic number : 2024_002

Field : Design, Industrialization - Design, Industrialization - Life and
Health Science and Technology

Subfield.:

ParisTech School: Chimie ParisTech - PSL

Research team : SEISAD

Research team website: https://iclehs.fr/research/seisad/
Research lab: I-CLEHS - Institute of chemistry for life and health
Lab location: Paris

Lab website: www.iclehs.fr

Contact point for this topic: cyrine.slim@chimieparistech.psl.eu

Advisor 1: Cyrine SLIM - cyrine.slim@chimieparistech.psl.eu
Advisor 2: Sophie GRIVEAU - sophie.griveau@chimieparistech.psl.eu
Advisor 3: Yvette TRAN - yvette.tran@espci.fr

Advisor 4:

Short description of possible research topics for a PhD:

Early diagnosis of diseases such as cancer, along with the urgent need to
detect extremely low levels of tumor biomarkers, is driving the
development of new biosensors dedicated to molecular recognition and
the detection of biomarkers at very low concentrations in biological
fluids. The goal of this project is to design biosensors using a novel class
of grafted polymers, specifically surface-attached hydrogel thin films on
conductive transducers, as a biocompatible matrix for biomolecule
immobilization. Among biomolecules, aptamers represent an attractive
alternative to antibodies due to their high affinity and excellent specificity
for a particular target or group of selected targets. Additionally, aptamers
can be functionalized with specific chemical groups or tags, allowing for
their immobilization and facilitating their detection or analysis. Covalent
immobilization of aptamers onto surface-attached hydrogel thin films
offers a biodegradable, protective matrix, ensuring that the aptamers



maintain their active and functional structure while enabling sensitive
biomarker detection. For enhanced sensor performance, a high density of
immobilized aptamers is employed, improving both sensitivity and
stability. As part of the continuous effort toward miniaturization, this
work will be adapted for microfluidic electrochemical biosensors
designed for real sample analysis. These microfluidic systems,
characterized by their miniature, portable, and cost-effective design, also
offer high throughput and automation. The project will explore
integrating electrochemical sensors into microfluidic formats,
incorporating advanced materials to improve detection. Developing these
systems would offer significant advantages over current technologies,
particularly in terms of sensitivity, speed, and cost-effectiveness for early
diagnosis.

Required background of the student:
Knowledge of electrochemistry and physical chemistry

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. G. S. Kassahun, S. Griveau, F. Bedioui, C. Slim, Input of
Electroanalytical Methods for the Determination of Diclofenac: A Review
of Recent Trends and Developments. ChemElectroChem, 2022, 9.
DOI:10.1002/celc.202100734

2.Y.Y. Zhang, F. -X. Guillon, S. Griveau, F. Bedioui, M. Lazerges, C. Slim,
Evolution of nucleic acids biosensors detection limit III, 2022, 414, 943-
968.

3. G. S. Kassahun, S. Griveau, S. Juillard, J. Champavert, A. Ringuedé, B.
Bresson, Y. Tran, F. Bedioui, C. Slim. Hydrogel Matrix Grafted
Impedimetric Aptasensor for the Detection of Diclofenac. Langmuir,
2020, 36, 4, 827-836

4. R. Oliveira, C. Sella, C. Souprayen, E. Ait-Yahiatene, C. Slim, S.
Griveau, L. Thouin, F. Bedioui, Development of a flow microsensor for
selective detection of nitric oxide in the presence of hydrogen peroxide,
Electrochimica acta, 2018, 286, 365-373
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TITLE: FLOWS OF CONCENTRATED DISPERSIONS OF FIBERS.

Topic number : 2024 _003

Field : Chemistry, Physical chemistry and Chemical Engineering -
Material science, Mechanics and Fluids

Subfield: Rheology

ParisTech School: ESPCI Paris - PSL

Research team : MIE

Research team website:

Research lab: CBI - Chimie, Biologie et Innovation

Lab location: Paris

Lab website: https://mie.spip.espci.fr/spip.php?rubrique2

Contact point for this topic: COLIN Annie

Advisor 1: Annie COLIN - annie.colin@espci.fr
Advisor 2:
Advisor 3:
Advisor 4:

Short description of possible research topics for a PhD:
Suspensions are complex fluids composed of particles dispersed in a
solvent. Paints, cement and industrial sludges are examples of
suspensions we encounter every day. Controlling the flow properties of
suspensions is a fundamental issue with many industrial applications.
Studies on the rheology of spherical particle suspensions have been
carried out in recent years (see ref 1-4) and have highlighted the
importance of particle contacts. In this thesis, we focus on the rheology of
concentrated fiber suspensions. PDMS or alginate fibers will be produced
in large quantities using a microfluidic device. Their size and flexibility
can be varied. They will then be dispersed in solvents where contacts
between fibers will be non-existent due to repulsive forces, or very
significant due to attractive forces. Preliminary experiments show that it
is possible to form gels due to the entanglement of chains under shear. In
this thesis, we propose to go a step further and study the rheology of
these fiber dispersions in detail. In particular, the gelling behavior of



entangled chains will be studied as a function of the nature of the
contacts and the length of the chains. The formation of gels will also be
studied in the presence of oil or algae droplets. The question is whether
these fiber dispersions can be used to flocculate oil droplets or algae. The
gels produced may be systems of choice for revisiting questions
concerning polymer mechanics (generation of model systems with
entanglement, Mullins effect).

Required background of the student:
Complex fluids, rheology, material science.
A strong taste for experiments.

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. Gauthier, A., Ovarlez, G. and Colin, A., 2023. Shear thickening in
presence of adhesive contact forces: The singularity of cornstarch.
Journal of Colloid and Interface Science, 650, pp.1105-1112.

2. Le, A. V. N,, Izzet, A., Ovarlez, G., & Colin, A. (2023). Solvents govern
rheology and jamming of polymeric bead suspensions. Journal of Colloid
and Interface Science, 629, 438-450.

3. Ovarlez, G., Vu Nguyen Le, A., Smit, W. J., Fall, A., Mari, R., Chatté, G.,
& Colin, A. (2020). Density waves in shear-thickening suspensions.
Science advances, 6(16), eaay5589.

4. Comtet, J., Chatté, G., Nigues, A., Bocquet, L., Siria, A., & Colin, A.
(2017). Pairwise frictional profile between particles determines
discontinuous shear thickening transition in non-colloidal suspensions.
Nature communications, 8(1), 15633.

5. Bonhomme, O., Leng, J., & Colin, A. (2012). Microfluidic wet-spinning
of alginate microfibers: A theoretical analysis of fiber formation. Soft
Matter, 8(41), 10641-10649.



Schema of a microfluidic device allowing the preparation of fibers.

200um

Observation of alginate fibers
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TITLE: DEVELOPMENT OF ORGANOMETALLIC COMPOUNDS FOR ANTIBIOTIC
APPLICATIONS

Topic number : 2024_005

Field : Chemistry, Physical chemistry and Chemical Engineering - Life
and Health Science and Technology

Subfield: Bioorganometallic and Inorganic Chemistry, Chemical Biology
and Medicinal Chemistry

ParisTech School: Chimie ParisTech - PSL

Research team : Inorganic Chemical Biology

Research team website: http://www.gassergroup.com/
Research lab: I-CLEHS - Institute of chemistry for life and health
Lab location: Paris

Lab website: http://[www.gassergroup.com/

Contact point for this topic: kevin.cariou@chimieparistech.psl.eu

Advisor 1: Kevin Cariou - kevin.cariou@chimieparistech.psl.eu
Advisor 2: Gilles Gasser - gilles.gasser@chimieparistech.psl.eu
Advisor 3:
Advisor 4:

Short description of possible research topics for a PhD:
Antimicrobial resistance, whether for bacteria or for fungi, is a highly
worrying topic that has been declared critical by the World Health
Organization. Part of the solution is to explore new chemical space[1] to
develop new drugs that can overcome the resistance. Our group is at the
forefront of the development of organometallic anti-infectious compounds
with a particular focus on antiparasitic and antifungal drugs. [2-5] In this
project, we envision the development of organometallic antibiotic drugs,
following the same successful approach. At this end of this project, we
hope to have unveiled a compound that works on high priority resistant
bacteria and mitigate the risk of new resistances emerging.

Required background of the student:



The applicant should have a sound knowledge (theoretical and practical)
in both organic and organometallic synthetic chemistry and be proficient
with analytical techniques such as NMR and MS. The applicant must be
fluent in English since it is the language spoken in the Gasser group.
Practical knowledge in biology would be an asset.

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. C. Mahe, O. Blacque, G. Gasser, V. Gandon and K. Cariou,* Org. Lett.,
2023, 25, 4624-4629

2. Y. Lin, G. Scalese, C.A. Bulman, R. Vinck, O. Blacque, M. Paulino, A.
Ballesteros-Casallas, L. Pérez Diaz, G. Salinas, M. Mitreva,* T. Weil,* K.
Cariou,* J.A. Sakanari,* D. Gambino,* and G. Gasser,* ACS Infect. Dis.,
2024, 10, 938-950.

3. Y. Lin, H. Jung, C.A. Bulman, J. Ng, R. Vinck, C. O’Beirne, S. Zhong,
M.S. Moser, N. Tricoche, R. Peguero, R. Li, ]J.F. Urban Jr, P. Le Pape, F.
Pagniez, M. Moretto, T. Weil,* S. Lustigman,* K. Cariou,* M. Mitreva,*
J.A. Sakanari* and G. Gasser,* ]J. Med. Chem., 2023, 6, 15867-15882.

4. H.D. Betts, Y.C. Ong, N. Anghel, S. Keller, J. Karges, N. Voutsara, J.
Muiller, E. Manoury, O. Blacque, K. Cariou, A. Hemphill,* G. Gasser,*
Organometallics, 2022, 41, 2035-2041.

