18

Investigation on the Current Research and Development State of

Bionanofiber-Based Materials in Europe and North America

361



(The Royal Institute of Technology)

(Professor, PhD Lars Berglund)
(Professor, PhD Tuula Teei)

(Lulea University of Technology)

(Professor, PhD Kristina Oksman)

(STFI1-PACKFORSK, Sweden)

Professor, PhD T.Lindstrom

(Sveriges Lantbrunksuni universitet)

(Associate Professor, PhD Jerry Stahlberg)

(Professor, PhD Geoffrey Daniel)

(Swiss Federal Laboratories for Materials Testing and Research)

362



(PhD T.Zimmermann)

(University of Natural Resources and Applied Life Sciences)

(Associate Professor, PhD Wolfgang Gindl)

(The University of Manchester)

J

(Researcher, PhD Stephen J. Eichhorn)

(The University of London)

(Professor, PhD Ton Peijis)

(Institut National Polytechnique de Grenoble)

(Professor, PhD Alain Dufresne)

(Centre de Recherches sur les Macromolecules Vegetales)

(Professor, PhD Henry Chanzy)

(European Synchrotron Radiation Facility)

(Professor, PhD Christian Riekel)

(Washington State University)

J
(Senior Researcher, PhD Robert J Tichy)

363



(US Department of Agriculture, Forest Service)

M
(Professor, PhD Roger M Rowell)

(University of Toronto)

M
(Professor, PhD Mohini. M. Sain)

(Concordia University)

v
(Professor, PhD Suong V. Hoa)

(McGill University)

G

(Professor, PhD Derek G. Gray)

(National Research Council Canada, Industrial Material Institute)

(Researcher, PhD Johanne Denault)

(Universite du Quebec, Ecole de Technologie Superieure)

(Professor, PhD Anh Dung Ngo)

(Cornell University)

(Professor, PhD Anil Netravali)

(SUNY-ESF, State University of New York)

364



T
(Professor, PhD William T. Winter)

(University of Delaware)

(Professor, PhD Tsu-Wei Chou)

(Western Regional Research Center, USDA)

(Researcher, PhD William J. Orts)
(Michigan State University)
T
(Professor, PhD Lawrence T. Drzal)
K

(Professor, PhD Amar K. Mohanty)

(University of Maine)

(Professor, PhD Doug Gardner)

(Minnesota State University)

(Professor, PhD William Tze)

(North Carolina State University)

(Professor, PhD Dimitris Argyropoulos)

(University of Tennessee)

(Professor, PhD Tim Rials)

369



18
18
18
18
18
19

(Professor, PhD Siqun Wang)

(Oregon State University)

(Professor, PhD John Simonsen)

9 5
9 9
9 24
11 1
11 4
1 24

18
18

18
18
18
19

9 10

9 18
10 1
11 12
11 11

366



367



2004

(
1995 CERMAV
3-10wt
50
Opuntia
ficus
Wood
Material Science Research Program STFI-PACKFORSK
Lindstrom “Nanostructured cellulose produscts”
2006
2005
STFI-PACKFORSK
STFI
KTH
Oksman
BNF
Sain

Winter

368



TEMPO

2004

369



10nm

2004

BNF

2004

370



371



Investigation on the current research and development state of bionanofiber-based materials
in Europe and North America

[

IEERBORD ™
amEATHm 7

REOARHA [

mmﬂﬁm.ﬁﬂx

TARRETFOREN /

372




1.5kV  X50,000

100nm

450

70

60
50
=~ 40 -
30
20
10 I,

[ BNF5%

400

350

300

, MPa

250 /

200 7
150 Ar

100 //

50

0

5%
IPLA

5%

0.02 0.04

0 001 002 003 004 005 006 007

(BNF) 10
40

80%!)

ERAAE ()
cTEHEEREAERE

— T ERRIE T
Furesa-

na -
—

L) L) L L1
JR (nm}

EL

373




BNF
CERMAYV, CNRS, France, 1995

14%
BNF

Favier V, Chanzy H, Cavaille J Y. Macromolecules, 1995.

BNF

(1)

CERMAYV, CNRS, France, 1998

Dufresne

Dufresne A, Vignon M R. Macromolecules, 1998.

Angles M N, Dufresne A. Macromolecules, 2001.

LE+10

Log (B'/Pa)

EMPA, Switzerland, 2005

T. Zimmermann, et al., Advanced Engineering Materials, 2005

:1-10%

[N mm?

§- LE+7
3 5
Eﬁ:ma{xxzﬂ:na:sw II*“'E'-"’*:' 500
Terpezra 1) TrmperatareiK)
200 250 300 150
Temp (K)
BNF  (2)
BNF PVA BNF

Norwegian Univ. of Sci. and Tech. Norway, 2004

A.P.Mathew et al, J. Applied Polymer Science, 2004.

BNF

S MPa

0 LH] 15 D
Elomygatien i

a0

374




BNF  (3)

PP(isotactic)
CERMAYV, CNRS, France, 2006 Cellulose Acetate Butyrate
SUNY, USA, 2002
iPP
6% (BNA, polyoxyethylene-9- . .
nonylphenyl ether)  iPP tr1methylst)l?lllgteWt% Cellulose acetatebutyrate

CAB
Ljungberg N., Cavaille J. Y., Heux L., Polymer, 2006.

