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Foreword |

" This progress report covers the rescarch and
development (R&D) activities of the Metals and
_ Cevamics Division for. the period July 1. 1980,
" through June 30, 1981. In keeping with past costom.
the format of the report follows rather closely the
- orgamizational ctructure of the division. Short
. summarics_of technical work in progress in ‘the
mﬁmmlmaummdadpmmdm
" five parts. Chapter | deaks with the t=chnical activities
of the Engimeering Materials Section, Chap. 2 with
the Fuels and Processes Section, Chap. 3 with the
Materials Science Section, Chap. 4 with Other
Rescarch Activities, and Chap S with Speciakized
Research Facilitics aml Equipment operated in user's
mode to promote collaboration and joint rescarch
with the U.S. mdustrial sector and the university
commumity.

The past year was claracierized by restricted
fmancial suppor: for materniak researchactivities and
a reduction in the staff to accommodaie the reduced
budget anticipated for FY 1982. The fmancial
decreases of divisional support for the fission energy
and Nuclear Regubtosy Commission (NRC) pro-
pams were cssentially offset by cor.csponding
. increases in the fossil encrgy and miclear wasic
programs. Overzll. operating funds ~osc 7 mere 0.8%
and hence failed to keep pace with inflation. The size
of the staff was reduced from 279 permancnt

employees on rollas of July 1. 1980, 10 258 employees

on roll as of July 1. 1981, Funher details are

presented ' Appendix A, Budget and Suppont
Dwi‘um,adnApp:duﬁ.l’cmmdSm-

. mary.

The organizational structuce of the division was
reakgned in selected areas to accommodate evolving
changes in the mix and thrust of R&D activay and to
upgrade technical mamagement. These adjusiments
Mmﬁmammxwmtkmmrm
announced m Appendix C on Organuzatuonal .

“Structure and Chart. On April 1. the division began
- reportmg to Alexander Zucker. Laboratory Asso- .

ciute Director for Physical Sca.ices.

Greaier atiention s currently bemng l’ocuscd on
discerning trends and secking opportumitres for
exploratory research needed in materak science and
cngincering. Numerous idcas for exploratory re-
search have been snbmiticd to the laboratory seed
moncy commitice, and scven proposals have been
approved for mvestigation. The nature and scop- of
these rescarch mvestiganwons are described Zader
“New Rescarch Initiatives™ i Chap 4.

Descriptive informnution on Honors and Awards,
Seminar Prog-am, Advsory Commitece, Publica-
tns, and Presentations a1 Technical Meetings
appears in summary form in Appendiscs D through
H. respectively.

Previous reports issued in this series are listed on
the next page.
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‘1. Engineering Materials
'G.u.si-unn

~ This section s responsible for dricrmining and
mbﬁng&uhﬁﬁydeqieeﬁqm’-kbr
use in Various caergy systems, for developing mew
llqs, and fonlauumnd kwbmw

components i specific applicatioas. It comprises a
stafl. of approx:mascly 75, abomt 60% of whom are
professionals. Research and development aciivities
are carvied out in five different lnboratorics. which
carty the functionsl names Materials Compatibility,
Mechanical Propertics, Nondestructive Testing.
Pressure Vessel Technology, and Welding and
Brazing. Addinionally, divisional support for the
Heavy Section Steel Technology (HSST) and the
High-Tempenature Gas-Cooled Reactor (HTGR)
Structural Mawcrials progams & administered
through this section. Brief descriptions of work
performed by and major accomplishments of these
groups are presented.

MATERIALS COMPATIBILITY
J. H. DeVan

The Materials Competibility Group conducts
corrosion studics for fusion energy, gas-cooled reac-
107, fossil energy, nuclear fuel reprocessing. nuclear
waste management, cunservation, and advanced
technology projes’s.

In Marsch ummd utheh in rmaeul sup-

and terrestrial nuclear power systems (development
and characterization of refractory and noble metals
for isotopic fuel containment) was terminated; the
remairing funds were transferred to the production
of iridium alloy canisters. Funding of sclvemt
refined coal (SRC) liquefaction plsnts was also
reduced, curtailing studies of high corrosion rates
in the fractionation srea of SRC plants. Neverthe-
less, we have maintsined an effective corrosion pro-

gram on direct coal iquefaction processes, and the
grosp has idemtificd the wechanizms respowsible
for corvosion during hydrogesstion of coal and
fractionstion of cosl-derived liguids. For example,
we have traced the movemest of chioride-
cess snd caicgorized the cosrosion effects from
them.

We bave also mamtained an active program un the

- fireside cosrosion of heat exchanger mawrials in

atmospheric flaidized-bed combustors (AFBCs). We
are cumrently determiniig solid state reactions
between the heat exchanger alloy and dense CaSO,
deposits formed during th: combustion process. We
have determined the phase stability relationships
between CaSO, and Fe, Cr. Ni, and Co, respectively.
up to 1100°C. Closely related is 4 recently initinted
progr>m underiaken to assess the state of the art of
heat excbm alloys for high-temperature heat
recuperation, a part of a mmmuomppoﬂed
program to develop metaBic and ceramic heat
exchanger maicrimls for recovering heat m industrial

Stwodies of the corrosion and mass transport of
austenitic, ferritic, and long-range-ordered alloys by
liquid lithiwm axd lead-Ethium solutions are being
conducted for the Fusion Aloy Development for
lrradimtion Performance (ADIP) Program. Candi-
date fusion first-wall alloys are exposed in tatic
meks and in naturally convective litham. Our studies
provide uadersiandmg of the kinetics of iron, Rickel,
and chromium transport from high to low tempera-
tures in lithivm heat transfer cicuits. They also
include a study of the compatibiity of Fe-Cr-Ni-Mo
and ordered Fe-Nvi-V alloys with L,;O, a candidate
tritium-breeding solid. Thermal-convection loopsare
also ueed to udy the mass transfer of types 304
and 316 stainless steel and aloy 800 in mixed nitrate-
salt (NaNO»-KNO,) for the solar thermal energy
conversion program sponsored by Sandia Nmoul
Laborstory.



Environmenmtal interactions of Hastelloy X and
alloy 800 with ppm amo1ts of H:. 2.0, CH,. and
CO in helium are important in develuping HTGR
reactors. Accordingly, gas-metal reaction studics of
these alloys m helium with closely controlled
impurity levels are being con.ducted at 5001t0 1 100°C.
Current results demonstrare that uwihi:or. from
carburization can produce a volun increase of unto
1% and can comphicate interpretation of mechanical
property behavior.

We have continued to Jpponlthmhdated
Fuel Reprocessing Program ia the sclection and
dehmhmwm
subcomtract, but, beginming, in FY 1982, we will
ZWWNE COTOSION testing. ,

A mew imvestigation, started iu FY 1981, cxam-
resided in a dsy domal salt deposit for abowt 36
mowths. The pipes simulated the casing of 2 burial
sh>ft for-suclcar wastc storage and contaimed imter-
"mal electric heaters that generated thermal energy

equivalent to that released by spest foel. The pipes
and the carbon stec] specimen: attached to their
_ouiside surfics were significastly pitied. However,
" companion ausienitic stzinless steelks, 26 Cr-) Mo
steel, and titanium were unaffected.

MECHANICAL PROPERTIES
C.R. Brinkman

The Mechanical Propertics Group develops and

analyzes data, qualifics new materials, and pro-

vides materials engineering support for ongoing

national cnergy-related programs. Ducing the past
ycar, we received support srom the following pro-
grams: breeder reactor, 40%; breeder reactor
forcign exchange 3%; gas-coole | reactor, 25%; fos-
sil, 9%; service, §%; conservation, 5%; defense, 2%:;
fusion, 5%; waste, 2%; and space, 1%. The oversall
effort for these programs was in characierizing the
clastic, plastic, creep, and fatigue behavior of base
metals, ceramics, polymers, and weldments. Afier
statistical and parametric analyses of the data, we
present them in a form useful to engincers or code
developers for design.

Fast breeder reactnr work cominued on obtainmg
various mechanical properties such as long-term
creep and fatigue data on types 304 and 316 stainless
steel, alloy 718, and 2"/ Cr-1 Moand modified 9 Cr-1
Mo stecls. Elastic-plastic and toughncss properties of
suncaled and aged mawrial were also studied.

e

Investigation continues on the influence of combined
stress and temperature on subsequent mechanical
propertics of thin-wall large-dumeter prototypic
pipng with welds fcr type 316 staimless steel This
work is based on differences in the microstrecture
between strossed and unstressed regions of long-term
cteepspmmsandthedcgmhuon of room-
tcmpenmlt “toughness properties by prolonged

‘exposuie to clevated iemperatures. Ow heat-to-heat

variations program continucs lo generatedataonthe
austenitic stamnless sweels, both for defining the
magnude of mherem data scatter  'm vanous
chemical specifications to decrease data scatter. One
of our greatest recent experiamental successes was the
development of 2 biaxial fatgue extensometer. This
unit allows us o conduct time dependent fatigue
tests by combimed push-pull and torsional loading on
tubelar specimens sor breeder reactor development.
About 30 tests were successfully compieted on 2',
Cr-1 Mo and type 304 stamless stcel
organizations have chows considerable imtcrest im
the recent development of modified 9 Cr-1 Mo -
ferritic steel. This s 2 sew structeral wnaterial for
use at cicvated temperatures, which offers several
advantages, includirg increased streagth and
chromium conservation compared with some
austeniiic stainiess sicels. Considerable 7.ew data
were obtained, and an ASTM specifications was
submitted for consideration. One forcign and three
domestic gtili‘ies and scveral foreign laboratories
are cooperating in the evaluation of this material.
Several pages of vpdates prepared by our Data
Acalysis Center were entered in t'ie Nuclea: Bys-
tems Moterials Handbook. A creep-fatigue design
procedore for 2% Cr-1 Mo stecl based on our
analysis was accepted by the ASME for ASME
Code Casz N-47. Test matrices from the national
breeder reactor structural materials program were
computerized for inclusion in a national plan for
mechanical propertics design data.

Data development and analysis for the materinls
technology 1o design and Icense HTGR cogenera-
tion and reformer systems cmphasized obtaining
information on mechanical propertics, thermal
stability, and behavior of weidments. Structural
alloys included Hastelloy X, Inconel 617, and alloy
800H. and ccramic materials included silicon nitride.

We conducied materials and components assess-
ments on, and provided materials engineering
services to, the coal gasification pilot plants and
process development units managed by the Morgan-




oy

town Energy Technology Center (METC). Our
countinuing assessments will provide an engineering
data base for future desigr use and will identify gaps
in the technology. We akso participate in suneillance
testing of metals and ceramics programs in severat
gasification pilot plants.

We initiated work on a conservalion program to
develop a high-voliage gas-cooled transformer. Qur
abjective is to develop mechanical propertics of
candidate polymers and to investigatc long-ierm
degradation in the presence of ariicipated trans-
former matenaks in SF; at ckvaicd temperatures.
This work will supplement effors of others to
establish the optimum polymer for use in sheet-
wound transformers and shunt reactors and to

- establish the compatibilty of proposed materials of

In fusion development. 20% cold-worked type
316 stainicss steel was irradiated to damage levels
of up 109 dpa and helium coments of 450 at. ppm,
whick are prototypic of first-wall levels currently
envisioned. Fatigue experiments or this matersal
aradiated and tested at 550°C s..owed no adverse
efi=cts on fatigue life compared with unirradiated
material. At lower temperctures (430°C), however,
a Jcleterious eifect of irvadiation was noted.

In our waste container development program,
compatibility is being tested on 15 potential canis-
ter nuaterials contacted with 7 forms of simulated
high-level waste. After 3500 h of exposure at 00
and 300°C (postulated storage ten.peratures). glass
and Fuetap (concrete) evolved detectable amounts
of sulfur. The ilow-temperature penetration was
very shallow, and exposures are continuing to
determine the penctration rate wiih time.

NONDESTRUCTIVE TESTING
R. W. McClung

The Nondestructive Testing Group develops
new or improved methods of nondestructive testing
(NDT) and provides technical suppon fer nonde-
structive examination (NDE). The acuvitics range
from long-tcrm studies of physical mechanisms and
theory for devclopment of advanced technigues and
equipment to near-term development and technical
support for various applied programs. The effort is
broad-based. in terms of both the technologics
involved (including pencirating radiation, eddy-
current, ultrasonic, thermal, and penctrant tech-
niques) and the varied interests of sponsoring agen-
cies. especially those of the Department of Energy

(DOE) and the Nuclear Regulatory Commission
(NRC).

The mapor activity for DOE has been on the
Bresder Reactor Program (BRP). We performed
ultrasonic studies with improved transducers  on
austenitic stainless steel welds at temperatures up
1o 200°C with both machined discontinuities (e.g.,
notches and holes) and fatigue cracks. Studics
began on ultrasonic inspectability as a feaction of
weld design. Ultrasonic frequency analysis, diffr_c-

tion. anc other signal processing techniques were

investigated for improved flaw characterization in
the sicel welds. Eddy-curremt studies emphasized
multiparameter multifrequency lechnigues, and a
special computer-controlled scanner was Jeveloped
for use with modular instrumentation in studies on
stainlsss steel welds. For the Clinch River Breeder
Reactc - steam generator we developed prototype
ultrasonic 1echniques and cquipmem for in-service
inspection (ISI) of the tube-to-tubesheet (T/TS)
Jomnes twciuaing microcomputer controls for ultra-
sonic scanning and continued development of
eddy-cusrent technigues for ISH of the tubing.

Development and technical support were begun
for buth uitrasonic and eddy-current IS] techniques
for double-wall tubing for 2 Westinghouse alter-
nate steam generator design. Preliminary tech-
aiques were applicd for 'IS) of a few-tube model.
We provided b:chnical support 1o \Vcstlngbou!
Tompa Division for their acquisition of 2 micro-
focus rod-anode x-ray unit aml peripheral equip-
ment fo. radivgraphy of T/TS joints.

In our long-range NDT studies for the DOE
Office of Busic Energy Science; we developed an
analytical model for acoustic propagation across
solid-solid interfaces emphasizing  isotropic-to-
anisotropic boundaries (e g., for the base metal-
weld mictal interface in austenitic stainless steel);
investigated advanced signal processing for flaw
characterization; and developed 2 method for accy-
rzte cddy-current measurement of clectrical con-
ductivity. Other DOE programs included studies in
x rays and ultrasonics for rescarch reactor fuel,
eddy-current cxainination of reactor control rods,
tadiographic and ultrasonic devi:lopments for graph-
ite. and technical support for examining alloys and
graphite components for space nuckar systems.

Technical consultat.on and support was provided
1o the program management staffs for the BRY and
Fossil Energy Maicrials Development programs.
Special ultrasonic and eddy-<urrent studies were
performed for Brovkhaven National Laboratory on
techniques for evaluating welds in stainless steel
tubing.

Cr



The largest activity for the NRC was on
improved ultrasonic standards for ISI of light-
water reactor (LWR) pressure vessels, including
consultation, interaction with ASME Code com-
- miltees, assistance in development of a regulatory
guide, and confirmatory laboratory experiments.
We also provided consultation in cvaluating non-
destructive examinations on commercial nuclear
reactors. For reactor safety research, we continued
10 develop improved eddy-current technigues (with
the aforementioned multiparameter technology ) for
the ISI of LWR steam generators. We also con-
oucted experimental studies for “trasonic tech-
niques to monilor gas bubbles in aerosol release
from BRP fucls. i

PRESSURE VESSEL TEC)...0OLOGY
R. K. Nanstad ’

The Pressure Vessel Techmology Group investi-
gates the fracture resistance of structural materials,
particularly steels for pressur- vessel applications.
This requires expertise in experimental fracture
mechanics and metallurgy. Programs are sponsored
by both NRC and DOE. We are curreatly emphasiz-
ing the materials property needs for the HSST. Fossil
Encrgy Materials, and High-Temperaturc Gas-
Cooled Reactor programs.

Fracture toughness testing of prestressed con-
crete reactor vessel (PCRY) liner and penetration
steels have continued with specific examination of
weldments. We are analyzing data in order to
apply candidate PCRV finer siecls and weldments
to a reference fracture toughness framework as in
Appendix G of the ASME Boiler and Pressure
Vessel Code. Weld metal and heat-affected zone
studies are included, anc results arc compared with
previous information from basc material tests.
Information for all materials will be assessed for
establishment of 2 seference fracture toughness for
PCRYV liner sicels.

Under the HSST program, material property
data were obtained for thermal shock experiment
SA (TSE-SA). Results from TSE-S and TSE-SA
indicated that a large variability in fractuse tough-
ness data should be expected when testing labora-
tory specimens in the transition temperature
regime and that vesse) beh vior occurred at of
below the lower bound toughness recults from
labosatory testing. Additional testing with thicker
specimens and side-grooved compact specimens and
testing in a machine with variable compliance (i.c.,
spring in series with load train) did not reduce the

toughness varniation or tac fower bound toughness.
These investigations are continuing with thermal
shock vessels 2 and 3

" The remaining Charpy V-notch (CVN) impact
specimens from the second and third 4T7-CTS
ivadiction experiments were tested in the HSST
imadiation program. Amalyses of force-time traces
are being performed. and aBl resulis will be analyzed
for-fast neutron fluence and irradiation temperature.
The fourth Bulk Shicding Reactor (4th BSR)
experiment was started in December 1979, a°d
iradiation of capsule A was completed in October
1980. Preliminary CVN impact data for HSST plate
02 steel, iradiated a1t 288°C 1o an estimated fast
neutron fluence of 2 X 10** newtrons;cm’ (E > |
McV). indicated a transition temperature shifi near -
that predicted by Regudatory Guide 1:99. byt the
upper-shell energy loss was only one-third of that
predicied. Capsule B compictedintadiation in March
1981 with most of the specimens receiving an
estimated fast neutron fluence of 2 X 10" neu
tronsicm’ (E > 1 AeV). Capsule C. which began
irradiation . May 1981, contains specimens of
“current  prictice™ submerged arc welds having
copper c.-utents of 0.046 and 0.0565. Capsule O
= ~.mbly. to begin July 1921, will contais: spccimens
from the Federal Republic of Germany.

Studies on the Fossit Energy Materials Pro-
gram have emphasized mechanical preperty char-
acierization of thick-section carbon and low-alloy
stecls for liquefaction and gasification pressure
vessels. Tensile properties and CVN impact tough-
ness have been determined over a2 wide temperature
range for A-516, grade 70, A-S33, grade B, class |;
A-387, grade 22, class 2; and weliments of those
steels. The materials have been postweld heat treated
{PWHT)tor varying times to determine the offects of
extended PWHT times on mechanical properties.
Additionallv. various heats of 2'4 Cr-1 Mo steel with

_chemical compositions modified 10 increase harden-

ability have been obtaimed from the Japan Steel
Works and U.S. Steel and are being similarly
characterized. Future testing will include fracture
toughness determinations by clastic-plastic analyses
such as the J-integral.

WELDING AND BRAZING
G. M. Goodwin

The Welding and Brazing Group continues to
conduct materials joining research and develop-
ment for light water reactor, reactor safety, fossil
energy. fusion energy, basic energy sciences, gas-

[ | [




cooled reactor. space-nuclcar, and fast breeder
reactor projects.

Light water reactor and reactor safety activitics
have centered around the Advanced Instrumenia-
tion for Reflood Studies (AIRS) Program. Over
100 complex ceramic-to-metal instrumentation
subassemblics have been successfully fabricated
_ and delivered to facilities in the Federal Republic
" of Germany and Japan. )

The Fossil knergy Program has emphasized
_cvaluating beavy section weldments and weld over-
lay cladding. Analysis of a 300-mm-thick (12-in.)
submerged arc weld in 2% Cr-1 Mo plate from an
industrial supplier was completed, and additional
plates and -weldments are being procured. Weld
. overlay specimens have been corrosion tested here
and at the SRC-1 Pilot Plant.
" Work on fusion encrgy consisted of welding
assistance o the Large Coil Program.

The basic. energy sciences welding study has
continued investigating the solidification of austen-
itic stainless steels and iron-chromiuim-nickei alloys. .

A significant contribution involved the identifica-

tion .nd characterization of four distinct morplolo-
gies of the 3-ferrite phase.

Gas-cooled reactor rfforts have developed laser
and clectron beam welding procedures for a number
of advanced alloys, including cast austenitics and
mechanically alloyed materiaks such as International
Nickel Company’s MA-956. '

For space-nuclear applications, we have contin-
ved 1o characterize the weldability of thorium-
doped iridium alloys by s_veral processes, including
contimuous-wave laser welding.

The breeder reactor programs have demonstrated
commercialization of controlled re dual clement
{CRE) stainless steel filler metals. The evaluation of
large commercial heats has been completed, and the
characteri-ation of pipe produced by centrifugzl
casting and spin-forging has heen reported. Graded
transition spoolpicces are bemg produced by vacuum
arc melting; the weldability of advanced 9 Cralloysis
being cvaluated. Mechanical pr opertics comparable
1o tase metal values can be achieved by use of
maiched-composition fifler mecl with the gas
fungsten arc process. ' .






2. Fuels and Processes
R. G. Donnelly

The dwversificatio (rom complete dependence on.

nuclear fuels rescarch and development (R&D)
toward 2 more balanced mix of nuclear and
nonnuclear energy activities has continued over the
past few years to the point that no single program
currently accounts for more than about 17% of the

.sections support. Speciabized manufacturing pro-
_duction, including fabrication of cermets for the

Nuclear Regulatory Commission (NRC) Advanced
Instrumentation for Reflood Studies (AIRS) Pro-
gram 2nd iridium disks and carbon fiber insulation
for the Space Power Program, has increased and now
reprcsents 20% of the section’s activites. This year,
however, decrcases in progrz nmatic R&D were not
fully offset by new initizt:ives. This and anticipated
seductions in FY 1982 support resulted ina reduction
of nine staff members (seven technicians) and
consolidation of two former groups into the new Fuel
Cycle and Engineering Amalysis Group.

Section-managed programs continue to include
the space power program, the graphite programs,
and the national Building Thermal Envelope
Systems and Insulating Materials (BTESIM) Pro-
gram. Management of the remaining work on the
irradiation testing task of the proliferation-v sistant
research and :est reactor fuel element devriopment
program was transferred tothe Engineering Technol-
ogy Division of ORNI for compleiion.

Rescarch activities and accomplishments of the
funztional groups reporting through this section
during the past year are summarized below.

CERAMIC TECHNOLOGY
D. R. Johnson

Ongoing studies of pyrolytic SiC coatings for
High-Temperature Gas-Cooled Reactor (HTGR)
fuel hav: clarified relationships among properti s,
microstructural characteristics, and process vari-
ables. Recent transmission electron microscopy
(TEM) stv.."ies are directed toward interactions with
fission products and cffects of radiation damage.

Candidate structural ceramics for the HTGR core
suppor: are being evaluated. Characterization of
several silicon nitrides before and after creep testing
has identified dominant creep mechanisms. This is
necessary to extrapolate the results of accelerated
creep testing for predicting 30- to 40-year behavior.

A new program to develop improved solid
clecolytes for :odium-sulfur batteries includes
characterization of 87-ALO; elkectrolyte tubes. This
program, which will emphasize the use of ceramic-
metal composites as solid ckctrolytes, has the
potential for creating an entwely new class of
materials.

We continued development and production of
carbon-bonded carbon-fiber (CBCF) insulation for
use in the General Purpose Heat Source for the space
program. Parts have been fabricated, characterized,
and Jelivered for various r-sting progran-s. A quality
assurance program was developed to control the
fabrication and characterization processes.

We supported the Departiment of Energy (DOE)
Brayton cycle waste heat utilizaticn program by
characterizing flue-gas particulates from operational
industrial glass furnaces. We also contributed to
materials testing through identification of candidate
materials and test conditions; managed a suhcontract
for development of a thermal analysis coJe for glass
furnace regenerators; and fabricated monolithic
refractory specimens, which were tested and evalu-
ated as potential recuperatnr materials in & glass
furnace exhaust atmosphere.

Cordierite recuperators, representing a type used
in DOE demonstrations of industrial waste heat
recovery, were tested in the Refractory Test Facility
to determine the effects of combustion products of
both No. 6 oil and cosl-oil mixtures on performance.
We concluded that these particular recuperators
are not suitable for use with dirty fuels uniless
3 method of ash removal from the recuperator
is provided. Materials support has been provided
to a DOE contractor conducting demonstration
tests of a stainless steel reradiant recuperator
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on an industrial furace for me king aluminumi scrap.
Severe corrosion was determined 10 be caused by
chlorid=s a2 or sulfur in hot flue gases. Rigwd
ceramic fivesboard was recommended as an alterna-
tive material.

A new testing program wiss started (o wdentify the
pest commercially avanable devices for measuring
orygen in coal-burning flmdized-bed combus.o:s.
We are resting cerami- electrolyies and other devices
to dewwrmine which types are capablk of making the

- required measurements.

Electron and oplica. microscopy studies of coal
have continued. We observed and wdentifed a
possible mechanism for the transformation of pyrite
to pynhotite during clectron beam heating in a high-
voltage clectron microscope. Our use oi the near-
infrared miroscope was broadened 10 include
subbituminous and low-rolatike bituminous coals.

‘and we expanded our coal structure program to

nclude differential thermal analysis (DT A) of who'e
coal and scparated macerak. )

We conriaved development and production of
ALO;-Pr curmets for ekctrical insulators with high
thermal shock resistance for the AIRS program.
Insu lators of ALO:-Cr withequivalent thermal shock
resistance were geveloped.

A scries of experiments was compieted 1o deter-
minc the - oxidation characierstcs of ThC.
(ThossUo.n)C. and (for comparison) UC fuel materi-
als. Information on the oxidation behavior of these
carbide fuels is needed to establish the requirements
for fabricating ard \eprocessing them.

We initiated a ew program to characterize and
test commercial materials wsed s trim in seveely
crosivé service and as high-pressu e leidown valves in
coal liquefaction pilot nlants. Vanous techniques.
such as optical and clectron mix ‘oscopy and x-ray
and clectron diffraction, are used \n these character-
ization studies to gain a better unixrstanding of the
crosion mechanisms expenienced in the synfuel pilot
piants.

Another activity initiated this year is the study of
atmospheric exposure cffects on the performance of
photovoltaic cells und2r concentrated (~40X) insola -
tion. This work is intended specifically 1o improve the
technical unocrstanding of in-service photovoltai
cell behavior of concentrated insolation 1n nonarid.
forested-agricultura’ or industrial areas typical of
U.S. populatiun centers.

The determination of physkal property changes in
graphitc irradiated in various reactors was contin-
ued. and the effects of steam o udauon and neutron
irradiation on the fracturc mechanics of graphite

were determined. A series of graphite specimens
containing a dispersion of metri carbide particies
(WC. TaC. and ZrC) was fabricated for the Navy.
and caamination of these composiics has begun. The
mechanical propertes of several charcoals were
evaluated for possible use as filters in the primary
coolant loop of naval submarci:e reactors.

FUEL CYCLE AND ENGINEERING
ANALYSIS '

W.J. Lackey

This grup develops processes and equipment for
radioactive waste disposal and nuclear rcacior feshs

fabrication and performs vngncering analyses
these arcas and m the areas of materials for fossit
energy applications and cnergy conservation. The
high-level waste effort uws sol-gel and coating
iechnology for preparing spheres of coystalirr.

" ceramic waste forms. Concree waste forms for

solidification of high-leveland transuranic wastes are
being characicrized. New work in low-level wasic
management focuses on dsposal or reclamation of
contaminated metal scras. Qur fuck work s divided
into t'wo arcas: (1) Gabrication of breeder reacto.
pcliet fu:ls by prossing gelderned spheres (the
sphere~a! process) and (2) fucl panticke preparation
and coating for HTGR fuweks. Ta-k management and
materiaks design reviews are performed as part of the
Fossi' Energy Matcrials Program. The group also
performs task management and experimentation for
the materiaks project of the Encrgy Conversion and
Utilization Technology Program and also for the
Residential Corservation Service Program.

Sol-gel and tiudized-bed coating processes were

~ successfully applied in producing highly incrt. icach-

resistan: alternative hagh-level waste forms. The
internal gelation process was ecmphaswzed in making
dense spheres of Synroc comtainmg commercial or
defense waste. All particles were successfully coated
with pyrocarbon and silicon carbide at temperatures

as low 4s 1000 and 900°C. respectively. A generic -

cesium-bearing coated-waste form has been devel-
oped. which can be apphed to any wasic form.
including glass. Aqueous leach contaminant test data
of the coated-wasic forms were below the detection
himits of ana'ytical techniques.

A new low-level waste task has the obgective of
formulating a ¢ mprehensive management program
for contuminated metal scrap gencrated at sites
managed by the DOE Oak Ridge Openations Office
(DOE-ORQO). A metal smeking facility (o be located




at the Oak Ridge Gascous Diffusion Pamt was

wdentified as a necessary complement (o existing
capabilities. and conceptual design of the facility has

_ begun. Development cfforts supporting the facility

wiil inclode uranium rcovery from shg. shg
disposal. and alumiram decontamination.
Concretes formed under elevaled semperatures
and pressures offer excelent posibilitics as contain-
ment for radioactive wastes. We began svudics 10
idemtify phases and partitioning of adionuclides in
such concretes. About ten separate virases have been
identified. Phase identification and radwnuchde
panitioning data will help w3 prepare concrete with
greater leach resistance will provade 2 better

V. mderstanding of concrewe that shoald mcrease the
overall confidence in ths wasic form.

We successfally prepared fucl pellets from UO;

ard (U Po)O; gel-derive dmicrospheres and achicved

the desired pefet densigics and microstructures.
Dense UC,0, is one of four kemnel compositions

 twg cvakuated us HTGR fucl. and we are workimg

jomtly with the General Atomic Company to
optimic the sphere-forming. calcmng. and sintering

- provesscs. Signiicant progress was made in reducing

the sintening time and lemperature.

We are workmg jomtly with the Fuel Recyck
Division 10 develdp, desgn. construct. test. and
evaluate 3 welding system that can remotely repair
piping systems within 2 fucl reprocessing facility.

We continued our lead roles in the maiciiak design

* review and monitoring of research and developmicnt

for the Solvent Refined Coal (SRC) demonstiation
plant projects and in the preliminary design of the H-
Coal commercial plant progct. An asscssment of
foreign activities in the selection and development of
materials for use m coal Equefaction plants was
completed. We ulso commued coordination and
control activities for the Fossd Encrgy Materak
Program: a program plan was completed. and a
program-wide quarterly technical progress reporting
system wasdevised and iniviated. Coondination of the
determmnation of causes of and solutions for severe
corrosion of SRC piiot plant components is continu-
ing. ..

We were selected by DOE 10 manage the materials
project of the Energy Conversion and Utilization

- Technology (ECUT) Program. which was estab-

lished to conduct applicd research to develop basc
technologics for energy conservation. We prepared a
preliminary annual operating plan for FY (98] anda
long-range project plan for FY 198} through FY
1987. The project plan provides the basis {or selecting
futire exp- ‘mental projects from the following

areas: (1) maseriaks for high-temperature »asic heat
recovery. (2) materals for low-temperature wasie
heat recovery. 3, sulation, (4) materals for heat
engines. (5) o teriah processing. (6) tribology. (7)
recycke of waste materials. and (8) bghl\tﬂgln
materials for ground tRmsportativn.

We continued to provide technical support 10 the
Resudential Conservation Service (RCS) Program in
thiee principal arcas of prigam implementation:
raninaking. wechnical assistance 1o states, and R&D.

© We compicted an RCS audftor vaming mamual,

validaed approxamately 35 audit procedures for
states and wtilities, and superyived complesion of a

number of anditor-tramimg activitics. We continued -
our in-house rescarch aad development on (1) -

scttling of looswill atic insultion, (2) thermal
performance of atfic msihation. and (3) scasonal
furmnace efixicncy; data acquisition and analysis were
the principal cfforts on iasks | and 2. and a ima}
report was prepared on the resuhs of task 3.

FUELS EVALUATION
F.J. Homan

The HTGR Base-Technology Program continues
to support most of the Fuclis Evaluation Group.
However, dunng the past year soni support was
provided b the Magaetic Fusion Encrgy and the
High-Temperawure Applications of Solar Encrgy
programs. In HTGR-rehied work. the group
comimues 1o specialize in unique  postirradiation
examination (PIE) capabilitics emphasizing quanti-

tative measurements o fission product inventorics by

use of the irmadiated microsphere gamma analyzer
(IMGA) and the postirradsation gas analyzcr (PGA)
systems. These techniques are hghlv regarded by
others in the HTGR community. such as the General
Atomx Compeny and Kemfonchungsanlage (K FA)
Jilich who ltgularly send samiples 10 ORNL. for
analysis.

The IMGA system has operated for tin: entire year
cxamining coaied-particke fuck from a number of
irradiation tests. Resukts have shown u;mﬁam
releases of metallic fission products (¢ g.. '”’Cs) from
Bisocoated ThO; at temperatures and bumups
typically envisioned in 2 commercial HTGR.
Radioactive silver release from SiC-coated particics
1s still being examined. and preliminary results show
a dependence on temperature, fast newtron damage.
and SiC properties. Recogneng this dependence, we
fabricated and irradiated a capsule test. Detailed
examination of the capsule began in June.




ry

¢

The PGA system routinely measwred gaseous
fission product mventories in coated particles. We
found that the permeability characeenistics of the
pyrocarbon on Biso-coated ThO; varies widely from
particle to particie within any onc baswch irradimted
under the same conditions. Conccnomt&m
and metalic fission predact rekease from Biso
coatings led 10 a decision w replace the Bisv design
with a Triso design on the fertile particles.

Cooperative work with the KFA s continuing
under the HTGR "Umbrella Agreement”™ between
the United States and the Federal Repusiec of
Germany. Wutmcmpleuladufniw

_mmfm’smbﬁgdpymm
»m(mmmxw&fmmm '

pleted on comparison of the PIE techmiques of
ORNL and KFA 10 assess pmck uadmtion
performancs. Consequently, KFA ftas_ stopped
dfvehmtofnspoumad-nénnnuhgmdu-
nique in favor of the IMGA. .
Mmcdourmnﬁcmlaml'wof

our own iTadistion cap ks e perform the service

function of thermal design for s diation Lapsules
for the Radation Effects and Micvrostructural
Analysis Group. The work, supported by our Fusion
Energy Materizls Program, tests candidate materials
for fusion reactors.

Work was completed and finaf reports writien for
two tasks on materials for high-temperature applica-
tions of solar energy. We fou: d that silicon carbide
materials were the icading candidates for use at Ligh
temperatures pnder anticipated fucl and chemical
processing environments. We ako assesved current
ceramic fabrication technology for sofar receivers (o
be used in fuel and chemical processes. We found
tha:, akthough the fabrication technology is ad-
equate, opcrations] experience with hazardous
chemicals docs not currently justify solar-powered
chemical production.

METALS PROCESSING

R. L. Heestand

Activities supporting space and terrestrial power
sysiems continued 0 center on fabricating iridum
containment for General Puspose Isotopic Heat
Soarces. Pinduction lees were initially set at 600
fosming disks for the year but were incrcased 1o 728
forming disks in the st quarter. An iridium
production task forre was formed carly in the yearto

evaluate fabrication problems and forming defeais
that arose m changing from a homisphere for the
Mul:thundred-watt Heat Source w0 2 decp-drawn.
cup for the General Purpose Heat Source. The task
foroe vecommendations were investigated on an
cxperimental besis, and many were incorporated into
the hriczion procedure. A realiocation of develor)-
et funds preciuded complet™~~ of sevecal of the
uasks. An iridium rnanagemeny plan was Jeveloped
and umupr ‘mented for coxtrol ol inventories. refining.
aad financial plans for Ok NL and ali subcontractors
for the Space and Temestrinl Systems Program.
Under this sysiem:, ORNL lms responsibility for
mane ging and refiaing all program rdimm. ,
The Waste Managemem Program onthe “Volume
Reduction of Low-Level TRU Conur ninated Metals
by Meking™ was continued toconplueexpetmaus
on the removal of plutonium by shgging reactions.
Experaments indicatd that plutoniom could be re-
moved to the same lewvehk as uwanium. An’
engimecring-scale demonstration for uranum de-
contamination is being conducied i conjunction
with Paducah Operations. This consists of melting
and slagging a 100-ton contaminated melt, followed
by determining rcsidual contamination on the
resuliant 1-ton ingots. In another program a survey
of the existing contammated DOE-ORO scrap
imenrtory s being conducted and p*ans made for
meh-siag decontamination.
Efforts were continued on the fabrication of large

_heats of radiation-resistant D-9 stainiess steel for use

in fusion encrgy aBoys. Similarly, 2 laige heat of
modified 9 Cr-| Mc «teel was procured for breeder
veactor experimental usc. Mechanical properties of
these beats were found to be superior (o commercial
alloys. In addition to the mod.fication: of commercial
alloys for radistion resistance, the scale-up of
semiproduction quantities of long-range-ordered
alloys was initiated. These high-temperature high-
strength alloys, developed at ORNL, will be prepared
commercially by both clectiron beam and electroslag
melting to provide materia’ ivr neutron irradistion,
mechanical property, ard compatibility tests.

The cffort on fabricating experimental molybde-
num heat pncs for Los Alsmos National Scientific
Laboratory m supgore of vhe Space Reactor Electric
Power Supply (SPAR) was expanded to include
molybdenum-rhenium alioys. Ths includes fabrica-
tion of both heat pipe tubng and wire for capillary
screens.




3. Materials Science
J. O. Steegler

Research in the Materiak Science Section is
directed toward understanding structure-property
rejationships in terms of processes occurring at the
atomic level. Such an understanding can lead 1o the
development of principles for the design of improved

. materials. The work ranges from efforts to control

the composition and microstructure of convertional
austenitic and forritic steels for applications in
breeder and fusion reactor systems t the exploration
of novel processing techniques ior synthesizing new
_metals and ceramics for possible use in advanced
encrgy systems.

About 65% of our support comes from the
Iivision of Materials Sciences of the Office of Basic
Energy Sciences. This work, which is generic in
nature, is aimed toward providing a technology base
for addressing materials problems 101to 15 years from
now. Nearly 20% of our support is directed toward

development of structural materials for high-flux -

regions of breeder and fusion reacton. Additional
programs are funded by the Offices of Fusion Energy
on Plasma-Surface Interactions, Fossil Energy on
Structural Ceramics, and Conservation on Thermal
Insulation.

The success > determining structure-property

relationships rv.is on our ability to define structure -

preciscly an. quantitaiively. We kave therefore
" devoted substantia! effort and resovrces in recent
years (o developing 8 state-of-the-wrt capability in
techniques for characierizing mnteriais. Facilitie- for
these techniques, which are awvaifable for use by
. members of the university and industrisl communi-
ties, are described more fuly in Chap. S on
Specialized Research Facilities and Equipment.
During the past year our small-angle x-ray scattering
laboratory was tramsferrcd to the National Center for
Small-Angle Scattering Research, which is managed
by the Solid State Division.

Descriptions of activities and accomplishments of
groups in the section are given in the following
paragraphs.

ALLOYING BEHAVIOR AND DESIGN
" C.C.Koch .
The primary goal of the ABoying Behavior and
Design Croup is the development and understand-
ing of the principles of alloying behavior and of
structure-property relationships and their applica-
tion to the creation of new materials 10 meet energy
technology needs. The group focuses on three major

" programs: (1} metastablc materials, (2) deformation

and mechaniczl pmpeuls and (3) high-tcmperature
alloy design.

The metastable mrierials program has emphasized
the development of facilitics to producs amorphous
alloys by rapid quenching from either the lijuic or
vapor state. The formation, structu-c., stability of the
amorphous phase, and sclected property measure-
rents of several amorphous alloy systems ha. s been
studied. Molybdenum-base amorphois alloy super-
conductors arc siudied as prepared by wvapor
quenching (in argon or N3) or liguid g senching alloys
containing metzHoids such as phosphorus, boron, or
silicon. Superconductivity also provides useful
information on the structure of mewbic glasses.
Small-angle x-ay scattering on the ORNL 104
Small-Angle X-Ray Scattcing Facilty (SAXS) s
being used 10 help define ihe defevt structure a.d
compositional homogeneity of metallic ghael. We
have vsed rapid solidification to modify the mivo-
structure of several long-range-ordered (I RO)albys
of the (Fe,Co N,V type.

The immediate goal of the deformation and
mechewical propertics program is to undentand the
physical mechanis.ns of deformation and fracture in
model systems (nickel and nicke}-base binary alloys)
and commercial alloys (austenitic siainless steels and
nickel-base superalioys) at clevated temperatures
under low applied stresses. Effects of trace clements
on grain boundary cavitation ‘mdercreepand fatigue
test conditions are investignie' by Auger spectros-
copy. Use of the 30-m Sn:aB Angle Neuwron




Scattering (SANS) Facdity 1o stuly grain boundary
cavnation has been miamted. The 1-MV  High-
Vohage Electron Mxvowope (KVEM) is used 10

provide direct microstrectural information to.aud the .

SANS study. Recemt theoretical progress includes
modeling of impunty-mduced microved formatton

and effects of internal stzess ongrain houndary crack -

initation. »

The slloy design orugrant has heenconcerned wi'n
the LRO alloys m the (Fe.Co NipV systes fo:
apphcation: (inchading magnctc- fusion first wall
mateniai) and with the indium-base alloys for space
power applicat’ mns. Plans have been formulsted and
a seed money proposal funded for partial suppon of
an alloy design program based on LRO alloys and
intermetallic compounds 1.r potentici use at clevated
temperature; mn energy echnology systems.

PHYSICAL PRCPERTIES
D. L. McElroy

Physical properties are measurcd amd analyzed to
obtzin an undersianding of chis ge and heat transport
behavior. Ti.ese cfforts on rescasrch and engimeering
malcrials are principally supporied by the Division of
Matcrials Sciences, the Building and  Industrial

Conservation programs, and the Breeder Reactor

Program.

