ovation Directed to the Forest
roducts Industry

Art Ragauskas — Institute of Paper Science and
Technology at Georgia Tech

Nanotechnoelogy



NERGLEEH olog/ AReVation Directed to
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et tiENSEYADEVElopments and Issues Are

Arthur J. Ragauskas
\ ‘Scf hemistry and Biochemistry
Institute off Paper Science and Technology
Grgiﬁ\stitute of Technology
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Basic Reallt

V3oL Offchange wil
Wollar ECONOIMIES

s Aggreésive method: Compete intensively with
rivals, taking market share away from competitors
* Acquisition method: Buy or merge companies

" [nnovative method: Discover a new way to break
3 from the market and develop new markets”



g

approach to designing, producing or
goods or services that gives the
Innovator/company an advantage over
competitors

Innovation = Invention + Exploitation
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RSOy OT .novatlon
Felger [peltsiry anem- Hall of Fame

=l oles ._
- Chiarlesiierypiechiinological contributions opened the door to the use
Ol SOUTNErN pInEras e fiioer ce, creating the Southern pulpwood
- Inaustry.
m _j] J\/Jggld +40U. S, og@hb Used worldwide for the application of
C | r#rades of paper.
: | Include use of wood residuals to
manufact emoo.\“’ products; biemass fuels; recycled fiber for
pulp and pap flacturing.
m Mr. Kuchenbecker .S. patents in the area of package design

directed toward the dairy, meat, frozen food, and other related
businesses.

What’'s Common?
5 What's Next???7?
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Defining a New Nano-World and Systems Creation

Status: Today &

Tomorrow
Size of Structures
0.4 m Passive
NanoStructures
E 1 cm In production
= .
1 mm Active NanoStructures
0.1 mm Prototypes
o
e 10 pm Systems of
'é" Nanosystems
1 pun In research
0.1 pm
Molecular Nanosystems
S 10nm In concept
z
1 nm
0.1 nm

1840 1980 1980 2000 2020 2040 2060

NNI
_




1‘1997

~$115M

~$120M

~$125M

OTHER COUNTRIES ~$ 70M
(FSU, China, Canada, Australia, others)

TOTAL ~$430M

lolegy Research

2004

~$750M
~$800M
0::1610]0)\Y/

~$750M

~$3000M

Potential Economic Impact in 15-20 years

i “NANO INSIDE-$1T"
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US has about 61% of
NT patents - USPTO

Number of Patents
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v Nano-patents in the exponential phase moving into application development and the
second wave of patenting
v  Commercialization potential is broad — multi facilitated field
v Patents may be only barrier of entrance
v Direct pulp/papermaking patents Very limited

v'/Associated patents are growing approximately 400 few from paper industry
9



The Center for Paper Business
and Industry Studies

Techt\,f &N

VWV rlett 51\ NE7227
- ~ What is Nano???

What is Nano???
What is Nano??

NOLECH rJOJOJ’ are chiaracterzed by structural elements in the
!. 0¢

L 1 nanemeter range
' ¢

1'm = 1000 mmi= 1,000, 000 um = 1, 000, 000, 000 NmM

|
Microchip V5 Hair Cells Pentium Il Chip DNA Atom
10 mm 1—7mm 50 pum 10 pm 180 nm 2nm 0.1 0.4 nm




Behavior of Materials at the Nanoscale is

NOTHING Like That at the Large Scale
el -

10004 .o
ggg_: /VO*-&—-O-”‘

EGDj

700-
600
500
400+
3001
200
100

Melting Point [°C]

{1y o S e S B A N A SN BN S s s s e m s m e |
1+ 2 3 4 5 6 7 8 9 10 11

Particle Radius [nm]

Nanocrystalline Silver: Optical propertie

1 D D i bll]]( W}]jt'e




The Center for Paper Business
and Industry Studies

Nano-Materials

INAR Am/: rubber Carbon Nanotubes
Composite syeomposite

i

v'e Sunscreens and cosmetics

v'Stain-free clothing and mattresses

v Alspen Aerogel Inc.: Sub nanoporous lattice materials with a very high surface area
Yieléing two to six times more insulating power than other commonly used materials.


http://images.google.com/imgres?imgurl=http://www.rit.edu/~andpph/photofile-c/tennis-ball-rebound-2a.jpg&imgrefurl=http://www.rit.edu/~andpph/exhibit-8.html&h=360&w=330&sz=25&tbnid=o8UEHAJiJfIJ:&tbnh=117&tbnw=107&hl=en&start=3&prev=/images%3Fq%3Dtennis%26svnum%3D10%26hl%3Den%26lr%3D

Nanotechnology in Forest Products
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and Industry Studies

SlgEntNNanoEchnelogies in I\/Iodern Pulp M|II

-+

=HRLNG S| 2eds continue to increase

consuimer demands more/sharper

lica nanoparticles for high-
perfermance retention/drainage
providing better formation

R Silica sol 15t generation 1980s

-350 paper machines/25
countries

—— e Emm—— o

e '

e e ——— S



The Center for Paper Business
and Industry Studies

@ew nano-sizing technologies
bto Improve surface sizing

Nanoparticles
— Improved coating hold out
Improved prlnt quallty

v' Silica nanoparticles yielding a
favorable open sheet structure for
select bag applications

EKA Chemicals Inc.

