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UNIVERSITIES
COLLEGES

SP is a leading international group of institutes that specialise in research and innovation.

We create value through collaboration, which is vitally important for the competitiveness and
sustainable development of industry.




Information and Communications

Technology ICT Life Science

Risk,Safetyand Security TheBuilt Environment Transportation

SP Sveriges Tekniska Forskningsinstitut
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TheNeedfor novel biobased materials

A Novel materials with superior performance from renewable resources as alternative to
fossil oil basednaterials

A Key requirements of the nematerials
A High technical performance
A Competitive cost
A Renewable resources
A Sustainable production

www.melodea.eu
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Cellulosenanocrystals (CNC)

A Cellulose is the naturdluilding blocks of all plants
on earth

A Stronger than steel!

. . Material Tensile L 2dzy3Qa
A Transparenhanoparticle gel strength modulus
) (GPa (GPa
A Excellent for pr tion of novel edaendl
(ie .el orp odyc. ovel edaendly CNC 75 145
Malerials 5 e Steel 4.1 207
Kevlar 3.8 130
Glass fiber 4.8 86

www.melodea.eu

Kim et al. International Journal of Precision Engineering and
Manufacturing-Green Technology 2015
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CNCProduction Technology

A Based on (but not limited tdYlelodeadevelopedunique technology that allows efficient and sustainable extractioGNC
from cellulosicmaterial

Cellulosic raw materialsvood Chemical processing CNC producs
pulp, paper waste, flax, cotton applications
and more

A

. ‘ A Unique process tmclude recycling of up t85% of the chemicals, saving costs, and minimizing the environmental

o ’ production impact

www.melodea.eu
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Howis CN(roduced?

Cell wall i

Crystalline region
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e e o Hydrolysis NCC recovery Washing cycles Sonication
with water www.melodea.eu



m What canCNC beaisedfor? '--_-

www.melodea.eu
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Foams for composites NCC films for coatings Gas barrier aluminum replace-
and insulation panels and optical properties ment in food packaging

Reinforcing of paper and Reinforcing of acrylic
paperboard
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“Displays Additive to coating Reinforcement in Oil and gas drilling

and barriers materials cement stabilizer
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Examples

Transparent gas barrier coatings for food Anti friction coatings for sports and seals
packaging

www.melodea.eu




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

www.melodea.eu
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The CNC Pilot Plant

Largevolumes applicationgests in fullscale

Melodeaprocesgechnology

)
-
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Openand neutralenvironment- applications

. . . processum 3
Commissioningplannedlate 2016
Pilot plantg coreof a new innovation | §& Melodea

enviroment

HOLMEN

SP Techmical Research Institute of Sweden

Norstrém, SP, 2016


http://holmen.com/sv/

CNC is parof alarge Swedisheffort in Bioeconomy

A9 dzNP LISpiod faciitk fdkEdllulose nanocrystal§CNC) will be in operation #016in a
collaboration between industrial partners and SP with regional funding in Sweden

A CNC hamany potential future applicationsn such various fields as construction materials
biobasedcomposites, optical and electronics and additives for paints, coatings, food and
hygienic applications

A Availability of larger amounts of CNC is requiredridustrial scale testing and piloting

A In order to support a larger scale production a pilot plant facility for CNC will be built in
OrnskoldsviKSweden) anéhtegrated within existing R&D&I infrastructure

A Thepilot plant will be an open facilityffor companies, universities, and research institutes

A The pilot is based on technology developedwslodeaand will be an important tool in the
..development andcommercialization of new CNRasedproducts



CNC is parof alarge Swedisheffort in Bioeconomy

A Assignificant parbf the productive forest assets in Europe are locateSweden

A Leadingglobal manufacturer of pulp and papeathich makest naturalthat research
activities in thebioeconomyarea are mainlyvood-based

A Togetherthe RISE Research Institutes of Swedanventia SPSwereaand Swedish
ICT- form a major player in thbioeconomysector, with a combined annual turnover
of 800 million SEK (88¢)

Al Rdad map 2015 to 2028tewadvanced materials fromanocellulosé K| & 0
drafted andlaunched, see

A This is one out of total eight roadmaps in tR®economyarea

\4 RI

INNWVERNTIA -


http://www.ri.se/
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Roadmapon nanocellulose

A Patform for largescale TRUq PRODUCT:

demonstration of the Rl

manufacturing of sustainable s SE

nanocellulosebased materials ] PILOTS

from Swedish forest resource

by the year 2025 6 TEST BEDS
A lmprovesustainability and 5

contributeto the creation of ?

