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CERAMIC TECHNOLOGY PROJECT DATABASE:
SEPTEMBER 1990 SUMMARY REPORT*

B. L. P. Keyes

ABSTRACT

Datagenerated withinthe Ceramic TechnologyProject(CTP) representa very valuableresource

for bothresearchand industry. The CTP databasewas created to provideeasy accessto this information

in electronicand hardcopyforms by usinga computerizeddatabase and by issuingperiodichardcopy

reportson the database contents. This report is the sixth ina seriesof semiannualdatabase summaries

and coversrecentadditionsto the database, includingjoined brazedspecimentest data.

1. INTRODUCTION

Data generation is an ongoing process in research. New materials are constantlydeveloped,

" tested, modified,then retested, producinga vast quantityof informationthat shouldbe archived and

made availableto other interestedparties. The responsibleresearcherspublishreportson theirwork, but

- these are not alwayseasy to obtain,or evento find, severalyears after publication. Unlessthe work was

welldocumentedand arcnived,itsusefulnesswillbe limitedto only a few individuals.Years later, thesame

work may be done again,withthe same results,if noreferenceto the previouswork exists. "Reinventing

the wheel"is a waste of valuableresources. Suchwastefulnessmustbe avoided.

The CTP databasewas createdto help avoidunnecessarytestingredundancybymakingavailable

the work on materialcharacterizationand mechanicalpropertiesdata generatedwithinthe CTP. Data are

collectedand stored in a timely mannerusingdBASE IV" on an IBM PC/AT microcomputer.Usersmay

accessthe data electronicallyby requestinginformationon specificmaterialsor by requestingthe entire

database fromthe data base administrator.The data will be sent on floppydisks inthe user's requested

format. Direct accessto the masterfilesis limitedto avoidaccidentaldata contamination,or deletions,and

to reduce the opportunityfor exposureto computervirusesand other diseases. Hardcopy reports, like

thisone, are issuedsemiannuallyto informthe user communityof the latestadditionsto the databaseand

to give a systemstatusupdate.

- *Research sponsoredby the U.S. Department of Energy,AssistantSecretary for Conservation
and Renewable Energy, Office of Transportation Technologies, as part of the Ceramic Technology
Project of the Materials Development Program, under contract DE-AC05-84OR21400 with Martin

• MariettaEnergySystems,Inc.



2. SYSTEM STATUS REPORT

The database presently contains about 6,093 test results on over 360 different batches of

ceramic materials. Approximately 47.8% of these are on zirconia-based ceramics, 7.1% are on silicon

carbides, 21.8% are on silicon nitrides, 6.4% are on whisker-reinforced silicon nitrides, 15.3% are on

alumina-based ceramics (including whisker-reinforced aluminas and mullites), and 1.6% are on other

ceramics. Table 1 provides an overview of the data presently stored in the system in more detail.

Test data files on brazed-specimen torsion strength and torsion fatigue were added to the data-

base during this summary period. Although the testing procedures for unjoined and joined specimens

may be the same, additional information is needed to characterize the joint and ali the materials used to

create it. Often, dissimilar materials are brazed together, as in the case of the MS-PSZ and nodular cast-

iron joints made by M. L. Santella at Oak Ridge National Laboratory (ORNL). To characterize such a joint

requires information on ali the materials involved, the actual joining process, and the test results. Detailed

information on a given joint may be found in a separate file referenced by the joint code included in each

joined-specimen test record. The JOINTEXT file is in text form and contains ali the information about the

brazing process and materials that could be found.

3. DATA SUMMARY

The data in this report cover 1 silicon carbide, 34 silicon nitrides, 10 whisker-reinforced silicon

nitrides, 2 zirconia-toughened aluminas, 8 zirconias, and 34 joints. The data were taken from the CTP

semiannual and bimonthly progress reports, contributions by K. C. Liu and M. L. Santella of ORNL, and a

report prepared by GTE Laboratories, Analytical and Experimental Evaluation of Joining Silicon Nitride to

Metal and Silicon Carbide to Metal for Advanced Heat Engine Applications, ORNL/Sub/87-SB047C/1,

dated April 1990.

