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7KH�8QLWHG�6WDWHV�LQYHVWV
DERXW������ELOOLRQ�D�\HDU�LQ�5	'

• The U.S. government provided $126 billion for R&D in 2004

• Government-funded R&D has grown by 40% since 2000
− Defense
− Homeland security
− Medical research
− Nanotechnology

• Government-funded research 
is performed by

− Universities
− Industry
− Federal agencies
− Federally funded R&D centers

(including national laboratories)

Universities/
Other Nonprofits7%

Industry
63%

Federal
Government

30%

Sources of R&D funding f
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7KH�8�6��'HSDUWPHQW�RI�(QHUJ\�
KDV�IRXU�VWUDWHJLF�JRDOV

5	'�LV�QHHGHG�WR�DWWDLQ�HDFK�RI�WKHVH�JRDOV
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Pacific
Northwest

Lawrence
Berkeley

Lawrence
Livermore

Sandia

Los Alamos

Argonne

Oak Ridge

Brookhaven

1DWLRQDO�ODERUDWRULHV�SHUIRUP�5	'�
WR�PHHW�'2(·V PLVVLRQ�QHHGV



6

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

USTBeijing_0410

'2(�QDWLRQDO�ODERUDWRULHV�$�IODLU�IRU�JHWWLQJ�DIWHU�YHU\�ELJ�
DQG�GLIILFXOW�PDWWHUV
• Multidisciplinary R&D to solve 

large-scale, long-term problems
of national importance
− National security
− Energy
− Environment

• Design, construction, and operation 
of unique research facilities 
and equipment

• Technology transfer

• Education
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7KH�RULJLQ�RI�WKH�
QDWLRQDO�ODERUDWRULHV��
(LQVWHLQ·V�����
OHWWHU�WR�5RRVHYHOW

´«VRPH�SHUPDQHQW�FRQWDFW�������EHWZHHQ�WKH�
$GPLQLVWUDWLRQ�DQG�WKH�JURXS�RI�SK\VLFLVWV�
ZRUNLQJ�RQ�FKDLQ�UHDFWLRQVµ
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7KH�*2&2�FRQFHSW

The national 
laboratories 
are the property 
of the U.S. Department 
of Energy

The Department 
of Energy contracts 
with the private sector 
for the management 
and operation 
of the laboratories

*RYHUQPHQW�RZQHG &RQWUDFWRU�RSHUDWHG

0DQDJHPHQW�DQG�2SHUDWLRQV�
�0	2��&RQWUDFW
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2DN�5LGJH�1DWLRQDO�/DERUDWRU\�
HYROYHG�IURP�WKH�0DQKDWWDQ�3URMHFW

251/�LQ�����
The Clinton Pile was the world’s first 

continuously operated nuclear reactor
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• Nation’s largest science facility:
the $1.4 billion Spallation Neutron Source

• Nation’s largest concentration
of open source materials research

• Nation’s largest energy laboratory

• $300 million modernization in progress

7RGD\��251/�LV�7RGD\��251/�LV�'2('2(··VV ODUJHVW�ODUJHVW�
PXOWLSXUSRVH�VFLHQFH�ODERUDWRU\PXOWLSXUSRVH�VFLHQFH�ODERUDWRU\

• $1.06 billion budget

• 3,900 employees

• 3,000 research guests annually

• Nation’s largest unclassified 
scientific computing facility
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University of Tennessee
Knoxville, Tennessee

Battelle
Columbus, Ohio

$V�D�*2&2�ODERUDWRU\��251/�LV�
PDQDJHG�DQG�RSHUDWHG�E\�87�%DWWHOOH
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National 
Security EnvironmentEnergy

$SSOLHG�WR�
FRPSHOOLQJ�QDWLRQDO�SUREOHPV

Intellectual foundations in
science, engineering, and technology

Integrating scientific themes:
Nanoscale R&D, ultrascale computing, 

systems biology

2DN�5LGJH�1DWLRQDO�/DERUDWRU\·V
UHVHDUFK�IUDPHZRUN
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2XU�ZRUOG�FODVV�FDSDELOLWLHV�IRU�
QDQRVFDOH 5	'�DUH�FRPLQJ�RQ�OLQH

Spallation Neutron Source:
• Nation’s largest 

science project
• On schedule,

on budget,
on scope —
85% complete

High Flux Isotope Reactor:
• Nation’s leading 

research reactor
• World-class

instruments
installed

Center for Nanophase 
Materials Sciences

Ultrahigh-resolution microscopy
• New aberration-corrected

electron microscope
• New Advanced

Microscopy
Laboratory 

• New world record
resolution: 0.6 Å

• First of five DOE-sponsored 
centers

• User program
already 
under way
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7KH�6SDOODWLRQ 1HXWURQ�6RXUFH
7RWDO�FRVW�������ELOOLRQ
• Operational in 2006

