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FOREWORD

The Materials Sciences Program constitutes one portion of

a wide range of research supported by the AEC Division of
Physical Research. Other programs are administered by the
Division's Nuclear Sciences, Molecular Sciences, and High
Energy Physics Offices. Materials sciences research is
supported primarily at AEC National Laboratories and Univer-
sities. The research covers a spectrum of scientific and
engineering areas of interest to the Atomic Energy Commission
and is conducted generally by personnel trained in the
disciplines of Solid State Physics, Metallurgy, Ceramics,
and Chemistry.

This report contains a listing of all research underway in
FY 1974 together with a convenient index to the program.

Donald K. Stevens

Assistant Director (for
Materials Sciences Program)

Division of Physical Research



INTRODUCTION

The purpose of this report is to provide a convenient compilation
and index of the AEC's Materials Sciences Program. 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.

Each project carries a number (underlined) for reference purposes.
The FY 1974 funding level, title, personnel, budget activity num-
ber (e.g. 01-02), 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:

01-01 - Structure of Materials
01-02 - Mechanical Properties
01-03 - Physical Properties
01-04 - Radiation Effects

02-01 - Neutron Scattering

02~-02 - Experimental Research
02-03 - Theoretical Research

02-04 - Particle-Solid Interactions

03-01 - Chemical Structure
03-02 - Engineering Chemistry
03-03 - 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 should be recognized that 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
approach taken here was to summarize each project with key words
and phrases reflecting the activity under the project. The best
method for obtaining more detailed information about a given
research project is to contact directly the investigators listed.

Louis C. Ianniello
Materials Sciences Program

Division of Physical Research
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SECTION A

Laboratories

The information was taken from current Laboratory program budget
submissions. Most projects are of a continuing nature although
specific problems and some projects were concluded in FY 1974,



LABORATORIES -1-

AMES LABORATORY

Iowa State University

Ames, Iowa 50010

Phone: Area Code 515 284-4000

Metallurgy Division -01-
K. A. Gschneidner - Phone: 294-2272

1. STRUCTURE OF MATERIALS $230,000 01-01
0. N. Carlson, R. K. Trivedi,
F. A. Schmidt

Study of the interaction of interstitial solutes with uranium and
the refractory metals (especially vanadium, niobium and molybdenum
development of new processes for the production of ultra-pure

metals such as those based on electrotransport, electroslag re-
melting, thermotransport; determination of the intrinsic properties
of ultra-high purity refractory metals and the study of the effect
of impurities and radiation-produced defects on the physical and
mechanical properties of these metals; investigations concerning

the structure, energetics, and kinetics of solid surfaces and inter-
faces using LEED and Auger spectroscopy techniques.

2. MECHANICAL PROPERTIES : $ 70,000 01-02
T. E. Scott, O. Hunter, D. T. Peterson

Work concerning the mechanical property-structure relationships
for reactor materials including the refractory metals, thorium
alloys, HfO, and Eu,03; investigation of hydrogen isotope inter-
actions and transport characteristics in CTR first wall candidate
materials (V, Nb, and Ta); study of the mechanical and thermal
properties of MHD insulating materials (Y03, Zr0Oj, MgO and HfOj)
at temperatures up to 2000°C.

3. PHYSICAL PROPERTIES - THERMODYNAMIC AND $431,000 01-03
ELASTIC PROPERTIES, SUPERCONDUCTIVITY AND
MAGNETIC PHENOMENA
J. F. Smith, D. M. Bailey, C. W. Chen,
K. A. Gschneidner, Jr., 0. D. McMasters,
J. W. Patterson '

Magnetic property studies involving NiPt and CoPt compounds in both
ordered and disordered states; stacking fault measurements on Nb

and Nb-Cr alloys; thermodynamic studies of thorium and uranium

oxides and binary thorium alloys; low temperature heat capacity and
magnetic susceptibility investigations of oa-~Ce and B-Ce; supercon-
ductivity studies of La-In and La-Al alloys; ionic and electronic
conductivity measurements of selected oxides, hydrides, oxyhalides
and halides; elastic property studies of vanadium and thorium /
containing oxygen and carbon respectively.



LABORATORIES -2 -

AMES LABORATORY
Metallurgy Division ~0l- (Continued)

-4. PHYSICAL PROPERTIES - TRANSFORMATIONS, $244,000 01-03
~  STRUCTURES, AND PHASE EQUILIBRIA

P. Chiotti, M. F. Berard, F. X. Kayser,

J. D. Verhoeven, D. R, Wilder,

D. E. Williams

Sintering, diffusion, and physical property studies of ceramic
materials (hafnia, yttria and several rare earth oxides) for use
in nuclear and MHD applications at temperatures above 1500°C;
production of aligned composite materials and specific micro-
structure through controlled eutectic solidification and phase
transformation; SEM studies of the growth mechanisms of dendritic
and precipitate phases; elastic and magnetic property studies of
Fe3(Al,Si) single crystals; neutron diffraction measurements of
Fe-Mn-C austenite single crystals.

2: RADIATION EFFECTS $170,000 01-04
M. S. Wechsler, M. F. Berard, C. W. Chen

Radiation damage work involving vanadium-oxygen, nickel-carbon, and
thorium alloys; void formation, radiation hardening and radiation-
anneal hardening are phenomena which are monitored; interdiffusion
studies between Er203 and Hf0, and between CaF, and YF3 are being
made and will be carried out in other ceramic systems including

v SrFp~BaFy; this work and diffusion investigations involving other
refractory oxides is being conducted because of their possible
application as LMFBR control materials and models for the study of
mixed oxide fuel systems.