Grunert M., Winter W. T., J. Polym. Envir., 2002

T o T o,
e a4 :.' ) ﬁlﬂ‘ o -1-#"'-:-':.."‘ Fﬂ_‘t\
51rr::ﬂtMP.uj L o P m o,
coated Whiskers [ itk B R P B
25 '_F__..-- Ilﬂ.._n..l_l B i LHP*A Erataa ),
‘J.-"""-‘" : LE] a3
| o MAPP grafted Whiskers
20 Lo ey
o .
A -,
# TEEsFEReRTFeTe R v aveTe
Whiskers
S
—an— Wt SLIH
o b Wt GRWH 1
—r— & it AGWH 1
a1 o o 40 B B 100 0 MO 188 183
Strain . Temzermaes 0]

Fig ). DSC mwaces of CAB costimimy 5 wits of alyleed eryals

375




> Berglund
Cellulose Based Nanocomposites as a chapter in Natural fibers, biopolymers and their biocomposites
CERMAV-CNRS

>

>

>

>

>

A nanotechnology roadmap for the forest products industry:

NANOFOREST

>

Wood & Biofiber

Plastic Nanocomposites

2006 International Conference on Nanotechnology for the Forest Products Industry
by TAPPI, 4/26/2006-4/28/2006, Atlanta, USA TAPPI

Path Forward for NanoBiomaterials derived from Lignocellulosics ( A.J. Ragauskas, IPST, USA)
5

SF/USDA/AFPA
60

Potentials and Avenues for Nanotechnology in Canadian Wood Products (A. Potter, FRO, Canada)
Forintek 2005
Forintek

Forest Products Industry Nanotechnology Workshop Report European
perspective: NanoForest (T. Lindstrom, STFI, Sweden)

“Nanoforest”

1
2)

Nanotechnology Forest Products Industry Untapped Future Opportunities (P.
Jones, IMERYS, USA)
“Nanotechnology workshop — For the Forest Products Industry”

2006.4.26

376



-10

-11

377




378



12 ;
Dr.Eichhorn  Prof. Peijs,
Univ. of London
Manchestel

Prof. Riekel,
ESRF

Dr.GindlI,
BOKU

niv

MPA

Prof. Dufresne,

EFPIG Univ

Dr.Zimmermann, Prof. Oksman,
E Lulea Univ

Dr.Stahlberg, SLU

ESEM

Prof.Daniel, SLU

Prof. Chal

CERMAV

Prof. Lindstrom
STFI-PACKFORST

Prof.Tuula Teeri

KTH

B,

hanzy and
Dr. Nishiyama,

Prof. Berglund,
KT

379




11

Dr. Tichy,
Washington St. Univ.

Prof. Hoa
Concordia Univ.

Dr. Winter,
SUNY-ESF

USDA,WRRC
Dr. Orts

Prof. Ngo,
Universite du Quebec

Prof. Rowell,
FPL, USDA

2!

Dr..J. benault
IMI, NRCC

g -

Prof. Sain,
Univ. Toronto

Prof. Chou
Univ. Delaware

1 } <

Micﬁigan

|
/I

Prof. Gray,
McGill Univ.

Prof. Netravali,
Cornell Univ.

Prof. Drzal Prof. Mohanty

p—

Maine

Prof. Gardner)

North Carolina

Prof. Argyropoulos)

Minnesota
Dr.Tze

University of Tennessee
Tim Rials Siqun Wang

Oregon
Dr.Simonsen

380




Japan-Sweden Workshop on NanoComposites
Nov.,7,2006 at KTH, Sweden

Keynote:
A. Usuki, TOYOTA Central R&D Labs, “Polymer clay nanocomposites
work at Toyota

U. Gedde, KTH, “Nanocomposites, barriers and fire retardancy”
L. Fogelstrom, KTH, “Nanocomposite coatings”

R. Olsson, KTH, Nanocomposites based on magnetic particles
T. Iversen, STFI-Packforsk, “Inorganic nanostructure from wood
substrates”

T. Lindstrom, STFI-Packforsk, “Nanoscale microfibril and layered
silicate disintegration and exfoliation into stable suspensions”

L. Wagberg, KTH, “Cellulose nanocrystals and model surfaces”
T. Nishino, Kobe, Univ., “All-cellulose composites”

H. Yano, Kyoto Univ., “Cellulose Nanocomposites and their
applications”

K. Abe, Kyoto Univ., “Disintegration of cellulose microfibrils”

L. Berglund, KTH, “Cellulose nanocomposites” 11

381




6.1
6.1.1

500-10,000
B-1,4

4nm

20nm

4-5

B-1,4

o-1,4

200-800

200-300

140GPa

382

CMF:

,1999



FE-SEM
10 nm 36

6.1.2

TEMPO
MFC
NF TEMPO
(BC)
10nm- 10nm- 10nm- 10nm- 10nm- 100nm- 5-10nm 50-100nm
Hm 10nm 10nm 10nm 100nm Hpm
> > > > o
kg kg kg kg 400 /kg /kg? /kg? kg

. B 1-2% 10%
. B B TEMPO

383



6.1.3

MEC PF 10-20%
400MPa 20GPa
MFC 10%
1.3 1.4
BNF(MFC)
BNFELEER LU RE |
I ITEIGEP, PLA.  sME{EE BT 8RS Tz — LIS, (i)
. TFIrae it B‘N—F$,%
Ry 7—1)=F 74 1\—)uF
CNF AR
itk GFRP Fil==l, DLEE
300MPa A00MPa
|
g
i+ : ‘ .-.
AN ]
TIAS TR TN {EESRHAL TR, B DB AL T 300ks
ARRL. Mot BRI T, Bk #3911 #8985 20Y6 L HTE
C. MRSy [H, BUHA5ILE (COHH: FI04RIED
AP EE, o,
BNF
BNF
BNF CNF GF
,MPa 400 ©200 400 500 =50 120 ©200
, 1.4 1.4 =<7.8 1.4 1.4 15 o028
kg < >
400 (2000 ) | 100 10000 100 200 200
o (@] x
CcO2 co2 > > co2 > >
( )
CcCO2 > o
( )
(@] x x
>
x x x x
(@] x (@]

384




6.1.4

2000

1995

Oksman

389

CERMAV
3-10wt

Opuntia ficus

50



6.2

2004

(600 /kg)

386



18 9 5 18 9 10

(Swiss Federal Laboratories for Materials Testing and Research, Switzerland)

< >
Duebendorf
Department Department of Civil and Mechanical Engineering Wood
Laboratory Wood Laboratory 5 PhD
Tanja Zimmermann , Wood Scientist, Wood Laboratory

Cellulose Nanocomposites

(Advanced Engineering Materials)

Mickrofluidizer MEGA TON 1KA
FE-SEM,
E-SEM AFM
5-10
Wood Laboratory Dr. Klaus Richter
EMPA

