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FOREWORD

The Division of Materials Sciences is located within the Department of
Energy in the Office of Basic Energy Sciences. The organizational structure
of the Department of Energy is given in an accompanying chart. The Office
of Basic Energy Sciences reports to the Director of the DOE Office of Energy
Research. The Director of this Office is appointed by the President with
Senate consent. The Director advises the Secretary on the physical research
program; monitors the Department's R&D programs; advises the Secretary on
management of the multipurpose laboratories under the jurisdiction of the
Department, excluding laboratories that constitute part of the nuclear
weapon complex; and advises the Secretary on basic and applied research
activities of the Department.

The Materials Sciences Division constitutes one portion of a wide range of
research supported by the DOE Office of Basic Energy Sciences. Other
programs are administered by the Office's Chemical Sciences, Biological
Energy Research, Engineering and Geosciences, Advanced Energy Projects, and
Carbon Dioxide Research Divisions. Materials Sciences research is supported
primarily at DOE National Laboratories and Universities. The research
covers a spectrum of scientific and engineering areas of interest  to the
Department of Energy and is conducted generally by personnel trained in the
disciplines of Solid State Physics, Metallurgy, Ceramics, Chemistry and
Materials Science. The structure of the Division is given in an
accompanying chart.

The Materials Sciences Division supports basic research on materials
properties and phenomena important to all energy systems. The aim is to
provide the necessary base of materials knowledge required to advance the
nation's energy programs. '

This report contains a listing of research underway in FY 1985 together with
a convenient index to the Division's programs. Recent publications from
Division-sponsored panel meetings and workshops are listed on the next page.
Following that page is a list of the winners of the 1985 Materials Sciences
Research Competition, a contest among the major laboratories within the
three categories named.

Louis C. Ianniello, Director
Division of Materials Sciences
Office of Basic Energy Sciences



RECENT DIVISION SPONSORED PUBLICATIONS

Topical and Workshop Reportsa

Micromechanisms of Fracture (1985)b

Polymer Research at Synchrotron Radiation Sources (1985)2

Bonding and Adhesion at Interfaces (1985)

Corrosion-Resistant Scales in Advanced Coal Combustion Systems (1985)
Novel Methods for Materials Synthesis (1984)€

Theoryband Computer Simulation of Materials Structures and Imperfections
(1984)

Materials Preparation and Characterization Capabilities (1983)

Critical and Strategic Materials (1983)

Coatings and Surface Modifications (1983)¢

High Pressure Science and Technology (1982)

Scientific Needs of the Technology of Nuclear Waste Containment (1982)
Radiation Effects (1981)

Condensed Matter Theory and the Role of Computation (1981)

Research Opportunities in New Energy-Related Materials (1981)

Aqueous Corrosion Problems in Energy Systems (1981)c

High Temperature Corrosion in Energy Systems (1981)

Basic Research Needs and Opportunities on Interfaces in Solar Materials
(1981)

Basic Research Needs on High Temperature Ceramics for Energy Applications
(1980)

Summary Research Bulletins (of Work in Progress)a

Ceramic Processing
Non-Destructive Evaluation
Sulfur Attack

Welding

Description of Research Facilities, Plans, and Associated Programs

Centers for Collaborative Research?
Materials Sciences Division - Long Range Plan (1984)
Progress of the Office of Energy Research (1985)2

8 Available in limited quantities from the Division of Materials Sciences.

® 7o be published.

¢ Also published in Materials Science and Engineering.
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Winners of the 1985

Materials Sciences Research Competition

Within the DOE Laboratories

Category
Metallurgy and Ceramics:

0 Outstanding Scientific Accomplishment

o Sustained Outstanding Research

o Significant Implication for Energy
Technology

Solid State Physics

o Outstanding Scientific Accomplishment

o Sustained Outstanding Research

o Significant Implication for Energy
Technology

Materials Chemistry

0 Outstanding Scientific Accomplishment

o Sustained Outstanding Research

iii

Winners

T. A. Michalske, B. C. Bunker,
G. A. Fisk, M. L. Knotek, and
D. M. Haaland, SNL/A, "Stress
Corrosion Cracking of Ceramics"”

R. M. Biefeld, L. R. Dawson,

I. J. Fritz, G. C. Osbourn,

P. L. Gourley, and D. R. Myers,
SNL/A, “"Strained Layer
Superlattices (SLSs)"

D. M. Follstaedt, J. A. Knapp,
L. E. Pope, and S. T. Picraux,
SNL/A, "Amorphization and
Improved Friction and Wear of
Steels by Implantation of Ti and
c"

D. Gibbs, D. E. Moncton, J. Bohr,
and K. L. D'Amico, BNL,
"Synchrotron X-ray Scattering
Studies of the Magnetic Structure
of Holmium”

K. G. Lynn, BNL, "Solid State
Physics”

B. R. Appleton, C. W. White, and
0. E. Schow III, ORNL, "Surface
Modification of Materials by Ion
Beam Processing"”

J. M. Williams, K. D. Carlson,

A. J. Schultz, M. A. Beno,

H. W. Wang, and G. W. Crabtree,
ANL, "Ambient Pressure Sulfur-
Based Organic Superconductors:
Synthesis, Structure, and Design”

H. G. Drickamer, Univ. of
Il1linois, "The Pressure Tuning of
Electronic Energy Levels™
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OFFICE OF BASIC ENERGY SCIENCES
Division of Materials Sciences Structure

Division of Materials Sciences
Director: L. C. Ianniello

(Sandy Tucker-Secretary)
(301) 353-3427

Metallurgy and Ceramics Solid State Physics and
Branch Materials Chemistry Branch
Chief: F. V. Nolfi, Jr. Chief: M. C. Wittels
(Taree Thompson-Secretary) (Kathy Rockenhausér-Se;retary)
(301) 353-3428 (301) 353-3426
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S. M. Wolf 2/ M. J. Weber 4/
H. G. Smith 5/

Notes: 1/ On Detail from Idaho National Engineering Laboratory starting 10/85
Now with the National Materials Advisory Board

On Detail from Argonne National Laboratory starting 10/85

Returned to Lawrence Livermore National Laboratory 9/85

Returned to Oak Ridge National Laboratory 7/85
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INTRODUCTION

The purpose of this report is to provide a convenient compilation and index
of the DOE Materials Sciences Division programs. This compilation is
primarily intended for use by administrators, managers, and scientists to
help coordinate research.

The report is divided into six sections. Section A contains all Laboratory
projects, Section B has all contract research projects, Section C has
projects funded under the Small Business Innovation Research Program,
Sections D and E have information on DOE collaborative research centers,
Section F gives distribution of funding, and Section G has various indexes.

Each project in Sections A, B, and C carries a number (at the left hand
margin) for reference purposes, e.g., in Section G. The FY 1985 funding
level, title, personnel, budget activity number (e.g., 01-2) and key words
and phrases accompany the project number. The first two digits of the
budget number refer to either Metallurgy and Ceramics (0l), Solid State
Physics (02), or Materials Chemistry (03). The budget numbers carry the
following titles: »

0l1-1 - Structure of Materials
01-2 -~ Mechanical Properties
01-3 -~ Physical Properties
01-4 - Radiation Effects

01-5 - Engineering Materials

02-1 - Neutron Scattering

02-2 - Experimental Research

02-3 - Theoretical Research

02-4 - Particle-Solid Interactions
02-5 - Engineering Physics

03-1 - Chemical Structure
03-2 - Engineering Chemistry
03-3 - High Temperature and Surface Chemistry

Sections D and E contain information on special DOE centers that are
operated for collaborative research with outside participation. Section F
summarizes the total funding level in a number of selected categories. Most
projects have been classified under more than one category since the
categories are not mutually exclusive. In Section G the references are to
the project numbers appearing in Sections A, B, and C and are grouped by (1)
investigators, (2) materials, (3) techniques, (4) phenomena, and (5)
environment.

It is impossible to include in this report all the technical data available
for the program in the succinct form of this Summary. To obtain more
detailed information about a given research project, please contact directly
the investigators listed.

Preparation of this FY 1985 summary report was coordinated by T. A. Kitchens.
Though the effort required time by every member of the Division, most of the
work was done by Mrs. S. Tucker. This year the Summary was done "by the
computer.” This could not have been accomplished without the competent
professional assistance of Mrs. K. Roskin, Calculon, Inc.
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SECTION A

Laboratories

The information in this section was provided by the Laboratories. Most
projects are of a continuing nature although specific projects were
concluded and others initiated this fiscal year.




AMES LABORATORY
Iowa State University
Ames, IA 50011

Metallurgy and Ceramics - 01 -
D. T; Peterson - Phone (FTS) 865-4446 or (515) 294-4446
001. MATERIALS SCIENCE OF INTERFACES

A. J. Bevolo, L. M. Seaverson
Phone: (515) 294-5414
‘ $224,000 01-1

Studies of interface structure and composition using Auger, ELS, and SIMS
surface analytical techniques in combination with ion etching. Auger and
reflection electron loss spectroscopy of metallic hydrides for phase
identification and mapping. Effects of tin alloying on brass corrosion
behavior in aqueous salt solutions. Scanning Auger microprobe analysis
(350) of effects of radiation on the competition between C and P grain
boundary segregation in iron. Local chemical state information from Auger
lineshape analysis in metallic glasses.

002. NONEQUILIBRIUM MATERIALS

S. J. Poon, A. J. Drehman
Phone: (515) 294-4736
$283,000 01-1

Research on metallic glasses, metastable crystalline phases and extremely
fine microstructural alloys. Ultra high vacuum melt spinning apparatus
processes reactive metals without contamination. A directional solidi-
fication apparatus was modified to achieve extremely large undercooling and
solidification rates. High speed planar solidification of eutectic Pb-Cd is
being studied. Micro- structural study and superconductivity of metallic
glasses and of rapidly crystallized solids. Future work will include the
investigation of a wide range of metallic alloys.

003. SURFACES AND SOLIDIFICATION

R. K. Trivedi, J. T. Mason
Phone: (515) 294-5869
$228,000 01-1

Theoretical and experimental studies of the effect of temperature gradient,
growth rate and composition on the stability and steady-state shape of
solid-liquid interfaces obtained during controlled solidification. Study of
morphological transition from dendritic to cellular to eutectic structure.
Experimental work on primary dendrite spacing, eutectic spacing and
interface structures in Pb-Sn, Pb-Au, Pb-Pd and Pb-Bi systems. Study of
interface stability and morphological characteristics in model transparent
material such as succinonitrile and acetone mixture. Microstructure
development during amorphous to crystalline transition.



AMES LABORATORY (continued)
004. MICROSTRUCTURAL CONTROL IN METALS

J. D. Verhoeven, A. R. Pelton, E. D. Gibson, F. C. Laabs
Phone: (515) 294-9471 '
$325,000 01-1

Production of composite alloys by the in situ process and properties of in
situ prepared Cu-base composite alloys. Problems in the diffusion of Sn and
Ga to form Nb3Sn and NbjGa. Directional solidification studies on
segregation and morphology in grey, nodular, and white cast iron.

Evaluation of micro- structural changes in the austempering of nodular cast
irons. Microstructure evolution under solidificaiton conditions typical of
welding processes. Solidification processing of (Dy,Tb)Fe), magnetostrictive
alloys.

005. MECHANICAL METALLURGY

W. A. Spitzig, J. Kameda, J. Kasichainula
Phone: (515) 294-5082
: $530,000 01-2

Effects of hydrogen on crack initiation in refractory alloys under uniaxial
and cyclic loading conditions. Investigation of hydrogen diffusion in
vanadium-base alloys by internal friction. Hydrogen-induced brittle
cracking in low hydrogen solubility bcc metals and alloys. Effects of
radiation-induced defects and solute segregation on intergranular
embrittlement. Modeling of hydrogen embrittlement. Description of three
dimensional arrays of defects and relationship of arrangement to ductility
and mechanical properties.