- Solid State Physics Division -02-
C. A. Swenson - Phone: 294-5442

6. NEUTRON SCATTERING IN SOLIDS $400,000 02-01
S. K. Sinha, C. Stassis, J. G. Traylor,
N. J. Chesser, G. R. Kline

Neutron scattering and phonon dispersion relations for the alkali-
tungsten-bronze system and Nb-based alloys; spin-wave form factor
for Cr-Mn crystals; magnetic structures of Er metal and Y-Er and
Lu-Er alloys; magnetic form factors for Er and Ho; structural and
dynamical studies of transition metal-hydride systems; inelastic
neutron scattering studies of dynamics of molecular crystals and
charge-transfer salts; structural and dynamical studies of charge
density waves in transition metal chalcogenides.



LABORATORIES -3 -

AMES LABORATORY
Solid State Physics Division -02- (Continued)

7. ELECTRONIC STRUCTURE AND MAGNETIC $168,000 02-02
PROPERTIES OF METALS

S. Legvold, S. H. Liu, J. L. Stanford,

L. Hodges, B. N. Harmon

Electronic properties of metals and their relationship to magnetic
and lattice properties; band structure and Fermi surface calcula-
tions of transition metals and their compounds; charge and spin
distributions and neutron form factor calculations of transition
metals; d-f exchange in rare-earth metals; effects of alloying on
the magnetic and electrical properties of ca-manganese, transition
metals and rare-earth metals; ferromagnetic resonance in SmCog-type
alloys; magnetic excitations in disordered spin systems.

8. NUCLEAR RESONANCE IN SOLIDS $ 96,000 02-02
R. G. Barnes, D. R. Torgeson

Nuclear hyperfine interactions in solids, NMR, NQR, NGR: deuteron
and transition metal NMR to characterize lattice sites and to study
structural phase transformations and self-diffusion in transition
metal hydride and deuteride phases, and to characterize lattice
perfection and structural transformations in superconducting inter-
metallic compounds. ‘

9. SUPERCONDUCTIVITY $241,000 02-02
J. R. Clem, G. C. Danielson,
D. K. Finnemore, A. J. Bevolo,
B. L. Walton, H. R. Shanks,
J. E. Ostenson

Electron tunneling and thermal conductivity in laminar (two-dimensional)
superconductors; spin-scattering rates for the Kondo effect and for
superconductivity in quench-condensed films; microwave surface
impedance studies of vortex nucleation; effects on specific heat and
magnetization of attractive interactions between quantized vortices;
superconducting transition temperatures near soft-mode crystal
structure phase boundaries; Einstein mode specific heat contributions

in superconducting non-stoichiometric tungsten bronzes; theory of
magnetic structures and magnetic coupling in Type-II superconductors;
theory of energy dissipation due to flux motion.



- LABORATORIES -4 -

AMES LABORATORY
Solid State Physics Division -02~ (Continued)

10. THERMODYNAMIC AND TRANSPORT PROPERTIES $200,000 02-02
OF SOLIDS
G. C. Danielson, C. A. Swenson,
M. S. Anderson, H. R. Shanks,
P. H. Sidles

Pressure-volume~temperature measurements to 20 kbar at temperatures
down to 4 K (rare gas solids, hydrogen, deuterium); capacitance
dilatometer thermal expansion measurements on potassium, copper

and aluminum; basic thermometry from 1 K to 30 K; thermal conductivity
at low temperatures of high purity and hydrogen-doped vanadium;
filament formation and switching properties of chalcogenide glass;
electrical resistivity and switching measurements on RF-sputtered

thin film samples. '

1l. OPTICAL AND SPECTROSCOPIC PROPERTIES $208,000 02-02
OF SOLIDS '
R. Fuchs, K. L. Kliewer,
D. W. Lynch, C. G. Olson

Optical properties (transmission, reflection, thermoreflection) of
solids in the vacuum ultraviolet using synchrotron radiation: Au,
transition metals, Ge, Si, GaAs, GaSe, LiH; infrared and visible
optical properties of metals and alloys; thermomodulation: Al-based
alloys, transition metals and alloys, CaAl,; theory of optical
properties of surfaces, thin films and particles, including nonlocal
effects in optical properties and photoemission, and the effects of
surface conditions which characterize solids, such as roughness and
surface states; collective excitations in real solids, including
phonons, plasmons, and excitons, and their surface counterparts;
Compton and Raman scattering.

12. RARE EARTH METALS PREPARATION $202,000 02-02
K. A. Gschneidner, Jr., :
B. J. Beaudry, P. E. Palmer

Preparation of highly purified rare earth fluorides from the oxides;
preparation of single crystals of rare earth fluorides, metals, and
special alloys.



LABORATORIES -5 -

AMES LABORATORY
Chemistry Division -03-
J. D. Corbett - Phone: 294-3086

13. X-RAY AND NEUTRON CRYSTALLOGRAPHY $205,000 03-01
R. A. Jacobson, J. E. Benson

Development and extension of x-ray and neutron diffraction techniques;
structure determinations in the solid state; structural studies of
pesticides, herbicides, hydrides, and materials exhibiting weak solid
state interactions.

l&. INTERACTIONS IN SOLIDS $ 30,000 03-01
B. C. Gerstein -

Magnetic behavior studied by heat capacity, initial susceptibility,
EPR and NMR techniques; testing models for interactions in one-

and two-dimensions; multiple-pulse NMR studies of chemical shift
anisotropies and anisotropic motion in solids.

15. LOWER OXIDATION STATES IN SOLID $130,000 03-01
AND MOLTEN INORGANIC SYSTEMS
J. D. Corbett

Synthesis and equilibrium reactions of metallic elements under
anaerobic, high temperature, and reducing conditions (e.g., for Sc,
Ti, Zr, Hf, Mo, rare earths); structures exhibiting metal-metal
bonding, anisotropic conduction; homopolyatomic ions (e.g., of Pb,
Bi, Se, Te, I).

