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Abstract 

The role of the National Laboratories is summarized from the era of post World War II to 
the present time. The U.S. federal government policy for the National Laboratories and 
its influence on their materials science infrastructure is reviewed with respect to: 
determining overall research strategies, various initiatives to interact with industry 
(especially in recent years), building facilities that serve the nation, and developing 
leading edge research in the materials sciences. Despite reductions in support for 
research in the U.S. in recent years, and uncertainties regarding the specific policies for 
R&D in the US., there are strong roles for materials research at the National 
Laboratories. These roles will be centered on the abilities of the National Laboratories to 
field multidisciplinary teams, the use of unique cutting edge facilities, a focus on areas of 
strength within each of the labs, increased teaming and partnerships, and the selection of 
motivated research areas. It is hoped that such teaming opportunities will include new 
alliances with China, in a manner similar, perhaps, to those recently achieved between the 
U.S. and other countries. 

Perspective 

The work at National Laboratories should generally be differentiated from that which can 
b e  performed at universities or by industry. It is proposed .that there are at least five 
characteristics to a successful approach for the future of the National Laboratories, and 
therefore to the future of the materials science research carried out within them. First, 
they must take advantage of their innate ability to perform multidisciplinary work; this 
ability is well recognized and distinguishes them from most other research institutes. 
Second, they need to utilize fully their world class major facilities which are extensive as 
wiU be described. Third, they must build upon their own individual strengths, Le., their 
own world class research areas or core competencies and personnel. Fourth, they must 
team effectively with other labs, universities, industry, and international partners where 
appropriate. Fifth, and very importantly, their research areas must have a significant 
component of "motivated" versus "inspirational" research without becoming caught in the 
trap of performing only "applied" or k e d s  driven" research. 

"Motivated" research is defied herein as work whose origin lies in a broad area of 
perceived scientific or technological requirement, and is in response to those 
requirements, and leads to knowledge enabling the development of a new technology 
base or a dramatic change in an existing one. "Inspirational" research lacks such an 
overarching goal and relies instead on individual interests, often for purely scientific 
motives, to determine research direction. "Needs-driven" research, at the other extreme, 
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attacks only the near-term problem at hand, is unlikely to lead to long term growth, but 
because it may solve near term urgent issues is often the most attractive from a viewpoint 
of immediate, measurable return on investment. 

Background 

There are many laboratories in the U.S. that are supported by federal government 
resources. The discussion in this paper is limited to those Laboratories that are truly 
"National" in their nature and that have a significant role to play in the field of materials 
science; the examples we will use are drawn from the DOE National Laboratories and the 
National Institute of Standards and Technology, and some of these are shown in Fig. 1. 
The roles of the Laboratories have been the subject of intense debate in recent years, and 
particularly since the end of the cold war several years ago. It is worth summarizing 
some of the historical background and debate leading up to the present time. . 

At the time of the inception of the laboratories, following World War 11, their functions 
were relatively clear. The development of the atomic bomb under the direction of the 
Manhattan Engineer District of the U.S. Army Corps of Engineers in 1942 was followed 
in 1946 by the formation of the Atomic Energy Commission (AEC). The Commission 
was directed to design, develop, and produce nuclear weapons and nuclear reactors. A 
major tool in executing this mission was the development of the National Laboratories, 
and the important, indeed essential, role of materials science in this mission was 
emphasized from the start. The transition from the AEC to the Energy Research and 
Development Administration (ERDA) took place in 1975. The mission covered that of 
the AEC but was broadened to incorporate naval reactors, energy development programs, 
and to research the environmental, biomedical, and safety aspects of energy technologies. 
In 1977 the present Department of Energy (DOE) was created as a cabinet level position 
to cover the functions of ERDA, but also other departments with responsibilities in 
energy, defense, and related research areas. 

-.-...&, 
'L.. 

Fig. 1. Some ofthe National Laboratories of the U.S. at which significant materials science programs 
exist 
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The Present DOE Laboratory Structure 

As of this year, DOE has nine major labs, ten single purpose labs, and eleven smaller 
special mission labs. The core competencies include energy and environmental 
technologies, advanced materials development, advanced manufacturing and process 
technology, high performance computing and communications, high energy and nuclear 
physics, and bioscience and technology. Included in this portfolio is a wide range of 
special user facilities as shown in the following table. 