Experimental determinations were made of the
phonon and clectron components of the thermal
conductivity of ckmental won, niobjum. and
tantalum. The phonon conductiviy ir.cludes scatter-
ing term: caused by ~lectron-phonon and phonon-
phonon interactions. The foruner is large for niobium
and wentalum and provides an important test of
clectron-phonon interaction theory. The electronic
Lorenz functions of nicbirnn and tantalum approach
the Sommerfeid value. umilar studicsare in progress
for nickel. The clectrical resistivity of 2 series of dilute
paliadium-base alloys was measured because these
values may be cakulated theoretically. Different
theoretical models were verified as bemg capable of
predicting thermal conductivty on (§) AXM-5QI
graphitc within 3% from 200 10 950 K and (2)
microspherss of UO: or ThO; i helium. An
apparatus for property measurements to 2600 K is
being t2sted with a graphite siandard

The Conservation Program supports evallations
of properties, test methods. anu the influence of
operating environments ~  building and industrial
thermal insulations. We are involved in developing
siandards end in cusponsoring conferences with
ASTM Committee C-16 on Thermal Insulations and

Subrommitiee C-16.30 on Thermal Measurcments.
Rescarch 0 improve the techncal data base on
msukting materiah s perforrred toth-n house and
by suhcontiact. ~

The ph;sica; propertics of standard and modifed
¥ CR-1 Mo steeks in the normakized and empered
stales shew the thermal stress factur to be twice as
geod-as that of Inconel 718.

" RADIATION EFFECTS AND
MICROSTRUCTURAL ANALYSIS

E. E. Bloom

- The priumary objective of the Radation Effects and
Microstructural Analysis Group & 10 elucidate the
role of microstructure, compc.ition, and service
environment on the behavior of matenals and 1o
devekop materials with microstructures and composi-
tions tailored for specific applications. Two mission-
osrented or applied alivy devciopment progrums
(suppo:ted by the Office of Fusion Energy and the
Division of Reactor Resecarch and Terhnology) are
complemented by programs on radiution effects and
analytical and high-volage elecron microscopy
(supported by the Division of Materials Sciences).
Electron microscopy (transmission, analytical, anJ
high voltage) and surface analysis techniques (Auger
spectroscopy) are used 10 characterize structure and
composition on a microscak. The Oak Ridge
Reactor (ORR). High Flux Isotope Reactor (HFIK),
Experimental Breeder Reactor-11 (EBR-H), Oak
Ridge Isochronous Cyclotron (DRIC). and dual-
beam Van de Graaff Facility are used in irradiation
damage studics.

Anaiytical and High-Vuliage
Electron Micyotcopy

Rescarch during the last year focused on develop-
ment and cvanation of nstrumentition, new
methods and techaigues of materials characieriza-
tion, and application 1o a wide range of materials.
Some of the applications invoived collaborat:on with
non-ORNL staff on the Shared Rescarch Equipment
(SHaRE) Program.

High-resolution-imaging techniques have been
applied o the characterization of the int:rface
structure of precipitates in auste'iitic stainless strels.
Although reliable methods for revealing the interface
boundary dislocation structure by weak-beam and
lattice imaging have becn successfully identified, the
determination of Burgers vectors requires a more
detailed investigation. Such work is in progress.
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Detailed observations snd dymmical calculations
have provided a quantdatve understanding of
thickness. fringe contrast at gram boundaries in
tananssion clectron microscope (TEM) and scan-
ning tnsmission  clkcoron: microwcope {STEM)
modes and uts relationshep to the op-botiom effect.

A posispecarm scanmng sysiem on the {aeld emis-

{3

sion gun amalylical electron microscope has. bezn

developed, which allews us to cbtam encrgy-fiktered

- invensity profiles of images or diff raction pattcmns

Uses mcinde on-lnc computer anatysis of “rocking
curve™ profilkes in convergent-beam clectron diffrac-
tion {CBED) patterns, from whichaccuiate va'usof
foil thickness can bz obuained rapidly (<1 min). The

chmmm of complex ordered or modukated

sructures from diffuse ehstic. elcuron meusuy
profiles is also under way.
A number of mprovements e the wo eleclmv

. energy-loss spectiometers were made. We comtinued
our svaluations of the rekability of quantitative
- analysis made on a wide range of specimens by use of

both K ard L ionization edges. Some discrepancies
were found, but the overall results were encouraging.
A new, improved background-fsating procedure was

alloys. T ¢ «1 svacterization of defect stractures n
.smneaied ion- mplanted GaAs paoessiteecd the us of
high-resolutson weak-bram wechaques. An snpor-

tant fnomg was the presence of Frank dislocation

raps as the major damage cumponcat. and & model
correlating clectncal activity wath such microstruc-
wral deeib & bemg developeu. The deformation
substructure as a function of 1R compositicn of the
binder phasc m deformed wmemed WC was
mvestigated witn the HVEM. Detils of fanking.
hexagonal close-packed phase fermction, and
twinning were mvesticat-d and mierpreted foy the
expecied deformation modes of b binder.

The mcchanisic understa ding of The processes by

. which ivadiation chaugres physical and mechapical

developed for spectra involving A edges of transition

metals.

In situ experiments in the high-voltage clectron

microscope continued. Dislocation motion. »nd
details of the propagation of shear cracks. such as
ligament formation, were ob:erved by in situ

.. deformation of precipitatic-a-nardened A wi %, Cu

and 2024 aluminum alloys. Little strair: Jocalization
in precipitate-freec zones was observed. Further
studies are under way o alloys in their maximum
hardness condition, where ductile mtergrinular
failure is most likely to occur. Experiments on in situ
oxidation of vamadium and vanadium-titanium
alloys have continued. A detailed determination of
the structure of the different phases that form
(depending on foil thickness) akoinvolved analytical
and httice immaging experiments. The disorder
commonly observed arises from the low transfoima-
tion temperature and the rapidity of the oxidation
process.

Man, applications employing statc-of-the-art
techniques were made on materiak science problems

- during the year. In nickel-bonded TiB; ceramics

(intended for use as hard wear-resistant materials)an
intergranular phase was identified and characterized
in dewail as nonstoichiometric boron-deficient Ni;B.
A successful correlation was made of unusual s'sain
softening behavior with deformation cell size and
other microstructum! features in ferritic 9 Cr-! Mo

properties of mctals and alloys &5 the primary.

objective of the Radiation Effects -ask. The program
ts focused on the phenomema and condmtions
crcountered or anticipated in fssion and fusion
reactors. Results of this work provide guicance to the
alloy development programs. The cusrent scope
includes cavity swelling. sradation creem and
embrittlement. An integrated theoretical and exyeri-
mental approach is brought tv bear on major
problem areas.

Simuhlaneous nickel and helivm on bomband-
ments have led 10 an improved understanding of the
role of helium in microstructural development.
Ferritic materials. irradiated with neutrons or
bombarded with smultancous iron and helium
beams arc being studied. Both high-purity iron and
iron-chromium alloys a: well as commercial steeis are
inciuded. The irradiation behavior of the LRO alloys
developed eisewhere in this division is being studied.
The first phase of a program-of pulsed jon beam
bombardment of a high-purity siainless stee] was
completed. This area :s also of interesi »i ONnNEction
with the pulsed nvironment of planned fusion
reactors. The effects of wradition-induced phase
instability on swelling and the rclated effects of
helium on phase instability are being pursued inclose

. cooperation with the alloy development programs.

The theory of radmtion eflects 8 a major ares of
development. In the pust, emphasis was on establish-
ing the framework of the rate theory description and
on modeling the cflects of charged particle bombard-
ment, including the large increase in damage rate and
the marked spatial variation :n swelling. More
recently, impurity effects have been emphasized. and
this resulted in the development of the theory of point




defect trapping and it= influence nn cavity nucleation,
nuy growth, and uradiation creep. The effec:s of

unpurity segregation on cavitv naclkation and
growth were explored by determining the changes in
sink capture cfficiencies with scgregation. lualloys.
second phase precipitates are also often a major
feawre of the microstructure. In the past year an
important extension of the theory was to treat
mechanisms affecting swelling in aBoys with precipi-
mtes. This led to an improved understanding of
swelling kinetics in complex alloys, especially the
ofien obscrved increase in swelling from precipita-
tion. In the past year an additional important result
was achieved, the application of our cascade
wiffusion theory o establish the theory that cascade-
induced point defect concentration fluctuations and
tize consequent dislocation cimb excursion response
can lead to significant imadiation-induced creep
rates. This work led to the ientification and
qmumwe evaluation of a mechanism of irradia-

tion creep.

Fast Breeder Reactor Cladding and
Duct Alioy Development Program

This work forms part of a national program to
develop alloys with improved resistance to high-
temperature irradiation damage for fast reactor core
applications. Three majos elements are (1) devilop-
ment of modified type 316 stainless steels with
improved resistance to void swelling, (2) assessment
of the effects of irmadiation on the high-strain-rate
deformation and fracture” behavior of advanced
alloys, and (3) fabrication development.

Previous ircadiation with 4-MeV nickel ions
showed that the swelling behavior of type 316
stainless steel could be subsiantially reduced through
modifications to the composition, principally
through the addition of silicon and titanium. Based
on these initial rtudics, a series of austenitic stainless
steel alloys with systematic compositional variations
were neutron irradiated im EBR-II, and their
radiation response was examined by analyx:.
electron microscopy. Some 13 phases have bzen
identified and their crystal structurc and chemical

composition characterized. Irradiation does not
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produce completely new phases. However,asa result -

of madiation-induced segregation (principall: of
nickel and silicon) and of enhanced diffusion rates,
several major changes in phase relationships were
found to occur during irradiation. First, phases
characeeristic of remote regions of the ohase diagram
appear unexpectedly and dissolve durir.g postirradia-

tion ~nnealing (radiation-induced phases). Second.
the compositions of some phases are significantly
aitcred during development by the :ncorporation of
nickel or sihcon (racmuon-modificd phases). Sev-
eral phases alsc develop at significantly lower
tumperatures during neutron irradiation (radiation-
enhanced phe:-s).

These phase instabilities are coupled 10 swelling
behavior by three mechanisms: (1) helium trapping at
perticies and dicect void-particke associavon, (2)
modifications tc the dislocation structure, and (3)
depletion of mat-ix solute or solvent concentrations.

Based on this understanding, commercial heats with

improved compositions are being procured for
irradiation testing in the Fast Flux Test Facility.
The sucaxsfcl application of the titanium-

modified _ stainless stee’s to the manufacture of

cladding and ducy components necessiuiles some
modificaticss 0 existing type 316 stainkss steel
fabricaticn technology. A basic understanding of the
fabricaticn technology of these alloys has been
developed on fla¢ psoducts. The principles developed
are being implen ented in the produciion of thin-
walled fuel pin cladding in the tube-drawing and
continuous-hyd. 'gen-anncaling facilities in  the
Mctals Processing Group.

ABoy Development for Irrediation Performance

An extensive effort was undeniaken to develop
alloys capable oi withstanding the fusion reactor
environment long enough to achieve economical
fusion puver production. With this as a long-range
goal, the program must also provide design data for

alloys to be used in near-term experimental fusion

reactors such as the Fusion Engincering Device
(FED).

To reach both these goals, five alloy paths are
being invertigated. The first and mostdevelo-.ed path
consists of austenitic steels and i; followed by ferritic
steels, high-strength Fe-Ni-Cr aloys, reactive and
refractory metal alloys, and innovative concepts,
which currently consist of only LRO alloys. Austen-
itic and ferritic steels are being considered for both
the FED and the long-tcrm applications; the
remaining alloys are being considered for only the
long term.

Helium produced by transmutation is a primary
factor in determini~g radiation-induced swelling,
microstructural evolution, and mechanical property
aegradaticn. Because the helium effects tend to limit
lifetime, they are the focus of much of our research.
In nickel-containing alloys, hebum may be intro-
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duced simukancously- with displacement damage
through irradiation in mixed-spectrum reactors such
as HFIR and ORR.

A rather complex experiment is bemg conducted in
the ORR ta. produce the same hebum-to-displaced-
atom ratio in an austeniic staimless steel as that
which wiill be produced m a fusion reactor. The
research has led to the development of a prime
candidate austenitic stamless sicel with improved
radation Jamage resistance. Several thermomechan-
ical conditions have been developed, which result in
desirable microstructures. Materiaks in these condi-
tions are by ing uradizted toinvestigatc their response

10 displacement damage and helium. The improved ..

properties ‘sesult firm additions of titanium that
mkmmmmnd?‘(pm&smm
alloy is treated 1o produce a homogencous fme
distribution of TiC. the precipuate panicies trap
belium a2nd prevent its migration to grais: boundaries
and its aggregation to form lsge bubblks. Phasc
‘stability during irmudmation and tix use of microstruc-
tural features such as dislocation substructures and
piccipiates 10 trap helium are under investigation.

Significant work was done on swelling of austen-

-itic alloys, wt ch led to the discovery of a low-

temperature swelling peak. Further studies on

' swelling mechanisms led to the development of an

equation to describe swelling m type 316 stainless
steel on the basis of 2 fundamental understanding of
microstructurai cvolution.

Irradiation i HFIR at $50°C 10 damage levels o)
up to 15 displacements per atom (dpa) and 850 at.
ppm He showzd little influence on the faiigue life of

* type 316 stainless steel at 550°C. The only notable

effect was a decrease in the strain range ot the
endurance limit from 0.35 10 0.30%. This strain range
corresponds toatherma.stmn induced by a2 wall
loading of § MW 'm’ in a 3-mm stainless steel wall,
which is within the acceptable design envelope.
Experiments cn ferritic albys (mostly Fe-12%
Cr-1% MoVW and Fe-9% Cr-1% MoV Nb) focused

on low temperatures, primarily S0°C. Fractr.e

properties such as Charpy impact, crack growth, and
fracture toughness must be addressed in thrse
materials. Becauce the FED will operate below
300°C, low temperatures were selected 10 represent 8
relevamt worst-case stuation. Specimiens of these
alloys, both at their nominai compoxition and doped
with up to 2% Ni to-form hebum, were irradiated in
the HFIR. Tensile tests revealed very significant
radiation hardening but no discernible effect of
helium. Future vesearch will extend this work to
higher temperatures and examine Charpy impact
specimens now being irmadiafed. ‘

For LRO alloys emphasis is being shified from jon
bombardment 10 ncutron wradmation. The first
neutron-sTadiated maswrial became available this
year. Swelling measuremer:ts on material kradinted
in the ORR (o approximately 5 dpa demonstrated the
value of titarum additions to control swelling.
Specimens BinJiawed 0 higher fluences are now
available and are being cxamined. This rescarch will
lead 10 tailoring the composition of this classof alloys
for irradiation resistance.

Smaller cmphasis is beng placed on refractory
metals, titaniom alloys, and high-nickel aBoys.
Tensile, fatigue, and tmnsmission micvoscopy
specmenss of these materials from neutron iradia-
tion experiments are bemg exammed on a secomdary
proority basis. Cyclotror: implantation of heliom in
vanadiom alloys followed by fast reactor sTadiation
has shown a very significant effect of hehum on
mechanical properties. Further rescarch is being
conducted to vahidate the cycloron implantation
method of helium dopmg in vanadium allovs.

Strvcture and Propertics of Surfaces

Susface analytical sechniques are being used to
stody the influence of the structure and mmpomnn
of surfaces on plasma-wall inscractions in fusion
devices and, conversely, i--= effects of such interac-
tions on surfaces.

We are monitoring changes in the surface
composition and structure of srmll samples of wall
and limiter materials expused in the Impurity Study
Experiment-B  (ISX-B) tokamak and the Elmo
Bumpy Torus (EBT) torroidal confinement device to
study impurity transport and to optimize impurity
control. These studies are supplemented with studics
in 2 small laboratory device wherem plasma-wall
interactions can be studicd under 3 wide mange of
controlled conditions.

Laboratory studies are currently concentroted in
the area of hydrogen recycling and hydrogen-metal
interactions: Recycling from the walls and limiters of
tokamaks is the major sowce of hydrogen 10 the
plasma. The composition and structure of the surface
play strong roles in recycling, but the mechanisms
involved are neither well characterized nor under-
stood. We are studying these processesempirically to
determine which are most important and the extent
to which they can be controiied by materials selection
and surface treatmers. Isotope exchange cxperi-
ments under conditions ssnulpting 1SX-B operation
show that mrecycling from oxyge»contaminated
stainicss steel walls changes to 70% of the new isotope
in five 200-ms pulses. Clean walls change much more




quickly. The mate of change can be used 10 separate
surface effects from bulk propertics and to separate
son-bombardment-induced processes from thermal
processes. Each can be mmportant, depending on
tempenature and ion fluxes as well as on surface

Unipoiar arcing occurs inall tokamaks znd may be
an important source of metallic impuritics n the
plasma. Our previovs studecs cornmiated arcing with
surface cicanlincss and plasma instabilities. High-
speed photographic techmigues are being used to
stady the details of the plasma-wall mteractions on
the main limiters in ISX-B. Carrclation of arcing
with magnetohydrodysamic (MHD) activey and
major distuptions shows that partickes and vapor
resuiting from arcing on the limiters can cause major
plasma disruptions and thus seymmaie the plasna
pulse. Titanium carbide contings on POCO graphite
lmmiters are badly damaged by arcing and the
extremely high-energy flaxes but gradually become
conditioned and provide goaod service. Bare graphite
limiters will be tesied for comparison. The various
types of arcing on the limiters have beencategorized,
and we are trying to correlate them with plasma and
materials propertics to provide a means of profecting
the timiters and keepmg plasma impurity levels as
low as possiblke. Studies of transport of matermlsinto
the plasma from nawralarcs and anificially triggered
arcs ir the plasma edge are continuing; this work will
help assess the importance of arcing in the plasma
edge as a source Jf mpurities for the core plasma.

STRUCTURAL CERAMICS

V. J. Ternery

The work of this group has emphasized sevenal
orincipal arcas. One is the synthesis, fabrication, and
characterization of hard cesamics, with the objective
of achieving an understanding of how the micro-
structure  and microcompositio.:  determme - the
macrobehavior of thesse materials under highly
erosive and high-stress conditions.

A second area involves studies of the behavior of
selected structural ceramics in high-temperature

fossil fuel combustion envivonments such as those

anticipated for heat exchangers in direct coal-fired
and other advanced fossil encrgy systems. The
objective o’ this activity is to determine if structural
ceramics based on SiC, Si;Ns, or Al;O; have the
requisite stability to function as heat exchanger
surfaces in the highly corrosive and erosive environ-
ments anticipated in certain advanced fossil energy

16

systems and to identify maportant degradztion
mechanisms and the means for mpcding them.

A third arca mvolves the mechanical behavior of
ceramic diclectric windows i gyrotron tubes 10 be
used for microwave heating of the plasma in fusion
reactors. The objective is to understand the relation-
ship between thermai stresses and extemally applied
stresses in the windows of these tubes under
operating conditions and to correlate the stress state
with the fracture behavior of the ceramics. An
Exploratory Studics Project included a st'sdy of te
fracture toughness of ceramic mzteraks containing a
dispersion of a metastable pha-x such as tetragonal
Z10; in a matrix of ALO;s. Tuis work sentifsed the

relationships among the geometry of the dispersed -

phases, its structural form. its concentration, and the
temperature dependence of fracture toughness of the

. ceramic material.

Owr vork on hard : .ramics this ycar was
concentrated primarily on TiB; caused by the
reported high hardness and clectrical conductivity of
this compound. We determined that, when correctly
sized TiB; powders .1.c blended with nickel powder
and hot pressed, a ncar-theoretical density micro-
structure can be achieved under relatively modest
temperature and pressure conditions. This process
allows rapid densification of TiB; with minima!gram
growth of the borude. These ceramics, wher: properly
fabricated, contain rehtively low concentrations of
clemental nickel (<I wt %), and we established by
analytical electron microscopy that the nickel is
primarily present as N;B. Several propertics of the
TiB:-based ceramics were determined as a function of
the processing condtions: at 25°C, flexure strengths
of 700 MPa, fracture toughness of 8 MPa-m'?, and

Young's moduli of 570 GPa were typical. Microhard- -

ness values of about 22 GPa were observed at 25°C
witha decrease toabout 8 GPa at 800°C. The thermal
diffusivity of these nickelsintered TiB; ceramics s
essentially identical w that of theoretically dense
fnd-grained TiB; from 25 10 1200°C. The thermal
diffusivity at 600°C is about half that a1 25°C.
Engmeering tests of these materials, including high-
velocity particulate erosion, hot coal-oil slumry
erosion, and metal cutting. suggest that these
ceramics have promising potential for use as linings
in valves and as metal-cutting tools.

Two first-of-a-kind high-temperature coal com-
bustion experiments were conducted with structural
ceramics this year, One included a 496-h exposure of
a set of ceramic tubes and flexure bar specimens to
the combustion products of an acidic ash bituminous
coal at material temperatures of about 1250°C. The




second included a 238-h exposure of the same type of
structural ceramics to combust ion products of a basic
ash subbituminous coal at 7 = 1250°C. The same
nominal amount of coal was burngd in both
experiments. Results from these experiments, which
incloded SiC, Si;N.. and AROs-ased ceramics, are
providing nsight into the practicality of using these
materizk in high-irmperature heat exchangers in
fossil energy systems. Surface corrosion of some of
these ceramics by the hiquid silicate sk -~ resulting
from melting of the coal ash was four to have a
major influence on their fracture strength. Diffusion
of certain elements from the slags into the ceramicsat
high temperatures caused appreciable increases in the
thermal expansion in some cases. Ceramics based on
SiC were relatively resistam to degradation by the
coal combustion products.

Successful growth of some new hard refractory
cutectics was accomplished. These included cutectics
based on the ZrO;-ZrB: and Y:0,-TiB; systems.
Crack propagation through these eutectic structures
was found to be much more difficult when the crack is
moving across the secondary-phase lamallae. Quan-
titative measurements of the mechanical propertics
of these composite materials re in progress.

Single crystals of a ternary compound in the
Ni-Ti-B system having a nominal composition of
Nix3Ti,7Bs and referred to in the literature as a tau
phase were successfully grown by the Czochralski
method from the mek as part of our studies on hard
ceramics based on TiB:. On the basis of available
phase equilibria data, this compound was anticipated
to form as a secondary phase within the TiB;-Ni
ceramics discussed previously. Because this phase has
not been observed, studics were initiated to deter-
mine why Ni;B forms in preference to the tau phase
and how the form of these secondary phuses affects
the flexure strength and fracture toughness of the
TiBs-based ceramics.

Ccnsideration of ALOs, BeO, and other ceramics
for use in che output windows of high-power
microwave tubes (calied gyrotrons) for heating
plasma in fusion reactors resulted in a critical
analysis of available data required for lifetime
predictions of these windows as well as initiation of
experimental measucrement of the static fatigue
behavior of the candidate ce; .mic materials. Concur-
rent measurements of the diclectric losses in these
ceramics at the Massachusetts Institute of Technol-
ogy to [requencies to 300 GHz are being used to
correlate clectrical losses of the ceramics with the
mechanicai and microstructural properties.

i
i
i
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Swdies of the toughering of a normally brittle
ceramic matcrial such as ARO, by use of a dispersed
metastable second phase consisting of ZrO; resulted
in an improved understanding of the dispersion
toughening process. Second-phase particles located
along the ALO; grain boundaries with a diameter
considerzbly smaller than the ALO; grain size are
most effective in impeding crack propagzation avnd
thereby increasing the fracture toughness. The
chemical proczss employed in forming the precursors
of both the AYO; and ZrO; arc very important in
controlling the microstructure and thereby the
mechanical propertics of the resukant ceramics.

SURFACE AND SOLID STATE REACTIONS
J. V. Cathcant

" Individual research projects of this group are

designed to address the problkems of diffusion and -

mass transport in high-defect solids, to investigate
ways of modifying transport kinctics in these
materials through the addition of mpurities, and to
examine the general quesiion of stress gencr.tionand
scale adherence during the growth of such high-
defect scales on metals and alloys. The work is
aimed specifically ioward understanding sulfidation
mechanisms and, in particular, transport in Fe;-,S
and other transition metal monosulfides. However,
because of emphasis on factorsafiect’ g point-defect
mobility, results. of much of this rescarch are
<encrally applicable to a range of phenomena
including diffusinn-controlled creep in metals and
ceramics, the clectrical and thermal properties of
ceramic materials, and radiation damage.

We have continued to emphasize parallel theoreti-
c?) and experimental programs. Theoretical studies
utilize our previously developed concept of defect
diffusion to treat the defect interactions so frequently
important in high-defect solids., These ideas were
used to generalize the Nemst-Einstein equation so as
to make it applicable to self-diffusion in high-defect
solids. The phenomenon of atomic and ionic
transport via interstitial defects in which interstitial
pairing occurs was treated. In collaboration with Dr,
P. W. Tasker, Atomic Energy Research Establish-
ment, Harwell, solute distribution was investigated
for systems exhibiting both substitutional and
interstitial defects, with special attention being given
to calculations of the stability of interstitial-vacancy
pairs.

Experimental work includes studies of the sulfida-
tion kinetics of iron as a function of sulfur pressure;
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diffusion in Fe)-.S, also as a function of sulfur
pressure and, hence, defect concentrition; an x-ray
study of the point defect structurc of Fe;.,S single
crystals (in collaboration with B. S_ Bone ard C. J.
Sparks of the X-ray Rescarch and Application
Group); the effect of ziconmm and chromium
additions on the sulfidation rate of won; mechanical
stress development during sulfidation; and computer
modeling of sulfide scale Zrowth processes.

THEORY
J. S. Faulkner

A book reviewing the development of a first-
principles theory of the clectronic states in substitu-
tional alloys entitied The Modern Theory of Alloys
(Progress ini Materials Science. to_be published by
"ergamon Press) was completed during the year by
J. S. Faulkner.

We have used our alloy theory to explain the
results of modern experiments that are specifically
designed 1o measure the clectronic states in alloys.
These cxperiments are angle-resolved photo-
emission, soft x-ray spectroscopy, and positron
annihilation. We have also explained some of the
classic experimental measurements on alloys t' ..
have bzen in the materials science literature for many
years. i‘or example, the electrons in a metal or alloy
contribute a component 10 the specific heat that is
inzar in the temperature. The coefficient of T, called
v, s proportional to the product of the density of
electronic states at the Fermi cnergy p(Ey) and an
electron enhancement I + A. We showed that the
experimental values for y as a function of concentra-
tion for the Hume-Rothery alloy copper-zinc can be
reproduced exactly by our theory. We calculated the:
density of clectronic states at the Fermi energy for
pure copper with our band theory programs and for
alloys of copper containing 10, 20, and 30% zinc with
our coherent-potential approximation (CPA) pro-
grams. We obtained the electron-phonon enhance-
ment factor for pure copper Ao from some of our first-
principles calculations and estimated A for the alloys
by use of resistivity data. These cawulaiicns
dema-strate that the CPA gives the correct values for
p(Ey) for alloys and that the older theory that has
historically been used for alloys, the . gid-band
model, is wrong.

In the paper that described our new equations for
calkculating the properties of random alloys within the
CPA., we demonsiraied algebraically that the
equations suggrsted by other authors are incosrect.

We have now demonstrated this numerically by
showing that, for an e¢xactdy solvable one-
dimensional model, their equations lead to such
manifestly unphysical results as negative densities of
states but that ours do not.

Our ability to caiculate the total energies of pure
metaks and ordered: compounds has been enhanced
by developing a rew sct of band-theory equa-
tions, the guadraticized Korringa-K ohn-Rostocker
(QKKR) equations. Calkculations can be done wrth
these equations that have almost the same accuracy
as ordinary KKR cakultztions, but they are much
faster. We wil! usc these equations to study the
thermodynamic preperties of won and iron-base
alloys. .

We caiculated the thermal and electrical sesistivi-
tics of mobium and palladium with: realistic KKR
energy bands and wawve functions, experimental
phonon frequencies, and rigid-muffin-tin electon-

phonon interactions. The agreemens with experiment .

is excellent. considering the fact that our theory has
no adjustablc parameters. The older s-d model is not
109 bad for palladium, but it is not supporied by our
calculations on niobium.

The rigid-muffin-tin approximation has proved to
be a usful way to cakulic electron-phonon
interactions for many systems, but we would like 1o
do better. This will require the sell-consistent change
in crysial potential caused by the displacement of an
atom. To cakulate this, we hav- developed computer
programs for the crystal Greca’s function, a quantity
that s also useful for cakulating the formation
encrgies of vazcancies and heats of solution of
impurities. ,

Our capability for studying atomic interactions r{
interfaces and surfaces has been enhanced by the
development of an improved cluster technique for
performing sclf-conrsient, spin-polarized ‘otal #n-
ergy calculations. We are using the technique to
calculate the forces on atoms in larger clusters. Our
results indicate that a sensitive balance of electron
and nuclear forces of both stabilizing (net aitractive)
and destabilizing (net repulsive) character exists.
Such ar.alyses are valuable for deriving simplified

-conceptual frameworks for atomic interactions in

complex systems.

The basis of all total energy calculations today is
density functional theory. We analyzed the applica-
bility of the Heliman-Feynman and virial theorems
within this theory. A new exchange-correlation
potential was also derived within density functional
theory. This new result is of such accuracy that the
effects of nonlocality can be considered.



X-RAY RESEARCH AND APPLICATION
C_ ). Sparks, Jr.,and H. L. Yakel
- The diffraction of x rays by matier is the most

widely used technique to determine the geometrical

arrays of atoms and molkecules. X rays abo
photoeject clectrons to form the basis for studying
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_and high-angle diffraction studies of a host of

clectron energy leveks anJ their charge distributions.

These parameters determine the basic physical and
chemical bebavior of materiak. Except m a few
mstances, theorists are unable to calculate material
properties cntisely from first principles. Most
materiaks of interest consist of two or more clements
in varying concentrations; therefore, the number of
concevable combinations makes dewiled measure-
ments an incredible:task. Owr goal & a synthesis of
our experimental resuks with the calculations of the
theorists to sort out the more promising trends and to
lead the way to tailosing the pt.ssical and chemical
propertics of materials to our needs.

With the construction of large dedicated storage
rings, intense x-ray sources are now available witha
‘brilliance approaching clectron sources and with a
broad energy spectrum from which specific energics
can be selected. Mawching xsay energies with
resonances cf specific clements permits improved
location cf their atoms in crystals containing

-clements of nearly the same atomic number and ako
permits exciting electrons for a host of spectroscopic
probes. We are invoived in a major commitment to
using the National Synchrotron Light Source to
improve our capabilitics for studying advanced
materials. This program complements our large
effort in electron microscopy and provides a

bakaced and high capabiliny probe for unraveiing
the geometrical armays of atoms.
Our activities this past year included both small-

materials rangmg trom Hlgquidlike polymers to
crysialline metal alloys. Synchrotron 1adiation
experiments were conducted &t Stanford Synchro-
tron Radiation Labosatory to nighlight--smecific
atoms in some iron-base transition metai phases

-containing cobak and o stndy the retaance

mtera-fon of x-rays near absorption
~lectronic excitation. Further nsights into the
interactions of x rays with matier were obtained by
calkcukations of surface roughness and crystal perfec-
tion (extinction) on diffracted intensity. Our model-
ing of the geometrical structure of atoms and
molecules by scattering is greatly entanced by our
improved understanding of how other x-ray interac-
tions affect the scattesed atensities. Expeniments
conducted at the Comell High Energy Synchrotron
Source proved our design of a crystal bendmg device,
which for the.(iIrst time provides for sagittal focusing
of the horizcinal “ivergence of the radiation for a
continuously sclectable range of x-ray energies to 30
keV. Crystal focusing provides ar x-ray flux 4 to 20
times that obtained with mirrors.

Our x-ray laboratory provides services for other
projects. Over SO0 x-ray analyses are performed
annually on a variety of samples. Most originate
in the division and require that phase identifica-
tions, preferred orientation determin.tions, fluores-
cent analyses, crystal orientation determinations.
and lattice parameter measurements be routinely
performed. o
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4. Other Research Activitics

In addition 10 the rescarch activities presented

the sroduction of this vital fuel from coal. The

previously in this report, this chapter includes __ H-Coalliquetaction process is one of severai methods

Meuallography, High-Temperature Materials “_abo-

~ ratory, and New Rescarch Initiatives.

METALLOGRAPHY
- R.S.Crouse, R. J. Gray, and B. C. Leshe

The Metallography Group provides technical
assistance in general metallography, postirradiation
metallography, and clectron beam microanalysis
{scanning clectron microscopy and micreprobe of
both irradiated and unirradiated matenials). High-
lighted below are the results of failure analysis and
other metallographic findings not covered elsewhere
in this report.

An investigation-of type 347 >tainless steel tubing
-used in the apparatus to transfer neutron activation
samples into and out of the High Flux Isotope
Reactor (HFIR) was compkted. The tnbeés had been
subjected to a thermal fluence of :r>r-oximately
7 X 10** neutrons/cm’ in the centerline ;' »13¢ reactor.
They were compared with the upper: portion of the
assembly that had not been subjected to irradiation.
Microhardness and bend tests revealed an expected
increase in hardness and a loss in ductility for the
irradiated tubing compared with the unirradiated
tubing. Comparative tensile tests also showed a loss
in ductility for the iradiated tubes. Yield and
ultimate tensile strengthis, however, did not increase
to the level one would have expecicd irom compar:
ison with previous work conducted on this particu-
lar steel. This anomalous behavior was believed tobe
caused by erratic testing of the tubes in the hot cell.
Scanning electron microscopy was uscd to a distinct
advantage to show ductility characteristics of the
tensile fraciures. In addition. transmission clectron
microscopy was employed to show disk cation
characteristics of the unirradiated and irradiated
tubes.

The need to increasc ihe U.S. domestic production
of liquid fuels Lias required a more intensificd study of
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now under study. On Septernber 20, 1980, the H-Coal
Pilot Plant at Catlettsburg, Kentucky, experienced a
failuye of three tubes of a heat exchanger, which shut
down the entire sysiem and created an urgent need to
determine the cause(s) of failure. An investigation
team was assembled from ORNL; the Institute for
Mining and Mincrals Research (IMMR).
Lexington, Kentucky; Hydrocarbon Research, the
plant designer; K che Steel. the fabricztor of the heat
exchanger; and Mobil and Standard Oil of Indiana
(AMOCO) 10 make this determination and to offer
remedial suggestions. Three days kter the operators
of the pilot plant were notified that the tubes had
failed from stress-corrosion cracking caused by the
presence of chlorides or caustic. Corrosion fatigue
could also have played a rok in the failure.

The Meallography Group continues to provide
on-site surveillance of the Department of Energy's
(DOE’) solvent refmed coal (SRC) plants. On
demand, a team of three metallcgraphers goes to the
SRC plant and performs the necessary in situ
metallographic examinations for monitoring the
performance of the vatious components (fractionat-
i columns, piping, eic.).

HIGH-TEMPERATURE MATERIALS
LABORATORY

J. V._Cathcan

High-temperature materials _ problems impose
significant  limitations on advanced energy-
generating or -converting systems(reduced efficiency
and lack of reliability or, in some instances, of
feasibility). Problems such as sulfur a:tack in a
fluidized-bed combustor for coal or the high-
temperature corrosion of ceramic recupcrators
involve rather complex phenomena. Effective solu-
tions arc most readily achieved by a multidisciplinary
research staff housed in a central, specially equipped
laboratory. Best results can, we belicve, be obtained



through mtegrated programs of basic and applied
esearch. We have therefore continued our efforts to
¢ tablish a High-Temperature Matenals Laboratory
(RTML) at Oak Ridge: our sponsor in this effont is
the DOE Office of Basic Energy Sciences.

As discussed in last years annual progress report,
budgetary constramts forced a reduction in
the size ¢! the proposed HTML from abort 7800 m*

~ (84,000 sy ft) to about 3900 m’ (42000 _n).and a
new conceptual design for the smalicr buildmg was
developed. Con.equently. of the six areas of func-
tional ummlyndcuibdnmrynnn
HTML staff, only four (structu:al characterization.
physical propertics, materials synthesis 2.0d prepara-
tion, and mechanical behmvior) will be represented in
the redoced HTML. However. work in high-
temperature chemis'ry and environmental interac-
tions vill be performed in laboratorics immediately
adjecent to the HTML. thus ensoring that effective

.. communications arc maintamed among investigators

" in all six research areas.

Durngllnemyuun.preﬂ’onnsmdew‘

mbhlhdosermbetwealltHTMLud!b
industrinl research community. An Indusirial Users
Committee, chaired by W. D. Manly, Senior Vice
President, Cabot Corporation, was formed. At the
suggestion of the commitice, a symposium entitled
“Materials Research Highlights at ORNL™ was
organized, whicn wasattended byabouZScormle
executives from US. compsnies whose products
involve high-temperature msteriaks. The symposium
was well received and contributed significantly to a

industrial awareness of ORNL-HTML
programs and fax . ities.

Development of the integrated Hgb—Tmpemum
Materials Program continued dixing the past year.
Active research programs exist in all six functional
research arcas of the HTML. ard progress is being
made in developing meerfaces between basic and
applied research efforts. Typical of the latier are two
investigations of deformation and fracture prucesses.
one mechanistic. the other a classical study of creep
and rupture i1 <upport of the Liquid-Metal Fast
Breeder Reactor (LMFBR) Presure Vessel Pro-
gram. The basic work emphasizes the role of
interfaces in crack mitiation processcs. and in it we
are utilizing the small-anglke neutron scaticring
(SANS) facility to characterize the number a.id size
distribution of cavities formed under stress at grain
boundaries. Auger clectron spectroscopy (AES)
techniques rrovide a basis for measuring the effect of

gram bouadary impurities on the fracture process.
and all these results are correlated with data from the

applied study. These new mechanstc insigits are
proving useful in developing ratomaliratiors for
features of the apphed data (such as a heat-:o-nat
varistion of propesties of a given steel) cnd n
providiag new techaiques for identifying the causes

- of anomalous behavior for a panicular set of test
- sumples. Even more imponant is the guidance that

these detailed undersiandings of damege accumula-
tion mechanisms provide durmg the -evuhly
necessary extrapolation of the resuks of one- 10 five-
year creep tests to the S0-vear fe exjcctancy of

structural components.
NEW RESEARCH INITIATIVES _
Numcrous cxploratory research ideas that are

- cssentimBly free fivm constraints imposed by cxi ting

programmatic cfforts and that would aivance
materiak science and technology were sozerted by
the: professional stafl during the year. These ideas
were submitted to the Labomatory Seed Money
Committee for support. and the following proposals
were approved for mvestigation:

Design of Imtermetallic Compounds
for High-Temperature Applications

. "l'heobjec(mofdmuvéngamuwdcwbp;
new class of structural materiaks foradvanced energy

conversion systems. Intermetallics offer potential
advantages over convertional alloys for high-
temperature structural applications. However. the
critical characteristic limiting the we of miermetal-
fics is their iendency toward brittle fracture and low
ductility at ambient iemperatures. An exploratory
study will be conductied on the design of ducrile
intermetallics through microalloying processes.

Characterization of the Mineralogy
ond Micrechemistry of Ply Ask

Coal-fired power plants produce large ann. .- s of
fly ash. which must be wed or disposed of n an

environmentally acceptable way. Knowledge of the
physical and chemical pruperties of fly ash will 3id in

 reducing its environmental mnpact, enhance the

potential recovery of valuable resource materinls.
and mcrease the undenstanding of the combustion
process of coal. Ths study will use clectiron
mixcroscopy 1o characierize the microstructure and
mineral content of two types of ash. The observed
propertics ol the ash will be compared with the
original struciure and mmeral dstribution of the cosl
that produced the ash. Specimens of sintered fly ash

iavel pikorrgdll danalill.
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compacts will abo be examined to refate fly ash
properties to the behavior of the ash n varnious
chemical processes for resource recovery being
studied at ORNL.

The use of small specime ns fur predicting matcrials
toughness properties could assist in assessing the
imsegrity of components Gbricated from thin-wall
materiaks (such as the N Reactor pressure tubes) and
the effects of wradiation of candidate fiwst-wall

materials for fusion reactors or light-water reactor
.. pyessure vessels. This study will test subsize fracture

m specimens by recommended proceduses
Mﬂw-pmthdmmrmbohudfm

Mulm

Cemamics-Menl Soiid Elecwrolytes

The sodium-sulfur lmtry which may be used in
future electric vehickes. is linied by degradation of
the clectrolyte’s mechanical propentics by repeated
cycling. In this project the existmg technology for
~ producing shock-resistamt  insulators based om

alumina-mctai composites will be adapted 10 §-
alumina compositions n an effort o make shock-
resstant sodiu.s ion conductors. Fabrication of
specimens of an clectrolyse that contain small
amounts of fincly dispersed metal particies yet retain
the desired clectrical properties will be demonsirated.

Synthesis and Characterization
of Dispersion-Toughened Structural Ceramics

High-temperature structural ceramics are promis-
ing for use in advanced energy conversion systems

~—

because of their refractony mawre and comusion
resistance. However. the brittke behavior of these
materiah himits their structural applicability. This -
project: will implement the concept of dispersing a
sccond phese (such as ZrO: or HIO;) within alemsins
0 that an advancing cruck will be slowed or arressed
when & contacts a particie of the second phase. The
pe eatial of sol-gel synthesis processes for preparing
r mwders suitable fic - fabrication of dispersion-
roughened structural ceramics will be identified.
These prepared ceramics will then be characierized to
reiate the diuspersed particies size. shape. and
concentratioe 1o the resuliant mechanical properties.

Cesam. Powder Prepasation by
Chemical Vapor Deposition
A new method for preparing fine-graimed SiC -
powder by ckemical vapor decomposition s pro-
pesed. Such powder should allow fabrication of
~ Jense bodies by sinicring wlhouulnusco(mm
aids; it would allow processing at lower temperatures
andwouldmlnaulupm\u‘ finc crystalline
microstructure and improved mec'anical strength
and toughness. Current SiC fabrication practice istn
use smicning or hot-pressing aids. such as metallc
silicon. which bond the SiC grains. This can resuli i
glassy phases between SiC grains or multiphasic
boundarics. which kcad to reduced high-temperature
sivength and greater tendency to creep. Our theory
of using a silane as the decomposition gas could
result in improved powders. The durability of dense
bodics formed to fnal net shape will be evaluated.
- The last two proposak resulted from our study 1o
identify possible rescarch opportunaties for conserv-
ing and replacing critical maeriak.



