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CERAMIC TECHNOLOGY PROJECT DATABASE:
SEPTEMBER 1990 SUMMARY REPORT*

B. L. P. Keyes

ABSTRACT

Data generated within the Ceramic Technology Project (CTP) represent a very valuable resource
for both research and industry. The CTP database was created to provide easy access to this information
in electronic and hardcopy forms by using a computerized database and by issuing periodic hardcopy
reports on the database contents. This report is the sixth in a series of semiannual database summaries
and covers recent additions to the database, including joined brazed specimen test data.

1. INTRODUCTION

Data generation is an ongoing process in research. New materials are constantly developed,
tested, modified, then retested, producing a vast quantity of information that should be archived and
made available to other interested parties. The responsible researchers publish reports on their work, but
these are not always easy to obtain, or even to find, several years after publication. Unless the work was
well documented and archived, its usefulness will be limited to only a few individuals. Years later, the same
work may be done again, with the same results, if no reference to the previous work exists. "Reinventing
the wheel" is a waste of valuable resources. Such wastefulness must be avoided.

The CTP database was created to help avoid unnecessary testing redundancy by making available
the work on material characterization and mechanical properties data generated within the CTP. Data are
collected and stored in a timely manner using dBASE IV™ on an IBM PC/AT microcomputer. Users may
access the data electronically by requesting information on specific materials or by requesting the entire
database from the data base administrator. The data will be sent on floppy disks in the user's requested
format. Direct access to the master files is limited to avoid accidental data contamination, or deletions, and
to reduce the opportunity for exposure to computer viruses and other diseases. Hardcopy reports, like
this one, are issued semiannually to inform the user community of the latest additions to the database and
to give a system status update.

*Research sponsored by the U.S. Department of Energy, Assistant Secretary for Conservation
and Renewable Energy, Office of Transportation Technologies, as part of the Ceramic Technology
Project of the Materials Development Program, under contract DE-AC05-840R21400 with Martin
Marietta Energy Systems, 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 all 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 (ORNML). To characterize such a joint
requires information on all 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 all 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
repont 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 information on the ceramics presented in this report; Appendix B 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. It 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.

Some of the plots in this report compare properties of several materials by using bar charts. This
was necessary because only one test temperature was used for many tests, thus providing no
temperature range for an X-Y plot.



All Weibull analyses shown in this report were performed using the rank regression method, in
which a least-squares fit to the data was used to estimate the modulus. Specifically, the data were sorted
and the X-Y coordinates, In [modulus of rupture (MOR) strength] and Inin [1/(1-F)], were calculated using
Microsoft EXCEL™ (version 2.0) on an Apple Macintosh computer. The data were then transferred to
Cricket Graph™(version 1.3.1), where they were plotted with the best-fit line, using Cricket Graph's built-in,
curve-fitting routines.

Tracking down background information for a specific batch of a material is a time-consuming
experience, which is often necessary to confirm the validity of the data. Keeping assigned batch
numbers with the material as it goes through testing appears to be neglected in some cases. Some of the
data in this report include the original batch codes assigned to the materials by the fabricators, but when
no batch identifier is mentioned, a code is assigned by database personnel based upon the source
(report code) and the company, laboratory, or individual who reported the data. In the case of materials
with locally assigned batch codes, the possibility exists that the same material is also reported elsewhere in
the database with the original fabricator's code.

4. SYSTEM ACCESS

Direct access to the master database is very limited to protect the integrity of the master files. Past
experience has shown that major disasters often occur when too many peopie have direct access to
unprotected files at the microcomputer level. Since most users would prefer to have the data in a familiar
format, to subset, analyze, and rearrange to suit their needs, this method satisfies both situations; the
master files are protected, and the user gets the data in a readily consumable form. While direct access is
faster, the process of downloading across phone lines can be time consuming and hazardous to the
integrity of the data being transmitted. This database was designed as a repository, not a full-function
analytical tool.

Access to the data is attained by cailing the database administrator and requesting all files or just
those pertaining to certain materials or test types. The CTP database is a microcomputer-based system of
files organized in dBASE IV™ structure. The information requested by the user (in the user-designated
format, including software and disk type) will then be downloaded from the master files, reformatted if
necessary, then sent to the user. At this time, no plans are being considered for direct access from
outside systems. Direct transfer is available by special arrangement but may be time consuming due to the
sizes and numbers of files. No guarantee is given for the validity of data transmitted directly because of
possible phone line problems. Until a computerized interface becomes available, the CTP Database
User's Guide will be sent to all first-time users when the document becomes available.



Several file formats, other than dBASE IV™ | are available for files downloaded for users. These
formats have been categorized as either Apple Macintosh-compatible files (on 3.5-in. floppy disks) or 1BM
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 EXCEL™, FOXBASE+™, SYLK, and plain, printable
ASCIl. IBM file types are Lotus 1-2-3, Microsoft EXCEL™, DIF, SDF, SYLK, plain ASCH, delimited ASCII,
dBASE IV™, and dBASE 1ll+™. 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 licx 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 all 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 V™ programming
language and to have the initial version completed some time in 1992. The interface will link the data-
base's many files together, providing better access to information in the system. This interface will be
available to all users of the database who request it.

The next hardcopy update is scheduled for draft completion in September 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
Summary Report, ORNL/M-1098, Martin Marietta Energy Systems inc., Oak Ridge Natl. Lab., April 1990.

4. B.L.P.Keyes, Ceramics Technology for Advanced Heat Engines Project Database: September 1989

Summary Report,"ORNL/M-1286, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab., October
1990.

5. B.L.P.Keyes, Ceramics Technology Project Data Base: March 1990 Summary Report, Martin Marietta
Energy Systems, Inc., Oak Ridge Natl. Lab., in publication.
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APPENDIX A. MATERIAL CHARACTERISTICS AND BACKGROUND INFORMATION
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Figure 3. Effects of aging on the fracture toughness of various

zirconias tested at 25°C. Indentation load was 10kg.
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Figure 7. Aging heat treatments seem to have little effect

on the elasticity of many zirconia-based ceramics.
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SECTION 7. MODULUS OF RUPTURE- 4 POINT BEND OF BRAZED SPECIMENS

MATERIAL 1 = SN-220 coated with titanium, BATCH CODE = KYOCERA/MS890
MATERIAL 2 = SN-220 coated with titanium, BATCH CODE = KYOCERA/MS890

BRAZE = Au-25Ni-25Pd
SOURCE CODE = SANTELLAS/S0
JOINT CODE = ORNL/MSB90/SNA1
SPECIMEN BRAZING SPECIMEN ENV. TEMP MOR LOAD WIDTH THICK
NUMBER TREATMENT CONDITION °C MPa N mm mm
1 BRAZED IN VAC@1030C AS BRAZED AIR 26 413 25 20
2 BRAZED IN VAC@1030C AS BRAZED AIR 25 4194 25 20
3 BRAZED IN VAC@1030C AS BRAZED AR 25 4575 25 20
4 BRAZED IN VAC@1030C AS BRAZED AR 25 4149 25 20
5 BRAZED IN VAC@1030C AS BRAZED AR 25 4448 25 20
6 BRAZED IN VAC@1030C AS BRAZED AR 26 3871 25 20
7 BRAZED IN VAC@1030C AS BRAZED AIR 25 3856 25 20
8 BRAZED IN VAC@1030C AS BRAZED AR 25 339 25 20
8 BRAZED IN VAC@1030C AS BRAZED AIR 25 4383 25 20
10 BRAZED IN VAC@1030C AS BRAZED AR 28 3474 25 20
11 BRAZED IN VAC@1030C AS BRAZED AR 25 3403 25 20
12 BRAZED IN VAC@1030C AS BRAZED AR 25 3527 25 20
13 BRAZED IN VAC@1030C AS BRAZED AR 25 3448 25 20
14 BRAZED IN VAC@1030C AS BRAZED AR 25 4058 25 20
15 BRAZED IN VAC@1030C AS BRAZED AIR 25 4149 25 20
16 BRAZED IN VAC@1030C AS BRAZED AR 26 4652 25 20
17 BRAZED IN VAC@1030C AS BRAZED AIR 26 4749 25 20
18 BRAZED IN VAC@1030C AS BRAZED AR 25 2928 25 20
MCB-451A BRAZED IN VAC@1030C AS BRAZED AR 600 381.2 3827 3.1064 24714
MCB-451B SRAZED IN VAC@1030C AS BRAZED AR 600 3023 3815 3.1064 2.4780
MCB-451C  BRAZED IN VAC@1030C AS BRAZED AR 600 5133 5156 3.0607 2.4892
MCB-451D  BRAZED IN VAC@1030C AS BRAZED AIR 600  360.7 360.0 3.0937 2.4841
MCB-451E BRAZED IN VAC@1030C AS BRAZED AR 600 3679 364.1 31191 24841
MCB-451F BRAZED IN VAC@1030C AS BRAZED AR 600 3759 3814 3.0734 2414
MCB-452A BRAZED IN VAC@1030C AS BRAZED AR 600 3612 362.1 3.0734 2.4867
MCB-452B BRAZED IN VAC@1030C AS BRAZED AIR 600 4484 4467 3.0988 2.4841
MCB-452C  BRAZED IN VAC@1030C AS BRAZED AR 600 3865 386.7 3.0988 2.4790
MCB-452D  BRAZED IN VAC@1030C AS BRAZED AR 600 4404 4164 3.2715 2.4816
MCB-452E BRAZED IN VAC@1030C AS BRAZED AR 600 4195 4200 3.0861 24816
MCB-452F BRAZED IN VAC@1030C AS BRAZED AR 600 3821 3855 3.0861 2.4765
MCB-453A BRAZED IN VAC@1030C AS BRAZED AR 600 4128 4158 3.0963 24714
MCB-453B BRAZED IN VAC@1030C AS BRAZED AR 600 2553 2605 3.0683 24714
MCB-453C  BRAZED IN VAC@1030C AS BRAZED AR 600 3349 336.3 3.1064 24714
MCB-453D  BRAZED IN VAC@1030C AS BRAZED AR 600 3123 3103 3.1191 24780
MCB-453€ BRAZED IN VAC@1030C AS BRAZED AR 600 3163 3188 3.0810 2.4765
MCB-453F BRAZED IN VAC@1030C AS BRAZED AR 600 3189 320.2 3.1064 24714
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SECTION 7. MODULUS OF RUPTURE- 4 POINT BEND OF BRAZED SPECIMENS, CONTINUED

MATERIAL 1 = SN-220 coated with titanium, BATCH CODE = KYOCERA/MS880
MATERIAL 2 = SN-220 coated with titanium, BATCH CODE = KYOCERA/MS820

