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Bio-inspired processing
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Materials in nature

http://www.followtheyin.com/ https://www.newscientist.com/article/dn26994



Natural vs. manmade hard materials
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Nacre: A hard material produced by nature

L. Addadi, et al., Chemistry-a European Journal, 206, 12, 981-987

Production of nacre

Adapted from Cartwright, J. H. E.; Checa, A. G. Journal of the Royal Society Interface 2007, 4, 491.



Processing of nacre-inspired materials
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Production of natural vs. synthetic materials

Some differences between the
natural and synthetic
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Production of natural vs. synthetic materials
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Some differences between the

natural and synthetic
processing of minerals:
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Solvent-free kinetic quenching the production of CaCO,




Microfluidic spray-drying

movie 1000 X slowed down



Average diameter of NPs (nm)

Influence of processing conditions on particle size
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Influence of particle size
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Influence of storage temperature
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Degree of hydration of
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Huachuan
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Pressure-induced crystallization
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Influence of additives on structural stability
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H. Du, et al, Chem. Mater., 2020, 32 (10), 4282-4291



Absorbance (a. u.)

Influence of additives on
humidity-induced crystallization
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Production of natural vs. synthetic materials
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Mineralization of hydrogels
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Influence of mineralization on
mechanical properties
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Intensity (a. u.)
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Influence of hydrogel-mineral interaction

120 : ' .
()]
100+ 2+ . 2+ - . 11
iii: Mg2*: Ca**=5:1 Huachuan
80+ ] Du
©
& eof 1
et P02 g ®
A ii: CaCO
= - -cé;’%'-r 40} ’
201} 3 i: no mineral
00
e e e
0 wt% AA I 15wt% AA
I
: 41500
i —
I e
5 j 11000 £
I =
I
: 4500
I
I
1] 0
R R
A 2 &Q
o P~‘°° oo e

23






Porous minerals
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Mineralization of emulsion drops
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Stabilization of emulsions

Before emulsification
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lonic crosslinking of surfactants

Adhesion of the mussel byssus

Holten-Andersen, N.; et al.,
PNAS, 2011, 108, 2651-2655
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Fabrication of viscoelastic capsules
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Mineralization of emulsion drops
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3D printing of porous CaCO,
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Microstructure of 3D printed CaCO,
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Artificial beaks

https://www.earthtouchnews.com/
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“Living” 3D printed composites
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3D printing of granular hydrogels
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3D printing of bacteria-loaded microgels 8.
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Mechanics of soft granular materials
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Lorenzo
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Structure of 3D printed composites
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P Mechanics of mineralized composite
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Biomineralization vs. pre-mixing
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How do you process this material Q
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