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OVERVIEW

This report provides a brief overview of the activities and accomplishments of the
Metals and Ceramics (M&C) Division during the period October 1991 through December
1992. The division is organized to provide technical support, primarily in the area of
high-temperature materials, for the various technologies being developed by the
U.S. Department of Energy (DOE). Activities span the range from basic research
(through applied research and engineering development) to industrial interactions
(through cooperative research and a strong technology transfer program). The division
is organized in functional groups that encompass nearly ali of the disciplines needed to
develop and to apply materials in high-temperature applications. Sections 1 through 5
describe the different functional groups; Sect. 6 provides an alternative view of the
division in terms of the major programs, most of which cross group lines; and Sect. 7
summarizes external interactions including cooperative research and development
programs, educational activities, and technology transfer functions. Appendices describe
the organizational structure, note personnel changes, present honors and awards
received by division members, and contain listings of publications completed and
presentations made at technical meetings.

Several organizational changes were made during the reporting period. Jim Stiegler,
who served as the Metals and Ceramics Division Director from 1984-1992, became an
Associate Director of ORNL responsible for Nuclear Technologies. Douglas Craig assumed
the responsibilities of Division Director in June of 1991. Ron Beatty was named the
leader of the Ceramic Science and Technology Section, and Arvid Pasto replaced Ron as
the Ceramic Processing Group Leader. Tom Zacharia was appointed Materials and
Process Modeling Coordinator to accomodate the growth in the division's modeling
activities. Bruce Cox assumed responsibility for the Ceramic Specimen Preparation
User Center and Tom Morris for the newly established Ceramic Manufacturability
Center, both of which are part of the High Temperature Materials Section.

The collection of work supporting the different energy technologies in the division
strengthens our overall research effort. Development of a new material is a lengthy and
expensive undertaking that is often beyond the capabilities of any individual program.
Cooperation between programs is enabling us to pursue alloy development activities
more vigorously than would be possible otherwise. For example, the Basic Energy
Sciences, Fossil Energy Materials, and Advanced Industrial Concepts Materials programs
and the Martin Marietta Energy Systems, Inc., Technology Applications Program are ali
contributing to the development of iron-aluminide alloys. This collaboration has
increased the scope of our program and has accelerated the development of these
materials. Cooperative Research and Development Agreements have allowed us to
strengthen our ties to industry and the relevancy of our research and development
(R&D) to the problems of many industrial segments.

Several members of the division received major awards. Stan David was named a
Corporate Fellow in recognition of his continuing accomplishments in the fields of
welding science and technology. Stan also received the Comfort A. Adams Lecture Award.
Eal Lee, Monty Lewis, and Lou Mansur received an R&D 100 Award for "Hard-Surfaced
Polymers." Man Yoo was notified that he would be awarded an Alexander von Humbolt
Research Fellowship. Seven division staff members were also named fellows of major
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societies. Everett Bloom and Martin Grossbeck were named fellows of the American
Nuclear Society; Fahmy Haggag, Randy Nanstad, Dick Heestand, and Man Yoo were named
fellows of ASM International; and Stan David was named a fellow of the American
Association for the Advancement of Science.

A report of this type can do little to capture the excitement of research in the division.
lt is, at best, an index of activities in our various groups. Contact authors of the various
sections for more information on our work or, better still, plan on a visit to discuss it
in more detail.



1. ENGINEERING MATERIALS

G. M. Slaughter and H. W. Hayden

This section is responsible for determining and evaluating the suitability of engineering
materials for use in various energy systems; for developing and commercializing new
engineering alloys; and for deterlnining and developing improved fabrication, joining,
and nondestructive testing (NDT) techniques to ensure the structural integrity of
materials and components in specific applications, lt comprises approximately 70 staff
members, about half of whom are professionals. Research and development (R&D)
activities are carried out in six different laboratories, which bear the functional names
Corrosion Science and Technology, Fracture Mechanics, Materials Joining, Mechanical
Properties, Materials Processing, and NDT. Additionally, division support for the
Heavy-Section Steel Irradiation (HSSI) Program arid the High Flux Isotope Reactor
(HFIR) Surveillance Program is administered through this section. A materials and
process modeling coordination function was initiated this year in the section. Brief
descriptions of work performed and major accomplishments of these groups and program
functions are presented.

1.1 HEAVY-SECTION STEEL IRRADIATION PROGRAMmW. R. Corwin

Maintaining the integrity of the reactor pressure vessel (RPV) in a light-water-cooled
nuclear power plant is crucial in preventing and controlling severe accidents and the
potential for major contamination releases. The RPV is one of only two major safety-
related components of the plant for which a duplicate or redundant backup system does
not exist, lt is imperative to understand and predict the capabilities and limitations of
its integrity. In particular, it is vital to fully understand the degree of irradiation-
induced degradation of the RPV's fracture resistance which occurs during service, since
without that radiation damage, it is virtually impossible to postulate a realistic scenario
that would result in RPV failure.

For this reason, the HSSI Program has been established by the U.S. Nuclear Regulatory
Commission (USNRC) in the M&C Division at ORNL to provide a thorough, quantitative
assessment of the effects of neutron irradiation on the material behavior and, in
particular, the fracture-toughness properties of typical pressure vessel steels as they
relate to light-water-reactor (LWR) pressure-vessel integrity. Effects of specimen
size, material chemistry, product form and microstructure, irradiation fluence, flux,
temperature and spectrum, and postirradiation annealing and reembrittlement are being
examined on a wide range of fracture properties inc!uding fracture toughness (KIc and
JIc), crack-arrest toughness (Kla), ductile-tearing resistance (dJ/da), Charpy
V-notch (CVN) impact energy, dropweight nil-ductility temperature, and tensile
properties. Models based on observations of radiation-induced microstructural changes
using the atom probe field ion microscope (APFIM) and high-resolution transmission
electron microscope (HRTEM) provide improved bases for extrapolating the measured
changes in fracture properties to wider ranges of irradiation conditions. The principal
materials examined within the HSSI Program are high-copper welds since their
postirradiation properties are most frequently limiting in the continued safe operation
of commercial RPVs.



Of particular interest are the efforts during the past year concerning the examination of
irradiation effects on the fracture and crack-arrest toughness in the low upper-shelf
(LUS) weld from the Midland Reactor. A new irradiation facility was installed at the
University of Michigan Ford Reactor and irradiation of the Midland weld begun. The
facility was needed to replace a similar one, now out of service, at the shut down
Oak Ridge Research Reactor (ORR), to permit the irradiation of capsules containing the
large fracture-mechanics specimens (up to 45 kg each) utilized in HSSI programmatic
research. Collaborative efforts with a DOE-funded program were also initiated to
perform the extensive dosimetry experiments and neutron source-term and transport
calculations needed to fully characterize the neutron exposure conditions within the
reactor.

Experimental and analytical studies to understand the effects of irradiation exposure
parameters were intensified with the completion and publication of a rate-theory-based
embrittlement model. Significant improvements in understanding effects of irradiation
temperature and flux provided fundamental reasons for the observed differences in
embrittlement in test versus power reactor irradiations as well as the potential for a
method to reconcile their results, lt was also shown that the overall contribution to the
total embrittlement from matrix-type defects (dislocation loops, vacancy clusters, etc.)
is about the same as that from impurity-rich (Cu, P, etc.) precipitates and clusters.
Detailed calculations and dosimetry measurements of exposure conditions in the HFIR
revealed wide variations in flux and spectrum at the surveillance specimen positions but
did not allow the resolution of the previously observed accelerated embrittlement.
Unexplainable inconsistencies among the individual dosimeters likely hold a key to the
problem and have led to a substantially increased NRC-funded effort at ORNL to perform
additional dosimetry within the HFIR. Other new experimental efforts to aid in
understanding effects of exposure conditions were also begun, including the collaborative
study with DOE-funded programs to examine low-temperature irradiation
embrittlement in numerous model alloys and pressure-vessel steels for fluxes varying
over several orders of magnitude, as well as the insertion of research specimens into the
surveillance capsules at the Diablo Canyon Reactor, to directly assess embrittlement in
test versus power reactors.

International collaboration significantly increased during the year. Information
exchange with the Russians on LWR embrittlement expanded to include interlaboratory
testing of a common specimen set to ascertain the degree of correspondence between U.S.
and Russian fracture testing techniques as well as joint irradiation of exchanged RPV
materials by both sides. Arrangements were also made to host a visiting scientist from
the Kurchatov Institute in Moscow at ORNL for one year. Detailed negotiations were
conducted with the Japan Atomic Energy Research Institute (JAERI), and a collaborative
research agreement was drafted for the HSSI Program to participate in the examination
of the RPV from the decommissioned Japanese Power Demonstration Reactor. The
metallurgical, fracture, and dosimetry studies being conducted on this material will
provide an enhanced knowledge of embrittlement during actual service and further
underpin the overall understanding of irradiation-rate effects on embrittlement.

A major new programmatic initiative was begun last year on the behavior of RPV steels
following toughness recovery during annealing and subsequent embrittlement during
reirradiation. The focus of this task is to establish the relationship between the changes
in fracture toughness of the material needed for engineering evaluations of the vessel and
the changes in Charpy impact properties that comprise the vast majority of existing data
on annealing and reirradiation. This research is providing an improved basis for



predicting and regulating the amount of residual toughness that will remain during the
continued operation of a pressure vessel after thermal annealing, since annealing is the
only practical means for reducing existing embrittlement in an operating pressure
vessel. A comprehensive data base of materials annealing data was assembled and used to
evaluate existing models of annealing recovery. Preparations were made to anneal and
reirradiate previously irradiated inventory remaining from earlier HSSI irradiation
series, including the initiation of design _t a capsule capable of encapsulating and
reirradiating "hot" specimens. Lastly, _,pecimens were incorporated into the large
capsule containing LUS weld samples being irradiated at the University of Michigan that
will allow the initial assessment of fracture toughness versus Charpy impact properties
to be made.

Results from the HSSI studies will be integrated to aid in resolving major regulatory
issues facing the USNRC that involve RPV irradiation emb_'ittlement such as
pressurized-thermal shock, operating pressure-temperature limits, low-temperature
overpressurization, and the specialized problems associated with LUS welds. Taken
together, the results of these studies also provide guidance and bases for evaluating both
the aging behavior and the potential for plant-life extension of LWR pressure vessels.

1.2 CORROSION SCIENCE AND TECHNOLOGY _ J. R. DiStefano

The Corrosion Science and .Technology Group continued work on tasks involving both
metallic and ceramic materials in cqueous, gaseous, and liquid-metal environments.
R&D tasks have supported Conservation, Fossil, Fusion, New Production Reactor (NPR),
and Space Nuclear Power (SNP) programs as well as the Advanced Neutron Source (ANS)
Project.

We have continued to utilize the ANS Corrosion Test Loop to investigate the corrosion
characteristics-of aluminum alloys under the extreme heat-transfer conditions
associated with fuel cladding in experimental and production nuclear reactors. This
year, we conducted a series of five long-term tests on 8001 AI relevant to the proposed
NPR-heavy-water reactor (HWR). In these tests, each one up to eight weeks in
duration, the measured film growth rates were shown to be sensitive to both thermal-
hydraulic and chemical system variables and were compared with the predictions of
existing data correlations. In addition, the results were examined in the context of our
earlier experiments on 6061 AI over a different range of test conditions.

The Fort Saint Vrain (FSV) steam generator offers a unique opportunity to gather
information for the NPR-Modular High-Temperature Gas-Cooled Reactor (MHTGR).
Seven of twelve ringheaders at FSV cracked adjacent to welded nozzles. We initiated a
failure analysis program to assess the extent of secondary-side _.orrosion and the
metallurgical and microstructural state of the materials due to fabrication and service.
Optical metallography from failed regions of the ringheader revealed a large-grained
microstructure, probably the result of "warm-working" during fabrication. Chemical
analyses of the materials of construction have shown that there is a failure correlation
with a particular heat of material. Future work will center on characterizing the
secondary-side corrosion damage, if any, and the relationship between microstructure,
chemistry, and mechanical properties to determine the cause of the failures.

"3

In cooperation with CAPCIS March Ltd., electrochemical noise (EN) technology is being
investigated as a corrosion surveillance method for corrosion testing. EN gives



instantaneousinformationregardingboth uniformand localizedcorrosionprocessesand
does not require the use of a reference electrode. EN will initiallybe applied in the
model boiler tests to be performed for the NPR-MHTGR in cooperation with
ABB-CombustionEngineeringinChattanooga,Tennessee.

Tasks on the high-temperaturecorrosionof advanced aluminides and intermetallics
were conductedfor the Fossil Energy Program as part of overall alloy development
initiatives. Recent ORNL results had shown significant improvement in the room-
temperatureductilityof iron aluminideswhen aluminumconcentrationsare reducedto
the 16 at. % level. Therefore,we initiateda studyto definethe criticalconcentrationof
this element for resistance in high-temperature oxidizing and oxidizing/sulfidizing
environments.These have been determinedto be 18 and 20 at. % AI for H2S-H20-H2
and air environments,respectively. Adding5% chromiumto the 16 at. % AI alloys
significantlyimprovedthe equi,.alent of Fe3AI (28 at. % AI) in terms of air-oxidation
resistance. We also initiated a cyclic oxidation experiment with iron aluminides
containing16 to 28 at. % Ai and found beneficialeffect of small additionsof zirconium
on ',._cal9adherencefor Fe3AI alloys. Iron aluminideswith 16 at. % AI and additionsof
chromium (5%) and zirconium (0,1%) were superior in scaling resistance to binary
alloys of 16 and 20 at. % AI and exhibited weight changes comparable to the
Zr-containing Fe3AI alloys.

A relatedtask in suppo,'tof the FossilEnergyProgramentailedthe developmentof phase
stability diagrams for silicon carbide in the presence of sodium contaminants
as contained in typical coal gasifier and pressurized fluidized-bed combustion
environments.Theseresultshaveprovidedguidanceto thedevelopmentof SiC as a high-
temperature filter material for these environments.

In support of the development of high-strengthCr-Cr2Nb alloys, the kinetics, scale
composition, and spallation tendencies of Cr-6 and -12 at. % Nb alloys were
characterized for high-temperature air exposures. Multilayer scales with a pure
chromia outer layer were formed, and the alloy with the higher niobium content
performedsignificantlybetter in terms of lower overall weight gain and resistance to

, spallation. This behaviorwas ascribedto an increasedvolumefractionof the Cr2Nb-Cr
eutecticmixtureat the expenseof the Cr-richphase.

As part of the overall effort to better understandthe characteristicsof protectiveoxide
scales on advanced alleys, depth-sensingsubmicronindentationtesting was used to
measure the elastic-plasticbehaviorof sintered chromiaand oxide scales formed on
pure chromiumin air. Within experimentaluncertainty,the mechanicalpropertiesof
th_.scalesand thoseof the correspondingbulkoxide were generai',ycomparable. Such
findings have important implicatio_=sin predicting scale failure criteria for high-
temperature alloys.

Vanadium and vanadium alloys are attractive Iow-P..ctivationmaterials (LAMs) for the
first wall/blanket (FWB) structure of a fusion reactor. However, the chemical
reactivity of vanadium-base alloys could result in unacceptable oxidation or
embrittlementby oxygen, carbon, nitrogen, or hydrogen. Therefore, the effect of
simulated fusion reactor-helium environments on room-temperature mechanical
properties and fracture surface morphologyof vanadium-chromium-titaniumalloys
was investigatedbetween 500 to 700°C. Exposures for 1008 h in He+70 vppm-H
(measuredoxygen partial pressuresof 1012 atm) resulted in complete embrittlement
of ali the alloys in room-temperaturetensile tests. The fracture mode was primarily



cleavage, probably caused by a hydrogen-induced shift in the ductile-to-brittle
transition temperature (DBTT). These results suggest that oxidation alone may not be
the limiting consideration in terms of loss of structural integrity. Changes in
temperature to near room temperature during startup, shutdown, and maintenance could
result in catastrophic failure of the structure if hydrogen is present in the helium.

In FY 1992, there was a significant increase in corrosion-related tasks for the
Conservation Program. A study of high-temperature environmental effects on
SiC-reinforced SiC composites wa=..started as part of the Continuous Fiber-Reinforced
Ceramic Composites Supporting Technologies task. Thermogravimetric analysis was
used to study the reaction kinetics associated with high-temperature air oxidation of
graph=:e- or BN-coated Nicalonm-reinforced SiC composites. For those with graphite
interlayers, the shapes of the thermogravimetric curves, and the dependencies of weight
changes on interfacial layer thickness and exposure Iemperature, could be explained on
the basis of concurrent reactions associated with oxidation of the graphite and the
formation of SiO2 on the matrix and fibers. Preliminary correlations between oxidation
kinetics and fracture properties were made.

In cooperation with the Ceramic Processing Group, studies of the environmental
compatibility of ceramic heat exchanger materials have continued. We evaluated the
reaction of ceramic/ceramic composites exposed in an industrial hazardous waste
incinerator and determined the degradation in mechanical strength of SiC/SiC composites
resulting from elevated-temperature air exposure. The degradation of ceramic
materials exposed to steam-methane reformer environment,c was characterized, and a
system to conduct further studies in simulated reformer environments was constructed.

In support of the development of heat pump systems that offer opportunities for
significant energy savings, we studied the interactions between container materials and
LiBr2/LiNO3/4% NH3-H20 working media. The working fluid with a 3:1 ratio of
LiBr2/LiNO3 exhibited the lowest corrosivity, and types 304L and 316L stainless steel
displayed good corrosion resistance to that fluid.

A staff member of the group has a principal role in performing an assessment of
materials R&D needs related to advanced fuel cells and batteries for transportation
applications. The intent is to define the areas where materials development could make
significant contributions to the improvement of electrochemical propulsion systems.
We expect that, as follow-on to the assessment, the Conservation Program will establish
a national program that addresses the materials needs identified by industry. The R&D
efforts will be conducted by industry, national laboratories, and universities.

To support the development of advanced gas turbine systems with improved efficiencies
and duty cycles, we completed a state-of-the-art review of high-temperature alloy
systems currently used in gas turbine systems together with the projected technology
advancements that should derive from ongoing research. We also completed an
assessment of corrosion problems and research opportunities within the paper and pulp
industries in the United States as part of a Department of Energy (DOE) initiative to
transfer materials technology to these industries.

Nb-lZr% is a candidate structural material for compact dthium-cooled reactor systems
being designed for space applications. Because mechanical properties and corrosion
resistance can be significantly affected by oxygen (components must be protected from
oxidation during ground testing), we have now measured the oxidation rates of Nb-lZr%



at temperaturesfrom 773 to 1350 K and at oxygenpartial pressuresof 10.5to 10.7Pa for
timesup to ..-2000 h to providequantitativeguidelinesfor systemdesignand operation.
The effectsof concomitantoxidation/corrosionbehaviorwere also determinedincluding
conditionsunderwhich effectsof oxygen can be mitigatedby the formationof ZrO2.

Staff membershave also providedsupport to variousorganizationswithinMMES in the
formof consulting,failureanalysis,andmaterialsrecommendations.Problemsaddressed
includedstorageof radioactiveor hazardoussludge/salvageditemsfromthe KerrHollow
quarry pond. Recommendationsfor tank materials used in long-term storage of
radioactivewasteat the MeltonValleystoragefacilitywere provided. Structuralmaterials
used in the MMES/ToxicSubstancesControlAct waste incineratorwere evaluated,and
the failure of a cooling water pipe servicingthe HFIR was analyzed. We are also
continuingto assistthe K-25siteininvestigatingthe failuresof fourcarbonsteelcylinders
used for the long-termstorage of depleted UF8. Two of the failureswere traced to
externalcorrosionandthe other twoto mechanicaldamageduringthe cylinderstacking
process.

1.3 FRACTUREMECHANICS-- R. K. Nanstad

The FractureMechanicsGroupinvestigatesthe fractureresistanceof structuralmaterials,
particularlysteelsfor pressurevesselapplications.Thisrequiresexpertiseinexperimental
fracture mechanicsand metallurgy. Programsare sponsored by boththe USNRC and
the U.S. DOE. We are currentlyemphasizingthematerialspropertyneeds for theMHTGR
under the NPR Program, Heavy-SectionSteel Technologyand Irradiation(HSST and
HSSI, respectively)Programs, ANS, Magnetic Fusion Energy (MFE), Fossil Energy
Materials,and AdvancedIndustrialConcepts (AIC) MaterialsPrograms.

For the MHTGR-NPRProgram,irradiationeffectsstudiesfor the steel RPVand projects
to investigatethe high-temperaturefracture mechanicspropertiesof structuralmaterials
for thesteamgeneratorand reactorinternalswerecontinued. Charpyimpactspecimens
of reactorvessel steel irradiatedat 60°C were tested and comparedwith results from
specimenspreviouslyirradiatedathigherteml:,eratures.Theresultsconfirmedpreviously
determ;;_edcorrelationsbetween irradiation-ir,ducedchangesinyield strengthand Charpy
transition temperature,as well as demonstratingthe slight sensitivity to decreasing
irradiationtemperature from 200 to 60°C, for the material and neutron exposure
conditionsexamined. A specificationfor irradiationof specially designed capsules
incorporating tailoring of the neutron spectrum was developed, and preliminary
calculations demonstrated the feasibility of such experiments in the Universityof
Michigan's Ford Reactor. For the high-temperaturefracture mechanics studies, test
methods development continued along with completion of procurement and initial
assemblyof additionalequipmentsuchas high-temperatureenvironmentalchambersand
electroniccontrolsfor the two servohydraulicmachines.

For the HSST Program, the task regardingmargin assessmentsduring startup and
shutdownoperationsin commercialLWRscontinued. The resultsof the studieswill be
used by the USNRC to decide whether to relax tile current requirementsupon
which pressure-temperaturelimits are based. The task involves identificationand



characterizationof the fracture toughnessof potential local brittle zones inweldmentsof
reactor vessels,analysisof the significanceof cleavage pop-ins,and a comparisonof
fracture toughnessfrom standardfatigue-precracksand arrested cracks. The project
involvescooperativeresearchwith BattelleColumbusLaboratoriesandthe Universityof
Maryland. Variations in yield strength and flow properties in local brittle zones
[heat-affected zones (HAZs)] in weldments of reactor vessels were measured using
automatedball indentationtests. For ourcontinuinginvestigationof the roleof specimen
sizeeffectsinelastic-plasticfracturemechanics,experimentswere conductedto provide
additionaldata for statisticalanalysesand for analysesof the limitationsof small-scale
yieldingcriteriain cleavagefracturetoughnessmeasurements.An off-site,three-month
collaborativeassignmentat GK_S in Germanyandcollaborationwith researchersat VN"
in Finlandresultedin informationsufficientfor final developmentof a draft standardtest
method for transitionregionfracture toughnesstestingof pressurevesselsteels under
the jurisdictionof the AmericanSociety for Testing and Materials (ASTM). The draft
standardhas been presentedto the appropriateASTM E24 subcommitteefor review. A
detailed'analysisof fracturetoughnessresultsfromspecimenswhich exhibitedcleavage
pop-insconcludedthat, unlessa pop-in is clearlyprovedto be statisticallyunrelatedto
the overallfracturetoughnessdata population,the fracture toughnessdeterminedfrom
that pop-inshouldbe consideredsign=_icantto designsafety analysis. The experiments
at the Universityof Marylandresultedin the conclusionthat initiationfracturetoughness
values from arrestedcleavage cracks were nominallythe same as those from fatigue
precrackedspecimens. Characterizationstudieswere conductedto compare fracture
toughnessresultsfromdeeplycrackedcompactspecimenswiththose frombothshallow
and deeply crackedthreo-pointbend specimens. The experimentsshowed generally
good agreement between the deeply cracked specimenswhile the shallow cracked
specimensexhibited,as expected,highertoughnessat a giventemperature. Detailed
fractographicstudieswere conductedto determinethe cleavageoriginlocationrelative
to the final precleavagecrack tip as well as the length of the blunting zone. These
measurementswill be used to compare variousmethodsof determiningthe crack-tip
openingdisplacementand for determinationof the maximumstresslocationas partof
a projectto investigatethe effects of biaxialconstrainton fracture behavior.

Forthe HSSI Program,studiescontinuedon the Fifth,Sixth,and Tenth Series. The Fifth
and Sixth Series examinethe upwardtemperatureshifts and shapes of the American
Society of MechanicalEngineers(ASME)Code K_and K_acurvesusingtwo high-copper
welds. Statisticalanalysesof the K_ resultsshowthatthe irradiation-inducedshiftsof the
mean fracturetoughnesscurves and curvesfit to boundthe data are greaterthanthose
of the Charpy impact energy curves and that the slopes of the mean curves have
decreased somewhat;the lowerboundary curvefor the highestcopperweld exhibitsa
significantdecreaseinthe slope. Thismeansthat currentprocedures,whichassumethat
fracture toughness changes are the same as Charpy impact changes, are
nonconservative. A final report on thisprojectwas published. For the SixthSeries on
irradiated crack-arrest toughness, testing of duplex crack-arrest specimens was
completed,andpreliminaryanalysesof the resultsindicategood comparisonbetweenthe
irradiation-inducedcrack-arresttemperatureshifts and the Charpy impact shifts. The
Tenth Series involvesirradiationof the LUS weld material removed from the Midland
Unit 1 reactorvessel that was installedbut never operated. The weld metal from that
reactor vessel is identicalto that identifiedas the controllingmaterial (for pressurized



thermal shock analyses) in at least five operating nuclear reactors. For one
characterizationstudy, a report was written that documented the wide variation in
transitiontemperature,as well as a veryw!de variationin copper contentand different
distributionsof copper contentin the beltlineand nozzle coursewelds, that will require
usto considerthe weldsas twodifferentmaterialswithinthe irradiationstudies. Baseline
fracture toughnesstesting for both the beltlineand nozzle course welds has been
completed,and a comprehensivereport is in preparation.The designof large capsules
for irradiationsin the Ford Reactor at the Universityof Michiganwas completed, and
irradiationof the firstcapsule is unde'rway. A new task has been initiatedregardingthe
use of thermal annealing to recover radiation embrittlement, and the design of
experimentsis under way. Considerableevaluationswere conducted for the USNRC
regardingirradiationembrittlementand fracturetoughnessof the YankeeNuclear Power
Station reactorpressurevessel.

Fracture toughness tests were continued with advanced nickel aluminides for the AIC
Materials Program and with advanced iron aluminides for the Fossil Energy Materials
Program (FEMP). For a cast Ni3AIalloy, relatively good fracture toughness in a ductile-
tearing mode was exhibited from room temperature to 600°C while tests at 650°C
revealed a substantial reduction in fracture toughness and a change in fracture mode to
interdendritic fracture. At 650°C, the yield strengths of both the wrought and cast
materials remained high. Efforts on the Fe3AIalloy system have focused on reduced-
aluminum alloys with aluminum content as low as ~8%. Such a decrease in the
aluminum content results in substantial reduction of the transition temperature (from
~ 300 to 150°C) and increase in the upper-shelf energy but also produces an alloy that
does not have an ordered structure. Investigations with other variations of alloy content
are continuing. These testing programs have demonstrated the necessity of evaluating
the fracture toughness properties of ali the materials proposed for structural applications.

Forthe ANS Program, mechanical propertyand fracture toughness tests were conducted
with the 6061-T651aluminum plate procured for the irradiation effects project and showed
relatively low fracture toughness of the aluminum alloy in the unirradiated condition.
Testing of the first group of specimens irradiated to 1 × 10t2 neutrons/cm2(thermal) in the
HFIRwas completed and revealed only a slight irradiation-induced increase of the yield
strength and a slight decrease of the fracture toughness. Irradiation of the next capsule
to a higher neutron fluence (1 x 102_neutrons/cm2) is under way in the HFIR. The results
from the irradiation experiments will be used to make judgments regarding replacement
schedules for the core pressure boundary tube in the reactor.

For the MFE Program, Charpy impact testing of subsize specimens of LAMs continued
with variants of unirradiated 3Cr alloys containing alloying additions of such elements as
tungsten, vanadium, carbon, molybdenum, tantalum, titanium, and boron. The alloys are
also given normalization h_'.tttreatments with variations in tempering temperatures and
times. For the Internation_IThermonuclear Experimental Reactor (ITER)Program, studies
were performed that involved the development of fracture toughness testing techniques
with miniature disk-shaped compact specimens (about 5 mm thick and 12 mm in
diameter) and testing of irradiated disk-shaped specimens. The materials currently under
evaluation include several variants of type 316L stainless steel. Tests of unirradiated
specimens have shown that these miniature, disk-shaped compact specimens can be



tested under remote conditionsin a hot cell. Testingof irradiatedspecimenshas begun
withsuccessfultests having been conductedfrom roomtemperatureto 200°C.

1.4 MATERIALSJOINING- S. A. David

The MaterialsJoining Group continuesto conduct R&D for the Basic Energy Sciences
(BES),FossilEnergy,AIC Materials,SNP,FusionEnergy,Officeof NavalResearch(ONR),
and NPR Programs. Also,severalCooperativeResearchand DevelopmentAgreements
(CRADAs)have been establishedjointlywith industries. In addition,the groupprovides
a wide variety of joining-relatedservices to the Oak Ridge Y-12 Plant and to other
divisionsat ORNL.

At the request of DOE, ORNL coordinatesthe activitiesof the national BES Welding
Science Programsinthe UnitedStates. Thisincludespublicationofan annualnewsletter.

The in-house BES Fundamental Welding Science Program investigates the physical
metallurgyof weldmentsand developsthecapabilityto predictweld-metalmicrostructure
and properties. The program consistsof four major parts relating to the study of
(1) mathematicalmodeling,and its verification,of weldingprocesses; (2) solidification
behaviorof weld metal; (3) correlationof thermalhistoryand phasestabilityof weldment
microstructure;and (4) activitiesrelatedto coordinationof BESwelding programsand
ORNL-industrycooperativeprograms.

Existingmathematicalmodels of transport phenomena are being applied to investigate
microstructuraldevelopment and are also being extended to include other realistic
welding processessuch as multipassweldingwith filler-metaladditions. Solidification
studies emphasize an understanding of the development of fusion zone (FZ)
microstructuresfrom a fundamentalviewpoint. These studies includethe applicationof
singlecrystalsand rapidsolidificationtechniques. Phasestabilitystudiesconcentrateon
the stability of HAZ microstructuresand the response of the FZ microstructureto
elevated-temperatureexposure. A rangeof weldingprocessesis utilized,includinghigh-
power beam techniques. The microstructuralcharacter and behavior of welds are
evaluated using optical microscopy,analyticalelectron microscopy(AEM), indentation
mechanicalpropertiestesting,instrumentedCharpyimpacttesting,andthermomechanical
simulation.

We are continuing to use single-crystalwelds in order to increase our understanding of
the factorsthat influencethe developmentof FZ microstructures.Electronbeam (EB)
weldingand extensivemetallographiccharacterizationwere usedto studythe formation
andselectionprocessesindendriticmicrostructuresthatoccurduringtheweldingof two
differentlyoriented Fe-15Ni-15Cr single-crystalpieces. In general, the bicrystalweld
microstructureis a simple compositeof microstructuresexpected in each of the two
single-crystalhalves. A computationalmodelwasusedto predictthesurfacetemperature
distributionof the gastungstenarc (GTA)weld pools in 1.5-mm-thicktype 304 stainless
steel. The welding parametersfor the calculationswere chosen to correspondto an
earlierexperimentalstudythat producedhigh-resolutionsurfacetemperaturemaps. One
of the motivationsof the present study was to verify the predictivecapability of the
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computational model. Comparison of the numerical predictions and experimental
observations indicates excellent agreement, thereby verifying the model.

Interrupted creep tests were performed at 650°Con types 308 and 308 controlled residual
elements (CRE)material in both the homogenized and as-welded conditions to examine
the effect of stress on the aging behavior of these steels. The microstructures were
evaluated in order to determine the mechanism by which CRE additions, and specifically
titanium additions, improve the elevated-temperature creep properties of type 308
stainless steel. The Ti-modified type 308 stainless steel exhibits a considerably lower
steady-state creep rate, which results in a longer rupture life. In addition, the modified
material has a more uniform distribution of precipitates than the unmodified alloy. The
continuous network of carbides found in the unmodified type 308 steel, along grain
boundaries (GBs) [homogenized material] or at the ferrite/austenite interfaces (weld
material), is avoided. This continuous carbide network in the type 308 steel provides sites
for the nucleation of extensive intergranular cracks during tertiary creep.

For the Radioisotope Thermoelectric Generator (RTG)Space Program, test procedures
have been established to assess the relative weldability of iridium alloys on a batch-to-
batch basis. To date, over 30 production batches have been evaluated, showing a wide
range of hot-cracking sensitivity as measured by the sigmajig test. Recycled iridium alloy
has been shown to have a higher sensitivity to hot-cracking than virgin material for
reasons that are not yet fully explained. The sigmajiq test is also being used to
characterize developmental iridium alloys.

The MFE Program has involved development of welding procedures and parameters and
weldment properties evaluations for the ITER,with emphasis on thick-section welds. The
electroslag welding process is being used to join stainless steel up to 8 in. (200 mm)thick
in a single pass. Mechanical properties tests include yield strength, tensile strength,
toughness, and fatigue crack growth rate at room temperature and 77 K.

The AIC Materials Program emphasizes development of weldable FeAI-type alloys, both
for use as monolithic structural materials and as weld overlay cladding on stainless or
low-alloy steel substrates. Resistance to hot-cracking in these alloys was found to be
higher, dependent upon alloy composition (particularly boron, carbon, and niobium).
Excellent weldability was achieved with some compositions, and cold-cracking could be
avoided for ali compositions by the use of preheat and postweld heat treatment. Efforts
are under way to develop a shielded metal arc (SMA) electrode formulation to deposit
some of the desired alloy compositions.

The FEMP has been concerned with improving the weldability of Fe3AI-typealloys. A
wide range of hot-cracking sensitivity was determined using the sigmajig test. Additional
alloy compositions are being evaluated with the goal of optimizing both mechanical
properties (primary creep strength) and weldability. As with the higher aluminum content
alloys, preheat and postweld heat treatment are necessary to avoid cold-cracking.

A Defense Programs (DP) CRADAhas been prepared with the Oak Ridge Y-12 Plant and
Edison Welding Institute to characterize and standardize weldability test techniqJes. The
proposed program would involve redesign of the sigmajig test system, fabrication of a
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new unit, and participation in a round-robin test program to evaluate and standardize
severalweldabilitytest techniques.

Ceramic brazing studies continue to be supportedby the Ceramic Technology Project
(CTP), andthe emphasisof thisactivityduringFY 1992 was on high-temperaturebrazing
of silicon nitride. Joints of Ti-vapor-coatedSi3N4 were made by vacuum brazing at
1130°C and used to providespecimens for flexure testing at room temperature. The
resultsindicatedthat annealingat temperaturesup to 700°C for times up to 100 h does
not adverselyaffectjointstrength. Testingat 800°C resultedin a large decreaseof joint
strength, and the cause of this behavior was investigated metallographically.
Microchemicalanalysisshowedthat some decompositionof the Si3N"occurred during
brazing. However,no unusualenrichmentof Si was found inthe reactionlayersnearthe
brazed surfaces, and the exact cause of the strength decrease at 800°C was not
determined. Furtheranalysisof thisbehaviorwasplanned. Also,thepack_ge developed
by GTE Laboratories,Inc.,on a subcontractwe monitoredfor analyzingthe stressstate
of ceramic-to-metaljoints and their behavior under applied loads was transferredto
computersat ORNLand set up for generaluse. A licensefor the ABAQUS softwarewas
purchased,and thisfiniteelementanalysisprogramwas installedon an IBM RISC6000
workstation.The ABAQUSportionof the analysisof ceramic-to-metaljointsby GTE was
rerunto verifyitsoperation.Work to runthe fullanalysis,includingthe treatmentof failure
using CARES, is continuing.. Also, materials acquired from GTE were prepared into
specimensfor a variety of experimentsaimed at examiningthe materials'systemsthey
developed in more detail, optimizingbrazingconditions,and ultimatelyimprovingtheir
mechanicalproperties.

Further evaluationsof the welding and fabrication characteristics of Ni3AIalloys are being
supported by the AIC Materials Program. The ability to produce reasonable quantities
(one to several kg/batch) of welding wire is critical to a detailed investigation of the
welding characteristics and weld properties of the Ni3AIalloys. However, the production
of wires for use as welding consumables by routine metal-working operations is
problematic, owing to the high strength and limited ductility of many Ni3AI alloy
compositions. Wire can be produced by techniques other than conventional rolling and
drawing, and several of these alternatives were investigated for making an IC-221W
welding consumable material. The wire-making techniques evaluated included
approaches based on rapid solidification processing, mechanical cladding, metal-powder-
cored tubular wiremaking, and various powder extrusion methods. Also, lO-mm-thick
plates of the cast IC-221M alloy were welded together using the GTA process and
IC-221W filler metal. The weld contained only minor defects and was sectioned
transverse to the weld axis to provide several weldment tensile specimens. Tensile
testing indicated that excellent strength was maintained in the weldment up to 900°C, the
highest testing temperature used. A small effort was also initiated, in conjunction with an
industrial partner, to develop a flux system suitable for making coated electrodes for SMA
welding. Part of this project also involves participation in CRADAs with General Motors
Corporation (GM), Saginaw Division, and Metallamics to develop Ni3AIalloys for use in
a variety of heat-treating applications. This program involves significant industrial
interactions in addition to the CRADAs.
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The emphasis of the modeling activities under the ONR Program on residual stresses is
aimed at understanding the thermal stresses and metal movements caused by the thermal
effects that occur during welding. This program will coordinate with the work that is being
performed at Carder Rock Division,Naval Surface Warfare Center, Annapolis Detachment
an_ :he National Institute for Standards and Technology (NIST), which aims to
experimentally measure the residual stresses developed in a model two-phase material
during welding. A coupled thermomechanical model will be developed to evaluate the
residual stresses generated in a single- and multi-phase material, due to nonuniform
thermal distribution, that are generated during welding. The study will take advantage of
the considerable advancement made at ORNL in the realistic prediction of the thermal
distributions in the weldment. The predictions of the model will be compared with
experimental measurements (using neutron diffraction) of residual stress distributions in
the weldment. If any discrepancy is observed, the computational models will be
adequately modified. Upon verification, the computational models will be used to study
the effects of process parameters, the weld geometry, weld preheat, etc., on the extent
and distribution of residual stresses.

In 1992,under the DP CRADAinitiative, a multi-lab (MMES, Lawrence Livermore National
Laboratory, Los Alamos National Laboratory, and Sandia National Laboratory) program
was developed for lightweight materials with GM. The Materials Joining Group has the
technical lead for the welding task under the DP-Lightweight Materials Program. The
program involves the development of a real-time,on-line control of welding for automotive
applications.

The emphasis of the weld modeling subtask under the materials by design CRADA is to
develop computational modeling tools for analyzing welded structures. The program
involves developing and implementingthe necessary modeling tools and user-friendly pre-
and post-processing interfaces. The purpose is to develop a simulation software for the
design and optimization of production welds. The goal of the effort is to carry out
research that will lead to the development of a new and unique material/thermal/
fluid/mechanical-coupled software package for predicting weldment behavior during
welding. Such a simulation software would result in substantial improvements in the weld
quality and reliability and minimize in-service catastrophic failures.

The technical lead for developing the welding technology and procedures, which are in
strict compliance with applicable Military Standards for submarine fabrication, continued
for the SEAWOLF Project. Fabrication of the propulsor remains nearly on schedule.
Analyses and refinement of the processes continue to provide improvements in
manufacturing and cost reductions for future propulsors. Additional projects for the Navy
are being examined and estimates prepared as they are requested of MMES.

Joining support continued for the ANS Corrosion Test Project, which is examining the
oxidation behavior of aluminum alloys under expected thermal-hydraulic conditions.
Additional alloys having potential application for this reactor were fabricated into test
specimens this year.

The reference blanket attaching-lock design for the ITER Project is multiple-welded
connections. A study was conducted to establish the feasibility of the multiple-welded
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connector or '_velded bolt" design. The effort was aimed at welding and cutting
prototypicconnectorsin a mock-up of the 2-cm gap between blanket/shieldmodules.
A specialgas metalarc-weldingheadwas designed,fabricated,and successfullytested
in the mock-up.

As part of theactivitiesto examinealiaspectsof thegeneralpurposeheatsource(GPHS)
iridium-cladvent set r)roductionat Y-12, welding fabrication by the laser and EB
processes was thoroughly reviewed. This included identificationand correction of
deficienciesin equipment,fixtures,and procedures. Mostof thecorrectiveactionshave
been completed. Technicalsurveillancewill be conductedduring 1993 to ensure the
continuationof high-qualitycomponents.

1.5 MECHANICALPROPERTIES- C. R. Brinkman

The MechanicalPropertiesGroupdevelopsandanalyzesdata for metals,ceramics,and
polymers;qualifiesnewmaterials;andprovidesmaterialsengineeringsupportforongoing
energy-and defense-relatedprograms.Duringthe reportingperiod,we receivedsupport
from the followingprograms: examinationof Advanced Liquid Metal Reactor (ALMR)
components, 5%; Fossil, 10%; Conservation, 20%; NPR, 25%; SNP, 15%; and
miscellaneous,25%. The overall effort on these programs was in characterizingthe
elastic,plastic,creep, fatigue,andcreep-fatiguepropertiesandstudyingthe influenceof
environmenton the mechanicalbehaviorof base metals,weldments,and ceramics. Our
laboratorycontainsa widevarietyof uniaxialandmultiaxialequipmentfortestingmaterials
inair,high-vacuum,and gaseousenvironments.Afterstatisticaland parametricanalyses
of generated data, we store and/or present it in a form useful to engineers or code
developersfor design. We serve on several important ASME and ASTM committees
developingdesign rulesand test methodstandards.

Data developmentand analysisfor the materialstechnologyto design and to license
MHTGR-NPRnuclearpowersystemsemphasizedcollectionof informationon mechanical
properties,thermalstability,and behaviorof wroughtmaterialsandweldments.Structural
and steamgeneratoralloysunderinvestigationincluded21/4Cr-lMo(includingaged and
decarburizedmaterial),A533 grade B steel,and Alloy800. An extensiveamountof time
was spent evolvingtest plans and proceduresduring this period. This program is
expectedto concludeduring FY 1993.

Emphasiswas placed on characterizationof modified Alloy 800 and associated filler
materials in the temperature range of 500 to 800°C for fossil plant applications.
Evaluationwas continued on nitrogen-bearingstainless steels that had seen up to
100,000 h of service in main stream line applicationsin support of fossil plant life-
extensionefforts. Evaluationwas completedof materialsand design for tube sheetsin
hot-gas cleanup systems. Efforts were initiated aimed at developing CRADAs for
metallurgicalexaminationof bellowsandsteam tubing. Developmentwas completedon
a modified 310 stainless alloy that has a creep strength greater than Alloy 800HT to
temperaturesof 925° C.

Creep and tensiletesting of refractorymetalalloys (Nb-lZr and PWC-11) continuedin
supportof the Space Reactor(SP-100)Program. Test temperaturesrangedfrom 977 to
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1427°C under high-vacuum conditions. The work involved tensile and creep testing as
well as helping to coordinate work at other laboratories in support of program needs.
Determining the effects of irradiation on the tensile properties of rhenium was continued.

Critical to the development of advanced automotive technology using ceramic
components (e.g.,gas turbines) is the development of a mechanical properties data base
for candidate structural ceramic materials. During the period, exploratory tensile, creep,
and fatigue tests continued on a number of structural ceramics at both room and elevated
temperatures. These tests were conducted with unique specimen grips developed at
ORNL, which are now available from a commercial source. Ten creep frames were
operational for the _esting of ceramic materialsfor advanced engine development. These
systems can test uniaxial specimens and control the load and specimen alignment. A
high-temperature, laser-based, noncontacting extensometer developed in this laboratory
was used to make highly precise creep-strain measurements. Considerable creep data
were generated on silicon nitride and models developed for predicting creep and rupture
behavior. Paperswere written covering work performed and submitted to various journals
for publication.

We served as program monitors for several large programs in private industry aimed at
developing the methodology for life prediction of monolithic ceramic components and
continued our ceramic mechanical and physical properties computerized data storage
program in support of advanced heat engine development. An international symposium
was organized covering life prediction of ceramic components operating at high
temperatures.

An autoclave facility was developed for fatigue testing of various alloys in hydrogen at
pressures up to 35 MPa. The work was in support of National Aeronautics and Space
Administration (NASA) activities and involved fatigue testing of Alloy 718 at room
temperature. We acted as a round-robin monitor coordinating the work of other
laboratories doing similar work for NASA.

We initiated work on determining the high-cycle fatigue properties of metal-matrix
composite alloys via a CRADAagreement with GM.

1.5 MATERIALSPROCESSING- V. K. Sikka

The Materials Processing Group deals primarily with the development of novel methods
for melting, casting, powder making, metal-martix composites and near-net shapes,
cleaning of liquid metals, and materials processing. The development of these methods
is supplemented with process models. The Materials Processing Group is also
developing methods for successful processing of intermetallic alloys such as nickel
aluminides, nickel aluminides containing chromium, nickel aluminides containing iron and
chromium, iron aluminides, and titanium aluminides. The group has a significant program
for the fabrication of iridium sheet to provide iridium containment in support of space and
terrestrial isotopepower supply systems, lt also has the responsibilityfor transferringto
U.S. industrytheprocessingtechnologyfornickel-aluminideand iron-aluminidealloysand
other novel fabricationprocesses being developed. The group is also very active in
developing CRADAswith industry.
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The Materials Processing Group fulfills the metal processing needs of the other groups
in the M&C Division and does work for other divisions of ORNL as well as other
facilities operated by MMES. Processing work is also carried out for other national
laboratories, universities, and industries. Specific projects worked on and key
accomplishments for FY 1992 are listed below:

1. Ductilization and Processina of Iron Aluminides. Iron aluminides are low-costw

materials for highly oxidizing and sulfidizing environments. The use of these alloys
has been limited because of their very poor room-temperature ductility (_<5%).
Several researchers have attempted to improve the ductility of these materials over
the last 50 years. Only during 1982 through 1984 were the ductility values of
these materials increased to 8 to 9%. During FY 1988 and 1989, the ductility
values of Fe3AI-based alloys have been increased in the range of 15 to 20%. The
ductility improvement has been obtained through thermomechanical processing and
heat-treatment control. The ductile Fe3AI alloy won the R&D 100 Award for 1990.

lt was recognized that the environmental effect was the primary cause of low
ductility of iron aluminides. The environmental effect is related to the generation of
hydrogen through the reaction of aluminum in the alloy with the moisture in the air.
The surface-generated hydrogen diffuses into the alloy during straining and causes
the hydrogen embrittlement. A systematic study was conducted on the effects of
aluminum content on the extent of the environmental effect. The study revealed that
the alloys containing <16 at. % AI are free from the environmental effect. This
information has led to the development of new alloy compositions based on Fe-16 at.
% AI. These compositions possess room-temperature ductility values of 25 to 28%
in the wrought condition. A patent application on these compositions was filed.

The iron aluminides, including the new compositions, are now licensed to four
companies: Ametek Specialty Metals Division (Eighty Four, Pennsylvania); Hoskins
Manufacturing Company (Hamburg, Michigan); Harrison Alloys (Harrison,
New Jersey); and Cast Masters (Bowling Green, Ohio).

2. Processing Technology and Mechanical Properties of NickeI-Aluminide Alloys.
Castings were identified to be the most needed products for near-term applications
of the nickel-aluminide alloys. During FY 1992, the effort continued in optimizing
the casting process parameters. These included the pouring temperature, cooling
rate, and the mold material. The effort was carried out jointly with PCC Airfoils,
Inc. (Douglas, Georgia); Cummins Engine Company (Columbus, Indiana); and the
University of Cincinnati (Cincinnati, Ohio). The pouring-temperature and the
cooling-rate requirements to minimize casting defects and maximize mechanical
properties were established through the joint work between ORNL and PCC Airfoils.
A detailed solidification study on the same alloy compositions was completed at the
University of Cincinnati. This study provides correlations between the casting-
defect characteristics and the solidification conditions. The solidification conditions
include the cooling rates, vacuum on degassing, and the use of grain refiners. Good
agreements were observed between the correlations developed in the solidification
study and the actual castings poured at the commercial caster, PCC Airfoils.

The cast nickel-aluminide test bars show nearly two orders of magnitude improved
fatigue life at 650°C over the commercial nickel-base aiicy, IN-713C. However, a
potential source for lower fatigue properties in nickel aluminide exists for
conditions where it reacts with the casting shell material. The reaction depth is



16

generally 1 to 2 mil and appears as oxide particles. Joint efforts between ORNL and
PCC Airfoils are under way to eliminate the near-surface reaction or to minimize it
to an acceptable level. The successful completion of this effort will result in the
commercial use of nickel aluminide as turbochargers in diesel engines made at
CumminsEngineCompany.

3. Iridium Processing. The production of defect-free ingots (63 mm diam) of iridium
alloy continued during the last year. The extrusion temperature and ratios
continued to work effectively for ali ingots p_oducedduring the last year. The yield
of blanks produced from 63-mm-diam =ngotscontinued to exceed 85%.

To meet the production requirements for iridium, two major pieces of equipment
were installed. These included a 150-kW EB furnace and a computer-controlled
consumable-arc furnace. For use in iridium production, these furnaces required
comprehensive operating procedures and qualification steps. During FY 1992, the
operating procedures were completed for both furnaces. Tests are currently under
way on the product made in these furnaces. Successful completion of these tests will
yield the qualification of these furnaces for iridium production.

4. Sand-castingFacilityand SolidificationModeling. A sand-casting facility was added
to the Materials Processing Group. lt is a complete facility including: blending of
sands, mold making, melting, and pouring into the molds. A new 100-1b air-
induction furnace was added to this facility to meet the molten-metal requirement
for some of the sand molds. The facility is also equipped with temperature
monitoring of the molten metal and the computerized data acquisition system (DAS)
for monitoring the solidification behavior. The facility has already been used for
sand castings of nickel and iron aluminides. This facility is closely coupled with the
solidification-modeling capability. The modeling capability includes features such
as mold filling, heat flow, and fluid flow. These models are also capable of helping in
the development of quality criteria for castings.

5. $uDerconductor Fabrication. The effort on the fabrication of long lengths of
multifilament, high-temperature superconductor material continued during 1992.
The primary emphasis was on the development of deformation-processing
requirements to yield high-current density. A new process has been identified to
produce high-current density ribbons. A patent application for the process was
filed. A systematic approach leading to the development of a commercial fabrication
process is currently under way.

6. GRADAs. A three-year CRADA was signed with GM-Saginaw Division (Saginaw,
Michigan) for the use of nickel-aluminide parts in heat-treating furnaces. As part
of the CRADA, ORNL and GM are working jointly to optimize the casting process for
the commercial manufacturing of parts required by GM. The CRADA work also
includes the development of mechanical properties and microstructures on the cast
parts. During FY 1992, two joint casting trials were carried out at Alloy
Engineering & Casting Company (Champaign, Illinois), a supplier for GM. The
parts cast during these trials have been shown to have the mechanical properties
comparable to those developedon small experimentalheats cast at ORNL. Effortsare
currently under way to finalize the mold requirements, melting requirements,
pouring temperatures, and weld repair of castings. The first part from these trials
will go into actual furnace testing during March 1993.
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The use of nickel aluminideby GM is expected to result in substantial savingsin
heat-treatingproductioncosts.

7. Technology Transfer. Significant effort was spent in the transfer of various
technologiesto industries. Thiseffort involvedcommunicationthroughtelephone
calls, technology transfer meetings, and personalvisits. A large effort was also
devoted toward supplyingsample materialsto variousindustriesand universities.
One additionallicense on the productionof iron aluminideand a CP,ADA with GM
resultedfrom this effort.

8. Work for Others(WFO). Workwascarriedout inthe MaterialsProcessingGroupfor
Wright PattersonAir Force Base (through UniversalEnergy Systems), Cummins
EngineCompany,AMAX, NASA,SouthwestResearch Institute,AllisonGas Turbine
Division,Textron Lycoming,Idaho National Engineering Laboratory (INEL), and
several universities.

1.7 NONDESTRUCTIVETESTING- D. J. McGuire

The NDT Group develops new and improved methods and equipment for nondestructive
examination (NDE) and characterization of materials and components. Typical projects
include theoretical studies and computer modeling, design and development of
instrumentation and equipment, development of techniques and test procedures, and
transfer of technology to users. The tasks require a broad base of multidisciplinary tools
comprising expertise and equipment inultrasonics, thermal imaging, dye penetrants, eddy
currents, and penetrating radiation. Applications of NDT methods are of interest to a
number of sponsoring agencies, including the DOEand USNRC. Technical development
and support services have also been provided in cooperation with other ORNL divisions
and for outside agencies through the WFO Program.

Our work for DOE in ceramic materialshas been expanded this year to include two major
programs: the Ceramic Technology for Advanced Heat Engines (CTAHE) Program and
the Continuous Fiber Ceramic Components (CFCC) Program. In both of these programs,
there is interest in NDE applications for flaw detection and materialscharacterization. For
CTAHE,we have concentrated on detection of flaws in monolithic ceramic test samples
and engine components using ultrasonic and radiographic methods. We have developed
and tested several ultrasonic approaches including high-frequency focused transducer
scanning and synthetic aperture focused transducer systems. Radiographic methods
haveincluded both film radiography and advanced X-ray computerized tomography (CT).
For the CFCC materials, the properties of the interface between the ceramic matrix and
the reinforcing fibers are of interest. Weare investigating this through ultrasonic nonlinear
acoustic analysis. Excellent images of the fiber/matrix geometry have been produced by
both CT and digitized film radiographs. We have also made some exploratory analysis
of silicon carbide CFCC materials using eddy-current through-transmission.

We continued our component inspection development and support for the DOE SNP
Program. We completed and qualified an automated evaluation method for carbon
composite component radiographs and continued our inspections of iridium blanks by
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ultrasonic, dye penetrant, and visual methods. Some progress was made toward
automationof the visualinspectionmethod.

ResearchtowaroNDE methodsfor characterizationof reactorcorestructuralgraphitehas
continuedfor the DOE Officeof New Productior.,_eactors(ONPR). Ourapproachto this
work involvededdy-currentmeasurementsof graphiteelectricalconductivityfor surface
and subsurfaceflaw detectionas wellas characterizationof oxioationerosion.

As a resultof recentemphasison improvementof in-serviceinspectionof aging nuclear
powersteamgenerators,our programsfor the USNRChave expanded. We haveadded
new computercapabilityandthe abilityto analyzefield inspectiondata inthe laboratory.
We have providedUSNRC oversightfor a numberof industryinitiativesfor resolutionof
steamgenerator inspectionissuos. We have also designed a new eddy-currentprobe
due for fieldtestingin 1993 thatshouldprovidehighsensitivityfor steamgeneratortubing
flawswhileallowingefficient,high-speedinspectionrates.

Under U.S. Air Forcesponsorship,we completedtwo studies. One for the development
of neura.inetwork analysisof eddy-currentsignalsresultedin severalpresentationsand
the publicationof ORNL/TM-12172, The L/I_ART/Neural Network System. The other
involvedCT imagesof asphalt/aggregatemixturesun0ervaryingconditionsof staticload.
A portableload machinewas mountedto the CT systemfor the studythat willultimately
resultin improvedasphaltic_oncretefor airportrunways.

For NASA, we have begun studies for flaw detection and service life predictionfor
ceramic electrolyte tubes used in sodium-sulfurbattery cells. In addition to film
radiography,whichwe havedemnnstrat_clto be able to detect both hairlinecracksand
processdensityvariations,we haveusedan ultrasonicresonancesystemto characterize
the tubes. The resonance system with planned upgrades should prove valuable for
testingof a varietyof metaland ceramicmaterials.

A numberof otheractivitieshavereceivedNDTsupportthroughWFO or otherlaboratory
programs. We havecontinuedthroughGRNLseed-moneygrantsto pursuemethodsfor
nondestructivedeterminationof irradiationembrittlementof reactor steel components.
This has included both magnetic signature analysis and a new approach using
microcr_ck analysis of localized thermal shock zones. We h_ve begun a project for the
Navy to idtrasonically assess machining and grinding d-'-,,,ge in ceramic components.
We made high-quality radiographs to assist in evaluation of weld porosity in research
reactor test fixtures. We continued a service program for eddy-current thickness
measurements ol oxide layers on aluminum cladding for reactor applications. We are
participating with Pacific Northwest Laboratory and the USNRC in a project for statistical
evaluation of flaw distribution in the ORNL-Pressure Vessel Resgarch User Facility
reactor vessel.

1.8 MATERIALSAND PROCESSMODEUNG COORDINATION- T. Zacharia

In the past year, the M&C Divisionhas become active in several projects involving
modeling of materialsand processes. Withthe establishmentof the High-Performance
Computing Center at ORNL and industry'sstrong interest in modeling of materials
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processingactivities,there is a significantopportunityfor increasedinvolvementby the
divisionin this rapidlygrowingarea. The Materialsand ProcessModelingCoordination
Taskwas initiatedto take advantageof theopportunitiesin.modelingand simulationsand
to ensureeffectivecoordinationamongthe variousmodelingprojects.

The division was very successful in developing modeling projects under the DP
Technology Transfer Initiative. These include modeling of forming, casting, heat-
treatment, and welding processes under CRADAs with GM, the National Center for
Manufacturing Sciences, and Concurrent Technologies Corporation, respectively.
Additionally,the divisionis providingthe technicallead for ORNL in a multi-institutional
Automotive Computing Initiative. The objective of this initiative is to assist the

0_ U.S. automotiveindustry in becomingmore competitivein the world marketplace,while
meeting the broad industry and national goals in energy, environment,safety, and
manufacturing by appropriate use of advanced computing and communications
technologies.



2. HIGH TEMPERATUREMATERIALS

V. J. Tennery

A major objective of the research in the High Temperature Materials Section is to
characterizethe microstructureof materialsand to understandhow the microstructure
controlsphysicaland mechanicalproperties. Anothermajorfunction is to provideone
of the primpryinterfacesbetweenthe M&C Divisionand materialsresearchersoutside
ORNL,whovisittheLaboratoryas users. Researchachievementsofthispastyearclearly
exemplifythese objectives.

A brief descriptionof the High TemperatureMaterials Laboratory (HTML) User Program
and the accomplishmentsof the Metallographyand Technical Photography Groups
follows.

Two new initiatives,the HTML Fellowship Programand the Ceramic Manufacturability
Center (CMC), were established in the HTML during this report period. The HTML
FellowshipProgramwas conceptualizedand approved as a means of assistancefor
increasingthe numberof highlyqualifiedmaterialsscientistsand engineersto conduct
the advanced R&D necessary in the future. The CMC, a partnershipbetween DOE
Officesof Conservationand RenewableEnergy,DP, and EnergyResearch(ER),willfocus
on the developmentand demonstrationof advanced machiningof structuralceramics.
A descriptionand summaryof the statusof these two new initiativesalso follow.