5. R. Rubbiani,* T. Weil,* N. Tocci, L. Mastrobuoni, S. Jeger, M. Moretto,
J. Ng, Y. Lin J. Hess, S. Ferrari, A. Kaech, L. Young, J. Spencer, A. L.
Moore, K. Cariou,* R. Giorgia, L. Romani, M. Pariano and G. Gasser,* RSC
Chem. Biol., 2021, 2, 1263-1273
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TITLE: ENHANCED PASSIVITY AND CORROSION RESISTANCE OF MULTI-
PRINCIPAL ELEMENT ALLOYS

Topic number : 2024_006

Field : Chemistry, Physical chemistry and Chemical Engineering
Subfield:

ParisTech School: Chimie ParisTech - PSL

Research team : PCS

Research team website:

Research lab: IRCP - Institut de Recherche de Chimie de Paris
Lab location: Paris

Lab website: ircp.cnrs.fr

Contact point for this topic: Mercier Dimitri
dimitri.mercier@chimieparistech.psl.eu

Advisor 1: Dimitri Mercier - dimitri.mercier@chimieparistech.psl.eu
Advisor 2:
Advisor 3:
Advisor 4:

Short description of possible research topics for a PhD:

Multi principal element alloys (MPEA), also called high entropy alloys
(HEA), is a new class of metallic alloys (first elaborated in 2004) having a
great interest as engineering alloys. Their mechanical properties have
been widely studied and currently a detailed approach of the design of
these alloys (microstructure, composition) allows elaborating specific
alloys with excellent mechanical properties, that may outperform those of
conventional alloys. In contrast to the mechanical properties, the surface
reactivity of these materials, and particularly their corrosion resistance,
has only been slightly studied. Different studies have shown that the
original “Cantor” alloy does not provide good corrosion resistance, due to
its high (equimolar) Mn content. Combining what we know of the origin
of the corrosion resistance of Ni and Fe-based stainless alloys, and
applying a thermodynamic approach for the composition optimization,
our research group was able to design and synthesize two new single-



phase HEA/MPEA alloys containing molybdenum, which show excellent
corrosion resistance. The purpose of this research program is to
understand the detailed relationship between alloy composition, surface
reactivity and corrosion behavior (passivity, passivity breakdown,
localized corrosion resistance) of MPEA/HEA alloys with high Cr and Mo
contents, and explore a range of compositions including single fcc phase
and/or structured secondary phases improving the mechanical properties
of theses alloys. The surface oxides (native and passive films), which are
key factors for the corrosion resistance, will be characterized for the
different alloy compositions by advanced surface analysis techniques,
including X-ray Photoelectron Spectroscopy (XPS) and Time-of-Flight
Secondary Ion Spectrometry (ToF-SIMS), combined with electrochemical
measurements. A focus will be placed on the stability and the growth
mechanisms of these layers using an original approach developed by our
research group, using in situ isotopic labelling (1802).

Required background of the student:
Corrosion Science, Surface Science, Materials Science, Electrochemistry

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. Study of the surface oxides and corrosion behaviour of an equiatomic
CoCrFeMnNi high entropy alloy by XPS and ToF-SIMS

L. Wang et al., Corrosion Science, 167 (2020)

2. Origin of enhanced passivity of Cr-Fe-Co-Ni-Mo multi-principal element
alloy surfaces

X. Wang et al, npj Materials degradation, 7, 2023

3. Hydroxyl transport mechanisms upon passivation of Cr-Fe-Co-Ni-Mo
multi-principal element alloy surfaces investigated by isotopic labelling

X. Wang et al., Applied Surface Science, 655, 2024
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TITLE: MECHANICS AND RHEOLOGY OF STACKS OF GRANULAR CHAINS:
NUMERICAL STUDY OF A MODEL ATHERMAL POLYMER SYSTEM

Topic number : 2024_007

Field : Material science, Mechanics and Fluids - Physics, Optics

Subfield: Discrete simulations, granular media, mechanics, statistical
physics

ParisTech School: ESPCI Paris - PSL

Research team : MecaPhys

Research team website: https://blog.espci.fr/spatinet/

Research lab: PMMH - Physique et mécanique des Milieux Hétérogenes
Lab location: Paris

Lab website: https://www.pmmbh.espci.fr/-Home-

Contact point for this topic: Sylvain Patinet <sylvain.patinet@espci.fr>

Advisor 1: Sylvain Patinet - sylvain.patinet@espci.fr
Advisor 2: Philippe Claudin - philippe.claudin@espci.fr
Advisor 3:

Advisor 4:

Short description of possible research topics for a PhD:

This thesis aims to numerically study the mechanical properties of an
athermal analogue of polymers: a stack of granular chains. By taking
advantage of the analogy, polymer/granular chain, we study the effect of
the length of the chains and their concentration in this original system,
allowing a direct comparison with the experiment. The first part of this
thesis will be dedicated to determining the static mechanical properties
of stacks, particularly the study of the jamming transition. The second
objective of this thesis topic will focus on understanding the dynamic
properties of granular chains. For this, two types of protocols will be
investigated: the vibration of the stack and its shear for different
deformation rates to study the variation of the effective viscosity of the
system. The simulations will be carried out using a particle dynamics
code we have just developed and validated. They will be compared with
model experiments carried out by our collaborators.



Required background of the student:

Master of Science — excellent level in science and general culture. A
good level of English is required. The essential skills sought for this
doctorate are: human qualities, communication, creativity, autonomy and
adaptation, pedagogical qualities and a strong motivation for research. A
good level of programming, data analysis, physics and mechanics of
materials is particularly appreciated.

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. D. Dumont, M. Houze, P. Rambach, T. Salez, S. Patinet and P.
Damman, Phys. Rev. Lett. 120, 088001 (2018) [COVER, NEWS & VIEWS,
PHYSICS, PRL EDITORS’ SUGGESTION]

2. Mehdi Bouzid, Martin Trulsson, Philippe Claudin, Eric Clément, and
Bruno Andreotti, Phys. Rev. Lett. Nonlocal Rheology of Granular Flows
across Yield Conditions 111, 238301 (2013)

3. D. Richard, M. Ozawa, S. Patinet, E. Stanifer, B. Shang, S. A. Ridout, B.
Xu, G. Zhang, P. K. Morse, J.-L. Barrat, L. Berthier, M. L. Falk, P. Guan, A.
J. Liu, K. Martens, S. Sastry, D. Vandembroucq, E. Lerner, M. L. Manning,
Predicting plasticity in disordered solids from structural indicators, Phys.
Rev. Mater. 4, 113609 (2020)
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The PMMH laboratory

* Web site: https://www.pmmh.espcl.fr/
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TITLE: TOWARD REALISTIC AND SYSTEMATIC ATOMISTIC MODELLING OF
AMORPHOUS SOLIDS

Topic number : 2024_008

Field : Material science, Mechanics and Fluids - Physics, Optics

Subfield: Amorphous solids, dynamics, atomistic simulations, mechanics,
statistical physics

ParisTech School: ESPCI Paris - PSL

Research team : MecaPhys

Research team website: https://blog.espci.fr/spatinet/

Research lab: PMMH - Physique et mécanique des Milieux Hétérogenes
Lab location: Paris

Lab website: https://www.pmmbh.espci.fr/-Home-

Contact point for this topic: Sylvain Patinet <sylvain.patinet@espci.fr>

Advisor 1: Sylvain Patinet - sylvain.patinet@espci.fr

Advisor 2: Damien Vandembroucq - damien.vandembroucq@espci.fr
Advisor 3: David Richard - david.richard@espci.fr

Advisor 4:

Short description of possible research topics for a PhD:

Amorphous solids correspond to a broad class of materials disordered at
the particle scale. Their properties differ significantly from crystalline
solids, making it challenging to understand their physical properties. This
PhD thesis aims to develop a methodological tool for studying the
mechanical properties of amorphous materials via atomistic simulations.
The first task is to build a database covering an extensive range of force
fields for two-dimensional and three-dimensional systems. The project will
also use machine-learning potentials to study amorphous models of
polymers, amorphous silicon and metallic glass. The challenge is to obtain
systems whose fictive temperatures spread over a range large enough to
observe the brittle-ductile transition. The project will use a Swap Monte
Carlo method to equilibrate liquids in the low-temperature regime
efficiently. The synthesized systems will be characterized by various
methods, such as geometric analysis of local atomic environments and



physical properties computed on the fly. The results will be shared via the
GitHub platform with a CC-by 4.0 license for data reuse, integrity, and
reproducibility of the project results. This project can accelerate
discoveries and promote collaboration in the study of amorphous solids.

Required background of the student:

Master of Science — excellent level in science and general culture. A
good level of English is required. The essential skills sought for this
doctorate are: human qualities, communication, creativity, autonomy and
adaptation, pedagogical qualities and a strong motivation for research. A
good level of programming, data analysis, physics and mechanics of
materials is particularly appreciated.

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. D. Richard, M. Ozawa, S. Patinet, E. Stanifer, B. Shang, S. A. Ridout, B.
Xu, G. Zhang, P. K. Morse, J.-L. Barrat, L. Berthier, M. L. Falk, P. Guan, A.
J. Liu, K. Martens, S. Sastry, D. Vandembroucq, E. Lerner, and M. L.
Manning, Predicting plasticity in disordered solids from structural
indicators, Phys. Rev. Mater. 4, 113609 (2020)

2. S. Patinet, D. Vandembroucq and M. L. Falk, Connecting Local Yield
Stresses with Plastic Activity in Amorphous Solids, Phys. Rev. Lett. 117,
045501 (2016)

3. David Richard, Karina Gonzalez-Lopez, Geert Kapteijns, Robert Pater,
Talya Vaknin, Eran Bouchbinder, and Edan Lerner, Universality of the
Nonphononic Vibrational Spectrum across Different Classes of Computer
Glasses, Phys. Rev. Lett. 125, 085502 (2020)

4. D. Fernandez Castellanos, S. Roux and S. Patinet, History dependent
plasticity of glass: a mapping between atomistic and elasto-plastic
models, Acta Mater. 241, 118405 (2022)
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The PMMH laboratory
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TITLE: MULTI-SCALE MODELLING OF PLASTICITY AND DAMAGE IN
AMORPHOUS SOLIDS: FROM ATOMISTIC CALCULATIONS TO CONTINUUM
MECHANICS

Topic number : 2024 _009

Field : Material science, Mechanics and Fluids - Physics, Optics -
Mathematics and their applications

Subfield: Amorphous solids, atomistics, FTT, multi-scale, plasticity and
damage

ParisTech School: ESPCI Paris - PSL

Research team : MecaPhys

Research team website: https://blog.espci.fr/spatinet/

Research lab: PMMH - Physique et mécanique des Milieux Hétérogenes
Lab location: Paris

Lab website: https://www.pmmbh.espci.fr/-Home-

Contact point for this topic: Sylvain Patinet <sylvain.patinet@espci.fr>

Advisor 1: Sylvain Patinet - sylvain.patinet@espci.fr

Advisor 2: Francois Willot - francois.willot@minesparis.psl.eu
Advisor 3:

Advisor 4:

Short description of possible research topics for a PhD:

The deformation of amorphous materials at the continuous scale (>mm)
is primarily based on a phenomenological description of the mesoscopic
scale (~mm). This multidisciplinary project, at the interface between
physics and mechanics, aims to better ground these approaches by
achieving a rigorous passage between the atomic and mesoscopic scales.

Required background of the student:

Master of Science — excellent level in science and general culture. A
good level of English is required. The essential skills sought for this
doctorate are: human qualities, communication, creativity, autonomy and
adaptation, pedagogical qualities and a strong motivation for research. A



good level of programming, data analysis, physics and mechanics of
materials is particularly appreciated.