Rettenmeir& Sohne

kg 10-15
EMPA
Microfluidizer (Wheat Straw)
PVA,HPC
3
2003

387



EMPA

Microfluidizer
MEGA TON
20%
PVA, PVAc, HPC

(PLA

388



1 Zimmermann

Mega Ton

389



(Lulea University of Technology, Sweden)

< >
Lulea
Oksman Skelleftea
Dept. of Wood Composites and Bionanomaterials
(Department)
Kristiina Oksman , Dept. of Wood Composites and Bionanomaterials

Cellulose Nanocomposites

Oksman
Maren Roman
Wallcot Zimmermann STFI Lindstrom
Sain Prof.
Paul Gatenholm, Sweden Chalmers Technical University Gatenholm
MCC)

Tg
Assisitant professor Dufresne

Oksman
2000 Flax

PLA

390



Sain
Microfluidizer

20%
PP
PLA-MA

Flax

391



Oksman

392



(STFI1-PACKFORSK, Sweden)

< >
KTH
KTH
Tom Lindstrgm , Department of Materials
2003 Wood Material Science
Research Program Nanostructured cellulose produscts
KTH Bergulund
High Performance Nanocomposites Modified Surface and
their Characterisation (J. Laine, , Functional Materials (0.
Ikkala, , Superhydrophobic Materials (L. Wagberg, KTH
hornification
Microfluidizer 7%
CMC
(Nanostructured cellulose
products NanoCell) 2004 1 2006 12
184
1982 Turbak
2003 KTH Berglund

2004

393



Microfluidizer,1800bar, 7%

Microfluidizer

1800bar

7%

394



(Nanostructured cellulose products NanoCell)

2003 -2006 , 2
2004 1 2006 12 184 STFI1-Packforsk
Tom Lindstrom

(E-W
Refiner, 30SR<, 94SR<) (Endoglucanase)
(Microfluidizer)
5000kWh/ton 20-30nm 100nm- pam 7%
Microfluidizer
MFC (Shear thinning) 0.25-5.9%

(STFI, Prof. Tom Lindstrom)

MFC (Zetasizer Nano-Z25)
(KTH, Prof. Lars
Wagberg)

CMC (Adsorb) 0.2M NaCl, pH8, 80 ,
2h CmMC (Helsinki
University of Technology, Prof. Janne Laine)

MFC (Molar mass)

16GPa, 220MPa, 12% debonding

pull-out friction

(50/50) 70% MFC

MFC60%
120MPa, 9% ( )
4% 3% 7% (KTH, Prof. Lars
Berglund)
(CvD) 7nm

399



(Helsinki University of Technology, Prof. Olli lIkkala)

Affinity (KTH,
Lars Wagberg)

Billerud http://www._billerud.se/default___ 118.aspx?epslanguage=EN
Bim Kemi AB http://www._bimkemi.com/

Domsjo fabriker AB http://www.domsjoe.com/

Eka Chemicals AB http://www.eka.com/eka/

Frantschach Pulp & Paper Austria AG

Holmen Paper http://www.holmenpaper.con/

Kemira http://www._kemira.com/

Korsnas http://www_korsnas.se/default___ 1884 .aspx

M-real http://www.m-real.com/wps/portal
Norske Skog http://www.norskeskog.com/
SCA http://www.sca.com/
Stora Enso

http://www.storaenso.com/CDAvgn/main/0,,1 -1000-3218-,00.html?p=true
UPM-Kymmene

http://w3.upm-kymmene.com/upm/internet/cms/upmcms.nsf?0pen&gm=menu,0,0,0

Voith Paper GmbH & Co KG http://www.voith.com/index_e.htm

396



=2 ';..' Janal:

L e

Microfluidizer

gy p—— Y

a)

180F 100 wi%

(E= 6 GPa)

30 wi%
20w%
= 10w

5 20 25 30 35
strain (%)

Starch/Glycerol/

1 Nano Cell

397



(The Royal Institute of Technology, Sweden)

KTH KTH

Lars Berglund , Laboratory of Biocomposites
Cellulose Nanocomposites

Berglund
2003

STFI1-Packforsk,Tom Lindstrgm

2003
STFI1, Lindstrom
Nanoforest
““Nanoforest””
1)
2)
Jena F.Kramer,

398



W.Fried, Reatlingen , R.Kohler, M.Tubach

STFi, Tom Lindostom Microfluidizer

10-100%

FE-SEM

STFI - Packforsk
KTH-Lastintag Quan
KTH-Repro

Gangbro till Ruddammel
US-AB

KTH STFI ( STFI KTH

399



Duebendorf

Department Department of Civil and
Mechanical Engineering Wood Laboratory
Wood Laboratory 5 PhD

400



Microfluidizer

(Wheat Straw)

Advanced Engineering Materials,
2005

G [N mm 7]

« PVAHPC
3
. (PLA
BNF PVA
T. Zimmermann, et al., 100

$

-
(=]
n

T T T T T
80 100 120 140 160 180

e[%)

:1-10%

401




Lulea

Oksman
Skelleftea Dept. of Wood
Composites and Bionanomaterials
(Department)

402



Tg

MCC)

Suess {MPa

J. Applied Polymer Science, 2004.

60
50 "
40 -
304 "
T —tusm
201 e ¥ F IS4 A
——

[ . . . - . |
00 05 1D 15 20 25 3D
Elongation mnumw
BNF

Composites Science and Technology, 2006

Fig | Schematic pacture of the campaunding proaca- Fealing of FLA in
zone |. pumping of dispersed of CNW in rome 4 and removal of the liguid
wing slmosplion snd sacuum waling in sones 7, ¥ and 10,

8o PLAIFLA-MAMNW
_."; i o PLAIPLA-MAIPE GACHW

i 80 | — PlAS
E ” III
.

o

[} : 8 8 12 18
Strain (%)

Fag, 9, Typreal tensike strg-strain carves of PLAG .. PLAPLAMAS
CWW el FLAPLA-MAPEGAONW,

403




STFI-PACKFORST

KTH
KTH

. o ! P o) w N P -
3 A i & P | * s il -
. T r 3 .
s e i ¥ b =i i
: i X P ‘ B P . =
o - N iy
r. L | ”# _J.-
” q-n-hn. ---ﬂ'dﬁ
| Ve -
| : J
1 S Lt i
i Nulbrmen LB
r
|