In recent years the division has promoted the
est.blishment of selected rescarch facilities with
unique capabilities to be -operated m the user-
dedicated mode. The underiving aim is to advance
materials science on a broad national front by
making this onc-of-a-kind ecuipmcm available for

collaborative and joint rcséach with the indesrrial

sector and the universiy commonity. The cffort
invoives three specialized facilitics: Shared Research
Equipment Program (SHaR1.), ORNL-Oak Ridge
Associated Univessitics (ORAU) Synchrotron Radi-
ation X-Ray Sources, and the Natinnal Center for
Small-Angle Scaticring Rescarch (NCSASR). A
brief status report on each activity is presented.

SHARED RESEARCH EQUIPMENT
PROGKAM

E. A. Kemk

The past year was a productive period for the
SHaRE program. both in the breadth of research
conducted and the number of pasticipants. The
program has expanded beyond the Southeastern
region to include universty and mdustrial partici-
pants from other regions of the country. The
program facilitates research m arcas pertinent to the
US. Depanment of Energy (DOE) mission and
emphasizes arecas under current rescarch in the
Materials Science Section of the Metals and
Ceramics Division. Members of SHaRE outside
ORNL are provided access to research equipment
(especially for clectron microscopy) much more
sophiticuted than ta! avadabk at their own
laborataries. Rescarch involving Auger surface
analysis. ion mplantation, and nucicar microanaly-
sis is also included in the SHaRE piogram..

As during FY 1980, the Division of Materisl
Sciences, Office of Basic Energy Science. provided
funds through ORAL 10 support the SHaRE
activity. Program tunds arc used fo. travela.d living
expenses of SHaRE parixipants while at OP.NL and
for the support of G. 1. Lehman, an clectron
microscope engineer. Hs responsibdity is to [xmiliar-
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ize SHaRE participants with the electron microscope
and computer facilities and 1o particrpate m SHaRE
research when appropriate. The presence of Lehman
has greatly t:cilitated a high level of SHaRE
participation 1nat has interfered mmimally with in-
house programs. The program policy for SHaRE is
defimed by a steering committee, whose members are:
William Felling. Assistant Director. ORAU
E. A. Kenik. ORNL
C. L. White, ORNL -
J. J. Went, Professor and Charman, Departicent
of Mechanical and Materiaks Engineering,
Vanderbilt University, Nastville, Tennessee
E. A. Starke, Professor and Director, School of
Chemistry and Metallurgy, Georgia Institute of
Technolcgy, Atlanta

The following ten active researck projcts were
continued in FY 1981:

1. K. R. Lawless. University of Virginia. withE_ A.
Kenik: High-voltage electron microscopic insitu
oxidation of vamadium and vanadium-titanium

2. J. B. Benson, Jr.. Norsth Carolina State Univer-
sity. with J. Bentley and G. L. Lehman: Defect
analysis in ion-implanted GaAs

3. P. J. Reucroft. University of Kemtucky. with J.
Beniley and E. A. Kenik: Chemical and physical
charnacterization of dispersed metal particles in
porous media

4. ). J. Wen, Varderbilt University. with P. S.
Skiad: The role of structure in the wear process

S. R. Sisson, Virginia Polytechnic Institute and
State University. with M. B. Lewis: Nuclkar
microanalysis of hydrogen in oxides formed by
steam oxidation

6. E. Schulson. Bartimouth University. with C. T,
Liu and C. L. White: Coliaborative experiments
on the brittle 1o ductile transition in poly-
crystalline




7. H. Anderson, University of Missor 1i-Rolla. with
J. Bentley: Lattice imaging s:udics of donor-
doped transition metal oxides

8. D. Northwood, Unaversity of Windsor, Canada,
with E. A. Kenik: High-voltage electron micro-
scopic studies of hydrogen and hydrides in
zirconium and its alloys

9. A. Krawitz, University of Missouri-Columbia,
with E. A. Kenik: Deformation substractures in
cemented tungsten carbide-cobak composites

10. J.J. Hren, University of Florida, with J. Benticy,
K. Famrell, and E. A. Kenik: High-resolution
studies in radiation effects, image simukation

. The following six new SHaRE projects were

initinted during FY 1981

1. S. Hack, Southwest Rescarch Institute. and H. -

Marcus, University of Texas, with E. A. Kenik:

lulhenceofluydmpnoni:simdcfomﬁon»

behavior of titanium aloys

2_E. A. Surke, Georga Instituie of Technology,
with E. A. Kenk: In situ deformation of
aluminum-lithium alloys

3. R. Davs, North Carolina State University, with J.
Bentley: Transmission electron microscopy of

deformed niobum carbide and deformed
a-silicon carbide -

" 4. R. W. Carpenter, Arizona Stpte University, with
J. Bentley and A. Fisher: Convergent-beam
clectron diffraction wth coherent Alumination

‘5. M. M. Kersker, Akoa Technicrl Center, with
J. Bentley and G. L. Lehman: Convergent-beam
electron diffraction in multiphase alloys

6. W. Clark, Ohio State University. with J. Bentley:
Analytical electron microscopy of wear deforma-
tion structures in copper

Results from research on some of the SHaRE
programs listed above aredescribed in Chap. 3 of this
report.

The following gucss outside the SHaRE program
are participating in collaborative research.

R. J. Bayuzick, Vanderbilt University

H. Liv and T. Mukai, Case Western Reserve
University

M. J. Goringe, Oxford Universily

L. L. Horton, University of Virginia

J. Mullins. Alcoa Technical Cenier

L. B. Coons and B. Tnmowsh Memphis State
" University
R. Keller and i Schoenlien. Case Western
Reserve University
J. R. Leteutre, CEN, Sachy
J. Spruiell, University of Tennessee

ORNL-ORAU SYNCHROTRON RADIATION
X-RAY SOURCES

C.J. Sparks. Jr.

- Our decision to use the powerful x-ray generator
under construction at Brookhaven Natiomal Labora-
tosy has involved us significantly in the design and
engincering construction of the necessary mstrumen-
tation. We will use the x-radation from the National
Synchrotron Light Source (NSLS) to probe the
structure of materials. We bave identified several
materials science programs at ORNL that will benefrs
from: the unique properties of this radiation source.
These rescarch arcas mvolve personnel from the
Chemistry. Soid State, Metals and Ceramics, and
Analytical Chemistry divisions. Through organiza-
tional meetings heid at ORAU in 1979, we formed a
consortium with university and industrial researchers
with smilar interests in matenals science. This
collaboration is directed by an interim steering
committee consisting of R. De.Angelis, Department
of Materials Science, University of Kemucky; S. C.

Moss, Department of Physics, University of Hous-

ton; C. J. Spacks. Jr., ORNL; and R. Young,
Engineering Experiment Station, Georgia Institule
of Technology. Several consortium members are
engaged in software development for ovr recently
acquired PDP 11/ 34 computer, which will be used to
control experimenial equipment, collect data, and
provide for data reduction. DeAngelis’ stay at
ORNL produced many worthwhile contributions
to our software development in assocmtion with A,
Habenschuss, who s supported by DOE funding
- through ORAU to manage our computer systemand
to do research on liquid and amorphous materink.

SMALL-ANGLE X-RAY SCATTERING
RESEARCH FACILITIES

C. J. Sparks, Jr.

Our small-angle x-ray-scattering research facilities
are heavily used and attract a large number of outside
researchers. .

Much of the research s cemered on polymers.
Dynamic small-angle investigations of the crystalli-



"y

zation of polymers comtinues to provide umique

information on the structural characteristics that
control the mechanical properties of these materials.
Stacks of akernating crystalline and amorphous
layers have been observed in semictystalline poly-
temperature and exphins the observed pyroelectric
response of polarized, Phase [ polyvinylidene
fiworide fikus. Industriel processes of fiber and fim

produce crystallized polymers at high rates of
extension. Small-angle x-ray scattering has shown
the fibrous crystals to be modulated axmally from
spinodal decomposition of the matenial into cry;tal-
bne and amorphous regions. Such information s
leading to a better understanding of the high density
and high moduli of these polymers.

The small-angle x-ray scatiering rescarch will
henceforth be admmistered ana reported by the Solid
Swte Division.

2 b S s 1




Appendix A : =
BUDGET AND SUPPORT DIS‘IRMI'ION

As with most U.S. Department of Energy (DOE)-
supported organizations, the Metaks and Ceramics
Division received less than the needed cost-of-living

‘increases in FY' 1981 anl anticipates a greaier

fimancial shortfall in FY 1982. Compared with FY
1979 and FY 1980, the division began FY 1981 ata
Jow level, gained substantml support in the second
and third quarters, and now at the three-quars:
mark 5 at a constant-Jollar support level slightly
above that of the previous two years. Our finsacal
plan continues to undergo changes, however, in
funds allocated 10 individum] projects as wefl as total
divisiona! support.
TableAlsacompmonbyprqectcl’theﬁmds

currently approved for FY 1981 with the actual

figures for FY 1980 and the anticipated funding for
FY 1982. Of the twelve major elementsin the FY 1981
financial plan, seven reflect increases compared with
the FY 1980 fmal buodget, whereas five show
decreases. The change in total divisional support is
only $197,000, or an increase of 0 8%, which is w=ll
below the current inflation rate. The Fission and
related Nuclear Regulatory Commission programs
received less money, continuing the downward trend
of less support for the nuciear effort. All other major
programs received greater support, and fairly large
increases were registered in three cases.

Fuanding for subcontracting DOE work to organi-
nmommehmwybypmmm
within the division is ¢ creasing significamly.
However, this change has no direct impact on
Jivisional programs; in mott-imstances, this pass-

The division budget traditiom By changes within a
given year as well as from one year to the next, and
coping with this added dimension of varisbility
prescats a chalienge to cfficient samagement_ Fig.
Al illustrates the degree of amnual fluctsations
encountered in divisiomal sepport over the past three
years. Each year funding starts at a low level and
increases during the yers. The problem recurs each

fiscal year, when beyp.aning support drops sigaii-
cantly. Because the divisiox is required to start

operating cach year on money . rovided by Congres-

- sional continuing resolution, this situation pressents

a serious problem to mamagement annually.
Akhough anticipated support for FY 1982showsa
decrease from that of FY 1981, the decrease does not
appear to be nearly so large as that estimated eanicr
this year ang is less than encounicred in past years.
However, rone of the increases proposed for FY 1982
are great enough to offset expected cost-of-living
increases. Such a sktuation demands a reduction n
pessonnel on practically all programs.

Table A.J. Division finascial support by project, FY 1990 theongh FY 1967

Change o . Change
. Actusi Current Awticipated
Project FY 1990 w Y 1981 10

FY 1980 FY 1981 FY 1981 FY 1962 FY 1982

Advanced Technology 14 3 -8 o -3
Basic Energy 5269 W +128 5,944 +547
Conservation 1310 1,508 +98 1,990 +I82
Fission 6348 519 ~1,126 .87 +is
Fousil 1453 291 +1 458 2520 -
Fusion 2053 235 +303 2.564 +208
NRC 2233 1,142 -9I 1,338 07
Soler 145 207 +62 [ ] =27
Space 1374 2,205 +331 1,980 -0
Waste 08 1336 +58 843 -393
Other 94 m =706 360 +12
Service 1300 1,200 -100 1,400 +200
Division support U408 24,505 +197 24.22) -m
Outside subzontracts 8,783 6,345 =243 4,500 ~F 545
Division total 33,091 3085 -2.41 29,023 -1

“Thousands of doflars.
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Appendix B
PERSONNEL SUMMARY

In the second quarter of the year, the division
embarked on an aggressive retrenchment programto
reduce the staff 10 a level consSGient with anticipated
fmancial support for FY 1982. Tabie B.1 presents the
status of professiona and technical support person-
nelas of July | for 1980 and 1981 The table indicates
that considerable success has already been achicved
in reducing the staff and that the reduction has
affected both the wchuical and the support staffs,
with a reduction of 6% in the former and 9% in the
hatter. Because of curvent budget umcertainiics, the
reductions are expected to continse into Bext year.
Asshown i Appendix A, the budget for FY 1981 las
now been increased 1o the level of last year, bwt earlier
in the year it was much lower. If the FY 1982 budget
remains the same as that for FY 1981 in constant
dollars, which is ikely, the high imflation rate will
require a considerable reduction in the staff. The fact
that the budgers gencrally start low and mcrease
during the ycar vrakes mamagement of manpower
difficult.

To supplement our skils and to obiam fresh
viewpomnts, we have continued to encourage rescarch
visiis from guests supporicd by outside sources.
During the past year, 54 guests worked m the

division, 15 on 3 full-time and the others on an
intermatent basis. Of these, 12 were from foregn
coamtries; 11 were assigned through the Oak Ridge
Acociated Universitics, largely from Americaz
unjversities; 29 were on dimect assignment from
eniversitics; and 2 were from other DOE laborato-
ries.

During the year July |, 1990, through June 30,
1981, five people were added to the technical staff,
consisting of three new employees and two returning
{rom assignments to other ORNL divisions. Two of
the new cmployers were recest PhD., and the other
was a B.S. with considerable industrial experience.
No new peopic were added 10 the technician voll, and
only onc ncw sccretary was employed. A second
secretary (2 loanee) retumed to the divisios.

“Most of those who lefi the technical staff resigned
from the kbomatory to accept higher salaried
the division support siafl, only two left the laborato-
ry—a technician did not return from maternity leave.,
anc a secretary accepted other ~mployment. All
others have been transferred to other assignments
within Union Carbide Corporation, Nuciear Divi-
sion.

Table B.". Composition and clanges in division sinfl as of July 1, 1980 and 1981

Techaxcal Suppon Total
1990 198) Chenge 1990 1981 Change 1990 1981 Change
Powmanent employees 19 140 -9 130 11 -12 m 258 -21
Temporrvemployees, 6 6 0 0 0 o 6 6 0
>ten months
Losness from o 0 o '3 3 -} '3 3 -}
other divisions
Loanees 1o 2 ] -1 ! | o 3 2 it
other divisions
Past-time employees 7 6 ol 6 +1 n 12 o
Long-time guess b4 12 0 - | 0 13 ” 0
Coops (onec-hal time) o o ¢ 6 2 -4 6 2 -4

“Tiese mumbers have been e rrecied . “om last year because some assigned personnel are a0 longer shown as direct menpowey.
*These numbers have been changed from lagt yesr becanee only long-time guests sre now included in this sommary,
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During the past year, the organizational structure
of the division was realigned in selected areas to
accommodate changes in the research and develop-
ment thrust and direction and to upgrade manage-
ment efficiency. Fuel Cycle Technology was com-
bined with Engineering and Evaluation to form a new
group entitled Fuel Cycle and Engincering Analysis
in the Fuels and Processes Section. W_J. Lackey was
appointed leader of ths new group. An office of
Nuciear Regulatory Commussion Engineering Tech-
nology Programs was created, and F. J. Homan was
appointed manager. In tum, P. L. Rittenhouse was
appointed to the position of manager of Gas-Cooled
Reactor Materials Programs vacated by Homan. The
Small-Angle X-Ray Scattering Lahoratory, formerly
operated in the division under the direction of R. W.
Hendricks, was recently transferred to the Solid State
Division for joint management in consort with the
Small-Angle Neutron Scatsering Facility. Otherwise,
the division continued to operate in a stable matrix

Appeadix C

ORGANIZATIONAL STRUCTURE
AND CHART

mode to handle the dual administration of line
organization by functional discipine and manage-
ment of large, complex, multidisciplinary, and high-
technology projects.

Several openings occurred during the past year
that allowed younger stafl members to advance and
assume positions of greater responsibility. In
Janvary, C.J. Sparks, Jr., became leader of the X-ray
Research and Applications Group. In March, D. R.
Johnson was appomted leader of the Ceramics
Technology Group, replacmg R. L. Beatty who
resigned to accept a position with Exxon. Fmally, in
April R. K. Nanstad advanced to leader of the
Pressure Vessel Technology Group. replacing D. A.
Canonico who accepted the position of Research
Director of Operations at Combustion Engincering
in Chattanooga.

The division organization chart reflecting these
changes is attached for reference.
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Appendix D
HONORS AND AWARDS

Division staff members continue to be cited and
rewarded for exhibiting outstanding talent and
ability in {ulfilling their professional roles within the
scientific and engincering community. The type of
recognition received or professional achievement
attained tends to fall into one of the following six
specific categories: honors, awards, commendations,
elected officers and members, certification and
registration, and appointments. A chronological
listing of citations in cach of these categories during
the past year follows.

_ August 1980

Ken C. Liu's work, “Biaxial Materials Testing for
Nuclear Reactor System Integrity,” was cited in the
August 1980 issue of Meial Progress in an article,
“Mechanical Testing in the §0s.”

October 1980

James L. Scont was ekcted a Fellow of the
American Society for Metaks, -

February 1981

Domenic A. Canonico presented the Clarence E.
Jackson Honorary Lecture, “Review of Heavy
Section Steel Technology.” at the American Welding
Society Washington, D.C., Section Meeting.

Awards

August 1980

Peter Angelini, David P. Stimton, W. Jack Lackey,
Tom J. Henson, Larry G. Shrader, Nobel H. Rouse.
and Charles E. DeVore (with E. Leon Smith of
Graphic Arts) received the first-place award in the
class on Unique, Unusual, or Other Techniques for

‘their entry on “Alpha Autoradiography Identifies the

Partitioning of Plutonium into the Desired Synroc
Phases™ at the International Metallographic Exhibit
in Brighton, England, jointly sponsored by the
Intemmational Metallographic Society and the Ameri-
can Society for Metals.

David P. Stinton, Peter Angelini, W. Jack Lackey,

~ and Nobel H. Rouse (with E. Leon Smith of Graphic

Arts) received the first-place award in the class on
Color Micrographs for their entry on “Transmitted
Light Microscopy Allows Id« ntification of Synthetic

Minerzls Able to Immobilize Nuclear Wastes™at the
International Mctallographic Exhibit in Brighton,
England, jointly sponsored by the Intemmational
Metallographic Society and the American Society
for Metals.

Nick H. Packan. Ken FarreB, and John T.
Houston received the first-place award in the class on
Electron Microscopy— Trantmission for their entry
on “Depth Profile of Swelling in lon-Bombarded
Nickel” at the Intenational Metallographic Exhibit
in Brighton, England, jointly sponsored by the
International Metallographic Socicty and the Ameri-
can Society for Metals.

Ron L. Klueh, C. W.(Pete) Houck, and Rosemary
C. Robertson received the second-place award in the
class on Optical Microscopy—Iron, Steel, Stainless
Steel, Nickel, and Nickel Alloys for their entry on
“Dissimilar-Alloy (Austenitic Stainless Steel-Ferritic
Steel) Weld Joint Failures™ at the International
Metallographic Exhibitin Brighton, England, jointly
sponsored by the Intermational Metallographic
Society and the American Society for Metals.

Stan A. David, C. Paul Haltom, and Rosemary C.
Roberison received Honorable Mention in the class
on Optical Microscopy— Iron, Steel, Stainless Steel,
Nickel, and Nicke! Alloys for their entry on “A
Comprehensive Insight into the Ferrite Morphol-
ogy” a\ the Internationai Metallographic Exhibit in
Brighton, England, jointly sponsored by the Interna-
tional Metallographic Society and the Amerian
Society for Metals.

Stan A. David and C. Paul Haltom received
Honorable Mention in the class on Optical Micros-
copy—Metals and Alloys Not Listed in Class | for
their entry on “Modification of Fusion Zone
Structure by Laser Welding A Solution to Hot
Cracking” at the International Metallographic
Exhibit in Brighton, England, jointly sponsored by
the International Metallographic Society and the
American Society for Metals.

September 1980

Peter Angelini, Anthony J. Caputo, Robert R.
Suchomel (now with | BM), Donald Kiplinger (Plant
and Equipment Division), and Melvin G. Willey
(Engineering Division) won an I-R-100 Award from

k)




Industrial Researchforthew designand development
of s the Continuvus-Ring Partick-Blender-Dispenser.

Uctobet 1980
Dewey S. Easton, Dcn M. Kroeger, and Carl C.
Koch (with W._ Specking. Karkruhe, Germany)

iecer ed the Department of Energys 1980 Metal
lurgy and Ceramics Award for their research; paper

_ A Prediction of the Stress Stawe in Nbysn Sup:n:on-

ducting Compositcs,” which was judged lughest n
the Follow-Up cat:gory.

The Qak Rl.’gr&cnonofThcAmritanSoc'my

" for Nondestrucuve Testing received the 1979-1980

President’s Award. Jim H. Smith was Chairman of
the Oak Ridge Section at that time.

November lm

James L Scott and Jack E Curmingham received
American Nuclear Society Fxceptional Service

Awards on the occasion of the Societys 25th

anniversary in recogniton of their exceptional and
outstanding contributions to the Society.

April 1981

Arthur J. Moorhead and Robert W. Reed received
the A. F. Davis Silver Medal Award by the American
Welding Society for their paper “Development of
Techniques for Joining Fuel Rod Simulators to Test
Assemblics™ as the best contribution to the pro~ress
of welding in the fickl of machine design.

May 1981

Philip S. Sklad and Jim Benlley received Best in
Show for their display on Analytical Electron
Microscopy of TiBy-Ni Ceramics in the metallogra-
phic competition at the American Ceramic Society
Meeting in Washington, D.C.. May 3-6, 1981,

June 1981

Everent E. Bloom received the 198) American
Nuclear Society Young Members Engineering

' Achievement Award.

David P. Stinton and Alice Richardson (Informa-
tion Division) were one of the six winners of the
contest to design a new logo for the American
Ceramic Socicty.

Commendations
December 1980

Dom A. Canonicoand Rey G. Berggrenreceived a
Letter of Commendation from the Nuclear Regula-
tory Commission on their materials characterization

work for the Heavy Section Steel Technology
program.

Jim R. Keiser recx i-od a Letter of Commendation
from Solvent Refined Coal Intermational, Inc., for
his work on onmrosion studies of fractionation

_column by coal-denived liquids.

Jim R. Keiser and Ron A. Bradley received a
Letter of Commendation from DOE for the
corrosion work being performed by the ORNL Fossil
Energy Matcrials Program staff.

E. Sloan Bomar received a Letier of Appreciation
from ORNL for his diligent and highly competent
service on the Radioactive Operations Committee for
the past year.

January 1981

Wilbur H. Warwick received a Letter of Apprecia-
tion from General Atomic Division for his assistance
in SiC etching.

March 1981

Carl C. Xoch reccived a Letter of Appreciation
from the Council on Matcrials Science of DOE for
his contributions to the panel report on amorphous
materials to identify the needs and opportuniiies for
research an disordered or amorphous solids.

Larry A. Harris received a Lener of Commenda-
tion from G. E. Moore (Coordinator, Professional
Education Program) for teaching ~Topics in Geol-
ogy.” ORNL Technical Continuous Education
Course C-600 in the In-House Continuing Education
Program for Scientific and Technical Personnel,
during the fall 1980 term.

April 1981

Bill E. Foster reccived a Letter of Appreciation
from Westinghouse Electric Corporation for his
pamclpauon in its sod anode positioner final 4es|gn

May 1981 -

Vivian B. Baylor and Jim R. Keiser received a
Letter of Appreciation from the Oak Ridge Chapter
of the American Society for Metals for their
substantial contributions to the success of the
Symposium on Elevated-Temperature Materials
Considerations in Coal Liquefaction and Gasifica-
tion Service.

Ralph G. Donnelly, received a Centificate of
Appreciation from the American Society lor Metals




for his ASM seminar on “Metallurgical Technology
of Uranium and Uranium Alloys.”

Elected Officers and Members
May (98]

Ralph G. Donnelly was clected Vive Chairman of
the Encrgy Conscrvation Society. Knoxville-Oak
Ridge Chapter, for 1981-82

Jume 1981

David L. McElroy was elected Chairman of the
Governing Board of the Intermational Thermal
Conductivity Conference for a two-year term.

Certification and Registration
August 1980

Rhonda L. Casileberry achicved the rating of
Certified Professional Secretary (CPS).

Appointments
July 1980 : B
James L. Scoir was appointed to the Publications
Steering Cornmittee of the American Nuclear Society
for a three-ycar term.

Pete Pairiarca was appointed Chairman of the
Joining Division of the American Society for Metals
for a three-year term.

Jack E. Cunningham was appointed to the Book's,
Monographs, and Handbooks Committee +f the
American Nuclear Society for a threc-year term
ending in 1983.

Helen G. Corbets was appointed Certified Profes-
sional Secretary Service and Education Chairman of
the Oak Ridge Chapier, National Secretaries
Association (International).

Gene M. Goodwin was selkected to serve as a
member of the new American Welding Society
Welding Academy Committee.

November 1980

Jack E. Cunningham was appointed Chairman of
the Americar. Nuckar Society Planning Cycle
Subcommittee. '

Jack E. Cunningham was appointed Past Chair-
man of thz American Society for Metals Engineering
Materials Achievement Award Selection Commitiee
for one year.

41

Gerakd M. Slaughter was appomted a member of
the American Socicty for Metaks Technical Divisions
Board for three years.

January 1981

Harry L. Yokel was appointed Associate Editor of
the Journal of Applied Crysiallography.

-~ Rober: W. Hendricks was appointed a member of
the Solid State Sciences Committee Advisory Panel
of the National Research Council of the National
Aczademy of Sciences for a three-year term ending
December 31, 1983.

Bill E. Foster was appointed for a five-year termas
a member of the Subgroup on Radiography ' <C V)
of the Boiler and Pressure Vessel Committee of The
American Suciety of Mechanical Engineers.

March 1981

Calvin L. White was appoimed a member of the
Materials Science Division Council and was nan.>4
program chairman of the Materials Science Techni-
cal Division of the American Society for Metals.

Jim R. Weir was appointed to the Speakers
Bureau of the American Society for Metals for onc
year, 1981-82, -

May (981

W. Jack Lackey was appointed chairman of the
Program Committee of the Nuclear Diision of the
American Ceramic Society for a onc-year term,
1981-82.

D. Ray Johnson was appointed chairman of the
Research Committee of the Nuclear Division of the
American Ceramic Society for a one-year term,
1981-82.

David P. Stinton was appointed a member of the
Membership Commititee of the Nuciear Division of
the American Ceramic Socicty for a one-year tzrm,
1981-82.

Charles S. Yusr was appointed a member of the
Nomination and Fellows Commitice of the Nuclear
Division of the American Ceramics Society for a one-
year tenn, 1981-82,

Gene M. Goodwin was appointed Chairman of the
Welding Subcommittee of the Electric Power
Research Institute Boiling Reactor Owners Group.

o



Juae 1981

James L. Scott was appomted Vice Chairman of
the Publications Steering Commitice of the Ameri-
can Nuclear Society for a2 onc-year term.

Jack E. C:mningham was appointed Vice Chax-
man of the Honors and Awards Committee of the
American Nuclear Society for a one-year term.

4

Arthur J. Moorhead was apponted Vice Chair-
man of the C3-D Subcommittee on Education of the
Americr:, Welding Society.




Appendix E
SEMINAR PROGRAM

Because cffective communication is vital to
technologica! advancement. the division sponsors
and maintains an active seminas program (10 promote
the exchange of ideas and discussion of common
problems among rescarchers workmg in the field of
materials science and technology and allied disci-
plines. Most of the talks deal with scientific and
engineering subjects and are presented by invited
speakers from vanous organizations in the United
States and abroad. The acwsal number of talks
scheduled in any given week varics but over the vear
averages about two per weck.

The Seminar Program s adminstered by a
committee appointed by division management. The
Semmar Commitice forcalendas vears 1980 and 1981
consists of D. O. Hobson (Chairman). N. H. Packan.
and G. C. Wei. - .

The speakers and topics of seminars presented
during the past vear are Isied below. §1 s interesting
that 17 of the 94 taks scheduled were made by
individuals affiliated with institutions located outside

the United States. An allernutive breakdown shows

42 walks by university faculty members and graduate
students. 6 by representatives ft v industrial firms.
and the balance from governmental and other
rescarch institutions. In funcuon. the program
achieves the desired objectives of mamntaining close
relationships with the univenity community and of
enhancing the diffusion of knowledge.

R. J. Grav. Metah and Ceramics Division. ORNL.
“Basic and Unusual Techniques in Mctaliography.
Extend Our Understanding of Microstructures.”
July 9. 1980.

S. K. Sinha. Argonne National Laboratony . “Charge
and Spin Fluctuations in Mixed Valence Systems.”
July 9. 1980,

M. H. Yoo. Mcuais and Ceramxcs Division. ORNL.
“From Deformation and Fracture to Strengin and
Ductility A BES Way.” July 11 1980.

A. T. Fromhold. Jr.. Auburn University. ~“An
Overview of Metal Oxidation Theory,™ July 23.
1980.

M. L. Grossheck, Metabs and Ceramics Dnvision,
ORNL. "Fatigue of Irradiated Swinless Steel.”
July 25, 1980.

L. L Horion, Unnersity of Virginia. "Defect
Structures in Ncutron-Irradiated Iron.” July 31,
1980.

P. J. Alberry. Marchwood Engincening Laborato-
ries. Faglar 1. "Welding Research at the Central
Ekctricity Generating Board. Marchwood
Engincering Laboratories.” August 4. 1980.

H. Mecking, Instuut for Allgemeine Metallkunde
and Metaliphysik. Rheinisch-Westfalische Tech-
nische Hochschule Aachen. West Germany.
“Different Stages of Work Hardening and Dy-
namic Recovery.” August 8. 1980.

R. W. Hendrirks. Metals and Ceramics Division:
ORNL. "Opportrnities for Materials Science
Research Utilizing the ORNL Small Angle
Scattening Facilitics.” August 8. 1980.

Brian Ralph. Cambridge University. “Recrvstalliza-
tion of High-Performance Materials.™ August 10,
1980.

R.J. Arsenault, University of Maryland.“Computer
Simulation Studies on Solid Solution Strengthen-
ing of BCC Metaks.” August 13. 1980.

D. Richerson. AiRescarch Manufactunng of Aru-
ora. “Contact Stress Effects at Ceramic Inter-
faces.” August 19. 1980.

J. Schelten, Kernforschungsanlage. Julch. West
Germany. “Studies of Polymer Conformations in
Solid Polymers by Small-Angle and Wide-Angle
Neutron Scattering.” August 21, 1980.

Charles W. Murphy. Rockwell International.
“Where Is Our Space Transportation System?.”
August 21, 1980

M. B. Lewis, Metals and Ceramics Division. ORNI..
“Direct Measurement of Ddfusion and Trapping
of Deuterium.” August 22. 1980.

Sindo Kou, Carnegic-Mellon Universiay, “Heat Flow
Analysis of Fusion Welds.” August 25_ 1980.

J H. Schreibel. Massachusetts Institute of Tecchnol-
ogy. “Anclasticity in Superplastic Alloys.” August
28, 1980.

M. K. Booker, Mctab and Ceramics Division.
ORNL, “The Compiex Time-Dependent Fatigue
Behavior of 2 ', Cr-1 Mo Steel: Is Life Prediction
Possible?.” September 3. 1980.

Sunggi Baik. Comnell Universky, “Creep Fatigue
Interaction.” Seplember 4, 1980.

G. E Ice. Metals and Ceramics Divnion, ORNI.,
“Current Design of the ORNI. Synchrotron




Radation Beam Lixw and How It Affects the
Kinds of Experiments We Can Do.” September S,
1980.

P. B. Allen. State University of New York. Stony
Brook. “Resistivity of Metak: Explonng the
Breakdown of Bloch-Bokrmanz Theory.”™ Sep-
tember 12. 1980.

W. C. Luth. Sandia Natiomal Laboratorxs. ~A
Maenificent Crucible - The 1959 Kilauea ki Lava
Lake,” September 16. 1980

R. E Clousing. Mcuabk and Ceramic: Dinision.
ORNL, "Materials Problems Duc 10 Plasma-Wall
Interactions in Fusion Encrgy Research.” Septem-
ber 19, 1980.

E. L Haase, Kemforschungszemrum. Karlsruhe.
West Gormany. “New Phases m the Nb-Ge-Si
Ternary System.™ September 22. 1980.

R. W. Maiolka. Johnson and Johnson Company.
“Evziuation of the Porochin-Metal Interface for
Nickel Chrome Dental Aloy.” September 25,
1980.

David B. Williams, Lehigh University. ~“Microanaly-
sts in the Scanning Transmission Electron Micro-
scope.” September 26, 1980.

T. Mura, Northwestern U niversity. “M icromechan-
ics of Solids.™ October 1. 1980.

Georges Martin, Ce: - dEtudes Nucleaires de
Saclay, Panis, France, “The Subility of Solid
Solutions Under Irradiation,” October 3, 1980.

R. W. Hendricks. Meals and Ceramics Division,
ORNL. “A Mawrials Science Secticn Data
Acquisition Computing Network.” October 3.
1980.

A. J. Minchener. Coal Research Establishment,
National Coal Board. England, “Research Activs-
ties at CRE on Materiab for Fossil Encrgy
Applications.” October 10, 1980.

R. G. Faulkner, University of Technology at
Loughborough. lexcstenhwe. Fngland. “Non-
eguilibrium Segregation In Austenitic Steels.”
October 10. 1980.

R. J. Gray, Mctals and Ceramics Dinvision, ORNI .
“Basic and Unusual Techmques in Metallography
Extend Our Understanding of Microstructures,”
Octobe. 13, 1980.

Adrian Roberis, Electric Power Rescarch Institurte,
“The Search for a Mare ‘Forgiving’ Material.”
October 1S, 1980.

J. Halbritrer. Kemforschungszentrum. Karisruhe.
West Germanry. “Low-Temperature Oxidation of
Niwbium and Niobium-Niobium Pentaoxide
Interfaces.” October 17, 1980.

Rosemary MacDonald. National Bun.u of Star-
dards. “Mprilecuiar Dymamical Cakulations of
Energy Transport in Solids.” October 21. 1980.

J. S. Faulkner., Metaks and Ceramics Dnision.
ORNL.. “Iron.” October 31. 1980.

R. Kamo. Cummins Enginc Company. Columbus.
Indiana. “The Adiabatic Dicse!.” November 3,
1980.

Warren E. Pickenr. Naval Rescarch Laboratory.
“Influence of the Electronic Structure of Complex
Crystals on Moetallic Properties: Theory and
Application to NbySn.” November 5. 1980.

B. J. Busovne, Pennsylvania State University,
“Precipitation-Hardening Behavior of Tuanium-
Doped Sapphire.” November 6. 1930.

G. R Leverami Southwest Rescarch [Institute.
“Matenals Rescarch at Southwest Rescarch
Institute.” November I8, 1980.

R. W' Baluffi. Massa -husetts Institute of Technol-
ogy. "Current R:scarch m Grain Boundary
Structure and Prcperties.” November 19, 1980.

R. E. Prange. Unr.entty of Maryland. Department
of Physics. "Ferromagnetism in Iron and Nickel.”
December 3, 1980.

R. E. Clausing. Mctahb and Ceramics Divv ion.
ORNIL.. “Materials Problems Duc to Plasma-Wall
Interactions in Fusion Energy Rescarch.” Decem-
ber S. 19%0.

lan G. Wright Bauclle-Columbus labporatories.
“Evaluation of Materiak for Liquefaction Lct-
down Valves.”™ December 9. 1980.

Husam Gurol, University of California. Santa
Barbaia. “Calculations of the Effect of Radiation
Pulsing on Irradiation Crecp.” Decomber 16, 1980.

B. 1. Worrell, University of Pennsyhania. "Corro-
sic23 of Nickel in SO; Aimospheres.” December 15,
1980.
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Materials and Applcations.” January 21, 198].

P.. J. Mazias:, Mcak and Ceramics Division,
ORNL. “Helium Trapping at TiC Precipitates.”
January 23, 198].

J. L. Whinen. University of New York. Stony Erook.
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| Appendix F
ADVISORY COMMITTEE

The Advisory Committee to the Metals and
Ceramics Division currently consists of six members
appomted by the laboratory director. The size of the

- committce was restored to a six-person body in 1981.
The tenure of appointment remains at four years as
previously requested by the committee. Such action
was considered prudent decause of rising costs and
pending reductions in programmatic suppori. At-
tainment of th* six-person committee will be
accomplished by appointing onc new member in odd
calendar years (1951, 1983, etc ) and adding two new
members in the evencalendar years (1982, 1984 etc.).
The main function of the commitiee is to review
ongoing rescarch and development activities and 10
render independent judgments on the general state
and welfare, ability of staff, and progress being made
in various operations and missions of the division.
Members are chosen from governmemtal, industrial.
educational, and research institwions in the United
States and are selected on the basis of demonstrated
ability in management. rescarch, and technology.
Members of the 1981 Advisory Committee are listed
below.

Dr. Arden L. Bement, Jr. (Committee Chairman)
Vice President of Technical Resources

TWR, Inc.

23555 Euclid Avenue

Cleveland, Ohio 44117

Dr. Edward H. Koticamp. Jr.
Director of Resecarch

Homer Research Laboratories
Bethichem Steel Corporation
Bethiehem. Pennsylvama 18016

Professor Alan Lawley

Department of Matcrials Enginecring
Drexel University

Philadelphia. Pennsylvama 1€ 104

Professor Tadeusz B. Massakki

Deparument of Metallurgy and Ma‘erials Science
Camegie-Mellon University

5000 Forbes Avenue

Pittsburgh, Pennsylvania 15213

Dr. Richard H. Redwine
Techanical Director.
Kmmble Products Division
Owens-Hlimors. Inc.

Post Office Box 1035
Toledo, Ohio 43666
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D.C., November 1980.

E.J_Alicn, P. Angeiru, S. P. Baker, J_ L. Heck,and J. k. Mack, Nondesmuctive Assay of Sphere-Pac Fuel Rods,
ORNL/TM-7516 (March 1581).

V. B. Baylor, J. R. Keiser, B. C. Leshie, M. D. Aflen, and R. W. Swindeman, Analysis of T-105 Fractionation
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Depanment of Energy, Gaithersburg, Md., 1980,

D. A. Canonico and W, J. Stezman, "The Use of Slow-Bend Precracked Charpy V-Notch Specimens to
Characterize Half-Bead Repair Welds,” pp. IV.4-1-1V.4-27 in Instrumented Precracked Charpy Testing,
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December 1980, R. A. Wullaert, ed., Electric Power Research Institute, Palo Alto, Calif.

D. A. Canonico, R. S. Crouse, and T. J. Henson, "A Fractographic Study of 2 Thick Wall Pressure Vessel
Failure,” pp. 283-94 in Microsiructural Science, vol. 8, D. W. Stevens, G. F. Vander Voort, and J. I..
McCall, eds., Elsevier North Holland, Inc., New York, 1980.
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N. J. Zaluzec, J. J. Hren, and R. W. Carpenter. “The Influence of Diffracting Conditions in Quantitative

Electron Energy Loss Speciroscopy.” p. 114-15 1 Proc. J81th Annu. Mees. Ceciron Microsc. Soc. Am.,
G. W. Bailey. ¢d.. Claitors Publishing Division. Baton, Rouge, La., 1980.
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Heat bowresito U S Iepastment of Eacrger U S Patent 4243872 Marca MV, 1981

C 'S Momgan and W R Johmon. Iwrmai Shock Resutent Cerema Imsubatows (10 'S Department of
Encegri (S Patent 4234388 November 18, 1980

W o lachey R S lowre and ) D) Seasc. Gas Srubbing Ligusds (10 U S [Depertment of Energy) U S
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Appendix H
PRESENTATIONS AT TECHNICAL MEETINGS
Compiled by Abice Rice
Fourth Intemnational Conference on Liquid and Amorphous Metals, Grenoblke. France, July 7-11. 1980

D. M. Kroeger,®* D. S. Easton. C. C. Koch, and J. O. Scarbrough. ~Critical Coobing Rates for
Formation of Metaliic Glasses Made in an Arc-Hammer Apparatus.™

21!!! Sagamore Army Materials Research Conference, Bolton Landing. New York, July 14-18. 1980

" C. R. Brinkman, “Creep-Fatigue Effects in Smlctml Materials Used m Advanced Nuclear Power
Generating Systems.™
Fifth International Conference on Zirconium in the Nuclear Indumy Boston, August 4-7, 1980

D. 0. l-lobson,‘ K. R. Thoms; and Theo van der Kaa, “Effects on Temptramrt and External Pressare )

on the In-Reactor Creepdown of Zi asoy Fuel Cladding.™

R. E. Pawel* and J. J. Campbell ~A Companson of the th-Tempcnum: Oxlilanon Behavior of
Zircaloy-4 and Pure Zirconium.™

Gordon Conference on Sobid State Studies in Ceramics, Kimball Union Academy, Mcnlku. New

-Hampshire, August 4-8, 1980: A
P. F. Becher,* C. C. Wu,and R. W. Rux "Fractnm Toughness Behavior in AbOy-ZrQ; Composites.™

. 38!!1 Annual Meeting of the E'c.uon Microscopy Socicty of Amenca, Reno, Nevada, August 4-8, 1980

J B:ntley, "Advantages of a Field Emission Gun for a Combined Analytical and ngh—llﬁollluon
Transmission Electron Microscope.”

- J. Bentley,* L. L. Horton, and K. Farrell, “Defect Structurer m Neutron-Irradiated lron.
S. G. Caldwell,* J. J. Wert, and R. W. Carpenter, "Influence of Stacking Energy of Wear of Cu Aloys.”

R. W. Carpenter.® J. J. Went, and S. G. "aldwell, “Me1al Surface Deformation and Subsurface Defect
Structure: A Microscopy Correlation Study.”

L. A. Harmris,* R. Raymond, Jr., and R. Cooky, "A New Improved Standard for Electron Probe
Determinatios. of Organic Sulfur in Fossil Fuels.”

E. A. Kenik® and R. W. Carpenter, “In Situ HVEM Deformation of Aluminum Alloys.”

E. A. Kenik.* K. R. Lawless, and R. W. Carpenter, “Low Pressure In Situ Oxidation of Vanadium and
V-20 Ti.”

M. M. Kersker,* E. A. Aigeltinger. and J. J. Hren, ‘Cryslallographl: Differcnces of Metastable Ni;Mo
in an Ni-Mo-Al Supernallny.”

