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CERAMIC TECHNOLOGY PROJECT DATABASE:
MARCH 1990 SUMMARY REPORT*

B. L. P. Keyes

ABSTRACT

This report is the fifth in a series of semiannual data summary reporis on
information being stored in the Ceramic Technology Project (CTP) database. The overall
system status as of March 31, 1990, is summarized, and the latest additions of ceramic
mechanical properties data are given for zirconia, silicon carbide, and silicon nitride

ceramic mechanical properties data, including some properties on brazed specimens.

1. INTRODUCTION

Unlike the previous reports,1-4 which concentrated on one class of ceramics per
report, this summary contains new test results on several classes of ceramic materials,
including zirconias, silicon carbides, and silicon nitrides. Primary sources for information
in this report are the semiannual and bimonthly CTP progress reports, ORNL/TM-6513,
ORNL/5612, a data disk from M. K. Ferber of Oak Ridge National Laboratory (ORNL), and
a package of test results from N. L. Hecht of the University of Dayton Research Institute.

The addition of several new files during this period has further enhanced the
usefulness of the overall system. Brazed-specimen bend [modulus of rupture (MOR)

four-point], fracture toughness, and shear strength tests, which require more

*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.



characterization than tesis on non-joined specimens, are now included in the database.
A hardnzss measurgmeant file and an extended comments file for individual test results
were also appended to the system.

A hard-copy guide to using the database has alse been completed through the first
draft. This guide will serve as instructions on using the database until the computarized

interface is completad in 1991.

2. SYSTEM STATUS UPDATE

The database presently containg about 5,427 test resulis on over 320 different
baiches of ceramic materials. Approximately 46% of these are on zirconia-based
ceramics, 9% are on silicon carbides, 21% are on silicon nitrides, 5.7% are on whisker-
reinforced silicon nitrides, 16.3% are on alumina-based ceramics {(including whisker-
reinforced aluminas and mullites), and 2% are on other ceramics. Table 1 provides a
more detailed overview of the gata presently stored in the system.

Several new files, inciuding three which store brazed-specimen test data, were
added to the database during this summary period. Although the tesling procedures for
unjoined and joined specimens may be the same, additional information is needed to
charactenze the joint and all the matetials used to create it. Often, dissimilar materials are
brazed together, as in the case of the MS-PSZ and nodular, cast-iron joinis made at
ORNL and Battelle Columbus Laboratories. To characterize such a joint would reguire
two material fieids and two batch code fields, along with the information on the filler
material, the brazing method used, heat treatments, eic. The database now contains files
on MOR four-point bend strength tests, snear strength tests, and fracture toughness tests

performed on brazed specimens.



TABLE 1. CTP DATABASE SUMMARY AS OF MARCH 31, 1990

Material e Brazed Specimens ------- Creep Cyclic Density  Dynamic Elasticity  Fracture Hardness Interrupted Maternial
Class MOR 4 Shear Str. Toughness Fatigue Fatigue Toughness Fatigue  Characteristics
Alumina 1 15 9 24 20 19
Alumina + reinforcing fibers 7 39 91
Alumina + Zirconia
Muliite 2 2
Mullite + reinforcing fibers 11 16 48
Silicon Carbide 10 13 15 24 27 7
Silicon Nitride 3 27 19 28 16 24 85 112 29
Silicon Nitride + reinforcing fibers 15 2 16 31 44
Zirconia 123 58 2 51 158 92 54 239 37
Zirconia + reinforcing fibers 5
Other 3 27
Total records 123 61 2 28 100 205 38 184 272 166 239 282
Matarial MOR MOR Oxidation Poisson's Shear Tensile  Thermal Thermal  Thermal  Thermal  Thermal X-Ray
Class 3PtBend 4 PtBend Rate Ratio Modulus Conductivity Contraction Diffusivity Expansion  Shock Diffraction
Alumina 371 28 3 1 2
Alumina + reinforcing fibers 144 11 34 18 4 6
Alumina + Zirconia 7 23 21
Mullite 1 4
Mullite + reinforcing fibers 9 22
Silicon Carbide 235 23 17
Silicon Nitride 10 573 1 2 1 73 9 10 44 49
Silicon Nitride + reinforcing fibers 106 3 17 16 86 9 17 14
Zirconia 1554 50 72
Zirconia + reinforcing fibers 2 38
Other 59
Total records 20 3077 4 19 17 284 55 23 45 107 8 138

Grand total test resuit records on file: 5497



Another new file contains the results of various hardness tasts. Averaged hardness
values are found in the material characteristics file, but the new file provides the user with
a better idea of the actual measurements.

Comments on some of the test resuits exceed the short field space allotted in the
test results records. For example, cccasionally, a specimen breaks in the grips or the
electrical power is interrupted during the test, thus causing abnormal resuits, or some
other out-of-the-ardinary occurrence takes place that affects the outcome of the results.
Such details are impoitant and need to be taken into consideration before analyzing the
dgata. These additional comments are stored in DATATXT, an exiended comments file
whose recoids contain details pertaining to one test, rather than to a whole set of tests
from a single reference. Only those tests containing a "Y" or "1" in the SEETEXT field in
the test results record will have entries in this file.

Although the database is physically located in a microcomputer, direct access to
users is very limited to protect the integrity of the database. Changes, additions, and
delgtions are made by one person to avoid jeopardizing the entire system through misuse
or abusa by those not familiar with the files. User access is limited to downioaded files on
tloppy disks in the user's choice of formats. The dalabase itself is a collection of related
files created in dBASE IV structure, which can be linked by a set of parameaters. However,
no formal computerized interface currently exists to provide automatic linking of these
files, although plans for one are in progress. To aid the user with downloaded files, a
hard-copy version of a database guide has been prepared so the user will have adequats
information on file contents, general terminology, and interfile linkage uniil a
computerized interface becomes available. The guide includes file maps, field definitions
and characteristics, linkage maps, and a recent database contents overview and will be

sent to each person requesting data.



3. DATA SUMMARY

This report covers eight different batches of four zirconia ceramics, two batches of
two silicon carbides, and nine batches of six silicon nitrides. This repont also contains the
first data to be stored in the database on the mechanical properties of brazed ceramics.
M. L. Santella of ORNL initially succeeded in brazing a partially stabilized zirconia to
nodular cast iron by coating the zirconia with titanium and the cast iron with copper. Work
at Battelle Columbus Laboratories on this same topic yielded a brazing procedure where
no copper coating was needed to produce a stable, strong joint. Additional data from
Battelle has been requested but has not yet been received.

Much of the bend strength data on zirconias in this report were produced by a study
of diesel engine environmental effects on the strength of partially stabilized zirconias. In
that study, Nilcra MS-PSZ and TS-PSZ specimens were: (1) exposed to one of the two
diesel engine combustion chamber environments for 100 h, (2) aged for 100 h at
temperatures ranging from 700 to 800°C, or (3) remained in the as-fabricated condition
prior to testing to failure. All specimens were broken in a four-point bend fixture in air at
room temperature. Strength comparisons and Weibull plots accompany the data tables
for this study, found in Appendix B.

Tracking down background information for a specific batch of a material is a time-
consuming, often frustrating, experience that is often necessary to confirm the validity of
the data. Keeping assigned batch numbers with the material as it goes through testing
frequently appears to be a neglected task. Some of the data in this report include the
original batch codes assigned to the materials by the fabricators. When no batch identifier
is menticned, a code is assigned by database personnel based upon the source (report
code) and the company, laboratory, or individual who reported the data. It is possible for
material with a known batch code to be the same as a material with a locally assigned (by

database personnel) batch code if, for example, data for the material were reported



without the original fabricator's code. Unless the unknown-batch-code data are exact
duplicates of known-batch-code data, the unkncwn-batch-code data are assigned a
unique identifier to distinguish them from other batches of the same material.

All Weibuli analyses shown in this report were performed using the rank
regression method, in which a least-squares fit to the data is used to estimate the
modulus. Specifically, the data were sorted and the X-Y coordinates, In (MOR strength)
and inln [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 ploited with the best-fit line, using Cricket Graph's built-in, curve-fitting
routines.

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 text data arranged in sections by property type.
Some of the test data listed in Appendix 8 may not be represented by materials in
Appendix A but will be included in a later report (if and 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 permits.

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
people 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 thair needs, this method satisfies both situations; the master files are protected, and

the user gets the data in a readily consumabie 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 calling 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 the dBASE IV structure. Access to the
data can be provided by calling the database personnel during working hours (7 a.m. to
3:20 p.m., Eastern time) at 615-574-5113. 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), and sent out to the user as soon as possible.
No plans are being considered for direct access from outside systems at this time. Direct
transfer is also 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 aiso be sent to all first-time users
when the document becomes available.

Several file formats, other than dBASE 1V, 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 IBM 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 and density as well as file type.

Macintosh file types available are Microsoft EXCEL; SYL; and plain, printable
ASCIL IBM file types are Lotus 1-2-3, Microsoft EXCEL, DIF, SDF, SYLK, plain ASCHI,
delimited ASCH, and dBASE Ill+. Other formats may be available by special arrangement
with database personnel.

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 aveid spreading any computer diseases
that might ke hiding. No recycled, reformatted disks are sent to users. Both the master
system (IBM PC/AT) and the Macintosh llex are checked regularly for such illnesses, and
none have been found so far. Use of both computers is limited to one person who
screens incoming sofiware carefully to avoid contamination of either system. No
information is downioaded from public bulletin boards {o either system. Both systems
have virus detection software installed, and all efforts are made to ensure both systems
stay disease free. If users have problems with disks received from the database, they
should inform database personnel imimediately so that steps can be taken to correct the

problems.

5. FUTURE PLANS

The sixth database summary repori is scheduled for completion in September 1990
and will feature the latest additions of data to the database. Plans are currently being
made to write a computerized user interface using the dBASE IV programming language.
The interface will link the database's many files together, providing better access to
information in the system. This inierface will be available to all users of the database who

request it.
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SECTION 1. MATERIAL CHARACTERISTICS INFORMATION

MATERIAL BATCH MATERIAL FABRICATOR PRIMARY ADDITIVES SCURCE

OCDE CLASS MATRIX
CvD-SiC* CVD/UDRI/SA9 CVD Inc. Sic ORNL/TM-10705,p.309
HEXOLOY SA* UDRI-SA9 ALPHA SIC  SOHIO Engineered Materials alpha SiC B, Al ORNL/TM-10705,p285+
HEXOLOY SA SOHIO/UDRI/ ALPHA SIC  SOHIO Engineered Materials alpha SiC B, Al BM11/87, p.70
CERALLOY 147-3 CERADYNE/UDRI2 SIN,ISOPR  Ceradyne Si3aN4 Y203,A1203
EC-152 NGK/UDRI/1 SIN, SINT NGK Spark Plug Si3N4 BM10/88, p.91
NT-154 NORTON/UDRIf2  SIN, SINT&HP Norton/TRW Si3N4 BM10/88, p.90
NT-154 NORTON/ORNL/Y  SiIN, SINT&HP Norton/TRW Si3N4 BM12/88, p.19
SN-252 KYOCERA/UDRI/2 SIN,ISOPR  Kyocera Si3N4 Yb203,Y203,A1203 BM11/87, p.21
SN-4 HOWMET/UDRI/1  SIN,ISOPR  Howmet Si3N4 10% Y203, Al203 BM10/88, p.90
GTEPY6 GTEL/UDRI/ SiN, HP GTE Laboratories beta Si3N4  6w%Y203 BM11/87, p.70
GTE PY6* UDRI-SA9 SIN, HP GTE Laboratories beta Si3N4  6w%Y203 ORNL/TM-10705,p285+
TS-PSZ* NILCRA/UDRI/1 ZROPSZ Niicra Ceramics 2ro2 3w%MgO ORNL/TM-10308,p256
Ms-psz* NILGRA/UDRI/ ZROPSZ Nilcra Ceramics Zro2 IweMgO ORNL/TM-10308,p256
Z-201° KYO1985/MTL ZROPSZ Kyocera Zro2 Y203 ORNL/TM-10308,p217

MATERIAL BATCH DENSITY ME MOR4 HARDNESS HARDNESS THERMAL POISSONS KiC
089 3 g/emh3 GPa MPa TEST VALUE EXPANSION RATIO MPavm
COEFFICIENT
1.E-06/°C

CvD-SiC* CVD/UDRI/SAS 470.0 554.0 VICKERS 2600 kg/mm2 0.230 2.600
HEXOLOY SA* UDRI-8A9 3.17 300.0 325.0 VICKERS 2740 kg/mm2 4.500 4.000
HEXOLOY SA SOHIO/UDRI/2 3.17 427.0 331.0 VICKERS 2539 kg/mm2 5.400 2.000
CERALLOY 147-3 CERADYNE/UDRI/2
EC-152 NGK/UDRI/2
NT-154 NORTON/UDRI/2 3.28 310.5
NT-154 NORTON/ORNL/1
SN-252 KYOCERA/UDRIf2
SN-4 HOWMET/UDRI/2 3.23 204.0
GTE PY6 GTEL/UDRVY2 3.24 293.0 641.0 VICKERS 1458kg/mm2 3.400 3.000
GTE PY8* UDRI-SAS 3.24 267.0 800.0 3.500 4.250
TS-PSZ* NILCRA/UDRI/N 5.78 VICKERS 1025 kg/mm2 8.500 6.000
MS-PSZ* NILCRA/UDRIN 5.69 VICKERS 1099 kg/mm2 10.300 7.600
Z-201" KYO1985/MTL 5.85 201.0 745.0 KNOOP3kg 10.5 kg/mm2 8.800

® These data included, although from a different batch, for guidance purposes only.
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SECTION 2. GENERAL TEXT INFORMATION ON MATERIALS IN THIS REPOHT

MATERIAL BATCH PEFERENCE CATEGCHRY SEQ TEXT
OE CCLE

3iLICON CARBIDES

CvD SiC CVD/UDRI/2 UDRIPKGNOVEY  PROCESS A SiC prepared by chemical vapor deposition teshniques.

HEXCLOY SA SOHIO/UDRI2 UDRIPKGNOVSS  PROCESS A Cold formed {injection molded or isostatic pressed) and pressurelessly sintared
B alpha-silicon carbide with additions of B and Al

SILICON NITRIDES

CERALLOY 147-3 CERADYNE/UDRI/2 UDRIPKGNOVES  PROCESS A Cold fermed (isopressing/siip casting/injection molding) sintered SigN4 with
B additions of Y203 and Al208.

EC-152 NGK/UDRI/2 UDRIPKGNOVSS  PRCCESS A Gas prassure sintered Si3N4 with additions of Al203 and Y203,

GTEPYS GTEUUDRI2 UDRIPKGNOVES  PROCESS A Injection moided and HiP'ed beta silison nitride with additions of Y2082,

NT-154 NORTON/UDRY2  UDRIPKGNOVSS  PRCCESS A Sintered and HiP'sd Si3N4.

SN-4 HOWMET/UDRI2 UDRIPKGNOVEY  PROCESS A Cold formed {die pressing/isostatic pressing) sintered and HiP'ed Si8N4 with 10%
8 oxide sintering aids (1203 and Y203).

SN-252 KYOCERN/UDRY2 UDRIPKGNCVS?  PROCESS A Cold formed (isopressed/slip castetc.) and sintered Si3Né with additions of
B Yp203, Y203, and Al203 {Note: the sintering process is controiiad to promote the
C  growinh of a beta Si3N4 whisker phase in the SiaN4 matrix).
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SECTION 3, DENSITIES

MATERIAL BATCH CODE REFERENCE PROCESS SPECIMEN TEMP DENSITY
(9.9.9.5 NOVEER °C g/lcm*3
SILICON CARBIDES
HEXOLOYSA  SOHIO/UDRI/2 UDRIPKGNOV89 IMMERSION METHOD 16 21 3.1600
HEXOLOYSA  SOHIO/MDRI/2 UDRIPKGNOVSS  IMMERSION METHOD 17 21 3.1500
HEXOLOYSA  SOHIO/UDRI2 UDRIPKGNOVS9 IMMERSION METHOD 18 21 3.1400
HEXOLOYSA  SOHIO/UDRI2 UDRIPKGNOV89 IMMERSION METHOD 19 21 3.1600
HEXOLOYSA  SOHIO/UDRI/2 UDRIPKGNOV8ES IMMERSION METHOD 20 21 3.1500
SILICON NITRIDES
GTEPY6 GTEL/UDRI/2 UDRIPKGNOVSS IMMERSION METHOD 6 21 3.2600
GTEPYS6 GTEL/UDRI/2 UDRIPKGNOVSS IMMERSION METHOD 7 21 3.2700
GTEPYS GTEL/UDRI/2 UDRIPKGNOVSS IMMERSION METHOD 8 21 3.2700
GTIEPYS GTEL/UDRI2 UDRIPKGNOVES  IMMERSION METHOD ] 21 3.2700
GTEPY6 GTEL/UDRI2 UDRIPKGNOVSS IMMERSION METHOD 10 21 3.2700
NT-154 NORTON/UDRI/2 UDRIPKGNOVS9 IMMERSION METHOD 96 21 3.2300
NT-154 NORTON/UDRI2 UDRIPKGNOVEB2 IMMERSION METHOD 97 21 3.2300
NT-154 NORTON/UDRI2 UDRIPKGNOVE9 IMMERSION METHOD 98 21 3.2300
NT-154 NORTON/UDRIZ  UDRIPKGNOVSY IMMERSION METHOD 99 21 3.2300
NT-154 NORTON/UDRI/2 UDRIPKGNOVSS IMMERSION METHOD 100 21 3.2400
SN-4 HOWMET/UDRI/2 UDRIPKGNOVSS IMMERSION METHOD 8 21 3.2300
SN-4 HOWMET/UDRY2 UDRIPKGNOVS9 IMMERSION METHOD 17 21 3.2300
SN-4 HOWMET/UDRI/2 UDRIPKGNOVS9 IMMERSION METHOD 20 21 3.2300
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SECTION 4, HARDNESS MEASUREMENTS

MATERIAL BATCHCODE FEFERENCE HARDNESS SPECIMEN LOAD INDENT UNITS HARDNESS
e TEST NUMBER g DEPTH YALUE
W 1T

HEXOLOY SA SOHIO/UDRIZ UDRIPKGNOVSS VICKERS 21 500.0 22.3 kg/mm 1865.0
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVE9 VICKERS 21 500.0 18.9 kg/mm 2598.0
HEXCLOY SA SCHIC/UDRI2 UDRIPKGNOVS9 VICKERS 21 500.0 18.8 kg/mm 2568.0
HEXCLOY SA SOHIC/UDRI2 UDRIPKGNOVE9 VICKERS 21 500.0 18.4 kg/mm 2739.0
HEXCLOY 84 SOHIO/UDRI2 UDRIPKGNOVS9 VICKERS 21 5C0.0 18.0 kg/mm 2882.0
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVSB¢ VICKERS 22 500.0 17.9 kg/mm 2894.90
HEXCLOY SA SOHIO/UDRI2 UDRIPKGNOVES VICKERS 22 500.0 18.5 kg/mm 2709.0
HEXCLOY SA SOHIO/UDRI/2 UDRIPKGNOVSS VICKERS 22 500.0 17.8 kg/mm 2983.0
HEXCLOY SA SOHIO/UDRI/2 UDRIPKGNOVSY VICKERS 22 500.0 18.3 kg/mm 2769.0
HEXOLOY SA SOHIC/UDRI/2 UDRIPKGNOVS9 VICKERS 22 500.0 20.0 kg/mm 2318.0
HEXCLOY SA SOHIO/UDRI/2 UDRIPKGNOVEY VICKERS 23 500.0 17.6 kg/mm 2993.0
HEXCLOY SA SCOHIC/UDRI/2 UDRIPKGNOVS9 VICKERS 23 500.0 19.3 kg/imm 2489.0
HEXCLOY SA SOHIO/UDRI2 UDRIPKGNOVEY VICKERS 23 500.0 17.9 kg/mm 2894.0
HEXCLOY SA SOHIO/UDRI2 UDRIPKGNOVSES VICKERS 23 500.¢ 19.7 kg/mm 2388.0
HEXCLOY SA SOHIO/UDRI/2 UDRIPKGNOVS9 VICKERS 23 500.0 19.3 kg/mm 2489.0
HEXCLCY SA SOHIO/UDRI/2 UDRIPKGNOYEY VICKERS 24 500.0 17.8 kg/mm 2925.0
HEXOLCY SA SOHIO/UDRI/2 UDRIPKGNOVS9 VICKERS 24 500.0 17.5 kg/mm 3028.0
HEXOLOY SA SOHIC/UDRI/2 UDRIPKGNOVS9 VICKERS 24 500.0 17.9 kg/mm 2894.0
HEXCLOY 84 SOHIC/UDRIZ UGRIPKGNOVSY VICKERS 24 500.0 18.0 kg/mm 2568.0
HEXOLCY SA SOHIO/UDRI/2 UDRIPKGNOVSEY VICKERS 24 500.0 18.5 kg/mm 2709.0
HEXCLOY SA SOHIO/UDRIZ UDRIPKGNOVSS VICKERS 25 500.0 17.2 kg/mm 3134.0
HEXOLOY SA SOHIO/UDRIZ UDRIPKGNOVBY VICKERS 25 500.0 18.1 kg/mm 2830.0
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOV8Y VICKERS 25 500.0 18.8 kg/mm 2680.0
HEXCLOY SA SOHIO/UDRI/2 UDRIPKGNOVE9 VICKERS 25 500.0 17.5 kg/mm 3028.0
HEXCLOY SA SCHIO/UDRIZ UDRIPKGNCVS9 YICKERS 25 500.0 18.2 kg/mm 2799.9
GTEPYS GTEL/UDRI2 UDRIPKGNOVSY VICKERS &1 300.0 19.7 kg/mm 1433.0
GTEPYS GTEL/UDRI2 UDRIPKGNOVSY VICKERS 61 300.0 20.0 Kg/mm 1391.0
GTEPYS GTEL/UDRI/2 UDRIPKGNOYES VICKERS 61 300.0 19.4 kg/mm 1478.0
GTEPYS GTELUDRI2 UDRIPKGNOVSS VICKERS 81 300.0 19.1 kg/mm 1525.0
GTEPYE GTEL/UDRIZ2 UDRIPKGNOVE9 VICKERS 51 3C0.0 19.7 kg/mm 1433.0
GTEPYS GTEL/UDRIR UDRIPKGNOVSES VICKERS 62 300.0 18.3 kg/mm 1861.0
GTEPYS GTEL/UDRIZ2 UDRIPKGNCVES VICKERS 62 300.0 18.2 kg/mm 1509.0
GTEPYS GTEL/UDRIZ UDRIPKGNCOYE9 VICKERS 62 300.0 18.9 kg/mm 1557.0
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_SECTION 4. HARDNESS MEASUREMENTS, CONTINUED

MATERIAL BATCH CODE REFERENCE HARDNESS SPECIMEN LOAD INDENT UNITS HARDNESS
1003 = TEST NUVEER g DEPTH VALUE
fm

GTE PY6 GTEL/UDRI2 UDRIPKGNOVES VICKERS 62 300.0 18.9 kg/mm 15667.0
GTE PY6 GTEL/UDRI/2 UDRIPKGNOVS9 VICKERS 62 300.0 18.8 kg/mm 1574.0
GTE PY6 GTEL/UDRI/2 UDRIPKGNOVE9 VICKERS 63 300.0 18.5 kg/mm 1625.0
GTEPY6 GTEL/UDRI2 UDRIPKGNOVS9 VICKERS 63 300.0 19.0 kg/mm 1541.0
GTE PY6 GTEL/UDRI/2 UDRIPKGNOV89 VICKERS 63 300.0 18.8 kg/mm 1574.0
GTEPYS GTEL/UDRI2 UDRIPKGNOVS9 VICKERS 63 300.0 18.8 kg/mm 1674.0
GTE PY6 GTEL/UDRI/2 UDRIPKGNOV89 VICKERS 63 300.0 18.8 kg/mm 1574.0
GTEPY6 GTEL/UDRI2 UDRIPKGNOVS9 VICKERS 63 300.0 18.8 kg/mm 1574.0
GTE PY8 GTEL/UDRI2 UDRIPKGNOVS9 VICKERS 63 300.0 18.8 kg/mm 1674.0
GTE PY6 GTEL/UDRV/2 UDRIPKGNOVS9 VICKERS 63 300.0 18.8 kg/mm 1574.0
GTE PY6 GTEL/UDRI/2 UDRIPKGNOVS9 VICKERS 63 300.0 18.8 kg/mm 1574.0
GTEPY8 GTEL/UDRI/2 UDRIPKGNOV89 VICKERS 63 300.0 18.8 kg/mm 1574.0
GTE PY6 GTEL/UDRI/2 UDRIPKGNOV8S VICKERS 63 300.0 18.8 kg/mm 1674.0
GTE PY8B GTEL/UDRI/2 UDRIPKGNOVS9 VICKERS 63 300.0 18.8 kg/mm 1574.0
GTEPY6 GTEL/UDRI2 UDRIPKGNOV89 VICKERS 63 300.0 19.0 kg/mm 1541.0
GTEPY6 GTELW/UDRI2 UDRIPKGNOVE9 VICKERS 63 300.0 19.9 kg/mm 1405.0
GTEPY8 GTEL/UDRI2 UDRIPKGNOVS9 VICKERS 64 300.0 18.5 kg/mm 1625.0
GTE PY6 GTEL/UDRI/2 UDRIPKGNOV89 VICKERS 64 300.0 20.5 kg/mm 1324.0
GTE PY8 GTEL/UDRI/2 UDRIPKGNOV89 VICKERS 64 300.0 19.3 kg/mm 1494.0
GTEPYS GTEL/UDRI2 UDRIPKGNOVSES VICKERS 64 300.0 19.6 kg/mm 1448.0
GTE PY86 GTEL/UDRI2 UDRIPKGNOVS9 VICKERS 64 300.0 18.9 kg/mm 15857.0
GTEPYS GTEL/UDRI2 UDRIPKGNOV89 VICKERS 66 300.0 18.6 kg/mm 1608.0
GTE PY6 GTEL/UDRI2 UDRIPKGNQGV89 VICKERS 66 300.0 18.9 kg/mm 15657.0
GTE PY6 GTEL/UDRI2 UDRIPKGNOV89 VICKERS 66 300.0 18.5 kg/mm 1463.0
GTE PY6 GTEL/UDRI/2 UDRIPKGNOVB9 VICKERS 66 300.0 18.6 kg/mm 1448.0
GTE PY6 GTEL/UDRI2 UDRIPKGNOV89 VICKERS 66 300.0 19.3 kg/mm 1494.0
NT-154 NORTON/UDRIf2 UDRIPKGNOVES VICKERS 31 500.0 23.9 kg/mm 1623.0
NT-154 NORTON/UDRI2  UDRIPKGNOV89 VICKERS 31 500.0 23.7 kg/mm 1651.0
NT-154 NORTON/UDRI2  UDRIPKGNOVS9 VICKERS 31 500.0 24.0 kg/mm 1610.0
NT-154 NORTON/UDRY2  UDRIPKGNOV89 VICKERS 31 500.0 24.0 kg/mm 1610.0
NT-154 NORTON/UDRI2  UDRIPKGNOVS9 VICKERS 31 500.0 24.8 kg/mm 1508.0
NT-154 NORTON/UDRI2  UDRIPKGNOVS9 VICKERS 32 500.0 23.5 kg/mm 1679.0
NT-154 NORTON/UDRI2 UDRIPKGNOVB9 VICKERS 32 500.0 24.0 kg/mm 1610.0
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SECTION 4, HARDNESS MEASUREMENTS, CONTINUED

MATERIAL BATCHCODE REFERENCE HARDNESS SPECIMEN LOAD INDENT UNITS HARDNESS
CClE TEST NUMBER g DEPTH VALUE
IRt

NT-154 NORTON/UDRY2 UDRIPKGNOVS? VICKERS 32 500.0 23.4 kg/mm 1693.0
NT-154 NORTON/UDRI2  UDRIPKGNOVS9 YICKERS 32 500.0 23.6 kg/mm 1865.0
NT-154 NORTON/UDRI2  UDRIPKGNOVSS VICKERS 32 500.0 24.3 kg/mm 1570.0
NT-154 NOHTON/UDRI/2 UDRIPKGNCVES VICKERS 33 500.0 23.4 kg/mm 1693.0
NT-154 NORTON/UDRI2 UDRIPKGNOVSS VICKERS 33 500.0 24,5 kg/mm 1545.0
NT-154 NORTON/UDRIZ2  UDRIPKGNOVSS VICKERS 33 5C0.0 24.3 kg/mm 1570.0
NT-154 NORTON/UDRY2  UDRIPKGNOVSS VICKERS 383 500.0 24.1 Rg/mm 1596.0
NT-154 NORTON/AUDRI/Z UDRIPKGNOVS3 VICKERS 33 500.0 23.3 kg/mm 1708.0
NT-154 NORTON/UDRI/2Z UDRIPKGNOVSS VICKERS 34 500.0 23.5 kg/mm 1679.0
NT-154 NORTON/UDRIZ2  UDRIPKGNOVYS9 VICKERS 34 500.0 24.0 kg/mm 1610.C
NT-154 NORTON/UDRY2  UDRIPKGMNOVSY VICKERS 34 500.0 245 kg/mm 1579.0
NT-154 NCRTON/UDRI2  UDRIPKGNOVS9 VICKERS 34 500.0 23.5 kg/mm 1679.0
NT-154 NORTON/UDRY2  UDRIPKGNOVEY VICKERS 34 500.0 242 kg/mm 1583.0
NT-154 NORTON/UDRIZ  UDRIPKGNOVS9 VICKERS 35 500.0 24.2 kg/mm 1583.0
NT-154 NCORTON/UDRI/2 UDRIPKGNOVSS VICKERS 35 500.0 24.0 kg/mm 1610.0
NT-154 NORTON/UDRI2  UDRIPKGNOVES VICKERS 35 5C0.0 23.5 kg/mm 1679.0
NT-154 NORTON/UDRIZ2  UDRIPKGNOVYE9 VICKERS 35 500.0 23.5 kg/mm 1679.0
NT-154 NORTON/UDRI2  UDRIPKGNOVSS VICKERS 35 500.0 24,7 kg/mm 1520.9
SN-252 KYQCERA/UDRI2 UDRIPKGNOVSS VICKERS 12 300.¢ 20.8 kg/mm 1288.0
SN-252 KYCCERA/UDRI2 UDRIPKGNOVS9 VICKERS 12 300.0 17.5 kg/mm 1817.0
5N-252 KYOCERA/UDRI2 UDRIPKGNCY89 VICKERS 12 300.0 18.9 kg/mm 1405.0
SN-252 KYOCERA/UDRYZ2 UDRIPKGNOVYSY YICKERS 12 300.0 16.0 kg/mm 1541.0
SN-252 KYOCERA/UDRI/Z UDRIPKGNOVES YICKERS 16 300.0 19.6 kg/mm 1448.0
SN-252 KYOCERA/UDRI2 UDRIPKGNOVSS VICKERS 18 300.0 16.2 kg/mm 1508.C
SN-252 KYOCERA/UDRI/2 UDRIPKGNOVBS VICKERS 16 300.0 18.7 kg/mm 1581.0
SN-252 KYOCERA/UDRIZ UDRIPKGNOYSBS VICKERS 18 300.0 19.8 kg/mm 1419.0
SN-252 KYOCERA/UDRI/2 UDRIPKGNOYSS VICKERS 18 300.0 19.5 kg/mm 1463.0
SN-252 KYOCERA/UDRY2 UDRIPKGNOYSS VICKERS 18 300.0 19.5 kg/mm 1463.0
SN-252 KYOCERA/UDRI2 UDRIPKGNOVS9 VICKERS 18 300.0 18.0 kg/mm 1541.0
SN-252 KYOCERA/UDRI2 UDRIPKGNOVYED VICKERS 18 3C0.0 18.7 kg/mm 1591.0
SN-252 KYCCERA/UDRY2 UDRIPKGNCVES VICKERS 18 300.0 18.3 kg/mm 1494.0
SN-252 KYCCERA/UDRI2 UDRIPKGNOVYSI VICKERS 18 300.0 29.¢ kg/mm 1391.0
SN-252 KYOCERA/UDRI2 UDRIPKGNOVS9 VICKERS 19 300.0 18.5 kg/mm 1625.0
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SECTION 4, HARDNESS MEASUREMENTS, CONTINUED