Data tables for this report are organized according to type of data: Appendix A contains available

background informationon the ceramics presented in this report; AppendixB contains the experimental

test data arranged in sections by property type. Some of the test data listed in Appendix B may not be

represented by materials in Appendix A but will be included in a later report when such information

becomes available, lt is the policy for this database to store the available information for future use,

whether or not a complete set of information is available on a material. However, complete sets are

preferred and sought as time and funding permit.

Someof the plots in this report compare propertiesof severalmaterials by usingbar charts. This

was necessary because only one test temperature was used for many tests, thus providing no

temperature range for an X-Yplot.
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Ali Weibull analyses shown in this reportwere performedusingthe rank regressionmethod, in

" whicha least-squaresfit to the data was usedto estimatethe modulus. Specifically,the data were sorted

andthe X-Y coordinates,In[modulusof rupture(MOR) strength]and Inln[1/(1-F)], were calculatedusing

, Microsoft EXCEL_ (version2.0) on an Apple Macintoshcomputer. The data were then transferred to

CricketGraph"(version 1.3.1), where they were plottedwiththe best-fit line,usingCricketGraph'sbuilt-in,

curve-fittingroutines.

Trackingdown background informationfor a specificbatch of a material is a time-consuming

experience, which is often necessary to confirm the validity of the data. Keeping assigned batch

numberswiththe material as itgoes throughtestingappearsto be neglectedin somecases. Some of the

data in thisreportincludethe originalbatchcodesassignedto the materialsby the fabricators,but when

no batch iden',!fieris mentioned, a code is assigned by database personnel based upon the source

(reportcode) and the company, laboratory,or individualwho reported the data. In the case of materials

withlocallyassignedbatchcodes,the possibilityexiststhat the same materialisalso reportedelsewherein

the database withthe originalfabricator'scode.

4. SYSTEM ACCESS

Directaccessto the masterdatabase is very limitedto protectthe integrityofthe masterfiles. Past

" experience has shown that major disastersoften occur when too many people have direct access to

unprotectedfiles at the microcomputerlevel. Since mostuserswouldprefer to havethe data ina familiar

format, to subset,analyze, and rearrange to suit their needs, this method satisfiesboth situations;the

master filesare protected,andthe user getsthe data ina readilyconsumableform. Whiledirectaccess is

faster, the process of downloadingacross phone lines can be time consumingand hazardous to the

integrityof the data beingtransmitted. This database was designedas a repository, not a full-function

analyticaltool.

Accessto the data isattained by callingthe database administratorand requestingali filesor just

thosepertainingto certainmaterialsor test types. The CTP databaseis a microcomputer-basedsystemof

files organizedin dBASE IV_ structure. The informationrequestedby the user (in the user-designated

format, includingsoftware and disktype) will then be downloadedfrom the master files, reformatted if

necessary, then sent to the user. At this time, no plans are being consideredfor direct access from

outsidesystems. Directtransferis availableby specialarrangementbut maybe time consumingdue to the

sizes and numbersof files. No guaranteeis given forthe validityof data transmitteddirectlybecause of

" possible phone line problems. Until a computerized interface becomes available, the CTP Database

User's Guide willbe sentto alifirst-timeuserswhen thedocumentbecomesavailable.

1.



Several file formats, other than dBASE IVTM , are available for files downloaded for users. These

formats have been categorized as either Apple Macintosh-compatible file;_(on 3.5-in. floppy disks) or IBM
e

PC-compatible files (on 3.5-in. floppy disks up to 1.44 MB or 5.25-in. floppy disks from 360 kB to

1.44 MB). When requesting information from the database, users should indicate disk size, disk density,

and file type.

Macintosh file types available are Microsoft EXCELTM, FOXBASE+TM, SYLK, and plain, printable

ASCII. IBM file types are Lotus 1-2-3, Microsoft EXCELTM, DIF, SDF, SYLK, plain ASCII, delimited ASCII,

dBASE IVTM, and dBASE II1+TM. Other formats may be available by special arrangement.

With computer diseases becoming so rampant, users should be aware that precautions are taken

to ensure that the disks they receive from the database are disease free. Only new disks are used for

transmittals to avoid spreading any computer diseases that might be hiding. No recycled, reformatted

disks are sent to users. Both the master system, a Northgate Elegance 425, and the Macintosh Ilcx are

checked regularly for such illnesses; none have been found so far. Use of both computers is limited to

one person who carefully screens incoming software to avoid contamination of either system. Information

is not downloaded from public bulletin boards to either system. Both systems have virus detection

software installed, and ali efforts are made to ensure that both systems remain disease free. If users have

problems with disks received from the database, they should inform database personnel immediately so

that steps can be taken to correct the problems.