Facility 

Advanced Light Source 
Advanced Photon Source 
Intense Pulsed Neutron Source 
National Synchrotron Light Source 
Neutron Scattering Center 
High Flux Isotope Reactor 
Synchrotron Radiation Laboratory 
High Flux Beam Reactor 
Materials Preparation Center 
Electron Microscopy Center 
Center for Microanalysis 
National Center for Electron Microscopy 
Shared Research Equipment Program 
Surface Modification and Characterization 
Research Center 
Combustion Research Facility. 

Location 

Lawrence Berkeley Laboratory 
Argonne National Laboratory 
Argonne National Laboratory 
Brookhaven National Laboratory 
Los Alamos National Laboratory 
Oak Ridge National Laboratory 
Stanford Linear Accelerator Center 
Brookhaven National Laboratory 
Ames Laboratory 
Argonne National Laboratory 
University of Illinois 
Lawrence Berkeley Laboratory 
Oak Ridge National Laboratory 
Oak Ridge National Laboratory 

Sandia National Laboratory (Livermore) 

Key Reports Influencing the Roles of the National Laboratories 

The original guidance for post World War II federal research was published in 1945 by 
Vannevar Bush(1). In the report he emphasized the federal role in national security, 
economic stimulation, conversion of war technology to the private sector, and new 
scientific knowledge. The historical evolution of U.S. materials science and engineering 
policy has been mostly guided by a series of reports, over the last decade or so, with a 
frequency of about every year and a half. The first major external review of the National 
Laboratory system, following nearly forty years of somewhat internally directed work at 
the laboratories, was the Packard Commission in 1983. The report stressed the need for 
focused missions with associated metrics for success, reduced micromanagement by 
DOE, and increased industrial and university interactions. This was followed in 1986 by 
the Brickman Report expressing the need to develop and maintain user facilities, improve 
university and industry ties, investment in the laboratories by industry, and a convergence 
of physics and materials science. 

In 1989 a work of major importance to the materials science community entitled 
"Materials Science and Engineering for the 1990s" was published by the National 
Academy of Science(2). In this report, the authors suggested that industry needs should 
guide federal research, and that close collaborations be established with industry, 
universities, and other federal laboratories. Materials Science and Engineering was 
recognized, and indeed advocated, as a coherent field of study that merited a new 
educational curriculum. Importantly, the report urged a strengthened national program in 
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the field and particularly emphasized the aspects of Synthesis and Processing (S&P) of 
new materials with associated materials modeling. The DOE responded to this report by 
creating a Center of Excellence for Synthesis and Processing (CSP) of Advanced 
Materials which will be discussed later in this paper. All the above reports, urging 
collaborations with industry, created ah interesting problem with respect to fairness of 
opportunity and the role of federal policy in industrial competitiveness - an issue that in 
the U.S. has special significance compared to Japan and Europe where direct subsidy of 
industry for economic competitiveness has a different set of cultural and political rules. 

In the period from 1992 to 1995 under the Clinton Administration the focus on materials 
science quickly transmuted into a national effort in manufacturing and an interesting 
revolution took place in the way in which the National Laboratories interact with 
industry. A series of federal programs were created in which the government acted as a 
"partner" by directly funding industry to develop advanced technologies for 
commercialization. These programs were funded through the Department of Commerce 
(DOC) via the Advanced Technology Program (ATP), and through the Advanced 
Research Projects Agency (ARPA) via the Technology Reinvestment Program (TRP). 
The DOE labs were encouraged to provide direct support of U.S. industry through the 
Defense Programs Technology Transfer Initiative (DP-TTI). Industry, recognizing the 
availability of significant resources came to the labs and sought beneficial partnerships. 