2.1 HIGHTEMPERATUREMATERIALSLABORATORYUSER PROGRAM- F. M. Foust

The HTML UserProgrambecameoperationalin FY 1988. This UserProgramis the focal
pointat ORNLfor interactionbetweenresearchersfrom industry,universities,and ORNL
in their pursuitof developingbetterhigh-temperatureceramics.

During this report period, instrumentswere installed in two new user centers (X-ray
ResidualStressand Ceramic Specimen Preparation)that were approved in FY 1990.
Thesetwo centersare now fullyoperational.

Instrumentslocated in the six user centers of the HTML (Materials Analysis, X-ray
Diffraction,PhysicalProperties,MechanicalProperties,Ceramic SpecimenPreparation,
and ResidualStress)were utilizedby 77 researchersfrom 49 institutions(23 industries,
24 universities,and 2 other governmentfacilities). These outsideusersaccrued a total
of 5379 user days. There were 148 researchersfrom MMES, who accounted for an
additional6482 user days duringthis time period.

A descriptionof the researchcapabilitiesavailableinthe HTML User Programis givenin
the High Temperature Materials Laboratory, Metals and Ceramics Division, Fifth Annual
Report (October 1991 through September 1992) byVictorJ.Tenneryand FeliciaM. Foust,
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ORNLrTM-I::O82 (December 1992). This report also summarizesthe nonproprietary
researchprojectsconductedat the HTML duringFY 1992 by outside users.

Formal useragreementswere executedwith 15 universitiesand 15 industriesduringthis
report period. To date, 179 user agreements have been executed (80 universities,
99 industry, and 5 other governmentfacilities). These totals include 30 proprietary
agreements.

The HTML User Program is funded by the Office of Transportation Technologies,
Conservationand RenewableEnergy, U.S. DOE.

2.1.1 MaterialsAnalysisUser Center (MAUC)-- T.AoNolan

The MAUC utilizeselectron microscopyand surfacechemical analysistechniquesto
characterizethestructureandchemistryofadvancedstructuralmaterials.The information
obtained fromthese characterizationsis usedto elucidatethe mechanismsthat control
material performance. During the past year, user activities with researchers from
universitiesand industrialcompanieshave continuedat about the same level as during
1991. The electron microscopyfacilities are being used extensively,primarilyby the
HTML staff and outside users. The scanning Auger microprobe is also well utilized.
Electronspectroscopyforchemicalanalysisandsecondaryionmassspectroscopyusage
has been very low.

Several important new instrumentshave been added to the suite of user center
instruments.A scanningprobemicroscopeincorporatingboth scanningtunnelingand
atomic force microscopymodes is operational. This instrumenthas interchangeable
heads that allow the surfacesof large items such as ceramic tensile specimensand
metaliographicallymountedspecimensto beimagedwithnear-atomicresolution.Another
major, new addition is a field emissiongun (FEG) transmissionelectron microscope
(TEM). The HitachiHF-2000 200-kV FEG-TEMbegan beneficialoperationin June 1992
(twomonthsaheadof schedule). This instrumentadds two major,new capabilities. On
specimens having ideal geometry, it providesthe highest lateral resolutionpresently
attainableforX-rayelementalanalysis;elementalcompositionof regionsas smallas 1 nm
can be determined, thus greatly enhancing our abilities to analyze ceramic GB
compositions. The field emission source illuminatesthe specimen coherently, thus
allowingelectronholographyto be performed. Electronhologramspreserveimagephase
information(lost in conventionalTEM). Utilizingthe additionalphase information,lens
aberrationcorrectionscan be made that should result in greatly improvedresolution
(possiblyreachingthe 0.1-nm level). Also, magneticflux quanta can be imaged, and
specimenthicknessvariationsof less than 0.05 nm can be determined. The firstyearof
a three-yearDirector'sFundinitiativeto developelectronholographyhasbeencompleted,
and we are now routinelytaking high-resolutionelectron hologramson the HF-2000.
Dr. E. Volkl, an internationalleader in electron holography,has joined our staff as a
postdoctoralfellowto assistin the holographyproject.

Bothinternaland externaluserr_,;earchprojectshaveproducedsignificantresultsduring
the pastyear. As was reportedpreviously,analyticaland high-resolutionTEM havebeen
used to determinemechanismsof creep and fatigue in Si3N4 structuralceramics. These
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studiescontributedto the reformulationof a manufacturer'sSi3N4ceramic,which greatly
improvedthe high-temperatureproperties. Duringthe pastyear, we have continuedto
developan understandingof the specificstructuraland chemicaldifferencesthat result
inthe improvedhigh-temperaturebehavior.The HF-2000hasbeen usedinthisendeavor
to provide high spatial resolutionelemental analyses of GBs. Both high-resolution
electronmicroscopy(HREM) [usingthe 4000EX] and high-spatial-resolutionelemental
analysis(usingthe HF-2000) have been employedto characterizethe microstructureof
the ytterbia-fluxedKyocera SN-260 priorto and after high-temperaturefatigue testing.
This ceramicprovidesinsightintothe effectsof usinga "non-traditional"sinteringaid on
properties.HRTEMandscanningelectronmicroscopy(SEM)techniqueshavebeenused
to characterize multi-ion-beamreactive sputtered lead lanthanum titanate thin foils.
Changesin electricalpropertieshavebeen relatedto the microstructuraldevelopmentas
a functionof processingconditions.Atomicforce microscopyhas been usedto measure
topographicaldetailsof small indentionsin ceramicmaterialsthat will be relatedto the
mechanicalproperties of the ceramics. The technique has also revealed interesting
growthmorphologiesof chemicallyvapor-deposited(CVD) SiC in SiC/SiC composites,
provided information on the quality of machined Si3N4 surfaces, and shown minute
featurescreated on Si3N4wear (tribology)samples.

2.1.2 Mechanical PropertiesUser Center(MPUC) --M. K. Ferber

A major thrust of the MPUC isto examine the influenceof temperature, time, and applied
stresslevel upon propertiessuchas strength,toughness,fatigue,and creep resistance.
The majorresearchfacilitiesinclude: (1) a FlexureTestFacility(FTF)comprisingsixhigh-
temperatureflexure loadframes; (2) a TensileTest Facility(-r-rF)consistingof eighthigh-
temperaturetensiletestingloadframes,a fiber testmachine,a compositestestmachine,
and servohydraulicuniversaltest machine(UTM) equipped with tension/compression
grips; (3)a general-purposetesting lab comprisingtwo UTMs; and (4)a mechanical
propertiesmicroprobe(MPM) [Nanoindenter]. Currently,one of the UTMs is equipped
witha ceramicretortsothatthe high-temperaturemechanicalpropertiescan beevaluated
in inertenvironmentsor invacuum. In the paragraphsthat follow, detaileddescriptions
of flexure,tension,and indentationresearchfacilitiesareprovided,alongwithappropriate
examplesof data generatedwiththese facilities.

2.1.2.1 FlexureTest Facilityand General-PurposeTestingLaboratory

During this report period, extensiveflexure (and C-ring) testingwas conducted usingthe
FTF, a UTM equipped with a high-temperaturefurnace (designatedas UTM-A), and a
UTM equipped with a high-temperaturefurnace and ceramic retort for environmental
testing(designatedas UTM-E). The FTF isdedicated to high-temperaturefatiguestudies
of structuralceramicmaterialsand consistsof sixtest frameseach havingthe capability
of loadingthreeflexuresamples. For a givenloadframe,the specimenloading can be
specifiedas a functionof time. This featurepermitsthe userto implementa number of
standardfatiguetests including(1) staticfatigue (timeto failuremeasuredas a function
of static stress), (2) dynamicfatigue (fracturestress measuredas a function of loading
rate), and (3) cyclic fatigue (cycles to failure measuredas a functionof cyclic stress).
Fast fracturetesting is also possible.
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The UTM-A electromechanical tester is an Instron Model 6027 instrumentwith a load
capacityof 200 kN (45 kip). The test machineis currentlyconfiguredto apply loadsup
to 10 kN (2245 Ib) attestspeedsrangingfrom 1 i_m/minto 1000 mm/min. The instrument
is controlledusing an electronicconsoleconsistingof a microprocessorand keyboard.
Applicationprogramsare enteredintothe microprocessormemoryviafloppydisks. Data
generatedduringtestingmay be displayedon an x-yrecorderand/or transferreddirectly
to a personalcomputer. A high-temperatureclamshellfurnace capable of generating
temperatures(in air) to 1600°C is currentlymounted on the 6027 test frame. This
instrumentis used to measure (1) creep rate as a functionof stressfor bothflexureand
compressionspecimensand (2) flexureandcompressionstrength(includingloadversus
displacement)as a functionof temperature.Low-frequencycyclictestingis alsopossible
withthis instrument.

The UTM-E electromechanicaltester is an ATS Model 1220 instrumentwith a load
capacity of 89 kN (20 kip). The test machineis currentlyconfiguredto apply loads up
to 20 kN (4490 Ib) at testspeedsrangingfrom50 i_m/minto 50 mm/min. The instrument
is capable of operating in displacement,load, or strain control. A built-in function
generatorprovidesfor simple trapezoidalwaveformsto controlthe displacement,load,
or strainas a functionof time. More complicatedcontrolwaveformscan be generated
by a computerequippedwitha digital-to-analogconverter. Datageneratedduringtesting
are transferreddirectly to the computer using an external DAS. The test frame also
includesa high-temperatureclamshellfurnace equipped with a ceramic retort. Both
compression and flexure tests may be conducted in air, inert gas, or vacuum to
temperaturesup to 1500°C.

Studiesinvolvingflexure(and C-ring)testinghave focusedupon (1) the measurementof
cyclicfatigue behaviorof siliconnitrideceramicsas a function of temperature, (2) the
effect of microwaveannealing of siliconnitrideupon the creep and fatigue resistance,
(3) the relationship between fracture toughness of whisker-reinforcedalumina and
crack/whisker orientation, (4)the evaluation of the strength of SiC-SiC ceramic
composites, (5)the effect of environmentupon the fatigue resistance and retained
strengthof siliconnitride,and (6) the correlationof flexuralcreep data withtensilecreep
data generated for a high-performancesiliconnitride.

2.1.2.2 TensileTest Facility

Eight electromechanical tensile test machines (Instron Model 1380) in the TTF are
equippedwiththe Supergriphydrauliccouplers. The operationof ali test machinesis
controlledwithintegral,electronicloadcontrollersand functiongeneratorsthatallowthree
principaltest modes: ramp at a controlledrate, ramp and hold at a constantload, and
tension-tensioncyclic loading. Ali machinesare also equipped with short (100-mm)
resistance-heatedfurnaces capable of 1600°C maximum temperatureor 1500°C for
sustainedtestingin ambientair. Six machinesare equippedwithcontacting,capacitive
extensometersthat have resolutionsof 0.1 i_m at room temperatureand 0.5 I_m at
1500°C. A Keithley500 DAS and IBM-compatiblecomputer are used to monitor or
controlup to four teststationssimultaneously.
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Aservohydraulictestmachine (Instron1332with 8500 Serieselectronics)isequippedwith
the tension-compressiongrip system. A unique feature of the servohydraulictest
machine isthestate-of-the-artdigitalcontrolsystemthat allowseitherdirectcontrol(load
or displacement)over the testing or remote control of testing by an IBM-compatible
computer and custom softwarevia a general-purposeinterfacebus. Reversedcyclic
loadingcan be accomplishedat frequenciesup to 25 Hz dependinguponthe maximum
displacement.

The test machinesdescribedaboveare designedfor testingprimarilycylindrical,button-
head specimens.Two additionalelectromechanicaltensiletest machines(InstronModel
1380) in the TTF providefor the evaluationof the tensilemechanicalpropertiesof fibers
and flat composite specimens. Fiber testing is achieved through the use of a
pneumaticallyactuated, kinematicfiber-gripsystem. The water-cooled fiber grips are
equipped with flat, titanium grip faces between which the fiber is squeezed without
slippageorgrip-relateddamage. The grippingforce is adjustablethroughchangesinthe
applied pneumaticpressure. Fiber gage length can be varied from 25 to 200 mm for
room-temperaturetesting. Gage lengths of 155 to 200 mm are possible for high-
temperaturetesting using a resistance-heatedfurnace capable of temperaturesup to
1400°C for sustainedtesting in ambient air.

The second electromechanicaltensile test machine is equipped with a hydraulically
actuated, wedge-loaded grip system. The gripping force applied to a fiat composite
specimen is adjustablethroughchanges in the applied hydraulicpressure. Specimen
lengthscan be variedfrom 175 to 250 mm for room-and high-temperaturetesting. The
resistance-heatedfurnace is capableof temperaturesup to 1500° C for sustainedtesting
in ambientair.

During this report period, extensivestudies of the strength, creep, and fatigue behavior
of siliconnitridebutton-headspecimenswere conductedat temperaturesinthe rangeof
900 to 1400°: A majorobjectiveof thesestudieswas to measurethe temperatureand
stresssensitivitiesof the dominantfailure mechanismsand then compare the resulting
experimentaldata to model pr_.dictions.A majorfindingfrom thesetestswas that when
failurewas controlledbycreep _amage generationand accumulation,the f,atiguelifewas
uniquelydeterminedby the steady-statecreep rate (i.e., Monkman-Grarltbehavior). A
secondobjectivewasto verifyt;le expectedimprovementsincreep andfatigueresistance
of a hot isostaticallypressed siliconnitridethat resultedfrom processingmodifications
to the intergranularphase.

2.1.2.3 MechanicalPropertiesMicroprobe

The MPM (the Nanoindenter) is a special microhardness tester capable of operating at
loads in the microgramrange (0 to 20 mN). A high load range (0 to 120 mN) is also
available. Unlikeconventionalhardnesstesters,it is notnecessaryto determinethe area
of an indentopticallyin orderto calculatehardness. Instead,the heightof the indenter
relative to the surface of the specimen is constantly monitored with a sensitive
capacitancegage, thus allowingthe depth of an indentto be determined. The unique
feature of the Nanoindenteris its abilityto measure indent depths to +/- 0.2 nm. The
area of the indentis then calculatedfrom a knowledgeof the geometry of the tip of the
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diamond indenter. The load is also constantlymonitoredwith the resultthat hardnessis
reportedas afunctionofdisplacement.Measurementsofsamplestiffnessfrom unloading
data permita separationof the plasticand elasticcomponentsof displacement,andthe
projectedareas for indentscan be calculatedon the basis of the plasticdepth of the
indents. The elasticmoduliof samplescan also be estimatedfrom stiffnessdata.

Motion of the specimen stage in the x-y plane is also precisely controlled. The indenter
can be positionedwithin2 l_mof any chosen pointon the specimen, and a series of
indents,separatedby stepsas smallas 0.1 I_m,may be made inany geometricalpattern.
The entireoperationof the systemis computercontrolled,and one or severalseriesof
indentsmay be specifiedand carriedout withoutfurther operator intervention.

During this report period, the Nanoindenter was used to (1) evaluate the plastic and
elastic properties of thin films, ion-implantedsurfaces, and laser-annealedsurfaces;
(2) generate load-displacementcurves for silicon microbeams; and (3)measure the
interfacialpropertiesof fiber-reinforcedceramic-ceramiccomposites.

2.1.3 Ceramic SpecimenPreparationUser Center(CSPUC) --B. L. Cox

During this report period, the CSPUC wasutilized for several in-houseprograms. Silicon
nitridecompressionspecimenswere machinedfor use in the MHTGR-NPR Program.
These specimensrequiredvery flat, parallelends and high concentricity. A machining
plan was developed, and the specimenswere machinedon the Junger 4-axis grinder.
The specimenswere successfullytestedinthe MPUC. Also,a numberof fiber-reinforced
silicon carbide matrix composite tubes were machined in conjunction with Virginia
PolytechnicInstitutefor mechanicaltensiletorsiontestingon the CFCC Program. These
tubes had a O.O002-in.tolerance on the OD surface, a length of 8 in., and basically
represented an unknown material to machine. These factors contributed to the
complexitiesof thisproject.

Several enhancements have been made to the equipment in the CSPUC. A Norton
hydraulic wheel dresser was designed and installed as a permanent component inside
the Junger 4-axis grinder. This has involved extensive planning in mounting the wheel
dresser in the precise limited location for the work head to clear the wheel dresser during
machining operations and still be able to reach the wheel dresser during dressing
operations. This is an innovative technique to automate the wheel-dressing operation in
reducing time-consuming setups and give the CSPUC the capability of developing
advanced wheel-dressing technology. Planned experiments on automated wheel
dressing during machining will begin soon.

A special application to fit Harig wheel arbors ontothe Junger 4-axiswork head has been
developed, lt will allow generation of a concentric wheel with an accurate form,
straightness, or taper utilizing the computer numerically controlled (CNC) automated
wheel-dressing operation on the Junger grinder. This would be very difficult to achieve
on the Harig surface grinder alone. A unique arbor adapter for a 0.O06-in.-widediamond-
plated slicing blade has been designed to mount on the Harig surface grinder instead of
a Buehler cut-off saw. lt was used to machine a 0.006-in.-wide slot, 0.354 in. deep, to
create a specially designed specimen for use with the high-temperature Moiri
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interferometryinthe MPUC. This specimenwasthe objectof studyby a visitingprofessor
duringthe summer.

A coolant overflowsafetyshut-offsystemhas been designedand installedon the CNC
grindersin the CSPUC. This has increased productivityby allowingsafe, unmanned,
after-hourusageof theequipment. Otherenhancemer,,_sincludethe additionof a Silicon
GraphicscrimsonworkstationwithPro/ENGINEERsolid-modelingsoftware,COSMOS/M
finite element-modelingsoftware, CIMSTATIONsimulationsoftware, and CARES brittle
materiallife-predictionsoftware.Theworkstationis installedina computerlaboratoryand
linkedvia ethernetto the CNC equipment in the CSPUC. The workstationwill be used
to model ceramiccomponentgeometry and optimizedesignparametersusingthe finite
element and life-prediction software, lt will also be used to program and simulate
machine tool movement of the CNC equipment in the CSPUC and a coordinate
measuring machine (CMM) being installed in the CMC. Actual inspection point
informationfrom the CMM will be displayed and evaluated on the workstation. A
Macintosh-basedmachine tool programmingsystem has also been purchased and
installed. The system is very user friendly and will be used to program simple part
geometries.

A presentation was made on the status and future direction of the CSPUC to the
Workshopon Superabrasivesand GrindingWheel Technologyfor MachiningCeramics
in Oak Ridge, Tennessee, on May 28, 1992. This presentation provided a brief
descriptionof theexistingequipmentandthe userinvolvementas wellas a planfor future
enhancementof existingequipmentand expectedresearchtasks. These plansinclude
instrumentationof existinggrindingequipment along with the addition of ultrasonic,
hydroabrasive,and laser-machiningequipment. Researchtasksincludebasicmachining
studies, grinding wheel development, coolant evaluation, automated machine tool
programming,and a closed-loopsensorfeedback and controlsystem.

2.1.4 X-ray Diffraction (XRD) and Physical Properties User Centers (PPUC) --
C. R. Hubbard

The facilities of these two User Centers provide both XRD and thermophysical property
measurement techniques to characterizestructure, phase content, stability, reactions, and
thermal properties of advanced structural materials. The temperature range of the
facilities is from room temperature to 1500°C and above. The knowledge obtained is
used to improve synthesis, processing, and utilization of advanced materials and to
develop models relating microstructure, phase content, and defect concentration to
properties and performance. Details of the numerous user research activities have been
published in the HTML annual report. A couple of examples are given below, along with
a brief description of facility enhancements.

The automation of the xenon flash instrument for room-temperature thermal diffusivity
measurement, which provides rapid and more accurate measurementsof thermal
diffusivityat roomtemperature,was significantlyexpanded. A longitudinalbar thermal
conductivitycryostatandautomationsystemwasassembled,andtestinganddebugging
have begun. Thissystemwillprovidethermaltransportmeasurementsfrom about 90 to



28

500 K. Such data, in combination with high-temperature data from the laser flash system,
are needed for modeling the contributions of microstructure and defects on thermal
conductivity.

The calcination and crystallization of linear organoelemental polymer precursors to oxide
ceramics were studied with M. H. E. Martin of Cornell University. This project utilized both
the simultaneous thermal analysis and the high-temperature X-ray diffraction (HTXRD)
capabilities. The research focused on forsterite and Cr-doped forsterite synthesis from
poly(methacrylate) and sol-gel precursors. Cr-doped forsterite is of increasing
technological interest because of its potential use as a near-infrared, solid-state tunable
laser. Results indicate a correlation between residual carbon in the precursors and their
crystallization temperatures. The research resulted in a series of joint publications and
presentations and was a major factor in Martin's thesis.

The study of melt/recrystallization and the initial crystallization kinetics of the GB phase(s)
in a silicon nitride powder formulation was conducted with Dow Chemical Company,
using the HTXRD facilities at 1 atm N2 to temperatures of 1800°C. Dow provided a
position sensitive detector system that reduced the experimental time significantly. Rapid
measurements are necessary so that volatilization of yttrium-containing species was
limited, and the rapid kinetics could be detected. A special barrier layer to reduce the
reactivity of Si3N" with furnace components at this temperature was required. The
facilities were successful in measuring the kinetics of melting and crystallization of the
GB phases in Dow's Si3N4 formulation. A previously unknown high-temperature
intermediate GB phase was detected, and its role in sintering is being considered. In
addition to observing the a-to-/_ phase conversion, we characterized the temperature
and compatible phases present during the liquid-forming sequence during sintering of
oxide-doped Si3N4 greenware pieces.

2.1.4.1 ResidualStressUser Center (RSUC) --C. R. Hubbard

The RSUC was made operational and hosted the first series of users, beginning in
March 1992. The facility consists of an XRD system for mapping macroresidual stresses
on the surface of ceramic and alloy materials. The system consists of a state-of-the-art
Scintag stress and texture 4-axis goniometer equipped with a Peltier-cooled, solid-state
detector and an 18-kW rotating anode generator. The system provides for complete
flexibility in sample tilt, has excellent accuracy in measurement of peak positions, and
provides either divergent or parallel beam operation. To date, 12 proposals for use of the
RSUC facility have been received. Recruitment for a professional staff member to
augment the group's staff is currently under way.

Projects initiated include: (1) "Residual Stress Measurements in Thermal Barrier
Coatings," Cummins Engine Co., Inc.; (2)"Measurement of Residual Stresses in CVD
Polycrystalline Diamond Films with X-ray Diffraction," University of Florida;
(3) "Measurement of Residual Stress in Ceramic/Metal Laminate Composites," University
of Florida; (4) "Measurement of Residual Stress Distribution in Stainless Steel Workpieces
Machined by a CNC Turning Center," University of Missouri; and (5) "Characterization of
Process-InducedStressesin Si3N4TensileBars,"SaintGobain/Norton IndustrialCeramics
Corporation. Much of the preliminarywork has shown that the commonly assumed
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biaxial stress state is not a good assumptionand rather that the more generaltriaxial
stress state should be expected. This was particularlyevident in the ceramic/metal
laminateproblemwhere the residualstressesperpendicularto the layer directionwere
over 60% as large as the stresses within the plane. Subsequent, microstructural
characterizationof the ceramic-to-metalinterfacehas shown that the metal was filling
voids withinthe ceramic and producinga complex interface with high tortuosity. This
realizationled to methodsto controlthe tortuosityand further engineeringcontrolof the
propertiesof laminates.

Since XRD samplesthe residualstressesat or very near the surface, a projectto utilize
the penetrationcapabilities of neutrons was previously proposed and approved in
mid-1991. The Director's Fund R&D project, "Development and Demonstrationof
Neutron and X-rayResidualStressMapping,"was rer_ewedfor FY 1992 and 1993. The
first half-year was primarily spent building the facilities and performing one test
experiment. Progress this last year has included improving the instrumentation,
performinga seriesof demonstrationexperiments,and developinga proposalfor future
funding. This project is being conductedin collaborationwiththe Neutron Scattering
Group of the Solid State Divisionand utilizesan existingtriple-axisspectrometerat the
HFIR. The first demonstrationstudywas the first-evercomprehensivemapping of the
residualstresseswithinferriticplatesjoinedwith a multi-passweld. The resultswill be
used to develop and verify .modelsfor stressesin multipassweldments. Subsequent
studieshave includedmappingsof residualstressesin ceramic-to-metaljoints;thermal
barriercoatingssimilarto those proposedfor use in diesel engines;and Gleeble bars
whichsimulateweldingconditionsandareusedfor mechanicalpropertytesting,vibratory
stressreliefin HY-IO0steel,and zirconia-reinforcedaluminacomposites.The latterstudy
is an exampleof the use of the neutronfacilitiesfor the determinationof microresidual
stresses (also known as pseudomacrostresses). The samples were prepared by
K. B. Alexanderand P. F. Becherof theM&CDivision.Thesemicroresidualstressstudies
wereperformedfrom roomtemperaturedownto 12 K inorderto determinethe roleof the
volumefractionon microresidualstressesandthe change inthesestressesas a function
of temperature. The measurementsrevealed the transformationtemperature for the
tetragonal-to-monoclinictransformation,even for a sample with just 10% zirconia. The
neutrondiffractionresultsprovidedquantitativedata to support theoriesof microstress
behaviorand revealedthat only about 25% of the tetragonalzirconiaparticlesin a 40%
t-Zr02/60%AI203compositetransformto the monoclinicform,even withcoolingto 12 K.

2.1.5 CeramicManufacturabilityCenter- T. O. Morris

Theyear 1992 wasoneof conceptualizationand creationfor the CMC. The CMC evolved
from a partnershipof the ConservationEnergy(CE), ER, and DP programsat DOE. The
partnershipprogramis called "Cost-EffectiveMachiningof Ceramics." ORNL and CE
havemade floorspace availableinthe HTMLfor theCMC, and CE providedcapitalfunds
for the purchase of a creep feed grindingmachine. ER funds supporta CRADAwith
Brown and Sharpe, which will providea CMM for use in the CMC. DP has provided
ceramic CP,ADA support funds for four CRADAssigned so far, with eight more in
development.Y-12 Plantoperatingfundshave beenusedto relocateexistingequipment
from the HTMLto otherORNL facilities.
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The equipmentin nine of the ten laboratoriesto be moved was relocated in 1992. Four
manual support machine tools were relocated from Y-12 to the CMC, but no new
machineswere installedin 1992. The new machineswill be on site in early 1993. The
CMC is scheduledfor deliveryin February 1993, the creep feed grinderis scheduledfor
delivery in March 1993, andthe firstof the CP=ADA-providedmachinesshouldbe on site
in earlyspring.

The objective of the CMC is to develop, in conjunctionwith U.S. industry, advanced
technologiesandassociatedscientificconceptsnecessaryto significantlyreducethecost
of machining structuralceramics, with an initial focus on heat engine components.
Therefore,the effortsundertakenin the CMC willbe very much industrydriven,and this
will,to a greatdegree, influencethe typesof equipmentinstalledinthe CMC at any given
time. No CRADAdevelopmentwork was initiatedinthe HTML in 1992. This is to begin
withthe installationof the new equipmentin earlyspring.

Computerizationof the CMC was initiated early in 1992 with the procurement of
computer-aideddesign/computer-aidedmanufacturingequipment and software. The
facility also provide._,extensiveadditional computermodelingand graphical capabilities.
Ali of the capabilitEesand equipment are linked together through a DEC net/ethernet
network such that a true "art-to-part" process can be followed in the developmentof
manufacturingprocessesfor lowercostceramiccomponents.

Presentationson the missionand creationof the CMC have been made to numerous
potential industrialCRADApartnersand to DOE representatives.A presentationon the
CMC was also made at the Workshop on Superabrasives and Grinding Wheel
Technologyfor MachiningCeramicsin Oak Ridge,Tennessee,on May 28, 1992.

2.2 METALLOGRAPHYANDTECHNICALPHOTOGRAPHY--J. R. Mayotte and J. W.Nave

These groups provided state-of-the-art metallography, light microscopy, technical
photography, and image analysis support to research programs originating within
M&C Division;R&Dactivitiesat otherMMESsites;andresearcheffort_ iw_volvingindustrial
companiesand universitiesthroughuser programactivities.

2.2.1 Metallography- J. R. Mayotte

The Metallography Group performs research in optical microscopy, general
metallography,and photographyof both alloy and ceramic materials. Metallographic
examination is performed in collaboration with materials researchers within the
M&C Division,ORNL,otherfederallaboratoriesandagencies,and industrialfirms. During
thisreportingperiod,the groupprepared2224 metallographicspecimens. Microanalysis
was performedon 200 specimens.

Environmental,safety, and health (ES&H) improvementscontinued duringthis period.
The processwastesystemfordisposalof specifiedliquidwastewas approved. Specified
acids must be neutralizedand documentedbeforethey are dischargedto the process
drain Ineffectivelaboratoryhoodswere replaced.
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Metallographystaff memberscontinueto improvetechniquesfor specimenpreparation
for both alloy and ceramic materials. Metallographicpreparationof cross-sectioned
materialsfor materials characterizationcontinuedas a major effort. A computerized
system for microhardnessdata was developed and put into use. This systemhas the
capabilitiesfor storingand retrievinginformationpertainingto each specimensubmitted
for microhardnessprocessing.

Tom Geer, Hu Longmire,and MarieWilliamsjoined the group duringthis period.

2.2.2 Field Metallographyand FailureAnalys:B--J. R. Mayotte

Fieldmetallographyand failureanalysisfor ORNLand otherDOE installationsremainsa
function of our group. Nondestructivemetallographicexaminationon Chinese steel
supportedstudiesthat the ORNL QualityDepartmentperformed.

2.2.3 TechnicalPhotography- J. W. Nave

The ,echnical PhotographyGroup continuesto developnew areas of servicethat are
beneficialnot only to the M&C Division,but to ali of the MMES facilities.

Ourvideocapabilitiesare continuingto expandto includerecordingof trainingsessions,
groupmeetings,specialprojects,andalidocumentationsthatrequirevideopresentations.

Inadditionto researchphotography,thegroupis involvedinpublicrelationsphotography
for ORNLand M&C. TechnicalPhotographyis responsiblefor the large (30- by 40- and
40- by 60-in.) photographsthat areon displayin ourhallwaysand the southcanteenby
a specialprocess calledposterizations.

We are investigatingthe latest digital imaging technology, and ali the capabilitiesof
storingimagesinsteadof negatives,and beingableto producehigherqualityandgreater
productionof varioustype imagesthat includecomputerized,photographicimages,still
photographs,slides,and viewgraphs.

This past reporting period, the Technical Photography staff members completed
1069 photographic work orders that included 25,173 units of photographs,
photomicrographs,slides,and viewgraphsin color and black and white.



3. MATERIALS SCIENCE

E. E. Bloom

i,

Research in the Materials Science Section has two primary objectives: (1)to
contribute to the fundamental understanding of the behavior of materials and
(2) to apply this understandingin the developmentof improvedand new materials for
advancedtechnologies.We accomplishtheseobjectivesthroughclosecoordinationof our
capabilities and expertise in theory, modeling, structural characterization, material
synthesis,and physicaland mechanicalmetallurgy.

The largestsingleeffort is the researchsupportedby the DOE BES, Divisionof Materials
Sciences. Basic research on the electronic theory of materials (Theory Group),
radiation effects (Defect MechanismsGroup), and alloy design (Alloy Behavior and
DesignGroup)providesthe foundationof understandingrequiredfor the developmentof
high-temperature alloys and neutron-radiation-resistant structural materials.
Microscopy and microanalysis research (Microscopy and Microanalytical Sciences
Group) and X-ray research (X-ray Research and Applications Group) continually
advance the state of the art in tools for structuralcharacterization(TEM a=ld AEM,
imagingatom probe,and synchrotronX-ray sources).

We have materials developmentactivitiesin the followingareas: (1) alloys for high-
temperature applications (centered in the Alloying Behavior and Design Group),
(2) alloys for fusion reactor FWB structure applications (Structural Materials
Group), (3)alloys for advanced fossil systems (Structural Materials Group), and
(4) modificationof the propertiesof ceramics and polymersby ion implantationand
the synthesis of multilayered metal and ceramic structures using molecular beam
epitaxy(DefectMechanismsandX-ray ResearchandApplicationsGroups). Each of these
efforts draws heavily on the total experienceand capabilitiesof the M&C Divisionand
ORNL.

3.1 THEORY- W. H. Butler

Mostresearchin the TheoryGroupis basedon the principleof urlderstandingproperties
of materialsin terms of the underlyingelectronicstructure. The electronic structureof
periodic systemsis treated using first-principlesmixed-basis pseudopotentialtheory,
the full-potentiallinearized augmented plane wave method, and the Korringa Kohn
Rostoker(KKR) method. The propertiesof substitutionaldisorderedalloys are treated
using the KKR-Coherent Potential Approximation,and microchemical interactionsin
materialsare investigatedusingtheAugmentedGaussianBasisatomicclustertechnique.

33
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Among the noteworthy results from projects in this reporting period, we summarize the
following:

1. Basic theory and technique. We developed the Parallel Embedded Cluster
Method (PECM) for calculating the energetics of local configurations in a random
alloy. We developed a new Partial-Wave Cluster Method for performing first-
principles calculations of the energies of molecules and clusters of atoms that
should be well adapted for parallel processing. We developed a new technique for
treating large systems on parallel processing computers. This technique takes
advantage of tile relatively local nature of the electronic structure, which is
accentuated by finite temperatures.

2. Phase stability of alloys. We calculated the phase diagrams of Pd-Rh and
Cu-Ni alloys acc,Jrately fror_ first principles using a direct Monte Carlo approach
based on energies obtainedfromthe PECM.

3. Mechanical properties of alloys. We were able to predict the deformation
and fracture behavior of Ni3Si using the results of our first-principles
calculations. We also investigated the yield strength anomaly in Ni3Si.

4. Defects in alloys. We predicted the equilibrium concentrations of vacancies and
anti-site defects in TiAI, NiAI, and FeAI near-stoichiometry. We also calculated
the structure of these defects. We investigated defect clustering in B2 alloys. We
investigated the environmental embrittlement of NiAI and the modification of this
effect by boron additions. We also inv:'stigated the effects of carbon and boron as
dopants in Ni3Si and Ni3AI.

5. Transport properties of alloys and layered magnetic systems. We
calculated the electror,ic structure of seve:al layered magnetic alloy systems that
show the giant magnetoresistance effect. The results of our calculations allow a
simple explanation of the gic]nt magnetoresistance effect in terms of differential
scattering of the up-and-down spin electrons. We also calculated the electrical
resistivity of nickel-molybdenum alloys and were able to explain the K-state
effect observed in these alloys in which increasing order is associated with
increasing conductivP,y.

3.2 X-RAY RESEARCH AND APPLICATION -C. J. Sparks

Major chan0es occur in the X-ray scattering factors of atoms when X-ray energies are
tuned near their characteristic electron binding energies. This unique feature of X rays
allows us to select an X-ray energy matched to a particular element for which we want
crystallographic and/or chemical information. For example, we have made studies of the
site substitution of Fe into ordered AI3Ti alloys by measuring the intensity of
superlattice Bragg reflections that depend on the X-ray scattering factor difference
squared. This difference is proportional to the atomic number difference between the AI
atoms on the AI sites of the crystal structure and the Ti atoms on the Ti sites. If Fe with
a Z = 26 substitutes for the AI atoms, Z = 13, then the superlattice intensity will
decrease. The intensity will i_tcrease if Fe substitutes on the Ti sublattice. By
measuring the change in intensity of these superlattice reflections as X-ray energy is
changed, we can determine in a very sensitive way the relative amounts of Fe on the two
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sublattices. Iron was found to have an equal probability to substitute for either AI or a
Ti atom. The tetragonal lattice form of AI3Ti was converted to the cubic structure upon
the addition of 6 at. % Fe.

We have also used this resonance chemical sensitivity of X-ray scattering (often
referred to as anomalous scattering) to study the atomic arrangements of elements in
metallic solid solutions and at buried interfaces. Large displacements found between
Fe-Fe first-neighbor pairs in Ni-rich Ni-Fe solid solutions supported the high-spin-
state theoretical interpretation of the magnetic behavior of these alloys, which relates
the Fe magnetic moments to the Fe near-neighbor distance. In another study, this
chemical sensitivity was used to locate the Cr atom positions of a buried interface in
phase with an AI203 substrate. Furthermore, the sensitivity of the X-ray scattering
intensityto the Cr K near-edge absorption edge spectra allowed the oxidation state to be
determined for those Cr atoms in phase with the AI203 at the buried interface.

The ability to select X-ray energies at our synchrotron beamline is much like isotopic
substitution is to neutron scattering. We are now developing methods to combine both
X-ray and neutron scattering to unravel the local atomic arrangements in solid solutions
such as mixed oxides. Such systems are more amenable to study by combining the two
methods.

3.3 MICROSCOPY AND MICROANALYTICAL SCIENCES -L. L. Horton

The Microscopy and Microanalytical Sciences Group does research focused on the
characterization of materials with advanced AEM, atom probe field ion microscopy
(APFIM), and MPM techniques. In addition to developing and applying new tech:liques to
gain a better understanding of scientific and technological issues, the group maintains
and develops the equipment required for these characterization technologies. Primary
research funding comes from the Division of Materials Sciences, BES. Research is also
supported by other programs including Fusion Energy, Conservation, and the USNRC.
Group members are directly involved with the research efforts of other groups
within the M&C Division including Structural Materials, Materials Joining, and
Superconducting Materials.

3.3.1 Electron Microscopy Research - J. Bent/ey and E. A. Kenik

Electron microscopy work supported by the BES Microscopy and Microanalysis Task
covers topics from fundamental materials science to technique development,
increasingly undertaken in collaboration with Shared Researcll Equipment (SHARE)
Program participants. Further work on inelastic electron scattering included
implications for electron holography (theory) and thermal diffuse scattering-electron
energy loss spectroscopy measurements of atomic vibration amplitudes (theory and
experiment). Refinement of the analysis of metallic colloids in spinel by plasmon
spectrometry dealt with the treatment of surface plasmons. Detailed analysis of
parallel-detection electron energy loss spectrometry (PEELS) fine structure was used
to characterize the charge state of Fe implanted into SiC. In the measurement of
sublattice occupancies in ordered irtermetallic alloys with the atom location by
channeling-enhanced microanalysis method, a statistical analysis approach was found to
suffer from the same adverse effects of ionization delocalization as the traditional ratio
approach. Channeling effects in the microanalysis of Ni-Ti and Ni-Ti-Zn oxide spinels
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and procedu;'es for accurate composition determination were studied in a SHARE project
with C. B. _._arter and I. M. Anderson (Cornell University and now University of
Minnesota). _ r:omprehensive treatment of a new approach for quantification of energy-
dispersive X-:ay spectrometry (EDS) data that includes absorption and fluorescence
corrections for non-homogeneous specimens of complex geometry was also developed
with these collaborators. In additional SHARE research with C. B. Carter and colleagues
(University of Minnesota), a new method was devised for the analysis of thin surface
films of an oxide glass deposited by laser ablation onto alumina substrates, and a detailed
PEELS study of an oxidized CoO-ZrO2 eutectic revealed oxygen gradients and dramatic
bonding differences in a spinel-like interface phase. In a SHARE project with
R. Sauerbrey and H. M. Phillips (Rice University), the process of excimer laser-
induced electrical conductivity and mechanical nanostructures in polymers (polyimide)
is being studied by PEELS. Good quality spectra were obtained from this high-
temperature (and beam-damage-resistant) polymer and revealed interesting changes in
the C:O:N ratios. Two different aspects to understanding the growth of AIN on SiC are
being explored in a SHARE project with R. Davis and S. Tanaka (North Carolina State
University). In situ annealing of the 6H SiC substrate was studied by dynamic (video
recorded) reflection electron microscopy, and compositional homogeneity in thin films
of AIN or AIN-SiC mixtures grown on SiC substrates was studied by PEELS and other
AEM techniques. Microcrystalline/amorphous silicon is being studied in a SHARE
project with D.M. Maher and Y. L. Chen, also of North Carolina State University.
Microcrystallinity is being quantified by interface plasmons (PEELS) and conical dark-
field imaging, and the distribution of "dopants" (B,C, and P) is being characterized by
EDS and PEELS.

High spatial resolution AEM was used to study segregation, both in internal projects
(jointly supported by BES and the Fusion Energy Materials Program) and in a number of
external collaborations. The effects of alloy chemistry, prior thermomechanical
treatment, and low-temperature (<300°C) irradiation on radiation-induced segregation
(RIS) to GBs in several austenitic stainless steels were investigated. The ability to
employ PEELS (rather that X-ray microanalysis) in measuring composition in highly
radioactive specimens proved essential for several materials. Several collaborations
included AEM measurements of GB compositions in ion-irradiated austenitic stainless
steels (SHARE - G. Was, University of Michigan), (S. Bruemmer, Pacific Northwest
Laboratory), and (J-J. Kai, National Tsing Hua University, Taiwan). Another SHARE
collaboration (M. G. Burke, Westinghouse) included AEM measurement of equilibrium
and RIS both in type 316 stainless steels and in ferritic pressure vessel steels.

Several other SHARE collaborations were active, including: measurement of
compositional inhomogeneities in 1-2-3 superconductors (Y. Zhu, Brookhaven National
Laboratory); segregation to boundaries in AIN ceramics by AEM (D. Callahan, Rice
University); in situ studies of nucleation and growth in the AI-Zn system (J. Hoyt,
Washington State University); AEM characterization of oxide superlattice structures
(D. Lind, Florida State University); AEM characterization of FeCo B2 alloys (1.Baker,
Dartmouth College); AEM of iron aluminides (N. Stoloff and A. Castagna, Rensselaer
Polytechnic Institute); AEM studies of ion mixing in oxide-oxide systems
(C. J. McHargue and D. Joslin, University of Tennessee); and boron distributions by
AEM (particularly PEELS) in rapidly solidified Pt-Co-B permanent magnet materials
(J. E. Wittig and N. Qiu, Vanderbilt University).
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3.3.2 Atom Probe Research - M. K_ Miller

The main instrumentdevelopmenteffort has been the design and constructionof a
position-sensitiveor three-dimensional(3-D) atom probe. The vacuum system was
completedfor the mappingatomprobe(MAP). A secondenergy-compensatedatomprobe
that uses a reflectronlenswas alsocompleted. Furtherenhancementsof the atom probe
controland analysissoftwarepackageandthe softwarefor the MAP were made. Two new
methodsthat use momentestimatorsand maximumlikelihoodmethodsto determinethe
compositionsof the coexistingphases in ultrafinefine-scaledecompositionsfrom atom
probecompositionprofileswere developed. The determinationof the extent of the low-
temperaturemiscibilitygap in the FeBe systemhas been completed. Workcontinuedon
the characterizationof the scaleand compositionof (xand(x'phasethat formsduringthe
early stages of phase separationwithinthe Iow-temporaturemiscibilitygap in the FeCr
system. Researchon irradiatedpressurevesselsteelsand model alloyswas suspended
due to the lack of specimenpreparationfacilities for low-level irradiated specimens.
However, the characterizationof an unirradiatedcommercialpressurevessel steel that
exhibitedan LUS energy was completed,and an investigation(withG.-Brauer, Research
Center Rossendorf,Dresden, and P.-Othen, Oxford University)into commercialSoviet
type VVER 440 (15Kh2MFA) Cr-Mo-V and 1000 (15Kh2NMFA) Ni-Cr-Mo-V steels
was initiated. A studyof TiC precipitationin modelvanadiumalloyshas beencompleted.
Solutepartitioningand 7' precipitationwas characterizedas a functionof heat treatment
in a commercial nickel-based superalloy (X750) used in nuclear applicatior,s (with
M. G. Burke, Westinghouse). GB segregationand precipitationwas characterizedand
related to the changesin the mechanicalproperties in boron-, carbon-, and beryllium-
dopedNiAI.

3.3.3 MPM Research- W. C. O/iver

The MPM effortat ORNL has been enhancedthroughthe establishmentof a new facility.
Specially designed laboratoryspace has been constructedwith precise environmental
controlto allowthe highestqualitydata to be obtainedfrom these sensitiveinstruments.
The new facilitywill includefive researchinstruments.These are a NanoindenterII set
up for very high resolution ambient temperature indentation experiments, a
Nanoindenter I modified to perform ultra-fine scratch experiments, the high-
temperaturemechanicalpropertiesmicroprobe(HTMPM), an atomic force microscope,
and a Lietz microhardnesstester. Althougha great deal of effort has gone into the
constructionof this new facility, significantscientificprogress has been made. The
accuracyof loaddisplacement-sensingindentationexperimentshas been establishedand
carefully documented in the open literature. Research efforts to examine the
measurementof fracture toughnessusing indentationexperimentsand the effects of
residualstresseson MPM hardnessand modulusmeasurementsare nearingcompletion.
Progresshas also been made in the understandingof effectsof time-dependentplasticity
on the indentationprocess. Additionalprogresson this subjectwill be obtainedin the
coming year as the HTMPM becomes operational. Finally, a finite element modeling
effort has beenestablishedand has alreadyhada significantimpacton ourunderstanding
of these experiments.

3.4 ALLOYING BEHAVIOR AND DESIGN --C. T. Liu

The primarygoal of theAlloyingBehaviorand DesignGroupis to generateunderstanding
of alloying behavior and structure/propertyrelationshipsin metallic and intermetallic
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alloys so that the design principles for new alloys to meet specific energy technology
needs can be developed. Group activities have focused on four major tasks:
(1) understanding of physical metallurgy and mechanical behavior of ordered
intermetallics, (2) design and characterization of intermetallic alloys for industrial and
energy-related use, (3)development and qualification of iridium alloys for space
power systems, and (4)processing of metallic and intermetallic materials by
innovative methods (e.g., rapid solidification). The first two tasks are closely related,
with emphasis on design of new high-temperature structural materials through control
of alloy composition, crystal structure, atomic bonding, microstructure, and processing
techniques.

Our theoretical modeling effort aimed at understanding the physical mechanisms
responsible for deformation and fracture behavior of ordered intermetallics. The
ground-state elastic constants and the shear fault energies of Ni3Si were determined
from first-principles total-energy calculations within the framework of the local-
density-functional theory. Based on the calculated driving force in the cross-slip-
pinning model, i.e., the combined anisotropy of elastic shear and anti-phase boundary
energy, the anomalous yield behavior is predicted in Ni3AI but not in Ni3Si. The
strength anomaly ret.._rted in Ni3(Si,Ti) is attributed to the increased driving force
for cross slip, which is likely due to the increased elastic anisotropy (from A = 2.0
to A--2.8) caused by titanium additions. From the calculated Griffith strength and a
phenomenological theory relating fracture toughness to ideal cleavage strength, Ni3Si is
predicted to be more ductile than Ni3AI with respect to cleavage fracture.

To understand the ordering behavior and microhardness in transition-metal aluminides,
we have investigated the point defect structure based on first-principles quantum
mechanical calculations. For TiAI, the absence of structural vacancies is predicted, and
the deviations from stoichiometry are accommodated by the substitutional antisite
defects on both sublattices. For NiAI, the defect structure is found to be dominated by
two types of defects--monovacancies on the Ni sites and antisite defects on the AI sites.
For FeAI, on the other hand, we find a more complex defect structure, which is closely
related to the importance of electronic structure effect in FeAI. More importantly, we
predict the strong tendency for vacancy clustering in FeAI due to the large binding
energy found for divacancies. The available experimental data on defect hardening in
NiAI, FeAI, and TiAI are explained consistently in terms of the point defect
concentrations calculated at various off-stoichiometric compositions (work done in
collaboration with the Theory Group).

Considerable progress was also made in understanding GB fracture in Ni3AI. By taking
the unconventional approach of starting with single crystals of boron-free Ni3AI, which
were cold-rolled and recrystallized to produce crack-free polycrystalline material, we
were able to show that the intrinsic ductility (...16%) of Ni3AI is considerably higher
than anything previously reported; however, it is severely embrittled by moisture in
air (ductility decreasing to 3%). Thus, moisture-induced hydrogen embrittlement (an
extrinsic factor) is a major reason for the poor ductility commonly observed when
Ni3AI is tested in air (2AI + 3H20 -> AI203 + 6H). An even more dramatic effect is seen
when a small amount (0.3 at. %) of zirconium is added to Ni3AI: room-temperature
tensile ductilities of 8% in water, 12% in air, and 50% in (dry) oxygen. The
ductilities observed in oxygen are comparable to the highest ever ductility observed in
boron-doped Ni3AI. Fracture was predominantly intergranular in both alloys,
regardless of ductility and test environment. However, this does not mean that the GBs
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in Ni3AI are "intrinsically brittle." On the contrary, the extensive ductilities that can
be obtained in dry environments indicate that the GBs in Ni3AI are actually quite strong
and able to withstand considerable plastic deformation before final fracture. In contrast
to boron-free Ni3AI, boron-doped Ni3AI exhibits excellent ductility at room
temperature, independent of test environment. Therefore, a significant portion of the
beneficial effect of boron must be related to suppression of environmental
embrittlement. However, boron must also enhance GB cohesionmbecause it changes the
fracture mode from intergranular to transgranular. Likewise, zirconium also increases
the resistance of Ni3AI to GB fracturemperhaps by increasing GB cohesion. However,
Auger analysis shows no zirconium segregation on the GBs of Ni3AI, making it unclear
how such segregation might actually affect GB cohesion.

The alloy (Co85Fe15)3V with the L12 crystal structure is also prone to environmental
embrittlement. Specimens tested in air have a tensile ductility of only 6.3%, whereas
specimens tested in vacuum and oxygen show ductilities of 18.8 and 24.2%,
respectively. Ali of these tests resulted in intergranular fracture. With the addition of
200 wt ppm of boron, the environmental effect on tensile ductility of (Co85Fe15)3V is
completely eliminated. Specimens tested in distilled water, air, vacuum, and oxygen ali
show a tensile ductility of ~35% and a transgranular fracture mode. The role of boron
in eliminating environmental embrittlement of (Co85Fe15)3V appears to be the same as
for Ni3AI in which boron is known to segregate to GBs and increase ductility by
suppressing intergranular fracture. Boron occupies defect sites at the GBs, which
probably prevents the embrlttling hydrogen atones from penetrating and accumulating
there. In addition to eliminating the environmental embrittlement effect, boron also
enhances the GB strength of (Co85Fe15)3V.

The crack-propagation behavior and fracture toughness at room temperature of extruded
and heat-treated NiAI and FeAI were examined by testing chevron-notched, three-point
flexural specimens at constant crosshead speeds. In Ni-50 at. % AI, sudden load drops
occurred repeatedly, indicating run-arrest crack propagation. The fracture resistance
was not found to depend on the crosshead speed. Iron additions of up to 1 at. % and boron
additions of 0.01 at. % did generally not improve the fracture toughness. By contrast,
crack propagation in Fe-40 at. % AI occurred in a stable manner. In agreement with the
environmental sensitivity of this intermetallic alloy, fracture resistance did depend on
the crack-propagation velocity, indicative of the kinetic nature of this process. While
the crack-growth resistance of iron aluminides was reduced by changing the aluminum
content from 40 to 45 at. %, it was increased significantly by small additions of boron.

Several alloys based on the Fe-28AI-5Cr (at. %) composition were produced to study
the effect of alloying with Mo, Nb, Zr, B, and C on microstructures, mechanical
properties, and weldability. Optical microstructures were examined before and after
heat treatments of 1 h at 750°C, as well as selected higher temperature anneals. Tensile
properties at room temperature and 600°C and creep-rupture properties at 593°C and
207 MPa were determined and correlated with alloying additions. Judgments as to
weldability of selected alloy compositions were made by determining the hot-crack
susceptibility. The results indicate that the properties of iron aluminides are very
sensitive to alloying additions. Some combinations of the above elements resulted in
refined grain sizes, increased recrystallization temperatures, and strengthening of the
base alloy (through solid-solution and formation of precipitates) in both tension and
creep-rupture. Increased strength, however, was produced at the expense of room-
temperature ductility and weldability. The results suggest that the design of useful
iron-aluminide compositions will depend on the application, with the composition being
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modified to provide either room-temperatureductility and weldability or strength, as
prescribedby the intendedapplication.

Binary Fe3AI alloyshave very poorcreep resistance,but the additionof 1 to 2 at. % Mo
or Nb improvesthe creep life and reducesthe minimumcreep rate, with niobiumbeing
the most effectiveternary addition. The improvementin creep life of the Fe3AI+INb is
the result of a combinationof factors that include GB strengthening, resistance to
dynamic recrystallizationduring stressing,precipitationstrengthening,and changes in
the formationand mobilityof the dislocationnetwork. Correlationof optical, scanning
electron, and transmission electron microscopy data suggests that the brittle
intergranular failure found in Fe3AI after creep testing at 550 to 650°C is related to
weak, high-angleGBs and to formationof subgrainboundaryarrays, reducingthe ability
of dislocationsto glideor multiplyto producematrixplasticity. The additionof niobium
results in a strengtheningof the GBs by solid-solutioneffects and formationof fine
matrix MC precipitatesthat pin dislocationsand thereby strengthenthe matrix. The
resulting ductile failure mode and increased creep-rupturestrength and life in the
Fe3AI+INb alloy suggestthat the mechanismsgoverningfailure during creep can be
controlledby macro-and microalloyingeffects.

Work on further developmentof Fe-28AI-(2 to 5)Cr Fe3AI-type base alloys has been
conductedunderthe auspicesof coordinatedeffortsbetween the FEM AdvancedResearch
and TechnologyDevelopment(AR&TD)and AIC MaterialsPrograms,with involvementof
several different groups in the division. Our contributionsto this effort have been:
(1) identifying microalloyingelements that improve high-temperature creep-strength
at 600 to 650°C, (2)identifying microalloyingelements that improve weldability,and
(3) identifying processing/heat-treatment/microstructureconditions that provide the
best combination of room-temperature ductility and high-temperature strength in
Fe3AI alloys. This year, several alloyshave been designedwith significantlyimproved
high-temperaturestrengthand weldabilityas good as type 316 stainlesssteel.

Work on FeAI-type B2-phase alloys has continuedfor structural,as well as for weld-
overlay cladding, applications. For structuralpurposes,compositionalmodifications
and heat treatments have been identified that produce a significant precipitate-
strengtheningeffect that enhancescreep-resistanceat 600°C. Microstructuralanalysis
and properties studies also indicate that processing/heat-treatmentavenues exist for
better combinationsof room-temperatureductilityand high-temperaturestrength. For
weld-overlay applications, a growing family of similar Fe-36AI alloys has been
identified with good weldabilitythat is comparableto 300 Series austenitic stainless
steels. Preliminary experiments with weldable FeAI alloys weld-deposited on
commercialsteels (type 304L and 2-1/4Cr-1Mo) indicate that with appropriate pre-
and postweldheat-treatments,crack-free FeAI weld-overlaycladding applicationsare
feasible (work done in collaborationwith the MaterialsJoiningGroup).

This year, a systematiceffortto obtain the physicalpropertiesdata base necessaryfor
engineeringapplicationsof iron and nickel aluminidesbegan, together with the X-ray
Diffractionand PhysicalPropertiesGroup, under the sponsorshipof the AIC Materials
Program. So far, thiseffort has measuredthermalexpansioncoefficientsof FeAI, Fe3AI,
and Ni3AI ordered intermetallic alloys and is beginning thermal conductivityand
diffusivity measurements. FeAI (Fe-36AI) and Fe3AI (Fe-28AI) alloys show
significantlymore expansion than type 316 austeniticstainless steels above 600 to
800°C but similarexpansionat lowertemperatures;thermalexpansionof FeAI alloysis
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slightly greater than that of Fe3AI alloys. The thermal expansion of Ni3AI alloys
(IC-221M) is about the same as that of the nickel-based superalloy 713C at low and
high temperatures.

Besides having potential for high-temperature structural uses, NiAI also undergoes a
martensite phase transformation similar to that in other intermetallics that show a
shape-memory effect. Because of the desirability to produce a shape-memory alloy with
transition temperatures in the range of 100 to 200°C, which would have many practical
applications, an investigation was begun to develop ductile shape-memory alloys based
on NiAI. This investigation is under the auspices of a CRADA with Eaton Corporation and

" Carpenter Technologies. Through recovery of indents, we were able to demonstrate that
the brittle binary Ni-36AI alloy does exhibit a shape-memory effect. By alloying with
boron, iron, and by controlling the Ni/AI ratio, we have developed alloys with 7% room-
temperature ductility, martensite and austenite transition temperatures of up to 160
and 190°C, respectively, and a bend shape-memory recovery. The alloy is prepared by
quenching in a composition that then undergoes a repeatable B2-to-mnrtensite phase
transformation. Studies of the phase stabilities have shown that the alloy retains the
appropriate phases and the 7% room-temperature ductility after 1 h at 400°C.
However, after 10 h at 400°C, sufficient Ni5AI3 forms to substantially reduce the
ductility and interrupt the shape-memory effect. Further heating results in phase
separation to the B2 and L12 phases. A melt-spinning method for directly producing
wires has been developed which results in wires 0.25 mm in diameter and 2 m long that
exhibit the shape-memory effect.

Reactive sintering is a novel and attractive process to produce ordered intermetallic
alloys. In order to reduce alloy porosity and control reaction kinetics, reactive
sintering of Ni3AI was performed with uniaxial compressive stresses ranging from 0 to
120 MPa, using elemental powders with the stoichiometric composition preheated to
620°C in vacuum, lt was shown that both compressive stress and heat flow strongly
affected the reaction process and, hence, the structure and density of reaction-sintered
products. Without compression, reaction-sintered products had a relative density up to
98% and were mainly composed of Ni3AI with uniformly distributed fine pores and large
shrinkage cavities located in the center. Green density has little effect on densification.
When a green compact self-ignited under a pre-loaded compressive stress (50 MPa), a
highly densified product (relative density as much as 99.3%) was obtained. In addition,
the product, which was composed of Ni3AI, NiAI, and Ni, did not contain large shrinkage
cavities. Postsintering at 1100°C results in a single-phase Ni3AI structure with a fine
grain size.

Since Ni3AI intermetallics exhibit high fracture toughnesses and excellent high-
temperature capabilities, they have significant potential in the toughening of alumina
ceramics. Since processing of AI203 composites is facilitated by good wetting of the
Ni3AI, compositional modifications of Ni3AI with the aim of improving its wetting
behavior are being examined. Adherent beads of Ni3AI alloys with wetting angles below
80° have been produced by annealing in vacuum at 1450°C. Furthermore, soecimens
consisting of thin Ni3AI layers (typically 150 mm) sandwiched between AI203 discs
have been fabricated by hot-pressing at 1450°C. The toughening provided by the Ni3AI
film is assessed in flexural tests with chevron-notched specimens. Presently, the
reproducibility of this technique, which will allow the screening of the different Ni3AI
materials developed, is being assessed.
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A process was developed whereby a stream of molten material is injected into a layer of
rotating liquid coolant. The product is a wire slightly smaller than the crucible orifice.
The method is rather complicated for most materials because it is difficult to maintain
liquid jet stability due to the low viscosity of metals. If a layer of oxide or other
compound can be made to form on the surface of the liquid stream, the jet may stay stable
long enough to solidify into wire within the coolant layer. A number of wires of shape-
memory alloys containing Ni-AI-Fe were produced by this method. For the shape-
memory alloys, when certain critical processing parameters were followed, the
aluminum reacted to form a thin layer of oxide on the surface of the jet, preventing its
breakup. The wires were generally ductile, and coils wound with inside diameters
ranging from 3 to 10 mm exhibited the shape-memory effect.