A006;‘ STRUCTURE AND PROPERTY RELATIONS IN METALS

- J. F. Smith
Phone: -(515) 294-5083
~ $79,000 01-3

Thermodynamic functions in Y-Fe, Y-Co, and Y-Ni systems from electromotive
force measurements. Computer analysis of thermodynamic data for the
prediction of stable and metastable phase equilibria, metallic glass
formation, and control of microstructures. Ultrasonic measurements of
stress and texture in solids.



A-3
AMES LABORATORY (continued)
007. TRANSPORT STUDIES ' -

0. N. Carlson
Phone: (515) 294-2375
$174,000 01-3

Study of fast diffusion and electrotransport of iron, cobalt and nickel in
scandium and thorium. Determination of activation energies, mechanism and
defect responsible for fast diffusion. Thermotransport and diffusion of
interstitial solutes in vanadium-titanium and vanadium-niobium alloys.
Determination of solid solubility of interstial solutes in wvanadium.

008. HYDROGEN IN METALLIC SOLIDS

D. T. Peterson
Phone: (515) 294-6585
$236,000 01-3

Diffusion, thermotransport, and solubility of H and D in V alloys with Ti,
Nb, Al or O. Photoelectron spectroscopy, and metallography of metal
hydrides and solid solutions of H in vanadium-base alloys. Local mode
energies for hydrogen in metals and metallic solids.

009. RARE EARTH MATERIALS

K. A. Gschneidner Jr., S. K. Dhar, P. Manfrinetti
Phone: (515) 294-2272 - :
$231,000 01-3

Quenching of spin fluctuations and other magnetic phenomena in: (1) highly
enhanced paramagnets RCoy (R=Sc, Y and Lu), Sc and Pd-Ni alloys, (2) valence
fluctuation materials CeSny and CeSiy; alloys, and (3) itinerant ferromagnets
Sc3In and ZrZng. Low-temperature, high-field heat capacity, magnetic
susceptibility, electrical resistance and lattice parameters are used to
characterize the behaviors. Nonequilibrium phases resulting from
solidification and phase transformations in rare-earth-based alloys.



A-4
AMES LABORATORY (continued)
010. NDE MEASUREMENT TECHNIQUES

0. Buck, R. B. Thompson, C. V. Owen, D. K. Rehbein, D. C. Jiles
Phone: (515) 294-3930
$500,000 01-5

Techniques to measure failure-related material properties to improve
understanding of failure mechanisms and inspection reliability. Ultrasonic
measurment of internal stresses. Ultrasonic scattering and harmonic
generation studies of fatigue cracks to provide information about closure
near crack tip and the influence of this on detectability. Microscopic
characterization and modeling of the effects of stress and deformation on
crack initiation and growth in brass under corrosive conditions.
Relationship between fatigue damage or stress and magnetic properties.

011. ADVANCED MATERIALS AND PROCESSES

F. A. Schmidt, 0. D. McMasters
Phone: (515) 294-5236 or (515) 294-1562
$184,000 01-5-

New process for high-purity vanadium. Development of melting procedures for
preparing Cu-Nb, Cu-Ta and Cu-Mo alloys. Alternative processes for
preparing rare earth-iron alloys and for producing oriented crystallites of
magnetostrictive compounds. Processing of stoichiometric and non-
stoichiometric materials by an inducively coupled plasma. Electrotransport
and  zone melting for maximum purification of rare earth and refractory
metals. Processing of single crystals of congruent melting and peritectic
materials by levitation zone melting, free-standing vertical zone melting,
Bridgman, Czochralski and strain-anneal recrystallization. Above research
being conducted in the Materials Preparation Center described in the
Section-Collaborative Research Centers.

Solid State Physics - 02 -
B. N. Harmon - Phone (FTS) 865-7712 or (515) 294-7712
012. NEUTRON SCATTERING

W. A. Kamitakahara, J. Mizuki, C. Stassis, J. Zarestky
Phone: (FTS) 865-4224 or (515) 294-4224
: $365,000 : 02-1

Study of the lattice dynamics, thermodynamic properties, and structural
transformations of metals at high temperatures (bcc and fcc La), structure
and diffusion in metal hydrides (ScHy, LaHy;), dynamics and phase transitions
of alkali-graphite intercalation compounds, electronic structure and phonon
spectra of mixed valence compounds (CePd3, & -Ce, YbAljj), relation of
electron-phonon interaction to superconductivity (La, LaSnj). High pressure
studies (0.-Ce, La). Study of the magnetic properties of heavy fermion
superconductors (CeCuySiy, UPt3, UBej3).



A-5S SR
AMES LABORATORY (continued)
013. SEMICONDUCTOR PHYSICS

H. R. Shanks
Phone: (FTS) 865-6816 or (515) 294-6816
$225,000 02-2

Preparation and characterization of thin films, rf sputter desposition of
amorphous semiconductors including aSi, aSi-C, aGe, aGe-C and crystalline
AlN. Heteroepitaxy on compound substrates, and quantum well structures.
Surface and interface characterization with LEED, Auger, LEELS, photo-
deflection and IR absorption spectroscopy. Measurements of gap state
densities using DLTS, SCLC, and C-V on Schottky barriers.

014. SUPERCONDUCTIVITY

D. K. Finnemore, J. R. Ostenson, E. L. Wolf, T. P. Chen
Phone: (FTS) 865-3455 or (515) 294-3455

Point contact Josephson effect in heavy fermion superconductors UBe;s,
CeCuySi,. Electron tunneling spectroscopy and surface physics studies of
strong coupled transition metal superconductors. Proximity electron
tunneling spectroscopy (PETS) of the electron-phonon spectrum aZF(w). Auger
electron spectroscopy (AES), electron energy loss spectroscopy (ELS) and
ultraviolet photoemission spectroscopy (UPS). Fundamental studies of .
superconductivity in metal-metal composites, use of Josephson junctions to
study flux pinning of isolated vortices, development of materials with very
low pinning, development of superconducting composites suitable for large
scale magnets in the 8 to 16 Tesla range, practical studies to improve wire
fabrication techniques, development of magnetic shielding devices, study of
magnetostrictive materials. -

015. OPTICAL AND SPECTROSCOPIC PROPERTIES OF SOLIDS AND LIQUIDS

D. W. Lynch, C. G. Olson
Phone: (FTS) 865-3476 or (515) 294-3476
$305,000 02-2

Electron photoemission and optical properties (transmission, reflection;
ellipsometry, electroreflectance) of solids in the visible, vacuum
ultraviolet and soft X-ray region using synchrotron radiation. Ce and Ce-
compounds (e.g., CeSn3) heavy Fermion systems, e.g., UPt3, Fe-based alloys
with Si and Al, benzotriazol on Cu, electroreflectance of emersed Ag
electrodes, photon- and electron-stimulated desorption of neutral atoms from
insulators.



A-6
AMES LABORATORY (continued)
016. NEW MATERIALS AND PHASES

R. Shelton, C. A. Swenson, R. G. Barnes, M. S. Anderson,
P. Klavins, D. R. Torgeson
Phone: (FTS) 865-5435 or (515) 294-5435
$535,000 02-2

Synthesis and characterization of new ternary compounds such as Chevrel
phases, ternary transition metal borides and rare-earth transition metal
silicides and phosphides. Study of the physical properties of these new
materials, such as microhardness, phase equilibria, their refractory nature,
and high temperature behavior. Properties of new ternary phases at low
temperatures, including magnetic susceptibility, transport properties, heat
capacity, crystallographic phase transformations, coexistence of super-
conductivity and long range magnetic order. High pressure equations of
state of new materials, elementary solids (ternary compounds and alloys, and
alkaline earth metals), low temperature expansivity and heat capacity of
materials (Lu) containing hydrogen. Applications of NMR to hydrogen
embrittlement of refractory metals (V, Nb, Ta) and alloys (V-Ti, Nb-V),
trapping of hydrogen by interstitial impurities in these metals, structural
and electronic characterizaion of hydrogenated amorphous Si, Ge, SiC, and
GeC films.

017. MATERIALS FOR HYDROGEN STORAGE

R. G. Barnes, A. Bevolo, 0. Buck, J. D. Corbett, K. A, Gschneidner,
K.-M., Ho, D. T. Peterson, C. Stassis
Phone: (FTS) 865-4754 or (515) 294-4754 {515) 294-1560
$180,000 02-2

Multiprogram effort focused toward understanding hydrogen and other
interstitial-metal interactions. Phase diagram studies of ternary systems
(e.g., Nb-O-H, Y-0-H). The solubility limits of interstitials in alloys
(e.g., H in BnB-v, v-tI). Interstitial-interstitial interactions (trapping
effects). Modification of interstitial diffusion by other interstitials.
Insterstitial effects on lattice vibrational behavior and mechanical
properties. Influence of interstitials on electronic structure. _
Experimental approaches include thermodynamics and kinetics, specific heat,
elastic and inelastic neutron scattering, XPS, UPS, and Auger spectroscopy,
NMR, embrittlement and mechanical properties. Band theoretical methods are
applied to electronic structure and diffusion. '



AMES LABORATORY (continued) " *
018. X-RAY DIFFRACTION PHYSICS

J.-L. Staudenmann, D. S. Robinson
Phone: (FTS) 865-3585 or (515) 295-3585 or 294-9614
$240,000 02-2

X-ray diffraction studies of semiconducting compounds, epitaxial layers, and
superlattices as a function of the temperature. In-situ diffusion studies
between layers in superlattices. X-ray studies of La at high pressures.
X-ray Debye temperature and electron charge density studies of V3Si and
Fe-Ni-C in the vicinity of the martensitic phase transition. Active
participation in the MATRIX PRT beam line at NSLS.

019. ELECTRONIC AND MAGNETIC PROPERTIES

B. N. Harmon, K.-M, Ho, M. Luban, D. Misemer, C. Soukoulis, J: Zhu
Phone: (FTS) 865-7712 oxr (515) 294-7712
$415,000 _ 02-3

Theoretical studies of bulk and lattice dynamical properties of materials
using first principles total energy calculation. Anharmonic interaction,
lattice instabilities, phase transformation, electron-phonon interaction,
and superconductivity. Equations of state (pressure and temperature).
Hydrogen-metal interactions. Electron localization in disordered materials.
Magnetism in spin glasses and ternary compounds. Electronic structure of
rare earth compounds and transition metal sulfides and hydrides. Theory of
amorphous semiconductor, and nuclear magnetic ordering in metals.

020. OPTICAL AND SURFACE PHYSICS THEORY

R. Fuchs, K.-M. Ho :
Phone: (FTS) 865-3675 or  (515) 294-3675 :
$165,000 02-3

Optical properties of metals, semiconductors, and insulators, studies of
surfaces, thin films, layered systems, small particles, and powders.
Differential surface reflectance spectroscopy. Raman scattering from
molecules adsorbed on metal surfaces. Surface electronic structure of metal
electrodes (e.g., Ag), electroreflectance, and microscopic properties of the
metal-electrolyte interface. Photoemission into liquid electrolytes and
related catalytic, electrochemical, adsorption, and corrosion effects,
anodic photocurrents, the liquid-metal interface. First principles
calculation of lattice relaxation, reconstruction and phonons at single
crystal surfaces (Al, Au).




