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Laboratory for Processing of Advanced Composites (LPAC)

Ecole Polytechnique Fédérale de Lausanne (EPFL)
CH-1015 Lausanne, Switzerland 

e-mail: yves.leterrier@epfl.ch 

 
The presentation is an overview of the activities carried out at the EPFL to produce robust bioinspired
polymer composite surfaces [1]. Focus is on integrative synthetic strategies based on photopolymerization to
achieve superior property combination such as self-cleaning, antireflectivity and wear-resistance. Hybrid
organic-inorganic nanocomposites are produced using acrylate, epoxy and organosilane precursors with
surface-treated silica nanoparticles and microfibrillated cellulose via a dual cure photopolymerization and
thermal condensation process [2]. The dynamics of network formation are investigated using photo-
hyphenated methods such as photo-rheology and photo-calorimetry. The optimization of the dual cure
sequence, with the right timing of the photo-exposure vs. condensation leads to an improved printability and
nanoscale shape fidelity owing to a reduced viscosity, and a superior hardness, up to several 100 MPa with a
high loading of preformed particles. The addition of a reactive surfactant into the hybrid formulation further
enables to control the surface energy of the composite via an enthalpy gradient migration from the bulk to the
composite-air interface [3]. The subsequent replication of the surface of lotus leaves and rose petals with
hierarchical roughness leads to superhydrophobic surfaces that are wear-resistant [4,5]. Ongoing work
investigates photo-reversible chemistries to add self-repair and reshaping performance to the property
portfolio. 
1. González Lazo M.A., Katrantzis I., Dalle Vacche S., Karasu F., Leterrier Y., A Facile in Situ and UV Prin�ng Process for Bioinspired 

ROBUST SUPERHYDROPHOBIC COMPOSITE SURFACES 
 Yves Leterrier 

Self-Cleaning Surfaces, Materials, 9, 738 (2016). DOI 10.3390/ ma9090738. 
2. Poothanari M.A., Schreier A., Missoum K., Bras J., Leterrier Y., Photo-Cured Nanocellulose Composites: Recent Advances, ACS 

Sustainable Chem. Eng. 10, 3131−3149 (2022). DOI 10.1021/ acssuschemeng.1c07631. 
3. Wasser L., Dalle Vacche S., Karasu F., Müller L., Castellino M., Vitale A., Bongiovanni R., Leterrier Y., Bio-Inspired Fluorine Free 

Self-Cleaning Polymer Coa�ngs, Coa�ngs, 8, 436 (2018). DOI 10.3390/coa�ngs8120436. 
4. Cully P., Karasu F., Müller L., Jauzein T., Leterrier Y., Self-Cleaning and Wear-Resistant Polymer Nanocomposite Surfaces, Surf. 

Coat. Technol., 348, 111–120 (2018). DOI 10.1016/j.surfcoat.2018.05.040. 
5. Balkan A., Sola E., Karasu F., Leterrier Y., Photo-Curable Thiol-Ene / Nanocellulose Elastomeric Composites for Bio-Inspired and
Fluorine-Free Superhydrophobic Surfaces, ACS Appl. Mater. Interfaces, 16, 61144−61156 (2024). DOI 10.1021/acsami.4c16445. 
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LGP2, Grenoble Institute of Technology, CNRS, University Grenoble Alpes, Grenoble, France 
e-mail: davide.beneventi@pagora.grenoble-inp.fr 