The melt spinning process prototype, funded by the Development Division at Y-12,
produces lithium hydride flakes and powder. The highly reactive material is kept under
a protective atmosphere of argon and hydrogen throughout the operation, from unloading
crushed bulk material to transferring the product into shipping containers. Large
quantities of stoichiometric, fine-grained flakes or powder are produced directly from
the melt without intermediate processing. The operation is semi-continuous in that the
feed material and the processed flakes can be inserted and removed without cooling the
melt crucible or opening the chamber. Powder compacts, prepared from these flakes by
the Special Materials Processing Group at Y-12, have densities of >99% theoretical
density. Examination by SEM reveals that the flakes consist of fine, equiaxed, columnar
grains oriented perpendicular to the wheel/flake surface.

lr-0.3 wt. % W alloys containing nominally 60 wppm thorium hav_ been developed at
ORNL for cladding plutonium oxide fuel in RTGs. The thorium is added to provide
adequate high-temperature ductility for post-impact containment of the fuel in case of
an accident. Our current research is aimed at finding suitable substitutes for thorium,
which reduces the weldability of iridium. Based on physical-metallurgy considerations,
we selected cerium, yttrium, lutetium, and boron for our initial alloy development
efforts. Our preliminary results show that, while cerium is as effective as thorium in
refining the grain size of iridium, it is not as effective in improving GB cohesion. On the
other hand, we have discovered that boron (at a level of 68 wppm) is quite effective in
suppressing GB fracture and improving the ductility of iridium. Therefore, a promising
new approach would be to add boron to improve GB cohesion and cerium to get grain
refinement, thereby replacing thorium completely (work done in collaboration with the
Materials Processing Group).

In addition to the iridium alloy development effort, our group also conducted iridium
alloy qualification and characterization studies as part of the SNP Program. Included in
this task were high-temperature tensile impact testing, grain growth studies in vacuum
and low-pressure oxygen, sigmajig weldability testing, and construction of a new high-
temperature tensile impact tester capable of testing iridium alloys at 1000°C and
extension rates of 60 m/s.

This year, the group has been involved in the development of new CRADAs with
U.S. industries. The work includes providing material microcharacterization support
necessary to understand the mechanical properties of three materials: (a) high-
strength steels, (b) wear-resistant aluminum alloys, and (c) metal-matrix composites.
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3.5 DEFECTMECHANISMS- L. K. Mansur

Particleirradiationis a dimensionof materialssciencethat, like temperature,potentially
affects ali processes and properties. Research in the group covers the science
underlying the effects of displacement and ionization-producingparticle fluxes on
materials.The two specificareason whichthe workcurrentlyfocussesare the behavior
of structuralmaterialsfor fissionand fusionreactorapplicationsand the developmentof
new materialsproperties by ion beamtreatments. Theoryand a varietyof experimental
techniquesare combinedto attackmajorresearchissues.

3.5.1 RadiationEffects

The primary researchis on the mechanismsof pressurevesselsteel embrittlement.Part
of this work is focussedon questionssurroundingembrittlementof the HFIR pressure
vessel,but the work is also broader,coveringthe more general aspects applicableto
power RPVs,support structures,and othercomponents.

We have mounteda comprehensiveexperimentto study the effectsof dose rate. This
coversa widerrangeof doseratesthan any previousstudy. Tensilespecimensof ferritic
steels are presently being irradiatedin the High Flux Beam Reactor at Brookhaven
National Laboratory(BNL) and the Ford Reactorat the Universityof Michiganto cover
intermediateand lowdose rates. Specimensfor the highestdose ratehave alreadybeen
irradiatedin the HFIR flux trap and have yielded an excellentset of data of benchmark
quality.These data span a wide rangeof fluenceand includebothcommercialsteelsand
iron-basemodel alloyswithselectedminor alloyingadditions. In additionto servingas
a cornerstone for the dose rate experiments, these HFIR-irradiatedspecimens have
providedvaluableinformationon impurityeffects, ltwas found that copperat a levelof
0.3 wt % and nickelat 0.7 wt % causeincreasesin the degreeof radiationstrengthening
in binaryFe-Cu and Fe-Nialloysbutthat thesealloyingadditionsat levelsup to 0.22 and
3.3%, respectively,causenoincreasesinradiationstrengtheninginthecommercialalloys.

In connectionwith these neutronexperiments,we have made the first comprehensive
neutrondosimetryexperimentat the vessel in the _urveillancesite from which much of
the HFIR vessel embrittlementdata were obtained. Priorto this experiment,the only
measurementsof neutron fluxes at the pressure vessel were those obtained from
activation of Ni and Fe in stainlesssteel monitor wires carried in the surveillance
packages, which yielded the fast flux >1 MeV. Thermal fluxes were calculated and,
originally,had suggested a stronglythermalizedspectrum;this had made the neutron
spectrum a major suspect in the embrittlement. However, more recent calculations
indicatedthat the spectrumat the site in questionwas not thermalized. To resolvethis
issue,the dosimetryexperimentwas focussedon the thermalflux. Measurementsfrom
five differentthermal flux monitors ali agreed and verified the recent calculations.
Measurementsof the fast flux from Ni wires were also in agreement with the recent
calculationsof fast flux and with measurementsfrom the stainlesssteel monitorsin the
surveillancepackages. Surprisingly,the fast fluxmeasuredby Be and Np monitorsinthe
experiment was 15 times larger than that measured by the Ni monitors, possibly
suggestingthatthe spectrummay containa hithertohiddenpopulationof neutronsinthe
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range 0.5 to 2 MeV, just below the threshold energies for recording by Ni and Fe
monitors. Work is under way to resolve this question.

In related work, we are also conducting irradiations of aluminum alloys to explore the
possibility of radiation-induced softening at low fluences. The alloys under study include
cold-worked and precipitation-hardened alloys including variants and thermomechanical
treatments where no irradiation response data are available. The possibility of irradiation
softening of aluminum alloys has been suggested by isolated experiments of other
researchers but has not been confirmed in any systematic study. Possible irradiation-
induced changes in the strength of aluminum alloys are relevant to the ongoing design
and future performance of the ANS.

In the related area of theory and modeling, our work indicates that point defect clusters,
in addition to various types of precipitates, could contribute significantly to low-
temperature embrittlement. However, the dislocation barrier strength attributable to the
point defect clusters has been identified as a major source of uncertainty. An
experimental program is being initiated to measurethese barrier strengths. Ion irradiation
will be employed to create specific microstructures. The defect cluster density and size
distributions will be measured by TEM, and mechanical property changes will be
measured using a low-load nanoindentation technique. The correlation of measured
hardness with the observed microstructures will permit the calculation of the required
dislocation obstacle strengths.

The use of molecular dynamics (MD) to simulate the formation and evolution of
displacement cascades has led to significant advances in the understanding of primary
defect formation. However, most MD work has focused on face-centered cubic (fcc)
metals such as copper, since adequate interatomic potentials were developed first for
these materials. Since many iron-based alloys of technological interest, e.g., pressure
vessel steels, have a body-centered cubic crystal structure, we have begun MD
investigations using an interatomic potential for iron that was recently developed at the
University of Liverpool. The goal of this work is to characterize the evolution of
displacement cascades as a function of primary knock-on atom (PKA) energy and
temperature. This work is being carried out in collaboration with researchers from the
University of Liverpool and the Harwell Laboratory in the United Kingdom. The ability to
conduct simulations of high-energy cascades (PKAenergy > 5 keV) is limited by the cost
of computer time, but two 10 keV cascades have so far been completed at ORNL. A
number of low-energy cascades have been completed at Liverpool. Preliminary analysis
indicates that some of the general trends observed in fcc simulations are also seen in
iron, e.g., the defect production efficiency decreases as the cascade energy increases.
However, the fraction of the residual point defects that are observed to be in clusters
appears to be reduced in iron when compared to copper.

In work supporting the fusion reactor materials program, the phenomena of radiation-
induced conductivity (RIC) and radiation-induced electrical breakdown (RIED)have been
identified as potentially limiting the use of ceramic insulators in near-term fusion reactor
designs. While RIC has been investigated extensively, the observation of RIED is
relatively new, and the defect(s) responsible for it have not been identified. A series of
ion irradiations is being planned with the goal of determining which of the potential defect
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structuresis responsibleand to explore the temperatureand damage rate sensitivityof
RIED. Multiple-ionbeamswillbe usedto examinethe relativeimportanceof ionizingand
displaciveirradiation.The initialexperimentswillfocus on alumina.

In work also relatedto fusion reactor materials,we have c_ tied out researchto oblain
basic informationon helium behavior in ceramics. Heliumwill be produced in large
quantitiesby (n,a) transmutationsin future fusionreactors. For the presentwork, the
lattice site of 3He that was implantedby acceleratorhas been characterizedwith ion
channeling for a-AI203,MgO, MgAI204,C (diamond),Si, a-SiC,TiO2,SiO2,ZnO, and YSZ.
Except for MgO, helium implanted at room temperature occupies a distinct interstitial
location. The crystal structure of most polyatomic ceramics incorporates interstitial sites
that are partially filled by cations. The diamond crystal structure also possesses
tetrahedral interstices that are vacant. Channeling evidence suggests that helium traps
at these positions for room-temperature implantation. MgO does not contain structurally
vacant interstitial positions, although vacancies created by displacement damage
influence the results. The temperature dependence of the trapping has been studied for
a-AI202,in which helium detrapped from octahedral interstices to random positions (e.g.,
to create cluster precursors to void formation). The dose dependence has been
examined in a-SiC, where it was found that helium increasingly occupies random
positions with increasing fluence.

3.5.2 MaterialsModification

Opportunitiesforenhancingmaterialspropertiesand creatingnew materialsby ionbeam
treatmentare beingpursued. Inthe pastyear,severalsignificantaccomplishmentshave
resultedfrom thisresearch. The primary emphasishas been on improvingthe surface-
sensitivemechanicalpropertiesof polymers. At the same time, related work was also
carried out on austenitic model alloys and more complex stainless steels. The
technologicalpotentialof researchresultsfrom the polymerwork was the basisfor the
group being honored with a 1992 R&D 100 Award presented by R&D Magazine.

Large increases in hardness and wear resistance have been found to result from single-
and multiple-ion bombardment of a variety of simple (e.g., polyethylene) to high-
performance polymers (e.g., polyimides.) We have made a contribution to hardness
measurement techniques for polymers by establishing measurement protocols for
applying nanoindentation testing to these viscoelastic materials. We have made
significant progress in characterizing the structural changes induced by energetic ion
beams and in understanding the mechanisms leading to the enhanced properties.
Special deuterated polymers were prepared, and the release of molecular species by
polymer chain scission was characterized as a function of ion beam energy and species.
A strong correlation was established between measured hardness and the relative
contribution of energy loss by ionization/excitation (as contrasted with displacement), and
this has led to insights into the molecular mechanisms responsible for the large changes
in mechanical properties. The three-year internal exploratory studies program, on which
much of this work was supported, has led to numerous publications and industrial
interactions. This, in turn, has led to follow-on work supported by DOE programs and an
outside industrial partner.
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Unique results also have been obtained as a result of surface modification of metallic
alloys. Simultaneous B+ and N+ ion implantation, as well as single-beam Ar+
implantation, have led to substantial improvements in creep properties of a ternary
Fe-13Cr-15Nialloy. The effects of the same ion beam treatments on a complex Fe-13Cr-
15Ni-2Mo-2Mn-O.2Ti-O.8Si-O.06Calloy have also been explored. Constant-load creep
tests were performed in vacuum. Ali specimens failed by intergranular fracture, with the
ternary specimens failing by void coalescence at GBs and the complex alloy specimens
failing by GB sliding. The B+,N+ implanted ternary showed an increase of approximately
75% in creep life. This was attributed to delayed slip band and void formation at surface
GBs. The dual B+,N. implantation also increased the creep life of the complex alloy by
about 70%, which was related to strengthening of surface grains and reduced GB sliding
as suggested by reduced ductility of the implanted specimen. The Ar. implantation
increased the creep life of the ternary by about 45% but slightly reduced that for the
complex alloy. These results are interpreted in terms of the competing effects of
weakening of GBs by Ar bubbles and strengthening caused by radiation damage and by
Ar bubbles in the matrix, with the former predominating in the complex alloy and the latter
in the ternary alloy. The large increases in creep life achieved by ion beam treatments
that affect only about 10.3of the specimen volume are considered significant and will be
the subject of future research.

3.6 STRUCTURALMATERIALS-- A. F. Rowcliffe

The primary focus of the group is the development of structural materials for fusion and
fission reactor applications. The multi-national program to design and build the ITER is
expected to begin a detailed engineering design phase in 1993. During this phase, "ITER
credits" will be awarded to various groups for ali aspects of engineering, design, and
technology R&D. During 1992, we adjusted our program to be in a position to bid
strongly for ITER materials R&D support in three areas: (1) structural alloys for the first
wall and shield, (2)heat sink materials for the divertor, and (3)ceramic materials for
diagnostic systems and for ion cyclotron heating systems. In non-ITER-related areas,
work is continuing on reduced-activation materials based on ferritic-martensitic ferritic-
bainitic stainless steel systems on silicon carbide composites, and on vanadium alloys.

In the area of austenitic stainless steels, two spectrally tailored capsules were prepared
and inserted in HFIR removable beryllium (RB)positions. These experiments reproduce
the temperatures, damage rate, and helium generation rate characteristic of ITER.
Candidate U.S. and Japanese alloys will be irradiated to the goal ITER fluence of
~20 displacements per atom (dpa); measurements include tensile, irradiation creep,
fatigue, electrochemical, and swelling properties. Earlier irradiation experiments to a dose
of ~8 dpa showed that large reductions in work-hardening capacity occur in the
temperature range 100 to 350°C. To assess the impact on fracture toughness, three
HFIR capsules were irradiated in target positions to a dose of 3.5 dpa. The capsules,
which contain approximately 130 compact tension specimens fabricated from European,
Japanese, and U.S. alloys, operated at 100 to 125°C and 250 to 300°C. Unloading
compliance testing coupled with tensile testing, scanning fractography, and TEM is in
progress.
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The leading candidate materialfor the ITER divertorheat sink is the oxide-dispersion-
strengthened copper alloy, GLIDCOP AI-25. To provide some relevant irradiation
performancedata, a collaborativeexperiment in the RussianSM-3 reactor has been
designedwiththe EfremovInstitute,St. Petersburg.Thisexperimentis spectrallytailored
to adjust transmutationrates to fusionlevels, lt will providefracturetoughness,creep,
swelling,and tensiledataat 100,250, and 350°C at dosesof 0.5 and5.0 dpa. Apartfrom
specimenfabrication,ali the workwillbe carried out undersubcontractin Russia.

Ceramicmaterialsarewidelyusedinthediagnosticsystems,beam-heatingsystems,and
the shieldregion of ITER. These applicationsprovidea majortechnologicalchallenge
because of the damagingeffects of ionizingand displaciveirradiationon the electrical
propertiesof ceramics. A seriesof dielectricpropertymeasurementsat a frequencyof
100 MHz was completed on seven differentceramic insulatorsduring pulsed-neutron
irradiationat roomtemperature. Exposureto irradiationfieldsrelevantto the firstwallof
ITERcaused significantincreasesinthe losstangent inali sevenmaterials(sapphire,two
grades of polycrystalline AI203, single MgAI204, Macor machineable ceramic, and
polycrystalline AIN and Si3N4),whereas the dielectric constant was nearly unchanged.
After the irradiation pulses, the loss tangent of ali seven materials quickly recovered to
a value near the preirradiation level. There was no correlation between the preirradiation
(or postirradiation) loss tangent and the loss tangent measured during the irradiation
pulse. In situ tests conducted with and without Pb shielding showed that the large,
prompt increases that occurred during the irradiation were associated with radiation..
induced electrical conductivity increases (ionizing radiation), as opposed to displacement
damage produced by neutrons. These experiments highlight the necessity of performing
in situ property measurements during irradiatfon to qualify ceramic insulators for
aggressive radiation environments.

Calculations of the effect of ionizing and displacive radiation on the thermal conductivity
of alumina at high temperatures were completed. These calculations show that the
phenomenon of RIC,which gives rise to a prompt increase in the electrical conductivity
and dielectric loss tangent, does not give rise to a corresponding prompt decrease in the
lattice thermal conductivity due to phonon-electron scattering. These calculations also
predict the significant reduction expected in the lattice thermal conductivity with increasing
dose due to the scattering of phonons by radiation-produced vacancies, voids, and
precipitates. These accumulated dose effects have implications for the design of
microwave windows for fusion reactors. Calculations of the effects of radiation on the

thermal conductivity of alumina at low temperatures were initiated.

Cross-sectionTEM was utilized to examine the radiation-induced microstructural changes
in oxide ceramics after irradiation with a wide variety of ion beams, lt was observed that
the microstructure associated with irradiation was dependent on the mass of the ion
beam. The cross-section microstructural results have been correlated with the calculated
depth-dependent partitioning between ionization and displacement damage. This
correlation indicates that defect clusters do not form in MgAI204if the ratio of energy
deposited into electron ionization to atomic displacements is greater than about ten. This
ratio of ionization to displacement-absorbed energies is comparable to the value
associated with fission and fusion reactor irradiation environments and provides
independent support for the observed resistance of MgAI204 to form defect clusters
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during neutron irradiation. The corresponding derived ratio needed to suppress defect
cluster formation in MgO and AI203 is 500 to 1000, which is much higher than the
ionizing-to-displacive radiation ratios associated with fission and fusion reactors. Hence,
the correlation predicts that defect cluster formation should occur readily in AI203 and
MgO during neutron irradiation, in agreement leith experimental observations. Additional
miProstructural evidence obtained on the ion-irradiated ceramic specimens suggests that
the physical mechanisnr_responsible for the lack of defect clusters in highly ionizing
radiation environments ,s associated with ionization-enhanced diffusion, which promotes
annihilation of the pciratdefects created by displacement damage during the irradiation.

The use of silicon carbide composites for fusion reactors offers the potential benefit of a
very low-activation structural material with high-temperature strength. The effects of
radiation on the SiC/Nicalon TM composite system _re being studied, ltwas shown that the
ultimate strength of thi". system is degraded by 25% following low-temperature neutron
irradiation to 1 dpa. The fiber pull-out is also significantly increased. Through the
application of the thin-section fiber push-out method to unirradiated and irradiated
composites, it was shown that both the decrease in composite strength and the increase
in fiber pull-out are due to a reduction in the fiber/matrix interfacial strength. Specifically,
the mean stress required tu debond the fiber from the matrix, which can be related to the
composite strength, was reduced from 64.= to 7.2 MPa. The mean stress required to
slide this debonded fiber througt, the matrix, which is related to the fiber pull-out, was
likewise reduced from 19.6 to 6.9 MPa.

TEM of the irradiated composites has shown that the irradiation-induced degradation is
caus_d by fiber shrinkage causing partial debonding of the interface. The emphasis of
the development of SiC composites therefore hinges on the abilityto produce an SiC fiber
that will exhibit little or no shrinkage during irradiation. A wide range of newly developed
commerical fibers, as well as developmental, fully dense, SiC fibers, is being studied.
Composites are currently bei_ cj fabricated for irradiation testing.

Low-activation ferritic-martensitic steels have been developed with compositions tailored
to reduce Ionc-term-induced radioactivity by three to four orders of magnitude. Initial
results indicate that these new alloys, based on 9 Cr-2W, V, Ta, have excellent resistance
to radiation-induced loss of toughness. Neutron irradiation to -,,7 dpa at 365° C resulted
in an increase in DBTT of only ,-,4°C. Further irradiation experiments were recently
completed in the Fast Flux Test Facility in which miniaturized impact specimens were
irradiated to neutron doses of 14 and 22 dpa at 356 ° C.

The alloy, Incoloy 80OH, was selected for several in-vessel components for the MHTGR.
To assess the possible impact of helium generation on the mechanical behavior of
weldments, an irradiation experiment was completed using the rabbit facility in the HFIR.
Sheet tensile specimens of welds made with an Inconel 82 filler metal were irradiated at
400°C to a thermal fluence of 2.5 x 1024 n/m2. In addition, an irradiation facility was
designed for the outermost HFIR position, capable of running at 800°C. This position
provides a good simulation of the environment of the MHTGR upper-core internals and
will achieve an end-of-life fluence in about one year.
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3.7 SUPERCONDUCTING MATERIALS -D. M. Kroeger

The SuperconductingMaterials Group does research on cuprate compounds which become
superconducting at temperatures as high as 125 K. The goal of the studies is to develop
practical conductors that can support large currents in high magnetic fields. The
compounds studied can be divided into two main groups, those showing near-term
promise for low-temperature applications and a second group which has good intrinsic
current-carrying capabilities at higher temperatures and, thus, may be developed into
practical liquid-nitrogen-cooled conductors. The Bi-Pb-Sr-Ca-Cu oxide "2223" phase
is being developed for silver-clad conductors for use at temperatures below --30 K.
Examples of the second group of compounds include YBa2Cu307-x(Y123), Yba2Cu408
(Y124), and the Ti-Pb-Sr-Ca-Cu 1223 phase.

Synthesis of high-purity ceramic powders is emphasized, and aerosol pyrolysis of
nitrate solutions is the route most frequently employed. Research samples have been
produced by many techniques i,,cluding sintering of cold-pressed pellets, deformation
and annealing of silver-clad powders, liquid-phase processing, and high-pressure
oxygen synthesis. A large variety of techniques are used to characterize the
samples. Magnetic susceptibility, transport critical current density, magnetization,
and electrical resistivity data are used to define superconducting properties.
Microstructural characterization involves XRD, TEM, SEM, microprobe analysis, Auger
spectroscopy, and optical microscopy.

Research on moderate-to-low-temperature conductors has been concentrated on using
aerosol pyrolysis to produce powders for generating the 2223 PboBi phase in silver-
clad conductors. Portions of this work are performed in conjunction with industrial
researchers and staff at the University of Wisconsin. The aerosol pyrolysis studies are
being done in collaboration with the University of New Mexico.

Ceramic powders produced by aerosol pyrolysis have several advantageous properties,
and the pyrolysis process has attracted industrial support. The advantages include
precise compositional control, production of ultra-fine particles, and suitability for
large-scale production. Problems associated with Pb loss and carbon contamination have
been solved, and a 600°C vacuum heat treatment has been used to remove residual
nitrates. Aerosol powders of Bi(Pb)2223 ,"recursors have been used to prepare silver-
clad superconducting 2223 wires and tapes. The times and temperatures required for
processing of those aerosol powder precursors are typically less than those for
precursors prepared by solid-state reaction. This may be due to the inherently fine
scale of compositional homogeneity of aerosol powders and/or to a difference in chemical
reaction paths for conversion of the aerosol and solid-state powders. These studies have
also shown that the conversion of Frqcursor powders to the 2223 phase is very sensitive
to oxygen pressure, and optimum conditions have been defined. Deformation processing
conditions also have a profound effect on conductor properties, and a substantial effort on
this variable is being conducted by the Materials Processing Group.

Conductors containing Bi-Pb 2223 have excellent current-carrying capabilities when
immersed in liquid He, but the Jc values fall off rapidly at temperatures above
~20 to 25K. This is not the case for YBa2Cu307.x, Y123 crystals. In this
compound, the intragranular Jc values fall off much more slowly as the temperature is
increased. Thin films of this compound have excellent Jc values but cannot carry
significant amounts of current. Higher-current applications have been limited by slow
growth rates observed for the formation from the melt and by "weak link" behavior
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associated with the GBs in sintered polycrystalline samples. Research on both of these
limitations is being conducted in the SuperconductingMaterials Group.

Melt-processed Y123 samples exhibit high Jc values. These samples are produced by
slowly cooling a two-phase mixture of Y2BaCuO3(211) and Y-poor liquid through the
peritectic temperature, and TEM has been used to define the microstructure. Each
domain consists of a single Y123 crystal containing finely dispersed 211 particles and
planar defects. These defects lie in the ab plane, are not continuous, and contain
amorphous material (which is probably the remnants of the liquid phase). Other
liquid-phase processing methods yield similar microstructures. During this reporting
period, research has been concentratedon evaluating the origin and consequences of this
microstructure. These studies include an investigation of the growth mechanism, TEM
work on the defects that form in the Y123 adjacent to the 211 particles, and a study of
the mechanical properties of the Y123 crystallites.

Nucleation and growth of 123 from the melt via a peritectic reaction into domains of
aligned platelets was studied in deta;I. Based on the microstructural analysis described
above, a given domain is thought to grow from a single nucleus, lt was also found that the
platelet boundaries are filled in with secondary phases corresponding to the liquid
phases at high temperatures, suggesting that constitutional supercooling effects may be
operative. Samples quenched from temperatures considerably below the peritectic
temperature during the cooling cycle indicated that there was a large nucleation barrier,
and only a few 123 nuclei were present. The above observations, coupled with extensive
microstructural examination of quenched solid-liquid interfaces, suggest that the
211 size, distribution, and volume fraction not only control the growth rate of
123 along the fast-growth ab plane (by the supply of yttrium), but also the growth
rate along the slow-growth c-direction, since the nucleation barrier for growth is
reduced at 211/123 intersections. A growth model consistent with these observations,
which also explains the formation of 123 "domains," was proposed.

Flux-pinning in melt-processed Y123 has been observed to increase with the surface
area of trapped 211 particles, thus providing an opportunity to identify flux-pinning
structures. TEM and EDS were used to study the 123 microstructure near the 211/123
interface, lt was found that near the 211/123 interfaces, there is a high local density of
stacking faults in the 123. The stacking faults lie parallel to the (001) basal plane and
are inhomogeneously distributed around the 211 particles. They tend to be disk shaped
with diameters ranging from a few !o -30 nm. Calculations made using simple energy
considerations suggest that these stacking faults may act as effective flux-pinners for
magnetic fields directed both parallel and perpendicular to the basal plane. They may
account for the observed increase of Jc with volume fraction of 211 and also explain the
angular dependence of transport Jc in melt-processed 123.

The microhardness, Young's modulus, and fracture toughness of aligned 123 obtained by
melt-processing were found to be highly anisotropic. Microindentation measurements
showed that the (100) planes are the preferred fracture planes in this material and that
the critical stress-intensity factor for propagating a crack on the (001) basal plane is
the lowest, i.e., Kc(001) < Kc(100) or Kc(010). Indentation crack length
measurements on the (001) basal plane with the impression diagonals aligned parallel
and perpendicular to the [100] and [010] directions indicate that the fracture toughness
of these planes is Kair (100/010) -- 0.8 MPam 1/2. The microhardness in this
orientation was found to be 6.7 GPa. Measurements on a plane perpendicular to the basal
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plane resultedin a lowerhardnessof -3.8 GPa. Thisreductionin hardnessis influenced
by the extensivepreferentialcleavageof the (001) basal planes.

The Young's modulus was determined using a highly spatially resolved MPM.
Nanoindentationmeasurementson the (001) cleavageplane of aligned123 indicateda
Young'smodulusof 143 :!:4 GPa. For measurementson a plane perpendicularto the
cleavageplane,a valueof 182 +_4 GPa for themoduluswasobtained. A lowermodulusin
th_ c-directionis perhapsa result of the layer-likestructureof 123, resultingin weak
coupling between the layers. Measurements on the trapped single crystalline211
particlesresultedin a Young'smodulusof 213 _+5 GPa. Considerationsof the thermal
and eiasticmismatcheffects betweenthe trapped211 particlesand the 123 matrix,the
large thermal anisotropyof aligned 123, and microstructuralexaminationof polished
and fracturesurfacesof alignedsamplesindicatethatthe 211 particlesserve to enhance
the fracture behaviorof 123 by energy dissipationdue to interfacialdelaminationand
crack bridging.

Silver-clad conductorscontainingT10.5Pb0.5Sr1.9Ca2.1Cu3Ox(1223) have shown
some promise for liquid-nitrogen-cooledapplications,and a study of this system has
been initiated. Powderswere producedby aerosolpyrolysis,encapsulatedin silver,and
cold drawn. Post-deformation heat treatments produced samples with onset
temperaturesof 110 to 120 K, but XRD data showed that they were not phase pure.
Future work will focus toward understandingphase formation, the effects of starting
compositionandphaseassemblage,andthemicrostructureof thesetapes.

There are three superconductingY-Ba-Cu-Ocompounds;YBa2Cu408(Y124), whichhas
a Tc of 80 K, also has intrinsicJc values comparableto Y123. The potentialof this
compoundas a conductorrraterial has been evaluatedby the SuperconductingMaterials
Group. Dense, phase-pure samples were required for the experiments, and phase
stability data were obtained while investigating various synthesis routes.
High-pressureoxygenenvironmentsdo not decomposeY124, and the rangeof stability
of the phase is larger than has been reported in the literature. An explanationfor the
enhancedstabilityhas beendeveloped,andgoodqualityresearchsampleswere produced
by sintering at 1030°C in 83 atm 02. These conditionsare within 5° of the liquid-
formationtemperatureat this pressure.

These sampleswere used to studythe relationshipbetweenweak linkbehaviorand GB
chemistry. Previouswork had shown that the compositionsof Y123 GBs, which are
weak links, differ significantlyfrom bulk values. For Y124, both Auger spectroscopy
and TEM microanalysisshowthat the GB compositionsare indistinguishablefrom values
for the bulk. Susceptibilitydata obtainedin weak magneticfields demonstratethat the
stoichiometricY124 GBs are alsoweak links. Theseobservationsdemonstratethat weak
link behaviorcan be an intrinsiceffect.

An apparatus for thermal conductivitystudieshas been constructedand tested. A
National Bureauof Standardsstainlesssteelttlermal conductivitystandardwas used for
the tests, and over the 6to 300 K operating range, the results have an average
uncertaintyof -2.2%. A series of polycrystallineY124 samples is now being studied.
Preliminary resultsshow that the thermalconductivitycurves for this compounddiffer
significantly from the data for Y123. Electrical conductivity curves for the two
compoundsalso showlargedifferences. Thegoalof this researchis to producedata that
will aid in understanding the basic mechanism of superconductivity in high-Tc
compounds.
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3.8 IRRADIATED MATERIALS EXAMINATION AND TESTING -L. J. Turner

The primary mission of the group is to provide support for the postirradiation
examination(PIE) effort for structuralmaterials researchconductedby several groups
within the M&C Division. As such, the group is responsible for operation and
maintenance of the Irradiated Materials Examination and Testing Facility in
Building3025E. Funding is provided from several sources; among these are the
MFE Program, the SNP (SP-100 Project), the HSSI Program of the USNRC, ,the
NPR-MHTGR Program,the BES Program,and severalsmallerWFO Programs. During
this reporting period, most of our experimental work involved support for the
StructuralMaterials and Defect MechanismsGroupsof the Materials Science and the
Fracture Mechanics and Mechanical Properties Groups of the EngineeringMaterials
Section.

Work for the StructuralMaterialsGroupwas primarilyin supportof the MFE Program.
Duringthis period, TEM disks were prepared for densitymeasurementson ferriticand
austeniticdevelopmentalalloys from the HFIR-MFE-JP-10 experiment. Tensile testing
of FWB structural developmental alloy candidates for the U.S./Japan collaborative
testing program was completed on specimens from the ORR-MFE-6J and -7J, two
spectrally tailored experiments. Tensile tests were completed for the remaining
specimensfrom HFIR experimentsCTR 39, 40, and41. SEM of the fracturesurfacesof
tested one-third-sizeCVN specimensfrom the MaterialsOpen Test Assembly(MOTA)
1EIow-activation experiment and tensile specimens from HFIR CRT-50 and
ORR-MFE-6J and -7J were conductedin cell 1. Charpy impact testing and SEM of
one-half CVN specimensfrom the HFIR CTR-53 and -54 experimentswere completed
for the MFE Program. Leak detectiontestswere completedon pressurizedtubes from
ORR-MFE-6J and -7J in preparation for reassembly in HFIR-MFE-200J-1 and
400J-1. Preliminaryexperimentaltechniqueswere developedand proved, and testing
began on controlsof miniaturizedcompacttensionspecimensin preparationfor testing
neutron-irradiated specimens irradiated in HFIR experiments HFIR-MFE-JP-18
and-19. During September and part of October 1992, two reactor experiments,
HFIR-MFE-200J-1 and HFIR-MFE-400J-1, consisting of both cold- and previously
neutron-irradiatedspecimens,were assembledin cell 6.

Tensile tests were conducted in cell 2 in support of several radiation-softening
experimentsconductedfor the BES Program on aluminumalloys used for structural
componentsin the HFIR core assembly. Tensiletestingwas also completedfor several
experimentsdesignedto studythe radiationembrittlementof ferriticsteels. This work
beganas a dedicatedstudyof theembrittlementof theHFIR pressurevesselandhassince
expandedto includestudiesof LWRpressurevesselsas weil.

Tensile testing was completed for the Mechanical PropertiesGroup on approximately
40 high-temperatureRheniumspecimensfor the DOE SNP Program,SP-100 Project.

Work for the Fracture Mechanics Group dealt predominantlywith support for the
HSS! Programof the USNRC, the NPR-MHTGR StructuralMaterials Program,and the
ANS Project. During this reportingperiod, tensile testing was started on specimens
from capsules5 and 7 of experimentFNR-3 unitsA and B. This workwill continueinto
FY 1993. The crack starter holes were enlarged and testing completed on the last
20 crack-arrest duplex specimens from the HSSI Sixth Series Phase II experiment.
Sixteen 0.45-T compact tension and 15 SS-3 tensile specimens from the ANS
experimentHANSAL-T1weredisassembledand testedin cells2 and3.
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In July 1992, facility cell work was temporarily halted until an evaluation of the
effectivenessof the basic shieldingenvelopecould be determined. This effort required
many person-hoursand resulted in an extensivestudy for this facility due, in part, to
the absenceof backgroundinformationon the subjectand the age of the facility. Each
cell was assessedon an individualbasisusinga phasedapproach. As correctiveactions
were completed,each cell was returnedto servicein accordancewithORNL procedures.
The effortwas completedfor the final cell on November30, 1992.

With regard to personnel,the group realized an overall growththis year. During the
year, one chemical operatorretired and two otherswere hired. In February 1992, a
PrincipalTechnologistjoined the group to perform mechanicaltesting-and assist the
FacilityManagerwiththe developmentof new testequipment.

A great deal of workbehindthe sceneswas requiredto accomplishthe materialstesting
we completed this year. To achieve these goals, 170 cask moves, 32 cell entries,
completion of 118 radiation and 29 safety work permits, 506 in-cell tensile,
84 Charpy impact, 15 crack-arrest,33 compact tension, and 37 SEM analyses were
required.

3.9 RESEARCH SUPPORT GROUP- A. T. Fisher

The Research Support Group prepares alloy and ceramic specimens for TEM, AEM,
APFIM, and related analyses. This year the group's work has expanded to include
specimenpreparationof polymersas well as metals (such as iridium,iron aluminides,
nickel aluminides,and superconductors)and ceramics(such as magnesiumoxide and
alumina). Assistanceand instructionwere providedfor SHAREparticipants,university
students, and foreign visitors. The Research Support Group provided specimen
preparationfor one of the first collaborationswith Russiaon fusionmaterials.

A new techniquewas developedto prepareNi3AIparticlesfor atomprobeexaminationby
embedding the particles in nickel plating. General maintenance was provided for
electronmicroscopesand APFIM facilities. Assistancewas providedfor the continuing
assembly of two atom probe instruments. A bibliography of atom probe-related
publicationsfor 1990 was published,and a bibliographyfor 1991 was compiled. A
workstationand equipmentwere acquiredfor the preparationof radioactiveatom probe
samples. Personnelwere trainedand certifiedin the handlingof radioactivematerials.

This past year the group prepared 1291 samples for TEM/AEM analysis and
298 specimensfor APFIM. Ceramic specimenspreparedby ion millingnumbered180.
Photographicsupport for the Radiation Effect and MicroanalysisGroup consisted of
325 photographic work orders comprising 13,400 prints.



4. CERAMIC SCIENCEAND TECHNOLOGY

R. L. Beatty

Research in the Ceramic Science and Technology Section focuses on (1)the
development of strong, tough ceramic matrix composites; (2)the characterizationof
carbon, graphite, and coal for nuclear, space power, and other applications;(3)the
understandingand developmentof supporting processing technologies;and (4)the
evaluation and developmentof advanced thermal insulationsystems. Consistingof
approximately 35 professional and 20 technical support personnel, the section is
organized into five groups: Carbon MaterialsTechnology (CMT), Ceramic Processing,
CeramicSurfaceSystems,StructuralCeramics,and MaterialsThermalAnalyses(formerly
BuildingMaterials).

4.1 CARBON MATERIALSTECHNOLOGY- T. D. Burchel/, E. L. Fuller, O. C. Kopp,
D. F. Pedraza, J M Robbins, G. R. Romanoski, L. L. Snead, J. P. Strizak,
and C. E. Weaver

Duringthis reportingperiod, the majorityof the CMT Group's activitieswere associated
with the NPR-MHTGRProgram. Other R&Dtasks includedthe Fusion EnergyCarbon-
Carbon (C/C) Composites Program, the Graphite Impact Shell (GIS) Materials
ImprovementProgram,the CFCC ProductionMaintenanceand Product Improvement
Program,the CommercialMHTGR Program,and Coal CharacterizationStudies. These
activitieswere supportedbythe IllinoisStateGeologicalSurvey;the ONPR;the Officeof
FusionEnergy;the RTG Program,Officeof SpecialApplications;the Officeof Advanced
Reactors;and U.S.'DOE. Summariesof the CMT Group's activitiesin this reporting
periodare givenbelow.

4.1.1 FusionEnergyCarbon Materials

Research activities for fusion energy application have been in support of plasma
interactiveor high-heat-fluxmaterialsneeds. Graphiteand C/C compositematerialsare
selectedfor theseapplicationsbecausetheir low atomicnumberminimizesradiativeheat
lossesfrom the plasma. Plasma-facingmaterials(PFMs)requirementsincludeextremely
good resistanceto thermalshock,erosion,and neutrondame,ge.

Fusion energy carbon studies are focused in two major areas: experimental
determinationof the effects of neutrondamage on candidate PFMs and fundamental
studiesof irradiation-inducedcrystal-structuredamage incarbons. PIEof specimensfrom
two HFIR irradiationexperiments,HTFC I and II, was undertaken. These two capsules
were irradiated,at 600°C to peak damage levelsof 1.6 and 4.7 dpa, respectively. The
experimentscontaineda varietyof carbon materialsincluding: nuclear-gradegraphite
(H-451); one-, two-, and three-directionalC/C composites;and a random fiber C/C
composite. In this period, specimen PIE was concentrated on thermal conductivity
determinations.

i
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Fortwo3-D C/C compositematerials,thermal conductivitywas shown to reduce by -60%
on irradiationat 600°Cto neutrondamagedoses > 1 dpa. The conductivityat 600°C was
observedto saturate at -1 dpa and remainedconstantat doses up to -5 dpa. The
fractionalreductionof thermalconductivitywas greaterat roomtemperaturethan at the
irradiationtemperature. Thermal annealing to 1600°C, after irradiation,restored the
thermal conductivityto -80% of its unirradiatedvalue. The results of our work were
presentedat the 5th InternationalConferenceon FusionReactorMaterials,Clearwater,
Florida;theASTM Symposiaon RadiationEffectsinMaterials,Denver,Colorado;andthe
InternationalConference on Carbon, Essen, Germany. Moreover, our results were
summarizedand presentedat the U.S./JapanWorkshopon High-Heat-FluxComponent
in Kyushu,Japan. Two open-literaturepublicationson thisworkhave been publishedin
this reporting period, one in the Journal of Nuclear Materials and the other in
ASTM STP 1175.

Fundamental studies of radiation damage in graphite have continued. A study using
electron irradiation showed that at fluences up to 1.1 x 1027e/m2, graphite remained
crystalline. HREM and selected area diffraction patterns indicated that ordering along the
c-axis remained. The energy required to displace a carbon atom from the lattice, Ed,was
determined to be 30 eV, in agreement with previous studies. However, no angular
dependence of Ed was detected. Other studies have utilized 35-KEVC ions to damage
carbon specimens. Raman spectroscopy of the damaged carbon revealed details of the
nature of irradiation-induced microstructural changes. The effects of annealing were
investigated. Mathematical modeling of the irradiation process has continued. Point
defect energetics and diffusion mechanisms in graphite were investigated using a semi-
empirical, tight-binding force model, and possible diffusion processes associated with
point defect (i.e., vacancies and interstitials) and non-defect (i.e., atomic exchange)
mechanisms were analyzed, lt was postulated that self-diffusion in graphite in a direction
parallel to the basal plane could be mediated by vacancies. However, since the
calculated vacancy and interstitial formation energies are nearly equal, it can be argued
that Frenkel pairs could exist as equilibrium defects. In this case, at high enough
temperatures, self-diffusion parallel to the basal plane should occur by an interstitial
mechanism because the migration energy of the interstitial is much lower.

In the past year, U.S. research activities for fusion energy have been focused on the
design of the ITER. The PFM for this reactor will see as high as 20 MW/m2 in ion flux as
well as appreciable neutron flux. The primary candidate materials considered as the PFM
for ITER are C/C composites. Toward this end, research into the degradation in the
conductivity of high-conductivity (K > 500 W/m-K) graphite composites has begun.
Thermophysical property determinations of C/C composites, neutron irradiated up to
1200°C, are being planned in the HTFC-3 capsule. The two previous HTFC capsules
investigated the effect of irradiation on various C/C composite architectures and fiber
types at a lower temperature.

As the ITERProgram combines the research programs from the United States, European
Community, Japan, and Russia,an effort has been made to coordinate research among
the ITER partners for the PFM irradiation program. Specific collaborations have begun
in the areas of thermal conductivity degradation of graphite and the braze integrity of C/C
composites to copper following irradiation. Detailed planning and design commenced
for a HFIR in situ capsule for thermal conductivity degradation studies of high-conductivity
composites.
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4.1.2 CommercialMHTGR Program

Activitiesduring this reportingperiodhavebeen insupport of the U.S.DOE's international
agreementson gas-cooledreactor(GCR)developmentwiththeJAERIandwithGermany.
U.S./Japancollaborativeactivitieshavecenteredon twoareas: (1) PIEof HFIRirradiation
capsule HTK-7, specimens of U.S., Japanese, and German nuclear graphites; and
(2) specimenvolumeeffectson thestrengthandfracturetoughnessof U.S. andJapanese
nuclear-gradegraphites.

A studyof the effect of specimensize on the brittle ring strength of IG-110 graphitewas
started. Severalhundredspecimensof varyingvolumeswere designedand machined.
PIE of graphite specimens from HFIR target capsule HTK-7 was conducted in this
reportingperiod. Data fordimensionalandvolumechanges,strengthand elasticmoduli
changes, and thermal-physicalpropertieswere taken. A preliminaryletterreportof the
PIE data was prepared. During March and April1992, a staffmemberfrom the JAERrs
MaterialsStrength Laboratorywas assignedto the CMT Group and assistedin the PIE
of specimensof IG-110 graphite.

One subprogram management meeting was held under the U.S. DOE-German umbrella
agreement. Activities under this agreement are related to the PIE of German graphites
irradiated in HFIR capsule H.TK-7and the analysis of H-451 creep data obtained from
irradiation in the High Flux Reactor, Petten, The Netherlands.

4.1.3 New ProductionReactorMHTGR

A wide range of technology development activities were ongoing through this reporting
period in support of the NPR-MHTGRProgram. These included: thermal, mechanical,
fracture, and fatigue data base developmentactivitiesfor grade H-451 graphite; air
oxidation studies of grade H-451 graphite; examinationof candidate cokes for the
productionof H-451, includingirradiationof pilot-scaledevelopmentalH-451 graphites;
an alternate graphite vendor program; and a C/C composite control rod materials
developmentprogram.

4.1.3.1 Thermal properties

A comprehensivetestplan describing the approach, methods, techniques,and apparatus
to be used in generating the NPR-MHTGRgraphite thermophysical properties data base
was approved. The plan gives details of the test matrix, materials, cutting diagrams, and
specimen configurations to be used. In accordance with our approved test plans, a
graphite billet was cut up and 768 specimens machined from a 2-in.-thick center slab for
evaluation of the spatial variation of thermal properties. Test measurementscommenced
following a successful readiness review. Data taken in this reporting period included
spatial variability of thermal conductivity, variation of thermal conductivity with specimen
orientation, and temperature.

A model for the thermal conductivity of graphite was developed in collaboration with
Professor P. Klemens, Universityof Connecticut. Graphite is modelled as a seriesof links
and junctions, the former representing the crystallites and the latter the intercrystallite
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regions. This model allows the estimationof the effect of conductivityof polycrystalline
graphitefrom a knowledgeof the principalconductivityratio;the conductivityalong the
basal planes; the microstructuralfeatures (crystallitesize and shape, number, and
geometryof intercrystallitecontacts per crystaUite);and the density. Applicationto
nuclear-grade graphites gave satisfactoryagreement with experimentallymeasured
thermalconductivities.

4.1.3.2 Mechanicalproperties

Work during this reporting period was focused on the preparationand approval of
detailedtest plans and machiningof approximately1,500 tensile test specimens. The
specimens were taken from large billetsof H-451 graphite, one billetof each of four
strengthclassificationsfor one particular manufacturinglot, and one billetof class 1
materialfromtwo additionallots. Testingcommencedto determinethe effectsof spatial
variabilityand specimenorientation withina billet, class-to-classvariability,and lot-to-lot
variabilityon tensilestrength.

4.1.3.3 Fracturemechanics

The plane-strainchevron-notched fracturetoughnesstest method(ASTME 1304-89) has
been employedto measure fracturetoughnessof severalgrades of nuclear graphite3
including: Great Lakes Carbon grade H-451, Stackpole grade 2020, and Toyo Tanso
grade IG-110. Specimensizeeffectswere investigatedusingthechevron-notched,short-
rod (CNSR)specimengeometry. Preliminaryresultshavebeenreportedforthe graphites.
Fracturetoughnesswas foundto increasewith increasingspecimensize. Thisbehavior
was attributedto a rising "R-curve"behavior for these graphites. The small volume
requirementsof the CNSR specimen allowed for a localized measure of fracture
toughness,permittingan evaluationof theeffectsof spatiallocationandorientationwithin
a fuel elementgraphitebillet. The CNSRspecimenis compatiblewiththespecimensize
limitationsof HFIR irradiationcapsules. Fracturemechanicsdata are needed for the
design of the MHTGR.

4.1.3.4 Fatiguebehavior

Duringthe previousreporting period,a specimen geometry and test procedure were
developedfor fully reversed,load-controlledfatiguetestingof nucleargraphites. During
the current reporting period, detailed test plans were developed and approved.
Approximately1000 fatiguespecimenswere machinedfrom four largebilletsfromone lot
of H-451 graphite,one billetof each of fourstrengthclassifications.Testingcommenced
to determinethe effectsof spatialvariabilityand specimenorientationwithina billet,and
class-to-classvariabilityon fatigue behavior.

4.1.3.5 Oxidationstudies

The kineticsand mechanismsof the reaction of air with graphitehave been evaluated
overa wide rangeof temperatureand humidityfor GreatLakesCarbongrade H-451 and
Toyo Tanso grade IG-110. The interpretationsof the data were supplemented by
additionalmicroscopicandchemicalanalyses.Densityprofileswereevaluatedforvarying
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degreesof reactionto showthat thecorrosionprocessesproceed by pittingandetching
of the outer regionsof the substrate. Trace amountsof silicaseem to inhibitthe pitting
processand retard oxidationappreciably. Corrosionby water vapor (in helium carrier
gas) proceedsby a similarmechanism,albeit much more slowlyat giventemperatures
(400 to 1600°C).

4.1.3.6 Coke sourceexamination

Three HFIR irradiation capsuleswere dedicated to an investigationof the influence of
precursorisotropicpetroleumcoke on graphite propertiesand responseto irradiation
temperatureand fluence. This investigationcontinuedthroughoutthis reportingperiod.
The firstof the three capsules,HTN-1, was reported inthe last reportingperiod. During
this report period, PIEwas completedand a reportwas issued.1 These data indicated
a significantdifferencebetweenthe graphites.Two of the pilotplantcandidategraphites
showedpromiseas replacementsfor originalH-451,namelythe so-calledD-and G-coke
graphites. However, it is not possibleat this point to make firm recommendations
regardingcoke type selection. Furtherdata are required from experimentsHTN-2 and
-3 priorto makinga final selectionof replacementcokes.

The other two capsules, HTN-2 and -3, were irradiatedat 600 and 900°C, respectively.
The capsules containedduplicatespecimensof graphitesmanufacturedusing various
cokes. These capsuleshavecompletedtheir irradiationcyclesand have been removed
from the HFIR. They are being held in the cooling pond until arrangements are
completedto move them to the hot cellsfor disassembly.This is anticipatedto happen
sometimein January 1993.

4.1.3.7 Alternatevendorsprogram

Two irradiationcapsules,HTN-4 and -5, arebeing prepared at the requestof DOE ONPR
to evaluate nuclear-gradegraphitesf,om alternatevendors for possiblereplacementof
H-451 for the NPR-MHTGR. HTN-4 and -5 were designed as HFIR capsulesto operate
at 900 and 600°C, respectively. The capsulesduplicate in design HTN-2 (600°C) and
HTN-3 (900°C), exceptthat HTN-4 has been modifiedto accept a 7-TC arraytube with
graphitetubes replacingthe graphitesplinescenteringthe specimens.

Seven grades of graphites from four differentvendors were selected for irradiation
in HTN-4 and -5. Those selectedwere threegrades from UCARCarbonCompany,Inc.,
one from POCO Graphite,Inc.,two fromGreat LakesCarbonCompany,and one fromthe
Carbon/Graphite Group. Specimens for these two capsules were machined, and
dimensionalmeasurementswere essentiallycompleted in this reporting period. The
specimensare presentlyundergoingpreirradiation propertyevaluation. When these
characterizationmeasurementsare completed,the specimenswillbe made availablefor

lT. D. Burchell, J M Robbins, and J. P. Strizak, Assessment of Post Irradiation
Examination Data From HFIR Capsule HTN-1, ORNL/NPR-91/35, Martin Marietta Energy
Systems, Inc., Oak Ridge Natl. Lab., December 1991.
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assemblyinto capsulesor will be labeled, packaged, and stored for future use. In light
of the announcementto end the ORNL NPR-MHTGRProgram,it is anticipatedthat the
specimenswill be storedfor future use.

4.1.3.8 C/C compositecontrolrods

A technicalplan for the developmentof C/C compositematerialsfor high-temperature
NPR-MHTGR controlrodswas written. The plandescribedthe strategyandtechnology
programfor controlrod materialdevelopment,includingargumentsfor the selectionof
fiber, matrix,and processingdetails. Designdrawingsanda purchasespecificationwere
appended. An orderfor braidedcompositecontrol rodtubes, 3-D C/C couplings,and
one-dimensionalC/C clevispinswas placedwithFiber Materials,Inc., Biddeford,Maine.
Controlrod componenttestingwillcommencein the next reportingperiod.

4.1.3.9 NPR-MHTGRfuel compact thermalconductivity

Fuel compacts containing 10 and 20 vol % of eight-layerTRISO _-material (buffer,
siliconcarbide,pyrolyticcarbon) ISOtropiccoatings]fuelwere sectionedto yieldthermal
conductivityand specificheatspecimens. Thermaldiffusivitywas determinedusingour
LASERflash thermal-pulsemeasurementsystemattemperaturesup to 1600°C. Similarly,
the specificheatwasdeterminedat temperaturesup to 1000°C. Thethermalconductivity
of the fuel compactswas calculatedand found to be significantlyless fo_ the 20 vol %
compact compared to the 10 vol% compact. Our data indicated that the NPR fuel
compacts had lower thermal conductivitiesthan five-layerfue!_containingcompacts
preparedpreviouslyfor thecommercialMHTGR Program. The reductionin conductivity
wasattributedto thesignificantlylowercarbonizationtemperaturesnow employedduring
fuel compact manufacture.

4.1.4 ImprovedGIS .....

/- ....... . . . 238 to
The GPHS providespowerf_._spacemiss=onsby transm=ttmgthe heat of Pu decay
thermoelectricele.rne._q_._l_ecauseof the possibilityof an aborted mission, the heat
source must bp_mdesignedand constructed to surviveboth reentry heating and earth

_3/li_drical GIScontainthe iridiumalloy-cladfuelpelletsand servea principalrole
=nimpact protection. The presentGIS configurationis machinedfrom an orthogonal-
weave C/C composite and is susceptible to longitudinal fracture during impact.
Cylindrical-architectureC/C compositesare being evaluatedas a potential improvement
to GIS impact performance. Characterization includes measurement of physical,
thermophysical,and mechanicalproperties.

A gas gun test facility is being preparedfor impacttestingof candidate GIS materialsto
evaluatethe effectof architectureand densityon energyabsorption. Impacttestswillbe
conductedat roomtemperatureusingonenickel-cladhafniafuel simulantina half-length
GIS specimen. Each GIS specimenplus fuel simulantwill be fired at 55 m/s (reentry
terminalvelocity)into an instrumentedsteel target that producesan outputproportional
to the decelerationof the projectile. A GIS materialthat yieldsa lowerdecelerationrate

-- will providegreater protectionto the PuO2fuel under simulated impactconditions.
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4.1.5 Carbon-BondedCarbon-FiberInsulatorMaterial

Lightweightthermal insulatingmaterial is required in the GPHS for space reactors used
to providepower for NASA'sdeep space probes. Carbon-bondedcarbon-fiber(CBCF)
thermalinsulatorsfabricatedfortheRTG Programarepresentlyusedto fulfillthisfunction.
Scheduleswere met for productionand documentationof 40 flight-qualitysetsof CBCF
parts insupport of the NASACassinimission. Parts producedearlierare currentlyflying
in the Galileo and Ulyssesspacecrafts. As the productionschedule for the Cassini
mission was completed, emphasis shifted to more complete characterizationand
improvementof CBCF insulatingmaterials. Additionalmaterialhas been producedand
densitymappingstudiesinitiatedto providea moreextensivematerialpropertydata base.

4.1.6 Chemistryand Structureof Coals

Chemistry and structureof a setof IllinoisBasincoals have been studied in a cooperative
program with the Illinois Geological Survey. Comminution to finer sizes (i.e., 100 to
400 mesh) is accompanied by chemical changes. The hydroxyl content (alcoholic,
phenolic, acidic functional group and/or bound water) is diminished, and the aliphatic
hydrocarbon content is enhanced. The diffuse reflectance infrared spectroscopy (DRIS)
technique is ideally suited for evaluating the effect of the added energy input required to
decrease the coal particle size.

Temperature-programmed reactionstudies of air reactionwith coals of variousranks [the
Argonne National Laboratory (ANL) Premium Coal Sample Suite] have been used to
evaluate oxidation and gasification mechanisms. Mass spectroscopic analyses of the
effluent gases reveal that the initial mass loss is due to aliphatic hydrocarbon evolution.
Oxidation occurs at higher temperatures as recognized by carbon dioxide, carbon
monoxide, and water vapor in the effluent vapors. Detailed DRIS examinations of eight
different samples before and after exposure to ambient conditions at room temperature
for one month revealed no noticeable chemical or structural change (either at 400 or
100 mesh). The oxidation processes proceed at such a slow rate that the changes are
undetectable. Previous DRISstudies have been used to obtain details of the oxidation
processes at higher temperatures.

4.2 CERAMIC PROCESSING- A. E. Pasto, M. A. Janney, J. O. Kiggans, H. D. Kimrey,
R. J. Lauf, A. J. Moorhead, O. O. Omatete, S. D. Nunn, and T. N. Tiegs

Group R&D activities include ceramic forming by gelcasting, microwave processing,
in situ-toughened silicon nitride materials development, high-temperature corrosion,
material characterization, and sensor development. These activities are supported by the
CTAHE Program, Officeof Transportation Systems; the AIC and Advanced Industrial Heat
Exchanger Programs, Office of Industrial Technologies; the Fossil Energy AR&TD
Materials Program, Office of Technical Coordination; the RTG Program, Office of Special
Applications; the ONPR; and the Officeof Energy Research, U.S. DOE.

Ceramic gelcasting is being developed as a net-shape-forming method that may offer
both manufacturing advantages and improved reliability of products compared with
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forming by slip casting or injectionmolding. The gelcasting process dispersesceramic
powder in an aqueous solutionof monomer,and "gelling"is accomplishedby thermal
polymerization.As reportedduringthe lastseveralyears, initial,very successfulstudies
wereconductedusingaluminapowderandacrylamidemonomer.Thegelcastingprocess
was then extended to silicon nitride,and several powders and compositionswere
successfullyprocessed.

The gelcastingprocesshas generatedconsiderableinterest inthe commercialceramic
processingindustry. We currentlyhave in place a CP,ADA with the Garrett Ceramic
Components(GCC) Divisionof Allied-SignalAerospaceCorporationand a CRADAwith
CoorsCeramicsCompany. Inaddition,we areevaluatingtheprocessusingthe materials
of a numberof potentiallicenseeswhowould liketo use gelcastinginthe productionof
theirproducts.

Under the CRADAwith GCC, it was previouslydemonstratedthat a siliconnitrideT-25
turbochargerrotorcouldbe formed bythe gelcastingmethodusingGarrett'sproprietary
GN-10 silicon nitride composition. In continuingwork under the CRADA during the
present reportingperiod, it has been shownthat the gelcast GN-10 siliconnitridehas
virtuallythe same mechanicalpropertiesas the slip-castmaterial,which was Garrett's
previouspreferredforming method.

CooperativeworkbetweenORNLand CoorsTechnicalCeramicshascontinuedin which
complexshapes utilizingCoors-suppliedaluminapowders were gelcast. This resulted
in the implementationof a CP,ADA with Coors. ORNL is to gelcastand dry-prototype
perforateddiscs using a mold provided by Coors. Coors will fire the discs, and both
Coorsand the end user willevaluatethe finishedproduct.

Five other companies have shown interest in the gelcasting process. Preliminary
fabricationtestswere conductedon materialsof particularinterestfor each.

Fabricationof numerousceramicmaterialsby gelcastinghas shownthe processto be
very versatileand attractivefor complexshapes and potentiallyfor large parts. However,
the acrylamidemonomerused for mostof the developmentwork hasa toxicitylevelthat
renders it undesirableor unacceptablefor scaled-upmanufacturingapplication. Thus,
an importantpartof the workhas beena searchfor alternativemonomersto replacethe
neurotoxicacrylamide. Extensive development work has been carried out on two
systems, methacrylamide-poyethylene glycol (MAM-PEG) and methacrylamide-
methylenebisacrylamide(MAM-MBAM),to replacetheacrylamidesysteminthe aqueous
gelcastingprocess. Slurriesof ceramicpowdersinthesystemswere prepared,andhigh-
solidsIoadingswere obtained. Subsequently,bothsystemshavebeensuccessfullyused
to fabricate aluminaand siliconnitrideparts. In addition,the systems have been used
to fabricateparts from otherceramicpowders,such as siliconcarbideand mixedoxides,
providedby companies interestedinthe gelcastingprocess. Most of the currentwork
in gelcasting is now carried out in either of the new systems, although comparative
studiesstillinvolveacrylamide.