MATERIAL BATCHCODE REFERENCE HARDNESS SPECMEN LOAD INDENT UNITS HARDNESS
CODE TEST NUMBER g DEPTH VALUE
KM

SN-252 KYOCERA/UDRI2 UDRIPKGNOV8S VICKERS 19 300.0 18.5 kg/mm 1625.0
SN-252 KYOCERA/UDRIZ UDRIPKGNCV89 VICKERS 19 300.0 18.5 kg/mm 146€3.0
SN-252 KYOCERA/UDRI2 UDRIPKGNOVS9 VICKERS 19 300.0 18.5 kg/mm 1625.0
SN-252 KYOCERA/UDRI’2 UDRIPKGNOVS9 VICKERS 19 300.0 19.0 kg/mm 1541.0
SN-252 KYOCERA/UDRI2 UDRIPKGNOVS9 VICKERS 20 300.0 19.0 kg/mm 1541.0
SN-252 KYOCERA/UDRIZZ UDRIPKGNOVSS VICKERS 20 300.0 18.0 kg/mm 1541.0
SN-252 KYOCERA/UDRI2 UDRIPKGNOVS9 VICKERS 20 300.0 19.0 kg/mm 1541.0
SN-252 KYOCERA/UDRY2 UDRIPKGNGCVS9 VICKERS 20 300.0 17.5 kg/mm 1817.0
SN-252 KYOCERA/UDRI2 UDRIPKGNOVS9 VICKERS 20 360.0 18.6 kg/mm 1608.0
SN-4 HOWMET/UDRY2 UDRIPKGNOVS9 VICKERS 1 200.0 14.5 kg/mm 1764.0
SN-4 HOWMET/UDRI2 UDRIPKGNOVS9 VICKERS 1 200.0 15.2 kg/mm 1605.0
SN-4 HOWMET/UDRY2  UDRIPKGNOVSBS VICKERS 1 200.0 14.2 kg/mm 1839.0
SN-4 HOWMET/AUDRI2 UDRIPKGNOVS9 VICKERS 1 200.0 18.5 kg/mm 1362.0
SN-4 HOWMET/UDRI2 UDRIPKGNOVS9 VICKERS 1 200.0 14.0 kg/mm 1892.0
SN-4 HOWMET/UDRI©2Z UDRIPKGNOVSS VICKERS 2 200.0 15.1 kg/mm 1627.9
SN-4 HOWMET/UDRI2 UDRIPKGNOVSS VICKERS 2 200.0 14.9 kg/mm 1671.0
SN-4 HOWMET/UDRI2 UDRIPKGNOVS3 VICKERS 2 200.0 18.1 kg/mm 1431.0
SN-4 HOWMET/UDRI2 UDRIPKGNOVS9 VICKERS 2 200.0 16.3 kg/mm 1584.0
SN-4 HOWMET/UDRI2 UDRIPKGNOVS9 VICKERS 2 200.0 15.8 kg/mm 1486.0
SN-4 HOWMET/UDRIZ UDRIPKGNOVB9 VICKERS 3 200.0 15.5 kg/mm 1544.0
SN-4 HOWMET/UDRI2 UDRIPKGNOVSS VICKERS 3 200.0 14.4 kg/mm 1789.0
SN-4 HOWMET/UDRI2 UDRIPKGNOVSS VICKERS 3 200.0 15.3 kg/mm 1584.0
SN-4 HOWMET/UDRI2 UDRIPKGNOV89 VICKERS 3 200.0 15.9 kg/mm 1467.0
SN-4 HOWMET/AUDRIZ2 UDRIPKGNOVSS VICKERS 3 200.0 15.0 kg/mm 1648.0
SN-4 HOWMET/UDRI2  UDRIPKGNOVSES VICKERS 4 200.0 15.7 kg/mm 1505.0
SN-4 HOWMET/UDRI2 UDRIPKGNOVS9 VICKERS 4 200.0 18.5 kg/mm 1362.0
SN-4 HOWMET/UDRI2 UDRIPKGNOVSE9 VICKERS 4 200.0 15.0 kg/mm 1648.0
SN-4 HOWMET/UDRI2 UDRIPKGNOVSS VICKERS 4 200.0 15.7 kg/mm 1505.0
SN-4 HOWMET/UDRIZ2 UDRIPKGNOVSS VICKERS 4 200.0 15.0 kg/mm 1648.0
SN-4 HOWMET/UDRV2 UDRIPKGNOVSS VICKERS 5 200.0 15.1 kg/mm 1627.0
SN-4 HOWMET/UDRI2 UDRIPKGNOVS9 VICKERS 5 200.0 14.8 kg/mm 1693.0
SN-4 HOWMET/UDRY2 UDRIPKGNOVS9 VICKERS 5 200.0 15.8 kg/mm 1486.0
SN-4 HOWMET/UDRIZ2 UDRIPKGNOVSY VICKERS 5 200.0 15.0 kg/mm 1648.0






APPENDIX B. TEST RESULTS






Average Hardness, kg/mm#A2

Average Density, g/mm*3

ORNL-DWG $0-9344

4
Room Temperature Densities for
Four Silicon-Based Ceramics
3 -
2 et
1 =~
0 - k i
HEXOLOY SA GTE PY6 NT-154 SN-4
Figure 1.1 Average density at room temperature comparison
among three silicon nitrides and one silicon carbide, all
tested at UDRI.
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Figure 1.2 Average hardnesses for three silicon nitrides and
one silicon carbide tested at UDRI. Vickers test was used with
the loads indicated in grams over the bars.
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SECTION 1, TEST BACKGRQUND INFORMATION FOR NON-BRAZED SPECIMEN TESTS

BEFERENCE TEST
0633 TYPE

SQ

TEST BACKGROUND INFORMATION

ORNL-5812 MOR4PTB

SA120RNL46S MOR4PTE

=LV PODUVOEETTmXLe"ITDTNMPDO D>

R ITOTMOO >

This report coniinues the work reported under REF_CODE ORNL-8513. The same 2
diesel engines were used to expose the specimens io the combustion environment,
with access through the unused glow plug port, adjacent to the fusl injector.

The 2-cylinder engine was new prior 1o these exposures, running at a norminal
constani speed of 1800-1900 rpm and a ioad of 41-43Nm torquse. Fusel consumption
was about 213 g/kWh. The 1-cylinder engine was run at similar conditions at

half the load and fuel consumption. Exposure times for both engines was 100 hrs,
which was accumulated over several weeks of running several hours each day.

The single cylinder engine had been used for other purposes prior to these
experiments and had aged to the point that the fuel injector was wetting the
surfaces of the specimens, resulting in high thermal stresses, cften leading to
failure within the engine. Two specimens were gripped side-by-sids separated by a
shim and inserted through the glow plug port. Only 40-41mm of each specimen was
exposed. Two fuel mixiures wera used: d-2 is Philips D-2 dissel, the reference
fuel; d-2b was a mixture of 50% Philips D-2 and 50%aromatic blend {(53.5wi%
Phillips Light Cycle Oil and 46.5wit% Exxon heavy aromatic naptha targeted for
lower cetane numbsr/iower hydrogen content. After exposure, the specimens were
broken in air at room temperature using a conventional 4 point bend fixture. The
MGCR bars were 50 x 4.5 x 3.5mm with chamfared edges, polished longitudinally to
25 micromeiers.

About 40mm of one end of the specimers were exposad for 100h to discontinuous
combustion conditions of a Deutz FIL511W diesel engine burning 50% D-2 diese!
fuel and 50% aromatic biend (53.5% Philips light Cycie Qil (LCO), 46.5% Exxon
heavy aromatic Naptha (HAN)). The engine was 2 cylinder indirect injection and
air-cooled. Specimen geometry for MOR bars was 50mm x 4.5mm x 3.5mm. All
specimens were broken in air at room temperature. The test rig outer span was
40mm, inner span was 20mm. Specimens were polished longitudinal to .25 micro-
meters, with average grain size of 30 io 50 um. Original product forms were
rectangular plates, 161.8mm x 107.6mm x 8.35 mm. These conditions apply for both
TS-PSZ and MS-PSZ materiais for the diese! study. Work performed at ORNL by
C.R. Brinkman and K. C. Liu.
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WORMATION FOR NON-BRAZED SPECIMEN TESTS

OJJ:'

TEST
TYPE

S0

TEST BACKGROUND INFCRMATION

UDRIPKGNOVE9

UDRIPKGNOV89

UDRIPKGNOV89

UDRIPKGNOV89

UDRIPKGNOVB9

UDRIPKGNOVE9

MOR4PTB

FRACTUFF

HARDNESS

ME

TENSILE

THERMEXP

Om> O w> ITOTMmMTOm>»

Bend tests were made using 2 Instron Universal Testing Machines (Model 1123)

following MIL-STD-1942(MR). High femperature measurements were conducted in 2

ATS #3320 high-temperature furnaces. Test specimens were 3mmx4mmx50mm with the
tensile surface ground and pofished to 18 microinch finish {MIL-STD-1942(MR},

size B). Long edges were rounded and polished to minimize edge failures. The 4-

point bend tests had outer spans of 40mm, inner spans of 20mm, Bend fixtures for

room temperature tests were made from steel. For higher temps, the fixtures wers
made of SiC. Data submitted by Norman Hecht, UDRI, November, 1989,

Fracture toughness was measured using both conirolled flaw and microindent methods. An
indent load of 2000 grams was used in both methods. Data submitted by Norman
Hecht, UDRI, November, 1989.

Hardness measured by Vicker's microindent hardness tester. Fracture origins were
determined by optical microscopy and SEM (JEOL/SM-80 with EG&G Ortec System 5000
Microanalysis System). Data submitted by Norman Hecht, UDRI, November, 1989.

The elastic moduius was measured by a Grindo-Sonic (Model MR35T) Transient
impulse/Elastic Modulus Apparatus. Data from Norman Hecht, UDRI, November, 1989.

Tensile strength measurements were made using an Instron Electro-Mechanical Test
System (Model 1361) equipped with instron "sure-grip” universal coupling and
water-cooled holders for high-temp tensile testing. An Instron high-temperature
short furnace was used for high temperature measurements. Daia submitted by
Norman L. Hecht, The University of Dayton Research Institute in November, 1989.

Thermal expansion was measured from 25°-1400°C using a Theta Industries Dilatronic li-
Model 6024, Data submitted by Norman Hecht, UDRI, November, 1989,



SECTION 2, CYCLIC FATIGUE TEST RESULTS

MATERIAL BATCH REFERENCE TEST  SPECIMEN TEMP STRESS CYCLES CYCLESTO COMMENTS
ook QO0E ENVIEN,  MAVEER °G MPa AT STRESS FAWLURE
SILICON NITRIDE
NT-154 NORTONORNL/CIP BM689ORNL27 AlR CP-21 1300 338 10244890 TEP 1
358 238249 STeEP2
372 191000 STEP 3
388 44383 1493113 STEP 4, FAlL
NT-154 NORTON/ORNL/CIP BM689ORNL27 AR CP-24 1370 207 487500 STEP 1
220 218200 STEP 2
243 131788 815565 STEP 3, FAIL
NT-154 NORTON/ORNL/CIP  BMSS9ORNL27 AiR CP-18 1200 475 270 27¢
NT-154 NORTON/ORNL/CIP BMGSSORNL27 AR CP-20 1200 449 8505 8805
NT-154 NORTON/ORNL/CIP  BMB8SORNL27 AlR cp-22 1300 388 278 278
NT-154 NORTOMORNL/CIP  BM689ORNL27 AIR CP-23 1300 361 762 762
NT-154 NORTON/ORNL/CIP  BM6EIORNL27 AR CP-26 1300 234 2348 2349
NT-154 NORTON/ORNU/CIP  BMS8IORNL27 AR Cp-27 1370 212 51 51
NT-154 NORTON/ORNUCIP BMES3SORNL27 AlR CcP-29 137¢ 212 238 233
LIRCONIA
MS-PSZ NILCRA/ORNL-KCL SA110ORNL306 AIR 40 400 233 1103 1103
MS-PSZ NILCRA/ORNL-KCL SA11ORNL306 AIR 34 1000 140 45100 STEP 1
154 44850 STER 2
168 43938 STEP 3
183 896857 230545 STEP 4, FAIL
MS-PSZ NILCRA/ORNL-KCL SA11ORNL308 AlR 35 1000 181 45600 STEP 1
175 42400 STEP 2
188 89735 178735 STEP 3, FAIL
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SECTION 3, FRACTURE TOUGHNESS TEST RESULTS

MATERIAL BATCH REFERENCE TEST SPECIMEN  TESTTYPE TEMP LOAD KIC CRACK  X-HEAD SPECIMEN
CooE OCCE ENVIRON. NUMBER °C N MPavm LENGTH  SPEED GEOMETRY
wm mm/sec

SHLICON CARBIDES
HEXOLOY SA SOHIOIUDRI2 UDRIPKGNOVS9 AIR 21 CONTROLLEDFLAW 21 97.80 1.500 57.900 0.0200 4.0030x2.9794mm
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVS9 AR 22 CONTROLLEDFLAW 21 9340 1.400 63.300 0.06200 3.9853x2.9972mm
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVS9 AR 23 CONTROLLEDFLAW 21 67.00 1.4006 53.000 0.0200 3.9980x2.9616mm
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVS9 AR 24 CONTROLLED FLAW 21 93,80 1.500 64.900 0.0200 2.9920x2.992imm
HEXOLOY 5A SOHIOMUDRI/2 UDRIPKGNOVS9 AIR 25 CONTROLLEDFLAW 21 9520 1.400 59.900 0.0200 3.9903x2.9896mm
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVS9 AR 28 CONTROLLEDFLAW 21 96.10 1.500 63.600 0.0200 4.0030x2.9896mm
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVS9 AR 27 CONTROLLEDFLAW 21 103.20 1500 53.500 0.0200 3.9954x2.9769mm
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVE9 AR 28 CONTROLLEDFLAW 21 9560 1.400 55.600 0.0200 4.0005x2.9642mm
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVS9 AIR 29 CONTROLLEDFLAW 21 9560 1.400 59.300 0.0200 3.90980x2.9870mm
HEXOLOY SA SOHIONUDAI2 UDRIPKGNOVSS AR 30 CONTROLLEDFLAW 21 105.40 1,600 62.300 0.0200 4.0056x2.9845mm
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVES AR 151 CONTROLLEDFLAW 1400 200.60 3.300 &8.800 0.0200 4.0005x2.9439mm
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVS9 AIR 152 CONTROLLEDFLAW 1400 215.70 3.100 52.500 0.0200 4.0056x2.9820mm
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVS9 AIR 154 CONTROLLED FLAW 1400 158.70 2.600 67.500 0.0200 4.0030x2.9870mm
HEXOLOY SA SOHIO/UDRIf2 UDRIPKGNCVS9 AIR 155 CONTROLLED FLAW 1400 204.60 3.500 76.300 0.0200 3.9954x2.9693mm
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVSS AIR 156 CONTROLLEDFLAW 1400 177.90  3.000 75.000 0.0200 3.9954x2.9743mm
HEXOLOY SA SOHIOrUDRI/2 UDRIPKGNOVE9 AR 157 CONTROLLED FLAW 1400 166.40 2900 78.100 0.0200 4.0005x2.992imm
HEXOLOY SA SOHIO/UDRY2 UDRIPKGNOV&9 AIR 158 CONTROLLEDFLAW 1400 185.00 3.000 68.800 0.0200 4.0056x2.9693mm
HEXOLOY SA SOHIOFUDRI2 UDRIPKGNOVSS AIR 159 CONTROLLED FLAW 1400 169.90 2.800 69.400 0.0200 4.0030x2.9667mm
HEXOLOY SA SORIO/UDRI2 UDRIPKGNOVSS AIR 160 CONTROLLED FLAW 1400 215.30 3.600 72.500 0.0200 3.9853x2.9769mm

SILICON NITRIDES
GTEPYS GTEL/UDRI/2 UDRIPKGNOVS9 AIR 61 CONTROLLEDFLAW 21 250.90 3.600 52.500 0.0200 3.9954x2.9566mm
GTEPY8 GTEL/UDRI/2 UDRIPKGNOVS9 AIR 62 CONTROLLEDFLAW 21 209.50 2.900 46.300 0.0200 3.0980x2.9489mm
GTE PYs GTEL/UDRI/2 UDRIPKGNOVES AR 83 CONTROLLEDFLAW 21 254.00 3.700 51.300 0.0200 3.9853x2.9388mm
GTEPY6 GTEL/UDRI2 UDRIPKGNOVE9 AIR 64 CONTROLLEDFLAW 21 240.20 3.300 48.800 0.0200 3.9903x2.9616mm
GTEPY6 GTEL/UDRV/2 UDRIPKGNOVSS AIR 65 CONTROLLEDFLAW 21 235.70 3.100 42,500 0.0200 3.9903x2.95%imm
GTEPY6 GTEL/UDRI/2 UDRIPKGNOVES AIR 66 CONTROLLEDFLAW 21 250.00 3.400 43.800 0.0200 4.0005x2.9312mm
GTEPY6 GTEWUDRI/2 UDRIPKGNOVS9 AIR 67 CONTROLLEDFLAW 21 248.20 3.200 43.800 0.0200 4.0030x2.9693mm
GTEPYS GTEL/UDRIf2 UDRIPKGNOVSS AR 68 CONTROLLEDFLAW 21 253.50 3.200 38.800 0.0200 4.0030x2.9439mm
GTE PYS GTEL/UDRI2 UDRIPKGNOVSY AR 89 CONTROLLEDFLAW 21 258.00 2.900 32.500 0.0200 4.0056x2.9488mm
- GTEPY6 GTEL/UDRI/2 UDRIPKGNOVS9 AR 70 CONTROLLED FLAW 21 259.80 3.100 35.000 0.0200 3.9980x2.9484mm
NT-154 NORTONAIDRI?Z  UDRIPKGNOVES AR 31 CONTROLLEDFLAW 21 201.50 2.700 45.000 0.0200 3.9827x2.9388mm
NT-154 NORTON/UDRI2  UDRIPKGNOV8E9 AR 32 CONTROLLEDFLAW 21 217.50 3.200 51.300 0.0200 3.9954x2.9210mm
NT-154 NORTON/UDRI/Z  UDRIPKGNOVSS AIR 33 CONTROLLEDFLAW 21 227.30 3.100 45.300 0.0200 3.9903x2.9438mm
NT-154 NORTON/UDRY2  UDRIPKGNOVSE9 AR 34 CONTROLLEDFLAW 21 208.60 3.200 56.300 0.0200 3.9853x2.9413mm
NT-154 NORTON/UDRI/2  UDRIPKGNOVS9 AIR 35 CONTROLLED FLAW 2% 223.70  3.100 48.800 0.0200 3.9903x2.9489mm
NT-154 NORTON/UDRY2  UDRIPKGNOVSS AR 386 CONTROUEDFLAW 21 216.20 3.200 52.500 0.0200 3.987Bx2.2464mm
NT-154 NORTON/UDRI2  UDRIPKGNOVS9 AR 37 CONTROLLEDFLAW 21 229.50 3.400 53.800 0.0200 4.0005x2.9515mm
NT-154 NORTON/UDRI2  UDRIPKGNOVSS AR 38 CONTROLLEDFLAW 21 22460 3.100 46.300 0.0200 3.9980x2.9489mm



SECTION 3, FRACTURE TOUGHNESS TEST RESULTS, COMTINUED

8¢

MATERIAL BATCH REFERENCE TEST  SPECIMEN TEST TYPE TEMP LOAD KiC CRACK  X-HEAD SPECIMEN
e (0033 ENVIFON. MAMBER °C N MPav¥m LENGTH SPEED GEQVETRY
wr mm/ses

NT-154 NORTONAUDRY2  UDRIPKGNCVSS AR 39 CONYRCLLED FLAW 21 227.7¢ 3.40%0 53.800 0.0200 4.0030x2.9464mm
NT-154 NORTONUDRY2  UDRIPKGNOVSY AR 490 CONTROLLED FLAW 21 22550 3.200 51.300 0.0200 3.9580x2.6489mm
NT-154 NORTONUDRI2  UDRIPKGNOVAS AlR 51 CONTRCLLEDFLAW 1400 287.80 3500 37.500 0.0200 4.0030x2.9794mm
NT-154 NORTONUDRY2  UDRIPKGNOYS9 AR 52 CONTROLLED FLAW 1400 297.10 3.900 41.300 0.0200 4.0056x2.915%mm
NT-154 NORTONUDRI2  UDRIPKGNOVED AlR 53 CONTROLLED FLAW 1400 271.80 3.100 32.500 0.0200 4.0056x2.9484mm
NT-154 NORTON/UDRY/2  UDRIPKGNOVES AlR 54 CONTROLLEDFLAW 1400 298.00 4.200 4B8.800 0.0200 4.0005x2.9484mm
NT-154 NORTON/UDRY2  UDRIPKGNOVES AlR 55 CONTROLLED FLAW 1400 259.8¢ 3.500 45.000 0.0200 4.0056x2.5439mm
NT-154 NORTON/UDRI/2 UDRIPKGNCVS2 AlR 57 CONTRCLLEDFLAW 1400 278.00 3.500 37.500 0.0200 4.0081x2.8286mm
NT-164 NORTON/UDRi/2  UDRIPKGNOVES AR 538 CONTROLLED FLAW 1400 279.30  4.000 47.500 0.0202 4.0005x2.8134mm
NT-154 NORTONUDRY2  UDRIPKGNOVES AlR 50 CONTHOLLED FLAW 1400 263.80 3.400 40.000 0.020¢ 4.0234x2.9267mm
SN-4 HOWMET/UDRI/2 UDRIPKGNOVSY AlR 1A CONTROLLED FLAW 21 951.90 3.600 33.100 0.0200 5.1646x3.0810mm
SN-4 HOWMET/UDRI2  UDRIPKGNOVES AlR 2A CONTROLLED FLAW 21 911.80 3.800 38.900 0.0200 6.1544x3.0734mm
SN-4 HOWMET/UDRI/2 UDRIPKGNOVS9 AlR 2B CONTRCOLLED FLAW 21 B9B.50 3.600 37.000 0.020¢ 8.1570x3.0709mm
SN-4 HOWMET/UDRI/2 UDRIPKGNOVEY AiR 3A CONTROLLED FLAW 21 811.80 3.700 37.400 0.0200 B5.1570x3.0807mm
SN-4 HOWMET/UDRY2 UDRIPKGNOVEY AlH 38 CONTROLLED FLAW 21 947.40 3.700 33.900 0.0200 5.1595x3.0658mm
SN-4 HOWMET/UDRY2  UDRIPKGNOVED AiR 4A CONTROLLED FLAW 21 938.50 3.700 35500 0.0200 6.1570x3.0683mm
SN-4 HOWMET/UDRI/2  UDRIPKGNCVSE9 AlR 4B CONTROLLED FLAW 21 929.60 3.800 36.800 0.0200 6.1646x3.070%mm
SN-4 HOWMET/UDRI2 UDRIPKGNOVS9 AR S5A CONTROLLED FLAW 21 B80.70 3.800 45000 0.0200 6.1570x3.070%mm
SN-4 HOWMET/UDRY2 UDRIPKGNOVE9 AlR 58 CONTROLLED FLAW 21 B67.40 3.400 35.000 G.0200 6.1595x3.07%4mm
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MATER;AL BATCH REFERENCE SPECJMEN WIDTH THICK  RG TEMP. HOWD  APPUIED REQURED LOADING FRACTURE FRAGCTURE
CDE e NUMBER mm mm NO. °C TIME  STRESS LOADING RATE LOAD STRENGTH
hours MPa N N/s N MPa
£-201 KYOCERA/1985  ORNL/FERBER-289 13 2.7915 2.5502 4 800 0.5 0 0 222.4 282.89 296.9
Z-201 KYOCERA/1985 ORNL/FERBER-289 14 2.7915 2.5451% ] 800 0.5 0 0 222.4 292.68 308.4
Z-201 KYOCERA/1985  ORNUFERBER-289 i5 2.7889 2.5451 6 800 0.5 0 0 222.4 289.12 304.8
2-201 KYOCERA/1885 ORNWFERBER-289 19 2.7889 2.5827 i 800 24 0 0 222.4 305.13 319.9
Z2-201 KYOCERA/1985  ORNL/FERBER-289 20 2.7915 2.5527 2 800 24 g 0 222.4 286.45 300
Z-201% KYOCERA/1985  ORNL/FERBER-289 21 2.7864 2.5451 3 800 24 0 0 222.4 286.45 302.4
Z-201 KYOCERA/1985 ORNL/FERBER-289 22 2.7915 2.5527 6 800 168 0 0 222.4 284 .67 298.1
Z-201 KYOCERA/1985 ORNL/FERBER-289 23 2.7918 2.5476 5 800 168 0 0 222.4 256.2 269.4
Z-201 KYOCERA/1885  ORNL/FERBER-289 25 2.7818 2.5527 4 800 168 0 0 222.4 258.87 271.%
£-261% KYOCERA/19B5  ORNL/FERBER-289% 26 2.7915 2.5425 1 800 336 0 0 222.4 319.37 337.2
Z-201 KYOCERA/1985 ORNL/FERBER-289 27 2.7915 2.5425 2 800 336 0 g 222.4 326.48 344.7
2-201 KYOCERA/1985 . ORNUFERBER-289 2B 2.7916 2.5425 3 800 336 0 0 222.4 339.38 358.3
Z-201 KYCCERA/1985  ORNL/FERBER-289 29 2.7915 2.5425 4 806 24 181.656 172.062 222.4 323.84 341.9
2-201 KYOQCERA/{1985 ORNUFERBER-289 30 2.7815 2.54 5 800 24 181.656 171.718 222.4 284 .87 301 1
2-20% KYOCERA/1885  ORNUFERBER-289 31 2.7864 2.5425 € 800 24 181.656 171.749 222.4 316.7 338
2-201 KYOCERA/1985 ORNU/FERBER-289 32 2.7889 2.5451 4 800 168 1B1.856 172.249 222.4 298.02 314.3
£-2901 KYOCERA/1985 ORNIL/FERBER-289 33 2.7991 2.5451 5 800 168 181.656 172.876 2224 350.95 368.8
2-201 KYOCERA/1985 ORNL/FERBER-28% 34 2.7315 2.5425 3] 800 168 181.656 172.062 222.4 277.11 292.5
Z-201 KYOCERA/1985  ORNL/FERBER-28% 35 2.7864 2.5425 1 800 214 1B1.856 171.749 222.4 308.69 326.5
Z-241 KYOCERA/1988  ORNL/FERBER-289 38 2.7888 2.5451 2 800 214 1B1.656 172.249 2224 343.83 382.6
Z-201 KYOCERA/1985  ORNU/FERBER-289 37 2.7915 2.5425 3 800 214 181,656 172.062 222.4 326.04 344.2
£-201 KYOQCERA/1985 ORNUFERBER-289 38 2.7915 2.5425 4 1000 144 0 0 222.4 208,17 218.8
2-201 KYOCERA/1985 ORNLU/FERBER-289 39 2.7889 2.547% 5 1000 144 0 0 222.4 267.77 281.8
Z-201 KYOUERA/1985  ORNL/FERBER-289 40 2.7915 2.54786 5 1600 144 0 V] 222.4 279.78 294.2
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Figure 2.1. Strength vs. temperature plot for Kyocera Z-201
(1985), a yittria-partially stabilized zirconia.
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SECTION 5, MOR 4-POINT BEND TEST RESULTS

COMMENTS

MATERIAL BATCH REFERENCE TEST SPECMEN TEMP LOAD WIDTH  THICK BEND X-HEAD
CCDE CCLE ENVIRON. NUMBER °C N mm mm  STRENGTH  SPEED