BRAZE = 50Au-25Ni-25Pd
SOURCE CODE = SANTELLAB/S0
JOINT CODE = ORNL/MS890/SNG1
SPECIMEN BRAZING SPECIMEN ENV.  TEMP MOR WIDTH THICK
NUMBER TREATMENT CONDITION °C MPa mm mm
1 BRAZED IN VAC@1030C AS BRAZED AIR 25 428.2 25 20
2 BRAZED IN VAC@1030C AS BRAZED AIR 25 4048 25 20
3 BRAZED IN VAC@1030C AS BRAZED AR 25 4219 25 20
4 BRAZED IN VAC@1030C AS BRAZED AIR 25 209.3 25 20
5 BRAZED IN VAC@1030C AS BRAZED AR 25 3452 25 20
6 BRAZED IN VAC@1030C AS BRAZED AR 25 4048 25 20
7 BRAZED IN VAC@1030C AS BRAZED AR 2% 4127 25 20
8 BRAZED IN VAC@1030C AS BRAZED AR 25 4446 25 20
9 BRAZED IN VAC@1030C AS BRAZED AR 25 3947 25 20
10 BRAZED IN VAC@1030C AS BRAZED AR 25 4258 25 20
A BRAZED IN VAC@1030C AS BRAZED AR 25 4646 25 20
12 BRAZED IN VAC@1030C AS BRAZED AR 25 4537 25 20
13 BRAZED IN VAC@1030C AS BRAZED AR 25 3782 25 20
14 BRAZED IN VAC@1030C AS BRAZED AR 25 4427 25 20
15 BRAZED IN VAC@1030C AS BRAZED AIR 25 425.0 25 20
MATERIAL 1 = SN-220 coated with titanium, BATCH CODE = KYOCERA/MS890
MATERIAL 2 = SN-220 coated with titanium, BATCH CODE = KYOCERA/MS800
BRAZE = 50Au-25Ni-25Pd
SOURCE CODE = SANTELLA8S0
JOINT CODE = ORNL/MS890/SNG2
SPECIMEN BRAZING SPECIMEN ENV.  TEMP MOR LOAD WIDTH THICK
NUMBER TREATMENT CONDITION °C MPa N mm mm
MCB-444A BRAZED IN VAC@1030C AS BRAZED AR 600 336.7 330.7 3.009 2.502
MCB-444B BRAZED IN VAC@1030C AS BRAZED AIR 600 4448 4424 3.078 2.494
MCB-444C BRAZED IN VAC@1030C AS BRAZED AR 600 390.5 3828 3.099 2.504
MCB-444D BRAZED IN VAC@1030C AS BRAZED AR 600 390.5 386.0 3.073 2.504
MCB-444E BRAZED IN VAC@1030C AS BRAZED AIR 600 289.6 2921 3.061 2484
MCB-444F BRAZED IN VAC@1030C AS BRAZED AR 600 426.6 4208 3.104 2494
MCB-445A BRAZED IN VAC@1030C AS BRAZED AR 600 401.2 400.4 3,068 2494
MCB-445B BRAZED !N VAC@1030C AS BRAZED AR 600 448.4 4421 3.112 2492
MCB-445C BRAZED IN VAC@1030C AS BRAZED AR 600 440.4 4364 3.096 2.402
MCB-445D BRAZED IN VAC@1030C AS BRAZED AR 600 386.5 388.1 3.068 2487
MCB-445E BRAZED IN VAC@1030C AS BRAZED AR 600 2033 204.9 3.081 2411
MCB-445F BRAZED IN VAC@1030C AS BRAZED AR 600 390.5 389.4 3.086 2484
MCB-446A BRAZED IN VAC@1030C AS BRAZED AR 600 433.2 440.6 3.086 2.464
MCB-4468 BRAZED IN VAC@1030C AS BRAZED AR 600 4586 468.1 3.043 2417
MCB-446C BRAZED IN VAC@1030C AS BRAZED AR 600 4466 459.8 3.086 2.449
MCB-446D BRAZED IN VAC@1030C AS BRAZED AR 600 335.8 3401 3112 2.459
MCB-446E BRAZED IN VAC@1030C AS BRAZED AR 600 4737 486.8 3.112 2.441
MCB-446F BRAZED IN VAC@1030C AS BRAZED AR 600 4146 3949 3.343 2446
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SECTION 7. MODULUS OF RUPTURE- 4 POINT BEND OF BRAZED SPECIMENS, CONTINUED

MATERIAL 1 = MS-PSZ coated with titanium, BATCH CODE = NILSEN/ORNL/J1

MATERIAL 2 = NODULAR CAST IRON, BATCH CODE = CUMMINS GRADE 8003
BRAZE = Ag-30Cu-10Sn

SOURCE CODE = SANTELLASR0

JOINT CODE = ORNL/MS880/ZRFE1
SPECIMEN BRAZING SPECIMEN ENV. TEMP MOR WIDTH THICK  LOAD RATE

NUMBER TREATMENT CONDITION °C MPa mm mm mmsec

MCB-465C  BRAZED IN VAC@735C AS BRAZED AR 25 91.7 2.50 2,00 22.70
MCB-461A BRAZED IN VAC@735C AS BRAZED AR 25 1253 2.50 2.00 270
MCB-466C  BRAZED IN VAC@735C AS BRAZED AR 25 1292 2.50 200 2270
MCB-455D  BRAZED IN VAC@735C AS BRAZED AR 25 1907 2.50 2.00 2270
MCB-465D  BRAZED IN VAC@735C AS BRAZED AR 25 2087 2.50 2.00 2270
MCB-459A BRAZED IN VAC@735C AS BRAZED AR 25 2384 2.50 2,00 22.70
MCB-485B  BRAZED IN VAC@735C AS BRAZED AIR 25 2097 2,50 2.00 22.70
MCB-4658 BRAZED IN VAC@735C AS BRAZED AR 25 3048 2.50 2.00 22.70
MCB-458A BRAZED IN VAC@735C AS BRAZED AIR 25 069 2.50 2.00 22.70
MCB-455€ BRAZED IN VAC@735C AS BRAZED AR 25 3126 2.50 2.00 22.70
MCB-4638 BRAZED IN VAC@735C AS BRAZED AR 25 3178 2.50 2.00 22.70
MCB-4668 BRAZED IN VAC@735C AS BRAZED AR 25 3208 2.50 2.00 22.70
MCB-455A BRAZED IN VAC@735C AS BRAZED AR 25 332 2.50 2.00 22.70
MCB-466A BRAZED IN VAC@735C AS BRAZED AR 25 387 2.50 2.00 2270
MCB-465A BRAZED IN VAC@735C AS BRAZED AR 25 3215 2.50 2.00 2270
MCB-455F BRAZED IN VAC@735C AS BRAZED AR 25 3322 250 2.00 22.70
MCB-465E BRAZED IN VAC@735C AS BRAZED AR 25 33718 2.50 2.00 2270
MCB-463C  BRAZED IN VAC@735C AS BRAZED AR 25 3504 2.50 2,00 2270
MCB-455C  BRAZED IN VAC@735C AS BRAZED AR 25 3703 2.50 2,00 2270
MCB-456A BRAZED IN VAC@735C AS BRAZED AR 25 3152 2.50 2.00 22.70
MCB-463A SRAZED IN VAC@735C AS BRAZED AR 25 30 2.50 2.00 22,70
MCB-4630  SRAZELD IN VAC@735C AS BRAZED AR 25 3780 2.50 2.00 2270

MATERIAL 1 = MS-PSZ coated with titanium, BATCH CODE = NILSEN/ORNLWJ1

MATERIAL 2 = NODULAR CAST IRON, BATCH CODE = CUMMINS GRADE 8003

BRAZE = Ag-30Cu-10Sn

SOURCE CODE = SANTELLA8S0

JOINT CODE = ORNL/MS890/ZRFE2
SPECIMEN BRAZING SPECIMEN ENV. TEMP MOR WIDTH THICK  LOAD RATE

NUMBER TREATMENT CONDITION °C MPa mm mm mm/sec

MCB-462A BRAZED IN VAC@735C AS BRAZED AR 400 108.3 2.50 2,00 22.70
MCB-4568  BRAZED IN VAC@735C AS BRAZED AR 400 1175 2.50 2,00 22.70
MCB-460D  BRAZED IN VAC@735C AS BRAZED AR 400 130.7 2.50 2,00 22,70
MCB-462D  BRAZED IN VAC@735C AS BRAZED AR 400 143.0 2.50 2,00 2270
MCB-460A BRAZED IN VAC@735C AS BRAZED AR 400 146.2 250 2,00 2270
MCB-462C  BRAZED IN VAC@735C AS BRAZED AR 400 150.3 250 2,00 270
MCB-460B BRAZED IN VAC@735C AS BRAZED AR 400 170.1 2,50 2,00 22.70
MCB-4628 BRAZED IN VAC@735C AS BRAZED AIR 400 177.2 2,50 2,00 22.70
MCB-460E BRAZED IN VAC@735C AS BRAZED AR 400 188.8 2,50 2,00 22,70
MCB-462E BRAZED IN VAC@735C AS BRAZED AIR 400 191.2 2.50 2,00 22.70
MCB-460C  BRAZED IN VAC@735C AS BRAZED AIR 400 195.7 2.50 2,00 22,70
MCB-456E BRAZED IN VAC@735C AS BRAZED AR 400 213.2 2.50 200 22.70
MCB-456D  BRAZED IN VAC@735C AS BRAZED AR 400 220.6 2.50 2,00 22.70
MCB-456C  BRAZED IN VAC@735C AS BRAZED AR 400 271 250 2,00 22.70
MCB-458B BRAZED IN VAC@735C AS BRAZED AR 400 2433 2,50 2,00 22,70
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SECTION 9. TORSION OF BRAZED SPECIMENS

MATERIAL 1 = HEXALOY SA coated with titanium, BATCH CODE = GTEL/SOHIO-87SB
MATERIAL 2 = INCOLOY 909, BATCH CODE = GTEL/CARTECH

BRAZE MATERIAL = Au-5Pd-2Ni
SOURCE CODE = ORNL87SB047C
JOINT CODE = GTEL/SIC-INC909
TEST TORQUE BENDING ROTATION COMMENTS
TEMP Nm MOMENT DEGREES
°C Nm
25 11.980 18.360 0.26 BROKE IN CERAMIC
25 7910 6.100 025 BROKE IN CERAMIC
25 7.680 6.100 0.30 BROKE IN CERAMIC
650 1.130 SLIPPED AT BRZ/CER INTFC
650 2820 SLIPPED AT BRZ/CER INTFC
650 4520 SLIPPED AT BRZ/CER INTFC

MATERIAL 1 = GTE PY6 coated with titanium, BATCH CODE = GTEL/87-SB047C
MATERIAL 2 = INCOLOY 909, BATCH CODE = GTEL/CARTECH

