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HIGH TEMPERATUREMATERIALSLABORATORYFIFTH ANNUAL REPORT*
. (OCTOBER1992 THROUGH SEPTEMBER 1993)

V. J. Tenneryand F. M. Foust

ABSTRACT

The High Temperature MaterialsLaboratoryhascompleted its sixthyear of
operationas a designatedDepartmentof Energy User Facilityat the Oak Ridge
NationalLaboratory. Growthof the User Program is evidencedby the number
of outside institutionsexecuting user agreements since the facility began
operationin 1987. A total of 172 nonproprietaryagreements(88 universityand
84 industry) and 35 proprietary agreements (2 university,33 industry) are now
in effect. Six other government facilities have also participated in the User
Program• Thirty-eight states are represented by these interactions.

Ninety-four nonproprietary research proposals (44from universities, 47 from
industry, and 3 from other government facilities) and three proprietary proposals
were considered during this reporting period. Nonproprietary research projects
active in FY 1993 are summarized.

1. INTRODUCTION

The High Temperature Materials (HTML) is a modern research facility that houses an
arrayof specialinstrumentsusedto meetresearchneeds for advancedmaterials,including
structuralceramicsand alloys. The researchinstrumentsin the six HTML User Centers
provide a comprehensiveset of tools for performing state-of-the-artdeterminationof the
structureand propertiesof solids. A key part of the HTMLconcept includesa staffof highly
trained technical personnel who work with industrialand universityresearchers in this
Department of Energy (DOE)-designated National User Facility. The User Centers are
organized to provide materials characterization support to appropriate university and
industrialusers and to research programsthroughout the local DOE facilities. Support
includes a wide range of involvementwith research personnel such as (1) conducting
research relating material properties to structure, (2) characterization of one-of-a-kind
specimens,and (3) trainingqualifiedusersand then providingthem accessto equipmentto
perform theirown materialsresearch.

*Research _ponsored by the Department of Energy, AssistantSecretary for Energy
Efficiencyand RenewableEnergy,OfficeofTransportationTechnologies,as part of the High
Temperature Materials Laboratory User Program, under contract DE-ACO5-840R21400with
Martin Marietta Energy Systems, inc.
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User agreements were developed which establish the intellectual propertyand liability
rightsof the user institutionand Martin MariettaEnergy Systems,Inc. The first officialuser
agreement was signed on July 15, 1987. Since that time, 207 agreements have been
executed. The firstusersfromthe universityand industrialcommunitystarted theirresearch
projectsin August1987.

Three advisory committees assist in the successful operation of the HTML User
Program. The functionof thesecommitteesand a listingof theircurrentmembersare found
in AppendixA.

Two types of standard agreements are utilized in the HTML User Program: the
"Non-proprietaryAgreement"for researchprojectswhose resultsare reported in the open
literaturewithin6 monthsof the completionof the projectin the HTML andthe "Proprietary
Agreement"for all projectsinwhichthe userdesiresthatthe data and resultsbe proprietary.
AppendixB is a listingof institutionsexecutingnonproprietaryuseragreementsto date. Due
to the sensitivenatureof manyof the proprietaryresearchactivities,the namesof the user
institutionsfor proprietaryagreementsare not listed. Inaddition,researchersfrom five other
governmentfacilitieshave participatedin the HTML User Programto date.

' , ' _ , -- ,,, , - ,II ,,',-",

HTML MISSION STATEMENT

TO HELP INDUSTRYAND UNIVERSITYMATERIALSENGINEERSAND SCIENTISTS
CONDUCT THEIRRESEARCHON IMPROVINGCURRENTMATERIALSAND ON
COMMERCIALIZINGNEWMATERIALSAS EFFICIENTLYAS POSSIBLE.



2. USERS

A cumulativesummaryof user activitysincethe startof the User Programis included
, as AppendixC.

The category of usersand numberof user days accumulatedduringthissixthyear of
HTML operationare shownin Table 1.

Table 1. HTML FY 1993 user experience

Number of

Type of User
user InstitutionsIndividualsdays

Industry 30 46 2695
University 20 47 1353

• Local Oak Ridge 1 10_..! 9666
users

Totals: 51 194 13,714J

Figure 1 showsthe total number of 8-h user days per quarter during FY 1993. The
industrialuser days varied from 441 to 861 during a particularquarter, and universityuser
days ranged from 175 to 409• An additionalnumber of user days, ranging from 2027 to
3093, were accumulatedby researchersemployedat ORNL. Figure2 showsthe numberof
user days for all indu._trialand universityusersin the HTML for each quarterof FY 1993.

To date, 428 research proposals have been submitted to the User Program by
researchersfrom universities,industrialcompanies,and governmentlaboratoriesother than
ORNL. (ORNL researhstaffare not requiredto submita researchproposal;however,there
is a fee charged to those researchersfor use of the instruments•) A breakdown by user
category of these proposalsis given in Table 2. Figure3 is a graph indicatingproposals
receivedby fiscalyear of operation. Accessclearanceshave been initiatedon more than
500 individualresearcherswho were listedas pi'i,_cipalinvestigatorson these proposals. A
listing of publicationsand presentationsresultingfrom user research projects is given in
AppendixD.
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Table 2. Research proposals submitted July 1987
through September 1993

,i

Research proposals submitted

User type Jul 87- Oct 92-
Sept 92 Sept 93 Total

Industry 126 47 173
University 177 44 221
Other Goverment _35 --3

Total

Nonproprietary 308 94 402

Proprietary 2____33 _ 2___66

GrandTotals 331 97 428

3. MAJORACCOMPUSHMENTSIN FY 1993

A listing of many of the major accomplishments in the HTML User Program during this
reporting period is given here.

The first scanning thermal conductivity microscope in existence was installed in the
Physical Properties User Center (PPUC). This microscope can simultaneously obtain
and display a topographic and thermal conductivity image of the surface of a test
specimen with a resolution of < 1 #rn. Tests have demonstrated the microscope's
ability to thermally resolve 2-/_m pads of silicon oxide (thermal conductivity,
K = 1.4 W/m K) spaced 1 _ apart on a silicon substrate (K = 148 W/m K).

Capability to determine the thermal diffusivity of coatings has been developed by the
PPUC staff. This new capability will greatly enhance the HTML's ability to study the
effects of processing conditions, thermal history, and microstructure on the thermal
conductivity of high performance thermal barrier coatings. The software was tested
using a Rene 142 specimen with a plasma spray zirconia coating and a free-standing
plasma spray zirconia coating supplied by General Electric (GE)-Aircraft Engines.

An initial study was conducted to determine the cylindricity and circular trueness of a1

cylinder liner from an 8V-92 production engine of the Detroit Diesel Corporation. Initial
results indicated approximately 15 mm of form error near the top of the liner and
< 5 mm error at a depth of 5 cm from the top of the liner.



At the HTML user group meeting, personnel from Coors Electronic Packaging in
Chattanooga,Tennessee,made a presentationdescribinghowwork performedinthe
MaterialsAnalysisUserCenter(MAUC) hasbeen instrumentalinimprovingsolderseals
and connectionson electronicpackages manufacturedby Coors.

$ Resea.'chbeing conductedby personnelfrom FloridaTile Industriesinvolvesutilizing
electron microscopesand other instrumentsin the MAUC to determinecauses of
defectsinthe tile bodyand glaze (localizeddiscolorationsand surface irregularities)in
tilesproducedintheLawrenceburg,Kentucky,productionfacility. Minimizationof these
defectswill resultinimprovedproductivityand competitivenessinthe internationaltile
market.

$ Workhas beencompletedon a preliminarystudyinvolvingthe use of thenanoindenter
as a diagnostictool in the investigationof componentfailure.

O A workshop on measurementof residual stress by X-ray and neutron diffraction
methodsprovidedover 30 industrial,academic,and laboratoryusersand prospective
users an opportunity to gain an in-depth understanding of micromechanics,
measurementmethods,and data analysis.The principalinstructorwas Dr. I. C. Noyan
from IBM'sT. J. Watson ResearchCenter. Other contributorsto the workshopwere
from the University of Denver, the University of Missouri, Los Alamos National
Laboratory,and Oak Ridge NationalLaboratory(ORNL).

Caterpillar,Inc.,incollaborationwiththe ResidualStressUser Center (RSUC)staff,has
determined the diffraction elastic constants of partially stabilized zirconia (PSZ)
depositedby plasmaspraytechniquesto determineifthe stabilizersand/or the thermal
spray method lead to differencesin elastic properties. Neutrondiffractiontechniques
are being tested as a possiblefaster, moreaccurate measurementmethod.

The RSUC facilitieshave been used in supportof a Naval projectto characterizethe
residualstressesthat resultedfrom a seriesof grindingseveritiesof aluminumoxide.
The residualstressestypicallydecreasedasthe gritsizedecreased. Stressesin typical
flexu,rebars used for flexure strength testing were observed to be lower than the
correspondingstressesin large platesgroundin an identicalmanner.

Thermalconductivityof thermalbarriercoatings(TBCs)as a functionof processingand
thermal aging was studied by GE-AircraftEngines. The TBCs are being developedto
increasethe efficiencyand lifeof turbine engines.

Special procedures required to calibrate the depth-area relationship for the
nanoindenterdiamond probe were applied and verified. The verification process
involvedthe use of the atomicforce microscope(AFM) to directlymeasurethe indent
geometry. The resultingcalibrationcurve relatingdepth to area is currentlybeing
applied to the calculation of hardness and elastic modulus of superconducting
materials.

# The 95th Annual Meeting of the American Ceramic Society (ACeRS) was held in
Cir_cinnati,Ohio, on April18-22, 1993. The registrationfor thismeetingw_s in excess
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. Dr. L. F. (Larry)Allard Hitachi HF-2000 field emission
gun-transmisionelectronmicroscope
(FEG-TEM)

• Mr. D. N. (Dave) Braski PHI 660 scanningAugermicroscope(SAM)
and Topometrixscanningprobe microscope
(SPM)

Ms. D. W. (Dorothy)Coffey HitachiS-800 field emission-scanning
electronmicroscope(FE-SEM)and S-4500
FE-SEM

Dr. K. L. (Karren)More JEOL 4000EX high-resolutiontransmission
electronmicroscope(HRTEM) and 2000FX
analyticalelectronmicroscope(AEM)

Ms. R. (Rebecca)Shupe GroupAdministrativeSupport

An important new instrument is being added to the suiteof User Center instruments.
An orderwas placed with Hitachifor the S-4500 SEM, whichwillbegin beneficialoperation
in January 1994. This instrumentcombinesvery highspatialresolutionat low accelerating
voltage with the ability to observe a large portion of specimens with diameters of up
to .15 cm. Thus, it will be ideal for the study of fine surface detail on large ceramic
specimenssuchas high-temperaturetensilefatigue-testedSi3N"specimens. We were able
to use the existingvacuum generator (VG) electron spectroscopyfor chemical analysis
(ESCA)/secondaryion massspectrometry(SIMS) intrade for the new SEM. The Chemistry
Departmentof Ohio State Universitypurchasedthe VG with Hitachiacting as broker. The
VG instrumenthasmanycapabilitiesbutwas difficultto operateand had provennot suitable
for a user environment.

The Hitachi HF-2000 200-kV FEG-TEM has completed 1-1/2 years of beneficial
operation. This instrumentadded three majornew capabilities.On specimenshavingideal
geometry, it providesthe highest lateralresolutionpresentlyattainablefor X-ray elemental
analysis. Elementalcompositionof regionsas smallas 1 nm can be determined,thusgreatly
enhancingour abilitiesto analyzeceramicgrainboundarycompositions.Thiscapabilityhas
been usedto determineconclusivelythe presenceof yttriumingrainboundariesof the latest
production Si3N"ceramic (NT164) manufacturedby Norton. Several other Si3N4-based
ceramics have been analyzed in a similarmanner, includingthe intermediate-temperature
Norton NT-451 materialand a Russiansiliconnitridecuttingtool material.

AlliedSignalGS-44 and A-seriesSi3N4 are presentlyunder study as a part of another
HTML User Project.The second capability introducedon the HF-2000, and soon to follow
on theJEOL4000EX HRTEM,isdigitalimaging. A retractable1024 by 1024 charge-coupled

• device (CCD) slow-scancamera system has been retrofitto run in conjunctionwith the
standard"IVcamera systemon the instrument.This CCD cameraeffectivelysupplantsfilm
as the recording medium on the microscopeand gives an enormous advantage to the

• throughputof dataandthe qualityof the resultavailableduringan operatingsession. Infact,
we have not had filmin the microscopesinceApril 1993, and all imagesare nowacquired
and stored directly on optical disks. A third unique capabilityoffered by the HF-2000 is
electron holography, made possible by the coherent beam from the FEG. Electron
hologramspreserveimagephase information(lostin conventionalTEM). The phaseimage
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isverysensitiveto changesin specimenthickness,composition,or degree of strain,andso
can be used to determineto a high degree of accuracythe morphologyof smallparticles,
or the nature of interfaces. For example, we have been able to definitivelyconclude that
1-nm-diampalladiumcrystals,producedin a study of model combustioncatalystmaterials,
weresinglecrystalswhichcontainedvoidsinthe crystalcenter. Also,utilizingthe additional
phase information,lens aberrationcorrectionscan be made that resultin greatlyimproved
resolution.

The secondyear of a 3-year Director'sFund initiativeto developelectronholography
has been completed,and we arenow routinelytakinghigh-resolutionelectronhologramson
the HF-2000. Dr. E. Voelkl, an internationalleader in electronholography,has startedhis
second year as a postdoctoral fellow on the holography project. He has developed
numeroussubprogramsthat run efficientlywithinthe Macintoshsoftwareused to run the
digital camerasystem. These programsallow us to perform all the image reconstructions
possiblewith holography.

The firstFacultyFellowin this Center from the HTML FellowshipProgram,Professor
A. K. Datye of the Universityof New Mexico inAlbuquerque,performed researchduringthe
summer. His research centeredon characterizationof the microstructureof a number of
model catalystand commercialcatalystmaterials. Palladiumnanocrystalson the order of
10 nm in diameter on microspheresof SiO2 were shown by electron holographyon the
HF-2000to containvoidsinthe centerof the nanocrystal.The resultsof thiswork havebeen
submittedfor publication. (A more detaileddescriptionof this project is givenin Sec. 6.)

Severalnew user researchprojectswere initiatedthisyear. High resolutionelectron
microscopy, combined with SEM; high-spatial-resolutionenergy-dispersivespectroscopy
(EDS)on the HF-2000; and low-glancing-angleX-raydiffraction(XRD) techniqueshave been
utilizedto identifypossiblecontaminantson the surfacesof alumina-insulatingringsusedin
chemical-vapordeposition(CVD)furnaces(CoorsTechnicalCeramics).The characterization
of various interface coatings in CFCCs was accomplished using the high- resolution
capabilitiesof the JEOL 4000EX. For example, it was shown that boron-doped carbon
interface layers,which are beneficialfor enhanced oxidationresistanceof the composite,
have a highlyaligned,turbostraticcarbonstructureas comparedto the partiallygraphitized
carboncoating commonlyused in CFCCs.

The AFM has contributed to a number of important projects over the past year.
Instrumentally,the microscopehas been upgraded with the addition of a "non-contact"
module that should be useful for imaging softer materialssuch as polymersor materials
which are covered withbothersomecontaminationlayers.

The work in characterizingthe ceramiccoatingson advancedpistonrings (Cummins
PistonRingDivision)has aided inthe initiationof a CooperativeResearchand Development •
Agreement(CRADA)between Martin Marietta EnergySystems,Inc. (MMES) and Cummins.
Analyses of the surface roughness of anodized aluminum components (Rockwell
International) have shown why O-ring life is being shortened by contactingthese surfaces.
In workwith universities,a tin oxide/siliconoxideinterfacewas examined(AlfredUniversity)
and thin molybdenumfilms were analyzed (Universityof Denver). For other government
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. laboratories,the pore sizes of polycarbonatefilters were Jetermined (Departmentof the
Navy)and the surfacetopographyof the insideof glasscapillarytubes studied(Y-12 Plant).

• The auger electronspectroscopy(AES)instrumentationwas upgradedthis pastyear
withnew computercapabilityandoperationalsoftware. Animportantindustrialcollaboration
was completedwithDr. SuzanneRaebel (CumminsEngineCompany),who spent 3 months
as an IndustrialFellow in the HTML FellowshipProgram. She used AES to analyze the
surfacesof numerousdieselengine componentsand bearingmaterials(see morecomplete
write up in Sec. 6).

Researchersfrom CoorsElectronicPackagingmade numerousresearchvisitsto HTML
to relate the surface composition of electronic packages to the conditions used in
processing. Work with universitiesincludesthe identificationof very small SiC islands
deposited on silicon wafers by CVD techniques (Stevens Institute of Technology), the
identificationof elements present after the laser treatment of aluminum oxide wafers
(Universityof Tennessee), the in situ fracture and analysis of Nicalon fibers (Rensselaer
PolytechnicInstitute),and the analysesof ceramic films produced by the sol-gel process
(Universityof Arizona). In-houseprojectsincludethe identificationof contaminantson HFIR
fule elementprotectiontubes and an extensiveinvestigationof thewhisker/matrixinterfaces
in SiC whisker-reinforced/AI203matrixcomposites.

Coors ElectronicPackaging Center: MAUC

ProjectT'dle: "AESAnalysisof ElectronicPackaging Device Surfaces,"W. K. Baxter

These studies,usingauger electronspectroscopy,focus on the use of barrierlayers
to retard or eliminatethe diffusionof nickel through gold components. The analysisof
componentsurfaceswithAEShasalso beenusefulin identifyingthe sourceof problemsthat
developed during processing. This ability to identify a particularproblem led to quick
solutionsthat eliminatedcostlyproductiondelays or shutdowns.

CumminsEngineCompany Center: MAUC

projectTdle: "AESand XPS Analysesof Diesel EngineComponents,"S. Raebel

AES and X-rayphotoelectronspectroscopy(XPS)were usedto determinethe surface
chemistryof a numberof dieselengine componentsincludingfuelsystempads, camshafts,
cylinderliners, and valve stems. The diffusionof indiumthroughconnecting rod bearings
with varying degrees of wear was also investigated.

Universityof Tennessee Center: MAUC

projectTdle: "Laser-EnhancedAdhesionof MetallicFilmsto Ceramic Substrates,"
A. J. Pedraza

AES and XPS were used to help identify mechanisms that cause the enhanced
adhesion of plated films on laser-irradiated alumina substrates. One of the
possiblemechanismsis the destructionof AI-O bonds in the surface layersto form metallic
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or "free"AI atoms,whose presenceapparentlyaids in the adhesion of subsequently-plated
metallicfilms.

_AlliedSional.Inc. Center: MAUC_

Prolect Title: "MicrostructuralAnalysisof SiaN4CeramicsUsingFieldEmissionTransmission
ElectronMicroscopy,"J. P. Po///nger

GS-44 siliconnitride (baselineand microwaveannealed) wasanalyzed usingthe FEG-
TEM in July 1993. The goal was to determinethe differencebetween the grain boundary
phasesof the two materials(the microwave-annealedmaterialshowsan order-of-magnitude
increasein creep resistance). This work is being coordinatedwith the CRADAeffortthat
processedthe materials(MicrowaveAnnealingwith personnelof the Ceramic Scienceand
TechnologySectionof the Metalsand CeramicsDivision).