R. J. Lauf* and H. Keating. “Preparation of Ceramic Paniclilatcs for Transmission Electron
Microscopy.”

E. H. Lee® and A. F. Rowcliffe, “Phase Identification in Neutron Irradiated Stainless Steel” (presented
by P. J. Maziasz).

P. J. Maziasz® and R. W. Carpenter, “MC Precipitatc Characterization in Austenitic Stainiess Steel.”
P. S. Skiad, "Observations of Gas Bubbles in an Austenitic Stainless Steel Charged with *H.”
L. J. Sykes® and J. J. Hren, “Comparison of Dislocation and Precipitate Strain Ficlds.”

J. J. Wen® R. W. Carpenter, and S. G. Caldwell, “The Effect of Stacking Fault Energy of Sliding Wear
Behavior of Copper-Aluminum Alloys.”

*Speaker.
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N. J. Zaluzec,® E. A. Kenik, and P. J. Maziasz, "On the Limitations of X-Ray Microanalysis of
Heterogeneous Specimens Using Amalytical Electron Mi:roscopy

N. J. Zaluzec,® J. J. Hren, and R. W. Carpenter, “The lnﬂuenneo(DsﬂmmgCondmnson
Quantitative Electron Encrgy Loss Spectroscopy.”™

- $9th Annual Mecting, American Institute of Chemical Engincers, Portland, Oregon, August 17-20, 1980 .

G. L. Copeland,* B. Hesllnapow and R. L. Heestand, “Meiting Metal Waste for Volume Reduction
and Decontamination_”

American Crystallographic Association Summer Meeting, Calgary, Alberta, Canada, August 17-22, 1980:

J. E. Epperson,® J. Faber, R. W. chdncks and J. S. Lin, “OatheDecomposlmaulRmo(au
Ni~12.7 at. % Al Alloy.”

13th Annual Techal Meeting of the International Metallographic Socicty, Brighton, Enghnd August
18-22, 1980:

R. J. Gray,* D. A. Canonico, and L. C. Bate, “An Integrity Study of Type 347 Stamliess Steel Tubes
Afier a Five-Year Service in a High Flux Nuclear Reactor.™ - -

International Conference, “Physics of Transition Metals,” Leeds, England, August 18-22, 1980:
W_ H. Batler, “The Electron-Phonon Interaction in Transition Metals and The'r Compounds:™ .
G. M. Stocks® and B. L. Gydrffy, “The 2y Momentum Distribution in Random Ag.Pd; Alloys.”
G. M. Stocks® and W. H. Butler, “F.esidual Resistivides of Ag.Pd;s, Alloys.”

Seventh European Congress on Electron Microscopy, The Hague, The Netheriands, Avgust 24-29, 1980:
D. N. Braski® and K. Farrell, “Radiation Damage Structure in Ordered (Coess, Fes22V Alloy.”

International Conference, “X-Ray Process and Innershell lonization,” Stirling, England, August 25-29, 1980:
G. M. Stocks, “Electronic States in bec LiMgii- Alloys: Soft X-Ray Emission Spectra.”

Third International Confcrencc on 'Eﬂect of Hydrogen c. Behavior of Maternls,” Jackson Lake Lodge.

Wyoming, August 26-31, 1980 T

M. B. Lewis® and K. Farrell, “Deuterium Depth Profiles and Diffusion Coefficient in Electrocharged
Stainless Steel.”

Basic Engincering Sciences National Welding Conference, Berkeley, California, September 4-5, 1980
J. M. Vitek® and S. A. David, "Microstructural Analysis of Austenitic Stainless Sieel Laser Welds.”
International Conference on Engincering Aspects of Creep, Sheffield, England, September 1S, 1980:

M. K. Booker, “Progress Toward Analytical Description of the Creep Strain-Time Behavior of
Engmeering Alloys™ (presented by S. Majumdar of Argonne National Laboratory).
Joint U.S.-French Seminar on Small-Angle X-Ray and Neutron Scattering from Polymers. Strasbourg,
France, September 16-19, 1980:

D. W. Schaefer,® R. W. Hendricks, and J. S. Lin, “Static Correlations in Semidilute Solutions:
Marginal Solvents.”

G. D. Wignall,* R. W. Hendricks, and W. C. Koehler, “Current Instrumentaion Developments axd
Polymer Research at the United States National Center for Small-Angle Scatiering Research.”

Advisory Technical Awareness Council, American Society for Metals, Cleveland, September 30, 1980:

J. E. Cunningham, “Solidification Behavior and Ferrite Morphology in Austenitic Stainless Sieel
Welds.”
22d Meeting of the Joint Working Group on Uranium Alloys. Oak Ridge, Tennessee, September 30-October
3, 1980: -

R. A. Vandermeer,®* J. C. Ogle, and W. G. Northcutt, Jr., “Influence of Aging at M{A/) on the
Deformation and Shape Memory Behavior of U-Nb a” Martensite.”
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ADIP Prognm Review Meeting, DOE-OFE. Matcrials and Radistion Effects Braach, Germantown. -
Maryland, Scptember 30-October I, 1980 -
D. N. Braski, “Resistance of (Fe NihV Long-Range-Ordered Alloys 1o Radistion Demage.”
M. L. Grossbeck. “Statws of ORR Spectral Tailoring and HFIR Irradiation Experimeats.”

R. L. Kiuch® and J. M. Vitek, “"Chanacterization of Nickel-Doped Ferritic Steels for Helium Production
Theough HFIR Ivadiation.™

P.J. Maziasz, “Swelling and Microstructure of HFIR Irradmted Austenitic Stainless Steels.”
P- J. Maziazz, “Microstructural Design and Development of Path A Primc Candidase Alloy.”

M. P. Tamka*® E E Bloom, and J. A. Horak, “Teasile Properties and Microstructure of
Helium-Injected and Reactor-Irradinted V-20 Ti”

F. W. Willen® J. A. Horak, D. P. Edmonds, and J. F. K-g."l'kldhacedln:dnhonudc
Tensile Propertics of Austenitc Stamless Steel Weldments.™

TMS-AIME Fall Mecting, Mctallurgical Society of AIME, Pittsburgh, Peansylvania, October 5-9, 1980

V. B. Baylor.* J. R. Kewser, and E. H. Lee, “Alloy Evakmation in H'gh-‘l’e-pu‘am Oxygen-Chloride
Environmsent.” :

J. R. Keiser.* V. B. Baylor, J. F. Newsome. and M. Howell, “Stady of Fractionation Area Corrosion at
Solvulkd’ull&nll'ih Plants.™ ,
E.A.Kui'aulE.lllze Mdlm&hmhmxlmbﬁydlmm
Staimless Sseel.”

E. H. Lee,* P. J.Mansz.andA.F.RmHk.'Tth!mamandCommmofPhnOwnnmgm
Austenitic Eamless Steels in Thermul and Irradntion Environments.”

E. H. Lee,® P. J. Maznsz, and A. F. Rowchiffe, Wmdhnlpumemm"mgm
Austenitic Stamless Sieels in Therraal and liradiation Environments.™

-~ L K. Mansur and M. R. Hayns, ‘lamMecbnmAﬁeumgSwﬂmgmAloysnhPmpnalcs
P. J. Maziasz,* J. A. Horak, B. L. Cox, and M. L. Grossbeck, “Tihx Influence of Both Helium and
Neutron lrmadiation on Precipitation in 20% Cold-Worked Austenitic Stainless Steel.™
P.J. Mamsz. “Helium Trapping at Ts-Rich MC Pasticles in Ti-Modified Austenitic Stainless Sicel.”
A. F. Rowciifie, E. H. Lee,® L. K. Mansur, and P. J. Maziasz, “Precipitation in Austenitic Stainless
Stecls During Irradimtion.”

W. A. Simpson,® L. Adler, and T. K. Bolland, "Boundaries Between Isotropic and Anisotropic Solids
snd Their Effect on Quantitative NDE." .
C. L. White® and R. A. Padgett, “Effects of Antimony Additions on the Fractuse of Nicl el at 600°C.”

M. H. Yoo, "Trace Elememt Effects on Vacancy Clustering and Heterogeneous Nucleation of
Microvoids During Vasious Thermomechanical Treatments.”

Elexirochemical Society Autumn Meeting, Hollywood, Florida, October 5-10, 1980
R. W, Carpemter, “Microdiffraction Studies on Semiconducior Materials.”

Fifth Annual Conference on Materials for Coal Conversion and Utilization, Gaithersburg, Maryland,
October 6-8, 1960:

V. B. Baylor,® J. R. Keiser, and J. H. DeVan, "Materials for CONOCO Zinc Chioride Hydsocracking
. Process.”

G. M. Goodwin® and D. P. Edmonds, "Fossil Energy Welding and Cladding Program.”
J. R. Keiser,* V. k. Baylor, and J. H. DeVan, “Corrosion in Coal Liquefaction Systems.”

V. K. Sikka, "Zotemial Use of Modified 9 Cr-I Mo Steel for Fossil Utility Boiler Applications™
(presented by R. A. Bradley).
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American Nuclear Society International Conferei~e on Matenials for Nuclear Stcam Generation, St
Petersburg, Florida, October 6-8, 1980:

J. P. Hammond,® ). C. Griess, and W. A. Maxwell, “Effects of Chromium, Silicon, Stabilization of
Carbides, and Surface Condition on the Steam Corrosion of Cr-Mo Ferritic Alloys.”

Fifth Intermational Conference on Small Angle Scattering, Berlin, Germany, October 6-1C, 1980:

R. W. Hendricks,* B. S. Borie, and F. W. Stallman, “Small-Angle Scattering from a Misoriented Stack
of Lameltae.” -

R. W. Hendricks,* P. A. Seeger J. W_ Scheer, and S. Suchiro, “The LASL-ORNL Fast Digital Data
Acquisition System.™ .

R. W. Hendricks® and S. Suehiro, “Dynamic Deformation Device for Small-Angle X-Ray and Neutron
Scattering.”

P. LaBarbe* A. C. Wright, J. S. Lin, R. W. Hendricks, and J. Zarzycki, “SAXS and SANS Studies of
Silica Glasses Prepared by Hot-Pressing of Silica Gel.”

G. A. Wallace and R. W. Hendricks,* “A High Intensity Miurror-Focussed X-Ray Source for Small
Angle Scattering.™

Annual Contractors’ Review Mecting for Thermal and Chemical Energy Storage, MclLean, Virginia, October
13-16, 1980:

J. H. DeVan and P. F. Tontorelli, “Mass-Transfer Characteristics ui Nitrate-Based Salt Mixtures.”
Paper not presented. Summary published in proceedings.

American Nuclear Society Meeting on the Technology of Controlled Nuclear Fusion, King of Prussia,
Pennsylvania, October 14-17, 1980:

C. J. Long, “Structural Materials for Large Superconducting Magnets: An Assessment Based on the
Large Coil Program.”
J. L. Scotwt,* E. E. Bloom, J. J. Holmes, R. E. Gold, S. M. Rosenwasser, M. L. Grossbeck, T. C.

Reuther, Jr., and F. W. Wiffen. “Progress in the Development of the Blanket Structural Material for
Fusion Reactors.”

International Fuecl Rod Simulator Symposium, Gatlinburg, Tennessee, October 22-24, 1980:

A. J. Moorhead® and R. W. Reed, “Fuel Rod Slmulator Fabrication Requires Creative Joining
Techniques.”

American Ceramic Society 33d Pacific Coast Regional Meeting, San Francisco, October 26-29, 1980:

W. K. Alexander, W. P. Eatherly, and C. R. Kennedy,* “Irradiation of TSX Graphite: A Comparison
of Highly Accelerated Tests with Reactor Performance.”

J. H. Botticher.* D. A. Donahue, and E. L. Long, Jr., "Sphere-Pack Versus Pellet Mixed-Oxide Fuel to
10 at. % Burnup.”

A. J. Caputo,* P. Angelini, and D. P. Stinton, “Drying and Characterization of Sol-Gel Produced
Synroc Waste Forms.”

W. P. Eatherly, C. R. Kennedy.® and R. P. Wichner, "Mechanical Properties of Several Graphites as
Affected by Steam Oxidation.”

C. R. Kennedy.” W. P. Eatherly. and R. L. Senn, The Compressive Creep Characteristics of Graphite
Under Irradiation.”

S. M. Tiegs,* W. B. Stines, and M. H. Lloyd, “Fabrication of (U,Pu)O:2 Fuel Pellets Using Gel
Microspheres.”

G. C. Wei, “Thermophysical Properties of Carbon-Bonded Carbon-Fiber Thermal Insulation for
Radioisotopic Heat Source in Space Nuclear Systems.”
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Mid-West Solid State Symposium, Bloomington. Indiana. October 27-28. 1980:

W. H. Butler, “Calculation of the Superconductivity Transition Temperature: A Review of the State of
the Ant.”

G. M. Stocks. “Electronic States in Random Subs'itutional Alloys: Energy Bands and Fermi Surfaces.™
U.S. Japan Exchange on Fusion Reactor Materiak. Tokai. Japan. October, 28-29, 1980:

E. E. Bloom.* M. L.-Grossbeck, and K. C. Llll “Mechanical Properties of Type 316 Stainless Steel at
Fusion Reactor Damage Levek.”

N. H. Packan, T. C. Reiley, K. Farrell, L. K. Mansur, and E. E. Bloom.* “Summary of Results from
the ORNL Ion Irradiation Program.™

M. P. Tanaka®* E. E. Bloom, and J. A. Horak, “Tensile Properties and Microstructure of
Helium-Injected and Reactor-Irradiated V-20 Ti.”

American Society for Metals Materials and Processes Show. Cleveland, Ohio, October 28-30, 1980:
S. A. David, “Solidification Structure of Thorium-Doped Iridium Alloy Welds.”

J. R. Keiser,* V. B. Baylor, D. R. Canficld, and W. P. Bamett, “Materials Performance in Coal
Liquefaction Pilot Plant.”

J. R. Keiser,* V. B. Baylor, D. R. Canficld, and W. P. Barnett, “Failure Analysis Assistance to Solvent
Refined Coal Pilot Plant.”

J. W. McEnemey,* B. R. Dewey, and S. A. David, “System for Control of Electroslag Casting ina
Collar Mold.”

R. W. Swindeman, “Failure Analysis Activitics at Coal Liqueiaction Pilot Plants—An Overview.”
Nationa} Association of Corrosion Engineers, El Paso, Texas, October 28-30, 1980:

J. H. DeVan,* H. E. McCoy, and J. E. Mack, “Compatibility of Several Waste Forms with Potential
Cannister Materials.”

Eighth Water Reactor Safety Research Information Meeting, Nuclear Regulatory Commission, Washington,
D.C., October 27-31, 1980:

C. V. Dodd, “Improved Eddy-Current Inspection of Steam Generator Tubes.”
Synchrotron Radiation Users’ Meeting. Stanford, California, October 30-31, 1980

G. S. Brown, M. H. Chen, B. Crasemann.* and G. E. Ice, “"Observation of the Auger Resonant Raman
Effect.”

Workshop on “The Effect of Complex Loads and Irradiation on the Lifetime of Fusion Reactor First
Walls,” Petten, The Netherlands, November 4, 1980:

M. L. Grossbeck, “"Recent Work on Mechanical Properties of Austenitic Stainless Steels for Fusion
Reactor Service.”

Meeting of the Working Group of ANNEX I of the IEA Implementing Agreement on Radiation Damage to
Fusion Materials, Petten, The Netherlands, November 7, 1980:

M. L. Grossbeck, “Mixed Spectrum Neutron Irradiation Experiments on Fusion Reactor Materials.”

American Society for Testing and Materials November Committee Week, Bal Harbour, Florida, November
9-14, 1980;

R. W. Swindeman® and D. N. Robinson, “Experimental Determination of State Variables Related to
Metallurgical Structure in 2's Cr-1 Mo Steel at High Temperature.”

ANL/DOE, International Meeting on Development, Fabrication, and Application of Reduced-Enrichment
Fuels for Research and Test Reactors, Chicago, November 12-14, 1980:

G. L. Copeland and M. M, Martin,* “Fabrication of High-Uranium-Loaded U;O4-Al Developmental
Fuel Plates.”
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R. L. Senn* and M. M. Martin, “Imadiation Testing of Miniature Fuel Plates fo the RERTR
Program.™
First Annual Utility Energy Management Conference, New Orleans. November 16-19, 1980:
D. L. McElroy, “Thermal Insuiation.”
American Society of Mechanical Engincers Annual Winter Meeting, Chicago, November 16-21, 1980:
M. K. Booker, “Analysis of Creep-Rupture Data for Long-Range Life Prediction.”

M. K. Booker* anc¢ B. L. P. Booker, “New Methods of Analysis of Materials Sirength Data for the
ASME Boiler and Pressure Vessel Code.” '

Materials Research Society Third Intermational Symposium on Scientific Basis for Nuclear Waste
Management, Boston, November 16-21, 1980:

P. Angelini,* W. D. Bond, A. J. Caputo, J. E. Mack, W. J_ Lackey, D. A. Lee, and D. P. Stinton,
*Sol-Gel Technology Applied to Crystalline Ceramics.”

National Synchrotron Light Source X-Ray Participating Rescarch Team Meeting, Brookhaven National
Laboratory, Upton, New York, November 17-18, 1980: :

G. E. Ice, “ORNL Beam Line Optics.™
C. J. Sparks, Jr., "ORNL Synchrotron Radiation Beam Line.™

American Physical Society, Plasma Physics Division. Annual Meeting, San Diego, California, November
17-21, 1980:

L. C. Emerson,®* C. E. Bush, R. C. Isler, R. A. Langley, D. M. Mattox, A. W..Mullendore, and J. B.
Whitley, “Testing of TiC and B-Coated Limiters in Beam Heated ISX-B Plasmas.”

Coal Liquefaction Corrosion Workshop, Baytown, Texas, November 20, 1980:

J. R. Keiser,* R. R. Judkins, V. B. Baylor, M. Howell, and J. F. Newsome, "ORNL Studies of
Fractionation Area Corrosion.”

Committee of Safety of Nuclear Installation Specialists Meeting on Instrumented Precracked Charpy
Testing, Palo Alto, California, December 1-3, 1980:

R. K. Nanstad, “Comparison of Instrumented Precracked Charpy and Compact Specimen Tests with
Carbon Steek.”

R. K. Nanstad, “Comparison Between Instrumented Precracked Charpy and Compact Specimen Tests
of Carbon Steels.”

Electron Microscopy: Instruments and Instrumentation (Institute of Physics), London, England, January 7,
1981:

J. Bentley, “The Field Emission Gun TEM/STEM as a Combined Analytical and High-Resolution
Electron Microscope.”

Golden Gate Metals and Welding Conference, San Francisco, January 21-23, 1981:
R. A. Bradley, "Overview of DOE-Funded Fossil Energy Materials Program.”
WATTes Conference, Knoxville, Tennessee, February 18-20, 1981:
R. A. Bradley, “An Overview of DOE-Funded Coal Utilization and Conversion Projects.”
C. V. Dodd, “Application of Multiple-Property Eddy-Current Techniques to Steam Generator Tubing
Inspection.”
T. G. Godfrey, “Materials and Fabrication for Fluidiz=d Bed Combustion.”

R. J. Gray,* G. M. Slaughter, J. C. Griess, Jr., and C. W. Houck, “Metallurgical Analysis of
Fire-Damaged Piping from a U.S. Strategic Petroleum Reserve Supply Facility.”

T. S. Lundy, “Building Thermal Envelope Systems and Insulating Materials.”




Meeting. American Institute of Mining. Metallurgical, and Petroleum Engineers. Chicago. February 23-26,
1981:

J. Bentley, “Interphase Boundary Dislocation Structure of Second Phase Particles in Stainless Steel ™

D. J. Bradky,®* M. McDonald. and J. M. Leitnaker, “The Effect of Silicon on the Composition and
Solubility of Laves and Chi Phases in 316 and Tianium-Modified 316 Stainless Steels.”

< D. A. Canonico® and R. G. Berggren, “Effect of Irradiation on Nuclear Pressure Vessel Weld Metals.”

S. A. David®* and J. M. Vitck, ~Solidification Behavior and Microstructural Analysis of Austenitic
Stainless Steel Laser Welds.”

K. Farrell, “Radiation Response of Aluminum and Its Alloys After Exposure in the High Flux Isotope
Reactor.”

L. A. Harris® and E. C. Hise, “The Application of Coal Petrography to the Evaluation of Magnetically
Separated Dry Crushed Coal.” T

L. L. Horton,* J. Bentley, and W. A. Jesser, “Fusion Environment Radiation Damage in High-Purity
Iron and Iron Chromium Alloys.™

C. T. Liu* and E. H. Lee, "Creep Behavior of Ductile Ordered Alloys Co-16 10 25 Fe-23 V."

P. S. Skiad® and V. K. Sikka, “Microstructural Observations of Strain Softening in Ferritic 9 Cr-I1 Mo
Alloys.”

R. A. Vandermeer,* J. C. Ogle, and W. G. Nothcutt, Jr., “influence of Aging at MJ/A on the
Deformation and Shape Memory Behavior of U-Nb a” Martensite.’

C. L. White® and R. A. Padgett, “Trace Element Effects on the High-Temperature Ductility of Nickel.”
M. H. Yoo, “Fracture Initiation at Grain Boundary Inclusions—Internal Stress Effects.”
Meceting, Fusion Engincering Device, Technical Management Board, Washington, D.C., February 26, 1981:

J. O. Stiegler, “Strategy for the Use of Irradiation Test Facilities in the Development of Materials for
Fusion Power.”

International Conference on High-Temperature Corrosion, San Diego, California, March 2-6, 1981:

V. B. Baylor,* J. R. Keiser, and E. H. Lee, “Corrosion Studies in ZnCl;-Air-HCl Environments at
500~1000°C.” '

R. E. Pawel, “The Oxidation of Zirconium and Zircaloy-4 from 1000 to 1500°C."

R. E. Pawel* ard J. J. Campbell, “Reaction Kinetics and Oxygen Diffusion During the Oxidation of
Zirconium axd Zircaloy 4 from 1000 to 1500°C."

Meeting, American Physical Society, Phoenix, Arizona, March 16-20, 1981
W. H. Butler, “Lattice Thermal Conductivity of Nb, Mo, and Pd.”
J. S. Faulkner, “Pivoted Multiple-Scattering Equations and Band Theory.”
R. A. McKee, "Diffusion in a Pure, High Vacancy Content Crystal.”

G. S. Painter* and F. W. Averill, “On the Hellmann-Feyman and Virial Theorems Within the Density
Functional Formalism: Applications to Molecules.” _

G. M. Stocks, “Screening Mechanisms in Heterovalent Alloys: LiMg,...”

E. A. Kenik,* C. L. White, and W. E. Felling, “SHaRE: A Collaborative Users Program for
Microanalysis in Materials Science” (invited presentation to a Special Session on National Facilities).

American Welding Society, Sixth Annual Rocky Mountain Symposium, Golden, Colorado, March 20, 1981:
S. A. David, “Nature of Ferrite in Stainless Steel.”

International Conference on Creep and Fracture of Engineering Materials and Structures, University College
of Swansea, United Kingdom, March 24-27, 1981:

C. L. White,® R. A, Padget, R. W, Swindeman, K. Farrell, and M. H. Yoo, “Impurity Segregation to
Creep Cavities in 304 Stainless Steel.”

L.
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Fifth International Conference on Fracture, Cannes, France. March 29-April 3, 1981:
C. L. White* and R. A. Padgett, “Trace Eiement Effects in High-Temperature Fracture of Nickel.”
Third International Conference on Wear of Materials, San Francisco. March 30-April 1, 1981:

J.J. Wert,* R. W. Carpenter, and S. G. Caldwell, “The Eftcct of Stacking Fault Energy of Sliding Wear
Behavior of Copper-Aluminum Alloys.™

National Meeting of American Institute of Chcmlcal Engincers, April 59, 1981:

J. R. Keiser, R. R. Judkins, V. B. Baylor, D. R. Canficld. and W. P. Barnet,* “f'omrol of
Fractionation Area Corrosion at SRC Pilot Plants.”

American Welding Socicty Conference on Aluminum Weldments, Cleveland, April 6-10, 1981

S. A. David, "A Study of Ferrite Morphology and Variations in Ferrite Content in Austenitic Stainless
Steel Welds.™

J. M. Viiek®* and S. A. David, "Microstructural Analysis of Austenitic Stainless Steel Laser Weld.”

11th Annual Symposium on Electronic Structure of Metaks and Alloys, Gaussig, East Germany, April 6-10,
1981:

J. S. Faulkner, "Multiple Scauermg Theory of Electrons in Ordered and Disordered Solids.”
Meeting, National Association of Corrosion Engineers, Toronto, Canada, April 6-10, 1981:
V. B. Baylor® and J. R. Kewser, “Stress Corrosion Cracking Studies in Coal Liquefaction Systems.”

J. C. Griess,® J. H. DeVan, and W. A. Maxwell, “Long-Term Corrosion of Cr-Mo Steels in
Superheated Steam at 482 and 538°C.”

J. R. Keiser, R. R. Judkins,* V. B. Baylor, D. R. Canfield, and W. P. Barnett, “Corrosion of Solvent
Refined Coal Pilot Plant Fractionation Columns.”

P. F. Tortorelli.* J. H. DeVan, and R. M. Yonco, “Compatibility of Fe-Cr-Mo Alloys with Static
Lithium.”

Spring Meeting of Swiss Physical Society, Neuchatel, Switzerland, April 8-10, 1981:

E. Ambrustez, A. DasGupta,* H.-U. Kunzi, and H.-J. Guntherodt, “Hydrogen Peaks in Intcrnal
Friction of Metallic Glasses.”

~ Meeting, Scanning Eleciron Microscopy, Dallas, Texas, April 14-18, 1981:

J. Bentley,* M. J. Goringe, and R. W. Carpenter, “Thickness Fringe Contrast at Grain Boundaries in
TEM and STEM.”

J. Bentley, “Instrumental Problems Affecting X-Ray Microanalysis in the Analytical Electron
Microscope: An Update.™

L. A. Harris,® E. A. Kenik, and C. S. Yust, “Reactions in Pyrite Framboids Induced by Electron Beam
Heating in an HVEM.”

P. S. Sklad* and J. Bentkey, “Analytical Electron Microscopy of Ni-TiB; Composites.”

J. M. Vitek* and S. A David, "Analytical Electron Microscopy Evaluation of Laser-Welded 308
Stainless Steel.”

American Ceramic Society Annual Meeting, Washington, D.C., May 3-8, 1981:

P. F. Becher® and V. J. Tennery, “Fracture Behavior in Composites Containing ZrO; Particulates™
(poster exhibit).

M. K. Ferbcr® and S. D. Brown, “Delayed Failure Characteristics of Plasma-Sprayed Al1;03 Applied to
316L Stainless Steel and Ti—6 Al~4 V ELI Substrates.”

C. S. Morgan® and R. J. Lauf, “Thermal Shock Resistant Al;0,-Cr Cermets.”

D. P. Stinton,* P. Angelini, A. J. Caputo, and W. J. Lackey. “Deposition of Impevious Pyrolytic
Carbon and SiC Provide Enhanced Inertness to Crystalline Waste Forms.”
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P. S. Sklad® und J. Bentky, “Analytical Electron Microscopy of TiBr-Ni Ceramics™ (poster exhibit).

V. J. Tennery.* G. C. Wei, and M. K. Ferber, “High-Temperature Behavior of Silicon Carbide, Sialon,
and Aluminum Ox:de Ceramics in Coal.and Residual Oil Slags.”

C. S. Yust* and E. L. Long, Jr., “Transmission Electron Microscopy and Optical Microscopy of
Commercial WC-Co Compositions.”

Specialists® Meeting on High-Temperature Mctallic Materiaks for Application in Gas Cooled Reactors,
Vienna, Austria, May 4-6, 1981:

H. Inouye and P. L Rittenhouse,* “Relationship Between Carburization and Zero-Applied-Stress
Creep Dilation in Alloy 800H and Hastelloy X.”

J. F. King, H. E. McCoy, and P. L_ Rittenhouse,®* “Weldability Evaluations and Weldment Propertics
of Hastelloy X.*

J. P. Swrizak, C. R. Brinkman, and P. L. Rittenhouse,* “High-Temperature Low-Cycle Fatigue and
Tensile Properties of Hastelloy X and Alloy 617 in Air and HTGR-Hel:um.”
Workshop on Corrosion Ercsion in Coal Liquefaction Pilot Plants, Lexington, Kentucky, May 13-14, 1981:

J. R. Keiser,* V. B. Baylor, M. Howell, A. R. Irvine, R. R. Judkins, and J. F. Newsome, "ORNL
Studies of Fractionation Column Corrosion.”

American Society for Metals, Symposium on Elevated-Temperature Materials Considerations in Coal
Liquefaction and Gasification Service, Oak Ridge, Tennessee, May 15, 1981:

V. B. Baylor® and J. R. Keiser, “Corrosion in Coal Ligu-faction Processes.” -
J. R. Keiser,* M. D. Allen, V. B. Baylor, J. H. DeVan, R. J. Gray, B. C. Leslie, and J. R. Mayotte,
“Corrosion Failures in Coal Liquefaction Pilot Plants.”

International Conference on Fast Ionic Transport in Solids, Gatlinburg, Tennessee, May 18-22, 1981:

R. A. McKee, "A Generalization of the Nemst-Einstein Equation for Self-Diffusion in High Defect
Concentration Solids.”
Meeting, Mechanical Behavior and Nuclear Application of Stainless Steels at Elevated Temperatures,
Varese, Italy, May 2022, 1981:
V. K. Sikka, “Long-Term Creep Data on Type 304 Stainless Steel.”
R. W. Swindeman, “Correlatior. of Rupture Life, Creep Rate, and Microstructure for Type 304
Stainless Steel.”
Presentations in China as part of exchange program between American Society for Metals and Chinese
Society of Metals—Tokyo, May 16; Beijeng, May 17; Shanghai, June I; Guangzhou, June 4; and Hong
Kong, June 6:
R. J. Gray, “Unusual Metallographic Techniques Hzlp Us to Understand and Evaluate Micro-
structures.”
R. J. Gray, “Failure Analyses of Surgical Implants from the Human Body Can Improve Product and
Performance Reliability.”
Second US/Japan LMFBR Steam Generator Seminar, Sunnyvale, California, June 1-5, 1981:

R. W, McClung,® R. A. Day, H. H, Necly, and T. Powers, “Techniques for In-Service Inspection of
Heat Transfer Tubes in Steam Generators.”

International Seminar on Chemistry and Process Engincering for High-Level Liquid Waste Solidification,
Kernforschungsanlage, Julich, West Germany, June 1-5, 1981:

W. J. Lackey,* P. Angelini W. D. Arnold, W. D. Bond, A. J. Caputo, and D. P. Stinton,
“Sol-Gel-Derived Waste Forms.”
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American Nuclear Society, Miami Beach, Florida, June 7-12, 1981:

G. L. Copeland® and B. Heshmatpour, “Decontamination of TRU-Conuminuied Metal Waste by Mch
Refining.”

B. Heshmatpour and G. L. Copeland,® “Granulation of Mectak and Slags for Wast: Dlsposll and
Storage.”

A. F. Rowcliffe® and J. A. Horak, “Tensile Properties and Fracture Behaviur of lrradiated Nickel
Aloys.”

American Society for Metal, Workshop on Conservation and Substitution Technology., Vanderbilt
Uniwcrsity, Nashvilie, Tennessee, June 15-17, 1981: :

V. K. Sikka, “Substitution of Modified 9 Cr-1 Mo Steel for Austenitic Stainless Steel.”™

Nationsl Buresu of Standards International Confemwe on Thermal ‘"onductivity, Gaithersburg. Maryland,
June 1519, 1981:

H. A Fine, S. H. Jury, O. L. McElroy,® and D. W. Yarbrough, “The Thermal Conductivity of
Semitransparent Materiak.”

J. P. Moore®* and R. S. Graves, “The Thermal Ce:.ductivity and Electrical Resistivity of a POCO
AXM-5Q! Graphite from 80 to 900 K.” :

J. P. Moore,® R. S. Graves, and R. K. Willisms, “Thermal Transport Pi uperties of Niobium and Some
Niovbiuz-Base Alloys from 80 to 1600 K.”

J. P doore,* D. L McHroy, and S. H. Jury, “A Technique for Measuring the Apparent Therml
Coaductivity f Flat Insalations.”

R. K. Williams, R. S. Gnaves, F. J. Weaver, and D. L. McElroy,* “The Physical Properties of 9 Cr-1 |
Mo Steel from 300 10 1000 K.”

American Society of Mechanical Engineers Pressure Vessel and Piping Conference, Denver, Colorado, June
21-25, 1981:

R. W. Swindeman and C R. Brinkman.® “Prog:ess n Understanding the Mechanical Behavior of
Pressurc Vessel Materials at Elevated Temperatures.™

R. W. Swindeman® and K. C. Liu, “Creep and Fatigue Resting of Austenitic Stainless Steel Welds and
Overl'y Cladding.”

American Carbon Society 15th Biennial Carbon Conference, Philadelphia, June 22-26, 1981:
W. P. Eatherly, “The U-c of Run Statistics t Vatidate Tensile Tests.”
W. P. Eatherly, “Statistical Idert.fication of Disparate Flaws in H45! Graphite.”
C. R. Kennedy, “Evaluation of Fr.cture Strength by Sonic Testing.”
C. R. Kennedy® and W. P. Eatherly, “The Flux Effect in Graphite.”

Americ n Society of Heating, Refrigerating, and Air-Conditioning Engineers Annual Meeung. Cincinnati,
Ohio, june 28-July 2, 1981:

H. A. Fine* S. H. Jury, D. W. Yarbrough, and D. L. McElroy, “Heat Transfer in Building Thermal
Insulation: The Thickness Effect.”
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Foreword |

" This progress report covers the rescarch and
development (R&D) activities of the Metals and
_ Cevamics Division for. the period July 1. 1980,
" through June 30, 1981. In keeping with past costom.
the format of the report follows rather closely the
- orgamizational ctructure of the division. Short
. summarics_of technical work in progress in ‘the
mﬁmmlmaummdadpmmdm
" five parts. Chapter | deaks with the t=chnical activities
of the Engimeering Materials Section, Chap. 2 with
the Fuels and Processes Section, Chap. 3 with the
Materials Science Section, Chap. 4 with Other
Rescarch Activities, and Chap S with Speciakized
Research Facilitics aml Equipment operated in user's
mode to promote collaboration and joint rescarch
with the U.S. mdustrial sector and the university
commumity.

The past year was claracierized by restricted
fmancial suppor: for materniak researchactivities and
a reduction in the staff to accommodaie the reduced
budget anticipated for FY 1982. The fmancial
decreases of divisional support for the fission energy
and Nuclear Regubtosy Commission (NRC) pro-
pams were cssentially offset by cor.csponding
. increases in the fossil encrgy and miclear wasic
programs. Overzll. operating funds ~osc 7 mere 0.8%
and hence failed to keep pace with inflation. The size
of the staff was reduced from 279 permancnt

employees on rollas of July 1. 1980, 10 258 employees

on roll as of July 1. 1981, Funher details are

presented ' Appendix A, Budget and Suppont
Dwi‘um,adnApp:duﬁ.l’cmmdSm-

. mary.

The organizational structuce of the division was
reakgned in selected areas to accommodate evolving
changes in the mix and thrust of R&D activay and to
upgrade technical mamagement. These adjusiments
Mmﬁmammxwmtkmmrm
announced m Appendix C on Organuzatuonal .

“Structure and Chart. On April 1. the division began
- reportmg to Alexander Zucker. Laboratory Asso- .

ciute Director for Physical Sca.ices.

Greaier atiention s currently bemng l’ocuscd on
discerning trends and secking opportumitres for
exploratory research needed in materak science and
cngincering. Numerous idcas for exploratory re-
search have been snbmiticd to the laboratory seed
moncy commitice, and scven proposals have been
approved for mvestigation. The nature and scop- of
these rescarch mvestiganwons are described Zader
“New Rescarch Initiatives™ i Chap 4.

Descriptive informnution on Honors and Awards,
Seminar Prog-am, Advsory Commitece, Publica-
tns, and Presentations a1 Technical Meetings
appears in summary form in Appendiscs D through
H. respectively.

Previous reports issued in this series are listed on
the next page.
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‘1. Engineering Materials
'G.u.si-unn

~ This section s responsible for dricrmining and
mbﬁng&uhﬁﬁydeqieeﬁqm’-kbr
use in Various caergy systems, for developing mew
llqs, and fonlauumnd kwbmw

components i specific applicatioas. It comprises a
stafl. of approx:mascly 75, abomt 60% of whom are
professionals. Research and development aciivities
are carvied out in five different lnboratorics. which
carty the functionsl names Materials Compatibility,
Mechanical Propertics, Nondestructive Testing.
Pressure Vessel Technology, and Welding and
Brazing. Addinionally, divisional support for the
Heavy Section Steel Technology (HSST) and the
High-Tempenature Gas-Cooled Reactor (HTGR)
Structural Mawcrials progams & administered
through this section. Brief descriptions of work
performed by and major accomplishments of these
groups are presented.

MATERIALS COMPATIBILITY
J. H. DeVan

The Materials Competibility Group conducts
corrosion studics for fusion energy, gas-cooled reac-
107, fossil energy, nuclear fuel reprocessing. nuclear
waste management, cunservation, and advanced
technology projes’s.

In Marsch ummd utheh in rmaeul sup-

and terrestrial nuclear power systems (development
and characterization of refractory and noble metals
for isotopic fuel containment) was terminated; the
remairing funds were transferred to the production
of iridium alloy canisters. Funding of sclvemt
refined coal (SRC) liquefaction plsnts was also
reduced, curtailing studies of high corrosion rates
in the fractionation srea of SRC plants. Neverthe-
less, we have maintsined an effective corrosion pro-

gram on direct coal iquefaction processes, and the
grosp has idemtificd the wechanizms respowsible
for corvosion during hydrogesstion of coal and
fractionstion of cosl-derived liguids. For example,
we have traced the movemest of chioride-
cess snd caicgorized the cosrosion effects from
them.

We bave also mamtained an active program un the

- fireside cosrosion of heat exchanger mawrials in

atmospheric flaidized-bed combustors (AFBCs). We
are cumrently determiniig solid state reactions
between the heat exchanger alloy and dense CaSO,
deposits formed during th: combustion process. We
have determined the phase stability relationships
between CaSO, and Fe, Cr. Ni, and Co, respectively.
up to 1100°C. Closely related is 4 recently initinted
progr>m underiaken to assess the state of the art of
heat excbm alloys for high-temperature heat
recuperation, a part of a mmmuomppoﬂed
program to develop metaBic and ceramic heat
exchanger maicrimls for recovering heat m industrial

Stwodies of the corrosion and mass transport of
austenitic, ferritic, and long-range-ordered alloys by
liquid lithiwm axd lead-Ethium solutions are being
conducted for the Fusion Aloy Development for
lrradimtion Performance (ADIP) Program. Candi-
date fusion first-wall alloys are exposed in tatic
meks and in naturally convective litham. Our studies
provide uadersiandmg of the kinetics of iron, Rickel,
and chromium transport from high to low tempera-
tures in lithivm heat transfer cicuits. They also
include a study of the compatibiity of Fe-Cr-Ni-Mo
and ordered Fe-Nvi-V alloys with L,;O, a candidate
tritium-breeding solid. Thermal-convection loopsare
also ueed to udy the mass transfer of types 304
and 316 stainless steel and aloy 800 in mixed nitrate-
salt (NaNO»-KNO,) for the solar thermal energy
conversion program sponsored by Sandia Nmoul
Laborstory.



Environmenmtal interactions of Hastelloy X and
alloy 800 with ppm amo1ts of H:. 2.0, CH,. and
CO in helium are important in develuping HTGR
reactors. Accordingly, gas-metal reaction studics of
these alloys m helium with closely controlled
impurity levels are being con.ducted at 5001t0 1 100°C.
Current results demonstrare that uwihi:or. from
carburization can produce a volun increase of unto
1% and can comphicate interpretation of mechanical
property behavior.

We have continued to Jpponlthmhdated
Fuel Reprocessing Program ia the sclection and
dehmhmwm
subcomtract, but, beginming, in FY 1982, we will
ZWWNE COTOSION testing. ,

A mew imvestigation, started iu FY 1981, cxam-
resided in a dsy domal salt deposit for abowt 36
mowths. The pipes simulated the casing of 2 burial
sh>ft for-suclcar wastc storage and contaimed imter-
"mal electric heaters that generated thermal energy

equivalent to that released by spest foel. The pipes
and the carbon stec] specimen: attached to their
_ouiside surfics were significastly pitied. However,
" companion ausienitic stzinless steelks, 26 Cr-) Mo
steel, and titanium were unaffected.

MECHANICAL PROPERTIES
C.R. Brinkman

The Mechanical Propertics Group develops and

analyzes data, qualifics new materials, and pro-

vides materials engineering support for ongoing

national cnergy-related programs. Ducing the past
ycar, we received support srom the following pro-
grams: breeder reactor, 40%; breeder reactor
forcign exchange 3%; gas-coole | reactor, 25%; fos-
sil, 9%; service, §%; conservation, 5%; defense, 2%:;
fusion, 5%; waste, 2%; and space, 1%. The oversall
effort for these programs was in characierizing the
clastic, plastic, creep, and fatigue behavior of base
metals, ceramics, polymers, and weldments. Afier
statistical and parametric analyses of the data, we
present them in a form useful to engincers or code
developers for design.