BRAZE MATERIAL = Au-5Pd-2Ni
SOURCE CODE = ORNL87SB047C
JOINT CODE = GTEL/PY6-INCS09
TEST TORQUE BENDING ROTATION COMMENTS
TEMP Nm MOMENT DEGREES
°C Nm
25 60.900 7120 22 BROKE IN CERAMIC
25 97.390 14.240 3.52 BROKE IN CERAMIC
25 53.100 11,190 1.98 BROKE IN CERAMIC
25 30.170 13.20 1.15 BROKE IN CERAMIC
25 59.660 10.170 1.05 BROKE IN CERAMIC
650 4.630 SLIPPED AT BRZ/CER INTFC
650 1.580 0.10 SLIPPED AT BRZ/CER INTFC
650 7010 SLIPPED AT BRZ/CER INTFC
650 4.860 021 SLIPPED AT BRZ/CER INTFC

MATERIAL 1 = GTE PY6 coated with titanium, BATCH CODE = GTEL/87-SB047C
MATERIAL 2 = INCONEL 718, BATCH CODE = GTELVHUNTALLOY

BRAZE MATERIAL = Au-5Pd-2Ni
SOURCE CODE = ORNL87SB047C
JOINT CODE = GTEL/PY6-INC718
TEST TORQUE BENDING ROTATION COMMENTS
TEMP Nm MOMENT DEGREES
°C Nm
25 12.200 25.420 0.38 BROKE IN CERAMIC
25 39.540 13.20 1.19 BROKE IN CERAMIC
25 22,600 17.290 0.70 BROKE IN CERAMIC
25 51.180 16.270 0.80 BROKE IN CERAMIC
25 40,670 16.270 0.64 BROKE IN CERAMIC
950 0.340 SLIPPED AT BRZ/CER INTFC
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SECTION 10. TORSION FATIGUE OF BRAZED SPECIMENS

MATERIAL 1 = GTE PY6 coated with titanium, BATCH CODE = GTEL/87-SB047C
MATERIAL 2 = INCOLOY 909, BATCH CODE = GTEL/CARTECH
BRAZE MATERIAL = Au-5Pd-2Ni
SOURCE CODE = ORNL87SB047C
JOINT CODE = GTEL/PY8-INC909

SPECIMEN TEMP TORQUE BENDING ROTATION CYCLESTO
NUMVBER °C Nm MOMENT DEGREES FAILURE
Nm
BZTRFT1* 25 4 TO 20.9 20.300 +-0.31 >1000
BZTRFT2* 25 4 TO 20.9 19.300 +-0.32 >1000
BZTRFT3* 25 4 TO 20.9 21.354 +-0.31 >1000
BZTRFT4t 25 4 TO 20.9 26.438 +-0.32 >1000
25 4 TO 20.9 16.270 +-0.32 >1000000

TEST NOTES

* Specimen was heated to 650-700C, gripped in the MTS machine, then cooled before

test to realign the specimen.

+ Specimen was heated to 650-700C, gripped in the MTS machine, then cooled before
testing to realign the specimen. This test was run until fracture, enduring more
than 1,000,000 cycles with no signs of degradation. Parameters unchanged from
beginning of the test.

76



INTERNAL DISTRIBUTION

Central Research Library 42.
Document Reference Section 43,
Laboratory Records Department 44.
Laboratory Records, ORNL RC 45.
ORNL Patent Section 46.
M&C Records Office 47.
L. F. Allard, Jr. 48,
L. D. Armstrong 49-53.
P. F. Becher 54.
R. F. Bernal 55.
T. M. Besmann 56.
P. J. Blau 57.
A. Bleier 58.
E. E. Bloom 59.
K. W. Boling 60.
R. A. Bradley 61.
C. R. Brinkman 62.
V. R. Bullington 63.
R. S. Carlsmith 64.
P. T. Carlson 65.
G. M. Caton 66.
S. J. Chang 67.
R. H. Cooper, Jr. 68.
B. L. Cox 69.
D. F. Craig 70.
S. A. David 71.
J. H. DeVan 72.
J. L. Ding 73.
M. K. Ferber 74.
F. M. Foust 75.
W. Fulkerson 76.
R. L. Graves 717.
D. L. Greene 78.
M. H. Harris 79.
E. E. Hoffman 80.
C. R. Hubbard 81.
M. A. Janney 82.

77

ORNL/M-1861

M. G. Jenkins
D. R. Johnson
W. F. Jones
Joslin

LUV TGO —H<<ODOMONPZLOULP DGO TEMARXR—ITOIIOO0O

NEEOETDZ22GCEOOCGC

NMOrZEOrMPrOGCECSrOoOOoOrro>»>

éott

Judkins
Karnitz
Kass

P. Keyes
Kimrey, Jr.
Kollie

Liu

Long, Jr.

. Manly

McClung
McGuire
Merriman
Moses
Nolan
Pasto
Rich
Richmond
Robbins
Santella
Schaffhauser

Slaughter
Soderstrom
Stinton
Swindeman
Tennery

. Tiegs
. Weir, Jr.

West
Wiffen

. Winslow
. Wyrick
. Yust



83.

84.

85.

86.

87.

88.

89.

90.

EXTERNAL DISTRIBUTION

James H. Adair

University of Florida

Materials Science and
Engineering

317 MAE Bldg.

Gainesville, FL 32611-2066

Donald F. Adams

University of Wyoming

Mechanical Engineering
Department

P. 0. Box 3295

Laramie, WY 82071

Jalees Ahmad

AdTech Systems Research, Inc.
1342 North Fairfield Road
Dayton, OH 45432-2698

Yoshio Akimune

NISSAN Motor Co., Ltd.
Materials Research Laboratory
1 Natsushima-Cho

Yokosuka 237

JAPAN AIR MAIL

Mufit Akinc

Iowa State University
322 Spedding Hall
Ames, IA 50011

IThan A. Aksay
University of Washington

Materials Science and Engineering

Department, FB-10
Seattle, WA 98195

R. G. Alexander

BASE

26 Malvern Close

Kettering Northants NN16 AJP
UNITED KINGDOM AIR MATL

Richard L. Allor

Ford Motor Company

Material Systems
Reliability Department

20000 Rotunda Drive

P.0. Box 2053, Room S-2031

Dearborn, MI 48121-2053

78

91.

92.

93.

9.

95.

9.

97.

98.

99.

Richard T. Alpaugh

U.S. Department of Energy
Advanced Propulsion Division
CE-322, Forrestal Building
Washington, DC 20585

Joseph E. Amaral

Instron Corporation
Corporate Engineering Office
100 Royale Street

Canton, MA 02021

Edward M. Anderson

Aluminum Company of America

North American Industrial
Chemicals Division

P.0. Box 300

Bauxite, AR 72011

Norman C. Anderson
Ceradyne, Inc.
Ceramic-to-Metal Division
3169 Redhill Avenue
Costa Mesa, CA 92626

Don Anson

Battelle Columbus Laboratories
Thermal Power Systems

505 King Avenue

Columbus, OH 43201-2693

Thomas Arbanas

G.B.C. Materials Corporation
580 Monastery Drive

Latrobe, PA 15650-2698

Frank Armatis

3M Company

3M Center

Building 60-1N-01

St. Paul, MN 55144-1000

Everett B. Arnold

Detroit Diesel Corporation
Mechanical Systems Technology
13400 Outer Drive, West
Detroit, MI 48239-4001

Richard M. Arons

PA Consulting Group
279 Princeton Road
Hightstown, NJ 08550



100.

101.

102.

103.

104.

105.

106.

107.

Bertil Aronsson

Sandvik AB

$-12680

Stockholm Lerkrogsvagen 19
SWEDEN AIR MAIL

Dennis Assanis

University of I1linois

Department of Mechanical
Engineering

1206 W. Green Street

Urbana, IL 61801

William H. Atwell

Dow Corning Corporation
3901 South Saginaw Road
MS:540

Midland, MI 48686-0995

V. S. Avva

North Carolina A&T State
University

Department of Mechanical
Engineering

Greensboro, NC 27411

Patrick Badgley
Adiabatics, Inc.
3385 Commerce Drive
Columbus, IN 47201

Sunggi Baik

Pohang Institute of Science
& Technology

Department of Materials
Science and Engineering

P.0. Box 125

Pohang 790-600

KOREA AIR MAIL

John M. Bailey
Caterpiilar, Inc.
Technical Center
Building L

P.0. Box 1875

Peoria, IL 61656-1875

Bob Baker

Ceradyne, Inc.

3169 Redhill Avenue
Costa Mesa, CA 92626

108.

109.

110.

111.

112.

113.

114,

115.

116.

79

Frank Baker

Aluminum Company of America
Alcoa Technical Center
Alcoa Center, PA 15069

J. G. Baldoni

GTE Laboratories Inc.
40 Sylvan Road
Waltham, MA 02254

Clifford P. Ballard
Allied-Signal, Inc.
Ceramics Program

P.0. Box 1021

Morristown, NJ 07962-1021

M. Balu

Amoco Performance Products Inc.

4500 McGinnis Ferry Road
Alpharetta, GA 30202

B. P. Bandyopadhyay

Toyohashi University of Technology

School of Production Systems
Engineering

Tempaku-Cho Toyohashi 440

JAPAN AIR MAIL

P. M. Barnard

Ruston Gas Turbines Limited
Metallurgical Laboratory

P. 0. Box 1

Lincoln LN2 5DJ

ENGLAND AIR MAIL

Harold N. Barr
Hittman Corporation
9190 Red Branch Road
Columbia, MD 21045

Renald D. Bartoe

Vesuvius McDanel

510 Ninth Avenue

Box 560

Beaver Falls, PA 15010-0560

Donald M. Bartos

Dow Corning Corporation
Advanced Ceramics Program
Midland, MI 48686-0995



117.

118.

119.

120.

121.

122.

123.

124.

125.

David L. Baty

Babcock & Wilcox-LRC
P.0. Box 11165
Lynchburg, VA 24506-1165

Donald F. Baxter, Jr.

ASM International

Advanced Materials and
Processes

Materials Park, OH 44073-0002

M. Brad Beardsley
Caterpillar, Inc.

Advanced Materials Technology
Technical Center Bldg. E

P.0. Box 1875

Peoria, IL 61656-1875

Robert Beck

Teledyne CAE

Materials Engineering/Programs
1330 Laskey Road

P.0. Box 6971

Toledo, OH 43612

John C. Bell

Shell Research Limited
Thornton Resea.ch Centre
P.0. Box 1

Chester, Chl 3SH

ENGLAND AIR MAIL

Albert H. Bell, III

General Motors Technical Center
30200 Mound Road

Engineering Building/W3 Turbine
Warren, MI 48090-9010

M. Bentele
Xamag, Inc.
259 Melville Avenue
Fairfield, CT 06430

Larry D. Bentsen

BF Goodrich Company
R&D Center

9921 Brecksville Road
Brecksville, OH 44141

Joseph C. Bentz
ENCERATEC

2525 Sandcrest Drive
Columbus, IN 47203

80

126.

127.

128.

129.

130.

131.

132.

133.

