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)

5 18 10

9 18 9 18

24 18 10 1
11 1 18 11 12
11 4 18 11 11
1 24 19 2 3

366



367



2004

1995 CERMAV
3-10wt
50
Opuntia
ficus
Wood
Material Science Research Program STFI-PACKFORSK
Lindstrom “Nanostructured cellul ose 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

- s
fﬁ 5 k- L T dbhin ;.

W A 957 25 A5 H] FH
e T |

372




1.5kV  X50,000

100nm

. I:I
400
350 //-\ (1]
g - // _ o
= y/ =
- 250 g™
200 / ; L
/!’ - W
= // a - — P PRAIEE b
100 4 o = — nafureso-ame
= ) —
50 "
0 ";\.:. i) ELl) L L] o
0 00l 002 003 004 005 006 007 .
80%!)
70 I BNF5%
60 5%
> 40 -
5%
30
20 - EL
10
0 . .
o 0.02 0.04
(BNF) 10
40

373




14%

Log(G)

BNF

CERMAYV, CNRS, France, 1995

BNF

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

CERMAYV, CNRS, France, 1998

Dufresne

Dufresne A, Vignon M R. Macromolecules, 1998.

Angles M N, Dufresne A. Macromolecules, 2001.

aw

Log (B'/Pa)

LE+10

[N mm?

150 200 30 00 /0 L0 450 S0 Lo L
Tempestrs ) Temperatare{k)
200 250 300 350
Temp (K)
BNF (2
BNF PVA BNF

EMPA, Switzerland, 2005

:1-10%

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

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

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

BNF
. 2
50 4 s
a0 o
n -~
g BT
= 0 =
“ 201 - i
4
10 4 -
a ; . . . J
og L] 10 15 20 15 3p
Elomygatien i

374




BNF  (3)
PP(isotactic)

CERMAYV, CNRS, France, 2006 Cellulose Acetate Butyrate

SUNY, USA, 2002

iPP
% BNA | hyl -9- . .
so; Iphenyl ether) (iPP » polyoxyethylene-9 trimethylsilylate Cellulose acetatebutyrate
yipheny 0-10 W%
CAB
Ljungberg N., Cavaille J. Y., Heux L., Polymer, 2006.
Grunert M., Winter W. T., J. Polym. Envir., 2002
B ow . .t
wat b e e S T
e W : [T ?‘ o o "i"""“-‘r ?vau.
coated Whiskers el : B R e | Tomen,
25 | P s 8 o - By, S
0 J_..::‘_:l'\'/IIKPP grafted Whiskers e m———

;i -
# TErssEredEFaTaT et avaTe

.
',‘;/’/, Whiskers
124 i a— Maat PP
I;f —— 5wt SUIWH
| 14 o b Wt % GRWH
| —i— & wi% AGWH
a i ;

T
o 008 o1

=

0158 oz
Strain

375




> Berglund
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Eichhorn, SJ,

Useful insights into cellulose nanocomposites using Raman spectroscopy

ACS SYM SER 938: 63-77 2006

Eichhorn, SJ, Sturcova, A, et al.
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Eichhorn, SJ, Young, RJ
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WURC
http://mwww-wurc.slu.se/wurc/wurc_major.htm

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 Sdodra 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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(Michigan State University, USA)

CMSC(Chemical Engineering and Materials Science CEMS , Composite Materials and
Structures Center) 1986
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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
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— Surface Modification of Plastics and Polymer Composites

— Adhesion and Adhesive Bonding

— Carbon, Glass and Aramid Fiber Surface Treatments
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— UV Surface Treatment of Reinforcements, Polymers and Metals for Adhesive Bonding
and Painting
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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
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““Journal of Biobased Materials and Bioenergy”” Editor-in-Chief
Drzal

Stiffness 200%

6 Mohanty 7 Mohanty

216



Extruder

917



(University of Maine, USA)
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Composite materials manufacturing science

Polymer/interface science
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Mechanical testing

Nondestructive evaluation (NDE)

Advanced microscopy
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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
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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
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Composite Materials and Structures Center (CMSC)

Lawrence T. Drzal

Composite Materials and Structures Center

+

Drzal

e 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, Microdropl et
Debonding,and an Interfacial Testing System)
e Composite Processing
(Extrusion, Injection Molding, Hot-Melt and Solvent
Prepregging, Filament Winding, Autoclaving,
Compression Molding, Resin Transfer Molding,
solution and Powder Processing)
e Matrix Characterization and Analysis
(Thermal Analysis- DTA, DMA, DSC, TMA, DMA
and Microdielectrometry)
@ Rheological Characterization
(Rheometrics RM S and Brookfield Viscometry)
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