For the first time in their history, then, the weapons laboratories of DOE were encouraged 
to seek partnerships with private industry, for the purposes of enhanced economic 
competitiveness, in selected companies or consortia of like companies, and to transfer to 
them technology developed in the evolution of national security needs. As a 

. consequence, the labs diverted significant portions of their mission resources to meet 
industry's needs in materials and manufacturing. In some cases these efforts were 
synergistic with the Lab missions, but in some cases they were not It became clear that 
this paradigm could not be sustained and that the primary role of the National 
Laboratories should remain focused on nationally important missions. 

Finally, just this year, the Galvin Report was issued. This document stated that 
technology development for industry was not in fact an appropriate mission for the DOE . 
National Laboratories, that support for fundamental science should be sustained, that 
some overlapping areas across the laboratory complex be reduced, but that 
micromatiagement of the Tabs by DOE be significantly decre'ased. The Galvin report 
went further to suggest that privatization of the labs. was a desirable end point. Needless 
to say, it will take time to assess whether or not the implementation of these 
recommendations is likely. In the meantime, coupled with the change in the balance of 
power in late 1994 to the Republicans in the U.S. Congress, there are already noticeable 
changes in the types of interactions between the labs and industry with a shift to "how can 
interactions between industry and the labs help the lab missions?" from "how can 
interactions between industry and the labs help selected industries increase their 
competitiveness?". 

Some examples of how these changes have affected,our own laboratory are shown in the 
next two figures. In Fig. 2, for example, the increased range of topical areas and 
broadening support base for LLNL is shown in snapshots from 1954,1974, and 1994. 
The dramatic change from a single-purpose, single-funding-source laboratory to a multi- 
purpose, multi-funding-source laboratory is evident In Fig. 3, the increase in interactions 
with industry at LLNL, as evidenced by the number of Co-operative Research and 
Development Agreements (CRADAs), is shown. There are now over 1000 CRADAs 
between the DOE laboratories and industry. 
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Non-DOE orqanizations 

Reactors 

MagneUc fusion 

Nuclear 
weapons 
research 

medical and environmental 

Non-WE organizations 
Other DOE organizations 

omeaical and envircnrnental 

nced isotope saperation 
!her DOE defense work 

ronmental restoration 

edial confinement fusion 
hnology commercialization 

Nuclear weapons research 

1954 1974 1994 
Fig. 2. The increased range of topical areas and broadening support base for LLNL shown in snapshots 

from 1954,1974, and 1994. 

Views on the Changing Roles of the 
National Laboratories 

Obviously, all of the above changes have 
had a significant influence on research 
and development directions in the field of 
materials science and engineering. It is 
instructive to look at the views and 
actions from several different 
perspectives; a National Laboratory &os 
Alamos), the Administration, and the 
DOE. 

A recent article(3) by Dr. Sig Hecker, the 
Director of the Los Alamos National 
Laboratory, has highlighted some of the 
changes and issues from his perspective. 
In summary, the cold war provided a 
cohesiveness for a national policy in 

1992 1994 

Fig. 3. The increase in interactions with industry at 
LLNL as evidenced by the number of Co- 
operative Research and Development 
Agreements (CRADAs). 

science and technology thafhas now eroded. Furthermore, intense international 
economic competition has caused US. industry to integrate their R&D more and more 
closely with their products. And, investments in university research from the defense 
industry have decreased. As a result of these two influences, Dr. Hecker noted the 
decrease in the U.S. basic science investment, and proposed a sharpening of the U.S. 
science and technology policies, in order to meet the science and technology needs of the 
future. This policy development should be centered on the concept of compelling 
national missions (such as reducing the nuclear danger); the National Laboratories can 
play a major role here by fielding interdisciplinary teams, including universities and 
industry partners, working in unique facilities. As far as specific materials science areas, 
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he stated "We are entering an unprecedented time of intellectual challenge and 
productivity in materials science'' and cited atomic modeling of real processes as one 
example of this. 

John Gibbons, the President's Science Advisor recently stated that "Science and 
Technology Programs in the 104th Congress are the legislative equivalent of endangered 
species". He fears that the U.S. will cede leadership in science and technology to foreign 
competitors; he has declared that the administration is committed to science and 
technology as the engine of growth in jobs, the economy, and our quality of life. The 
Congress at present does seek to reduce investment in science and technology by $13B 
over the next five years. 