134,

Louis Beregszazi

Defiance Precision Products
P.0. Drawer 428

Defiance, OH 435i2

Tom Bernecki
Northwestern University
BIRL

1801 Maple Avenue
Evanston, IL 60201-3135

Charles F. Bersch

Institute for Defense Analyses
1801 North Beauregard Street
Alexandria, VA 22311

Ram Bhatt

NASA Lewis Research Center
21000 Brookpark Road
Cleveland, OH 44135

Deane I. Biehler

Caterpillar, Inc.

Engineering and Research
Materials

Technical Center, Building E

P.0. Box 1875

Peoria, IL 61656-1875

John. W. Bjerklie

Consolidated Natural Gas
Service Co., Inc.

Research Department

CNG Tower

Pittsburgh, PA 15222-3199

William D. Bjorndahl
TRW, Inc.

One Space Park

Building 01, Room 2040
Redondo Beach, CA 90278

Keith A. Blakely
Advanced Refractory
Technologies, Inc.
699 Hertel Avenue
Buffalo, NY 14207

Edward G. Blanchard
Netzsch Inc.

"119 Pickering Way

Exton, PA 19341



135.

136.

137.

138.

139.

140.

141,

142.

143.

Keith Blandford

Boride Products, Inc.
2879 Aero Park Drive
Traverse City, MI 49684

Bruce Boardman

Deere and Company Technical
Center

3300 River Drive

Moline, IL 61265

Russell Bockstedt

Hoechst Celanese Corporation
150 JFK Parkway

Short Hills, NJ 07078

M. Boehmer

DLR German Aerospace Research

Establishment
Postfach 90 60 58
D-5000 Koln 90
GERMANY AIR MAIL

Lawrence P. Boesch
EER Systems Corp.
1593 Spring Hill Road
Vienna, VA 22182-2239

Donald H. Boone

Boone & Associates

2412 Cascade Drive

Walnut Creek, CA 94598-4313

Tom Booth

Allied-Signal Aerospace
Company

AiResearch Los Angeles
Division

2525 West 190th Street

Torrance, CA 90509-2960

Tibor Bornemisza
Sundstrand Power Systems
4400 Ruffin Road
San Diego, CA 92186-5757

J.A.M. Boulet

University of Tennessee

Department of Engineering
Science and Mechanics

310 Perkins Hall

Knoxville, TN 37996-2030

81

144,

145.

146.

147.

148.

149,

150.

151.

152.

H. Kent Bowen

Massachusetts Institute of
Technology

77 Massachusetts Avenue

Room E40-434

Cambridge, MA 02139

Leslie J. Bowen

Materials Systems
53 Hillcrest Road
Concord, MA 01742

Steven C. Boyce

Air Force Office of
Scientific Research
AFOSR/NA Bldg. 410
Bolling AFB DC 20332-6448

Gary L. Boyd

CEC

400 Howell Avenue, No. 4
Warland, WY 82401

Steve Bradley

UOP Research Center

50 East Algonquin Road

Des Plaines, IL 60017-6187

Michael C. Brands

Cummins Engine Company, Jnc.
P.0. Box 3005

Mail Code 50179

Columbus, IN 47201

Raymond J. Bratton
Westinghouse Science and
Technology Center
1310 Beulah Road
Pittsburgh, PA 15235

John J. Brennan

United Technologies Corporation
Research Center

Silver Lane, MS:24

East Hartford, CT 06108

Jeff D. Bright
Ceramatec, Inc.

2425 South 900 West

Salt Lake City, UT 84108



153.

154,

155.

156.

157.

158.

159.

160.

161.

Terrence K. Brog

Coors Ceramics Company

Corporate Development and
Technology

4545 McIntyre Street

Golden, CO 80403

Gunnar Broman
317 Fairlane Drive
Spartanburg, SC 29302

Al Brown

High-Tech Materials Alert
P.0. Box 882

Dayton, NJ 08810

Jesse Brown

Virginia Polytechnic Institute
and State University

Center for Advanced Ceramic
Materials

Blacksburg, VA 24061-0256

Sherman D. Brown
University of I1linois
Materials Science and

Engineering Department
105 South Goodwin Avenue
204 Ceramics Building
Urbana, IL 61801

S. L. Bruner

Ceramatec, Inc.

2425 South 900 West

Salt Lake City, UT 84119

Adolfo Brusaferro
Keramont Corporation

4231 South Fremont Avenue
Tucson, AZ 85714

W. Bryzik

U.S. Army Tank Automotive
Command

R&D Center

Propulsion Systems Division

Warren, MI 48397-5000

S. T. Buljan

GTE Laboratories, Inc.
40 Sylvan Road
Waltham, MA 02254

82

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

S. J. Burden

GTE Valenite

1711 Thunderbird .
Troy, MI 48084

Curt V. Burkland .
AMERCOM, Inc.

8928 Fullbright Avenue

Chatsworth, CA 91311

Bi1l Bustamante
AMERCOM, Inc.

8928 Fullbright Street
Chatsworth, CA 91311

Oral Buyukozturk

Massachusetts Institute of
Technology

77 Massachusetts Avenue

Room 1-280

Cambridge, MA 02139

David A. Caillet
Ethyl Corporation

451 Florida Street
Baton Rouge, LA 70801

Frederick J. Calnan
Heany Industries, Inc.
249 Briarwood Lane
P.0. Box 38
Scottsville, ii{ 14546

Roger Cannon

Rutgers University
Ceramics Department

P.0. Box 909

Piscataway, NJ 08855-0909

Scott Cannon
P.0. Box 567254

“Atlanta, GA 30356

Harry W. Carpenter
19945 Acre .Street
Northridge, CA 91324

David Carruthers

Kyocera Industrial Ceramics
Company

P.0. Box 2279

Vancouver, WA 98668-2279



172.

173.

174,

175.

176.

177.

178.

179.

180.

Calvin H. Carter, Jr.
Cree Research, Inc.
2810 Meridian Parkway
Durham, NC 27713

J. David Casey
35 Atlantis Street
West Roxbury, MA 02132

Jere G. Castor

J. C. Enterprise

5078 North 83rd Street
Scottsdale, AZ 85250

James D. Cawley

Case Western Reserve University

Materials Science and
Engineering Department
Cleveland, OH 44106

Thomas C. Chadwick
Den-Mat Corporation
P.0. Box 1729

Santa Maria, CA 93456

Ronald H. Chand

Chand Kare Technical Ceramics
2 Coppage Drive

Worcester, MA 01603

Robert E. Chaney

EG&G Idaho, Inc.

Idaho National Engineering
Laboratory

P.0. Box 1625

Idaho Falls, ID 83415-3525

Frank C. Chang

U.S. Army Materials
Technology Laboratory

AMTL-EMM

405 Arsenal Street

Watertown, MA 02172

Robert M. Chapman

Al1lied-Signal Aerospace
Company

1530 Wilson Boulevard,
10th Floor

Arlington, VA 22209

83

181.

182.

183.

184.

185.

186.

187.

188.

189.

William Chapman

Williams International
Corporation

2280 West Maple Road

Walled Lake, MI 48390-0200

Charlie Chen

LECO Corporation
P.0. Box 211688
Augusta, GA 30917

Albert A. Chesnes

U.S. Department of Energy

Transportation Technologies

CE-30, Forrestal Building,
6B-094

Washington, DC 20585

Kaiyin Chia
Carborundum Company
P.0. Box 832

Niagara Falls, NY 14302

Frank Childs

EG&G Idaho, Inc.

Idaho National Engineering
Laboratory

P.0. Box 1625

Idaho Falls, ID 83415-3527

William J. Chmura
Torrington Company

59 Field Street
Torrington, CT 06790-4942

Tsu-Wei Chou

University of Delaware

Center for Composite
Materials

201 Spencer Laboratory

Newark, DE 19716

R. J. Christopher

Ricardo Consulting Engineers

Bridge Works

Shoreham-By-Sea West Sussex
BN43 5FG

ENGLAND AIR MAIL

Joel P. Clark

Massachusetts Institute of
Technology

Room 8-409

Cambridge, MA 02139



190.

191.

192.

193.

194,

195.

196.

197.

Giorgio Clarotti
Commission of the European
Communities
DGXII-C3, MO75, 1-53;
200 Rue de la Loi
B-1049 Brussels

BELGIUM AIR MAIL

W. J. Clegg

ICI Advanced Materials

P.0. Box 11

The Heath, Runcorn Cheshire
WA7 4QE

ENGLAND AIR MAIL

Joseph Cleveland

GTE Products Corporation
Hawes Street

Towanda, PA 18848-0504

Gloria M. Collins
ASTM

1916 Race Street
Philadelphia, PA 19103

William C. Connors

Sundstrand Aviation QOperations

Materials Science and
Engineering Department

4747 Harrison Avenue

P.0. Box 7002

Rockford, IL 61125-7002

John A. Coppola
Carborundum Company
P.0. Box 156

Niagara Falls, NY 14302

Normand D. Corbin

Norton Company

Advanced Ceramics
Goddard Road

Northboro, MA 01532-1545

Douglas Corey

Allied-Signal Aerospace
Company

2525 West 190th Street

MS:T52

Torrance, CA 90504-6099

84

198.

199.

200.

201.

202.

203.

204.

205.

206.

Keith P. Costello

Chand/Kare Technical Ceramics
2 Coppage Drive

Worcester, MA 01603-1252

Ed L. Courtright

Pacific Northwest
Laboratory

MS:K3-59

Richland, WA 99352

Anna Cox

Mitchell Market Reports
P.0. Box 23

Monmouth Gwent NP5 4YG
UNITED KINGDOM AIR MAIL

Thomas Coyle

Unocal Corporation

Unocal Science & Technology
Division

376 South Valencia Avenue

Brea, CA 92621

Art Cozens

Instron Corporation
3414 Snowden Avenue
Long Beach, CA 90808

Robert C. Craft
American Ceramic
Society, Inc.
757 Brooksedge Plaza Drive
Westerville, OH 43081

Mark Crawford

New Technology Week
4604 Monterey Drive
Annandale, VA 22003

Richard A. Cree
Markets & Products, Inc.
P.0. Box 14328
Columbus, OH 43214-0328

Les Crittenden
Vesuvius McDanel

Box 560

Beaver Falls, PA 15010



207.

208.

209.

210.

211.

212.

213.

214.

William J. Croft

U.S. Army Materials
Technology Laboratory

405 Arsenal Street

Watertown, MA 02172

M. J. Cronin

Mechanical Technology, Inc.
968 Albany-Shaker Road
Latham, NY 12110

Gary M. Crosbie

Ford Motor Company

1430 Culver Avenue
$-2079, SRL Building
Dearborn, MI 48121-4036

Floyd W. Crouse, Jr.

U.S. Department of Energy

Morgantown Energy
Technology Center

Collins Ferry Road

P.0. Box 880

Morgantown, WV 26505

John Cuccio

Allied-Signal Aerospace
Company

Garrett Auxiliary Power
Division

P.0. Box 5227, MS:1302-2Q

Phoenix, AZ 85010

Raymond Cutler
Ceramatec, Inc.

