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FOREWORD

The Division of Materials Sciences is located within the Department of
Energy in the 0ffice of Basic Energy Sciences. The organizational
structure of the Department of Energy is g1ven 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 Q0ffice's Chemical Sciences, Biological Energy Research,
Engineering, Mathematical and Geosciences, and Advanced Energy Projects 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
and Chemistry. The structure of the Division is given in an accompanying chart.

The Materials Sciences Division conducts 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 all research underway in FY 1981 together
with a convenient index to the program,

Donald K, Stevens, Director
Division of Materials Sciences
Office of Basic Energy Sciences



INTRODUCTION

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

The report is divided into Sections A and B, listing all the projects,
Section C, a summary of funding levels, and Section D, an index (the
investigator index is in two parts - laboratory and contract research).

Each project carries a number (underlined) for reference purposes., The
FY 1980 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
(01), Solid State Physics (02), or Materials Chemistry (03). The budget
numbers carry the following titles:

01-1 - 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

Section C summarizes the total funding level in a number of selected categories.
Obviously most projects can be classified under more than one category and,
therefore, it should be remembered that the categories are not mutually
exclusive, .

In Section D the references are to the project numbers appearing in Sections
A and B and are grouped by (1) investigators, (2) materials, (3? technique,
(4) phenomena, and (5) environment.

It is impossible to include in this report all the technical data available
for such a large program. By the time it could be compiled it would be
outdated, The best method for obtaining more detailed information about a
given research project is to contact directly the investigators listed.

Louis C. Ianniello
Division of Materials Sciences
Office of Basic Energy Sciences
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SECTION A

Laboratories

This information was provided by the Laboratories.
Most projects are of a continuing nature although
specific projects were concluded in FY 1981.



LABORATORIES -1 -

AMES LABORATORY
Iowa State University
Ames, Iowa 50011
R. S. Hansen - Phone: (FTS) 865-2770 or 515-294-2770

Metallurgy and Ceramics -01-
F. V. Nolfi - Phone: (FTS) 865-4446 or 515-294-4446

1. CONTROLLED MICROSTRUCTURES $260,000 01-1
- R. K. Trivedi, J. D. Verhoeven,
E. D. Gibson, J. T. Mason, F. Laabs

Theoretical studies of the effect of temperature gradient, growth rate,

and composition on the characteristics of dendritic interfaces obtained
during controlled solidification. Study of morphological transitions from
cellular to dendritic to eutectic structure. Experimental work on dendritic
growth in Pb-Sn and Pb-Au alloys by using a controlled solidification
technique. Study of morphological development in prototype transparent
materials such as succinonitrile and Borneol. Preparation of composite
Cu-Fe alloys by an in situ casting/mechanical reduction technique and
evaluation of structure dependence of resistivity/strength ratio. A study
of directionally transformed pearlite at off-eutectoid compositions.
Fabrication of Nb,Sn-Cu superconducting composite wire by the in situ
process: casting”and mechanical reduction to wire of Nb-Cu alloys followed
by Sn diffusion. Optimization of J_ properties by control of microstructure
and alloy additions. Development of arc casting techniques for scale-up.
Study of factors affecting the reliability of the Sn diffusion process.

2. MASS TRANSPORT IN SOLIDS $ 89,000 01-1
0. N. Carlson, F. A. Schmidt

Measurement of fast diffusion and electrotransport behavior of metallic
solutes in yttrium, scandium and thorium. Use of internal friction to
characterize defects associated with fast transport process. Thermotransport
of interstitial solutes in ferrous and refractory metal alloys. Transport

of carbon in two phase Nb-C, Fe-Ni-C and V-Ti-C alloys in presence of
temperature gradient. Development and testing of model to explain mass
transport in.two-phase alloys.

3. SOLAR MATERIALS AND SYSTEMS $124,000 01-1
B. J. Beaudry, K. A. Gschneidner, Jr.,
F. A. Schmidt, R. K. Trivedi

Determination of the Schottky barrier heights of rare earth metal-silicon

systems; heteroepitaxial growth of silicon on inexpensive substrates such

as metal silicides and Fe-3 wt% Si. High temperature electric mobility

and diffusivity of metallic solutes in silicon. Precipitation of primary

grains of silicon from pure metals and from off-eutectic liquid alloys.

Preparation of rare earth sulfides near the composition RS for photovoltaic
conversion devices; Tow temperature heat capacity measuremlh%g and characterization
studies of polycrystalline R253 phases.



LABORATORIES =2 -

4. EMBRITTLEMENT OF FERRITIC ALLOYS $ 56,000 Q1-1
0. N. Carlson

Effect of alloy composition and residual impurities on strength and bend
ductility of 9 Cr-1 Mo ferritic alloy in quenched, tempered, and 450°C-
aged conditions. Comparison of smooth and notched slow bend test results.

§Q RARE EARTH AND OTHER METAL PREPARATION $211,000 01-1
B. J. Beaudry, 0. N. Carlson,
K. A. Gschneidner, Jr., F. A. Schmidt

"~ Preparation of high purity rare earth and vanadium metals from their
oxides for use in various basic and applied research projects at Ames
Laboratory, other DOE Laboratories, and other institutions; metallothermic
reduction processes are used. Ultrapurification of rare earth, zirconium
and vanadium metals by electrotransport and by zone melting processes.

6. HYDROGEN IN REFRACTORY METALS AND - $156,000 01-2
HYDROGEN ATTACK
0. Buck, C. V. Owen

Characterization of deformation modes, hydrogen precipitation and crack
initiation in refractory metals and alloys using electron microscopy;
measurements of the acoustic emission generated by hydride formation with
and without applied stress. Internal friction studies in hydrogen doped
refractories. Effects of methane bubble formation, due to hydrogen attack,
on creep, fatigue and strength of steels.

7. FRACTURE MECHANICS AND STRESS CORROSION $145,000 01-2
- 0. Buck

Growth of fatigue cracks in stee]s exposed to harsh environments with

major emphasis on steels in H S, etc.; the effects of fracture mode
changes in such environments gn tﬁe scattering of acoustic waves. Develop-
ment of new nondestructive evaluation techniques and the determination of
their applicability. Microscopic characterization and modeling of microcrack
initiation under stress corrosion conditions.

8. MECHANICAL PROPERTIES OF CERAMICS $ 80,000 01-2
0. Hunter :

Studies of transformation toughened A1,0,-2r0,/Hf0, and re]ated.micro-l
- cracking during thermal cycling from rgo% temperatlire to 1500°C. Creep of
Y,0,. '
273



LABORATORIES -3 -

9. MARTENSITIC TRANSFORMATIONS IN SHAPE $ 91,000 01-2
MEMORY ALLOYS AND CERAMICS
M. S. Wechsler

Resistivity and strain measurements in Ni-Ti during temperature cycling
above and below the martensitic transformation under various loading
conditions are used to relate the transformation behavior to the applied
stress state. Applications considered are: (1) use of shape memory
alloys in low-temperature heat engines, and (2) transformation toughening
in ceramics, particularly ZrO2 and HfO2

10. RARE EARTH ADDITIONS TO STEELS $ 48,000 01-2
M. S. Wechsler :

The effects of rare earth additions on the elevated temperature mechanical
properties, irradiation-swelling behavior, electron microscopy, and metallography
of austenitic and ferritic steels. Uniaxial tensile and indentation

hardness tests. Rare earth additives are Y, Ce, and La in concentrations

below one percent.

11. THERMODYNAMICS PHASE EQUILIBRIA, AND - § 89,000 01-3
ALLOY THEORY
J. F. Smith, D. M. Bailey,
K. A. Gschneidner, Jr.

Development of thermodynamic functions describing alloy formation in
refractory metal alloys and lithium alloys through vapor pressure and EMF
techniques. Computer analysis of consistency between thermodynamic and

" phase equilibria data. Data analysis for vanadium and niobijum systems.
Statistical ana]ys1s and predictability of terminal solubilities in binary
alloys.

12. ULTRASONIC MEASUREMENTS $ 74,000 01-3
J. F. Smith, J. D. Greiner

Elastic constants at Tow temperatures of single crystals of lutetium with
dilute concentrations of hydrogen to test for electronic effects. Elastic
constants at elevated temperatures of single crystals of yttria-stabilized
zirconia as functions of both temperature and composition to correlate
with the martensitic transformation in zirconia. Tests on single- and
poly-crystals of aluminum in stressed states to develop criteria and
techniques for the ultrasonic determination of residual stress.

13. DIFFUSION IN CERAMICS $142,000 01-3
M. F. Berard, C. D. Wirkus

Studies of cation self-diffusion, interdiffusion, electrical conductivity,
defect structure and phase equilibrium relationships in fluorite structure
binary and ternary alloys based on HfO2 and ZrOz, and in pure and doped
rare-earth oxides.
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14. SULFIDATION ‘ $ 51,000 01-3
C. W. Chen , :

Mechanisms and kinetics of early-stage sulfidation of iron and iron-
chromium alloys; use of surface sensitive techniques such as ESCA, Auger
spectroscopy, and electron microscopy. Effect of oxide layers on initiation
of sulfidation.

15. AMORPHOUS MAGNETIC MATERiALS $ 29,000 01-3
C. W. Chen '

Fabrication by splat cooling of amorphous ribbons of Fe ZB _xBe and
F98 B _xAu . Magnetic properties, electronic structuré, ;ﬁd cr?sta]]ization
of %héée riBbons. Magnetic moment of Fe in these alloys.

16. HYDROGEN IN METALS $197,000 01-3
D. T. Peterson

Diffusion, thermotransport, partial molar volume and so]ubi]ity of H and D
in V alloys with Ti, Cr or Nb. Photoelectron spectroscopy, optical
properties and metallography of metal hydrides.

17. TRANSFORMAT ION STUDIES AND ORDERED ALLOYS $ 77,000 01-3
F. X. Kayser .

Temperature dependence of the elastic constants of single crystals of y'
phase materials including Ni,Al and alloys in the system Ni,Al1:Ni,Ti.
High-strain rate co-axial ex%rusion and cladding of high-si?icon rons

with steel; relationship between extrudability and structure of the silicon-
iron. Corrosion resistance of carbon-free high-silicon irons.

18. SUPERCONDUCTIVITY AND LOW TEMPERATURE $241,000 01-3
PHENOMENA R
K. A. Gschneidner, Jr., 0. D. McMasters,
B. J. Beaudry

Preparation and measurement of the superconducting transition temperatures

of La S4-La Se, and (La xM )S, alloys with M = Mg, Ce, Y, Th. Low temperature
(1-20%), hiSh éagnetic %Te]é (6-10T) heat capacity study of lattice instability,
electron concentration and size(effects)Zn rare-iarth based superconductors:
La,S,-La,S,, La,S,-La,Se,, and (La, R })(In, M ) with R = Sc, Y, Lu and M

= gn? cd? 3Low %e%pergtuge (T-20K)133h¥gh ml@Xe¥ic field (0-10T) heat

capacity study of spin fluctuations and magnetic phenomena in (1) highly
enhanced paramagnets: CeSn,, RCo, (R = Sc, Y and Lu), Pd, Ni. (x = 0.5
and 1.0), and Sc; and (2) i%inera%t ferromagnets: Scaln n} Z%an.
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19. CERAMIC PROCESSING $180,000 01-5
M. Berard, 0. Hunter, M. Akinc

Studies of the influence of preparation procedures on characteristics of
precursor precipitates (yttrium hydroxide, carbonate, oxalate) and resulting
Y,0, powders. Acetone-toluene-acetone dewatering. Controlled humidity
d?y?ng. Powder morphology, surface characteristics, sinterability.