Cellulose and its derivatives have long been base raw materials in the paper, board, and textile
industries, with more limited but well-established roles as functional additives in battery manufacturing,
coatings, and food processing. 
Over the past fifteen years, the emergence of cellulose nanofibers (CNFs) and cellulose nanocrystals
(CNCs) has substantially broadened the accessible propertyies space of these materials. Namely, from
high-strength natural fibres to film-forming soluble derivatives, with microfibrillated cellulose and
nanocelluloses occupying an intermediate space of tunable mechanical and physicochemical
characteristics. 
A key enabler for additive manufacturing has been the specific rheological behaviour of nanocellulose-based
hydrogels: shear-thinning under nozzle flow and rapid structural recovery upon deposition. This has
overcome the historically poor processability of native cellulosic fibres, paving the way to cold-extrusion 3D
printing of cellulose pastes, hydrogels, and composite inks. 
Application domains span a surprisingly broad range. Indeed, beyond the most cited example of tissue
engineering scaffolds, the literature reports CNF hydrogels for stimuli-responsive drug delivery, conductive
nanocellulose composites for flexible pressure sensors and wearable electronics, electrodes for enzymatic
biofuel cells and electrochemical biosensors, as well as structural components with high thermomechanical
performance from thermoset biocomposite pastes. The biodegradability, non-toxicity, and renewability of
nanocelluloses make them particularly attractive across all these contexts. 
This contribution provides an overview of how cellulose, in its various forms, has been formulated into
hydrogels and composite pastes for the additive manufacturing of functional devices and structural objects,
and of where this rapidly evolving field currently stands. 

 
CELLULOSE FIBRES AND DERIVATIVES: FROM TRADITIONAL
PAPERMAKING TO ADVANCED ADDITIVE MANUFACTURING 

Davide Beneventi 
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Institute on Membrane Technology “EnricoDrioli” – National Research Council of Italy,
Via P. Bucci 17c, 87050, Rende (CS), Italy 

e-mail: alberto.figoli@cnr.it 

References 
1. F. Galiano, A step forward to a more efficient wastewater treatment by membrane surface modification 

via polymerizable bicontinuous microemulsion, Journal of Membrane Science, 482 (2015) 103 
2. A. Figoli et al. Bicontinuous microemulsion polymerized coating for water treatment, 

WO/2015/044335A2, 2015. 
3. A. Figoli et al. Membranes containing polymerized ionic liquid for use in gas separation 

WO/2019/171409, 2019. 
4. F. Galiano et al. Phosphonium ionic liquid-polyacrylate copolymer membranes for improved CO2 

separations, Journal of Membrane Science 635 (2021) 119479 
5. E. Fontananova et al. CytroCell@PIL: A New Citrus Nanocellulose-Polymeric Ionic Liquid Composite 

for Enhanced Anion Exchange Membranes, Chemical Engineering Journal Advances 25 (2026) 101007 

 
Membrane technology is applied with success in many industrial fields and in some of them, as desalination
and wastewater treatment, it can be considered a dominant technology. 
Recently, innovative polymerizable functionalized membranes have been developed and the possibility of
tailoring them allowed to use for a wider number applications. 
Three case studies on innovative polymerized membranes in water treatment, gas separation and water
electrolysis for producing green hydrogen will be reported and discussed in details, showing the potentiality
and the versatility of this innovative approach [1-4]. Moreover, several factors, as the operating parameters
and the membrane functionalities materials, influencing the performance of the membrane process will be
discussed and future prospects will be also highlighted. 

 
INNOVATIVE POLYMERISED TAILORED MEMBRANES FOR GAS AND
LIQUID APPLICATIONS 

A. Figoli 
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1 Adolphe Merkle Institute, University of Fribourg, Chemin des Verdiers 4, 1700, Fribourg, Switzerland 
2  National Center of Competence in Research (NCCR) Bio-Inspired Materials, Chemin des Verdiers 4, 

