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Research at the LPAC addresses fundamental 
questions related to the manufacturing of polymer-
based composite and multilayer materials     

• Fundamentals of polymers and composite 
materials processing (multiphase fluid flow, 
capillary effects, process kinetics, UV and thermal 
curing)    

• Surfaces and interfaces (bioinspired surfaces, 
adhesion and bonding)    

• Integration of functions (smart and piezoelectric 
composites, self-healing ability, damping, non-
linearity, biocompatibility).

Created: 2016

Direction: V. Michaud, P.-E. Bourban, Y. Leterrier

Staff: +20 members incl. Postdocs, PhDs, engineers, 
master students

lpac.epfl.ch
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� Processing of high performance composites

� Technical, economic and environmental coupled op7misa7on of 

materials and processes

� Smart composites

� Cellular (bio) composites

� Mul7layer films & hybrid nanocomposites

� Bioinspired surfaces

Main partners and sponsors

Over 100 contact points in Switzerland, in Europe and the whole world, with laboratories 

and industries in the fields of automo7ve, aeronau7cs, space, energy produc7on and 

storage, mechanics, biomed, electronics, food, microtechnologies and sports. 

• Swiss Na7onal Science Founda7on,  CTI-Innosuisse, SCCER, OFEV, OFEN, Interreg, PNR 62, CCMX, 

EU (Hivocomp, Encomb, JTI Clean-sky, DREAM, Momentum, Flexled, Flexidis)

• ABB, Alinghi SA, Applied Materials, Asulab, Bekaert, Bobst, Brugg, Buhler, CEA, CICR, Comelec, 

Décision, Dow, ESA, EMS-Chemie, Essilor, Essen7al Med, Exeger, Firmenich, Flyability, Hydroptère, 

Hydros, Konarka, LNI, Nestlé, Novelis, NTPT, Solar Impulse, Ruag Space, Solvay, Philips, Stockli Swiss 

Sport, Pomoca, RISE, Rolic, Samsung, SBB, Stora Enso, Solvay, SwissInso, Tetra Pak, Thales Alénia

Space, Vetrotex … 



- Integrative synthesis strategies
- Photopolymerization & sol-gel dual cure processes
- Interfacial engineering and process rheology 

- Gas-barrier films and encapsulation materials
- Food and pharma packaging
- Flexible electronics (OLED, solar cells, batteries)

- Multifunctional coatings & surfaces
- Self cleaning, antifouling, antibacterial
- Light-trapping (antireflective, scattering)
- Superhard, piezoelectric, conducting, magnetic
- Functionally graded
- Self-repair

- Mechanics of thin film multilayers

Particles particulate polymer composites

sol-gel composites

ceramics 1) Nacre

2) Diatom

3) Bone

4) Ophthalmic	lenses	(multilayer	hybrid	coatings)

5) Dental	restoration	(silica	nanocomposites)

6) Cancer	treatment	(core-shell	nanoparticles)

7) Solar	cells	(diffusion	barrier	layers)

8) Tires	(clay	and	silica	nanocomposites)5
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Multilayer films & hybrid nanocomposites
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Dual cure (photopolymerization and sol-gel 
condensation) ternary phase diagram
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Ultra high barriers based on UV cured organic-
inorganic hybrids and cellulose nanofibrils substrates
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10 µm non porous 
nanocellulose film!

Oxygen permeability of UV-cured transparent nanocellulose-acrylate composites
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Abstract: A facile in situ and UV printing process was demonstrated to create self-cleaning synthetic
replica of natural petals and leaves. The process relied on the spontaneous migration of a fluorinated
acrylate surfactant (PFUA) within a low-shrinkage acrylated hyperbranched polymer (HBP) and its
chemical immobilization at the polymer-air interface. Dilute concentrations of 1 wt. % PFUA saturated
the polymer-air interface within 30 min, leading to a ten-fold increase of fluorine concentration at
the surface compared with the initial bulk concentration and a water contact angle (WCA) of 108�.
A 200 ms flash of UV light was used to chemically crosslink the PFUA at the HBP surface prior to UV
printing with a polydimethylsiloxane (PDMS) negative template of red and yellow rose petals and
lotus leaves. This flash immobilization hindered the reverse migration of PFUA within the bulk HBP
upon contacting the PDMS template, and enabled to produce texturized surfaces with WCA well
above 108�. The synthetic red rose petal was hydrophobic (WCA of 125�) and exhibited the adhesive
petal effect. It was not superhydrophobic due to insufficient concentration of fluorine at its surface,
a result of the very large increase of the surface of the printed texture. The synthetic yellow rose petal
was quasi-superhydrophobic (WCA of 143�, roll-off angle of 10�) and its self-cleaning ability was not
good also due to lack of fluorine. The synthetic lotus leaf did not accurately replicate the intricate
nanotubular crystal structures of the plant. In spite of this, the fluorine concentration at the surface
was high enough and the leaf was superhydrophobic (WCA of 151�, roll-off angle below 5�) and also
featured self-cleaning properties.

Keywords: self-cleaning; lotus; rose; UV nanoimprint lithography; fluorinated acrylate

1. Introduction

Natural superhydrophobic self-cleaning surfaces such as the famous lotus leaf (Nelumbo nucifera [1])
consist of intrinsic hierarchical structures in the nanometer and micrometer ranges based on papillose
epidermal cells covered with low surface energy substructures such as epicuticular wax tubules [2–4].
The combination of the peculiar sub-micron morphology and the low surface tension favors trapping
of small air pockets at the interface with water droplets, which considerably reduces the contact area
between the droplet and the surface, resulting in the reduction of contact angle hysteresis, sliding angle,
and adhesive force. The self-cleaning effect is the removal of dirt particles by the (rain) water, which
forms droplets that do not ‘stick’ on the surface and run away with the dirt. A surface is hydrophobic
when its contact angle with water is larger than 90�. Beyond contact angles of 150� with sliding angles
(SA) inferior to 10� [5] the surface is considered to be superhydrophobic [6]. Nakajima reported the
maximum water contact angle (WCA) on a flat surface to be around 115�, corresponding to a surface
energy in the range of 5–7 mJ/m2 [7]. Therefore, superhydrophobic surfaces are only attainable by the
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