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More than 70 peer-review publications and patents within the field of nanocellulose



Cellulose: the most abundant biopolymer on earth



The native production of cellulose nanofibrils

50 nm

Doblin et al, Plant Cell Physiol. 43(12): 1407–1420 (2002)

https://www.barnardhealth.us/glucose-phosphate/cellulose-is-synthesized-

by-supramolecular-structures-in-the-plasma-membrane.html

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



Different assembly of productions sites between organisms

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



Different crystalline structure between organisms

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



Arrangement and function of cellulose microfibrils in plants

http://www.plantphysiol.org/content/127/4/1513



Wood: A truly hierarchically assembled composite
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Arrangement and function of cellulose microfibrils in bacteria



Liberation of nanocellulose particles

12

Chemical Mechanical



Chemical disintegration of the fiber cell wall:

Liberation of cellulose nanocrystals (CNC)

Images from the review by Moon et al 2011
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Liquid crystalline ordering

Revol & Gray 80’s -90’s

Formation of CNC

Rånby  40’s 50’s

Babtista 50’s 60’s



Mechanical disintegration of the fiber cell wall:

Liberation of cellulose nanofibrils (CNF) 

Johnson et al. 2009
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Mesh of fibrils

Sandberg and Turbak

70’s – 80’s

Oxidation of fibrils

Wågberg 80’s

Isogai & Saito 90’s



Assisted disintegration of the fiber cell wall: Swelling

Scallan 1974, Wood Science, pp 266
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R = COOH (TEMPO mediated oxidation)

R = CH2OCH2COOH (Carboxymethylation)

15

Oxidation

R
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Mechanical disintegration equipments

O. Nechyporchuk et al. / Industrial Crops and Products 93 (2016) 2–25
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The solution 

- a mobile factory

Capacity: 100kg/h

- Full scale trials at 

paper mills 



Container 1 Enzyme

dosage Chest 1Pump 2
2 Enzyme

Reactors

Container 2 Refiner and Chest 2 High Pressure Homogenizer



Images of the particles from the two different routes

Usov (Fall, Bergström) et al, Nature communications 2015, 6, 7564

CNC
CNF



Araki et al, Langmuir 2000, 16, 2413-2415

CNC

Image RISE Bioeconomy

CNF



A. García et al, Industrial 

Crops and Products 93 

(2016) 26–38



Nanocellulose production from waste

22



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 m2 g-1

Thermal expansion < 8 < 8 ppm K-1

23

Own work

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

A. García et al. / Industrial Crops and Products 93 (2016) 26–38



Strong and light weight!

24

Property CNF CNC Steel Kevlar Units

Stiffness (tensile) ~100* ~140 200 130 GPa

Strength (tensile) 2 – 6**   ~8 4 4 GPa

Density 1500 1500 7800 1400 kg m-3

Spec. stiffness 70 90 30 90 MPa kg-1 m3

Spec. strength 1–2 5 0.5 3 MPa kg-1 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



▪ 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

Main areas of interest (RISE)



Strength agent 

in papermaking



CNF very efficient strengthening  agent
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Source: Lindström, T. and Winter, L. 

(1988). Mikrofibrillär cellulosa som 

komponent vid papperstillverkning. 

STFI-meddelande C159 (internal 

STFI-report)

C-starch

Fines

CNF



FEX trial: Tensile index vs filler content
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Ankerfors, Lindström and Söderberg, Nordic Pulp & Paper Research Journal, Volume 29, 2014, 476-483.



Barrier films and 

coatings



A B

Freestanding nanocellulose films

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



Optical properties

M. Shimizu et al., Journal of Membrane Science, 2016, 

500, 1–7



Comparison oxygen permeability and water 

vapour permeability for different materials

PVDC

CNF

Amylose

Amylopectin

LDPE

Beeswax

HDPE

PVC

PP

PS

PET
Chitosan

Whey protein

Acetyl-galactoglucomannan

PLA

Cellophane

23 ºC, 50 % RH

Lindström, T., Aulin, C., Naderi, A. and Ankerfors, M., Encyclopedia Of Polymer Science and Technology, 4th edition, 2014



Oxygen barrier properties vs. RH

Aulin, C., Gällstedt, M. and Lindström, T., Cellulose, 

2010, 17, 559-574
M. Shimizu et al., Journal of Membrane Science, 2016, 

500, 1–7
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CNF coatings 

on board (6 g/m2) 