=,.

5. FUTURE PLANS

Plans are being made to write a computerized user interface using the dBASE IVTM programming

language and to have the initialversioncompletedsome time in 1992. The interfacewill linkthe data-

base's many files together, providingbetter access to informationin the system. This interface will be

availableto ali usersof the databasewho requestit.

The next hardcopyupdate is scheduledfor draftcompletioninSeptember 1992.

6. PREVIOUS DATABASE SUMMARY REPORTS

1. M.K. Booker, Ceramics Technology for Advanced Heat Engines Project Data Base: A Summary
Report,ORNL/M-462, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab.

2. B.L.P. Booker, Ceramics Technology for Advanced Heat Engines Project Data Base: September
1988 Summary Report, ORNL/M-755, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab., March
1989.



3. B.L.P. Keyes, Ceramics Technology for Advanced Heat Engines Project Data Base: March 1989
o Summary Report, ORNL/M-1098, MartinMarietta EnergySystemsInc.,Oak RidgeNatl.Lab., April1990.

4. B.L.P. Keyes, Ceramics Technology for Advanced Heat Engines Project Database: September 1989
Summary Report,'ORNL/M-1286, Martin Marietta EnergySystems, Inc., Oak Ridge Natl. Lab., October

" 1990.

5. B.L.P. Keyes, Ceramics TechnologyProject Data Base: March 1990Summary Report, MartinMarietta
EnergySystems,Inc.,Oak RidgeNatl.Lab., inpublication.
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SECTION7. MODULUSOFRUPTURE-4POINTBENDOFBRAZEDSPECIMENS

MATERIAL1=81_220coatedwithtitanium,BATCHCODE=KYOCERA/MSEgO
MATERIAL2=SN-220coatedwithtitanium,BATCHCODE=KYOCEFIA/MS890
BRAZE=A_25Ni-25Pd
SOURCECOOE= SANTELLAS/90

. JOINTCODE=ORNIJMS890/SNAI

SPECIMEN BRAZING SPECIMEN ENV. TEMP MOR LOAD WIDTH THICK
NUMBER TREATMENT CONDITION °C MPa N mm mm

1 BRAZEDINVAC@1030C ASBRAZED AIR 25 441,3 2.5 2.0
2 BRAZEDINVAC@1030C ASBRAZED AIR 25 419.4 2.5 2.0
3 BRAZEDINVAC@1030C ASBRAZED AIR 25 457.5 2.5 2.0
4 BRAZEDINVAC@1030C ASBRAZED AIR 25 414.9 Z5 2.0
5 BRAZEDINVAC@1030C ASBRAZED AIR 25 444.8 2.5 2.0
6 BRAZEDINVAC@1030C ASBRAZED AIR 25 387.1 2.5 2.0
7 BRAZEDINVAC@1030C ASBRAZED AIR 25 385,6 2.5 2.0
8 BRAZEDINVAC@1030C ASBRAZED AIR 25 373.9 2.5 2.0
9 BRAZEDINVAC@1030C ASBRAZED AIR 25 438,3 2.5 2.0
10 BRAZEDINVAC@1030C ASBRAZED AIR 25 347.4 2.5 2.0
11 BRAZEDINVAC@1030C ASBRAZED AIR 25 340.3 2.5 2.0
12 BRAZEDINVAC@1030C ASBRAZED AIR 25 352.7 2.5 2.0
13 BRAZEDINVAC@1030C ASBRAZED AIR 25 344.8 2.5 2,0
14 BRAZEDINVAC@1030C ASBRAZED AIR 25 495.8 2.5 2.0

• 15 BRAZEDINVAC@1030C ASBRAZED AIR 25 414.9 2.5 2.0
16 BRAZEDINVAC@1030C ASBRAZED AIR 25 455.2 2.5 2.0

, 17 BRAZEDINVAC@1030C ASBRAZED AIR 25 474.9 2.5 2.0
18 BRAZEDINVAC@1030C ASBRAZED AIR 25 292.8 2.5 2.0l .

