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The challenge in materials science

Renewable

» Energy efficient and environmentally friendly in
production and use

Requested performance and reliability
Recyclable

= Various new concepts for wood- and
cellulose-based materials
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The challenge in cellulose-based materials

» Basic understanding of structures and processes
» Functionalisation for advanced property profiles

» Mechanical performance
» Upscaling

=9 Connect to emerging technologies
» Plant biotechnology

* Advanced manufacturing
+ Digitalization
+ Deep learning
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Cellulose-based materials with new property
profiles

Oil absorbing cellulose Water-resistant nanopaper
composites with chitosan

Magnetic nano-paper

Olsson et al. (2010) Zhang et al (2014) Chemistry of Toivonnen et al. (2015)

Nature Nanotechnology Materials Biomacromolecules
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Flow-assisted organization of CNFs into macroscale fibers
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Mittal...Séderberg (2018) ACS Nano
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Cellulose Nanocrystal Inks for 3D Printing

grids

block

Markstedt...Gatenholm (2015)
Advanced Functional Materials Biomacromolecules
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Bio-Inspiration

Hierarchical structure

A natural «3D-printer»

Thanks to:
M. Harrington, NZ

lerarchica
structure
of wood
|

Making use of cellulose biosynthesis in trees for
materials design

» Biomacromolecules with exceptional properties
» Controlled structural formation and directionality

Cosgrove (2005) Nature Reviews
Molecular Cell Biology
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Wood cell wall architecture

Hemicelluloses
& Lignin

Fratzl and Weinkamer (2007)
Progress in Materials Science
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Wood-templated ceramics
Delignified cell walls

Impregnation of Ce, sZr, sO, nanoparticle sol

Deshpande, Burgert, Paris (2006) Small

05.07.2018



05.07.2018

Making use of structural diversity for materials design

Berglund & Burgert (2018)
Advanced Materials

Wood construction <«==p \Nood Materials Science

Wood material improvements for new
perspectives in wood construction

Wood
construction

Wood Materials
Science

Steinhausen; Gesamtleitung Renggli AG

Progress in wood construction increases the requirements
for the used wood materials
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Wood - limiting factors for a wider application

Reliability in given
applications:

Research need to improve
dimensional stability,

UV stability,

durability,

flame retardance

Quellen: http://depositphotos.com; http://www.123rf.com;
http://www.organicjewelry.com) !
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The material performance of wood

Wood with new property profiles may have the potential to
reach new fields of application
Bio-inspiration from biological

> Novel functions for new
applications organisms with ‘embedded
sensors’for strain measurements

“Embedded functionality”

» Smart wood materials

» Reporting wood materials

Slit sensilla in the cuticular exoskeleton
of spiders

» Collaboration potentials with Smart Building Technlologiles
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Novel functions for new applications Light
Transparent Balsa Wood ) MHH ﬂ

o Cell wall—*
Delignified wood structure .~ ‘
Middle lamellT———" ’

2y

Infiltration of Methylmetacrylat

i
=

Yuanyuan Li....Lars Berglund (2016)
Biomacromolecules
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Novel functions for new applications

Wood with electric conductive
surfaces

CuNW g

suspension )

Membrane S )
Filter :—L) CuNW network

separation

i Cu NW network deposition
Vacuum <—

Cu NW network assembling - A
& Photonic curing

- . -

Conductive and hydrophobic wood Conductive wood

Guo et al. (2018) Journal of the
Royal Society Interface
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«New materials from trees»

‘_ Wood _‘

Biological Material Engineering Material
Highly adapted material and a Excellent material properties,
great source of bio-inspiration with a few intrinsic drawbacks

Raven et al. (1988) Horyuji Pagoda

The challenge to functionalize the native wood cell wall

Bio-Inspiration
Heartwood formation as

concept generator for > Aqueous conditions
cell wall modification

Inspiration for processing

» Environmental temperature

» Very modular (different
chemical substances)

» Durability and dimensional
stability

» Other functions possible

Robinia pseudoacacia
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The challenge to functionalize the native wood cell wall
(a)

Berglund & Burgert (2018)
Advanced Materials

Natural cell wall Artificial cellulose scaffold
lignification

functionalization

}

(d)

Artificial cell wall
— delignificationand >
functionalization

ETHziirich

The challengeto ®
functionalize the
native wood

cell wall

Heartwood formation,

Artificial wood cell
insertion of extractives

wall functionalization

Berglund & Burgert (2018)
Advanced Materials

05.07.2018
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The challenge to functionalize the native wood cell wall

Pathways
Lumen or middle lamella or both?

Segmehl et al. (2018) Frontiers in Chemistry

Pathways
Lumen or middle lamella or both?

