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Julien BRAS

Journée scientifique organisée
Fed3G (FR3345) et l’Institut Carnot PolyNat

« Biomasse végétale matière première d’avenir :
rêve ou réalité ? »

L = 210 nm
d = 5 nm
L/d = 42
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T1 : Bio-nano-particules & 
their use:
Cellulose nanocristals, starch, chitine ; NFC,
Bio-nanocomposites, mechanical 
reinforcement, characterisation

T2 : New biomaterial : from surface 
treatments to composites
Biopolymer ; Bio-composites ; chemical grafting ; Rheology 
of enduction sauce ;adhesion & coating ; Multilayer ;
Microencapsulation ; Specialty paper, extrusion

T3 : Functionnal Packaging : 3D 
process & end-use properties
Cardboard, Core ; Thermoforming ; embossing ; Shelf life & 
barrier properties ; Mechanical similution & humidity 
conditions, RFID, functionnal material & coating , food contact 

Converting
Biomaterial Packaging 

Dpt

Laboratory of paper science & graphic arts 
LGP2 - UMR 5518

20 researchers
(10 PhD, 2 post-doc)

Ab. 100 employees staff, 40 PhD
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BIOMASS
Issue and misunderstanding (LCA)

Family1

Family3

Family2

Directly extracted from Biomass Classically synthesised 
from bio-derived monomers

Polymers produced 
directly by organisms

Polysaccharides Proteins Lipids Polylactate PHA

Starch

Potato

Maize

Wheat

Rice

Derivatives

Animals

Casein

Whey

Collagen/
Gelatine

Plant

Zein

Soya

Gluten

Cross-linked 
tri-glyceride

Other Polyesters Bacterial 
cellulose

Xanthan

Curdlan

Pullan

Cellulose

Cotton

Wood

Other 
Derivatives

Gums

Guar

Locust bean

Alignates

Carrageenan

Pectins

Derivatives

Chitosan/Chitin
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Native Regenerated Derivatives
Cellulose I Cellulose II

Process: viscose, parchmentization, etc..Process: extraction, bleaching Process: esterification, étherification

Families of cellulose
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source: Missoum PhD 2012.

Quantity => Work on Native Cellulose

source: http://genomicsgtl.energy.gov/roadmap/, 2009.

200 109 tons/year produced
But only 6 109 tons/year used
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Global Context

Need for
Bio-based
Solutions

Enhanced
properties at
Nano-scale

SOLUTION
=

BIO-NANO-PARTICLES
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Le Corre, thèse, 2011
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INFO ou 
INTOX?
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1. Nanocellulose Definition

2. Properties and Application

3. Towards industrialization ?

AGENDA

fiber

microfibril

Hierarchical Structure

Adapted from : Pääkkö, et al.,Biomacromol. 2007

Multi-level Organization
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Lavoine et al, submitted, 2012
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Pääkkö, et al.,Biomacromol. 2007
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Pääkkö, et al.,Biomacromol. 2007

PAPER FIBRE MFC NCC Polymer

L= 200-500nm
D= 5-10nm

L= 1000-2000nm
D= 20-70nm

L= 0,7- 10mm
D= 5-50µm

Thickness= 30-400 µm
Basis weight= 15-400g/m²

DP=10000
Z= 0,5nm

Micro-Macro Nano
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� More than 1 paper every day in 2011

� Obviously THE future of Cellulosic materials

NanoCellulose
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MFC
microfibrillated cellulose
microfibrils of cellulose
cellulose microfibrils
cellulose nanofibers
nanofibrils of cellulose
cellulose nanofibrils
NFC
nanofibrillated cellulose
nanocellulose
nanofibrillar cellulose
CNF
whiskers of cellulose
nanocrystals of cellulose
cellulose nanocrystals
CNC
NCC
CNW
CNXL
nanocrystalline cellulose

Scientific documents published (SciFinder_Dec 2011)

� Lack of industrial application + Lack of clear denomina tion
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Different processes Different pre-treatments

MFC enzymes MFC TEMPO

wikipedia

www.nogimasaya.com
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MFC MFC TEMPO Whiskers

L (nm) D (nm)

MFC >1µm 50

MFC TEMPO >1µm 10

Whiskers (Sisal) 200 5

3 main groups:

=> Be Carefull: It is not so simple !!!!