15



http://groups.msn.com/_Secure/0TQAFA5EYeeNgm*i0idlEiZ8LKDB0hRICnLpgJuZwrPf7tq4kfMMHjUVSHBxXZ50ScOg*aPfaMS*nnfGdqO5k5fiVpO6M0giSV9PA*jhtR1BIiUNI6m6oMw/brown_paper_bag.jpg

The Center
and Industry Studies

for Paper Business

Eiber type & dimension), Propensity.
for fiber collapse; Curl/kinks; Eilber
strength

Fiber-wall thickness/layers, Cellulose fibril angle

Bonding between fibers and
response to refining

Fiber Network

Paper making, refining fiber mixtures,

papermaking chemicals, fillers

Paper Properties

16

nm

Fiber Scale mm



Intercalated = =~ Tt IV O~

Nanocomposite E:Eﬂ:r]iated
Nanocomposite

The thickness of
nanoclay in the
composite is about
1nm.

Barrier coating for
food containers
and paper
packages

Water and vapor
resistance, fatty
and oil resistance,
board strength



Georgia | Instilute of Pape sienee
Tech | and Technology

SNanREclay, Composites
20elSkasiV. Deng, Z.L. Wang/GA Tech

and Industry Studi

A‘l‘he Center for Paper Business
es

v 3V nanoclay In wax can increase
water-pbarrier by 50%, and gas
parrier by 100%, target for wax-
coated paper container

WVTR x 107 (g/100 in® 24 h per unit loading)
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v Nano Cellulose:Clay Composites

Nanoclay Content (wt %)

Relationship between barrier properties (WVTR and
COBB) of waxed liner paper and nanoclay content.
Wax used: Paraffin wax.

Nanoclay — Wood Composites
v'"Novel water repellency properties for
OSB, MDF, PB

18




Both receding and advanced water contact angles above 150°.

Surfaces with water contact angle of more than 150° may be developed only by
infroducing proper roughness on materials boundary having

low surface energy — Lotus Effect



Amplitude
0.1500 Vv

20



ECF Kraft Pulp Cellulase

> Nanocellulose
Advanced Volume

Restriction
Technologies

Pgl%/ e Polydcrylate Polypropylene
/ PLA \

\ 4

Research Goal: New Properties and Applications
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BBIVIE = Composites

Z. JerZznangyGA TEec

Magnetic nanoparticles linearly embedded
in polymer film

Nanoparticle w/ Linkers

Polystyrene shell

22



Road to Future
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Nanotechnology ™

Forest Products Industry - l I
Vision I ‘I I

Technology’
Roadmap

| Contrlbute to the
development of new
markets, new high-value
renewable forest products,
utilizing the intrinsic

- manufacturing knowledge

. of the Industry and lead In
' nanotechnology




ST

Nelngigcrfolaey Worsnog =Tog e reseelren )\ 100 garilniiies
-

RepresentauvestiempAcademie; Industry, Government, and Technical
Orgaizatiens Weresehieitered with: .
Develep a visien/eadifiap for nanetechnology in Forest Products Industry
v Iden rJr/ potenuIRgpplications; knowledge gaps, and research needs

oster collaboration among industry, academia, and government to fill
knowledgerg ps -
v Interest federal funding inknanotechnology for the Forest Products Industry

v

Topic 1. Polymer Composites and Nano-Reinforced
Topic 2. Self-Assembly and Biomimicry

Topic 3. Cell Wall Nanostructure

Topic 4. Nanotechnology in Sensors and Process Control
Topic 5. Analytical Methods for Nanostructure

25
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5-(1,4]>-guucan C_e"“:f’I:‘?_l Bielegical Contribution

v Develop fundamental genetics/
3.6 nm bietechnology to control
nanocellulose ultrastructures and
properties

v’ Facilitate the commercialization of
growing tailored bionanotubes for
new appllcatlons

1‘9‘"1.