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. S. Patinet, D. Vandembroucq and M. L. Falk, Connecting Local Yield
Stresses with Plastic Activity in Amorphous Solids, Phys. Rev. Lett. 117,
045501 (2016).

2. F. Willot, Fourier-based schemes for computing the mechanical
response of composites with accurate local fields, C. R. Meca. 343 (3),
232-245 (2015).

3. D. Fernandez Castellanos, S. Roux and S. Patinet, History dependent
plasticity of glass: a mapping between atomistic and elasto-plastic
models, Acta Mater. 241, 118405 (2022)



atomistic

elasto-plastic

macroscale

response

n-l

local
response




thsical ul:_)scaling: FFT-based method

¥ )

—
= =
Performance E 5
1 E+{3 0 E m
£o | = 0 =FEM F r;;) %ﬂ
E+D4 | -IJ:I-‘ g

1. E+{) . " ‘:ﬁ
3 g M. Koishi et al. 10th European © o

%‘1 00 E . Conference on Constitutive Models

for Rubbers (ECCMR) (2017)

i L'- &
o3 i i & 1.E-02 x = = 2 ] | | |
1.E+02 1E+04 1 E+D8 1. E+08 1 E+10 1E+02 1 E+04 1E+D6 1E+08 1E+10 EIaStIc Sln u Iarltles
e . a Mumber of alements
M

Heterogeneous solids
2l S L Sy i 0

iT"' A
L B

=" ri

(b)

one domain i of
16 voxels has one
relaxation time r;

r ‘ I | ~ . - \' : i o
a— J. B. Gasnier et al., International Journal

Andre et al., Journal Df Theoretlcal, Computational and Applied Mechanics (2021) of Solids and Structures, 155, 248 (2018)



The PMMH laboratory

* Web site: https://www.pmmh.espcl.fr/
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TITLE: EVALUATING, EXPANDING, AND APPLYING EXCITED STATES
DYNAMICS WITH TIME-DEPENDENT DENSITY FUNCTIONAL THEORY

Topic number : 2024 010

Field : Chemistry, Physical chemistry and Chemical Engineering
Subfield:

ParisTech School: Chimie ParisTech - PSL

Research team : Chemical Theory and Modelling

Research team website: www.quanthic.fr

Research lab: I-CLEHS - Institute of chemistry for life and health
Lab location: Paris

Lab website: https://iclehs.fr/

Contact point for this topic: Davide - Avagliano -
davide.avagliano@chimieparistech.psl.eu

Advisor 1: Davide Avagliano - davide.avagliano@chimieparistech.psl.eu
Advisor 2: Carlo Adamo - carlo.adamo@chimieparistech.psl.eu
Advisor 3:

Advisor 4:

Short description of possible research topics for a PhD:

Light is the initiator of numerous and crucial natural and artificial
processes like photosynthesis, energy conversion, or both essential and
detrimental biological reactions. Simulating the dynamics happening on
the excited states after light irradiation is a powerful computational
technique, which allows to obtain unique insights in terms of electronic
and geometrical evolution of the chromophore not easily accessible by
other means. However, the high computational demand of these
simulations imposes finding a balance between accuracy and cost, if the
dynamics of chromophores of biological interest want to be studied. Time-
Dependent Density Functional Theory (TD-DFT) has been successfully
used to simulate excited states dynamics of medium and big-size
chromophores. However, very little theoretical and methodological
development of TD-DFT has been focused to first understanding and then
improving the performances of this theory in excited states dynamics. In



this project, a first comprehensive study of the effect of the
approximations of TD-DFT in excited states dynamics will be carried out.
This will allow to determine the parameters needed to optimize the
methods in terms of accuracy and computational cost. After that, the
project will focus on applications. The dynamics of the
bacteriophytochromes will be investigated, an important family of
chromophores of natural origin with great potential in the applications in
optogenetics and fluorescent probes. Solvent and environmental effects
will be considered by evolving the nuclei on mixed
quantum-mechanics/molecular-mechanics (QM/MM) potentials, as
employed in state-of-the-art computational protocols and software.

Required background of the student:
Knowledge of Physical and Theoretical Chemistry

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. D. Avagliano, M. Bonfanti, A. Nenov, M. Garavelli, “Automatized
protocol and interface to simulate QM/MM time-resolved transient
absorption at TD-DFT level with COBRAMM”, J. Comput. Chem. 2022,
43(24), 1641

2. D. Avagliano, M. Bonfanti, M. Garavelli. L. Gonzalez, “QM/MM
nonadiabatic dynamics: The SHARC/COBRAMM approach”, J. Chem.
Theory Comput. 2021, 17, 8, 4639-4647

3. D. Avagliano, E. Lorini, L. Gonzalez,”Sampling effects in quantum
mechanical/molecular mechanics trajectory surface hopping non-
adiabatic dynamics” Phil. Trans. R. Soc. A.38020200381, 2022

4. C. Adamo, D. Jacquemin, “The calculations of excited-state properties
with Time-Dependent Density Functional Theory”, Chem. Soc. Rev.,
2013,42, 845-856

5. D. Jacquemin, B. Mennucci, C. Adamo, “Excited-state calculations with
TD-DFT: from benchmarks to simulations in complex environments”,
Phys. Chem. Chem. Phys., 2011,13, 16987-16998
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TITLE: VIRTUAL ARCHEOLOGICAL ARTEFACTS ASSEMBLY THROUGH
GEOMETRICAL FEATURES

Topic number : 2024 _011

Field : Information and Communication Science and Technology -
Mathematics and their applications

Subfield: Computer graphics, Virtual Reality, Geometric modeling

ParisTech School: Arts et Métiers

Research team : Virtual reality teams

Research team website: https://institutchalon.ensam.eu/
Research lab: LISPEN

Lab location: Chalon-sur-Saone

Lab website: https://lispen.artsetmetiers.fr/

Contact point for this topic: LOU Ruding ruding@ensam.eu

Advisor 1: Ruding LOU - ruding.lou@ensam.eu
Advisor 2:
Advisor 3:
Advisor 4:

Short description of possible research topics for a PhD:
Archaeology is a fascinating field that involves the study of human history
and prehistory through the excavation and analysis of material remains
such as artifacts. Archaeology today often employs an interdisciplinary
approach, for more comprehensive and precise analysis of archaeological
finds. It covers Geographic Information Systems, databases and
ontologies, geometries, points clouds or images processing, big data and
machine learning. High-resolution 3D scanning and photogrammetry
techniques have become standard tools in archaeology to create detailed
3D models of excavation sites, artifacts, and architectural structures. The
analyze of geometrical features in 3D models of archaeological
assemblies can provide valuable insights into the construction
techniques, design, and organization of ancient structures or artifacts [1-
3]. An international contest, “Forma Urbis Romae” project is still active,
pushing the scientists to the limits, to be able to reassemble a complete



map of Ancient Rome, based on digitized fragments [4]. Another usage of
these 3D models are Virtual Reality (VR) and Augmented Reality (AR).
There can be a powerful tool for the reconstruction and presentation of
cultural heritage. It allows people to explore and experience historical
sites, artifacts, and cultural contexts, in an immersive and interactive
manner. Archaeologists can also use VR/AR to overview and analyze
archaeological sites before physical excavation. This helps in planning
excavations, understanding site layouts, and identifying potential
research areas [5-6]. In this PhD thesis an innovative digital tool based on
VR/AR will be designed and prototyped to allow archeologists exploring
the different geometrical features of 3D artefacts and assembling them in
order to reconstruct historical heritage; The research questions are: what
is the best computer - human interface for the archeologists in virtual
artefacts assembly tasks, and how to let them to perceive and interact
with the geometrical features.

Required background of the student:

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. Le Tien, M., Tan, K. N., & Raffin, R. Matching correspondence between
images and 3D model in a reconstruction process. Journal of Science and
Technology, 2(1), 64-69. 2016.

2. Le Tien, M., Tan, K. N., & Raffin, R. Analysis of geometrical features of
3D model based on the surface curvature of a set of point cloud. In
ICFNDS 2021.

3. Qi-Xing Huang, Simon Flory, Natasha Gelfand, Michael Hofer, and
Helmut Pottmann. 2006. Reassembling fractured objects by geometric
matching. ACM Trans. Graph. 25, 3 (July 2006), 569-578.

4. Emmanuel Durand, Frederic Merienne, Christian Pere, and Patrick
Callet. Ray-on, an On-Site Photometric Augmented Reality Device. ].
Comput. Cult. Herit. 7, 2, Article 7, 2014.

5. LANDRIEU J., Pére C., Rollier J., Castandet S. and SCHOTTE G.
Digital Rebirth of the Greatest Church of Cluny maior Ecclesia: From
Optronic Surveys to Real Time Use of the Digital Model. ISPRS, 2012.
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TITLE: DESIGN OF A NEW COUNTER-ROTATING AXIAL TURBINE TO BE
COUPLED WITH A PUMP AS TURBINE

Topic number : 2024_012

Field : Energy, Processes
Subfield: fluid machinery, fluid mechanics, optimization

ParisTech School: Arts et Métiers

Research team :

Research team website:

Research lab: LIFSE - Laboratoire Ingénierie des Fluides Systemes
Energétiques

Lab location: Paris

Lab website: https://lifse.artsetmetiers.fr/

Contact point for this topic: Capurso Tommaso
tommaso.capurso@ensam.eu

Advisor 1: Tommaso Capurso - tommaso.capurso@ensam.eu
Advisor 2: Florent Ravelet - florent.ravelet@ensam.eu
Advisor 3:

Advisor 4:

Short description of possible research topics for a PhD:

Hydraulic energy demonstrates to be one of the trustworthy solution to
fight climate change. In the past, pumps as turbines (PaT) have been used
in industry as a cheap solution to convert hydraulic energy in mechanical
and electrical energy. Recently, they have found place in pumped storage
systems and in water distribution networks to recover energy from
pressurized flows in place of pressure reducing valves. However, since
these machines are design as pumps, when they are used as turbines,
their BEP is shifted towards higher values of flow rate. This means that at
the exit of the runner, there is a flow characterized by a tangential
component (swirling flow). Namely, there is still energy that can be
recovered. The idea is to design an axial turbomachinery, which rotates
on the opposite direction of the first impeller with the aim to recover
energy still present in the fluid guaranteeing an absolute tangential



velocity of the flow equal to zero. Numerical simulations will be
performed to study the 3D flows exiting from the runner. This input will
be used to design the axial turbine blades. The shape of the joined
turbine draft tube will be designed to maximize the matching between the
2 turbines. The resulting configuration will allow to maximize the
exploitation of hydraulic energy. Finally, the new turbomachinery will be
tested to assess its performance.