The DOE has made the field of Science and Technology the keystone in its own strategic 
plan as shown in Fig. 4a. This schematic is a dynamic one and has undergone changes in 
recent months to reflect more accurately current thinking and an emphasis on key 
missions. We have developed our own version of this schematic of the DOE strategic 
plan that incorporates the fields of "new opportunities" and "education" as additional key 
elements of a successful strategy for 
materials science and engineering (Fig. 
4b). The concept of adding new 
opportunities as a key theme derives from 
the continuous stream of unanticipated 
discoveries in materials science. 
Historically, this would of course include 
the transistor but in relatively recent times 
the list includes high Tc superconductors, 
photoluminescence polymers, and 
superplastic ceramics. 

The DOE, Basic Energy Sciences has 
responded to the reports of the last several 
years by creating the DOE Center of 
Excellence for the Synthesis and 
Processing of Advanced Materials. The 
goal is "To enhance the science and 
engineering of materials synthesis and 
processing in order to meet the 
programmatic needs of the Department of 

exploitation of materials." Specifically, 
one objective is to discover and develop 
high-pay-off materials in a timely and cost 
effective manner. Another objective is to 
develop synthesis and processing 
methodologies to control 
structurdproperties over all length scales. 
This is achieved by cooperative research 
paknerships to reduce the time span and 
cost for materials commercialization by 

Fig. 4a The field of Science and Technology is the 
keystone of the DOE stmtegic plan. 

Energy and to facilitate the technological -- L. 

- integrating fundamental scientific 
principles with concurrent synthesis and 
processing in collaboration with DOE 
technologies and U.S. industry. The 

Fig. 4b Am, id version of the DOE strategic 
plan that incorporates new opportunities and 
education as key elements of a successful 

current focus areas are: strategy for materials science and engineering. 
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Conventional and Superplastic Forming 
Materials Joining 
Nanoscale Materials for Energy Application 
Tailored Microstructures in Hard Magnets 
Microstructural Engineering with Polymers 
Processing for Surface Hardness 
Mechanically Reliable Surface 
Photovoltaics (pending) 
Amorphous Materials (pending) 

As we will see in the rest of the paper, many of the current materials science research 
subjects fall into one or more of these focus areas. 

National R&D Facilities 

One of the great strengths of the National Laboratories is their facilities. Large scientific 
facilities are a very appropriate place for federal investment because industries and 
universities do not have the resources to build.them independently. As we will see, it is 
the uniqueness of large scale facilities that can propel forward the understanding and 
development of materials and so this aspect of investment is a key one. 

The facilities for materials research can be grouped into: Neutron Sources, Light Sources, 
Microanalysis, and others. A brief summary of each group is presented here. 

Neutron Sources 

The Office of Energy Research operates four neutron sources. Because of their ability to 
penetrate bdk  materials, neutrons find applications in, magnetic property evaluation as 
well as for making radioactive materials for research and medical applications. The 
major sources are: (1) The High Flux Beam Reactor (HFBR) at Brookhaven, the nation's 
foremost facility for research in solid-state and nuclear physics, chemistry, and structural 
biology, (2) The High Flux Isotope Reactor (HFIR) at Oak Ridge, which produces the 
most intense continuous beam of neutrons for materials research (and also is the world's 
leading source of elements heavier than Pu for research), (3) The Intense Pulsed Neutron 
Source (IPNS) at Argonne, which has the largest number of users, instruments, and 
experiments in the nation, and (4) The Manuel Lujan Jr. Neutron Scattering Center 
(LANSCE) at Los Alamos, which has a higher peak neutron flux than any other 
spallation neutron source allowing experiments to determine atomic and molecular 
structure to be carried out more quickly and with greater accuracy, using smaller samples, 
than elsewhere. It should be pointed out that there is also a Research Reactor at NIST 
which is a national center for the application of reactor radiation to a variety of national 
problems involving industry, universities, and government labs. 