MCB-451A BI:lAZEDINVAC@1030C ASBRAZED AIR 600 381.2 382.7 3.1064 2.4714
MCB-451B _gRAZEDINVAC@1030C ASBRAZED AIR 600 382.3 391.5 3.1064 2.4790
MCB-451C B_ED INVAC@1030C ASBRAZED AIR 600 513.3 515.6 3.0607 2.4892
MCB-451D BRAZEDINVAC@1030C ASBRAZED AIR 600 360.7 360.0 3.0937 2.4841
MCB-451E BRAZEDINVAC@1030C ASBRAZED AIR 600 387.9 364.1 3.1191 2.4841
MCI_451F BRAZEDINVAC@1030C ASBRAZED AIR 600 375.9 381.4 3.0734 2.4714'
MCB-452A BRAZEDINVAC@1030C ASBRAZED AIR 600 351.2 362.1 3.0734 2.4867
MCB-452B BRAZEDINVAC@1030C ASBRAZED AIR 600 448.4 446.7 3,0988 2.4841
MCB-452C BRAZEDINVAC@1030C ASBRAZED AIR 600 386,5 386.7 3.0988 2.4790
MCB-452D BRAZEDINVAC@1030C ASBRAZED AIR 600 440.4 416.4 3.2715 2.4816
MCl_452E BRAZEDINVAC@1030C ASBRAZED AIR 600 419,5 420,0 3.0861 2,4816
MCB-452F BRAZEDINVAC@1030C ASBRAZED AIR 600 382.1 385.5 3.0861 2.4765
MCB-453A BRAZEDINVAC@1030C ASBRAZED AIR 600 412.8 415.8 3.0963 2.4714
MCI_453B BRAZEDINVAC@1030C ASBRAZED AIR 600 255.3 259.5 3.0683 2,4714
MCB-453C BRAZEDINVAC@1030C ASBRAZED AIR 600 334.9 336,3 3.1064 2,4714
MCB-453D BRAZEDINVAC@1030C ASBRAZED AIR 600 312.3 310.3 3.1191 2.4790
MCB-453E BRAZEDINVAC@1030C ASBRAZED AIR 600 316.3 318.8 3.0810 2.4765
MCB-453F BRAZEDINVAC@1030C ASBRAZED AIR 600 318.9 320.2 3.1064 2.4714
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SECTION7. MODULUSOFRUPTURE-4POINTBENDOFBRAZEDSPECIMENS,CONTINUED

MATERIAL1=SN-220coatedwithtitanium,BATCHCODE=KYOCERA/MS890
MATERIAL2=SN-220coatedwithtitanium,BATCHCODE=KYOCERAJMS890

=50Au-25NI-25Pd
SOURCECODE=SANTELLAS/90
JOINTCODE. ORNLJMS890/SNG1

SPECIMEN BRAZING SPECIMEN ENV. TEMP MOR WIDTH THICK
NUMBER TREATMENT CONDITION °C MPa mm mm

1 BRAZEDINVAC@1030C ASBRAZED Z,IR 25 428.2 2.5 2.0
2 BRAZEDINVAC@1030C ASBRAZED _,IR 25 404.8 2.5 2.0
3 BRAZEDINVAC@1030C ASBRAZED J,IR 25 421.9 2.5 2.0
4 BRAZEDINVAC@1030C ASBRAZED J,IR 25 209.3 2.5 2.0
5 BRAZEDINVAC@1030C ASBRAZED _.IR 25 345.2 2.5 2.0
6 BRAZEDINVAC@1030C ASBRAZED _,IR 25 404.8 2.5 2.0
7 BRAZEDINVAC@1030C ASBRAZED J,IR 25 412.7 2.5 2.0
8 BRAZEDINVAC@1030C ASBRAZED _,IR 25 444.6 2.5 2.0
9 BRAZEDINVAC@1030C ASBRAZED _,IR 25 394.7 2.5 2.0
10 BRAZEDINVAC@1030C ASBRAZED _,IR 25 425.8 2.5 2.0
11 BRAZEDINVAC@1030C ASBRAZED AIR 25 464.6 2.5 2.0
12 BRAZEDINVAC@1030C ASBRAZED _,IR 25 453.7 2.5 2.0
13 BRAZEDINVAC@1030C ASBRAZED Z,IR 25 378.2 2.5 2.0
14 BRAZEDINVAC@1030C ASBRAZED Z,IR 25 442.7 2.5 2.0
15 BRAZEDINVAC@1030C ASBRAZED l,IR 25 425.0 2.5 2.0 =,