Required background of the student:
Fluid dynamics, Turbomachinery, Computational fluid dynamics

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. Capurso, T., Bergamini, L., Torresi, M. (2019). Design and CFD
performance analysis of a novel impeller for double suction centrifugal
pumps. Journal of Nuclear Engineering and Design. Vol. 341 Pages 155-
166 Elsevier. https://doi.org/ 10.1016/j.nucengdes.2018.11.002.

2. Capurso, T., Stefanizzi, M., Pascazio, G., Ranaldo, S., Camporeale,
S.M., Fortunato, B., Torresi, M. (2019). CFD analysis of the slip factor at
the outlet of centripetal turbomachineries. Water. 11(3), 565. MDPI.
https://doi.org/10.3390/w11030565

3. Martin Bourhis, Micha€él Pereira, Florent Ravelet, Ivan Dobrev.
Experimental Thermal and Fluid Science, 2022, 130, pp.110504.
(10.1016/j.expthermflusci.2021.110504)

4. Florent Ravelet, F. Bakir, C. Sarraf, J. Wang. Experimental Thermal
and Fluid Science, 2018, 96, pp.101.
10.1016/j.expthermflusci.2018.03.004
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TITLE: DESIGN OF PASSIVE CAVITATION INDUCTION SYSTEM TO CONTROL
THE TEMPERATURE OF CRYOGENIC FLUIDS

Topic number : 2024 013

Field : Energy, Processes - Material science, Mechanics and Fluids
Subfield:

ParisTech School: Arts et Métiers

Research team :

Research team website:

Research lab: LIFSE - Laboratoire Ingénierie des Fluides Systemes
Energétiques

Lab location: Paris

Lab website: https://lifse.artsetmetiers.fr

Contact point for this topic: Capurso Tommaso
tommaso.capurso@ensam.eu

Advisor 1: Tommaso Capurso - tommaso.capurso@ensam.eu
Advisor 2: Michael Deligant - michael.deligant@ensam.eu
Advisor 3:

Advisor 4:

Short description of possible research topics for a PhD:

In order to contrast climate crisis, hydrogen has been indicated as a
solution for energy storage by converting electrical energy, produced by
Renewable Energy Sources, to chemical energy, know as power-to-gas.
Since hydrogen is characterized by low density, many solutions are under
development, e.g., compressed H2, cryogenic H2 and adsorption. Among
them, cryogenic H2 will be preferred in the long distance transportation,
especially by shipping. This is possible by reducing its temperature at 20
K at ambient pressure. Hence, it is important to control the temperature
of the piping system to avoid hydrogen boil-off, which will undermine the
proper functionality of the apparatus. For this reason, in this project a
new passive system to induce localized cavitation will be developed.
Differently from other liquids, as water, cryogenic fluids are thermal
sensible to phase-change. In particular, under flashing operating



condition, such as cavitation, energy for phase-change is picked up from
surrounding liquid. This process leads to a localized temperature
reduction, which can be used to control hydrogen temperature in
delivering systems. Furthermore, the introduction of a passive system will
reduce global cost of the system. On the other hand, it is demonstrated
the hazardous presence of cavitation in fluids. Thus, it is paramount to
optimize this component to trigger cavitation without inducing vibration
and hazardous working conditions. The aim is to find a good compromise
between life-length and costs of cryogenic components.

Required background of the student:
Computational fluid dynamics, thermodynamics

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. Capurso, T., Lorusso, M., Camporeale, S.M., Fortunato, B., Torresi, M.
(2018) Implementation of a passive control system for limiting cavitation
around hydrofoils. IOP Conf. Ser.: Earth Environ. Sci. 240 032025.
https://doi.org/10.1088/1755-1315/240/3/032025

2. Koffi Samuel Koulekpa, Michael Deligant, Hélene Elias-Birembaux,
Frédéric Rossi, Gérard Poulachon (2023). Analysis of CO2 Jet’s
Temperature by BOS Method for Applications in Cryogenic Machining.
Proceedings of the Machining Innovations Conference for Aerospace
Industry (MIC), http://dx.doi.org/10.2139/ssrn.4657853

3. Bergamini, L., Torresi, M., Capurso, T. (07-05-2018). IT201600111763
(Al) - HIGH EFFICIENCY DOUBLE SUCTION IMPELLER.
https://patents.google.com/patent/US20210190073A1/en

4. Capurso, T., Bergamini, L., Torresi, M. (2019). Design and CFD
performance analysis of a novel impeller for double suction centrifugal
pumps. Journal of Nuclear Engineering and Design. Vol. 341 Pages 155-
166 Elsevier. https://doi.org/ 10.1016/j.nucengdes.2018.11.002.
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TITLE: FROM THE GLOBAL TO THE LOCAL HEAT TRANSFER COEFFICIENT FOR
SINGLE AND TWO-PHASE FILM FLOWS

Topic number : 2024_014

Field : Energy, Processes - Mathematics and their applications
Subfield: Computational fluid dynamics, thermodynamics

ParisTech School: Arts et Métiers

Research team :

Research team website:

Research lab: LIFSE - Laboratoire Ingénierie des Fluides Systemes
Energétiques

Lab location: Paris

Lab website: https://lifse.artsetmetiers.fr

Contact point for this topic: Capurso Tommaso
tommaso.capurso@ensam.eu

Advisor 1: Tommaso Capurso - tommaso.capurso@ensam.eu
Advisor 2: Michael Deligant - michael.deligant@ensam.eu
Advisor 3:

Advisor 4:

Short description of possible research topics for a PhD:

Energy transition pushed the employment of systems based on electro-
chemical processes. However, their life is linked to the management of
both heat production and dissipation. For this reason, many systems have
been developed to reduce and control the temperature of electric,
electronic and electrochemical components during their operation. To
name few, immersion cooling system, cold plated systems and spray
applications. Even though, in order to quantify the mass flow rate of each
system it is important to know the heat transfer coefficient of the specific
application. The latter is characterized by many factors as fluid chemical-
physical properties, regime and configuration. Moreover, the cooling
system can be designed to work with two-phase flows. For this reason, it
is always tough to define in advance the correct value of “h”, the so called
heat transfer coefficient. In this project, fluid dynamics simulations will



be run to investigate the development of the thermal boundary layer of
different types of refrigerants flowing around hot surfaces under different
regimes (laminar and turbulent). Finally, experiments will be carried out
on a test bench to validate numerical simulations. The results fo this work
will be valuable to advance in the conceptualization of more efficient and
reliable cooling systems.

Required background of the student:
Computational fluid dynamics, thermodynamics

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. Capurso, T., Laera, D., Riber, E., Cuenot, B., (2023). NOx pathways in
lean partially premixed swirling H2-air turbulent flame. Combustion and
Flame https://doi.org/10.1016/j.combustflame.2022.112581

2. Beaux, J.-H., Girardeau, ]J., Khelladi, S., Deligant, M., Perilhon, C.
Numerical Investigations of Flows and Heat Transfer in Turbine Disk
Cavities Journal of Engineering for Gas Turbines and Power, 2024,
146(10), 101016

3. Specklin, M., Deligant, M., Sapin, P., Moises Solis, Marc Wagner,
Markides, C.N., Bakir, F. Numerical study of a liquid-piston compressor
system for hydrogen applications. Applied Thermal Engineering, 2022,
216, 118946

4. Chen, L., Deligant, M., Specklin, M., Khelladi, S. Validation and
Application of HEM for Non-ideal Compressible Fluid Dynamic.
ERCOFTAC Series, 2023, 29, pp. 156-165
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TITLE: NEW METHOD TO PREDICT THE VIBRATION CHARACTERISTICS OF
NANOPARTICLES IN BIOLOGICAL TISSUE USING A HIGHER-ORDER NONLOCAL
ELASTICITY AND STRAIN GRADIENT THEORIES : AN EMERGING AVENUE IN
BIOMECHANICS.

Topic number : 2024 015

Field : Material science, Mechanics and Fluids - Mathematics and their
applications - Life and Health Science and Technology

Subfield: Fluid-structure interaction, Viscoelastic properties of biological
materials, Mathematical modeling of nanoparticles vibration in biological
tissues.

ParisTech School: Arts et Métiers

Research team : DIPPE - Structures et Ecoulements Complexes
Research team website: https://lampa.ensam.eu/equipe-dippe-
134463.kjsp?RH=1415871394252&RF=1478611690252

Research lab: LAMPA - Laboratoire angevin de mécanique, procédés et
innovation

Lab location: Angers

Lab website: https://lampa.ensam.eu/accueil-lampa-100748.Kkjsp

Contact point for this topic: EL BAROUDI Adil
adil.elbaroudi@ensam.eu

Advisor 1: Amine AMMAR - amine.ammar@ensam.eu
Advisor 2: Adil EL BAROUDI - adil.elbaroudi@ensam.eu
Advisor 3: Jean Yves LE POMMELLEC -
jeanyves.lepommellec@ensam.eu

Advisor 4:

Short description of possible research topics for a PhD:

Interest in nanomaterials has continued to grow over the past twenty
years. The work carried out to date has made it possible to understand
and use these new materials which have physical and chemical properties
completely different from those known until now thanks to their small
size. This work gave birth to nanotechnology, a vast disciplinary field
which deals with the synthesis, characterization and exploitation of



nanostructured materials. Nanomedicine, still at the development stage,
is part of nanotechnology. In particular, gold nanoparticles are used in
many applications such as catalysis, biology and medicine. In oncology,
these nanoparticles are the subject of growing interest. Three
applications are currently being developed: aid in diagnosis and
radiotherapy, transport of therapeutic molecules (vectorization) and
photothermal therapy. The interest in nanoparticles in oncology is linked
to the fact that nanoparticles injected through the bloodstream
concentrate on tumors. In addition, these particles are chemically inert
and therefore biocompatible. The network of blood vessels around the
tumors promotes this concentration. Moreover, these nanoparticles are
also used as nanovectors for the delivery of therapeutic molecules.
Otherwise, the fixation of gold particles on tumors has given rise to
another very promising application, the photothermal therapy. Finally,
another solution is to vibrate the nanoparticles using a magnetic field.
This vibration activates the cell death mechanisms of cancer cells without
affecting healthy tissues. This perspective makes it necessary to study
resonance frequencies and quality factor.

Required background of the student:
Mechanics and Mathematics

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. X. Huang, A. El Baroudi, J. Y. Le Pommellec and A. Ammar (2024). On
the importance of modified continuum mechanics to predict the vibration
of an embedded nanosphere in fluid, Zeitschrift fur angewandte
Mathematik und Physik.

2. X. Huang, A. El Baroudi and B. Wu (2023). Vibration properties of an
elastic gold nanosphere submerged in viscoelastic fluid, Modern Physics
Letters B.