Microfluidizer
7%

(Nanostructured cellulose products NanoCell)
2004 1 2006
184

12

404




2003 -2006 ,2

2004 1 06 12
184
STFI-Packforsk Tom Lindstrom

: Sup )phobic Materials
-'Lars wagberg KTH

405



Microfluidizer

KTH

1827 17,000 3,300

406



e STFI, Tom Lindostom Microfluidizer

10-100%

407




Stress-strain, starch/glycerol/MFC

200
180}

a) L.Berglund, et al., 2006
100 wt%
70 wt%
60 wi%
50 wt%
40 Wt%
30 wt%
» 20wt
. _ - — 10 wtl )
10 15 20 25 30 35

strain (%)

408




18 11 1 18 11 12

(University of Natural Resources and Applied Life Sciences, Austria)

< >
Alfred Teischinger
Institute of Wood Science and Technology
Wolfgang Gindl Associate Professor, Institute of Wood Science and
Technology

Cellulosic Materials (Regenerated Cellulose, Cellulosic Composite)

1-1.

AFM

nm

1-2.

409



20-80nm

Agrana
10GPa, 120 MPa
2 Dr. W.Gindl
EU
1-3.
NMMO Lyocell
Lenzing
Lenzing
2008
2-1.Lyocell
30 GPa
30 35GPa
Lyocell
2-2.Lyocell
flax, hemp
PP

410



in situ

Renewability Low Density High Performance

Gindl

411



(The University of Manchester, United Kingdom)

< >

University of Manchester University
of Manchester Institute of Science and
Technology UMIST

University of

Manchester School of
Materials UMIST
Eichhorn
Robert Young School
Head( )

1824 1

Stephen J. Eichhorn Materials Science Centre
1999 2002

Young Raman

Cellulosic Materials
( Cellulose

Cellulosic Composite)
X

2 Eichhorn

412



iii)

1-1.

1-2.

Near Field

20nm

Fund

EU

2] am

10nm
500nm

413

Scanning
X

Basic Research



J.Mater.Sci.

School of Materials

Prof.Ton Peijs (Queen Mary College, University of London), Dr. Bismark(Imperial
College, University of London)
EU

414



(The University of London, United Kingdom)

Queen Mary College

Department of
Materials, Department of Enginnering
School of Engineering and

Materials
NanoForce
Peijs 1 Prof Peijis
Ton Peijis Professor, Department of Materials
1998 Queen Mary Leader Senior Leader
2004
/
1993
A Flax
2001

2003 Eco Composite

2 NanoForce

iii)

415



1-1.

PCL
1-2. /
interface creates Toughness Peijs
Eichhorn
nanoforce
Peijs

PURE(Polymer Ultimate
Properties with Recycability,
Environmental Safe) i) welding ii)

416



3 Peijs

417



(STFI-PACKFORSK, Sweden)

< >
KTH Turning Science into Reality
291MKr (32 MEuro) BASF,
Holmen
EuroFEX
2000/m
Tom Lindstrgm , Professor, Department of Materials
1996 KTH
KTH STFI1-PACKFORST
CMF
Berglund
CMF
1
CMF
CMF
Workshop
10

418



419



rx T 4 rmra 4 44 0 r cCc >»

(The Royal Institute of Technology, Sweden)

Japan-Sweden workshop on polymer nanocomposites
Berglund

: November 7, 2006, 9:00-16:30
: KTH, hall F3, Lindstedtsvagen 26

. Usuki, TOYOTA Central R&D Labs, ““Polymer clay nanocomposites work at Toyota

. Gedde, KTH, ““Nanocomposites, barriers and fire retardancy”’

. Fogelstrém, KTH, ““Nanocomposite coatings””

. Olsson, KTH, Nanocomposites based on magnetic particles

Iversen, STFI-Packforsk, ““Inorganic nanostructure from wood substrates””
Lindstrém, STFI-Packforsk, <““Nanoscale microfibril and layered silicate

isintegration and exfoliation into stable suspensions””

. Wagberg, KTH, <<Cellulose nanocrystals and model surfaces””

. Nishino, Kobe, Univ., ““All-cellulose composites””

. Yano, Kyoto Univ., ““Cellulose Nanocomposites and their applications”’

. Abe, Kyoto Univ., ““Disintegration of cellulose microfibrils””

. Berglund, KTH, ““Cellulose nanocomposites””

420



Berglund

Japan-Sweden workshop on polymer

nanocomposites

11

421



CNF

L.Wagberg , Professor, KTH

Langmuir Biomacromolecules

Lars Belglund , Professpr KTH
1
156 GPa 138 GPa
2
3
Lindstrom
16 GPa 240 MPa, 10%
/ / 70
6.2 GPa 162 MPa, 8%
4
40
100kg/m?
5
KTH  Chemical Science and Engineering
Hult
2> / >

422



(Instutut National Polytechnique de Grenoble, France)

< >
Institute National Polytechnique de Grenoble

Director Belgacem
101
68
30
3
BP EI1f Atochem
1( 2 )Dufresne
Alain Dufresne , Professor,: (3 )Belgacem
Ecole Francaise de Papétérie et des Industries Graphiques
1992 2003
Twt%
10

423



In situ 40

424



(Centre de Recherches sur les Macromolecules Vegetales, France)

< >

CERMAV

Chanzy
Key Words Chanzy
Heux
1 CERMAV

H. Chanzy , L. Heux , : Centre de Recherches sur les

Macromolecules Vegetales
5-6
EIf Atochem
Biomimetic Cell Wwall

2 Chanzy

425



Researches on cellulose are spreading onto another modern materials.