AMES LABORATORY (continued)
021. SUPERCONDUCTIVITY THEORY

J. R. Clem; V. G. Kogan
Phone: (FTS) 865-4223 or (515) 294-4223
$130,000 02-3

Electrodynamic behavior of current-carrying superconductors containing
magnetic flux. Flux-line cutting and flux pinning in arrays of nonparallel
vortices. Superconducting magnetic shielding. Critical fields and critical
currents of proximity-coupled superconducting-normal (SN) multilayers and
composites. Properties of Josephson and SNS junction arrays. 1/f noise and
sensitivity to trapped magnetic flux in SQUIDs.

022: SYNTHESIS AND CHARACTERIZATION OF NEW MATERIALS

J. D. Corbett, R. E. McCarley, R. A. Jacobson, B. J. Helland

Phone: (515) 294-3086
$520,000 03-1

Synhthesis, structure and bonding in intermetallic systems - new Zintl
phases, new ternary compounds stabilized by interstitials. Reactions and
stabilities of phases in the system CsI-Zr-ZrI,-ZrO,, effects of common
impurities, the fate of the important fission products. Synthesis,
structure and properties of new ternary oxide phases containing heavy
transition elements, especially metal-metal bonded structures stable at high
temperatures. Low temperature routes to new metal oxide, sulfide and
nitride compounds. Correlation of structure and bonding with d-electron
count and physical properties. Development of diffraction techniques for
single crystal and non-single crystal specimens, techniques for pulsed-
neutron and synchrotron radiation facilities, and use of Patterson
superposition methods. Experimental methods include X-ray diffraction,
photoelectron spectroscopy, resistivity and magnetic susceptibility
measurements, high temperature reactions and synthesis of molecular
precursors.
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AMES LABORATORY (continued)
023. CERAMIC MATERIALS

T. J. Barton, L. E. Burkhart, G. Burnet, M. J. Murtha
Phone: (515) 294-8074
$480,000 03-2

Synthesis of silicon-nitrogen polymers. Study of controlled thermal
decomposition of preceramic polymers. Development of thermal and
photochemical routes to transient compounds containing silicon-nitrogen
multiple bonds as route to preceramic materials. Kinetics and mechanisms of
thermal decomposition of variously substituted silylamines. Techniques
include plasma-induced polymerization, flash vacuum pyrolysis, solution
photochemistry, condensation polymerization. Synthesis and characterization
of materials (metal oxides and sulfides, silicon nitride precursors) for
ceramic powders and thin films, with emphasis on liquid-phase methods such
as homogeneous precipitation and microemulsion techniques, preparation and
use of monodisperse powders in ceramics and catalysis. Studies of
nucleation, growth, and agglomeration phenomena for control of precipitation
and film deposition. Theoretical studies include DLVO theory for particle-
particle interactions, coagulation and population balance equations for
agglomeration kinetics. Investigation of reaction mechanisms and kinetics
for high temperature reactions in the carbochlorination and
carbonitrification processes to produce non-oxide ceramics.

024, HIGH TEMPERATURE CHEMISTRY OF REFRACTORY MATERIALS

H. F. Franzen
Phone: (515) 294-5773
$120,000 03-3

Study of refractory and corrosion-resistant materials such as transition
metal aluminides (Zr-Al, Ta-Al), phosphides and sulfides by both
experimental and theoretical techniques to understand the relationships
among crystal structure, chemical bonding, and electronic structure as they
affect high temperature stability, phase equilibria, and order-disorder
transitions. Experimental methods include X-ray and electron diffraction
for structure analysis, computer automated simultaneous mass loss-mass
spectrometry for high temperature vaporization reactions related to
stability, and photoelectron spectroscopy for the electronic structure of
solids. Electronic structure studies also include a program of band
structure calculations.
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AMES LABORATORY (continued)
025. ELECTRONIC AND MAGNETIC PROPERTIES

R. S. Hansen, K. G. Baikerikar, D. C. Johnson, P. A. Thiel
Phone: (515) 294-2770
$480,000 03-3

Evaluation of mechanisms of catalytic reactions, especially hydrogenation,
hydrogenolysis, methanation, and hydrodesulfurization reactions, by surface
characterization and kinetic techniques, with emphasis on single crystal and
evaporated film catalysts. Study of lubrication phenomena: decomposition
pathways and products of fluorinated organic molecules at surfaces.
Mechanisms of corrosive oxidation of metals. Chemistry of electrode
reactions, including electrocatalysis and corrosion reactions. Characteri-
zation of electrocatalytic materials by modulated hydrodynamic voltammetry.
Reactivity of oxidized and doped electrode surfaces, including characteriza-
tion of oxygen mobility and defect density at such electrodes. Surface
chemistry of nucleation and flocculation applied to ceramic processing.
Techniques used include low energy electron diffraction, Auger and scanning
Auger electron spectroscopy, infra-red emission and electron energy loss
spectroscopies, ring-disk and modulated hydrodynamic voltammetry.
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ARGONNE NATIONAL LABORATORY
9700 S. Cass Avenue
Argonne, IL 60439

Metallurgy and Ceramics - 01 -

F. Y. Fradin - Phone (FTS) 972-4925 or (312) 972-4925
H. Wiedersich - Phone (FTS) 972-5079 or (312) 972-5079

040, DEFECTS IN METALS

R. W. Siegel, R. Benedek, J. E. Robinson, L.C. Smedskjaer, T. Lu,
R. Prasad '
Phone: (312) 972-4963
$804,000 01-3

Research program concerned with the atomic and electronic structure of
defects in metals and alloys and the relationship between these and defect
interactions, the properties of alloy phases, and the nature of phase
transformations in alloy systems. The research involves investigations of
defect properties and atomic and electronic structure in a variety of
disordered and ordered alloy systems. These materials are being
investigated with experimental techniques such as positron annihilation
spectroscopy, Compton scattering, X-ray and neutron scattering,
resistometry, and transmission electron microscopy, and complementary
electronic structure calculations.

041. DEFECTS IN CERAMICS

N. L. Peterson, K. L. Merkle, J. N. Mundy,
J. L. Routbort, D. Wolf
Phone: (312) 972-4955
$941,000 01-3

Theory of defect kinetics and atomic structure in grain boundaries. TEM
studies of atomic configurations in grain boundaries in oxides. Grain
boundary diffusion in metal oxides. Diffusion mechanisms and impurity
interactions in mixed alkali germanate, alkali-alumino-germanate, and
alkali-silicon-sulfur glasses. Diffusion mechanisms and point defect
studies in transition metal oxides as a function of oxygen partial pressure
at high temperature using cation and oxygen tracer diffusion, conductivity,
and TEM techniques. Demixing of multicomponent oxides under oxygen
potential gradients. Computer-assisted modeling of atomic transport in
oxides. Effect of nonstoichiometry and defect clustering on mechanical
deformation of oxides. Preparation of single crystals and bicrystals of
metal oxides.
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ARGONNE NATIONAL LABORATORY (continued)
042. TIRRADIATION AND KINETIC EFFECTS

L. E. Rehn, R. S. Averback, R. C. Birtcher, M. A. Kirk, N. Q. Lam,
B. A. Loomis, P. R. Okamoto, T. Hashimoto, J. Mansfield
Phone: (312) 972-5021
$1,357,000 0l1-4

Investigations of mechanisms leading to the formation of defect aggregates,
precipitates, and other inhomogeneous distributions of atoms in solids with
and without displacement-producing irradiation. Surface layer modification
of alloys by ion implantation, ion-beam mixing, and sputtering. Radiation-
induced segregation to internal and external defect sinks. Radiation-
enhanced diffusion. Effects of irradiation on alloy composition,
microstructure, and amorphization. In-situ studies of ion and electron
bombardment in the High-Voltage Electron Microscope. Neutron and dual-beam
ion irradiation. Computer modeling of irradiation-induced microstructural
changes. Ion-beam analysis. Analytical electron microscopy. Radiation
sources include HVEM-2MV Tandem facility and two 300-kV ion accelerators.

043. ELECTRON MICROSCOPY CENTER FOR MATERIALS RESEARCH

H. Wiedersich, A. Taylor, N. J. Zaluzec
Phone: (312) 972-4964
' $1,167,000 01-4

Development and use of high-voltage and high-resolution analytical
microscopy for materials research. Operation and development of the
Center's 1.2 MeV High-Voltage Electron Microscope-Tandem Facility with in-
situ capability for direct observation of ion-solid interactions and ion-
beam analysis. The HVEM 1is currently being utilized for research programs
in advanced materials, mechanical properties, irradiation effects, oxidation
and hydrogenation effects., HVEM specimen stages are available for heating
(1300 K), cooling (10 K), straining, and gaseous environments. Ion-beam
interface with 300 kV ion accelerator and 2 MV tandem accelerator available
for in-situ implantations and irradiations. A 600 kV ion accelerator is
being procured as a replacement for the 300 kV instrument. Approximately
50% of HVEM usage is by non-ANL scientists on research proposals approved by
the Steering Committee for the Center that meets every six months. A state-
of-the-art, medium-voltage, ultra-high vacuum, field-emission gun,
Analytical Electron Microscope is being procured. Its design is directed
toward the attainment of the highest microanalytical resolution and
sensitivity. Fundamental studies of electron-solid interactions and
microcharacterization of materials, using TEM, STEM, XEDS, and EELS are
conducted at present on lower-voltage (120 kV) instruments.
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ARGONNE NATIONAL LABORATORY (continued)

044, OXIDATION STUDIES

N. L. Peterson, D. J. Baxter, W. E. King, K. Natesan, S. J. Rothman

Phone: (312) 972-4955
$755,000 01-5

Cation and anion transport processes in pure and doped proctective-oxide
material using tracer diffusion and secondary-ion mass spectrometry
techniques. Impurity ion location, adhesion and morphology of oxide scales
on Y- and Zr-doped Fe-Cr and Fe-Cr-Ni alloys using analytical electron
microscopy and HVEM techniques. Mechanisms and kinetics of oxide film
breakdown in bioxidant atmospheres. Deformation properties of alloy-scale
composite systems. Scale microcracking and decohesion observed by acoustic
emission techniques. Effect of B and stoichiometry on grain-boundary and
lattice transport processes in NijAl.

045. AMORPHOUS METALLIC ALLOYS

P. R. Okamoto, R. S. Averback, T. I. Morrison, H. Hahn
Phone: (312) 972-5052
$470,000 01-5

Investigations of the synthesis of amorphous metallic materials by
isothermal solid-state reactions at the interfaces of vapor-deposited
multilayer films and mixed metal powders, by ion-beam mixing of multilayer
films, and by displacement damage of intermetallic compounds by electron and
ion beams. In-situ high-voltage electron microscopy studies of the
morphology and kinetics of the crystalline-to-amorphous transformations.
The effect of irradiation on diffusion, segregation, and crystallization of
amorphous alloys. Investigations of the relationship between the atomic
structure of amorphous alloys and their magnetic and superconducting
properties. Synthesis of ultra-fine metallic powders. Materials
characterization methods include X-ray diffraction, electron microscopy,
electrical resistivity, Rutherford backscattering, AES, EELS, and EXAFS.
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ARGONNE NATIONAL LABORATORY (continued)
Intense Pulsed Neutron Source Program
G. H. Lander - Phone (FTS) 972-5518 or (312) 972-5518°
046. INTENSE PULSED NEUTRON SOURCE PROGRAM

G. H. Lander, B. S. Brown, J. M. Carpenter, C. W. Potts,
A. W. Schulke, T. G. Worlton, R. K. Crawford, F. J. Rotella,
M. H. Mueller, C. K. Loong
Phone: (312) 972-5518
' $4,830,000 02-1

Operation and development of IPNS, an intermediate-flux pulsed spallation
neutron source for condensed matter research with neutron scattering and
irradiation techniques., The facility is equipped with 7 instruments which
are regularly scheduled for users and 3 beam tubes which are assigned to
special experiments. The facility has been run since 1982 as a national
facility in which experiments are selected on the basis of scientific merit
by a nationally constituted Program Committee. Approximately 200
experiments, involving about 150 outside visitors from universities and
other institutions, were performed in the period October 1982-October 1984,
Industrial Research on a proprietary basis, which allows the company to
retain full patent rights, has been initiated with a number of companies
(e.g., Schlumberger-Doll, Amoco, Exxon) and is encouraged. Relevant Argonne
research programs appear under the neutron activities of the Materials
Science and Technology Division of Argonne National Laboratory.