20. NON-DESTRUCTIVE EVALUATION $220,000 01-5
C. P. Burger, L. W. Schmerr,
D. 0. Thompson, L. W. Zachary,
W. J. Higby

Dynamic photoelastic visualization combined with ultrasonic Rayleigh
surface wave techniques for measuring the depth of surface-breaking
cracks. Crack modeling of zero volume cracks based on boundary integral
equation techniques. Flaw identification using a frequency domain al-
gorithm to obtain the complex resonance of a flaw. Applications of the
displacement discontinuity method in two-dimensions to determine the
stress concentration factor for an elliptical void near a boundary, and
the stress intensity factor for an angled surface breaking crack in a
plate. Ultrasonic scattering measurements to characterize pores and
multiple voids in glass; velocity and attenuation of ultrasonic waves in
glass. :
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Solid State Physics Division -02- .
D. K. Finnemore - Phone: (FTS) 865-3455 or 515-294-3455

21. NEUTRON SCATTERING - $330,000 02-1
W. A. Kamitakahara, C. Loong,
C. Stassis, J. Zarestky

Study of the lattice dynamics, thermodynamic properties and structural
transformations of metals at high temperatures (Zr, Re, La, Tc); structure
and diffusion in metal hydrides (ScH_, LaH_); dynamics and phase tran-
sitions of alkali-graphite intercalafion cémpounds; electronic structure
and phonon spectra of mixed valence compounds (CeSn,, Celn,, CePd3);
relation of electron-phonon interaction to superconauctiviéy (La, LaSn3).

22. SEMICONDUCTOR PHYSICS - $230,000 02-2
. A. J. Bevolo, H. R. Shanks, :
F. Jeffrey

Preparation and characterization of r.f. sputtered hydrogenated amorphous
silicon and Schottky barriers; measurement of gap states. Growth and
characterization of single crystal tungsten bronzes (H_WO0., Na_WO0,,
Rb_W0,) and layer structure semiconductors (WSe,, ZrSe;, ﬁoSe ¥s g]ec-
tr%ca?iresistivity, Hall effect, photoemission.” Auger, ELS, gnd SIMS
studies of surfaces and interfaces: metal-semiconductor interfaces (Si on
transition metals, rare earths on silicon), Fe-B based amorphous alloys,
tin and its oxides, sulfidation of iron-based alloys, corrosion inhibitors
on copper, oxygen role in redox reactions on platinum electrodes, and
diffusion in ceramics.

23. - SUPERCONDUCTIVITY . $360,000 02-2
D. K. Finnemore, J. R. Ostenson, ‘
E. L. Wolf, T. P. Chen, S. Nagata,
T. Refai '

Electron tunneling spectroscopy .and surface physics studies of strong-
coupled transition metal superconductors, including alloys and compounds.
Conventional and proximity,electron tunneling spectroscopy (PETS).of the
electron-phonon spectrum «“F(w). Auger electron spectroscopy (AES),
electron energy loss spectroscopy (ELS) and ultraviolet photoemission
spectroscopy ?UPS). Fundamental studies of superconductivity in inhomo-
geneous materials; supercurrents in normal metals near a superconductor
normal metal boundary; development of superconducting composites suitable
for large scale magnets in the 8 to 14 Tesla range; sractical studies to
improve wire fabrication techniques and performance characteristics such
as critical currents and ac losses. :
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24. OPTICAL AND SPECTROSCOPIC PROPERTIES ' $310,000 02-2
OF SOLIDS AND LIQUIDS
F. S. Khumalo, D. W. Lynch, C. G. Olson,
M. Piacentini, F. H. Spedding,
J. Kester, D. L. Rath

Electron photoemission and optical properties (transmission, reflection,
EXAFS, thermoreflection, thermotransmission, electroreflection) of solids
in the near infrared, visible vacuum ultraviolet and soft X-ray region
(using synchrotron radiation): transition metal alloys and compounds
(e.g., Nb_ Mo, .), transition metal-hydrogen systems, layered transition
metal cha*co&éﬁides (MoSe, ), amorphous metals. Photoemission into liquid
electrolytes, e]ectrochem?ca] modulation spectroscopy, surface Raman
scattering, and photoelectrochemistry on binary alloys susceptible to
localized corrosion (benzotriazole on Cu). Surface excitation, and
adsorption phenomena on model systems (e.g., noble metals). Photoelec-
trolysis employing layered compounds. Crystal field and Zeeman spectra of
rare earth ions in crystals.

25. NEW MATERIALS AND PHASES $420,000 02-2
R. N. Shelton, C. A. Swenson, _ '

M. S. Anderson, R. G. Barnes, '

D. R. Torgeson, F. Borsa, M. L. S. Garcia

Synthesis and characterization of new ternary compounds such as Chevrel
phases, ternary transition metal borides and rare earth transition metal
silicides. Study of the physical properties of these new materials, such
as microhardness, phase equilibria and their refractory nature, and high
temperature behavior. Properties of new ternary phases at low temperatures,
including magnetic susceptibility, transport properties, heat capacity,
coexistence of superconductivity and long range magnetic .order. High
pressure equations of state of new materials, elementary solids (alkali

and alkaline earth metals); effects of hardness on thermal expansivities
of technical materials (beryllium copper); low temperature expansivity 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 characterization of hydrogenated amorphous silicon films.
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26. MATERIALS FOR HYDROGEN STORAGE $160,000 02-2
R. G. Barnes, J. D. Corbett,

K. A. Gschneidner, Jr., B. N. Harmon,

W. A. Kamitakahara, D. T. Peterson,

T. Ito, H. Marek, C. K. Saw,

R. Schoenberger

Interdisciplinary chemistry-metallurgy-physics program to improve under-
standing of metal-hydrogen interactions for development of better hydrogen-
storing materials. Materials studied include rare-earth-transition metal
compounds and alloys (Y(A1l, Ni).-H, Y-H), low-valent and lower-dimensional
compounds of Group III and IV mgtals (LaC1, ZrCIH_, etc.), and alloys of
Group V metals (V-Ti, etc.). Properties and methods include low-tempera-
ture heat capacity, X-ray and neutron diffraction, NMR, hydriding kinet-
ics, enthalpies of hydride formation, hydrogen diffusion, UPS and XPS, and
band theoretical calculations.

27. X-RAY DIFFRACTION PHYSICS $100,000 02-2
J.-L. Staudenmann

X-ray diffraction studies of martensitic phase transitions (V,Si and Fe-C)
and electron charge densities; small angle scattering, EXAFS, microdif-
fraction. Studies of electron density near interstitial impurities.
MATRIX PRT beam line at NSLS.

28. ELECTRONIC AND MAGNETIC PROPERTIES : $300,000 02-3
B. N. Harmon, K.-M. Ho, R. A. Klemm,
S. H. Liu, D. Misemer, M. Nolan,
S. Gadekar

Theory of phonon anomalies, lattice instabilities and soft modes in metals
and their relation to the electron-phonon interaction and superconduc-
tivity (Nb, Mo, Zr, Ti). Surface electronic structure of metal electrodes
(e.g., Ag), electroreflectance, and microscopic properties of the metal-
electrolyte interface. Static and dynamic properties of mixed valence
compounds (CeSn,). Electronic properties and chemical bonding of tran-
sition and rare“earth metal compounds (ZrB,, ZrSe.,, ZrS, TiS, PtTe).
Renormalization group studies of phase traﬁsitiong.

29. OPTICAL AND SURFACE PHYSICS THEORY $ 80,000 02-3
R. Fuchs, K. L. Kliewer

Optical properties of metals, semiconductors, and insulators; studies of
surfaces, thin films, layered systems, small particles, and powders.
Differential surface reflectance spectroscope. Raman scattering from
molecules adsorbed on metal surfaces. Photoemission and electroreflectance
with emphasis on surface states. Photoemission into liquid electrolytes
and related catalytic, electrochemical, adsorption, and corrosion effects;
anodic photocurrents; the liquid metal interface. Solar energy studies:
electrochemical photovoltaic cells, photolysis, high-temperature adsorbers,
and optical properties of phase-change materials for solar applications.
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30. SUPERCONDUCTIVITY THEORY . $100,000 02-3
J. R. Clem, R. A. Klemm, V. Kogan

Electrodynamics of superconductor-normal metal composites. Properties of
current-carrying type-1 and type-II superconductors containing magnetic
flux; induced voltages and energy dissipation due to flux motion; flux-
flow voltage noise; vortex nucleation and surface pinning; behavior of
arrays of nonparallel vortices; critical currents and flux pinning in
inhomogeneous superconductors; instabilities; ac losses; superconductivity
and magnetic ordering in ternary rare earth compounds (Chevrel phases);
the influence of reduced dimensionality on the superconducting properties
of highly anisotropic systems; new mechanisms for superconductivity in
Tinear conductors; triplet superconductivity and its physical properties.
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Materials Chemistry Division -03-.
L. E. Burkhart - Phone: (FTS) 865-8074 or 515-294-8074

31. X-RAY AND NEUTRON CRYSTALLOGRAPHY $189,000 03-1
. R. A. Jacobson, B. J. Helland,
D. M. Bai]ey

Development of diffraction techniques for single crystal and non-single
crystal specimens; indirect methods and refinement techniques; operation
of X-ray characterization facility; radial distribution function analysis
of amorphous scattering from coal; structural studies of intramolecular
solid state interactions which modify properties of parent species; metal
complex structures with emphasis on model homogeneous catalysts and poly-
metal species.

- 32. METAL-METAL BONDING IN SOLID STATE $176,000 03-T
MATERIALS :
J. D. Corbett R C Burns

_Materials preparation and character1zation of new types of reduced in-
organic compounds stable at high temperature (e.g., of Sc, Ti, Zr, Nb,
rare earth elements); extended metal-metal bonding; hydrogen storage
potential of new types of reduced compounds; stress-corrosion-cracking by
zirconium iodides; homopolyatomic ions (e.g., of T1, Ge, Sn, Sb, Bi);
ionic intermetallic phases; crystal structures; photoelectron spectros-
copy; electronic structure.

33. CHEMISTRY OF ‘HEAVY TRANSITION METALS $155,000 03-1
: R. E. McCarley, L. Brough '

Chemistry of heavy transition elements, especially Nb, Ta, Mo, and W;
controlled synthesis and characterization of compounds with strong metal-
metal bonds in dimers, clusters, and extended structures; relation of
molecular and electronic structure of such compounds to electrical and
thermal conductivity, mechanical strength, catalytic properties, chemical
reactivity, and superconductivity; condensation reactions of metal c]uster
compounds

- 34. METALS FROM FLY ASH ' _ $165,000 03-2
" G. Burnet, M..J. Murtha, J. W. Dunker

Recovery from power plant fly ash of iron oxide by magnetic separation and
of alumina using calcination; selective chlorination and hydrochemical
processing; use of magnet1c fraction for heavy media in coal preparation
plants and source of iron ore; utilization of wastes from fly ash pro-
cessing plants.
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35. PARTICULATE PROCESSING $270,000 03-2
L. E. Burkhart, A. Cahill, K. S. Chou

Transport near interfaces, especially drops, bubbles, and solid particles;
kinetics and control of particle size distribution, growth rate, and
morphology in both liquid phase and vapor phase operations involving the
preparation of ceramic powders (yttria, urania, titania); reaction kinetics
and mixing in multicomponent mass transfer systems invoiving chemical
reactions with emphasis on correlation between theory and experiment

(metal recovery processes). '

36. HIGH TEMPERATURE CHEMISTRY $223,000 03-3
H. F. Franzen, R. A. Schiffman,
I. Shilo

Structure and bonding in refractory and corrosion-resistant compounds,
particularly metal-rich transition metal chalcogenides (ScS), phosphides
and aluminides (Zr-Al, Nb-Al, Mo-Al); stability, phase equilibria, X-ray
diffraction, photoelectron spectroscopy, and mass spectrometry studies at
high temperatures; band structure and electronic properties of transition-
metal sulfides.