11
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Wood modification Modularity

In-situ polymerisation in the cell wall

.o
ML cw ‘

Cellulose

Cabane et al (2014) ChemSusChem

@Empa
In-situ polymerization of the cell wall
pretrelatment polymerlzatlon propelerties
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Image by Tobias Keplinger Berglund & Burgert (2018)
Advanced Materials
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Wood Mineralisation 1st Process and distribution of calcium
Bio-Mineralisation carbonate in the wood structure

Cadl, in ethanol
orH,0 (or mix}

wood cell

—t ’
&?} tgacheid | ‘ff &
L . 1

Fratzl (2008) Nature Materials Merk et al. (2016) Holzforschung ‘ ‘
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Wood Mineralisation  |mpact on flame retardancy
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Wood Mineralisation

2nd Process and distribution of calcium carbonate in the wood structure
1co,

CaCl, und DMC + NaOH CaCO;
- MeOH

- NacCl

Merk et al. (2015)
Green Chemistry

Wood Mineralisation
Mineralisation for fire protection

Unmodified spruce veneer

Further modification approach

Modified spruce veneer

14
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Novel functions for new applications “Embedded functionality”

Functionalization of wood for new material profiles
Iron oxide nanoparticle assembly in beech wood

Anisotropic magnetic wood

Merk et al. (2014) ACS Applied
Materials & Interfaces

ETHzirich

Wood Mineralisation

Cell lumen Insertion into the Insertion into the Cell lumen
decoration secondary cell wall middle lamella filling

Iron oxide Barium sulfate Calcium carbonate Calcium carbonate

Image by Vivian Merk Berglund & Burgert (2018)
Advanced Materials

05.07.2018
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Novel functions for new applications “Embedded functionality”

Actuation due to changes of moisture content

Orientation of cellulose microfibrils
in the scales of the pine cone

Harrington (2011) Nature Communication

= Dawson et al. (1997)
Reyssat & Mahadevan (2009)
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The power of water — cellulose interaction

Axial straining Shrinkage
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Zabler et al. (2010) J Struct Biol
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Bio-inspired deformable wood elements

Wooden b”ayer Influence of layer thickness
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Bio-inspired deformable wood elements

Riggeberg & Burgert (2015) PloS One

Vailati et al (2017) Energy and buildings Vailati et al (2017) Energy and buildings
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Wood surface modification Bio-Inspiration Omniphobic wood
- : : surfaces

Nepenthes Pitcher Plant

---- Slippery Liquid-infused
porous surface

Guo et al. (2016) Advanced
Materials Interfaces

Wong et al. Nature (2011) |

ETHzirich
Surface modification

UV protection with metal oxide coatings (TiO,/Ce xerogel)
b

Tangential section view Cross-sectional view UV Chamber

Guo et al. (2017) ACS Applied Materials & Interfaces

05.07.2018
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Densified Cellulose Composites (DCCs)

High-performance cellulose
materials for sustainable
engineering

Delignification
Removing the natural matrix lignin

Densification
Increase fibre volume content >
high mechanical performance

Delignification ‘ ’Densification

Frey et al. (2018) ACS Applied Materials and Interfaces
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Processing partly-delignfied bulk wood into high-performance structural
material

J Wood Sci (2005) 51:234-238 © The Japan Wood Research Society 2005
DOT 10.1007/510086-004-0638-y

ORIGINAL ARTICLE

Md. Iftekhar Shams - Hiroyuki Yano - Keijirou Endou

Compressive deformation of wood impregnated with low molecular weight
phenol formaldehyde (PF) resin lll: effects of sodium chlorite treatment
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Song...Hu (2018) Nature
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Influence of Shear during Densification

Characterisation on different length scales

121 nm

Frey et al. (2018) ACS Applied Materials and Interfaces
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Mechanical properties
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Frey et al. (2018) ACS Applied Materials and Interfaces
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Shapeable Cellulose Scaffolds

Frey et al. (2018) ACS Applied Materials and Interfaces

@Empa

Materisl Science and Techriokey

swisswood solutions ET™ & Empa Spin-off

Oliver Klausler, Munish Chanana,
1 H 77—\

Philipp Hass et al.
' = - '

Cello tailpiece from
densified wood produced .
by Wilhelm Geigenbau AG
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Development of materials
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- A sustainable society based on plant materials as the dominating

resource —IT IS HIGH TIME!
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Wood Materials Science

Markus Ruggeberg, Etienne Cabane, Huizhang Guo,
Tobias Keplinger, Oliver Klausler, Mark Schubert, Maria
Adobes, Samuel Olaniran, Marta Vidiella, Selin Vitas,
Yaru Wang, Christian Goldhahn, Marion Frey, Kunkun Tu,
Thomas Schnider, Stephane Croptier, Andrea Merletti
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Thanks

Colleagues at
ETH & Empa

Funding

BAFU
Lignum
Climate-KIC, BTA
SNF NFP66

SNF NFP70

SNF project

CTI projects

DFG SPP1420
EU MultiBioPro
ETH Foundation,
Seed prpjects

YV VY YV VVYYVYVYVYY
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Thanks for your attentio

" Tachvsko

23