The second task of the effort will be to evaluatethe microstructuresof creep-tested
sinteredAS800 andhot-isostaticallypressed(HIPed)HT-05Si3N4materials.These materials
should be tested in October 1993 on another recentlyinitiatedHTML User Program in the
Mechanical PropertiesUser Center (MPUC). Specimensare expected to be provided in
November1993 for analysis.

CarborundumCompany Center: MAUC

Pr._ectTdle: "Characterizationof Vapor-Uquid-SolidSiliconCarbide Fibrils,"
W. E. Hollar, Jr.

SEM andTEM techniqueshavebeenusedto evaluatethe ultrastructureof (vapor-liquid
solid (VLS) SiC fibrilsproduced under differentsynthesisand postprocessingconditions.
Large-diameterfibrils were evaluated by TEM using a procedure in which fibrils were
consolidatedin chemical vapor infiltration(CVI) SiC followed by ion milling to produce
electron-transparentthin sections. This technique has been used to study surface
morphologyand crystallographyandto characterizethe natureof internaldefect structures.

Universityof Arizona Center: MAUC

ProjectT'dle: "ChemicalAnalysisof Laser-ProcessedCeramic Coatings,"B. D. Fabes and
D. Taylor

The researchperformedat the HTMLduringthe past fiscalyear was focused on light
element analysis of sol-gel derived borosilicateglass (BSG) films. Surface analysisand
depth profilingof the filmswas done usingthe SAM. It is necessaryto use SAM because
SEM X-ray detectors (e.g., EDS) cannot detect boron or carbon. In this research,we are
primarilyconcernedwiththe amountof boronretainedinthe filmsafterdifferentprocessing
methods,but it is also importantto examinecarbonretention.

J

Boronis a volatileadditiveto silicaglass,which makesthe processingof BSG difficult.
By using a wet chemicaltechniqueto make BSG,the hightemperaturesinvolvedwithmelt
processingcan be avoided. However,boron islost throughthedensificationstep,possibly
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due to furnace firing. It wasthe hypothesisof this researchthat by laser firing the undense
. BSG films, more boron would be retainedinthe fired films due to the extremelyrapid firing

conditions. Through the use of SAM at HTML, we are examining this hypothesis and
learningmore about laser-fired,sol-gel-derivedthinfilms.

AllisonEngines Center: MAUC

ProjectTdle: "Evaluationof the Effectsof CyclicThermal Exposureon MAS Regenerator
Material,"J. Chang

Duringthisperiod, the electrondiffractionpatternsobtainedfrom the thermallycyclic
exposed and the unexposedmagnesiumaluminosilicate(MAS) sampleswere identifiedto
determinethe natureof phasesthat developduring cycling.

Georgia Instituteof Technolocw Center: MAUC

Project Tdle: "The Composition of the Interfacial Layer of SiC Fiber-ReinforcedOxide-
Ceramic MatrixComposites,"Y.Berta

Thisresearchprojectconsistsofthe investigationof interfacialphenomenologyof SiC-
fiber-reinforcedbrittlematrixcomposites. At our visit in April 1993, we obtained the light
elementanalysiswiththe ultrathinwindow EDS systemon the JEOL 2000FX• In response
to the results,Mr. Shin is doing thermodynamiccalculationsto explainthe presence of a
carbon-richinterphasewhen the compositesare fabricatedunder low-oxygenatmosphere,

• and the presence of silica-and carbon-richinterphaselayerswhen the fabricationis under
high-oxygenconditions.

Microstructuraldevelopment related to thermal cycles in MAS regenerator (heat
exchanger)materialfor gas turbineengineshas been studiedby AEM techniques.

Plans for further work include varying the composition of the matrix phase and
observingthe interphasesformed under the new conditions.

Georaia Instituteof l'echnoloclv Center: MAUC

ProjectTdle: "InorganicDispersingPhase in BariumFerriteThin Films,"Y. Berta

Nano-sized grains with a narrow size distributionare crucial for the application of
bariumferritethinfilmsto storagemedia. Ourprimegoal inthis researchis to determinethe
role of the inorganicdispersingphase in the path of microstructuraldevelopment. TEM
investigationof heat-treatedbariumferritethinfilmswas performedon four compositionsof

• dispersingphase, and crystal sizeswere measuredto determinewhetherthese phaseshad
any effect on microstructure. Furtherstudy willconcentrateon the dispersingphasesand
their role in the developmentof microstructure.
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CoorsTechnicalCeramics Center: MAUC

ProjectTitle: "An Investigationof the Differencesin AluminaRingsUsed in Semiconductor
PlasmaEtch Equipment,"J. Ghinazzi

The surfaces of several alumina-insulatingrings used in plasma etch equipment for
semiconductor(Siwafer) processinghavebeen examinedusinga varietyof characterization
techniques,includinghigh-resolutionSEM/EDS and cross-sectionTEM. Two specifictypes
of aluminaringshave beenanalyzed--a"bad" ringthat was inthesystemfor a relativelyshort
periodof timeand may havecausedsurface depositson the Si wafer, and a "good" ringthat
was in place withinthe systemfor an extendedperiod of time and was not associatedwith
any surface deposits.

FloridaTile Industries Center: MAUC

Project T'dle: "Improve Ceramic Tile ManufacturingYield by the Identificationof Major-

Defects," M. S. Love

Two types of defects, "dents"that are characterizedby a depressionin the tile glaze
and "pinholes"that are characterizedby a seriesof smallholesgroupedtogether,havebeen
characterizedin an attemptto not only identifythe defect, but to identifythe defect source.
Excess scrap tile has been generated as a result of these particular defects, and
improvementsintilemanufacturingyieldsare expectedas a resultof the identificationof the
source of the defects. Thus far, both types of defectshave been associatedwith excess
aluminumand siliconwithinthe tile body.

AllisonEngines Center: MAUC

Project"Idle: "Evaluationof the Effectof FillerMetal Compositionon Joint Microstructurefor
TdaniumAlloys BrazedwithTi-Cu-Ni Materials,"J. Chang

CommericallyavailablebrazingalloysderivedfromtheTi-Cu-Niternarysystemprovide
high-integritybraze joints for advanced titanium alloys. It has been found that subtle
changes in filler metal composition can produce a wide variation in some mechanical
properties. Three differentbrazing compositionshave been characterizedusing AEM to
determineany microstructuraldifferences.

GTE Laboratories,Inc. Center: MAUC

Project Title: "Characterizationof Interfacesin InAs/InGaAsOptoelectronicMultilayers,"
C. M. Sung

Electronholographyand high-resolutionelectronmicroscopywere used to determine
detailsof the atomic structureof interfacesin InAs/InGaAsmultilayers. The advantagesof
obtainingpure-phase,perfectlyenergyfilteredimages of the multilayerswere shown.
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Universityof New Mexico Center: MAUC

projectT'dle: "MicrostructuralCharacterizationof CatalystMaterials,"A. K. Datye

• Catalyst systems (Pd/SiO2, Pt/AI_O_,and Rh/Ti02) were studied by HTTEM, high-
resolution SEM, AEM, and electron holography. Palladium nanocrystals on SiO2
microsphereswere shown to be hollow, and the central voids were observed to have
crystallographicfacets. The size and dispersion of heavy element particles on oxide
substrateswere characterizedand relatedto processingtreatments.

4.2 MECHANICALPROPERTIESUSERCENTER (MPUC) - M. K. FERBER

The MPUC is dedicated to the study of the mechanical performance of high-
temperaturematerials. Dr. M. K. Ferber is the Group Leader;otherstaff and their areas of
expertise are as follows:

Dr. A. A. (Andy)Wereszczak - characterizationof the tensile creep/fatiguebehaviorof
structuralceramics,fracture-toughnesstesting,and evaluationof interfacialproperties
in fiber-reinforcedceramiccomposites;

Dr. E. (Edgar)Lara-Curzio- characterizationof macro-and micro-mechanicalbehavior
• of ceramic composites,fiber testing, and modelingof the constitutiveequationsfor

mechanicalperformancein ceramiccomposites;

• Ms. L. (Laura) Riester-indentation and flexuretesting;

Mr.T. P. (Tim)Kirkland- measurementof mechanicalpropertiesof structuralmaterials;
and

Ms. D. Green - Group AdministrativeSupport.

A major thrust of the MPUC is to examine the influenceof temperature, time, and
applied stress level upon properties such as strength, toughness, fatigue, and creep
resistanceof advanced materials. The majorresearchfacilitiesinclude:(1) a FlexureTest
Facility(FTF)comprisingsixhigh-temperatureflexureload frames;(2) a TensileTest Facility
(TTF)consistingof tenhigh-temperaturetensiletestingloadframes (onewith environmental
capability), a fiber test machine,a compositestest machine,and servo-hydraulicuniversal
testmachine(UTM) equippedwithtension/compressiongrips;(3) a general-purposetesting
lab comprisingtwo UTMs; (4) a mechanicalpropertiesmicroprobe(MPM) [Nanoindenter];
and (5) an InterfacialTest Facility(ITF). Currently,one of the UTMs is equipped with a
ceramic retort so that the high-temperaturemechanicalpropertiescan be evaluatedin inert
environmentsor invacuum. Detaileddescriptionsof flexure,tension,and indentationstudies
conducted in FY 1993 usingthe aforementionedfacilitiesare provided.
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4.2.1 FlexureTesting
I

During FY 1993, extensiveflexure(and c-ring)testingwas conductedusingthe FTF,
a UTM equipped with a high-temperaturefurnace (designated as UTM-A), and a UTM
equipped with a high-temperaturefurnace and ceramic retort for environmentaltesting
(designated as UTM-E). The FTF is dedicated to high-temperaturefatigue studies of
structuralceramicmaterialsand consistsof six test frames, each having the capabilityof
loading three flexure samples. For a given load frame, the specimen loading can be
specifiedas a function of time. This feature permitsthe user to implement a number of
standardfatigue tests including(1) staticfatigue (timeto failuremeasuredas a functionof
staticstress), (2) dynamicfatigue (fracturestress measuredas a functionof loadingrate),
and (3) cyclicfatigue(cyclesto failuremeasuredas a functionof cyclicstress). Fast-fracture
testing is also possible.

The UTM-Aelectro-mechanicaltesteris an InstronModel 6027 instrumentwitha load
capacityof 200 kN (45 kip). The test machineis currentlyconfiguredto applyloads up to
10 kN (2245 Ib) at test speeds rangingfrom 1 i_m/minto 1000 ram/rain. The instrumentis
controlled using an electronic console consisting of a microprocessorand keyboard.
Applicationprogramsare sntered intothe microprocessormemory via floppy disks. Data
generated duringtestingmay be displayedon an x-y recorderand/or transferreddirectlyto
a personalcomputer (PC). A high-temperatureclamshellfurnace capable of generating
temperatures(in air)to 1600° C iscurrentlymountedon the6027 test frame. This instrument
is usedto measure (1) creep rate as a functionof stressfor bothflexureand compression
specimensand (2) flexure and compressionstrength(includingload versusdisplacement)
as a function of temperature. Low-frequencycyclic testing is also possible with this
instrument.

The UTM-E electro-mechanicaltester is an ATS Model 1220 instrumentwith a load
capacity of 89 kN (20 kip). The test machine is currentlyconfiguredto apply loads up to
20 kN (4490 Ib) at test speeds rangingfrom 50 i_m/minto 50 ram/rain. The instrumentis
capable of operating in displacement,load, or straincontrol. A built-infunction generator
providesfor simpletrapezoidalwaveformsto controlthe displacement,load, or strainas a
function of time. More complicatedcontrol waveformscan be generated by a computer
equippedwith a digital-to-analogconverter. Data generatedduringtesting are transferred
directlyto thecomputerusingan externaldata acquisitionsystem(DAS). Thetestframealso
includes a high-temperatureclamshellfurnace equipped with a ceramic retort. Both
compressionandflexuretestsmay beconductedinair, inertgas, or vacuumto temperatures
up to 1500° C.

Studiesinvolvingflexure(and c-ring)testinghave focusedupon (1) the measurement
of cyclic fatigue behaviorof siliconnitrideceramicsas a functionof temperature, (2) the
effect of microwaveannealingof siliconnitrideuponthe creep andfatigueresistance,(3) the
relationshipbetwr'en fracture toughnessof whisker-reinforcedaluminaand crackwhisker
orientation,(4) the ovaluationof the strengthof SiC-SiC ceramiccomposites, (5) the effect
of environmentuponthe fatigueresistanceandretainedstrengthofsiliconnitride,and (6) the
correlationof flexuralcreep data with tensilecreep data generatedfor a high-performance
siliconnitride. Specificexamplesare providedbelow.
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Universityof Illinois Center: MPUC

Pro_ect Title: "High-Temperature Mechanical Properties of Ceramic and Ceramic
Compos;des,'J. F. Stubbins

The object of the study is to examine the crack propagation behavior in ceramic
materials. Three types of ceramicmaterialsare being studied in the HTML. The firstand
second materialsare both monolithicaluminaswith eitherfine- (materialA) or coarse-grain
(materialB) structure. The thirdmaterialis SiCf/SiCfiber-reinforcedcomposite(materialC).
The selected materials exhibit some of the common crack-wake-induced toughening
mechanismsat room temperature. Thus, the study is oriented toward studying these
mechanismsand how they operate at hightemperature. Fourtypes of activitiesare being
performed at the HTML: (1) fracture toughness measurements at room and high
temperatures(flexure,3-PT); (2) staticfatiguemeasurementsat roomand hightemperatures
(flexure,3-PT); (3) dynamicfatigue measurementsat room and high temperatures(flexure,
3-PT); and (4) SEM.

SiCJSiC: Fracture-toughnessmeasurementsclearly showed a marked decrease in
crackresistanceat hightemperatures.SEM showedthat oxidationresultsin strongbonding
between fiber and matrixand reduces the amount of fiber pulloutand, hence, the crack
propagationresistance. Staticfatiguemeasurementsalso show that oxidationis the major
phenomenonthat reduces crackpropagationresistance.

Alumina: Fracture-toughnessmeasurementsof bothaluminasshowed a risingcrack
propagationresistancewith crack length at 25, 1000, and 1200° C, but a decrease in the
resistance with increasing temperaturewas observed. Dynamic fatigue measurements
revealedcleardifferencesinthe behaviorof materialsA and B. At 25° C, materialA exhibits
less dynamicfatigue sensitivitythan material B. At 1000°C, material A has no dynamic
fatigueeffect,and materialBexhibitslesserdynamicfatiguethan at 25° C. Thesedifferences
in behavior are assumed to arise from the differencein grain sizes and, hence, different
crack-wake interactionsand creep effects.

AlliedSignal,Inc. Center: MPUC

Project"Idle: "CyclicFatigue Propertiesof Two SinteredSiliconNitrideMaterials,"
R. G. Rateick

Thisstudy,whichbegan in FY 1992,focusedon the evaluationof the fatigue properties
of a siliconnitride(AS-44)ceramicat 25 and 950° C. The effect of R ratio (ratioof minimum
to maximum stress) was also investigated. Dynamic fatigue testing (flexure strength
measured as a functionof stressingrate) was used to access the extent of static stress-
ruptureeffects in this material. The experimentaldata revealedthe existenceof a stress-
ruptureprocess at room temperaturethat was attributedto environmentallyassistedslow
crack growth (SCG). This materialwas also susceptibleto cyclic fatigue,as evidencedby

• a significantincreasein fatigue life withincreasingR ratio. The similarityof the crackgrowth
exponents for the static and cyclic fatigue data indicated that SCG was the underlying
mechanism. These resultswill ultimatelybe used in the developmentof a design strategy
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VirginiaPolytechnicInstituteand State University Center: MPUC

_: "Toughnessof CMZP and CMZP Composites,"D. Hirschfeld

Inthis study,the multiple-indenttechniquewas usedto measure the fracture toughness
ofa hot-pressedcalcium-magnesium-zirconiumphosphate(CMZP),a low-expansionceramic
for heat engine applications. Both unreinforcedand SiC whisker-reinforcedCMZP were
tested by first introducingthree indentsin the polishedface of each specimen. The initial
crack lengthswere then measuredusing a microscopeequippedwith a filareyepiece. All
specimenswere then fractured in four-pointbending. The lengthsof the survivingcracks
were measuredand used along withthe fracture load to calculate fracturetoughness.

4.2.2 Tensile Testing

Proper tensilestrength measurementsof brittlematerialsrequire the minimizationof
bendingand/or torsionalcomponentsso as to create a uniform,uniaxial,tensilestressinthe
gage sectionof the testspecimen. Two methodsare available inthe TTF for achievingthis
uniformtensilestressstate. The first is a passivesystemthat employsa "free-free"tension-
onlygrip system(InstronSupergrip)utilizinghydrauliccouplersin the loadingtrain. These
couplers can automatically reduce the bending and torsional components during
mesurement,such that only about 1 to 2% bending occurs at loads of 2250 N or greater.
The second method is an active system (requiringuser interaction)that employsa 'lixed-
fixed"tension-compressiongripsystemutilizingan adjustablegripat one end of the loading
train.

Ten electro-mechanical tensile test machines (Instron Model 1380) in the "I-]'Fare
equipped with the Supergrip hydrauliccouplers. The operation of all test machines is
controlledwith integral,electronicload controllersand functiongeneratorsthat allowthree
principaltest modes: ramp at a controlledrate, ramp and hold at a constant load, and
tension-tension cyclic loading. All machines are also equipped with short (100-mm)
resistance-heated furnaces capable of 1600°C maximum temperature or 1500°C for
sustainedtesting in ambient air. Six machinesare equippedwith contacting,capacitance
extensometersthat have resolutionsof ~0.1 I_m at room temperatureand ~0.5 I_m at
1500°C. A Keithley500 DAS and IBM-ompatiblecomputerare used to monitoror control
up to four test stationssimultaneously.

A servo-hydraulictest machine (Instron 1332 with8500 serieselectronics) is equipped
with the tension-compressiongrip system. A unique feature of the servo-hydraulictest
machine isthe state-of-the-artdigitalcontrolsystemthat allowseitherdirectcontrol(load or
displacement)overthe testingor remotecontrolof testingby an IBM-compatiblecomputer
and customsoftwarevia a general-purposeinterfacebus (GPIB)interface. Reversedcyclic
loading can be accomplished at frequencies up to 25 Hz depending upon the maximum
displacement.

The test machines described above are designed for studying primarily cylindrical,
button-head specimens. Two additional electro-mechanical tensile test machines (Instron
Model 1380) in the TTF provide for the evaluation of the tensile mechanical properties of
fibers and flat composite specimens. Fiber testing is achieved through the use of a
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pneumatically actuated, kinematic fiber grip system. The water-cooled, fiber grips are
• equipped withfiat, titaniumgripfaces betweenwhichthe fiber is squeezed withoutslippage

or grip-relateddamage• The gripping force is adjustablethrough changes in the applied
pneumatic pressure. Fiber gage length can be varied from 25 to 200 mm for room-

- temperature testing. Gage lengths of 155 to 200 mm are possible for high-temperature
testing using a resistance-heatedfurnace capable of temperatures up to 1400°C for
sustainedtestingin ambientair.

The second electromechanicaltensile test machine is equipped with a hydraulically
actuated, wedge-loaded grip system• The gripping force applied to a flat composite
specimen is adjustable through changes in the applied hydraulic pressure. Specimen
lengths can be varied from 175 to 250 mm for room-temperatureand high-temperature
testing. The resistance-heatedfurnace is capable of temperatures up to 1500°C for
sustainedtesting in ambientair.