37. SURFACE CHEMISTRY.- AND CATALYSIS $297,000 03-3
R. S. Hansen, B. A. Parkinson,
K. G. Baikerikar, D. C. Johnson

Heterogeneous catalysis, reactions at clean surfaces associated with coal
liquefaction and gasification (e.g., methanation reaction on ruthenium and
hydrodesulfurization using non-stoichiometric rare earth sulfides); field
emission, flash desorption, LEED and Auger spectroscopy techniques for
studying reaction kinetics and composition of surface phases resulting
from the interaction of gases such as CO and H, on catalyst single crystal
faces; electrical double layer properties and @heir alteration by ad-
sorption; electrocatalysis at binary electrode surfaces for control of
toxic or mutagenic organic molecules (nitrosoamines, polynuclear com-
pounds) in wastes; preparation and electrochemistry of layered chalco-
genide photochemical converters (e.g., MoS,, MoSe,, wSez).
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Materials Science Division - 01-

B. R. T. Frost - Phone (FTS) 972-4928 or 312-972-4928
F. Y. Fradin - Phone (FTS) 972-4925 or 312-972-4925

38.  ALLOY PROPERTIES $742,000 01-1
. Lam, A. T. Aldred,

. Arko, S. K. Chan,

. Knapp, B. W. Veal,

. Kumagai

7'<G>J>U
HU)C:C.-

Experimenta] and theoretical studies of electronic structure and its re-
lationship to physical and chemical properties and bonding in solids; XPS

and EXAFS studies of the structural and electronic properties of various
metal oxides in sodium silicate glasses; crystal chemistry and structural
stability of complex transition metal oxides; x-ray absorption near-edge
spectroscopy (XANES) study of 3d-ion coordination in complex oxides; formu-
lation of the theory of EXAFS and XANES taking into account multiple scatter-
ing, interstitial potential, and lattice vibrations; theoretical studies of
charge denswty,‘bond1ng and photoemission in transition-metal and actinide
compounds using self-consistent relativistic molecular cluster calculations;
dHvA, ARPES, XPS, UPS, NMR, and magnetization studies of actinide metals and
intermetallic compounds to determine band structure, electronic configuration
and stability of 5f electron states.

39.  SCATTERING STUDIES $510,000 01-1

M. H. Mueller, J. E. Epperson,
J. Faber, G. H. Lander

Magnetic, electronic, and structural properties of actinide materials using
neutron scattering; particular emphasis on measurements on single crystals

* using both elastic and inelastic neutron scattering; studies of anharmonicity

and covalent bonding effects in intermetallic AB, compounds and ABQO4 compounds
as crystalline solids for waste storage use; striictural investigations of metal

hydrides of the type ZrNiD; x-ray diffuse and neutron small-angle scattering

exper1ments of alloy decompos1t1on, e.g., in a-Ni-Al; small-angle x-ray scatter-
ing investigation of voids formed in oxygen doped Nb. Major involvement with
design, construction, and operation at the Argonne Intense Pulsed Neutron Source;
group is responsible for small-angle neutron scattering prototype and for the
general purpose powder diffractometer at IPNS and has major interest in the single
crystal instrument for elastic scattering studies, and time-of-flight chopper
spectrometers for inelastic studies; development of x-ray diffuse scattering in-
strumentation for midwest-materials science participating research team at the

.National Synchrotron Light Source.
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40.  SURFACE STUDIES : $265,000 01-1
M. B. Brodsky, S. D. Bader,
L. Richter

Electronic and atomic structure of intermetallic compound and transition metal
surfaces; surface magnetism; thermal desorption of gases from Ru-Cu overlayers;
electronic structure modifications in thin epitaxial metal sandwiches; low
energy electron diffraction, x-ray and ultraviolet photoelectron spectroscopy;
electron loss spectroscopy; Auger electron spectroscopy.

41.  STRENGTH AND DEFORMATION OF MATERIALS $429,000 01-2
A. P. L. Turner, U. F. Kocks,
J. L. Routbort, R. B. Schwarz,
G. Gottstein

Investigation of the mechanisms of deformation and mechanical strengthening in
metals and ceramics; theoretical and experimental investigations of interactions
between dislocations and mobile solute atoms including the phenomenon of dynamic
strain aging; analysis of plastic instabilities and texture development in forming
operations; experimental investigations of stoichiometry effects on deformation

of ceramics; studies of recrystallization and recovery by TEM and HVEM: develop-
ment of constitutive equations for deformation and creep.

42.  METAL PHYSICS $1,098,000 01-3
R. W. Siegel, M. J. Fluss,
N. Q. Lam, J. N. Mundy,
S. J. Rothman, L. C. Smedskjaer,
D. G. Westlake, B. Chakraborty,
T. L. Marcuso, S. Mantl,
T. Schober

The nature and physical properties of atomic defects and their interactions in
solids; the atomic mechanisms of diffusion in solids; the nature and properties
of metal-hydrogen systems, including the hydrides of intermetallic compounds;
investigations of atomic and defect diffusivities, equilibrium defect concen-
trations, atomic defect interactions with one-another, with solute atoms, and
with dislocations, surfaces and interfaces; studies of metals, including bcc
refractory metals, alloys, intermetallic compounds, hydrides and glasses, using
positron annihilation spectroscopy, tracer diffusion, resistometry, transmission-
electron and field-ion microscopy, electron-energy-l1oss spectroscopy, neutron
and x-ray diffraction, backscattering spectroscopy and nuclear reaction depth
-profiling, molecular dynamics and electronic structure of defects.

43.  SUPERCONDUCTIVITY $250,000 01-3
— F. Y. Fradin, G. S. Knapp,
K. Kumagai

Studies of the electron-phonon interaction in high Tc, high Hcp superconducting
compounds; magnetization, nuclear magnetic resonance, and heat capacity studies
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of local moment interactions in ternary superconducting compounds; extended
x-ray absorption fine structure studies of anharmonicity in cubic-Laves phase
compounds; phase stability of multi-component, high Hcp Chevrel phase
superconductors.

44. BASIC CERAMICS . $507,000 01-3
- N. L. Peterson, W. K. Chen,

K. L. Merkle, D. Wolf,

H. L. Downing, H. Jain,

J. Sasaki

Diffusion mechanisms and point defect studies in metal oxides as a function of
oxygen pressure at high temperature using tracer diffusion, conductivity, and
jon beam scattering techniques; defect-solute interactions, precipitations of
second phases, and defect clustering in oxides; theoretical studies of kinetic
processes in off-stoichiometric metal oxides; x-ray scattering studies of low-
energy grain boundaries in oxides; TEM studies of dislocation structures of
grain boundaries in oxides; theory of grain boundary structures; diffusions of
cations and anions along grain boundaries; diffusion mechanisms and impurity
interactions in mixed alkali-silicate and -borate glasses; oxidation processes
in non-stoichiometric oxides using the environmental cell in the HVEM;
preparation of single and bicrystals of metal oxides.

45.  ASSISTANCE TO METALLURGY AND CERAMICS $ 94,000 01-4
BRANCH
F. V. Nolfi

Assignment of principal investigator to DOE to assist in the review and
evaluation of programs.

46. 'NEUTRON IRRADIATION STUDIES $502,000 - "01-4
T. H. Blewitt, R. C. Birtcher,
M. A. Kirk, Jr., B. A. Loomis

Utilization of the IPNS Radiation Effects Facility for the development of a
mechanistic understanding of the effects of neutron irradiation on the physical
properties of metals; study of displacement cascades at low temperatures in
ordered alloys; studies of neutron sputtering of metals; studies of ordered
void arrays in tantalum and niobium in the HVEM; neutron spectrum determina-
tions at a number of neutron sources in the U.S.; neutron damage of semicon-
ductors and superconducting stabilizers.

47. KINETICS STUDIES $845,000 01-4
H. Wiedersich, R. S. Averback,
P. R. Okamoto, L. E. Rehn,
N. J. Zaluzec, W. E. King,
W. Wagner, Z. Wang

Investigations into mechanisms that lead to the formation of defect aggregates,
precipitates and other inhomogeneous distributions of atoms in solids without
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and with displacement-producing irradiation; surface layer modification of
alloys by ion implantation and sputtering; solute segregation to internal
and external defect sinks; effects of irradiation on ordering alloys and on
the microstructure of two-phase alloys; in-situ studies of ion and electron
irradiation and ion implantation in the High Voltage Electron Microscope;
analytical microscopy; radiation sources include 4 MV Dynamitron-2 MV Van de
Graaff dual-ion-beam facility, and 300 keV ion accelerator. '

48. HIGH VOLTAGE ELECTRON MICROSCOPE $468,000 01-4
TANDEM FACILITY
A. Taylor

Operation and development of 1.2 MeV High Voltage Electron Microscope Facility
with in-situ capability for ion implantation, ion damage, and ion beam analysis;
the HVEM is currently being utilized for research programs in mechanical
properties, radfation damage, oxidation and hydrogenation effects; specimen
stages for heating (1000°c§, cooling (9°K), straining, gaseous environments

and for the ion-beam interface with a 300 kV ion accelerator and a 2 MV tandem
accelerator are available for in-situ implantations and irradiations; approxi-
mately 50% of the HVEM usage is by non-ANL scientists on research proposals
approved by a steering committee for the HVEM that meets every six months.

49.  IPNS OPERATIONS $1,352,000 01-4
D. C. L. Price, B. S. Brown

The Intense Pulsed Neutron Source (IPNS) program operates a spallation neutron
source for materials science research with neutron scattering and irradiation
techniques. Research time on the national facility is prioritized by a national
program committee. Available facilities include two 1iqui& helium temperature
cryostats and one high temperature environment for fast neutron radiation
effects research, a general purpose and a special environment powder diffrac-
tometer, a single crystal diffractometer, and a chopper spectrometer. '

50.  MECHANISMS OF FAILURE OF MATERIALS $306,000 01-5
A. P. L. Turner, J. L. Routbort, -
R. 0. Scattergood

Investigation of the mechanisms of erosion of ceramics by particle impingement;
study of the erosive removal of corrosion product scales from metal substrates
and investigation of the effects of radiation on mechanical behavior of metals.

51. CORROSION STUDIES $472,000 01-5
M. B. Brodsky, T. F. Kassner,
K. Natesan, N. L. Peterson,
L. E. Rehn, S. J. Rothman,
H. Jain, P, Marikar, L. Richter

Studies of Ni-Cr alloy oxidation in-situ in the high voltage electron microscope
and with LEED, AES, XPS, and analytical electron microscopy; effects of minor
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and with displacement-producing irradiation; surface layer modification of
alloys by ion implantation and sputtering; solute segregation to internal
and external defect sinks; effects of irradiation on ordering alloys and on
the microstructure of two-phase alloys; in-situ studies of 1ion and electron
irradiation and ion implantation in the High Voltage Electron Microscope;
analytical microscopy; radiation sources include 4 MV Dynamitron-2 MV Van de
Graaff dual-ion-beam facility, and 300 keV ion accelerator.

48. HIGH VOLTAGE ELECTRON MICROSCOPE $468,000 01-4
TANDEM FACILITY
A. Taylor

Operation and development of 1.2 MeV High Vo]tage Electron Microscope Facility
with in-situ capability for ion implantation, ion damage, and ion beam analysis;
the HVEM is currently being utilized for research programs in mechanical
properties, radiation damage, oxidation and hydrogenation effects; specimen
stages for heating (1000°Cg cooling (9°K), straining, gaseous environments

and for the ion-beam interface with a 300 kV ion accelerator and a 2 MV tandem
accelerator are available for in-situ implantations and irradiations; approxi-
mately 50% of the HVEM usage is by non-ANL scientists on research proposa]s
approved by a steering committee for the HVEM that meets every six months.

49.  IPNS OPERATIONS | $1,352,000 01-4
D. C. L. Price, B. S. Brown

The Intense Pulsed Neutron Source (IPNS) program operates a spallation neutron
source for materials science research with neutron scattering and irradiation
techniques. Research time on the national facility is prioritized by a national
program committee.  Available facilities include two 1iquid helium temperature
cryostats and one high temperature envirdnment for fast neutron radiation

effects research, a general purpose and a special environment powder diffrac-
tometer, a s1ng]e crystal diffractometer, and a chopper spectrometer.