Lipht - Sources 

Synchrotron light sources are the most recent development in X-ray sources for materials 
research. They are used for structural studies of metals, alloys, ceramics, polymers, and 
biological materials. Currently, DOEBES operates two major synchrotron light sources 
and two more are under construction. The existing facilities are (1) the National 
Synchrotron Light Source (NSLS) at Brookhaven National Laboratory which provides 
the world's brightest continuous source of X-rays and ultraviolet radiation and (2) the 
Stanford Synchrotron Radiation Laboratory (SSRL) that provides photons with energies 
ranging from 5 to 45,000 ev; the world's brightest beams of X-rays are produced at SSRL. 
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Fig. 5a The average spectral brightness as a function 0: 
a function of photon energy for various facilities. 

The Advanced Light Source ( A L S ) ,  a 1- 
GeV to 2-GeV light source at Lawrence 
Berkeley Laboratory GBL) was recently 
inaugurated and experimental results from 
the ALS have now ,been published. This 
facility will provide the world's brightest 
beams of soft X-rays and extreme 
ultraviolet-photon energies from 10 to 
several thousand eV. The Advanced 
Photon Source (APS) a 7-GeV source 
under construction at Argonne National 
Laboratory will be the Nation's most .':, 
brilliant source of X-rays in the energy 
range from 1000 to over 100,000 eVs, 
extending from soft X-rays to the hard X- . 
ray portion of the spectrum. 

v Iy: 

w. Fig. 5b. The spectral brightness is shown as 

The average spectral brightness as a 
function of year is shown in Fig. 5% the 
dramatic increase in the last several 
decades is evident; the spectral brightness 
is shown as a function of photon energy for 
several facilities in Fig. 5b. An example of 
an application of the synchrotron in 
materials research is shown in Fig. 5c. In 
this example, the direct imaging, in vivo, of 
bone is possible because of the nature of the X-ray beam. Thus for the first time it is 
possible to image a bone segment and then subsequently to image the same precise region 
following medication, for example. In this way it is possible to view accurately the 
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nature of sequential bone loss and bone mass recovery in osteoporosis experiments and to 
question whether or not the bone mass recovery is in useful structural form. 

Microanalvsis 

The DOEBES operates four microanalysis research user centers. These are all equipped 
with contemporary electron microscopes and other microanalytical instruments for the 
analysis of atomic structure of solid samples. The Centers are : (1) The National Center 
for Electron Microscopy (NCEM) at Lawrence Berkeley Laboratory, which houses the 
nation's highest voltage transmission electron microscope (1.5MeV) as well as the 
nation's highest resolution electron microscope, (2) The Electron Microscopy Center for 
Materials Research (EMCMR) at Argonne, which has a high voltage electron microscope 
interfaced to two ion accelerators for real time in-situ studies of ion implantation and 
radiation effects, (3) The Shared Research Equipment Program (SHaRE) at Oak Ridge 
.which, as it name implies, has available for users a wide range of advanced analytical 
electron microscopes including high and low temperature stages and straining stages, and 
(4) The Center for Microanalysis of Materials (CMM) at the University of Illinois which 
contains an analytical electron microscope for very high spatial resolution microchemical 
characterization and other advanced equipment including an environmental cell 
microscope. 

Others 

A major new facility being planned is the National Ignition Facility (NE) at LLNL. The 
Facility will be a centerpiece of the inertial confinement fusion program to develop a 
science and technology base that can demonstrate significant fusion energy yields in the 
laboratory and identify applications for that capability. ICF technology in the near term 
leads to an improved understanding of nuclear physics and in the long term a clean and 
inexhaustible supply of energy. The NIF will consist of a neodygium glass laser 
supplying about 1.8MJ of energy at a wavelength of 351nm to a fusion target. The laser 
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challenges in building the NLF are many, and one example is shown in Fig. 6.  The ability 
to grow large KDP crystals rapidly, flawlessly, and economically, has been demonstrated 
with a collaboration between U.S. and FSU scientists. In other parts of the MF 
development extremely close collaborations with the French have been established. 