DuringFY 1993,extensivestudiesof thestrength,creep, andfatiguebehaviorofsilicon
nitride button-head specimens were conducted at temperatures in the range of 900 to
1400°C. A major objectiveof these studieswas to measure the temperatureand stress
sensitivitiesof thedominantfailuremechanismsandthencomparetheresultingexperimental
data to model predictions. A major finding from this wor': was that when failure was
controlled by creep damage generation and accumulation, ::,e fatigue life was uniquely

• determined by the steady-state creep rate (i.e., Monkman-Grant behavior). A second
objectivewas to verifytheexpected improvementsincreep and fatigue resistanceof a HIPed
siliconnitridethat resultedfromprocessingmodificationsto the intergranularphase. Specific

• examples of these researchactivitiesare providedbelow.

Saint Gobain-Norton IndustrialCeramics Center: MPUC

projectTitle: "CreepBehaviorof NC5102,"R. Yeckley

Static tensilecreep studieswere conductedin ambient air at 1260 and 1370°C on a
HIPed silicon nitride (NCX-5102) subjected to one of two differentproprietaryannealing
sciledules. Four of eight tensile specimenswere subjected to a post-HIP/pre-machining
anne_, while all eightwere subjectedto a post-machiningannealprocedure. The post-HIP
anneal did not significantlyimprovethe creep resistance. High-temperatureoxidationwas
responsible for the creation of an advancing amorphous grain boundary front (whose
morphologyand extent were investigatedusing XRD) in all the specimens. The rate of its
advance apt)earedto be independentof the annealingtreatment. The combinationof tensile
stress and oxidationultimatelycatalyzedspecimen failure by producinga stress-oxidation
damage zone whose extent coincidedwith the advance of the amorphousgrain boundary
front. "l'neirmutual growthduring the static creep tests ultimatelyled to stress-induced
failure.
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AlliedSignal,Inc. Center: MPUC

ProjectTitle: "Evaluationof TensilePropertiesof Two SiliconNitrides,"H. Fang

Inthisproject,thecreep/fatiguebehaviorof a HIPedsiliconnitride(NortonNT154)was
evaluatedat temperaturesof 982, 1149, 1204, 1260, 1315, 1371, and 1400°C. Inthe range
1204 to 1400°C, creep deformationwas reliablymeasuredusing high-temperaturecontact
probeextensometry.Thestressandtemperaturesensitivitiesof the secondary(orminimum)
creep ratewere estimatedusinga globalregressionprocedure. Thisapproachprovidedan
assessmentof the scatter typicalof this class of materialsas well as the identificationof
critical transitiontemperatures associated with a change in the failure mechanism (as
reflectedby a change inthe stressdependency).

The resulting data were used to verify models for predicting both primary and
secondary creep rates and the stress-rupturelife. The parametersused for relatingfailure
time to stressat a giventemperaturewere based on those developedpreviouslyfor metals.
In thiswork, the Dorn parameterwas used for the modelingof stressrupturebecauseof its
closeness in formulationto the creep rate model. However, it was further modified to
accommodate an apparent change in mechanismobserved both in the creep rate and
stress-rupturebehaviorof NT154. Theapplicabilityof a modifiedMonkman-Grantexpression
for describingthe stressrupturelifewas alsoexaminedand foundto be inappropriatesince
the rupture life was not uniquely dependent upon creep rate. A modification to the
Monkman-Grantexpressionwas necessary to accommodatean additionaltemperatureor
stress dependency. In effect, the stratificationof the Monkman-Grant curves could be
explainedon thebasic crackgrowthmodel. Thesephenomenologicalmodelsare expected
to be applicableto other siliconnitridesof similarclassor chemicalcomposition.

CarborundumCompany Center: MPUC

projectTitle: "High-TemperatureSiC DevelopmentProgram,"K-Y Chia

In this study, which was initiated in FY 1991, the mechanical properties of a
developmentalhigh-strengthandhigh-toughnessSiC,GenerationI (SX-G1),were evaluated.
The mechanical properties determined included flexural strength, tensile strength, and
fracturetoughnessat roomand elevatedtemperatures.Stressrupture,dynamicfatigue,and
creep at elevated temperatureswere also evaluated. The strength-limitingfactors were
identifiedat room and elevated temperatures. In terms of representativeresults,a mean
flexural strength value of 780 MPa was measured at room temperature. The strength
decreased at elevatedtemperatures,primarilydue to a reductionof K_c.The SX-GI material
appeared to be susceptibleto SCG at 1370°C. Finally,the SX-GI materialpossessedgood
creep resistance,despite an oxide secondphase inthe microstructure.

In summary,the resultsshowedthat SiC materialssinteredwiththe additionof yttrium
and aluminumcompoundscan achievethe high levelof mechanicalpropertiesrequiredfor
theiruse inheatengine applications.However,the reactionof thesecondaryphasewiththe
SiC led to the formationof reaction-phaseclustersor pools which increasedthe variability
of the me(_hanicalproperties. If thisvariabilitycan be eliminatedor controlled,the relatively
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low cost of the raw materials and processing of SX-SiC should greatly facilitate its
• commercialization.

Applied Materials Center: MPUC

ProjectT'_le: "Characterizationof the Long-TermCreep Behaviorof AluminumAlloysat High
Temperatureas a Functionof AnodizationThickness,"S. Shamoui/ian

The goal of this programis to extendthe creep data base for an aluminumalloythat
is currentlyused as a susceptorin a CVD facility. DuringFY 1993, one tensile testmachine
was modifiedto accommodatethe aluminumtensile specimen. The major modification
involvedthefabricationof new high-temperaturegripssothat watercoolingwasnotrequired.
This, in turn, greatly reduced the temperature gradients in the specimen. Additional
modifications,which are plannedfor FY 1994, involvethe replacementof the existingtwo-
zone slot furnace with a clamshell furnace having better temperature stability at lower
temperatures.

4.2.3 MPM (Nanoindenter)

Indentation Testing with the Nanoindenter and Interracial Test System. The
• nanoindenter is a special microhardnessinstrumentcapable of operating at loads in the

microgramrange (0 to 20 mN). A high-loadrange (0 to 120 raN) is also available. Unlike
conventionalhardnessinstruments,it is not necessaryto determinethe area of an indent
optically in order to calculate hardness. Instead,the height of the indenter relativeto the
surface of the specimenis constantlymonitoredwith a sensitivecapacitance gage, thus
allowing the depth of an indent to be determined directly. The unique feature of the
nanoindenteris its ability to measureindentdepths to +/- 0.2 nm. The area of the indent
isthen calculatedfroma knowledgeof the geometry of the tip of thediamondindenter. The
load is also constantlymonitored,withthe resultthat hardnessis reportedas a functionof
displacement. Measurementsof samplestiffnessfrom unloadingdata permita separation
of the plasticand elasticcomponentsof displacement,and the projectedareas for indents
can be calculatedon the basis of the plasticdepth of the indents. The elastic moduli of
samplescan also be estimatedfrom stiffnessdata.

Motionofthe specimenstageinthe x-yplaneisalso preciselycontrolled.The indenter
canbe positionedwithin2 I_mof anychosenpointon the specimen,and a seriesof indents,
separatedby stepsas smallas 0.1 I_m,maybe made inany geometricalpattern. The entire
operationof the systemis computercontrolled,and one or severalseriesof indentsmaybe
specifiedand carried out withoutfurther operator intervention.

The characterizationofthe micro-mechanicalbehaviorof CFCCsoftenrelieson theuse
of MPM-basedindentationtechniquesforthe measurementof interfacialproperties(including
debond stress, interfacialshear stress, and residualstress). These techniques typically

• involvethe generation of a load-displacementcurve associatedwith sliding of individual
fibers, The correspondinginstrumentationis currentlylimitedby its inabilityto test fibers
exhibitinga wide rangeof diameters(5 to 100 i_m). This limitationarisesfrom (1) insufficient
loadcapability, (2) low spatialresolutionof stagesusedto positionthe fiber with respectto
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the indenter due to the air objectiveoptical microscope in the system, and (3) insufficient
resolutionof the transducersused to measurefiber displacement.

The development of the interfacial test system (ITS) represents a major effort at
addressingthe aforementionedlimitations. The ITS is capable of measuringthe load and
displacementassociatedwith both fiber push-inand push-throughtests. Positioningof the
fibers is achievedwith an x-ytable capable of precisemovementto better than 0.5 I_m. An
optical microscopeis usedto locate fibersfor indentationloading. A large-screenmonitor
connected to the microscopecamera is used for easy viewingof the fibers. The indenter
and load cell are mountedon a separate bracketlocatedalong the rightside of the stages.
This bracket is designed such that load cells coveringa range of load capabilitiescan be
easilyaccommodated. The indenterholderalso accommodatesseveralWC and diamond
fiat-bottomed probesas well as a standardVickersindenter. The specimenis loaded into
the indenterusing a z stage,which is mountedon top of the x-y table. Duringtesting,the
displacementis measuredto 0.1 I_musingan encodermounted on the shaft of the z-stage.
The operationof the entiresystem,includingdata storageand analysis,is controlledby a
microcomputer.

During FY 1993, the nanoindenterwas used to evaluate the plastic and elastic
propertiesof thinfilms, ion-implantedsurfaces,and metalalloys. Boththe nanoindenterand
ITS were usedto measurethe interfacialpropertiesof a varietyof fiber-reinforcedceramic-
ceramiccomposites. Examplesof these researchactivitiesare provided below.

Universityof Illinois Center: MPUC i

Project T=tle: "Investigationof InterracialShearStrengthsof Fiber-ReinforcedBoron Nitride
Composites,"J. Economy

Interfacialshear strengthmeasurementswere performedon a series of boron nitride
compositesfabricatedwith carbonand other inorganicfibers. These fibers includedPAN
T300, Pitch K1100X, Nicalon,c-Nicalon, Nextel 440, Sumica, and FP alumina. Both the
nanoindenterand the ITS were usedto performpush-intestson at leastten fibers in each
system. Fibersliding,indicativeof weak interfacialstrengths,was observedfor the carbon
fiber specimens.

Additionalinvestigationsare plannedfor theboronnitridematrixcomposites, lnterfacial
testingwillbe performedon a seriesof fibers that havebeen coated witha seriesof carbon
or boron nitridecoatings. Wedge-shapedsampleswillalsobe preparedin orderto complete
push-out testing of these composite systems. Further mechanicaltesting will then be
performed in order to correlatefirstmatrixcrackingof the systems.

AmedcanSuperconductorCorporation Center: MPUC

ProjectT_e: "MechanicalPropertiesof OxideSuperconductors,"G. N. Ri/ey

DuringFY1993, muchprogresswas madeon characterizingthemechanicalproperties
of oxide superconductorsbased on studiesconductedin the HTML. Usingthe powder in
tube (PIT)process,high-temperaturesuperconductor(HTS)compositewiresand precursors
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were fabricated using oxide powders from the (Bi,Pb)SrCaCuO system. Metallographic
• techniques were used to prepare these high-Jc, textured samples so that specific

orientations of the superconducting grains could be evaluated. Mechanical characterization
was done using the nanoindenter in the HTML. Although the grain size of the

• superconducting phases is small, mechanical characterization of individual grains was
performed. The resultingdatarepresentthe first measurementof the orientation-dependent,
intrinsic mechanical properties of the BSCCO superconductors. In addition to this
technologically important data, hysteretic behavior was observed during mechanical cycling.
This interesting phenomena may lead to fundamental insight into the mechanisms that
contribute to texture during the PIT process. Consequently, this researchmustcontinueso
that (1) the hysteretic behavior can be better characterized and understood and (2) the
relationship between microstructure and properties can be determined.

New Mexico Instituteof Technology Center: MPUC

Project"l-die:"The Effectof "[in Dioxide Interlayerin Alumina/GlassComposites,"K. Chawla

Oxide fiber/oxide matrixcomposites,such as alumina fiber/glass matrix,represent an
importantclassof ceramicmatrixcompositesbecause of their inherentstabilityin air at high
temperatures. Alumina and glass, however, form a very strong chemical bond, which is
incompatible with high-fracturetoughness. In this study, an interface was introduced

• between the matrix and the fiber, in order to obtain energy dissipatingprocesses such as
interfacedebonding,crack deflection,and fiber pulloutin thissystem. In initialstudies,the
role of tin dioxideas a barriercoatingbetween aluminaand glasswas examinedusingfiber

. push-in measurements. An important finding of this work was that, although the SnO2
coatingprovidedthe intendeddiffusionbarrierandthe thermalstressdistributionwas of the
desirablekind, a neat and clean fiberpulloutwas absent because of the roughnessof the
PRD-16/SnO2 interface. Some fiber/matrixdebonding,crack deflection,and crack bridging
were observed. The roughness-inducedradialclampingstresswas too large to allowfiber
pullout. To reduce this radial clampingeffect, a relativelysmooth fiber, viz., Saphikon,a
single-crystalaluminafiber,wasexaminedina subsequentstudy. Asexpected,SnO2-coated
Saphikon fiber/glasscompositeshoweda much largerfiber pullout lengththan the coated
PRD-166 fiber/glass composite. However,fiber push-throughtests on both coated and
uncoatedversionsof this compositewere unsuccessfulin inducingfiber sliding.

Inmore recentstudies,a muilitefiber (Nextel550), CVD coatedwitha BN coating,was
incorporatedin a mullitematrix. The ITS was used to measure the interracialproperties.
Using a progressivedebonding interface model, the average interracialshear stress was
determinedto be 28 MPa, while the range was 1.3 to 64 MPa. This large variationwas
attributedto variationsinthe thicknessof the BNcoatingafter processingof the composite.
Fracturesurfacesof these BN-coatedcompositesobtainedfromflexuretestingshowedfiber
pullout.



24

Dow Coming Corporation Center: MPUC

ProjectTdle: "Characterizationof alpha-SiC:HFilmsUsing Micro-IndentationTechniques,"
M. Loboda

Amorphoushydrogenatedsiliconcarbide(a-SiC:H) filmswere grownfromtwodifferent
precursorgases, a methane/silanemixtureand silacyclobutane(SiC3Hs).Plasma-enhanced
CVDwas usedto deposit=-SiC:H filmsattemperaturesof 175 and600° C. The a-SiC:H films
were characterizedusingthe nanoindenterand by scratchtesting. Two approacheswere
used to calculate the hardness and elastic modulus, H and E, respectively. The first
approachinvolvedtheuse of an averagingtechniquein whichH and E werecalculatedfrom
the slopes of compliance versus inverse plastic depth and load versus area curves,
respectively. Inthe secondapproach,H and E values,determinedfrom a standard material
indented under identicalconditions,were used to normalizethe experimentaldata. Both
approachesgave similartrends. Measurementson siliconshow good agreementwiththat
previouslyreported. The calculateda-SiC:H film hardnesswas shownto depend on the
precursor gas at 175°C, while the film elastic modulus varied with precursor gas,
compositionanddensity,as determinedbythe plasmasourcedepositionpower. The micro-
indentationand scratchtest data showed similarcorrelationsto plasma source power and
film structureand composition. A strong correlationwas observed between the relative
coefficientof frictionof the filmsurfaceandtheelasticmodulus. Althoughsmallindentations
(< 100 nm)were performed,thedata and estimationof the spatialextent of the plasticstress
zone under the indenter suggestthat for the modulus-to-hardnessratio range of the films
examined(5<E/H<9), the indentationmeasurementswere not influencedby the substrate.

0

Universityof Alabama Center: MPUC

ProjectTitle: "MicrostnmturalCharacterizationof Compositeand IntermetallicMaterialsby
the Double UgamentTensionTest,"J. Berry

The nanoindenterwas usedto generatemechanicalpropertydata (primarilyhardness)
required for the finite element modeling of the double ligament tension (DLT) test. The
purposeof the modelingeffort was to developthe DLT testfor applicationto materialssuch
as metalmatrixcompositesand intermetallics.

Johns Hopkins University Center: MPUC

ProjectTdle: "NanoindentationStudy of the MechanicalPropertiesof Granular Metal Thin
Films,"R. Cammarata

Nanoindenter techniques were used to investigate the mechanical properties of
Ag-AI203and Fe-SiO2granularmetalfilms. A discontinuityinthe rate of change of hardness
as a functionof metalvolumefraction,p, was observed. The discontinuityoccurredat the
percolation threshold, p=, of the metal and appeared to result from a change in the
deformationmechanism. A large peak in the unloadingcompliancewas observed near po
in the Ag-AI=O3films but was absent in the Fe-SiO2films. This compliancepeak is believed
to resultfrom debondingat the metal-ceramicinterfaceand subsequentinterfacialsliding.
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4.3 PHYSICALPROPERTIESUSERCENTER (PPUC) - C. R. HUBBARD

The PPUC is dedicated to measurement of physical properties as a function of
temperatureandcorrelationofthe thermophysicalpropertieswithprocessing,microstructure,
and performance. Currentfacilitiesincludethe followinginstruments. (Th • Iast two
instrumentswerebuiltbythestaffto meetspecificmeasurementneedswhereno commercial
instrumentsexist).

StantonRedcroftSTA1500 SimultaneousThermalAnalyzer(STA)
Differentialthermalanalysis(DTA)
Thermogravimetry(TG)
Evolvedgas analysis(EGA)
Stanton RedcroftDSC1500 DifferentialScanningCalorimeter(DSC)
Theta Dual Push Rod Dilatometer
HolometrixLaser FlashThermal DiffusivitySystem
Autopycnometer
Xenon FlashThermal DiffusivitySystem
LongitudinalBarThermal ConductivitySystem

Members of the Diffraction and Thermophysical Properties Group with prime
responsibilitiesfor these instrumentsinclude:

Mr. W. D. (Wally)Porter Thermalanalysis
Dr. R. B. (Ralph) Dinwiddie Thermaltransport
Dr. S. (Steve) Beecher Thermaltransport
Ms. A. (Amanda)Abeel Co-op student
Ms. J. (Joy) Kilroy Group AdministrativeSupport

Researchprojectsperformedin thiscenter are summarizedbelow.

McDonnellDouglasAerospace Center: PPUC

ProjectTdle: "Developmentof High-Thermal-ConductivityCarbon-FiberComposites,"
D. A. Bowers

Thermaldiffusivitydatawereobtainedon 4 one-dimensional(1-D)carbon-carbon(C/C)
compositematerialsthisyear as part of a plasma-facingmaterialdevelopmentprogramat
McDonnellDouglasAerospace. This fusionenergyprogram'sobjectiveisto develop lower
cost, high-thermal-conductivitycarbon-fibercompositesfor high-heat-fluxdiverter surfaces
in experimentalfusionenergy generatingsystems.

. MeasurementsincludedsamplesfromHerculesAerospace;AppliedSciences,Inc.;and
Tonen Energy International,Inc., of Japan. Room-temperatureconductivitiesas high as
840 W/m-K (copper = 360 W/m-K) were measured, which compares with the pyrolytic
graphite (PG) range of 700 to 1400 W/m-K. Carbon-fibercomposites(CFCs) are expected
to possessgreatermechanicalstrengthsthanthe inherentlylow-strengthPG,therebymaking
fusion diverter designs that utilize CFC materials much more robust. Measurementof
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elevated-temperaturepropertiesare currentlybeing concluded and will also be compared
with PG data.