Inadditionto chemistrychanges,themethodsusedfor mixingthe ceramicpowderinthe
monomersolutionhave been changedto improvedispersion,particularlyin the case of
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fine-particle-sizesilicon nitride and alumina powders. This results in a more castable
slurryand higherquality partsthat show substantiallyimprovedmechanicalproperties.
New casting methods are also being examined to minimizemold-fillingdefects when
formingcomplexshapes.

A projectentitled"Novel Near-Net-ShapeProcessing of EngineeredCeramics"has been
initiated,which is funded by the NI3T, AdvancedTechnologyProgram. In this project,
ORNL is contractedby GCC to developgelcastingas a generalceramicmanufacturing
process. The proje_ is brokeninto four majortasks: developmentof new gel systems,
integratedprocessingdevelopmentof ceramic slurryand gelationsystem,optimization
of gelcastingsystem,and determinationL,!product feasibilityand processrepeatability.
This work is scheduledto take three years.

Ceramicprocessingand materialcharacterizationsupportis being providedto the Cost-
Effective Machiningof Ceramics Project in the developmentof a computer model for
describingandanalyzingan aluminatape-formingprocessforthe productionofelectronic
substrates. This work is part of a CRADAwith Coors Ceramics Company to better
understandceramicprocessingas we mc,;'etoward near-net-shapeformingto minimize
the amount of machining that is required to produce a finished part. Microwave
processingdevelopmentwas continuedwithseveralceramicmaterials.

In work for the FEMP, it was demonstratedthat the "microwaveeffect" in the sintering
of zirconia (lower sinteringtemperatured_lringmicrowaveheating) is a functionof the
type of dopant used in the zirconia. A previousstudy had shown a "microwaveeffect"
of about 100°C for the sinteringof ZrO2 - 8 mol % Y203at 2.45 GHz. The currentstudy
showed only a 59°C "microwave _ffect" for the sinteringof ZRO2-12mol % CeO2. The
smallereffect f_,:zheCeO2-dopedzirconiais attributedto the lower ionicconductivityof
that material relative to the Y203-dopedzi;_unia. Similareffects have recently been=

observedfor ionexchange in glassesby a group at the Universityof Florida;the higher
the ionic cond_,c_ivityof the glass,the largerthe "microwaveeffect."

Work on the _,ICProgram focused on two areas: developing methods for microwave
firingzirccria-toughenedalumina(ZTA)compositesat 2.45 GHz withoutauxiliaryheating
and developing a computer model to predict the heating behavior of ceramics in a
microwavefurnace. Previouswork on microwavesinteringof ZTA depended on the use
of a "picket fence" arrangement of SiC rods to aid in heat=_,gthe samples to
temperaturesabove600° C, wherethe zirconiaand aluminawillcouple on theirown. This
is a cumbersome approach, which although useful for laboratory experiments, is
unacceptablefor production. An alternativemethod was developed that used carbon
black as an internalauxiliaryheater. The carbon was admixedwith the aluminaand
zirconiaduringthe mixingstageof samplepreparation.At low temperatures,the carbon
coupleswellwiththe microwavesto providegood energytransfer to the part. At about

= 500°C, the carbon burns off and the zirconiastartsto heat on its own to raise the sample
to the sinteringtemperature. Samplesh_atedin thisfashionexhibita "microwaveeffect"
that is comparablewiththat observedfor samplesheated using the picket fence.

Under AIC Program funding, a collaborative effort with the Universityof Utah continued,
developing numerical models for microwave sintering of ceramics. Techniques were
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developed usingfinite-differencetime-domain(FDTD)algorithmswhichdemonstratefor
the firsttime the heatingprocessin a re_;_sticmicrowavefurnace. Effortswere initiated
to develop engineering models fo,r the microwaveprocess, which will be useful for
commercializingthis process.

Internally,a quasi-opticalmodel (anapproximatemodelthat is usefulfor detailingoverall
_:onditionsin a micro_vavefurnace) was developed that can be run on a Macintosh
computer in a fraction of the time required for the FDTD codes. Using dielectric
propertiesof the materialsinvolved,the code can predict,surprisinglyaccurately,where
the microwavepower willbe deposited.

An aluminatest systemwas chosenfor study both experimentallyand usingthe quasi-
optical model. The test sample was a sintered 400-g block of high-purityalumina.
lt was insulatedwith 1.5 in. (4 cm) of high-purityalumina fiberboard. Forward and
reflected power in the cavity was measured. The power diagnosticswere calibrated
calor='netrically.ExcellentagreeI,lent was obtained betweenthe experimentalresultsand
th_. ...._dei predictions,which indicatesthe usefulnessof the model in predictingthe
behaworof systemsduringmicrowaveheating. Microwaveeffortswere also sponsored
by DOE-DP.

A three-yeareffortto developa world-classmicrowavefurnacewascompletedthisyear.
The advancedmanufacturingprocessfurnaceis a dual-fi'equency,controlled-atmosphere
microwavefurnace, lt has 48 kW of 2.45 GHz powerand 15 kW of 28 GHz power, lt is
capable of operatingin inert,oxidizing,or high-vacuum(1 x 10.7pascal) conditions.

Other worksponsoredby ER includedthe initiationand approvalof a CRADAwith Dow
Chemical Company to demonstratethe feasibility of microwaveprocessingof silicon
carbideceramics. The CRADAwill run for three years. Techniqueswillbe developedto
sinterSiC in the microwaveand compareresultsin a conventionalfurnace.

The primarymicrowaveprocessingwork for the CTAHE Programhas been the studyof
microwaveheatingas analternativefor producingcost-effectivesinteredreaction-bonded
silicon nitride (SRBSN) materials. Previous studies indicate that it offers several
advantagesover conventionalheating of similar materials. These are: (1) nitridation
initiatesat a slightlylower temperature (50°C), (2) nitridationoccurs at a faster rate,
(3) densification rates are increased, (4)nitridation and sintering are done in one
continuousprocess,(5) thickerpartscan be madebecausenitridationproceedsfromthe
insideout and pore closureis minimized,and (6) coolingof the parts can be performed
outsidethe microwavecavitybecausethe insulationis notan integralpart of the furnace.
Consequently,microwaveheatingoffersa way to reduce fabricationtimes and handling
timeof components, lt is also significantthat SRBSNmaterialscostaboutone-fourththe
amountof expensivesiliconnitridepowders. Significantprogresshas been made inthis
project. Data have been publishedshowingthat microwavesinteringof severalSRBSN
materials was more effectivethan conventionalsintering. Mechanical testing was
conducted on several of these SRBSN materials,showingthat the room-temperature
strengthis comparableto materialsmade by other processes. However,flexuraltesting
at elevatedtemperaturesshowedappreciablestrengthdecreaseat temperaturesabove
!000 ° C. The fracture toughness values ranged from 4.5 to 5.1 MPalm for the SRBSN===_

_,

_

_
_
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materialstested to date. This is lower than valuesobtained for samplesprepared from
high-purity Si3N4 powders, which are in the range of 6.8 to 7.0 MPa_rm. Work is
progressingin microwaveprocessingof complexparts of SRBSNand in scalingup the
total volumeof parts processed per run. Also, modificationsare soon to be made to
increasethe uniformityof our microwavefurnace.

Work on the three microwave CRADAs with Norton and Allied Signal is nearing
completion. Samples have been provided to us by the participants,and ali of the
sampleshavebeenprocessedbyvariousmicrowaveheatingschedules. Newpackaging
techniques, which were developed just prior to the start of these CRADAs, greatly
increasedthe uniformityof heatingand enabledus to successfullyprocessmost of the
samples. XRD, SEM analysis,and mechanicaltesting of the processedsamples are
being conducted. Early resultsindicatethat microwaveannealing improvedthe high-
temperaturepropertiesof dense Si3N4 provided by Norton. Follow-upruns have been
madeto furtherstudythe process. In theRBSN.materialprovidedby Norton,microwave
processingproducesa muchfinerporesizethanfor materialsprocessedbyconventional
heating.

Two additional CRADAson microwave work were initiated last year under ER Programs.
One is with AVX Tantalum Corporation to evaluate microwave sintering of tantalum
capacitors, and the other is with Microwave Laboratories, Incorporated (MLI) to develop
a variable-frequency furnace.

MLI has licensed the variable-frequency furnace and has developed a broad line of
products ranging from a 200-W benchtop unit to large, multikilowatt systems and has
demonstrated very exciting results in materials processing applications.

Also, working with AVX Tantalum, we have observed several potentially exciting
phenomena in microwave-processed Ta capacitor anodes. These unique products are
the subject of a U.S. patent application entitled "Process for Manufacturing Tantalum
Capacitors" and are currently being evaluated at AVX Tantalum.

Non-microwave work sponsored by the CTAHE Program is directed toward in situ-
toughened (or self-re!nforced) silicon nitride. Toughening is achieved by the development
of elongated-grain microstructures that have carefully controlled intergranular phases to
promote crack deflection, debonding, bridging, and pull-out.

A series of compositions was prepared using two refractory sinteringaid compounds:
rare earth apatites and rare earth silicates. Four different rare earth cations were
examined: Y, La, Nd, and Yb. Gas-pressure sintering at temperatures up to 2000°C was
used to densify these compositions while developing a highly elongated (acicular) grain
structure. A two-step firing schedule was used to promote the formation of a bimodal
grain-size distribution that is believed to be beneficial in enhancing interactions between
the grains and an advancing crack tip over a wide range of crack lengths. Samples
prepared in this study showed high retained strengths at elevated temperatures
(>500 MPa at 1200°C) and fracture toughness values as high as 10 MPa#'m.
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Materialstechnology support was provided for an IndustrialTechnologiesProgramto
assistcontractorsin developinghigh-temperatureheat exchangers. Materialsexposed
to simulated steam-reformerenvironmentswere characterizedto support selection of
candidatematerialsfor furthertestingat ORNL. Thisworkwas a cooperativeeffortwith
the CorrosionScienceandTechnologyGroup.

Characterizationwork was conductedon a ceramicmaterialfor the NPR-MHTGR. The
commerciallyavailablematerial,Coors AD85 alumina, is a candidate for use in large
blocks as a core support insulator. Detailed mechanical and physical property
measurementswere made,whichwill be part of a design data base.

Work was initiated on adapting CBCF thermal insulationto other applications. A
U.S. patent applicationentitled"Damage TolerantLightAbsorbingMaterial" represents
the first productof this initiative.

Developmentworkcontinueson new chemicalsensors. Ouraward-winningRapidFuel
Analyzer is being further developed for specific applications of interest to several
sponsors,and licensingnegotiationswitha manufacturerare underway. Workcontinues
on a simple hydrogen-selectivesensor based on hydrogen absorption by Pd (patent
applicationfiled).

4.3 CERAMIC SURFACE SYSTEMS- T. M. Besmann, P. J. Blau, W. Y. Lee,
R. A. Lowden, J. C. McLaughlin, D. P. Stinton, and C. S. Yust

The frictionand wear propertiesof new materialsfor automotiveand truck enginesare
being investigatedto helpreduceenergy lossesdue to friction,increasethe reliabilityof
transportationcomponents,and acceleratethe growthof the U.S. advanced materials
industry. Supported by severalDOE programs,the ORNLtribologyeffort has focussed
on three key thrusts: (1) the systematic analysisof the frictionand wear behaviorof
promising new materials like silicon nitride-based ceramics and graphite-based
composites,(2) the developmentof strategiesformorecost effectivelysimulatingengin_
wear conditions,and (3) the developmentandtestingof novelsurfacecoatingsandfilms
for frictionand wear reduction.

Ceramics and carbon-graphitesrepresent lightweight,energy-efficient materials for
potential use in low-emission,high-efficiencyengine designs. ORNL's unique, high-
temperaturetestingsystemspermitstudiesof frictionand wear of candidatematerialsat
temperaturesup to 1000°C in controlledenvironments.A survey of historicalattempts
at engine wear simulationshas helped developweartestingstrategiesfor a new CRADA
with GM ResearchLaboratoriesin the area of lightweightmaterials.

ORNL has conducted (amongthe firstpublished)evaluationsof the lubricationpotential
of newlydiscoveredfullerenes(C6omolecules)used inpowderform. This has been part
of an Advanced Energy Projects, Officeof Basic EnergySciences, effort in developing
CVD methods to create novel, self-lubricatingmaterialscomprisedof solid lubricants
embeddedinceramic matrices.The thermodynamicfeasibilityof co-depositinga lamellar
solid lubricant,MOS,, with a hard ceramic matrixsuch as TiN, Si3N4, TiC, or SiC was
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examined,and equilibrium calculations suggest that MoS2 could be co-deposited with
TiN, Si3N4,or SiC when appropriatechlorideprecursorswere used.

Under the sponsorship of DOE's CTP, a special, multi-year project to reduce the
machiningcostof ceramicparts for engineshas been initiated. Tasks of the new Cost-
Effective Ceramic Machining effort are: technology assessmentand future needs,
advanced machining process development, ceramic machinability and related
performance,structureand qualityof machinedsurfaces,and environmentalsafety and
healthaspectsof ceramicmachining.The subcontractedprojectsare complementedby
in-houseresearchon ceramicmachiningin conjunctionwiththe HTML Programand the
DP TechnologyCommercializationInitiative.

A programsupportedbythe U.S.AirForce,Officeof ScientificResearch,on basicstudies
of nucleationand growthin CVD was completed. Techniquesfor in situobservationof
nucleationand growth usingangular-resolvedlaser lightscatteringwere accomplished
using SiC growingon silicon. Electronmicroscopyusing latticeimaging has revealed
specific,independentnucleationsiteswherenano-scalefeatureshave grownepitaxially.
Highlyoriented etch pitswere observedto form due to hydrogenetchingof siliconand
may offer preferredgrowth sitesfor SiC.

A seed money programto developparametersfor codepositingmolybdenum silicides
with Si3N"has been completed, lt was demonstratedthat crystallineSi3N4 containing
molybdenumsilicidecouldbe depositedat high ratesat temperaturesas Icwas 1250°C.
Workelsewherehas indicatedthat significantdepositionratesof crystallinematerialwere
possibleonly at temperaturesinexcessof 1400° C. The resultsof this workhave led the
Naval Air Development Center to fund work at ORNL on Si3N,-based coatings for
protectingC/C.

A CTAHE Programhasbeen investigatingthe problemof corrosionof SiC and Si3N4heat
engine componentsby moltenNa2SO4salts,whichare formedfrom impuritiesin fuel and
air. A number of oxides have been identifiedthat may protectthese componentsfrom
corrosion. Among these,Ta205was selectedas one of the most promisingcandidates,
andCVD techniqueshave been developedto deposititonto SiC substrates. Preliminary
corrosiontests with 15 rag/cre2 of Na2SO"at 1000°C showed no degradation of the
CVD-deposited coatings.

The U.S. Air ForceWrightLaboratorieshas sponsoredan effortto model chemicalvapor
infiltration(CVI) for the fabricationof continuousfiber-reinforcedceramiccomposites. A
3-D process model using a steady-state,finite-volumetechnique has been developed
togetherwiththe GeorgiaInstituteofTechnology.An additionaltaskrequestedbyWright
Laboratoriesis to design and constructa scale-up, forced CVI unitto demonstratethe
fabricationof turbine rotorsubelement. The furnace has been acquiredand is currently
being installed.

Fiber-reinforced, thick-walled tubular composites of different fiber architectures
(3-.D braided, filamentwound,and clothwrapped)were fabricatedusingthe forced CVI
processundera FossilEnergyAR&TDProgram. The fiber architectureswere designed
to tailor the mechanical propertiesfor applicationssuch as combustors,burnertubes,
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heat exchangers, headers, hot-gas filters, and even rotors for gas turbine engines.
Compositetubeswerenondestructivelycharacterizedat ORNLusingradiographyandCT.
CT was particularlyuseful in detectingdelaminationsand voids withinthe composites.
Mechanicalcharacterizationwas initiatedat Virginia PolytechnicInstituteusing tensile
testing.

Fabricationof full-scale, fiber-reinforcedcandle filters (60 mm diam and 1.5 m long)
continuesin a collaborativeeffortwiththe3M Companyundera FossilEnergy-supported
effort. CandlefiltershavebeenfabricatedfromNextel(alumina-boria-silica)and NicalonTM

(Si-C-O) fiber preformsand infiltratedwith an SiC matrix. Currentfilters are fabricated
from filament-woundor braided structuresfor strengthand chopped-fibersurfaces for
permeability.Chopped-fibersurfaceshavebeenengineeredto simulatethe permeability
of commercialSchumachercandlefilters.

An AIC Projectto developTiB2-matrixcompositecathodesfor the reductionof aluminum
continuedthisperiod. Effortsfocussedon the efficientfabricationof 6-mm-thickdisksof
relativelyuniformdensity. Arrangementshave been made for AlcoaAluminumCompany
to testthe materialfor useas HalI-Heroultcellcathodes. A licenseforthe technologyhas
been acquiredby AdvancedInnovativeTechnologies,Inc.

Under the Fossil Energy AR&TD Program, alternativesto the oxidation-susceptible
graphiteinter-layerinSiC Nicalon_ compositesarebeinginvestigated.Boron-containing
materialsofferimprovedoxidationresistancethroughthe formationof a glass layerthat
can flow and seal the surfaceof the underlyingmaterial,protectingit from furtherattack.
Boron-dopedcarbonandboronnitrideinterfacecoatingswerethusexaminedto improve
the oxidationresistanceof the composites. Beyond a minimumconcentration,boron
doping of the carbon layers enhanced the short-term oxidation resistance of the
composites(24 h at 1273 K in air). Boron nitride interface coatings also produced
improvementsin strength retention after oxidation; however, the composites were
somewhatembrittled. The embrittlementappearedto be a resultof fiber decomposition
caused by oxygen in the as-depositedBN interlayers.

4.4 STRUCTURALCERAMICS- P. F. Becher, K. B. Alexander, A. Bleier, C. H. Hsueh,
H. T. Lin, and S. L. Hwang

Our effortsfocus on both theoreticalmodelingand observationsof crack propagation,
fatigue, and creep in ceramics and composites to identify and characterize the
mechanismsthat contributeto improvingtheir mechanicalbehavior. The models are
systematically tested against a combination of experimental results. Detailed
microstructuralcharacterizationis also conductedthat allowsthe microstructural(e.g.,
interfaces,GBs, grain size, and shape) parametersto be incorporatedinto materials
design concepts. Studies of materials processingare employed to (1) develop the
microstructuralfeatures suggestedby the modelsand (2) understandthe mechanisms
involvedin the generation of such microstructures. The underlyingobjective is to
understandhow to developtoughened ceramicswith greater mechanicalperformance
capabilities. To this end, collaborativeeffortsare conducted to also explore how the
tougheningmechanismsmay influenceothermechanicalproperties(e.g.,fatigue,creep).
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4.4.1 BESTasks

4.4.1.1 Transformationtoughening

During this period, constitutivemodels of the martensitictransformationin zirconia
behavior and the associated transformation-tougheningresponse that includes key
microstructuralparametershave been developedand validatedby experimentalresults.
These studiesinvolvedcollaborativeresearchwith M. V. Swain, Universityof Sydney;
D. J. Kim, Korean Instituteof Science and Technology; and E. F. Funkenbuschand
R. PIovnick,3M Corporation.

One of the importantfindingswas that the scalingof internalstress concentrationswith
grain size promotesthe transformationintetragonalzirconiaceramics. This suggested
thatthe transformationinZTA compositeswouldbe a functionof zirconiacontentas well
as grainsize. To evaluatethis response,itwasnecessaryto exploitcolloidalprocessing
principlesto develop uniform,dense two-phaseceramics where the grainsize of each
phase can also be controlled. Complementarystudiesdeterminedthe energetics and
kineticsof graingrowthin colloidallyprocessedalumina-zirconiacompositescontaining
up to 40 vol % zirconia. The growth of grainsof each phase is coupled; that is, the
growth rate of the faster growing phase (i.e., alumina for zirconia contents less than
50 vol %) is reduced by the slower growing phase. Utilizing this, it is possible to develop
a sintering cycle for each composition to achieve the desired grain sizes. Collaborations
with O. O. Omatete and M. A. Janney of ORNL in research supported by the AIM
Program, Office of Industrial Technology, have extended these findings to produce ZTA
composites by gel-casting combined with conventional sintering and by microwave
sintering of colloidally processed composites.

Next, the residual stresses developed within the alumina and zirconia grains due to the
thermal expansion mismatch (TEA) between these two phases were determined by
neutron diffraction techniques in collaborative studies with X. L. Wang, C. R. Hubbard,
J. A. Fernandez-Baca, and S. Spooner, ORNL. These results confirm that the TEA
stresses in the zirconia increase with decrease in zirconia content. Experimental and
theoretical studies show that the increase in the TEA stresses is a major factor in the
sensitivity of the transformation to increase in grain sizewith decrease in zirconia content.
Experiments with ZTA composites confirmed that the rate of increase in the martensite
start temperature with zirconia grain size increasedwith decrease in zirconia content. The
transformation toughening in ZTA composites was then shown to increase with zirconia
grain size and content consistent with the theoretical predictions. Utilizing the results of
these processing-microstructural evolution and transformation behavior studies, sintered
ZTA composites with toughnesses and strengths approaching 15 MPaV'mand 900 MPa,
respectively, were produced. Key to this has been understanding how microstructural
parameters control the transformation behavior and how to systematically develop the
desired microstructural characteristics by appropriate processing routes.

4.4.1.2 Reinforcedceramiccomposites

In the past,crack-bridgingprocesseswere characterizedinwhisker-reinforcedceramics
(WRC) and theoretical treatmentsdeveloped to describe the toughening behavior in
reinforced systems. This, combined witl_ experimentalstudies, heiped define tl_e

_
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contributionsof interfacial,whisker,and matrixcharacteristics.These findingswerethen
extendedto includethe tougheningbehaviorfor othertypesof discontinuousreinforcing
phases and now form the basisfor the microstructuraldesign of toughened ceramics.
Increasingemphasisis now placedon the evolutionof these materialsdesign concepts
for elevated-temperatureceramicssystems. More recentstudieshave also shownthat
WRC exhibit considerablecyclic fatigue resistance (with R. O. Ricthie, Universityof
California-Berkeley)dueto crackbridgingand resistanceto thermalstressesdue to both
greatertoughnessand thermalconductivity(withG. A. Schneider,Max-Planck-InstitutfSr
Metallforschung).

Our studies of self-reinforced silicon nitride (SRSN) are a natural progression of our
findings in WRC. These studies indicate that toughening due to the formation of
elongated silicon nitridegrains should scale with the grain diameter and the volume
contentof the largerelongated grains. Initial studiesconfirmthese predictions. The
tougheningresponseis predicatedupon(1) the mechanismscontrollingelongatedgrain
growth(collaborativestudieswithM.J. Hoffmann,Max-Planck-InstitutfSrMetallforschung)
and (2) debonding of the elongated grain-GB phase interface during crack extension.
Experimentalstudiesare now addressingthe materialfactors influencingdebonding at
the silicon nitride-oxynitrideglass interfacesand the influenceof microstructure(e.g.,
grain diameter and length) on the fracture resistancein the presence of selected
GB phases. Inaddition,the microstructuraldesignof SRSNceramicsrequiresknowledge
of thecrack-tipinteractionswiththemicrostructureand an understandingof the influence
of theGB phases. Thiswillbe accomplishedby (1) high-resolutionSEM studiesof crack-
tip processescombinedwith (2) characterizationof the grain interfacesusinganalytical
and HRTEM of SRSN ceramicscontainingselectedadditives.

Furthermore, an extensive body of analytical models based on closed-formsolutionshas
been developed to characterizethe interfacial properties and fiber displacement response
in brittle fiber-reinforced ceramics critical to the development of advanced composites.
Recently, the analytical solutions were simplified with negligible sacrifice in accuracy to
facilitate their application to the analysis of interfacial properties using test techniques
measuring the load-displacement response of a fiber embedded in a matrix. Applicable
to indentation- (e.g., microhardness or nano-indentor systems) or pullout-type tests used
by most researchers, the analyses now provide a methodology for designing interfaces
and testing their actual performance. The results of these studies have involved
collaborations with M. C. Lu, Texas A & M University, and T. Kishi, Tokyo University, and
are now being incorporated in research supported by the CFCC Project, Office of
Industrial Technologies, and the AR&TD Materials Program, Office of Fossil Energy.

4.4.2 AIM Task

4.4.2.1 Intermetallicbondedoxides

Approaches that offer the potential of developing strong, tough ceramic-based
composites for applications involving temperatures up to 1000°C are of considerable
interest. One avenue is to develop advanced cermet-type composites utilizing the
ceramic as the matrix to develop high hardness, strength, and chemical resistance in
combination with a ductile metallic phase to provide toughness. However, little attention
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hasbeen paidto developingcermetcompositeswithhighertemperaturecapabilities.The
advancesin nickelaluminide-basedand similarintermetallicsthat canexhibitductilityand
excellent mechanical properties to temperatures approaching 1000°C offer new
opportunitiesto developadvancedcermetcomposites. Currenteffortsseek to develop
intermetallic-bonded,oxide- and non-oxide-based (T. N. Tiegs, Ceramic Processing
Group) composites with improved strength and toughness for such intermediate
temperatureapplications.

Model compositestudiesemployingintermetallicwiresembeddedwithinan oxidematrix
revealthat plasticdeformationaccompaniedby pulloutof the intermetallicphaseimparts
up to a threefold increasein toughnessin aluminacontainingonly 1 vol % intermetallic
wires. Thesestudiesalso providea techniqueto evaluatehowthedeformationbehavior
of the intermetallicphasesof differentcompositionscan be alteredwhen constrainedin
a rigid matrix and subjected to various degrees of bonding to the matrix. When the
aluminidesare incorporatedas a dispersedphase inalumina,the tougheningachieved
is a function of the shape of the aluminideparticles. This is a result of the negligible
bonding between the alumina and the nickel aluminide when using conventional
processing,andthus deformat!onof the aluminideparticlesoccursonlywhentheirshape
provides some locking of the particles into the matrix. However, by controllingthe
aluminideparticle shape, toughnessincreasesof twofoldare achieved and maintained
to temperaturesof up to 700° C in aluminacontaining10 vol% nickelaluminide. Current
studiesare exploringprocessingtechniquesandalloysthat promotewettingof theoxide
ceramicby the aluminidesto further enhancethe tougheningeffects.

4.4.3 CTAHE ProjectTask

4.4.3.1 Creep responsein advancedceramics

The creep response of ceramics can be strongly influenced by the stress state; in some
materials, the creep rates decrease when the stress is changed from tensile to flexure to
compression for the same temperature and applied stress levels. This can often be
attributed to the promotion of cavitation damage by tensile stress components; the stress
level for the onset of cavitation is decreased with a shift from flexure- to tensile-applied
stress states. To clarify this behavior and understand the effects of material
characteristics, tensile creep measurement facilities for use in air up to 1600°C that allow
for testing of small samples of materialsunder development were designed and installed.
Comparison of results for fine-grained alumina and SiC whisker-reinforced alumina in
compression, flexure, and tension revealed no differences in the creep rate-applied stress
responses until the stress to initiate extensive cavitation was exceeded. Similar studies
of various silicon nitride ceramics are under way to characterize the influence of
GB phases introduced by densification additives and grain size and shape.

At the sametime, approaches to improve the creep resistanceof ceramics are sought by
examining the influence of microstructure and composition. For example, SiC whisker-
reinforced aluminas show improved creep resistance with (1) increases in whisker content
to about 25 vol % where greater whisker contents result in promoting oxidation and creep
and (2) increase in alumina grain size. In the case of SRSNs containing elongated grain
structures, changes in the densification additives impact creep rates. Ceramics produced
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usingselectedcombinationsof SrO, LagO3,Y203,andAI_O3to alterGBphaseshavebeen
examined. The resultssupportthe conceptthat the introductionof additivesthat either
produce phases with increasedeutectic temperaturesor tend to form more refractory
glass phasespromotescreep resistance.

4.5 MATERIALSTHERMAL ANALYSES-- 7".G. Kollie, R. S. Graves, G. M. Ludtka,
G. Mackiewicz-Ludtka, K. E. Wilkes,and D. W. Yarbrough

The MaterialsThermalAnalysesGroupconductsresearchand monitorssubcontractsto
other installationsprimarily for the DOE's AssistantSecretary for Conservationand
Renewable Energyinthe areas of advancedthermal insulationfor buildings,evaluation
of existingmaterialsfor buildinginsulation,and technology transferto the buildings
industry. A new area of researchfor the group, which is conducted for DOE's DP, is
modeling of thermal effects occurring during processing of materials to predict
microstructures,thermal stresses,and propertiesin the materialsresultingfrom the
processes. Other researchisperformedfor the EnvironmentalProtectionAgency(EPA),
the Departmentof Defense,and other DOE programsand facilitiesin areas relatedto
thermalinsulation,propertiesof materials,and thermalprocesses.

Field managementis provided for the materialspart of the BuildingThermal Envelope
Systems and Materials Program conducted by ORNL for the Building Systems and
MaterialsDivisionof the Office of BuildingsEnergy Research of DOE. This program
addressesthedevelopmentand characterizationof new and existinginsulationmaterials
for buildingsand refrigerationequipment. The MaterialsProgramgoalsare to develop
newmaterialsthat can reducebuildingenergyconsumptionby 20% by2010 and arecost
competitivefor their application.

Powder-filledevacuatedpanels(PEPs),withabsolutepressuresnear 1-mm Hg pressure,
providean alternativeinsulationwith a much higher initialR-value(R-25/in.)than CFC
insulation (R-8/in.). The major efforts of the program have been directed toward
developmentof lower-cost,higher-R-at-higher-pressurepowdersto improvethe thermal
performanceof PEPs. A secondaryresearchefforthasbeendirectedtowardidentification
of low-permeabilitybarriermaterialto encapsulatethe powderandretainthevacuumand
therebyextend the lifetimeof the PEPs. A CRADA(ORNL91-0042) withthe Appliance
ResearchConsortiumwas signedto developa test procedureto determinethe lifetime
of PEPs in dry air. A CRADA with PPG Industries (ORNL 91-0071) was signed to
determine the relationshipbetween morphology of silica particles and the thermal
conductionmechanismsoperativein thesilicapowders. Four new powdershave been
identifiedwithpromisingthermalperformance;patentdisclosureshavebeenfiledwiththe
DOE on these powders. We submitteda patent applicationto the U.S. PatentOfficefor
the gauge we inventedto measurethe internalpressure of PEPs nondestructively. A
licensefor this gauge has been writtenwith VacuPanel, Inc. Constructionon a facilityto
fabricate experimental PEPs was completed. (The work on powders and barriers has
been funded by the EPA and DOE.)

A CRADA (ORNL 90-0028) has been established with the Polyisocyanurate Industry
Manufacturers Association, the Society of the Plastics Industry, EPA,and associated trade
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organizations and industrial members to evaluate the thermal performance of rigid foam
blown with CFC-11 (control), HCFC-123, HCFC-141b, and two blends of
HCFC-123/HCFC-141b. Industry-produced boards are being evaluated by field tests in
the ORNL Roof Thermal Research Apparatus (RTRA) and by lab thermal resistance
(R-value) tests of thin-board specimens. After 510- to 645-d exposures in the RTRA,
the R-values of the foams decreased by about 13 to 26%. The R-value change is
accelerated in the thin boards, and this change in R produced two linear regions when
the conductivity (l/R) is plotted versus time_/thickness, with the slopes of these two
regions proportional to the effective diffusion coefficients for air components and the
blowing agents. The R-values after 10- and 20-year aging were predicted for the
unblended and blended blowing agents, respectively. Plans for the possible extension
and broadening of this CRADAwere presented to the industrial partners, who currently
are evaluating them.

We are developing a procedure to measure accurately the resistivity of high-R insulation
such as PEPs. We are employing our Heat Flow Meter Apparatus (HFMA), which is a
commercially available device. Because specimens of the high-R materials must be
measured as a composite with Iower-R materials, a computer model of the heat flow
patterns must be employed to compute the R of the specimen from that measured by the
HFMA. To do this, we have modified the HEATING-7heat transfer code to run on an
IBM-compatible 386 computer. A user-friendly interface for this code is being written to
facilitate use by the insulation industry. In addition, we have modified the HFMA by
inserting a 5 by 6 array of heat flux meters to measure the 3-D heat flow in the HFMA;
these data are required by the HEATING-7code. This work will be complete in FY 1994.

The ORNL Unguarded Thin Heater Apparatus was modified so that the heat- transfer
conditions in attics insulated with loose-fill insulation could be simulated for heat flow-up.
Results with this device showed that the R of fiberglass insulation decreased when the
temperature difference across the insulation exceeded about 20°C, in agreement with the
results obtained in the ORNL Large-Scale Climate Simulator. A patent disclosure for this
apparatus was filed with the DOE. The decrease in R of the fiberglass loose-fill insulation
is due to the establishment of natural convective cells within the insulation. The
temperature gradient necessary to produce these cells in loose-fill insulation can be
predicted from measurements of the air flow permeability of the insulation. A device to
measure this property was assembled and will be developed in FY 1993.

Besides the above-mentioned CRADAs, we performed technology transfer in several
ways. For example, we measured the thermal conductivity of gas-filled panels for
Lawrence Berkeley Laboratory. These measurements demonstrated that their panel
designs did not achieve the resistivity of the gas without conduction due to heat
conduction through the solid material forming the enclosure of the panels. We
participated in the writing of ASTM test procedures by attending meetings of the
ASTM C 16 Committee on Thermal Insulation and by participating in interlaboratory
comparisons using proposed test procedures to establish the required precision and bias
statements. For example, we participated in an interlaboratory comparison on ASTM
procedure C 335 for measuring the thermal conductivity of pipe insulation. One member
of our group, R. S0 Graves, served as co-chairman of the "Second Symposium on
Insulation Materials: Testing and Applications" sponsored by the ASTM and held in
Gatlinburg, Tennessee, in October 1991. We measured the thermal conductivity of
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low-densitycelluloseproductsthat are relativelynew to the marketplaceand compared
thesedatawithproductlabelsandpreviousORNLmeasurementson cellulosicinsulation.
Excellentagreement (4%) was obtainedwith both of these correlations.

The work for DOE's DPs will be conducted as two CRADAS. The first is with GM
(ORNL92-0113)to developlightweightmaterialsfortransportationapplications.Thework
on thisCRADAbegan in October1992. The secondCRADA (ORNL92-0077) iswiththe
National Center for ManufacturingSciences and seeks to develop a computational
tool/methodology(based on finite element techniques)to predict the effects of heat
treatmenton the size and shape of industrial,quenchedparts. This CRADAis awaiting
final approvalby the partners.



5. NUCLEARFUEL MATERIALS

M. J. Kania

The Nuclear Fuel MaterialsSection has as its primary objectives (1) the qualificationof
advanced nuclear fuel materials performance during in-reactor operation and under off-
normal conditions, (2) the characterization of fission product transport and behavior in
core materials under normal and off-normal conditions, and (3) the development of
performance models and codes for use in confirmatory design analysis and safety-related
assessments. These objectives are accomplished through management of fuel
development activities at the subtask level for two ORNL reactor programs and three
international cooperative programs and through the coordinated activities of five technical
groups within the section with shared expertise and resources in fuel materials
characterization, modeling, irradiation testing, unique remoteequipment development, and
facility operation.

Program guidance and coordination are provided for two separate DOE-sponsored
reactor programs by the section. For the Nuclear Energy (NE) MHTGR Program, this
includes the multidivision activities of the Fuel Materials Developmentand Fission Product
Behavior Subtasks and the management of three international programs: the Fuels,
Fission Products, and Graphite Subprogram within the U.S./GermanyUmbrellaAgreement
on High-Temperature Reactor Development; the U.S. DOE/JAERICollaborative Program
for Coated Particle Fuel Performance Testing; and the U.S. DOE/Commissariat A
L'Energie Atomique (CEA) Collaborative Program on the Corrosion, Migration et
Distribution Irradiation Experiment (COMEDIE) Loop Fission Product Behavior Tests. In
the ANS Program, guidance is provided for the Fuel Materials Development Subtask.

Research activities of the five technical groups include the operation and development
of specialized remote facilities for PIE and handling of irradiated fuel materials [Irradiated
Fuels Examination Laboratory IFEL)]; the evaluation of irradiated fuel performance and
fission product characterization, including microstructural characterization and specialized
remote equipment development (Fuel Materials Evaluation Group); in-reactor testing and
performance evaluation of fuel materials (Fuel Materials Testing Group);
characterization/evaluation of fuel and fission product behavior under off-normal
conditions [High-Temperature Fuel Behavior (HTFB) Group]; and model development
based on fundamental understanding of fuel materials and fission product behavior (Fuel
Performance Modeling Group).

Support for these efforts is provided through three main DOE sources: (1) the
NE-MHTGR Program Fuel Materials Development and Fission Product Behavior
Subtasks; (2) the NPR-MHTGRFuel Performance Subtasks (normal operating conditions
and off-normal operating conditions), the Fuel Performance Model/Code Development
Subtask, and the Fission Product Transport Subtask; and (3)the ANS Fuel Materials
Development Subtask.

75
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5.1 IRRADIATEDFUELS EXAMINATIONLABORATORY--C. E. DeVore

The IFEL is a major hot cell facility located in Building 3525. The purpose of the facility
is to handle irradiation experiments or irradiated materials for examination, testing,
evaluation, or processing. Operation of the IFEL must be in a safe and efficient manner
through compliance with ali safety standards, orders, and regulations. The facility must
be maintained and updated with both documentation and equipment. Much of the in-cell
equipment used for handling experimental work is nearly 30 years old and has reached
its expected life. Equipment failures requiring maintenance have become more difficult
to perform because of the highly contaminated condition from years of service.
Maintenance can be too costly in terms of personnel exposure. New decontamination
techniques are being sought that will allow equipment maintenance with lower exposure
until modern replacements can be installed. Facility safety documentation is being
updated to reflect current operations and hazards. Old procedures are being reviewed
for revision to meet today's rigor of documentation.

During the report period, programmatic work, as well as facility upgrade work, was
accomplished. Programmatic work included the receipt, remote disassembly or
machining,andeithertransferto the IrradiatedMaterialsExaminationandTestingGroup
at Building3025Eor examinationbytheFuelMaterialsEvaluationGroupat Building3525.
The experimentaldesignationsandtheirprogramsponsorsprocessedduringthisreport
periodwere HRB-17,-18,-21, HTK-7 (NE-MHTGR);NPR-1 and-2, HTN-1 (NP-MHTGR);
JP-IO, -11, -13, -16, -18, -19 (Fusion);crack-arrestspecimens(NRC-HSSI);and HANSAL
(ANS). A significant effort to restart ORNL's Iridium-192 Isotope Program was initiated
with the demonstration of equipment, the writing of procedures, the completion of a
successful readiness review, and the successful processing of about 300,000 Ci of l_lr.

In-cell, high-radiation-level waste material,which had been accumulated from many years
of operation, was transferred to the solid waste storage area (SWSA). Obsolete
equipment stored in the hot equipment storage area of the facility was removed and also
transferred to SWSA.

Recurrent and unexplained personnel contamination occurrences resulted in the decision
to seek advice on radiation protection practices in the facility. As a first priority, a detailed
characterization was initiated and completed with the identification of approximately
100 spots of previously unknown contamination areas within the facility and the
surrounding area outside the facility. Many of these areas were fixed contamination, but
one identified area inside the facility contained removable contamination in an overhead
area. With the potential for contamination release to the floor below and tracking
throughout the facility, this area was decontaminated. Radiation protection staff were
increased to provide increased surveillance of the facility, screening of materials and
equipment upon entry and exit, and better coverage of the many jobs occurring in the
facility each day. The use of pre-job briefings involving facility staff and support personnel
has led to a better understanding and working relationship between operations and
support personnel.
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I The facility safety documentation, which includes an Operational Safety Requirements
document and the Phase I Hazard Screening document, was prepared as part of ORNL's
Phased Safety Analysis Report Update Program.

To provide a more responsive organization to the requirements of the "new culture"
desired by DOEfor the operation of nuclear facilities, additional personnel were assigned
for the management, operation, and maintenance of the facility.

Selected operat!ng procedures were revised on an as-needed basis. An operator training
program is now being updated for the certification of operating personnel, both chemical
operating staff and supervisors.

A detailed shielding characterization and integrity survey was performed on the main first-
floor cell areas and peripheral areas on the second floor as the result of identified weak
shielding at other DOEfacilities. Weak areas identified at this facility were either mitigated
by engineering corrections or through administrative controls.

The facility has been visited by many organizations and groups for appraisals and audits
including DOE-NS,MMES Corporate Audit. DOE Functional Appraisal, ORNLRadioactive
Operation Committee, Transportation Saf_,: C_mmittee, DOETiger Team, and DOE Site
Personnel.

The facility was required to provide an alternate method to dispose of low-level liquid
waste (LLLW)after implementation of the federal facilities agreement on January 1, 1992.
A trucking station that pumps LLLW from the facility's LLLW collection tank to a
transportable tanker was placed into service after completion of a formal readiness review.i

Under this condition, although limited in the quantity of LLLWgeneration, facility operation
has continued.

; 5.2 FUEL MATERIALSEVALUATION--N. H. Packan

During the past year, PIE commenced on three major fuel irradiation exp.eriments:
HRB-21 of the NE-MHTGR Program and capsules NPR-1 and -2 for the NP-MHTGR
Program. PIEcompleted on HRB-21included gamma scanning of the entire capsule and
tie fuel holders individually; cutting open and removal of fuel compacts, pic_yback
specimens, and flux monitors; and dimensional measurements of thc fuel comp_,.ts and
holders. At year's end, deconsolidation of several compacts to individual particles,
metallography of other compacts, and automated gamma analysis of several thousand
partir.les using the irradiated microsphere gamma analyzer apparatus were ali under way.

z

The disassembly of the NPR-1and -2 capsules was started late in 1992,with half the fuel
compacts removed and prepared for fission gas retention tests at another site.

Metallography was also conducted on selected fuel materials for a WFO pre,gram.
Support for the HSSI Program was in the for n of providing dosimetry to three irradiation

- capsules (HSSI/10-1,-2, and -5), as well as participating in an experiment to measure the
- neutron '"-" *" "" .... ' " .... ',,=_-tu-,,,_,,,,_,=,,,u^ ratio " the .... , .., ,_...u_ln pressure ......
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Capability improvementsrealizedin 1992 included improvedequipment,techniques,and
procedure preparation for: metallographic specimen preparation of individual coated fuel
particles and fuel compacts, developing equipment and processes for fuel compact
deconsolidation, design and fabrication of a capsule disassemb_iyfixture with force gage,
reviving the gamma scanner facility, and the design and installation of an in-cell video
zoom microscope to assist in metallographic specimen preparation.

5.3 HOT CELLS REVITALIZATIONPROGRAM(HCRP)- P. E. Arakawa

The HCRPwas initiated in FY 1987 in response to Laboratory management's request to
consolidate metallurgical examination hot-cell work into two facilities, Buildings 3025
and 3525. This work is scheduled to be completed in two phases; Phase I will bring both
Buildings 3025 and 3525 to fully operational status, and Phase II will include correcting
remaining design deficiencies and will modify or add systems that will promote safe and
efficient operations in the hot cells of Buildings 3025 and 3525. Phase II is planned to be
completed under a Multiprogram, General-Purpose Facility, FY 1996 Line Item.

During FY 1992, approximately $1,000,000 was spent in support of the revitalization
program. The major emphasis of this work in Building 3025 included the fabrication and
delivery of two new hot cell windows, the fabrication and delivery of one new 1-ton hot
cell crane, the upgrading of the hot cell shielding integrity, and remediation of legacy
contamination within the facility.

The major emphasis of work in Building 3525 included starting the fabrication of three
new 3-ton hot cell crane., valued at $150,000 and starting the fabrication of one new

- electromechanical hot cell manipulator valued at $350,000. This equipment will replace
existing 30-year-old, obsolete, and contaminated equipment, and is expected to be
completed in the third quarter of FY 1993. Also accomplished was the upgrading of the

,_ hot cell shielding integrity, which was provided to reduce the radiation exposures to
facility personnel in accordance with as low as reasonably achievable principles. The
installation of five new master/slave manipulators was also initiated in the decontamination
cell, which will provide safer and more reliable operations, and is expected to be
completed in the first quarter of FY 1993.

A trucking station that was fabricated, installed, and tested in FY 1991was given approval
to operate in FY 1992. This system allows the sampling and transfer of LLLWgenerated
in Building 3525 to a Waste Operations tanker truck until alternate methods of LLLW
removal are in place.

_

5.4 HIGH-TEMPERATUREFUEL BEHAVIOR- W. A. Gabbard

The HTFB Group completed the design and development of the Core Conduction
• Cooldown Test Facility (CCCTF). This facility provides the capability to evaluate irradiated

ceramic nuclear fuels performance under loss-of-coolant events characteristic for the
MHTGR. The development of the CCCTFcovered a period of six years and a capital cost
in excess of $1 million. The installation of the first high-temperature furnace and its

9
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attendant control, monitoring,and utilitysystems intoa remote hot cell was completed
in 1991. Full-scale,in-cell operationtestingand fissionproductdetection calibrations
followedin 1991, and in 1992, real-timetestswith irradiatedfuelmaterialswere initiated
for the NE-MHTGR and NP-MHTGR FuelDevelopmentPrograms.

Under routine operation, the CCCTF is expected to monitor and collect gaseous and
metallicfission products released from irradiatedfuel for times as long as 1000 h at
specimen operating temperatures up to 1000°C in a controlled atmosphere. For
temperaturesin excess of 1600°C, testingtimes are reduced. Key componentsof the
systeminclude:(1) high-temperaturefurnaceswithoperatingtemperaturesupto 2000° C,
(2) on-line fission product collectionsystems for gaseous species using LN2-coo!ed
charcoaltrapsand condensiblespeciesusinga removablecold-fingerassemblyinserted
intothe furnace heatzone, (3) automatedcontroland datacollectionsystems,and (4) a
gaspurgesystemwithcapacityfor injectionof low levelsof coolantimpurities.Additional
capabilitiesare availablefor remotefuel handling,furnacecomponentreplacement,and
fissionproductmass balance determinations.

5.4.1 NPFI-MHTGRAccidentConditionTests

In 1991, two tests were inl;;atedto determine the behavior of irradiated, highly enriched
uranium(HEU)uraniumoxycarbide(UCO)TRISO-coatedfuelsunderaccidentconditions.
Two tests,one at 1400°C for 300 h and a secondat 1600°C for 100 h, were planned,
executed,anda detailedfissionproductanalysiscompleted. The detailsof the testsand
the fuel performanceresultsare reportedin ORNL/NPR-92/9,HRB-17and HRB-18 HEU
TR/SOUCO Unbonded Irradiated Partic/e Core Conduction Coo/down Tests. Thesetests
successfully demonstrated the capabilities of the CCCTF while gathering valuable
performancedata for the NPR-MHTGR Fuel DevelopmentProgram. The 1400°C test,
terminatedafter approximately260 h,exhibitedsomemetallicfissionproductrelease,not
due to particle failure but due to contaminationsfrom other failed particles during
in-reactortesting. The lO0-h, 1600°C test showedsignificantreleaseof metallicfission
products from the HEU UCO TRISO-coatedparticles. The fraction of fuel exhibiting
significantl_Cs and 13ZCsreleaseamountedto 3%.

5.4.2 NE-MHTGRAccidentTesting

A demonstration testof the continuousoperation of the CCCTF for 1000 h at 1600°C was
completed in fulfillment of an NE-MHTGR Fuel Development Program Milestone. The
results of this demonstration test provided: (1) a real-time demonstration of the facility
with irradiated fuel materials under typical operating conditions and (2)on-line
performance data for U.S.-fabricated HTGRfuels of sufficient duration to observe both
metallic (after 200 h at temperature) and gaseous (after 700 h at temperature) fission
product release. The metallic fission product release observed represented nearly 35% of
the _37Csinventory present, while the gaseous fission product release represented only
0.25% of the _Kr inventory.

Both the NE- and NPR-MHTGR Fuel Development Programs require accident testing
under air and moisture ingress conditions. Conceptual development of a second furnace
system to include air ingress capability and a third furnace system to include moisture
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ingresscapabilitywas initiated. Procurementofthe second furnace was completedand
itsoperation demonstrated;the thirdfurnace systemprocurementwas initiated.

5.5 FUELMATERIALSTESTING .-J. 7".Parks

On October 1, 1991, therewere three irradiationexperimentsin progressinthe HFIR in
supportofthe MHTGRProgram. One capsule,designatedHRB-21,was beingirradiated
insupport of the CivilianMHTGR Fuel DevelopmentProgram,and two capsules,NPR-1
and -2, were being irradiatedin support of the NPR FuelDevelopmentProgram.

5.5.1 Capsule HRB-21

Irradiationcapsule HRB-21began irradiationwithHFIRfuelcycle 298 on June 20, 1991,
and concluded with cycle 302 on November21, 1991, for a total of 105 effective-full-
power-days(EFPD)of operation. The irradiationwas conductedin positionRB-3Bof the
HFIR RBirradiationfacility.CapsuleHRB-21was scheduledfora six-cycleirradiationbut
was terminatedafter the fifthcycle (302) due to lossof temperaturecontrol.

In-reactorfuel performanceforcapsule HRB-21was monitoredby measuringthe fission
gas releaserate-to-birthrateratio(R/B) of selectedkryptonand xenon short-livedfission
gases. The beginning-of-lifeperformancewas excellentas indicatedby the _'_KrR/Bat

2 x 108. Shortly after the HFIR ascent to full power at the beginnin_lof the second85m
irradiation cycle (299), a jump in the Kr activityto about 5 x 10 was recorded,
indicatingonset of fuelparticle failure. Thisactivitycontinuedto increaseduringthisand
subsequent irradiationcycles. The end-of-life_mKr R/B was approximately2 x 10.4
indicatinga fuel failurefractionnear the 10.2range,comparedto the predictedend-of-life
resultsof e_"KrR/B of < 10a and a failurefractionof < 2 x 104, respectively,based on
preirradiationcharacterizationdata. Althoughthefissiongas releasefromthe HRB-21test
fuelwassignificantlyhigherthan anticipated,the testcapsulegeneratedhigh-qualitydata
that will contributeto the overall R&D data base for the NE-MHTGR Fuel Development
Program. Detailsassociatedwiththe irradiationare includedin ORNL/TM-12238,HRB-21
Irradiation Phase Report.

PIE began withtheshipmentof the test trainto the IFELin February1992. The PIEwork
schedule began shortly thereafter with inspection and photography of the capsule
containments. Detaileddestructiveand nondestructivePIE effortscontinuedthroughout
FY 1992.

5.5.2 NPR-1

Irradiationof the NPR-1testbegan with HFIRcycle 299 on July25, 1991, and concluded
with cycle 307 on May 29, 1992. The initialplanwasto irradiatefor six cycles, or about
130 full-powerdays, but the irradiationperiodwas extendedto eight cycles to provide
additionalon-linefissiongas releasedata, followingthe onsetof test fuelfailure. The test
was removed for cycle 305, while the final decision was being made to extend the
irradiationperiod, then reinsertedfor cycles 306 and 307. The total irradiationtimewas

- about 170 '-"""r'l-I" U,



81

Initially,the test fuel performedwellwithinpretestpredictions. The _Kr R/B value was
holdingsteady in the range of ,,,8 x 10.9 to ,,,2 x 10_. However,during cycle 304, a
significantincrease insweep gas fissionproductradioactivitywas noted, indicatingthe
possibleonset of particlefailures. The_mKrR/B increasedrapidlyto about5 x 105. The
sweepgas radioactivitycontinuedto increaseover the remainderof the test. Irradiation
continuedthrough the end of cycle 307. At the end of the test, the _mKr R/B had
increasedto about 4 x 104, indicatinga particlefailurefractionof .-,102, whichexceeded
the pretestpredictionsof < 10e and < 104, respectively,thatwerebased on preirradiation
data.

PIE for NPR-1 commenced with shipment of the capsule to the IFEL on December 3,
1992. The effort continuesat this time and is expectedto be completedin FY 1993.

5.5.3 NPR-2

Irradiation of the NPR-2 test began with HFIR cycle 300 on August 28, 1991, and
concluded with cycle 307 on May 29, 1992. The initial plan was to irradiate for six cycles,
or about 130 full-power days, but the irradiation period was extended to eight cycles to
provide additional on-line fission gas release data, following the onset of test fuel failure.
The total irradiation time was about 170 EFPD.

Initially, the test fuel performed well within pretest predictions. The _mKrR/Bvalue was
holding steady in the range of ,,,2 x 109 to ,,,1 x 108. However, during cycle 304, a
significant increase in sweep gas fission product radioactivity was noted, indicating the
possible onset of particle failures. The _mKrR/B increased rapidly to about 1 x 104. The
sweep gas radioactivity continued to increase over the remainder of the test. Irradiation
continued through the end of cycle 307. At the end of the test, the _mKr R/B had
increased to about 1x 104, indicating a particle failure fraction of ,,,102, which exceeded
the pretest predictions of < 5 x 10.8 and < 4 x 105, respectively, that were based on
preirradiation data.

PIE for NPR-2 commenced with shipment of the capsule tn the IFEL on December 3,
1992. The effort continues at this time and is expected to be completed in FY 1993, in
conjunction with the NPR-1 PIE.

5.5.4 ConceptualNPR Test DesignTasks

The NPR test schedule originally included several additional tests to be conducted at
ORNL over the next few years. Significant effort was expended toward developing
conceptual designs in support of that test matrix. Results of these efforts may be useful
in the long-range test planning for the civilian program.

5.6 ADVANCED NEUTRON SOURCE FUEL DEVELOPMENT- G. L. Copeland

Fuel development work this year for the ANS included fabrication development, continued
evaluation of the first irradiation capsule, fabrication of a second irradiation capsule, and
continuation of the fuel performance modeling/irradiation damage simulation effort.
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Fabrication development at ANL and Babcock and Wilcox focused on improvingthe
homogeneity of U3Si2-AIdispersions. Characterization of the fuel and aluminum powders
and appropriately matching the properties of the powders resulted in significant
improvements in homogeneity. Several HFIR plates in which the silJ_idefuel was
substituted for the oxide fuel were fabricated and met the HFIRhomogeneity Specification.
Much of the effort at B&W was delayed while the homogeneity scanner was upgraded
and converted to computerized data acquisition so that the dual fuel gradients required
for ANS can be evaluated. Near the end of the year, fabrication began on a series of
miniplates that will be used in safety tests in a pulsed reactor.

Evaluation of the first irradiation capsule, HANS-l, continued. About half of the
microstructural analysis has been accomplished. Results thus far indicate good
performance of the U3Si2 fuel particles at high temperature and fission rate. Higher
magnification SEM is required to measurethe fission gas bubble distribution for input to
the fuel performance model. The specimens were shipped to ANL at the end of the year
to obtain this examination and complete the conventional metallography. The second
irradiation capsule was completed and is scheduled for insertion in the HFIR in
January 1993.

Work continued at ANL on refinement of the fuel performance model. The mechanistic
model is based on existing irradiation data, results from the HFIRexperiments, and results
from irradiation damage simulation experiments being performed at ANL using neutron
and ion bombardment.

5.7 FUELPERFORMANCEMODEUNG- M. J. Kania

The FuelPerformanceModelingGroupparticipatedin severalinternationaleffortsrelated
to fissionproductmodelingundertheauspicesof theNE-MHTGRProgram,provideddata
analysisof the resultsfrom on-linemonitoringof the three irradiationcapsulesat HFIR,
deriveda revisedmodel for cesiumtransportthroughSiC at high-temperatureaccident
conditions,and providedinputto NPR-MHTGRprogrammaticneeds.

StaffparticipatedinformulatinganInternationalAtomicEnergyAgency(IAEA)coordinated
researchprogram(CRP)on fuel and fissionproductbehaviorin GCRsand attended an
IAEAtechnicalworkshopon fissionproductbehavior. Coordinationcontinuesbetween
ORNL andthe Forschungszentrum(KFA)on the ongoingcooperativePIEof the HFR-Bl
irradiationcapsuleat Petten,The NetheHands,andJL_lich,Germany. Staffwere assigned
to Petten late in the ,jear to assistin the analysisof tile irradiationdata and the writing
of the finalPIE report.

As part of the U.S./GermanyUmbrellaAgreementfor Cooperationin Gas-CooledReactor
Development,staffwere assignedto the KFA J(Jlichto workwith Germanspecialistsin
updatinga German report on fuel performanceand fissionproducttransport modeling
to includeadditionalinformationfromU.S.andothernationalGCR programs.Thisreport,
Methodsand Data for HTGRFuel Performanceand Radionuclide ReleaseModeling During
Normal Operation and Accidents for SafetyAnalyses (ForschungszentrumJQlichReport
J_i-272i), ispresently ir_pressu,,u---''w,,,'"be used i,, _v,,junction with '_'",,,_ =_,v,_,-,,,_,"_'--,,-'"-'",'*_"',"'_,,,.,,,..,.
CRP.
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Analysis of irradiation data from irradiation capsules HRB-21, NPR-1, and NPR-2 was
ongoing throughout the year. A detailed analysis of the on-line ionization gage
measurementsprovidedcorrelationof ionizationpulsedata to particlefailureevents. Staff
were alsoassignedto CombustionEngineeringGeneralAtomics(CEGA)to assistinthe
writingof the NP-MHTGRFuel Design Manual Basis Report (CEGA-O02322,September
1992). A previouslycompletedanalysisappeared in print: B. F. Myers,"Effectof Water _

Vapor on the Release of FissionGases from UraniumOxycarbidein High-Temperature,
Gas-CooledReactor Coated Fuel Particles,"J. Am. Ceram. Soc. 75, 686-93 (1992).

A revisedmodel for cesiumtransport in SiC at high temperatureswas developed and
reported in ORNL/NPR-92/16, Revised MHTGR High-Temperature Fuel Performance
Models.



6. PROGRAMACTIVmES

This section of the report deals with the program activitiesinwhich the M&C Divisionwas
engaged to a major extent during the report period. Brief statements of the purpose,
nature, and scope are presented on the following programs sponsored by the U.S. DOE:
BES-Materials Sciences, Electric Energy Systems, Reactor Materials, Conservation
Materials, Space and Defense, Fossil Energy, Fusion Energy Materials, and High-
Temperature Superconductivity.

6.1 BASIC ENERGYSCIENCES-MATERIALSSCIENCES PROGRAM- L. L. Horton

The Office of BES funds a wide range of research activities in the M&C Division. The
_ majority of our funding comes from the Division of Materials Sciences. This program

provides the fundamental basis for the division's core programs and a framework to
foster the development of innovative materials and processes. The overall goal
of the BES Program is to develop an understanding of structural materials and
materials processes at ali levels, from the atomic structure to the macroscopic_

properties. The program reflects the materials emphases within the division: structural
ceramics/composites, high-temperatureordered intermetallicalloys, and radiation-resistant
materials, lt includes the research components required to better understand and utilize

z

materials: synthesis, processing, fabrication, characterization, and development of
models/mechanisms.