Some Examdes of Current Areas of Materials Science Research 

The range of research areas covered by the National Laboratories is extremely broad and 
can be described using several different crosscuts, e.g. facility-based, material property- 
based, material family-based, thrusts based on the seven areas of the S&P Center of DOE, 
and so on. In this section we illustrate just a few examples related to materials science. 

Modeling the physical 
vapor deposition of Si 
and Mo 

- -  -- - 
’ .  

. . .  , 1 

Multilayer X-ray Op 

& -  

In implantation of 
zin film devices 

1 1  Precision 

sing single-point 
7d MD simulation 

Fig. 7 The tremendous recent increase in computing power has led to a significant improvement in the 
ability to model. Examples from the field of molecular modeling are given for the cases of physical 
vapor deposition for the development of multilayer X-ray optical components, ion implantation of 
thin film devices, and precision engineering for precise component fabrication using single point 
diamond turning. 

Modeling of materials is clearly of interest to all of us. The ability to predict materials 
response is of vital importance in diverse applications from casting, to mechanical 
behavior and to the behavior of structures from which such materials are manufactured. 
The tremendous increase in computing power in recent times has led to a significant 
improvement in the ability to model in some specific and targeted areas and examples 
from the field of molecular modeling are given in Fig. 7 for the cases of physical vapor 
deposition for the development of multilayer X-ray optical components, ion implantation 
of thin film devices, and precision engineering for precise component fabrication using 
single point diamond turning. 

One of the issues that dominates materials modeling is that of modeling across different 
length scales. Thus, whereas some models may work reasonably well at the sub-atomic 
level, for example, such models cannot be translated to longer length scales. This issue is 
illustrated in Fig. 8 in which the cycle of modeling from ab initio electronic level 
calculations is increased in scale through the atomic, molecular, bulk, and structural 
levels. 
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Surface Chemistry 

Adsorption of chlorine on 
a tantalum surf 

Solid-State 
Chemistry 

Bulk Electronic 
Structure 

ron-positron mom 

I 
Fig. 8 The cycle of modeling from ab initio eIectronic level calculations is increased in scale through the 

atomic, molecular, bulk and structural levels. 

Collaborations with the Former Soviet Union (FSU) 

Over the last several years, driven by the end of the cold war and disarmament issues, we 
have witnessed a remarkable change in the relationship of the U.S. with parts of the FSU . 
From an initial phase seeking simple technical exchange, the DOE and the Department of 
State (DOS) rapidly realized that a more formal structure was needed so that industrial 
and commercial interests could also be incorporated. The International Science and 
Technology Center (ISTC) was established for providing seed funding for projects from 
Russian Institutes with potential transition to commercial applications. The ISTC was 
joined by Japan and the European Union in early 1994, and to date has funded over $75M 
of projects in Russian institutes under Minatom, the Ministry of Defense, the Russian 
Foundation for Basic Research, and the Russian Academy of Sciences. 

The ISTC and similar centers also provided grants for Russian scientists to travel to 
: international conferences, participate in scientist exchange programs, go on teaching 

sabbaticals, and attend entrepreneurial workshops with U.S. industries. These events 
provided the Russian and American scientists the basis for interacting on a scientific level 
with the opportunity to apply their thinking towards industrial concerns. 

An industrial consortium, the United States Industry Coalition (USIC), w e  created soon 
after the formation of the IST. It currently has over 80 industrial members and has 
funded over $35M of projects. The funded projects span technical disciplines involving 
environmental, telecommunications, computer software, energetic materials, advanced 
manufacturing processes, microelectronics, and space applications. Each project is 
championed by an USIC member, managed by a DOE National Laboratory, and worked 
on jointly by scientists from the industrial member, a DOE National Laboratory, and 
Russian Institutes. Some examples from LLNL of this unique "joint venture" include:(l) 
"Superplasticity Roll-Forming to Manufacture Automotive Components" - the project is 
championed by General Electric and Rockwell International with work performed at 
LLNL, RFNC Chelyabinsk-70, and Ufa Manufacturing Institute. (2) "Advanced 
Materihls for High Stiffness Shafts and Wear Resistant Bearings" - the project is 
championed by Pratt and Whitney with work performed at LLNL and the Paton Institute 
in the Ukraine. 
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In retrospect, the interactions with the Russian institutes required a great effort to make it 
successful. Not only do we have to contend with a language barrier, but we have to deal 
with different philosophies of performing research and perspectives of how to apply the 
research to commercial needs. We have had to forge new tools for our interaction, 
including guidelines for dealing with intellectual property, distribution of royalty, and the 
practice of global business. It is our hope that through these initial interactions with the 
People's Republic of China, we can begin to explore a similar path to be undertaken by 
scientists from the DOE National Laboratories and the PRC institutes in establishing 
technical exchange and collaboration. 