MPa__mm/sec
CVD SIC CVD/UDRI/2 UDRIPKGNOVE9 AIR 1 21 645.0 3.9954 3.0175 5320 0.042330
CVD SiC CVD/UDRV/2 UDRIPKGNOVSS AlIR 2 21 3959 3.9903 29872 331.0 0.042330
CvD 8IC CVD/UDRI/2 UDRIPKGNOVES AIR 4 21 5115 3.0929 2.9760 434.0 0.042330
CVvD SIC CVD/UDRI/2 UDRIPKGNOVES AR 5 21 702.8 4,0005 29566 §535.0 0.042330
CVD Sic CVD/UDRVY2 UDRIPKGNOV89 AR 6 21 502.6 3.9700 2.9794 428.0 0.042330
cvbsiC CVD/UDRI/2 UDRIPKGNOVSS AR 7 21 627.2 3.9954 3.0099 520.0 0.042330
CvD 8IC CVD/UDRI/2 UDRIPKGNOVSS AR 9 21 4B4.8 3.9726 2.9794 412.0 0.042330
cvD sic CVD/UDRI/2 UDRIPKGNOVES AR 10 21 520.4 4.0005 2.9870 437.0 0.042330
CVD 8IC CVD/UDRI/2 UDRIPKGNOVEZ AIR 62 1000 814.0 4.0234 29845 681.0 0.042330
CvD sIC CVD/UDRI/2 UDRIPKGNOVES AIR 63 1000 885.2 4.0310 2.9820 741.0 0.042330
CVD SiC CVD/UDRI/2 UDRIPKGNOVE9 AR 64 1000 467.0 3.9726 2.9870 395.0  0.042330
Cvh sic CVD/UDRI/2 UDRIPKGNOVES AR 65 1000 538.2 3.9599 2.9820 458.0 0.042330
CVD SiC CVD/UDRLI/2 UDRIPKGNOVEg AR 66 1000 ©960.8 4.0284 2.9896 801.0 0.042330
CvD sIC CVD/UDRI/2 UDRIPKGNOVES AR 67 1000 1112.0 4.0259 2.8870 929.0 0.042330
CvD SIC CVvD/UDRI2 UDRIPKGNOVES AIR 68 1000 814.0 4.0234 29870 680.0 0.042330
CVvD SiC CVD/UDRI/2 UDRIPKGNOVES AR 69 1000 765.1 4.0208 2.9870 640.0 0.042330
CVvD SiC CVD/UDRI/2 UDRIPKGNOVE9 AIR 70 1000 716.1 4.,0259 29870 598.0 0.042330
CVD SiC GVD/UDRI/2 UDRIPKGNOVES AlR 51 1000 693.9 39878 2.8134 615.0 0.000423
CVD siC CVD/UDRI/2 UDRIPKGNOVeg AIR 53 1000 218.0 3.9878 2.9642 187.0 0.000423
CVD 8IC CVD/UDRI/2 UDRIPKGNOVES AlR 54 1000 2086.1 3.9700 2.8515 652.0 0.000423
CvD siC CVD/UDRI2 UDRIPKGNOVSES AlR 55 1000 653.9 3.9880 2.8413 567.0 0.000423
CvD 8IC CVD/UDRI/2 UDRIPKGNOVS9 AR 56 1000 916.3 3.9827 3.0023 766.0 0.000423
CvD sIC CVD/UDRI/2 UDRIPKGNOVES AIR 57 1000 751.7 3.975t 2.9362 658.0 0.000423
CVYD SIC CVD/UDRI/2 UDRIPKGNOVE9 AlIR 58 1000 636.1 3.9827 3.0048 531.0 0.000423
CVD siC CVD/UDRI/2 UDRIPKGNOVS9 AIR 59 1000 498.2 3.9700 2.9464 4340 0.000423
CvD sIC CVD/UDRI/2 UDRIPKGNOV89 AR 60 1000 484.8 3.9421 2,943 426.0 0.000423
CVD SIC CVD/UDRI/2 UDRIPKGNOVY89 AR 21 1200 578.2 3.9878 2.9743 492.0 0.042330
CVD SIC CVD/UDRI/2 UDRIPKGNOVES AR 22 1200 483.7 3.9624 2.9515 429.0 0.042330
CVvD SiC CVDrUDRY/2 UDRIPKGNOVES AIR 23 1200 627.2 3.9700 29972 528.0 0.042330
CvD SIC CVD/UDRU2 UDRIPKGNOV89 AR 24 1200 609.4 3.9878 2.9794 516.0 0.042330
Ccvb s8I CVYD/UDRI/2 UDRIPKGNOVES AIR 25 1200 520.4 3.9802 2.9769 443.0 0.042330
CVD 8IC CVD/UDRI/2 UDRIPKGNOVS9 AR 26 1200 569.3 3.9929 2.9718 484.0 0.042330
CvD 8IC CVD/UDRY2 UDRIPKGNOVS9 AR 27 1200 649.4 3.9751 2.9870 549.0 0.042330
CVD 8IC CVD/UDRI/2 UDRIPKGNOVSS AlR 28 1200 551.6 3.9700 2.9743 471.0 0.042330
CVD siC CVB/UDRI/2 UDRIPKGNOV8S AIR 29 1200 569.3 3.9776 2.9718 486.0 0.042330
CVD SiC CVD/UDRI/2 UDRIPKGNOVEg AR 30 1200 645.0 3.9675 2.8794 549.0 0.042330
CVD SIC CVD/JDRI2 UDRIPKGNOVE9 AIR 41 1200 636.1 3.9675 2.9540 551.0 0.000423
CVD SIC CVD/UDRI/2 UDRIPKGNOVS9 AR 42 1200 707.2 3.9700 2.9769 603.0 0.000423
CvD SIC CVD/UDRI/2 UDRIPKGNOV89 AIR 43 1200 653.9 3.9903 29616 560.0 0.000423
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SECTIOM 5. MOR 4-POINT BEND TEST RESULTS

MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH  THICK BEMD X-HEAD COMMENTS
CO0E CONE ENVIROM, Mo, °of N mm mm STRENGTH  SPEED
MPa mm/s

cvd sic CVDIUDRIR UDRIPKGNOVS9 AR 1 21 8450 3.9954 3.0175 §32.0 0.042330
CVD SiC CVD/UDRIR UORIPKGNOVES AR 2 21 3959 3.9903 2.9972 331.0 0.042330
CVo SIC CVD/UDRIR UDRIPKGNOVSES AR 4 21 511.5 39928 29768 434.0 0.042330
CvD Sic CVD/UDRI2 UDRIPKGNOVES AlR 5 21 702.8 4.0005 2.9566 535.0 0.042330
CVD 8iC CVD/UDRIZ UDRIPKGNOVSEY AR £ 21 5026 3.9700 2.9794 428.0 0.042330
CVD SiIC CVD/UDRIZ UDRIPKGNOVE? AlR 7 21 8272 3.9954 3.0000 520.0 0.042330
CVvD SiC CVD/UDRIR2 UORIPKGMOVES AR 9 21 484.8 3.9725 29794 412.0 0.042330
CVDh Sic CVO/AUDRIRZ UDRIPKGNOVES AR 10 21 520.4 4.0005 2.9870 437.0 0.042330
CVD SiC CVD/UBRIR2 LDRIPKGNOVES AlR 82 1000 8149 40234 2.9845 681.9 0.042330
CVD 8IC CVD/UDRIZ UDRIPKGNOVBY AR 83 1000  #85.2 4.0310 2.9820 741.0 0.042330
CVD 8IC CVD/UDRIR UDRIPKGNOVSS AR 64 1000 4670 3.972¢ 29870 395.0 0.042330
CVD &iC CVD/UDRI2 UDRIPKGNOVEY AR 85 1000 5382 3.9599 2.9820 458.0 0.042330
CVD 8iIC CVD/UDRIR UDRIPKGNOVSS AR 66 1000 6808 4.0284 2.9806 801.0 0.042330
CVvD SiC CVO/UDRIR2 UDRIPKGNOVE? AR 87 3600 13320 4.0259 298790 920.0 0.042330
CYD SiC CYD/UDRIR UDRIPKGNOVEY AR 88 1000 8140 40234 29870 880.0 0.042330
CYD SiC CYD/UDRIR2 UDRIPKGNOVES AiR §% 1000 765, 4.0208 2.9870 640.0 0.042330
CvD SiC CYL/AJDRIR UDRIPKGNOVES AR 70 1000 716.1 4.0259 2.9870 598.0 0.042330
CVD SiC CVD/UDRI/2 UDRIPKGNOVSE9 AR 51 1000 5939 3.9878 2.9134 6§15.0 0.000423
CVvD 8SiIC CVD/UDRif2 UDRIPKGNOVE9 AlR 53 1006 2180 3.9878 2.9642 187.0 0.000423
CVD SIC CVD/UDRIR UDRIPKGNOVS9 AlR 54 1000 A 39700 29515 652.0 0.000423
CVD 8iC CVD/AIDRIR UDRIPKGNOVE9 AR 55 H 853.9 3.9580 29413 567.0 2.000423
CVD SIC CVD/UDRIR UDRIPKGMOVS9 AR 55 1000 9183 3.9827 3.0023 786.0 $.000423
CVD SiC CVD/UDRI2 UDRIPKGNOVE9 AR 57 1000 7517 3.9751 2.9362 $58.0 0.000423
CVD SIC CVD/UDRIR UDRIPKGNCVER9 AR 58 1000 636.% 3.8827 3.0048 531.0 0.000423
CVD 8IC CVYD/UDRIR UDRIPKGNOVE9 AlR 39 1000 4982 3.9700 2.9454 434.0 0.000423
cvD siIC CVD/UDRIR VDRIPKGNOVED AR 80 1000 4848 3.9421 29439 425.0 0.000423
CVD SiC CYD/IDRIR UDRIPKGNOV&9 AlR 21 1200 78.2 3.0878 2.9743 402.0 £.042330
CVD 8iC CVD/AJDRIR UDRIPKGNOVS9 AlR 22 1200 4937 3.9624 29515 423.0 0.042330
CVD SiIC CVYDADRIR2 UDRIPKGNOVS2 AlR 23 1200 8272 3870 29972 528.0 £.042330
CVD SiC CYD/AJDRI2 UDRIPKGNOVS9 AR 24 1200 6094 3.9878 2.9794 516.0 0.042330
CV0 SiC CYD/UDR{2 UDRIPKGNOVES AlR 25 1200 5204 3.9802 29769 443.0 0.042330
CVD SIC CVDAIDRIR UDRIPKGNOVE9 AlR 26 1200 5693 3.9929 2.97i8 434.0 0.042330
CVD SIC CYLAUDRIR UDRIPKGNOVE9 AlR 27 1200 6454 3.9751 2.8870 548.0 0.042330
CVD SiIC CVD/UDRIR UDRIPKGNCVS9 AR 24 1200 5516 3.9700 29743 471.0 0.042330
TVD SIC CVYDAJDRIR UDRIPKGNOVS9 AR 29 1200 569.3 3.9776 29718 456.0 0.042330



ee

SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH THICK BEND X-HEAD COMMENTS
CODE CODE ENVIRON. No. °C N mm mm  STRENGTH  SPEED
_MPa mm/s

CvD SIC CVD/UDRI2  UDRIPKGNOVS9 AlR 30 1200 6450 39675 28794 54080 0.042330
CvD siC CVD/AUDRIZ  UDRIPKGNOVSS AIR 4 1200 6361 39675 29540 5510 0.000423
CvD SIC CVDAUDRIZ2Z  UDRIPKGNOVa9 AR 42 1200 7072 39700 29769 6030 0.000423
CvD SIC CVD/UDRI2  UDRIPKGNOVE9 AR 43 1200 6538 39603 29616 5600 0.000423
cvD sic CVD/UDRIRZ  UDRIPKGNOV89 AR 44 1200 7562 39878 29337  661.0 0.000423
cvb sic CVD/AUDRIZ2  UDRIPKGNOVE9 AR 45 1200 2180 39903 28235 1920 0.000423
CvD SiC CVD/UDRI2  UDRIPKGNOVS9 AR 46 1200 7784 39827 28921 6550 0.000423
cvh sic CVD/UDRI2  UDRIPKGNOVSS AIR 47 1200 5827 39854 29108 5160 0.000423
cvh sIC CVDAUDRI2  UDRIPKGNOVES AIR 48 1200 7829 3.9878 20845 6610 0.000423
CvD siC CVD/UDRI2  UDRIPKGNOVES AR 49 1200 5160 39751 28921 4350 0.000423 :
CvD siC CVD/UDRI2  UDRIPKGNOVES AR 50* 1200 3870 3.9649 29566 3350 0.000423 SPECIMEN DELAMINATED
CvD siC CVD/UDRIZ2  UDRIPKGNOVE9 AR 1 1400 4670 39624 29489 4070 0.042330
CVD SiC CVD/UDRI”2  UDRIPKGNOVES AR 12 1400 4404  4.0640 29845  365.0 0.042330
Cvh siIc CVD/UDRIZ2  UDRIPKGNOVSS AR 13 1400 6049 39827 29743 5150 0.042330
CvD SIC CVDAUDRI2Z  UDRIPKGNOVa9 AR 14 1400 5960  3.9903 3.0201 4910 0.042330
CvD SIC CVDADRI2  UDRIPKGNOVEg AR 15 1400 6761 39649 29718  §76.0 0.042330
CvD SIc CVDAUDRIZ  UDRIPKGNOVeD AR 17 1400 7517 39920 29464 6510 0.042330
CvD sic CVDMUDRI2  UDRIPKGNOVSS AR 18 1400 6405 39878 30023  535.0 0.042330
cvb sic CVD/UDRI2 UDRIPKGNOVE9 AR 19 1400 6939 3.9726 2.9921 585.0 0.042330
Ccvb sIc CVD/AUDRIZ2  UDRIPKGNOVEY AR 20 1400 5693 39700 3.0124 4740 0.042330
cvb sic CVDMUDRIZ  UDRIPKGNOVSY AIR 31 1400 6583 39675 29769  562.0 0.000423
CVb sic CVD/UDRI2  UDRIPKGNOVag AR 3z 1400 5649 39700 29794 4810 9.000423
Cvb sIC CVDMUDRIZ2  UDRIPKGNOV8g AR 33 1400 7205 39878 29769 61%.0 0.000423
cvb sic CVD/UDRI2  UDRIPKGNOVB9 AR 34 1400 7740 39624 3.0201 6430 0.000423
CVD siC CVD/UDRIZZ  UDRIPKGNOVE9 AIR 35 1400 7072 39954 28743 6000 0.000423
CVD 8iC CVD/UDRI2  UDRIPKGNOVB9 AR 36 1400 7473 39776 29769  636.0 0.000423
cvD sic CVDMUDRI2  UDRIPKGNOVEg AlR a7 1400 4893 39776 29870 4140 0.000423
CVh sic CVD/UDRI2  UDRIPKGNOVSE9 AR 38 1400 7651 39751 20072 8430 0.000423
CVD SIC CVYD/UDRI2  UDRIPKGNOVeg AR 39 1400 7072 39802 29667 6060 0.000423
CVD 8IC CVD/AUDRI22  UDRIPKGNOVe9 AR 40 1400 7161 39548 20566 6220 0.000423
HEXOLOY SA SOHIOUDRY2 UDRIPKGNOVES AR 41 21 4804 40005 29047 4020 0.042330
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVE9 AR 42 21 5871 39954 29820 4960 0.042330
HEXOLOY SA SCHIOAUDRY2 UDRIPKGNOVE9 AR 43 21 4181 39003 30074 3480 0.042330
HEXOLOY SA SOHIOADRI2 UDRIPKGNOVAS AR 44 21 4759 39878 3.0074 3960 0.042330
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE TEST SPEC. TEMP 1L0AD WIDTH  THICK BEND X-HEAD COMMENTS
CODE CODE ENVIRON. No. °g M me mm STRENGTH  SPEED
WPa myn/s

HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVES AlR 45 21 4937 40005  2.002% 4140 £.042330
HEXCLOY SA SOHIO/UDRY2 UDRIPKGNOVES AlR 46 21 4828 309929  3.0048 385.0 0.042380
HEXOLOY SA SOHIO/UDRIZ UDRIPKGNOVES AlR 47 21 547 1 3.9903 3.0124 453.0 0.042330
HEXCLOY SA SOHIO/UDRI/2 UDRIPKGNOVES ARt 48 21 4804 40005 3.0023 4000 0.042330
HEXGLOY SA SOHIOMDRIZ  UDRIPKGNOVAY AR 49 21 3692 39980 3.0150 3050 0.042330
HEXOLOY SA SOHIO/UDRY2 UDRIPKGNOVES AR 50 21 807.5 40081 2.9997 4220 0.042330
HEXCLOY SA SOHIO/UDRY2 UDRIPKGNOVSED AR 123 21 4493 40107 30035 3710 0.000423
HEXTLOY SA SORIOUDRY2 UDRIPKGNOVSS AlR 124 21 4758 3.8903 2.9972 398.0 0.000423
HEXCLOY SA SOHIO/UDRI2 UDRIPKGNOVEY AR 125 21 4448 39920 25603 378.0 0.000423
HEXOLOY SA SOHIO/UDRY2 UDRIPKGNOVSS AR 126 21 5026  4.0081 30175 4130 0.000423
HEXCLOY SA SOHIO/UDRI2  UDRIPKGNOVA9 AR 127 21 502.6 40234 3.0124 413.0 0.000423
HEXCLOY SA SOHIO/UDRY2 UDRIPKGNOVS) AR 8 1000 5249 39878  3.0099 43690 0.0423830
HEXCLOY SA SOHIO/UDRIZZ  UDRIPKGNOVEY AiR 7 1000 4448 40030 29820 375.0 0.042330
HEXCLOY SA SOHIOAUDRY2 UDRIPKGNOVED AlR g 1000 5180 40005 29845 4340 0.042330
HEXCLOY SA SORIOMUDRI2 UDRIPKGNOVSY AlR g 1000 5427 35878 30023 4530 0.042330
HEXCLOY $A SOHIOMAIDRY2 UDRIPKGNOVAS AR 10 1000 5382 40005 29997 445.0 0.042330
HEXOLOY SA SOHIO/UDRIZ  UDRIPKGNOVS9 AR 19 1000 4937 40030 3.0124 408.0 0.042330
HEXCLOY SA SOHIO/UDRI2 UDRIPKGNOVES AR i2 1000 440.4 4.0005 3.0023 366.0 9.042330
HEXOLOY SA SOHIO/ADRY2 UDRIPKGNOVSS AR 1 1000 5%1% 39903 30023 42790 0.042330
HEXOLOY SA SOHIC/UDRIR  UDRIPKGNOVSY AlR 14 1000 4882 39903 29794 4220 0.042330
HEXOLOY SA SOHIC/UDRIZ  UDRIPKGNOVSY AR 1] 000 4870 39878 3.0089 388.8 0.042330
HEXOLQY SA SOHIOAUDRY2  UDRIPKGNOVSD AR 108 1000 5071 3.9954 29769 4300 0.004233
HEXOLOY 3A SOHIC/UDRIZ  UDRIPKGNOVSY AIR 104 1000 4848 40030 30074 402.0 0.004233
HEXOLOY SA SOHIO/UDRY2 UDRIPKGNOVSY AR 108 1000 5338 40005  3.020t 439.0 0.004233
HEXOLOY SA SOHIO/AUDRI2  UDRIPKGNOVSS AR j08 1000 4493 40056  3.0124 471.0 0.004233
HEXOLOY SA SOHIO/AUDRI2  UDRIPKGNOYS9 AR 107 1000 547.1 4.0005 2.5820 461.0 0.004233
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVED AR 108 1000 4315 40030 29870 3520 0.004233
HEXOLOY SA SOHIGMAUDRIR UDRIPKGNOVES AR 109 1000 5738 39903 29997 4790 0.004233
HEXOLOY SA SOHIOMUDRIR UDRIPKGNOVSES AR 110 1000 3859 3.9853 3.048 330.0 0.004233
HEXOLOY SA SOHIC/UDRY2 UDRIPKGNOVED AlR 119 1000 5560 39680  3.0023 453.0 0.004233
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVES AlR 112 1000 5026  4.0030 30023 4180 0.004233
HEXOLOY SA SOHIO/UDRY2 UDRIPKGNOVEY AR 83 1000 5180  3.9903 200972 432.0 0.000423
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOYES AR 84 1000 4893 36954 28820 4130 C.000423
HEXOLOY SA SOHIOMUDRI2Z UDRIPKGNOVSS AR 85 1000 4803 39954 29794 414.0 0.000423
HEXOLOY SA SOHIOMUDRI2 UDRIPKGMNOVED AR 85 1000 4228 36802 29870  357.0 0.000423
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH  THICK BEND X-HEAD COMMENTS
CODE CODE ENVIRON.  No. °C N mm mm  STRENGTH  SPEED
MPsa mn/s

HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVES AR 87 1000 5693 40056 29820 4800 0.000423
HEXOLOY SA SOHIOMDRIZ  UDRIPKGNOVSS AR 88 1000 5204 40081 29870 4370 0.000423
HEXOLOY SA SOHIOMDRI2  UDRIPKGNOVES AlR 89 1000 4448 40056 29987 3700 0.000423
HEXCLOY SA SOHIO/MUDRY2  UDRIPKGNOVES AR 90 1000 4448 40030 29845 3740 0.000423
HEXOLOY SA SOHIOAUDRI2  UDRIPKGNOVES AR ot 1000 5026  4.0030 301756 4140 0.000423
HEXOLOY SA SOHIO/UDRI/Z UDRIPKGNOVSS AR 82 1000 5115 40030 29845 4300 0.000423
HEXOLOY SA SOHIOMDRI2Z  UBRIPKGNOVB9 AR 51 1200 4670 39954 30048 3880 0.042330
HEXOLOY SA SOHIOMDRY2  UDRIPKGNOYS9 AR 52 1200 6494 40056 29806 5440 0.042330
HEXCLOY SA SOHIO/UDRI2 UDRIPKGNOVe9 AR 53 1200 4048 40005 30074 3360 0.042330
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVa8 AIR 54 1200 5516 39903 29972 4620 0.042330
HEXOLOY SA SOHIO/UDRI2Z UDRIPKGNOVS9 AR 55 1200 5338 40030 29997 4450 0.042330
HEXOLOY SA SOHIOMUDRI2Z  UDRIPKGNOVS9 AR 56 1200 5293 40030 3.009% 4380 0.042330
HEXOLOY SA SOHIOMUDRY2 UDRIPKGNOVS9 AlR 57 1200 5204 40030 29807 4330 0.042330
HEXOLOY SA SOHIOMUDRI2 UDRIPKGNOVS9 AIR 58 1200 5115 40005  3.0048 4250 0.042330
HEXOLOY SA SCHIO/UDRI2 UDRIPKGNOVES AiR 59 1200 5203 40056  3.0124 4370 0.042330
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVE9 AR 60 1200 5338 40056 3.0099 4410 0.042330
HEXOLOY SA SOHIO/UDRI2Z UDRIPKGNOVEg AR 113 1200 5283 3.9954 2.9870 445.0 0.004233
HEXOLOY SA SOHIO/MUDRY2 UDRIPKGNOVES AR 114 1200 5427 40132 30099 4480 0.004233
HEXOLOY SA SOHIO/UDRI2  UDRIPKGNOVBS AR 118 1200 5782 40081 29794 4880 0.004233
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVB9 AR 116 1200 3282 40056 29047  275.0 0.004233
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVSES AR 117 1200 4670 39003  3.0099 3880 0.004233
HEXOLOY SA SOHIO/UDRI2  UDRIPKGNOVE9 AlR 118 1200 4181 4.0056 2.9769 353.0 0.004233
HEXOLOY SA SOHIOMDRI2 UDRIPKGNOVES AR 119 1200 4404 40056 20972 3670 0.004233
HEXOLOY SA SOHIO/UDRIV2 UDRIPKGNOVaS AR 120 1200 4982 40056 29972 4150 0.004233
HEXOLOY SA SOHIO/UDRI2  UDRIPKGNOVES AR 121 1200 4715 39980 20072 3940 0.004233
HEXOLOY SA SOHIO/AUDRI2 UDRIPKGNOVSES AIR 122 1200 5160 39928 29972 4320 0.004233
HEXOLOY SA SOHIO/UDRI2  UDRIPKGNOVSS AR 72 1200 4937 40030 29947 4130 0.000423
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVES AlR 73 1200 4270 39929 30048 3550 0.000423
HEXOLOY SA SOHIOMDRY2 UDRIPKGNOVES AR 74 1200 5827  3.9880 20097 4860 0.000423
HEXCLOY SA SOHIC/UDRI2 UDRIPKGNOVS9 AR 75 1200 5560 39929 29097 4840 0.000423
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVES AlR 76 1200 4626  4.0030 29997  385.0 0.000423
HEXOLOY SA SOHIOUDRIZ UDRIPKGNOVSS AR 77 1200 4581 40030 30201 3760 0.000423
HEXOLOY SA SOHIO/UDRI2  UDRIPKGNOVae AR 78 1200 596.0 40030 29870 5010 0.000423
HEXOLOY SA SOHIO/UDRIF2 UDRIPKGNOVES AlR 79 1200 5516 39878 29921 4640 0.000423
HEXOLOY SA SOHIOMDRIZZ UDRIPKGNOVSS AR 80 1200 5382  3.9878  3.0009 4470 0.000423



SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATEFRIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH THICK BEND Z-HEAD COWMMENTS
CODE CODE EMVIRON, No, °oc 1] men men STRENGTH  SPEED
MPa mmls
SILICON NITRIDES
CERALLCY 147-3  CERADYNEMDRI2  UDRIPKGENOVSY AR 25 21 885.2 3.9980 2.9870 7447 0.042330
CERALLOY 147-3 CERADYNE/UDRV2 UDRIPKGNOVS9 AR 28 21 1005.3 3.9954 3.0124 831.5 0.042330
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVS9 AlR 20 21 885.2 3.9980 2.987¢ 7447 0.042330
CERALLOY 147-3 CERADYNE/UDRY2 UDRIPKGNOVSS AR 30 21 880.7 3.9929 2.9845 7426 0.042330
CERALLOY 147-3  CERADYNE/UDRI2 UDRIPKGNOVSES AR &1 1000 858.5 3.992% 3.0175 708.1 £.042330
CERALLOY 147-3 CERADYNE/UDRVZ UDRIPKGNOVE9 AR 52 1000 8381 3.9954 2.9997 530.9 £.04233¢
CERALLOY 147-3 CERADYNEMAIDRV2 UDRIPKGNOVSS AR 53 1000 596.0 3.992% 3.0074 4951 0.042330
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVES AR 54 1000 569.3 3.9980 3.0150 470.2 0.042330
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVSS AlR 55 1000 578.2 3.9929 2.8896 486 1 0.042330
CERALLOY 147-3 CERADYNE/UDRV2 UDRIPKGNOVSS AlR 56 1000 524.9 3.9980 2.9870 441.3 0.042330
CERALLOY 147-3 CERADYNE/AUDRY2 UDRIPKGNOVSY AR 57 1000 751.7 3.9929 3.0124 6226 0.042330
CERALLOY 147-3 CERADYNEAUDRV2 UDRIPKGNOVES AR 58 1000 6049 3.6929 3.0150 4999 0.042330
CERALLCY 147-3 CERADYNE/JDRI2 UDRIPKGNOVSY AlR 59 1000 782.9 3.9903 2.8521 884.7 $.04233¢
CERALLOY 147-3 CERADYNEMLDRY2 UDRIPKGNOVED AR 80 1000 782.% 3.9954 3.0048 8650.9 0.042330
CERALLOY 147-3 CERADYNE/AIDRI2 UDRIPKGNGCVSES AlR 41 1000 600.5 3.9980 3.0175 4951 0.000423
CESALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVSD AR 42 1000 564.9 3.9980 2.9820 476.4 0.000423
CERALLOY 147-3 CERADYNEAJDRI2 UDRIPKGNOVES AR 43 1000 €71.7 3.9980 2.887¢ 5647 0.000423
CERALLOY 147-3 CERADYNE/ADRI2 UDRIPKGNOVES AR 44 1000 707.2 3.9954 2.9895 594.3 0.000423
CERALLOY 147-3  CERADYNEAUDRY2 UDRIPKGNOVSY AR 45 1000 542.7 3.8508 3.0124 464.7 0.000423
CERALLOY 147-3 CERADYNE/UDRV2 UDRIPKGNOVSS AlR 45 1000 564.9 3.9980 3.0175 465.4 0.000423
CERALLOY 147-3 CERADYNEAJDRI2 UDRIPKGNOVSS AlR 47 1000 511.5 3.9954 3.0201 421.3 0.000423
CERALLOY 147-3 CERADYNE/UDRV2 UDRIPKGNOVEY AR 48 1000 502.6 3.9980 2.9870 422.7 0.000423
CESALLOY 147-3 CERADYNE/UDRIVZ UDRIPKGNOVSES AR 49 1000 524.9 3.992¢ 3.0124 434.4 0.000423
CERALLOY 147-3 CERADYNE/UDRIZ UDRIPKGNOVEY AR &0 1000 645.4 3.9980 3.0124 53719 0.000425
CERALLOY 147-3 CERADYNE/AUDRIV2 UDRIPKGNOVSS AR " {200 618.3 3.9929 3.0124 511.6 0.042330
CERALLCY 147-3 CERADYNE/MDRIR2 UDRIPKGNOVEY AR 12 1200 858.3 3.9980 3.0124 5447 0.042330
CERALLOY 147-3 CERADYNEMDRI2 UDRIPKGNOVEY AR 13 1200 8405 3.9980 2.9845 530.9 0.042330
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVSE9 AR 14 1200 662.8 3.9954 2.9895 557.1 (.04233¢
CERALLOY 147-3 CERADYNEAIDRY2 UDRIPKGNOVSS AR 15 1200 573.8 3.9980 3.0226 4716 0.042330
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVESY AR 16 1200 6138 4.0005 2.8947 513.0 0.042330
CERALLCY 147-3  CERADYNEMDRI2 UDRIPKGNOVES AlR 17 1200 549.4 3.9980 3.0150 536.4 0.042330
CERALLOY 147-3  CERADYNEADRIVZ LDRIPKGNOVSS AR 18 1200  586.1 3.9903 2.9845 5371 0.042330
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH THICK BEND X-HEAD COMMENTS
CODE CODE ENVIRON.  No. °C N mm mm  STRENGTH SPEED
MPa mm/s