Solid State Physics - 02 -

F. Y. Fradin - Phone (FTS) 972-4925 or (312) 972-4925
M. B. Brodsky - Phone (FTS) 972-5016 or (312) 972-5016

047. NEUTRON AND X-RAY SCATTERING

D. L. Price, T. O. Brun, J. E. Epperson, J. Faber, G. P, Felcher
J. D. Jorgensen, P. R. Roach, S. Susman, R. 0. Hilleke
Phone: (312) 972-5475
$1,941,000 02-1

Exploitation of neutron and X-ray scattering techniques in the study of the
properties of condensed matter. Instrument development and interactions
with university and industrial users at IPNS and NSLS. Investigations of
the structure and defects of ternary superconductors, chalcogenide and oxide
glasses, surface magnetism, alloy decomposition and mixing, nonstoichio-
metric oxides, ultralow-temperature diffraction, spectroscopy of
hydrocarbons, atomic momentum distributions with deep inelastic scattering,
rapid solidification of glasses, and fast ion transport in solids.
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ARGONNE NATIONAL LABORATORY (continued)
048. CHEMICAL AND ELECTRONIC STRUCTURE

J. M., Williams, M. A. Beno, C. D. Carlson, A. J. Schultz,
H. H. Wang, R. J. Thorn, T. J. Emge, U. Geiser, P. C. W. Leung
Phone: (312) 972-3464
$928,000 02-1

New materials synthesis and characterization focusing on synthetic organic
metals and superconductors based on TMTSF (tetramethyltetraselenafulvalene)
and BEDT-TTF (bis-ethylenedithiotetrathiofulvalene). Development of
structure-property relationships. Electrical properties measurements.
Development of improved crystal growth techniques. Continuing development
of the neutron time-of-flight single-crystal diffractometer (SCD) at the
Intense Pulsed Neutron Source (IPNS). Phase transition and crystal
structure studies as a function of temperature (10-300 K) using the IPNS-SCD
and a low-temperature (10 K) X-ray instrument.

049. SUPERCONDUCTIVITY AND MAGNETISM

B. D. Dunlap, G. W. Crabtree, K. E. Gray, D. G. Hinks,
H. A. Kierstead, T. I. Morrison, G. K. Shenoy, E. Alp, A. J. Fedro
S. K. Malik, P. A. Montano, B. D. Terris
Phone: (312) 972-5538 '
: $1,296,000 ‘ 02-2

Experimental and theoretical investigations of the magnetic and
superconducting properties of materials. Studies of ternary compounds
including Chevrel phase and rare-earth rhodium boride materials. Electronic
and transport studies of organic superconductors. Studies of the electronic
properties of mixed valence, heavy fermion and other narrow-band materials
containing rare-earth and actinide elements. Studies of amorphous super-
conductors. Soft X-ray synchrotron beam-line development. Experimental
techniques include the de Haas-van Alphen effect, Mossbauer spectroscopy,
transport and magnetic measurements, electron tunneling, EELS, NMR, EXAFS
and XANES, heat capacity, materials preparation, and characterization.
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ARGONNE NATIONAL LABORATORY (continued)
050. " ELECTRONIC STRUCTURE AND BONDING

D. J. Lam, A. T. Aldred, A. J. Arko, S.-K. Chan, M. V. Nevitt,
B. W. Veal

Phone: (312) 972-4966
$1,229,000 02-2

Experimental and theoretical studies of electronic structure and its
relationship to physical and chemical properties and bonding in solids.
X-ray photoemission (XPS) and X-ray absorption (XANES and EXAFS) spectroscopic
studies of structural and electronic properties of multicomponent oxygen

. compounds. Crystal chemistry and structural phase-transformation studies of
complex metal oxides using X-ray diffraction and electron microscopy. .
Thermal and lattice properties study of ABO, compounds using heat capacity,
EXAFS, Raman scattering and ultrasonic measurements. Theoretical studies of
photoelectron spectra and bonding of ABO, and AB,0, compounds. Development
of molecular cluster code to calculate total energy of embedded oxide
clusters. Formulation of the theory of EXAFS and XANES for heavy elements.
Angle resolved photoemission spectroscopy and de Haas-van Alphen studies of
the electronic band structure of actinide intermetallic +compounds.
Magnetization and photoemission spectroscopy (UPS and SPS) studies of
actinide intermetallic compounds to determine the electronic configuration
and stability of 5f electron states.

051. MATERIALS PREPARATION AND CHARACTERIZATION AND FAST ION TRANSPORT
IN SOLIDS

S. Susman, S. D. Bader, M. B. Brodsky, M. Grimsditch, Y. Lepetre,
- E. Moog ‘
Phone: (312) 972-5470
$793,000 02-2

Research on the growth and physical properties obtained by thin film
techniques--epitaxial films and sandwiches, metallic and insulating
superlattices, amorphous metals, and superconductors. Preparation
techniques include molecular beam epitaxy, evaporation, and sputter
deposition. Materials characterization methods include X-ray and neutron
scattering, low- and high-energy electron diffraction, and electron
microscopy for structural studies. Low temperature transport,
superconductivity, and magnetism. Electronic structure studies via AES,
UPS, and XPS in conjunction with theoretical band structures. Elastic,
magnetic, and vibrational properties using Brillouin and Raman scattering.
Theory of interface and growth phenomena.
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ARGONNE NATIONAL LABORATORY (continued)
052. SYNCHROTRON RADIATION STUDIES

G. K. Shenoy, A. J. Arko, S. D. Bader, G. S. Knapp, A. R. Krauss,
D. Y. Smith, M. G. Strauss, B. W. Veal Jr., C. E. Young
Phone: (312) 972-5537
$516,000 02-2

Experimental studies of the components of the beam line, optics, and
detectors suitable for high energy, synchrotron radiation (SR) sources.
Methodology to calculate the angular distributions and polarization of
insertion device radiation. Theoretical calculations of the optical
constants and surface reflectances in the 0.5 to 30 keV range for metals and
modeling of multilayer optics. Development of a facility to perform
photodegradation studies of multilayer optics exposed to high brilliance of
future SR sources. Surface segregation methods to produce self-sustaining
surfaces of low desorption materials to be used in strategic locations in-
synchrotron storage rings. Design of a linear CCD/scintillation detector
for X-ray range and readout procedures to perform time development studies.
Design and construction of a beam line for installation at the National
Synchrotron Light Source - VUV ring, to carry out angle resolved
photoelectron spectroscopy.

053. CONDENSED MATTER THEORY

M. B. Brodsky, L. Guttman, R. Kalia, D. D. Koelling, A. Rahman,
D. Y. Smith, P. Vashishta, K. Lee, M. Norman, M. Schneider,
0. T. Valls
Phone: (312) 972-5016 '
$957,000 02-3

Condensed matter theory in statistical physics, electronic band structure,
many-body effects, amorphous materials, and the defect solid state.
Molecular-dynamics modeling of solvated electrons, defect mediated phase
transitions, and multicritical behavior. Electronic structure calculations
of narrow-band metal and alloy systems. Simulation of quantum systems by
Monte Carlo methods. Optical and X-ray properties of solids. Superconduc-
tivity of heavy fermion superconductors. Spatial and electronic structure
of covalent glasses. Transport in ionic conductors. Systems studied
include molten salts, model surfaces and interfaces, ternary supercon-
ductors, rare earth and actinide compounds, electron-hole complexes,
multilayers, and SiO; and chalcogenide glasses.
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054. ULTRA-HIGH FIELD SUPERCONDUCTORS

K. E. Gray, R. T. Kampwirth, D. W. Capone II
Phone: (312) 972-5521
$262,000 02-5

Development of magnetron sputtered films of superconducting NbN for use in
magnets operating in the 15-24 Tesla range. Effort includes effect of
preparation conditions and substrate type on superconducting properties such
as critical current density and upper critical field. Radiation and strain
tolerance. Material characterization by X-ray and TEM. Coating of
sputtered NbN films with copper stabilizer. Coating of both sides of tapes.
Technique development for fabrication of continuous tapes and/or wires
suitable for winding ultra-high field superconducting magnets.

Materials Chemistry - 03 -

F. Y. Fradin - Phone (FTS) 972-4925 or (312) 972-4925
D. M. Gruen - Phone (FTS) 972-3513 or (312) 972-3513

055. THERMODYNAMICS OF ORDERED AND METASTABLE MATERTALS

M. Blander, R. A. Blomquist, L. A. Curtiss, V. A. Maroni,
M.-L. Saboungi, S. VonWinbush
Phone: (312) 972-4548
$563,000 03-2

Experimental and theoretical investigations of important thermodynamic and
structural properties of ordered and associated solutions, amorphous
(metastable) materials, and strategic minerals. Thermodynamic and
structural measurements (e.g., emf, vapor pressure, neutron diffraction) are
combined with theoretical calculations (e.g., molecular dynamics,
statistical mechanics) to determine the fundamental characteristics of
ordered and associated solutions (e.g., chloroaluminates, ionic alloys,
silicates). Other techniques such as Mossbauer spectroscopy, small angle
neutron scattering, and inelastic neutron scattering are used to obtain data
relating to valence states, ordering and clustering of atoms and ions in
solution. The extension of our theories and concepts for pyrometallurgy
will be explored. Electronic absorption spectroscopy, proton activation,
X-ray diffraction, and cyclic voltammetry are used to explore the
dissolution of metal compounds in domestic minerals and in industrial waste.
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ARGONNE NATIONAL LABORATORY (continued)
056. INTERFACIAL MATERIALS CHEMISTRY

D. M. Gruen, V. A. Maroni, L. A. Curtiss, L. Iton, S. A. Johnson,
C. A. Melendres, M. H. Mendelsohn, M. J. Pellin, M.-K. Ahn
Phone: (312) 972-3513
$334,000 03-2

Complementary fundamental research activities that focus on the structural
and catalytic properties of macromolecular systems, including zeolites,
metal atom clusters, and macrocyclic ligands. Studies of new aluminoferri-
silicate zeolites having ZSM-5 and Offretite-like structures using electron
paramagnetic resonance, nuclear magnetic resonance, Mossbauer, and infrared
spectroscopies, as well as by high-voltage electron microscopy, and neutron
inelastic scattering spectroscopy, with the aim of elucidating the
relationship between zeolite structure and catalytic act1vity/se1ect1v1ty
Examinations of ligand-free transition metal clusters formed in low-
temperature rare gas matrices by time resolved laser fluorescence, laser
Raman, optical-optical double resonance, and excited state absorption
spectroscopy to gain knowledge of the bonding properties and
molecular/electronic structure of metal cluster systems. Ab initio
molecular orbital calculations, alone-or in combination with statistical
mechanical analyses, on metal-water, polynuclear metal cluster, and
interacting metal cluster-water species that yield incisive knowledge of
adsorbate-substrate interactions on a molecular level. Spectroscopic
(Raman, infrared, and electronic absorption) and electrochemical
investigations that (1) probe the structural and bonding properties of
macrocyclic organic ligands on electroactive surfaces, and (2) provide
information on the mechanisms and rates of electron- transfer processes and
electrocatalytic reactions.