2425 South 900 West

Salt Lake City, UT 84119

Charles D’Angelo

GTE Laberatories, Inc.
40 Sylvan Road
Waltham, MA 02154

Stephen C. Danforth

Rutgers University

Ceramic Engineering Department
P.0. Box 909 ,
Piscataway, NJ 08855-0909

85

215.

216.

217.

218.

219.

220.

221,

222.

Sankar Das Gupta

Electrofuel Manufacturing
Co., Ltd.

9 Hanna Avenue

Toronto Ontario MGK-1W8

CANADA AIR MAIL

Charles Davis

Sverdrup Technology,
Inc., MSFC

620 Discovery Drive

Huntsville, AL 35806

Frank Davis

Allied Signal Aerospace Co.
7550 Lucerne Dr., # 203
Middleburg Heights, OH 44130

Robert F. Davis

North Carolina State
University

Materials Engineering
Department

229 Riddick Laboratory

P.0. Box 7907

Raleigh, NC 27695

Thomas DeAngelis
Carborundum Company
Niagara Falls R&D Center
P.0. Box 832

Niagara Falls, NY 14302

George DeBell

Ford Motor Company

Material Systems Reliability
Department

20000 Rotunda Drive

P.0. Box 2053, Room $-2023

Dearborn, MI 48121-2053

Michael Deluca
AMP-AKZ0

West Lane
Aquebogue, NY 11931

Gerald L. DePoorter
Colorado School of Mines
Metallurgical and Materials

Engineering Department
Golden, CO 80401



il

Ao, &

i

223.

224,

225.

226.

227.

228.

229.

230.

J. r. DeRidder

Omni Electro Motive, Inc.,
12 Seely Hill Road
Newfield, NY 14867

Nick C. Dellow

Materials Technology
Publications

40 Sotheron Road

Watford Herts WD1 2QA

UNITED KINGDOM AIR MAIL

L. R. Dharani

University of Missouri-Rolla
224 M.E.

Rolla, MO 65401

Douglas A. Dickerson

Union Carbide Specialty
Powders

1555 Main Street

Indianapolis, IN 46224

John Dodsworth

Vesuvius Research &
Development

Technical Ceramics Group

Box 560

Beaver Falls, PA 15010

B. Dogan

Institut fur Werkstofforschung

GKSS-Forschungszentrum
Geesthacht GmbH

Max-Planck-Strasse

D-2054 Geesthacht

GERMANY AIR MAIL

Jean-Marie Drapier

FN Moteurs S.A.

Material and Processing
B-4041 Milmort (Herstal)
BELGIUM AIR MAIL

Kenneth C. Dreitlein

United Technologies
Research Center

Silver Lane

East Hartford, CT 06108

86

231.

232.

233.

234.

235.

236.

237.

238.

Robin A.L. Drew

McGill University

Department of Mining and
Metallurgical Engineering

3450 University Street

Montreal Quebec H3A 2A7

CANADA AIR MAIL

Winston H. Duckworth
BCL

Columbus Division

505 King Avenue
Columbus, OH 43201-2693

Edmund M. Dunn
Texel Company
6 Third Street
Lexington, MA 02173

Bi11 Durako

Sundstrand Aviation Operations
Department 789-6

4747 Harrison Avenue

P.0. Box 7002

Rockford, IL 61125-7002

Ernest J. Duwell
212 E1m Street
Hudson, Wl 54016

Chuck J. Dziedzic

Coors Ceramics Company
Structural Products Group
17750 West 32nd Avenue
Golden, CO 80401

Rokhert J. Eagar

Sandia National Laboratories

Engineered Materials &
Processes Center

Org 1700

P.0. Box 5800

Albuquerque, NM 87185-5800

Jeffrey [Lagleson

Lanxide Corporation

1001 Connecticut Avenue, N.W.
Washington, DC 20036



239.

240.

241.

242.

243.

244,

245,

246.

Harry E. Eaton

United Technologies Corporation

Research Center
Silver Lane
East Hartford, CT 06108

Harvill C. Eaton
Louisiana State
University
Office of Research
and Economic Development
240 Thomas Boyd Hall
Baton Rouge, LA 70803

Christopher A. Ebel
Carborundum Company
Technology Division
P.0. Box 337

Niagara Falls, NY 14302

J. J. Eberhardt

U.S. Department of Energy

Office of Transportation
Materials

CE-34, Forrestal Building

Washington, DC 20585

Jim Edler

Eaton Corporation

26201 Northwestern
Highway

P.0. Box 766

Southfield, MI 48037

William A. Ellingson

Argonne National Laboratory

Materials Science & Technology
Division

2700 South Cass Avenue

Argonne, IL 60439

Williaim S. Ellis
Machined Ceramics

629 N. Graham St.

N. Industrial Park
Bowling Green, KY 42101

Glen B. Engle

Nuclear & Aerospace Materials
Corporation

16716 Martincoit Road

Poway, CA 92064

87

247.

248.

249.

250.

251.

252.

253.

254,

255.

Jeff Epstein

Ceramic Technologies, Inc.
2107 Jamara Lane

Houston, TX 77077

Kenneth A. Epstein

Dow Chemical U.S.A.

Ceramics and Advanced
Materials

800 Building

Midland, MI 48667

Art Erdemir

Argonne National Laboratory
Materials and Components
Technology Division

9700 South Cass Avenue
Argonne, IL 60439

E. M. Erwin

Lubrizol Corporation
1819 East 225th Street
Euclid, OH 44117

Kenji Esaki

Toyota Technical Center
U.S.A., Inc.

2000 Town Center, Suite 500

Southfield, MI 48075

Jose L. Escalante
Anglo-Mex-Tech. Inc.
3923 N.W. 24th Street
Miami, FL 33142

John N. Eustis

U.S. Department of Energy

Industrial Energy Efficiency
Division

CE-221, Forrestal Building

Washington, DC 20585

Robert C. Evans

NASA Lewis Research Center
Terrestrial Propulsion Office
21000 Brookpark Road, MS:86-6
Cleveland, OH 44135

W. L. Everitt

Kyocera International, Inc.
8611 Balboa Avenue

San Diego, CA 92123



256.

257.

258.

259.

260.

261.

262.

263.

264.

Gordon Q. Evison

332 South Michigan Avenue
Suite 1730

Chicago, IL 60604

John W. Fairbanks

U.S. Department of Energy
Advanced Propulsion Division
CE-322, Forrestal Building
Washington, DC 20585

Tim Fawcett

Dow Chemical Company

Central Research, Advanced
Ceramics Laboratory

1776 Building

Midland, M] 48674

Robert W. Fawley

Sundstrand Power Systems

Division of Sundstrand
Corporation

4400 Ruffin Road

P.0. Box 85757

San Diego, CA 92186-5757

John J. Fedorchak

GTE Products Corporation
Hawes Street

Towanda, PA 18848-0504

Jeff T. Fenton

Vista Chemical Company
900 Threadneedle
Houston, TX 77079

Larry Ferrell
Babcock & Wilcox
01d Forest Road
Lynchburg, VA 24505

Raymond R. Fessler

BIRL

Industrial Research Lab
1801 Maple Avenue
Evanston, IL 60201

Michelle Finch

E. I. DuPont de Nemours &
Company, Inc.

Experimental Station

Information Center E302/301

Wilmington, DE 19898

88

265.

266.

267.

268.

269.

270.

271.

272.

273.

274,

Arthur D. Fine

United Technologies Corporation
Pratt & Whitney Aircraft

400 Main Street

MS:163-10

East Hartford, CT 06108

Ross F. Firestone

Ross Firestone Company
188 Mary Street
Winnetka, IL 60093-1520

Sharon L. Fletcher
Arthur D. Little, Inc.
15 Acorn Park

Cambridge, MA 02140-2390

Thomas F. Foltz

Textron Specialty Materials
2 Industrial Avenue

Lowell, MA 01851

Renee G. Ford

Materials and Processing Report
P.0. Box 72

Harrison, NY 10528

John Formica
Supermaterials

2020 Lakeside Avenue
Cleveland, OH 44114

Jennifer M. Fox

Dyson Refractories Limited
R&D Laboratory
Owler Bar
Sheffield S17 3BJ
UNITED KINGDOM AIR MAIL
Edwin Frame

Southwest Research Institute
Division 2

P.0. Drawer 28510

Sar Antonio, TX 78284

Armanet Francois

French Scientific Mission
4101 Reservoir Road, N.W.
Washington DC 20007-2176

R. G. Frank

Technology Assessment Group
10793 Bentley Pass Lane
Loveland, OH 45140



275.

276.

277.

278.

279.

280.

281.

282.

283.

David J. Franus
Forecast International
22 Commerce Road
Newtown, CT 06470

Marc R. Freedman

NASA Lewis Research Center
21000 Brookpark Road
MS:49-3

Cleveland, OH 44135

Douglas Freitag

LTV Missiles Division
P.0. Box 650003
MS:WT-21

Dallas, TX 75265

Brian R.T. Frost

Argonne Nationa® raboratory
9700 South Ca~s Avenue
Building 9"

Argonne, T. _ 439

Lawrence R. Frost
Instron Corporation
100 Royall Street
Canton, MA 02021

George A. Fryburg
Norton/TRW Ceramics
7A-4 Raymond Avenue
Salem, NH 03079

Xiren Fu

Shanghai Institute of Ceramics
Chinese Academy of Sciences
1295 Ding-xi Road

Shanghai 200050

CHINA AIR MAIL

John Gahimer
P.0. Box 1302
Dublin, OH 43017

J. P. Gallagher

University of Dayton Research
Institute

300 College Park, JPC-250

Dayton, OH 45469-0120

89

284.

285,

286.

287.

288.

289.

290.

291.

Tom Garritano

University of Tennessee
Science Alliance

101 South College
Knoxville, TN 37996-1328

Joy A. Garwood

Norton Company

Advanced Ceramics
Goddard Road

Northboro, MA 01532-1545

H. Maury Gatewood

Reyralds Metals Company
Corporate R&D

Fourth and Canal Streets

P.0. Box 27003

Richmond, VA 23261

L. J. Gauckler
ETH-Zurich
Sonneggstrasse 5

CH-8092 Zurich 8092
SWITZERLAND AIR MAIL

Peter A. Gaydos

Battelle Columbus Laboratories
505 King Avenue

Columbus, OH 43201

George E. Gazza

U.S. Army Materials
Technology Laboratory

Ceramics Research Division

405 Arsenal Street

Watertown, MA 02172-0001

D. Gerster

CEA-DCOM

33 Rue De La Federation
Paris 75015

FRANCE AIR MAIL

John Ghinazzi

Coors Technical Ceramics
Company

1100 Commerce Park Drive

O0ak Ridge, TN 37830



292.

293.

294.

295,

296.

297.

298.

299.

300.

