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The Need for novel biobased materials 

ÁNovel materials with superior performance  from renewable resources as alternative to 

fossil oil based materials 

ÁKey requirements of the new materials 

ÁHigh technical performance 

ÁCompetitive cost 

ÁRenewable resources 

ÁSustainable production 

 

 

www.melodea.eu 



Cellulose nanocrystals (CNC) 

ÁCellulose is the natural building blocks of all plants 

on earth 

ÁStronger than steel! 

ÁTransparent nano particle gel 

ÁExcellent for production of novel eco-friendly 

materials 

 

Material Tensile 
strength 

(GPa) 

¸ƻǳƴƎΩǎ 
modulus 

(GPa) 

CNC 7.5 145 

Steel 4.1 207 

Kevlar 3.8 130 

Glass fiber 4.8 86 

Kim et al. International Journal of Precision Engineering and 

Manufacturing-Green Technology 2015 

www.melodea.eu 



CNC Production Technology 
ÁBased on (but not limited to) Melodea developed unique technology that allows efficient and sustainable extraction of CNC 

from cellulosic material 

 

 

 

 

 

 

 

 

ÁUnique process  to include recycling of up to 95% of the chemicals, saving costs, and minimizing the environmental 
production impact 

 

 

Chemical processing CNC product Ą 
applications 

Cellulosic raw materials: wood 
pulp, paper waste, flax, cotton 
and more  

www.melodea.eu 



How is CNC produced? 
 

www.melodea.eu 



What can CNC be used for? 

Displays 
Additive to coating 

and barriers materials 

Additive to plastics 

(biobased and synthetic) 
Reinforcing of acrylic 

polymers 

Reinforcing of paper and 

paperboard 

Foams for composites 

and insulation panels 

NCC films for coatings 

and optical properties 
Gas barrier aluminum replace- 

ment in food packaging 

Reinforcement in 

cement 

Oil and gas drilling 

stabilizer 

www.melodea.eu 



Examples  

Transparent gas barrier coatings for food 

packaging 

 

Anti friction coatings for sports and seals 

 

www.melodea.eu 



CNC foamed products 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CNC foam can be a superior substitute for petroleum based foams for composites 

www.melodea.eu 



Large volumes- applications tests in full scale 

Melodea process technology 

Open and neutral environment - applications 

Commissioning  planned late 2016 

Pilot plant ς core of a new innovation 
enviroment 

 

 

TEM 

The CNC Pilot Plant 

Norström, SP, 2016 

http://holmen.com/sv/


CNC is part of a large Swedish effort  in Bioeconomy 

Á9ǳǊƻǇŜΩǎ ŦƛǊǎǘ pilot facility for cellulose nanocrystals (CNC) will be in operation in 2016 in a 

collaboration between industrial partners and SP with regional funding in Sweden 

ÁCNC has many potential future applications in such various fields as construction materials, 

biobased composites, optical and electronics and additives for paints, coatings, food and 

hygienic applications 

ÁAvailability of larger amounts of CNC is required for industrial scale testing and piloting 

ÁIn order to support a larger scale production a pilot plant facility for CNC will be built in 

Örnsköldsvik (Sweden) and integrated within existing R&D&I infrastructure 

ÁThe pilot plant will be an open facility for companies, universities, and research institutes 

ÁThe pilot is based on technology developed by Melodea and will be an important tool in the 

development and commercialization of new CNC-based products 



CNC is part of a large Swedish effort  in Bioeconomy 

ÁA significant part of the productive forest assets in Europe are located in Sweden 

ÁLeading global manufacturer of pulp and paper which makes it natural that research 

activities in the bioeconomy area are mainly wood-based 

ÁTogether, the RISE Research Institutes of Sweden - Innventia, SP, Swerea and Swedish 

ICT - form a major player in the bioeconomy sector, with a combined annual turnover 

of 800 million SEK (85 Mϵ) 

Á! άRoad map 2015 to 2025: New advanced materials from nanocelluloseέ Ƙŀǎ ōŜŜƴ 

drafted and launched, see www.ri.se  

ÁThis is one out of total eight roadmaps in the Bioeconomy area 

http://www.ri.se/


Roadmap on nanocellulose 

ÁPlatform for large-scale 

demonstration of the 

manufacturing of sustainable 

nanocellulose-based materials 

from Swedish forest resources 

by the year 2025 

ÁImprove sustainability and 

contribute to the creation of 

new job opportunities in 

Sweden 
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CNC ς cellulose nanocrystals have unique properties 

ÁAcid hydrolysis to achieve CNC produces a material which has properties common to 

other nanocelluloses but also unique ones 

200 nm 

 

www.melodea.eu 



 

From Gray, Marcus Wallenberg prize in 2013 lecture 
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Chiral nematic liquid crystalline phases ς what is this? 