Fast breeder reactnr work cominued on obtainmg
various mechanical properties such as long-term
creep and fatigue data on types 304 and 316 stainless
steel, alloy 718, and 2"/ Cr-1 Moand modified 9 Cr-1
Mo stecls. Elastic-plastic and toughncss properties of
suncaled and aged mawrial were also studied.

e

Investigation continues on the influence of combined
stress and temperature on subsequent mechanical
propertics of thin-wall large-dumeter prototypic
pipng with welds fcr type 316 staimless steel This
work is based on differences in the microstrecture
between strossed and unstressed regions of long-term
cteepspmmsandthedcgmhuon of room-
tcmpenmlt “toughness properties by prolonged

‘exposuie to clevated iemperatures. Ow heat-to-heat

variations program continucs lo generatedataonthe
austenitic stamnless sweels, both for defining the
magnude of mherem data scatter  'm vanous
chemical specifications to decrease data scatter. One
of our greatest recent experiamental successes was the
development of 2 biaxial fatgue extensometer. This
unit allows us o conduct time dependent fatigue
tests by combimed push-pull and torsional loading on
tubelar specimens sor breeder reactor development.
About 30 tests were successfully compieted on 2',
Cr-1 Mo and type 304 stamless stcel
organizations have chows considerable imtcrest im
the recent development of modified 9 Cr-1 Mo -
ferritic steel. This s 2 sew structeral wnaterial for
use at cicvated temperatures, which offers several
advantages, includirg increased streagth and
chromium conservation compared with some
austeniiic stainiess sicels. Considerable 7.ew data
were obtained, and an ASTM specifications was
submitted for consideration. One forcign and three
domestic gtili‘ies and scveral foreign laboratories
are cooperating in the evaluation of this material.
Several pages of vpdates prepared by our Data
Acalysis Center were entered in t'ie Nuclea: Bys-
tems Moterials Handbook. A creep-fatigue design
procedore for 2% Cr-1 Mo stecl based on our
analysis was accepted by the ASME for ASME
Code Casz N-47. Test matrices from the national
breeder reactor structural materials program were
computerized for inclusion in a national plan for
mechanical propertics design data.

Data development and analysis for the materinls
technology 1o design and Icense HTGR cogenera-
tion and reformer systems cmphasized obtaining
information on mechanical propertics, thermal
stability, and behavior of weidments. Structural
alloys included Hastelloy X, Inconel 617, and alloy
800H. and ccramic materials included silicon nitride.

We conducied materials and components assess-
ments on, and provided materials engineering
services to, the coal gasification pilot plants and
process development units managed by the Morgan-




oy

town Energy Technology Center (METC). Our
countinuing assessments will provide an engineering
data base for future desigr use and will identify gaps
in the technology. We akso participate in suneillance
testing of metals and ceramics programs in severat
gasification pilot plants.

We initiated work on a conservalion program to
develop a high-voliage gas-cooled transformer. Qur
abjective is to develop mechanical propertics of
candidate polymers and to investigatc long-ierm
degradation in the presence of ariicipated trans-
former matenaks in SF; at ckvaicd temperatures.
This work will supplement effors of others to
establish the optimum polymer for use in sheet-
wound transformers and shunt reactors and to

- establish the compatibilty of proposed materials of

In fusion development. 20% cold-worked type
316 stainicss steel was irradiated to damage levels
of up 109 dpa and helium coments of 450 at. ppm,
whick are prototypic of first-wall levels currently
envisioned. Fatigue experiments or this matersal
aradiated and tested at 550°C s..owed no adverse
efi=cts on fatigue life compared with unirradiated
material. At lower temperctures (430°C), however,
a Jcleterious eifect of irvadiation was noted.

In our waste container development program,
compatibility is being tested on 15 potential canis-
ter nuaterials contacted with 7 forms of simulated
high-level waste. After 3500 h of exposure at 00
and 300°C (postulated storage ten.peratures). glass
and Fuetap (concrete) evolved detectable amounts
of sulfur. The ilow-temperature penetration was
very shallow, and exposures are continuing to
determine the penctration rate wiih time.

NONDESTRUCTIVE TESTING
R. W. McClung

The Nondestructive Testing Group develops
new or improved methods of nondestructive testing
(NDT) and provides technical suppon fer nonde-
structive examination (NDE). The acuvitics range
from long-tcrm studies of physical mechanisms and
theory for devclopment of advanced technigues and
equipment to near-term development and technical
support for various applied programs. The effort is
broad-based. in terms of both the technologics
involved (including pencirating radiation, eddy-
current, ultrasonic, thermal, and penctrant tech-
niques) and the varied interests of sponsoring agen-
cies. especially those of the Department of Energy

(DOE) and the Nuclear Regulatory Commission
(NRC).

The mapor activity for DOE has been on the
Bresder Reactor Program (BRP). We performed
ultrasonic studies with improved transducers  on
austenitic stainless steel welds at temperatures up
1o 200°C with both machined discontinuities (e.g.,
notches and holes) and fatigue cracks. Studics
began on ultrasonic inspectability as a feaction of
weld design. Ultrasonic frequency analysis, diffr_c-

tion. anc other signal processing techniques were

investigated for improved flaw characterization in
the sicel welds. Eddy-curremt studies emphasized
multiparameter multifrequency lechnigues, and a
special computer-controlled scanner was Jeveloped
for use with modular instrumentation in studies on
stainlsss steel welds. For the Clinch River Breeder
Reactc - steam generator we developed prototype
ultrasonic 1echniques and cquipmem for in-service
inspection (ISI) of the tube-to-tubesheet (T/TS)
Jomnes twciuaing microcomputer controls for ultra-
sonic scanning and continued development of
eddy-cusrent technigues for ISH of the tubing.

Development and technical support were begun
for buth uitrasonic and eddy-current IS] techniques
for double-wall tubing for 2 Westinghouse alter-
nate steam generator design. Preliminary tech-
aiques were applicd for 'IS) of a few-tube model.
We provided b:chnical support 1o \Vcstlngbou!
Tompa Division for their acquisition of 2 micro-
focus rod-anode x-ray unit aml peripheral equip-
ment fo. radivgraphy of T/TS joints.

In our long-range NDT studies for the DOE
Office of Busic Energy Science; we developed an
analytical model for acoustic propagation across
solid-solid interfaces emphasizing  isotropic-to-
anisotropic boundaries (e g., for the base metal-
weld mictal interface in austenitic stainless steel);
investigated advanced signal processing for flaw
characterization; and developed 2 method for accy-
rzte cddy-current measurement of clectrical con-
ductivity. Other DOE programs included studies in
x rays and ultrasonics for rescarch reactor fuel,
eddy-current cxainination of reactor control rods,
tadiographic and ultrasonic devi:lopments for graph-
ite. and technical support for examining alloys and
graphite components for space nuckar systems.

Technical consultat.on and support was provided
1o the program management staffs for the BRY and
Fossil Energy Maicrials Development programs.
Special ultrasonic and eddy-<urrent studies were
performed for Brovkhaven National Laboratory on
techniques for evaluating welds in stainless steel
tubing.

Cr



The largest activity for the NRC was on
improved ultrasonic standards for ISI of light-
water reactor (LWR) pressure vessels, including
consultation, interaction with ASME Code com-
- miltees, assistance in development of a regulatory
guide, and confirmatory laboratory experiments.
We also provided consultation in cvaluating non-
destructive examinations on commercial nuclear
reactors. For reactor safety research, we continued
10 develop improved eddy-current technigues (with
the aforementioned multiparameter technology ) for
the ISI of LWR steam generators. We also con-
oucted experimental studies for “trasonic tech-
niques to monilor gas bubbles in aerosol release
from BRP fucls. i

PRESSURE VESSEL TEC)...0OLOGY
R. K. Nanstad ’

The Pressure Vessel Techmology Group investi-
gates the fracture resistance of structural materials,
particularly steels for pressur- vessel applications.
This requires expertise in experimental fracture
mechanics and metallurgy. Programs are sponsored
by both NRC and DOE. We are curreatly emphasiz-
ing the materials property needs for the HSST. Fossil
Encrgy Materials, and High-Temperaturc Gas-
Cooled Reactor programs.

Fracture toughness testing of prestressed con-
crete reactor vessel (PCRY) liner and penetration
steels have continued with specific examination of
weldments. We are analyzing data in order to
apply candidate PCRV finer siecls and weldments
to a reference fracture toughness framework as in
Appendix G of the ASME Boiler and Pressure
Vessel Code. Weld metal and heat-affected zone
studies are included, anc results arc compared with
previous information from basc material tests.
Information for all materials will be assessed for
establishment of 2 seference fracture toughness for
PCRYV liner sicels.

Under the HSST program, material property
data were obtained for thermal shock experiment
SA (TSE-SA). Results from TSE-S and TSE-SA
indicated that a large variability in fractuse tough-
ness data should be expected when testing labora-
tory specimens in the transition temperature
regime and that vesse) beh vior occurred at of
below the lower bound toughness recults from
labosatory testing. Additional testing with thicker
specimens and side-grooved compact specimens and
testing in a machine with variable compliance (i.c.,
spring in series with load train) did not reduce the

toughness varniation or tac fower bound toughness.
These investigations are continuing with thermal
shock vessels 2 and 3

" The remaining Charpy V-notch (CVN) impact
specimens from the second and third 4T7-CTS
ivadiction experiments were tested in the HSST
imadiation program. Amalyses of force-time traces
are being performed. and aBl resulis will be analyzed
for-fast neutron fluence and irradiation temperature.
The fourth Bulk Shicding Reactor (4th BSR)
experiment was started in December 1979, a°d
iradiation of capsule A was completed in October
1980. Preliminary CVN impact data for HSST plate
02 steel, iradiated a1t 288°C 1o an estimated fast
neutron fluence of 2 X 10** newtrons;cm’ (E > |
McV). indicated a transition temperature shifi near -
that predicted by Regudatory Guide 1:99. byt the
upper-shell energy loss was only one-third of that
predicied. Capsule B compictedintadiation in March
1981 with most of the specimens receiving an
estimated fast neutron fluence of 2 X 10" neu
tronsicm’ (E > 1 AeV). Capsule C. which began
irradiation . May 1981, contains specimens of
“current  prictice™ submerged arc welds having
copper c.-utents of 0.046 and 0.0565. Capsule O
= ~.mbly. to begin July 1921, will contais: spccimens
from the Federal Republic of Germany.

Studies on the Fossit Energy Materials Pro-
gram have emphasized mechanical preperty char-
acierization of thick-section carbon and low-alloy
stecls for liquefaction and gasification pressure
vessels. Tensile properties and CVN impact tough-
ness have been determined over a2 wide temperature
range for A-516, grade 70, A-S33, grade B, class |;
A-387, grade 22, class 2; and weliments of those
steels. The materials have been postweld heat treated
{PWHT)tor varying times to determine the offects of
extended PWHT times on mechanical properties.
Additionallv. various heats of 2'4 Cr-1 Mo steel with

_chemical compositions modified 10 increase harden-

ability have been obtaimed from the Japan Steel
Works and U.S. Steel and are being similarly
characterized. Future testing will include fracture
toughness determinations by clastic-plastic analyses
such as the J-integral.

WELDING AND BRAZING
G. M. Goodwin

The Welding and Brazing Group continues to
conduct materials joining research and develop-
ment for light water reactor, reactor safety, fossil
energy. fusion energy, basic energy sciences, gas-
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cooled reactor. space-nuclcar, and fast breeder
reactor projects.

Light water reactor and reactor safety activitics
have centered around the Advanced Instrumenia-
tion for Reflood Studies (AIRS) Program. Over
100 complex ceramic-to-metal instrumentation
subassemblics have been successfully fabricated
_ and delivered to facilities in the Federal Republic
" of Germany and Japan. )

The Fossil knergy Program has emphasized
_cvaluating beavy section weldments and weld over-
lay cladding. Analysis of a 300-mm-thick (12-in.)
submerged arc weld in 2% Cr-1 Mo plate from an
industrial supplier was completed, and additional
plates and -weldments are being procured. Weld
. overlay specimens have been corrosion tested here
and at the SRC-1 Pilot Plant.
" Work on fusion encrgy consisted of welding
assistance o the Large Coil Program.

The basic. energy sciences welding study has
continued investigating the solidification of austen-
itic stainless steels and iron-chromiuim-nickei alloys. .

A significant contribution involved the identifica-

tion .nd characterization of four distinct morplolo-
gies of the 3-ferrite phase.

Gas-cooled reactor rfforts have developed laser
and clectron beam welding procedures for a number
of advanced alloys, including cast austenitics and
mechanically alloyed materiaks such as International
Nickel Company’s MA-956. '

For space-nuclear applications, we have contin-
ved 1o characterize the weldability of thorium-
doped iridium alloys by s_veral processes, including
contimuous-wave laser welding.

The breeder reactor programs have demonstrated
commercialization of controlled re dual clement
{CRE) stainless steel filler metals. The evaluation of
large commercial heats has been completed, and the
characteri-ation of pipe produced by centrifugzl
casting and spin-forging has heen reported. Graded
transition spoolpicces are bemg produced by vacuum
arc melting; the weldability of advanced 9 Cralloysis
being cvaluated. Mechanical pr opertics comparable
1o tase metal values can be achieved by use of
maiched-composition fifler mecl with the gas
fungsten arc process. ' .
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2. Fuels and Processes
R. G. Donnelly

The dgiversificatio «rom complete dependence on.

nuclear fuels rescarch and development (R&D)
toward a2 more balanced mix of nuclear and
nonnu.kear energy activitics has continued over the
past few years to the point that no single program
curmrently accounts for more than about 17% of the
-gections support. Specialized manufacturing pro-
_duction, including fabrication of cermets for the
Nuclear Regulatory Commission (NRC) Advanced
Instrumentation for Reflood Studies (AIRS) Pro-
gram 2ad iridium disks and carbon fiber insulation
for the Space Power Program, has increased and now
represents 20% of the section’s activites. This year,
however, decreases in progrz mmatic R&D were not
fully offset by new initizt:ves. This and anticipated
reductions in FY 1982 support resulted ina reduction
of nine staff members (seven technicians) and
consolidation of two former groups into the new Fuel
Cycle and Engineering Amalysis Group.
Section-managed programs continue to include
the space power program, the graphite prograns,
and the national Building Thermal Envelope
Systems and Insulating Materials (BTESIM) Pro-
gram. Management of the remaining work on the
irradiation testing task of the prolifcration-rv sistant
research and :est reactor fuel element devriopment
program was transferred tothe Engineering Technol-
ogy Division of ORNI for compleiion.
Rescarch activities and accomplishments of the
funtional groups reporting through this section
during the past year are summarized below.

CERAMIC TECHNOLOGY
D. R. Johnson

Ongoing studies of pyrolytic DiC coatings for
High-Temperature Gas-Cooled Reactor (HTGR)
fuel hav: clarified relationships among properti s,
microstructural characteristics, and process vari-
ables. Recent transmission electron microscopy
(TEM) st ies are directed toward interactions with
fission products and cffects of radiation damage.

Candidate structural ceramics for the HTGR core
suppor: are being evaluated.” Characterization of
several silicon nitrides before and after creep testing
has identified dominant creep mechanisms. This is
necessary to extrapolate the results of accelerated
creep testing for predicting 30- to 40-year behavior.

A new program to develop improved solid
clecurolytes for rodum-sulfur batteries includes
characterization of 8~-AR0; clectrolyte tubes. This
program, which will emphasize the use of ceramic-
metal composites as solid clectrolytes, has the
potential for creating an emtwely new class of
materials.

We continued development and production of
carbon-bonded carbon-fiber (CBCF) insulation for
use in the General Purpose Heat Source for the space
program. Parts have been fabricated, characterized,
and Jelivered for various t-.sting progran’s. A quality
assurance program was developed to control the
fabrication and characterization processes.

We supported the Departiment of Energy (DOE)
Brayton cycle waste heat utilization program by
characterizing flue-gas particulates from operational
industrial glass furnaces. We alo contributed to
materials testing through identification of candidate
materials and test conditions; managed a subcontract
for development of a thermal analysis coJe for glass
furmace regenerators; and fabricated monolithic
refractory specimens, which were tested and evalu-
aed as potential recuperatnr materials in a glass
furnace exhaust atmosphere.

Cordierite recuperators, representing a type used
in DOE demonstrations of industrial waste heat
recovery, were tested in the Refractory Test Facility
to determine the effects of combustion products of
both No. 6 oil and coal-oil mixtures on performance.
We concluded that these particular recuperators
are not suitable for use with dirty fuels uniess
a method of ash removal from the recuperator
is provided. Materials support has been provided
to a DOE contractor conducting demonstration
tests of a stainless steel reradiant recuperator



on an industrial furace for me king aluminum scrap.
Scvere corrosion was determined o be caused by
chlorid=s aid ‘or sulfur in hot fluc gases. Rigid
ceramic fioeiboard was recommended as an alterna-
tive material.

A new testing program wiss started to wentify the
pest commercially avanable devices for measuring
orygen in coal-burning flsdized-bed combus.oss.
We are resting cerami: electrolyxes and other devices
to determine which types a1 canable of making the

- required measurements.:

Electron and oplica: microscopy studies of coal
have continued. We observed and sdentified a
possible mechanism for the-transformation of pyrite
to pynhotite during electron beam heating in a high-
voltage clectron microscope. Our use of the near-
infrared microscope was broadened 1o include
subbituminous and low-olatike bituminous coals.

"and we-cxpanded our coal structure program to

‘nclude differential thermal analysis (DT A) of who'le
coal and separated macerak. }

We contiaved development and production of
ALO;-Pt cermets for ekctrical msulators with high
thermal shock resistance for the AIRS program.
Insu lators of ALO:-Cr with equvalent thermal shock
restitance were geveloped.

A scries of experiments was compicted o deter-
minc the - oxidistion characieristics of ThC.
(ThoseUo.51)C. and (for comparison) UC fuel materi-
als. Information on the oxidation behavior of these
carbide fucls is needed to establish the requirements
for fabricating ard \eprocessing them.

We initiated 3 new program 1o characterize and
test commercial materials used i s trim in seveely
crosive service and as high-pressu e letdown valves in
coal liquefaction piot nlants. Vanious techniques,
such as optical and eleciron mic ‘oscopy and x-ray
and clectron diffraction, are used .n these character-
ization studies to gain a better unixrstanding of the
crosion mechanisms expenenced in the synfuel pilos
piants.

Another activity initiated this year is the study of
atmospheric exposure effects on the performance of
photovoltaic cells und=r concentrated (~40X%) insofa -
tion. This work is intended specifically to improve the
technical unocrstanding of in-service photovoltai
cell behavior of concentrated insolation n nonarid,
forested-agricultura’ or industrial areas typical of
U.S. populatiun centers.

The determination of physial property changes in
graphitc irradiated in various reactors was contin-
ued. and the effects of steam o udation and neutron
irradiation on the fracturc mechanis of graphite

were determined. A serics of graphite specimens
containing a dispersion of metzi carbide partickes
(WC. TaC. and ZiC) was fabricated for the Navy.
and caamination of these composiics has begun. The
mechanical properntes of several charcoals were
evaluated for possible use as filters in the primary
coolant loop of naval submacw:e reactors.

FUEL CYCLE AND ENGINEERING
ANALYSIS '

W. J. Lackey

This grup develops procesees and equipment for
radioactive waste disposal and nuclear rcactor frsh
fabrication and performs vngincering analyses
these arcas and m the arcas of materials for fossit
cnergy applications and energy conservation. The
high-level waste effort uws sol-gel and coating
technology for prepaning spheres of coystallio.

* ceramic waste forms. Concrewe wasic forms for

solidification of high-leveland transuranic wastes are
being charactenzed. New work in low-fevel wasic
management focuses on disposal or reclamation of
contaminated metal scrap. Qur fuek work is divided
into I1vo arcas: (1) abrcation of hreeder reacto.
peliet fu:ls by prosing gebderned spheres (the
sphere~a! process) and (2) fucl partick preparation
and coatmg for HTGR fuels. Ta:k managemeni and
materials design reviews are performed as part of the
Foss/! Energy Matcrials Program. The group also
performs task management and cxpenmeniation for
the materials project of the Energy Conversion and
Utilization Technology Program and also for the
Residential Corservation Service Program.

Sol-gel and liuddized-bed coating processes were

7 successfully applied in producing highly inert. icach-

resistan’ aliernative hagh-level waste forms. The
internal gelation process was emphaswzed in making
dense spheres of Synroc comainimg commercial or
defcnse wastc. All particles were successfully coated
with pyrocarbon and silicon carbide at temperaiures
as low 4s 1000 and 900°C. respectively. A generic -
cesium-bearning coated-waste form has been devel-
oped. which can be apphed 10 any wasic form.
including glass. Aqueous leachcontaminant lest data
of the coated-waste forms were below the detection
hnits of ana'ytical techniques.

A new low-level wasie task has the obgective of
formulating a ¢ :/mprehensive management program
for contaminated metal scrap generated at sites
managed by the DOE Oak Ridge Openations Office
(DOE-ORQ). A metal smeking facility to be located




at the Oak Ridge Gascous Diffusion Pamt was

identified as a necessary complement 0 exsting
capabilitics. and conceptual design of the facility has

_ begun. Development cfforts supporting the facility

wiil include vranium rcovery from shg. shg
disposal. and aluminam decontamination.
Concretes formed under elesated semperatures
and pressures offer excel'ent posibilitics as contain-
mem for radioactive wastes. We began studics (o
idemify phases and pantitioning of- radionuclides n
such cencretes. About ten separate oinases have been
identified. Phase identification und radwnuchide
pastitioning data will help u3. prepare concrete with
greater keach resistance will provade 2 better

i inderstanding of concrese that shonld mcrease the

overall confidence in ths wasie form.

We successfully preparcd fuel peliets from UOz

ard (U .Pu)(; gel-derive d microspheres and achicved

the desired pefet densitics and microstructurcs.
Dense UC,0, is one of four kerne} compositions

 tuwg evaluaied &8 HTGR fucl and we are workimg

jomtly with the General Atomic Company to
optimi-c the: sphere-forming. cakcinmg. and sintering

- provesses. Sighificant progress was made in reducing

the sintenng time and (emperature.

We are workmg jomtly with the Fuel Recycke
Dreision to develdp, design, construct. test. and
evaluate 3 welding system that can remotely repair
piping systems within 2 fuel reprocessing facility.

We continued our lead roies in the materials design

* review and monitoring of research and development

for the Soivent Refined Coal (SRC) demonstration
plant projects and in the prebminary design of the H-
Coal commercial plamt progct. An assessment of
foreign activities in the selection and development of
materials fer use m coal Equefaction plants was
compicted. We ilso comtinued coordination and
control activities for the Fossd Energy Materals
Program: a program plan was completed. and a
program-wide quarterly technical progress reporting
sysiem wasdevised and iniviated. Coondination of the
determination of causes of and solutions for severe
corrosion of SRC piiot plam components is comtinu-
ing. ..

We were seiected by DOE 10 manage the materaals
project of the Energy Conversion and Utilization

- Technology (ECUT) Program. which was e¢stab-

lished 1o conduct apphicd research 1o develop base
technologies for encrgy conservation. We prepared a
preliminary annua) operating plan for FY 1981 and a
long-range project plan for FY 1981 through FY
1987. The project plan provides the basisfor selecting
futire exp- ‘mental projects from the following

areas: (1) maseriaks for high<temperature vasic heat
recovery. (2) materiak for low-temperatore wasie
heat recovery. 3, ‘esulavion, (4) materials for heat
engines. (5) me wnab processing. (6) teibology. (7)
recyck of waste maweriak. and (8) l-ghlvmght

materials for ground transporiation.
We continued (o provide technical suppornt to the

Residential Conservation Service (RCS) Program in

thiee principal areas of prigam smplementation:
rancinaking. wechnical assistance (o states. and R&D.

- We completed an RCS auditor waming manuval,

validated approxamately 35 audit prooedures for
states and wtilitics, and superyised compietion of a

number of anditor-trammg activitics. We continued
our in-house research aad dewelopment on (1) -

scttling of los-fill antic insuhtion, (2) thermal
performance of atfic mshtion, and (3) scasonal
furnace efiicncy; data acquisition and analysis were
the principal cffosts on @asks | and 2. and a final
report was prepared on the resuhs of task 3.

FUELS EVALUATION
F.J. Homan

The HTGR Base-Technology Program continues
to support most of the Fucis Evaluation Group.
However. during the past year sonic support was
provided br the Magaetic Fusion Encrgy and the
High-Temperawure Applications of Solar Encrgy
programs. In HTGR-rehted work. the group
continues to speciale in umque postirradiation
exammation (PIE) capabilitics emphasizing quanti-

tative measurements of Ission product inventorics by

use of the irradiated microsphere gamma analyzer
(IMGA) and the postirradiation gas analyzer (PGA)
systems. These technigues are hghlv regarded by
others in the HTGR community. such as the General
Atomic Compeny and Kemnforschungsanlage (K FA)
Jilich who regularly send samiples 10 ORNL. for
analysis.

The IMGA sysiem has operaited for tiw entire year
cxamining coated-particke fuek from a2 number of
irradiation tests. Results have shown significant
releases of metallic fission products (¢ g.. "”’Cs) from
Bisocoated ThO; at temperatures and bumups
typically envisioned in a2 commercial HTGR.
Radioactive silver releasc from SiC-coated particics
is still being examined. and preliminary resulls show
a dependence on temperature, fast neutron damage,
and SiC properties. Recognuing this dependence, we
fabricated and irmadiated a capsule test. Detailed
examination of the capsule began in June.
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The PGA system romtincly measwred gaseous
fission product mventnries in coated particles. We
found that the permeability characeeristics of the
pyrocarbon on Biso-coated ThO; varies widely from
partck to particie within ary oac baich irradinted
under the same conditions. Comcnoml&m
and metallic fision predact rekease from Biso
coatings led 10 a decision w replace the Bisw design
with a Triso design on the fertie particles.

Cooperative work with the KFA is continsing
under the HTCGR “Umbivella Agreement™ between
the United States and the Federal Repuoiac of
Germany. Wutmcmpkndadufmtqun

.wrinten on fssion gas pexneability: of pyracarbon
-W(MMLWkamabm '

plered on comparison of the PIE techmiques of
ORNL and KFA 10 awess pmck uTadmtion
performance. Consequently, KFA has. stopped
drvelopment of its postiradiatién sanealing tech-
nique in favor of the IMGA. .
Mlmedourmnﬁcmlaml'wof

our own wradiation cap ks & verform the service

function of thermal design for mrdiation (upsules
for thc Radiation Effects and Micvostructural
Analysis Group. The work, suppornted by our Fusion
Energy Materizls Program, tests candidate materials
for fusion reactors.

Work was completed and final reports written for
two tasks on materials for high-temperature applica-
tions of solar energy. We fou:«d that silicun carbide
materials were the ieading candidates for use at Ligh
temperatuzes pnder anticipated fucl and chemical
processing environments. We ako asessed current
ceramic fabrication technology for solar receivers to
be used in fuel and chemical processcs. We found
tha:, although the fabrication technology is ad-
equale. opcrationsl expericnce with hazardous
chemicals decs not currently justify solar-powered
chemical production.

METALS PROCESSING

R. L. Heestand

Activities supporting space and tesrestrial power
systems continued to center on {abricating iridum
contasinment for General Porpose Isotopic Heat
Soorces. Production le/es werc initislly et at 600
forming disks for the year bus were increased to 725
forming disks in the gt quarer. An iridium
production task fore was formed earsly in the yearto

evaluate fabrication problems and forming defeais
that arose in changing from a hemisphere for the
Mulkihupdred-want Heat Sovrce W a decpdrawn.
cup for the General Purpose Heat Source. The task
foroe recommendations were investigated on an
cxperimental besis, and many were incorporated into
the 2hrirsizon procedure. A reallocation of develon-
went funds preciuded complet~~ of sevecal of the
uasks. An iridium rnanagemeny plan was Jeveloped
and inpr ‘mented for cortrol ol inventories. refining.
and fmancial plans for OKNL and alisubcontractors
for the Space and Temestrml Systems Program.
Under this systems, ORNL has responsibility for
mane ging and refising all program ridimm_ ,
The Waste Management Program onthe “Volume
~  Reduction of Low-Level TRU Cont ninated Mensls
by Meking™ was continued mconpleleexpetm
on the removal of phstonium by slagging reactions.
Exptriments mdicatd that plutonium could be re-
moved 10 the same levels as wanium. An
enginecring-scale demonstration for uranium de-
contamissation is being conducted in conjunction
with Paducah Operations. This consists of melting
and slagging 2 100-ton contaminated melt, followed
by determining nsidual contamination on the
resultant 1-ton ngots. In another program a survey
of the existing comtammated DOE-ORO scmap
imertory s beng canducted and p*ans made for
meh-slag decontamination.

Efforis were continued on the fabrication of large

_heats of radiation-resistant D-9 stainless steel for use
in fusion encrgy alloys. Simiarly. 2 large heat of
modified 9 Cr-1 Mo steel was procured for breeder
veactor experimental use. Mechanical properties of
these heats were found to be superior to commercial
alloys. In addition to the mod.fication of commercial
alloys for radiation resistance, the scale-up of
semiproduction quantilies of long-range-ordered
alloys was initiated. Thexe high-temperature high-
strength alloys, developed at ORNL, will be prepared
commercially by both eleciron beam and eleciroslag
melting to provide materia’ ivr neutron uradistion,
mechanical property, ard compatibilty tests.

The effort on fabricating experimental molybde-
num heat pncs for Los Alsmos National Scientific
Laboratory m support of vhe Space Reactor Electric
Power Supply (SPAR) was expanded to include
molybdenum-rhenium alioys. This inchudes fabrica-
tion of both heat pipe tubng and wire for capillary
screens.
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3. Materials Science
J. O. Steegler

Research in the Materiak Science Section s

directed toward understanding structure-property

rejationships in terms of processes occurring at the
atomic level. Such an understanding can lead to the

development of principles for the design of improved

the composition and microstructuse of convertional
austenitic and forritic sieels for applications in
breeder and fusion reactor systems to the exploration
ol novel processing techniques for synthesizing new

_metals and ceramics for possible use in advanced

encrgy sysiems.

About 65% of our suppoit comes from the
Iivision of Materials Sciences of the Office of Basic
Energy Sciences. This work, which s generic in
nature, is aimed toward providing a technology base
for addressing materials problems 10 ¢o 15 years from
now. Nearly 20%; of our support is directed toward
development of structural materials for high-flux
regions of breeder and fusion reactom. Additional
programs are funded by the Offices of Fusion Energy
on Plasma-Surface Interactions, Fossil Energy on
Siructural Ceramics, and Conservation on Thermal
Insulation.

The success > determining structure-property

reltionships rv.is on our ability to define structure -

precisely ans. quantitaiively. We have therefore

" devoted substantia! effort and resources in recent

years (0 developing 8 state-of-the-wnt capability in
techniques for characierizing mnoterials. Facilitie- for
these techniques, which are available for use by

. members of the university and mdustrisl communi-

ties, are described more fuly in Chap. S on
Specialized Research Facilities and Equipment.
During the past year our small-angle x-r2y scattering
laboratory was tramsferyed to the Nationsl Center for
Small-Angle Scattesing Research, which is managed
by the Solid Swte Division.

Descriptions of activities and accomplishments of
groups in the section are given in the following
paragraphs.

. materials. The work ranges from efforts to control

ALI.OYINGIEHAVIGANDDBIGN
" C.C.Koch

The primary gotld'd:Aloy'mgBdnvioraﬁ
Design (roup is the development and understand-
ing of the principlks of alloying behavior and of
structure-property relationships and their applica-
tion to the creation of new materials to meet encrry
technology needs. The group focuses on three major

" programs: (1 metastablc materials, (2) deformation

and mechanical propmu and (3) high-temperature
alloy design.

The metastable m~ieriak program has emphasized
the development of facilitics to producs amorphous
alloys by rapid quenching from either the lijuic or
vapor state. The formation, structu-e, stability of the
amorphous phase, and selected property measure-
rents of several amorphous alloy systems ha. = been

- studied. Molybdenum-base amorphoas alloy super-

!
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conductors are studied as prepared by vapor
quenching (in argon or N;) or liquid g senching alloys
containing metalloids such as phosphorus, boron, or
silicon. Superconductivity also provides useful
information on the structure of meuallic glasses.
Small-angle x-ray scattering on the ORNL 104
Small-Angle X-Ray Scaiic:ing Facility (SAXS) s
being used to help define the defevt structure a..d
compositional homogeneity of metallic glasses. We
have used rapid solidification to modify the micvo-
structure of several long-range-ordered (1 RO)aMs
of the (Fe,Co.Ni)V type.

The immediate goal of ihe deformation and
mechewical propertics program is to undentand the
physical mechanis.ns of deformation and fractur in
model systems (nicke!l and nickel-base binary alloys)
and commercial alloys (ausienitic stainless steels and
nickel-base superalloys) at elevaied temperatures
under low applied stresses. Effects of trace elements
on grain boundary cavitation ‘mder creep and fatigue
test conditions are investigate' by Auger spectros-
copy. Use of the 30-m Sn:all Angle Neuiron



Sca‘tering (SANS) Facilty te stuly gram boundary
caviation has been imamtzd. The 1-MV High-
Voliage Elkctron Mxrowope (KVEM) is used 1o

provide direct microstrectural information to.aid the .

SANS study. Revent theoretical progress includes
modeling of impurity-mduced mxcrovaid formation

and cffects of mternal stzess ongram boundary crack -

intation. :

The 4oy design prugram has heenconcerned we'n
the LRO alloys m the (Fe.CoNipV systai fo
apphcation: (inchuding magnetic- fesion first wall
matenai) and with the indium-base alloys for space
power applicat’ ws. Plans have been formulaied and
a seed money proposal funded for partial support of
an alloy design program based 01 LRO alloys and
intermetaliic compounds 1ur polentiz| use at clevated
temperature; n encrgy kechnology systems.

PHYSICAL PROCPERTIES
D. L. McElroy

Physical propertacs are measurcd amd analyzed 10
obtzin an znderstanding of chu ge and heat transport
behavior. Ti.ese cfforts on rescarch and engineering
makriak are principally supporied by the Dicision of
Materials Sciences, the Building and  Industrial

Conservation programs, and the Breeder Rezactor

Program.

Experimental determinations woere made of the
phonsa and clectron components of the thermal
conductivity of ckmemal won, miobium. and
1antalum. The phonon conductiviy ir.cludes scatier-
ing terms: caused by ~lectron-phonon and phonon-
phonon interactions. The (oruner is large for niobium
and tentalum and provides an important test of
clectron-phonon interaction theory. The clectronic
Lorenz functions of nicbimin and tantalum approach
the Sommericid value. ssmilar stud ics are in progress
for nickel. Theekectrical resistivty ofa serics of dilute
paliadium-base alloys was measured because these
values may be cakulated theoretically. Different
theoretical models were verified as being capable of
predicting thermal conductivity on (1) AXM-5QI
graphitc within 3% (rom 200 1o 950 K and (2)
microsphers of 1JO; or ThO:; m helium. An
apparatus for property measurements (0 2600 K is
being tssted with a graphite s:andard

The Conservation Prugram supports evalations
of properties, test methods. anu the influence of
operating environments ~  building and indusirial
thermal insulations. We are involved in developing
siandards end in cusponsoring confcrences with
ASTM Commitree C-16 on Thermal Insulations and

Subrommitiece C-16.30 on Thermal Measurements.
Research o improve the technical data base on
msulating materiah & performred toth-n house and
by suhcontact. ~

The phisical propenies of siandard and modified
9 CR-1 Mo steels in the normakized and iempered
stairs shew the thermal stress (actur to be twice as
good as that of Inconcl 718.

' RADIATION EFFECTS AND
MICROSTRUCTURAL ANALYSIS

E. E. Bloom

- The primary objective of the Radtion Effects and

Mcrostructural Analysis Group is 1o clucidate the
role of microstructure, compc.ition, and seTvie
environment on the behavior of materals and to

deveko.p materiaks with microstructures and composi-
tions tailored for spevific apphcations. Two mission-
orrented or applied allvy devclopment progrums

{suppe:ted by the Office of Fusion Encrgy and the
Division of Reactor Rescarch and Te~hnology) are

complemented by programs on radi.tion cffects and

analytica) and high-voltage clctron microscopy

(supported by the Division of Materials Sciences).

Electron microscopy (iransmission, analytical, anJ

high vohage) and surface analysis techniques (Auger
spectroscopy) are used to characterize structure and

composition on a microscak. The Oak Ridge

Reactor (ORR). High Flux Isotope Reactor (HFIK),

Experimental Breeder Reuctor-11 (EBR-1), ak

Ridge Isochronous Cyclotron (DRIC), and dual
beam Van de Graaff Facility are used in irradiation

damage studics.

Anaiyiical and High-Voliage
Electron Microtcopy

Rescarch during the last year focused on develop-
ment and cvamation of instrumentition, new
methods and techaques of materials characieriza-
tion, and application (o0 a wide range of materials.
Some of the applications invoived collaboration with
non-ORNL. staff on the Shared Rescarch Equipment
(SHaRE) Program.

High-resolution-imaging techniques have been
applied 10 the characterization of the intcrface
structure of precipitates in auste’itic stainless steels.
Although reliable methods for revealing the interface
boundary dislocation structure by weak-beam and
lattice imaging have been successfully identified, the
determination of Burgers vectors requires 8 more
detailed investigation. Such work is in progress.
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Detailed observations and dymmical cakulations
have provided a quamiaative understanding of
thickness. fringe comtrast at gram boundaries
tranamssion clectron microscope (TEM) and scan-
ning aasmission clecron: microwcope :STEM)
modes and s relationshep 10 the top-botiom effect.

Apostsyc;'::r'nmnmgnmonllumuemk-

(4]

sion gun analyliu} elkectron microscope has been

developed, which allews us 1o obtam encrgy-filtered

- mtensity profiles of images or diff raction pattons

Uses mcinde on-ime computer aralysis of “rocking
curve”™ profiles in convergent-beam electron diffrac-
tion {CBED) patterns, from whichaccuiate va'asof
foil thickness can bs obizined rapidly (<1 min). The

chmmmn of complex ordered or modshated

Jructores from diffuse chstic. clmrou uueusl(y
profiles is also under way.
A pumber of mprovements 1o the two eleclmv

_ energy-loss spectiometers were made. We continued
ous ~vahations of the rekabibty of guantitative
“ analysis made on a wide range of specimens by use of

both K ard L rwnization edges. Some discrepancics
were found, but the overall sesults were encouraging.
A new, mproved background-fating procedure was

i i e e 05T B

allovs. T ¢ <t svacterization of defect stractures m
\smcaied ion- mplanted GaAs nacrssitrecd the ust of
high-resoluiaon weak-boam sechniques. An npor-
tant findimg was the preseace of Frank dislocation
i~ops as the major damage cumponcat. and 8 model
correlating clectrical activity wath such microstrec-
twral deteils s bemg developeu. The deformation
substructure as a function of 1A compositicn of the
binder phasc m deformed wmemed WC was
mvestigated wite the HVEM. Denils of fauking,
hexagonal close-packed phase fermition, and
twinning were mvestigat-d and mierpreted for the
expecied deformation modes of b binder.

The mechianistic undersia ding of The processes by

. which uradiation chauges physical and mechapical

developed for spectra involving M cdges of transition

metals.

In situ experiments in the high-voltage clectron

microscope  continved. Dislocation motion. >nd
details of the propagation of shear cracks. such as
ligament formation, were obwerved by in situ

.. deformation of precipitatica-nardened AH wt%.Cu

and 2024 aluminum alloys. Little strair; Jocalization
in precipitate-free zones was observed. Further
studies arc under way ofi alloys in their maximum
hardness condition, where ductile miergrsnular
failure is most likely to occur. Experiments on in situ
oxidation of vanadium and vanadium-titanium
alloys have continued. A detailed determination of
the structure of the different phases that form
(depending on foil thickness)akoinvolved analytical
and httice imaging cxperimemts. The disorder
commonly observed arises from the low transforma-
tion temperature and the rapidity of the oxidation
process,

Man; applications employing state-of-the-ar
technigues were made on materiak science problems

- during the year. In nickel-bonded TiB; ceramics

(intended Tor use as hard wear-resistant materials)an
intergranular phase was identfied and chancterized
in detail as nonstoichiometric boron-deficient Ni;B.
A successful correlation was made of unusual #12in
softening behavior with deformation celf size and
other microstructural features in ferritic 9'Cr-! Mo

|
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properties of metals and alloys & the primary.
obyective of the Radiation Effects “ask. The program
is focused on the phenomema and comditions
crcountered o1 anticipated in fssion and fusion
reactors. Results of this work proviie guisance to the
alloy development programs. The cusrent scope
includes cavity swelling. imadiation creer  and
embrittlement. An integrated theoretical and exyperi-
mental approach s brought tv bear on major
problem areas.

Simultancous nickel and helivm jon bomband-
ments have led to an improved understanding of the
role of helium in microstructural development.
Femtic materials. irradiated with ncutrons or
bombarded with smultancous iron and helium
beams are being studied. Both high-purity iron and
iron-chromium alloys as well as commercial steeis 2re
inciuded. The irradiztion behavior of the LRO alloys
developed eisewhere in this division is being studied.
The first phase of a program-of pulsed jon beam
bombardment of a high-purity siainiess stee] was
completed. This area is also of interest 1. onnection
with the pulsed nvironment of planned fusion
reactors. The effects of wradiation-induced phase
instability on swelling and the related effects of
helium on phase instability are being pursued in close

. cooperation with the alloy developm=m programs.

The theory of radiation effects s a8 major ares of
development, In the pust, emphasis was on establish-
ing the framework of the rate theory desc/iption and
on modeling the effects of charged particic bombard-
ment, including the large increase in damage rate and
the marked spatial variation in swelling. More
recently, impurity effects have been emphasized. and
this resulted in the development of the theory of point




defect trappimg and it< influence nn cavity nucieation,
cavity growth and uradaation creep. The effec:s of
unpurity segregation on cavitv nacleation and
growth were explored by determining the changes in
sink capture cfficiencics with segregation. lnalloys.
second phase precipitates are abso often a major
feature of the microstructure. [n the past year an
Wumnofththeolymmnut
mechanisms affecting swelling in alloys with precipi-
tates. This led to an improved understanding of
swelling kinetics in complex alloys, especially the
often observed increase in sweliing from precipita-
tion. In the past year an additional important result
was achieved, the application of our cascade
aiffvsion theory to establish the theory that cascade-
induced point defect concentration fluctuations and
tize consequent dislocation cimb excursion response
can lead to significant irmadiation-induced creep
rates. This work lked to the uentification and
quantitative evaluation of a mechanism of irradia-

tion creep.