A-20
ARGONNE NATIONAL LABORATORY (continued)
057. AQUEOUS CORROSION

D. M. Gruen, V. A. Maroni, L. A. Curtiss, C. A. Melendres, Z. Nagy,
M. J. Pellin, R. M. Yonco, B. Biwer, J. McMahon
Phone: (312) 972-3513
$581,000 03-2

Basic research aimed at elucidating fundamental aspects of aqueous corrosion
with emphasis on mechanisms responsible for stress corrosion cracking of
iron and iron-based alloys. Studies of the details connecting surface
adsorption, surface reaction, film formation, electrolyte chemistry effects,
and grain boundary processes with crack initiation and propagation using a
combination of in situ surface sensitive spectroscopic methods and transient
electrochemical techniques. Ambient and high-temperature studies of
processes occurring at corrodent metal-electrolyte interfaces and concurrent
research directed towards testing corrosion models. Development of novel
methods to simulate SCC crack tip.and crevice environments and to elucidate
the chemistry of these environments. In situ measurements using laser-Raman
scattering, Raman-gain spectroscopy, and second harmonic generation.
Integration of surface spectroscopies with electrochemical kinetic
techniques under high-temperature/high-pressure aqueous conditions leading
to an improved basic understanding of the major factors involved in aqueous
corrosion at elevated temperatures. Theoretical studies of corrosion-
related charge transfer processes supported by parallel electrochemical
measurements.,

058. PARTICLE-SURFACE INTERACTION CHEMISTRY AND CATALYSIS

D. M. Gruen, W. F. Calaway, A. R. Krauss, G. J. Lamich,

M. J. Pellin, M. W. Schauer, E. L. Schweitzer, C. E. Young
Phone: (312) 972-3513
: $1,196,000 03-3°

Surface analysis by resonance ionization of sputtered atoms (SARISA) using
pico-coulomb ion fluences combined with direct detection techniques.
Development of surface and bulk analytical techniques at the part per
trillion level using multiphoton ionization of laser and ion beam desorbed
materials. Design and testing of advanced time and energy refocusing high
transmission, low noise time-of-flight mass spectrometers., Strong metal-
support interactions. Photon-induced desorption cross sections. Adsorbate
structures, velocity, and excited state distributions of sputtered species.
Mechanism of radiation-enhanced surface segregation in dilute alloy systems.
Ion scattering spectroscopy. Correlation of kinetic energies of primary
backscattered particles with recoil sputtered surface atoms.
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BROOKHAVEN NATIONAL LABORATORY
Upton, NY 11973

Metallurgy and Ceramics - Ol -

A. N. Goland - Phone (FTS) 666-3819 or (516) 282-3819
M. Suenaga - Phone (FTS) 666-3518 or (516) 282-3518

070. BASIC PROPERTIES OF AMORPHOUS SEMICONDUCTING MATERIALS

P. E. Vanier, R. R. Corderman, F. J. Kampas
Phone: (FTS) 666-3535 or (516) 282-3535
$230,000 o 01-1

Investigations of the growth, structure, and properties of plasma- deposited
thin-film amorphous semiconductors. Studies by optical and mass
spectroscopy of processes in the plasma and their relation to film growth
and defect formation. Studies of film structure and morphology by electron
and optical microscopy, positron annihilation, and EXAFS. Studies of
chemical bonding by infrared absorption and electron spin resonance.
Measurement of photoelectronic properties and their correlation with
structural and bonding characteristics.

071. MECHANISMS OF METAL-ENVIRONMENT INTERACTIONS

H. 8. Isaacs, K. Sieradzki, J. S. Kim
Phone: (FTS) 666-4516 or (516) 282-4516 o
$420,000 01-2

Experimental studies of brittle fracture of ductile metals and alloys during
stress-corrosion cracking, role of thin surface films, correlation of
acoustic and electrochemical noise during cracking with crack arrest marks,
intergranular stress-corrosion cracking of Fe-P alloys. Molecular dynamic
and analytic modeling of environmentally induced fracture processes.
Modeling and experimental studies of initiation of localized corrosion and
electrical and structural properties of passive oxide layers, measurement of
the electrochemistry within localized sites using a scanning vibrating probe
to determine current distributions.

072. SUPERCONDUCTING MATERIALS

D. 0. Welch, M. Suenaga, J. Tafto, S. Heald, T. Kuroda
Phone: (FTS) 666-3517 or (516) 282-3517 ' .
- §570,000 o 01-3

Fundamental properties of high critical temperature and critical field
superconductors, effects of strain, disorder, and lattice defects on
superconducting properties, theoretical models of interatomic forces,
lattice defects, and diffusion kinetics in Al5 compounds, annealing and
layer growth kinetics in Al5 compounds, studies by electron microscopy of
lattice defects in superconducting compounds, flux pinning, properties of
composite superconductors, new methods of fabricating superconducting
materials.
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073. PHYSICAL PROPERTIES OF METAL-INTERSTITIAL SYSTEMS

M. S. Pick, S. M. Heald, D. 0. Welch
Phone: (FTS) 666-3517 or (516) 282-3517
$500, 000 01-3

Studies of physical and metallurgical factors which influence the behavior
of interstitial solutes in metals and alloys, studies of the role of
microstructure, lattice defects, alloying effects, and surface properties on
the thermodynamics, kinetics, and mechanisms of hydrogen uptake and release
in transition metals, solid solutions, and intermetallic compounds, effect
of dissolved hydrogen upon fracture strength, structural and microstructural
studies of metal-interstitial systems using optical, neutron, and X-ray
diffraction, EXAFS, electron microscopic, nuclear depth profiling, and
surface sensitive techniques, statistical mechanics of metal-interstitial
systems.

074. PROPERTIES OF DEFECTS IN MATERIALS

C. L. Snead Jr.
Phone: (FTS) 666-3502 or (516) 282-3502
$230,000 01-4

Effects of different types of irradiation on critical properties of type-II
superconductors, electron, reactor neutron, l4-MeV neutron, 17-MeV, 800-MeV
and 30 GeV proton irradiations, Nb-Ti, and Al5 superconductors, defect and
microstructure changes in irradiated materials, application of positron
annihilation to defect studies: irradiation-induced defects and gases in
metals. Mechanical properties of various materials using internal friction
and dynamical Young's modulus techniques, study of hydrogen in metals and
martensitic transformations.
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Department of Chemistry - 02 -

A. P. Wolf - Phone (FTS) 666-4397 or (516) 282-4376
075. NEUTRON SCATTERING

L. M. Corliss, J. M. Hastings, R. Thomas
Phone: (FTS)-666-4376 or (516) 282-4376
$445,000 02-1

Neutron scattering studies of the statistical mechanics of phase
transitions, the dynamical properties configurations of magnetic materials,
and also crystal structures where relevant. The measurement of the spatial
distribution of magnetization and the behavior of spontaneous fluctuations,
both of which are essential to understanding magnetic phase diagrams and
associated first- and second-order transitions. Because of the universal
nature of critical phenomena, information gained from magnetic systems
benefit studies of other systems exhibiting second-order phase
transformations, such as simple and multicomponent liquids, alloy systems,
and superfluids.

Solid State Physics - 02 -
V. J. Emery - Phone (FIS) 666-3765 or (516) 282-3765
076. MAGNETIC AND STRUCTURAL PHASE TRANSITIONS

S. M. Shapiro, J. D. Axe, P. Boni, H. Grimm, J. Martinez,
J. P. Wicksted, H. Yoshizawa
Phone: (FTS) 666-3822 or (516) 282-3822
$1,260,000 02-1

Neutron scattering studies of the structure and dynamics of phase
transitions. Random magnetic systems, magnetic superconductors, low
dimensional charge density waves, incommensurate systems and soft modes in
solids.

077. ELEMENTARY EXCITATIONS AND NEW TECHNIQUES

G. Shirane, M. Chen, A. Goldman, A. Heidemann, C. F. Majkrzak,
L. Passell, J. P. Wicksted, Y. J. Uemura
Phone: (FTS) 666-3732 or (516) 282-3732
$1,550,000 ' 02-1

Neutron scattering studies of low-lying excitations in solids and overlayer
films, electron-phonon interactions in metals and lattice dynamics of metal
hydride systems. Development of efficient neutron polarizers and new devices
for beam modulation.
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078. EXPERIMENTAL RESEARCH - X-RAY SCATTERING

J. D. Axe, J. Bohr, K. D'Amico, L. D. Gibbs, D. E. Moncton,
D. Osterman
Phone: (FTS) 666-3821 or (516) 282-3821
' $1,005,000 02-2

Structural and dynamical properties of condensed matter systems, studied by
X-ray and neutron scattering, phase transitions and new states of matter
particularly in two-dimensional (2D) systems: 2D melting, commensurate-
incommensurate transitions, reconstruction, and molecular orientation
transitions. Extension to single crystal surfaces under ultra high vacuum
conditions is in progress, studies of magnetic and magnetoelastic X-ray
scattering including the use of X-ray polarization analysis, study of the
structure of atomic microclusters produced in nozzle beams, research and
development studies of synchrotron instrumentation for NSLS experiments.

079. ©LOW ENERGY - PARTICLE INVESTIGATIONS OF SOLIDS

K. G. Lynn, D. Chen (CCNY), W. Frieze, D. Gidley (Bell Labs),
C. Lewis (DAS), R. Mayer, B. Nielsen, L. Roellig (CCNY),
M. Weber (CCNY), C. Zhang ‘
Phone: (FTS) 666-3710 or (516) 282-3710 _
' i $970,000 . 02-2

Investigations of perfect and imperfect solids and their surfaces by newly
developed experimental methods, use of both magnetically and electro-
statically focussed variable energy positron beams coupled with standard
surface analysis tools (Auger Electron Spectroscopy, Low Energy Electron
Diffraction, Photoemission, Thermal Desorption Spectroscopy), high
resolution positron energy loss measurements of adsorbed molecules on metal
surfaces, surface state lifetimes, positron diffusion lengths, positron work
functions, positronium formation with measurement of its emitted energy
distribution, metal-metal and metal-insulator interfaces, ion implanted and
laser annealed semiconductors, use of recently developed muSR channel at
AGS.

080. ADVANCED MATERIALS SYNTHESIS AND CHARACTERIZATION

D. E. Cox, K. G. Lynn, A. Moodenbaugh
Phone: (FTS) 666-3818/3870 or (516) 282-3818/3870
$490,000 02-2

Preparation and characterization of inorganic materials by high temperature,
sputtering and solution techniques, crystal orientation, development and
application of profile methods for structural analysis of neutron and X-ray
powder diffraction data, application of synchrotron radiation to high
resolution powder diffractometry.
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081. THEORETICAL RESEARCH

P. Bak, S. Coppersmith, J. Davenport, G. J. Dienes, V. J. Emery,
Y. Shapir, R. M. Sternheimer, G. Vineyard, R. E. Watson, M. Weinert
Phone: (FTS) 666-3798 or (516) 282-3798
$700,000 02-3

Phase transitions, critical and cooperative phenomena in magnetic systems,
organic metals and incommensurate structures, properties of one- and two-
dimensional materials by analytical and numerical methods, nonlinear
systems, metal surfaces and adsorbed films, electronic structure of metals
and alloys, X-ray and neutron scattering, properties of disordered materials
and crystal defect physics, high pressure, high temperature properties of
solids.

