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Presentation OverviewPresentation Overview
 NanotechnologyNanotechnology

 What is Nanotechnology?What is Nanotechnology?
 Why is it important?Why is it important?
 National Nanotechnology InitiativeNational Nanotechnology Initiative

 Nanotechnology in the Forest Products Nanotechnology in the Forest Products 
Industry WorkshopIndustry Workshop
 DeliverablesDeliverables
 OutcomesOutcomes

 Next StepsNext Steps



  

AF&PA Agenda 2020 Topic AreasAF&PA Agenda 2020 Topic Areas
 Nanotechnology Nanotechnology (Approved @ December 2004 Agenda (Approved @ December 2004 Agenda 

2020 CTO meeting)2020 CTO meeting)



  

Nanoscience and NanotechnologyNanoscience and Nanotechnology
 The nanoscale is not just another step towards miniaturization.  It is a 

qualitatively new scale where materials properties, such as melting 
point or electrical conductivity, differ significantly from the same 
properties in the bulk. 
 “Nanoscience” seeks to understand these new properties.
 “Nanotechnology” seeks to develop materials and structures that exhibit 

novel and significantly improved physical, chemical, and tribiological 
properties and functions due to their nanoscale size. 

 The goals of nanoscience and nanotechnology are:
 to understand and predict the properties of materials at the nanoscale
 to “manufacture” nanoscale components from the bottom up
 to integrate nanoscale components into macroscopic scale objects and 

devices for real-world uses
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The Scale of Things -- Nanometers and More
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Cellulose nanofiber bundles

6 Assembly 
proteins 
(rosette) 
which 
produces 
cellulose 
nanofibers

Candace Haigler and Larry Blanton, Cellulose: 
“You're surrounded by it, but did you know it was 
there?”

jupiter.phys.ttu.edu/corner/1999/dec99.pdf 
www.ita.doc.gov/td/forestprod/

Wood: Nature Working Across a Length 
Scale >1010!

~28nm

Source: Jeffery Catchmark , Penn State UniversitySource: Jeffery Catchmark , Penn State University



  

Definition of NanotechnolgyDefinition of Nanotechnolgy

 Scale:  1 nm – 100 nm (nm = billionth of Scale:  1 nm – 100 nm (nm = billionth of 
a meter)a meter)

 Creating nanoscale size materials does Creating nanoscale size materials does 
not mean nanotechnology is involved not mean nanotechnology is involved 

 Material must have unique properties Material must have unique properties 
(e.g. electrical, physical, chemical, (e.g. electrical, physical, chemical, 
optical) that are different that the bulk optical) that are different that the bulk 
propertiesproperties

 Achieving those unique properties must Achieving those unique properties must 
be repeatable and controllablebe repeatable and controllable



  

“New” Materials from “Old” 
Materials



  

Molecular Perfection:  The Fullerene NanotubeMolecular Perfection:  The Fullerene Nanotube

• The strongest fiber that will ever be made
• Electrical conductivity of copper or silicon
• Thermal conductivity of diamond
• The chemistry of carbon
• The size and perfection of DNA
• Can we harness this material?



  



  



  

Nanomaterials Opportunities

 Nanomaterials offer the potential for 
unprecedented material performance that 
could
 Solve major societal problems

 (e.g., energy, medicine, environment, manufacturing, 
communications, computing, and security)

 Energize the economy for decades
 Revitalize existing businesses
 Boost competitiveness globally
 Create entirely new industries



  

Nanotechnology Market Nanotechnology Market 
Opportunities > $1 TrillionOpportunities > $1 Trillion

 Materials (market estimate $340 billion)Materials (market estimate $340 billion)
 Electronics and Photonics (market estimate $300 Electronics and Photonics (market estimate $300 

billion)billion)
 Medical (market estimate $180 billion)Medical (market estimate $180 billion)
 Industrial Processing (market estimate $100 Industrial Processing (market estimate $100 

billion)billion)
 Power (market estimate $45 billion)Power (market estimate $45 billion)
 Agriculture (no estimate available)Agriculture (no estimate available)
 Construction (no estimate available)Construction (no estimate available)