• World’s most powerful pulsed spallation source

• With complementary resources at the High Flux Isotope Reactor, 
Oak Ridge will lead the world in neutron scattering
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$�YLEUDQW�HQYLURQPHQW�IRU�QDQRVFLHQFH�UHVHDUFK�&HQWHU�IRU�1DQRSKDVH�
0DWHULDOV�6FLHQFHV

• Highly collaborative, 
multidisciplinary center
for research and education

• State-of-the-art tools for
synthesis and characterization

• Ready access to the Spallation
Neutron Source and other 
ORNL facilities

7HFKQLFDO�IRFXV�DUHDV
• Macromolecular materials
• Functional nanomaterials
• Catalysis
• Nanoscale magnetism 

and transport
• Theory, modeling, 

and simulation
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:H�DUH�DW�WKH�IRUHIURQW�
LQ�FRPSXWLQJ�DQG�VLPXODWLRQ
• Computing is essential to addressing 

major scientific challenges

• We lead DOE’s effort to regain 
and retain U.S. leadership 
in this vitally important area

• Our goal is to bring the world’s most 
powerful computer to Oak Ridge
− To solve problems that cannot

be solved experimentally
− To solve problems that are too expensive

to solve experimentally
− To accelerate discovery as nano meets simulation
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&KDOOHQJH��Integrate biology and ecology
based on the foundation of understanding 
molecular-level interactions

:H�DUH�EXLOGLQJ�PRPHQWXP�
LQ�V\VWHPV�ELRORJ\

• Identify the composition and function 
of “molecular machines”

• Use biological processes to
− Produce clean energy
− Sequester carbon
− Help clean up the environment

• Understand how living organisms 
react to their environments

• Determine the genetic basis 
for complex traits
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:H�DUH�DSSO\LQJ�RXU�6	7�UHVRXUFHV�
WR�QDWLRQDO�DQG�KRPHODQG�VHFXULW\
• Detecting, preventing, and reversing 

the proliferation of weapons 
of mass destruction

• Deploying integrated systems 
for incident awareness, 
detection, and response

• Providing technology 
for detecting explosives 
at the part-per-trillion level

• Delivering enhanced protection 
and new capabilities 
to first responders and warfighters
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Buildings
Industry

Transportation

Transmission 
technology
Hydrogen

Distributed 
energy resources

Fossil
Fission

Renewables
Fusion

&RQVXPSWLRQ'LVWULEXWLRQ*HQHUDWLRQ

:H�DUH�PHHWLQJ�WKH�HQHUJ\�FKDOOHQJHV�
RI�WKH�SUHVHQW�DQG�WKH�IXWXUH

6XSSRUWLQJ�'2(·V VWUDWHJLF�JRDOV
IRU�HQHUJ\�VHFXULW\�DQG�LQGHSHQGHQFH

6XSSRUWLQJ�'2(·V VWUDWHJLF�JRDOV
IRU�HQHUJ\�VHFXULW\�DQG�LQGHSHQGHQFH
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:H�DUH�GHYHORSLQJ�UHVRXUFHV�WR�VROYH�
HQYLURQPHQWDO�SUREOHPV
• Ecosystem and

carbon cycle experiments
• Computational climate science

&OLPDWH�FKDQJH

(QYLURQPHQWDO�
UHPHGLDWLRQ

$LU�TXDOLW\

• Microbial biology 
and ecology

• Bioremediation

• Atmospheric chemistry
• Ecosystem science
• Environmental data systems
• Technology solutions

• Genomics-based
approaches to
understanding
ecosystem
responses

• Methods and
sensors for
identifying
and measuring
ecosystem changes

• Simulation and
visualization
to address
interactions of
nature and society

(FRV\VWHP�FKDQJH
GHWHFWLRQ�DQG�IRUHFDVWLQJ



22

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

USTBeijing_0410

:H�RSHUDWH�XVHU�IDFLOLWLHV�WKDW�VHUYH�
DQ�LQWHUQDWLRQDO�UHVHDUFK�FRPPXQLW\

Metals 
Processing 
Laboratory
User Center

National 
Environmental

Research
Park

High 
Temperature

Materials 
Laboratory

Buildings 
Technology

Center

High Flux
Isotope 
Reactor

3URYLGLQJ�DFFHVV�WR�XQLTXH�DQG�H[SHQVLYH�WRROV�DQG�IDFLOLWLHV
IRU�FXWWLQJ�HGJH�UHVHDUFK



23

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

USTBeijing_0410

6RSKLVWLFDWHG�WRROV�DQG�IDFLOLWLHV
IRU�PDWHULDOV�V\QWKHVLV��SURFHVVLQJ��
DQG�MRLQLQJ

Metals and alloys
• Melting
• Casting
• Welding
• Extrusion

Ceramics
• Molecular beam epitaxy
• Microwaves
• Chemical vapor 

infiltration/deposition
• Gelcasting
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6RSKLVWLFDWHG�WRROV�DQG�IDFLOLWLHV
IRU�GHWHUPLQLQJ�SK\VLFDO�
DQG�PHFKDQLFDO�SURSHUWLHV
• Infrared imaging
• Nanoindentation
• Ceramic machining
• Vacuum fatigue testing
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6RSKLVWLFDWHG�WRROV�DQG�IDFLOLWLHV�
IRU�GHWHUPLQLQJ�VWUXFWXUH
• Sub-angstrom-resolution