�����������
�

16

Project discussion 

Grenoble INP Pagora Possibilities

Whiskers -
Nanocrystals

MFC by mechanical 
treatment

MFC by Tempo treatment

Production Characterization Application

Starch Nanocrystals
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(20 sources – pioneer)

(FCBA collaboration)

(1st production in 2010) (under progress)

(several sources- pioneer)

(Mechanical, thermal, 
rheo)

(Mechanical, thermal, 
barrier, rheo)

(Mechanical, thermal, 
rheo, barrier)

(Nanocomp, paper)

(Nanocomp, paper)

(Nanocomp, paper)
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1. Nanocellulose Definition

2. Properties and Application

3. Towards industrialization ?

AGENDA
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Several
possibilities

Impregnation

Coating

Multilayer - Coatings

Impregnation- Composites

Composites 

Standing films 
& others
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Gel

Aerogels

Cosmetics
Paints

Car reinforcement
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More and 
more 

Applications
Films

� Impact of the making process on barrier properties
– TEMPO pre-treatment

» TOCN-COOH (acid pH) �  TOCN-COONa (basic pH)

*Fukuzumi et al. Carbohydrate Polymers, 2011
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Several
possibilities

Impregnation

Coating

Multilayer - Coatings

Impregnation- Composites

Composites 

Standing films 
& others

�����������
�
�
���
���
��������������

E (GPa)* 10 40 70 150
* wood

Bledzki et al, Prog. In Polym. Sci., 1999

1 µm100 µm 10 µm

Fibre bundle Ultimate fibre Cellulose microfibril Cellulose nanocrystals

© Biologie et Multimédia ©  CERMAV© A. Keller© A. Keller

100 nm

Ultimate
fibres

Bundles 
of fibres

�����������
�



12

 �	!���
�	
��"#  $�
	
���
	������� (ET) ��
��� ��������
���	� �����������

Dufresne, Nanocellulose: From Nature to High-Performance Tailored Materials, de Gruyter, in preparation

Material Method E L (GPa) ET (GPa) Reference
cellulose I Calculation 77-121 (Meyer and Lotmar, 1936)

cellulose I Calculation 56 (Treloar, 1960)
Bleached ramie fibers (cellulose I) X-ray diffraction 134 (Sakurada et al., 1962)
Fortisan H fibers (cellulose II) X-ray diffraction 70 - 90 (Mann and Roldan-Gonzales, 1962)
Cellulose I Calculation 172.9* (Tashiro and 

70.8** Kobayashi, 1985)
Cellobiose (two hydrogen bonds -
cellulose I)

Calculation 136 � 6 (Kroon-batenburg et al., 1986)

Cellobiose (one hydrogen bond - cellulose 
II)

89 � 4

Ramie fibers (cellulose I) X-ray diffraction 122-135
Mercerized ramie fibers (cellulose II) 106-112 (Matsuo et al., 1990)
Cellulose I Calculation 167.5 11 (Tashiro and Kobayashi, 1991)

Cellulose II 162.1 50
Purified ramie fibers (cellulose I) 138
Polynosics (cellulose II) 88
Cellulose IIII X-ray diffraction 87 (Nishino et al., 1995)
Cellulose IIIII 58
Cellulose IVI 75
Cellulose I Calculation 134-135 (Reiling and Brickmann, 
Cellulose II 83 1995)
Cellulose II Calculation 155 24 - 51 (Ganster and Blackwell, 1996)
Cellulose Ib Raman 143 (Šturcova et al., 2005)
Cellulose Ib Calculation 124-155 (Tanaka and Iwata, 2006)
Cellulose Ia 136-155*

114-117**

Cellulose Ib Calculation 116-149*

124-127**

(Eichhorn and Davies, 2006)

Cellulose II 109-166*

101-106**

TEMPO-oxidized Cellulose Ib AFM 145 (Iwamoto et al., 2009)
Acid hydrolyzed Cellulose Ib 150
Wood AFM 18-50 (Lahiji et al., 2010)
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Whiskers 
suspension

Water soluble 
matrix

Teflon mold

24h-35°C

Conditioning :

24h 23°C - 50%RH
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Case 1: Water soluble Polymer
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Abdillahi et al, Cellulose, 2010*

NCC composites

Relative values
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Siqueira et al. (Biomacromolecules 2009)

Case 3: Non aqueous system
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INTERESTING PROPERTIES

BUT NO APPLICATION BY EXTRUSION

Because Film like or agglomeration when dried

Chemical grafting

Solutions

Encapsulation
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Source: Dufresne, 2012, Nanocellulose: From Nature to High-Performance Tailored Materials, de Gruyter, in preparation
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INTERESTING PROPERTIES