MATERIAL1=SN-220coatedwithtitanium,BATCHCODE=KYOCERA/MS890
MATERIAL2=SN-?20coatedwithtitanium,BATCHCODE=KYOCERA/MSS90
BRAZE= 50Au.25Ni-26Pd
SOURCECODE=SANTELLAS/90

CODE=ORNL/MS890/SNG2

SPECIMEN BRAZING SPECIMEN ENV. TEMP MOR LOAD WIDTH THICK
NUMBER TREATMENT CONDITION °C MPa N mm mm

MCB-444A BRAZEDINVAC@1030C ASBRAZED AIR 600 336.7 330.7 3.099 2.502
MCB-444B BRAZEDINVAC@1030C ASBRAZED AIR 600 444.8 442.4 3.078 2.494
MCB-444C BRAZEDINVAC@1030C ASBRAZED AIR 600 390.5 382.8 3.099 2.504
MCB-444D BRAZEDINVAC@1030C ASBRAZED AIR 600 390.5 386.0 3.073 2.504
MCB-444E BRAZEDINVAC@1030C ASBRAZED AIR 600 289.6 292.1 3.061 2.484
MCB-444F BRAZEDINVAC@1030C ASBRAZED AIR 600 426.6 420.8 3.104 2.494
MCB-445A BRAZEDINVAC@1030C ASBRAZED AIR 600 401.2 400,4 3.068 2,494
MCB-445B BRAZEDINVAC@1030C ASBRAZED AIR 600 448.4 442.1 3.112 2.492
MCB-445C BRAZEDINVAC@1030C ASBRAZED AIR 600 440.4 436.4 3.096 2.492
MCB-445D BRAZEDINVAC@1030C ASBRAZED AIR 600 386.5 388.1 3.068 2.487
MCB-445E BRAZEDINVAC@1030C ASBRAZED AIR 600 203.3 204.9 3.081 2.477
MCB-445F BRAZEDINVAC@1030C ASBRAZED AIR 600 390.5 389.4 3.096 2.484
MCB.446A BRAZEDINVAC@1030C ASBRAZED AIR 600 433.2 440.6 3.086 2.464
MCB.446B BRAZEDINVAC@1030C ASBRAZED AIR 600 458.6 468.1 3.043 2.477
MCB.446C BRAZEDINVAC@1030C ASBRAZED AIR 600 446.6 459.8 3.086 2.449
MCB.446D BRAZEDINVAC@1030C ASBRAZED AIR 600 335.8 340.1 3.112 2.459
MCB-446E BRAZEDINVAC@1030C ASBRAZED AIR 600 473.7 486.8 3.112 2.441
MCB-446F BRAZEDINVAC@1030C ASBRAZED AIR 600 414,6 394,9 3.343 2.446
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SECTION7. MODULUSOFRUPTURE-4POINTBENDOFBRAZEDSPECIMENS,CONTINUED

MATERIALI =MS-PSZcoatm:lwithtitanium,BATCHCODE=NLBEN/ORNL/JI
MATERIAL2=NOOULARCASTIRON,BATCHCODE=CUMMINSGRADE8003
BRAZE=Ag.3OCu-lOSn
SOURCECODE=SANTEL_