Summarv 

The missions of the National Laboratories have undergone significant changes since their 
inception. Their single purpose origins have evolved into multi-purpose missions, and 
their interactions with industry have undergone a series of changes that are heavily 
influenced by the role of federal policy. Throughout their history, materials science has 
been a major component of their technological and scientific base. The decrease in 
defense spending following the end of the cold war has led to new challenges. We 
conclude that the most effective role of the labs is to utilize their unique facilities and 
multidisciplinary teams, coupled with the areas each lab has developed of world class 
research, to meet the future needs of national importance. There are many such areas 
within the field of materials science, and the role of advanced computing and large 
facilities, available through the National laboratories will lead to increased developments 
in the materials science field. This will be accompanied by the leverage offered by 
teaming with universities, industry, and other laboratories, not only within the U.S. but 
also with colleagues in other countries. Examples of increased advances in materials 
science through such teaming are also plentiful. 
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The Federal Program in Materials Science &Technology 

A reoort bv the FCCSET Committee on lndustrv & Technoloav. 1993 
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The DOE center of Excellence for the 
synthesis and processing 

of Advanced Materials 
DIVISION OF m T E @ U  SCIENCES 

Conventional and Superplastic Metal Forming 
Materials Joining 
Nanoscale Materials for Energy Application 
Tailored Microstructures in Hard Magnets 
Microstructural Engineering with Polymers 
Processing for Surface Hardness 
Mechanically Reliable Surface Oxides for High-temperature 
Corrosion 
Photovoltaics (proposed) 
Amorphous materials (proposed) 
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Spectra! brightness 
{photons / mrad2 1 mmz / 0.1 O h  BW) 
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Additional Facilities 
- NERSC National Energy 

Research SuprcompuPsa 
Center at Lawrence 
Liwermore National 
Laboratory 

-CRF The Combustion 
Research Facility at 
Sandia National 
Laboratories 

- MATERIALS 
PREPARATIQN CENTE 
Ames Laboratory Iowa 
State Uniwersity 
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m Program Objectives 
- Short term technology stabilization for FSU Institutes 
- Long term technology maturation for commercialization 
- Collaboration between US DOE Labs and Minatom Labs 
- Technology transfer to US Industries 

- Superplasticity roll forming, Chelyabinsk-70 
- Nanocrystalline coatings, Paton Institute 
- Brazing alloy for Titanium, Paton Institute 

- Violence of HE cookoff, Arzamas-16 

m Examples of LLNL activities with the FSU 

# I  

- Refractory ceramics, Institute of Ceramics 

- Shock wave instability, Institute of Chemical Physics 
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-The U.S. OER operates four neutron SOUrCeS. Because neutronsqare uncharged, they can 
penetrate into bulk samples of materials and give precise information on the effects, and the magnetic properties 
of material surfaces and for  making radioactive elements fo research, medical, and industrial use. 

u HFBR - The High HUX Beam R ~ ~ c ~ c w  at B ~ o o k h ~ w ~ ~ ~  National kslborataay is the 
nation's forefront facility for neutron-based research in solid-state and nuclear physics, chemistry, and 
structural biology 

produces the nation's most intense continuous beam of neutrons for materials research. It is also the 
world's leading source of elements heavier than plutonium for research. 
lPN$ - The h & ~ S f 3  Padlkdd ~@WltlrOaP $OUPW3 
more users, more instruments, and more experienced staff members and is the site of more experiments 
than any other pulsed neutron source in the nation. 
UNSCE - The Man~dl L~jan 4g. Neutron S=RUXP~$  chat^ at LOS Alamos 
bdath'la! bbOr&aPOQ,! has a higher peak neutron flux than any other spallation neutron source used for 
materials science research. This means that experiments to determine the  atomic and molecular structures 
of materials can be performed more quickly, with greater accuracy, and using smaller samples than at other 
simllar facilities. 