  

US Nanotechnology ProgramUS Nanotechnology Program
 National Nanotechnology National Nanotechnology 

Initiative (NNI) approved Initiative (NNI) approved 
1999 – Office of Science& 1999 – Office of Science& 
Technology Policy – Technology Policy – 
National Science & National Science & 
Technology CouncilTechnology Council

 2121stst Century  Century 
Nanotechnology R&D Act Nanotechnology R&D Act 
(PL 180-153) December (PL 180-153) December 
20032003

 Nanoscale Science, Nanoscale Science, 
Engineering, & Engineering, & 
Technology SubcommitteeTechnology Subcommittee



  

U.S. National Nanotechnology Initiative U.S. National Nanotechnology Initiative 
(Budget authority, US dollars in millions)(Budget authority, US dollars in millions)

Fiscal YearFiscal Year 20012001          20052005        2006 2006   

National Science Foundation     National Science Foundation     150         305       344150         305       344
Defense  (DOD)Defense  (DOD) 125         276       230125         276       230
Energy (DOE)                                    Energy (DOE)                                      88         211       207             88         211       207           
National Institutes of Health        National Institutes of Health          40   40  89       144    89       144   
Commerce (NIST)                    Commerce (NIST)                      33   33  53        75    53        75   
NASA NASA                                                                           22           35        32             22           35        32           
Agriculture (USDA)                     Agriculture (USDA)                        0             5         11                 0             5         11              
EPA EPA                5    5   5          5      5          5    
Justice Justice                1             2           2   1             2           2
Homeland SecurityHomeland Security    0    0   1           1  1           1
              
TOTAL        TOTAL                             464         982   1054               464         982   1054   



  

NNI Centers and User Facilities

2000 20032001 2002 2004

Nanoscale Systems in Info. 
Technologies – Cornell

Nanoscience in Biological &
Environmental Engineering –
Rice

Integrated Nanopatterning &
Detection – Northwestern

Nanoscale Systems & Their 
Device Applications –
Harvard

Directed Assembly of 
Nanostructures –
Rensselaer Polytechnic Inst

Scalable & Integrated 
Nano Manufacturing -
UCLA

Nanoscale CEM 
Manufacturing Systems 
Center - UIUC

2005 2006 2007

Templated Synthesis & Assembly 
at the Nanoscale – U Wis-Madison

Molecular Function at NanoBio 
Interface – U Penn

High-Rate Nanomanufacturing –
Northeastern

Affordable Nanoeng. of Polymer 
Biomedical Devices – Ohio State

Integrated Nanomechanical 
Systems – UC-Berkeley

Probing the Nanoscale – Stanford

NCN

NNIN

Institute of Soldier 
Nanotechnologies – MIT

Nanoscience Innovation 
in Defense - UCSB

Institute for 
Nanoscience - NRL

Nanophase Materials 
Sciences - ORNL

Integrated 
Nanotechnologies - SNL

Molecular Foundry 
- LBNL

Nanoscale 
Materials - ANL
Functional 
Nanomaterials - BNL

5/08

NSF Centers– 17
DOD – 3
DOE NSRCs – 5
NASA – 4
NCI – 3-5 (FY2005+)

Cell Mimetic Space 
Exploration - UCLA

Intelligent Bio-Nanomtls &
Structures for Aerospace 
Vehicles – Tex A&M
Bio-Inspection, Design, &
Processing of Multifunctional 
Nanocomposites - Princeton
Nanoelectronics & Computing -
Purdue

Nanobiotechnology 
(STC) - Cornell

Learning & Teaching in Nano S&E –
Northwestern

Electron Transport in Molecular 
Nanostructures - Columbia

Extreme UV Science and 
Technology –
Colorado State
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pigments 
in paints 

pharmaceuticals 
&  drugs

cosmetics ,lipstick 
lotions & sunscreens

jewellery, 
optical & 

semiconductor wafer 
polishing

Nano Now

faster switches 
& ultrasensitive 

sensors 
nano-bio materials 
as artificial organs

nano-optical, 
nanoelectronics & 

nanopower sources

high-end flexible 
displays

unique alloys 
& coatingsNano 2012

NEMS based 
devices 

cutting tools & wear 
resistant coatings

biosensors, 
transducers & 

detectors 
functional  

designer fluids

drug delivery, 
biomagnetic 

separation   & wound 
healing

flame retardant 
additives 

propellants, 
nozzles & valves

Nano 2007



  