Research in synthesis and processing science includes the development of fabrication
and joining techniques for advanced intermetallic alloys, ceramics, and composite
structures. Intermetallics research includes fundamental studies of phenomena related
to physical and mechanical properties, ranging from atomic bonding to environmental
embrittlement. Investigations in the ceramics program are focused on establishment of
basic microstructure-property relationships for the design of advanced ceramics and
ceramic composites. The Welding Task continues to investigate the evolution and
stability of microstructures and properties of weldments and serves as the coordinator for
the national BESWelding Program. A strong first-principles theory effort is integrated with
the alloy design program. Expansion of the theory program to include a first-principles
ceramics theory effort is planned.

Important to ali of the tasks is the development and application of advanced
characterization techniques, including AEM, X-raytechniques, APFIM,MPM,and ion beam
techniques. New techniques and instrumentation under development are the high-

_ temperature MPM,the 3-D multielement atom probe, and the addition of an atomic force
microscope to the MPMfacility. X-ray optics for a multipurpose XRD be_mline (UNI-CAT)
at the advanced photon source are being developed along with the conceptual design
for an X-ray microprobe (MICROCAT). Ion implantation is used to study defect
interactions, radiation effects, and to modify surface-related properties of polymers and
ceramics.

85 I
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In the synthesis and processing area, we continueto participatein the BES Center of
Excellencein Synthesisand Processing. This center representsa collaborativeeffort
amongthe BES-fundedmaterialslaboratoriesto promoteand coordinatesynthesis-and
processing-relatedR&D activities. Industrialinvolvementis a key feature of these
research activities. Central management of the center is through Sandia National
Laboratories(Albuquerque,New Mexico)with technicalmanagementdistributedto five
of the national laboratories;ORNL is responsiblefor the ceramics component of the
center activities.

There is continuing increased emphasis, in the national BES Program, on radiation
effects,especiallywith regard to the effects of neutron environments. In the past two
years,the programhas made majorcontributionsto the understandingof mechanisms
of RPV embrittlement. Fundamentalstudiesof pressurevesselphenomena are jointly
sponsoredby the USNRC. In relatedactivities,M&C staffcontinueto play a major role
in the fuel elementand corrosionstudiesfor the developmentof the ANS.

The nationalprogramcontinuesitsstrongsupportof nationaluserfacilitiesandprograms.
ThroughORNL andthe Oak RidgeInstitutefor Scienceand Education(ORISE),the BES
Program supports the SHARE Cooperative Research Program and the Oak Ridge
SynchrotronOrganizationfor Advanced Research (ORSOAR). The SHARE Program
allowsscientistsfrom universities,industries,and othernationalfacilitiesto have access
to facilitiesin the M&C Division,especiallythe AEMs, the APFIMs, and the MPMs. The
ORSOARProgramsupportsan X-raybeamlineat the NationalSynchrotronLightSource
(NSLS)at BNL. This facilityis usedfor cooperativeresearchbyscientistsfrommore than
20 universitiesand industrialinstitutionsthat are partof a usergrouporganizedby ORNL
and the ORISE.

Thisyear, a new researchprojecthas beeninitiatedunderthe AdvancedEnergyProjects
Divisionof BES. This project is focussed on the development of novel composite
coatingsto control high-temperaturefrictionand wear. lt involvesthe use of CVD to
depositmultiphasecoatingscontaininghigh-temperaturelubricants.

6.2 REACTORMATERIALS- P. L. Rittenhouse

6.2.1 Uquid-MetalReactorMaterialsTechnology

Dbring the year, members of the divisionserved on the ALMR Working Group on
Components. The activitiesof this group are in direct support of the General Electric-
PRISMALMRdesign and include task areas as describedbelow.

Post-testexaminationwas conductedon the B&W 76-MW prototypehelical-coilsteam
generatorthat operatedfor about5000 h at the EnergyTechnologyEngineeringCenter
in the early 1980s. A 14-in.-diam,single-plybellows made of 316 stainlesssteel was
metallurgicallyevaluated. The bellowshad seen severalyears of service with flowing
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sodium at 260°C in the EBR-II reactor. Stiffness measurementswere made both in
tension and compressionand compared with similar measurementson an archived
bellows. Finally,long-termcreep-rupturetestson types304 and316 stainlesssteelwere
continued to provide support for the development of 60-year ASME design stress
allowables.

6.2.2 CivilianGCR MaterialsPrograms

The DOE'sGCR efforts continueto be focusedon the MHTGR. ORNLis responsiblefor
technologydevelopmentrelativeto the low-enricheduraniumUCOfissileandthoria fertile
fuel particles;behaviorandtransportof fissionproducts;propertiesand behaviorof fuei
block, reflector,and core-supportgraphites;and the propertiesof alloys and ceramics
usedin thereactorinternals,vesselsystem,and heat transportsystems. Alibutthe fuels
and fissionproducteffortsare genericto the civilianMHTGR andto the MHTGRversion
of the NPR and are currentlyfunded by DOE's NPR Program(see Sect. 6.2.3 for further
discussionof status).

Thereweretwo majoraccomplishmentsinthe fuelsand fissionproductsareasduringthe
year. The firstwas the completionof irradiationof fuel capsuleHRB-21 inthe HFIRand
initiationof PIE of the fuel compacts from this experiment. The second was the
successfulcompletionof fissionproducttransportexperimentBD-1 inthe COMEDIE loop
at the CEA facility at Grenoble, France. In this test, intentionallydefected fuel was
irradiatedin an in-reactor,high-pressureloop to providefor plateoutof fissionproducts
on simulatedheat exchangerbundles. The bundlessectionswere then depressurized
several timesat differentratesto studyliftoffof fissionproducts. PIE of the experiment
is in progress. (See Sect. 5.8 for additionaldiscussionof these tests.)

A low level of cooperative effort continuedwith Germany and Japan on fuels and
graphites. An irradiation of U.S., German, and Japanese nuclear graphites was
completedinthe HFIR, and the PIEresultswere reported.

6.2.3 MaterialsTechnologyfor the MHTGR NPR

Confirmatorydevelopmentefforts on HEU UCO fuel, graphites,alloys,and ceramicsfor
the MHTGR-NPRwere continuedthroughouttheyear,andsignificantprogresswasmade
in ali areas. Becauseof changesinthe internationalsituation,a decisionto discontinue
work on both the MHTGR and HWR versionsof the NPR was announced by DOE on
September11, 1992. However,funding is to be providedthrough FY 1993 to allow for
orderlycloseoutof ali tasks and to perform further testing for risk reductionin specific
areas.

Eight-cycleirradiationsof HEU fuel compactsin capsulesI'_PR-1and -2 were completed
in the HFIR. In both capsules,maximumburnupsof 79% and fluences of 3.7 x 1025
neutrons/m2were achieved. The capsuleaveragedfuel compact temperaturein NPR-1
was very close to 1000°C andthat in NPR-2was approximately800°C. Disassemblyof
the capsuleswas initiatedin December1992; PIE is scheduledto be conductedthrough
July 1993.

-
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Two heating experiments on unbonded HEU UCO fuel particles were conducted in the
CCCTF. In one of the tests, the fuel particles were ramped to 1400°C and held _
temperature for 259 h; the other test involved a 100-h exposure at 1600°C. The CCCTF
system was monitored on-line for radioactive cesium and krypton releases, and ali
particles were individually gamma scanned before and after heating to quantify fission
product releases. The results of these heat-up tests were reported in ORNL/NPR-92/9.

Formal plans and procedures for ali mechanical and physical property areas of graphite
development were approved, and testing was initiated relative to te:lsile properties, fatigue
and fracture behavior, and thermal physical properties. Irradiation of two additional
graphite capsules (HTN-2at 600°C and HTN-3 at 900°C) was completed in the HFIR,and
PIE is scheduled to begin early in 1993.

Testing was also begun on the Alloy 800H material to be used in the in-reactor
components (core barrel, lower core-support structure, etc.). Tensile testing was
completed on unaged base metal, weld metal, and HAZ specimens; creep-rupture, low-
cycle fatigue, and fracture mechanics testing was initiated on Alloy 800H specimens in
these same conditions. Scoping irradiation studies of Alloy 800H weldments were also
begun.

Metallurgical examination and evaluation of materials associated with the FSV GCR
ringheader were begun and will continue through the first half of 1993. Metallography,
SEM, hardness testing, and tensile and creep-rupture tests are being used to determine
the cause of the cracks observed in the ringheader body and to evaluate the metallurgical
condition of the ringheader lead-in-tubes, the exit steam pipe, and ali weldments.

6.2.4 MaterialsTechnologyfor the HWR NPR

A three-year effort to provide supplementary mechanical prope,_tyand metallurgical
structuredata on HWR primary system boundary materialswas completed. Emphasis
was on the performanceof 316LN stainlesssteelin the temperature range 25 to 150°C.

A seriesof corrosionexposuresof AI-8001fuelcladdingmaterialsinflowingwaterunder
heat-transferconditionswas completed and evaluated. The growth of oxidefilmswas
characterizedbyin-testmeasurementsandpost-testexamination.Filmgrowth rateswere
shownto be sensitiveto both thermal-hydraulicand chemicalvariables.

Backgroundand preparatoryeffortswerecompletedto allowirradiation-corrosionstudies
of materialsfor the HWR NPR. A corrosion-fatigueloop was designed and procuredfor
use in the hot cells.

Ali activitiesrelated to the HWR NPR are scheduled to be terminated by the end of
February 1993.
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6.3 CONSERVATION MATERIALS PROGRAM- R. A. Bradley, D. R. Johnson,
H. W. Hayden, P. J. B/au, P. Angelini, P. S. Sk/ad, M. A. Kamitz, and T. G. Kollie

Our materials R&D programs for energy conservationhave grown significantlywith DOE
emphasison increasedenergyefficiencyand withthe realizationthat materialsare a key
technology need for advanced energy conversionand utilizationsystems. We have
establishedlead laboratoryroles and/or majormaterialssupporttasks in the following
conservation projects: (1) Ceramic Technology,(2) TransportationMaterials, (3) AIC
Materials, (4) Tribology, (5) Materials for IndustrialTechnologies, and (6) Building
Materials. In the Ceramic Technology and the AIC Materials projects, we provide
technical support to DOE in the planning, implementation,and management of the
national DOE programs. This involves extensive interfaces and subcontractswith
industry, universities,and other federal laboratoriesin addition to research in the
M&C Division.

6.3.1 CeramicTechnologyProject- D. R. Johnson

The CTP was initiated in FY 1983 to meet the ceramic materialstechnology needs of the
companion DOE engine programs. The goal of the program is to establish the
technology base that will allow private industry to supply reliable and cost-effective
ceramics for use in advanced engines and other energy conversion applications. The
program is being accomplished by using an R&D agenda developed following an
extensive industrial assessment of needs that was formatted into a dynamic 5-year project
plan and later revised to the complete lO-year plan. The program includes a balanced
e_phasis on the three technology areas recognized as necessary to achieve reliability
in structural ceramics: (1) materials and processing, (2) design methodology, and
(31data base and life prediction. The R&D tasks in the program are performed in-house
at ORNL, at other national laboratories, and through subcontracts with private industry
an :i colleges and universities.

lt is expected that the program goal of reliable ceramics will largely be met by the
completion of the 10-year plan in 1993, a conclusion borne out by industry's successful
experience in running ceramic components in engines. However, commercial
implementation of the benefits of ceramic engine components is clouded by the relatively
high cost of the ceramic components. Based again on extensive input from industry, the
direction of the CTP is now shifting toward reducing the cost of ceramics in order to
facilitate commercial introduction of ceramic components for automotive and diesel truck
applications in the near term. This implies inclusion of moderate-temperature applications
as well as the very high-temperature automotive gas turbine application. A systematic
approach to reducing the cost of components is planned. The work elements are as
follows: economic cost modeling, ceramic machining, powder synthesis, alternative
forming and densification processes, yield improvement, system design studies,
standards development, and testing and data base development.

6.3.2 TransportationMaterials-- H. W. Hayden

ORNL has been requested by the Office of Transportation Technology to take the lead
role in initiation of two potential programs related to areas in which materials
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developments are critical to the implementation of advanced automotive transportation
systems: Materials for Lightweight Vehicles and Materialsfor Electrochemical Propulsion
Systems.

During 1992,a needs assessment of materials development requirements for lightweight
vehicles was carried out based on numerous contacts with the three major U.S.
automotive producers aswell as many of the industries supplying metallic and polymeric
materials to the automotive industry. On the basis of these contacts, a draft needs
assessment and multiyear program plan were prepared and distributed to members of the
automotive industry and their suppliers for reviewand comment prior to finalization. Initial
efforts under the program will include a subcontract with GM Research Laboratories on
advanced aluminum-forming methods, funding support for an ASME workshop on
aluminum applications for transportation and industry, and funding at INEL for a joint
effort withGM-Saginaw Divisionon instrumentation related to squeeze-casting processing.

During 1992, limited effort was devoted to the Materials for Electrochemical Propulsion
Program because funding allocations for a sustained program were not in place. A
review of the competing battery and fuel cell systems has been completed to establish
a priority list of those systems most likely to meet automotive requirements. Toward the
end of CY 1992, there were indications that funding schedules might be accelerated. As
a result, a schedule for completion of a needs assessment and draft program plan by
mid-1993 has been established.

6.3.3 TribologyProject- P. J. B/au

ORNL is responsiblefor the AdvancedTribomaterialsand Componentstask area of the
Officeof TransportationMaterials,TribologyProgram.Tribomaterialsarematerialswhose
primaryengineeringuse is for frictionand wear-criticalapplications. The ORNL task is
divided intotwo subtasks: tribosimulationandtribomaterialsevaluation.Tribosimulation
analyzes the key factors in the design of optimum, cost-effective, laboratory-scale
simulationsof conditionsin advancedautomotiveand truckenginesand helpsestablish
a methodologyfor screeningnew tribomaterials.Tribomaterialsevaluationidentifiesnew
materials, like ceramic composites, intermetallic compounds, and carbon-graphite
materials,that have potentialuses for lightweight,durablewear parts innear- and long-
term advancedengines. Frictionand wear tests, both lubricatedand unlubricated,are
conductedat varioustemperaturesand times to establishperformance limits for new
materials. Extensiveuse of microscopyand other forms of microstructuralanalysislay
the groundworkfor developingfuture low-friction,low-wearmaterials.

6.3.4 AdvancedIndustrialConceptsProgram- P. Angelini

The Advanced IndustrialConcepts Division (AICD) is part of the Office of Industrial
Processes,Officeof IndustrialTechnologies(OIT)of Conservationand RenewableEnergy
in DOE. The missionof AICD is to develop and maintaina balanced program of R&D
focused on high-risk,long-term,directedinte;disciplinaryresearcheffortsfor the industrial
sector in its efforts to improveenergy efficiencyand enhance fuel flexibility. The AIC
MaterialsProgramsupportsthismission,givingattentionto materialsengineeringin the
contextof goals,needs,and opportunitiesfor advancedindustrialsystems. The program
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initiatesand conducts applied research and exploratory development in technical areas
encompassingstructuralengineering materials, materials with unique (nonstructural)
properties,materialsprocessingformanufacturing,andenvironment-compatiblematerials.

6.3.4.1 ORNLAIC MaterialsProgram- P. S. Sklad

Projectsunder the AIC MaterialsProgram at ORNL, along with subcontractsfunded
throughORNL, focus on the developmentof a wide range of materialsand processes.
Inthe areaof high-temperatureintermetallicalloys(e.g., Ni3AI,NiAI,andFeAI),workwithin
theM&C Divisionhasledto collaborationwithindustrialpartnersto developheat-resistant
assembliesfor heat-treatingfurnaces,transfer rollsfor heat-treatingfurnaces and slab-
reheatingfurnaces used during hot processingof steel ingots,turbochargersfor large
diesel engines, and shape-memory alloys f_r use in energy and mass control
applications. Other projectsincludecontinuousfiber=reinforcedTiB2for improvedHall-
Cellelectrodesinthealuminumsmeltingindustry,ultratoughmetal-bondedceramics,and
ceramicmembranematerialsfor separationsystems.A new effortwillfocuson evaluation
of catalystmaterialsand emissioncontrolsystems in order to improvemanufacturing
processesand performance and decreaseemissions. Other activitiesconcentrateon
materialsprocessingtechnology,includingmodeling,microwaveprocessingof materials,
surface modificationof polymers,and weldingdevelopment.

6.3.5 Officeof IndustrialTechnologies--M. A. Kamitz

Three industrial projects are being conducted for the Industrial Energy Efficiency Division
of the OIT. The objective of the first project is to provide materials technology support
to develop advanced ceramic heat exchangers for industrial applications. ORNL is
determining the corrosion limits of the ceramic materials and developing cost-effective
methods for fabricating heat exchanger components c_oDerativelywith several industrial
suppliersand heat exchangerdesigners. These high-, ,peratureheat exchangerscan
save significantamounts of fueland incre&3eproductivityin the industrialprocessesby
increasingthe efficienciesofthe process. Problemsare resolvedby usingthe application
of current materialstechnology or by performing the required analysis and testing in
cooperationwiththe industrialsuppliers.

The second project for OIT is to provide assistance in the development of CFCC
materials. The properties of CFCCs make them attractive in a variety of industrial
applications where their use can result in energy savings and increase productivity. Ten
industrial companies are developing the primary processing methods for the fabrication
of CFCC components for use in industrial applications. ORNL is leading an effort to
support the industrial teams by providing the scientific foundation for the successful
process development and scale-up. The supporting technologies effort is being
conducted by universities and national laboratories and include:; the more basic or
generic support task of composite design, materials characterization, test method
development, and performance-related phenomena. In 1992, the emphasis was on the
performance and reliability of CFCC materials.
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The third project for OIT is a new program to determine the long-term survivabilityof
ceramicmaterialsfor industrialgasturbineapplications.The objective isto increasethe
efficiencyof gas turbines used for power generation. The first element of this new
programis a ceramicretrofitengine demonstration. DOE is workingcooperativelywith
a turbine manufacturerto modifyan existingengineto accept ceramiccomponentsand
runa lO00-h enginetest. ORNLisassistingtheturbinemanufacturerby performingsome
long-termmaterialstesting. Existingdata from manyof the high-performancestructural
ceramicsare limitedto exposuresof less than2000 h. This projectwillextendthe long-
term testingto timesup to 10,000 h.

6.3.6 BuildingMaterials- T. G. Kollie

The objectiveof the BuildingMaterialsProjectis to establishthe technicaldata base for
buildingmaterialsthat is neededto reducethe energyused for buildings. The research
is developingtestingtechniques,new standardreferencematerials,analyticalmodelsfor
heat transfer, and alternativesfor insulations containing chlorinated fluorocarbons,
includingnew foam-blowingagents and PEPs of highthermalresistivity.

The interact;on of these projects in the Conservation Materials Program with related
research on the Materials Sciences and on the Fossil Energy Program at ORNL, and with
research at other federal agencies and in industry, issynergistic and very productive. We
anticipate continued growth in the Conservation Materials Program.

6.4 SPACEAND DEFENSE--R. H. Cooper

Duringthe pastyear, ORNL's DOE-sponsoredSNP Programscombined with activities
sponsored by industry and federal agencies other than DOE have provided diverse
opportunitiesfortheapplicationof thedivision'smaterialstechnologies.The statusof the
DOE SNP Programsand selectednon-DOE-sponsoredprogramsis discussedbelow.

6.4.1 DOE Space NuclearPower Programs

Activitiosin supportof DOE'sRTG Programare the largerof theongoing SNP Programs.
In the area of RTG systems,M&C Divisionprovidesmanagerialoversightof activities
performedthroughoutMMES. Theseactivitiesincludeproductionof criticalcomponents
for NASA's Cassini mission to Saturn scheduled for launch in 1997 and materials
development.

Two primary productionactivitiesare performedat MMES. The first is the manufacture
of the iridiun_-alloy-cladventsetsthat containthe heat-generatingradioisotopesused in
the RTG system. Thismanufacturingactivityrequiresthe integrationof the capabilities
of ORNL and the Y-12 Plant; ORNL produces an iridium-alloyblank and foil for
subsequent assembly by the Y-12 Plant into clad vent sets. In addition to the
manufactureof the iridium-alloycomponents,the M&C staff produces CBCF thermal
insulators(sleeve and disc) that minimizetemperature changes at the surface of the
iridium-alloycladdingduringoff-normalRTG operations. During 1992, the manufacture
of ali CBCF insulatorsrequiredfor the Cassinimissionwas completed.
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Materials development activities continue to be an important task paralleling the
manufacturingtask. These activities include development and characterization of
advancediridium-basedalloyswithsuperiorperformancefor theclad-vent-setor cladding
application,designand qualificationofa high-temperaturecarbon-compositematerialwith
enhanced kineticenergy absorptioncapabilities,and the developmentof cost-effective
methodsto refinelargequantitiesof iridiumscrap withM&C'sexistingEB meltingfacility.

For the SP-lO0 Project, ORNL performsa significantrole in the developmentof the
engineeringdata base for the refractorymetals requiredfor successfuloperation of a
multi-lOO-kW(e)SNP system. The principalfocus of thiswork is the determinationof
mechanical properties, characterizationof irradiationeffects, and evaluation of the
compatibility of the refractory alloys under anticipated SP-lO0 system operating
conditions. Further, M&C provides managerialoversight for the characterizationof
materialsandtheir subsequentfabricationintolarge radiation-shieldcomponents,which
is performed at the Y-12 Plant.

6.4.2 Non-DOE-SponsoredPrograms

The Space and Defense Programs Office providescoordinationof divisionactivities
supported by 35 differentorganizations,includingindustry,NASA,the EPA,Army, Navy,
and Air Force. Support providedby the Space and Defense Programs Officeincludes
administration,programdevelopment,andtechnicalprogrammanagement. Throughthe
years, these activitieshave provided an importantmeans to enhance and leverage
existingmaterialstechnologiesor capabilitiesto the mutualadvantage of DOE and our
non-DOEsponsors. Examplesof the scope of selectedactivitiesfollow.

In support of the NASA MarshallSpace Flight Center, the division is determiningthe
mechanicalpropertiesof superalloysin a high-pressurehydrogenenvironment. ORNL
is currentlyconductinga round-robintest programin order to establishacceptable test
methods for high-temperature,high-pressuretesting in hydrogen; these test methods
include tensile, fatigue, and fatigue-crack growth and will be followed by ali NASA
contractors.

Work is also being performedfor the U.S. Air ForceWrightLaboratoryin optimizingand
scaling-upthe CVI processfor the fabricationof ceramiccompositesfor advancedman-
rated turbine engine components. This work complements efforts supported by the
U.S. Air Force Office of Scientific Research to evaluate the nucleation kinetics of surface

films deposited by chemical vapor methods. An ORNL-developed neural network system
is being utilized to analyze eddy-current patterns to meet the needs of the U.S. Air Force
Wright Laboratory's NDE intelligent signal-processing program. The focus of this activity
is to modify the neural network codes as well as the data acquisition and reduction
processes to increase execution speed and enhance signature recognition performance
generated by selected NDE applications. An additional activity is being performed for the
U.S. Air Force Engineering Services Center. In this activity, CT scanning images of
samples of typical asphaltic concrete used in airfield pavements were generated and
evaluated to provide information to be used for U.S. Air Force engineering modeling
studies.

O
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Three new Navy projects were initiated in 1992. A project aimed at gaining a fundamental
understanding of the development and distribution of residual stresses in welds was
begun for the ONR. Research on the nature of crack initiation and growth in ceramic
deep-submergence vessels, utilizing alumina ceramics manufactured by WESGO and
Coors Ceramics, is being performed for the Naval Command, Control, and Ocean
Surveillance Center, RDT&E Division. A project was begun for the Naval Air Warfare
Center to perform specific research on the development of SiC-reinforced Si3N"matrix
composites currently being developed under Navy sponsorship at Allied Signal Research
and Technology. These coatings will be used to improve the environmental stability and
mechanical properties of the Allied Signal composite systems.

6.5 FOSSILENERGY PROGRAM--R. R. Judkins

The ORNLFossil Energy Program Office, located in the M&C Division, manages research
activities within the division and in several other divisions within ORNL. The focus of
ORNL's Fossil Energy Program is on materials R&D, ES&H activities, bioprocessing of
coal, coal combustion research, and modeling activities on the operational requirements
of the Strategic Petroleum Reserve.

6.5.1 FOSSIL ENERGY MATERIALSPROGRAM--N. C. Cole

The ORNL FEMP Office is a part of the M&C Division, and it is from this office that the
activities of the program, within the M&C Division and at other federal and industrial
laboratories and universities, are managed. Virtually ali the materials research on the
program within ORNL is performed in the M&C Division. The focused materials R&D
covers research on ceramics, new alloys, and the mechanisms of erosion and corrosion.
Transfer to industry of the technology covering the knowledge, materials processes, and
procedures generated is an important activity of the program. Ceramic composites and
new alloys are being examined for filtration and structural applications. Advanced
ceramic membranes are being developed for hydrogen and other gas separation.
Materials technical support and failure analyses are provided to projects on the Clean
Coal Technology Program. A major function of the FEMPis management (with DOE-OR)
of the Fossil Energy AR&TDMaterialsProgram. Fiber-reinforced ceramic composites with
improved strength and toughness are being produced by a special forced chemical vapor
infiltration and deposition (FCVlD) process developed at ORNL. With the forced-flow,
temperature gradient of the ORNLprocess, thicker material can be produced, whether it
be plate or tubing. Thicker SiC composites have potential application as tubing and
headers in high-temperature heat exchangers. Control of the interface between the fiber
and matrix in composites allows greater toughness through fiber pullout during fracture.
The ability to control the porosity of these ceramic composites through the FCVID
process means that both highly dense (for structural purposes) as well as porous
composites (for hot-gas cleanup filters) can be fabricated.

Ceramic membranes for the separation of gases in high-temperature and hostile
environments are being developed and tested. Investigators at the Oak Ridge K-25 Site
have produced ceramic (alumina) membranes with mean pore diameters of about 10 A,
a size close to the pore size necessary for hydrogen separation. Membranes have
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already been fabricated and successfullytested for their permeabilityto nitrogen, helium,
and carbon dioxide at room temperature in the pressure range of 15 to 150 psi. A
CRADAis being negotiatedto transfersome of that technologyto a companywith the
properclearances.

Thesinteringof ceramicswithmicrowaveenergyis beingexplored. ORNLhasdeveloped
the ability to sinter certain ceramics to high densities. Basic studies have been
conductedto provideuswithan understandingof t;Jemicrowavesinteringphenomenon.
The presenthypothesisis that the magnitudeof the so-called "microwaveeffect" for a
materialis proportionalto the ionicconductivityof that material. This technologycould
be important in the fabrication of electrode and electrolyte materialswith improved
electricalpropertiesfor solidoxidefuel cells. Microwavesarebeing exploredas a heating
source duringthe FCVID process.

ORNL has been developing advanced austenitic alloys for use in fluidized-bed and
advanced steam cycle coal combustionpower plants. The objectiveof thiswork is to
modifyexistingalloysand developnew alloysthat willsatisfythe strengthand corrosion-
resistancerequirementsof high-temperatureandhigh-pressure,second-generationpower
plants. The modified800 alloysand the lean austeniticstainlesssteels (termed "lean"
because of their lower-than-usualcontent of the strategicmetal chromium)are high-
strength steels developed for high-temperatureapplicationstypical of those irl fossil
power environments.The high-temperaturecreep lifeof these alloysisseveralordersof
magnitudegreaterthan that of conventionalalloys, lt has been demonstratedthat the
ORNL-developedmodified 800 and 316 advanced austeniticscan be fabricated with
commercialequipment,andmanycompositionsareweldable. Due to theirexcep,tionally
high creep strengthat 500 to 750°C, higherstrength welding filler metals have been
explored. Transfer of this technologyto industryis underway. Also,currentmaterials
and designsfor tubesheetand manifoldsfor hot-gasfiltersystemshave been examined
to recommenda tubesheetmaterialsuitablefor long-termoperationof these systems.

Intermetallicalloysbasedon Fe3AIare beingdevelopedfor applicationsinwhichsuperior
oxidationand sulfidationresistanceand strengthare required. The iron aluminidesare
intermetalliccompounds that for several years have been known for numerous
outstandingproperties, but their brittlenessat ambient temperaturesprecluded many
applications. Alloymodificationsand specialheat treatmentsdeveloped at ORNL have
producedtensileductilitiesof over 15% at roomtemperature. Severalcompositio,ns are
weldablewiththe use of preheatand postweldheat treatmentsas is often needed with
other high-strengthmaterials. Uses of these alloys as coatings and claddings;are
also being explored. A new chromium-niobium(Cr-Nb) intermetallicalloy is _..mder
development, ltshowspromiseof extremelyhigh strengthat hightemperaturesandmay
be a metallicalternativeto certainceramics.

Basicstudiesof erosionand corrosionhave been conductedto developa fundamental
understanding of these processes and their relationship to materials properties.
Corrosion research in the M&C Divisioncenters on studies of the formation and
breakdownof protectiveoxidescales,particularlyinsulfur-containingatmospheres,and
on the effect of environmenton corrosionand mechanicalpropertiesof ironaluminides
and Cr-Nb.
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Assessmentsof materials problems and of the needed research to solve those problems
for a variety of fossil energy technologies are an important part of ORNL's materials effort.
Materials failure analyses, a significant factor in the success of advanced clean coal
technologies, continue to be conducted for the Pittsburgh Energy Technology Center.
Similar technical support is provided to operators of coal conversion and utilization plants
in the identification of, and solutions for, materials problems.

ORNL has a commitment to transfer the technology developed on the FEMP to industry
and to others in the fossil energy community. Licensing agreements have been signed
with three industrial firms for the ORNL-developed iron aluminides technology. One
agreement is with Ametek Specialty Metal Products Division for the purpose of producing
Fe3AIpowders. Licenses for other product forms have been awarded to Harrison Alloys
and to Hoskins M:lnufacturing Company. An option license agreement on the Fe3AI
technology was signed with Castmasters, Inc., of Bowling Green, Ohio. Work was done
on a CRADA between 3M and ORNL for work on an SiC filter process. CRADAs are
under negotiation with industry on iron aluminides, advanced austenitics, and ceramic
composites.

6.6 FUSION ENERGY MATERIALSPROGRAM--E. E. Bloom
t,

The FusionEnergy MaterialsProgramhas three majorpoints of focus: (1) development
of reactorstructuralmaterials,(2) developmentof first-walland high-heat-fluxmaterials,
and (3) developmentof ceramicsfor electricalapplications. Withinthe Officeof Fusion
Energy,these effortsare supportedby the neutroninteractivematerialsandthe plasma
interactivematerialsprograms. The ORNL effort supports U.S. participationinthe ITER
as well as the ultimateobjective of making fusion an economically competitiveand
environmentallyattractiveenergysource.

In the structuralmaterialsprogram,the primary emphasisremains on qualificationof
austeniticstainlesssteelsfor ITER and the developmentof low-activationferriticsteels,
vanadium alloys,and ceramic composites(e.g., SiC/SiC).

Austeniticsteels are the leadingcandidateforstructuralapplicationsin ITERbecause of
theiradvancedstateofdevelopmentandcommercialpractice. Ina collaborativeprogram
withthe JAERI,we are investigatingthe effectsof fusionreactorradiationdamagelevels
on the engineeringpropertiesof these alloys. Central to this effort is the irradiationof
thesealloysinthe HFIRwithtailoringofthe neutronspectrumto produce damagelevels
(i.e., transmutation-producedheliumand dpa) equivalentto those produced in a fusion
reactorspectrum. Theseexperimentsareprovidingdata and understandingof radiation
response at temperaturesand damage levels that are preciselythose requiredfor the
ITEREngineeringDesignActivity (i.e.,60 to 400° C, up to 30 dpa).

Development of low- or reduced-activationmaterials is critical to achieving fusion's
potentialas a safe and environmentallyattractiveenergy source. Developmentof low-
activationferriticsteelsrequiresthat metallurgicallyimportantelementssuch as Ni, Mo,
Nb, and N be removedor reduced to relativelylow levels and that potential impurity
elementsbe controlledto acceptablelevels.To developlow-activationmartensiticsteels,
tungsten is being used as a substitutefor molybdenum,and niobium is replaced by
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tantalum and vanadium. The development activities are focused on the most critical or
limiting property of this class of alloys--the radiation-induced shift in DBTTand reduction
of fracture toughness. The vanadium alloys that are being considered for fusion have
attractive activation characteristics, so compositional modification is not required to
achieve this goal. The focus of our research on vanadium alloys is chemical compatibility
with proposed fusion coolants and the effects of irradiation on fracture toughness. From
the viewpoint of induced activation, SiC is the ultimate fusion structural material.
Monolithic SiC is not considered because of its fracture properties. SiC/SiC composites
offer an approach to improved fracture toughness. Our understanding of the performance
of these materials in an irradiation environment is extremely limited. The focus of our
present research is to explore the effects of irradiation on properties so as to provide a
basis for accurately assessing the potential of SiC/SiC composites as fusion structural
materials and to begin efforts to tailor these materials for the fusion environment.

The effects of irradiation on the dielectric properties of ceramic insulators are of critical
importance in the successful design and operation of numerous systems in a fusion
reactor (e.g., RFheating and plasma diagnostics). Our initial experimental work (initiated
in 1991) has been directed at in situ measurements of the loss tangent during ionizing
and ionizing-plus-displacive irradiation. Results to date show an increase in loss tangent
of nearly two orders of magnitude at a displacement rate of -10 .7dpa/s. A change of this
magnitude will impact materials selection and design of RF heating systems for ITER.
Measurement of in situ properties will be expanded to investigate radiation-enhanced
dielectric breakdvwn and the effects of irradiation on structural evolution and mechanical
properties.

Graphite and C/C research activities are part of the plasma interactive and high-heat-flux
materials programs. Graphite and C/C composite materials are selected for these
applications because their low Z number minimizes radiativeheat losses from the plasma.
However, their application requires graphite and C/C composites with extremely good
thermal shock, erosion, and neutron damage resistance. Optimum thermal shock
resistance is assumed to be offered by appropriately designed C/C composites
(i.e., selected fibers, matrices, and architectures). Current work is directed toward the
optimization of these materials for neutron-damage resistance.

6.7 DP TECHNOLOGYTRANSFER INmATWE- P. Angelini

The DPTechnology Transfer Initiative is based on the dual-use concept of enhancing the
competitiveness of U.S. industry and the capabilities of the DP activities. There are five
main focus areas in the technology initiative including materials and materials processing,
manufacturing, energy and environment, microelectronics and photonics, and computing.
During this past year, proposals have been submitted in two calls for proposals. The
initiative utilizes the CRADA mechanism that enables close cooperation between the
industrial partner(s) and MMES. Typically, there are two opportunities per year to submit
joint proposals. The proposals contain strong industrial components, tasks, and
commitments of in-kind funding and are focused on technical issues driven by the
industrial partners. Work that has been successfully funded and initiated relates to
materials, materials process development, materials and process modeling, and
computing.



7. COLLABORATIVERESEARCHFACILITIESAND TECHNOLOGY TRANSFER

7.1 ORNL/ORAUSHAREDRESEARCHEQUIPMENTPROGRAM(SHARE)--E. A. Kenik
and N. D. Evans

The SHAREProgram allows participantsfrom universities,industries,and other national
laboratoriesaccessto thewide rangeof often uniquemicroanalyticalfacilitieswithinthe
M&C Division. The program is aimed at collaborativeresearchin materialsscience in
areas pertinentto the U.S. DOE and the ORNL missionand emphasizes areas under
currentinvestigationwithinthe M&C Division. Facilitiesand techniquesincludedunder
the SHAREProgramareanalyticaland intermediate-voltageelectronmicroscopy,APFIM,
Auger electron spectroscopy, nuclear microanalysis, XRD, ion implantation, and
mechanicalproperties microanalysis. A number of SHAREprojects complementthe
advanced materials developmentprograms in the M&C Division,such as advanced
ceramics,orderedintermetallics,radiationeffects,and austeniticalloys.

During this period, the Divisionof Materials Sciences, Office of BES, provided funds
through Oak Ridge Associated Universities(ORAU) to support the SHARE activity.
Programfunds are used for traveland livingexpensesfor universitySHAREparticipants
while at ORNL and for the support of Neal Evans, a liaison between M&C Division
research staff and the SHARE participants. His principal responsibilitiesincluded
participationin SHAREresearchwhen appropriateand familiarizingSHAREparticipants
withthe electron microscopeand computerfacilities. His presencehas allowed a high
level of SHAREparticipationwith minimalinterferencewith ORNL in-houseprograms.

A steering committee reviewsali proposed SHAREprojects and defines SHAREProgram
policy. The members in FY 1992 were: E.A. Kenik, ORNL; J. Bentley, ORNL;
M. G. Burke, Westinghouse Science and Technology Center; B. Fabes, University of
Arizona; N. D. Evans, ORAU; and R.Wiesehuegel, ORAU.

Duringthis reporting period, 22 of 27 approvedSHAREprojectswere active; five of the
active projectsdid not requiretravel support. The active projectsinvolved41 outside
participants(users),including20 students.At least23 papersbased on SHAREresearch
were publishedin the past 12 months,and approximately18 presentationshave been
made at technicalmeetings. Currently,another 14 papers based on SHAREresearch
have been accepted for publicationor are in press. Furthermore,thiswas a very fruitful
periodfor the SHAREProgramin termsof graduate studentswhose participationinthe
programbenefitedtheirrecentlycompleteddissertationstudies. Two Masterof Science
and four Doctorof Philosophydegreeswere completed. Additionally,15 more graduate
students are progressing in their dissertationstudies by participatingin the SHARE
Program.

7.2 ORNL/ORAU SYNCHROTRONORGANIZATIONFOR ADVANCED RESEARCH-
C. J. Sparks

The M&C DivisionX-Ray Group, in collaboration with the MaterialsResearch Laboratory
at the University of Illinois, operates an intense X-ray beamline on the NSLS to study
the crystallographic structure of weakly scattering materials. This beamline is open to
outside users for qualified experiments. During this past year, more than 20 different
experiments were performed by 63 scientists from 6 different universities, 2 industrial, and

A,,._
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2 government laboratories with 20 published papers, including 4 Physical Review Letters
with 1 Ph.D. thesis. A major advantage of the beamline is the ability to select an X-ray
energy near an absorption edge of a specific element. This changes the X-ray scattering
cross section of the element and highlights the atom to help reveal its crystallographic
symmetry site. In this way, we are able to determine crystallographic sites at which
substitution takes place. Among the uses made of this chemical sensitivity were studies
of atomic positions at buried interfaces, substitution of a third element in binary ordered
intermetallics, and local arrangements in amorphous and crystalline solutions. Other
research during this report period included the study of C6omolecules to encapsulate a
surface. Since C6ois chemically inert, delicate surface structures might be preserved
outside ultrahigh vacuums under this coating even when exposed to ambient conditions
for transportation. Surface structures of silicon were preserved under this C_
inert cap; however, a Cs-doped Ag(110) surface, which normally undergoes the (2 x 1)
reconstruction, is suppressed. InelasticX-ray scattering spectroscopy has shown that the
electronic structure of undoped C6ocrystals gives rise to an interbond transition at an
energy loss of 80.1 aJ (5 eV) and a plasmon loss of 432.5 aJ (27 eV). These losses differ
from that of Ct,o gas and graphite and will be used as a baseline in the study of the
effects of doping C60.Studies of pure acid and alcohol monolayers show identical high-
pressure structures. For lower pressures, the structures differ. XRD studies have now
shown that near-neighbor tilt seen in acid monolayers explains their different responses
to compression.

7.3 TECHNOLOGYTRANSFER- J. R. Weir,Jr.

Substantive activities this year involved providing technical assistance to current and
potential licensees, conducting one technology transfer meeting, successfully
negotiating six new licenses, negotiating collaborations to further develop ORNL
technologies, and providing information on technologies through ural presentations and
written communication.

To date, the 29 licensees to the M&C Division technologies are:

1. Advanced Innovative Technologies*; American Matrix; Advanced Composite
Materials; Cerco=n, Inc.; Dow Chemical; GTE; Hertel; High Velocity; Inland
Industries*; Iscar; Kennametal; and Keramont Corporation (SiC whisker-reinforced
ceramics);

2. Instron (ceramic gripper assembly for tensile testing);

3. Ametek; Armada Corporation (Hoskins); Armco, Inc.; Cummins Engine; Harrison
Alloys; Metallamics; and Valley Todeco (Ni3AIalloys);

4. 3M (novel ternary ceramic alloy);

5. Coors Ceramics (gelcasting method of making complex ceramic shapes);

6. Ametek; Cast Masters*; Harrison Alloys; and Hoskins Manufacturing Company
(iron aluminides);

Licensessigned in FY 1992.
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7. Microscience (atom probe software/field ion microscope);

8. SigmaTech* (ultralightelectromagneticshielding);and

9. MicrowaveLaboratories*(variable-frequencymicrowavefurnace).

Of the royalties from licenses of MMES technologies in FY 1992, 58% were from
M&C Divisionpatents.

A technologytransfer meetingon nickeland ironaluminideswas held on August4-5,
1992. The attendance at this meeting was restricted to the licensees and those
organizationsthat had shown substantialinterest in the technologies. Approximately
25 representativesattended.

The ASM InternationalTechnology Transfer Committee (chaired by a staff member)
consistsof 22 membersof federal and nationallaboratories.

Followingis the statusof CRADAsin the M&C Division:

CRADA
Client Technology approved

Eaton & JohnsonControls Shape MemoryAlloy 06/13/91

Garrett (AlliedSignal) MicrowaveAnnealingof 08/22/91
SiN with High Additive
Content

Norton Company Microwave-SinteredReaction- 09/05/91
BondedSiN

Norton Company MicrowaveAnnealingof 9/05/91
SiN withLow Additive
Content

ApplianceResearchConsortium Powder-EvacuatedPanel 07/22/91

MicrowaveLabs WidebandMicrowave 11/04/91
ProcessingEquipment

AVXTantalum Corporation Microwave-Sintering 11/04/91
Tantalum Capacitors

3M Company Chemical Vapor Ir:f_;cration 02/03/92
of Ceramic Composites

General Motors Alloy Heat-Treating Furnaces 02/03/92

*Licenses signed in FY 1992.
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CP,ADA
Clien____.Jt TechnoloQv approved

Coors Ceramics Machiningand Inspectionof 02/18/92
Ceramics

PPG Industries Powder-EvacuatedPanel 06/24/92

DetroitDiesel MachiningCeramics 08/26/92

CoorsCeramics GelcastingCeramics 09/28/92

Metallamics NickelAluminideRolls 09/28/92

General Motors LightweightMaterials 09/28/92

Norton/TRW MachiningCeramics Inprogress

Thirteeninvitedtechnologytransferpresentationsweremadedescribing20 M&C Division
technologies. The technology transfer exhibit was shown at seven meetings. We
responded to over 100 inquiriesfor informationand samplematerials.

A state outreachinitiativehas been funded in FY 1993 to utilizethe technologytransfer
conceptsdeveloped ina previouslyfundedDOE projectcalledtheUniversity-Laboratory-
IndustryTechnologyBrokerage System. The project will involvevisitsto two selected
states to present seminars and workshops to state economics development and
communitycollegeofficialsto developstatenetworksto accessthe technologyat federal
laboratorieson behalf of smallcompanies.



8. EDUCATIONALPROGRAMS

L. L. Horton

M&C Division'sinvolvement in educational activitiescontinues to grow. In FY 1992,there
were more than 100 "paid" guests (..,17 professors, 6 high school teachers, over
60 graduate/undergraduatestudents, and ..,23 postdoctoral fellows) in the division.
These personnel are brought into the divisionby a host of programscoordinatedby
ORISE and the Southeastern UniversityResearch Association, by the ORNL co-op
program, and under university and personal services subcontracts. In addition,
,,,2,800 pre-collegiate students and over 425 pre-college teachers participated in
programssponsored or co-sponsoredby M&C. The involvementwith these students
rangedfrom on-sitetours to hands-onresearchexperiencesfor pre-collegestudentsand
teachers.

About400 pre-collegestudentsand over 150 teachers actuallytoured divisionfacilities.
Thesetoursincludedpresentationsaboutmaterialsscienceandhands-ondemonstrations
of electronmicroscopy,ceramicprocessing,and superconductivity.

Three yearsago, our pre-collegeeducationprogramsbegan withthe establishmentof a
"Fun with Materials" presentation. Mike O'Hern, our main presenter, is now with
Nanoinstruments,lhc., but continuesto givethese presentationsat local schoolsunder
subcontract. M&C providesali of the necessarysuppliesand equipment,includingthe
aluminumdisks presentedto each student. A slideshow, 'q'he MicroscopicWorld,"has
also been developed for in-school and auditoriumpresentations. School outreach
programsinvolvedover 1,500 studentsand 125 teachers.

M&C Divisionwas involvedwith several other major educational outreach programs
including"Science in Action,"the ORNL National Science Foundation(NSF) National
Teacher EnhancementWorkshopon Materials,the DOE-AppalachianRegionalHonors
Workshop,the National Educators'Workshop(NEW), and the NationalJuniorScience
and Humanities Symposium. The Science in Action Program is a three-day, multi-
disciplinary program held during Engineer's Week in February. lt is affiliated with
the WATTeC conference and involves local technical and professional societies.
M&C Division provides one of the co-chairmen and several of the speakers and exhibits.
Over 550 students and over 70 teachers participated. M&C-sponsored presentations
included "Fun with Materials" and "What is a Scientist/Engineer?" as well as exhibits on
microscopy.

The 1992 ORNL-NSF Teacher Enhancement Workshop focused on materials science.
This is the third year of M&C Division involvement with this program. We presented over
two days of presentations, interactive demonstrations, and tours to 50 elementary and
middle school teachers. We also gave a half-day presentation/tour program for 75 high
school teachers as part of the University of Tennessee Academy for Teachers of Science
and Mathematics.

103
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M&C Divisionwas the host for the NEW on Standard Experimentsin Engineering,
MaterialsScience,and Technology. The NEW is a 3-day workshopfor educatorsfrom
colleges,juniorcolleges,anduniversities.Inthe November1991 workshop,JimStiegler
wasthe co-chair. M&Calsoprovidedthe localorganization,toursof thedivisionfacilities,
and gave key presentationson structuralceramics,terminologyfor experimentsand
testing, accessing national laboratoriesfor researchand educational equipment,and
microscopydemonstrationsfor pre-collegestudents.

M&C staff are also involvedin outreach activitiesfocussed on women students. We

participate in the ORNL Wol,'len in Science Programfor college-age and pre-college
women (presentationsand tours) and in the "SharingAdventuresin Engineerin,3and
Science"Programfor middleschool girls (offsite presentations).

Our largest, single effort for this year was the ORNL High School Honor._Workshop,
co-sponsored by DOE and the Appalachian Regional Commission. The Honors
Workshop, co-hosted by M&C and EnvironmentalSciences Divisions,was a 2-week
researchexperienc,_for110 high schoolstudentsand9 teachers. The studentactivities
includedresearchprojects,theme sessionsfocussedon materials-environmentalissues,
and diversesocialactivities.Duringthe secondweek of theprogram,the studentswrote
a shortreportof theirresearchand gave an oral presentationof theirresults. The group
was divided into25 researchteams; the 13 researchtopics in M&C were:

- Studyof the FracturePropertiesof Two Steels
- AdvancedCeramics: BeingTough for Tomorrow
- ReactorFuel
- Growthand Characterizationof Thin Films
- Alloys: Their Manufacturingand Testing
- MicrowaveProcessingof Ceramics

WeldabilityTestingfor Hot-Crackingof StainlessSteel and AI-U Alloys
- High CriticalTemperatureSuperconductors:Synthesis,Processing,

and Characterization
- Investigationof TensilePropertiesof VariousMetals and Alloys
- The MicroscopicWorld: Characterizationof CeramicsUsingVarious

MicroscopyTechniques
- E._ploringthe Natureof the ChemicalBond: Computingthe Structureof Atoms

and Molecules
- Damage-TolerantCeramics
- ComparativeAnalysisof IntergranularStress-CorrosionCrackingin Selected

Steel Alloys
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AppendixB

PERSONNELSUMMARY

October1, 1991, to December31, 1992

Compi/ed by Barbara Love/ace

New Staff Members

A. Scientific Staff

G. L. Bell Fuel MaterialsTestingGroup
W. Y. Lee CeramicSurfaceSystemsGroup
J. D. Lentz Hot Cells RevitalizationProgramGroup
H. T. Lin StructuralCeramicsGroup
S. D. Nunn Ceramic ProcessingGroup
A. E. Pasto Ceramic ProcessingGroup
L. L. Snead Carbon MaterialsTechnologyGroup
S. Viswanathan MaterialsProcessingGroup
A. A. Wereszczak MechanicalPropertiesUsersGroup

B. Administrativeand TechnicalSupport Staff

J. E. Bozeman MechanicalPropertiesGroup
P. M. Craft Administrativeand EngineeringServicesGroup
R. D. Godfrey Microscopyand MicroanalyticalSciencesGroup
C. E. Hempfling Communicationsand RecordsSupportServices Group
L. M. Kendrick Communicationsand RecordsSupport ServicesGroup
M. C. Lamb Space and Defense ProgramsSpecialApplicationsOffice
J. R. Lowe CeramicSurfaceSystemsGroup
P. M. Martin SuperconductingMaterialsGroup
L. M. Parker MaterialsThermalAnalysesGroup

StaffTransfersand Terminations

A. ScientificStaff

D. N. Braski Transferredfrom Y-12 DevelopmentDivisionto Materials
AnalysisGroup

=
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P. A. Carpenter Voluntary resignation
A. Choudhury Transferred to Office of Technology Transfer from Materials

Analysis Group
B. L. Cox Transferred from Y-12 Engineering Division to Ceramic

Specimen Preparation Group
C. P. Haltom Retirement
H. W. Hayden, Jr. Transferred from K-25 AVLIS Division to Engineering

Materials Section
M. G. Jenkins Voluntary resignation
T. M. Kenney Transferred from Y-12 Fabrication Division to Irradiated

Fuels Examination Laboratory Group
H. D. Kimrey, Jr. Transferred from Fusion Energy Division to Ceramic

Processing Group
R.T. King Transferred to Office of Technology Transfer from Space and

Defense Programs
G. M. Ludtka Transferred from Y-12 Development Division to Materials

Thermal Analyses Group
G. M. Ludtka Transferred from Y-12 Development Division to Materials

Thermal Analyses Group
R. B0Ogle Transferred from MME£ Safety & Health to Environmental

Safety and Health Group
R. J. Sams Transferred from Y-12 Development Division to New

Production Reactor Project Office
R. J. Sams Transferred to Engineering Division from New Production

Reactor Project Office
J. O. Scarbrough Retirement
J. L. Scott Transferred to Central Management Organization from

Structural Materials Group
J. O. Stiegler Transferred to Central Management Organization from

Division Director
R. A. Strehlow Retirement

F. W. Wiffen Voluntary resignation
K. E. Wilkes Transferred from Energy Division to MaterialsThermal

Analyses Group
=

B. Administrative and Technical Support Staff

N. M. Atchley Retirement
J. M. Cole Transferred from Y-12 Development Division to Research

Support Group
T. L. Collins Transferred to K-25 Health, Safety and Environmental

Management from Fuel Materials Evaluation Group
C. C0Davisson Transferred from Y-12 Quality Services Division to Ceramic

Processing Group
L. M. Evans Transferred to K-25 Engineering Division from Structural

Ceramics Group
- K.W. Gardner Retirement

G. W. Garner Transferred from Y-12 Development Division to Materials
Joining Group

_

_
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T, S. Geer Transferred from Y-12 Health Physics Divisionto
MetallographyGroup

D. C. Green Transferredfrom Human ResourcesDivisionto High
TemperatureMaterialsSection

M. A. Hacker Transferredfrom EngineeringPhysicsand Mathematics
Divisionto HighTemperatureMaterialsSection

C. Hamby Retirement
D. C. Harper Transferredfrom Y-12 FabricationDivisionto Materials

ProcessingGroup
R. M. Holbrook Transferredto K-25 Officeof the Controllerfrom High

TemperatureMaterialsSection
P. D. Howard Transferredfrom Y-12 Metal PreparationDivisionto Irradiated

FuelsExaminationLabosatoryGroup
L. M. Kendrick Voluntaryresignation
J. L. Kilroy Transferredfrom Human ResourcesDivisionto X-Ray

Diffractionand PhysicalPropertiesGroup
R. A, Lansberry Disability
K. E, Long Transferredto ResearchReactors Divisionfrom Irradiated

Fuels ExaminationLaboratoryGroup
H. F. Longmire Transferredfrom Y-12 QualityServicesDivisionto

MetallographyGroup
L. C. Manley,Jr. Retirement
C. J. Overton Transferredto ChemicalTechnology Divisionfrom

Communicationsand Records SupportServices Group
G. W. Parks Transferredfrom Plant and Equipment Divisionto Irradiated

MaterialsExaminationand Testing Group
R. J. Patten TransferredfromY-12 QualityServices Divisionto Ceramic

ManufacturabilityUser Center Group
J. A. Patty Transferredfrom Plantand EquipmentDivisionto Irradiated

Fuels ExaminationLaboratoryGroup
C. L. Rose Transferredto HumanResources Divisionfrom Administrative

and EngineeringServicesGroup
F. A, Scarboro Retirement
J, E. Shelton Transferredfrom Y-12 FabricationDivisionto Ceramic

ManufacturabilityUser Center Group
R, J, Shupe Transferredfrom FusionEnergy to MaterialsAnalysisGroup
L. A. Starkey Voluntary resignation
R. R. Steele Transferredto K-25TechnicalServices Divisionfrom

MetallographyGroup
J. L. Varnadore Disability

Co-Op AssignmentsCo-Op

A. M. Abeel VirginiaPolytechnicInstituteand State University
N. S. Bell Georgia Instituteof Technology
D. Guerguerian Georgia Instituteof Technology
S. D. Knowles ClemsonUniversity
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N. V. McAdams Virginia Polytechnic Instituteand State University
K. M. Ploetz Alfred University
O. J. Schwarz Tennessee Technological University
R. E. Simpson Georgia Institute of Technology
M. W. Stott Tennessee Technological University
M. D. Teske Georgia Institute of Technology
N. L. Vaughn Tennessee Technological University
J. S. White Tennessee Technological University

SummerAssignments"(1992)

A. SummerResearch Interns

T. M. Beavers Universityof Tennessee
J. M. Canon Universityof Missouri
J. A. Cook Universityof Tennessee
E, C, Dickey Universityof Kentucky
G.,L. Edgemon Georgia Instituteof Technology
B.,J. Reardon AlfredUniversity
P. A. Reichle Universityof Tennessee
M. J. Swindeman Universityof Tennessee
M. L. Yaklich Universityof Wisconsin

B. AdministrativeSupportStaff

J. D. Baker LincolnMemorialUniversity
W. L. Fair Carson-NewmanCollege
D. A. Hargreaves TennesseeTechnologicalUniversity
L. M. Kendrick Universityof Tennessee
K. M. Marsh Universityof Tennessee
S. R. Odom RoaneState CommunityCollege
H. L. Pigman TennesseeTechnologicalUniversity
A. I. Price EastTennesseeState University
L.A. Reid SamfordUniversity
J. A. Russell MiddleTennesseeState University
J. L.Waimsley RoaneState CommunityCollege

Guest Assignments

A. Scientific Staff

G. M. Adamson Consultant
J. D. Allen MidwestTechnical
W. R, Allen Universityof Tennessee
A. A_nano Hitachi Scientific Instruments
F. W. Averill Judson College
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B. P. Bandyopadhyay University of North Dakota
V. R. Barabash D.F. Efremov Scientific Research Institute, Russia
D. A. Bolce MidwestTechnical
A. Boltax Consultant
E. S. Bomar, Jr. Consultant
J. A. M. Boulet University of Tennessee
L. J. Bourgeois University of Virginia
R. H. Brown Luther College
J. V. Cathcart Consultant
K. K. Chawla New Mexico Institute of Mining & Technology
B. A. Chin Auburn University
D. L. Clark Consultant
W. A. Coghlan Grand Canyon College
C. Cooperrider Hitachi Scientific Instruments
J. L. Ding Washington State University
R. M. Diwan Southern University
W. P. Eatherly Consultant
S. Elliott Hitachi Scientific Instruments
N. D. Evans, III Oak Ridge Associated Universities
R. M. Evans Consultant
W. H. Farmer Consultant
J. S. Faulkner Florida Atlantic University
J. I. Federer Consultant
B. M. Gallois Stevens Institute
R.J. Gray Consultant
T. M. Gray Gilbert Commonwealth
J. C. Griess Consultant
D. M. Griffith Hitachi Scientific Instruments
B. L. Gyorffy University of Bristol, UK
R. W. Harrison Consultant
T. Hashimoto Hitachi Scientific Instruments
H. S. Hsu Innovative Materials Technology Company
S. Ishiyama Japan Atomic Energy Research Institute
S. Jitsukawa Japan Atomic Energy Research Institute
N. R. Joshi Prairie View A&M University
D. C. Joy University of Tennessee
B. S. Kang West Virginia University
Y. Katano Japan Atomic Energy Research Institute
B. T. Kelly Consultant
P. G. Klemens University of Connecticut
J. I. Koike Oregon State University
H. Kurishita Institute for Materials Research, Tohoku University
F. W. Kutzler Tennessee Technological University
J. C. Lee Consultant
T. B. Lee United Energy Services Corporation
B. C. Leslie Consultant
W. D. Manly Consultant
J. Marlow Hitachi Scientific Instruments
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R. E. McDonald Consultant
D. L. 1_4cEIroy Consultant
C. J. McHargue University of Tennessee
M. H. Melson Digital Equipment Company
J. Miltenberger Hitachi Scientific Instruments
S. Miura Tokyo Institute of Technology
E. V. Nesterova Central Scientific Research Institute, Russia
J. M. Okoh University of Maryland Eastern Shore
P. Patriarca Consultant
S. Peterscn Consultant

G. M. Pharr Rice University
F. J. Pinski University of Cincinnati
D. W. Richerson Consultant
J. A. Rifkin University of Connecticut
A. V. Rivas Sigma Tech
J. O. Scarbrough Consultant
L. B. Shaffer Anderson College
K. Shiba Japan Atomic Energy Research Institute
G. D. W. Smith Oxford University, UK
L. C. Smith United Energy Services Corporation
M. N. Srinivasan Texas A&M University
K. Suzuki Hitachi Scientific Instruments
Z. Szotek SERC, Daresbury Laboratory, UK
T. Taguchi Hitachi Scientific Instruments
W. M. Temmerman SERC, Daresbury Laboratory, UK
C. R. Vander Linden Vander Linden & Associates
K. Verfondern Research Center, JL_lich,Germany
F. J. Walker University of Tennessee
B. L. Weaver The 3M Company
R. Wells Hitachi Scientific Instruments
D. E. Wittmer Wittmer Consultants, Inc.
R.Yamada Japan Atomic Energy Research Institute
Y. Ye University of Tennessee
D. E. Zelmon U.S. Air Force, Office of Scientific Research
P. Zschack Oak Ridge Associated Universities