Robert Giddings

General Electric Company
Research Laboratory

P.0. Box 8

Schenectady, NY 12301

A. M. Glaeser

University of California

Materials Science and Mineral
Engineering

Lawrence Berkeley Laboratory

Hearst Mining Building

Berkeley, CA 94720

Paul Glance

Concept Analysis

R&D

950 Stephenson Highway

Dupont Automotive Development
Building

Troy, MI 48007-7013

Joseph W. Glatz

Naval Air Propulsion Center
Systems Engineering Division
P.0. Box 7176, PE24

Trenton, NJ 08628

W. M. Goldberger

Superior Graphite Company
R&D

2175 East Broad Street
Columbus, OH 43209

Allan E. Goldman
U.S. Graphite, Inc.
907 West Outer Drive
Oak Ridge, TN 37830

Stephen T. Gonczy
Allied Signal Research
P.0. Box 5016

Des Plaines, IL 60017

Jeffrey M. Gonzales

GTE Products Corporation
Hawes Street

Towanda, PA 18848-0504

Robert J. Gottschall

U.S. Department of Energy
ER-131, MS:G-236
Washington, DC 20545

90

301.

302.

303.

304.

305.

306.

307.

308.

Earl Graham
Cleveland State University
Department of Chemical
Engineering
Euclid Avenue at
East 24th Street
Cleveland, OH 44115

William A. Graham
Lanxide Corporation
P.0. Box 6077

Newark, DE 19714-6077

Robert E. Green, Jr.
Johns Hopkins University
Materials Science and
Engineering Department
Baltimore, MD 21218

Lance Groseclose

General Motors Corporation
Allison Gas Turbine Division
P.0. Box 420, MS:W-5
Indianapolis, IN 46206

Mark F. Gruringer

Union Carbide Corporation
Specialty Powder Business
1555 Main Street
Indianapolis, IN 46224

Ernst Gugel

Cremer Forschungsinstitut
GmbH&Co .KG

Oeslauer Strasse 35

D-8633 Roedental 8633

GERMANY AIR MAIL

Donald L. Guile
Corning Glass Works
SP-DV-1-9

Corning, NY 14831

Bimleshwar P. Gupta

Solar Energy Research
Institute

Mechanical and Industrial
Technology Division

1617 Cole Boulevard

Golden, CO 80401



309.

310.

311.

312.

313.

314.

315.

316.

317.

John P. Gyekenyesi

NASA Lewis Research Center
21000 Brookpark Road, MS:6-1
Cleveland, OH 44135

Nabil S. Hakim

Detroit Diesel Corporation
13400 West Outer Drive
Detroit, MI 48239

Philip J. Haley

General Motors Corporation
Vehicular Engineering

P.0. Box 420, MS:T12A
Indianapolis, IN 46236

Judith Hall

Fiber Materials, Inc.
Biddeford Industrial Park
5 Morin Street

Biddeford, ME 04005

Y. Harada

IIT Research Institute

Nometallic Materials and
Composites

10 West 35th Street

Chicago, IL 60616

R. A. Harmon
25 Schalren Drive
Latham, NY 12110

Amy Harmon-Barrett

Martin Marietta Laboratories
1450 South Rolling Road
Baltimore, MD 21227

Norman H. Harris

Hughes Aircraft Company
P.0. Box 800520

Saugus, CA 91380-0520

Alan Hart

Dow Chemical Company
Advanced Ceramics Laboratory
1776 Building

Midland, MI 48674

91

318.

319.

320.

321.

322.

323.

324,

325.

Pat E. Hart

Battelle Pacific Northwest
Laboratories

Ceramics and Polymers
Development Section

P.0. Box 999

Richland, WA 99352

Stephen D. Hartline
Norton Company

Advanced Ceramics
Goddard Road

Northboro, MA 01532-1545

Michael H. Haselkorn
Caterpillar, Inc.

Engineering Research Materials
Technical Center, Building E
P.0. Box 1875

Peoria, IL 61656-1875

N. B. Havewala
Corning, Inc.
SP-PR-11

Corning, NY 14831

John Haygarth

Teledyne WAA Chang Albany
P.0. Box 460

Albany, OR 97321

Norman L. Hecht

University of Dayton Research
Institute

300 College Park

Dayton, OH 45469-0172

Peter W. Heitman

General Motors Corporation
Allison Gas Turbine Division
P.0. Box 420, MS:W-5
Indianapolis, IN 46206-0420

Robert W. Hendricks

Virginia Polytechnic Institute
and State University

Materials Engineering
Department

210 Holden Hall

Blacksburg, VA 24061-0237



326.

327.

328.

329.

330.

331.

332.

333.

334,

Wynne Henley

Hertel Cutting Technologies, Inc.

1000 Clearview Court
O0ak Ridge, TN 37830

Thomas L. Henson

GTE Products Corporation

Chemical & Metallurgical
Division

Hawes Street

Towanda, PA 18848

Thomas P. Herbell

NASA Lewis Research Center
21000 Brookpark Road
MS:49-3

Cleveland, OH 44135

Marlene Heroux
Rol1s-Royce, Inc.

2849 Paces Ferry Road
Suite 450

Atlanta, GA 30339-3769

Robert L. Hershey

Science Management Corporation
1255 New Hampshire Ave., N.W.
Suite 1033

Washington, DC 20036

Hendrik Heystek

Bureau of Mines

Tuscaloosa Research Center
P.0. Box L

University, AL 35486

Wallace C. Higgins
Norwal Unlimited
P.0. Box 1258
Alfred, NY 14802

Robert V. Hillery

GE Aircraft Engines

One Neumann Way, M.D. H85
Cincinnati, OH 45215

Arthur Hindman
Instron Corporation
100 Royall Street
Canton, MA 02021

92

335.

336.

337.

338.

339.

340.

341.

342.

Jon Hines

American Ceramic Society, Inc.
757 Brooksedge Plaza Drive
Westerville, OH 43081-6136

Hans Erich Hintermann

CSEM

Materials and Micromechanics
Division

Rue Breguet 2

Neuchatel 2000

SWITZERLAND AIR MAIL

Shinichi Hirano

Mazda R&D of North
America, Inc.

1203 Woodridge Avenue

Ann Arbor, MI 48105

Tommy Hiraoka

NGK Locke, Inc.

1000 Town Center
Southfield, MI 48075

John M. Hobday

U.S. Department of Energy

Morgantown Energy Technology
Center

Collins Ferry Road

P.0. Box 880

Morgantown, WV 26507

Greg Hoenes

Vista Chemical Company
900 Threadneedle

P.0. Box 19029
Houston, TX 77079-2990

Clarence Hoenig

Lawrence Livermore National
Laboratory

P.0. Box 808, Mail Code L-369

Livermore, CA 94550

Thomas Hollstein

Fraunhofer-Institut fur
Werkstoffmechanik IWM

Wohlerstrabe 11

D-7800 Freiburg

GERMANY AIR MAIL



343.

344.

345.

346.

347.

348.

349.

350.

351.

Richard Holt

National Research Council
of Canada

Structures and Materials
Laboratory

Ottawa Ontario K1A OR6

CANADA AIR MAIL

Joseph Homeny
University of Il1linois

Department of Materials Science

and Engineering
105 South Goodwin Avenue
Ceramics Building
Urbana, IL 61801

A. T. Hopper
Battelle Columbus
Laboratories
Metals and Ceramics Department
505 King Avenue
Columbus, OH 43201-2693

Michael Horgan

Materials Engineering Magazine
1100 Superior Avenue
Cleveland, OH 44114

Woodie Howe

Coors Technical Ceramics
Company

1100 Commerce Park Drive

Oak Ridge, TN 37830

Stephen M. Hsu
National Institute of
Standards and Technology

Gaithersburg, MD 20899

Hann S. Huang

Argonne National Laboratory
9700 South Cass Avenue
Argonne, IL 60439-4815

Gene Huber

Precision Ferrites & Ceramics
5576 Corporate Drive

Cypress, CA 90630

M. L. Huckabee

GTE Laboratories, Inc.
40 Sylvan Road
Waltham, MA 02254
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357.

358.
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Harold A. Huckins
Princeton Advanced
Technology, Inc.
56 Finley Road
Princeton, NJ 08540

Fred R. Huettic
Advanced Magnetics, Inc.
45 Corey Lane

Mendham, NJ 07945

Bill Huffman

Zircar

110 North Main Street
Florida, NY 10921

Brian K. Humphrey

Lubrizol Petroleum
Chemicals Co.

3000 Town Center, Suite 1340

Southfield, MI 48075-1201

Robert M. Humrick

Dylon Ceramic Technologies
3100 Edgehill Road
Cleveland Heights, OH 44118

Lorretta Inglehart
National Science Foundation
Division of Materials Research
1800 "G" Street, N.W.,

Room 408
Washington, DC 20550

Michael S. Inoue

Kyocera International, Inc.
KII Library

8611 Balboa Avenue

San Diego, CA 92123-1580

Osama Jadaan

University of Wisconsin-
Platteville

General Engineering Division

1 University Plaza

Platteville, WI 53818

Curtis A. Johnson

General Elertric Company
Corporate R&D

Room {48-187

P.0. Box 8

Schenectady, NY 12301
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Sylvia Johnson

SRI International

333 Ravenswood Avenue
Menlo Park, CA 94025

Thomas A. Johnson
Lanxide Corporation
1300 Marrows Road
P.0. Box 6077

Newark, DE 19714-6077

W. S. Johnson

Indiana University

One City Centre, Suite 200
Bloomington, IN 47405

Jill E. Jonkouski

U.S. Department of Energy
9800 South Cass Avenue
Argonne, IL 60439-4899

L. A. Joo

Great Lakes Research
Corporation

P.0. Box 1031

Elizabethton, TN 37643

A. D. Joseph

SPX Corporation
700 Terrace Point
Muskegon, MI 49443

Adam Jostsons

Australian Nuclear Science &
Technology Organization

Lucas Heights Research
Laboratories

New I1lawarra Road

Lucas Heights New South Wales

AUSTRALIA AIR MAIL

Matthew K. Juneau
Ethyl Corporation

451 Florida Street
Baton Rouge, LA 70801

Hartmut Kainer
Didier-Werke AG
Anlagentechnik Wiesbaden
Abraham-Lincoln-Str. 16
D-62 Wiesbaden
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Tom Kalamasz
Norton/TRW Ceramics
7A-4 Raymond Avenue
Salem, NH 03079

Lyle R. Kallenbach
Phillips Petroleum Company
R&D

Mail Drop:123AL
Bartlesville, OK 74004

Nick Kamiya

Kyocera Industrial Ceramics
Corporation

2700 River Road

Des Plaines, IL 60018

Roy Kamo

Adiabatics, Inc.

3385 Commerce Park Drive
Columbus, IN 47201

S. Kang

GTE Laboratories, Inc.
40 Sylvan Road
Waltham, MA 02254

Chih-Chun Kao

Industrial Technology Research
Institute

Materials Research
Laboratories

195 Chung-Hsing Road, Sec. 4

Chutung Hsinchu 31015 R.0.C.