1700, Fribourg,Switzerland 
e-mail: andrea.dodero@unifr.ch 

 
Controlling structural color through scalable, precise, and multifunctional materials design remains a central
challenge in the development of next-generation photonic materials. Here, we present a versatile approach
based on the confined self-assembly of block copolymers (BCPs) within emulsion droplets, enabling the
fabrication of photonic microparticles with highly ordered internal nanostructures and vivid structural colors.
By exploiting supramolecular additives and low-molecular-weight swelling agents, the photonic bandgap
can be tuned across the visible spectrum through controlled variations in domain periodicity and refractive-
index contrast. This strategy enables broad spectral control while preserving the structural integrity of the
particles and their compatibility with scalable emulsification processes. Building on this materials platform,
the photonic microparticles can be translated into practical water-based structural-color coatings by
dispersing them in polymeric binders and combining them with broadband absorbers. The resulting
formulations generate vivid structural colors and can be deposited on a variety of substrates relevant to
packaging, textiles, cosmetics, and other coating technologies. 
Beyond coloration, the nanostructured BCP framework provides a programmable host matrix for the
selective incorporation of functional nanomaterials. Quantum dots, plasmonic nanoparticles, and magnetic
nanoparticles can be localized within specific polymer domains, producing hybrid microparticles that
combine Bragg reflection with photoluminescent, plasmonic, or magnetic functionalities. In this way, optical
properties arising from the periodic BCP structure can be coupled with additional responses originating from
the incorporated nanomaterials. The emulsion-based processing strategy also allows the construction of
more complex hierarchical particle architectures. In particular, double-emulsion templates can be used to
generate core-shell microparticles in which a structurally colored BCP shell surrounds a functional liquid or
solid core. 
Control over droplet deformation and particle morphology further enables the fabrication of anisotropic rod-
like photonic microparticles with orientation-dependent optical properties. When magnetic nanoparticles are
incorporated, these anisotropic particles can be aligned by external magnetic fields, enabling control of their
optical response through particle orientation. Their incorporation into thermoresponsive polymer gels
provides an additional route towards reprogrammable photonic materials. In the gel state, the particles are
immobilized within the polymer network, preserving their orientation and the corresponding optical state.
Upon transition to the sol state, particle mobility is restored, allowing the microparticles to be reoriented
under an applied magnetic field. Subsequent gelation fixes the newly programmed orientation, enabling
repeated switching between mobile and immobilized states and the reconfiguration of the material’s
macroscopic optical response. 
Overall, confined BCP self-assembly provides a scalable, modular route to structurally colored,
multifunctional microparticles. The ability to control internal periodicity, refractive-index contrast,
nanoparticle localization, particle shape, hierarchical compartmentalization, and field-induced orientation
enables the development of static, responsive, and reprogrammable photonic materials. These capabilities
offer opportunities for applications in sensing, optical tagging, anti-counterfeiting, adaptive coatings, display
technologies, and wearable photonic devices. 

 
BLOCK COPOLYMER SELF-ASSEMBLY IN EMULSIONS: FROM
STRUCTURAL-COLOR MICROPARTICLES TO MULTIFUNCTIONAL AND
REPROGRAMMABLE PHOTONICS 

 A. Dodero
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Dipartimento di Ingegneria Chimica, dei Materiali e della Produzione Industriale, Università di Napoli
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e-mail: ambrogi@unina.it 

 
Epoxy thermosets are crucial in high-performance applications owing to their outstanding mechanical
properties, thermal stability, and chemical resistance. However, their permanently crosslinked networks
poses significant challenges for repair, recycling, and end-of-life management, making them one of the most 
critical materials in the transition toward a circular economy. 
I will discuss the different strategies currently being explored to improve the sustainability of epoxy
thermosets. These include the development of vitrimeric epoxy networks as a sustainable-by-design
approach, the conversion of conventional thermosets into vitrimer-like ones through mechanochemistry, and
the use of solvolysis to recover valuable chemicals by upcycling end-of-life materials. The fundamental
principles behind these strategies will be highlighted by discussing representative examples from recent
research, and addressing the opportunities and environmental challenges associated with their
implementation. Together, they demonstrate how advances in polymer chemistry and technology are
opening new perspectives for enhancing the sustainability of epoxy thermosets without compromising the 
performance that makes these materials essential in demanding applications. 

 
RETHINKING EPOXY THERMOSETS: FROM DYNAMIC NETWORKS TO

CIRCULARMATERIALS 
 V. Ambrogi 
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Istituto di Scienze e Tecnologie Chimiche “G. Natta”(SCITEC-CNR), via A. Corti 12, 20133, Milano, Italia 
e-mail: simona.losio@cnr.it 