HEXOLOY SA SOHIOMUDRY2 UDRIPKGNOVSS AR B2 1200 6138 309980 29769 5200 0.000423
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVs9 AR at 1400 4581 39629 3.0074 381.0 0.042330
HEXOLOY SA SOHIOMUUDRI2 UDRIPKGNOVES AR 32 1400 6094 40056 30074  505.0 0.042330
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVES AR 33 1400 4982 39980 30176 4110 0.042330
HEXOLOY SA SOHIOMUDRY2 UDRIPKGNOVS9 AIR 34 1400 5738 40030 30124 4740 0.042330
HEXOLOY SA SCHIO/UDRI2 UDRIPKGNOVBS AR 35 1400 5874 40132 2080897 4910 0.042330
HEXOLOY SA SOHIOADRI2 UDRIPKGNOVS9 AIR 36 1400 4581 30827 30150  380.0 0.042330
HEXOLOY SA SCHIO/UDRIZ  UDRIPKGNOVE9 AIR a7 1400 5382 3.9080 28997 4450 0.042330
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVB9 AR 38 1400 58046 40005 29997  389.0 0.042330
HEXOLOY SA SOHIOMADRY2 UDRIPKGNOVE? AIR 39 1400 5649 39827 30074 4710 0.042330
HEXOLOY SA SOHIOAIDRI2 UDRIPKGNOVES AR 40 1400 4893 40030 29972  408.0 0.042330
HEXOLOY SA SOHIO/UDRI/Z  UDRIPKGNOVS9 AIR o3 1400 5782 4.0056 30099 478.0 0.004233
HEXOLOY SA SOHIO/UDRI/2  UDRIPKGNOVS9 AIR 94 1400 5026 39080 29097 4190 0.004233
HEXOLOY SA SOHIOAIDRI2 UDRIPKGNOVS9 AR 95 1400 4226  4.0005 30124  349.0 0.004233
HEXOLOY SA SOHIOMUDRIZ2 UDRIPKGNOVE9 AlR 96 1400 4848 40056 30150  399.0 0.004233
HEXOLOY SA SOHIO/UDRI2  UDRIPKGNOVE9 AlR 97 1400 5560 39928 30023 4630 0.004233
HEXOLOY SA SOHIOMDRY2 UDRIPKGNOVS9 AR 88 1400 4315 40030 29806 3620 0.004233
HEXOLOY SA SOHIOMDRY2 UDRIPKGNOYE9 AR % 1400 5204  4.008% 29896  436.0 0.004233
HEXOLOY SA SOHIO/UDRIZ UDRIPKGNOVag AR 100 1400 5115 39980 29921 4200 0.004233
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVE9 AR 101 1400 4893 40107 30201 4010 0.004233
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOV89 AIR 102 1400 4082 40030 30201 4100 0.004233
HEXQOLOY SA SCOHIO/UDRI/2 UDRIPKGNOVE9 AR 61 1400 3825 39954 29760  324.0 0.000423
HEXOLOY SA SOHIO/AUDRY2  UDRIPKGNOVES AR &2 1400 4670 39020 29907 3000 0.000423
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVag AR 64 1400 4037 39954 30023 4110 0.000423
HEXOLOY SA SCHIOAIDRI2 UDRIPKGNOVag AIR 65 1400 4670 39954 29947 3910 0.000423
HEXOLOY SA SCOHIO/UDRI/2 UDRIPKGNOVS9 AR 66 1400 4982 40056 29845 4190 0.000423
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVE9 AR &7 1400 5160 40030 29820 4350 0.000423
HEXOLOY SA SOHIO/UDRI”2 UDRIPKGNOVE9 AIR 68 1400 4682 38802 2997z 4180 ©.000423
HEXOLOY SA SOHIOMUDRK2  UDRIPKGNOVES AR 68 1400 4581 38751 30023 3840 0.000423
HEXOLOY SA SOHIO/UDRIZ  UDRIPKGNOVES AR 70 1400 4003 40005 28097 3340 0.000423
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVSS AlR 71 1400 4715  3.9954 29021 3050 0.000423
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH THICK BEND A-HEAD COMMENTS
CODE CODE ENVIRON. Ho. o M mm mm STRENGTH  SPEED
MPa mm/'s
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVYSEY AR 19 1200 518.3 3.9980 3.0201 508.9 0.042330
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVSEY AR 20 1200 6894 3.9980 3.0099 5709 0.042330
CERALLOY 147-3 CERADYNE/UDRiI2 UDRIPKGNOVSY AR 31 1200 4982 3.9929 2.9997 415.8 0.000423
CERALLOY 147-3 CERAOYNE/AIDRI2 UDRIPKGNOVSB9 AlR 32 1200 404.8 3.9954 3.0150 334.4 0.000422
CERALLOY 147-3 CERADYNE/MDRI2 UDRIPKGNOVEI AR 33 1200 45837 3.9980 2.9888 3805 0.000423
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVSY AR 34 1200 5649 3.9929 3.0180 466.8 0.000423
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVES AlR 35 1200 3784 $.9980 2.9947 3165 0.000423
CERALLOY 147-3 CERADYNEMUDRIZ UDRIPKGNOV89 AR 35 1200 538.2 3.9954 3.0175 44490 0.000423
CERALLOY 147-3 CERADYNEAIDRI2 UDRIPKGNOVES AR 37 1200 5071 3.9054 3.09175 4178 0.000423
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVES AR a8 1200 538.2 3.9954 3.0023 4482 0.000423
CERALLOY 147-3 CERADYNE/MUCRI2 UDRIPKGNOVED AR 38 1200 4448 3.992¢ 3.0201 366.1 0.000423
CERALLOY 147-3 CERADYNEADRIR2 UDRIPKGMOVSS AlR 40 1200 516.0 3.9954 2.8870 434.4 0.000423
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVSE AlR 1 1400 275.8 3.9980 2.9870 2317 0.042330
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVSS AR 2 1400 2224 3.9980 3.0150 183.4 0.042330
CERALLOY 147-3 CERADYNEAIDRI2 UDRIPKGNOVSY AlR 3 1400 2248 3.9980 2.9921% 188.2 0.042330
CERALLOY 147-3 CERADYNEAIDRY2 UDRIPKGNOYES AR 4 1400 238.9 4.0005 2.9896 2006 0.042330
CERALLOY 147-3 CERADYNE/MDRIRZ UDRIPKGNOVSES AR 5 1400  286.9 3.992¢ 3.0124 237.9 0.042330
CERALLOY 147-3 CERADYNEMUDRI2 UDRIPKGNCOVSEY AR & 1400 2415 4.0005 2.9347 20290 0.042330
CERALLOY 147-3 CERADYNE/UDRIZ2 UDRIPKGNOVES AlR 7 1400 193.5 3.9954 2.9896 162.7 0.042330
CERALLOY 147-3 CERADYNE/UDRIR2 UDRIPKGNOVSS AR 8 1400 2068 3.9980 2.9921 1734 0.042330
CERALLOY 147-3 CERADYNEAUDRIRZ UDRIPKGNOVSEY AlR 9 1400 2718 4.0030 2.9896 2282 0.042330
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOYS9 AlR 10 1400 2273 3.998C 2.9845 1917 0.042330
CERALLOY 147-3 CERADYNE/UDAV2 UDRIPKGNOVSS AR 21 1400 177.0 3.9954 2.9896 148.9 0.000423
CERALLOY 147-3 CERADYNEADRIV2 UDRIPKGNOVSES AlR 22 1400 151.2 4.0005 2.9820 1276 0.000423
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVES AlR 23 1400 186.0 3.9980 2.9870 155.8 0.000423
CERALLOY 147-3 CERADYNE/UDRI2 UCRIPKGNOVES AlR 24 1400 183.3 4.0008 2.9870 193.8 0.000423
CERALLOY 147-3 CERADYNE/UDRI2 UDRIPKGNOVSS AR 25 1400 1717 3.9980 2.9845 144.8 0.000423
EC-152 NGK/UDRY2 UDRIPKGMOVSE9 AR H 1000 9875 4.0200 3.0300 803.9 0.04
EC-152 NGK/UDRY2 UDRIPKGNOVSI AR 2 1000  1178.7 4.0100 3.0200 968.0 0.04
EC-152 NGKMUDRY2 UDRIPKGNOVEY AlR 3 1000 9563 4.0200 3.0300 7770 0.04
EC-182 NGKR/UDRV2 UDRIPKGNOVSY AR 4 1000  969.7 40200 3.0300 787.0 0.04
EC-152 NGK/UDRI/2 UDRIPKGNOVSE? AlR 5 1000 331.8 4.0200 3.6300 6780 0.04
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH THICK BEND X-HEAD COMMENTS
CODE CODE ENVIRON. No. *C N mm mm STRENGTH  SPEED
MPa mm/s
EC-152 NGK/UDRI/2 UDRIPKGNOVSS AIR 6 1000 1168.8 4.0200 3.0200 958.0 0.04
EC-152 NGK/UDRI2 UDRIPKGNOVES AIR 7 1000 10186 4.0200 3.0100 8360 0.04
EC-152 NGKMAUDRIR2 UDRIPKGNOV83 AR 8 1000 1187.6 4,0200 3.0300 970.0 0.04
EC-152 NGKADRI/2 UDRIPKGNOV8g AR 9 1000 11209 4.0100 3.0300 911.0 0.04
EC-1582 NGKADRIfR2 UDRIPKGNOVS9 AIR 10 1000 8985 4.0100 3.0200 738.0 0.04
EC-152 NGKAJDRI2 UDRIPKGNOV8E9 AR 40 1000 9875 4.0100 3.0100 8130 0.0004233
EC-152 NGK/AUDRY2 UDRIPKGNOVE9 AR 41 1000 8118 4.0200 3.0200 747.0 0.0004233
EC-152 NGKAJDRI/2 UDRIPKGNOVS9 AIR 42 1000 9875  4.0200 3.0400 798.0 0.0004233
EC-152 NGKAUDRI2 UDRIPKGNOVES AR 43 1000 1023.0  4.0300 3.0300 8280 0.0004233
EC-152 NGK/UDRI2 UDRIPKGNOVS9 AR 44 1000 8430 40200 3.0400 762.0 0.0004233
EC-152 NGK/UDRY2 UDRIPKGNOVS9 AR 45 1000 9474 4.0300 3.0200 7740 0.0004233
EC-152 NGK/UDRV2 UDRIPKGNOVSE9 AR 46 1000 929.6 4.0100 3.0400 7510 0.0004233
EC-152 NGK/UDRI2 UDRIPKGNOVS9 AR 47 1000 1054.2 4.0100 3.0300 B61.0 0.0004233
EC-152 NGKUDRI2 UDRIPKGNOVSES AIR 48 1000 7339 4.0100 3.0200 603.0 0.0004233
EC-152 NGKASDRI2 UDRIPKGNOV8g AR 49 1000 8985 4,0200 3.0200 7370 0.0004233
EC-182 NGKADRIfR2 UDRIPKGNOVBS AiR 19 1200 1014 4.0100 3.0300 828.0 0.04
EC-152 NGKADRI2 UDRIPKGNOVSE9 AIR 20 1200 1005.3 4.0100 3.0200 826.0 0.04
EC-152 NGKAIDRI2 UDRIPKGNOVSE9 AR 21 1200 10318 4,0100 3.0200 847.0 0.04
£C-152 NGKMUDRY2 UDRIPKGNOVSS AR 22 1200 1009.7 4,0200 3.0200 825.0 0.04
EC-152 NGKADRY2 UDRIPKGNOVS9 AIR 23 1200 8474 4.0100 3.0300 7710 0.04
EC-152 NGKUDRI2 UDRIPKGNOVE9 AR 24 1200 1088.8 4.0200 3.0200 8940 0.04
EC-152 NGKMAUDRIZ UDRIPKGNOV89 AR 25 1200 10319 4.0200 3.0200 8450 0.04
EC-152 NGK/UDRI/2 UDRIPKGNOVS9 AR 26 1200 10141 40100 3.0200 833.0 0.04
EC-152 NGK/UDRV2 UDRIPKGNOVS9 AIR 27 1200 943.0 4.0100 3.0100 778.0 0.04
EC-152 NGKADRI2 UDRIPKGNOV89 AR 28 1200 978.6 4.0100 3.0100 807.0 0.04
EC-152 NGKAUDRY2 UDRIPKGNCVBS AIR 29 1200 8273 4.0100 3.0100 680.0 0.0004233
EC-152 NGK/UDRI2 UDRIPKGNOVSY AR 30 1200 6939  4.0000 3.0100 5720 0.0004233
EC-152 NGK/UDRI2 UDRIPKGNOV89 AIR 31 1200 8006  4.0100 3.0200 655.0 0.0004233
EC-152 NGK/UBRI2 UDRIPKGNOVS9 AIR 32 1200  716.1 4.0100 3.0100 589.0 0.0004233
EC-152 NGKMUDRI2 UDRIPKGNOVBY9 AR 33 1200 7339 4.0100 3.0300 600.0 0.0004233
EC-152 NGK/UDRI2 UDRIPKGNGVSY AIR 34 1200 725.0 4.0100 3.0500 584.0 0.0004233
EC-152 NGKAUDRI2 UDRIPKGNOVSE9 AIR 35 1200  765.1 4.0100 3.0300 626.0 0.0004233
EC-152 NGKAIDRY2 UDRIPKGNOVSS AlR 36 1200  716.1 4.0100 3.0300 586.0 0.0004233
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SECTION . MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFEREMCE TEST SPEC., TEMP LOAD WIDTH  THICK BEND X-HEAD COMMENTS
CODE CODE ENYIROM, Mo, oL N mm mm STRENGTH  SPEED
P2 mm/s
EC-152 NGKAUDRIZ UDRIPKGNOVEY AlR 37 1200 7517 4.0200 3.0200 615.0 0.0004233
EC-152 NGK/UDRI2 UDRIPKGNOVEY AR 38 1200 7206 4.0100 3.0100 594.0 0.0004233
££-152 NGK/JDRIR UDRIPKGNOVES AR 11 1400 4215 4.0200 3.6200 3530 0.04 Width and thickness used for
EC-152 NGKAIDRY2 UDRIPKGNOVES AlR 12 1400 4759 4.020¢ 3.0200 380.0 0.04 the MOR calc. are averages
EC-152 NGK/UDRIR2 UDRIPKGNOVES AR 13 1400 4226 4.0200 3.0200 346.0 0.04 of 10 unoxid. specimens.
EC-152 NGK/AUDRI2 UDRIPKGNOVE9 AR 14 1400 4493 4.0200 3.0200 367.0 0.04 Sae note above.
EC-152 NGK/UDRI2 UDRIPKGNCVES AlR 15 1400 8005 4.0200 3.0200 4910 0.04 Ses note above.
EC-152 NGK/UDRIR2 UDRIPKGNOVS9 AR 18 1400 4003 4.0200 3.0200 211.0 0.0004233 See note above.
GTE PY$S GTELUDRIR UDRIPKGNOVES AR 71 21 956.3 4.0056 3.074 79290 0.042330
GTE PYE GTEUVUDRIR UDRIPKGNOVES AlR 72 2t 1054.2 3.9980 2.9997 879.0 0.042330
GTE PY§ GTEL/UDRIR UDRIPKGNOVSES AlR 73 21 §78.6 4.0056 3.0098 809.0 0.042330
GTE PYS GTELUDRIR UDRIPKGNOVSY AR 74 21 1129.8 3.9080 2.9997 942.0 0.042330
GTE PY8 GTEUUDARIRZ UDRIPKGNOVS9 AlR 75 23 898.5 3.9920 3.0048 748.0 0.042330
GTEPY5 GTEL/UDRIZ UDRIPKGNOVYSY AR 76 21 11743 3.9929 2.9921 986.0 0.042330
GTE PYS GTELUDRIR UDRIPKGNCOVES AlR 77 21 1134.2 3.9827 2.9886 956.0 0.04233C
GTE PYS GTEL/UDRIR UDRIPKGNOVES AlR 78 2t 1049.7 3.9920 3.0023 875.0 0.042330
GTE PYS GTEVUORIR UDRIPKGNOVES AlR 79 2% 10809 4.0058 3.0023 898.0 0.042330
GTE PYS GTELJDRIR UDRIPKGNOVSES AR 80 21 898.5 4.0030 3.0074 745.0 0.042330
GTE PY6 GTEUUDRIR UDRIPKGNOVES AR 111 1000 8585 3.9880 2.8997 716.0 0.042330
GTE PY6 GTEULDRIR UDRIPKGNOVES AR 112 1000 8495 4.0030 29972 709.0 0.042330
GTEPYS GTEL/UDRIR UDRIPKGNOVS9 AR 113 1900 §76.3 3.9954 2.9921 735.0 0.042330
GTE PY5 GTEL/UDRIR UDRIPKGNOVSED AR 114 1000 7829 3.9980 2.9947 855.0 0.042330
GTEPYH GTEYVUDRIR UDRIPKGNDOYES AR 115 1000 854 .1 3.692¢ 2.9879 753.0 0.042330
GTE PYE GTELAIDRIR UDRIPKGNOVES AR 118 1000 951.9 3.9880 2.9872 795.0 0.042330
GTE PY6 GTELUDRIR UDRIPKGNOVSEY AlR 117 1000 956.3 3.9827 2.5845 809.0 0.042330
GTE PYH GTEL/UDRIR UDRIPKGNOYES AR 118 1000 876.3 3.9827 3.0023 7320 0.042330 1 lower pi failed during lest.
TE PY5 GYEL/UDRIR UDRIPKGNOVED AR 11¢ 1000 862.9 3.9980 2.9921 723.0 0.042330
GTE PYS GTELUIDRIR UDRIPKENOVSEY AR 120 1000 876.3 3.9954 2.9972 7329 0.042330
GTE PYS GTEUUDRIR UDRIPKGNOVES AlR gy 1000 7685 3.58954 2.9872 843.0 0.004233
GTE PY6 GTEL/UDRIR UDRIPKGNOVSES AlR g2 1000 6764 3.992% 3.0028 564.0 0.004233
GTE PY6 GTEL/UDRIR UDRIPKGNOVEY AR 93 1000 756.2 3.9020 2.9972 6329 0.004233

GTE PYH GTELUDRIRZ UDRIPKGNOVSES AR a4 1000 1005.3 4.0030 3.0099 832.0 0.004233
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BAYCH REFERENCE TEST SPEC. TEMP LOAD WIDTH THICK BEND X-HEAD COMMENTS
CODE CODE ENVIRON, No. °C N mm mm STRENGTH  SPEED
MPa mm/s
GTE PY6 GTELMUDRIR UDRIPKGNOVS9 AIR g5 1000 916.3 3.9954 2.9972 766.0 0.004233
GTE PY6 GTELUDRIR UDRIPKGNOVSS AR 96 1000  831.8 3.9954 2.9997 694.0 0.004233
GTE PY6 GTELNUDRIZ - UDRIPKGNOVS9 AIR 97 1000  796.2 3.9929 2.9997 665.0 0.004233
GTE PY6 GTELAUDRIZ UDRIPKGNOVS9 AR 98 1000 8763 3.9929 2.9972 733.0 0.004233
GTE PY6 GTEL/UDRI2 UDRIPKGNOV89 AR 98 1000 8184 3.9954 3.0124 8770 0.004233
GTE PY6 GTEL/UDRI2 UDRIPKGNOV8S AIR 100 1000 925.2 4.0030 2.9997 7710 0.004233
GTE PY6 GTELUDRIRZ UDRIPKGNOVSS AR 101 1000 800.6 3.9878 2.9870 675.0 0.000423
GTE PYé6 GTELJDRIRZ UDRIPKGNOVSEg AR 102 1000 8318 3.9954 2.98%6 699.0 0.000423
GTE PY6 GTELUDRI2 UDRIPKGNOVSS AR 103 1000 7829 3.9954 2.9972 654.0 0.000423
GTE PY6 GTEL/UDRIR UDRIPKGNOVS9 AIR 104 1000  800.6 4.0005 2.9921 6710 0.000423
GTE PY6 GTEU/UDRIR2 UDRIPKGNOVSS AR 105 1000 8496 3.9903 2.9997 7100 0.000423
GTE PY§ GTEL/UDRIR UDRIPKGNOVSS AR 106 1000  836.2 3.9929 2.9947 7010 0.000423
GTE PY6 GTELUDRIZ UDRIPKGNOVaS AIR 107 1000 8184 3.9878 2.9921 688.0 0.000423
GTE PY6 GTELAUDRIR UDRIPKGNOVS9S AIR 108 1000 8585 3.9880 . 3.0074 7120 0.000423
GTE PY6 GTELAJDRIR2 UDRIPKGNOVSS AR 109 1000 8496 3.9929 2.9972 7110 0.000423
GTE PY6 GTELAUDRIR UDRIPKGNOVS8S AR 110 1000 8273 3.9980 3.0124 684.0 0.000423
GTE PY6 GTEUUDRIZ UDRIPKGNOVS9 AR 41 1200 831.8 3.9929 2.9972 696.0 0.042330
GTE PY6 GTELAUDRI2 UDRIPKGNOVS9 AR 42 1200  840.7 3.9980 3.0023 700.0 0.042330
GTE PY6 GTEL/UDRIR UDRIPKGNOVSY AR 43 1200 7517 3.9853 2.9972 630.0 0.042330
GTE PY6 GTELAIDRIZ UDRIPKGNOV89 AIR 44 1200 8451 3.9929 3.0124 7000 0.042330
GTEPYS6 GTEL/UDRIZ UDRIPKGNOVB9 AIR 45 1200 8407 4.0005 3.0048 698.0 0.042330
GTE PY6 GTELUDRIRZ UDRIPKGNOVSS AIR 46 1200 849.6 4.0107 3.0000 702.0 0.042330
GTE PY$§ GTELAUDRIR UDRIPKGNOVS9 AR 47 1200 7917 3.9880 3.0124 655.0 0.042330
GTEPY8 GTELAUDRI2 UDRIPKGNOVaS AR 48 1200  840.7 4.0081 3.0201 690.0 0.042330
GTEPYS GTELADRIRZ UDRIPKGNOVS9 AIR 49 1200 7517 4.0023 3.0150 619.0 0.042330
GTE PY6 GTEL/UDRI2 UDRIPKGNOVSS AR 50 1200 6894 40107 3.0175 566.0 0.042330
GTE PY6 GTEL/JDRIRZ UDRIPKGNOVS9 AR 81 1200 7917 3.9853 2.9821 666.0 0.004233
GTE PY§ GTEL/JDRIR UDRIPKGNOVaS AR 82 1200 7740 3.9903 3.0074 643.0 0.004233
GTE PY6 GTELJDRIR UDRIPKGNOVS9 AIR 83 1200 7250 3.9878 3.0048 604.0 0.004233
GTE PY6 GTELAJDRIR2 UDRIPKGNOVSS AR 84 1200 7339 38878 3.0074 611.0 0.004233
GTE PY6 GTEL/UDRI2 UDRIPKGNOV8S AIR 85 1200 6894 3.9903 29972 577.0 0.004233
GTE PY6 GTELMDRIRZ UDRIPKGNOVSES AR 86 1200 707.2 3.9803 3.0074 588.0 0.004233
GTE PY6 GTEL/UDRI2 UDRIPKGNOVSS AIR 87 1200 7384 3.9878 2.9821 620.0 0.004233
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SECTION 8. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH  THICK BEND X-HEAD COMMENTS
CODE CODE ENVIRON. No. oG N mm mm STRENGTH  SPEED
MPa mm/s
GTE PY6 GTELUDRIR UDRIPKGNOVE9 AR 88 1200 707.2 4.0056 3.0074 £86.0 0.004233
GYE PY6 GTELUDRIR UDRIPKGNOVSY AR 89 1200 800.8 3.9878 3.0150 663.0 0.004233
GTE PY8 GTEL/UDRIRZ UDRIPKGNOVSS AR 30 200 7651 3.9928 3.0150 56320 0.004233
GTE PY8 GTEL/UDRIR UDRIPKGNOVSS AlRt 51 1200 676.1 4.0081 3.0124 556.0 0.000423
GTE PYS GTEUUDRIR UDRIPKGNOVES AlR 52 1200 7072 4.0030 2.9097 589.0 0.000423
GTE PYS GTELUDRIR UDRIPKGNOVEY AR 53 1200 751.7 4.0132 2.6972 626.0 0.000423
GTE PYE GTEL/UDRI2 UDRIPKGNOVBI AIR 54 1200 667.2 4.0081 3.0074 552.0 $.000423
GTE PY86 GTEUUDRIR UDRIPKGNOVE9 AR 55 1200 5983 4.0081 3.0124 576.0 0.000423
GTE PYS6 GTEL/UDRIR UDRIPKGNOVSS AlR 56 1200 582.7 4.0030 3.03583 474.0 0.000423
GYE PY6 GTEUUDRIZ UDRIPKGNOVSE3 AR 57 1200 7117 3.9954 3.0023 593.0 0.000423
GTE PY§ GTELUDRAIR UDRIPKGNOVES AR 58 1200 671.7 3.9980 3.0023 559.0 0.000423
GTE PY86 GTELUDRIR UDRIPKGNOVS9 AR 59 1200 7117 4.0056 3.0251 582.0 0.000423
GTE PY6 GTELUDRIR UDRIPKGNOVSES AlR &) 1200 756.2 4.0005 3.0074 627.0 0.000423
GTE PYe GTELAJDRIR UDRIPKGNOVES AR 11 1400 5094 3.9980 3.025% 500.0 0.042330
GTE PYS GYEL/UDRIR UDRIPKGNOVSY AR 12 1400 6094 3.9980 3.0302 498.0 0.042330
GTE PYS GTELUDRIR UDRIPKGNOVES AR 13 1400 582.7 3.9954 3.0277 4770 £.042330
GTE PYS GTEUUDRIR UDRIPKGNOVES AR 14 1400 538.2 3.9980 3.0251 4410 £.042330
GTE PY6 GTEUUDRIR UDRIPKGNOVES AR 15 1400  645.0 4.0030 3.0458 521.0 0.042330
GTEPYS GTELUDRIR UDRIPKGNOVSE9 AR 16 1400 573.8 3.9980 3.0150 4749 0.042330
GTE PY6 GTEL/UDRIR2 UDRIPKGNOVSES AlR 17 1400 596.0 4.0055 3.0099 498390 0.042330
GTE PYS GTEL/UDRIR2 UDRIPKGNOVE® AR i8 1400 645.0 3.9980 3.0201 531.0 0.042330
GTEPYS GTEL/UDRIRZ UDRIPKGNOVSES Afft 19 1406 6805 4.0081 3.0328 554.0 0.642330
GTEPYE GTEUUDRIRZ UDRIPKGNOVSES AlR 20 1400 533.8 3.9954 3.0048 444 .0 0.042330
GTE PY6 GTELVUDRIR UDRIPKGNOVSS AR 31 1400 3425 4.0132 3.0251 280.0 0.004233
GTE PYS GTEUUDRIR UDRIPKGNOVES AIR 32 1400 4826 4.0208 3.0048 382.0 0.004233
GTE PY6 GTEL/UDRIR UDRIPKGNOVEY AlR a3 1400 4584 4.0005 3.0201 377.0 0.004233
GTz PYE GTEUUDRIR UDRIPKGNOVSS AR 34 1400 355.8 4.0030 3.0150 2939 £.004233
GTE PY§ GTELAUDRIR UDRIPKGNOVSES AR 35 1400 4082 3.9903 2.89921 3440 0.004233
GTE PY6 GTELUDRIR UDRIPKGNOVSES AIR 35 1400  404.8 3.9980 3.0099 338.C 0.004233
GTE PYS GTEL/UDRIR UDRIPKGNOVS3 AlR 37 1400 4048 3.9954 3.0150 334.0 0.004233
GTEPYS GTELUDAIRZ UDRIPKGNOVSEY AlR 38 1400  487.0 4.0081 3.009¢ 386.0 0.004233
GTE PYS GTELUUDRIR UDRIPKGNOVSES AlR 38 1400  458.4 3.9080 2.9997 38290 0.004233
GTE PY6 GTEL/UDRIR UDRIPKGNOVEY AR 40 1400 4758 4.0081 3.0099 3983.0 0.004233
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE  TEST  SPEC. TEMP LOAD WIDTH  THICK BEND X-HEAD COMMENTS
CODE CODE ENVIRON. No. °C N mm mm STRENGTH SPEED
MPe mm/s
GTE PY6 GTEL/UDRIR UDRIPKGNOVES AR 21 1400 3247 39980  3.0023 2700  0.000423
GTE PY6 GTELAUDRIf UDRIPKGNOVES AR 2 1400 4070 39980 3.0023 3390  0.000423
GTEPYS GTEL/UDRIR UDRIPKGNOVES AR 23 1400 3963 40081 30175 3260  0.000423
GTE PY6 GTELUDRIZ UDRIPKGNOVSS AR 24 1400 3999 39954 30074 3320  0.000423
GTE PY6  GTELUDRIR UDRIPKGNOVES AR 25 1400 3292 40005 29972 2750  0.000423
GTE PY6 GTELADRIR UDRIPKGNOVES AR 26 1400 3558 40030 30048 2050  0.000423
GTE PY6 GTELUDRIR UDRIPKGNOVSS AR 27 1400 3861  4.0030 30099 3180  0.000423
GTE PY6 GTELADRIR UDRIPKGNOVES AR 28 1400 3877 40030 30048 3300 0000423
GTE PY6 GTELUDRIR UDRIPKGNOVES AR 29 1400 3354 40411 30074 2750  0.000423
GTE PY6 GTEL/UDRIZ UDRIPKGNOVES AR 1400 3839 35080 20806 3220  0.000423
NT-154 NORTON/UDRI2Z  UDRIPKGNOVES AR 1 21 8985 386878 29870 7580  0.042330
NT-154 NORTON/UDRI2Z  UDRIPKGNOVE®  AIR 2 21 11608 39853 29845 9810  0.042330
NT-154 NORTON/UDRV2  UDRIPKGNOVES AR 3 21 11476 30853 20870 9680  0.042330
NT-154 NORTON/UDRI2  UDRIPKGNOVES AR 4 21 10097 39853 20870 8520  0.042330
NT-154 NORTON/UDRIZ2  UDRIPKGNOVSS AR 5 21 11208  3.9853 29870 9460  0.042330
NT-154 NORTON/UDRI2Z  UDRIPKGNOVES AR 6 21 1201.0 3.9678 299821 10090  0.042330
NT-154 NORTON/UDRI2Z  UDRIPKGNOVES AR 7 21 10008 38878 29870 8440  0.042330
NT-154 NORTON/UDRI2  UDRIPKGNOVES AR 8 21 11031 39853 20845 9320  0.042330
NT-154 NORTON/UDRIZ  UDRIPKGNOVES AR 9 21 1031 39853 28870 9310  0.042330
NT-154 NORTON/UDRI2  UDRIPKGNOVES AR 10 21 10053 39878 29021 8450  0.042330
NT-154 NORTON/UDRI2  UDRIPKGNOVES AR 91 21 9430 40005 28921 7900  0.000423
NT-154 NOHTON/UDRI2  UDRIPKGNOVES AR 2 21 9074 39980 20947 7550  0.000423
NT-154 NORTON/UDRI2  UDRIPKGNOVBS AR 83 21 8318 40005 20989 6980  0.000423
NT-154 NORTON/UDRIZ  UDRIPKGNOVES AR 94 21 8273 40035 29896 6940  0.000423
NT-154 NORTON/UDRI2  UDRIPKGNOVS® AR 85 21 68652  4.0081 29047 8060  0.000423
NT-154 NORTON/UDRI2  UDRIPKGNOVEY AR 61 1000 10008 39980 29870 8420  0.042330
NT-154 NORTON/UDRI2  UDRIPKGNOVES  AIR 62 1000 8763 40005 29896 7350  0.042330
NT-154 NORTON/UDRI2  UDRIPKGNOVSS AR 63 1000 9385 40030 29921 7860  0.042330
NT-154 NORTON/UDRIZ  UDRIPKGNOVES AR 64 1000 6118 40005 29896 7650  0.042330
NT-154 NORTON/UDRIZZ  UDRIPKGNOVES AR 65 1000 8985 4.0030 30023 7470  0.042330
NT-154 NORTON/UDRI/2  UDRIPKGNOVES AR 66 1000 9652  4.0081 20947 8060  0.042330
NT-154 NORTON/UDRI2  UDRIPKGNOVBS AR 67 1000 6361 40030 29997 5300  0.042330
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERERCE TEST SPEC. TEMP LOAD WIDTH  THICK BEND X-HEAD COMMENTS
CODE CODE ENVIRON, No. °c N mm mm STRENGTH  SPEED