Nanotechnology & WoodNanotechnology & Wood

 One of the most abundant biological raw materials-One of the most abundant biological raw materials-
ubiquitousubiquitous

 Nano-fibrilar structure (source or substitute for nanotubes Nano-fibrilar structure (source or substitute for nanotubes 
& nanowires?)& nanowires?)

 Self-assembly—controlledSelf-assembly—controlled
 Lignocellulose as a nanomaterial and its interact with other Lignocellulose as a nanomaterial and its interact with other 

nanomaterials is largely unexplorednanomaterials is largely unexplored
 Capacity to be made multifunctionalCapacity to be made multifunctional
 New analytical techniques adapted to biomaterials are New analytical techniques adapted to biomaterials are 

beginning to allow us to see new possibilitiesbeginning to allow us to see new possibilities
 A cornerstone for advancing the biomass-based renewable A cornerstone for advancing the biomass-based renewable 

& sustainable economy & sustainable economy 

Wood / LignocelluloseWood / Lignocellulose



  

Nanotechnology WorkshopNanotechnology Workshop
 Held October 17 – 19, Held October 17 – 19, 

20042004
 Attendance – 112Attendance – 112

 Industry – 31Industry – 31
 Academia – 37Academia – 37
 Government – 28Government – 28
 NGO – 4NGO – 4
 Misc. - 12Misc. - 12



  

Organizing Committee Institutions Organizing Committee Institutions 
RepresentedRepresented

 IMERYSIMERYS
 National Science National Science 

FoundationFoundation
 DuPontDuPont
 Georgia PacificGeorgia Pacific
 MeadWestvacoMeadWestvaco
 TAPPITAPPI
 DOE Pacific Northwest DOE Pacific Northwest 

National LaboratoryNational Laboratory
 Western Michigan Western Michigan 

UniversityUniversity
 International PaperInternational Paper
 PAPRICANPAPRICAN

 WeyerhaeuserWeyerhaeuser
 IPST@ Georgia TechIPST@ Georgia Tech
 Sappi Fine PaperSappi Fine Paper
 University of TennesseeUniversity of Tennessee
 Iowa State UniversityIowa State University
 USDA Forest Products USDA Forest Products 

LaboratoryLaboratory
 Washington State Washington State 

UniversityUniversity
 North Carolina State North Carolina State 

UniversityUniversity
 Pennsylvania State Pennsylvania State 

UniversityUniversity



  

Nanotechnology Workshop DeliverablesNanotechnology Workshop Deliverables

 A vision for nanotechnology in the Forest A vision for nanotechnology in the Forest 
Products IndustryProducts Industry

 A roadmap for nanotechnology in the Forest A roadmap for nanotechnology in the Forest 
Products Industry (identify potential Products Industry (identify potential 
applications and uses, identify knowledge applications and uses, identify knowledge 
gaps and the research needed)gaps and the research needed)
 Produce output in reader-friendly formatProduce output in reader-friendly format



  

Nanotechnology Workshop DeliverablesNanotechnology Workshop Deliverables

 Promote cooperation and collaboration Promote cooperation and collaboration 
among industry, academia, and among industry, academia, and 
government by attracting a diverse group government by attracting a diverse group 
of workshop participants & promoting of workshop participants & promoting 
dialoguedialogue

 Make nanotechnology researchers more Make nanotechnology researchers more 
aware of self-assembling lignocellulosics aware of self-assembling lignocellulosics 
and opportunities it provides for new and opportunities it provides for new 
generations of novel, high performance, generations of novel, high performance, 
high-value productshigh-value products



  

Nanotechnology Workshop Concurrent Nanotechnology Workshop Concurrent 
SessionsSessions