>

new JOb Opportunltles In 2015 2017 2019 2021 2023 2025

Sweden o .
- swerea

INNVENTIA
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CNC; cellulosenanocrystalshave unique properties

A Acidhydrolysisto achieveCNQproducesa materialwhichhaspropertiescommonto
other nanocellulosedut alsouniqueones

SP Sveriges Tekniska Forskningsinstitut

www.melodea.eu



'Y, Another unexpected discovery...the chiral nematic order was
SP preserved even on drying the nanocrystal suspension!
K
|

l Mixture of planchettes cut from
cellulose nanocrystal films

d prepared with different NaCl
concentrations, thus giving
different reflection wavelengths

J.-F. Revol. L. Godbout. D.G. Gray, US Patent 5,629.055 (1997)

SP Technical Researth NS wi swecwuc:

From Gray, Marcus Wallenberg prize in 2013 lecture
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SP % Aqueous colloidal solutions of cellulose micelles
DR Bengt G. Ranby (Uppsala University)

e Acta Chem. Scand., 3, 649 (1949).

X-Ray diffraction on native cellulose
indicated crystalline areas or micelles, 60A
X 600A.

“They have now been obtained in aqueous
colloidal solution, and have been observed
as 1solated morphological units by means of
the electron microscope.”
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Nanocrystals from cotton (Mukherjee et al.. 1952)

SP Technical Research Institute of Sweden
From Gray, Marcus Wallenberg prize in 2013 lecture
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suspension
(~8 wt% )
—
Liquid
crystalline
suspension

(~8.5 wt%)

.
For pure cellulose [ |
An unexpected discovery...

— A suspension of cellulose nanocrystals in pure
water at low concentrations forms a clear stable
isotropic fluid.

At higher concentrations, the nanocrystals self-align
to form a chiral nematic liquid crystalline phase in
equilibrium with isotropic phase.

Biphasic cellulose nanocrystal
suspension (crossed polars)

Helicoidal Self-ordering of Cellulose Microfibrils in Aqueous Suspension.
J.-F. Revol, H.Bradford, J. Giasson, R.H. Marchessault and D.G. Gray,
Int. J .Biol. Macromol., 14, 170-172 (1992).

SP Techmical Research Institute of Sweden

From Gray, Marcus Wallenberg prize in 2013 lecture
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Chiralnematicliquid crystallinephasesc what is this?

incident light reflected light

-

> P = pitch

www.wikipedia.com wavelength (micron)
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Someterminology

A Iridescent

A colourchanges ashe angle of view or the angle of illumination
changes

A Chiral
A Mirror image materials omolecules
A Pitch
A Distanceover which the LC molecules undergo a full 3@@ist
(chiralnematic phase repeats itself everialf-pitch)

A Nematic
A @hreadt A § aigdmentin liquid crystals suchas in LCD

A Liquidcrystal

A Matter in a state that has properties between those of ¥
conventional liquid and those of solid crystal

N} @ Q3 TR e e l

SP Technical Research Institute of Swed

A 2da A sf<(n positiveinteger and <wavelengthof 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
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Towardoptoelectronicapplicationsof CNC

A TheMark MacLachlamgroupat University of BritistColumbia, Canada
demonstrated that cellulose nanocrystals (CNC) can be used to template a
variety of differentmesoporousmaterials withchiralnematicstructures
including silicaprganosilicacarbon anditania

A These materials are availablefase-standing, oriented films with photonic
properties

A In2013 they also prepared novelanocompositenydrogels that havéong-
range chiralhematicstructure and photonicproperties
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Biopolymer (CNCemplating to employunigue properties

CNC + TMOS CNC/Silica Composite CNMS

3. Calcination or

R N NN 2. EISA acid hydrolysis

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

et et Institute of Sureden Chirality, Porosity, and Photonic Properties of Silica with Cellulose Nanocrystals, Advanced
Functional Materials




Fundamental research priorities may depend L
: INCC apprion -
on applications priorities! Plication

eLiquid crystals
e|ridescent pigments
*Cosmetic components
*Security papers

*Novel coatings

*Nanocomposites

SP Techmical Researth e w1 cveaecs

From Gray, Marcus Wallenberg prize in 2013 lecture
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Why nanocellulosen food?