Cyclic olefin copolymers (COCs) are thermoplasticmaterials composed of a cyclic olefin - typically norbornene
- and ethylene, generally synthesizedviametallocene catalysts [1]. COC exhibit low water absorption,
excellent electrical insulation, biologicalinertness, and UV transparency, making them suitable for advanced
biomedical, membrane, and optical applications. 
Several commercial COC families exist, differing inmonomer structures and polymerization methods. In
general, COCs are produced by chain copolymerization of cyclic monomers such norbornene or 
tetracyclododecane with ethylene. For instance,TOPAS Advanced Polymers (formerly Ticona)
manufactures TOPAS COCs from norbornene andethylene, whereas Mitsui Chemicals utilizes
tetracyclododecane to produce APEL COCs. Notably,norbornene monomer synthesis is complex and
poses significant engineering safety challenges, whichhistorically led to market monopolies and high
manufacturing costs. 
While early commercial developments relied on Ziegler–Natta systems, the advent of metallocene and half-
sandwich complexes - such as constrained geometry type or non-bridged titanocene-, activated by
methylaluminoxane (MAO), revolutionized the field by enabling precise control over polymer microstructure,
composition, and transparency [2]. Recent research has expanded beyond traditional formulations to focus
on the copolymerization or terpolymerizations of cyclic olefins with propylene, higher 𝛼-olefins,
functionalized cyclic olefins, reactive dienes to tailor thermal, chemical, and mechanical performances [3].
Understanding the relationships between catalyst design and polymer properties provides key insights into
both academic research and industrial applications, facilitating the development and commercialization of
advanced COCs with tailored properties [4]. 

References: 
[1] Tritto, I.; Boggioni, L.; Ferro, D. R. Coord. Chem. Rev. 2006, 250, 212–241. 
[2] Wang, W.; Qu, S.; Li, X.; Chen, J.; Guo, Z.; Sun, W.-H. Coord. Chem. Rev. 2023, 494, 215351. 
[3] Losio, S.; Boggioni, L.; Vignali, A.; Bertini, F.; Nishiyama, A.; Nomura, K.; Tritto, I. Polym. Chem. 2025,
16, 3709‒3719. 
[4] Losio, S.; Tritto, I.; Boggioni, L.; Mancini, G., Luciano, G., Tofani, L.; Viglianisi, C.; Menichetti, S., Sacchi,
M.C.; Stagnaro, P. Polym. Degrad. Stab. 2017, 144, 167-175. 
[5] Fredi, G.; Mallegni, N.; Dorigato, A.; Milazzo, M. Adv. Funct. Mater. 2026, 36, e75610. 

 
CYCLIC OLEFIN BASED COPOLYMERS VIA TRANSITION METAL
CATALYSIS: BRIDGING SYNTHESISAND FUNCTIONAL APPLICATION 
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Dept. of Drug and Health Sciences, UniversitàdiCatania, V.le A. Doria 6, 95125, Catania, Italy 

 
The design of functionalized polymeric materials provides versatile macromolecular platforms capable of
addressing critical challenges in both the pharmaceutical and environmental sectors. In pharmaceutical
applications, three-dimensional porous networks serve as biocompatible containers for controlled drug
delivery and as active heterogeneous supports for metal catalysts (e.g., Pd complexes) in the catalytic
synthesis of Active Pharmaceutical Ingredients (APIs). Concurrently, for environmental mitigation, amino 
acid-functionalized hydrogels enable selective CO₂ capture, while surface-charge and hydrophobicity 

FUNCTIONALIZED POLYMERICMATERIALS: VERSATILE
MACROMOLECULAR PLATFORMSFOR PHARMACEUTICAL AND

ENVIRONMENTALAPPLICATIONS 
ChiaraZagni 
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1 Department of Chemistry “Ugo Schiff”, UniversityofForence,Via della Lastruccia 3-13, 50019 Sesto
Fiorentino,Italy

2 European Laboratory for Non-Linear Spectroscopy(LENS),ViaCarrara 1, 50019 Sesto Fiorentino, Italy
e-mail: daniele.martella@unifi.it 

The use of light in polymer science offers uniqueopportunities,spanning from fabrication of smart materials
by photopolymerization, to their actuation fordifferentapplications. By combining shape-changing liquid
crystalline networks (LCNs) with advanced 3Dprintingtechnologies, complex architectures with stimuli-
responsive properties can be produced. LCNsarecrosslinkedpolymer networks prepared from reactive
mesogens that efficiently convert external stimuli,suchaslight,into mechanical motion. Their chemical
composition can be tailored to tune mechanicalpropertiesandoptimize force generation during actuation.
In this contribution, we demonstrate their integrationwithadditivemanufacturing techniques to fabricate a
variety of functional devices, including light-drivenactuators,structurally colored responsive structures, and
photonic components. 