General_ AircraftEngines Center: PPUC

ProjectTitle: "ThermalConductivityof PhysicalVapor DepositedThermal BarrierCoatings,"
A. Nagaraj

The xenon flash thermal dlffusivitysystemwas used to study the effects of thermal
aging on the thermal conductivityof PSZ TBCs. TBCs are currently used to increase
componentreliabilityin gasturbineengines. Two typesof TBCswere investigated.Thefirst
type was fabricatedby physicalvapor deposition(PVD) and the second type by plasma
spraying. The specimenswere heat treatedatvarioustemperatures,up to 2200° F,for times
ranging to 100 h. At room temperature, the PVD TBCs have a thermal conductivity
35% higherthan the plasma-sprayedTBCs. However,the PVDTBCs were foundto be less
susceptible to increasesin thermal conductivitydue to thermal aging than the plasma-
sprayed TBCs.

Virginia PolytechnicInstituteand State University Center: PPUC, XRDUC

ProjectTitle: *High-TemperatureCrystallographyand PhaseTransitionsof CMZP Ceramics,"
IN. M. Russ

DifferentialScanningCalorimetry:Hot-pressed(Cao.6,Mgo.4)Zr_(PO4)6 [CMZP] thathad
been groundto a fine powder (-325mesh) was analyzedutilizingthe Stanton RedcroftDSC
1500S. A heating rate of 50°C/min was employed to achieve a maximumtemperature of
1000°C. The furnace cooled to room temperatureon its own. An Omnithermsoftware
package was usedfor DSC operationand determinationof heat flow withtemperature.

ThermogravimetricalAnalysis(TGA): The StantonRedcroftSTAwas usedto measure
mass loss as a function of temperature. The specimen analyzed was a fine powder
(-325 mesh)that I_adbeen milledfrom a hot-pressedCMZP specimen. A 20° C/rain heating
ratewas utilizedto reacha finaltemperatureof 1000° C. Onceagain,an Omnithermsoftware
package controlledthe STA unitand calculatedresults. The masschangeof the specimen
was monitoredas a functionof temperature,and differentialthermalanalysismeasurements
produced insightas to the cause of the change in mass.

Results: None of the experimentsperformedwere able to explain or correspondto the
reversibletransitionobservedfor these new low thermalexpansionceramicmaterialsinthe
thermalexpansionplot as a functionof temperature(change in slope of relativeexpansion
versustemperature). The transitionwas probablydue to an orderingof the Ca2+and Mg2+
cationsin the unit cell of the crystalstructure.
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Advanced_ Techno!o01es,Inc. Center: PPUC
0

PrO!aCtTitle: "High-TemperatureThermalConductivityof Numinum Nitride,"T. Mroz

' Aluminumnitridehasvery highthermalconductivitywhilebeing an electricalinsulator.
Reductionof oxygen withinthe sample using secondaryphases has a large effect on the
thermalconductivityat roomtemperature. However,the effect of these secondaryphases
at elevated temperatures is of interest for new applications. The thermal diffusivityof
pressurelessslnteredAIN samplespreparedwithvaryingyttrlaconcentrationwas evaluated
overthe temperaturerange of 20 to 1200° C. As expected,the thermaldiffusivitydecreased
with increasing temperature. It was found that the effectivenessof the sintering aid
decreases significantlyover the experimentalrange. Confirmationof the second-phase
chemistrywas made via XRD. Higl_-temperaturespecificheat data were also obtainedand
used along with thermal diffusivitydata to calculatethermal conductivityas a function of
temperature•

NorthwesternUn._ Center: PPUC

ProlectTitle: "Investigationof the Thermal Expansionand Heat Capacity of (Mo,Cr)=C,"
C. Knepfler and G. Olson

. Recentinterestinimprovingthestrengthandtoughnessof ultrahigh-strengthsteelshas
led to an interest in the propertiesof molybdenum-chromiumcarbides and molybdenum-
chromium-vanadiumcarbidesof the M2C type• There is currentlylittle informationon the

. thermodynamicpropertiesof the M2C carbide phase• Thermodynamicinformationof the
steel phases can be used to predictthe compositionaldependence of the precipitation-
drivingforces and coarsening-rateconstants. Measurementsof the physicalpropertiesof
themolybdenum-chromiumandmolybdenum-chromium-vanadiumcarbideswereundertaken
atthe HTMLin orderto expandthe thermodynamicdata base of these M2Ccarbides,which
willallowthe systemeffectsof the M2Ccarbidesto be more completelymodeled.

Bulksamplesof M=C(M = Mo,Cr,Fe,V)carbidewere synthesized,and thespecificheat
capacity was determinedusing the StantonRedcroftDSC 1500S. The specificheat of the
carbidesare used to provideinformationon the free energy of the carbidesystem.

The lattice thermalexpansionbehaviorof the M=Ccarbideswas investigatedusingthe
Scintag HTXRD. The expansion behavior of the M2C carbides is important for the
understanding of the nucleation and strengthening behavior of these carbides within
secondary hardening steels. This informationenables the investigationof the coherent
precipitation behavior of the carbides within the parent steel matrix, as well as the
considerationof the effect of residualstresseson the observedstrengthening.

North CarolinaState University Center: PPUC, MAUC

• ProjectTdle: "Analysesof NiaAI,NiaSiIntermetallicAlloys," C. C. Koch and N. Sukidi

A seriesof alloyingstudieshas been carriedout in recentyears at ORNLto optimize
the mechanicalbehaviorof Ni3Si-basealloys. Severalof these alloys show great promise
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as potentialelevated-temperaturestructuralmaterialswithexcellentcorrosionresistance.The
mechanical behavior of these alloys is sensitiveto chemistry,which determines phase
relationshipsas well as affectingthe environmentalembrittlementobserved. Fundamental
understandingof the alloying/structurepropertyrelationshipsinthese alloysis the thrustof
the presentstudy. Studieswere conducted on Ni-19.4at. % SI-3.2 at. % Nb and N1-19.4at.
% SI-3.2 at. % V alloyswithandwithoutadditionsof 0.05 at. % B, usingthe StantonRedcroft
STA 1500S and the Stanton Redcroft DSC 1500S. Melting points and phase-transition
temperaturesfor ninealloyswere determined. The phaserelationship/chemistrystudieswill
help the understandingof the effectsof alloyingon ambient temperatureductilityand hot
fabricability.

Universityof I!linois Center: PPUC

Proiect Title: "Thermal Diffusivltyof Carbon-Rber-ReinforcedBoron Nitride Composites,"
J. Economy

Room-temperaturethermaldiffusivitymeasurementswere madeon specimensof boron
nitridematrix,unidirectionalcompositesfabricatedwithK1100Xcarbonfibers. Measurements
were made in the fiber direction.

Thiswork has been submittedfor oral presentationat the 18thAnnual Conferenceon
Compositesand AdvancedCeramics,to be held on January 9-14, 1994.

Georgia Instituteof Technology Center: PPUC

ProjectTitle: "ThermalConductivityof Al.zO_/GlassComposites,"J. Cochran and R. Gonzalaz

Synthesisofhollowceramicspheresisbeingstudiedat Georgia InstituteofTechnology
and the spheres are targeted for use as high-temperatureinsulation. Attemptshave been
made to reducethermalconductivityof the hollowshellsby incorporatinga controlled-pore
microstructureintothespherewalls. It isexpectedthata properporestructurewilleffectively
impede radiantheat transferand resultin a lowerconductivity.

Thermaldiffusivitymeasurementswere made on pressedAi203/glasscompositesand
showed that the introductionof an opacifyingphase into the ceramicmatrix resultsin a
significantdecrease inthermalconductivity. Resultsof thisstudy are being includedinthe
M.S. thesisof Mr. Gonzalez.

Universityof Texas/Adin0ton Center: PPUC,XRDUC

project'ldle: "APhase-TransformationStudy inBariumAluminoSilicate(BAS)-SiliconNitride
System Using High-Temperature X-Ray, Thermal Gravimetric Analysis, and Differential
Thermal Analysis," P. B. Aswath and A. Bandyopaddhyay

Seventy percentSi3N4with30% BASand 40% Si3N4with 60% BAScompositionswere
studied using DSC, STA, dilatometry, room-temperatureX-ray diffraction(RTXRD), and
HTXRD. Presinteredpowdersof boththe compositions,containingBaCO3,AI203,SiO2,and
a mixture of alpha and beta-Si3N4 with predominantlyalpha-Si3N4, were mixed in an
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appropriateproportionand sinteredfor differentsinteringtimes. Studieswere conductedat
. the HTML on both presinteredpowders and on sinteredcompositesthat were sinteredfor

different sintering times. Thermal analysis was first conducted using STA, DSC, and
dilatometry. For both DSC and STA, experimentswere conducted from roomtemperature

• to 1450°C using aluminaand platinum pans. It was observedthat at high temperature,
samples were reactingwith Pt pans and resultingin some error in the experimentaldata.
Dllatometrytests were conductedfrom room temperatureto 1000°C at a heating rate of
3°C/min for ten samples with differentcompositionsand differentsinteringtimes. XRD
studieswereconductedafterthermalanalysis. RTXRDexperimentswere conductedon both
presinteredand postsinteredpowders. HTXRDtestswere done on both compositionswith
presinteredand sinteredpowders. Testswere conducted at severaltemperaturesbetween
roomtemperatureand 1600°C in an He environmentand with a 20 range of 10 to 45°•

4.4 X-RAYDIFFRACTIONUSER CENTER (XRDUC) - C. R. HUBBARD

TheXRDUC utilizesroom-andhigh-temperaturediffractionmethodsto characterizethe
phase(s) and stabilityof advanced structuralmaterials• The data obtained Individually,as
a function,of temperature,and/or in conjunctionwithdata from thermalanalysisor electron
microscopy,are usedto relate phase compositionand stabilitywithmaterialsperformance.

. There are two majorinstrumentsIn the XRDUC:

ScintagO-2ePAD V goniometerwith l-N2-cooledGe detector
• Scintage-0 PAD X goniometerwith Buehlerhigh-temperaturestage

Members of the Diffraction and Thermophysical Properties Group with prime
responsibilitiesfor these instrumentsinclude:

Mr. O. B. (Bud)Cavin Mr. R. (Rob) Simpson
Dr. T. R. (Tom)Watkins Mr. N. (Nathan) McAdams

Mr.Cavinretiredatthe end of September1993,and Dr. N. H. (Nick) Packanhasjoined
the group effectiveOctober 1, 1993. Mr. McAdamsand Mr. Simpsonwere co-op students
from Virginia PolytechnicInstituteand State Universityand Georgia Tech, respectively.
Mr. McAdamsconductedresearchunder the directionof the Group Leaderto expandthe
analysis capabilities of the User Center. His primary task was to develop Reitreld
replacementmethodsand expertisewithinthe group. Fromhis studies,we can now obtain
greater precision lattice parameters and phase analysis than previously possible.
Applicationsof this technique to changes in structureas a function of temperatureare
continuingto be tested.

Ms. J. Kiiroyprovidesadministrativesupport for this group•
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Researchprojectsare summarizedbelow.

University_of Tennessee Center: XRDUC, PPUC

Prolect_: 'MechanicalandThermalExpansionBehaviorof SodiumZirconiumPhosphate
Structure-TypeMaterlals,"J. E. Sprulell

Room-andhigh-temperatureXRD datawere collectedon someof the compositionsin
the barium zirconiumphosphatesilicate system,which belongs to the sodium zirconium
phosphate structure-typematerials. These materialsare being studied as candidate low
(near-zero)-thermal-expansloninsertsfor low-heat-rejectionengineapplications.RTXRDdata
were usedto identifythe phasespresentinthecompositions,and unit-cellparameters,a and
c, were determined using Internalstandards and least-squarescell refinementmethods.
HTXRD data were collected, and the axial thermal expansions were then determined.
Subsequently,DSCstudieswereperformedInthe HTMLto observe/confirmphasetransitions
In some of the compositions.

VirginiaPolytechnicInstituteand State University Center: PPUC, XRDUC

ProjectTd!e:"High-TemperatureCrystallographyand PhaseTransitionsof CMZP Ceramics,"
W. M. Russ

RTXRD: The Scintag RTXRD was used for phase analysis and to set up a room-
temperaturereferencefor -325 mesh (Cao.6, Mgo.4)Zr4(P04)6 [CMZP] powder. The powder
was obtainedfrom a pulverizedhot-presseddisk.

ElevatedTemperatureX-Ray Diffraction: The Scintagelevated-temperatureXRD was
usedto determinechangesin phasesand latticeparametersup to 1200°C. One-hourscans
(lOto 70° 20) were performedat roomtemperature,200, 400, 450, 500, 550, 600, 800, 1000,
and 1200° C on heatingat20°C/min. On cooling,600° C, 400° C, and room-temperaturedata
were collected andanalyzed. The samplewas heldat each respectivetemperaturefor 2 min
to allow for equilibrationof the systemprior to data collection. PulverizedCMZP powder
(similarto above) and a 1-mm-thickhot-pressedCMZP slab were examined in a helium
atmosphere.

Univendtyof Kontucky Center: XRDUC

ProjectTitle: *Cnjstal StructureIdentificationof Pt-Re-AI=OaCatalystsUsingHTXRD,"
B. H. Davis and R. Srinivasan

FourpowdersamplescontainingvaryingamountsofplatinumandrheniumImpregnated
on a silicasupportwere mountedon a singlecrystalsubstrateatop the Pt heaterstripin the
HTXRD furnace. The catalystcontaining0.6 wt % Pt/SiO2 did not exhibitmetallicplatinum
formationafter reduction in H2 at 500°C for 15 h as determined by HTXRD. The catalyst
containing1.2 wt % Pt/0.6wt % Re/SiO2,however,exhibitedthemetallicplatinumphaseafter
reductionat 500°C for 2 h. However,with increasein temperatureto 750°C, the platinum
peaks broadenand disappear,and PtaSipeaksappeared. This phenomenonwasobserved
for all the othersamples. To verifythisphenomenon,a few milligramsof platinumpowder
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(-325mesh) were mountedandheated in hydrogen. At 500° C, metallic platinumwasformed
. and at 750° C, peaks correspondingto Pt12Si5 and Pt.3Siphases appeared. Hence, it has

been verifiedthat the platinumin the catalystreacts with siliconin the siliconsubstrateon
which the catalystwas mounted in the furnace attachment. Hence, a different kind of

. substrateneedsto be used, and a future researchvisitis scheduled.

Clemson University Center: XRDUC

projectTdle: "StressGenerationin andStructureof ScalesDevelopedon UnalloyedNickel,"
J. S. Wo/f

The researchhas beendirectedtowardthe characterizationof ceramicscalesnaturally
formed upon unalloyednickel in oxygenat high temperatures. The primaryobjectivehas
been to investigatemethods for estimatingthe growthstressesthat naturallyoccur in such
oxides. The crystallinenatureof these scalesand the stressesgeneratedduring oxidation
were the primary topics of investigation. For these tasks, much of the data collectionand
processingwas done utilizingthe HTXRD facilityof the HTML.

The experimentalportionof thisprogramis essentiallycomplete. A presentationof the
results was made at the Denver Conference on X-Ray Analysis Methods. Efforts are
currentlybeing focused upon writingof the final paper.

Universityof Cincinnati Center: XRDUC, MAUC

_ProiectTitle: "Characterizationof DopedTitania,"S. E. Pratsinis

HTXRD: The aim of the work was to studythe phase evolutionof alumina-and silica-
doped titaniumdioxidepowders made via the gas-phase oxidationof the respectivemetal
chlorides. The qualitative results obtained from the high-temperaturediffractionstudy
confirmedthe room-temperatureobservationsthat the presence of aluminaenhanced the
formationof rutiletitania,while the presence of silicaretarded rutiletitaniaformation.

High-temperaturescansbetween600 and 1000° C underflowingheliumshedsomelight
on the mechanismof phase transformation. In the case of silica-dopedtitania, the high-
temperaturescans revealeda progressiveincreasein rutilecontent and a corresponding
decrease inanatasecontentas a functionof timeandtemperature.Thisclearlyconfirmsthat =
the silicainterfereswith andhindersthe phase transformationmechanismin titania. Onlyon
increasingthe temperatureare the titania crystallitesable to transformto the rutileform in
the presence of silica, suggestingan increasingactivationenergy for the transformation
which, in the absence of silicacould occur at lowerenergy levels.

In the case of alumina-dopedtitania, the powders were primarilyrutile initiallywhile
high-temperaturemeasurementsinvesigatedall rutile. At room temperature,the alumina
dopant was amorphous, but heating during the high-temperature scans resulted in
transformationintoalpha-alumina. Thiswas clearlyobservedin samplesdoped withgreater
than 20% alumina. OnlyqualitativeX-rayanalysiswas done on the high-temperatureunitas
the LN_-cooleddetectorwas not operationalat the time.
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Simultaneouslywith the high-temperature work, room-temperature analyses were
obtained for silica-dopedtitaniaand for titaniamade inthe presence of sodium,potassium,
and cesium chloride. Profile fitting and siliconinternalstandard were used for accurate
determinationof lattice parameters. For silicacontents up to 5%, and for all the titania
powdersmade inthe presenceof ionic additives,there was no increase inthe anatasetitania
latticeparameters.

TEM: TEM in conjunction with EDS was used to study particle morphology and
chemicalcompositionof titania doped with alumina. The use of the HF-2000 enabledthe
mapping of chemical composition variation across the cross section of particles at
resolutionsas high as 10 nm.

Athigh alumina content(40%), two distinctmorphologieswere observed: large, round
particlesand small, polyhedralones. The largerparticleswere between 100 and 200 nmin
diameter, and the chemical composition varied from mainly Ti on the surface to
predominantlyAI in the interior. The smaller particles were more uniform in chemical
composition,and the surface was richer in AI. These particles were better crystallizedas
evidencedfrom the distinctlatticefringes observed.

At lower alumina content(7%), the particleswere polyhedralwith round edges. A few
of the largerparticleswere alsoobserved. In all cases, the particlesurfacewas richerin AI
than the particle interior. For the small particles a large variation in the Ti/AI ratio was
observed; insome, the AIcontentwas as low as 2%, while in others, itwas as high as 11%.

The results discussed are fromthree samples,and more samplesneed to be studied
before drawing any conclusions. These results are very interesting, and the dopant-
crystallinity-chemicalcomposition relationwill provide some insight into multicomponent
particle formationonce the analyticalTEM resultsare combinedwith XPS and Augerdata.

Universityof Tennessee Center: XRDUC

ProjectT'_e: "Determinationof Pair DistributionFunctionfor SilicaProcessedUsing
2.45-GHz Radiation,"7".Meek and S. S. Park

Experiments have continued in the study of mechanisms of microwave joining of
ceramicsby comparingthese methodswithconventionalhigh-temperaturefurnace joining.
The aim is to explore possible procedures for more economical and efficientjoining of
ceramicsand ultimatelyto handle someceramicmaterialsotherwisedifficultto join. Room-
temperatureX-ray powder diffractionstudieswere carried out comparing SiO2 specimens
fabricated using conventionalmeans with samples fabricated using 2.45-GHz microwave
radiation. Data setswere collectedwithMo K¢ radiationoverthe accessible20 range. Data
processingand analysisare currentlyunderway at the Universityof Tennessee.
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Alfred University Center: XRDUC
q

Project Idle: "IsothermalMelt Processingof the Ba-Y-Cu Superconductor,"J. Taylor and
D. Camahan

High- and room-temperatureXRD techniqueswere appliedto better understandthe
developmentof phasesin BYC213superconductormaterialduringsinteringand annealing.
Melt processingof BYC213producesan orientedmicrostructurethat has veryhighcurrent-
carrying capacity. The controlled-atmosphere,high-temperatureexperiments using the
HTML's XRDUC facilitieswere aimed at delineatingthe appearance of phases andtexture
in the oriented surface layer. They were also used to evaluate parametersthat affectthe
melt-processingprocedure.