B. Post-Doctoral Program

S. C. Beecher University of Delaware (ORAU)
G. L. Bell Auburn University (ORAU)
K. Breder Roy_.1Institute of Technology, Sweden (ORAU)
A. Goyal University of Rochester (ORAU)
S. L. Hwang University of Michigan (ORAU)
R. Jayaram University of Pittsburgh (ORAU)
R. Kontra MassachusettsInstituteof Technology (ORAU)
R. Kumar University of Missouri (ORAU)
E. Lara-Curzio Rensselaer Polytechnic Institute (ORAU_
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C. K. Lin University of Illinois (ORAU)
H. T. Lin Auburn University (ORAU)
S. T, Mahmood North Carolina State University (ORAU)
G. R. Rao Auburn University (ORAU)
J. L. Robertson Sandia National Laboratories
M. Sokolov Moscow Institute of Atomic Energy (ORAU)
S. Srinivasan North Carolina State University (ORAU)
S. Viswanathan University of Pittsburgh (ORAU)
E. Voelkl University of Tuebingen, Germany (ORAU)
X. L. Wang Iowa State University (ORAU)
Z. L. Wang University of Tennessee
T. R. Watkins Penn State University (ORAU)
D. P. White University of Connecticut (ORAU)
C. Xu Iowa State University (ORAU)
X. Zhang University of Kentucky

C. Graduate Students

D. Behboudi Lehigh University
C. R. Blanchard University of Texas
A. Bolshakov Rice University
J. D. Crawford North Carolina A&T State University
A. A. Fasching Colorado School of Mines
D. W. Graham Virginia Polytechnic Institute & State University
A. N. Gubbi Auburn University
M. L. Jackson Virginia Polytechnic Institute & State University

,, D.L. Joslin University of Tennessee
S. Khosla University of Tennessee
K. S0Leshkivich University of Tennessee
J. J. Liao Auburn University
Y. Lin Auburn University
B. N. Lucas University of Tennessee
N. Miriyala University of Tennessee
K. P. Monar University of Tennessee
M. Osborne Rensselaer Polytechnic Institute
P. J. Othen University of Oxford, UK
J. R. Pate University of Illinois
D. D. Paul Tennessee Technological University
L. M. Pike University of Wisconsin
P. Satitpunwaycha University of Florida
J. M. Schmitz University of Tennessee
S. Shammugham University of Tennessee
J. B. Sipf University of Tennessee
L. Snead Rensselaer Polytechnic Institute
D. M. Walukas University of Tennessee
C. A. Wang Auburn University
X. Wang Iowa State University

tl,
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Y. Wang Florida Atlantic University
H. J. White University of Tennessee

D. U_l_rgraduate Students Florida Atlantic University

U. K. Abdali Cornell University
S. R. Agnew Cornell University
K. A. Bell College of William and Mary
M. Carballo Florida International University
T. A. Hanft Hofstra University
E. E. Meyer Mount Holyoke College
S. Nijhawan Coe College
P. J. Stephan Woodbury College
P. C. Sundby University of Wisconsin
M. B. Tanner U.S. Naval Academy
D. C. Westmoreland University of Tennessee

E. Science and Engineering Research Semester Program (SERS)

U. K. Abdali Cornell University
L. J. Carson Lincoln University
M. B. Chermside Earlham College
C. E. Haberlin Cornell University
M. S. Johnson Hope College
K. M. Keys Kalamazoo College
S. J. Miller Florida Atlantic University
B. J. Reardon Alfred University
B. R. Shelton East Tennessee State University
S. M. Vyas Rice University
D. A. Walko Cornell University
S. H. Welch College of Charleston

F. Southeastern University Research Association (SURA)

A. J. Duncan University of Florida
R. G. Jordan Florida Atlantic University
Y.

G. Science Teachers Research Involvement for Vital Education Program (STRIVE)

L. T. Hixson Cleveland High School
M. C. Rivera Thomas Armstrong High School, Puerto Rico
T. L. Van deVate Lenoir City High School

H. Science/Math Action for RevitalizedTeaching Program/Appalachian Regional
Commission (SMART/ARC)

L. E. Long Lookout Valley Middle School
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I. Teacher Research Associate Program (TRAC)

R. E. Chandler South Oak Cliff High School
J. E. Harris Monadnock Regional High School ,.

J. Project SEED (Summer Educational Experience for the Disadvantaged Program)

J. L. Bunch Clinton High School
M. Fuentes-Berrios Emilio Delgado High School, Puerto Rico
J. E. Jimenez University of Puerto Rico

User Facilities

A. High Temperature Materials Laboratory (HTML)

K. S. Ailey-Trent North Carolina State University
M. Alam New Mexico Technological University
W. K. Baxter Coors Electronic Package Company
J. C. Birkbeck EG&G Mound Applied Technologies
J. L. Bjerke Caterpillar, Inc.
D. A. Bowers McDonnell Douglas Corporation
C. R. Brooks University of Tennessee
S. Cao University of Tennessee
W. D. Cao Teledyne AIIvac
D. L. Carnahan Alfred University
M. G. Carswell Alzeta Corporation
J. Chang Allison Gas Turbine
KoK. Chawla New Mexico Technological University
J. A. Connally Massachusetts Institute of Technology
J. E. Denton Cummins Engine Company
L. J. Farthing Stanford University
M. R. Foley Norton Company
G. R. Fox Penn State University
G. B. Freeman Georgia Institute of Technology
J. M. Ghinazzi Coors Technical Ceramics

M. J. Godbole University of Tennessee
B. D. Harkens Solar Turbines, Inc.
M. A. Harper Ohio State University
L. P. Hehn University of Florida
W. E0Hollar The Carborundum Company
D. S. Horn Coors Electronic Package Company
C. W. Hwang Dow Chemical Company
L. A. Jackman Teledyne AIIvac
T. L. Jennings Georgia Institute of Technology
J. Jo Concurrent Technologies
D. L. Joslin University of Tennessee
P. Khandelwhal Allison Gas Turbine
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H. E. Martin Cornell University
C. A. McKeehan Tosoh SMD, lr,,,.
M. D. Msllo QuadraxCorporation
M. N. Menon Allied-Signal,Inc.
E. E. Meyer Mount HolyokeCollege
W. T. Minehan Coors ElectronicPackageCompany
C. S. Moore GeneralElectricAircraftEngines
R. R. Newman Dow ChemicalCompany
N. J. Ninos Alfred University
J. R. Olive VanderbiltUniversity
D. L. Ouellette Ceramic ProcessSystems
V. M. Psrthasarathy SolarTurbines,Inc.
D. K. Peeler C!emson Univer,,'_ity
P. Plu_,inage Universityof Delaware
S. Raghuraman Universityof Illinois
C. A. Randall Penn State University
M. C. Rao Churchand Dwight Company
R. G. Rateick A!_ied-Signal,Inc.
J. W. Sapp McDonnell DouglasCorporation
M. R. Scanlon John._HopkinsUniversity
C. R. Schardt Coors ElectronicPackageCompany
A. R. Sethuraman U_iversityof Kentucky
R. D. Silvers ,_,llied-Signal,Inc.
G. V. Srinivasan The CarborundumCo.
P. Su Universityof Utah
C. Sung GTE LaboratoriesIncorporated
D. J. Taylor U_iversityor Arizona
J. A. T. Taylor AlfredUniversity
S. R. Taylor Teledyne AIIvac
A. J. Thorn Iowa State University
S. P. Vallandingham Teiedyr_')AIIvac
P. J. Whalen Allied-Signal,Inc.
tr_.E. Wiedemann NASA LangleyRese-_";'..,Jenter
E. D. Winters Coors ElectronicPackageCompany
J. S. Wolf C_emsonUniversity
R. L. Yeckley Norton Company
T. M. Yonushonis CumminsEngineCompany
X. Zhang Univers=tyof Tennessee
A. Zutshi RutgersUniversity
3 users (Proprietary)

B. Shared ResearchEquipmentProgram(SHARE)

W. B. Alexander Universityof Florida
I. M. Anderson Universityof Minnesota
I. Baker DartmouthCollege
M. G. Burke WestinghouseScience& TechnologyCenter

_
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D. L. Callahan Rice University
C. B. Carter Universityof Minnesota
R. D. Carter, Jr. Universityof Michigan
A. Castagna RensselaerPolytechnicInstitute
F. Chen Universityof Californiaat LosAngeles
Y. L. Chen North CarolinaState University
D. L. Damcott Universityof Michigan
B. D. Fabes Universityof Arizona
J. J. Hoyt WashingtonState University
D. L. Joslin Universityof Tennessee
K. HoKim StevensInstituteof Technology
P. G. Kotula Universityof Minnesota
T. Liu LehighUniversity
D. M. Maher North CarolinaState University
M. P. Mallamaci Universityof Minnesota
S. McKernan Universityof Minnesota
D. C. Paine BrownUniversity
N. L. Petouhoff Universityof Californiaat LosAngeles
H. M. Phillips Rice University
N. Qiu VanderbiltUniversity
P. Satitpunwaycha Universityof Florida
F. R. Sivazlian North CarolinaState University
N. S. Stoloff RensselaerPolytechnicInstitute
G. Sundar WashingtonState University
S. Tanaka North CarolinaState University
T. Y. Tsui Rice University
J. E. Wittig VanderbiltUniversity
Y. Zhu Brookhaven National Laboratory

C. Oak Ridge Sync! rotron Organization for Advanced Research (ORSOAR)

R. Aburano Universityof Illinois
J. Anderson University of Illinois

- F.B. Arnold Universityof Akron
R. Beech University of Illinois
M. Bessier Laboratoire pour I'Utilisation du Rayonnement

Electromagnetique, France
F. Bley Laboratoire pour I'Utilisation du Rayonnement

Electromagnetique, France
T. Bohanon Northwestern University
H. Chen University of Illinois
J. Chen University of Akron
S. Z. D. Chang University of Akron
T. C. Chiang University of Illinois
P. Chow University of Houston
W. Dmowski University of Pennsylvania
M. Durbin Northwestern University

: p. m,,_ Mr_rthw_e.t_rn UniversityLJ_LL_ , _v, .,, ,o..., _....,, , .
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T,Egami Universityof Pennsylvania
B. Everitt Universityof Illinois
M. Fradkin Universityof Illinois
S. Fu Universityof Pennsylvania
I. Fugita Universityof Illinois
B. Gaulin McMasterUniversity,Canada
E. Hirschorn Universityof Illinois
M. Hc,,ma Universityof Illinois
H. Hong Universityof Illinois
R. Hu Universityof Pennsylvania
E. D. Isaacs AT&T Bell Laboratories
S. Lefebvre Laboratoirepour I'Utilisationdu Rayonnement

Electromagnetique,France
J. G. Lussier McMasterUniversity,Canada
A. Malik NorthwesternUniversity
B. McMann Universityof Illinois
J. Mikrut NorthwesternUniversity
M. More Nagoya University,Japan
S. Moss Universityof Houston
M. Nelson Universityof Illinois
K. Pettit Universityof Illinois
P. Platzman AT&T BellLaboratories
J. L. Pong NorthwesternUniversity
M. Radler Dow ChemicalCompany
D. Rosenfield Universityof Pennsylvania
M. Salamon Universityof Illinois
A. Schroeder McMaster University,Canada
T. Sendyka Universityof Pennsylvania
M. C. Shih NorthwesternUniversity
R. Simmons Universityof Illinois
J. PoSimon Laboratoirepour I'Utilisationdue Rayonnement

Electromagnetique,France
T. Teshi Universityof Illinois
S. Teslic Universityof Pennsylvania
C. Venkataraman Universityof Illinois
A. Vigliante Universityof Houston
Q. Wang Universityof Houston
H. Williams AT&T Bell Laboratories
P. Wochner Universityof Houston
X. Yan Universityof Pennsylvania
M. Yandrastits Universityof Akron
S. X. Zeng Universityof Illinois
A. Zhang Universityof Akron



AppendixC

HONORS AND AWARDS

Compiled by Muriel Tate

The Metals and Ceramics Division at Oak Ridge National Laboratory has
established a longstanding tradition of excellence. The quality of its research and the
success of its development work have been the result of established ability of its scientific
and engineering staff, Since the division's initial achievements, this ability has been
formally recognized in the many professional honors received.

Presented below is a listing of special honors and awards accorded to divisional
staff personnel during the report period. Thetype of recognition receivedvaries in degree
but tends to fall into one of the following generic categories: honorific and professional
society awards, appointments, conference involvement, and patents issued.

HONORIFICAND PROFESSIONALSOCIETYAWARDS

K. B. ALEXANDERserved on the 1992 Nominating Committee of the Electron Microscopy
Society of America (EMSA).

M. L. ATCHLEY,R. L. BEATTY,K. S. BLAKELY,A. BLEIER,F. W. CHRISTIE,E. G. DIXON,
W. H. ELLIO'I-r, B. G. GIESEKE, E. H. LEE, P. A. MENCHHOFER, D. H. PIERCE,
W. H. WARWICK, P. J. WENZEL,AND C. G.WESTMORELANDreceived a Martin Marietta

Energy Systems Technology Transfer Support Award, December 2, 1991.

P. F. BECHER,M. A. JANNEY, O. O. OMATETE,AND T. N. TIEGS received the Advanced
Technology Award from the Inventors International Hall of Fame, November 7,
1992.

A. BLEIER, W. H. WARWICK, AND C. G. WESTMORELANDreceived a Martin Marietta
Energy Systems Licensing Support Award for gelcasting research, December 7,
1991.
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E. E. BLOOM was named a Fellow of the American Nuclear Society, November 12,
1991.

V. R. BULUNGTON AND J. O. KIGGANS received a Martin Marietta Energy Systems
Licensing Support Award for silicon whisker-reinforced composites, December 7,
1992.

A. J. CARTERreceived a Martin Marietta Energy Systems Operations and Support Award
for distinguished service to the staff of the M&C Division through enthusiastic "
cooperation and assistance in the area of division financial planning, internal time,
and cost reporting, May 22, 1992.

B. R. CHILCOAT, C. HAMBY, AND J M ROBBINS received Outstanding Achievement
Awards from the U.S. Department of Energy, October 6, 1992.

M. C. CLARK received a Martin Marietta Energy Systems Licensing Support Award for
ceramic fiber-reinforced composites and ultralight EMl shielding, December 7,
1992.

K. M. COOLEYAND J. H. MILLERreceived a Martin Marietta Energy Systems Licensing
Support Award for ceramic fiber-reinforced composites, December 7, 1992.

W. R. CORWlN received an ASTM Award of Appreciation for his leadership role in
coordinating the ASTME-10symposium on "SmallSpecimen rest Techniques and
Their Application to Nuclear Reactor Vessel Thermal Annealing and Plant
Extension," January 29, 1992.

W. R. CORWlN received an ASTMAward of Appreciation for organizing the workshop on
"Fracture Test Method Size Requirements and Related Problems," held in
Pittsburgh, Pennsylvania,May 5, 1992.

D. F. CRAIGreceived the President's Award for Performance Improvement in recognition
of significant contributions that support the values of continuous improvement and
people involvement within Martin Marietta Energy Systems, Inc., August 1991.

D. F. CRAIGAND THE METALSAND CERAMICSDIVISIONSTAFF received a Certificate
of Appreciationfrom the U.S. Departmentof Energyfor outstandingcommitment
to increasing educational excellence in the communityand to achievingthe
NationalEducationGoals of America2000, November4, 1992.

S. A. DAVIDwas awarded the ComfortA. Adams LectureAward fromthe AWS National
AwardsCommittee,November 5, 1991.

S. A. DAVID was named a Corporate Fellow and receiveda personal commendation
letter from MMES President Clyde Hopkins in recognition of his continuing
accomplishmentsinthe fieldsof welding,science, andtechnology,February26,
1992.
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S. A. DAVID received the American Welding Society Honorary Membership Award,
March 25, 1992.

S. A. DAVID was named a Fellow by the American Association for the Advancement of
Science (AAAS) for his significant advancement of welding science and
technology through original and definitive research and for continued leadership
and outstanding service to the national and international welding research
community, October 5, 1992.

C. L. DOWKER received the 1992 M&C Division Administrative Support Award for
Distinguished Achievement, September 17, 1992.

S. G. FRYKMAN received the 1992 M&C Division Sustained Contribution Award for

Distinguished Achievement, September 17, 1992.

R. S. GRAVES received an Award for Excellence in Symposium and Publication
Management from the ASTM Committee on Publications for his outstanding efforts
in developing and conducting the ASTM symposium on "Insulation Materials:
Testing and Applications," June 1, 1992.

M. L. GROSSBECK was named a Fellow of the American Nuclear Society for his
contributions to the science and technology of nuclear enei gy through original
and innovative research on the effects of neutron irradiation on the properties of
materials and for the development of advanced structural materials for fission and
fusion reactors, April 1, 1992.

F. M. HAGGAG received an ASTM Award of Appreciation for outstanding contributions
to the ASTM E-10 symposium on "Small Specimen Test Techniques and Their
Application to Nuclear Vessel Thermal Annealing and Plant Extension,"
January 29, 1992.

R. L. HEESTAND was named a Fellow by the ASM International Board of Trustees
for his significant contributions to the development of advanced alloys used in
energy systems, national defense, and space exploration, October 22, 1991.

HIGH TEMPERATURE MATERIALS LABORATORY was recognized for its architecture by
a meritorious award from the Society of The American Institute of Architects,
Tennessee, October 12, 1992.

L. L. HORTON served on the ASM International Advisory Technical Awareness Council
(ATAC), the 1992 Nominating Committee, and Committee 2000.

C. R. HUBBARD received the Best Poster Paper Award for "High Speed, High
Temperature XRD Data Collection Using a Position Sensitive Detector," judged the
best poster in XRD applications at the 1992 Denver X-Ray Conference, Colorado
Springs, Colo., July 31, 1992.
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M. A. JANNEY AND O. O. OMATETE received a Silver Acorn Award for "Method for
Molding Ceramic Powders Using a Water-Based Gel Casting" (Omatete's 1st
patent) from the U.S. Patent Office, November 15, 1992.

M. G. JENKINS, M. K. FERBER,AND T. A. NOLAN received a Martin Marietta Energy
Systems Technical Achievement Award for significant materials characterization
and analysis contributions to the development and commercialization of a high-
performance silicon nitride ceramic, May 22, 1992.

E. A. KENIK received the Electron Microscopy Society of America Physical Sciences
PosterAward with M. G. Burke from Westinghouse Science & Technology Center,
August 1992.

J. F. KING received a personal commendation letter from Dr. Alvin W. Trivelpiece in
recognition of outstanding performance for his contributions to the fabrication of
the propulsor for the SEAWOLF class-attack submarine within an aggressive time
schedule, January 29, 1992.

J. F. KING received a Martin Marietta Energy Systems Technical Achievement Award for
exceptional efforts in the propulsor fabrication for the SEAWOLF submarine,
May 22, 1992.

J. F. KING was presented the President's Award for Continuous Improvement in
recognition of his outstanding contributions supporting Total Quality Management
objectives for the SEAWOLFWeld Improvements Project, June 17, 1992.

R. J. LAUF received an International Hall of Fame Award for Advanced Technology from
the Inventors Clubs of America for his work with Don W. Bible and co-developer,
Carl Everleigh, on the "Variable Frequency Microwave Furnace," September 25,
1992.

E. H. LEE, M. B. LEWIS, AND L. K. MANSUR received an R&D 100 Award for "Hard-
Surfaced Polymers," JJne 1, 1992.

E. H. LEE received a Martin Marietta Energy Systems Licensing Support Award for nickel
aluminide alloys, December 7, 1992. _:

M. B. LEWISreceived a 1992Technical Communication Award from the East Tennessee
Chapter of the Society for Technical Communications, January 1992.

C. T. LlU AND V. K. SlKKA received the Gold and Emerald Acorn Award for "Nickel
Aluminide Alloy for High Temperature Structural Use" (Liu's 15th patent) from the
U.S. Patent Office, November 15, 1992.

• .

P. J. MAZlASZreceived the Significant Contribution Award from the MaterialsScience and
Technology Division of the American Nuclear Society for his paper entitled,
"Microstructural Evolution of Martensitic Steels During Fast Neutron Irradiation,"
November 13, 1991. ..
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C. G. MCKAMEYwas named a Corporate Honoree in the Knoxville YWCA's 1991 Tribute
to Women.

J. C. MCLAUGHLINreceived a Martin Marietta Energy Systems Licensing Support Award
for ultralight EMl shielding, December 7, 1992.

R. K. NANSTAD was named a Fellow by the ASM International Board of Trustees
for his important contributions to the fields of metal fracture and radiation effects
in nuclear reactor pressure vessel steels, June 3, 1992.

R. K. NANSTAD received an ASTM Award of Appreciation for his outstanding
contributions to the "16th International Symposium on the Effects of Radiation on
Materials," June 1992.

D. H. PIERCEreceived a Martin Marietta Energy Systems Licensing Support Award for
iron aluminides, December 7, 1992.

V. K. SIKKAreceived an International Hall of Fame Award for Advanced Technology from
the Inventors Clubs of America for his work in the field of magnetohydrodynamics,
November 11, 1991.

V. K. SIKKA, D. O. HOBSON, I. ALEXEFF, R. J. LAUF, AND B. HOFFHEINS were
inducted into the Inventors International Hall of Fame, February 10, 1992.

V. K. SIKKA received a Martin Marietta Energy Systems Technical Achievement Award for
outstanding effort in the development of nickel and iron aluminides and in the
identification of commercial applications for aluminides, May 22, 1992.

V. K. SlKKA received the Silver and Ruby Acorn Award for his 5th patent, "Method for
Improving Weldability of Nickel Aluminide Alloys," from the U.S. Patent Office,
November 15, 1992.

G. M. SLAUGHTERwas named a Member of the Fellows Committee of the American
Welding Society, June 1992 through June 1995.

G. M. SLAUGHTER received the 1993 Allan Ray Putnam Service Award for sustained
technical contributions in promoting the goals, objectives, and ideals of ASM
International, August 24, 1992.

G. M. SLAUGHTER was named a Member of the Council of Fellows by the ASM
International Board of Trustees, September 1, 1992, through August 31, 1995.

L. L. SNEAD received the American Nuclear Society Fusion Energy Division Paper Award,
June 10, 1992.

G.M. STOCKSreceived a Martin Marietta Energy Systems Operations and Support Award
for development of the Saturday Academy of Computing and Mathematics,
May 22, 1992.
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M. D. THREAT received the Eastern Star Award in appreciation for many years of loyal
and faithful service rendered to the Order of the Eastern Star as worthy Matron
and District Deputy, August 3, 1992.

T. N. TIEGS received an honorable mention for his patent, "Ductile Ni3AI Alloys as
Bonding Agents for Ceramic Materials in Cutting Tools," from the U.S. Patent
Office, November 15, 1992.

T. N. TIEGS AND T. B. LINDEMER received honorable mentions for their patents,
"Ceramic Composites Reinforced with Modified Silicon Carbide Whiskers" and
"Modified Silicon Carbide Whiskers," from the U.S. Patent Office, November 15,
1992.

J. R. WEIR, JR., received the annual Who's Who In Tennessee Distinguished Service
Award for his unselfish dedication to service to others and untiring person_,leffort
in making the great State of Tennessee a wonderful place to live,work, and play,
from Who's Who South Inc., 1991.

J. L. WRIGHTreceived the 1992 M&C DivisionTechnical Support Award for Distinguished
Achievement, September 17, 1992.

M. H. YOO was named a Fellow by the ASM International Board of Trustees for
his outstanding research contributions in deformation twinning, void swelling,
creep cavitation, small-angle neutron scattering, and strengthening and
toughening mechanisms of ordered intermetallic alloys, June 3, 1992.

S. J. ZINKLEwas presented the 1992 Excellence in Fusion Engineering Award by Fusion
Power Associates for his outstanding initiative, creativity, leadership, and
significant technical contributions made to the fundamental understanding of
irradiation damage in fusion reactor candidate materials, May 27, 1992.

APPOINTMENTS

P. F. BECHER was appointed Associate Editor of the Journal of the American Ceramic
Society.

J. BENTLEY was appointed to the Editorial Board of Microscopy Research and
Technique.

T. M. BESMANN was appointed Associate Editor of the Journal of the American
Ceramic Society, October 1991.

T. M. BESMANN was appointed Adjunct Professor of Materials Science and Engineering
at the University of Tennessee, September 1992.
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P. J. BLAU was appointed a U.S. representative to the Versailles Project on Advanced
Materialsand Standards (VAMAS)Working Area on Wear of Engineering Materials
through October 1992.

P. J. BLAU was appointed Chairman of the ASM International Specialty Materials
Division Council through October 1993.

P. J. BLAU was appointed to the International Editorial Advisory Board, Tribology
International Journal, October 1992.

A. CHOUDHURY was appointed Vice President of the American Vacuum Society-
Tennessee Valley Chapter, October 15, 1992, through October 15, 1993.

W. R. CORWlN was appointed Editor of ASTM Special Technical Publication (STP) 888
for his involvement in its preparation and as a Conference Chairman, February 14,
1992.

D. F. CRAIGwas appointed Director of the ORNL M&C Division, May 18, 1992.

S. A. DAVIDwas appointed Adjunct Professor of Metallurgical and Materials Engineering
and Research Scientist for the Center for Welding and Joining Research by the
Colorado School of Mines, January 1, 1992, through December 31, 1994.

S. A. DAVID was appointed a Member of the ONR Research Opportunities in the
Materials Sciences Panel, National Research Council, by the Director of the Naval
Studies Board, May 27, 1992.

S. A. DAVIDwas appointed Chairman of the ASM Joining Division Council, October 31,
1992.

S. A. DAVID was appointed Principal Reviewerfor the WeldingJournal.

G. M. GOODWlN was appointed a Member of the Marketing Committee of the American
Welding Society, June 1, 1992, through May 31, 1995.

L. L HORTONwas appointed Physical Sciences Director by the Microscopy Society of
America.

L. L. HORTON was appointed a Member of the Editorial Committee of Advanced
Materials & Processes.

C. H. HSUEHwas appointed a Member of the International Editorial Board of Composites
Engineering.

J. R. KEISER was appointed Vice Chairman of Group Committee T-2 on Energy
Technology by the National Association of Corrosion Engineers, March 27, 1992.
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C. T. LIU was appointed Editor of the Journal of Intermetallics, a new journal from
Elsevier, July 1993.

C. T. LlU was appointed a Member of the International Advisory Board of the Journal of
Materials Science and Technology, November 25, 1992.

C. T. LlU was appointed Principal Editor of the Journal of Materials Research.

L. K. MANSURwas appointed Editor of the Journal of Nuclear Materials.

L. K. MANSUR was appointed a Member of the Editorial Board of the Journal of
Materials Engineering.

P. J. MAZIASZwas appointed Chairman of the Structures Committee of the Materials
Science Division of ASM International, November 1, 1992.

M. K. MILLER was appointed Chairman of the Editorial Board of the International
Field Emission Society.

M. K. MILLER was appointed to the Editorial Boards for the Journal of Microscopy
and U/tramicroscopy and Nanotechnology.

D. F. PEDRAZAwas appointed a Professor in Residence in the Department of Metallurgy
at the University of Connecticut, March 15, 1992.

R. E. STOLLER was appointed Secretary for the American Society for Testing and
Materials (ASTM) Committee E-10 on Nuclear Technology and Application,
January 1992.

J. M. VITEK was appointed Chairman of the Board of Review of Metallurgical
TransactionsA.

M. H. YOO was appointed a Member of the Editorial Advisory Board of the Journal
of Intermetallics, July 1993.

T. ZACHARIAwas appointed Principal Reviewerfor the Welding Journal.

CONFERENCES

MRS Symposiumon Diamond Films,Boston,Mass., December 3-5, 1991

R. E. Clausing, Chairman
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MRS Symposium on Shape-Memory and Phenomena Materials, Boston, Mass.,
December 3-5, 1991

C. T. Liu, Co-organizer

ASTM Committee E-lO Symposium on Small Specimen Test Techniques and Their
Application to Nuclear Reactor Vessel Thermal Annealing and Plant Ufe Extension,
New Orleans, La., January 29-31, 1992

W. R. Corwin, Co-chairman
F. M. Haggag, Co-chairman

"Science in Action/Professional Awareness Symposium," WATI'ec '92, Knoxville, Tenn.,

February 18-21, 1992

L. L. Horton, Co-chairman

TMS Symposium on Irradiation Facilities and Defect Studies, San Diego, Calif., March 3-4,
1992

L. K. Man.,_ur,Session Chairman

Symposium on Microwave Processing of Materials III, Spring Meeting of the Materials
Research Society, San Francisco, Calif., April 27 - May 2, 1992

R. L. Beatty, Organizer

Workshop on Low Expansion Ceramics, Airport Hilton, Knoxville, Tenn., April 30, 1992

D. P. Stinton, Chairman

Organizing Workshop on Fracture Test Method Size Requirements and Related Problems,
Pittsburgh, Pa., May 5, 1992

W. R. Corwin, Organizer

Sixth Annual Conference on Fossil Energy Materials, Oak Ridge, Tenn., May 12-14, 1992

N. C. Cole, Chairman

CFCC Working Group Meeting, Oak Ridge, Tenn., May 14-15, 1992

M. A. Karnitz, Chairman

DOE Basic Energy Sciences/Materials Sciences Information Meeting, Oak Ridge, Tenn.,
May 20-22, 1992

L. L. Horton, Co-organizer and Session Chairman
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37th ASME InternationalGas Turbine and Aeroengine Congress and Exposition,
SessionA, "Design, Analysis, and Life Prediction of Ceramic Components,"
Cologne, Germany,June 1-4, 1992

R. A. Bradley, Co-chairman
C. R. Brinkman, Session Chairman

3rd International Conference on Trends in Welding Research, sponsored by ASM
Internationaland the AmericanWeldingSociety,Gatlinburg,Tenn., June 1-4, 1992

S. A. David, Co-chairman
J. M. Vitek, Co-chairm3n

ASTM Committee C28.01 on Properties and Performance of Advanced Ceramics,
Louisville,Ky.,June 18, 1992

C. R. Brinkman, Chairman

lbth InternationalSymposiumon the Effectsof Radiationon Materials,ASTM Committee
E-lO, Aurora,Colo.,June 23-25, 1992

R. K. Nanstad, Co-chairman

24th National Symposium on Fracture Mechanics, ASTM Committee E-24,
Gatlinburg,Tenn., June 30 - July2, 1992

D. E. McCabe, Co-chairman

1992 NATO Advanced Study Institute, Nanophase Materials, Praia do Porto Novo,
Portugal,July 4-12, 1992

W. C. Oliver, Director

Symposiumon RecentDevelopmentsin Forming,Characterization,and Processingof
Ceramics,23rd AnnualMeetingof the Fine ParticleSociety,Las Vegas, N.V., July 13-17,
1992

A. Bleier, Program Co-chairman

50thAnniversaryMeetingof the ElectronMicroscopySocietyof America, Boston,Mass.,
August 16-21, 1992

J. Bentley, Program Chairman
Z. L. Wang, Co-chairman
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InternationalConference on Anomalous (Resonance) X-Ray Scattering: Theory and
Experiment,Malente,Germany,August17-21, 1992

C. J. Sparks,Jr., Co-chairman

InternationalIntermetallicsWorkshop,Hangzhou,China,September28 - October1,1992

C. T. Liu,Co-organizer

AdvisoryTechnicalAwarenessCouncil(ATAC)Symposium,Fall 1992 ASM International
Meeting,Chicago, II1.,October26-28, 1992

L. L. Horton,Co-organizerand SessionChairman

InternationalConferenceon ThermalShock andThermalFatigue Behaviorof Advanced
Ceramics,Munich,Germany, November8-13, 1992

P. F. Becher, Co-ct_airman

Symposium on High-Temperature Ordered Aluminides and Intermetallics, Fall Meeting of
the Materials Research Society, Boston, Mass., November 30 - December 4, 1992

C. T. Liu, Co-chairman
C. G. McKamey, Session Chairman
M. H. Yoo, Co-chairman

International Conference on Modeling and Control of Joining Processes, American
Welding Society, December 1992

T. Zacharia, Chairman

PATENTSISSUED

W. D. ARNOLD,W. D. BOND,AND R.J. LAUF,"Process for Fabricating Doped Zinc Oxide
Microsphere Gel," U.S. Patent 5,062,993, November 5, 1991.

R. L. BEATTYAND R. J. LAUF,"Thermal Storage Module for Solar Dynamic Receivers,"
U.S. Patent 5,074,283, December 24, 1991.

D. P. STINTON, J. C. MCLAUGHLIN, AND R. A. LOWDEN, "Ceramic Fiber-Reinforced
Filter," U.S. Patent 5,075,160, December 24, 1991.

V. K. SlKKA, "Ordered Iron Aluminide Alloys Having an Improved Room Temperature
Ductility and Method Ther3of," U.S. Patent 5,084,109, January 28, 1992.
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H. D. KIMREY, M. A. JANNEY, AND M. K. FERBER, "Microwave Furnace Having
Microwave Compatible Dilatometer," U.S. Patent 5,099,096, March 24, 1992.

C. T. UU, "Castable Nickel Aluminide Alloys for Structural Applications," U.S. Patent
5,108,700, April 28, 1992.

L K. MANSUR AND E. H. LEE, "Process fol Hardening the Surface of Polymers,"
U.S. Patent 5,130,161, July 14, 1992.

M. A. JANNEY AND O. O. ,_MATETE, "Method for Molding Ceramic Powders Using a
Water-Based Gel Casting Process," U.S. Patent 5,145,908, September 8, 1992.

C. E. HOLCOMBE, N. L DYKES, AND T. N. TIEGS, "Method of Nitriding, Carburizing or
Oxidizing Refractory Metal Articles Using Microwaves," U.S. Patent 5,154,779,
October 13, 1992.

H. E. KIM AND A. J. MOOREHEAD, "Cesium Iodide Alloys," U.S. Patent 5,171,555,
December 15, 1992



AppendixD

SEMINARPROGRAM
o

Compiled by Muriel Tate

Because effective exchange of information is so vital to scientific and technological
advance, the division sponsors and maintains an active seminar program for
communication of ideas and discussion of results among researchers working in the
broad field of materials science and engineering. Most of the talks deal with technical
topics and are presented by invited speakers affiliated with research inst,tutions located
elsewhere in North America and abroad. The actual number of talks scheduled in any
given week varies but, over the year, averages more than one per week.

The seminar program is administered by a committee appointed by division
management. In function, the program achieves the desired goal of providing a forum
for free exchange of information and for the passage of intellectual ideas that one can
criticize, react to, and act upon. In short, these periodic exchanges aid the researcher
in his or her quest for new knowledge and provide stimuli for further meaningful work that
enhances basic understanding. The speakers and topics of seminars presented in the
past year are as follows:

B. BHUSHAN, Department of Mechanical Engineering, Ohio State University,
Columbus, "Tribology of Thin Films and Bulk Ceramics and Their Applications to
Magnetic Storage Devices," October 4, 1991.

R. P. MESSNER, Materials Science and Technology Division, Los Alamo_. National
Laboratory, N.M., "Formation Kinetics of Reaction-Bonded Silicon Carbide-Based
Materials," October 17, 1991.

M. ARITA, Materials Research Laboratory, Nissan Motor Co., Ltd., Yokosuka, Japan,
= "Investigation of the Tribological Characteristics of Solid Lubricants Exposed to

Atomic Oxygen" and "Application of a Ceramic Piston Pin to an Internal Combustion
Engine," October 21, 1991.
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T. WATANABE,Department of Materials Science, University of Tohoku, Sendai, Japan,
"Toughening of Brittle Materialsby GrainBoundary Design and Control," October 25,
1991.

M. ENOKI, Research Center for Advanced Science and Technology, University of
Tokyo, Komaba, Japan, "Acoustic EmissionSource Characterization of Microfracture
in Advanced Materials," October 29, 1991.

S. L. SASS, Department of Materials Science and Engineering, University of Cornell,
Ithaca, N.Y., "The Local Compositional Order and Dislocation Structure of Grain
Boundaries in Ni3AIAlloys," October 31, 1991.

S. L. SASS, Department of Materials Science and Engineering, University of Cornell,
Ithaca, N.Y., "Control of Mechanical Properties of Metal-Ceramic Interfaces,"
November 1, 1991.

P. G. KLEMENS, Department of Physics, University of Connecticut, Storrs, "Radiation
Damage and Thermal Conductivity of Dielectric Solids," November 6, 1991.

A. AKAY, Department of Mechanical Engineering, Wayne State University, Detroit,
"Interaction of Friction and Vibration," November 7, 1991.

H. CAI, McCormick School of Engineering and Applied Science, Northwestern
University, Evanston, II1.,"Crack Bridging by Inclined Fibers/Whiskers in Ceramic
Composites," December 2, 1991.

E. LARA-CURZlO, Center of Composite Materials and Structures, Rensselaer
Polytechnic Institute,Troy, N.Y.,"Thermo-Mechanical Characterization of SiC Fibers
at Elevated Temperatures," December 13, 1991.

J. MANCUSO, Advanced Microscopy Techniques, Boston, "Development of an
Electro-Optical Interface for TEMS,"January 8, 1992.

K. IKEDA, University of Tokyo, Komaba, Japan, "Matrix Grain Size Effect and Fracture
Behavior in (SiC Whisker + SiC Platelet) Reinforced A_,2...3,n,,January 13, 1992.

M. SHIWA, University of Tokyo, Komaba, Japan, "Acoustic Emission Analysis of
SiC/SiC Composites," January 13, 1992.

D. L. MOHR, Georgia Institute of Technology, Atlanta, "Pretreatment and Pyrolysis of
Polyorganosilazane Preceramic Binders," January 27, 1992.

W. W. GERBERICH, University of Minnesota, Minneapolis, "Single Crystal Iron
Cleavage on [100]: How Much Does Dislocation Shielding Contribute?"
February 12, 1992.

L L. SNEAD, Rensselaer Polytechnic Institute, Troy, N.Y., "Development of Silicon
Carbide Composites for Fusion Energy Applications," February i9, i992.
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K. [}AS CHOWDHURY, Arizona State University, Center for Solid State Science,
Tempe, "Interfaces in Silicon Carbide Whisker Reinforced Silicon Nitride-based
Composites: A High ResolutionElectronMicroscopyStudy," February21, 1992.

G. H. MEIER, Universityof Pittsburgh, "Oxidation Behavior of Intermetallic Compounds
at High Temperature," February 26, 1992.

E. K. OHRINER, Metals and Ceramics Division, ORNL, "External Oxidation of Thorium
in an Iridium Alloy as a Cause of Accelerated Grain Growth," February 26, 1992.

W. Y. LEE, United Technologies Research Center, East Hartford, Conn., "Scientific
Challenges in CVD Research," March 2, 1992.

M. N. YODER, Office of Naval Research, Arlington, Va., "Status and Future of CVD
Diamond Including the Interactlng Roleof Government and Industry," March 3, 1992.

C. R. HUBBARD, Metals and Ceramics Division, ORNL, Tennessee Valley Chapter of
the American Vacuum Society Meeting, "High Temperature Materials Laboratory:
A National User's Facility," March 5, 1992.

T. DODSON, Energy Systems MacClique Special Interest Group (SIG), "Macintosh
Networking," March 19, 1992.

JUN-ICHI KOIKE, Oregon State University, Corvallis, "Irradiation Effects in Diamond
and Graphite," March 20, 1992.

A. J. WHITEHEAD, Department of Mechanical, Materials, and Manufacturing
Engineering, University of New Castle, United Kingdom, "Nanoindentation of Thin
Films," March 31, 1992.

R. DOLBY, The Welding Institute, Cambridge, United Kingdom, "Activities at the
Welding Institute," April 7, 1992.

G. FOX, Pennsylvania State University, University Park, "Composition, Structure, and
Property Relations of Ferroelectric Lead Lanthanum Titanate Thin Films Deposited
by Multi-Ion Beams," April 9, 1992.

S. ISHIYAMA,Japan Atomic Energy Research Institute, Tokai, Japan, "Recent Activities
of the Graphite Group at JAERI,"April 27, 1992

D. J. YOUNG, The University of New South Wales, Australia, "The Corrosion Behavior
of Novel Codeposited Chromium-Aluminide Coatings," May 1, 1992.

L. J. GRAY, Engineering Physics and Mathematics Division, ORNL, "Computational
Fracture Mechanics With Boundary Elements," May 5, 1992.

G. P. CARMEN,Virginia Polytechnic Institute, Blacksburg, "Micromechanics of Material
Systems," May 7, !992.
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M. BRUMOVSKY, Reactor Pressure Vessel Integrity Department, Skoda Concern,
Plzen, Czechoslovakia, "Large-Scale Fracture Experiments At Skoda Concern:
Wide-Plate,NozzleCorner, Intermediate VesselWithThermal Gradients, and Surface
Notched Tensile Specimens," May 12, 1992.

D. W. JORDAN, Northwestern University, Evanston, II1.,"Failure of Ceramic Thermal
Barrier Coating," May 14, 1992.

N. M. HARRISON, Daresbury Laboratory, United Kingdom, "HF Calculation :or
Transition Metal Oxides," May 15, 1992.

D. S. STONE, Materials Science and Engineering, The University of Wisconsin at
Madison, "An Approach for Investigating the Mechanisms of Strengthening in Thin
Films and Hard Coatings," May 18, 1992.

T. R. WATKIN_5,Pennsylvania State University, University Park, "The Fracture Behavior
of Silicon Carbide-Graphite Composites," May 18, 1992.

K. C. HASS, Ford Motor Company, Dearborn, Mich., "Isotope Effects in Diamond,"
May 19, 1992.

L. C. DAVIS, Ford Motor Company, Dearborn, Mich., "Predicting the Elastic Properties
of Composite Materials," May 20, 1992.

M. OHGAMI,Nippon Steel, Chiba, Japan, "Creep Rupture Properties and Microstructures
of a New Ferritic W Containing Steel," May 22, 1992.

F-L. ZHANG, Chinese Academy of Sciences, Institute of Physics, Beijing, "Results of
Thermal Conductivity Measurements of Superconductors," May 22, 1992.

M. G. NEJHAD, University of Hawaii, Honolulu, "Three-Dimensional Thermal- and
Process-Induced Stress Analyses for On-Line Consolidation of Thermoplastic
Composite Filament Winding," May 26, 1992.

J. BELAK, Lawrence Livermore National Laboratory, Livermore, Calif., "Molecular
Dynamics Modeling of the Mechanical Properties of Metal Surfaces at the
Nanometer Scale," May 27, 1992.

H. ZHANG, Ohio State University, Columbus, "Numerical and Analytical Predictions of
Thermomechanical Behavior of Metal Matrix Composites," May 29, 1992.

H. HERMANN, Institute FQr FestkSrper-und Werkotofforschung, Dresden, Germany,
"Effects of Powder Granularity and Roughness on X-ray Diffraction Patterns,"
June 1, 1992.

M. A. NATISHAN, Annapolis Detachment, Carderock Division, Naval Surface Warfare
Center, "Summary of Research Pertaining to Fracture Behavior of Ni - Cu K-500,"
June 3, 1992.

_

--
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Y. KIM, Universal Energy Systems, Inc., Dayton, "Tensile and Fracture Behavior of
Gamma Titanium Aluminides," June 11, 1992.

S. SRINIVASAN, Los Alamos National Laboratory, N.M., "Crack-Growth Resistance
(R-Curve) and Erodent Hardness Effects in Solid-Particle Erosion of Ceramics,"
June 11, 1992.

L. GREEN, Cahn Instruments, Inc., Cerritos, Calif., "New Techniques in High-Mass
High-Temperature Thermogravimetric Analysis," July 21, 1992.

K. G. TSCHERSICH, Institut for Grenzflachenforschung und Vakuumphysik,
Forschungszentrum JSlich, Germany, "Surface Sensitive Characterization of
Diamond by Ionization Electron Energy Loss Spectroscopy," July 21, 1992.

M. J. KAUFMAN, University of Florida, Gainesville, "The Influence of Chromium on the
Structure and Mechanical Properties of 13-NiAI,"July 27, 1992.

J. M. MACLAREN, Tulane University, New Orleans, "Theoretical Calculations of
Interfacial Properties of Metals and Alloys," July 27, 1992.

K. KARMER, Leica Inc., Vetzlar, Germany, "Problem Solving in High-Frequency
Acoustic Microscopy," July 28, 1992.

C. NADIMPALLI, Ohio State University, Columbus, "Friction and Wear Behavior of
Silicon Under Conditions of Sliding," August 6, 1992.

L. M. SCHWARTZ, Schlumberger-Doll Research, Ridgefield, Conn., "Transport in
Porous Media: Interplay Between Physics and Geometry," August 6, 1992.

M. J. HOFFMANN, Max-Planck-Institut fur Metallforschung, Stuttgart, Germany,
"Advanced High-Temperature Materials Based on Nonoxide Ceramics,"
August 10, 1992.

D. BRANDON, Technion Institute of Technology, Haifa, Israel, "Slice Compression Test
for Studying Fiber and Matrix Debonding," August 11, 1992.

E. BARTH, University of Texas, Austin, "Elevated Temperature Mechanical Properties of
Intermetallics Based on Nb2AI," August 19, 1992.

J. K. LEE, Michigan Technological University, Houghton, "Coherent Phase Equilibria,"
August 20, 1992.

S. BABU, Tohoku University, Sendai, Japan, "Study of Phase Transformations in Low
Alloy Steels and Alloys Using Atom Probe Field Ion Microscopy," August 24, 1992.

C. BAGNALL, Westinghouse Advanced Programs, Pittsburgh, "Environmental and
Service Limitations of Metals," September 10, 1992.

_

-
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M. C. FLEMINGS, Massachusetts Institute of Technology, Cambridge, "Aluminum and
Aluminide Infiltrated Metal-Matrix Composites for Commercial Applications,"
September 17, 1992.

S. P. BAKER,Stanford University, Stanford, Calif., "Mechanical Properties and Structure
of Compositionally Modulated Au-Ni Thin Films," October 12, 1992.

J. B. DROUX, Stanford University, Stanford, Calif., "3-D Simulation of Solidification,"
October 23, 1992.

B. T. KELLY, Consultant, Preston, United Kingdom, "Mechanical Properties of
Polycrystalline Graphite Including Irradiation Creep," October 23, 1992.

P. M. RICE, Arizona State University, Tempe, "Extrinsic Gettering of Impurity Elements
by Near-Surface Dislocations in Copper-Diffused Czochralski Silicon,"
October 29, 1992.

B. T. KELLY, Consultant, Preston, United Kingdom, "Mechanical Properties of
Polycrystalline Graphite Including Irradiation Creep (Continued)," October 30, 1992.

J. MACLAREN,Tulane University, New Orleans, "Theoretical Calculations of Magnetic
Anisotropy in Co/Pd Superlattices," November 11, 1992.

P. ANGELINI, Metals and Ceramics Division, ORNL, "Update on DP CRADA Activities,"
November 12, 1992.

R. L. JACOBSEN, Naval Research Laboratory, Washington, D.C., "Measurement of
Elastic Properties of Carbon Using Vibrating Reed Techniques in Magnetic Fields,"
November 12, 1992.

R. ROY, Pennsylvania State University, University Park, "Is American Science Policy the
Enemy of American Technology?" November 12, 1992.

B. T. KELLY,Consultant, Preston, United Kingdom, "Structure Factors in Polycrystalline
Graphite," November 13, 1992.

D. MACDONALD, Pennsylvania State University, University Park, "Measurement and
Modeling of Corrosion Mechanisms," November 13, 1992.

H. R. PIEHLER,Carnegie-Mellon University, Pittsburgh, "Hot Tri-axial Compaction and
Deformation of Metals and Ceramics," November 20, 1992.

A. COURET, CEMES-LOE/CNRS-B.P. 4347, France, "In Situ Study of Dislocation
Movements in Ni- and Ti-Aluminide," December 7, 1992.

D. UN, Shanghai Jiao Tong University, Shanghai, China, "Effects of Alloy Additions on
Creep and Stress Rupture Properties of Directionally Solidified Ni3AI Alloys,"
December 7, 1992.

_
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J. CAUGHMAN, Fusion Energy Division, ORNL, "RFSintering and Material Processing,"
December 9, 1992.

N. S. STOLOFF, Rensselaer Polytechnic Institute, Troy, N.Y., "Environmental Effects on
Fatigue Crack Growth in Intermetallic Alloys," December 10, 1992.

S. S. IYENGAR, BP Research-BP America Company, Cleveland, "High Temperature
X-Ray Powder Diffraction Analysis On Ceramic Mixtures," December 14, 1992.

W. Z. CHANG, University of Southern California, Pasadena, "Studies of X-ray Diffracting
Properties of Curved Crystals and Their Applications to X-ray Microprobes,"
December 18, 1992.



Appendix E

PUBLICATIONS

Compiled by Sherry Hempfling

J. AHMAD, J. CAWLEY, B. MAJUMDAR, E. PARK,A. R. ROSENFIELD, D. HAUSER,
S. L SWARTZ,AND A. T. HOPPER

Analytical and Experimental Evaluation of Joining Ceramic Oxides to Ceramic
Oxides and Ceramic Oxides to Metal for Advanced Heat Engine Applications,
ORNL/Sub/87-SB046/1,April1992.

D. J. ALEXANDERAND G. M. GOODWlN
'Thick-SectionWeldmentsin21-6-9and 316LNStainlessSteelfor FusionEnergy
Applications,"pp. 101-7 in Advances in Cryogenic Engineering (Materials),
proceedingsof the Ninth InternationalCryogenicMaterialsConference(ICMC)
held at Huntsville,Alabama,June 11-14, 1991,edoF. R. Fickettand R. P. Reed,
Vol. 38A, PlenumPress,New York,1992.

D. J. ALEXANDERAND V. K. SIKKA
"MechanicalPropertiesof AdvancedNickel Aluminides,"Mater. Sci. Eng. A152,
114-19 (1992).

K. B. ALEXANDER,A. GOYAL,D. M. KROEGER,V. SELVAMANICKAM,AND K. SALAMA
"Microstructure Within Domains of Melt-Processed YBa2Cu307. x Super-
conductors,"Phys. Rev. B 45(10), 5622-27 (1992).

K. B. ALEXANDER,H. T. UN, AND P. F. BECHER
'q'he Role of Electron Microscopy Studies on the Development of Ceramic
Composites," pp. 150-51 in Proceedings of the SOthAnnual Meeting of the
ElectronMicroscopy Society of America, Boston,Massachusetts, August 16-21,
1992, ed. G. W. Bailey,J. Bentley,and J. A. Small, San Francisco Press,Inc.,
1992.

W. B. ALEXANDER,P. H. HOLLOWAY,L HEATHERLY,AND R. E. CLAUSING
"CrystailiteGeometryof Hot FilamentChemicalVapor DepositedDiamond,"Surf.
Coat. Technol. 54/55, 387-91 (1992).
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L F. ALLARD,T. A. NOLAN,D. C. JOY, AND T. HASHIMOTO
"Digital Imaging for High-Resolution Electron Holography," pp. 944-45 in
Proceedings of the 50rh Annual Meeting of the Electron Microscopy Society
of America, Boston, Massachusetts, August 16-21, 1992, ed. G. W. Bailey,
J. Bentley,andJ. A. Small,San FranciscoPress,Inc., 1992.

J. D. ALLEN,JR., F. M. SCHELL, AND C. V. DODD
The LILARTINeural Network System, ORNL/TM-12172,October 1992.

W. R. ALLENAND S. J. ZlNKLE
"Lattice Location and DiffusionalBehavior of Helium and Ceramic Oxides,"
J. Nuc/. Mater. 191/194, 625-29 (1992).

R. W. ANDERSON
Preliminary Evaluationof Radiation Control Coatings for Energy Conservation in
Buildings, ORNL/Sub/899-SE791/1,February1992.

F. W. AVERILLAND G. S. PAINTER
"Steepest-Descent Determination of Occupation Numbers and Energy
Minimizationinthe Local-DensityApproximation,"Phys. Rev. B 46(4), 2498-502
(July15, 1992).

I. BAKERAND E. P. GEORGE
"IntermetallicCompounds: An Update,"Met. Mater. (Inst. Met.) 8, 318-23 (June
1992).

R. L BEATTY,W. H. SUTTON,AND M. F. ISKANDER,EDS.
626 pp., Microwave Processing of Materials III, Vol. 269, symposium held at
San Francisco,California,April27-May 1, 1992, ed. R. L. Beatty,W. H. Sutton,
and M. F. Iskander,MaterialsResearchSociety,Pittsburgh,1992.

P. F. BECHER
"Advancesinthe Designof Toughened Ceramics,"Nippon Seramikkusu Kyokai
Gakujutsu Ronbunshi 99(10), 993-1001 (1991).

P. F. BECHER
"Advances in the Design of Toughened Ceramics," pp. 300-323 in Ceramics:
Toward the 21st Century,proceedings of the Centennial International Symposium
on Ceramics held at Yokohama, Japan, October 16-18, 1991, ed. N. Soga and
A. Kato, The Ceramic Society of Japan, Tokyo, 1991.

P. F. BECHER
"Crack Bridging Processes in Toughened Ceramics," pp. 19-33 in Toughening
Mechanisms in Quasi-Brittle Materials, proceedings of the NATO Advanced
ResearchWorkshop held at Evanston, Illinois, July 16-20, 1991,ed. S. P. Shah,
Kluwer Academic Publishers,The Netherlands, 1991.
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P. F. BECHER
"MicrostructuralDesign of Toughened Ceramics,"J. Arn. Ceram. Soc. 74(2),
255-69 (1991).

P. F. BECHER,K. B.ALEXANDER,A. BLEIER,C. G. WESTMORELAND,W. H. WARWICK,
AND S. B. WATERS

"MicrostructuralTailoring of Transformation-ToughenedCeramics,"pp. 85-99
inAdvanced Ceramics-.5, proceedingsof the MaterialsResearch Society of
Japan InternationalSymposiumon Advanced Ceramics IV held at Kanagawa
Science Park, Kanagawa, Japan, October24-25, 1991, ed. S. Somiya,
M. Doyama, and Y. Agata, Vol. 12, Elsevier Applied Science Publishers,
Barkington,UnitedKingdom,1992.

P. F. BECHER,H. T. UN, AND K. B. ALEXANDER
"Developmentof ToughenedCeramicsfor ElevatedTemperatures,"pp. 307-14
in Science of Engineering Ceramics '91, proceedings of the 1st International
Symposium on the Science of EngineeringCeramics held at Koda, Japan,
October 21-23, 1991, ed. S. Kimura and K. Niihara, The Ceramic Society of
Japan, Tokyo, 1991.

P. F. BECHERAND M. V. SWAIN
"Grain Size Dependent TransformationBehavior in PolycrystallineTetragonal
Zirconia,"J. Am. Ceram. Soc. 75(3), 493-502 (1992).

G. E. C. BELL,T. INAZUMI,E. A. KENIK,AND T. KONDO
"Electrochemicaland MicrostructuralCharacterizationof an AusteniticStainless
Steel Irradiatedby Heavy Ionsat 515° C," J. Nucl. Mater. 187, 170-79 (1992).

J. BENTLEY
"Applicationof EELS to Ceramicsand Catalysts,pp. 155-81 in Transmission
Electron Energy Loss Spectrometry in Materials Science, ed. M. M. Disko,
C. C. Ahn, and B. Fultz, The Minerals, Metals & Materials Society, Warrendale,
Pennsylvania, 1992.

J. BENTLEY

"Reliability of Sublattice Occupancies Determined by ALCHEMI," pp. 1238-39
in Proceedings of the 50th Annual Meeting of the Electron Microscopy Society
of America, Boston, Massachusetts, August 16-21, 1992, ed. G.W. Bailey,
J. Bentley, and J. A. Small, San Francisco Press, Inc., 1992.