16. CHEMISTRY OF HEAVY TRANSITION METALS $ 85,000 03-01
R. E. McCarley

Complexes of Nb, Ta, Mo, W in lower oxidation states; synthesis,
characterization and reactions of metal cluster compounds and of
others with strong metal-metal bonds; structure and bonding studies
by esr, nmr, nqr spectroscopy and x-ray diffraction.

17. SYNTHESIS OF POSSIBLE SUPERCONDUCTORS $0 03-01
R. E. McCarley, H. F. Franzen,
J. D. Corbett

Synthesis of compounds showing highly anisotropic electrical con-
ductivity, e.g., rare earth and zirconium subhalides, metal-rich
transition metal sulfides, selenides and phosphides; metal cluster
compounds containing sulfur and selenium; metal-metal bonded
polymers; to start in FY 1975.



LABORATORIES -6 -

AMES LABORATORY
Chemistry Division -03- (Continued)

18. LIQUID METALS $ 85,000 03-02
’ R. G. Bautista, G. Burnet,
M. J. Murtha

Heat content of liquid rare earth metals by levitation calorimetry;
measurement and correlation of surface tension and contact angle;
purification using solid absorbents; recovery of metals from fly
ash using calcination/hydrometallurgical processing.

19. METAL HALIDES $ 55,000  03-02
- R. G. Bautista

Decomposition pressures and the heats of decomposition of the
dihalides of the platinum group metals by simultaneous torque-~
Knudsen technique.

gg, MASS TRANSFER AND TRANSPORT IN $100,000 03-02
~ ' FLUIDS AND PARTICULATE SYSTEMS
L. E. Burkhart

Study of particle and fluid motion from numerical solution of the
Navier-Stokes equations and fluid flow patterns by high-speed
photography; motion and stability of fluids near free surfaces;
transport near interfaces and interfacial mass transfer with
particular emphasis on drops and bubbles in liquid-liquid systems
-and liquid metals.

21. HIGH TEMPERATURE CHEMISTRY $130,000  03-03
- H. F. Franzen, R. G. Bautista

.Structure and bonding in refractory compounds, particularly metal-
rich transition metal chalcogenides; high temperature techniques,

.complete structure determination, phase equilibria; basic optical

pyrometry with emphasis on variation in normal spectral emittance

rﬁith temperature and surface properties.

22. SURFACE CHEMISTRY $140,000  03-03
- R. S. Hansen, B. C. Gerstein

‘Heterogeneous catalysis, with emphases on clean surface techniques
-such as field emission microscopy, flash desorption spectroscopy,
-.and single crystal face catalysis, and on rare earth oxide catalysts;
-energy-related catalytic reactions, specifically, hydrogenolysis,
water gas shift, and nitric oxide reduction reactions; electrical
‘double layer properties and their alteration by adsorption; mechani-
-c8l and flow properties of interfaces.



LABORATORIES Ca 7.

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, Illinols 60439

Phone: Area Code 312 739-7711

Materials Science Division -01-
B. R. T. Frost - Phone: 739-2221
N. L. Peterson - Phone: 739-2222

23. ALLOY PROPERTIES . $450,000 01-01
F. Y. Fradin, A. T. Aldred, D. J. Lam,
F. M, Mueller, B. W. Veal, Jr.

Electronic structure of metals with emphasis on actinides, alloy
chemistry of binary compounds of Am, magnetic properties of actinide
compounds with increasing emphasis on heavier actinides, NMR on
actinide compounds, optical reflectivity and x-ray photoelectron
studies of actinide metals and compounds, crystal field theory of
actinides, x-ray photoelectron and reflectivity studies of
transition metals, theoretical calculations of the band structure
of actinides and of the electronic structure of Mo with dilute
impurities and defects, theory of electron-phonon interactions

and superconductivity, magnetism in iron-based alloys, electronic
conduction processes and electronic structure of ceramic materials
for MHD applications.

24. PHYSICAL METALLURGY $298,000 01-01
M. B. Brodsky, A. J. Arko

Electronic structures of actinide metals, alloys, and compounds, low
temperature specific heat measurements, electrical resistivity and
magnetic susceptibility of actinide alloys and compounds to study
spin fluctuations, electronic lifetimes in palladium containing
dissolved actinide metals, de Haas-van Alphen effect in actinide
metals and compounds.

25. SCATTERING STUDIES $521,000 01-01
M. H. Mueller, G. H. Lander

Magnetic scattering of neutrons from actinide-based binary compounds
with localized moments, inelastic neutron scattering for crystal-

field effects in actinides and PrAg, polarized neutron study of
actinides plus CeBi and Tb for form factor determination, low
temperature x-ray studies to identify distortions from magnetic
ordering, magnetic structure at high magnetic fields, crystal structures
of palladium and thorium hydrides, defect structures in the Zr0,-Ce0,
binary system.



LABORATORIES -8 -

ARGONNE NATIONAIL LABORATORY
Materials Science Division -01- (Continued)

26. MECHANICAL PROPERTIES $309,000 01-02
U. F. Kocks, E.S.P. Das,
A.P.L. Turner, R. 0. Scattergood

Theoretical and experimental research on fundamental aspects of the
mechanical properties of metallic and ceramic solids, line tension

of dislocations in anisotropic solids, micromechanics of crack
nucleation and propagation including ceramic solids, dynamic computer
modeling of dislocation motion through individual obstacles and
random arrays, work hardening, cyclic hardening and dynamical
recovery, constitutive relations for plasticity, creep and fatigue,
structure characterization of deformed crystals by x-ray diffraction.