Chanzy

426



(European Synchrotron Radiation Facility, France)

SPring-8(Super Photon
ring-8 Gev, 1997 )
APS(Advanced Photon
Source 7 GeV, 1996 )
6 GeV
SPring-8 8 GeV

1994
advantage
1 ESRF
Christian Riekel Soft Condensed Matter Group
Zachmann
ESRF
Soft
Condences Matter
X
2 Riekel
1.
1 5pm X
X / /

427



msec

25sec

Spring-8

SPring-8

in situ

ESRF

ESRF

50nm
msec

428

SPring-8  APS
ESRF

SPring-8



)
iy
Peijs
2
Interface creates Toughness. Peijs

429



430



Wien, Austria

\_",'m.'muis.!w
AN

BOKU: University of Natural
Resources and Applied Life Sciences,
Vienna

Department of Materials Sciences and
Process Engineering,

Dr.W.Gindl

431




o (20-80 nm)

Agrana

AFM

Lyocell
® |enzing 30-35 GPa
e Lyocell/ PP /PP

® MCC/

All-cellulose nanocomposite

W, Gind™*, J. Keckes"

FPEK LV ki, Diepearmasd of Makerial Solence amd Prococe Englne oring, A 1 Viesssa, Asitria

Tranamitiance (%)

P Erich Sehodlad Parsinare for Manerkaly Seiemae, Asmerian Acalenty of Soiences, A-ST00 Laoken, Auen ¥ o Compashn A (24/78)
Received & August X0%; recebved in revinesd fonm 11 Asguss 3003 socepied 11 Augua 2004 e & Compasin B (4357)
Avnilable anlise 3% Asgua X8 70 10 o Compasite G (B2541)
Polymer, 46, 10221 (2005) T
400 250 =0 L= 0 &0 0

Wavelengin inm)

R 4, Trammiltanos of alcellukse filma o visble lght Numbes n
Brnc ket denole e eabumaied Cellakose Uoellalose 11 rabso.

250
O ot Composie B (435T)
Composhs A (2476)
200
Rogonorated oolliose
% 150
]
£ 100
504
o
L ] 0 1% 20
Fig. 1. SEM image of microcrystalline cellulose powder (cotton linters). Biraiin %)

Fig. 5. Smen arsin praphs o tensile wan of sll-cellslons compasiie A,
B, and C, and repenermad cellulose. Nombers |n brackss denme the
eaimued cellubow DioeBulove 11 rata,

432



UMNITED KINGEMIM

L FAETTT
Scotfand

TRESTET ] & Eclin brargt

-'ul'“-l'-.'. sl i ""'-'p'll'
Narthern
freland

@Yo
L ds & iy

Livenprcad @ Al B iTea

IRELAML
Englamnd

Wales Camitsiddgs
L ]
Candiff
.

aBmh l Lgndnn

L]
dnighton

The University of Manchester, School of Materials 1824

433



The University Of

M

'\_\

Prof. R.J.Young, Head of Schoog

434



Eichhorn, SJ,
Useful insights into cellulose nanocomposites using Raman spectroscopy
ACS SYM SER 938: 63-77 2006

Eichhorn, SJ, Sturcova, A, et al.
Cellulose nanofibres for high performance composites
ABSTR PAP AM CHEM S 231: - 85-CELL MAR 26 2006

Eichhorn, SJ, Sturcova, A
Micromechanics of tunicate and sugarbeet cellulose nanocomposites.
ABSTR PAP AM CHEM S 229: U307-U307 191-CELL Part 1 MAR 13 2005

Eichhorn, SJ, Young, RJ
Deformation micromechanics of natural cellulose composites.
ABSTR PAP AM CHEM S 225: U283-U283 100-CELL Part 1 MAR 2003

J Muater Sci (2004) 41409034005
DO 101071085 300013840

LETTER

Potential stiffness of carbon fibres produced from highly
crystalline cellulose

M. Li- S, ). Eichhorn

Biomacromolecules 2008, 6, 1055—1061 1055

Elastic Modulus and Stress-Transfer Properties of Tunicate
Cellulose Whiskers

Adriana Sturcova,’ Geoffrey R. Davies,* and Stephen J. Eichhorn*1

Materials Science Centre, School of Materials, University of Manchestt
Manchester, M1 7HS United Kingdom, and IRC in Polymer Science and Tec
and Astronomy, University of Leeds, Leeds, LS2 9JT Unitec

Received November 8, 2004; Revised Manuscript Received Dece

Istiety | Ar iy Uridd

SNNEEEE

3 = = -] 1 E
Faaman Wivenusber [om )
T — Figare 4. A Bypecal Raman band shifl of P 105%om ' peak of
- - ) Turpcte ceulicose subgecied Io Seneske siran

Epaosy Tumicase cellulose and  Somin gauge
PRy Composite

Figure 1. Schematic diagram of e 4-point bending test used 1o
oelonmn e epooyTunicale composies

o0 eI 08 BTE  WE0 13 A8 TS
Sirmin (%)

Figure 8. The Raman hard shilf inihe 1095-cm i a luncton of
sirain lor four Independent experments. o unicale ceflulose

435




UNITELD KINGIDNYM

AT e
Scotland

il WA i iy i g

P o adle e Ty
Northern . 1P LI ¥
treland
Loodh @ & York
Livarpeol e BASOONETed
IRELAMED
England
Wales c‘r:mﬂg'
Cardift
[

®RBath @ London

-
Erighton

436




Prof. Ton Peijs
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Queen Mary College,
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|
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Garkhail SK, Heijenrath RWH, Peijs T
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(The Royal Institute of Technology, Sweden)
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Tuula Teeri

KTH VTT
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XET

1 XET
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BIOMIME
Swedish Center for
Biomimetic Fiber Engineering

EDEN  Enzyme
Discovery in hybrid aspen for fibre

ENgineering

BIOMIME
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(Sveriges Lantbrunksuni universitet, Sweden)

< >
(BMC)
1960
Goran Pettersson
1990
Alwyn
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erry
Stahlberg
1
Jerry Stahlberg , BioMedical Center
BIOMIME

(carbohydrate binding module)

B1,3
CBM

CBM 2 Stahlberg
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(Sveriges Lantbrunksuni universitet, Sweden)
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WURC

STFI1-Packforsk Royal Institute of

Technology (KTH) Chalmers University of

Technology (CTH) Stora, Enso,

SCA, M-real, Kappa, Kraftliner, Korsnas,
Homen, Sodra Cell, Sveaskog, EKA chemicals