50.  MECHANISMS OF FAILURE OF MATERIALS $306,000 01-5
A. P. L. Turner, 3. L. Routbort, B
R. 0. Scattergood

Investigation of the mechanisms of erosion of ceramics by particle impingement;
study of the erosive removal of corrosion product scales from metal substrates -
and investigation of the effects of radiation on mechanical behavior of metals.

51. CORROSION STUDIES , $472,000 01-5
M. B. Brodsky, T. F. Kassner, S
K. Natesan, N. L. Peterson,
L. E. Rehn, S. J. Rothman,
H. Jain, P. Marikar, L. Richter

Studies of Ni-Cr alloy oxidation in-situ in the high voltage electron microscope
and with LEED, AES, XPS, and analytical electron microscopy; effects of minor
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alloy additions introduced by ion implantation on the oxidation of Ni-alloys
using ion beam analysis to study near surfaces segregation; effects of alloy-
ing additions on the mechanisms and kinetics of protective scale breakdown
for Fe alloys in bi-oxidant environments; grain-boundary diffusion of sulfur
in NiO.
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Solid State Science Division -02-
P. D. Vashishta - Phone {FTS) 972-5493 or 312-972-5493

92. NEUTRON SCATTERING RESEARCH $2,084,000 02-1
T. Brun, P. Dutta, G. Felcher,
J. Jorgensen, M. Misawa,
C. Pelizzari, V. Rakhecha,
F. Rotella and S. Sinha

Neutron inelastic scattering and neutron diffraction are used to study the
dynamics and structure of dense fluids and amorphous solids, lattice excita-
tions in crystals, magnetic systems, phase transitions and mechanical proper-
ties at high pressures, dynamics of hydrogen in solid and liquid metals, and
molecules adsorbed on surfaces. A major effort is devoted to development of
instruments to be used with pulsed neutron sources such as IPNS, including a
high-resolution powder diffractometer, a crystal analyzer spectrometer, and
a chopper spectrometer. Current areas of interest include the structure and
lattice dynamics of hydrides, superionic conductors, two dimensional phase
transitions in monolayer and sub-monolayer films, ternary superconducting
systems, and valence fluctuation materials.

53. MATERIALS PREPARATION AND $275,000 - 02-2
~ CHARACTERIZATION
S. Susman and D. Hinks

Preparation of metal, insulator and semiconductor single crystals with docu-
mented physical and chemical properties; investigations of mechanisms involved
in purification and single crystal growth. Materials of current interest are
related to studies of fast ion transport in solids, ternary superconductors,
and systems which display itinerant magnetism.

54. RADIATION EFFECTS IN $239,000 02-~-2
INSULATORS
W. Primak and E. Monahan

Studies of defects in insulators involving the damage caused by X-rays,
Y-rays, neutrons and charged particles, and the relation of such defects to
the transport of ions, atoms and electrons. Major areas of activity include
radiation induced dimensional changes and stress relaxation of glasses in high
radiation level environments; investigations of glasses in connection with
their use as waste storage media and diagnostic windows in fusion reactions
and relationships of radiation damage to radiation dosages.
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55. VERY LOW TEMPERATURE STUDIES $256,000 - 02-2
P. Roach, L. Jedrzejek '
and Y. Takano

Studies of properties of quantum liquids and solids at very low temperature. -
Current activities and areas of interest include: properties of superfluid
phases of He3; sound propagation, ion mobility and “texture" in new He3 phases;
adiabatic cogling by nuclear demagnetization; static and dynamic suscepti-
bility of He3 phases; nuclear magnetic ordering in solid He3; and the search
for triplet or p-wave superconductivity in metals.

56. SUPERCONDUCTING AND NOVEL MATERIALS $372,000 02-2
C. M. Falco, K. E. Gray, ,
R. Kampwirth, M. Khan,
I. K. Schuller and J. Zasadzinski

- Research in fundamental non-equilibrium processes in superconductors and in
novel materials, especially technological superconductors made by sputtering.
Current topics include: measurements of distribution functions in non-equili-
brium superconductors; thermoelectric transport coefficients in the supercon-
ducting state; the preparation and characterization of high T. materials by
high rate sputtering; studies of gap enhancement; layered ultrathin coherent
structures; transport properties measurement; two-dimensional ordering. The
following applications have resulted from these studies: fault current limiter;
high temperature SQUID development; superconducting transistor; superconducting
filters; geophysical prospecting using SQUIDs.

57. CATALYSIS AND SURFACE STUDIES $312,000 02-2
B. Abraham, L. Iton,
K. Miyano, T. I. Morrison
and T. Tokuhiro

Research investigating the physical and chemical processes occurring in two-
dimensional systems and interfaces. Research areas include properties of
adsorbates on catalyst surfaces such as zeolites, supported metal catalysts
and Ziegler-Natta polymerization catalysts; investigations of the rigidity,
permeability and ordering of monolayers spread on water; and two-dimensional
phase transitions using freely suspended films and monolayers. Experimental
techniques include shear measurements of monolayers, resonance methods such
as NMR and EPR, and structural techniques such as EXAFS.
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58. INTERMETALLIC COMPOﬁi;; AND HYDRIDES $456 ,000 02-2
- J. Cashion, G. Crabtree, ;

B. Dunlap, W. Johanson,

H. Kierstead, D. Niarchos

and G. Shenoy

Mossbauer effects and magnetization studies of ternary superconductors such

as ErRhgBs and related materials; thermodynamic, structural, electronic and
magnetic properties of rare-earth (RE) hydrides, and storage hydrides such as
RFepGy, RFe3Hy, RCogHyx. EXAFS studies of monomers and dimers of FE isolated

in argon and nitrogen matrices; studies of the Fermi surface in metals, alloys
and intermetallic compounds via the de Haas van Alphen effect; resistivity and
susceptibility at zero and high pressure; measurements of conduction electron
effective masses; anisotropy of many-body enhancements; scattering of electrons
by impurities, lattice defects and local moments. Materials of interest include
Nb, Pt, Pd, actinide materials (U3Asq, UGe3, RIr3); mixed valence and other
rare-earth materials (Lu, LaSn3, CeSn3); superconducting A-15 compounds (Nb3Sb).

59. BASIC STUDIES OF SOLAR MATERIALS L $365,000 02-2
M. Grimsditch, L. Guttman, o ' ' .
J. McMillan, J. E. Potts
and D. Y. Smith

A multi-disciplinary study of the optical, electronic, thermal and structural
properties of selected semiconductors of interest for solar applications.
Current emphasis is on chemically-modified amorphous materials including
silicon and the optical properties of heat mirrors and crystalline Si and GaAs.
Topics of interest include: crystallization and annealing processes in
amorphous thin films; thermal stability, photohysteresis, structure and
electronic properties of chemicallly modified amorphous systems; studies

of the random network model of amorphous materials.

60. FAST ION TRANSPORT IN SOLIDS $255,000 | 02-2
C. Delbecq, S. Susman :
and L. Boehm

Studies of basic mechanisms for ionic transport of solid electrode and electro-
lyte materials. The techniques include: neutron diffraction, nuclear
magnetic resonance, molecular dynamics calculations and phonon structure
calculations. The experimental programs are strongly coupled with material
preparation procedures. Primary materials of current interest are Li-Al
alloys, compounds of the NASICON family and conducting vitreous glasses.



LABORATORIES - 20 ~

61. SOLID STATE THEORY AND COMPUTER $550,000 02-3
™  SIMULATION

L. Guttman, R. Kalia,

D. Koelling, M. Parrinello,

A. Rahman, D. Y. Smith,

and P. Vashishta

Molecular dynamics and the computer simulation of solids and liquids;
electronic structure and properties of metals and intermetallic compounds;
electron-hole plasmas in semiconductors; structure and interaction of
atoms in condensed matter; the electron-phonon interaction; supercon-
ductivity in transition metals and alloys; theory of magnetism and metal-
nonmetal transitions; surface phenomena including: surface structure,
physisorption, chemisorption and catalysis; theoretical studies of super-
ionic conductors including CaFp, o-Agl and o-Cul; many-body effects of
mu1t1~component plasmas in III-V semiconducting materials, space charge
layers in metal-insulator-semiconductor devices.

62. GEOTHERMAL PROSPECTING WITH $190,000 02-5
T SQUIDS

C. Falco, R. T. Kampwirth,

C. W. Lee and 1. Schuller

Development of instrumentation and data analysis techniques for location
of subsurface hydrocarbon deposits using Superconducting Quantum Inter-
ference Devices (SQUIDs).
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Intense Pulsed Neutron Source Program - 02

D. L. Price, Phone (FTS) 972-5518 or 312-972-5518
63. PULSED NEUTRON SOURCE OPERATION $ 870,090.- 02-1

D. L. Price, B. 5. Brown, J. M. Carpenter, R. L. Kustom

The IPNS Program has the goal of providing an intermediate-flux pulsed
spallation neutron source for condensed matter research with neutron scattering
and irradiation techniques. Constructed over a 2%-year period at a cost of
$8.8M, the IPNS-I facility will be equipped initially with four neutron scattering
instruments and capabilities for radiation effects research at high and low
temperature. It is run as a national user facility with experiments selected on
the basis of scientific merit by a nationally constituted Program Committee.
Approximately 40 experiments, mostly involving users from outside Argonne, have
been selected for the period October 1981 - March 1982. Relevant Argonne
research programs appear under the neutron activities of the Materials Science,
Solid State Science and Chemistry Divisions of Argonne National Laboratory.
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Chemistry Division -03-'
F. Cafasso - Phone: (FTS) 972-4542 or 312-972-4542

64. CHEMICAL STRUCTURE: NEUTRON $920,000 03-1
AND X-RAY STRUCTURAL STUDIES
J. M. Williams, A. J. Schultz, R. G. Teller,
M. Beno, P. Vella, T. Morrison, M. Atoji

Research on synthesis and structural characterization of new materials
which are either models of catalyst systems or which show catalytic
activity or which possess unusual electrical or magnetic properties.
Structural characterization of transition metal coordination and cluster
complexes; neutron scattering studies of "activated” C-H bonds in hydro~
carbon organometallics relevant to Fischer-Tropsch synthesis. Synthesis
and characterization of new one-dimensional metal-chain electrical con-
ductors; structure of tetramethyltetraselenafulvalene-based organic para-
and superconducting metals. Magnetic properties of rare earth metals

and compounds and inorganic bronzes. Design and construction of first

neutron time-of-flight, single-crystal diffractometer for studies at the
Intense Pulsed Neutron Source.

65. CHEMISTRY OF MATERIALS $423,000 03-2
_— R. Kumar, P. Cunningham, B. Holt,
D. Drapcho, S. Siegel, S. Johnson

Chemistry of atmospheric particulates; formation mechanisms of atmospheric
sulfate, nitrates, and organics. Stable oxygen isotope ratio measurements.
acidic precipitation chemistry; in situ sampling and real-time characteri-
zation of particulates; infrared spectroscopic and chemiluminescent instru-
ments for atmospheric SOy and NOx species analysis; phase equilibria in
S0,~NO;-H20~NH3 systems; heterogeneous and homogeneous conversion chemi-
stries of atmospheric, nitrogen—-bearing pollutants; kinetics of gas-solid
reactions and role of structural disorder in determining these kinetics.