4.5 CERAMIC IViACHININGUSERCENTER (CMUC) - B. L COX

The name of this usercenter willbe changed in January from the Ceramic Specimen
PreparationUserCenter(CSPUC)to better describethebroaderrole ofthiscenterwhichhas
been developed inthe pastyear. The CMUC providesbasic facilitiesfor (1) investigationof
pr;ndingprocessesfor high-performanceceramics,(2) designandfabricationof mechanical
propertytestspecimens,and(3) dimensionalcharacterizationoftestspecimensandceramic
and metal components includingroughness,form, orientation,and subsurface structure.
Specificequipmentir;cludesan instrumentedCNC grinder,a grinderwithopen-loopcontrol
and; a CNC four-axiscylindricalgrinder;a computer-controlledprofilometerand non-contact

• lasertopographysystem;a form-measuringinstrument(cylindricity);a resonantultrasound
spectroscopy system;anda computerworkstationwithdesign,analysis,and programming
software. Major focus of this center is on ceramicmachiningresearch usinginstrumented
machinetools along withthe dimensionalmeasurementand surface characterizationtools.

The group leader of the CMUC throughDecember is Mr. B. L. Cox. Mr. V. T. (Tyler)
Jenkins is responsible for the ceramic machining. Ms. D. (Dana) Green provides
administrativesupportfor thisgroup.

During late FY 1992 and early FY 1993, a SiliconGraphicsCrimsonworkstationwas
procuredand installedina speciallydesignedcomputer room. The workstationhas been
linkedto an ethernetnetworkthat provideseasy accessto othercomputersthroughoutthe
HTML. Software available on the workstationincludes Pro/Engineer (solid modeling),
COSMOS/M (f;nite elementanalysis), ICAM (numericalcontrol programming),CimStation
(coordinate measuringmachineprogrammingand simulation),and CARES(probabilitylife
prediction for brittle materials). The CARES software and a direct interface to the
COSMOS/M softwareweredeveloped by the NASA-LewisResearchCenterand installedon
theworkstationby Ms. LynnPowers, of ClevelandState UniversityworkingwithNASA-Lewis
ResearchCenter.

The Harig CNC grinderwas instrumentedby the Instituteof AdvancedManufacturing
ScienP-os,Inc. The instrumentationincludes force, vibration,horsepower, and acoustic
emission, all recorded in real time and referencedby an optical encoder pulse-indicating
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wheelrotation. The slicer/grinderis usedfor grindingstudieson new ceramic materialsand
for grindingwheel evaluations.

Over 300 flexure specimensand over 100 cylindricalcompressionspecimenswere
prepared for a projectwith the Naval Command, Control, and Ocean SurveillanceCenter.
The materialsinvolvedwere AL-600aluminaoxidefromWesgo, Inc.,andAD-94 aluminafrom
Coors Technical Ceramics. A presentationon the resultswas given at the International
GrindingConferenceon Ceramic Materialsheld at the National Instituteof Standardsand
Technology(NIST) in July 1993.

New instrumentsbeing added to the CMUC includea form-measuringinstrumentto
providerapid feedback on the cyindricityof axiallysymmetriccomponents. A noncontact
laser topographysystem is being added to complementthe existingsurface profilometer.
This new instrumenthas been demonstratedto detect surfacecracksin structuralceramics
and other machinedmaterialsurfacesthat were previouslyundetectedby other means. A
resonantultrasoundspectroscopysystemhas also been procured. This instrumentis used
for dimensionalcharacterizationand subsurfacestructuredetermination.

Duringthe summerof 1993, the CMUC hostedboth a studenton a summerresearch
participationprogramand a professorand studenton a fellowshipprogram. The summer
research participationstudent was from the University of Tennessee, and his project
consistedof becoming familiarwith the COSMOS/M finite element analysis software,the
CARES life predictionfor brittlematerialssoftware, and the Pro/Engineer solid modeling
software. The student modeled several ceramic components and prepared detailed
instructionsfor performingthe life predictioncalculations. An ORNL internalreport willbe
publishedon this project.

The fellowshipprogramwassponsoredbytheDOEOfficeof EnvironmentalRestoration
andWaste Managementandthe HistoricallyBlackCollegesand Universities(HBCU)/Minority
Institutions(MI) EnvironmentalTechnologyand Waste ManagementConsortiumunderthe
EnvironmentalManagement Career Opportunitiesfor Minorities(EMCOM) program. The
EMCOM fellowshipwaswithNorthCarolinaA&TStateUniversity.The purposeof the project
was to develop computer models for families of ceramic parts, to develop machining
programsfor those pads, and to linkthe computermodelingsystemto the grindersin the
CMUC.

In additionto research performedby internalusers,the followingresearch was done
under a universityuser proposal.

AlfredUniversity Center: CSPUC

:ProiectT_e: =Characterizationof Tin OxideFilmson Glass,=J. Tay/or

The surface profilometerwas usedto measurethe thicknessof tin oxide coatingson
glass. This material is commerciallyused as a coating on aircraft windows that can be
electricallydefrosted, and for infraredreflectingglazingsuchas for solar cellsand buildings.
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4.6 RESIDUALSTRESS USERCENTER (RSUC) - C. R. HUBBARD

The RSUC has completed 16 monthsof beneficialuse of a unique, state-of-the-art
instrumentprovidinghighintensityX-raysalongwithveryhighprecisionmeasurements.The
instrumentconsistsof two components:

ScintagPTS 4-axis goniometer
MAC Science18-kW rotating-anodegenerator

The systemhas been shownto have high sensitivity(-10 ppm) to strainand is very
stable over a periodof severaldays. These attributespermitmea3urementof strainin stiff
materialssuchas structuralceramicsas wellas materialswithmoretypicalelasticproperties.
To date, over20 user proposalshavebeen approvedbythe HTMLuseradvisorycommittee.
Thisextensivedemandthatcould notbe methasledto initiatingprocurementofaccessories
to speed up data collection. The major accessorieson order are (1) a laser-positioning
sensorand (2) a position-sensitiveX-raydetector.

The laser-positioningsensor will permit locating the specimenat the correct height
quickly and reproducibly. This will be particularlyvaluable for studies involvingmultiple
electropolishingstepsto determinestressgradient as a function of depth. The position-
sensitivedetector (PSD) will speed data collectionby a factorof five to ten, enabling user
projectsto collect more accurate data, faster data, or study more samples.

A numberof requestsfor texture and orientationdistributionfunctionmeasurements,
along with more availabilityfor residualstressmeasurement,has led to the procurementof

• a second PTS gor_iometer. This instrument,using a sealed-beam X-ray tube, will be
operationalby early CY 1994.

Members of the Diffraction and Thermophysical Properties Group with prime
responsibilitiesfor these instrumentsinclude:

Dr. C. R. (Cam) Hubbard Dr. X.-L. (Xun-Lee)Wang
Mr. O. B. (Bud) Cavin Dr. T. R. (Tom) Watkins
Dr. K. J. (Kris)Kozaczek

Researchprojectsperformedin thiscenter are summarizedbelow.

Saint Gobain-NortonIndustrialCeramics Center: RSUC

ProjectTdle: "ResidualStressAnalysisof SiaN4CylindricalTensileSpecimens,"M. Foley

The objective of this studywas to determinethe effect of machining-inducedresidual
stresses (damage) on strength of tensile specimens made of 4% Y203-dopedSi3N4 and
thereby increaseNorton's understandingand controlof theirceramicgrindingprocedures.

. As-machined and machined-heat treated sampleswere examined. The results from the first
visitindicatedhoopcompressionand no axialresidualstressinthesamples. Thisconflicted
with earlierwork done independentlyupon similarsamples. Major equipmentproblemsand
scheduling conflicts prohibited any further work from being done until recently.
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Consequently,thisstudyhas been reducedto tryingto confirmsomeof the resultsfromthe
previousstudy and is stillongoing.

Universityof Rodda Center: RSUC

ProjectTdle: "Measurementof ResidualStressesinCVD PolycrystallineDiamondFilmswith
X-Ray Diffraction,"L. Hehn and J. J. Mecholsky

The objective of this study was to determine the residual stressesand texture of
diamond coatings on Si substrates as part of an overall project to characterize the
mechanicalpropertiesof thesematerials.Alldiamondcoatingsshoweda weak (110)texture.
The in-plane residual stress in the coatings was found to be -300 MPa (tension). The
quantitativeX-ray results obtained at the HTML confirmedthe results from a qualitative
polishing/curvaturetechnique. Here, the substrateof one sample was carefullypolished
awayallowingthe remainingsampleto bend. Thesamplecurvedconcaveup dueto coating
contraction,indicatingthat the coatingswere in tension.

Universityof Missoud-Columbia Center: RSUC

projectTitle: "Measurementof Residual Stress Distributionof Stainless Steel Workpiece
Machinedby CNC TurningCenter,"D. Y. Jang

The objective of thisstudy was to determinethe effectvariousmachiningparameters
have on residualstressin 304 stainlesssteel andthen to test the validityof a finiteelement
model of machining.The full-stresstensorwas determinedfor eight stainlesssteel (SS304)
samplesrepresentingdifferentmachiningconditions. Theresidualstresseswere measured
usinga back-reflectionXRD techniqueand calculatedusingthe multiplesin2q_method. The
residualstrainswere measuredusingCrKpradiationand (311)crystallographicreflection(2e
= 147.68°). The residualstresseswere calculatedfrom the measuredstrainsusing XRD-
effective elasticmoduliderived from single-crystalelasticconstantsfor 304 stainlesssteel
using generally accepted averaging schemes. The measured strains were normalized
againsta stress-freestandard (SS304polycrystallinesample annealedat 2000°F for 2 h).

Idaho National EngineeringLaboratow (INEL) Center: RSUC

ProjectTdle: "ResidualStressDistributionin Graded Ceramic-to-MetalJoints,"B. Rabin

The goal of this collaborative research effort is to understand the effects of
microstructureand specimen geometry on the distributionof residualstressesin ceramic-
metalgradientmaterialsusinga combinationof experimentaland modelingtechniques.XRD
residualstress-mappingmeasurementswere madeat tile HTML RSUC at the ORNLand at
the National SynchrotronLight Source (NSLS) at BrookhavenNational Laboratoryon a
graded Ni-AI203specimenthat wasfabricatedatthe INELby powder-processingtechniques.
Surfaceresidualstrainswere measuredatseverallocationsalongthe lengthof thespecimen
usingX-rayspot sizesof 0.5 to 100ram. Theexperimentaldata arecurrentlybeinganalyzed,
andthe resultswillbe comparedwithfiniteelementmodelingpredictions.One or morepeer-
reviewedpublicationswillbe generatedfromthiswork. Additionalexperimentsareplanned
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for the future, including X-ray analysis of Ni-AI203specimens having other geometries and
• microstructures,and neutrondiffractionmappingof interiorresidualstraindistributions.

Universityof Flodda Center: RSUC

Project Tdle: "X-Ray Analysisof Residual Stress in Metals and Ceramics,"F. Baldwin
and P. H. Ho//oway

The objectiveof thisstudywasto determinethe residualstressesand stressrelaxation
rates in thin films of an AI-Si-Cualloy on Si substratesin order to predict the mechanisms
andtimesof failure. These filmswere foundto possessan extreme(111) texturethat limited
the numberof tilt angles(_) to three• The "unpatterned"samplesconsistedof a uniformthin
filmof alloyon an Si substrate. The "patterned"samplesconsistedof 2.5- or 1.5-1_m-wide
conductor linesof alloyon a Si substrate. The stressstateswere found to be biaxial. The
unpatternedsamples possessedless residualstressthan the patterned. As the linewidth
(crosssection)of the patterned samplesdecreased, the tensileresidualstress inthe alloy
increased. The residualstressesinthe samplescontainingvoidsinthe lineswere lessthan
those withoutvoids. These resultswillnowbe correlatedwith residualstressesfromoptical
measurementsof the radiusof curvature.

Alpha Optical_Systems.Inc. Center: RSUC

Project Title: "Residual.Stressin TransparentPolycrystallineMgAl=O4 Spinel,"
S. H. Evans, Jr.

' The objectiveof thisstudy is to determinethe stateof residualstresswithinMgAI204
spinel. The sampleshad been subjectedto differentcombinationsof hot pressing,HIPing,
and opticalfabrication(grindingandpolishing).Additionally,if residualstressesarepresent,
the next objective is to determinethe optimumsequenceof processingsteps for maximum
strengthand opticalquality. Unfortunately,uponexaminationwithX raysat the HTML,these
sampleswere foundto possessa largegrain size (30to 1001_m)whichprecludesobtaining
meaningfulresidualstress data.

AlUedSianal.Inc. Center: RSUC

ProjectTitle: "ResidualStressand Indentationas MachiningDamage Discriminators,"
R. D. Silvers, R. G. Rateick, Jr., P. J. Whalen,and F. Reidinger

The objective of this study is to determineif the machining-inducedresidualstresses
(damage) scalewiththe flexuralstrengthdistributionof Si3N4flexurespecimens. Ifso, then
residualstressmeasurementsmay be appropriateforpart inspectionpurposes.To date, the
results have shown that machiningaggressiveness,which affectsthe strength of silicon
nitride(AS-44),also affectsthe XRD peak positions. However,significantpeak anisotropy
precludesquantitationof theresultsusingstandardprofile-fittingmethods. The useof peak

• centroids will be attempted pending establishmentof a working internet link. Once an
approachfor quantitativeanalysisof the XRD data is identified,a follow-onprojectmay be
proposedto developthe technique.
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Caterpillar,Inc. Center: RSUC

Project "Idle: "ResidualStress Determinationof Thick Thermal Barder Coating Systems,"
J. L. Bjerke and C. J. Anderson

The objectiveof this study is to determineelastic constantsof thick thermal barrier
coatingsfor use in currentfiniteelementmodelsand experimentalstressdeterminationsby
Caterpillar. Cylindersof plasma-sprayedceria- and yttria-stabilizedzirconiawere loaded in
compressionand examinedwithX raysto determinetheYoung'smoduliof the (213) andthe
(331) reflectionsin tetragona] and cubic polymorphs,respectively. The loading fixture,
developed by Caterpillar,containeda calibratedload cellwithan applied loaddisplay. This
fixturewas mounted on a goniometer in the "psi-geometry."The Young's moduli were
determinedusing a sin2_ analysisat variousloads. The average Young's modulifor the
(213) and (331) reflectionswere foundto be 200 and 160 GPa, respectively,which are in
reasonable agreement with literaturevalues for dense zirconia. The stabilizationphase
appears to have only a small effect on Young's modulus. This study will continue by
examiningthe stress-strainbehaviorof a Y203-stabilizedZrO2-NiCrAIYcylinder.

In additionto supportingindustrialand academic researchvia the User Program,the
RSUC instrumenthas been employed on two major and severalsmall internalprojectsas
well.

Center: RSUC

ProjectTdle: "ResidualStressesDue to GrindingParametersin AI2Oa,"T. Watkinsand
C. R. Hubbard

The role of grindingparameterswithrespectto residualstresswas investigatedunder
Navy sponsorship. This "Navy project" was a team research effort to eliminate/reducea
persistentcrackingphenomenonthatoccursinceramicsutilizedinthedevelopmentof deep-
submergencevessels. Smallcracks are thoughtto originatefrom the machiningprocesses
applied to the ceramic. These cracksthen grow under the cyclical loadingof emergence-
submergencecycles. Towardthisend, the residualstressesin the ceramicwere measured
and related to grindingdamage and the variousgrinding conditions. The resultsof the
researchteam were pooled, and an understandingof the fracturebehaviorof the selected
ceramic (AI203)was presented.

Laboratory-DirectedResearchand Development(R&D) Center: RSUC

ProjectTitle: "ResidualStressMapping of a Metal/CeramicJoint,"X. L. Wang, T.D. Watkins,
S. A. David (Metals and Ceramics Division), S. Spooner (Solid StateDivision), and B. Rabin
(INEL)

This project is part of a large Laboratory-DirectedR&D project on mapping residual
stressesby neutronandXRD methods. Inthisproject, the X-raymeasurementswill provide
surfaceresidualstressdata to complementneutronresidualstress-mappingdata. Modeling
of the joints by finite-elementanalysis(FEA) methodshad been completed by B. Rabinof
INEL, and assessmentof experimentalopportunitiesfor use of synchrotronradiationhave
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been completedat the NSLS. High-straingradientsare predictedby the FEA codes and
indicatethe need for smallspot sizes (<0.3 mmdiam). The preliminaryresultsobtainedat
NSLS indicatecompressiveresidualstressesin the surfaceof the metallicpartof the brazed
ceramic to metal cylinder but do not agree quantitativelywith the FEA results. Work is

• continuingto resolvethisdiscrepancy.

5. CERAMICMANUFACTURABIUrYCENTER (CMC) - T. O. MORRIS

This yearhas been one of continuedcreationand startupfor the CMC. The CMC had
evolvedfroma partnershipof the EnergyEfficiency(EE), EnergyResearch(ER),andDefense
Programs(DP)programsof DOE. Thispartnershipprogram,called"Cost-EffectiveMachining
of Ceramics,"has continuedto gain momentum. ORNL and EE made laboratoryand office
space availablein the HTML for the CMC, and EE providedcapital funds for the purchase
of a creep feed grindingmachine. ER fundssupport a CRADAwith Brownand Sharpethat
providesa state-of-the-artcoordinatemeasuringmachine (CMM) for use in the CMC. DP
provided ceramicCRADAsupport funds for seven CRADAssigned so far with three more
approachingfinalapproval. The equipmentfromthe lastof the ten laboratoriesto be moved
was relocated in 1993. The CMM was deliveredand installedin February 1993, and the
creep feed grinderwas delivered and installed in May 1993.

Sincethe statedobjectiveof the CMC is "to develop, inconjunctionwith U.S. industry,
advancedtechnologiesand associatedscientificconceptsnecessaryto significantlyreduce
the costof machiningstructuralceramics,withan initialfocuson heat enginecomponents,"
the effortsundertakeninthe CMC willbe verymuch industrydriven. This cooperativeeffort

• with industrywill influence the types of equipmentinstalledin the CMC at any giventime.
This industry influenceis a major factor in the forthcominginstallationof a new centerless
grinderprovidedas an in-kindCRADAcontributionby CincinnatiMilacron. Thisstate-of-the-
art grinderwillbe utilizedindevelopingcost-effectivemachiningprocessesfor ceramicheat
engine componentshavingaxial symmetry,such as engine valves.

Computerizationof the CMC was initiated early in 1992 with the procurement of
computeraideddesign(CAD)/computeraidedmanufacturing(CAM)equipmentandsoftware.
The facilityalso providesextensivecomputermodelingand graphicalcapabilitiesutilizinga
SiliconGraphicsworkstation,Macintoshcomputers,and IBM-compatiblecomputers. All of
thecapabilitiesand equipmentare linkedtogetherthrougha DECNet/EtherNetnetworksuch
that a true "Art-to-Part"process can be followed in the development of manufacturing
processesfor lowercost ceramiccomponents.