27. METAL PHYSICS . , ‘ $425,000 01-03
N. L. Peterson, W. K. Chen, E. S. Fisher,
M. J. Fluss, N. Q. Lam, J. N. Mundy,
S. J. Rothman, R. W. Siegel,
D. G. Westlake

Atomic mechanisms of self-diffusion and impurity diffusion in solids,
effects of hydrogen on physical properties of transition metals,
directional dependence of elastic properties, the properties of
point-defects and defect clusters using positron annihilation and
electron microscopy techniques, self-diffusion in Cr and Nb and

the isotope effect, effect of irradiation on diffusion in.Ag and Nb,
ionic transport mechanisms . in solid electrolytes, defect structure
and cation diffusion in Fe;_,0, Fe30,, and CoA1204, isotope effects
and the influence of interstitial impurities on the V-H and Nb-H
solvus, interstitial relaxation in V and Nb, studies of point defects
in bce refractory metals, vacancy clustering and vacancy-solute
interactions using positron annihilation techniques.

28. SUPERCONDUCTIVITY : $189,000 01-03
F. Y. Fradin, G. S. Knapp

Electron-phonon interaction in high-transition-temperature supercon-
ductors, NMR and Mossbauer effect studies of the A-15 compounds

Nb3X and V3X where X is a non-transition element and of the hydrides
of Pd and Pd-Sn and Pd-Ag.alloys, the effect of magnetic impurities
on the critical magnetic field in LaSng, LaIn , and LaPb,, anharmonic
effects in Nb3X compounds deduced from heat- capacity stuaies, X-ray
photoemission studies of the band structure of A-15 compounds and
superconducting palladium hydrides.



LABORATORIES -9 -

ARGONNE NATIONAL LABORATORY
Materials Science Division -01- (Continued)

29. NEUTRON IRRADIATION $407,000 01-04
T. H. Blewitt, B. S. Brown,
M. A. Kirk, Jr., B. A. Loomis

Point defect production, annihilation and clustering, radiation effects
in superconductors, neutron sputtering, flux pinning by defect clusters
and voids, particle emission by neutron bombardment, replacement col-
lision sequences, impurity-interstitial interactions and its relation
to void formation, void swelling in Nb and Nb-Zr alloys as a function
of dose, temperature and oxygen content during simultaneous irradia-
tion with 4 MeV Nit and Het ions, radiation sources include the CP-5
low temperature facility and the 4 MeV Dynamitron.

30. CHARGED PARTICLE IRRADIATION $229,000 01-04
K. L. Merkle, R. Benedek, P.P. Pronko

TEM studies of displacement cascades produced by 300 KeV self-ion
bombardment and 14 MeV neutron, dechanneling from damage clusters,
replactment sequences and long-~range diffusion of interstitials, in-
fluence of channeling on defect production, resistivity studies of
self-ion bombarded thin films, theory of focusing sequences, localized
vibrational mode frequencies of self-interstitials, migration and
clustering of defects and inert gases, lattice locations of inter-
stitial impurities, impurities, interaction of gas atoms with dis-
placement damage, sputtering due to energetic displacement cascades,
theory of grain-boundary structure and diffusion, radiation sources
include 300 KeV heavy ion accelerator, 4 MeV Dynamitron, 14 MeV
neutron source at LLL and future high voltage electron microscope.

31. KINETIC STUDIES $352,000 01-04
H. Wiedersich, F. V. Nolfi, Jr.,
P. R. Okamoto, A. Taylor

Investigations into forces and mechanisms that lead to the formation
of defect aggregates and precipitates and other inhomogeneous dis-
tributions of atoms in solids during irradiation, solute segregation
to voids and free surfaces during irradiation, effect of irradiations
on the microstructure of two-phase alloys - dynamic dissolution and
reprecipitation, dimensional changes caused by gas-bubble nucleations,
growth and coagulation, stress fields around voids and their inter-
action with defects and other voids, the effect of fine precipitate
dispersions, solute additions, helium, and projectile mass on void
formation during ion bombardment, effects of interstitial loop struc-
ture and stressed-induced preferred loop orientation on irradiation
creep, damage structure produced during high-temperature ion bombard-
ment of oxides, radiation sources include 300 KeV heavy-ion accelerator,
4 MeV Dynamitron, and future high voltage electron microscope.



LABORATORIES - 10 -

ARGONNE NATIONAL LABORATORY
Solid State Science Division -02-
D. L. Price - Phone: 739-3141

32. NEUTRON SCATTERING STUDIES $807,000 02-01
T. Brun, G. Felcher, D, L. Price
T. Worlton

Studies are conducted in neutron inelastic scattering, neutron dif-
fraction of magnetic systems and high pressure neutron diffraction,
design of a neutron spallation source is underway. The program
centers on the CP-5 research reactor; facilities include a thermal
neutron time-of-flight spectrometer, triple-axis spectrometer, time-
of-flight diffractometer and a two-axis diffractometer. Current
studies include diffusion of hydrogen in solid and liquid metals,
and the structure of metal hydrides; the dynamics of liquids including
rare gas, alkali metal and alloy liquids, liquid salts and He3-He
solutions; the dynamics and structure of amorphous materials (glassy
carbon, vitreous BeF2), molecular reorientation and lattice dynamics
of molecular crystals (KCN, NaCN, RbSH, CsSH, NH4Br); dynamics of
superconductors and amorphous metals, crystal field interactions and
magnetic effects in rare-earth intermetallics; magnetic scattering
in magnetically ordered systems, spin glasses and rare-—earth
magnetic form factors; high pressure diffraction and compressibility
measurements of metals, lonic crystals and ice and their polymorphs.

33. MATERIALS PREPARATION AND CHARACTERIZATION $115,000 02-02
S. Susman, D. Hinks

Activities center on the preparation of research samples of metal,
insulator and semiconductor single crystals with documented physical
and chemical properties. Materials of current interest include
alkali halides and cyanides, rare-earth oxides and hexaborides,
rare—earth alloys and rare earths in metallic matrices. Other
activities include the preparation of high-purity materials and the
development of clean-room facilities and techniques.