082. SURFACE PHYSICS RESEARCH

M. Strongin, S. Hulbert, P. D. Johnson, S. Raaen, M. Shek
Phone: (FTS) 666-3763 or (516) 282-3763
$900,000 02-5

Synchrotron Radiation as a technique to study the geometrical and electronic
properties of surfaces and interfaces. Special emphasis has also been given
to the development of new spectroscopies such as inverse photoemission and
the construction of an undulator beam line at the NSLS to enable experiments
on spin polarized photoemission. Support has also been given to the )
development of low-temperature techniques which can be used at the NSLS,

The problems presently being studied include: a) electronic properties of
overlayers and clean metal surfaces, and hydrogen on metal surfaces, also
valence band photoemission, inverse photoemission and core level
spectroscopy are used as tools in this area, b) organic molecules on
surfaces and properties of organic solids, ¢) surface metallurgy and surface
compounds, d) cooperative effects and phase transitons in adsorbate layers
on metal surfaces. In particular, studies of phase transitions of Xe layers
on metal surfaces: e) properties of ion implanted surfaces, f) studies of
metal clusters in rare gases and in organic solids, g) studies of oxidation
and other chemical reactions at low temperatures.
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High Flux Beam Reactor - 02 -
G. C. Kinne - Phone (FTS) 666-4061 or (516) 282-4061
083. EXPERIMENTAL RESEARCH-HIGH FLUX BEAM REACTOR - OPERATIONS

G. C. Kinne, D. C. Rorer, M. H. Brooks, R. C. Karol, D. G. Pitcher,
0. Jacobi, S. Protter, L. Junker, P. Tichler, J. Detweiler,
W. Brynda
Phone: (FTS) 666-4061 or (516) 282-4061
$8,065,000 02-1

Operation of the High Flux Beam Reactor, including routine operation- and
maintenance of the reactor, procurement of the fuel, training of operators,
operation and maintenance of a liquid hydrogen moderated cold neutron
source, and irradiation of samples for activation analysis, isotope
production and radiation damage studies. Technical assistance provided
for experimental users, especially with regard to radiation shielding and
safety review of proposed experiments. Additionally, planning and
engineering assistance provided for projects for upgrading the reactor.

084. NATIONAL SYNCHROTRON LIGHT SOURCE, OPERATIONS AND DEVELOPMENT

M. Knotek, M. Barton, K. Batchelor, R. Blumberg, J. Galayda,
J. Godel, J. Hastings, R. Heese, H. Hsieh, R. Klaffky, S. Krinsky,
A. Luccio, C. Pellegrini, W. Thomlinson, A. van Steenbergen,
G. Vignola, G. Williams
Phone: (FTS) 666-4966 or (516) 282-4966
$9,705,000 02-2

Support of operations and development of the National Synchrotron Light
Source (NSLS). The operations aspect covers operation and maintenance of
the two NSLS electron storage rings and the associated injector combination
of linear accelerator-booster synchrotron, operation and maintenance of the
photon beamlines of the vacuum ultraviolet (VUV) and X-ray storage rings,
NSLS encompasses the further improvement of the storage rings to achieve
maximum brightness photon sources and the further development of the photon
beamlines of the facility by means of new developments in high resolution
photon optics, state-of-the-art monochromators, X-ray mirror systems,
detectors and other necessary instrumentation. The NSLS storage rings will
provide extremely bright photon sources, several orders of magnitude more
intense in the VUV and X-ray regions than conventional sources. This
facility is the first in this country to be designed expressly for
generation and use of synchrotron radiation. An extensive research and
development program is necessary in order to optimize performance
characteristics and also to develop new beam line instrumentation which will
permit users to take full advantage of the unique research capabilities
offered by this facility. This research and development effort also
supports the construction of the beam lines and devices funded under the
Phase II construction project.
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IDAHO NATIONAL ENGINEERING LABORATORY
550 2nd Street
Idaho Falls, ID 83401

Materials Processing Branch - 01 -
J. F. Key - Phone (FTS) 583-8332 or (208) 526-8332
100. MATERIALS SCIENCE WELDING RESEARCH

J. F. Key, H. B. Smartt, M. E. McIlwain
Phone: (FTS) 583-8332 or (208) 526-8332
$380,000 01-5

Establishment of quantitative relationships between materials and processes
used to weld them. Emphasis on predicting structure and properties of a
weldment from process parameters and materials chemistry. Solidification
and microstructure/properties correlations utilizing infrared thermography,
high-speed X-radiography, optical and electron microscopy, calorimetry, and
computer modeling. Technology transfer through American Welding Technology
Applications Center.
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UNIVERSITY OF ILLINOIS MRL
104 S. Goodwin Avenue
Urbana, IL 61801

Metallurgy and Ceramics - Ol -
H. K. Birnbaum - Phone (217) 333-4778 or (217) 333-1901
105. EFFECT OF FLUID FLOW ON LOCALIZED CORROSION

R. C. Alkire
Phone: (217) 333-0063
$70,000 01-1

Corrosion of passivating systems. Mechanisms of corrosion pit formation.
Transport, kinetics and convective diffusion at localized corrosion sites.
Erosion, cavitation, pitting, repassivation, and transient metal salt films.
Corrosion inhibition.

106. CENTER FOR MICROANALYSIS OF MATERIALS

- J. A. Eades, C. Loxton, J. Woodhouse
Phone: (217) 333-8396, (217) 333-0386, or (217) 333-3888
$180,000 01-1

Chemical, physical and structural characterization of materials. Surface
and bulk microanalysis. Electron microscopy, X-ray diffraction, Auger
spectroscopy, SIMS and other techniques. Collaborative research programs.

107. RAPID SOLIDIFICATION PROCESSING

H. L. Fraser
Phone: (217) 333-1975
$180,000 01-1

Development of rapid solidification processing of alloys with powder
preparation by laser, spin and centrifugal atomization and subsequent
consolidation by dynamic compaction techniques. Characterization of
microstructure and measurement of properties developed by heat treatments.
Understanding structure-property relationships, mechanisms of metastable
phase formation and transformations.

108. SEMICONDUCTOR CRYSTAL GROWTH BY ION-BEAM SPUTTERING

J. E. Greene
Phone: (217) 333-0747
: : $135,000 01-1

Mechanisms and kinetics of crystal growth. Metastable single crystal alloys
for solar and optical applications. Ion-beam sputtering, molecular-beam
epitaxy, laser heating and low-energy ion bombardment methods applied to
III-V based compounds and III-IV-Vy chalcopyrite systems.
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109. PROCESSING AND CHARACTERIZATION OF NOVEL AMORPHOUS MATERIALS AND
SURFACES

J. M. Rigsbee
Phone: (217) 333-6584
$60,000 01-1

Laser processing to modify structure, composition and physical properties of
metallic and ceramic surfaces. Erosion and abrasion resistant surfaces.
Physical vapor deposition studies of metastable CuyCr(j.yx) alloys.

110. MICROCHEMISTRY OF SOLIDS

C. A. VWert
Phone: (217) 333-1440 :
$70,000 01-1

Development of microanalytic methods for sulfur in coal. Studies of changes
in pyrite, pyrrhotite and organic sulfur content during coal treatment and
conversion.

111. PROCESSING AND MICROSTRUCTURE OF COMPLEX CERAMIC SYSTEMS

A. Zangvil
Phone: (217) 333-6829
$120,000 01-1

Microstructure and microchemistry of SiC-AlN, SiC-BeO, SiC-BN and SiC.
Effect of processing variables and additives on the structure and
microchemistry of ceramic systems. Hydrogen effects in SiC. Role of
chemistry in the formation of polytypes. )

112. HYDROGEN BEHAVIOR IN BCC METALS

H. K. Birnbaum
Phone: (217) 333-1901
$125,000 01-2

Mobility of hydrogen and deuterium in b.c.c. metals such as niobium. Gorsky
Effect, stress induced reorientation, piezoresistance, acoustic techniques
used to study low temperature mobility and interaction of hydrogen with
trapping sites. Behavior of hydrogen at surfaces and transfer of hydrogen
across surfaces. Phase transitions in the high concentration metal-hydrogen
alloys studied with X-rays, neutrons, and acoustic techniques.
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113. MICROMECHANICS AND MICROMECHANISMS OF FRACTURE

H. K. Birnbaum, C. J. Alstetter, F. A. Leckie, R. M. McMeeking,
D. Socie, J. F. Stubbins, I. Robertson
Phone: (217) 333-1901
$565,000 01-2

Fracture mechanics and microstructural studies of the fundamental mechanisms
of fracture are applied to metals and ceramics. Environmental effects on the
fracture of alloys of Fe, Ni, Al, Ti, Al703-Zr0j, MgO using HVEM. Role of
phase transitions in fracture of hydride forming systems and stainless
steels. Effects of environment on dislocation behavior and plasticity
related fracture. High-temperature corrosion and scaling. Fatigue and
fracture under multiaxial loading and the role of microstructural changes.
Development of damage and failure criteria for systems undergoing phase
transitions and enhanced plasticity.

114. COUNCIL ON MATERIALS SCIENCE

D. Lazarus
Phone: (217) 333-0492
$65,000 01-2

Study and analysis of current and proposed basic research programs on.
materials and assessment of their relevance to problems of energy
utilization. Consideration of national facilities needs. Convening of
panel studies on selected topics. '

115. PHYSICAL PROPERTIES OF CERAMIC MATERIALS

W. S. Williams
Phone: (217) 333-3524
$70,000 : 01-2

Deformation characteristics of diborides and non-stoichiometric monocarbides
of IVb and Vb transition metals at extremely high temperatures. Dislocation
properties, second phase precipitates, and their role in diffusion limited
flow stress. Microchemical analysis of precipitates, grain boundaries and
stacking faults by EELs.
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116. DEVITRIFICATION BEHAVIOR IN METAL-CONTAINING SILICATE AND
BOROSILICATE GLASSES

H. Chen .
Phone: (217) 333-7636
$65,000 01-3

Investigation of devitrification kinetics and associated microstructural and
compositional changes in silicate and borosilicate-based glasses containing
metal oxides using EXAFS, small and wide-angle X-ray scattering and SEM
methods. Mechanisms of metal-silicide thin film formation. Kinetics of
layer growth. :

117. A BUILD-BLOCK APPROACH TO THE SYNTHESIS OF NEW INORGANIC MATERIALS

W. F. Klemperer
Phone: (217) 333-2995
$130,000 01-3

Low-temperature synthesis of oxide glasses and ceramics using step-wise
synthesis. Polynuclear molecular building-blocks are assembled and then
formed into solid materials using gel-solidification methods.

[Sig017] (OCH3)g molecular cages, and their linkage reactions are

studied using optical and molecular spectroscopies.

118. DIELECTRIC SOLIDS

D. A. Payne
Phone: (217) 333-2937 : ’
$125,000 01-3

Synthesis, powder preparation, crystal growth, forming methods, materials
characterization and property measurements on electrical and structural
ceramics. Sol-gel processing of thermal barriers and mechanical coatings.
Chemical, electrical and mechanical boundary conditions in polarizable
deformable solids, twin and domain structures, ferroelasticity and crack
propagation. Amorphous ferroelectrics.
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119. MICROSTRUCTURE AND CRYSTALLIZATION IN NOVEL GLASSY SYSTEMS

S. H. Risbud
Phone: (217) 333-2885
$85,000 01-3

Glass synthesis and phase transformations in quasi-binary II-IV-V2
semiconducting glasses. Electrical, optical and thermomechanical properties
of these glasses. Melting, solidification, and glass formation in quasi-
binary systems of the Cd-Zn-Ge-As system. Location of N in crystallized
glasses. Formation of glass-ceramic composites.