J. BENTLEYAND E. A. KENIK
"Correctionsfor Surface Filmsin Microanalysisby EDSand EELS,"pp. 1230-31
in Proceedings of the 50th Annual Meeting of the Electron Microscopy Society
of America, Boston, Massachusetts, August 16-21, 1992, ed. G.W. Bailey,
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PRESENTATIONSAT TECHNICALMEETINGS

Compiled by Sherry Hempfling

Seventh Annual National AmedcanWelding Research Conference,Columbus, Ohio,
October2-.4, 1991:

T. ZACHARIA* AND S. A. DAVID, "Computer Modeling of Arc Welds to Predict
Effects of Critical Variables on Weld Penetration"

United States Advanced CeramicsAssociation(USACA) StructuralCeramics Meeting,
Washington,D.C., October2, 1991:

V. J. TENNERY,"DOE HTMLFellowship Program--Transportation Technologies"

Carolina'sNorthernPiedmontChapter,ASM International,Winston-Salem,NorthCarolina,
October 3, 1991:

L. L. HORTON, "Materials R&D to Enable Tomorrow's Technologies: An
OverviewofActivitiesinthe Metalsand CeramicsDivisionof Oak RidgeNational
Laboratory"

TechnologyTransferMeeting, Scottsbluff,Nebraska, October4, 1991:

J. R. WEIR,JR., 'q'he Developmentand Commercialization of New Materials"

' ReactorVesselThermalAnnealingPlanningGroupMeeting,Washington,D.C.,October 4,
1991:

S. K. ISKANDER,* W, R. CORWlN, AND R. K. NANSTAD, "Plans for Materials
Studies on Annealing and Reembrittlement Within the Heavy-Section Steel
Irradiation Program"

International Symposium on Terminology and Documentation in Specialized
Communication,Ontario,Canada, October7--8, 1991:

R. A. STREHLOW,* T. O. TALLANT,J. D. MASON, AND P. L. KIENLEN, 'q'ext
Encoding for Retrieval of Scientific and Technical Information (STI)"

*Speaker
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Seminar at the Universityof Tennessee, Knoxville,October 8, 1991:

M. K. MILLER,"The MiscibilityGap in the Fe-Cr System"

Presentationto Staff Members of Lawrence Berkeley Laboratory,Berkeley, California,
October 1O,1991:

!E..H. LEE, "Ion Implantationas a Tool for the Studyof Materials"

SecondASTMSymposiumon InsulationMaterials:Testingand Applications,Gatlinburg,
Tennessee, October10-12, 1991:

J. E. CHRISTIAN,* G. E. COURVILLE, R. S. GRAVES, R. L. LINKOUS,
D. L. MCELROY, F. J. WEAVER, AND D. W. YARBROUGH, "In Situ and
Thin-SpecimenAgingof ExperimentalPolyisocyanurateRoof InsulationFoamed
with AlternativeBlowingAgents"

R. S. GRAVES, D. W. YARBROUGH, D. L. MCELROY,* AND H. A. FINE,
"Steady-State and Transient Results on Insulation Materials"

T. G. KOLLIE,* H. A. FINE, R. S. GRAVES,K. W. CHILDS, AND F. J. WEAVER,
"Vacuum Insulation: TheTechnological Challenges to the SuccessfulApplication
of this Super Insulation"

D. W. YARBROUGH,* R. S. GRAVES, AND J. E. CHRISTIAN, "HCFC-22 as an
Alternative Blowing Agent for Closed-Cell Foamboard Insulation"

180th Meetingof The ElectrochemicalSociety,Phoenix,Arizona,October 13-17, 1991:

P. F. TORTORELLI*AND J. R. KEISER,'q'he Measurementof the Mechanical
Propertiesof OxideScales by SubmicronIndentationTesting"

ALCOA LaboratoriesTechnical Symposium on ComputationalMetallurgy, Nemacolin
Woodlands, Pennsylvania,October 13-18, 1991:

L.K.MANSUR,"DefectReactions,Clustering,and PropertyChangesinIrradiated
Materials"

ASTM Symposiumon MultiaxialFatigue, San Diego,California,October 14--15,1991"

K. C. LIU, "A Method for MultiaxialFatigue Life PredictionUsingEnergy-Based
Approaches"

InternationalEnergyAgency(IEA)AnnexII ExecutiveCommitteeMeeting,Nagoya,Japan,
October 15, 1991:

V. J. TENNERY, "Statusof U.S. Researchin Subtask5, IEA AnnexI1"
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Electric Power Research Institute (EPRI) Ninth Particulate Control Symposium,
Williamsburg,Virginia,October 16, 1991:

L0R. WHITE, "CeramicFiltersfor Use at High Temperatures"
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M. K. MILLER,"AtomProbeField IonMicroscopyStudiesof IrradiationHardening
on an UltrafineScale"

R. K. NANSTAD, "ORNL Test Resultsof U.S.SR. UnirradiatedCompact and
Charpy Impact Specimens"

R. K. NANSTAD,"Reviewof Data Relatedto Inhomogeneityof Plates, Forgings,
and Welds for U.S. ReactorVessels"

Joint Electronics Glass and Optical Materials DivisionMeeting, Crystal City, Virginia,
October 20-23, 1991:

"_ M. BESMANN,"ChemicalVapor Deposition"

1991 TMS/ASM Fall Meeting, Cincinnati,Ohio, October20-24, 1991:

D. J. ALEXANDER*AND G. M. GOODWIN, 'q'hick-SectionWeldmentsin 21-6-9
and 316LN StainlessSteelfor FusionApplications"

D. J. ALEXANDER*ANDV. K.SIKKA,"MechanicalPropertiesof AdvancedNickel
Aluminides"

D. J. ALEXANDER,*J. M. VITEK, AND S. A. DAVID, 'q'he Effect of Long-Term
Aging on the MechanicalPropertiesof Type 308 StainlessSteel Welds"

F. C. CHEN, A. J. ARDELL,*AND D. F. PEDRAZA,"Amorphizationof Zr3AIUnder
3.8 MeV Zr3+ Ion Bombardment"

R. E. CLAUSING,* L. HEATHERLY, L. L. HORTON, E. D. SPECHT, AND
Z. L. WANG, "StructuralDevelopmentof Diamo,.:l Films"

S. A. DAVID,"Weld PoolSolidificationand Microstructures"

B. G. GIESEKE*ANDV. K. SIKKA,"MechanicalPropertiesof DuctileFe3AI-Based
AlloyPlate"
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J. A. HORTON,* C. T. LIU, AND C. G. MCKAMEY, "Interfacial Structure and
Properties of Ni3AIAlloys and Composites"

D. M. KROEGER,* A. GOYAL, H. HSU, F. A. LIST, AND V. K. SIKKA,
"Melt-Processed Y123 and BSCCO Deposits and Tapes"

J. J. LIAO,* E. P. GEORGE, E. K. OHRINER,AND R. H. ZEE, "Grain Boundary
Chemistry of Iridium Alloys Doped with Th, Y, and Lu"

C. T. LIU, "Environmental Embrittlement in Intermetallic Compounds"

M. C. MAGUIRE,* M. L. SANTELLA, AND B. K. DAMKROGER, "Factors
Controlling Sub-Solidus Cracking During Fusion Welding"

E. K. OHRINER* AND E. P. GEORGE, "Intermetallic Layer Growth in the
Iridium-Molybdenum System"

J. E. PAWEL,* C. J. MCHARGUE, L. J. ROMANA, AND J. J. WERT, "Adhesion
Enhancement of Iron Films to Sapphire by Implantation of Cr, Ni, or Fe"

D. F. PEDRAZA* AND J. A. CARO, 'q'he Role of Point Defects in the
Amorphization of Intermetallic Compounds"

M. L. SANTELLA, "Fundamental Metallurgical Considerations in Brazing and
Soldering"

G. M. STOCKS,* D. M. NICHOLSON, W. A. SHELTON, F. J. PINSKI,
D. D. JOHNSON, J. B. STAUNTON, B. L. GYORFFY, A. BARBIERI,
B. GINATEMPO,P. E. A. TURCHI, AND M. SLUITER,"Ordering Mechanisms in
Metallic Alloys"

M. H. YOO* AND C. L. FU, "Cleavage Strength of B2-Type and L12-TypeInter-
metallic Alloys"

T. ZACHARIA,* S. A. DAVID,AND J. M. VlTEK, "Effect of Convection on Weld
Pool Development"

1st IntemaUonalSymposiumon the Science of EngineeringCeramics, Koda, Japan,
October 21-23, 1991:

P. F. BECHER,* K. B.ALEXANDER,AND H.T. LIN,"Developmentof Toughened
Ceramicsfor ElevatedTemperatures"

D. A. KOESTER, R. F. DAVIS,* AND K. L. MORE, "Steady-State Creep of
Hot-PressedSiC Whisker-ReinforcedSiliconNitride"
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K. L. MORE, D. A. KOESTER,AND R. F. DAVIS, "Microstructural Analysis and
Mechanisms of Deformation of Hot-Pressed SiC Whisker-Reinforced Silicon
Nitride"

U.S.-Russia WorkingGroup 3 Meetingof the Joint CoordinatingCommitteefor Civilian
Nuclear ReactorSafety (JCCCNRS),Rockville,Maryland,October22, 1991:

R. K. NANSTAD,* D. E. MCCABE, F. M. HAGGAG, AND S. K. ISKANDER,
"Comparison of Charpy Impact Toughness, Fracture Toughness, and
Crack-Arrest Toughness for Two Irradiated High-Copper Welds"

Third AIST-NEDO/DOE-HQJointTechnical Meeting on Materials for Coal Uquefaction,
Fukuoka City, Japan, October 2'3, 1991:

R. R. JUDKINS, "Development of Iron Aluminides for Coal Conversion and
Utilization"

J. R. KEISER, A. J. PA'I'KO, AND R. R. JUDKINS,* "Materials Performance at
the Wilsonville Coal Liquefaction Facility: 1989-1991"

U.S. DOE Conference on Electron Microscopy,Uvermore, California,October 23.-25,
1991:

W. E. MODDEMAN,* D. P. KRAMER, W. C. BOWLING, L. F. ALLARD, AND
D. W. COFFEY, "Detection of Zerovalent Nickel in Glass as Characterized
by Transmission Electron Microscopy (TEM) and X-Ray Photoelectron
Spectroscopy (XPS)"

intemational Symposium on Advanced Ceramics IV at Kanagawa Science Park,
Kanagawa,Japan, October24-25, 1991:

P. F. BECHER,* K. B0ALEXANDER,AND A. BLEIER,'q'he Effect of Microstructure
on Transformation Toughening in Zirconia Ceramics and Composites"

19thWaterReactorSafetyInformationMeeting, Rockville,Maryland,October 2830, 1991:

W. R. CORWIN,"Heavy-Section Steel Irradiation Program: Embrittlement Issues"

1991 Annual AutomotiveTechnologyDevelopmentContractors' Coordination Meeting
(ATD/CCM), Dearbom, Michigan,October28-31, 1991:

P. J. BLAU, "Relating Laboratory Friction Coefficient Values to Practical
Applications"

P. J. BLAU, 'q'he Cost-Effective Ceramic Machining Program Plan"

M. K. FERBER* AND M. G. JENKINS, "Evaluationof the Elevated-Temperature
Mechanical Reliabilityof a HIPed SiliconNitride"
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C. S. YUST, 'q'he Wear Mode Transition Surface for a Ceramic Composite"

C. S. YUST, "Wear Mode Transition in a Silicon Nitride-Silicon Carbide Whisker
Composite"

Second International Conference on Uranium Hexafluoride Handling, Oak Ridge,
Tennessee, October 29, 1991:

J. H. DEVAN, "Investigation of Breached Depleted UF6 Cylinders"

Steam Generator AdvisoryGroup, Sand Key, Florida, October 30, 1991:

C. V. DODD* AND J0D. ALLEN,JR., "Neural Network Analysis of Eddy-Current
Data From Inspection of Generator Tubing"

The l Oth International Congress on Applications of Laser and Electro-Optics
(ICALEO'91), San Jose, California, November3-8, 1991:

S. A. DAVID* AND J. M. VITEK, "Rapid Solidification Effects During Laser
Welding"

Art Career Fair Day, Maryville College, Maryville,Tennessee, November 5, 1991:

J. W. NAVE, "Research and Development Photography"

International Conference on Evolution in Beam Applications, Takasaki, Japan,
November5-8, 1991:

L. K. MANSUR,* E. H. LEE, M. B. LEWIS, AND S. J. ZINKLE, "Applicationsof
Multiple-ionIrradiationsto Metals,Ceramicsand Polymers"

Amedcan Nuclear Society (ANS) 1991 Winter Meeting, San Francisco, California,
November10-14, 1991:

R. H. COOPERAND J. P. MOORE,*"MaterialsinSpace NuclearPowerSystems"

InvitedSeminarat Universityof Utah,Salt Lake City, Utah, November12, 1991:

M. A. JANNEY, "MicrowaveProcessingof Cert_micMaterials"

National Educators' Workshop: Update 91, Standard Experimentsin Engineering
MaterialsScience and Technology, Oak Ridge,Tennessee,November 12-14, 1991:

D. F. CRAIG, "StructuralCeramics"

L. L. HORTON, "Science in Action: An InterdisciplinaryScience Education
Program"
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L. L. HORTON, 'q'he MicroscopicWorld: A Demonstrationof Electron Micros-
copy for YoungerStudents"

J. O. STIEGLER, "Accessing National Laboratories for Research and
DevelopmentOpportunities"

R. A. STREHLOW,"StandardTerminologyinthe Laboratoryand Classroom'=

Meeting at Oak Ridge AssociatedUniversities,Oak Ridge,Tennessee, November 13,
1991:

S. MILLER,'q'ougheningof Rare-Earth-Based,MagneticAlloy"

B.SHELTON,'q'hermomechanicalProcessingOptimizationforFe3AI-BasedAlloys
for MaximizingRoom-TemperatureDuctility"

S. VYAS, "Effect of Aluminum Content, Alloying Additions, Annealing
Temperature,andQuenchingMediumon MechanicalPropertiesof WroughtIron
Aluminide"

Wekstoffe and Bauweisen neuer Technologie in der Luft-und Raumfahrt, Hamburg,
Germany, November13--15,1991:

P. GRAHLE,* J. RC)SLER,J. SCHNEIBEL, AND E. ARZ'r, "High-Str_,_ngth
Low-DensityMaterialson the Basisof ODS IntermetallicPhases"

U.S./Japan Second Specialized Topic Workshop on Pressurized Thermal Shock,
San Diego,California,November 14, 1991:

R. K. NANSTAD,* D. J. ALEXANDER,AND F. M. HAGGAG, "Effectsof Low-
TemperatureThermalAnnealingon Type 308 StainlessSteel Weld Metals"

Science Fair, MaryvilleCollege, Maryville,Tennessee,November 16, 1991:

J. W. NAVE, "Researchand DevelopmentPhotography"

FifthInternationalConferenceon FusionReactorMaterials(ICFRM-5),Clearwater,Flow"ida,
November 17-22, 1991:

D. J. ALEXANDER,* G. M. GOODWIN, AND E. E. BLOOM, 'q'hick-Section
Weldmentsin21-6-9 and 316LN StainlessSteelfor FusionEnergyApplications"

W. R. ALLEN* AND S. J. ZINKLE, "Implantationsof Helium in Sapphire and
MagnesiumOxide: Behavioron an Atomic-Scale"

G. E. C. BELL,"LithiumPurificationat TemperaturesBelow 500°C''
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G. E. C. BELL* AND T. INAZUMI, "Radiation-Induced Sensitization to Corrosion
In Fusion Reactor Materials"

G. E. C. BELL,* E. A. KENIK, AND L. HEATHERLY,JR., "Characterization of
Radiation-Induced Segregation in Austenitic Stainless Steels Using Analytical
Electron Microscopy and Scanning Auger Microprobe Techniques"

G. E. C. BELL,* E. A. KENIK, AND T. INAZUMI, "Electrochemical and
Microstructural Properties of Austenitic Stainless Steel Irradiated by Heavy Ions
Above 600°C"

T. D. BURCHELL,* W. P. EATHERLY,J M ROBBINS,AND J. P. STRIZAK,'q'he
Effects of Neutron Irradiation on the Structure and Properties of Carbon-Carbon
Composite Materials"

F. W. CLINARD, JR.,* E. H. FARNUM, D. L. GRISCOM, R. F. MATI'AS,
S. S. MEDLEY, F. W. WlFFEN, S. S. WOJTOWlCZ, K. M. YOUNG, AND
S. J. ZINKLE, "Materials Issues in Diagnostic System for BPX and ITER"

M. Lo GROSSBECK,* P. J. MAZlASZ, AND A. F. ROWCLIFFE, "Modeling of
Strengthening Mechanisms in Irradiated Fusion Reactor First Wall Alloys"

D. R. HARRIES,* G. J. BUI-FERWORTH,A. HISHINUMA, AND F. W. WlFFEN,
"Evaluation of Reduced-Activation Options for Fusion Materials Development"

T. INAZUMI,G. E. C. BELL,* P. J. MAZIASZ,AND T. KONDO, "Radiation-Induced
Sensitization of Ti-Modified Austenitic Stainless Steel Irradiated in Spectrally
Tailored Experiment at 60-400° C"

S. JITSUKAWA,* M. L. GROSSBECK, AND A. HISHINUMA, "Stress-Strain
Relations of Irradiated Stainless Steels Below 473 K"

S. JITSUKAWA,* K. HOJOU, M. SUZUKI, A. HISHINUMA, AND E. A. KENIK,
"Segregation at Radiation-Induced Defects and at Grain Boundaries of Austenitic
Stainless Steels"

S. JITSUKAWA,* P. J. MAZlASZ, T. ISHIYAMA, L. T. GIBSON, AND
A. HISHINUMA, 'q'ensile Properties of Austenitic Stainless Base-Metal and
Weld-Joint Specimens Irradiated in ORR Spectrally Tailored Experiments"

Y. KATOH,* Y. KOHNO, A. KOHYAMA,AND R. E. STOLLER,"Effects of Damage
Rate and/or He/DPA Ratio on Microstructural Evolution in Irradiated Austenitic
Steel"

E. A. KENIK* AND K. HOJOU, "Radiation-InducedSegregation in FFTF-Irradiated
Austenitic Stainless Steels"
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R. L. KLUEHAND D. J. ALEXANDER,*"Heat Treatment Effects on Toughness of
Irradiated 9Cr-1 MoVNb and 12Cr-1 MoVW Steels"

R. L. KLUEH* AND K. EHRLICH, "Ferritic/Martensitic Steels for Fusion Reactor
Applications"

R. L. KLUEH* AND P. J. MAZlASZ, "Effect of Irradiation in HFIR on Tensile
Properties of Cr-Mo Steels"

A. KOYAMA,* M. L. GROSSBECK,AND G. PIATI'I, 'q'he Application of Austenitic
Stainless Steels in Advanced Fusion Systems: Current Limitations and Future
Prospects"

T. KONDO,* D. G. DORAN, K. EHRLICH, AND F. W. WlFFEN, "The Status and
Prospects of High-Energy Neutron Test Facilities for Fusion Materials
Development"

L. K. MANSUR* AND M. L. GROSSBECK,"Irradiation Creep by Transient Point
Defect Processes"

P. J. MAZlASZ, 'q'emperature Dependence of the Dislocation Microstructure of
PCAAustenitic StainlessSteel Irradiated in ORRSpectrally Tailored Experiments"

P. J. MAZIASZ, "Void Swelling Resistance of Phosphorus-Modified Austenitic
Stainless Steels During HFIR Irradiation to 57 dpa at 300 to 500°C"

G. R. RAO,* E. H. LEE, L. A. BOATNER,B. A. CHIN AND L. K. MANSUR,"Multiple
Ion Implantation Effects on Hardness and Fatigue Properties of Fe-13Cr-15Ni
Alloys"

G. R. RAO,* E. H. LEE, B. A. CHIN, AND L. K. MANSUR, "Multiple Ion
Implantation Effects on Fatigue Properties of Fe-Ni-Cr Alloys"
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Experiments in ORR at 400°C''

L. L. SNEAD,* D. STEINER,AND S. J. ZINKLE, "Measurement of the Effect of
Radiation Damage to Ceramic Composite InterfacialStrength"

L. L. SNEAD,* D.STEINER,AND S. J. ZlNKLE, "Radiation-Induced Microstructure
and Mechanical Property Evolution of SiC/C/SiC Composite Materials"

R. E. STOLLER,* R. H. GOULDING, AND S. J. ZlNKLE, "Measurement of
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Conditions"
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M. SUZUKI,* P. J. MAZlASZ, S. JITSUKAWA,S0HAMADA,AND A. HISHINUMA,
"Chemical Compositional Change in Precipitates During HFIR Irradiation in
Austenitic and Ferritic Steels"

P. F. TORTORELLI,"Dissolution Kinetics of Steels Exposed in Lead-Lithium and
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P. F. TORTORELLI,* G. E. C. BELL,AND E. A. KENIK,"Effects of Compositional
Modifications on the Sensitization Behavior of Fe-Cr-Mn Austenitic Steels"

C. A. WANG,* H. T. LIN, M. L. GROSSBECK,AND B. A. CHIN, "Suppression of
HAZ Cracking During Welding of Helium-Containing Materials"

R. YAMADA,* S. J. ZINKLE,AND G. P. PELLS,"Radiation Damage in AI203and
MgAI204Preimplanted with H, He, C and Irradiated with Ar. Ions"

S. J0ZINKLE,"Anisotropic Dislocation Loop Nucleation in Ion-Irradiated MgAI204"

S. J. ZINKLE, "Anomalous Microstructural Effects Associated with Light Ion
Irradiation of Ceramics"

S. J. ZINKLE* AND E. R.HODGSON,"Radiation-Induced Changes in the Physical
Properties of Ceramic Materials"

U.S./Japan Workshop Q-142 on High Heat Flux Components and Plasma Surface
Interactionsfor Next Devices,Santa Fe, New Mexico,November25.-28, 1991:

T. D. BURCHELL,"IrradiationInducedDimensionaland PropertyChanges in2D
and 3D Carbon-CarbonCompositeMaterials"

Workshop on Radiation Damage CorrelationMethodology,Hitchin, United Kingdom,
December2-4, 1991:

R. E. STOLLER,"Damage ExposureUnitsand Data Correlation: Summaryof
Recent InternationalWorkshops"

R. E. STOLLER,"Modelingthe Effectsof IrradiationTemperatureand Damage
Rateon Radiation-InducedEmbrittlement"
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Materials ResearchSociety 1991 Fall Meeting, Boston,Massachusetts,December2-6,
1991:

K. B. ALEXANDER, A. GOYAL,* D. M. KROEGER, V. SELVAMANICAM,'AND
K. SALAMA, "Microstructure and Current Transport Within Domains of
Melt-Processed YBa2Cu3OT.8"

L. F. ALLARD,* F. J. WALKER, AND R. A. MCKEE, "MBE Growth of Epitaxical
Perovskites on Silicon: The Atomic Structure of BATIO3/BAO Interfaces by

High Resolution Electron Microscopy"

J. BENTLEY,* L. J. ROMANA, L. L. HORTON, AND C. J. MCHARGUE,
"D!stribution and Characterization of Iron in Implanted Silicon Carbide"

A. BLEIER, "Characterization and Control of Particle Surface Chemistry in the
Aqueous Processing of AI203-ZrO2 Composites"

A. BLEIER,"Effects of Surface Charge on the Processing of Silicon Slurries in
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W. H. BUTLER,"Multiple Scattering Theory with Space Filling Potentials"

W. H. BUTLER*AND X.-G.ZHANG, 'q'he Nature of the Wave Function in Multiple
- Scattering Theory"

W. H. BUTLER,* X.-G. ZHANG, AND A. GONIS, "An Exact Cellular Method and
Its Relation to Multiple Scattering Theory"

E. P. GEORGE,* C. T. LIU, J. A. HORTON, C. J. SPARKS, M. Y. KAO,
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Properties, and Shape Memory Characteristics of Ni-Fe-AI-BAlloys"

Ao GOYAL,* S. J. BURNS, W. C. OLIVER, P. D. FUNKENBUSCH, AND
D. M. KROEGER, "Mechanical Properties of Highly Aligned Melt-Textured
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_ A. GOYAL,* F. A. LIST, AND D. M. KROEGER,"Highly Aligned Melt-Textured
Thick Films of YBa2Cu3OT._ on Compatible Flexible Substrates"

J. A. HORTON,* E. P. GEORGE, M. Y. KAO, T. KING, C. J. SPARKS,
L. L. TANNER, AND P. THOMA, "Characterization of the Phase Transformation
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D. D0 JOHNSON, J. B. STAUNTON, F. J. PINSKi, B. L. GY£)RFFY, AND
- G.M. STOCKS, "Compositional Disorder, Magnetism, and Their Interplay in

Metallic Alloys"
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D. L. JOSLIN,* L. J. ROMANA, C. J. MCHARGUE, AND P. A. THI_VENARD,
'q'emperature Effects in Ion Beam Mixing of Oxide-Oxide Interfaces"

D. L. JOSLIN,* L. J. ROMANA,C. W. WHITE,AND C. J. MCHARGUE,"Ion Beam
Modification of Metal-Sapphire Interfaces by Oxygen Implantation"

E. A. KENIK, "Comparison of Thermally and Irradiation-Induced Grain Boundary
Segregation in Austenitic Stainless Steels"

F. A. LIST,* H. HSU, O. B. CAVlN, W0 D. PORTER, T. J. HENSON,
B. J. REARDON,C. R. HUBBARD,AND D. M. KROEGER,"Phase Development
in the Bi2Sr2CaCu20ySystem: Effects of Oxygen Pressure"

D. M. NICHOLSON,* R. H. BROWN, W. H. BUTLER,H. YANG, J. W. SWlHART,
P. B. ALLEN, A. MEHTA,AND L. M. SCHWARTZ,"First-Principles Calculation of
Residual Resistivity"

D. M. NICHOLSON, W. H. BUTLER, R. HoBROWN, H. YANG, J. W. SWlHART,
AND P. B. ALLEN, "First-Principles Resistivity in Disordered Alloys"

J. E. PAWEL, C. J. MCHARGUE, L. J. ROMANA, D. J. DOWNING, AND
J. J. WERT, "Using Weibull Statistics to Analyze Ion-Beam-Enhanced Adhesion
as Measured by the Pull Test"

J. E. PAWEL,* C. J. MCHARGUE, L. J. ROMANA, AND J. J. WERT, 'q'he Role
of Ion Species on the Adhesion Enhancement of Ion Beam Mixed Fe/AI203
Systems"

A. J. PEDRAZA,M. J. GODBOLE, AND L. ROMANA,* "Substrate Surface Effects
on the Properties of Sputter-Deposited and Laser-Irradiated Films"

D. F. PEDRAZA,'q'he Behavior of Interstitials in Irradiated Graphite"

X. QIU, A. K. DATYE,* R. T. PAINE, AND L. F. ALLARD, 'qhe Oxidation Stability
of Boron Nitride Thin Films on Ceramic Substrates"

G. R. RAO,* E. H. LEE,AND L. K. MANSUR,"Structure and Dose Effects on Ion
Beam Surface Modification of Polymers"

L. ROMANA,* J. PAWEL, A. J. PEDRAZA, AND M. J. GODBOLE, "Substrate
Surface Effects on the Properties of Deposited Films"

L. ROMANA,* D. F. PEDRAZA, AND W. R. ALLEN, "High Energy Zirconium
Implantation in Sapphire"

B. W. SHELDON,* P. A. REICHLE,AND T. M. BESMANN, "In Situ Light-Scattering
Measurements During the CVD of Polycrystalline Silicon Carbide"



197

G. M. STOCKS,* D. M. NICHOLSON,W. A! SHELTON,G. A. GEIST,F. J. PINSKI,
A. BARBIERI, B. L. GY£)RFFY, B. GINATEMPO, Z. SZOTEK, AND
W. M. TEMMERMAN, "KKR-CPA Theory of the Electronic Structure and
Energetics of Partially Ordered Intermetallic Alloys"

X. WANG,* X.-G. ZHANG,W. H. BUTLER, B. N. HARMON, AND G. M. STOCKS,
"Relativistic Multiple Scattering Theory for Space Filling Potentials"

T. L. WARD,* T. T. KODAS,S. W. LYONS, D. KROEGER,J. BRYNESTAD,AND
H. HSU, "Characteristics and Processing Behavior of Pb-Bi-Sr-Ca-Cu-OPowders
Produced Using Aerosol Decomposition"

R. L. WEAVER AND W. H. BUTLER,* "Scattering and Multiple Scattering in
Disordered Materials, An Overview"

X.-G. ZHANG, "Real-Space Multiple Scattering Theory Method: Formalism and
Applications"

Seminarat Mount HolyokeCollege,Holyoke, Massachusetts,December 4, 1991:

L.F. ALLARD,"ElectronHolography:Techniquesand Perspectivesfor Materials
Science"

Seminar at Eastman Kodak, Rochester, New York, December 6, 1991:

W. C. OLIVER,* B. N. LUCAS, AND G. M. PHARR, 'q'he Mechanical
Characterization of Thin Film Using Indentation Experiments"

ORAU Presentation,WeinbergAuditorium,Oak Ridge NationalLaboratory,Oak Ridge,
Tennessee, December6, 1991:

S. MILLER,'q'ougheningof Rare-Earth-Based,MagneticAlloy"

B. SHELTON, "Optimizationof Thermomechanical Processingof Fe3AI-Based
Alloys for Maximizing Room-Temperature Ductility"

S. VYAS, "Effect of Aluminum Content, Annealing Temperature, and Quenching
Medium on Mechanical Properties of Iron Aluminide Alloys"

U.S.-Argentina Workshop on Fracture and Welding, Buenos Aires, Argentina,
December 10-12, 1991:

S. A. DAVID,"Advancesin WeldingScience and Technology"
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2hd Japan International SAMPE Symposium and Exhibition, Chiba, Japan,
December 11-14, 1991:

. E.P. GEORGE* AND C. T. LIU, "Grain BoundaryFractureand AlloyDesign of
Intermetallics"

P_resentationsat the ArgentineAtomic Energy CommissionFacilitiesat Buenos Aires,
Argentina,and Bariloche,Argentina,December13.17, 1991:

S. A. DAVID,"Advancesin WeldingScienceand Technology"

Seminarat Tohoku University,Sendai,Japan, December 18, 1991:

E. P. GEORGE,"Deformationand Fractureof L12Trialuminides"

Seminar at the National Research Institute for Metals (NRIM), Tokyo, Japan,
December 19-20, 1991:

E. P. GEORGE,"Grain BoundaryFractureand AlloyDesignof Intermetallics"

AmericanAssociationof PhysicsTeachers,WinterMeeting,Odando,Florida,January 4,
1992:

T. DOLNEY* AND A. CHOUDHURY, "Data Processingof 3-D SIMS Ion Images
on a MacintoshIICX"

16thAnnualConferenceon CompositesandAdvancedCeramics,ASTMCommitteeC-28,
Cocoa Beach, Florida,January 5-1O,1992:

T. M. BESMANN,* T. S. MOSS, J. C. MCLAUGHLIN,AND B. W. SHELDON,
"Kineticsand ModelValidationfor ChemicalVapor Infiltrationof SiC/Nicalon"

M. K. FERBER,* R. L. JACKSON, M. G. JENKINS, R. A. LOWDEN, AND
K. K. CHAWLA, "Evaluation of the Interfacial Mechanical Properties in
Fiber-ReinforcedCeramicComposites"

W. E. MODDEMAN,* D. P. KRAMER,W. C. BOWLING, L. F. ALLARD,AND
D. W. COFFEY, "Examinationsby TEM, EDS, and XPS of Lithia-Alumina-Silica
(I.AS)Glass/Nickeland Iron Interfaces"

B. W. SHELDON,* T. F. MORSE, J. RANKIN,R. A. LOWDEN,L. RIESTER,AND
T. M. BESMANN,'q'heStabilityof OpticalFibersDuringtheFormationof Ceramic
MatrixCompositesby ChemicalVapor Infiltration"

V. J. TENINL=R_,_ ofTensiieStren_h _, GN-10 SiliconNitride,25° C"
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T. N. TIEGS,* P. F. BECHER, H. T. LIN, P. A. MENCHHOFER, AND
J. O. KIGGANS, JR., "MicrostructureDevelopment During High-Temperature
Annealingof SinteredSi3N4"

9th Symposium on Space Nuclear Power Systems, Albuquerque, New Mexico,
January 12-16, 1992:

A. CHOUDHURY,* J. R. DISTEFANO,AND J. W. HENDRICKS, "SecondaryIon
Mass Spectronletry(SIMS) Analysisof Nb-1% Zr Alloys"

E. K. OHRINER,* G. M. GOODWlN, AND D. A. FREDERICK,'Weldabilityof
DOP-26 IridiumAlloy: Effectsof WeldingGas and AlloyComposition"

Graduate Seminar, Universityof New Mexico, Albuquerque, New Mexico, January 17,
1992:

A. CHOUOHURY, "Surface AnalysisTechniques and Applications: An Intro-
duction"

Seminar at the Max-PIsnck-lnstitutfor Wekstoffwissenschaft,Stuttgart, Germany,
January20, 1992:

P. F. BECHER,"MicrostructuralDesignof ToughenedCeramics"

Seminaratthe InstitutforFestk6rperforschung(SolidStatePhysics),Forschungszentrum,
JOlich,Germany,January21, 1992:

S. J. ZINKLE, "Radiation Damage Studies in Ceramics Using Transmission
ElectronMicroscopy"

JointMonbusho/JapanAtomicEnergyResearchInstitute(JAERI)AJ.S.DOEWorkshopon
Mid-ProgramReviewof Progress,Honolulu,Hawaii,January24-25, 1992:

J. E. PAWEL,* M. L. GROSSBECK, D. J. ALEXANDER,G. E. LUCAS, AND
A. W. LONGEST,"HFIRFractureToughnessExperiments"

ASTM_,mposium on SmallSpecimenTestTechniquesandTheirApplicationsto Nuclear
Reactor Vessel Thermal Annealingand Plant Life Extension,New Orleans, Louisiana,
January 29-31, 1992:

D. J. ALEXANDER, "Fracture Toughness Measurements with Subsize Disk
Compact Specimens"

C. A. WANG,* M. L. GROSSBECK, AND B. A. CHIN, '_EM Disc Welder to
Investigatethe Susceptibilityof CandidateNuclear Materialsto Helium-Induced
Weld Cracking"
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American Vacuum Society 21st Annual Symposium, Flodda Chapter, Largo, Florida,
February3-5, 1992:

W. B. ALEXANDER,*P. H. HOLLOWAY,L. HEATHERLY,AND R. E. CLAUSING,
"CrystalliteGeometryof HFCVD Diamond"

DiamondFilmsforTransportationApplicationWorkshop,Co-sponsoredbytheDOEOffice
of Trar_portation Technologies and Argonne National Laboratory,Argonne, Illinois,
February4-5, 1992:

R. E. CL_,USING,"Propertiesof Diamondand Diamond-likeFilms"

FourthInternationalSymposiumon AdvancedNuclearResearch--Rolesand Directionof
MaterialsScience in NuclearTechnology,Mito,Japan, February 5-7, 1992:

E. E. BLOOM,"AdvancedMaterials--TheKeyto AttractiveMagneticFusionPower
Reactors"

Presentationat GarrettCorporation,Torrance, California,February7, 1992:

T. A. NOLAN,* L. F. ALLARD,K. L. MORE, AND V. J. TENNERY, 'The High
TemperatureMaterialsLaboratoryat Oak RidgeNationalLaboratory(ORNL)"

AustralianConference on ElectronMicroscopy(ACEM-12) and Workshopon EDS and
EELS in Materials Science, University of Western Australia, Perth, Australia,
February9-14, 1992:

J. BENTLEY,"Energy-DispersiveX-Ray Spectrometry in an AnalyticalElectron
Microscope"

J. BENTLEY,"SublatticeOccupancies in IntermetallicAlloysby ALCHEMI"

Z. L. WANG AND J. BENTLEY,*"REM and REELSof Oxide Ceramics"

U.S. DOE Advanced Heat Exchangers Program Review Meeting, Hemdon, Virginia,
February 13, 1992:

J. R. KEISER,* J. I. FEDERER,AND W. H. ELLIO'I-I', "Materials Support for
Advanced Heat ExchangersProgram"

DepartmentalSeminarat GeorgiaInstituteof Technology,Atlanta,Georgia, February14,
1992:

R. E. STOLLER, 'The Influenceof Radiation on the Dielectric Properties of
Ceramic MaterialsIntendedfor Use in FusionReactors"
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Seminar at the Australian Nuclear Science and Technology Organization (ANSTO),
LucasHeights ResearchLaboratories,Sydney,Australia,Februanj 17, 1992:

J. BENTLEY,*K. B.ALEXANDER,N. D. EVANS, P. S. SKLAD,AND Z. L. WANG,
"AnalyticalElectronMicroscopyof Ceramics"

DrummondWorkshopon ,analyticalElectronMicroscopy,Universityof Sydney, Sydney,
Australia,February 18-19, 1992:

J. BENTLEY,*E. A. KENIK,N. D. EVANS,K. B. ALEXANDER,P. S. SKLAD,AND
Z. L WANG, "Microanalysisof Materialsby AnalyticalElectronMicroscopy"

J. BENTLEY*AND Z. L.WANG,"SurfaceAnalysisby ReflectionElectronEnergy
LossSpectrometry"

J. BENTLEY,*Z. L WANG, S. J. PENNYCOOK,AND D. E. JESSON, "Z-Contrast
Imagingin STEM, TEM, and SREM"

WA'i-rec 1992 Conference,Knoxville,Tennessee,February18-21, 1992:

P. J. BLAU, "Cost-EffectiveCeramic Machining Programof the Departmentof
Energy"

C. V. DODD* AND J. D. ALLEN,JR., "Neural Network Analysisof Eddy-Current
Data from Inspectionof Steam GeneratorTubing"

1992 U.S. DOE High-TemperatureSuperconductors(HTS) Wire DevelopmentWorkshop,
Richmond,Virginia,February 19-20, 1992:

D. M. KROEGER,*J. BRYNESTAD,A. GOYAL, H. HSU, R. KONTRA,F. A. LIST,
V. K. SIKKA,E. D. SPECHT,Z. L. WANG, AND R. K. WILLIAMS,"Processingof
High-TemperatureSuperconductingMaterials"

GraduateStudentSeminar, Universityof Dayton, Dayton, Ohio, February21, 1992:

C. R. BRINKMAN,"Developmentof LifePredictionMethodologiesfor Ceramics
Used in Gas Turbine Engines"

Seminar at Commonwealth Scientificand Industrial Research Organization (CSIRO),
Divisionof MaterialsScienceand Technology,Melboume, Australia,February21, 1992:

J. BENTLEY,*E. A. KENIK,N. D. EVANS,K. B. ALEXANDER,P. S. SKLAD,AND
Z. L WANG, "Electron MicroscopyResearchin MaterialsScience at ORNU'

Seminarat Hahn-MeitnerInstitute,Berlin,Germany,February24, 1992:

S. J. ZINKLE, "MicrostructuralChanges in IrradiatedCopper"
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Texas Center for SuperconductivityUniversityof HoustonScience Center (TCSUHSC),
High-TemperatureSuperconductivity(HTS)Workshopon Materials,BulkProcessing,and
Applications,Houston, Texas, February27-28, 1992:

D. M. KROEGER,*A. GOYAL,Z. L. WANG, F. A. LIST, AND K. B. ALEXANDER,
"Substrate Reactions and Flux Pinning Structures in Melt-ProcessedYB_Cu307
Deposits on Ag-Pd Alloy Substrates"

Meetingwith GeneralMotorsCorporationat Oak RidgeNationalLaboratory,Oak Ridge,
Tennessee,Februanj27, 1992:

G. M. LUDTKA,"QuenchSimulator"

Discussions_tAdvancedMaterialsandTechnologyResearchLaboratories,NipponSteel
Corporation,Kawasaki,Japan, February28, 1992:

J. M. VlTEK, "Non-Equilibrium Solidification in Stainless Steels"

ORAUGuest Lecff.ureProgramatthe Universityof NorthCarolina,Departmentof Materials
Scienceand Engineering,Charlotte,North Carolina, February28, 1992:

L. F.ALLARD,"ElectronHolography: Techniquesand Perspectivesfor Materials
Science"

1992 TMS Annual Meeting,San Diego, California,March 1-5, 1992:

D. S. EASTON, "Melt Spinning of Lithium Hydride".

P. M. HAZZLEDINEAND J. H. SCHNEIBEL,* 'q'heory of Cobble Creep in Two
Dimensions"

L. K.MANSUR,"Perspectivesand Opportunitiesfor ResearchinRadiationEffects
on Materialsin the 1990s"

C. G. MCKAMEY,* P. F. TORTORELLI, J. H. DEVAN, E. P. GEORGE,
M. HOWELL, AND T. HIRANO, "A Study of intermediate Temperature
(400-600° C) Pest Oxidation in MoSi2"

E. K. OHRINER,* C. G. MCKAMEY,AND E. P. GEORGE, "ExternalOxidationof
Thorium in an Iridium Alloy as a Cause of Accelerated Grain Growth"

R. E. PAWEL,* D. K. FELDE, G. L. YODER, M. T. MCFEE, AND
B. H. MONTGOMERY, "Cladding Corrosion Studies Under Heat Transfer
Conditions for the Advanced Neutron Source"

L. REINHARD,*J. L. ROBERTSON,S. C. MOSS, G. E. ICE, P. ZSCHACK, AND
C.J. SPARKS, "Anomalous X-Ray Scattering Study of Local Order in bcc
Fe0._Cro.47"
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A. F. ROWCLIFFE* AND E. E. BLOOM, "Developmentof Materialsfor Fusion
Reactors"

J. H. SCHNEIBEL,* E. P. GEORGE, AND C. G. MCKAMEY,"Fabricationand
Strengthof Ni3AIReinforcedwithContinuous,SingleCrystalAI203 Fibers"

G. M. STOCKS,* D. M. NICHOLSON, W. A. SHELTON, F. J. PINSKI,
B. GINATEMPO, AND B. L. GY()RFFY, "Ordering Energies and Ordering
Mechanismsin B2 Phase NiAI"

S. VISWANATHAN*AND H. D. BRODY,'q'heRelationof SolidificationParameters
to Microporosityin AI-4.5% Cu Alloy Castings"

Tennessee Valley Chapter of the Amedcan Vacuum Society Meeting, Oak Ridge,
Tennessee, March 5, 1992:

C. R. HUBBARD,'q'heHigh TemperatureMaterialsLaboratory--ANationalUser
Facility"

8th Intemational Conference on Thermal Insulation, San Francisco, California,
March 9-11, 1992:

R. S. GRAVES, 'q'hermal Resistivitiesfor Low-Density Loose-Fill Cellulosic
Insulation"

Presentation at General MotorsCorporation Research Laboratories,Warren, Michigan,
March 10, 1992:

G. M. LUDTKA,"QuenchSimulator"

Seminar at the University of Tennessee, Department of Materials Science and
Engineering,Knoxville,Tennessee,March 12, 1992:

M. H. YO0, "Effectsof ElasticAnisotropyon MechanicalBehaviorof Intermetallic
Compounds"

EngineeringFoundationConferenceon Dispersionand Aggregation: Fundamentalsand
Applications,Palm Coast, Florida,March 15-20, 1992:

M. A. JAHNE_, "A Round-Robinfor ParticleElectrophoresisStandardization"

O. O. OMATETE* AND A. BLEIER,"Evaluationof Dispersantsfor Gelcasting"

AmericanPhysicalSocietyMeeting, Indianapolis,Indiana,March 16-20, 1992:

A. GONIS,* P. P. SINGH, P. E. A. TURCHI, M. SLUITER, D. D. JOHNSON,
F. J. PINSKI,AND G. M, STOCKS,"KKR-CPAStudyof AI-LiAlloysin the Atomic
Sphere Approximation(ASA)"
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G. E. ICE,* C. J. SPARKS,A. HABENSCHUSS,AND L. B. SHAFFER,"Anomalous
X-Ray Scattering Measurement of Pair Correlations in NiFe Alloys"

E. D. ISAACS, P. M. PLA'I-ZMAN,H. WILLIAMS,P. ZSCHACK, AND G. E. ICE,*
"Dynamic Structure Factor of an Electron Liquid in Aluminum"

R. KUMAR,C. J. SPARKS,*T. SHIRAISHI,AND K. HISATSUNE,"Order in Ni/Pd
Substitutional CuAul Alloys"

C. J. SPARKS*AND R. KUMAR,"SiteOccupationsand Phase Changes from Cr
Additionsin an Al_z.sCrT.sTi_0Alloy"

G. M. STOCKS,W. A. SHELTON,D. M. NICHOLSON,* G. A. GEIST,F. J. PINSKI,
A. BARBIERI,AND B. L. GY_RFFY, "Fermi Surface Nesting and Pre-Martensitic
Phonon Softening in 13-PhaseNiAI"

J. C. SWlHART,* W. H. BUTLER, G. B. ARNOLD, AND F. M. MUELLER,"Boson
Linewidth in High-Temperature Superconductors"

X. WANG,* W. H. BUTLER, X.-G. ZHANG, AND A. GONIS, "Full Cell Multiple
ScatteringTheory and Its RelativisticExtension"

Y. WANG,* J. S. FAULKNER, G. M. STOCKS, AND D. M. NICHOLSON,
"Calculations on the Single-Site Potential for the Korringa-Kohn-Rostoker
Coherent Potential Approximation from an Extended Green's Function"

X.-G.ZHANG* AND W. H. BUTLER,'q'he Green FunctionCellular Method"

InstructionalPresentationto ReactorOperators,HFIRSite,OakRidgeNationalLaboratory,
Oak Ridge,Tennessee, March 18 and 25, 1992, and April1, 8, and 15, 1992:

K. FARRELL,"Behaviorof Metals in Nuclear Reactors"

MeetingwithALCOAAluminumCompanyat Oak RidgeNationalLaboratory,Oak Ridge,
Tennessee,March 18, 1992:

G. M. LUDTKA,"Quench Simulator"

G. M. LUDTKA,"Superplasticityand SuperplasticForming"

73tdAnnualAmedcanWeldingSociety(AWS)Convention,Chicago,Illinois,Marc_22-27,
1992:

J. M. VITEK, S. A. DAVID,* AND D. J. ALEXANDER,"475°C Embrittlementof
Type 308 StainlessSteelWeld Metal"
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Seminar at the UniversityClaude Bemard-LyonI, Physics Deparbnent,Villeurbanne,
France, March 23, 1992:

D. L. JOSLIN, "Ion Beam Mixingof Oxide-OxideInterfaces"

S. J. ZINKLE,"Effectof Irradiationon the Microstructureand ElectricalProperties
of Ceramics"

U.S./JapanWorkshopon StructuralMaterials,Berkeley',California,March 24-25, 1992:

D. J. ALEXANDER* AND G. M. GOODWIN, '9"hick-SectionWeldments in
Type 316LN StainlessSteel for FusionEnergyApplications"

NuclearRegulatoryCommission(NRC) Aging ResearchInformationConference,Upton,
New York,March 24-27, 1992:

WoR. CORWIN,"Managing IrradiationEmbrittlementin Aging ReactorPressure
Vessels"

Discussionsat the InstitutfOrMaterialforschungI, KernforschungszentrumKarLsruhe(KfK)
Nuclear ResearchCenter, Karlsruhe,Germany, March 26-27, 1992:

S. J. ZINKLE,"Effectof Irradiationon theMicrostructureand ElectricalProperties
of Ceramics"

Sixth National Conference on Undergraduate Research, University of Minnesota,
Minneapolis,Minnesota,March 26-28, 1992:

D. A. WALKO*AND E. D. SPECHT, "CharacterizingIon-ImplantedCrystalswith
X-Ray Reflectivity"

Presentationat General MotorsCorporation Research Laboratories,Warren, Michigan,
March 27, 1992:

, G.M. LUDTKA,"Superplasticityand SuperplasticForming(ExperimentalFacilities
and ComputerModeling)"

G. M. LUDTKA*AND R. L. BRIDGES,"Metal MatrixComposites,Rheocasting--
Compocasting--Thixocasting--Thixoforging(Semi-solidMetal Processing)"

R. E. PRICE AND G. M. LUDTKA,* 'q'hermal Coating Facility (Plasma Spray
Capabilities)"

1992 AmericanSociety for NondestructiveTesting (ASNT) SpringConference,Orlando,
Florida,March 30-April 3, 1992:

R. W. MCCLUNG* AND D. R. JOHNSON, "NondestructiveTestingof Ceramics
for VehicularAdvancedHeat Engines"
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NeutronInteractiveMaterialsProgramReviewMeeting,Knoxville,Tennessee,March 30-
April 1, 1992:

D. J. ALEXANDER,*M. L. GROSSBECK,J. E. PAWEL,AND A. F. ROWCLIFFE,
"FractureToughnessMeasurementson IrradiatedStainlessSteels"

Seminarat CarborundumCompany, Niagara Falls,New York, April2, 1992:

L.F. ALLARD*AND D. W. COFFEY,"Structureand Morphologyof Carborundum
VLS SiliconCarbideWhiskers"

InteragencyAdvancedPower Group, Reston,Virginia,April2, 1992:

R. H. COOPER, "Materialsfor Space NuclearPropulsionSystems"

1992 InternationalConference on MetallurgicalCoatings and Thin Films, San Diego,
Califomia,April6-10, 1992:

W. B. ALEXANDER,P. H. HOLLOWAY,*L. HEATHERLY,AND R. C. CLAUSING,
"CrystalliteGeometryof HFCVD Diamond"

W. C. OLIVER,* B. N. LUCAS, AND G. M. PHARR, 'q'he Mechanical
Characterizationof Thin FilmsUsing IndentationExperiments"

InternationalAtomic Energy Agency (IAEA) Interregional Training Course on Safety
Aspectsof Aging and RelatedMaintenance in NuclearPower PlantOperaUon,Argonne,
Illinois,April 10, 1992:

W. R. CORWIN, "Management of Aging of the Primary Pressure Boundary:
Focus on the Reactor PressureVessel"

94thAnnual Meetingof the AmericanCeramicSociety (ACerS),Minneapolis,Minnesota,
April12-16, 1992:

K. B. ALEXANDER* AND P. F. BECHER, '_he Microstructureof Interfacesin
Silicon CarbideWhisker-ReinforcedAluminaComposites"

K. B. ALEXANDER,* P. F. BECHER, AND A. BLEIER,"Analysisof Grain Size
Distributionsin Alumina-ZirconiaComposites"

L. F. ALLARD,* T. A. NOLAN, M. G. JENKINS, AND V. J. TENNERY, 'q'he
Microstructurevs Mechanical Propertiesof a CommercialSiliconNitride"

P. F. BECHER,* K. B. ALEXANDER,AND A. BLEIER,"Effectof Grain Size and
Compositionon Boththe TransformationTemperatureand Tougheningin the
AI203-ZrO2 (12 mol % CeO2) System"

A. BLEIER,"Modelsof the Oxide-SolutionInterface"
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A. CHOUDHURY,* D. L. JOSLIN, C. W. WHITE, C. J. MCHARGUE, AND
L. J. ROMANA,"XPSCharacterization of Ion Implanted Oxide Films on Sapphire"

R. B. DINWlDDIE* AND T. D. BURCHELL, 'q'he Effect of Neutron Irradiation on
the Thermal Conductivity of Graphite and Carbon-Carbon Composites"

R. B. DINWlDDIE*AND J M ROBBINS,"Thermal Conductivity of Carbon-Bonded
Carbon Fiber Insulation for Radioisotope Space Power Systems"

G. R. FOX,* S. B. KRUPANIDHI,K. L. MORE,AND L. F. ALLARD,"Microstructure/
Property Relations of Lead Lanthanum Titanate Thin Films"

C. H. HSUEH,"Requirements of Frictional Debonding for Tough Fiber-Reinforced
Ceramic Composites"

C. R. HUBBARD,* O. B. CAVIN,AND J. GHINAZZI,"HTXRD Study of the Phase
Evolution During Firing of Green Alumina"

C. R0HUBBARD,* S. A. DAVID, AND S. SPOONER, "Nondestructive Residual
Stress Mapping in High Temperature Materials"

C.-K. J. LIN* AND D. F. SOCIE, "Static and Cyclic Fatigue of Alumina at Room
and High Temperatures"

H0T. LIN,* P. F. BECHER, W. H. WARWICK,AND T. N. TIEGS, "Strength and
Toughness Behavior of In Situ Reinforced Si3N"Ceramics"

K. L. MORE,* V. J. TENNERY, AND N. L. HECHT, "Microstructural Evolution
During the Tensile Static and Cyclic Fatigue of Silicon Nitride"

S. NATANSOHN,* A. E. PASTO, AND W. J. ROURKE, "Effect of Surface
Modifications on the Properties of Silicon Nitride Ceramics"

T. A. NOLAN,* L. F. ALLARD, D. W. COFFEY,M. K. FERBER,AND K. L. MORE,
"Microstructure and Failure Mechanisms in Creep and Fatigue Tested Silicon
Nitride Ceramics"

O. O. OMATETE,* A. BLEIER, AND C. G. WESTMORELAND, "Rheological
Properties of Gelcasting Ceramic Slurries"

B. J. REARDON* AND C. R. HUBBARD,"Using Simulated XRD Patterns in New
Materials Analysis"

T. N. TIEGS,* J. O. KIGGANS, JR., AND K. L. PLOETZ,"Cost-Effective Sintered
Reaction-Bonded Silicon Nitride (SRBSN)for Structural Ceramics"

T. N. TIEGS,* S. D. NUNN, AND P. A. MENCHHOFER,"Gas-Pressure Sintering
of Si3N4 with Mixed Rare Earth Additives"
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A. A. WERESZCZAK* AND A. PARVIZI-MAJIDI,"Crack-Wake Toughening
Mechanismsat HighTemperaturesinan ExtrudedAluminaShort-Fiber/Cordierite
MatrixComposite"

S. G.WINSLOW*AND D. R.JOHNSON, "Developmentof a Cost EffectiveSilicon
NitridePowderin DOE's CeramicTechnologyProject"

9rh InternationalConferenceon Wear of Materials,San Francisco,California,April13-17,
1992:

G. R. RAO,* E. H. LEE, AND L. K. MANSUR, "Structureand Dose Effects on
ImprovedWear Propertiesof Ion-ImplantedPolymers"

Predictive Heat Treatment Meeting at the General Motors Gear Center, Romulus,
Michigan,Al_il 14-15, 1992:

G. M. LUDTKA,"Quench Simulator"

Seminarat StateUniversityof NewYorkat Buffalo,Buffalo,NewYork,Apdl 15-16, 1992:

J. H. SCHNEIBEL,"ProcessingandPropertiesof Intermetallic-MatrixComposites"

3M TechnicalForum,Symposiumon AdvancedInorganicMaterials,St. Paul, Minnesota,
April 17, 1992:

O. O. OMATETE,"CeramicFormingby Gelcasting"

Workshop/Meeting--Combustion2(XX) Project, Andover, Massachusetts, April21-22,
1992:

V. J. TENNERYAND K. BREDER,*"MaterialSupportfor the HITAF. Generating
MechanicalPropertiesData for Two SiC Materials"

Frontiersof ElectronMicroscopyin Materials,ScienceConference,Oakland, California,
April21-24, 1992:

L. F. ALLARD,*T. A. NOLAN, D. C. JOY, T. HASHIMOTO,X.-G. ZHANG, AND
Y. ZHANG, "DigitalImagingfor High ResolutionElectronHolography"

J. BENTLEY,"Is QuantitativeALCHEMIof IntermetallicAlloysViable?"

D. C. JOY,* X.-G. ZHANG, Y. ZHANG, T. HASHIMOTO, L. F. ALLARD,AND
T. A. NOLAN,"PracticalAspectsof ElectronHolography"

K. L. MORE,* B. W. SHELDON,T. M. BESMANN,AND T. S. MOSS, "Nucleation
and Growthof PolycrystallineSiC During ChemicalVapor Deposition"
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Z. L. WANG* AND J. BENTLEY,"REM Imaging of Surface Microstructureand
DynamicProcesseson CeramicBulkCrystalsat High Temperatures"

X.-G. ZHANG,* D. C. JOY, T. HASHIMOTO, Y. ZHANG, L. F. ALLARD,AND
T. A. NOLAN,"ElectronHolographyof FerroelectricDomainWalls"

Y. ZHANG,* R. D. BUNN, D. C. JOY, X. ZHANG, L. F. ALLARD,T. A. NOLAN,
AND T. HASHIMOTO, "Softwarefor ElectronHolography"

Discussionsat HikariWorks, NipponSteel Corporation,Hikari,Japan, April 24, 1992:
,.

J. M. VITEK, "Phase StabilityinAusteniticStainlessSteels"

Materials ResearchSociety 1992 Spring Meeting, San Francisco, California,Apdl 27-
May 1, 1992:

D. W. BIBLE,* R. J. LAUF, AND C. A. EVERLEIGH, "MultikilowattVariabl_
FrequencyMicrowaveFurnace"

A. BLEIER, O. O. OMATETE,* AND C. G. WESTMORELAND, "Rheology of
Zirconia-AluminaGelcastingSlurries"

..