microscopy

• Neutron scattering

• Synchrotron X-ray scattering

• Residual stress determination



26

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

USTBeijing_0410

0LFURVWUXFWXUHG DQG�QDQRVWUXFWXUHG
PDWHULDOV��0HFKDQLFDO�EHKDYLRU

+��%HL��(��3��*HRUJH��*��0��3KDUU�
ORNL and University of Tennessee

:HOO�DOLJQHG��GLUHFWLRQDOO\
VROLGLILHG�QDQRFRPSRVLWHV��
0R�ILEHUV�LQ�1L$O PDWUL[

NiAl-Mo composite has higher strength 
and lower DBTT than NiAl matrix

NiAl ductility

Composite
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0LFURVWUXFWXUHG DQG�QDQRVWUXFWXUHG
PDWHULDOV��0HFKDQLFDO�EHKDYLRU
:HOO�DOLJQHG��GLUHFWLRQDOO\�VROLGLILHG�QDQRFRPSRVLWHV�
&U�&U�6L�

Cr-Cr3Si lamellae

Nanoindentation of individual lamellae

Elastic 
+ plastic

Cr

Plastic

Cr3Si

Nucleation 
of the first 
dislocations

Elastic

269369Modulus (GPa)

5.221.6Hardness (GPa)

CrCr3Si
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3XOVH�WKHUPDO�SURFHVVLQJ�
RI�IXQFWLRQDO�QDQRPDWHULDOV
• Unique high-density infrared 

plasma arc lamp
− World’s most powerful radiant arc lamp

• Broad area processing

• Rapid heating to high temperatures
− Allows controlled diffusion 

on nanometer scale

• Millisecond pulses

• Minimal thermal effects to substrate
− Supports processing on polymers

750,000-W uniform irradiance 
processing facility
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• Sintering of nanoparticles
for photovoltaic applications

• Phase change for magnetic 
storage media applications
− FePt nanoparticles
− NiMn
− PtMn

TiO2 nanoparticles (~35 nm) 
sintered on a polymer substrate

for a photovoltaic application
[0.7-s processing at ORNL]

3XOVH�WKHUPDO�SURFHVVLQJ�
$Q�HQDEOLQJ�WRRO�IRU�EURDG�DUHD�
QDQRVFDOH SURFHVVLQJ

3RWHQWLDO�IRU�DGYDQFLQJ�
PDQ\�QDQRSDUWLFOH

DQG�WKLQ�ILOP�WHFKQRORJLHV

Philips 
flexible display

Flexible 
solar modules

100 nm
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Peak at 28.44q 2T indicates formation 
of small Si crystallites (~100 nm) 

with majority (111) orientation 
[0.5-s processing at ORNL]

3XOVH�WKHUPDO�SURFHVVLQJ�
$Q�HQDEOLQJ�WRRO�IRU�EURDG�DUHD�
QDQRVFDOH SURFHVVLQJ�
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“We are standing at the beginning 
of the industrialization 
of flexible TFT backplanes”

– Sigurd Wagner, 
Princeton University

&U\VWDOOL]DWLRQ�RI
DPRUSKRXV�PDWHULDO PTP 

crystalline Si
Amorphous Si• D-Si for photovoltaic 

and thin-film transistor 
(TFT) applications

• Rapid heating rates produce 
fine grains with narrow 
grain size distributions
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:H�SDUWQHU�ZLWK�LQGXVWU\�
WR�SXW�251/�LQQRYDWLRQV�WR�ZRUN

• Collaborative R&D agreements

• Creation and growth
of businesses based
on ORNL technologies

• Venture capital relationships

• Aggressive outreach

• 43 new companies

• $10 million investment

• $15 million in revenues

• 200 new jobs

6LQFH�$SULO������
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3XWWLQJ�251/�LQQRYDWLRQV�WR�ZRUN�
'XFWLOH�QLFNHO�DOXPLQLGH LQWHUPHWDOOLFV

:LGH�UDQJH�
RI�LQGXVWULDO�SURGXFWV�

1HZ�VXEILHOG�
RI�DOOR\�VFLHQFH

������251/�VWDUWV�ZRUN�WR�LPSURYH�WKH�GXFWLOLW\�RI�1L�$O

Furnace rollsFurnace rolls
(Bethlehem Steel)(Bethlehem Steel)

Furnace tray
(GM)

Magnet die
(Magnequench)
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:H�XVH�RXU�UHVRXUFHV�WR�VXSSRUW�
VFLHQFH�HGXFDWLRQ
• University partnerships 

• Student and faculty
research programs

• Scholarships

• Support for
science education 
in the community
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