66. ELECTROCHEMISTRY OF ENERGY STORAGE $586,000 03-2
CONVERSION SYSTEMS & PROCESSES
M. Blander, V. Maroni, C. Melendres,
Z. Nagy, M.-L. Saboungi, G. Papatheodorou,
F. A. Cafasso, J. Settle, R. Yonco

Research on electrode processes and electrolyte chemistry. Electrochem~
ical, spectroscopic (laser-Raman, IR, electronic absorption NMR, ESR,
Mossbauer), in situ surface chemical, and theoretical (quantum mechanical,
molecular dynamics) investigations. Oxygen reduction electrocatalysis by
transition metal organometallics; fast electrode dissolution/deposition
reaction kinetics, electrochemical corrosion mechanisms, solvation and
associative complexation reaction chemistry in molten salt electrolytes,
. electrolyte structure, and electrochemical processing.
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Chemical Ehgineering Division -03-
F. Cafasso - Phone: (FTS) 972-4542 or 312-972-4542

67. THERMODYNAMICS & CORROSION CHEMISTRY : $747,000 03-2
- M. Blander, P. A. G. O'Hare, : '

M.-L. Saboungi, G. Papatheodorou,

L. Curtiss, D. Frurip, E. Velecklis, -

W Calaway, W. Hubbard, R. Yonco

Experimental and’ theoretical research on the thermodynamic and corrosion
properties of a variety of inorganic materials; derivation and testing of
statistical mechanical theories of high-temperature multicomponent solu-
tions -and vapor molecules; prediction of thermodynamic properties and
phase diagrams of sulfide, oxide, and metal systems; experimental tests of
theory predictions; quantum mechanical calculations of the structures and
stabilities of vapor molecules. Thermodynamics of ionic alloys and binary
alloy hydrides; thermochemistry of inorganic sulfides and compounds formed
between fission products and glass systems; solution properties of liquid
metals and-alloys; high-temperature Raman spectroscopy of vapor complexes
formed between acidic gases and transition metal and rare earth halides;
electronic absorption spectra and thermodynamics of formation of complexes;
volatility enhancement by complexes for separation processes; synthesis of
metastable alloy compounds by vapor phase condensation; transition metal
corrosion mechanisms in liquid metals; role of nonmetals in liquid metals
on corrosion; nature of metal-nonmetal interactions in these liquids.

68. HIGH-TEMPERATURE MATERIALS CHEMISTRY - §520,000 .. 03-3
K. D. Carlson, D. T. Hodul,
R. J. Thorm, G. E. Murch, E. G. Rauh

Research on solid state chemistry of high-temperature electronic and
ionic conducting materials important in energy conversion and storage
system. Computer simulation of fast oxygen ion transport; diffusion in
highly defective solids. Photoacoustic spectroscopy of semiconducting
solids; energy levels, crystal field effects, valence band character of
actinide and lanthanide compounds. X-ray photoelectron spectroscopy of
opaque powdered ionic compounds; orbital binding energies and ionicities
of lanthanide ions. Conductivities of Li-Fe~S phases. Thermodynamic
and transport properties of 2r03/Hf02 and Zr0;/ThO; refractories; synthe-
sis of new solids with unusual electrical conductivities and rates of
ion transport. ) -
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ég, PHYSICAL AND SURFACE CHEMISTRY $680,000 03-3
OF ENERGY SYSTEMS
D. M. Gruen, H. E. Flowtow,
A. R. Krauss, M. J. Pellin,
G. J. Lamich

Charge-transfer processes at surfaces; effects of surface chemistry on
excitation, de-excitation, ionization and neutralization mechanisms of
sputtered species; charge-transfer from alkali metal monolayers to sub-
strates; mechanisms of surface segregation in alloy systems; mechanisms
influencing secondary ion and photon emission; velocity distributions
of sputtered atoms via laser fluorescence spectroscopy. Electronic
structure of small naked transition metal clusters; cryochemistry of
metal dimers in noble gas matrices. Structural and thermodynamic
properties of intermetallic hydrides, particularly of Laves and n-

phases.
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Corrosion Science Group -01-
J. R. Weeks ~ Phone: (FTS) 666-2617 or 516-282-2617
M. Suenaga - Phone:. (FTS) 666-3518 or 516-282-3518

ng INTERGRANULAR STRESS CORROSION $300,000 01-2
H. S. Isaacs, K. Sieradzki, L. C. Newman

Mechanistic aspects of intergranular corrosion cracking of iron and nickel
base alloys in ambient and high temperature water. Studies of effects of
heat treatment, stress, surface treatment and sulfur compounds in solution.
Electrochemical techniques include ac impedance, polarization measurements
and in situ surface scanning for determining location of heterogeneities and
location and rates of corrosion. Mechanisms of electrochemical dissolution
in simulated cracks and environments and associate salt layer formation. Me--
chanical tests include crack growth rate measurements constant elongation
rates on cracking susceptibility and effects of surface damage as rupture on
repassivation. Surface analysis including determination of chromium deple-
tion and grain boundary segregation using scanning transmission microscopy,
and x-ray photoelectron spectroscopy. '

Materials Science Division -0l- _
M. Suenaga - Phone: (FTS) 666-3518 or 516-282-3518

71. BASIC PROCESSES AND MICROSTRUCTURAL $220,000 01-1
" PROPERTIES OF AMORPHOUS SEMICONDUCTORS

R. W. Griffith, R. R. Corderman, M. D. Hirsch,

F. J. Kampas, P. E. Vanier

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 forma-
tion. Studies of film structure and morphology by electron and optical mi-
croscopy, positron annihilation, etc., and of chemical bonding by infrared
absorption and electron spin resonance. Measurement of photoelectronic prop-
erties and their correlation with structural and bonding characteristics.

72. RELATIONSHIP BETWEEN PROPERTIES $250,000 01-3
AND STRUCTURES
D. 0. Welch, M. Suenaga, S. Okuda

Fundamental properties of high critical-temperature and critical-field super-
conductors; effects of strain, disorder, and lattice defects on supercon-
ducting properties; theoretical models of interatomic forces, lattice defects,
and diffusion kinetics in Al5 compounds; annealing kinetics in Al5 compounds;
studies by electron microscopy of lattice defects in superconducting com-
pounds; properties of composite superconductors; new methods of fabricating
superconducting materials.



LABORATORIES -26 -

"BROOKHAVEN NATIONAL LABORATORY -
Materials Science Division -01- (Continued) :

73. PHYSICAL METALLURGY OF METAL $425,000 01-3
HYDRIDE SYSTEMS
M. ‘A, Pick, J. R. Bethin, S. M. Heald,
D. 0. Welch

Studies of physical and metallurgical factors which influence the hydriding
behavior of 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-
hydrogen systems using optical, neutron and x-ray diffraction, EXAFS, elec-
tron microscopic, and surface sensitive techniques.

74. MATERIALS FOR ELECTROCHEMICAL $100,000 01-3
ENERGY CONVERSION AND STORAGE
W. E. 0'Grady

The role played by the structure, chemical composition and oxidation states
of the surface in electrode reactions is being studied. Electrochemical
techniques combined with low energy electron diffraction, Auger electron
spectroscopy and x-ray photoelectron spectroscopy are being used. High
surface area catalysts prepared by various techniques including ion implan-
tation are also being investigated in an effort to bridge the gap between
studies on well defined single crystals and those on microcatalyst particles.

75. RADTATION DAMAGE : $240,000 01-4
C. L. Snead, Jr.

Effects of different types of irradiation on critical properties. of type-II
superconductors; electron, reactor neutron, 1l4-MeV neutron, 17-MeV, 800-MeV,
and 30-GeV proton irradiations; Nb-Ti, and Al5 superconductors; defect and
microstructure changes in irradiated materials; enhanced diffusion applied
to Al5 superconductors by solid-state process; application of positron an-
nihilation to defect studies: irradiation-induced defects, and gases in
metals. Mechanical properties of various materials using internal friction
and dynamical Young's modulus techniques.,

76. EFFECT OF MICROSTRUCTURE AND .$150,000 01-5
ENVIRONMENT UPON FRACTURE TOUGHNESS .
D. Gan

Fundamental study on the relationship between microstructures and fracture
toughness of structural materials: microstructure changes due to fatigue
and creep and various environmental atmospheres: Ni, solid solution super-
alloy and commercial alloys: TEM and small angle neutron scattering will be
employed.



LABORATORIES - 27 -

BROOKHAVEN NATIONAL LABORATORY
Department of Physics -02-
V. J. Emery - Phone: (FTS) 666-3765

77. NEUTRON SCATTERING - MAGNETIC $745,000 02-1
SYSTEMS
S. M. Shapiro, J. D. Axe
C. F. Majkrzak, S. K. Satija,
G. Shirane

Neutron scattering studies of the structure and dynamics of magnetic
materials. Spin dynamics of low-dimensional, amorphous and disordered
magnetic systems; correlations in spin glasses; magnetic ordering in
superconductors.,

78. NEUTRON SCATTERING - PHASE $805,000 02-1
T TRANSITIONS

G. Shirane, J. D. Axe, S. K. Satija,

S. M. Shapiro, R. W. Youngblood

Neutron scattering studies of structural phase transitions and their
dynamics; low—dimensional charge density waves; phase transitions and
dynamics of incommensurate systems; soft modes in solids; hydrogen
bonded systems.

79. NEUTRON SCATTERING - ELEMENTARY $745,000 02-1
~  EXCITATIONS IN SOLIDS

J. D. Axe, L. Passell, S. K. Satija,

B. H. Grier, C. F. Majkrzak

Neutron spectroscopy of low-lying excited states in solids;
electron-phonon interactions in metals; dynamics of mixed valence
systems; lattice dynamics of metal hydride systems; anharmonic phonon
effects in insulators.

§g. NEUTRON SCATTERING - PARTIALLY $805,000 02-1
ORDERED SYSTEMS
L. Passell, C. F, Majkrzak,
S. M. Shapiro, R. W. Youngblood, M. Sato

Neutron scattering studies of short-range order and excitations in
overlayer films, intercalated layers, and amorphous solids, dynamics
of s8o0lid electrolytes; dynamics of thin superfluid “He films adsorbed
on graphite.



LABORATORIES - 28 -

BROOKHAVEN NATIONAL LABORATORY
Department of Physics -02- (continued)

81. EXPERIMENTAL RESEARCH- $580,000 02-2
" SPECTROSCOPY OF SOLIDS

B. C. Frazer, Y. Fujii, J. B. Hastings,

M. Kaplan, W. C. Thomlinson, G. P. Williams,

H. Yoshizawa

Structural, dynamic and electronic properties of condensed matter
systems studied by x-ray, neutron and VUV spectroscopies.
Ferroelectric and martensitic phase transitions. Order-disorder in
hydrogen—-bonded systems. Intercalated graphite systems. ’
Photoemission spectroscopy of III-V compounds and transition metals.
Equipment and technique development for NSLS experiments.



LABORATORIES - 29 -

BROOKHAVEN NATIONAL LABORATORY
Department of Physics —02- (continued)

82. EXPERIMENTAL RESEARCH - - $460,000 02-2-
T PROPERTIES OF REAL SOLIDS : ’ N

A. N. Goland, K. G. Lynn, P. W. levy,

C. L. Snead, Jr. (DEE); W. J. Kossler

(College of William and Mary);

R. N. West (U. of East Anglia, UK);

H. H. Jorch, P. J. Schultz, and

I. K. MacKenzie (U. of Guelph, Canada);

D. 0. Welch (DEE); M. S. Spergel (CUNY);

D. Fischer, L. Granatelli (SUNY-Stony Brook)

Investigations of perfect and imperfect solids by specialized
experimental methods; slow-positron behavior at and near
well-characterized metal surfaces and interfaces, positron bulk
diffusion, positron trapping in surface states and positronium
formation; studies of high-momentum core annihilations.as-a function
of temperature, positron annihilation in technologically important
metals and alloy systems; applications of utsr to defect problems in
metals; development of utSR channel at AGS, geophysical applications
of mineral thermoluminescence; determination of extra terrestrial
surface compositions.