- JOINTCODE=ORNL/MSSg0/ZRFE1

SPECIMEN BRAZING SPECIMEN ENV. TEMP MOR WIDTH THICK LOADRATE
NUMBER TREATMENT CONDITION °C MPa mm mm mnVsec

MCB-465C BRAZEDINVAC@735C ASBRAZED AIR 25 91.7 2.50 2.00 22.70
MCB-461A BRAZEDINVAC,,@735C ASBRAZED AIR 25 125.3 2.50 2.00 22.70
MCB-466C BRAZEDINVAC@735C ASBRAZED AIR 25 129.2 2.50 2.00 22.70
MCB.455D BRAZEDINVAC@735C ASBRAZED AIR 25 190.7 2.50 2.00 22.70
MCB-465D BRAZEDINVAC@735C ASBRAZED AIR 25 208.7 2.50 2.00 22.70
MCB-459A BRAZEDINVAC@735C ASBRAZED AIR 26 238,4 2.50 2.00 22.70
MCB-4558 BRAZEDINVAC@735C ASBRAZED AIR 25 299.7 2.50 2.00 22.70
MCB-465B BRAZEDINVAC@735C ASBRAZED AIR 25 304.8 2.50 2.00 22.70
MCB458A BRAZEDINVAC@735C ASBRAZED /ALP, 25 306.9 2.50 2.00 22.70
MCB-4,_ BRAZEDINVAC@735C ASBRAZED AIR 25 312.6 2.50 2.00 22.70
MCB-463B BRAZEDINVAC@735C ASBRAZED AIR 25 317.8 2.50 2.00 22.70
MCB-466B BRAZEDINVAC@735C ASBRAZED AIR 26 320,8 2.50 2.00 22,70
MCBA55A BRAZEDINVAC@735C ASBRAZED AIR 25 323,2 2.50 2.00 22.70
MCB-466A BRAZEDINVAC@735C ASBRAZED AIR 25 323,7 2.50 2,00 22.70

- MCI_465A BRAZEDINVAC@735C ASBRAZED AIR 25 327,5 2.50 2.00 22,70
MCI_455F: BRAZEDINVAC@735C ASBRAZED AIR 25 332,2 2,50 2.00 22.70
MCB-465E BRAZEDINVAC@735C ASBRAZED AIR 25 337.8 2,50 2.00 22,70
MCB-463C BRAZEDINVAC@735C ASBRAZED AIR 25 350.4 2,50 2.00 22.70
MCB-455C BRAZEDINVAC@735C ASBRAZED AIR 25 370,3 2,50 2.00 22,70
MCBA56A BRAZEDINVAC@735C ASBRAZED AIR 25 375,2 2.50 2.00 22.70
MCB-463A 6HAZEDINVAC@735C ASBRAZED AIR 25 377.0 2.50 2.00 22.70
MCB-463D BRAZEDINVAC@735C ASBRAZED AIR 25 378,0 2.50 2.00 22,70

MATERIAL1=MS-PSZcoatedwithtitanium,BATCHCODE=NLSEN/ORNIJJ1
MATERIAL2=NODULARCASTIRON,BATCHCODE=CUMMINSGRADE8003
BRAZE=Ag.30Cu-10Sn
SOURCECODE=SANTELLAS/_
JOINTCODE=ORNIJMS890/ZRFE2

SPECIMEN BRAZING SPECIMEN ENV, TEMP MOR WIDTH THICK LOADRATE
NUMBER TREATMENT CONDITION °C MPa mm mm mm/sec

MCB-462A BRAZEDINVAC@735C ASBRAZED AIR 400 109,3 2.50 2.00 22.70
MC_456B BRAZEDINVAC@735C ASBRAZED AIR 400 117,5 2.50 2,00 22.70
MCB.460D BRAZEDINVAC@735C ASBRAZED AIR 400 130,7 2.50 2.00 22,70
MCI_462D BRAZEDINVAC@735C ASBRAZED AIR 400 143.0 2,50 2,00 22.70
MCBA60A BRAZEDINVAC@735C ASBRAZED AIR 400 146,2 2,50 2.00 22,70
MCB-462C BRAZEDINVAC@735C ASBRAZED AIR 400 150,3 2,50 2.00 22.70
MCB-460B BRAZEDINVAC@735C ASBRAZED AIR 400 170.1 2,50 2,00 22,70

" MCB-462B BRAZEDINVAC@735C ASBRAZED AIR 400 177,2 2,50 2,00 22.70
MCB-460E BRAZEDINVAC@735C ASBRAZED AIR 400 188.8 2.50 2,00 22,70
MCB-462E BRAZEDINVAC@735C ASBRAZED AIR 400 191,2 2.50 2.00 22.70

