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Scientific description:
Fibers are ubiquitous in Nature. Spider silk, mussel byssus, tendons, wool, among others, are
examples of slender, flexible threads which fulfil desirable structural functions : absorbing shocks,
adapting mechanical impedance between hard and soft substrates, resisting environmental
agression such as erosion and dehydration, controlling adhesion, self-assembling into macroscopic
bundles and 3D scaffolds... These properties can be traced down to supramolecular features such as
fibril alignment and crimp, axial of radial gradient structuration, wrinkles or scales tessellation (see
figures A–C).
Whereas the bio-chemical role of the molecular building bricks – usually proteins – cannot be
overlooked, larger scale physical processes certainly play a crucial role in the spinning of a smart
fibrous extracellular matrix. Unfortunately, most of these cellular processes remain poorly
understood and cannot be directly mimicked in order to synthetize polymer gel fibres with
remarkable mechanical properties.
Strikingly, some of these structures are also known to emerge from symmetry-breaking dynamical
processes occuring in soft matter systems, such as extrusion instabilities of viscoelastic fluids (see
figure D), buckling of thin films…
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A : Wrinkled cuticle of a mussel byssus (SEM). B. Crimped collagen fibrils of rat-tail tendon (SHG microscopy). C.
Scale patterns of wool fibres (SEM). D. Surface patterns ("shark skin") and helical shape development of
extruded alginate fibres upon increasing rate (from right to left).

This project aims at reproducing some inspirational structures found in Nature using merely physicochemical and mechanical instabilities, and to assess to which extent this originial approach enables
to mimic the outstanding specifications of natural fibers.
Techniques/methods in use: Extrusion in microfluidic capillaries, coating, rheometric and tensile
tests.

Applicant skills: Candidates with a solid formation in continuum mechanics and soft matter physics
must be strongly motivated by experimental physics and creative experimental design.
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