VINNOVA
6MSEK 18MSEK
WURC
R D
WURC
COE
2004
1
Geoffrey Daniel WURC (Wood Ultrastructure Research Centre)
VINNOVA The Swedish Agency for Innovation Systems WURC 1996

BIOMIME
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(Centre de Recherches sur les Macromolecules Vegetales, France)
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1989 -91 Hanri
Chanzy
Jean-FrancoisRevol 1950
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Paul Smith

Jean-Eve Cavaille
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Jean-Yve Cavaille

The late JF Revol
RH Marshessault

Cavaille Henri Chanzy Alain Dufresne
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Karim Mazeau Jean-Luc Putaux
Laurent Heux
Cavaille Yoshiharu Nishiyama

Alain Dufresne
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(Instutut National Polytechnique de Grenoble, France)

CERMAV

Alain Dufresne

EFPG

COST

COST

Alain Dufuresne

EU
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WURC
JL WURC http://www-wurc.slu.se/wurc/wurc_major.htm

SLU  Wood Ultrastructure Research Centre

WURC is a centre of excellence in the field of Wood Ultrastructure initiated 1996
by NUTEK (Swedish National Board for Industrial and Technical
Development),which has been replaced by VINNOVA (The Swedish Agency for
Innovation Systems) since January 2001. The centre was established in co-
operation with NUTEK, SLU (Swedish University of Agricultural Sciences), CTH
(Chalmers University of Technology), KTH (Royal Institute of Technology), STFI
(Swedish Pulp and Paper Research Institute) six companies from the Swedish
pulp and paper industry (AssiDoméan AB, Korsnas AB, Mo och Domsjo AB, SCA
AB, StoraEnso AB and Sddra Cell AB) and one Swedish company from the
chemical industry (Eka Chemicals AB). The centre's main task is to carry out
basic research of industrial relevance.
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Library at Joseph Fourier University, Grenoble
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(Washington State University, USA)

Pullman, Spokane, Tri-Cities, Vancouver, Puyallup

23,500 80 Pul Iman
1892 100 750
Pullman
81 Wood Material and Engineering Laboratory
Pullman
ASTM)
5
Puyallup
2003
1
2
Robert J Tichy , Wood Material
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(US Department of Agriculture, USA)

1910
9 14
289
61 Rowell
1 Prof. Roger M. Rowell
Roger M Rowell Wisconsin Forest Products Laboratory
Biomaterial
40wt%
MCC
30
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1 Gordon

National Nano Council

Rowell

French Press
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Saw dust

ICFPAM
International Conference of Frontier Polymer and Advanced Material, 2007 6
, Poland

Rowell
International Symposium Workshop
Symposium
Gordon
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5 9th International Conference on Wood & Natural Fiber-Plastic Composite
Madison
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(University of Tronto, Canada)

1827 7 18 17
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70 St. George Downtown
Scarborough Mississuga
6000 10
42.2 6 ( ) 20
25 (

1 Prof. Sain

M. M. Sain , Center of Biocomposites and Biomaterials Processing
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Sain 24 PhD 10 5 PhD
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2006 6 ACS Symposium
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Yano ( ), W. Kwan
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[Scientific Committee on Emerging and Newly ldentified Health Risks (SCENIHR) during

the 10*" plenary meeting of 10 March 2006, The appropriateness of existing
methodologies to assess the potential risks associated with engineered and
adventitious products of nanotechnologies]. us

Nano Tec Comitee Group 7 Working Group 3. Web
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(Concordia University, Canada)

4 4
Concordia
Center of Composites 1979
Acoustic Emission
Bell
Profile
Bell Ford

Bonbardia Forintec Canada 14

S. V. Hoa , Concordia Center of Composites 1979

Hoa

1 Prof. Suong V. Hoa
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(McGill University, Canada)

1821
4 3.3
1500 17.4 4 8
Times Higher Education Supplement
25
1 Prof. Gray
D. G. Gray , NSERC/Paprican Chair, Cellulose Properties and Utilization
Prof. Lindstrom (KTH )
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FDA Department of Public Health

Gray

Gray

XPS Single Molecular Spectroscopy
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(Universite du Quebec, Ecole de Technologie Superieure, Canada)

11
4,500 30%
Workterms 900
C$10,000
Anh Dung Ngo , Conception, Securite du travail et materiaux composites,

Department de genie macanique
Polymer Composites

— W
1 Prof. Anh Dung Ngo

ANN Artificial Neural Network
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2006

2006 700
C$ 7
““Research center for product development respecting the environment

Prof. Ugo

““Manufacturing system for natural fiber reinforced composite laboratory
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(National Research Council Canada, Industrial Material Institute, Canada)

1 Dr. J. Denault

Bonbardia Bell

Johanne Denault, Group Leader, Advanced Materials Design Structural Polymer &

Composites

Polymer/Clay Nano Composites

TEM SEM DSC DMTA
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19/2/13

Dr. Robert J. Tichy
(Forest Products Laboratory, USDS)
Prof. Roger M. Rowell
(Center for Biocomposites and Biomaterials Processing )
Prof. Mohini M. Sain
(Concordia Center for Composites)
Prof. Suong V. Hoa
(Cellulose Properties and Utilization)
Prof. Derek G. Gray
(Advanced Materials Design/Structural
Polymer & composites) Dr. Johanne Denault
Prof. Anh Dung Ngo
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University of Tronto,
Director, Centre for Biocomposites and
Biomaterials Processing, Faculty of Forestry

. 11

Prof. M. M. Sain ( )

PhD 5

2006 6  ACS Symposium Series 938
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[Scientific Committee on Emerging and Newly Identified Health Risks
(SCENIHR) during the 10th plenary meeting of 10 March 2006, The
appropriateness of existing methodologies to assess the potential risks
associated with engineered and adventitious products of
nanotechnologies]. Nano Tec Comitee Group 7 Working Group 3.