A Highly viscous at low concentrations

A gellike consistency down to 0.1%

A Highly shear thinning
A good for stabilization
A easy to pump
A good mouth feel

A High water holding capacity
A 14-35 glg

A Heat stable up to 186C
A Lowcalorie additive

A Renewable resource

SP Techmical Research Institute of Sweden

MFC
Stading and Ohgren, SP, 2016



Nanocellulosan food

A NCC =anocrystallinecellulose= CN@ellulose
nanocrystals

A MFC=microfibrillatedcellulose= NFGianofibrillar
cellulose

A MC =microcrystallinecellulose(alsoabbrev MCC)

A BC =bacterialcellulose

SP Techmical Research Institute of Sweden

MFC
Stading and Ohgren, SP, 2016
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Microstructure of different nanocellulose

Gomez et al 2012

SP Techmical Research Institute of Sweden

Stading and Ohgren, SP, 2016



Nanocellulosan food, in literature 1

A Stabilizing agent in eih-water emulsions (B % addedTurbaket al 1984)
A Bologna emulsions (3% addition)
A DressingsGeasar Italian (1.7 % addition), Thousand Island (2% addition))

A Stabilizing agent for milkontaingdrinks (0.0030.4 % addition, Yaginuma at al 2005)

A Taste enhancer in sausages and hot dogs (2% addTiimbaket al 1984). Also
prevents shrinkage durinfgying

A Moisture retention agent in ground chuck burgers (0.83 % addifiarhaket al 1984)

A Agent in lowfat whipped cream with good stability and water separation behaviour &
lower pH (0.2% additiolohand Hayamal997)

Stading and Ohgren, SP, 2016
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Nanocellulosan food, in literature 2

A Agent in lowfat whipped cream with good stability and water separation behaviour at low
pH (0.2% additiorKohand Hayamal997)

A Thermostablenighly dispersible gelling agent together with polysaccharide (Akimoto 200€
A Toppings, puddings, fillings, dips (2.3 % addiffambaket al 1983)

A Frozen concentrates (orange juice, sweetened lemon/grape) (2 % additidraket al
1983)

A Creamed soups, gravies (0.75 % additiurbaket al 1983)

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

Stading and Ohgren, SP, 2016
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Nanocellulosan food, in literature 3

1991)

A Low calorie fat substitute without laxative side effects together with liquid polyol fatty acic
polyesters e.gfor baked goods and creams-{b % addition, Howard and Kleinschmidt

A Improved mechanical properties and water retardation deaickers chips and wafers (1 %
addition, Lundberg and Aronson 2006)

A Enhanced softness of bread and retarded hardening (<0.5% addiieibel2001)
A Thickening agent in icing compositions (Huang et al 2002)

A Thermostable shear thinning thickening agent with low water activity (1 % addifiorano
1998)

Stading and Ohgren, SP, 2016



MFC infood

Casestudies bySPFoodand Biosciencdaogether with
Innventia

A Foams
A Emulsions
A Bread

A Hamburgers

Stading and Ohgren, SP, 2016



Mechanical &
enzymatic
treatment

SP Technical Research Institute of Sweden

Stading and Ohgren, SP, 2016
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Emulsionsvith MFC

20% oil
1% MFC > 0.5 % MFC
100 bar

SP Technical Research Institute of Sweden

Stading and Ohgren, SP, 2016
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“% Design ofoil-in-water emulsionsg mayonnaise g

5507
500 -

A50 -

A00 -

350 -

300 +

Storage modulus G'(Pa)

240 -

200 -

150 , ,
SP Technical Research Institute of Sweden oo 1000 1o o

volume of droplets (cubic min:rnne%tading and Ohgren, SP, 2016