Presentationson the missionand creationof the CMC have been made to numerous
potential industrialCRADApartners,to the industrialDiamondAssociation,at a Society of
ManufacturingEngineersSeminar,anC to variousDOE representatives.

Other personnel in the CMC are Mr. L. (Lawrence) O'Rourke (Y-12), Mr. R. (Randy)
Parten, and Mr. E. (Earl) Shelton.
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Voelkl, HTML staff members. Compelling evidence was obtained from the reconstructed
hologramsfor the presenceof voidsin thesenanoparticles. It is the first observationwhere
nanometer-sizedsinglecrystalshave beenreportedto have an internalvoid. The workhas
been submitted for publication.

DeactivationMechanismsinAutomotiveCatalysts: Sincefederal regulationswillsoon
mandate lifetimesof 100,000 milesfor auto exhaustcatalysts,there is renewedinterestin
understandingand controllingcatalystdeactivation. In collaborationwith Dr. Heinz Robota
at AlliedSignalin Des Plaines,a series of Pt and Rh/AI203monolithswere studied in the
S-5000 high resolutionSEM The objectivewasto determinethe size and distributionof the
preciousmetaland to followitsevolutionas the catalystwas aged at elevatedtemperatures
in air. The samples were sectionsof monolithsthat were washcoatedwith alumina in a
manner similarto that for commercialauto catalysts. We were successfulin showingthat
the same region of the sample could be imaged by SEM after successivetreatmentsat
temperaturesrangingfrom 800 to 1100° C. Small Pt and Rh particlesof nm-sizecould be
detected withthe SEM. The lack of analyticalcapabilitiesand backscatterdetectionon the
S-5000 made it difficultto unambiguouslyidentifythe smallestparticles. The low catalyst
loadingand the natureof the aluminamade particledetectioneven more difficult.We plan
to continuethisworkin futurewiththe objectiveof pinpointingfactorsthat controlsintering
of the preciousmetalunderthe harshconditionsencounteredduringauto exhaustcatalysis.

Hystedsisin Chemisorptionon Pd/SiO=Catalysts: In collaborationwith Dr. Ignatius
Chan at ChevronResearch,Richmond,California,we have been studyingthe morphology
of Pd particlesonsilicasupports. These Pd particlesexhibitunusualhysterisisiinthe strong
chemisorptionof H2as they arecycledunderoxidizingand reducingconditions. Therefore,
we prepared a seriesof Pd catalystson model silicasupportsand subjectedthem to high
temperaturetreatmentsundeL'oxidizingand reducingconditions.Wewere ableto reproduce
thebehaviorof commercialcatalystsusingthese modelsupports. High resolutionTEM was
used to studythe structuresof the Pd particlesto determinethe factorsthat mightexplain
the observedchemisorptionresults. Thisworkwillbe submittedfor publicationshortly. As
an extensionof thisworkto investigatePd/AI203interactionsinautomotivecatalystsis being
planned with Dr. KlausOttoat Ford MotorCompany,ScientificResearchLabs.

Nature of CeO= in CeO,,-AI=Oa AutomotiveCatalyst Supports: Ceria is an essential
componentinautomotivecatalysts. Besidesprovidingoxygenstoragecapability,itappears
to provide bifunctional pathways for catalysis, possibly via sites at the metal-support
interface. As part of our continuing studies on ceria-alumina catalysts, we used the
microanalyticalcapabilitiesof the HF-2000 to studythe natureof ceria. We found evidence
for an amorphousthin film of ceria on the alumina in catalystsprepared from the nitrate.
When colloidalceria was used, no such amorphousthinfilms could be detected. We will
report these observations in a short communicationto Catalysis Letters. The catalytic
behaviorof the two formsof ceriawill be investigatedin futurework.

Interactionof RhwithCeO= inAuto ExhaustCatalysts: In previouswork we found that
high temperature reduction of Rh/CeO2 leads to a several ordeL-of-magnitudedrop in
hydrogenolysisactivity. There is no evidencefor migrationof ceriumsuboxideson the Rh,
hence the nature of these Rh-ceriainteractionsremain a mystery. We studied,using the
4000 EX,a seriesof Rh/AI203andRh/CeO2-AI203catalysts.Catalytictestson thesematerials
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are presentlyunderwayinmy laboratoryat the Universityof NewMexico. The resultswillbe
• submittedfor publicationin the Journalof Catalysis,

Micr_re of MOS=/110=-S102HydrotreatingCatalysis:The nature of molybdenum
sulfideislandson titania-silicawas investigated. In previousworkwe have shownthat the
molybdenumpreferentiallywets the titania component. By depositingsmall crystallitesof
titaniaon silica,we are able to controlthestructureof the catalyticsites.The high resolution
TEM results will be reported along with catalytic reactivitydata in a publicationunder
preparation.

Coke FormationinHydrotreatingCatalysts:Theactivephasein hydrotreatingcatalysts
contains MoS=promotedby Co or Ni and supportedon alumina. It is knownthat these
catalysts build up carbonaceous deposits (coke) during use which eventuallydegrade
catalystactivity. The locationof the coke on thecatalystsurface,whetherit is depositedon
the MoS2 or presentin dose proximityon the alumina,is not well understood. We studied
a seriesof hydrotreatingcatalystsin collaborationwith Dr. JeffWeismanfromTexaco. The
resultsare very interestingandwillbe communicatedshortlyfor publication. Itappearsthat
two differentforms of carbon are presenton the catalystsurface, one is amorphousand
presentas a thinfilm whilethe other is quitecrystallineand restsat considerabledistances
from he Ni-Mo/AI203.

The Structureof "rio=Photocatalyses:Titania is a semiconductorwith a band gap in
• the uv region. The electronsandholesthatare generatedwhen TiO2 isirradiatedcan serve

as powerful oxidizingagents, for instance,organiccompounds such as benzene can be
convertedto CO2and H20 at roomtemperature•Evenchlorinatedcompounds,suchas TCE

• and PCE which are commonconstituentsof contaminatedwastewater can be effectively
mineralized.There is howeververy littleunderstandingof the morphologyof the titaniathat
makesthe mosteffectivephotocatalyst.Ourworkat New Mexicoisfocusedon investigating
the effectsof particlesize andmorphologyon photocatalyticactivity. Usingthe 4000 EXwe
studied one type of TiO2 powder to determine the nature of the primary particles,their
crystallinityas well as structure. A short note to J. Solid State Chem is underpreparation
based on this work.

HydrousTdaniumOxide (HTO) CatalystSupports: HTO supportswere developed at
Sandia National Laboratoriesas efficiention exchange materials• Originallyintendedto
immobilizeradioactivewastes, theywere also found usefulfor stabilizingmetalsin a highly
dispersed form. We have been investigatingthe catalytic properties of HTO-supported
catalystsoverthe past severalyears. At the HT,_IL,we usedthe S-5000 SEM to investigate
thin film HTO based catalysts. Also,the 4000 EX was usedto determinethe mechanisms
of deactivationin these catalystsand the particle s_zedistributionof Rh as a function of
hydrothermaltreatment. We will reportthese observationsin the catalysisliterature.

• Graduate FellowshiPS

The first Graduate Fellow, Mr. Alex Cozzi of the Universityof Florida,performedthe
researchdescribedhere.



42

Microwave Joining of Alumina Using Sol-Gel Derived Adhesives

Gel Processing: The formingof gels by the sol-gel process is a time consuming
procedure. The sol-gel approach includes chemical reactionsthat often occur slowly.
However, once the finer points of sol-gel processing were mastered, gels could be
manufacturedon a continuousbasis--thatis, a finished20 g batch of gel everytwo weeks.
Initially,gels of two differingcompositionswere attempted. Producedwere an all alumina
gel and one containing4 mol % chromia. The chromia was introducedas the peptizing
agent in the hydrolysis of the aluminum alkoxide in the form of chromium nitrate
nonahydrate.

The yield of aluminafrom thealuminasol was calculatedso that knownratiosof other
materialsmay be introducedto alterthe dielectricpropertiesof the finishedgels.

SeveralknownMicrowaveAbsorbingMaterials(MAM)were than added to solsin a 1:1
AI_O3:MAMratio. The microwaveabsorbingmaterialsthat were employedwere Fe=O3, NiO,
SiC and Fe304. Afterthe powderwas added to the correct volumeof sol,the mixturewas
sonicatedto dispersethe powderand break up any agglomerates. A stirbar was added to
the sonicatedsolto maintainhomogeneityandthe mixturewas heated on a stir/hotplateto
speedthe gelation. The driedgelswerethen crushedinto a finepowder usinga mortarand
pestle.

As work progressed,compositionsmade with 10 tool % ferric nitrate nonahydrate,
Fe(NO_)_e9H20,and10 tool% chromicnitratenonahydrate,Cr(NO3)3e9H20,wereproduced.
Additionsof Fe304in varyingamountswere also madeto the all aluminasol.

MicrowavePreparation: A 2.45 GHz microwaveovenwas fitted with an Omega on/off
temperature controller. An inconel shielded Type K thermocouple was attached for
temperaturemeasurementof specimenswithinthe microwave.Lowdielectriclossrefractory
brickwas machinedto accommodatea specimenand thermocouple.

Initialresultsmay have been influencedby arcingbetweenthe thermocoupleand the
specimen. Arcingis the releaseof a charge build up between two points. Thiscan cause
localized heating and even melting of the thermocoupleand the specimen. Inaccurate,
widelyvariedtemperaturereadingsis another problemassociatedwitharcing. One way in
which arcingcan be reduced by increasingthe surfacearea of the tip of the thermocouple.
Inthiscase, a thin nickeldiscwas placed between the thermocoupletip and the specimen.
This significantlyreducedthe amountof arcingexperienced.

Specimenswere heated at full power (800 W) and temperaturereadingswere taken
periodically. Temperature as a function of time for all of the specimens produced were
plotted.

The temperatureof all of thegel compositionsrose quicklydue to the presenceof free
water. The rise in temperatureslowed as the free water and then the bound water was
eliminated. Duringthe eliminationof the bound water, gamma-aluminawas formed. The
composition containing 10 mol% Fe304 reached the highest temperature, 841°C. This
specimenalsoexperienceda reductionintemperatureafterthe maximumwasattained. This
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may be due to a decrease in the microwaveabsorptlonof the speclmen caused by the
. further oxidationof the iron (11,111)oxide. Visual inspectionof the specimen after heating

showed it to be red, supporting the idea of additional oxidation. The gel made with
10 mol % Cr(NO_)s• H20 alsoheated wellby itself. Futurework will includeusingan optical

• pyrometerto measure the temperatureof the specimen, thus avoiding the possibilityof
arcing.

DifferentialScanningCalorimetry(DSC): Severalof the gel powderswere analyzed at
the HTML.Differentialscanningcalorimetrywas performedon a StantonRedcroftDSC 1500S
under the supervisionof WallyPorter. The useof the DSC willprovideinformationinvolving
phase changes withinthe gel that occur during heating. This data will be used later to
determinethe expectedreactionsthatwillariseduringthe joiningprocessand what phases

M may possibly develop. The gels were heated from room temperature to 1400°C at
10 degrees per minuteinflowingair. A piece of sapphirewas usedas a referencematerial
to helpmaintaina levelbaseline. The data for allof the gelsanalyzed have beennormalized
for the weight of each of the gels.

Allof the gels exhibitedan exothermbetween 100°C and 200° C. Thiswas dueto the
removalof residualwaterfrom the gel. The next reactionto appear is most pronouncedin
the gel containing 4 tool % chromia. This occurs slightlyabove 200°C and has been
attributedin the literatureto be from pore water. The endotherm that appears between
4000C and 450°C is the removal of the structuralwater. This is accompanied by the
formationof gamma-alumina.The gel containing50 tool% siliconcarbide has an exotherm
at the end of the structuralwaterendotherm. This is most likelydueto the formationof the
gamma-alumina. This peak is probablyovershadowedin the othergels by the preceding

• endotherm. The alumina gel and the gel with 50 mol % nickel oxide added both had an
exothermof 1157° C. Thiswas due to the formationof alpha-alumina. Inthe gel made with
4 mol% chromia,the alpha-aluminacrystal!izationpeak appeared at 1207°C. This increase
in crystallizationtemperatureis understandablebecause the chromiumreplacesaluminum
and slightlydistortsthe crystal structuremakingit more complexand thus, moredifficultto
crystallize. The crystallizationpeak in the gel containing50 mol% Fe304was actuallytwo
peaks. This was followedby a sharp endothermnear 1350°C. The originsof thesepeaks
cannotbe determinedwithoutx-raydiffractionanalysisandthe Fe-AI-Ophase diagram. One
assumptionthat is probableis that the Fe304has oxidizedmorecompletelyduringheating.

X-ray DiffractionAnalysis: The ceramicpowdersthat resultedfrom the heatingin the
DSC were subsequently analyzed using a Scintag x-ray diffraction analyzer under the
supervisionof Bud Cavin. The X-rayswere copper k-alphaat 45 kilovoltsand 40 milllamps
at a wavelengthof 1,54060 nanometers. The powderswere scanned at one degree 20 per
minutefrom 20 to 40° 2-e. A compilationof the X-ray scans for all of the powders was
superimposedso that peak positionscould be compared.

The powdermade solelyof aluminaprecursorhadx-ray peaksthat correspondedwell
to those of high-purityalumina. There were no extraneous peaks present. The powder

. containingNiO displayedpeaksthat can be attributedto alumina,nickeloxideand a nickel-
aluminatespinel. The presenceof the aluminaand nickeloxide aredue to their incomplete
reaction in the DSC. This is understandablebecauseof the relativelyrapidheatingrateused
combinedwith no hold time at the maximumtemperature. The X-ray scan for the powder
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containingchromla had peaks relatingto alumina but the 2e was shiftedto a smallerangle.
Thiscorrespondswello thechromiaenteringintothealuminaas a solidsolution.The larger
chromiumatoms willmake the atomic latticeslightlylarger,producinga smallerd-spacing,
thus a smaller2e. The compositioncontainingSiC was comprised of peaks that were
relatedto aluminaand SIC. This signifiedthat there was no reactionbetweenthe gel and
the SIC powder. The powder madewith ironoxideprovidedtwo differingx-ray patternsfor
the powders heated to differenttemperatures. For the one heated to only 1200°C, the
phasespresentwere the ironoxide/aluminaspinel,FeOoAI203,aluminaand iron (111)oxide,
Fe=O3. When a powder of Identicalcompositionwas heated to 1400° C, the phasespresent
were aluminaand Iron (111)oxide,Fe=O3. The aluminapeaks appeared at different2e values
becausesome of the ironwas dissolvedas a solidsolution. These valueswere largerthan
the aluminumatom and atomiclattice is smaller.

Thisinformation,coupledwithdielectricdata forthecompositionstested,wassubmitted
in an abstractto be presentedas a posterpaper at the ACerS Engineeringand Ceramics
Division meeting in January, 1994, with W. Porter and B. Cavln of the HTML staff, as
co-authors.

Other Work: Other work being performedfor this project includesconsultingwith
M. K. Ferber regardingthe directionto take for the initialtesting of specimens. He has
provided me with some high-purity alumina to prepare specimens for flexure strength
measurements. Working with B. L. Cox and his group, we devised a configurationfor
machiningspecimensforjoiningandsubsequentstrengthmeasurementsthatwouldinclude
the latitudeabilityto compensatefor mismatchesthat may occurduringthe joiningprocess.

Threenew GraduateFellowswere appointedandwillstart researchinthe HTMLinearly
FY 1994.

Mr.A. Haynes, Universityof Alabama
Mr. R. Ott, Universityof Alabama
Mr. D. Taylor,Universityof Arizona
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APPENDIXA

HTMLADVISORYCOMMITTEES

• Advisory_m_ee. Thisseniorcommitteehasthe responsibilityof advisingthe HTML
Directoron policy for operationof the User Centers. It is composedof five memberswho
represent the industrialand academic communities. The committee meets annually. A
formal reportcontainingconclusionsresultingfrom a meetingof the committeeis submitted
to the AssociateDirectorfor PhysicalSciencesand AdvancedMaterials,ORNL.

Members of this committee includeDr. MaxineSavitz (AIIiedSignal),Dr. James Patten
(Cummins Engine Company), Mr. Ron Chand (Chand Kare Technical Ceramics),
Mr. AI Chesnes (Retired/DOE),and Dr. RobertSnyder (Universityof Tennessee).

User _sory Committee. The responsibility of this committee is to review
nonproprietaryresearchproposalsand make recommendationsto the HTMLDirectoras to
theiracceptability. It is composed of six members: two from industry,onefrom a university,
one from DOE, one from the Metals and Ceramics (M&C) Divisionstaff, and the HTML
Director,whoservesas the permanentchairman.Thecommitteemeetingsare normallyheld
on a quarterlybasis (March,June, September,and December)each year.

Members of this committee include Mr. Lance Groseclose (Allison Gas Turbine
Division/GM),Dr. Norn Hecht (Universityof DaytonResearchCenter),Dr. Tom Whalen(Ford
MotorCompany,),Ms. Mary Harris(DOE-ORO),Dr. LindaHorton (M&C Division/ORNL),and
Dr. Vic Tannery (HTMIJORNL).

HTML User ExchangeGroup. Present,past, and potentialHTML usersare invitedto
attend, which providesparticipantsan opportunityto give adviceon how the User Program
can be improvedand made more effective.

On September23, 1993, the fourth meetingof thisgroup was held. Thirtyresearchers
fromthe universityand industrialcommunity,the HTMLstaffmembers,and otherresearchers
from ORNLattendedthismeeting. Thisnumberincluded18 researchersfrom 5 universities
and 12 researchersfrom 8 companies. The followingtechnicalpresentationswere made:

Creep Rate and Stress Rupture Properties of NT154 Si_N_
M. N, Menon,AlliedSignalEngines

Use of Cobalt and Nickel as a Barrier to Diffusion of Nickel

Through Gold, W. K. Baxter,Coors ElectronicPackage company

Em_physical Properties and Applications of [NZP] Materials,
T. B. Jackson, LoTEC, Inc.