CesA Rosette Rosette
subunit

Doblin, K. et al., 2002. Plant Cell Physiolog
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Nearnotecnnology Wariksrnoo — Too T Heseadrern Needs/Ogoarilpities

ransmission Electron -
AC m,g.omclur VIICHOSCOPE
BEWWIEen

_J

Analytical Capabilities

Develop new and improved
measurement technigues to

- characterize nano lignocellulosics
structures

Key Role for US National Laboratc

DOE Nanoscale Science Research Centers
Spring ‘05

Enhanced nanocharacteriz
Will Accelerate Practical
Developments

. Spring ‘04
Summer ‘03

Molecular Foundry at LBNL

~ Center For Functional
Nanomaterials at BNL

Center For Nanophase
A Materials Sciences at ORNL

Wi iring 04

Design and develop a new generation of Electron microscope in which the —
two major lens deficiencies that limit performance, when optimized should
aIIowZ(;irect spatial resolution to 50 pm

Materials at Argonne Center for Integrated Nanotechnologies
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Inology Worksnoo — Tog Ten Haseaaren Neads/Oooariuniiies

JeReigNanematenalishVithrand Erom Lignocellulosics Materials

nEinEErmne New Eeers ;
b s - | - Abstracting Nano Structures
New: PackagingRPejgers, Hyo -
- 7 Nanocellullose balls whiskers
Properties via'NanoStructures e

- Nano-hemicelluloses/lignin
Particles

*Biorenewable Resource
*Novel Properties
sEnvironmentally Compatible
New Composites

Active/SmartPaper
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and Industry Studies

NEELEChipoleey. Comprises Many Very
Dlfigrart 13511 ranedResearch Areas that
WHINIjeECE ﬁU est Products

Nanocoatings/Barriers: Secure Environment FO\_/IdE controllable inner
Packaging Avironment for packages:

v' Food/Pharmaceuticals == - . C021 02’ HzO’ I\|2

Defense systems for

. bacterial/fungus growth
- Passive

- Active

- Spoilage/Flavor Control
-~ -Long Term Storage

Homeland Security I m‘ll ﬂ | . Spoilage Indicat_ors .
- Tamper proof - New biocomposite packaging

o " Counterfeit resistance materials
- Security Paper/Branding



The Center for Paper Business
and Industry Studies

Nelpro o leftl e

Bacteriophage Structure

nnnnnn

RneVaVe\Wet/Dry Strengthy Aids
@ﬁ?ct]on dINissue/Towel

Enzyme grafted paper/fibers
- Impreved feod packaging
- sforage
- odor control
- flavor control
- Biosensors
% - Integrated hygiene applications



Pulping/Bleaching Catalysts

Improved Drying
Reduced re-wet
Reduced Corrosi




lﬂ‘l Centeffoere B siness

NERGLECHNGIeEY Comprises Many Very
DIEREN Js

nanocoatings
3 -Improved gloss/printingfgs
/' -Reduced capital cost K&
-New products including®
- R; version of thermal paper
- Integration of advanced digital
electronics into paper

-New felts with revolutionary

sheet formation capabilities> No rew
-Elimination of hornification
-On demand hydrophobic/hydrophilic paj


http://images.google.com/imgres?imgurl=http://www.pod-exhibition-systems.co.uk/assets/Blinds/Imagebank/Landscapes/Images/sea%2520shell%25202.jpg&imgrefurl=http://www.pod-exhibition-systems.co.uk/assets/Blinds/Imagebank/Landscapes/Landscapes-1.htm&h=463&w=600&sz=82&tbnid=fXUmThRpna8J:&tbnh=102&tbnw=132&start=3&prev=/images%3Fq%3Dsea%2Bshell%26hl%3Den%26lr%3D
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- . .
SENSOIES Tampering Detection )
v IHealth Diagnostics | 2

- v Pathogen Detection

- "' v Security Features

- Piezolectric Nanosprings for Ultrasensitivey” OLED
JUENELT Measurements of Pressure and Flow Rates
E;Eﬂahﬂgﬂ"g'ifgﬂmmf Suspended SiN, [Pyl (Z.L. Wang, MSE, Georgia Tech

il membrane e (Z.L. Wang, MSE, Georgia Tech)

SiNy beam

Pt electrode 44— MNanobelt L
-~

Suspended SiN,
membrans

Acc V. Spot Magn Det W0

=

T

Li Shi/UT Austin

SEI 583 kw'h

\V

Lumen is a Beautiful
Place!!!l

Kong & Wang, Nano Letters, 3 (2003 1625 + Cover
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\/orm — September 22/23, 2005
n%es, and Research Needs

lgnocellulesics/IPST@GT
Progiiaiii@pective:

Examine Row. rege
Employes

|dentify fundamental research and development challenges, knowledge
gaps, and research needs related to nanoscale lignocellulosics as
structural and nonstructural materials

34



Wiierels diis All Going?

/e me a lever, a fulcrum, and place
d and | will move the world."

i
nimedes ~200 BC

v

Societal Demand for Forest Products Community
Carbon Neutral, Environmentally Innovative Products
Friendly, Renewable and Sustainable “Nano-Inside”

Manufacturing Technologies



- It IS not necessary to change
Thank You!
- ‘But’
b Survival is not mandatory
ol ™ __.,_.-._‘ ) . s
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arthur.ragauskas@ipst.gatech.edu

ragauskas@hotmail.com
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