 

www.wikipedia.com 



Some terminology 
ÁIridescent 

Á colour changes as the angle of view or the angle of illumination 
changes 

ÁChiral 

ÁMirror  image materials or molecules 

ÁPitch 

Á Distance over which the LC molecules undergo a full 360° twist 
(chiral nematic phase repeats itself every half-pitch)  

ÁNematic 

ÁΩthread-ƭƛƪŜΩ ς alignment in liquid crystals, such as in LCD 

ÁLiquid crystal 

ÁMatter in a state that has properties between those of 
conventional liquid and those of solid crystal 

Á.ǊŀƎƎΩǎ law 

Á 2d ǎƛƴʻ=n˂  (n positive integer and ˂  wavelength of light) 

 

www.wikipedia.com 

https://upload.wikimedia.org/wikipedia/commons/e/e8/Chirality_with_hands.svg
https://en.wikipedia.org/wiki/File:Nematische_Phase_Schlierentextur.jpg


Toward optoelectronic applications of CNC 

Å The Mark MacLachlan group at University of British Columbia, Canada 

demonstrated that cellulose nanocrystals (CNC) can be used to template a 

variety of different mesoporous materials with chiral nematic structures 

including silica, organosilica, carbon and titania 

Å These materials are available as free-standing, oriented films with photonic 

properties 

Å In 2013, they also prepared novel nanocomposite hydrogels that have long-

range chiral nematic structure and photonic properties 



MacLachlan, Hamad et al. (2013), Biopolymer Templated Glass with a Twist: Controlling the 

Chirality, Porosity, and Photonic Properties of Silica with Cellulose Nanocrystals, Advanced 

Functional Materials 

Biopolymer (CNC) templating to employ unique properties 



 

From Gray, Marcus Wallenberg prize in 2013 lecture 



Why nanocellulose in food? 

ÁHighly viscous at low concentrations  

Ágel-like consistency down to 0.1% 

ÁHighly shear thinning  

Ágood for stabilization 

Áeasy to pump 

Ágood mouth feel 

ÁHigh water holding capacity 

Á14-35 g/g 

ÁHeat stable up to 180 ºC 

ÁLow calorie additive 

ÁRenewable resource 

50 nm 

MFC 

Stading and Öhgren, SP, 2016 



Nanocellulose in food 

ÁNCC = nanocrystalline cellulose = CNC cellulose 

nanocrystals 

ÁMFC = microfibrillated cellulose = NFC nanofibrillar 

cellulose 

ÁMC = microcrystalline cellulose (also abbrev. MCC) 

ÁBC = bacterial cellulose 

MFC 

Stading and Öhgren, SP, 2016 



Microstructure of different nanocellulose 

MFC CNC BC 

Gomez et al 2012 
Gelin et al., 2007 

Stading and Öhgren, SP, 2016 



Nanocellulose in food, in literature 1 

ÁStabilizing agent in oil-in-water emulsions (1-3 % added, Turbak et al 1984) 

ÁBologna emulsions (3% addition) 

ÁDressings (Ceasar , Italian (1.7 % addition), Thousand Island (2% addition)) 

ÁStabilizing agent for milk containg drinks (0.003-0.4 % addition, Yaginuma at al 2005)  

ÁTaste enhancer in sausages and hot dogs (2% addition, Turbak et al 1984). Also 
prevents shrinkage during frying 

ÁMoisture retention agent in ground chuck burgers (0.83 % addition, Turbak et al 1984) 

ÁAgent in low-fat whipped cream with good stability and water separation behaviour at 
lower pH (0.2% addition, Koh and Hayama 1997) 

Stading and Öhgren, SP, 2016 



Nanocellulose in food, in literature 2 

ÁAgent in low-fat whipped cream with good stability and water separation behaviour at lower 

pH (0.2% addition, Koh and Hayama 1997) 

ÁThermostable highly dispersible gelling agent together with polysaccharide (Akimoto 2008)  

ÁToppings, puddings, fillings, dips (2.3 % addition, Turbak et al 1983) 

ÁFrozen concentrates (orange juice, sweetened lemon/grape) (2 % addition, Turbak et al 

1983) 

ÁCreamed soups, gravies (0.75 % addition, Turbak et al 1983) 

ÁLow calorie fruit fillings in cookies (1 % addition in fruit fillings, Kleinschmidt et al 1988) 

 

Stading and Öhgren, SP, 2016 



Nanocellulose in food, in literature 3 

ÁLow calorie fat substitute without laxative side effects together with liquid polyol fatty acid 

polyesters e.g. for baked goods and creams (1-15 % addition, Howard and Kleinschmidt 

1991) 

ÁImproved mechanical properties and water retardation for crackers, chips and wafers (1 % 

addition, Lundberg and Aronson 2006) 

ÁEnhanced softness of bread and retarded hardening (<0.5% addition, Weibel 2001)  

ÁThickening agent in icing compositions (Huang et al 2002) 

ÁThermostable shear thinning thickening agent with low water activity (1 % addition, Morano 

1998) 

 

Stading and Öhgren, SP, 2016 



MFC in food 
 
Case studies by SP Food and Bioscience together with 

Innventia 

Å Foams 

Å Emulsions 

Å Bread 

Å Hamburgers 

 

 

Stading and Öhgren, SP, 2016 



MFC produced by Innventia 

Pulp 
Mechanical & 

enzymatic 
treatment 

Homogenisation MFC 

Stading and Öhgren, SP, 2016 



Emulsions with MFC 

20% oil 

1% MFC 

100 bar 

 

0.5 % MFC 
 

 

1000 bar 

Stading and Öhgren, SP, 2016 



Design of oil-in-water emulsions ς mayonnaise  

Stading and Öhgren, SP, 2016 