34. LOW TEMPERATURE STUDIES $201,000 02-02
H. Culbert, J. Ketterson, P. Roach

Research centers on studies of properties of quantum liquids and solids
at very low temperature and the measurement of specific heats of
superconducting and magnetic materials at low temperatuges. Specific
topics include ion and electron motion in 3He, He and “He-%H

solutions; properties of superfluid phases of “He; sound propagation

in new “He phases, development of new materials for adiabatic cooling
and low temperature technology, specific heat measurements on Kondo
systems (La:Ce); rare-earth sesquioxides displaying antiferromagnetic
ordering, and mixed phase alloys (PbNa).



LABORATORIES - 11 -

ARGONNE NATIONAL LABORATORY
Solid State Science Division -02- (Continued)

35. DEFECTS AND IMPURITIES IN NON-METALLIC $290,000 02-02
SYSTEMS
P. Yuster, C. Delbecq, D. Schoemaker,
S. Marshall, J. McMillan

Activities Include the study of defects and impurities in non-metallic
crystals and the processes occuring during and after exposure to
ionizing radiation. Emphasis is on determining the nature of the
defects and their interaction with host-crystal electronic and lattice
modes and with other defects. Current studies include the structure
and reorientation dynamics of molecular ion centers (ClE, BrCl™) in
alkali halides, heavy-metal centers in ionic crystals, effect of
magnetic fields on recombination luminescence, ESR studies of
impurities (Cr3+ in MgO, cu?t in NH,C1, ¢d3* in YAG) and temperature
and magnetic field dependence of spin relaxation times.

36. SUPERCONDUCTIVITY STUDIES $216,000 02-02
R. Huebener, K. Gray

Magnetic structures and transport properties of superconductors are
studied using high-resolution magneto-optical techniques, tunnel
junctions and electrical noise power measurements. Topics of cur-
rent interest are the dynamic behavior of flux structures, relaxa-
tion time for magnetic flux penetration, electrical and magnetic
properties and superconductivity breakdown at very high transport
currents, the influence of light on superconductivity, properties
of magnetically-coupled superconducting films, flux flow and flux
pinning in high~-Tc superconductors.

37. ELECTRONIC AND MAGNETIC PROPERTIES $264 ,000 02-02
B. Dunlap, J. Ketterson,
L. Windmiller, G. Crabtree

Activities include studies of the Fermi surface in metals and alloys
and the use of the Myssbauer effect to study the magnetic properties
and electronic structure of lanthanides and actinides. Current
studies include the magnetic properties of neptunium intermetallics,
the neptunium monopnictides and Np Laves-phase compounds as well as
Yb intermetallics; de Haas-van Alphen studies of the Fermi surface in
Au and Au-Ga alloys, Pt and Pd and their alloys with Fe, Co and Ni;
band calculations in Tc and Mo, and the scattering of conduction
electrons by impurities, lattice defects and local moments in metals.



LABORATORIES - 12 -

ARGONNE NATIONAL LABORATORY
Solid State Science Division -02- (Continued)

38. PHASE TRANSITIONS AND CRITICAL PHENOMENA $205,000 02-02
L. Guttman, H. Kierstead, D. O'Reilly

Research is devoted to studies of phase transitions in order-disorder
systems, liquid helium, ferro- and antiferroelectrics and the dynamics
of molecules in liquids and glasses and the structure of glassy materials.
Experimental techniques include x-ray scattering, ESR, NMR, and studies
of PVT diagrams. Areas of current emphasis include the thermodynamic
properties of 3He-“He mixtures near the tricritical point, scaling laws,
higher-order phase transitions and critical ordering in alloys (Fe3A1),
computer modeling of glasses and liquids, magnetic resonance studies of
phase transitions in acetylene, phosphoric acid glass and of self-
diffusion in liquids, as well as magnetic resonance studies of surface
states, diffusion cf adsorbed species and surfaces and catalysis.

39. SOLID STATE THEORY $384,000 02-03
T. Arai, T. Gilbert, D. Koelling, O. C. Simpson,
F. Mueller, A. Rahman, J. Robinson, D. Smith

A broad range theoretical program emphasizing interaction with experi-
mental groups. Areas of activity include: electron correlation at
metallic densities, itinerant theory of magnetism and electron corre-
lations, electron-hole plasmas, hydrogen in metals, defects in metals
and insulators, temperature dependence of magnetic ordering in rare-
earth metals and alloys, localized moments and the Kondo effect,
cumulant perturbation expansion for spins, molecular dynamies cal-
culations, theory of neutron scattering measurements, vortex motion

in quantum liquids, electron-phonon interactions, structure and
interactions of atoms in molecules and solids, optical and electronic
properties of insulators, electronic structure and properties of
metals, actinide metals and intermetallic compounds, superconductivity
and superfluidity, and the magnetism of transition metal alloys.

40. ENERGETIC PARTICLE INTERACTION $268,000 02-04
J. Jackson, W. Primak, P. Vashishta

A program devoted to radiation damage by ions, electrons and neutrons in
metals and insulators and to the elementary defects produced in these
materials. Topics of current interest in metal physics include elemen-
tary defects and their interactions, defect production and trapping
rates, distribution of defects, properties of divacancies and larger
cluster impurity effects, deviations from Matthiessen's rule, theoretical
studies of defect formation and migration in metals. Radiation damage
in insulators includes work on lithium niobate, sapphire, spinel,
lucalox, barium titinate and glasses; topics studied involve optical

and electrical effects, dimensional changes, stress formation and
relief, surface destruction, blister formation and spallation.
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41. NEUTRON DIFFRACTION STUDIES $386,000 03-01
S. W. Peterson, J. M. Williams
H. E. Flotow, M. Atoji

Neutron studies of structure and bonding in highly conducting
materials such as the Krogmann salt¢ KyPt (CN) 4Brg 3 * 3Hp0; the
asymmetric bifluoride ion; the Hg04" ion and inversion disorder
in HyPtClg * 6H70; metal and organometallic cluster hydride
complexes; the Schwinger effect in neutron scattering.