1.1. Polymer Composites & Nano-reinforced Polymer Composites & Nano-reinforced 
MaterialsMaterials (32) (32)

--Fiber composites/materialsFiber composites/materials
-Polymer composites-Polymer composites

2.    Self-assembly & Biomimetics 2.    Self-assembly & Biomimetics (19)(19)
3.    Cell Wall Nanostructure 3.    Cell Wall Nanostructure (17)(17)
4.    Nanotechnology in Sensors, Processing, & 4.    Nanotechnology in Sensors, Processing, & 

Process Control Process Control (15)(15)
5.    Analytical Methods for Nanostructure 5.    Analytical Methods for Nanostructure 

Characterization Characterization (22)(22)



  

Vision Statement from WorkshopVision Statement from Workshop

To sustainably meet the needs of To sustainably meet the needs of 
present and future generations for wood-present and future generations for wood-
based materials and products by based materials and products by 
applying nanotechnology science and applying nanotechnology science and 
engineering to efficiently and effectively engineering to efficiently and effectively 
capture the entire range of values that capture the entire range of values that 
wood-based lignocellulosic materials are wood-based lignocellulosic materials are 
capable of providing.capable of providing. 



  

StrategiesStrategies
 Adapt & Deploy Adapt & Deploy 

Existing Existing 
NanotechnologiesNanotechnologies
 Reduces costs by Reduces costs by 

leveraging existing leveraging existing 
investmentsinvestments

 Shortest time to Shortest time to 
deploymentdeployment

 Exploits existing Exploits existing 
nanotechnology nanotechnology 
knowledge baseknowledge base

 Adds value and Adds value and 
functionality to existing functionality to existing 
productsproducts

 Create & Deploy Create & Deploy 
Novel New Novel New 
NanotechnologiesNanotechnologies
 Exploits the unique Exploits the unique 

nanoscale components nanoscale components 
and properties of woodand properties of wood

 Enables new Enables new 
generations of cost generations of cost 
effective products & effective products & 
materialsmaterials

 Exploits the full Exploits the full 
potential of wood as the potential of wood as the 
material for the 21material for the 21stst  
CenturyCentury

 Achieves maximum Achieves maximum 
efficiency of material efficiency of material 
useuse



  

Research AreasResearch Areas
 Liberating nanofibrilsLiberating nanofibrils
 Using nanomaterials, Using nanomaterials, 

nanosensors, etc. to nanosensors, etc. to 
improve the raw material improve the raw material 
(60% reduction) and (60% reduction) and 
energy efficiency (50% energy efficiency (50% 
reduction) of conversion reduction) of conversion 
processesprocesses

 Achieve directed design of Achieve directed design of 
biopolymer biopolymer 
nanocompositesnanocomposites

 Developing biomimetic Developing biomimetic 
process for synthesizing process for synthesizing 
lignocellulose lignocellulose 
nanomaterialsnanomaterials

 Utilize self-assembly of Utilize self-assembly of 
nanodimensional building nanodimensional building 
blocks for functional blocks for functional 
structures & coatingstructures & coating

 Biofarming lignocellulosic Biofarming lignocellulosic 
materials with unique materials with unique 
multifunctional properties multifunctional properties 

 Metrology – Developing Metrology – Developing 
instrumentation & instrumentation & 
properties measurement properties measurement 
methodologies for methodologies for 
lignocellulosics at the lignocellulosics at the 
nanoscale nanoscale 



  

Opportunities for Forest ProductsOpportunities for Forest Products
 Durability of sawn materialsDurability of sawn materials

 Preservatives-TiOPreservatives-TiO22, ZnO, Ag, ZnO, Ag
 Fire retardants & biocides Fire retardants & biocides 
 Coatings & Films-weathering, wear, self-Coatings & Films-weathering, wear, self-

sterilization sterilization 
 Adhesives (sawn & composites)Adhesives (sawn & composites)
 Composites--Nanoclays/fillers as barrier Composites--Nanoclays/fillers as barrier 

coatings, stiffeners, viscosity modifierscoatings, stiffeners, viscosity modifiers



  