MPa mm/s
NT-154 NORTON/UDRI/2 UDRIPKGNOWVa9 AR 58 1000 876.3 4.0005 2.9921 7340 0.042330
NT-154 NORTON/UDRIR UDRIPKGNOVSES AR 59 1000 809.5 4.0005 2.9921 676.0 0.042330
NT-154 NORTCON/UDRI/2 UDRIPKGNOVSY AlR 70 1000 938.5 4.0030 2.9947 7840 0.042330
NT-154 NORTON/UDRIRZ UDRIPKGNOVES AR L 1000 947 .4 3.9878 2.9866 788.0 0.000423
NT-154 NOHTON/UDRIR UDRIPKGNOVE9 AR 42 1000  989.7 3.9853 2.9845 820.0 0.000423
NT-154 NORTON/UDRI/2 UDRIPKGNOYSEY AR 43 1000 8585 3.9853 2.8870 724.0 0.000423
NT-154 NORTON/UDRIf2 UDRIPKGNOVS9 AIR 44 1000 9074 3.9929 2.9947 760.0 0.000423
NT-154 NOSTON/UDRI/2 UDRIPKGNOVED AR 45 1000 9786 3.0878 2.9921 8229 0.000423
NT-154 NORTON/UDRI2 UDRIPKGNOVSS AR 46 1000 9474 3.9827 2.9845 8010 0.000423
NT-154 NORTON/UDRIRZ UDRIPKGNOVES AR 47 1000 960.8 4.0020 2.9898 806.0 0.000423
NT-154 NORTON/UDRY2 UDRIPKGNOVSES AlR 48 1000 956.3 3.9827 2.9845 809.0 0.000423
NT-154 NORTON/UDRI2 UDRIPKGNOVEY AR 49 1000 9741 3.9827 2.9047 818.0 0.000423
NT-154 NORTON/UDRI/2 UDRIPKGNOVSS AlR 50 1000 8895 4.0005 2.9997 7410 0.000423
MT-154 NORTON/UDRI2 UDRIPKGNOVS9 AlR 81 1200 8585 4.0030 2.9947 7170 0.0422330
NT-154 NORTON/UDRIR UDRIPKGNOVa9 AR 82 1200 8585 4.0005 2.9921 719.0 0.042330
NT-154 NORTON/UDRIR2 UDRIPKGNOVSES AR 83 1200 898.5 4.0107 2.8947 743.0 0.042330
NY-154 NORTON/UDRIf2 UDRIPKGNOVSES AR 84 1200 B67.4 4.0030 2.9921 726.0 0.042330
NT-154 NORTON/UDRI2 UDRIPKGNCVES AlR 85 1200 7917 4.0030 2.9997 659.0 0.042330
NT-154 NOFTON/UDRIf2 UDRIPKGNOVY8Y AR 85 1200 7828 4.0005 2.9972 654.0 0.042330
NT-154 NOHRTON/UDRI/2 UDRIPKGNOVSS Alf 87 1200 7473 4.0107 2.9921 624.0 0.042330
NY-164 NORTON/UDRI2 UDRIPKGNOVSESY AR 88 1200 8585 3.9980 2.9870 7220 0.042330
NT-154 NORTON/UDRI/2 UDRIPKGNOVSS AR 89 1200 716.1 4.0005 2.8870 60290 0.042330
NT-154 NORTON/UDRI2 UDRIPKGNOVSS AR 90 1200 8229 4.0005 2.9895 680.0 0.042330
NT-154 NORTON/UDRI/Z UDRIPKGNOV89 AlR 71 1200 7205 4.0030 2.9820 607.0 0.000423
NT-184 NORTON/UDRI/2 UDRIPKGNOVSE9 AlR 72 1200 756.2 4.0005 2.8870 636.0 0.000423
NT-184 NOATON/UDRIR UDRIPKGNOVSES AIR 73 1200  765. 4.0005 2.9972 639.0 0.000423
NT-154 NORTON/UDRI2 UDRIPKGNOVES AR 74 1200 7206 4.0056 2.9947 602.0 0.000423
NT-154 NORTOM/UDRI2 UDRIPKGNOVSBS AlR 75 1200 7473 4.0081 2.9997 6220 0.000423
NT-154 NOFTON/UDRI/2 UDRIPKGNOVES AlR 75 1200 725.0 4.0081 2.9947 605.0 0.000423
NT-154 NGHTON/UDRI/Z UDRIPKGNOVBY AR 77 1200 685.0 4.0056 2.9997 570.0 0.000423
NT-154 NOHTON/UDRI/Z UDRIPKGNOVSE9 AR 78 1200 889.4 4.0081 2.6947 575.0 0.000423
NT-154 NORTON/UDRI/2 UDRIPKGNOVSED AlR 79 1200 8229 4.0030 2.9972 6870 0.000423
NT-154 NGHRTON/UDRI2 UDRIPKGNOVS9 AlR 80 1200  814.0 4.0030 2.9047 680.0 0.000423
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH THICK BEND X-HEAD COMMENTS
CODE CODE ENVIRON.  No, G N mm mm  STRENGTH SPEED
MPa mm/s
NT-154 NORTON/UDRI/2  UDRIPKGNOVEY AR 1 1400 698.3 39920 28072 5840  0.042330
NT-154 NORTON/UDRIZZ  UDRIPKGNOVSY AR 12 1400 7562  3.9980 29997 6310  0.042330
NT-154 NORTON/UDRI/2 UDRIPKGNOVBY AR 13 1400 7962 39954 30074 6610  0.042330
NT-154 NORTON/UDRIV2  UDRIPKGNOVSY AR 14 1400 6850 39954 30175 5650 0042330
NT-154 NORTON/UDRIZ  UDRIPKGNOVSES AlR 15 1400 7695 40030 30074 6380  0.042330
NT-154 NORTON/UDRI/Z  UDRIPKGNOVS9 AIR 16 1400 707.2 3.9980 3.0175 5830  0.042330
NT-154 NORTON/UDRI/Z  UDRIPKGNOVSS AR 17 1400 7384 39929 3,009 6120  0.042330
NT-154 NORTON/UDRI2  UDRIPKGNOVSY AR 18 1400 7161 40005 3.0023 5960  0.042330
NT-154 NORTON/UDRI/2Z  UDRIPKGNOVSS AR 19 1400 7161 39853 29806 6030  0.042330
NT-154 NORTON/UDRI2Z  UDRIPKGNOVS9 AR 20 1400 7562 39920 30023 6300  0.0423%0
NT-154 NORTON/UDRIZ  UDRIPKGNOVSES AR 21 1400 4226 39003 296806 3550  0.000423
NT-154 NORTON/UDRI/Z  UDRIPKGNOVS9 AR 2 1400 4181 39029 29947 3500  0.000423.
NT-154 NORTON/UDRI.2Z  UDRIPKGNOVSS AR 23 1400 5026 40005 30124 4150  0.000423
NT-154 NORTONMUDRIZ  UDRIPKGNOVES AR 24 1400 5026 39954 29997 4190  0.000423
NT-154 NORTON/AUDRIZ  UDRIPKGNOVBS AR 25 1400 4848 39954 3.0048 4030  0.000423
NT-154 NORTON/UDRI/2  UDRIPKGNOVES AIR 26 1400 5382 39954 29972 4500  0.000423
NT-154 NORTON/UDRIZ  UDRIPKGNOVES AR 27 1400 5071 39829 29047 42580  0.000423
NT-154 NOATONAIDRIZ  UDRIPKGNOVSES AR 28 1400 3336 40030 30074 2760  0.000423
NT-154 NORTONAIDRIZ  UDRIPKGNOVES AIR 29 1400 3247 40005 29997 2710  0.000423
NT-154 NORTON/UDRI/2  UDRIPKGNOVE9 AR 30 1400 3202 40005 30023 2740  0.000423
SN-252 KYOCERA/UDRIZ  UDRIPKGNOVB9 AR 1 1000 6672 40000 30000 5550 0.04
SN-252 KYOCERA/UDRI2  UDRIPKGNOVSS AIR 12 1000 6227 40100 30100 5140 0.04
SN-252 KYOCERA/UDRK2  UDRIPKGNOVSY AR 13 1000 6094 40000 30200 5010 0.4
SN-252 KYOCERA/UDRI2  UDRIPKGNOVS9 AR 14 1000 609.4 40100 3.0100 5040 004
SN-252 KYOCERA/UDRI2Z  UDRIPKGNOVS9 AR 15 1000 6227 39900 3.0100 5150 0.04
SN-252 KYOCERAUDRIZ  UDRIPKGNOVES AIR 16 1000 667.2 4.0000 30100 5530 0.04
SN-252 KYOCERAMDRIZ  UDRIPKGNOVES AR 17 1000 6039 39800 30100 5760 0.04
SN-252 KYOCERA/UDRV2  UDRIPKGNOVSE9 AR 18 1000 6717 40100 3.0100 5550 004
SN-252 KYOCERA/IDRIZ  UDRIPKGNOVag AR 19 1000 5738  4.0000 30000 4780 0.04
SN-252 KYOCERA/UDRI2  UDRIPKGNOVES AR 20 1000 6183 40100 30200 5080 0.04
SN-252 KYOCERA/UDRI2Z  UDRIPKGNOVES AR 1 1000 5871 40000 30100 4860  0.0004233
SN-252 KYOCERA/UDRIZ  UDRIPKGNOVES AR 2 1000 5516 40100 30100 4550  0.0004233
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH THICK BEND X-HEAD COMMENTS
CODE CODE ENVIRON. No. °C N mm mm STRENGTH  SPEED
_ MPs mm/s
SN-252 KYOCERA/UDRIV2  UDRIPKGNOVSES AR 3 1000 5693 3.9900 2.6800 484.0 0.0004233
SN-252 KYOCERAAIDRI2  UDRIPKGNOVSY AR 4 1000 609.0 4.0000 2.9800 £10.0 0.0004233
SN-252 KYOCERA/UDRY2  UDRIPKGNOVS9 AR 5 1006 5649 4.0000 3.0100 4670 0.0004233
SN-252 KYOCERA/UDRI2  UDRIPKGNOVSY AR 6 1000  556.0 3.9900 3.0100 481.0 0.0004233
Sh-252 KYOCERA/UDRV2  UDRIPKGMOVSS AR 7 1000 5160 4.0100 3.0100 426.0 0.0004233
SN-252 KYOCERA/UDRIZ  UDRIPKGNOVES AlR 8 1000 5338 4.0100 3.0200 438.0 0.0004232
SN-252 KYOCERA/UDRI2  UDRIPKGNOVEY AR g 1000 5427 4.0100 3.0100 448.0 0.0004233
SN-252 KYOCERA/UDRI2  UDRIPKGNOVSS AIR 10 1000 587.1 4.0000 3.0000 489.0 0.0004233
SN-252 KYOCERA/UDRI2Z  UDRIPKGNOVSES AlR 41 1200  560.5 4.0100 3.0200 460.0 0.04
SN-252 KYOCERA/UDRI2  UDRIPKGNOVSES AlR 42 1200 662.8 3.9800 3.0100 54990 0.04
SN-252 KYOCERA/UDRI2  UDRIPKGNOVSS AlR 43 1200 5293 4,0000 3.0100 430.0 0.04
SN-252 KYOCERA/UDRIV2  UDRIPKGNOVSS AR 44 1200 6049 3.9900 3.0100 §01.0 0.04
SN-252 KYOCERA/UDRY2  UDRIPKGNOVSS AlR 45 1200 63186 3.990C 3.0100 523.0 0.04
SN-252 KYOCERA/UDRI2  UDRIPKGNOVaS AR 45 1200 524.8 3.9900 3.0000 438.0 0.04
SN-252 KYOCERA/UDRI2  UDRIPKGNOVSS AlR 47 1200 6094 4.0000 3.0200 503.0 0.04
SN-252 KYOCERAMAIDRIZ  UDRIPKGNOVSY AlR 43 1200 560.5 4.0100 3.0100 4540 0.04
8N-252 KYOCERA/UDRi2  UDRIPKGNOVS3 AR 49 1200 511.5 4.0000 3.0000 42590 0.04
SN-252 KYOCERA/UDRY2  UDRIPKGNOVSS AlR 50 1200  489.3 4.0000 3.0300 401.0 0.0004233
SN-252 KYOCERA/UDRI2  UDRIPKGNOVSS AR 51 1200 59690 4.0000 3.0100 4940 0.0004233
SN-252 KYOCERA/UDRY2  UDRIPKGNOVSS AR 52 1200  827.2 4.0000 3.0100 518.0 0.0004233
SN-252 KYOCERA/UDRY2  UDRIPKGNOVES AlR 53 1200 5049 4.0000 3.0000 504.0 0.0004233
8N-252 KYOCERA/UDRI2  UDRIPKGNOVSS AR 54 1200 5916 3.9900 3.0100 491.0 0.0004233
SN-252 KYOCERA/UDRI2  UDRIPKGNOVSI AR 55 1200 600.5 £.0000 3.0200 495.0 0.0004233
SN-252 KYOCERA/JDRI2  UDRIPKGNOVSS AlR 56 1200 564.9 40100 3.0000 4700 0.0004233
SN-252 KYOCERA/UDRI2  UDRIPKGNOVSEY AIR 57 1200 5782 3.8000 3.0200 476.0 0.0004233
SN-252 KYOCERA/UBDRY2  UDRIPKGNOVSY AR 58 1200 5738 3.8900 3.0200 47390 0.0004233
SN-252 KYOCERA/UDRI2  UDRIPKGNOVSS AlR 59 1200 5381 3.2500 3.0100 526.0 0.0004233
SN-252 KYOCERA/UDRI2  UDRIPKGNOVSEY AlR 21 1400 5649 4.0100 3.0100 487.0 0.04
SN-252 KYOCERA/UDRI2  UDRIPKGNOVED AR 22 1400 5427 3.9900 3.0000 452.0 0.04
SN-252 KYOCERA/UDRI2  UDRIPKGNOVS9 AR 23 1400 5204 3.9900 3.0100 431.0 0.04
SN-252 KYCCERA/UDRI2  UDRIPKGNOVEY AR 24 1400 5516 4.0000 3.0100 457.0 0.04
SN-252 KYSCERAMUDRY2  UDRIPKGNOVSY AlR 25 1400 8049 3.9500 3.0000 506.0 0.04
SM-252 KYOCERAMDRIV2  UDRIPKGNOVSS AR 25 1400  493.7 4.0200 3.0200 404.0 0.04
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE  TEST SPEC. TEMP LOAD WIDTH  THICK BEND  X-HEAD COMMENTS
CODE CODE ENVIRON.  No. c N mm mm  STRENGTH  SPEED
MPe mm/s
SN-252 KYOCERAUDRI2 UDRIPKGNOVES AR 27 1400 5782 40000 3.0000 4810 004
SN-252 KYOCERA/UDRI2 UDRIPKGNOVES AR 28 1400 5560 40200 3.0200 4560 004
SN-252 KYOCERA/UDRU2  UDRIPKGNOVES AR 2 1400 5016 40100 30100 4850 004
SN-252 KYOCERA/UDRIZ  UDRIPKGNOVSS  AIR 30 1400 5427 40100 30100 4400 004
SN-252 KYOCERA/UDRI2  UDRIPKGNOVES AR 0 1400 5204 39900 29900 4380  0.0004233
SN-252 KYOCERAUDRY2  UDRIPKGNOVES AR 0 1400 6494 40100 28900 5430 00004233
SN-252 KYOCERAMUDRI2 UDRIPKGNOVES AR 33 1400 6138 40100 30100 5080  0.0004233
SN-252 KYOCERAUDRVZ  UDRIPKGNOVES AR 34 1400 5871  3.8000 3.0300 4820  0.0004233
SN-252 KYOCERA/UDRV2  UDRIPKGNOVES AR as 1400 6405 40200 3.0200 5250  0.0004233
SN-252 KYOCERAUDRI2  UDRIPKGNOVES AR 3% 1400 5782 40000 3.0000 4820  0.0004233
SN-252 KYOCERAUDRV2  UDRIPKGNOVES  AIR 37 1400 5916 40000 3.0000 4920 00004233
SN-252 KYOCERAUDRV2  UDRIPKGNOVES AR a8 1400 5827 40200 30100 4810 00004233
SN-252 KYOCERALUDRI2 UDRIPKGNOVES AR 39 1400 6183 40000 30200 5070  0.0004233
SN-252 KYOCERA/UDRI/Z UDRIPKGNOVSS AR 40 1400 6272 39800 30100 5200  0.0004233
SN-4 HOWMET/UDRI”2  UDRIPKGNOVES  AIR 6 20 20772 6.4585 30734 10200 0042330
SN-4 HOWMET/UDRI2  UDRIPKGNOVSS AR 7 20 20105 6.1565 3.0758 9860 0042330
SN-4 HOWMET/UDRI2  UDRIPKGNOVBS AR 8 20 20728 61620 3.0012 10060 0042330
SN-4 HOWMET/UDRV2  UDRIPKGNOVE9 AR 9 20 22240 61620 3.0785 1088.0 0042330
SN-4 HOWMET/UDRI”2Z  UDRIPKGNOVBS AR 10 20 20806 61620 3.0759 10250 0042330
SN-4 HOWMET/UDRV2  UDRIPKGNOVES AR 11 20 22006 61505 230785 11260 0042330
SN-4 HOWMET/UDRI”Z  UDRIPKGNOVES AR 12 20 22240 61671 30759 10800 0042330
SN-4 HOWMET/UDRI2  UDRIPKGNOVES AR 13 20 17169 61620 3.0785 8400  0.042330
SN-4 HOWMET/UDRI2  UDRIPKGNOVE® AR 14 20 17481 61620 30756 8570 0042330
SN-4 HOWMET/UDRY2  UDRIPKGNOVES AR 15 20 16680 61595 3.0836 8140 0042330
SN-4 HOWMET/UDRI2  UDRIPKGNOVES AR 16 20 17782 61620 30785 8710 0042330
SN-4 HOWMET/UDRI/Z  UDRIPKGNOVES  AIR 17 20 20238 61646 30937 9800  0.042330
SN-4 HOWMET/UDRI2  UDRIPKGNOVES AR 18 20 20016 61620 3.0785 0790  0.042330
SN-4 HOWMET/UDRI2  UDRIPKGNOVS® AR 19 20 21840 61620 3.0785 10690  0.042330
SN-4 HOWMET/UDRI2  UDRIPKGNOVES  AIR 20 20 22462 61595 3.0758  1101.0  0.042330
SN-4 HOWMET/UDRIZ  UDRIPKGNOVS®  AIR 64 20 20550 61585 3.0861 10010 0042330
SN-4 HOWMET/UDRI/2  UDRIPKGNOVES AR 65 20 20728 61620 3.0937 10040  0.042330
SN-4 HOWMET/UDRI2  UDRIPKGNOVES AR 6 20 21765 61620  3.0861 1061.0 0042330
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH THICK BEND X-HEAD COMMENTS
CODE CODE EMYIRON. No. °C N mm mm STRENGTH  SPEED
MPs mm/'s
8N4 HOWMET/UDRIR2 UDRIPKGNOVES AR &8 20 11965 5.1620 3.0836 584.0 0.042330
SN4 HOWMET/UDRY/2 UDRIPKGNOVES AR 89 20 21350 6.1595 3.086% 1040.0  0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVES AIR 39 20 1450.1 4.1072 3.0937 10540  0.042330
SN4 HOWMET/UDRIR UDRIPKGNOVSBS AR 40 20 11821 4.0945 3.0837 869.0 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVS9 AR 41 20 1503.4 4.1072 3.0912 10950  0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVSY AiR 42 20 1083.1 4.1021 3.0912 7750 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVSEY AR 43 20 1289.9 4.1021 3.0881 9440 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNCVS2 AR 44 20 13700 4.1097 3.0912 9967.0 0.042330
SN+4 HOWMET/UDRI2 UDRIPKGNOVSS AR 45 20 14945 4.0894 3.0886 1065.0  0.042330
SN-4 HOWMET/UDRI/2 UDRIPKGNOVSES AR 45 20 11654 4.1046 3.0012 849.0 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVESY AIR 47 20 11921 4.0894 3.0861 875.0 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVES AR 48 20 11565 4.1097 3.0709 8530 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVS9 AlR 49 20 13789 4.1046 3.0886 10060  0.042330
SN-¢ HOWMET/UDRI2 UORIPKGNOVES AR 50 20 12088 4.1072 3.0885 947.0 0.042330
SN-4 HOWMET/UDRIR UDRIPKGNOVESY AR 51 20 12721 4.0096 3.0838 8933.0 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVEY AR 52 20 11820 4.1045 3.0886 841.0 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVSEY AR 53 20 13522 4.1072 3.0912 985.0 0.042330
Sh4 HOWMET/UDRIR2 UDRIPKGNOVSS AR 54 20 127686 4.1046 3.0886 9320 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVSES AR 55 20 1098.7 4.0665 3.0861 811.0 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVES AR 56 20 12143 4.1072 3.0836 889.0 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVES AIR 57 20 13833 4.097C 3.0835 1015.0  0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVES AlR 58 20 1276.8 41045 3.0810 636.0 0.042330
SN+ HOWMET/UDRIR2 UDRIPKGNOVESY AR 34 1000 1574.8 6.1645 3.0937 763.0 0.042330C
SN-4 HOWMET/UDRI2 UDRIPKGNOVSEI AR 35 1000 14014 £.1646 3.0861 682.0 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVSS AR 36 1000 $453.4 6.1671 3.1013 7050 0.042330
Sh-4 HOWMET/UDRIR UDRIPKGNOVSES AR 37 1000 14014 8.1646 3.0963 678.0 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVSS AiR 38 1000 18415 5.1645 3.0885 895.0 0.042330
SN+4 HOWMET/UDRI2 UDRIPKGNCVS8S AiR 59 1000 11654 5.1671 3.0063 563.0 0.000423
SN-4 HOWMET/UDRIR2 UDRIPKGNCY8Y AR 80 1000 9964 6.1620 3.0886 4840 0.000423
SN-4 HOWMET/UDRIR UDRIPKGNOVES AIR 61 1000 11120 6.1645 3.0912 539.0 0.000423
SN-4 HOWMET/UDRI2 UDRIPKGNOVES AR 82 1000 83441 6.1620 3.1064 4450 0.000423
SN-4 HOWMET/UDRI2 UDRIPKGNOV39 AR 63 1000 110314 £.1645 3.0888 53690 0.000423
SN-4 HOWMET/UDRI/2 UDRIPKGNOVEY AR 23 1200 202.9 6.1646 8.0881 440.0 0.042330
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE TEST SPEC., TEMP LOAD WIDTH THICK BEND X-HEAD COMMENTS

CODE CODE ENVIRON. No. °c N mm mm STRENGTH  SPEED
MPa mm/s
SN-4 HOWMET/ADRIR2 UDRIPKGNOVS9 AlR 24 1200 8874 81722 3.0886 4210 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVSS AIR 25 1200 8006 6.1646 3.0937 388.0 0.042330
SN-4 HOWMET/AUDRI/2 UDRIPKGNOVSES AR 26 1200 8629 6.1646 3.0063 4170 0.042330
SN-4 HOWMET/UDRI/2 UDRIPKGNOVS9 AR 27 1200 6805 6.1646 3.0888 3310 0.042330
SN-4 HOWMET/UDRI2 UDRIPKGNOVS9 AIR 28 1200 894.1 6.1646 3.0937 433.0 0.042330
SN4 HOWMET/UDRI/2 UDRIPKGNOVE9 AR 29 1200 591.6 6.1570 2.8575 3360 0.000423
SN-4 HOWMET/UDRIR UDRIPKGNOVSS AR 30 1200 8227 6.1646 3.0863 3010 0.000423
SN-4 HOWMET/UDRI/2 UDRIPKGNOVSE AR 31 1200 6183 6.1595 3.0912 330.0 0.000423
SN-4 HOWMET/UDRI/R UDRIPKGNOVSS AR a2 1200 6361 6.1620 3.0037 308.0 0.000423
SN-4 HOWMET/UDRI2 UDRIPKGNOVS9 AR 33 1200 6405 6.1595 3.0734 315.0 0.000423

SN-4 HOWMET/UDRIf2 UDRIPKGNOVSS AR a2t 1400 3959 6.1722 3.0988 191.0 0.042330  SEE DATATXT

SN-4 HOWMET/UDRI/2 UDRIPKGNOVSS AR 22" 1400 3914 6.1722 3.0088 189.0 0042330 SEE DATATXT
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFEREMCE HEAT TEST SPEC. TEMP WIDTH THICK BEND COMMENTS
CODE CODE TREATMENT ENVIRON. NO. °C mm mm STRENGTH
MPa
SILICON CARBIDE WHISKER-REINFORCED SILICON NITRIDE
SNW-1000 GTE/174-MA-1607 ORNL-CRB1288 AS FABRICATED AR 25 25 450 3.50 455.0
SNW-1000 GTE/174-MA-1607 ORNL-CRB1288  AS FABRICATED AR 27 25 4.50 3.50 512.3
SNW-1000 GTE/174-MA-1607 ORNL-CRB1282 AS FABRICATED AR 28 25 4.50 3.50 483.7
SNW-1000 GTE/M74-MA-1607 ORNL-CRB1289  AS FABRICATED AIR 29 25 4.50 3.50 470.5
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 AS FABRICATED AlR 30 25 4.50 3.50 488.5
SNW-1000 GTE/174-MA-1607 CRNL-CRBi289 AS FABRICATED AlR 36 25 4.850 3.50 522.1
SNW-1000 GTE/ 74-MA-1807 ORNL-CRE1289  AS FABRICATED AR 37 25 4.50 3.50 522.4
SNwW-1000 GTE/174-MA-1807 ORNL-CRB1288 AS FABRICATED AiR 38 25 4.50 3.50 523.0
SNW-1000 GTE/174-MA-1607 ORNL-CRBi280  AS FABRICATED AR 39 25 4.50 3.50 540.3
SNW-1000 GTE/174-MA-1807 OFRNL-CRB1289  AS FABRICATED AlIR 40 25 4.50 3.80 525.3
SNW-1000 GTE/74-MA-1607 ORNL-CRB1289 AS FABRICATED AR 41 25 4.50 3.50 £75.0
SNW-1000 GTE/74-MA-1607 ORNL-CRB128%  AS FABRICATED AR 42 25 4.50 3.50 495.2
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289  AS FABRICATED AR 43 25 4.50 3.5 508.9
SNW-1000 GTE/174-MA-1807 ORNL-CAB128%  AS FABRICATED AlR 44 25 4.50 3.50 531.8
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289  AS FABRICATED AR 45 25 4,50 3.50 576.9
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289  AS FABRICATED AlR 46 25 4.50 3.50 584.2
SNW-1000 GTE/N74-MA-1607 ORNL-CRB1289  AS FABRICATED AR 47 25 4.50 3.50 418.7
SNW-1000 GTE/174-MA-1607 ORNL-CR81289  AS FADRICATED AR 48 25 4.50 3.50 403.3
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 AS FABRICATED AlR 48 25 4.50 3.50 440.6
SNW-1000 GTE/{74-MA-1607 ORNL-CRB1289 AS FABRICATED AR 50 25 4.50 3.50 595.7
SNW-1000 GTE/174-MA-1607  ORNL-CRB1288  AS FABRICATED AR 51 25 450 350 3895
SNW-1000 GTE/174-MA-1507  ORNL-CRB1289  AS FABRICATED AR 52 25 450 350 4599
SNW-1000 GTE/174-MA-1607 CRBNL-CRE1280  AS FABRICATED AlR 53 25 4.50 3.50 568.1
SNW-10C0 GTE/74-MA-1607  ORNL-CRB1289  AS FABRICATED AR 54 25 450 350 4245
SNW-1000 GTE/174-MA-1607  ORNL-CRB1288  AS FABRICATED AlR 55 25 450 350 6708
SNW-1000 GTE/74-MA-1507 OHRNL-CRB1289  AS FABRICATED AR 58 25 4.50 3.50 533.3
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289  AS FABRICATED AlR 57 25 4.50 3.50 482.3
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289  AS FABRICATED AR 58 26 4.50 3.50 542.2
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE HEAT TEST SPEC. TEMP WIDTH THICK BEND COMMENTS
CODE CODE TREATMENT ENVIRON. NO. mm mm STRENGTH