120. MICROWAVE STUDIES OF TUNNELING STATES IN DISORDERED MATERIALS

H. J. Stapleton
Phone: (217) 333-0073
$60,000 01-3

Effects of tunneling states and disorder in amorphous semiconductors, fast
ionic conductors, glasses, and crystals using electron spin relaxation,
electron spin resonance, electron-nuclear double resonance, and microwave
susceptibility in the 0.25-25 K temperature range.

Solid State Physics - 02 -
C. P. Flynn - Phone (217) 333-1370
121. LOW-TEMPERATURE STUDIES OF DEFECTS IN SOLIDS

A. C. Anderson
Phone: (217) 333-2866
$95,000 02-2

Experimental studies of glassy metals, of fast ion conductors, of polymers,
composites and ceramics, and of irradiated or deformed ionic and other
crystals, influence of defects and disorder on macroscopic properties
including specific heat, magnetic susceptibility, thermal and electrical
transport, thermal expansion, and ultrasonic and dielectric dispersion at
0.02-200 K.
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122, PHOTOEMISSION STUDIES OF THE ELECTRONIC STRUCTURE OF SURFACES AND
INTERFACES

T.-C. Chiang
Phone: (217) 333-2593
$145,000 02-2

Synchrotron radiation photoemission studies of electronic structure of
semiconductor surfaces and interfaces prepared in-situ by molecular beam
epitaxy, adsorption kinetics and catalysis on surfaces, properties of alloy
surfaces.

123. HIGH-FIELD SUPERCONDUGCTORS

D. M. Ginsberg
Phone: (217) 333-4356
$75,000 02-2

Investigation of high-field superconductors by preparation and detailed -
characterization of samples and by measurements of critical magnetic field,
specific heat, Raman effect, magnetic susceptibility, neutron diffraction,
and transport properties.

124. ULTRASONIC STUDIES OF THE STRUCTURE OF MATTER

A. V. Granato
Phone: (217) 333-2639
$125,000 02-2

Investigation by ultrasonic methods of impurity--self interstitial
interactions in electron irradiated metals and semiconductors, and of
hydrogen in bcc metals.

125. PROPERTIES OF CRYSTALLINE CONDENSED GASES

R. 0. Simmons, V. R. Pandharipande
Phone: (217) 333-3760 or (217) 333-8079
$200,000 02-2

Measurement and theory of momentum density in bcc, hcp, and liquid helium,
pulsed neutron scattering, phase transitions and structure determination in
solid hydrogen by neutron diffraction, isotopic phase separation in solid
helium, thermal and isotopic defects in helium crystals, quantum effects in
diffusion.
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126. NUCLEAR MAGNETIC RESONANCE IN SOLIDS

C. P. Slichter
Phone: (217) 333-3834 ‘ , .
$225,000 02-2

Investigations of layered materials and one dimensional conductors with
charge density waves, of platinum-alumina reforming hydrocarbon catalysts,
and of spin glasses using nuclear magnetic resonance methods.

127. PHYSICAL PROPERTIES.OF ORDERED AND DISORDERED SOLID SOLUTIONS

H. Zabel
Phone: (217) 333-2514
$155,000 02-2

X-ray and neutron scattering investigations of structural, thermal and
vibrational properties of alkali metal graphite-intercalation compounds,
staging, dislocations, point defects, phonon dispersion, order-disorder
transformations, and diffusion. Microstructural properties of metal and
semiconductor MBE grown superlattices.

128. THE USE OF VERY HIGH PRESSURE TO INVESTIGATE THE ELEGCTRONIC
STRUCTURE OF MATTER

H. G. Drickamer
Phone: (217) 333-0025
$180,000 03-1

Studies of the pressure tuning of electronic energy levels with emphasis on
optical absorption measurements including absorption edges, metal cluster
compounds and charge transfer phenomena, as well as semiconductor-metal
interfaces.

129. EXCITON COLLECTION FROM ANTENNA SYSTEMS INTO ACCESSIBLE TRAPS

L. R. Faulkner

Phone: (217) 333-8306
$60,000 03-1

Exciton propagation from absorbing chromophores in polymer films to trapping
sites on film surfaces at monolayer coverage. Controlled molecular
assemblies of three dimensional reaction systems.
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\
LAWRENCE BERKELEY LABORATORY
1 Cyclotron Road
Berkeley, CA 94720

Mate;ials and Molecular Research Division - 01 -
Norman E. Phillips - Phone (FTS) 451-6062 or (415) 486-6062
- 140. STRUCTURE AND PROPERTIES OF TRANSFORMATION INTERFACES

R. Gronsky
Phone: (FTS) 451-5674 or (415) 486-5674
$210,000 01-1

Transformation interfaces: homophase boundaries, heterophase boundaries,
"free" surfaces at which solid-state reactions are either initiated or
propagated. Atomic configurations of such interfaces and the relationship
between structure and relevant interfacial properties. Transmission
electron microscopy, including energy-dispersive X-ray and electron-energy-
loss spectroscopies. Correlation with theoretical predictions of

interfacial phenomena.
/

141. MICROSTRUCTURE, PROPERTIES, ALLOY DESIGN: INORGANIC MATERIALS

G. Thomas
Phone: (FTS) 451-5656 or (415) 486-5656
$620,000 01-1

Fundamental electron microscopic studies of the structure-chemistry-
processing-property relationships. Specific tasks: a) ferrite-martensite
steels for rod and wire: microstructure and processing, solute partitioning,
fatigue (with Prof. R. Ritchie), wear. b) martensitic and bainitic steels:
fundamental studies of phase transitions, relation to wear, grain boundary
precipitation and effect of copper, processing for maximum toughness. c¢)
electronic materials: structure of audio recording tape, piezoelectric
materials, and rare-earth alloys.

142, SOLID-STATE PHASE TRANSFORMATION MECHANISMS

K. H. Westmacott
Phone: (FTS) 451-5663 or (415) 486-5663
$210,000 01-1

Factors that govern phase stability in order to facilitate first-principle
alloy design. Advanced electron-optical techniques, especially high-voltage
and high-resolution electron microscopy. The relationship between lattice
defects and precipitate phase growth. Crystallographic theory of
precipitation with a parallel experimental program.
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143. NATIONAL CENTER FOR ELECTRON MICROSCOPY

G. Thomas
Phone: (FTS) 451-5656 or (415) 486-5656
" R. Gronsky

Phone: (FTS) 451-5674 or (415) 486-5674
K.-~H. Westmacott
Phone: (FTS) 451-5663 or (415) 486-5663 ,
$1,400,000 01-1

Organization and opération of ‘a national, user-oriented resource for
transmission electron microscopy. Maintenance, development, and application
of specialized instrumentation. including an Atomic Resolution Microscope .
(ARM) for ultrahigh-resolution imaging, a 1.5-MeV High Voltage Electron
Microscope (HVEM) with capabilities for dynamic in situ observations,
analytical electron microscopes for micromechanical analysis, and support
facilities for specimen preparation, image analysis, image simulation, and
instrument development.

144. IN-SITU INVESTIGATIONS OF GAS-SOLID REACTIONS BY ELECTRON
MICROSCOPY

J.‘W. Evans‘
Phone: (415) 642-3807
$110,000 - 01-1

Microstructural aspects of reactions between gases and solids. Principal
experimental tools are the high-voltage transmission electron microscopy.
Environmental cells permit reactions between gases and solids to be observed
at full magnification. In situ studies of nucleation and growth using solid
electrolytes.

145. LOCAL ATOMIC CONFIGURATIONS IN SOLID SOLUTIONS

D. de Fontaine
Phone: (415) 642-8177 .
$140,000 01-1

Calculations of long-period superstructures in two dimensions using the
ANNNI (axial next-nearest-neighbor Ising) model. Experimental elucidation of
atomic rearrangements in periodic antiphase structures in Cu3Pd and Ag3Mg
using electron microscopy. Short range order studies in Au,Fe, NijMo and
similar systems.
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146. COLLABORATIVE RESEARCH BY TRANSMISSION ELECTRON MICROSCOPY

N. E. Phillips
Phone: (FTS) 451-6062 or (415) 486-6062
$50,000 T 01-1

To foster collaborative research between scientists with specialized skills
in advanced techniques of transmission electron microscopy and scientists
from other disciplines with projects requiring sophisticated microstructural
characterization. Postdoctoral or more mature visiting electron
microscopists spend up to one year at LBL using the instrumentation
available at the National Center for Electron Microscopy (NCEM) in
collaborative programs with Materials and Molecular Research Division
Investigators recommended for support by the NCEM Steering Committee.

147. THEORETICAL PROBLEMS IN ALLOY DESIGN

J. W. Morris Jr.
Phone: (FTS) 451-6482 or (415) 486-6482
$575,000 01-2

Multifaceted program of metallurgical research that is concerned with the
science of alloy design. Current research includes work on the following
alloy types: (1) high-strength, high-toughness ferritic steels, (2) carbon
steels with exceptional formability, (3) high-stfength, low-density
aluminum-1lithium alloys, (4) fatigue-resistant lead-tin solder contacts, (5)
high-field superconducting wire. Each of these alloy design efforts is
supported by fundamental research on the relevant structure-property and
structure-processing relations.

148. MECHANICAL PROPERTIES OF CERAMICS

A. G. Evans
Phone: (415) 642-7347
$305,000 01-2

Mechanical reliability of ceramics at high temperatures. The development of
predictive capabilities for the high-temperature failure of ceramics and for
defect development during sintering. Elevated-temperature failure studies
concerned with the initiation, growth, and coalescence of cracks during
creep. Experimental measurements are correlated with theoretical models
containing the dominant microstructural variables. Sintering studies
examining the processes that dictate the development of stresses and defects
during solid-state and liquid-phase sintering.
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149. ENVIRONMENTALLY AFFECTED CRACK GROWTH IN ENGINEERING MATERIALS

R. 0. Ritchie
Phone: (FTS) 451-5798 or (415) 486-5798
$300,000 01-2

To examine, from continuum and micro-mechanistic points of view, the
respective roles of mechanical, microstructural, and environmental factors
involved in the subecritical monotonic and cyclic growth of flaws in
engineering materials. Current emphasis is devoted to i) defining the role
of microstructure on crack closure mechanisms and their effect on
subsequent-near-threshold fatigue growth of long and short cracks in steels
below 10'5mm/cycle, and ii) the modeling of crack initiation and crack
growth toughness for monotonic fracture by both cleavage and void
coalescence. The aim of this work is to present mechanically derived
guidelines for the development of both improved failure prediction and
improved alloy design of fracture-critical materials.

150. INTERFACES AND CERAMIC MICROSTRUCTURES

J. A. Pask
Phone: (415) 642-3821
$10,000 01-3

Kinetics and mechanisms of solid-state reactions, nucleation and growth
phenomena, and distribution of phases in multiphase ceramic systems whose
principal phase constituents are within the Al503-5i0, system.
Thermodynamic considerations of sintering with a liquid phase. Mechanisms
of corrosion of ceramic materials. Thermodynamics and kinetics of
electrochemical reactions at glass-metal interfaces.