Study of the scattering of neutrons by hydrogen isotopes in metals

to obtain information relating to diffusion, phase changes and lattice
dynamics; effects of tritium and 3He in Nb for CIR first-wall con-
tainment evaluation; diffusion of hydrogen in a single crystal of

Ta; lattice dynamics study of PdD, and Nbe.

Neutron diffraction studies of the magnetic-moment and magnetic-
domain structures of rare-earth metal single crystals (Tb, Dy, Er
and Tm) at 2-300°K with emphasis on the external magnetic-field
effect; magnetic and/or crystal structure investigations on rare-
earth alloys and compounds as well as on the energy-program related
subjects, e.g., EuCy, UMnj, cubic sodium tungsten bronzes and T1,0;
interpretive work on the magnetic properties of rare-earth carbides
and the MoSij-type compounds based on neutron diffraction results
and on phenomenological theories.

42. X-RAY DIFFRACTION STUDIES IN ENERGY $111,000 03-01
PROGRAMS

S. Siegel and E. G. Sherry

Structural studies of fission product compounds formed during reactor
irradiation of fuels; x-ray diffraction investigations of electrode
changes under varying charge conditions in connection with the
high-power~density battery development program; crystallographic
investigations of piezoelectric sensing devices for LMFBR; x-ray
diffraction studies of actinide compounds.
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'ﬁg. INORGANIC CHEMISTRY OF URANIUM . $ 58,000 03-03
H. R. Hoekstra .

-Studies of uranium compounds of interest to the atomic energy pro-
gram; hydrothermal studies on the Y503-U03-H,0 system; calorimetric
measurements on alkali metal uranates; x-ray and infrared studies
of a- and B-Ujz0g; studies of fission product compounds.

ﬁﬁ. HIGH TEMPERATURE CHEMISTRY $304,000 03-03
R. J. Thorn, R. J. Ackermann,
J. R. McCreary, E. G. Rauh,
G. H. Winslow

Partial molar entropies and enthalpies of sublimation and vaporiza-
tion of inorganic materials; thermochemical systematics of lanthanide
and actinide compounds; high temperature mass-spectrometry; high
temperature x-ray diffraction for phase transformations and expan-
sions; photoelectron spectrometry; lattice defects and valence states
causing nonstoichiometry and accompanying atomic and electrical
transport, plastic deformation and sintering; role of excited states
in bonding in high temperature molecules and refractory solids;

basic thermodynamics, including statistical, of valence states;
entropy-energy relations; and equations of state of nonstoichiometric
materials,

45. SPECTROSCOPY OF HIGH TEMPERATURE $241,000 03-03
” SYSTEMS
D. M. Gruen, R. L. McBeth, I. Sheft

Studies of the chemical effects of energetic reactive ion bombard-
ment of solids; chemical sputtering of metals and insulators; matrix
isolation spectroscopic identification of sputtered atoms and mole-
cules; vibrational spectra of deuterium implanted oxides; lattice
modes of anodic films; U.V., I.R., laser Raman, ESCA and x-ray dif-
fraction studies of ion bombarded surfaces; photon absorption of
doped deuterium matrices; direct synthesis of transition metal-w
arene sandwich compounds in noble gas matrices.

46. LOW TEMPERATURE CALORIMETRY $ 91,000 03-03
D. W. Osborne and H. E. Flotow.

Heat capacity measurements and determination of entropies, enthalpies,
and Gibbs energies from 0.1 to 350°K for compounds relevant to the
LMFBR (e.g., plutonium and uranium oxides and sodium uranates), fis-
sion products (e.g., CsZU04 and CszMoO4), advanced reactor fuels

(e.g., U3Si, plutonium carbides and plutonium nitrides), CIR (e.g.,
Li3N), and compounds involved in possible cycles for the thermochemical

decomposition of water.
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ﬁl. LIQUID METALS CHEMISTRY . $160,000 03-02
V. Maroni, E. Veleckis,
M. Blander, M. Saboungi

Thermodynamic and transport properties of liquid alkali metals and
their solutions pertinent to the advancement and understanding of
chemistry for fusion and fission reactor technology and for lithium
metal sulfide battery development; phase diagrams and solution
thermodynamics of Li-Hy, Li-Dp, Li-Ty, Li-Nj systems by tensimetric
methods, thermal analysis and filtration techniques; distribution of
tritium between lithium and molten salts; electrochemical methods for
tritium and deuterium recovery from molten salt solutions; diffusion
coefficients of hydrogen and deuterium in liquid Li, Na, and NaK

as a function of temperature, effect of oxygen, carbon and nitrogen
impurities on interactions of lithium with refractory metals and
Nb-Zr and V-Ti alloys; binary interaction chemistry of nitrogen and
carbon contaminants in liquid sodium; thermodynamic properties of
alloys of active metals such as Li, Na and Al that may be useful as
electrodes in batteries; emf studies of Li-Mg, Li-Zn, Li-Al-Mg,
Li-Bi, Li-Pb, Na-Al, Na-Mg. .