83. EXPERIMENTAL RESEARCH - $200,000 02-2
" ADVANCED MATERIALS SYNTHESIS
AND CHARACTERIZATION
A. N. Goland, D. E. Cox, A. Moodenbaugh

Synthesis, characterizationn and electrical properties of inorganic
materials; fundamental phase equilibria and structural studies by
x-ray and neutron diffraction; high-temperature oxide preparation and
characterization; application of profile refinement methods to complex
oxide structures; studies of structure and disorder in high T,
superconductors; energy-dispersive x-ray diffractometry and planning
for beam line at NSLS, monochromator preparation facility for NSLS,
T —.
84, EXPERIMENTAL RESEARCH - $180,000 02-2
T ALTERATION AND ANALYSIS OF
SOLIDS BY ION BEAMS
A. N. Goland; H. Herman, S. Prasad, C. R. Clayton,
Y. F. Wang (SUNY-Stony Brook); M. Pick (DEE),
A. Hanson, K. W. Jones; J. A. Golovchenko
(Bell Labs)

Ion implantation and defect profiling in metals and alloys; energy
loss of similarly charged heavy ions; alteration of electrochemical
properties by ion implantation; XPS and TEM analysis; formation of
alloys and precipiates by ion implantation; hydrogen profiling by
nuclear reaction techniques; surface phenomena and thin films.




LABORATORIES . - 30 -

BROOKHAVEN NATIONAL LABORATORY
Department of Physics =-02- (continued)

85. THEORETICAL RESEARCH $590,000 02-3
_— V. J. Emery, R. Bruinsma

J. Davenport, G. J. Dienes, H. Hamber

G. Reiter, R. E. Watson

Phase transitions, critical and cooperative phenomena in magnetic
systems, organic metals and incommensurate structures; properties of
one- and two-dimensional materials by analytic 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.

86. PARTICLE~SOLID INTERACTIONS - $590,000 02-4
T RADIATION EFFECTS RESEARCH

A. N. Goland, P. W. Levy, J. M. Loman,

D. R. Dougherty, K. G. Lynn; P, J. Schultz,

I. K. MacKenzie (U. of Guelph, Canada);

R. N. West (U. East Anglia, UK);

C. L., Snead, Jr. (DEE)

Investigations of radiation effects in metals, alloys and
semiconductors as a function of incident neutron energy spectrum by
positron-annihilation measurements, in situ studies of
electron-bombarded natural and synthetic NaCl by measurements of
optical absorption and radioluminescence; thermoluminescence of
gamma-irradiated quartz and other minerals; dislocation generation in
gamma-irradiated crystals; calculation of radiation damage parameters
for nonmetals in diverse neutron sources; planning of beam line for
studies of transient photon-induced defects in solids and liquids at
National Synchrotron Light Source.



LABORATORIES - 31 -

BROOKHAVEN NATIONAL LABORATORY
Department of Physics -02- (continued)

87. EXPERIMENTAL RESEARCH - $545,000 . 02-5
" SURFACE STUDIES S ‘ >
R. H. Cantor, W. Eberhardt,
M. El-Batanouny, M. Strongin,
S. L. Weng

Use of photoemission to determine the properties of. hydrogen .and other
adsorbates on transition metals; LEED and photoemission studies of
structural transitions in overlayers; studies of the mechanism of ion
formation during electron stimulated desorption; applications of
electron stimulated desorption to studies of bonding geometries;
photoemission of adsorbates on metals at cryogenic temperatures;
design and construction of am line for photoemission experiments
at NSLS; désign and construction of an analyzer for gas phase

By PN

photéémission, :

88. EXPERIMENTAL RESEARCH - $235,000 02-5
" SUPERCONDUCTIVITY '

A. K. Ghosh, Z. Ovadhyau,

M. Strongin

Electrical transport properties and localization in disordered
conducting systems; the effect of disorder on the superconducting
transition, tunneling studies of Coulomb interaction effects in
disordered systems; transport and stability in composite
superconductors; properties of amorphous silicon.



LABORATORIES - 32 -

BROOKHAVEN NATIONAL LABORATORY
National Synchrotron Light Source -02-
A. van Steenbergen - Phone: (FTS) 666-4604

89, EXPERIMENTAL RESEARCH - NATIONAL $2,600,000 02-2
__ SYNCHROTRON LIGHT SOURCE, OPERATIONS
AND DEVELOPMENT
A. van Steenbergen, M. Blume, J. Godel,
K. Batchelor, L. Blumberg, J. Hastings,
M. Howells, H. Hsieh, S8. Krinsky,
J. Sheehan, W. Thomlinson, G. Williams

Operations of the National Synchrotron Light Source and Research and
Development in support of the facility. The operations aspect covers
operation and maintenance of the two NSLS electron storage rings and
its associated injector combination of linear accelerator - hooster
synchrotron; operation and maintenance of the photon beam lines of
the VUV and X-ray storage rings; and the technical support of experi-
mental users. The development of the NSLS encompasses the further
improvement of the storage rings to achieve maximum brightness photon
sources and the further development of the photon lines of the facil-
ity by means of new developments in high resolution photon optics,
state of the art X-ray monochromators, mirror systems, and photon
detectors.



LABORATORIES - 33 -

LoD
IDAHO NATIONAL ENGINEERING LABORATORY %{;&@ﬁﬁj// S% DY)
550 2nd Street ];) AN o
Idaho Falls, ID 83401 .

D. D. Keiser - Phone (FTS) 583-1770 or commercial (208) 526-1770

90. SCALING AND CORROSION IN ENERGY $120,000 03-1
CONVERSION SYSTEMS ‘
L. A. Casper, W. F. Downs

Chemical mechanisms of scaling and corrosion; mapping of the reactivity

of engineering alloy surfaces to determine sites which promote nucleation
of scale components or the initiation of corrosion; acid/base structure

of oxide surfaces; scale nucleation and growth at a heat-transfer rotating
disk; dissolution kinetics and thermodynamics of calcite (calcium carbonate)
in synthet1c geothermal brines with emphasis on coupling and complex be-
havior in unary, binary, and ternary brines.

91.  WELDING RESEARCH $250,000 01-5
T J. F. Key, H. B. Smartt ,

Heat source/molten pool interaction studies utilizing high-speed cinematog-
raphy, optical emission spectroscopy, holography, and infrared thermography
to develop process models. Process parameter, material properties, solidi-
fication structure relationships. Optical metallographic microstructure
characterization; solidification and heat flow modeling. Publication of
BES contractor information exchange letter on welding.

92.  ENVIRONMENTAL EFFECTS ON MECHANICAL $100,000 01-5
PROPERTIES OF METALS
G. R. Smolik, R. M. Horton

Corrosion and failure mechanism in environments generic to coal gasification
atmospheres. Influences of gas composition with various oxidation and
sulfidation propensities. Material variables: Alloy 800H, grain size,
carbide concentration and distribution. Test variables: strain, strain
rate, stress state, presence of crevices and thermal cycling.




LABORATORIES - 34 - \?pLS

3
ILLINOIS, UNIVERSITY OF M@,&%
at. Urbana-Champaign oo
Urbana, I]]inqis 61801

&
Materials Research Laboratory égm')ff
C. P. Flynn - Phone: 217-333-1370 _
93.  LOCALIZED CORROSION OF PASSIVE $57,000 o 01-1
T METALS »
R. C. Alkire

Corrosion of metals owing to fluid flow. Erosion by particle impaction
and cavitation. Transport models of early growth of corrosion pits.

9. CENTER FOR MICROANALYSIS OF $125,000 01-1
MATERIALS ' ‘
H. K. Birnbaum and J. A. Eades

Materials characterization as part of collaborative reéearch with DOE
Laboratories and Universities Programs personnel, carried out in the
University of I11inois Center for Microanalysis of Materials.

95. RAPID SOLIDIFICATION PROCESSING ' $125,000 01-1
H. L. Fraser

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.

96. SEMICONDUCTOR CRYSTAL GROWTH BY $96,000 - 01-1
T ION BEAM SPUTTERING o
~J. E. Greene

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 compounds and II-IV-V2 chalcopyrite systems.

97. DYNAMICAL STRUCTURE OF MATERIALS ‘ .$115,000 01-1
UNDER EXTREME CONDITIONS OF
TEMPERATURE AND PRESSURE '
J. Jonas

Transport processes in undercooled metals and intercalated compounds.
Dynamical structure of electrolytes at high temperature and high pressure.
Measurement techniques for extreme conditions of temperature and

pressure. = : C ) ‘ ' '



LABORATORIES - 35 - ‘S*WW 4/?47; CI )

ILLINOIS, UNIVERSITY OF
Materials Research Laboratory (continued)

98. GRAIN GROWTH IN ALUMINA $47,000 01-1
- D. S. Phillips :

Electron microscopy and diffraction investigation of grain boundaries in
sintered ceramics, especially aluminas, both with and without glassy
phases.

99. LASER PROCESSING OF MATERIALS $55,000 01-1
- SURFACES
M. J. Rigsbee and S. H. Risbud

Development of laser processing methods for modification of structure,
composition, chemical properties and strength of metallic and ceramic
material surfaces.

100.  CHARACTERIZATION OF COAL $50,000 01-1
C. A. Wert

Examination of mineral phases in coal, principally sulfides, by analytical
electron microscopy. Internal friction peaks observed from the
carbonaceous matter are used to investigate features of main-chain
motion, appended side radicals, and defect reorientation under stress
similar to polymers.

101.  HYDROGEN BEHAVIOR IN BCC METALS | $165,000 01-2
H. K. Birnbaum

Hydrogen, deuterium, tritium and helium mobility in niobium, tantalum,
vanadium and nickel through classical and quantum mobility regimes.
Properties and phase transitions of group Vb metal hydrides; neutron,
surface, permeation and anelastic techniques. Mechanisms of hydrogen
transfer across solid interfaces.

102. MECHANICAL PROPERTIES OF MATERIALS $43,000 01-2
J. T. Holder '

Ultransonic and mechanical measurements of inter and intragranular micro-
fracture, grain boundary siiding, twinning and plastic flow during
triaxial deformation of sandstone, 11mestone and marble. Plasticity

and dislocation motion in ice.

103.  COUNCIL ON MATE&AL( IENCE $57,000 01-2
R. J. Maurer ~ ,53'},75703

Acquisition of informat1on concerning current and proposed basic research
on materials and their application to problems of energy utilization.



LABORATORIES - 36 -

ILLINOIS, UNIVERSITY OF
Materials Research Laboratory (continued)

104. STRUCTURE, CRACKING AND CORROSION $95,000 01-2
OF CERAMIC GRAIN BOUNDARIES
S. D. Brown and W. T. Petuskey

Effect of impurities on structure and chemistry of regions ‘contiguous
to grain boundaries in SiC and SigNg. Fracture strength toughness,
creep and corrosion. Structure o? ﬂ]N—SiC solid solutions.

105. PHYSICAL. PROPERTIES OF $75,000 01-2
CERAMIC MATERIALS
W. S. Williams

Strength (flow stress) of carbides, borides, nitrides at high
temperatures; transmission electron microscope (TEM and EELS), charact-
erization of defect structures; conductive and- chemical properties of
carbides; Auger electron spectroscopy and photoelectron spectroscopy for
near surface composition and chemical shifts.

106. OXYGEN IN REFRACTORY BCC METALS $58,000 01-3
C. J. Altstetter

Thermodynamics and diffusion of oxygen in refractory metals using solid
electrolyte cells. Metal-oxygen and oxygen-oxygen interactions in
alloys. Thoria-yttria and zirconia-calcia electrolytes in bulk and vapor
depos1ted form.

107. DEVITRIFICATION BEHAVIOR IN METAL- $54,000 01-3
- CONTAINING SILICATE GLASSES
H. Chen

EXAFS, small-angle x-ray scattering and SEM 1nvest1gat1on of devitrifi-
cation kinetics and associated microstructural .and.compositional. changes
in silicate and borosilicate based glasses containing metal oxides.