3. S. Ducottet and A. El Baroudi (2023). Small-scale effects on the radial
vibration of an elastic nanosphere based on nonlocal strain gradient
theory, Nanotechnology.

4.Y. Wu, M. R. K. Alj, K. Chen, N. Fang and M. A. El-Sayed (2018). Gold
nanoparticles in biological optical imaging, Nano Today.

5. A. Ahmed, M. Pelton and J. R. Guest (2017). Understanding How
Acoustic Vibrations Modulate the Optical Response of Plasmonic Metal

Nanoparticles, ACS Nano.
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TITLE: DESIGN AND CONTROL OF AN HYDROGEN INJECTOR WITH THE AID
OF REINFORCEMENT MACHINE LEARNING

Topic number : 2024 016

Field : Energy, Processes - Material science, Mechanics and Fluids

Subfield: Fluid mechanics, Computational fluid dynamics,
thermodynamics, Machine Learning

ParisTech School: Arts et Métiers

Research team :

Research team website:

Research lab: LIFSE - Laboratoire Ingénierie des Fluides Systemes
Energétiques

Lab location: Paris

Lab website: https://lifse.artsetmetiers.fr

Contact point for this topic: Capurso Tommaso
tommaso.capurso@ensam.eu

Advisor 1: Tommaso Capurso - tommaso.capurso@ensam.eu
Advisor 2: Sofiane Khelladi - sofiane.khelladi@ensam.eu
Advisor 3:

Advisor 4:

Short description of possible research topics for a PhD:

In the energy transition from fossil fuels to renewable energies sources,
hydrogen plays the role of main actor. With the objective to decarbonize
the transport sector, hydrogen needs to be used more and more. For
instance, hydrogen can be used in many fields, such as gas turbines
(power generation and aviation), Internal combustion engines, fuel cells,
etc. In the field od combustion, one of the main concern is its mixing with
oxidants in order to guarantee a good level of homogeneity and
stratification. Nonetheless, there are a lot of issues due to its high
flammability, high adiabatic flame temperature and diffusivity. In this
work, a new hydrogen injector will be developed with the purpose to
create an homogeneous mixture avoiding hot spots and thus reducing the
risk of high emission level (NOx). The injector will be designed by



introducing adjustable components able. Machine learning will be used to
develop a control strategy to avoid injection and flame frequencies
matching with natural frequencies of the environmental. The results will
be useful to extend the operating range of the combustion system.
Nonetheless, it will be useful to limit the emission due to hydrogen
combustion.

Required background of the student:
Fluid mechanics, Computational fluid dynamics, thermodynamics,
Machine Learning

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. Anaclerio, G., Capurso, T., Torresi, M., (2023) Gas-dynamic and mixing
analysis of under-expanded hydrogen jets: effect of the cross section
shape. Journal of Fluid Mechanics

2. Capurso, T., Laera, D., Riber, E., Cuenot, B., (2023). NOx pathways in
lean partially premixed swirling H2-air turbulent flame. Combustion and
Flame https://doi.org/10.1016/j.combustflame.2022.112581

3. Ceglie, V., Stefanizzi, M., Capurso, T., Fornarelli, F., Camporeale, S.M.,
(2023). Thermoacoustic Combustion Stability Analysis of a Bluff Body-
Stabilized Burner Fueled by Methane-Air and Hydrogen-Air Mixtures.
Energies. https://doi.org/10.3390/en16073272s

4. Dimola N., Stefanizzi M., Capurso T., Shuller T., Torresi M.,
Camporeale S.M. (2022). Cost-Effective Cfd Analysis of the Acoustic
Response of a Perforated Plate. ASME Turbo Expo 2020: Turbomachinery
Technical Conference and Exposition, GT 2022.

5. Capurso, T., Stefanizzi, M., Torresi, M., Camporeale, S.M. (2022).
Perspective of the role of hydrogen in the 21st century energy transition.
Energy Conversion and Management.
https://doi.org/10.1016/j.enconman.2021.114898
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TITLE: ENVIRONMENTAL AND ECONOMIC SUSTAINABILITY IN HIGH
PRECISION MANUFACTURING BASED ON ADAPTIVE TOLERANCE
OPTIMIZATION

Topic number : 2024 017

Field : Design, Industrialization - Environment Science and Technology,
Sustainable Development, Geosciences

Subfield: Sustainabilty in smart manufacturing

ParisTech School: Arts et Métiers

Research team :

Research team website:

Research lab: LCFC - Laboratoire de conception, fabrication, commande
Lab location: Metz

Lab website: http://Icfc.ensam.eu/

Contact point for this topic: HOMRI - Lazhar - lazhar.homri@ensam.eu

Advisor 1: Lazhar HOMRI - lazhar.homri@ensam.eu
Advisor 2: Jean-Yves DANTAN - jean-yves.dantan@ensam.eu
Advisor 3:

Advisor 4:

Short description of possible research topics for a PhD:

Sustainable and smart manufacturing has become a strategic focus as
industries have begun exploring new ways to use resources efficiently,
improve product quality, and reduce energy consumption. Integrating
environmental considerations into every stage of product development in
manufacturing industries plays a crucial role in reducing energy and
resource consumption and improving quality. The efficiency of the
resulting products is ultimately influenced by the conditions in which they
are designed, manufactured, and assembled. The convergence of
advanced technologies and new data analytics provide real-time feedback
for smart manufacturing process control and adaptive product
development for parts tolerance allocation as key element, ultimately
leading to improved manufacturing efficiency and reduced scrap rates by
integrating principles of reusing and remanufacturing. A tradeoff



between cost, quality, energy consumption and material, aims to better
meet the requirements. With the introduction of precision manufacturing
technology, traditional tolerance optimization models that only consider
cost and quality can no longer meet the requirements. The issue of
optimizing energy consumption in the manufacturing process should be
more considered. Therefore, the tradeoffs between manufacturing cost,
quality loss, and energy consumption during processing are considered as
objective functions. A multi-objective optimization model for tolerance
allocation is defined based on cost, quality, and energy consumption, that
aims to serve as a surrogate model.

Required background of the student:
Mechanical Engineering, Sustainability, Mathematics, Computer science

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. Khezri, A., Homri, L., Etienne, A., & Dantan, J. Y. (2023). Hybrid cost-
tolerance allocation and production strategy selection for complex
mechanisms: simulation and surrogate built-in optimization models.
Journal of Computing and Information Science in Engineering, 23(5),
051003.

2. Hoffenson, S., Dagman, A., & Soderberg, R. (2015). Visual quality and
sustainability considerations in tolerance optimization: A market-based
approach. International Journal of Production Economics, 168, 167-180
3. Dantan, J.-Y. and Eifler, T., 2021, Tolerance allocation under
behavioural simulation uncertainty of a multiphysical system. CIRP
Annals, 70, 127-130.

4. Wang, Y., Huang, A., Quigley, C. A., Li, L., & Sutherland, J. W. (2021).
Tolerance allocation: Balancing quality, cost, and waste through
production rate optimization. Journal of Cleaner Production, 285, 124837.
5. Natarajan, J., Sivasankaran, R., & Kanagaraj, G. (2018). Bi-objective
optimization for tolerance allocation in an interchangeable assembly
under diverse manufacturing environment. The International Journal of
Advanced Manufacturing Technology, 95, 1571-1595.



Pa Fi STG C h \ étrﬁlétiers

RESEARCH TOPIC FOR THE PARISTECH/CSC PHD PROGRAM
Field: Design, Industrialization
Subfield: Mechanical Eng., Industrial Eng., Process Eng.

Title: Environmental and Economic Sustainability in High Precision Manufacturing based on
Adaptive Tolerance Optimization

ParisTech School: Arts et Métiers Sciences et Technologies

Advisor(s) Name: Lazhar HOMRI, Jean-Yves DANTAN

Advisor(s) Email: lazhar.homri@ensam.eu

Research group/Lab: LCFC

Lab location: Arts et Métiers Institute of Technology, Campus of Metz
(Lab/Advisor website): http://Icfc.ensam.eu/

Short description of possible research topics for a PhD:

Sustainable and smart manufacturing has become a strategic focus as industries
have begun exploring new ways to use resources efficiently, improve product quality, and
reduce energy consumption. Integrating environmental considerations into every stage of
product development in manufacturing industries plays a crucial role in reducing energy and
resource consumption and improving quality. The efficiency of the resulting products is
ultimately influenced by the conditions in which they are designed, manufactured, and
assembled.

The convergence of advanced technologies and new data analytics provide real-time
feedback for smart manufacturing process control and adaptive product development for
parts tolerance allocation as key element, ultimately leading to improved manufacturing
efficiency and reduced scrap rates by integrating principles of reusing and remanufacturing.
A tradeoff between cost, quality, energy consumption and material, aims to better meet the
requirements.

With the introduction of precision manufacturing technology, traditional tolerance
optimization models that only consider cost and quality can no longer meet the requirements.
The issue of optimizing energy consumption in the manufacturing process should be more
considered. Therefore, the tradeoffs between manufacturing cost, quality loss, and energy
consumption during processing are considered as objective functions. A multi-objective
optimization model for tolerance allocation is defined based on cost, quality, and energy
consumption, that aims to serve as a surrogate model.


mailto:lazhar.homri@ensam.eu
http://lcfc.ensam.eu/
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Figure 1. Sustainability and design decisions impacts
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Required background of the student: Mechanical Engineering, Sustainability, Mathematics,
Computer science

Key words: Sustainability, reusing, tolerancing, Cost, Energy, Optimization, Al.

A list of 5 (max.) representative publications of the group:

1.

Khezri, A., Homri, L., Etienne, A., & Dantan, J. Y. (2023). Hybrid cost-tolerance allocation
and production strategy selection for complex mechanisms: simulation and surrogate
built-in optimization models. Journal of Computing and Information Science in
Engineering, 23(5), 051003.

Hoffenson, S., Dagman, A., & Soderberg, R. (2015). Visual quality and sustainability
considerations in tolerance optimization: A market-based approach. International Journal
of Production Economics, 168, 167-180.

Dantan, J.-Y. and Eifler, T., 2021, Tolerance allocation under behavioural simulation
uncertainty of a multiphysical system. CIRP Annals, 70, 127-130.

Wang, Y., Huang, A., Quigley, C. A,, Li, L., & Sutherland, J. W. (2021). Tolerance allocation:
Balancing quality, cost, and waste through production rate optimization. Journal of
Cleaner Production, 285, 124837.