M. A. JANNEY, H. D. KIMREY,AND J. O. KIGGANS,JR., "MicrowaveProcessing
of Ceramics: GuidelinesUsed at the Oak Ridge NationalLaboratory"

J. O. KIGGANS, JR.,* AND T. N. TIEGS, "Characterization of Sintered
Reaction-BondedSiliconNitrideProcessedby MicrowaveHeating"

J. O. KIGGANS,JR.,* AND T. N. TIEGS, "Propertiesof SinteredSilicon Nitride
and Sintered Reaction-BondedSiliconNitride Processedby Conventionaland
MicrowaveHeating"

H. D. KIMREY, "Modeling and Experiment Design Using a Quasi-Optical
Approach"

R. J. LAUF,* C. HAMBY, C. E. HOLCOMBE,AND W. F. VIEROW, "Microwave
Processingof TantalumCapacitorAnodes"

R. J. LAUF,* C. E. HOLCOMBE, AND C. HAMBY, "Microwave Sintering of
MultilayerCeramic Capacitors"

O. O. OMATETE,* A. BLEIER, AND C. G. WESTMORELAND, "Rheology of
Zirconia-AluminaGelcastingSlurries"

A. R. SETHURAMAN,* J. M. STENCEL, O. B. CAVIN, AND C. R. HUBBARD,
"In-Situ High Temperature X-Ray DiffractionStudies of NanocrystailineIron
Carbides
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Z. L. WANG,* A. GOYAL,D. M. KROEGER,AND T. ARMSTRONG,"DefectsNear
the Y2BaCuO_t'Ba2Cu=07.. Interface and Their Effect on Flux-Pinning
i,'1Melt-Processedand Quench-Melt-Growth-ProcessedYBa2Cu3Oz.x"

The National Association of Corrosion Engineers (NACE) Annual Conference ar_
Corrosion Show, Nashville,Tennessee,Apdl 27, 1992:

N. C. COLE* AND R. R. JUDKINS, "Overviewof the DOE-FossilEnergyAR&TD
MaterialsProgramRegardingCorrosionIssues"

J. H. DEVAN* AND P. F. TORTORELLI,"High TemperatureCorrosionof Iron
Aluminides"

Discussionsat the NationalResearchInstitutefor Metals(NRIM),Tokyo, Japan,April27,
1992:

J. M. VITEK,"Non-EquilibriumSolidificationin StainlessSteels"

Seminar at Coors ElectronicPackaging Company, Chattanooga, Tennessee,April 28,
1992:

A. BLEIER,"ColloidScience is Basicto Ceramic Processing"

C. R. HUBBARD,* S. SPOONER, S. A. DAVID, T. A. DODSON, AND
M. G. JENKINS, "NondestructiveResidualStressMapping in High Temperature
Materials"

Symposiumon MaterialsEngineeringvia Micromechanics,ASME Summer Mechanics,
Materials,and AerospaceEngineeringMeeting,ArizonaState University,Tempe,Arizona,
April28--May 1, 1992:

P. F. BECHER,'q'heTougheningContributionof CrackBridgingMechanismsin
CeramicsReinforcedwith DiscontinuousPhases"

1lth International Conference on Nondestructive Evaluation (NDE), Albuquerque,
New Mexico, April29-May 3, 1992:

C. V. DODD* AND J. D. ALLEN, JR., "AutomatedAnalysis of Eddy-Current
Steam-GeneratorData"

Ceramic Material Testing Coordination Meeting, Allison Gas Turbines, Indianapolis,
Indiana, May 5, 1992:

V. J. TENNERY, "iEA Annex II, Subtask 5--Status ,.)fTensile StrengthAnalys!,,
GN-IO SiliconNitride,25°C"

M. K. FERBER,"Creep and Fatigue Behaviorof SiliconNitride"
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ASTM Committee E-24 on Fracture Test Methods Size Requirements and Related
Problems,Pittsburgh,Pennsylvania,May 5, 1992:

D. E. MCCABE*AND B. D. MACDONALD,"Effectsof Side Groovingin Fracture
Testing"

D. E. MCCABE*AND J. G. MERKLE,"Effectsof SpecimenSize in K_ Fractureof
PressureVessel Steels"

Meetingat AuburnUniversity,Auburn,Alabama, May 6, 1992:

EoH. LEE, "Ion Implantationas a Tool for the Studyof PolymericMaterials"

1992 Spring Workshop, Universityof Minnesota, Center for Interfacial Engineering,
Minneapolis,Minnesota,May 12-14, 1992:

W. C. OLIVER*AND D. B. MARSHALL,"Measurementof InterfacialMechanical
Propertiesin Fiber-ReinforcedCeramic Composites"

SixthAnnualConferenceon FossilEnergyMaterials,Oak Ridge,Tennessee, May 12-14,
1992:

D. J. ALEXANDER*AND V. K. SIKKA,"FractureBehaviorof IronAluminides"

D. J. ALEXANDER*AND V. K. SIKKA,"Fractureof Iron-AluminideAlloys"

J. H. DEVAN* AND P. F. TORTORELLI, "Environmental Effects on Iron
Aluminides"

C. T. LIU, "Developmentof Cr2NbAlloysfor High-TemperatureApplications"

C. G. MCKAMEY,*T. ZACHARIA,AND P. J. MAZIASZ,"Developmentof Weldable
High-StrengthIronAluminide

P. F. TORTORELLI,* J. H. DEVAN, AND L. J. CARSON, "High-Temperature
Oxidationof Cr-NbAlloys"

FifthInternationalConferenceon Creepof Materials,Orlando,Florida,May 17-21, 1992:

M. K. FERBER*AND M. G. JENKINS,"EmpiricalEvaluationof TensileCreep and
Creep Rupturein a HIPed SiliconNitride"

R. W. SWINDEMANAND P. J. MAZIASZ,*'q'he Mechanicaland Microstructural
Stabilityof AusteniticStainlessSteels Strengthenedby MC-FormingElements"
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Conference on Synthesis and Processing of High-Temperature Materials for the
Year2000, St. Louis,Missouri,May 17-22, 1992:

T. M. BESMANN,* D. P. STINTON, AND R. A. LOWDEN, "Chemical Vapor
Infiltration"

Fusion Energy Advisory Committee Meeting, University of California, Los Angeles,
California,May 19-21, 1992:

E. E. BLOOM,"Developmentof StructuralMaterialsfor Fusion"

AdvisoryCommitteeon ReactorSafeguards (ACRS) Reviewof General ElectricPRISM,
San Francisco,California,May 21, 1992:

C. R. BRINKMAN, "Materials Issues Associated With Advanced Liquid-Metal
ReactorDevelopment"

National Instituteof StandardsandTechnology(NIST)ConferenceonAccuracyinPowder
DiffractionII, Gaithersburg,Maryland,May 25-29, 1992:

O. B. CAVIN,* C. R. HUBBARD,AND P. J. MAZIASZ,"High TemperatureX-Ray
DiffractionDeterminationof PhaseTransitionsin LargeGrainAlloys"

C. R. HUBBARD,* T. A. DODSON, S. A. DAVID, AND S. SPOONER,
"NondestructiveResidualStress Mapping by Neutron and X-Ray Diffraction
Methods"

American Carbon Society Workshop on InterfacialPhenomena at Carbon Surfaces,
Atlanta,Georgia,May 25-27, 1992:

E. L. FULLER,JR., "Kineticsand Mechanismsof Corrosionof Nuclear Grade
Graphites: Graphite-GasInteractions"

Third International Symposium on High-TemperatureCorrosion and Protection of
Materials,Les Embiez,France, May 25-29, 1992:

J. H. DEVAN, P. F. TORTORELLI,*U. K. ABDALI,AND C. G. MCKAMEY,'_l'he
Nature of OxideScales Grownon IronAluminidesat High Temperature"

P. F. TORTORELLI,"MechanicalPropertiesof ChromiaScales"

Workshopon Superabrasivesand GrindingWheel Technologyfor MachiningCeramics,
Oak Ridge,Tennessee, May 28, 1992:

B. L. COX, "Overview of the Ceramic Specimen Preparation User Center,
High TemperatureMaterialsLaboratory"
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Department Seminar, Chemical Engineering and Materials Scionce, University of
Minnesota,Minneapolis,Minnesota,June 1-2, 1992:

J. BENTLEY,"FineStructurein ElectronEnergyLossSpectrometry"

J. BENTLEY, "Materials Science Applications of Electron Energy Loss
Spectrometry inthe AnalyticalElectronMicroscope"

Third InternationalConferenceon Trends in WeldingResearch,Gatlinburg,Tennessee,
June 1-5, 1992:

D. J. ALEXANDER*AND G. M. GOODWIN, "Mechanical Propertiesof Thick-
Section Weldment=inType 316LN ,_tainlessSteel"

D. J. ALEXANDER,* J. M. VITEK, AND S. A. DAVID, "Long-Term Aging of
Type 308 StainlessSteel Welds" Effectson Propertiesand Microstructure"

S. A. DAVID* AND J. M. VITEK, "Principlesof Weld _olidificationand Micro-
structure._"

C. R. HUBB/,RD* AND S. SPOONER, "Nondestructive Three-Dimensional
Mapping of Residual3*tess by Neutronand X-Ray DiffractionMethods"

J. H. ROOT,* T. M, HOLDEH.J. SCHRODER,S. SPOONER, C. R. HUBBARD,
T. A. DODSON, AND S. A. DAVID,"ResidualStressMeasurementina Multipass
FerriticSteel Weldmentby NeutronDiffraction"

S. SPOONER,* S. A.DAVID,J. H. ROOT,T. M. HOLDEN,M. A. M. BOURKE,AND
J. GOLDSTONE, "Residual Stress and Strain Measurementsin an Austenitic
Steel Plate Containinga MultipassWeld"

J. M. VITEK,* M. RAPPAZ,S. A. DAVID,AND L ,_._;OATNER,"GrainCompetition
in BicrystalWelds"

C. A. WANG,* M. L. E:ROSSBECK,AND B. A. CHIN, "Stre.qsModifiedWelding
Process for Post-IrradiatedMaterials"

T. ZACHARIA,*S. A. DAVID, AN[; J. M. VITEK, "UnderstandingHeat and Fluid
Flowin LinearGTAWelds"

1992 Society for Experimental Mechanics (SEM) Seventh InternationalCongress on
ExperimentalMechanic_,LasVegas, Nevada,June 8-11, 1992:

M. G. JENKINS, "Effectof Bendingon the Room-TemperatureTensileStrengths
of StructuralCeramics"

_

DI i
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M. G. JENKINS,* M. K. FERBER,AND J. A. SALEM, "Creep and Slow Crack
GrowthMechanismsRelatedto MacroscopicCreep Behaviourof a SiliconNitride
Ceramic at ElevatedTemperatures"

661hColloidand Surface,ScienceSymposium,Morgantown,West Virginia,June 14-17,
1992:

E. L. FULLER, JR.,* O. C. KOPP, AND A. D. UNDERWOOD, "Evaluationof
• SurfaceStructureand Chemistryof Graphites"

O. C. KOPP,* A. D. UNDERWOOD,R. R. STEELE,AND E. L. FULLER,JR., 'q'he
Effects of Trace Elementson the Surface Oxidationof H-451 Graphite"

A. D. UNDERWOOD,* E. L. FULLER,JR., AND O. C. KOPP,"Reactionof AirWith
NuclearGrade Graphite"

AmericanSocietyforTestingand Materials(ASTM)G-2 Works_ on Sekction and Use
of SpecimenCleaning for Wear Testing,Louisville,Kentucky,June 17, 1992:

P. J. BLAU* AND R. L. JACKSON,"Specimen Cleaning Effect on the Friction
Break-inBehaviorin SlidingWear Tests"

FusionEnergyDivisionAdvisoryCommitteeInformationMeeting,Y-12 Facility,Oak Ridge,
Tennessee,June 17-18, 1992:

E. E. BLOOM,"Overviewof ORNL FusionMaterialsProgram"

Seminarat Hughes ResearchLaboratories,Malibu, California,June 19, 1992:

E. H. LEE, "Ion Imp;.,ntationas a Tool for the Studyof PolymericMaterials"

16rh AnnualASTM Symposiumon Effectsof Radiationon Materials,Denver, Colorado,
June 21-22, 1992:

D. J. ALEXANDER,'_he Effectof Irradiationon the Mechanical Propertiesof
6061-T651 Aluminum"

T. D. BURCHELL,*W. P. EATHERLY,AND J. P. STRIZAK,'_l'heEffectof Neutron
Irradiation on the Structure and Properties of Carbon-Carbon Composite
Materials"

F. M. HAGGAG*AND R. K. NANSTAD,"Degradationof MechanicalPropertiesof
StainlessSteel C!==ddingDue to NeutronIrradiationandThermalAging"

F. M. HAGGAG* AND R. K. NANSTAD, "IrradiationTemperature Effects on
Embrittlementof NuclearPressureVessel Steels"
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R. L. KLUEH,* D. J. ALEXANDER,AND P. J. MAZlASZ,"Effect of Microstructure
on Impact Properties of Irradiated 9Cr-1MoVNb and 12Cr-1MoVW Steels"

L. K. MANSUR,* E. H. LEE, M. B. LEWIS, AND S. J. ZlNKLE, "Multiple-Ion
Irradiations: Facility Reviewand Highlights of Applications to Metals, Ceramics,
and Polymers"

IV;,.K. MILLER* AND M. G. BURKE, "An APFIM Survey of Grain Boundary
Segregation and Precipitation in Irradiated PressureVessel Steels"

R. K. NANSTAD* AND R. G. BERGGREN,"Irradiation Effects on Charpy Impact
and Tensile Propertiesof Low Upper-ShelfWelds, Heavy-SectionSteel Irradiation
Program Series 2 and 3"

R. E. STOLLER, "Modeling the Influence of Irradiation Temperature and
Displacement Rate on Hardening Due to Point Defect Clusters and Ferritic
Steels"

R. E. STOLLER,'q'he Influence of Damage Rate and Irradiation Temperature on
Radiation-Induced Embrittlement in Pressure Vessel Steels"

P. F. TORTORELLI* AND J. R. KEISER,'q'he Measurement of the Mechanical
Properties of Oxide Scales by Submicron Indentation Testing"

C. A. WANG, M. L. GROSSBECK,* AND B. A. CHIN, 'qechnique to Eliminate
Helium-Induced Weld Cracking in Stainless Steel"

C. A. WANG, H.T. LIN, M. L. GROSSBECK,*AND B. A. CHIN, 'q'hreshold Helium
Concentrations Required to Initiate Cracking During Welding of Irradiated
Stainless Steel"

J. R. WEEKS, C. J. CZAJKOWSKI,M. K. KASSIR,AND K. FARRELL,*"Materials
Surveillance for HFBR Beam Tube Integrity"

S. J. ZlNKLE,* A. HORSEWELL, B. N. SINGH, AND W. F. SOMMER,
"Microstructure of Copper Alloys Following 750 MeV Proton Irradiation"

6th IntemationalConference on Intergranularand InterphaseBoundariesin Materials
(iib92),Thessaloniki,Greece, June 21-25, 1992:

E. D. SPECHT* AND F. J. WALKER,"Determinationof the Chemical Valence of
Atomsat a HeterophaseInterfaceby X-Ray DiffractionMeasurementsof Crystal
Truncation Rod Intensityat an AtomicAbsorptionEdge"



216

NATOAdvancedStudyInstituteon StaticsandDynamicsofAlloyPhaseTransformations,
Rhodes,Greece, June 21-30, 1992:

J. S. FAULKNER,E. A. HORVATH,Y. WANG,AND G. M. STOCKS,* "The Direct
Monte Carlo Methodfor CalculatingAlloyPhases"

G. M. STOCKS, "ElectronicTheory of Order-DisorderPhenomena in Metallic
Alloys"

CARBON '92.,InternationalConferenceon Carbon,Essen,Germany,June 22-26, 1992:

T. D. BURCHELL,W. P. EATHERLY,*AND G. E. NELSON,"RadiationDamagein
Carbon-CarbonComposites"

E. L. FULLER,JR.,"Chemistryand Structureof Coals: SpectroscopicEvaluation
of HydrogenousSpecies"

E. L. FULLER, JR.,* O. C. KOPP, AND A. D. UNDERWOOD, "Gravimetric
Measurementsof the Kineticsand Mechanismsof Air Oxidationof Commercial
Graphites"

The Third InternationalConferenceon AluminumAlloys: Their Physicaland Mechanical
Properties,Trondheim,Norway,June22-26, 1992:

T. L. JENNINGS, JR., T. H. SANDERS, JR.,* AND T. J. HENSON, "Ingot
Homogenization"

First Pacific Rim InternationalConference on Advanced Materials and Processing,
Hangzhou, China,June23-27, 1992:

J. A. HORTON, "Ductilityand Fracturein L12IntermetallicAlloys"

J. A. HORTON,* C. T. LIU,E. P. GEORGE,Z. L. WANG, AND J. H. SCHNEIBEL,
"Why are Many L12IntermetallicsBrittle?"

InternationalSuperconductivityTechnologyCenter(ISTEC)Workshop,Honolulu,Hawaii,
June 23-26, 1992:

D. M. KROEGER,* H. S. HSU, J. BRYNESTAD,V. K. SIKKA,T. WARD, AND
T. KODAS, "Fabrication, Processing, and Properties of Powder-in-Tube
ConductorsContainingBi(Ph)2223PowderPreparedby AerosolPyrolysis"

FirstORNL/UTWorkshopon CoherentBeamElectronMicroscopy,Knoxville,Tennessee,
June 25-26, 1992:

L. F. ALLARD*AND T. A. NOLAN, "Optical Characteristicsof Field Emission
TEMS"
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J. BENTLEY,* E. A. KENIK, Z. L. WANG, K. B. ALEXANDER,K. L. MORE, AND
A. T. FISHER,"Materials Science Applications of an FEG-AEM"

Smoky MountainOrchidSocietyMeeting, Knoxville,Tennessee,June 25, 1992:

R. J. LAUF,"OrchidGeneticsand Breeding"

Intemational Conference on Advances in Corrosion and Protection, University of
Manchester Institute of Science and Technology (UMIST), Manchester, England,
June 28-July 3, 1992:

J. H. DEVAN* AND P. F. TORTORELLI,"Oxidation-SulfidationBehaviorof Iron
AlloysContaining16 to 40 Atomic PercentAluminum"

J. H. DEVAN* AND P. F. TORTORELLI,"Oxidation/SulfidationBehaviorof Iron
Alloys Containing 15-40 Atomic Percent Aluminum"

6th InternationalConferenceon SolidFilmsandSurfaces,Pads,France, June28-July 3,
1992:

R. A. MCKEE* AND F. J. WALKER, "MBE Growth and Heteroepitaxy in the
AlkalineEarth Oxides"

24th ASTM National Symposium on Fracture Mechanics, Gatlinburg, Tennessee,
June 30-July 2, 1992:

D. E. MCCABE,* J. G. MERKLE, AND R. K. NANSTAD, "A Perspective on
TransitionTemperatureand KjcData Characterization"

Lecturesat the Instituteof ElectronicStructureand Lasersand the Universityof Crete
Summer School,Heraklion,Crete, Greece, July2-3, 1992:

W. H. BUTLER,"MultipleScatteringTheory"

NATO Advanced Study Instituteon MechanicalPropertiesand DeformationBehaviorof
MaterialsHaving Ultra-FineMicrostructures,Praiado Porto Novo, Portugal,July 4-12,
1992:

W. C. OLIVER,* B. N. LUCAS, AND G. M. PHARR, 'q'he Mechanical
Characterizationof Thin FilmsUsing IndentationExperiments"

G. M. PHARR, D. S. HARDING,AND W. C. OLIVER,"Measurementof Fracture
ToughnessinThin Filmsand SmallVolumesUsingNanoindentationMethods"

MICRO 1991, London,England,July 7-11, 1992:

D. C. JOY,* X.-G. ZHANG, Y. ZHANG, T. HASHIMOTO, L. F. ALLARD,AND
T. A. NOLAN,"Applicationsof ElectronHolographyto MaterialsScience"

11_ ,
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23td AnnualMeetingof the FineParticleSociety,I.asVegas, Nevada,July 14-17, 1992:

A. BLEIER,"Characterizationand Control of ParticleSurface Chemistry in the
AqueousProcessingof AI203-ZrO2 Composites"

Societyof Photo-OpticalInstrumentationEngineers(SPIE) 1992 InternationalSymposium
on Optical Applied Science and Engineering,San Diego,California,July 19-24, 1992:

G. E. ICE* AND C. J. SPARKS,"SagittaiCrystalFocusingof UndulatorRadiation
with High Heat Load InclinedCrystals"

International Conference on Martensitic Transformations (ICOMAT-92), Monterey,
Califomia,July 20-24, 1992:

R. L. KLUEH* AND D. J. ALEXANDER,"Relationshipof BainiticMicrostructureto
Toughnessin Ct-Mo and Cr-W Steels"

Seminarsat the BeijingLaboratoryof ElectronMicroscopyand the ElectronMicroscopy
LaboratoryatCentral Ironand SteelResearchInstitute(CISRI),Beijing,China,July27-28,
1992:

Z.-L. WANG AND J. BENTLEY,"ReflectionElectronMicroscopy"

Z.-L. WANG,* A. GOYAL, AND D. M. KROEGER, "Stacking Faults Near the
Y2BaCuOs/YBa2Cu3OT.xInterfaceand its Effecton Flux-Pinningin MeltTextured
YBa2Cu307.x"

Eighth Annual Coal Preparation Utilizationand EnvironmentalControl Contractors'
Conference,Pittsburgh,Pennsylvania,July29, 1992:

V. J. TENNERYAND K. BREDER,* "MaterialsSupportfor HITAF"

3SthAnnual DenverX-Ray Conference,Denver,Colorado, July31-August 4, 1992:

O. B. CAVIN* AND J. S. WOLF,"X-RayExaminationof Type310S StainlessSteel
DuringIts OxidationinAir at 900° C"

C. R. HUBBARD,*S.A. DAVID,S. SPOONER,ANDX.-L.WANG,"Non-Destructive
ResidualStressMapping Facilitiesat Oak Ridge NationalLaboratory"

C. R. HUBBARD,* R. A. NEWMAN, AND A. KNUDSEN, "High Speed, High
Temperature XRD Data CollectionUsinga PositionSensitiveDetector"

X.-L. WANG,* C. R. HUBBARD, K. B. ALEXANDER, P. F. BECHER,
J. A. FERNANDEZ-BACA,ANDS. SPOONER,"Neutro'l DiffractionStudiesof the
ResidualMicrostressesinZrO2/AI203CeramicComposites"
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X.-L. WANG,* C. R. HUBBARD, K. B. ALEXANDER, P. F. BECHER,
J. A. FERNANDEZ-BACA,AND S. SPOONER, "Neutron DiffractionStudy of
the Pseudo-MacroResidualStressesinZrO2{CeO2}/AI203CeramicComposites"

5th Asia-PacificElectronMicroscopyConference,Beijing,China,August1-6, 1992:

A. HOWIE,* M. L. LANZEROTTI,ANDZ. L.WANG,"IncoherenceEffectsin Reflec-
tion Electron Microscopy"

Z. L. WANG, "Characterizing Materials by Phonon Scattered High-Energy
Electrons"

Z. L. WANG* AND J. BENTLEY,"Imaging and Spectrometryof Bulk Crystal
Surfacesand Surface DynamicalProcessesat HighTemperatures"

Z. L. WANG,* A. GOYAL, AND D. M. KROEGER, "Stacking Faults Near the
Y2BaCuOJYBA2Cu3OT.xInterfaceand Its Effecton Flux-Pinningin MeltTextured
YBa2CU3OT.x"

25rh Annual Conventionof the InternationalMetallographicSociety, Denver, Colorado,
August2-5, 1992:

A. CHOUDHURY, "ChemicalCharacterizationof Surfaces and InterfacesUsing
Augerand PhotoelectronSpectroscopies"

A. CHOUDHURY,* C. D. LUNDIN, C. R. BROOKS,AND K. K. KHAN, "Scanning
Auger Spectroscopyof ReheatCrackSurfaces of Cr-Mo and HSLA Steel Weld
HAZs"

Coatings for AdvancedHeat EnginesWorkshop,Monterey,California,August2-7, 1992:

D. P. STINTON* /'_NDD. W. GRAHAM, "ChemicalVapor Dep:_sitionof Ta205
CorrosionResistantCoatings"

Gordon Conferenceon Foams,Plymouth,New Hampshire,August3-7, 1992:

M. T. BOMBERG*AND D. W. YARBROUGH,"FactorsAffectingThermalAgingof
Foam Insulations"

Technology Transfer Conference and Workshop on Nickel and Iron Aluminides,
Oak Ridge,Tennessee,August 4-5, 1992:

N. C. COLE, "Overviewof ORNLIn-Houseand SubcontractedProgramson Iron
Aluminides"

P. F. TORTORELLI,* J. H. DEVAN, AND U. K. ABDALI, "High Temperature
Oxidationof Ironand Nickel Aluminides"
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Amedcan Instituteof Chemical Engineers (AIChE) 1992 Summer National Meeting,
Minneapolis,Minnesota,August9-12, 1992:

R. R. JUDKINS,D. E. FAIN,* AND G. E. ROETTGER,"Potentialfor CO2Removal
with InorganicMembranes"

AmericanCrystallographicAssociation1992 AnnualMeeting, Pittsburgh,Pennsylvania,
August9-14, 1992:

C. R.HUBBARD*AND O. B. CAVIN,"HighTemperatureX-Ray PowderDiffraction
Studiesat a NationalUser Facility"

C. J. SPARKS*ANDG. E. ICE, "AnomalousScatteringinSeparationof AtomPair
Correlationsin CrystallineSolidSolutions"

39th InternationalFieldEmissionSymposium,Halifax,Canada, August 10-14, 1992:

K. O. BOWMAN, L. R. SHENTON, AND M. K. MILLER,* '_TheUse of Moment
Estimators to Determine the Parameters of Concentration Fluctuations in
RandomArea Atom ProbeAnalyses"

R. JAYARAM*AND M. K. MILLER,"AnAEM/APFIMInvestigationof Precipitates
in Model VanadiumAlloys"

R. JAYARAM* AND M. K. MILLER,"An Atom Probe/TEM Characterizationof
Carbon-Doped NiAI"

R.JAYARAM,*K. F. RUSSELL,AND M. K. MILLER,"AnAtom Probe Studyof the
SubstitutionalBehaviorOfBerylliumin NiAI"

M. K. MILLER,"An Atom Probe Characterizationof IsotopicaUy-TailoredFe-Cu
Model Alloys"

M. K. MILLER,*K. O. BOWMAN,A. CEREZO,AND J. M. HYDE, "Comparisonof
Modelsfor Deconvolutingthe Compositionsof CoexistingPhases"

M. K. MILLER* AND M. G. BURKE, "An APFIM/AEM Characterization of
• AlloyX750"

M. K:MILLER*AND R. JAYARAM,"Characterizationof a :g9Grain Boundary"in •
Fe-45% Cr"

M. K. M_LLER,* K. F. RUSSELL, L. C. EMERSON, K. W. BOLING, AND
R. JAYARAM,'_he ORNLEnergy-CompensatedReflectronAtom ProbeFieldIon
Microscope"
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European Synchrotron Radiation Facility (ESRF) Seminar, Grenoble, France,
August 12-13, 1992:

G. E. ICE* AND C. J. SPARKS,"SagittalFocusingwith Bent CrystalOptics"

G. E. ICE,* C. J. SPARKS,AND L. B. SHAFFER,"Chemicaland Displacement
AtomicPairCorrelationsinCrystallineSolidSolutionsRecoveredbyAnomalous
X-RayScattering"

GrainBoundaryChemistryand BrittleFractureof OrderedIntermetallicsSeminar,Auburn,
Alabama,August14, 1992:

E. P. GEORGE, "Grain Boundary Chemistry and Brittle Fracture of Ordered
Intermetallics"

50th Annual Meeting of the Electron MicroscopySociety of Amedca (EMSA), Boston,
Massachusetts,August 16-21, 1992:

K. B. ALEXANDER,* H. T. LIN, AND P. F. BECHER, '_l'he Role of Electron
Microscopyin the Developmentof Ceramic Composites"

L. F. ALLARD,*T. A. NOLAN,D. C. JOY, AND T. HASHIMOTO, "DigitalImaging
for High-ResolutionElectronHolography"

I. M. ANDERSON, "Crystal Orientation Effects in the X-Ray Microanalysisof
Spinels"

D. C. PAINE,* D. J. HOWARD,AND N. D. EVANS,"lh SituTEM Studiesof the
Effect of Misfit Strain on the Kinetics of Sil.xGex Solid Phase Epitaxy:
TemperatureCalibrationand Surface Effects"

J. E. WITTIG,* N. QIU, AND N. D. EVANS, "AnalyticalElectronMicroscopyof
RapidlySolidifiedPt-Co-BAlloys"

AUSTCERAM '92 Intemational Ceramics Conference and Exhibition, Melbourne,
Australia,August 16-21, 1992:

T. N. TIEGS,* S. D. NUNN, P. A. MENCHHOFER,AND J. O. KIGGANS, JR.,
"MicrostructuralDevelopment and Mechanical Properties of Gas-Pressure-
SinteredSi3N4With RefractoryGrainBoundary Phases"

Presentation at Pratt and Whitney on Cooperative Research and Development
Agreements(CRADAs),West Palm Beach, Florida,August 17, 1992:

C. T. LIU, "AlloyDesignof Ordered IntermetallicAlloys"
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Intemational Conference on Anomalous Scattering (ICAS), Malente, Germany,
August17-21, 1992:

G. E. ICE* AND C. J. SPARKS,"PairCorrelationsin CrystallineSolidSolutions"

F. J. WALKER* AND E. D. SPECHT, "Anomalous Crystal Truncation Rod
Intensity: A Chemicaland StructuralProbefor BuriedInterfaces"

1992 Annual Meetingof the Gear ResearchInstitute,Detroit,Michigan,August27, 1992:

G. M. LUDTKA,*K. W. CHILDS,G. A. ARAMAYO,K. H. LUK,AND J. E. PARK,
"ComputerSimulationof theEffectsof HeatTreatmentandUniaxialCompression
on the Residual Stresses in a Uranium-O.8Weight Percent Titanium Alloy:
AnalyticalPredictionsand ExperimentalVerification"

AdvancedLight Source (ALS) UsersMeeting,Lawrence BerkeleyLaboratory,Berkeley,
California,August27-28, 1992:

G. E. ICE* AND C. J. SPARKS,"Bend Magnet MicroprobeBeam Line"

European Research Conference on Plasticityof Materials: FundamentalAspects of
DislocationInteractions,Ascona,Switzerland,August30-September 4, 1992:

M. H. YO0, "AnisotropicCouplingEffect on DislocationMobility: An Application
to Crack-TipDeformation"

Structural Properties of Carbons Conference, Carbondale, Illinois, August 31-
September4, 1992:

E. L. FULLER, JR.,* O. C. KOPP, AND A. D. UNDERWOOD, "Evaluationof
Surface Structureand Chemistryof Graphites"

Third InternationalConference on The New DiamondScience and Technology(jointly
with Diamond Films '92: Third European Conference on Diamond, Diamond-likeand
RelatedCoatings), Heidelberg,Germany,August 31-September 4, 1992:

R. E. CI AUSING,* L. HEATHERLY,T. THUNDAT,Z. L.WANG,AND T. KREUTZ,
"StructuralAspects.ofDiamondFilmGrowthon {100} Surfaces"

T. KREUTZ,* R. E. CIAUSING, L. HEATHERLY, R. J. WARMACK, AND
C. S. FEIGERLE, "Scanning Tunneling Microscopy of Boron-Doped CVD
DiamondFilms"

K. G. TSCHERSICH,R. E. CI AUSING,* AND L. HEATHERLY,"SurfaceSensitive
Characterizationof Diamondby IonizationElectronEnergyLossSpectroscopy"
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Amedcan Iron and Steel Institute (AISI) Committee on Technology, Pittsburgh,
Pennsylvania,September9, 1992:

H. W. HAYDEN, "Materials for LightweightVehicles Program, Lightweight
Materialsfor TransportationSystem"

Meetingto AdvocateFutureProjectsFundedby NASA,Huntsville,Alabama,September9,
1992:

M. L. GROSSBECK,"Effectsof Neutron Irradiationon Metalsand Alloys"

Seminar at Technisch Universit_ Hamburg-Harburg (TUHH), Hamburg, Germany,
September14, 1992:

M. H. YO0, "Deformationand Fractureof Intermetallics:Fundamentals"

ThirdAnnualU.S.S.R.NuclearSocietyMeeting,St. Petersburg,Russia,September14-18,
1992:

E. E. BLOOM AND A. F. ROWCLIFFE,* "Advanced Materials--The Key to
AttractiveMagnetic FusionPowerReactors"

Seminar at GKSS-ResearchCenter, Hamburg,Germany, September15, 1992:

M. H. YO0, "Deformationand Fractureof Intermetallics: Fundamentals"

Sixth Annual Conference on Superconductivityand Applications,State University of
New York at Buffalo,Buffalo,New York, September 15-17, 1992:

G.A. WHITLOW,*W. R. LOVIC,J. C. BOWKER,D. M. KROEGER,ANDF. A. LIST,
"High Critical Current Silver--Bi2Sr2CalCu208_x Superconducting Multilayer
RibbonsProduced by Rolling"

Seminarat Carnegie MellonUniversity,Pittsburgh,Pennsylvania,September 15, 1992:

P. F. BECHER, "Designof ReinforcedCeramics"

Seminarat Max-Planck-InstitutfOrEisenforschung,DOsseldorf,Germany,September 17,
1992:

M. H. YO0, "Deformationand Fractureof Intermetallics:Fundamentals"

Seminar at Forschungszentrum,KFA,JOlich,Germany,September 18, 1992:

M. H. YO0, "Deformationand Fractureof Intermetallics:Fundamentals"
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National Steering Committee for an Advanced Neutron Source, U.S. Departmentof
Energy,Washington,D.C., September18, 1992:

E. E. BLOOM,"Radiation Effects and MaterialsDevelopment"

InternationalSymposiumon Superalloys,Champion, Pennsylvania,September 20-24,
1992:

V. K. SIKKA, R. L. HEESTAND, AND E. A. LORIA,* "Preliminary Results of
Processing and Properties of Nb-Ti-Based Alloys"

OpticalSocietyofAmedcaAnnualMeeting,Albuquerque,NewMexico,September20-25,
1992:

J. M. MCNEELY,* M. A. AKERMAN, R. E. CLAUSING, M. B. MCINTOSH,
W. B. SNYDER, JR., AND M. E. THOMAS, "High Temperature Optical
Characterization of CVD Diamond"

J. M. MCNEELY,* M. THOMAS, R. E. CLAUSlNG, A. K. AKERMANN, AND
W. SNYDER,"ElevatedTemperature Optical Properties of CVD Diamond"

Second National Conferenceon MaterialsScience,Cancun, Mexico, September20-25,
1992:

J. H. SCHNEIBEL,"Ductility and Toughness of Intermetallics"

International Energy Agency (IEA) Workshop on Intense Neutron Sources,
KernforschungszentrumKarlsruhe(KfK)NuclearResearchCenter, Karlsruhe,Germany,
September21-23, 1992:

E. E. BLOOM, "Materials Development for DEMO and Commercial Fusion
Reactors"

Seminar at Max-Planck-InstitutfOrMetallforschung,Stuttgart,,Germany, September 21,
1992:

M. H. YO0, "Deformation and Fracture of Intermetallics: Fundamentals"

IX International Conference on Ion Implantation Technology, Gainesville, Florida,
September 21-24, 1992:

E. H. LEE,* M. B. LEWIS, AND L. K. MANSUR, "Ion Beam Application for
Improved Polymer Surface Properties"

Purdue GraduateSeminar,West Lafayette,Indiana,September21, 1992:

J. O. KIGGANS, JR.,* AND T. N. TIEGS,"Microwave Processing of Ceramics at
Oak Ridge National Laboratory"
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Second InternationalConferenceon ComputerApplicationsto Materialsand Molecular
Science and Engineering(CAMSE '92), Yokohama,Japan, September22-24, 1992:

C. T. LIU* AND C. L. FU, "AlloyDesignof OrderedIntermetallicAlloys"

The Effect of Irradiationon Materialsof Fusion Reactors Conference,St. Petersburg,
Russia,September 22-24, 1992:

E. V. NESTEROVA,* V. V. RYBIN, S. J. ZINKLE, V. R. BARABASH,AND
A. V. NABERENKOV,"Ion Irradiation Induced Subgrain Structure Formation
in DispersionStrengthenedCopper Alloys"

S. J. ZINKLE AND A. F. ROWCLIFFE,* "Ceramics Radiation Effects Issues
for ITER"

S. J. ZINKLE, E. V. NESTEROVA, V. V. BARABASH,* V. V. RYBIN, AND
A. V. NABERENKOV,"StructuralStability of MAGT and GLIDCOP Dispersion
StrengthenedCopperAlloysUnder Ion Irradiation"

Presentationat the Colorado Schoolof Mines, Golden,Colorado,September 24, 1992:

J. M. VITEK, "Non-EquilibriumSolidificationin StainlessSteels"

U.S.-Russia Working Group 3 Meeting of the Joint Coordinating Committee for
CivilianNuclear Reactor Safety (JCCCNRS), St. Petersburg and Moscow, Russia,
September24-October 2, 1992:

R. K.NANSTAD,"CharpyImpactTestingforJCCCNRSWorkingGroup3 Round-
Robin Program" "

R. K. NANSTAD* AND S. K. ISKANDER, "Effects of Irradiation on K_cand K_a
Curves for Two High-Copper Submerged-Arc Welds"

G. R. ODEFI'E, R. E. STOLLER, AND R. K. NANSTAD,* "Summary of Recent.
Investigations Regarding Radiation Damage Mechanisms in Reactor Vessel
Steels"

HTML Users Group Meeting, September25, 1992:

C. R. HUBBARD*AND X.-L.WANG,"Summaryof Researchinthe New Residual
StressUser Center"

1992 International CFC and Halon Altematives Conference, Washington, D.C.,
September29-October 1, 1992:

T. G. KOLLIE,* R. S. GRAVES, K. W. CHILDS, AND F. J. WEAVER, "Recent
R&D Resultson Vacuum Super-Insulationatthe Oak RidgeNationalLaboratory"
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Evolution of Microstructurein Metals During Irradiation Conference, Chaulk River
Laboratories,Ontario,Canada, September29-October 2, 1992:

M. G. BURKE*AND M. K.MILLER,"A Studyof Radiation-InducedMicrostructural
Featuresin Reactor PressureVessel Steels"

F. A. GARNER,* N. SEKIMURA, M. L. GROSSBECK, AND M. KIRITANI,
"Unanticipated Influence of Details of Reactor History on Microstructural
DevelopmentDuring NeutronIrradiation"

E. A. KENIK, "Elemental InhomogeneitiesDeveloped in Stainless Steels by
Radiation-InducedSegregation"

P. J. MAZIASZ, "An Overviewof MicrostructuralEvolutionand its Effects on
Propertiesin Neutron-IrradiatedAusteniticStainlessSteels"

Institutefor DefenseAnalyses (IDA) Carbon-CarbonTechnicalExchange Conference,
Washington,D.C., September29-,30, 1992:

R. L. BEATTY, "Advanced Materials and ProcessingTechnologies at DOE's
Oak RidgeComplex"

W. P. EATHERLY,"IrradiationEffects on C-C Compositesfor Fusion-Energy
Applications"

W. P. EATHERLY,'_hermal andMechanicalPropertiesof C-C BasedComposites
forThermal Insulators(CBCF)"

G. R. ROMANOSKI, "Developmentof Graphite Impact Shell for Radioisotope
Space PowerSystems"

J. P. STRIZAK,T. D. BURCHELL,AND G. R. ROMANOSKI,* "New Production
ReactorControl Rod Structure"

C. E. WEAVER, "Manufacture of Carbon Bonded Carbon Fiber Thermal
Insulatorsfor RadioisotopeSpace PowerSystems"

14th International Conference on Plasma Physics and Controlled Nuclear Fusion
Research,Wurzburg,Germany,September30-October 7, 1992:

D. L. SMITH,* E. E. BLOOM, D. G. DORAN, R. H. JONES, A. F. ROWCLIFFE,
AND F. W. WIFFEN, "Reduced Activation Structural Materials Development
for Demo Fusion ReactorApplications"
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Advanced Workshop on Whiskersand Particlesin Composite MaterialsTechnology,
InternationalCenterfor "theoreticalPhysics,Trieste,Italy,October 5-9, 1892:

P. F. BECHER,* K. B. ALEXANDER,C. H. HSUEH, H. T. LIN, T. N. TIEGS,
AND W. H. WARWICK, "The Design and Properties of Ceramics Reinforced
by Whiskersand SimilarMicrostructuralFeatures"

Japan Instituteof Metals (JIM) Fall Meeting,Toyama,Japan, October 6-8, 1992:

C. NISH',MURA*AP_r_C. T. LIU, "Effectsof AlloyCompositionon Environmental
Embrittlementin L12-Ordered(Co,Fe)3VAlloys"

15rh Annual DOE/BES Welding Science Contractors MeelJng, Pennsylvania State
University,UniversityPark, Pennsylvania,October8-9, 1992:

C. R. HUBBARD*AND X.-L.WANG,"Summaryof Researchin the New Residual
StressUser Center"

FourthAIST-NEDO/DOE-HQJointTechnicalMeetingon Materialsfor Coal Liquefaction,
San Francisco,California,October 12. 1992:

R. R. JUDKINS, "DOE Fossil Energy Advanced Research and Technology
DevelopmentMaterialsProgram"

R, R. JUDKINS* AND S. WASAKA, '"rests of Nickel Aluminide for Coal
LiquefactionLetdownValves"

J. R. KEISER*ANDT. J. HENSON,"Examinationof Japanese SamplesExposed
inthe WilsonvilleLiquefactior=Reactors"

Meeting at General MotorsCorporation,Warren, Michigan,October 14, 1992:

C. T. LIU, "IntermetallicAlloysand ReactionSynthesis"

Workshop on the Time Dependenceof RadiationDamageAccumulationand Its Impact
on Materials Properties,Montreaux,Switzerland,October14-20, 1992:

L. K. MANSUR, 'q'heoryand Mechanismsof Transitionsin Dose Dependenceof
Radiation Effects in Materials"

1992 VIM, VAR, and ESR Experience Seminar, Hilton Head, South Carolina,
October 19-21, 1992:

T. J. HUXFORD,"Operationof a Pilot-ScaleVacuum-Arc-RemeltFurnace"

TechEx '92 Conference,Pittsburgh,Pennsylvania,October 20-22, 1992:
_

J. R. WEIR, ,JR.,'Technology Transfer: FromWashingtonto in the Trenches"
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20_ Water Reactor Safety Information Meu_ng, Bathesda, Maryland, October 21-23,
1992:

W. R. CORWIN,"Managing IrradiationEmbrittlementin Aging ReactorPressure
Vessels"

C. V. DODD,* J. R. PATE,AND J. D. ALLEN,JR., "Advancementin Eddy-Current
Test Technologyfor Steam GeneratorTube Inspection"

K. FARRELL,* S. T. MAHMOOD, R. E. STOLLER, AND L. K. MANSUR,
"Investigationsof LowTemperatureNeutron Embrittlementof FerriticSteels"

SecondJAERISymposiumon HTGRTechnologies,Oarai,Japan, October 21-23, 1992:

M. J. KANIA,*R. C. MARTIN,R. N. MORRIS,J. T. PARKS,O. F. KIMBALL,AND
R. F. TURNER, "Fuel Technology Program Activitiesin the U.S. Supporting
the ModularHigh TemperatureReactor"

_.992 John K. "13enMemorialConferenceon ElectronBeam Meltingand Refining,Rano,
Nevada, October25-27, 1992:

T. J. HUXFORD, "Electron Beam Processingof Kg Quantitiesof Iridiumfor
RadioisotopeGeneratorApplications"

T. J. HUXFORD* AND E. K. OHRINER, "Electron-BeamProcessingof Kilogram
Quantitiesof Iridiumfor RadioisotopeThermoelectricGeneratorApplications"

InternationalConference on Design and Safety of Advanced Nuclear Power Plants
(ANP '92),Tokyo, Japan, October25-29, 1992:

M. J. KANIA,*C. A. BALDWIN,G. L. BELL,L. C. EMERSON,W. A. GABBARD,
R. N. MORRIS,N. H. PACKAN,J.T. PARKS,AND K. R.THOMS, "Coated Particle
Fuel PerformanceUnderNormaland AccidentConditions"

ASM MaterialsWeek, Chicago,illinois,October 26-28, 1992:

D. P. POPE,* E. P. GEORGE, AND V. SKLENICKA,'q'he Effects of Trace
Impuritieson Creep Fracturein Steels"

InternationalEnergy Agency (IEA) Workshop on FerdticJMartensiticSteels for Fusion,
Tokyo, Japan, October26-28, 1992:

R. L. KLUEH,"AlloyDevelopmentPhilosophyin the USA"

R. L. KLUEH,"IrradiationEffectson MechanicalProperties: U.S. Studies"

R. L vi i i_u, ^_lr_ p F T_¢_T_I=I I I "P.nmn_.tihilitv_f F_rritic/Martensiticwith- , I%t--%,/bl I J_-_l tZ,,/ , , vi • I l ----'"lr" ....... • ......... •

Coolantsand BreedingMaterials: The U.S. Program"
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Air Force Office of Scientific Research (AFOSR) Ceramics and Glass Contractors'
Conference,NationalAcademy of Sciences,Washington,D.C., October28-29, lgg2:

T. M. BESMANN,* B. M. GALLOIS,M. A. AKERMAN, AND R. A. LOWDEN,
"Nucleationand Growthof SiliconCarbideon Siliconand CompositeCoatings
for Carbon/CarbonProtection"

Technical Seminar, Pennsylvania State University, University Park, Pennsylvania,
October 29, 1992:

L.F. ALLARD,"ElectronHolography:TechniquesandPerspectivesfor Materials
Science"

45thAmedcanCeramic Society(ACerS)PacificCoast RegionalMeeting,San Francisco,
Califomia,November 1-4, 1992:

M. K. FERBER*AND M. G. JENKINS,"Creep and Fatigue Behaviorof a HIPed
SiliconNitride"

C.-H. HSUEH, "A SimpleTreatmentof Poisson'sEffectfor FiberPush/PullTests"

H.-T. LIN,* P. F. BECHER,AND T. N. TIEGS, "High TemperatureCreep of Self-
ReinforcedSi3N4 Ceramics"

A. J. MOORHEAD, "Ceramic/CeramicJoints BrazedwithActive FillerMetals"

S. D. NUNN,* T. N. TIEGS, AND P. A. MENCHHOFER,"In SituToughenedSi3N4
ContainingRefractoryGrainBoundaryPhases"

J. H. SCHNEIBEL* AND P. M. HAZZLEDINE, "Cobble Creep in Irregular
Microstructures"

T. N. TIEGS,* J. O. KIGGANS, JR., K. L. PLOETZ, AND C. E. HOLCOMBE,
"SiliconNitrideFromMARS"

1992 TMS/AIME Fall Meeting,Chicago, Illinois,November1-5, 1992:

D. J. ALEXANDER,*K. B. ALEXANDER,AND R. K. NANSTAD,'_rhe Effects of
Aging at 343°C on the MechanicalPropertie_and Microstructureof Type 308
StainlessSteel Weld Metal"

D. J. ALEXANDER,* P. J. MAZIASZ, AND C. R. BRINKMAN,'The Effect of
Long-TermAging on the Impact Propertiesof Modified9Cr-1Mo Steel"

D.J. ALEXANDER*AND V. K.SIKKA,"FractureBehaviorof IronAluminideAlloys"
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P. J. BI.AU,R. L.JACKSON,AND C. S. YUST,* "UnlubricatedSlidingFrictionand
Wear Characteristicsof Carbon-GraphiteMaterialsAgainstTool Steeland Silicon
Nitride"

A. CHOUDHURY,* R. E. CHANDLER, U. K. ABDALI, AND P. F. TORTORELLI,
"AugerAnalysisof OxideScales Formedon Fe3AI"

C. L. FU AND M. H. YO0,* "On the Effectsof TitaniumAdditionson Strength
Anomalyin L12-TypeNickelAluminideand Silicide"

A. GOYAL,Z. L.WANG, F.A. LIST,D. M. KROEGER,AND B.C. CHAKOUMAKOS,
"Processingand Microstructure/PropertyCorrelationsin Melt-Processed123"

J. KOIKE AND D. F. PEDRAZA,* "Structural Changes Induced by Electron
Irradiationin Graphite"

F.A. LIST,H. HSU, J. BRYNESTAD,Z. L.WANG,AND D. M. KROEGER,"Aerosol
Powdersfor BiPbSrCaCuO2223 ConductorFabrication"

C. T. LIU, "EnvironmentalEmbrittlementin Ordered IntermetallicAlloys"

K. L. MORE, "DefectCharacterizationin CVDa-S_3N4''

V. K. SIKKA,"Developmentof Nickeland IronAluminidesfor High-Temperature
Applications"

P. FoTORTORELLI*AND J. H. DEVAN,"Designof Nickeland IronAluminidesfor
High-TemperatureOxidationand SulfidationResistance"

P. F. TORTORELLI,* J. H. DEVAN, M. J. BENNETT, AND H. E. BISHOP,
"High-TemperatureOxidationof an AI203-Ni3AIComposite"

P. F. TORTORELLI,*J. R. KEISER,AND R. A. LOWDEN,"OxidationEffectson
Fiber-ReinforcedSiC Composites"

J. R. WEIR, JR.,"Licensesand CRADAsfrom ORNL"

C. S. YUST,* R. L. JACKSON,AND P. J. BI.AU,'_l"heFrictionand Wear Behavior
of In Situ-ReinforcedSiliconNitride"

Twelfth InternationalConference on the Applicationof Acceleratorsin Researchand
Industry,Meetingof theAmericanPhysicalSociety,Denton,Texas, November2-5, 1992:

R. A. BUHL*AND W. R. ALLEN,"DualVapor Deposition-IonIrradiationSystem"
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1992 Annual AutomotiveTechnologyDevelopmentContractors'CoordinationMeeting
(ATD/CCM), Dearborn,Michigan,November2.-5, 1992:

P. J. BI_AU,"Cost-EffectiveCeramic MachiningProgram"

P. J. BLAU,"AdvancedTribomateriaisfor the 90s and Beyond"

J. L. DING, K. C. LIU,* AND C. R. BRINKMAN,"Development of a Creep
Deformationand LifePredictionModel for a HIPed SiliconNitrideCeramic"

D. P. STINTON* AND DoW. RICHERSON,"LowExpansionCeramics"

Microstructuresand Mechanical Properties of Aging Materials Conference, Detroit,
Michigan,November2-5, 1992:

C. R. BRINKMAN,*B.G. GIESEKE,D. J. ALEXANDER,AND P. J. MAZIASZ,'The
Influenceof Long-TermThermal Aging on the Microstructureand Mechanical
Propertiesof Modified9Cr-1Mo Steel"

ASM International,Chicago, Illinois,November4, 1992:

E. P. GEORGE,*V. SKLENICKA,AND D. P. POPE, "CreepDuctilityof Ironat Very
Low Strain Rates--The Effectsof Sulfur"

The Gordon Research Conference: The Science of Hydrocarbon Resources, Oahu,
Hawaii, November8-13, 1992:

T. D. BURCHELL, "Resin and Pitch Derived Carbon-Carbon Composites:
Thermophysicaland IrradiationBehavior"

IntemationalWorkshopon ThermalShock and Thermal Fatigue Behaviorof Advanced
Ceramics,Munich,Germany,November 8-13, 1992:

P. F. BECHER,"FactorsInfluencingtheThermalShock Behaviorof Ceramics"

Fifth U.S./Japan Workshop on High-T= Superconductors, Tsukuba, Japan,
November 9-10, 1992:

D. M. KROEGER,* Z. L. WANG, AND A. GOYAL, "Flux Pinning Structuresin
Melt-ProcessedYBa2Cu3OT.x"

1992 ASME WinterAnnualMeeting,Anaheim,California,November 11, 1992:

V. K. SIKKA AND J. R. WEIR, JR.,* "Progress in the Ten-Year Process of
Commercializationof NickelAluminides"
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NationalEducators'Workshop,Oak Ridge,Tennessee,November11-13, 1992:

P. J. BI_AU,"Friction,Lubrication,and Wear Technology"

59th Southeastern Regional Meeting of the Amedcan PhysicalSociety, Oak Ridge,
Tennessee, November 12-14, 1992:

F. W. KUTZLERAND G. S. PAINTER,*"Calculationof HarmonicandAnharmonic
VibrationalConstantsin the Li Row DimersUsing GradientDensityFunctional
Methods"

G. S. PAINTER*AND F.W. AVERILL,"DensityFunctionalClusterCalculationsof
the Effectsof Carbonand BoronDopantsin NiaAIand Ni3Si"

G. M. STOCKS,* W. A. SHELTON, D. M. NICHOLSON, G. A. GEIST, AND
F. J. PINSKI,"Fermi Surfacesof 13-PhaseNiAI Alloys"

C. H. XU,* C. L.FU, AND D. F. PEDRAZA,"Simulationsof PointDefectProperties
in Graphiteby a Tight-BindingForce Model"

Workshop of the InternationalGroup on Radiation Damage Mechanisms(IG-RDM) in
Pressure Vessel Steels, Electricite de France (EDF), Fontainebleau, France,
November16-20, 1992:

K. FARRELL,F. B. KAM, C. A. BALDWIN,F. W. STALLMAN,L. ROBINSON,
F. F. DYER,J. V. PACE, III,F. M. HAGGAG,B. M. OLIVER,AND R. K. NANSTAD,*
"Studies Regarding Neutron SpectrumCharacterizationfor High Flux Isotope
ReactorSurveillanceProgram"

K. FARRELL, S. T. MAHMOOD, AND R. E. STOLLER,* "Low-Temperature
Irradiationof RPV Steelsand ModelAlloysin the HFIR HydraulicTube"

M. K. MILLER AND M. G. BURKE,* "An APFIM Survey of Grain Boundary
Segregationin PressureVesselSteels"

M. K. MILLER,R. JAYARAM,P. J. OTHEN, G. BRAUER,AND R. E. STOLLER,*
"PreliminaryAPFIM Characterizationsof WER Steels"

R. K. NANSTAD* AND S. K. ISKANDER, "Statistical Analysis of Fracture
Toughnessand CrackArrestToughnessResultsfor Two IrradiatedHighCopper
Welds"

R. E. STOLLER,"Modelingthe Effectsof DisplacementRate Under Irradiation"

R. E. STOLLER,"Modelingthe Effectsof TransientsUnder Irradiation"
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KnoxvilleGem and MineralSocietyMeeting,Knoxville,Tennessee,November19, lgg2:

R. J. LAUF,'9"ektites' Chemistry,Structure,and Origin"

Universityof Salt Lake City, Departmentof MaterialsSdence Seminar,Salt Lake _,
Utah, November23, 1992:

Z. L. WANG, 'TEM Studiesof GrowthMechanismsof CVD DiamondFilmsand
Flux-PinninginYBa2Cu3OT.x"

Nuclear Electric Seminar, Berkeley Nuclear Laboratories, Berkeley, United Kingdom,
November 23, 1992:

R. E. STOLLER,"Modeling Embrittlementin FerriticSteels: Effects of Atomic
DisplacementRate and PointDefectTransients"

Materials Research Society Fall Meeting, Boston Massachusetts, November 30-
December 4, 1992:

D. J. ALEXANDER, "High Temperature Fracture Toughness of Ni_l Alloy
IC-218LZr"

W. R. ALLEN, "Channeling Studiesof the Lattice Site of Helium in Ceramic
Oxides"

W. R. ALLEN,"Lattice Site of HeliumImplantedin Si and Diamond"

W. R. ALLEN*AND E. H. LEE,"Characterizationof DiamondAmorphizedby Ion
Implantation"

W. R. ALLEN* AND E. H. LEE, "Comparisonof CharacterizationTechniques
for DiamondHighlyDisorderedby Ion Implantation"

P. F. BECHER,* H. T. LIN, AND M. HOFFMANN, "Influenceof Microstructure
on the FractureResistanceof SiliconNitrideCeramics"

A. BLEIER*AND O. O. OMATETE,"Rheologyof ConcentratedZirconia-Alumina
Suspensionsfor GelcastingComposites"

A. CEREZO, J. M. HYDE, M. K. MILLER,R. P. SETNA, AND G. D. W. SMITH,
"DynamicalIsingModelSimulationsof Nucleationand Growthin Copper-Cobalt
Alloys"

A. CEREZO,* J. M. HYDE, R. P. SETNA, G. D. W. SMITH, AND M. K. MILLER,
"Atomic-ScaleModellingof Solid-StatePhase Transformations"

F. C. CHEN,* A. J. ARDELL,D. F. PEDRAZA,AND R. A. BUHL, "Microstructure
of Zr3AIAfter2 MeV Proton Bombardment"
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C. L. FU,* Y. YE, AND M. H. YO0, "Bulk and Defect Propertiesof Ordered
Intermetallics: A First-PrinciplesTotal-EnergyInvestigation"

C. L. FU, Y. YE, AND M. H. YO0,* "Point Defectsin B2-Type Aluminides: NiAI
and FeAI"

E. P. GEORGE,* C. T. LIU,AND D. P. POPE,"Room-TemperatureEnvironmental
Embrittlement:The Main Cause of Brittlenessin Ni3AI"

A. GOYAL, Z. L. WANG, K. B. ALEXANDER, AND D. M. KROEGER,
"Microstructure,Mode of CurrentTransportand Flux-PinningWithinDomainsof
Melt-ProcessedYBa2Cu307.8"

D. M. HEMBREE,JR.,* D. F. PEDRAZA,G. R. ROMANOSKI,S. P. WlTHROW,
AND B. K.ANNIS, "RamanSpectroscopyof C-IrradiatedGraphite"

L. L. HORTON, "Education Programsin MaterialsScience"

R. JAYARAMAND M. K. MILLER,"AnAPFIM Investigationof the Role of Boron
in Precipitatesand at Grain Boundariesin NiAI"

R. JAYARAM*AND M. K. MILLER,"Characterizationof Doped NiAI by Atom
Probe Field Ion Microscopy"

D. L. JOSLIN,* C. W. WHITE, L. L. HORTON,L.J. ROMANA,C. J. MCHARGUE,
AND P. A. THI_VENARD,"Ion Beam Mixingof OxideFilmson Sapphire"

E. A. KENIK,"Comparisonof Thermallyand Irradia,tion-lnducedGrainBoundary
Segregationin AusteniticStainlessSteels"

J. KOIKE* AND D. F. PEDRAZA, "StructuralDisorderingof Graphite During
Electron Irradiationat RoomTemperature"

C.-K. J. LIN,* M. G. JENKINS,AND M. K. FERBER,"Evaluationof TensileStatic,
Dynamic, and Cyclic Fatigue Behaviorfor a HIPed Silicon Nitride at Elevated
Temperatures"

C. T. LIU, "RecentAdvances in Ordered Intermetallics"

C. T. LIU,* J. A. HORTON,E. P. GEORGE,C. J. SPARKS,C. A. CARMICHAEL,
M. Y. KAO,AND H. KUNSMANN, "MicrostructuralFeaturesand Shape-Memory
Characteristicsof Melt-SpunNi-AI-Fe-BRibbons"

M. P. MALLAMACI,J. BENTLEY,C. B. CARTER,AND S. MCKERNAN,"Micro-
analysis of Calcium-AluminosilicateGlass Films Grown on a-AI203 by
Pulsed-LaserAblation"
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P. J. MAZlASZ,* C. G. MCKAMEY, B. O. CAVIN, C. R. HUBBARD, AND
T. ZACHARIA,"Some Effectsof Compositionand Microstructureon the B2..DO3
OrderedPhase Transitionin Fe3AIAlloys"

C. G. MCKAMEY*AND E. H. LEE, "Measurementof theCriticalLevelof Moisture
for Initiationof Water-Vapor-InducedEnvironmentalEmbrittlementin a Fe3AI-
Based Alloy"

R. A. MCKEE, F. J. WALKER,E. D. SPECHT, AND D. WALKO, "Layer-by-Layer
Strain Relieffor the Growthof AlkalineEarthOxideson Si(001)"

M. K. MILLERAND A. CEREZO,* "Characterizationof Phase Decompositionin
the Fe-Cr Systemby Atom Probe Field Ion Microscopy"

M. K. MILLERAND R.JAYARAM,*"Characterizationof InternalInterfacesbyAtom
Probe Field Ion Microscopy"

S. D. NUNN,* T. N. TIEGS,C. WALLS,N. BELL,AND P. MENCHHOFFER,"Silicon
NitrideContainingRare EarthSilicateIntergranularPhases"

A. E. PASTO,* S. NATANSOHN, AND W. J. ROURKE, "StrengthOptimization
ThroughPowderModification"

A. J. PEDRAZA,*M. J. GODBOLE,AND L. ROMANA,"SubstrateSurfaceEffects
on the Propertiesof Sputter-Depositedand Laser-IrradiatedFilms"

L. ROMANA,* J. PAWEL,A. J. PEDRAZA,AND M. J. GODBOLE, "Substrate
Surface Effectson the Propertiesof DepositedFilms"

J. H. SCHNEIBEL,M. G. JENKINS,AND P. J. MAZIASZ,"Crack Propagationin
NiAI and FeAI"

V. K. SIKKA,*S. VISWANATHAN,AND S. VYAS,"AcceptableAluminumAddition
for MinimalEnvironmentalEffect in IronAiuminides"

T. N. TIEGS,* J. O. KIGGANS, JR., AND K. L. PLOETZ, "Sintered Reaction-
BondedSilicon Nitrideby MicrowaveHeating"

T. N. TIEGS,* S. D. NUNN, C. A. WALLS,N. BELL,AND P. A. MENCHHOFER,
"Fabricationand Properties of Si3N4 With Rare-Earth Apatite Grain Boundary
Phases"

P. E. A.TURCHI,* M. SLUITER,ANDG. M. STOCKS,"Effectof Pressureon Order
and StabilityinAlloys: The Case of AI-Ge"

Z. L.WANG,* R.KONTRA,D. M. KROEGER,ANDA. GOYAL,"Studiesof Stacking
Faults Near the Y2BaCuO5Particlesin Melt-TexturedYBa2Cu30_.x"
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K. H. WU AND C. T. LIU,* "ReactiveSinteringof NiaAIIntermetallicCompounds
Under CompressiveStress"

L.ZHAO,* I. BAKER,AND E. P. GEORGE,"RoomTemperatureFractureof FeCo"

IntemationalSymposiumon AdhesionMeasurementof FilmsandCoatings,Cambridge,
Massachusetts,December5-7, 1992:

J. E. PAWELAND C. J. MCHARGUE,* "Analysisof Pull-Testsfor Determining
the Effects of Ion Implantationon the Adhesion of Iron Films to Sapphire
Substrates"

Symposiumon Thermal Performanceof the ExteriorEnvelopesof i_Jildings--Building
Thermal EnvelopesV Conference,ClearwaterBeach, Flodda, December7-10, 1992:

D. W. YARBROUGH,"A Reviewof the Permanency of RetardantChemicalsUsed
in CelPulosicinsulation"

ASTM Symposiumon Wear Test Selectionfor Designand Applications,Miami, Florida,
December9, 1992:

P. J. BLAU,"A RetrospectiveSurveyof the Use of SimulativeLaooratoryTeststo
AddressInternalCombustionEngineTribologyProblems"

Pennsylvania State University Graduate Seminar, University Park, Pennsylvania,
December 11, 1992:

M. L. SANTELLA,"WeldSolidificationCracking in Cast Ni3AIAlloys"
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