• MCB.460C BRAZEDINVAC@735C ASBRAZED AIR 400 195,7 2,50 2,00 22,70
MCB-456E BRAZEDINVAC@735C ASBRAZED AIR 400 213,2 2,50 2,00 22,70
MCB-456D BRAZEDINVAC@735C ASBRAZED AIR 400 220,6 2.50 2.00 22.70
MC1_456C BRAZEDINVAC@735C ASBRAZED AIR 400 227,1 2.50 2,00 22.70
MCB-458B BRAZEDINVAC@735C ASBRAZED AIR 400 243.3 2,50 2,00 22,70
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SECTION9, TORSIONOFBRAZEDSPECIMENS

MATERIAL1.. HEXALOYSAcoatedwithtitanium,BATCHCOOE-GTEUSOHIO-87SB
MATERIAL2= INCOLOY909,BATCHCODE.-GTEL/CARTECH
BRAZEMATERIAL..Au-5Pd-2Ni
SOURCECODE- ORNL87SB047C

• JOINTCODE.- GTEIJSIC-INCg09

TEST TORQUE BENDING ROTATION COMMENTS
TEMP Nm MOMENT DEGREES

°C Nm
25 11.980 18.300 0,25 BROKEINCERAMIC
25 7,910 6,100 0,25 BROKEINCERAMIC
25 7,680 6,100 0.30 BROKEINCERAMIC

650 1.130 SLIPPEDATBRZ/CERINTFC
650 2,820 SLIPPEDAT BRZ/CERINTFC
650 4,5_ SLIPPEDATBRZ/CERINTFC

MATERIAL1, GTEPY6coaledwithtitanium,BATCHCODE=GTEI./87-SB047C
MATERIAL2= INCOLOY909,BATCHCODE,- GTEIJCARTECH
BRAZEMATERIAL= Au-5Pd-2Ni
SOURCECODE.-ORNL87SB047C
JOINTCODE=GTEL/PY6-1NCg09

=,

TEST TORQUE BENDING ROTATION COMMENTS
TEMP Nm MOMENT DEGREES

" °C Nm
25 60.900 7.120 2,22 BROKEINCERAMIC
25 97,390 14,240 3,52 BROKEINCERAMIC
25 53.100 11,190 1,98 BROKEINCERAMIC
25 30.170 13.220 1.15 BROKEINCERAMIC
25 59.660 10.170 1.05 BROKEINCERAMIC

650 4.630 SLIPPEDATBRZ/CERINTFC
650 1.580 0.10 SLIPPEDATBRZ/CERINTFC
650 7.010 SLIPPEDATBRZJCERINTFC
650 4.860 0.21 SLIPPEDATBRZ/CERINTFC

MATERIAL1= GTEPY6coatedwithtitanium,BATCHCODE.GTEL/87-SB047C
MATERIAL2= IN.EL 718,BATCHCODE.. GTEL/HUNTALLOY
BRAZEMATERIAL=Au-5Pd-2Ni
SOURCECODE• ORNL87SB047C
JOINTCODE• GTEL/PY6-1NC718

TEST TORQUE BENDING ROTATION COMMENTS
TEMP Nm MOMENT DEGREES

- °C Nm
25 12.200 25.420 0.38 BROKEINCERAMIC
25 39.540 13.220 1.19 BROKEINCERAMIC

• 25 22.600 17.290 0.70 BROKEINCERAMIC
25 51.180 16.270 0.80 BROKEINCERAMIC
25 40.670 16.270 0.64 BROKEINCERAMIC

950 0.340 SLIPPEDATBRZJCERINTFC
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SECTION 10. TORSION FATIGUE OF BRAZED SPECIMENS

MATERIAL 1 = GTE PY6 coated with titanium, BATCH CODE = GTEL/87-SB047C lP

MATERIAL 2 ---INCOLOY 909, BATCH CODE = GTEL/CARTECH
BRAZE MATERIAL -- Au-5Pd-2Ni
SOURCE CODE = ORNL87SB047C
JOINT CODE = GTEL/PY6-1NC909

SPECIMEN 1T_IVlP T_ BENDING ROTATION CYCLESTO
NUMBER °C Nm _ DEGFEES FAILURE

Nm

BZTRFT1 * 25 4 TO 20.9 20.300 +-0.31 >1 000
BZTRFT2* 25 4 TO 20.9 19.300 +.0.32 >1 000
BZTRFT3* 25 4 TO 20.9 21.354 +.0.31 >1000