Natarajan, J., Sivasankaran, R., & Kanagaraj, G. (2018). Bi-objective optimization for
tolerance allocation in an interchangeable assembly under diverse manufacturing
environment. The International Journal of Advanced Manufacturing Technology, 95,
1571-1595.
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TITLE: ARTIFICIAL INTELLIGENCE REINFORCED MATERIALS AND
PROCESSING OPTIMIZATION FOR POWDER BED FUSION-LASER BEAMS

Topic number : 2024 018

Field : Material science, Mechanics and Fluids
Subfield: Smart Manufacturing

ParisTech School: Arts et Métiers

Research team :

Research team website:

Research lab: MSMP - Laboratoire Mécanique, Surface, Matériaux et
Procédés

Lab location: Chalons-en-Champagne

Lab website: https://www.msmp.eu/

Contact point for this topic: Nan KANG, nan.kang@ensam.eu

Advisor 1: Nan KANG - nan.kang@ensam.eu
Advisor 2:
Advisor 3:
Advisor 4:

Short description of possible research topics for a PhD:

Powder bed fusion-laser beam (PBF-LB) additive manufacturing (AM)
holds immense promise for the fabrication of complex, high-performance
components across various industries. However, the optimization of
materials and processing parameters remains a critical challenge,
impacting the final quality, mechanical properties, and efficiency of
manufactured parts. This project focuses on an innovative approach that
integrates artificial intelligence (AI) techniques to enhance PBF-LB
processes by optimizing material selection and processing parameters.
First, the utilization of AI algorithms, such as machine learning and
neural networks, enables the identification and characterization of
suitable materials for PBF-LB, considering factors such as chemical
composition, powder morphology, and solidification properties. By
analyzing vast datasets encompassing material properties and AM
process parameters, Al models can predict material behavior during



processing, aiding in the selection of materials with desirable properties
for specific applications. Second, Al-driven optimization algorithms
facilitate the tuning of processing parameters in real time, ensuring
enhanced part quality and performance. Through iterative learning and
feedback mechanisms, these algorithms adaptively adjust the laser
power, scan speed, hatch spacing, and other process variables to
minimize defects, such as porosity, warping, and residual stresses, while
maximizing the build speed and energy efficiency. Overall, the synergistic
combination of AI and PBF-LB technology offers unprecedented
opportunities for accelerating the adoption of additive manufacturing in
various industries by facilitating the production of high-quality, complex
components with superior mechanical properties and performance.

Required background of the student:

1. Candidates should have a master’s degree in the field of artificial
intelligence;

2. A background in additive manufacturing will be a clear advantage;

3. Candidates should be able to work in a multidisciplinary environment
and be fluent in English (both oral and written)

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. Machine learning in additive manufacturing: State-of-the-art and
perspectives, Additive Manufacturing, Volume 36, December 2020,
101538, https://doi.org/10.1016/j.addma.2020.101538

2. Smart additive manufacturing: Current artificial intelligence-enabled
methods and future perspectives. Sci. China Technol. Sci. 63, 1600-1611
(2020). https://doi.org/10.1007/s11431-020-1581-2

3. Laser powder bed fusion of a novel high strength quasicrystalline Al-
Fe-Cr reinforced Al matrix composite, Advanced Powder Materials,
Volume 2, Issue 2, , April 2023, 100108,
https://doi.org/10.1016/j.apmate.2022.100108
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TITLE: CONSTRUCTION OF CERAMIC MATRIX COMPOSITES WITH
STRUCTURAL PROGRAMMING FOR STEREOLITHOGRAPHY ADDITIVE
MANUFACTURING

Topic number : 2024 019

Field : Energy, Processes - Material science, Mechanics and Fluids
Subfield: Additive Manufacturing

ParisTech School: Arts et Métiers

Research team :

Research team website:

Research lab: MSMP - Laboratoire Mécanique, Surface, Matériaux et
Procédés

Lab location: Aix-en-Provence

Lab website: https://www.msmp.eu/

Contact point for this topic: Nan KANG, nan.kang@ensam.eu

Advisor 1: Mohamed EL. MANSORI - mohamed.elmansori@ensam.eu
Advisor 2:
Advisor 3:
Advisor 4:

Short description of possible research topics for a PhD:
Stereolithography (SLA) additive manufacturing has gained prominence
for its ability to produce complex geometries with high resolution and
accuracy. However, the application of SLA to ceramic matrix composites
(CMCs) has been limited due to challenges in material selection,
processing, and postprocessing. This project employs programming
techniques tailored for SLA-based fabrication of CMCs to obtain high-
density and high-dimensional accuracy components. It then delves into
the specific challenges associated with SLA-based fabrication of CMCs,
such as material viscosity, photopolymerization kinetics, and ceramic
particle dispersion. The programming strategies encompass material
formulation techniques for achieving homogenous ceramic dispersion
within photopolymer resins, as well as process parameter optimization
methodologies to enhance the build quality, dimensional accuracy, and



mechanical properties of CMC parts. Finally, the thermal treatment
processes for ceramic phase formation and matrix densification
demonstrate the feasibility of producing fully densified CMC components
with tailored microstructures and superior mechanical performance. The
objective of this project is to advance the capabilities of SLA-AM, paving
the way for the widespread adoption of CMCs in diverse industrial
sectors.

Required background of the student:

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. A comprehensive review of the photopolymerization of ceramic resins
used in stereolithography, Additive Manufacturing, Volume 35, October
2020, 101177, https://doi.org/10.1016/j.addma.2020.101177

2. Stereolithography-based additive manufacturing of lightweight and
high-strength Cf/SiC ceramics, Additive Manufacturing, Volume 35,
October 2020, 101177, https://doi.org/10.1016/j.addma.2020.101177

3. A review on the progress and challenges of binder jet 3D printing of
sand moulds for advanced casting, Additive Manufacturing, Volume 40,
April 2021, 101889, https://doi.org/10.1016/j.addma.2021.101889
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TITLE: INVESTIGATION ON THE RESIDUAL STRESS AND MULTI-SCALED
STRUCTURE IN LASER POWDER BED FUSION ADDITIVE MANUFACTURED H13
STEEL

Topic number : 2024 020

Field : Material science, Mechanics and Fluids - Energy, Processes
Subfield: Additive Manufacturing

ParisTech School: Arts et Métiers

Research team :

Research team website:

Research lab: MSMP - Laboratoire Mécanique, Surface, Matériaux et
Procédés

Lab location: Chalons-en-Champagne

Lab website: https://www.msmp.eu/

Contact point for this topic: Nan KANG, nan.kang@ensam.eu

Advisor 1: Nan KANG - nan.kang@ensam.eu
Advisor 2:
Advisor 3:
Advisor 4:

Short description of possible research topics for a PhD:

This work focuses on a detailed investigation into the formation of
residual stress and defects, as well as their multi-scale effects, in the
Laser Powder Bed Fusion (LPBF) additive manufacturing processed H13
steel. LPBF, a widely used technique for fabricating complex metal
structures with high precision, encounters significant challenges due to
the non-uniform thermal gradients that arise during rapid heating and
cooling cycles. These thermal fluctuations lead to the accumulation of
residual stress and the development of various defects, including
porosity, lack of fusion, keyhole defects, and microcracks. Residual stress
can cause distortions, reduce fatigue life, and compromise the overall
mechanical performance of the manufactured components, while defects
can serve as stress concentrators that further weaken the structure. The
mechanisms responsible for the development of residual stress and



defects at multiple scales: micro-scale (grain boundaries, phase
transformations), meso-scale (layer-by-layer heat accumulation, melt pool
dynamics), and macro-scale (overall part deformation and warping) will
be considered. By using advanced characterization techniques and
simulations, the work will highlights the interactions between thermal
stresses, material properties, and defect formation. These insights
provide a comprehensive understanding of how residual stress and
defects evolve during the LPBF process, enabling strategies for
optimizing process parameters and improving the quality and reliability
of additively manufactured parts.

Required background of the student:

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. A review on the multi-scaled structures and mechanical/thermal
properties of tool steels fabricated by laser powder bed fusion additive
manufacturing. Int ] Miner Metall Mater 31, 1048-1071 (2024).
https://doi.org/10.1007/s12613-023-2731-5

2. Study on the in situ strengthening and toughening mechanism of H13
tool steel/WC-12Co composite using laser-based directed energy
deposition, Composites Part B: Engineering, Volume 266, , November
2023, 111011. https://doi.org/10.1016/j.compositesb.2023.111011

3. Impact of applied loads on wear mechanisms in H13 steel at various
preheating temperatures during laser powder bed fusion additive
manufacturing, Wear, Volumes 556-557, 15 November 2024, 205538.
https://doi.org/10.1016/j.wear.2024.205538
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TITLE: VIRTUAL REALITY FOR PHYSICAL VAPOR DEPOSITION

Topic number : 2024_021

Field : Information and Communication Science and Technology -
Material science, Mechanics and Fluids - Design, Industrialization

Subfield: Computer graphics, Geometric modelling, Virtual reality,
Physical simulation, PVD

ParisTech School: Arts et Métiers

Research team : Virtual reality team

Research team website: https://institutchalon.ensam.eu/
Research lab: LISPEN

Lab location: Chalon-sur-Sa6ne

Lab website: https://lispen.artsetmetiers.fr/

Contact point for this topic: Ruding - LOU - ruding.lou@ensam.eu

Advisor 1: Ruding LOU - ruding.lou@ensam.eu
Advisor 2:
Advisor 3:
Advisor 4:

Short description of possible research topics for a PhD:

Sputtering is one of the technic grouped under the denomination of
Physical Vapor Deposition (PVD). The objective of these processes is to
deposit matter on the surface of a piece by the mean of a vapor generated
physically (i.e. thermally or mechanically). The deposition results in a
film, or coating, few micrometres thick and from centimetre to meter in
lateral dimension. The deposited film changes the surface properties of
the piece. The applications are found in microelectronics, optics, data
storage devices, energy (photovoltaic solar panel, batteries, fuel cells),
medical devices (implants, prosthesis, tools), cutting tools and many
others. In the context of Industry 4.0, Mixed reality (MR) plays a crucial
role by merging the physical and digital worlds, providing immersive and
interactive experiences. MR in Industry 4.0 enhances productivity,
efficiency, and innovation by bridging the gap between the physical and
digital realms, enabling new ways of working, training, and problem-



solving in the industrial context. MR allows engineers and designers to
visualize complex 3D models and data in a realistic environment. This
aids in designing, prototyping, and optimizing products and processes.
MR enables the integration of digital twins, allowing real-time
monitoring, simulation, and analysis of physical assets and processes. MR
supports predictive maintenance by providing real-time data visualization
and analytics. The aim of this project is to develop a new interactive MR
application for PVD based on scientific data obtain by experimental
measurements and numerical computations. ¢ Process Visualization: MR
can overlay relevant data, such as temperature, pressure, and deposition
rates, onto the physical PVD equipment in real-time. This enables
operators to monitor the process parameters more effectively and make
informed decisions for process optimization. * Maintenance and
Troubleshooting: MR can assist maintenance personnel in identifying and
addressing issues with PVD equipment. By overlaying digital information
on the physical equipment, maintenance procedures can be guided step
by step, reducing downtime and improving the overall reliability of the
system. ¢ Customization and Design: MR can aid in the design and
customization of coatings. By visualizing virtual prototypes and
simulations in the physical environment, engineers and designers can
make informed decisions about the composition and thickness of
coatings, leading to improved product performance. The following
research questions will be addressed during the proposed PhD : « What is
the best interaction metaphor to let user visualize the virtual coating

film ? o Under different representations: point cloud (for atoms) or
surface mesh (for volume) o Through different scales: macroscope
(coating piéce) or microscope (column-like structure) * How to design the
augmented reality visualization for virtual PVD process in real machine ?
o When the real PVD is stopped, how to visualize the simulated PVD
results o During the real PVD process, how to synchronize the virtual PVD
with which data ? * How to real-time and imprecisely simulate the PVD
process in mixed reality application ? o Using scientific simulation
software to simulate multiple cases o Using Al to train a black box model
that can predict simulation result in MR

Required background of the student:

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. B. Li, F. Segonds, C. Mateev, R. Lou, F. Merienne, "Design in context
of use: An experiment with a multi-view and multi-representation system
for collaborative design", Computers in Industry, 103: 28 - 37, 2018.