Measurement of an Elastic constant in Plasma-Sprayed Zirconia
Coatings Using X-RayDiffraction, J. L Bjerke,Caterpillar,
Inc./T.Watkins,HTML
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APPENDIX B

Standard Nonproprletary User Agreements Executed with Universities--July 15, 1987, through
September 30, 1993

Alabama A&M University TennesseeTechnologicalUniversity
AffredUniversity Texas A&M University
Auburn dniversity Tuskegee University
Berea College Universityof Akron
Brown University Universityof Alabama
Carnegie Mellon University Universityof Arizona
Case Western University Universityof California/LosAngeles
ClarksonUniversity Universityof California/San Diego
Clemson University Universityof California/SantaCruz
Cornell University Universityof Cincinnati
DartmouthCollege Universityof Connecticut
FloridaInternationalUniversity Universityof Dayton
FloridaState University Universityof Delaware
Georgia Institute of Technology Universityof Denver
HarvardUniversity Universityof Florida
IllinoisInstitute of Technology Universityof Houston
Iowa State University Universityof Illinois
John CarrollUniversity Universityof Kentucky
Johns Hopkins University Universityof Maryland
Kent State University Universityof Massachusetts
LehighUniversity Universityof Michigan
LouisianaState Univ. and A&M College Universityof Minnesota
Marquette University Universityof Missouri-Columbia
Massachusetts Institute of Technology Universityof Missouri-Roila
Michigan State University Universityof New Mexico
MichiganTechnologicalUniversity Universityof NorthCarolina/ChapelHill
MississippiCollege Universityof Notre Dame
Mount Holyoke College Universityof Oklahoma
New Mexico Inst. of Mining& Technol. Universityof Pennsylvania
North CarolinaState University Universityof Pittsburgh
North CarolinaState A&T University Universityof Puerto Rico
Northwestern University Universityof Southern California
Ohio State University Universityof South Carolina
OklahomaState University Universityof Tennessee
Oregon State University Universityof Texas-Arlington
PennsylvaniaState University Universityof Utah
PrincetonUniversity Universityof Washington
Rensselaer PolytechnicInstitute Universityof Wisconisn
Rice University VanderbiltUniversity
Rochester Institute of Technology VPI & State University
RutgersUniversity WashingtonState University

• South Dakota State University Washington University
Southern lUinoisUniversity WrightState University
Southern University
Stanford University
Stevens Institute of Technology
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Standard Nonproprietary User Agreements Executed with Industrial Companies--July 15, 1987,
through September30, 1993

Advanced RefractoryTech., Inc. Goodyear Tire & Rubber Company
Alcoa Technology Center Great Lakes Research '
AlliedSignal GTE Laboratories,Inc.
AllisonGas Turbine Div./GM IBM AlmadenResearch Center
Alpha OpticalSystems ImTech Company
AluminumCompany of America INRAD,Inc.
Alzeda Corporation Institutefor Defense Analyses
AmericomInc. IonicAtlanta, Inc.
American Matrix,Inc. LittonIndustries
American SuperconductorCorporation LoTEC, Inc.
AT&T Bell Laboratories McDonnellDouglas Corporation
Babcock& Wilcox MembraneTechnology Research
CarboMedics, Inc. MiniaturePrecisionBearings
CarborundumCompany MonarchTile, Inc.
Caterpillar,Inc. NorthropCorporation
Ceramic Magnetics, Inc. Norton Company
Ceramics Process SystemsCorp. Norton/TRWCeramics
Certainteed Corporation Nuclear& Aerospace MaterialsCorporation
Chand Kare TechnicalCeramics Pratt& Whitney
Chrysler Corporation Proctor & Gamble Co. .
Church & Dwight Company,Inc. Quadrax Corporation
ConcurrentTechnologiesCorp. Refractory Testing Associates
Coors CeramicsCompany ReMaxCo Technologies,Inc.
CTI, Inc. SB&TD BusinessSystem
Cummins Engine Company Selee Corporation
Detroit Diesel Corporation SolarTurbines, Inc.
DG Trim Products Southwest Research Institute
Dow Chemical Company SullivanMiningCorporation
Dow Coming Corp./Midland SundstrandPowerSystems
Eaton Corporation Teledyne AIIvac
Eastman Chemical Company Tennessee Center for R&D
E. I. du Pont de Nemours TextronSpecialtyMaterials
E. I. du Pont de Nemours (Fluorochems) Thermacore,Inc_
Energy ConversionDevices,Inc. Third MillenniumTechnologies, Inc.
Engelhard Corporation TorringtonCompany
Exxon Chemical Company Tosoh SMD, Inc.
FloridaSolar Energy Center Ultramet
FloridaTile Industries United Technologies ResearchCenter
FMC Naval Systems Division UniversalEnergy Systems, Inc.
Ford Motor Company WestinghouseElectric Corporation
Foster-Miller,Inc.
General ElectricAircraftEngines
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APPENDIX C

HTMLCUMULATIVEUSER EXPERIENCE

FigureC.1 illustratesthe cumulativeuserdays for industry,university,and localusers
in the HTML User Programfor the entire25 quarters of operationto date. Approximately
56% of the cumulativeuser days have been from local researchers,whileabout 34% have
been from industryand 10% have been from universities. (For FY 1992, use by local
researchersis 50%, by industryresearchers40%, and by universityresearchers10%.)

201i us .o.+siINTHEHTMLUSERPROGRAM/
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Fig. C.1. Cumulative user days in the HTML User Program.
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APPENDIXD
e

PUBUCATIONSAND PRESENTATIONS

1. INDUSTRYUSERSPUBLICATIONSAND PRESENTATIONS

L. F. Allard, E. Volkl, T. A. Nolan, C. M. Sung, K. J. Ostreicher, and B. Elman, "Electron
Holography and High Resolution Electron Microscopy of NiGaAs/InP Quantum Wells Grown
by Gas Source MBE," presented at John M. Cowley Symposium, Tempe, Arizona, January
5-8, 1993. GTE LABORATORIESINC

L. F. Allard, W. E. Holler, D. W. Coffey, and R. A. Lowden,''The Ultrastructure of Bulk SiC
FibrilsGrown by VLS Methods,"presented at The American Society Ceramic Society (ACerS)
95th Annual Meeting, Cincinnati, Ohio, April 18-22, 1993. CARBORUNDUMCOMPANY

L. F. Allard, W. E. Holler, D. W. Coffey, and R. A. Lowden, ''The Ultrastructure of Bulk SiC
Fibrils Grown by VLS Methods," submitted to Ceramic Matrix Composites, ed. N. P. Bansal,
American Ceramic Society publishers. CARBORUNDUMCOMPANY

R.,B. Dinwiddie, Jr., S. C. Beecher,D. A. Bowers, and J. W. Sapp, ''Thermal Conductivity of
1-D Carbon Composite Constituents After Processing," presented at the 95th American
Ceramic Society (ACerS)Annual Meeting, Cincinnati, Ohio, April 18-22, 1993. MCDONNELL
DOUGLAS

R. B. Dinwiddie, Jr., S. C. Beecher,D. A. Bowers, and J. W. Sapp, ''Thermal Conductivity of
1-D Carbon Composite Constituents After Processing," presented at the 95th American
Ceramic Society (ACerS) Annual Meeting, Cincinnati, Ohio, April 18-22, 1993. MCDONNELL
DOUGLAS

R. B. Dinwiddie, Jr., H. Eaton, and J. Unsey, "The Effect of Thermal Aging on the Thermal
Conductivity of Plasma Sprayed Fully Stabilized Zirconia," presented at the 22nd International
Thermal Conductivity Conference, Tempe, Arizona, November 7-10, 1993. UNITED
TECHNOLOGY RESEARCH CENTER

C. R. Hubbard, X.-L. Wanq, S. Spooner, and J. Jo, "Comparison of Residual StressesWithin
HY-IO0Weldments Prepared With and Without Vibratory StressRelief', presented at the 42nd
Annual Denver X-Ray Conference, Denver, Colorado, August 2-6, 1993. CONCURRENT
TECHNOLOGIES

T. A. Nolan, L. F. Allard, D. W. Coffey, M. K. Ferber, and R. L. Yeckley, "Microstructural and
Chemical Changes Prior to Failure in Creep-Deformed Si3N4 Ceramics,"presented at The
American Society (ACerS) 95th Annual Meeting, Cincinnati, Ohio, April 18-22, 1993.

• NORTON COMPANY

C. M. Sung,K. J. Ostreicher,D. Kenneson,B. Elman,I.. F. Allard,and T. A. Nolan, "Electron
Holographyand High-ResolutionElectronMicroscopyof InGaAs/InPQuantumWellsGrown
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By Gas Source MBE," presented at the 1992 Materials Research Society Fall Meeting,
Boston,Massachusetts,November 30 - December4, 1992. GTE LABORATORIESINC.

T...R. Watk!ns, C. R. Hubbard, and J. L. Bjerke, "Measurement of an Elastic Constant in
Plasma Sprayed Zirconia Coatings Using X-Ray Diffraction," presented at the 42nd Annual
Denver X-Ray Conference, Denver, Colorado, August 2-6, 1993. CATERPILLAR

2. UNIVERSITYUSERSPUBLICATIONSAND PRESENTATIONS

L. F. Allard, E. Volkl, and A. K. Datye, "High ResolutionSEM Imaging of Model Catalytic
Materials," presented at the Joint UT/ORNL Ultra-High Resolution Scanning Electron
Microscopy(SEM) Workshop,Knoxville,Tennessee,September23-24, 1993. UNIVERSITY
OF NEW MEXICO

L. F. AllaLd..,.E.Voelkl, D. S. Kalakkad, and A. K. Datye, "Hollow Nanocrystals"of Catalytic
Palladium,"submittedto Nature.

L. F. Allard, E.Volkl, and A. K. Datye, "High ResolutionSEM Imaging .of Model Catalytic
Materials," Joint UT/ORNL Ultra-High ResolutionScanning Electron Microscopy (SEM)
Workshop, Knoxville,Tennessee,September23-24, 1993. UNIVERSITYOF NEW MEXICO

G. Carrasquillo, S. C. Danf_rth, L. F. Allard, T. A. Nolan, W. Chen, S. J. Dapkunas,
G. J. Piermarini,S. G. Malghan, and A. Pechenik, "High PressureConsolidationof Laser-
DerivedNanosizedSiliconNitridePowder,"presentedatTheAmericanCeramicSociety1993
PAC RIM Meeting,Honolulu,Hawaii, November7-10, 1993. RUTGERS

Narendra B. Dahotre,Mary Helen McCay,T. DwayneMcCay, Camden R. Hubbard,Wallace
D. Porter, and O. B. Cavin,"Effectof Grain Structureon PhaseTransformationEventsinthe
Iconel 718," published in Scripa Metallurgica et Materialia, Vol. 28, pp. 1359-1364, 1993.
UNIVERSITYOF TENNESSEE SPACE INSTITUTE

K.J. Kozachek,C. O. Ruud,andJ. D. Fitting,"Measurementof ResidualStresseson Ceramic
Materials with High Spatial Resolution," to be published in NDC of Materials Vi.
PENNSYLVANIASTATEUNIVERSITY

K. J. Kozachek, B. G. Petrovic, C. O. Ruud, S. K. Kurtz, A. R. Mcllree, "Microstructural
Modeling of Grain BoundaryStressesin Alloy600," submittedto the Journal of Materials
Science. PENNSYLVANIASTATEUNIVERSITY

D. K. Peeler, T. D. Taylor, and .0..B. Cavin,"Melting Kineticsof Soda-Lime-SilicaGlassesby
In SituHigh-TemperatureX-RayDiffraction,"presentedatthe AmericanCeramicSociety1993
Annual Meeting,Cincinnati,Ohio, April18-22, 1993. CLEMSON UNIVERSITY

Ram Srinivasen,Camden R. Hubbard, O. Burl Cavin, and Burtron H. Davis, "Factors
DeterminingtheCrystalPhasesof ZirconiaPowders:A NewOutlook,"publishedinAmerican
Chemical Society. UNIVERSITYOF KENTUCKY
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3. HTMLAND LOCALUSERS PUBLICATIONSAND PRESENTATIONS

Kathleen B. Alexander, Paul F. Becher, Xun-Li Wang, and Chun-Hway Hsueh, "Internal
Stresses and the MartensiteStart TemperatureinAlumina-ZirconiaComposites: Effectsof

• Compositionand Microstructure,"submittedto J. Am. Cer. Soc.

L. F. Allard, "Electron Holography: Techniques and Perspectives for Materials Science,"
presentedat the TechnicalSeminar, Penn State University,University Park, Pennsylvania,
October 29, 1992.

L. F. Allard, E. Volkl, and T. A. Nolan, "OpticalCharacteristicsof the HitachiHF-2000 Cold
Field EmissionTEM", presented at the 51st Annual Meeting of the MicroscopySocietyof
America (MSA), Cincinnati,Ohio, August1-6, 1993.

L. F. Allard,E. Volkl, and T. A. Nolan, "OpticalCharacteristicsof the HitachiHF-2000 Cold
Field EmissionTEM," presented at the 51st Annual Meetingof the MicroscopySociety of
America (MSA), Cincinnati,Ohio,August1-6, 1993.

So C. Beecher and R. B. Dinwiddie,Jr., "The Thermal Conductivity of Fiber-Reinforced
Ceramic Composites," presented at the 9th American Ceramic Society (ACerS) Annual
Meeting,Cincinnati,Ohio,April 18-22, 1993.

• S.C. Beecher,R. B. Dinwiddie,Jr.,A. M. Abeel,and R.A. Lowden,''TheThermalConductivity
of SiliconNitridewithMolybdenumDisilicideAdditions,"presentedat the 22nd International
Thermal ConductivityConference,Tempe,Arizona, November7-10, 1993.

S..C. Beecher,R. B. Dinwiddie,Jr., and R.A. Lowden,"The ThermalConductivityof Carbon
Coated SiliconCarbideFibersEmbeddedina SiliconCarbideMatrix,"presentedatthe 22nd
InternationalThermal ConductivityConference,Tempe, Arizona, November7-10, 1993.

S. C. Beecher, R. B. Dinwiddie,Jr., and A. M. Abeel, "AnAutomatedGuarded Longitudinal
Heat Flow Instrumentto MeasureThermalConductivityinthe TemperatureRange85 to 500
K,"presentedat the 22nd InternationalThermalConductivityConference,Tempe,Arizona,
November7-1O,1993.

S. C. Beecher and R..B. Dinwiddie, Jr., "Modeling the Thermal Conductivityof Fiber-
Reinforced Ceramic Composites," published in the proceedings of the 17th Annual
Conferenceon CompositesandAdvancedCeramics,Cocoa Beach, Florida,January10-15,
1993.

S. C. Beecher, R. B.....Dinwiddie, Jr., and P. Arya, ''The Thermal Conductivity of
Fiber-ReinforcedCopper and AluminumMatrixComposites,"publishedin the proceedings
of the 18th Annual American Ceramic Society (ACerS) Meeting, Cocoa Beach, Florida,
January9-14, 1994.

S. C. Beecher and R. B. Dinwiddie,Jr., ''The Thermal Conductivityof Fiber-Reinforced
Ceramic Composites," presentedat the 9th American Ceramic Society (ACerS) Annual
Meeting,Cincinnati,Ohio, April18-22, 1993.
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S. C. Beecher,R. B.Dinwiddie,Jr.,A. M. Abeel,and R.A. Lowden,'q'heThermal Conductivity
of SiliconNitridewithMolybdenumDisilicideAdditions,"presentedat the 22nd International
Thermal ConductivityConference,Tempe, Arizona,November7-10, 1993.

S. C. Beecher, R. B. Dinwiddie,Jr., and R. A. Lowden,'q-heThermalConductivityof Carbon
Coated SiliconCarbideFibersEmbeddedina SiliconCarbideMatrix,"presentedatthe 22nd
InternationalThermal ConductivityConference,Tempe, Arizona, November7-10, 1993.

S. C. Beecher, R. B. Dinwiddie,Jr., and A.M. Abeel, "AnAutomatedGuarded Longitudinal
Heat Flow Instrumentto MeasureThermalConductivityintheTemperatureRange85 to 500
K," presentedat the 22nd InternationalThermalConductivityConference,Tempe, Arizona,
November7-1O, 1993.

S. C. Beecher and R. B. Dinwiddie, Jr., "Modeling the Thermal Conductivity of Fiber-
Reinforced Ceramic Composites," published in the proceedings of the 17th Annual
Conferenceon Compositesand AdvancedCeramics,Cocoa Beach,Florida,January10-15,
1993.

D. N. Braski,A. D. Underwood,L. Riester.,and R. L. Jackson, 'q-he Use of Atomic Force
Microscopyin MaterialsScience,"presentedatthe AmericanSocietyfor InformationScience
(ASIS), Knoxville,Tennessee, May 21-27, 1993.

D. N. Braskiand K.B. Alexander,"AugerAnalysesof SiC Whisker/AluminaMatrixInterfaces,"
presentedat the 40th NationalAmericanVacuum Society (AVS) Symposiumand Topical
Conferences,Orlando, Florida,November15-19, 1993.

D. N..Braski,A. D. Underwood,L. Riester,and R. L. Jackson,"AtomicForce Microscopyof
CeramicSurfaces,"presentedatthe95thAmericanCeramicSociety(ACerS)AnnualMeeting,
Cincinnati,Ohio, April18-22, 1993.

8. B. Dinwiddie,Jr., S. C. Beecher,and P. Arya, 'q'heThermalConductivityof Carbon-Fiber-
Reinforced Metal Matrix Composites," presented at the 22nd International Thermal
ConductivityConference,Tempe, Arizona,November7-10, 1993.

R.B. Dinwiddie,Jr., "MicroscopicThermalConductivityMeasurement,"presentedatthe22nd
InternationalThermalConductivityConference,Tempe, Arizona,November7-10, 1993.

R. B..Dinwiddie,Jr.,S. C. Beecher, and P. Arya, 'q'heThermal Conductivityof Carbon-Fiber-
Reinforced Metal Matrix Composites," presented at the 22nd International Thermal
ConductivityConference,Tempe, Arizona,November7-10, 1993.

.R.B. Dinwiddie,'q-heScanning Thermal Conductivity Microprobe: TheoreticalTreatment,"
presentedat the 17thAnnual Conferenceon Compositesand AdvancedCeramics,Cocoa
Beach,Florida,January 10-15, 1993.

M. K. Ferber,"Creep and FatigueBehaviorof a HIPed SiliconNitride,"presentedat the 45th
PacificCoastRegional Meeting,San Francisco,California,November1-4, 1992.
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M. K. Ferber and M. G. Jenkins,"Creep and Fatigue Behaviorof SiliconNitrideCeramics,"
• presented at the AmericanCeramic Society 1993 Annual Meeting, Cincinnati,Ohio, April

18-22, 1993.

. _. R. Hubbard, X.-L. WanQ, S. Spooner, S. David, and T. A. Dodson, "Residual Stress
MappingThroughouta BrazedFe-ZrO_SamplebyNeutronand X-RayDiffraction,"presented
at theAmericanCeramicSociety (ACerS)95thAnnualMeeting,Cincinnati,Ohio, April18-22,
1993.

C. R. Hubbard,T. A. Dodson,X.-L.Wang, S. Spooner,O. B...Cavin,andT. R. Watkins,"Non-
DestructiveResidualStress Mapping Facilitiesby Neutron and X-Ray Powder Diffraction",
presentedatthe 1993 AmericanCrystallographicAssociationAnnualMeeting,Albuquerque,
New Mexico, May 23-28, 1993.

C. R. Hubbard, "Non-DestructiveResidualStressMapping Facilitiesby Neutronand X-Ray
Diffraction," presented at the 1993 American Crystallography Association Meeting,
Albuquerque,New Mexico,May 1993. (invitedtalk)

C. R. Hubbard, X.-L. Wano, T. A. Dodson, T. Watkins, O. B. Cavin.,and S. Spooner,
"NondestructiveResidualStressMapping by X-Ray and Neutron Diffraction,"presentedat
The Residual Stress Workshop, Oak Ridge National Laboratory, Oak Ridge, Tennessee,

. August26-27, 1993.

C. R. Hubbard, "X-RaySafety Instruction- Resources,Methods,and Responsibilitieswitha
GovermentLaboratoryPerspective",presentedatThe ResidualStressWorkshop,Oak Ridge
National Laboratory,Oak Ridge,Tennessee,August26-27, 1993.

C. R. Hubbard, S. A. David,X.-L. Wang, and S. Spooner, "NondestructiveResidualStress
Mapping in Ceramic-To-Metal Joints," presented at the 17th ,Annual Conference on
Compositesand AdvancedCeramics,Cocoa Beach, Florida,January 10-15, 1993•

C. R. Hubbard, S• Spooner, T• A. Dodson, and S• David, "NondestructiveResidualStress
Mapping in High TemperatureMaterials,"presentedat the AmericanCeramic Society94th
Annual Meeting,April13, 1992.