TAIWAN AIR MAIL

Keith R. Karasek

Allied-Signal, Inc.

Engineered Materials Research
Center

50 East Algonquin Road

P.0. Box 5016

Des Plaines, IL 60017-5016

Robert E. Kassel
Ceradyne, Inc.

3169 Redhill Avenue
Costa Mesa, CA 92626

Allan Katz

Wright Laboratory

Metals and Ceramics Division
WL/MLLM

Wright-Patterson AFB, OH 45433
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R. Nathan Katz

Worcester Polytechnic
Institute

Dept. of Mechanical
Engineering

100 Institute Road

Worcester, MA 01609

Ted Kawaguchi

Tokai Carbon America, Inc.
375 Park Avenue, Suite 3802
New York, NY 10152

Noritsugu Kawashima

TOSHIBA Corporation

Mechanical Engineering
Laboratory

4-1 Ukishima-Cho

Kawasaki-Ku Kawasaki 210

JAPAN AIR MAIL

Lisa Kempfer

Penton Publishing
Materials Engineering
1100 Superior Avenue
Cleveland, OH 44114-2543
Frederick L. Kennard, III
General Motors Corporation
AC Rochester

Department 32-24, EB

1300 North Dort Highway
Flint, MI 48556

David 0. Kennedy

Lester B. Knight Cast
Metals Inc.

549 West Randolph Street

Chicago, IL 60661

George Keros

Photon Physics

3175 Penobscot Building
Detroit, MI 48226

Pramod K. Khandelwal

General Motors Corporation

Allison Gas Turbine
Division

P.0. Box 420, MS:WO05

Indianapolis, IN 46206
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392.
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Jim R. Kidwell

Allied-Signal Aerospace
Company

Garrett Auxiliary Power
Division

P.0. Box 5227

Phoenix, AZ 85010

Han J. Kim

GTE Laboratories, Inc.
40 Sylvan Road
Waltham, MA 02254

Shin Kim

Korea Institute of Machinery
& Metals

66 Sangnam-dong, Changwon

Kyungnam 641-010

KOREA AIR MAIL

W. C. King

Mack Truck, Z-41

1999 Pennsylvania Avenue
Hagerstown, MD 21740

Carol Kirkpatrick

MSE, Inc.

CDIF Technical Library
P.0. Box 3767

Butte, MT 59702

Tony Kirn
Caterpillar, Inc.

Defense Products Department, JB7

Peoria, IL 61629

James D. Kiser

NASA Lewis Research Center
21000 Brookpark Road, MS:49-3
Cleveland, OH 44135

Max Klein

Gas Research Institute
Thermodynamics

8600 West Bryn Mawr Avenue
Chicago, IL 60631

Richard N. Kleiner
Coors Ceramics Company
4545 McIntyre Street
Golden, CO 80403
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Stanley J. Klima

NASA Lewis Research Center
21000 Brookpark Road
MS:6-1

Cleveland, OH 44135

Chris E. Knapp

Norton Advanced Ceramics
of Canada Ltd.

8001 Daly Street

Niagara Falls, Ontario L2G 6S2

CANADA AIR MAIL

Albert S. Kobayashi

University of Washington

Mechanical Engineering
Department

MS:FUl0

Seattle, WA 98195

Siigeki Kobayashi

Toyota Central Research
Labs, Inc.

Nagakute Aichi 480-11

JAPAN AIR MAIL

Richard A. Kole
Z-Tech Corporation
8 Dow Road

Bow, NH 03304

E. Kostiner

University of Connecticut
Chemistry Department, U-60
Storrs, CT 06269-3060

Kenneth A. Kovaly
Technical Insights, Inc.
P.0. Box 1304

Fort Lee, NJ 07024-9967

Ralph G. Kraft

Spraying Systems Company
North Avenue at Schmale Road
Wheaton, IL 60189-7900

Saunders B. Kramer

U.S. Department of Energy
Advanced Propulsien Division
CE-322, Forrestal Building
Washington, DC 20585
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Arthur Kranish

Trends Publishing, Inc.

1079 National Press Building
Washington, DC 20045

A. S. Krieger
Radiation Science, Inc.
P.0. Box 293

Belmont, MA 02178

Pieter Krijgsman
Ceramic Design International
Holding B.V.

P.0. Box 68
Hattem 8050-AB
THE NETHERLANDS

Waltraud M. Kriven
University of Il1linois
Materials Science and

Engineering Department
105 South Goodwin Avenue
Urbana, IL 61801

Edward J. Kubel, Jr.

ASM International Advanced
Materials & Processes

Materials Park, OH 44073

AIR MAIL

Dave Kupperman

Argonne National Laboratory
9700 South Cass Avenue
Argonne, IL 60439

Oh-Hun Kwon

Norton Company

Advanced Ceramics
Goddard Road

Northboro, MA 01532-1545

W. J. Lackey

Georgia Institute of Technology

Materials Science and
Technology
Atlanta, GA 30332

Jai Lala

Tenmat Ltd.

40 Somers Road

Rugby Warwickshire CV22 7DH
ENGLAND AIR MAIL
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Hari S. Lamba

General Motors Corporation
Electro-Motive Division
9301 West 55th Street
LaGrange, IL 60525

Richard L. Landingham

Lawrence Livermore National
Laboratory

Ceramics, Corrosion, and
Thermochemistry

P.0. Box 808, L-369

Livermore, CA 94550

Charles J. Landry

Chand Kare Technical Ceramics
712 Flat Hill Road

Lumenburg, MA 01462

Manfred W. Langer
Volkswagen AG
Material Technology
3180 Wolfsburg 1
GERMANY AIR MAIL

James Lankford

Southwest Research Institute

Department of Materials
Sciences

6220 Culebra Road

San Antonio, TX 78228-0510

Stanley B. Lasday

Business News Publishing Co.
Manor Oak One

1910 Cochran Road, Suite 630
Pittsburgh, PA 15220

Mark S. Laser

Solar Turbines, Inc.
2211 Erie Street
San Diego, CA 92110

S. K. Lau

Carborundum _ompany
Technology Division
P.0. Box 832, B-100
Niagara Falls, NY 14302

Edward A. Lauder

Advanced Composite Materials
Corporation

1525 South Buncombe Road

Greer, SC 29651-9208
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428.

429.

430.

431.

J. Lawrence Lauderdale
Babcock & Wilcox

Contract Research Division
1850 "K" Street, Suite 950
Washington, DC 20006

Harry A. Lawler
Carborundum Company
Technology Division
P.0. Box 832

Niagara Falls, NY 14302

Jean F. LeCostaouec

Textron Speciality Materials
2 Industrial Avenue

Lowell, MA 01851

Benson P. Lee
Interscience, Inc.

9718 Lake Shore Boulevard
Cleveland, OH 44108

Burtrand I. Lee

Clemson University

Department of Ceramic
Engineering

01in Hall

Clemson, SC 29634-0907

June-Gunn Lee

KIST

Structural Ceramic Lab
P.0. Box 131, Cheong-Ryang
Seoul 130-650

KOREA AIR MAIL

Ran-Rong Lee

Ceramics Process Systems
Corporation

155 Fortune Boulevard

Milford, MA 01757

Stan Levine

NASA Lewis Research Center
21000 Brookpark Road
MS:49-3

Cleveland, OH 44135

Alan V. Levy

Lawrence Berkeley Laboratory
One Cyclotron Road, MS:62-203
Berkeley, CA 94720
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435.

436.

437.

438.

Ai-Kang Li

Materials Research
Laboratories, ITRI

195-5 Chung-Hsing Road, Sec. 4

Chutung Hsinchu 31015 R.O.C.

TAIWAN AIR MAIL

Winston W. Liang

Hong Kong Industrial
Technology Centre Co. Ltd.

78 Tat Chee Avenue

4/F, HKPC Building

Howloon

HONG KONG AIR MAIL

Robert Licht

Norton Company

Advanced Ceramics

Goddard Road

Northboro, MA 01532-1545

E. Lilley

Norton Company

Advanced Ceramics
Goddard Road

Northboro, MA 01532-1545

Laura J. Lindberg

Allied-Signal Aerospace
Company

Garrett Fluid Systems Division

1300 West Warner

MS: 93-901-1207-4TT

P.0. Box 22200

Tempe, AZ 85284-2200

Leonard C. Lindgren

General Motors Corporation
Allison Gas Turbine Division
P.0. Box 420, Speed Code:T-20A
Indianapolis, IN 46206-0420

Hans A. Lindner

Cremer Forschungsinstitut
GmbH&Co .KG

Oeslauer Strasse 35

D-8633 Rodental 8866
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98

439.

440.

441.

442.

443.

444,

445.

446.

Ronald E. Loehman

Sandia National Laboratories

Chemistry & Ceramics
Department 1840

P.0. Box 5800

Albuquerque, NM 87185

Jeffrey C. Logas

Winona State University

Composite Materials
Engineering

115 Pasteur Hall

Winona, MN 55987

Bill Long

Babcock & Wilcox
P.0. Box 11165
Lynchburg, VA 24506

William D. Long
Wacker Chemicais (USA), Inc.
ESK Engineered Ceramics
50 Locust Avenue

New Canaan, CT 06840

L. A. Lott

EG&G Idaho, Inc.

Idaho National Engineering
Laboratory

P.0. Box 1625

Idaho Falls, ID 83415-2209

Raouf 0. Loutfy
MER Corporation
7960 South Kolb Road
Tucson, AZ 85706

Gordon R. Love
Aluminum Company of America
Alcoa Technical Center
Alcoa Center, PA 15069

Lydia Luckevich

Ortech International
2395 Speakman Drive
Mississauga Ontario L5K 1B3
CANADA AIR MAIL
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James W. MacBeth

Carborundum Company
Structural Ceramics Division
P.0. Box 1054

Niagara Falls, NY 14302

H. MaclLaren

General Electric Company

Thomson Laboratory, Materials
Engineering 36807

1000 Western Avenue

Lynn, MA 01910

George Maczura

Aluminum Company of America
Industrial Chemicals Division
670 One Allegheny Square
Pittsburgh, PA 15212

David Maginnis

Tinker AFB

0C-ALC/LIIRE

Tinker AFB OK 73145-5989

Frank Maginnis

Aspen Research, Inc.

220 Industrial Boulevard
Moore, OK 73160

Tai-il Mah

Universal Energy Systems, Inc.

Ceramics and Composites
Research

4401 Dayton-Xenia Road

Dayton, OH 45432

Kenneth M. Maillar
Barbour Stoc<well Company
83 Linskey Way

Cambridge, MA 02142

Lorenzo Majno
Instron Corporation
100 Royall Street
Canton, MA 02021

S. G. Malghan

National Institute of Standards
and Technology

1-270 & Clopper Road

Gaithersburg, MD 20899
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464.