2. Watiez, N. et al. (2023). Finite Element Mesh Generation for Nano-
scale Modeling of Tilted Columnar Thin Films for Numerical Simulation.

In: Noel, F., Nyffenegger, F., Rivest, L., Bouras, A. (eds) Product Lifecycle



Management. PLM in Transition Times: The Place of Humans and
Transformative Technologies. PLM 2022. IFIP Advances in Information
and Communication Technology, vol 667. Springer, Cham

3. Watiez, N., Cotton, D., Besnard, A., Lou, R., Birembaux, H., & Outeiro,
J, Augmented reality representation for the investigation of simulated
inclined chromium thin films, In PLATHINIUM, Antibes, France,
September 2023
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TITLE: EXPLORING HUMAN-AI COLLABORATION MODELS IN INDUSTRIAL
PROCESSES: A FRUGAL APPROACH TO DEFINE THE OPTIMAL
COLLABORATION BALANCE FOR ENHANCED PERFORMANCE.

Topic number : 2024 022

Field : Design, Industrialization

Subfield: Industrial engineering, Information system, Artificial
intelligence.

ParisTech School: Arts et Métiers

Research team : Kenza AMZIL, Nathalie Klement, Esma YAHIA, Lionel
ROUCOULES

Research team website:

Research lab: LISPEN - Laboratoire d'ingénierie des systemes physiques
et numériques

Lab location: Aix-en-Provence

Lab website: https://lispen.artsetmetiers.fr/

Contact point for this topic: AMZIL - Kenza - kenza.amzil@ensam.eu

Advisor 1: Kenza AMZIL - kenza.amzil@ensam.eu

Advisor 2: Esma Yahia - esma.yahia@ensam.eu

Advisor 3: Nathalie Klement - nathalie.klement@ensam.eu
Advisor 4: Lionel Roucoules - lionel.roucoules@ensam.eu

Short description of possible research topics for a PhD:

This PhD program will investigate and evaluate different modes of
human-AI collaboration in industrial environments to determine the
optimal balance between human and Al involvement. The objective is to
assess how varying degrees of Al autonomy—from fully autonomous Al to
human-controlled processes—impact key performance indicators such as
task efficiency, cost optimization, transparency, user acceptability, etc.
Intermediate collaboration models, such as Al-assisted decision-making,
shared task responsibilities, and human supervision of Al, will also be
examined. A comprehensive evaluation framework will be developed
based on four critical dimensions: ¢ Efficiency: Examining task
performance improvements, resource optimization, reduction of human



errors, and the speed of execution in different collaborative
configurations. * Transparency: Ensuring that the AI’s processes are
interpretable, roles between human and Al are clearly defined, and
interactions are smooth and intuitive for users. * Adaptability: Assessing
how human-Al systems adjust to new contexts, evolving tasks, and
varying user preferences, as well as their ability to improve through
learning and continuous interaction. ¢ Ethics and Security: Assessing the
system's adherence to ethical standards, prevention of biases, data
privacy, and robustness against security threats. The research will
employ both qualitative and quantitative methods, combining interviews,
simulations, and performance evaluations to identify best practices in
human-Al interaction in order to build a framework for recommending
the best mode of Human-Al collaboration depending on the specific
situation and its characteristics. Experiments will be conducted in
simulated industrial settings to validate these collaboration models, with
a focus on determining the minimum viable AI involvement required to
maintain optimal task performance and user satisfaction. This approach
aligns with frugal innovation principles, which emphasize the need for
resource-efficient solutions that deliver maximum value while minimizing
complexity and costs. This PhD project will provide valuable insights into
how human-AlI collaboration can be best structured in industrial
processes to achieve superior performance in a cost-effective, resource-
efficient manner while maintaining flexibility and transparency in
decision-making.

Required background of the student:
Industrial engineering, Information system, Artificial intelligence.

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. Song, Binyang, Qihao Zhu, et Jianxi Luo. « Human-Al Collaboration by
Design ». Proceedings of the Design Society 4 (mai 2024): 2247-56.
https://doi.org/10.1017/pds.2024.227.

2. Heinzl, B., Silvina, A., Krause, F., Schwarz, N., Kurniawan, K., Kiesling,
E., ... & Moser, B. (2024, April). Towards Integrating Knowledge Graphs
into Process-Oriented Human-AI Collaboration in Industry. In
International Conference on Software Quality (pp. 76-87). Cham:
Springer Nature Switzerland.

3. Fragiadakis, George, Christos Diou, George Kousiouris, et Mara
Nikolaidou. « Evaluating Human-AI Collaboration: A Review and
Methodological Framework ». arXiv, 9 juillet 2024.
http://arxiv.org/abs/2407.19098.



4. Amzil K., Yahia E., Klement N., Roucoules L. (2021) Causality Learning
Approach for Supervision in the Context of Industry 4.0. In: Roucoules L.,
Paredes M., Eynard B., Morer Camo P., Rizzi C. (eds) Advances on
Mechanics, Design Engineering and Manufacturing III. JCM 2020.
Lecture Notes in Mechanical Engineering. Springer, Cham.
https://doi.org/10.1007/978-3-030-70566-4 50

5. Hartikainen, M., Spurava, G., & Vaananen, K. (2024). Human-AI
Collaboration in Smart Manufacturing: Key Concepts and Framework for
Design. HHAI 2024: Hybrid Human AI Systems for the Social Good, 162-
172.
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TITLE: GRADIENT DAMAGE APPROACH: APPLICATION TO CEMENTITIOUS
COMPOSITES FAILURE

Topic number : 2024 _023

Field : Material science, Mechanics and Fluids - Material science,
Mechanics and Fluids - Material science, Mechanics and Fluids

Subfield.:

ParisTech School: Arts et Métiers

Research team : DIPPE

Research team website: https://lampa.ensam.eu/equipe-dippe-axe-sec-
144046.kjsp?RH=1478611690252

Research lab: LAMPA - Laboratoire angevin de mécanique, procédés et
innovation

Lab location: Angers

Lab website: https://lampa.ensam.eu/le-laboratoire-100789.kjsp?
RH=1478611690252&RF=1415870871805

Contact point for this topic: EL AREM - Saber -
saber.elarem@ensam.eu

Advisor 1: Amine Ammar - amine.ammar@ensam.eu
Advisor 2: Saber EL AREM - saber.elarem@ensam.eu
Advisor 3: Karim Miled - karim.miled@enit.utm.tn
Advisor 4:

Short description of possible research topics for a PhD:

The degradation of quasi-brittle materials such as concrete and
cementitious composites are generally brittle at the microscopic scale
and ductile at the macroscopic scale (damage). Moreover, this quasi-
brittleness is depending on the heterogeneous microstructure of the
material (volume fraction, shape and size of the inclusions as well as their
nature and the contrast in rigidity between the cementitious matrix and
the inclusions), which often generates a different failure modes. This
often results in a transition from a brittle failure mode to a more ductile
mode or vice versa, and generates a size effect on the compressive
strength of cementitious materials whose apprehension and modeling are



complex. Indeed, several types of inclusions with different physical and
mechanical properties can be incorporated into a cementitious matrix
depending on the desired application. In ordinary concrete of common
density, these inclusions are natural aggregates of sand and gravel which
are more rigid than hardened cement paste. On the other hand, in a light
concrete, the inclusions are very flexible light aggregates or even air
bubbles assimilated to pores. Furthermore, these inclusions can have
different shapes and sizes and can be regularly or randomly distributed in
the cementitious matrix. Despite the abundance of scientific literature on
the subject of compressive failure of quasi-brittle cementitious materials,
this subject remains topical. In fact, there are several ways to model it.
Some are purely empirical since they are based on tests on real materials
in which the microstructure is varied. This approach is costly because it
requires a very large number of tests to be able to correctly understand
the failure mechanisms and predict all the effects of the microstructure of
the material studied on its compressive strength. Other approaches are
purely numerical and are based first on the modeling of the real or
idealized microstructure of these materials and then on the adoption of a
nonlinear constitutive law modeling the behavior of the cementitious
matrix placed between the inclusions which are generally assumed to be
elastic or perfectly rigid. This approach is efficient but costly in terms of
numerical implementation and computation time. Moreover, certain local
numerical models exhibit problems of pathological localization of the
damage or concentration of the stresses in points of the cracks leading to
problems of nonconvergence of computation or mesh dependence of the
results. Recently, alternative methods for the numerical simulation of
brittle fracture phenomena have appeared and where discontinuities are
not explicitly introduced into the solid. The major advantage of using a
phase field is that the evolution of the fracture surfaces stems from the
resolution of a coupled system of PDE. It is not necessary to explicitly
follow the topology of the crack nor to constrain its path a priori. Thus,
this approach will be adopted in the PhD proposal to simulate the
complete failure process of cementitious composites containing different
types of inclusions.

