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Cellulose: the most abundant biopolymer on earth




The native production of cellulose nanofibrils

Microfibril
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Different assembly of productions sites between organisms

Rosette TC Linear TCs

0°0 ZJeog 000 0000 3
Oe® : 00 : 000 0000 O
0°°9 000 0000 QO
o O o o 00 O000 O
oo e0® 000 O
Cee® 000 0000 O
Qo000 OO0 0000 O
Qoeo® OO0 0000 O
020@® 000 0000 o
0000 000 0000 e
000 OO000 o

OO0
a) b) C) d) f)

Moon et al, Chem. Soc. Rev., 2011, 40, 3941-3994



Different crystalline structure between organisms
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Arrangement and function of cellulose microfibrils in plants

N AT T AN T A
f;’i. it .‘( ‘\l"\'?,l
s N .
lumen AT S\
A N \ .
W /7R A
SS Iayer\\ \\ *'q ,;7" “' &
B ESOGIN A
/ =
cellulose L iz
; . 24
microfibrils r/é‘ d =

Transverse section 77z ez
of a tracheid Ty

Microfibrils

http://www.plantphysiol.org/content/127/4/1513 of cellulose Wood cell (fiber) cell walls

are made of cellulose + RI
lignin and hemicelluloses SE



Wood: A truly hierarchically assembled composite

Trees [mM] Wood tissue [mm] Wood fiber: [um]
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Arrangement and function of cellulose microfibrils in bacteria




Liberation of nanocellulose particles
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Chemical disintegration of the fiber cell wall:
Liberation of cellulose nanocrystals (CNC)
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Mechanical disintegration of the fiber cell wall:
Liberation of cellulose nanofibrils (CNF)

Mesh of fibrils
Sandberg and Turbak
70’s — 80’s

Oxidation of fibrils
Wagberg 80’s
Isogai & Saito 90’s

20 ym—m Johnson et al. 2009




Assisted disintegration of the fiber cell wall: Swelling
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R = CH,OCH,COOH (Carboxymethylation)
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Scallan 1974, Wood Science, pp 266




Mechanical disintegration equipments
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Images of the particles from the two different routes
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CNF CNC

bt

Image RISE Bioeconomy Araki et al, Langmuir 2000, 16, 2413-2415



A. Garcia et al, Industrial
Crops and Products 93
(2016) 26—-38
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Nanocellulose production from waste

THE NANOCELLULOSE BIOREFINERY CONCEPT
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Properties of nanocellulose

Property CNF CNC Units
Crystallinity 40 — 90 80-90 %
Length 500 — 1000s 100 —300 nm
Width 2—100 2 —50 Nm
Aspect ratio 100 — 1000 20 — 50

Specific surface area 100 — 1500 100 — 1500 m2gl
Thermal expansion <8 <8 ppm K-1
Own work

Moon et al, Chem. Soc. Rev., 2011, 40, 3941
A. Garcia et al. / Industrial Crops and Products 93 (2016) 26—38
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Strong and light weight!

Property CNF CNC Steel
Stiffness (tensile) ~100* ~140 200
Strength (tensile) 2 -6** ~8 4
Density 1500 1500 7800
Spec. stiffness 70 90 30
Spec. strength 1-2 5 0.5

Kevlar
130

4
1400
90

3

Units

GPa

GPa

kg m-3

MPa kgt m3
MPa kg?! m3

Most data from the review by Moon et al, Chem. Soc. Rev., 2011, 40, 3941
* Extrapolated data from Page and El-Hosseiny 1983
** Saito et al, Biomacromolecules 2013, 14, 248



Main areas of interest (RISE)

Production of nanocellulose (cost efficiency & up-scaling)
Strength agent in papermaking
Barrier films (oxygen)
Reinforcement of thermoplastics

Rheology modification

Continuous filaments
Foams

Electrical conducting materials




Strength agent
IN papermaking




CNF very efficient strengthening agent
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FEX trial: Tensile index vs filler content
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Barrier films and
coatings




Freestanding nanocellulose films

Aulin, C., Salazar-Alvarez, G. and Lindstrom, T., Nanoscale, 2012, 4, 6622-6628



Transmittance (%)

Optical properties
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Comparison oxygen permeability and water
vapour permeabillity for different materials
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Oxygen barrier properties vs. RH
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Comparison OTR and WVTR
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Air permeabllity properties

Air permeability bleached kraft sackpaper 70 g/m?
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Source: Aulin, C, unpublished
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Current objective

= Economic production of large
volumes of film




Rheology modifiers




Shear thinning behaviour of CNF dispersion
— Effect of concentration
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Flowing to non-flowing induced by concentration and/or pH
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Flow-induced alignment and gel locking

Hakansson (Fall) et al, Nature Communication 2014
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Thread shaped filaments consisting of aligned fibrils

Hakansson (Fall) et al, Nature Communication 2014
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Foams




CNF foams as replacement for EPS
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Different types of nanocellulose foams

Open cell Closed cell

2014-06-30 1610 A D53 x10k 100 um

N. Cervin et al, Biomacrom. 2013, 14, 503



Particle stabilized foams

Wet Dry

Cervin et al, Biomacromolecules 2015

2.6 cm

3.2cm



Bicycle helmet demo: 100% wood
based materials — CNF foam

http://www.cellutech.se/helmet.html




Vertical
cross section

lce-templating / Freeze-
casting

Entrapped ceramic particles

Colder

Temperature
Gradient

Cold

Direction of freezing l l

Aqueous ceramic slurry

Deville, Science 2006; Deville et al, Acta Mat 2007
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Microscopic anisotropicity:
Birefringence of gel produced by freeze casting followed by thawing

Munier et al, Biomacromolecules 2016, 17, 1875



Microscopic anisotropicity:
Birefringence (reference, non-frozen)

Munier et al, Biomacromolecules 2016, 17, 1875
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Cellulose aerogels for energy storage: functionalized with LbL
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Spinning of carbon nanotube / nanocellulose filament
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CNF-PEDOT nanopaper

High electrical conductivity

High ionical conductivity

High surface area for capacitance

Monolithic integration




CNF-PEDOT nanopaper
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Summary: Potential use of nanocellulose in packaging and food

Bio-nanocomposites in screw cap

and/or top ‘ |
Nanobarrier inside the bottle \ s

) s ‘\
b
g
~

/ = Food quality sensor
| \ = Self updating expiring date

= Storage of information transferred
by near field communication (NFC)

Dry strength agent in board

Rheology modifier in the food
product

Picture: Tetra Pak copyright, Tetra Pak Carton Chilled
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