BUT NO APPLICATION BY EXTRUSION

Because Film like or agglomeration when dried

Chemical grafting

Solutions

Encapsulation

Nanocellulose Encapsulation

Different Solutions

1. Polymer
grafting or 
adsorption

ROP, admicellar
polymerisation

2. Polymer 
regeneration/ 
reprecipitation

Alginate, PVA, 
PLA, starch

3. Polymer 
blending

Waterbased polymer, 
NR

ACS Macro Letters (January 2012), 
Ben Azouz; et al

LeMahieu, Bras et al MME, 2011 Bras et al. ISWFPC 2011
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Several
possibilities

Impregnation

Coating

Multilayer - Coatings

Impregnation- Composites

Composites 

Standing films 
& others
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MFC & Paper

Hamann, Sunpap
Workshop, 2011
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Aulin et al., Cellulose, 2010
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Aulin et al., Cellulose, 2010

=> Coating of low basis weight

=> Best biomaterial barriers

and also interesting for printing properties
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Paper/cardboard

MFC
Active molecule

? ?
??

??

Prolonged Release

Liquid

Oil

Gaz

? ? ?

Barrier properties

Antimicrobial property

?

• MFC coating => Barrier due to « nanoporosity »

BiopackFun Project (2010-2013)

• Expect for High value added materials
=> prolonged release due to « nanoporosity » 
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1. Nanocellulose Definition

2. Properties and Application

3. Towards industrialization ?

AGENDA
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Source: Salmenkivi, 2012,SunPap Conf



19

'���
�
�(���
�
����)�����
�����������	�

Source: Nanocellulose market study, Future Markets Inc , 2012
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Source Bouchard, Sept 2011
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Source Bouchard, Sept 2011

• 1 ton/day

• 1st plant in the world

'���
�
�(���
�
����)�����
�����������	�

Janv 2012

Source Bouchard,June 2010
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Source Bouchard, Sept 2011

« First Nanomaterial that Canada has 
added to the Domestic Substance List »
J.Bouchard, June 2012
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FP Innovation 
(Ca) – 2kg/d

R&D Pilote Commercial

CelluForce
(Ca) –
200/500 kg/d

Alberta 
Innovates (Ca) –
100kg/d
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Forest prod Lab
(USA) – 50kg/d

BioVision(Ca) 
– 80kg/d

-Canada/France: 
Still the 
pionneers

New project
in Asia

-More patents

-New functions

Cellulose Nanocrystals
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- less clear situation due to different MFC quality

- Several players: 
Industrial vs Research center

(JRS, Booregaard (Innventia, VTT,
Sodra, UPM, Stora, CTP/FCBA)
Nippon Paper ) 

- Several european projects
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CTP-FCBA 
(FR) – 50kg/d

R&D Pilote Commercial

UPM (Fi)

Alberta 
Innovates (Ca) –
100kg/d
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University of 
Maine(USA) –
500kg/d

Innventia(Sw) 
– 100kg/d

-Scandinavia: 
Still the 
pionneers

- Scale up 
optimisation

-Research centers
& european projects

-New functions

Nanofibrillated Cellulose

Borregaard (Nor)

Stora (Sw)

Daicel (Jp)LGP2 (FR)  
5kg/d

EMPA (Swi)  
15kg/d

PFI (No) –
15kg/d

-New industries Nippon Paper

VTT (Fi) –
15kg/d

Source: SUNPAP conf, V.meyer, 2012

'���
�
�(���
�
����)�����
�����������	�



25

'���
�
�(���
�
����)�����
�����������	�

Objective of SUNPAP

� Develop high performance and functional products with
innovative properties based on nanofibrillated cellulose (NFC).

� Develop innovative process & high added value products for paper
industry

22 partners, 
8 countries

http://sunpap.vtt.fi/

(Scale Up Nanoparticles for Modern Paper Making)

Workshop in Oct 2011 
Espoo, Helsinki
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1. Nanocellulose Definition

2. Properties and Application

3. Towards industrialization ?

AGENDA

CONCLUSION & NEXT

� Increasing interest 

BUT still issue for 
application/production

� First review

� First conference on the 
topic / First european
projects

NEXT STEP: 
OPTIMISATION & 
APPLICATION

� High Value Added = 
Functionnalization

� Application = 
Drying/Redispersion; 
Process adaptability

�����������
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2007 2010 2012

INDUSTRIALIZATION� 2010: change the way of 
thinking

=> Patent & first plant 
announcement in North
America

* More and more solution
=> need

denomination/standardisation
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THANK YOU FOR YOUR ATTENTION
Thank my colleague: A.Dufresne, N. Belgacem, K. Misso um, N. Lavoine, R.Bardet


