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We live in a finite world, with
limited resources...

... And increasing global population
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JDERES

INSPIRADOS EN
LA NATURALEZA

Robots flexibles, pegamentos ultrafuertes, cascos
irrompibles... La ciencia de la biomimética imita las
propiedades de animales, minerales y plantas para
crear nuevos materiales y tecnologias revolucionarias.
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Bioinspired materials

Mussel’s threads Abalone’s nacre Nereis virens’ jaw Cuttlefish skin
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Chem. Sci,, 8 1631, 2017 Nano Futures,1 (1), 011003, 2017 ACS Nano, 11, 1858, 2017 Nature Comm., 10 (1), 1004, 2019
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Computational design by
multiscale modeling and
Mmachine learninge
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Materials by design: multiscale modeling
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Simulation begins with a
collection of acetylene
molecules

Simple products appear
first, including short
polymeric species (green,
yellow) as well as ethylene
(orange) and
cyclopropene (violet)

femmememenenae

At longer simulation times
the molecular size
distribution becomes
considerably wider and
more than half the atoms
form a large molecule that
contains multiple aromatic
rings (red). A long-lived, inert
benzene molecule is also
formed (gold).

37(C,H,), CHy
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New molecules are
automatically highlighted with
molecule-specific colours to
indicate the observed reactivity
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Nature Chemistry 6, 1044—-1048 (2014)



Adhesive penetration into wood
structures by material point method
(MPM) simulations

Effect of temperature on the
intferfacial behavior of CFRP-
wood composite

(©)

Polyvinyl
acetate/phenol
formaldehyde blend

T Secondary

@ [
1z cell wall

Epoxy-wood system

I Epoxy
s Cellulose
mmmmm Hemicellulose

Wood cell wall ¥ |/ Wood cell wall model

Composites Part B 109 (2017) 227e237 Wood Science and Technology (2018) 52:1271-1288
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Biosinspired wood-based nanotechnology
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Bioinspired wood-based nanotechnology

Polymer Functionalization Wood-Mineral and Wood-Metal Hylbrids
m\E B | | Barium| | Calcium|
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Insertion into
secondary cell wall

Insertion into
middle lamella

decoration -

Cryst. Growth Des. 2017, 17, 677; Green Chem. 2015, 17, 1423; ACS Appl. Mater. Int. 2014, 6,
9760

Basswood
membrane

decorated with
palladium
nanoparticles for
water purification.

Separation of
water and oil at a wood
surface interface.

ACS Nano 2017, 11, 4275

Adv. Mater. Interfaces 2017, 4, 1700584.
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Current limit of synthetic

assembly processes

Hierarchical
wood structure
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Hydrothermal processing of biomass

Biocrude ol
HTP
Wood
- Nanostructured
Chitin carbon
Sewage
sludge i

T=100-350C

P =2-21Mpa Nanoparticles
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