Fast Breeder Reactor Cladding and
D-ctAlloyDﬂ_ebmho.lm

This work forms part of a national program to
develop alloys with improved resistance to high-
temperature irradiation damage for fast reactor core
applications. Three majos elements are (1) devilop-
ment of modified type 316 stainless steels with
improved resistance to void swelling, (2) assessment
of the effects of irmadiation on the high-strain-rate
deformation and fracture” behavior of advanced
alloys, and (3) fabrication development.

Previous ircadiation with 4-MeV nickel ions
showed that the swelling behavior of type 316
stainless steel could be substantially reduced through
modifications to the composition, principally
through the addition of silicon and titanium. Based
on these initial rtudics, a series of austenitic stainless
steel alloys with systematic compositional variations
were neutron irradiated in  EBR-11, and their
radiation response was cxamined by analyx:.
electron microscopy. Some 13 phases have ben
identified and their crysial structurc and chemical

composition characterized. Irradiation does not
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produce completely new phases. However,asa result -

of radiation-induced segregation (principall: of
nicke! and silicon) and of enhanced diffusion rates,
several major changes in phase relationships were
found to occur during irradiation. First, phases
characeeristic of remote regions of the ohase diagram
appear unexpectedly and dissolve durir.g postirradia-

tion ~nnealing (radiation-induced phases). Second.
the compositions of some phases are significantly
altcred during development by the ‘ncorporation of
nickel or sihcon (racwmuon-modfied phases). Sev-
eral phases alsc develop at significantly lower
temperatures during neutron irradiation (radiation-
enhanced phe.:s).

These pnase instabililies are coupled fo swelling
behavior by thrze mechanisms: (1) helium trapping at
perticles and dicect void-particle assocraton, (2)
modifications tc the dislocation structure, and (3)
depletion of mat-ix solute or solvent concentrations.

Based on this understanding, commercial heats with

improved compositions are being procured for
irmadiation testing in the Fasi Flux Test Facility.
The succuisfcl application of the titanium-

modified _stainless stee’s to the manufacture of

cladding and’ ‘docy components necessiiles some
modificaticis 10 existing type 316 stainkss steel
fabricaticn iechnology. A basic understanding of the
fabricaticn technology of these alloys has been
developed an fla¢ peoducts. The principles developed
are being implen ented in the praduciion of ihin-
walled fuel pin cladding in the tube-drawing and
continuous-hyd. ‘gen-annealing facilities in e
Mctals Processing Group.

Alloy Development for Irrediation Performance

An extensive effort was undertaken to develop
alloys capable oi withstanding the fusion reactor
environment long enough to achieve economical
fusion puver production. With this as a long-range
goai, the program must also provide design data for

alloys to be used in near-term experimental fusion

reactors such as the Fusion Engineering Device
(FED).

To reach both these goals, five alloy paths are
being invertigated. The first and most devele-.ed path
consists of austenitic steels and i, followed by ferritic
steels, high-strength Fe-Ni-Cr alloys, reactive and
refractory metal alloys, and innovative concepts,
which currently consist of only LRO alloys. Austen-
itic and ferritic steels are being considered for both
the FED and the long-tcrm applications; the
remaining alloys are being consiJered for only the
long term.

Helium produced by transmutation is a primary
factor in determini~g radiation-induced swelling,
microstructural evolution, and mechanical property
degradaticn. Because the helium effects tend to limit
lifetime, they are the focus of much of our research.
In nickel-containing alloys, heium may be intro-




duced simulancously- with displacement damage
through irradiation in mixed-spectrum reactors such
as HFIR and ORR.

A rather complex experimet is being conducted in
the ORR 10 produce the same heBum-to-displaced-
atom ratio in an austenitic stamless steel as thai
which wil be produced m a fusion reactor. The
rescarch has led 1o the development of a prime
candidate austenitic stamiess sicel with improved
radation Jamage resistance. Several thermomechan-
ical conditions have been developed, which result n
. desirable microstructures. Materiaks in these condi-

tionsare bt ing irradizted to imvestigatc their response

1o displacement damage and helium. The improved

propertics ‘result form additions of titanium that
result in precipitation of T/C panicies. Wher the
alloy is treated 10 prodce a homogencous fme
distribution f TiC, the preciprate parnicles trap
belium and prevent its migration to grais: boundaries
and its aggregation to form hige bubbles. Phase
‘stability during irradmtion and tix use of microstroc-
tural features such as dislocation substructures and
piccipiiates 10 trap hebum are under investigation.

Significant work was done on swelling of austen-
itic alloys, wt ch led 1o the discovery of a low-
. temperatore swelling peak. Further studies on

swelling mechanisms led to the development of an
equation to describe swelling i type 316 stainless
sicel on the basis of a fundamemal understanding of
microstructurai cvolution.

Irmadiation i HFIR at $50°C 10 damage levels o)
up to 15 displacements per atom (dpa) and 850 at.
ppm He show2d little influence on the faiigue life of
type 316 stainless steel at 550°C. The only notable
effect was a decrease in the strain range ot the
endurance limit from 0.3510 0.30%. This strain range
corresponds 10 a therma! strain induced by a wall
loading of S MW'm’ in a 3-mm swainless steel wall,
whech is within the acceptable design envelope.

Experiments con ferritic albys (mostly Fe-12%
Cr-1% MoVW and Fe-9% Cr-19% MoVNb) focused
on low temperatures, primasily S0°C. Fractre
properties such as Charpy impact, crack growth, and
fracture toughness mwust be addressed in thrse
materials. Becauce the FED will operate below
300°C, low temperatures were selected 10 represent a
relevant worst-case situation. Specimiens of these
alloys, both at their nominai compoxition and doped
with up to 2% Ni to-{orm helum, were irradiated in
the HFIR. Tensile tests revealed very significant
radiation hardening but no discemible effect of
helium. Future vesearch will extend this work to
higher temperatures and examine Charpy impact
specimens now being imadiafed. ‘
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For LRO aBloys cmphasis is bemg shified from ion
bombardment w0 neutron wradimnon. The first
neutron-uradiated maserial became available this
year. Swelling measuremer:ts on material wradinted
mn the ORR to approximately 5 dpa demonstrated the
valee of marmum additons to control swelling.
Specumens BiaJiated t0 higher fluences are now
available and are being exammed. Tins research will
lead 10 tailoring the composition of this class of alioys
for irradiation resistance.

Smaller emphasis is being placed on refractory
metaks, titanwom alloys, and high-nickel alloys.
Tensile, fatigue, and tansmission microscopy
specmesss of these materials from neutroa sTadm-
tion experiments are bemng e xammed on a secondary
pr.omty basis. Cyclotror: implantation of heliom in
vanadiwm alloys followed by fast reactor nTadistion
has shown a3 very significant effect of hehum on
mechanical propertics. Further rescarch s being
conducted to validate the cycloron mplantation
method of helium dopmg in vanadium allovs.

Structure and Propertics of Surfaces

Surface analytical techniques are being used to
study the influcnce of the structure and composition
of surfaces on plasma-wall mecractions in fusion
devices and, conversely, i< effects of such mierac-
tions on surfaces.

We arc monitoring changes in the surface
composition and structure of smmali samples of wall
and limiter materials expused in the Impurity Study
Expesiment-B (ISX-B) wokamak and the Elmo
Bumpy Torus (EBT) torroidal confmement deviceto
study impurity tramspost and to optimize impurity
control. These studies are supplemented with studics
in a small laboratory device wherein plasma-wall
interactions can be studicd under a wide range of
controlled conditions. .

Laboratory studics are currently concentroted in
the area of hydrogen recyching and hydrogen-metal
interactions: Recycling from the walls and limuters of
tokamaks is the major sowce of hydrogen to the
plasma. The composition and structure of the surface
play strong roles in recycling, but the mechanisms
involved are neither well characterized nor under-
siood. We are studying these processes empirically to
determine which are most impostant and the extent
to which they can be controlied by materials selection
and surface ireatmert. lsotope exchange experi-
ments under conditions simulbting ISX-B operation
show that recycling from oxyge »-contaminated
swinless steel walls changes to 70% of the new isotope
in five 200-ms pulses. Clean walls change much more




quickly. The mte of change can be used to separate
surface effects from bulk properties and to separate
son-bombardment-induced processes from thermal
processes. Each can be important, depending on
temperature and icn fluxes as well as on surface

Unipoiar arcing occursinall tokamaks znd may be
an mmportamt sovrce of metzllic wmpuritics in the
plasma. Our previovs studics cormelated arcing with
surface cicanliress and plasma mstabilities. High-
speed photographic techmiques are being used to
stady the details of the plasma-wall mteractions on
the maim limiters in ISX-B. Carrelation of arcing
with magnetohydrodymamic (MHD) activiy and
major distuptions shows that particks and vapor
resuiting from arcing on the limiters can cause major
plasma distuptions and thus tetmmaic the plasma
pulse. Titanium carbide coatings on POCO graphite
limiters are badly damaged by arcing and the
extremely high-energy flaxes but gradually become
conditioned and pyovide good service. Bare graphite
lumiters will be tested for comparison. The various
types of arcing on the limiters have beencategorized,
and we are trying to correlate them with plasma and
materiaks propertics to provide 2 means of profecting
the limiters and keeping plasma impurity levels as
low as possible. Studies of transport of materials into
the plasma from natwralarcs and anificially triggered
arcs ip the plasma edge are continuing; this work will
help assess the importance of arcing in the plasma
edge as a source of impurities for the core plasma.

STRUCTURAL CERAMICS

V. J. Tennery

The work of this group has emphasized several
arincipal arcas. One is the synthesis, fabrication, and
characterization of hard ceramics, with the objective
of achieving an understandir:g of how the micro-
structure and microcompositio,:  determine - the
macrobehavior of thess materials under highly
erosive and high-stress conditions.

A second area involves studies of the behavior of
selected structural cermmics in high-temperature

fossil fuel combustion environments such as those

anticipated for heat exchangers in direct coal-fired
and other advanced fossil encrgy systems. The
objective o7 this activity is to determine if structural
ceramics based on SiC, SiyNs, or Al;Oy have the
requisite stability to function as heat exchanger
surfaces in the highly corrosive and erosive environ-
ments anticipated in certain advanced fossil energy
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systems and to wentfy xaportant degradation
mechanisms and the means for impeding them.

A third area involves the mechanical behavior of
ceramic diclectric windows i gyrotron tubes 10 be
used for microwave heating of the plasma in fusion
reactors. The objective is to understand the relation-
ship between thermai siresses and extemally applied
stresses in the windows of these tubes under
operating conditions and 1o corrclate the stress state
with the fracture behavior of the ceramics. An
Exploratory Studics Project included a stady of the
fracture toughness of ceramic materials containing a
dispersion of a metastable pha‘x such as ietragonal
ZxO; in 2 matrix of ALC;s. T.iis work identifsed the
relatonships among the geometry of the dispersed -
phases, its structural form. ks concentration, and the
temperature dependence of fracture toughness of the

. ceramic material.

Our vork on hard : _ramics this ycar was
concentrated primarily on TiB; caused by the
reported high hardness and clectrical cmductivity of
this compound. We determined that, when correctly
sized TiB; powders .1.c blended with nickel powder
and hot pressed, a near-theoretical density micro-
structure can be achieved under relatively modest
temperature and pressure conditions. This process
allows rapid densification of TiB; with minima! gram
growth of the borude. These ceramics, wher: properly
fabricated, contain relatively low concentrations of
clemental nickel (<1 wt %), and we established by
analytical clectron microscopy that the nickel is
primarily present as N;B. Several propertics of the
TiB;-based ceramics were determined as a function of
the processing conditions; at 25°C, flexure strengths
of 700 MPa. fracture toughness of 8 MPa-m'?, and
Young's moduli of 70 GPa were typical. Microhard- -
ness values of about 22 GPa were observed at 25°C
with a decrease toabout 8 GPa at 800°C. The thermal
diffusivity of these nickelsintered TiB; ceramics s
essentially identical w that of theoretically Zense
find-grained TiB: from 25 10 1200°C. The tiaermal
diffusivity at 600°C is about half that at 25°C.
Engimeering tests of these materials, including high-
velocity particulate erosion, hot coal-oil slurry
erosion, and metal cutting, suggest that these
ceramics have promising potential for use as linings
in valves and as metal-citting tols.

Two first-of-a-kind high-temperature coal com-
bustion experiments were conducted with structural
ceramics this year. One included a 496-h exposure of
a set of ceramic tubes and flexure bar specimens to
the combustion products of an acidic ash bituminous
coal at material temperatures of about 1250°C. The




second included a 238-h exposure of the same type of
structural ceramics to combust ion products of a basic
ash subbituminous coal at 7= 1250°C. The same
nominal amount of cocal was burmgd in both
experiments. Results from these experiments, which
included SiC, SiyN.. and ALOs-trased ceramics, are
providing insight into the practicality of using these
materiaks in high-temperature heat exchangers m
fossil energy systems. Surface corrosion of some of
these ceramics by the hquid silicate sk ~ resulting
from melting of the coal ash was four to have a
major influence on their fracture strength. Diffusion
of centain elements from theslags into the ceramicsat
high temperatures caused appreciable increases in the
thermal expansion in some cases. Ceramics based on
SiC were relatively resistamt to degradation by the
coal combustion products.

Successful growth of some new hard refractory
cutectics was accomplished. These included cutectics
based on the ZrO;-ZrB; and Y:05-TiB; systems.
Crack propagation through these eutectic structures
was found to be much more difficult when the crack is
moving across the secondary-phase lamallae. Quan-
titative measurements of the mechanical propertics
of these composite materials :ire in progress.

Single crystals of 2 ternary compound in the
Ni-Ti-B system having a nominal composition of
Nix3Ti.7B¢ and referred 10 in the literature as a tau
phase were successfully grown by the Czochrakki
method from the melt as part of our studies on hard
ceramics based on TiB:. On the basis of available
phase equilibria data, this compound was anticipated
to form as a sccondary phase within the TiB;-Ni
ceramics discussed previously. Because this phase has
not been observed, studics were initiated to deter-
mine why Ni;B forms in preference to the tau phase
and how the form of these secondary phuses affects
the flexure strength and fracture toughness of the
TiBs;-based ceramics.

Ccnsideratior of ALO;, BeO, and other ceramics
for use in he output windows of high-power
microwave tubes (calied gyrotrons) for heating
plasma in fusion reactors resulted in a critical
analysis of available data required for lifetime
predictions of these windows as well as initiation of
experimental measurement of the static fatigue
behavior of the candidate ce: smic materials. Concur-
rent measurements of the dielectric losses in these
ceramics at the Massachusetts Institute of Technol-
ogy to frequencies to 300 GHz are being used to
correlate :lectrical losses of the ceramics with the
mechanicai and microstructural properties.
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Stwudies of the toughering of a normally brittle
ceramic matcrial such as ALO, by ase of a dispersed
metastable second phase consisting of ZrO; resulted
in an improved understanding of the dispersion
toughening process. Second-phase particles located
along the ALO; grain boundaries with a diameter
considerzbly smaller than the ALO, gramn size are
most effective in impeding crack propazation and
thereby increasing the fracture toughness. The
chemical process employed in forming the precursors
of both the ALO; and ZrO; arc very important in
controlling the microstructure and thereby the
mechanical propertics of the resukant ceramics.

SURFACE AND SOLID STATE REACTIONS
). V. Cathcarnt

Individual research projects of this group are
designed to address the problems of diffusion and
mass transport in high-defect solids, to investigate
ways of modifying transport kinetics in these
materials through the addition of mpuritics, and to
examine the generalquesiion of stress genes.stion and
scale adherence during the growth of such high-
defect scales on metak and alloys. The wosk is
aimed specifically toward understanding sulfidation
mechanisms and, in particular, transport in Fe;,S
and other transition metal monosulfides. However,
because of emphasis on factorsaffect g point-defect
mobility, results. of much of this rescarch are
<encrally applicable to a range of phenomena
including diffusinn-controlled creep in metals and
ceramics, the electrical and thermal properties of
ceramic materials, and radiation damage.

We have continued to emphasize parallel theoreti-
¢?) and experimental programs. Theoretical studies
utilize our previously developed concept of defecs
diffusion to treat the defect interactions so frequently
important in high-defect solids. These ideas were
used to generalize the Nemst-Einstein equation so as
to make it applicable to self-diffusion in high-defect
solids. The phenomenon of atomic and ionic
transport via interstitial defects in which interstitial
pairing occurs was treated. In collaboration with Dr,
P. W. Tasker, Atomic Energy Research Establish-
ment, Harwell, solute distribution was investigated
for systems exhibiting both substitutional and
interstitial defects, with special attention being given
to calculations of the stability of interstitial-vacancy
pairs.

Experimental work includes studies of the sulfida-
tion kinetics of iron as a function of sulfur pressure;
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diffesion i Fe)-,S, also as a function of sulfur
pressure and, hence, defect concentration; an x-ray
study of the point defect structurc of Fe;-,S single
crystals (in collaboration with B.S. Boricarnd C. J.
Sparks of the X-ray Rescarch and Application
Group); the cffect of zconmm and chromiwm
additions on the sulfidation rate of won; mechanical
stress development during sulfidation; and computer
modeling of sulfide scale Zrowth processes.

THEORY
3. S. Faulkner

A book reviewing the development of a first-
principles theory of the electronic states in substitu-
tional alloys catitled The Modern Theory of Alloys
(Progress i Materials Science. to be published by
"ergamon Press) was completed during the year by
J. S. Faulkner.

We bave used our alloy theory to explain the
results of modern experiments that are specifically
designed to measure the electronic states in alloys.
These cxperiments are  angle-resolved photo-
emission, soft x-ray spectroscopy, and positron
annihilation. We have also explained some of the
chassic experimental measurements on alloys t' ..
have bzen in the materiak science Iterature for many
years. i‘or example, the electrons in 2 metal or altoy
contribute 2 component to the specific heat that is
tinscar in the temperature. The coeflicient of T, called
v, i proportional 1o the product of the density of
electronic states at the Fermi cnergy p(Ey) and an
electron enhancement 1 + A. We showed that the
experimental values for -y as a function of concentra-
tion for the Hume-Rothery alloy copper-zinc can be
reproduced exactly by our theory. We calculated the
density of clectronic states at the Fermi energy for
pure copper with our band theory programs and for
slloys of copper containing 10, 20, and 30% zinc with
our coherent-potential approximation (CPA) pro-
grams. We obtained the electron-phonon enhance-
ment factor for pure copper Ao from some of our first-
principles calculations and estimated A for the alloys
by use of resistivity data. These cawulaiions
demo-strate that the CPA gives the correct values for
p(Ey) for alloys and that the older theory that has
historically been used for alloys, the . gid-band
model, is wrong.

In the paper that described our new equations for
calkculating the properties of random alioys within the
CPA, we demonsirated algebraically that the
equations suggrsted by other authors are incorrect.

We¢ have now demonstrated this numerically by
showing that, for an exactdy solvable one-
dimensional model, their equations lead to such
manifestly unphysical results as negative densities of
states but that ours do not.

Our ability to cakculate the 1otal encrgics of pure
metals and ordered compounds has been enhanced
by developing a rew sct of band-theory equa-
tions, the guadraticized Korringa-K ohn-Rostocker
(QKKR) equations. Calkculations can be donce wzth
these equations that have almost the same accuracy
as ordinary KKR cakutztions, but they are much
faster. We wil' use these equations to study the
thermodynamic preperties of won and ison-base
alloys. .

We caiculated the thermal and clectrical resistivi-
ties of mobium and palladium with: realistic KKR
energy bands and wave functions, experimental
phonon frequencies, and rigid-muffin-tin clectzon-

phonon interactions. The agreemens with experiment .

is excellent. considering the fact that our theory has
no adjustable parameiers. The older s-d model is not
109 bad for palladium, but it is not supporied by our
cakculations on niobium.

The rigid-muffin-tin approximation has proved to
be 2 usful way to cakulatc eclectron-phonon
interactions for many systems, but we would like 1
do better. This will require the sell-consistent change
in crystal potential caused by the displacement of an
atom. To cakulate this, we hav- developed computer
programs for the crystal Grzca's function, a quantity
that s also useful for cakulating the formation
energies of vacancies and heats of solution of
impurities. ,

Our capability for studying atomic interactions r{
interfaces and surfaces has been enhanced by the
development of an improved cluster technique for
performing self-conr’sient, spin-polarized ‘otal en-
ergy calculations. We are using the technique to
calculate the forces on atoms in larger clusters. Our
results indicate that a semsitive balance of electron
and nuclear forces of both stabilizing (net astractive)
and destabilizing (net repulsive) character exists.
Such aralyses are valuable for deriving simplified

-conceptual frameworks for atomic interactions in

complex systems.

The basis of all total energy calculations today is
density functional theory. We analyzed the applica-
bility of the Heliman-Feynman and viria) theorems
within this theory. A new exchange-correlation
potential was also derived within density functional
theory. This new result is of such accuracy that the
effects of nonlocality can be considered.



X-RAY RESEARCH AND APPLICATION
C. ). Sparks, Jr., and H. L. Yakel
- The diffraction of x rays by matter is the most
widely used technique to determine the geometrical
ammays of atoms and molkcules. X rays also
photoeject clectrons to form the basis for studying
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_and high-angle diffraction studics of a host of
~ materials ranging trom Kquidlke polymers to

clectron energy leveks anJ thei charge distributions.

These parameters determine the basic physical and
chemical behavior of material. Except in a few
mstances, theorists are unable to calculate material
propertics entirely from first principles. Most
materiaks of interest consist of two or more clements
in varying concentrations; therefore, the number of
comcevable combinations makes dewiled measure-
ments an incredible:task. Our goal & a synthesis of
our experimental results with the calculations of the
theorists to sort out the more promising trends and to
lecad the way to tailoring the pt.ysical and chemical
properties of materials to our needs.
With the construction of large dedicated storage
rings, intense x-ray sources are now available with a
-brilliance approaching clectron sources and with a
broad encrgy spectrum from which specific energies
can be selected. Matching x-ay energies with
resonances cf specific clements permits improved
location cf their atoms in crystals containing
-elements of nearly the same atomic number and ako
permits exciting electrons for a host of spectroscopic
probes. We are involved in a major commitment to
using the National Synchrotron Light Source to
improve our capabilitics for studying advanced
materials. This program complements our large
effort in electron microscopy and provides a

baleaced and high capability probe for unraveiing
the geometrical arrays of atoms.
Our activities this past year included both small-

crystalline metal alloys. Synchrotron 1adiation
experiments were conducted at Stanford Synchro-
tron Radiation Labosatory to nighlight - seecific
atoms in some iron-base transition meta phases

-containing cobak and 0 study the retmance

imteracfion of x-rays near absorption
~lectronic excitation. Further insights mto the
interactions of x rays with matier were obtained by
cakcuhations of surface roughness and crystal pesfec-
tion (extnction) on diffracted intensity. Our model-
ing of the geometrical structure of atoms and
molecules by scattering is greatly enlanced by our
improved understanding of how other x-ray interac-
tions affect the scattered .tensities. Experiments
conducted at the Comell High Energy Synchrotron
Source proved our design of a crystal bendmg device,
which for the.first time provides for sagittal focusing
of the horizciaal “ivergence of the radiation for a
continuously selectable range of x-ray energies to 30
keV. Crystal focusing provides ar x-ray flux 4 to 20
times that obtained with mirrors.

Qur x-ray laboratory provides segvices for other
projects. Over S00 x-ray analyses are performed
annually on a variety of samples. Most originate
in the division and require that phase identifica-
tions, preferred orientation determinastions, fluores-
cent analyses, crystal orientation determinations,
and lattice parameter measurememts be routinely
performed. T

aiges for -
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4. Other Research Activitics

In  addition 1o the rescarch activities presented

the sroduction of this vial fuel from coal. The

previously in this report, this chapter includes . H-Coalliquetaction process is one of several methods

Metallography, High-Temperature Materials “_abo-
~ ratory, and New Rescarch Initiatives.

METALLOGRAPHY
- R.S. Crouse, R. J. Gray, and B. C. Leslic

The Metallography Group provides technical
assistance in general metallography, postirradiation
metallography, and electron bcam microanalysis
{scanning clectron microscopy and micreprobe of
both irmadiated and unirradiated materials). High-
lighted below are the results of failure analysis and
other metallographic findings not covered elsewhere
in this report.

An investigation-of type 347 »stainless steel tubing
-used in the apparatus to transfer neutron activation
samplkes into and out of the High Flux sotope
Reactor (HFIR) was completed. The tbés had been
subjected to a thermal fluence of :r>rroximatcly
7 X 10** neutrons/cm’ in the centerline ;' 113¢ reactor.
They were compared with the upper: portion of the
assembly that had not been subjected to irradiation.
Microhardness and bend tests revealed an expected
increase in hardness and a loss in ductility for the
irmadiated tubing compared with the unirradiated
tubing. Comparative tensile tests also showed a loss
in ductility for the nradiated tubes. Yield and
ultimate tensile strengthis, however, did not increase
to the level one would have expecied trom compar-
ison with previous work conducied on this particu-
lar steel. This anomalous behavior was believed to be
caused by erratic testing of the tubes in the hot cell.
Scanning clectron microscopy was used to a distinct
advantage to show durtiluy characteristics of the
tensile fraciures. In addition, transmission electron
microscopy was employed to show disk cation
characteristics of the unirradiated and irradiated
tubes.

The need to increasc the U.S. domestic production
of liquid fuels lias required a more intensified study of
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now under study. On Septemnber 20, 1980, the H-Coal
Pilot Plant at Catlettsburg, Kentucky, experienced a
failuye of three tubes of 2 heat exchanger, which shut
down the entire system and created an urgent need to
determine the cause(s) of failure. An investigation
team was assembled from ORNL; the Institute for
Mining and Minerals Research (IMMR).
Lexington, Kentucky; Hydrocarbon Research, the
plant designer; Kche Stcel, the fabricztor of the heat
exchanger: and Mobil and Standard Oil of Indiana
(AMOCO) to make this determination and to offer
remedial suggestions. Three days kiter the operators
of the pilot plant were notified that the tubes had
failed from stress-corrosion cracking caused by the
presence of chlorides or caustic. Corvosion fatigue
could also have played a rok in the failure.

The Metallography Group continues to provide
on-site surveillance of the Department of Energy’s
(DOE’s) solvent refined coal (SRC) plants. On
demand, a team of three metallographers goes to the
SRC plant and performs the necessary in situ
metallographic examinations for moniloring the
performance of the various components (fractionat-
ing columns, piping. etc.).

HIGH-TEMPERATURE MATERIALS
LABORATORY

J. V.Cathcant

High-temperature  materials _ problems impose
significant  limitations on advanced energy-
generating or -converting systems(reduced efficiency
and lack of reliability or, in some instances. of
feasibility). Problems such as sulfur attack in a
fluidized-bed combustor for coal or the high-
temperature corrosion of ceramic recuperators
involve rather complex phenomena. Effective solu-
tions are most readily achieved by a multidisciplinary
research staff housed ina central, specially equipped
laboratory. Best results can. we believe, be obtained
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through ntegrated programs of basic and applied
escarch. We have therefore continued our efforts to
¢ \ablish a High-Temperature Matenals Laboratory
(RTML) at Oak Ridge; our sponsor in this effort is
the DOE Office of Basic Energy Sciences.

As discussed mhstyurkanmalpmpusmpm
buedgetary constraints forced a reduction in
the size ¢ the proposed HTML from abort 7800 m*

(84000 sy ft) to about 3900 m’ (42000 _ nt). anda

new conceptual design for the smalicr building was
developed. Con.equently. of the six areas of func-
tmlummlydcuibdnmrynan
HTML siaff, only four (strectu,al characterization.
physical propertics, materials synthesis 2.ad prepara-
tion, andmechuultehmﬂnlbe:wmndm
the redoced HTML. However, work s high-
temperatuve cheminty and environmental imerac-
tions vill be performed in laboratorics immediately
adjmcent to the HTML, thus ensurng thet effective

. communications are mantsined among investigators
~ in all six research arcas. ‘
Dnmgdxmyurang«eﬁmmmw

cuablish closer ties between the HTML and the
industrinl research community. An Indusirial Users
Committee, chaired by W. D. Manly, Senior Vice
President, Cabot Corponuou wat formed. At the
suggestion of the commitice, a symposiom entitled
“Materials Research Highlights st ORNL™ was
organized, whmm-neﬂedbynbouzscormle
executives from US. compsnies whose products
involve high-tempersture meterinks. The symposium
was well received and contributed significantly 10 a
greater industrial swareness of ORNL-HTML
programs and fa . itics.

Development of the integraied Hl;b-‘l'clllpemuu
Materials Program continued diwing the past year.
Active reseasch programs exst in all six funciional
research arcas of the HTML., ard progress is being
made in developing mierfaces between basic and
applied reiearch efforts. Typical of the latier are two
investigations of deformation and fracture prucesses,
one mechanistic. the other a classical study of creep
and rupture @1 <upport of the Liquid-Metal Fast
Breeder Reactor (LMFBR) Pressure Vessel Pro-
gram. The basic work emphasizes the sole of
interfaces in crack mitiation processes. and in it we
arc utilizing the small-angle ncutron scatiering
(SANS) facility to characterize the number a,id size

distribution of cavities formed under stress at grain
boundaries. Auger cleciron spectroscopy (AES)
wchmqucs rrovide a basis for measuring the effect of
gram bouadary impurities on the fracture process.
and all these results are correlated with data from the

applied study. These ncw mechanistic insights are
proviag uscful in developing ratiomalizatiors for
feawres of the applied data (such as a heat-"0-nat
varmtion of properties of a given steel) vud 0
providing mew techniques for identifying the causes

" of anomalous behavior for a panicular set of test
- samples. Even more important i the guidance that

these detailed understandings ddu-pm
tion mechanisms providc dnrmg the @

necessary extrapolation of the resuks of one- 10 five-
yrar creep tests to the S0-vear Kfe exgectancy of

structural components.
NEW RESEARCH INITIATIVES
Numerous cxploratory rescarch ideas thst ase

- essemtimBy free fiom copstraints imposed by (xi ting

programmestic cfforts and that would aivance
materiaks sciencc and techmology were ezerated by
the: professional stafl during the year. These ideas
were submitied to the Labomatory Seed Money
Committee for support. and the following proposals
were approved for mvestigation:

Desiga of Intermetallic Compounds
for High Temperature Applications

. - The objective of this imvestigation ulodcwlopa"
new class of structural materials foradvanced energy

conversion systems. Intermetallics offer potential
advantages over conventionsl alloys for high-
tenperature structural applications. However. the
critical characteristic lmiting the use of micrmetal-
lics is their iendency toward brittke fracture and low
ductility at ambient emperatures. An exploratory
study will be conducted on the design of Jucrile
intermetallics through microalloying processes.

Cheracterization of the Mineralogy
and Micrechemauy of Ply Ash

Cosl-fired power piants produce large ann. ."™s of
fly ash, which must be used or disposed of m an
environmentally acceptable way. Knowledge of the
physical and chemical properties of fly ash will 2id in

~ reducing its environmental mnpuct, enhance the

potential recovery of valuable resource materinls.
and mcrease the understanding of the combustion
process of coal. Ths study will use clectron
microscopy 1o characterize the microstructure and
mineral content of (wo types of ash. The observed
propertics oi the ash will be compared with the
origmal struciuse and mmers| dstribution of the coal
that produced the ash. Specimens of sintcred fly ash




compacts will ako be examined 10 relate fly ash
propertics 10 the behavior of the ash m varnious
chemical processes for resource recovery being
studied at ORNL.

The use of samall specime ns fur predicting materials
toughness properties could assist in assessing the
imtegrity of components Gbricated from thin-wall
materials (such as the N Reactor pressure tubes) and
the cffects of wradiation of candidate firsti-wall

materials for fusion reactors or light-water reactor

. pressure vessels. This study will test subsize fracture
m specimens by recommended procedures
ad-ﬂwapulhedmmrmlsobundfm
Mdm

Ceramics-Mewm! Sokid Electrolytes

The sodium-sulfur battery. which may be used 0
future electric vehicles, s limited by degradation of
the clectrolyie’s mechanical properties by repeated
cycling. In this project the existmg sechnology for
~ producing shock-resistant  insulators based omn

alumina-metai composites will be adapted 10 S-
alumina compositions in an effost 10 make shock-
resistant sodi.s ion conductors. Fabrication of
specimens of an clectrolyse that contain small
amounts of fincly dispersed metal particies yet retan
the desired electrical properties will be demonstrated.

of Dispersion-Toughensd Structural Ceramics

High-temperature structural ceramics are promis-
ing for use in advanced energy conversion sysiems

—~

because of their refractory msture and corrusion
resstance. However. the brintke behavior of these
materials hmits their structural applicability. This .
project will implement the concept of dispersing 2
sccond phese (such as ZrO; or HfO;) withia alemins
50 that an advancing crack will be slowed or arrested
when &t contacts a particie of the second phase. The
pe eatial of sol-gel synthesis processes for preparing
r wders sumable fn - fabrication of dispersion-
roughened structural ceramics will be identified.
These prepared ceramics willl then be characterized to
relate the dispersed particles size. shape. and
concentration to the resuiant mechanical properties.

Cesamss: Powdes Prepasation by
Clemical Vapor Deposition
A new method for preparing fine-gramed SiC -

powder by ckemical vapor decomposition s pro-
pesed. Such powder should allow fabrication of

~ Jense bodies by sinicring without the use of sintering

aids; it would allow processing at lower temperatures
and would result in an improver! fine crystalline
microstructure and improved mecanical strength
and toughness. Current SiC fabrication practice istn
use siniering or hot-pressing aids. such as metallic
silicon, which bond the SiC grains. This can resuli iz
glassy phases between SiC grains or muhiphasic
boundaries. which lead to reduced high-temperature
strength and greater teadency to creep. Our theory
of uwsing a silane as the decomposition gas could
result in improved powders. The durabifity of dense
bodics formed 10 fmal net shape will be evaluated.

- The last two proposak resulted from our study to
identify possible rescarch opportunatics for conserv-
ing and replacing critical maseriak.



3. Specialized Rescarch Facilities and Equipment

In recent years the division has promoted the
estublishment of selected rescarch faciities with
unique capabilities 1o be “operated m the user-
dedicated mode. The underiving aim is 10 advance
materials science on a broad national front by
making this onc-of-a-kind ecuipmcm available for

collaborative and joint rcseavch with the indesrial .

sector and the universky commuonity. The cffort
involves three specialized facilitices: Shared Research
Equipment Program (SHaKR1.). ORN1 -Oak Ridge
Associated Univessities (ORAU) Synchrotron Radi-
ation X-Ray Sources, and the Natinnal Center for
Small-Angle Scaticring Research (NCSASR). A
brief status report on each activity is presented.

SHARED RESEARCH EQUIPMENT
PROGKAM

E. A. Kemk

The past year was a2 productive period for the
SHaRE program. both in the breadth of research
conducted and the number of pasticipants. The
program has expanded beyond the Southeasiern
region (o include universty and industrial partici-
panis from other regions of the country. The
program facilitates rescarch in arcas pertinent to the
US. Depaniment of Energy (DOE) mission and
emphasizes areas under curret rescarch in the
Materials Science Section of the Mectals and
Ceramics Division. Members of SHaRE outside
ORNL are provided access 1o rescarch equipment
(especially for clectron microscopy) much more
sophisticuted than tna! avaidabk at their own
laborataries. Research involving Auger surface
analysis. ion mplantation, and nucicar microanaly-
sis is also included in the SHaRE program.

As during FY 1980, the Divsion of Material:
Sciences. Office of Basic Encrgy Science. provided
funds through ORAL (0 support the SHaRE
activity. Program tunds are used fo. travel aid living
expenses of SHaR E partcipants while at OP.NL and
for the support of G. 1. Lehman, an clectron
microscope engineer. His responsibdity is to (xmifar-
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ize SHaR E participants with the electron microscope
and computer facilities and 1o particrvate in SHaRE
research when appropiiate. The presence of Lehman
has greatly txcilitated a high level of SHaRE
participation 1nmat has interfered mmimally with in-
house programs. The program policy for SHaRE is
defmed by a steering commitice, whose members are:
William Felling. Assistant Director. ORAU
E. A. Kenik. ORNL
C. L. White. ORNL -
J. J. Wen, Professor and Chasman, Department
of Mechanxal and Materials Engincering,
Vanderbilt University, Naskville, Tennessee
E. A. Starke, Professor and Director, School of
Chemistry and Metallurgy, Georgia Institute of
Technology, Atlanta

The following ten active rescarck projcts were
continued in FY 198]:

1. K. R. Lawless. University of Virginia. with E. A.
Kenik: High-voltage electron microscopic insitu
oxidation of vanadium and vanadium-titanium

2. J. B. Benson, Js.. North Carokina State Univer-
sity. with J. Beniley and G. L. Lehman: Defect
analysis in ion-implanted GaAs

3. P.J. Reucroft. University of Kemtucky. with J.
Bentley and E. A. Kenik: Chemical and physical
characterization of dspersed metal panicles in
porous media

4. ). J. Went, Varderbilt University. with P. S.
Skiad: The roke of structure in the wear process

5. R. Sisson. Virgisia Polytechnic Institute and
State University, with M. B. Lewis: Nuclar
microanalysis of hydrogen i oxides formed by
steam oxidation

6. E. Schulson. Danmouth University. with C. T,
Liu and C. L. White: Collaborative experiments
on the brittle (o ductile transition in poly-
crystalline




7. H. Anderson, University of Missorri-Rolla. with

L. B. Coons and B. Tamowsti Memphis State

J. Bentley: Lattice imaging s:udies of donor- "~ University
doped transition metal oxides R. Keller and i Schoenlien, Case Western
Reserve University

8. D. Northwood, Un#ersity of Windsor, Canada,
with E. A. Kenik: High-voltage electron micro-
scopic studies of hydrogen and hydrides in
zirconium and its alloys

9. A. Knawitz, University of Missousi-Columbia,
with E. A. Kenik: Deformation substractures in
cemented tamgsten carbide-cobal composites

10. J.3. Hren, University of Florida, with ). Bemticy, O Seciion 10 vsc the Leonitiedutind pvind
K. Famrell. and E. A. Kenik: High-resolution tory has invoived us significantly in the design and
studies in radiation effects, image simulation A . d.“"'

kculats v - emmmoﬂ.l:_rym
tation. We will use the x-radation from the National

. The followng six new SHaRE projects weze  Synchrotron Light Source (NSLS) to probe the

initinted during FY 1981: structure of materials. We have identified several

1. S. Hack, Southwest. Rescarch Institute, and H, -~ "aicrslsscicnceprogramsat ORNL that will benefw

Marcus, University of Texas, with E. A. Kenik: 7O e unique propertics of this radiation source.
Inf of hydrogen on in situ deformation These rescarch areas mvolve personnel from the
behavior of tizanium aBloys - Chemistry, Sobd State, Metals and Ceramics. and

' Analytical Chemistry divisions. Through organiza-

2. E. A. Swurke, Georgin Institute of Technology.  tional meetings held at ORAU in 197, we formed 2
with E. A, Kenk: In situ deformation of  consortium with university and industrial rescarchers

aluminum-lithium afloys with similar interests in matenials science. This

3. R. Davis. North Carofina State University, with ), CObovoreuon & diected Dy an imerm siesring
Bentley: Transmission clectron microscopy of commutice consisting of R. D‘e.’mgeis. Depariment

deformed niobium carbide and def of Materials Science, Um_rmy o{ Keqmcty; S.C. .
ormed Moss, Depariment of Phyxics, University of Hous-
a-silicon carbide - ton: C. J. Spacks. Jr.. ORNL: and R. Young,

4. R. W. Carpenter, Asizoma Stpte University, with  Engineering Experiment Station, Georgia Institute

J. Bentley and A. Fisher: Convergent-beam  of Technology. Several consortium members are

clectron diffraction wh coherent Alumination engaged in software development for ovr recently

_ Kersk sl G . acquired PDP 11/ 34 computer, which will be used 1o
5 rl:tby and G' thdmﬂ: control experimental equipment, collect data, and

. L . provide for data reduction. DeAngelis’ stay at
electron difiraction in multiphase alloys ORNL produced many worthwhile contributions

6. W_Clark. Ohio State University. with J. Bentley: 1o our software development in associmtion with A.
Analytical electron microscopy of wear deforma- Habenschuss, who s supported by DOE funding
tion structures in copper - through ORAU 10 manage our computer sysiemand
Results from rescarch on some of the SHaRE 1o do research on liquid and amorphous materiak.

programs listed above aredescribed in Chap. 3 of this

report.
The following guests outside the SHaRE program SMALL-ANGLE X-RAY SCATTERING

. J. R. Leteutre, CEN, Sachy
J. Spruiell, University of Tennessee

ORNL-ORAU SYNCHROTRON RADIATION
X-RAY SOURCES

C.J. Sparks. k.

are participating in collaborative research. RESEARCH FACILITIES
R. J. Bayuzick, Vanderbilt University C.J. Sparks. Jr.
H. Liv and T. Mukai, Case Western Reserve Ovr small-angle x-ray-scatiering research facilities
University are heavily used and attract a large number of outside

M. J. Goringe, Oxford Universily researchers. :
L. L. Horton, University of Virginia Much of the research i centered on polymers.
J. Mullins. Alkcoa Technical Cenier Dynamic small-angle investigations of the crystalli-
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w zation of polymers comtinues 0 provide vmique

mformation on the suucwral characteristics that
control the mechanical properties of these materials.
Stacks of alternating crystalline and amorphous
layers have been observed in semicrystalline poly-
mers. This crystallinity changes reversibly with
temperature and exphins the observed pyroelectric
response of polarized, Phase [ polyvinylidene
fiworide films. Industrie] processes of fiber and film

produce crystallized polymers at high rates of
extension. Small-angle x-ray scattering has shown
the fibrous crystaks 10 be modulated sxally from
spinodal decomposition of the matenial into crystal-
bine and amorphous regions. Such information is
leading to a better understanding of the high density
and high moduli of these polymers.

The smallangle x-ray scatiering rescarch will
henceforth be admmistered ana reported by the Solid
State Division.