C. R. Hubbard,T. A. Dodson,S. A. David,and S. Spooner,"NondestructiveResidualStress
Mapping by Neutronand X-RayDiffractionMethods,"presentedat the IUCrtopical meeting
Accuracyin PowderDiffractionII, NIST, May 29, 1992.

C. R. Hubbard,X.-L. Wang, S. Spooner,andJ. Jo, "Comparisonof ResidualStresseswithin
HY-1O0WeldmentsPreparedWithandWithoutVibratoryStressRelief,"presentedatthe 42nd

• Annual DenverX-Ray Conference, Denver,Colorado, August2-6, 1993•

D. C. Joy, Y.-S. Zhang, X. Zhang, T. Hashimoto, R. D. Dunn, L. F. Allard, and T. A. Nolan,
• "PracticalAspects of ElectronHolography,"submittedto U/tramicroscopy.
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E. A. Kenik,L.F. A!!ard,and J. Bentley,"Countand SecondaryExcitationinSeveral Analytical
ElectronMicroscopes,"presentedat the 51stAnnualMicroscopySocietyof America (MSA) o
Meeting,Cincinnati,Ohio, August1-6, 1993.

E. A. Kenik, L. F. Allard,and J. Bentley,"Hole Count and Secondary Excitationin Several
AnalyticalElectronMicroscopes,"pp. 592-3 in Proceedingsof the 51stAnnual Microscopy
Societyof America(MSA) Meeting,Cincinnati,Ohio, August1-6, 1993,ed. G.W. Baileyand
C. L. Reider,San FranciscoPress,1993.

K. J. Kozachek, C. O. Ruud, J. Hirsch,J. C. Conway, Jr., and C. J. Yu, "Crystallography-
Based Predictionof PlasticAnistropyof PolycrystalUneMaterials,"publishedin Journal of
Nondestructive Evaluation, Vol. 12, No. 1, 1993.

P. J. Maziasz, C. G. McKamey, G. M. Goodwin, C. R. Hubbard, and W. D. Porter, "High-
Temperature Precipitate-StrenghtenedIron-Aluminidesand Other Intermetallic Alloys,"
presented at the Advanced IndustrialConcepts (AIC) Materials Program Guidance and
EvaluationBoardMeeting,Oak Ridge,Tennessee,June 7-9, 1993.

P.J. Maziasz,C. R. Hubbard, C. G. McKamey,T. Zacharia,and O. B. Cavin, "Some Effects
of Compositionand Microstructureon the B2-DOaOrderedPhaseTransitionin Fe3AIAlloys,"
presented at the Materials ResearchSociety 1992 Fall Meeting, Boston, Massachusetts,
November30 - December 4, 1992.

P. J. Maziasz, (3. R. Hubbard, C. G. McKamey,T. Zacharia, and O. B. Cavin,"Some Effects
of Compositionand Microstructureon the B2-DO3OrderedPhaseTransitionin Fe3AIAlloys,"
presentedat the Materials ResearchSociety 1992 Fall Meeting, Boston, Massachusetts,
November30 - December4, 1992.

P. J. Maziasz, C. G. McKamey, G. M. Goodwin, C. R. Hubbard, and W. D. Porter, "High-
Temperature Precipitate-StrenghtenedIron-Aluminidesand Other Intermetallic Alloys",
presented at the Advanced IndustrialConcepts (AIC) Materials Program Guidance and
EvaluationBoard Meeting,Oak Ridge,Tennessee,June 7-9, 1993.

T. A. Nolan.,L. F. Allard, M. K. Ferber, D. W. Coffey, and K. L. More, "Microstructural
Characterizationof Creep Deformationin Si3N4 Ceramics,"presentedat the SiliconNitride
'93 InteractionConference,Stuttgart,Germany,October 4-6, 1993.

W. D. Porter, R. B. Dinwiddie,Jr., and C. R. Hubbard, "Characterization of the Composite
Latent/Sensible Heat Storage Medium Using Thermal Analysis and X-Ray Diffraction,"
presentedat the 95thAmericanCeramicSociety(ACerS)AnnualMeeting,Cincinnati,Ohio,
April18-22, 1993.

W. D. Porter, R. B. Dinwiddie, and C. R. Hubbard, "Characterization of a Composite
Latent/Sensivle Heat Storage Medium Using Thermal Analysis and X-ray Diffraction,"
presentedat the 1993 AmericanCeramicSociety (ACerS)AnnualMeeting,Cincinnati,Ohio,
April18-22, 1993.
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W. D. Porter and P. J. Mazlasz, 'q'hermalExpansion Data on Several Iron- and Nickel-
. AluminideAUoys,"published in Scripta Meta//urgica et Materia/ia, Vol. 29, pp. 1043-1048,

1993•

• J.H. Root, T. M. Holden, J. Schroder, S• Spooner, C. R. Hubbard, T. A. Dodson, and
S. A. David, "ResidualStresses in a MultipassFerritic Weldment," p. 99, in International
Trends in Welding Science and Technology, Proceedings of the conference held at
Gatlinburg,TN June 1-5, 1992, Eds. S. A. DavidandJ. M. Vitek, ASM InternationalMaterials,
MaterialsPark, OH, 1993.

J. H. Root, T. M. Holden, J. Schroder, S. Spooner, C. R. Hubbard, T. A. Dodson, and
S. A. David,"ResidualStressMeasurementina MultipassFerriticSteelWeldmentby Neutron
Diffraction,"presentedatthe InternationalWeldingand JoiningConference,Gatlinburg,TN,
June 1992.

S. Spooner,S. A. David, X•-L.Wang, C. R.Hubbard,T. M. Holden,and J. H. Root,"Residual
Stressesin Weldments-Effectof Vibrationon StressRelief," presentedat the International
Conferenceon Modelingand Controlof JoiningProcesses,Orlando,Florida,December6-8,
1993.

S. Spooner, S. A. David, J. H. Root, T. M. Holden, M.A.M. Bourke, and J. A. Goldstone,
"ResidualStressandStrainMeasurementsin anAusteniticSteelPlateContaininga Multipass
Weld," p. 139, in InternationalTrends in WeldingScienceand Technology,Proceedingsof
theconferenceheld in Gatlingburg,TN June1-5, 1992, Eds.S. A. DavidandJ. M. Vitek,ASM
InternationalMaterials,MaterialsPark, OH, 1993.

S. Spooner,J. H. Root,T. M. Holden, and S. A. David, "ResidualStressMeasurementin a
MultipassAusteniticWeldmentby NeutronDiffraction,"posterpresentedat the International
Welding and JoiningConference,Gatlinburg,TN, June 1992.

E. Volkl, L. F. Allard,and T. A. Nolan, "ElectronHolographyAppliedto the Studyof Ceramic
Materials,"presentedat TheAmericanSocietyCeramicSociety (ACerS)95thAnnualMeeting,
Cincinnati,Ohio, April18-22, 1993.

E. Volkl and L. F. Allard, "Digital Processing of High ResolutionElectron Holograms",
presented at the 51st Annual Meeting of the Microscopy Society of America (MS.&.),
Cincinnati,Ohio, August 1-6, 1993.

E. Volkl, L.F. Allard,and T. A. Nolan, "ElectronHolographyAppliedto the Studyof Ceramic
Materials," presented at the 1993 t_merican Ceramic Society (ACerS) Annual Meeting,
Cincinnati,Ohio, April18-22, 1993.

X.-L.Wana, J. A. Fernadez-Baca,I_..B.Alexander,P. F. Becher,andC. R. Hubbard,"Residual
Microstressesand the t->m Pha_e Transititionin ZrO2(CeO2)/AI203Ceramic Composites",

• presentedat the AmericanCeramicSociety (ACerS)95th AnnualMeeting,Cincinnati,Ohio,
April 18-22, 1993.
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X.-L.Wang, C. R.,Hubbard, S. Spooner,S. A. David,and T. A. Dodson,"StressMapping in
a Zirconla/IronJoint,"presentedatthe 1993 MaterialsResearchSocietySpringMeeting,San
Franscisco,California,April12-16, 1993.

X.-L, Wang, J. A. Fernandez-Baca,C. R. H..ubbard,K. B. Alexander, and P. F. Becher,
'TransformationBehaviorin ZrO2(CeO2)/Al_O3 CeramicComposites",presentedat the 1993
MaterialsResearchSociety SpringMeeting,San Francisco,California,April12-16, 1993.

X.-L. Wang, P. F. Becher, C. R. Hubbard, J. A. Fernandez-Baca,K. B. Alexander, and
S. Spooner, "Neutron Diffraction Study of the Pseudo-Macro Residual Stresses in
ZrO=(CeO2)/AI20_Ceramic Composites", presented at the 38th Annual Denver X-Ray
Conference,Denver, Colorado,July31 - August4, 1992.

X.-L. Wang, C. R. Hubbard, K. B. Alexander, P. F. Becher, J. A. Fernandez-Baca, and
S. Spooner,"NeutronDiffractionStudy of the Micro ResidualStressesin ZrO2(CeO_)/Al_O3
Ceramic Composites,"pp. 499 in Proceedingsof the 41st X-Ray Denver Conferenceon
Advancesin X-Ray Applications. Editedby P. Predeckt,PlenumPress, New York.

X.-L.Wang, C. R. H.ubbard,S. Spooner,S. A. David,B. H. Rabin,and R. Willlamson,"Stress
Mapping in DirectlyBrazed Iron-ZirconiaJoint,"(in preparation).

X.-L. Wang, C, R..Hubbard, K. B. Alexander, P. F. Becher, J. A. Fernandez-Baca,and
S. Spooner, "Neutron Diffraction Study of the Pseudo-Macro Residual Stresses in
ZrO=(CeO2)/AI20a Ceramic Composites," presented at the 41st Annual Conference on
Applicationsof X-Ray Analysis,ColoradoSprings,Colorado,August3-7, 1992. 4

Z. L.Wang, R. Kontra,A. Goyal,D. M. Kroeger,and L. F.Allard,"Flux-PinningRelatedDefect
Structures in Melt-ProcessedYBa2Cu3OT.x,"presented at the 51st Annual Meeting of the
MicroscopySociety of America (MSA), Cincinnati,Ohio, August1-6, 1993.

Z. L.Wang, R. Kontra,A. Goyal,D. M. Kroeger,and L. F.Allard,"Flux-PinningRelatedDefect
Structures in Melt-ProcessedYBa2Cu3OT.x,"presentedat the 51st Annual Meeting of the
MicroscopySociety of America (MSA), Cincinnati,Ohio, August1-6, 1993.

C. J. Yu, J. C. Conway, Jr., J. Hirsch, C. O. Ruud, and K. J. Kozachek, "Applicationof
Nondestructive Techniques for the Prediction of Elastic Anistropy of a Textured
PolycrystallineMaterial,"publishedin Journal of Nondestructive Evaluation, Vol. 12, No. 1,
1993.

X. Zhang, D. C. Joy, L. F. Allard, and T. A. Nolan, "Study of FerroelectricDomain Wall
Structures Using Electron HolographicTechniques," presented at the 8th International
Meetingof Ferroelectrics-NIST, Gaithersburg,Maryland,August8-13, 1993.
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4. PENDING PUBLICATIONSAND PRESENTATIONS

S. C. Beecher, R. B. Dinwiddie,Jr., and P. Arya, "The Thermal Conductivityof Fiber-
ReinforcedCopper and AluminumMatrixComposites,"to be presentedat the 18th Annual

. AmericanCeramic Society (ACerS)Meeting,Cocoa Beach, Florida,January9-14, 1994.

S. C. Beecher and R. B. Dinwiddie,Jr., "Modeling the Thermal Conductivity of Fiber-
ReinforcedComposites,"willbe submittedto J. Am. Ceram. Soc. Bu//.

$. C. Beecher, R. B. Dinwiddie, Jr., and P. Arya, ''The Thermal Conductivity of Fiber-
ReinforcedCopper and AluminumMatrix Composites,"to be presentedat the 18thAnnual
AmericanCeramic Society(ACerS) Meeting,Cocoa Beach, Florida,January 9-14, 1994.

S. C, Beecher, R. B, D!nwiddle. Jr., and P. Arya, ''The Thermal Conductivity of
Fiber-Reinforced Copper and Aluminum Matrix Composites," will be published in the
proceedingsof the 18thAnnualAmericanCeramicSociety(ACerS)Meeting,Cocoa Beach,
Florida,January 9-14, 1994.

D. N. Braskiand M. C. Osborne,''The In-SituFractureand AugerAnalysisof SiC Fibers,"to
be presented at the 18th Annual American Ceramic Society (ACerS) Meeting,
Cocoa Beach, Florida,January 9-14, 1994.

R. B. Dinwiddie,Jr., "The ScanningThermalConductivityMicroprobe: ExperimentResults,"
to be presented at the 18th Annual American Ceramic Society (ACerS) Meeting,
Cocoa Beach, Florida,January 9-14, 1994.

R. B. Dinwiddie,Jr,, "The ScanningThermalConductivityMicrop;obe: ExperimentResults,"
will be publishedinthe proceedingsof the 18thAnnualAmericanCeramicSociety (ACerS)
Meeting,Cocoa Beach, Florida,January9-14, 1994.

M. Grujicic,C. R. Hubb.ard,S. Tangrila,W. D. Porter,and O. B. Cavin,"Effectof IronAdditions
on Structure of Laves Phases in Nb-Cr-Fe Alloys",will be submittedto Mater. Sci. Eng.
CLEMSON UNIVERSITY

L. Hehn, C. R. Hubbard, C. Zheng, and J. J. Mecholsky,Jr., "Measurementof Residual
Stressesin AI203/NiLaminatedCompositesUsingan X-Ray DiffractionTechniques",willbe
submittedto J. Am. Ceram. Soc. UNIVERSITYOF FLORIDA

C. R. Hubbard, S. Subramaniam,.0. B. Cavin,X._..-L.Wang, and N. McAdams,"Anisotropic
ThermalExpansionandAtomicStructureof BaZr4Ps024byH'I'XRDMethods",to bepresented
at the 18th Annual American Ceramic Society (ACerS) Meeting, Cocoa Beach, Florida,
January9-14, 1994. UNIVERSITYOF TENNESSEE

C. R. Hubbard,X..-L.WanQ,S. Spooner,O. B. Cavin,andT. Watkins,"ResearchOpportunities
. and Facilitiesat ORNL's ResidualStress User Center", will be presented at the Fourth

InternationalConferenceon ResidualStresses,Baltimore,Maryland, June 8-10, 1994.
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C. R, Hubbard, J. Worden, B. J. Rear.don,and K. L. More, "Phase Analysisof Fe3AIl.xSi0 z x
> UsingSimulatedXRD Patterns",will be submittedto Powder Diffr.

C. R._Hu_bbard,X.-L.Wang, S. Spooner,"ResidualStressMeasurementswithinComponents
by NeutronDiffractionMethods,"to be presentedat theAmericanCeramic Society(ACeRS)
96th Annual Meeting& Exposition,Indianapolis,Indiana,April24-28, 1994. (invitedtalk)

J. Jo, X.-L.Wang, M. J. Kleinosky,R. S. Green,C. R. Hubbard,and S. Spooner,"Evaluation
of StressReliefTreatmentby Neutron and X-Ray DiffractionMethods,"to be publishedin
Proceedingsof the 4th InternationalConferenceon ResidualStresses,Baltimore,June8-1O,
1994.

E. Lara.-Curizo,O, B. Cavin, S. S. Sternstein,W. D. Porter, and C. R. Hubbard, "High
TemperatureStructuralStabilityof ChemicallyVapor DepositedSiliconCarbide Filaments,"
willbe submitted to J. Am. Ceram. Soc.

D. G. Park, J. M. Burlitch, M. H. E. Martin, C. K. Ober, O. B. Cayi_.n,W. D. Porter, and
C. R. Hubbard,"Crystallizationof Precursorsto Forsteriteand Chromium-dopedForsterite",
willbe submitted to J. Am. Ceram. Soc.

J. Schroder, T. M. Holden, J. H. Root, S. Spooner, C. R. Hubbard, and T. A. Dodson,
"ResidualStress Investigationsin a Inertia FrictionWelded Sample," will be submitted to
German Soc. Mater. Sci.

S. Spooner, S. A. David, _, C. R. Hubbard, J. H. Root, and T. M. Holden,
"Investigationof ResidualStressesin a Multi-PassWeld in 1" StainlessSteel Plate,"will be
presentedatthe FourthInternationalConferenceon ResidualStresses,Baltimore,Maryland,
June 8-10, 1994.

S. Spooner,S. A. David,X.-L.Wang, and C. R. Hubbar.d,"ResidualStressesin a Multi-Pass
Weld in Austenitic Stainless Steel Plate," will be presented at the Fourth International
Conference on ResidualStresses,Baltimore,Maryland, June 8-10, 1994.

S. Spooner, X.-L. Wan_q,and _C.R. Hubbard, "User FacilitiesAvailablefor ResidualStress
Measurements,"willbe submittedto Mater. Technol.

P. Su, A. V. Virkar, C. R. Hubbard, O. B. Cavin, and W. D. Porter, "Cubic to Tetragonal
DisplaciveTransformationin Gd2030-Bii03Ceramics",willbe sumittedto J. A. Ceram. Soc.
UNIVERSITYOF UTAH

S. Subramaniam,D. P. Stinton,O. B. Cavin,C. R. Hubbard, P. F. Becher,and S. Y. Limaye,
"Synthesisand CellRefinementof Bao.5+xr_.r2P3.xSix012withx=o and0.175,"willbe submitted
to Powder Diffr. UNIVERSITYOF TENNESSEE

_, C. R. Hubbard, K. B. Alexander, P. F. Becher, J. A. Fernandez-Baca,and
S. Spooner, "Neutron DiffractionStudyof the TransformationBehavior in Alumina-Zirconia
CeramicComposites,"willbe presentedat the FourthInternationalConferenceon Residual
Stresses,Baltimore,Maryland, June 8-10, 1994.
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X.-L. Wang, _,R. Hubb.ard,S. Spooner,and S. A. David,"ResidualStressDeterminationin
• Ceramic-MetalJoints",willbe presentedatthe 75thAnnualAmericanWeldingSociety(AWS),

Philadelphia,Pennsylvania,April10-14, 1994.

. X.-L. Wang, P. R. Hubbard, K. B. Alexander, P. F. Becher, J. A. Fernandez-Baca, and
S. Spooner,"Neutron DiffractionMeasurementsof the ResidualStressesin AI203-ZrO2Ce02
Ceramic Composites",will be submittedto J. Am. Ceramc. Soc.

.X.-L.Wang, J. A. Fernandez-Baca, C. R, Hubbard, K. B. Alexander, and P. F. Becher,
"Neutron DiffractionStudy of the Tetragonal to MonoclinicPhase Transformationin AI=O3-
ZrO_(Ce02) Ceramic Composites,"(in preparation).

T. R.Watkins,X.-_. Wang, and C. R.Hubbard,"Mappingof ResidualStressesof a Cermic-to-
MetalJoint UsingX-RayDiffraction,"willbe presentedatthe FourthInternationalConference
on ResidualStresses,Baltimore,Maryland,June 8-10, 1994.

X. Zhang, _, Y. S. Zhang, T. Hashimoto, L. F. Allard, and T. A. Nolan, "Electron
Holography Techniques for Study of FerroelectricDomain Walls," will be submitted to
Ultramicroscopy.
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