 
3D PRINTING MEETS LIQUID CRYSTAL POLYMERS: RESPONSIVE
MATERIALS ACROSS DIFFERENT SCALES AND APPLICATIONS 

C. Parmeggiani , S. Nocentini , D. S. Wiersma , D. Martella2 31,2 1,2 
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1  Department of Chemical, Pharmaceutical and Agricultural Sciences, University of Ferrara, Via L. Borsari,

46, 44121 Ferrara, Italy 
e-mail: andrea.monica.bertoldo@unife.it 

2  Department of Environmental and Prevention Sciences, University of Ferrara, C.so Ercole I D'Este, 32,
44122 Ferrara, Italy 

 
Aqueous dispersions of biopolyesters have long been used in drug delivery, typically in highly diluted
formulations. At higher solid contents, however, they open new opportunities as sustainable waterborne
materials for films, coatings, and functional composites. Our group has developed stable biopolyester
dispersions with solid contents up to 40%, suitable for paper coatings that provide water and oil resistance
while preserving biodegradability and recyclability. These systems can also be blended with water-soluble
polymers such as polyvinyl alcohol, combined with fillers such as graphene oxide for sensor applications, or
used to incorporate thermolabile bioactive molecules, including osteogenic peptides in PLA films. Beyond 
PLA, our work explores different polyesters, including PLGA obtained from CO₂-derived building blocks, 

Polyesters in Water: From Dispersion Strategies to Functional 
Applications 

1  2 1 Matteo Calosi , Andrea D’Iorio  Elena Buratti , Monica Bertoldo1
,
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[1] E. Baur, B. Tiberghien, E. Amstad. Advanced Materials. 3D Printing of Double Network Granular
Elastomers with Locally Varying Mechanical Properties, 36, 2313189, 2024. 

 
The growing relevance of soft robotics within materials science has, in the recent years, driven increasing
interest in the development of soft, yet load-bearing and responsive materials that can be processed into
customized shapes. Double network granular elastomers (DNGEs), composed of crosslinked microparticles
interconnected through a second interpenetrated elastomeric network combine toughness with load-bearing
properties and extrudability.  To prepare DNGEs, the microparticles are swollen in the precursors’ solution
of the second network before being centrifuged to increase packing densiy of the microparticles to a point
where they are named jamming (Figure 1a). In the jammed state, the swollen microparticles are shear-
thinning, exhibit a low yield point and fast shape recovery, assets ideal for (DIW)-based 3D printing (Figure
1b). The mechanical properties of DNGEs can be tuned with the composition of the DNGE. In this talk, I will
introduce smart DNGEs that exhibit a thermo-sensitive shape-morphing behaviour. This is achieved by
formulating DNGEs from crystallizable monomers that are crosslinked through a photo-induced thiol-ene
reaction. The crystallization of polymeric domains are exploited for the fixation of different temporary
shapes, while the original shape of samples is recovered by heating above the material’s melting transition
(Figure 1c). Semicrystalline domains thus consent to combine the enhancement of the mechanical
properties with the obtainment of thermo-sensitive shape-memory properties, introducing a novel
elastomeric material suitable for load-bearing applications and capable to generate active force upon
heating (Figure 1d). Mechanical properties of the DNGEs are optimized by regulating the amount of
crosslinker in the microparticles and in the second network. Leveraging multi-material DIW printing, I will
showcase DNGEs with locally varying compositions that deform in pre-defined ways. I foresee shape-
memory DNGEs, to open up new possibilities in 4D-printing load-bearing smart materials well-suited, for
example for soft robotics. 