108. SOLID DIELECTRICS . $86,000 - 01-3
T D. A. Payne :

Synthesis, preparation, crystal growth, fabrication, characterization and
property measurements on new and improved ceramic materials for energy
conversion and detection systems. Relationships. between polycrystalline
and single crystal properties in e]ectr1ca1 ceramics. FTux growth of
ferroelectric crystals, hot- forg1ng and extrusion of oriented micro-
structures in piezoelectric ceramics. E1ectroca10r1c measurements at polar
transitions, and field-enforceable anti-ferroelectric- ferroe]ectr1c
switching.



LABORATORIES

ILLINOIS, UNIVERSITY OF

Materials ReSearch Laboratory (continued)

109. HYDROGEN TRAPPING IN BCC ALLOYS _ $53,000 01-3
T. J. Rowland

Electronic structure and hydrogen binding energies of trapping sites in
binary substitutional solid solutions. Trap characterization by NMR
(quadrupole interactions, Knight shift, relaxation time), resistivity
vs temperature, EXAFS, and ion probe analysis.

110.  MICROWAVE STUDIES OF DISORDERED $54,000 01-3
- MATERIALS .
H. J. Stapleton

Effects of tunneling states and disorder in amorphous semiconductors, fast
jonic conductors, and doped crystals using electron spin relaxation, EPR,
ENDOR, and microwave dielectric susceptibility in the 0.25 - 25 K

temperature range.

111. LOW TEMPERATURE STUDIES OF DEFECT $101,000 02-2
STRUCTURE IN SOLIDS )
A. C. Anderson

Experimental studies of amorphous or 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.

112, STUDIES OF THE ELECTRONIC STRUCTURE $22,000 02-2
OF METAL SURFACES AND INTERFACES BY
PHOTOEMISSION
. T.-C. Chiang

Syncﬁrofron radiation photoemission inveétigations of the electronic
structures of low-index and stepped/vicinal surface of metals; physisorption
and chemisorption kinetics and reactions on these surfaces. EXAFS measure-

ments of surface structures.

113. RESPONSE-OF SOLIDS TO ELECTROMAGNETIC $99,000 A 02-2
RADIATION
-J. D. Dow

Optical semiconductor response to intense light; optical properties of
heavily doped semiconductors and model photovoltaic and electrolumines-
cent materials. Theory of synchrotron radiation spectra of deep cores in
metals. Theory of alloys. Theory of photovoltaic response to amorphous

Si.




LABORATORIES - 38 -

ILLINOIS, UNIVERSITY OF

Materials Research Laboratory (Continued)
- 114, USE OF VERY HIGH PRESSURE.TO $146,000 02-2
- INVESTIGATE THE STRUCTURE
OF MATTER

H. G. Drickamer

High pressure studies of the effect of tuning of energy levels and the
change of macroscopic variables on atomic and molecular states and processes
in condensed phases, applied to: (1) luminescence properties (2) optical
effects at a semiconductor-electrolyte interface. '

115. EXCITON COLLECTION FROM ANTENNA $66,000 02-2
- SYSTEMS INTO ACCESSIBLE TRAPS
: L. R. Faulkner

Exciton propagation from absorbing chromophores dispersed in polymer films
to trapping sites on film surfaces at monolayer converage. Controlled
molecular assemblies of three dimensional reaction systems.

116.  IMPURITIES IN SUPERCONDUCTORS $60,000 02-2
- D. M. Ginsberg

Use of tunneling and critical field measurements to investigate the effect
of magnetic impurities on the electronic and dynamical properties of
superconductors.’

117. ULTRASONIC INVESTIGATIONS OF THE $153,000 02-2
- STRUCTURE OF MATTER
A. V. Granato

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

118.  DEFECT AND ELECTRONIC PROPERTIES $108,000 02-2
OF SOLIDS
D. Lazarus

Atomic mobility in bcc transition metals, metallic glasses, and solid
electrolytes. Electrical resistivity and Hall effect in metallic glasses
and spin-glass alloys as a function of pressure and temperature.

119.  PROPERTIES OF CRYSTALLINE $122,000 02-2
—=" CONDENSED GASES
R. 0. Simmons

Thermal and isotopic point defects in helium crystals; phase separation in
solid helium; phase transitions and elastic properties of solid methanes;
quantum effects in diffusion.



LABORATORIES -39 -

ILLINOIS, UNIVERSITY OF
Materials Research Laboratory (continued) -

120.  NUCLEAR MAGNETIC RESONANCE IN , $159,000 , 02-2
SOLIDS
C. P. Slichter

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

121.  PHYSICAL PROPERTIES OF ORDERED = $74,000 | 02-2
AND DISORDERED SOLID SOLUTIONS
H. Zabel

X-ray and neutron scattering investigations of. structural, thermal and
vibrational properties of graphite-intercalation compounds.




LABORATORIES - 40 -

LAWRENCE BERKELEY LABORATORY
University of California
Berkeley, California 94720

Materials and Molecular Research Division
A. W. Searcy - Phone: (FTS) 451-6062, or 415/486—6062

122. STRUCTURE AND PROPERTIES OF /\\ 130,000 01-1
TRANSFORMATION INTERFACES
R. Gronsky‘___~_,><——~”'_"

Characterization of the structure and composition of interfaces at high spatial
resolution: grain boundaries, interphase boundaries and free surfaces. Deter-
mination of the role of interfaces in solid state reactions: structural and
compositional evolution accompanying transformations. '

123. MICROSTRUCTURE, PROPERTIES, ALLOY 490,000 01-1

— DEéIG¥hom£2$NIC ;\ATE?OI%S@ 4,}5 QL}% 3813

Relationships between m1crostructure and properties; control of properties
through character1zat1on/and control of structure; application of principles
of strengthening and phase transformations to alloy design for mechanical and
magnetic property improvements - energy conservation; systems under investiga-
tion include ferrous alloys, steels, alloys undergoing spinodal and ordering

- transformations, and ceramics. Quantitative analyses of structure by high
resolution electron microscopy, spectroscopy and diffraction and high voltage
electron microscopy.

124. SOLID STATE PHASE TRANSFORMATION 150,000 014

MECHANI SMS
K. H. Westmacott

Studies of the mechanisms of phase transformations are made using electron
optical techniques including the role of crystal lattice defects in precipi-
tation reactions; vacancy-solution interactions in substitutional and inter-
stitial alloy systems; segregation; impurity and minor alloy addition

effects. Interrelationships between precipitation sequence, habit plane, ori-
entation relations and crystal structure are being established and compared
with theoretical developments.

125. NATIONAL ELECTRON MICROSCOPY CENTER 505,000 01-1
- R. Gronsky, G. Thomas and K. H. Westmacott

Organization and operation of a user-oriented resource for transmission elec-
tron 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 microchemical analysis and support facilities for specimen preparation,
imaging analysis, image simulation and instrument development.
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April 19, 1982

Louis C. Ianniello, Director
Division of Materials Sciences
Office of Basic Energy Sciences
U.S. Department of Energy
Washington, D.C. 20545

Dear Lou:

1 have read the Panel Report on "Future Trends ih Condensed Matter
Theory and the Role and Support of Computation" and found it extremely
exciting and at the same time very practical.

It is practical in that it points to ways in which we can achieve some

of the materials advances which are sorely needed to maintain some of

our headway in the materials science field. It is becoming frighteningly
expensive to do the experimentation required to develop a new alloy--e.g.,
to reduce the need for Cr, Co, or Ta in "stainless steels" or to develop

a light transmitting material with given optical properties.

The advances of theoretical methods and particularly of theoretical
understanding of the nonlinear, non-equilibrium phenomena promise whole
new ways of achieving materials goals. -The development of powerful
minicomputers places the ability to simulate many of these materials
concepts in the hands of relatively small groups of researchers.

One could go on at great length on the opportunities presented by
present theories and tools. The more practical problem is in the
managerial realm, viz., where does one aim among three scenarios;

(1) give every theorist who asks for it a CRAY, (2) spread the support
uniformly over a myriad of minicomputers, or (3) choose a few major
advanced study centers for the large (CRAY-like) programs and carefully
select a few other groups to support by funding large minicomputers and
staffs of several workers.

My feeling is that the latter approach has greatest promise. The Panel
has shown great insight into the opportunities and the needs for this
important research area and I would expect them to be valuable guides in

A Division of Midwest Research institute
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selecting an optimum program of support for this field. A person who
might provide great insight into both the science and management of such
an effort is George Vineyard who recently returned to research from his

"post as Director of Brookhaven National Laboratory.

Sincerely,

Gd?éon E. Gross, P.E.
Chief, Materials Research

GEG/mja
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April.7, 1982-

Louis C. Ianniello, Director
Division of Materials Sciences
Office of Basic Energy Sciences
Department of Energy
Washington, D.C. 20545

Dear Lou:

I have, at last, had the opportunity to read thoroughly the report from your
comnmittee on Chromium Substitution and Conservation. I have several comments
to offer on the report and on research potentials suggested by it. But, first,
let me comment that the report is very well written, very stimulating, and
seems to have covered the field very well. Your committee deserves congratula-
tions.

The overall topic of material stability in hostile environments has been
studied in tremendous detail for many decades. The approach to solutions in
such problem areas by using metals has always lead to the difficult compromises
between interfacial protection such as the chromium oxide protection in
stainless steels and the achievement of suitable bulk properties such as
obtained through high alloy steels. As mentioned in the report, the surface
protective advantages of silicon and aluminum are completely outweighed by the
deleterious effects those two elements have on such bulk properties as weld-
ability and machinability. Clearly, in many of these cases the only solution

is through use of a composite in which a surface material of uniquely stable
surface properties is attached or cladded onto a bulk material having the
desired bulk properties. As soon as such things are done, of course, the
problems of diffusion of one set of materials into the other and the subsequent
damaging effects arises. When the problems of material durability are attacked
by nonmetallic means such as through ceramics, we encounter a new set of
problems. Namely, that ceramics are by their nature brittle, that is, they do
not have the electron configurations which provide for relatively low energy
dislocation movement, hence ductility, such as found in metals. This brittle-
ness on the part of ceramics causes a severe limitation when they are used in
structural applications partially because of the fact that designers are accustomed
to dealing with forgiving materials such as metal, and have only in the last
decade begun to develop the probabilistic design methods which alow use of
brittle materials in load bearing structures. This subject of brittle materials
in design of structures was studied intensely under Department of Defense programs
extending from the early '50's until the late '60's. Many of us who were active
in the field at that time recall the "ductile ceramic" dream of the defense
establishment. While the works of that period did not achieve the ductility in

A Division of Midwest Research Institute
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Louis C. Ianniello
Page 2
April 7,,1982.

ceramics that they originally sought, they.did achieve extreme depth of
understanding of the mechanical properties and of the physical origins of
those properties in nonmetallic materials.

Recent advances in the theoretical aspects of properties of materials . and in

the laboratory techniques for measuring the microscopic details of mechanical
properties and of things effecting them such as diffusion of impurities,
diffusion between surface layers, and morphology of surfaces all combine: to

make the present an ideal time for another frontal attack on the development of
new materials and material combinations to achieve desired structural and

other properties. ' Such work could eliminate critical dependence on such unique
elements such as chromium. Several Gordon Conferences and Engineering Research
Foundation Conferences during the '60's addressed various facets of this subject.
It would seem most appropriate to call together another conference where persons,
such as those who work on your committee and others who have been deeply involved
in the basic physics of materials would be able to discuss the current state

of this science and to debate the opportunities for research in this field. They
should concentrate on research which could lead to new materials understanding and,
eventually, to the solution of problems such as the chromium problem. The
meeting should be 1ike the Gordon Conferences in which persons were accepted only
by invitation and were chosen on the basis of their ability to probe deeply into
the physics and chemistry of material properties. The goal of the meeting would -
be the development of an integrated research plan which would combine the best

of current abilities to tackle the electron theoretical problems of material
behavior, the chemical problems of nonmetal activities, the corrosion chemistry
problems, and the problems of mechanical and surface testing into a five year
research plan. Such a plan, I believe, has extreme promise of delivering the
materials solutions sought. If there is any way, Lou, that I could help in
identifying some participants for such a meeting or in organizing it, I would

be most pleased. to do so.