48. . ATMOSPHERIC PARTICLE CHEMISTRY AND $130,000 03-02
SULFUR-EMISSION CONTROL STUDIES :
P. T. Cunningham, W. Hubble

Chemistry of airborne particulates; sulfur dioxide emission control
chemistry; development of methodology for particulate characterization;
particulate formation mechanisms; evaluation of particulate control
methodologies; size, time, and spatial variations in the chemistry of
airborne particulates in Chicago, St. Louis, and Riverside, California;
infra-red spectroscopy, application to determining the distribution
and concentration of carbonate, silica, silicate, nitrate, sulfate,
ammonium, hydrocarbon, etc. in particulates; laboratory simulation

of atmospheric conditions for the study of sulfate and nitrate
particle formation; evaluation of various sulfate and nitrate formation
mechanisms; kinetics of sulfur fixation by half-calcined dolomite and
of the regeneration of the active material from sulfated calcine,
mechanism of reactions, evaluation of half-calcined dolomite as a
SO0p-control method. ‘



LABORATORIES - 16 -

ARGONNE NATIONAL LABORATORY
Chemical Engineering Division -03- (Continued)

49. MOLTEN SALT CHEMISTRY $132,000 03-02
M. Blander, H. M. Feder,
M. Saboungi, G. Papatheodorou

Calculation of phase diagrams and other thermodynamic properties of
molten salts using fundamental solution theories; conformal ionic
solution theory; liquidus diagrams of ternary molten salt systems
with binary compounds and solid solutions, statistical mechanics of
ionic systems; laser Raman spectral studies of organic materials in
molten salts, spectra of poly alcohols in NaSCN-KSCN eutectic,
structure of species in solution, reaction mechanisms in fused salt
media. New electrolyte systems for high-~energy storage batteries,
synthesis of tetra-aryl substituted borohydrides of lithium and
sodium; properties (electrical conductivity, thermal stability,
reduction stability, eutectic temperatures with alkali halides)

of synthesized borohydrides.

50. PHYSICAL CHEMISTRY OF ALKALI $§0 03-02
METAL-SULFIDE BATTERY SYSTEMS
R. K. Steunenberg, J. R. Selman,
A. E. Martin

Electrochemical and phase studies of cathode materials in lithium-
aluminum/LiC1-KCl/metal sulfide batteries; electrode reaction kinetics
and mechanisms, thermodynamics of Li-Al alloys by emf methods,
exchange~current measurements, chronopotentiometry, Li diffusion

in solid LiAl, phase studies of ternary (FeSy-Fe-LijS, CuyS-Cu-Lij$)
and quaternary (FeS;-Fe-Li;S-K,5S, FeSz—Fe—LiZS-Ni) systems, x-ray

and ion-microprobe examination of phases, synthesis of new complex
sulfide electrode materials. To start in FY 1975.

51. PHYSICAL PROPERTIES OF GASES $ 80,000 03-02
M. Blander, T. Renner, H. M. Feder

Thermophysical properties of associating and chemically reacting gases
potentially useful as heat transfer fluids, thermal conductivities and
equilibrium constants for vapor species in simple alcohols, halogenated
alcohols, perfluorinated methyl hydrazines, P-V-T measurements,

Mollier diagrams, non-empirical intermolecular pair potential
construction method for calculation of physicochemical properties of
rare gases and selected diatomic gases such as diatomic helium.
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52. THERMODYNAMIC PROPERTIES OF $245,000 03-02
INORGANIC SUBSTANCES
P. A. G. O'Hare, W. N. Hubbard,
G. K. Johnson, M. Ader,
D. R. Fredrickson

Experimental and computed thermodynamic data on nuclear and non-nuclear
energy related materials; oxide, carbide and nitride fuel materials,
.. fuel-cladding and fission-product-cladding interaction compounds,

... coolant-structural material. interactionncompounds ~for" fusion- and

fission reactors; Li/S battery-related and coal-fired MHD related
compounds; standard enthalpies of formation (AH° ), high
temperature enthalpy increments (HT ~-H3 3 electSon gffinity, dis-
sociation enthalpy, ionization potentiaﬁ, spectroscopic constants,
electric dipole moments of diatomic systems; oxygen and fluorine
bomb calorimetry, hypergolic reaction calorimetry, flow calorimetry,
drop calorimetry to 2500 K; enthalpies of formation of Cs,U504,
CS3CI‘04, Cs,+ Cr04, Fe CI'O[., Navo,, Pu203, US1.9» US3, FeSz, w52
CsAl10y, KA10y3, TiS, Ti4C,S,, (UC, ZrC), VF3, LiAl, LijAljp; high
temperature enthalpies o% Li3N, CspU0,, CsyMoy05, a-NayUO,, LiAl0j;
electron affinity, stability and ionization potential of KO™, PO,
PO~, NF, OF and TeF.

33. BUBBLE NUCLEATION . $ 40,000 03-02
M. Blander and Hann-Shen Huang

Homogenous and heterogenous bubble nucleation and explosive boiling
studies; properties (densities and compressibilities) of metastable
fluids and testing of equations of state, contact vapor explosion
mechanisms, nucleation theory, technique development for limit of
superheat measurements, superheat limits for hydrocarbons, and for
water-molten salt systems, water-salt mutual solubility relationship
to explosive boiling of water.
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54. PHYSICAL PROPERTIES: SUPERCONDUCTIVITY $217,000 01-03
M. Strongin, A. Sweedler, O. Kammerer,
M. Suenaga, T. Luhman, D. Miller,
C. Varmazis, M. Yu

Properties of superconductors - thin films, their critical temperature,
surface and nucleation studies; search for excitonic mechanism for
superconductivity; penetration depth measurements; niobium cavities,
microstructural and impurity effects on rf breakdown using LEED and
Auger spectroscopy; electron beam, and sputtering evaporation and
other techniques for preparation of high T, materials; neutron and
x-ray diffraction of superconductors; specific heat measurements of
A-15 compounds - single crystal preparation of A-15 compounds.

55. PHYSICAL PROPERTIES: RELATIONSHIP $218,000 01-03
BETWEEN PROPERTIES AND STRUCTURE
M. Suenaga, T. Luhman, C. Klamut

Development, fabrication, and evaluation of high critical current,
high magnetic field and high T, A-15 superconducting multifilamentary
wires and reinforced conductors for high field magnets; kinetics

and mechanisms of formation of A-15 superconductors; flux pinning
mechanism in A-15 compounds; preparation of and ac losses at 60 Hz

in A-15 tape conductors for power transmission; evaluation of new
techniques for preparation of A-15 conductors.