151. HIGH-TEMPERATURE REACTIONS

—

A. W. Searcy
Phone: (FTS) 451-5900 or (415) 486-5900
$350,000 01-3

TEM characterization of the crystallinity, particle size, and pore
dimensions of high-surface-area oxides. Experimental studies of CaCO3 +
Ti09 = CaTiO3 + CO; and the development of new thermodynamic models for
complex solid solutions.
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152. STRUGCTURE-PROPERTY RELATIONSHIPS IN SEMICONDUCTOR MATERIALS

J. Washburn _
Phone: (FTS) 451-6254 or (415) 486-6254
$350,000 01-3

Semiconductor/metal and semiconductor/insulator interfaces. Mechanism of
the crystalline-to-amorphous transformation during ion damage in silicon and
gallium arsenide, and an investigation of the mechanism of growth of thin-
film layers on surfaces. High-resolution microscopy and computer simulation
of images combined with complementary observations on the same specimens
such as electron paramagnetic resonance, secondary ion mass spectroscopy,
and optical or electrical measurements.

153. CHEMICAL PROPERTIES AND PROCESSING OF REFRACTORY CERAMICS

L. C. De_Jonghe
Phone: (FTS) 451-6138 or (415) 486-6138
$250,000 01-3

Structure of the interface between nickel and zirconia using analytical and
high-resolution transmission electron microscopy. Ni/Zr0) cermets in as-
fabricated and thermally cycled conditions. Interface bond strength and the
residual stresses at the interface are examined by indentation techniques,
and the onset of cracking at the interface during thermal cycling is
detected by acoustic emission monitoring and related to interface
microstructure and microchemistry.

154. STRUCTURE AND ELECTRICAL PROPERTIES OF COMPOSITE MATERIALS

R. H. Bragg
Phone: (415) 642-7393
$125,000 01-3

Studies to determine why soft carbons graphitize, i.e., become physically
soft when heated above about 2000°C in inert atmosphere, whereas hard
carbons do not, even when heated above 3000°C. Direct synthesis and related
experimental studies of the carbon-hydrogen system are being performed.
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155. HIGH-TEMPERATURE OXIDATION AND CORROSION OF MATERIALS

N. E. Phillips
Phone: (FTS) 451-6062 or (415) 486-6062
$95,000 01-3

Research 'on the mechanisms by which materials withstand high-temperature
corrosion attack, and the development of protective scales. Factors of
major significance include: the initial development of the protective
scale, the transport of reactants in and through the scale, the scale
structure, morphology, and growth mode, and the chemical integrity of the
scale when exposed to corrosive sulfate deposits. Relationship of
mechanisms of behavior to the thermodynamic, diffusional, structural, and
compositional parameters of the metal oxides, sulfides, and other phases
involved. Quantitative and predictive alloy corrosion models.

156. CERAMIC INTERFACES

A. M. Glaeser
Phone: (415) 642-3821
$145,000 01-3

Development of an improved understanding of processes that dictate
microstructural. changes occurring during both materials fabrication and
utilization. Current efforts directed at: development of thermodynamic and
kinetic descriptions of the stability of continuous intergranular phases,
theoretical assessment of the effects of anisotropic surface and grain-
boundary energies on microstructural evolution during sintering, high-
resolution TEM characterization of high-angle grain boundaries in lead to
determine whether direct evidence exists for grain-boundary structure
transformations, and theoretical modeling of the effect of concurrent grain-
boundary migration and tracer self diffusion on apparent grain-boundary
diffusivities.

157. ABRASIVE, EROSIVE, AND SLIDING WEAR OF MATERIALS
I. Finnie

Phone: (415) 642-1496 »

$110,000 01-5

Basic mechanisms of abrasive, erosive, and sliding wear for different
classes of materials. :
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158. EROSION-CORROSION WEAR PROGRAM

N. E. Phillips
Phone: (FTS) 451-6062 or (415) 486-6062
$15,000 01-5

Development of a model for predicting erosion of ductile metals from
analytical expressions that define the two-phase fluid flow of a gas-solid
particle stream and equations that describe the platelet mechanism of
erosion. Experimental studies of boundary-layer gas to protect the surface
of coal reactors from high-temperature corrosion.

159, EROSION OF BRITTLE SOLIDS

A. G. Evans
Phone: (415) 642-7347
’ $130,000 01-5

Development of a fundamental understanding of the spalling erosion and
strength degradation of brittle coatings and layers subject to thermal and
mechanical (impact) loading. Principal research directions involve studies
of damage created by mechanical and thermal loads, by impacting particles,
and by thermal shock. Studies of residual stresses at and adhesion of )
coating interfaces.

160. FAR-INFRARED SPECTROSCOPY

P. L. Richards
Phone: (415) 642-3027
$230,000 02-2

Improved infrared detectors, mixers, and spectrometers developed and used in
experiments in important areas of fundamental and applied physics.
Technological developments include a liquid-helium-cooled grating
spectrometer for emission spectroscopy, ultrasensitive photoconductive
detectors for the 50-500 um wavelength range, improved fabrication
techniques for bolometric detectors, a new class of far-infrared beam
dividers, and production of tunable picosecond far-infrared pulses by
difference frequency generation. Experiments include measurements of the
infrared spectra of adsorbed molecules and of one-dimensional charge-density
wave conductors, measurements of the infrared photoconductivity of.
impurities in semiconductors, and a test of the Planck theory of thermal
radiation with unprecedented accuracy.
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161. EXPERIMENTAL SOLID-STATE PHYSICS AND QUANTUM ELECTRONICS

Y. R. Shen
Phone: (415) 642-4856
$270,000 02-2

Emphasis on development of linear and nonlinear optical methods for material
studies and applications of these methods to probe properties of gases,
liquids, and solids. Both theoretical and experimental investigation of
various aspects of laser interaction with matter. Development of new
nonlinear optical techniques. To study isotope separation, photochemistry,
molecular clusters, and phase transitions, surfaces and interfaces.

162. EXCITATIONS IN SOLIDS

C. D. Jeffries
Phone: (415) 642-3382
$180,000 02-2

Studies of the onset of instabilities and pseudorandom behavior in solids.
Systematic study of the chaotic dynamics of driven p-n junctions to reveal
universal patterns: period-doubling bifurcations, onset of chaos, periodic
windows, and intermittency. Spin-wave instabilities in ferrite spheres:
period doubling, chaos, and intermittency, and they can be understood by a
two-dimensional quadratic map. Spatial and temporal chaotic behavior is in
electron-hole plasma-density waves in crystals of Ge: period-doubling route
to chaos, periodic windows, and quasiperiodicity. These results have a
bearing on devices of high technological importance.

163. TIME-RESOLVED SPECTROSCOPIES IN SOLIDS

P. Y. Yu
Phone: (415) 642-8087
$100,000 02-2

The main objective of this project is to utilize picosecond and sub-
picosecond laser sources to study the ultrafast relaxation processes that
occur in laser-induced annealing and melting. Such processes under investi-
gation include electron-phonon interactions, phonon-phonon interactions, and
electron-electron interactions. The experiments involve exciting dense
electron-hole plasmas in a semiconductor such as GaAs and monitoring the
time evolution of the electron and phonon distribution functions by Raman
scattering and photoluminescence. Another area of investigation involves
the study of nonradiative recombinations of photoexcited carriers at deep
traps in semiconductors introduced by doping or electron and neutron
irradiation. In addition, nonequilibrium phonons generated during the
recombination are monitored by Raman scattering.
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164. SUPERCONDUCTIVITY, SUPERCONDUCTING DEVICES, AND 1/F NOISE

J. Clarke
Phone: (415) 642-3069
$270,000 02-2

DC Superconducting QUantum Interference Devices (SQUIDs) developed and used
in a wide variety of applications, including geophysical measurements, noise
thermometry in the milliKelvin temperature range, and the measurement of
electrical noise. An ultralow-noise SQUID amplifier operating at
frequencies of up to 200 MHz used to improve the sensitivity of nuclear
magnetic resonance and nuclear quadrupole resonance measurements. SQUIDs
operating at temperatures down to 20 mK used to study their ultimate noise
limitations for such applications as transducers for gravity-wave antennas.
Novel experiments to investigate macroscopic quantum tunneling and
microwave-induced transitions between quantum states in Josephson tunnel
junctions at milliKelvin temperatures. A detailed study of the excess noise
induced in metal films by electron bombardment in an electron microscope.

165. THEORETICAL STUDIES OF THE ELECTRONIC PROPERTIES OF SOLID SURFACES

L. M. Falicov
Phone: 415-642-5993 ‘
$75,000 02-3

The purpose of this program is to study properties of solid surfaces. 1In
particular the interest is in determining: (A) structural properties of
surfaces, namely the organization and arrangement of atomic constituents at
equilibrium, (B) constitutional properties of the surface, in particular the
segregation properties of alloys at the surface as a function of crystal
structure, surface orientation, nominal chemical composition, and tempera-
tures, (C) electronic structure of surfaces, in particular electron states
and electron densities in the neighborhood of the surface, (D) vibronic
properties of surfaces, (E) magnetic properties of surfaces, both in
magnetic solids (ferromagnetic and antiferromagnetic) and in nonmagnetic
solids that may develop a magnetic surface layer, (F) chemical--in
particular the catalytic--properties of solids as they are related to basic
physical properties (A)-(E).



A-44
LAWRENCE BERKELEY LABORATORY (continued)
166. THEORETICAL SOLID-STATE PHYSICS

M. L. Cohen
Phone: (415) 642-4753
$105,000 02-3

Use of microscopic theory based on quantum mechanics to explain and predict
properties of real materials. Application to semiconductors, metals,
insulators, semimetals, clusters of atoms, and molecules. Emphasis on
electronic, vibrational, optical, superconducting, and structural properties
of bulk solids. Surfaces and interfaces modeled using microscopic theory.

167. SURFACE, CHEMISORPTION, AND THEORY OF SOLIDS

S. G. Louie
Phone: (415) 642-1709 .
$50,000 02-3

To further basic understanding of the physical properties of materials and
materials systems such as surfaces and interfaces. Emphasis on quantum-
mechanical calculations to obtain a microscopic understanding from first
principles. Studies include bulk materials, surfaces and chemisorption
systems, interfaces, and defects in solids. Bulk materials research is
focused on: electronic, structural, and vibrational properties, crystal
structure determination, solid-solid phase transformations, and defects
properties. Surface and interface research focused on: atomic and
electronic structures, mechanisms for structural relaxations and
reconstruction, and energetics of adsorbed species.

168. 1LOW-TEMPERATURE PROPERTIES OF MATERIALS

N. E. Phillips
Phone: (FTS) 451-6062, (415)-486-6062, or (415) 642-4855
$126,000 03-1

Research on low-temperature properties of materials and on methods of
temperature measurement. Measurements on 3He in the Fermi-liquid region
have established the correct values of parameters that are important to
understanding superfluid states, on potassium, rubidium, and cesium to 0.1\K
to test theoretical predictions of charge-density-wave effects, and on pre-
dicted phase boundary of the spin-glass phase. Specific future objectives:
an extension of the 3He measurements to the superfluid phases, additional
studies on spin glasses, and specific-heat measurements at pressures to
20\kbar on mixed-valence compounds.
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169. ELECTROCHEMICAL PROCESSES

C. W. Tobias
Phone: (FTS) 451-5208 or (415) 486-5208
$117,000 03-1

Novel methods for reducing mass-transfer resistance in high-rate
applications, including in electro-forming of metals, and in electroorganic
synthesis. Transport rates and current distribution are measured over broad
ranges of process variables, theoretical models are advanced for the
interpretation of mechanisms. Nonaqueous ionizing solvents explored for
potential use in ambient-temperature electrosynthesis processes, with
emphasis on the separation, electrowinning, refining, and electroplating of
reactive metals.

170. HIGH-TEMPERATURE THERMODYNAMIC