Lars Malmrup
United Turbine AB

Box 13027
Malmo S-200 44
SWEDEN AIR MAIL

John Mangels
Ceradyne, Inc.

3169 Redhill Avenue
Costa Mesa, CA 92626

Russell V. Mann

Matec Applied Sciences, Inc.
75 South Street

Hopkinton, MA 01748

William R. Manning

Champion Aviation Products
Division

01d Norris Road

P.0. Box 686

Liberty, SC 29657

Ken Marnoch

Amercom, Inc.

8928 Fullbright Avenue
Chatsworth, CA 91311

Robert A. Marra

Aluminum Company of America
Alcoa Technical Center
Advanced Ceramics Center - E
Alcoa Center, PA 15069

Chauncey L. Martin

3M Company

3M Center, Building 60-1IN-01
St. Paul, MN 55144

Steven C. Martin
Advanced Refractory
Technologies, Inc.
699 Hertel Avenue
Buffalo, NY 14207

Kelly J. Mather

Williams International
Corporation

2280 West Maple Road

P.0. Box 200

Walled Lake, MI 48088
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472.

473.

James P. Mathers
3M Company

3M Center

Building 201-3N-06
St. Paul, MN 55144

Marshall Mayer

Instron Corporation

3815 Presidential Parkway,
Suite 190

Atlanta, GA 30340

Ron Mayville

Arthur D. Little, Inc.
15-163 Acorn Park
Cambridge, MA 02140

F. N. Mazadarany

General Electric Company
Research Laboratory
Building K-1, Room MB-159
P.0. Box 8

Schenectady, NY 12301

James W. McCauley
Alfred University

NYS College of Ceramics
Binns-Merrill Hall
Alfred, NY 14802

Carolyn McCormick

Allied-Signal Aerospace
Company

Garrett Auxiliary Power
Division

Bldg. 1303-206

P.0. Box 5227, MS:9317-2

Phoenix, AZ 85010

Louis R. McCreight
2763 San Ramon Drive

Rancho Palos Verdes, CA 90274

Colin F. McDonald

McDonald Thermal Engineering

1730 Casteliana Road
La Jolla, CA 92037

B. J. McEntire

Norton Company, TRW Ceramics

Goddard Road
Northboro, MA 01532-1545
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477.

478.

479.

480.

481.

482.

Chuck McFadden

Coors Ceramics Company
600 9th Street

Golden, CO 80401

Henry McFadden
Magnetic Bearings, Inc.
Enginieering Library
609 Rock Road

Radford, VA 24141

Thomas D. McGee

Iowa State University

Materials Science and
Engineering Department

110 Engineering Annex

Ames, IA 50011

Carol McGill

Corning Inc.

Sullivan Park, FR-02-08
Corning, NY 14831

T. C. McLaren

Cameron Forged Products
Company

P.0. Box 1212

Houston, TX 77251-1212

James McLaughlin
Sundstrand Power Systems
4400 Ruffin Road

P.0. Box 85757

San Diego, CA 92186-5757

Arthur F. MclLean
6225 North Camino Almonte
Tucson, AZ 85718

Matt McMonigle
U.S. Department of Energy

Improved Energy Productivity

Division

Forrestal Building,
CE-231

Washington, DC 20585

Dennis McMurtry

EG&G Idaho, Inc.

Idaho National Engineering
Laboratory

P.0. Box 1625

Idaho Falls, ID 83415
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D. B. Meadowcroft
National Power Technology
and Environmental Centre
Kelvin Avenue
Leatherhead Surrey
KT22 7SE
ENGLAND AIR MAIL

Jo Meglen
11004 Birdfoot Court
Reston, VA 22091

Pankaj K. Mehrotra
Kennametal, Inc.
P.0. Box 639
Greensburg, PA 15601

Joseph J. Meindl

Reynolds International, Inc.
6603 West Broad Street

P.0. Box 27002

Richmond, VA 23261-7003

Michael D. Meiser

Allied-Signal Aerospace Company

Garrett Ceramic Components
Division

19800 South Van Ness Avenue

Torrance, CA 90509

George Messenger

National Research Council of
Canada

Engine Laboratory

Building M-7

Ottawa Ontario K1A OR6

CANADA AIR MAIL

D. Messier

U.S. Army Materials Technology
Laboratory

SLCMT-EMC

405 Arsenal Street

Watertown, MA 02172-0001

Gary L. Messing

Pennsylvania State University

Ceramic Science and Engineering
Department

119 Steidle Building

University Park, PA 16802
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495,

496.
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498.

Arthur G. Metcalfe

Arthur G. Metcalfe and
Associates, Inc.

2108 East 24th Street

National City, CA 91950

R. Metselaar

Eindhoven University

Centre for Technical Ceramics

P.0. Box 513

Eindhoven 5600 MB

THE NETHERLANDS AIR MAIL

Nancy S. Meyers

U.S. Department of Energy

Transportation Technologies

CE-30, Forrestal Building
6B-094

Washington, DC 20585

David J. Michael

Harbison-Walker Refractories
Company

P.0. Box 98037

Pittsburgh, PA 15227

Ken Michaels

Chrysler Motors Corporation

Ceramics Development
Metallurgical Processes

P.0. Box 1118, CIMS:418-17-09

Detroit, MI 48288

Bernd Michel

Institute of Mechanics

Fracture and Micromechanics
Department

P.0. Box 408

D-9010 Chemnitz

GERMANY AIR MAIL

David E. Miles

Commission of the European
Communities

rue de la Loi, 200

B-1049 Brussels

BELGIUM AIR MAIL

John V. Milewski
Superkinetics, Inc.
P.0. Box 8029
Santa Fe, NM 87504
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Carl E. Miller

AC Rochester

1300 North Dort Highway,
MS:32-31

Engineering Building B

Flint, MI 48556

Mike Miller

McGraw-Hill Aviation Week
Performance Materials
1156 15th Street, N.W.
Washington, DC 20005

Charles W. Miller, Jr.

Centorr Furnaces/Vacuum
Industries

542 Amherst Street

Nashua, NH 03063

R. Mininni

Enichem America

2000 Cornwall Road
Monmouth Junction, NJ 08852

Michele V. Mitchell

Allied-Signal Aerospace
Company

Garrett Ceramic Components
Division

19800 South Van Ness Avenue

Torrance, CA 90501-1149

Howard Mizuhara

GTE - WESGO

477 Harbor Boulevard
Belmont, CA 94002

Helen Moeller

Babcock & Wilcox

P.0. Box 11165
Lynchburg, VA 24506-1165

Francois R. Mollard
Metalworking Technology, Inc.
1450 Scalp Avenue

Johnstown, PA 15904

Phil Mooney
Panametrics

NDE Division

221 Crescent Street
Waltham, MA 02254
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513.

514.

515.

516.

Thomas Morel

Ricardo North America
645 Blackhawk Drive
Westmont, IL 60559

Geoffrey P. Morris

3M Company

3M Traffic Control Materials
Division

Bldg. 209-BW-10, 3M Center

St. Paul, MN 55144-1000

Jay A. Morrison

Ro11s-Royce, Inc.

Engineering and Information
Center, Overlook 1

2849 Paces Ferry Road,
Suite 450

Atlanta, GA 30339-3769

Joel P. Moskowitz
Ceradyne, Inc.

3169 Redhill Avenue
Costa Mesa, CA 92626

Brij Moudgil
University of Florida
Material Science and
Engineering
Gainesville, FL 32611

Christoph J. Mueller

Sprechsaal Publishing
Group

P.0. Box 2962, Mauer 2
D-8630 Coburg

GERMANY AIR MAIL

Thomas W. Mullan

Vapor Technologies Inc.

345 Route 17 South

Upper Saddle River, NJ 07458

M. K. Murthy

MKM Consultants International
10 Avoca Avenue, Unit 1906
Toronto Ontario M4T 2B7
CANADA AIR MAIL

Solomon Musikant
TransCon Technologies, Inc.

Materials Science & Engineering

1508 Waynesboro Road
Paoli, PA 19301
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524.
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David L. Mustoe

Custom Technical Ceramics

8041 West -0 Service Road,
Unit. 6

Arvada, CO 80002

Curtis V. Nakaishi

U.S. Department of Energy

Morgantown Energy Technology
Center

Collins Ferry Road

P.0. Box 880

Morgantown, WV 26507-0880

Yoshio Nakamura

Faicera Research Institute
2-5-8 Hiyakunin-cho Shinjuku-Ko
Tokyo
JAPAN AIR MAIL

K. S. Narasimhan
Hoeganaes Corporation

River Road
Riverton, NJ 08077

Samuel Natansohn

GTE Laboratories, Inc.
40 Sylvan Road
Waltham, MA 02254

Robert Naum

Applied Resources, Inc.
P.0. Box 241

Pittsford, NY 14534

Malcolm Naylor

Cummins Engine Company, Inc.
P.0. Box 3005, Mail Code 50183
Columbus, IN 47202-3005

Jeffrey Neil

GTE Laboratories, Inc.
40 Sylvan Road
Waltham, MA 02254

Fred A. Nichols

Argonne National Laboratory
9700 South Cass Avenue

MCT - Building 212

Argonne, IL 60439
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H. Nickel )
Furschungszentrum Juelich (KFA)
P.0. Box 1913

Juelich 1-5170 BRD NRW

GERMANY AIR MAIL

Dale E. Niesz

Rutgers University

Center for Ceramic Research
P.0. Box 909

Piscataway, NJ 08855-0909

David M. Nissley

United Technologies Corporation
Pratt & Whitney Aircraft

400 Main Street, MS:163-10

East Hartford, CT 06108

Richard D. Nixdorf
ReMaxCo Technologies, Inc.
11317 Snyder Road
Knoxville, TN 37932

Bernard North
Kennametal, Inc.
P.0. Box 639
Greensburg, PA 15601

Bruce E. Novich

Ceramics Process Systems
Corporation

155 Fortune Boulevard

Miiford, MA 01757

Daniel Oblas

GTE Laboratories, Inc.
40 Sylvan Road
Waltham, MA 02254

Don Ohanehi

Magnetic Bearings, Inc.
1908 Sussex Road
Blacksburg, VA 24060

Robert Orenstein

General Electric Company
55-112, River Road
Schenectady, NY 12345
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Norb Osborn
Aerodyne Dallas
151 Regal Row,
Suite 120
Dallas, TX 75247

A. M. Paddick

BP International Limited

BP Research Centre, Main
Library

Chertsey Road

Sunbury-on-Thames

Middlesex TW16 7LN

UNITED KINGDOM AIR MAIL

Russell J. Page

Kanthal-Artcor

3001 Redhill Avenue, I1I-109

Costa Mesa, CA 92705

Richard Palicka
Cercom, Inc.

1960 Watson Way
Vista, CA 92083

Muktesh Paliwal

GTE Products Corporation
Hawes Street

Towanda, PA 18848

Joseph E. Palko

General Electric Company
55-113, River Road
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