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Driving Forces of Change in Forest Products/Society

The Technology Explosion

» About 90% of all scientific knowledge has been generated over
just the last 30 years

» Greater than 80% of all the scientists and engineers who have
ever lived are living and working now

* In 1960 < 5% of the general population in North America and
Europe had completed 4 or more years of college

* In 1999 this increased to ~20%

e Demographic analysis indicates that this trend will continue

e Increased technological competence of society drives change



Basic Realities of New Millennium

» Major forces of change will continually restructure all world
economies

The Ruthless have the Edge
Morgan Witzel, Finanical Times (2004)
«“Eventually there comes a time when a company’s core market can
grow no further........ Share price begins to slip as investors seek
better opportunities elsewhere
*Only three means of getting out of the saturation trap
« Aggressive method: Compete intensively with rivals, taking
market share away from competitors
« Acquisition method: Buy or merge companies
 Innovative method: Discover a new way to break from the
market and develop new markets”



Promising Research Patterns

Process Research Publications: +140,000

Product-Platform Research Publications: ~9.,000
What’s Next?
ook Back to Look Forward






What 1s Nano???

What 1s Nano???

What is Nano???

What is Nano???

What is Nano??

Nanotechnologies are characterized by structural elements in the
~ 1 — 100 nanometer range
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Behavior of Materials at the Nanoscale Is
OFTEN DISTINCT FROM LARGE SCALE
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Nanoparticles can adsorb UV light and make different colors



Behavior of Materials at the Nanoscale Is
NOTHING Like That at the Large Scale

Going to Extremes
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NANOTUBES




Common Day Nano - Applications

.. Nano-Barriers
BC- Applications
e — Wilson’s DoubleCore™
N Tennis Ball

Lycurgus Cup

Mesopotamia 4,500 BC

NANO-CARE® fabric protection imparts superior
wrinkle/stain resistant fabric that minimizes stains




Nanotechnology in Forest Products




Current Nanotechnologies in Modern Pulp Mill

Printing speeds continue to increase
Consumer demands more/sharper colors

» Silica nanoparticles for high-
performance retention/drainage providing
better formation

-Silica sol 1%t generation 1980s
-350 paper machines/25 countries
» Silica nanoparticles yielding a favorable

open sheet structure for select bag
applications




Current Generation of Nanotechnologies in Modern Pulp Mill

New nano-sizing technologies to
Improve surface sizing

Nanoparticles
— Improved coating hold out
— Improved print quality
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EKA Chemicals Inc

Nano lime particles to stabilize post 19t
century books




Current Generation of Nanotechnologies in Forest Products
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RAINBOW EFFECT Quantum dots allow simultaneous five-color imaging in fixed human epithelial cells for the first
time. The colors allow localization of cellular proteins and substructures: The nuclei are stained cyan, Ki-67 cell
prnhferalmn prutems are magenta, rrutnchon:lria are orange, microtubules are green, and actin filamentsarered.

NANOTECH IP —_

As nanometer-scale materials start making money, intellectual
property issues are heating up

SUSAN J. AINSWORTH, CONTRIBUTING EDITOR

ot o e mmemee . PUlP @nd Paper/Forest Products is notably absent but

properties of structures on the nanome

is living up to its reputation as “the next big thing”

o the senific reaim. Tnecetions and companies/ LIS Provides a business opportunity as technology is in
around the world are pumping billions of dollars in ST
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Hierarchical Structure of Paper

Lignin/cellulose/hemicellulose, Cellulose crystallinity/fibrils

W Hydrogen Bonds, Acid-base Interactions

‘m Fiber-wall thickness/layers, Cellulose fibril angle
\ Bonding between fibers and

response to refining

Fiber type & dimension, Propensity for w
fiber collapse, Curl/kinks, Fiber g Fiber Network
strength \

Paper making, refining fiber mixtures,
papermaking chemicals, fillers
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Paper Properties
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Nanotechnology Comprises Many Very
Different Issues and Research Areas that
Will Impact Forest Products

Nanocoatings/Barriers: Secure Environment PTO\_/idG controllable inner
Packaging environment for packages:
: g = COZ’ 02, Hzo, N2

Defense systems for
‘bacterial/fungus growth
- Passive
- Active

- Spoilage/Flavor Control
- Long Term Storage
- Spoilage Indicators

Homeland Security

- Tamper proof _ ) _
- Counterfeit resistance - New biocomposite packaging

- Security Paper/Branding materials



Polymer-Nanoclay Composites

Drs. Y. Denq, A.J. Ragauskas, Z.L.. Wang/GA Tech

» 3% nanoclay In wax can increase
water-barrier by 50%, and gas barrier by
100%, target for wax-coated paper
container
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e Directed, hierarchical self-assembling
e ey fillers

(W\ « Nano Cellulose:Plastic Composites

\/’\\_ﬂ»/’ * « Nano Cellulose:Clay Composﬁes |
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Nanotechnology Comprises Many Very
Different Issues and Research Areas that Will
Impact Pulp and Paper

-Improved gloss/printing
-Reduced capital cost
-New products including:
- R; version of thermal paper
- Integration of advanced digital
electronics into paper

- New felts with nano-dewatering and
sheet formation capabilities
- Elimination of hornification




NanoCellulose/Plastic — New Materials

« Synthesis of Innovative Nanocellulose Composites

ECF Kraft Pulp

Cellulase

> MNanocellulose
Advanced Volume

Restriction

Technologies /
/ Paper

Polytrimethylene tgiephthalate Polyacrylate Polylactic Acid

Product Production of micro-spheres Fiber Bonding Foam
With Fiber Bonding Properties Superabsorber

Application Ultra Jow density paper and board New towel & tissue  Low Cost packaging matenals



Biofunctional Fibers

Bacteriophage are virus and the legs are used to

bind to assorted hosts —

10° different binding codes...
could provide genetic code to provide Genetics

Innovative Wet/Dry Strength Aids . T

Functional Tissue/Towel

g-

Enzyme grafted paper/fibers
- Improved food packaging
- storage
- odor control
- flavor control

- Biosensors
- Integrated hygiene applications



Road to Futu re
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Nano Forest Products

Future

The bridge to the future needs a
consortium of sponsors including
TAPPI, pulp manufactures, suppliers,
universities, and government
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Contribute to the development of
new markets, new high-value
renewable forest products,
utilizing the intrinsic US
e manufacturing knowledge of the
irsiell industry and lead in
nanotechnology




“Destiny Is not a
matter of chance, it is
a matter of choice, It
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i T IR W.J. Bryan

arthur.ragauskas@gatech.ipst.edu

ragauskas@hotmail.com