Web

National Research Council Canada,
Industrial Material Institute, Leader, Group
of Advanced Materials Design  Structural
Polymer & Composites
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(Cornell University, USA)

Netravali

College of Human Ecology Department of Textiles and Apparel

Department of Fiber Science and Apparel

Anil Netravali , Department of Textiles and Apparel

Green Composites

Netravali
““Green Composite””

Green Composites
2004

Green Composites, Cellulose Nanocomposites

““Green Composites””
Ford Toyota Nissan
Green Composites
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(SUNY-ESF(State University of New York Environmental science and Forestry,
USA)

64

William 7. Winter , Cellulose Research Institute and Department of Chemistry
Cellulose Nanofiber, Cellulose Nanocomposites, Carbohydrates

1 Winter

(Wheat Straw)
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Maren Roman Winter
Dr.0rts USDA

Prof.Winter
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MSDS
Eastman Chemical Co., XEROX Foundation, Room & Haas NASA
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GPC FT-IR
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(University of Delaware, USA)
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Chou GFRP
CFRP
Tsu-Wei Chou , Erik Thostenson Nanomaterials Research Laboratory

Nano Composites

CcVD( )

2006

Nano-Composites

Prof.Maren Roman,
Mr.Seavey(Verginia Tech)

(Center for Composite Materials)
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(Western Regional Research Center, USA)

William J. Orts , Gregory Glenn
Engineering Research Unit
Bioproduct Biomass composites

(Earthshell )

PBS

USDA-WRRC

Limestone fiber

Bioproduct Chemistry and
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5 15n

pH
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USDA Dr.Mattoso

TGA
USDA-WRRC

USDA-WRRC
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H18 NEDO
2
E-mail:kishi@eng.u-hyogo.ac.jp
TEL/FAX: 079-267-4843
1 Netravali

(Department of Textiles and Apparel, Ithaca, NY)

2. Winter
(State University of New York
Environmental science and Forestry,
Cellulose Research Institute and Department of Chemistry,
Syracuse, NY)

3. Chou
(Department of Mechanical Engineering  Center for
Composite Materials, Newark, DE)

4., Dr. William Orts
(Bioproduct Chemistry and Engineering Research Unit,
Albany, CA)
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Prof. Anil Netravali

Cornell University

Department of Textiles and Apparel
- Department of Fiber Science and Apparel
Ithaca, NY, USA .
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SUNY-ESF(State University of New York
— Environmental Science and Forestry) |
Cellulose Research Institute and

Department of Chemistry
Syracuse, NY, USA

W G
I' . . wl?
- o |
1 :
3 i
T . .
[ - T 7.

(- X NMR etc.

207



Prof. Tsu-Wei Chou

University of Delaware
Department of Mechanical Engineering
Center for Composite Materials CCM
Newark, D
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Western Regional Research Center

Dr. William Orts

Bioproduct Chemistry and Engineering Research Unit

Albany, CA, USA
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19 1 24 19 2 3

(Michigan State University, USA)

CMSC(Chemical Engineering and Materials Science CEMS , Composite Materials and
Structures Center) 1986
40 Faculty member

e POLYMER and COMPOSITE PROCESSING

— Microwave Processing

— Reactive Extrusion Processing

— Powder Processing of Composite Prepreg

— Liquid Resin Transfer Molding Processes
— Ultraviolet Light Processing of Polymers
— Electron Beam Processing of Polymers

e GREEN Materials

— Biobased Thermoset, Thermoplastic Polymers

— BioFiber Selection and Surface Modification

— Fiber-Matrix Adhesion

— Powder (Dry) Processing of Composite Prepreg

— Water-based (Paper) Processing of Composite Prepreg

 Nano Materials and NanoComposites

— Nanoclay, Nanographite, Nanocellulose Reinforcements

— Surface Treatment and Adhesion

— Processing of thermoset and thermoplastic Nanocomposites

e SURFACE and INTERFACIAL Modification

— UV Surface Treatment of Reinforcements, Polymers and Metals
— Surface Modification of Plastics and Polymer Composites

— Adhesion and Adhesive Bonding

— Carbon, Glass and Aramid Fiber Surface Treatments

e Environmentally Friendly Processing/Manufacturing

- UV, Microwave and eBeam Processing of Polymers

— UV Surface Treatment of Reinforcements, Polymers and Metals for Adhesive Bonding
and Painting
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Lawrence T. Drzal , Chemical Engineering and Materials Science CEMS ,
Composite Materials and Structures Center CMSC

Amar K. Mohanty , Chemical Engineering and Materials Science CEMS , Composite
Materials and Structures Center CMSC

Drzal Director Post Doc.

AFEX
RTM, VARTM, Spray, Casting
Injection, Compression, Thermoforming
Wet-lay -

Scheme

Unconsolidated

Partly Consolidated

Almost Consolidated

Fully
Consolidated

Orzal et al. US Patent, 5102690 (1992): 5123 373 (1992); 5,128,199 (1992)

1 -
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'of PP powder and Paper Stock

Virginia Tech
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Nozzle

Engineered chopped fiber(BF) inlet
i BF+PP feeder/pre-aligner IR radiant

Electrode plate heater

e
Orientation chamber /

v
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Discontinuous | P | o7
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Biofibers+ PP

A

Powder PP

.‘_,I'
Aerosol generator
Sintering

Roller BCSS
Veil/polymer film pressing Composite
(Carrier film) Sheets for
Compression
molding

Drzal
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1 Center 2 Drzal
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Mohanty
2000

““A review on pineapple leaf fibers, sisal fibers and their biocomposites.””
Macromolecular Materials and Engineering,289, 955-974 2004.

Sustainable Bio-Composites From Renewable Resources: Opportunities and
Challenges in the Green Materials World””, Journal of Polymers and the
Environment, 10 (1/2), 19-26 (2002).

Surface modifications of natural fibers and performance of the resulting
biocomposites: An Overview““, Composite Interface, 8(5), 313-343 (2001).

Biofibers, biodegradable polymers and biocomposites: An Overview””,
Macromolecular Materials and Engineering, 276/277,1-24(2000).

Studies on Jute Composites — A Literature Review””, Polymer —Plastics Technology
and Engineering, 34(5), 729-792 (1995).

Graft Copolymerization of Vinyl Monomers onto Jute Fibers””, Journal of
Macromolecular Science - Reviews in Macromolecular Chemistry and Physics,
27(38&4), 593-639 (1987-88).

Radiation-Induced and Photo-Induced Grafting onto Cellulose and Cellulosic
Materials®”, Polymer -Plastics Technology and Engineering, 27(4), 435-466
(1988).