Appendix A : o
BUDGET AND SUPPORT DlS‘lRllUTION

As with most US. Depantment of Encrgy (DOE)-
supported organizations, the Metaks and Ceramics
Division received less than the needed cost-of-living
increases in FY [9%] anl anticipates a greaier
financial shortfall in FY 1982. Compared with FY
1979 and FY 1980, the division began FY 1981 ata
jow level, gained substantm! support in the second
and third quarters, and now at the three-quarte:
mark s at a constant-Jollar support level slightly
above that of the previous two years. Our financial
plan continues to undergo changes, however, in
fmdsallou!edlomdivilmlpm‘pasunluml
divisiona! support.

TabbAlslmpmoubyprqectchheﬁmds

cusrently approved for FY 1981 with the actual

figures for FY 1980 and the anticipated funding for
FY 1982. Of the twelve major elementsin the FY 1981

financial plan, seven reflect increases compared with
the FY 1980 fnal budget, whereas five show
decreases. The change in total divisional support is
only $197,000, or an increase of 0 8%, which is w-ll
below the current inflation rate. The Fission and
related Nuclear Regulatory Commission programs
received less money, continuing the downward trend
of less support for the nuciear effort. All other major
programs received greater support, and fairly large
increases were regisiered in three cases.

Funding for subcontracting DOE work to organi-
zations outside the laboratory by program mamage: -
within the division B ¢ creasing  significantly.
However, this change has no direct impact on
Jivisiomal programs; in mott-imstances, this pass-

The division budget traditiona By changes within a
givuyuts-elufm-o-emrmthmlu-l
coping with this added dimecmsion of varimbility
prescats a chalienge 10 cfficient mansgement. Fig.
Al illestrates the degree of anmual flactsations
encountered in divisional swpport over the past three
years. Each year funding starts at a low level and
increases during the yezs. The problem recurs each

fiscal year, when bep.aning support drops sigaifi-
‘cantly. Because the divisios: is required to start

operxting cach year on raoney . rovided by Congres-

~ sional continuing resolution, this situation presseats

a serious probicm to mamagement annually.
Axhough anticipated support for FY 1982showsa
decrease frem that of FY 1981, the decrease does not
appear 10 be nearly so large as that estimated earikr
this year ang is less than encountered in past years.
However, rone of the increases proposed fos FY 1982
are great enough to offset expected cost-of-living
increases. Such a situation demands a reduction n

pessonnel on practically all programs.

Tabie Al Division fineacial support by preject, FY 1990 theough FY 1952

. Actusi Cusrent Awicipated
Project FY 190 w0 Y 1981 10
FY 1980 FY 198} FY 1981 FY 1982 FY 1982
Advanced Technology 124 3 -3 0 -3
Basic Energy 5269 5.9 +128 S944 +548
Conservation 1310 1508 +998 1990 +I1R2
Fissiop 6,345 5119 ~1,726 .7 +i6s
Fousil 1453 291 +1458 252 -
Fusion 29053 2.3% +303 2,564 +208
NRC 223 1,742 -9I 1335 -407
Soler 145 27 +62 0 . U
Space 1874 2,205 +33 1980 -3
Waste 08 1,236 +528 843 -393
Other 94 m =76 360 +n
Service 1,300 1,200 -100 1,400 +200
Division support 24 308 24,505 +i97 U223 -m
Ovtside subzontracts 8.783 6,345 =243 4,500 ~§ 548
Division tots] 33091 30,850 =241 2,023 -1

“Thousands of dolisrs.
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Appendix B
PERSONNEL SUMMARY

In the sccond quarner of the year, the division
embarked on an aggressive retrenchment programto
reduce the staff 1o a level consGient with anticipated
fmancial support for FY 1982. Tabie B.1 presents the
status of professiona’ and technical support person-
nel as of July | for 1980 and 1981 . The table indicates
that considerable success has already been achaeved

in reducing the staff and that the reduction has

affected both the technical and the support staffs,
with a reduction of 6% in the former and 9% in the
latter. Because of current budget wncertamics, the
reductions are expected 10 continue into next year.
As shown i Appendix A, the budget for FY 1961 has
now been increased to the level of last year, but earlier
in the year it was much lower_ If the FY 1982 budget
remains the same as that for FY 1981 in constamt
dollars, which is Gkely, the high inflation rate wifl
require a considerable reduction in the staff. The fact
that the budgers gencrally stast low and ncrease
during the ycar rrakes mamagement of manpower
diffcult.

To supplement our skills and to obtam fresh
viewpoints. we have continued to encourage rescarch
visiis from guests supported by outside sources.
During the past year, 54 guests worked in the

division, 15 on a full-time and the others on an
imtermittent basis. Of these, 12 were from foreign
coamtries; 11 were assigned tiwough the Oak Ridge
Acociated Universities, hargely from Americaz
universsties; 29 were on duect assignmest from
wniversitics; and 2 were from other DOE laborato-
ries.

During the year July 1, 1980, through Jume 30,
1981, five people were added to the techmical staff,
consisting of three new employees and two returning
{rom assignments to other ORNL divisions. Two of
the new employecs were recent Ph.D. s, and the other
was a B.S. with conniderable industrial experience.
No new people were added to the technician roll, and
only onc ncw sccretary was employed. A second
secretary (a loanee) retumed to the divisiox.

“Most of those who left the technical staff resigned
from the habomtory to accept higher salaried
the division support staff, only two left the laborato-
ry—a technician did not retum from maternity leave,
and a secrewary accepted other ~mployment. All
othess have been ransferred to other assignments
within Union Carbide Corporation, Nuclear Divi-
sion.

Tabls B.’. Composition and changes in division nuff o3 of July 1, 1980 and 1981

Technical Suppont Towl
1990 1981 Change 1590 1981 Change 1990 198 Change
Permanent cmployees 19 140 -9 1% 111 -12 m 258 -2t
Tempor-rvemployees, 6 (1 0 (] (] (] (1 6 0
Sten months
Loanees from 0 0 0 ' 4 3 -1 ' 4 3 ~1!
other divisions
Losnees o 2 1 -l | ) 0 ) 2 -1
other divisions
Part-tisme employees 7 6 o s 6 +l 1 12 0
Long-time goests 1”7 12 0 - | (] 1 1”3 0
Coops (onc-helf time) 0 (] ¢ 6 2 -4 6 2 -4

“These nombers have been correcied . “om last year because some assigned psrsonnel are 8o longer shown as divect mangower.
*These numbers have been changed from lsdt year becsuse only long-time guests are now included in this summary.
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Appendix C
ORGANIZATIONAL STRUCTURE
AND CHART

During the past year, the organizational structure
of the division was realigned in sclected areas to
accommodate changes in the rescarch and develop-
ment thrust and direction and to upgrade manage-
ment efficiency. Fuel Cycle Technology was com-
bined with Engineering and Evaluation to form a new
group entitled Fuel Cycle and Engincering Analysis
in the Fuels and Processes Section. W_J. Lackey was
appointed lcader of ths new group. An office of
Nuciear Regulatory Commission Eagineering Tech-
nology Programs was created, and F. J. Homan wmas
appointed manager. In turn, P. L. Rittenhouse was
appointed to the position of manager of Gas-Cooled
Reactor Materials Programs vacased by Homan. The
Small-Angle X-Ray Scattering Lahoratory, formerly
operated in the division under the directionof R. W.
Hendricks, was recently transferred to the Solid State
Division for joint management in consort with the
Small-Angle Neutron Scatiering Facility. Otherwise,
the division continued to operate in a stable matrix

3

mode to handle the dual administration of line
organization by functional discipine and manage-
ment of large, complex, multidisciplinary, and bigh-
technology projects.

Several openings occurred during the past year
that allowed younger stafl members to advance and
assume positions of greater responsibility. In
January, C.J. Sparks, Jr.,became leader of the X-ray
Research and Applications Group. In March, D. R.
Johnson was appomted leader of the Ceramics
Technology Group, replacing R. L. Beatty who
resigned to accept a position with Exxon. Fmally, in
April R. K. Nanstad advanced to leader of the
Pressure Vessel Technology Group, replacing D. A.
Canonico who accepted the position of Research
Director of Operations at Combustion Engineering
in Chattanooga.

The division organization chart reflecting these
changes is attached for reference.
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Appendix D
HONORS AND AWARDS

Division staff members continue to be cited and
rewarded for exhibiting outstanding talent and
ability in fulfilling their professional roles within the

scientific and engincering community. The type of

recognition received or professional achievement
attained tends to fall into one of the following six
specific categories: honors, awards, commendations,
elected officers and members, certification and
registration, and appointments. A chronological
listing of citations in cach of these categories during
the past year follows.

~ August 1980

Ken C. Liu's work, “Biaxial Materials Testing for
Nuclear Reactor System Integrity,” was cited in the
August 1980 issuc of Metal Progress in an article,
“Mechanical Testing in the §0s.”

October 1980

James L. Scou was ckcted a Fellow of the
American Society for Metak. -

February 198]

Domenic A. Canonico presemted the Clarence E.
Jackson Honorary Lecture, “Review of Heavy
Section Steel Technology,” at the American Welding
Society Washington, D.C., Section Meeting.

Awards

August 1980

Peter Angelini, David P. Siinion, W. Jack Lackey,
Tom J. Henson, Larry G. Shrader, Nobel H. Rouse,
and Charles E. DeVore (with E. Leon Smith of
Graphic Arts) received the first-place award in the
class on Unique, Unusual, or Other Techniques for

‘their entry on “Alpha Autoradiography Identifies the

Pantitioning of Plutonium into the Desired Synroc
Phases™ at the International Metaliographic Exhibit
in Brighton, England, jointly sponsored by the
International Metallographic Society and the Ameri-
can Society for Metals.

David P. Stinton, Peter Angelini, W. Jack Lackey,

~ and Nobel H. Rouse (with E. Leon Smith of Graphic

Arts) received the first-place award in the class on
Color Micrographs for their entry on “Transmitted
Light Microscopy Allows Idt ntification of Synthetic

39

Minerals Able to Immobilize Nuclear Wastes™at the
International Metallographic Exhibit in Brighton,
England, jointly sponsored by the International
Metallographic Society and the American Society
for Metals.

Nick H. Packan. Ken FarreB, and John T.
Houston received the first-place award in the class on
Electron Microscopy— Transmission for their entry
on "Depth Profile of Swelling in lon-Bombarded
Nickel™ at the Intenational Metallographic Exhibit
in Brighton, England, jointly sponsored by the
International Metallographic Society and the Ameni-
can Socicty for Metalks.

Ron L. Klueh, C. W.(Pete) Houck, and Rosemary
C. Robertson received the second-place award in the
class on Optical Microscopy—Iron, Steel, Stainless
Steel, Nickel, and Nickel Alloys for their entry on
“Dissimilar-Alloy (Austenitic Stainless Steel-Ferritic
Steel) Weld Joint Failures™ at the International
Metallographic Exhibitin Brighton, England, jointly
sponsored by the International Metallographic
Society and the American Saciety for Metals.

Stan A. David, C. Paul Haltom, and Rosemary C.
Roberison received Honorable Mention in the class
on Optical Microscopy— Iron, Stecl, Stainless Steel,
Nickel, and Nickel Alloys for their entry on “A
Comprehensive Insight into the Ferrite Morphol-
ogy” a\ the International Metallographic Exhibit in
Brighton, England, jointly sponsored by the Interna-
tional Metallographic Socicty and the Amerian
Society for Mctals.

Stan A. David and C. Paul Haliom received
Honorable Mention in the class on Optical Micros-
copy—Metals and Alloys Not Listed in Class | for
their entry on “Modification of Fusion Zone
Structure by Laser Welding A Solution to Hot
Cracking™ at the International Metallographic
Exhibit in Brighton, England, jointly sponsored by
the International Meuallographic Society and the
American Society for Metals.

September 1980

Peter Angelini, Anthony J. Caputo, Roberi R.
Suchomel (now with IBM), Donald Kiplinger (Plant
and Equipment Division), and Melvin G. Willey
(Engineering Division) won an I-R-100 Award from



Indsstrial Research for thewr design and development
of 4 the Continuous-Ring Parntick-Blender-Dispenser.

lktobetlm

Dewey S. Easion, Dcn M. Kroeger, and Carl C.
Koch (with W. Specking. Karlsrube, Germany)

ecer ed the Department of Encrgys 1980 Metal-
lurgy and Ceramics Award for their rescarch paper

_ “A Prediction of the Stress Staie in Nb;Ln Supercon-

ducting Compositcs,” which was judged Iuglm (]
the Follow-Up cat:gory.

WMRaﬁr&tdehcAmmnSocmy

" for Nondestrucuve Testing received the 1979-1980

President’s Award. Jim H. Smith was Chairman of
the Oak Ridge Section at that time.

November lm

James L. Scon and Jack E. Curmingham received
American Nuclear Society Fxceptional Service

Awards on the occasion of the Society’s 25th

anniversary in recogniion of their exceptional and
outstanding contributions to the Society.

April 198}

Arthur J. Moorhead and Roberi W. Reed received
the A. F. Davis Silver Medal Award by the American
Welding Society for their paper “Development of
Techniques for Joining Fucl Rod Simulators to Test
Assemblics™ as the best contribution to the pro~ress
of welding in the fickd of machine design.

May 1981

Philip S. Sklad and Jim Bemley received Best in
Show for their display on Analytical Electron
Microscopy of TiB-Ni Ceramics in the metallogra-
phic competition at the American Ceramic Society
Meeting in Washington, D.C., May 3-6, 198].

June 1981

Evererr E. Bloom received the 1981 American
Nuclear Society Young Members Engineering

' Achicvement Award.

David P. Stinton and Alice Richardson (Informa-
tion Division) were one of the six winners of the
contest to design a new logo for the American
Ceramic Society.

Commendations
December 1980

Dom A. Canonicoand Rey G. Berggrenreceived a
Letter of Commendation from the Nuclear Regula-
tory Commission on their materials characterization

work for the Heavy Section Steel Technology
program.

Jim R. Keiser recx iv2d a Letter of Commendation
from Solvent Refined Coal Intermational. Inc., for
his work on omrosion studies of fractionation

_column by coal-denived liquids.

Jim R. Keiser and Ron A. Bradiey received a
Letter of Commendation from DOE for the
corrosion work being performed by the ORNL Fossil
Encrgy Materials Program staff.

E. Sloan Bomar received a Letter of Appreciation
from ORNL for his diligent and highly competent
service on the Radioactive Operations Committee for
the past year.

January 1981

Wilbur H. Warwick received a Lener of Apprecia-
tion from General Atomic Division for his assistance
in SiC etching.

March 1981

Carl C. Xuch reccived a Letter of Appreciation
from the Council on Materials Science of DOE for
his contributions to the panel report on amorphous
materials to identify the needs and opportunities for
research an disordered or amorphous solids.

Larry A. Harris received 2 Letter of Commenda-
tion from G. E. Moore (Coordinator, Professional
Education Program) for weaching “Topics in Geol-
ogy.” ORNL Technical Continuous Education
Course C-600 in the In-House Continuing Education
Program for Scientific and Technical Personnel,
during the fall 1980 term.

April 1981

Bill E. Foster reccived a Letter of Appreciation
from Westinghouse Electric Corpomlion for his
pamclpauon in its sod anode positioner final 4e:|gn
review. e

May 1981 -

Vivian B. Baylor and Jim R. Keiser received a
Letter of Appreciation from the Oak Ridge Chapter
of the American Society for Metals for their
substantial contributions to the success of the
Symposium on Elevated-Temperature Materials
Considerations in Coal Liquefaction and Gasifica-
tion Service.

Ralph G. Donnelly, received a Certificate of
Appreciation from the American Society for Metals




for his ASM seminar on “Mczllurgical Technology
of Uranium and Uranium Alloys.”

Elected Officers and Members
May 1981

Ralph G. Donnelly was clected Vive Chairman of
the Energy Conscrvation Socicty. Knoxville-Qak
Ridge Chapter, for 198182

Jume 1981

David L. McElroy was ckcted Chairman of the
Governing Board of the International Thermal
Conductivity Conference foy a two-year term. -

Certification and Registration
August 1980
Rhonda L. Casileberry achieved the rating of
Certified Professional Secretary (CPS).

Appointments
July 1980 =

James L. Scotr was appointed to the Publications
Steering Cormmittee of the American Nuclear Society
for a three-ycar term.

Pete Patriarca was appointed Chairman of the
Joining Division of the American Socicty for Metals
for a three-year term.

Jack E. Cunningham was appointed to the Books,
Monographs, and Handbooks Committee «f the
American Nuclear Society for a threc-year term
ending in i983.

Helen G. Corbeis was appointed Cenified Profes-
sional Secretary Service and Education Chairman of
the Oak Ridge Chapter, National Secretarics
Association (International).

Gene M. Goodwin was sclkcted to serve as a
member of the new American Welding Society
Welding Academy Committee.

November 1980

Jack E. Cunningham was appointed Chairman of
the Americar. Nuclear Society Planning Cycle
Subcommittee. '

Jack E. Cunningham was appointed Past Chair-
man of thz American Society for Metals Engineering
Materials Achievement Award Selection Committee
for one year.

4]

Geralkd M. Slaughter was appomnted a member of
the American Society for Metak Technical Divisions
Board for three years.

January 1981

Harry L. Yakel was appointed Associate Editor of
the Journal of Applied Crysiallography.

- Robert W. Hendricks was appointed 2 member of
the Solid State Scences Committee Advisory Panel
of the National Rescarch Council of the National
Academy of Sciences for a three-year term ending
December 31, 1983.

Bill E. Foster was appointed for a five-year termas
a member of the Subgroup on Radiography t <C V)
of the Boiler and Pressurs Vessel Committee of The
American Society of Mechanical Engineers.

March 1981

Calvin L. White was appointed a member of the
Materials Science Division Council and was nan.> 4
program chairman of the Materials Scrence Techni-
cal Division of the American Society for Metals.

Jim R. Weir was appointed to the Speakers
Burcau of the American Society for Metals for one
year, 1981-82, -

May 981

W. Jack Lackey was appointed chairman of the
Program Committee of the Nuclear Diision of the
American Ceramic Society for a onc-year term,
1981-82.

D. Ray Johnson was appointed chairman of the
Research Committee of the Nuclear Division of the
American Ceramic Socicty for a one-year term,
1981-82.

D.vid P. Stinton was appointed a member of the
Membership Commiitee of the Nuciear Division of
the American Ceramic Society for a one-year t=rm,
1981-82.

Charles S. Yusr was appointed a member of the
Nomination and Fellows Commitice of the Nuclear
Division of the American Ceramics Society for a one-
year tenn, 1981-82,

Gene M. Goodwin was appointed Chairman of the
Welding Subcommittee of the Electric Power
Research Institute Boiling Reactor Owners Group.

e



Juae 1981

James L. Scott was appomted Vice Chairman of
the Publications Steering Commitice of the Ameri-
can Nuclear Socicty for 2 onc-year term.

Jack E. C:mningham was appointed Vice Chair-
man of the Honors and Awards Committee of the
American Nuclear Society for 2 onc-year term.
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Arthur J. Moorhead was appomted Vice Charir-
man of the C3-D Subcommuitiece on Education of the
Americar, Welding Society.




Appendix E
SEMINAR PROGRAM

Because cffective communication is vital to
technologica! advancement. the division sponsors
and maintains an active scminar program (0o promotc
the exchange of ideas and discussion of common
problems among rescarchers workmg in the field of
materiaks science and technology and allied disci-
plines. Most of the walkks deal with scientific and
engineering subjects and are presented by invited
speakers from vanous organizations in the United
States and abroad. The actual number of talks
scheduled in any given week varics but over the year
averages about two per week.

The Semmar P-rogram s adminsstered by a
committee appoinied by division management. The
Semmar Commitiee for calendar vears 1980 and 1981
consists of D. O. Hobson (Chasirman). N. H. Packan.
and G. C. Wei. - .

The speakers and topics of seminars presented
during the past vear are Isied below. [t s interesting
that 17 of the 94 taks scheduled were made by
individuals affiliated with institutions located outside

the United States. An allermnative breakdown shows

42 1alks by university faculty members and graduate
students. 6 by representatives f1 v industrial firms.
and the balance from governmental and other
rescarch institutions. In function. the program
achieves the desired objectives of maintaining close
relationships with the univenity community and of
enhancing the diffusion of knowledge.

R. J. Gray. Metals and Ceramics Division. ORNL..
“Basic and Unusual Technigues in Metaliography.
Extend Our Understanding of Mcrostructures.”
July 9. 1980.

S. K. Sinha. Argonne National Laboratony . “Charge
and Spin Fluctuauons in Mixed Valence Systems.”
July 9. 1980.

M. H. Yoo. Meuais and Ceramics Division, ORNL.
“From Deformation and Fracture to Strength and
Ductility A BES Way.” July 11 1980.

A. T. Fromhold, Jr.. Auburn University. ~An
Overview of Metal Oxidation Theory.™ July 23.
1980.

M. L. Grossheck, Metaks and Ceramics Dnision,
ORNL.. ~“Fatigue of Irradiated Stwainless Steel.”
July 25. 1980

L. L Horion, University of Virginia. "Defect
Structures in Neutron-Irradiated lron.” July 31,
1980

4}

P. J. Alberry. Marchwood Enginecring Laborato-
ries. Faglar 1. "Welding Research at the Central
Electricity Generating Board. Marchwood
Enginecring Laboratories.” August 4. 1980.

H. Mecking. Instiut fur Allgemeine Mctallkunde
and Metaliphvsik. Rheinisch-Westfalische Tech-
aische Hochschule Aachen. West Germany.
“Different Stages of Work Hardening and Dy-
nzinic Recovery.”™ August 8. 1980.

R. W. Hendricks. Mctals and Ceramics Division.
ORNL. "Opportraities for Materials Science
Research Utilizing the ORNL Small Angle
Scattering Facilitics.” August 8. 1980.

Brian Ralph. Cambridge University. “Recrystalliza-
tion of High-Performance Materials.™ August 10.
1980.

R.J. Arsenault, Unwersity of Maryland ."Computer
Simulation Studies on Solid Solution Strengthen-
ing of BCC Metaks.” August 13. 1980.

D. Richerson. AiResearch Manufactuning of Aru-
ora. “Contact Stress Effects at Ceramic Inter-
faces.” August 19. 1980.

J. Schelien, Kemforschungsanlage. Jilich, West
Germany. “Studies of Polymer Conformations in
Solid Polymers by Small-Angle and Wide-Angie
Neutron Scattering,” August 21, 1980.

Charles W. Murphy. Rockwell International.
“Where Is OQur Space Transportation System?.”
August 21, 1980

M. B. Lewis, Metals and Ceramics Dnsion. ORNI..
“Direct Mcasurement of Ddfusion and Trapping
of Deuterium.” August 22, 1980.

Sindo Kou. Carnegie-Mcllon Universuy. “Heat Flow
Analysis of Fusion Welds,” August 25. 1980.

J H. Schrebel, Massachusetts Institute of Technol-
ogy. "Anelasticity in Superplastic Alloys.” August
28, 1980.

M. K. Booker, Metals and Ceramics Division.
ORNL. “"The Compiex Time-Dependent Fatigue
Behavior of 2 ' 4 Cr-1 Mo Steel: Is Life Prediction
Possible?.” September 3. 1980.

Sunggi Baik. Cornell Lniversay. “Creep Fatigue
Interaction.” Sepiember 4, 1980.

G. E Ice. Metals and Ceramics Divimion, ORNI,
“Current Design of the ORNIL. Synchrotron




Radiation Beam Lim: and How It Affects the
Kinds of Experiments We Can Do.” September 5.
1980.

P. B. Allen. Statc University of New York. Stony
Brook. “Resistivity of Metak: Explonng the
Breakdown of Bloch-Bolzmanz Theory.™ Sep-
tember 12, 1980.

W. C. Lwh, Sandia National Laboratores. “A
Magnificent Crucible - The 1959 Kilauea IkiLava
Lake,” September 16. 1980

R. E Clausing. Metak and Ceramic: Dnision.
ORNL, "Materials Problems Duc 10 Plasma-Wall
Interactions in Fusion Encrgy Research.”Septem-
ber 19, 1980.

E. L. Haase. Kemforschungszenmrum_ Karisruhe,
West Gormany. “New Phases m the Nb-Ge-Si
Ternary System,” Scptember 22, 1980.

R. W. Maivka. Johason and Johmon Company.
“Evziuation of the Porcelin-Metal Interface for
Nickel Chrome Demal ABoy.” Sepiember 25.
1980.

David B. Williams, Lehigh Universny. “Microanaly-
s1s in the Scanning Transmssion Electron Micro-
scope.” September 26, 1980.

T. Mura. Northwestern University. "Micromechan-
ics of Solids,”™ October 1. 1980.

Georges Martin, Ce: - dEtudes Nucleaires de
Saclsy, Paris. France, “The Subility of Sold
Solutions Under Irradiation,” October 3, 1980.

R. W. Hendricks, Metals and Ceramics Iivision,
ORNL. “A Mawrials Science Secticn Data
Acquisition Computing Network.” October 3.
1980.

A. J. Minchener, Coal Rescarch Establishment.
National Coal Board. England. “Research Activi-
tics at CRE on Maieriab for Fossil Energy
Applications.” October 10, 1980.

R. G. Faulkner, niversity of Technology at
Loughborough. l.excstenhwe. Fngland. “Non-
equilibrium Segregation i Austenite Steels.”
October 10, 1980.

R. J. Gray, Mctals and Ceramuxs Division, ORNI
“Basic and Unusual Techmques in Metallography
Extend Our Understanding of Mirostructures.”
Octobe. 13, 1980.

Adrign Roberis, Electeic Power Rescarch Institute,
“The Search for a Mare ‘Forgiving” Material.”
October 15, 1980.

J. Halbritzer. Kemforschungszentrum. Karlsruhe.
West Germany. “Low-Temperature Oxidation of
Niwobium and Niobium-Niobium Pentaoxide
Interfaces.” October 17, 1980.

Rosemary MacDonald, National Bun.u of Star-
dards. “Mpnilecuiar Dymamical Cakulations of
Encrgy Transport in Solids.” October 21. 1980.

J. S. Faulkner, Metaks and Cerrmics Dinsion.
ORNL., “lIron.” October 31. 1980.

R. Kamo. Cummins Enginc Company. Columbus.
Indiana. “The Adiabati Diesc).™ November 3.
1980.

Warren E. Pickenr. Naval Rescarch Laboratory.
“Influence of the Electronic Structure of Complex
Crystaks on Mecuallic Propertics: Theory and
Application to NbySn.” November 5. 1980.

B. J. Busovne. Penmsyhania State University,
“Precipitation-Hardening Behavior of Tuanium-
Doped Sapphire.” November 6. 1980.

G. R. Leverami Southwest Rescarch Institute.
“Materials Rescarch at Southwest Rescarch
Institute.” November 8. 1980.

R. W Baluffi. Massa .husetts Institute of Technol-
ogy. “Current R:carch i Grain Boundary
Structure and Preperties.” November 19, 1980.

R. E. Prange. Unr.enty of Maryiand. Department
of Physics. “Ferromagnetsm in Iron and Nickel.”
December 3, 1980.

R. E. Clausing. Mcuab and Ceramics Dive jon.
ORNL.. "Materials Problkems Duc to Plasma-wall
Interactions in Fusion Energy Research,” Decem-
ber S. 1980.

lan G. Wright Bauclle-Columbus [.aboratonies.
“Evaluation of Materiak for Liquefaction Lct-
down Valves.”™ December 9, 1980,

Husam Gurol, University of Cafifornia. Santa
Barbaia. “Calculations of the Effect of Radiation
Pulsing on Irradiation Crecp.” December 16. 1980.

. 1. Worrell, Uiniversny of Pennsyhania. “Corro-
sic21 of Nicked in SO; Atmospheres.” December 15,
1980.

R. Stoliz, Sandia National Laboratorics. "Hydrogen
Embritstlement Studies: low Carbon Pipeline
Steeks Versus Austenitic Stainless Steels,”™ Decem-
ber 1K, 1980.

C. C. Koch. Metals and Ceramics Division, ORNG..
“Rescarch Opportunitics in Amorphous Alleys,”
January 9, 1981.




J. W. Hwichinson. Harvard University. “Voud
Growth in Metsls.™ January 14_ 1981

Lih-Sh.ng Tsai, Comell Universuy. “Measurement
of Hizh-Temperature Kmetics and Applications
on lime-Dependent Deformation of Sificon
Nitride Polvphase Systems.” January 19. 1951,

F. Spaepen. Harvard University. “Atomic Transport
i Amorphous Mateniak™ (joint with Suhd Stare
Division). January 20. 198]. -

Judith Ann Todd, University of Californ.a_ Berkeley.
“Design of Low-Alloy Steels for Thick-Walled
Pressure Vessels.™ January 20, 1981.

R. A. Pemty. Hague Intemational. Inc.. South
Portland. Mame. “Ceramx Heat-Exchanger
Maitecrals and Applcations.” January 21, 1981,

P.. J. Maczias:. Mctab and Ceramics Division.
ORNL, “Helium Trapping at TiC Precipitates.”
January 23. 1981.

J. L. Whinten. University of New York. Stony Erook.
“Chemisorption Theory Based on Orbital Local-
ization.” Februarv 4, 19R].

R. A. McKee. Metaks and Ceramics Division,
ORNL. “Defect Structures and Diffusion in
Sodium- and Lithium-Base Allovs.” February 6.
1981.

T. D. Keicham. Massachusetts Institute of Technol-
ogy. “Toughening Thona Zirconia and Alumina.”
February 9. 1981.

J. J. Hren. University of Florida. ~Applications of
Field lonization and Ficld Desomption Micros-
copy.” February 10. [981.

M. L Tori, Norton Company. Worcester, Massa-
chusetts, "Advancea Cerami » for Encrgy Conver-
sion Applications.” February 10, 1931

N. 8. Swloff. Renssclaer Polytechnic Inwtitute,
“Advanczd Nxckel- and Cobali-Base Alloss for
Gas Turbine Applications.” February 17, 1981,

T. V. Ramakrishnan, Be's Laboratories. “Electron
Localization: Fact aad Theort.” February 18,
J98I.

H. Inhaber, Industiial Safcty and Applied Health
Physics Division, ORNL.. “Risk Assessment in
Encrgy Production.” February 20, 19X,

B. D. Marsh. Johns Hapkins U niversity . "Mechanics
and Petrology of Island Arc Vokanism.” February
24, 198].
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K. W. Derby. Massachusetts Insttute of Technol-
ogy. “Magnet Structural Maiecnak Problems for
Fusion Reaciors.” March 3. 1981.

P. B. Visscher, University of Alhbama. ~Discrete
Hydrodynamics: Tramsport Coefficients via Re-
normalization.” March 4. [981.

W D. Kingery, Massachusetis Institute of Technol-
ogy. “MgO as a Solvent-Conducavity: Diffusion:
Reactions™ (jomnt wnh Solid State Division).
March §. 1981.

R. A. McRhee, Metas and Ceramxcs Division,
ORNL. ~“Defecc Structures and Diffusion in
Sodium- and Lithium-Base Alloys.” March 6.
1981.

Michael J. Benneu, Atomic Energy Rescarch
Establishment. Harwell. England. “"Recent Work
at Harwell on Ceramic Coatings for Oxuation
Protection.” March 9. 1981.

Gene Lucas, University of Californm. Santa Barbara,
“Fundamental Studies for Fusion Reactor Materi-
als.” March 20. 198).

Roger Sioller. Unwersty of Califormia. Santa
Barbara. “Modeling of Microstructural Evolu-
tion,” March 23, 1981.

Feter Weinberger, Technical University of Vienna,
Austria, “The Relativistic KKR-CPA lMMethsd
and 1ts Application to Au,PY; . and Ni.Py.,,~
March 25, 198].

D.R.K. Brownrigg, Tennessee Technr? ~gical Univer-
sity, "Computer Simulation of ' : Dynamics of
Galaxtes,” March 31, 1981,

J. V. Cathcart. Mztals and Ceramics Division.,
ORNI ., "A High-Temperature Matenals Labora-
tory Update.” April 3. 1981,

Greg Gruzalski, Sohd State Divsicn, ORNIL, A
Solid State Division Project: A Study of Tran-
sition Mctal Carbides,” April 3, 1981.

R. B. Griffiths. Carncgic-Mellon University. “Soiu-
bic Ising Modcls on Crasy Lattices. " April &, 1981,

D. J. Dingley, University of Bristo). England, A
New Theory of Grain Boundary Structure Bosed
on Bolimann’s O-l attice Theory.” April 13, 1981,

Hermann Winier, Kerntonchungszentrum, Karks-
rhue. West Germany, “Ab Imitio Calculations of
Supcconducting Transition Temperatures and
Some Mcchanisms Limiting 7.5 April 29, 1981,



Arthur J_ McEvily, University of Connecticut. “Low-
Cycle Fatigue Behavior of Ferritic Steels at
Elevated Temperatures.™ April 29, 1981,

Norman Peterson. Argonne National Laboratory.
“Diffusion Mechanisms in Transition Metal
Oxides.” May I, 1981.

Gerd Willmann, Dornier System. Inc.. West Ger-
many, “Oxidation of Silicon Carbade Tubes for a
High-Tcmperature Heat Exchanger,” May |,
1981.

G. H. Gilmer, Bell Laboratories, “Computer Models
of Crystal Growth,™ May 6, 198].

Hermann Winte:, Kemforschungszentrum. Kark-
rube. West Genmany. “Some Mechanisms De-
pressing the Superconducting Transition Tempe-
ratures of Refractory Compounds. Can One Ge*

\round Them?,” May 8, 1981.

M. J. Gillan. Atomic Energy Research Establish-
ment, Harwell, England. “Diffusion Theory and
Defect Structures in Crystals,” May 15, 1981.

John Mundy. Argonne National Laboratory. “Me-
chanisms of Self-Diffusion n Mectals.” May 2_.
1981.

David M. McClachian, Research Corporation, St.
Louis, Missouri, “Jon Sputtering and lon Etching
in Materials Research,”™ May 28, 1981.

D. R. Nelson. Harvard University. “Theory of
Melting in Two and Three Dimensions.” June 3.
1981.

W. C. Oliver, Stanford University, “Deformaton
Mechanisms in Dispersion-Strengthened Solid
Solution and Pure Metals.” June 5, 1981.

J. H. Schneibel, Metals and Ceramics Division.
ORNL, "Diffusional Creep: The Role of Grain
Size Distribution.” June §. 1981.

Nils Christensen, Colorado School of Mines.
“Methods of Characterizing Hydrogen Embrittle-
ment in Welding.” June 8, 1981.

Herbert Stephan, Director of Electron Beam
Research, Leybok-Heracus, Hanau, West Ger-
many, “Update on Electron Beam Use Over the
Last Five Years,” June 8, 1981.

E. R. Thompson. United Technologies Laboratories.
Hanford, Connecticut. “High-Temperature Al
loys,” June 1S, 1981.

M. A. A. El-Masry. Metak and Ceramics Division,
ORNL, “Fabrication, Microstructure Control,
and Characterization of Hard Ceramic and
Cermet Bodies for Valve Inserts,” June 18, 1981.

Michael Ball, University of Liverpool. England.
*Generalized Pseudo Atom and Its Application to
Lattice Dynamics,” June 24, 1981.

Wolfgang Losch, Federal University of Rio de
Janeiro. Brazil, “On the Physical Basis of Im-
purity-Induced Intergranular Fracture,” June 29.
1981.
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, Appeadix F
ADVISORY COMMITTEE

The Advisory Committee to the Metals and
Ceramics Division currently consists of six members
appomted by the laboratory director. The size of the

- commitice was restored 10 a six-person body in 1981.

The tenure of appointment remams at four years as
previously requested by the committee. Such action
was considered prudent decause of rising costs and
pending reductions in programmatic support. At-
wainment of th* six-person committee will be
accomplished by appointing onc new member in odd
calendar years (1981, 1983, etc)) and adding two new
members in the evencalendar years (1982, 1984 etc.).
The main function of the committee is to review
ongoing rescarch and development activities and 1o
render independent judgments on the general state
and welfare, ability of staff, and progress being made
in various operations and missions of the division.
Members are chosen from governmemntal, industrial.
educational, and research institwtions in the United
States and are selected on the basis of demonstrated
ability in management, rescarch, and technology.
Members of the 1981 Advisory Commitiee are listed
below.

Dr. Arden L. Bement, Jr. (Committee Chairman)
Vice President of Technical Resources

TWR, Inc.

23555 Euclid Avenue

Cleveland, Ohio 44117

47

Dr. Edward H. Koticamp. Jr.
Dwector of Research

Homer Research Laboratories
Bethichem Steel Corporation
Bethichem. Pennsylvania 18016

Professor Alan Lawley

Department of Materials Engineering
Drexel University

Philadelphia, Pennsylvania 15 104

Professor Tadeusz B. Massakski

Deparument of Mectallurgy and Materials Science
Camegie-Mellon University

S000 Forbes Avenue

Pittsburgh, Pennsylvania 15213

Dr. Richard H. Redwine
Technical Director.
Kmble Products Division
Owens-lllinoss, Inc.

Post Office Box 1035
Toledo, Ohio 43666
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. Appendix G
PUBLICATIONS
Compiled by Alice Rice

L. Adler, K_ V. Cook, and D. W. Fining, “Ultrasonic Characterization of Austenitic Welds,” pp. 533-40 in
Ubtrasonic Materials Characterization, NBS Spec. Publ. 596, National Bureau of Standards, Washington,
D.C., November 1980.

E.J. Alien, P. Angelii, S. P. Baker, J_ L. Heck, and J. £. Mack, Nondestructive Assay of Sphere-Pac Fuel Rods,
ORNL/TM-7516 (March 1531).

V. B. Baylor, J. R. Keiser, B. C. Leshe, M. D. Allen, and R. W. Swindeman, Analysis of T-105 Fractionation
-  Column Faikae at the Wilsonville. Alabama, Solvent Refined Coal (SRC) Pilot Plani, ORNL/TM-7327
Uuly 1980).
V.B. Baylor, R. T. King. B. C. Leshe, R. S.Crouse, A_J. Patko,and K. C. Taber, Merallographic Examination
of Surveillance Coupons from the Wilsonville, Alabama, Solvert Refined Coal Pilot Plani, 1977-1978,
ORNL;TM-7365 (July 1980).

V. B. Baylor and J. R. Keiser, “Corrosion and Stress Corrosion Cracking in Coal Liquefaction Processes,™ J.
Mater. Energy Syst. 2: 12-27 (June 1980).

V. B. Baylor, J. R. Keises, M. D. Allen, and E_J. Lawrence, Siress Corrosion Studies in Solvent Refined Coal
Ligzsefaction Pilo: Plants, ORNL!TM-7513 (December 1980).

-V. B. Baylor, J. R. Keser, B. C. Leshie, M. D. Allen, R. H. Cooper, and R. T. King, Corrosion of the Wash

Solvent Cohunn at the For1 Lewis, Washingion, Solven:t Refined Coal Pilot Plaru, ORNL/TM-7638
(March 1981).

V. B Baylor, ’. R. Kener- and R. W. Swindeman, “Failure Prevention and Analysis in Coal Liquefaction
Systems™ (summary), pp. I-11-1-15 in 5th Anmu. Conf. Mater. Coal Convers. Util., U S. Department of
Energy, Gaithersburg, Md.. 1980.

V. B. Baylor, J. R. Keiser, and J. H. DeVan, “Materials for Conoco Zinc Chloride Hydrocracking Process™
(summary), pp. 11-49-11-54 in 5th Annu. Conf. Mater. Coal Convers. Util.. U.S. Department of Energy,
Gaithersburg, Md., 1980.

J. A. Beavers, J.C. Griess,and W. K. Boyd, "Stress Corrosion Crackmgo( Zirconium {n Nitric Acid,” Corrosion
(Houston) 36(5): 292-97 (May 1981).

R.J. Beawrand J. R. Werr, Jr.,“A QA Management Approach Unique to R&D Programs,”pp. 188-92in 341h
Annu. Tech. Conf. Trans., American Society for Quality Control, Milwaukee, Wis., 1980.

V. A. Biss and V. K. Sikka, Merallographic Study of Type 304 Siainiess Steel Long-Term Creep-Rupmre
Specimen, ORNL; TM-7618 (January 1981).

E. E. Bioom, comp., Alloy Developmen:t for Irradiation Performance Quart. Prog. Rep. June 30, 1980,
DOE/ER-0045: 3.

E. E. Bioom, comp., Alloy Development for Irradiation Performance Quari. Prog. Rep. Sepi. 30, 1980,
DOE’ER-0045/4.

E. E. Bloom, comp., Alloy Developmers for Irradiation Performance Quart. Prog. Rep. Dec. 31, 1980,
DOE/ER-0045/5S.

E. E. Bloom, comp., Aoy Development for Inadiation Performance Quart. Prog. Rep. Mar. 31, 198],
DOE/ER-0045/6.

M. K, Booker and B.L.P. Booker, "New Methods of Analysis of Materials Strength Data for the ASME Boiler
and Pressure Vessel Code,” pp. 31-64 in Use of Computers in Managing Material Properiy Daila, J. A.
Graham, ed., American Society of Mechanical Engineers, MPC-14, New York, 1980.
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R. A. Bradley and R. R. Judkins, Program Plan for the ARKTD Fossil Energy Materials Program,
ORNL/TM-7206 (July 1980).

D. J. Bradley, R. O. Williams, and F. H. Home, “The Importan ¢ of Ternary Terms in the Representation of the
Thermodynamics of Carbon Dissolved in Austenitic Fe-Ni Alloys,” CALPHA D 44): 265-70 (1980).

D. N. Braski and K. Farrell, “Radiation Damage Structure in Ordered (Coon,Fess)sV Alloy,” pp. 284-85 in
Electron Microscopy 1980, Vol. I, Physics, Proc. 7th European Congress on Electron Microscopy, The
Hague, The Netheriands, Aug. 24-29, 1980, P. Brederoo and G. Boom, eds., EUREM 80, Seventh
European Congress on Electron Microscopy Foundation, Leiden.