56. RADIATION EFFECTS $ 85,000 01-04
L. Snead, A. Sweedler,
D. Schweitzer

Study of the effects of radiation (electrons, protons, neutrons,
gamma) on the properties of superconducting materials and conductors
at room and cryogenic temperatures - materials are type I, II and
A~-15 compounds; specific heat, x-ray and neutron measurements for
martensite transition and degree of order; also behavior on annealing,
magneto-resistance and resistivity changes post-irradiation.



LABORATORIES - 19 -

BROOKHAVEN NATIONAL LABORATORY
Physics Department -02-
B. C. Frazer - Phone: 345-3876

37. NEUTRON SCATTERING - MAGNETIC SYSTEMS $485,000 02-01
G. Shirane, L. Passell, D. E. Cox
and Y. Endoh

Neutron scattering studies on the structure and dynamics of spin systems

in magnetic materials. Spin waves and exchange constants for EuO and
EuS. Spin dynamics in one-dimensional systems: antiferro-magnetic
chains in copper dipyridine chloride and ferromagnetic chains in
RbFeCl3. Spin waves in an FeMn alloy. One-dimensional magnetic order
in RbFeBr3. Preparation and properties BaZMM'06 magnetic materials.
Magnetic structure of ErAlj. Magnetic form factor for Fe at small Q.

28. NEUTRON SCATTERING - PHASE $439,000 02-01
TRANSITIONS
G. Shirane, J. D. Axe, J. K. Kjems,
S. M. Shapiro, and Y. Fujii

Neutron scattering studies of structural rearrangements and of
dynamical fluctuations in ordering parameters associated with phase
transitions in non-magnetic systems. Influence of energy gap on
phonon line widths in strong-coupled superconductors. Cooperative
Jahn-Teller transitions in PrAlO3. The central peak problem in

soft phonon driven phase transitions - the case of LaAl03. Soft
modes in the CsPbClj phase transitions. Dynamical critical phenomena
in ND4Br.

59. NEUTRON SCATTERING - ELEMENTARY $365,000 02-01
T EXCITATIONS IN SOLIDS

G. Shirane, J. D. Axe, L. Passell,

Y. Endoh, J. Skalyo, Jr., and

J. K. Kjems

Neutron spectroscopy of low-lying thermally excited energy states in
solids. Phonon dispersion relations for solidified krypton and xenon.
Lattice excitations in the solid phases of He-4. Crystalline electric
fields in rare~earth pnictides. Lattice dynamics of Zn. Development
of improved techniques, experimental and analytical, for inelastic
neutron scattering studies.

Yy
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60. NEUTRON SCATTERING - PARTIALLY $287,000 02-01
ORDERED SYSTEMS
G. Shirane, J. D. Axe,
L. Passell, R. Pynn,
J. K. Kjems, H. Taub

Neutron scattering studies of short-range positional correlations
and of both collective and localized excitations in liquids,
amorphous solids, dense gases, and certain thin films and surfaces.
Collective excitations in superfluid helium. Static correlations
in nematic liquid crystals. Neutron diffraction studies of
adsorbed nitrogen films on graphite.

61. EXPERIMENTAL RESEARCH - $130,000  02-02
SUPERCONDUCTIVITY
M. Strongin, J. E. Crow, M. Yu

Superconducting properties of thin films and small particles, and
the effects of surface conditions on the properties of super-
conductors. Investigations on the influence of magnetic scattering
on superconducting properties. The effect of crystallographic
order on critical temperatures. Superconducting properties of
ultra-thin films in contact with semi-conductor surfaces. Oxygen
segregation to surface in Nb and relationship with rf supercon-
ducting properties. Work on magnetism and superconductivity with
investigation of crystalline electric fields in superconductors

and their influence on magnetic ground states of impurities.

62, EXPERIMENTAL RESEARCH -~ $148,000 02-02
LOW TEMPERATURE PHYSICS
V. J. Emery, T. A. Kitchens,
E. B. Osgood, W. C. Thomlinson

Principal emphasis on properties of condensed phases of helium.
Lattice dynamics of the He-4 solid phases. Superfluidity in He-3.
Research on transport properties, particularly in magnetic systems,
with chief interest in critical phenomena.
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63. THEORETICAL RESEARCH ' $402,000  02~03

M. Blume, G. J. Dienes,

V. J. Emery, R. E. Watson,
D. 0. Welch, S. Krinsky,
D. Mukamel, K. Murata

Theory of phase transitions and critical phenomena, magnetism,
liquid helium (He-3, He-4, and their mixtures), ferroelectricity,
electronic structure of metals and alloys, and crystal defect
physics. Ising model for tricritical points in ternary liquids.
Variational approximation to a ferromagnet in a magnetic field.
Staggered magnetic fields in antiferromagnets. Computer studies
of spin and energy transport in one-dimensional Heisenberg
magnets. Superfluidity in liquid He-3. Analysis of soft x-ray
photoemission data from alloys. Dynamics and kinetics of crowdion
interactions. Defect-defect interactions and phase transitions.
Studies of valence electron distributions in crystals. Mdssbauer
and spin resonance line shapes and perturbed angular correlations
in randomly varying external fields.

64. PARTICLE-SOLID INTERACTIONS -~ $370,000 02-04
RADIATION EFFECTS
.A. N. Goland, D. T. Keating,
P. W. Levy, N. Carrera,
F. H. Geisler, K. J. Swyler

Defect studies employing positron annihilation lifetime and Doppler-
broadening measurements on irradiated samples. Simultaneous optical
absorption and luminescence measurements during electron or gamma-
ray irradiation of LiF. Electron irradiation studies of metals
preirradiated with 14 MeV neutrons. Effects