BZTRFT4t 2 5 4 TO 20.9 26.438 +-0.32 >1000
25 4 TO 20.9 16.270 +-0.32 >1 000000

TEST NOTES

• Specimenwas heatedto 650-700C, grippedin the MTS machine,then cooledbefore
test to realignthe specimen.

b

t Specimen was heatedto 650-700C, gripped inthe MTS machine, thencooledbefore
testingto realignthe specimen.This test was rununtilfracture, enduringmore
than 1,000,000 cycleswithnosignsof degradation.Parametersunchangedfrom
beginningof the test.
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VesuviusResearch & Rockford, IL 61125-7002
Development

TechnicalCeramics Group 235. Ernest J. Duwell
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228. B. Dogan 236. Chuck J. Dziedzic
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239. Harry E. Eaton 247. Jeff Epstein
United Technologies Corporation Ceramic Technologies, Inc.

" Research Center 2107 Jamara Lane
Silver Lane Houston, TX 77077
East Hartford, CT 06108
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245. Willi_, S. Ellis
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332 South Michigan Avenue United Technologies Corporation
Suite 1730 Pratt & WhiotneyAircraft "
Chicago, IL 60604 400 Main Street

MS:163-I0
257. John W. Fairbanks East Hartford, CT 06108 -
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275. David J. Franus 284. Tom Garritano
. Forecast International University of Tennessee

22 CommerceRoad Science Alliance
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Knoxville, TN 37996-1328
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21000 Brookpark Road Norton Company
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University of California
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P.O. Box 1258 341. Clarence Hoenig
Alfred, NY 14802 Lawrence LivermoreNational

Laboratory
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" of Canada Technology, Inc.
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Institute Company
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Engineering Division
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NASALewis Research Center Trends Publishing, Inc.
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HS:6-1 Washington, DC 20045
Cleveland, OH 44135
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8001 Daly Street
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University of Washington Hattem 8050-AB
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Seattle, WA98195 University of Illinois
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Labs, Inc. Urbana, IL 61801
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ASM International Advanced
400. RichardA. Kole Materials & Processes -
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Argonne National Laboratory
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Universityof Connecticut Argonne, IL 60439
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Norton Company
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General Motors Corporation Babcock&Wtlcox
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9301 West 5Sth Street 1850 "K" Street, Suite 950
LaGrange, IL 60525 Washington, DC 20006

415. Richard L. Landtngham 424. Harry A. Lawler
LawrenceLivermore National CarborundumCompany
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Textron Speciality Materials
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Material Technology
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GERMANY AIR HAIL ClemsonUniversity
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432. Ai-Kang Li 439. Ronald E. Loehman
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195-5 Chung-HsingRoad, Sec. 4 Department 1840
Chutung Hsinchu 31015 R.O.C. P.O. Box 5800
TAIWAN AIR MAIL Albuquerque,NM 87185 .
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Hong Kong Industrial Winona State University
Technology Centre Co. Ltd. CompositeMaterials
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Norton Company P.O. Box 11165
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Goddard Road
Northboro,MA 01532-1545 442. William D. Long

Wacker Chemicals (USA), Inc.
435. E. Lilley ESK Engineered Ceramics

Norton Company 50 Locust Avenue
Advanced Ceramics New Canaan, CT 06840
Goddard Road
Northboro,MA 01532-1545 443. L. A. Lott

EG&G Idaho, Inc.
436. Laura J. Lindberg Idaho National Engineering

Allied-SignalAerospace Laboratory
Company P.O. Box 1625

Garrett Fluid Systems Division Idaho Falls, ID 83415-2209
1300 West Warner
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P.O. Box 22200 MER Corporation
Tempe, AZ 85284-2200 7960 South Kolb Road

Tucson, AZ 85706
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General Motors Corporation Aluminum Company of America
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447. JamesW. MacBeth 456. Lars Malmrup
CarborundumCompany United Turbine AB

" Structural Ceramics Division Box 13027
P.O. Box 1054 MalmoS-200 44
Niagara Falls, NY 14302 SWEDEN AIR HAIL

448. H. MacLaren 457. John Mangels
General Electric Company Ceradyne, Inc.
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Matec Applied Sciences, Inc.
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Industrial Chemicals Division
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450. David Maginnts Old Norris Road
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UniversalEnergySystems,Inc. AlcoaTechnicalCenter
CeramicsandComposites AdvancedCeramicsCenter- E
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