In reading the report, I saw several opportunities for using some of the very
advanced surface science techniques that we can supply at SERI on some of the
problems, but I think-that rather than take individual shots at this large and
intriguing opportunity, we would be better off to develop an integrated program
in which a selected number of participants would be supported in an integrated
program aimed at some very specific things such as the achievement of certain
mechanical and other material properties through a'long-term research program. .

Sincerely,

N

“Gordon E. Gross, P.E.
Chief, Materials Research
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Preliminary Program
Working Group Meeting on Low Temperature
Neutron Irradiation, May 17-19, 1982

Monday AM - Introduction
Review of Past Scientific Contributions
Discussion of Future Scientific Directions

PM - Review of Research QOverseas
Fusion Materials Program
Current and:Potential Facilities

Tuesday AM - Discussion of Research and Facilities,
" formulation of report outline

PM - Preparation of Draft of Report
(individual)

Wednesday AM - Final Draft, Conclusions, Recommendations
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Washington, D.C. 20545

March 5, 1982

Professor R. W. Balluffi
Department of Materials Science
and Engineering
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Dear Bob:

I appreciate your willingness to serve as Chairman of the Low Temperature
Neutron Irradiation Working Group. [ understand from Don Parkin that you
have agreed to accept this task and that you both have been working hard on
developing a plan for the meeting to be held May 17-19, 1982.

The Council on Materials Science panel report on The Effects of Irradiation
on the Structure and Properties of Materials in one conclusion stated that

a low temperature neutron irradiation facility is "...an essential resource
for the indefinite future..." and gave a brief description of the
characteristics that such a facility should have. With the projected near
term phase-out of IPNS-I at Argonne National Laboratory, where the only
operating low temperature neutron irradiation facility is located, the topic
of low temperature neutron irradiation research requires careful examination
at this time. I am, therefore, requesting that the Working Group review

the past scientific contributions of low temperature neutron irradiation
research; assess the importance of future scientific directions both in basic
and applied research; identify the current and potential facilities options
to meet the agreed upon research needs; and recommend the most reasonable
course of action in the area of low temperature neutron irradiation research.

We have taken steps to coordinate this meeting with the fusion materials
program since they have a requirement for obtaining neutron irradiation
data at low temperature on materials to be used in superconducting magnets.

I am looking forward to attending your meeting. The subject is extremely
important and the timing is critical. You and your colleagues should know
in advance that we will do our best to carry out the major conclusions of
the study. Please let me know if I can be of further assistance.

Sincerely,

Loy Il

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



U.S. DEPARTMENT OF ENERGY

March 5, 1982 memorandum

REPLY TO

ATTN OF. ER-13

SUBJECT.  Delineation Between Research Done in the Materials Sciences Division (BES)
and the Materials Program of Fossil Energy .

T0:  Richard H. Kropschot, ER-10

The Materials Sciences research program is aimed at understanding phenomena,
materials or properties of materials in certain environments of interest to
the fossil energy program. Most of the program, however, is multitechnology
oriented, not readily identified with any energy technology or directed at
other energy technologies (fusion, solar, fission, etc.). That part of the
program that is considered to underpin the fossil energy program seeks to
undercover new knowledge or new applications of existing techniques to build
a base of information on which new solutions to fossil energy materials
problems or new opportunities are possible. It is generic research primarily.
Conditions are chosen with the ultimate aim of being able to extrapolate to
more general conditions. '

On the other hand, there is a need in the materials field to be more specific
with regard to actual operating conditions, to test materials which are
commercial alloys or to develop practical materials. - Much of this research

is considered long term development or applied research. Industry considers
this too long term and too risky. The fossil energy program should and does
support this type of research and presently does not support research primarily
aimed at understanding phenomena, i.e., basic research. Only a small fraction
of the needed long term development or applied research is currently being
funded by the fossil energy program. There is no significant overlap between
the two programs. This conclusion is based on information obtained from
discussions with contractors, headquarters staff personnel, attendance at
technology review meetings and numerous contacts between Materials Sciences
staff personnel and fossil energy staff personnel via EMaCC meetings, contractor
meetings, research assistance task force meetings, etc.

Examples of Programmatic Interactions

o Erosion:

. FE - Evaluates candidate materials for valves and nozzles at
Battelle-Columbus, the U.S. Bureau of Mines and LBL.

BES - Investigates mechanisms of erosion at ANL, ORNL, LBL, and
universities.

BES started the program at LBL first and now FE is the major supporter
of the group at LBL because of its applied character now. On the
other hand, a program at Notre Dame University on abrasive wear was
terminated in FY 1981 and BES initiated a contract to continue the
basic studies.



o Corrosion:

FE - High temperature gaseous corrosion of heat exchanger materials;
slagging corrosion of refractories for pressure vessel linings;
stress cracking of fractionation column materials; failure analysis
of coal liquefaction components; and hydrogen attack (ANL, ORNL,
Cornell, U of California/SB), all with emphasis on engineering and
materials development.

BES - Studies are underway in about 20 separate projects at
universities and laboratories to understand mechanisms of grain
boundary penetration, sulfidation, hydrogen attack, hot corrosion,
corrosion-related diffusion phenomena, etc.

At ANL the FE program on materials behavior in coal-gaseous conversion
environments is conducted by the same scientists investigating the
mechanism of oxide film breakdown on corrosion resistant alloys in
multicomponent gas environments for the BES program. At Sandia-L,

the BES program on in-situ characterization of combustion

surfaces (using laser Raman scattering) is coordinated with FE

work at the Combustion Research Facility and FE supported coatings
development.

0 Other areas of close interaction include mechanical properties of
pressure vessel materials, catalysts, physical structure of oil ’
shale and coal, welding and ceramics including materials for MHD.

In the area of physical structure of o0il shale/coal, the type of
research done in Materials Sciences and not in FE includes internal
friction studies and neutron/x-ray scattering to study pore/maceral
distributions.

Research Needs

Past history with fossil (and nuclear) industries shows that plant down time
is associated with conventional equipment/components being operated under
non-conventional conditions. The costly effects of this down time do not
have to be repeated here. The overwhelming conclusion by all the studies
and reviews I have seen is that materials performance and reliability is a
major problem in the advanced fossil energy conversion and utilization systems.
Although basic research can and does contribute to solving this problem, it
is primarily a materials development, applied materials requirement. There
is a need to develop new higher performance materials and determine materials
performance and reliability under realistic conditions. All of this is
relatively long term and will not be done by industry with their funds. The
Fossil Energy program is supporting some of the research needed, but needs

to do much more. Insufficient funds have been allocated to applied fossil
energy materials research. Some additional information and references are .

given in the attached memorandum to me from Dr. Stanley Wolf.

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

Attachment
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U.S. DEPARTMENT OF ENERGY

wure. Warch 5, 1562 memorandum

REPLY TO

aTTn ofF. ER-131

susJECT: Comparison of Materials Programs in DOE-Basic Energy Sciences and Fossil
Energy

To: Louis C. Ianniello, ER-13

Introduction

This objective/goal for materials research and development supported by
DOE-BES and DOE-Fossil Energy (FE) are stated in the first paragraph

betow. Further delineation of these programs is given through specific
examples in the following section. Finally, some FE-related basic research
areas considered worthwhile for receiving increased support are identified.

Objectives/Goals

The BES Division of Materials Sciences supports fundamental research in
energy-related materials problem areas and exploits the unique capabilities

and facilities in DOE laboratories for this research. The goal is to provide

a foundation for the technology base needed for energy technologies.

Emphasis is placed on long range interdisciplinary research contributing

to several energy technologies, though some work addresses specific technologies.
For the DOE-FE Materials Program', "...the objective...is to conduct...research
and development (R&D) on materials for fossil energy applications focussing

on the longer range needs of the various fuel technologies. The program will
include research aimed toward better understanding of material behavior in
fossil energy environments and the development of new materials capable of
substantial enhancement of plant operations and reliability", Overlap but not
duplication gf the BES and FE programs exists to a small measure; continued
coordination® between these has led to a demarcation of applied efforts

being supported in the main by FE and basic research by BES.

Delineation between the two programs

This is reflected in specific examples given below. The areas have been
selected from published reports3>4 citing technology needs important for
coal conversion.

1. Erosion3 (of materials handling equipment, valves, and pressure vessel

internals): FE-contractors evaluate candidate component materials

(e.g., valve and nozzle materials at Battelle Columbus® and Bureau of
Miness) whereas BES contractors examine mechanisms of erosion® and wear
in ductile and brittle materials (e.g., ANL, ORNL, Carnegie Mellon
University). Recent changes in two projects clarify further the basic
vs applied thrusts of the BES and FE programs. A project at Notre Dame
on "Microstrugtura] Effects in Abrasive Wear" contained both applied and
basic aspects”; the FE contract fog this terminated in 1981 and a BES
contract to continue a basic study® was initiated., Conversely, a project
at Lawrence Berkeley Laboratory on "Erosion-Corrosion-Wear"6 was tending
towards applied rather than basic research; this project is being phased

“out of the BES program in FY 83 and the more applied tasks will continue
under an existing FE contract with the same principal investigator,



2. Corrosion3: The FE program5 emphasizes engineering and development
(e.g. high temperature gaseous corrosion of heat exchanger materials
and slagging corrosion of refractories for pressure vessel linings [ANL]
and stress cracking of fractionation column materials and failure analysis
of coal liquefaction components [ORNL]). It also includes research
(e.g., on hydrogen attack at universities - Cornell, California-Santa
Barbara). The BES program6 includes ~20 research projects addressing,
mechanisms of corrosion (e.g., grain boundary attack, oxide scale
development and breakdown, associated diffusion phenomena).

3. Structural stabilitysand reliability (of pressure vessels, internals,
and heat exchangers): The FE effort® aims at actual or simulated
component evaluation (e.g., NDE detection of wear in piping [ANL],
creep-rupture of refractories (Ames Lab) and of heat exchanger tubing
in a simulated gasifier environment (INEL), and fracture toughness of
commercial or slightly modified pressure vessel steels -[Westinghouse]).
The BES materials thrust in NDE® is focussed on quantifying the inter-
action of the probe signal with defects in materials so that the defect
and residual materials properties can be characterized. The large BES
program on mechanical properties is dominantly generic research, i.e.,
effect of grain boundary impurities or stress state on cavitation and
cracking, environmental influence on enhancing deformation vs fracture.

4. Instrumentation: FE has an instrumentation program which has identified?
needed improxements, including sensor materials, and which has
acknowledged™® that "...most of the materials and instrumentation develop-
ment work is short range in nature...". The BES program has maintained
long term support for materials and techniques which are pertinent to
this area. For example, small angle neutron and X-ray scattering have
been coupled to determine pore size and oil distribution in 0il shale
(ORNL) ; semiconductor characteristics have been tailored by ion, laser,
and electron beam processes (ORNL, San-A),

5. Other Areas: Fabrication technology and ceramics have also been identified3
as key needs for coal conversion technology. A comparison of BES vs
FE support in this area reveals the same basic vs applied demarcation
shown in items 1-3 above. BES has also initiated materials research
activities in other areas related to FE, i.e., catalysts and coal structure,
involving as an integral manner several fundamental research methods for
surface and bulk analysis (electron microscopes, research reactors,
and laser diagnostics).

Basic“Research Needs

In order to support the range of basic and applied work needed the BES
Division of Materials Sciences should continue its emphasis on basic
research and FE its focus on the more applied aspects of longer range
technology needs. However, should DOE-FE wish to emphasize basic research,
it certainly should learn more about our program and seek out areas which
we are not addressing adequately. Some of the more important are:
corrosion in coal liquefaction fluids, erosion in three phase (liquid,
solid, gas) streams, erosion, ceramic composites, sulfur probes, processing
heavy section steels for impro