1

 
4D-Printable Shape Morphing Double Network Granular Elastomers

(DNGEs) 
D  N  1 A . 1, EANIELE ATALI STHER MSTAD

1 Institute of Materials, Soft Materials Laboratory (SMaL), École Polytechnique Fédérale de Lausanne
(EPFL, Switzerland) 

email: daniele.natali@epfl.ch 

 
Figure 1. a) steps for the preparation of the shear-thinning ink: first the microparticles are swelled in the
solution of second network precursors before being jammed; b) flow curve of the ink showing shear-
thinning behavior; c) shape-memory properties of 3D-printed DNGEs; d) load-bearing and active force
demonstration of shape-morphing DNGEs: the materials can be programmed to bear and lift loads when
activated through heating. 
References:
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	BLOCK COPOLYMER SELF-ASSEMBLY IN EMULSIONS: FROM STRUCTURAL-COLOR MICROPARTICLES TO MULTIFUNCTIONAL AND REPROGRAMMABLE PHOTONICS
	A. Dodero
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	Controlling structural color through scalable, precise, and multifunctional materials design remains a central challenge in the development of next-generation photonic materials. Here, we present a versatile approach based on the confined self-assembly of block copolymers (BCPs) within emulsion droplets, enabling the fabrication of photonic microparticles with highly ordered internal nanostructures and vivid structural colors. By exploiting supramolecular additives and low-molecular-weight swelling agents, the photonic bandgap can be tuned across the visible spectrum through controlled variations in domain periodicity and refractive- index contrast. This strategy enables broad spectral control while preserving the structural integrity of the particles and their compatibility with scalable emulsification processes. Building on this materials platform, the photonic microparticles can be translated into practical water-based structural-color coatings by dispersing them in polymeric binders and combining them with broadband absorbers. The resulting formulations generate vivid structural colors and can be deposited on a variety of substrates relevant to packaging, textiles, cosmetics, and other coating technologies.
	Beyond coloration, the nanostructured BCP framework provides a programmable host matrix for the selective incorporation of functional nanomaterials. Quantum dots, plasmonic nanoparticles, and magnetic nanoparticles can be localized within specific polymer domains, producing hybrid microparticles that combine Bragg reflection with photoluminescent, plasmonic, or magnetic functionalities. In this way, optical properties arising from the periodic BCP structure can be coupled with additional responses originating from the incorporated nanomaterials. The emulsion-based processing strategy also allows the construction of more complex hierarchical particle architectures. In particular, double-emulsion templates can be used to generate core-shell microparticles in which a structurally colored BCP shell surrounds a functional liquid or solid core.
	Control over droplet deformation and particle morphology further enables the fabrication of anisotropic rod- like photonic microparticles with orientation-dependent optical properties. When magnetic nanoparticles are incorporated, these anisotropic particles can be aligned by external magnetic fields, enabling control of their optical response through particle orientation. Their incorporation into thermoresponsive polymer gels provides an additional route towards reprogrammable photonic materials. In the gel state, the particles are immobilized within the polymer network, preserving their orientation and the corresponding optical state. Upon transition to the sol state, particle mobility is restored, allowing the microparticles to be reoriented under an applied magnetic field. Subsequent gelation fixes the newly programmed orientation, enabling repeated switching between mobile and immobilized states and the reconfiguration of the material’s macroscopic optical response.
	Overall, confined BCP self-assembly provides a scalable, modular route to structurally colored, multifunctional microparticles. The ability to control internal periodicity, refractive-index contrast, nanoparticle localization, particle shape, hierarchical compartmentalization, and field-induced orientation enables the development of static, responsive, and reprogrammable photonic materials. These capabilities offer opportunities for applications in sensing, optical tagging, anti-counterfeiting, adaptive coatings, display technologies, and wearable photonic devices.
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	The use of light in polymer science offers uniqueopportunities,spanning from fabrication of smart materials by photopolymerization, to their actuation fordifferentapplications. By combining shape-changing liquid crystalline networks (LCNs) with advanced 3Dprintingtechnologies, complex architectures with stimuli- responsive properties can be produced. LCNsarecrosslinkedpolymer networks prepared from reactive mesogens that efficiently convert external stimuli,suchaslight,into mechanical motion. Their chemical composition can be tailored to tune mechanicalpropertiesandoptimize force generation during actuation. In this contribution, we demonstrate their integrationwithadditivemanufacturing techniques to fabricate a variety of functional devices, including light-drivenactuators,structurally colored responsive structures, and photonic components.
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