MPa
SNW-1000 GTE/174-MA- 1607 ORNL-CRB1288  AS FABRICATED AlR 59 25 4.50 3.50 411.2
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289  AS FABRICATED AR 80 25 4.50 3.50 5471
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289  AS FABRICATED AlR 62 25 4.50 3.50 462.0
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289  AS FABRICATED AR 63 25 4.50 3.50 489.7
SNW-1000 GTE/174-MA-1607 ORNL-CRB1288  AS FABRICATED AIR 64 25 4.50 3.50 546.9
SNW-1000 GTE/174-MA-1607 ORNL-CRB128%  AS FABRICATED AIR 65 25 4.50 3.50 567.3
SNW-1000 GTE/N174-MA-1607 ORNL-CRB1289  AS FABRICATED AR 66 25 4,50 3.50 535.1
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289  AS FABRICATED AiR 67 25 4.50 3.50 §55.7
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289  AS FABRICATED AIR 68 25 4.50 3.5 491.9
SNW-1000 GTE/174-MA-1807 ORNL-CRB1289  AS FABRICATED AlR 68 25 4.50 3.50 563.5
SNW-1000 GTE/174-MA-1607 ORNL-CRB1288  AS FABRICATED AIR 70 25 4.50 3.50 443.6
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289  AS FABRICATED AR rA 25 4.50 350 485.6
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2"™ AR 1 25 4.50 3.50 533.9 “*SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2** AIR 2 25 4.50 3.50 5154 *SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB128% 1000H/D-2/E2* AR 3 25 4.50 3.50 508.5 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB128% 1000H/D-2/E2™ AIR 4 25 4.50 350 566.3 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1288 1000H/D-2/E2™ AR 5 25 4.50 3.50 517.7 **SEE TESTBKGD FOR DETAILS
SKNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-Z/E2** AR 6 25 4.50 3.50 527.8 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2** AR 7 25 4.50 3.50 535.4 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2** AR 8 25 4.50 3.50 577.7  *"SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2** AR 9 25 4.50 3.50 §61.1 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-Z/E2* AIR 10 25 4.50 3.50 5420  “*SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1283 1000H/D-2/E2** AR 11 25 4,50 3.50 5§57.3 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2* AlIR 12 25 4.50 3.50 §76.6  **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2* AR i3 25 4.50 3.5 531.1 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2" AR 14 25 4.50 3.50 528.,7  "SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2" AiR 15 25 4.50 3.50 529.8 **SEE TESTBKGD FOR DETAILS
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE HEAT TEST SPEC, TEMP WIDTH THICK BEND COMMENTS
CODE CODE TREATMENT ENVIRON. NO, mm mm STRENGTH
MPa

SNW-10C0 GTE/174-MA-1607 ORNL-CRB128% 1000H/D-2/E2** AR 16 25 4.50 3.50 £33.2 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2"** AIR 17 25 4.50 3.50 5166 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/N74-MA-1607 ORNL-CRB1288 1000H/D-2/E2** AR i8 25 4.50 3.50 §20.2 **SEE TESTBKGE FOR DETAILS
SNW-1000 GTE/174-MA-1807 ORNL-CRB1289 1000H/D-Z/E2* AR 19 25 4.50 3.50 487.5 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2** AlR 20 25 4.50 3.50 408.2 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2™ AR 21 25 4.50 3.50 518.7 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/N74-MA-1607 ORNL-CRB1289 1000H/D-2/E2™ AR 22 25 4.50 3.50 505.4 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTENT74-MA-1607 ORNML-CRB1289 1000H/D-2/E2"* AlR 23 25 4.50 .50 321.2 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2™ AR 24 25 4.50 3.50 505.6 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607  ORNL-CRB1289 1000H/D-2/E2** AR 25 25 450 350 4884  *"SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/NT74-MA-1807 ORNL-CRB1289 1000H/D-2/E2™ AR a3 25 4.50 3.50 546.7 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-Z/E2™ AR 32 25 4.50 3.50 419.0 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB81289 1000H/D-2/E2™ AlR 31 25 4.50 3.50 420.8 "*SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1807 ORNL-CRB1239 1000H/D-2/E2™ AR 34 25 4.50 3.50 512.8 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB31289 1000H/D-2/E2** AIR 35 25 4.50 3.50 572.1 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2™ AlR 71 25 4.80 3.50 474.7 **SEE TESTBKGD FOR DETAILS
SNW-1000 GTE/174-MA-1607 ORNL-CRB1289 1000H/D-2/E2* AR 72 25 4.50 3.50 545.6 **SEE TESTBKGD FOR DETAILS
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE HEAT TEST SPEC. TEMP WIDTH THICK BEND X-HEAD COMMENTS
CODE CODE TREATMENT ENVIRON. No. mm mm  STRENGTH SPEED
MPs mm/s
Zirconias

MS-PSZ NILCRA/ORNL-CRB ORNL-5612 100H/D2+B/E2™ AlR 113 25 4.50 350 61186 “SEE TESTBKGD FOR DETAILS
MS-PSZ NILCRAJORNL-CRB ORNL-5612  100H/D2+B/E2" AR 11 25 4.50 350 63241 ~SEE TESTBKGD FOR DETAILS
MS-PSZ NILCRA/ORNL-CRB ORNL-5612 100H/D2+B/E2" AR 112 25 4.50 350 6198 "SEE TESTBKGD FOR DETAILS
MS-PsZ NILCRA/ORNL-CRB ORNL-5612 100H/D2+B/E2™ AlIR 114 25 4.50 350 6207 **SEE TESTBKGD FOR DETAILS
MS-PSZ NILCRA/JORNL-CRB ORNL-6513 AS FABRICATE AR 1 25 4.50 350 6794  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 2 25 4,50 35 7035  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AIR 3 25 4.50 350 6688  0.00847

MS-PSZ NILCRAYORNL-CRB ORNL-6513 AS FABRICATE AR 4 25 4.50 3.50 6747  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AlR 5 25 4.50 3.50 6929  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 6 25 4.50 350 69586  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AlR 7 25 4.50 350 7269  0.00847

MS-PSZ NILCRAVORNL-CRB ORNL-6513 AS FABRICATE AiR 8 25 4.50 350 7069 0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AlR 8 25 4.50 3.50 697.7 0.00847

MS-PSZ NILCRA/ORNL-CRB ORML-6513 AS FABRICATE AIR 10 25 4.50 350 6824  0.00847

MS-PSZ NILCRA/CRNL-CRB ORNL-6513 AS FABRICATE AR 11 25 4.50 350 611.1 0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AlR 12 25 4.50 350 7089  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AlR 13 25 4.50 3.50 7337  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 14 25 4.50 350 6844  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AlR 15 25 4.50 350 698.3  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 16 25 4.50 350 6804  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 17 25 4.50 350 6035 0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-8513 AS FABRICATE AR 18 25 4.50 350 6816  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 19 25 4.50 3.50 6987  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-8513 AS FABRICATE AR 20 25 4.50 350 6805 0.00847

MsS-PsZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 21 25 4.50 350 6746  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 22 25 4.50 350 6427  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AIR 23 25 4.50 350 6955 0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AIR 24 25 4.50 350 7084  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 25 25 4.50 350 6914  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 26 25 4.50 350 7258  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 27 25 4.50 350 6852 0.00847



12

SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE HEAT TEST SPEC. TEMP WIDTH THICK BEND X-HEAD COMMENTS
SODE CODE TREATMENT ENVIRON. No. °C mm mm  STRENGTH SPEED
MPa mm/s

MS-PSZ NILCRA/ORNL-CRB CRNL-6513 AS FABRICATE AiR 28 25 450 3.50 6365  0.00847

MS-PSZ NILCRA/OBNL-CRB ORNL-8513 AS FARRICATE AlR 29 25 4.50 350 6942  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-8513 AS FABRICATE AlR 30 25 4.50 350 8908  0.00847

Ms-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 31 25 4,50 350 6623  0.00847

MS-PSZ NILCRA/ORNL-CRE ORNL-6513 AS FABRICATE AlR 32 25 4.50 350 6852  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 33 25 4,50 350 7188  0.00847

MS-PSZ NILCRA/ORNL-CAB ORNL-6513 AS FABRICATE AlR 34 25 4.50 3.50 70241 0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6518 AS FABRICATE AR 35 25 4,50 350 8564  0.00847

MS-PSZ NILCRA/ORNL-CRB CFINL-6513 AS FABRICATE AlR 36 25 4.50 3.50 6913  0.00847

MsS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AiR 37 25 4.50 350 B8535  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 38 25 4.50 350 6328  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 29 25 4.50 350 6668  0.00847

MS-PSZ NILCRA/ORNL-CRB ORNL-8513 AS FABRICATE AR 40 25 4.50 350 6856  0.00847

MS-psz NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100F AlR 51 25 4.50 350 6032 000847 **SEE TEXT FOR DETAILS
MS-PSZ NILCRA/CRNL-CRB ORNL-6512 EXPOSED/M100F AlR 52 25 4.50 3.50 561.8  0.00847 “SEE TEXT FOR DETAILS
MS-PSZ NILCRA/ORNL-CRB ORNL-8513 EXPCSED/00F AlR 53 25 4.50 3.50 8481 0.00847 **SEE TEXT FOR DETAILS
MS-PSZ NILCRA/ORNL-CRS ORNL-6513 EXPOSED/100+ AR 54 25 4,50 350 6221 0.00847 **SEE TEXT FOR DETAILS
MS-PSZ MILCRA/ORNL-CRB ORNL-8513 EXPOSED/100F AR 55 25 4.50 3.50 6444  0.00847 **SEE TEXT FOR DETAILS
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100t AlR 56 25 4.50 3.50 536.5 0.00847 *“*SEE TEXT FOR DETAILS
MS-PSZ NILCRA/ORNL-CR8 ORNL-6513 EXPOSED/100+ AR 57 25 4.50 350 6738  0.00847 **SEE TEXT FOR DETAILS
MS-PSZ NILCAA/ORNL-CRB ORNL-6513 EXPOSED/H00F AR 58 25 4.50 350 6409  0.00847 **SEE TEXT FOR DETAILS
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 EXPOSED/{00F AR 41 25 4.50 350 6588  0.00847 *SEE TEXT FOR DETAILS
MS-PSZ NILCRA/ORNL-CRB ORNL-8513 EXPOSED/MO0F AR 42 25 4.50 3.50 6420  0.00847 **SEE TEXT FOR DETAILS
MS-PSzZ NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100F AlR 43 25 4.50 3.50 810.4  0.00847 “*SEE TEXT FOR DETAILS
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100+ AR 44 25 4.50 3.50 567.8  0.00847 **SEE TEXT FOR DETAILS
MS-PSZ NILCRA/CRNL-CRB ORNL-8513 EXPOSED/100+ AR 59 25 4.50 350 8745  0.00847 **SEE TEXT FOR DETAILS
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 EXPOSED/M00F AlR 80 25 450 3.50 8399  0.00847 “*SEE TEXT FOR DETAILS
MS-pSzZ NILCRA/ORNL-CRB ORNL-6513 EXPOSED/1C0F AR 45 25 4.50 350 8351 0.00847 **SEE TEXT FOR DETAILS
MS-PSZ NILCRA/ORNL-CRB ORNL-8513 EXPOSED/100t+ AR 48 25 4.50 3.50 583.4  0.00847 **SEE TEXT FOR DETAILS
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100F AR 47 25 4.50 350 8593  0.00847 **SEE TEXT FOR DETAILS
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100F AlR 48 25 4.50 350 6014 0.00847 **SEE TEXT FOR DETAILS
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 EXPOSED/00F AR 435 25 4,50 350 637.9 0.00847 “*SEE TEXT FOR DETAILS
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE HEAT TEST SPEC. TEMP WIDTH THICK BEND X-HEAD COMMENTS
CODE CODE TREATMENT ENVIROM. No. °C mm mm  STRENGTH SPEED
MPa mm's

MS-PSZ NILCRA/ORNL-CRB ORNL-6513 EXPOSED/{00t AR 50 25 4.50 3.50 659.0 0.00847 “*SEE TEXT FOR DETAILS
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/{00H@700 AIR 61 25 4.50 3.50 6880  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AlR 62 25 4.50 3.50 6717  0.00847
MS-PSZ MILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AR 63 25 4.50 3.50 669.8  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AR 64 25 4.50 3.50 8649  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AlR 65 25 4.50 3.50 659.2  0.00847
M3-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@70¢ AIR 66 25 4.50 3.50 658.8  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AR 87 25 4.50 3.50 8576  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AIR 68 25 4.50 3.50 656.3  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/{100H@700 AIR 69 25 4.50 3.50 655.9 0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@70¢ AR 70 25 4.50 3.50 6553  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AR Al 25 4.50 3.50 653.4  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AR 72 25 4.50 3.50 647.7 0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@70¢ AR 73 25 4.50 3.50 644.6 0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H®@70C AIR 74 25 4.50 3.50 641.6 0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AIR 75 25 4.50 3.50 639.6 0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-8513 AGE/00H@700 AR 786 25 450 3.50 638.8  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AR 77 25 4.50 3.50 636.2  0.00847
Ms-PSZ NILCRA/ORNL-CRB ORNL-8513 AGE/100H@70C AIR 78 25 4.50 3.50 627.9 0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AIR 79 25 4.50 3.50 5§36.2 0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@75C AIR 80 25 4.50 3.50 5274 0.00847
MS-PSZ N!LCHA/ORNL—CRB ORNL-6513 AGE/100H@75C AIR 81 25 450 3.50 676.0 0.00847
MS-PSZ NILCRAJORNL-CRB ORNL-6513  AGE/100H@750 AR 82 25 4.50 3.50 6720 0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@75C AIR 83 25 4.50 3.50 6687.5 0.00847
MS-PSZ NILCRAJORNL-CRB ORNL-6513 AGE/100H@750 AR 84 25 450 3.50 663.0 0.00847
Ms-PszZ NILCRA/ORNL-CRB ORNL-8513 AGE/{100H@750 AIR 85 25 4.50 3.50 6468  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@750 AIR 86 25 4.50 3.50 6440  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@750 AlIR 87 25 4.50 3.50 641.2 0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/M100H@750 AIR 88 25 450 3.50 6410  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGEMQQH@75C AlR 90 25 4.50 3.50 839.4  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/10CH@750 AR 91 25 4.50 3.50 635.5 0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-8513 AGE/100H@750 AR 92 25 4.50 3.50 8309  0.00847



SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENMCE HEAT TEST SPEC. TEMP WIDTH THICK BEND X-HEAD COMMENTS
CODE CODE TREATMENT ENVIROM. No. °C mm mm  STRENGTH  SPEED
MPa mm/s

MsS-PSZ NILCRA/ORML-CRB ORNL-6513 AGE/100H@750 AR fox] 25 4.50 350 ©628.2  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513  AGE/100H@75C AlH 94 25 4,50 350 6225  0.00847
MS-PSZ MILCRA/ORNL-CRB ORNL-6513 AGENM00H@750 AR 95 25 4.50 350 6194  0.00847
MS-P8Z NILCRA/ORNL-CRB ORNL-6513  AGEMJ0H@75C AR e 25 4.50 3.50 6148  0.00847
MS-PSZ NILCRA/ORNL-CRZ OANL-6513 AGEAN00H@754 AlR a7 25 450 3.50 809.5  0.00847
Ms-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/{00H@750 AR 28 25 4.50 350 597.0  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGEMO0H@750 AR 9 25 4.50 3.50 596.6  0.00847
MS-PSZ NILCRAZOBNL-CRB ORNL-6513 AGE/00H@750 AR 100 25 450 3.50 5127  0.00847
MsS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@80C AR 131 25 4,50 3.50 6413  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513  AGE/100H@800 AR 132 25 4.50 350 6420  0.00847
MS-PSZ NILCRNORNL-CRE ORNL-6513  AGE/100H@800 AR 133 25 4.50 3.50 6453  0.00847
MSs-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@800 AR 134 25 4.50 3.50 593.6  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/1C0H@800 AlR 135 25 4.50 3.50 6200 0.00847
MS-PSZ MILCRA/ORNL-CRB ORNL-6513 AGE/100H@80C AIR 136 25 4,50 350 6626  0.00847
MS-PSZ NILCRA/ORNL-CR8 ORNL-6513 AGE/100H@800 AiR 137 25 4,50 3.50 5938  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-8513 AGE/00H@SB00 AR 138 25 450 350 8568  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/M00H@30C AIR 139 25 4.50 350 68440  0.00847
MS-PSZ NILCRA/ORNL-CRSB ORNL-6513  AGE/ 0OH@R00 AR 440 25 4,50 3.50 8346  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/{0CH@E00 AlR 141 25 450 350 6516  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@800 AR 142 25 4,50 3.50 653.4  0.00847
MS-PSZ MILCRA/ORNL-CRB ORNL-6513 AGE/M00H@800 AlR 143 25 4,50 3.50 589.1 0.00847
MS-PSZ MILCRA/ORNL-CRB ORNL-6513 AGE/100H@80C AlR 144 25 4.50 3.50 €588  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@800 AR 145 25 450 3.50 5915  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6513  AGE/100H@80C AlR 148 25 4.50 3.50 6495  (.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-8513 AGE/100H@3CC AlR 147 25 4,50 350 6516  0.00847
MS-PSZ NILCRA/ORML-CRE ORNL-6513 AGE/100H@300 AIR 148 25 4,50 3.50 627.2  0.00847
VS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@80C AlR 149 25 4.50 350 6499  0.00847
MS-PSZ NILCRA/ORNL-CRB ORNL-6153 AGE/100H@800 AR 159 25 4.50 3.50 5468  0.00847
TS-PSZ NILCRA/BS-218 ORNL-5612 AS FABRICATE AR 221 25 4.50 3.50 654.1

TS-PSZ NiLCRA/B5-218 ORNL-5612 AS FABRICATE AR 222 25 4.50 3.50 523.7

TS-PSZ NILCRA/85-218 ORNL-5612 AS FABRICATE AR 223 25 4.50 3.50 591.4

TS-PSZ NILCRA/85-218 ORNL-5612 AS FABRICATE AlR 224 25 4.50 3.50 597.7
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE  HEAT TEST  SPEC. TEMP WIDTH THICK BEND  X-HEAD COMMENTS

CODE CODE  TREATMENT ENVIRON. No.  °C mm mm STRENGTH SPEED

MPa ms

TSPSZ  NILCRA/B5-218  ORNL-5612 AS FABRICATE AR 225 25 450 350 6515
TS-PSZ  NILCRA/S5-218  ORNL-5612 AS FABRICATE AR 226 25 450 350 6714
TS-PSZ  NILCRAB5-218  ORNL-5612 AS FABRICATE AR 207 25 450 350 6397
TS-PSZ  NILCRA/S5-218  ORNL-5612 AS FABRICATE AR 228 25 450 350 6367
TS-PSZ  NILCRA/B5-218  ORNL-5612 AS FABRICATE AR 220 25 450 350 6487
TS-PSZ  NILCRA/85-21B  ORNL5612 ASFABRICATE AR 230 25 450 350 6268
TS-PSZ  NILCRA/S5-218  ORNL-5612 AS FABRICATE AR 231 25 450 350 6565
TSPSZ  NILCRA/B5-218  ORNL-5612 AS FABRICATE AR 232 25 450 350 6649
TS-PSZ  NILCRA/S5218  ORNL-5612 ASFABRICATE AR 233 25 450 350 5682
TS-PSZ  NILCRABS-218  ORNL-5612 AS FABRICATE AR 234 25 450 350 6384
TSPSZ  NILCRA/85-218  ORNL-5612 ASFABRICATE AR 235 25 450 350 609.0
TS-PSZ  NILCRA/B5-218  ORNL-5612 ASFABRICATE AR 236 25 450 350 6037
TS-PSZ  NILORA/BS-218  ORNL-5612 ASFABRICATE AR 237 25 450 350 6708
TS-PSZ  NILCRA/B5-218  ORNL-5612 AS FABRICATE AR 238 25 450 350 5744
TS-PSZ  NILCRA/B5-218  ORNL5612 AS FABRICATE AR 239 25 450 350 6306
TSPSZ  NILCRA/BS-218  ORNL-5612 AS FABRICATE AR 240 25 450 350 6247
TS-PSZ  NILCRA/ORNL-CRB ORNL-5612 100H/D2:+B/E2" AR 70 25 450 350 5500 +SEE TESTBKGD FOR DETAILS
TS-PSZ  NILCRA/ORNL-CRB ORNL-5612 100H/D2+B/E2™ AR 145 25 450 350 5465 ~SEE TESTBKGD FOR DETAILS
TS-PSZ  NILCRA/ORNL-CRB ORNL-5612 100H/D2+B/E2"  AIR 142 25 450 350 4991 ~SEE TESTBKGD FOR DETAILS
TS-PSZ  NILCRAVORNL-CRB ORNL-5612 100H/D2+B/E2" AR 143 25 450 350 4277 “SEE TESTBKGD FOR DETAILS
TSPSZ  NILCRAORNL-CRB ORNL-5612 100HD2+B/E2™ AR 148 25 450 350 5259 *SEE TESTBKGD FOR DETAILS
TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 72 25 450 350 5986  0.00847
TS-PSZ  NILCRAJORNL-CRB ORNL-6513 AS FABRICATE AR 73 25 450 350 6045 000847
TSPSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 74 25 450 350 6137 000847
TS-PSZ  NILCRAJORNL-CRB ORNL-6513 AS FABRICATE AR 75 25 450 350 5905 000847
TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 76 25 450 350 5853  0.00847
TS-PSZ  NILCRAORNL-CRB ORNL-6513 AS FABRICATE AR 77 25 450 350 6125  0.00847
TS-PSZ  NILCRAIORNL-CRB ORNL-6513 AS FABRICATE AR 78 25 450 350 559.4  0.00847
TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 79 25 450 350 5938  0.00847
TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 80 25 450 350 8092  0.00847
TSPSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 82 25 450 350 5569  0.00847
TSPSZ  NILCRAIORNL-CRB ORNL-6513 AS FABRICATE AR 83 25 450 350 5882 000847
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE HEAT TESY SPEC. TEMP WIDTH THICK BEND A-HEAD COMMENTS
CODE CODE TREATMENT ENVIROM, #o. °5 mm mm STRENGTH SPEED
MPa mms
TS-PSZ NILCRA/ORML-CRB ORNL-6513  AS FABRICATE AR 84 25 4,50 3.50 591.2  0.00847
TS-PSZ NILCRA/OANL-CAB OANL-6513 AS FABRICATE AR 85 25 4.50 3.50 590.4  0.00847
TS-PSZ MILCRA/CRNL-CRE OANL-6513 AS FABRICATE AR 86 25 4.50 3.50 584.9  0.00847
TS-PSZ NILCRA/ORNL-CRE ORNL-5513  AS FABRICATE AR 87 25 4.50 3.50 5957  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-8513 AS FABRICATE AlR B3 25 4.50 3.50 586.3 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 90 25 4.50 3.50 576.5  0.00847
TS-PSZ MILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 2! 25 450 3.50 591.5  0.00847
TS-PSZ MILCRA/OANL-CRE ORNL-6513 A3 FABRICATE AR 92 25 450 3.50 599.5  0.00847

TS-PSZ MILCRAJORNL-CRB ORNL-6513  AS FABRICATE AR 93 25 4.50 350 6000  0.00847

TS-PSZ NILCRA/ORNL-CRB OANL-6513 AS FABRICATE AlR 94 25 4.50 350 587.9  0.00847

TS-PSZ NILCRAJORNL-CRS ORNL-8593 AS FABRICATE AR 96 25 4.50 3.50 5726  0.00847

TS-PSZ MILCFA/ORNL-CRB ORNL-6513 AS FABRICATE AR 97 25 4.50 3.50 590.9  0.00847

TS-PSL NILCRA/ORNL-CREB ORNL-8513 AS FABRICATE AlR 98 25 4.50 350 5013 0.00847
99

TS-PSZ NILCRA/ORNL-CRB ORML-5513  AS FABRICATE AlR 25 4.50 3.50 585.9  0.00847

TS-PSL NILCRA/ORNL-CAE ORNL-6513 AS FABRICATE AIR 100 25 450 350 5982  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 101 25 450 350  579.7  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-8518  AS FABRICATE AR 102 25 4.50 350 5626  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AlR 103 25 4.50 350 5891 0.00847
TS-PSZ NILCRAJORNL-CRB ORNL-6513  AS FABRICATE AR 104 25 4.50 3.50 6022 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513  AS FABRICATE AR 105 25 4.50 350 589.0  0.00847
TS-PSZ NILCHA/DFNL-CRB ORNL-6513 AS FABRICATE AR 106 25 450 350 58t.9  0.00847
TS-PSZ NILCRA/ORNL-CRE ORNL-8518 AS FABRICATE AR 107 25 450 350 6022  0.00847
TS-PSZ NILCRA/OFINL-CRB ORNL-6513 AS FABRICATE AlR 109 25 4.50 3.50 585.2  0.00847
TS-PSZ NILCRA/ORML-CRB ORNL-6513  AS FABRICATE AR 110 25 4.50 350 607.7  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513  AS FABRICATE AR 111 25 4.50 3.50 501.2  0.00847
TS-PSZ NILCRA/CRNL-CRB ORNL-6513 AS FABRICATE AR 112 25 4.50 3.50 5883  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-8513 AS FABRICATE AlR 113 25 4.50 3.50 594.1 0.00847
TS-PSZ NILCRAJORINL-CRB ORNL-6513  AS FABRICATE AR 114 25 4.50 350 6005  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 115 25 4.50 350 5888  (.00847
T8-PSZ MILCRA/ORNL-CRE ORNL-8513  AS FABRICATE AlR 117 25 4.50 3.50 5227  0.00847
T8-PSZ NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AfR 118 25 450 3.50 587.4  0.00847

TS-PSZ NILCRA/ORNL-CRIB ORNL-6513  AS FABRICATE AlR 119 25 4.50 350 5989  0.00847
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SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued

MATERIAL BATCH REFERENCE  HEAT TEST SPEC. TEMP WIDTH THICK  BEND X-HEAD COMMENTS
CODE CODE  TREATMENT ENVIRON. No. mm mm STRENGTH SPEED
MPs mm/s

TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 120 25 450 350 5995  0.00847

TSPSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 121 25 450 350 5787  0.00847

TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 122 25 450 350 5901  0.00847

TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 124 25 450 350 577.8  0.00847

TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 125 25 450 350 5932  0.00847

TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 126 25 450 350 6058  0.00847

TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 127 25 450 350 6009  0.00847

TSPSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 128 25 450 350 587.4  0.00847

TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 128 25 4.50 350 4902  0.00847

TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AS FABRICATE AR 130 25 450 350 5864  0.00847

TSPSZ  NILCRA/ORNL-CRB ORNL-6513 EXPOSEDA00OF AR 71 25 450 350 2040 000847  *SEE TEXT FOR DETAILS
TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100F AR 85 25 450 350 2280 000847  **SEE TEXT FOR DETAILS
TSPSZ  NILCRA/ORNL-CRB ORNL-6513 EXPOSED/00F AR 133 25 450 350 2850 0.00847  *SEE TEXT FOR DETAILS
TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100F AR 66 25 450 350 3070 000847  -*SEE TEXT FOR DETAILS
TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100F  AIR 81 25 450 350 3090 0.00847  *SEE TEXT FOR DETAILS
TSPSZ  NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100F  AIR 85 25 450 350 3340 000847  **SEE TEXT FOR DETAILS
TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100F AR 123 25 450 350 4530 0.00847  **SEE TEXT FOR DETAILS
TSPSZ  NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100F  AIR 144 25 450 350 4530 0.00847  *"SEE TEXT FOR DETAILS
TSPSZ  NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100F  AIR 63 25 450 350 4740 000847  **SEE TEXT FOR DETAILS
TS-PSZ  NILCRA/ORNL-CRB ORNL-8513 EXPOSED/100F  AIR 58 25 450 350 4750 0.00847  **SEE TEXT FOR DETAILS
TSPSZ  NILCRA/ORNL-CRB ORNL-6513 EXPOSEDA00OF  AIR 89 25 450 350 5010 000847  **SEE TEXT FOR DETAILS
TSPSZ  NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100F AR 150 25 450 350 5150 000847  **SEE TEXT FOR DETAILS
TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 EXPOSED/100F AR 151 25 450 350 5460 0.00847  **SEE TEXT FOR DETAWLS
TSPSZ  NILCRA/ORNL-CRB ORNL-6513 EXPOSED/M00F  AIR 152 25 450 350 5400 000847  **SEE TEXT FOR DETAILS
TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AR 11 25 450 350 5419  0.00847

TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AGE/00H@70C AR 12 25 450 350 5321  0.00847

TSPSZ  NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AR 13 25 450 350 5518  0.00847

TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AR 14 25 450 350 5363  0.00847

TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 < AGE/I00H@700 AR 15 25 450 350 5252  0.00847

TS-PSZ  NILCRA/ORNL-CRB ORNL-8513 AGE/100H@700 AR 46 25 450 350 5552  0.00847

TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700  AIR 47 25 450 350 5530  0.00847

TS-PSZ  NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AR 48 25 450 350 5531  0.00847



SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued
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MATERIAL BATCH REFERENCE HEAT TEST SPEC. TEMP WIDTH THICK BEND X-HEAD COMMENTS
CODE CODE TREATMENT ENVIHON, No. °C mm mm  STRENGTH SPEED
MPa mm/s
Ts-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@70C AlR 49 25 4.50 3.50 576.1 0.00847
TS8-PSZ NILCRA/ORNL-CRB ORNL-68513 AGEN00H@7X AlR 50 25 4.50 350 5564  0.00847
TS-PSZ NILCRAVORNL-CRB ORNL-6513 AGE/100H@700 AR 59 25 4.50 350 5373  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AR 52 25 450 3.50 569.0 0.00847
TS-PSZ NILCRAJ/ORNL-CRB ORNL-6513 AGE/100H@70C AlR 53 25 4.50 3.50 5446  0.00847
T5-PS5Z NILCRA/ORNL-CRB ORNL-6513 AGE/M00H@700 AR 54 25 4.50 3.50 549.9 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@700 AlR 55 25 4,50 3.50 550.4  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/M00H®700 AR 56 25 4.50 3.50 566.2 0.00847
TS-PSZ NILCAAYORNL-CRB ORNL-6513 AGE/N00H@70C AR 57 25 4.50 3.50 5620  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-8518 AGEN00H@70C AR 59 25 4.50 3.50 5503 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/{00H@70C AlR €0 25 4.50 3.50 506.1 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGEMOOIH@700 AR 138 25 4.50 3.50 5530  0.00847
TS-PSZ NILCRA/ORNL-CREB ORNL-6513 AGE/M0DH@700 AIR 137 25 4.50 3.50 560.2 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-8513 AGEAN0GH@700 AlR 138 25 4,50 350 5539 0.00847
T5-PSZ NILCRA/ORNL-CRB ORNL-8513 AGE/100H@700 AlR 140 25 4.50 3.50 505.1 0.00847
7S-PS2Z MILCRA/ORNL-CRB ORNL-8513 AGE/100H@75C AR 1 25 4.50 3.50 5694  0.00847
TS-PSZ NILCRAJ/OHNL-CRE ORNL-6513 AGE/MOOH@750 AlR 2 25 4.580 3.50 568.2 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-8513 AGE/NODH@®7S0 AlR 3 25 4.50 3.80 6240  0.00847
TS-PSZ NILCRA/OHNL-CREB ORNL-6513 AGE/100H@750 AlR 4 25 4.50 3.50 583.6 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@®750C AR 5 25 4.50 3.50 597.4  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGEN00H@750 AR 8 25 4.50 3.50 529.3 000847
TS-PSZ NILCRA/ORNL-CRE ORNL-8513 AGE/300H@750 AR 7 25 4,50 3.50 558.0  0.00847
TS-PSZ NILCRA/ORNL-CHB ORNL-6513 AGE/OUH@750 AlR 8 25 4,50 350 5432 000847
TS-PSZ NILCRA/ORNL-CRE ORNL-6513 AGE/M00H@7X AlR 3 25 4.50 3.50 519.0 0.00847
TS-PSZ NILCRAJORNL-CRB ORNL-6513 AGE/M00H@750 AlR 10 25 4,50 350 5583  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-8513 AGE/100H@75¢ AIR 11 25 4.50 3.50 536.1 0.00847
7s-PSZ NILCRA/ORNL-CRE ORNL-6513 AGE/00H@750 AlR 12 25 4.50 3.50 539.4 0.00847
TS-PSZ NILCRA/ORNL-CHB ORNL-6513 AGE/MOOH@T750 AR 13 25 450 350 5358  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@T750 AlR 14 25 4.50 350 5279  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-8513 AGE/ND0H@T75) AR 15 25 4.50 3.50 555.6 0.00847
TS-PSZ NILCRA/ORML-CRB ORNL-6513 AGE/00H@75C AR 16 25 4,50 3.50 525.7  0.00847
TS-PSZ NILCAA/ORNL-CRB ORNL-6513 AGE/M0OOH@750 AR 17 25 4.50 350 4813  0.00847



SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued
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MATERIAL BATCH REFERENCE HEAT TEST SPEC. TEMP WIDTH THICK BEND X-HEAD COMMENTS
CODE CODE TREATMENT ENVIRON. No. °C mm mm STRENGTH SPEED
MPa mm's
TS-PSZ NILCRAJORNL-CRB ORNL-6513 AGE/N00H@750 AR 18 25 4.50 3.50 4277  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@750 AR 19 25 450 350 5016 000847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@750 AR 20 25 4.50 350 5202 0.00847
TS-PsZ NILCRA/ORNL-CRB ORNL-8513 AGE/100H@80C AIR -] 25 4.50 3.50 5484  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@80¢ AR 7 25 4.50 350 5287 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-8513 AGE/100H@800 AR 8 25 4.50 3.50 505.8 0.00847
T8-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@800 AR 9 25 4.50 3.50 514.7 0.00847
TS-PSZ NILCRAJORNL-CRB ORNL-6513 AGE/100H@80C AR 10 25 4.50 3.50 5170 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@800 AlR 31 25 4.50 350 5334 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@800 AR 32 25 4.50 350 5124  0.00847
TS-PS2 NILCRA/ORNL-CRB ORNL-8513 AGE/100H@800 AR 33 25 4.50 350 5409  0.00847
T8-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@800 AIR 34 25 4.50 350 5259  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@800 AIR 35 25 4.50 350 5200 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H®@800 AR 36 25 4.50 3.50 522.5 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-8513 AGE/100H@800 AR 37 25 4.50 350 526.5 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@80¢ AR 38 25 4.50 350 5378 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@800 AIR 38 25 4.50 3.50 520.1 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@800 AIR 40 25 4.50 350 5367  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@800 AIR 41 25 4.50 350 5360 0.00847
TS-PS2Z NILCRA/ORNL-CRB ORNL-6513 AGE/100H@800 AIR 42 25 4.50 350 5387 0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@800 AIR 43 25 4.50 350 - 5207  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@80¢ AR 44 25 4.50 3.50 5263  0.00847
TS-PSZ NILCRA/ORNL-CRB ORNL-6513 AGE/100H@800 AR 45 25 4.50 3.50 5441  0.00847
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Figure 2.5. Weibuli plot of CVD SiC at room temperature.
Crosshead speed was 0.04 millimeters per second.
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Figure 2.6. Weibuli plot of CVD-SiC tests run at 1000°C
using 2 different crosshead speeds.
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1200°C at 2 crosshead speeds.
1
y(E1)= - 40.776 + 6.3348x
R*2 = 0.852 o
1 y(E2) = - 34.016 + 5.3882x .
R*2 = 0.987
0 - Crosshead
Speed
{mm/s)
B .000423=E1 o

14 & .0423=E2

Inin[1/(1-F)]

-2-
] CVD-SiC
1400°C
3 A | v T T ¥ T v T v T

5.8 5.9 6.0 6.1 6.2 6.3 6.4 6.5

In(Strength, MPa)

Figure 2.8. Weibull plot of CVD-SIC tests run at 1400°C
using 2 crosshead speeds.
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Figure 2.9. Weibuli plot of Hexoloy SA MOR 4-point bend
tests run at 21°C at 2 crosshead speeds.
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Figure 2.10. Weibull plot of Hexoloy SA MOR 4-point bend
tests run at 1000°C at 3 crosshead speeds.
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Figure 2.11. Weibuil plot of Hexoloy SA MOR 4-point bend
tests run at 1200°C at 3 crosshead speeds.
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Figure 2.12. Weibull plot of Hexaloy SA MOR 4-point bend
tests run at 1400°C at 3 crosshead speeds.

67



Inln{1/(1-F)]

Inln[1/{1-F)]

ORNL-DWG 90-9358

]
y = -75299 + 11.273x R*2 = 0.551
0 =
<]
-1-1
2]
Ceralloy 147-3
21°C
-2 ¥ T v T v [) T v T v T v
6.60 662 6.64 666 568 670 6.72 6.74

In{Strength, MPa)

Figure 2.13. Weibull plot of Ceralloy 147-3 MOR 4-point bend
tests run at 21°C at a crosshead speed of .04233 millimeters per
second.
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Figure 2.14. Weibull plot of Ceralloy 147-3 MOR 4-point bend
tests run at 1000°C at 2 crosshead speeds.
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Figure 2.15. Weibull plot of Ceralloy 147-3 MOR 4-point
bend tests run at 1200°C at 2 crosshead speeds.
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Figure 2.16. Weibull plot of Ceralloy 147-3 MOR 4-point
bend tests run at 1400°C at 2 crosshead speeds.
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Figure 2.17. Weibull plot of EC-152 MOR 4-point bend
tests run at 1000°C at 2 crosshead speeds.
1 5] 4
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y(E2)= - 104.69 + 16.249x
0 - RA2 = 0.803
y(E1) = - 151.01 + 22.414x
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Figure 2.18. Weibuli plot of EC-152 MOR 4-pcint bend
tests run at 1200°C at 2 crosshead speeds.
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Figure 2.19. Weibull plot of EC-152 MOR 4-point bend
tests run at 1400°C at 0.0423 millimeters per second.
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[
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Figure 2.20. Weibull plot of GTE PY6 MOR 4-point bend
tests run at 21°C at 0.04233 millimeters per second.
]
y(E3) = - 226.97 + 34.644x o
R*2 = 0.976
1y(E2) = - 57.115 + 8.6548x
RrA2 = 0.970
0 y(E1) = - 106.29 + 16.031x
R*2 = 0.898
Crosshaad
Speed
44 (mm/s)
B .000423=£3
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_2"
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'3 1 N ] M 1 ‘ 1 M i ¥ 1 M ¥
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Figure 2.21. Weibull piot of GTE PY6 MOR 4-point bend
tests run at 1000°C at 3 crosshead speeds.
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Figure 2.22. Weibull piot of GTE PY5 MOR 4-point bend
tests run at 1200°C at 3 crosshead speeds.
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Figure 2.23. Weibull plot of GTE PY8 MOR 4-point bend
tests run at 1400°C at 3 crosshead speeds.
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Figure 2.24. Weibull plot of NT-154 MOR 4-point bend
tests run at 21°C at 2 crosshead speeds.
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Figure 2.25. Weibuil plot of NT-154 MOR 4-point bend
tests run at 1000°C at 2 ciosshead speeds.
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Figure 2.26. Weibull piot of NT-154 MOR 4-point bend
tests run at 1200°C at 2 crosshead speeds.
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Figure 2.27. Weibull plot of NT-154 MOR 4-point bend
tests run at 1400°C at 2 crosshead speeds.
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Figure 2.28. Weibull plot for SN-4 MOR 4-point bend
tests run at 20°C at .0423 millimeters per second.
1
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Figure 2.23. Weibull plot OF SN-4 MOR 4-point bend
tests run at 1000°C at 2 crosshead speeds.
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Figure 2.30. Weibull plot of SN-4 MOR 4-point bend
tesis run at 1200°C at 2 crosshead speeds.
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Figure 2.31. Weibull plot of SN-252 MCR 4-peint bend
tests run at 1000°C at 2 crosshead speeds.
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Figure 2.32. Weibull piot of SN-252 MOR 4-point bend
tests run at 1200°C at 2 crosshead speads.
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Figure 2.33. Weibuil plot of SN-252 MOR 4-point bend
tests run at 1400°C at 2 crosshead speeds.
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Figure 2.34. Weibull plot comparing 2 batches of Nilcra TS-PSZ
with 1 batch of Nilcra MS-PSZ in the as-fabricated condition at 25°C.
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0 Y(MS-PSZ) = - 109.31 + 16.902x
RA2 = 0.974

B T8-PSZA
® MS-PSZA1

In{Strength, MPa)

Figure 2.35. Weibull ploi comparing MS-PSZ and TS-PSZ
tested at 25°C after 100 hours diesel engine exposure.
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Figure 2.36. Weibull plot comparing TS-PSZ to MS-PSZ after

aging 100 hours at 700°C. Test temperature was 25°C.
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Figure 2.37. Weibull plot comparing MS-PSZ to TS-PSZ

after aging 100 hours at 750°C. Test temperature was 25°C.
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Figure 2.38. Weibuil plot comparing MS-PSZ and TS-PSZ
after aging 100 hours at 800°C. Test temperature was 25°C.
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SECTION 6, MODULUS OF ELASTICITY

€8

MATERIAL BATCH REFERENCE TEST SPECMEN TEST TEST MODUUS
CCEE CCDE ENVIRON NUMBER TYPE TEMP ELASTICITY
°C GPa

SILICON CARBIDE

HEXOLOY SA SOHIO/UDRI2Z  UDRIPKGNOVES AR 16 SONIC 20  420.60
HEXOLOY SA SOHIO/UDRI2  UDRIPKGNOVES  AIR 17 SONIC 20 411.63
HEXOLOY SA SOHIO/UDRI/2  UDRIPKGNOVBS  AlR 18 SONIC 20 411.83
HEXOLOY SA SOHIO/UDRI/2  UDRIPKGNOVBS  AIR 19 SONIC 20 417.84
HEXOLOY SA SOHIO/UDRI/2  UDRIPKGNOVBS  AIR 20 SONIC 20 436.45
HEXOLOY SA SOHIO/UDRI/2  UDRIPKGNOVES  AIR 20 SONIC 1000 417.84
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVES  AIR 19 SONIC 1000 399.22
HEXCLOY SA SOHIO/UDRI/2  UDRIPKGNOVBS  AIR 18 SONIC 1000  397.84
HEXOLOY SA SOHIO/UDRI/2  UDRIPKGNOVES  AIR 17 SONIC 1000 396.46
HEXOLOY SA SOHIO/MDRI/2Z  UDRIPKGNOVB9 AR 16 SONIC 1000 395.08
HEXOLOY SA SOHIO/UDRI2  UDRIPKGNOVES  AIR 16 SONIC 1400  383.02
HEXOLOY SA SOHIO/UDRI2  UDRIPKGNOVBS  AIR 17 SONIC 1400  385.43
HEXOLOY SA SOHIO/UDRI2  UDRIPKGNOVEBS  AIR 18 SONIC 1400  388.88
HEXOLOY SA SOHIO/UDRI/2  UDRIPKGNOVES  AIR 19 SONIC 1400 395.08
HEXOLOY SA SOHIO/UDRIV2  UDRIPKGNOVE8S  AIR 20 SONIC 1400  408.18
SILICON NITRIDES

GTEPYS GTEL/UDRI/2 UDRIPKGNOVEI  AlR 6 SONIC 21 301.31
GTE PY6 GTEL/UDRI/2 UDRIPKGNOVSE9  AlIR 7 SONIC 21 301.31
GTE PY6 GTEL/UDRI/2 UDRIPKGNOV8BY  AIR 8 SONIC 21 301.31
GTE PY6 GTEL/UDRI2 UDRIPKGNOVBS AR 9 SONIC 21  304.07
GTEPY6 GTEL/UDRI/2 UDRIPKGNOVSS  AIR 10 SONIC 21 299.93
NT-154 NORTON/UDRI2 UDRIPKGNOV89  AlR 96 SONIC 20 310.96
NT-154 NORTON/UDRI2 UDRIPKGNOVS9  AIR 97 SONIC 20  309.58
NT-154 NORTON/UDRI/2 UDRIPKGNOV8Y  AIR 98 SONIC 20 308.58
NT-154 NORTON/UDRV/2 UDRIPKGNOVBS  AIR 89 SONIC 20 310.28
NT-154 NORTON/UDRI/2 UDRIPKGNOVES  AIR 100 SONIC 20 310.28
NT-154 NORTON/UDRI/2 UDRIPKGNOVBS  AlR 100 SONIC 1000  302.68
NT-154 NORTON/UDRI/2 UDRIPKGNOVBS  AIR 99 SONIC 1000  297.86
NT-154 NORTON/UDRY2 UDRIPKGNOVEBS  AIR 98 SONIC 1000  296.48
NT-154 NORTON/UDRI2 UDRIPKGNOV8S  AIR 97 SONIC 1000  296.49
NT-154 NORTON/UDRI/2 UDRIPKGNOV8S  AIR 96 SONIC 1000  289.93
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SECTION &, MODULUS OF ELASTICITY

MATERIAL BATCH FEFERENCE TEST SPECIMEN TEST TEST MODULUS
ole CCCE ENVIRON NUMBER TYPE TEMP ELASTICITY
°C GPg
NT-154 NORTON/UDRIZZ UDRIPKGNOVBS  AIR 98 SONIC 1400 297.17
NT-154 NORTON/UDRI/2Z UDRIPKGNOVE2  AIR 97 SONIC 1400 293.73
NT-154 NORTON/MUDRY/2 UDRIPKGNOVSBS  AIR 98 SONIC 1400  290.97
NT-154 NORTON/UDRY2 UDRIPKGNOV8S  AIR 99 SONIC 1400 294.42
NT-154 NORTON/UDRY2 UDRIPKGNOVS9  AIR 99 SONIC 1400 294.42
NT-154 NORTON/UDRI/2 UDRIPKGNOVE9  AIR 100 SONIC 1400 294.42
SN-4 HOWMET/UDRI/2 UDRIPKGNOVE9 AR 8 SONIC 21 174.00
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Figure 2.39. A comparison of moduli of elasticity for two

silicon nitrides -and one silicon carbide.
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SECTIOMN 7, TENSILE TEST RESULTS

MATERIAL BATCH REFERENCE TEST SPECIMEN TEMP TENSILE SPECIMEN  LCAD COMMENTS
e CCoE ENVIRON. MUMBER °C STRENGTH DIAMETER N
MPa mm

SILICON CARBIDES

HEXCLOYSA  SOHIC/UDRYZ UDRIPKGNOV3e2  AIR 3 21 251.0 6.38 7952.0

HEXOLOYSA  SOHIO/UDRI/2 UDRIPKGNCVES  AIR 4 21 247.0 6.38 7828.5

HEXCLOYSA  SOHIO/UDRI/R UDRIPKGNCVBY  AIR 5 21 294.0 6.51 9785.8

HEXOLOYSA  SOHIO/UDRIR2 UDRIPKGNOVBY  AIR 5 21 307.0 6.33 9652.2

HEXOLOYSA  SOHIO/UDRIR UDRIPKGNOVS? AR 7 21 161.0 §.62 5560.0 Specimen failed at grind mark on the surface.
HEXOLOYSA  SOHIO/UDRY2 UDRIPKGNCVES  AIR 8 21 253.0 6.42 §184.3

HEXOLOYSA  SOHIO/UDRI/2 UDRIPKGNCOV8S  AIR 10 21 277.0 6.36 8807.0

HEXOLOYSA  SOHIO/MDRI/2 UDRIPKGNOVBS  AIR 12 21 219.0 6.37 £5983.4

HEXOLOYSA  SOHIO/UDR?2 UDRIPKGNOVBE  AIR 14 21 288.0 5.36 9073.9

HEIOLOYSA  SOHIO/UDRI2 UDRIPKGNCOVBS  AIR 15 21 220.0 6.39 7072.3

HEXCLOYSA  SOHIO/UDRY2 UCRIPKGNOVES  AIR 16 21 250.0 8.37 7961.9

HEXOLOYSA  SOHMIO/UDRI2 UDRIPKGNOV3S  AIR 17 21 352.0 6.34 11120.0

HEXCLOYSA  SOHIC/UDRI/Z UDRIPKGMOVBS  AIR 18 21 290.¢ 6.38 9207.4

HEXCLOYSA  SOHIO/UDRI/Z UDRIPKGNOVS9  AIR 19* 21 246.0 6.37 7828.5 Specimen failed at grind mark on the surface.
HEXCLOYSA  SOHIC/UDRAI2 UDRIPKGNOVSY AR 20" 21 225.0 6.37 7161.3 Specimen failed at grind mark on the surface.
HEXCLOY SA SOHIC/JDRY2 UDRIPKGNOVS9 AiR 2z° 21 128.0 5.38 4047.7 Specimen failed at grind mark on the surface.
HEXCLOYSA  SCHIO/UJDRI2 UDRIPKGNOVES  AIR 23° 2% 194.0 6.35 6138.2 Specimen failed at gund mark on the surface.
HEXCLOYSA  SCHIC/UDRIR UDRIPKGINOVEY AR 25* 23 208.0 6.35 6583.0 Specimen failed at grind mark on the surface.
HEXCLOYSA  SOHIO/UDAY2 UDRIPKGNOVES  AiR 28 21 228.0 6.36 7250.2

HEXCLOYSA  SOKIO/UDRI/2 UDRIPKGNOVES AR 27° 2% 170.06 6.32 5337.6 Specimen failed at grind mark on the surface.
HEXOLOYSA  SOHIO/UDRI/2 UDRIPKGNOVES AR 28" 21 157.0 £.35 4981.8 Specimen failed at grind mark on the surface.
HEXCLOYSA  SOHICMAUDRI2 UDRIPKGNOVES  AIR 30 21 257.0 5.36 8139.8

HEXOLOYSA  SOHIC/UDRY/2 UDRIPKGNCVB9 AlR 38 21 224.0 5.36 7118.8 Specimen failed at grind mark on the surface.
HEXTLOYSA  SOHIC/UDRIZ UDRIPKGNOVEY AlR 122° 21 220.0 6.36 6983.4 Specimen failed at grind mark on the surface.
HEXCLOYSA  SOHIO/UDRI/Z UDRIPKGNOVEY AR 123 21 191.0 6.35 §049.3

HEXCLOY SA SOHIOMUDRI2 UDRIPKGNCVS) AlR 36 1000 258.0 8.35 8184.3

HEXOLOYSA  SORIO/UDRI2 UDRIPKGNOVEY AR 42 1000 237.0 5.35 7517.1

HEXOLOYSA  SOHIO/UDRI/2 UDRIPKGNCVBY  AIR 48 1000 251.0 5.33 8228.8

HEXOLOYSA  SCHIO/UDRI/2 UDRIPKGNOVB9  AIR 51 1000 204.0 5.32 8405.1

HEXOLOYSA  SOHIO/UDRI/2 UDRIPKGNOVEBS  AIR 52 1000 238.0 6.34 7517.1

HBEXOLOYSA  SOHIO/JDRI2 UDRIPKGNOVBZ  AIR 53 1000 245.0 5.36 7784.0

HEXCLOYSA  SOHIO/UDRI/2 UBRIPKGNOVBS  AIR 54 1000 261.0 6.35 8273.8

HEXOLOYSA  SOHIO/UDRI2 UDRIPKGNOVS2 AR 55 1000 185.0 §.35 §182.7

HEXCLCY SA SOHIC/UDRY2 UDRIPKGNOVSS AlR 56 1000 241.0 65.35 7650.6

HEXCLOYSA  SOHIC/UDRY2 UDRIPKGNOVBE AR 57 1000 219.0 6.36 §938.9

HEXCLOYSA  SOHIC/UDRIR UDRIPKGNCOV8Y  AIR 80 1000 247.0 6.36 7828.5

HEXCLOYSA  SOHIC/UDRY2 UDRIPKGNOVB2  AIR 81 1000 219.0 6.38 6938.9

HEXCLOY SA SOHIO/UDRI2 UDRIPKGNOVSEg AlR €62 1000 232.0 6.35 7339.2

HEXGLOYSA  SORIO/UDRY2 UDRIPKGNOVES AR 63 1000 269.0 5.34 8495.7
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SECTION 7. TENSILE TEST RESULTS, CONTINUED

MATERIAL BATCH REFERENCE TEST SPECIMEN TEMP TENSILE SPECIMEN  LOAD COMMENTS
CooE CCOE ENVIRON. NUMBER °C  STRENGTH DIAMETER N
X MPa mm
HEXQLOY SA SOHIC/UDRI‘2 UDRIPKGNOV8S AR 64 1000 271.0 6.35 B584.8
HEXOLOY SA SOHIO/UDRY/2 UDRIPKGNOVSS AlR 107 1200 182.0 6.34 §737.8
HEXOLOY SA SOHIO/UDRI2 UDR!PKGNOVSQ AlR 111 1200 208.0 6.31 6494.1
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVE3 AR 113 1200 214.0 6.35 6761.0
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVES AIR 100 1200 267.0 6.33 8406.7
HEXOLOYSA  SOHIO/UDRI2 UDRIPKGNOVSY AR 116 1200 268.0 6.34 8451.2
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVSS AlR 103 1200 268.0 6.37 8540.2
HEXCLOY SA SOHIOUDRI2 UDRIPKGNOVS9 AR 93 1200 269.0 6.34 B8495.7
HEXCLOY SA SCHIO/UDRI2 UDRIPKGNOVBS AR 102 1200 274.0 6.33 8629.1
HEXOLOY SA SOHIC/UDRI2 UDRIPKGNOVES AIR 104 1200 278.0 6.33 B762.6
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVSS AIR 89 1200 279.0 6.34 8807.0
HEXOLOY SA SOHIOMUDRI/2 UDRIPKGNOVS2 AIR a2 1200 288.0 6.35 91629
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVE9 AlR 105 1200 292.0 6.35 8251.8
HEXOLOY SA SORIO/UDRI2 UDRIPKGNOVB9 AIR 118 1200 295.0 6.34 9340.8
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVS9 AlIR 119 1200 301.0 6.37 8607.7
HEXOLOY SA SOHIC/UDRIf2 UDRIPKGNOVSE? AR 109 1200 314.0 6.34 9918.0
HEXOLOY SA SOHIO/UDRIZ UDRIPKGNOVEg AlR 86 1400 258.0 5.35 8184.3
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVED AlIR 87 1409 222.0 6.36 7027.8
HEXOLOY SA SOHIOUDRI2 UDRIPKGNOVSS AR 68 1400 237.0 8.35 751714
HEXCLOY SA SOHIQIUDRY2 UDRIPKGNOVES AlR 69 1400 233.0 8.33 7339.2
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVB9 AIR 70 1400 182.0 6.38 5782.4
HEXOLOYSA  SOHIO/UDRIR UDRIPKGNOVEY  AIR 71 1400 258.0 £.36 6184.3
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVSSY AlIR 73 1400 276.0 6.34 8540.2
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVS3 AlR 74 1400 270.0 6.35 8540.2
HEXOLOY SA SOHIONIDRI2 UDRIPKGNOVES AR 75 1400 286.0 8.35 9073.9
HEXGLOY SA SOHIOMIDRI2 UBRIPKGNOVS2 AlR 77 1400 281.0 6.35 8896.90
HEOLOY SA SOHICUDRI2 UDRIPKGNOVS9 AlR 78 1400 237.0 6.34 7472.6
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOVSE9 AIR 79 1400 229.0 6.34 7250.2
HEXOLOY SA SOHIONIDRI/2 UDRIPKGNOVES AIR 80 1400 251.0 6.35 7961.9
HEXOLOYSA  SOHIO/UDRI2 UDRIPKGNOVES  AIR 82 1400 223.0 6.34 7027.8
HEXOLOY SA SOHIO/UDRI2 UDRIPKGNOVS9 AR 83 1400 233.0 6.37 7428.2
HEXOLOY SA SOHIO/UDRIZ2 UDRIPKGNOVSE9 AlR 84 1400 288.0 8.35 9118.4
HEXOLOY SA SOHIC/UDRY2 UDRIPKGNCOV82 AlR 85 1400 269.0 6.34 84957
HEXOLOYSA  SOHIO/UDRI2 UDRIPKGNOVEY  AIR 86 1400 264.0 §.35 8382.2
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SECTION 7. TENSILE TEST RESULTS

CONMTINUED

MATERIAL BATCH PEFERENCE TEST SPECIMEN TEMP TENSILE SPECIMEN {OAD STRAIN LOADING YOUNGS COMMENTS
e e ENVISON. NWVBER °C STHENGTH DIAMETER N % RATE MODULLS
MPa_ mm N/seg GPa
SILICON NITEIDES
MNT-154 NORTOM/ORNL/CIP BM8BGORNL27 AR CP-3 1100 534.0 0.2240 0.125 236.9 LOADRATE=MPA/SEC
MT-154 NOHRTON/ORNL/CIP  BMBSOORNL27 AlR CP-1t 1100 443.0 0.1820 0.125 242.3 LOADRATE=MPA/SEC
MNT-154 NORTOMORNL/CAS BMBSOORNL28 AlR PC-5 1100 721.0 0.2470 35.000 290.4 LOADRATE=MPA/SEC
NT-154 NORTOMORNUCAS BMB8SSORNL28 AlR PC-5 1100 560.0 0.2250 0.125 247.4 [OCADRATE=MPA/SEC
NT-154 NORTONORNUCAS BMBSIOANL2S AlR PC-i0 1200 538.0 35.000 LOADRATE=MPA/SEC
NT-154 NOHETOMORNL/CAS BMSBOORNL28 AR PL-9 1200 524.0 0.2310 0.125 224.5 LOADRATE=MPA/SEC
NT-154 NCRTONDORNL/CAS BM3890RNL28 AlR PC-1* 1200 419.0 35.000 *FAILED iN BUTTONHEAD
NT-154 NCRTONORNLU/CAS BMBSSORNL2E AR PC-4* 1200 £§25.0 35.000 254.9 *FAILED IN BUTTONHEAD
NT-154 NOHTONORNL/CAS BMESOORNL23 AlR PC-2 1300 382.0 35.000 LOADRATE=MPA/SEC
MT-154 MORTON/ORNL/CAS BMBBOORNL2Y AR PC-3 1300 295.0 0.2420 0.125 211.9 LOADRATE=MPA/SEC
NT-154 NORTON/UDRY/2 UDRIPKGNOVS9 AR 39 21 490.0 6.36 15568.0
NT-154 NORTON/UDRI/2 UDRIPKGNOVES AR 30 21 614.0 6.35 19437.8
NT-154 NORTON/UDRI/2 UDRIPKGNGVSe AR 38 21 837.9 8.37 20282.9
NT-154 NOATON/UDRY2 UDRIPKGNOV8EY AR 48 21 638.0 6.36 20238.4
NT-154 MCRTON/UDRi/2 UDRIPKGNOVES AlR 9 21 554.0 6.35 20727.7
NT-154 NCRTON/UDRI/2 UDRIPKGNOWVSS AlR 186 21 584.0 5.34 21617.3
NT-154 NORTON/UDRI/2 UDRIPKGNCOVSEY AlR 39 21 684.0 §.35 21661.8
NT-154 NORTON/UDRIR UDRIPKGNCVES AlR 21 21 702.0 5.835 22240.0
NT-154 NORTON/UDRI/2 UDRIPKGNOVES AR 75 21 718.0 6.G8 22773.8
NT-154 NORTON/UCRI/2 UDRIPKGNOVSS AR 5% 21 767.0 8.34 241971
NT-154 NOBTON/UDRi/2 UDRIPKGNQOVSS AR 7 21 782.0 5.35 24775.4
NT-154 NORTON/UGDRAY2 UDRIPKGNCVSS AR 43 21 £55.0 5.35 27038.2
NT-154 NORTCON/UDRI/2 UDRIPKGNOVES AlIR 35 21 857.0 5.35 27132.8
NT-154 NORTON/UDRI/2 UDRIPKGNOVSES AlR 54 21 895.0 6.35 28378.2
NT-154 NORTOMNUDRI/2 DORIPKGNOVES AR 34 21 806.0 5,35 23689.6
NT-154 MORTON/UDRI/2 UDRIPKGNCVE9 AR 59 1000 424.0 5.34 13388.5
NT-18¢4 NORTON/UDR/2 UDRIPKGNOV39 AlR 111 1000 434.0 5.34 13699.8
NT-154 NORTON/LDRI/2 UDRIPKGNOVEY AlR 107 1000 449.0 6.35 14233.%
NT-154 NORTON/UDAI/2 UDRIPKGNOVSEY AlR 58 1000 525.0 £.35 15680.9
NT-154 NORTON/UDRI/2 UDRIPKGNOVSE9 AR 108 1000 531.0 5.35 16813.4
NT-154 NORTON/UDRI/2 UDRIPKGNOVEY AlR 104 1008 548.0 5.49 18058.9
NT-154 NORTON/UDRI/2 UDRIPKGNOVE9 AR 78 1000 550.0 6.34 17381.7
NT-154 NORTON/UDRI2 UDRIPKGNOVE9 AlR 1086 1000 550.0 6.38 17569.6
NT-154 NORTON/UDRI/2 UDRIPKGMOVEBY AR 88 1000 565.0 6.41 18236.8
NT-154 NORTON/UDRI/2 UDRIPKGNOVED AR g1 1000 576.0 6.36 18281.3
NT-154 NORTON/UDRI/2 UDRIPKGNOVB9 AlR 87 1000 591.0 5.34 18681.6
NT-154 NOBTON/UDRI/2 UDRIPKGNOVS9 AR 79 1000 598.0 5.35 19G81.9
NT-154 NCRTON/UDRI/2 UDRIPKGNOV3S AR 109 1000 626.0 6.35 19838 .1
NT-154 NCRTON/UDRI/2 UDRIPKGNCOVSS AlR 110 1000 654.0 5.35 20683.2
NT-154 NORTON/UDRI/2 UDRIPKGNOVS9 AR 72 1000 661.0 6.35 209058
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_SECTION 7. TENSWLE TEST RESULTS, CONTINUED