““Journal of Biobased Materials and Bioenergy”” Editor-in-Chief
Drzal

Stiffness 200%

6 Mohanty 7 Mohanty
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(University of Maine, USA)

Maine Advanced Engineered Wood Composites Center Maine
48,000 ft?

Composite materials manufacturing science

Polymer/interface science

Environmental-durability testing

Mechanical testing

Nondestructive evaluation (NDE)

Advanced microscopy

Large-scale multidegree-of-freedom static and dynamic structural

testing
Wood Plastic Composites WPC 0SB/0SL  Pilot Plant 1SO
17025 ASTM standard test
Doug Gardner , Advanced Engineered Wood Composites Center
Gardner Maine Advanced Engineered Wood Composites Center
Maine
15017025 ASTM Test
Pilot Plant
Gardner
Gardner Seminar
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1 Gardner 2 Bousfield
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(Minnesota State University, USA)

Department of Bioproducts and biosystems Engineering 2006 departments
of Biosystems and Agricultural Engineering Bio-based Products

William Tze , Department of Bioproducts and biosystems Engineering

Tze (binder-based, polymer matrix, or nanocomposites)
Engineered interphase in multi-component systems Micron- and submicron-scale
properties and their contributions to material performance
Wood and Fiber Science Statics, Mechanics and Structural Design Bio-based
Composites Engineering CNC

CNC

AFM  Nanoindentaton Engineering

1 Tze Mr. Jesse 2
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College of Food, Agricultura\
and Natural Resource Science®
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(North Carolina State University, USA)

NC
15 Faculty Staff Wood Products

decolorization and dechlorination of organics in pulp bleach plant effluent
quantitative characterization of paper formation deinking

fiber modifications with enzymatic treatments cleaning systems for recycled fiber
chlorine-free pulp bleaching systems

chemical modifications of technical lignins
optimization of energy intensive kraft pulping processes
computer simulation and modeling of processes

Dimitris Argyropoulos , Paper Science and Engineering

Argyropoulos Mcgill

e Reaction Mechanisms

e Oxidation of Phenolic Substrates

e Catalysis and Biomimetic Systems for Oxidations
e Lignin Oxidative Enzymes

e Heteronuclear and multidimensional NMR

e Phosphorus3l and Fluorine 19 NMR

e Yellowing of Paper

e Oxygen delignification

e Lignin analysis and isolation methods

e Fundamentals and catalysis of oxidative delignification.

e Lignin degrading enzymes.

e Use of LC/MS in lignin analysis

e Development of novel methods of Lignin isolation

e Development of novel NMR techniques for lignin characterization

e Activation of Oxygen delignification Structural analysis of Oxidized lignins.
e The role of Mediators in Lacasse oxidations
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e Reaction mechanisms for the interaction of peroxide with Lignin model compounds
in the presence of transition metals and magnesium.

e Pyrolysis-GC/MS in lignin analysis.

e Understanding the chemistry of Dibenzodioxocins

e Applications of supercritical extractions and LC/MS to samples in
environmental analyses

e Use of lonic liquids and supercritical CO% in pulping and oxidative catalysis

Rojas

( ) Quartz Crystal Microbalance Surface Plasmon Resonanc
Instrument

1 Argyropoulos 2

3 Argyropoulos 4
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(University of Tennessee)

Forest Products Center

Injection Hot Compression Molding X
Tim Rials , Forest Products Center
Siqun Wang , Forest Products Center
Rials /

SunGrant Director

Wang

Interphase

924
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Density Profile

AFM

AFM,

USDA 4,000

Nano-mechanical Tester



(Oregon State University, USA)

Oregon State University 18 Faculty
12 USDA Wood
utilization Grant

John Simonsen , Department of Wood Science and Engineering
Simonsen Wood Composites Wood Science
Interphase Brush copolymer
Interphase
Interphase

1 Brush copolymer compatilizer

Simonsen DNA

2 Simosen
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4 DNA

AFM

5 Wood Science and Engineering
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NEDO

Michigan
Minnesota
Tennessee

24

Maine
North Carolina
Oregon
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Michigan l

Composite Materials and Structures Center (CMSC)

RESEARCH Directions in the CMSC...

* POLYMER and COMPOSITE PROCESSING
- Microwave Processing
Reactive Extrusion Processing
Powder Processing of Composite Prepreg
Liquid Resin Transfer Molding Processes
Ultraviolet Light Processing of Polymers
-  Electron Beam Processing of Polymers
* GREEN Materials
-  Biobased Thermoset, Thermoplastic Polymers
- BioFiber Selection and Surface Modification
-  Fiber-Matrix Adhesion
- Powder (Dry) Processing of Composite Prepreg
- Water-based (Paper) Processing of Composite Prepreg
* Nane Materials and NaneCompesites
- Nanoclay, Nanographite, Nanocellulose Reinforcements
- Surface Treatment and Adhesion
- Processing of thermoset and thermoplastic Nanocomposites
* SURFACE and INTERFACIAL Modification
- UV Surface Treatment of Reinforcements, Polymers and Metals
- Surface Modification of Plastics and Polymer Composites
- Adhesion and Adhesive Bonding
- Carbon, Glass and Aramid Fiber Surface Treatments

Lawrence T. Drzal
Composite Materials and Structures Center

@ Surface and Interfacial Analysis
XPS, UPS, AES, SPM (AFM, STM) FTIR, ESEM,
Contact Angle and Wettability, Single Fiber and Tow)
@ Fiber-Matrix Adhesion Testing
(Single Fiber Fragmentation Testing, Microdroplet
Debonding,and an Interfacial Testing System)
® Composite Processing
(Extrusion, Injection Molding, Hot-Melt and Solvent
Prepregging, Filament Winding, Autoclaving,
Compression Molding, Resin Transfer Molding,
solution and Powder Processing)
® Matrix Characterization and Analysis
(Thermal Analysis - DTA, DMA, DSC, TMA, DMA
and Microdielectrometry)
® Rheological Characterization
(Rheometrics RMS and Brookfield Viscometry)
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Maine l

Doug Gardner
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