Opportunities for Forest ProductsOpportunities for Forest Products

 Smart building materials—sensors 
embedded into lumber, panel products, 
structural composites—moisture, 
temperature, forces, loads, termites, 
decay

  Lighter weight, stronger composites



  

Actions Completed/Next StepsActions Completed/Next Steps
 Roadmap document completed– March 2005Roadmap document completed– March 2005
 Increase linkages with nanotechnology research Increase linkages with nanotechnology research 

communitycommunity
 National Nanotechnology Initiative (Roco)National Nanotechnology Initiative (Roco)

 NSET Participation--Forest Service, FPLNSET Participation--Forest Service, FPL
 Presentation January 11, 2004 (Risbrudt & Presentation January 11, 2004 (Risbrudt & 

others)others)
 National Science Foundation National Science Foundation 

 NSF-NSE Conference (December 13 – 15, NSF-NSE Conference (December 13 – 15, 
2004)2004)

 Workshop on “Defining the Opportunities, Workshop on “Defining the Opportunities, 
Challenges & Research Needs for Nano-Challenges & Research Needs for Nano-
biomaterials Derived from Lignocellulosics”  biomaterials Derived from Lignocellulosics”  
(SWST/PPERA) (IIIQ 2005)(SWST/PPERA) (IIIQ 2005)



  

Next StepsNext Steps
 Continue to build support for forest products Continue to build support for forest products 

sector nanotechnology research --Ongoingsector nanotechnology research --Ongoing
 Industry Industry 
 Government (USDA FS & CSREES, DOE Government (USDA FS & CSREES, DOE 

(Laboratories & Basic Energy Sciences) (Laboratories & Basic Energy Sciences) 
 Academia (SWST, PPERA & others)Academia (SWST, PPERA & others)

 FS-FPL Continued participation on NSET –FS-FPL Continued participation on NSET –
OngoingOngoing
 President’s Supplemental Budget Listing President’s Supplemental Budget Listing 

FY2007FY2007



  

Next Steps-Next Steps-continuedcontinued
 Develop and Implement FS-FPL R&D Develop and Implement FS-FPL R&D 

nanotechnology Program – October 2005nanotechnology Program – October 2005
 Develop a Forest Products Industry Steering Develop a Forest Products Industry Steering 

Committee involving all major stakeholders –IIIQ Committee involving all major stakeholders –IIIQ 
- IVQ 2005- IVQ 2005
 Industry (AF&PA Agenda 2020 & others)Industry (AF&PA Agenda 2020 & others)
 Academia (SWST, PPERA & others)Academia (SWST, PPERA & others)
 Government (USDA FS & CSREES, DoE BES & DOE Government (USDA FS & CSREES, DoE BES & DOE 

National Labs, NIST)National Labs, NIST)
 Develop Consensus on Nanotechnology R&D priorities Develop Consensus on Nanotechnology R&D priorities 

for the Forest Products Industry (FPI) –IIQ 2006for the Forest Products Industry (FPI) –IIQ 2006



  

Next Steps-Next Steps-continuedcontinued
 Link the FPI R&D community to the existing Link the FPI R&D community to the existing 

nanotechnology R&D community – Ongoingnanotechnology R&D community – Ongoing
 Visits to NSF & DOE Nanotechnology Research Visits to NSF & DOE Nanotechnology Research 

CentersCenters
 Organize a US Nanotechnology Technical Conference– Organize a US Nanotechnology Technical Conference– 

IIQ/IIIQ 2006 IIQ/IIIQ 2006 
 22ndnd International Conference on Nanotechnology in  International Conference on Nanotechnology in 

Construction--November 2005Construction--November 2005
 Develop a portfolio of short-, mid-, and long-term Develop a portfolio of short-, mid-, and long-term 

R&D focused on the areas most critical to R&D focused on the areas most critical to 
commercial production of nanomaterials and commercial production of nanomaterials and 
nanoproducts -- TBDnanoproducts -- TBD

 Seek to establish a $40 - $60 million per year R&D Seek to establish a $40 - $60 million per year R&D 
program for the FPI -- TBDprogram for the FPI -- TBD
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