MATERIAL BATCH REFERENCE TEST SPECIMEN TEMP TENSHE SPECGMEN  LOAD
ooE CCoE ENVIRON. NOVBER °C  STRENGTH DIAMETER N
MPa_ mm

NT-154 NORTON/UDRI/2 UDRIPKGNOVE9 AR 80 1200 342.0 6.56 11564.8
NT-154 NORTON/UDRI/2 UDRIPKGNOVS2 AR 8 1200 438.0 6.35 13877.8
NT-154 NORTON/UDRI/2 UDRIPKGNOVSS AlR g2 1200 444 .0 6.35 14055.7
NT-154 NORTON/UDRI/2 UDRIPKGNOVB9 AR 53 1200 485.0 6.35 15345.6
NT-154 NORTON/UDRI/2 UDRIPKGNOVES  AIR 8 1200 496.0 6.35 15701.4
NT-154 NORTON/UDRI/2 UDRIPKGNOV8S  AIR 4 1200 508.0 6.35 16101.8
NT-154 NORTON/UDRI2 UDRIPKGNOVS9 AtR 5 1200 512.0 6.34 16190.7
NT-154 NORTONAJIDRIZ2 UDRIPKGNOVS9 AlIR 18 1200 523.0 8.35 16546.6
NT-154 NORTON/UDRI/2 UDRIPKGNOVS9 AIR 90 1200 533.0 6.35 16902.4
NT-154 NORTON/UDRLI/2 UDRIPKGNOV8E9 AlR 69 1200 537.0 6.33 16902.4
NT-154 NORTON/UDRI/2 UDRIPKGNOVE3 AR 17 1200 542.0 6.35 17169.3
NT-154 NORTON/UDRI/2 UDRIPKGNOVES  AIR 83 1200 §81.0 6.35 18414.7
NT-154 NORTON/UDRI/2 UDRIPKGNOVBY AlR t5 1200 610.0 6.35 19304.3
NT-154 NORTON/UDRLI/2 UDRIPKGNOVS9 AlIR 686 1200 623.0 6.35 19749.1
NT-154 NORTON/UDRI/2 UDRIPKGNOVS9 AlR 73 1200 624.0 6.36 19793.6
NT-154 NORTON/UDRI/2 UDRIPKGNOVSS AR 55 1400 2250 6.35 7116.8
NT-154 NORTONASDRI/2 UDRIPKGNOVES AlR 47 1400 264.0 8.35 8362.2
NT-154 NORTON/UDRI/2 UDRIPKGNOVS2 AIR 46 1400 287.0 6.36 g9118.4
NT-154 NORTON/UDRI/2 UDRIPKGNOVS9 AlIR 41 1400 236.0 6.35 10319.4
NT-154 NORTON/UDRI/2 UDRIPKGNOVS2 AR 44 1400 339.0 6.34 10719.7
NT-154 NORTON/UDRI/2 UDRIPKGNOVSS AR 38 1400 345.0 6.35 10942.1
NT-154 NORTON/UDR!/2 UDRIPKGNOVES AR 50 1400 349.0 6.35 11075.5
NT-154 NORTON/UDRI2 UDRIPKGNOVBS AlR 10 1400 353.0 5.34 11164.5
NT-154 NORTON/UDRI/2 UDRIPKGNOVE9 AlR 19 1400 357.0 6.35 11297.9
NT-154 NORTON/UDRI2 UDRIPKGNOVE2 AlIR 14 1400 365.0 6.35 11564.8
NT-154 NORTON/UDRI/2 UDRIPKGNOVSS AIR 45 1400 366.0 6.34 11564.8
NT-154 NORTON/UDRI2 UDRIPKGNOVS2 AIR 40 1400 377.0 6.36 11965.1
NT-154 NORTON/UDRI/2 UDRIPKGNOVS9 AIR 51 1400 38B.0 6.36 12321.0
NT-154 NORTON/UDRI/2 UDRIPKGNOVE9 AlR 52 1400 399.0 6.35 12632.3
NT-154 NORTON/UDRI/2 UDRIPKGNOVBS  AIR 49 1400 406.0 6.36 12899.2
ZIBCONIAS

MS-PSZ NILCRA/ORNL/1 SA110RNL306 AR 26 25 468.0

MS-PSZ NILCRA/ORNLM SA110RNL306 AR 28 400 3410

MS-PSZ NILCRA/ORNL/1 SA110ORNL306 AlR 29 400 440.0

MS-PSZ NILCRA/ORNL/1 SA11ORNL306 AR 30 800 265.0

MS-PSZ NILCRA/ORNL/1 SA110RNL306 AlR 31 800 258.0

MS-PSZ NILCRA/ORNL/ 1 SA11ORNL306 AR 38 800 190.0

MS-PSZ NILCRA/ORNL/1 SA110RNL308 AlIR 32 1000 222.0

MS-PSZ NILCRA/ORNL/1 SA110RNL306 AIR 33 1000 194.0
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SECTION 8, THERMAL EXPANSION TEST RESULTS

6

MATERIAL BATCH REFERENCE  SPECIMEN TEMP TEMPERATURE COEFFICIENT
1085 5 COnE NVEER °C RANGE OF THERMAL.
°C EXPANSION
1.E-86/°C

SILICON CARBIDE

HEXOLOY SA  SOHIO/UDRY2  UDRIPKGNOVSS 1 1400 25-1400 4.80
HEXCLOY SA SOHIC/UDRY2 UDRIPKGNOVSS 2 1400 25-1400 5.00
HEXCLOY SA  SCHIC/UDRI2 UDRIPKGNOVSS 3 1400 25-1400 4.30
HEXOLCY SA  SOHIC/UDRI/2 UDRIPKGNOVSS 4 1400 25-1400 4.90
HEXCLOY SA SOHIO/UDRY2 UDRIPKGNOVSS 5 1400  25-1400 4.90
SILICON NITRIDE

GTEPYS GTEL/UDRI2  UDRIPKGNOVS9 1 850 25-850 3.10
GTEPYE GTELUDRI2  UDRIPKGNOVEY 2 850 25-85¢ 3.20
GTEPYS GTEL/UDRI/2 UDRIPKGNOVSS 3 850 25-850 3.10
GTEPY6 GTEL/UDRI/2  UDRIPKGNOVES 4 B850 25-850 3.20
GTE PYE GTEL/UDRI2  UDRIPKGNOVEY 5 850 25-850 3.20
GTEPYE GTEL/UDRI/2 UDRIPKGNOVE9 1 140C 25-1400 3.4%
GTEPYS GTEL/UDRI2  UDRIPKGNOVSE9 2 1400 25-14090 3.50
GTEPYS GTEL/UDRI2  UDRIPKGNOVED 3 1400 25-1400 3.50
GTEPYS GTEL/UDRl/2  UDRIPKGNOVSY 4 1400 25-1400 3.40
GTEPYS GTEL/UDRI2  UDRIPKGNOVSY 5 1400 25-1400 3.40
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SECTICN 9. MOR 4-POINT BEND STREMGTH TEST RESLLTS FOR BRAZED SPECIMENS

BASE MATERIAL = MG-PSZ FILLER MATERIAL = Ca0-TiO2-8i02+30w% ZrO2
BATCH COUE FOR BASE MATERIAL - CORMING ZYCRONL  JOINT METHOD -~ HOT PRESSED

REFERENCE CODE ~-BM12882C1L 68 JOINT PROCESS = HP/1420C/13.79MPa

OTHER MATERIAL = MG-PSZ NO ADDITIONAL HEAT TREATMENT AFTER BRAZE

BATCH CODE FOR OTHER MATERIAL - CORNING ZYCRONL  TESTS WERE PERFORMED IN AIR

2 MG-PSZ (Corning Zycron L) billets (D-shaped) were joined togather by holpressing the
MG-PSZ+CTS(Cal-TiO2-Si02)+MG-PSZ sandwich in a creep testing unit at 1420C and
13.79MPa. Bend bars, 2.54x5.08x63.5mm, were machined from the 50.8mm diameter x
38.1mm long cylinder and tested in a 4-point fixture with ouwter span of 31.75mm
and 19.06mm inner span. A theimal expansion mismaich between the materials
caused a poor guality joini.

These specimens were joined in the same manner as mentioned before

except that 30m% ZrO2 was added to the CTS layer to cvercome thermal expansion
problems which caused extensive cracking. Like before, 2 D-shaped Mg-PSZ billets
were pressed together with the CTS-Zr( layer in between. Specimens were cut so
that the joint was in the middle. Work was performed by R.A.Schmidi, A.T.Hopper, J.
Ahmad and R.A.Rosenfield at Baitelle Columbus Laboratories.

TEMP SPECIMEM  BEND WIDTH THICK
°C NMVEER  STRENGIH  mm mm
MPa
25 HP5-2282 81.9 5.08 2.54
25 HP5-ZZ84 63.7 5.08 2.54
25 HP5-2285 71.5 5.08 2.54

25 HP5-ZZB&  79.5 5.08 2.54

25 HP5-ZzB8  60.9 5.08 2.54

25 HP5-ZZ289  §3.6 5.08 2.54

25 HP5ZZB10 544 5.08 2.54

25 HP5ZZB11 49.3 5.08 2.54

25 HP5ZZB12  72.¢ 5.08 2.54

25 HP5ZZB13  68.9 5.08 2.54
BASE MATERIAL = MG-PSZ/TI COATING FILLER MATERIAL =~ L&M 604
BASE MATERIAL BATCH CODE = CORNING-ZYCRONL JOINT METHOD = HOT PRESSING
REFERENCE CODE =SA12B8CL279 MO ADDITIONAL HEAT TREATMENT AFTER BRAZE
OTHER MATERIAL = CAST [RON TESTS WERE PERFORMED INAIR

OTHER MATERIAL BATCH CODE = 60% PEARLITE

A 50.8mm square x 19.05mm thick piece of nodular cast iron (ground with 240-grit
SiC paper) was brazed to a 50.8mm diameter x 19.05mm thick disk of MG-PSZ

(Coining Zycron L) which had been coated with .3um thick layer of Ti at NASA-

Lewis using RF-sputter. The cast iron was NOT coated with copper! Each specimen

was ultrasonnically cleaned w/aceione, then alcohel. The iron was placed on top

the MG-PSZ to provide 2 load during brazing. Details of the braze: temperature
increased 30C/minute to 650C, then 7C/minute to 720C. Power was then shut oif

and the joint allowed to cool to room iemperature. AN work was performad in a vacuum
at about 1.E-05 torr.

=P SPECIMEN  BEND WIDTH THICK

°C MAMBER STRENGTH  mm mm
MPa

25 MCB-4 164.0 5.08 2.54

25 MCB-5 76.0 5.08 2.54

25 MCB-8 161.0 5.08 2.54
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SECTION 9. MOR 4-POINT BEND STRENGTH TEST RESULTS FOR BRAZED SPECIMENS, CONTINUED

BASE MATERIAL = MG-PS2Z

BATCH CODE FOR BASE MATERIAL = CORNING ZYCRON L
REFERENCE CODE = SA118CL209
OTHER MATERIAL = MG-PSZ

BATCH CODE FOR OTHER MATERIAL = CORNING ZYCRONL  TESTS WERE PERFORMED IN AIR

FILLER MATERIAL = CaO-Ti0O2-Si02

JOINT METHOD = HOT PRESSED

JOINT PROCESS = HP/1420C/13.790MPa

NO ADDITIONAL HEAT TREATMENT AFTER BRAZE

2 MG-PSZ (Corning Zycron L) billets were joined together by hotpressing the
MG-PSZ+CTS{Cal-TiO2-Si02)+MG-PSZ sandwich in a creep lesting unit at 1420C and
13.79MPa. Bend bars, 2.54x5.08x63.5mm, were machined from the 50.8mm diameter x
38.1mm long cylinder and tested in a 4-point fixture with outer span of 31.75mm
and 19.05mm inner span. A thermal expansion mismatch between the materials
caused a poor quality joint. Work was performed by R.A.Schmidt, A.T. Hopper J.
Ahmad and R.A.Rosenfield at Battelle Columbus Laboratories.

TEMP SPECIMEN LOAD BEND WIDTH THICK COMMENTS
°C NUMBER N STRENGTH mm mm
MPa
25 ZZB-3 185.7 81.9 5.08 254  CTS-BONDED ZrO2
25 228-4 105.0 63.7 5.08 2.54 CTS-BONDED ZrO2
25 ZZB-5 117.9 71.5 5.08 2.54 CTS-BONDED Zr02
25 ZZB-6 130.8 79.5 5.08 2.54 CTS-BONDED ZrO2

BASE MATERIAL = MG-PSZ/TI

BASE MATERIAL BATCH CODE = CORNING-ZYCRONL

REFERENCE CODE = SA11BCL212
OTHER MATERIAL = CAST IRON/CU

OTHER MATERIAL BATCH CODE =

60% PEARLITE

FILLER MATERIAL = L&M 604

JOINT METHOD = ACTIVE SUBSTRATE

JOINT PROCESS = HP/750C/10min /vac.

NO ADDITIONAL HEAT TREATMENT AFTER BRAZE
TESTS WERE PERFORMED IN AIR

Specimens (2.5x5.08x63.5mm) were cut from MG-PSZ with Ti coating (plasma ion
etched for 1 minute, then RF-sputtered 15 minutes at 6.67e-12MPa, 1.4um thick),
joined by active substrate brazing (Lucas-Milhaupt No. 604, Ag-30Cu-108n) to
nodular cast iron (60% pearlite)that had been vapor-deposit plated with copper.
Both materials had been ground to 0.3um finish. The bend strength was calculated
using the moneolithic materials equation. Work performed at Battelle Columbus
Laboratories by A.T.Hopper, J.Ahmad and A. Rosenfield.

TEMP SPECIMEN  LOAD BEND WIDTH THICK
°C NUMBER N STRENGTF  mm mm
MPa
25 MCB-1 151.0 88.9 5.08 2.54
25 MCB-2 138.0 81.4 5.08 254
25 MCB-3 138.0 80.9 5.08 2.54
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SECTION 9. MOR 4-POINT BEND STRENGTH TEST RESULTS FOR BRAZED SPECIMENS, CONTINUED

BASE MATERIAL = MS-PSZ/TI COATING FILLER MATERIAL = BR804

BASE MATERIAL BATCH CODE = NILSEN/CRNLAM JOINT METHOD = ACTIVE SUBSTRATE
REFERENCE CQDE = SA100RNL175 JOINT PROCESS = BRAZED iN VAC@735C
OTHER MATERIAL = TITANIUM MO ADDITIONAL HEAT TREATMENT AFTER BRAZE
OTHER MATERIAL BATCH CODE = ASTMWB265 GRi TESTS WERE PERFORMED IN AIR

Ses SAICORNL1I74 for main details. These specimsns warg Nilsen MS-PSZ brazed to
nodular cast iron, grade 8003, using active substrate process(AS), where the
zirconia plale was vapor coated with commercially pure titanium and the iron

was plated with copper to improve weiling. Brazing was done in & vasuum with
Handy & Harmon Braze €04 (BVAgG-18). Load rate was 22.7 kg/sec. Outer span was
12.05mm, inngr span was 6.35mm. Work performed at ORNL by Mike Santella.

TEMP SPECIMEN  BEND WIDTH THICK

°C MABER STRENGTH mm mm
MPa.

25 MCB-343A 435.0 2.50 2.00
25 MCB-344A 302.0 2.50 2.00
25 MCB-345A 351.¢ 2.50 2.00
25 MCB-364A 345.0 2.50 2.00
25 MCB-3554 307.0 2.50 2.00
25 MCB-3s56A 309.0 2.50 2.00
200 MCR-298D 353.0 2.50 2.00
200 MCH-344B 287.0 2.50 2.00
200 MCB-3458 319.0 2.50 2.00
200 MCRB-364B 280.0 2.50 2.00
200 MCB-3658 106.0 2.50 2.00
200 MCB-365C 142.0 2.50 2.00
200 MCRB-3668 332.0 2.50 2.Q0
200 MCB-366C 309.0 2.50 2.00
400 MCRB-298E 182.0 2.50 2.00
400 MCB-244C 180.0 2.50 2.00
400 MCB-344D 168.0 2.50 2.00
400 MCB-345C 212.0 2.50 2.00
400 MCB-364C 173.0 2.50 2.00
400 MCB-3640 166.0 2.50 2.00
400 MCB-365D 197.0 2.50 2.00
400 MCB-366C 189.0 2.50 2.00
400 MCB-386D 137.0 2.50 2.00
575 MCB-298F 118.0 2.50 2.00
578 MCB-244E 100.0 2.50 2.00
575 MCB-345D 128.0 2.50 2.00
575 MCRB-345E 107.0 2.50 2.00
575 MCB-264E 109.0 2.50 2.00
575 MCB-384F 103.0 2.50 2.00
575 MCR-365E 48.0 2.50 2.00
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SECTION 9. MOR 4-POINT BEND STRENGTH TEST RESULTS FOR BRAZED SPECIMENS, CONTINUED

BASE MATERIAL = MS-PSZ/TI COATING FILLER MATERIAL = BR604

BASE MATERIAL BATCH CODE = NILSEN/ORNL/AJ1 JOINT METHOD = ACTIVE SUBSTRATE
REFERENCE CODE = SA100RNL175 JOINT PROCESS = BRAZED IN VAC@735C

OTHER MATERIAL = CAST IRON/COPPER COATING NO ADDITIONAL HEAT TREATMENT AFTER BRAZE
OTHER MATERIAL BATCH GODE = CUMMINS/GR 8003 TESTS WERE PERFORMED IN AIR

See SA100RNL174 for main details. These specimens were Nilsen MS-PSZ brazed to
nodular cast iron, grade 8003, using active substrate process(AS), where the
zirconia plate was vapor coated with commercially pure titanium and the iron

was plated with copper to improve wetting. Brazing was done in a vacuum with
Handy & Harmon Braze 604 (BVAg-18). Load rate was 22.7 kg/sec. Quter span was
19.05mm, inner span was 6.35mm. Work performed at ORNL by Mike Santella.

TEMP SPECIMEN  BEND WIDTH THICK

°c NUMBER STRENGTH mm mm
MPa

25 MCB-351A 250 250 2.00
25 MCB-367A 36.0 250 2.00
25 MCB-369A 102.0 2.50 2.00
200 MCB-300F 363.0 250 2.00
200 MCB-349A 58.0 2.50 2.00
200 MCB-350B 237.0 250 2.00
200 MCB-3678B 326.0 250 2.00
400 MCB-300G 364.0 250 2.00
400 MCB-349B 80.0 250 2.00
400 MCB-350C 2490 2,50 2.00
400 MCB-367C 358.0 2.50 2.00
400 MCB-369B 111.0 250 2.00
400 MCB8-369C 53.0 2.50 2.00
575 MCB-300H 39.0 250 2.00
575 MCB-349C 28.0 250 2.00
575 MCB-350D 101.0 2.50 2.00
575 MCB8-367D 700 250 2.00
575 MCB-367E 280 2.50 2.00
575 MCB-369C 27.0 2.50 2.00
575 MCB-369D 16.0 2.50 2.00
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SECTION@. MOR 4-POINT BEND STRENGTH TEST RESULTS FOR BRAZED SPECIMENS, CONTINUED

BASE MATERIAL = MS-PSZ/TI COATING FILLER MATERIAL = BRe04

BASE MATERIAL BATCH CODE = NILSEN/ORNL/J1 JOINT METHOD = ACTIVE SUBSTRATE
REFEAENCE CODE = SA100RNL17S JOINT PROCESS = BRAZED IN VAC@735C
OTHER MATERIAL = M3S-PSZ/TI COATING NO ADDITIONAL HEAT TREATMENT AFTER BRAZE
OTHER MATERIAL BATCH CODE = NILSEN/ORNLU/J1 TESTS WERE PERFORMED IN AIR

Individual plates (25x14x3mm) were joined alone the 25x3mm edge, surface ground
on both faces, polished to 1 micrometer diamond finish on the tensile face, then
cut into MOR bars 28x2.5x2mm with the brazed joint in the middle of each bar.
Outer span 19.05mm, inner span 6.35mm. Work dona by Mike Santella at ORNL.
These specimens were Nilsen MS-PSZ brazed to nodular cast iron

grade 8003 (from Cummins Engine Co.), using active substrate process(AS), where
the zirconia plate was vapor coated with commercially pure titanium and the iron
was plated with copper to impiove wetting. Brazing was done in a vacuum with
Handy & Harmon Braze 604 (BVAg-18). Load rate was 22.7 kg/sec. Ouler span was
19.05mm, inner span was 6.35mm. Work peiformed at ORNL by Mike Santella.

TEMP SPECIMEN  BEND WIDTH THICK

°C NMMBER  STRENGTH  mim mm
MPa
25 MCRB-299A 571.0 250 2.00
25 MCRE-2998 532.0 250 2.00
25 MCB-299C 493.0 250 2.00
25 MCRB-346A 327.0 250 2.00
25 MCB-347A 269.0 2.50 2.00
25 MCB-348A 3140 250 2.00
25 MCB-361A 332.0 250 2.00
25 MCB-362A 432.0 250 2.00
25 MCB-363A 312.0 250 2.00
200 MCB-200D 459.0 250 2.00
200 MCB-3468 4440 250 2.00
200 MCR-3478 323.0 250 2.00
200 MCB-247C 293.0 2.50 2.00
200 MCB-3488 383.0 2.50 2.00
200 MCB-362B 239.0 2.50 2.00
200 MCB-363B 342.0 250 2.00
400 MCB-299E 356.0 2.50 2.00
400 MCB-346C 370.0 2.50 2.00
400 MCB-347D 228.0 2.50 2.00
400 MCRB-348C 325.0 250 2.00
400 MCRB-351B 2420 250 2.00
400 MCB-362C 319.0 250 2.00
400 MCB-362D 299.0 250 2.00
400 MCB-363C 199.0 250 2.00
400 MCB-363D 296.0 2.50 2.00
575 MCRB-299F 61.0 2.50 2.00
575 MCB-346D 149.0 2.580 2.00
575 MCB-347E 1240 2.50 2.00
575 MCB-348D 127.0 250 2.00
575 MCB-348E 94.0 250 2.00
875 MCB-362D 125.0 250 2.00
575 MCR-362E 71.0 2.5¢ 2.00
575 MCB-363D 108.0 250 2.00
575 MCB-363E 48.0 250 2.00
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Figure 2.43. A comparison of strengths of three different
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SECTION 10. SHEAR STRENGTH OF BRAZED SPECIMENS

BASE MATERIAL = MS-PSZ FILLER MATERIAL = INCUSIL-15ABA
BASE MATERIAL BATCH CODE = NILSEN/ORNL/AN JOINT METHOD = ACTIVE FILLER METAL
REFERENCE CODE = SAT00RNL171 JOINT PROCESS = BRAZED IN VAC@770C
OTHER MATERIAL = CAST IRON/COPPER COATING NO POST BRAZE HEAT TREATMENT
OTHER MATERIAL BATCH CODE = CUMMINS/GR.8003 TESTS WERE PERFORMED IN AIR

A pad/bar typa specimen was used, with the pad 12.7x12.7x5.1mm and the bar 12.7x
5.1x3.4mm.The pad is QTHER MATERIAL, the bar is BASE MATERIAL.

The AFM (active filler metal) method used Incusil-15 ABA,

compased of Ag-23.5Cu-14.5In-1.3Ti (wi%). Testing was done in a pad/bar tester
on a 44.5kN Instron tensile machnine equipped with a clam-shell furnace and a
quartz line for elevated temperature testing. Work was parformed at Oak Ridgs
National laboratory by Mike Santella.

SPECIMEN TEMP SHEAR COMMENTS
(s0y 3 °C STRENGTH
MPa

MCB-60 25 127.0 UNPOLISHD ZrQ2, UNCOAT Fe

MCB-61 25 165.0 UNPOLISHD ZrO2,Cu-COAT Fea

MCB-62 25 77.0 POLISHD Zr0O2, UNCOAT Fe

MCB-63 25 11.0 POLISHD ZrO2,Cu-COAT Fe

MCRB-79 400 140.0 UNPOLISHD ZrO2,Cu-COAT Fs

MCB-26 400 28.0 UNPOLISHD ZrO2,Cu-COAT Fa
BASE MATERIAL = MS-PSZ FILLER MATERIAL = INCUSIL-15ABA
BASE MATERIAL BATCH CODE = NILSEN/ORNL/J1  JOINT METHOD = ACTIVE FILLER METAL
REFERENCE CODE = SA100RNL172 JOINT PROCESS = BRAZED IN VAC@770C
OTHER MATERIAL = TITANIUM TESTS WERE PERFORMED IN AIR

OTHER MATERIAL BATCH CODE = ASTM/B265 GR1

A pad/bar typs specimen was used, with the pad 12.7x12.7x5.1mm and the bar 12.7x
5.1x3.4mm.The pad is OTHER MATERIAL, the bar is BASE MATERIAL.

The AFM (active filler metal) method used Incusil-15 ABA,

composed of Ag-23.5Cu-14.5In-1.3Ti (wi%). Testing was done in a pad/bar tester
on a 44.5kN Instron tensile machnine equipped with a clam-shell furnace and a
quartz line for elevated temperature testing. Work was performed at Qak Ridge
National Laboratory by Mike Santslla.

SPECIMEN TEMP  POST-BRAZE SHEAR COMMENTS
e °C HEAT STRENGTH
TREATMENT. MPa
MCB-111 400 400C/100h 67.0 UNPOLISHD ZrO2
MCB-187 25 400C/500h 39.0 UNPOLISHD ZrO2
MCB-188 25 400C/500h 111.0 UNPOLISHD ZrO2
MCB-108 25 AS BRAZED 289.0 UNPOLISHD ZrO2
MCR-109 400 AS BRAZED 123.0 UNPOLISHD ZrO2
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SECTION 10. SHEAR STRENGTH OF BRAZED SPECIMENS, CONTINUED

BASE MATERIAL = MS-PSZ/ TITANIUM COATING
BASE MATERIAL BATCH CODE = NILSEN/ORNL/J1
REFERENCE CODE = SA100RNL170

OTHER MATERIAL = CAST IRON/COPPER COATING
OTHER MATERIAL BATCH CODE = CUMMINS/GR.8003

FILLER MATERIAL = BR 604

JOINT METHOD = ACTIVE SUBSTRATE
JOINT PROCESS = BRAZED IN VAC@735C
TESTS WERE PERFORMED IN AIR

A pad/bar type specimen was used, with the pad 12.7x12.7x5.1mm and the bar 12.7x
5.1x3.4mm.The pad is OTHER MATERIAL, the bar is BASE MATERIAL. The joint

was produced by active substrate: the zirconia specimens were vapor coatsd

with pure titanium to .6 micrometers thick. Specimens were not preheated before
coating. The nodular cast iron specimens were cleaned, then electroplated with

pure copper to improve wetting and bonding capabilities. All brazing was done in

a vacuum. Handy & Harmon Braze 604 (BVAg-18) composed of Ag-30Cu-10Sn (wi%) was

the filler material.

SPECIMEN TEMP POST-BRAZE SHEAR COMMENTS
CCoE °C HEAT STRENGTH

TREATMENT MPa
MCB-65 25 AS BRAZED 194.0
MCB-66 25 AS BRAZED 191.0
MCB-70 400 AS BRAZED 85.0
MCB-71 400 AS BRAZED 96.0
MCB-73 400 400C/100h 30.0

BASE MATERIAL = MS-PSZ/ TITANIUM COATING
BASE MATERIAL BATCH CODE = NILSEN/ORNL/J1
REFERENCE CODE = SA100RNL170

OTHER MATERIAL = TITANIUM

OTHER MATERIAL BATCH CODE = ASTM/B265 GR1

FILLER MATERIAL = BR 604

JOINT METHOD = ACTIVE SUBSTRATE
JOINT PROCESS = BRAZED IN VAC@735C
TESTS WERE PERFORMED IN AIR

A pad/bar type specimen was used, with the pad 12.7x12.7x5.1mm and the bar 12.7x
5.1x3.4mm.The pad is OTHER MATERIAL, the bar is BASE MATERIAL. The joint

was produced by active substrate: the zirconia specimens were vapor coated

with pure titanium to .6 micrometers thick. Specimens were not preheated before
coating. All brazing was done in a vacuum. Handy & Harmon Braze 604

(BVAg-18), composed of Ag-30Cu-108n (wi%), was the filler material.

SPECIMEN  TEMP POST-BRAZE SHEAR

COMMENTS

CCOE °C HEAT STRENGTH
TREATMENT MPa
MCB-87 25 AS BRAZED 262.0
MCB-98 400 AS BRAZED 133.0
MCB-171 25 400C/500h 291.0
MCB-172 25 400C/500h 259.0
MCB-100 400 400C/100h 123.0
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Figure 2.45. Shear strengths of four MS-PSZ-titanium joints
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Figure 2.46. Shear strengths of three MS-PSZ-to-Cast lron
joints, all in the as-brazed condition.
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