)> MFIR " The High Flux !sotope Reactor at Oak Riidge National eaboratov 

&QOane !'fhtb'Ibh~ k.abai'aWw has 

-NET RESEARCH REACTOR 

The NET Research Reactor is a national center for the application of reactor radiation to a 
varietv of Droblems of national concern. A wide variety of internal and external programs have benefited 
from ihe broad range of capabilities available to researchers from industry, univerGties, and government 
laboratories. 
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Synchrotron light sources are the most recent development in x-ray sources 
for materials research. They are used for structural studies of metals, alloys, 
ceramics, polymers, and biological molecules. DO WBES operates three 
major synchrotron light sources, and one more is being built. 
- - OER 

NSLS - The National Synchrotron Light Source at Brookhawen National 
laboratow provides the world's brightest continuous source of x-rays and ultraviolet radiation for 
research. 

SSRL - The SPrSnfOPd SynChpotl'On R a d h t h  LFnbOratOw provides photons with energies 
ranging from 5 to 45,000 electron-volts; the world's brightest beams of x-rays are produced here. 

Berkeley bbOr#3tQV, provides the world's brightest beams of soft x-rays and extreme ultraviolet 
-photon energies from ten electron-volts to several thousand. 

Laboratory, will be the nation's most brilliant source of x-rays in the energy range from 1,000 to more 
than 100,000 electron-volts -- extending from soft x-rays through the hard x-ray portion of the spectrum. 

ALS - The 1-GeW to 24eV Advanced light Source, at Lawrence 

APS - The 74eV Adwanced Photon Source, being built at Argonne National 

- NET I - 
SURF-III SYNCHROTRON ULTRAVIOLET RADIATION FACILITY II The heart of the 
NlST Synchrotron Ultra-violet Radiation Facility II (SURF II) is a 300-MeV electron storage ring. The 
synchrotron radiation emitted is highly collimated, nearly linearly polarized, and of calculable inte 
Seven beamlines are available, and a users' program is in operation. 
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-The DOE Off ice of Basic Energy Sciences operates four microanalysis 
research User Centers. All four are equipped with contemporary electron microscopes for the analysis 
of the atomic structure of solid samples, sample-environment interactions, and local chemical composition. All 
four have a variety of microanalytical instruments, each dedicated to a different type of structural or chemical 
analysis. 

)) NCEM - The Nationall C ~ P P W  ~ O P  Electron icroscopy at Lawrence 
Berkeley L&O~~&Nf')f has the nation's hig hest-voltage transmission electron microscope, a 1.5- 
MeV machine, and also has the nation's highest-resolution electron microscope, the Atomic Resolution 
Microscope. 

National Laboratow has the only high-voltage electron microscope in the Western hemisphere 
interfaced to two ion accelerators for real-time in situ studies of ion implantation and radiation effects. It 
also has an advanced analytical e1,ectron I *  microscoper for very high spatial resolution elemental 
microanalysis. 

Laboratsry has several advanced analytical electron microscopes, one of which permits very high 
spatial resolution microchemical analysis; a microscope equipped with high-temperature, low-temperature, 
and straining stages; an atom probe field ion microscope; scanning Auger microprobes; Rutherford 
backscattering; and other instruments for microstructural and surface analysis. 

contains an analytical electron microscope for very high spatial resolution microchemical characterization, 
an environmental cell microscope, and other transmission electron microscopes; scanning Auger 
microprobes; an imaging secondary ion microprobe; a sputtered-neutral mass spectrometer; and a range of 
other microanalytical instruments. 

u EMCMR - The Electron Microscopy Center for Materials Research at Argonne 

u SHaRE - The Shared Research Equipment Program at Oak Ridge National 

CMM - The Center for Microanalysis of Materials at the Uniwersifiy of Illinois 
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