CNF films (8 g/m2)

PE-laminated CNF 

films (6 g/m2 )

Commercial 

PET/EVOH/PE 

packaging

Commercial 

PET/PE 

packaging

Comparison OTR and WVTR

Industrial criteria

liquid board

CNF films (30 g/m2) 

with flexographic printed 

water barrier



Mikael Ankerfors, Innventia AB

CNF coatings on board

Reference 1 g/m2 CNF

Aulin, C., Gällstedt, M., Lindström, T. (2010). Cellulose 17(3), 559-574

1.8 g/m2 CNF



Air permeability properties

Source: Aulin, C, unpublished



Current objective

▪ Economic production of large 
volumes of film



Rheology modifiers



Shear thinning behaviour of CNF dispersion

– Effect of concentration

Water

Source: Pääkkö, M., Ankerfors, M., Kosonen, H., Nykanen, A., Ahola, S., Österberg, M., Ruokolainen, J., Laine, J., 

Larsson, P. T., Ikkala, O. and Lindström, T. (2007): Biomacromolecules 8(6), 1934-1941.

Increasing conc.



Flowing to non-flowing induced by concentration and/or pH 

reduction

Saito et al, Soft matter 2011, 7, 8804



Continuous 

filaments



Flow-induced alignment and gel locking

42

Håkansson (Fall) et al, Nature Communication 2014



Thread shaped filaments consisting of aligned fibrils

5 µm

43

Håkansson (Fall) et al, Nature Communication 2014



Håkansson (Fall) et al, Nature Communication 2014 Mittal (Håkansson) et al, ACS Nano 2017, 11, 5148



Foams



CNF foams as replacement for EPS

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=AmYWoCM6RzlxxM&tbnid=bvv9D-ASB211iM:&ved=0CAUQjRw&url=http://www.foam-mn.com/Pages/ShapeMolded.aspx&ei=fYNvUrjSN6en4AThvICIBg&bvm=bv.55123115,d.bGE&psig=AFQjCNG3DSW-0Lb6FIreSFjtNNklO25TxQ&ust=1383126210236637


Different types of nanocellulose foams

Open cell Closed cell

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



Particle stabilized foams

Wet Dry

Cervin et al, Biomacromolecules 2015

Water
Air

Gordeyeva (Fall) et al, Submitted



Bicycle helmet demo: 100% wood 

based materials – CNF foam

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



Deville, Science 2006; Deville et al, Acta Mat 2007

Ice-templating / Freeze-

casting



CNF

f = 0.75

CNC

f = 0.79

Munier et al, Biomacromolecules 2016, 17, 1875



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



A Malti, J Edberg, H Granberg, Z Ullah, J W 

Andreasson, X Liu, D Zhao, H Zhang, Y Yao, 

J W Brill, I Engquist, M Fahlman, L Wågberg, 

X Crispin, M Berggren, Adv. Sci. 3(2), 2016



Cellulose aerogels for energy storage: functionalized with LbL

J Erlandsson, V Lopez Durán, H Granberg, M Sandberg, P A Larsson, L Wågberg, 

Appl. Mater. Today, 5(246-254), 2016

CNT
Dye (SPTBS)
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Spinning of carbon nanotube / nanocellulose filament

M Hamedi, A Hajian, A Fall, K Håkansson, M Salajkova, F Lundell, L 

Wågberg, L Berglund, ACS Nano 8(3) 2467-2476, 2014



▪ High electrical conductivity

▪ High ionical conductivity

▪ High surface area for capacitance

▪ Monolithic integration

CNF-PEDOT nanopaper



A Malti, J Edberg, H Granberg, Z Ullah, J W Andreasson, X Liu, D Zhao, H Zhang, Y Yao, J W 

Brill, I Engquist, M Fahlman, L Wågberg, X Crispin, M Berggren, Adv. Sci. 2, 2016

CNF-PEDOT nanopaper



Summary: Potential use of nanocellulose in packaging and food

▪ Bio-nanocomposites in screw cap 
and/or top

▪ Nanobarrier inside the bottle

▪ Dry strength agent in board

▪ Rheology modifier in the food 
product

Picture: Tetra Pak copyright, Tetra Pak Carton Chilled  

▪ Food quality sensor

▪ Self updating expiring date

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