D. N. Braski, R. W. Carpenter, and J. Bentley, The Microstructure of Ordered (CoonFesann)sV Alloy,

-ORNL/TM-7702 (May 1981).

G. W. Brasselland V. J. Tennery, “Technology Assessment of Ceramic Joining Applicable to Heat Exchangers”
(abstract), p. V1-27 in 4th Anmu. Conf. Mater. _oal Convers. Uii!, US. Department of Energy, CONF-
791014 (October 1979).

G. W. Brassell and V. J. Tennery, Technology Assessmemt of Ceramic Joining Applicable 10 Heat Exchangers,
Electric Pewer Research Institute, EPR1 AP-1586, TPS 77-748 (October 1980), and ORNL/TM-7306 (July
1980). ’ X

G. W. Brassell and G. C. Wei, “High Temperature Thermal Insulation,” pp. 247-48 in )fth Bienn. Conf.
Carbon, Extended Abswracts and Program, The Pennsylvania State University, University Park, June 1979.

G.S. Brown, M. H. Chen, B. Crasemann, and G. E. ice, “Observation of the Auger Resonant Raman Effect,”
Phys. Rev. Len. 45Q24): 1937-40 (December 1980).

‘W. H. Butler, "The Rigid Muffin-Tin Approximation for the Electron-Phonon Interaction in Transition

Metals,” pp. 505-14 in Physics of Transition Metals, Inst. Phys. Conf. Ser. 55, P. Rhodes, ed., The Institute
of Physics, London, 1981.

W. H. Brtler, “Progress in Cakulations of the Superconducting Propertics of Transition Metals,”pp. 443-53in
Superconductivity ind- and f-Band Metals, Hasty Suhland M. B. Maple, eds., Academic Press, New York,
1979.

W. "{. Butler, “Upper Critical Field of Nb: Cakculated Temperature Dependence and Anisotropy,” Phys. Rev.
Lets. 44(23): 1516-20 (Jure §980).

T. A. Callcott, J. A. Tagle, E. T. Arakawa, and G. M. Stocks, "Soft X-Ray Emission from Li-Mg and Li-Al
Alloys and Comparisons with KKR-CPA Calculations,” Appl. Op1. 19(23): 4035-41 (December 1980).

D. A. Canonico, “Evaluation of the Fracture Toughness of Candidate Stieel for Pressure Vessels for Coal
Conversion Syztems” (summary), pp. 111-33-111-39 in Sth Annu. Conf. Mater. Coal Convers. Util., U.S.
Depariment of Energy, Gaithersburg, Md., 1980.

D. A. Canonico and W. J. Stelzman, “The Use of Slow-Bend Precracked Charpy V-Notch Specimens to
Characterize Half-Bead Repair Welds,” pp. 1V.4-1-1V.4-27 in Instrumented Precracked Charpy Testing,
Meeting of Committee on Safety of Nuclear Insiallations Specialists, Palo Alio, United States, 1-3
December 1980, R. A. Wullaert, ed., Electric Power Research Institute, Palo Alto, Calif.

D. A. Canonico, R. S. Crouse, and T. J. Henson, "A Fractographic Study of a Thick Wall Pressure Vessel
Failure,” pp. 283-94 in Microsiructural Science, vol. 8, D. W, Stevens, G. F, Vander Voort,and J. L.
McCall, eds., Elsevier North Holland, Inc., New York, 1980.

D. A. Canonico, W. J. Stelzman, R. G. Berggren, and R. K. Nanstad, “Use of Instrumented Charpy Tests to
Determine Onset of Upper-Shelf Energy,” Weld. J. (Miami) 60(5): 85-s-91-s (May 1981).

R. W. Carpenter, “Microdiffraction from Crystals Coniaining Defects,” pp. 1-7in Microbeam Analysis— 1980,
D. B. Wittry, ed., San Francisco Press, San Francisco, 1980,

R. W. Carpenter, “On the Performance of the Ficld Emission Gun EM-400T,” Norelco Rep. 27(1): 20-22 (April
1980).
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K. D. Challenger, A. K. Miller, and C. R. Brinkman, "An Explanation for the Effects of Hold Periods on the
Elevated Temperature Fatigue Behavior of 2'[. Cr-1 Mo Steel,”J. Eng. Mater. Technol. 103: 7-14 (Januvary
1981).

A.T. Chapman, J. Brynestad, and G. W. Clark, “Redox Measurements in Molten Urania,” High Temp.—High
Pressures 12(4): 447-56 (1980).

R. H. Cooper, T. G. Godfrey, and J. H. DeVan, Co:rosion of High-Temperature Materials in AFBC
Environments Part I (I500-h Tesis), ORNL/TM-7734/ Pl (June 1981).

G. L. Copeland and M. M_Martin, Fabrication of High- Uranium-Loaded U;Os-Al Developmenial Fuel Plates,
ORNL/TM-7607 (December 1980).

G. L. Copeland and R. L. Heestand, “Volume Reduction of Contaminated Metal Waste,” pp. 425-33 in Waste
Management 80, The State of Waste Disposal Technology, Mill Tailings, and Risk Analysis, vol. 2,R. G.
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R.H Sunson. M W Bartlett. Teonn-Kurg. P. R_Sweeny. and R. W Hendncks. “Fxpenimental Confirmation
of Cakulated Phases and Flecuon Density Frofile tor Wet Native Collagen,” 8ophs. 7 26: 209 22 (May
1979).

D. P Sunton. W J. Lackey. and R. I Spence. Prodiction of Spherical UO-UC: for Nuclear Apphcarions
Using Thermochemical Principles. ORNL. TN -70S1 (March 19%1).

G. M. Stocks and W. H_ Butlcr. “Residual Resistivitaes of Ag Pd,; .. Allovs.”pp 467 701n Physics of Transition
Meials 1980. P. Rhodes. ed.. Inst. Phys. Conf. Scr. 55, The Instrtute of Physcs, | ondon. 1981
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Appendix H
PRESENTATIONS AT TECHNICAL MEETINGS
Compiled by Abice Rice

Fourth Intemational Conference on Liquid and Amorphous Mctals, Grenoblke. France. July 7-11, 1980:

D. M. Kroeger,® D. S. Easton, C. C. Koch, and J. O. Scarbrough. ~Critical Cooling Rates for
Formation of Metaliic Glasses Made in an Arc-Hammer Apparatus.™

21!!1 Sagamore Army Materials Rescarch Conference, Bohon Landing. New. Yott. July 14-18. 1980:

" C. R. Brinkman, “Crecp-Fatigue Effects in Slmuml Materials Used m Advanmd Nuckear Power
Generating Systems.™
Fifth lnternational Conference on Zirconium in the Nuclear lndusuy Boston, August 4-7, 1980

D.O. l-lobson,‘ K. R. Thoms; and Theo van der Kaa, “Effects on Temperature and External Pressure )

on the In-Reactor Creepdown of Ziasoy Fuel Cladding.”

R. E. Pawel* and J. J. Campbell “A Companson of the th-Tcmpaamm Onlauon Bebavior of
Zircaloy-4 and Pure Zircopium.™

Gordon Conference on Sobid State Stodies in Ceramics, Kimball Union Academy, Mmdcn. ch
Hampshire, August 4-8, [980:
P.F. Becher,®* C.C. Wu,and R. W. Rux "Fractum Toughness Behavior in ALOy—ZrQ; Composites.™

- 38!1: Annual Meeting of the Elz.uon Microscopy Socicty of America, Reno, Nevada, August 4-8, 1980:

J B:-ntlkey, “Advantages of a Ficld Emission Gun for a Combined Analytical and ngh-llmhuon
Transmission Eleciron Microscope.”™

s Bentley.* L. L. Horton, and K. Famll.:‘Dcfect Structurer in Neutron-lrradiated lron.
S. G. Caldwell,* J. J. Wert, and R. W. Carpenter, ~Influence of Stacking Energy of Wear of Cu Alloys.”

R. W. Carpenter.® J. J. Wert, and S. G. Taldwell. “Mectal Surface Deformation and Subsurface Defect
Structure: A Microscopy Correlation Study.™

L. A. Harris,* R. Raymond, Jr.. and R. Cooky, "A New Improved Standasd fos Elecuron Probe
Determinatios. of Organic Sulfur in Fossil Fuels.”

E A. Kenik® and R. W. Carpenter, “In Situ HVEM Deformation of Aluminum Alloys.”

E. A. Kenik.,* K. R. Lawless, and R. W. Carpenter, "Low Pressure In Site Oxidation of Vanadium and
V-2 Ti.”

M. M. Kersker,* E. A. Aigeltinger, and J. J. Hren, ‘Crystallographlc Differences of Mctastable Ni;Mo
in an Ni-Mo-Al Superallny.”

R. J. Lauf* and H. Keating, “Preparation of Ceramic Particulates for Transmission Electron
Microscopy.”™

E. H. Lee* and A. F. Rowcliffe, *Phase Identification in Neutron Irradiated Stainless Steel” (presented
by P. J. Maziasz).

P. J. Maziasz® and R. W. Carpenter, “MC Precipitate Characterization in Austenitic Stainless Slél.'
P. S. Sklad, "Observations of Gas Bubbles in an Austenitic Stainless Steel Charged with *H.”
L. J. Sykes® and J. J. Hren, “Comparison of Dislocation and Precipitate Strain Ficlds.”

J. J. Wert,* R. W. Carpenter, and S. G. Caldwell, “The Effect of Stacking Fault Energy of Sliding Wear
Behavior of Copper-Aluminum Alloys.”

*Speaker.
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N. J. Zaluzec,® E. A. Kenik, and P. J. Maziasz, "On the Limiations of X-Ray Microanalysis of
Heterogeneous Specimens Using Analytical Electron Microscopy.™

N. J. Zaluzec,® J. ). Hren, and R. W. Carpenter, “The Influence ol’ Diffracing Conditions on
Quantitative Electron Encrgy Loss Spectroscopy.”™

- 89th Annual Mecting, American Institute of Chemical Engincers, Portland, Oregon, August 17-20, 1980:

G. L. Copecland,* B. Hal-napow and R. L. Heestand, “Meiting Metal Waste for Volume Reduction
and Decontamination.”

American Crystallographic Association Summer Meeting, Calgary, Alberta, Canada, August 17-22, 1980:

J. E. Epperson,* J. Faber, R. W. chdncks and J. S. Lin, “OutheDecomposlmaulllmohu
Ni-12.7 at. % Al Alloy.”

13th Annual Techal Meeting of the International Metallographic Society, Brighton, Enghnd August
18-22, 1980

‘ ~ R.J. Gray,* D. A. Canonico, and L. C. Bate, “An Integrity Study of Type 347 Stamless Steel Tubes
, After a Five-Year Service in a2 High Flux Nuclear Reactor.™ - -

International Conference, “Physics of Transition Metals,” Leeds, England, August 18-22, 1980:
W. H. Butler, “The Electron-Phonon Interaction in Transition Metals and The'r Compounds.™
G. M. Stocks® and B. L. Gydrffy, “The 2y Momentum Distribution in Random Ag.Pd;_, Alloys.™
G. M. Stocks® and W. H. Butler, “F.esidual Resistivides of Ag.Pd;;, Alloys.”

Scventh European Congress on Electron Microscopy, The Hague, The Netherlands, August 24-29, 1980:
D. N. Braski® and K. Farrell, “Radiation Damage Structure in Ordered (Copss,Feo2shV Alloy.”

International Conference, “X-Ray Process and Innershell lonization,” Stirling, England, August 25-29, 1980:
G. M. Stocks, “Electronic States in bee LicMgi-o) Alloys: Soft X-Ray Emission Spectra.”

Third International Conference on ‘Eﬂect of Hydrogen c. Behavior of Materials,” Jackson Lake Lodge.

Wyoming, August 26-31, 1980 T

M. B. Lewis® and K. Farrell, “Deuterium Depth Profiles and Diffusion Coefficient in Electrocharged
Stainless Steel.”

Basic Engincering Sciences Nationa) Welding Conference, Berkeley, California, September 4-5, 1980:
J. M. Vitek® and S. A. David, "Microstructural Analysis of Austenitic Stainless Steel Laser Weids.™
International Conference on Engincering Aspects of Creep, Sheffield, England, September 15, 1980:

M. K. Booker, “Progress Toward Analytical Description of the Creep Strain-Time Behavior of
Engincering Alloys™ (presented by S. Majumdar of Argonne Nationa) Laboratory).

Joint U.S.-French Seminar on Smal-Angle X-Ray and Neutron Scatering from Polymers, Strasbourg,
France, September 16~19, 1980:

D. W. Schaefer,” R. W. Hendricks, and J. S. Lin, “Static Correlations in Semidilute Solutions:
Marginal Solvents.”

G. D. Wignall,* R. W. Hendricks, and W. C. Koehler, “Current Instrumentaion Developments axd
Polymer Research at the United States National Center for Small-Angle Scatiering Research.”

Advisory Technical Awareness Council, American Society for Metals, Cleveland, September 30, 1980:

J. E. Cunningham, “Solidification Behavior and Ferrite Morphology in Austenitic Stainless Steel
Welds.”
22d Meeting of the Joimt Working Group on Uranium Alloys. Oak Ridge, Tennessee, Sepumber 30-October
3, 1980:

R. A. Vandermeer,* J. C. Ogl, and W. G. Northcutt, Jr., “Influence of Aging at M(A/) on the
Deformation and Shape Memory Behavior of U-Nb a” Martensite.”
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ADIP Prognm Review Mecting. DOE-OFE. Materiaks and Radistion Effects Braach, Germantown. -
Maryland, September 30-October 1, 1980: -

D. N. Braski, “Resistance of (Fe NihV Long-Range-Ordered Alloys to Radistion Damage.”
M. L. Grossbeck. “Statws of ORR Spectral Tailoring and HFIR [rradiation Experiments.”

R. L. Kiueh® and J. M. Vitek, "Characterzation of Nickel-Doped Ferritic Steeks for Helium Production
Thwough HFIR Iradiation.”

P. J. Maziasz, “Swelling and Microstructere of HFIR Irradated Austenitic Stainless Steels.”
P. J. Maziasz, “Microstrectural Design and Development of Path A Primc Candidate Alloy.”

M. P. Tamka® E E Bloom, and J. A. Horak, “Tensile Propertics and Microstructure of
Helium-Injected and Reactor-Iradiated V-20 Ti™

F. W. Wiflen® J. A. Horak, D. P. Edmonds, and J. F. K-g."l'hldheuocdlnadmutk
Tensile Propertics of Austenitic Staimless Steel Weldments.”

TMS-ATME Fall Merting, Mctallergical Society of AIME, Pittsburgh, Peansylvania, October 5-9, 1980:

V. B. Baylor,® J. R. Keiser, and E. H. Lee, "ABoy Evaluation in High-Temperature Oxygea-Chloride
Emvironment.” :

J. R Keiser.* V. B. Baylor. J. F. Newsome. and M. Howell, “Study of Fractionation Arca Corrosion at
Solvent Refmed Col Pilot Plants.”

E.A.Kui'adilllze hlh-udlupadlkimud:?bxlmﬁitydloa-lrndmd
Staimless Steel ™

EH. Lee*P.J. MmadkF.RmHk.'Th&mmMCmmmdMchnum
Austenitic S1amiess Steek in Thermal and Irradintion Environments.™

E. H. Lee® P. J. Mazasz, and A. F. Rowrlifle, Wmdhnlpuwmm"mm
Austenitic Stamless Sieels in Therraal and Irradiation Enviconments.” -

~ L K. Mansur and M. R. Hayns, ‘Mummmsmmhloysnhl’mpﬂm
P.J. Mazasz,® J. A. Horak, B. L. Cox, and M. L. Grossbeck, “Tix Influence of Both Helium and
Neutron Irradiation on Precipitation in 20% Cold-Worked Austenitic Stainless Steel.”
P. J. Maziasz, “Helium Trapping at Ti-Rich MC Particles in Ti-Modified Austenitic Stainless Steel.”
A. F. Rowciific, E. H. Lee.® L. K. Mansur, and P. J. Maziasz, "Precipitation in Austenitic Stainless
Sicels During lrradition.”
W. A. Simpson,® L. Adler, and T. K. Bolland, "Boundarics Between Isotropic and Anisotsopic Solids
and Their Effect on Quantitative NDE.~ .
C. L. White® and R. A. Padgett, “Effects of Antimony Additions on the Fracture of Nicl el at 600°C.”

M. H. Yoo, “Trace Elememt Effects on Vacancy Clustering and Heterogencous Nucleation of
Microvoids During Various Thermomechanical Treatments.”

Elex:rochemical Socicty Automn Meeting, Hollywood, Florida, October 5-10, 1980:
R. W. Carpenter, “Microdiffraction Siudies on Semiconductor Materials.”

Fifth Annual Conference on Matkeriaks for Coal Conversion and Utilization, Gaithersburg, Maryland,
October 6-8, 1980:

V. B. Baylor,* J. R. Keier, and J. H. DeVan, "Materials for CONOCO Zinc Chloride Hydrocracking
- Process.”

G. M. Goodwin® and D. P. Edmonds, “Fossil Energy Welding and Cladding Program.”
J. R. Keiser,* V. k. Baylor, and J. H. DeVan, “Corrosion in Coal Liquefaction Systems.”

V. K. Sikks, “7otential Use of Modified 9 Cs-1 Mo Steel for Fossil Utility Boiler Applications™
(presented by R. A. Bradley).
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American Nuclear Society Imternational Confereie on Matenials for Nuclear Stcam Generation, St.
Petersburg, Florida, October 6-8, 1980:

J. P. Hammond,* J. C. Gniess, and W. A. Maxwell, “Effects of Chromium, Silicon, Stabilization of
Carbides, and Surface Condition on the Steam Corrosion of Cr-Mo Ferritic Alloys.”
Fifth International Conference on Small Angle Scattering, Berlin, Germany, October 6-1C, 1980:
R. W. Hendricks,* B. S. Borie, and F. W. Stallman, “Small-Angle Scattering from a Misoriented Stack
of Lamellae.”
R. W. Hendricks,* P. A. Seeger J. W._ Scheer, and S. Suchiro, “The LASL-ORNL Fast Digital Data
Acquisition System.™ .
R. W. Hendricks® and S. Suehiro, “Dynamic Deformation Device for Small-Angle X-Ray and Neutron
Scattering.”
P. LaBarbe,* A. C. Wright, J_ S. Lin, R. W_ Hendricks, and J. Zarzycki, "SAXS and SANS Studies of
Silica Glasses Prepared by Hot-Pressing of Silica Gel.”
G. A. Wallace and R. W. Hendricks,* “A High Intensity Mirtor-Focussed X-Ray Source for Small
Angle Scattering.”
Annual Contractors’ Review Meeting for Thermal and Chemical Energy Storage, McLean, Virginia, October
1316, 1980:
J. H. DeVan and P. F. Tortorelli, “Mass-Transfer Characteristics ui Nitrate-Based Salt Mixtures.”
Paper not presented. Summary published in proceedings.
American Nuclear Society Meeting on the Technology of Controlled Nuclear Fusion, King of Prussia,
Pennsylvania, October 14-17, 1980:
C. J. Long, “Structural Materials for Large Superconducting Magnets: An Assessment Based on the
Large Coil Program.”

J. L. Scotw,* E. E. Bloom, J. J. Holmes, R. E. Gold, S. M. Rosenwasser, M. L. Grossbeck, T. C.
Reuther, Jr., and F. W. Wiffen, “Progress in the Development of the Blanket Structural Material for
Fusion Reactors.”

International Fuel Rod Simulator Symposium, Gatlinburg, Tennessee, October 22-24, 1980:

- A. J. Moorhead®* and R. W. Reed, “Fuel Rod Slmulator Fabrication Requires Creative Joining
Techniques.”

American Ceramic Society 33d Pacific Coast Regional Meeting, San Francisco, October 26-29, 1980:

W. K. Alexander, W. P. Eatherly, and C. R. Kennedy,® “Irradiation of TSX Graphite: A Comparison
of Highly Accelerated Tests with Reactor Performance.”

J. H. Bottcher,® D. A. Donahue, and E. L. Long, Jr., "Sphere-Pack Versus Pellet Mixed-Oxide Fuel to
10 at. % Burnup.”

A. J. Caputo,® P. Angelini, and D. P. Stinton, “Drying and Characterization of Sol-Gel Produced
Synroc Waste Forms.”

W. P. Eatherly, C. R. Kennedy,® and R. P. Wichner, *"Mechanical Properties of Several Graphites as
Affected by Steam Oxidation.”

C. R. Kennedy,* W. P. Eatherly. and R. L. Senn, “The Compressive Creep Characteristics of Graphite
Under Irradiation.”

S. M. Tiegs.* W. B. Stines, and M. H. Lloyd, “Fabrication of (U,Pu)O: Fuel Pellets Using Gel
Microspheres.”

G. C. Wei, “Thermophysical Properties of Carbon-Bonded Carbon-Fiber Thermal Insulation for
Radioisotopic Heat Source in Space Nuclear Systems."”
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Mid-West Solid State Symposium, Bloomington, Indiana. October 27-28, 1980:

W. H. Butler, “Calculation of the Superconductivity Transition Temperature: A Review of the State of
the Art.”

G. M. Stocks. "Electronic States in Random Subs'itutional Alloys: Energy Bands and Fermi Surfaces.™
U.S. Japan Exchange on Fusion Reactor Materiak. Tokai. Japan. October, 28-29, 1980:

E. E. Bloom* M. L.-Grossbeck, and K. C. Liu, “Mechanical Properties of Type 316 Stainless Steel at
Fusion Reactor Damage Levek.” '

N. H. hchn, T. C. Reiley, K. Farrell, L. K. Mansur, and E. E. Bloom.* “Summary of Results from
the ORNL lon Irradiation Program.™

M. P. Tanaka®* E. E Bloom, and J. A. Horak, “Tensilke Propertics and Microstructure of
Helium-Injected and Reactor-Irradiated V-20 Ti.”

American Society for Metals Materials and Processes Show, Cleveland, Ohio, October 28-30, 1980:
S. A. David, “Solidification Structure of Thorium-Doped Iridium Alloy Welds.™

J. R. Keiser,* V. B. Baylor, D. R. Canficld, and W. P. Bameut, “Materials Performance in Coal
Liquefaction Pilot Plam.” ’

J. R. Keiser,* V. B. Baylor, D. R. Canficld, and W. P. Barnett, “Failure Analysis Assistance to Solvent
Refined Coal Pilot Plant.”

J. W. McEnemey.* B. R. Dewey, and S. A. David, “System for Control of Electroslag Casting in a
Collar Mold.”

R. W. Swindeman, “Failure Analysis Activities at Coal Liqueiaction Pilot Plants—An Overview.”
National Association of Corrosion Engineers, El Paso, Texas, October 28-30, 1980:

J. H. DeVan* H. E. McCoy, and J. E. Mack, “Compatibility of Several Waste Forms with Potential
Cannister Materials.™

Eighth Water Reactor Safety Research Information Meeting, Nuclear Regulatory Commission, Washington,
D.C., October 27-31, 1980:

C. V. Dodd, “Improved Eddy-Current Inspection of Steam Generator Tubes.”
Synchrotron Radiation Users’ Meeting, Stanford, California, October 30-31, 1980

G. S. Brown, M. H. Chen, B. Crasemann.* and G. E. Ice, “"Observation of the Auger Resonant Raman
Effect.”

Workshop on “The Effect of Complex Loads and Irradiation on the Lifetime of Fusion Reactor First
Walls,” Petten, The Netherlands, November 4, 1980:

M. L. Grossbeck, “Recent Work on Mechanical Properties of Austenitic Stainless Steels for Fusion
Reactor Service.”

Meeting of the Working Group of ANNEX II of the IEA Implementing Agreement on Radiation Damage to
Fusion Materials, Petten, The Netherlands, November 7, 1980:

M. L. Grossbeck, “Mixed Spectrum Neutron Irradiation Experiments on Fusion Reactor Materials.”

American Society for Testing and Materials November Committee Week, Bal Harbour, Florida, November
9-14, 1980:

R. W. Swindeman® and D. N. Robinson, “Experimental Determination of State Variables Related to
Metallurgical Structure in 2 Cr-1 Mo Steel at High Temperature.”

ANL/DOE, Intemational Meeting on Development, Fabrication, and Application of Reduced-Enrichment
Fuels for Research and Test Reactors, Chicago, November 12-14, 1980:

G. L. Copeland and M. M. Martin,* “Fabrication of High-Uranium-Loaded U;Os-Al Developmental
Fuel Plates.”
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R. L. Senn®* and M. M. Martin, “Imadiation Testing of Miniature Fuel Plates fo the RERTR
Program.”
First Annual Utility Energy Management Conference, New Orleans. November 16-19, 1980:
D. L. McElroy, “Thermal Insulation.™
American Society of Mechanical Engineers Annual Winter Meeting, Chicago, November 16-21, 1980:
M. K. Booker, “Analysis of Creep-Rupture Data for Long-Range Life Prediction.”

M. K. Booker* and B. L. P. Booker, “New Methods of Analysis of Materiak Sairength Data for the
ASME Boiler and Pressvre Vessel Code.” )

Materiakk Research Society Third International Symposium on Scientific Basis for Nuclear Waste
Management, Boston, November 16-21, 1980:

P. Angelini,®* W. D. Bond, A. J. Caputo, J. E. Mack, W. J. Lackey, D. A. Lee, and D. P. Stinton,
*Sol-Gel Technology Applied to Crystalline Ceramics.”

National Synchrotron Light Source X-Ray Participating Rescarch Team Meeting, Brookhaven National
Laboratory, Upton, New York, November 17-18, 1980: :

G. E. Ice, “ORNL Beam Line Optics.™
C. J. Sparks, Jr., "ORNL Synchrotron Radiation Beam Line.™

American Physical Society, Plasma Physics Division. Annual Meeting, San Diego, California, November
17-21, 1980:

L. C. Emerson,®* C. E. Bush, R. C. Isler, R. A. Langley, D. M. Mattox, A. W..Mullendore, and J. B,
Whitley, “Testing of TiC and B-Coated Limiters in Beam Heated ISX-B Plasmas.™

Coal Liquefaction Corrosion Workshop, Baytown, Texas, November 20, 1980:

J. R. Keiser,* R. R. Judkins, V. B. Baylor, M. Howell, and J. F. Newsome, "ORNL Studies of
Fractionation Area Corrosion.”

Committee of Safety of Nuclear Installation Specialists Meeting on Instrumented Precracked Charpy
Testing, Palo Alto, California, December 1-3, 1980;

R. K. Nanstad, “Comparison of Instrumented Precracked Charpy and Compact Specimen Tests with
Carbon Steels.”

R. K. Nanstad, “Comparison Between Instrumented Precracked Charpy and Compact Specimen Tests
of Carbon Steels.”

Electron Microscopy: Instruments and Instrumentation (Institute of Physics), London, England, January 7,
198]:

J. Bentley, “The Field Emission Gun TEM/STEM as a Combined Analytical and High-Resolution
Electron Microscope.”

Golden Gate Metals and Welding Conference, San Francisco, January 21-23, 198]:
R. A. Bradley, “Overview of DOE-Funded Fossil Energy Materials Program.”
WATTec Conference, Knoxville, Tennessee, February 18-20, 1981:
R. A. Bradley, “An Overview of DOE-Funded Coal Utilization and Conversion Projects.”

C. V. Dodd, “Application of Multiple-Property Eddy-Current Techniques to Sieam Generator Tubing
Inspection.”
T. G. Godfrey, “Materials and Fabrication for Fluidiz=4 Bed Combustion.”

R. J. Gray,* G. M. Slaughter, J. C. Griess, Jr, and C. W. Houck, "Metallurgical Analysis of
Fire-Damaged Piping from a U.S. Strategic Petroleum Reserve Supply Facility.”

T. S. Lundy, “Building Thermal Envelope Systems and Insulating Materials.”




Meeting. American Institute of Mining. Metallurgical. and Petroleum Engineers. Chicago. February 23-26,
1981:

J. Bentley. “Interphasc Boundary Dislocation Structure of Second Phase Particles in Stainless Steel ™

D. J. Bradky,* M. McDonald. and J. M. Leitnaker, “The Effect of Silicon on the Composition and
Solubility of Laves and Chi Phases in 316 and Titanium-Modified 316 Stainless Steels.™

D. A. Canonico® and R. G. Berggren, “Effect of Irradiation on Nuclear Pressure Vessel Weld Metals.”

S. A. David®* and J. M. Vitek, "Solidification Behavior and Microstructural Analysis of Austenitic
Stainless Steel Laser Welds.”

K. Farrell, “Radiation Response of Aluminum and s Alloys After Exposure in the High Flux Isotope
Reactor.”

L. A. Harris® and E. C. Hise. "The Application of Coal Petrography to the Evaluation of Magnetically
Separated Dry Crushed Coal.” -

L. L. Horton,* J. Be:lby, and W. A. Jesser, “Fusion Environment Radiation Damage in High-Purity
Iron and Iron Chromium Aloys.”

C. T. Liv* and E. H. Lee, “Creep Behavior of Ductile Ordered Alloys Co-16 to 25 Fe-23 V.7

P. S. Sklad® and V. K. Sikka, "Microstructural Observations of Strain Softening in Ferritic 9 Cr-1 Mo
Alloys.”

R. A. Vandermeer,® J. C. Ogle, and W. G. Nothcutt, Jr., “influence of Aging at M/A,) on the
Deformation and Shape Memory Behavior of U-Nb a” Martensite.

C. L. White* and R. A. Padgett, “Trace Element Effects on the High-Temperature Ductility of Nickel.”
M. H. Yoo, “Fracture Initiation at Grain Boundary Inclusions—Internal Stress Effects.”

Mecting, Fusion Engineering Device, Technical Management Board, Washington, D.C., February 26, 1981:

J. O. Stiegler, “Strategy for the Use of Irradiation Test Facilities in the Development of Materials for
Fusion Power.”

International Conference on High-Temperature Corrosion, San Diego, California, March 2-6, 1981:

V. B. Baylor,* J. R. Keiser. and E. H. Lec, “Corrosion Studies in ZnCl;-Air-HC1 Environments at
500~1000°C." '

R. E. Pawel, “"The Oxidation of Zirconium and Zircaloy-4 from 1000 10 1500°C.”

R. E. Pawel® arJ J. J. Campbell, “Reaction Kinetics and Oxygen Diffusion During the Oxidation of
Zirconium a4 Zircaloy-4 from 1000 to 1500°C."

Meeting, American Physicsl Society, Phoenix, Arizona, March 16-20, 1981:

W. H. Butler, “Lattice Thermal Conductivity of Nb, Mo, and Pd.”
J. S. Faulkner, “Pivoted Multiple-Scattering Equations and Band Theory.”
R. A. McKee, "Diffusion in a Pure, High Vacancy Content Crystal.”

G. S. Painter* and F. W. Averill, “On the Hellmann-Feyman and Virial Theorems Within the Density
Functional Formalism: Applications to Molecules.” _

G. M. Stocks, “Screening Mechanisms in Heterovalent Alloys: LicMg)-c.”

E. A, Kenik,* C. L. White, and W. E. Felling, “SHaRE: A Collaborative Users Program for
Microanalysis in Materials Science™ (invited presentation to a Special Session on National Facilities).

American Welding Society, Sixth Annual Rocky Mountain Symposium, Golden, Colorado, March 20, 1981:

S. A. David, “Nature of Ferrite in Stainless Steel,”

International Conference on Creep and Fracture of Engineering Materials and Structures, University College
of Swansea, United Kingdom, March 24-27, 1981

C. L. White,® R. A. Padgett, R. W. Swindeman, K. Farrell, and M. H. Yoo, “Impurity Segregation to
Creep Cavities in 304 Stainless Steel.”
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Fifth International Conference on Fracture, Cannes, France. March 29-April 3, 1981:
C. L. White®* and R. A. Padgett, “Trace Element Effects in High-Temperature Fracture of Nickel.”
Third International Conference on Wear of Materials. San Francisco. March 30-April 1, 1981:

J. J. Wert,* R. W. Carpenter, and S. G. Caldwell, “The Eftcct of Stacking Fauk Energy of Sliding Wear
Behavior of Copper-Aluminum Alloys.”

National Meeting of American Institute of Chemical Engineers, April 5-9. 1981

J. R. Keiser, R. R. Judkins, V. B. Baylor, D. R. Canfield. and W. P. Barnett,* “f'ontrol of
Fractionation Area Corrosion at SRC Pilot Plants.”

American Welding Socicty Conference on Aluminum Weldments, Cleveland, April 6-10, 1981

S. A. David, “A Study of Ferrite Morphology and Variations in Ferrite Content in Austenitic Stainless
Steel Welds.™

J. M. Viiek® and S. A. David, “Microstructural Analysis of Austenitic Stainless Steel Laser Weld.”

11th Annual Symposium on Electronic Structure of Metals and Alloys, Gaussig, East Germany, April 6-10,
1981:

J. S. Faulkner, "Multiple Scauermg Theory of Electrons in Ordered and Disordered Solids.”
Mecting, National Association of Corrosion Engineers, Toronto, Canada. April 6-10, 198]:
V. B. Baylor® and J. R. Keser, “Stress Corrosion Cracking Studics in Coal Liquefaction Systems.”

J. C. Griess,* J. H. DeVan, and W. A. Maxwell, “Long-Term Corrosion of Cr-Mo Steels in
Superheated Steam at 482 and 538°C.”

J. R. Keiser, R. R. Judkins,* V. B. Baylor, D. R. Canfield. and W. P. Barnett, “Corrosion of Solvent
Refined Coal Pilot Plant Fractionation Columns.”

P. F. Toriorelli,* J. H. DeVan, and R. M. Yonco, “Compatibility of Fe-Cr-Mo Alloys with Static
Lithium.”

Spring Mecting of Swiss Physical Society, Neuchatel, Switzerland, April 8-10, 1981:

E. Ambruste:, A. DasGupta,®* H.-U. Kunzi, and H.-J. Guntherodt, “Hydrogen Peaks in Intcrnal
Friction of Metallic Glasses.”

~ Mercting, Scanning Electron Microscopy, Dallas, Texas, April 14-18, 1981:

J. Bentley,* M. J. Goringe, and R. W. Carpenter, “Thickness Fringe Contrast at Grain Boundaries in
TEM and STEM.”

J. Bentley, “Instrumental Problems Affecting X-Ray Microanalysis in the Analytical Electron
Microscope: An Update.”

L. A. Harris,* E. A. Kenik, and C. S. Yust, “Reactions in Pyrite Framboids Induced by Electron Beam
Heating in an HVEM.”

P. S. Sklad* and J. Bentkey, *Analytical Electron Microscopy of Ni-TiB; Composites.”

J. M. Vitek® and S. A. David, “Analytical Electron Microscopy Evaluation of Laser-Welded 308
Stainless Steel.” '

American Ceramic Socicty Annual Meeting, Washington, D.C., May 3-8, 198):

P. F. Becher® and V. J. Tennery, “Fracture Behavior in Composites Containing ZrO; Particulates”™
(poster exhibit).

M. K. Ferbcir® and S. D. Brown, “Delayed Failure Characteristics of Plasma-Sprayed Al;0; Applied to
316L Stainless Steel and Ti—6 Al-4 V ELI Substrates.”

C. S. Morgan® and R. J. Lauf, “Thermal Shock Resistant Al;0,-Cr Cermets.”

D. P. Stinton,* P. Angelini, A. J. Caputo, and W. J. Lackey. "Deposition of Impeivious Pyrolytic
Carbon and SiC Provide Enhanced Inertness to Crystalline Waste Forms,”
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P. S. Sklad® .«nd J. Bentley, “Analytical Electron Microscopy of TiBy-Ni Ceramics™ (poster exhibit).

V. J. Tennery,* G. C. Wei, and M. K. Ferber, “High-Temperature Behavior of Silicon Carbide, Sialon,
and Aluminum Ox:de Ceramics in Coal.and Residual Oil Slags.™

C. S. Yust* and E. L. Long, Jr., “Transmission Electron Microscopy and Optical Microscopy of
Commercial WC-Co Compositions.”

Specialists” Mecting on High-Temperature Mctallic Materiak for Application in Gas Cooled Reactors,
Vienna, Austria, May 4-6, 1981:

H. Inouye and P. L Rittenhouse,* *“Relationship Between Carburization and Zero-Applied-Stress
Creep Dilation in Alloy 800H and Hastelloy X.”

J. F. King, H. E. McCoy, and P. L Rittenhouse,* “Weldability Evaluations and Weldment Properties
of Hastelloy X.*

J. P. Strizak, C. R. Brinkman, and P. L. Rittenhouse,* “High-Temperature Low-Cycle Fatigue and
Tensile Properties of Hastelloy X and Alloy 617 in Air and HTGR-Helium.”
Workshop on Corrosion Erosion in Coal Liquefaction Pilot Plants, Lexington, Kentucky, May 1314, 1981:

J. R, Kciser,* V. B. Baylor, M. Howell, A. R. Irvine, R. R. Judkins, and J. F. Newsome, “"ORNL
Studies of Fractionation Column Corrosion.”

American Society for Metals, Symposium on Elevated-Temperature Materials Considerations in Coal
Liquefaction and Gasification Service, Oak Ridge, Tennessece, May 15, 1981:

V. B. Baylor® and J. R. Keiser, “Corrosion in Coal Ligu_faction Processes.” .
J. R. Keiser,* M. D. Allen, V. B. Baylor, J. H. DeVan, R. J. Gray, B. C. Leslie, and J. R. Mayotte,
“Corrosion Failures in Coal Liquefaction Pilot Plants.”

International Conference on Fast Ionic Transport in Solids, Gatlinburg, Tennessee, May 18-22, 1981:

R. A. McKee, "A Generalization of the Nemst-Einstein Equation for Seli-Diffusion in High Defect
Concentration Solids.”
Meeting, Mechanical Bchavior and Nuclear Application of Stainless Steels at Elevated Temperatures,
Varese, Italy, May 2022, 1981:
V. K. Sikka, “Long-Term Creep Data on Type 304 Stainless Steel.”
R. W. Swindeman, “Correlatiors of Rupture Life, Creep Rate, and Microstructure for Type 304
Stainless Steel.”

Presentations in China as part of exchange program between American Society for Metals and Chinese
Society of Metals—Tokyo, May 16; Beijeng, May 17; Shanghai, June 1; Guangzhou, June 4; and Hong
Kong, June 6:
R. J. Gray, “Unusual Metallographic Techniques Hzlp Us to Understand 2nd Evaluate Micro-
structures.”

R. J. Gray, “Failure Analyses of Surgical Implants from the Human Body Can Improve Product and
Performance Reliability.”
Second US/Japan LMFBR Steam Generator Seminar, Sunnyvale, California, June 1-5, 1981:

R. W. McClung,* R. A, Day, H. H. Neely, and T. Powers, “Techniques for In-Service Inspection of
Heat Transfer Tubes in Steam Generators.”
International Seminar on Chemistry and Process Engineering for High-Level Liquid Waste Solidification,
Kernforschungsanlage, Julich, West Germany, June 1-5, 1981:
W. J. Lackey,* P. Angelini W. D. Arnold, W. D. Bond, A. J. Caputo, and D. P. Stinton,
“Sol-Gel-Derived Waste Forms.”
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American Nuclear Society, Miami Beach, Florida, June 7-12, 1981

G. L. Copeland® and B. Heshmatpour, “Decontamination of TRU-Contaminated Metal Waste by Meh
Refining.”

B. Heshmatpour and G. L. Copeland,® “Granulation of Mectak and Slags for Wast: Dnspml and
Storage.”

A. F. Rowcliffe® and J. A. Horak, “Tensile Propertics and Fracture Behaviur of lrradiated Nickel
ABoys.™

American Society for Metak, Workshop on Conservation and Substitwtion Technology, Vanderbilt
Univursity, Nashville, Tennessee, June 15-17, 1981

V. K. Sikka, "Substitwtion of Modified 9 Cr-1 Mo Steel for Austenitic Stainless Steel.™

National Bureau of Suandards International Confemwe on Thermal ‘onductivity, Gaithersburg. Marytand,
June 1519, 1981:

H. A  Fine, S. H. Jury, O. L. McElroy.®* and D. W. Yarbrough, “The Thermal Conductivity of
Semitransparent Materiak.”

J. P. Moore* and R. S. Graves, “The Thermal Cciductivity and Electrical Resistivity of a POCO
AXM-5Q! Graphite from 80 to 900 K.” :

J. P. Moore,® R. S. Grawves, and R. K. Williams, “Thermal Transport Pt uperties of Niobium and Some
Niovbiuin-Base Alloys from 80 to 1600 K.”

J. ¥ doore,* D. L McEroy, and S. H. Jury, "A Technique for Measuring the Apparent Therml
Coaductivity f Flat Insalations.”

R. K. Williams, R. S. Gnaves, F. J. Weaver, and D. L. McElroy,® “The Physical Properties of 9 Cr-1 |
Mo Steel from 300 to 1000 K"

American Society of Mechanical Engineers Pressure Vessel and Piping Conference, Denver, Colorado, June
21-25, 1981: .

R. W. Swindeman and C R. Brinkman.® “Progr=: in 'nderstanding the Mechanical Behavior of
Pressurc Vessel Materials at Elevated Temperatures.”

R. W. Swindeman® and K. C. Liu, “Creep and Fatigue Resting of Austenitic Stainless Steel Welds and
Overl'y Cladding.”

American Carbon Society 15th Biennial Carbon Conference, Philadelphia, June 22-26, 1981:
W. P. Eatherly, “The U=e of Run Statistics tc Vatidate Tensile Tests.”
W. P. Eatherly, “Statistical Jdert.fication of Disparate Flaws in H45§ Graphite.”
C. R. Kennedy, “Evaluation of Fr.cture Strength by Sonic Testing.”
C. R. Kennedy® and W. P. Eatherly, “The Flux Effect in Graphite.”

Americ: n Society of Heating, Refrigerating, and Air-Conditioning Engineers Annual Meetmg. Cincinnati,
Ohio, june 28~July 2, 1981:

H. A. Fine? S. H. Jury, D. W. Yartrough, and D. L. McElroy, “Heat Transfer in Building Thermal
Insulation: The Thickness Effect.”