Required background of the student:

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. K Miled, K Sab, R Le Roy - "Particle size effect on EPS lightweight
concrete compressive strength: Experimental investigation and
modelling" - Mechanics of Materials, 2007

2. K Miled, K Sab, R Le Roy - "Effective elastic properties of porous
materials: Homogenization schemes vs experimental data", Mechanics

Research Communications, 2011



3. A Naija, K Miled - " Numerical study of the influence of W/C ratio and
aggregate shape and size on the ITZ volume fraction in concrete"-
CoConstruction and Building Materials, 2022nstruction and Building
Materials, 2022

4. H Gmati, C Mareau, A Ammar, S El AremH Gmati, C Mareau, A
Ammar, S El Arem - "A phase-field model for brittle fracture of
anisotropic materials"-International Journal for Numerical Methods in

Engineering, 2020
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TITLE: DYNAMIC CRACK PROPAGATION IN MULTIDIRECTIONAL
FUNCTIONALLY GRADED MATERIALS UNDER MECHANICAL AND THERMAL
LOADINGS

Topic number : 2024 024

Field : Material science, Mechanics and Fluids - Material science,
Mechanics and Fluids - Material science, Mechanics and Fluids

Subfield: Mechanics of solids

ParisTech School: Arts et Métiers

Research team : DIPPE

Research team website: https://lampa.ensam.eu/les-equipes-de-
recherche-100787.kjsp?RH=1415871756377&RF=1415871394252
Research lab: LAMPA - Laboratoire angevin de mécanique, procédés et
innovation

Lab location: Angers

Lab website: https://lampa.ensam.eu/accueil-lampa-100748.kjsp

Contact point for this topic: saber EL. AREM saber.elarem@ensam.eu

Advisor 1: AMINE AMMAR - amine.ammar@ensam.euami
Advisor 2: Saber EL AREM - saber.elarem@ensam.eu
Advisor 3: Mohammad-Javad KAZEMZADEHPARSI -
javad.kazem@ensam.eu

Advisor 4:

Short description of possible research topics for a PhD:
Functionally Graded Materials (FGM) are new class of composite
materials that their mechanical properties evolve continuously in space.
In traditional composite materials, the mechanical properties change
sharply at the interface of different phases and this leads to high
interfacial stresses and in many times the origin of failure. Whereas, the
gradual variation of material properties in FGM materials prevents from
such behaviors. This feature makes the FGM as the ideal choice in severe
thermal environments and make it possible to have a part with pure
metallic phase at one point to satisfy strength and pure ceramic phase at
other point to resist again high temperature. One example application of



FGM materials is heat barrier in spacecrafts. Optimal design of FGM
materials consists of accurate determination of spacial distribution of
concentration (or volume fraction) of constituents. Recent technologies
use additive manufacturing to produce FGM materials and consequently
the FGM parts with multi directional material variations are realistic
today. Failure analysis is the inseparable part of any engineering design
and crack propagation is the inseparable part of any failure analysis.
Therefore, analysis of crack propagation in FGM materials are highly
important in optimal design of such products. Phase field approach is the
most accurate and versatile technique in moving boundary problems
specially crack propagations. The main objective of the present project is
to establish a general approach for accurate dynamic crack propagation
and failure in components made of FGM materials in the framework of
gradient damage approach.

Required background of the student:
Master in Mechanics and Material sciences; Applied mechanics,
numerical methods

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. M] Kazemzadeh-Parsi, A Ammar, F ChinestaM] Kazemzadeh-Parsi, A
Ammar, F Chinesta "Parametric analysis of thick FGM plates based on
3D thermo-elasticity theory: a proper generalized decomposition
approach", Materials, 2023

2. MJ Kazemzadeh-Parsi, F Chinesta, A Ammar, "Proper generalized
decomposition for parametric study and material distribution design of
multi-directional functionally graded plates based on 3D elasticity
solution", Materials, 2021

3. H Gmati, C Mareau, A Ammar, S El Arem H Gmati, C Mareau, A
Ammar, S El Arem , " A phase-field model for brittle fracture of
anisotropic materialsA phase-field model for brittle fracture of aniotropic
materials", International Journal for Numerical Methods in Engineering,
2020
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TITLE: ENGINEERING OF MULTIMODAL MAGNETIC RESONANCE AND
OPTICAL IMAGING USING THERANOSTIC FORMULATIONS AGAINST CANCER
AND INFLAMMATION

Topic number : 2024 025

Field : Life and Health Science and Technology - Chemistry, Physical
chemistry and Chemical Engineering - Material science, Mechanics and
Fluids

Subfield: Bioimaging

ParisTech School: Chimie ParisTech - PSL

Research team : Synthesis, Electrochemistry, Imaging and Analytical
Systems for Diagnosis

Research team website: https://iclehs.fr/research/seisad/

Research lab: I-CLEHS - Institute of chemistry for life and health
Lab location: Paris

Lab website: https://iclehs.fr/research/seisad/

Contact point for this topic: DOAN Bich-Thuy, bich-
thuy.doan@chimieparistech.psl.eu

Advisor 1: Bich Thuy Doan - bich-thuy.doan@chimieparistech.psl.eu
Advisor 2:
Advisor 3:
Advisor 4:

Short description of possible research topics for a PhD:

Cancer is a major public health problem worldwide. Inflammatory
diseases such as osteoarthritis is the leading cause of disability. Clinical
therapy therefore could benefit from image-guided therapy which needs
the development of both: i) sensitive imagings diagnostic methods and ii)
effective tolerated new therapies. In this context, the research for
innovative and efficient systems to effectively diagnose and treat diseases
is highly active: we propose the development of new multifunctional
nanoformulations with bioimaging features. These theranostic probes will
enable to be vectorized to target diseased tissues and bring medicine.
More precisely, we propose to develop quantitative multimodal and



multiscale molecular bioimaging methods based on MRI and optical
imaging to codevelop, characterize and evaluate innovative nanomedicine
with bimodal fluorescent magnetic, and photoactive therapeutical
properties, and incorporated them in hydrogels matrix for sustained
release, in collaboration with chemists team at the Université PSL and
University Paris Cité. The task is to gather multiparametric imaging data
(molecular, functional...) to identify new diagnostic imaging features
applied to the study of cancer and inflammation in preclinics.

Required background of the student:
Basics in chemistry, biomedical engineering, Bioimagings

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. Boumati S., ... BT Doan, Three in One: Anti Cancer Activity in vitro
and in vivo Evaluation of a Theranostic Agent that Combines Magnetic
Resonance Imaging, Optical Bioimaging and Photodynamic Therapy
Capabilities ACS Appl Bio Mater. 2023 ;6(11):4791-4804. doi:
10.1021/acsabm.3c00565

2. Zhang Y, Doan BT and Gasser G. Metal-Based Photosensitizers as
Inducers of Regulated Cell Death Mechanisms Chemical Reviews 2023
123 (16), 10135-10155 DOI: 10.1021/acs.chemrev.3c00161

3. Do HD, Ménager C, Michel A, Seguin J, Korichi T, Dhotel H, Marie C,
Doan BT, Mignet N. Development of Theranostic Cationic Liposomes
Designed for Image-Guided Delivery of Nucleic Acid. Pharmaceutics.
2020 ;12(9):854. doi: 10.3390/pharmaceutics12090854

4. Thébault CJ, Ramniceanu G, Boumati S, Michel A, Seguin J, Larrat B,
Mignet N, Ménager C, Doan BT. Theranostic MRI liposomes for magnetic
targeting and ultrasound triggered release of the antivascular CA4P. ]
Control Release. 2020. pii: S0168-3659(20)30150-4. doi:
10.1016/j.jconrel.2020.03.003

5. Piraquive J, Leporg B, Wan JH, Lambert SA, Mignet N, Doan BT,
Lotersztajn S, Garteiser P, Van Beers BE In vitro distinction between
proinflammatory and antiinflammatory macrophages with gadolinium-
liposomes and ultrasmall superparamagnetic iron oxide particles at 3.0T.
J Magn Reson Imaging. 2019;49(4):1166-1173. doi: 10.1002/jmri.26331
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TITLE: SMART AND MULTIPHYSICS SOLID-SHELL FINITE ELEMENTS FOR THE
3D SIMULATION OF THIN STRUCTURES

Topic number : 2024 _026

Field : Material science, Mechanics and Fluids
Subfield: Mechanical Engineering

ParisTech School: Arts et Métiers

Research team : Numerical Methods, Instabilities and Vibrations
Research team website:

Research lab: LEM3 - Laboratoire d'étude des microstructures et de
meécanique des matériaux

Lab location: Metz

Lab website: https://lem3.univ-lorraine.fr/

Contact point for this topic: CHALAL Hocine
[hocine.chalal@ensam.eu]

Advisor 1: Farid ABED-MERAIM - Farid.Abed-Meraim@ensam.eu
Advisor 2: Hocine CHALAL - Hocine.chalal@ensam.eu

Advisor 3:

Advisor 4:

Short description of possible research topics for a PhD:

In nowadays manufacturing industry, thin structures are widely designed
and employed to reduce weight of products, while improving their
mechanical performances (strength, crashworthiness ...). The simulation
of these thin structures using the finite element method has become more
and more important in the design and manufacture processes. In our
research group, we have recently developed a family of solid[Jshell finite
elements, which are capable of modeling most 3D thin structural
problems using only a single element layer, while accurately describing
the various through-thickness phenomena. The purpose of the present
PhD thesis is to pursue the previous works on the development of
solid[Jshell elements, by extending their formulations to advanced and
multiphysics constitutive laws for the simulation of smart devices. More
specifically, coupled magnetic[Jelastic[Jplastic constitutive laws will be



combined with the developed solid[]Jshell elements for the simulation of
magnetic pulse forming processes. Also, hard-magnetic soft materials,
consisting of an elastomer matrix filled with high remnant magnetic
particles, can be efficiently modeled by combining magneto-mechanical
behavior with the developed solid[Jshell elements. These specific
materials can exhibit controlled flexibility and rapid shape change under
non-contact activation, showing promising potential applications in soft
robotics, biomedical devices and flexible electronics. Moreover, for the
piezoelectric formulations of the solid[Jshell elements, more advanced
piezoelectric laws will be investigated in order to enhance the active
control of smart devices. In addition, the formulation of the solid[]shell
elements will be extended to Functionally Graded Materials (FGM) and
Functionally Graded Piezoelectric Materials (FGPM), for which the
material properties exhibit a gradual change along the thickness
direction.

Required background of the student:

- Solid background in solid mechanics and numerical methods;

- Good analytical and programming skills (e.g. C/C++, Fortran, Matlab);
- Experience with Finite Element modeling would be an asset.

A list of (5 max.) representative publications of the group: (Related
to the research topic)

1. Chalal H, Abed-Meraim F (2018). Quadratic solid-shell finite elements
for geometrically nonlinear analysis of functionally graded material
plates. Materials, 11(6), art. no. 1046.

2. Wang P, Chalal H, Abed-Meraim F (2017). Quadratic prismatic and
hexahedral solid-shell elements for geometric nonlinear analysis of
laminated composite structures. Composite Structures, 172:282-296. 1.
3. Wang P, C